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

To include the headers, place both directories (if different) on your compiler’ s search path for includes. Do not place
the parent directories on the search path and then use #include <pythonX.Y/Python.h>;this will break on
multi-platform builds since the platform independent headers under pre £1ix include the platform specific headers
from exec_prefix.
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Declare an extension module Py Init initialization function. The function return type is PyObject*. The
macro declares any special linkage declarations required by the platform, and for C++ declares the function as
extern "C".

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

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

bi

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

}

L J

Py_ABS (x)

WA 330 7}

4 Chapter 1. A7H
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Py ALWAYS_INLINE
Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to not inline
the function.

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

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

If Python is built in debug mode (if the Py_DEBUG macro is defined), the Py_ ALWAYS_TNLINE macro
does nothing.

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

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

WA 3119 F71.

Py_CHARMASK (c)
Q1A= B A} &= [-128, 127] 1[0, 255] Abo] €] B4of of U}, o] MjZ 2 unsigned char &
Ma"H c EHEsyot
Py_DEPRECATED (version)
7] ] (deprecated) A1 Aol AFGBHH A L. o] AR = A E o] 5 ol 9] X 3f oF 3 th
o A :

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

WA 3804 WA MSVC A 9L =714t}
Py_GETENV (s)

getenv (s ﬂ——,—,—/\]—'é]—X]U]— EZFAMEZe o2 AYH 49 (Z,Py_IgnoreEnvironmentFlag
7} 47" Z-9) NULL & RESHh ok

Py MAX (X,y)
x &y Abol o] H Ak W
A 330 7}
Py_MEMBER_SIZE (type, member)
(type) +ZA| 8] member o] 7| & vlo|EE WIS T}
WA 3.6 7}
Py_MIN (Xx,y)
x &y Abol 9] H & 3he W
B A 330 F7}.
Py NO_INLINE

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

Usage:

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

WA 311 7k

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

B A 3.40 F7}.

13. RS H3=ZE 5


https://bugs.python.org/issue?@action=redirect&bpo=33720

The Python/C API, Z2|A 3.11.11

)
dxdo2 U SGe T= A2t 08 24 o] Az ABA YA 2 A8 2o ovicen
= of default: ZAoA AFE3 4 g5 th

Ho

EES EEOﬂH ol Maze Avde s =
e 2= g AuE FAJUH. s
__builtin_unreachable () & F3dF Yt}
Py_UNREACHABLE () 9] € £+ ¥l3+5} %] ¢ A% _Py NO_RETURN & M A3}A 4L 342 55
St A9

A= BE7L 7}% e
£ dgEUnh A€ So], WEe 5
Bolle T2 A A o8 S Hist=
Py _FatalError () & A 4 J5UTh

H A 3.7 271
Py_UNUSED (arg)
o] v ALg A Abol ALg ko] AU e) FnE FAFUCE ol Al: int func(int a, int
Py _UNUSED (b)) { return a; }.
B A 3.40 F7}.
PyDoc_STRVAR (name, str)
S~ Eo) A AL 7h5 T name o] 3 o] &) W4 E AT SHojH o] SAEZY glo|

stk W4 e Mol e ATk

PEP 7 o BAE AT shol AE 52EY glol WESH] 913} pyboc STRVAR & H2
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PyDoc_STRVAR (pop_doc, "Remove and return the rightmost element.");

T HA3sed =g Ho =2 ¢
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static PyMethodDef deque_methods[] = {
/7.
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
77 ooo

PyDoc_STR (str)
Fol EALA & S2EF L A FUTE SAEHo] v B3} Hogle Fod Wl AL
2333yt
PEP7 | YAE AR S2EF Qlo] oA S HET AT E EAEHS YA Sl PyDoc STR
& At Al L.

o A :

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

BE vtold A= (Fheo] W e %) & (nype) T 2 3 (reference count) S 7FA AL )5 U o A A 9
T AAY FR/E 7”*%“41‘% (& 50l A, B2E, T AHEAF 9] 34 5. types o] 744 <
FE o oish ”‘ﬂﬂoi AFUTH) & e 6501] A7 S 3 914 2 %‘J Ste W2 27k s th
& E°] PyList_Check (a) £ a 7} 7}8] 71 A 7} sho] & \’JCEE ol vk F o

o m[m

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

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

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

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

A safe approach is to always use the generic operations (functions whose name begins with PyObject_,
PyNumber_, PySequence_ or PyMapping_). These operations always create a new strong reference (i.e.
increment the reference count) of the object they return. This leaves the caller with the responsibility to call
Py_DECREF () when they are done with the result; this soon becomes second nature.
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The reference count behavior of functions in the Python/C API is best explained in terms of ownership of references.
Ownership pertains to references, never to objects (objects are not owned: they are always shared). “Owning a
reference” means being responsible for calling Py DECREF on it when the reference is no longer needed. Ownership
can also be transferred, meaning that the code that receives ownership of the reference then becomes responsible for
eventually releasing it by calling Py. DECREF () or Py_XDECREF () when it” s no longer needed—or passing on
this responsibility (usually to its caller). When a function passes ownership of a reference on to its caller, the caller is
said to receive a new reference. When no ownership is transferred, the caller is said to borrow the reference. Nothing
needs to be done for a borrowed reference.

W2 32 oA AAlel tigt 2 & 92w+ F7HA 7Fs Aol stk &5+ AAlof st
FEZFATE, 1A S TE JSUTE F2E FA= AL 5o FREAGE o siF 7t
AdE F2E 2530k P o4 YL AR etk AL Ju g

F28 FAL B AL QgUTh FREUS FAA AL pyiist setreen() 3
PyTuple_SetItem() YUtk ©] F71A g5+ 240 tid F2E TH U (W, 248 Y& 72
o el B3t Fxt FXNA Uth). o] S M2 BB AN ER FEo el rES
e durAQl AP wf ol F2RE FAEF AAHJSULE & 50, FEs U=+ ZE (1, 2,
"three") £ 023 2 5 Utk (R4 ol @ A2t dolwelgAe. o FL oz agst
-2 ol ol et Qs U Th)

PyObject *t;

t = PyTuple_New (3);

PyTuple_SetItem(t, 0, PyLong_FromLong(1lL));

PyTuple_SetItem(t, 1, PyLong_FromLong(2L));

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

o 71X PyTuple_SetItem() £ PyLong FromLong () ZEAEE e 2 E ZulE SR Utk A o i gt
Fx7FFAAE AL AAE AHEotH W F2E FAE 45 TS06H7] Aol py INCREF () & TS

H2E 1A LT AL

S8 o)X, PyTuple SetlItem() S FZo 45 Y= Fdst A UL FZ22 59 253 o]7]
] &9l pySequence_SetItem() J}PyObject SetItem() EFZ 245 YE A3 AR YL

PyTuple SetItem() & AP WS Y= %;‘ﬂ]”&*}%ﬂcﬂoﬁ it

Y2rEE A= T ou|e] F==pPyList New() ¥ PyList SetItem() & A3 BHE 5 A5
Yt

A AR EE o] FA R
B4 (format string) & A /\]

SUT o8 So], 9o %
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L arr
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PyObject *tuple, *list;

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

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

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

Py_ssize_t i, nj;

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

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

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 O;

I3

h= RESE gholl hafj A= A3 8o] 7 g U Th 29 ol IR E AL = s 2ol theh &
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PyList Getltem() & A 3te] 2B 358 AALW 328 £ 4504 guth — 3%
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Aol v B2 E 45 o B,

Bee A% dasd At 3R AT P F4E A4 PU AT T WL
PyList_GetItem() & A , 8 & pysequence_GetItem() %/\}%‘%HE}.

long

sum_list (PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, n;
long total = 0, value;
PyObject *item;
n = PySequence_Length (sequence) ;
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, 1);
(Th= sl o] A of] Al%)
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(o] A | o] A oA A A %)
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check (item)) {
value = PyLong_AsLong(item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
I3

return total;

142 o

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

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

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

item = 0
dict[key] = item + 1
el 2o oue $38CnEgych
<
int

incr_item (PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

/* Use Py _XDECREF () to ignore NULL references */
(th5 slo] Aol A%)
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(o] A | o] A oA A A %)
Py_XDECREF (item) ;
Py_XDECREF (const_one) ;
Py_XDECREF (incremented_item) ;

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

}

o] | Al= C goto &9 sl&d AW HAFUTH o] A= 54T A& st A
PyErr ExceptionMatches () & PyErr Clear () & A% WHI} Py XDECREF () & AFg§3}o] A&
oL Y= NULL D 5 e F2E At e 2T U (ol 5ol e 'x! %
Py_DECREF () £ NULL 5L AW S5 E Q0 E) o AN E YT 27T T =
& BATHE 4B BEE WL 2 2135 o) 3 2 g B2 0 e
EARHL AT S o] JFe Foop AT o E PP UTh

1.6 mlO|’M AHIESLI7|

4 A AS T 2 stold AE =B E dul g sl RS o] AR ok s AAA F2 T
£A skl W AE L 219 2715}, T2l 3 obu shipeld AU S e e R 5 e
AE =27} 27]3} € o] Fo] AT S AFYTh

7N\BAQ 278} 4= Py Initialize 0. AUth o] St Z2rHE BE HolBS 273 sl 7|2
EEQ builtins,__main_ , 283 sys E I =3 25 AN A= (sys.path) & 273}
o

Py_TInitialize () does not set the “script argument list” (sys.argv). If this variable is needed by Python
code that will be executed later, setting PyConfig.argvand PyConfig.parse_argvmustbe set: see Python
Initialization Configuration.

o F & 9 /\]"E“"ﬂ/ﬂ (53 29 9%+ AREZFHA FEo 23 th27 3 A W
Py Initialize() & JolH AEzZHE 7|F2o2 1A 9 A9 gto] A glolH g7} lkal 7}
Aslo] 5 vlol ezl A3 sldo st Ao &S ugoz uigtoz B E A 2 E 7
AbghU ) 53] A i o] A A2 (37 W PATH) o] A python o] gk o] 59 A8 sl o] BHAE =
2R daHEyE 7]% 2 lib/pythonX.Y &2 o] 5& 7F v H g E 55Ut

ol & Eo] glo] W A3 5}U o] /usr/local/bin/python oA A THE gto] B 2] /usr/local/

A
lib/pythonX. Y°ﬂ e Ao g UH. (AAR o] 57 4 2= PATH § Ml python °| 2 o) &
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A full list of the various types of debugging builds is in the file Misc/SpecialBuilds. t xt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-
level profiling of the main interpreter loop. Only the most frequently used builds will be described in the remainder
of this section.

Py _DEBUG

Compiling the interpreter with the Py_ DEBUG macro defined produces what is generally meant by a debug build of
Python. Py_DEBUG is enabled in the Unix build by adding ——with-pydebugtothe . /configure command.
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.)

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

\J
1
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CHAPTER 2

C API Stability

Python’ s C API is covered by the Backwards Compatibility Policy, PEP 387. While the C API will change with
every minor release (e.g. from 3.9 to 3.10), most changes will be source-compatible, typically by only adding new
API. Changing existing API or removing API is only done after a deprecation period or to fix serious issues.

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

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

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

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

2.1.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python’ s C API. Extensions that only use the Limited API can
be compiled once and work with multiple versions of Python. Contents of the Limited API are listed below.

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

API version.

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

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

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

15


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

The Python/C API, Z2|A 3.11.11

2.1.2 Stable ABI

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

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

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

On some platforms, Python will look for and load shared library files named with the abi 3 tag (e.g. mymodule.
abi3.so). It does not check if such extensions conform to a Stable ABI. The user (or their packaging tools) need to
ensure that, for example, extensions built with the 3.10+ Limited API are not installed for lower versions of Python.

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

2.1.3 Limited API Scope and Performance

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

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

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

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

2.1.4 Limited API Caveats

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

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

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

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

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

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

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

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

2.3 Contents of Limited API

Currently, the Limited API includes the following items:

e PyAlter_Check ()

e PyArg Parse ()

e PyArg ParseTuple()

e PyArg ParseTupleAndKeywords ()

e PyArg UnpackTuple ()

e PyArg VaParse ()

e PyArg VaParseTupleAndKeywords ()
e PyArg ValidateKeywordArguments ()
e PyBaseObject_Type

e PyBool_FromLong()

e PyBool_Type

e PyBuffer FillContiguousStrides ()
e PyBuffer FillInfo()

e PyBuffer FromContiguous ()

e PyBuffer GetPointer ()

e PyBuffer_ IsContiguous ()

e PyBuffer Release()

e PyBuffer SizeFromFormat ()

e PyBuffer_ ToContiguous ()

e PyByteArrayIter_Type

e PyByteArray_ AsString/()

e PyByteArray_Concat ()

e PyByteArray_ FromObject ()

e PyByteArray_ FromStringAndSize ()
e PyByteArray_Resize()

e PyByteArray_Size ()

e PyByteArray_ Type

e PyBytesIter Type

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

PyBytes_FromString ()

PyBytes_FromStringAndSize ()

PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

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

PyCapsule_Type

18
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e PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

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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e PyDict_Clear ()

e PyDict_Contains ()

e PyDict_Copy ()

e PyDict_Delltem()

e PyDict_DelItemString()

e PyDict_GetItem()

e PyDict_GetItemString()

e PyDict_GetItemWithError ()
e PyDict_TItems ()

e PyDict_Keys ()

e PyDict_Merge ()

e PyDict_MergeFromSeq2 ()

e PyDict_New/()

e PyDict_Next ()

e PyDict_SetItem()

e PyDict_SetItemString()

e PyDict_Size ()

e PyDict_Type

e PyDict_Update ()

e PyDict_Values ()

e PyEllipsis_Type

e PyEnum_Type

e PyErr BadArgument ()

e PyErr BadInternalCall /()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr_Display ()

e PyErr ExceptionMatches ()

e PyErr Fetch ()

e PyErr Format ()

e PyErr FormatV()

e PyErr GetExcInfo()

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

e PyErr NewExceptionWithDoc ()
e PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred()
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e PyErr Print ()

e PyErr PrintEx()

e PyErr ProgramText ()

e PyErr ResourceWarning ()

e PyErr Restore ()

e PyErr SetExcFromWindowsErr ()

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

e PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

e PyErr SetInterruptEx()

e PyErr_SetNone ()

e PyErr SetObject ()

e PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()

e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable ()

e PyEval_AcquireLock ()

e PyEval AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

e PyEval CallObjectWithKeywords ()

e PyEval_EvalCode ()

e PyEval_ EvalCodeEx ()

e PyEval EvalFrame ()

e PyEval_ EvalFrameEx ()
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PyEval_GetBuiltins ()
PyEval_GetFrame ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseLock ()
PyEval_ReleaseThread()
PyEval_ RestoreThread()
PyEval_SaveThread/()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError

PyExc_ImportWarning
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e PyExc_IndentationError

e PyExc_IndexError

e PyExc_InterruptedError

e PyExc_TIsADirectoryError

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

e 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

e PyExc_TypeError

¢ PyExc_UnboundLocalError

e PyExc_UnicodeDecodeError
e PyExc_UnicodeEncodeError
e PyExc_UnicodeError

e PyExc_UnicodeTranslateError
e PyExc_UnicodeWarning

e PyExc_UserWarning

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

PyFile _WriteObject ()
PyFile WriteString()
PyFilter_Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()
PyFloat_FromString()
PyFloat_GetInfo ()
PyFloat_GetMax ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New ()
PyFrozenSet_Type
PyGC_Collect ()
PyGC_Disable ()
PyGC_Enable ()
PyGC_IsEnabled()
PyGILState_Ensure ()
PyGILState_GetThisThreadState ()
PyGILState_Release()
PyGILState_ STATE
PyGetSetDef
PyGetSetDescr_Type
PyImport_AddModule ()

PyImport_AddModuleObject ()

24
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PyImport_AppendInittab ()
PyImport_ExecCodeModule ()
PyImport_ExecCodeModuleEx ()
PyImport_ExecCodeModuleObject ()
PyImport_ExecCodeModuleWithPathnames ()
PyImport_GetImporter ()
PyImport_GetMagicNumber ()
PyImport_GetMagicTag ()
PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport_ImportModuleNoBlock ()
PyImport_ReloadModule ()
PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear ()
PyInterpreterState_Delete ()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()

PyIter_Next ()

PyIter_Send()

PyListIter_Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple ()
PyList_GetItem/()
PyList_GetSlice()
PyList_Insert ()

PyList_New()

PyList_Reverse ()

PyList_SetItem()

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

PyList_Type

PyLongObject
PyLongRangelIter_Type
PyLong_AsDouble ()
PyLong_AsLong()
PyLong_AsLongAndOverflow ()

PyLong_AsLongLong ()

PyLong AsLongLongAndOverflow()

PyLong_AsSize_t ()
PyLong AsSsize_t ()

PyLong_AsUnsignedLong ()

PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()

PyLong_AsUnsignedLongMask ()

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

PyLong_FromUnsignedLong ()

PyLong_FromUnsignedLongLong ()

PyLong_FromVoidPtr ()
PyLong_GetInfo ()
PyLong_Type

PyMap_Type

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

PyMapping Size ()
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PyMapping_Values ()
PyMem_Calloc ()

PyMem Free()

PyMem Malloc ()
PyMem_Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromBuffer ()
PyMemoryView_ FromMemory ()
PyMemoryView_ FromObject ()
PyMemoryView_ GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_BRase
PyModuleDef Init ()
PyModuleDef_ Type

PyModule_ AddFunctions ()
PyModule_AddIntConstant ()
PyModule_AddObject ()
PyModule_ AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_ AddType ()
PyModule_Create2 ()
PyModule_ ExecDef ()
PyModule_ FromDefAndSpecZ ()
PyModule_GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_GetName ()
PyModule_GetNameObject ()
PyModule_ GetState()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString ()
PyModule_Type

PyNumber Absolute ()

2.3. Contents of Limited API
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PyNumber_Add ()
PyNumber And ()
PyNumber_ AsSsize t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_ Float ()
PyNumber_ FloorDivide ()
PyNumber_InPlaceAdd()

PyNumber_ InPlaceAnd()

PyNumber_InPlaceFloorDivide ()

PyNumber_ InPlaceLshift ()

PyNumber_InPlaceMatrixMultiply ()

PyNumber_InPlaceMultiply ()

PyNumber_InPlaceOr ()

PyNumber_InPlacePower ()

PyNumber_InPlaceRemainder ()

PyNumber_InPlaceRshift ()

PyNumber_InPlaceSubtract ()

PyNumber_InPlaceTrueDivide ()

PyNumber_InPlaceXor ()
PyNumber_Index ()
PyNumber_Invert ()
PyNumber_Long ()

PyNumber_Lshift ()

PyNumber_ MatrixMultiply ()

PyNumber Multiply ()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive ()
PyNumber_Power ()
PyNumber_Remainder ()
PyNumber_ Rshift ()
PyNumber_Subtract ()
PyNumber__ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork_Child()

PyOS_AfterFork_Parent ()
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PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string_ to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()

PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsCharBuffer()
PyObject_AsFileDescriptor ()
PyObject_AsReadBuffer ()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call ()
PyObject_CallFunction ()
PyObject_CallFunctionObjArgs ()
PyObject_CallMethod ()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc ()
PyObject_CheckBuffer ()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()

PyObject_DelltemString()

2.3. Contents of Limited API
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PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized/()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIlIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString()

PyObject_Hash ()

PyObject_HashNotImplemented ()

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

PyObject_Size ()
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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 ()

e PySequence_Contains ()
e PySequence_Count ()

e PySequence_DelItem()
e PySequence_DelSlice()
e PySequence_Fast ()

e PySequence_GetItem()
e PySequence_GetSlice ()
e PySequence_1In()

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

e PySequence_Length ()

e PySequence_List ()

e PySequence_Repeat ()

e PySequence_SetItem()
e PySequence_SetSlice()
e PySequence_Size ()

e PySequence_Tuple ()

e PySetIter_Type

e PySet_Add ()

e PySet_Clear()

e PySet_Contains ()

e PySet_Discard()

e PySet_New ()

e PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices ()

e PySlice_ GetIndices ()
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e PySlice_GetIndicesEx ()

e PySlice_ New/()

e PySlice_ Type

e PySlice_Unpack ()

e PyState_AddModule ()

e PyState_FindModule ()

e PyState_RemoveModule ()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem/()
e PyStructSequence_New ()

e PyStructSequence_NewType ()
e PyStructSequence_SetItem()
e PyStructSequence_UnnamedField
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 ()
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PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo()

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

PyThread_get_thread_ident ()

PyThread _get_thread_native_id()

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

PyTuple Pack ()
PyTuple_SetItem()
PyTuple_Size ()

PyTuple_Type

2.3. Contents of Limited API
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PyTypeObject

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

PyType_Ready ()

PyType_Slot

PyType_Spec

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

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

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

e PyUnicode_AppendAndDel ()

e PyUnicode AsASCIIString()

e PyUnicode_AsCharmapString()

e PyUnicode_AsDecodedObject ()

e PyUnicode_AsDecodedUnicode ()

e PyUnicode_AsEncodedObject ()

e PyUnicode_AsEncodedString/()

e PyUnicode_AsEncodedUnicode ()

e PyUnicode AsLatinlString/()

e PyUnicode_AsMBCSString()

e PyUnicode_AsRawUnicodeEscapeString ()
e PyUnicode_ AsUCS4 ()

e PyUnicode_ AsUCS4Copy ()

e PyUnicode_AsUTF16String()

e PyUnicode_AsUTF32String()

e PyUnicode AsUTF8AndSize ()

e PyUnicode AsUTF8String()

e PyUnicode_AsUnicodeEscapeString()
e PyUnicode_AsWideChar ()

e PyUnicode_ AsWideCharString/()

e PyUnicode_BuildEncodingMap ()

e PyUnicode_Compare ()

e PyUnicode_CompareWithASCIIString()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

e PyUnicode_Decode ()

e PyUnicode_DecodeASCII ()

e PyUnicode_DecodeCharmap ()

e PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()

e PyUnicode_DecodeLatinl ()

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

PyUnicode_Partition ()
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PyUnicode_RPartition ()
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
PylWeakref_GetObject ()
PyWeakref NewProxy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type

Py _AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py _BLOCK_THREADS
Py_BuildValue ()
Py_BytesMain ()
Py_CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()
Py_EnterRecursiveCall ()
Py _Exit ()
Py_FatalError ()

Py _FileSystemDefaultEncodeErrors

2.3. Contents of Limited API
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Py_FileSystemDefaultEncoding
Py Finalize()

Py FinalizeEx ()
Py_GenericAlias ()
Py_GenericAliasType

Py _GetBuildInfo ()
Py_GetCompiler ()
Py_GetCopyright ()

Py GetExecPrefix()
Py_GetPath()

Py _GetPlatform()

Py GetPrefix()
Py_GetProgramFullPath ()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()
Py _GetVersion ()
Py_HasFileSystemDefaultEncoding
Py_IncRef ()
Py_Initialize()

Py InitializeEx()
Py_Is()

Py_IsFalse()

Py IsInitialized()
Py_IsNone ()

Py _IsTrue ()

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

Py _ReprEnter()
Py_ReprLeave ()
Py_SetPath()

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

Py _UNBLOCK_THREADS
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Py_UTF8Mode

Py _VaBuildValue ()
Py Version
Py_XNewRef ()
Py_buffer
Py_intptr_t
Py_ssize_t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getiterfunc
getter

hashfunc
initproc
inquiry
iternextfunc
lenfunc

newfunc
objobjargproc
objobjproc
reprfunc
richcmpfunc
setattrfunc
setattrofunc
setter
ssizeargfunc
ssizeobjargproc
ssizessizeargfunc
ssizessizeobjargproc
symtable
ternaryfunc
traverseproc
unaryfunc

visitproc

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

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

int Py_Main (int argc, wchar_t **argv)

Part of the Stable ABL. £2 QE] = 2] o] Wol =2 73, o] AL Fho] WS 1 Zot =g 7L 94
A1 H V)t argehargy vl 7] 45 C 22390 main () G0l A2 & AT Ao AR w2
FuoF T O 8 A5 2900 Tel wehar 12 B2 b, 2 3 %] £ 5 4 5 50]
el sloF ek (A Q17 55 0] A2l Al B AL Ul 82 $HH A A5 Th. AHZL)E 7}
AFAOR (Z, 019 go]) TR W BB ghe 0,992 A3} AHz Bt SR A 1, v W5

220l fEY ol B £ Feph A o w271 H ek,

ﬂ 25 X & systemExit 7} WS H, o] 4= Py InspectFlagZt AR o] QA & 31
2 W b Ze A AE SR ol £ 5144 2.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () 2} F-AFSFR] Thargyv+= vfo]| E B4 9] v g 9 Yt}
WA 3.8 =7}

int PyRun_AnyFile (FILE *fp, const char *filename)
ob#] PyRun_AnyFileExFlags () & ©<3td Qe o] A~ YT closeit2 0 2 & flags= NULL 2
AAE JHE FAF U

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
o} PyRun_AnyFileExFlags () & ©<3ld Qg H o)A~ d Ut o] AL closeit AAE 002 A
A AHE FAFUTH

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

o}l PyRun_AnyFileExFlags () 9 ©<sd AE A )2 d Ut o] A2 flags A AHS NULL 2
ARE Az GAF U
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix
pseudo-terminal), return the value of PyRun_InteractiveLoop (), otherwise return the re-
sult of PyRun_SimpleFile(). filename 1is decoded from the filesystem encoding (sys.
getfilesystemencoding ()). If filename is NULL, this function uses "2 ?? " as the filename. If closeit
is true, the file is closed before PyRun_SimpleFileExFlags () returns.

int PyRun_SimpleString (const char *command)

This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the
PyCompilerFlags* argument set to NULL.

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags
flags AA}ol| et main_ RE A command Q= sto]l N A~ FEE AFFUTH _ main_
ol EAEA gow Wt 4yetd 0%, o <] 7 AT -1 WU T o 87t Yo,
e JHE I Yol JF U flags?] 2w of & FxAAIL
A= A e systemmxit 7 MAFHE, of Y5E Py Tnspectrlagrt A4 of 94 ghe @
12 WMAEA gz AAE FET fo AL

int PyRun_SimpleFile (FILE *fp, const char *filename)
olg] PyRun_SimpleFileExFlags () & ©<3stH AE H ol P UL} cdoseits 022, flagsS
NULLE 249 Jef 2 GAF U

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob#] PyRun_SimpleFileExFlags () & ©<3tH A H o2 YUt flagsE NULLE A A A
& FAFUTH

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

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

Hn: A%, fpis ol e BE 2 Gojof U (1 E Sof fopen (filename, "rb")).
YA GoH, oML LFE I U AAHE HAS Suk2A el A 2T 5 gk

int PyRun_InteractiveOne (FILE *fp, const char *filename)
o}l#f] PyRun_InteractiveOneFlags () & @<3}H Qg H o]~ dYTh flagsE NULLZ A A=
BEl 2 AT U

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute a single statement from a file associated with an interactive device according to the flags
argument. The user will be prompted using sys.psland sys.ps2. filename is decoded from the filesystem
encoding and error handler.
o] Y302 AP W 02,97k YOW 12, E TR B4 o7} 9 oW shol WY A
2 HH_—,L_% errcode.h Q1 ZF T «4—01 o g= Oﬂ 2] =2 w3stUr} (errcode.h+= Python. h
oA AEFE=38A] &7 uf el aﬁio}tﬂ = ] 8] AZFF =5 of Tl o st Al L)

[«

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ob#l PyRun_InteractiveLoopFlags () & @<3lH Qe H o]~ Y Ut} flagsE NULLE A A=
AHE FAF YT

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

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

int (*PyOS_InputHook)(void)
Part of the Stable ABl. Z2 E €} int func (void) 91 @42 71E] 7|22 A AT 5 A5 Ut o]
T ol N AHZEH ZFEZET {5 AEI7EE I gHu oA AR 4 E e 7tk B i
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o =gk 93 g2
_tkinter.colA 3t A X <E
%t

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char*)
Z 2FEFY] char *func(FILE *stdin, FILE *stdout, char *prompt) ¢l St+E 7}
V=5 A5t A2 e TFZEANH T Y £ e ASHE 7R
k= sy th o] k= NuLL o] ofY W EAE promprE £ 88 U2 Al v H 2E R
48 £S5 2 29 FAES N Aojgta 7P Yth o § £0], readline
AAste] £ JAR A | &4 75 AFFUTh
A= PyMem RawMalloc () ©JY PyMem RawRealloc () 22 StH EA14E ol A, ol 8] 7} &
A g2 A NULL o] of of Tk,
WA 3404 AA: d3= PyMem Malloc()©] W PyMem Realloc ()22 & Fst= thAl,
PyMem_RawMalloc () ©]Y PyMem RawRealloc () 2.2 3] oF gt}

=] 5
Es< o=

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}#] PyRun_StringFlags ()2 ©<3tH QA H o)At} o] AL
flagsE NULLZ A ¥ Je| & G AFUTH

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

PyCompilerFlags *flags)

Return value: New reference. flagsZ2 XA H AL # S 215 28319 globalsT locals A 2 XA A
AEAE A strof A Fhol A A I EF A Th globals+= G A 2] o] o] of Y th. locals =
MY meE2e PRSI BE A D 5 AFUTh W A5 sant 22 IES T BASE
o] g3l of sh A2 B2 A A T
SEg AR A3HE ol AR WBHAL, 917 2 sk e nuLLS B o,

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. ©}& PyRun_FileExFlags ()2 ©<=3td Q€ 3 o] 2~ Yt} closeit<
022, flagsE NULLE AAFH A2 FAFYTH

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

closeit)

Return value: New reference. ©}) PyRun_FileExFlags ()2 ©<3std A olA~d Uttt flugsS
NULLE A9 A2 GAFYTH

PyObject *PyRun_FileF1lags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals,

PyCompilerFlags *flags)

Return value: New reference. ©}&] PyRun_FileExFlags ()2 ©<3tH Q¥ 3] o] 2~ Yt} closeitS
002 AAHE e = ¢AS Y

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

int closeit, PyCompilerFlags *flags)

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

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

PyObject *Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. Part of the Stable ABL. o}2] Py CompileStringFlags () o T3t
A o] AY Ut} flugsE NULLE A A H Aef & 42 3ok

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Return value: New reference. ©}2 Py _CompileStringExFlags () 9 ©<e3hE QA E o] A YTh
optimizeE -1 2 A9 e E FA Y

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

int optimize)

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

A4 optimize= AL H A &2 A ATULE -1 7L -0 3HLE Fo]RA AAHY Qg =
gE H A3 S JE“U“JD]' WAl A —’?——?3 0 (H A3} gl _debug_ 7}, 1 (o414 9]
AAE I __debug_ 7FAR) EE2 (F2EHE AAF YUY YU TH

B A 3.40 =7}

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

Return value: New reference. Like Py_CompileStringObject (), but filename is a byte string decoded
from the filesystem encoding and error handler.

B A 3.20 =7}

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)
Return value: New reference. Part of the Stable ABL. 0] 212 = AR} A W L X HETE Q=
PyEval_EvalCodeEx ()9 ©&3lE Qg H o] AUy \:]— o E o= NULLE A A E YTh
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. #0131 B 71E 213t 54 Ao A, ng] A=
2= AR E BT o B4 A wpe DA, A Asel g A, Axe] W
ZIRNESt 7125, 719 = A8 A 7B g e R AL F2A FEE FAEEUTH
PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Part of the Stable ABL. A3 Z & Jg FH 713 Uch o) d A T3A4S
3}, PyEval_ EvalFrameEx ()9 ©43tE QlE]# o] A~ Th
PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Part of the Stable ABL. ©] 212 3}o] % 2l
oy A =9 fol daE I 714;1]7}/\15119141—,]_ I
sS4 3@?&‘4 th. 37} throwflag 7] W& A2 FAE 5 Q5
WA T = U} Al E o) ] AR Q) throw ) WA =of AHEH Yt
W 340004 R 7A: o] Tps oAl B4 o9& 285 W2l A ASt=A FRIStE S =9 yu
ANAS ERY
int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o) Yt B Bk =AYl FH1E VAR, AT 22, AhsHE AL S NP ok
int Py_eval_input
A28 BAAL 918 shol M £ A% 755 Py Compilestring ()3 B A& FU T

int Py file_input

gdoly e a2dA gL B AD2E AT FojH THe A A3,
Py CompileString ()3 B2 AEFUTHL P2 7 Hold 22 FES AL 0 A

&t 71 dYth

int Py_single_input
DY EAL 9 shol ¥ £l AR 715, by conpi lest ring () 2 A LSRR TE H8HA
AR zelE 2zl g 7 E U T

struct PyCompilerFlags
oA Asde ZH1E e Ul AASH = A YU ZET AL E 7| % sk o-rlnt
flags®2 AGH I, F=7} A== F$ PyCompilerFlags *flags@ AGH Ut} o] 4%,
from _future_ import = flagsE AT 4 J5Y T

Whenever PyCompilerFlags *flagsis NULL, cf_flags istreated as equal to O, and any modifica-
tiondue to from __ future_  import is discarded.
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int cf_flags
Aorde S,
int cf_feature_version
cf _feature_version-> §- 5}o] #H W A YUt} PY_MINOR VERSIONCOZ % 7|3} ofof g th
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
WA 3.8 A WA : of_feature_version LE=ZE F7+3 5 YTt
int CO_FUTURE_DIVISION

flags A o] M| EE A A3 PEP 2389 w}he} Lr7] A4kA}F /& “A 4= U= 7] (true division)” 2 3
AE =5 o
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o] MMl Mzt shol W AR O] Fx A4S el sk o AP Uk,
void Py_ INCREF (PyObject *0)
Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.

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

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

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

See also Py XNewRef ().

PyObject *Py_NewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. Create a new strong reference to an object: call Py_ TNCREF () on
o0 and return the object o.

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

For example:

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

can be written as:

[self—>attr = Py_NewRef (obj) ;

See also Py_ TNCREF ().
WA 3.1000] 7}
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PyObject *Py_XNewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. Similar to Py_NewRef (), but the object o can be NULL.
If the object o is NULL, the function just returns NULL.
H A 3.109) F7}

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

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

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

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

7ZJ31: The deallocation function can cause arbitrary Python code to be invoked (e.g. when a class instance
witha __del__ () method is deallocated). While exceptions in such code are not propagated, the exe-
cuted code has free access to all Python global variables. This means that any object that is reachable from
a global variable should be in a consistent state before Py DECREF () is invoked. For example, code to
delete an object from a list should copy a reference to the deleted object in a temporary variable, update
the list data structure, and then call Py DECREF () for the temporary variable.

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

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

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

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

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

e v azes Az IZojoAqw AL 5 dF Ut Py Dealloc(),
_Py_ForgetReference(),_Py_NewReference () ‘;—1 Zﬂ"—ﬂ, %?—_Py_RefTotal.
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CHAPTER B

o[ 2] ME]|

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).

FARCE, A BAE A A AA TAHE FAR U A9 G, of
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void PyErr_ Clear ()

Part of the Stable ABL ol 8] £ A]7] & A3 Uth o8] A 7|7 A= o QA o E771 ¢l
.

void PyErr_ PrintEx (int set_sys_last_vars)
Part of the Stable ABL. & Eg|o] 2L sys.stderrZ Q311 o8] ZA| 7] & A | YTt o &7}
SystemExit 7} ol :f}, o] F-f-oll= Edlo]a o] QI = 2] k11 Tho] M ZE M| A= SystemExit
AxE o] o3 x4 = Oﬂﬁi T2 FEHEUL
ol e FAZI7H AR R B rrolgher o] 4T FEHA L. TFA GOW AP A o # 7} A

FHTh

zh

=
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, W4 sys.last_type, sys.last_value 9 sys.

set_sys_last_vars 7} o] o o
Q}f oﬂg]_g] fg) %}]\_U] EEﬂO]/\Hﬂ OE /\—];qgl/]q_

0 3
last_traceback & Z+z+ Q]

void PyErr_Print ()
Part of the Stable ABIL. PyErr_PrintEx (1) 2] & 4.

A}

void PyErr_WriteUnraisable (PyObject *obj)
Part of the Stable ABL. & 7 oJ| 2] &} obj A A}E A}-23}9] sys.unraisablehook () & &3}
This utility function prints a warning message to sys.stderr when an exception has been set but it is

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

o] G WAL S Qe o9 7 LA E Bl S AWl 1Y ARl objE EEH U 7},
obj 9 repro] 7 a1 WAl A of] QA4 FH Ut

o) B8 EET T o 25 B of glofof Ttk

5.2 o2 &EAIF|7]

o] ?:‘—’F%% A 2 =9 o] A7) S AA S vl =l FUth B E A, ol T AR e
B/ return ol A AFEZ NULL Z Q1B E WHH U TH
void PyErr_SetString (PyObject *type, const char *message)

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

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL. ©] St pyErr_SetString ()3 FAFSER 2, o] 21 9] «“Zk” o i3l 42l
shold AR E AAY 5 A5

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABI. ©] 3= of| 2] A 7] & A A 331 NULLS E‘}%‘rﬂq
th. exception 3}o] 4 o & S e 2o of U th. formart 5% v 7] W ol Y WA A& 2 8=
o =&o] Yt} PyUnicode FromFormat () o A2} 22 o u| 2} k& zr5 Yt} formar2 ASCIL
AEEEES N

PyObject *PyErr_ FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Part of the Stable ABI since version 3.5. PyErr Format ()3} Z2A| 9}, 7}FH
Mol Az thA va_list AAE HFTh
B A 3.50] &7}

void PyErr_SetNone (PyObject *type)
Part of the Stable ABI. 0] Z1-2 PyErr_SetObject (type, Py _None) 2 =9 Z3A Yt}

int PyErr_ BadArgument ()

Part of the Stable ABL. ©] Z1-2 PyErr_SetString (PyExc_TypeError, message)d &Y =
AUth A 71X message= ZEH AR W Aol 25 IS YEFEUTH EE WE &4
e},

PyObject *PyErr_NoMemory ()

Return value: Always NULL. Part of the Stable ABI. ©] A2 PyErr_SetNone (PyExc_MemoryError)
o] &4 Efﬁ?&b]"/} NULL& &AM A A &5 e W22z 75T o return
PyErr_NoMemory () ; 81 € 4 A5 Y Tth
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PyObject *PyErr_SetFromErrno (PyObject *type)

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

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

tional behavior that if filenameObject is not NULL, it is passed to the constructor of #ype as a third parameter.
In the case of OSError exception, this is used to define the £ilename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2 )
Return  value: Always  NULL. Part of the Stable ABI since version 3.7.
PyErr_SetFromErrnoWithFilenameObject ()} FAFSFA R, F 719 ntdH & H 3=
BN E RS NP P EL RS EE R R LIRS
WA 340 27}
PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)

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

PyObject *PyErr_SetFromWindowsErr (int ierr)

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

7184 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, AL o9 F& AAst= F7F wi7f H
7h Az,
7H3 A=

PyObject *PyErr_SetFromWindowsErrWithFilename (intierr, const char *filename)

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

7H3 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. Similar to
PyErr SetExcFromWindowsErr (), with the additional behavior that if filename is not NULL, it is
passed to the constructor of OSError as a third parameter to be used to define the £ilename attribute of
the exception instance.

7 A=

5.2. 0f|Q| LMA|Z]7] 51
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PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename2)

Return  value:  Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetExcFromWindowsErrWithFilenameObject () 94‘ -?r /\]' 5’]’ X] E'l', - kil EH 34' o Dé
23] 2 Wl 5 U o)
7H83 A=
WA 340 27}

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

*filename)

Return  value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetFromWindowsErrWithFilename ()&} FAFSHH, A Z o & A A=
27h 7] W47} 5o,
e AES

PyObject *PyErr_SetImportError (PyObject *msg, PyObject ¥*name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportError S A A 7]&= HY

FAUTh msge oAl WA A FAEE AAFFE YUtk € vhNULLe] 2 5 <=, named} path+=
71'7]' ImportError® name¥} path A EZHEZ AFH Y}

WA 3300 27}

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,

PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.6. PyErr_SetImportError () 2}
o] 2 H] 523} A] g, o] 4= WA D ImportErrord] A B ZEPAE AT 5 95U

WA 3.6 F7}.
void PyErr_ SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)

B A of| 2] o] th 3t 5} (file), = (line) Y 2 Z Al (offset) F HE A ATt A o2 7} SyntaxError
7h ol U, 7t o ERREE A A3, o] A4 3F9) A|a'l o] o €] 7} SyntaxError gkal A7}
A gyt

B A 3.40 =7}
void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

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

B A 3.20 &7}

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

void PyErr BadInternalCall ()
Part of the Stable ABI. ©] 12 PyErr_ SetString (PyExc_SystemError, message) Q| £ &
AYITh. o1 7) A message = - ARG Sl ho] A/C API §4) o] X A= 525932
Chehl U ok o5 U 5 ¢l o,
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S ARUL S 0w, of A% |97 LA T A2 AA ] EAZ A3 o] F7} ol 9
S BN 7= AE 7HeF Ut o 9 7 A EFA] ok o wbg gr2 00] a1, o 9] 7} @AY e 1 ¢ Th
(B WA A 7 AAZ A= =1} &9 o] -5 AT 5 glsUth o] A2 =4 gyt o7t
WA, SE2H= B4 A9 A& s o dUTh(dlE 59, &7 FRE Py DECREF () 8FaL
of 2 gt w3k gy o).
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 73 31 W] A] ] & ¥ & T}, category A= 11 HE (o} & FZ A A )Y
NULL Y U t}; message Q1 A= UTF-8 & A Z W H E 21 Ut} stack_level & 2~ Z#| Q) & A&
S FeUth e 2 m za o] A B A £ 1= Sl A7 LAT . stack_level
Ol 10| PyErr WarnEx ()& E&3he &5,2+ 1919 &4, 55
o] of 3y t}. PyExc_Warning <
H F = PyExc_RuntimeWarning ]
A A A-E APk

W 2 WA A 1 gL B2

o] S5 AL 3lo] C ZEoA] AR E AYFAHA L. 3ol M warnings BEEANA HEH FA3H &4
S H P U dHH O R sysstderrol] AL WA E AUy Tk ARSAE A E o=
ﬁ [e)

=

A1 W F+ PyExc _Warning 9
PyExc_Exception® A H F g2 ¢
Utk 52 shold A1 Wt ol Bl ¥

7 a1 Alofol] tf gk ZpA| g W] -8, warnings BE&
AlL. Bl Aol & £1% C API= gl Yt

A
5

> 2o >
P we K

nx
=)

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)

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

B A 3.40 F7}.

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

char *module, PyObject *registry)

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABl. PyErr WarnEx ()&} FAFSH &< A9k, PyUnicode FromFormat ()& AH&
Sto] A3 WA A S WU T} formar-S ASCI Q1 F JH FAE Ut
B A 3.20] F7}.

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

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

W2 3.600 71

5.4 ol|l2] EA|7| =5|517]

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

T EA= GILS 2 F3foF gyt
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Zy: 93 S EA ]ﬂﬂ]— B 2 3}A] A Al & WAl PyErr ExceptionMatches () S5 AR5}
S REYA L. (A A9 AP 9] 7 o2 A AT 2ol AL, o] Bk
el B FHad 5 MOVJ vl w = Adstr] g5y th)

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) 355
Syt A&7t A2 A H e W vk S8 oF byt o &) 7 A Bt A] ekgk o W R el A~
Suko] WAL EU o,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL. given ol 2] 7} exc2] ol 2] &3} 4 X151 22 ¥lg gttt exc 7} S8 2 AR o),
givenol A X 2229 22 0 4E WU e} R EO|W, FEo) = 2 E o9l

(:’_ﬂ—! /\*1}_:'_%_—'—1: ZH:I'L];Q—Q—E) o O]X]E ‘AOH ﬁAﬂﬁqu_.

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

Partof the Stale ABL 7227 A A 719 W2 o2 171 % AL o d 41717} 445
QFerow, Al M4E BT NULLE A G A3 90@, A9A D AW 7 AR o] hA F2E
o o] £ fFUTH gkt Edlola AME § AR 134 S W= NULLY 4 I Th

g3 o 4t ANACE o9 EHoF S wE ol BAAE AANA OB ARG
H s of 51 T oA ALER LT o] 2 Bo:

_~

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 ABIL A AR & ol 2] A 7] & AA T} o8] FA]7]7Foln]) AAE o] 9od, |
A AY AU AR 7FNULL oW, o & A 7] 7F A9 F Yt NULL type =} f&vﬂ NULL ©] o} value
L traceback & & LA] WAl L. o 9] 2 Fef oo T ZARH o] P oy 3 A LA
PR A L. (o] H 3 2 & f et Yol v B S A 7 AU ) o] &2 ZF A Aol o &
FZEAATULH: S5 Aol Z AA A et FRE L Faloksl E& FodE=HEe oy IARE
AFsHA] Ut (O] AL o3 E 5 ThH, o] 5 AR SHA vid Al 2. A sy th)

2k o

—

Gt dubH o o] EA 71 YN A0 R A G5 B of h TS ol ATk ALE
HUch dA o8] BEA 7 E A FS e PyErr Fetch () S AFRFAIAI

void PyErr NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)

PartoftheStable ABL &7 A3 A, olel Q] PyErr Fetch ()7} ¥Fa3ts ZES “n] A3 5 Q)

T AdFYL = *exc——?ﬂ/‘ A 0] A Wk *vale 2L Zaj Aol Al AE AT} ol d U] o ?%—’Ft
O A% FA2E QLTS e Ul AT 5 AL LI kol o v] AFsHE ol oW, obF Ax
SERERSONERREEE EXTEp i N

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

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

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

Z+31: This function is not normally used by code that wants to handle exceptions. Rather, it can be used when
code needs to save and restore the exception state temporarily. Use PyErr_SetHandledException ()
to restore or clear the exception state.

WA 3119 7}
void PyErr SetHandledException (PyObject *exc)

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

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

WA 3119 7%
void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback )

Part of the Stable ABI since version 3.7. Retrieve the old-style representation of the exception info, as
known from sys.exc_info (). This refers to an exception that was already caught, not to an excep-
tion that was freshly raised. Returns new references for the three objects, any of which may be NULL.
Does not modify the exception info state. This function is kept for backwards compatibility. Prefer using
PyErr_ GetHandledException().

i o] e A o2 o9 & AR s ZEM ARSH A efs Ut 2988, ZE7} 9
SO QA AT BANE B ) AHET 5 AT o9 AHE BUHAL A B
PyErr_SetExcInfo ()& AF&3HI Al L.

W7 3300 7%
void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)

Part of the Stable ABI since version 3.7. Set the exception info, as known from sys.exc_info (). This
refers to an exception that was already caught, not to an exception that was freshly raised. This function steals
the references of the arguments. To clear the exception state, pass NULL for all three arguments. This function
is kept for backwards compatibility. Prefer using PyErr_ SetHandledException ().

4

Fi: o A5t YWAOR o9 2 AstHt Hoo A S A EUTh edd, m=
A elsl Al QA= ABID A} 4B S AT Ao drhE Beele

¢

WA 330 7}

WA 3.119) 4 7 : The type and t raceback arguments are no longer used and can be NULL. The
interpreter now derives them from the exception instance (the value argument). The function still steals
references of all three arguments.
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5.5 A2 AMelst7|

int PyErr_ CheckSignals ()

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

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

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

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

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

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

void PyErr_ SetInterrupt ()

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

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

int PyErr_SetInterruptEx (int signum)

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

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

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

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

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

WA 3.1009 57}

int PySignal_SetWakeupFd (int fd)

ol g E T Aade] A wuitt Al1d MS A v ER V) EE = 0 7S
ARFUTE fde v EE2F o]ojof Futh. o] A€ 314 7|&AHE vhEE T

# -1 7leS vEAsF YT o]zl 27 AEiYgUth o] AL Fo] M signal.
set_wakeup_£fd () & F5 AT ol A= glsUth fdv 23S 5HE 7] 2o oF Tt
T ag= oMUP T &5 o oF gyt

WA 35004 WA el A, Tt o)A 27 AES ALt
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5.6 0|2 Ecia

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL. ©] F€ 2] E] T A o9 g 2E vtE vt
st th name A A= A ol 2] 9] o] &, module.classname &A1 2] C E2}Y o] o] of Ut} base
S} dict AAE WA © 2 NULL Y Yt} o] 2 A 3Fd Exception(CoA] PyExc_ExceptionQ &
AN AT 5 AFUTH A st D S AR 7 v A Y Th

The __module___ attribute of the new class is set to the first part (up to the last dot) of the name argument,
and the class name is set to the last part (after the last dot). The base argument can be used to specify alternate
base classes; it can either be only one class or a tuple of classes. The dict argument can be used to specify a
dictionary of class variables and methods.

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject
*dict)

Return value: New reference. Part of the Stable ABL. M| 2 of| 2] Z#|2o] =2EFH S PGA RS 4
At AL A3 PyErr NewException () 3 224 Yth: doco] NULL o] oY H, o 2] E#|~
oA thet SmE o AT U

B A 3.20] &7}

5.7 Ol ZHX|

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

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL 9]¢} & Ef ol S e AAI YTt A28 Py_None= AH&-d}
Al }\] o

H .

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

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL ]| 212} AAH AHNAEE @ A AT TH A8 H NULLS AFSSHY Al 2.
ctx7b ol 9] A2 A Fel e § AAbs fEUTh o] AL ol THE F2 S F AU

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

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

The ___suppress_context__ attribute is implicitly set to True by this function.
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5.8 FLIZE o2 24|

The Bt Col A UTE o9 8 BED £ 43 A E U

PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

Return value: New reference. Part of the Stable ABI. encoding, object, length, start, end X reason ©] E 2]

E £ X835} UnicodeDecodeError AAE W5 Yt} encoding=} reason- UTF-8 2 Q17
AL

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_ GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 01 %1 | 2] 21 A| 9] encoding ] E Bl FE & HF3H3t
U,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 0] Z1 | @] A A 9] object o] E 2] R E & Wt T},

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABL. 0] 21 of| 2] AA| 9] start A E B HEE 7} &FA] *startol] v X & o). start=
NULL©] obfofof gt AJg3ta 02, Aot -15 gk

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Part of the Stable ABL. 0] %1 o)l @] A A Q] start A EBHEE stantZ A ATt} A&3dH 0L,
Ashak 12 e o,

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the Stable ABL. 0] 2 of| 2] A A9 end A E | HEE 71X 2} A] *endol v 2] &t} end=
NULL ] ofujofop gt 453 0=, Aofshe -15 vhagyoh

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. #0111 o] €] 2] end X1 EB|HEE end® A7 Fth 4F3tH 05, A3
38l -1 ek o

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 5] 2 o]| Q] 21 4| 2] reason o] E 8] H-E & 9183t}

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

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

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Part of the Stable ABL. 0] 3 | 2] AR 2] reason 9 E 2| HEE reason 2 2 433Ut AZ3HH 0
2, Ao -1 wagh .
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5.9 i+ Mo

o] F T Fojo} FH BE EFoA CFFolA AT AA TE5S T3 o= HHS ATFch
A7 ZEZFREEA] sto] X I EE S E6HA] v A oA UTH (oW == A7 ZoE AT o=
=4 ). &= 2R EZol A7 A5 A= sty] w ol p_call T A= D 23HA] odF YT
int Py_EnterRecursiveCall (const char *where)

Part of the Stable ABI since version 3.9. | 7] A C & T & o] W43 & 1 3= A AL EATYTH

d
°
o

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using
PyOS_CheckStack (). If this is the case, it sets a MemoryError and returns a nonzero value.

I8 o5 &g AA Aste] 2234 A dYth o] %, RecursionError 7} A A 31 00]
obd ghol whghE Ut 213 A ¢k o, 00] Rigg Yk

where= A7 Z o] A8 O 2 Q3 RecursionError WA Ao o]o]E AU " in instance check"
9} 22 UTE-8 1198 ZA-do]of of Fith,

B A 3.99]| 4] ¥ 7 : This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py EnterRecursiveCall () & £33 Yt}
Py _EnterRecursiveCall () 9 Z+ AAE A< S Zult}) st HA § &5 o] oF gt}
8] A 3.99]| 4] ¥ 4 This function is now also available in the limited API.
AW Bl U5 p repre A FANAE SUL AN A2t BRFUT A0S B EHE
A QoE, tp_repr& w32 YA 87 f8] AAE FHH oF FUth thx + I
WS Ut AFA A} 0] 5L reprlib.recursive_repr () o Y3 C ZSE YT
int Py_ReprEnter (PyObject *object)
Part of the Stable ABL $=3-& 7ZA3}7] 913l tp_repr +& A1 F Al Z&HUTh
AA7F olv] A= o, T Fo A& A ULh o] A% tp_repr +EL TS Y
B = T8 AAE gl o Ut Al E 9, dict AAl = {.. .} & W&t 1ist AA+=
[...]1E W3yt
A7 A o] B B
< HbEs) of Fth

aYA go, B4 0L NBHT tp repr PHL PHH O A% 5 dsUr

rlr

29 4%

it

ukgk )

By

o] A% tp_repr +HL dWHE S 2 NULL

void Py_ReprLeave (PyObject *object)

Part of the Stable ABL. Py_ReprEnter ()& £33t} 0& ¥3tsl= Py ReprEnter () EZ&ulth
Sk M2 35 ofF g Th

510 E= 0|2

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

Colg to|M o| 5 RE
PyExc_BaseException BaseException .
PyExc_Exception Exception R 1
PyExc_ArithmeticError ArithmeticError HEEEEn
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError

CtZ = O X0l A=
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H 1-0|™ bf|o|X[of| M AlH

Co|E lo|M O|E LE
PyExc_BrokenPipeError BrokenPipeError
PyExc_BRufferError BufferError
PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedE ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedE ConnectionRefusedError
PyExc_ConnectionResetErr ConnectionResetError
PyExc_EOFError EOFError

PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit
PyExc_TImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError RERE 1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundErro ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedErro NotImplementedError
PyExc_OSError OSError !
PyExc_OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError
PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsynclteration StopAsynclteration
PyExc_StopIteration StopIteration
PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError
PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateEr UnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError

W A 3.3 9 ZF 7} PyExc_BlockingIOError, PyExc_BrokenPipeError
PyExc_ChildProcessError, PyExc_ConnectionkError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,

PyExc_ProcessLookupError ¥ PyExc_TimeoutError+ PEP 3151 v}l = Y &H 5l
PojRe the & oo gt wlo]x Fef2d
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WA 3,59 &7} PyExc_StopAsyncIteration I} PyExc_RecursionError

¥ A 3.60] &7}: PyExc_ModuleNotFoundError.

T2 PyExc_OSErrorol st S 24 3 9 th:

ColE

tr
m

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

(9]

WA 33004 | o] H e M2 F e ol9] Pl

EE:

Yt

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:

ColE uto| M ol LE
PyExc_Warning Warning £
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

B A 329 7} PyExc_ResourceWarning.

LE:
2QE 9o BB Yth A A el 7] v A% us_WINDOWS 7} B o] = e A HIAES ] o] & A8 3he TES RIFAIA L.
Pole ke 2 A W welx FH APy
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PyObject *Py0S_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system representation for
path. If the objectis a st r or bytes object, then a new strong reference is returned. If the object implements
the os.PathLike interface, then _ fspath__ () is returned as long as it is a str or bytes object.
Otherwise TypeError is raised and NULL is returned.

WA 3.690 7}

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

o] & ol filenamel EF 1/0 3+ fp& WH3}A o & ZFF5EH F(00] obdyth & wHEg U
isatty (fileno( fp )y 7F ol ud o] 4L <duth 1_915' ;EHJ_ Py._ InteractlveFlagﬂ— =}
o] ¥, o] <= filename 3 1 E 7} NULL 0174‘/} o] F o] £AY '<stdin>'o|L} 227" F 5?‘%3}
22 us 32 ey

void PyOS_BeforeFork ()

Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ X3 Ao Y F AE & &0] 3=
¢, fork () Y8R Z2 25 BAStE A & S 5517] Aol & &3 ok gt} fork ()

1218 A R0l AR A8 A E

i C fork() i%% (vl Q17 QI ez 2 Bl o)) “v| Q17 e = ol A RE o] o A oF g o}
PyOS_BeforeFork () & UFzH7FA] ) U o}

WA 3.70] &7}
void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ A2~ 23 & A E Y B e E A Al
S 8%, 22 A2 B 7L AEREA S DA, fork () 1} A LEALE RATE A
FTEIET T AR 22 A2 TS oF FUTh fork () 7F A A Al L") A ¥ ARS 7HE
e,
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B Cfork() TE2 ("W Q17 QB e E o) “rQl” 2 =of ARt o] o] A of T
PyOS_AfterFork_Parent () & u}Z-7FA U o}

WA 3.79] &7}

void PyOS_AfterFork_Child ()
Part of the Stable ABI on platforms with fork() since version 3.7. Z2 X2~ T3 T YR Qe Z 2| ] A&
AN B fork (1} A ZZALE BARE FAL F5E 529 F, 2227 ol A
JE|Z B & A S5 7hs/d o] o A4 Z 2 A 204 T Eal oF Futh fork () 7 B H
Al 2" of| A jF ARG 7HE ] o

A3: Cfork() & (“vQ1” Bz 2B Q) “v] Q1" A =of| A gk o] F o] & of Frh.
PyOS_AfterFork_Child () & u}7FA] YT}

WA 3.7 7}
15 =4 B

os.register_at_fork () & AF§3WH Py0S_BeforeFork (), PyOS_AfterFork_Parent ()
9 PyOS_AfterFork Child()olX £&E AH&A A sto]d 8 55 T 4 s Uth

=

void PyOS_AfterFork ()

Part of the Stable ABI on platforms with fork(). ZZ N2~ 23 & 8 Y& A& A= b,
sto]l A e Z B 7} A& A E T A2 2 M| 20 A SEF o] oF Futh A A e sld o] A

ZREA2 ZEEHY, o] FHE SET o7 lFYTh
HA37HE HAH: o] &4+ Pyos_AfterFork_Child()Z HAE 5T
int PyOS_CheckStack ()

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

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

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

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)

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

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

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

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

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

quence can be decoded as a surrogate character, the bytes are escaped using the surrogateescape error handler
instead of decoding them.

64 Chapter 6. SE2|E|



The Python/C API, 22|A 3.11.11

A2 ZFE 2ho] = F 2 (wide character) A o] T gt Z 1 E & wESHE U ), UﬂE’_E]% 3 xﬂ e |
PyMem_RawFree ()& AH&3FA Al L. size 7} NULL o] ofY®H, @ FAHE Al 2] 8 gloj = E

*sizeod]] 7|23l

029 ol vl mel @ o d Al NuLLS BAF T sicerh NoLLe] o) B, W e of & A
*size”7} (size_t)-12 {‘:ﬂ@ﬂ_ﬂ,ﬁ]:’ﬂ o & Al (size_t)-22 AAFH Yt}

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

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

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

o B

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

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

H A 3804 WA o] &= o)A A=A Py _LegacyWindowsFSEncodingFlag7F0¢]d
UTF-8 Q39S AH&- gyl

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

Part of the Stable ABI since version 3.7. Encode a wide character string to the filesystem encoding and

error handler. 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} U W, *error_pos+t A& Al (size_t)-1Z A, A7 o Al 5+
EoHA G2 BAe] sz AAH o

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

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

o B

PyUnicode_EncodeFSDefault ()El—PyUnlcode EncodeLocale () &4

B A 3.50] &7}

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

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

6.1.
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6.2 AIAE Bt

sys BE9 7|5 & C A=A I~ & 4 3l 741 st= e elE e duth B Wi 2= A
FAol EFT AA el e 2a =2 sys wES] P4 Y 2ol AE L
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL sys EE oA AR name= ¥ AL 24
317 9rowl o 9] A4 SHA 9k NULLL BhEkgL T,
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABI. v7} NULL©?] o} 3l sys 259 name2 vE A A3 T} NULL ] A name-
sys ZE ol Al AHAIH U th A 0, ol 2] Al 12 Wkt th
void PySys_ResetWarnOptions ()
Part of the Stable ABL  sys.warnoptions& W E2EZ AAdATg Yt o s¢=
Py Initialize() o]A &8 4 JHFYth
void PySys_AddWarnOption (const wchar_t *s)
Fart of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.
sE sys.warnoptionso] 7ttt ZA1 AE g AEQ JFES FHH Py Initialize()
o] Ao o B4 & EaloF T k.
HA311EE A 3F.

void PySys_AddWarnOptionUnicode (PyObject *unicode)

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

unicode S sys .warnoptionsol 378 th

F3: o YL A Chyhon T IRl H AL £ gy T3 o
Py _Initialize()o|A] warningsE BA/A O 2 AXE 3}7] Ao SEdoF AT, FUZE
ANE DEEE ALY 5 A U Aekelol $8 23587 A= 552 5 97l 9L

Y.
WA 3115 Fg 4.

void PySys_ SetPath (const wchar_t *path)
Part of the Stable ABIL.  This API is kept for backward compatibility: setting PyConfig.
module_search_pathsand PyConfig.module_search_paths_set should be used instead, see
Python Initialization Configuration.

sys.path® SWFY A &2 FLEA(FH2NAE , dEFAAN = ;)2 FEH FE FAE
o] oF B} pathol| A & OEA ZAE AA R “@?JHD}
HA 3117 E FH A .

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL. formatS. & 7€+ &9
e ke o9l WASHA kT (o}l B F2 a4
format-& TWNEH £ ExEe £ I 7] & 100080 E o] 52 A g3l oF gt} - 10008} 0] E o] &
A&, &9 wAg o] gyt *01 o] AL FAG “%s” Z o] JojA = ¢ HS Yu T
“%.<N>s” & Ap-&3Fo A &hsl oF g, 04 1 <N>2 <N>of| t}2 X H g2E9 A 27| &
9% ) 10004} EE 27514 e AR 4215 U Th B G T Fo] 54414 2, b5 2
S 5 AE g A 5 A5
TAZF A AL sys.stdout 7F AR E o] QA o, ZH A A= A A (C ) stdout ]|

7158 Ytk

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

Part of the Stable ABL. PySys_WriteStdout ()3 ZA 2 Al sys.stderr o] Y stderrol] %1t}

TAL S sys.stdout ol 7|5t} 27 o] LY
Z 9

=
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void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABL PySys_WriteStdout() 3} & AF &t &4 o] ] gk, w A A &
PyUnicode_FromFormatV()E At&3to] T3 HAIAE JoJo Zo|zE A2 R A
Ut
WA 3200 7}

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL PySys_FormatStdout () ZEA g YAl sys . stderr o] L stderrol 354Ut}
B A 3.20] &7}

void PySys_AddXOption (const wchar_t *s)

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

ot

sE X5 AR E FF EA AL Pysys_GetXOptions () 7k Rb&dte BA) 5/d v ol 7}
Ut} o] ShgE= Py Initialize () o)A & 4 JdF UL
B A 3.29] 7T
WA 3115 A2,

PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys ._xoptions2} FAFSHA,
-X g4 A 9 & HrEE Ut ol 7 Ay e, NULL o] REREE a1 ol 2] 7 A g Yt
B A 3.20] 27}

int PySys_Audit (const char *event, const char *format, ...)
BE 84 F02 Ao ES AR AI UL AF Al 02 REEstal A S A] o 2] & A A 3He] 00]
ohd Zhg WHEEh T,
Zo] 2AH YO, formar} 7 e AL Al ABY FELS TG
Py _Buildvalue ()olA A48 A% 2L W FAE AT 5 dFUTh HE
o oW, Bl 84 R F/PE VT (v EY $AS HEZ 20 5HA W, o] el Thak A7
4ugAE & ol g7 whEel, A5

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

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

sys.audit () & o] =TT 75 T U
WA 3.8 F7h

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

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure.
If the runtime has been initialized, also set an error on failure. Hooks added through this APT are called for all
interpreters created by the runtime.
userData 2290 B+ 2 2 AGPUth S = g2 HEUA T2 5= 9 ojA, o] ZAAH=
o] AEIE 47 Rz she ok Py,
ol ¥ Py_Initialize () o)A o] &= HAFUTE A 273 T S E2H W, 7|&E 7
Z o] &8l1l Exceptiono Al A B ZA H o o
(thE ol H = J A= A (silenced) 2554 Th.

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

AR 3 APA| S A2 PEP 5788 FESAA L. o MES WA Y| At} EF ol 1
2o g4t @At ol ME Eol s of &tk AAT 1L 2 5 A Aol Y&y Th

o1z} §lo] ZHA} oMl E sys.addaudithook < WA Al U th
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typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)

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

WA 3.8 F7}.

6.3 TEMA MO

void Py_FatalError (const char *message)

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

Py_LIMITED_API WfI 27} Folx o] QA ¢k S Py _FatalError () T+ A T4 o5
S AEoR 23t ia 2 & AP Y
WA 39004 WA: B4 0B AFOR 22 L,

void Py_Exit (int status)
Part of the Stable ABI A 22N AE ZEIYLE o| AL Py FinalizeEx () S 323 S TS
C glol B g 3 exit (status) 2 TE&FUTh Py FinalizeEx ()7}ol8]E EASHE, £ 8
e 12002 A g Yt
88 3.691 4 W73 sol el Aol ol 2] ol 2] 7} B = B A% ) ko,

int Py_AtExit (void (*func)())
Fart of the Stable ABL. Py _FinalizeEx ()7} 328 A& & 55FUL. A g5+ AR
ol TEH W gS WEEHA Fofof Tl o 32719 A F+E SFEL F IdH5 UL S0
g, py_AtExit ()& 05 WEFUTH Aofstd -1 vkt vpx el 559 42
Fsl WA FEH U 7 Ae Bas A0 @ W 2R B2l F4 Aol shol ] i

stold | Alo] o] &R 7] wlEoll, funcoll A sto] W APIE T &5 ‘2}%‘:‘/]5}.

6.4 & UXEE 5}7|

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

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL. 0] &% pyImport_ImportModule () 2] H XA

EEDISEEN

WA 33004 W: o 75 thE AU} QEE 4FS HAT A FA ARRAG Y 1
et shol A 3301 4, g A o] SRR o] BAo N BE T 47O AskE 97 wEe, o]

Fro 154 Ut B s asUrh

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

*fromlist)
Return value: New reference. 252 Y ZE gt & alol W &4 import_ () & F3f 7132 &
4% % 92T
ek g2 A2 E | REO|U A 7| Ao e ER Fx, B Al Al o9 7t 4 A H NULL
dUth __import_ () 2} uRZFA R, vl o] JA] - fromlist 7} A| S5 A k= S o 7)Ao A B

5ol 2 3= gl& vl ek g2 2734 3117]741%‘41?}-

Olx E A= pyImport_ImportModule () A H EL4A3 ZE AA|

m[m

A A g o
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PyObject *PyImport_ImportModuleLevelObject (PyObject ¥*name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. RS 42 E gt &

__import__ () @F7te] &4 A H =57 wiwoll, W gtol W &4 import_ () & &3

Vs e R %l—%l%n}.

W3k e xE H BREOIUHAY 7| At 22 FR, = A A ¢l 7 24 E NULL

°‘14D} import__ () ﬁ}UPUWE vl o] A A ¢ fromlist 7} Al &= A ¢ &, 7| XY AR
E0] A= AS w9 vk g2 A H A1 Ad Y

WA 3300 27}

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

Return value: New reference. Part of the Stable ABL. PyImport_ImportModuleLevelObject ()2}
B 5281 A] BH name-2 U = A A Al UTF-8Z QAR H A8 Yyt

WA 33004 M level®] &5 32 Bl 38 A syt
PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABL. ©] A2 & A “UXE Z 3475 T3 11
T A )2 gUTE (BAI AR level 02 A&, A dZEE SFUh. a4 199
7bu11tln87°ﬂ JE__import__ () FFE ZTESFULH ol FA A AXH YXE FZ

Argstel QEEZ SAD S o mghch,
o B4t B4 Avl JEEES AT

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABl. .52 T}A] 2 = (reload) Ut THA] 2 =9 259
sk F2E wkSe AL, Al A] o 2] 71 A A E NULL-S WU o) (o]m] EE-2 o W3] EA Y
oh.

PyObject *PyImport_AddModuleObject (PyObject *name)

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 25 o] & Eﬂ 3= 2 E

AAE W3yl name Q1A= package.module P41 4= AF UL WA ZE 9410
A=A sk, flod Az whso] B M el A4ddueh Aaf Al ol & E ’“79:7_5]'5’— NULL
= Wy

B ol B4t RES 2EAAL QEE G R UTh R Eo| o 2554 9o, W B E
AAE A U R ES YXE Y PyImporthmportModule ()olvt 21 ¥d = 3E
AH-8&-3H 4 /\]_,_ nameoﬂ/ﬂ ﬁﬂi T2H olFo® dANH H 71 A F2E o] EA kA ethd
TE ol A A g5yt

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

Return value: Borrowed reference. Part of the Stable ABI. Py Import_AddModuleObject ()2} B]5238}
29k name-2 U I = A2 th4l UTF-82 A1 H EAE YU Th

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

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

The module’ s __spec___and___loader__ will be set, if not set already, with the appropriate values. The
spec’ s loader will be set to the module’ s ___1oader__ (if set) and to an instance of SourceFileLoader
otherwise.
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The module’s _ file_  attribute will be set to the code object’s co_filename. If applicable,
__cached__ will also be set.

o] g5t ol YEE FH vt REL A REFYTh RES A ZESE = Py
PyImport_ReloadModule ()< ZZ 3 Al

[~o

name©] package.module FAlo] o g FTHH o]EL 78] 7], o|u] TE] R A -2 7] X
N R Ny

PyImport_ExecCodeModuleEx ()@} PyImport_ExecCodeModuleWithPathnames ()& ZF
2442

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABL. PyImport_ExecCodeModule ()3} - AFSFA] 9k,
BEE A _ file o]ETHEENULLO| oY 2™ pathname 2 2 4 A Ut}
PyImport_ExecCodeModuleWithPathnames ()& FZ3HAIL

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

Return  value: New  reference. Part of the Stable ABI since version

3.7
PyImport_ExecCodeModuleEx ()&} A AW, BE AR _ cached  oJEZHEE=

NULL©] o}y 2t cpathname & 2 A3 G Ut} Al 7HA] 34 5 o] A o] AZ == A Y h
B A 3.30] F7}.

PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)
Return value: New reference Part of the Stable ABl. PyImport_ExecCodeModuleObject ()2} At

S} A] 9k, name, pathname L cpathname-2 UTF-8 2 Q1 Z QJH E 214 Y Ut} pathname ] 7}©] NULLZ
AR B$ o] gkol cpathnamedl A] 2FoFsh=7) Fop2l 2 gH Tk

HZA 320 F7}

W 3304 WA HeolE I=E AEw AFHHE

A
source_from_cache () & A3 T}

q4=

i
Y,
2
ek
E=)
=
3
e}

long PyImport_GetMagicNumber ()

Part of the Stable ABL. 3}o] vlo]lE F= 35}d (I ™ .pyc 3+Y) 2] 1] 2 M T (magic number) & Wk
B3k 4 WS E dol= 2= 5ol A% 4vbo] 2o 2l ATk vhol = £A 2 £ A oF
FUch ol e Al 12 g o

WA 33004 A A A -12 Wkt
const char *PyImport_GetMagicTag ()

Part of the Stable ABL. PEP 3147 3 A 5}o] % ulo|E F & 514 o] £9] wj & ef 2 £ LGS w33
T} sys.implementation.cache_tag® Zt2 A& & 4= 911 o] &< th Al AF-R3f of Tof 729
SH A 2.

B A 3.20] =7}
PyObject *PyImport_GetModuleDict ()

Return value: Borrowed reference. Part of the Stable ABl. & &g AFEEH = g4V (€Y sys.
modules) & WG T 0| 2 Qe el B vhet £ A5 W4 glo] 9 SHAIAl

PyObject *PyImport_GetModule (PyObject ¥name)

Return value: New reference. Part of the Stable ABI since version 3.8. 0] % o] 52 & oju] J¥x E ¥
RE2 WUt EEo] oA d2E H A YA NULLS Bt vt ol 2 = A A 3HA] <5

Utk z3]0] Asl 8k NULL-S WEa T o2l & A T o,
WA 3.7 7}
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PyObject *PyImport_GetImporter (PyObject *path)

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

int PyImport_ImportFrozenModuleObject (PyObject *name)

Part of the Stable ABI since version 3.7. name©]2}= 0| 59 = 2 & B 5 (frozen module) & Z =3
th AFH 1S, BES 24 XoH 02, 2730l Aofjetd o9 & A -1 wEgy
22w A2 E H BE AN W PyImport_ ImportModule ()& ARSI A S
(3% o] Bo] 29 SN2 — o] YAt BHo] olu] QEE H AL w) A L2 gt

WA 3300 F7L

WA 34004 HA:__file. oEfREEHe BEo AAHA gdsUTh

int PyImport_ImportFrozenModule (const char *name)

Part of the Stable ABL. Py Import_ImportFrozenModuleObject ()%} B]S:38}X] 2 name-2 4
T A Al UTF-8 2 A 75 2214 9t}

struct _frozen

o] AL freeze FEH T E (Fo]|H AX W ZE2] Tools/freeze/E AXRFAA )7 At =2=
B YU2ageE AT 724 3 F YUtk Include/import.hell Y& Fo = vhx3 25

Ytk

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

bi

WA 3.110] 4] ¥ 7 The new is_package field indicates whether the module is a package or not. This
replaces setting the size field to a negative value.

const struct _frozen *PyImport_FrozenModules

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

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

Part of the Stable ABL 7]&2 Y& ZE HolEo dd REL F71d Yt oA
PyImport_ExtendInittab ()& Z#E= Heldk gl sy, gHolEg F3e 4 glo =
C

struct _inittab

Structure describing a single entry in the list of built-in modules. Programs which embed Python may use an
array of these structures in conjunction with Py Tmport_ExtendInittab () to provide additional built-in
modules. The structure consists of two members:
const char *name

The module name, as an ASCII encoded string.
PyObject *(*init func)(void)

Initialization function for a module built into the interpreter.

int PyImport_ExtendInittab (struct _iniftab *newtab)

Add a collection of modules to the table of built-in modules. The newtab array must end with a sentinel entry
which contains NULL for the name field; failure to provide the sentinel value can result in a memory fault.

6.4.
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Returns 0 on success or -1 if insufficient memory could be allocated to extend the internal table. In the event
of failure, no modules are added to the internal table. This must be called before Py Tnitialize ().

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

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

—

#Ho FE2C i‘:ﬂ-marshal DET 2O golE AL AFL5le] AP AAz 2 &S Q)
= dUch JE35 PA o2 dolHE 2+ T HolHE A g+ Fﬂ M T A FH RS
SFUTh upagd A o 101 B E Aot ul AHSE = 3 Y2 vhojy g RERE Hojof ?Jﬂ%‘:}-
XA} k& F 5k9] viol EVF WA A7 U T

o] REL F 7HA WA dolE FAS AdFUTH A 02 GAE A WA o| a1, WA 12 5hd ol A4 &}
o uhared @ off 1€ (intern) H FAHE 3 FHEUCH WA 2+ 5 &5 Aol dis) vloj v g A4S
/\}ﬁgqu} Py_MARSHAL_VERSION-2 @A vt & A4S Ve TH (A 2).

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

-

kv

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)
glo] W AA| valueZ file 2 vFAFSHU T}, versionS 3Y & 218 JERH YT}
This function can fail, in which case it sets the error indicator. Use PyErr Occurred () to check for that.
PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. WFFH value %3-S Z 38 vlo] E D A A S HI3kshU o). version2 51
942 ek T
e B4 E AHSSHE R g2 Al 92 5 g% Th
long PyMarshal_ReadLongFromFile (FILE *file)

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

ofle] A, A A% o9 (EOFError) & A A3l ~15 WHEHEU o

int PyMarshal_ReadShortFromFile (FILE *file)

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

o g Al, 443 | &] (EOFError) & A -1 RESH Th

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE * opened for reading.
o g Al, A3l o 2] (EOFError,ValueError & TypeError) S A A 3}1 NULLS WHEHgh o}

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

o & Al, A3l o 2] (EOFError,ValueError & TypeError) S A A 3}1 NULLS WHEHgh o}
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PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_tlen)
Return value: New reference. data7} 7}2 7] += len B}o] ES E3H5H= vlo] E B 5 9] H o] E] 2 E 2 of| A
shol# AA & wrekgh o).

of & A, A A3} o2 (EOFError, ValueError & TypeError) S A A3} NULLS wHEshy o}

o) LB AN G B vIASE UE W BT F7 2k oA extendingindexel] 9155

X
1:3
i)
o,
1)
o
o
P

Z XL M /MQ PyArg ParseTuple (), PyArg ParseTupleAndKeywords () B
PyArg_Parse () = 25 oA AAbol] #HoE AVE-S S0 el o AR E = 29 B2 (format strings)
S BT EUW EALE ol 7} ol o] 22 EWE ALB T

2 FAE -2 070 o]/ 29 o9 (format units)” 2 /A F Ytk =W o9 = stk kol A E
Awguych gtz oz gd Exug 232 Fo 29 o] A 4"‘?&‘4‘4 2 7HA] o 2] & Al 9] st
232 FAAEaTtold T T = It o2 o] 3t dho vk Tl F4 AR v &gy th
oS Aol A, 212 H (quoted) & 4] E A E‘r%ﬁﬂ‘/lﬂh (T2 )J*E JJ GELo T kool A A=
ol W AA FP Ut 2] o] FEL F4E Adofdt=C A Fdyrt

SRS} b
ol ZU e AT A% A v we) FAZ AR AAls T 5 A5 Th BEE fULE ol
=d ool e AN AFLS AT B2 9EUh
Yol WAIS A 9 &, ¥ 3= NULE 254 g5t

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

o Formatssuchas y* and s* filla Py_ buf fer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. As 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).

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

Zr3:  For all # variants of formats (s#, yv#, etc.), the macro PY_SSIZE_T_CLEAN must be defined be-
fore including Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_ t if the
PY_SSIZE_T_ CLEAN macro is defined, or int otherwise.
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s (str) [const char *]

FUILE AR FAL H2C EH 2 ATFU 7|2 FA4L ol @ I & o] g o] o
£ A9 24 EE Npol AU CRAAL NULE FRY ) shol ¥ BAge U3

%‘ T IO EE

2 3H5}1A] erofok gtk 28 thd valueError o 9] 7 4 A g T U I =
AA= 'utf-8' AIZG S AFE31e] C EAFE 2 M3 Uth o] Wgko] A9, UnicodeError

i

B3 ol ZRe o= A n AA S BolEol A Guth 3 A~T A E WolEol 1 o B C
EAE 2 W3Sl ¥, PyUnicode_FSConverter ()5 converter 2 06 W& AFR-3F= Zlo] £5
ek,

WA 35004 WA: o] Aol =, o] FAEANA W HFE d = 2AETV A AS W TypeError 7}
DX EEE

s* (str L= Hlo| EEF 721 A]) [Py_buffer]
o] xS H}O]E"é%— 7—‘.411]““]'01-143}-.1-1% T= QA& DolEdYUth TE4F ]’Zﬂ%—@P}/ buffer
FEAE AU o] 29 A7 C EALL FA NUL w28 28 5 5tk U=
AA= "utf-8' AIAYP S S S A}L-5te] C BExpE & HEE U T}

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

z (str &= None) [const char *]
s} ] eHA B, sho] A A 7 None ¥ % (=], o] B¢ C ZAEZINULLE A F Ut

z* (str, B}o| E Q7 71 4] & = None) [Py_buffer]
s* 2} )| B, Tho]l % AR = None ¥ % JFUth o] A% Py_burfer F2AY buf W7}
NULLZ A3 g Yt}

z# (str, read-only bytes-like object or None) [const char *, Py ssize t]

s# 2 H]S2okA R The] A A A= None I = Q) "HE‘r o] A+ CEAHFNULLE A H T
y (817] & nlo] =& F 74 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.

R 35004 WA ol Aol whol = M s o) A g g who] £ 7} AR W TypeError 7 A3
HUrh.

y* (o] EL 5 71 A]) [Py_buffer]
s+9] o] WA FURE A7 7} oh e} upo] AR A A ¢ ol 5 g Yt whol 2] Hlo] & & wo}
ol A Y

y# (read-only bytes-like object) [const char *, Py ssize t]
s#e) o] WYL FUTE A7} oh e npol EAF AR e otE AUk,

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

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

u (str) [const Py_UNICODE #]

golH FUIE AANE FUIZE #49 NUL T8 Hojof st C ZAH=E HaFUch 7|&
FUZE B Fo g ZAH = iH°J 4, Py_UNICODE XR1E W49 F4AF Al of gyt
Py_UNICODE A} Yul&= A Aol mhet thgoll 793 Al L (16U EL 328 E U TY).

E ]:l ]
shold £A4QE g & E EAEE EF3EA obof Gl weF 1R, ValueError of

97 A g o, -
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H A 350004 M o] Holl s, sholdd EAE A WE d 2= 2AEVHEASE TypeError 7}
LAY F U

w2 33004 A H A5 Ut M A 3120014 A AF U Th: |- 2B Py UNTCODE APIS] Y5-¢]
Utk PyUnicode_AsWideCharString () & ARE8Fo] mlo]1d| o] A 4] A L

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

ud o] A2 F /i C Aol AFF Ut A AR Ay FUIZE dio] g W of o st 2 Q1 o]
T,F A MaE 2ol AUt ol MR W 7= FEE 8k

WA 33004 H A= 5 Uth WA 3020004 A A Yth: o] A A8 Py UNICODE APIS] Y59
Utk PyUnicode_AsWideCharString () < ARRSFo] nfo]1g o] A ]-/\U\]

Z (str =+ None) [const Py_UNICODE #]
u<t H] <=3l A g gto] W AA| = Noned & 95Ut ©] AS Py _UNICODE 39 E 7} NULL 2

AR =T}

W8 3,300 4 51205 12U o), 914 312004 A A U Th: o] 4 2819 by on1conE APIS) 92
Ut PyUnicode_AsWideCharString () < AR SFo] nfo] 18 o] A S A 2.

Z# (str or None) [const Py_UNICODE *, Py ssize t]
u# 2} Bl 2 3HA| B, 3hol A AA = None @ 5 A5 UT ©] B Py _UNICODE 3E1E 7} NULLE

ARE U

WA 3300 A HAF A5 U th M A 312004 A AP Uth: o] A Ak py UNICODE APIO] YX-<]
Ut PyUnicode_AsWideCharString () < A& SFo] nlo] 1d o] A 31 A 2.

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

w* (8] 7]-2 7] ulo] E & F A A)) [Py_buffer]
o) ERE 9727 W e o] AT FH
py_buffer +ZAE AUtk Hool= W%
HZ & A ulX ¥ pyBuffer Release ()& & %"ﬂokﬁ'qr/}

es (str) [const char *encoding, char **buffer]
so o] My fUTCE BA w2 dagste ol AH Uk Y NUL uhol £ 7} 2 354
k2 Qg H t o] Efof thsi A gk 2HE T}

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

PyArg_ParseTuple ()2 BR3 37| & &35l A FYGH do]EE o] ¥ 5o BEAlstL
A FPY ~EAE FEHES DufferS 2R YU Th EEAE LS Fol G WS A
317] Y3 PyMem Free () & Z&3l oF gt}

et (str,bytes T+ bytearray) [const char *encoding, char **buffer]
Hiol E R4 A E ThAl Y 6kA] 9Fa1 A I the A A9 ot es &F 25Ut thAl, 782
HlolE 224 AR 7L vl ) Me R AYE ARY S AR i A FY o

es# (str) [const char *encoding, char **buffer, Py ssize t >:‘buﬂ'er_length]
s#9] ol WP L RFUTEE B4 13 2 AT SHE o AR LT es 29 el o] WP NUL
A2 £ 49 dlolHE 5o

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

% 74 A5 s} gk
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*buffer 7t NULL Z A E 5 7}e] 71, §pe 223 a7]9) w9 & E3stal, o) M3 & A5

B S EAST suffers M2 33 AEAE F2IEE AU TEAE AHE F 2P
W& A 37 3 pymem Free () & TZE3 of ).

*buffer 7t NULL ] obd Z 1B & 7}e] 71| (o] v] @39 W 3), pyarg ParseTuple ()2 o] 145
W 3 2 AFR-SEAL fbuffer_length®] 2 3kS ¥ 3 2712 AU O™ o A DG E HolHE
W 3 o] Bl NUL £ 83 th w7} 2823 3% oW, valueError 7} A FE Yt}

T AS B5F, *buffer_length-= 33 NUL Hfo] EE A9 st A7 dlo|e]] o= AP YTt

et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
Hpol E FAtd A S thAl ZH A kol S ANt FS Aot es# o 25U th tAl,
AL vpol E F2tE A7 i) W2 AEd A3 PGS AHS st 7H8 g

=X}

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

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

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

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

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

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

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

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

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

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

n (int) [Py_ssize_ t]
ol J+E CPry_ssize tZ HEHIUTH

c (Zo] 19 bytes == bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, to a C char.
WA 3304 HA: bytearray AAE &Yt

C (Zo] 19 str) [int]

Convert a Python character, represented as a st r object of length 1, toa C int.

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

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

D (complex) [Py_complex]
gto]l W BAFE C Py _complex FRAZE A}
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71t 24|

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

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

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

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

[status converter (object, address); ]

where object is the Python object to be converted and address is the void* argument that was passed to the
PyArg_Parse* function. The returned stafus 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 & W35}, QI x} & B A o] A= A93lH FHAZ 55
ol HE7]e) ojn] FH WREE NAL 713 & AT = AssUrh o] F HA SE ol A, object
7] W= NULL o] U T} address= Y &3 22 S 5 U
WA 3.19]A ¥4 Py_CLEANUP_SUPPORTED 7} 715 ¢l & U th

p (bool) [int]
ALd #Y =g g2 HAE(E 2 A predicate) 3131 A5 553 C /AR AxF o= HEF Y
th 2384 o] FolHintE 12, ARoH 0o 7 AAFYE BE 83 vlolA g2 &3t
vlo]x o] =23k Bl A E St " of] th sk ARA & &2 truth & FR&FA Al 2.

W7 3.30] 7%

(items) (tuple) [matching-items]
WAL 2 o) 7] itemsol] Y E T 9] 50 Fpo] W A A2o] of FUTh C AAEL items ] 7d
F0 5ol oS3 oF I Th AA2 A = F4 4 AU ok
It is possible to pass “long” integers (integers whose value exceeds the platform’ s LONG_MAX) however no proper
range checking is done — the most significant bits are silently truncated when the receiving field is too small to
receive the value (actually, the semantics are inherited from downcasts in C — your mileage may vary).
2 7hA e B 2 BRI A vl 7k AUtk FHE 2E el A ek £ stk 252
I

sholml o7 2 A 9] Lpu] A Q1Ap7E A8 A1 ey Th A8 A <l xbol s whate C W4
Egko e 27|55 ook gtk — A8 A Ax7L A AT ) GG u), Pyarg ParseTuple ()L
A CHTY e AEgA A5 ]D}

$
PyArg ParseTupleAndKeywords () A-&: o] AR} g]|A~E Q] W R Q271 7] & AR 9
< Vet A, BEE 7195 A& A= A A ARpojorstn®, | & T4 2 RGN A

$ Srol] A Q=] of of Pt
B A 3.30]] &7}

IR G PAREE 7)o A EdUth 8 79 EAE2 ol A A oA g o] F o2 AHEH
Ut} (PyArg ParseTuple () °] WA A] 7] = o] £] 9 “?ﬂ%ﬂ‘% ).
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EZW 9] B AEE 7)o SUTh Alv 28 7o ARG 2 712 ol 2] WA A ol 7 w A A]
A ol 2] WA Al = AR EH U 2t = AZE Ao

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] g ol % %ﬂLZﬂom}—zA Ao

48 T2 S AGsE tﬂ/\} Hu %ﬂﬁ‘ﬁ ﬁ A E X
QEgoT 48R L B A 297t Ak of 4

gy

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

o] Faolof YT o B2
FER R EEE E e
EEEEEPETEEE:

AP| &t

int PyArg_ParseTuple (PyObject >*‘args, const char *format, ...)
Part of the Stable ABL. 9] 2] v 7/} W40k A1 M4 2 H o= 349 v/ A4S 8 24U
S5 3o MR A, A4S A 48 G

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL. 7} 7159 ¢} 7} ofd va_listE HolE2thE= AL A9 354,
PyArg ParseTuple ()3 34Ut}

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

Part of the Stable ABL. $] x| &} 7199 = w7/ A& RF A Y tH—’FE H 3= 3o ujy) H4E LR
AT keywords 74z 7191 ] W4 o 2] WOLLE S WAL W ol £ 917 2
o S e Ut 4EetE e vkeeyth Ased, ARlS wEsta A -5 o9&

A A 7 o,
WA 3,600 WA 91718 w7 Ao g A o] 2718 AU o

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥kw, const char *format, char
*keywords(], va_list vargs)
Part of the Stable ABL 7} 7] 49] ¢} 7} ofd va_ listE HolE2thE= AL A9 354,
PyArg_ParseTupleAndKeywords () & L4 gh]t}.

int PyArg_ValidateKeywordArguments (PyObject*)

Part of the Stble ABL  7]91= Az g4 e 77 B2adadr
PyArg_ParseTupleAndKeywords () 7} Ab&5 A ¢k Aot 283Ut o714 +& 9
o] o] AAFE 7] ufE Pt

WA 3.20] 7}

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

Part of the Stable ABL. “o]7d 28 4” 9] 12} 2]l A EE o] 8= tl AFSH = T — o] &2 F}o]
Al 301]/<1 A 7 E METH_OLDARGS W7} W4 282 B A H A =& A8l 49y th A} = A
7} A I FA ) AR S e A2 AR A 9, £ Bz E O e R EY ZE=HE
o] B 0w AL FES £ARJGYT. Lo, OE FEE Beloie A dHos

dol glov], 18 BR o A% AT 4 AU
int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

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

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

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

o] Ao A PyArg UnpackTuple ()oll 3t &L PyArg ParseTuple ()ol thd L &3}
Adoz F5PuU

[Py]—\rngarseTuple(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 ABI. Create a new value based on a format string similar to
those accepted by the PyArg_Parse* family of functions and a sequence of values. Returns the value or
NULL in the case of an error; an exception will be raised if NULL is returned.

Py_Buildvalue ()£ 34 FE& FHHAE F5Uth 2U FAL | € o)de] =Hl &9 7h =

W59 W FES HIUCh £9 FA4D o] o] 90w, None S WGt} B33 St

=R G S 2, sl W &5 7} 7l sk AA 7 F ool d ey th 271700 v 1<
FES WSS Sed, TR EAE S B FoA L

s s# 2 AAH, e WartvlolBE D= Ao Al sl i) Az A
28 ), 229 o e/t BAR YL 524} AT ‘ﬂ«ﬂ— Py_BuildValue ()7} &<

AR gaff FREA FFUTLE &, AR Y T E7tmalloc() & £t TFH WEEE
Py BuildvValue ()o] A&3}H, et Py Buildvalue () 7} 913HE W of ] R o] =7 F W=

g Ao, 8T FAL T w9 Q)

% Utk (52) 23 <] 52 29 o9 7} ukek e shol A
AA AUtk [‘_’H“éi Ao FEL AL C Y FPUth
At adolx, |, FE Y gdEe W FAE A FAFUTH (BHAIRE s# 9 22 9 e Yo
Ae 0}”‘45H AL WAL T H eV gA dEs U AT sy

o}
s (str 3= None) [const char #]
"utf-8' A FYL ALl -2 8 C EAEE Fo|A str AAZ AT C 2L
Z 98] 7} NULL ©] ¥, None o] AH-&F Yt}

s# (str or None) [const char *, Py _ssize t]
urE-8' A YL AHg ] CEALT 1 Qo) 8 Shol A str AAE Mk C #AY
*E QB 7FNULL O] |, A o] 7} A 5] AL None ©] RE&HH Ut}

y (bytes) [const char *]

o] A& C EAE S sto] ¥ bytes AA & ATt CEAE £ H7FNULL O] ¥, None ©]
R Yt
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y# (bytes) [const char *, Py ssize t]
)AL CEALT} T o) & Fola AR 2 WHFUTE C £ AE 7} NULLO] |, None
o] Rkt Yt

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

set 25tk

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

st 25Uk

u (str) [const wchar _t *]
SFUFZE (UTF-16 == UCS4) Hlo] B9 4-£8 wchar t HFHE Jo|H FUIZE AA=E
HEF YT FUZE W5 ZQAE 7 NULLO| ¥, None ©] ¥HgHg Yt}

u# (str) [const wchar_t *, Py ssize t]

FrUIE (UTF-16 == UCS4) H| o] B W 2} T Ao & Jhold FUIE AR = W&yt
FUZE W3 ZAE7FNULL O], A o] 7} Al F] AL None ©] WHehg U th

U (str = None) [const char *]

set ZFUTh

U# (stror None) [const char *, Py ssize t]
s#3} 25U T

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

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

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

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

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

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

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

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

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

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

n (int) [Py_ssize_ t]
CPy _ssize t& Fto|# A2 HEF T
c (Z o] 19] bytes) [char]
Convert a C int representing a byte to a Python bytes object of length 1.

C (Z o] 19] str) [int]
Convert a C int representing a character to Python st r object of length 1.

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

£ (float) [float]
Convert a C £1loat to a Python floating point number.
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D (complex) [Py_complex *]
C Py _complex F+ZAE vlo]H E44=7 A3

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

S (object) [PyObject *]
0%} Z5yth

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

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

(items) (tuple) [matching-items]
Crel AB2E F2 571 22 ol il FE2 AsFch

[items] (1ist) [matching-items]
CH AALE F2 571 22 ol ] 2EE ATk,

{items} (dict) [matching-items]

Cgkef AALE sfol i g™ ez A&yt A58 C 7o) 282 9 shite]
GEE F7hete], 2h2 719k gho ® AR Ut
ZR AL oAl 27k 9l o™, systemError €] 7} 44 = 3 NULL o] RhRHE U Th

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

Return value: New reference. Part of the Stable ABL. 7} 7] =9] Q1 2}7} o} va_listE wolE QT
Ae AL, Py _Buildvalue () -5 ddYrh

SRR EEES BRSBTS
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)

Part of the Stable ABL. £ B 29 format =} 57} Q1 &}ol ek size Hlo| ES WA Y= =2 2 ST
Utk 92 54 sl o] A] snprintf(3) & BEAAL.

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

Part of the Stable ABL. 2% 2+ format 3} 74 A} 55 va ol W size HIO| ES QA A5 5 sir
2 &43th o2 WD 9017 venprint£(3) & BAAL

PyOS_ snprintf()?}PyOS vsnprintf ()

=ZZ=CgolByg g T4 snprlntf ) ﬂ-v nprintf ()

2tk 159 2H 2 A 2 A EF C FFATHA S 529 AR S22 W
AT
The wrappers ensure that str[size-1] is always '\O' upon return. They never write more than size bytes
(including the trailing '\0') into str. Both functions require that str != NULL, size > 0, format !=
NULL and size < INT_MAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL,
0, ...) which would determine the necessary buffer size.
o] g5 vbE k()2 th 3t 2o s A= of of Y th:

e 0 <= rv < sizedul], &8 W ZIom rv EX7}stroll 71 E2H QS5 YT (str[rv] & 23

"\0' Hlo] E A 9]).
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o}

erv < 0], “ArHE do] d

erv >= size g uf, ¥ W] FHRI AFSFH™ rv + 1 Hfo]EY W H I Dk
\O

str[size-1]<& ojuj

h}%‘/lr/}” O = str([size-1]- "\0"' oA, srr2] L} A
EAYHA syt dlE o e 4L ot SAE ol ek thE Ut

= @re Z2AL SHAA FAL AN Az ] Wae Al

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

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

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

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

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

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

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

Same as PyOS_strtoul (), butreturn a 1ong value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).
B A 3.20 F7}.

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

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

endptro] NULLO]EH, ‘]f(-“ v—y—?(]—% lﬂﬂ-ﬁqu “,_x}oﬂ o] 1:155\_5[:;‘(5] %Z}g ‘?I’.:-S_L?_ _{\j‘_ﬁo] O]—
U valueError2 WA 7)1 -1. 0L vkahahy o}

endptr ©] NULL ] o} ®, 7H5 3 & -2 EA4H9 & M3l *endptr o] WEH A o2 A A 2
A48 Fbe) 7l £ = ARk BAFRY] 27 AIRE S} RE 25 ko] R Ed o] ohH,
*endptr o] FAE 2 A2 72l 71 =5 Ad A 8aL, ValueError & Hb\g/\] 713 ~1.0< ¥vks3h o}

71 floate] A4S0 L1 2 % LIERd (o1 o), o1 FUFIA "1e5007 7} 29
A UTh, overflow exceptionZFNULLO| W (X A3 B 9} 347) Py HUGE VALS ¥HEla}i,
ol o= AR HFyth T2 A ko™, overflow _exception2 Jlo]# o 2] 74
ZFel Aok Stk 2 o9 B WA 1,08 WEFUL T A wF, AEE gt e
HA] 25 718 7| =& *endptro AA Y}

ik v\’/PE o g 7b st (& o e £5 o2, AE e sfol A& AHstaL-1.0

B A 3.1 oﬂ =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', 1£1, 'FY, 'g', 16! EE 'r' F shfolof YTk 'rie) A9, AlFH
precision> 0] oJ of 3t FAIPUTE 'r' XYW I EE EF repr () FAS A J?EMD}.
ags+= Py_DTSF_SIGN, Py DTSF_ADD_DOT_0 E+ Py DTSF_ALT %= 07] o)A &7 or &
8
ALY
e Py_DTSF_SIGN< val7} &7 obd Wl = A wigte A1 ool 3 Ex7F o+ AL

Sgdoh
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e Py_DTSF_ADD_DOT_0-2 WtetH o] J42 1 Ho|A] 4% £
o Py DTSF_ALT+ “HA” Zvig F3E FE3& AL P AA s
PyOS_snprintf () "#' A A Ae] Ut AP A E
ptype ©] NULL o] o}, Q€| 7} 7187 Py_DTST_FINITE, Py _DTST_INFINITE &+
Py_DTST_NAN 5 St} 2 A% of, val7} 242} 73t 4, -3 4= o= NaN 9 & Y e U th
H

W gk W EAFE o] 9l bufferol] TS Q1 E] o] AL}, WSkl Asf et NULL Y Y Th &4
£ PyMem_Free ()& S&3to] 9h3tE F24 S Al &) oF it

B A 3.10]] &7}

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

~r
)
rlo

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

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

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

6.8 PyHash API

See also the Py TypeOb ject . tp_hash member.
type Py_hash_t
Hash value type: signed integer.
HZ 320 F7%L
type Py_uhash_t
Hash value type: unsigned integer.
B A 3.20 F7}.
type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().
const char *name
Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

Size of seed input in bits.
WA 340 7}

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

o B
PEP 456 “Secure and interchangeable hash algorithm” .
WA 340 7}
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6.9 2|Z&|M

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. & 2] A3 Z | o]} A A Z0l =g ¢ o]
flod 2= el o] A E 22|89 builtins o] YA 2] & WFeg o

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. @] A8 =g o] X1 H4 g HEE
wrehel AL, A A S e o] fled NuLL S WU Tk

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A) A8 =g de] A HE g &
WBSAL, B A% F9 2 do] YW NULLE AT T

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. AR 2] A~ 7= Are] o] = g S wiEgh .
{8]]1/\16“ 2_4 _z_gﬂolo]oJo NULLO]:]],]Q_.
PyThreadState_GetFrame () & ZFZ3AAI L

const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABI. func7} S+, e = A 2"HA AA A funcd o] S ¥I3tst 1, 18X
U B funce] Y o] 5L W Tk,

const char *PyEval_GetFuncDesc (PyObject *func)

Part of the Stable ABL. func®] 3o e} A B2}
“()”, “ constructor”, “ instance” 2 “‘ “ object” 7]— x5+

o] B ol ¥ funce] A4 o] %u}u}_

2 WY W ol B 2 WA=
Uth. PyEval_GetFuncName () 2] A8} o]

Eﬂ ne

6.10 24 SF42} X|H &

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. M| 22 Z 4 AN st~ E S E 5T}
As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always first
in the list of search functions.

int PyCodec_Unregister (PyObject *search_function)

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

WA 31000 7}

int PyCodec_KnownEncoding (const char *encoding)
Part of the Stable ABL. A] A ¥ encodingoll th3ll 5= Zd o] Q=0 whz} 1 o]} 0 W3S o).
o FH4 B4 B I Th

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. @4t Z & 7|9l o1 7§ APL
object+= errors 2 7 2] H ol | A g Ho“?j < AH&-8to] A B H encodingoll 3l LA JAAT F4E
AR Uk 3o 329 712 B A437) A erons7hNoLL D S o AT E 3E
4 1o LookupErrorE WA Al 7] 14 t}.

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABI. @4t Zdl 7]vl tj 7Y APL
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objeci= o A o] A2 FAE B ABD encodinge] ) YAY G 28 P
‘_ 1/]1'4— :H:iloﬂ 7(«]_/]1:»] 7]E B]—\ﬁ%/\]—%’é‘]— ]-,4 Herrgrs7].NULL o] 2~ gl_g_qq_. ?_iﬁ%;g‘—%
T oui © Y LookupErrorE WA Yt}

6.10.1 3=l X35| API

o2 FollAl, encoding AR -2 BF AFALRE WEE O] 23 FHBE, o] AYES B3 ATY 23] =

O AFEA2 TR A DUtk Zdo] ¢ow KeyError 7} A A% 1 nULL o] BFEE U Th

PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABIL. 91X encoding )l 3t A1 79 -5 7143 Yt}

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 50 A encoding®l| B3t 1] T S+-E 743 Ut}

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. A A H encoding ] ™) 3t IncrementalEncoder
27 & 747 g th.

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. X A H encoding©l] U] 3+ IncrementalDecoder
AAE 7HAF YT

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL. X ¥ encoding || O 3+ St reamReader ¥ E g
gE 7HA S U

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL. A A ¥ encoding©l] ™) 3t St reamWriter ¥ & g

58 7HA g ek

6.10.2 RLIZE 1AL ol2] X{2|7|8 S54 API

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

Part of the Stable ABL. X A H name 2.2 o|&] A 2] W S error S S FF YT I o] QTS
+ge BAMREY £ gl o =d g s, QA E/TTE B4 E SED 0 nameo] error

W A2 AR S o o] 9 %‘4\—‘3 STEFYTH
ZW e 19 <9 A E  UnicodeEncodeError, UnicodeDecodeError I =
UnlcodeTranslateErrorA | AEAS WolSol=t, EA|7F § = '\rx}‘)r Hto] E S A] A
29} ] o] A FRL oA Q] 2 ZAl EHTS} AEE H JFUTH (o] BEE %6‘]'t‘ e
fFrUE o9 AAE FxeA Q). EHE FAX Y E t‘“@’\] 71 AW, BAI7E e Al A2
A QA EAAA DY 2 A A A ok e £ 5N A S AL E TP
T35 FEe WS oF Y oh
AFstd 0, ofl 2 -1& v )
PyObject *PyCodec_LookupError (const char *name)
Return value: New reference. Part of the Stable ABL name 22 SE9 of|g] A& &9 s+E 25y ch
5% A9 2 NorLol A 4 e, ojuh i “strict o FY T ol el 2] ol W Uh,
PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excS 9| €] & WA Al 7 Yt}

44 e

il

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. ZH5-9 ¢ =

mlo

AV, FUIE o

i
—d
>,
e
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PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U Z = Q1Y o2& 2 L} U+FFFDE X &3t}
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U Z & Q17 o8] & XML 2} Iz =2
Y.
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL U ZE QT H o 2] & W & A] o] 2 A o] = (\x,
\u ¥ \U) & X &3t
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. U TZE A7 o & \N{...}
o xAol = A BT
WA 3.50] &7}

o
L
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T AM AS
o] o] Pt AR 9 B3} FAA, FL FAAN D FFE) AR I (EEo, RELAFELRE
ARz %) shold AR ok AE ATk A8 A ek A Yol A& 1, sho] 4 of 9] 7 A o

PyList_New ()& THE QAT G5 o] o} A NULLo| obd gho® A E 2| k2 gl AE A2} 2o, A
g2 27]|3}= 2] 942 AA o el A= o] -5 AR = FUTh

I~

71 HY =2EZ

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

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

int PyObject_Print (PyObject *o, FILE *{p, int flags)

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

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the Stable ABL 09| attr_name Q) EZ|HE7} oW 1S, 28X ko 02 Wk3shc}. o] AL
ol £ H 4 hasattr (o, attr_name)d F5THYTH o] &= FA4 AT UTH
ZF31: Exceptions that occur when this calls __getattr__ () and___getattribute__ () methods are

silently ignored. For proper error handling, use PyOb ject_GetAttr () instead.
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int PyObject_HasAttrString (PyObject *o, const char *attr_name)

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

ZF31:  Exceptions that occur when this calls _ _getattr_ () and __getattribute_ () meth-
ods or while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. A 09| A attr_name 0] 2F= o] &2] o] E g H
E 7Yt 435t o ES{E g2, A3stH NULLS WY Th o] 21 x¥
o.attr_named¥ 53t}

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

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL. & A9 tp_getattro €2 vl X5 &= dut
o= o) H= AE (etler) 4. AR (ATHE) _dict ol Sl o S el HE R ollgh A
MROO]| $l&= F# 29 g U= txTHEHE Zr5 Y th descriptorsoll & 9FH 214 |, d ]
HUATHEH = A2HA EYJERT AT v dlo]H YAaYEH = 184 g5y th
8 XA ¢kod, AttributeError 7} A U o).

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. A ool] th3ll, attr_nameo]2}= o] &2 o] EZHE IS v o2 AATHY
ot A Al L E BBAIZI L -12 Y oh AFskd 02 BT o] AL stol A £
o.attr_name = v EE3SHr}

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

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

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & AR 9] tp_setattro&Fo X H = Al o] E 2 HE M E (setter) 2} D
2] E| (deleter) <. A2 2] MRO®| 1= 2229 g elo A tl o8 H2aHEE 3, s d
Axds gA U el gl o E2 HES A AL AR S AR T AR 184 o,
AA L] (UAehd) __dict_ oA AEREZF AR AU AAF Utk A8 00] Bhehe a1,
28X ¢ o AttributeError 7F WA S -1 0] ¥EEE U T}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

A ooll thall, atr_name o] 2h= ©] 52 A ER|FEE AAFUTH Af A -1& W& Th o] A
glolH A del o.attr named == Tl

rlo

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

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

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ T2 HE 9 AH
(getter) & §1 8 AW 91 79, B23kW S ) & BEYh
This function may also be called to get the __dict__ of the object 0. Pass NULL for context when call-

ing it. Since this function may need to allocate memory for the dictionary, it may be more efficient to call
PyObject_GetAttr () when accessing an attribute on the object.
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On failure, returns NULL with an exception set.
WA 330 =71
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ T2 HE] 2] Al E (setter) S 9] 3F YuFA Q] 13
o] FHL YA 2] AA & s etaA] Fp Ut
B A 3.30]] 7}
PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to ___dict___ of the object obj. If thereisno ___dict__, return NULL without setting an
exception.

’

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

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

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

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

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

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

PyObject *PyObiject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. 2] 02] &2} = A =
d £3S, Avshd NULLS BEEE U o) 0] 212 slol W 2 H 4] repr (o) & 55 F YT repr ()
W ol o3 S &g Ut
W 34004 WA o] FFoll= o)A YW T o] A d o] £ o] glo] &4 o9& 283 WA
olw 2 ).

w11 H

PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference. Part of the Stable ABl. PyObject_Repr () A&, AA 0] EAE %3
AAFSEA R, \x, \u = \U o] 2A| o] 2 & ARG 3Ee] PyObject _Repr () ©] RE&RE Z 2} of A
ASCIl #7215 o] 27 o] Z gt o] A2 vho] M 20 A pyobject Repr ()l 93] ¥t&E A
FASFEALL AU ascii() N Bl &3] S2H Tk

PyObject *PyObject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABL. Z1H] 0] EX1<4€ R3S A4t AF Al B4
EHE, A A NULLES ST o] AL TlolW A str (o) & ES5FYULE str() WE
ol 93, meb A prine () Baol SHIAE T2H UL
WA 34004 WA o] ol oAl tW 2 oj A o] 3H o glo] A o9& 283 B2l A
REE T

PyObject *PyObject_Bytes (PyObject *0)
Return value: New reference. Part of the Stable ABL. 21| 02] v}o]EE Rd S A4t} Aujstd

T3
ar =
H

o}

—_

—
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S5 YU bytes (o) & 22, 07 ol 022 27]31d vpo] EE A A th 4] TypeError 7}
A gL T
int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Part of the Stable ABL. Z 3| 2 derived 7} S22 cls @} 5 D3 A U clsol| A st oW 1S ¥kSkstal
2F7 ko 0 v of 217 g sk -1 vkSghy T

cs7F FE o1, clse] BE FE ts] AA A FE UL Hojx st AALA 1-& HiEstE
A= 10] 5 '7,;1%11] ko oo] Futh

clsoll __subclasscheck_ () WA E7F o™, PEP 31190 AHE 2 A8 S A E J&‘-’é

3t7] f8 =g Uth lﬁqxl ‘E%—th derived7} A == P B ZH A o dsS] AE Ea

AUth Fcls.__mro_ o 2= st

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

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL inst7} cls S 2 cls] A2 S0 add 2ol 1S ¥EEs, 19X
Prow 02 wHEH T o e 7h BB Y 1L whakalal o o) & AR g,

cs7} oI, clss] BE G e AL FARU T Ao Skl Ao 1§ Bt
A= 10| Ha1, 18R o oo HUth

clsoll __instancecheck_ () HIAE7} Yo, PEP 31190 A= 2 A H Z 2 A S o
317 Y8 = &g Ut 1&‘11 %}Ef&, insti= NG FEHThelse] AB FEHA Y ol clso] JAAFHAY

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

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

Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL. ZA R 02] 3 A 3F-& A AFet 1 wisksty o}, A sf st -
Jho]l W A4 hash (o) TS FYTh

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

o
rlo

S-SR T o] 2

Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the Stable ABI. Set a TypeError indicating that type (o) is not hashable and return —1. This
function receives special treatment when stored in a 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. 4R 05 o2 7F33H 18, 218X gkowd 0 w3l
F¥4 not not oftFE UL Asfstd -1& WY Th

int PyObject_Not (PyObject *0)
Part of the Stable ABL 7] 0% 222 23510 0.2, 194 ko w 12 MBF Tk o] AL Thol 4l
A4 not o9 FSFUCH UshsH -1 WU

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

%

Utk o] 2

flo
k=)

o1

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

Py_ssize_tPyObject_Size (PyObject *0)
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Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABL. AR 02} Z o] & wi3lgt 1/] t} AA| o7t AR | 22 EZ S A
AlA 2 Aol 7k wkgkg Ut o 8 7 3 st ~1 0] HEgg U th o] AL Fho] £ A len(o) 94
F5 3ok
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}

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABIL. A A keyol] 3] @3}l 02 8 45 w351 AL Al 1)
AINULLE MBI T o] AL shol Al £ A o [key] 2 FEF L

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL. AR keyZE 7k voll mf AU ch. Au A] o & DA 7] 1T - I, ;
438t 0= whEU o) o] 2 o ol F4 olkey]l = vt FEFUTLE ©] e vel i
FxE FAA gsUTh

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL. A o A A A keyoll th st v F& Al AU} Aosd -1& wshy o).
o] AL stol W A del olkey] & F53 )

PyObject *PyObject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL. ¢o] Z12 }lo]H T ¥4 dir (o) & 553, A A
QL 7pol A5 EARLL ()AL 5 ) HAES MBIALY, 27t 9ow
Utk 27 NuLL ol |, shol & dir () I} vl s, A A e
49, A9 2190 B o] AA 2 0B wLo] ¥
ey

PyObject *PyObject_GetIter (PyObject *0)

A < (locals) &] ©
PR E] X T PyErr Occurred ()€ AR

Return value: New reference. Part of the Stable ABI. 0] 212 wto]W 3 4] iter (o) & T5EYT
A Q1 =Fel tf §F A 22 o] B F o] 5 & Wk A L}, A A 7} o] v] o] B o] H o] W A A XA & WER
U A7 o Ejelo)= & 5 oW TypeError & P47 NULLS WHR gk T)

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

WA 3100 =7}

72 SET2EZ

CPython2 F 714 55 =2 EZ S A Y& th: pp_callZ} ¥ €] Z (vectorcall).
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721 tp call T2 EE
tp_call g AATE 220 dadat 2URYYD %)AWL 0o 24Uk

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

sto] % T =9 callable (*args, **kwargs) & FAFSHA, 914 AAE 38t &7
A 9 E AFEste] EE YT args= NULL o] ofi]ofof Fhth (AA}7} gl
SHHAIR). AT 7| = AR Gl W kwargs= NULLY 5 15U Th

o] 22 p_callo| AW A12 =)= Ao] b UTE tp_newsh tp_initE ARE o] & Ao g ALgT)

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

—

[o

3 7

7.2.2 HIE{Z (Vectorcall) T 2EZ

WA 3.90] 7}
HEZ 22 EZ2PEP SN EE €8S o JFrl 22 EE2 =95 AF YL

48322 Chyton ZoBo) AU U3 5ol cish WAZE GIFUT. Lo ol 4o
22 5720l ohLIth w3, 9% A4 39 (Byobject_call () & AHEIA B pcall 474
BT e, MHEE AR ZANE o o1& T AN PUITh T, o] ZEEES
A8 A S B flol B2 FASA A5 oF AT ol T AN BHE PRL p_cal i
PyVectorcall_Call ()& A J’S]—% olytt o] Aol HlE & A g g }:

mHJ

A ez

=4

tlo

A st

I
rlr

FULE 2L AU YRR tp call HEA FA o} T

pcall BTk LR ATHE 2o AL MEZL AN L G FUL. o %01 55 &7} o 43 AAE
QA -2 7} kwargs B4 12 = W Balof 3w, WE| 2L T AE o7} LT

Classes can implement the vectorcall protocol by enabling the Py TPFLAGS _HAVE_VECTORCALLflag and setting
tp_vectorcall_ offset tothe offsetinside the object structure where a vectorcallfunc appears. This is a pointer
to a function with the following signature:

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

T71M=E A gez F4HA CME A Th

.« nargsf = 91 Al 2ol
PY _VECTORCALL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments
from nargsf, use PyVectorcall_ NARGS ().

o kwnames= 7] 9] & 01z}9] o] 2& F 5l EZ )
ChAl ol kwargs 91 2]2] 7). o] o] F52 AL (stroly A B %aﬁi 1
ofgtm 3l oF Futh 71 H = AR} Lo W, kwnames= WAl NULL Y 4~ 95U th
PY VECTORCALL_ARGUMENTS_OFFSET
o] 17}t ‘f‘“Ei = nargsf AA) AAH Y, JEE A+ GAHOR args [-1]1 S WAL 5 A5
Itk =, argss 22E W o)A A7} 100] o UTh € Al AT 35 E A e ol
args[-1] 32 g3l oF Fch
PyObject_VectorcallMethod () & A, o] 2821+ Al args[0] o] HAE 4 = 91
T,
Whenever they can do so cheaply (without additional allocation), callers are encouraged to use

PY_VECTORCALI_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make
their onward calls (which include a prepended self argument) very efficiently.
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B A 3.8 &7}

ME TS TANE ANE TEHAY, O TR AAAD T AP TS
PyObject_Vectorcall ()& 4¥t&A o2 713 S‘?l:%zi duh

]

A8 A S

Z3:  CPython 3804 W EZ APIS} #d P4 Fo] WEo] BL oZTow gAAO
2 AL 4+ d US54t _PyObject_Vectorcall, _Py_ TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArgq,

_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. = 3l
PyObject_VectorcallDict + _PyObject_FastCallDict & Al&ZEH AF YT oA o]&52
ofds BEol e MEL o5 Ao r Folg Uk

Ao #od

oL

p_call& A& 3, 31 T &A= A7) of sl 243 E 27 iUtk CPythonS 1p_call & AH&3to] &
A$ Py _EnterRecursiveCall () 3 Py_LeaveRecursiveCall () < AF&3SU T}

SE4¢ A%, MBS ABotel 2D AL YA BEUth ATEAE Bas
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall & A3l oF g1 t}.

2

WIE|Z X| 9 API

Py_ssize_tPyVectorcall_NARGS (size_t nargsf)
W E 2 nargsf AR 7} O\ A W, AA A4 S8 MBI DA e FSFUT

[(nyssizeft) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) }

a8, 35 48 98 Pyvectorcall_NARGS @45 AR5 oF gy},
w7 3.8 %—7}.

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t MBI E Z2E 2 AN Show (Yol AASHA 9A L 2R A ASHA o] W o),
NULLS WU, 227 ghow, opoll A%E WEZ 34 2AHE Ao o Fas
of| & & WA 7] A g5y Th
o] AL op7t MEHF= A1 ?'f}b A FAstE vl +2 #8381, PyVectorcall Function (op)
!= NULL= & 16‘}01 s 3
WA 3.90] F7L

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
EzadAdY o 42 Fo A YA 7Y E JAAZE callabled] vectorcallfunc S =g th

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

WA 3.8 =7}
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7.2.3 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 EALS PSS TS E 2o AU AT 1§ A AYA

ft

GEL RS

[SIES 28 args kwargs
PyObject_Call () PyObject * F= g A 28]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArg () PyObject * 1 A —
PyObject_CallObject () PyObject * HFZ/NULL —
PyObject_CallFunction () PyObject * 39 (format) —
PyObject_CallMethod () obj + char* > 9 (format) —
PyObject_CallFunctionObjArgs () PyObject * 7}H (variadic) —
PyObject_CallMethodObjArgs () obj + name 7}9 (variadic) —
PyObject_CallMethodNoArgs () obj + name — —
PyObject_CallMethodOneArqg () obj + name 1 A —
PyObject_Vectorcall () PyObject * MWEZF W e =
PyObject_VectorcallDict () PyObject * WEZFH g A 8]/NULL
PyObject_VectorcallMethod () arg + name HEg = IR =2

PyObject ¥PyObject_Call (PyObject *callable, PyObjecz *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. & argsE 0] X AR} YA 8] kwargs 2 0] A
o] E 9= e xE F#E vo| W A callableS E%fﬂ'ql‘/}

argsx= NULL©] ofojop Ut} | A7 B2 glod ¥l fES AFR A 2. ol & de A
I Q3R] ¢F O, kwargs= NULLY 4= 155U Tk

et =& A4S webetar, AsietH o 9 & YA A 7] L NULL-& RHE3H T
o] ALt} o)W AT T3} callable (*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)

Return value: New reference. Part of the Stable ABI since version 3.10. A} glo] Z&]& o] W A A
callable 5 ZFHITh. A7} flo] B2 8 shol W AA S T 2o 1 B8 AT

4t 52 AIE vheketar, Asstd o 9] & WA Al 7] AL NULL-S 98U T
B A 3.9 F7}.
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Return value: New reference. 3 8-3] 17]12] 2] AR} arg 2 7| ¥ = QA A} glo] Z 2| L& sto] W A A callable

)

oX,
of
_(?L
)
I'Ol'
o
i)
x‘_l,

£ uhgstar, A9 s o o] & A 7] 2L NULLS ke ot

PyObject *PyObject_CallObject (PyObject *callable, PyObjecr *args)
Return value: New reference. Part of the Stable ABL. 52 argsoll &3] 0] X QA x2 Z2| & go| A
callable S T Z3U T AR} 7} H Q3R] 90 args= NULLYL 4 U5
AEetd 25 2AE et A ehd o9 & WA 7] 3L NULLS ¥
o] AL thx Ftol M H A 55 FYrh callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Return value: New reference. Part of the Stable ABL. 7}H 7|52 C QA2 F & & ol ¥ A A callable
S 323Ut C AR} Py Buildvalue () 28 Tl B34S AL-31o] 7)< Ut} format
S NULLY & 9o, A7 Al 35 A 22 vebyyth
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dFetd 52 ZIE whshetar, Asstd o 9] & WAl 7] AL NULLS WHEH3hu T
o] AL th& Ifo I 55U callable (*args).

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

WA 34004 A formar®] B o] char * oA WA H AF Ut

=
EH
ol
1>

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

Return value: New reference. Part of the Stable ABL. 7} 7| 9] C AXE AF-&-31o] A A 0bj 2] name
olet o 29 HAEE BBFUL C AXE FES A oF S by suildvalue () £
TAE R 7lsg Yyt

format-& NULL Y = 9l oW, AA7} Al 55 A k52 YeEbd Yo

4FotH & 435 kgl Aol shd o 9l & A A 7] 3L NULLE W3 o)

o] ALt} oW A AT TS5} obj.name (argl, arg2, ...).

Note that if you only pass PyObject* args, PyObject_CallMethodObjArgs () isafaster alternative.
WA 34004 WA name3} formare] B o] char * oA WA JF T

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

NEHE 52 A0S WES T, A 95 WA/ T NULLE W
o] AL L Jo|AH A} F5F YT} callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject ¥*name, ...)

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

4FotH ©& 435 nhghetar, Aafshd o 9| & A 7] 3 NULLS W3y o

PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject ¥name)

A2} glo] sho] A AA obje] MM =S SEFUTh o} 71 A WA E 0] 22 nameo| A sho] W B2
A= AsE ek

st $& 272 vy, Ausid o 9] S v Al 7] 1 NULL-S ¥ 3-ah o).
WA 3.90) =7}

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

T 91 AR} arg= oA A obje] WA EE T E T o 7] A WA = 0] B2 nameo] A 7ol
W EAD AA 2 AFH U

AEsld $& AE vkl a, Austd o 9] & WA Al 7] 2 NULL-S WHEHsHU o).
B A 3.9 F7}.

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

*kwnames)
ZE gol W AA callableS S E3TU T}, <l X]— vectorcallfunc & 25U Th callable©o] ¥ E
22 AAS, callables] A3 MENZ B2 DY 5EAUG
=3t S & A5 vhshstar, A stE of 9] & A Al 7] 3 NULL-S 9hehgh th

7.2.
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PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)

1A AR = iiE%ﬁr 4 8s] AR G A ] kwdict 2 AL H 719 E QAR callable

TEFUTH args W E L 912 QA 23 o)

Aoz A gHE e 27 RG], AAE NBH of Ptk WA, o] Bt T2 Al A

Olul 7H C Aztg AR S FH7FE gAY el 7F AT $1 A kel th gt JZ o] fle ul v ARE
3 oF gt}
B A 3.9 F7}.

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

*kwnames)

m[o

é;

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

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

AEstH &2 2435 rsta, Aufstd o 9] & WA Al 7] 31 NULL-E ¥H3Hghu o)
B A 3.9 F7}.

724 S X[H API

int PyCallable_Check (PyObject *0)

Part of the Stable ABL 23] 07} 222 92| Sa gty A7} 28 oW 18, 1A om0
.% 1@1.%].‘6;‘:‘1-\,] ﬂr o] ‘GL"‘ = 6]—/\1- A] lﬁqu_

73 A EZE2EZE

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. AR 07} £A L2 EZ L A 25tH 1S wstala, 282 gkod AAL kst
St} o] 4= A A o)
WA 3804 WA o7} AE A F4W 15 vhhehy ok

PyObject *PyNumber_Add (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL ol 3} 02E T 3t 2 ¥}, A9 A] NULL-S WFSHSHU T
AL shol A HAM ol + 025 FF AT

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABIL. ol 9| A 025 i A 31}, A 9] A] NULL S WFSHgHY
o2& shol M EAA o1 - 029 55 FUILk.

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABIL. ol 3} 02E 33t 237} }, A9 A NULL S ¥FSHSHY
)AL shol W A4 ol * 029 EE T

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 01 3} 025 3§ & 3413 23, A 3
Al NULLS ¥FehtUth o] AL Fho] W 8 A o1 @ 029 S5 FUTh

WA 3.50] F7}.

By

—

e
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PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL Return the floor of 0/ divided by 02, or NULL on failure.
This is the equivalent of the Python expression o1 // o2.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating point value when passed two integers. This is the equivalent of the Python expression o1 / o02.

PyObject *PyNumber_ Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol & 022 U+ UM X}, A3 A] NULLS 983
Ytk o] A2 glo]d 84 ol % 028 FFHUT

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. W3 &< divmod () & IR 3HA L. Aostd
NULLS WHehghy . o] 212 sto]® 9 4] divmod (o1, o2) & 55yt

PyObject *PyNumber_Power (PyObject ¥*ol, PyObject ¥02, PyObject ¥03)
Return value: New reference. Part of the Stable ABL. W7 3+ pow 2z
= Wtk o] A2 hol W A4 pow (01, 02, 03) & FFHULE o7
o). 038 FAIBtel W, 1 Aol Py Noned ADEHAIAL L (039 NULLS AEEH FRE v
o A 27} A g ).

PyObject *PyNumber Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 Al 02] 2] Fk(negation) <, A 3] A] NULL-E
BRI T o] 218 ol W BAA 09 55 F

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 0&, 23] A NULLS ¥F&-gHU T o] AL
shol W £ @4 +o9 55 Tk,

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABIL 02] AU zko] L}, As) A] NULLES wHEg t}. o]
<= Fpold A4 abs (o) & FTHUH

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL 38 Al 02] ¥ E YA (bitwise negation) &, A 3] A]
NULL= Wh&H gty th o] 212 vho] i 284 ~o 9} S5 dUTh

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. 3 Al 0l & 023 &0 2 A|ZE S AE,
A3 Al NULL S Wby ok o] 212 sfo] A ol << o2t T dYH-

PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. 35 Al 0l & 02TWHE S EZ£ 0 F A|ZE 3 A&,
A5} A NULL-Z WU Th o] 212 Shol A £84 o1 >> 029 FEF UL

PyObject *PyNumber_And (PyObject *o1, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 A] 0l 2} 022] “B] E ¥ +=2]F (bitwise and)” <,
A Al NULL S Wbty k. o] 212 stol W 2@ A ol & o029t FFHUH

PyObject *PyNumber_Xor (PyObject *01, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0l 2} 022] “v]|E Y v E} A 1= 2] g (bitwise
exclusive or)” <, A3 A| NULLE ¥H8aU ) o] AL o)W 2384 01 ~ 029 SE3H ]

PyObject ¥*PyNumber_Oxr (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 0l 3} 029] “B| E Y 3=2] g (bitwise or)” <,
A7) A NULLS 9HEHgU T o] A& Shol W B84 ol | 029} 553 Th

frt
)

>

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

Return value: New reference. Part of the Stable ABI. ol 3} 02E T 3} 2 7}u}, A3l A 515} .
o] AA4k2 ol o] A A8k A|A}F2] ol A (in-place) & FF U TE 0] 22 o] £ o1 += 029 55

3o,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol 9| A 02E "k 2 3}u}, A3 A] NULL s}o} .
o] A4k ol o] A| A3t A| A2 ol A (in-place) =3B U th o] 2 o] W £ ol —= 029»} 5%
Fuok

PyObject *PyNumber_ InPlaceMultiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l 3} 025 3t A7}, A 9] Al NULLS WHEHgHU T

o] A4k ol o] A/ ATHA A AE] o A (in-place) T-FF U th o] AL o] H ol *= 029t FF

ok

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 01 3} 025 3§ & FA13 23, A3
Al NULLS WS o). o] Q4-2 of o] ) 318 A 2] ofl A in-place) 3 L]tk o 2 sho] 21
T ol @= 029 FFHYTH
HZA 3.5 F7%

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l & 022 W 384 & Z o (floor) U, A 3 A]
NULL< BFSHgHU T} o] A4E-2 ol o] 2] Q3 A| A}2] of| A (in-place) 53 | U th. o] A2 3ol % 7
ol //= o022} =53]t

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

mlo
L
i
<
O

Return value: New reference. Part of the Stable ABI. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return
a floating point value when passed two integers. The operation is done in-place when ol supports it. This is
the equivalent of the Python statement o1 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABIL 0l S 02 2 W} VA, A g Al NULLS ¥F3HsH
U}, of 1442 ol o] A EHE A| A2 ol A Gin-place) 5 H T T} o A2 o £ ol - 022}
FegUTH

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W7 &< pow () & FZ A Al 2. A9 51d NULL
< HESghy o) o] A4k ol o] XAt A| A2 of| A (in-place) 53 Ut ©] 212 037} Py_Noned
o Sho]® #7401 **= 029}, 1E A oW pow(ol, 02, 03)9 AAE MFH F5FUTH
035 FAIste W, T A o]l py_Noned AESYAIL (03] NULLS A st 5E v 22 AA
271 AT,

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 Al 0l & 02WE Y&E0 3 AN ZE 3 A3E,
A3 Al NULLE WEEEU T o] AAb2 ol o] A A8t A A} ol A (in-place) B F Ut} o] 22
Shol W £ ol <<= 029} F5FITh

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 35 Al 0l & 02WHE S EZ£ 0 F A2 E 3 A5,
A3l Al NULLS ¥HHU . o] A4k ol o] A A A 22| ol A (in-place) T3 Ut o] 212
o] £ ol >>= o289t FEHYH

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0ol 3} 022] “H] E W =] 3 (bitwise and)”
<, A9 Al NULLE WH3 U Th o] 14k ol o] A A8 A| A} ol A (in-place) 3 U th. o] 212
gto]l W FF ol &= o029t F5FYTh
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PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “H]E ¥ 0] €} 2] =] & (bitwise
exclusive or)” &, A3 A] NULL-E Q3T o] A4k ol o] A8 A A2 of| A (in-place) 538
Utk ol A& ol Al £ 01 - 029 FEFUTH

PyObject *PyNumber_InPlaceOr (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 Al 0ol T} 022] “H] E X =] &} (bitwise or)” =
A5 A NULL-S WL o AAE of o] A YIS A Ak o A (in-place) 5B E LI eh. o]
ol £ ol |= 028 FFHUT

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. 43 A| A AAZ H3HH o0&, A9 Al NULLS
MBI o 22 3hol A FAA int (o) I ST

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] float 21A| 2 HEH 05, 43 A] NULLS
HHEHEU ) o] 22 shol 4l EAA £loat (o) 9 55 FU Tk

PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] Ito] A intZ WH3EH o0&, A3 A] NULLS
wisksty o) A3 Al TypeError o 2] 7} @A 3y th

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

]m

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference. Part of the Stable ABlL. A4 n& X baseS /\]-—QL A A3 BEx1E
HESREU T base Q1A= 2, 8, 10 == 16% shubof o hUTh X142, 8 E= 169 2%, vk &
92 10b', 100" Ei 10x'9) A4 BRI} 212 kol Btk nol Hhol H int7} opulH, T
PyNumber_Index ()2 HEFUr}

2 Nffo

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

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

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

74 \3HA TEEE

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

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL 3-& A] A] A2 098] AA| & whgetal, Aty -15 9r3gyth o] A&
gto]d @A len (o) & FFFU

PyObject *PySequence_Concat (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 435 A 0l 2} 022] o] o] & o] 7] & ¥l3sl 11, A 3 51
NULLS WF&ghuth o] A2 sto] W @4 ol + o295 FYTh

off
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PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. A] A2~ AR 0& count H WHE
A Al NULLS WHERHU th o] 212 ho] W A o * count & FF Y
PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. A& A] 0l 2} 029] o] o] & o] 7| & ¥I3tsl 11, A 35}
W NULLZ 9ok o] A4k o/ 7} A9 5HH Xi]ZPE] N A (in-place) 23 U th. o] A2 Fo]H
#8424 ol += o028 FFFPULH

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)

y
g
S
<
8
=
)
g
=
=
%
S
%
()
o
E?
3
SRS
=
o
@]
&
o
o
>
=
0 =
i&
>
N
N
Q
il
()
S
=
> S
(L
11’,
(L
< o
"
(i
_‘:i
et
r]I,
f-
o
o X

S Al S e A o] 1AL 071 2 8 5 Aot oh oA place) +BF Utk o] A
stolH A o *= count &} FSHYTH
PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t1)
Return value: New reference. Part of the Stable ABL 02] i A 42 & W35t A, A 35t NULLS
T T o AL Thol W A o[1] 9 5T,
PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_ti2)
Return value: New reference. Part of the Stable ABL. A] 2~ A A 09] il 2} i2 A}o] 9] &8fo]2
A}, Asj el e NULL S Mg o o] AL Thol Wl BRA o[11:12) 9 FEFUT
int PySequence_SetItem (PyObject *0, Py_ssize_t i, PyObject *v)
Part of the Stable ABL. AR vE 02] i A4} 840 thYFUch Aty o & & FAA 7] -1
Hhgkgtyth A3 st 02 Yt o] A stolAH & o] = veFEH YL ©f L"L v
of thgt FxE FA A syt
If v is NULL, the element is deleted, but this feature is deprecated in favour of using
PySequence_DelItem().

mlm
rﬂ
o

int PySequence_DelItem (PyObject *o, Py_ssize_t1)
Part of the Stable ABL o A2} i A7) 8 28 A G}, At -1-2 wEg L) o] AL shol
& del oli] TS5 FYTH

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *v)
Part of the Stable ABL. AJA 2 AR vE A|D2 AR 09] il o A i2 Abol o] &Etol2o Ul gyt
ol AL vel FH o[11:12] = vebEEHYT

int PySequence_DelSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL. A|@ 2 AA] 09 il oA i2 Abo] o] £eto]A~E AHA| gyt A9sld -1&
N B T}, o AL Fho] M B del o[il:i2] 9 EEFULE.

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABIL. o°]] 1= valueA wEstyth £, olkey] == valued W=3F= key 2
=z wssUch Adetd 1< g_}g_}sh/] th o] AL glo] W TF 4] o.count (value) & 559
g,

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 09| value7} =24 AUt} 09 &% = 57t value2t 2o 1S ¥ESs)
A, 2%2 Fod 0 wEFULh g Al -1& HPE*ZMD} 01 © o] A4 value in o2}
FsdUTh
Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL. o[1 ] == value< W53t A HA Add 2 i E &3t o8 Al -1
HEEshU o) o] 212 stol M . H A 0. index (value) & 55 YT

PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL. A| A2 o]EH 3 & 08} 22 Y &E 713 gl2E
A E wpeet A, A et NULLS WY Th WSt Bl AEE 2R e B YT

o] 22 sho]d £AA List (o) & B 5T

100 Chapter 7. 4t ZUR| AIS



The Python/C API, 22|A 3.11.11

PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL. A] 21} o]H B 08} Z2 Y& &
AAE 9rEhst A Y, Ao et NULLZ RS U T o7} & oW, 2 F 2 } Ll
Fow FEo] 4% J§O = BEo]PuTh o] AL sho] A EAA tuple (o) % 55
PyObject *PySequence_Fast (PyObject *o, const char *m)
Return value: New reference. Part of the Stable ABL. A]| A 21} o] 2] & 05 T} 2 PySequence_Fast*
AD ol A AR S gl AAZ MBI AR 7 A2 o e B o] ol d m vl A A
HAER A 5] TypeError & WAIA AU Th A5 Al NULLE wHEHH o)
PySequence_Fast* &4+ 07} PyTupleObject W PyListObjectdtdl 7} A 31 02 d] o]
LEof AF AN 2387 W Zofl o] FA o] 5 EAFHTh
CPython & A AL o2, o7} ol u] Al 2 B 2EH, WhEH U T
Py_ssize_tPySequence_Fast_GET_SIZE (PyObject *0)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that o
is not NULL. The size can also be retrieved by calling PySequence_Size () on o, but
PySequence_Fast_GET_SIZE () is faster because it can assume o is a list or tuple.
PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t1)
Return value: Borrowed reference. 02 i %] & A& ¥WI3}3}=4), 07} PySequence _Fast () ol 93
WHhE] 9131, o7k NULL O] obw, i7} A Wl ikl 7 g ok
PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject Z 1] 2] 3} v g WUt} o7} PySequence_Fast () ol &8l 9185 11, o7}
NULL©] oty 2kar 78 D}.
g AEL 77 AR, Qo] FE A AMAT 5+ ol st 2. ek, Al
27l A 5 Qe BAGIA T S D EAEE BTN
PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t1i)
Return value: New reference. 02 i WA @45 W3tst Ay, A9 sl NULLS WHEHS U o}

PySequence_GetItem ()2 W2 & Alo] X9k oo 3l PySequence_Check () 7} A A A A}
—;;].x] sz’— g/\ O]Eﬂ/\E zx%s}x] o}/\qr/].

75 1L Z2EE

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

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

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL A& A] 24| 09] 7] & ¥F3H3l a1, A v
£94] len (o) TS FYtTh

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)

)
o
iz}
N
tjo
%
rit
o
T
iu}
o,

= shol

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

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

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

75 I =2 E

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

int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Stable ABL ]3] Aol key 7] 7} oW 1L vlghaly, 28 % ¢gow 0L vkskgty o)
o]t 3ol £BA key in o9 FEFULE o] Tt T4 YT Lh

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

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

%#F31: Exceptions that occur when this calls___getitem_ () method or while creating the temporary st r
object are silently ignored. For proper error handling, use PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABL. 2314, AA| 02] 7] 8|2EE wiagh]r}. A9
S, NULL 2 ¥F8Heh U o)
];H)(—]370ﬂ/\1\:ﬂ7:] o]X%oﬂL—E]—/\ﬂ_ﬂ/\El/]_ =3 ukst gﬂ\"],]ﬂ—
PyObject *PyMapping Values (PyObject *0)
Return value: New reference. Part of the Stable ABL A3, AA] 02 3t 2| 2EE ¥k3kghy
St NULL S Wk o
W 37004 W7 o] ol = Be7k Bl AE Y RES RS
PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL. &34, AR 00l J+= = g~
A7\ N 7 GBS J-gh A4S ERHE FEYUITh Aohohw, noLL S Mg o)

B 37004 | A o] Hoell & 7t Bl AE Y RES MRS U

=
>
£

76 O|E{Y[O|E] =2 EZ

E3] olH e olHE AR AT F et A
int PyIter_Check (PyObject ¥0)

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

z

U,

int PyAIter_Check (PyObject *0)
Fart of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator
protocol, and O otherwise. This function always succeeds.
WA 3.100] 7.

PyObject *PyIter_Next (PyObject *0)
Return value: New reference. Part of the Stable 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 A4St H, C ZEE o|d Ao % FHofof P
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PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;

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

}

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

/* release reference when done */
Py_DECREF (item) ;
I3

Py_DECREF (iterator);

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

}

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

WA 3.100] F7}.

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

e PYGEN_RETURN if iterator returns. Return value is returned via presult.

e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.

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

7.7 HI| T 2EZ

Shol Aol A 4B 4 Qi oW AR L SR v m e W wi w3 o] o3 AALE U o3
A A o = L]]7¢b§/te S} bytearray, 181 array.array$t 22 4B 324 o] =3 U} A A=A}
ghol B g & oju| ] A gL} =X s 22 553 S 52 A FS T 5 dFUTh
o2 Y& 7 ;o] o] vk LA E, (ohvhe) 2 v el W ol o) AR A 2AL B R
U ol AP A £ 32 A} Qo] A28 3o A2 Ao ke
Sol 88 C 4ol A W7 = A 0% olel 8 A5 S AT o] ZrEFe|E T A ZHlol
AsUTh
o AR Sl A=, o] “H T OJEﬁﬂO]’\”E el 5 ol=d, 139 AA 7S W3 FHE
w2382 97 ) o] AEFH ol A= Wy A L2 oA AyE Uk
o U2} Sl A ‘:, A el A BHF dlolEof st 2AEE A7) A&l o8] 712 PH S AT 5
AFULH(EE o WA= w7 Hp)
bytes Q}bytearrayiﬂr 22 st A= ot HHE vl E A F P4 o2 Stk T E JE

stk ol & Eo],array.arrayo] Q3 &5 = 4= HE H}O]E Zko] € 4 o)<k

An example consumer of the buffer interface is the write () method of file objects: any object that can export a
series of bytes through the buffer interface can be written to a file. While write () only needs read-only access
to the internal contents of the object passed to it, other methods such as readinto () need write access to the
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contents of their argument. The buffer interface allows objects to selectively allow or reject exporting of read-write
and read-only buffers.

H 3 Qe 5| o] 298] 28[A7F A A Aol sl ¥ 3 & = W ole F 7HA 7 A5y th
o HIE /) M4 & Pyobject_GetBuffer ()& T&3 T}

o y*,wr B s 34 T & 2 FUE ALY Pyarg ParseTuple ()(Ex 1 8A 2 e

= F A7 HE Q3R] oW PyBuffer Release () S T8 ok gyttt 287 31X
B AR ko) 0 e A WA - B

W T2A(Es FEd] “HFH7) & o2 AA Y vtolu ] tlolHE Ttold 2 agm oA =S5t
WO 2 FEFUTh ES EAF gl (zero-copy) S8t MAUSZ O E ALEE 5 dF Ut HRE £
=& F2se 59 AR, Qoo Blo| el € shold =2 1efulol A o A w28 S LTk
UﬂEﬂ—t—C@r%‘iﬂ AT MEd F lon, 2 AA StolBH2lE HaE 7] Aol 22517 93 YA

A %% 9, vo]E] B ol % 2] (in- memory) & 4] 07 F231H o H & 78%8}% o] AH-8-2

S5 9o

ol Qe el el 7} e o vt 2] SolEl ot 2, ¥ £y0pject RAE o2 AR
FEAYUT o & Bal ) 2 kaA BT BAE £ g h v E A QR 88
Ao AN B = G g

A& 3}F+= (exporting) 24| E 2HA]
PyObject_GetBuffer ()& &

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

void *buf
W3 o o) 7ed =2l A 29 A2 7HeE 7= £ E. o] 21 AlF A (exporter) 2]
SR B4 MR 22 Yo REAND & ULk o2 Sol, 29 stridesE S5
ol Wime 59 22 712 & 5 Uth
A% w9 A9, e Mme] BE Aae el At
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 (). The field
is the equivalent of the return value of any standard C-API function.

43 AL E, PyMemoryV1ew FromBuffer () YW PyBuffer FillInfo ()& ZFAA o
Wemmmry) Woo A9, ol e NULL YUt 9utA © 2 A|Z 3} (exporting) " A= o
AAE AH-§5FA %}O}OF Eatiag
Py_ssize_t 1en
product (shape) * itemsize. AL g A, R R EE9 2
o] A, S 2 or EAE T =2 F2A 72 2 Aol
((char *)buf) [0] ©I™ ((char *)buf) [len-1] WY AN AEA S B A5t
SHoz WA} FEE ALu F2IUYTH hRE o] Y3 QL PyBUF _SIMPLE =
PyBUF_WRITABLE U T}

olduth =

fi

int readonly

37} ¢ 7] A4 AAE el FA 719Utk ol B+ PyBUF_WRITABLE ZE] 12 A o]
Ut

Py_ssize_t itemsize
9 949 FE g7 Mo]E)A Ytk NULLO| ofd format FFell $&H struct.

calcsize () 34 25
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23 o9 28R} 7} pyBUF_FORMAT Z 1 ¢lol ¥ S R AW, format-S NULLE A
AHA, itemsizexw o] A8 A F4 9 e ZEUTh
shape©] Y 2™, product (shape) * itemsize == len I X7} A& AP Au| A=
itemsizes AFEE] WEHE ST 5 QS5 U T
PyBUF_SIMPLE ©|\} PyBUF_WRITABLE 839 A3 E shape©] NULLO| W, A H A=
itemsizeS FASLI itemsize == 12 7} oF gt}

const char *format
9 P2 L AT struct BE A B NULFR 249, 020 NULLOIH,
"BN(F3 §lt vhe] =) 8 H3 F U

ol M= pyBUF FORMAT Ze)| 212 Ao} F ]

int ndim

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

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

Py_ssize_t *shape

n-AHA vd 2 W2 EYS JER = Zo] ndim® Py _ssize_ t Bl Y. shape[0] *
* shape[ndim-1] * itemsize¥ lend} Zro}ol gt}

2 F 32 shape[n] >= 02 At Uth shape[n] == 0 A= SEI Y7L T
Utk ZASE AR = B4 S FRIAAAIL

shape W] & 29 2ol 7] ¢17] A& AT,

Py_ssize_t *strides
Zr Ao A A 8 4AE 7HA 7] S8 AU vlo|E 8 At 4ol ndim®] Py_ssize_t

uj <.
2EgtlE g A9 A4 d = d5unh dubujde] B, 2Eo| = HE P50l A
@ A striden(n] <= 09 BPE ARL 5 Aolo ok AAD B 40
1 2S FxsAA L
strides W] @& A w2} A 21 7] AL At}

Py_ssize_t *suboffsets
2ol ndim® Py_ssize_t B} Q. suboffsets[n] >= 09,n AR A4S o} AFH LS
ZOolE o] A H I A ke o FZ (de-referencing) & 7 = o o & H}o] e 22 Ly

e
A

=
Shotok &2 LhEb U T (A%

Utk S AH 2 ié‘l 2 A F= (de-referencing) 7} ‘ﬂ“ﬂ 3}

v %) BB Aol AE o] =),
REAH emAlo] $5H (F, 4227} BR sk o), o] FE L NULL(ZI T ol ofof
U,

o] 53l WP EHL sho] A o] u] J eho] He e (PIL) o) A AHEH Utk o]l e W d 8.0
oA 25 g ol Th e AP S B2 B W g e BRI AL,

suboffsets B} &G -& A | 2ol A &1 7] A

Oko
0
<
o

void *internal
o] A& A& 3= (exporting) A A ol &J3] WH Ao E ALGEHUTE o & E0], o] A2 Zﬂ*x}
(exporter) 7} A4 2 TA] |28 S = 9l ow, | Ji 7} S A2 ol shape, strldes suboffsets vl <&
i Al 3f oF 6}5 Al o o sk “EHJE A3t ol A YT Au|RE7) o) %} S HANAE= "J
Hyth

Constants:

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit, consumers
of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_ NDIM dimensions. Currently
set to 64.
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772 HI 2™ K4

W= 7 Pyobject_GetBuffer ()&
HE e =ed TR BExAdol 24 th
A% 317) 9130 flags AAHE A o

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

E5) A& 3}=(exporting) AA 2 W7 2 F &
T YoBE, A AYE S A= A

A
o
i}
[
rr
2
X

1o
o2
odk
filo
nn',
XN
g2
El
odt

A gulE zto g YA ok gt th: ob, buf, len, itemsize,

readonly, format

PyBUF_WRITABLE
readonly BEE MA@yttt AASHH, A& A= REEA] 227] 7153 W 3 & AlF351A
U A& Busfor gyt 28X ko, AT ¢V A& MU 27 7hs W E
AT 5 YA T BE 2|t il 4342 FA 380 oF T
PyBUF_FORMAT
format EE AAFUTE AAEHW, o] B & Sut=A Ao Ttk 18 A g
¥, o] FE+= REEA] NULL ] of of .
PyBUF_WRITABLES T} A RE Z )19 2 & A5 ULk PyBUF_SIMPLES| 002 AT v g,
PyBUF _WRITABLES =83 Ze| 12 AFLE o] 71st 2 7] 7153 W& 8 H 8 4 945U
PyBUF_FORMAT< PyBUF_SIMPLES A2 st dolo] Zel12}t| @ 4 A5yt PyBUF_SIMPLE2 o] n]
PABHEZ i vtol E)E 9 vyt

shape, strides, suboffsets

£ EAEs gass £ UAR T 2 Ee 1 1 oo

W ele) o] P28 Aol sHe Eo
= £ 2FTY

gt Fe1g wE Ve

23 | shape strides | suboffsets |

yes yes Q34
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE
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CUZESASHS YARo R 2 YT % g, 2Eeol= PR E IV 5 134 )=
2Eeto]| S FR 7} glow, W5t C-A% o] of o g Th
| 23 | shape | strides | suboffsets | Y14
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CEE=F
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C
EH35F o %]
e O
REFSH 2P o A B 3ol o8] A3 AJPULh WA, W m2ETL
Hexdesdd a2z AlFdch

o Bl Ut AUHA @S AL

UER U

PyBuffer IsContiguous ()& EZ&d]oF gt}

av e A%

|

gy,

A% A

SRR

| 23 | shape | strides | suboffsets | 91254 | readonly | format |

yes yes Zgsld | U 0 yes
PyBUF_FULL

yes yes [std | U 1E==0 | yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 1E==0 | yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL U 1=+=0 | NULL
PyBUF_STRIDED RO

yes NULL | NULL C 0 NULL
PyBUF_CONTIG

yes NULL | NULL C 1E+=0 | NULL
PyBUF_CONTIG_RO

7.7. HH Z2EZ
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7.7.3 2ZISH UL
NumPy-AE}: shape1} strides

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

ndim == 00]¥, bur7}7he) 7)1 = vl R e X7} i temsize 27]8) 2Zet& A F UtLh o] A, shape
3} strldesj—‘- R NULL Y Y th

strides7} NULLO|W, 82 ZE n-AH CHlEE g Uth 28 A ko, AW A= th53 2o
n-<h v G of] BN A5 oF Pk

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

Aol AFME o], burs A WEe BE
oz Mol REAS A T 5 AUtk

Lo

2

rn

A2 718 2 4 Y5 Y Th AlF A exporter) = o]

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

if ndim <= O:

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

return True

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

if strides[j] > 0)

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

PIL-AE}Q!: shape, strides & suboffsets

Aut 5 Qo 5, PIL 28 Y s Goll &= AHd e Tt 84 7}Z%£7l &) welol 3= 2 AE 7 25E
% 95 UL & S0, Yuk3-2Y Culd char v[2][2][3] 2709 2-x+Q s E& 7He] 7] = 2709
ZOE WMERE B £5 95Utk char (*v([2]) [2]1[3 ]. suboffsets EHOA, o] F = 4°1E1% bur
AR A= F 4= Jed, WR2 e = A At A2 = = F WY char x[2] [3] WiEE&
7he] Y th

Th& 2 NULL ©] o} strides 2} suboffsets 7} 912 w, N-2kg 1dl A7} 71e] 7] = N-2H v g o] 8 4 of off ¢
ZAEHE &= Ytk

void *get_item_ pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

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

pointer += strides[i] * indices[i];
(th sle] Aol Al%)
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(o] A | o] A oA A A %)
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];

return (void*)pointer;

7.7.4 HI 2k gt

|:|OII

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥ & Qe o]~ & X YslH 1S
dom o0& WUt 10 Wk uf, Pyobject_ GetBuffer ()7F A5 Aolgta B AstA|
Stk of gt B AT T

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
Fart of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by flags. If the
exporter cannot provide a buffer of the exact type, it MUST raise Buf ferError, set view—>0b7j to NULL
and return —1.

45k, 08 WEg o 24

AAF3HH, viewE A 11, view—>0bi S exporterol| T3k A FHx
AL, view—>0bj & exporter THAl o]

<9 7“7<ﬂi 2]t & A3t A 2 9 (chained) ¥ ¥ &35 *}9]
AAE F2T ¢ AUt (3] AA] F24 5 BAR).

PyObject_GetBuffer ()o] thet AF A §& & PyBuffer Release()ol 3t &3 %
3 fozl <
X or &

o] FofoF | th malloc () JJrfree();‘r yrth wetA], A8 27 W 5 2 A

PyBuffer Release ()& Zéi—.]"é] St i%ﬁﬂ

24
o
<

void PyBuffer Release (Py_buffer *view)

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

PyObject_GetBuffer ()& 3 @A %2 W3 o] & SE3h= A2 Ay dYh
Py _ssize_tPyBuffer SizeFromFormat (const char *format)

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

WA 3.9 7}

int PyBuffer_IsContiguous (const Py_buffer *view, char order)

Part of the Stable ABI since version 3.11. view= 7 2] & W L g] 7} C 2~} (order 7} 'C ') ©] L} TEZH
26 (order7} 'F') A5 o) AU F F Stk (order 7} 'A) R 12 W oL 13‘11 oo
WA, o B4t T BTG,

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the Stable ABI since version 3.11. 3= 2 view W 5-9] indices7} 718 7] = W 2 8] 49 7M1 A&

Uth. indices= view->ndim Q129 v E& 7] AoF ).

int PyBuffer FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the Stable ABI since version 3.11. buf°l| 9= A<%H len vFO]| EE view 2 B AU T}, fort= 'C!
Ef P (C B B EER 2D 4D 5 A5 UTh 4FE 00] MEE 1, o g 7t goH
-1 Ol Llsie=RRi=2

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)

Part of the Stable ABI since version 3.11. srcol ) len A}O|EE bufol] A& H 0 Z B AE L)
order~'C' £ 'F' B 'A'(C2HY = FEHB 2BY £A B 5 F DY & d5Uth
/388t 0 o] ¥hghe 1 1947].010111 -10] g Yt

o] SF4== len = src->len 0] o Alw) 3o
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int PyObject_CopyData (PyObject *dest, PyObject *src)
Fart of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and
or Fortran-style buffers.

0 is returned on success, —1 on error.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)

Part of the Stable ABI since version 3.11. strides V] S-S F0] R L AT Hlo]E 422} 50 %] shape & 2
= (order7} 'C' A C 28, order7) 'F'H X E T AELY) v o] Hfo]|E ~E o]l = Z AU ]

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)
Part of the Stable ABI since version 3.11. readonly || W&} 22 7] ]—% Aol A len 2719 buf & =<3}
2] = A& A (exporter) o] Tt W3 2 HZ A FUth buf= F5 gl vl EY Al AR 34
k.
flags A2= 84 3= e Ut o]l = buf7F 7] AR 22 A AW L PyBUF_WRITABLE]
flagsoll A= o] QA ko, F Fe)17F AR Sk =E viewE A F U T

On success, set view—>obj to a new reference to exporter and return 0. Otherwise, raise Buf ferError,
set view—>ob7j to NULL and return —1;

o] =7} getbufferproc®] DX 2 AR A, exporter 7} A& 3F= (exporting) A A 2 A A = of of 3} 1,
flags= TAF A FS A= ALds oo Fyth. 1EA] 9k O W exporter 7} NULL 9] 01 oF gt

78 H2 HH ZZ2EZ

WA 3.058H 9 A4
o] g Fhol M 20 A “H2 M TR EZF” AP HE | JF UL Fto]H 30 M= o] 22 EZ o] Y+
EA8A AA W 2x TE o)A S HA e E FFES A EF Utk o2 M MY 22 EZE
XSG U IS 6‘}1]“ W& Zﬂ—“fé}fm A2 AP S AT = FUTh
w2l A], PyOobject_GetBuffer () (v y* Ywr ZW T =& AV R3}= PyArg ParseTuple () AE2
) E TS5 Aol sk R/ 7}X1+5’—, W RENANT 5+ Y-S W) PyBurffer Release ()&
S &%= Aol EFYTH
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABI. <& A} 7] qF ?J‘j’—ﬂvgi AT 5 9= 87l Zﬂ% H 22 9 A ol ‘:H st ZAHE
WG T o QAL B ADUE Fah ols] Q8012 % A Aok ULk AT, 08
W3S, bufferS W 28 YR =2 A 79 O]—_Tl, buffer_lenS v 3 7‘ 2ol 2 dAsYt) 9 Eﬁ /\] °ﬂ S
w335l a1, TypeErrorE A A Y 1’4—

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. 919 2] H|o|E| & =&3l= 91 7] A& w2 $ X tf3t £2AEE =g
obj A= T A IHE ¢}7] 7hs W3 AE o] 28 Adsfof duth 4FstH, 0= 1t
bufferg ™ & ﬂ A= AA S, buffer_lens ¥3] Aolz AT o2 Ao, -1 wb
TypeErrorE A A gt

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL o7} @4 AW E 7] 715 W H QAEH o]~ XYt 1S vkskshy ).
DA FoH, 08 MATUD. o T A A BT
ol g M E Tt S AIsHH 1L sk, S S S EshE T A skE A9 = JAE
FY A L. ol2] RuE vto W Al pyobject GetBuffer () S AR HAIA] Q.

[o

Io

k.
237,
2

SHal,

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 227] 7}&3F Wl 2 2] §] X] o] tjj 3k £ <l Ei E93E Ut o A A= G Y AW
E, BA A H AdE s o] ~E AW of . A4 F 8, 02 RS, buffer & W R 2] A A= HA
SkaL, buffer_lena W3 Aol AR TE ol Alof], -1& WHEHslal, TypeError & A4 gyt
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o] Z9 g 54 ol A FoAvt ASH Utk 2ENA ZEH F AANE A= A £
Ay Zto] o U t}; sfo] # EE:L%‘OM AANE Dokt vk FS 7R X FAekA] kv, WA 3
AAE s oF FUT A& AA7F G 8 1A Eelstel ¥, pyDict Check () & A3 A
2. o] FL wtol A A 32 “ZE” A8 F4E o] dF Ut
A o] FoH Agsle e AYE = AAY FE F9 24 AASIA T B e fas
AA A ALE = NULLS BelsHA] eyt NULL% AGstd v e A2 9 uko] WA e
AejZE 7t & l $52 F dHYth

8.1 7|2 4|
o] Bol A€ shold B A 2 A2 E AA Noneol T3] A T

8.1.1 & ZHA|

type PyTypeObject
Part of the Limited API (as an opaque struct). W38 S 7| & 5F= o] AFRSH = AA Y C TLZA.
PyTypeObject PyType_Type
Part of the Stable ABL ©] 212 @ A2 & AA YU th; o] A F9| type} 22 AA YU th
int PyType_Check (PyObject *0)
AR o7t FH AR A 3B A Ué«l ArdAS 23sto] I AA ™ 0] ofd gh< vbshehyth
e EE 470 gyt o] e 3 43 dvth
int PyType_CheckExact (PyObject *0)

A 07} 8 AA| o] A wk, T8 A 2] A B o] ofd 0o] o} gk vkashc}. o}
L urgdh ) o] T4 A A Z ST

rlu
il
i
o,
o

unsigned int PyType_ClearCache ()
Part of the Stable ABL U3 23] 7| A1 & AUt A9 M A g 25 w3shch
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unsigned long PyType_GetFlags (PyTypeObject *type)
Fart of the Stable ABL Return the tp_ £1ags member of type. This function is primarily meant for use with

Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited API.

WA 3200 7}
WA 3404 HA: wEE -2 o)A longo] o}t unsigned long Yt}
void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL 7} 1A R E A1 ol B3 U5 A4 AN E FER FUL) G o=
HEU o2 ZUAE £50R 24T Folt o] ¥42 TEF FUTh
int PyType_HasFeature (PyTypeObject *o, int feature)
QB A 07} 715 feature’s 273 SHA 00] obd FhS RESHUTH & 7|52 GY HE SR A
k.
int PyType_IS_GC (PyTypeObject *0)

Return true if the type object includes support for the cycle detector; this tests the type flag
Py _TPFLAGS_HAVE_GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL a7} b2] A B o] & ukstg o)

o] I AA AE Fuk AAFUTH &, __subclasscheck__ () 7Fbol tial &5 A &5
t}. issubclass () 7t 33 A3 22 AALE 3181 Pyobject_IsSubclass ()& 3E3H4]
Al L.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Part of the Stable ABL. & AA| 9] tp alloc €52 § 3k 4vt A g 7.
sholme) 715 vl 2 e) B B AU S-S Aol A QAHAE ST EE &S NULLE 27
shghuch

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Part of the Stable ABL. & A 2] tp_new &5 $ 3 AUk X E]7]. &2
tp_allocEX& AHEot] Al A5 v th

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL. & WA & vhFe] @t 27138 453t & 3 AR o tha o] WA
EE TEdf o Ut o] T Fo wola Fe2oA FEHE £35S FHUTE A4 Al oS
WHEeka, @ F Al -1 RESkek L o 9] & A F P ok

ZF3L:  If some of the base classes implements the GC protocol and the provided type does not include
the Py TPFLAGS_ HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include Py_ TPFLAGS_HAVE_GC in its flags then it
must implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’ s name. Equivalent
to getting the type’ s __name___ attribute.
WA 3.110] 27},

PyObject *PyType_GetQualName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’ s qualified name.
Equivalent to getting the type’ s ___qualname___ attribute.

HA 3119 7}
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void *PyType_GetSlot (PyTypeObject *type, int slot)

Part of the Stable ABI since version 3.4. A A H € Z o A &H T g E vtasrt. 2
o), < 20| NULLO| A1} B/l §ESA B ) W% BEH S UEI T 3EAE
Qo A3 FANE A4S B4 Bo2 A2D T

slot AAFS] 7}53) k2 PyType_Slot.slot = FZ A A L.
B A 3.40] F7}.

WA 31094 WHA: PyType_GetSlot () can now accept all types. Previously, it was limited to heap
types.

PyObject *PyType_GetModule (PyTypeObject *type)

Part of the Stable ABI since version 3.10. PyType_ FromModuleAndSpec () & AF-&3lo] 8-S 2H& o
EEER EEEERE STty

oA H} AAY BEo| oW, TypeError S AR 311 NULLS ¥H3H3H T},

This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may
be a subclass of the intended class, and subclasses are not necessarily defined in the same module as their
superclass. See PyCMet hod to get the class that defines the method. See Py Type_GetModuleByDef ()
for cases when PyCMethod cannot be used.

B A 3.9 F7}.

void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. Fo1Z d3 FHHY & 2AA 9 A E w3gch
PyType_GetModule () A3} ol PyModule_GetState ()& i%%}% uFz 717 Yok

FolR P ddd Bl 9lowW, TypeError g A3} NULLS WY oh
type©ll A¥E B35 o] AW, FE]7FNULL O W, o 9] & A SHA] ¢Fil NULL 2 whehgh o,
B A 3.9 F7}.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

e

Find the first superclass whose module was created from the given PyModu 1 eDe f def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’ s defining class cannot be passed
using the PyCMet hod calling convention.

WA 3110 F71.

S+

9 7EAL Y Pe wEE o A H U

u!
P

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

Return value: New reference. Part of the Stable ABI since version 3.10. Creates and returns a heap type from
the spec (Py_TPFLAGS_HEAPTYPE).

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If
bases is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead.
If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must be a module
object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for
each class individually.

o] = M EZ-2 Foj PyType Ready () & T&3 T

8.1.
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B A 3.9 F7}.

H A 3.101 4] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return  value: New  reference. Part of the Stable ABI since version 3.3.
PyType_FromModuleAndSpec (NULL, spec, bases) 2 553t}

B A 3.30] F7}.
PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABIL. PyType_FromSpecWithBases (spec, NULL)
ot FFHUh
type PyType_Spec
Part of the Stable ABI (including all members). 8 2] 35 A3+ F+2A.
const char *PyType_Spec.name
9] o] F, PyTypeObject.tp_names A A= o AHEH U]
int PyType_Spec.basicsize
int PyType_Spec.itemsize

A A~H A9 =7 (¥}o] E), PyTypeObject.tp_basicsize®} PyTypeObject.
tp_itemsizeE AASH= o AFRH YT}

int PyType_Spec.flags
293, pyTypeObject.tp_flagsE AAst= o AR YT

Py_TPFLAGS_HEAPTYPE = # 2 7t Ad A 5 o A A ok o o,
PyType_ FromSpecWithBases () 7} A} 5 0.2 & ﬂ]lé A A}

PyType_Slot *PyType_Spec.slots
pPyType Slot FZA| S WlE. 54 €23 {0, NULL}ol o8 SEHUTh
type PyType_Slot

Part of the Stable ABI (including all members). B AR A 7|52 Ao dl= A, €F D} 7L =<
HE 23

int PyType_Slot.slot
<= 1D.
<% IDE XA PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods % PyAsyncMethods 8] & o]&9 py_ HFAS £29] o]
22 A4S YU o2 Sol,:
e PyTypeObject.tp_deallocs AAS=Py_tp_dealloc
e PyNumberMethods.nb_addg 4% 3dl+= Py_nb_add
e PySequenceMethods.sq_lengthS A% dF+=Py_sq_length
+ E< PyType Speci}PyType Slot <& AHE3dlo] A8 AAE 4 lsyth:
e tp_dict
e tp_mro
e tp_cache
e tp_subclasses
o tp_weaklist
e tp_vectorcall

o tp_weaklistoffset (PyMemberDefS #2314 AlL)
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e tp_dictoffset (PyMemberDefS ZZ 34 Al L)
o tp_vectorcall_ offset (PyMemberDefE 23 Al L)

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid
issues, use the bases argument of Py Type_FromSpeclWithBases () instead.

WA 3994 ¥ 7A: Slots in PyBufferProcs may be set in the unlimited API.

WA3 1194 HA: bf_getbufferand bf_releasebuf fer are now available under the limited
API.

void *PyType_Slot.pfunc
29 ASHE AT YR o AL Pl e TAB YTk

Slots other than Py_ tp_doc may not be NULL.

8.1.2 None ZHZ|

Note that the Py TypeOb ject for None is not directly exposed in the Python/C API. Since None is a singleton,
testing for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.

PyObject *Py_None
Zkel 2412 Uhep) = 5ho] M None A U T o] A o= WA= YT B2 A0k Ba
aho] ke A7 2 npR LA = A 2o of T,

Py RETURN_NONE
C & Yol A py_noneE REEEHE A& Sul2A A2 FUth (5, None ] #2348 F71A17]1 1L

kg o,

8.2 ==X} A

8.2.1 M4 ZHA|

2E At 999 2719 “long” A4 AA = FAF T

ol & Al, £ 9] PyLong_As* API&= A9} 1T 4= glE (return type)-12 933yt 2%
& AAS WA PyErr_Occurred ()& A3 AL

type PyLongObject

Part of the Limited API (as an opaque struct). ©] PyObject A H 3L slo|d A4 AR E Ve
U

PyTypeObject PyLong_Type
Part of the Stable ABL ©] PyTypeobject AABAE ko] W 4 FE et o] 2L gho]
A2 int 9} 22 AR L)

int PyLong_Check (PyObject *p)
A7} PyLongObject ol U PyLongObjecte] A B 3ol 2H& Wr3gtUt). o] g4+ JAF A+
s,

int PyLong_CheckExact (PyObject *p)

AAF7} PyLongObject O] ARt PyLongObject] A H o] oby™ 2 vt th. o] &
B3 3Fdh
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PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. vZX-¥] A PyLongObject A & ¥F&s} 71,
Al 3t NULL S W o
The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C
unsigned long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Return value: New reference. Part of the Stable ABL. C Py_ssize tZFE A] PyLongObject AAS
w8k3) 7 U, 4l 9 3h A NULL-S whEkgh o)

PyObject *PyLong_FromSize_t (size_t V)
Return value: New reference. Part of the Stable ABL. C size_t Z ¥ A| PyLongObject A& HFEH
a7, A9 she NuLL S Bk o,

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongObject object from a C
unsigned long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
Return value: New reference. Part of the Stable ABIL v&] A4 R o g2 W) A PyLongObject AAE
HEeksh 7 v, Aol b NULL & Wby o

PyObject *PyLong_FromString (const char *str, char **pend, int base)
Return value: New reference. Part of the Stable ABL stro] 2214 72 7|9t & St X} PyLongObject&
WU oh A A2 base 2] A= (7]47) ol whet s A ] Utk pend 7} NULL o] oFU ™, *pend=
A E Y Holl &= A HA F2AE 7 A YT base7} 0 0] W, str-& integers 7 & & AF-8-3l Al
A g Ut ojuf, 00] ofd AR+ AP 02 valueErrorS TAA| YT} base”} 0] o} W,
29 36 Abol o] glojok 3km, A& EFFUTE A T A5 A A 1} £4 Aol o] e
WE2 FAF YL £27F §lo ¥ valueError 7} 228 gy th
o B7]:

Python methods int .to_bytes () and int . from_bytes () toconverta PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. +AG uoll Y+ FUIE A A|FAE dho| W A gto g Mgt
Ut
WA 3.30] 7}

PyObject *PyLong_FromVoidPtr (void *p)
Return value: New reference. Part of the Stable ABL. Z Q¥ p2 R ¥] mlo| A A+ E gl
S PyLong AsvVoidptr ()& AFE3le] A3 gho| A 238 4 g5 th

long PyLong_AsLong (PyObject *obj)

o

Yt} ZH

Part of the Stable ABL 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.

g Al -1& WUt R34S Al A ™ pyErr _Occurred ()& AHESH AL L.
¥ A 3804 ¥ A:Use  index_ () if available.

¥ A 3.10]| A ¥ 7 : This function will no longer use __int__ ().
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long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Fart of the Stable ABL Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject,
first callits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return -1
as usual.

o 3] Al —1 & ¥ttt RS AL A ASEYE PyErr_Occurred () S AFRESHAAl L.
WA 3894 W A:Use  index__ () if available.
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Fart of the Stable 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 Long long.
off & Al 1S ¥t RS A ASIH Y PyErr_Occurred () S AFRSHY Al L.
B A 3.80) A4 ¥ 7: Use_ _index_ () if available.
¥ A 3.10]| A *H 7 : This function will no longer use __int__ ().
long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABIL. 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.

If the value of objis greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or -1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1
as usual.

g} Al -1 I RIS AAS Y pyErr_Occurred ()& AHESHAAL L.
B & 3.20] &7}
¥ A 3804 M A:Use  index_ () if available.
¥ A 3.10)| A ¥ 7 : This function will no longer use __int__ ().
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABIL. pylong®] C Py_ssize t 8L W33Ut}. pylong2 PyLongObject?] ¢l
2R 2ojoF et

pylong®] 3xol Py_ssize t H9E HolUH overflowErrorg S A Z]Yth
o A -1 w3ttt RS A S A ASH Y PyErr Occurred ()& AL A L.
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Fart of the Stable ABI. Return a C unsigned long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o #] Al (unsigned long)-1< W&t RS AS Al ASHE W PyErr Occurred() & AHE:
A 2.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABL pylong®] C size_t £3-& WU T pylong PyLongObjecto] AAHA
of o FU T},

pylong2] Zko] size_t o HYE Hlo]J ™ OverflowErrorE WA A 7 U Th

of| & Al (size_t)-1& 93Ut RS AS Al ASHE M PyErr_Occurred () S AFR3HI A L.
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unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Part of the Stable ABIL. Return a C unsigned long long representation of pylong. pylong must be an
instance of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

ol 8 A] (unsigned long long)-1 & Y3 3y o} Ea4ds AAsHAE
PyErr_Occurred ()& AF&3HH A L

B4 3.100 41 W 73: ] pylong = ©) A TypeError 7k o ek Over flowkrror & W4 A AU h
unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Fart of the Stable ABI. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convertittoa PyLongObject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo
ULONG_MAX + 1.

o #] Al (unsigned long)-1< WUt RS S Al ASHH Y PyErr Occurred() & AFR
S A2,

A 3804 ¥ A:Use  index_ () if available.
¥ A 3.10]| A ¥ 7 : This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

Fart of the Stable ABL. Returna C unsigned long long representation of obj. If obj is not an instance
of PyLongObject, firstcallits ___index__ () method (if present) to convert it to a PyLongObject.

If the value of o0bj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o 8 Al (unsigned long long)-1 & X3 3y th e S AATHA
PyErr Occurred ()& AFE3HH AL
B A 3.891A WH7A:Use___index__ () if available.

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)

Part of the Stable ABL. Return a C double representation of pylong. pylong must be an instance of
PyLongObiject.

Raise OverflowError if the value of pylong is out of range for a double.
o2} Al -1.0€ WA Th 2542 AASE pyEre_occurred ()& AL
void *PyLong_AsVoidPtr (PyObject *pylong)

Part of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted,
an OverflowError will be raised. This is only assured to produce a usable void pointer for values created
with PyLong FromVoidPtr ().

o & Al NULLS 9t Uth RS S A A ™ PyErr_Occurred ()& AHEIHAI AL

8.22 E2| AH|

sto|H A BEAS Ao AHE 22 FHFYLE Py Falselt Py TruedtE F 719 H&wt
Sl th mhebd QA el A4 L A4 Bt Beol 485 A Sauth 1o ohe A2 E AR

> gl&veh
PyTypeObject PyBool_Type

Fart of the Stable ABIL. This instance of PyTypeObject represents the Python boolean type; it is the same
object as bool in the Python layer.
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int PyBool_Check (PyObject ¥0)
o7} PyBool _Type Pol¥ FZ EF UL o] &4+ 4 43
PyObject *Py_False
shol# ralse AA. o] AR WA= YT B2 A49 B AL T2 AR 9} v} RA7A =
A )4 of g .
PyObject *Py_True
shol True A, of A& WA= g Uth B2 A5 0} BAN A ThE AR 9} vhRAA =
A ) of g .
Py RETURN_FALSE
B4l M py_Faloe & WHHSIT, 2 242 AA3A /AT
Py_RETURN_TRUE
B0l A Py True® Wbel T, 2 A5E A4 A 274 AU
PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL. v2] =2] 7kl w2} Py_True Y Py_Falseol U3t
AN ZFzE drsrgy o

823 B3 2T K|

type PyFloatObject
o] Pyobjecto] AH BL shold £E 44 A4S Yehd UL

PyTypeObject PyFloat_Type
Part of the Stable ABL ©] PyTypeObject 2B A= glo] W HE 42574 32 ey UL o] 22
ghold Aol A float ok 22 AA Yt

int PyFloat_Check (PyObject *p)
QA7) PyFloatObject Y PyFloatObject®] A H & ol Z& vkstghyc) o] sh= Ak A
Zah o,

int PyFloat_CheckExact (PyObject *p)

QA A}7} PyFloatObject O| AWk PyFloatObjecte] A H 32 of]
P4 AEF U

)
Y
o
rE
rit
ol
A
v
o

o
-
rr

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL str®] B24 & 7|9 S & PyFloatObject A A
£ =AY, A9 shd NULL.

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. vZ3 €] PyFloatObject AAE s 7, A3
SFH NULL.

double PyFloat_AsDouble (PyObject *pyfloat)
Fart of the Stable ABI. Return a C doub1le representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but hasa __ float__ () method, this method will first be called to convert pyfloat into
afloat. If _ float__ () is not defined then it falls back to _ _index__ (). This method returns —1.0
upon failure, so one should call PyErr Occurred () to check for errors.

B A 3.80 A WH7: Use ___index__ () if available.

double PyFloat_AS_DOUBLE ( PyObject *pyfloat)
Return a C doub1le representation of the contents of pyfloat, but without error checking.
PyObject *PyFloat_GetInfo (void)

Return value: New reference. Part of the Stable ABI. float®] 7
structseq A~ A E FHFUTE 36 91 float.hE UK
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double PyFloat_GetMax ()
Fart of the Stable ABI. Return the maximum representable finite float DBL,_MAX as C double.

double PyFloat_GetMin ()
Fart of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte
strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double
from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the
2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to
the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’ t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

WA 3110 F7}.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first,
atp). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,
or O on little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:
o What this does is undefined if x is a NaN or infinity.
e« —0.0 and +0 . 0 produce the same bytes string.
int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.
int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in
little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The
PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on
little endian processor.

Return value: The unpacked double. On error, thisis =1 .0 and PyErr_Occurred () is true (and an exception
is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.
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double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpacks8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.

8.2.4 HA% |

ol W] B Az AR CAPIOA E o F /]9 ot Fo g 2FF Ut st ol =g 780
=2 E stol A AA o] a1, T s AA B4 32 e = C FRA YUt API+= 7 71X B F &
A9E e T EATFUTH

ZHEMe Ea
7 ez o3 2 A E Wolsel1 AFE vtk e £UHE SOl xS HYE e
2 OFEUTh o] API A o] Al A2 Utk
type Py_complex

shol®l B AA| ) gt H2ol | F e C T2 A.
FEAE U w2 A 2o ASRUL 033 2ol el Utk

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

C Py _complex A5 AHEsto] F Hago] 32 vhagy
Py_complex _Py_c_diff (Py complex left, Py_complex right)

C Py complex 85 AHESto] 7 a0 Aol & vk Th
Py_complex _Py_c_neg (Py_complex num)

Return the negation of the complex number num, using the C Py_ comp 1 ex representation.
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

Cry_complex BAE AR T Bado] F& wagrh
Py_complex _Py_c_quot (Py_complex dividend, Py complc)x divisor)

CPy_complex AL AML5to] F B A4 8 wslaky ),

If divisor is null, this method returns zero and sets errno to EDOM.
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

CPy_complex 28 Z AH83t] num® exp A5 A2 vt

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.
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oo HMZEMe SA

type PyComplexObject
o] B4 AAE UEt = Pyobject o] Al B 3.

PyTypeObject PyComplex_Type
Part of the Stable ABIL. ©] PyTypeObject AAEAE dto] Al B A4 3-8 YeERY U] sho] A A&
complex £} 2 A J .

int PyComplex_Check (PyObject *p)
QlA}7} PyComplexObject U PyComplexObject? AH & o] & Histst ). o] g4+ &
i abing

int PyComplex_CheckExact (PyObject *p)
QI A} 7} PyComplexObject O] A QY PyComplexObject®] A B 3 o] of
o B4 B4 BRI

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. C Py_complex L2 MEL Fo|H B4, AAE w5

g
oY
filo
rE
il
3
<
v

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABL. real @ imag2 M Z -8 PyComplexObject AAS
BE sy

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABI. Return the real part of op as a C double.

double PyComplex_ImagAsDouble (PyObject *op)

Fart of the Stable ABI. Return the imaginary part of op as a C double.
Py_complex PyComplex_AsCComplex (PyObject *op)

a9 ope] Py_complex < NHgU

If op is not a Python complex number object but hasa __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
to_ float__ ().If__float__ () isnotdefined then it falls back to __index__ (). Upon failure, this
method returns —1 . 0 as a real value.

B A 3804 HA:Use  index_ () if available.

8.3 A|EHA K|

A2 AR e QA ol AL o A ol A = Ik o] Ao A 5ol A Qlofol] 1 {3 53
S50 D2 A E O E

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] B P2 stoll nlo]EH AAE YeEHH YT

PyTypeObject PyBytes_Type
Part of the Stable ABL ©] PyTypeObject?] AAE AL slo] A ulo]|EYE 8-S LeRY U T ol A
A5 bytes 2t 22 AA Yot

int PyBytes_Check (PyObject *0)
AR 07} wpol 2 AA ol A} vlol 2 Fe] A Fe] AABAW FL VAT o] T4t
T AAFEUTh
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int PyBytes_CheckExact (PyObject *0)
A7 07} vl 2 A o] AT vlo] EQ Fo| AB P ArBAE oW 2 WAF L. o
see g Ae el

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. A Z3}H ZLo & v BEXEe EALE S 2H= A
Hio] E G AR E wEHetar, Aot NULL S WHEHEU th w7 R4 v NULL o] ofuf o] oF Tl
AA81A) k5 o

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABI. /‘J Z35d kol v Bx1gd e E AR o]a1 A o] 7} len
ol Af vlolEE AAE vttt a, At NULLS ¥H3E U o) v7h NULL o) W, "lo]l E < A A
8o 271 8h5 A ik,

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C printf () -2€+Y format AL} 7HH 7149
S Mol A, Aok o)t vl = AN o) S E AN 2 Pl Ghol £ ol D AAE
WA T 718 QA C ool of P formar EA Aol 9= £ BAET A3l o alof
Utk 85 = =W 4= g3 g5 Uth

| =o 2xt | = | =4

%% n/a e g % EA}.

Sc int @ vlo]E, CintE P Yt

%d int printf ("%d") & 53 c).!

Su unsigned int printf ("su") 2} S5 t!

$1d long printf (" ld") ol =3 }!

$1u unsigned long | printf ("$1u") 2} 55 ct!

$zd Py _ssize_ t | printf ("%$zd") 9} 553t}

$zu size_t printf ("$zu") 9 53t}

%i int printf("si") & 53 T).!

$x int printf ("sx") & 53 )]

$s const char* 922 CEX 4.

3p const void* CxzAHY 1634 2. ZAHEFY printfrtoJd A5
WA dagle] e E 0x 2 A& 3ol HAgHAT= HE
A2 8= AL printf ("3p") & TS TH

AT 4 gl Y AL E BALY o)A So] BE A3 AAo] o) B A BE
27} Ak FAF U

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A 23] T 7] 9] QI ALE FHoltE A2 At e=
PyBytes_FromFormat ()3 Zr5Uth

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. ¥ Z2 E Z-& 73 3t= AA 0] HIo|EE RS
g o)

Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL H}o]EF 21 4] 02] Z o] & Wiekg ).

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Similar to PyBytes_Size (), but without error checking.

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL 0] W&l th st ZAHE vk th £AH = len(o) + LHOJER T4
= 0°] R 05 S 71e] Gtk 1 H 9] vlA) o o] £ T} d (null) v}o] £ 7} gl A o 2A o]

A ddYth AA 7} pyBytes_FromStringAndSize (NULL, size) & AFRSto] Wk W&

W

' A AR (A u,1d, o, 2d, 20, i, ) o A 0- 8 S S AAEE AFAE 4TS W HUTh
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A 397} oh v el & £ 43 A o Fuieh BFL A AL Tk o7t ol =g
AR 7} o} W, PyBytes AsStrlng ()2 NULLS W33}l TypeErrorE WA Yt}

char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABI. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.

length7 NULL O], Wol 2 A= AR W ko £ 8 ERE 4 DaITh Dok 19T B
-1L2 wslsty ValueError A Al ?]‘4‘3]'

buffer+= obj2] W5 W & 71e] 7] Al 5=, o 37} @ vle] =7} if&% Yt} (lengthol = =3

‘EQ;Q yrth. A A 7} pyBytes_FromStringAndSize (NULL, size) & AF&3to] W& wt
27 ol W Ho]El & 4 A A L o FuiTh B2 AANA L Gtk b7 kel =S A7

7]- ol W PyBytes AsStringAndSize ()E -1 WtE3}1l TypeErrorE WA U T
W1 3.5014 W 7: o] Aol whol =& A7)0l W whol 27} 7% o] )0 ¥ Typesrror 7l T4
Ut

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL bytes )| newpart®] W& Tl& 9l A vlo]| EE AR E #bytesol| ¥F5 T
2k7F A FEE 2T U T bytes®] oA gholl EHEP %5—% %%ﬂ Utk A} AA 7 sl d 4 gle
bytesOll Th @t o) A x5 o 3] W2 A 2L *byres ] T2 NULLE AAH Ut A2 o9 7k 27
e,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

=
o=
9,
33

Part of the Stable ABIL. Create a new bytes object in *byfes containing the contents of newpart appended to
bytes. This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

“E Qo B 5T uio| EQ AR S 278 MRS . BAH AL o= AAE
YHE o 9k A}§ 514 A 9 bytes 7} o] B] T1= 9] ThE R Rl FEl A 9L 4 ArhH AHSEHA nhA AL
9el el =9 AR B2 H 710 o wf o] F4-E TESE AL A2l Aneh A1 E vol=

A o] 4 hale( 58 7|28 4+ L5 Uh = %ﬂ%ﬁ} , Q3= A Z7)E A g AE
S, Hhyies 21717} WA T Hho| £ AR 2] 5 3 00] WHEHE T hyies®] Fa e 91 gt
s 5 A5 UTh Aol A, “byresoll &= Al vto]EE AR = T A= 1L, *byres 7}
NULLE A AT 3, MemoryError 7} A A= v -1 o] uldlE 1}

8.3.2 HIO|E HH ZHA|

type PyByteArrayObject
o] pyObject®] A H -2 o] A bytearray 2 A & YEFY U T
PyTypeObject PyByteArray_Type

Part of the Stable ABL o] PyTypeobject Q2@ A 3ol 4l bytearray F -2 ER U T Sho] A
AZ9 bytearray 2 AA Jrch
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g dAtoiaz

int PyByteArray_Check (PyObject *0)
A 07} bytearray 2} Al| ©] 7] L bytearray F 2] A B & AA2EHAH F-S wrEg U}, o] 4= At
A2,

int PyByteArray_CheckExact (PyObject *0)
A A 07} bytearray 2 )| o] A 9k, bytearray 3 2] A B 3§ A2E A= ofH S HEE3 ) o] P4

4 4P

X% APl &4

PyObject *PyByteArray FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W3] 22 £ Z& T3 3}= 429 AA (o) ZHH
R A X} 22 bytearray A A S =S5t

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL string} 1 Z 0] (len) 2 F- €] A - bytearray A 2| &
Tyt Asishd, NunL o] whehg Y ok

PyObject *PyByteArray_ Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. H}°|E v & a &} bE o] o] o] A 22 bytearray
Ll iaRi=

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL. NULL ¥ QlE] & 2}213} & bytearray®] 27| S 2133 o}

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL NULL QB & 2213l & bytearray 2] W& char ¥l G 2 W3- o}, QUk3ty]
al ol = T4 ol32e) W ulo] 27} 2718 o,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABIL. bytearray®] W5 ¥ ¥ 2] 37|15 len O 2 Z A ST}

rr

3=

oM AREE HEE F5 = A ZAEE s ks uth
char *PyByteArray_AS_STRING (PyObject *bytearray)

Similar to PyByteArray AsString (), but without error checking.
Py_ssize_t PyByteArray GET_SIZE (PyObject *bytearray)

Similar to PyByteArray_Size (), but without error checking.

ol A PEP 393&

133 73 e E8E A8l 14 &
274 € A2l el = xde
ks

7} 128, 256 =+ 65536
14112 (A A -.-,—1/]_1:'_5
191) v o] of of g

Py _UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

o]0 APLS} ] API bS] A0 2 Q1] FUE A& S0l 2 Yol wheh ) A 0 2 T 744 gelzh
g & g%tk

8.3. AIEA A 125


https://peps.python.org/pep-0393/

The Python/C API, Z2|A 3.11.11

o “7F% A (canonical)” FUZE AA = F A H A ¢ U FE= APIo|| o3 BhEo) 7 B E AR Y Th
TN B85 g B BAL A FUT
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

[ m

Fa: <@ AA” FUIZE AA = o A= API9} 3 skl 2 312004 A AR UTh 2 o] 32 BE FUX
AA = “TFHE A" o] Uth 2AAH S F H = PEP 623S FR AL

LIZE o

30
ku
N

T2 gol oA FUZE FHA ARE = 712 FUZE A4 9 th
type Py_UCS4
type Py_UCS2
type Py_UCS1

Part of the Stable ABL ©o] 52 7}z 32H| E, 60 E 4 8H|E o] A& 2 3}al7]o] 2B HS
ST Rl R Hﬂtypedef Utk &4 FUZE EAE A2 @ w5, Py UCS4E AMHR S Al L

W7 330 7%
type Py_UNICODE
o] A2 ZEFol met 16H E o]} 320 E § <l wehar_t 9] typedef LT
WA 330004 WA o] WA A, o] A2 LWE A] 3ho] % “UY) & (narrow)” L “2} o] & (wide)”
FUDE WA F olu g AP A o weh 168 o]k 320 E Fol 5Tk
type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

ol pyobject AE P52 vlo|W FUIE AA S yeEbdUth 79 BE F5ol, R UIZE AA &
A g stE RE APL @7t Pyobject 2 HE Fotal whabstu e A ARgsi A= <t F Ut
WA 330 27}

PyTypeObject PyUnicode_Type

Part of the Stable ABL. ©] PyTypeObject QI2E A= ulo] A
Frostr2 =& Uth

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:

UsE g2 gy, goa

Jo

int PyUnicode_Check (PyObject *obj)
Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.
int PyUnicode_CheckExact (PyObject *obj)
Return true if the object 0bj is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *unicode)
FAE AA 07} “5F 8 A (canonical)” £ H Q1A Q13U T}. o]
AR&8E7) Aol E a3 Th
BF Al 0 WHEetar, Auf Al o9 & A SHHA -1& WkEkel=t], 53] v 2 2]
wA G o,
W 3300 7}
HA 310 A AT UYY WA 31244 A AHFY o o] APl &

PyUnicode_FromUnicode ()2} &7 A A Ut}

N

Z ool AHd AA 2 viaR S

ok

ol Ashshu
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Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)

Return the length of the Unicode string, in code points. unicode has to be a Unicode object in the “canonical”
representation (not checked).

WA 3.3 F7}

Py _UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)
AH EX A A2E 93 UCSL, UCS2 == UCS4 A4 3o 2 HA~E H 37 2 (canonical) £ 3
of thgk ZAE & wrgy ol 5 A (canonical) 3 H o] SHLE #AF 2 7] AR AAFSHA gF Y
o PyUnicode KIND ()& A&t} 2uE a2 & A9ty e. o] A& AA238H7] Ao
PyUnicode_READY () 7} &% ¢ o] oF &)t}
WA 330 F7}

PyUnicode_WCHAR_KIND

PyUnicode_1BYTE_KIND

PyUnicode_2BYTE_KIND

PyUnicode_4BYTE_KIND
PyUnicode KIND () 3 2] & vt3k3tu o}
WA 330 7}
WA 3,100 A4 H A= G5 U th WA 31204 Al AF Y th: PyUnicode WCHAR_KIND+ H A5 9}
Zyth

int PyUnicode_KIND (PyObject *unicode)

Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this
Unicode object uses to store its data. unicode has to be a Unicode object in the “canonical” representation (not
checked).

W7 3.30] 7%

void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical”
representation (not checked).

WA 330 =7}

void PyUnicode_WRITE (int kind, void *data, Py _ssize_t index, Py _UCS4 value)

Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This function performs
no sanity checks, and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other calls. index is the index in the string (starts at 0) and value is the new code point value
which should be written to that location.

WA 330 =7}
Py _UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_f index)
7+ A (canonical) & data(PyUnicode DATA () 2 A2t R2)o A T = EAEE JHUTh AAF
L 24| (ready) T =] 5335 A k5 Th
B A 3.30] F7}.
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

Read a character from a Unicode object unicode, which must be in the “canonical” representation. This is less
efficient than PyUnicode_READ () if you do multiple consecutive reads.

WA 3.30] F7}.
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Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)

Return the maximum code point that is suitable for creating another string based on unicode, which must be
in the “canonical” representation. This is always an approximation but more efficient than iterating over the
string.

A 330 27}
Py_ssize_t PyUnicode_GET_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNICODE representation, in code units (this includes surrogate pairs as
2 units). unicode has to be a Unicode object (not checked).

H A 33004 S AH A5 Uth M 312004 Al AF UTh: o] 28d U Z = AP AR Yt
PyUnicode GET LENGTH ()& AF&3to] upo] 1 o] A 3141 A] <.
Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *unicode)

Return the size of the deprecated Py UNICODE representation in bytes. unicode has to be a Unicode object
(not checked).

#3300 4] 9170 5] 157U T, WA 31201 41 A A U ths o] 2EH U3 APLY QR QU T
PyUnicode_ GET_LENGTH ()5 AF8&3}Fo] nlo] 1d o] A 314 Al L

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)

const char *PyUnicode_AS_DATA (PyObject *unicode)
Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to

be truncated when used in most C functions. The AS_DATA form casts the pointer to const char*. The
unicode argument has to be a Unicode object (not checked).

H A 3.39]| A ¥ 7 This function is now ineflicient — because in many cases the Py UNICODE represen-
tation does not exist and needs to be created - and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

133907 AAS A ch 93126 AAG T o G T 2 APLE] LE
PyUnicode_nBYTE_DATA () W3 Z2 A EE AFE3IEE nfo] 18 o] A A Al L.

int PyUnicode_IsIdentifier (PyObject *unicode)
Part of the Stable ABI. 91o] A 9] o w}g} EXg o] 5
A ko™ 0 RESH T
WA 39004 W7 EAFD o] £4] (ready) 5 A % %t= ), o] ¥ B Py _FatalError ()€ %
2547 B5UTh

%
1>
e
N
B
o
g
N
o
2
g
o
<
=
1
i
&
(€]
=
=S
a
]

FUIEL TR 24 S S AZTUT 7P A5 228 AL Fhol W Aol HhehC 4ol vjwE
e B WAz E B AL 5 AT

int Py_UNICODE_ISSPACE (Py UCS4 ch)
ch7h B B2pol A o whet 1 0]} 02 WhE T,
int Py UNICODE_ISLOWER (Py_UCS4 ch)
ch7h 4 B2} A o Wk 1 0] 1} 02 whekgh o,
int Py_UNICODE ISUPPER(Py UCS4 Ch)
ch7} )2 A Q1A of w2} 1 o)1} 02 g T,
int Py UNICODE_ISTITLE (Py UCS4 ch)
ch7} A2 7] 0] 2~ B2 A of) whe} 1 0]} 02 MBI T,
int Py_UNICODE_ISLINEBREAK (FPy_ UCS4 ch)
ch7} % w2 FA QA of whe}10]1) 0 WBE L)
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int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)
ch7F 1034 22191 2 o e} 1 o)} 02 ¥hakah o}
int Py_UNICODE_ISDIGIT (Py UCS4 ch)
ch7} 1 3 (digit) 4491 2] ol wheh 1 0L} 02 whekgh o,
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)
ch7} 57k (numeric) 2741 2] o whek 1 0] L} 0-S Whgkgh ok,
int Py UNICODE_ISALPHA (Py_UCS4 ch)
ch7} 2ahl #2112 o w101} 0-& WHakgh ok,
int Py_UNICODE_ISALNUM (Py_UCS4 ch)
ch7} 52 B2 A of] whet 1 o] L} 02 whhgh ok,
int Py_ UNICODE_ISPRINTABLE (Py_UCS4 ch)
ch7} Q4] 745 gk FAIA o whet 10]v 02 RS YT AT 5 gl B4, A4 s
Ao g 7FZ3k= ASCIL 2 3] 0] 2 (0x20) 2 A 9] 31, S T = E 3} gl o] ] W] o] 20| A] “Other” L+
“Separator” & A 2] H EAF] U} (o] Bl oA 2 7153 —Ev— b= repr () o] FAFG )t &
= 0] o] 27 o] %) A] Sholof B B Aol 21 5HAIA
7128 A9 Hel e} Bao] 5yt
The APIE WhE 3 B A Ske] AH§ T 4 gl th
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
AFARE HEH 2} chE WU TH
WA 330 A AP o] TPk e A o) 4 vl F S Ag 3.
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
222 A FAF chE RFEHEU T
WA 335 H A F: o) T 2D Aol & v F - AT
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
A& Aol A2 AEE FA chE WY
WA 335 #H A H: o] T4 g Ao & v g & AR T
int Py_UNICODE_TODECIMAL (Py_UCS4 ch)
107 ¥ A2 1EE F2Fch S N3y o] Zo] B7lsaE -1S g o] Mlaz e
of| 9] & LA 71 A] k5 U Th
int Py_UNICODE_TODIGIT (Py UCS4 ch)
ghate] AR HEE 2 chE UL o] 2ol B E 1S WU o a2+
ol WA A7) g o,
double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
double 2 W &H F A} ch S WU TE o] 2 o] E71508HH -1. 05 WHAU T o] M3 2 = o 9] &
LA 71 A 5T
O3 APIE AHg-5to] A2 A EE thE 5 A5 Th
Py UNICODE_IS_SURROGATE (ch)
ch7}F A2 A o] E Q1A Eelgtt} (0xD800 <= ch <= OxDFFF).
Py _UNICODE_IS_HIGH_SURROGATE (ch)
ch7} 249 A Z A o] E Q1A &3t} (0xD800 <= ch <= 0xDBFF).
Py UNICODE_IS_LOW_SURROGATE (ch)
ch7} 319 M Z A o] E Q1A &3t} (0xDCO0 <= ch <= 0xDFFF).
Py_UNICODE_JOIN_SURROGATES (high, low)
T A EA O E EAE st T Py_UCS4 7H<S vk T} high 9} low= 2tz Al & A o] E #H¢]
AR T A=Al =Tk
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FURE AAE HEL AR D2 S0 4 2oke ¥ T APIE ALE A A @

PyObject *PyUnicode_New (Py_ssize_t size, Py _UCS4 maxchar)

Return value: New reference. M| +UIZE A A& 25U T maxchar& FALG o vl x| & A A H o) 2
ZoEoof gy} ZAZEO &, 127, 255, 65535, 1114111 A| A0 A 744 74 7be gho g &
T ASsUTH

M A

1 [

P Ay ok

o) G55 AHg o] BE A

i
rlr

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)

Return value: New reference. o] 2 kind(7} 53+ 3F2 PyUnicode KIND ()ol &3] =33
PyUnicode_1BYTE KIND SUTHE M2 FUIE AAE S5 th buffers= kind ol whe}
TAF 1,2 = 4vto] E O size T O] W B2 7he] A oF P th

If necessary, the input buffer is copied and transformed into the canonical representation. For example, if the
buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCS1 range,
it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

WA 330 7}

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object from the char buffer str. The
bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object. If the buffer is
not NULL, the return value might be a shared object, i.e. modification of the data is not allowed.

If str is NULL, this function behaves like PyUnicode FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *str)

Return value: New reference. Part of the Stable ABIL. Create a Unicode object from a UTF-8 encoded null-
terminated char buffer szr.

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

Return value: New reference. Part of the Stable ABL C printf () -2E+Y format E=ALE 3} 7HA 7149
JAAE AN A, A} stolH FUIRE ZAL] 275 74]’3}5P ZUE gho] S0t EAE & whsh
ST W5 QAR C3 o) ol of 58 formar ASCI 91 7R A4 2] E 9 FAR2} A 53] L3 o
U o E9 2R} 5 8 Ve
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= Ext | Y =4
%% n/a g HE % =4}
$c int Cint2 34, dd Fx}.
%d int printf ("%d") & F5FUh!
su unsigned int printf ("su") o} S5 o} Pae 311
$1d long printf ("$1d") & S5}
511 long printf ("$1i") 9} 53}
$1u unsigned long printf ("slu") &} S5t
$11d long long printf ("s$11d") & S5 gc}.!
$114 long long printf ("$11i") & S5 F}.!
$11lu unsigned long long printf ("s$llu") & 53}
$zd Py _ssize_t printf ("$zd") & 353}
$zi Py_ssize_t printf("szi") & 53}
$zu size_t printf ("$zu") & 53 }!
%1 int printf ("$i") & 5!
$x int printf ("sx") & F53ct.!
$s const char* %-.‘_L%—E CExwjd.
5p const void* £9IE9 1615 Y. FAF prince7t e o
W& AAglol 2lE d OxE/\]”ﬁ} ol RFgA T =
A2 A2 3h8 A9 printe ("ip") % 55U
SA PyObject* ascii() E 3= 243
5U PyObject* |SyzE AH.
SV PyObject*, const char* FUZ = AA (NULLYE = Jds5Yh e F AR wj 7|
WA d-$5 CEAHE (R A v 7] ¥ 47k NULL
ol AR H Y.
%S PyObject* PyObject_Str ()< &%t 43}
3R PyObject* PyObject_Repr ()< &% 23}
AT 4 Qe 2 EAE Yol £ BALo] 5 27 2L T2 B8 31, 27} AR
Wed A 5= g
F2: v EolE w9 Hhol 27 oby 4 £ th AUE EolE w9l & "5sn ) syrel
9+ Hlo] E o]l (PyObject * 1AF7F NULL 0] ®), "$A", "sU", "&S", "SR" W nsyn o] AL

2 21U o} (Pyobiect * 91247k NULL o obu] ).

B8 32004 M7 "5 11dn 9k 110 o] ol g A € o] Z7bE gk
WA 3304 WA meLin, "e11in B nazino] Bhe Aol F7be 5t
B 34004 WM 7: mas, TeAT, msUT, "ave, ST, msRv o] B @ L HlS 3 UE Eule) A9 o]
F71 AUt
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. A 23] & 7]19] QA& FH3lvtt= A S A2 st4
PyUnicode_FromFormat ()3 54t}
PyObject *PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. Copy an instance of a Unicode subtype to a new true

Unicode object if necessary. If objis already a true Unicode object (not a subtype), return a new strong reference
to the object.

FUZEL o)) A Y o]9]e] AR+ TypeError & BAA HYITh
PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. Q1T QG H AA| objE FUIE AAZ I Th

L A4 242} (d, u, 1d, i, I, 11d, 11, Ty, zd, zi, zu, i, X)) B 0-HS S 2= AU AZHE Aol AP UL
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bytes,bytearray @ 7|}l Hlo]| ELG F A A=
o

Z= 0] X encoding ) Wt errors 2 A 2] 8k of| B A Bl &
AHgeted g g g Ut € thNuLLe] € 4 93

Lol A9 Qs ol 2t A1 E ke A FUTH (R

Mg &2 W T EE FR A AL).
FFUZE AAE 2T thE B AA| = TypeError 7 ARZE =5 Fh
API= o217} QoW NULL S RE Ut &A= vkl AR 0] Fx S48 FdaA 2 H Yo

9% e,
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. U FZE 2AA]|9] Ao]& F &= QA EZ w3sht}.
WA 3300 =7}
Py _ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

Copy characters from one Unicode object into another. This function performs character conversion when
necessary and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise
returns the number of copied characters.

W 330 =7}

Py_ssize_tPyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py _UCS4 fill_char)
B2 EAE S A3 YTt fill_char& unicode[start:start+length] o] &4t}
fil_chare] £A44 At} £ARTE 3 AL, B4 F ol 4o F27 go@ APk
7159 A 5 WA ol Y Al -1 RESEeRal o ) & A A Y o
WA 330 27}

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. =24 EX&5 HUt) EXYL PyUnicode New () & Z3
WS glolof gUTh HUTLE AL B, BAAL FHAAY ok A 514 ool
).

o F4 unicode 7t FUTE AA A, A 27k WA E Hol A, AR 7 FAHA 547 &

QA (F, B2 A57H1AA) FAF .
H A 330 271

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Fart of the Stable ABI since version 3.7. Read a character from a string. This function checks that unicode
is a Unicode object and the index is not out of bounds, in contrast to PyUnicode READ_CHAR (), which
performs no error checking.

B A 3.30] F7}.
PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)

Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of unicode, from
character index start (included) to character index end (excluded). Negative indices are not supported.

WA 3.30] F7}.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

FPart of the Stable ABI since version 3.7. Copy the string unicode into a UCS4 buffer, including a null character,
if copy_null is set. Returns NULL and sets an exception on error (in particular, a SystemError if buflen is
smaller than the length of unicode). buffer is returned on success.

W 330 =7}

Py _UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the Stable ABI since version 3.7. Copy the string unicode into a new UCS4 buffer that is allocated using
PyMem _Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always
has an extra null code point appended.

B A 3.30] F7}.
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| X|El Py_UNICODE API

WA 33004 A5 G Uch A 312004 A AT

o] API §4-5-2 PEP 393 @0 ]3] 11 415] 914U th. Shol # 3.x0l A A AS A 947) W) 2], 23 R E L
A% A AR 5 AW, o] Al T Ao Qs A5 vl me] BAIF S 4+ e 2148 of g o)

PyObject *PyUnicode_FromUnicode (const Py_ UNICODE *u, Py_ssize_t size)
Return value: New reference. 5] 21 3.7] (size) ©] Py_UNICODE ¥ ¥ yol| A U Z = 2 A& 25t}
u=NULLY 5= 9o, o] d ufj = 8o] Fo= A gsUth B8 3stH olHE
2919l ch W5 7 A AR o) E Ak U o,
W3 7hNons o okl B, WhE ke B4 AA Y 4 itk mebd, A SURE A $42
7FNULL @ wf 7F 5 &g Y T}
B ¥ 7} NULL©) ¥, PyUnicode KIND () 9} 2 AA A | 22 E ALL3L7]) o E21E W&o X
YA W PyUnicode READY ()& ZZ&38loF g th
HA 334 HAAFHAFUY, HA 31204 A AF Utk oA 28 d FUIZE API
9 94X Yttt PyUnicode FromKindAndData (), PyUnicode_FromWideChar () E+x
PyUnicode_New () S AH&3}o] mlo] 18 o] A A Al 2.

Py_UNICODE *PyUnicode_AsUnicode (PyObject *unicode)

Return a read-only pointer to the Unicode object’ s internal Py_ UNICODE buffer, or NULL on error. This will
create the Py UNICODE* representation of the object if it is not yet available. The buffer is always terminated
with an extra null code point. Note that the resulting Py UNICODE string may also contain embedded null
code points, which would cause the string to be truncated when used in most C functions.

W7 330041 S AE) AU Th WA 302014 A AT T o) 1 2Bk U 7= APLY] AR Tk
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () =+ FA}SH
Al APIE AH&-3Fo] mho] e o] d SHA Al 2.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py UNTICODE () 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.

B A 3.30] 7}

W 33004 A5 Q%I W 312604 A AT Utk o] A ek U 7= APLY] ARSI o,
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () == S AFSH
Al APLE A&5Fo] who] el o] 4 341 Al 2

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABL. S| 2| E Py _UNICODE 39| 37|18 I = T 2 93T (M E2 A o] E S
2ek9] = O,
WA 33004 F A H A5 UTh WA 302004 Al AF Utk o] d 28D FUIE= APIS] AR YT
PyUnicode_GET_LENGTH () S A+&-3}o] ufo] 1 o] A 3FA] A L.

A 2AYL AT G E AFEEF] 2 AA A 2 HA2EE UIY T JF YT

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. 9+= 2 o] = 2} VxWorks 2] UTF-8 o] L}
2 2AZ2Y dA 2EAL JAIZPFY 2AES UG U A A= oy A 7]&= "strict”
9} "surrogateescape" (PEP 383) Ut} Ul T = errors7FNULLO| ¥ "strict" ol & A&7 &
ABTUL e d FA2 BrhobshA W d AL F T 5 gk
Py FileSystemDefaultEncoding(3}o]® A2t A] 912 2 AU Q1T ) ol A &AL
W PyUnicode DecodeFSDefaultAndSize ()5 AFRSHIAl L.

o

EELE
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This function ignores the Python UTF-8 Mode.
o B

Py_DecodeLocale () &4

B A 3.30] &7}

W 3704 |7A: o] = o)A FER o] = A9 8l surrogateescape ol 2] A 2] 7] o] A
EAY AdFYE ALYt} o] A=, Py_DecodelLocale () ©] surrogateescape ol AH2-H
A3, AA ZAY AFFL stricto] AFRE AF YT

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

Return value: ~ New reference. Part of the Stable ABI since version 3.7. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

WA 3300 7}

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stdble ABI since version 3.7. FUIZE AR E t= 2 o]E 2}
VxWorks ol Al UTF-8 2 A Z QJ3 AU, T2 SR Z A AR 2AL JdFZF o2 AF 3} A Y
HE=o 3 A8 7= "strict "2} "surrogateescape" (PEP 383) ] Y t}. ¢ I = errors 7} NULL
ol "strlct" o g A g] 7] & AHg Ut bytes AAE W3t unicode= W3 @ FA-E
xsre 4 g5y

EAd e Py_FileSystemDefaultEncoding(E}O]éﬂ AlZFAl g2 2AD FY) o E A 7Y}
2 ¥ PyUnicode EncodeFSDefault () S A3 Al L.

This function ignores the Python UTF-8 Mode.
© B7]:

Py_EncodeLocale () &4

W 330 F7}

WA 3704 HA: o] T4 oA AdEZo]EE A 93}l surrogateescape o2 A ] 7] o A
ZAG AFZGE AR} o] A= Py EncodeLocale () ©] surrogateescape o A5 ¢}
3,88 2A D AFYL strictdl AFRE ALY TH

ot AlAE QI

a1l
on

gd o] 57 Vet A BAE S AF I3 t]ZHE S W, Py_FileSystemDefaultEncoding < <
IO E A3}, Py FlleSystemDefaultEncodeErrors 2 o &] X 87| & AF-&f ofF g o} (PEP
3833} PEP 529). Q1A & -1‘?:/5' Zol Y o] 5= bytesE AT YH M, "os" WS E AHE T
PyUnicode_FSConverter ()& A& 42 XJDLOH of gtk

int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the Stable ABI. ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface - to bytes using PyUnicode_EncodeFSDefault ();bytes objects are output
as-is. result must be a PyBytesObject* which must be released when it is no longer used.

B A 3.10] F7}.

WA 36004 A 427 A4 & dols P
A% 3% BA 5 HY G EE errw dmdseAR o WAAE A8 HT
PyUnicode_FSDecoder ()5 W3 42 Ads]oF gt
int PyUnicode_FSDecoder (PyObject *obj, void *result)

Fart of the Stable ABI. ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface — to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be a PyUnicodeObject* which must be released when it is no
longer used.

B A 3.20] &7}
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WA 3604 WA Ares A2 volS et

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize t size)

Return value: New reference. Part of the Stable ABI. Decode a string from the filesystem encoding and error
handler.

Py_FileSystemDefaultEncoding o] AAE X ko 2Ad elmydog Zmshr}
[e]

Py_FileSystemDefaultEncoding 2 A2 Al Z2A A AdIFZPGANA 27351 Yy
59 £4% ¢ 9sdth @A =AY AnFAH AL dA Ik
PyUnicode_DecodeLocaleAndSize ()5 AF&3HI Al L

¢ B7]:

Py_DecodeLocale () &<

WA 3.6004 WH7: Py_FileSystemDefaultEncodeErrors o|# A& 7] & AFR-g Yt}

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Return value: New reference. Part of the Stable ABI. Decode a null-terminated string from the filesystem
encoding and error handler.

,

Py_FileSystemDefaultEncoding ¢] AAE A oy, 2A|d A7 o Z Zlshc}
ALY ZolE ¢ QoW PyUnicode DecodeFSDefaultAndSize ()& AFE3IY Al 2.

WA 3604 HA: Py_FileSystemDefaultEncodeErrors o & & 87| & A&t

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. Py_FileSystemDefaultEncodeErrors °f &
X 71 & AFRSte] FUTZE AR E py_FileSystemDefaultEncoding® Q1 F W3}, bytes
S WUt 2% bytes AA o= d vio|EVFEEE 5 Yol YA L

Py _FileSystemDefaultEncoding o] AR X ko 2A|d 7oz Zgr},

Py_FileSystemDefaultEncoding 2 A|ZA] Z2A Y AT HAA 273 EH ] Y=o AT 4+
FEULH A 2AL AdFHEoE EXFE AT P oF 51, PyUnicode EncodeLocale ()<
8N 2

o ®B7):
Py_EncodeLocale () &4 .
B A 3.20 =7}

B A 3.600A HA: Py_FileSystemDefaultEncodeErrors o2 A8 7] & A&y}

wchar_t xX|&

A Q3= Z W Z o] Y3t wechar t A Y

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)

Return value: New reference. Part of the Stable ABL. Create a Unicode object from the wchar_t buffer
wstr of the given size. Passing —1 as the size indicates that the function must itself compute the length, using
wcslen (). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)

Part of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size
wchar_t characters are copied (excluding a possibly trailing null termination character). Return the number
of wchar_t characters copied or —1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_ t * string may or may not be null-terminated. Itis the responsibility of the caller
to make sure that the wchar_t* string is null-terminated in case this is required by the application. Also,
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note that the wchar_t* string might contain null characters, which would cause the string to be truncated
when used with most C functions.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

Part of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output
string always ends with a null character. If size is not NULL, write the number of wide characters (excluding
the trailing null termination character) into *size. Note that the resulting wchar_t string might contain null
characters, which would cause the string to be truncated when used with most C functions. If size is NULL and
the wchar_t* string contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem New (use PyMem Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

B A 3.20 F7}.

WA 379 A ¥ 7: Raises a ValueError if sizeis NULL and the wchar_t * string contains null charac-

ters.
LHZ 3|
golHE £ 5 f3 CE A4d g Zd A= APt oyt IdE2 2 F o3 -2
ol A AHEE  dsUTh
Th5 API] tf B-2-2 7 7§ 2] Q1 A} encoding 3 errors & # 3tH, W str () 2 AFE AA A=A AE34
2 om gyt
encodingS NULLZ A A3HE 7]|E A7 UTF8°] AFLF Uttt Y A" &2 3
d ol dFZ Y PyUnicode_ FSConverter () 2 Ao gl olAL YRR WS
Py_FileSystemDefaultEncoding & AFESHUTE o] g Q7] A8 o2 A ElH ook guych 7
Alglell A= A EAF Dol o gk 28 7= AL, v /\]/\E“"ﬂ/ﬂ% AP Ao HAF YT (71 &
= 2 13 o] setlocale 2 T =T uf]).
o # A el=errors® A H =], Zdlof el o H 7|2 A2 & AL TS HS=NULLE AFE T

Jdsyth BE Y Zdof g3t 7| & o 7] A 2= “strict” YU T} (ValueError 7} @A U th.

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

ol
=

e

3

i

2o gu T APIY Uk
PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
encoded string str. encoding and errors have the same meaning as the parameters of the same name in the

str () built-in function. The codec to be used is looked up using the Python codec registry. Return NULL if
an exception was raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABL. U Z = AAE A F7 Y33 23S g}o] A bytes
AR Z 9FES U T encoding 3} errors= U I E encode () WA ES L2 o] &9 nj/) W4
22 o duth AHSE I9 L2 gtojH Y HAANEGE AMR-SFe] 23] F Ut ZE A o 9] 7}
A8 NULL = RESHEU T
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UTF-8 24

£ © UTF-8 Zd APIY Yt}

PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
UTF-8 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return  value: New reference. Part of the Stable ABL consumed 7} NULL ©]
PyUnicode_DecodeUTF8 ()X H S 2+ttt consumed 7} NULL©] o}y, &3 &
UTE-§ u}o] & A A2t o 2] 2 2215 A @5yt o2 gt ulo] e 295 2] ghon T

H} o) E 4= consumed©l| A AE U th.

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

Hifﬁ

Return value: New reference. Part of the Stable ABL. UTF-8& Al-&-3lo] FUIZE AA S A7 Q3L
A5 sho] & bytes AA 2 W Th o 8 A g & “strict” YU th FE oA o 2] 7} A 3

NULLS ¥HShghy o}

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

Part of the Stable ABI since version 3.10. +UZE A A 2] UTF-8 ¢l Z Yo thst Lol g & wtsls},
AIYH FH F7| & (BFo] E B9 2) sizeol] A F Tt size A A= NULL Y = A5 UTh o] A%
N7 ARE A sy iEE W ol s e g I E ZJAETL A o #AQlel, I F7

d Hlo| B 7} 2718 Uttt (sizeol] 35 A s Th.
o217} WA 51, NULL o] o 9] A3 FA MBS T size 7} A A A 2T,

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated
and pointers to it become invalid when the Unicode object is garbage collected.

B A 3.30] F7}.
WA 374 HA: vk & o] A| char * 7} oFY 2} const char * gt}
W A 3.109)| A ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize ()2} ZAw, 27|18 AZF3HA] k5 U th

HZ 330 F7%L
WA 3704 HA: w33 L o)A char *7} oFY2}const char * Yy}

UTF-32 34

th-S2 UTF-32 29 API¢] Yt}

PyObject *PyUnicode_DecodeUTF 32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABL. UTF-32 2 A7 QP ¥ ¥ ¥ B} Lo A size B} O] ES
gqagsti s d FUZE AAE v T errors(NULL o] ofU W) += ol 2] A2l & Z o rh
7] 8 2 “strict” YT}

byteorder 7} NULL ©] o}U ™, T = X A E vlo] E <A & AL23lo] T TS A] =3 o)

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder7}00]_1_, 22 g o] B9 AL 4nlo]E 7} Hlol|E 44 EA|(BOM) o] 9, t] 257} o]
H]'o] /"1; ?:_]’QT_BOM JJ’-rrq_J__ —Lr‘X]-Oﬂoﬂ 5'—)\]—?.4 X] 0]—’“141;]. *byteorder7]— -1
ojif 1019, BE ulo] E A B A7} o] EARE YT
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e T #hyteorder= ) W o] E] Y] Zo| A AA vlolE A2 AA Y YT
byteorder 7} NULL o] ™, 92 o] E] B <=4 BT 2 Al &3t o).
Yo A o £ 7} LAY 5 NULLS RESHU o)

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed )

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©| W,
PyUnicode_DecodeUTF32 () 8 % 2+ g \4 c}. consumed 7} NULL ©] of 4 9,
PyUnicode_DecodeUTF32Stateful () & =3 E944d UTF-32 vlo]lE A|FA(7FE 42 Y
ol ol A A 9 vol £ 4)E o2l 2 A2 8A Sk o2l @ o= YA o]

UFIYE HlolE &= cansumedOﬂ AU

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. W] ©] E] H v}o| E <A 2 UTF-32 91 7 9 -& AF&-3}o]
so) # uho] = 2 A-e1-S WEF T EA2L 4k BOM ok Al 2Hgh ok of 2 A2l & “strict”
QU Tk ol A o] 2] 7} 2 SHE NULLE Whe U o,

UTF-16 24|

& UTF-16 29 APIQ Ut}

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABL. UTF-16 2. 2 ¢l F R B 3 E2} g ol A] size H}o| ES
Hagety g fums A7 EHUTh erosULLO] oh ¥ o2 A2l o Fu e
7)1 8 2k “strict” 9 U t}.

byteorder 7} NULL o] o}U®, T Ll = 2] A H H}o) E A& AFR 1) U9 S A &3t}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder7F00] 11, ¢ H] o] B &] X3 2ufo] E7} Hlo] E A %A (BOM) o] ©, T T T = o]
Hlo] & 4*13 A%k 31 BOM2 23} U= B2 ol A A] ekss U th *byteorder7h -1
ojuf 1ol BE Hlo] E A A7 E ol BARE YT \ufeff U \ufffe #A7F HU .

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULL o] ™, T 92 o] E] B &4 BT 2 Al &3t ),
Feo A of &) 7} ¥ 3 E NULL S WU o

PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return value: ~ New reference. Part of the Stable ABL consumed 7} NULL ©] ¥,
PyUnicode_DecodeUTF16 () B % & 3 4 1:}. consumed 7} NULL ©] o} 4 H,
PyUnicode_DecodeUTFl6Stateful () & &3 £ UTF-16 vlo]E A2 (7 &4

Hlo| E U 2 A Z A 0] E AN E ol & A g stA] 5T o]yt ule| E= YA YE A oy
t]Z Y H nlo] E == consumed o] A 7H YTt

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. W] ©] E] H v}o]| E <=4 2 UTF-16 91 7 9 -& AF&-3} o]
vbo] vlol E FALE & vtk £AE 2 &/ BOM npa 2 Al 23y th. o 4 ] 8+ “strict”
QT 3180 A] o] 91 7} WA 5PA NULL-S HHEEHI o,
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UTF-7 3

22 UTF-7 Zd9 APIY Ut}:
PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
UTF-7 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)

Return  value: New reference. Part of the Stable ABL consumed 7} NULL ©] 4,
PyUnicode_DecodeUTF7 () A8 T2 Ut} consumed 7} NULL©o] ofU W, 53] B A3
UTF-7 base-64 A4 ol ] 2 A 2] ) b1tk ol el et ulo| =t Ha g A ghov tng e

H} o) E 4= consumed©l| A AE U th.

FLIZE O|aFH0|l=Z T H

&L “fYFE o] A A o] i (Unicode Escape)” ZE APIY Y T}:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. f-U I & o] A A o] Z & AR5t FUZE AA =
A3 J 5t A4S bytes A =2 Wk T ol 2] A 2= “strict” YU T ZE o) A of| 9] 7} A S H
NULL-S WH&gh o}

Al FLIZE o|]AaFO|= 2 H

22 “YUA Y FE= o]~ A o] = (Raw Unicode Escape)” 2 APIY Yt}

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. YA] FUZE oA o] E A5t FUFE
AAE AFJ3ta AIE bytes A= 9 T} of| ] A 2] “strict” YU tF. Z ol A o 2] 7}
kA alH NULL-S Wk o)

Latin-1 32 =l

-2 Latin-1 28 APTQIU T} Latin-1-& 38 256719 §UZE A 5ol 8l 2ate] A% Fo Lo A4
ol gt 3839 Tk
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
Latin-1 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL Latin-12 A}-&3to] U ZE AAE AFZ PG5t

AIE s}o] A bytes A 2 WEEHHU T ofl 8] X 2]+= “strict” Y T}, T d]of| A o ©] 7} WA &} NULL
£ v,
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ASCIl Z 5|

s

=< ASCIL Z 9 APIY Yt 7H| E ASCIL H | B & 5] & F Ut} th& BE ZEE o2& I
PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
ASCII encoded string str. Return NULL if an exception was raised by the codec.
PyObject ¥PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCIIE Al-§-3lo] fUZE A A
A5 shol 4 bytes AA &2 vE&AG YT o g A gl “strict” YUt 2
NULL-g RHHRy o

Ho

UL

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.

Th-2 v 78 APIS) U th:
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the
encoded string st using the given mapping object. Return NULL if an exception was raised by the codec.

mapping ©] NULL ©| ¥, Latin-1 t] 2 o] A&H YUttt 1= k0 W mapping2 vlo] E A4 (0 A
255 Akol9) A4 E FUTE 24D, A5 (HUTE A5 2 348 UTh E None 0 2 v 3] of
gk o= A k-2 vl o] B Hlo] E (None, OxFFFE B '\ufffe’ 2 Wl W= & ARk ol ),
LookupError & §8H: 2) 2 4954 ¢ v o2 )5l of o 2l T A Tk

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABL. =] 2l mapping A A& At-&3to] FUTZE 24 &
Q1T 3k A} bytes 2 A = WEHFITh ol e A 2] “strict” AUk ol A o] ) 7 2y sl
NULL S WHehghy ot
mapping A= FUIZE A5 F S bytes A4, 00 4 255 Abo]&] 4+ BE& None & 2 wfj 53 5fl of
Ut Noneol vj3 = = 2T o 2} vl B H 2] 922 F A A4 (LookupError & 33 2)
£ g9 A e v P” 02 Aelsof o b Ay FLch

S FUAPIE SUIZE SUF =2 ] Fstrls oA EH o)

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL. X} v J g o] & A &3}o] EXES HES
23 fURE AAS gk DA o ¢ /b HAg S NULLS g o
W Ho B SUIE AS 442 FURE AL A5 None(EAF AAH £ 2 g th of
ol 34 3 of L o).
Mapping tables need only provide the ___getitem__ () interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors= Elo] A o] AukAQ ol u] U 7B o E A2l & AL TS YL LY § A%

e,
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=2 8 MBCS A4

thS-© MBCS 316 APIY U Th A A A% 0] A5 AL T 4 9.0 1 Win32 MBCS ¥ #7] 8 AHg 5}o]
WE-S PR Th MBCS(E & DBCS) & B shibvh obet 1 sig Sef Qo fo)sha Al L. oy
Aug e mee Aot 7| A9 AHgA 2] o3 o F ek

PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object by
decoding size bytes of the MBCS encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_f 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 ()" Z Ay consumed 7} NULL ©] o}y W,
PyUnicode_DecodeMBCSStateful () 2 X3 A “(lead) HOlEE UIYIIA ¢ tymzdd
H}o) E 47} consumed©l] A A5 Ut}

PyObject ¥PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & A}-&-3}o /-4
F= AAE AR D3 A5 Tho] # bytes AA| 2 9hE-FFU T o 8] A 2] “strict” YU th 2
o 4] ol 9] 7} A 31 NULL-& BF3Hehu o

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the Unicode object
using the specified code page and return a Python bytes object. Return NULL if an exception was raised by
the codec. Use CP_ACP code page to get the MBCS encoder.

WA 330 27}

HAMESR} =R B

The APLE 19e] $URE ARSl EALL (APel A EALol T AL UTh Aele 4 9o

HAsHA FUZE AA Y BE o

9] 7} 4P S B NULL o] U 12 whEkgh o,

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value New reference. Part of the Stable ABL. & XL & o]oj &4 st} A2 FUZE
EA4dg A F T ok

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABL. X4 -& £383lo] fUZ=E EA}
2 TE. sepo] NULLO| W, 2= g B Eapodo] 4 Balo] s H Ut) 184 9o, Fol
F-E 2o A Bgto] Aol d ) F o maxsplit 2&o] 3 F Ut S04, A|gto] AA=E A &
Utk TEAE A3} e 2o 235 4] ek

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

=
=

ne

ACH

[»

I

oy (N 2

Return value: New reference. Part of the Stable ABI. Split a Unicode string at line breaks, returning a list of
Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break characters are not
included in the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABL. 3= 2 separatorE A-&35to] BEA1G Al AAE A2
ot A - UIE FAE S vk

Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)
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Part of the Stable ABIL Return 1 if substr matches unicode [start:end] at the given tail end (direction
== -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return —1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

Fart of the Stable ABI. Return the first position of substrin unicode [start : end] using the given direction
(direction == 1 means to do a forward search, direction == —1 a backward search). The return value is the index
of the first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred
and an exception has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int
direction)

Part of the Stable ABI since version 3.7.  Return the first position of the character ch in
unicode [start:end] using the given direction (direction == 1 means to do a forward search, direction
== —1 a backward search). The return value is the index of the first match; a value of —1 indicates that no
match was found, and -2 indicates that an error occurred and an exception has been set.

B A 3.39] %—7}.
W A 3.79| A ¥ 7 : start and end are now adjusted to behave like unicode [start :end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)

Part of the Stable ABL Return the number of non-overlapping occurrences of substr in
unicode [start:end]. Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t
maxcount)

Return value: New reference. Part of the Stable ABL. Replace at most maxcount occurrences of substr in
unicode with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the Stable ABL. + Z2t4 5 Al skl 2h2F 24, 2, Fofl thefl -1, 0, 15 Wyt
ol e A Al -1 & WEetn g, o2& &7 H8) pyErr Occurred()E &M oF &
Uk,

int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Part of the Stable ABI. Compare a Unicode object, unicode, with string and return -1, 0, 1 for less than,
equal, and greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets
the input string as ISO-8859-1 if it contains non-ASCII characters.

o] Tt o9 & WA 71 A kU
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABL. 5+ U 2= £ x9S +5 3} 4] 3 (rich comparison)
1 e % e BEE
o of| Q] 7} EAY S NULL
e Py Trueor Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)

Return value: New reference. Part of the Stable ABL. formatT} argsol| A A EX1<E AR E wirdshyo},
o] AL format % argse}-FAFEUTH

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

Part of the Stable ABI. Check whether substr is contained in unicode and return true or false accordingly.

substr has to coerce to a one element Unicode string. —1 is returned if there was an error.
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void PyUnicode_InternInPlace (PyObject **p_unicode)
Fart of the Stable ABI. Intern the argument *p_unicode in place. The argument must be the address of
a pointer variable pointing to a Python Unicode string object. If there is an existing interned string that is
the same as *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and
creating a new strong reference to the interned string object), otherwise it leaves *p_unicode alone and
interns it (creating a new strong reference). (Clarification: even though there is a lot of talk about references,
think of this function as reference-neutral; you own the object after the call if and only if you owned it before
the call.)

PyObject *PyUnicode_InternFromString (const char *str)

Return value: ~ New reference. Part of the Stable ABIL PyUnicode_FromString ()3
PyUnicode_InternInPlace ()9 %3, Q" (intern) & A F+UZE=E EXdE AA Y, &2
Zhe 712 ol dol 1€ B EAG Aol e Al (“afH) FEE A

834 FE A

type PyTupleObject
o Pyobjecte] AH W wholW FE AR E VeI
PyTypeObject PyTuple_Type
Part of the Stable ABL ©] PyTypeObject A 2B A= glo]H B2 33 YebWU T Iho] A A=9
tuplez} 2 A ik
int PyTuple_Check (PyObject *p)
pARE AR AN RE B N P AAEAY FE EF UL o] 4 B4 AU
int PyTuple_CheckExact (PyObject *p)
p7hRE AAOIA T, £ E P A2 Fo] dabAL oUW Fe EAFUT o BoE A
AEFuTh
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 7] len 91 FZ A A}, A3 A NULLE WU o).
PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Return value: New reference. Part of the Stable ABL. 27| n Q1 A & A A, A v Al NULL-E HF3HsH
YT FE b2 ko8 AAE 7el 7 T4 7] C AA1% 2788 ok yTuple_pack (2,
a, b)EPy_Buildvalue (" (00)", a, b)) S53ych
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL. 73& A o] th 3t LA B} & WobA, | F FZo 2715 whgHrh
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
52 pe] 278 VBFU T o] 271 NULLo] ol FEL 7k Aok Ttk oe] AAlE 53
A k5Uh
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABIL Return the object at position pos in the tuple pointed
to by p. If pos is negative or out of bounds, return NULL and set an IndexError exception.
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyTuple_Get Item ()&} B]E 1A 9, AA}E &H2l51A] ob5 Ut
PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL p7} 7}8] 7] = BZ 9 low} high Alo] 2] £gfo| A E

WEhet AU, A ehd NULL S WU o o] A2 3tol M 8 A pllow:high] & 55 YT
Z2E ZogRE QY2 AU A k5T
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int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject ¥0)

Part of the Stable ABL p7} 7}ﬂ 7= 529 pos Y A of] AA oo 3 FZE A3k AF3HH 0
< 9 T pos7t R E Bl oj U, 18 WEESlal IndexError 01131 g 43384t}

T ool e F2E “FAIL” F= T AAANA F=oll olv] A= FHFol thet

o]
€ ¥ ¥ Y th(discard).

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple_SetItem ()3 H]SdA T o8] AAL= 31X Fom 28 EZ8 X)L uff * o+ X235

oF gtk

ZF3:  This function “steals” a reference to o, and, unlike PyTuple_SetItem(), does not discard a
reference to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
52 3715 2ASE Y AR T 5 A5 UL newsize= FEZ2 |22 dol7t Ut &
gt o AR B R, AA °ﬂ el 27 stk 9l S Wi ek ARgsl o Ut & ol 2= o
ojw] & F o™ o] Ag AHE3HA] WHAH Al L %% B BN AA AL ZolF YT ©]
Fv%%ﬂrﬂﬁ}ﬂ*ﬁ%“é HE= ﬂOE AL, A o 84 d B
02 what Ut SEtoldE I=+F, *pY ﬁ%k] ol 5 T =Tt At 2ok b
GdHUS *prt Fxehe 7“2117}3}15’1‘11 A *p= J%JJE“%E} A etd, 18 WHEet

NULLE A 1 435}1, MemoryError W} SystemErrorE WA A 7 Yt}

o fo M (&

ox, X rfil rlo
by oy Mo 4 e

]-\‘o?:’_,
*
Lo

So
e rfr rE 2 o

8.3.5 XA AIRA ZHA|

2= (struct sequence) 2 A= namedtuple () 2142
T AE AT, P A AR B

=

F2A Al
ol AA
o,
PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABIL. o}#ofl A H desc®] Ho|H 2 2L FZ2A] Al A
2L U5yt 23 9] AdAEAE PyStructSequence_New () E e 4 95U Th

F_EL A

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc® F2A) A D2 Y iyped AR o) A 271813 k.

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitType®} Z X% A&35H 02, Aujstd -1 ¥H3-shy .
WA 340 F7}

type PyStructSequence_Desc
Part of the Stable ABI (including all members). T+5 22| A| A o] wlgf A E 3 th
const char *name

Name of the struct sequence type.

const char *doc

Pointer to docstring for the type or NULL to omit.
PyStructSequence_Field *£ields

Pointer to NULL-terminated array with field names of the new type.
intn_in_sequence

Number of fields visible to the Python side (if used as tuple).
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type PyStructSequence_Field

Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyOb ject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.

const char *name

Name for the field or NULL to end the list of named fields, set to
PyStructSequence_UnnamedField to leave unnamed.

const char *doe

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField
Part of the Stable ABI since version 3.11. o] & Y= AENZ AT Y3 = o] 59 E4 3k

WA 3.9004 MA: Fo] char *olA A A5 U
PyObject *PyStruct Sequence_New (PyTypeObject *type)

i)

Return value: New reference. Part of the Stable ABl. PySt ructSequence_NewType () 2. & THE type
o AAEAE BT,

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL. p7} 7}8] 7] &= FZ A Al A 29 9 X] posol] Y=
2312 e F Uk 99 247 S A e,

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem () SS53 |3 2.

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL. XA A A2 po Qe X posoll Q= T=E o2 AATYTH
PyTuple SET_ITEM()Z utA7FAZ, o] AL M 2L A2HAE 2] & wfj vk AFg-af of e Tt

113

i o] ool e Fx

it

R

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), butimplemented as a static inlined function.

s o] g

rr
(e

=2
=

FHEE AL

8.3.6 Z|AE ZHA|

type PyListObject
o Pyobjecto) B Be 5ol 2| AE AA S VeI,
PyTypeObject PyList_Type
Part of the Stable ABL. ©] PyTypeObject AA2EAE ulo]A | A E &S YERY YT o] AL glo]A
AZe list ot 2 A At
int PyList_Check (PyObject *p)
p7tE|2E AR 2| AE P A B F AAHAE 35 WS o] e I AT oh
int PyList_CheckExact (PyObject *p)
p7h R 2E AR o) AW HAE o] A e} AaBAs} ol B MU o] e T4

43 e
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PyObject *PyList_New (Py_ssize_tlen)

Return value: New reference. Part of the Stable ABL. 3 35}A Z o] len 21 A 8| A~EE, A95d NULL
2 vk

F3: leno] 0 Th AW, WEH 228 A FELwLLE AFH UL GolH BE FEL
PyList_setTItem ()& QA AAZ A7) Aol Pysequence _setTitem ()2t 22 F74 API
S E AR ALY glolH FEo] AAE 2T 5 JS5UTH

Py_ssize_tPyList_Size (PyObject *list)
Part of the Stable ABL listol| A 2] 2~ E A A 9] 4 o] & Wit o] & 2|2 E AA|of thgl len (1ist)
9} TS FYT
Py_ssize_tPyList_GET_SIZE (PyObject *list)
Similar to PyList_Size (), but without error checking.
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL list7} 712 7] &= 2] 2 E 9| A] index $ X| 2] AA =
WS T 517 £47) opfolof gtk el el Bl AREle) AdAe AH A e,
index7}F H S ¥l o] (<0 == >=len(list)), NULLS W85} 17 IndexError o9 & A A st}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize t1)
Return value: Borrowed reference. Similar to PyList_GetItem (), but without error checking.
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. 8] ~E 9] A E X indexo] Q= FEE item o2 AAF YT A&3std 0=
vkslshu o} index 7F HY E Hl o L]- H, -1& H]—ﬂ‘o‘}_ﬂ IndexError o9& A Ak

< itemol] h F2E “FA A" FFS L= AR g2E0f ojn] = Tl th

void PyList_SET_ITEM (PyObject *list, Py_ssize_t1i, PyObject *0)
o] At gl PyList_sSetTtem()o] AR 4. dWH o= o] H&o] gle M BES

A= o AHE Yt

l

ist_SetItem ()= &g tAH = &

ZFar: o] Wl 2= itemol] T+ & yList_
Q FzEFFE oY

A REe oA etk i o 1915

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. &% item2 B 2~ E [ist2] QA& X jndex 2ol] A st} A-234H 02 vy
o} st -1 ‘ﬂ—:’?}‘G]-_T’_ o 2] & H ATt} 1ist.insert (index, item) o ] Zg]ch

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 2] 2~ E [ist9] ol AA item< 7Vt AF3HE 02 whash o},
-1 WhAstal ol 9] & AF P Th list.append (item) of s 33 th.

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stdble ABL listol| A low 2} high AFol o &= AR ELS £33}
g A2EE uiddhych A3 NULLS ¥ o 9] & A A Yt} 1ist [low:high] ol 3f
U Bl aE B AREY Ad4L A5 A Uk

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL low %} high AFo]9] listE Btol A& itemlist®] W&o 2 A g}
list[low:high] = itemlisto] sl gt} itemlist= NULL & & =4, ¥l gl2E9 U9
< UEri Yt (E8kol & AHA). JF38tdE 08, Adstd -1 ‘?}%‘rﬂ‘/] ot EAE ZAREY
Qe A 9% ) gl

mz
£
ok
rg

oﬁ, rlr
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int PyList_Sort (PyObject *list)
Part of the Stable ABL list 22 A ztg] ol A AUt AF5H 0L, Aofstd -1S w33
o]AL list.sort () & FS5TYrth.

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list2] 353 A ALe] oA HAA-ASFUT A-25td 0L, Aol -1 vHagy
o} o] AL list.reverse () & TS5t}

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL [ist2] W82 F331= A 52 A E visg o)

tuple (list) 2} 55U ch

8.4 ZEH|0|Lq ZHA|

8.4.1 SIALia| 24|

type PyDictObject
o] Pyobiecte] B B shold G U2 AAE Lebdu o
PyTypeObject PyDict_Type
Part of the Stable ABL. ©] PyTypeObject Q1B A= gtold AV E ¥ YeEbd Yt} o] AL
o] A5 dict & 22 AA P th
int PyDict_Check (PyObject *p)
p7hdict AR o1 ALk dict B] A1 Hel AAE AR FL MBI o Gt 4 AFH
int PyDict_CheckExact (PyObject *p)
p7hdict AR o] AT, dict He) A B el AAEAE ohE A2 MBI L o] Bt G AT
3o,
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. M| 28 Wl 9485 ¥Ha3l A, Ao dd NULL
= RESHghU T}
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. ¢17] A& 5 2}
MappingProxyType 2 Xﬂ Eukstshy ) o] AL gz o
SR2 A% Ao HE WL o SR
void PyDict_Clear (PyObject *p)
Part of the Stable ABL. 7] & 94189 & 7]-3F A< 8|2 th

int PyDict_Contains (PyObject *p, PyObject ¥key)

Part of the Stable ABL &A1 2] poll key 7} 3 9 of S1=A] 391 ek po] ) keys)h LA 3
12 whekelan, 134 oW 02 W T o @ W 12 ME U Th o] & vhol W EAA key

in po 55 UTh

PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL. pQ} -2 7]-ZF &2 X 35t= A A E g
ok

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL B A1 2] poll val& key 71 2 4+ B T key 3 4] 71581 oF Fih 12 %)
oo TypeError7F HAAS U TH A3sHd 02, A5 -1 913t} o] &&= yalof st
ﬂi  FAA s

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)

Fart of the Stable ABIL This is the same as PyDict_SetItem(),butkeyis specified asa const char*
UTF-8 encoded bytes string, rather than a PyObject*.
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int PyDict_DelItem (PyObject *p, PyObject *key)
Fart of the Stable ABL. Remove the entry in dictionary p with key key. key must be hashable; if it isn’ t,
TypeError is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on
failure.

int PyDict_DelItemString (PyObject *p, const char *key)
Part of the Stable ABIL. This is the same as PyDict_DelItem (), but keyis specified asa const char*
UTEF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

Return value: Borrowed reference. Part of the Stable ABL. G A U €] poll A 7] 7} key 1 21 A & ¥F3HgHu o
key 717} gl of| 9| & A A 5HA] 9231 NULL-S WHSHgH o}

ZF31: Exceptions that occur while this calls __hash___ () and __eq__ () methods are silently ignored.
Prefer the PyDict_GetItemwithError () function instead.

¥ A 3.100]| A] ¥ 7 Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABIL | 2] & A A3} A Qb= pypict_GetItem ()Y
HE JUch oAl &7 2 eHd o &1 5 A3 NULLS RESHU th 7] 7F QLo o 9] & A 514
931 NULLZ ¥HEHe T}

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

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

ZF31: Exceptions that occur while this calls __hash__ () and __eq__ () methods or while creating the
temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError () function
with your own PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] 21> 3}o| % £~ 9] dict.setdefault () &F Z5 Ytk EA43t
W, €41 2] poll Al keyoll 3 FoHE g MU h 7] 7} dictoll .09, 9 defauliobj 2 A} S 1,
defauliohj7} SFRF U T, o] B keys] A A B8 23 8 4H2 919 5 940w B745s oA
Skl 9 7bg U o
WA 340] 27}

PyObject *PyDict_Items (PyObject *p)

Return value: New reference. ~ Part of the Stable ABL. YAl LE & &
PyListObjectE Wr&shUt}.

kel
i
o
rr

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. B 1| 8]8] R E 7| & E£33}+= PyListObjectS
whe g o,

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. 98] p] B & S £35}= PyListObjectS
e

Py_ssize_ tPyDict_Size (PyObject *p)
Part of the Stable ABL. G 2le] Sl &5 & w3 yrh o]+
FegUTH

1

Aol gt len (p) 2}
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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 0 prior to the first call to this function to start the iteration; the function returns true
for each pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue
should either point to PyOb ject * variables that will be filled in with each key and value, respectively, or may
be NULL. Any references returned through them are borrowed. ppos should not be altered during iteration.
Its value represents offsets within the internal dictionary structure, and since the structure is sparse, the offsets
are not consecutive.

o & £

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

gAMUE pe olgdold Fol MAMAE FFUth 9IS olHeolE & S WA=
AL FAsA R, 7] F ol HAE A ke A 2FF U A€ S

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL j33 ZA A b o] E]d o] E 3tHA], 7]-ZF AL 9 g qol] =713t} b
g el AY PyMapping Keys () 9} PyObject_GetItem ()& A Qdt= ZE AA L + UHF
t}. override 7} 3o, adll & 71 ol boll A A8t 7] 7F Ao wAH 1, 1A ¢ oo o9a
Aot 717 glg wll Aol FrHE UTh 43 et 02 Whetar, of & 7F s A - 18 Wk
Yk

int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABI. o] Co| A PyDictherge (a, b, 1) 23, F AR AR} “keys” O] E

HEZL Q& W PyDict_Update () 7} 7]-3k 2] Al 20 W ° Eﬁ ] o] E 517 =Tk AR

El
A28t H, sho] Mol Al a.update (b Q}%A}z}qu} AZed 02 WEkEt L, o 9 7 A A -1
< vk T

11°i' o o

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABL seq22] 7]-7k o2 g aE BASFA Y HEST UL seg2 = 7]-F W02
21531 Aol 29) o B2 & AR S A4 o] e 2] 2 Ao of I Th 52 )7k Y28, override
7} ZFol ¥ wpA|vto] FEletar, 18 A ¢kod A WA rt ST AF Al 02 WAL, o 9] 7}
WS -1 e Th 558 Sho] ML o A5 THE gt Al9)

def PyDict_MergeFromSeqg2 (a, seqg2, override):
for key, value in seqg2:

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

if override or key not in a:

alkey] = value
8.4.2 T |
This section details the public API for set and frozenset objects. Any functional-
ity not listed below 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 (including 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
aPyDictObject in thatitis a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.
PyTypeObject PySet_Type
Part of the Stable ABL. 0] 212 3o A set F-& YEI = PyTypeObject? A2EH AT
PyTypeObject PyFrozenSet_Type
Part of the Stable ABL. ©] A2 3}o] A frozenset §-& YER = PyTypeobjectd A2EH A YT
e @ A EEE BE shol A AX o the EAB M AF Gtk B AR, BHA Tt BE
o E1e ¥ shol 4 AN A ZE T T
int PySet_Check (PyObject *p)
p7tset A B Fo A2 Fg vkt o] = P ATF U
int PyFrozenSet_Check (PyObject *p)
p7t frozenset ARG A B o] A~ AH

fifo
rE
rlt
%
T
v
©
%
+
rlr
o
o
ox
ol
%
T
v

int PyAnySet_Check (PyObject *p)
p7k set AA, frozenset A B A B o] A2EAH FS vkt o] 4 F4 AF
e,

int PySet_CheckExact (PyObject *p)

Return true if p is a set object but not an instance of a subtype. This function always succeeds.
WA 3.109 =7}

int PyAnySet_CheckExact (PyObject *p)
p7tset WA frozenset Aol A vk AH P AabAE ohl W BL AT of Tt
SFAF A F s o}

int PyFrozenSet_CheckExact (PyObject *p)
p7t frozenset AA o] A ¥k A B o] JIAHAE ob U I kUt o] e AT
Ut

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABI. iterable©l] 23] ¥I3tH A& Hol= M 22 set
£ WSy ok lterablet Mz FAs wE7) Y& nunL € 5 A5yt A A s,
A A9 31 NULLS WSSttt iterable o] A A Z2 o] ] & o] o} W TypeErrorE WA A AU T},
ARAE AL BAD U §85 T (c-set (5),

F
u°l‘

_Lt
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PyObject *PyFrozenSet_New (PyObject *iterable)

Return value: New reference. Part of the Stable ABI. iterableol 2]l ¥Igtd AAN S £33 22
frozenset & BFS3U T}, iterable-2 A 22 W frozenset2 W= 7] Y&l NULL € 4 95 Uth A

3t A A3, A9 8 NULLS B3 T iterable o] A A 2 o] E] & & o] of Y& TypeError =,
LIS PN EARE=

set O]t frozenset 2] QAA~E A I

2 Ut

Py_ssize_t PySet_Size (PyObject *anyset)

r[r

a5 AE Fo dadio tisf b ot miazE A

Fart of the Stable ABL. Return the length of a set or frozenset object. Equivalent to len (anyset).
Raises a SystemError if anyset is not a set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
ol g] AAF gl Pyset_size () MlaE P 4.

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABIL. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike the Python
__contains__ () method, this function does not automatically convert unhashable sets into temporary

frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem/() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 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.

4 set oL TALY AH 3O oA AaE Ao = AR 4 YA T frozenset O]L I A H 39
o A8 4 et

int PySet_Discard (PyObject *set, PyObject *key)

Part of the Stable ABIL Return 1 if found and removed, 0 if not found (no action taken), and -1 if an error
is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable.

Unlike the Python discard () method, this function does not automatically convert unhashable sets into
temporary frozensets. Raise SystemError if sef is not an instance of set or its subtype.

Cha
ol

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL. serol] 50 1= dele] AA of vt A Iz E widt
SkaL, setoll A A & Al AU A3 et NULL S RS T A $ol v] o] %EE“‘;,KeyErr rg
WA A YT sero] set o] U I A H 39 ol AEH AT} oW SystemErrorS WA AU oh

int PySet_Clear (PyObject *set)

Part of the Stable ABL. Empty an existing set of all elements. Return O on success. Return —1 and raise
SystemError if sef is not an instance of set or its subtype.

8.5.1 2t ZHH|

shol s 4o BR® @ 712 T4 A5k
type PyFunctionObject

Faoll AHEH = C 7 2A.
PyTypeObject PyFunction_Type

VAL PyTypeobiecte] AAE Aoln shol 4 B4 FE AUk sl 2 Tejv o)A
types.FunctionType o2 =Z&F Ut}

8.5.
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int PyFunction_Check (PyObject *0)
07V &4 AA| (PyFunction Type ¥§) W FHS Wr&3hU ). v 7] ¥4+ NULL o] off o] oF 3.
o) Wt FA BT

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
Return value: New reference. T = AR code2}t ATH A &< A& 933Ut} globals= 4o A
A28 5 9= A W} 9l T A 2ol of o T o,

The function’ s docstring and name are retrieved from the code object. _ module_  is retrieved from
globals. The argument defaults, annotations and closure are set to NULL. ___qualname__is set to the same
value as the code object’ s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

Return value: New reference. As PyFunction_New (), but also allows setting the function object’ s
__qualname___ attribute. qualname should be a unicode object or NULL; if NULL, the _ _qualname_
attribute is set to the same value as the code object’ s co_qualname field.

W7 3300 7%
PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. 3~ 243 op&} A FH I = AAE &3 o}
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. <= AR ope} A&H A d AV 2] & 9H3Hshy o}
PyObject *PyFunction_GetModule (PyObject *op)

Return value: Borrowed reference. Return a borrowed reference to the __module___ attribute of the function
object op. It can be NULL.

This is normally a st ring containing the module name, but can be set to any other object by Python code.
PyObject *PyFunction_GetDefaults (PyObject *op)

Return value: Borrowed reference. 35 A op2] QA A} 71 B 7HS HI3tshU T} o] &= QAFe] EZ o]}
NULLY 4 S Ut
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
4 A o] AR} 723k S AR T T defaulis'= Py_None o] U} F-Z 0] o] o g o,
A5t systemError & LA A 7] 1L -13 WESRHU T}
PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 35 A op 2} ABH S Z A
ARe) FEA 5 92Tk
int PyFunction_SetClosure (PyObject *op, PyObject *closure)
W4 A7 0p2h ATE 22 AL AR closurel= Py_None o] L Al 23] 2] 8ol of o U .

A 95t systemErrorS WA A 7] 12 -1 S WkEshU o}

it

S T o A NULL o] 1} A

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. S+ A A| op2] o] H]| o] A& wtEshyt}. o] 242 7 g Ay g}
NULL & 4 S5 U th

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations )
S A A ope] ol :Hl o]4d & AU annotations-& A 2] 1t Py_None o] o] oF Fu .
A9 sld systemError& WA 7] 1 -1-& HEEFH T
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8.5.2 HA HAME ZHA|

An instance method is a wrapper for a PyCFunct i on and the new way to bind a PyCFunct ion to a class object.
It replaces the former call PyMethod_New (func, NULL, class).

PyTypeObject PyInstanceMethod_Type
o] PyTypeobject Q1AH2E Tto]# JABA WA= B bt shol sl m2 19 o] =
=AUtk

int PyInstanceMethod_Check (PyObject *0)
o7F A2 v AAH FS Wb Uth (PyInstanceMethod Type 3 YU TH. Wi 7] W4
NULL©] oty o] of Uth. o] e F4 A duoh

PyObject *PyInstanceMethod_New (PyObject *func)

rlr

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= im3}t AAH st AA & ¥y o
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2.5 FAAME 9|8l PyInstanceMethod Function () W32 &

.

8.5.3 A E ZHA|

wl A =+ 429 (bound) 4 AR Pt HIA ==
A A= A -2 (unbound) Ml A = (Fef 2 AA| o A4 H Uﬂ/HE)% o+ A
PyTypeObject PyMethod_Type
o] PyTypeObject AR AL FHo] A WA E 5 UEPYUTH o] AL sto]x =2 I of types.
MethodType & =¥ Yt}
int PyMethod_Check (PyObject *0)
o7t A E ARAE FE &gy t) (PyMethod Type @ JUTh. 7] M= NULL o] ofy] o] of
Tk of Bt I B
PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M| 28 WA= AAE &5} funcb ¢ -4 o Z¢E AA o, self
s HAE7tdde o]k & AR d YU funce MAE7I ZEE o 352 AU self=
NULL©] ofy o oF g},
PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth W] ] =9} A AH g AR E ¥i3kshy o}
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2% A S 1|8} PyMethod Function ()9 322 v A.
PyObject *PyMethod_Self (PyObject *meth)

Return value: Borrowed reference. meth | ] =2} AAH A2EHAE W

pul

rlt

it

B3t
PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 25 A S 33t PyMethod_Self ()9 W3 ZE B A.

[oo]
[$)]
o
N
I

153



The Python/C API, Z2|A 3.11.11

8.5.4 Ml ZHH|

0" AR £ o] ARz B2 WS PASE o A8H U ol T Aol e A
Ao 4 AR o e 2 o A sd 2 9] ) Mol ol R e 9y

a3 zo] Aof o & F27F 23 Yt ghol %“l 3td, A A ARA] A Ao 23 %kol AHE-E Yt
olgf st Al A9 3= (de-referencing) = A/ E Hfo l— FE2HREY Aol ot HAM 2 A
g o2 AZ2EA FFUTh A AA & o2 X F83A &= syt

type PyCellObject
A A o AHEH = C 2 AL
PyTypeObject PyCell_Type
A A o) s ek o A,
int PyCell_Check (PyObject *ob)
ob7h A AA A & NHFU T ob= NULL O] ofyfofof Futh o] dpe 3 S F T
PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob 7S E£3st= A A AAE s vhEg o) w7 4= NuLL 9
~ 9%y
PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell®] &S JF3+gh o}
PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. 4 cell®] W22 9183} A 2k, cell©] NULL ©] o} d x| 2} A A QA&
glshA] k5 Th
int PyCell_Set (PyObjecr *cell, PyObject *value)
A AR cell ] ‘41 = value 2 AR FUTE o] A A A A Lol thek FxE AT
value'= NULL < % 912 LI th. cell= NULL o] o} o] of gl eh; 4 2171 7} ohLl W, —1 o] W)
dF3td, 0] E‘}??_‘r% Yt
void PyCell_SET (PyObject *cell, PyObject *value)
A AR cell) 8 value BT B2 955 2AE A 7, AL A2 A o] 2o A A

%5 U cell& NULL ©] ofujofof 5par A A3 of of gt

(o0}

5.5 [AE A

A7) CPython 7] 2152 AR AFAUTh 2 AR £ o} F5ol Fol 917 e A9 7153
= Jole| & thebdu ek

type PyCodeObject

FE AAE AYehe dl A8HE AA C 724, o] Bo) BE£ AAEA ¥4 5 AF U

PyTypeObject PyCode_Type

Iz
il

This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)

Return true if co is a code object. This function always succeeds.
int PyCode_GetNumFree (PyCodeObject *co)
cooll Y= At A & vy ok
PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject
*code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject

*freevars, PyObject *cellvars, PyObject *filename, PyObject *name, PyObject
*qualname, int firstlineno, PyObject *linetable, PyObject *exceptiontable)

Return value: New reference. Return a new code object. If you need a dummy code object to create a frame,
use PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python

154 Chapter 8. 1A+ ZHA| H S
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version since the definition of the bytecode changes often. The many arguments of this function are inter-
dependent in complex ways, meaning that subtle changes to values are likely to result in incorrect execution or
VM crashes. Use this function only with extreme care.

WA 3.119 A ¥ 7 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int

nlocals, int stacksize, int flags, PyObject *code, PyObject
*consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject
*name, PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

Return value: New reference. Similar to PyCode_New (), but with an extra “posonlyargcount” for positional-
only arguments. The same caveats that apply to PyCode_New also apply to this function.

B A 3.8 F7}.

WA 3.119 4 ¥ 7: Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. Return a new empty code object with the specified filename, function name, and
first line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you
just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line,

int *end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at
byte_offset. Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and 0 otherwise.

WA 3110 &7}

PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_code'). Returns a strong reference to a
PyBytesOb ject representing the bytecode in a code object. On error, NULL is returned and an exception
is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

WA 311 7}

PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

WA 3110 37}

PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On
error, NULL is returned and an exception is raised.

HA 3119 7}

8.5.
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PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a

PyTupleObject containing the names of the free variables. On error, NULL is returned and an excep-

tion is raised.

WA 3119 7%

8.6 7|E} ZHA|

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 io module,
which defines several layers over the low-level unbuffered I/O of the operating system. The functions described below
are convenience C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter;
third-party code is advised to access the 1o APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. Part of the Stable ABL. o)1) & gl+ uld9 51d 7|&A} A= vlo] X
g AAE B5 YT R} name, encoding, errors El newline-2 7] 222 A}2-317] Y&l NnULL & &
A1 o i £ 7142 A185171 9191 -1 9 4 9151 name & 55 3, 014 W 45
TEAE A FAF Uh A Al NULLE ‘ﬂ%‘rﬂ‘%‘?}- AAfell th gk of ApA e A2 io. open ()

ESERERE R

A9 W5 Y AFS AT 9OuE, 08 £79) Y %A}
A7 LG 5 & ThOh Hlol B9 o 4R £ 5 A,

WA 3204 HA: name A EZHEE FA Y}

int PyObject_AsFileDescriptor (PyObject *p)

Fart of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer, its
value is returned. If not, the object’ s £ileno () method is called if it exists; the method must return an
integer, which is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)

Return value: New reference. Partofthe Stable ABI. p.readline ([n]) & Z53 Ut} o] Sh4= A X
poll A =S gd5Uth p 5HY AU readline () WMIAE7 Q= dojo] AA Y 5 5 Th
nﬂWMﬂEAﬂﬂﬂﬁﬂ“ﬂﬂQdQ%%%ﬁﬂﬂnﬂoiﬂﬁﬂnﬂﬂEﬂM%ﬂ%
ol A A ksUTh ES4AE Fol vigkE = JdsUth F AF BT, Y 2ol SA =EotE ®
A o] vkskg Ut aevno] oKt oW, Aol FAglo] T ES AT, FY 2ol FA
S 23t EOFError 7F A g T}

int PyFile_SetOpenCodeHook (Py_ 017611CodeHoakFunction handler)

=)

A& handlerE 3] ) 7] S AL SEE i0.open_code () & gubA 9l S22 2| A o] gt}
The handler is a function of type:

typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guar-
anteed to be PyUnicodeObject.

userData ZAE = & T2 AP Uth & P 2 el 558 5 Q2B g, o] Z A
Eolold AEE A s Py

o] FL2E AR QR E Fof AHGFH B R, WA 9l Atk (frozen) sys .modules ol kil &e] 2
Ag7kobetd & 4% Fol A2 RES YLE}E AL 334N

156



The Python/C API, 22|A 3.11.11

Yk Zo] AAA™H, AASA Y AT 5 flom, o] £ 9 pyrile SetOpenCodeHook () ol t g
24 <

ds gk Ao Al B -l

ol I Py_Initialize () Aol 2E3N & Y
Q1 A} 9l o] ZHA} o]l E setopencodehoo Z
WA 3800 7}

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the Stable ABIL. Write object obj to file object p. The only supported flag for flagsis Py PRINT RAW;

if given, the st r () of the object is written instead of the repr (). Return 0 on success or —1 on failure; the
appropriate exception will be set.

w
fifo
17
%
>
oY

int PyFile_ WriteString (const char *s, PyObject *p)
Part of the Stable ABL. EA4g s& 3+ d A A poll HUch A F3d}
Wk g oy 4 49 ol 9 7L 24 8 U,

)
(@]
o
rE
e
ok
H
(2
o
_|_‘4
)
iR
filo

8.6.2 2= A

PyTypeObject PyModule_Type
Part of the Stable ABI. ©] PyTypeObject Q2|
ModuleType O 2 Ilo|W T2 7o =& H Ut}
int PyModule_Check (PyObject *p)
p7t BE AA AU BE AA 9 M E Fold FS vkttt o] 4+ 3 AT FUTh
int PyModule_CheckExact (PyObject *p)
p7t 25 AA| o] A wk, pyModule Type®] A H & o] ofy
ek
PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ 9JEE]|HE 7} name S 2
AARD AN Es AAE AUtk 250 __name_,  doc_,  package % _ loader _
AEZREZFAAAUTH(_name_ & A8t BFNoneo 2 AFFUTH; __file  oJEF
BEE AT AL BEA YA
B A 3.30]] 7}
WA 34004 H7: _ package_ 2} loader_ 7}None® & AAHUrth

2
k]
filo

i)
rit
i)
i
=
o
%
5
rr
o
ox
oX,
ol

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. PyModule_NewObject ()2} H]<523}A] 9F, name ©]
fFUFE AR A UTF-8 & A 7Y H Ex1d JYth

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module®] °] & F7+HS F+ 8= g4 g A A
S WU o] AAl= 2E AAY _ dict o EFREL} ZFUTH module©) 5 AA| (=
25 AA Y A B )7t ok W, systemError 7F WY 1AL NULL ©] RESHE U o}
It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly ma-
nipulate a module’ s __dict_ .

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name___ ZFS ¥H3sHY
th BEo] AlF3tA ZAY, FAE o] o}Y W, systemError 7} 2AY 3131 NULL o] HHEH Y T)
HZ 330 F7L

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule_GetNameObject ()&} B8R 2 'ut f-8' 2 QAT H o] &
NLek g o).

o

o
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void *PyModule_GetState (PyObject *module)

Part of the Stable ABL. L& 2] “AHe]”, & 25 A

Al w22 22 7be) 7] & ZAE U NULL
& wtEsty ) pyModuleDef.m_sizes %L 3t

feid
=
A

[-o 01

|
PyModuleDef *PyModule_GetDef£ ( PyObject *module)
Part of the Stable ABI. & ] WS o] F PyModuleDef F+Z Aol 3t ZAE L BE o] A2 of A
=0l A A gkkod NULL 2 W o}
PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL. module®] __file_ o] E g R EE A}-83}9 module

o 2= 319 o) & & WA T e H A AAY FUIE BAD) oW, systentrror
£ AN P T NULL S HAFU T, 294 e ® §UTE AA o] 3t B2 E AT U

B A 3.20] &7}

const char *PyModule_GetFilename (PyObject *module)

PartoftheStableABI PyModule_GetFilenameObject ()2} 8|8} A| 9 ‘utf-8° 2 AT JH 5t
2 wag

T:H A325E HAF: PyModule_GetFilename () raises UnicodeEncodeError on unencodable
filenames, use PyModule_GetFilenameObject () instead.

CZE =78}
BE AA e vt o g RE (273 55 WE W= FF el By ) ol v A dH RE (273}
&7} PyImport_ AppendInittab()% AH&ste] 7)ol A whE o] J Yt ZbA g Wi -8 building

U} extending-with-embedding & 323} A 2

2713 4= BE AY AAHAE PyModule Create ()oll AEst 23 & AR E ¥HEsHA
4o 72 A AAE waksto] A 2719978 898 4 S

type PyModuleDef

Part of the Stable ABI (including all members). 25 AAE =0 QI ZEARE ST Y=
55 Ao TaAl. YuAoR 2t ol s o We| AA 0 2715 WAk Sbu uich

PyModuleDef Base m_base
Always initialize this member to PyModuleDef HEAD_INIT.

const char *m_name
A 25 o] &
const char *m_doc

5 FAET; ANAH O R pyDoc STRVARE WS ol R SAEH W7F AR F Y

Py_ssize_tm_size
2E AHE AF AFo] old PyModule GetState ()2 RIYT F A= 2
Ao A2 = dFUTh o] AL oY AME ABZHAA RES AHESHE
B,

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ £ ree function has been called, if present.

m_sizeE -1Z AASH ZEo] A9 A E zH7] w] Fo] A B QJE ZZEHE A YA &=

ohe =gy, o

EElaN gew 499D EE O 2719 T+ Ae
- .
=4

)

o eje] B8 27}
.

PyMethodDef *m_methods
PyMethodDef o8 7|&H = & T& T H oS0l g 248, 7t e nuind

T AFUTh
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PyModuleDef _Slot *m_slots
oA 27138 At &% A v g, (0, NULL} FHOE TP Utk ddA 27|8E
AH-8-& ], m_slots+= NULL ©] o] of gt}
WA 3504 A WA 35 o] Aol o] W7 FANULLE A o, th33 o] H9
= A5t

inquirym_reload

fravers eproc m_t raverse
25 AA Y GC P F T2 YA Pk, 2544 9O NULL.

This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).
More precisely, this function is not called if m_ s i ze is greater than 0 and the module state (as returned
by PyModule GetState ())is NULL.

WA 39004 A7 28 AEi 7 2EE 7] Aol tle EEH A dsuth
inquirym_clear
25 AAe] GC A ol 32 A g (clear) g1}, Q314 29 NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m _si ze is greater than O and the module state (as returned
by PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used, the cyclic
garbage collector is not involved and m_free is called directly.

WA 39004 |7 28 A7 2EE 7] Aol tle TEH A sUTh
[freefuncm_£free
25 AA EF HA Sl 2T T4t 8] 9O W NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case
immediately after the module is created and before the module is executed (Py_mod_exec function).

More precisely, this function is not called if m_s i ze is greater than 0 and the module state (as returned
by PyModule_GetState ())is NULL.

WA 39004 A 28 AE 7 2EE 7] doll tle EEH A sy th

s 278 g B AAE A4 e g = 3lguth o) 2s “ddA 2718 2kl sk, T
= ox T

PyObject *PyModule_Create (PyModuleDef *def)

Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Createl () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Return value: New reference. Part of the Stable ABL def2] A 2] ol w2}, API ¥ A module_api_version-<
7hg st Al g AAE Y Th sig o] A FQ A Z e AR XA o,
RuntimeWarning< @A A Yt}

3 o] 5t O Pytodule Create ()8 BHA ARG oF S Th B413] B2 wwALS
34141 2.

Before it is returned from in the initialization function, the resulting module object is typically populated using
functions like PyModule AddObjectRef ().
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CHEA| =218}

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this
way behave more like Python modules: the initialization is split between the creation phase, when the module ob-
ject is created, and the execution phase, when it is populated. The distinction is similar to the __new__ () and
__init__ () methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry
is removed and the module is re-imported, a new module object is created, and the old module is subject to normal
garbage collection - as with Python modules. By default, multiple modules created from the same definition should
be independent: changes to one should not affect the others. This means that all state should be specific to the
module object (using e.g. using PyModule_GetState ()), or its contents (such as the module’ s __dict__ or
individual classes created with Py Type_FromSpec ()).

A 27]13H5 AFESte] RSO BRE RES A H QH2HE AL Ao 7Ig U oF
EEe FHALE fASE A2 4o g o] 5 EA s 2 F U

oA 2713E 2457 98, =713} &4 (Pylnit_modulename) = B o] YA 92 m_
PyModuleDef "Ji‘ﬂ’* = whshghu oh ‘i} % 7] Aof|, PyModuleDef AAAEAE T}S @4% }\]—%'8]—
o Z27)3}al of g th:

PyObject *PyModuleDef_Init (PyModuleDef *def)

Return value: Borrowed reference. Part of the Stable ABI since version 3.5. 28 A7} 3 &x S +&

SHtEA Huste SutaA 2734 shol 4 AR o)Al .
defE PyObject* 2 F|AE &t 7L, of 2 7h A shd NULL & wheh ey o
W 3.5 F7}
25 29 m_slors W = PyModuleDef_ Slot X9 v E-& 718 A oF gy th:
type PyModuleDef_Slot
int slot
ofel AW E AHE 7h5 a3k Fol A A, 2 ID.
void *value
<X Dol e} 1 o mrh EEtA =, €19 B
B A 3.50] &7}
m_slots M| B id7} 091 &F 22 FE 5 oF Tt}
A b &% B e hen eayth

Py_mod_create

25 A7 AR E WEY) AN SEHE F5E AR o] 22 value EAEE T3 2L
H¥E 2§58 7H Ak BTk

PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] 4= PEP 4519 ZoH &, ModuleSpec A~El2l BE HoE wH UL A 2E AA &

3}9:1"5}74‘4' Oﬂﬁe A 7(-]5]-_,_ NULLS H}E]——ﬂo]: ‘61—141;].

o] F5E HAasto g G ok E3) 2L RELS A AXE 381 A3t L3t £ =7}

WS 42 9loy A, 910l ] Slol M T E T &3W <Pt

Slue] 5 Ao oA o8] Py_mod_create €52 A AT 4+~ gHUh

Py _mod_createZ ]7<4‘8]—Z] %o, d2E A= pyModule New ()& AH§3te] 4t B2 E 2

AE WSt} o] =22 Ao} 0]—\43]—spec°1]/ﬂ—.4 Futh g 250 DY BE Y E FFoHHA
A% TN AT AN 5Hor 241 AR AIE A JE I FoR JEED &

€% 7] gk

WkekE AA 7} pyModule Typed] A28 A 2= iUtk YZE B oEYHE A

Fed7E At FREFS LS T EA%WE}. 221}, PyModuleDef o NULL©] ofd
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m_traverse,m_clear,m_free;00] o) dm_size; EEE=Py mod_create 0|2 o] &£F o] oW,
PyModule_Type YA€ A ghukdhE 4= 9lHuth

Py_mod_exec

2ES AR/ A EEH L ST AU o AL oA BES BEE AP A
FSEUTH QAo R, o G4t Fehae 448 Rl AU B4 AP the
2%Uth
E B\ .

int exec_module (PyObject *module)
ol 7He] Py_mod_exec €% o] AR H, m_slots 8] ol YEI = AR A gYth
thbA 2 7] 3}l th & 2FA & W82 PEP 4898 2 8HA4 Al 2.

AH A1

=
EhE oo b

4

B

ook

A
T

oA 27135 A8 o 9 ot oM tF vt ESH UL o2 A AT £
e, s =0 BE AAE 42 AT W 2195t EEs &3 27|ssH|
PyModule_FromDefAndSpecd} PyModule_ExecDefE BT T &3] of Tof o314 Al L.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference. Create a new module object, given the definition in def and the Mod-
uleSpec spec. This behaves like PyModule FromDefAndSpec?Z () with module_api_version set to
PYTHON_API_VERSION.

WA 3.5 =7}

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in def and the ModuleSpec spec, assuming the API version module_api_version. If that version does
not match the version of the running interpreter, a Runt imeWarning is emitted.

B A 3.50] &7}
int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.7. defol]l A A H 2E A3 &£F(Py_mod_exec)S A&}

W 3.50] 7%

int PyModule_SetDocString (PyObject *module, const char *docstring)

Part of the Stable ABI since version 3.7. module®] = 2~E & docstring 2 2 A AUt} o] St
PyModule_Createl} PyModule_FromDefAndSpec< A& 3}9] PyModuleDef oA RES T
S Aoz T YT

B A 3.50] &7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the Stable ABI since version 3.7. NULL % 5 functions ¥] 4 2] &4 E moduleol 713V th 71E
Fm ol o2 AA S UEL pyethoaner ABAE AEFANAL (5 BE o 2ol 97
2o, CZ 7dH BE +F “g< (functions)” = g o2 3 WA v/ iz ZES 4
3lo], sfol W FElae A" A HAELL FASHA TR Y TH. ©] &4+ PyModule_Createl
PyModule_FromDefAndSpec& A& 3}o] PyModuleDefol A EES UE U A5z S &H

Ytk
WA 3500 27}
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EES
BE 2715 §5 (EA 271318 S A9 U BE AY SEA B2 L G (EA 271918
AgIE AL, BE AH 27312 E9d 1 OE §4E AT S dEUT

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Fart of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function
which can be used from the module’ s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return NULL if value is NULL. It must be called with an exception raised in this case.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

}

.

The example can also be written without checking explicitly if obj is NULL:

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

Note that Py_XDECREF () should be used instead of Py_ DECREF () in this case, since obj can be NULL.
B A 3.100] =7}
int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule_AddObjectRef (),butsteals a reference to value on success
(if it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule_AddObject () function.

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) {
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(o] A | o] A oA A A %)
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 0;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is 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® B4 A4E name 2. & 3 7]-‘3‘1—14 t}h o] HY 4= REQ 273}
B0 LS T 5 AT olg] Al 18, AR oE 0g MET o

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL module®l| A8 A5 name . 2 F713HUth o] He| 4= R EO 273}
Lo A AR T 5 ST E24E value= NULL 2 Zuof 3 th o g /\] 1<, o% Al 0=
‘i}%tﬁ“/l =

PyModule_AddIntMacro (module, macro)
module o int 45 F7AFUTE o] FE macool A HF Uk A E Fof
PyModule_AddIntMacro (module, AF_INET) -2 AF INET 3= 7}A int A4 AF_INETS

module®) % 7VgFU Tk, ol 2] A -1, 4239 0. whag o,

PyModule_AddStringMacro (module, macro)
module®l] FA+4 4+E 71t}

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. module°] & ZAAE F7lsUct. YR Aoz
PyType_Ready ()& & &3}o] 3 AA| & slojdeto| =3t & AA ] o] 52 A 5 tp_name?]
iR et A @ Aol A ZEA g U T of # 7F st -1, AdF 5 05 HhEHh Y ok

WA 3.9 &7}
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25 58
GeA 2713 A4 dHzel g AdAiEd N 23T 5 dE JFE RES BEUL ot UEe
B Qojo] o3t gEToR BE AANE AAT 5 AES FUT

o g4 A 271348 A-gelel S0 REA AL FEoA FaUch B Aejol A T2 e
B0 o] 7 BEe A & 9] Wit

PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. @A ¢1E] = 2] B of] t) 3] defoll A W&o 2
25 AAE HP%?‘M th o] M EE A3t W WA 25 A A7} PyState AddModule () &
Al =B el AdF o] Qlojok Ut sild Z& AAE 3 5+ AU A =2 e
obA AQH A ¢Fgko ™, NULL& REH g .
int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3 3. 3o AEE 25 AAE A= E AEjol AZ
o] PyState_FindModule ()< OH 25 A °“/\ﬂ/\ 3 4 Q= E St}

g A %7312 AR 5te] BlE R Eo|ul g7t 95Utk

TolHL RES YTE 3 F 25O PyState_AddModule S TSI ER, BE 27|38 F
Sol A BEshe AL ALY (FAR R, 5 AA 215 2= FF
PyState FindModuleg T =38t F-follvt HA A T &0 2Ptk o] = 2
FYEE N AUZE 25| A3 AAUT (A7 T2, B2 A A0 o2 <A
W&ol sl s 3+ F2FozH)

&A= GIL& B A73) oF gt

455 02, A 5HE -1 BT

W7 330 =7
int PyState_RemoveModule (PyModuleDef *def)
Part of the Stable ABI since version 3.3. def | A HEI R ZE A& A= g Aol A A Ay
th 4F W 0L, Ao 5hE -1 WEEh o,
S EAH= GILS {3l of Py th
B A 3.30] F7}.

8.6.3 O|E{Zl|0|E ZHA|

Python provides two general-purpose iterator objects. The first, a sequence iterator, works with an arbitrary sequence
supporting the __getitem__ () method. The second works with a callable object and a sentinel value, calling the
callable for each item in the sequence, and ending the iteration when the sentinel value is returned.
PyTypeObject PySeqIter_Type
Part of the Stable ABL. PySeqIter New ()2} W7 Al
P Aol ofsfl vighd o] Bl &l o] B] AA ol thek & AA].
int PySeqIter_Check (PyObject *op)
op®] o] Pyseqliter Typeold F< E2F UL
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. QHF A| A A seq 2} A 245 81= o] E] @ o] B &
WSSt T Al AT A E AT HA A A IndexErrorS €2 7]9 o]E o] A o] Tt}
PyTypeObject PyCallIter_ Type
Part of the Stable ABL. PyCalllter New ()2} iter () WA g2 F QA X} Ao o3 whst=
ol el gl o] B A ol thet & AA].
int PyCallIter_ Check (PyObject *op)
op®) Gel Pycalllter Typeol® 2 EUFULH o] B4t F4 43T

B2 Yo gtiter () WWF T4 &g A}

nt

G4 43U

rr

2~
T
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PyObject ¥*PyCallIter_New (PyObject *callable, PyObject *sentinel)

Return value: New reference. Part of the Stable ABL. |22 ol o|H & &S Uth A HAA 7|
W% callable e W7 WS o] TET 5 Qe BE o8 T E AR £ A5ty A 5L
olEl g o] A 9] t}& FE-S ut3ts| of T Th. callable ©| sentinel 9} 7+ S ¥rEalH o] B &) 0] A o]
Z a5 14 D]—
o g .

8.6.4 C|A3TE A

‘Oz g e Age) 9B ojegHES 7 &3s
U,
PyTypeObject PyProperty_Type

Part of the Stable ABL W ty23 HE &L 23 AA.

AT AL B AA ) A el U

_]\I

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABL
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABL
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )
Return value: New reference. Part of the Stable ABIL
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 ABL

8.6.5 =2}l0|A ZHA|

PyTypeObject PySlice_Type

Part of the Stable ABL. <2}o]2 AA ] & AA|. o] AL ol AZ9 sliced 5T
int PySlice_Check (PyObject *ob)

ob7} < 2kol 2 AR W S W ob NULLO] o] ofof Tk o] Fat P4 4
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value New reference. Part of the Stable ABL. A ZH 7t & A2 -& &8tol2 AR S widgh o}

start, stop D step W7} = Z2 o] 5 SEtolA AA o EFES o2 AHEHUTE B E

o
NULL € 4= 912 ™, o] - Noneo] s|F AEEFE AHEF ULk A AAE TG 4+ glod
NULLE WFgty ).

of

Pk

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| A 25 714 310, & 8hol 2 A A slice ol A] start, stop 2 step
Q| 1S 1AL T length .} 2 18] 22 o & 2 X 2] g o

Returns 0 on success and —1 on error with no exception set (unless one of the indices was not None and failed
to be converted to an integer, in which case —1 is returned with an exception set).

o] /%2 83T AA = ke ATk

WA 32004 A7 Aol & slice W 7] A2 v 7] W4 P o] PysSliceObject* AFUTH
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int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step, Py_ssize_t *slicelength)

Part of the Stable ABL. PySlice GetIndices () £ £v5HA A gyt 2ol 7) lengthQl AJ A2

£ 7}A 5lo], £2bol 2 A A sliceol| A start, stop X step ADX2E 7} Q 11, slicelength o] & 2Fo] 2 9]

R SO P s i
HEFW 02 NEHIL, o)W ol 9 & ARSI 1S NBYUTH

B o BaL AAE 24T 4 A ADsolE A Be Aoz pEAUT 55
PySlice_Unpack ()& PySlice AdjustIndices ()2 2302 A= oo dc} =

rlo

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <o
—0) |
// return error

}

etgom oAgYTt

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

WA 32004 AA: Aol & slice ] 7] 2] w7 M4 & o] pySliceObject* FHYTh
WA 361004 HA: py_LIMITED_APIZ} A= o] YA LA} 0030504003} 003060000
(23R &F2) AFe] 1 0x03060100 o] A+ Ztoz AAE QO H, PySlice_GetIndicesEx ()
—EPySlice Unpack () & PySlice_AdjustIndices () EA&St=vja gz FdF ULt A=}
start, stop D step= ¥ H F7FF Ut
HA 3615 HA=E: py LIMITED_API 7} 0x03050400 %2 o} & A} 0x03060000
0x03060100 (3314 %) Aol oz HAF G o™ pysSlice GetIndicesEx () & ¥
A8 G5y

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py ssize_t *step)
Part of the Stable ABI since version 3.7. < 2}o]2~ 21| 9] start, stop D step H| o] B AHEC A4 E F&
St} PY SSIZE T MAXHXTUFZ ZHS PY SSIZE T MAXE X883 Z0|31,PY SSIZE_ T MIN
Bt} 2H2 start 2 stop S PY_ SSIZE T_MINZ Z83] &=0]3,-PY_SSIZE_T_MAXH T} 2L step
Zr2 -PY_SSIZE_T_MAXZE Z£3] =d Yt
ﬂa@fr%@%a@o%%@ﬂww
A 3.6.190 &7}

Py_ssize_ tPySlice_AdjustIndices (Py_ssize_tlength, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. A & length Z 0] 2] A| A5 714 319 start/stop & 2}0] 2
Qe s 2R FUTH WS Wold Qe it Ak Sefolao) el AvrE Aoz FYYTh

Eefo] 29 Aol & Nttt 4 AF Ut stoly I E=E T &34 FUTh
B A 3.6.19] 7}
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Ellipsis ZH |

PyObject *Py_Ellipsis
o] W Ellipsis AA. o] AA o= WA=} g5 UL =z 3
AR 2 A& oF Ut Py Noned} npAARA Z AZE 2

5159} el 5ol ThE 77 9 vh

8.6.6 MemoryView ZHx|

nemoryview 2= C 42 ¥ 3] QE]s]0] A% The AA 9 vpRAA 2 AT 4 Qe vl AR 2
EEPU.
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. W3 Q1 E] 5| o] A& A g 3}+= 2 A | A memoryview
AAE B5UTh obj7} 27] 713 W 9 A2 A Y3, memoryview 2 A= ¢} 7]/ 7] 7} H 41,
TR A o 9 7] AE ol At Al g AR Aol whet e 71/ 717 s U
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. memE 35 ¥ 5] 2 A}-8-3}o] mem-
oryview 21 A& W5 U T} flags= PyBUF_READ Y PyBUF_WRITE % 3} 4= Q15U ok
WA 3.3 =7}

PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
Return value: New reference. Part of the Stable ABI since version 3.11. =] 2 W ¥ L Z A view S =
memoryview A A& W5 Ut 7HeSl vlo]l E W B o] F 9=, PyMemoryView FromMemory () 7}F
U PR A

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥ ¥ QE|H| o]~ & AHoJslE= AAZHE W2
glo] A< HF(C’ U ‘F ortran order ) & memoryview A S wHEU T W 2|7} A% A o)
memoryview A A= A& w22 E 7Hel AUtk 23 A ¢ oW, BAlR o] vhE o] 2] Al memoryview =
A ukol £ AA S 7hel LT
buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
A obj 7} memoryview A A H FS WU TE A= memoryviewd] A B FHAE T
favth o e B4 43U

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
Al &2} ¥ 5 2] memoryview 2] H]-Z 7] BALE 9] XA E &85 Yt mviews HFE X] memoryview
Aadsc ol FUT; ol 3 2E B AASA oz 44 AAsloF gtk 197 ghow
3 980l A5t

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] Wt o 2 St A F A A A of s = A E Y memoryview 7}

Ll

<
T

E
PyMemoryView FromMemory () YW PyMemoryView FromBuffer() &4 % StU=Z W&
o] F 2™ NULLE HFEHgH U o} mview= HEE X] memoryview Q1 2Bl Ao of gt}
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A 9 el

9l
k.

oW okt H2E 17 AME AQFUL. 3 228 A7 FASE T 4K TAA
AR = b el 2 AR o, F A= s s ek A AA Y ZehA AT
int PyWeakref_Check (PyObject *ob)
ob7} FZ A ZehA) AA W L VBT T o] Fpe B AT UL
int PyWeakref_CheckRef (PyObject *ob)
ob7} 22 AA T FS VAT o] F4e T4 4TI

int PyWeakref_CheckProxy (PyObject *ob)
ob7h ZeHA) AW e MG Th o 4t T AFHUT

PyObject *PyWeakref NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABIL. Return a weak reference object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing reference object
may be returned. The second parameter, callback, can be a callable object that receives notification when ob is
garbage collected; it should accept a single parameter, which will be the weak reference object itself. callback

may also be None or NULL. If 0b is not a weakly referencable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable 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 0b is not a weakly referencable object, or if callback is not callable, None, or
NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref GetObject (PyObject *ref)

Return value: Borrowed reference. Part of the Stable ABI. Return the referenced object from a weak reference,
ref. If the referent is no longer live, returns Py_None.

ZF31: This function returns a borrowed reference to the referenced object. This means that you should always
call Py_ TNCREF () on the object except when it cannot be destroyed before the last usage of the borrowed
reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to PyWeakref GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

Part 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.

8.6.8 U=
&

o] AA Aol th 3k 2HA| 3 A H = using-capsules S IR 34 A Q.
B A 3.1 E7F
type PyCapsule

This subtype of PyOb ject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to
access C APIs defined in dynamically loaded modules.
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type PyCapsule_Destructor
Part of the Stable ABIL. 7] <ol o] 3} 3} 2} (destructor) 29 . o] Z A Ao FH 1}

[typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor 2% 2] o] u|= pyCapsule _New () & FZ g Al L.

int PyCapsule_CheckExact (PyObject *p)
AA7} pycapsulecld F& B2 F U o] F5& I 43U

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Part of the Stable ABL pointer S 7% 3} 8l PyCapsule< Y5 U T}

i o)z} o] old &% ol

pointer Q1A= NULL 9| o}d =% 54y}
Ao std, o 9] & A S NULL = REH U ok
name &7 NULL o] vf 7 8.3 C Z b ol et 22 9B o 5 31551 o NULL o] obu, o] &4
e %ﬁit‘r L FA = of of k. (destructor J 5o A A = AFUTH)
destructor Q1AL 7FNULL o] of U W, AFo] I E o] A& AXE TEH U
o] AL REL EZHER A A5 W, nameS modulename.attributename & A %
Ut o2 A 3t thE B Eo| PyCapsule Import ()& AL3lo] €S AL E &
U,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL 730l A A4 pointerS 7} AUt} A3 sld, o9 & 4 A3t NULLS 913
ik
The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule

is NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule
names.

O_u
30 g
o 2

e

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the Stable ABL. 7§<& ol A7 A 313 A& WUt Asjstd, o2& A48k NULLZ
RE R el=Y
A€ ] NULL 3 A5 2= 212 FH A QU Th ©] 212 NULL ¥heh I =5 tha B S 8HA| wha Ut
W3] S8l PyCapsule IsValid() W PyErr Occurred()E /\]——9- SFAI Al L.

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL. €]l A€ A A ~ES Wk Th Aaf3tw, o ] & 44 s}al NULL
= RESHgh T
A4l NULL AE AEE 2 2 P A AUTh o 22 NULL 9 TEE tha BE A By
th; W& slel W PyCapsule _TsValid() W PyErr_Occurred ()& A& Al 2

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL. ol A4 A o] 52 WUt Ao, o2& A48 NULLS
Hekehy o

AL NULL o] 55 Z& AL FHAYYTh o] 212 NULL b =8 tha B S 3HA| vhe Ut

) 3}+35] 5fe PyCapsule IsValid() Y PyErr Occurred()E AH&3HI A L.

void *PyCapsule_Import (const char *name, int no_block)

Fart of the Stable ABI. Import a pointer to a C object from a capsule attribute in a module. The name parameter
should specify the full name to the attribute, as in module.attribute. The name stored in the capsule
must match this string exactly.

&3t A& W pointerE W3t} A3, o 9] & A3t NULLE HHEHS T
W A 3.3 A ¥ A no_block has no effect anymore.
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int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL capsule©] &3 €A A S AUt FE3 A€ NULLO] of T,
PyCapsule_CheckExact ()& S35t 11, NULL o] ofd ZAE 7} A A5 v, Y1 o] E o] name UH

Mg AU (A€ oSS 8 2ot= o thst AR = pycapsule _GetPointer () S
BN

In other words, if PyCapsule_IsValid () returns a true value, calls to any of the accessors (any function

starting with PyCapsule_Get) are guaranteed to succeed.

A7 AL o] 53 LA 300 ohd Uhg DRI 297 oW 0 WA
o] = AsfshA sy th
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W52 AEA~E X QB 5 context Z A gt}
dEshd 02 whUth Aot 00] ofd gha wkshstal o 9] & A3 Tt
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule U5 2] 3}3) 245 destructor Z 74 A g t}.
4E3h 0 MU Th A SHH 00] obdl ghe WS o 98 44 gt
int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABI. capsule W 5-2] 0] &8 name 2 2 4 AUt} NULLo] o} H, o] &
L& FAH o Fth Hgol AFd 0] | nameol NULL©] o} H, o] & 3 Zﬂ shefaL
FEUrTh
4E3HH 02 M T A 3HH 00] ob g WEsT o9 2 44 g,
int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABI. capsule W 5-2] void E Q1 E] & pointer 2 4 % g Th EZ QB &= NULL O] o}d 4=
9% e,
433k 0 WU Th A3 00] obd ghe WMEF I )98 47

2 SEE‘:}
3 A = 3HA

b
i

o},

8.6.9 Frame Objects

type PyFrameObject
Part of the Limited API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

¥ A 3.119) A ¥ 7 : The members of this structure were removed from the public C API. Refer to the What
s New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.
PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as t ypes . FrameType in the Python layer.
H A 3.119) A ¥ 7 : Previously, this type was only available after including <frameobject .h>.
int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.
H A 3.119) A ¥ 7 : Previously, this function was only available after including <frameobject .h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.

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

WA 399 27}
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PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’ s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
WA 3119 F7}.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Part of the Stable ABI since version 3.10. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
WA 399 7}

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by
a generator. Does not raise an exception, even if the return value is NULL.

Return a strong reference, or NULL.
WA 3110 37}
PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’ s £_globals attribute.
Return a strong reference. The result cannot be NULL.
HZA 3119 &7k
int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’ s £_last1i attribute.
Returns -1 if frame.f lasti is None.
WA 3,119 &7}
PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’ s £_1ocals attribute (dict).
Return a strong reference.
B A 3.110 &7}
int PyFrame_GetLineNumber (PyFrameObject *frame)

Part of the Stable ABI since version 3.10. Return the line number that frame is currently executing.

8.6.10 X||L{|O|E{ ZHA|

Ao e AR shol o] A e ol B o] e # o B T R3] 5] AL S AA AU Th QubAo
Z PyGen_New () =¥ PyGen_NewWithQualName ()& HWA|A O Z T&3+= Zo] ofyel S 4=
(yield) sh= & o] Bl g o] Edto] s o Yt
type PyGenObject

A ol 8 A A ol AHEE = C 24
PyTypeObject PyGen_Type

Avel ol 8 A7 ol s gehe B A
int PyGen_Check (PyObject *ob)

ob7k A B o E] AW 2 B E UL obs NULLO] b ol Tt o] Tt B4 BT

U,
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int PyGen_CheckExact (PyObject *ob)
0b2] ol pyGen_Typeo] W AL Eei% U TH obi NULL O] ohLjolof BT o i B4 4
Fuch

PyObject *PyGen_New ( PyFrameObject *frame)
Return value: New reference. frame ZA Aol 718F8E | Al U & o] B] AR E wkE o ¥l&gh . o] =
frame©l st F2E T Ut AAE= NULL O] o] of of Fh T}

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame 2| ol 71 WFSE A Al U & o] ] AA & whEo] ¥18+8l=d], _ name
I} qualname_ & name ¥ qualnameZ AUt} o] 4+ frameol 3 2 E F 3

frame QA= NULL ] o] o] of ]k,

8.6.11 ZREI Zx|

WA 350 F7F

228 AR async A2 HAE FoohwEHE A

type PyCoroObject
28 270 A4 = C A,

PyTypeObject PyCoro_Type
28 Ao e § A,

int PyCoro_CheckExact (PyObject *ob)
ob2] o] pycoro Typeo|H F& Wk} ob= NULLY 4 iUt o 4= FA AT
g}

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Return value: New reference. frame 21 2| & 7|WF 0. 2 A T8 A & BEo] A vk3sUth _ name_
I __qualname__ -2 name 3} qualname 2 423 Ut} ©] T4+ frameo] 3t F=2E F Y h
frame A A= NULL Y = 915U th

8.6.12 ZHEIAE {4 ZH|

A 3.7 =71
WA 3.7.10 4 HA:

Z3: ol 37104 EE AHAE M4 C APIS A W o] pyContext, PyContextVar ¥
PyContextToken Al Pyobject ZAEE AMGIEE MAHIS UL A E &

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

ZLA| 8 W82 bpo-347628 AR B4 L.

o] Aol A= contextvars EES 93 Z8 C APl o3l AHA 3] A o}
type PyContext
contextvars.Context AR S e &= o] AFREH = C XA

type PyContextVar
contextvars.ContextVar AR & YElY & 0 AH&5 = C 7 ZA.
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type PyContextToken
contextvars.Token AA S VeI = o] AF25 = C EXA.
PyTypeObject PyContext_Type
context 2 Ve = & AA.
PyTypeObject PyContextVar_Type
A 2E W5 L Uehhs g A,
PyTypeObject PyContextToken_Type
AU 2E W5 E2 §2 el 8§ 27,
C RS ELE
int PyContext_CheckExact (PyObject *0)
o7} PyContext_Type B°|H <& EF U o0& NULLO| ok ofoF Yt} o]
A3k
int PyContextVar_CheckExact (PyObject *0)
o7} PyContextVar_ Type ol F& E8]F YT} 0= NULL o] o}y o oF St} o] St== A}
4 F .

int PyContextToken_CheckExact (PyObject *0)

i
4
rlr
o
™
>,

07} PyContextToken_Type FolW F& E&FUTE o NULLO] ofyofok FUtt o]
Eisnigs: e l=

Adse AR B G

PyObject *PyContext_New (void)
Return value: New reference. M 2 -2 ¥l AW A~E AR E w5t} o 8 7} EA A NULL S HE3hst

g},
PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. AZ4H ctx ZAE 2~ E A H)
NULL< ¥HEHgh T}
PyObject *PyContext_CopyCurrent (void)
Return value: New reference. AR ~#H| & ABAE Q] &S AR S ul=1]t}, o 2] 7} A 31 NULL
< wrakghch
int PyContext_Enter (PyObject *ctx)
A 2= A AHAER axE A FUTH A Al 02 9331, of| Y A] -1-& W8k o)
int PyContext_Exit (PyObject *ctx)
ctx AAAE S H|ZA B0 o] AEAES AR ~H =9 A AHAER AU A3 A
= WSSk, o 2 Al -1 WS T

AE2E W4 o

o

FL BARE wHE T o 7} Aok

PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. Create a new ContextVar object. The name parameter is used for introspec-
tion and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no
default. If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
AHAE W5e] 712 A G Th 2850 ot o2l 7h A 12 BEsa, ghol A 9
Aeglol o7k B sA o 02 MEF T

A2 A7 BAH Y, values 1AE 71e] 71 A7 gUth A 2E A47E A4
%o, value= T2 7He] RYth

o default_value, NULL ©] o} H;
o var® 7|23k, NULL o] oFU ®;
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e NULL
Except for NULL, the function returns a new reference.

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. Set the value of var to value in the current context. Returns a new token object
for this change, or NULL if an error has occurred.

int PyContextVar_Reset (PyObject *var, PyObject *token)
var AEAE H50] AE) S tokend HF3ESE PyContextVar_Set () 2 AL AE| 2 A4 A gy
th o] e AE Al 05 WHESEAL, ol g Al -1 WFE g o

8.6.13 DateTime ZHA|

Various date and time objects are supplied by the datetime module. Before using any of these functions, the
header file datet ime . h must be included in your source (note that this is not included by Python.h), and the
macro PyDateTime_IMPORT must be invoked, usually as part of the module initialisation function. The macro
puts a pointer to a C structure into a static variable, PyDateTimeAPT, that is used by the following macros.

type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyOb ject represents a Python datetime object.

type PyDateTime_Time
This subtype of PyOb ject represents a Python time object.

type PyDateTime_Delta
This subtype of PyOb ject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same objectas datetime.date
in the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of Py TypeOb ject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same objectas datetime .t ime
in the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it
is the same object as datet ime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of PyTypeObject represents the Python time zone info type; it is the same object as
datetime.tzinfo in the Python layer.

UTC =&l AA 287 At via=:

PyObject *PyDateTime_TimeZone_UTC
UTCE Ut = A1) 4252 U, datetime. timezone . utc ot 22 A Ut
W 3.7 7%

3 A AR
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int PyDate_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DateType or a subtype of PyDateTime_DateType. ob
must not be NULL. This function always succeeds.

int PyDate_CheckExact (PyObject *ob)
0b7} PyDateTime DateType ¥ol ™ F& E¥FUTh obi NULL o] ohu]ojof guith o] B4
B4 APk

int PyDateTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime DateTimeType or a subtype of
PyDateTime_DateTimeType. ob must not be NULL. This function always succeeds.

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime DateTimeType @ ol & &8 UT} obe= NULLO] o}y o] of gkt o]
s A AE T

int PyTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TimeType or a subtype of PyDateTime_TimeType. ob
must not be NULL. This function always succeeds.

int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime_TimeType O™ & EHF U ob= NULL O] ofofof Ut} o] =
G4 B ok

int PyDelta_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DeltaType or a subtype of PyDateTime_DeltaType. ob
must not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime DeltaType 3ol H & E8IF UTH ob=NULL O] oftjofoF Tt o] g4+
P4 43U

int PyTZInfo_Check (PyObject *ob)
Return true if ob is of type PyDateTime TZInfoType or a subtype of PyDateTime_TZInfoType.
ob must not be NULL. This function always succeeds.

int PyTZInfo_CheckExact (PyObject *ob)
0b7} PyDateTime TzInfoType B0l 3 SHEUTH obi NULLO] oh] o] of FhTh. o] F4
= 3 AFEUH

AANE HEE IR

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. A1 3 H d, ¥, 42| datetime.date A E w153}

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

Return value: New reference. A1 H 3, 4, 4, Al, &, X W ujo]a Z%9] datetime.datetime 2
A& vk oh

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Return value: New reference. A1 A d, 9, 4, A, &, &, vlo]Z 2 % W fold®] datetime.datetime
272 WEg .,
B A 3.60] &7}

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. AR A Al, &, & W ulo] T2 % 2] datetime.time AA|E ¥I3sH ]
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PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A/ A H A], &, &, ufo] 2 2 % D fold9] datetime.time AR E ¥I3tst
Uk,
B A 3.6 7}

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. A1 H 4, 2 W ufo]3 2% & Ve = datetime.timedelta A A
Z vttt 23 nfol|3 222} 27l datetime.timedelta AA|o] Fa] AHE HYo A==
PEEEPEE NI

PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset QA2 JEFUY A= o] 50| gl 14 2 Z A9 datetime.
timezone AAE 3 F 1t}
WA 3.7 =7}

PyObject *PyTimeZone_FromOf fsetAndName (PyObject *offset, PyObject *name)
Return value: New reference. offset Q1 A} 2} tzname name 2. 2 JEFY X &= 114 2 ZAl9] datetime.
timezone ZAAE &S5t}

B A 3.7 &7}

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Date, including
subclasses (such as PyDateTime_DateTime). The argument must not be NULL, and the type is not checked:

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
¥l int 2, 9L Wk ok,

int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1ol A 127421 9 int 2, ¥ & REE3h o

int PyDateTime_GET_DAY (PyDateTime_Date *0)
1914 31744 9 int 2, 4-& wHagh o).

Macros to extract fields from datetime objects. The argument must be an instance of PyDateTime DateTime,
including subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
0RE] 23744 2] int 2, A2 e .
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
05 B} 597kA] 9] int 2, ¥-& wra-g
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
0FE 597219 int 2, =& W o}
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
0E] 999999 7}7] 9] intZ, ufo] 22 % 2 w3t}
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
W7 3.600 7%
PyObject *PyDateTime_DATE_GET_ TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).
HA 3.109 57}

Macros to extract fields from time objects. The argument must be an instance of PyDateTime_ Time, including
subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
05 E] 237FA] 9] int 2, A| & uk&-g )
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int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
RE 5971A) 9] int 2, B2 BT,
int PyDateTime TIME_GET_SECOND (PyDateTime_Time *0)
HE 597149 int2, 25 vy
int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
FE) 999999 742 9] int &, vlo] 2 & 2 & Whekg ),
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.
WA 3.600 7}
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).
WA 3.100] 7.

Macros to extract fields from time delta objects. The argument must be an instance of PyDateTime_Delta,
including subclasses. The argument must not be NULL, and the type is not checked:
int PyDateTime_DELTA_ GET_DAYS (PyDateTime_Delta *0)

-999999999 of| A 999999999 7} 2] ©] int &, 4 & Wk3-g o}

w A 3.30] F7}
int PyDateTime DELTA_GET_SECONDS (PyDateTime_Delta *0)
HE 863997129 intE, 2 & wiskst o)

WA 330 27}

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
001 41 999999 7} 2] ] int 2, w}o| T & % & Wk o}
B A 3.30] 7}
DB APIE 735l 59 W92 A8 2=
PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. datetime.datetime. fromtimestamp () o] AE3s}= o & g3t 2=}
EZ 2 A datetime.datetime AA|E vFE 1 vkgksy o).
PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date.fromtimestamp () o] AE35t= o] A3t AA H=
Z M datetime.date AA|E W& vy o)

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Part of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the
Python class types.GenericAlias. The origin and args arguments set the GenericAlias ‘s
__origin__and __args___ attributes respectively. origin should be a Py TypeObject™*, and args can
be a PyTupleObject* or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically con-
structedand __args___issetto (args, ). Minimal checking is done for the arguments, so the function will
succeed even if origin is not a type. The GenericAlias ‘s __parameters__ attribute is constructed
lazily from __args__. On failure, an exception is raised and NULL is returned.

Here’ s an example of how to make an extension type generic:
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-

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

}

o B
The data model method ___class_getitem__ ().
B A 3.9 F7}.

PyTypeObject Py_GenericAliasType
Fart of the Stable ABI since version 3.9. The C type of the object returned by Py_GenericAlias ().
Equivalent to types .GenericAlias in Python.

WA 3.9 &7}
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Z7|=3f, mto|de|Mojd & A=

shol W e W ge 5§ =2 IHel A, THE ko] W/C APL 348 AH§317] Aol Py Tnitialize()
ZaoF Uitk B 7HK) B4 el Ao A Wt o9 Py,
sholWo] 271815 7] Aol T B4E FAAA TEL 5 dEUTh

— 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
- Py _IsInitialized()
- PyMem_GetAllocator ()

- PyObject_GetArenaAllocator ()
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Py_GetBuildInfo()
- Py _GetCompiler/()
- Py_GetCopyright ()
- Py_GetPlatform()
- Py_GetVersion()

- FEEHE:
- Py_DecodeLocale ()

. ol% g FEA:

- PyMem_RawMalloc ()

PyMem_RawRealloc ()

PyMem RawCalloc ()

- PyMem_RawFree ()

zZ 3 e 4= Py Initialize() Ao &&3H ¢ AUtl: Py EncodeLocale(),
Py_GetPath(), Py_GetPrefix(), Py _GetExecPrefix(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () ‘:,’-l PyEval_InitThreads().

ool thFe 75 H wAde Aol AR A 74 A7t dsUnh 72 A o g, o)y Edae

kK
A g8 Sd a7 AAEH,
Py_BytesWarningFlagE 12 43

A gre §40 448 B2 o
11 -bb+ Py BytesWarningFlagE 22 4A

¢ U

o

int Py_BytesWarningFlag
bytesUbytearray®str<, ExbytesE int G v o FE A3ystyct 2B 3 AV
2o oy E HP Gt
bgAoE AT,
int Py_DebugFlag
TFTEEAIUHAY 289 AUT (JEZAE, Aotd A9 =Y.

int Py_DontWriteBytecodeFlag
00] obd o2 AA T, sl We 2

[>
I
o
o
o
ke
[
o
2
ol
=
Q
o
ne
flo
[
v
kJ
o
X,
%
zy
<
o

-B 8 A3} PYTHONDONTWRITEBYTECODE 37 ¥4=2 A AUtk

int Py_FrozenFlag
Py GetPath()olA 2& AA F2E A off ol 2] WA A& FAISHA] ¢b5 Ut
Private flag used by _ freeze_module and frozenmain programs.

int Py HashRandomizationFlag
PYTHONHASHSEED 37 W7l v]o] 9A 4L BExd g A 12 AA T}

Z¢)27F00] oFY ™, PYTHONHASHSEED 37 W45 Qo] v ¥ A Al =& 2 7]|3}8H )
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int Py_IgnoreEnvironmentFlag

Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-Egt-IFAo = AF gk

int Py_InspectFlag

.}_\.3%57}33 ?jz(H ?_]_X]’E Z‘] Q7‘1‘4’—C ‘%/}j% /\]——%—EE]' tq], SyS.StdiH7]’ Ein]léi EO]X] ?%’\:‘]
S ATHEUY PP AR F 3 P R Sojhrh
-i 343} PYTHONINSPECT &7 W2 A AUt

int Py_InteractiveFlag
1 eMom AAE YL

int Py_IsolatedFlag

A R 2 spo| WS AT de] RE A sys.paths 2T HES tJEAE 2 & AFEX}2]
site-packages U] @ ] 2] &= Z 33} #] ¢ %141:]—

“Igdes AAREYUTH
WA 340 F71.

int Py_LegacyWindowsFSEncodingFlag

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding
with surrogatepass error handler, for the filesystem encoding and error handler.

PYTHONLEGACYWINDOWSFSENCODING &7 W7l H]o] QA k2 EXdz AAEH 12 A%

Utk
LA 3 U 8-S PEP 5298 2314 Al 2.
7HeA A=

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO &7 W7 ulo] Q1A ¢4 Bxdg A4 12 A
APA 3 )82 PEP 528 251414 &
A A=

int Py_NoSiteFlag

B site YEES olo] £uhE & sys.pathd Aol E FEH I 2212 W B HF U £
Hol site® BAHOE JRE T o2 B 2 AL BT (22l A AW site.

main () & TETHAAIL).
-sgAHoE AAE YL
int Py_NoUserSiteDirectory
“I'Y} = site-packages == =& sys.pathol 7514 &5t
-s8 -1 84, 12831 PYTHONNOUSERSITE 374 W42 AAE Ut}

int Py_OptimizeFlag
-0 23} PYTHONOPTIMIZE &7 W4 E A A Ut}
int Py_QuietFlag
3ty R E A2 WA w AR E FAISHA] 5t
-q SHAo g HAA=E YT
WA 329 7}

int Py_UnbufferedStdioFlag
stdout 7} stderr ~E &2 ¥ 3 & 3} A| 5}

= 7
==
-u 243} PYTHONUNBUFFERED 37 tﬁ—?i A A= Ytt
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int Py_VerboseFlag

W 28 E Sk oA AE AT 2
Heh 2]} L0, 2 ES B A al AR e o shalof o8 oA A S S e 8 B8 A
v Qoo tie AR e AleE

=]

-v 3413} PYTHONVERBOSE 37

9.3 QlE{=Z 2|E| x7|3}e} nlo|e|Al|o|M

void Py_Initialize ()

Part of the Stable ABL. 3}o] % A ZE]E & 273 th o] M-S W dshs §8 T2 I3 A
=, Th2 Iho]A/C API &5 AHE-3H7] Aol &l oF Futh 2 71X ol 2]+ afol 4 =731 A&
B,
o]AL ZrH TEL HolE(sys.modules) S 57]§]-6‘}I’_ AR IRER = bulltlns,_maln il
sys& T Ytk 3% B '5751/5]14 A& (sys. path) 27133t} sys.argveE "’7‘45}?(] Blas
th o] & Y A= PySys_SetArgvEx () S AFRSHAA| L. (Py_FinalizeEx () & HA &
517 ¢kal) F HAE S &3HY ob - 4 & o1A] kU T vkEk 3ho] gls Ut 2 7]kl "a‘Jﬂs}E";
A 2 QA o J Ut

3 dESoA, € EE 5 0_TEXTO|A 0_BINARY Z HAF UL C ALY S ARS8l 259
H] gpo] A AR = S v Uk

void Py_InitializeEx (int initsigs)

Part of the Stable ABIL. ©] 8+4== jnitsigs 7} 1©|H Py _Initialize() 1 ZH= sk o). initsigs 7} 0

old, Al2d A 7] 2713 SE2 AVHE =4, sto] Mol A uf & ;‘_l]-zl\_o_g_qr/],.

intPy_IsInitialized()

Fart of the Stable ABL Z}o]# QlE] Z 2] ¥] 7} 2 7] 3}5] ¢l o ZH00] o} d)& whahatal, 18 %] ¢
ARA0)E &3ty Py FinalizeEx () 7V 229 &, Py Initialize ()7} A &2

A AR L B o

o
) 7}

=
=

int Py FinalizeEx ()

Part of the Stable ABI since version 3.6. Py_Initialize ()2} 3% 5}o]#/C API k4= Al-&of 2|3

$3E BE 27|35 A3 HASt, Py _Tnitialize()ol EHTS]— 2 e 5= ]U WS o] H A
U]— o} A AA|E R ke B E A H AE ZE B (o}#] Py _Newlnterpreter ()5 JFRSFAAL)E
A A g T} o]/ﬂ-;@ o7, o];q JlolH A ZHEH 7 EE3 RE w2g s ATk (WA
Py TInitialize()E THA && kA 940l) F+ HA 2 S =51 OP—‘:r‘Fd A& oA FsuT Ak
Ao g v gr2 o Ut geld Al o] =5 g7 2 (M H P A dlolE E2A]) -19]
wher U

o) B4 of2] 714 ol 2 AT HULE W 4 T2 0] §8 22 19 AN & OA A RIIA
@ shol & B AR & 5 Utk FAo2 228 4 9t ool uelel (T DLL)
o A ol Ml QUE| T e B 2 98 T2l DLLE AR E 317] Aol sho] Mo Aekat 1
ALAEAAFD 9 ¢ AGT £8 22l WLel SR A B AWAE S8
22392 SR Aol shol WMol 4 2T e BE v mE AL 4 AU

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py_Tnitialize () and Py_FinalizeEx () more than once.

Q1 =} §lo] ZHA} o] Wl E cpython._PySys_ClearAuditHooks & WA A U T
B A 3.60] F7}.
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void Py_Finalize ()

Part of the Stable ABL. 0] A& Py FinalizeEx ()9 oA WA} T35 = uk3} 212 F A 5k= v 4
AR A=

9.4 TEMA TA| D7 H

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
Yy g g

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

ol g4 (&St ) Py _Initialize () Aol £E3oF FUTh str.encode () oA} 22
Ju| g, FF10) AFR T A7 Y3} o8] A S A Z Tt}

PYTHONIOENCODING %t Al A 9] (overrides) 3} 11, 37 47} 25 51K ¢8-S uf] U & (embedding)
FEZHORIFZY = AT = A== itk

encoding /T = errors-= PYTHONIOENCODING W/ = 7| B ZH(TE A Ao wret oS U th S AH:
st7] f8f NULL S Qs Tk

sys.stderr< o] (E& t} &) A A3} #A ¢lo] T4} “backslashreplace” ol 2] & 8] 7] & AF-&-3Ho|
ol st Al 2

Py FinalizeEx ()7} ZEH M, o] @ Py Tnitialize () e F&H T F o G2 n| A7)
A8l thAl S &5 o o F

RFBE 02 WA, o A (18 o] AEZeE 7} ol 2758 F 5F) 0] obd S
whghgh U o

W 340 =7}
WA 3115 A g

e

void Py_ SetProgramName (const wchar_t *name)

Fart of the Stable ABIL. This API is kept for backward compatibility: setting PyConfig.program name
should be used instead, see Python Initialization Configuration.

("ol ol @<= py_Tnitialize ()7t i{%ii T=57 Zd"ﬂ TEF o oF g OJEL‘E
elEollA Z2 a3 main () &oll Heargv (0] AR ghs S FUT (2ol & TA= W
HUh. ol A2 py_cetrath ()} ob o] BhE 3‘-?011/‘1 Aelz el e A3 s} Alg st “4
dErgd ehol B2l & 2o AR g Ut 712 82 'python' YU Th ?_].x]'f Z2I S AYst=
ST WGl MAHA Fe BA AFLY 007 e gol= EAE S 7Fe] A oF itk st
AelzelH o] ZEE o] A2 g2 HAsHA FFuth

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

HA311EE H A =F.

wchar_t *Py_GetProgramName ()

Part of the Stable ABL. Py_SetProgramName () S22 AAHA =2 I o]F o L]— 71 2 2k-S vksk sk
oL e EAUS A4 ARLE AL AUTh 52 A W A AL & H T,

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

B A 3.109) 4] ¥ 73 : It now returns NULL if called before Py Tnitialize ().

wchar_t *Py_GetPrefix ()

Part of the Stable ABIL Return the prefix for installed platform-independent files. This is derived through a
number of complicated rules from the program name set with Py_ Set ProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python’, the prefixis ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corresponds
to the prefix variable in the top-level Makefile and the ——prefix argument to the configure script
at build time. The value is available to Python code as sys.prefix. It is 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 X ZWAZ-FE54 =
Py_ SetProgramName () o2 AAZH =2
& FFAFHYUTH & So] =219 o]E09] '/usr/local/bin/ python' o] &, exec-prefix= '/
ust/local YuTh HHE BAAL A4 ARLE 7he] PUTh BEAE AT S ANAE
AUt} ol HAY & Makefile® exec_prefix M52} W& A] configure 23 H E 9]
——exec-prefix AR PGt o] F2 5to]H T T oA sys.exec_prefixE ALGE
91U Th. B4 2o 4§18 T o

vl 7 : exec-prefix+= S AE TE5 A L (V1 A oI F 5 golB e E]) o] 2 Y P E g Eg
A2 o prefix o} thF Ytk Aub AA A, SAE F54 9L /usr/local/plat A H EFo]

HuZAESHE e %l% /usr/locale] AX2 4 JFUth

g

A A 1

dutH o g T, TR Z2 = o AZEY A AFTLY XYY ]T‘::‘ = ©] Solaris 2.x
2 AAE A= Sparc 7| AEL 22 ZHAEZ O Z THEFHA L, Solaris 2.x 5 A 38 3}+= Intel 7] A
L OE ZYZoly, gEAE At Intel 7| A E THE ZPZ YY) e 8°§ AA S A=
g2 AR ditg oz g2 SAES AT v Y2 A AA = OS2 o]o]:7]%]141;]—
ol 2 sk Ala'le] A x| A=ko] YR th2 7] wlj F ol prefix 2} exec-prefix+= & v] 7} glo v, = T':x]'oﬂi
ARE UL A3tdE go] A vlolE T & 3Yd 2 ZAWE SH A A FYsHAAL (Y o] &

Astd etz A8H shol v Hol = B4 YT,

Al2~®] #He] A= /usr/local/plat & ZF ZZ o i3] ¢ & lq’ol A2l o g ALg3taA S E
el /usr/local & FF3 =S mount L} automount T2 7H S A= HS & AYUth

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_GetProgramFullPath ()

Part of the Stable ABL 3}o] % A8 5ldo] AA) ZZ 13 ]%% WSttt} o] AL =
($19] Py_SetProgramName () L2 AAFYUHoA] 7| E & AN F 2 E 5=
AH LT, e EAGE §AATLE el DUk BEAL e

2 vlol M I = A sys.executable 2 AFEE 5= JHF U T

This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

B A 3.109) 4] ¥ 73 It now returns NULL if called before Py Tnitialize ().

wchar_t *Py_GetPath ()

Part of the Stable ABI. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series
of directory names separated by a platform dependent delimiter character. The delimiter character is ' : '
on Unix and macOS, '; ' on Windows. The returned string points into static storage; the caller should not
modify its value. The list sys . path is initialized with this value on interpreter startup; it can be (and usually
is) modified later to change the search path for loading modules.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

¥ A 3.109) A ¥ 7 It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

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

Set the default module search path. If this function is called before Py Initialize (), then
Py_GetPath () won’ t attempt to compute a default search path but uses the one provided instead. This is
useful if Python is embedded by an application that has full knowledge of the location of all modules. The
path components should be separated by the platform dependent delimiter character, which is ' : ' on Unix
and macOS, '; ' on Windows.
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T3l sys.executableo] T2 AA AE (Py_GetProgramFullPath() & ZAR3}HAL)
AAE T sys.prefix®} sys. exec_prefixﬂ— Hlo]d == dYth Py Initialize()E &
23 48T o] & A= A TEA oA € 01’\‘41’%

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
AR A= YWRAo2 BAFHER, §E0] A5H F S/ T f AT 4+ 5t

A 380 HA: oA ZE I o] YA =2 AA| HAE7} sys.executableo] A3
e,
A3 115E 1=,

fu

const char *Py_GetVersion ()
Part of the Stable ABIL ©] 3}o] A Q18] = 2| ]9 W] A& wis3tu o} o] AL t}-&3} e Ex1d 9t}

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]" ]

Mo

The first word (up to the first space character) is the current Python version; the first characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not
modify its value. The value is available to Python code as sys.version.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Fart of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from
the “official” name of the operating system, converted to lower case, followed by the major revision number;
e.g., for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5"'. OnmacOS, itis 'darwin’'.
On Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABL. @4 sto] ¥ ol th 3 4] 2124 FAE & Wkt o & 591
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
e BFAEe A4 A4S 7t A ULh S S A= U o] 2 Tl
F XA sys.copyright 2 AR S 4= A5 Yt}

const char *Py_GetCompiler ()
Part of the Stable ABL. @A sto] A WAL W=t AR AL FAE P25 RA 813t
gt} o & S

["[GCC 20T02c2] " ]

HslE 219 e AA AZAE sE| UL 55
FT A WS sys. ver51on«] AR =2 A FFH T
const char *Py_GetBuildInfo ()

Part of the Stable ABL. & 2] 5}o] 3 A Z ¥ QJ2EH A
A2 ek, o2 5

[kl

©
>
L
[>
'
M-
o
3
In
e
=
v
>
(o)
2
k)
rok

["#67, Aug 1 1997, 22:34:28" ]

VHE TALL PA AL e DYtk TEAE FE FHAAE AT o G2 sholu
F oA M sys. versuon«] JH 7 AZF Lt
void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

Part of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_path should be used instead, see Python Initialization Configuration.

arge % argye) 70 oys.argv & ABYU, o] W] A 22 2WSI nain Pl AL

A A E A B 3] HA] 2o Tlo] A AHZ B HE TAHIE= AF 9o o]_]_,]\:r/]_ 23 2
aa%& Qg A2 oF Bk Aol Wol Yeruth AR 2TFES} PO, argve] A WA

9.4. ZTZMA MA| Of7H g 185



The Python/C API, Z2|A 3.11.11

3}

=2 F=7) sys.argv 27|30l AujSHH, Py _FatalError()E
At

21l
Blo] z7

updatepath7} 0©) ¥, & 7] 7} 2] 7} o] 47} Sk B A YU th updatepath 7} 0] obU ™, T4+ oh2
LG e|Eo el sys.pathT ATt

e V|2 2~3YES o]Fo]largv[0] 0 &2 AEHH, A3 HEVJE= Y EHE e Ao A=V}
sys.path &l Z7+g Yt

« 28 GO (%, arge7} 0] At argv 0] o] 1 E 5 o] & 712714 SO ™), sys.path
ol Wl Bxpg o] /b L) o AA) A Tl e e (", ") E Pl /b5 AT} 2L UITh

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argvmembers of the Python Initialization Configura-
tion.

i GY2IYE A o)) HAOE ol d ANLINE WA= 35 222 08

updatepath @ AE5}1, Y3t= & sys.paths 22 F JAISHE A o] 254t CVE-2008-5983 S
;ﬂ-Z o]—/\1 Al L.

3.1.3 o] A Bl Ao A=, PySys SetArgv ()& 23 3 3] WA sys.path R4S £5 02 A A

Spo] 22 ATHE AL 4 AU Th oE So] 0h3-2 AHEBhol:

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); }

WA 3.1.39 &7}
HA 3115 A E.
void PySys_SetArgv (int argc, wchar_t **argv)

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

o] 34 = python AE ZeE 7 12 AZHA %= & wpdareparh 7} 12 2 A=
PySys_SetArgvEx () A3 25t}

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

See also PyConfig.orig_argvand PyConfig.argvmembers of the Python Initialization Configura-
tion.

WA 3.4 WM A updatepath 752 -1l W} o5 Yt}
WA 3115RE H A 9.
void Py_SetPythonHome (const wchar_t *home)

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

1% g gdee), 2 52 sto 4 goluel el A48 AATUL A% BAL v

PYTHONHOME & X3} A L.
A D22 AR F L0l MAHA R A A G20l U022 Trie $AAL
Zhel Aok FUth stol i ez eE|E o] I E= o] A4 W8S AAsHA kst
Use Py_DecodeLocale () to decode a bytes string to get a wchar__* string.
WA 3117 E F 2 4.

wchar_t *Py_GetPythonHome ()

Part of the Stable ABL. 7|8 “&”, & py_SetPythonHome () o t3t o] A ST & A A3t grol}
A A=) 9t PYTHONHOME 37 H49] gh& vhaghyoh

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 ().
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9.5 AR|S AEHQ} MO QlE{=alE] =

GATH UL 0 A ol i 2229 45 A,
ol @14} 220l = 7} B3l of = A E|zele] = H8 GlLol ekl
w ﬂdiﬂ“ Hﬂr%%1,}%z ﬂ®42ﬂ+qzﬁﬂt431ﬂﬂﬂfﬂemoﬁ$
e AAe Fx A5E FNA W, B2 A57ET WMol ohd

EE}EW GILE Q%&éfﬂll&{ slo] W AH o A =3 A 3}o] W/C API S+ T &3 2= Qo=
o] JFUTh FA AHS 2str] 98l Aelz e EH = A 714 OEAEﬂ‘: ﬂﬂ%}\ &
setsw1tch1nterval () S ZARIJAHAL). EL 59 ¢ 7]14- 2712 e FARAd BEZT T/
M= Al 2R, 25t thE oA ifﬂEﬂ A3qd 5 s Uch

stol W AE LB = PyThreadState B H o] 2 A o] ~¥ = ¥ 7] (bookkeeping) F R E B &
StUth A PyThreadstate & 7} 7] = 39 A a4 QG5 UTth: PyThreadState Get ()&
AE o] 22 & 5T

[

o
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=
e
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rlr
=
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Save the thread state in a local variable.
Release the global interpreter lock.
. Do some blocking I/O operation ...
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

o] AL 9 ukA o]0} A 0] & 37 915 & o] M= EA T T

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py END_ALLOW_THREADS

i

Adgyo

Py BEGIN ALLOW THREADS Wja 2t A 2L 93 £AA A9 AL
Py_END_ALLOW_THREADS Wja 2t E

A BEL g FER PRk

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

o] AA| 2= el o e Z QA

of FrEo A% AL e} BHUTh: 2 =
2 Fen Fol oA aof oA 2o
q

2ok v A8 LT, S8 sl sk
= 9lE 2 714 obof it} (o

%9 mEdU. B,

Aol 22 8 Saof gt

durlt o
o [» X
ot
i
el

Fi: A2" V0 4 5E2 GILS E|ade 713 dubA 2l /\}% Ap o] A vk, v 2 2] W & 53
A5 ohe GFolv 433} Fof o], shold AR o QA2 BT gl B7] AW AdS &6
A= 48 5 dF UL o2 S0, EF z1ib% hashlib ZEL tolHE ¢&s AU A T
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9.5.2 mO|MO| ZH=X| 2 A=

A8 vho] A API(7}9] threading RE)E AHE3to] 2 =5 THEW, 28 = e/ AHg o2 A2

B 9o A" =7 SukE YTt 2, 28 E7FC A wEA A wff (& Eo AHA| /\EJ]E )

71550l = A4k ghol B ef gl o &), GIL& K otA] ¢, A< At 2d = A +2= s uth

ol gt 2 =0 sto] W TEZS T EH ok S (FF A AT Al AL ehol B 2lof| A AlE st

! Apu AR7FHUL, WA 2= e 2k R %%E TS o] Al OJEizalEMl oY ~EEE Eiﬂ
+, GILZ 8 5331, npx| 2k o 2 5ho] H/C APL AHE- Alﬂo}ﬂ Aol 2= e ZAHE XWEMD}

e, 2= GH ZAHE A A6, GILe Hxﬂﬂﬂ npAjEte 2 Ay e AE AR T2

S Al o oF g T

PyGILState_Ensure ()9 PyGILState_Release () &4 9o R E AP S 502 3.
C oA gte]f S T &5t 48 A A8+ thaH Z5Uth

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 au-
tomatically 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()Ol CHE =2 AlSt

g = tsf ﬂokf;_&t_v}% 23 HL C fork() & A 28 =9 S2JYLE fork() &
,\}&3} EHTTA Nadoes, 22 a7 233 3o 235 43st g =vk 2R UL o=
< A g3 of 3= ‘:}}‘:“J}CPython Aetdof] A4H BE A R 7AF A F ‘ok—,% o] U ch

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python
solves this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards.
In addition, it resets any lock-objects in the child. When extending or embedding Python, there is no way to inform
Python of additional (non-Python) locks that need to be acquired before or reset after a fork. OS facilities such
as pthread_atfork () would need to be used to accomplish the same thing. Additionally, when extending
or embedding Python, calling fork () directly rather than through os. fork () (and returning to or calling into
Python) may result in a deadlock by one of Python’ s internal locks being held by a thread that is defunct after the
fork. PyOS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

02 2 E 2 =7 AR o AR 2 =3 CPython o] HEFY AE 7} os. fork () & vl 7kA =2 24
37 Al o] of -2 o ul gl Th. o AL AR A Tl e 9} ThE RE Py interpreterstate A7
&ote o =T PyThreadState AAE vheldE A o]l Sk s u gyt o] 2a “u <17 QI E
ZelH e S 54o2 dd, fork () = CP ython 4 & ¥ et l-%_EH 71348 1Bz 2 E 9| “u| Q17
~E= W‘ﬂigﬂfﬂokﬂﬁﬂ F LT AL exec () 7F L Tl A ZEH = AU Th
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e C g D= AHSHAY ol A AR mel B E WFT W Y ANH 02 AEH & G T4

type PyInterpreterState

Part of the Limited API (as an opaque struct). ©] A}F8 2= o8 4 29 =
e Uth 22 A Z e &3t 2 s 2E dE 9 2 7 g2 i 35
o] FEANE B A7 G

e ] Eof) 43 A = ALS s R, 99 9 7 eR 5
A, 1 o ohE A% BFEAA ek A AjzelE 52
Ao BA O] BE 2@ =0 A 58 k.

type PyThreadState

Fart of the Limited API (as an opaque struct). This data structure represents the state of a single thread. The
only public data member is:

PylnterpreterState *interp
This thread’ s interpreter state.
void PyEval_InitThreads ()
Part of the Stable ABL o} A = 3}A] ¢F+= H X & gk,
shol 2 3.63} o] A WA A, o §47t EAFA O GILE HELSUTh
WA 3.90 A4 M7: o)A o] FpE obF A FASHA AFUTh
WA 3700 M | o] s o)Al py_Tnitialize()ol &3] TEH A, YL He A F
55¥ 287 gk
WA 3200 WA o] G He Py _Initialize() Ao 222 5 s th
W 3.95E A 4.
int PyEval_ThreadsInitialized ()

Part of the Stable ABL. PyEval_InitThreads ()7} &%
L GILS R34 $1 32T 4 Aol A, B A =8 49T 0] 2 APl 522 53342 o
}\]._9_51- 2~ o] 2> 1/] q_

i
32,
> Jo
2]
(@)
o
o
o
o
fifo
rE
et
)
v
:L
o

WA 3.7 M WA GILL o)Al py_Initialize ()l &3] 27]3g Utk
WA 3,978 3 A,

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (W= tHH) A ez g &L At 24 = A E NULLE A H A
32, o A 22l = A e (ULLo] o U Th & Wehgh o). So] Eol ArhE, @A) A=} S8
8 S 3 ojof g k.

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABL (RFE o) A< ez gl 22 5311 27
S tare = AT T Zo] B0l ATk, AR A S} ol 2 HE5A ¢
orowl w2k ek S A g o,

Iﬂ

Bl & NULL ©] ofofof
Fokolok Stk 13 A

&
o)

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()

to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState *PyThreadState_Get ()
Part of the Stable ABL. AR 24 = A& ¥Isguc). A Qg2 g & E—,T‘ZSH 0]: g o} & 3
29 = Aej7F NULL o] | X A <l o 2 7} 2T o (—-LEH/H :‘:’:EZ]'ﬂ' NULLZ 313 227

Ay Th.
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PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the Stable ABL. &2 28| = AE] & Q1 A} tstate(NULL ¥ 5 A5 U TH 7F Al 335H= 28 = Aej 2
29z gth A0 AEZH 2L 1o of 5v] 545 7] o
e Pt AU 22 A4S AL, A1 A8z H e £8 A Fudth
PyGILState_STATE PyGILState_Ensure ()
Part of the Stable ABL. AX] 22| =7} gfo] W] AR Aev} A Az e g S AA gle] slolA

CAPIE ST 07l A=A EAggth o] AL ZF §=&0] PyGILState_Release () ol ot
5834 ol TE T AN UG I A W22 5 AT DAL E, 2= 4
7} Release() Aoj] o] A Ae| 2 B Q%= 3 PyGILState Ensure () PyGILState Release ()

& o o E 2= B APIE AL 5 S5 Ut ol & S0, Py BEGIN_ALLOW_THREADSS}
Py END_ALLOW_THREADS W32 2] AAA 9l /\}ﬁ 2 sggYrth

W3} 2kS pyGTLState Ensure () 7} EEH QS w9 Ad = AE] o th 3t EF 3
glo] o] ZH2 Ao Y= E e PyGILState_Release () 2 AT o] oF Tt} |
EgHYEgE, o) AEES FTHE F s UL PyGILState Ensure ()°f tsk 2z 11
Z}A 9 PyGILState_Release (ol et &2 A8 AES Al oF Pt

sk el @A) 28 S5 GILS HR ek ele] stold =S BET F gLk v
2% <) ol 2] gl e,

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_TIsFinalizing() or sys.is_finalizing()

to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

void PyGILState_Release (PyGILState_ STATE)

Part of the Stable ABL o] 0] 5 8 2= A9 AT o] 55 Fol, shol o] Aefe o2
PyGILState Ensure () % ol A% 2L UTH 2L QA0 2 o] Al TE A1) A 24

] 9ko} A, GILState APIE AF2-3H T},
PyGILState_Ensure ()| & BE T &2 22 2 A PyGILState_Release () ol Bt
523 4L ol oF Ttk

PyThreadState *PyGILState_GetThisThreadState ()

Part of the Stable ABL o] A#=2o] &A] ~d = Ae|E 7}4-& Ul AA| A@ =of| A GILState API
7F AHEE A k%O W NULL= HEEHSE = QiU T Wl 28 oA Ag 28 = A Eg(auto—
thread-state call) ©] 5= =] 2] ¢k-2 A=, vl 2 =0l & A4 o] 23t 28| = JEj 7} 2ol F
SJBIAA 2. o] AL F2 =S 0)/2E F T,

int PyGILState_Check ()

@A) £ =7FGILE B4 1.0 W 1 & Mk TgX) 9o 0 MATh ). o] g ofp
WU E sE S oA 558 4 g Th shol A Ad| = ek 271815 9l B4 GILS Bf5ha
98w w1 & WML o) AL F2 Eu/Ae F U o & So] 29 AWAE Y W e
G G5l A F88 5 QT GILo] A Arke AL W TEAL AW YL B
T8A o d vEA SAAES § 4 AUk

B & 3409 Z7}.
S MHIZ2= derH o2 o AuZFE glo] AP YT Ifol A v oA AFS o] & ZO A A L.
Py_BEGIN_ALLOW_THREADS

Part of the Stable ABL o] ®W] 3 = { PyThreadState *_save; _save =
PyEval_SaveThread(); & ZFH Ut o= TZI7 2THA IS YA L;
HuwtE = Py END_ALLOW_THREADS Wl I Z 8} A x&f oF &t} o] vfa = that AA 3 8L
EERES K

Py_END_ALLOW_THREADS
Part of the Stable ABL. ©] W] Z 2 &= PyEval_RestoreThread(_save); } 2 EFZAH Ut} 2=
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fo
o

257 2385 o 2 7234 A A Py BEGIN_ALLOW_THREADS W3 2 2} ¥ X] 3] of
Gt o] vz 2ol thek AHA T 82 A E FxsH A L.

Py_BLOCK_THREADS

Part of the Stable ABI. o] W] = 2 = PyEval_RestoreThread (_save); & &g Yl &= =&
57} §l= Py END_ALLOW_THREADSS} 553 th

Py UNBLOCK_THREADS
Part of the Stable ABL. o] ]2 2= _save PyEval_SaveThread(); & FEUth d==5=

S W4 AAdo) §l= Py BEGIN ALLOW_THREADSS} 553t}

9.5.5 XsZ API

BS Py Initialize() ©]% o] TE5 oo gtk
WA 370X WA Py _Tnitialize ()= o)A GILE %7)33t}.
PyInterpreterState *PyInterpreterState_New ()

Part of the Stable ABL. A Q1] Z 2] ] A e] 2A & wt5 Uttt A ez g ES HFTd EQ
AR o] ol e &2 AL 3tsfofstd BT 5 s yth

o1z} glo] ZHAL o] E cpython.PyInterpreterState_NewE WA Yt}

rlr

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. A E]Z 2] ¥ AE] AA o] BE JRE ALAAFULE A9 A=y &
§8of g,

o1z} glo] ZFA} o] E cpython.PyInterpreterState_ClearE WA A A Yth

[l
o

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABL. Q1B Z 2] &] Ae] AAE sttt AL Az H EL EFEZ] gl
Uttt AezZe|E] Ael= PyInterpreterState_Clear ()l EHE]' o] j’:%i A2 7= S of of
Fuch
PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the Stable ABL. 0] 7 Q1] Z 2] ] A Aol £&81= A 28 = AE] A S Ytk
ZolE 5 HpT BRE YA, of Bool et 32 S 4R ok S W T 4 Sk
void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL. 2~#| = AHe] 21A|2] 2RE AR E A d AT A AdEz g & H-{F3oF
T o,
WA 3904 WHA: o] &4 = o)A PyThreadState.on_delete WL ST &S} o] Ao =,
PyThreadState_Delete ()oA &35 th
void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL ¥ = o) A48 59 FUth. 49 dEzmele 2 W {T DR YUk
Y = A= PyThreadState _Clear()o| thdltold &= A4 %ﬂ 9101 oF Yt
void PyThreadState_DeleteCurrent (void)
A A2 AHE I sty A A=z 2L z‘sﬂxﬂt‘mq PyThreadState_Delete ()}
AR, A dHZEH 52 OXVﬂ*’J" s Yo 28 = A=

= - BA

PyThreadState Clear ()o] tgt o] A T&Z AL A= glofoF Tt}

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3Fo] % ~#| & AV sstate ] DA 28 4 7HA S th

Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & ZFZ3A AL

tstate~—= NULL ©] o}u] o] of g+ T},

B A 3.9 &7}
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uint64_t PyThreadState_GetID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. T}o] 3 22| &= AE] sstate 2] 1-7-3F 2~ & &= AHe] 21 & 2}
R ASIEY

fstate+= NULL ©] o}1] of of S+ }.
B A 3.9 F7}.
PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 5}0] % 28| = AV tstate ] QB Z 2 B E 7}FA 3 U o
istate+= NULL ©| o}1] of of gh]c}.
WA 3.9 =7}
void PyThreadState_EnterTracing (PyThreadState *tstate)

it

Suspend tracing and profiling in the Python thread state zstate.
Resume them using the PyThreadState_LeaveTracing () function.
WA 3119 7%

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state tstate suspended by the
PyThreadState_ EnterTracing () function.

See also PyEval_ SetTrace () and PyEval_SetProfile () functions.
A 3.119 F7)

PylnterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. A Q18] Z 2 & 7} A F U T}

AR spold Ad = AE 7 A A A= E 7} flow AW A o2 S B Th NULL
g wae 4+ gy

T EAE GILS B3 oF FUth
w390 37}
int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Part of the Stable ABI since version 3.7. QUE]Z 2] E]2] 17 IDE WUt} 224 st=d Jd8 7}
WA 1 0] LB 1 of 2] 7} 4 A .

ZE2h= GIL& K5 oF gt
WA 3.7 7}

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABl since version 3.8. QUE]Z 2] ¥ t| o] E] 7} A FE 4= &= AV 2] & wsghy o}
o] T7FNULLE WFSHEIH o 9] &= A 8HA] ¢k S &A= A Z e gAY E AT &

Ak 714 o of Ty,

o) AL Fo] AE Ze)Ed AE) AR E A A o] A8 oF e PyModule GetState ()

A sk= A o] obd Yt
W7 3.80] 7}

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *frame, int
throwflag)

=9 7t g5 B

throwfiag M7} 4= A J & o Bl 2] throw () MAEol A AL&H U 00] ol w, AR o9 &
A2 g o,

W 3.900 4 A A: o)A Fp astate Vi) S H T T

B A 31194 ¥ A The frame parameter changed from PyFrameObject* to
_PyInterpreterFrame*.
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_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
zd ¢ F7F 8 7S U
PEP 523 “CPythonol] & 9 37} API 3717 & 2514 Al 2.
W7 3.9¢ 7%

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval frame)

=g 7 A4 g
PEP 523 “CPython®]] =¥ ¥ H 7} AP 7P & XS A L.
B A 3.9 F7}.
PyObject *PyThreadState_GetDict ()
Return value: Borrowed reference. Part of the Stable ABL. &-7o] ~d| =¥ Ae] AR E A 7e 4
DAY el E BT 7 3L DAY 2ol 4TS AAShe ol A8 1§ 78 g ok
ok @A 2= e E /\PEL?;}—’F = o] F4E TS = HU T o] FTFNULLS
of| o] = WA sHA] kol TEAtE FA 2d= ”EH S AHEE o flokal ZFA sl oF g o
int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Fart of the Stable ABIL. Asynchronously raise an exception in a thread. The id argument is the thread id of
the target thread; exc is the exception object to be raised. This function does not steal any references to exc.
To prevent naive misuse, you must write your own C extension to call this. Must be called with the GIL held.
Returns the number of thread states modified; this is normally one, but will be zero if the thread id isn’ t found.
If exc is NULL, the pending exception (if any) for the thread is cleared. This raises no exceptions.

WA 3.79 A ¥ 7: The type of the id parameter changed from 1ong to unsigned long.
void PyEval_AcquireThread (PyThreadState *tstate)
Part of the Stable ABL. A Qe Z 2| E &8 5311 dA 28 = AEE sstare 2 A A S T} sstate

£ NULLo] ofu]ojof G T B-& ol do] w50} A Aojojo gtk o] Ad=e] o] So] g,
23} Abe)7h AR o

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

WA 389 A WHA: PyEval_RestoreThread(), Py END_ALLOW_THREADS () %4
PyGILState_Ensure ()& YHAHEE BAHJN o, Az g7}t sto]d A ol A s+
FAEEHE A iEﬂEE}—EﬂHD}-

PyEval_RestoreThread ()& (2#E7} 27|35 A S w23 FA AL S ¢ Qs 14
Gk

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABL. @A} 28| = A S NULLE AR A ez g =& A gt
2.2 o 1ol B o] o oF 31 @A) 2ol =7} B §-3of STk, NULLO] obv] o] o 3 ssare 217}

£ A 2 e e sk dRASH U — 294 erow, AW A< ol 27}

Eﬂ%} Ytk
PyEval_SaveThread ()= (2dE7} 27|31 A 942 o 22} A A
F5duh.

void PyEval_Acquirelock ()

Part of the Stable ABL. A <& €] g
g Z o o|u] Zo] 90w, 1 AFE] 7} kA

<
A

]
rlr
N

g

FUrh 22 o] ho wEolFolok gt of

WA 3288 JAAE: o F5E A 2d= FHE AAGX
A
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Fa: "Aepd o] stojd A o] d  wf A =M o] F4E TEH, 28 =7 Tfo] Ao o Tk
oA A gt 2H =TS GA = TEE W 116}?4‘1‘ _Py IsFinalizing()
°|t} sys.is_finalizing () & AH&3te] o] §4E $E317] Aol A Z 2 e} 7} spe] d g] Al o] A

H3 A F9% 4 gyt

HA 389 A WHA: PyEval_RestoreThread (), Py_END_ALLOW_THREADS() %
PyGILState Ensure ()8 FHEF A=A ow, Ag =7}t sto]d e A o] A 3t=
Zols29d A7) Ay Z:.E'G]—qu_

void PyEval_ReleaseLock ()
Part of the Stable ABL. A9 ¢z glg &S ATt} L o] Aof wlEo] Ho]of gth

WA 325E A8 o Bar @4 ~cdE 4UE 4494 25U da
PyEval_SaveThread ()Y PyEval_ReleaseThread ()5 AFR3HI A 2.

9.6 MH ClE{=2|E X|&

R A o Fol AHZH T WS AUt 22 Z2 A, of M 22 2 = oA
o 5 JdHzgHE HEofoFste A7 AdsUth A B QAEZEEHE 2184 5+ J=F FYTh
“m 917 QlEj Z Bl &= HELY o] 27|3E u] BHEoJ A= A WA AdEHZEHIUY BHELS T EZ M 20
/‘1 st atol JdHzH YUtk AR A= el 2, vl AEZ e+ Al1d A 22

et Z2 A2 A HAS ZE5 Ut T3 HEY 2731 S AY S GFsty dubd o ® HERY
JJr°1L*FJ?<ﬂ o]l d T4 A Az YUTh PyInterpreterState Main () &4+ 129 el

ek 2 A8 E vk o

PyThreadState *Py_NewInterpreter ()
Part of the Stable ABL A A ¥ Q1E) 2] B & W51 TF. o] 212 Shol A 315 A2 913 (A]) 95
2" & gk 3], A 0“:4‘“\‘413"1]% 71 2 Ebuiltins,  main__ % sysE E33}o],
EEYxEHRE MY, S HAS ASULL REEH 2EH ]E(Sys modules) ¥} 28§ A4
4 E (sys.path)= EA AUt} Al ﬂﬁ e sys.argv U7t sy th AER 2210 2EH
Y A sys.stdin, sys.stdout I sys.stderr& 7"’\1413} (¢}, e 3tH 3d 7|=xE

Bz .

e g2 A A B Az B oA TEol R A A A= AR E vhel Ay o] 28 E A=
A 22 E el A e of P Utk AA| A ETE RSO 2] ol ol s Al L ol 2l =

Rl tidt A S st Al L. Al IH 2P B E EE *‘Jﬂﬁ} , NULL ©] W8k Y t}; o 9]
FH= Tfﬂxﬂ 2B = Abejol] A 3 @A) 2ol = AE 7F S 5 9101 A o 21 7F A A ek o).
(Che 2 9ol d/C APL o 7 2, A H 2 52 o] 4S8 2357 dofl By
s of sfm) wkehd uf A& FAF Uk 2 ti R tE JJr W/C API g2} 22], X2 uj

i

S BRE2 th23 o] (A R) dejz g o FHE Ut

o A 27|3LE AMR3HE BEY A, ol E 59] PyModule_ FromDefAndSpec(), 7+ 9l
Hz o tfaf B BE A7 wEol A1 27 P Utk C o A A v

ol# gt BE A 2t FHFYTh
o OHA 27135 AHE St B8 A5, ol E £9] PyModule Create (), 57 &740] A&
dzE Fu, AR 27|51 1, BRE 9 Y (&) AHE o] AFF Ut thE (M B)
Az H7F 22 4S5 YdEE T, | ZEo] 27315 31 o] HEAHELY Y& o7 2]
th &3] init F4E SEH A m}%‘%“/} meta 25 92 Y] AR (A B) A Z 2 E
ol #9550, 9 e 7S Y T A"HD}PHH W 1o} 0] AFERE FR A A L),
o)A AEZ B H 7} Py _FinalizeEx ()$} Py _Initialize ()& %“PO:] %3] A
271319 £ 42 d2E T of dojuvs= A tgFod FHAL; o A%, 7Y
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initmodule ¥4 7} Al & H UL ThebA] 271819 M AAAA 2, o] C 79 A
Aol W4k o) e 3 B 2ol 5

pal

o
1o
=
oo
<
o

void Py_EndInterpreter (PyThreadState *tstate)

PartoftheStable ABL Zo]A AT A2 F3E L (A1) JEZ 2 3Tt 2ol R A
= AeE dA 28 = e ol oF Tt ofefle] A= Ao gt ”é% FRIAAAN L. SF0]
EE Y, @A) 28 = Al NULL YUt o] JEZ e A-E B | = AE) 7} sk = Y

t}. (quq ¢l E1 FJEJEC’ °l drE EZ?W] Z*"ﬂ EWUHOFEPD:] 1y L%'IH o ds] FAHUth)
olE

9.6.1 H{12} F2o| AlS

HE SIEZelE (% W9l e T E) = 2 T2 A 20 ARol] p o], 15 7r9) o] Sl
AU TH— o] 5o, 0s.close () 9 22 ASE 31d A4 AL HE A2 G 5o (M52
e ofolgor) JBL WA 5 dSUTh (A1) AEz el zho] Bge] FHE & B4 W], A%
Sl U2 5o g8 £ gus o2 5 g ET ERYCEIRER P
=8 284Utk @ AL AE e Eel A BE AAE ThE (1) AB z e F o] ol & B2l 4T 4
%Y 7hssha 58 of gk,

A QEZE ko] 48R B0 T4, WAL, AATA EE ZYAE FAHA GES SUH 295
71 & of Itk o3 Aol O3} A== JEE A4ke BRE (1) Az 2EY BE
gAYl L A+ 97 MEGUh 99 ASANA AT+ At AANE FRAA G A=

A7 A = % 2 g o

Also note that combining this functionality with PyGILState_* APIs is delicate, because these APIs as-
sume a bijection between Python thread states and OS-level threads, an assumption broken by the presence of
sub-interpreters. It is highly recommended that you don’ t switch sub-interpreters between a pair of matching
PyGILState_ Ensure () and PyGILState Release () calls. Furthermore, extensions (such as ctypes)
using these APIs to allow calling of Python code from non-Python created threads will probably be broken when
using sub-interpreters.

9.7 H|S7| €&

Hl e ZEH A= v]57] ¢ES Bl vAUZ AlFgUth olgjst &2 T4 ZAE 9}
void 91 E] Q1219 & ej & 2 gk,
int Py_ AddPendingCall (int (*func)(void*), void *arg)
Part of the Stable ABL. ™ ¢l QIE|Z 2]lE] A EA] &5 T4 E o &gt} A28 00] B3t
H 3 funce W9 2H =AM TEE 7] Y8 Foll F7FEUTE Ao A, dle] A glo ]
U,
HEHOE fol JOu, func arg A8 NB3H0] A5 vl <l Sl
Z%/U—Z—]OE/\]aﬂﬂ -4_014&4371:9/]_3];1 U:H]:]]Eﬂ = o Ei%ﬂxl
gk
o HFOJE T = HA o A;

(o]
c Q) 2B Y QI E e H 5 BGSUA (e funcs AR CAPIE AT 4 %

rH

208 % =20

func= 3531 02, A3 o9 BT G -1 BBk FUTh funct THE W57 BYL
A A2 SR Aol Suhsl A QAT Ao ezl Sol A A sk ARG

ol e At ol A 2= et 2ot gdon, A AdEzeE Fo] 2884 UF

AB ez A o] §5E E25eW T2 AFGILE B4l of Fuith 134 oW, §4
7k 2 e ol A S o8 o or e - 9165
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A3 oA U SAF AN FEH, AGE FEAUT funcT} 45T G e] £E
T B e gyt ol AU EF ALY 5 S A9 Fol 2 nhmd, 28 T o] vhak
7 Aol func7k 535 A ket of Bt AWAL R Q99 C 2 o)A Hold HES
& o A5 eEUTh A, PGILSaie APIE G514 A <.

B A 3.1 &7}

H 2 3.900 4 WA o] @7k A H QE ﬂﬁ"ﬂf‘i TEH Y, func T oAl Tl Q1 A H 2] E
Al EE%?] H AMH B ZHAAN TEHEF g Ut oA 2 AHE AH = K‘JHE ARA

shold EZEE ZeRd YR AW 24 )52 AAY] 98 D A A4E AN ATHUT
=2stde, oWy 8 Awe A 24 =7 ALgE Ut

o] C A o] 28 AHg 3 2ot AYol L} 24 FET} sho] A £Fe] BB ANE B3 BEFE
S =g 33k, Al 44 C 48 2T 5 AFUTh A4S 85 o= HEL WAH A s
ok AEsel At 24§48 AU S EE AXE 5 YT S0, 24 Foo] Hus s R ouE:
o)A MAY shol W 2% F4 Yol HuE A% 2HUTH

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval_ SetProfile () and PyEval_SetTrace ().
The first parameter is the object passed to the registration function as obj, frame is the frame object to which the
event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what2| 7t arg?| 2|0|

PyTrace_CALL A Py None.

PyTrace_EXCEPTION sys.exc_info () A ¥F3tE ojQ] AR
PyTrace_LINE &4 Py None.

PyTrace_RETURN TSR A BaE = 7F = o 9] & 913 2 o] W NULL.
PyTrace_C_CALL SE5 =g A,

PyTrace_C_EXCEPTION X &%+ 34 ZAA|.

PyTrace_C_RETURN =5 = AA.

PyTrace_OPCODE 84} Py_None

int PyTrace_CALL
o} WA= e
Py_tracefunc 49
ol Z el Qo) shold ulo
int PyTrace_EXCEPTION
AL 7L A RS wl Py_tracefunc 4ol 3t whar W) 7 =2 7k FW Sk = AgE = 2y Y
Well A vle] E =7} X%’JQ < o 9] 7} “75‘5‘ u whatoll th3l] o] oz TEHUh o2 &3
< ol dakz ) JJr 1 Al i‘;“ol H@7= AU A&7t ool 4z o r vhd o
Zujo] 2L 24 g5 ol2) 3l o MEE 44T Th =2 ad ol BRaA e,
int PyTrace_LINE

N TZ0] Rus Au, Avd ol g o3t "H Hmo] B o
3 what Wi A9] g AW Ol E ol Bt o] e« 4
1= mER) Ao Ago] g7 ufol R A gl Folsl4lAl L.

The value passed as the what parameter to a Py_ t race func function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting £_trace_lines to 0 on that
frame.
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int PyTrace_RETURN
SEoHIEAEEH 1 & Py tracefunc o o) & what vij 7 2] 7k,
int PyTrace_C_CALL
Cadgrt 98 & Py tracefunc 5ol t) 8k what o] 7)) W49] 7k
int PyTrace_C_EXCEPTION
C oA oo 7 AW S wll Py_tracefunc &l U] St whar u 7)) H4=2] Zt.
int PyTrace_C_RETURN
C&7vtga & u Py tracefunc &5l o) 3F what o] 7] H42] 7k
int PyTrace_OPCODE
The value for the what parameter to Py_ t racefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.
void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may
be any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj
for each thread provides a convenient and thread-safe place to store it. The profile function is called for all
monitored events except PyTrace_LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

See also the sys.setprofile () function.
T E A= GILS BEF3Fa glojoF gyt
void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval SetProfile (), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C func-
tion objects being called. Any trace function registered using PyEval_SetTrace () will not receive
PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what pa-
rameter.

See also the sys.settrace () function.

27 GILS HA53 9lo] of Gtk

99 113 C|H{H X|H

o e Ay UMW A =T ARS8 e AP
PylnterpreterState *PyInterpreterState_Head ( )
AelzelE e AR 2] B2 mEd Jle AAE Hadunh
PylnterpreterState *PyInterpreterState_Main ()
m < AE =z E AE AAE gy o
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Aelz 28 e AR 2] BBl interp 0] 2] tha A E zZ ] E A A4S &g
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Ae z 2 ¥ interpet HAH 2= 2| 2EO AN R A pyThreadstate Ao thek ZAH S ¥
s
PyThreadState *PyThreadState_Next (PyThreadState *tstate)
Z& pyInterpreterState AA|ol &3l BE 28 & AA| B]AE oA sstate ©] 9] th5 A8 =

AFe) A7) & W o,

17
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9.10 AgE 2 XA XH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython
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.

NE T Y5 E EEFTUCILEL LAT BRE AUk TES AH S AF T

T 3 Q
E = 1L
Python.hol& TLS API A 2l o] 35| o] QA goll FostAAN L, 2d = 228 AZLE A5
pythread.h& Z&3) oF g},

Z31: None of these API functions handle memory management on behalf of the void* values. You need to
allocate and deallocate them yourself. If the void* values happen to be PyOb ject*, these functions don’ t do
refcount operations on them either.

9.10.1 A EY XHZEA (TSS - Thread Specific Storage) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

B A 3.7 37}
| X17):
“CPythone] ~# =-2 4 A AL 935 A28 C-API” (PEP 539)

type Py_tss_t

o) A4g PR E A E 7)) AEIE e H, ol S TLS T H ol whe Db 4
2718 AHE Jehf & Wi 227 At of FEAeE 27 WH 7k sy

U
Py LIMITED_API7} A= A k& W, Py_tss_NEEDS_INITZ o] 9] A& &to] 3L Yt}

Aew, 719

Py_tss_NEEDS_INIT
ol IR X Py tss_ t W59 %73} A} (initializer) 2 E3F Uth o] Wi m 2= Py LIMITED APIO)
A el = 2] ekgoll Fo A Al L.
=7
o

=13
=]

o

Py_LIMITED_APIZ A= 33 Bgo] 8o W= Ao 7A ] =F3sM g9 B4 2] =72
Py _tss_t9 T3& &},
Py tss t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITZ % 7|3}9 3t 22 A9 3
HLeket AL, 54 g A Al NULLS REEHR Y o)
void PyThread_tss_free (Py_tss_t *key)
Fart of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc (), after

first calling PyThread_tss_delete () toensure any associated thread locals have been unassigned. This
is a no-op if the key argument is NULL.

Z31: A freed key becomes a dangling pointer. You should reset the key to NULL.
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HME

of =9 W/ WH keys NULLO] ofyojof Fyrnk  EF, FolX Py tss t7}

PyThread_tss_create ()& z 7] 3 5 A ok ¢k © H, PyThread_tss_set ()3}

PyThread_tss_get ()2 22 A ¥ A ZF5Uth

int PyThread_tss_is_created (Py_tss_t *key)
Part of the Stable ABI since version 3.7. 1R Py_tss_t7} PyThread_tss_create () & Z7|3}5]
9o 0] obyl gt W T

int PyThread_tss_create (Py_fss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] Z7|3}o]l 433l 0 2t 233l key Q1 A7}
7¥el 7] = gkel Py_tss_ NEEDS INTTRE 27|315 A ko F o] Ao H A ks Uth o] =

e sl MuAon 528 4 d5Uth- oln] 271548 7)o tha] T2 o} 2R AE 5

o 24 4F2 WBIH

void PyThread_tss_delete (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] & AHA|8lo] R E AH =0 A 7|2 FA A 7hS 9 A 31,
719 2713} A E 27135 A ¢t o' "AR YT 3 W 7|= PyThread tss_create () &
Al 271318 4 s Uth o] @5 22 7|4 HEH o2 $&5F 4 syt - ojv] 9
7)o i3] Tt ot ¥ A& oA kst

int PyThread_tss_set (Py_tss_t *key, void *value)

Fart of the Stable ABI since version 3.7. Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_tss_t *key)

Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current
thread. This returns NULL if no value is associated with the key in the current thread.

9.10.2 A E 2E& MEHA (TLS) API

WA 3.75E H A FH: o] API= ~d =8 # A4 (7SS) APIZ ) A5 Ut

B3 o] WAL APIE int® AHAA NAE & gt AL ol E R TLS 7171 4] H EAES
Z] °J‘6]— 2] ok<s1 Tt} o] :}%%% o Al, PyThread_create_key ()= A AE| 2 SA] viEE 9, o2
TLS S ol e} ot EABONA 25 of 72l U 4] vk

FollA A5 T34 FA1 =2 A3l o] WA APIE A Z =0 A ARGs A= <F YT
int PyThread_create_key ()
Part of the Stable ABI.

void PyThread_delete_key (int key)
Part of the Stable ABIL.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_ wvalue (int key)
Part of the Stable ABI.

void PyThread_delete_key_value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABIL.
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W7 3.80] 27},

Python can be initialized with Py_TnitializeFromConfig () and the PyConfig structure. It can be preini-

tialized 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.

« 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.

z2713}, spold A o] E A ER FRIIAA L.
o B7):
PEP 587 “3}o] 3 % 7|3} A,

10.1 Example

G4 el mEo] A AW & AL Ao shol A of:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) A
goto exception;

*/

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)

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 ~E.
length 7} 0 ©] oFU ®, ifems<= NULL ©] o}y o] oF 531 B & # 2+ H -2 NULL ©] o} of of gt}
HAE:
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item-z listol] 57+ ot
ol gE T3t ol S AP 27138 of Pt
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item-< list2] indexoll 4+ gt}
index7} list Zo) Kt I A 20, item< listol] 37} (append) &4 T}
index must be greater than or equal to 0.
o] §48 TE el W whol A AP 27 8}3 of Fulth
TxA =
Py_ssize_t length
g ~E Lo,

wchar_t **items
= =
B 2E FEE.
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10.3 PyStatus

type PyStatus
Z2713} 4 S ARt F2A AT, oY =

AN A9, ol e & BECF5 o152 AFE S Y& ITh

TxA =
int exitcode

FTE I, exit () o AEH QAAL
const char *err_msg

of 2] WA A

const char *func
oY E v &9 o] 5, NULLY 5 A5 th

PyStatus PyStatus_Ok (void)
A

PyStatus PyStatus_Error (const char *err_msg)
AR 7} 23 %713} ol 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
w2 g A (M £5).
PyStatus PyStatus_Exit (int exitcode)
SEEEELLEREE LT, Bl
AENE A ek

int PyStatus_Exception (PyStatus status)

AE 7L AU ohuw FRAYA Fold, o2& Aok Pk o &

Py_ExitStatusException () & Z&3}9].
int PyStatus_IsError (PyStatus status)

A7} ol H A7k
int PyStatus_IsExit (PyStatus status)

A7 S5 AU
void Py_ExitStatusException (PvSmtm status)

status 7} EF 0] M exit (exitcode)

=Stk status 7k ol 2 o] of 2] WA A& 4 sk
A=

0olotd =8 Fr 7 ZE3h PyStatus_Exceptlon (status) 7} 0°] o}d wf 9t 5

3 oF $Hu T,

p U

Ao
PE] *C}EH% =L He B4 8 ALe T o

b
i 1

2, 3}o] M2 pyStatus. funcE A= = W22 E AFEEE= WY, func7F NULL

o :

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;

(TH5 sl el Aol Al)

10.3. PyStatus
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}

(o] sl o] A ol A AI)

return PyStatus_Ok () ;

int main(int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

}

PyMem_Free (ptr);
return 0;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

AR LA 2785 B4

void PyPreConfig InitPythonConfig (PyPreConfig *preconfig)
shol 4l 74 02 AR T3S 27 8P T

void PyPreConfig InitIsolatedConfig (PyPreConfig *preconfig)
Ae)e 7402 AR AL 278 ok

T2A 2

- .

int allocator

Name of the Python memory allocators:

PYMEM_ALLOCATOR_NOT_SET (0): don’ t change memory allocators (use defaults).
PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
PYMEM_ALLOCATOR_MALLOC (3): usemalloc () of the C library.

PYMEM ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

PYMEM_ALLOCATOR_PYMALLOC_DEBRUG (6): Python pymalloc memory allocator with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM ALLOCATOR_PYMALLOC_DEBUG are not sup-
ported if Python is configured using —--without-pymalloc.

M) B8 FRHAA L

Default: PYMEM_ALLOCATOR_NOT_SET

int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

See the locale encoding.

Default: 1 in Python config, 0 in isolated config.

204

Chapter 10. 10| x7|3} 3+




The Python/C API, 22|A 3.11.11

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: -1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
0o] ob ¥, C ZA Dol ZAE wf F7h T8t
Default: -1 in Python config, 0 in isolated config.
int dev_mode
Python Development Mode: see PyConfig.dev_mode.
Default: —1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8 _modeto 0,
e Set PyConfig.filesystem encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.

A= o A uk ALE 753U th #ifdef MS_WINDOWS M|AZ & ¢ 574 F=of AL
T AsUn
] .

Default: 0.
int parse_argv
0o] o}UW, Py _PrelInitializeFromArgs ()@} Py PrelnitializeFromBytesArgs ()<
Aukshol o] B F AAHE TR BASHE B 2 YA O R argy A4S T EA T},
Y 2 AAE FEIFAA L.
Default: 1 in Python config, 0 in isolated config.
int use_environment
Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.
int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.
Set to 0 or 1 by the -X ut£8 command line option and the PYTHONUTEF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: —1 in Python config and 0 in isolated config.

10.4.
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10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
« Set the Python memory allocators (PyPreConfig.allocator)
 Configure the LC_CTYPE locale (locale encoding)
 Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
ol & A 271 3)et o
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A T4 o) A Shel W AP 271813 ok
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const *argv)
preconfig A T4 o) A Thel W APA 27131 e
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
preconfig At /3 | Al Shol S AR 271313 o}
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

S &A= PyStatus_Exception ()3 Py _ExitStatusException () & AF&3te] & (B UY =5
R EE RS
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() ©]3 o Py _InitializeFromConfig() ©] &
of &35t AHEA Y WEE FIFAE AXNT & JFULE PyPreConfig.allocatorZt
PYMEM_ALLOCATOR_NOT_SETC 2 MAEW py Prelnitialize() Ao T2 4 95U tTh

Python memory allocation functions like PyMem RawMalloc () mustnot be used before the Python preinitializa-

tion, whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called
before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfig);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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10.6 PyConfig

type PyConfig
gholHg 77357 913 h 29 shebn| e E ol F XA
When done, the PyConfig Clear () function must be used to release the configuration memory.
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)
glol= FAE sir& *config strZ AU T
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)
Decode str using Py_DecodeLocale () and set the result into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (a rgv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.
PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t
length, wchar_t **items)
Qlol= ALY Bl A E listE length®} items & 4 A T ¢}
Preinitialize Python if needed.
PyStatus PyConfig_Read (PyConfig *config)
B Fold PAS 95U
ojm] 27|39 =+ WA HA gsUTh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3.1091 A W 7A: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argvis set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

WA 31194 H7A: PyConfig Read () no longer calculates all paths, and so fields listed un-
der Python Path Configuration may no longer be updated until Py_TnitializeFromConfig ()
is called.
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void PyConfig_Clear (PyConfig *config)
T/ MR E ATt
Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization config-

uration (PyPreConfig) in based on the PyConfig. If configuration fields which are in common with
PyPreConfig are tuned, they must be set before calling a PyCon £ ig 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] YA =9 $& A= PyStatus_Exception () I Py ExitStatusException () & AF&3}o]
o9 (N T 5)E Al oF It
FxRA 2=
PyWideStringList axrgv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argvis empty, an empty string is added to ensure that sys . argv always exists and is never empty.
Default: NULL.
See also the orig_argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/0]isequalto L"-m" (python -m module), prepend the current working directory.

o If running a script (python script.py), prepend the script’ s directory. If it’ s a symbolic
link, resolve symbolic links.

e Otherwise (python —c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
WA 3119 7}

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
sdin B WY RER Ay
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with st r, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —~b command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when 1o . Text IOWrapper uses its default encod-
ing. See io-encoding-warning for details.

Default: 0.
B A 3.109] &7}

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Setto O by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
A 3.119 =7}

wchar_t *check_hash_pycs_mode

Control  the validation 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 Win-
dows).
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Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] oh] ™, sho] 4l A B =2 B4 ok
Set to 1 by the —X dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs
Dump Python references?

0ol of®, T 5 Al A3 A i ZE AA

il

Y,

Set to 1 by the PYTHONDUMPREF' S environment variable.

rln
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y W, A]Z+ A] faulthandler.enable () & &Yt}
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: -1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latin1).

e "utf-8"if nl_langinfo (CODESET) returns an empty string.
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" isreplaced with "ascii™".

See also the filesystem errors member.
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wchar_t *filesystem_errors
Filesystem error handler: sys.getfilesystemencodeerrors ().

On  Windows: use "surrogatepass" by  default, or "replace" if
legacy windows_fs_encodingof PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

e "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
w29 8 A] g4 Al E.
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: —1 in Python mode, 0 in isolated mode.
wchar_t *home
shol W & v el El e,
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
00] ohUl W, YEE A7HS m2 3 Ttk
Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment
variable.

Default: 0.
int inspect
2aYEY} UYL AP F o84 RER Sojghuct

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys . 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, O in isolated mode.

int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.

Default: 0.
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int isolated

If greater than 0, enable isolated mode:
e Set safe_pathto 1: don’ t prepend a potentially unsafe path to sys . path at Python startup.
e Set use_environment to 0.
e Set user_site_directoryto 0: don’ t add the user site directory to sys.path.

o 3}o]X REPLE )3} T E T Eo|A] readline® Y X E A E 7] & readline +4 S
A oA = o,

Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use i0.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.
stdout and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTD IO environment variable is set to a non-empty string.
Q= o Ak AL 7Hs U T #ifdef MS_WINDOWS WZ2E AT EA F = A&
& AU
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).
intmalloc_stats
0°] oky™, F& Al ko] 2d pymalloc v| 22| D Abol] th 3k T A S 2= dYth
Set to 1 by the PYTHONMALLOCSTATS environment variable.

The option is ignored if Python is configured using the —--without-pymalloc
option.

Default: 0.

wchar_t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBD IR environment variable.

Default: value of the PLATLIBD IR macro which is set by the configure --with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
B A 3.99] E7}

WA 3.119] A ¥ 7: This macro is now used on Windows to locate the standard library extension
modules, typically under DLLs. However, for compatibility, note that this value is ignored for any non-
standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.pathsep).

Set by the PYTHONPATH environment variable.
Default: NULL.
Part of the Python Path Configuration input.

PyWideStringList module_search_paths
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intmodule_search_paths_set

Module search paths: sys.path.

If module search _paths_setisequalto 0, Py _TnitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (nodule_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
Autd H A5+
« 0: Peephole optimizer, set __debug__ to True.
e 1: Level 0, remove assertions, set __debug__ to False.
o 2: Level 1, strip docstrings.

Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable
value.

Default: 0.
PyWideStringList orig_argwv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig _argv list is empty and argv is not a list only containing an empty string,
PyConfig_Read () copies argv into orig_argv before modifying argv (if parse_argvis
Nnon-zero).

See also the a rgv member and the Py_GetArgcArgv () function.
Default: empty list.
WA 3.109 7}
int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0O in isolated mode.

WA 3.100] 4 HA: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Default: 0.

int pathconfig warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to O,
suppress these warnings.

Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.
WA 3.119 4 ¥ 7 : Now also applies on Windows.
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wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
o If Py_SetProgramName () has been called, use its argument.
¢« On macOS, use PYTHONEXECUTABLE environment variable if set.

e Ifthe WITH_NEXT_FRAMEWORK macro is defined, use __ PYVENV_LAUNCHER___environment
variable if set.

e Use argv [0] of argv if available and non-empty.

¢ Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached . pyc files are written: sys .pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX
environment variable.

NULL©| ", sys.pycache_prefix+ None 2 2 A A Yt}
Default: NULL.
int quiet

Quiet mode. If greater than 0, don’ t display the copyright and version at Python startup in interactive
mode.

Incremented by the —g command line option.
Default: 0.

wchar_t *run_command

Value of the —c command line option.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_filename

Filename passed on the command line: trailing command line argument without —c or —m. It is used by
the Py_ RunMain () function.

For example, itis set to script.py by the python3 script.py arg command line.
See also the PyConfig.skip_source_first_1ine option.
Default: NULL.

wchar_t *run_module

Value of the —m command line option.
Used by Py_RunMain ().

Default: NULL.
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int show_ref_ count

843 A2 A58 FATUMN
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.
int site_import
A& site RES YEE Y7

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.
path that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main ()
if you want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (butsys.stderr
always uses "backslashreplace" error handler).

If Py _SetStandardStreamEncoding () has been called, use its error and errors arguments if
they are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8"if PyPreConfig.utf8_ mode is non-zero.

o Otherwise, use the locale encoding.
Default error handler:

e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig. ut f8_mode is non-zero, or if the LC_CTYPE lo-
cale is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc
Enable tracemalloc?

00] o} W, A]ZF Al tracemalloc.start () & &Y}

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment
variable.

Default: —1 in Python mode, 0 in isolated mode.
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int use_environment

Use environment variables?

If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.

intuser_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0O in isolated mode.

int verbose

Verbose mode. If greater than O, print a message each time a module is imported, showing the place
(filename or built-in module) from which it is loaded.

If greater or equal to 2, print a message for each file that is checked for when searching for a module.
Also provides information on module cleanup at exit.

Incremented by the —v command line option.
Set to the PYTHONVERBOSE environment variable value.
Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.

warnings 2 E L sys.warnoptions S g4 o2 =71yt wA Y pyconfig.
warnoptions ¥&2 7} M A AALE = warnings.filters? R WA ddEo] Yt}
O =2 49.

The —W command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

intwrite_bytecode

If equal to 0, Python won’ t try to write . pyc files on the import of source modules.

Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment vari-
able.

sys.dont_write_bytecode™ write bytecode® HFAH Zto 2 27|35 Yt
Default: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argvis non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

A 3994 ¥ A: show_alloc_count LEZ} A ALY 95U
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10.7 PyConfigE Al235 7|35}

sho] g 278} 5He B
PyStatus Py_InitializeFromConfig (const PyConfig *config)

config T/ A A shol & 27|31 th.
S &A= PyStatus_Exception ()3 Py _ExitStatusException () & AF&3Fe] o (V£
£ A8 o It
If PyImport_FrozenModules (), PyImport_AppendInittab () or
PyImport_ExtendInittab () are used, they must be set or called after Python preinitialization and

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

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

z2I o= AA e d:

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 (&config);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from
the configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;

(TH5 sl el Aol A<)
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(o1 sl o] A ol A Al <5)
if (PyStatus_Exception (status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&confiqg);

if (PyStatus_Exception (status)) {
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception (status)) {
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception (status)) {
goto done;

status = Py_InitializeFromConfig(&config);
done:

PyConfig_Clear (&configqg);
return status;

10.8 HZ|=l 714

PyPreConfiqg_InitIsolatedConfiqg ()%} PyConfig InitIsolatedConfig() S4E Al2H
A kol A A2k TS BEUT A S, ol 4% S8 =z 1ol U45] A4,

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.
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10.9 HlO|’M 1

L

PyPreConfiqg_InitPythonConfig ()%} PyConfig_ InitPythonConfig() &4+ dul 3}o] A A
S A4 Al ol U] A2 2% e

2 W59 B3 AAE sl A PATHE ol AHS S W, A9 T4 WeE FAF UL

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the
LC_CTYPE locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

r&l

10.10 Python Path Configuration

pyConfigols A2 THL A% o B 2gF o] vtk
. AR A A

- PyConfig.home
- PyConfig.platlibdir
- PyConfig.pathconfig _warnings
- PyConfig.program_name
- PyConfig.pythonpath_env
- AA A e ) A= S A7) 96
- (PyConfig.program_nameo|A) Z2 13 AA A2 & 7] YtpaTn &7 A
- __ PYVENV_LAUNCHER__ 37 W<

-9 = £ A 8 HKEY_CURRENT _USER <2} HKEY_LOCAL_MACHINE 9]
“SoftwarePythonPythonCoreX.YPythonPath” o} @] o] &= #H A ~2EEQ & =23 F
2 (714 XY &= stolx s gy Th.

EE LR

- PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

- PyConfig.executable

- PyConfig.module_search_paths_set, PyConfig.module_search_paths
- PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module _search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case,
module_search_paths will be used without modification.

Set pathconfig _warningsto 0 to suppress warnings when calculating the path configuration (Unix only, Win-
dows does not log any warning).

base_preflxurbase exec_prefix BEZF RS R koW, 2V 2t prefixQ exec_prefix? e

A&

Py _RunMain ()@} Py _Main ()< sys.pathS A3}
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e run_filename®o] A AFH I _ _main_ .py 2T HEE T3 = r dE g o W,
run_filenames sys.path &ol 7}t

e isolated’}0o]™:

- run_module©] AR, A tJAE] 2] E sys.path &l F7HUth A e E ¢
25 gow ol AR B4 U

- run_filename°] ARE Y, 34 YHE 2 E sys.path ¢l F7HH T
- 28X gow, 9l FAEE sys.path &l F7FFEU T

site_import7} 09©°] oy W, site E E ©°] sys.path & 3T F+ JdF YL
user_site_directoryZ} 0°] o}yl AR A9 site-package T] 2l Eﬂﬂ]ﬂ— ZA35Y, site REL2

A8 2}9] site-package U &l B} 2] & sys.pathol 718yt
o3} e A shdo] Az P4 AHEF U T
e pyvenv.cfg

K

4

e ._pthfile (ex: python._pth)
e pybuilddir.txt (492 AE)
If a . _pth file is present:
e Set isolatedto 1.
e Set use_environment to 0.
e Set site import to 0.
e Set safe_pathto 1.
__ PYVENV_LAUNCHER__ 3} W4 PyConfig.base_executabled AAR3+E= o A L2F YUth

10.11 Py_RunMain()

int Py_RunMain (void)
HEg Eoly FAHA ANAH W (PyConfig.run_command), 2~ P E (PyConfig.

o o
run_filename) =¥ BE (PyConfig.run_module)S A3Ys] T}

ARAo®, 395 -1 4L STl REPLES AR ch,
vpA vt 2, st Mg To] defol = B exit () B4l AR 4 Uk FE AHE BAFGUTh

Py RunMain ()& AHEHe]l B4 el BEoA AW £ S A A shol e ol shold AL
R LE

we

—

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)

Jfol#o] £=A37] A, Al HE = oS PSS Th

See also PyConfig.orig_argv member.
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10.13 CICHA| =7|8) H|S7H &= API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
o “3 4] (Core)” 2 7|3} A, “Z 431 sfo]A”:
- W3Y;
- W7 ol el;
- WA = 2= 25 (frozen modules);
R EAozw 273U (4§ S0°]: sys.pathe b4 EA8HA] g5 U Hh.
o “F(Main)” 27]3} A, 3ol H o] &3] 27]3Hg Yth:
- importlib& A X8t FA Ttk
- A2 S AU
- Alad A2 718 AAdU s
- sys BE 273 g3} (9= : sys.stdout ¥ sys.pathd THEY};
- faulthandler®} tracemalloc-ﬂ- 2o Ad A 7152 A3 Yy

ite 55 YZE FYHh

o

|
0

ol

=
€]

Hl& 7 77 4 APL

e PyConfig._init_main:ifsetto0, Py InitializeFromConfig () stops atthe “Core” initializa-
tion phase.
e PyConfig._isolated_interpreter: 00] ofyW, A E, A H T2 M2 W ZIE 58314
FEyrh
PyStatus _Py_InitializeMain (void)
“Fr 2713 AR o) F 5, atol W 2735 R
“o 41" A A £ o} A BEE QEE 87 93 inportlib LE| 7
A A ABHUT), A% 708 AR 2 AT A9 shol el ol g A8
YT 5 om, AEA HE sys.meta_path YEE (importer) } YZE J 5 AT 5 01%14 =2
341 @A o) o) WA o) o] s Mol A A% 2L AT S A D & 917, o] Ao PEP 432¢)
7] % sy
“S A" AT A A9 E A krUiTh: of BAA FAL AHST 4 9, ool 1A SFopo
ste=Al= obd A A FRF YT AP HlF /R ol A A A QA Ao EAFH U HET 370 API7t
AAE w742 AAEA APIE R SHAU Al AL = Y5 Utk
“B A 2713 DA Abol oAl SholH I =S AF St oAl

N_%

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

(Th= ol Aol A1)
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(o] sl o] A ol A AI)

/* 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',

n

"file=sys.stderr)");
if (res < 0) {
exit (1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);
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oz22| 22|
1.1 e
shol o] W me] #elo) & BE shol A AA 9 HlolE TEE LF = BN U (private heap) & 3
Utk of u] B 99 el shold wme] #e) Aol o)) A 0% o] Fo HuTh vhol 2 W el
BelAbe B4, ATUE 8 A0 B EE AT 2L 54 AR A B9 T SRS Helst

NE e 74 248 M3 Ut

7 G2 FF A, A v R @R &G AA Y v R FeRtel A4S ZEste] vla ) el =
slol % A& o] E] & A A3l 7] o T3t *&-7‘}0] A=A FAFUch 9A Uﬂ—‘?—ﬂ Q%X}H o, 043‘] 7H-4
AR BA 22 [N LE 2 A7) Bo] S FEERR
th A& S, AT e 2B YA S ANFH KE/F B S Yustng, A5 AA = P HelA
TAE, FEEE ‘ﬂ/@] Yglehes o2 A Felg Uk webA stold w2 e AR A8 ZdS AAE
SR A A QA R, T A 1B A 0l ZA Tl A HEFE S Fc

= A= E Aol o8] 3y H ¥, AHE A=
ARE FAHOE 2 AT LE, AEAA AT 5 AT A
A T A S 92 Y B BDE o] AW A L shol
i S I R e
H 2 e &S 3t} B A= C etol B g A R W & sho] A A A o thal 48
ololo} 5“413]- malloc (), calloc (), realloc() ¥ free(). 1874 3t} A2 T2 <118
TSI OFE ol HE87] ol C ekA}ek shol 4 vl v 2] el 4 2bol) £ 5 0] LA 4
A AHE EHEMD} I} T oA &} o] A B o7 C gho| B ] FFAE AE o]

222 dRs B AT 5 YU

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/O */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;
free (buf); /* malloc'ed */
return res;

J

o] o A, 10 5ol T2 w2 2] 24-& C 2holHele) ekatol of ) A2 Byt shol W W22 B
A A e £ kol £ AAle] el vk ol g ok
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the
latter is under control of the Python memory manager. For example, this is required when the interpreter is extended
with new object types written in C. Another reason for using the Python heap is the desire to inform the Python
memory manager about the memory needs of the extension module. Even when the requested memory is used
exclusively for internal, highly specific purposes, delegating all memory requests to the Python memory manager
causes the interpreter to have a more accurate image of its memory footprint as a whole. Consequently, under certain
circumstances, the Python memory manager may or may not trigger appropriate actions, like garbage collection,
memory compaction or other preventive procedures. Note that by using the C library allocator as shown in the
previous example, the allocated memory for the I/O buffer escapes completely the Python memory manager.

© ®17]:
PYTHONMALLOC 37 WM& AHE-5}o] ho] d ol A Abg- 3t w2 2] &3 4% = Alsyth

3&75} H4= A 22 pymalloc 4| o & U (arena) 7} H5 0 & wfjwict 12|31 S8
A4 3k dl AHEE o AdF YT

PYTHONMALLOCSTA
Al pymalloc W 2 2] < GL

oﬂ_, 1%
fes
ot
2
i
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 /iere. There is no hard requirement to use the memory
returned by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although
this is the recommended practice). For example, one could use the memory returned by PyMem_RawMalloc ()
for allocating Python objects or the memory returned by 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 ().

11.3 A H 22| QlE{H 0|A
T NG A2E Aol A QU o] 2@ G4 2= FHA A, GLE /AR Rt

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc () and
free();callmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

WA 340 7}
void *PyMem_RawMalloc (size_tn)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

0ulo]EE 8 5tH 7H 8 PyMem_RawMalloc (1) o] thAl S&H AX Y 7FsotH 1/
NULL ©] m ZAEE NP v Eg= ojd Ao 2 & 27|35 A grEUth
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void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.

_I_4

0712 84U 0ulo]lE 379 84 E QA3 PyMem_RawCalloc (1, 1)°o]tlAl &4 A
7hs 8 AR NULL ] obd Z QI EE Wk gyt

B A 3.50] F7}.
void *PyMem_RawRealloc (void *p, size_t n)

pZt 7t 7l R e B89 A7 En ol EZ 2 AP YT WE&2 o) AR MEL 379 53
Dol A s A e ok
p7FNULLO| ¥, 22 PyMem_RawMalloc (n) 3 553Ut no) 03 2o, e BE29 37
%iﬁﬂﬂ‘ﬂ“ﬂxﬂﬂﬂ = o, WE 40“51 = NULL©] opb'g Y th
p 7 NULL o] o} d 3l PyMem_RawMalloc (), PyMem_RawRealloc() K &
PyMem_RawCalloc () o] tlgt o] A s &0 o] 3] vtstH Zlo]ofof gt}
o] A5t H, PyMem_RawRealloc ()-&NULLg W86l p= o] A Wl 2 2] F o of o gt {2 5
ZAHE AP Y

void PyMem_RawFree (void *p)
p7F 7tg 7l = H2e EE AT Yt pE PyMem RawMalloc (), PyMem RawRealloc ()
X PyMem RawCalloc()o] thdh o] T2 WgE ZAojojof Ytk 2122 GAY
PyMem_RawFree (p) 7} %A &5 P oW, B 5 A g2 52 o] dojdyth

p7FNULLO| |, o} 2 & 4305 %] ek<5Uth

—

11.4 O|22| QE{H|0|A

ANSI C %0 oje} w22 5| A 5 0ulo] E2 2 38 wlo] E2-E AT ohe o4 WFL shol 4
ol A vl % 22 BeelT sl Al ok ol A8 5 5yt

=
7]+ v 28] SFA= pymalloc M| 2] SBAE AHE UL

A o] 5B AT WL GILE FA 3 oF Gk,

WA 3.6004 WA : 7|2 &A= o] Al Al2~" malloc () tH4Al pymalloc Y U T

void *PyMem_Malloc (size_t n)

Part of the Stable ABL Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

0o EE 8 3 3FH PyMem_Malloc (1) ¢l 4l &9 AAH 7hs3hH A/ NULL O] ofd X
AHE Utk H 2= o]d Ao g2 E 2735 A o5 Tth
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 8 /\1/}01&} 1E 32719 845 A3} PyMem_Calloc(l, 1)°] Al &3
5ot AFNULL O] obd £ HE W
WA 3500 27}

void *PyMem_Realloc (void *p, size_t n

Part of the Stable ABL p7} 7}8] 7] & W & g
ME2L F719 HELF WM AAEA &

>E.

A 7F

E?l‘
o
o

~
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p7FNULLO|WH, &L pyMem_Malloc (n) F 55 FUth 222 ¢ano) 03 o, freg &
F9] A7) = ZAH AW HATH A = Fom, 3E x A8 = NULLo| obg Y Th

p7FNULL o] o} Sk, PyMem Malloc (), PyMem Realloc () = PyMem Calloc () t)3t o] A
5 2ol Wt 2 0] o of Tk

2o A, PyMem Realloc ()& NULLE ¥HEHata p= o] A w2 g] o oo tf
zoelz A9}

void PyMem_Free (void *p)

=

=

roh
Jo
roh

Part of the Stable ABL. p7} 7}8]l7l& W EE E&F & AT pE PyMem Malloc(),
PyMem_Realloc () T PyMem_Calloc ()°l] th3l o] A T & o] HIE3E A ojojof U} 18
A AL PyMem_Free (p) 7} HA T2 QoW o= A 52 F& o] oyt

p7FNULLO| |, obf 2] & 35 A ob5 Y
Ho 2 95 b2 2 3 A g uj a2 AlFPUTh TYPES] BE CHS Ve of 59314 A 2.
PyMem_New (TYPE, n)

Same as PyMem_Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer
cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize (p, TYPE, n)

Same as PyMem_Realloc (), butthe memory block isresizedto (n * sizeof (TYPE) ) bytes. Returns
apointer cast to TYPE *. Onreturn, p will be a pointer to the new memory area, or NULL in the event of failure.

o)A C AR MAZYUthpt 4 A AR U el 2 AT of W me) £ 35
2wl po] Aol ghe BHaA Al

void PyMem_Del (void *p)
PyMem_Free ()} Z5Uth

=3 9ol ‘)r"é% CAPL &5 /\}%ﬁ}zl ool vho| W M 2] S AE Ay 2257 A6 v Az
Aol AUtk 234, o5& AR stold WA S 7R A 2 vhol v 8] 38/ o] A5 Al

SrotA] g RE oA = A= 9l HDP.
e PyMem_MALLOC (size)
e PyMem_NEW (type, size)
e PyMem_ REALLOC (ptr, size)
e PyMem_ RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

2y
i)
rlo
o
-
rx

B HAAAT ool ES 2 AT wjo] FAE AT kS T
Al sk v AR 5 sy

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

ZAi: o] F4E AR u) = GILS A8 oF o}
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void *PyObject_Malloc (size_tn)

Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

yol Al T &4 Sk NULL o] o}

2l oj| Ao 7 E 27315 A

OvlolEE 2431 PyObject_Malloc (1
X HE ¥ YT w2

AR 7bs s 1

AUt

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

ZE108.
0719 2 /\b]—OH]-O]E 37]9] 848 238 PyObject_Calloc(l, 1)°] thAl 329 24
7hs 8 AR NULL o] obd 2 QIEE Wyt
WA 3.59 F7%
void *PyObject_Realloc (void *p, size_t n)
Part of the Stable ABL p7} 7}g] 7] = W2 2] &9 27| E nvlo]ERZ ZA T UL Y& oA}

MEL 2719 AR HelAs HAS A

Uk

p7FNULLO| W, $22 PyObject_Malloc (n) 3 553Uth 222 ¢Fiipo] 03 2o, w1 g
E59 37 2AHA A S A a1, 9hEHE 2 A E & NULL O] ob g Y th

p 7F  NULL 9]

o]_ 6]—

PyObject_Malloc (),

PyObject_Realloc/() =T

PyObject_ CaIIOC()Oﬂ th 3k o] d Z &l o3l vkskd 2 o] of oF k.

270] A,

oz fAF Uk

void PyObject_Free (void *p)

Part of the Stable ABL p7} 7}8] 7| &= H 2
PyObject_Realloc(
r AU PyObject_Free (p

k. 227 ¢
Y.

E] 2290

PyObject_Realloc ()2 NULLZ 935l

=2 1 =2

i Al g o
I = pyObject_Calloc()o] th3st o] A &=
) 7Fol Ao T &FH Yo

pE oA W

ol
3=

rr

3 ool Th 3§ 3

o] B2 2 pyobject_Malloc(),

CEREEPEEE
A 932 52o] Lol

p7FNULL O] |, o 2] = 3 5 2] ek5 T
11.6 7|2 |2 2| I X}
7|2 v 2] &gt
=S| = PyMem_RawMallc PyMem_Malloc PyObject_Malloc
g~ "pymalloc" malloc pymalloc pymalloc
SR -1 R "oymalloc_debuc malloc + Y ¥ pymalloc + T pymalloc + Y
a w1 B 1
pymalloc MEZ Y "malloc" malloc malloc malloc

pymalloc = TJH 1
e

"malloc_debug"

malloc + T H
1

malloc + YH
1

malloc + U H
1

« Name: value for PYTHONMALLOC environment variable.

« malloc: system allocators from the standard C library, C functions: malloc (),calloc (), realloc ()

and free ().

e pymalloc: pymalloc memory allocator.

o “+ debug”: with debug hooks on the Python memory allocators.

11.6. 7|2 0|2

227



The Python/C API, Z2|A 3.11.11

o “Debug build” : Python build in debug mode.

]

11.7 O| 22| Xt ALEX Ee

WA 340 7}
type PyMemAllocatorEx
Structure used to describe a memory block allocator. The structure has the following fields:

Zc o/

void *ctx A A ARz A2E LS A
2E

void* malloc (void *ctx, size_t size) Hrg BEE8 dshot

void* calloc (void *ctx, size_t nelem, 02 x7|3H vrg EES a4

size_t elsize) st

void* realloc(void *ctx, void *ptr, Hrg B2 a9 AY 7] %

size_t new_size) Ayttt

void free (void *ctx, void *ptr) Hrg BEES AT}

¥ A 3.5 4] ¥ A : The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new
calloc field was added.

type PyMemAllocatorDomain
A =S Aot ol AFEEH = EAF. =H
PYMEM _DOMAIN_ RAW
g
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()
PYMEM DOMAIN MEM
g
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc()
e PyMem Free()
PYMEM_DOMAIN_OBJ
Biss
e PyObject_Malloc ()
e PyObject_Realloc ()
e PyObject_Calloc/()
e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
274" =] v re E5 EIFAE 7HA F Ut
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
AR8E =re WEe] &5 EgAE Ak
A GA= 0nto| ESE 2 T wf) 1§38 NULL o] ofd Z Q1 E} & uk3hs of ).

For the PYMEM DOMAIN_RAW domain, the allocator must be thread-safe: the GIL is not held when the
allocator is called.

it

A G} Z o] ol (o] d S FAE S EFHR] O W), PyMem SetupDebugHooks () 4
T Esho] A EAF 2ol v I F2 thAl A A s oF STk

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A3 PyMem SetAllocator () does have the following contract:

e It can be called after Py _Prelnitialize () and before Py _TnitializeFromConfig()
to install a custom memory allocator. There are no restrictions over the installed allocator other than
the ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called
without the GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_InitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator for some
other arbitrary one is not supported.

void PyMem_SetupDebugHooks (void)
Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preini-
tialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release
mode (ex: PYTHONMALLOC=debug).

The PyMem SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte 0xFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

A AT A

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).

o Check that the GIL is held when allocator functions of PYMEM DOMATIN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMAIN_MEM (ex: PyMem Malloc ()) domains are called.

o & 7} HASHE, Ul L &L tracemalloc RES AFR Sl 22 EE o] &5 2o Ed o]
7FA 5 Uth tracemalloco] to] A W R e S F4 Fo| w| B EFo] F4E ujgt EY

o A1 U Th

Let S=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory
layout is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1 : 7] means
the slice of bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs
from a Python slice):

[> 1=
12 o
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pl-2*S:-S]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).
p[-s]

API identifier (ASCII character):
o 'r' for PYMEM DOMAIN_RAJ.
e 'm' for PYMEM DOMAIN MEM.

e '0' for PYMEM _DOMATIN_OBJ.

pl[—-sS+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
p[O:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting
a smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

pIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

pPI[N+S:N+2*S]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t.
If “bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run,
to capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is
the only place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact.
If they’ ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The
other main failure mode is provoking a memory error when a program reads up one of the special bit patterns and
tries to use it as an address. If you get in a debugger then and look at the object, you’ re likely to see that it’ s entirely
filled with PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning
uninitialized memory is getting used).

WA 3.6090 4 H7A: The PyMem SetupDebugHooks () function now also works on Python compiled in re-
lease mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMATIN_OBJ and
PYMEM_DOMAIN_MEM domains are called.

H A 3.89] 4 W 7: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Win-
dows CRT debugmalloc () and free ().

11.9 pymalloc &t=HX}

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short lifetime. It
uses memory mappings called “arenas” with a fixed size of either 256 KiB on 32-bit platforms or 1 MiB on 64-bit
platforms. It falls back to PyMem_RawMalloc () and PyMem RawRealloc () for allocations larger than 512
bytes.

pymalloc is the default allocator of the PYMEM DOMAIN_MEM (ex: PyMem_Malloc ()) and
PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc ()) domains.

ofdlu FFAE T 42 AT ok
e VirtualAlloc () and VirtualFree () on Windows,

e mmap () and munmap () if available,
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e 18R O Hmalloc () 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}ai|L} EHEHR} AFR X} A Q|

B A 3.40] =7},
type PyObjectArenaAllocator
obel vt FPAE 71 &3 vl g & T2A. o] FRA S Al ) B Uk

== o|o|

void *ctx A HA QX7 A= AR X A" A
E

void* alloc(void *ctx, size_t size) size B}o] E 9] o} & &g}

void free(void *ctx, void *ptr, size_t olg L= Al &k

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
ot U &FAE dF Ut

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

obeluh g AHE 44 e,

11.10 tracemalloc C API

B A 3.70]] &7},

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc BREA G5 vEe E5E F43¢YTh
dF 5t 02 REgst L, of 8 7F A3 5t i %@% A7gst7] Sk vl el & &detA ZAFUTH -1
< #3ghy o} tracemalloc ©] B EH43 ﬂﬂ —22 uls3h ).
el EFo] oju] 2AHM, 7|E F A2 7T 1&‘4"%

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc EEoA gdd Wy E5S 4 AT UL 5] FAF A QFoH b AR
87 kUt

tracemalloc ©] R & st=| oW -2 & W3kl 1, T2 X ko 0-S WHEkg o},

11.11 o

o2& 78 Ao A w2 o Al U Th VO ¥ 3 7F 3 A 3 2 AREste] aho] A jlof A &y
2 ohA] A4 Qg
PyObject *res;
char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/O */
if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
(th sle] Aol Al%)

11.10. tracemalloc C API 231




The Python/C API, Z2|A 3.11.11

(o] A | o] A oA A A %)
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

B A S AL AB e e TEQ T

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;

2] 7 7HA Sl A, M 3lE 3 2L Aol Sote -5 3 2F4F ol FsA L. AR, A=
S EIAE TAT AP HaR SoSEF, Fol fEe £l tis] 22 v APL s de £
AbgshE A2 BFdUn. s ZE AP 2dE F Y o7t o, 2% sty AR v PelA
ZEote 7 7he] tE E@RAtE Est7] Wil A A (faa) A ALz EAH U

;

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem Malloc (BUFSIZ);

PyMem_Del (buf3) ; /* Wrong —-—- should be PyMem Free() */
free (buf2); /* Right —-- allocated via malloc () */
free (bufl); /* Fatal —-- should be PyMem_Del () */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in Python are
allocated and released with PyOb ject_New, PyObject_NewVar and PyObject_Del ().

OJAEL CEMER AA F2 Ao st FHsE Aol that th= ol A A2 Ayt
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ol

PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject ¥*PyObject_Init (PyObject *op, PyTypeObject *type)

Return value: Borrowed reference. Part of the Stable ABI. Initialize a newly allocated object op with its type
and initial reference. Returns the initialized object. If type indicates that the object participates in the cyclic
garbage detector, it is added to the detector’ s set of observed objects. Other fields of the object are not affected.

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)

Return value: Borrowed reference. Part of the Stable ABL. ]| 212 PyObject_Init ()7} +383= &2

Aq)2 5951, 749 27] AA o) do] AHE 275 o,

PyObject_New (TYPE, typeobj)

rr

Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The caller will
own the only reference to the object (i.e. its reference count will be one). The size of the memory allocation

is determined from the tp_basicsize field of the type object.

PyObject_NewVar (TYPE, typeobj, size)

Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject *). Fields not defined by the Python object header are not initialized. The allocated mem-
ory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp_itemsize
field of typeobj. This is useful for implementing objects like tuples, which are able to determine their size at
construction time. Embedding the array of fields into the same allocation decreases the number of allocations,

improving the memory management efficiency.

void PyObject_Del (void *op)

Releases memory allocated to an object using PyOb ject__New or PyOb ject_NewVar. This is normally
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called from the tp_dealloc handler specified in the object’ s type. The fields of the object should not be
accessed after this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct
poj o A None o & =S5 & AA. o Ao th3t £AE 2 F7E] = Py_None A EE AH§
3 A4 M 25 of ek,

] ®17]:

PyModule Create()
%4 2E5S Fstm vk

12.2

OH

S 23 2EA

%

shol o] A § Ao ALgH £ we FEA 7 AEUTh o] ARl AL o)l g T2 A} ALE Yo
sl Ao,

g
ol

12.2.1 7|2 4A gl oja =2

E st AR e TF Ao AR W HA A Lol A A2 £9 =2 FHFULL )5S
JEE P ow,

PyObject$} PyVarobject YO 2 FAIH ), Th& EE Jho| 1 AH| 2] 7 2] oA, 2]
AHeE = 9B mja 7 42 B Ao HUTh
type PyObject
Part of the Limited APL. (Only some members are part of the stable 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 PyOb ject, but every pointer to a Python object can be cast
toa PyObject*. Access to the members must be done by using the macros Py REFCNT and Py_ TYPE.

type PyVarObject

Part of the Limited APL (Only some members are part of the stable ABI.) This is an extension of PyObject
that adds the ob_ si ze field. This is only used for objects that have some notion of length. This type does not
often appear in the Python/C API. Access to the members must be done by using the macros Py REFCNT,
Py _TYPE,and Py_SIZE.

PyObject_HEAD
Zo| 7} W3R e AAE Y= M2 FS A A uf A5 &= v 2 2 Yt} PyObject_ HEAD
LA =S 7‘01 $g Uk

[PyObject ob_base;

9 pyobject AHAE FERIFAA L.
PyObject_VAR_HEAD

Q28 vt} do) 7t the AAE e Al e B A2 1) A8 = |22 Th PyOb-
ject_VAR_HEAD "} 2 2 = t}-2 3} Zro] -3¢ Ut}

[PyVarObject ob_base;

9] pyvarobject AYAE FRIAIA L.

int Py_ Is (PyObject *x, PyObject *y)
Fart of the Stable ABI since version 3.10. Test if the x object is the y object, the same as x is vy in Python.
B A 3.100] &7}
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int Py_IsNone (PyObject *x)

Fart of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is None
in Python.

WA 3.109) F7}

int Py_IsTrue (PyObject *X)

Part of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True
in Python.

WA 31000 &7}

int Py_IsFalse (PyObject *X)

Part of the Stable ABI since version 3.10. Test if an object is the False singleton, the sameas x is False
in Python.

HA 3.109 7}
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

WA 311904 WH7: Py_TYPE () is changed to an inline static function. The parameter type is no longer
const PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)

A2 09 B ol ypeo]H 0] o Fra Wyt 282 Fod 05 vHHHY T Py _TYPE (o)
== typed FSHUL

WA 3.9 7}
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
A 02] B& nypeo 2 ATk
B A 3.9 F7}.
Py_ssize_tPy_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py_SET _REFCNT () function to set an object reference count.
WA 3.119 A ¥ 7 : The parameter type is no longer const PyObject*.
A 3.1000 A ¥ 7: Py_REFCNT () is changed to the inline static function.
void Py_ SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
AA 09 F= JA4E refent 2 32 Th
WA 3.9 7}
Py_ssize_tPy_SIZE (PyVarObject *0)
Get the size of the Python object o.

Use the Py SET SIZE () function to set an object size.

WA 31104 WA Py_STZE () is changed to an inline static function. The parameter type is no longer
const PyVarObject*.

void Py_ SET_SIZE (PyVarObject *o, Py_ssize_t size)
DA 08] I7)E size= A AT}

WA 390 =7}
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PyObject_HEAD_INIT (type)
oA MEL Pyobject B 27|35} o2 A= a2 YUth o] A E2 & thy o= &7
ok

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for anew PyVarOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 342 HME 73

type PyCFunction

Fart of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this
type take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception
shall have been set. If not NULL, the return value is interpreted as the return value of the function as exposed
in Python. The function must return a new reference.

g AR g dsdth

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Fart of the Stable ABL. Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH _METHOD |
METH _FASTCALL | METH_KEYWORDS. The function signature is:
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PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

B A 3.90 F7}
type PyMethodDef
Part of the Stable ABI (including all members). 3Gl H| =& 7| &3l+= o] AR E = T2 A, o]
FEA L A BEA &
const char *ml_name
Name of the method.

PyCFunction m1_meth
Pointer to the C implementation.

intml_flags
Flags bits indicating how the call should be constructed.

const char *m1_doc
Points to the contents of the docstring.
The m1_methisaC function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though

PyCFunction defines the first parameter as PyOb ject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

e e 52 A2 dHUrh

METH_VARARGS

This is the typical calling convention, where the methods have the type PyCFunct ion. The function expects
two PyObject* values. The first one is the self object for methods; for module functions, it is the module
object. The second parameter (often called args) is a tuple object representing all arguments. This parameter
is typically processed using PyArg _ParseTuple () or PyArg _UnpackTuple ().

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH_VARARGS | METH_KEYWORDS,
METH _FASTCALL | METH_KEYWORDS and METH_METHOD | METH_FASTCALL | METH_KEYWORDS.

METH VARARGS | METH KEYWORDS

old] 3 ZY 17t Y= WA EE PycFunctionWithKeywords 8 o] o] of 3]t} o] T4
= AN A v A4 E NG} self, args, kwargs. 71 A kwargs= RE 7]¥ T <At
g gAY AAE ARt gow wiLd £ gtk W) Mee QuAos

PyArg ParseTupleAndKeywords ()& AH-&3to] 2 2] Ut}

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

A 3.70] &7}
WA 3.109 A 73 : METH_FASTCALL is now part of the stable ABI.

METH _FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the
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names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.

WA 3.7 F7%

METH_METHOD
Can only be used in the combination with other flags: METH_METHOD | METH_FASTCALL |
METH _KEYWORDS.

METH METHOD | METH _FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that
contains the method in question. The defining class might be a superclass of Py_TYPE (self).
W A =& PycMethod & o]lo]of =10, self H o] defining_class ¢l A7} 714
METH_FASTCALL | METH_KEYWORDS<$} Z5uth

WA 3909 27}
METH_NOARGS

Methods without parameters don’ t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to
prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self pa-
rameter, and a PyOb ject* parameter representing the single argument.

ATATEEE AL dee 488 an G A= A NELD AT e
Utk 2B 49T aole ST 4+ stk ol s 2o o) SbE Folzl WA o) ol
4R % A&t

METH_CLASS

HAERE PO JAa' Azt obd F AA 7 A WA w7 A2 AdF Ut classmethod () W

T E AT o BEol A= AT FARE Z el vl A = (class methods) S W= Bl AHSH YT
METH_STATIC

=R Yo AaPATEopd NuLL o] A HA w7 W2 AZFH Yt staticmethod () W&

F42 AT o] e A= AT} KA B A v A = (static methods) S == T AHH YT
shie) 02 g4 2L A E o] 22 747 the Ao dAl WA =7} 2 EH =X & Aol ),
METH_COEXIST

The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip

repeated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains

slot, for example, would generate a wrapped method named __contains__ () and preclude the loading of

a corresponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in

place of the wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are
optimized more than wrapper object calls.

7&}

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)
Return value: New reference. Part of the Stable ABI since version 3.9. Turn ml into a Python callable object.
The caller must ensure that m!/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked.
self can be NULL.

The callable object’ s __module___ attribute can be set from the given module argument. module should be
a Python string, which will be used as name of the module the function is defined in. If unavailable, it can be
set to None or NULL.
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o B7]:
function._ module_

The cls parameter will be passed as the defining class argument to the C function. Must be set if
METH_METHODissetonml->ml_flags.

A 399 7}

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
Return value: New reference. Part of the Stable ABL. Equivalent to PyCMethod_New (ml, self,
module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

Return value: New reference. Part of the Stable ABI since version 3.4. Equivalent to PyCMethod_New (m1,
self, NULL, NULL).

12.2.3 E2Eo| 0{EZ[RE AMA

type PyMemberDef
Part of the Stable ABI (including all members). C 72| W o 3| Fst= F o o] ETHEE 7|5t
F2A. DL e 2tk

== cd o|o|

name const char ¥ W1 <] o] =

type int CT2A N J&= W g

offset Py ssize t HHIZ}IF AA FLZA o X 5H+= vlolE E}-H-/] 2 ZA
flags int =787 AEAA 27] 7HSHA & e = S I v E
doc constchar * Z2EFo Y&S /eyt

S T_"az F s 5 AsUth WH 7E sl oA AA =
E W»Ecﬂ«ﬂﬂ’]“* 3o 2 Wakg ),

O3 2 0|E cd™

T SHORT short

T_INT int

T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_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

W 7} NULL Y u] T_OBJECT+= None<= WI3l6}3l T_OBJECT_EX+ AttributeErrorES A A
Z1th= Ao A T _OBJECTL} T OBJECT EX7}tFE Ut T OBJECT EX7} T OBJECTH T &l &
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HEZHE Yildel E AR S T 2024 X2 stE2E, T_OBJECTH T} T _OBJECT_EXE AR
B Al 2.

flagse 2719} ¢}7] AA2E A8 00l A, &7 A§ HA| =S 6] READONLY & U5 U Th
type© T_STRINGS A}&3lt}= AL READONLY & %?:MD} T_STRING Ho]H & UTF-SE 3 A
HYtl T_OBJECTS} T_OBJECT_EX W T 2HA|E 4= <5 Ut WULLE AAE U h.

Y Y (PyType_Fromspec () ol v FAFEE Z1& AHE-8Ho] 7501 X), PyMemberDef+ @ A A
9] tp_dictoffset, tp_weaklistoffset o tpﬁvectorcallfoffsetoﬂ NGFot= E4 1
__ dictoffset , weaklistoffset 2  vectorcalloffset o] 3t A& &3

4 95Utk T_PYSSIZET3 READONLY E Ao Ut} & &

static PyMemberDef spam_type_members[] = {
{"__dictoffset ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Set an attribute belonging to the object at address obj_addr to object o. The attribute to set is described by
PyMemberDef m. Returns 0O if successful and a negative value on failure.

type PyGetSetDef
Part of the Stable ABI (including all members). ol 3t Z2FHE L AAAE A= T2A
PyTypeObject.tp_getset EFo 3 AH T ZIZRIAA]L
Z= cy oo

name constchar ©]EZ|HE o]&
*

get getter C function to get the attribute
set setter AEZHEE AASAU At A C T, ASH ™ o] ESREE
7] A& gt
doc constchar AHA =AEF
*
clo- void * optional user data pointer, providing additional data for getter and setter
sure

The get function takes one PyObject* parameter (the instance) and a user data pointer (the associated
closure):

[typedef PyObject * (*getter) (PyObject *, wvoid *);

gt Al x2S whehetar, A st A4 A o 9] 9 9 NULL 2 Wk oF gy ok

set functions take two PyOb ject* parameters (the instance and the value to be set) and a user data pointer
(the associated closure):

[typedef int (*setter) (PyObject *, PyObject *, wvoid *); }

olEHEE A oF st= B¢ F WA w7} e NvIL Ut BFstE oS, At 244 E
of 2] o A -1 whehsf oF T

240
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12.3 & A

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions,
but do not offer much that’ s interesting to most Python applications. These objects are fundamental to how objects
behave, so they are very important to the interpreter itself and to any extension module that implements new types.

Y AL R E E2PRG AL FU A2 ol hE 2 8 AAI RS 5o e A7)
W, 22 C 345 EAE o1 247] o 7% 5 AL LES PRI of AdolA L & A7)
2= e AR R BEE P2ANA Yede <Atz 288t

the o 7HeF B2 A%, o) ABL PyTypeobjects] o u sk Aol thE 5 4L A G Th

12.3.1 2= &t

“tp %/E\_”

PyTypeObject = F e 2421 S ELNHAME/NEZIRE bS]
EPagc 242,2
CTDI
<R> tp_name const char * __name_ X X
tp_basicsize Py_ssize_ t X X X
tp_itemsize Py_ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py _ssize_t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * MNBE E&F %
tp_repr reprfunc repr X X X
tp_as_number PyNumberMethods * ANBE E&F %
tp_as_sequence PySequenceMethods * AB E&F %
tp_as_mapping PyMappingMethods * IS %
tp_hash hashfunc hash X G
tp_call ternaryfunc call X X
tp_str reprfunc _str_ X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
tp_setattro setattrofunc __setattr__, _ delattr___ X X G
tp_as_buffer PyBufferProcs* %
tp_flags unsigned long XX 2
tp_doc const char * _doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc It le , eq ,_ 1 X G
8, _ge

tp_weaklistoffset Py ssize_t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc __next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef (] X X
tp_base PyTypeObject * __base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrget func __get X
tp_descr_set descrset func __set_, delete X
tp_dictoffset Py ssize_t X ?

CFS Holxiol A%

12.3. & A

241



The Python/C API, Z2|A 3.11.11

H 1-0|™ mf|o|X[of| M AH

EL NME/EERE

1 (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[I: Names in square brackets are for internal use only.

<R> (as a prefix) means the field is
2.

=N
“0”: seton PyBaseObject_Ty
“T”:seton PyType Type
“D”: 7|23k (EF I NULLE A

required (must be non-NULL).
pe

29 A

X — PyType_Ready sets this wvalue if it is NULL

~ — PyType_Ready always sets this wvalue

L= ol o[ X|of] A=

(it should be NULL)

? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
“p- /}j]._i‘\_
X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value
% — the slots of the sub-struct are inherited individually
G — inherited, but only in combination with other slots; see the slot's description
? — it's complicated; see the slot's description
AR SR L AulojEelHE 23 AAS 3 B 02 FLF F9 44 L.
242 Chapter 12. Zix| L8 X|H
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(=]
CTDI
tp_init initproc _init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__
<tp_mro> PyObject * __mro__
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
Me a=
== = EFHME
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__
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=2 = ETHAME
nb_divmod binaryfunc __divmod___ _ rdiv-
mod___
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc _ _Ishift _ rlshift_
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift__

__rrshift__
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __iand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __Ixor__
nb_or binaryfunc _Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor _divide binaryfunc _ floordiv___
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index
nb_matrix_multiply binaryfunc __matmul__ __rmat-

mul__
nb_inplace _matrix _multiply binaryfunc __imatmul__
mp_length lenfunc __len_
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

_ delitem___
sqg_length lenfunc __len_
sqg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sSq_ass_item ssizeobjargproc __setitem___

_ delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf releasebuffer

getbufferproc()
releasebufferproc ()

12.3. & A
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&= typedef

typedef o7 el 5 e
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
descrsetfunc int
PyObject *
= PyOb =
12.3. & 24| reRIee 245
PyObject *
hashfunc PyObject * Py_hash_t

a1~ M 11~
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AAG G2 oke) &5 B npedef & BEFAA L.

12.3.2 PyTypeObject 2|

PyTypeObject® XA A9l Include/object .holl A 2 = JAFUTH F=x AYE A5, th2ol
A E ey}

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

(TH= sl ol Al ol A1)
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(o] sl o] A ol A AI)

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

12.3.3 PyObject &£

The type object structure extends the Py VarObject structure. The ob_ s i ze field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_ Type (the metatype) initializes
tp_1itemsize, which means that its instances (i.e. type objects) must have the ob_ s1i ze field.

Py _ssize_t PyObject .ob_refent

Part of the Stable ABL This is the type object’ s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’ s instances (ob-
jects whose ob__t ype points back to the type) do not count as references. But for dynamically allocated type
objects, the instances do count as references.

As
ol = A H Yof ofsl FEHA FFU

PyTypeObject ¥*PyObject .ob_type

Part of the Stable ABL. ©] 212 & 2] &, = v €} & (metatype) Y U T} PyObject HEAD_INIT U]
2o 3t Atr 273, g dtF o s &PyType_Type °l°1°1t gt 2 1Jr, (Holx)
Aol A ARE 7}58) oF B %asz 2E V5 4 25 A%, A REY 2]
A7 oty Bt B ot whebA], 22 NULL=S PyObject_HEAD_INIT "3 22 A5},
o e sAs] ol 59 Zﬂﬁ‘rﬂ" AlZo Al BEE PAIH .7 2736+ A YT
ol 7S YA 0 7 thg 7} 2ol £ H Utk

[Foonype.obftype = &PyType_Type;

)

This should be done before any instances of the type are created. PyType_Ready () checks if ob_type
is NULL, and if so, initializes it to the ob_ t ype field of the base class. Py Type_Ready () will not change
this field if it is non-zero.

12.3.
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ol dEEME For FEHF YT

PyObject *PyObject ._ob_next
PyObject *PyOb ject ._ob_prev

These fields are only present when the macro Py TRACE_REFS is defined (see the configure
—-—with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link
the object into a doubly linked list of 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.

As

12.3.4 PyVarObject ==

Py _ssize_t PyVarObject .ob_size

Part of the Stable ABI. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

As
ol 2EE= M E ol o3l A& A stk

12.3.5 PyTypeObject =&

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to
NULL then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_ Type effectively act as defaults.)

const char *PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage O in package
P should have the tp_name initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key '__module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is
made accessible as the __module__ attribute, and everything after the last dot is made accessible as the
__name___ attribute.

Aol glod, AA tp_name name__ ©]EZ|HEZ AN~ 5
P

g
T (3]

=
-

9o, module

01_1”4%5% FEERE |4 AR e =, S WA do s AAE A oke o,
AL o e o] YL 3Z & 5 Grke AS EFUTH E, pydoc O 2 BHE BE AHA ) L
=4 2ok

o] Y= =NULLO] ok oj ok FUth PyTypeobject () oA F LA 2R3
tp_itemsizeE AL 3}al).

A%
o] BEL A1 Fo o3 F55 A GHUh

m&,

BE T (A A Q)
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Py _ssize_t PyTypeObject.tp_basicsize

Py _ssize t PyTypeObject .tp_itemsize

o BEE AHS Y G A2U2 7S vholE B2

Al
= F 5 Fol gtk w3 Lol A FL0tp s ’
Q120 29] Woll = 00] obl tp i tensize BE} Itk 34 Dol A2H20] B9 2
B AL tp basicsizeZ ARATHE L 3715 Z5 YT

For a type with variable-length instances, the instances must have an ob_size field, and the instance size
is tp_basicsize plus N times tp_itemsize, where N is the “length” of the object. The value of N
is typically stored in the instance’ s ob_size field. There are exceptions: for example, ints use a negative
ob_ s1izetoindicate a negative number, and Nis abs (ob_size) there. Also, the presence of an ob_size
field in the instance layout doesn’ t mean that the instance structure is variable-length (for example, the structure
for the list type has fixed-length instances, yet those instances have a meaningful ob_ s i ze field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prevand _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance
layout. The basic size does not include the GC header size.

7d & (alignment) o th &k 31 AR 74 Zo] FEo] 5 A Ho] QSY, tp basicsize g
oAl A aels oJof FUth o: o] double WG S FH3E= S 7MAFAILE tp_itemsize:
sizeof (double) YUT} tp basicsize’} sizeof (double) o 7l HEE = Ao 2
2ejule] Atk (o] Aol doubles] 3T & AFgoleku 74 L Th.

7ha o] QAR gl RE B9 B9, o] B nuLLo] ohojo} gtk

A%

ol A== ME Yo g EE 2 AEFYUth wlo]aFo 00] ol tp itemsizeZ} YO, &
WA 0% A ol A tpirensioB hE 00] ol grow AAsE AL s gt

(Hlolag e Fdo wmet tha2r]= Fy .

destructor Py TypeObject .tp_dealloc

A2 E A 513 2} (destructor) FHof] th ek QA E. (A FE None Ellipsis® A¢AH) ol i
JANAHATL G A H A] e 5| WA b+ 3 o] & AYslioF Futh T A% %1:]—%3}

25Uk

[void tp_dealloc (PyObject *self);

The destructor function is called by the Py_ DECREF () and Py_ XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance
(using the freeing function corresponding to the allocation function used to allocate the buffer), and call the
type’ s t p_ free function. If the type is not subtypable (doesn’ t have the Py_ TPFLAGS_BASETYPE flag
bit set), it is permissible to call the object deallocator directly instead of via t p_ free. The object deallocator
should be the one used to allocate the instance; this is normally PyObject_Del () if the instance was
allocated using PyObject_Newor PyObject_NewVar, or PyObject_GC_Del () if the instance was
allocated using PyObject_GC_Newor PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS_HAVE_GC flag bit set), the destructor should
call PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)->tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_DECREF () ) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:
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static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

A%
o EEAu Yoz 4&PUrh

Py _ssize t PyTypeObject.tp_vectorcall_offset

3t tp _calld © &< tfokel WE| = (vectorcall) ZEEZE AR AAE &=
AL L3 s= o]/\E-]/\tﬂ ?51—_/[101]1:H ]-/\JEHZJ L =AUt}

This field is only used if the flag Py_ TPFLAGS_HAVE_VECTORCALL is set. If so, this must be a positive
integer containing the offset in the instance of a vectorcallfunc pointer.

The vectorcallfunc pointer may be NULL, in which case the instance behaves as if
Py _TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Py_TPFLAGS_HAVE_VECTORCALLS AA%l= RE Z2E=tp_callk AAdNoF3a, oﬂﬂ%
Z+o) vectorcallfunc &4 9F AT EE glE o of UHJD]- tp_callS PyVectorcall Call ()& 474

s g Uk

7431 It is not recommended for mutable heap types to implement the vectorcall protocol. When a user
sets __call__ in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall

function.

A 3804 MA: HA 38 ool o] €% °]F°] tp_print AUtk ol 2xM =,
I = A 3}% tﬂ AHEE RAF U Th 3hol 3.0014 3774 A =, AHEH A ek ks U Th

As

This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALLflagis notalways inherited.

If it’ s not, then the subclass won’ t use vectorcall, except when PyVectorcall Call () isexplicitly called.
This is in particular the case for types without the Py_ TPFLAGS_IMMUTABLETYPE flag set (including

subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr

get-attribute-string &=l T gk A & 4 2 1 E.

ol A= AAF AT U BAE w, tp getattro Tot ZA FF AR A ERRE o5
AZ57] 919 shol A B2 AR A C EALS WolEol & B4 E el Aok T,

As:

Group: tp_getattr, tp_getattro

ol A=+ tp getattroft @7 AE Yol o FEHHUTh A E J2 AHE Y9 tp getartrit
tp_getattroZt B NULLY wj o] A oA tp_getattrd tp_getattros BF A4&5FY

o}.

setattrfunc PyTypeObject .tp_setattr

°
)

oJETHE BA I} AA S 93 o T A e A <l
ol A= HAEHJF UL B ul], tp_setattro G52} TA AFA T S EYRE | 5&
Al53t7] Yaf shol W EA1Q AA thA C BAQD L wolEol& 42 72 Aok YT

Al

Group: tp_setattr, tp_setattro

3
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ol dr = tp setattroﬂ- A B ol o3 FEF Ut AR F2 ME O tp_setattrit

tpﬁsetattroﬂ— FNULLY wf vlo] Ao A] tp_setattrd} tp_setattros EF A<S
o,

PyAsyncMethods *Py TypeObject .tp_as_async
CEZoA ol olHET 57 olHdolE Z2EZES T3 st= Aoyt Beid I =& 233
= L EEE TR BN FEMEEE TSI L R

B A 3.50] 7} o] A= tp_compare®}tp_reserved#tl 5 h
A
tp_as_async BB AEHH A AL 23H BE=/EH R AE5FH YT

reprfunc PyTypeObject .tp_repr
W 34 repr () & FASE Tl dd A 2E,

MWL pyobject_Repr ()% 24Tk

o{A

[PyObject *tp_repr (PyObject *self);

ot BALO| U fULE AN E BB oF FUh | FHOE, o YL eval() o] AL
A AT DA FOAR 2L G A ANE WAL EADE wBAoF T o) A0
e ghow, 1< 2 ARFI 1> 2 B 2ADL whas| o sz, of 2Rl A A
93 3He BE 228 4 JlojoF gt

A%

o WEEAE Yoz &P

%71—

2] 92O W, <&s object at %p> FAY EAtd o] HRAFH UL 74 ss+= F
o8, spe AA o R 42 AAFH YT
PyNumberMethods *Py TypeObject .tp_as_number

A ZZ2EZE FHAGE AA o AHEH D& £351=

ZA AA| A A AT g o

As

tp_as_number WEE A4 A AT, 90 AL AEA o= 4590,

insh
M %
]
mz
o}.i
_O,E

Rl
N
4
N
)
=2
)
g
el
rO
o,
o
e
[
rlr

PySequenceMethods *Py TypeObject .tp_as_sequence
NAxZ2EEe 7R Aol Ha8 DES EPE 27 727 0 e 2L, o A=
£ AR~ AR 720N A gt

A
tp_as_sequence BEE GHHA AL 238d dE= EAH o FEH U

PyMappingMethods *Py TypeObject .tp_as_mapping
g 22EEE FAsks AAd T AHE EE 2Fee 2t FRA i 2UAE. o] FE=
v sg A 2 A o A AT o

A
tp as mapping BEE AEE A AT, £3E BEE AUD oz A58}

hashfunc PyTypeObject tp_hash
W &4 hash () & Fs= S tist A=A Q.

MWL pyobject Hash ()9 ZHUth

[Pyihashft tp_hash (PyObject *);
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When this field is not set (and t p_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyObject_HashNot Implemented ().

o] Zx & EE oA A WA= FEHESE AR 9 E
PyObject_HashNotImplemented ()2 WA Aoz HAAT 4+ Ad&H5Yrh o] A& I}

o] £ZFo A9  hash = Noned H 53 Aoz J AT o, isinstance(o,
collections.Hashable) ©] False& SHdHl2A4 w334 4yt Hjo A= vz
ZEA AUttt - Fol AW =9 ZFE2oA __hash_ = None2 AA3}H tp_ hash =)
PyObject_HashNotImplemented ()% ’é;ﬁ% B

A

Group: tp_hash, tp_richcompare

o] =+ tp_richcomparest T A B Fof 3] FEFUth A B B9 tp richcompares}

tp_ hash7]- EFNULLY W], B L2 tp richcompare®}t tp_hashs BF A<t}

ternaryfunc PyTypeObject .tp_call

AA $ES FE3E 5o U A8 A 2. AR 7 FE o] oby ™ NULL o] o] of g th
A& Pyobject_Call ()3 ZFYth

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); }

As
oldrs=AMH YPor AEH YL

reprfunc PyTypeObject .tp_str

Wd Aitstr () = F8oE ol e A8 A 2UH. (stre oAl Folm, str() = 13 4
e TSl FASAAL. o) WP A= Pyobject_str ()& TEdte] AAl AU S TR,
PyObject_Str () ol A7 TEAHH)
MWL pyobject_str () ZHUth
[PyObject *tp_str (PyObject *self); }
e EAGolU FUZE AAE Wk oF Utk o2 A FIAE, print () 5ol 93]
AHEE @ ol 7] wZoll, AA 9“3 FAE FH|ofoF

As:

o] JEL A H Fo 7 A& T

7123k

o] AEE MAGA o, BAYG FHL uEe7] 8 Pyobject _Repr () o] Z&HUTh

getattrofunc Py TypeOb ject .tp_getattro

o] E 2] R E ¢]7](get-attribute) 3ol T 3 A& & E A H.

MWL Pyobject_GetAttr ()3 &Yt

[PyObject *tp_getattro (PyObject *self, PyObject *attr);

EEpP yObject GenericGetAttr ()& AAS= Aol A gt) 24 o] E g
Ao

Group: tp_getattr, tp_getattro
°of =& tp getattrdy TA AE Fo g3 FEHF Utk AME F9 tp getattrﬂr
tp_getattroZ} EF NULLY u] A2 32 wjo]~ g Oﬂ/“] tp_getattrid} tp _getattros

T 453,

ofr
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7] &3k

PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeOb ject .tp_setattro

OJEelRE AT A E 98 Bl TiE A8 A ZAH.

MWL pyobject_SetAttr ()T 25 UTh

[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

E 9, value ® NULLE AR 5e] o £ P HES AA S A WEA Ade ok G duAo
o] =& PyObject_GenericSetAttr ()2 A3t Zol AEPgUh AA AJEYHEE A
3t gubA d S AU TH

A%

Group: tp_setattr, tp_setattro

o] =¥+ tp_ SetattrJ)r A B Fo| o AEF Utk AB B tp_setattrit
tp_setattroZ} RE NULLY wl], A B L& nl|o|AgoA] tp_setattrd tp_setattroE B
= g &3,

712k

o,

PyBaseObject_Typeuses PyObject_GenericSetAttr ().

PyBufferProcs ¥*Py TypeObject .tp_as_buffer

w9 Qe o] 2 g TASE Aol HAE BEE Behehe 27 Ao BE A, o D=
SEEEE EECE PR 01N

Al

tp as burfer A== AL A oA T T3 BEE AU oz 458 L)

unsigned long Py TypeOb ject .tp_£flags

o) WEL ThF Eeh19 ME vpaagUTh AR EH1E 54 APe] 2 U v 8
< Ui ych tE 2E2 @*}Zqoiﬂﬂzxﬂ-a}z] okold 3

tp_as_sequence, tp_as mapplng ! tp_as_bufferg & = g3 ZZ]])./] R
DE 7§ 5L R o AR U o2l e M= Rol B ot @ Aol
94| 252 ofo 3o ThAl 00| LENULL ZhE 25 A 02 75 o

Al:

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base type has a flag
bit set, the subtype inherits this flag bit. The flag bits that pertain to extension structures are strictly inherited if
the extension structure is inherited, i.e. the base type’ s value of the flag bit is copied into the subtype together
with a pointer to the extension structure. The Py TPFLAGS _HAVE_ GC flag bit is inherited together with the
tp_traverseand tp_clear fields, i.e. if the Py TPFLAGS_HAVE_GC flag bit is clear in the subtype
and the tp_traverse and tp_clear fields in the subtype exist and have NULL values.

7] &3k

PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.

H|E ufA 3

O v E uta2azt d4 Aogo] Jdsuth o552 | AAAE FA OR 81 tp flags BE
o S NG+ A5 AR pyType HasFeature ()& 3} ST s fE F 5t
tp—>tp_flags & £7}00°] opdA] Zl gttt

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using Py Type_FromSpec (). Inthis case, the ob_ t ype field of its instances is considered a reference
to the type, and the type object is INCREF’ ed when a new instance is created, and DECREF’ ed when
an instance is destroyed (this does not apply to instances of subtypes; only the type referenced by the
instance’ s ob_type gets INCREF’ ed or DECREF’ ed).
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Al
222

Py TPFLAGS_BASETYPE

o HIEL FS ThE J wlo]~g oz AT 4 s w AAFUrh o] vEZ AAHXA
oW o] PFor NB P& W F JAFUTH(Javad “final” F e 29k FAFUTH.

A%

722

Py_TPFLAGS_READY
o] H|E& PyType Ready () ol &3 & AA| 7} e8] 27|35}
Al
2??

)
2
il
o,
A}
°
v

Py TPFLAGS_READYING

o] M| E+ PyType Ready ()7} & AAE 2735t ¢ AAFF Ut
Al:
222

Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyObject_GC_Del (). More information in section <~
3} 7F¥] A] 5= %] A] 9. This bit also implies that the GC-related fields tp_traverseand tp_clear
are present in the type object.

As:

Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_ GC flag bit is inherited together with the tp_traverseand tp_clear
fields, i.e. if the Py TPFLAGS HAVE_GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the

type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

A

7?

Py_TPFLAGS_METHOD_DESCRIPTOR
o] H|EX A7} A A A &2 WA= (unbound method) A 8 5238 LFEFH U T}
o] e 17} type (meth) of A= H:

e meth._ get_ (obj, cls) (*args, **kwds)(obj 7} None ©o] o} d ujj) &=
meth (obj, *args, **kwds) 2} Z5&|oF gk

e meth._get__ (None, cls) (*args, **kwds)=meth(*args, **kwds)<E%
S ok gl o

o] 2 1 obj.meth () & T2 A A WA E T2 R HH3}E 7HssHA Fth
obj.methofl th3k YA] “d2H A = (bound method)” AA|E TS A] SF5 U T

B A 3.89] E7}
Als

This flag is never inherited by types without the Py TPFLAGS TMMUTABLETYPE flag set. For exten-
sion types, it is inherited whenever tp_descr_get is inherited.
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Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py TPFLAGS_UNICODE_SUBCLASS
Py _TPFLAGS_DICT SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS

o] Fej 1+ PyLong Check () &} & oAl Fol WH Y A B FePAAA A53HA &
Hal= g AFEFE UL o83 EA AAl= P yObject IsInstance ()2} -2 A¥ AALE Th
wE Y ok Wl A S E AR A oF gt 187

A 9] &g tp_flagsE Z 24-5]_;” A S
bow 12 B3 AT FEE 120} ALEE = AL S0l w2 BE T

i)
i
£

Py_TPFLAGS_HAVE_FINALIZE
OJH|EE tp finalize €% @ FZA =] g Uth
WA 340 F7}
HA3S8KEE HAAF: A Ze|B = tp_finalize €% 34 & FxA o Qloka 7H4 817
ufZoll, o] e 1+t B oA sy th
Py_TPFLAGS_HAVE_VECTORCALL

o MEL Boasl MHE seEEe FHS B AR AT YE
tp_vectorcall_offsetg FZIIAI L

Al

This bit is inherited for types with the Py TPFLAGS_ TMMUTABLETYPE flagset, if tp_call is also
inherited.

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.
WA 3.109 =7}
Py TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’ t create the __new___ key in
the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before
PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or &§PyBaseObject_Type and
tp_newis NULL.

As:

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).
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ZF31: To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract
base class), do not use this flag. Instead, make tp_new only succeed for subclasses.

WA 3109 7).
Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of a
match block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

3. Py TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

As:
This flag is inherited by types that do not already set Py TPFLAGS_SEQUENCE.
o ®7]:
PEP 634 - Structural Pattern Matching: Specification
WA 3.100] 7}
Py_ TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject
of a match block. It is automatically set when registering or subclassing collections.abc.
Sequence, and unset when registering collections.abc.Mapping.

Z3: Py TPFLAGS_MAPPING and Py TPFLAGS_SEQUENCE are mutually exclusive; it is an
error to enable both flags simultaneously.

As:

This flag is inherited by types that do not already set Py TPFLAGS_MAPPING.
o ®H7):

PEP 634 - Structural Pattern Matching: Specification

WA 3.109 7}

const char *PyTypeObject .tp_doc

o] g AR o) 3 SAELS AT NUL-FE CEALo] B8 A4 AE. ol B3} B9
AxdzoN _doc_ojEelRER =2PUch

A

ol A= A H Yol ol FEHA FF U

traverseproc PyTypeObject .tp_traverse

An optional pointer to a traversal function for the garbage collector.  This is only used if the
Py TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, wvoid *arg);

)

shol o] 7 A 44) A Aol T8 ApAI & M AL 2 Aha] A 4] A el 2 4 AT

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_ t raverse function simply calls Py VISIT () on each of the instance’ s members that
are Python objects that the instance owns. For example, this is function local_traverse () from the
_thread extension module:
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p
static int

local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py _VISIT (self->args);

Py_VISIT (self->kw);

Py _VISIT (self->dict);

return 0O;

Py VISIT()+ FZ <ol Fod 4 &= Ao i =& F ol 79 3H4]
W T QA9 NULL oL Tho] W B E w75l A B2 <8k AR E gy

whwel, W 7k Abo] 2] A%k W 4 gtk A2 3 QEiehE, T A9 95 ge RES
get_referents() §47F 1A S EYSEF o/ AAL PEST A2 5 YH Uk

7d3: When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited
as the instance does not directly own the weak references to itself (the weakreference list is there to support
the weak reference machinery, but the instance has no strong reference to the elements inside it, as they
are allowed to be removed even if the instance is still alive).

Py _VISIT ()= local_traverse () & visite}t arg M 7] A7) o] o] 54 AL Q73T o} &
o5 oA A L.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py_TYPE (sel f), or delegate this responsibility by calling tp_t raverse of another heap-allocated
type (such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

B A 3904 MA: Y FF FL tp_traversed| A Py TYPE (self) & HEZ Ao 7Y
th o] A ¥ 9 stol Mo A=, W L 40217E Ql3l, o] FA A A B Fel oA FEo] BT ¢
2% Ut

A

Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ol

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_ GC flag bit: the
flagbit, tp_traverse,and tp_clearareall inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector.  This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_clear (PyObject *);

tp_clear W B4t Fhul A £ 4 7oA AT B A A FE £ B BE d AEHY
ok B 8ste], A2WO WE tp clear §47t AUHe] BE B2 £ Folok YU o] AL
m| 23T BAl0] A SOR tp_clear BT AFFHAA L. O Fol, FE JL tp_clear
48 TANA dHUTh FERORE 2 e8] FHY £ 9SS 5L S A WE Yy
wWeld ThE W tp_clear YL VLT FES EPFE w82 270l FEaoF Gtk oA
29 AR HA Fov, tp_clear FRIA ghol® £ WHE ol G Ao gHUT)
tp_clears] TR ThE A9 o] vl AR Y 4 9= A4S ool h g AaTa0] F2E

AA Bk ol i R H of] tiE 32 Q1B & NULL 2 A A s oF g Tk

static int
local_clear (localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR(self->args);

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
Py_CLEAR (self->kw) ;
Py_CLEAR (self->dict);
return 0;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the con-
tained object must not be released (via Py_DECREF () ) until after the pointer to the contained object is set
to NULL. This is because releasing the reference may cause the contained object to become trash, triggering
a chain of reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref
callbacks, associated with the contained object). If it” s possible for such code to reference self again, it s
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
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved
and tp_dealloc is called directly.

tp clear B9 BRE 22 £8S BE Ao/ &), 2 8 F42 5
Adoli} stol W Ao e £3E AAE AT D 3
A g A2)sl 2, B tp_dealloc §47h tp_cleard TEFEE A45kE Hol B & 4 3
Futh

shol &) Zha A A A A of] th & ApA & B = A = 7hal A =4 A el A Fe S syt
AS:

Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_t raverse and the Py_ TPFLAGS_HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the
subtype.

richcmpfunc PyTypeObject .tp_richcompare
-8k W] & 4 (rich comparison function) o] th g A&} & Z Q¥ A ¥ -2 th3 3} 25U th

[PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

A WA v M5 pyTypeobiectol o3 o o] dxdAdo] BAFH YT

o] §4 ¥ ATHAMA L 2 py_Truerhy_False) & MBS o itk v m7} 25 o] 94
o, Py NotImplementedE WS, TFE o & 7} FAY 81 NULLS WHEHSIL o9l 2
ol oF Il .

A4 tp richcompare®} PyObject_RichCompare ()& Al AA] AAZE AL T E A

Ut

O:

o o

il dlo
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o= H|

<
Py LT

<=
Py_LE
Py EQ

!7
Py_NE

>
Py _GT

>3
Py_GE

ZRAND FLE IA FHT 5 YES oS 227 Fo Rk

Py_RETURN_RICHCOMPARE (VAL A, VAL_B, op)
v Aol el oA Py _TrueW Py _FalseE WHEghU T} VAL_AS} VAL BE=CH|

ANz £AE AT 4 LoloF FUITH (I E Sol, Cintthfloar = Q2L Th. Al WA QA=
PyObject_RichCompare ()| AAH 839 A= AR FUTH

The returned value is a new strong reference.
ol 2 7} Ay sk, o 9] & A A SFAL ol A NULL = whHg U .
W7 3,74 7L

As:

Group: tp_hash, tp_richcompare

o] x=tp hash} A A B Foj & A<EH Ut B 9 tp richcompare}tp_hash7}
EFNULLO|WH A B 8L tp richcompare®} tp_hashs A&t}

723k

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-

ever, if only tp_hash is defined, not even the inherited function is used and instances of the type will not be
able to participate in any comparisons.

Py _ssize_t PyTypeObject .tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used
by PyObject_ClearWeakRefs () and the PyWeakref_ * functions. The instance structure needs to
include a field of type PyOb ject* which is initialized to NULL.

o BES tp weaklistS} EFFA VPIAIL; TS B AH AA o the ok B2 P iE

A=dy

A%
o] BEL A1 Yol ol3) L& AT, ofdh AH FHL FRAPA L. AH Fo] o] ez AL
AR T 4 AT ole A Fol Wol 2 Y3k thE okt % o AE =8 B TL o0

,EAI7EE A sy Tk
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P Eog HOH Fo _ slots. AAdo] g, 2R wo
$ow, FF Fx YAE F= X3 AT wj Ao
tp_weaklistoffset& AAdle] T S F3A T2 4+ 9

=
o] slots_ Ao _ weakref = &Fo] 28, )
st okt 2 Y AE St HA, ERY LZALE F| tp weaklis
P o __slots_ AU __weakref & £F° fglow, F Wl oA
tp_weaklistoffsetg A&t

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iferator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

o] &4 PyObject_GetIter ()9 Z-& WS 25 Uth

[Pyobject *tp_iter (PyObject *self);

Als:
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);

o€l ¢l ol E] 7} 4: 215 W NULLS 483 of itk StopIteration o917t 43 B £, 187
e = YFUTh ThE ol el 7h By she, 94| NULLE W oF Fuith 1 2 A% o] 39 2

g7t olH e ol B etE Az AU

olElgl ol B P2 tp iter T ok 3, AT Tt (A olEH#H o EH A2TF AT} of )
olEld o] E] A2H 2 LA E WFSHS)| of g Tk

o] 8t Pylter Next ()&} 22 AHES Zh5Uth
A
ol BE= MH oz ALFH YT

struct PyMethodDef *PyTypeObject .tp_methods

o] el Auk WA =B AASE pyiet hodper FEA ] A A NULL-FE W ol B g Ae A ¥
ol e,

W] Guuich B E U A E 2R B AU (ohdh cp_dictE BRI L)
g2 o] F7hg ek

As
ol 2= AE ol g5 FLEH A Ut (A= e MAUSS T3l ASFE Y.

struct PyMemberDef *PyTypeObject .tp_members

o] PO AArE A9 dntHolE W (BEYER)E A A= PyMemberDef 249 A A NULL-
STz g st A= F ZAE.

Qe Guuich W U AT UEE ER5He G DAV oFl cp_dictE FEFAIA )
@z o] #7hg e

Al:
o] A== AMH Fof o3 A&H A FHUTH(EHE UE WAUESES 8 ASEUh.

struct PyGetSetDef *PyTypeObject .tp_getset

o] o] AAE A AME AJEGHEE AASI= PyGetSetDef F2A| Q] A NULL-F 3 v Qo
o sk A e A 2 Q1.
v G ] FE ottt getset AT HEE 235 F ] IV (oFd tp_dictE FRSHAAI L)l
FEo] F7Hg Uh
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D=t Au go] o)a] A4 A 5T (I o ER REE DR M AYSS Ba 448 Y

PyTypeObject *Py TypeObject . tp_base

B &4 o] & Lo 2P th3t A =)
Bt e B aelel o ANE F AL A A B

Fa 2% 2718kl A G 271351 H o] A8 F Ytk C99olA = 27]3pA}p7} “F 4 A3 (address
constants)” o o Ut} A E FA|H 02 WS = PyType_GenericNew ()£} 22 T A4
A= &I C99 F4 A dUTh

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObject_Type is not required
to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are
strictly standard conforming in this particular behavior.

AHACR, tp_ baset B4 LE) 2718 T4l A AR E ofof Tt

Al

o] A= AH Fof ) ALE A S5yt (HEWE).

Aeg:

o] 2x29] 7| B2 sPyBaseObject_Type QU TH (Fto] W =2 I Mo A= object o & &

A dFUh.

PyObject *Py TypeObject .tp_dict

g gM Y gl PyType _Ready ()l &3l of 7] A7 Yt

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once Py Type_Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’ t correspond to overloaded operations
(like __add__ ()).

As

o] A== A B Fo g3 FEH A gsUTH (7)o AH AERE:= O WAYUS S 53
ZEE Y.
7123k
o] EE7}FNULLOI |, PyType Ready ()£ A A S @Y h
A3 PyDict_SetItem() S AFESFAYTIE Ao 2 M8 C-APIZ tp_dictE F£H =
AL A 5T
descrgetfunc Py TypeObject .tp_descr_get
“O) AT get” 4o o3t A el A ZolE.
g ABE R 2SUh
[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); }

A%
o e AH Yoz 5P

descrsetfunc PyTypeObject .tp_descr_set

Yz g %S A48T AR a7 93 Faol o s A
B ABe e BHUh

)
o~
ke

[e]
a,
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[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value); }

value A A= zHe 2HA1817] Y8l NULLE A A F U]
Al
ol A== ANH Fo7 A&H T
Py _ssize_ t PyTypeObject .tp_dictoffset
°l 9l ‘ME*Mﬂ Ards Ws2 zoets gAY} glow, o] AEE 09] of

U d2ada He gy e 39 ‘?li 2o A e=ZzAS 2FF YL o] Lz AL
PyObjecthenerchetAttr () ol A A} U}

ol MES tp dictst EEGA AR 1AL W AA AA L] e HEC BhF YA 2 Y
Y,

o Aol ghol 03 2, s RS Aoz iels] LaAE AAT
Row drds T2 BorREs 22 A4 & e
o, QA A A0 Y el R 0] E e WA A8} Gt AE B
94U seroli tuples) A% Yo #7heh 0l A8 T Utk A1 /)¢ 2
@5 o] A GEEHE, tp basicsize AL o A9 Lo] F7bE AVl E we
ot Al L. ZAE A 7| 7F4nbe] EQI A|AH oA, 97t 2 A ] W Eof I
8 tp_dictoffsetg -4 2 AR oF Y]

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate
memory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing
an attribute on the object.

UIO_u.‘ =
L)
O
-
©
=2

Als:

ol Bx = AME Yo o) AEH YT sHAIREobe] UEH 73S FRFAHAIL. A H o] o] &
ZALS AAYE 4 dFUT ol = /HE Y Ax"dAT} Hﬂoli'éﬁr—t— o2 ez Al gV el &
ARES TFULE 9 E = F4 tp dictoffsets 3 HAHEE, FA 7} = A grofok
Fch

Fa FoE HYH Fof| __slots__Ado] 131, A2EA HEy g & 2 vl o] A7 o]
=, gAY SXo] A" uf Ao 17}3 al tp_dlctoffset—ﬁﬂ%gﬁﬂ LEANoZ
A" Yk

Fx 2oZ HoH Yol __slots_ Aol o, FWo|AaFPA tp dictoffsetS 4
&3yt

(__slots__ Ao __dict_ Bt=<&52 F7HI% 71Ush= 2

g a=
oh 28 __weakref_ A 75O FUHEIoFE = HY
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

OBl A 273} Sharof o 3k A el A Z 9.

This function corresponds to the ___init__ () method of classes. Like _ init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

4 AL ohe 2HUh
[int tp_init (PyObject *self, PyObject *args, PyObject *kwds); }

The self argument is the instance to be initialized; the args and kwds arguments represent positional and key-
word arguments of the callto __init__ ().

NULLO] obd o, tp init e F=

st JdAaEAE FgHo7 T %HH, ¥ tp_new
Tt P da"dAE R 2

30] obd th2 ]

rlgt
ot
ot
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biail}
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AAEAE WY, o} R e tp_ init BHE TEHA FEUT cp_newst A7) Fo] A1 A
Ao AE WekshE, A8 e cp inicrl 3P

425 0 WA, o Aol -1 NS o9 5 QAT

A%:

o BEE AR Yoz 4EPUTH

73k

For static types this field does not have a default.

allocfunc Py TypeObject .tp_alloc

Ol AE A 61-1:1—3L oﬂ EHﬁ]—/\‘]EHXJ fTL_?lEi-

4 WL o3 2eyh

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems);

Al

ol A= AA NH o o] ALHA T EA A B & (ZA BOo® BEo] A AH §)ol|= A
45 %] dFYth

7|22k

%Z—]! ']H Ui-/] 7(;]‘?_) 0] %E“\f }L—"L%— Q _5‘.;_]'% ;ﬂg}:% 70]'31]'3]-7] %—SH ‘301—/\01—

PyType_GenericAlloc ()22 AAFH Yt}

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatisthe recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

AAE A A Shof T3l AERA EQIE,

Ly w

5 AL e 2k

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

)

subtype QA= THE A X 31 Q= 2 7?1]«] AUtk args S kwds QA=
e U T subtype©] tp_new 47t EEF = d3 S o= gl
ANE P S dFUT BHA T #HH o] gl F-2 ofbd Y.

T2 9149719 = AAE
DR CEERESDE

tp_new 4= AR o F 1_% S etal 7] Y8l subtype->tp_alloc (subtype, nitems) & &
Sofokotar, 1™ o F B85t ER F7F 27|38 s of FU ok bASHA FAIBHA Y
eS¢ 9}\5 2718} tp_init A g 7)ol v x| of Fuch e A2, BH P A EE
271347} tp_newol A 3 ojof 8141, 7P S B¢ N FEE 273t tp_init®E U] g A of 3
e

Set the Py TPFLAGS_DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

A

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

7183k

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

freefunc Py TypeObject .tp_£free

OAE A S A Shof 3 AERA Z 0

R, - =

)

A

e 24Ut

flo

[void tp_free (void *self);
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o] A} T 2= = 278 A= PyObject_Free () YUTh

AS:

ol A= AH AH G Y FEH AT 58 AE F (e o2 B AE
45 %] kFYth

7123k

o
rr
ox

)ell

In dynamic subtypes, this field is set to a deallocator suitable to match Py Type_GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject .tp_is_gec
ZHRIA SR 7oA TEE = Tl e A=A .
The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient
to look at the object’ s type’ s tp_ f1ags field, and check the Py TPFLAGS_HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

[int tp_is_gc (PyObject *self); }

(The only example of this are types themselves. The metatype, PyType_Type, defines this function to
distinguish between statically and dynamically allocated types.)

Als:

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_ GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases

Hlo| A~y o R&

This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

7ZJ31: Multiple inheritance does not work well for statically defined types. If you set tp_bases to a
tuple, Python will not raise an error, but some slots will only be inherited from the first base.

Al

o] £

ag o

& 445 A gt
PyObject *Py TypeObject .tp_mro
@ ZA ol A Al A o] object & b S WolaY ARL WL R
This field should be set to NULL and treated as read-only. Python will fill it in when the typeis initialized.
As:
ol BEE AEHA Y5 YT PyType Ready () ol &3] = A2bg Ut

m[kl

PyObject *Py TypeOb ject .tp_cache
AREE A ks Ut W A8
As

o] EEEEHA FFUh
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PyObject *PyTypeOb ject .tp_subclasses

ANE Zejaol gt oo Az BHAE YR AE
Als

o] EEEFEHA FF U

PyObject *PyTypeObject .tp_weaklist

o] @ Aol thk oFTt FxE AT I Fx 2lAE = ASHA S U R A8
Al

ol A& A5HA A5tk

destructor PyTypeObject .tp_del

o] BEx s AH AU Th A tp_rinalizeS AFEEAAL

unsigned int Py TypeObject.tp_version_tag

A= Aol A A k= o AHEH YT R A
As

o] EEEEHA FFUTh

destructor PyTypeObject .tp_finalize

gz s del Aol 4 B4l the A8 A . AP L e 2EUTh

[void tp_finalize (PyObject *self);

tp_finalize7} AAHW, ABZe)E £ AABAE s detol= Tl o5 & TEFY T
A 2R (AR A7t AL E Fx w ool Aol F9) AR B AT A Ao TE
Ut o= ZolE, §2 82 B/ Ao £E o] A4 AHol Yt AN E LES g

tp_finalizet @A ] ZE)E HASHA] Fobof it whebA] AbshA] b2 sholdetolA &

=
EV R A

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);

7% aoo %f

/* Restore the saved exception. */
PyErr_ Restore (error_type, error_value, error_traceback);

}

L 7H Al =" sfol»ol A, tp_dealloc AAE WE SRR oy gl BE gl 4l 28
EgA ZE2E S AFUTG (AA7 2 35 <3 47 Y, i E <32 ZE 2 EofA 9
7hal A oz 79 dsUnh. tP_deaHOCO] FTEHE 2 EEGIL(AY dEZeH = -

Global Interpreter Lock) & %K}UE Jto] W API &= A7 H A E5Uth 28 s =
<A A 7F e Cy C++ 2hol B2l 2] 8] AR & 217 511, tp_deallocs T3 28| =04 2 A&
s = ghol B & 2] 9] M8 = S RketA] ¢k oo of &t

As:

ol dEEAME For FEHFHUTH

WA 3400 7}

H A 3.8 A ¥ 7 : Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALIZE flags
bit in order for this field to be used. This is no longer required.
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© B7]:
“Qhl @ A7 who] W e] Al o] 47 (PEP 442)
vectorcallfunc Py TypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for

type.__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__ () and
__init_ () isused.
A

o =L A4H A g

WA 3.90] 7k (B 3.8 7 F EASHA 395 H AHEF YT

12.3.6 Static Types

AZHOZ, CIZEA FoH -2 A A (static) YU T & F A PyTypeobject R A& ZE A A H
olS Al PyType Ready ()& AH&38te] 271319 Yt

daA oz afol oA o d ol ulsh @ o] Al Ytk
B2 she Wolag2 At Ut &, v 45

Aﬂuﬂw1%°° "ot obduth
ASAL £ 5 U

AA & AH < E%Eﬂ oA =22, AE Az &d & 2334 ekotof

(

;lmﬁ 4%&%

[moX  oX
O

% oX

Also, since Py TypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

1237 & &

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’ s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_FromModuleAndSpec ().

12.4 <X} Z4H| 2= A

type PyNumberMethods

o FRAL AN} 54 SLEEE FHL o AT Tl AT 2AHE FHeh
FoE 54 22 E T MM WS RS o5 F5IHAFHU T

27 Aele e 24Uk

(typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;

(TH5 sl el Aol A<
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} PyNumberMethods;

unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix _multiply;
binaryfunc nb_inplace_matrix multiply;

(o] sl o] A ol A AI)

i}
rlu
=2
®
N
N
e

23 WS FHf R (Hol=
A 3 A4ko] ol H A o,
A3 NULL & uhEE}

Zr31: The nb_reserved field should always be NULL. It was previously called nb_1long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods.

nb_add
nb_subtract
nb_multiply
nb_remainder
nb_divmod

nb_power

unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMet hods .nb_positive

unaryfunc PyNumberMethods.nb_absolute

12.4. =X} A =H|
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inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.

nb_lshift
nb_rshift
nb_and
nb_xor

nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

ternaryfunc PyNumberMethods .

binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods .
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.
unaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

nb_inplace_add
nb_inplace_subtract
nb_inplace_multiply
nb_inplace_remainder
nb_inplace_power
nb_inplace_1lshift
nb_inplace_rshift
nb_inplace_and
nb_inplace_xor
nb_inplace_or
nb_floor_divide
nb_true_divide
nb_inplace_floor_divide
nb_inplace_true_divide
.nb_index
.nb_matrix_multiply

.nb_inplace_matrix_multiply

12.5 OfE A 2= A

type PyMappingMethods
ol FxA = AA 7} v
Al w7k gl ek

Frzeze pAss o A8

lenfunc PyMappingMethods.mp_length

°|

off Ao]7} A el= of YA

& PyMapping_Size ()& PyObject_Size () oA AH&E M, Z
NULLE A3 E 4 5y th

=29

Bow ol X2
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binaryfunc PyMappingMethods.mp_subscript
o] 3 4 £ PyObject_GetItem()3} PySequence_GetSlice()o| A Al & H
PyObject_GetItem() & 22 AW ZFUTh PyMapping Check () &7 1& ¥l
st |, o] 52 Aokt 23 A gt nuLLd = Y th

objobjargproc PyMappingMethods.mp_ass_subscript

rlot B

This function is used by PyObject_SetItem(), PyObject_DelItem(),
PySequence_SetSlice () and PySequence_DelSlice (). It has the same signature as
PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

12.6 A[FHA A A

type PySequenceMethods
o] FEA L AAA DL 2 ESS TARE O Ag e B4l D
lenfunc PySequenceMethods.sq_length

o] <+ PySequence_Size ()@ PyObject_Size ()X AHEHW, T2 A W¥& ZE5UTh
g sg_ ltemﬂr sq_ass_itemERE Bl =5 AY2E A sk o] AHEH Uth

kel

AEE HFU-

t

binaryfunc PySequenceMethods.sq_concat

o] &4+ PySequence_Concat () oA AFEE M 22 AHE ZrF5UTh nb_add €%
QAL NE3Z + AxRLI A = AREH Yt

o
of

-

H

ssizeargfunc PySequenceMethods.sq _repeat

o] &+ PySequence_Repeat () oA AHGHW 22 B ZFUTh nb_multiply €%<
Bl A FA S AR F, * AR A = AR H U T

ssizeargfunc PySequenceMethods.sq _item
o] g PySequence_GetItem ()| AAEH ™ & AW S ZEFUT mp_subscript €
Z2& 53] A B 23 YA (subscription) & A= 8F &, PyObject_GetItem() A= AFEH Yt}
PySequence_Check () &4 7F 1S w3ate®, o] €322 A YordUh 224 ¢ NULL

d 5 AFyHh

Negative indexes are handled as follows: if the sg_Iengthslotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sqg_item. If sq_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
o] g+ PySequence _SetTtem() oA AHEH M 22 NS ZE5Uth mp_ass_subscript
2S5 58 FE YT AAE A S8 Z, pyobject_SetItem ()3} PyObject_DelItem()oll
A= /‘}%%‘44- A 7F 5 o A% &Zﬂ E A9eA 9FoW o] EXR 2 NULLE HA & 5 U5
e},

objobjproc PySequenceMethods.sq_contains

o] &= pPySequence_Contains ()o|A AFEE = glom 2o Y 25Ut o] &%

NULLE ¥4 & 4 95 4Yrth o]Ju] PySequence_Contains () & 9 X st Z+
A2 T3 Euns}qp}

binaryfunc PySequenceMethods.sq_inplace_concat
o] &4 = pySequence_InPlaceConcat ()olA AALEH® Z& AHE& zr5YTh
A S AMAE AL TS B oF FUTE o] £X2 NULLE €A F
© 1, o]u] PySequence_InPlaceConcat () 2 PySequence C °
nb_inplace add £%& B3 27 AR QAL AR F, S8 e +=ol 4 AHgH Uk,

ssizeargfunc PySequenceMethods.sq_inplace_repeat

o] &4 pySequence InPlaceRepeat () A Ag&H W 2 AYE 2S5yt A
WA HAMAE £ TAL BB U o £EL NULLE WA E 5
g o, oJuf PySequence_InPlaceRepeat () + PySequence_Repeat ()& ZW H Ut}
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nb_inplace_multiply €%< §8 A A A2 FAE A= F, T2 Y =M= A&

gk,

12.7 B AN L= A|

type PyBufferProcs
o] FRAE W L2 EZo] BRI 4ol tE TUAH S B Urh T2 EZL A F A (exporter)
AA7F W gl o] 8 E 2n| 2L AR o =E stk S F o dun

getbufferproc PyBufferProcs.bf_getbuffer
o] F4e) AL theT 2 Th

[int (PyObject *exporter, Py_buffer *view, int flags); }

view = 7_<H—r7] A8l exporterol] T3t flagsoll AAFE S H S AUtk 2AE 3) & A2l 3a, 9]
§9) THE h BAZ whE A S of Gtk

(1) Check if the request can be met. If not, raise BufferError, set view—>ob7j to NULL and return
-1.

@ 239 g=2 Ut
(3) WEY 7] 3120 b et Y& 712 H S 274 0ok
(4) Set view—>obj to exporter and increment view—>o0b7.
(5) 05 Wk Th
exporter 7 ¥ 3] 22 21e] A olo U Ege] dRo|W, = 7hx] 28 A A AFRE 4 95T

o Re-export: Each member of the tree acts as the exporting object and sets view—>ob 7 to a new reference
to itself.

« Redirect: The buffer request is redirected to the root object of the tree. Here, view—>ob]j will be a
new reference to the root object.
view®] /)8 A== *—*V*“ H 3 A A E o] glow, AlF A7t 54 2 A ol S Hel oF sk 1 A
o 48w 24 feel AsuTh
Py buffer FRANA 78] 7] RE w28 £ A Z Aol A &3t G2 iH] ZF7F ol & wf 7HA]
a2 oF Yt} format, shape, strides, suboffsets W internald Au|ALo A= 7]
AU,

PyBuffer FillInfo ()& BE e 2vEA A std A g vte| Ed w3 & A
[ HL}?ij;xﬂ_le-q;]_

_\_4

PyObject_GetBuffer ()& o] &4E 7= 28] A & Qe H o] A~ dth

releasebufferproc PyBufferProcs.bf_releasebuffer
o] F4e) AL theT 2y Th

[void (PyObject *exporter, Py_buffer *view); }

HE 29 A 238 AaTdych ALE Q1o W, PyBufferProcs.
bf releasebufferE= NULLY ¢ AHUTh I8 X ¢oH, o] st & L2 2 ¢
o Qe wAE ST

() WEW7] 3o tfst & 728 E EdUth

(2) 7FEE7F0 o), viewe} B EH ZE W R EE ATk

xﬂ%—x}‘: HlZ A internal BEZE AFL 3] W5 E4 3PS 2AF ok st} o] ==
A a1 A o] HAE AW an A el ¥ H 2 AFRS view AR A 4 JlE YT
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This function MUST NOT decrement view->obj, since that is

PyBuffer_ Release () (this scheme is useful for breaking reference cycles).

PyBuffer Release ()& ©] 71%5& A#e 24 & AdE F o]~ Yt

done automatically in

12.8 H|S7| A == A

A 350 37}
type PyAsyncMethods

o] FEAL ojgl ol E L} w57 olejel ol 5 ANE PR} ¥ B2 Foof o)
g4k

TF2A At e B 2EUh

oL
12
o
vl
it

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

o] 4o A WL e e UL

[PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
A 7} o} 5] o £ o] oh 7 o] SE S NULLE AAE 4 dHUTh
unaryfunc PyAsyncMethods.am_aiter

ol g0 e the st 2E YT

[PyObject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext__ () for details.

AR 057 ol Eellold ZREZS FASA $oW o] £F L NULLE AP 5 YF U
unaryfunc PyAsyncMethods.am_anext

o gol AHe e 2tk

[Pyobject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.
sendfunc PyAsyncMethods.am_send

o) o) AL e T UL

LPySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
H A 3.109 &7}

12.8. H|IS7| A L =H|
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129 &2 A typedef

typedef PyObject *(*alloefunc)(PyTypeObject *cls, Py_ssize_t nitems)
Fart of the Stable ABL The purpose of this function is to separate memory allocation from memory ini-
tialization. It should return a pointer to a block of memory of adequate length for the instance, suitably
aligned, and initialized to zeros, but with ob_refcnt set to 1 and ob_type set to the type argument.
If the type’ s tp_ i temsi ze is non-zero, the object’ s ob_ si ze field should be initialized to nitems and the
length of the allocated memory block should be tp_basicsize + nitems*tp_itemsize, rounded
up to a multiple of sizeof (void*); otherwise, nitems is not used and the length of the block should be
tp_basicsize.
ol e the A 2735 A otok FuTh FUHHEEE @R g Yth 1AL
tp_newol &8} 3= of o Tt}

typedef void (*destructor)(PyObject*)
Part of the Stable ABI.

typedef void (*£reefunc)(void*)
tp_free® FRIPAL
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 FZ3}AA| L
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Stable ABL tp_repr& ZFHZ 34 Al L
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Part of the Stable ABL. A x| 9] MY H o EgHE g3 gt

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the Stable ABL. AA) 2] M H o] EZHE 212 AR} o] EHEE 214612 ¥ value
A7 NULLE A H Ut

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABL. A 2] HHH A ERE 4S5 vhgch
tp_getattros ZZIIHNAI L.

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the Stable ABL. A9 HHH o EZHE IS AA3 Yt} o] EHEE AHA| 512 W value
AAZFNULLE A F Yth

tp_setattros FARIIAIAL
typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. See tp_descr_get.
typedef int (*descrset func)(PyObject*, PyObject*, PyObject*)
Fart of the Stable ABI. See tp_descr_set.
typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Stable ABL tp_hashg ZFZ 34 Al
typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the Stable ABL. tp_richcompares ZTZ A L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the Stable ABL tp_iter& ZFZ 3 Al
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typedef PyObject *(*iternext func)(PyObject*)
Part of the Stable ABL. tp_iternextS FZ 3N A L.
typedef Py_ssize_t (¥*1lenfunc)(PyObject*)
Part of the Stable ABI.
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
typedef PyObject * (*unaryfunc)(PyObject*)
Part of the Stable ABIL.
typedef PyObject *(*binary£func)(PyObject*, PyObject¥)
Part of the Stable ABIL.
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABIL.
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_1)
Part of the Stable ABI.
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABIL.
typedef int (*fobjobjproc)(PyObject*, PyObject*)
Part of the Stable ABIL.
typedef int (*fobjobjargproc)(PyObject*, PyObject*, PyObject*)
Fart of the Stable ABI.

12.10 0O

th22 Fhol & & Aol o] st o Juth o 7]oll= oA 2o] vhd 5 Y= YuHAQl AR o] 2 Y
ok AR = 7R 39 A E R ynh o B2 oA, A8 FE B X5 A= defining-new-types 9}
new-types-topics & 3 Z 3 Al 2.

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

f
b
filo
4
ki
30
)
T
v

o A B 2 7] 322 LR 5= o] A FE (53] CPython TE | o] 20 A])
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static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
/* tp_itemsize */
destructor)myobj_dealloc, /* tp_dealloc */
/* tp vectorcall_offset */
/* tp_getattr */
/* tp_setattr */
/* tp_as_async */
eprfunc)myobj_repr, /* tp_repr */
/* tp_as_number */
/* tp_as_sequence */
/* tp_as_mapping */
/* tp_hash */
/* tp_call */
/* tp_str */
/* tp_getattro */
/* tp_setattro */
/* tp_as_buffer */
0 /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* tp_ traverse */
/* tp_clear */
/* tp_richcompare */
/* tp _weaklistoffset */
/* tp_iter */
/* tp_iternext */
/* tp_methods */
/* tp_members */
/* tp_getset */
/* tp _base */
/* tp_dict */
/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */
/* tp_alloc */
myobij_new, /* tp_new */
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typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,
.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,
.tp_alloc = PyType_GenericNew,
(chg sl o) Al of) A%)
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(o] sl o] A ol A AI)

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
using Py TPFLAGS_DISALLOW_INSTANTIATION ﬂag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_ Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *data[l];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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12.11 =2t JHH|X| £ & X|H

2% 422 EYSHE AHAE BA 5L A5 hol A9 A DL A AH o] YD 5 gl ThE AR
“AreU” A AR Fo Aol BLGUh hE AA o) 3 F2E A A %A A4 3 (H
SAt A o] e FRE AFHE G A £ B o H A A ANL AT B2}

To create a container type, the tp_flags field of the type object must include the Py TPFLAGS_HAVE_GC
and provide an implementation of the tp_ t raverse handler. If instances of the type are mutable, a tp_clear
implementation must also be provided.

Py _TPFLAGS_HAVE_GC
ol 227 AARZHE F AA = 7] AHEH F 2SS 5 oF Uk HYE & ol H 3 AAE
Aol A 27 s} AU o,
Aol B AR F 7HA) F 22 E48 o gtk
1. The memory for the object must be allocated using PyObject_GC_Newor PyObject_GC_NewVar.
2. Tt E A oo I F2E ZTFT £ Y= RE ZeT 273 HWH, Pyobject_GC _Track () S
23 oF 3ok,
7R 2, A A 9] sl Al X} (deallocator) = W] 2§ 41 2] S F43) oF Futh
1. o2 AH V& Fxste BE7 F 83 57| Aol Pyobject_GC_UnTrack ()& Z&3l oF Y
Uk,
2. AA W R e= Pyobject_GC_Del ()5 AH&-3to] @ 3| A =] of of T ch

i}

7431 If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at least a tp_traverse
handler or explicitly use one from its subclass or subclasses.

When calling PyType_Ready () or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_ FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverseand tp_clear fieldsif the type inherits from a class that im-
plements the garbage collector protocol and the child class does not include the Py TPFLAGS HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)
Analogous to PyOb ject_ New but for container objects with the Py_ TPFLAGS_HAVE_ GC flag set.

PyObject_GC_NewVar (TYPE, typeobj, size)
Analogous to PyOb ject_NewVar but for container objects with the Py TPFLAGS_HAVE_ GC flag set.
PyObject_GC_Resize (TYPE, op, newsize)
Resize an object allocated by PyObject_NewVar. Returns the resized object of type TYPE* (refers to any
C type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py ssize_t.
void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL. =3 7] 7} A 3l= A" o] AA] Aol AA opS F7HSULE R 7=
7% 2 Akl AW 5 Qo2 FAH L F% AA L FANF FUTh tp_traverse
A2l 7)17t G sk B BEvt R A & oF i th, Hs Ak ERE 2A dYTh
int PyObject_IS_GC (PyObject *obj)
AH 7L 7P A A7) m2 E2S @00 of

o] g7t 0S WSt TH A AV 7 AAE FA S s
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int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] 1A o] GC Z2EZ L FH ST op7} A A 78] A
A7 2A FolW 12 BBk 12 A oW 02 MY
o] AL mlo] A S+ ge.is_tracked () o Ut
WA 3.90f =7}
int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A4 o] GC ZZ EZFE T3} 78X A7 7Lop s
o u] Tpoldzfol = o w 12 WEHsla 197 ko w 0L vhagh
o] A oW F< ge.is_finalized () o sHF I
WA 390 =71
void PyObject_GC_Del (void *op)
Part of the Stable ABIL.  Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.
void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL. 37|17} 22 3t+= A" oy AA AFANA op AAE Al AU
PyObject_GC_Track ()& °] A EEEREL SRR Zﬂxﬂ gl oAl 74 = 9l
ot Al L. BB A A (tp_dealloc A B 7)) tp_traverse A2 7] A Abgote dE7}
2357 Aol AA ol e o] FE & oF o
W7 3.80 A4 W1 7: The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been
removed from the public C APL
tp_traverse A8 7= th23 2L 3o &4 w7 H4E wolE U}
typedef int (*visitproc)(PyObject *object, void *arg)

Part of the Stable ABL. tp_traverse 28] 7] A 2= & WA 2] §. o] g4+ A 5= 4 A
2 objectZ, tp_traverse A 71 Al WA w7} W5E arg2 T2 o] of Ttk hol 4l Tol =
S8 7PA @A g T @) S8 32 A FHE ARG TUTh ASATF AL FEA B2
Ao o= g5 oh

tp_traverse A8 7]& Tha & o] o] of @ th:

typedef int (*t raverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the Stable ABIL. Z1H] o] 1] 2 2| <] =4 ?}-/FO”/]"/} T selfoll A 23E ZF AA o o 3
visit ++E T E )| of 31, visitol] thE w7 W= 23H AR 2} A ﬂ 1 A % arg T Aot
visit St~ NULL object A A2 S &3FA <F H Yt} visit7F 00] o} d kS wrEstd I ol £ 4]
58 of of g,

tp_traverse A8 7] A4S d<3etr] fel, py_visiT() AR AFF UL o] A2 E ARS-SF

B, tp_traverse 7+ A2 o] F-& A &3] visit 2 arg 2 A A3l oF Futh

void Py_VISIT (PyObject *0)

07FNULL©o] oF W, 0 &} arg Q1A E visit M-S S E3H o} visit 7 00] ofd 3 wakeld, 714

Hkskehu ) o]l M3 2 & ALS-3HY, tp_traverse X 2 7] 7} th2- 3 2ol Ut

static int

my_traverse (Noddy *self, visitproc visit, wvoid *arg)

{

o

Py _VISIT (self->foo0);
Py_VISIT (self->bar);
return O;

}

tp_clear A8 7] inquiry § o] At A X 7} £ o] NULL o] o] oF ghut}.
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typedef int (*inquiry)(PyObject *self)

Part of the Stable ABL. 32 ¢8-S IS 5 J+= F2E AHAFUL B AA &= F=2 <&
AZ 3T gonz ol AEE A I3V Utk ol HAEE &3 Fol= AA 7}
-.TEOHO}: sty ) (bR Z =zl U8l Py DECREF F()E T Z3HA Al R). o] AA|7F Fx T3l

FAet QLS £ 77 FA s o] MIAEE T &3t

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.
Py_ssize_t PyGC_Collect (void)

Fart of the Stable ABL Perform a full garbage collection, if the garbage collector is enabled. (Note that
gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Fart of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable (). Returns
the previous state, O for disabled and 1 for enabled.

WA 3.100] 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.

B A 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 3.109] 57}
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CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.

PY MAJOR_VERSION
The 3in3.4.1a2.

PY MINOR_VERSION
The 4in3.4.1a2.

PY MICRO_VERSION
The 1in3.4.1a2.

PY RELEASE_LEVEL
The ain 3.4 .1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or 0xF for final.

PY RELEASE_SERIAL
The 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 H|E (&l dlC|QF =A]) EE Value for 3.4.1a2
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY_MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION  0x01
4 25-28 PY RELEASE_LEVEL  OxA
29-32 PY RELEASE_SERIAL 0x2

Thus 3.4.1a2 is hexversion 0x030401a2 and 3.10. 0 is hexversion 0x030a00£0.
Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=

This version is also available via the symbol Py_Version.
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const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant
integer, with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at run
time.

WA 3.119) &7}
BE F0]R u] 2 & = Include/patchlevel.hofl & o] U o}
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0[0
<
bl

>>>

2to3

2o s
c E027 9 IE B TES QYT W, AL o) R L TEA (BT, BT, FBI) 9ol
EEERE s 214 F9 T34y Ae] 8 vol W ZEZE.

shol W 2.x TEE Sho] M 3x TER WAFE T AESE E7 AT, 248 TE BAFL 78
24 228 AN AAE 4 P TR R ME RS TE U

abstract base class (=4} W] o] A S| A)

SN qﬂi%hasattr() 2otz gladsSo] 2Hs AL R ZEH (9=
5 o

& WA E) A, A o] 28 FY st HH S ATToEN § Efo] 3 & HAFt). ABC‘_7}
AAB ZYPA2E =dst=d, ZHE ASSHA] o WA X isinstance () 2 issubclass ()

oﬂ o 7AA" 4 9= :avefgqq, abc BE AHAE HA Q. o= we Yy ABC
So) wate ‘*1:-1] o}e 7} 7‘% AE°] AF5YUY: A8 X (collections.abc BEA]), A}
(numbers EEAA]), 2EH (1o BENA]), YZE 3258 EY (importlib.abc EEA]).
abc B E-& A3 A X]—{\_] ,_«] ABCE s &% 54Ut

annotation (o] €] o] ’4)

dgo met 9 JE 2 ARRHE WS, FUL O ERRE e e s U Rk gt A dE

-

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAL 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also
see annotations-howto for best practices on working with annotations.

argument (212}

F4E TEY U T4 (EE AL 2 A E G T ER A7 A5 Th
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7) Ql ]—(keyword argument): T Z wf] A H2}7} kol 2
*x F Qo] £l _,/qLﬂF,IEZJDLQ AzL A& S0, ot Z
5 EF 719 E dAY Ytk

1o

= 1A} (¢ & €9, name=) £+

I & complex () A 3¢

dlo

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 1] AR} (positional argument) ] A= AA7F obd AL
e AU olH 2 E o gofl x & Zo] AT 5 Uth o
N E R TN

complex (3, 5)
complex (* (3, 5))

W B oI5 22 A9 ol UG o) A A8 T AT choh ol
2 HAL. BHAOR, ofd RAA 0| A AR AHEE 5 g Uth FHA grol A W
Saa90,

ol w7l FEHFAQ A& A v M 4=2] Afo] 2 PEP 3625 H A2

asynchronous context manager (B] % 7] A€ A& &2z}
An object which controls the environment seen in an async with statement by defining __aenter_ ()

and ___aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]% 7] A1 ?«ﬂ °] E)
H]5 7] Al gl o ¥l ol &l ol E & T & async def 2 AoH = I FH A H Hol
<4, async for Fx7} /\P%ﬂ 4 °‘% AP FEL HEEyield BHA L £F3THE H o
eyt

HE WS A E $4F A, o Buo & w57 Aol E olE e o E &
A2 AUt o =5k ol n)7} WekelA e Ak, AT ol B M BEFE QAT

v 57 AlvE oy g4 await EH A asyne for 3} asyne with & 28 4 5
Uk,

asynchronous generator iterator (W] 7] A1 ] o] €] o] €] #]| o] ¥])
H5 7] AV g ey g7l e+ AA.

u—7

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another
awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

asynchronous iterator (8]% 7] o] €] & o] €])
An object that implements the __aiter_ () and __anext__ () methods. _ anext__ () must re-
turn an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E ] H-E
A value associated with an object which is usually referenced by name using dotted expressions. For example,
if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] $Jjo|E] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},
binary file (B} o] 2] 3} Y)
A file object able to read and write byfes-like objects. Examples of binary files are files opened in binary

mode ('rb', 'wb' or 'rb+'), sys.stdin.buffer, sys.stdout.buffer, and instances of io.
BytesIOand gzip.GzipFile.

str AAE AT 2 5 9t o AA ) hAA L P Y =

wy

Z3hA 8.

borrowed reference
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (B} o] E Q5 A X))

Hiy 22 EF E XYL C-A5 HHE J2xE & ¢ AH5UTE o3 FF memoryview 2 A
S E 20|31 bytes, bytearray, array.array AAES T4 U nlo|EdH AAEL

U dlolB & thF+= o g] 7HA] Aibsel A2 5 dsUth 4%, vhelv ] st &2 A4,

T AFZL2ASo) AU

[e]

AsbE2 viol g diolE 7 7k A D B 87 5 Uth olH Aol APAe= FF “9lal-

Hlo|EE & A7 et A YTh 71 W AA 9 o 2= bytearray & bytearray 9

7F 5 2 vtolv g diolH7FEH AA (“¢l7] AL violEERF

AA”) N AZHES 877U o] AEY 2+ bytes & bytes A9 memoryview 7¢
A5yt

bytecode (H}o]E F &)
gpo| ¥ A FEE ol E I 2 H 3 YE =1, CPython I E]Z 2] E o) A| Sto] % 2 T3 o] Y&
HHAYYTH vlo|E I E+= Lpyc 3ol A Hof, 22 314 S F AR AP T uf o] WA A v
Utk (&aad A vielE =20 A AL S 9 5 A5 UTH. o] “FZHAo” & Z o] E T =0
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
W 71 AN A Fes T ALz 7|t A &, sto] A v 3= Thel| HA A o] A & oFrh= Aol Y& oF

ok,

Hlo|E 2= Welolse] 25 dis LE APA G YU

M o ¢

2 b Z
oy

N g

=

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (&)

QAxf AeE = ulele o) Adol A AP Ax 2 Fa
class (Z|»)

AFEAF o] AA =

=HAE AYES
class variable (Z | A~ HS)

2o A FoH I ZFHA FF (F, FH2Y Axdb a0 7)oy} o ATt A = W
complex number (&4 4)

)53k A% Axde B, BE 27 A5 59} 5

7 o A+

b o
o ¢
5

AW

o

Aol s G (-1 AF2)E FT ALY, TF TN E iz, Il = 2713
ol 220 RV 2 BAFE 7B ALY s Re j HuAE 2o 27134
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context manager ( Z—l_E_‘lé.E. &2l A
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit_ () methods. See PEP 343.

context variable (A ] A E ¥ )

Aol whe e 92 A 4 GlE WA, o 2 1% A = Mgl s e 1he A4 4
e 2 =-22 A4 vk 28, AH2E J4E 53, sty A8 A= oy
AYAES S 4 9o ADLE Uae] 2 Brt SA4 HE/] HAT A WAE 2 AL
AUl contextvarsE FRIAA L.

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
Uth @Ak 3= C-A5oldlA ZEZ ASYUTH dAA oA, FEE2 A= APk,
0ol A Al &8s 2 Ak ‘“/\—4 ’\/‘1‘413 ”ﬂ—uﬂ of| vl X] =] of of Tt Ttk C-A < nl ol A,
20 el GGl YEEE DD vl AU e W W, E
S oA, A A S8 2} 7k e W g .

coroutine (ZFHE)
2 quzee) o duse Fe Uk Ar2ae A PN A ekw o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def Bo 2 T 4 95U th PEP 4925 H A 8.

coroutine function (Z &€l g42)
17 AAE FFE A5 29U Pt asyne def FO2 HOD 913, await Sasync
for&async with Z|9JEE 23 5 Qls5UTH o] 2152 PEP 492 o] &3] =45 54 th

CPython
gtolW =& 1) ololo FHA 13 ?jtﬂ python.org®| Al Wi g Yt} o]
IronPython 7} 2+-& th& 2157 7 F 2 7} 915 uf 8-0f “CPython” ©] A}
decorator (t] 2.2 o] €])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Aot g2
o] EH EG& o= classmethod () ¥ staticmethod () YUt
diZeoly 232 &4 do] 2 d #IUth o F 5 A= onder 55 Uth

s N

def f (arg):

782 Jython ©] L}
U,

f = staticmethod (f)

@staticmethod
def f (arqg):

L

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

descriptor (t] A= 2 E])
Any object which defines the methods ___get__ (), set_ (), or __delete__ (). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

Yoz g e =S o 3 AL 3 Y82 descriptors U Tl A~ H B AR H QU A of] U3 U Tt

dictionary (9 41 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.
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dictionary comprehension (5 A1 2] A Z 2|3l A)
ol E I 84 AAY LFE Aot 234E @2 - E W3
results = {n: n ** 2 for n in range (10)}2 Fn *
A 8l & A A Yt} comprehensions 2 ZFZ S Al L.

dictionary view (9 A4 2] )
dict.keys(),dict.values(),dict.items () WA EZ} B8 FE= AAES I8 &l
2Ech o] AEL gAY FEEN g3t TH ) BE AFshe, gAY WA of, 2o}
o] M3lE Nk gtk YUttt 9 Y Y RE 4T |2 ER v list (dictview) &
AHg-3HE U T dict-views S B A L.

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the ___doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (Y] €}o]3)
2o Qe o] 28 AR EA Beehd AAe) §e WA gz ey A6 )
HAEY AEYREGISH A ARSI UTH (“Le|A Y Holal 2 2|x 3 #AdrH,
egth”) 54353 iAo Qe o] A~E AT 2N, A AAH == TP H QA A=
oZN FAALE NMAE 4 AdS5YTE & Elo]F L type () ©]Y isinstance () 3
S (SR o ERol ol 24t o] 2o~ B 1 4 9 g o8 of
hasattr () AANVEAFP =2 18192 £t}

EAFP
&R }= §4E F317] 71 ¢ v} (Easier to ask for forgiveness than permission). ©] £3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Utk o] ZFstumtE A8 Y2 B2 tryftexcept Y EAE SAA A H Ut o] H|
oF 22 o2 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (%3 2])

>*
N
=2
=2
ol
(it
N
=}
fifo
Hl
%
ok
rr
JE EE

o 9 [ ;_Yl
2 1Y, )
i ot rjo ok

P
i
Tﬂ
=2
>
=2

i o>
flo ZX X9
A

lu
v

ofdl groz 7ol 4 gl BHA 27 hE R BASW, BV L I H Y, o5, o= RE
A2, AR, FHET 2L R EHFE A 245 Hol 28 AYUTh T2 B dlojg)
HxHoz BE o] PYES] EUA AL obduUth wnile A, RAN O R ASE S gt
4 5ol A% A4 o] obgd Uk

CUC++= A" T EY|, 5lo] W] C APIE AFL3 A A A o] L} AFE A} T =9} AT 283 o).
f-string (f-F2}4)

U R B Y B BAE BlHE S E9] “f-EAE o2t RESH, W EAE 2lHE

o] Zd =9t} PEP 498 & H A Q.

file object (3} 2 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AR 2= A 772 51 AR E o] A5yt Eaw) vhol v 2] 514, ¥ 3 = (buffered) Wo] v 2] 714,
gk 519, o] 59 dEFo] At io REOIA AP UL 3 AR E et EAd P
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
EEE PP

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_ Read () func-
tion: see filesystem encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3}¢1t])
ATEID REL YT 2] 2 Fod A3k 4.

sho]lAW 3.3. o] 32, F T/ AT 7 AF U sys.meta_path & A7 AF St vl EF 4 =
719l 9} sys.path_hooks I A Ab&8t+= 4 = A E 2 vfl.
o] A}A| 8 U &2 PEP 302, PEP 420, PEP 451 o] U-&U T},
floor division (3 4= UA)
74 7hE AR W ehe 3 Al Ag Al dabake // o e
49 Zre 27} F AN A YA 2. 758 S E U (-11) // 4 7}-
Holl Fof s of gruith. PEP 2385 H A 2.

function (g+4)

N il
R
2
=3
FBL
,:
=
~
S~

SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Adol] ALRF 5 g5 UTh v 7] ¥ 5 9F v Al = 9} function A AT H A L
function annotation (T4~ o] - E o] H)
3 7he] ol H o] A
)

34 ol 4
A

P4 ol B o] He Ao
Lol Ao 7T 1L, FA

def sum_two_numbers(a: int, b: int) -> int:
return a + b

B4 o - H| o] A B2 function E oA AW 3]

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__ import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python. The
___future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import _ future
>>> _ future_ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] X] 4~ #)
O S A 9 vl 228w ek Ak shol M Fx B4 2 AN Fx TS PAFLFS 5
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

Aold 4 ATk

generator (| & o] €])
Aol E olEd ol & BeFe 84 At s 8 Hol=t, 9389 ZELS WE = yield
B34S 23rt= Ao 1‘/}—1,]1’/} o) ZFEL for-FZ 2 AFE 3} A Y next () 42 3 W 3}

0 AD 5 s,

HE A Udo]E] 342 7he 7] A v o] ® Emol| A= A g o g o] EdolE] £ 7tel Ut o %
Sk o) 7F g ghetA] ek A

ju

generator iterator (] & o] €] o] €] o] E‘])
Azl ol s g7t e A A
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Zyield AN A2 A2E U, T HA2| (o WEEF 7] S -2 EE £Y
A% S 1Tk A delE ol el ol g 7L A W, W 2o B9 Fu(EZ v}
M= Al ZEske 349k ol g U oh.

generator expression (FQ] v#ole 3 4)

olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
P AW R AW HYUTE A8 FAAL B8 FFE QD FEL BE UG
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
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generic function (A W] g §4)
22 e Az vge dedd e FE oy de 44
E]/\JHX] Gl os) 24Uk

A2t~ o] FEF} functools.singledispatch () U & 0] E] S} PEP 4435 H A 8.

b

5. 5E W o H THo] AR L

generic type (AU ¥ ¥)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for rype hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao B zeH & & HAL

global interpreter lock (H & ¢Qle] = 2 E &)

3 ol 27 shupe] a7k shol A ho) = 3= & AYSHES M) 98] CPyihon Qe 2
B} ARSI WA U F. (dict 2 2 SRR YFAEE Eekoli) A7 Bllo] SAHOR B A
o 4] 2:0] thal oA SE S 95 0] A CPython 78 sl WU o). Bz ele] WAl e

_4

AL HZEHE tEad =335t gA HEE= oA
Be RS 54,
However, some extension modules, either standard or third-party, are designed so as to release the GIL when

doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/O.

A, o 4&*1]/\1 VA7 A Zee HeE Ao

& ° nAsHA F 4 tl o] & F1w) “2d =9 AH 22 (free-threaded)” QVE| Z 2] B & RF= 1L
X}ﬁ} AL =g JF Aol A X, Tt Y ZEAA F-2] A5 A3H7E Al 8] wiE )
Utk o] A5 ol & FHeE A2 7+dES EA 536t 1‘4%01/‘% %21 Hl%olﬁ%ﬂ%ﬁﬂi

oA AR YTk

hash-based pyc (3l] ] 7] 4} pyc)
FEAS IE7] Y8l sl A 51d 9

. pyc-invalidation2 =314 L.

hashable (3] A] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (itneedsa __hash__ ()
method), and can be compared to other objects (it needs an __eqg___ () method). Hashable objects which
compare equal must have the same hash value.

Al 7L AAE gAY AU A W E AL 5 QA s, ol AR FREC]

WRA o 2 s A gk AHEEHY] W2 Yy ok

Ol kol ] 29 U AAEL SN T G Tk (R AE Y SA W 2 7 Ao s

287 ek Th (F& o) frozenset 2-2) 2W AB o] 5L 259 R 4 50] 34 s

HA] 7HsFUh AFEAF Y e ?li‘?jé AANSL 7|RA oz A 7453 ch (2]
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

e
of
it

% A7kl ol $ A1 AHE BH ol = T A A

immutable (£4)
DAY S e AR, B AN 54, B, FES 2R o d ANSL WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

AR 7N IIH 7Y EE I RES 3] Ao A FAas (B 42 dED
E ot= F¢h ol FaEY 552 HF sys.path ;.?_Ea Syt b‘]-X] u} A B o7
7179 _path__ o|EBlRERRE & 5% dch

importing (¢ 2 ¥))

#RE sl TEVF I BEY st TE M AEE 5 YEE s 2
importer (Y Z€])
BEES 37|% 5t 2 E 87| % St AA; S Aol 9l H o] 2 =] A .

interactive (t]3}3)
stol e th3td QB Zel e g 20 gliv], ABZE TELEA N A RAA L L S
93, =7 AHY A¥E 2 5 9k EYUth Azt glo] BX python S AW FA L (A FH )
Fol A AR A% 452 5 ARUTh. A okoltlol & AAAL R E A7) A & B
R = w9 7 sk urH AUt (hel = 2)

interpreted (QJE] Z 2] E] &)
apol = T = Ftdele] 24 uf

2

o 7 o] B38| A 71 A T, shol W2 A5k o) 7k o]
2 AElZ el ol T o) AL HAHoR 4 RAE WA ik, 283U 4 AW
+RE A5

[e] = =

T Atke= “?QHD} Jz2ao] & A3 A 7= 3HA wh A ez E Ao
dojRo} g2 /U 71 25 Uth tighy

interpreter shutdown (Q1E] = 2JE] £78)
FTEEE 8 S S u, Jfol A

AHZPE £2Y FH JAL AYFHE  main REOIUAIHENAFL ZUYE= AUt

iterable (¢]E]3] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any
classes you define withan ___iter_ () method or witha __getitem__ () method that implements se-
quence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
--+). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall iter () ordeal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator (©] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple it-
eration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use itin a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T ZpA g Wj-§-©] Q15T

CPython 5=3& %} A]l: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] g4)
7] &4 &+ Zd ] A (collation) T+ A E (sortmg) o]} vl & (ordering) ol AH&-=] = F
ZHEYUTLE o & £9, locale.strxfrm() 2 ZAL EA YA 2= AHE 7
AHSE YT

ol MY W =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

[o
FE it
r[r N

& rr

2

g

There are several ways to create a key function. For example. the st r. lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] 9] & 21 x})
12 & HA L.

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Yt}

LBYL
= 7] F ol B2} (Look before you leap). ©] 1 AEY L TZ 0]} 23| & 317] Aof] HA| Ao = AFA
ZAES AU o] 2842 EAFP AW v = 1, B2 if 7 EAE SZA A H Yt
thF 28 = S o A, LBYL W -2 “H 7|7 &} “H 7]” 71 76‘7%‘ e J%ﬂ] Aol d5ul
t}. o] & 59|, ZE if key in mapping: return mappinglkey] & AA} X, 3} A 9k 23]
Ao, o2 28 =7} keyE mapping | A A/ ASHH Ao 5 5y oh O]ﬁ o]+ 5 ©] 1} EAFP
AW A TeEN ldE 5 s Ut

list (2]~ E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E #A Z 2] 3l A)
AALS) RAE AR EL ARE AST 1 NS AR BT RS
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &
L ATl 1615 (Ox) B LY £ADS A 2ES BT if 4
Y23t H, range (256) o] Y= EE 847 A YT
loader (2 1¥)
EES Z2E3E AA. load_module () o]8E ]%—9/] HA =
At 7k EelF Ut A S W82 PEP 302 &, 57 o]~ 2
£ HA Q.

2
Nm
UlH
S
-
o
=
30

2 Aolsfor gtk 2H L BE 3}
ol

importlib.abc.Loader

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

On Windows, it is the ANSI code page (ex: "cpl1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (W} 2] v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examplesinclude dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o Ao B FL shel). e} A= el e 22 ez sl o Bes ol
9171 % B A e b,
el A2 37t F86t= HAEE A= importlib.abc.MetaPathFinder & HH
U,

metaclass (W€} 28] 2)

¢

Felol Sofs 2o Aol e Beh o, B AU, W0l s Belas S8 B
e EALE of A A ok Bafos UJE‘; A e AU TR AR Ay xz e
Y AOEL L PAL AT UL, Aol SFeA BEL AL ALY e el a8 0hE 5
Stk AUtk )5 ALg Aol Al o] £771 45 Be AT, Best A d, Weh 2ol ae
sk S oph ;HHS%HPEMD} S =2 HE AN 29| % 7 (logeing), 2 e = A 7,
AH AR FH, JFE TAT B THE A

= I
metaclasses | A o 7(]—}\1] LS IS 4 Qe

method (W] 4] &)
= Eal ‘ﬂ"‘/] tol| Al Hojx = T T Feja9 <
A AR A4} (HE self gt EATh & A2H
BEAL

method resolution order (W] A& A A 4 A])
]

HAE 2 A= 235 S AHE A= Hlola ZHAEY AYUTE 23 e AR
stol A AE Z | Ef o] AHgH &g Fo A 82 The Python 2.3 Method Resolution OrderZ
B gy

module (2E)
stol FEo 2A 3 A9 E st AAl. BEL 499 sto| AAES & ol w4
ZrSUth BEL dxy AAajof o3 el oz 2 =HuUt)

712 = BA L.

module spec (25 A ¥))
RESEEScUH AR H - dZERAZESS HIL U
ModuleSpec o] AIAE A,
MRO
A= 274 A4 & HA L.
mutable (7}H)
7hH AR = ghol M8 4= AT id () & A FAFULE E¥ E HASL.

named tuple (V] Y& £Z)

[«

|5 &7t importlib.machinery.

“named tuple(] Q1 = F )" o] b §ol = FZol A A% 51 o] F £L o ELHES &5}
A2 G 4 9l fdo] M AT 4 Qi BE Poluh 2o o] A8F Tk Foluh Feh ol
e A5 E 9 5 dEyh

time.localtime () I os.stat () 7} BF&3}E 2H £ 3H5o], of 8] YA S o] Y d = EZJ Ut}
T o2 9= sys. floatfinfoﬂqr/]—.

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be
written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be
found in hand-written or built-in named tuples.
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namespace (¢]= 27
HE7E ARE = FA. o5 32 gAY 2 TG YTh AAlof S HE o] 5 &7 (A= ol A)
K4 =

(s}
B ohlel A9, A, U4 ol & B7o] YT ol F BUL ol E FEL YANA LEAS
APt o & Eo], S builtins.open Fos. open() 2 259 o] &t o3 +EE Y
0. E, ol & FAL OH B EO| Y8 FAFEA SRR BEOIA AE AT F4 Hp ol
TS .92 £0], random.seed () =X itertools.islice () &t 2 ¥ 1 4S9

Z+7 random 3} itertools BEEC) & +&H 5ol WYYk

namespace package (0] & 7+ 2} 7] A])
2 A B 7 A S A ol 2 7] 5 8= PEP 420 1 7] #]. o] 2 F 73 7| X = B8 A 9l A 7}

e TE L, 53 __init .py dde] glemg Aot 97| 4] 2= thEyth
25 T HASL.
nested scope (£ H A7 =)
SR Yo A AFE FXote 5Y. o & 50, o2 &5 W Rl A Fod T4+ vtz o
AEWMFES AT £ IS SHD 2Tz 7 BFogs 320 53 2 gL H4
‘Es“: th= Aol FYsioF FUTh A G H4EL2 7P W R 23 2o A g FUTh vprpA 2
AGALEL A o8 %—ﬁow 93 %Yt} nonlocal & 2 AR Lo 28 AS B SFh T,
new-style class (F+ A€l S A

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’ s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (7 A])
JH (lESREY ) EZF
o FExA HolA ZFgAadY
package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path___ attribute.

A 712 & ol B T IIA = HASL.
parameter (1] 7] 1<)

sl (Ex= T A E) Ho oA S e

£ A, ohi £5 ARG 9

2 (MAE) o] Fold RE HlolH. B3 EE A S

al
S1=8

c}:

o A X-71Y E (positional-or-keywor: d) AAANA G 7| E A 2 ALEE & Y= AAEARZT
Ytk o] Ze] 712 FEj o v Juth ol & Sl th2ol A foo & bar:

[def func (foo, bar=None): ... }

o A1 X-A 8 (positional-only): A A 2T AFE 5 Y& AAE AL FUTE A2 A& iR+
4 el WS B2l / BAE £ 1 Hol 3T 5 dUh o8 ol g

]/K‘] posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o 71 =-H & (keyword-only): 7| EZ T A FH 5 Y+ AAE AZFU 719 =-2 & v 7H
MAE 4 A0 v AW S 220l A ol Shike] -1 X AWML+ S TTh 2 Z A
Aol o sUth o & S0, thxoll Al kw_onlyl &} kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o 7VA-9 A (var-positional): (T}2 w7 A4S0 &3 A] o] u] whol5o] 7 9] 2] AR T 3l)
A2 = Jde=AA AAEY Y AD2E AAZFYUL o wj b= v ) 5= o] 5ol
* 5 ol 2944 Y E 5 AFUh A& = thollA args:

[def func (*args, **kwargs): ... }
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o 7}H-7191 = (var-keyword): (Th2 W 7 =S of] &3 A] o] u] Rrof5 o] X 7] A A= H3H)
A=E 4 2}‘: dojo A4 71N E AAES AAFTULE o] mj M= w7 Mg o] Eo
x5 Qrof] oA HolE = FUtTh dlE Eof 919 ool A kwargs.

WS A A 98 7 B ol g A Aol AU B4 ANES AT 5 A%
ek

ol z} —9—017,3 = oz} w4 o] XFolof 2= FAQ A&, inspect .Parameter E#| &,
function Z, PEP 362% H A Q..

path entry (3 2 dE2])
AR 79I 7 IXE F REES 7] A8 Fashs d2E A2 A st Fa.

path entry finder (F 2 JNE
sys.path_hooks 9] 91% ZHE (S, A2 dED F) ol e aely ], FoX H 2 =g

=
[e]
2 RES A PUS TT AF

path entry hook (F & A Ez] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (7 2 7]4} 3} 2l )
712 vel A= A HE F o], Y2 E A Z A BE

path-like object (7 F 21 A))
st A2 A2 5 Ueidl= AA. A2F AAl= 25 YERY = str U bytes AA o] AY
os.PathLike Z2EZ2 FT3dsE AA YY) os.PathlLike T2 EFZ S A Yot= AA =
os.fspath () 55 TS str Vbytes 3td A2 2= W 4+ Jd5Uth i os
fsdecode () & os.fsencode () & Z+Zt str W bytes A4S HAS=d AFRE 4 A5 Yt
PEP 5192 =5 <5 th

PEP

tjo
L)

FU e

5ol 4 741 A k. PEP= 5] 8 AR Elo] AHE A 387U vho] W = I mm Al i B
o BheH A2 7152 BEshe AA B4 YUTh PEPE A9HE 715 thak HA R /)% A o

27 AFsH ok T

PEPE 2 N2 75 & A<t A 11'41}71%14151 A=HE =3t sto] Mo S A A
A& TR TE7] A 712 W AYS I Utk PEP I3 2= AR YE Wl A o] & 53+
it o AS A8 & A Qo] Qls YTt

PEP 1 3% 3HA 8.

portion (3Z4)
PEP 420 o A Ao 5t ZAA 4, o] 5 &%+ 7| 7] A o] o] upA] 8= shute] tl el g 2o S0 3l g 59
A7 Gip Lol AFEH = A= 7Fs g oh.

positional argument ($] ] <12}
o)A E HA L.

provisional API (23 API)
%‘@ API= % ghol B 29 A T34
W37} o s A = ¢EA| w7 A o] 2t
) 5 8 Ao] F A5 A S8 o] 2ol
%%gaﬁwq APIE x3Hst7] Aol &
AUk,

}1] O_u

A7 API| A2 A2, 747 B840 §A5 A g WA e Ao Su7 o o ALY RE
489 2ASC] sl A EAYL fASE AP ROt RE AL AR

3
3
o] Aat= ZF ol B "4317}9—%
syt ‘31}/‘1]3}”19“0 P 4
provisional package (274 3] 7] #])
T APIE R A Q.
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Python 3000 (2} ] % 3000)
ho] R 3.x v 2hQle] M (WA 39 sj=7 ¥ njef ] o]of7|d Al Hof| gt % o] Fo|t}) o] A
2 “py3k” B Zo] 27T T T

Pythonic (3} o] t}-$)
£ o) Bol A QukA AYES AgaH 2=
| EoUAES 7Mtol 2=
for & AHE3I A ol HHE9

=
E%ﬁiEE%ﬂ%AOQQmW§%3@qqtqﬁ124
TAEo lormg, stol W 943

FeHE A S = Pt

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

for i in range(len (food)):
print (food[i])

o 2B, shol Atk W ol th

for piece in food:
print (piece)

qualified name (g 73} o] &)
Y A 23zoA Ego] Bod Zdx, T, A= ol2E “HARPE HoFE FoR
T8 o] 5. PEP 3155 o| A Aol F Utk 49 Fet Faf o] B, A43hd ol 52 AA 9
olFH ZFUh

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname

>>> C.D._ _qualname_

>>> C.D.meth._ qualname_

BEE /tEl7l=d AMEE ul, &A 3] AFSH ol (fully qualified name) & = 22 I 7| A&
ZPNA BEZ b o2 R o] 22 9 u]gUTh o 8 Sol, email.mime. toxt:

>>> import email.mime.text
>>> email .mime.text. name
'email .mime.text'

reference count (2 X 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon imple-
mentation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (737 =] 7] #])
Cinit .py 9L 2@sE Ode e 2o AE A 574,

ol T I A = EA 8.

slots___
SR YR HAd, JA2H 2 oERESS AT TS vlg] Adst d2d2 g e &
AATo Rz M2 Ao EHE FUTh A7) A71E AT, o BlZg e Lu= Aga)
17 Z 71tt2-2 Ao, v eo] Mze S8 T2 I A B 50 AAHAT Y= S
T2 A sk Aol FF U
sequence (X] @2)
An iterable which supports efficient element access using integer indices via the _ _getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
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__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and __len__ (), adding count (), index (), _ _contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3¢ 7 = 2] 3l A)
OlHHE A= 82 AAYU LR E A3t 2345 G2 A2 vEs= 7HE 8. results
= {c for c in abracadabra if ¢ not in 'abc'}vw EXEY e (', 'd'}E
A A g o} comprehensions & ZHZ 3 A] L.

single dispatch (A2 t] A3 x])
TFEo] st Ak Fofl 7| 2 A 2 = Al = o taa) X9 3t FE.
slice (&&}o|X2)
HEAAs o dR-E =g ste 7 iﬂ stholaes AE 23
variable_name([1:3:5] A9, [] oA o8] 7MY A& &
A38E)E7/HL YRFom sllce AAE AHE T
Sl

Lo

2 AHgHA BEUTH
gt 2E (M

E 274
2R E

=
special method (4 WA &)

Sholo] ol ol @412, 54 22, AAT W SAHLT FHHE WA, oA HAEE T
Al WEE Ao BLhs o8-S 23 U S5+ v A S specialnames o £4] 2 501 4

Asyth

statement (&%)
T 29E (ZE9 “EF(block)”) & FASE FEYUG 42 134 o] AY 79 =S
/\}36}~ oAe] 7HA] F2E T4 sttt 7H if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ TNCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (B] X E 217 4))
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 (g A~ E 1}9))

stz AAE G5 & & SlE 7Y 4. 35, daE A e AARE W= AR ol AT
A 25T H 4 o5 & AFE etk BAE 5o o 2E HAE BE (1pr EE )
2 99 9}y, sys.stdin, sys.stdout, 10.StringI0 9 A2HAE & 4 5T}

dlolE AR 2] & 97 & 5 9k 5 AR o) h AL vholie] ol = FEIA L,

triple-quoted string (X% w}-& % ¥ £2}4)

WS () o ALWEE () A NE EARA BAL. T 0 SR Se el B A gl
7158 A3 AL LA T, ] 1A ol ol A LB} gith ol A oL F A ghe g
EUSHSEE £AD o] £V 4 YES AL, A FAE 24 GuE e 2o A 4
gt E2EDE L0 53 L2 A
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type ()
Tho] W AR e & T2 0] ofH FF{Y AAJAAE AAFUTH BE WA= F o] dAFUTh AA <
P& _class_ OEIHUFEER IA2T F AU type (ob]) 2 & F AFUT

type alias (g o] g2 o] )
P2 AEA g ote] TEol A= F Y T of.

goldeolat § =8 weslote ol 48FUrh 8 54

=

-
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

Eos 2ol o g7 44 we & dsdth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7158 A3t typing T PEP 4845 2314 &

type hint (g 31 E )
Hae, U2 AEYRE U S mi/ldH g U dkE ghe] Z1diE & 88 X A 8= o] nH o] Al

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

A g Zﬂﬁlﬁh_, A W, 22 JEIRE
get_type_hints () € AH&st] 2T 5 FUTh

o] 7l5& A3 typlng-»]- PEP 484E Iz 314 2.

3l E = typing.

NS
ok
oflt

=

universal newlines (U A £ 9 7))

0o3 78 A BE 2o Boz oAel, BAE AEYE SAE HE: §UA AW F
ZF & "\n', A== Fd '\r\n', AHY WA EA] FH '\r'. F7HEQ ARG A A=
bytes.splitlines () vt olUz} PEP 278 &} PEP 3116 & X A 8.
variable annotation (¥4 o] - €] 0] A)
WA L 2o ol e Hee] of wro] 4
He e FdaodEREY ool dE Gl thY-S A8 AFGY Yt
class C:
field: 'annotation'
Hy ol Hold2 dRtd o7 g SIER AR HUTh & 5o, ol S int S M Ao =
71t g Utk
[count: int = 0 }

M o] o H o] A F 2 A A annassign ol A 44 % g o)
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 7))
glo] W AL &AL} S & =7 o], e }\]/\8101]/\-1 APE =t glo)H &8 =7 g E T 7
V= FA L “‘/‘i glo] % HH+ JH71Z1 == AAAY 1ol =s
S EEEEREEREE R

venv & HA| Q.

virtual machine (7}4} 7] A))
Az E oo 2 HoJH AFE. oMY FHAF 7 A= HlolE I = ALt E Y= ol E

T APt
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Zen of Python (Z}o] 4 Al)
Shol ® Tl AFel Relsh ASHE] B2 E], ¢1o] S ols|3ha ALg B vl 5ol Huith o] B2
ety ZExEo| A “import this” & YA B Yuth
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

AT A &} o] & 3 A A TS Bhol A A ef v A 2 A o 7 AFd gAML = P Th 7] o &
T AT, ZFo] Wb ol th 3k A B = reporting-bugs 3] 0] ] = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
s gyt

e BEolA B FAE =gyt
o Fred L. Drake, Jr., 92} s}old A = 5o 2zt 2t W2 Z'l =9 27}
« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

Aol 71 P F Ut 71 Ak R A <
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZF2) 9] Guido van Rossum ©f] 2]} 1990 d o] Z1ko]] RtE o] HAG Ut slol o= gE A& B2 33
o] 235 914 %, Guido= 7ol 9] 78 A A2 vho} 551,

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
20003 59, Guido2} s}o] A 34l 7] El -2 BeOpen.com & 2 % 7] 4] BeOpen PythonLabs B & FA A5
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) 2
A5 YTH 2001 3, 5ho] A A = E 9 o] A &H(PSF, https://www.python.org/psf/ #F2) o] A Y= A5t}
o] &A= stol M HA A A AiAS Aot s 5835 AYHE v F 8 24 YUt Zope Corporation-&

PSFo] 391 3919 Th,

BE ol vz #-L T A2 PUTH (F7] 22 F oo o3l A& https://opensource.org/E F2 844
A2). Ao, BRE (A7 ARE ol th shol 0 W £ GPLT 3 Utk ofelo] Ex
o xR 2ok Adytt

HH = =t OHE 32 5 A2 X} GPL S 5}?

09.0~12 n/a 1991-1995 CWI yes

13~152 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 2.1+2.0.1 2001 PSF yes

2.12 2.1.1 2002 PSF yes

2.13 212 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] PSF yes

Fi: GPLY} s 8dAtE A2 78 7FGPLE stold g v xdkE A& st e S5y EE
gtol A gholAla= GPLH 2] ol 2o WS 37/ 222 WA u A vAdS w2 5 A
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https://www.python.org/psf/
https://opensource.org
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Ut} GPL 8 gho] Al A= 5lo] W} GPL Sfoll &t H T2 A nEYo] S 23a 4 g A It o
A5 197 FUTh

Guido®) A £ 5}oll o] W EE 715317 BE BL 9% 4ARAAS A =P,

C.2 TIO|40l HMASHHLE AFRSH7| $I5H 0| ofzt

glo] W A= E g o] 2} AW A= PSF License Agreement©l] Whe} glo] Al 7} o Ut}

gho] A 3.8.6 5 E], DA oA, 2] ¥ 7)€} 3 == PSF License Agreement 2} Zero-Clause BSD license©))
ke o] F gho] AT Hoj gy

vhol Ao F3E IR AZE ool & thE gholAlAart AgH Ut gholAdlas sl ghol Al 3l 33)
=3 A Ydgyrch o]y st ol Adlae] ESASH 552 23 E Az e ofof sk glo] Al g
S5 TR L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.11

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.11 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.11.11 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights

Reserved" are retained in Python 3.11.11 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.11 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—to Python
3.11.11.

4. PSF is making Python 3.11.11 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.11

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.11, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.11.11, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of

(= sl ol Aol A1)
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(o1 sl o] A ol A Al <5)
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

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

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.11 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 HE2M EQ[AH

_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
Welh 3o 7Rt I =8 233Utk b2 dd T2 A4S Iz 70 Atk

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 43

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ' "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.34 37| |
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o 2e 39 ARE THFYT

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 2! UUdecode &t
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Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML ¥4 ZZ2A|X &

xmlrpc.client RE2 03 22 £ AgE 235t

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24
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<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 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 following copyright and licensing notice:

/****************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later
releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(TH5 sl el Aol A<)
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the

Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity

on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(except as stated in this section) patent license to make, have made,

use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its

distribution, then any Derivative Works that You distribute must

include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one

of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(TH5 sl el Aol A)
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes BF L W TE ——ywith-system-1ibffi & FA A &= 3 T4 libfli 22 AR S AR
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Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o 93] AF&= = d A H o] 2] 73 L cfuhash Z2 A EE 7|Wto g g

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

(TH5 sl el Aol A<)
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec
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Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

(TH5 sl el Aol A<)
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/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 INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(TH5 sl el Aol A)
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https://github.com/MagicStack/uvloop/tree/v0.16.0
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3. Z§tEl AZEQ|0{0l CHE! 210|MIA L S0l 317

Hl



The Python/C API, Z2|A 3.11.11

318 Appendix C. A2} 2l0[MIA



APPENDIX D

sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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...,281
2to3, 281
>>>, 281
__all__ (package variable), 68
__dict__ (module attribute), 157
__doc___ (module attribute), 157
_ file_ (module attribute), 157, 158
_ future_ , 286
__import_

built-in function, 68
_ loader__ (module attribute), 157
_ _main_

module, 12, 182, 194
__name___ (module attribute), 157
__ package__ (module attribute), 157
_ PYVENV_LAUNCHER_ , 208,214
_ _slots_ ,293
_frozen (Cstruct), 71
_inittab (Cstruct), 71
_inittab.initfunc (C member), 71
_inittab.name (C member), 71
_Py_c_diff (C function), 121
_Py_c_neqg (C function), 121
_Py_c_pow (C function), 121
_Py_c_prod (C function), 121
_Py_c_quot (C function), 121
_Py_c_sum (C function), 121
_Py_InitializeMain (C function), 221
_Py_NoneStruct (Cvar), 234
_PyBytes_Resize (C function), 124
_PyCFunctionFast (Ctype), 236
_PyCFunctionFastWithKeywords (C type), 236
_PyFrameEvalFunction (C type), 192
_PyInterpreterState_GetEvalFrameFunc

(C function), 193
_PyInterpreterState_SetEvalFrameFunc
(C function), 193

_PyObject_GetDictPtr (C function), 89
_PyObject_New (C function), 233
_PyObject_NewVar (C function), 233
_PyTuple_Resize (C function), 144
_thread

module, 189
A
abort (C function), 68
abs

built-in function, 97

abstract base class (A4 dlol2& g 2),
281

allocfunc (Ctype), 272

annotation (o] = H| o] A), 281

argument (¢12}), 281

argv (in module sys), 185

ascii

built-in function, 89

asynchronous context manager (] %7] A
g9 E #Ae| A}, 282

asynchronous generator (H]% 7] A Y g o]
E]), 282

asynchronous generator iterator (H]%7]
A & o] ] o] B & o] E), 282

asynchronous iterable (B]Z 7] ol & &),
282

asynchronous iterator (¥]% 7] o] E g o] &),
282

attribute (J]EZHE), 282

awaitable (o] ¢ ol €] &), 282

B

BDFL, 283
binary file (8}o]yE] 5}Y), 283
binaryfunc (Ctype), 273
borrowed reference, 283
buffer interface

(see buffer protocol), 103
buffer object

(see buffer protocol), 103
buffer protocol, 103
built-in function

_ _import_ ,68

abs, 97

ascii, 89

bytes, 89

classmethod, 238

compile, 69
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divmod, 97

float, 99

hash, 90, 251

int, 99

len, 91,99, 101, 146, 148, 151
pow, 97, 98

repr, 89, 251
staticmethod, 238
tuple, 101, 147

type, 90
builtins
module, 12, 182, 194
bytearray
object, 124
bytecode (H}°]E 7 &), 283
bytes
built-in function, 89
object, 122

bytes-like object (R}o]|EAF A A)), 283

C

callable, 283
callback (), 283
calloc (C function), 223
Capsule

object, 168
C—-contiguous, 106, 284
class (E# ), 283
class variable (Z# 2 ¥, 283
classmethod

built-in function, 238
cleanup functions, 68
close (in module os), 195
CO_FUTURE_DIVISION (C var), 45
code object, 154
compile

built-in function, 69
complex number

object, 121
complex number (E44),283
context manager (AEYAE #HE| A}, 284
context variable (AYAE W), 284
contiguous, 106
contiguous (%), 284
copyright (in module sys), 185
coroutine (Z5HEl), 284
coroutine function (ZFE 34), 284
CPython, 284

D

decorator (€ Zd ] ), 284
descrget func (Ctype), 272
descriptor ({23 HH), 284
descrsetfunc (Ctype), 272
destructor (Ctype), 272
dictionary

object, 147
dictionary (944 48]), 284

dictionary comprehension (94 g Iz
dA), 285
dictionary view (948 1), 285
divmod
built-in function, 97
docstring (B~ E ), 285
duck-typing (2 €}o] ), 285

E

EAFP, 285

EOFError (built-in exception), 156
exc_info (in module sys), 10
executable (in module sys), 184
exit (C function), 68

expression (3 4]), 285
extension module (3% 2 &), 285

F
f-string (FEAFY), 285
file

object, 156
file object (¥< AXA), 285
file-like object (3L HF AA), 285
filesystem encoding and error

handler, 285

finder (3}¢1 1), 286
float

built-in function, 99
floating point

object, 119
floor division (B4 U=Al), 286
Fortran contiguous, 106,284
free (C function), 223
freefunc (Ctype), 272
freeze utility,71
frozenset

object, 150
function

object, 151
function (2+4), 286
function annotation (E o] = E|o]A), 286

G

garbage collection (Z7}8]A] = 7), 286

generator (A # °] ), 286

generator expression (AU @ olE & A,
287

generator iterator (AlUYd ol¥ o|E# o]H),
286

generic function (AUlE &), 287

generic type (AW ), 287

getattrfunc (Ctype), 272

getattrofunc (Ctype), 272

getbufferproc (C type), 273

getiterfunc (Ctype), 272

GIL, 287

global interpreter lock, 187

322



The Python/C API, 22|A 3.11.11

global interpreter lock (A< Qg Zzg¥H
=), 287

Fl

hash

built—-in function, 90, 251
hash-based pyc (G| A] 713k pyc), 287
hashable (G| A] 7}%), 287
hashfunc (C type), 272

IDLE, 287
immutable (1), 287
import path (YEE F=Z),288
importer (Y3Z¥), 288
importing (¥ *H), 288
incr_item(), 11,12
initproc (Ctype), 272
inquiry (Ctype), 277
instancemethod

object, 153
int

built—-in function, 99
integer

object, 115
interactive (th3}8), 288
interpreted (1€ Z 2| E| E), 288
interpreter lock, 187
interpreter shutdown (AE|ZEE £8),288
iterable (o] E 2] &), 288
iterator (o] E] ¥ o] ¥]), 288
iternextfunc (Ctype), 272

K

key function (7] &), 289
KeyboardInterrupt (built-in exception), 56
keyword argument (7] = Q1#}), 289

L

lambda (2T}, 289
LBYL, 289
len
built-in function, 91, 99, 101, 146, 148,
151
lenfunc (Ctype), 273
list
object, 145
list (B]2E), 289
list comprehension (B]2~E A= 3A), 289
loader (2H), 289

method (WA E), 289
magic method (W] A WA &), 289
main (), 183, 185
malloc (C function), 223
mapping

object, 147
mapping (7H3), 289
memoryview

object, 167
meta path finder (W E} A Z 1}Qlt]), 290
metaclass (W EF =8 2), 290
METH_CLASS (C macro), 238
METH_COEXIST (C macro), 238
METH_FASTCALL (C macro), 237
METH_KEYWORDS (C macro), 237
METH_METHOD (C macro), 238
METH_NOARGS (C macro), 238
METH_ O (C macro), 238
METH_STATIC (C macro), 238
METH_VARARGS (C macro), 237
method

object, 153
method (WA =), 290

magic, 289

special, 294
method resolution order (WAE AA <A]),

290

MethodType (in module types), 151, 153
module

_ _main_ , 12,182,194

_thread, 189

builtins, 12, 182, 194
object, 157

search path, 12, 182, 184
signal, 56

sys, 12, 182, 194
module (&), 290
module spec (RE& 23), 290
modules (in module sys), 68, 182
ModuleType (in module types), 157
MRO, 290
mutable (7}WH), 290

N

named tuple (M|Y9= F3),290

namespace (0|5 &7}, 291

namespace package (0|5 Z7F 9] 7] X)), 291
nested scope (E¥H 27 xZ),291
new-style class (728 Z82), 291
newfunc (C type), 272

locale encoding, 289 None .
lock, interpreter, 187 object, 115
long integer numerllc
object, 115 object, 115
LONG_MAX (C macro), 116 O
M object
magic bytearray, 124
A 323



The Python/C API, Z2|A 3.11.11

bytes, 122

Capsule, 168

code, 154

complex number, 121

dictionary, 147

file, 156

floating point, 119

frozenset, 150

function, 151

instancemethod, 153

integer, 115

list, 145

long integer, 115

mapping, 147

memoryview, 167

method, 153

module, 157

None, 115

numeric, 115

sequence, 122

set, 150

tuple, 143

type, 7, 111
object (AA)), 291
objobjargproc (Ctype), 273
objobjproc (Ctype), 273
OverflowError (built-in exception), 116118

P

package (3] 7] A)), 291
package variable

__all_ ,68
parameter (W] 7] ¥ 4), 291
PATH, 12

path

module search, 12, 182, 184
path (in module sys), 12, 182, 184
path based finder (AZ 74l 312l t), 292
path entry (F= AE ), 292
path entry finder (B Z dEZ 3914), 292
path entry hook (AZ dEg %),292
path-like object (FEF AA)), 292
PEP, 292
platform (in module sys), 185
portion (E£A), 292
positional argument (§ %] <12}, 292
pow

built-in function, 97,98
provisional API (A API), 292
provisional package (FA 1 7] A]), 292
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 195
Py _ALWAYS_ INLINE (C macro), 4
Py_AtExit (C function), 68
Py_AuditHookFunction (Ctype), 67
Py_BEGIN_ALLOW_THREADS (C macro), 187, 190
Py_BLOCK_THREADS (C macro), 191
Py_buffer (Ctype), 104

Py_buffer.buf (C member), 104
Py_buffer.format (C member), 105
Py_buffer.internal (C member), 105
Py_buffer.itemsize (C member), 104
Py_buffer.len (C member), 104
Py_buffer.ndim (C member), 105
Py_buffer.ob]j (Cmember), 104
Py_buffer.readonly (C member), 104
Py_buffer.shape (C member), 105
Py_buffer.strides (C member), 105
Py_buffer.suboffsets (C member), 105
Py_Buildvalue (C function), 79
Py_BytesMain (C function), 41
Py_BytesWarningFlag (C var), 180
Py_CHARMASK (C macro), 5

Py_CLEAR (C function), 48
Py_CompileString (C function), 43, 44
Py_CompileStringExFlags (C function), 44
Py_CompileStringFlags (C function), 43
Py_CompileStringObject (C function), 43
Py_complex (Ctype), 121

Py_DEBUG (C macro), 13

Py_DebugFlag (C var), 180
Py_DecodeLocale (C function), 64
Py_DECREF (C function), 7, 48

Py_DecRef (C function), 48
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C var), 180
Py_Ellipsis (Cvar), 167
Py_EncodeLocale (C function), 65
Py_END_ALLOW_THREADS(Cnma@%18%190
Py_EndInterpreter (C function), 195
Py_EnterRecursiveCall (C function), 59
Py_EQ (C macro), 259

Py_eval_input (Cvar), 44

Py_Exit (C function), 68
Py_ExitStatusException (C function), 203
Py_False (Cvar), 119

Py_FatalError (C function), 68
Py_FatalError (), 185
Py_FdIsInteractive (C function), 63
Py_file_input (Cvar), 44

Py_Finalize (C function), 182
Py_FinalizeEx (C function), 68, 182, 194, 195
Py_FrozenFlag (Cvar), 180

Py_GE (C macro), 259

Py_GenericAlias (C function), 177
Py_GenericAliasType (Cvar), 178
Py_GetArgcArgv (C function), 220
Py_GetBuildInfo (C function), 185
Py_GetCompiler (C function), 185
Py_GetCopyright (C function), 185
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 12, 184
Py_GetPath (C function), 12, 184
Py_GetPath (), 183, 184
Py_GetPlatform (C function), 185
Py_GetPrefix (C function), 12, 183
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Py_GetProgramFullPath (C function), 12, 184

Py_GetProgramName (C function), 183

Py_GetPythonHome (C function), 186

Py_GetVersion (C function), 185

Py_GT (C macro), 259

Py_hash_t (Ctype), 83

Py_HashRandomizationFlag (C var), 180

Py_IgnoreEnvironmentFlag (Cvar), 180

Py_INCREF (C function), 7, 47

Py_IncRef (C function), 48

Py_Initialize (C function), 12, 182, 194

Py_Initialize (), 183

Py_InitializeEx (C function), 182

Py_InitializeFromConfig (C function), 217

Py_InspectFlag (Cvar), 181

Py_InteractiveFlag (Cvar), 181

Py_TIs (C function), 234

Py_IS_TYPE (C function), 235

Py_TIsFalse (C function), 235

Py_TIsInitialized (C function), 12, 182

Py_TIsNone (C function), 234

Py_IsolatedFlag (Cvar), 181

Py_IsTrue (C function), 235

Py_LE (C macro), 259

Py_LeaveRecursiveCall (C function), 59

Py_LegacyWindowsFSEncodingFlag (C var),
181

Py_LegacyWindowsStdioFlag (C var), 181

Py_LIMITED_API (C macro), 15

Py_LT (C macro), 259

Py_Main (C function), 41

PY_MAJOR_VERSION (C macro), 279

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 279

Py_MIN (C macro), 5

PY_MINOR_VERSION (C macro), 279

Py_mod_create (C macro), 160

Py_mod_exec (C macro), 161

Py_NE (C macro), 259

Py_NewInterpreter (C function), 194

Py_NewRef (C function), 47

Py_NO_INLINE (C macro), 5

Py_None (Cvar), 115

Py_NoSiteFlag (Cvar), 181

Py_NotImplemented (C var), 87

Py_NoUserSiteDirectory (Cvar), 181

Py_OpenCodeHookFunction (Ctype), 156

Py_OptimizeFlag (Cvar), 181

Py_PreInitialize (C function), 206

Py_PreInitializeFromArgs (C function), 206

Py_PreInitializeFromBytesArgs (C func-
tion), 206

Py_PRINT_RAW (C macro), 87, 157

Py_QuietFlag (Cvar), 181

Py_REFCNT (C function), 235

PY_RELEASE_LEVEL (C macro), 279

PY_ RELEASE_SERIAL (C macro), 279

Py_ReprEnter (C function), 59

Py_ReprLeave (C function), 59

Py_RETURN_FALSE (C macro), 119

Py_RETURN_NONE (C macro), 115

Py_RETURN_NOTIMPLEMENTED (C macro), 87

Py_RETURN_RICHCOMPARE (C macro), 259

Py_RETURN_TRUE (C macro), 119

Py_RunMain (C function), 220

Py_SET_REFCNT (C function), 235

Py_SET_SIZE (C function), 235

Py_SET_TYPE (C function), 235

Py_SetPath (C function), 184

Py_SetPath (), 184

Py_SetProgramName (C function), 12, 183

Py_SetProgramName (), 182184

Py_SetPythonHome (C function), 186

Py_SetStandardStreamEncoding (C function),
183

Py_single_input (Cvar), 44

Py_SIZE (C function), 235

Py_ssize_t (Ctype), 10

PY SSIZE T MAX (Cmacro), 117

Py_STRINGIFY (C macro), 5

Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro),
255

Py_TPFLAGS_BASETYPE (C macro), 254

Py_TPFLAGS_BYTES_SUBCLASS (C macro), 255

Py_TPFLAGS_DEFAULT (C macro), 254

Py_TPFLAGS_DICT_SUBCLASS (C macro), 255

Py_TPFLAGS_DISALLOW_INSTANTIATION (C
macro), 255

Py_TPFLAGS_HAVE_FINALIZE (C macro), 255

Py_TPFLAGS_HAVE_GC (C macro), 254

Py_TPFLAGS_HAVE_VECTORCALL (C macro), 255

Py_TPFLAGS_HEAPTYPE (C macro), 253

Py_TPFLAGS_IMMUTABLETYPE (C macro), 255

Py_TPFLAGS_LIST_SUBCLASS (C macro), 255

Py_TPFLAGS_LONG_SUBCLASS (C macro), 254

Py_TPFLAGS_MAPPING (C macro), 256

Py_TPFLAGS_METHOD_DESCRIPTOR (C macro),
254

Py_TPFLAGS_READY (C macro), 254

Py_TPFLAGS_READYING (C macro), 254

Py_TPFLAGS_SEQUENCE (C macro), 256

Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 255

Py_TPFLAGS_TYPE_SUBCLASS (C macro), 255

Py_TPFLAGS_UNICODE_SUBCLASS (C macro),
255

Py_tracefunc (Ctype), 196

Py_True (Cvar), 119

Py_tss_NEEDS_INIT (C macro), 198

Py_tss_t (Ctype), 198

Py_TYPE (C function), 235

Py_UCS1 (Ctype), 126

Py_UCS2 (Ctype), 126

Py_UCS4 (Ctype), 126

Py_uhash_t (Ctype), 83

Py_UNBLOCK_THREADS (C macro), 191
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Py_UnbufferedStdioFlag (Cvar), 181
Py_UNICODE (C type), 126
Py_UNICODE_IS_HIGH_SURROGATE (C macro),
129
Py_UNICODE_IS_LOW_SURROGATE
129
Py_UNICODE_IS_SURROGATE (C macro), 129
Py_UNICODE_ISALNUM (C function), 129
Py_UNICODE_ISALPHA (C function), 129
Py_UNICODE_ISDECIMAL(thndwnL128
Py_UNICODE_ISDIGIT(thndkmL129
PyiUNICODEiISLINEBREAK(thndwnL128
Py_UNICODE_ISLOWER (C function), 128
Py_UNICODE_ISNUMERIC (C function), 129
Py_UNICODE_ISPRINTABLE(thndwnL129
Py_UNICODE_ISSPACE(thnakmL128
PyiUNICODEiISTITLE(Cfmuﬁom,128
Py_UNICODE_ISUPPER (C function), 128
Py_UNICODE_JOIN_SURROGATES (C macro), 129
Py_UNICODE_TODECIMAL (C function), 129
Py_UNICODE_TODIGIT(CjﬁndkmL129
PyiUNICODEiTOLOWER(Cfmuﬁom,129
Py_UNICODE_TONUMERIC (C function), 129
Py_UNICODE_TOTITLE (C function), 129
Py_UNICODE_TOUPPER (C function), 129
Py_UNREACHABLE(CnmaDLS
Py_UNUSED (C macro), 6
Py_VaBuildvValue (C function), 81
PY_VECTORCALL_ARGUMENTS_OFFSET (c
macro), 92
Py_VerboseFlag (Cvar), 181
Py_Version (Cvar), 279
PY VERSION_HEX (C macro), 279
Py_VISIT (C function), 277
Py_XDECREF (C function), 12, 48
Py_XINCREF (C function), 47
Py_XNewRef (C function), 47
PyAIter_Check (C function), 102
PyAnySet_Check (C function), 150
PyAnySet_CheckExact (C function), 150
PyArg_Parse (C function), 78
PyArg_ParseTuple (C function), 78
PyArg_ParseTupleAndKeywords (C function),
78
PyArg_UnpackTuple (C function), 78
PyArg_ValidateKeywordArguments (C func-
tion), 78
PyArg_VaParse (C function), 78
PyArg_VaParseTupleAndKeywords (C func-
tion), 78
PyASCIIObject (Ctype), 126
PyAsyncMethods (Ctype), 271
PyAsyncMethods.am_aiter (C member), 271
PyAsyncMethods.am_anext (C member), 271
PyAsyncMethods.am_await (C member), 271
PyAsyncMethods.am_send (C member), 271
PyBool_Check (C function), 118
PyBool_FromLong (C function), 119

(C  macro),

PyBool_Type (Cvar), 118
PyBUF_ANY_CONTIGUOUS (C macro), 107
PyBUF_C_CONTIGUOUS (C macro), 107
PyBUF_CONTIG (C macro), 107
PyBUF_CONTIG_RO (C macro), 107
PyBUF_F_CONTIGUOUS (C macro), 107
PyBUF_FORMAT (C macro), 106
PyBUF_FULL (C macro), 107
PyBUF_FULL_RO (C macro), 107
PyBUF_INDIRECT (C macro), 106
PyBUF_MAX_NDIM (C macro), 105
PyBUF_ND (C macro), 106
PyBUF_READ (C macro), 167
PyBUF_RECORDS (C macro), 107
PyBUF_RECORDS_RO (C macro), 107
PyBUF_SIMPLE (C macro), 106
PyBUF_STRIDED (C macro), 107
PyBUF_STRIDED_RO (C macro), 107
PyBUF_STRIDES (C macro), 106
PyBUF_WRITABLE (C macro), 106
PyBUF_WRITE (C macro), 167
PyBuffer_FillContiguousStrides (C func-
tion), 110
PyBuffer_FillInfo (C function), 110
PyBuffer_FromContiguous (C function), 109
PyBuffer_GetPointer (C function), 109
PyBuffer_IsContiguous (C function), 109
PyBuffer_Release (C function), 109
PyBuffer_SizeFromFormat (C function), 109
PyBuffer_ToContiguous (C function), 109
PyBufferProcs (Ctype), 103, 270
PyBufferProcs.bf getbuffer
270
PyBufferProcs.bf_releasebuffer (C mem-
ber), 270
PyByteArray_AS_STRING (C function), 125
PyByteArray_AsString (C function), 125
PyByteArray_Check (C function), 125
PyByteArray_CheckExact (C function), 125
PyByteArray_Concat (C function), 125
PyByteArray_FromObject (C function), 125
PyByteArray_FromStringAndSize (C func-
tion), 125
PyByteArray_GET_SIZE (C function), 125
PyByteArray_Resize (C function), 125
PyByteArray_Size (C function), 125
PyByteArray_Type (Cvar), 124
PyByteArrayObject (Ctype), 124
PyBytes_AS_STRING (C function), 124
PyBytes_AsString (C function), 123
PyBytes_AsStringAndSize (C function), 124
PyBytes_Check (C function), 122
PyBytes_CheckExact (C function), 122
PyBytes_Concat (C function), 124
PyBytes_ConcatAndDel (C function), 124
PyBytes_FromFormat (C function), 123
PyBytes_FromFormatV (C function), 123
PyBytes_FromObject (C function), 123

(C  member),
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PyBytes_FromString (C function), 123
PyBytes_FromStringAndSize (C function), 123
PyBytes_GET_SIZE (C function), 123
PyBytes_Size (C function), 123
PyBytes_Type (Cvar), 122
PyBytesObject (C type), 122
PyCallable_Check (C function), 96
PyCallIter_Check (C function), 164
PyCallIter_ New (C function), 164
PyCallIter_Type (Cvar), 164
PyCapsule (Ctype), 168
PyCapsule_CheckExact (C function), 169
PyCapsule_Destructor (Ctype), 168
PyCapsule_GetContext (C function), 169
PyCapsule_GetDestructor (C function), 169
PyCapsule_GetName (C function), 169
PyCapsule_GetPointer (C function), 169
PyCapsule_Import (C function), 169
PyCapsule_IsValid (C function), 169
PyCapsule_New (C function), 169
PyCapsule_SetContext (C function), 170
PyCapsule_SetDestructor (C function), 170
PyCapsule_SetName (C function), 170
PyCapsule_SetPointer (C function), 170
PyCell_ Check (C function), 154
PyCell_GET (C function), 154
PyCell_Get (C function), 154
PyCell_New (C function), 154
PyCell_SET (C function), 154
PyCell_Set (C function), 154
PyCell_Type (Cvar), 154
PyCellObject (Ctype), 154
PyCFunction (C type), 236
PyCFunction_New (C function), 239
PyCFunction_NewEx (C function), 239
PyCFunctionWithKeywords (C type), 236
PyCMethod (C type), 236
PyCMethod_New (C function), 238
PyCode_Addr2Line (C function), 155
PyCode_Addr2Location (C function), 155
PyCode_Check (C function), 154
PyCode_GetCellvars (C function), 155
PyCode_GetCode (C function), 155
PyCode_GetFreevars (C function), 155
PyCode_GetNumFree (C function), 154
PyCode_GetVarnames (C function), 155
PyCode_New (C function), 154
PyCode_NewEmpty (C function), 155
PyCode_NewWithPosOnlyArgs (C function), 155
PyCode_Type (Cvar), 154
PyCodec_BackslashReplaceErrors (C func-
tion), 86
PyCodec_Decode (C function), 84
PyCodec_Decoder (C function), 85
PyCodec_Encode (C function), 84
PyCodec_Encoder (C function), 85
PyCodec_IgnoreErrors (C function), 85
PyCodec_IncrementalDecoder (C function), 85

PyCodec_IncrementalEncoder (C function), 85
PyCodec_KnownEncoding (C function), 84
PyCodec_LookupError (C function), 85
PyCodec_NameReplaceErrors (C function), 86
PyCodec_Register (C function), 84
PyCodec_RegisterError (C function), 85
PyCodec_ReplaceErrors (C function), 85
PyCodec_StreamReader (C function), 85
PyCodec_StreamWriter (C function), 85
PyCodec_StrictErrors (C function), 85
PyCodec_Unregister (C function), 84
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 86
PyCodeObject (C type), 154
PyCompactUnicodeObject (Ctype), 126
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C
member), 45
PyCompilerFlags.cf_flags (C member), 44
PyComplex_AsCComplex (C function), 122
PyComplex_Check (C function), 122
PyComplex_CheckExact (C function), 122
PyComplex_FromCComplex (C function), 122
PyComplex_FromDoubles (C function), 122
PyComplex_ImagAsDouble (C function), 122
PyComplex_RealAsDouble (C function), 122
PyComplex_Type (Cvar), 122
PyComplexObject (Ctype), 122
PyConfig (Ctype), 207
PyConfig_Clear (C function), 207
PyConfig_InitIsolatedConfig (C function),
207
PyConfig_InitPythonConfig (C function), 207
PyConfig_Read (C function), 207
PyConfig_SetArgv (C function), 207
PyConfig_SetBytesArgv (C function), 207
PyConfig_SetBytesString (C function), 207
PyConfig_SetString (C function), 207
PyConfig_SetWideStringList (C function),
207
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

argv (C member), 208
base_exec_prefix (C member), 208
base_executable (C member), 208
base_prefix (C member), 208
buffered_stdio (C member), 209
PyConfig.bytes_warning (C member), 209
PyConfig.check_hash_pycs_mode (C mem-
ber), 209
PyConfig.code_debug_ranges
209
PyConfig.configure_c_stdio
209
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

(C  member),
(C member),

dev_mode (C member), 210
dump_refs (C member), 210
exec_prefix (Cmember), 210
executable (C member), 210
faulthandler (C member), 210
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PyConfig.filesystem_encoding (C member),
210
PyConfig.filesystem errors
210
PyConfig.hash_seed (C member), 211
PyConfig.home (C member), 211
PyConfig.import_time (C member), 211
PyConfig.inspect (C member), 211
PyConfig.install_signal_handlers (c
member), 211
PyConfig.interactive (C member), 211
PyConfig.isolated (C member), 211
PyConfig.legacy_windows_stdio (C mem-
ber), 212
PyConfig.malloc_stats (C member), 212
PyConfig.module_search_paths (C member),
212
PyConfig.module_search_paths_set (c
member), 212
PyConfig.optimization_level (C member),
213
PyConfig.orig_argv (C member), 213
PyConfig.parse_argv (C member), 213
PyConfig.parser_debug (C member), 213
PyConfig.pathconfig_warnings (C member),
213
PyConfig.platlibdir (C member), 212
PyConfig.prefix (C member), 213
PyConfig.program_name (C member), 214
PyConfig.pycache_prefix (C member), 214
PyConfig.pythonpath_env (C member), 212
PyConfig.quiet (C member), 214
PyConfig.run_command (C member), 214
PyConfig.run_filename (C member), 214
PyConfig.run_module (C member), 214
PyConfig.safe_path (C member), 208
PyConfig.show_ref_count (C member), 214
PyConfig.site_import (C member), 215
PyConfig.skip_source_first_line (Cmem-
ber), 215
PyConfig.stdio_encoding (C member), 215
PyConfig.stdio_errors (C member), 215
PyConfig.tracemalloc (C member), 215
PyConfig.use_environment (C member), 215
PyConfig.use_hash_seed (C member), 211
PyConfig.user_site_directory (C member),
216
PyConfig.verbose (C member), 216
PyConfig.warn_default_encoding (C mem-
ber), 209
PyConfig.warnoptions (C member), 216
PyConfig.write_bytecode (C member), 216
PyConfig.xoptions (C member), 216
PyContext (Ctype), 172
PyContext_CheckExact (C function), 173
PyContext_Copy (C function), 173
PyContext_CopyCurrent (C function), 173
PyContext_Enter (C function), 173

(C member),

PyContext_Exit (C function), 173
PyContext_New (C function), 173
PyContext_Type (Cvar), 173
PyContextToken (C type), 172
PyContextToken_CheckExact (C function), 173
PyContextToken_Type (Cvar), 173
PyContextVar (Ctype), 172
PyContextVar_CheckExact (C function), 173
PyContextVar_Get (C function), 173
PyContextVar_New (C function), 173
PyContextVar_Reset (C function), 174
PyContextVar_Set (C function), 174
PyContextVar_Type (Cvar), 173
PyCoro_CheckExact (C function), 172
PyCoro_New (C function), 172
PyCoro_Type (Cvar), 172
PyCoroObject (Ctype), 172
PyDate_Check (C function), 174
PyDate_CheckExact (C function), 175
PyDate_FromDate (C function), 175
PyDate_FromTimestamp (C function), 177
PyDateTime_Check (C function), 175
PyDateTime_CheckExact (C function), 175
PyDateTime_Date (C type), 174
PyDateTime_DATE_GET_FOLD (C function), 176
PyDateTime_DATE_GET_HOUR (C function), 176
PyDateTime_DATE_GET_MICROSECOND (Cfunc-
tion), 176
PyDateTime_DATE_GET_MINUTE (C function),
176
PyDateTime_DATE_GET_SECOND (C function),
176
PyDateTime_DATE_GET_TZINFO (C function),
176
PyDateTime_DateTime (C type), 174
PyDateTime_DateTimeType (Cvar), 174
PyDateTime_DateType (Cvar), 174
PyDateTime_Delta (Ctype), 174
PyDateTime_DELTA_GET_DAYS (C function), 177
PyDateTime_ DELTA_GET_MICROSECONDS (c
Sfunction), 177
PyDateTime_DELTA_GET_SECONDS (C function),
177
PyDateTime_DeltaType (Cvar), 174
PyDateTime_FromDateAndTime (C function),
175
PyDateTime_FromDateAndTimeAndFold (C
function), 175
PyDateTime_FromTimestamp (C function), 177
PyDateTime_GET_DAY (C function), 176
PyDateTime_GET_MONTH (C function), 176
PyDateTime_GET_YEAR (C function), 176
PyDateTime_Time (C type), 174
PyDateTime_TIME_GET_FOLD (Cfunction), 177
PyDateTime_TIME_GET_HOUR (C function), 176
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 177
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PyDateTime_TIME_GET_MINUTE (C function),
176
PyDateTime_TIME_GET_SECOND (C function),
177
PyDateTime_ TIME_GET_TZINFO (c function),
177
PyDateTime_TimeType (Cvar), 174
PyDateTime_TimeZone_UTC (Cvar), 174
PyDateTime_TZInfoType (Cvar), 174
PyDelta_Check (C function), 175
PyDelta_CheckExact (C function), 175
PyDelta_FromDSU (C function), 176
PyDescr_IsData (C function), 165
PyDescr_NewClassMethod (C function), 165
PyDescr_NewGetSet (C function), 165
PyDescr_NewMember (C function), 165
PyDescr_NewMethod (C function), 165
PyDescr_NewWrapper (C function), 165
PyDict_Check (C function), 147
PyDict_CheckExact (C function), 147
PyDict_Clear (C function), 147
PyDict_Contains (C function), 147
PyDict_Copy (C function), 147
PyDict_DelItem (C function), 147
PyDict_DelItemString (C function), 148
PyDict_GetItem (C function), 148
PyDict_GetItemString (C function), 148
PyDict_GetItemWithError (C function), 148
PyDict_TItems (C function), 148
PyDict_Keys (C function), 148
PyDict_Merge (C function), 149
PyDict_MergeFromSeq2 (C function), 149
PyDict_New (C function), 147
PyDict_Next (C function), 148
PyDict_SetDefault (C function), 148
PyDict_SetItem (C function), 147
PyDict_SetItemString (C function), 147
PyDict_Size (C function), 148
PyDict_Type (Cvar), 147
PyDict_Update (C function), 149
PyDict_Values (C function), 148
PyDictObject (Ctype), 147
PyDictProxy_New (C function), 147
PyDoc_STR (C macro), 6
PyDoc_STRVAR (C macro), 6
PyErr_BadArgument (C function), 50
PyErr_BadInternalCall (C function), 52
PyErr_CheckSignals (C function), 56
PyErr_Clear (C function), 10, 12, 49
PyErr_ExceptionMatches (C function), 12, 54
PyErr_Fetch (C function), 54
PyErr_Format (C function), 50
PyErr_FormatV (C function), 50
PyErr_GetExcInfo (C function), 55
PyErr_GetHandledException (C function), 55
PyErr_GivenExceptionMatches (C function),
54
PyErr_NewException (C function), 57

PyErr_NewExceptionWithDoc (C function), 57
PyErr_NoMemory (C function), 50
PyErr_NormalizeException (C function), 54
PyErr_Occurred (C function), 10, 53
PyErr_Print (C function), 50
PyErr_PrintEx (C function), 49
PyErr_ResourceWarning (C function), 53
PyErr_Restore (C function), 54
PyErr_SetExcFromWindowsErr (C function), 51
PyErr_SetExcFromWindowsErrWithFilename
(C function), 52
PyErr_SetExcFromWindowsErrWithFilenameObject
(C function), 51
PyErr_SetExcFromWindowsErrWithFilenameObjects
(C function), 51
PyErr_SetExcInfo (C function), 55
PyErr_SetFromErrno (C function), 50
PyErr_SetFromErrnoWithFilename (C func-
tion), 51
PyErr_ SetFromErrnoWithFilenameObject
(C function), 51
PyErr_SetFromErrnoWithFilenameObjects
(C function), 51
PyErr_SetFromWindowsErr (C function), 51
PyErr_SetFromWindowsErrWithFilename (C
function), 51
PyErr_SetHandledException (C function), 55
PyErr_SetImportError (C function), 52
PyErr_SetImportErrorSubclass (C function),
52
PyErr_SetInterrupt (C function), 56
PyErr_SetInterruptEx (C function), 56
PyErr_SetNone (C function), 50
PyErr_SetObject (C function), 50
PyErr_SetString (C function), 10, 50
PyErr_SyntaxLocation (C function), 52
PyErr_SyntaxLocationEx (C function), 52
PyErr_SyntaxLocationObject (C function), 52
PyErr_WarnEx (C function), 53
PyErr_WarnExplicit (C function), 53
PyErr_WarnExplicitObject (C function), 53
PyErr_WarnFormat (C function), 53
PyErr_WriteUnraisable (C function), 50
PyEval_AcquireLock (C function), 193
PyEval_AcquireThread (C function), 193
PyEval_AcquireThread(), 189
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 84
PyEval_GetFrame (C function), 84
PyEval_GetFuncDesc (C function), 84
PyEval_GetFuncName (C function), 84
PyEval_GetGlobals (C function), 84
PyEval_GetLocals (C function), 84
PyEval_InitThreads (C function), 189
PyEval_InitThreads (), 182
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PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseLock (C function), 194
PyEval_ReleaseThread (C function), 193
PyEval_ReleaseThread(), 189
PyEval_RestoreThread (C function), 187, 189
PyEval_RestoreThread(), 189
PyEval_SaveThread (C function), 187, 189
PyEval_SaveThread(), 189
PyEval_SetProfile (C function), 197
PyEval_SetTrace (C function), 197
PyEval_ThreadsInitialized (C function), 189
PyExc_ArithmeticError (Cvar), 59
PyExc_AssertionError (Cvar), 59
PyExc_AttributeError (Cvar), 59
PyExc_BaseException (Cvar), 59
PyExc_BlockingIOError (C var), 59
PyExc_BrokenPipeError (C var), 59
PyExc_BufferError (C var), 59
PyExc_BytesWarning (C var), 61
PyExc_ChildProcessError (Cvar), 59
PyExc_ConnectionAbortedError (C var), 59
PyExc_ConnectionError (C var), 59
PyExc_ConnectionRefusedError (C var), 59
PyExc_ConnectionResetError (Cvar), 59
PyExc_DeprecationWarning (Cvar), 61
PyExc_EnvironmentError (Cvar), 61
PyExc_EOFError (Cvar), 59
PyExc_Exception (Cvar), 59
PyExc_FileExistsError (Cvar), 59
PyExc_FileNotFoundError (C var), 59
PyExc_FloatingPointError (Cvar), 59
PyExc_FutureWarning (Cvar), 61
PyExc_GeneratorExit (Cvar), 59
PyExc_ImportError (Cvar), 59
PyExc_ImportWarning (C var), 61
PyExc_IndentationError (C var), 59
PyExc_IndexError (Cvar), 59
PyExc_InterruptedError (Cvar), 59
PyExc_IOError (Cvar), 61
PyExc_IsADirectoryError (Cvar), 59
PyExc_KeyboardInterrupt (C var), 59
PyExc_KeyError (Cvar), 59
PyExc_LookupError (C var), 59
PyExc_MemoryError (C var), 59
PyExc_ModuleNotFoundError (C var), 59
PyExc_NameError (C var), 59
PyExc_NotADirectoryError (Cvar), 59
PyExc_NotImplementedError (Cvar), 59
PyExc_OSError (Cvar), 59
PyExc_OverflowError (Cvar), 59
PyExc_PendingDeprecationWarning (C var),
61
PyExc_PermissionError (Cvar), 59
PyExc_ProcessLookupError (Cvar), 59
PyExc_RecursionError (Cvar), 59
PyExc_ReferenceError (Cvar), 59
PyExc_ResourceWarning (Cvar), 61
PyExc_RuntimeError (Cvar), 59

PyExc_RuntimeWarning (C var), 61
PyExc_StopAsyncIteration (Cvar), 59
PyExc_StopIteration (Cvar), 59
PyExc_SyntaxError (Cvar), 59
PyExc_SyntaxWarning (C var), 61
PyExc_SystemError (C var), 59
PyExc_SystemExit (Cvar), 59
PyExc_TabError (Cvar), 59
PyExc_TimeoutError (Cvar), 59
PyExc_TypeError (Cvar), 59
PyExc_UnboundLocalError (Cvar), 59
PyExc_UnicodeDecodeError (Cvar), 59
PyExc_UnicodeEncodeError (Cvar), 59
PyExc_UnicodeError (Cvar), 59
PyExc_UnicodeTranslateError (Cvar), 59
PyExc_UnicodeWarning (Cvar), 61
PyExc_UserWarning (C var), 61
PyExc_ValueError (C var), 59
PyExc_Warning (C var), 61
PyExc_WindowsError (Cvar), 61
PyExc_ZeroDivisionError (Cvar), 59
PyException_GetCause (C function), 57
PyException_GetContext (C function), 57
PyException_GetTraceback (C function), 57
PyException_SetCause (C function), 57
PyException_SetContext (C function), 57
PyException_SetTraceback (C function), 57
PyFile_FromFd (C function), 156
PyFile_GetLine (C function), 156
PyFile_SetOpenCodeHook (C function), 156
PyFile_WriteObject (C function), 157
PyFile_WriteString (C function), 157
PyFloat_AS_DOUBLE (C function), 119
PyFloat_AsDouble (C function), 119
PyFloat_Check (C function), 119
PyFloat_CheckExact (C function), 119
PyFloat_FromDouble (C function), 119
PyFloat_FromString (C function), 119
PyFloat_GetInfo (C function), 119
PyFloat_GetMax (C function), 119
PyFloat_GetMin (C function), 120
PyFloat_Pack2 (C function), 120
PyFloat_Pack4 (C function), 120
PyFloat_Pack8 (C function), 120
PyFloat_Type (Cvar), 119
PyFloat_Unpack?2 (C function), 120
PyFloat_Unpack4 (C function), 121
PyFloat_Unpack8 (C function), 121
PyFloatObject (Ctype), 119
PyFrame_Check (C function), 170
PyFrame_GetBack (C function), 170
PyFrame_GetBuiltins (C function), 170
PyFrame_GetCode (C function), 171
PyFrame_GetGenerator (C function), 171
PyFrame_GetGlobals (C function), 171
PyFrame_GetLasti (C function), 171
PyFrame_GetLineNumber (C function), 171
PyFrame_GetLocals (C function), 171

330



The Python/C API, 22|A 3.11.11

PyFrame_Type (Cvar), 170
PyFrameObject (C type), 170
PyFrozenSet_Check (C function), 150
PyFrozenSet_CheckExact (C function), 150
PyFrozenSet_New (C function), 150
PyFrozenSet_Type (C var), 150
PyFunction_Check (C function), 151
PyFunction_GetAnnotations (C function), 152
PyFunction_GetClosure (C function), 152
PyFunction_GetCode (C function), 152
PyFunction_GetDefaults (C function), 152
PyFunction_GetGlobals (C function), 152
PyFunction_GetModule (C function), 152
PyFunction_New (C function), 152
PyFunction_NewWithQualName (C function),
152
PyFunction_SetAnnotations (C function), 152
PyFunction_SetClosure (C function), 152
PyFunction_SetDefaults (C function), 152
PyFunction_Type (Cvar), 151
PyFunctionObject (C type), 151
PyGC_Collect (C function), 278
PyGC_Disable (C function), 278
PyGC_Enable (C function), 278
PyGC_IsEnabled (C function), 278
PyGen_Check (C function), 171
PyGen_CheckExact (C function), 171
PyGen_New (C function), 172
PyGen_NewWithQualName (C function), 172
PyGen_Type (Cvar), 171
PyGenObject (Ctype), 171
PyGetSetDef (C type), 240
PyGILState_Check (C function), 190
PyGILState_Ensure (C function), 190
PyGILState_GetThisThreadState (C func-
tion), 190
PyGILState_Release (C function), 190
PyHash_FuncDef (C type), 83
PyHash_FuncDef.hash_bits (C member), 83
PyHash_FuncDef .name (C member), 83
PyHash_FuncDef.seed_bits (C member), 83
PyHash_GetFuncDef (C function), 83
PyImport_AddModule (C function), 69
PyImport_AddModuleObject (C function), 69
PyImport_AppendInittab (C function), 71
PyImport_ExecCodeModule (C function), 69
PyImport_ExecCodeModuleEx (C function), 70
PyImport_ExecCodeModuleObject (C func-
tion), 70
PyImport_ExecCodeModuleWithPathnames
(C function), 70
PyImport_ExtendInittab (C function), 71
PyImport_FrozenModules (Cvar), 71
PyImport_GetImporter (C function), 70
PyImport_GetMagicNumber (C function), 70
PyImport_GetMagicTag (C function), 70
PyImport_GetModule (C function), 70
PyImport_GetModuleDict (C function), 70

PyImport_Import (C function), 69
PyImport_ImportFrozenModule (C function),
71
PyImport_ImportFrozenModuleObject (C
function), 71
PyImport_ImportModule (C function), 68
PyImport_ImportModuleEx (C function), 68
PyImport_ImportModuleLevel (C function), 69
PyImport_ImportModulelLevelObject (c
function), 68
PyImport_ImportModuleNoBlock (C function),
68
PyImport_ReloadModule (C function), 69
PyIndex_Check (C function), 99
PyInstanceMethod_Check (C function), 153
PyInstanceMethod_Function (C function), 153
PyInstanceMethod_GET_FUNCTION (C func-
tion), 153
PyInstanceMethod_New (C function), 153
PyInstanceMethod_Type (Cvar), 153
PyInterpreterState (Ctype), 189
PyInterpreterState_Clear (C function), 191
PyInterpreterState_Delete (C function), 191
PyInterpreterState_Get (C function), 192
PyInterpreterState_GetDict (C function),
192
PyInterpreterState_GetID (C function), 192
PyInterpreterState_Head (C function), 197
PyInterpreterState_Main (C function), 197
PyInterpreterState_New (C function), 191
PyInterpreterState_Next (C function), 197
PyInterpreterState_ThreadHead (C func-
tion), 197
PyIter_Check (C function), 102
PyIter_Next (C function), 102
PyIter_Send (C function), 103
PyList_Append (C function), 146
PyList_AsTuple (C function), 147
PyList_Check (C function), 145
PyList_CheckExact (C function), 145
PyList_GET_ITEM (C function), 146
PyList_GET_SIZE (C function), 146
PyList_GetItem (C function), 9, 146
PyList_GetSlice (C function), 146
PyList_Insert (C function), 146
PyList_New (C function), 145
PyList_Reverse (C function), 147
PyList_SET_ITEM (C function), 146
PyList_SetItem (C function), 8, 146
PyList_SetSlice (C function), 146
PyList_Size (C function), 146
PyList_Sort (C function), 146
PyList_Type (Cvar), 145
PyListObject (Ctype), 145
PyLong_AsDouble (C function), 118
PyLong_AsLong (C function), 116
PyLong_AsLongAndOverflow (C function), 117
PyLong_AsLongLong (C function), 117
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PyLong_AsLongLongAndOverflow (C function),
117
PyLong_AsSize_t (C function), 117
PyLong_AsSsize_t (C function), 117
PyLong_AsUnsignedLong (C function), 117
PyLong_AsUnsignedLongLong (C function), 117
PyLong_AsUnsignedLongLongMask (C func-
tion), 118
PyLong_AsUnsignedLongMask (C function), 118
PyLong_AsVoidPtr (C function), 118
PyLong_Check (C function), 115
PyLong_CheckExact (C function), 115
PyLong_FromDouble (C function), 116
PyLong_FromLong (C function), 115
PyLong_FromLongLong (C function), 116
PyLong_FromSize_t (C function), 116
PyLong_FromSsize_t (C function), 116
PyLong_FromString (C function), 116
PyLong_FromUnicodeObject (C function), 116
PyLong_FromUnsignedLong (C function), 116
PyLong_FromUnsignedLongLong (C function),
116
PyLong_FromVoidPtr (C function), 116
PyLong_Type (Cvar), 115
PyLongObject (C type), 115
PyMapping_Check (C function), 101
PyMapping_DelItem (C function), 101
PyMapping_DelItemString (C function), 101
PyMapping_GetItemString (C function), 101
PyMapping_HasKey (C function), 102
PyMapping_HasKeyString (C function), 102
PyMapping_Items (C function), 102
PyMapping_Keys (C function), 102
PyMapping_Length (C function), 101
PyMapping_SetItemString (C function), 101
PyMapping_Size (C function), 101
PyMapping_Values (C function), 102
PyMappingMethods (C type), 268
PyMappingMethods.mp_ass_subscript (C
member), 269
PyMappingMethods.mp_length
268
PyMappingMethods.mp_subscript (C mem-
ber), 268
PyMarshal_ReadLastObjectFromFile (c
Sfunction), 72
PyMarshal_ReadLongFromFile (C function), 72
PyMarshal_ReadObjectFromFile (C function),
72
PyMarshal_ReadObjectFromString (C func-
tion), 72
PyMarshal_ReadShortFromFile (C function),
72
PyMarshal_WriteLongToFile (C function), 72
PyMarshal_WriteObjectToFile (C function),
72
PyMarshal_WriteObjectToString (C func-
tion), 72

(C member),

PyMem_Calloc (C function), 225
PyMem_Del (C function), 226
PYMEM_DOMAIN_MEM (C macro), 228
PYMEM_DOMAIN_OBJ (C macro), 228
PYMEM_DOMAIN_RAW (C macro), 228
PyMem_Free (C function), 226
PyMem_GetAllocator (C function), 228
PyMem_Malloc (C function), 225
PyMem_New (C macro), 226
PyMem_RawCalloc (C function), 224
PyMem_RawFree (C function), 225
PyMem_RawMalloc (C function), 224
PyMem_RawRealloc (C function), 225
PyMem_Realloc (C function), 225
PyMem_Resize (C macro), 226
PyMem_SetAllocator (C function), 228
PyMem_SetupDebugHooks (C function), 229
PyMemAllocatorDomain (C type), 228
PyMemAllocatorEx (C type), 228
PyMember_GetOne (C function), 240
PyMember_SetOne (C function), 240
PyMemberDef (C type), 239
PyMemoryView_Check (C function), 167
PyMemoryView_FromBuffer (C function), 167
PyMemoryView_FromMemory (C function), 167
PyMemoryView_FromObject (C function), 167
PyMemoryView_GET_BASE (C function), 167
PyMemoryView_GET_BUFFER (C function), 167
PyMemoryView_GetContiguous (C function),
167
PyMethod_Check (C function), 153
PyMethod_Function (C function), 153
PyMethod_GET_FUNCTION (Cfunction), 153
PyMethod_GET_SELF (C function), 153
PyMethod_New (C function), 153
PyMethod_Self (C function), 153
PyMethod_Type (Cvar), 153
PyMethodDef (C type), 237
PyMethodDef .ml_doc (C member), 237
PyMethodDef .ml_flags (C member), 237
PyMethodDef .ml_meth (C member), 237
PyMethodDef .ml_name (C member), 237
PyMODINIT_FUNC (C macro), 4
PyModule_AddFunctions (C function), 161
PyModule_AddIntConstant (C function), 163
PyModule_AddIntMacro (C macro), 163
PyModule_AddObject (C function), 162
PyModule_AddObjectRef (C function), 162
PyModule_AddStringConstant (C function),
163
PyModule_AddStringMacro (C macro), 163
PyModule_AddType (C function), 163
PyModule_Check (C function), 157
PyModule_CheckExact (C function), 157
PyModule_Create (C function), 159
PyModule_Create? (C function), 159
PyModule_ExecDef (C function), 161
PyModule_FromDefAndSpec (C function), 161

332

AHO|
= -



The Python/C API, 22|A 3.11.11

PyModule_FromDefAndSpec?2 (C function), 161
PyModule_GetDef (C function), 158
PyModule_GetDict (C function), 157
PyModule_GetFilename (C function), 158
PyModule_GetFilenameObject (C function),
158
PyModule_GetName (C function), 157
PyModule_GetNameObject (C function), 157
PyModule_GetState (C function), 157
PyModule_New (C function), 157
PyModule_NewObject (C function), 157
PyModule_SetDocString (C function), 161
PyModule_Type (Cvar), 157
PyModuleDef (C type), 158
PyModuleDef_Init (C function), 160
PyModuleDef_Slot (Ctype), 160
PyModuleDef_Slot.slot (C member), 160
PyModuleDef_Slot.value (C member), 160
PyModuleDef .m_base (C member), 158
PyModuleDef.m_clear (C member), 159
PyModuleDef .m_doc (C member), 158
PyModuleDef .m_free (C member), 159
PyModuleDef .m_methods (C member), 158
PyModuleDef .m_name (C member), 158
PyModuleDef .m_size (C member), 158
PyModuleDef.m_slots (C member), 158
PyModuleDef.m_slots.m_reload (C member),
159
PyModuleDef.m_traverse (C member), 159
PyNumber_Absolute (C function), 97
PyNumber_Add (C function), 96
PyNumber_And (C function), 97
PyNumber_AsSsize_t (C function), 99
PyNumber_Check (C function), 96
PyNumber_Divmod (C function), 97
PyNumber_Float (C function), 99
PyNumber_FloorDivide (C function), 96
PyNumber_Index (C function), 99
PyNumber_InPlaceAdd (C function), 97
PyNumber_InPlaceAnd (C function), 98
PyNumber_InPlaceFloorDivide (C function),
98
PyNumber_InPlacelLshift (C function), 98
PyNumber_InPlaceMatrixMultiply (C func-
tion), 98
PyNumber_InPlaceMultiply (C function), 98
PyNumber_InPlaceOr (C function), 99
PyNumber_InPlacePower (C function), 98
PyNumber_InPlaceRemainder (C function), 98
PyNumber_InPlaceRshift (C function), 98
PyNumber_InPlaceSubtract (C function), 98
PyNumber_InPlaceTrueDivide (C function), 98
PyNumber_InPlaceXor (C function), 98
PyNumber_Invert (C function), 97
PyNumber_Long (C function), 99
PyNumber_Lshift (C function), 97
PyNumber_MatrixMultiply (C function), 96
PyNumber_Multiply (C function), 96

PyNumber_Negative (C function), 97
PyNumber_Or (C function), 97
PyNumber_Positive (C function), 97
PyNumber_Power (C function), 97
PyNumber_Remainder (C function), 97
PyNumber_Rshift (C function), 97
PyNumber_Subtract (C function), 96
PyNumber_ToBase (C function), 99
PyNumber_TrueDivide (C function), 97
PyNumber_Xor (C function), 97
PyNumberMethods (C type), 266
PyNumberMethods.nb_absolute (C member),
267
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 268
PyNumberMethods
PyNumberMethods
ber), 268
PyNumberMethods
ber), 268

.nb_add (C member), 267
.nb_and (C member), 268
.nb_bool (C member), 267
.nb_divmod (C member), 267
.nb_float (C member), 268
.nb_floor_divide (Cmem-

.nb_index (C member), 268
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

PyNumberMethods.nb_inplace_floor_divide

(C member), 268
PyNumberMethods.nb_inplace_lshift (C
member), 268

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 268
PyNumberMethods.nb_inplace_multiply (C
member), 268
PyNumberMethods.nb_inplace_or (C mem-
ber), 268
PyNumberMethods.nb_inplace_power (C
member), 268
PyNumberMethods.nb_inplace_remainder
(C member), 268
PyNumberMethods.nb_inplace_rshift (C
member), 268
PyNumberMethods.nb_inplace_subtract (C
member), 268
PyNumberMethods.nb_inplace_true_divide
(C member), 268
PyNumberMethods.nb_inplace_xor (C mem-
ber), 268
PyNumberMethods
PyNumberMethods

.nb_int (C member), 268

.nb_invert (C member), 268

PyNumberMethods.nb_1lshift (C member), 268

PyNumberMethods.nb_matrix_multiply (C
member), 268

PyNumberMethods.nb_multiply (C member),
267

PyNumberMethods.nb_negative (C member),
267

PyNumberMethods .nb_or (C member), 268

PyNumberMethods.nb_positive (C member),
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267
PyNumberMethods
PyNumberMethods

267
PyNumberMethods

268
PyNumberMethods
PyNumberMethods

267
PyNumberMethods

ber), 268
PyNumberMethods.nb_xor (C member), 268
PyObject (C type), 234
PyObject_AsCharBuffer (C function), 110
PyObject_ASCII (C function), 89
PyObject_AsFileDescriptor (C function), 156
PyObject_AsReadBuffer (C function), 110
PyObject_AsWriteBuffer (C function), 110
PyObject_Bytes (C function), 89
PyObject_Call (C function), 94
PyObject_CallFunction (C function), 94
PyObject_CallFunctionObjArgs (C function),

95
PyObject_CallMethod (C function), 95
PyObject_CallMethodNoArgs (C function), 95
PyObject_CallMethodObjArgs (C function), 95
PyObject_CallMethodOneArqg (C function), 95
PyObject_CallNoArgs (C function), 94
PyObject_CallObject (C function), 94
PyObject_Calloc (C function), 227
PyObject_CallOneArg (C function), 94
PyObject_CheckBuffer (C function), 109
PyObject_CheckReadBuffer (C function), 110
PyObject_ClearWeakRefs (C function), 168
PyObject_CopyData (C function), 109
PyObject_Del (C function), 233
PyObject_DelAttr (C function), 88
PyObject_DelAttrString (C function), 88
PyObject_DelItem (C function), 91
PyObject_Dir (C function), 91
PyObject_Format (C function), 89
PyObject_Free (C function), 227
PyObject_GC_Del (C function), 277
PyObject_GC_IsFinalized (C function), 277
PyObject_GC_IsTracked (C function), 276
PyObject_GC_New (C macro), 276
PyObject_GC_NewVar (C macro), 276
PyObject_GC_Resize (Cmacro), 276
PyObject_GC_Track (C function), 276
PyObject_GC_UnTrack (C function), 277
PyObject_GenericGetAttr (C function), 88
PyObject_GenericGetDict (C function), 88
PyObject_GenericSetAttr (C function), 88
PyObject_GenericSetDict (C function), 89
PyObject_GetAIter (C function), 91
PyObject_GetArenaAllocator (C function),

231
PyObject_GetAttr (C function), 88

.nb_power (C member), 267
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 268
.nb_subtract (C member),

.nb_true_divide (C mem-

PyObject_GetAttrString (C function), 88
PyObject_GetBuffer (C function), 109
PyObject_GetItem (C function), 91
PyObject_GetIter (C function), 91
PyObject_HasAttr (C function), 87
PyObject_HasAttrString (C function), 87
PyObject_Hash (C function), 90
PyObject_HashNotImplemented (C function),
90
PyObject_HEAD (C macro), 234
PyObject_HEAD_INIT (C macro), 235
PyObject_Init (C function), 233
PyObject_InitVar (C function), 233
PyObject_IS_GC (C function), 276
PyObject_IsInstance (C function), 90
PyObject_IsSubclass (C function), 90
PyObject_IsTrue (C function), 90
PyObject_Length (C function), 90
PyObject_LengthHint (C function), 91
PyObject_Malloc (C function), 226
PyObject_New (C macro), 233
PyObject_NewVar (C macro), 233
PyObject_Not (C function), 90
PyObject._ob_next (C member), 248
PyObject._ob_prev (C member), 248
PyObject_Print (C function), 87
PyObject_Realloc (C function), 227
PyObject_Repr (C function), 89
PyObject_RichCompare (C function), 89
PyObject_RichCompareBool (C function), 89
PyObject_SetArenaAllocator (C function),
231
PyObject_SetAttr (C function), 88
PyObject_SetAttrString (C function), 88
PyObject_SetItem (C function), 91
PyObject_Size (C function), 90
PyObject_Str (C function), 89
PyObject_Type (C function), 90
PyObject_TypeCheck (C function), 90
PyObject_VAR_HEAD (C macro), 234
PyObject_Vectorcall (C function), 95
PyObject_VectorcallDict (C function), 95
PyObject_VectorcallMethod (C function), 96
PyObjectArenaAllocator (Ctype), 231
PyObject.ob_refent (C member), 247
PyObject.ob_type (C member), 247
PyOS_AfterFork (C function), 64
PyOS_AfterFork_Child (C function), 64
PyOS_AfterFork_Parent (C function), 63
PyOS_BeforeFork (C function), 63
PyOS_CheckStack (C function), 64
PyOS_double_to_string (C function), 82
PyOS_FSPath (C function), 63
PyOS_getsig (C function), 64
PyOS_InputHook (Cvar), 42
PyOS_ReadlineFunctionPointer (C var), 43
PyOS_setsig (C function), 64
PyOS_sighandler_t (Ctype), 64
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PyOS_snprintf (C function), 81

PyOS_stricmp (C function), 83

PyOS_string_to_double (C function), 82

PyOS_strnicmp (C function), 83

PyOS_strtol (C function), 82

PyOS_strtoul (C function), 82

PyOS_vsnprintf (C function), 81

PyPreConfig (Ctype), 204

PyPreConfig_InitIsolatedConfig (C func-
tion), 204

PyPreConfig_InitPythonConfig (C function),
204

PyPreConfig.allocator (C member), 204

PyPreConfig.coerce_c_locale (C member),
204

PyPreConfig.coerce_c_locale_warn (c
member), 205

PyPreConfig.configure_locale (C member),
204

PyPreConfig.dev_mode (C member), 205

PyPreConfig.isolated (C member), 205

PyPreConfig.legacy_windows_fs_encoding PySequenceMethods

(C member), 205
PyPreConfig.parse_argv (C member), 205
PyPreConfig.use_environment (C member),

205
PyPreConfig.utf8_mode (C member), 205
PyProperty_Type (Cvar), 165
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 42
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
PyRun_String (C function), 43
PyRun_sStringFlags (C function), 43
PySendResult (Ctype), 103
PySeqgIter_Check (C function), 164
PySeqglter_New (C function), 164
PySeqglter_Type (Cvar), 164
PySequence_Check (C function), 99
PySequence_Concat (C function), 99
PySequence_Contains (C function), 100
PySequence_Count (C function), 100
PySequence_DelItem (C function), 100
PySequence_DelSlice (C function), 100
PySequence_Fast (C function), 101

PySequence_Fast_GET_ITEM (C function), 101
PySequence_Fast_GET_SIZE (C function), 101
PySequence_Fast_ITEMS (C function), 101
PySequence_GetItem (C function), 9, 100
PySequence_GetSlice (C function), 100
PySequence_Index (C function), 100
PySequence_InPlaceConcat (C function), 100
PySequence_InPlaceRepeat (C function), 100
PySequence_ITEM (C function), 101
PySequence_Length (C function), 99
PySequence_List (C function), 100
PySequence_Repeat (C function), 99
PySequence_SetItem (C function), 100
PySequence_SetSlice (C function), 100
PySequence_Size (C function), 99
PySequence_Tuple (C function), 100
PySequenceMethods (C type), 269
PySequenceMethods.sq ass_item (C mem-

ber), 269

PySequenceMethods.sq concat (C member),
269

.sqg_contains (C mem-

ber), 269

PySequenceMethods.sq_inplace_concat (C
member), 269

PySequenceMethods.sq _inplace_repeat (C
member), 269

PySequenceMethods.sq_ item (C member), 269

PySequenceMethods.sq length (C member),
269

PySequenceMethods.sq repeat (C member),
269

PySet_Add (C function), 151
PySet_Check (C function), 150
PySet_CheckExact (C function), 150
PySet_Clear (C function), 151
PySet_Contains (C function), 151
PySet_Discard (C function), 151
PySet_GET_SIZE (C function), 151
PySet_New (C function), 150

PySet_Pop (C function), 151

PySet_Size (C function), 151
PySet_Type (Cvar), 150

PySetObject (Ctype), 150
PySignal_SetWakeupFd (C function), 56
PySlice_AdjustIndices (C function), 166
PySlice_Check (C function), 165
PySlice_GetIndices (C function), 165
PySlice_GetIndicesEx (C function), 166
PySlice_New (C function), 165
PySlice_Type (Cvar), 165
PySlice_Unpack (C function), 166
PyState_AddModule (C function), 164
PyState_FindModule (C function), 164
PyState_RemoveModule (C function), 164
PyStatus (C type), 203

PyStatus_Error (C function), 203
PyStatus_Exception (C function), 203
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PyStatus_Exit (C function), 203
PyStatus_IsError (C function), 203
PyStatus_TIsExit (C function), 203
PyStatus_NoMemory (C function), 203
PyStatus_O0k (C function), 203
PyStatus.err_msg (C member), 203
PyStatus.exitcode (C member), 203
PyStatus. func (C member), 203
PyStructSequence_Desc (C type), 144
PyStructSequence_Desc.doc (C member), 144
PyStructSequence_Desc.fields (C member),
144
PyStructSequence_Desc.n_in_sequence (C
member), 144
PyStructSequence_Desc.name (C member),
144
PyStructSequence_Field (Ctype), 144
PyStructSequence_Field.doc (C member),
145
PyStructSequence_Field.name (C member),
145
PyStructSequence_GET_ITEM (C function), 145
PyStructSequence_GetItem (C function), 145
PyStructSequence_InitType (C function), 144
PyStructSequence_InitType2 (C function),
144
PyStructSequence_New (C function), 145
PyStructSequence_NewType (C function), 144
PyStructSequence_SET_ITEM (C function), 145
PyStructSequence_SetItem (C function), 145
PyStructSequence_UnnamedField (C var),
145

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

383,133,134
387,15
393,125,133
411,292

420, 286,291, 292

432,221
442,266
443,287
451, 160, 286
456, 83

483, 287

484,281,286, 287, 295

489, 161
492,282,284
498, 285
519,292
523,193
525,282
526, 281, 295
528, 181,212
529, 134, 181
538,219
539, 198
540,219
552,209
578,67

585, 287
587,201
590,92
623,126
634, 256
3116,295

PySys_AddAuditHook (C function), 67
PySys_AddWarnOption (C function), 66
PySys_AddWarnOptionUnicode (C function), 66
PySys_AddXOption (C function), 67
PySys_Audit (C function), 67
PySys_FormatStderr (C function), 67
PySys_FormatStdout (C function), 66
PySys_GetObject (C function), 66
PySys_GetXOptions (C function), 67
PySys_ResetWarnOptions (C function), 66
PySys_SetArgv (C function), 182, 186
PySys_SetArgvEx (C function), 182, 185
PySys_SetObject (C function), 66
PySys_SetPath (C function), 66
PySys_WriteStderr (C function), 66
PySys_WriteStdout (C function), 66

PEP 3119,90

PEP 3121, 158

PEP 3147,70

PEP 3151, 60

PEP 3155,293
PYTHONCOERCECLOCALE, 219
PYTHONDEBUG, 180, 213
PYTHONDEVMODE, 210
PYTHONDONTWRITEBYTECODE, 180, 216
PYTHONDUMPREF'S, 210, 248
PYTHONEXECUTABLE, 214
PYTHONFAULTHANDLER, 210
PYTHONHASHSEED, 180, 211
PYTHONHOME, 12, 181, 186, 211
Pythonic (3}o] A T}&), 293
PYTHONINSPECT, 181,211

Python 3000 (3o]4 3000), 293 PYTHONIOENCODING, 183,215
Python 2F4h =ICr PYTHONLEGACYWINDOWSFSENCODING, 181, 205
PEP 1,292 PYTHONLEGACYWINDOWSSTDIO, 181,212
PEP 7,3,6 PYTHONMALLOC, 224, 227, 229, 231
PEP 238,45, 286 PYTHONMALLOCSTATS, 212, 224
PEP 278,295 PYTHONNODEBUGRANGES, 209
PEP 302,286,289 PYTHONNOUSERSITE, 181, 216
PEP 343,284 PYTHONOPTIMIZE, 181,213
PEP 353,10 PYTHONPATH, 12, 181, 212
PEP 362,282,292 PYTHONPLATLIBDIR, 212
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PYTHONPROFILEIMPORTTIME, 211
PYTHONPYCACHEPREFIX, 214
PYTHONSAFEPATH, 208
PYTHONTRACEMALLOC, 215
PYTHONUNBUFFERED, 181, 209
PYTHONUTFS, 205, 219
PYTHONVERBOSE, 182, 216
PYTHONWARNINGS, 216
PyThread_create_key (C function), 199
PyThread_delete_key (C function), 199
PyThread_delete_key_value (C function), 199
PyThread_get_key_value (C function), 199
PyThread_ReInitTLS (C function), 199
PyThread_set_key_value (C function), 199
PyThread_tss_alloc (C function), 198
PyThread_tss_create (C function), 199
PyThread_tss_delete (C function), 199
PyThread_tss_free (C function), 198
PyThread_tss_get (C function), 199
PyThread_tss_is_created (C function), 199
PyThread_tss_set (C function), 199
PyThreadState (Ctype), 187, 189
PyThreadState_Clear (C function), 191
PyThreadState_Delete (C function), 191
PyThreadState_DeleteCurrent (C function),
191
PyThreadState_EnterTracing (C function),
192
PyThreadState_Get (C function), 189
PyThreadState_GetDict (C function), 193
PyThreadState_GetFrame (C function), 191
PyThreadState_GetID (C function), 191
PyThreadState_GetInterpreter (C function),
192
PyThreadState_LeaveTracing (C function),
192
PyThreadState_New (C function), 191
PyThreadState_Next (C function), 197
PyThreadState_SetAsyncExc (C function), 193
PyThreadState_Swap (C function), 190
PyThreadState.interp (C member), 189
PyTime_Check (C function), 175
PyTime_CheckExact (C function), 175
PyTime_FromTime (C function), 175
PyTime_FromTimeAndFold (C function), 175
PyTimeZone_FromOffset (C function), 176
PyTimeZone_FromOffsetAndName (C function),
176
PyTrace_C_CALL (Cvar), 197
PyTrace_C_EXCEPTION (C var), 197
PyTrace_C_RETURN (C var), 197
PyTrace_CALL (C var), 196
PyTrace_EXCEPTION (Cvar), 196
PyTrace_LINE (Cvar), 196
PyTrace_OPCODE (C var), 197
PyTrace_RETURN (C var), 196
PyTraceMalloc_Track (C function), 231
PyTraceMalloc_Untrack (C function), 231

PyTuple_Check (C function), 143
PyTuple_CheckExact (C function), 143
PyTuple_GET_ITEM (C function), 143
PyTuple_GET_SIZE (C function), 143

PyTuple_GetItem (C function),

143

PyTuple_GetSlice (C function), 143

PyTuple_New (C function), 143
PyTuple_Pack (C function), 143

PyTuple_SET_ITEM (C function), 144

PyTuple_SetItem (C function),
PyTuple_Size (C function), 143
PyTuple_Type (Cvar), 143
PyTupleObject (Ctype), 143
PyType_Check (C function), 111

8,143

PyType_CheckExact (C function), 111
PyType_ClearCache (C function), 111
PyType_FromModuleAndSpec (C function), 113

PyType_FromSpec (C function),

114

PyType_FromSpecWithBases (C function), 114
PyType_GenericAlloc (C function), 112
PyType_GenericNew (C function), 112

PyType_GetFlags (C function),

111

PyType_GetModule (C function), 113
PyType_GetModuleByDef (C function), 113
PyType_GetModuleState (C function), 113
PyType_GetName (C function), 112
PyType_GetQualName (C function), 112
PyType_GetSlot (C function), 112
PyType_HasFeature (C function), 112

PyType_IS_GC (C function), 112

PyType_IsSubtype (C function), 112

PyType_Modified (C function),
PyType_Ready (C function), 112
PyType_Slot (Ctype), 114
PyType_Slot.PyType_Slot.
ber), 115
PyType_Slot.PyType_Slot.
114
PyType_Spec (Ctype), 114
PyType_Spec.PyType_Spec.
member), 114
PyType_Spec.PyType_Spec.
ber), 114
PyType_Spec.PyType_Spec.
member), 114
PyType_Spec.PyType_Spec.

114
PyType_Spec.PyType_Spec.
ber), 114

PyType_Type (Cvar), 111
PyTypeObject (Ctype), 111

112

pfunc (C mem-

slot (C member),

basicsize (C
flags (C mem-
itemsize (c

name (C member),

slots (C mem-

PyTypeObject

251

PyTypeObject.

.tp_alloc (C member), 263
PyTypeObject.
PyTypeObject.
PyTypeObject.

tp_as_async (C member), 251
tp_as_buffer (C member), 253
tp_as_mapping (C member),

tp_as_number (C member), 251
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PyTypeObject.tp_as_sequence (C member),
251
PyTypeObject.tp_base (C member), 261
PyTypeObject.tp_bases (C member), 264
PyTypeObject.tp_basicsize (C member), 248
PyTypeObject.tp_cache (C member), 264
PyTypeObject.tp_call (C member), 252
PyTypeObject.tp_clear (C member), 257
PyTypeObject.tp_dealloc (C member), 249
PyTypeObject.tp_del (C member), 265
PyTypeObject.tp_descr_get (C member), 261
PyTypeObject.tp_descr_set (C member), 261
PyTypeObject.tp_dict (C member), 261
PyTypeObject.tp_dictoffset (C member),
262
PyTypeObiject.tp_doc (C member), 256
PyTypeObject.tp_finalize (C member), 265
PyTypeObject.tp_flags (C member), 253
PyTypeObject.tp_~free (C member), 263
PyTypeObject.tp_getattr (C member), 250
PyTypeObject.tp_getattro (C member), 252
PyTypeObject.tp_getset (Cmember), 260
PyTypeObject.tp_hash (C member), 251
PyTypeObject.tp_init (Cmember), 262
PyTypeObject.tp_is_gc (C member), 264
PyTypeObject.tp_itemsize (C member), 248
PyTypeObject.tp_iter (C member), 260
PyTypeObject.tp_iternext (C member), 260
PyTypeObject.tp_members (C member), 260
PyTypeObject.tp_methods (C member), 260
PyTypeObject.tp_mro (C member), 264
PyTypeObject.tp_name (C member), 248
PyTypeObject.tp_new (C member), 263
PyTypeObject.tp_repr (C member), 251
PyTypeObject.tp_richcompare (C member),
258
PyTypeObject.tp_setattr (C member), 250
PyTypeObject.tp_setattro (C member), 253
PyTypeObject.tp_str (C member), 252
PyTypeObject.tp_subclasses (C member),
264
PyTypeObject.tp_traverse (C member), 256
PyTypeObject.tp_vectorcall (C member),
266
PyTypeObject.tp_vectorcall_offset (C
member), 250
PyTypeObject.tp_version_tag (C member),
265
PyTypeObject.tp_weaklist (C member), 265
PyTypeObject.tp_weaklistoffset (C mem-
ber), 259
PyTZInfo_Check (C function), 175
PyTZInfo_CheckExact (C function), 175
PyUnicode_1BYTE_DATA (C function), 127
PyUnicode_1BYTE_KIND (C macro), 127
PyUnicode_ 2BYTE_DATA (C function), 127
PyUnicode_2BYTE_KIND (C macro), 127
PyUnicode_4BYTE_DATA (C function), 127

PyUnicode_4BYTE_KIND (C macro), 127
PyUnicode_AS_DATA (C function), 128
PyUnicode_AS_UNICODE (C function), 128
PyUnicode_AsASCIIString (C function), 140
PyUnicode_AsCharmapString (C function), 140
PyUnicode_AsEncodedString (C function), 136
PyUnicode_AsLatinlString (C function), 139
PyUnicode_AsMBCSString (C function), 141
PyUnicode_AsRawUnicodeEscapeString (C
function), 139
PyUnicode_AsUCS4 (C function), 132
PyUnicode_AsUCS4Copy (C function), 132
PyUnicode_AsUnicode (C function), 133
PyUnicode_AsUnicodeAndSize (C function),

133
PyUnicode_AsUnicodeEscapeString (C func-
tion), 139

PyUnicode_AsUTFS8 (C function), 137
PyUnicode_AsUTF8AndSize (C function), 137
PyUnicode_AsUTF8String (C function), 137
PyUnicode_AsUTF16String (C function), 138
PyUnicode_AsUTF32String (C function), 138
PyUnicode_AsWideChar (C function), 135
PyUnicode_AsWideCharString (C function),
136
PyUnicode_Check (C function), 126
PyUnicode_CheckExact (C function), 126
PyUnicode_Compare (C function), 142
PyUnicode_CompareWithASCIIString (c
Sfunction), 142
PyUnicode_Concat (C function), 141
PyUnicode_Contains (C function), 142
PyUnicode_CopyCharacters (C function), 132
PyUnicode_Count (C function), 142
PyUnicode_DATA (C function), 127
PyUnicode_Decode (C function), 136
PyUnicode_DecodeASCII (C function), 140
PyUnicode_DecodeCharmap (C function), 140
PyUnicode_DecodeFSDefault (C function), 135
PyUnicode_DecodeFSDefaultAndSize (c
Sfunction), 135
PyUnicode_DecodelLatinl (C function), 139
PyUnicode_DecodelLocale (C function), 134
PyUnicode_DecodeLocaleAndSize (C func-
tion), 133
PyUnicode_DecodeMBCS (C function), 141
PyUnicode_DecodeMBCSStateful (C function),
141
PyUnicode_DecodeRawUnicodeEscape (C
function), 139
PyUnicode_DecodeUnicodeEscape (C func-
tion), 139
PyUnicode_DecodeUTF7 (C function), 139
PyUnicode_DecodeUTF7Stateful (C function),
139
PyUnicode_DecodeUTFS8 (C function), 137
PyUnicode_DecodeUTF8Stateful (C function),
137
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PyUnicode_DecodeUTF16 (C function), 138
PyUnicode_DecodeUTF16Stateful (C func-
tion), 138
PyUnicode_DecodeUTF32 (C function), 137
PyUnicode_DecodeUTF32Stateful (C func-
tion), 138
PyUnicode_EncodeCodePage (C function), 141
PyUnicode_EncodeFSDefault (C function), 135
PyUnicode_EncodeLocale (C function), 134
PyUnicode_Fill (C function), 132
PyUnicode_Find (C function), 142
PyUnicode_FindChar (C function), 142
PyUnicode_Format (C function), 142
PyUnicode_FromEncodedObject (C function),
131
PyUnicode_FromFormat (C function), 130
PyUnicode_FromFormatV (C function), 131
PyUnicode_FromKindAndData (C function), 130
PyUnicode_FromObject (C function), 131
PyUnicode_FromString (C function), 130
PyUnicode_FromStringAndSize (C function),
130
PyUnicode_FromUnicode (C function), 133
PyUnicode_FromWideChar (C function), 135
PyUnicode_FSConverter (C function), 134
PyUnicode_FSDecoder (C function), 134
PyUnicode_GET_DATA_SIZE (C function), 128
PyUnicode_GET_LENGTH (C function), 127
PyUnicode_GET_SIZE (C function), 128
PyUnicode_GetLength (C function), 132
PyUnicode_GetSize (C function), 133
PyUnicode_InternFromString (C function),
143
PyUnicode_InternInPlace (C function), 142
PyUnicode_IsIdentifier (C function), 128
PyUnicode_Join (C function), 141
PyUnicode_KIND (C function), 127
PyUnicode_MAX_CHAR_VALUE (C function), 127
PyUnicode_New (C function), 130
PyUnicode_READ (C function), 127
PyUnicode READ_CHAR (C function), 127
PyUnicode_ReadChar (C function), 132
PyUnicode_READY (C function), 126
PyUnicode_Replace (C function), 142
PyUnicode_RichCompare (C function), 142
PyUnicode_Split (C function), 141
PyUnicode_Splitlines (C function), 141
PyUnicode_Substring (C function), 132
PyUnicode_Tailmatch (C function), 141
PyUnicode_Translate (C function), 140
PyUnicode_Type (C var), 126
PyUnicode_WCHAR_KIND (C macro), 127
PyUnicode_WRITE (C function), 127
PyUnicode_WriteChar (C function), 132
PyUnicodeDecodeError_Create (C function),
58
PyUnicodeDecodeError_GetEncoding (c
function), 58

PyUnicodeDecodeError_GetEnd (C function),

58
PyUnicodeDecodeError_GetObject (C func-
tion), 58
PyUnicodeDecodeError_GetReason (C func-
tion), 58
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