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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.

o AHEAFE £ 5] W/C API 74 C W& A18-510] 495 9ol = 9] e Fo] extern "C" 2 AL
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PyMODINIT FUNC
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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)
AApe B} = [-128, 127) L} [0, 255] Aol 9] A4refof Fth o] W22 & unsigned char &
A~ c & ulgsh o

Py_DEPRECATED (version)
7| #] (deprecated) A Aol AHESHAH Al 2. o] | A E = 4 o] F ol §] X 3f oF Tt

S A

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

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

Like getenv(s), but returns NULL if -E was passed on the command line (i.e. if
Py_IgnoreEnvironmentFlag is set).

Py MAX (X,y)
x &hy Akl o] HHAZS vk Tt
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}.
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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
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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

N

A
e

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.

1.4. A, & 1z

ki
1]
A
o
1>
N



The Python/C API, 22|A 3.11.13

1]

FX

o

o M|

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
W2 ofefoll ket 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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IAEE BED AL A$E =YD dBAA ARNEL Y4
Iy = A E &4 Py _Buildvalue() 7F
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f“IE Wl
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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)

8 Chapter 1. A7
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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 &
B 3901 0GR A AT TG AL WE L A LEAEATTIL F L
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Fel s wehd B 2oty deAe ol A-E FF ot ol mef Debdrhe A
ob= 2ol T2 ¢ (Frepoll AA2 Add AA 9] ) 2 G A dmUrH mepx
PyList Getltem() & A 3te] 2B 358 AALW 328 £ 4504 guth — 3%
W E Ao AAE e ce_ EoA 52 7hA 20 vk
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 973 ABI. 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&
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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.
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The embedding application can steer the search by calling Py_SetProgramName (file) before calling
Py_TInitialize (). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted in front
of the standard path. An application that requires total control has to provide its own implementation of
Py _GetPath(), Py_GetPrefix (), Py_GetExecPrefix (), and Py _GetProgramFullPath () (all
defined in Modules/getpath. c).
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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.
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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
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2.1.2 Stable ABI

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

The Stable ABI contains symbols exposed in the Limited API, but also other ones - for example, functions necessary
to support older versions of the Limited 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 19
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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 ()

2.3. Contents of Limited API 21
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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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e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

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

e PyIndex_Check ()

e PyInterpreterState

e PyInterpreterState_Clear/()

e PyInterpreterState_Delete ()

e PyInterpreterState_Get ()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New ()

e PyIlter_Check/()

e PyIter_ Next ()

e PyIter_Send()

e PyListIter_Type

e PyListRevIter_ Type

e PyList_Append()

e PyList_AsTuple ()

e PyList_GetItem()

e PyList_GetSlice ()

e PyList_Insert ()

e PyList_New/()

e PyList_Reverse ()

e PyList_SetItem()
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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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e PyMapping Values ()

e PyMem Calloc()

e PyMem Free()

e PyMem Malloc ()

e PyMem Realloc ()

e PyMemberDef

¢ PyMemberDescr_Type

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

e PyMethodDef

e PyMethodDescr_Type

e PyModuleDef

e PyModuleDef Base

e PyModuleDef Init ()

e PyModuleDef_ Type

e PyModule_ AddFunctions ()

e PyModule AddIntConstant ()
e PyModule_ AddObject ()

e PyModule_ AddObjectRef ()

e PyModule_AddStringConstant ()
e PyModule_ AddType ()

e PyModule_Createl ()

e PyModule_ ExecDef ()

e PyModule FromDefAndSpecZ ()
e PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule_ GetFilename ()

e PyModule_GetFilenameObject ()
e PyModule_GetName ()

e PyModule_ GetNameObject ()

e PyModule_GetState()

e PyModule_New ()

e PyModule_NewObject ()

e PyModule_ SetDocString()

e PyModule_Type

e PyNumber_Absolute ()
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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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e PyOS_BeforeFork ()

e PyOS_CheckStack ()

e PyOS_FSPath ()

e PyOS_InputHook

e PyOS_InterruptOccurred ()

e PyOS_double_to_string()

e PyOS_getsig()

e PyOS_mystricmp ()

e PyOS_mystrnicmp ()

e PyOS_setsig()

e PyOS _sighandler_ t

e PyOS_snprintf ()

e PyOS _string_to_double ()

e PyOS_strtol ()

e PyOS_strtoul ()

e PyOS_vsnprintf ()

e PyObject

e PyObject.ob_refcnt

e PyObject.ob_type

e PyObject_ASCII()

e PyObject_AsCharBuffer ()

e PyObject_AsFileDescriptor ()
e PyObject_AsReadBuffer ()

e PyObject_AsWriteBuffer ()

e PyObject_Bytes ()

e PyObject_Call ()

e PyObject_CallFunction/()

e PyObject_CallFunctionObjArgs ()
e PyObject_CallMethod()

e PyObject_CallMethodObjArgs ()
e PyObject_CallNoArgs ()

e PyObject_CallObject ()

e PyObject_Calloc()

e PyObject_CheckBuffer ()

e PyObject_CheckReadBuffer ()
e PyObject_ClearWeakRefs ()

e PyObject_CopyData ()

e PyObject_DelItem()

e PyObject_DelItemString()
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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 ()
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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 ()

36

Chapter 2. C API Stability



The Python/C API, 22| A 3.11.13

e PyUnicode_RPartition ()
e PyUnicode_RSplit ()

e PyUnicode_ReadChar ()

e PyUnicode_Replace ()

e PyUnicode_Resize ()

e PyUnicode_RichCompare ()
e PyUnicode_Split ()

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

e PyUnicode_WriteChar ()
e PyVarObject

e PyVarObject.ob_base

e PyVarObject.ob_size

¢ PyWeakReference

e PyWeakref GetObject ()
e PyWeakref_ NewProxy ()

e PyWeakref NewRef ()

e PyWrapperDescr_Type

e PyWrapper_New ()

e PyZip_Type

e Py _AddPendingCall ()

e Py AtExit ()

e Py BEGIN_ALLOW_THREADS
e Py BLOCK_THREADS

e Py _BuildValue()

e Py BytesMain ()

e Py CompileString()

e Py DecRef ()

e Py DecodeLocale()

e Py END ALLOW_THREADS

e Py _EncodeLocale ()

e Py EndInterpreter()

e Py EnterRecursiveCall ()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
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Py_FileSystemDefaultEncoding
Py Finalize()

Py FinalizeEx ()
Py_GenericAlias ()
Py_GenericAliasType

Py _GetBuildInfo ()
Py_GetCompiler ()
Py_GetCopyright ()

Py GetExecPrefix()
Py_GetPath()

Py _GetPlatform()

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

Py InitializeEx()
Py_Is()

Py_IsFalse()

Py IsInitialized()
Py_IsNone ()

Py _IsTrue ()

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

Py _ReprEnter()
Py_ReprLeave ()
Py_SetPath()

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

Py _UNBLOCK_THREADS
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e Py_UTF8Mode

e Py VaBuildValue ()
e Py _Version

e Py XNewRef ()

e Py _buffer

e Py_intptr_t

e Py ssize_ t

e Py_uintptr_t

e allocfunc

e binaryfunc

e descrgetfunc

e descrsetfunc

e destructor

e getattrfunc

e getattrofunc

e getiterfunc

e getter

e hashfunc

e initproc

e inquiry

e iternextfunc

e lenfunc

e newfunc

e Objobjargproc

e Objobjproc

e reprfunc

e richcmpfunc

e setattrfunc

e setattrofunc

e setter

e ssizeargfunc

e ssizeobjargproc
e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

e Visitproc
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int Py_Main (int argc, wchar_t **argv)

Part of the °+% ABIL The main program for the standard interpreter. This is made available for programs
which embed Python. The argc and argv parameters should be prepared exactly as those which are passed to a
C program’ s main () function (converted to wchar_t according to the user’ s locale). It is important to note
that the argument list may be modified (but the contents of the strings pointed to by the argument list are not).
The return value will be 0 if the interpreter exits normally (i.e., without an exception), 1 if the interpreter exits
due to an exception, or 2 if the parameter list does not represent a valid Python command line.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit the
process, as long as Py_ InspectFlag is not set.

int Py_BytesMain (int argc, char **argv)
Part of the 74 ABI ¥ A 3.8 ©] &£ 2. Similar to Py_Main () but argv is an array of bytes strings.
WA 3.8 &7}

int PyRun_AnyFile (FILE *{p, const char *filename)
ob# PyRun_AnyFileExFlags () & ©<3tH QA E # o] A~ YT closeit2 0 2 & flags+= NULL 2
AR E A AR

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
ol PyRun_AnyFileExFlags () & ©<3ld Qg H o)A dUrTh o] AL closeit AAE 002 A
AH A2 dAF Y

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
o}le} PyRun_AnyFileExFlags () 9 ©<3t8 g #Ho]AduUrth o] AL flags QI AHS NULLE
AR A zE AT
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fo7h B g A (mEolt B d Ao} §ux oA Hud)g A48 A2 A,
PyRun_InteractiveLoop ()% Zt< WIslslal, 138 %] ¢4 O W pyRun_SimpleFile ()9 A3}
E &Y filenamed 34 Al A~H 7Y (sys.getfilesystemencoding ())& YA
YH U filename©] NULLO®, o] &= v AP O 2 "222" 5 ARG HUTE dloseit©] 3o,
PyRun_SimpleFileExFlags () ©] ¥F&3}7] Ao 5t o] &3 Yt}

int PyRun_SimpleString (const char *command)
ol&] PyRun_SimpleStringFlags () & ©<3H Qg olA2Y Ut PyCompilerFlags* 2l
A NULLE AR E A2 GAF YT

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)

flags A1 AFoll W} _ main_ EE A commandoﬂ Q= slol A A ?Eg
o] 2AstA] ko T UTE AZF3H 0L, o< 7} et -1S ke
A9 AR E & ol UL flags2) o0& oF E REAIA L.

Note that if an otherwise unhandled SystemExit is raised, this function will not return —1, but exit the
process, as long as Py_ InspectFlag is not set.

gt _ main_
ytt olgf 7t gled,

E?L‘ >

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

olg] PyRun_SimpleFileExFlags () & ©<3stH AE H ol P UL} cdoseits 022, flagsS
NULLE AP 4E 2 dAF Y

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

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

PyRun_SimpleStringFlags () 2} vl BHA| o, Uﬂ Eloﬂ M - _"__X]_oﬂ EH/‘ fp°ﬂ/‘1 3}o] L
SE8 g3 U, filenamee 3 2] o] & o] of o su], kA 28] Al w st ole] A2 /|2 U=
H Ut} closeito] o™ PyRun_SimpleFileExFlags () 7} ¥FEsl7] Ao 5t o] &gt}

LS
9

3 A=A, fpe vrole] REg dojof Futh (o £ £°] fopen (filename, "rb")).
agA ko, sl LF & F87F Qv 23 Y E 5t4E Sutad AsiA 12 s Ut

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

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
flags A7kl wrek thEHA) A 9 A W] B £ AT BAFUTh sys.psiheys.
ps2E AHg ko] ARG AN Al ZFEZE U filename2 st A 2~ E Q1S H o 2] A 2] V]2 YA
EEN
Aol 4B AR AWD 1 0, 27 9I0W -1 &, TR 24 o2} Yow Hol el Y
ZE M EH errcode.h AZFE g doj J= o8] ZEE W3S} (errcode. hh Python.h
oA 1 ZF =57 7] ul ol BRSE 5U3| 2L of goll 21542

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)
EOFof =28 uf 712] tg}4] A xet Add sdo A 342 e ATt sys.pslF sys.
ps2 8 AHg 5ol ALg APl A =22 E FUITh filenameS 5H A 2~ Q151 3} ol ] A 2] 7] 2 T 2
9 U th EOFel 4] 02 W85t Lh, A5 5tel 48 whagch

int (*PyOS_InputHook)(void)
Part of the V7 ABL. Z2EE}Y int func (void) ¢l &4+E 718 7|E& AT 4 5 YTl o]
B4t shol Qe dEzele mE e} 5 AE 7L H 1 e v del 4 A}

ol
By

(e}
i)
fifo
N,
i)
ich
)
Rl
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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 *1ocals)
HEskgk: A Fx. ofbel PyRun_StringFlags ()9 @dd AT o) AYUTE o) AL flagsE
NULLE 249 Az dAsUT

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

PyCompilerFlags *flags)

kg A R flagsE AR E ALY S LE AE-3F] globals 3} locals A 2 A 4 H A H
2B M strof| A shol W &2 IEF AU globals= B A g o] o] of I th. locals= vl 3
ZRESS P BE AL E = AFyth WA A5 sarts A2 IES FE T4 5
Ao sl Al B2 g A A g o).
FESAYT Z2HE stold AA 2 st A, o €] 7F A o NULL = REE U ok

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
WESk gk Al FZ. ol PyRun FileExFlags ()9 ©@<3d AE A o]~ YY) coseitS 0 2.2,
flagsE NULLZ A e & FAFUTH

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

closeit)

ke gk A =L oF# PyRun FileExFlags ()9 ©¢dd AE o)A YUt flugsE NULLZ
AARE AR E FAFYU

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

PyCompilerFlags *flags)

w3k A JF R, olg PyRun_FileExFlags ()9 ©@<3ld Qe H o] A~dU T} closeitS 022
AR e 2 G AF Y

PyObject *PyRun_FileExF1lags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,

int closeit, PyCompilerFlags *flags)

Wkskgk: A ZZ. PyRun_StringFlags () & FAFSFA B 3lol A 422~ F == B2 g of gl 3}
% o) 4 fpoll A 25T, filename- 3121 7 o] o of 3} 51N~ o) W} ol 2] A 2] 7 = T 2
H Ut} doseito] Zo|™M PyRun_FileExFlags ()7} ¥raE 7] Aof 15t o] 23]y},

PyObject *Py_CompileString (const char *str, const char *filename, int start)
WSk A 2. Part of the V4 ABL o}l Py CompileStringFlags () & ©<e3td Qg o]~
JUTh flagsE NULLEZ DA E e Z FAF

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Wk A FZ. o}lel Py CompileStringExFlags () 9 TSt A€ H o] A~ YY) optimize S
-12 ARE dHE FATUH

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

int optimize)

uhEhgk: A . siroll QL Shol Wl A IEE TE BASD A5tYse] A3} E AR S WY
Utk A4 28 sans Foguith o] AL A51dE 4t TES A H A58 S glon]
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Py_eval_input,Py file input =¥ Py single_input®]o] ok &t} filename 2 2 A A H
e 2 AilS 7 gae 5w = ¢l o] 21 0] 1} SyncaxError of 2] WA K of viehd

£ 95U IS8 PR EAE 5 AAG AT 5 GO NULLE WET o,
A optimize~= J} 1219 H A =22 AU -1 2 -03HLZE Fo]R AAHH Qg =
S EEEEE Rt R A 220 (A A5 92 debug__7H ), 1 (o480

g3yt 9§
A AL __debug_ 7} AA) &2

WA 340 F71.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)
wrEzk: A 2R, Py _CompileStringObject ()2} FAFSHA| 9L, filename-2 St A A 2~8l O] 7 o] 31}
of#] g7 2 YT Y vlo]E ExE Yt}
WA 3.20) 7}

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
wrsk gk Al FZ. Part of the F7 ABL o] 22 F& AR A W, 2 A9 Hew Qe
PyEval_EvalCodeEx ()] ©<3tE AE #H o]~ Yth th & ﬂz}t NULLZE A A gt}
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)
wk gk A FE. Partof the 9 ABL Fold B74E 913 54 B34, v e Antdd nE AR S
B4 T o B Aol Wse) YA e, ol Mol s AR, Axe) W, 719 =9} 7] E g,
7= g AR 7| 2g dqve L A 24 FER FAE YL
PyObject *PyEval_EvalFrame (PyFrameObject *f)
HESRgh A R Part of the 9+ ABL A% Ze QS WA o4 MDY SHAL 9T,
PyEval_EvalFrameEx ()2 @39 ¢l g o]~ Y Yth

i

Al 20
(F2EH=AAG Y YUtk

)

PyObject *PyEval_EvalFrameEx (PymeeObjecl *f, int throwflag)
WG A R Pt of the 14 ABL o] 212 Sho] 4l Q| =l =2 v]el, ol e g
A9 Zel9) fof AR TE AL AR UL Dol G2 volE REES S AT T2 L A
AU Th. 57} throwflag V7] WAE DA R £ AR S AT Fol B, o9l 7 S A A SE S
ok Al alo 8 AR throw () WA =6 AL U}
WA 3400 A W 7: o] T o)A B4 19 B 28] W2 A kA BAFES £9¥ 1 M
AN AL EFH T

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
o Bt A B/ A Qo B2 ARAL, AT 22, AshsA A2 BBk

int Py_eval_input
29 BANL A3 st A B A& 7155 by Compilestring ()3 B A4S F1 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 AHEE - 7B Tk

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

PyCompilerFlags *flags”7} NULL Y uwjult}, cf flagse 03 Zotx HFH W, from
_ future_ importZ Qs +AHL H]%l/]D}

-l>
M
=
Ol
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int cf_flags
EEDEES B

int cf_feature_version
of_feature_version-2 5 5}lo] W WA J Ut} PY_MINOR_VERSIONCS 2 % 7|3}5| of of gt}
o] 2= 7|¥ Ao R FAH W, PyCF_ONLY_AST £ 17} cf_flagsel| AAE Z-olwt
A YT

WA 3.8 WA of_feature_version LE=E F 735 YTt

int CO_FUTURE_DIVISION
flagso| A o] v EE 27 &1 PEP 238 w2} up=7] Q42 /S “A 5 U 7] (true division)” = &)
AE g2 g,
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The macros in this section are used for managing reference counts of Python objects.
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 ().
AA = NULL & 4 QU5 YT NULL O] obd A] B4 skA] ko™, Py XINCREF () & AH&SHAAI 2
Do not expect this function to actually modify o in any way.
void Py_ XINCREF (PyObject *0)
Similar to Py_ TNCREF (), but the object o can be NULL, in which case this has no effect.
See also Py XNewRef ().

PyObject *Py_NewRe£ (PyObject *0)
Part of the 73 ABI ¥ A 3.10 ©] & 2. Create a new strong reference to an object: call Py INCREF () 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.

dE E99:

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

can be written as:

[self—>attr = Py_NewRef (obj) ;

See also Py_ TNCREF ().
W A 3.100]] 7}
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PyObject *Py_XNewRef£ (PyObject *0)
Part of the 74 ABI W A 3.10 ©]Z 2. 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.
upAj et ek FE7F A E (S AA L] Fx Aerh0o] H), AA G & Al e (HEA]
NULL o] of ol oF S Th 7t SEF Ut
This function is usually used to delete a strong reference before exiting its scope.
A= NULL € < fls5 Ut NULL o] obd A &4 8kA] 9F 0¥, Py XDECREF () & AH&3H Al L.

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

A 2 oA e 4 e H FENN T SHES S YFUTH(IE S, _del ()

N
A
AP I == BE vpold W o AfFA M 5 95Utk o) 22 Py DECREF () 7}
TEH7) Aol A WA 22T 5 Y BE AA 7 G4 Sl el Ylojok 3 53
Ytk oS £ol, BlaEoA A S A7l sk = Al AA o that F2E A4 Aol &

o2, YA Wgeof thsl] py_DECREF () & S& 3 oF &t}

>
o
kd
[>
fm
fin)
o
a
+
N
l
o
>,
ok

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)
AR ool] that 73t FxE f AT ch AAE=NULL € 5 Q5T olu M2 2= T30} 5
oh 1% F oW QA E NULLE AR At A& A9 stalys, &3 7F Py DECREF () 2F ZHUTh
M2t A WSS AFA AT, F2E A7) el S nULLE A7) HE,
Py DECREF () o] tht A+ A2E AA 2} A& sto] 848572 g5
7Ha) 2] =3 Foll g 2 5 e AAo] s F2E AT afjuitt o] A2 E AE S A 0]

a
Foun

void Py_ IncRef (PyObject *0)
Part of the °+7J 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 97 ABL Release a strong reference to object o. A function version of Py_XDECREF (). It can

be used for runtime dynamic embedding of Python.

The following functions or macros are only for use within the interpreter core: _Py_Dealloc (),
_Py_ForgetReference (), _Py_NewReference (), as well as the global variable _Py_RefTotal.

!

K
P
pei]
1>
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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).

FAHOE, o H BAE A A AR EASZ FAGUCH o9 B, 19 gk @ = o] A,
0|2 g EIE B2 4B A ko wNULLo] B 5 YFUTHEA T AR 2 e 2 A o] AFT, oA &
S0l o] %o NULLo| ¥ NULLo] obd =& ] 2 & 744 5 gl h.

TEoH AR Tt Aste] Tt Adfisof @ o, REH O 2 o8] EA 7 E AASHA] dFsUth £
%?:—?7]'01‘3] AARYFYTE o2& A st o % AFAY BFe Be gAaarE A F2u
mRe] &) E HE e T ukss|op & H o] glguth olgE A g Ex7HH A k2 u BdH o=
A<= A %}O]'O]: gk oy = Qs visketd, 3= ] Aole7t dAE P2 del= Aol T8
t}. £ A stA AU AFsHA A 3}stA| ‘1’%3 , FFo] %/C APIo| T st 71 S&0] o =3t =
ZF

ZF31: The error indicator is not the result of sys.exc_info (). The former corresponds to an exception that
is not yet caught (and is therefore still propagating), while the latter returns an exception after it is caught (and has
therefore stopped propagating).

5.1 a2} x| 7|

void PyErr_Clear ()
Partof the -7 ABL o @] 41715 2| gtk ol el £A1717F 745 o] A 9o B3 G
void PyErr_ PrintEx (int set_sys_last_vars)
Part of the ¢+ ABL. & E ¥ ]/\‘3“ < sys.stderrZ A3} ol 8] FA]7]E A YT Al H 7t
SystemEx1t7]-°]—‘_§l', o] ALol= Eg o|amlo] Q= X k1l ulo] W L EZ A A= SystemExit
AxE o] o3 x4 = Oﬂ?ﬂ T2 FEHEUL
e TAZ A AT AR o] BoE BEHANL. T8 oW AP A o2l A

FHTh

=
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If set_sys_last_vars is nonzero, the variables sys.last_type, sys.last_value and sys.
last_traceback will be set to the type, value and traceback of the printed exception, respectively.

void PyErr_Print ()
Part of the Y4 ABIL PyErr_PrintEx (1) 9] ¥ A.
void PyErr_WriteUnraisable (PyObject *obj)
Part of the Q4 ABL &R o 2] 2} 0bj AA}FE AFE3}0] sys.unraisablehook () & &3t}
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.

The function is called with a single argument obj that identifies the context in which the unraisable exception
occurred. If possible, the repr of obj will be printed in the warning message.

o) B4E EEY T ol 98 A= o] glojof Tk

5.2 o2 &EAIF|7]

YL WA A ool NS A ) g0l FUT. BAS A, 016l B BT A
@73 return Fo A AREZ NULL E QB E WY T
void PyErr_SetString (PyObject *type, const char *message)

Part of the 2+73 ABI. This is the most common way to set the error indicator. The first argument specifies the
exception type; it is normally one of the standard exceptions, e.g. PyExc_RuntimeError. You need not

create a new strong reference to it (e.g. with Py_ TNCREF () ). The second argument is an error message; it is
decoded from 'utf-8".

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the V7 ABL ©] @t PyErr_SetString ()3} FAFSEAIRE, o £] o] “gk of sl o 2] ¢
sholm A& A AL 5 ATk

PyObject >“PyErr Format (PyObject *exception, const char *format, ...)
W3} 2k &AF NULL. Part of the $+7 ABL ©] St of| 2] EA] 7] 2 A A 31 NULL-S WHeHgy o).
exception2 30| A o 9] F | Ao oF FrU T} formar T w7l A4 o WA X E W SHE o
T 2o] HUt}; PyUnicode FromFormat () ol A8t 262 o u| &} ZhS zr5 Yt} formar2 ASCIL
AFFH FAEYYTh

PyObject *PyErr_ FormatV (PyObject *exception, const char *format, va_list vargs)

vk} 7k BAF NULL. Part of the SV ABI W A 3.5 0|2 &, pyErr Format ()3 ZA 2 7hdH 7] 59
A=k EH/‘J va_ list Q1A= Z3h )

B A 3.50] &7}
void PyErr_SetNone (PyObject *type)

Part of the St7 ABL. ©] A2 PyErr_SetObject (type, Py _None) ] &£¢d 2dYYrc}
int PyErr_ BadArgument ()

Partof the °+7 ABIL. ©] A& PyErr_SetString (PyExc_TypeError, message) 2 &9
Uth, o 7] Al message+= A5H AAR W Aol S &5 S YEFE YT thREE R &

PyObject *PyErr_NoMemory ()

=S

il
U

jinss

z0
*

w3k Zr: S AF NULL. Part of the °+7 ABL ©] A2 PyErr_SetNone (PyExc_MemoryError)
«sziﬁﬂﬂﬂ NULLE MEHA AA GG G5E Rt REF 0 return
PyErr_NoMemory () ; 2t1l & 4 54t

PyObject *PyErr_SetFromErrno (PyObject *type)

w3k & AF NULL. Part of the Q7 ABI. This is a convenience function to raise an exception when a
C library function has returned an error and set the C variable errno. It constructs a tuple object whose
first item is the integer errno value and whose second item is the corresponding error message (gotten from
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strerror ()),andthencallsPyErr_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)
v s gk &4 NULL. Part of the 97 ABL Similar to PyErr_SetFromErrno (), with the additional
behavior that if filenameObject is not NULL, it is passed to the constructor of fype as a third parameter. In the
case of OSError exception, this is used to define the £i lename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Hk 3 7k 3+ A NULL. Part of the <SF7%A ABI W ® 37 o & g,
PyErr SetFromErrnoWithFilenameObject ()& At O]—Z] 7 = e gdge FHeE =
57k A ol e & 27 980 WA W AA S A o,
WA 3.40] 7}

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

vk zk: A NULL. Partof the 97 ABL. Similarto PyErr_SetFromErrnoWithFilenameObject
but the filename is given as a C string. filename is decoded from the filesystem encoding and error handler.

PyObject *PyErr_SetFromWindowsErr (int ierr)

w87k 34 NULL. Part of the °+7 ABI on Windows ¥ A 3.7 o] 3 &. This is a convenience function to
raise WindowsError. If called with ierr of 0, the error code returned by a call to GetLastError () is
used instead. It calls the Win32 function FormatMessage () to retrieve the Windows description of error
code given by ierr or GetLastError (), then it constructs a tuple object whose first item is the ierr value
and whose second item is the corresponding error message (gotten from FormatMessage () ), and then
calls PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

w3z 3 A NULL Part of the 9F7A ABL on Windows W A 37 o % &
PyErr_SetFromWindowsErr () 9 FAFSIH, A Z o9 & AAS}E= F7F vl A
7 e,

Availability: Windows.

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
wrek k. ¥ AF NULL.  Part of the °+7% ABI on Windows W 7 3.7 ©] 3 &. 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.

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)
w3k gk: A NULL.  Part of the °+7 ABI on Windows W7 3.7 ©] & Z. 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 £i lename attribute of
the exception instance.

Availability: Windows.
PyObject *PyErr SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename2)

vk 3} 7k 3+ A} NULL. Part of the <t7% ABI on Windows W A 37 o &=,
PyErr SetExcFromWindowsErrWithFilenameObject ()& FAFSHA W, T HA 9™

A4 & wobE YUk
Availability: Windows.
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WA 340 7}
PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char

*filename)

wkszk: 3 AF NULL. Part of the <7 ABI on Windows W A 37 o & =&,
PyErr_SetFromWindowsErrWithFilename ()@ FAFSHH, HAAAZ o9 L A A=
Z7h ) W47k g o,
Availability: Windows.

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
w3 Zk: A NULL. Part of the °F7 ABI B A 3.7 o] & 2. ImportErrorS WA 7] &= H 9 T4

S A
AU Th msg= o9 o] A A EAGE AP UL & thnvLLo] © & U=, name} path= 247}
ImportError® named path S EZHEZ AAH UTh

W7 3300 7%
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject ¥msg, PyObject ¥name,

PyObject *path)
w3k gk: AF NULL. Part of the 2+7 ABl WA 3.6 |2 &, PyErr SetImportError () 2 uj-$-
H] 23R 9 o] $hr= WA A D TmportErrord] A H FEP2E AF T 5 AFYTH

7 3.69] %—7}.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
A of 9] of] off & 5} (file), & (line) B 2 Z Al (offset) FHE G Tt dA| o|Q] 7} syntaxError
7} ohwl, F7h ol E e REE AR 3tel, o) 24 519] Al ~8le] o] 9] 7} syntaxErrorehal A7
3HA Fy k.
H A 3.40] F7}.

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

Part of the V7 ABI WA 3.7 0| & &, Like PyErr_SyntaxLocationObject (), but filename is a
byte string decoded from the filesystem encoding and error handler.

WA 320 7}

void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the 27 ABL Like PyErr_SyntaxLocationEx (), but the col_offset parameter is omitted.

void PyErr_ BadInternalCall ()
Part of the 7 ABL ©] A2 PyErr_SetString (PyExc_SystemError, message)d &% &%
A Uth o 71 A message= WF AL E S0 o] RM/CAPI T ) o] AEH AR TEH IS
Chebd U T R 0 S

£ A8 3te) C IO AT E A4 A 2. Fold warnings BENA R Y § AT B4
E L‘J"z‘r UWEA O 7 sys.srderrol] 7331 WA A E AN FUT 2k AR A E ol HE
188l 5 AZP= T o, o] A% 72Uk A1 FA Y FAE As) o] 571 o<
=y E/\Wl = AE 7 ?JHD} o 2] 7} g st x| ko vk gh2 00] 3, o2 7 g et -1 Yt
(A3 WA A 7 A A = "Jaﬂﬂ A L] 9] o] ﬂ‘ﬂ%‘—’?— fsUTh o] A2 91534 duytt) odle 7t
S, 35 2= A A o9 A2 E T3 sl Olc AUt E 9, /73 FXE Py_DECREF () S}l
of & S W .
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize tstackflevel)
Part of the V7 ABIL 7 11 B A A & 3] S T}, category Q1 A= ZF (o} & FRIAHAI )Y
NULL Y U t}; message Q1 A= UTF-8 & A1 ZHH Fx19 1t} stack level% 2"z =& AF
she Feduth eld 28 L Aol X A AW T A ITE Fol A Bk DA G T stack_level
o] 10| PyErr WarnkEx ()& &3t &4, 2= 1 99 g4, 55
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A1 W FE PyExc_Warning 9 A B Z 2o ok I PyExc_Warning <
PyExc_Exception® A B FdH29dYt}; 7|2 A1 HF = PyExc_RuntimeWarning ¢
Uth F ol Au HFEE olgol 2+ 40 HF o €AE A W2 Aleg Ut

A3 Alojol] th gt ApA §F Y82, warnings BE AHA L HEH S AYANA -w-5A-E FR3HA

AL, 3L Aol E A8 C APIE fl5 YTt
int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)

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

WA 340 F7}

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

Part of the 7 ABI. Similar to PyErr_WarnExplicitObject () except that message and module are
UTF-8 encoded strings, and filename is decoded from the filesystem encoding and error handler.

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the 9+ ABL PyErr WarnEx ()2} -FAFSE SR 9k, PyUnicode FromFormat ()< AF&
3to] A3 WA A S AT formarS ASCI Q1 H 22+ g1t}
WA 320 F7}

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
Part of the V7 ABI | A 3.6 ©] & 2. Function similar to PyErr WarnFormat (), but category is

ResourceWarning and it passes source to warnings.WarningMessage.

B A 3.60] &7}

5.4 0ollg] EA|7] =35|5}7]

PyObject *PyErr_Occurred ()

vk W@ ZZ. Part of the 9173 ABI. Test whether the error indicator is set. If set, return the exception
type (the first argument to the last call to one of the PyErr_Set * functions or to PyErr_Restore ()). If
not set, return NULL. You do not own a reference to the return value, so you do not need to Py DECREF ()

$E 2= GIL-g B -f3l oF ot

i HbS ks 54 ook v w kA vt Al L thAl PyErr ExceptionMatches ()& A3}
B BRI L. (Fe 2 919 A 97 Fef 2 ThAl A A 0] ALk, o e
CEEREEE PR BRI R E-F el

int PyErr_ExceptionMatches (PyObject *exc)

Part of the °+7 ABIL PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) 2 &
AU AL 7t AA R A QS T TS oF Tt ol L] 7F A sEA] ko™ v R g HA
SJuto] WA g O,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the 2173 ABL. given | 2] 7} exc®] of| 9] 33} A X e}H 32 vk T exc7t S22~ A A o] 9,
giveno] A B ZE| A9 A2Vl AY i = FHS 9T exc 7t FEolH, R d=EE A9 F
(2210 A8 REE AA A0 2)E A E Al AN

=
S
Ea
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void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)

Partof the %) ABL 47k 128 Al H9) W42 o} A 718 AU Th o] 4717 445 A
rgrom, Al W4E wE N e A4 249 90w, A9A AW 2 A6 o3 F2E
of g o] 2Rtk ghat Eell ol AM: ¥ AAF 134 92 W= NULLY 4 % ch

Z31: This function is normally only used by code that needs to catch exceptions or by code that needs to
save and restore the error indicator temporarily, e.g.:

{
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 273 ABI. Set the error indicator from the three objects. If the error indicator is already set, it is
cleared first. If the objects are NULL, the error indicator is cleared. Do not pass a NULL type and non-NULL
value or traceback. The exception type should be a class. Do not pass an invalid exception type or value.
(Violating these rules will cause subtle problems later.) This call takes away a reference to each object: you
must own a reference to each object before the call and after the call you no longer own these references. (If
you don’ t understand this, don’ t use this function. I warned you.)

%F31: This function is normally only used by code that needs to save and restore the error indicator temporarily.
Use PyErr Fetch () to save the current error indicator.

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

Part of the -7 ABL 57 3o A, otef Q] PyErr Fetch () 7} Wh&3tE g2 “nl A3 5 S
F AFULE &, rexct U2 AA o] A *val2 22 FH; A9 A2 AT o UL o] S
o] A ZH2E AW 33t Ul AT ¢ QF U ghol o]u] B F3iE o] QloH, o A&
dojupA] kS UTH A A A3t A5 TS A8 +dg Ut

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

if (tb != NULL) {
PyException_SetTraceback (val, tb);
}

PyObject *PyErr_GetHandledException (void)

Part of the 2+ ABI ¥ A 3.11 ©] & Z.. Retrieve the active exception instance, as would be returned by sys .
exception (). This refers to an exception that was already caught, not to an exception that was freshly
raised. Returns a new reference to the exception or NULL. Does not modify the interpreter’ s exception state.

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

WA 3110 7}

void PyErr_ SetHandledException (PyObject *exc)

Part of the V7 ABI WA 3.1] o] & 2. Set the active exception, as known from sys.exception ().
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This refers to an exception that was already caught, not to an exception that was freshly raised. To clear the
exception state, pass NULL.

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

WA 3110 37}

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the 27 ABI WA 3.7 o] & 2. Retrieve the old-style representation of the exception info, as
known from sys.exc_info (). This refers to an exception that was already caught, not to an excep-
tion that was freshly raised. Returns new references for the three objects, any of which may be NULL.

Does not modify the exception info state. This function is kept for backwards compatibility. Prefer using
PyErr_ GetHandledException().

Fa: o] T ANA O 7 o9 & A st = FT M AL H A A5Yth 238, ZE=7) 9
AUE QAR ARS LA ol & ul ST & Uik o9 FUE BASAL A H
PyErr_SetExcInfo ()& AF&3HAI Al L.

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

Part of the 2+ ABI WA 3.7 o] & Z. Set the exception info, as known from sys.exc_info (). This
refers to an exception that was already caught, not to an exception that was freshly raised. This function steals
the references of the arguments. To clear the exception state, pass NULL for all three arguments. This function
is kept for backwards compatibility. Prefer using PyErr_SetHandledException ().

i ol @ 17
hole) JElE ANE AFFL BANk T W) ST 5 9

WA 330 7}

WA 31194 ¥ A The type and traceback 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.

5.5 A2 AMelst?|

int PyErr_ CheckSignals ()
Part of the Q7 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).
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Z+31: The default Python signal handler for STGINT raises the KeyboardInterrupt exception.

void PyErr_SetInterrupt ()

Part of the 27 ABIL Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

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

int PyErr_SetInterruptEx (int signum)

Part of the 27 ABI ¥ A 3.10 o] % Z. 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.

%F31: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

WA 31000 7}

int PySignal_SetWakeupFd (int fd)

ol FEEH T Alade] FAE wutth Al 21d HE 7 G Hlo|ER V|55 & 3 Y Ve AE
AARFUTL fd= v EE7 o]ojof FUth o] A9 1t 7| A v oh

#* -1 7S H]%"éﬂ@"’]r/} of Aol 7] AEld Ut ol AL Fo] M signal.
set_wakeup_fd () & 53R 9 o8] AAF= fl5UTE fdE= 723 91 7| &R} of g}
T 28 = Oﬂ/ﬂ“]’iﬁﬂ‘ﬂok 2ch

WA 35A A A=A, T oA 22 BEE AAFh

5.6 0|2 EcHA

PyObject *PyErr_ NewException (const char *name, PyObject *base, PyObject *dict)

HhSkgk: A} 2. Part of the P73 ABL ©] R E &5 Al ] FHAE G5 v o
name QA= A o] 2] o] & module.classname 212 C Ex}Y o] o] o gt th base} dict Q1 A}
= dulAd o 2 NULLY U th o] 27 3} Exception(CollA PyExc_Exception Q& AN AT 4

gieh ol Al S Fel 2 A A 7} o)y ok,

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)
WESEZk: A HZR. Part of the 947 ABL A28 o 2] Fdlad S2Ef S A o 4 Qs
AL AL 6]—Uﬂ PyErr_NewException ()3 ZEL’WJE]— doc ©) NULLO] o].q o o 9] Zef o] ot
sregow AgHU
W 320 F7}
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5.7 ol ZHA|

PyObject *PyException_GetTraceback (PyObject *ex)
Wtk A 2. Part of the 9+ 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 Q7 ABIL 9| 2] 2} A H Eg o]~ nE AA ST X3 ¥ Py_None2 AHE3}4
Al L.

PyObject *PyException_GetContext (PyObject *ex)
Wk Zk: Al ZHZ. Part of the 94 ABI. Return the context (another exception instance during whose han-

dling 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 9+ ABL 9|2 &} A#H ANAEE 2 A A 51-\/] o} A&
7k ol 9] AT 2l Selah B A U T ol A2 avol ol 2
PyObject *PyException_GetCause (PyObject *ex)
wskgk: A ZZ. Part of the 2+% ABIL Return the cause (either an exception instance, or None, set

by raise ... from ...) associated with the exception as a new reference, as accessible from Python
through the __cause___ attribute.

H NU
FzE FAUDL

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the 2F%] ABL. Set the cause associated with the exception to cause. Use NULL to clear it. There is no
type check to make sure that cause is either an exception instance or None. This steals a reference to cause.

The _ suppress_context__ attribute is implicitly set to True by this function.

5.8 RLIZE o2 Z{A|

o e CollA FURE o9& M3 A5k vl AHSF U th
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
wtEzk: A ZHZ. Part of the ¢+ ABL encoding, object, length, start, end X reason o] E 2] R EE AR5}
o] UnicodeDecodeError AA|E 25U T} encoding®} reason-2 UTF-8 2 QA Z P H 2 YUt}
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
HE3 gk Al 2R, Part of the <F7 ABL F201 31 of| 9] A2 9] encoding X1 E ] HEE W3 o)
PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
¥k3} 7k A 2R, Part of the 9V ABL 5201 R o] 9] AR object o] E 2] R EE vtagh ).
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 °+7 ABL. F0] R o 2] 7 XﬂA start o1 E ﬂ-‘.—er Z 7} A A *startol] v x| & o} start=
NULL®] ofyojof Futh 453t d 02, Aufahd -1-2 vhakgyrh

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
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int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Part of the 73 ABL. F0] R o| Q] A A 9] start HE B HEE startZ AT TH AZ3HH 02, A3
348l -1 ek 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 ¢+ ABL Fo] R o] AA| 9] end A E 8| HEE 71 A 244 *end ol v X T T} end+= NULL
o] ol ol of itk AE5e 02, Asahu -1 kg T

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 9+7) ABL S0 of|2] AA| 2] end S EB|HEE endZE AATUTH AF5HH 0, A3}
W -1 gy ok

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
¥k3h 7k A ZR. Part of the 9V ABL $20] 2 o 9] AR 9] reason o] E & R E S vt3gh o}

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 2+7 ABL Fo] 2 o 2] A 2] reason A E B HEE reason 2 A AUt} A&3HH 0L,
A)std -1& vy o)

5.9 24 Mo

o) ¥ Fat To1% B BE RRo A C 4 E0H S A7) 52 S s BUE AT
A7) L= e ol TEE BEGA s A9 BT (hol M TEE AT HolE AFoZ
ZAZJYULH. T 22 EFo] AA A S A 5H7) WhEo tp_call TN = D3R k5 Th

int Py_EnterRecursiveCall (const char *where)
Partof the V7 ABI WA 3.9 0132, AAZA CH&E T &0 T dm el s A E S A YT

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.

I o 5 A Akl =@ E=A APt o] -9, RecursionError7t AR 1 00°]
opbd gho] Rigkbg Ut 29 #] ¢kow, 00] vEg U th

where= A7 Z o] A|3tC. 2 93l RecursionError WA X0 o]o]ELU " in instance check"
9} 22 UTF-8 A7 £ o] o] of Tt}

B A 3.990]| A ¥ 7: This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)

Part of the ¢+ ABI W& 39 ©]|3 &. Py EnterRecursiveCall () & Z &34t}
Py _EnterRecursiveCall () 9 Z+ AZ A s &nlr}dl AR ST &5 ofof gt}

] A 3.9 A ¥ 7 : This function is now also available in the limited API.

Aol gl thal tp_repre Ukl RS W S8 A7 A7t DLPUh 292 BRI}
ol 7158

H
A9, tp_repr& <3g FA 7] A3l AAE FAMoF I thx F
U5 Ytk AFA A 0] 5L reprlib.recursive_repr () o 3 C ESEYY

SLUQL‘
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int Py_ReprEnter (PyObject *object)

Part of the 27 ABL

T8& FA Al tp_repr 8 AIZ /\1

227 o) 5] 2|5 92 W, W FO) A E WA 0

e
(L. Ewasg
A7) A gkol
< wateof gt

A7 S

=4

IR o, F4E=0S MBS tp repr A AAA O

Hebsf| of ghu T A&

Sgsd get

o

i

ol

o

whekehy

g

2~
T

void Py_ReprLeave (PyObject *object)

Part of the
oA & Zof of ] th.

510 = 0|2

-4 ABL Py_ReprEnter ()& 253Ut 0

=9, dict 4 xﬂ%

.0 A% tp _repr +HL YHFA 0 F NULL

Wl33l= Py ReprEnter () @< UFT}H

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

variables:

ColE uto| ol LE
PyExc_BaseException BaseException .
PyExc_Exception Exception Page 60, 1
PyExc_ArithmeticError ArithmeticError EaZ260N
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError 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_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError
PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError
PyExc_KeyError KeyError
PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError gL
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundErro ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedErro NotImplementedError

OSError Page 60, 1

PyExc_OSError
PyExc_OverflowError

OverflowError

Lt = O X0l A=

5.10. EZ ol
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H 1-0|X Ho|X|of| A AIE
Co|E lo|M O|E LE
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
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateEr
PyExc_ValueError
PyExc_ZeroDivisionError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

=

PyExc_BlockingIOError,

PyExc_BrokenPipeError

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError
PyExc_FileExistsError, PyExc_FileNotFoundError, PyExc_InterruptedError,
PyExc_IsADirectoryError, PyExc_NotADirectoryError, PyExc_PermissionError,
PyExc_ProcessLookupError ¥ PyExc_TimeoutError+ PEP 3151 w2} = 45 5 Yt}

WA 3.5 7} PyExc_StopAsyncIteration I} PyExc_RecursionError
WA 3.69] &7} PyExc_ModuleNotFoundError.
£ 2 pyExc_OSErroro that 234 HA YUk

Col&

PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

tr
[m

8]

WA 3304 WA o]t A2 HE O o 9] FoldFUTh
T E:

lojAL g2 BF o 9o vt wlo|x el gt

ZAx o ut AogHuth A A8l 7] vl 22 Ms_wINDOWS 7} B H =] BlAES S o] 8 A3l TEE RIFAL.
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511 & 21 HEF

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

WA 3.20]] 7}: PyExc_ResourceWarning.

T E:
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6.1 2 Al FE2IE|

PyObject *Py0S_FSPath (PyObject *path)
uL3kgk: A 2. Part of the 9H4 ABI WA 3.6 0] & 2. parhol] t) 3t 5} Al 2~ € £3-S uishah o).
AA 7} strolybytes AA| oW, A 7Fet =& wkEstUth A A 7} os.PathLike QIEH O] A8
TS, fspath_ () 7} strYU bytes AA LD wf] vkEg Ut 218X Q¢ O W, TypeError 7}
2yskar NULL o] HEghg Ut

WA 3.690 7}

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

Return true (nonzero) if the standard /O file fp with name filename is deemed interactive. This is the case
for files for which isatty (fileno (fp)) is true. If the global flag Py TnteractiveFlag is true,
this function also returns true if the filename pointer is NULL or if the name is equal to one of the strings
'<stdin>"'or '??27?"'.

void PyOS_BeforeFork ()
Part of the V7 ABI on platforms with fork() | A 3.7 o] &2, T Z AN~
B fork () 1} BA) L2 A2E RANE FAD BT 527
R A A A ALE s FI

o,

AL Cfork() B&2 (“vlol” =] E Q) “vQl” A = A gk o] F o] A of T
PyOS_BeforeFork () & u}&7FA 4 Y th

WA 3.70] &7}

void PyOS_AfterFork_Parent ()
Part of the Q7 ABI on platforms with fork() |7 3.7 0] 32, T2 M2 3 $ B YR A E Al
Sho B L2 AL BA L ABREAS BADC], fork () o BA L2 ALE RATE §AD
FTEIET T AR 22 A2 TS oF FUTh fork () 7F A A Al L") A ¥ ARS 7HE

ok
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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 379 F7}

void PyOS_AfterFork_Child ()
Part of the $+7 ABI on platforms with fork() A 3.7 o] T2, Z 2 M2~ 23 T Y X QA Z 2] A&
AN B fork ()} AA TZALE BARE RAT G52 529 F, 22 AL ol B
AEZo|E1E O A 52T b0l Ao A4 T A 20l A B2 oF G fork () 7 Aol
Al o A jE AR 75 T

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 Py0S_AfterFork_ Chlld() oM TE2 AHEA F9] stol 45 55 T JdsUth

void PyOS_AfterFork ()

Part of the ©+7 ABI on platforms with fork(). ZEZ M|~ £3 —‘?‘— AR Y17 AJE) E FA = T 3
o X QElZ ] H 7}t 74]* /Wﬁﬂﬁ}fﬂ M2 Z2A2oA SEFo]of it A ) 31do] A
ZEA 20 ZEFHY, o] -5 S2T 37 ls YT

WA 3. 75E 9 X =H: 0] 4= pyoS AfterFork _Child()E RIS 45U th

int PyOS_CheckStack ()

Part of the °+% ABI on platforms with USE_STACKCHECK W A 3.7 o] & 2. 1 g Z 2§ of] 8] F7}o]
5ot o ks o) A2 AF A 9= Flo] A v, USE_STACKCHECK ©] Z*PJHOJ A=
o Bk AR 4 s U T (E A U}OlﬂiiiE Visual C++ %‘JJr"‘Ei EAMESe 5 HAY A=
ol A). USE_STACKCHECK-Z A5 2 & g Ul o 2 A4 2] T T of A @ﬂ% H A A=

YT
typedef void (*PyOS_sighandler_t)(int)
Part of the Q7 ABL

PyOS_sighandler_t PyOS_getsig (inti)
Part of the 9% ABIL. A 714 ol th 3 & A} A] g A .
signal ()& FAHs 9 AR AU th 1 9452 A4 52504 vhal A

PyOS_sighandler _tPyOS_setsig (inti, PyOS_sighandler_t h)

Part of the ¢4 ABL /\11 i Ald A 7S h2 AgUT ol A AlLd A # 7] E ey
ot o] 21 sigaction() °|t signal () = AH= %’&% AUt 1 gese 44 TE5HA
mHA Al 2.1

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the F% ABI WA 3.7 o] & 2,

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

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

FAA~E AT T} o ] 2 ] 7] EH} 1EdE v a3t ol 8 A 2] 7] 7} surrogateescape i 2
Ae) 7194, 429 = gl vhe] E 42 U+DC80.U+DCFF ¥ 9] 9] #2412 vy 2 g Utk 18 3,
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HIO|E A AAE A EAOE FAR YId & 4 9o, o] 5& v 7 9 3= th4l surrogateescape

o &) A1) 7] S Mg 5o wpo| E A S o 27 o= Fuh.

Mz i ehol = F A (wide character) Aol th 2 A E wh&gh o, W22 & s A 52 d
PyMem RawFree ()& A& Al L. size 7k NULL ©] o} U ®, d EALE A9 8 gpol= 22 5

*sized] 712k,

gzg olyy vz e & o8] Al NULLS WUt size7} NULL ©] of U W, W2 2] of #] A
*size7} (size_t)-12 AAFH I, tyZY o8] A] (size_t)-2F AAFE

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

CetojE g ol W7t glod, by o 27} g shA] ehobof Pt

AL Aol ELE A A F Y8 W py_Encodelocale () 48 AHEIHAI L

| ®B7):

PyUnicode_DecodeFSDefaultAndSize () 2} PyUnicode_DecodeLocaleAndSize () &<
WA 3.5 F71

W7 37604 WA o] §4 o] Al vhol 2 UTF-8 o 4 UTE-8 A1 519-& AHg-3hth.

W A 380 A X Z: The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;

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

Part of the ©+7 ABI ¥ A 3.7 o] & 2. 9}o| & B2} (wide character) A QS 3} U A] 2~ Hl o] 5 & 31} of
2] A2l 7|2 A7y gt} ol & A ] 7] 7} surrogateescape ol 2] A 2] 7] ¥ U+DC80..U+DCFF H $] ]
A 2 A o] E B A= Hlo] E 0x80..0xFF & W 2 Ut}

Az dgdd vro]Edof i3t 221 E gy, Uﬂ 2| S s Al ste ™ PyMem _Free () & AHE
A 9. 7T olei k@ e) B o2 Al NuLLS WHEHEh ok

error_pos 7} NULL ©] o} U, *error_pos= A& Al (size_t)-12 AAFFH L, AT G A& Al 7
ROA) he A A A ARH U

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

HRo| EL S ool & EAF AL = ThA] E P8t ® Py_DecodeLocale () @58 A& A 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_PreTnitialize () function.

o ®B7):

PyUnicode_EncodeFSDefault ()& PyUnicode_EncodeLocale () &4

WA 3500 7}

WA 3704 WA o] = o] A 3ho] M UTF-8 = A UTF-8 Q15 9= AHE- g oh.

WA 380 A A Z: The function now wuses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlagis zero.
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TEAA A2 B G g0 St FRAE FEAUT mE R s g
HxelH 2829 sys 289 XY g 25yt
PyObject *PySys_GetObject (const char *name)
vk gk A2 FZ. Part of the H ABL sys RE A AR names W3 A, EA)5HA] 9kow
s AA HW 9531 NULL-& WHEH3h Tk
int PySys_SetObject (const char *name, PyObject *v)
Part of the ¢+7 ABIL v7} NULL©®] o}d 8t sys E 2] nameS vE 4 A g T} NULL ©] H name-2 sys
v g ol A AAE Tk A2ehE o, o2 Al -1 WMag LT
void PySys_ResetWarnOptions ()

Part of the °+* ABL  sys.warnoptions & ¥l g
Py _Initialize() oA & 4 A5 Yth

[>

ER ALY YY o e

void PySys_AddWarnOption (const wchar_t *s)
Part of the 7 ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

Append s to sys.warnoptions. This function must be called prior to Py_Tnitialize () in order to
affect the warnings filter list.

HA3115E ) R3H.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the 7 ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions
should be used instead, see Python Initialization Configuration.

Append unicode to sys .warnoptions.

Note: this function is not currently usable from outside the CPython implementation, as it must be called prior
to the implicit import of warningsin Py_Tnitialize () tobe effective, but can’ t be called until enough
of the runtime has been initialized to permit the creation of Unicode objects.

WA 3. 115E w2 E.
void PySys_ SetPath (const wchar_t *path)

Part of the <7 ABL  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 sys.path to a list object of paths found in path which should be a list of paths separated with the
platform’ s search path delimiter (: on Unix, ; on Windows).

WA 3115 A F.
void PySys_WriteStdout (const char *format, ...)

Part of the 9+73 ABL format2 2 7|5+ &8 EA9S sys.stdout o 7| St} 2 o] &y

stol gt ol 9= H“ﬂ?ﬂx] 0}’“14‘3}(0}?41 £ FxstAR).

AR, 5o, AL SAD s £ A Dol A5 B BE o5 B
BTN 5ol A5l oF Tl o] 7] A <N>-& <Noo T} Z0F xE0) Ao 275
9% o) 10004}0] EE 27514 FEE AR A5 Th B8 G £ 2051414 2, b3 2
SAE 2 AHe) & AN T 5 dH Tk

EA|7H WA BRAL, sys . stdout 7H A o YA GO, ZWE WA A& AA (C 52) stdour]
1%E U

void PySys_WriteStderr (const char *format, ...)
Part of the 7 ABIL. PySys_WriteStdout ()3 ZA 9 tAl sys . stderr o] stderrol 34 T
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void PySys_FormatStdout (const char *format, ...)

Part of the <+ 7% ABL PySys_WriteStdout() ¥} -+ AF 3t & 4 o] X ul, 1 A] ] &
PyUnicode FromFormatV()S Ar&3leo] Tl WA A S Ao Aoz A=A &

[Rh=
B A 3.20] =7}

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

Part of the VA ABL PySys_FormatStdout ()3 ZA| 2 th 4l sys. stderr o] stderrl] Ut}
B A 3.20] F7}.

void PySys_AddXOption (const wchar_t *s)

Part of the 2+73 ABI W A 3.7 o] Z 2. This API is kept for backward compatibility: setting PyConfig.
xoptions should be used instead, see Python Initialization Configuration.

Parse s as a set of —X options and add them to the current options mapping as returned by
PySys_GetXOptions (). This function may be called prior to Py_Tnitialize ().

B A 320 F7}.
WA 311EE A E.

PyObject *PySys_GetXOptions ()

wrEZk: A2l 22, Part of the 917 ABI WA 3.7 o] &, sys._xoptions?} FAFHA, -x 549
AA G 2l E vk Th o 8 71 A s, NULL o] WhRhE 1 o[ @) 7 A A ] U Th

B A 3.2 =7}

int PySys Audit (const char *event, const char *format, ...)

=34 B0 A MES WA R AF A 02 MBFhT A Al o] 9 S AA5ke] 00]
o g2 T o,

If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart
from N, the same format characters as used in Py BuildValue () are available. If the built value is not a
tuple, it will be added into a single-element tuple. (The N format option consumes a reference, but since there
is no way to know whether arguments to this function will be consumed, using it may cause reference leaks.)
PY_SSIZE_T_CLEANO| o= =R 2} AAQlol, # 2 FA= FA Py_ssize tZ A g5 o]of
o)

sys.audit () & Zo]H F =9t F A3 755 AT h

HZA 3.8 F7}

A 382004 WA # 2 FAol| thall Py_ssize t& 2FFYTh o] dellE, & gle A
Anrh R

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

B4 AL E B A 2] hookE F/FEUTh AFFHE 02, AhEHE 00] ol g .
sieholo] 27)5h5 910w, A5 Al o2l AR FITh o APIE £8] 5718 52 Arklo] s
B Qe z e ts) 29Uk

o] 4= Py Initialize() 011401] ITEHE kAU B
S o] A&7 Exceptiono A AH
(th& ol 2l& A= A (silenced) 25 1,11—/}),

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

Aol ThE A G AL PEP 5782 BE A 2. o MES A AL HEAF EF o] 2
Bele] g4 24 o ME Eol s o] A5 uth A B 8L 7 3 AR Ao 5T

o
(i,
=2
S
]
i)
0%
>,
A
N
oo @
[e]
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JE Z g7} 273} W, o] T AR §lo] ZAF oMl E sys.addaudithook< WA U Th
7]& Zo] Exceptlon"ﬂH g E o2& WA 7| E, A} Fo] F7hE A] kAl o 9] 7t Zl AR Y
ARA oz, EEA 7)Y BE F2 AoihA G F ol 2745 vty A 5 G
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 TupleOb ject. userData is the argument passed to PySys AddAuditHook().

B A 3.8 &7}

6.3 T2 MA X0

void Py_FatalError (const char *message)

Part of the 74 ABL XA Q1 o8] B A A& Aot ZZAAE S YT o Aol = 3
A FE Yt ©] J#hﬁr 18 QB ZEEE A A Aol—‘ﬂiﬂf‘&z&ao] A = g v gk

SEHFFUTH A E o, A B/t AR A2 B uf. Y2 L, FFC ol He g

3= abort () 7F £&5 9] core 34 & A A3 1 A =F YT

Py_LIMITED_API WA Z7} Aojw o] QlA] ¢k 8k Py_FatalError () 5+ A 59 ol &

S AR 2 o= WA 2R thalg Yt
WA 3904 HA: g ol A& 21 Fth

void Py_Exit (int status)
Part of the 9+ ABl AR Z2MNAE ZE5FYULH o] AL Py FinalizeEx ()2 SE3 S EE
C2lolB# g S exit (status) & &S YUY Py _FinalizeEx ()7} B & & A =
’BLEH 1200 /\47&9141;]__
WA 36004 W7 sto]d | A o] Mol A 9] ol 8 7} Bl &= FA| = A] k5 Uth

int Py_AtExit (void (*func)())
Part of the °+7 ABL Py FinalizeEx ()7} 3 A 45 S5k
S=HH 32 vkskebA] grofok gtk FH i 3271 9 @ﬂ dT-ESEST S
SH9, Py AtExit ()& 02 WU Th Asfstd -13 whg ot wpA 2ol 555 3l
A 2P UTh 4 A8 e A S HsSF Ut e 35 Aol ghol e Wi stold
oM o] &5 7| wfZol, funcoll A I}o] M APIE 2319 < YT

64 2= QIIE 5}7|

PyObject *PyImport_ImportModule (const char *name)
WSk gk Al 22, Part of the 273 ABL This is a wrapper around Py Import_ Import () which takes a
const char* as an argument instead of a PyOb ject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
ke zh: A 2. Part of the 9+ ABL ©] 8t PyImport_ImportModule () 2] H A

(i
117
2,
A

o H
Y
WA 33004 WA o] 715 e AdEs JEE GFL WA AP EA ARGk 2
et shol A 33014, A A o] T o] BAo N BE TS FF o A%k 7] W e, o]

P40 540 5L U BRoA g

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

wehgh A 2 RES 92 E FUth WA dbold 4 __import () €SS ME R AR S

& g% yth
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98 3t JEE B BEolu A4S A7 Ao tE 2 Bz, we A A o9 7 448 oL
QUL import () S u}AAA R, vlo] A %L fromiist7} A FE A e B, AA A 9] A m
LR e AL SR AL

o
HZI

E A= PyImport_ImportModule () A8 ES4A3 ZE AA = A At
PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

vkt gk A ZHZ. Part of the 9+ ABI WA 3.7 0]—?‘—& EES YFTEFIL. B import ()
57t o] G458 A4 £E37] MR, WA 5ol 4 §4 __import_ () & B3 /b3 2 AR T
NN
T x| 14 D]’
W g dxE A EEolu A4 A Ao M2 Fx, e A A o972 " NnuLL
YUtk _import_ () & UFIZIAIZ, vl o] QUA] QF-2 fromlist 7} A g = A ¢k T, A7 A & HE
HEo] R FF S wl o] vbsk k2 249 7)1 A Ut
WA 330 7}

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *1ocals,

PyObject *fromlist, int level )

Ll /\H Z}YZ. Partof the V% ABL PyImport_ImportModuleLevelObject ()2} H]55FA]qk
name<> U I = AA hA UTF-82 A ZFH EAE YUt}
WA 3304 M level®] &5 32 Bl 8 A 5T

PyObject *PyImport_Import (PyObject *name)

Wk A R Part of the 97 ABL o] A2 WA “UXE F F47E T AFE AHFH o]
AUt (BAI AR level 02 A3t At A2 EE SFuTh. dA4 A9 __builtins__ ]
& _import () B BETIL o= A4l B0 AR YEE FL A8l YEES
882 o gk
ol e T A dEXES A HY L

PyObject *PyImport_ReloadModule (PyObject *m)
WSk gk Al FZ. Part of the 9Hd ABL &2 THA] 2 = (reload) &Yt} thA] 2 =9 &9 O3t
222 wekst AL, A3 A o9 7} A E NULLS whekghU o) (o]w] RE S of B3] 2413 .

PyObject *PyImport_AddModuleObject (PyObject *name)
vk W ZZ. Part of the 2F% ABI W A 3.7 o] & 2. Return the module object corresponding to
a module name. The name argument may be of the form package.module. First check the modules
dictionary if there’ s one there, and if not, create a new one and insert it in the modules dictionary. Return
NULL with an exception set on failure.

Z31: This function does not load or import the module; if the module wasn’ t already loaded, you will get
an empty module object. Use Py Import_ImportModule () or one of its variants to import a module.
Package structures implied by a dotted name for name are not created if not already present.

WA 3.30] F7}.

PyObject *PyImport_AddModule (const char *name)

w7k 2 22, Part of the 9+ ABL Similar to Py Import_AddModuleObject (), but the name
is a UTF-8 encoded string instead of a Unicode object.

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

vl gk A =R, Part of the 01-?4 ABL Fo] R B E 9] & (name) (package.module FAH F
$1% 11 th 3} shol A o= 5= 5ol ) RSP compile () £ 9 Z= AL,
2Eg i‘:%}qr/} —.Xﬂ"ﬂtﬂﬁ*ﬁi A2 E &S AY, T oy 7t A E o

)| 7} pe 474 E NULLS J—%@'q t} o &7 HA S H sys.modules Oﬂ A name ©] Al AF Y},
PyImport_ExecCodeModule () © 10151'113] name©] sys.moduleso] o]u] Qo= T EHH T}
sys.modulesol] A A 2738 RES EA T A2 Ad UL 2R EES IXE S
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2E AR S5 Gt (203 ohvhs RE AYpe] o ol W o) B ) £48) elol 922
&gl 7] e YU

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.

The module’s _ file_  attribute will be set to the code object’s co_filename. If applicable,
__cached__ will also be set.
ol Bt 0w JEE Fgrkel B S oA RETh REL ) RESHE owE Py
PyImport_ReloadModule ()< ZZ3AAIL.
name®) package .module P49 Mo g FEH o|BL 71271, ol v] WS A A e 777
TZ2E AT s A A gFTh
PyImport_ExecCodeModuleEx () 94— PyImport_ExecCodeModuleWithPathnames ()& ?}
Z5A L

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
wisk gk A =, Part of the 9+ ABI. Like PyImport_ExecCodeModule (), butthe _ file_
attribute of the module object is set to pathname if it is non-NULL.
PyImport_ExecCodeModulelWithPathnames () & FZ I AL

PyObject *PyImport_ExecCodeModuleObiject (PyObject *name, PyObject *co, PyObject *pathname,

PyObject *cpathname)

Wk gk A} ZZ. Partof the 9F73 ABI ¥ A 3.7 0] & &. Like Py Import_ExecCodeModuleEx (), but
the ___cached___ attribute of the module object is set to cpathname if it is non-NULL. Of the three functions,
this is the preferred one to use.

B A 3.30] F7}.
PyObject *PyImport_ExecCodeModuleWithPathnames (const char *name, PyObject *co, const char
*pathname, const char *cpathname)
wisk gk A FZ. Part of the VA ABL PyImport_ExecCodeModuleObject ()2} AFSHA 2k
name, pathname 2 cpathname2 UTF-8 & A FZ G H 214 U th. pathname ] Zko) NULLE A3 Q
73§ o] W Fko| cpathname | A 2}oFdt=A] dropf & a1 T ch
B A 3.20] F7}.
WA 3304 WH7: Uses imp.source_from_cache () in calculating the source path if only the byte-
code path is provided.

long PyImport_GetMagicNumber ()
Part of the 9+7 ABL 3}o] W vlolE T & 9} (YW .pyc 31Y)
LTk 94 M B = dho] = 1 selo] A Avtol o] o) ol
o] Al -1-& Wkt
W 33004 WA A5 A -1 WY o,

const char *PyImport_GetMagicTag ()

9] w2 *H & (magic number) & WF3HH
U o o] = A= E A sf ok Fulh,

Part of the 2+73 ABL PEP 3147 § 4] s}o] ¥ ulo]|E I = 9} o] 52| v 2] ] 7 Ex}E S wkshshy o).
sys.implementation.cache_tag®] 32 A1F & 4= a1 o] T4 thAl A3l oF ghell 2] 314

Al L.
WA 3200 7}
PyObject *PyImport_GetModuleDict ()

WSk gk A2l F 2. Part of the 9+ ABL & &g o AFEEH = 248 (€Y sys.modules) &
LlacacigR= °]7']° Sz gl g uttt 2R 8t Ay Yol § Al 2.

PyObject *PyImport_GetModule (PyObject *name)
MLELZk: A ZZ. Part of the 9173 ABI W12 3.8 0] 5.2, 0] 7 o] 202 oju] YEE B RES W
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FUth ZEo] obd JZE 2] Qi NULL-S UHEIA| g o 2= A A A syt 23] o]
Aol st NULL= Whekshal o 3 S A8 gy Tk

WA 3.79 F7}.
PyObject *PyImport_GetImporter (PyObject *path)
WSk gk: Al FF . Part of the H ABL sys.path/pkg.__path_ &5 pa

£ W3ty sys.path_importer_cache YA U A A £ 5 5Uth obF A H A
Agodw, AR FES AT 4 Qe Fo] HAE w714 sys.path_hooksE FHF L 5o

2
it
Ho
%
i)
rO
n)
3
2

1o None = WHa Ut o] A2 S E APl Al 4= 7|0 9}l 7} o] A= 5o g sl &
S 4 oS ¢85t sys.path_importer_cache®] 235 7| A] ot ThQlT] A o
e 2R F2E Y Th

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the V7 ABI WA 3.7 0| & 2. name©|2t= 0| &9 L E & B 5 (frozen module) & Z =3
th AEstE 12, EEe A otd 02, 273kl Aafstd oS A stal -15 wbghey
Rt u dxE H ZE A28 PyImport_TmportModule ()2 AFE3HAI Al L.
(R olgol FYFHAN L — o] e BEC] o7 X E He of Al 2=9YTh)
WA 330 27
WA 340 MA: _ file OEZREE He ZEo AAHA syt

int PyImport_ImportFrozenModule (const char *name)

Part of the 2+73 ABL. PyImport_ImportFrozenModuleObject ()%} H]5=3}X] 2 name< 4
= A7 g4 UTF-8 2 398 B2 4t

kU

struct _frozen
o] AL freeze FEH T E (Fo]| M AX W ZE2] Tools/freeze/E AXRFAAN )7 =2 =
EEU2IHHE AT T2A B BY YU Include/import.hol Q& B+ th23 25

Ut

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

bi

WA 3.110] 4] XA 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
ol 2A¥E frozen B ZEY WIS 77| =5 27]31H =0, @7t 2F nULL oy o<l ¢
FER 29Ut 222 2Fo] 92 E D uf, o] Hol&oA AAF U AR ZEE o] A2
AHgotel 5ROz ANE 22 Z BE NS ATT 5 Ytk

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

Part of the V7 ABL 7129 Y3 EE HolEd ©dd 5L 7Yt oAL
PyImport_ExtendInittab ()& ¥ A st 3], HolES ZFT # glod -1 24
S Th A BEL nameol g o] B0 % AEE D 5 Yo, iniffunc FHE AL AL AEE
oNA TEEE 273 42 AL ST Py _Tnitialize () Aol &&3loF &Yt

struct _inittab
W3 25 850 9t 99 §BL /s F2A. oA S YFE zzage
PyImport_ExtendInittab ()3 T o]d gt Fx2A 9 W EE b8t 71 g REES A
3 @5 Utk TRAE T A WM E 2P Utk
const char *name

2E o] E,ASCIIZ Q7Y H Ex4.
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PyObject *(*init func)(void)
JdezE o YHE RS st 273} &4

int PyImport_ExtendInittab (struct _iniftab *newtab)

8 2 Hol o) 2E A& £/ newiah A2 name D=l NOLLE E T A
(sentinel) %0 2 & }o} FUITH AE D g8 AF o 2o B e) 257 WAD - LT
AES 08, UL H o 88 3] AT PR eI FEA O 18 BAg Tk A3l ol
W& gHlo]Eo] REo] F7IH A F5UTh Py Initialize () Ao S&3 oF gt

If Python is initialized multiple times, PyImport_AppendInittab () or

PyImport_ExtendInittab () must be called before each Python initialization.

6.5 O|O|E{ Oj&F2! X|HA

o213t FE2 C Z =7t marshal REY 22 dolH FAS AFE3te] AH3H AA=Z 2] & 5 9
£2 FUnk 498t 340 HolElE A G50 ot E 0l 2t ol A48T 5 A R B
Stk vHEe) B0l H 2 Ashe ol A5 & h L ulo] el BER @ojof gt

S22} gHe 51 npol E 7 WA A ZE Ut

The module supports two versions of the data format: version O is the historical version, version 1 shares in-
terned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating point numbers.
Py_MARSHAL_VERSION indicates the current file format (currently 2).

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

long B values file 2 WHEU T}, value®] 2 519 320 E v 7] 53U T 7] long 9] 7] 9}
A Qo). versionS 3+ & AlS LEFH U T

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)

sbo) W AA| value s file= vHEFEU T version< 3tY 3 A& YERY U T

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

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
HhEh gk A . ubaFE value 82 ZFS ulol EG AR S vk TH version& 3FE F A&
thep o),

the B4 E AHSSHE v g2 il 92 4 U

long PyMarshal_ReadLongFromFile (FILE *file)

7] 5] A2 F1LE* 9] WOl 2EFo) A C Long L W3
712 2] 9 BAglo] 329 E ek 91 4 vk,

o2} Al, 2% o]l 9] (EoFError) & A8l -1 WhEHg U th
int PyMarshal_ReadShortFromFile (FILE *file)

e17] sl A FILE* 9 vl o] B 2E A C short S W&ttt o] 9+E AFE51H short 9
712 2719 AAglo] 164U E ghet ¢l 2 5 s U Th

o] Al, A% 9] (EOFError) & AR -1 W& Th
PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
gk A Fx. 81 7) Aol A FILEX 9 HlolH AE oA sfold A E gt
shergy o

m
i)
L
kv
s
o
4y
i
>
ofo
ok
g
'_l
(@]
o]
0
1o

mlo

o & A], A A3l 0|2 (EOFError, ValueError B+ TypeError) S A A 3}1 NULL

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
wEg: A B 971 A8 49 FIies o Hole 2Egel A shol M ARE wagh
PyMarshal_ReadObjectFromFlle()E}DLE] o] St = g oA AAE A &S A
o AR A, 3 Tl o] B8 W el o] 430w T 8 % g, 5ol A B wpol= 4 gl
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o

A Ao Qi dolH A o A3t E
Aolehe Aol & 4ol e o e S AHEEHAA

o = H

pay

F AFUTH FdelA ofd

£ 94 %

to ok

of 2 A, A A3l o9 (EOFError,ValueError B+ TypeError) S A A 33 NULLS WHE-sHU o}

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_tlen)

WkSkgk: Al FE. data7} 7h2] 7] len v B8 % 5 vho] = vl o] W o] B AE ol A The] 4l
27 & sk,

of & A], A A3} 0|2 (EOFError, ValueError + TypeError) S A A3} NULLS wHEsh o}

These functions are useful when creating your own extensions functions and methods. Additional information and
examples are available in extending-index.

A E o3t g = AL M /lQl PyArg ParseTuple (), PyArg ParseTupleAndKeywords () &
PyArg_Parse ()= BF oA} Qx}of] &S AFGS Sharof] &= o) AFRE = 29 B2} (format strings)

o]
S ST ZU BADE o 8% 7 G40 the) 22 BE AHSF L

Zu BAdL 07 o] AFe] “Z il o9 (format units)” & FAE UTh W 9= ko) slold AAE
Ay dirgoe gd A 23R /5 =W 99 AdadUnh 2 7hA] o9 A9l sk,
222 FAAALTFotd 29 o= dRtF oz o]aqa ol e & Fa ARl oSy o
s Aol A, -84 (quoted) F A2 29 @9 JUTh (F2) B2 o] F52 2 oh9jof A 8=
spol W AA FAUh; [H2Z] o] FE2 F42E ﬁ%ﬁﬁﬂr st C o FdYh

ol xS AFR S AHA A MR Az AA o JAH A E 5 sy th EE FUIZEL v
Ed 9ol dgd A AZaEATE 27 As U
22 A A ¢ 2 W 3= NULE S35 A S5yt

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

o Formats such as y* and s* filla Py_ buf fer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py_ BEGIN_ALLOW_THREADS block without the risk of mutable
data being resized or destroyed. 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_releasebuf fer 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).
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ZF31:  For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined be-
fore including Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.

s (str) [const char *]

FUIE AAE 2AL) B &C ZABZ ARG 72 Bxdo] that ZAE & of g ito] T
£ ALY B4 EAH W5o) AFPUh C 2GS NULE F2H U shol A 244 34
9

4
d 75 IQEE x351A] ebotof Futh; 2EthH ValueError
AR = 'utf-8' AT Y-S AHE st CEAL R HSH Ut o] WEto] A3

7h g g,

(

Fa: o] R Hlo] EG{ AA|E ot ol A gk UTh 3 Y A|A" AR E WotEola o] EC
BREd 2 HES8 Y, PyUnicode_FSConverter ()E converterZ 0s EM S AR 5t= Ao £5
Uk,

WA 3504 A7 oo, shold FAL M W Ad @ ZE £AEZTHE ™ TypeError 7}
AP F YT

s* (str £ vlo]| E < F 70 A)) [Py_buffer]
o] Tl vto| =R A Rk ob e} fURE AH & WolS YU th TEATAF T Py butfer
FZAE AUtk o] ¢ 2 CEAL2 WA NUL vl ES 232 ¢ JFUTh FUZE
AAE rutf-8' AFYFL AFL3to] C EAD 2 W3y

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 *]
soF ]t A| B 3ho] A A 7 None ¥ % (=], o] B¢ C ZAEZINULLE A F Ut

z* (str, B}o| E Q7 714 & = None) [Py_buffer]
s+ 9 ]2 5HA o, sho] A AR None d £ YU o] 9 Py burfer TEH S but Wil 7h
NULLZ AAF Ytk

z# (str, read-only bytes-like object or None) [const char *, Py ssize t]
s# 2 v 28kA v gho] W AR = None F = 55U o] 4% C £QAE7kNuLL 2 AFH YT
y (¢]7] A& vlo] E QD F 71 A]) [const char *]
This format converts a bytes-like object to a C pointer to a borrowed character string; it does not accept Unicode
objects. The bytes buffer must not contain embedded null bytes; if it does, a ValueError exception is raised.

WA 35004 |7 o] Holl=, vhe] E G W ol A W7t d Hio] EZF A E W TypeError 7} A 3]
Ut

y* (o] EL 5 71 A) [Py_buffer]
s*9] o] WP GUILE AR 7} ok 2k whol = A F AR e wobE YU ok uhol e Hlo| 6 & o}
Sl A% PE YUk

y# (read-only bytes-like object) [const char *, Py ssize t]
ske] o] ML FUTE AH 7} obieh vhol E A7 A v Lol S I},

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 *]
Convert a Python Unicode object to a C pointer to a NUL-terminated buffer of Unicode characters. You
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must pass the address of a Py_ UNTCODE pointer variable, which will be filled with the pointer to an existing
Unicode buffer. Please note that the width of a Py UNTCODE character depends on compilation options (it is
either 16 or 32 bits). The Python string must not contain embedded null code points; if it does, a ValueError
exception is raised.

H A 3504 WA o] Ao, shold EAL AN N E & I = 2AETH LAY TypeError 7}
LAY F U

HA 334 F A= AF5YUTH HA 312004 A AP YT Part of the old-style Py UNTCODE API;
please migrate to using PyUnicode_AsWideCharString ().

u# (str) [const Py_UNICODE *, Py ssize t]
This variant on u stores into two C variables, the first one a pointer to a Unicode data buffer, the second one
its length. This variant allows null code points.

WA 3304 F A= AS5YTH HA 31200 A A AF YTt Part of the old-style Py UNICODE API;
please migrate to using PyUnicode_AsWideCharString ().

Z (str or None) [const Py_UNICODE *]
Like u, but the Python object may also be None, in which case the Py UNICODE pointer is set to NULL.

WA 3304 F A= AS5UTH HA 312004 A AF YTl Part of the old-style Py UNICODE API;
please migrate to using PyUnicode_AsWideCharString ().

Z# (str or None) [const Py UNICODE *, Py ssize_ t]
Like u#, but the Python object may also be None, in which case the Py_ UNICODE pointer is set to NULL.

WA 33004 H A= AFUTh WA 312004 Al A Y th: Part of the old-style Py UNICODE API;
please migrate to using PyUnicode_AsWideCharString ().

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* (Y 7]-227] uto] E L7 A [Py buffer]
o] ZHW 2 ¢}7]-27] WF AFFo]2E T BRE AAE 58
py buffer +Z2AE AUtk W= W g vlo]EZF X2 3E 5 ¢
H2 & d& v W pyBuffer Release ()& Z&d oF Fth

es (str) [const char *encoding, char **buffer]
so o] P S FUIZEE EA AR AF Yo+ o A-EF Utk W NUL vio| E7L 235 A
0F-2 A H dlo] Bl of] thafj A vt 25 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 B L83 37|19 HHE &stal, AF G H dl o] E% £ °] tﬂvﬂoﬂ EAFSEAL
Mz TGH A5 A S FRIEZ hufferS ZAFUTE TEAE AL Tof| S3d v 2 oA
317] 95l PyMem Free () & S &8 oF gt}

=2 R

et (str,bytes = bytearray) [const char *encoding, char **buffer]
Hho| £ BALd A& Al TR 5HA) 27 SR A A2 5 es st 2Lt oA, FAL

vpol= BALd AA A v Wew AT A RRS Agerhi A g o

es# (str) [const char *encoding, char **buffer, Py ssize t *buffer_length]
s#9] o] MPL FUAEE B2 M2 ARG 5He o AHSHUTh es ZHT 2, o] AFSNU
A2 Zgole 99 HolH 2 585t

o

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
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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.

F 74 A5 BEs g

*huffer 7} NULL Z A B & 712 7|, = 283 379 W & &8, o] (32 A7 H do]
B & BASL “huffer MZE SFH 2E A& FRIIEF AAFUL SEAE A T I3H

2E
W3 2 S A 3L7] J&l pyem Free ()& SZ oF Ptk
“buffer 7} NULL ©] o} d Z Q1 E] & 7}3] 719 (o]u] &FH W H), PyArg ParseTuple ()< o] X &
512 X881 huffer Length®] £ A E M 2712 ARG 28 0 A2 IR dolH g
H 3 o] At NUL S5 th W37t 526 22 2 ¥, valueError 7} 44 g Yth
T A 25, *buffer_length= T3 NUL v}o]EE A2 s A F G H do]E o] doj2 dAFTh

et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
Hpo| E 2t A& thA] 21 6}Xl %al SHAUNT= Ao A5t es# 2F ZF U A, 7
AL nfo|E Bapd AM o)) W42 A A TP AR AR T

=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 to a C long int.

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

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

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

n (int) [Py_ssize t]
slo| W A5 Cpry ssize t2 HEBFHThH

c (Zo] 19 bytes == bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, toa C char.
WA 3304 HA: bytearray AAE §L3Yr}.

C (Zo]19] str) [int]
Convert a Python character, represented as a st r object of length 1, toa C int.

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

d (float) [double]
Convert a Python floating point number to a C double.
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D (complex) [Py_complex]
ol A4S C Py _complex F2A 2 AT

7|E} ZHA|

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

0! (object) [typeobject, PyObject *]
Store a Python object in a C object pointer. This is similar to O, but takes two C arguments: the first is the
address of a Python type object, the second is the address of the C variable (of type PyObject*) 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.

If the converter returns Py_ CLEANUP__ SUPPORTED, it may get called a second time if the argument parsing
eventually fails, giving the converter a chance to release any memory that it had already allocated. In this
second call, the object parameter will be NULL; address will have the same value as in the original call.

WA 3.1 A ¥ 7: Py_CLEANUP_SUPPORTED was added.

p (bool) [int]
AGH 3 =23E HAE (E8 < predicate) 5t 1 235 553
th FdA o] FolHintE 12, AFeH 02 A B E
vlo] o] =2 3t Bl A E st W ol th gk ZpAl & 82 truth & 3

B A 3.30] F7}.

(items) (tuple) [matching-items]
AA= Aol 7titemsol Y= EW G o] =2 mlo| A A]?«Q/\oq oF U T} C AAEL itemso] 7]

U o) of] T] S8l oF U Th Al A 20) T Wl 29 4 gl

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

Wb the Ak 0 2ALOIA vl ATk Y BE el A s e 5 Qs Uth 15

I

2 JAA7F A8 AR S e U Th A B A 1zt s Fek= C Hy e
ST — AEA A7} A A A S wl|, PyArg ParseTuple ()&
r‘ﬂ

A syt

PyArg ParseTupleAndKeywords () A-&: 3ol QA A} gl A~E Q] v x] Q1 X7}
S eI T B, BE 71915 18 94 A8 2 holof 3 }
$ ol 2] A = of of F T

WA 3.30] F7}.
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ZU A g AE = 7oA Edth S8 9 2AE-2 olg] mAI A oA T o] F o2 A
Ut} (PyArg _ParseTuple () °] QA A 7] = <l 2] 9] “?ﬂ-‘d‘% &).

EUW Y 2l AEE A7) oA BEUh Alu 28 F 9 EAE 2 7] o] WAIA 9 o2 wAA]
A ol mAI A Z AR H U - 8} = A2 E A Y T
Note that any Python object references which are provided to the caller are borrowed references; do not release them
(i.e. do not decrement their reference count)!

o] 8 ghroll AL = 27} Axpe £ EAL] o8] Fo] AAH & WMee) Faolop Ty o] 5L
99 FES) UE AP A BT, Aol 2o e 2ol A v, ol o)) W
Qegtom AgsE @ 74 A7 ASUTh o A9 g 29 wslol sl 5D A3 L x5 of
T,

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

API &4

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the V7 ABL 9] %] w7} WM4uk X W42 3 dL St i) Mg R EAE Yo
Aeh 2 MR A S, AL e A28 o9 & WA U

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the ©+7 ABL 7} 7149 <27} ofd va listE o}
PyArg ParseTuple ()3 S 43t}

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

..))

Part of the 2+%] ABI. Parse the parameters of a function that takes both positional and keyword parameters
into local variables. The keywords argument is a NULL-terminated array of keyword parameter names. Empty

names denote positional-only parameters. Returns true on success; on failure, it returns false and raises the
appropriate exception.

WA 36014 WA 922 7] 5ol g A9 o] 4% Ltk
int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords(], va_list vargs)

Part of the 7 ABL 7b¥l A% 77} obd valit® WolEelris AL A9 S
PyArg ParseTupleAndKeywords () & 5 4t}

ully

Aok A= A st

int PyArg_ValidateKeywordArguments (PyObject*)
Part of the <9+7 ABL 19 oz dAYE e 77 BX
PyArg_ParseTupleAndKeywords () 7b Ab&5 A ¢k 2ol vt a3y th o 7] A
u] o] AAHE 5@ 37 WSl
B A 3.20 F7}.

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the 27 ABI Function used to deconstruct the argument lists of “old-style” functions — these are
functions which use the METH_OLDARGS parameter parsing method, which has been removed in Python 3.
This is not recommended for use in parameter parsing in new code, and most code in the standard interpreter

has been modified to no longer use this for that purpose. It does remain a convenient way to decompose other
tuples, however, and may continue to be used for that purpose.
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

Part of the 2+ ABIL. A simpler form of parameter retrieval which does not use a format string to specify the
types of the arguments. Functions which use this method to retrieve their parameters should be declared as
METH_VARARGS in function or method tables. The tuple containing the actual parameters should be passed
as args; it must actually be a tuple. The length of the tuple must be at least min and no more than max; min and
max may be equal. Additional arguments must be passed to the function, each of which should be a pointer to
a PyObject* variable; these will be filled in with the values from args; they will contain borrowed references.
The variables which correspond to optional parameters not given by args will not be filled in; these should be
initialized by the caller. This function returns true on success and false if args is not a tuple or contains the
wrong number of elements; an exception will be set if there was a failure.

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

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

}

return result;

}

L

J

o] A ANA PyArg UnpackTuple () o] St E&L PyArg ParseTuple ()°l Bt o2 S <=3}
A4 oz 55 gk

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

6.6.2 gt 15

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

Wkskzk: A ZHZ. Part of the QF7) 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 (€ B8 FEe THHAs GsUth 2R EAL = o]} 2R TV =
=2 THAYTE 2% FAd o] vlo] 9lowH, None s AU T 4 53] 31119
W, 3 2 @91 7F 7)g s AR 7E R Slo] A nk T 27171001 19
| EAE S BT R FoqA L.

HH 7L Hole & D= AR Alw3t7] A /] He-=2 A

Ut &&27) Zi]#ﬁ}t W= Py Buildvalue ()7} BHE

5, 9889 F=7malloc() & TE3) 9 W2 E

Py _BuildvValue ()o] AE3sH, A Py Buildvalue ()7} HI3te H o g Ho] I =73 W E
=

| o

57 1]

3:

3 H
S

29 B9 PUTh (52) BB ko] B2 £ )7L wkag ol

25] oko] FE & C el APk

B} asjolz, B, 22 W 4R 29 2D A FAF U (EHA
71 aos

9k s#
A4S E ¢ Q7 A B d A

-l> _gg
(1N
lo
e
ri
i’
Lo
=
2

=] T —

I}]—
s (str &= None) [const char *]
urE-8' AT Y S AL Y-FE C EADL st A str A WHFU
32 Q1] 7} NULL ©] ¥, None ©] A8 U T

%
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s# (str or None) [const char *, Py ssize t]
utf-g' ATYS ALl CEAAT 1 Po|E ol A str AAZ MAFUTH CEAYD
ZAE 7FNULL O] |, 4 o] 7} FA| ¥ i None ©] §F&Hg U th

y (bytes) [const char *]

o] AL C EAL L 7ol M bytes AM = AU TE C 2244 £ AE 7} NULLO] W, None o]
sk ok

0

y# (bytes) [const char *, Py ssize t]
O| AL CEAEH 1 Zo)E glo|H AN &7 W3l C XY Z QB 7} NULLC] ¥, None
o] wrskg .

Zz (str T+ None) [const char *]

s 9} 2 Uk,

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

st 2&UTh
u (str) [const wchar_t *]
LY FE (UTF-16 == UCS-4) o€ 2] Y-£ & wchar_t BM% stol W SUFE A=
HERU T FUZE W5 ZAE 7FNULL O] ¥, None ©] ¥HEHE U T}
u# (str) [const wchar_t *, Py ssize t]
§UFE (UTF-16 = UCS-4) ¥ o] B ¥ 59} 1 4o] & oW fUz=
$USE ¥ 5 E187hn0LL ol H, 2o] 7 B AIH 1 None o] WHEHE Uk,

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

s 25T
U# (stror None) [const char *, Py _ssize t]
s#} Z54th
i (int) [int]
Convert a plain C int to a Python integer object.

=

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

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

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

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

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

I (int) [unsigned int]
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_tg o] A2 HEAF T

c (Z o] 12] bytes) [char]
Convert a C int representing a byte to a Python bytes object of length 1.
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C (Z4o] 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.

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

D (complex) [Py_complex *]
CPy_complex FRA|E Fol HEATE HIF T

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_BuildValue () will
return NULL but won’ t raise an exception. If no exception has been raised yet, SystemError is set.

S (object) [PyObject *]
ogt 2L U

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

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

(items) (tuple) [matching-items)
Cghel AR2E F5 471 22 sholdl FE= WEF o),

[items] (1ist) [matching-items]

CH A AAE FE 571 22 oyl g 2aEZ WY

{items} (dict) [matching-items]
Czke] AA2E shol W B el 2 AT A58 C 7hel 242 S Y o] sl
=g 27lato], 247} 79 gro = AR U T

Z o Aol 27k Yo, systemsrror o2 7k AR E 3 NULL o] WHEHE LT

PyObject *Py_VaBuildValue (const char *format, va_list vargs)
Whhgk: A 2. Part of the 2F7 ABL 7FH 7] 529] Q1AF7E obd va_listE ol Atk A2 Al 2 sk,
Py_Buildvalue ()< 5Lt}

SRR R ES RSB
int PyOS_snprintf (char *str, size_t size, const char *format, ...)

Part of the 9V ABL Z 9 22D format 7 37} Q&0 wha} size W} o) ES WA PE 2 g2 Z23}
Uttt 92 w54 d 0] R snprintf(3) & BAAL

int PyOS_vsnprint£ (char *str, size_t size, const char *format, va_list va)
Part of the Q4 ABL 2% B2} format 7 71A QA A} EE vaof Wt size BlO| ES A G Z sr 2
893Ut fFHd2 w7 o] A] vsnprintf (3) & l‘i*‘*]

PyOS_snprintf()B]rPyOS vsnprintf ()<

=EZColB# 8 &4 snprintf () & vsnprintf ()
2248 UY 259 BAL AA 2 A0 EEC T

hABEA G 2ol AUE 54 WA

L

AdUyrt.
2 7= Wk A] str[size-1]°] A '\0' o] H %2 F T} strof size HFO) E (£ '\0' I E 23}
A 22 FSsUTh F &4 25 str = NULL, size > 0, format != NULL % size < INT_MAX
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E 233Utk o= 223 3 275 2ABE=CY9n = snprintf (NULL, 0, ...)ol @ste
Zlo] fithe ol Fo Al L.
o] g5 WhE 3L ()2 th2 3 2 o] 3l A= of of g th:

¢ 0 <= rv < size 9 u], &8 A3 AFZIoH rvEAT}srol 71 2E A5 U (strrv] o 3

\0"' H}o] E A £]).
v >= size AW, £ WHo] FHT YFAAW rv + 1 vrol=9] W7t B Pk
strsize—-1] SO]‘IH \O'?JL/]D}.
e rv < 04 o], “H7F U o] dostF YTt Ol'ﬂh strsize-1]2 '"\0"' O] A sro] L A
A H A Gt olele) Aoa Aele s o Eol et hE v,
= e 2ALG SHAA AL AR S #EE Al T Th
unsigned long PyOS_strtoul (const char *str, char **ptr, int base)

Part of the 27 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, 0 is returned.

See also the Unix man page strtoul (3).
WA 3200 7}
long PyOS_strtol (const char *str, char **ptr, int base)

Part of the 73 ABL 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).
WA 3200 7}
double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
Part of the 7 ABL ¥2}¥ s & double & W&3 11, A3 A ofo] A o & LA AYL} 78

£ AL AL o7 ABol F D 3 1A grie BE A2 ol ue) float
Aﬂ/dz]_ﬂ_d_g_o]_‘_ ‘_;(]_Oﬂ x]sloﬂ ;H 03;1-1,]1—4_ s}t 531]] E?—]]C)]J,]-E%]ﬂoh,]l:]—

endptrol NULL O, AA] BA S MBT T BAdel 5 A5 Sae] $ES FA| of
U valueErrorS WAA| 7] 11 1 .0S 3 E]-

endptr ©] NULL 0] ot |, 7h5 3k 3F @2 #4445 M3t *endptro] WaH A 952 3 WA &
& 7t 7]5—% "%7@@14‘3} EAE e 27 NIHE }—rE i‘n\—’q AZ}J TE6 E?ﬂ"]

, Va

¢

=ol, 48 & ,\UOH/H "1e500"7]— =
5 9} 7)) Py_HUGE_VAL-S WHglsl 1,
low_exception< o]y o 2] A

s 7} float ol A} ﬂﬁ}ﬂ o Ui & gk vebd of (o]
° A5t

verf

U F A 25, wEd g oo A

ddyrh, overflow exceptlon7]-NULL Rl
oj ol o] = HAsA Utk 29A gow,
A2l Aok STk 1 918 BN 1 1,08 ¥
W] EAE 72l 7] £ % vendprr & A4 gk

2

WHE 5 ohE ol 7 RS (& Sl MR
< W,
WA 3.1 F7}

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

Part of the 7 ABL. A| 3% format_code, precision 2 flagsS -84 double val & EAE 2 WHEH
et
3 .

T oe]), AE e stol A= AAHSAL-1.0
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format_code’= """, 'E', £1, 'EY, 'g, "G EE 'r F shupook Utk 're] A9, AFE
precision-& 00] ook 3t ZAG UL} 'r' T FELE FF repr() FALS A é U}
flags+= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 ¥+ Py_DTSF_ALT < 07] o)A &7 or &
95tk
+ Py _DTSF_SIGN-Z val7} 557} obd Wi = 74 wi3te #2414 ool 35 £A7F &+ A&
=gh .
e Py_DTSF_ADD_DOT 0L ul8tE B2 o] A4 Koz GEE 3= AL =ahr}
e Py DISF_ALT+ “HlA” Zuld® F2S FL3E A2 SFYUth AT U&2
PyOS_snprintf () "#' XA X]—Oﬂ ﬂ] 3t A A S IFRFAA L.
ptype ©] NULL o] o}, £ €7} 78] 7]+ = Py_DIST_FINITE, Py DTST_INFINITE E+
Py_DTST_NAN = *a}b‘ri A A= o], val 7} Z,P;P 3}h

IN
T+ NaN & VeERE U T
Shof] Asf st NULL YU Th EE A

|‘U>'

B A 3.1 oﬂ =7}

int PyOS_stricmp (const char *s1, const char *s2)
W B2 7 Gt BAD WAL o] 5t A BAE FAIShe A E A9 S stremp () 9

AL ZA Fs Ut
int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)

B B2 Qe BAD WAL o] F4t tha B8 FAGTHE G A 9348 strnemp () 9
7e] 27 25 ek

6.8 PyHash API

See also the Py TypeOb ject . tp_hash member.

type Py_hash_t

Hash value type: signed integer.
B A 3.20] F7}.

type Py_uhash_t
Hash value type: unsigned integer.

B A 3.20] =7}

type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().

const char *name
Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

Size of seed input in bits.
B A 3.40 F7}.

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

o B7]:
PEP 456 “Secure and interchangeable hash algorithm” .
WA 340 27}

6.8. PyHash API 83
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6.9 2[Z&M

PyObject *PyEval_GetBuiltins (void)

ek Wel A2, Partof the 9% ABL @A) A zedolu} AAl A 5 me o] glow
2 E A ] AE Z 2] E 9 builtinse] H A Vg & Y h

PyObject *PyEval_GetLocals (void)
wkskzh: W2l 22, Part of the Q7 ABIL Return a dictionary of the local variables in the current execution
frame, or NULL if no frame is currently executing.

PyObject *PyEval_GetGlobals (void)
WkEhzk e Fx. Partof the 97 ABL @A) A8 = Q9] A w4 g S wiakat AL, A
A Sz de] gled NuLLS gyt

PyFrameObject *PyEval_GetFrame (void)
Wk D™ F R, Part of the 97 ABL @A Y] A= A Y] 2 2 vkt ok A4 A8 59
ZE o] _O_Eﬂ NULL Y Y t}.
PyThreadState_GetFrame ()& R34 Al L

const char *PyEval_GetFuncName (PyObject *func)
Part of the 2+ ABL func7} &5, S22 EE A2H2A AAE funcd o] &2 ¥idsta, 18X
GO funce] F o] 52 WHEFL Tk,
const char *PyEval_GetFuncDesc (PyObject *func)
Part of the +73 ABL func®] 3ol wet A% £249 S Ryt vhgk gholl &= 3 9 miA =9
“()”, “ constructor”, “instance” & “object” 7} £&H Ut} PyEval GetFuncName ()2 A3}e} o]

o] B o)W funce] A o] Ptk

6.10 24 SF42} X|H &

int PyCodec_Register (PyObject *search_function)
Part of the V7 ABL |22 74 AM -2 =23},
g o w, opf 2 =5 2] ¢FkthH, encodings |71 A& 2 ESto] G4 A o 5] A WA
FEol HES Y

int PyCodec_Unregister (PyObject *search_function)

Part of the 7 ABI ¥} A 3.10 o] 3 2. 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 V4 ABL A A H encoding ] Y3 SEH Fd o] gJ=Xof wa} 1 o]} 02 wEgh .
of Gt B4 ABEI

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
wiskzk: A 2. Part of the -4 ABL <¥F 29l 714k o1 7] APIL
object<= errors 2 7 ] ol 2] A 2| “J‘?Q = AH§-3to] A1 A H encodingoll thall A AR
xdrélg Utk Zdo] Aog 7|2 w8 A28} 7] 93l errors7F NULL & 4= 95U th 9 F
4 1o LookupErrorE WA Al 7] 7‘ 14 c}.

frgin)
A ot
e o>
o fu

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
wiEkzk: A ZHZ. Part of the <+ ABL 4wt 29 7|9l tj 79 APL
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object% errors= 21 H o A 8] W& AHE3Fe] A FH encodingoll tis HAE Iy 4=
Huoh Zeel o 72 = AHE3H7] A9l errors7hNULL 4 ¢ 5T ATZHE 22

—'F oui © Y LookupErrorE WA Yt}

6.10.1 ZH| x3| API

T2 Foll A, encoding A BF 2 RAE WS 23 H 2R, o] fAUZES T AIY 23]+
HaTAHe F25HA A Futh 29 0] lod, KeyError 7k A% ¥ 3 NULL ©] ¥HEHg Yt

PyObject *PyCodec_Encoder (const char *encoding)
WSk gk A ZZ. Part of the QH ABL 0] A encoding ol B g Q1A ] St+& 7}FA 3 U Th

PyObject *PyCodec_Decoder (const char *encoding)
w13k zk: A JZ. Part of the ©V7 ABL 013 encodingol| T 3t t] 6 &4E 7FA U Th

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
HESk gk A ZH2. Part of the 2H7g ABL A1 A H encoding o] O] 3+ IncrementalEncoder A& 714
w YT

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
k3L gh: A Z2. Part of the QH ABL A1 F H encoding | ™ 3+ IncrementalDecoder AAE 714
Y

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
wksk gk A ZZ. Part of the V4 ABL A A H encoding ] Y 3t St reamReader HE 8] St-E 714
Ut

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

wiEkzk: X &=, Part of the V4 ABL A A H encoding©l] Y 3} St reamWriter HE ] SF4E 714
U
=] .

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

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the 2+73 ABL A A H name &2 o2 A& W & errorE 5T Zd o] AFJ T
S RE BALTYE 4 GE oS WAL, ARE/ TE P42
7] MR AR QS o o] F9 F-E TESFHUTH
ZW e 19 <9 A E  UnicodeEncodeError, UnicodeDecodeError T =
UnlcodeTranslateError,] 128 A2 WMol Eo] =g, EA|7F H= '\rx}‘)r Hio] E 9] Al
29} 1 o A& FAG oA ez Al 3t BEE T st (o] BEE %'GPT e
SURE o2 g FEFAR). BRE Fol2 AT WA ALY, AL Y AA29
o Al <k JﬁH TAFE A AT Y/ T Z ThA] A &3] oF ks @ ZAS A3 8t o—T—% Z3ehe=
F 92 RS2 0aof gk

dEehd 02, ol 2l ¥ -1 vk
PyObject *PyCodec_LookupError (const char *name)

Wk3kzk: A ZZ. Part of the V7 ABL name 0.2 529 o2 2] g
ALz NULLol A E 2 91|, o] “strict” Oﬂ o gt ol 2] A 2]

PyObject *PyCodec_StrictErrors (PyObject *exc)
uL3k2k: A} NULL. Part of the 9+ ABL exc2 o 9] 2 9 A 71U T}

fol
e
ek
k=)
=
Q
S
o
o
S

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
WEEgE: Al R Part of the b ABL 229 48 AV 3, 4

HJ

AN

i

A g o,
PyObject *PyCodec_ReplaceErrors (PyObject *exc)
uksk 2k A} ZR. Part of the 9+ ABL FU T E Q179 o 2] S 2 LV} U+FFFDE %] 83 th
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PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
uk3kzk: A ZR. Part of the 9V ABL FUFE Q1579 o 3 & XML E4 22 X

.

ot

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
kS zk: A ZZ. Partof the 9F4 ABL FU T E Q3 Y o #E W S A] o] AA o] = (\x, \u L \U)
2 A g

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
W3k gk A B2, Part of the 9+ ABIW A 3.7 0] 32, FUFZE A7 o] g S \N{...} 0|27 o]
=2 A} e
W7 3,500 7%
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dgor AAEA 942 2| AE AR e} 2o, Al

o] Zo] g AA 9 P F A, S F
AN A ) shol A AR e} A4S 283y &
PyList_New ()& THE AT, 35 o] o} & NULL©
2 27135 A 94 AR o thaj A= o] T2 AL

[
-

oo
ok
4
%,
|
<
Iy

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)
3t fpoll AA| o0& A F T ol Al -1 9k ok flags A A= 54 A4 54 43} k=
dl AHEFHUTH @A AdE = 793 FHA2 Py PRINT RAWYUTH FA A, repr () tHAl A A
9 str() o] 71E:g Yth

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the 7 ABIL Returns 1 if o has the attribute aftr_name, and 0 otherwise. This is equivalent to the
Python expression hasattr (o, attr_name). This function always succeeds.

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)

Part of the 7 ABL This is the same as PyObject_HasAttr (), but aftr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

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)
¥L3k gk A ZR. Part of the 9+ ABL AR 09l A attr_name ©) 2}= 0] 22 o] E]HEE 714 g1t}
dFetd o ER R E ghs, Aot NULLS WU th o] 21 Tho] W 84 o.attr_name}
TS U

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
WSz A ZZ. Part of the Q7 ABL 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)
wiEkzk: A ZZ. Part of the 9+ ABL & AR tp_getattro €0 vl X5 = 4¥l o] E g
A (getter) B4, AR 9] (1Eh¥l) _dict ol 9l o 2l B = o2k 44 9 MRO]
S 29 gMEel e U2 HEHE 25Ut descriptorsol] 2 98 AA 3, Hlol 8 I HEH
odsfaoEe RERT S A AW, u] Hol8 taagHE 184 gayth 284 o,
AttributeError 7} Ay gtk

O:(]I

E
] =
L

¥

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the 2+7 ABL. AR ooll N3l attr_nameo]e}= o] &9 oJETHE kS v oz HF
th A Al Q)& DA 7| AL -1 REE Y T A5t d 08 BEERR U T o] A2 Ihol X
o.attr_name = v EE3SHr}
vZFNULLO| W, A EFE7} AHA P Ut o] 522 S A H il pyObject_DelAttr () Z thA|
HAsUnteh A A AT A E o] glssyth

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

X T,

Mo ok

Part of the 7 ABI. This is the same as PyObject_SetAttr (), but aftr_name is specified as a const
char* UTF-8 encoded bytes string, rather than a PyOb ject*.

vZEINULLO| |, A E| B E 7L AAIE X 1l o] 7| 52 H X E Q3 Pyobject_DelAttrString ()L
= A= A5 U

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Partof the V7 ABL & AA| 9] tp_setattro ol X EH = Lul o] E 8] HE M| ¥ (setter) 2} & &
E] (deleter) 3. A2 MRO®| Y= 22|22 A e olA HlolH 2T HHE 3, Ed s d
Axdx G elo] i o= R ES AR HAL AR S AR SAFYTE 12A o,
AA L] (UAthd) __dict_ oA EFEZF AR AU AAF Utk A8 00] Bhehe a1,
82 o attributeError 7F AT -1 0] ¥isE Utk

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)
Wkskzk: A FZ. Partof the 9+7d ABIW A 3.10 0| &2, dict__ Y2FHE 2 A€ (getter) & 9 St
ik 9l 7@, B GH P BE U
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.
W7 3300 27
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the 9+ ABI WA 3.7 o]3 &, _ dict__ Y2IHE 2 ME(setter) S § 3 LuHZ ol 4.
o] THL YA e] AtA & 3 gatA kFUTh
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)
vk gk A ZZ. Part of the <+ ABL opidol] 23l A %Q AALE AL S 0l 3 029 S ¥ e
Ut} opid= Py LT, Py_LE, Py_EQ, Py_NE, Py_GT ¥+ Py _GE % 3ol of 111 27} <, <=, ==,
1=, > i >=of SISk ol shol Ml £ ol op 029 EEFUTE o714 opie opidel
ekt ARSIV T AF Al Wl gkg, A Al NuLL g ek o

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the °+7d 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.

3 0l 027 & AA oW, PyOobject_RichCompareBool () & Ay Py E09 A= 1L,
Py NES] %+ 0= ¥ty oh

PyObject *PyObject_Format (PyObject *obj, PyObject *format_spec)

Part of the V% ABIL 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)
Whehgh: A . Part of the 74 ABL 1A 09] A4 A S AUt A3std A2 29 S,
A3t NULL S WU T}, o] A2 Sho] W 2 # 4] repr (o) & E 5 FUTH repr () W T
o)) 32U
WA 34004 WA o] Fpolls oAl tW L of A o] 23 o Jlo] A oS £-83] ¥l A

FEE Pk,

PyObject *PyObject_ASCII (PyObject *0)
vk A} ZZ. Part of the V4 ABL PyObject_Repr () A8, AA 08 BX}E 8-S Al AHSHA gL
\x, \u EEE \U o] 2 A 0] Z 5 AR 8F0] Pyobject Repr () o] BEEE 22 Ao A ¥] ASCIL =45
o]~ A Oli FU o] A2 3ol 2004 pyobject _Repr () ol o3 vEHE A} A FAHE =
A FU T ascii ( 141” trol] o s T & H YT

PyObject *PyObject_Str (PyObject *0)
wbsLZk M) 2. Part of the 94 ABL 1A 0o] EA14E 23S A4t
A3 Al NULL& “W‘rﬁﬁﬂ o] A Fpol M FH A str (o) & F
oJ3slf, mhetA print () Tl oA E SESH YT
W7 3400 A WA 01 ol o)Al gu L oA o] 23HE o] glo] &4 A& & =83 WA
=2 T

PyObject *PyObject_Bytes (PyObject *0)
Wk gk A =, Part of the 2F7 ABL A A 00] Wlo]EQD 2 AUtk Asfshd NULL S,
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gt vpo| EE AR E v Uth o] = o7t 7 obd W] ol M 2 d A bytes (o) 255

Ut} bytes (o 9]";1’3] o7t AFol 00 ® 2 7]31H ule] EE A A tf 4l TypeError 7} 3t m- 2§ g}
int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Part of the 273 ABL Z#| 2 derived 7} E 8 2~ cls®} S LA Y clsol| A 3 E 9o 12 ¥kskst

IR o™ 0S vyt o ¢ 7 Ay e -1-8 v g 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

If clshasa __ subclasscheck__ () method, it will be called to determine the subclass status as described
in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass, i.e. contained in
cls._ _mro

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 ofthe + ABL inst7} cls 23 2 cls S /\‘] H Zgjao] ol /\T::‘]_ ol 12 wislst, 12X
orowl 02 MBI LITh o2l 7} WA 1S ket o 9] = AP Tk

cls7} FE o1 W, s BE F=) sl AA7F S FUTh Holx shpe] Aol A 1 whekat
A= 10| Ha1, 18R o oo HUth
Ifclshasa  instancecheck__ () method, it will be called to determine the subclass status as described

in PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cIs.
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 <74 ABL AR 0] S| Al gk Al4bskal wkehgh ok Asfstd -15 Wkt th o] 22
gto] A ¥ 4] hash ( 9}55%“4‘3}-
WA 32004 A WEY 2 o] Al Py_hash tJUTh o] 21L& Py ssize toF 2 279 7T e

drdyth

Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part Of the ?_]_'ZJ ABI type (O) 7]‘ 6H /\] 7]—%‘6‘]—1} OJ’%—Q‘ ]/}—]E]—LH - TypeError—— ']6‘]_‘1_ l.—
Hhghety . o] 3= tp_hash €% A73E wf S3 A2 HobA], Bz gl Elof o] 3 A]
s geg WA Ho R gR,

int PyObject_IsTrue (PyObject *0)
Part of the 2V ABL 7] 0% Z2 2 258W 12, 194 o™ 02 WAT T o] AL ol
F@A not not oS}FSHUCH Avfjstd -1 WEFY T

int PyObject_Not (PyObject *0)
Part of the 974 ABL AR 0% %o 7 2251 02, 194 2o 18 AT o] AL o)A
FdA not o0& FFFUCH At -12 Wyt

PyObject *PyObject_Type (PyObject *0)
Wkt zk: A Z2. Part of the 4 ABL o7} NULL O] ofU ™, A A 0] A ol s|F3l= & AAE
wskahy ok A Jﬂs}tﬂ SystemErrorE WA Al 7] 11 NULLS ¥F&SHU T} o] 22 slol A B3 4
type (0) & F5dUTh o] e HF ol T M2 23 FxE “&gwﬂr M =2 ek
=7} féﬁﬂ )& A &) 8taL, PyTypeobject* P ZAHE WEste py TYPE () T thA o]
F42 83 o7 A

int PyObject_TypeCheck (PyObject *0, PyTypeObject *type)
27 o7} pe BO1 At ypec] A2 o1 0o] ofd g2 S}, 29 o 0L WAT Y,
5 o7 W B NULL O] oy of oF gyt

Py_ssize_tPyObject_Size (PyObject *0)

(
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Py_ssize_t PyObject_Length (PyObject *0)
Part of the 917 ABL 7] 02] o] & Mg Th A 07} A AL WY T2 E 2L AFHY,
A2 el 7L MhEE U th o] 7h S ~10] WY UTh o AL she]l E@4] Len (o) 9
S5

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
o AAe 24" Aol wBFUL. WA A4 do| w3
__length_hint__ () & AH&3te] FAGES Wt&Astal, wpxgto g 7] 23k
Al —1& W3y}, o] 2L glo] A X d 4] operator.length_hint (o,
55 gk
WA 340 27}

PyObject *PyObject_GetItem (PyObject *o, PyObject *Kkey)
WESL 2k A FFZ. Part of the QH ABL A A key o] 3l F3F= 02] 845 Hk3sl 7 L} A3 A NULLS
SHekghU T o) A2 shold £HA) o [key] 9 5T

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the V7 ABL A keyE gk vell i3ttt Aaj Al o] 9] & %
438 02 WAFTE o AL ol A £ olkey] - v} 5
FzxE FAA 5y

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the 2+7 ABL A oA A A A keyoll tiet w3 & A AT}t At -1-& vkaghy o}
o] A2 3ol A ¥4 del olkey] 9 55 T

PyObject *PyObiject_Dir (PyObject *0)
Hb3kgh: A 2. Part of the QF7g ABL o] Z1-& Iho] % 28 4] dir (o) &} 553, A A QAo A &3t
FALY] (H]0] 912 4 ) 2l AEE WIS, o7} 9.2 W NULL 2 Wekgh] ok, IR 7HNOLL
old, Fol dir () e, AA A F (locals) 2] o] 552 RFAFUTE o] B¢, A3 =8 Yol
%ﬁﬂE@i%ﬂ$%2ﬁmeﬁbﬁ%ﬂﬂEhwﬂn;&mwraﬂréﬂx

PyObject *PyObject_GetIter (PyObject *0)
WEERgE: A 2. Part of the ?F7 ABL o] A2 stol il @4 iter (o) 55 DP. A AR
)2 Al 28 ol @l o) B & whakal A}, A 7} o] u] o] B & o] B o] @ AR XA 2 BT T) AA
E olg Y olE & 4 QoW TypeError& YA Al 7] I NULL S WHHgh o}

YA 7] 11

A - .
FUth o] FEvel tiE

ur
=

=3
[¢)

PyObject *PyObject_GetAIter (PyObject *0)
WksL ke A Z 2. Partof the 9F ABIW A 3.10 0] 2 2. o] A2 slo]W T A aiter (o) 553
t}. Asynclterable& WrolA 1 Z 9] Asynclterators WUt B % A 9] E{ ERERE
¥ 0137} AsyneTterator ¥ 1 G412 WA AAE o] Heflo] = & 4 §.0H TypeError
£ $AA7] A NULLS WY Tk

WA 3100 7}

72 SET2EE

fol

CPython2 F 714 55 =2 EZ S A Y& th: pp_callZ} ¥ €] Z (vectorcall).
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721 tp call T2 EE
tp callZ AR ZP2 d2rdAE=ZHEYYTE €29 AL e 25 UTh

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

gto] A FE 9] callable (*args, **kwargs) & FASHA, $ 4] AAE At FE4 719
A 9M e E AHEste] TS YT args= NULL ©] ofu]ofof it (1 A}7} gleo ™ :
SHAALR). AR 7| = A7} ¢l ™ kwargsw NULLY 5~ 15U T

o] 7 A2 tp_call N AW AHEH = A o] ok dUth tp new®ttp init® AAE o] A o7 HIFrh
ANE SE3HeE Y, Pyobject_call () o] thE T= APIE AH8-3HA Al L.

7.2.2 HIE{Z(Vectorcall) T2 EZ

B A 3.9 =7}
HEZ 22 EZ L2 PEPSINA TE 82 Eo7| YA 722 E8Z 2 T AE AFYTH
o]

4% FH o8, CPythone & Eo] A Astd lﬂ—‘% sZo g e ZFS AsFUth 28 oA
AAZE g F o] opd Utk 3 F AR B2 (PyObject _call () & AMESFA] %41) tp_call& A 3
AR U ek, B ES A d }%i?ﬂ/\ tp_callg TAMFFUTE S, ojH 22 EZS
AR 9 A ol FEEL EA5A HEHoF FITh o & A3 AFH L WHLS (p callS
PyVectorcall Call ()& A é%}% dyrch o] 2] RS A 2 th

A ME 2L AN FHAE 2L g0 UEF tp_callS WEA FHANF T Th

I

p_call AT} P ATHE Zeh 2t ME S TAHAL P Uk o Bol, N EEA} o} 3] A%E
A} F& 3} kwargs 94 U el = MES of 3Hel, M e 22 TAF ol R fwrUIth

F 2= Py TPFLAGS_HAVE_VECTORCALL Z ¥ 1L &A3}511l tp_vectorcall_ offset< vector-
callfunc 7 5334 AA F2A R e zMoz dR3tel EZ Z2E 2SS FAT + dHUTh
AL ThE I e AP L 2 FHE el A Utk

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

T71M=E A gez F4HA CME A Th

-« nargsf= 1] Q17}e] S0
PY_VECTORCALL_ARGUMENTS_OFFSET Z#| 15 B8t A Y Yth nargsfoll A A A 9% <1}
FE2 dod, PyVectorcal I_NARGS () &AM L

o kwnames= 7)1 & 01z}9] o] &2& E3tsl= EZ Q)

b Wl kvargs 4 11219] 7). o] OB £ BAA (ol A8 F o0 08 oo
oFstu] 13l oF BTk 7191 S A7t YO H, kwnamess Al NULLY 4 5]k,
PY_VECTORCALL_ARGUMENTS_OFFSET
o] el 27} 9] 2 nargyf A7) AW, HBEAL ANAOR args 1) & WAL 5 %
=]

Ut} 2, argss B9 ME o)A A} 1000] obd U Th S el Atk 9522 W8] Aol
args[~1] 3t B Qs of gk,

PyObject_VectorcallMethod () & A, o] 2821+ Al args[0] o] HAE 4 = 91

gk
(F7r G o) ALeA & 4 YL wjuith, &A= Py VECTORCALL _ARGUMENTS_OFFSET-S
/\}J‘lﬂ— °l 2’“‘43} ojZA sl AZAE WM} 2 ZHEo] & T (Yo self AAS
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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

e In CPython 3.8, the vectorcall API and related functions were available provisionally under
names with a leading underscore: _PyObject_Vectorcall, _Py_TPFLAGS_HAVE_VECTORCALL,
_PyObject_VectorcallMethod, _PyVectorcall Function, _PyObject_CallOneArg,
_PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. Additionally,
PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are
still defined as aliases of the new, non-underscored names.

ZH7 &lod
p_call & AHE )], 3] S E A= A7 ol sl 43 287 9l Utk CPython2 ip_call-& AH8-3to] &3t
A$ Py _EnterRecursiveCall () 3 Py_LeaveRecursiveCall () < AF&3SU T}
5g4E 9o, MEEL Agcto] BED AT 194 AgUth A5EA4E Fasty
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall & A3l oF g1 t}.
HE{Z X|H API
Py_ssize_tPyVectorcall_NARGS (size_t nargsf)
MBI nargyf QA7 o AW, AA 94 -2 AATHI T DA T EE U
[(nyssizeft) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET) }

a8, 35 48 98 Pyvectorcall_NARGS @45 AR5 oF gy},
B A 3.89] %—7}.

vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t AEE 22 EE2 A ASHA] oW (P o] AYSHA FAU 227 A A 5EA] 94 7] ulf 2 o)),
NULL& ¥+ &yt 2382 ko, opoll A4d WEZ o EOJH% WYt o] e
o9& LAY 71 A k5t

O|AL op7t HEZF L XA f‘s}b A& &olst=d F2 {F85HH,PyVectorcall_Function (op)
!= NULLS & 16‘}01 s 3

WA 390 =7}
PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
EZzgdAdy o 4zt Fo A YA 7D E AAZE callabled] vectorcallfunc S 3=

nc a4y
VAL tp call £Fol ¥AY tpcall TE AL AT® 55 FLY
Py TPFLAGS_HAVE_VECTORCALL Z| 15 33t A %1 tp_callZ & Y o]—Z] ok}

WA 3.8 =7}

o¥.
T},

N
N
fol
]
[
Hu
tm
Mk
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148 32 AR 7 A e
A, A1 7hs o vlo) 8 B Al

22
rid
filo
4> 1
o2 |
e

AR AL DAL
e BE A AT B4E L4B AAUTE AT WSS AL AP FEHIAL

[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, PyObject *args, PyObject *kwargs)
w3k zk: A ZFZ. Part of the 917 ABL 52 argsE F o] A Q21 UM U ] kwargs 2 01X o] E 9=
A7 FelE sto| W AA callables FZ T Th

args= NULLO] okl ojo gt | 127k 22 gl
2Q3}x] go %’kwargs___ NULL® 2= 91U th

Aot T 435 HEeta, A9 et o 9 & S A 7] AL NULL-S W3 o
o] AL thx Fol M A} 55T callable (*args,
PyObject *PyObject_CallNoArgs (PyObject *callable)
WSk gk A ZZ. Part of the F7 ABI WA 3.10 o] &2, 2
523U A7 Qo FeE shol 8 AN E BEHE 4T BE A PR
Aot 5 435 nrEeta, A9 et o9 & S A 7] 3L NULL- Wy o
B A 3.9 F7}.
PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
WEg A 2. A8 1718 912 AR arg® ANE AR flo] ZeE shol W AA callable S
TP
AEetd T 235 et
B A 3.9 &7}
PyObject *PyObject_CallObject ( PyObject *callable, PyObject *args)

wiEzk: A 22, Part of the 9+ ABL 52 argsoll 93l o] R A xtz2 ] E Jo| ™ AA callables
TEFYTh A7 2881 o™ args+= NULLY 4= 5 YT

4FotH T A5 vhEetar, Asfstd o 9] & WA 7] 3L NULL<

o] AL thx Ftol M H A 55 FYrh callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

WE2hgk: A R Part of the QF7 ABL 7FA 72] C AALE Z 8 & vtol W A A callables 2534

th C QA= Py Buildvalue () 28Y 9 BEX1d & AR5t 7]< Ut format-& NULLY 4

90w, A7t A3 A ehg-2 vhebu ok,

A= =1

)

R ARG BH Al 2.

o1& 9E AR}

i
ftlo

**kwargs).

, A3 o 2] & WA A 7] 1 NULLE B8-S o

Sk o
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4FotH & 235 vhghelar, Aufshd o 9l & A A 7] 3L NULLE W3 o)
o] AL TS vlol# xd A 553Ut} callable (*args).
PyObject* QAR A3y d pyobject CallFunctionObjArgs () 7F O k2 thokd o &
ol 344141 2
WA 34004 A formar®] F o] char *ol A WAE AFUTH

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
¥L3kzk: A B2, Part of the 9V ABL 7HH 71422] C QALE AF8-810] A A 0bj Y] name ©) = o] S
HAEE EESFUh C A= 722 BANoF st Py _Buildvalue () 2 2ALE 7|<H

ek,

format2 NULLY 4~ 9l oW, QA7) A 25 A &2 vhebdyth

4FotH & 435 kgl Ao std o 9l & A A 7] 3L NULLE W3 o)
534t} obj.name (argl, arg2, ...).

PyObject* AAT A3} PyoObject_CallMethodObjArgs () 7F B w2 o okl of] 7-2] 5
/\1}\] o
]:] -

W 3.400 X HA: name} formar®] 3 o] char *o|Ax WA= AFUTh
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

H}i}ﬂ— A 2. Part of the V4 ABL 7} M4=9] pyobject* AALE Z&]E v}o| W AR callable
zgq]—,} o] A= NULLZ 2= 7FH 749 i) A2 AlZE Yt

FotH S5 AFE vhshstar, AsfstA of & & W Al 7] L NULLZ WHHgy th
AL oL ol AT 553 Yth: callable (argl, arg2, ...).
PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject ¥*name, ...)
WSk gk: A ZHZ. Part of the Q7 ABL 3ol AR obj2] WA =5 S&F T 047]/\1 WA= o] &

,Wmﬂﬂjqﬁfﬂgﬁﬂiw+%qu-ﬂ%ﬂ#ﬂpwwmw*ﬂﬂiz 4ﬂ=ﬂﬂt
NULLZ v 7b A5 v A W= Algg Ut

B35t 35 245 vheta, Asfshd o 9l & WA A 71 2L NULLS WH&-gh ot
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
AAZ AFFG Yt

4ot & A4S webetar, A st o 9l & WA A 7] 3L NULL-& RH3H T
WA 3.9 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)
19 A A callabled SZ3F Tt} QA= vectorcall func & 25Ut callableo] W E|
A A3, callabled] A FH WEZ 342 A Y =3
e

23S Whestal, A st o9 & FAAI 7] A NULL& Wby o

rl!l

oX,

o

—

7.2. 95
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PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
12 QAL W E E ZR R @A) A3 9 S M dowdicr 2 AL 719 E AL callable
ST args A& 9 A AAHEE 23T o

Aoz g5 2 e2} BAg), AR N of T wA, o B4t TE A
o) 91 DA ST 2o e A ool A 5] B 9 ) S AL
s ok gk

B A 3.9 F7}.

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

m[o

é;

*kwnames)
HEZ 5= 385 AHE 5] Uﬂ/ﬂ CE SEPULH HAE o] 52 oA ""X]'OE:] name 2. 2 A|F
AUth A=t S5 = AAl= argS[O ol W, args[I] o A Al 2ot args Wl E-& S =9 AAE

YERE Ut sty o] 2] §1 2] Q1A Qlof o U T nargsf+= args[01= _,_3,;*?5]-% X] o1 2}2] 4o 1,
args[0] Fkol A A2 HAE 4= QoW Py VECTORCALL_ARGUMENTS_OFFSETO] B3l Y
t}h 7Y = QA= PyObject_Vectorcall ()X E AEE 4 AdF5Yth

AR Py TPFLAGS METHOD_DESCRIPTOR 7]%50] Qo ™, AA args HE] S A2 AAH A ¢
2 M= AAE SEFUh

4E3H S A5 NHgetar, A e s o9 & S A 7] 1L NULL-S Wk o)

WA 3.90f 7}

724 S X[H API

int PyCallable_Check (PyObject *0)

Part of the 9}7 ABL A7 07} 2812 212 BAFUTh AR 7t S L oW 1L, 737 o 0L
vls}etu o} o] 4= A A2k

73 A EZE2EZE

int PyNumber_Check (PyObject *0)
Part of the V7 ABL AR o7} RAt 22 E 22 Al otd 18 Whghstal, 294 ko AXS v
@—1/] t}. o] = A A —T'——fg-l/] t}.
WA 3804 WA 07k AE A A 15 o

PyObject *PyNumber_Add (PyObject *ol, PyObject ¥02)
vk zk: A} FR. Part of the V4 ABL 0l 7 025 T 3F A3}, A9 A NULLS w83 T} o] A
gfo] A u.?:l/ﬂ ol + 029 ==}t

PyObject *PyNumber_Subtract (PyObject *ol, PyObject ¥02)
vkt zk: A ZZ. Part of the 7 ABL ol 9| A 025 i A3}, A5 A NULL-S 933}
ol @A o1 - 029t FFFUTH

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Wkt zk: A ZZ. Part of the 973 ABL 013 02 & F3F A7}, Ao A] NULLS wHEHE Ut} o] A
Shol B4 01 * 029 FSFITH

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
wEEk 7k A FFZ. Part of the V7 ABI WA 3.7 o] 22, 0l %} 025 3 & FAI3F 231, A9 Al NULL
£ WU o) AL Fol W BB ol @ 029} 5Tk
WA 350 =7}

ol

flo

i
T
o
Y,
rlo

rlo
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PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *¥02)
vk} gk A ZZ. Part of the S+ ABL 0l 2 022 A5 A8 £, A3 A NULLS ¥H8Fghy o).
1AL shol W @A o1 // 029 F5HUTh

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
WSk gk Al #Z. Part of the 97 ABIL Return a reasonable approximation for the mathematical value of ol
divided by 02, or NULL on failure. The return value is “approximate” because binary floating point numbers
are approximate; it is not possible to represent all real numbers in base two. This function can return a floating
point value when passed two integers. This is the equivalent of the Python expression o1 / o2.

PyObject *PyNumber_ Remainder (PyObject *ol, PyObject *02)
Wkh gk A Z2. Part of the <H% ABL 0l 022 Ve U AL, A3l Al NULL-S 9ESHU T} 0] 2
ol A o1 % 029 FFHUTH

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
a7k A FZ. Part of the 9+ ABL WA <4 divmod () & FR3AHAI L. A95HE NULLS
WU o) o] 212 Tho] A 8 4] divmod (o1, 02) & EFFEYTH

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
wbebgh: A 2. Part of the ?H7d ABL W7 &5 pow () & FE YA 2. Aol st NULLS REHg
Ytk ol AL shol A EH 4 pow (o1, 02, 03) 9 BSHUTH o714 03 A AU 035
S B, 2 A2 o y_Noned ARFHAA L. (03] NULLS ALSHE HEH Wz A 27
DAY .

PyObject *PyNumber Negative (PyObject *0)
wksk gk A ZHZ. Part of the 9+73 ABL A& A 09] 29] Fk(negation) <, A 3] A] NULLS ¥F3-sHU o}
o212 shol W £W4 ~09} 55 gt

PyObject *PyNumber_Positive (PyObject *0)
sk gk: Al ZE. Part of the 94 ABL A% Al 08, A7) Al NULLE W@ T o] AL ghol A
EHA o FFIYH

PyObject *PyNumber_Absolute (PyObject *0)
Wk A R, Part of the 94 ABL 0] AR gkol L}, A5} Al NULLS WU Th o] 212 Tl
FEd4 abs (o) 255 FYTh

PyObject *PyNumber_Invert (PyObject *0)
sz Al ZZE. Part of the 2+ ABL A5 Al 02] V] E HFA (bitwise negation) &, A 9] A] NULL S
BB Th o AL shol W A ~09) 55 FU T

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
WEskzk: A 2. Part of the 9+ ABL A3 X 0l & 022 Q&0 7 A|ZE 3 475, A3 A] NULL
2 WP o 2L shold £84 ol << 029 55 LT

PyObject *PyNumber_Rshift (PyObject *ol, PyObject ¥02)
WSk gk A ZZ. Part of the H3 ABL ¥ Al 0l & 029
NULL-S ¥HhgUth o] AL sfol EAA ol >> 029}

PyObject *PyNumber_And (PyObject *o1, PyObject *02)
Wk3kZk: Al Z2. Part of the A ABL AAF Al 0l 3} 022] “N]E X =23 (bitwise and)” <, A 3] A]
NULLZ REHYth o] A2 sto] W TH 4 ol & o289 FS5FYTh

PyObject *PyNumber_Xor (PyObject *01, PyObject *02)
wke gk A 2. Part of the 9+ ABL A3 Al 0l T} 022] “B] EH v E} & +=2] 3} (bitwise exclusive or)”
2, A5 A NULL-Z ¥R T 0 2L Shold B84 o1~ 029} 55 Th

PyObject ¥*PyNumber_Oxr (PyObject *ol, PyObject ¥02)
vk gk A ZZ. Part of the 973 ABL A& A 01 T} 022] “v] E W =2 & (bitwise or)” <, A 3] A] NULL
2 W T o] 2 shol W EHA o1 | 029 F5FUITh

rlo

117

73. XD 2EZE 97



The Python/C API, 22|A 3.11.13

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject ¥02)
RSk A R, Part of the 2V ABL 0l 3} 028 B3 AT, A5 A NULLS MBI T, of A4-e
ol o] A1 A5t A AL2] o\ A (in-place) B F U ©] A2 ste]d £ ol += o298 5Ttk
PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
wkskgk: A ZFZ. Part of the QF ABL ol 9| A 025 W AT}, A3l Al NULL-S ¥FEEHU o} o] A A
ol o] A Ak A Z}2] ol A (in-place) 5+ F U th. ©] 22 po] W £ ol —=
PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
WHEHGE: Al 2. Part of the 94 ABL 0l 3} 028 % A3}, 49 A NULLZ ¥ o o] Sl4ke
ol o] A A5k A A2 ol A (in-place) T F Utk o] A2 sto] W £ ol *= o289 F5FUT
PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *¥02)
¥k} 7k A 2. Part of the 9V ABI WA 3.7 0|32, 0] T} 028 & ZA s A7}, A3 A NULL
2 WHBkITh o] Q4R of o] A A3k A kel ol A (in-place) 5 AT T o] AL shol A ¥4 ol
e= o029 FSFUTh
W7 3.50] =7
PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
g zk: A 2R, Part of the SF4 ABL 0l S 022 U 82 Z 2 o (floor) W, A 9] A] NULLZS ¥FE}H
Gt o] A1k ol o] A A3k A AF2] ol A (in-place) T F Utk o] A2 sto] W £ ol //= o2
o TSk
PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject ¥02)
WkSkZk: Al 2. Part of the 97 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 o1 supports it. This is the equivalent
of the Python statement o1 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
WESk gk A} ZH=2. Part of the SV ABL 01& 02 2 U V] | L}, A 3] A] NULLS U Tt} o] ¢4l
< ol o] A1 G sk A A} ol A (in-place) T+ H U Th ] A2 ol £ 01 %= o029t FFHUTH

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥*02, PyObject *03)
W2k gk Al &L Part of the b7 ABL W7 & pow () & FESHAI A L. A5t NnULLS BF
gtk o] A4k ol o] A1 ASHA A| L] ol A (in-place) 3 F U Th ©] 212 037} Py_Noned
ol ol **= 029, AH A FOoWpow (ol, 02, 03) Y AR HPH} AU 035
FAske |, 2 2 ol Py_Nones A AIL (030 NULLS @t &3d vl ] HA 27}
LAY .

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
WSk | ZZ. Part of the 917 ABL A8 Al 0l S 02THE Y Z£ 0 2 A|ZE 31 A5, A3 A NULL
= REghtUnh o] A4RE ol o] A8 A AL ol A (in-place) <3 U th. ©]
<<= 028t ESFULL

PyObject *PyNumber_InPlaceRshift (PyObject ¥ol, PyObject *02)
WS gk A ZZ. Partof the 917 ABL AF Al 0l £ 02WE LEZ0F A|ZE 3t A5, A A
NULLZ ¥H&HhU ok o] A4k ol o] A48 A 2F2] ol Al (in-place) 3 Ut} o] A2 sto] W &7
ol >>= 029 E53 Tk

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
vr3kzk: A R, Part of the 9V ABL A2 A 0l T} 02¢] “H] EH =] F (bitwise and)” <, A3 A]
NULL REH3HU o} o] AAEE ol o] A4 8HH A 2Le] ol A (in-place) =3 U T}, o] 212 sto] W &7
ol &= 029 B53hcH

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
wEEL 7k A 22, Part of the 9+ ABL A F Al 0l T} 029] “H] EWH vl E} 4 = 2] § (bitwise exclusive or)”
2, 450 A NULLZ HHE T o] A4H2 of o] X A3HA Al ke ol A (in-place) 53 F U T ©] 1.
ol £ ol "= o028t FFHUT

Y,
rlo
e
o
%
gl
o
(@]
A
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PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
wkskgk: A ZHZ. Part of the S ABL A3 Al 01 3} 02 2] “v] E Y =2 & (bitwise or)” <, A 3] A] NULL
= Wyt o] A4k ol o] A1 A SHA Al AHE] ol A (in-place) T FH U th. o] A2 kol W 74 ol
|= o285 Ik

PyObject *PyNumber_Long (PyObject *0)
Wk gk A &, Part of the H7 ABL A3 Al A4 A2 H3EH 0=, A5 A NULLS ¥HEHEH T
S| A2 shol A EAA int (o) % F ST

PyObject *PyNumber_Float (PyObject *0)
w13z A B R, Part of the 9V ABL A3 Al float A4 & H3H 05, A3 Al NULLS ¥H3H3H
o] 21 1o W £94] float ( 945':?&‘45}

PyObject *PyNumber_Index (PyObject *0)
ukskgk: A . Partof the 944 ABL AF A shol 4l int= MEHH 0, A7) A NULL-L W Th.
A3 Al TypeError 9] 7} A &Y E}

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

of

e

PyObject *PyNumber_ToBase (PyObject *n, int base)
wkghgh: A =L Part of the b7 ABL B na A bases /\}%511 A WEe £214
YUth base QA= 2, 8, 10 £ 165 SFrbofof by th EE 169 B¢, whE
L '0b', '00" == '0x'9] ?ﬂ FE A A7) 2 oo HAqn} no] o] # in
PyNumber_Index ()2 HEFUrc}

N

o
Aw
EE

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Part of the 2+7 ABL o7} A4 E2 S|AE = Q0,05 Py _ssize t O Z WHESIo] wiEshy .
S30] A5, ol 9] 7 M Sk -1 0] WEH U B,

o7} 3tol A intE WEE 4 At Py_ssize t ro 2 H3sE &= A= 7} OverflowError
E HAA 7Y, exc A= LT 2o 3 (Y¥tA © F IndexError Y OverflowError) ¢
Utk exc7} NULL o] |, of 9] 7} 2] 9] A 12 %k% o] A4 PY_SSTZE_T_MINO &, %o] A4t
PY_SSIZE_T_MAXZ ZH Ut}

u{o md |

int PyIndex_Check (PyObject *0)
Part ofthe LA ABI A 3.8 0T &, o7} Q1A A A (¢
AAA QHFUTHHE 15 wk8hstar, 28 2] ko H 0-&

p_as_number %9 nb_index &€& 9|

(t
vkgshl ). o] g4 = SHAF A F ek Tk

74 \3HATEEE

int PySequence_Check (PyObject *0)
Part of the V7 ABL AA| 7} Al B2 22 EZ2 A F5HH
D} __getitem__ () WIANE7} Q&= Sty FefAY A dic
A0l feletaiN L. YA Felavhom Aol 7| & Ag

o Rt B ABFIh

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the 97 ABL 8 A A A2 09) A & W8aw, Asjsid -12 DG o] AL
o] &2 len (o) & FFFUTH

PyObject *PySequence_Concat (PyObject *ol, PyObject ¥02)
WS 7k A ZZ. Part of the 973 ABL A& A] 01 2} 029] o]o] B 0] 7] & whEsl oz, A 9 81 NULL-S
BLEHEILU ) o 22 Shol W EAL o1 + 029} SEFITH

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Wk zk: A ZZ. Part of the 9+73 ABL A A2 AR 05 count W WFESE A 5 HESSA L A g)] A
NULLS HF&Uth o] A2 slol W 8 A o * count 2} 55 FYrTh
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PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
vkt gk A ZHZ. Part of the <+ ABL A8 Al 01 2} 029] 9] 01%0] 715 WkEhstar, A 9 5 NULL &
WEeHh ) o] A4k ol 7F A Q st ZﬂX}F/] o A (in-place) 3 FH U th. o] 21 spold F
+= 029} 55T

PyObject *PySequence_InPlaceRepeat (PyObject *0, Py_ssize_t count)
WESk gk A R, Part of the 9+ ABL Al 2 A A 05 count A HHE-3F A5 0k3k3s 7y, A o)
A NULLS WESHEFU T o] 4R 07} 2] ARl A 2k ol A (in- place) Sy Ut o] AL oA
FHdH o *= counto FFAYTH

PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t1)
WSk A ZZ. Part of the 9174 ABL 09] i HA| 2 A WHEHe} 7y, A 9 81 NULL-S
o] ZAZ vtold WA o[1] & FFHUTH

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
sk zk: A ZZ. Part of the °F ABL AJA 2 AR 0] i18}i2 Aol 9] £8fo] A& HIStS
bl NULLS WHEHI T o] 2 w8 B84 o(31:12] 9 553U ok

[o
z
rit
%
<
iuj

it
o,
Y
+
i
&

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

Part of the 9+7 ABL 2R vE 09 i WA 240 of gt /\‘5116]-131 deE DAL -1
WS A3 0% AU o\ AL H A BAoli] - vSHEEIUL o) B
of th&t FxE FA A LsUth

vZFNULLO| &, 27} AHA| 5 A 1t o] 7| 5L PySequence_Delltem() AFHES Yd HAH A5
Uk,

int PySequence_DelItem (PyObject *o, Py_ssize_t1)
Part of the V7% ABL o 21 A1 9] i A 2 45 A4 gt A9std -1& vt} o] A
& del oli] & ESFYTH

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *v)
Part of the Y7 ABL A2 AR vE ABE AA| 09 ilo A i2 Abol o] &gfo] 2o Tt g th
o] AL stol FF o[11:12] = v FEHYTH

int PySequence_DelSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Part of the V73 ABL Al A A 09] il ol A i2 Aol o] Sefo] &5 Al ok A afstd -1 vhet
Futh o] AL ol 7 del ol[il:i2] S HYTh

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the °+7 ABL 09 )= valued 45 ¥ Ut} =, o0 (key] == valueE W=3dFE= keyd
TEagyn Asjstd -1 E‘}%ﬂbl o} o] 21 o]y E?ﬂ’% o.count (value) & &5%
U,

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the 27 ABL 09l value7} Q=2 E-2lstUt}. 09 & = 17} value 2}
3, 2% A ko™ 0 Wh YT o Y Al -1& ﬂg}?&qu}. Ol = ool 3
F5 U

Py_ssize_t PySequence_Index (PyObject *0, PyObject *value)
Part of the 9+7 ABL o[1] == value< W&3l= 3 WAl Ad 2 i E &g o8 Al -1
U o) o] A2 stol A £ A o.index (value) & 5 FYTh

PyObject *PySequence_List (PyObject *0)
Wkgkgh: A 2. Part of the 9+ ABL Al 20} o] El 2] B 09} 22
SFA, AselE NULLE Wkgh T B el AEE A2 e 2
#8A list (o) 2k FF5HYTH

PyObject *PySequence_Tuple (PyObject *0)

rlo

sho)

W 1g W)

o
value in o2}

z
Al
A

whekgh: Al 2. Part of the 9+ ABL Al A1} o Bl 218 09} 22 Y28 71A R AAZ whks)
Ak, A58l w NOLL S SR T 07h R 2018, A& BE/FMAH I, 18 A) oW FEol

AdeUE o vyt o] AL vol W A4 tuple (o) 2 F5 U
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PyObject *PySequence_Fast (PyObject *o, const char *m)
W2 gk A 2. Part of the b7 ABL Al AU o|E 8 & o0& ThE PySequence_Fast* A4 &4
ol A AHEE 4 e A E WU th AR 7 Al A2 olH e Eo] ol mE WA A HlaER
A1g-3ho] TypeError & WAIA YT A3 A NULLS ¥ T
PySequence_Fast* &4+ 07} PyTupleObject\ PyListObject il 7F3 8Ll 09 H o] H
o 47 AA 287wl oG o] & 2 RS
CPython -8 A5 AF8FO 2 o7} o] n] Al A AL 8]~ EW, ¥k3kg Ut

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
02 ZolE Wt&3slt=ul, o7} PySequence Fast () 23] ¥&%
g2 7RG YUtk =Z7]= oo el PySequence_Size () E & A &
PySequence Fast_GET _SIZE ()= o7} B|2EUYEZo|gtn 71AE 4 Qo mv 2 o w5 th
PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t1)
Hhehgh: e R 09 i AR 8 A& F RSk, o7) PySequence_Fast () ol &3] 9EEkE 9141, 0
7FNULL©] ofUH, i7F FA Well ekl 7 eyt
PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject £ 1] 2] o5 w5 WH&AF Ut o7} PySequence Fast ()l 3] ¥H&5 3131, 07}
NULL®] ofyzhal 7Hg eyt

gaEe] 277 AR, AGTo] 5 A ANAL 5 ol G AL, webA, A
A NRE 5 g BUel A E S D ZAE S A3

fg

ﬂll

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t1)
WEZE: Al FE 09 i WA 24E ABIAY, AWeW WL BB T
pySequence_GetItem ()] WhE A o] A oo hall PySequence Check () 7} FAA] HA
3 97, o5 AHAE 2 HeA e ch

75 01 T2ESE

PyObject_GetItem(), PyObject_SetItem() W PyObject_Delltem ()T ZFZIHA L.

int PyMapping_Check (PyObject *0)

Part of the ?+7g ABL A7} w3 22 EZZ Al FotAv Seto] d& A Ystd 15 Righslal, 13 4]
Fow oS WUk getitem () WAEZ}F = dhold S0 B9 1S WA=
Aol el HAIA 2 QA 02 St A AT 7] B2 BHT 5 QA WEGU o ot
B4 4 gk

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject ¥0)
Part of the V7 ABL A% Al A 02] 7] & wge 1, A ehd -1 W) o] = o] A

EA4 len (o) & FSFUTH

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
w7k A ZZ. Part of the 217 ABL. This is the same as PyObject_GetItem (), but key is specified
asa 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 Q%] ABI. This is the same as PyObject_SetItem(),butkeyisspecifiedasa const char*
UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_DelItem (PyObject *o, PyObject *key)
O] AL PyObject_Delltem ()2 VA AUt}

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*.

75 I =2 E

Mk
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int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the %73 ABL w5 Aol key 717} 9101 1 wheha}i, 218X ofo 1 08 WA L) o] &
glo]H BH A key in o} F53 UL o] S J

ZF31: 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)
Part of the Q7 ABI. This is the same as PyMapping HasKey (), but keyis specified asa const char*
UTF-8 encoded bytes string, rather thana PyOb ject*.

ZF31: 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)
Hkek gk A ZZ. Part of the <+ ABL /3831, A A 09] 7] B]2EE HE&HgHU T A3 31, NULL
2 W,
WA 3704 HA: o]dell= 57t el 2EY FEZ WS
PyObject *PyMapping Values (PyObject *0)
WHekgk: A E. Part of the $H7d ABL 23 g8, A 09] 3k B]2EE Wkt Asfshd, NULL
= RESHh T
WA 3704 WA o Aol & Fvt H AEL FES BBYEYh
PyObject *PyMapping_Items (PyObject *0)
WL A} 2. Part of the <74 ABL 3F5HH, AA ool = 5 Bl2EE WS Th o 7] A
2 me ) gt e 2R FEAVT. Asielw, nuLLg Wk,

WA 3760 W7 ol ol F47h Bl AEY REL v Ly Th

<
my

7.6 O|EEIOIEH ZEEZ

=3 ol @ o] ] & A}23}17) 98 F av) Q)
int PyIter_Check (PyObject *0)

Part of the V7 ABI W] A 3.8 0|22, AMA| 07} PyIter Next ()ol QtASA AEE 4 90 00]
otd g, 2¥A Fod og EHF UL o] & FFAAFFYULL

z)

ek

int PyAIter_ Check (PyObject *0)
Part of the ¢+7d ABI HPQ 310 °)& 2. AA 07} AsyncIterator ZTEEZE A A3 00] o}
e, 187 gom0e STFUL o B4t 33 4 FU
HA 3.109 7}

PyObject *PyIter_Next (PyObject *0)
RbEh gk Al FE. Part of the 9173 ABL Ol E]#| o] ool A T3 gk
PyTter Check ()] W2 o o] ¥ ofof EMDHOW\ 9]
T2 ol fled, 97t AR A ¢k dE 2 NULL S BF
Y S, NULL S WHebelar o 9] & Aoy

o 3} o
Sgrh 58 AvE 5ol 27}
e el ol H & o|Eelo| =5t 222 A3 W, C DEL o]e AoE 5

PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;
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(o] A | o] A oA A A %)
if (iterator == NULL) {
/* propagate error */

}

while ((item = PyIter_Next (iterator))) {
/* do something with item */

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

Py_DECREF (iterator);

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

}

type PySendResult

The enum value used to represent different results of PyTter Send ().
B A 3.100] =7}

PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the F4 ABI ¥} A 3.10 ©] & 2. Sends the arg value into the iterator iter. Returns:

e PYGEN_RETURN if iterator returns. Return value is returned via presult.

o PYGEN_NEXT if iterator yields. Yielded value is returned via presult.

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

77 HIH Z2EEZE

shol W A A8 4= Qs ofd AA = B Wl R vl d T W o) tiek A2 E Y h o] et
U

AR o= WA bytes & bytearray, 181 array. arrayﬁ} 7o o1 5-2e o] 3 Ut A A}
gtol B g = oA A e} 2] A3} 22 EFS S ER AA FE HAA T 5 dFUTh
ol st -2 Zhzb a1 oJu| 7t QAU (ofuts) 2 W R HF ol o A E = FFH EXS T
Yt o] E A A= Zﬂi/\]"ﬂol 21 W ool A 23H= 2 o] uphz Y )
oW C oA o 22 EZ PA 07 o] Y38t 7] 5S AT FUth o] ZREZo|= F 7HA] SH o]
AT
o AL S A=, B o] “H T ?_]Eiiﬂo]’\”e e 5 991% dl, 1 F o] AA 7} sk W Be JEE
L2 4 A FYTh o] AHH o] 2= W B AA| 24 oA AP T
o &R SOz, ARG AA] SR dlolH ol thet AEHE A7) A8 o 7HA HHS AT
AT (A€ S0l WA= w7 ©i)
bytes 2} bytearray £} Z-2 7rhst A= M W3 E HioE A P A 02 = E3hth ThE JHE
7Fe @Ytk ol & €91, array.array°l 93 &5 = 84+ HE U E Fho] E £ lFUTh
W3 AE | o] 29 A2u A o= 3t AA Y write () HIAE=H YT W T AEH)2E T3l €9
HolEE WHE 5 = BE AAl= 3tdol 7152 & dssYth write () 7ZFAEE AA 9 HFE W&o
st ol 7] g A2~ F QA o, readintO() o 22 v WA EE AR Yol 27] A4 27}
a3t W3 AE sl o)A A7 H7]-2712F 817 A8 HHE AHH o= G AY ART

A== g,
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B 3 QB s o] 20 &u A oA AR el WA E A= WY elle F 7RV s U th

o SHIE /) I~ 2 PyObject_GetBuffer ()E &3t}

ey, wr R sr 94 T F U ALESO] pyarg parseTuple () (EE 1 B4 F DL
TEh
F AL EF HYZYE ZQ3%1RA] ¢OoW PyBuffer Release ()& T&doF gyttt 29 A 314
koW A4l 59} 22 ThFE EAZF WA 5 AT

7.7.1 B XA

H o -TLiiﬂ (E+ &3] “HH]”) & o2 AA 9 violv g HiolHE ol 22 T o Al =&3+=
WO g2 &3 TH E3 BAL gl (zero-copy) £ M AYUZ O E AMEE  JdFUth W= £
%% @}_6}1_ 58e AL AL, g HolElE ol d e ag oA o} 44 =& 5 5 Yrth
=2 g Ci—.‘f%}ﬂ %/b]'/\ WAL 9o, &4 AA golBE 2 AL 7] Aof| 22317] 9 AA|
H2e E T 9a, vlolgRr “ﬂ 2] (in-memory) 4] 0. 2 F 2314 t o] & A3t | A2

Eath siiie]
'T‘»‘—/yll:!

ol AE Z e 7t &S R do e D‘ra], W= Pyobject ZAE 7} ol g} thgt
FzAAUL o] & E3) v 7hdsHA e 7 B ale 4 Qs Ut W E s Ak gE g 2
e, W 2e) i AAE B S A5k
A& 8k+= (exporting) A | & 243 k= Thhe A| A2 v 3] A4 24 & FERSHAHAIL. HiHE o8,
PyObject_GetBuffer ()& FZIIHA L.

rr
-

e

[
R

type Py_buffer
Part of the S+ ABI (including all members) ¥ 7 3.11 o] & 2,

void *buf
o =0 o3 7|EH =8 F29 AIZRS 7HE] 7| &= 2AUH. o] A2 AlF A} (exporter) &
SR ZE A MR E5 WY RE AL = As5UTE dE 59, 59 stridesE AHE3HH
7L°l Hre E59 & 7182 & JdHsUth
o] A9, g2 mreg EE AZS 7 Yt
PyObject *ob3j
Al F 8k = (exporting) A Al o] i A F=x. Tz e v 2k 7F A& 8 4,

PyBuffer Release()°] 93] A4 F o2 AL (& FZ
2 AAQF YLk o] =& XF C-APL g9 Hks g3} 55 g ok
43 A E, PyMemoryView FromBuffer () Y PyBuffer FillInfo()ZE ZA#Z

Wempomry) W39 A9, o] A= NULLAULh Qi 2, A F 8 exporting) A= o

A AE AHE-5HA %}O}Ok ?:M c}.

Py _ssize tlen

product (shape) * itemsize. A& AjE] A, slF e EF9 Aoyt Ed%

o] A9, AL o g BARATY =83 F2A7F 2 2 delduth

((char *)buf) [0] ©I™ ((char *)buf) [len-1] WY INAL AL HAsE=

sz W7 EEYE Aot FEFUTE RE o3 232 PyBUF_STMPLE &

PyBUF_WRITABLEY Ut}

—

int readonly
H#H7F 7] AEAAE HEtH = A7 YU ©] BE& PyBUF_WRITABLE S L& Al o]
gk

Py _ssize_titemsize
g4d 849 g5 F7|(Eo]E)YYTth NULL®] ofld format ol €& % struct.
calcsize () %I ZH5Y T}
2399 AN A7} PyBUF_FORMAT Z# 21 Qlo]
AHEA, itemsizex o] 3] Aef 42 %k% 2ty
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shape©] QI 2™, product (shape) * itemsize == lenFX|7} A& A YL 42 R=
itemsize® ALERo] BB AR 4 gl o).
PyBUF_SIMPLE ©| W PyBUF_WRITABLE £ 39 AIE shape©] NULLO| W, A2 H A=
itemsizes FA|GtI itemsize == 1E 7} oF g ch

const char *format
A NUL terminated string in st ruct module style syntax describing the contents of a single item. If this
is NULL, "B" (unsigned bytes) is assumed.

o] A== pyBUF_FORMAT Z#| 12 AlojH Yt}

int ndim
PlEEZhn A8 G2 e e X9 0o’ burs 2 e = o
?‘1/]1‘4— o] A%, shape, strides @ suboffsets+ HFZA] NULL ©] o] ]E%]'
4= PyBUF_MAX_NDIMO 2 A A % Utk

L o
o
i)
= o
e

Py_ssize_t *shape
n-ZY g E W22 Y-S e = 4o ndim® Py _ssize t B} ¥E. shape[0] *
* shape[ndim-1] * itemsize¥ lend} Zro}ofdytTh
2 3k shape[n] >= 02 AISE Yt} shape[n] == 09 A= 58 Fo71 2%
Tk A @ AR E B 22 AR AAA L
shape Wl &2 4] zpof| Al 21 7] AEJth
Py_ssize_t *strides

ZF QA A L AE 7FA 2 7] Y5 AV E vlolE 2 A Fd= Zd o) ndim® Py _ssize t
u .

2ETOIE e Q1o A4 £ JFUT AW L] B, 2ET|EL BE FFolX
i ﬁ\_u]z}t strides[n] <= 0% A%E -q.:,] gt 2> 9l o] oF BT} AFA| B U & Ea)

Wee BEAAA L.
strides Bl @2 Au|x}ol| Al ¢ 7] A& J YTt

Py_ssize_t *suboffsets
4] ndim® Py _ssize t B]¥. suboffsets[n] >= 0
ZQE ol AH A Fhe o ZZF (de-referencing) & 2}
Yt 29 A8 o Z Al ghe o 3 Z (de-referencing) 7} 2HA)
P ECFEERE PN
BEEAH 2
Tk
o] 2] Wl EAL so)l o u] A 2ol eje) (PIL) o A AHEH T, o] el W 220
WA 2 3= ¥ ol of & ApA| g 82 E5dsh nj & @Eﬁ}ﬂ Al L.

.

0 WA AL whek A ghe
QVEfol T2 who £ 5 Leb]
A kolof T& e o} (A%

W, n
=

f

3

[k
P2
o,
jlles
+
=)
n
12
m
N
N
e
ko
=)
B
52
[o
&
‘O

] =X NULL(Z] 2 3Zh) o] o] oF

—

void *internal
o] 212 A& 8F+= (exporting) A A o] &3l HHH o= ALGH UL o & E0f, o] A2 A F A+
(exporter) 7} A2 A 288 4= glow, # 3 7} SA| 2 ul] shape, strides X suboffsets B &-&
Y Al & oF 3F=A] ol o st “"/H:LE 7‘% ot ol A Y Th & RF7L o] ghs WA = <
HUth

.
s

PyBUF_MAX_ NDIM

w2 2] 7 vebdl = o] A 5 U th Al A e o] Alghe EF 3 oF ohH, ThAb W 5 8] Av]Ah=
PyBUF_MAX_NDIM X 7bA] A 2] & 4 lojof it A 642 A A5 UTH
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772 HI 2™ K4

W= 7] Pyobject_GetBuffer ()5 F3l A& 3F+=(exporting) A Z H ¥ LS B &5
HReld =84 2o B A UE F A8, A= AT ¢ = A 3=

A1 A 517] 91 3] flags QA2 AL FHU T,

BE pPy buffer £ 2% F3 ol o8] ZastA] o3A o gt

s BEE flags®l FFS DA A3 FF e o2 A A oF FUth: obj, buf, len, itemsize,

readonly, format

PyBUF_WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the choice
MUST be consistent for all consumers.

PyBUF_FORMAT

format BEE APtk 44H W, o] A=5 vtz A fYof Fuich 234 e
W, o] == HE= A NULL ©] o} oF g th.

PyBUF_WRITABLES T} ﬂ“/«ﬂq REZHa9 |28 S Q5 UTh PyBUF SIMPLEO] 002 Ao mz,
PyBUF_WRITABLES = ZYIE ALTE o] 3 2] 7hEs B EE 8 YT Jd5Yrth

ETMtI

PyBUF_FORMAT can be |’ d to any of the flags except PyBUEF_SIMPLE. The latter already implies format B
(unsigned bytes).

shape, strides, suboffsets

Mzele) £e 328 £ BPEA gaste £A2 4AgUTh 2 S 18 T okelo

Zelag RE =

m[m 3
S
rlr
(3]
W)

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)
Partofthe oL ABI ¥ A 3.11 o) 2 2. obj7} B] 5 QEH o] AE A Y3tH 1S
kow oS W Uh 10| Wk E w), Pyobject_GetBuffer () 7} A& Aolgha HA3X
Ut o] gae A AT,

IE =]
int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)

Part of the 2+7 ABI ¥ A 3.11 0]—‘?‘—& flagsol] A AH HZ views NFEE exportero| Al LS H

Wyt AlF A (exporter) 7} A& G M B E AT 4 b, BufferErrorS 407 01

view->0bjE NULLE A A 3}11, -1 & WHEs) of g}

AAF3HH, viewE A 11, view—>0bi S exporterol| TSt A} FH=

2 0 A2 et @45 A A H (chained) W3] 37 7H] 7
AAE F2T  AdsUnh (33 A F24 5 BAR).

PyObject_GetBuffer ()o] thet AF A & & PyBuffer Release()o] 3t &=
o] Fojof gt malloc () 3 free () & FAFE U T welbA, A8 27 W3 &2 24 5
o

H
PyBuffer Release ()& Zéi—.]"é] st S &3l of Fuh

987,08 Wak g ot 2.7
A

=4
—?— view—>0b7j & exporter t) Al 0]

_1

o
342

Foll=,

~

void PyBuffer Release (Py_buffer *view)
Part of the V4 ABI ¥ A 3.11 o] 3 &. B J viewE 3| A3t H-29] XY AA 2l view—>objol Tf
Aot FxE AR US (S Fx SFE FLaAH Y. 3141 7FHE AHEH A = o, o] T
NHEA) 52 aloF gtk 184 ghow 2 Rasb s 5 A5,

PyObject_GetBuffer ()& & @A &2 W 3ol o] &8 T Est= A2 olH At

e e

Py _ssize_tPyBuffer SizeFromFormat (const char *format)
Part of the ¢V ABI 8] 3.11 0|3 &. formato] LA &= itemsized Wrag ). of & 7} &4
SHH, o & & LA 7] 2 -1 RESHghU Th

WA 3.9 &7}

int PyBuffer_IsContiguous (const Py_buffer *view, char order)

Part of the V73 ABI WA 3.11 | & 2. viewZ & W2 &7} C 2B+ (order7} 'C) ol Y FEZ
ke (onder 7} £ 1) %01 A & B S (onder7h 1AW 1€ WU T 22A 0w 08
WA o] 4L 34 4B AT

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the ©+7 ABI WA 3.1] o] 3 2. F0] X] view W2 9] indices7} 7}8] 7] = W 28] 49 7HA S

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 °+73 ABI ¥ A 3.11 o] Z 2. bufoll Y= AL H len Bl EE viewZ E AU T fort= 'C!
Ee P (CrudEE 2ER A o) 5 AFyth Aestd 0o WhaE AL, o2 7k gl
~1 o] wkghg T,

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the 7 ABI WA 3.11 o] T 2. srcol Y= len H}O|EE bufol] A< o2 EAFE T}
order~'C' £ 'F' B 'A'(C2HY e FEF 2BY £A B 5 F DY & d5Uth
A58 0] Wheke] 11, o 2] 7} 912 —1 o) ek vk,

o] SF4== len = src->len 0] o Alw) 3o
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int PyObject_CopyData (PyObject *dest, PyObject *src)
Part of the Q+73 ABI ¥ A 3.11 o] Z Z. 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 9+7 ABI ¥ A 3.11 0| S 2. strides | B2 0] Z R4 v}o|E 49} 0] A shape & 2
A< (order7} 'C'H C 2B, order7) 'F' A ZE T AEHY) v F 2] vlo] E AEZfo| =2 AR T

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)

Part of the °+73 ABI YA 3.11 o| & 2. readonlyl] W} 2~ 7] 7}%— Aol A len 37|19 buf & =%3}
2] = A& A (exporter) o) Tt W3 2 HZ A FUth buf= 735 gl vl EY Al A2 E A4
Uk,

flags AA= 24 73S debd Ut o] S buf7 97 822 A H AL pyBUF_WRITABLEO]
flags®ll ’“76301 UA o, FAF e 17F A A S HE views A3 Th
AF3tH, view->0bj = exporterol] 3k A 2= ARSI, 02 vt 282 god,
BufferErrorE Y271, view->o0bj S NULLE A A3 t}2 -1& wtEghch

o] =7} getbufferproc®] DX 2 AR A, exporter 7} A& 3F= (exporting) A A 2 A A = of of 3} 1,
flags= 78 A] %2 ZHE A= ofoF gty th. 13 A ¢k O W exporter 7} NULL ©] o] oF gt}

1z

7.8 Old Buffer Protocol

WA 3.05 8 A

These functions were part of the “old buffer protocol” API in Python 2. In Python 3, this protocol doesn’ t exist
anymore but the functions are still exposed to ease porting 2.x code. They act as a compatibility wrapper around
the new buffer protocol, but they don’ t give you control over the lifetime of the resources acquired when a buffer is
exported.

Therefore, it is recommended that you call PyObject_GetBuffer () (or the y* or w* format codes with the
PyArg_ParseTuple () family of functions) to get a buffer view over an object, and PyBuffer_ Release ()
when the buffer view can be released.

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)

Part of the 7 ABL Returns a pointer to a read-only memory location usable as character-based input. The
obj argument must support the single-segment character buffer interface. On success, returns 0, sets buffer to
the memory location and buffer_len to the buffer length. Returns -1 and sets a TypeError on error.

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)

Part of the °+%] ABI. Returns a pointer to a read-only memory location containing arbitrary data. The obj
argument must support the single-segment readable buffer interface. On success, returns 0, sets buffer to the
memory location and buffer_len to the buffer length. Returns —1 and sets a TypeError on error.

int PyObject_CheckReadBuffer (PyObject *0)
Part of the °+7) ABI Returns 1 if o supports the single-segment readable buffer interface. Otherwise returns

0. This function always succeeds.

Note that this function tries to get and release a buffer, and exceptions which occur while calling corresponding
functions will get suppressed. To get error reporting use PyObject_GetBuffer () instead.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

Part of the 7 ABIL Returns a pointer to a writable memory location. The obj argument must support
the single-segment, character buffer interface. On success, returns 0, sets buffer to the memory location and
buffer_len to the buffer length. Returns —1 and sets a TypeError on error.
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CHAPTER 8

o] Z9 g 54 ol A FoAvt ASH Utk 2ENA ZEH F AANE A= A £
Ay Zto] o U t}; sfo] # EE:L%EOM 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 A| S+H API (as an opaque struct). W7

3= 7leste Wl AR = AA9 CF2A.
PyTypeObject PyType_Type
Part of the 2+ ABL ©] 212 & A A& & AA AUtk shold AS2 typedt 22 AA YUt
int PyType_Check (PyObject *0)
27 07t 2 AR AW Yo A8 g LUl P AW 0] b g BB
OE 2 4702 vdgduth o] e AT U
int PyType_CheckExact (PyObject *0)

AR 07t % AR o) A e, £EF AR o) A1 Fo] ohlw 00] obd ZHS W T T
.% 13—3?3.?;)}1,] 1';]_ ] 6]—/\ A= 51—/61— A] _31‘61—1/] r;]_

rlu
il
i
o,
o

unsigned int PyType_ClearCache ()
Part of the 2+7 ABL W& 23] A& AFUth @A M el L& k&3 oh
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unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Y7 ABL type®| tp_flags ¥wE Whebgtyct. o] 9h F 2 Py LIMITED_APIS}
A ARG S g AUk i S HIE% sho] R w32 Zhol] SHF A Zlew HAAH A v
tp_flags ALA ol th3F BN A= A ShE APT QFE7} obd Yt
WA 3200 7}
WA 3404 HA: wEE -2 o)A longo] o}t unsigned long Yt}
void PyType_Modified (PyTypeObject *type)
Part of the %) ABL B3 1719 BE A1 o] g 3 AM A E FER Gtk G oj=e
RHEU oL 2HAE SF0m 243 Fot o 22T
int PyType_HasFeature (PyTypeObject *o, int feature)
B A7 07} 715 feature® AT 00] o ghe VAP TE B 715 DY WE o1 A
k.
int PyType_IS_GC (PyTypeObject *0)
g AN} 2F 42700 O ADS TPHL QoW FL VBFUL RS § e
Py_TPFLAGS_HAVE_GCE ZAAEY T
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the S+7 ABL a7} b2] A B & o] S vlskgh o}

This function only checks for actual subtypes, which means that ___subclasscheck__ () is not called on
b. Call PyObject_IsSubclass () to do the same check that issubclass () would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Whhgk: A 2. Part of the 173 ABL & A 9] tp_alloc E%é F3 ARk A 2] 7). gojef 7]
M2 P AUSE Ag s Al dAHAE TS BE U§-2 NULLE 2755 o
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
HEek gk A XL Part of the 2H7 ABL & A9 tp newEFS A3 It A 2]7]. 9] tp_alloc
S8 Aol A A2 AE BE D

int PyType_Ready (PyTypeObject *type)
Partof the €170 ABL % A& o2 Stk 271518 A SE 8 R E o AR 5] o A =8
&30 Gtk o] G4t G2l o] s B oM A5 H SEL FAFU AF A 02 v
331, 9.8 A -1 WHEalT o 9] 2 A A T o).

Z3:  If some of the base classes implements the GC protocol and the provided type does not include
the Py TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include Py TPFLAGS_HAVE_ GC in its flags then it
must implement the GC protocol itself by at least implementing the t p_ t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
ke zh: A FZ. Part of the 9+ ABI ¥ A 3.11 o] & &, Return the type’ s name. Equivalent to getting
the type’ s __name___ attribute.

WA 3110 F7.

PyObject *PyType_GetQualName (PyTypeObject *type)
WS 7k A ZFZ. Part of the 973 ABI ¥ A 3.11 ©] 3 2. Return the type’ s qualified name. Equivalent to
getting the type’ s ___qualname___ attribute.

WA 3119 7}
void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the 9+ ABI WA 3.4 o] T2, A AH & F o A= T}% ZAEE vk o}

= 2l =l
ol®, £X o NULLO| A 7t R E8HA] 2 Wi/ M2 355 35S Uepiuth T4+
dulA o 7 7:1‘,,1(__11._0]]:,18 szJa].@_/':frooEyH/\agqq,
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slot QAAFS] 7}53) k2 PyType_Slot.slot < FZFHAA] L.
WA 340 F7}
WA 31004 HA: PyType_GetSlot () can now accept all types. Previously, it was limited to heap
types.
PyObject *PyType_GetModule (PyTypeObject *type)

Part of the <7 ABI W 79 310 ]2 . PyType FromModuleAndSpec ()& AF&3te] S W& o
A48 Y3t AAY BE AA L B o,

Fo]A g3 AdFAH BEo| ¢gloH, TypeError& A A 313 NULLS W3S o}

ol e dutFor WA=Tt Fod y‘éa 7HA 2= /\F‘l%\%D} Olﬂifﬂ ) A = ol A,
PyType_GetModule (Py_TYPE (self)) = o &3t Z-E HI351A] b2 4 2o FoFHA L.
Py _TYPE (self) & &3 29 H‘ﬂ =a1¢°1 T Rew, AE ’ﬂ%ﬂﬂtfﬂ 3 S0}
25wl 4018 A2 U W AE S GOl 2ol A s B ool PyCuethod® F2EHA

§2

Al 2. PyCMethod & AH’L%‘ =3¢ % PyType_GetModuleByDef () & HZ 3 AL
WA 390 =7}

void *PyType_GetModuleState (PyTypeObject *type)
Part of the 2+ ABI WA 3.10 o] 2. FojX J3 AAH BE AA 9 FHE B3
PyType_GetModule () A3}ol| PyModule_GetState () & T&dl= vlE 7F71 Y Yt

FolA ¥ AFAE 2 Eo] Yo, TypeErrorE A 333 NULL-S WHEHgHU o}
npedl AHH REo] YA A 7FNULL O] ¥, ¢l 2] & A 8FA] ¢Al NULL-S RESHEU o
W 390 F7}
PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDe £ def, and return that module.
EES L 4 god, TypeErrorE T A 7] 32 NULL-S WU T

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 Py CMet hod calling convention.

WA 311 7}

og

=
o=

J

o o txAE ¥ 3 wEsd ARE YT

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
wiEZk: A 2=, Part of the <+ ABI ¥ A 3.10 ©] & 2. Creates and returns a heap type from the spec
(Py_ TPFLAGS_HEAPTYPE).
W12 Bl g A 4 B ol bases AA-E AT S I T o] Feo e Bl ao &
4 AH5 Yt} bases7} NULL©| |, Py_tp_bases &F©] thAl AF-&H U Th 2 E=3FNULLO|H, Py_tp
o] Al A Uth 1 ESNULLe]E, Al & object oA I H YT
module A= A ZFN27F B H RES 7|58kt AT 5 A5UThH 2F AA| U NULL o] o]
oF Yttt NULLO] ofY W, RE2 A F3} AdH v UFoll pyType_GetModule () E 7} & 5
AU AdH BE2S A B ZFEf2o AEH A grsUth 2 S8 2ol tis] EH o= 2] Q3| oF
ok,

ol = MER Pl PyType_Ready () & TEF YT
B A 3.9 F7}.

H A 3.109]| A ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

mlm

base
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PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
[E1 2 4 SERA | R Part of the 9+ ABI W A 33 o] % =&, Equivalent to
PyType_FromModuleAndSpec (NULL, spec, bases).
WA 3.3 F7}
PyObject *PyType_FromSpec (PyType_Spec *spec)
WSk gk A Z=Z. Part of the 9+ ABL Equivalent to PyType_FromSpecWithBases (spec,
NULL).
type PyType_Spec
Part of the Q7 ABI (including all members). & 2] P 5 A o] st= L ZA.
const char *PyType_Spec.name
g ol o] &, PyTypeObject . tp_names A s+ o AFEE YTh

int PyType_Spec.basicsize

int PyType_Spec.itemsize
Size of the instance in bytes, used to set PyTypeObject.tp_basicsizeand PyTypeObject.
tp_itemsize.

int PyType_Spec. flags
Y 2, pyTypeObject . tp_flagss AAd= d AFFH YT
Py_TPFLAGS_HEAPTYPE Z #H 2 7 A A FH o A A °oF o o,
PyType_FromSpecWithBases () 7} A5 o2 Z#2&E AT}

PyType_Slot *PyType_Spec.slots
PyType_Slot F+xAS L. 54 €55 {0, NULL} o g FEFth

type PyType_Slot
Part of the Y7 ABI (including all members). & 2] A=A 7]
HE T

int PyType_Slot.slot

ofr

2 Aoste 72A, 2E DY g £

<= 1ID.

£ % IDE £ Z A PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods @ PyAsyncMethods @] BE o] &9 py_ HFAIE £ o]
B2 AHEEUTH o & S0,

e PyTypeObject.tp_deallocs AAS=Py_tp_dealloc

e PyNumberMethods.nb_addg A% 3= Py_nb_add

e PySequenceMethods.sq_lengths A% 8= Py_sq _length
The following fields cannot be set at all using Py Type_ Spec and PyType_Slot:

e tp_dict

e tp_mro

e tp_cache

e tp_subclasses

o tp_weaklist

e tp_vectorcall

e tp_weaklistoffset (see PyMemberDef)

e tp_dictoffset (see PyMemberDef)

e tp_vectorcall_offset (see PyMemberDef)
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AT SHFAAME Py_tp_basesHPy_tp_bases AAstE Aol 24|72 5 3l
Syt BAE ¥stel 9, Al PyType FromSpecWithBases () & bases Q1 A
AHS A Al 2

WA 39004 M7A: pyBufferProcs? €% A% §l= APIOA A 4 glF YTt

WA3119A HA: bf getbufferand bf releasebuffer arenow available under the limited
APL

void *PyType_Slot.pfunc
s ke FPUch BRR o)z Pt T YUk,

Slots other than Py_ tp_doc may not be NUL

8.1.2 None ZHF|

None | Vﬂﬂ PyTypeObject< 30| A/C APIA A3 =S5 A| 5 Ut None2 JSE°]7] £ ]
(Col A ==5 AF&3IA) A A ofolFE Bl S AALSH= 742% 23Ut 2L o] 4 & PyNone_Check ()
B2k GE .

PyObject *Py_None

The Python None object, denoting lack of value. This object has no methods. It needs to be treated just like
any other object with respect to reference counts.

Py_RETURN_NONE

Properly handle returning Py None from within a C function (that is, increment the reference count of None
and return it.)

8.2 =X} ZHA|

8.2.1 M4 A

i

e 99 2719 “long” A5 AAE FHF U

], £ 9] PyLong_As* API&= 5\\—7(]—9,]- THE 4 ¢le (return type) -1 ¥idsilych 25
A A A PyErr_Occurred()E AFE3HI Al L.

>

2

|

3

£
o
=2
type PyLongObject
Part of the A| S+ API (as an opaque struct). ©] PyObject®] A B &2 glo| W A A A& JeERY Ut}
PyTypeObject PyLong_Type
Part of the %+7 ABL. ©] PyTypeObject 2B A E Sho| X 4 & YERY YT o] 21L& stol &l
A% int o} 2 AR AT,
int PyLong_Check (PyObject *p)
Q12}7} PyLongObject Y PyLongObject ] A H & o] & H3tsht}, o] = JA A
ok,
int PyLong_CheckExact (PyObject *p)

A7} Pyrongobject o A% PyLongobject] AE Ho] ofw F& WAFUTh o] T4t
T AAFEUTh

PyObject *PyLong_FromLong (long v)
Wkskgk: A ZHE. Part of the 9V ABL vE X E] A PyLongObject AAE w183 AL}, Aot d
NULL-Z WhHgh th
AR FAL 59 256 Aol o] osl A4 AR 2L FATFUT o W o) Y=

- ]
AreE s Az 712 7%‘?1] Oﬂ EH Sk vk vk Uk
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PyObject *PyLong_FromUnsignedLong (unsigned long v)
w8z A 2R, Part of the ¢H4 ABL C unsigned long 2 ZFE A PyLongObject AAE Wt
&t A, A e NULL & REHRU o

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
wiskzk: A ZR. Partof the V7 ABL CPy_ssize tEZFE| A PyLongObject AR E vr&3} AL},
A9l NULLS WEEHR U T

PyObject *PyLong_FromSize_t (size_t V)
wisk gk A ZZ. Part of the V7 ABL C size_t 28 ¥ M PyLongObject AA|E ¥FEsHA
A3t NULL & WHEE g T

PyObject *PyLong_FromLongLong (long long v)
wkEk 7k A ZZ. Part of the 4 ABL C long long 2 28 E A PyLongObject AR E HI3Hs}1A
U, A9 3HE NULL S WY o)

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
wrEk 7k A 2. Part of the H4 ABL C unsigned long longl ZHE] A PyLongObject A A
£ Whghel A, A g shd NULL-S WEEH U Th

PyObject *PyLong_FromDouble (double v)
ukekgh: A 2. Part of the 97 ABL vo] A4 R 0 2 BE A pyLongObject AA& W& AL,
A3 5 NULL-S RHE g o

PyObject *PyLong_FromString (const char *str, char **pend, int base)

wksk gk A ZZ. Part of the 2+ ABIL. Return a new PyLongObject based on the string value in str,
which is interpreted according to the radix in base. If pend is non-NULL, *pend will point to the first character
in str which follows the representation of the number. If base is 0, str is interpreted using the integers definition;
in this case, leading zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be
between 2 and 36, inclusive. Leading spaces and single underscores after a base specifier and between digits
are ignored. If there are no digits, ValueError will be raised.

| ®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)
Wk Al FE ZAG well e FUIZE A A F2E Shold Ao ® Wyt
WA 330 F7h

PyObject *PyLong_FromVoidPtr (void *p)

Wrek gk A # 2. Part of the 97 ABL ZQlE pZ H ¥ Ilo]x A
PyLong_AsVoidPtr ()& AH&3te] A3ghollA 23T 4+ d5Uth

long PyLong_AsLong (PyObject *obj)

Part of the 2+73 ABL 0bj] C long S W33 T} 0bj7} PyLongObject ] | ATE of U,
(AhH) HA _ index_ () HINEE &35l PyLongObject 2 HE S

obj9] 7kl longd] W9 E WUl OverflowError& S A Z U Th

oflg] Al 15 WUtk 252 A At ™ pyErr Occurred () & AHESHA A L.
WA 38 WA AR 9w index_ () EAREEYTL

¥ A 3.109) A *H 7 : This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Part of the 2+7] ABL 0bj¢] C long ¥ W3 T} 0bj 7} PyLongObject?] AR AT7FoFU W,
(AThH) WA __index__ () WA EE &3] PyLongObject E W T}
0bj9] ko] LONG_MAXE T} Z # 1} LONG_MINXE o} 2O W, *overflow s ztzh 10|y} -1 2 A A 51
-1S 9SSt 28X oW, *overflowE 002 A A3 T) O o Q] 71 WA 3 Hoverflow S
008 MRSt -12 F A8}t Zo] kg ch

oy
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of#] Al -1& w3tk REAS A AW PyErr Occurred () S ARSI A L
WA 3804 M AFEZ 4 Q1o index () EAREIYTH
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Part of the 2+73 ABL obj2] C 1long long 298 93sU ) obj 7} PyLongObjectd] QA" A7}
ol (Puhd) WA index_ () WIANEE 5319 PyLongObject 2 W3]

obj2] 3ol long long? HHE 5'101‘/]"?1; OverflowError& WA Al ZYth

g Al -1 WU th RS Al A ™ pyErr _Occurred ()& AHESHE AL
WA 38 WA AR 9l ew _ index_ () EAREEY T

¥ A 3.10) A 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Part of the 2+73 ABL 0bj2] C 1long long 23S vsshUth obj 7} PyLongObjectd] Q1AEH A7}

obUd, (Jthd) WA __index_ () WINEE EE39 PyLongObjectZ HEF T
obj2] ko] LLONG MAxiu}ﬂﬂUrLLONG MINX® T} 2F O W, *overflow s Z+2F 10U -1 2 A A3}

-1 Wk th 23 4] ¢kod, foverflows 022 APt th2 o9 7} EAYSHA *overflow S
0o® AAst -1S B4 7L°l ket ot

o 2] Al ~1& wEshth R3S A AW PyErr Occurred() S AHESHAAI L
WA 320 &7}
WA 380 A HA: AFRE 4 9o index_ () S AHEEU T

¥ A 3.10) A 7 : This function will no longer use __int__ ().
Py_ssize_tPyLong_AsSsize_t (PyObject *pylong)

Part of the °+7 ABL pylong® C Py_ssize_ t 8L W33t} pylong-S PyLongObject?] A2
g0 of itk

pylong®] gxol Py_ssize t W& HolUH overflowErrorg HA A Z] Yth
g Al -1 WUtk RS Al ASH pyErr Occurred ()& AHESHEAIL
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Part of the 2+7 ABL pylong®] C unsigned long % ¥-& WrEsUt}. pylong2 PyLongObject?]
Q1228 20 of g,

pylong®) 7o) unsigned long?] WS Wojupd overflowError S WA A UTh

o] A] (unsigned long)-1< WUt R3S A A PyErr Occurred ()& AFR
AL

size_t PyLong_AsSize_t (PyObject *pylong)

FPart of the 2+73 ABL pylong®] C size_t &S W33 U T} pylong2 PyLongObject®] QAIAEH A
o of ] .

pylong®] Zko] size_t o HYE Hlo]J}™ OverflowErrorE WA Al LU Th
AN Al (size_t)-1S &I UT RS ZS A A PyErr _Occurred () & AHESHAIAIL
unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Part of the V7% ABL  pylong® C unsigned long long XA S W& Ul pylong
PyLongObject®] AX®Ao]of gt}

pylong®] Zko] unsigned long long? WY E Hloj W overflowErrorS WA Yt}
ol 8 A] (unsigned long long)-1 < ¥ 33 Yt} 2SS AAHA

PyErr Occurred()E AFE3HA Al 2

WA 3194 HA: 22 pylong+= ©] A TypeError 7} o}FY g} OverflowError& YA Al P Y th
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unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Part of the °+7% ABL 0bj®] C unsigned long _ﬁ_ﬁ S WSSt} 0bj 7} PyLongObject e A2~H
27Foly ™, (UthH) WA _ index_ () WA EE $&3}9] PyLongObject@ HES T}
obj2] ko] unsigned long® M E Hlojubd, 11 o] 25 Z ULONG_MAX + 1 & w33}

Yt

o & Al (unsigned long)-1< W&AFUL B3PS AASH Y pyErr Occurred ()& A&
S Al L.

WA 380 MG AFEE 4 Qo™ __index () AR EUS-

¥ A 3.10) A ¥ 7 : This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)

Part of the V% ABL 0bj2] C unsigned long long 82 ¥33tUth. obj”7} PyLongObject 9]
Aa'azhobyd, (Athd) WA _ index () WINEES $&3}o] pyLongObject® W23
=

obj9] Zrel unsigned long longd W& HojUld, 71 319 X5 2 ULLONG_MAX + 1 3dS

shgkgh o,

o 8 A] (unsigned long long)-1 < %339 4 o} 234 AAGHHA
PyErr_Occurred ()& AF&3HAH A L
WA 38014 M A 5 908 index () B AT

H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

~

double PyLong_AsDouble (PyObject *pylong)
Part of the 2+7 ABL pylong2] C double %82 wtagtUt}. pylong-2 PyLongObject] AAAE A
of oF k.
pylong 2] Zko] double ] WY E Hlo]JU™ OverflowErrorE WA Al U Th
olg] Al -1.02 WBFUTh RE AL A AW PyErr Occurred () S AFHEIAA L
void *PyLong_AsVoidPtr (PyObject *pylong)
Part of the °+7 ABIL. }o] ¥ A pylong S Cvoid ZQE & W3t} pylongS HEE 4 ¢l
P

o
OverflowError 7} ‘31"‘“@'1/] t}. o] AL PyLong FromVoidPtr ()& BHEo] X kol o &l A vt
28 £ 9= void ZOAEHE A= 740] H A= U}

o 2] A NULLS wtEshuth RS A S Al A8 W PyErr Occurred () S AFE3HAIA] L

8.22 Er|H A

Booleans in Python are implemented as a subclass of integers. There are only two booleans, Py_False and
Py_True. As such, the normal creation and deletion functions don’ t apply to booleans. The following macros
are available, however.
PyTypeObject PyBool_Type
Part of the °+7] ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same
object as bool in the Python layer.
int PyBool_Check (PyObject ¥0)
o7} PyBool Type @Ol F2 EeFUth o] &= I 43Itk
PyObject *Py_False
The Python False object. This object has no methods. It needs to be treated just like any other object with
respect to reference counts.
PyObject *Py_True
The Python True object. This object has no methods. It needs to be treated just like any other object with
respect to reference counts.
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Py_RETURN_FALSE

Return Py_False from a function, properly incrementing its reference count.
Py_RETURN_TRUE

Return Py_ True from a function, properly incrementing its reference count.
PyObject *PyBool_FromLong (long v)

Wkt zk: A FZ. Part of the 97 ABL Return a new reference to Py_True or Py_False depending on
the truth value of v.

8.2.3 Floating Point Objects

type PyFloatObject
This subtype of PyOb ject represents a Python floating point object.

PyTypeObject PyFloat_Type
Part of the 2+7J ABI. This instance of PyTypeObject represents the Python floating point type. This is
the same object as £1oat in the Python layer.

int PyFloat_Check (PyObject *p)
O12}7} PyFloatObject U PyFloatObjecte] A B old FH& wk3tshyt}. o] 4= A4 A
F gk

int PyFloat_CheckExact (PyObject *p)
A} 7} PyFloatObject O AR PyFloatObjecte] A B §L of ) 3
g4 4Pk

PyObject *PyFloat_FromString (PyObject *str)

Wbk zh: A B2, Partof the 9V ABL stro] AL 3L 7|¥FC. & pyFloatObject AAE WE AL,
A 3 8} NULL.

fifo
rE
rlot
s
<
v
o
i
s
rlr

PyObject *PyFloat_FromDouble (double v)

wksk gk A ZZ. Part of the 9F4 ABL vEX-¥] PyFloatObject AR S W5 A, 435 NULL.
double PyFloat_AsDouble (PyObject *pyfloat)

Part of the 2+7J ABI. Return a C doub1le representation of the contents of pyfloat. If pyfloat is not a Python

floating point object buthasa __ float__ () method, this method will first be called to convert pyfloat into
afloat. If float () is not defined then it falls back to  index__ (). This method returns —1.0
upon failure, so one should call PyErr_Occurred () to check for errors.

WA 380 A WA A 4 glo _ index_ () & AR YTH

double PyFloat_AS_DOUBLE (PyObject *pyfloat)
ol & AAF el pyfloar & Y4-2] C double £H-S WY h
PyObject *PyFloat_GetInfo (void)
WEskzk: A 2=, Part of the 9+ ABI float®] AW %, H 432k, 3 A kol &3 A 2 E Z 33} structseq
AAEAE EE UL 3 H 519 float .h S A= oF 2 g5 YU Th
double PyFloat_GetMax ()
Part of the °+7 ABL H o) &8 7153 731 float DBL_MAXE C double & W+3shu
double PyFloat_GetMin ()
Part of the ¢+ ABL 3 4 A 73}¥ (normalized) %F2] float DBL,._MINE C double 2 ®1&-3H o},
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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 7}

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first,
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 —0.0and +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.

double PyFloat_Unpack2 (const unsigned char *p, int le)
Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)
Unpack the IEEE 754 binary32 single precision format as a C double.

double PyFloat_Unpack8 (const unsigned char *p, int le)
Unpack the IEEE 754 binary64 double precision format as a C double.
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8.24 544 A

gpol Mo B4 AAE CAPIA B ul £ 79 o2 Joz 7P U shve g}om EE T
w28 sfo] W AR o] i, ThE s AAl Bag e JER)E C 2ERA AU T APIE 5§ 714 5%
A 4 9l B2 AT U,

C AZHMEAML 544

7 ez o] 3t Fx A& WolEolal A2FRE Bkt e £UEHE Bl RS HTE e
=3 D}*Ht‘r ol API A A ol A d&grt.
type Py_complex

The C structure which corresponds to the value portion of a Python complex number object. Most of the
functions for dealing with complex number objects use structures of this type as input or output values, as
appropriate. It is defined as:

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
CPy_complex BB AHE3te] F B 2 B
Py_complex _Py_c_diff (Py_complex left, Py_complex right)
C Py complex 285 AHESto] 7 a0 Aol & vk th
Py_complex _Py_c_neg (Py_complex num)
C Py _complex A5 AH&dto] B num @] Z9] = w3 ok
Py_complex _Py_c_prod (Py_complex left, Py_complex right)
Cry complex EAL ALEoFe] & Bado] F2 ulakgh o).
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
Cry_complex RS AL310] £ Base) 52 Hagur.
divisor 7} null 0] ¥, o] M]A == 0 WF8Helal, errnoE EDOMO & A A gt}
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
CPry_complex 3d-& AH&3] nume exp A5 A H-& v}
num ©] null ©] 1 exp 7} %] A7) of U H, o] A EE= 02 W33} errnoS EDOMO 2 A A3

Y.

oM M2 AL HAe

type PyComplexObject
Shol s Bad AR E YRS pyobjecte] AR 4,

PyTypeObject PyComplex_Type
Part of the 2+ ABL ©] PyTypeObject A" AE sho| A B 44 &S e U] 3o Al A &2
complex o} 22 A Ut

int PyComplex_Check (PyObject *p)
QlA}7} PyComplexObject WU PyComplexObject AH & o] S Histsht}. o] g<4+= 3
4 4B

int PyComplex_CheckExact (PyObject *p)

AA}7} PyComplexObject ©| A BY, PyComplexObject®] A B {3 o] oby ¥ g vkE3hu ot
o] B2 gk A2 et T
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PyObject *PyComplex_FromCComplex (Py_complex v)

wk3k gk A ZZ. Create a new Python complex number object from a C Py__compex value.
PyObject *PyComplex_FromDoubles (double real, double imag)

Wbk gk: A ZZ. Part of the QH ABL Return a new PyComplexObject object from real and imag.
double PyComplex_RealAsDouble (PyObject *op)

Part of the 27 ABL op2] AR E C double & WFESHY T}
double PyComplex_ImagAsDouble (PyObject *op)

Part of the 27 ABL op 9] 3 +HE C double & ¥FE-SHY T}
Py_complex PyComplex_AsCComplex (PyObject *op)

B 45 op9 Py complex ZhS ¥istshy o}

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 fallsback to ___index__ (). Upon failure, this
method returns —1 . 0 as a real value.

M 384 A AME S 4 A Th __index_ () & AHEFUTH

8.3 AIREA ZHA|

A2 AR O e AuA Q] AL o] ol A o MU T o] Hol A sol A dofol 17 e 57

2 v
5o AAs AAE o)

8.3.1 HIO|EE Zx|

o] F4EL upol = vj7) W47t Ao uf vho| EGo] obd w7} W42 555 Typerrror & 14
A7t
type PyBytesObject

o] pyObject] B P2 stoll nio]EH AAE YeEHH YT

PyTypeObject PyBytes_Type
Part of the ©+73 ABL ©] PyTypeObject® SIAEH A= glo|y nlo]EY 3L b YUt gfol A
A%2] bytes 2 22 AA AU Th

int PyBytes_Check (PyObject *0)
A o7k Whol EQ AR o] A} Hpo| EQ Go] NE o] dataw Fe MBFUT) o] ot
FE AT

int PyBytes_CheckExact (PyObject *0)

A o7} vEe] E G A A o] A RE, vlo] EG o] A H 3 9
6‘1—/\‘— 61—/\1— /\4:'_61-1414.

o
[>
(T
[>
rlr
o
A
ks
o
rn’.
]I._?l.i
A
hu)
o

PyObject *PyBytes_FromString (const char *v)
WHSEgk: Al R, Part of the 9% ABL A8 O R v EAAY BARS 2 A vlo| = A
iﬂ £ Whstar, Asfshd NnuLL g Wy T w7} W4 v NULL ©] ofy o] of STl HALSHA]
FEyrh

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_tlen)
WEehgh: A 2. Partof the 917 ABL /g 8H9 ghol v E G 8] AR o] a1 A o] 7hen ] A vlo] EH
A S wr3kslar, A o) 5hd NULL-S BFEER Tk v 7 NULL o] |, Hlo] E D AR o] YRS % 7] 31 A
HaciRie
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PyObject *PyBytes_FromFormat (const char *format, ...)
wisk gk A ZZ. Part of the 9+ ABL C printf ()-2EY fo
ukol x|, A7} sho] A wlo| QG AA o] 278 A4sha 1 kol 3
itk 7ha QAHs C oo of 3hn] format B ol Qi EW EALE T B85 o) S8 oF gk
35t 29 BAL B 2HUH

ERIE | &=
59 n/a 2 HE % F=x}.
sc int =44 H}OlE,Cinti FAFYh
%d int printf ("%d") Syt
su unsigned int printf ("su" Q}E‘:?ﬂ'qr/}'
$1d long printf ("$1d") & S5}
$1u unsigned long | printf ("$1u") &} 55 c}!
$zd Py _ssize_ t | printf ("%$zd") 9} 53 }!
$zu size_t printf ("szu") & =53}
%1 int printf ("$i") 9} 53}
$x int printf ("s$x") & 53 }!
$s const char* 4-£5 CEXHf €.
3p const void* CxzAHY 1634 2. ZAHFY printfrtoJd AHE
=Rl aglol 2 1%4 x 2 A Zgo] HAHTE HE
AJstaE AL printf ("sp") F FSFYtTt
AT 4 Qi T BAHE T BAL ol A ol BF 23 Aol o) A A L,

F7h Ak 2 A UL

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
wsh gk A FR. Part of the 9+ ABL R3S T 7l AAE HIE AL At
PyBytes_FromFormat ()3 ZrUth

PyObject *PyBytes_FromObject (PyObject *0)
vk zk: X R, Partof the V7 ABL W3 Z2 EF S T8 5l= AA 0 vlolEE S W33}
ek,

Py_ssize_ t PyBytes_Size (PyObject *0)
Part of the <17 ABL H}o] E A A4 02] 4 o] & Wk th

Py_ssize_tPyBytes_GET_SIZE (PyObject ¥0)
PyBytes_Size () &k AFSHAIRE, o 2 AL Q15 Utk

char *PyBytes_AsString (PyObject *0)
Part of the °t7 ABL 02] W&ol th &t ZAHE W3 th £ H = 1len(o) + 1H|ERE FTAH
o] Wi W3 & Ztel A yth. W 32 wiA| 2 vo] E= th& d (null) H}°1E7P A=A ol FA o] &
Ardelyrct, AA| 7 pyBytes_FromStringAndSize (NULL, size) & ARRSlo] v} wlEo0] R
A7k b Hlol el 2 £ AL o HUTh L AANAL 2 BT o7h o 2 A}
olUW, PyBytes_AsString ()& NULLS W81 TypeError & WAl 7 Uth.

char *PyBytes_AS_STRING (PyObject *string)
PyBytes_AsString () AR, ol 8] AALE 5 Ut

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the $+7 ABL &3 H buffer 2} length® A A obj2] 3-8 W22 ¥yt A-=34H 0
< whahgh o
length7F NULLO |, Who] EQ AA & W 3E 3 who| 2§ 2T 5 Q5 UTh Bk 1P T G4t
-1& ¥kE3lal valueError S 2 A U Th

buffer= obje] Wi W51 S 7he] 7] Al = ol 2ol 3719 uhel 27k 2EH U T length ol = £
or<Zyth. A A7} pyBytes_FromStringAndSize (NULL, size) & AF&3to] W& vt

' A4 A2, u,1d, lu, zd, 20, i, x) N A 0- S E) 2 ALEE A AFE G vk
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297} by B vl B2 SRS A L 2 FUTh 2L AL o FITh o7 ukel =9 A

7} o} W PyBytes AsStringAndSize ()= —-1& HF33} 11 TypeErrorE WA Al A U T
B8 3,500 4 W73 ol doll i, Whol £ AR o] 9 Who| £/} 2 3k¥] o] 9129 TypeError7h A
Ut

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the 7 ABL. bytes©l| newpart2] W22 Sl1E <l Al vlo]E G AXE *bytesoll WH5 YT TEA}7}
A F2E L dUTh byeso] ol A gholl gk I 25 FJ Ut A A 7L w50l A 5§10, bytes
of thak o A Fx= A 3] B2 A AL *bytes®] FF->NULLE AP FUth AE o7t 2784

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
Part of the ¢+7 ABIL bytes©l| newpart®] W& GE< A vlo]EF AAE *bytesol] TH5 Y} ©]
WAL newpart 29 73t F 25 fAFUTH (S 2 A5 FAAHUD.

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

A way to resize a bytes object even though it is “immutable”. Only use this to build up a brand new bytes
object; don’ t use this if the bytes may already be known in other parts of the code. It is an error to call this
function if the refcount on the input bytes object is not one. Pass the address of an existing bytes object as an
lvalue (it may be written into), and the new size desired. On success, *byfes holds the resized bytes object and
0 is returned; the address in *byfes may differ from its input value. If the reallocation fails, the original bytes
object at *bytes is deallocated, *bytes is set to NULL, MemoryError is set, and —1 is returned.

8.3.2 HIO|E HHLE ZHX|

type PyByteArrayObject
o] pyObject®] A H 32 3}o| & bytearray 2 A& EFY L T}
PyTypeObject PyByteArray_Type

Part of the 9+ ABI. ©] PyTypeObject AANE A= vho] A bytearray 3 S LFEFY U T} 3ho] A A
9] bytearray @ 22 AA Y}

|

ol

3 dAtoia =z

int PyByteArray_Check (PyObject *0)
A A 07} bytearray A A| ©] 7 L} bytearray o] A2 & A 2EA AW Fg wiEshct o] g4+ g4
hcaasi=g

int PyByteArray_CheckExact (PyObject *0)
A A 07} bytearray 24 2]| o] | 2, bytearray @ 2] A 2 g A® A op W S WEAF YT o] e
Eisngs: e l=

Rl X
=

M
>
3
o

A
T

PyObject *PyByteArray_ FromObject (PyObject *0)
HLEkgh: A 22 Part of the 9V ABL W] 5] %2 5 22 A3 Aol o] AR (0) ZHE] HA A 2S
bytearray 2 A S E& &t}
PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
vk gk A #Z. Part of the 97 ABL Create a new bytearray object from string and its length, len. On
failure, NULL is returned.
PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
W3} zk: A 22, Part of the 24 ABL ulo] E ¥] D g 9} bE o] o] B o] A 2 - bytearray & WHHEH T}
Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the ¢+ ABL NULL Z QB & &2 3} & bytearray®] 7] 2 ¥t}
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char *PyByteArray_AsString (PyObject *bytearray)
Part of the ©+73 ABIL NULL Z Q1 E| & &-¢13}F & bytearray ] W82 char 1] G £ w183}, vlsly =
W) gol & B4 ol o] W uhol £ 7 F7hE Utk

int PyByteArray_ Resize (PyObject *bytearray, Py_ssize_t len)
Part of the QA ABL bytearray®] W5 W H ] 27| & len o 2 Z A 3T},

3=

olMIr s £=E A S FASH £UHE FAsHA FFUTh
char *PyByteArray_AS_STRING (PyObject *bytearray)

PyByteArray Asstring ()3} FARSHAIRE ol 2] & AAMSHA @k U th
Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)

PyByteArray_ Size ()2} -FAFSHA Bk of| 8] & AAVSHA] ¢ U T}

8.3.3 KL|TZE A AL

SLIFE A

s}o] M 3.30] A PEP 3932 733l o]3, SUTFE A= Rz oz st 3S AHL3ste] AA &
UZ= B LS AEstdad vze 284S AT YLE B8 Z& ZAET} 128, 256 = 65536
gkl FAE O th s S AUt JFUTh 218 A oW, IE ZJAEE 1114112 (A FUZE=
H9)) v ko] o} of ).

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two states de-
pending on how they were created:

« “canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the most
efficient representation allowed by the implementation.

e “legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode ()) and only bear the Py_UNICODE* representation; you will have to
call PyUnicode READY () on them before calling any other API.

Z31: The “legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode objects
will be “canonical” since then. See PEP 623 for more information.

L =

30
ku
In

o

The2 gol oA FUZE FHA AR H = 7|2 FUZE AA 9 th

type Py_UCS4

type Py_UCS2

type Py_UCS1
Part of the 9173 ABIL ©] &
8 B35 913 typedef Y]
B A 3.30]] F7}.

18R EQ] EXE 2837 SETHE Q=
R FUFE BAE AT s, Py UCS4E AR

Srlo
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type Py_UNICODE
o] AL ZHEo et 168 E o]} 328 E F Ql wchar_t 9] typedef Y Ut}
WA 33004 WA o)A MG A, o] 2 WME A shol €] ) 29 (narrow)” U} o] = (wide)”
FUZE WA F o 22 A=A o whet 164 E J o] 328 E o] Y5 Th

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
ol PyObject AME P2 o)l FUZE AA S YebdUth A9 2 B, FUZE AAE
Ae|she BE APL @47} pyobject 2AE S FotaL WHstn g A3 AL A= o}gqc}
WA 330 27}

PyTypeObject PyUnicode_Type
Part of the 7 ABL ©] PyTypeObject A28 2A2E ol FUFE S veEPH YT golA
FEo strE2 =& Ut}

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only data of
Unicode objects:

int PyUnicode_Check (PyObject *obj)

Return true if the object obj is a Unicode object or an instance of a Unicode subtype. This function always
succeeds.

int PyUnicode_CheckExact (PyObject *obj)
Return true if the object obj is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *unicode)

Ensure the string object o is in the “canonical” representation. This is required before using any of the access
macros described below.

Returns 0 on success and -1 with an exception set on failure, which in particular happens if memory allocation
fails.

¥ A 330 7}
WA 31004 HAAEJSFsYUSH WA 31204 Al A Yth: This API will be removed with

PyUnicode_FromUnicode ().
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).

B A 3.30] F7}.
Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)
Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter access. No checks are performed if the canonical representation has the correct character size; use
PyUnicode_KIND () to select the right macro. Make sure PyUnicode_READY () has been called be-
fore accessing this.

WA 330 7}

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
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PyUnicode_4BYTE_KIND

PyUnicode_ KIND () W3 &2 gt widshch

WA 330 7}

WA 3.1000 A F 2= Q5 U th ¥ A 3.120 A A AF Uth: PyUnicode WCHAR_KIND is deprecated.
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).

B A 3.30] F7}.

void *PyUnicode_DATA (PyObject *unicode)

Return a void pointer to the raw Unicode buffer. unicode has to be a Unicode object in the “canonical”
representation (not checked).

WA 3.30] F7}.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)

Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This function performs
no sanity checks, and is intended for usage in loops. The caller should cache the kind value and data pointer
as obtained from other calls. index is the index in the string (starts at 0) and value is the new code point value
which should be written to that location.

WA 3300 7L
Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)

T A (canonical) & data(PyUnicode DATA ()2 AL T E) A ZE ZAE
L 24 (ready) & 0] 35 A ks th

B A 3.30] 7}
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

zy
AW
=
sV
>

i
wo

Read a character from a Unicode object unicode, which must be in the “canonical” representation. This is less
efficient than PyUnicode_ READ () if you do multiple consecutive reads.

WA 330 7}

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.
B A 3.30] F7}.

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).

HA 334 FHAEAFUTH HA 3.120 A Al AE Yt} Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH().

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).

HA 3304 H A= JA5Uch HA 3129 A A A1 Y th: Part of the old-style Unicode API, please
migrate to using PyUnicode GET_LENGTH ().

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)
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const char *PyUnicode_AS_DATA (PyObject *unicode)

Return a pointer to a Py_ UNICODE representation of the object. The returned buffer is always terminated
with an extra null code point. It may also contain embedded null code points, which would cause the string to
be truncated when used in most C functions. The AS_DATA form casts the pointer to const char*. The
unicode argument has to be a Unicode object (not checked).

W A 3.39]| A ¥ 7 This function is now inefficient — because in many cases the Py UNICODE represen-
tation does not exist and needs to be created - and can fail (return NULL with an exception set). Try to
port the code to use the new PyUnicode_nBYTE_DATA () macros or use PyUnicode WRITE () or
PyUnicode_READ ().

HA 334 FHAEAFUTH HA 3.1200 A Al AF Y th.: Part of the old-style Unicode API, please
migrate to using the PyUnicode_nBYTE_DATA () family of macros.

int PyUnicode_IsIdentifier (PyObject *unicode)

Part of the °+7 ABL o] Hojof mpe} FxF o] F-&2 3 A 2to]|d 1-& &3t t), A A identifiers.
a8x ko 0 whakghy o)

WA 3. 9011/‘1 WA FAFE o] F4] (ready) 5] A] k& wlf, o] &4+ Ul Py _FatalError ()€ %
EE]'Z] Ls =) 14‘;]'

int Py_UNICODE_ISSPACE (Py_UCS4 ch)

ch7} W) EAL Q1A o] whe} 1 0]1} 08 Wak e o).

int Py_UNICODE_ISLOWER (Py UCS4 ch)

ch7} 2820l A o] u}e}l 1 o]} 0-& vF3ks ] o},

int Py_UNICODE_ISUPPER (Py UCS4 ch)

ch7h ER 22 A of whet 1 o] 1} 02 WHEFE U o}

int Py_UNICODE_ISTITLE (Py UCS4 ch)

ch7} A& A o] 2~ EAFQ R o uhg} 1 0]} 0L ¥HEghy o).

int Py_ UNICODE_ISLINEBREAK (Py_UCS4 ch)

ch7} % vk E2HQ1 A of whek 1 0]} 02 W ok

int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)

ch7b 1024 22491 ) o whe} 1 o] 1} 02 WHEHgh o,

int Py_UNICODE_ISDIGIT (Py UCS4 ch)

ch7} B A (digit) B2} A of wha} 1 01} 02 whahatu o}

int Py_UNICODE_ISNUMERIC (Py UCS4 ch)

ch 7} 5= A} (numeric) ¥ A1 A of] whg} 1 o]y} 0& WHEHsHU o).

int Py_ UNICODE_ISALPHA (Py_UCS4 ch)

ch7} & ol B2}l o wha} 1 o]} 0L w3k T}

int Py_ UNICODE_ISALNUM (Py_UCS4 ch)

ch7} Q57 22 Aol we} 1 o]} 02 whEHg T,

int Py_ UNICODE_ISPRINTABLE (Py_ UCS4 ch)

Return 1 or 0 depending on whether c# is a printable character. Nonprintable characters are those characters
defined in the Unicode character database as “Other” or “Separator”, excepting the ASCII space (0x20) which
is considered printable. (Note that printable characters in this context are those which should not be escaped
when repr () is invoked on a string. It has no bearing on the handling of strings written to sys . stdout
or sys.stderr.)
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ThE APLE WhE 23] B4} W] A8 F 5 gtk
Py_UCS4 Py_UNICODE_TOLOWER (Py_ UCS4 ch)
AR ASH F2 chs WY T
WA 3.35 5 7| x| = This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
A2 HEhE 72 ch s WhEhehy o
WA 3.3% €] 5 ] : This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4ch)
A& Alolx2 HaE 4 ch s Wt
¥ A 3.35 €] 5| X2 : This function uses simple case mappings.
int Py_ UNICODE_TODECIMAL (Py_UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro
does not raise exceptions.
int Py_UNICODE_TODIGIT (Py UCS4 ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This macro does
not raise exceptions.
double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
Return the character ch converted to a double. Return —1 . 0 if this is not possible. This macro does not raise
exceptions.
T2 APIE ALg-31o] 2 A EE TOHE = 5 U th
Py_UNICODE_IS_SURROGATE (ch)
ch7F 2 A o] E Q1A &l T} (0xD800 <= ch <= 0xDFFF).
Py UNICODE_IS_HIGH_SURROGATE (ch)
ch7} 23] A2 A ] EA A &gt} (0xD800 <= ch <= 0xDBFF).
Py UNICODE_IS_LOW_SURROGATE (ch)
ch7} 318 A ZA o] EQIA &gt} (0xDCOO <= ch <= 0xDFFF).

Py_UNICODE_JOIN_SURROGATES (high, low)

Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the leading
and trailing surrogates in a surrogate pair.

FUIE AAE WHEIL 7|2 Al AL S/ o] HA| 252 | T APIE AHE S Al 2

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
wEzk A ZZR A FYUZE AR E A5 YTt maxchar&
Eojof gYrth 24O E, 127, 255, 65535, 1114111 A&
BEaRla

EAG o v X & AA Ho Z= £
2 A MG I Fer 9 & £

AAE dste v AFHE AU o] £ At e AA =

WA 3.39 F7%

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Mz A FR F2 A kindtS5 3 IS PyUnicode KIND()o] o F wiE =
PyUnicode_1BYTE_KIND SYUTHE NMEZF FUZE AAE d5Uth  buffer= kind 9|
wal B2} 1,2 T 41k E 9 size T 9] Wl Q& 71E] A of Futh
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If necessary, the input buffer is copied and transformed into the canonical representation. For example, if the
buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints in the UCS1 range,
it will be transformed into UCS1 (PyUnicode 1BYTE_KIND).

B A 3.30]] 7}

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_f size)
Qksk gk A ZZ. Part of the 9+ ABL 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 stris 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)

Wkskzk: A ZHZ. Part of the QF7) ABI. Create a Unicode object from a UTF-8 encoded null-terminated char
buffer str.

PyObject *PyUnicode_FromFormat (const char *format, ...)
WStk A 2. Part of the 9+ ABI Take a C print f () -style format string and a variable number of
arguments, calculate the size of the resulting Python Unicode string and return a string with the values formatted
into it. The variable arguments must be C types and must correspond exactly to the format characters in the
format ASCII-encoded string. The following format characters are allowed:

| Format Characters | & | = \

% n/a The literal % character.

$c int A single character, represented as a Cint.

%d int Equivalent to printf (" °/d" ).!

%u unsigned int Equivalent to print £ ("s$u").!

$1d long Equivalent to print £ (" %1 dam).!

$1i long Equivalent to printf ("$1i").!

$1lu unsigned long Equivalent to printf ("$1u").!

%$11d long long Equivalent to printf ("$11d ") :

$11i long long Equivalent to printf ("$11i").!

$1lu unsigned long long Equivalent to print £ ("$11u").!

5zd Py_ssize_t Equivalent to print £ ("%zd").!

$z1 Py _ssize_t Equivalent to print £ ("%$zi").!

$zu size_t Equivalent to printf ("$zu ) !

%4 int Equivalent to print £ ("$i").!

$x int Equivalent to print f ("$x !

$s const char* 9.8 CExajd.

$p const void* The hex representation of a C pointer. Mostly
equivalent to printf ("$p") except that it is
guaranteed to start with the literal 0x regardless of
what the platform’ s print £ yields.

SA PyObject* ascii() & 2<% 43}

U PyObject* %14 = AA.

SV PyObject*, const char* | FUFZ = AR (NULLY &+ A5 th e F HA
W AR 955 C%Z}Hﬁc’é (= A v 7

H 7} NULL ©] fﬂ A} Y.
%S PyObject* PyObject Str()& % st 43,
SR PyObject* PyObject_Repr ()< <3 A3}

An unrecognized format character causes all the rest of the format string to be copied as-is to the result string,
and any extra arguments discarded.

ZF31: The width formatter unit is number of characters rather than bytes. The precision formatter unit is

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 11i, llu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is given.
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number of bytes for "%$s" and "$V" (if the PyObject* argument is NULL), and a number of characters
for "$A", "S$U", "$S", "$R" and "$V" (if the PyObject * argument is not NULL).

B 32014 W73: meL1an sk s 1lum ol i3k A9 o] F b gl e

B 33004 W meLin, s11in @ vaziv o] e A Wo] £ Uk

B 34014 WM7: mas, neAT, msUT, "ave, ST, msRv o] B @ U Hls 3 UE Eule A o]
F7k5) U o

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
vksk gk A} FX. Part of the VA ABL A3 T A9 AAE HIrk=E AS Aed
PyUnicode_FromFormat ()3} 5 4t}

PyObject *PyUnicode_FromObject (PyObject *obj)

wkskzk: Al 2. Part of the 2F7 ABI. Copy an instance of a Unicode subtype to a new true Unicode object
if necessary. If obj is already a true Unicode object (not a subtype), return a new strong reference to the object.

FUTE o] A1 F o]9]e] AL TypeError & WA AT}
PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
wisk gk A 2. Part of the 9+ ABL Q1Y H A obj S FUIZE A2 t) ZY )

bytes,bytearray @ 7| g} vl o] E L F A A& £ A encoding | Weterrors 2 A 2] 3ol & A 8] &
AHEeted fEZ g g Utk & thNULL o] E 4 91, o] AF AHH oA 7 EGEE AU T (RF
A 82 g 79 & FREAAAL).

fURE AN S TP e
o

API+= o & 7} 9L
A5yt

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the 9+ ABI WA 3.7 o]T 2, U T = AR 4o]& F& ZAEZ vt ch
B A 3.30] &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)

r
z
e
=
=
to '

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.

WA 330 =7}
Py_ssize_tPyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
BEAZ EAE S A3 YTt fill_char& unicode[start:start+length] o] &Yt}
fill_charo] #A+4 H o) EAHE Tt AU, EAHL Ol & o] 4] Fx7F e dsfgurh
715" A 5 ek A L, ol 2] Al -1 REgekal o o] & E A A I U o
W7 330 27
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the QF ABIH A 3.7 o] T 2. EA Lo X5 H UL BAE L PyUnicode New () & &9

BEGloloF FLth FUIE BALL Bo| B, 4GS FH AL ob4 A 5] ot

Fuh
o] 4 unicode 7t FUTE AR AR, A 27} WS Wol kA, AR FAFA 29D 5
A (%, F2 A57H124) FAF ok

W A 3.30] F7}.
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Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Part of the 27 ABI W A 3.7 o] &= 2. 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.

W7 330 27
PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)
Wk A ZZ. Part of the 973 ABI ¥ A 3.7 ©] & &. Return a substring of unicode, from character index
start (included) to character index end (excluded). Negative indices are not supported.
B A 3.30] F7}.
Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Part of the S+7 ABI ¥ A 3.7 o] & 2. 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.

H A 3.30] F7}.

Py _UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the St ABI W A 3.7 o] & 2. 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.

W 330 =7}

Deprecated Py_UNICODE APIs

w2 330041 325 g T, WA 302004 A A Ut

These API functions are deprecated with the implementation of PEP 393. Extension modules can continue using
them, as they will not be removed in Python 3.x, but need to be aware that their use can now cause performance and
memory hits.

PyObject *PyUnicode_FromUnicode (const Py _UNICODE *u, Py_ssize_t size)
Wk A 22, Create a Unicode object from the Py_UNICODE buffer  of the given size. u may be NULL

which causes the contents to be undefined. It is the user’ s responsibility to fill in the needed data. The buffer
is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the resulting
Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY () must be called once the string content has been filled before
using any of the access macros such as PyUnicode_KIND ().

WA 3304 HAFHAFYTH WA 312904 A A" Ytt: Part of the old-style Unicode API,
please migrate to using PyUnicode_FromKindAndData (), PyUnicode_ FromWideChar (), or
PyUnicode_New ().

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.

WA 33004 | A= 5 uth WA 3129 4] Al A% Y th.: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.
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Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra

null terminator) in size. Note that the resulting Py UNICODE* string may contain embedded null code points,
which would cause the string to be truncated when used in most C functions.

WA 330 7}

WA 330 4] 3 A= 5 Ut ¥ A 3.1200 4] A A Y t}.: Part of the old-style Unicode API, please mi-
grate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar ()
or similar new APIs.

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the +7d ABI. Return the size of the deprecated Py_UNICODE representation, in code units (this
includes surrogate pairs as 2 units).

HA 3394 s XH A5Uch WA 3129 A4 Al AF Yt} Part of the old-style Unicode API, please
migrate to using PyUnicode_GET_LENGTH ().

2L el5dE
A AL AFZ G AHE o] &G AAlOAM 2 G2ES HIEY & 5 dsUTh

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
w7k A ZZ. Part of the 9+ ABI WA 3.7 o] & 2, ot= Z o] = 9} VxWorks 2] UTF-8 o] U} T} &
SAHZ] A AL AZH 2AES HEZFF U AAH = ol¥ A2l 7= "strict" 2}
"surrogateescape" (PEP 383) Y} UT}h Y I U= errors7F NULLO| | "strict" o8 A& 7E
AFFU s d BAZ Bk s T d B4 2T 5 gy th

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py _FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.

o ®B7):

Py_DecodeLocale () &4 .

W 330 F7}

WA 3704 HA: o] T4 o)A QE R o] EE A 9B surrogateescape o & A g 7)o A
2AL dIYE /\]- gt} o] A=, Py DecodeLocale () ©] surrogateescape ol A5
A, A Z2AL AFFL strictol ARRFHJF YT

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
vl 3} 2k AR E. Part of the <°+7% ABI W A 37 o] % =&, Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().
W7 3300 27

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
WESkZk: A) Z=R. Part of the SV ABI WA 3.7 o] 32, FUFE ﬁﬂl%— o= g o] = 9} VxWorks
A UTF-82 A7 Q3 AU, T2 ZRZA AR 2A Y olmdoz ad3agd3tyr} L=
o] A8l 7]+ "strict" 2} "surrogateescape" (PEP 383) ¢ U] D]- ol T &= errors7FNULL o] &
"strict" o X271 & A F YT bytes A E WU T unicode= WEH d EAHE 23
a4 gl
Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding
(the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
] B

Py_EncodeLocale () &4
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WA 330 27}

HA37AA HA: o] = oA F=F o]=E A3l surrogateescape o & A ] 7] o] EA|
AL AIHGE AFEFYtTh o] A= Py _EncodelLocale () ©] surrogateescape | AFE5 9]
I, A 2AY AFYGL stricto] AHLEH A5 YT

T AlAE I3

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should
be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler
(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "0O&" converter should be
used, passing PyUnicode_ FSConverter () as the conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the 2+7 ABL ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface - to bytes using PyUnicode_EncodeFSDefault ();bytes objects are output
as-is. result must be a PyBytesObject* which must be released when it is no longer used.

B A 3.10] =7}
WA 3604 A7 427 AAE dotE YT

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject *obj, void *result)

Part of the 2+73 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}
WA 36004 WA A7 A4S wors Y h
PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)
WSk A ZZ. Part of the 9+7 ABL Decode a string from the filesystem encoding and error handler.
If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().

o B
Py_DecodeLocale () &4
WA 3.6014 WH7: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

w7k A 2. Part of the 97 ABIL Decode a null-terminated string from the filesystem encoding and
error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
WA 3.6014 WH7: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

L b Al F =, Part of the <F%* ABL Encode a Unicode object to
Py_FileSystemDefaultEncoding with the Py_FileSystemDefaultEncodeErrors
error handler, and return bytes. Note that the resulting bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
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Py _FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use
PyUnicode_EncodeLocale ().

o 17

Py_EncodeLocale () &4

B A 3.20 =7}

WA 3.6004 WHA: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t X|&

At S AE) e wehar_t A 9:
PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
ek gk: A ZZ. Part of the 9% ABIL Create a Unicode object from the wchar_t buffer wstr of the

given size. Passing -1 as the size indicates that the function must itself compute the length, using wcslen ().
Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)
Part of the 2+7] ABL 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,
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 ?+73 ABI Y} A 3.7 o] & &, 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] =7}

WA 3. 79| A ¥ 7 : Raises a ValueError if sizeis NULL and the wchar_t * string contains null charac-
ters.

ol £ 5 98 C2 FgA4E W T A2 ATt o8 IdEL 2R O3 452
B3 AH AHEE 5 dFUh

o2 APIY] 22 F 71 912} encoding 7} errors & F 3, W& str () £XE AA| A A2 A=34
22 ouQyct

Setting encoding to NULL causes the default encoding to be used which is UTF-8.  The file sys-
tem calls should use PyUnicode_FSConverter () for encoding file names. This uses the variable
Py _FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some sys-
tems, it will be a pointer to a static string, on others, it will change at run-time (such as when the application invokes
setlocale).
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o & A el errors 2 44 Lo, 2ol of3) W /% A & AT U nULLE 4H Y S
%UTth ZE g el 3t 7] 2 o8 A2l “stric” YU h (ValueError /b HA U Th.

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

ol

=dor3

e
i

Au)
o

© Quk 3e APIG Y T):

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Wk3kzk: A FFZ. Part of the 2+ ABL 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)
wbskgk: A ZZ. Part of the 9+ ABL FUZE= AAE A7 P31 2F4E 3Fo] 4 bytes AA =2
HE2k 3t ok encoding T} errors= U L E encode () PIA B9 22 o] 59 w7/ W4} Z-E o]

JUch A T 92 go] A T HAAEEE AFSSEe] 23] P UTh T oA of 9] 7} ik g st
NULLS ¥HShghy o}

UTF-8 24

thS-2 UTF-8 29 APIY Y th:

PyObject *PyUnicode_DecodeUTF 8 (const char *str, Py_ssize_t size, const char *errors)
Wk A ZZ. Part of the 9+7J 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_f size, const char *errors,

Py_ssize_t *consumed)

Wik gk A ZZ. Part of the 7 ABL. consumed 7} NULL ©]| ¥, PyUnicode_DecodeUTFS () A&
= AG Tk consumed 7} NULL O] O} W, F3 £ S 7 UTF-8 vlo] £ A| 2t o 2] 2 A 2] %]
FsUTEH ol Htol E= YR Y A ¢kow tI Y H HEo| E = consumed ol A7 Y Th

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
W2k gk A ZHZ. Part of the 9V ABL UTF-82 ALg-31o] SUTE AAE QA Qs 23S shol A
bytes 2 A & Wt} ol 2] A 2] “strict” YUtk oA o &) 7} B NULL W
O,

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)

Part of the 2V ABI M7 3.00 0| 52, SU 3= A% 2] UTF-§ o) 39 of T} 3 £ 1€ = ul 815},
AFYH BH 7S (Hlo]E & 2) sizeoll AU T size 1A= NULL D = Y5 Utk o] A%
S E A BE A e wEE wslels ohe W 2= QLS QAo BAYel, 34 771

J ulo] E7} E7E Ut (sizeol] ZHE A k5 TH.
In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a
pointer to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated
and pointers to it become invalid when the Unicode object is garbage collected.

WA 330 7}
WA 37004 W7 9k o] A char *7} oty gt const char * YUTh
¥ A 3.109)| A ¥ 7 : This function is a part of the limited API.
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const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode AsUTF8AndSize ()&} ZA W, A7 & A 3R &5t

WA 330 7}
WA 374 HA: 32 o|A char *7} o}y const char * Ut}

UTF-32 3 H

22 UTF-32 24 APIY U t}:
PyObject *PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
e zk: X 22, Part of the °F4 ABL UTF-32% QA3 QP H B3 ExFF o A size v} EE T Y5t
AT FUZE AAE SEF U errors(NULL O] oFU W) = o8] A el & APt 7232
“strict” Y U t}.
byteorder 7} NULL ©] o} U H, Y] I T &= A B H vFo| E Al & AME-8Fo] T A Y& A &3 T

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

“pyteorder7} 00, ¢ & B o] €l 2] & 4u}o] £ 7} vlo] £ %A EA| (BOM) o] ¥, T 2 7} of
Hho] £ ¢4 2 A8 1 BOMS A3 §URE Expdo] 2As 2] U th *byteorder 7h -1
olL} 10]W, BE BHO|E A4 EAIZL 220 BAF U
A2 F, *byreorderi= 19 vlo] 2] ol A AA| Whol = £A 2 A5 F Tk
byteorder 7} NULL o], ZEl2 Y| o] E| H <= A EEZ Al ZgU T}
Seo] A ol 2] 7} A SHE NULLS WHEk o,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int

*byteorder, Py_ssize_t *consumed)

WL gk A 2. Part of the 9+4 ABL. consumed7} NULL ©] ", PyUnicode_ DecodeUTF32 ()A™
ZZsh . consumedﬂNULL o] o}, PyUnicode_ DecodeUTFBZStateful () &3 BE9A
UTF-32 B} E A A A (71 42 Ypo] "o A A] b= vlo|E ) & ol 2 ] 8] 31A] st o
2t Hlol E= YA YA Fon I H Hlo|E & consumed°ﬂ AdE Utk

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
wELZk: A ZZ. Part of the 2+7 ABIL Y| o] E] B H}o]E <= A & UTF-32 Q1 Y3 AFR-5}o] glol A
Hlo] E B2 -& v ok A9 2 A BOM whaE Al Z g T of 8] A 2] “strict” YU T
a4 o] 2] 7} A 5 H NULLZ WHSHhu o)

UTF-16 3

22 UTF-16 24 APIY Utk

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
vk} zk: AH 2+ 2. Part of the ¢+7 ABL UTF-16 2.2 <17 Q% v 5] E 2} QG o]l A] size o] EE T] A Y 8}
Aok 14 = AAE U Th errors(NULL ©] ofU ) &= ol 8 A2 & 4o oy DP 718
“strict” Y Y t}.

byteorder 7} NULL©] o} ¥, T 5 E = A A H whol £ ¢4 & ALg 3ol Tlm P2 AR TR

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian
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“pyteorder7} 00, ¢ & B o] €l 2] & 2u}o] £ 7} vlo] £ %A EA| (BOM) o], T ZH & of
HFOlE M 2 AE 3 BOM2 23 fUIZE AL o] A A 9F5 Ut *byteorder 7k -1
ot 1o BE Hlto|E A FAIZEE Yo AU (\ufeff Y \ufffe EAF F Y.
After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULL o], ZEl-2 Y| o] E] H <= A EEZ A ZghU T}
FAol| A o €] 7} T sk NULL 2 Wy o

PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_t size, const char *errors, int

*byteorder, Py_ssize_t *consumed)

WSk Zk A 2. Part of the 2+%) ABL. consumed 7} NULL ©] ", PyUnicode_ DecodeUTFl 6()A9™
ZZsh . consumedﬂNULL o] o}UYW, PyUnicode_DecodeUTF16Stateful () 2 23] B&4A
UTF-16 H}O)|E Al E A (71 S5 Hlo]E U ST A2 A 0] E )& dlH=E A 1’4'5}?‘] ?%Q‘%E‘r-
o]#H T Hlo|EL I YE A ¢ 03’0 M T2 Y H H}o)|E = consumed ol A A U o)
PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

vkt zk: A 2R, Part of the ¢F4 ABIL Ul o] E]H Blo]| E =X & UTF-16 Q1 Z Y-S AF&3Fo] gho] A
Mol = EARRS WO EARDS 34 BOM vh2 A= eh. o) 2 A 2l Ssict 4
o A o917} 2 A 5P NULL-S B o

UTF-7 3

22 UTF-7 Z 49 APIY Yt}:
PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)
Wisk gk A Z2. Part of the Q7 ABL Create a Unicode object by decoding size bytes of the UTF-7 encoded
string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_f size, const char *errors,
Py_ssize_t *consumed)

w3k gk A ZZ. Part of the 9+ ABL consumed7]- NULL©|®, PyUnicode_DecodeUTF7 () A&
= 243 o} consumed7]— NULL©¢] ofy ¥, 33 & 92 3 UTFE- 7 base-64 A2 of 2| & A 2= A] ¢k
SUth ol st ulol E= Y@ YA o t I H ol E 1= consumed ol A7 Y th.

FLIZE o|AFA[O|= AH]

22 “FYFE o]~ A o] i (Unicode Escape)” T & APIY U t}:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_f size, const char *errors)

wiskgr: Al 2. Part of the 97 ABL Create a Unicode object by decoding size bytes of the Unicode-Escape
encoded string sfr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
NEEHgh: A . Partof the 9V ABL U TLE o] 25 o £ AL§ 5] U TE AN E A BT
AT E bytes AA 2 W T ol @] A2 “striet” U Tk, Telo] A o] 9] 7} 2 5HE NULL L
sk o,
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HAl RLIZE o|2aAH0|= 2H|

052 “YUA Y F = o]~ A o] Z (Raw Unicode Escape)” ¥ APIY Yt}

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
wkEkzk: A FZ. Part of the °+7 ABL 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)

HEek gk A FR. Part of the 2+ ABL 9A] FUIE o] AA o] ZE ARl FUIZE AAE Q
Fsta A3 bytes A = Wbty th o2 A 2] “strict” YUtk T ol A o 2] 7} g s
NULL < WHehehyrt.

Latin-1 32 &l

2 Latin-1 28 APIY Y t}: Latin-1-S A& 256 7] 2] U ZE Aof sl gdatm A3 Fof Zulof A
o5 ﬂd&%ﬂﬂ
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
WkskZr: A 2. Part of the °+7 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)

wiskzk: X 2. Part of the 73 ABI Latin-12 AF&3to] U zZ = 2 z}]—‘;—— )T Y5t AE Fho| A

bytes 42| 2 9F&3HU T} of| & *] 8] += “strict” ?J yth F oA of 9] 7} 22 & NULL-S BHHE T}
ASCII Z=!

S92 ASCII 9 APIYUTH 7HE ASCHH Yo H @ 3] S UTth o2 R E I =t o8 E ATk

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
Qksk 7k A 22, Part of the 97 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)
w32k A} FR. Part of the $+7 ABL ASCIIE AFR-31o] U= AR S QT Y AE ol A
bytes |2 = wkghUTh o 2] A 2= “strict” YU Th T H A o ] 7} WE S NULL-S RESHR
Sh=

EEL

Mo

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done
to obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode
and decode characters. The mapping objects provided must support the _ _getitem__ () mapping interface;
dictionaries and sequences work well.

Ch&-& i 79 APIY Y Th:
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

WSk A 22, Part of the Q17 ABI. Create a Unicode object by decoding size bytes of the encoded string
str using the given mapping object. Return NULL if an exception was raised by the codec.

mapping ) NULL®] ), Latin-1 215 0] 445tk 28] .28 mapping2 whel = A0
255 20|12 A& FUTE BAL, A5 (FUTLE A2 345 U0 Ei= none o 2 vl 43 of
FHUITh W= A 92 ool Bl Bho] £ (None, 0xFFFE i \urffe' % v 5 & AR o2,
LookupError %8 2) & Ao)¥ A o B oz A el o] el TAA AU
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PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
szl A 2. Part of the °F4 ABIL 320 A mapping AA S AH&5to] U IZE AR E AT L3}
ZA3}E bytes A 2 BT ol 2] A gl “strict” YU Th ZE oA o 2] 7} HAY S} H NULL
shEHgh o,
mapping A= FUIZE A5 3 TE bytes A, 00 A 255 Abo] o] A4~ EE+= None © 2 1| 37 3 of
Ut Noneol vj33 = = ZE T o 2t v FH 2] 942 A A5 (LookupError & 33k 2)
S EERE R LA B ER 2 L 8=y

The T APIE SUAES SUTER 03 arhe Aol SH g

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
ukshgh: Al F2. Partof the 944 ABL £71 o) % Bl B2 A 8350 A4S M BT AB fUm=
A E Wbyt FE oA o &) 7 28 s NULL U o
W HolBe FUIE AL A5 E FUTE A5 351 None(ZAH7h AMAH =2 gy ol
w3 3} of g oh.
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= T 9] AWHA QL vl uTh 7|2 o A el S AS T ehlE v D 5 A%

U,

o f-

o
kn
40
00
=
W
0
w

EE

th-&-& MBCS 28 APIY Ut #A 9= 2o ATk A& 8 4= 9l o1 Win32 MBCS M 7] S AHg3}¢]
AeS 7Y Th MBCS((:+ DBCS) & © 4] sfuprh oyt eliid S~ ol ol sty ale. tia
AT H 2 TS APk 71A ) AHA 2ol o8 Ao gyt

PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)

WkSk gk A Z2. Part of the 27 ABI on Windows ¥ A 3.7 0] & 2. 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)

wE gk A FZE. Part of the v ABI on Windows W7 3.7 ©]Z &.  consumed 7}
NULL ©] ¥, PyUnicode DecodeMBCS () 3 = Z-31t}.  consumed 7} NULL ©] o} 1] W,
PyUnicode_DecodeMBCSStateful () 2 23] A d(lead) B}O|EE U|Z WA $1 I HH
vlo] E 427} consumed o) A 74 Y T}

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Wbk gk A ZZ. Part of the 273 ABI on Windows ¥} A 3.7 0] &£ 2. MBCS & AFg-31o] U ZE AR =
AT Y stal A5 3ho] X bytes AA| = vk T ol 2] A 2] = “strict” YUt F g o A o £] 7}
9851 NULL S U ok

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
WSk 7k Al ZZ. Part of the 94 ABI on Windows ¥ A 3.7 ©] & Z. Encode the Unicode object using the

specified code page and return a Python bytes object. Return NULL if an exception was raised by the codec.
Use CP_ACP code page to get the MBCS encoder.

WA 330 7}

140 Chapter 8. 14t ZUA| HIS



The Python/C API, 22|A 3.11.13

HMES =R

ohS APIE 989 FUTE AA S} AL (oA Bxrdolgtn stAsUth A e 4 gon
A3 FURE AA U F 58 o
o ] 7} WA 8 B F NULL oL —1S wkEk gt o)

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
vksh 2k A ZR. Part of the ©F4 ABL F EAE & o]o]Bo] Y AEL FUFAE XIS
AlF .

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
W8k A BE. Partof the 9174 ABL £A1Q S B&alo] $UTE £219 | ~E S AT sep
o] NULLO| ¥, B 38 B8 2o Al R eol AP Utk 137 o w, Fo} 2 RA A &
o] Aol g}, H th mavsplir o] FAFUCE o)W, Asto] A= A gk, FRAL
A3} el 2Eol 23w A ghyth

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

WSk gk A . Part of the 7 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)
w7k A X Part of the ¢+ ABIL. F0] A separatorE AN2-3to] EXE A/ A2~E AA5 0 23}
FUDE BXdS wrekguch
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

Part of the 9+ ABI. Return 1 if subsir 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)
Part of the 2+7J 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 °+7d ABI WA 37 o|&ZF. Return the first position of the character c¢h in
unicode [start:end] using the given direction (direction == 1 means to do a forward search, direction
== —1 a backward search). The return value is the index of the first match; a value of —1 indicates that no
match was found, and -2 indicates that an error occurred and an exception has been set.

WA 3.39 F7%
WA 379 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 <% 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)

wiksk gk A 2. Part of the Q73 ABIL Replace at most maxcount occurrences of substr in unicode with
replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.
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int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the ?17 ABL + 2225 W3l 242y 25, 25, Fol sl -1, 0, 1& &Yk
o] = A Al -1 WEEt e R, o & &eld7] 98] PyErr Occurred () S E&38oF &
U,

int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Part of the 27 ABIL. Compare a Unicode object, unicode, with string and return —1, 0, 1 for less than, equal,
and greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets the
input string as ISO-8859-1 if it contains non-ASCII characters.

o] g ol & YA 7 A gkt
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject >"right int op)
Hkekgk: A ZHR. Part of the 2 ABL F U IS AL & & 48 1] 2L (rich comparison) 8F3 Th-
% shibg wag
o o 9] 7} g5k 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)
HERk gk A R, Part of the 7 ABL formar3} argsoll A A EAE AAE & U} o] A
format % args®} AR U TH
int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
Part of the Q7 ABI. Check whether substr is contained in unicode and return true or false accordingly.

substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

Part of the +7J 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)

vt zk: A F=Z. Part of the ¢F4 ABL A combination of PyUnicode FromString () and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned,
or a new (“owned”) reference to an earlier interned string object with the same value.

834 FE A

type PyTupleObject
o] pyopjecte] B §L wtoldl FE AME tehd k.
PyTypeObject PyTuple_Type
Part of the YA ABIL. ©] PyTypeObject Q2B A= glo]H F& & VepY Ut Jo]H A=9
tuples 22 27 Aok,
int PyTuple_Check (PyObject *p)
P FE AN AL FE G AR G drtad F THFUL o] B4t B4 T
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int PyTuple_CheckExact (PyObject *p)
Pt FE AR OIA T, FE o An B dadak ohW 2 SeEUT. o B4k A
43 g

PyObject *PyTuple_New (Py_ssize_t len)
Wbtk A ZZ. Part of the 97 ABIL Return a new tuple object of size len, or NULL on failure.

PyObject *PyTuple_Pack (Py_ssize_tn, ...)
Wkt zk: A 2. Part of the 97 ABL Return a new tuple object of size n, or NULL on failure. The tuple
values are initialized to the subsequent n C arguments pointing to Python objects. PyTuple_Pack (2, a,
b) is equivalent to Py_Buildvalue (" (0OO)", a, b).

Py_ssize_tPyTuple_Size (PyObject *p)
Part of the Q+7 ABI. Take a pointer to a tuple object, and return the size of that tuple.

Py_ssize_tPyTuple_GET_SIZE (PyObject *p)
Return the size of the tuple p, which must be non-NULL and point to a tuple; no error checking is performed.

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
wksh gk A2 ZZ. Part of the 9+ ABL p7} 748 7] = B9 pos 9 X o] Q= AAE ke ).
pos7} &40 ALL W91 2 ol L}, NULLS W81 Indexirror 919 & AR T,
PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
WSk W e JFX. pyTuple GetTtem ()2} B8R Wl QA ALS 29161A] ok th
PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
wkek gk A 22, Part of the ©+7 ABIL Return the slice of the tuple pointed to by p between low and high,
or NULL on failure. This is the equivalent of the Python expression p [low:high]. Indexing from the end
of the list is not supported.
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
partof the 171 ABL p7} 742171 2] pos 1 190 A3 00 HH P H2E YT A8 0
Fpia
=

L uks s Th pos7 WY S Wlojyd, 1S W83} 1l IndexError o ]S A A g}
Fa: o] s oo i F2E “FAL” FFES e AA NN FEol olv] e FEo| T
F=2E W Yy th(discard).

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple SetItem()3 H]3HAIRE o] AALE 844 ko 2L FE2 A2 wf* v+ AL-g-3]

oF Ut

Fa: o] g ool I F2E “F A7, PyTuple SetItem ()t 2], AA| FQ FEo theh
FzxE WA dsUthpos AA A FEo BE Fxe FgyTh
int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
FE 3715 235 AT 5 S UTh newsizer T2 MEL o7t Ut &2 EWo
eh31 o] A X B2, A7) o5l 27 Sibek )L whgk AHga of gtk FEe] mEe] thE i Eo|
ojm] e H oW o] A /‘F"“FﬂXl Al L. JFE2 3 2olA AA AU FolFUTH o] 2 2.7
wET;_-L = Fg st /‘H va = UEE o2 A7 L, "/*Xl O asAd Bt 43std
0 Wkt ZetoldE iE%, *po] A3gho] o] T4E TET1] ZL‘J’ 2t 7H s Al =
@ Uk *p7k G e AR Y Q0 rpe QT A, -1 e, o E
NULLZE A A3}, MemoryError U SystemErrorE WA A Z Ut
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8.3.5 &AM A|RA A

T2 A Al W2 (struct sequence) A A= namedtuple () A2 C 5712 YYLH S oJERREE
S A S AN T A FE B, T 5 T A 3
.
PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
wiEkZk: A 2=, Part of the ¢+ ABL ool AW H desc?] Ho|E 2 ME2L FRA AE2 S
ks Utk 7344— 33-/] SAIA~BElAE PyStructSequence_New () 2 WHE 4 5 UTh
void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc2 F-Z A NB2 G typeS A A2 ol A =713} o}
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
The same as PySt ruct Sequence_InitType, but returns O on success and —1 on failure.
B & 3409 Z7}.
type PyStructSequence_Desc
Part of the V7 ABI (including all members). TE T2 A Al A2 F o wel AR S Z3sh T}
const char *name

Name of the struct sequence type.
const char *doc

S ol thet F2E o thek B A =Fsh2] W NULL.
PyStructSequence_Field *£ields

AMEL PO = o]F5 7HINULLE Euhe vl Qo thel < H.
intn_in_sequence

ol Zo A &5 A= BT (F

type PyStructSequence_Field
Part of the V73 ABI (including all members). T+Z A A/ B2 B=E 7|yt 22A A|E>

N
E5EZE 23y RE, BE - = pyobject* §2 AT YT} PyStructSequence_Desc]
fwkmﬂﬁqﬂﬂét%ZﬂM%QAﬂ%ﬂtﬂﬂ%ﬂ%ﬂ%éﬁﬂqw

3

= 489 4.

const char *name
Bso o Er olgiE BEY 258 B
PyStructSequence_UnnamedField® A A%t

const char *doc
2= F2EF oL} A ekste] W NULL.
const char *const PyStruct Sequence_UnnamedField
Part of the 9% ABI W7 3.11 o] 32, o] 2 gl ABI 2 AT 93 D= o] 2] S5
WA 3,904 M7 P ol char *ollA HAH AF YT
PyObject *PyStruct Sequence_New (PyTypeObject *type)
wbEL gk A ZFZ. Part of the 9 ABL PyStructSequence NewType () 22 THE typeo] Q12 H
~% EE UL
PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
w7k W@ ZZ. Part of the 2173 ABI Return the object at position pos in the struct sequence pointed to
by p. No bounds checking is performed.
PyObject *PyStruct Sequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
w7k W2l ZZ. Macro equivalent of Py St ruct Sequence_GetItem().
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void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the <+ ABL F2A AN A2 p AW poso] J+= B=E Loz HAIFYTH
PyTuple SET_ITEM()Z v}R7FA R, o] A2 MZE A2 AE A& w2k ARS8 o T o

Nt

s o]

nt

=z

rr

ool o st

]

A

2~
T

d

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), but implemented as a static inlined function.

3 o] Pt ool A FERE FHUL.

8.3.6 Z|AE ZHA|

type PyListObject
o] PyObject®] A H &L stolH g 2E A S et
PyTypeObject PyList_Type
Part of the 97 ABL o] PyTypeobicct IAB AL 5ho] A ) AE 9§ LRI LT o] AL gho] A
AZo) 1ist 9 2L AR YU
int PyList_Check (PyObject *p)
p7hEIAE AR P AE Gol Au g AT L ST o B4k A BT
int PyList_CheckExact (PyObject *p)
p7h B AE AR o AT AL Fo] AH P AAFAT o B AT T o] T T4
4E ¢yt
PyObject *PyList_New (Py_ssize_tlen)
WS gk Al ZFZ. Part of the QF ABL A E3HA 2 9] len Q1 A B]|2EE, A3t NULL-S HH3HSH
gk,

ZH31: If len is greater than zero, the returned list object” s items are set to NUL L. Thus you cannot use abstract
API functions such as PySequence_SetItem () or expose the object to Python code before setting all
items to a real object with PyList_SetItem().

Py _ssize_tPyList_Size (PyObject *list)
Part of the 273 ABL listo| A B]|2~E AR 2] 2 o] & widtaUty; o= | 2~E Ao tf gt len (1ist)
o} =gt

Py_ssize_tPyList_GET_SIZE (PyObject *list)
PyList_Size ()& FAFEHA T, ol 8] AAZF 95Ut}

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
sl gk: A& ZZ. Part of the 2+7J ABIL Return the object at position index in the list pointed to by list.
The position must be non-negative; indexing from the end of the list is not supported. If index is out of bounds
(<0 or >=len(list)), return NULL and set an IndexError exception.

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t1)
Wtz Wel Zx. pyrist GetTtem() 2 -FAFSEAI R o 8] AALZF 95U Th

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the X7 ABL B]2E Q] QP jndexol] Y& FES item o2 AT YT &3t 0 HH
Ut index7F 39 & Hojyd, -1 H]—ﬁ]—s}i IndexError o2& A YTt

8.3. Al
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void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
ole] AAF @l PyList_SetItem ()9 WAE P4, A OZ o] Y&o] gl H2rEE

A% v A E U

_4

2 itemol] et FRE “F XA, PyList_SetItem ()= 28 hAIEH = F5F
ZA FFUthlist g i A Y= F2E FFE oYL

iy,
oL
ik
BN
i
= U

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the ¢+ ABL &5 itemS 2| 2~ E list2] A9 2 index 2ol AAJ &y ot A-235hd 02 ¥Hagy
o} AostH -1 ‘ﬂ—%‘tﬂ-ﬂ o 2] & H ATt} 1ist.insert (index, item) o djZg]ch

int PyList_Append (PyObject *list, PyObject *item)
Part of the 9+7 ABL B2 E list2] Lo AA| item< F7FUth Aa3hd 02 wHaghy of; Al s s
-1Z Wheetal o 9] & A AT list.append (item) of 3]G ch

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
vk gk A) 2. Part of the °J7§ ABL listol| A low 2} high Aol ol &= AR ES £351+= g
vksl e ol A e NULLS BHEEt o 9] & A AT YT list ] low.hlgh] o 3 F%
SRR RELEEE R ERDEE R

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the 9t ABL low 2} high Abol9] listE ol 2~ itemlist®] W&o 2 dAg )
list[low:high] = itemlistol] | F Y} itemlist=NULL & 5 J=d, Wl Sl2EQ Y
& eI T (2ol AR, AE5E 02, A9 s 12 BBFUTE 2 AE Zoj A e
Qe 4 A A= A gk,

int PyList_Sort (PyObject *list)
Part of the ?V7d ABL list 35-& A A 2] o A Bt AFstd 02, Aofstd -1
o]A& list.sort () & ==t

int PyList_Reverse (PyObject *list)
Part of the F7 ABL list®] 52 A Ap2] ol A F A5 Th 435tH 02, Aofiotd -1 vk th
o] AL list.reverse () 2= == =gkt

PyObject *PyList_AsTuple (PyObject *list)
B gk Al BE. Part of the 917 ABL lisr®] W8S EFee Al 52 AA S Mg
tuple (list) & 55U}

rlet

m[o

=]
“

sh3h o,

8.4 ZE|0|q A

8.4.1 ElMLq2| ZHA|

type PyDictObject
o] pyobjecte] AH P2 stold g 2] AAE b Ut
PyTypeObject PyDict_Type
Part of the %+7 ABL ©] PyTypeObject 2" A& told gAY F& vepyUrh o] A2
ol A S dict & 22 AA YUY th
int PyDict_Check (PyObject *p)
p7hdict AR o] Atk dict F o] ME Fo] A2 F3 whehetyrt o] e A 4TI
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int PyDict_CheckExact (PyObject *p)
p7tdict A o] A w, dict B A B P A2 A= ob W g WA UTH o] 5= FF AT
.
PyObject *PyDict_New ()
WLELZE A RE. Part of the 974 ABL Al 2-¢ Wl €412 2 sk Ay}, A ehE nuLL S whake
S8
PyObject *PyDictProxy_New (PyObject *mapping)
wirsk gk A Z R, Part of the ¢+7% ABL ¢17] A& 522 A S
MappingProxyType A& WH&gch o] 21 G4
2o £42 BA57] 93 HE wes o AP Uk
void PyDict_Clear (PyObject *p)
Part of the ¢+ ABL 7|2 98l BE 7)-3 AL v Yth
int PyDict_Contains (PyObject *p, PyObject *key)
Part of the 7 ABL G A 4 ] pol| key7} 35 o]
= WEeta, 28 A gko W 02 MU o W -1
po FSFUTH
PyObject ¥*PyDict_Copy (PyObject *p)
REEHGE: Al Z2. Part of the 91 ABL p} 22 7)-3t 42 Eahe Al 942 & wag o
int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the S+ ABL YA ] poll valS key 7] 2 AU th. key+= s A] 7Fs 3l oF &yt 29 X
4O TypeError 7 AU TH BF 5t 02, Aoiehd 15 vk th o] &= valoll &
F22 EXA g5k
int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part of the Q7 ABL o] AL PyDict_SetItem ()2} Z2 A QY key7} PyObject* 7} o} const
char* UTF-8 QI Z Q& HlolE EXEE A HF Yth
int PyDict_DelItem (PyObject *p, PyObject *key)
Part of the 2+ ABL 8 A V1] pol A 77} key Q) &5 A AGU T ke 51 4] 7158 o Th
397 oW TypeError 7F YT key7F S Y gl ol Y12, KeyError 7} A Fu o 4
259 02, AshatE 12 WEFUTH
int PyDict_DelItemString (PyObject *p, const char *key)
Part of the V7 ABL ©]| AL PyDict_Delltem ()2} Z-A 9} key7} PyObject* 7} o} const
char* UTF-8 1 A5 ¥ nlo| & B2 A FH U},
PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

Wksk gk AR ZH2. Part of the 9+ ABL Return the object from dictionary p which has a key key. Return
NULL if the key key is not present, but without setting an exception.

Z7: _hash__ (9% _eq () MAEE TEe1E 59 G o9l 288 FAF YT
Al PyDict_GetItemWithError () S5 A3 Al L.

H A 3.109]| A} ¥ 7 Calling this AP without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
WHeh gk W E 2. Part of the QH ABL 9|2 & A 3HA] ¢b= PyDict_GetItem ()2 W Yt
o] 9] 7p by sh | o 9] & A A8kl NULL& WY Th 7] 7F glew ool & A SHA] ¢fa NULL
wrEh g o,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
wke 7k W E ZZ. Part of the 4 ABL ©)| AL pypict_GetItem ()2} ZA W key7} PyObject*
7} obd const char* UTF-82 QI E vlo|E FXREE A FH Yt}

o

8.4. ZiH|o|Lq K| 147



The Python/C API, 22|A 3.11.13

Fi: __hash <)9Jr eq_<> HANES EE8kE oy 94 str AAE THE
Al A PyUnicode FromString () key2} 7
£3h Ao] THuTh

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
HEShgh Y 2. o] AL vlo] M £F 9] dict.setdefault () & ZF Ytk EASHE, 94 2]
poll A keyoll 3] F3t= 32 WFEE Ut 7] 7} dictol] Qo W, 3k defaultobj 2 4+ Q=) 11, defaultobj 7}
SEP U o] Bt key) A BT 23 D A4AL AN YA o2 P oA B W
3 7hg o),
WA 3400 7}

PyObject *PyDict_Items (PyObject *p)
Wik zh: A ZZ. Part of the 9 ABL YA el & &8 £33l pyListObjectE WS}
e},

PyObject *PyDict_Keys (PyObject *p)
W2k A} . Part of the <F ABL AV E| 9] BE 7|8 X288t PyListObjectE WHEHE
k.

PyObject *PyDict_Values (PyObject *p)
W2 gk: A XL Part of the SH7 ABL YA 2] po] BE 3 5t PyListObjectE WHEH
U,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the V% ABL 9ol 9=
S5

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the 9% ABL B AW pel RE 73t AL olE o= Btk pposol ofa Fz
Py ssize_t¥, o|HeE o] & /\11}5}71 Hsf ol ?J—’F% g TE8H7] Aol 0282 27315 o
oSk o Bt A el 2 ol ol 48 ws, 2 e gl Badsiod A58 W

S5 v ) Tpkeya}pvazue»t« 247k 7|9} ko2 A& pyobject* MaE Fhe) 7] A, NUL

ofr

120 48 BT ol 9 elo] B# len (p) %

O

§¢g}§qq ol52 E3 watd Fxt BF WA (borrowed) 2 YUtk o B g ol d Feil p pos
£ wgst b gunh o e R 9Ae P2 e AL dehin, 727} 5 utetn
232 40] 91454 ruich,

S

-
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
/* do something interesting with the values... */

rr

pE °lE e old Foll AN FFUE M| E OlEMlOlE o e s
?}Xd%} A ek, 7] o] MR A gke d =

Mo 2
-
_VE

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) A
return -1;
}
PyObject *o = PyLong FromLong (i + 1);
if (o == NULL)

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (0) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the 2+7 ABL w33 AA| b o|E o] E StHA], 7]-3k & A g adll 713
YA AV PyMapping Keys () PyObject_GetItem()E XY= EE A2
th. override 7} o] @, a°ll & 71 Aol boll A AA8HE= 7] 7F o T’Lxﬂ-ﬂi, a2 o da
LA 8h= 7171 flS Wi vk o] F7HE Utk AFsHH 05 whebstar, o 9 7F B ek 12 ket
gt

int PyDict_Update (PyObject *a, PyObject *b)
Part of the 2+ ABIL ©]+= CollA PyDict_Merge(a, b, 1)} 231, T HA| QA R}of “keys” o] E

WEZL 98 ) pypice Update ()7} 7)-gk Ae) Aol thal o) el ol = 517) ghrh g

A Q) 5HH, sho] Mo A a.update (b) & GAFUTH AFed 08 Waat 1, o 9 7 By shE -1
< whskgh e,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the °+7 ABL seq22] 7]-7k o2 Ay g aE BASA Y BT UL seq2 = 7]-3F o2
H55He o] 29 o H B AR E A ol H e AR o] of Gtk B8 1ﬂﬁzﬁmmmk
7} ol ¥ wpA|gto] FeEletar, 18 A ¢kod A WA 7t S Tth AF Al 05 WS, o 9] 7}
LA -15 wEERtU th 553 o] A2 o] FHF U k(R gk Al 9])

l

S ol
_\1
£

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = wvalue

8.4.2 Zigh A

o] Aol X set I frozenset A Ao thgt &8 APIo]| T3l XA 3] APt ofef YE=A oF
L 758 A AN T2 EE (Pyobject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print ()
9 pyObject_Getlter()E ZEZTIFUYtholy FA £ =Z 2 EEF (PyNumber And(),
PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (), PyNumber_InPlaceAnd(),
PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr () ‘;—J PyNumber_InPlaceXor ()%

EFFUTh.
type PySetObject
o] pyobject A H 2 set I} frozenset A ZF2] UYF o o]
AL A2 e 14 3.71(%; AT} w) - FAFE) o) 11, 2 I} o 3 %
R=l ﬂ S%(E]QE AZ A" S E 7]tk Fo A PyDictObject Q—H]
et ol R AR FAHA e Aoz AFHolop s, BE WY 4
TZA ) e 2AE | RO AW APLE Fa) 4ol oF T ).
PyTypeObject PySet_Type
Part of the 973 ABL 0] A& Hho] A set §-& e E pyTypeobjects] dxd AU,
PyTypeObject PyFrozenSet_Type
Part of the 2+7 ABL. 0] 212 3} o] # frozenset ¥ YEIU & PyTypeobjecto] AAEHAJ YT
&9 AAMAEE BE shol A AR o] o mAE o A AF YU Th BAAA R, A9 B BE
o] Eiﬁi £ gho| A A A Z5 P

HE gt o AHgg Utk of
Mo 7hu 2]
Futh o TxA

£ An 2

1y >>u
< ]IL o rlo F]F

.

()]
AR

8.4. ZiH|o|Lq K| 149




The Python/C API, 22|A 3.11.13

int PySet_Check (PyObject *p)
p7tset AA B Fo JA2HAE g vkt o] &= FH AT F U

int PyFrozenSet_Check (PyObject *p)
p7F frozenset AR A B PO AW e w3 th o] = 4 4F3dth

int PyAnySet_Check (PyObject *p)
p7t set AA), frozenset A2 T AH F Adadad F-E Mty o] = A4 A
ok

int PySet_CheckExact (PyObject *p)
p7hset AA o) AWk AH go] Qavlat ohwl 2L T o P4 B4 4TI Th
H A 3.109) F7}

int PyAnySet_CheckExact (PyObject *p)

p7F set AR Y frozenset AA| o] A gk A B
a‘]—%l— A :La]-],] 1;]_

o°('
Lo
ro
[>
T,
[>
rr
9
<
)
Y
fijo
rE
riot
o
°
vl
o
o
>
rr

int PyFrozenSet_CheckExact (PyObject >"p)
p7t frozenset AA ] A ¥h A B PO A2 AL oW g whEgrth o] §4+= FF AT
o,

PyObject *PySet_New (PyObject *iterable)
wiEkzk: A ZFR. Part of the 17 ABL iterable©l] & &) ¥I3tH AA S £ 5= N EE set 2 ¥ISHSH
VT erable2 A2 9[5S TE 7] o oL o 5 AU Th A g 45 4
NULLS W3St t}. iterableo] A A2 o]E] ] E o] o} WA
e BAZ = F&FUth (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
WSk Zk A FFZ. Part of the Q7 ABL iterablel] &3] WHEH A S £33 | 2§ frozenset =
QE U o} iterable-> A Z-2 Wl frozenset= THE 7] 918l NULL & 4= 5t At A A S,
A3 5t NULLS RESFU T} iterable o] A A 2 o] H 2] & ©] o} Y ¥ TypeErrorE TAAI Z YT

set o] frozensetd] JAAEA EE T59 A H Fo Ao e th3 T A2 E AT

& A%k
Py_ssize_tPySet_Size (PyObject *anyset)

Part of the ¢+ ABL set ©]u} frozenset 2142 Zo]E ¥I3tstY T} len (anyset) & 53
t}. anyset©] set, frozenset == A H 9] alA2EH A7} ol SystemErrorS TAJA Z Ut

H
e
el
)
1
s
s
0
H
it
(e
=
oz f
>,
in)
L
é
ox &
N
T

Py_ssize_tPySet_GET_SIZE (PyObject *anyset)
e AAF Gl PysSet_Size ()9 WjaZ A,

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the °+73 ABI. LAEE 12, LAH A o 05, o ¢ 7H¢A s - 15 vk th shol A
__contains__ () WA= EE, o ?:Lfr:% OH/\] E7Hs 3 &S A frozenset & 2 A5 H S
A k5T key7]-*ﬂf\] E7Hs31H, TypeError & WA A U Th anyser©] set, frozenset
= AH 3o AdAadAYFolY W SystemErrorS WA A AU h

int PySet_Add (PyObject *set, PyObject *key)
Part of the St ABL key S set Q2B 20 713Ut} 3 frozenset A AEH A& 25T}
(PyTuple_SetItem() i{a oS F X o %Q 7] Ao A 2 -& frozenset] Fr< xH._‘,)__‘: ;ﬂ PAM-R
T AsUth. AFetd 02, Asfstd -1 WU key 7t S Al 37}“&‘5, TypeError &
A A 7Y o) A A3 g 7o) YT MemoryError & BHAA] 7 U Th ser©] set o) U 1 A H 39
ol AE A7} o} f& SystemErrorE& WA A YT}

S8 L et o} T4 920 99 ABAAE S £ AN, Erozenset ol 14 Y
zole ST 4 95U

l>

¢l
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int PySet_Discard (PyObject *set, PyObject *key)
PartOfthe oF4 ABL A 11 xﬂﬂE}Uﬂ 12 W3t} 7, WA 2] koW (o} A A% 3HA] kUt
= Whheta, o 217 g sk 1S WU T A 5 gl 7)ol FH‘H KeyErrorE YA 7]
;(] AFU keyZ} A 71531 TypeError& HAAA R YT Fo]# discard () HAE=9=
22, o] e A 27 A= YA frozenset & 2 AHF HASHA] k5Lt setol set oJut 1
AB o] AV} oYY SystemErrorE WA YT,

PyObject *PySet_Pop (PyObject *set)
W A 3. Partof the 2173 ABL seo] o151 9912) A7) 1) 9 A} 328 WA, sro) 4
232 A7 G T, A S NULLE W T A fho] o] 9.2 B, keyError & B FU o
seto] set o] I A B o] AlAH AT} oYW SystemError& YA A YT

int PySet_Clear (PyObject *set)

Part of the ¢+7 ABL 7]£2] 2E& 24 2 93Utk AFstd 02 9t&g ) sero] set o]}
I MEEYS Jd2a"EATF ol SystemErrorg& WA 7] -1& ¥ %E Ut}

a*

8.5.1 & 24|

sholal 49k BAR B AR T2} Ay o
type PyFunctionObject
ol AHEH = C 7 2AL
PyTypeObject PyFunction_Type
)AL PyTypeobiecte] QaB2o 0] shol A F4 §L ey Th st T2 2u)u o)A
types.FunctionType & & == Yt}
int PyFunction_Check (PyObject *0)
07} 85 AR (PyFunction_Type )W & vkt v 7] ¥4+ NULL ©] ofy] of of Fth
] 31—/\ = A A :'_-61—14 \:]-
PyObject *PyFunction_New (PyObject *code, PyObject *globals)
gk gk A FxR. I E AR code2t ABH A 5 AR S YT globals= ol Al AN~
9 Ao WAt e 94U 2] o] of of ]
2 £2 i‘: AAANA 7FAZT YT _ _module_ 2 globals 9| Al 7FA 34
A Z2A=NLLE AAFE YT _ qualname_ 2 I = 27 9
o zrom AAFE YT
PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
wskzk: A 2R, PyFunction New ()2 B]<28tXwh &4 AN _ qualname_ o] E @ H
EEAAE 5 JAEF FUTE qualname+= FY I E A A L NULL o] of of U T} NULL o] ¥,
_ _qualname_ A EZHEE F= AA 9 co_qualname ZEJ T2 gtoz AAHYTH
B A 3.30] 7}
PyObject *PyFunction_GetCode (PyObject *op)
Wk WY 2. S AR opot AAH = AR E wHE YT
PyObject *PyFunction_GetGlobals (PyObject *op)
Wk U E xS AR opot A A A B E T

PyObject *PyFunction_GetModule (PyObject *op)

NHERgh 0 B2 G5 AM opfl _ nmodule el REo] B0 FxE WEEYTh NULL
o] s 01/\1/]14_

AR
AL ANAO R BE o TS EFFHE & AW ol A NER BhE AN AAT 5 A%
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PyObject *PyFunction_GetDefaults (PyObject *op)
Wk 1w x5 AR ope] AR 7)1 E S R TH o] AR FEOIUNULLY
9%t

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)

o AA ope] AR 71 2 3k= AU defaults= Py_None o] L}

Al st systemError & FAAI 7] 2L -1 2 &Y O

e

olof of k.

PyObject *PyFunction_GetClosure (PyObject *op)
W 1 xS AR opS ABH S EAE v o] A2 NULL o] W A A o FE Y
% 9%t

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
35 A op9} ABE Z2AE B FUTh dosure= Py_None o]t} A A7) F-Z o] o] of F] k.
A3 8 systemError& SAYA 711 -1-& T Th

PyObject *PyFunction_GetAnnotations (PyObject *op)
whshgk 0@ Ax. B4 AR op] o imEl o] 4L WA Th ol AL 74 gAY el UhuLL 2 4
Sz Th

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations )
e AR ope o Hl o]/d-& 2 8 FUth annotations-2 Y A 2] L Py_None o] o] of gt}
A5t systemErrorE& BAYA 7] 3 -1 & whEgy o).

QIABIA BIME 2

2

ANA~BE 2 WA EE PycFunctiono] W38k @l ¥ o] PycFunctiond Zd2 AA|o Ads= 22

v 9luth o] A 9] pyMethod_New (func, NULL, class) &2 thA|gch

PyTypeObject PyInstanceMethod_Type
o] PyTypeobiect AxRat shold AAdA HAE 2 etk shold Z2 1ol
w27 g

int PyInstanceMethod_Check (PyObject *0)
o7t At A v AR E Fa W Uth (PyInstanceMethod Type 3 YUTH. 7] W=
NULLO] ofu]o] of FLITh. o] 4 B4 A FF U T

PyObject *PyInstanceMethod_New (PyObject *func)
Wz A A 2" A s AR E ISR UT funce 499 282 AA QU funcs
ArdivAE} 52T ) 228 FIUh

PyObject *PyInstanceMethod_Function (PyObject *im)
sk 0 Y AR A2EA U A S i3 A8 B4 AA S BEh o

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

WSk A8 B, 07 AALE 98l PyInstanceMethod Function ()2 W32 WA,

8.5.3 HIME A
ml A =& <4 (bound) & AR AUt WM EE
A A= A %2 (unbound) HI A = (F el AA ol A2E HAE)E HE A

PyTypeObject PyMethod_Type

o] PyTypeObject AT AE Fho| 2 WA E S UEFHUTE o] A2 Tlo]f =2 T of types.
MethodType & =< Yt}
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int PyMethod_Check (PyObject *0)
o7} A= AAH ZE WUt} (PyMethod_Type & QY. 1] 7] ¥4+ NULL o] ofy] o] oF
FUTh o] B B4k A3

PyObject *PyMethod_New (PyObject *func, PyObject *self)
g A Fx ANEZ HAE AAE EHF UL funce J2 8] E2 8 AA oW, self & WA =7}
A ool T AAEAIUL funcE WA E7 552 u) 329 49Ut self= NULL O] oY
of oF FFui k.

PyObject *PyMethod_Function (PyObject *meth)
kg U FX2 meth A =9 A3E g A S v o

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
ksl gk 8 Fx, 05 AXE 13} PyMethod Function () W3 = WA,

PyObject *PyMethod_Self (PyObject *meth)
Wagh e B2 merh WA =9 ABH A2DAE WM T,

PyObject *PyMethod_GET_SELF (PyObject *meth)
HEskzk: W8 R, 0 F AALE 18t PyMethod _Self () WA E WA,

rit

8.5.4 Al ZHK|

[e)
. E
A3 A AAA BEAPU g B2oE 2 28 e ge] A Aol A Y WS E S 98
s3mo] Aol Thek F= 7 E3E LTk ghol A4l 2358, A AR AR T4l Ao 3
ol 213k Al A ] o X (de-referencing) = A3 H Hfo]E I =2 F B A o] BRJFYTH A2 A
A5 om gFas A FEUth A AA L e 2ol F8 AL d5UTh
type PyCellObject
A AA o AH§H & C P2A.
PyTypeObject PyCell_Type
A AR A G B AR,
int PyCell_Check (PyObject *ob)
ob7} A AA W 7 9k o} ob& NULL ©] oy o of 3t} o] &= 4 A3 th
PyObject *PyCell_New (PyObject *ob)
Wk A F xR ob 2 2Tt A A AAE e YT i) Ae = NULL 9 5 Y
Y,
PyObject ¥PyCell_Get (PyObject *cell)
w3}k A ZFZ. Return the contents of the cell cell.
PyObject ¥PyCell_GET (PyObject *cell)
gk 0 Y FE. A cell®] )82 WEFA T, cello] NULL O] obd 2|9} A AR 14| 2157
FsUrTh
int PyCell_Set (PyObject *cell, PyObject *value)
Set the contents of the cell object cell to value. This releases the reference to any current content of the cell.
value may be NULL. cell must be non-NULL; if it is not a cell object, —1 will be returned. On success, 0 will
be returned.
void PyCell_SET (PyObject *cell, PyObject *value)
A AA cell®] Fh-& value 2 ‘A FUTh =2 4= 2 AH A a1, HAS AT A} o] Fo A A

F U TE cell> NULL 0] ofy] o] oF 31 A Z4 3| o of gt}
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o0}

5.5 [AE A

SE AF = CPython 78] A% A5 AFAUTh 2 AR L o}8 Foo] Fol 97 Fe AW 7Hs 3t
= golg) 2 ey
type PyCodeObject
FE AAE A ste U AHRE = A Y CF2A. o] o de= dAEA HAE 5 dsUTh
PyTypeObject PyCode_Type
o) AL shol W Z= AR E YN E pyTypeobiecte] dad AT,
int PyCode_Check (PyObject *co)
co7t TLE AW FS MFFUE o] T4 P4 4TI
int PyCode_GetNumFree (PyCodeObject *co)
Return the number of free variables in co.
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)

wks gk A 2. Return a new code object. If you need a dummy code object to create a frame, use
PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python version
since the definition of the bytecode changes often. The many arguments of this function are inter-dependent in
complex ways, meaning that subtle changes to values are likely to result in incorrect execution or VM crashes.
Use this function only with extreme care.

WA 3.119 4 B 7 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject
*name, PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

el gr: A ZHZ. Similar to PyCode_ New (), but with an extra “posonlyargcount” for positional-only
arguments. The same caveats that apply to PyCode_New also apply to this function.

H A 3.8 27}
WA 3.119) 4 ¥ 7: Added qualname and exceptiontable parameters.
PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
kgt Az A8 o, g 2 A U S U E 2= AW ZE QA E RS o
A3 3= A E A Y3 ExceptionS FAAA Z YT
int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you
just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line,
int *end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at
byte_offset. Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.

WA 3110 37}
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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 3119 F7}.
PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_varnames'). Returns a new reference to a
PyTupleOb ject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

WA 311 =7}

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.

WA 3,119 &7}

PyObject *PyCode_GetFreevars (PyCodeObject *co)
Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an excep-
tion is raised.

HZA 3119 7k

8.6 7|E} ZHA|

8.6.1 m}Y ZHH|

O] API=C 2= ol 2329 W3 & /O (FILE*) A Pof] o] &3= W 5t AA o o gk sho]# 2 C

APIS] & & Oﬂgﬁﬂ ol gyt ufol s 3011*% JJr"UréE%% MEL io RES AHEFY

G AAY A= w G A G210 ol oY AFS AT th ofefoll A A st Tt o]
A

A% & APLO] o2 A2 BC Al Holnl, 22 JE ZelE o] YR o 5 B 1S S g AT A
o] 4t

th 4l 10 APIO]| HAAM| A~5F= A
PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding,
const char *errors, const char *newline, int closefd)

HE2h gk A ZZ. Part of the RF74 ABL o1 Q8 & 349 5t 7|sA A= Ttol X 5 AAE
95Ut QA name, encoding, errors 2 newline-2 7] 23k AF-&317] 93 NULL € & 54Ut
buffering & 712312 AH8517] 93] 1 A 5 AU namee A 31, o) A W AT EHAHS
A8l FAHUTH A Al NULLS 9HEU o Q1A o gk B ARA S A W2 io.open() ¥
HYAE FEFAA L

g}o]

(o o,
% [
—O|l'l .o

rEL
g

~EGol AA A W HY A2 AAT domg, 08 £22) FY 7] &9
o717 Z3 FA L AT 5 A5UTHHE dlolE e 4 £

WA 3204 HA: name ) EBHEESE FAFYth

int PyObject_AsFileDescriptor (PyObject *p)
Part of the 9+ ABL po} A E 51 7] 25 int 2 ¥HEHU T A4 7F F 49, gho] g Ut
29X god AAY fileno() HAS oW TEHUH HASE BHEA B4 wrats) of
S, 1 o] 19 1A 0% BRB U Ao A9 AT L8 e
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PyObject *PyFile_GetLine (PyObject *p, int n)
wre 7k A FZ. Part ofthe P4 ABL p.readline ([n]) ¥ 55Ut} o] g4 AA pol A
FE ST pE AL A readline ) WA= 9lo] 449 % GGt ool 00l
=9 dojot #Aglel A3 == A5 HEP n o] OED} W, nH JJr°‘°1W °‘Zl
e th A S0 DA S gk F AP 0 e 2ol 54 @S U 2A
WUk Teivne] otk oW, Aol et AA Qo] B E2 JAT 9 d ol =
EOFError 7} YHA gt}

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
Al g handler £ &3 "7} 5 AL =5 io0.open_code () & RFA S 522 A4 o ot
handler<= th53 2-& @ o] S dyth
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

PyObject * (*) (PyObject *path, void *userData) 2} TS5 Yth o 7| A path+=
PyUnicodeObject ¥o] BAH YUt}

userData A B+ = T2 AGgUth Z 5= o2 de oA S22 5 0B =, o] Z2AH
= Tl AElE A Fxed F gyt

o] ZLogr Ao AFXE Zo| ALEH B E, T AT A (frozen) sys.modulesol Yt & 2

A7 otetd F A ST NMELE RES XES = S IsIHAIL

A Fo] AAH Y, AAFAY ZAL S Q2H, 01 %9 pyFile SetOpenCodeHook () ol thl

S AMEUY Ao A, T4 1S e AEZ B H 7 278 E o™ oo & A7

U},

ol g Py_Initialize () Aol TE = HAF YT
A2} glo] ZAL oMl E setopencodehook & A Y
w3 3.8 =71

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
Part of the 7 ABL A obj S 3L AA poll FUTh flagsol A A Y= = = =
Py_PRINT_RAWIUTE FoI AW, repr () Al AA L str() ] 715Utk AF3std 0, A
shahel -18 WHEFUTh A 28 ol 9 7t A E Ut

int PyFile_WriteString (const char *s, PyObject *p)

Part of the 217 ABL 2% 5% 5+ 2] pell %tk 4E5he 0g Wekaa, Asfshe 12 w8
Stk 443 o)) 7} AR Tk

8.6.2 2= A

PyTypeObject PyModule_Type
Part of the A ABL. ©] PyTypeObject A2HE
ModuleType Q& Ho| T2 7o =&FH Tk
int PyModule_Check (PyObject *p)
p7t 2E AA ol AU BE AA 9] AE Fold Fa W&t o] e F 43I
int PyModule_CheckExact (PyObject *p)
p7t E AR o AW, pytodule Typee] AR & o] oh]
gy
PyObject *PyModule_NewObject (PyObject *name)

WSk 7k Al ZZ. Part of the °+7 ABI ¥ A 3.7 ©] & &, Return a new module object with the __name___
attribute set to name. The module’s__name__, _doc__,_ package_ ,and__loader___ attributes
arefilledin (allbut __name___ aresetto None); the caller is responsible for providinga__ file_ attribute.

B A 3.30] F7}.
WA 34004 HA: _ package_ _and __loader__ are set to None.
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PyObject *PyModule_New (const char *name)
vk gk A ZZ. Part of the 9F4 ABL PyModule NewObject ()£} B]<23}A] 2 name ©] U T =
AA thAl UTF-8 & 173 H Ex1<4 dth.

PyObject *PyModule_GetDict (PyObject *module)
Wkek gk el ZZ. Part of the 97 ABL module®] ©] & 37 73 dl= ‘;U»% yg AAE s}
o] A& 2E AA S _dict_ oE{ES} ZFUTH moduleo] BE A (EE ZE AA
X B )7} ol ¥, SystemError 7} WA 3L NULL o] BFSFE U T}

FFe2EY  dict B AH 2FASA @I tHE PyModule *3} PyObject * T4 AL&3}

PyObject *PyModule_GetNameObject (PyObject *module)
wtEzk: X 2. Part of the 9F4 ABI ¥ A 3.7 o] & & . Return module’ s__name___value. If the module
does not provide one, or if it is not a string, SystemError is raised and NULL is returned.

WA 330 7}

const char *PyModule_GetName (PyObject *module)
Part of the Q7 ABL PyModule GetNameObject ()2} B3R RF 'utf-8'2 AT P H o
uh g o

void *PyModule_GetState (PyObject *module)

Part of the V73 ABL 52| “AHe]”, & 25 AA A €
2 wtEgh o} pyModuleDef.m sizeE FE

e
tlo

PyModuleDef *PyModule_GetDef£ (PyObject *module)
Part of the V4 ABIL. BE o] BHE 0] R pyModuleDef FZ A o] t 3t QA e} EE o] AojojA vt
S0]A A gt oW NULLZ WHSHEU T

PyObject *PyModule_GetFilenameObject (PyObject *module)
vk gk A 2. Part of the $+% ABL Return the name of the file from which module was loaded using

module’s __file_ _ attribute. If this is not defined, or if it is not a unicode string, raise SystemError
and return NULL; otherwise return a reference to a Unicode object.

WA 320 F7h

const char *PyModule_GetFilename (PyObject *module)

Part of the 9+7d ABL PyModule_ GetFilenameObject ()2} B|S3FA T ‘utf-8° 2 A7 Q4 3t
9o Mg,

WA 328 HAEH: PyModule GetFilename ()2 AI YT 4 Q= g Ho tf 3
UnlcodeEncodeError S A A A YT Al PyModule GetFllenameObJect ()% AR5
Al L.

CEZE x7|3

BE AL QAAO R B TE(E/15 F5E WHE B ol Bl o} AndE 2 E (215

47} Py Import Appendinittab () AH§eho] 2 718) oA wEol R LTk 2HA & 82 building

Ur extending-with-embedding & ZZ 3} A 2.
2713 St B E Ao AAHAE PyModule Create ()ol AE3st 23 28§ AAE vtEstAL,
Rl 2 A E Mekstol “ThekAl 27158 2 42 5 dey.
type PyModuleDef
Part of the 27 ABI (including all members). 55 7—“,7?1]% iA=R =
Ho) TxA. ARz 2t wEo| of ol B] AA 02 27|35 WA} 3
PyModuleDef Base m_base
o] WH & 34 pyModuleDef HEAD_INITE X 7|3}314] Al S
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const char *m_name

A RE9| o] F.
const char *m_doc

BES EAEY; AuA O pypoc STRVARE TS0l W EAEE W47 A2 F )
Py_ssize_tm_size

B2E AHE A AHo] old pyModule GetState ()2 RIS F A= &
Aol FA1E = AUt o] AL o AE ABZHAAN BES AHESHE

olHEE AL K _
nfree W57t 529 ol) HAF Uk
m_sizeE -1% A
ohe =g,

F7

o
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o
)
=2
e
ko
ot

R
=
ol
=
o
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w
=
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w
[ay
%)
[
tlo
g
F
o
>
fo

PyMethodDef *m_methods
PyMethodDef 3}f O & 7|&5 = BE % T HolEod st 2. &7 oA NULLY
29U

PyModuleDef Slot *m_slots
A 27135 A <X B9 g, (0, NULLY FFOE FRHUL A 273 E
AH8-& ulf, m_slots+= NULL ©] o] oF g ).
w78 3590 W1 : w8 3.5 o] Aol =, o] W7k B NULLE AR H gov], the 7 o] el
5 AUt

inquirym_reload

traverseproc m_traverse

it
N
)
fo
Q
@!
iu!
1=
ofy
fofs
o
ok
i)
1%

v, 28844 90 NULL.
BE ZH7E 239 AT, o1F f&%ﬂ Zl Ao o] vt SEHA FFYTH
HEo| THEolA AT, REo] 4 A9 B-AUh (Py_mod_exec Tp). Eﬂ"
H]t,m size7}0£ﬂ—ﬂ.ﬂ 2E %lﬂ]( yModule GetState () 7} BF8}3}=) 7} NULL ©
A7t SEH A syt
HZ 39004 WA 5 e 7 @35 7] Aol ol& £S5 A 55Ut
inquirvm clear
E AAY GC A Toll & A& (clear) 41}, B R 3HA] 5O W NULL.
¢‘: ZEl 7 24 = LA g opF] e A °hl° H ol gt TE2H A F5Uth o] AL
ol wEold A%, mEo AP ) A B AUt (Py_mod_exec F5). B A3}
71]%, m_sizeZFORT} 31 BE *oEH(PyModule_GetState () 7} BF3}&=) 7 NULL o] ¥ o]

#4571 52E A 5T
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.

HA 3904 WA g A7 = 7] Ao & TE5 A FFYTh

[freefuncm_£free

_u_t

"U_4

—

d

25 AA Al Foll 2T Tt B2 5HA] 42 NULL.

2% BU7L LA GAW, oF g A3 Gspod o) §7 B EA g o A2
REo| gEold AF, B AW 7] AA AL YUt (Py_mod_exec §4). B A2t
AE,m sizeZb0RT I %*JEH(PyModule GetState () 7} ¥F&38}+=) 7} NULL ©] | o]

57t 325 A eaTh
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PyObject *PyModule_Create (PyModuleDef *def)

Wbk Al Bx. defo] Aol weh Al 2E AAE wEY

t}. 2 module_api_version ©|
PYTHON_API_VERSIONCS Z MAAH pyModule_ Create? () A8 FZrsh

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
WSz A ZFZ. Part of the 9F% ABL def9] A9l ol wa}, API ¥ A module_api_versionS 7} 73
3to] A B AAE T UTh siEd Ao Ad T A zZE HAY AR ko,
RuntimeWarning< @A A Yt}

230 o] Fae TR E pydodule Create ()& A ALEoF FUITH 8413 B o ujul AL
SL A
H

[«

Z 713} ol A kgt 7] dofl, 23 2§ AR = IRPA S = pyModule AddObjectRef () 9 2
sl
=

A}§-3te] A7 ek,

A G EELS
A\ (creation phase)
.9]- __init__ ()
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thA AEE S, A BE AR} BB AL, ol A BELS A shi A £:4 0] 489
# BEL %7 o]ojop
FHle 2E AA(AE =
ype_FromSpec () 2.2
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TR 271818 g ool #EC RE RES H
BES SYA0E A AL QA oz o2 G4 s FEF T
o]

Init_modulename) = H| %A m
Ao, PyModuleDef AAHAE O} T4 &

i)
v
2
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N
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]
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gﬂ
N,
)
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N
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PyModuleDef IA2EAE vidshy ), ¥isly 7
o] 2783} oF Fl vk
PyObject *PyModuleDef_Init (PyModuleDef *def)
vksh gk W el X, Partof the OF 4 ABI WA 35032, 5 A7 J} AR 345 =7
W5 guh2 s 27)548 sho)a AR o)Al FuTh,

def & PyObiect = A2 AL, o2l 7k Al 87 NuLL S WhE gy
w2 3,50 27}
25 99 m_slots A = PyModuleDef_Slot XA vl d-& 718 A oF gy th

type PyModuleDef_Slot

—

o

int slot
obel 49 E AHE b5 gk Fol ) A, &% ID.
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void *value
&% Do) met 71 9 v 7k FebA s, w % g
WA 3500 7}
m_slots | A2 id7F 0% € R .2 FF 6 oF it
g R EE G TS
Py_mod_create

EE AA AAE BV As) 2EH = d-E AL TUS o] €59 value ZAH = HE37} 22
Mg Ze S8 7He Ak U th

PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] $= PEP 4519 2]l Y| 2, ModuleSpec 2T 29 BE B S WUt M 28 AAE
ukeka} 71, o 218 A 4 81l NULL & W) of gtk

ol e HaTor FAFNOFFUTE 58] 22 BES TA] YEE 1AL A =5t 73 F 27}
T ol oo stolW I=E SE3HY < HYTh

3lte] B E Ao oA oJ# Py_mod_create €52 AR T+ IS5 YT

o= T BBR

Py_mod_createE A ASIA] o AFXE HA+= PyModule New () S AFRSto] dul &
AE THEUTH )52 o7k ok ghspecoll A AU B REo| Bl BE Ho & T3t
AT FXAA NG AAN FHoZ 2 ZHILAEY FIAE T HEFL2 JdXEEH
% 517 Sl o,

@8 A7) pyrodule Typed] A2E2 d Bat gtk JEE DY o EuRE 44
A71E AYets S EE 2 AT A5tk I8, PyModuleDef o NULL O] ofd
m_traverse,m_clear,m_free;00] o} dm_size; =Py _mod_create 0|29 &£F o] oW,
PyModule_Type A28 A wbHL3E 4= Q1G5 T

_,d
Al

.

o

X0 |
k1

W
o i

Py_mod_exec

RS Adgsr] Al TEH = T E ALY o] AL ol R IS APk AH
FSgTh QR 7, o] F4E FYast A4S BEY FATUL B4 YL et
71—/_\.14];]_.
A=3A=] .

int exec_module (PyObject *module)

o8 7N Py_mod_exec o] A A W, m_slots v G of| EI}= =2 A gl F Ul
ohtAl 2 7]3}e] ol $F A 3 Ul 82 PEP 4898 Z 2314 Al L.

XNAZE DS MM &t

o o

ok

A
T

A

oA 27135 &2 o o9 ool A = v Tt sH UL o2 AH AEE 5
e, o Sol wE AAE 5How 448 U 195U, RES 445 2/3%she
PyModule_FromDefAndSpecd} PyModule_ExecDef& BT T Z5| of Tof 7236

1o
ok
>
>,
fo

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
vEEk gk A F R, F0] R defo] A )2} ModuleSpec spec & 2 A & AAE wHEUTh o] AL mod-
ule_api_version ©] PYTHON_API_VERSIONC & A A ¥ pyModule FromDefAndSpec? ()X ¥ &
25Ut
B A 3.50] &7}

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
wiEzk: A 2. Part of the 9+ ABI WA 3.7 o] = 2. API ¥ A module_api_versionS 7} 5Fod, 5 0]
21 def ) % 2] 9} ModuleSpec spec 2 2 A} 2F A7 & w5 Ut} g wdo] A3 5 AE T eg
WA AX]5}A] 4O W, RuntimeWarning= A A Yt}
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int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Part of the S+ ABI ] A 3.7 0|2 2. defol]l A A H BE A3 &£F (Py_mod_exec)S A &gt
WA 359 7}

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the 73 ABI WA 3.7 o] 3 2., module®] S2~E HE docstring 22 AUt} o] St
PyModule_Createl} PyModule_FromDefAndSpec< A& 3}9] PyModuleDef oA RES T
Su Ao &Pt
B A 3.50] &7}

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)
Part of the Y73 ABI Y] A 3.7 0] 3 &, NULL £ & functions W] € 9] SE modulel| 371 tt 71E
FEo gt ApA T &2 PyMethodDef ABAE FXR AL (FF BE ol vl 171
2o, CZ T8 H BE +F “&< (functions)” = g o2 3 WA v/ 42 BES 4
3lo], sfol W FEl 2o A" A HAEL} FASHA TR Y TH. ©] &4+ PyModule_Createl
PyModule_FromDefAndSpec& AF23}¢] PyModuleDefolA RES HE W X502 555
Ut
WA 3500 7}

Xl 4

[l
ok

A
T

g 2713 g (R A 27132 AR St AU EE ALY

AHgste e RE A

fu)
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N
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]
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o
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o
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>
ofo Ml
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-
X0,
xfy
<
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int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)
Part of the 2+73 ABI W A 3.10 o] & 2. modulel| 21 A€ name 2.2 F71HUth 252 27]3} dh49
A SR S e B By
43, 02 REEF U ol A, ol & S DA 71 AL -1 & WY ok
Return NULL if value is NULL. It must be called with an exception raised in this case.

ALE o

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);

(TH5 sl el Aol A<)
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(e]A sl o] A ol A A<
int res = PyModule_AddObjectRef (module, "spam", obj);

Py_XDECREF (obj) ;
return res;

Note that Py_XDECREF () should be used instead of Py_ DECREF () in this case, since obj can be NULL.

WA 3.109) F7}

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the Q7 ABL. Similar to PyModule AddObjectRef (), but steals a reference to value on success
(if it returns 0).

The new PyModule_AddObjectRef () function is recommended, since it is easy to introduce reference
leaks by misusing the PyModule_AddObject () function.

Fa: FRE FA = U2 T4 2o, pyModule_AddObject () & A5 Al ol Bk valueol| o) 3t
2z 5 AT

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on
€erTor.

ALE 4

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;
I

L

The example can also be written without checking explicitly if obj is NULL:

-
static int

add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong(value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (ob7j) ;
return -1;
}
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

Part of the 27 ABIL Add an integer constant to module as name. This convenience function can be used
from the module’ s initialization function. Return —1 on error, O on success.
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int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

Part of the 73 ABI. Add a string constant to module as name. This convenience function can be used from
the module’ s initialization function. The string value must be NULL-terminated. Return —1 on error, 0 on
success.

PyModule_AddIntMacro (module, macro)

Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, O on success.

PyModule_AddStringMacro (module, macro)
moduledl| =22 &4E F7H Ut

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the QF ABL ¥ A 3.10 o] & 2. Add a type object to module. The type object is finalized by calling

internally Py Type_Ready (). The name of the type object is taken from the last component of tp_name
after dot. Return —1 on error, O on success.

W7 3.9 7}

2E X3

WuA 2718 @A) dE el AdAEd N 23T 5 It A E RES HEULD ol& BEol
55 Aol e 2xwow BE AAE 44T+ J=F gtk

o B4 A 271348 Agelel BHEoZ] RE AL FEoA FaUch B BejolH L2l e
B0l ole] 7] whEold & 917 WE )

PyObject *PyState_FindModule (PyModuleDef *def)
vkek gk e 2. Part of the 9F7 ABL A © E1 2 o) T3l defoll ] S0 BE A S
Cleca-igBi=y o] HAEE ARSI W WA 28 AA 7} PyState AddModule () 2 QB Z g
efoll AZd= of JojorFUth s F BE AAE Fs 5 LAY A Z 2 E el o2 A4
%™, NULL S RhEhe o)

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the S+ ABI WA 3.3 o] 3 2, Stof AdH 2E 24| S ¢l gz
ol PyState_FindModule ()& ﬂucﬂﬂﬂ“ﬂ*‘¢ﬂiézuﬂ

SehA 271848 AHE Ste] BhE mE o8 &} 5T

E]
A]

ol He RES %]5’-_5 Sl & X% 0 2 pyState_AddModuleS TE3EE, B E 27|31 F
ToA &8t A2 BEZ8F UG BHA T FlFUTh. EEY A 27| 2=V F5
PyState_FindModule & T &3l= ALout A A $&0] TRIYL} o] T4t 22 1)
FAZE YAYUSS 7] A AUt (I H EE3HAL, 2a8HAFE] Al off sk =R sk
‘41301] & sl g £33 FxozH).

T ZEAHE GIL-& B f3f oF ).
Return 0 on success or -1 on failure.
WA 330 F7h
int PyState_RemoveModule (PyModuleDef *def)

Part of the 27 ABI ¥ A 3.3 ©] & Z. Removes the module object created from def from the interpreter
state. Return O on success or -1 on failure.

2245 GILL B4 oF gk,
&

k=
WA 330 7}
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O|E{4|0|E{ ZHA|

5 7l ¥R o o8 AAME ATFUT AR, D2 oo HE _getitem ()
e 9o Aol AT YT SAL EHE AN 32 A cenine) T 85,
2ol el 2HEL 5E511, S8 AT gto] WD o] o Hao| 42 FR I

PyTypeObject PySeqIter_ Type

Part of the °+7 ABIL PySeqIter New ()} W Al A2 ol a3t iter () WA T4 - oA}
Y Aol o5l vEgkE o] Bl | o] B] A A ol thek & A A
int PySeqIter_Check (PyObject *op)
op®) Wo pyseqrter TypeolW FE EHFUT of B4t B4 4T
PyObject *PySeqIter_New (PyObject *seq)
w3k zk: A ZR. Part of the -4 ABL QHF A2 A A seq et A 25 31= o] E #| 1?}?_1—?}14

ﬂ“ﬁn?

°|E
th AJ A7 BT YA AA A IndexErrorE €279 o]l & o] A o] Ty
PyTypeObject PyCallIlter_Type
Partof the -7 ABL PyCalllter New()Stiter () WA o F AR 4 o o 5)] vigtE o] H]
gl ol e AA ol th gk § AA.
int PyCallIter_ Check (PyObject *op)
op®] Bol Pycalirter Typeold H& BHF UL, o B4E B4 A BT,
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
u}i}g}— A} 2. Part of the 9+7 ABL A2 o] E g o] E1 = —‘:é—E:] FUth A AR vl 7l HS callable
= T 7A ‘?*;—’F ol 52T Yt RE To| i Fel 2B AR L S+ AL UTh 2t 522 ol Hl o] Ao
1:]—3 =-S5 vt Ea| oF g th. callable ] sentinel 2} ZE]'% #= wretd olg ol de] Fr g Yth

8.6.4 CIA3EE A

“Qragde e A AR JERES 7eohe AMAYTE TASL B AA9 DA A%
U,
PyTypeObject PyProperty_Type
Part of the H ABL YW U223 HE 5 93 d A A.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
uksk 7k A 2=, Part of the <17 ABL
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
uEskzk: A 2=, Part of the <17 ABL
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
wEEk 7k Al ZZ. Part of the 9+7 ABL
PyObject *PyDescr_ NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Wk A =
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method )
wEEL 7k A ZZ. Part of the 9+ ABL
int PyDescr_IsData (PyObject *descr)
YT HE AA descr7t o] o] EB|REES 7]edtal 9loH 001 obd & WHEketa, M=
7148 02 SHE U descrs TI2Z A E AR o]of FUTh 257 AAE T
PyObject *PyWrapper_New (PyObject*, PyObject* )
wiE gk A ZFZ. Part of the <+ ABL

it
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8.6.5 =2l0|A ZHA|

PyTypeObject PySlice_Type

Part of the 917 ABL Z2}ol 2 A7 o] & A, o] AL shol A A=< s1icest Zulth

int PySlice_Check (PyObject *ob)

ob7t &ekol 22 AM W %L WBF U Th ob NULL O] of]ojof Gtk o] Bt G4 AT Th

PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

WS 7k A ZHZ. Part of the 2173 ABI. Return a new slice object with the given values. The start, stop, and
step parameters are used as the values of the slice object attributes of the same names. Any of the values may
be NULL, in which case the None will be used for the corresponding attribute. Return NULL if the new object
could not be allocated.

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t

int Py

*step)
Part of the °+7 ABL. Z 0|7} length Al A 25 714 6]—01], ’,; O] A slice | A start, stop & step
A E FA G T lengrh B T2 Q1 E A S
HE3W 02 MBI, e o] 44 glo] -12 WBYLTH (Y2 F Sibrhrone ] oh) T
A2 AR A o= 3 oluj = A E * dA kol -
o 7152 AHE I A4 e AUk,
B A 3.200| A WA : Aol = slice W) 7] WH42] wi 7)) W4 o] PySliceObject* Y5 U T
Slice_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 V7 ABL PySlice GetIndices () £ &9sHA tiA gy o). 2ol 7} length° ANDAE
7} 8to], & 8ko) 2 A A slice ol A start, stop X step QA AAE 71 @ 11, slicelength o) € 8Fo] 2] 4
o2 A FICh WIS ol e A Ank efol o] Ael 2 AeE Ao LUk

Returns 0 on success and —1 on error with exception set.

Fa: o] e AVE ZAT S A A& HHEA 2 AoE FFPUL SE2
PySlice_Unpack ()@} PySlice AdjustIndices ()9 23O 2 thA|E ojof gt} =

-

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <.
~0) {
// return error

}

<oz gAgyt

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength

PySlice_AdjustIndices (length, &start, &stop, step);

H A 32004 W7 Aol slice P 7} M4=2] v 7] M4 P o] PySliceObject* FUTh

WA 3610904 HA: py_LIMITED_APIZ} AAE o] QA AL 0x030504003} 003060000
(E33}A] 952) AFo] L} 003060100 o] Ate] gto & M AE O, PySlice_GetIndicesEx ()
= PySlice Unpack ( J}PySlice_AdjustIndices ) E AL E=azgE FEE YL A}
start, stop L step+= o] & H F 7L Y}

WA 36158 9 X¥: Py LIMITED_API 7} 0x03050400 E t} ZFA v} 0x03060000 I}
0x03060100 (23R ¢5L2) Alo]9] Zko 7 HAE QO pySlice_GetIndicesEx () &= I
A" gk
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int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py ssize_t *step)
Part of the $+7 ABI WA 3.7 o] 3 2., &&}o] 2 AA 2] start, stop W step T o] B] A ECAHSTE F&
Ut} PY SSIZE T MAXHKTFZ ZHS PY SSIZE T MAXE X883 Zo|1 ,PY?SSIZE T _MIN
B T} 2H2 start &} stop S PY_SSIZE_T _MINZ Z83] =0]31, -PY_SSIZE_T_MAXH T} ZL step
ZFS -PY SSIZE T MAXE Z-83] =<tk

Return —1 on error, O on success.
B 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 +73 ABI WA 3.7 o] &2, A A & length Zo]2] A|A2E 714 3} start/stop & 2}0] 2~
U B 2T BAE Rold AL AL Aut Sebol 2] Aol A P40 ek

Setolxd] Aol & Rtttk 34 4 Fd Ut stold ZEE S E5HA s
WA 3.6.10] F7}

Ellipsis 24|

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. It needs to be treated just like any other object
with respect to reference counts. Like Py None it is a singleton object.

8.6.6 MemoryView ZHx|
memoryview AR = C £33 v 5 A o] 28 g2 AXY nA7AE AGE 4 J= Fo|H AA =
==y
PyObject *PyMemoryView_FromObject (PyObject *obj)
vl zk: x| 2. Part of the ©+7 ABL I:HH Q1B H| o] A& A 23t A A o A memoryview 2 A =

s UTh obi7t 22 7] 7hs 3k W 5 Al g2 A 95, memoryview A A= ¢ 7]/2 77} H 41, 1E A
ko ¢l7] A-g ol A AR ZH%*Oﬂ wEt 971/ 2717E S YT

PyBUF_READ
97 Ag HHAE 8 Hs= 2

PyBUF_WRITE
27 A5 n e 2Rk Ee)a

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
WSk gk Al 2. Part of the 2+ ABI WA 3.7 o] & 2. memE 35 H 3 2 A}-83F9] memoryview
AR = UP—q 1:} flags~= PyBUF_READ \} PyBUF_WRITE % 349 4 54
B A 3.30] F7}.

PyObject *PyMemoryView_ FromBuffer (const Py_buffer *view)
vk gk A ZZ. Partof the QF4 ABI ¥ A 3. ]] o]& 2, Fo A W3] LZA views A= memoryview
AAE W5 U st vlolE HF e A=, PyMemoryView FromMemory () 7F A 85 = gt
Sy,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
¥3k gk A FZ. Part of the 917 ABL B3 Q1 E|F| o] A8 Ao 3l AR ZRE W=l ol J3
(‘C’ 1} °F’ ortran order ) 2 memoryview 2 A| & RH5 U T} #| 22| 7} A <2 o] T memoryview 21l =
Qo) W2 2] S 71e Yt TR 9hod, BAFE o] BHE o] 4] 3 memoryview = A ko] = 4] &
7hel AU,

buffertype-S PyBUF_READ \} PyBUF_WRITE & 3t 4 A5t}
yp Y
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int PyMemoryView_Check (PyObject *obj)
A A obj 7} memoryview A A A ZF& WFES U T A A= memoryviewd] AH S AE vl
9& Utk o] 4= 3AF /ﬂ:r_@.qq

Py_buffer *PyMemoryView_ GET_BUFFER (PyObject *mview)
A5 AF ¥ ¥ 2] memoryview 2] B]-Z 7| EAFR o] Z QB & E& F Yt mviews HHE A] memoryview
Q2T 20 of FITh o] W22 BE FekA ghemw A3 AAIof gt 187 ghow
FE 90 AxU

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] WwF e 2 dtE= A F A A A o d E QA E Y memoryview 7}
PyMemoryView FromMemory () L]- PyMemoryView FromBuffer () &4 & StU=Z W&
o] H oW NULLS ¥H&3 o} myview= WHE A] memoryview Q1 2B 2 of of ghu T},

rUIl'l

shol M e kg A2 2 15 AMNE AAFUTh ¥ F2E A4 FAIE T A FAAA AR Pol
guth A WAL e Fx AR 0|, F WAl e @ Ae) AN Y mehA] 4 8L Pt

int PyWeakref_Check (PyObject *ob)
Return true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)
Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
ke gk Al ZZE. Part of the 9+ ABI Return a weak reference object for the object ob. This will always
return a new reference, but is not guaranteed to create a new object; an existing reference object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also
be None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL,
this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
W7k A FZ. Part of the Q7 ABI Return a weak reference proxy object for the object ob. This will
always return a new reference, but is not guaranteed to create a new object; an existing proxy object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also
be None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL,
this will return NULL and raise TypeError.

PyObject *PyWeakref GetObject (PyObject *ref)

wkekzk: A FZ. Part of the 9% ABL Return the referenced object from a weak reference, ref. If the
referent is no longer live, returns Py_None.

€ Fzd AA e g U w F2E kg o= U E Fxof vpx e ALg Ao
o] & Al 2] star, AR ol tfsl| AF Py INCREF () & EZ3loF &

PyObject *PyWeakref_ GET_OBJECT (PyObject *ref)

Wk WY Fx. PylWeakref _GetObject () & frAFSHAIRE, ol 2] AARS #3384 25U T
void PyObject_ClearWeakRefs (PyObject *object)

Part of the Q+7 ABI. This function is called by the tp_deal1oc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 U=
o] A A AFg-ol th 3t A4 8 A B = using-capsules & 2 A Al L.
WA 3.1 F7}

type PyCapsule

ol pyobjectd M B F2 EFHI S JEY ], gfojH I =& F FECIEZ EFYT
Fr(void* ZAHZ)S ALdoF sl C & Zgo F&8FULE oA BEANA FoJH C
St ZAHEOGE RENA AR 4+ JA e 2 ARFHEE, AWM JZE HAYS S

type PyCapsule_Destructor
Part of the 2+73 ABIL. 7ol tf gt 5}3 2} (destructor) Z49 3. o] Z A ] H Ut}

[typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor % 2] o] u|= pyCapsule_New () & FZ IS Al L.

int PyCapsule_CheckExact (PyObject *p)
AA7} Pycapsuleol W #& B2 FUTh o B4t FA 4T P

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
W7k A ZFZ. Part of the Y7 ABL pointerS 7] 3}8= PyCapsules W5 YT pointer Q1A=
NULL®] o} = 915y th
Asfstd, ol 2] & A4 3t NULL & WY T
name EAF A& NULL o] U 753 C -Gl vt 2 A8 A 5 915Ut} NULL ] ofu |, o] £4}
2 At o8 FAE o oF FUtt. (destructor J 7oA A = A5 UTh)
destructor QAA}F7FNULL ©] ofU W, & o] st E o] &S AA=ZE SEF Y
o] AES REL JEFHRHER A A5 W, nameS modulename.attributename & A A 3f of
) o] @7 E ThE BE o] Pycapsule Import ()8 A&l AL AXE T 4 9%
ek,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the ¢+ ABL 730l A9 pointer& 7} AUt} A3 H, o9 & A A1 NULLS 918
k.
name W7 A= 2ol A7 o
ol®, A% nameE NULL ©] o] of
o) 3 3 o,

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the ?+73 ABL &l 479 A st 2H& wr-g ok Ao 34, o 9] & A A 813 NULL-&
whgkghU o,
A4 NULL 9 2+ 2 Zhe A e AU o] A2 NULL ¥k SE S tha BRI 5 BeE U th
H&3] e PyCapsule _IsValid() Y PyErr_Occurred () S A3 Al L.

17

S ZEetA vla s o of Ut gl A4H ©]&©] NULL
Sty JolWLe C &4 stremp () & AFE3] A€ ol

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Q17 ABL #2139 A A 25 W3 th Asfstd, o 9] & A48k NULL
= W ok
#40] NULL AEAES 2 AL AU Th o] 2L NULL ¥ TEE the B3 B
t}; W &s] sl W PyCapsule IsValid() W PyErr _Occurred() S AHRSHA A L.

const char *PyCapsule_GetName (PyObject *capsule)
Part of the ?+7 ABL g ol A" @A o] 55 W&t AsfsH, ol & HA st NULL=
whE g o
€0l NULL o] F& Z+= 22 THAJYUH o] A2 NULL W3 T =S tha B35 6 ey th
H&3] el PyCapsule _IsvValid() Y PyErr_Occurred () S AFE3SFAH AL
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void *PyCapsule_Import (const char *name, int no_block)

Part of the $+7 ABL. & 9] & o] Eg]|HE oA C 2 A |
Eﬂ—,—L module.attribute A8 o] EZHEQ AA o] =

2, o] 2R3} R8s LA of Fuith.

et A S JEE Futh name vi )
S A oF AUt Aol A name

353t Ao W pointer WHFUTh Ao 54, o €] & A S NULLE REHEU T
WA 3.3001 4 M A: no_block-2 H= &7} gl UTh
int PyCapsule_IsValid (PyObject *capsule, const char *name)

Part of the 9+% ABL. capsuleO] SE3 AEAAE AAFYLE §ES PEL NULLO| ofUH,
PyCapsule_CheckExact ()& %J/}‘G]-_T_’ NULL o] ofd Z A 7} AAE o, Y& o] 2 o] name UH
MATe dAFEULE (e o]5 S vust= o thst AR = pycapsule GetPointer ()5
Tz AL

Z, PyCapsule_Isvalid ()7} ZAgS HWigdstd, 2 & H2

Y, 25 HZA(PyCapsule_Get & & A|Z3}+= &
=)0l et B0l 4B ol LA UL,

A 7§23 AL o] 57 QA 51H 00] ohud G M Th 2RA) o T 02 wHEHy
o g4 A shA ek Tk

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the QA ABL. capsule W 5-2] AR 2~E Z B £ context 2 4 A gt}
4339 02 MU Th A3l shE 00] ohd e whEkak o] 98 A FU Tk
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the 7 ABL capsule W52 3}3) A& destructor 2 /4 3 g th.
4358 02 WA Th A3 sk 00] obd ghe wHEkaka o] 92 AP Tt

int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the °+7 ABI. capsule U 5-2] o] &

A

o},

= name 2 2 A7 Uth NULLO] ot |, o] 52 Tt
e FAF Ak T HEof A ;‘“ﬂ o] A name©] NULL o] o}U®, o] & 3l A 3} &) 1L A = 3}
Fsurth

4858 02 WS Th AT SHE 00] obyl ghe WHEHSI T

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
FPart of the 7 ABL capsule U 2] void 3£ 91 €]
9% e,

3358 02 MR Th A SHE 00] obd g WHEFSHa o )

pul

el & AUt

£ pointer & A A th ZQE &= NULLO| ofd

e

a4

d

Ut
8.6.9 Frame Objects

type PyFrameObject

Fart of the A SH¥l 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 3.11 9] A ¥ 7 : Previously, this type was only available after including <frameobject .h>.
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int PyFrame_Check (PyObject *obj)
Return non-zero if obj is a frame object.
¥ A 3.119)| 4] ¥ 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 3.9 =7}
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’ s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
HA 3119 7}

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Part of the 4 ABI ¥ A 3.10 ©] & 2. 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 3119 F7}.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’ s £_globals attribute.
Return a strong reference. The result cannot be NULL.
WA 3110 7}

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’ s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
WA 3110 37}

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’ s £_1ocals attribute (dict).

Return a strong reference.
HZA 3119 7%

int PyFrame_GetLineNumber (PyFrameObject *frame)
Part of the 27 ABI ¥ A 3.10 ©] & 2. Return the line number that frame is currently executing.
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8.6.10 X||L{|O|E{ ZHA|

Avel o g AA = shol mo] A el o€ o e o E TR 9ol Al AA AT AukAe
Z PyGen_New () =+ PyGen_NewWithQualName ()& WA|HA O Z T &3+ Zlo] ofyel 3 4=
(yield) 3= 45 o] g o] E o] vbE o Ry th
type PyGenObject

A el ol el AA o AHgH = CF2A.
PyTypeObject PyGen_Type

Aol e] A ol et d 2

int PyGen_Check (PyObject *ob)

ob7k Ao el AR W 2 B F U b NULL O] ohjol ok STk o] B4t 4k 4B
k.

int PyGen_CheckExact (PyObject *ob)
0b®] Bo) PyGen_Typeo W & 2% ) obi NULLO] oh o] of FTh, o] T WA 4

k.

PyObject *PyGen_New (PyFrameObject *frame)
whehgh: A 2. frame AA| o 71908 A Al El o] H AA| & vhE o] WERY Tt o] FE frameoll
et F2E F AUtk A2k nuLno] o ofof gt

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
w2k gk Al Zx. frame AA O 71¥bEE A} Al F o] B] AAE whSo] WhESt=1], _ name_ 3}
__qualname__ 5 name X qualnameZ 4 gt} o] St frameol O 3F A2 & S VT frame

217} NULL o] o} 1] o} of g T,

8.6.11 I FEI Zx|

WA 350 =71

228 AA £ async 719 ER AA 47} B@els AR,

type PyCoroObject
27E AR A £ C FEA.

PyTypeObject PyCoro_Type
228 A o Gt § AA.

int PyCoro_CheckExact (PyObject *ob)
0b®] Fo| PyCoro_TypeolW % MBFUCE obE NULLY 5 GHUTh o] B4t T4 AT T
U,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
NSt A 2 frame AN G WO 2 A FH ARG WEH WBFUTE  name 7
__qualname__ 2 name 3} qualname E A At} o] F4= frameol 3 FRE S U th frame
A= NULL Y 4 RS UTh
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8.6.12 ZHEIAE B ZHF|

¥ A 3.7 37}
WA 37104 HA

X} W o] PyContext, PyContextVar %

ZFa: sty 37144 BE ?ﬂEﬂcz W4 C APIY
t A PE%H#?E‘E] FUthdE £

PyContext Token Al PyObjec

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

ZFA 3F 82 bpo-347628 ZR A L.

o] oA contextvars ZES 913 &8 C API| i3] AFAH5] A g3yt
type PyContext

contextvars.Context A& YEY = t] AR E = C 1£ZA.
type PyContextVar

contextvars.ContextVar A& YEU = o] AI&H = C 1£ZA.
type PyContextToken

contextvars.Token ZAE Y= o] AF_E = C XA
PyTypeObject PyContext_Type

context §-& YER =& A A

PyTypeObject PyContextVar_Type
AHAE H4 S L].E].LH‘—UJ AA.

PyTypeObject PyContextToken_Type
741511/\15 tﬁ/\Eﬂb‘ﬂ 1/].1:/].1,]]‘—33 714;1]
SRS ELE
int PyContext_CheckExact (PyObject *0)
07} PyContext_Type Bol W & B2 FUTh ok NULL o] oh] o]} FUth o 4+ 34
A Zeu .
int PyContextVar_CheckExact (PyObject ¥0)
o7} PyContextVar_Type B°|H & EF U o= NULL O] o}y ojof gttt o] e F4
LRl
int PyContextToken_CheckExact (PyObject *0)
o7} PyContextToken_Type POl & E8FUTh o= NULL O] oty ojof FUth o] =
T AAFEUT
AEAE AA e o
PyObject *PyContext_New (void)
W Al xR AR W AEAE AAE e YT o 2 71 $8sHE NULLE wFSH T
PyObject *PyContext_Copy (PyObject *ctx)

ez Al Fx AL ax AHAE AR 9 &2 EARE S BEUTh o7t A NULL 2
whehety ok
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PyObject *PyContext_CopyCurrent (void)
Mgk A B2, 84 2d= Agase] @
o,

int PyContext_Enter (PyObject *ctx)

A 2= A AHAER s A AU BF Al 02 ¥Whska, o ] Al -1& wHekghy ot
int PyContext_Exit (PyObject *ctx)

cx AN AEE M BT oA AYAES AR 2 0] WA ANAER BAGTh AT A

0 WhEHal T, o Al -12 wakEh o,

2~ L2~
AEA~E Hp 3

AR

rlo
rH

Sy} o 87} e EE nuLL S wksk

PyObject *PyContextVar_New (const char *name, PyObject *def)
]ﬂ'%%}}: }\H %:}}_ AH ContextVar 7 Xﬂ = E’l“a—\/] Tq— name HH 7H TL_‘— olEZ
o2 AEHUT dof W) Bk AYAE W] RS ARE 5 A%
gle AU Th o 27 A B H, o] 4 NULLS WHEI o

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
A2 W45 7S AU 2351 59 ol 27 B E 12 MBT, ko] YA 2
Abzglol o 2l 7} BASA ot 0L vhekgh T,
A AE W7L G2 W, valie = 2 7h2171E AN BT AWAE WL $AHA
%O W, value+= < 7He] Y th

o default_value, NULL ©] o}UH;

SRR NEEE

Sy
Urtl NULLE 7] E 3

o var®] 7]& 3k, NULL o] oFY H;
e NULL
NULL Y wf & Al 2l staL, o] e A 28 ey
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
kg A Fx. A AE2EoA vard] ga value 2 AF UL o] A T A EE AAE
WeEsEA L, of 27 A 8HH NULL 2 WHE Y o
int PyContextVar_ Reset (PyObject *var, PyObject *token)

var A AE W49 A E rokeng B3 PyContextVar Set () & Ao AFE & 2] A A g
th. o] = AT Al 05 e, ol 2] A] -1 whEHehy o

8.6.13 DateTime ZHA|

chFeh EAeF Al ZE AR 7L datetime EEA AlFH Uk o 545 A&7 Ao, sl 3
datetime.h7} &5 T3 ol of 13 (eychon.h 7l ETA P20l £ 3HAAIL), AW R
BE %273} 349 dH 2 pyDateTime IMPORT I EE T &soF Utk a2 = C xR A thst
ZEHE S Uﬂiioﬂ/\‘] A5 = static 4 PyDateTimeAPIo| Y51t
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.
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PyTypeObject PyDateTime_DateTimeType
This instance of Py TypeOb ject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same objectas datetime .t ime
in the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it
is the same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType

This instance of PyTypeObject represents the Python time zone info type; it is the same object as
datetime.tzinfo in the Python layer.

UTC =&l A 2e17] gt =

PyObject *PyDateTime_TimeZone_UTC
UTCE YEM = A7t A S ES WE3shU T} datetime. timezone . utc 2} 22 A A YUt}
WA 3.7 7}

F A s

int PyDate_Check (PyObject *ob)
ob7} PyDateTime_DateType & ©] A} PyDateTime_DateType? AXH ol I = FY
o ob NULLO] of]ojoF Gk o] T A AT T

int PyDate_CheckExact (PyObject *ob)
ob7} PyDateTime_DateType g oW & EHF U ob= NULLO] ofofof Ut} o] &
T AAFEUTh

int PyDateTime_Check (PyObject *ob)
ob7} PyDateTime _DateTimeType & o] A1} PyDateTime_DateTimeTyped] A/ H & o] &
=85 Ut} ob= NULLO] op] o] o FUITE. o] B4t g4 A T T,

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime _DateTimeType & o|H IS & F Ut} ob: NULL O] o o] of gk}, o]
S A BT

int PyTime_Check (PyObject *ob)
ob7} PyDateTime_TimeType & ©] A} PyDateTime_TimeTyped AH ol I =7
T obE NULLO] ol o} ok G . o] T A AT T

int PyTime_CheckExact (PyObject *ob)

0b7} PyDateTime_TimeType B ol ™ & E¥%UTh obi NULL O] o} ojof gith, o] F4i
B Az e

iz
i

int PyDelta_Check (PyObject *0b)
ob7} PyDateTime_DeltaType ¥ o] A Y PyDateTime_DeltaTypel] A H ol & =
Utk b NULLO] ofufof o Fith. o] g4 g4k A e Th.

int PyDelta_CheckExact (PyObject *ob)

ob7} PyDateTime DeltaType § oW F& E&F U obE NULL O] oby o] oF gt}
B AFFU T

iz

%)
%
-
rlr

int PyTZInfo_Check (PyObject *ob)
ob7} PyDateTime_TZInfoType @ o] A PyDateTime_TZInfoTyped A H 3oy &

FUth ob NULL O] ohdefof i th o] I B4 AF Y Tk

ikt
%
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o F4-

Yt ob= NULL©] ofy of o gt}

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime TZInfoType PolW IS E&=

4 43I
BT

AAE VEE A2
PyObject *PyDate_FromDate (int year, int month, int day)
Wk zh A Z2 AAE d, ¥, 49 datetime.date AAEH
PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)
HEskzE: A A2 ANAE A, Y, Y, AL, 2 D ulo]3 7 29 datetime.datetime A E w3t
).
PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)
], &, 2, nto]a 2% 4 folde] datetime.datetime AA| S

)OC%)}\

33k g o).

Wbz A Fx. A |G, Y
1d)

Hh2ketuy ok
A 3.60] F7}.
PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
, X W ulo]a 2 %9 datetime.time AAS Y
2% 9 folde] datetime.time AA S vzt

wrEzh A B2 AAE A B
PyObject *PyTime_. FromTJ.meAndFold(mt hour, int minute, int second, int usecond, int fo

H]—Q—7]— }\H Z]-Z X]qu] }\]r \_.)»J—; U]—O]

o] 2% & Vel &= datetime.timedelta AA|E vL&-gt
3l A E W A== A3t

H A 3.600 7}
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
4,24
zl

Y

g A B A4 o
Uth A3} utol|3 2 %9} 27bdatetime.timedelta 2 A
=1 LZA datetime.timezone AA S

TP Y
PyObject *PyTimeZone_FromOffset (PyObject *offset)
vkkzh: A 2. offset A AR ERY R = o] S 0]

Z A9 datetime.timezone

EHFUh
W 3.7 7}
PyObject *PyTimeZone_FromOf fsetAndName (PyObject *offset, PyObject *name)
wEEL gk Al FFZ. offser A A}2} tzname name 2. 2 JEF A= 114 2
ARE Bej Uk
HZ 3.7 F7%
U AR oA des 22 IR, A2 M H Fe 2 (74 PyDateTime_DateTime)E E 33}
PyDateTime_batog] 9128 20fof itk QAHE NULLO] obL]ofof hul, B2 AAFEEA] e L] ok
int PyDateTime_GET_YEAR (PyDateTime_Date *0)
el int 2, W& W o,
int PyDateTime_GET MONTH(PyDalesze Date *0)
1A 127} 9] int 2, €& ¥Hagh o).
int PyDateTime_GET_ DAY (PyDaleTime Date *0)
1914 317FA) 9] int &2, 4 ¥H3Hshuy o},
drE 2Est=mjaz. AAE= A ZPAE £83}0] PyDateTime DateTimed)
gL GASA Sy h:

=2E—= T =

S A 2 A A o A
T ;:] .
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
175

© 2 o] of Gl th. 91 AH= NULL o] obu]of of 51
H 237k 9 int 2, A S BBGU
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int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
E 59744 9] int 2, &2 W T
int PyDateTime DATE_GET_SECOND (PyDateTime_DateTime *0)
HE 597149 int2, 25 vy
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
FE) 999999 742 9] int &, vlo] 2 & 2 & Whekg ),
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
0ol A 17}4] 9] int 2, F =& ¥HE-gh th
WA 3.600 7}
PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).
WA 3.100] 7.
A AA A BEE 2SS = |32, A=A B FHP2E £86}] PyDateTime_Timed] AAEHA
of of gyt "Jx}t NULL©] ofjofof &t g2 AAbskA] e th
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
0% E] 23714 9] intZ, Al S WHEg )
int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
R 59744 9 int 2, B2 WaE o
int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
597219 int g2, 25 WU
int PyDateTime TIME_GET_MICROSECOND (PyDateTime_Time *0)
HE] 9999997} 4] 9] int 2, ufo] A 7 %5 WkE-ghu T
int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
00| A 17441 9] int 2, F =& ¥HE-gh o)
WA 3.60 7}
PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).
WA 3.1000 F7}.
A7t de AA A BEE &= 3R, QA= AH ZY2E £36}o] PyDateTime _Deltal)

1t -1y
Q1A 20] of FU T AR NULLO] ofuofof 511 B AALEIA] b The

f

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 of] A 999999999 7} 4] o] int 2, I 5 whEg ).
W 330 271
int PyDateTime DELTA_GET_SECONDS (PyDateTime_Delta *0)
HE 86399714 2] int2, & & WHEE U,
WA 330 =7}
int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
091 41 9999997} 2] 9] int &2, w}o]| & % & Wk o},

WA 3.30 F7}
DB APIE 783t 5 HYE St a2
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PyObject *PyDateTime_FromTimestamp (PyObject *args)
wk3kgk: A ZZ. Create and return a new datetime . datet ime object given an argument tuple suitable
for passing to datetime.datetime.fromtimestamp ().

PyObject *PyDate_FromTimestamp (PyObject *args)

Qk3}k 2k A 2. Create and return a new datetime.date object given an argument tuple suitable for
passing to datetime.date.fromtimestamp ().

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only
GenericAlias isexposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Part of the 9t ABI ¥ A 3.9 o] & 2, 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:

-

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

}

L

o B
The data model method ___class_getitem__ ().
B A 3.9 F7}.

PyTypeObject Py_GenericAliasType

Part of the S+ ABI ¥ A 3.9 o] = F. The C type of the object returned by Py_GenericAlias ().
Equivalent to types .GenericAlias in Python.

WA 3.9 7}
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See also Python Initialization Configuration.

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 ()

ZF31:  The following functions should not be called before Py Tnitialize(): Py _EncodeLocale (),
Py_GetPath(), Py_GetPrefix(), Py_GetExecPrefix(), Py _GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and 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,
52
f>
<
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
2IHEZ A WA AR AGE A Y
BE ~2THEY UES AP T o3} 3
-1 343} PYTHONINSPECT 37

int Py_InteractiveFlag
1 eMdo® AT

int Py_IsolatedFlag

A g go]lHe AUl A RE oA sys.paths 2T HEQ A He % AL A9
site-packages U] &l &) 2] & Z3}+5}%] k5 th

-TgAeR AFE Y
WA 3.40] =7}

int Py_LegacyWindowsFSEncodingFlag

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding
with surrogatepass error handler, for the filesystem encoding and error handler.

PYTHONLEGACYWINDOWSFSENCODING &7 W7l H]o] QA k2 EXdz AAEH 12 A%

Utk
LA 3 U 8-S PEP 5298 2314 Al 2.
Availability: Windows.

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO &7 M7k Hlo] Q14| ¢F-& EAE 2 AAHH 12 At
AAE 22 PEP 5282 B2 A 2
Availability: Windows.

int Py_NoSiteFlag
EE site QEES} oo £HH & sys.path®] Ao|E F&2
Y=o siteE WA Ao g JZE Sux o]z 3t 222 n|F
main () & TEIHAIL).
-sgAHoE AAE YL

int Py_NoUserSiteDirectory
“t2 = site-packages =I5 =|E sys.pathol F7}54] g5yt

O_>L _Lu
o r.
ESL
oM
oafo
In
T HJ
i

QL
o

2

[}

-

p”

®

-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 3200 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

REo] 27|32 wuith, 2=
EE‘riﬂb}ﬂ&tﬂ 2523
2E Ao g AR E AT

t:]_
-v 343} PYTHONVERBOSE 37

A 9% (Fd g ol g BE
AT A5 2ol A E AT £

9.3 CIE{=2|E| X 7|3} ufo|Ha|A|o|M

void Py_Initialize ()

Part of the 7 ABL Fto] W QE]|Z B E 27|33 Uth sfo|HS W Fsl= S8 22 19
CHE 50| A/C AP 848 A1 517] 710 & 23 oF Fhuith; B 744 el €)= sho| 21 27|15} 4
*5]./\1}\]_]_.

e

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins,__main__ and sys. It also initializes the module search path (sys.path). It does not set
sys.argv;use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without
calling Py FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

ZFat: AE oA, ’*E £ O_TEXTO|A O_BINARYZ W AFULHC AL S ALS3F= 25
] &,

of o] shol 4 Aol E G L u ATk

void Py_InitializeEx (int initsigs)

Part of the °+7%) ABI This function works like Py Tnitialize () if initsigsis 1. If initsigs is O, it skips
initialization registration of signal handlers, which might be useful when Python is embedded.

intPy_IsInitialized()

Part of the V7 ABL 5o] 2 Q1) 2] €17} 27815 9 ¥l 2(00] obd) L Wekah i, 1A ko H
ARA0)S H33 Ut} Py _FinalizeEx () 7F 52 W 3, Py _Initialize ()7} Al &€ w7}t
A AL was .

int Py FinalizeEx ()

Part of the 2+ ABI WA 3.6 ©] & 2. Undo all initializations made by Py_Tnitialize () and sub-
sequent use of Python/C API functions, and destroy all sub-interpreters (see Py_NewInterpreter ()
below) that were created and not yet destroyed since the last call to Py Tnitialize (). Ideally, this frees
all memory allocated by the Python interpreter. This is a no-op when called for a second time (without calling
Py _Initialize () again first). Normally the return value is 0. If there were errors during finalization
(flushing buffered data), —1 is returned.

o] g o2l 7HA o] R AlFEUTE W S8 2o §8 =
31 5ol 4% ThA ARG P ATUY, S 2

o) A z}o) R O]Ei HEHE R SR ZZT
UﬂEEl oﬁxﬂb‘}" e # ﬁlaﬁﬁ‘r % =

21 AR ﬂ erN V‘ﬂxl

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.

o1z} §lo] ZFA} o] Wl E cpython._ PySys_ClearAuditHooks & WA YT}
WA 3.690 71
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void Py_Finalize ()

o

Part of the QY7 ABL ©] A2 Py _FinalizeEx ()2 o] HAT 53T
Q.

laciards Skl

A3

rlr
rlr

9.4 ZTEMA A Oi7H Hp

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py_Initialize (), if itis called at all. It specifies which encoding
and error handling to use with standard 10, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the
environment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCOD ING and/or default values (depending on other
settings).

Note that sys . stderr always uses the “backslashreplace” error handler, regardless of this (or any other)
setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls
to Py _Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
WA 3400 F7}.
W7 3115 E F A2 3.

void Py_ SetProgramName (const wchar_t *name)

Part of the Q7 ABIL This API is kept for backward compatibility: setting PyConfig.program name
should be used instead, see Python Initialization Configuration.

(BZATHA) o] B Py Initialize () ALOR TEH /) Aol EE ofof Gtk A=
el A =218 main() ol e argy 0] AR g Fel Ut (Fol= EAbE WH
FUTh. oA py_Getparh () 9 obeh o] TE Faol A QIE mele] Aa) w3} Bl d vl Al
2ebel ehol Helel S il ALSH U Th 7187k tpython' dUTh AxbE 22 IS Aass
Sobulgol WARA g 44 A g0 002 B ool = 229 S el Ao gtk shold
Az DEL o] AFae) S AAHA Gk

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

HA31158H H 2 E.

wchar_t *Py_GetProgramName ()

Part of the °+% ABI. Return the program name set with Py_SetProgramName (), or the default. The
returned string points into static storage; the caller should not modify its value.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

A 3.109)| 4] ¥4 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetPrefix ()

Part of the ?+%] 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 SetProgramName () and some environ-
ment variables; for example, if the program name is ' /usr/local/bin/python’, the prefixis ' /usr/
local'. The returned string points into static storage; the caller should not modify its value. This corresponds
to the prefix variable in the top-level Makefile and the ——prefix argument to the configure script
at build time. The value is available to Python code as sys.prefix. Itis only useful on Unix. See also the
next function.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

9.4.
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¥ A 3.109 A ¥ 7 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Part of the % ABI. Return the exec-prefix for installed platform-dependent files. This is derived through a
number of complicated rules from the program name set with Py_SetProgramName () and some envi-
ronment variables; for example, if the program name is ' /usr/local/bin/python’, the exec-prefix is
'/usr/local'. The returned string points into static storage; the caller should not modify its value. This
corresponds to the exec_prefix variable in the top-level Makefile and the ——exec-prefix argu-
ment to the configure script at build time. The value is available to Python code as sys .exec_prefix.
It is only useful on Unix.

w7 : exec-prefix= S AE F54 9t (7F A 9Hd 3} T/ 2hojE e 2] o] thE HHE 2| E o
420 prefcsh SRR . 90 2204, FHE 544 5L /usr/ local/plat AN el
A = EHA JYL /usr/locald A2 F JdFYth

A,

= %ﬂElﬂﬂAiE%ﬂﬂ%44Z@ﬂﬂﬂﬂ#%%ﬂ%mmh
7 75]]—‘;3% e “Eﬂiﬁoi 7F= G}Z] , Solaris 2.x S A 3 1= Intel 7] A
£ A3 3} Intel 7] A= %Hi?:]‘/]‘jr 222G AA AME
EEAES 53/“6]"41’4' H] fraa G AA = o 0101:7]?qu};
2Fo] U & th= 7] ttH—v—Oﬂ prefix 2} exec-prefix= 2] 1] 7} gl o™, 1l Tx}ﬁi
0]45 Hlo|E 7= 92 FqE SHA A FY AL (2H Y ol 5
6—Eﬂ 7‘]’ o] WA= T5A JUTH).

2" A2 A= /usr/local/plat & Zr S ;E0 )] o} 2 F D A|~H O Z ALEslHA] SAE
o] /usr/localg F-8 35 = mount L} automount = 2 138 LA = WS o AUt}
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This function should not be called before Py _Tnitialize (), otherwise it returns NULL.

A 3.100)| 4] ¥4 7 : It now returns NULL if called before Py_Initialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the 9+7J ABIL Return the full program name of the Python executable; this is computed as a side-
effect of deriving the default module search path from the program name (set by Py_ Set ProgramName ()
above). The returned string points into static storage; the caller should not modify its value. The value is
available to Python code as sys.executable.

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 ().

wchar_t *Py_GetPath ()

Part of the 2173 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 Initialize (), otherwise it returns NULL.

B A 3.100)| A] ¥ 7 : It now returns NULL if called before Py Initialize ().

void Py_ SetPath (const wchar_t*)

Part of the 73 ABI ¥ A 3.7 o] & 2. 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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This also causes sys.executable to be set to the program full path (see
Py_GetProgramFullPath()) and for sys.prefix and sys.exec_prefix to be empty. It
is up to the caller to modify these if required after calling Py_Tnitialize ().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

H A 3.8 A ¥ 7 : The program full path is now used for sys.executable, instead of the program
name.

A3 115E R =,
const char *Py_GetVersion ()
Part of the 9+ ABL ©] Sto] 2 Q18 2 2B 2] W & MiBkgUTh o] AL Thg 3} 2 Expd QU

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]" ]

The first word (up to the first space character) is the current Python version; the first characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not
modify its value. The value is available to Python code as sys.version.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Part of the Q% ABL Return the platform identifier for the current platform. On Unix, this is formed from the
“official” name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is ' sunos5'. On macOS, itis 'darwin'. On
Windows, it is '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 973 ABL @) 5o 8 v Aol )& 34 A =g B4 AL e o 2
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'
e ARG A AFAE AU EEA = S sAMAE FFH U o g2 Fhol
F LA sys.copyright 2 AH3 & 5 5 U th

const char *Py_GetCompiler ()
Part of the 273 ABL @A) 5ho] A WAL M E sk o AL H A e] BAS 25 AA 08
Yt dlE =4

["[GCC 20T02c2] " ]

e 249 AH ALAE AUy 554
FT oA M4 sys.versiond R E A|lFHYTh
const char *Py_GetBuildInfo ()

Part of the <74 ABL. @A spol Az JA2TH2 AlAA HF o A ik g Ao o 3t
FJEE AU, & =

["#67, Aug 1 1997, 22:34:28" ]

HetE 22142 A& AFZAE 7 AUTh S8 3 FANAE P Ut o 32 Jolx
FT oA Mg sys.versiond R Z A|lFHUTh
void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

Part of the °+7%) ABI. This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_path should be used instead, see Python Initialization Configuration.

arge X argvoll 7|9Vl Al sys.argvE /27551?2-141:]— o] i/} M m g T main () So] AL

3L SALSAIT 3 A el ol Q1A B S 5 Ao A% 51qle] ol e 48
~Z9E UG B oF Bk Aol Wol Yeruth AR 2ITFES} PO, argve] A WA
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FEeul 2ALY + Itk o] §47) sys.argy 27180 AN, Py ratalirror ()&
Agetel WAL 24 EAGU T

=z
updatepath 7} 00| |, o 7] 7} A] 7} o] $k4=7} 8= = A J Y th. updatepath 7} 00 o} A, k== o}
duegEol Wl sys.path® SHFYTh

¢ 7€ 2AYEY o]Fol argv[0] L2 ALHH, 2T HETF Y= HAHS A =7}
sys.path ¢l F7bg Yrth.

« 28 GO (%, arge7} 0] At argv 0] o] 1 E 5 o] & 712714 SO ™), sys.path
ol W1 Bxpg o] Z7E Utk o] AA &Y Hd e el (v, ") E Dol e AT 25Uk,

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.

Z31: Itis recommended that applications embedding the Python interpreter for purposes other than executing
a single script pass 0 as updatepath, and update sys . path themselves if desired. See CVE-2008-5983.

3.1.3 9]A Hﬂ A A&, PySys._ SetArgV()% TE£3% 3% A AA sys.path 8AE 502 A A
Sl 22 EAE DL 4 AFUTH A Sol THE S AL atol:
[PyRun_SimpleString ("import sys; sys.path.pop(0)\n"); }

B A 3.1.39] 7}
WA 311EE H A 3.

void PySys_ SetArgv (int argc, wchar_t **argv)

Part of the °+7d ABIL This API is kept for backward compatibility: setting PyConfig.argv and
PyConfig.parse_arqgv should be used instead, see Python Initialization Configuration.

o] &4 = python A E ZEE 7 -12 AZH A &= 3 wpdatepath7} 12 A A=
PySys_SetArgvEx () % ¥ 253}

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 3.400 X4 A7 updatepath F%-2 -1 ol w2t thF U o
WA 311EE A=,

void Py_ SetPythonHome (const wchar_t *home)

Part of the °+7J ABI. This API is kept for backward compatibility: setting PyConfig. home should be used
instead, see Python Initialization Configuration.

1% g DA, & 5E sl ehelneiele) AAE AT A4 EAL vl

PYTHONHOME & X3} A L.
e Z2IPS AYPSHe S ol WAH A e AE AFao] Y002 Trhs BAAS
Zvel Aok gyt stold Azl E o] FE& o] AFA HES AAFsHA dsUth

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

WA 3115 3 A=,

l

wchar_t *Py_GetPythonHome ()

Part of the °+7% ABL Return the default “home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

H A 3.109 A ¥ 7 : It now returns NULL if called before Py_Tnitialize ().
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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 Aasl Fol 9% Hﬂr%%1,}%z ﬂ®42ﬂ+qz*ﬂt431ﬂﬂﬂfﬂemoﬁ*
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
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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

Adgyo

i

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

9.5. 2B E HEHR} MY QAEERE F 187



The Python/C API, 22|A 3.11.13

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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type PyInterpreterState
Part of the A 3+ API (as an opaque struct). ©] A5 T+ = oj8] & 29 = 7} =27 3t= AHE)
GebduTh 28 g el B o) Soh Ad s s R E Relsh R A e R 35S
o] FEANE 51 A7} ik

AE|Z 2 H ol £ AdEs AR 7R e, 4d 9 71%4‘3747“’ ZEASZHE

i

ﬂlﬂ o}it, Aol OHZJJE ot Ut A JAEZ e E 52 ofE QHZ e Eo| &5
slEA ol BAgle]l RE 2d =4 FRF Uk
type PyThreadState

Part of the | S+ 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 Q7 ABL o} A% 31X k= A A A $h<=,
sho] 21 3,63} o) M Ao A, o] 47k EAFHA FO W GILLS BEAH YT
WA 3.90 A4 M7: o)A o] FpE obF A FASHA AFUTh
WA 3704 WA o] e oA py_Initialize()ol] &8 TEH A, AHELS He A
523 327} etk
HA 3200 WA o] G Tl Py _Initialize () Ao S8 4 fl5yth
WA 395 A 3.
int PyEval_ThreadsInitialized ()

Part of the °+7 ABI. Returns a non-zero value if PyEval_TnitThreads () hasbeen called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

WA 3.7 A ¥ 7 : The GIL is now initialized by Py_Tnitialize ().
WA 3,978 3 A,

PyThreadState *PyEval_SaveThread ()
Part of the 2+7 ABL (WHE ) A9 Az g S AL 2d= A8 E NULLE | A
5131, o] 8= AR (UL o] oby U Th & Wkt Bol BEolATHE, WA A =7t 22
g5 30 oF Fin.

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the V% ABL (S thd) Ao} A T e]e) 2 ¥ 5817 28| = 4] S NULL o] oh] o] of
S ttate 2 ARG H So] WS o] ATHH, WA 2 E 7} o] B 85544 hgtolof Fuich, 124
orowl w2k ek B A g o,

ZF31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

PyThreadState *PyThreadState_Get ()
Part of the 9+7 ABL @A) 28| & A e] S viaghc)h Ao J ez g 8 H {3 of
22 = A 7F NULL ol 2] A QL o 27 AU o (2 A = E A7 NULL S 2

Ay Th.
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PyThreadState *PyThreadState_Swap (PyThreadState *tstate)
Part of the 2F7 ABL. @A ~¢|= ”HJ £ QA sstate(NULL D = YU TH 7F Al 8h 28 = e <

Aok Aol Az el =2 b galok shul o 41 4 St
e B 2dE 22 434S S, A8 ez 285 A gtk
PyGILState_STATE PyGILState_Ensure ()

Part of the 2+% ABL @7} 28| =7} sholde] @A) Al A B wele £3) B glo] Fo) A
CAPIE 523 Zn|7} 5 =X golg ) o] A %Qi% ]PyGILState Release ()l &t
TEI S O]E’.L_g]./\a.“ A A== ol W 529 S QS5 Uth Quld o g Ag s Alg

7} Release() Aoj] o] A Ae| 2 B Q%= 3 PyGILState Ensure () PyGILState Release ()
TZ 7H o2 A9 E B APIE AL 5 Q5 Ut ol & E0], 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 2+7 ABL ©] el 5 st & AAE A FUTLE o] && —%r"ﬂ, vtol 2o el 8 g
PyGILState Ensure() 32 oA ZH5 YUt (23] gulzd 0 2 o] A= S E Aol A &8l X

A] 9Fo}A, GILState APIE A& 3 o).
PyGILState Ensure ()| it ERE S &L 22 AH EoA] PyGILState_Release ()l thst
SEHAS olFHoF YT

PyThreadState *PyGILState_GetThisThreadState ()
Part of the S+ ABL o] 29| =9 A ¢ = A& 7HA 3 Ut A 28 =9 A GILState API
7F AP E A o W NULLS BEEHE 4= Ql5 o Hd A =X AHE AE = AE) ié(auw-
thread-state call) ©] 5= =] 2] ¢k-2 A=, vl 2 =0l & A4 o] 23t 28| = JEj 7} 2ol F
AL, oA F2 ESu/AT R Y Th

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 <7 ABL o] mw] Z & ¥ { PyThreadState *_save; _save =
PyEval_SaveThread(); & S F UL o TZI7 2ZH J2 FYHAL;
HuwtE = Py END_ALLOW_THREADS Wl 2 Z 8} A X &f oF &t} o] vfa = that AA s 8L
HE ZFRIFAANL

Py_END_ALLOW_THREADS
Part of the S+ ABL. ©] |2 2 &= PyEval_RestoreThread(_save); }Z &Fg Ut 2= =
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Z3 7} 235 o] Qo §8 A L; o)A Py BEGIN ALLOW THREADS Wl 3 2} & X & of &
Ytk o] 2 2o th gk AA 3 8- 9 E TR AIL

Py_BLOCK_THREADS

Part of the ¢+7 ABL ©] W] Z 2 = PyEval_RestoreThread(_save); & &Fd Ut 2= =&
%7} Q& Py_END_ALLOW_THREADSS}: 53U th

Py UNBLOCK_THREADS
Part of the 3t74 ABL ©] |32+ _save = PyEval_SaveThread(); 2 ZZgUrh A= T2

S W4 AAdo) §l= Py BEGIN ALLOW_THREADSS} 553t}

9.5.5 XsZ API

BS Py _Initialize() o]|%o] &5 ojoF gt}
WA 37N WA py Tnitialize ()= o)A GILE %788t}
PylnterpreterState *PyInterpreterState_New ()

Part of the V7 ABL A el Z= 2 g AH] AA S ‘_1-%1/]1:]-, A olEzaE 2
QA T, o] Tl e 52 A Ao W B9+ 95Tk

o1z} glo] ZFA} o] E cpython.PyInterpreterState_NewE WA Yt}

filo

B

i
el
rlr

void PyInterpreterState_Clear (PylnterpreterState *interp)

Part of the 27 ABL JE Z 2| H Ae] AA S ZE ZRE ALATULE AG AHZHYH S
1 §5)oF T .
o1z} glo] ZFA} o] E cpython.PyInterpreterState_ClearE WA A A Yth

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the ¢+7 ABL Q1] 2] E] A AR E St A Qe =zgg 2L H{Td IR g5
Uth AEzZe|e] A= PyInterpreterState_Clear()o tist o] A T & Z A A AT o] oF

ey,

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the -7 ABL Fo] R Qe = 2| E] AA| o) &£31= A 29 = Ae) 24
ZoE 52 HAd 2= gAT, ol ol it 2 Ee X‘Eéi‘rﬁﬂok 5

ﬁq
%
e
Jo
1
4
30,
i)
A
Iy

void PyThreadState_Clear (PyThreadState *tstate)
Part of the 97 ABL 28| = 48] 278 B2 AR E AR Th A AT el 2L 8§l of
T,

WA 3904 WHA: o] &4 = o)A PyThreadState.on_delete WL ST &S} o] Ao =,
PyThreadState_Delete ()o|A T&U 5T}

void PyThreadState_Delete (PyThreadState *tstate)

Part of the -7 ABL 2~#| &= AE} AA & st uth A QA =Z2H & %a 28 FUTh
2= AElE pyThreadState_Clear ()9 sk ol d SE 2 A “%ﬂ ‘}ioi o} &t

void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock need not be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the 7 ABI WA 3.10 o] £ 2. F}o| W AH = A sstate] A A =& IS 7FA 3 Ut

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 ¢+7 ABI WA 3.10 o] & 2. vpo] W Ad T A sstate o] 173 A = Abe] A1 =}
HA -G .

tstate~= NULL ©] o}1] of of &t}
B A 3.9 F7}.
PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the 7 ABI }] A 3.10 o] £ 2. 3}o] W A8 & A sstate?] QB Z 2 EHE 7FA S U}
tstate<= NULL ©] o} of of gt}
WA 3.9 =7}
void PyThreadState_EnterTracing (PyThreadState *tstate)

e

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 ¢+ ABI W& 3.9 o]Z 2, 3] g Z g & 7}AF Tt

AR shol 2= el 7 AU AA AE el 7)o@ A WA of 2] & W g Th NULL
g uag 5 dadh

Z 2= GIL-S B {38 oF gt
2 3.9 7}

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Part of the 2+ ABI WA 3.7 0| ¥ 2. Qe 2 Ele] S f IDE Wk oh 287 shew o 27
LAY S -1 0] whekE] 31 o e 7 A H U T

ZE2h= GIL& Kt oF gt
WA 3.7 7}

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Partof the SF4 ABI ¥ A 3.8 o] 2, el Z 2 el E H] o] B 7} A1 ZE & 9= g9 18 & vk}
o] & 7FNULL = RHSHY o ] = A SHA] 9E L T & Ak dHz e HE MU E AT

Ak 714 o of Ty,

o) AL Fo] AE =) e d AE) AR E A Ao 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)

void

=99 F7t & 7HAF U
PEP 523 “CPythonol| Z & 9] 3 7} API 717 & R34 Al L
H A 3.9 27}

_PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval frame)
=Y Frt S AZ T
PEP 523 “CPython®]] =¥ ¥ H 7} AP 7P & XS A L.
B A 3.9 F7}.

PyObject *PyThreadState_GetDict ()

WREkgh: R ZER.L Part of the M ABL o]l 2= A AR E AT 4 e gAY E
wksbah o) 71— ERRE PP /‘PEH% At dl AHSE A1 7] 5 AFREoF FUch d A
8= A E /\}%%‘—’F A= o] ¥+ STEHE Ut o] F57FNULLES WS, o9 &

WA SR AT EE A= AA 2= AEE AR S 5 okl 7Hd sl oF 9y

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Part of the 973 ABL 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 Q+7 ABL A9 A EZ B E &5 & 5311 AR 28 = AE & sstate 2 A T T} state=
NULL©] o] ofof Fich & ol flo] WS o]l 2 o] oo} LTk of el o] o] 5] Bo] o,
EEE PR

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+
FAEEHA A ¥ EE FEFTYH

PyEval_RestoreThread ()& (Q#E7F 27|85 A] %S W24 FA4 AT 4= A= 15T

4y,

void PyEval_ReleaseThread (PyThreadState *tstate)

Part of the 27 ABL A4 A8 A& NvLLE AR A A =g 2L )AL
2 o] Hof ko] Foj ok 3tal AR A8 =7 B3l oF FUth NULL o] ofu] of of &= sstate AR}

aﬂzﬂ 24 = A E Yt =R sk divk AR Ut — 238 4] oFod, XA o 27t
Eﬂ%‘%‘:‘r-

PyEval_SaveThread ()= (AU E7} 27131E A 93L& Aoz GA AR 4+ Q= 14 F

1w
FEdyeh

void PyEval_Acquirelock ()

Part of the °+7%] ABI. Acquire the global interpreter lock. The lock must have been created earlier. If this
thread already has the lock, a deadlock ensues.

WA 32%E 3 X F: This function does not update the current thread state.  Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

9.5.
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Z31: Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted termi-
nation.

WA 380l A WH: PyEval RestoreThread(), Py END_ALLOW_THREADS() %
PyGILState Ensure ()¢t QAHEF AAHow, Az g7}t stejdelAl o] st&
T EsEHA AR 2~Y=E EUH/]D}_

void PyEval_ReleaseLock ()
Part of the 2+7 ABI. Release the global interpreter lock. The lock must have been created earlier.

WA 32%E 9 A HE: This function does not update the current thread state.  Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 AME QE{=Z2[E] X|&

“Uﬂo]” AEZ = dedde] 27|13 uf vhs
,q st gho] A A Z e YUt AE Az e} g, v

gRmeAs A Ade 2D £8 eke 2715 59 AL G L
E}O]gﬂxﬂ old Zot &A oz e YUYt} PyInterpreterState =
o gk 2 B E RESH T}

PyThreadState Swap () 55 AH&Sto] A H Bz ol A& + d5Uth o= & A

$3ko] BET AT 4 ATk

PyThreadState *Py_NewInterpreter ()
Partofthe 97 ABL A} A2 B\ 228 5. o 212 ol 8 1= AAE 9T (A<)) B3
28H dA4 AUt E3), A JHZFEol= 7|2 2 E builtins,  main_ Y sysE F33}o],
REHdzEA RS NE, S A ZASULL e REH ]E(SyS-moduleS)J_’Jrl?—% 2
A& (sys.path) = E/AA YTt A &7 C’ﬂ sys.argv A7 lsUth A2 BE V0 2EH
gtd AA| sys.stdin, sys.stdout ¥ sys.stderr 7"’“%1:]- (¢}, e 3tH 3d 7|=xE

Fx g,

The return value points to the first thread state created in the new sub-interpreter. This thread state is made
in the current thread state. Note that no actual thread is created; see the discussion of thread states below. If
creation of the new interpreter is unsuccessful, NULL is returned; no exception is set since the exception state
is stored in the current thread state and there may not be a current thread state. (Like all other Python/C API
functions, the global interpreter lock must be held before calling this function and is still held when it returns;
however, unlike most other Python/C API functions, there needn’ t be a current thread state on entry.)

A EE2 v 2ol (HE) dH =2 Y el TR Y th

. T 27132 A gee REY 4
B elEo tal d=e) =E A7}

=

l

AL, & 5] PyModule FromDefAndSpec (), ZF ¢l
WEA T 2713 U C£F 443} A W

ol2l et w & A 7rol 55 Uk
o DA 271318 AR ot BB A, ol § £0] PyModule Create(), 54 o] AL
dxE o, IFA 2 2735 1, 5 92 (€2) AHEo] A Ut th& (A H)
JHZHEHZ 22 E4ES A2 E T, | 5] 27|35 1 o] BAMHES] Y802 Y
o} &3] init %:}A% S =5 A m}%‘%‘?‘r UJrF/Vﬂ 25 9AY Y AAl = (A B) JEZ 2 E
ol = o], 94 %= &S 4o = AF YTt (oFeh v 18} Fo] ArE FRJIA AL
o] ZL Q| Z BB/} Py _FinalizeEx ()%} Py Initialize () S T&35t A3 thA
271318 3 332 AdxE T dojv+= A tgEl FYGAHAL; o] BF, 79
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initmodule %47} OhAl 32 WU h ThebA 2739t npaslA 7, ol C 29 F AT}

Ao e olHe 2 ol FRES 2 n Uk

void Py_EndInterpreter (PyThreadState *tstate)

Part of the 2+ ABI. Destroy the (sub-)interpreter represented by the given thread state. The given thread state
must be the current thread state. See the discussion of thread states below. When the call returns, the current
thread state is NULL. All thread states associated with this interpreter are destroyed. (The global interpreter
lock must be held before calling this function and is still held when it returns.) Py_FinalizeEx () will
destroy all sub-interpreters that haven’ t been explicitly destroyed at that point.

9.6.1 H{12} F2o| AlS

A ez e (E vA JEZeE)E 22 Z2 A2 R o7 uf&of, 15 7] F o] & 3A]
FFUTH— ol & E0],0s.close () & 22 AT 3t A2 A SHE A 29 49 3pdof (=
F2 o Hor) g v F A5tk (HME) dH= ﬂEi 2ol ol FfE = WA wlel, &7
o] A2 ”50}1] *e —’F %%HD}; o] AL 53] kA 273 (7‘q ) A s A o
53] 285Utk S A B B Z oA ThE AAE e (FE) JHZ B o] 30 YT+

Sl ok 7458k 9] of §huic.

AB Qe Zel g o) A8 9§, WAE, RS EE
7120l oF FUTh o] H 3 AA ol &3] Y= YZE A4S D
gAY el L A+ 97 MEGUh 99 A5 H2E 5 9
A 2 F 23 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| €&

ol Qe el e 2d s v FAL B W AYZe] AFH UL o] LYL F4 EAE 9}

void 3 Q1E] Q12}e] FEjE F P th

int Py_ AddPendingCall (int (*func)(void*), void *arg)
Part of the S+7 ABL W9 QB Z 28] Ad=oj|A T&53 35 o oFg
func= H A A=A TE2F 7] & Foll =7 Ut AT Al €] *;ixé Ol 101
HBH R Fo| You, funct arg AAE AHEShe] A= w1l dlE)m el 22 = o A
BEAACE AP &= Fo|H ZES U DT ) v]F 7| H o8 TEFH AT T 7 27 0]
FUck:

-0,

L Q) AEEA A9 I E = H 5L BASHEA (ebA funcs AR CAPLE AT 5 1%

func= 4 F8E 02, A5 SH o9 AT B 12 W@ ok Ptk funcs THE W57 TY S
Aoz 237 Ao S0 A FAW, A AHzelE So] A A Lo =2 A5}
5l o 43 ST 4+ YgITh

o] Yot AWHE H BA 2d= FEt B sA) ghov), 4o Qe xE Fo DA %4
e,

AB ez A o] F5E EE5e W T2 AVFGILE B 4shok Ttk 134 ow, 44
func7t ZRE AH e BN TEHES ol ok 5 Q&)
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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,
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9.9. 1&g C|H{AH X[& 197



The Python/C API, 22|A 3.11.13

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.

=X siCh
o1 =2 0O
Py LIMITED_APIZ HE8F g B85 A= A Ho| Lo EFYA o] FA o] B7HsSH

1A=
Py _tss_t9 T3& &},

Py tss t *PyThread_tss_alloc ()
Part of the V% ABI W& 3.7 o|& &, Py_tss_NEEDS_INITZE %7|3H Zka 22 A9 7k
HLeket AL, 54 g A Al NULLS REEHR Y o)

void PyThread_tss_free (Py_tss_t *key)
Part of the 9+73 ABI WA 3.7 o] & 2. 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 &+ EY WA WS keye NULLO] ofyolof Fyrh  EI, 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 SV ABI {7 3.7 o] & &. 0| X Py_tss_t7} PyThread_tss_create () & Z7|3}5]
%128 00] o}yl zh2 Wk,

int PyThread_tss_create (Py_fss_t *key)
Part of the ¢+73 ABI WA 3.7 o] 2, TSS 7] & 7| 3}oll A&F3tH 0 3= ¥i3hghy o). key A7}
7ve] 7] = jkol Py_tss_ NEEDS INITE 27135 2] ko F2to] Aoju A FsUth o] T4+

e ol A or 529 4 Agvrh- ofu] 27548 7)ol tla] £Z 58 ol e A 54

o 24 4F2 WBIH

void PyThread_tss_delete (Py_1ss_t *key)
Partof the 2+73 ABI ¥ A 3.7 o] 2 2, TSS 7] & 241 A|3Fo] R E g =o)X 7)o AH A 3HS 97 31,
714 271§P”EHE 27139 A tg o' WA JJM% 7]+ PyThread_tss_create ()&
Al 27138 5 d5Utth o] @4 22 7|dA BtEAd o g $29 4 5t - o] 5t3 "
Z]ol 3l SE3tH o = 3HA] k5 uth

int PyThread_tss_set (Py_tss_t *key, void *value)

Part of the °+7 ABI ] A 3.7 o] & &, 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)

Part of the 2+ ABI ¥ A 3.7 o] & &, 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

w377 E Sl A5 o] API= e = A A (TSS) APIE T A g U o

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 2+ ABL
void PyThread_delete_key (int key)
Part of the 2+ ABL
int PyThread_set_key_value (int key, void *value)
Part of the 2+ ABL
void *PyThread_get_key_ wvalue (int key)
Part of the 2+ ABL
void PyThread_delete_key_value (int key)
Part of the Q7 ABL

void PyThread_ReInitTLS ()
Part of the Q7 ABL
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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<)

201



https://peps.python.org/pep-0587/

The Python/C API, 22|A 3.11.13

(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.
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int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: -1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
0o] ob ¥, C ZA Dol ZAE wf F7h T8t
Default: -1 in Python config, 0 in isolated config.
int dev_mode
Python Development Mode: see PyConfig.dev_mode.
Default: —1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8 _modeto 0,
e Set PyConfig.filesystem encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from 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.
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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 S A Y A
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_ seed is ignored.
Set by the PYTHONHASHSEED environment variable.

Default use_hash_seed value: —1 in Python mode, 0 in isolated mode.

wchar_t *home
Python home directory.

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
~EYE} 9 4B F oIy BER Solgth

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

Show total reference count at exit?
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
ANAE ] site BES YZE FY71?

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}

Function to initialize Python:
PyStatus Py_InitializeFromConfig (const PyConfig *config)

Initialize Python from config configuration.

S E A= PyStatus_Exception ()3 Py ExitStatusException () & ARFESHo] 9 2] (d By £8)
= Aok gtk

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.

Z2a9 ol F& AAsIE !

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)) {
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) ;
if (PyStatus_Exception (status)) {
(Th= o] A ol A1)
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(o] sl o] A ol A AI)

goto done;

/* Read all configuration at once */

status = PyConfig_ Read (&config);

if (PyStatus_Exception(status)) A
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)) A
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&confiqg);
done:

PyConfig_Clear (&configqg) ;
return status;

10.8 AHz|&l 74

PyPreConfig;InitIsolatedConfig()9}PyConfig_InitIsolatedConfig()é}?*%wﬂii%ﬁﬂ
A shol g A skt 7S WEYTE o & o, o] 4 e S8 = agle] 357 94,

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_modulee] RS W, A7) e 2l E sys.path %ol F7HUTh AA U e S o
2 4 glow oy A A eksyTh

- run_filename®] A=, 514 tAEHZE sys.path &l 7+ o}
- 282 o, ¥l FAE S sys.path ¢l F71gY T

site_import7b 09°] oty W, site E F o sys.pathE $HFT £ JF YT
user_site_directoryZ} 0°] ofy il Ab-&%}9] site-package T 2 B 2] 7} EA) 81 °, site HE2
A8 74] site-package T @ 2] & sys . pathol] F7Fgch

theT e 74 5hdlo] A7 TA O ALH Uk
e pyvenv.cfg
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.

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable

10.11 Py_RunMain()

int Py_RunMain (void)

Execute the command (PyConfig. run_command), the script (PyConfig.run_filename) or the
module (PyConfig.run_module) specified on the command line or in the configuration.

By default and when if —1 option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using
Py_RunMain ().

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
stole] £ 5t7] Aef, Al ¥ & IAE 7HAFUTh

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« “& 4] (Core)” 2 7]3} T, “X] 4 5He] S}o]AI”:
- 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 X st FA Yt}
- A2 S AU
- Alad A2 718 AAdU s
- sys 2E 27|38 &EdUH (£ : sys.stdout ¥} sys.pathE WUy Th);
- 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: if non-zero, disallow threads, subprocesses and fork.
PyStatus _Py_InitializeMain (void)
“Fr 2713} E‘r?ﬂi 01%5}@], stolH 27|3L8 A5 FU T

“HAY GAN AL oA REE YEE 31X 9 import1ib BEo] TAH A SHUTh A% TAL
AT A BB 5 08 A At £ A A el A o 68 A

7§9] g4 Qlom, AR A H Q] sys.meta_path Y EE (importer) L} YEXE £ 5 HAXNT 4 Jd5 YTt
It may become possible to calculatin the Path Configuration in Python, after the Core phase and before the Main
phase, which is one of the PEP 432 motivation.

WA GAL AN Z S A Fg Tk o] BANA FAL ASE 5 9w, ¥
A ok 8 A A5 A FF U APLE B3 ol 3 A A0 FAF Uk
44 w7hA) AAER APLE FRAALAAT 5 AUk

“8) 4" 5} “F7 2 7] 8} 2| Abol o)l A] Sho W ZEE At of Al

o] 1% 7] gkofo}
d A8+ F 7 API7}

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);
if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

(TH5 sl el Aol Al<)
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/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py InitializeMain',

n

"file=sys.stderr)");
if (res < 0) {
exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

(o] sl o] A ol A AI)
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cHAPTER 11

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)

p7t7rel7le WRe E5] A7|EnvbolER 2 FUTE W82 o] dR A2 A7)0 A3
Wl A= WA A e h
p7FNULLO| W, §&2 PyMem_RawMalloc (n) 55Utk nol 03 2o, H e EE2] 37
%iﬁﬂﬂ”&’ﬂxﬂﬂﬂ“ oL, etk 401151“ NULL ] obd Yt}
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
ZJAHE FAFH UL

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 TEFH oW, o= A g2 F2o] doj gt

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 36004 WA : 7]&E EFA= oA Al2E malloc () 4l pymalloc 9T}
void *PyMem_Malloc (size_t n)

Part of the 27 ABI. 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 7s3hH A/ NULL O] ofd X
A e dyrh vl Eg e o o g s 2739 A k5t
void *PyMem_Calloc (size_t nelem, size_t elsize)

Part of the 9+ ABI W] A 3.7 o] Z 2. 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.

07Me 2 /\1/}01&} 1E 37]9) 845 Q31 PyMem_Calloc (1, 1)°] A &9 AXH 7}
5ot AR NULLO] obd 2 S vk Th
WA 3500 27}

void *PyMem_Realloc (void *p, size_t n)

Part of the 2+% ABL p7} 71e]7) = vl 22] B89 2718 nufolEr 23T YEL oA
Mze z7e Agg Rl AL ¥ A5 A Lo

11.4. o22| 2lE{mo|A 225



The Python/C API, 22|A 3.11.13

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 ¢V ABL p7} 7}l 7)1 = Wl 2 g —‘é—%—% NATUT. pe= PyMem Malloc (),
PyMem_Realloc () T PyMem_Calloc ()°l] th3l o] A T & o] HIE3E A ojojof U} 18
A ALY PyMem_Free (p) 7} YA TE& = oW Aol5 x| ¢k FZo] doj gyt

p7FNULLO|®, ob ﬂ?jE TR A FEuth
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)

Part of the 73 ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or
NULL if the request fails.

yol Al 3= Sk NULL o] ofFd

2l oj| Ao 7 E 27315 A

AR b5 1

AUt

OvlolEE 2431 PyObject_Malloc (1
ZOHE ¥ YT w2

void *PyObject_Calloc (size_t nelem, size_t elsize)

Part of the V7 ABI ] A 3.7 o] & &, 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.
07Me 8 /\b]—OH]-O]E 3719 2 4E 243H PyObject_Calloc (1, 1)°] Al o &H A
7}5 8 1-f3NULL o] obd Q1 E ¥kt th

WA 3.50] F7}.

void *PyObject_Realloc (void *p, size_t n)

Part of the V7 ABL p7} 78] 7] = W &
MEE T719 HR3 WA= A A

gl &

Uk

2ol g37)|EpulolER ZAT UL YL oA}

p7FNULLO| W, $22 PyObject_Malloc (n) 3 553 Uth 222 ¢Fiipo] 03 2o, w1 g
E59 37 2AHA A= A o1, 9k 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 °+% ABL p7} 718l 7] &
PyObject_Realloc(
r AU PyObject_Free (p)

k. 227 ¢
Y.

w2 g

PyObject_Realloc ()2 NULLZ 935l

2290
==

AT o,
I = pyObject_Calloc()o] th3st o] A &=
7} ol el 52 9.0

pE oA W

ol
3=

rr

3 ool Th 3§ 3

o] BE L& 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
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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 A A 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%)
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(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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HH| 78 x|

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

12.1 Sloj| ZHA| Sterst7|

PyObject *_PyObject_New (PyTypeObject *type)
Rhehgr: A =

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
whehgh A =

PyObject ¥*PyObject_Init (PyObject *op, PyTypeObject *type)
wisk gk A el F =2, Part of the 17 ABI. Initialize a newly allocated object op with its type and initial
reference. Returns the initialized object. If fype indicates that the object participates in the cyclic garbage
detector, it is added to the detector’ s set of observed objects. Other fields of the object are not affected.

PyVarObject ¥*PyObiject_InitVar (PyVarObject >"op, PyTypeObject *type, Py_ssize_t size)
vkskzk: W& ZR. Part of the 2+ ABL ©| A& Pyobject_Init ()7} $3ee RE 2y
a1, /b Z17] AR e Ao] AR Z7)F Lk

PyObject_New (TYPE, typeobj)
C 72 % TYPES} 5ko] A 3 2R typeobj (ByTypeObiect*) & AH§3ke] Al 2¢ shol 2)7] &
R shold AA) sl e Ao 9 A ge WEL 271952 5tk TEAE Ao
e FAdT Fx2E oA FUH (S, AA 9 A 4% 9 sl lol gUth. vze &3 7= 3
AA e tp_basicsize BENA AP Ut

PyObject_NewVar (TYPE, typeobj, size)
C 724 & TYPE} 3}o] 1 Bt & rypeobj (PyTypeObject*) & ARE3to] A28 slo]d AA &
STt ol AR ST = FoH x| 2 FEE 273 A gFUth @3 v R 2= TYPE
FZA ol B3l typeobj tp_itemsize BE 93] Fol R 3_7]-/] size(Py_ssize_t) EEE 3L
gyt o= nETTa‘J% 22 AAE TR &P FE2UE 0 Z27E ZA S+ A5 Th
2G| 2emdS 2T A7, @G SIprt S0, R e &4 FHFE UL

o
=

void PyObject_Del (void *op)
PyObject_New WY PyObject_NewVars A% Ao €9 w22 & A gLt o] AL ¢
Ao g AR Yol AFH tp_dealloc A 7|dA TEHUTE WE 27} o= F& S oA
AAZ} P BR, o] £F Tofl= AA| 9] o AN A = HF YT
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PyObject _Py_NoneStruct
Fpo] o A None &2 =25 = AA|. o] AA| o it TUHZ F715 = Py_None AR E AL
34 & A 23 of g o,

| ®17]:

PyModule Create()
%Y RES TS wE Yok

122 & M 2= A

shol o] AH § ol AHgH £ WS FEA I AF U o] AR AL o)} g T2 A2 ALS o]
s dE e,

o

12.21 7|2 i 3t oj3 =

All Python objects ultimately share a small number of fields at the beginning of the object’ s representation in memory.
These are represented by the PyObject and PyVarObject types, which are defined, in turn, by the expansions
of some macros also used, whether directly or indirectly, in the definition of all other Python objects.

type PyObject
Part of the A S+ APL (Only some members are part of the stable ABI.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object.
In a normal “release” build, it contains only the object’ s reference count and a pointer to the corresponding
type object. Nothing is actually declared to be a PyOb ject, but every pointer to a Python object can be cast
toa PyObject*. Access to the members must be done by using the macros Py REFCNT and Py_ TYPE.

type PyVarObject
Part of the A 3+5 APL (Only some members are part of the stable ABL) 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
Zol7k istA] ¢h= AA S U= M2 o A9 D ol AH85 = vl 22 Y th PyObject HEAD
Az E vt 2ol FAE Ytk

[Pyobject ob_base;

9] pyobject AHAE FRIAHA L.
PyObject_VAR_HEAD

Axdavith Aol 7t e AR S YehE A Ze B2 A% o] A8 & vj 22 U Th PyOb-
ject_VAR_HEAD 1] 2 2 = t}-& 3} Zo] 34 Ut}

[PyVarObject ob_base;

Q9] pyvarobject AHAE FRIAA] L.

int Py_ Is (PyObject *x, PyObject *y)
Part of the 27 ABI W] A 3.10 o] & 2. Test if the x object is the y object, the same as x is vy in Python.
WA 3.100] F7}.

int Py_IsNone (PyObject *x)

Part of the S+ ABI ¥ A 3.10 ©] & 2. Test if an object is the None singleton, the same as x is None
in Python.

WA 31000 &7}
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int Py_IsTrue (PyObject *x)
Part of the V4 ABI ¥ A 3.10 ©] & Z. Test if an object is the True singleton, the same as x is True
in Python.

WA 3.109) F7}

int Py_IsFalse (PyObject ¥X)

Part of the 7 ABI ¥ A 3.10 ©] 3 Z. Test if an object is the False singleton, the sameas x is False
in Python.

WA 3.100) =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 31194 HA: Py TYPE () is changed to an inline static function. The parameter type is no longer
const PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)

AA 02] Fol nypeel ™ 0] obd ghg WU TH THA) oW 02 WEFUTh Py TYPE (o)
== type#} FSHUT

WA 3.90] 7}
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
AA 0] & typeo 2 ATt
WA 3.9 =7}
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py_ SET_REFCNT () function to set an object reference count.
WA 3.119]| 4] ¥ 7 : The parameter type is no longer const PyObject*.
WA 31094 ¥ 7Z: Py REFCNT () is changed to the inline static function.
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.
WA 3.9 7}
Py_ssize_t Py_SIZE (PyVarObject *¥0)
Get the size of the Python object o.
Use the Py_SET_SIZE () function to set an object size.

WA 31194 WMA: Py_SIZE () is changed to an inline static function. The parameter type is no longer
const PyVarObject*.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AR 09 A7) E size2 A AT}
WA 390 7}
PyObject_HEAD_INIT (type)
)RS ML Pyobject B 2718} OB P L AR YUk o] AR E h o 3
fuck:

_PyObject_EXTRA_INIT
1, type,
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PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for anew Py VaroOb ject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

12.2.2

ol

49l HIME 73

type PyCFunction

Part of the 27 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.

e A2 e 2Eyth

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Part of the 2+7] 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:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_ class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

WA 3.9 7}
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type PyMethodDef
Part of the °+7 ABI (including all members). G2 YA EE 7|&stE t AFREH = FXA. 9]
FzA ol el =7} )
const char *ml1_name
Name of the method.

PyCFunction ml_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_methisa C function pointer. The functions may be of different types, but they always return PyOb ject *.
If the function is not of the PyCFunct ion, the compiler will require a cast in the method table. Even though

PyCFunction defines the first parameter as PyOb ject *, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

e 2e 5% FHo] dFUth

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

1813 S 27 9= WA &= PyCFunctionWithKeywords & o] o] of it} o] Sk
=M MY Wi HeE gt self, args, kwargs. 71 A kwargs= B E 7] T oA}
g gAqvEolAY ZIHE A7 gloed NUuLL Y F AFUth w Hee detdow
PyArg ParseTupleAndKeywords ()& AF&3to] 2 2] Yt}

ol

Ir

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

WA 3.7 F7}
WA 3.100] 4] ¥ 3: METH_FASTCALL is now part of the stable ABI.

METH _FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the
vectorcall protocol: there is an additional fourth PyOb ject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no
keywords. The values of the keyword arguments are stored in the args array, after the positional arguments.
B A 3.70] &7}

METH_METHOD

Can only be used in the combination with other flags: METH_METHOD | METH_FASTCALL |
METH KEYWORDS.
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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 Al =& PycMethod & o]lo]of =1, self F o defining_class ¢l A7} 7149
METH_FASTCALL | METH_KEYWORDS2} Z+5uth
WA 399 7}

METH_NOARGS

Methods without parameters don’ t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to
prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg _ParseTuple () with a "O" argument. They have the type PyCFunction, with the self pa-
rameter, and a PyOb ject* parameter representing the single argument.

2 728 dehf s o 85 A 9 S0 A9 G AS T ) ikl J2 Lhehy
o Fol = AT 4+ GBUTh ol 2ol 2 5 Aol ShE o] v A o] T

i
Ir
o, fol

METH_CLASS
HAER PO Ardartobd I AX 7 A AR w7 A2 AEF Ut classmethod () W
T A o ol A= A F AR S e wl A = (class methods) & RFE+= T AHE-H U T
METH_STATIC
HAEg PO dada7tobd NnunLo] A A i) W2 AYEg Utk staticmethod () WA
T2 A2 S ) WS o) A= AT} S AL A A W A E (static methods) & THE = o] AFEF U )
o) the At 2L WA S o] 22 714 thE o] A WA ZER A Ao gt
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)

vk gk A 2. Part of the 2+ ABI WA 3.9 o] & 2., Turn ml into a Python callable object. The caller
must ensure that ml outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked.
self can be NULL.

The callable object’ s __module___ attribute can be set from the given module argument. module should be
a Python string, which will be used as name of the module the function is defined in. If unavailable, it can be
set to None or NULL.

o B
function._ module_

The cls parameter will be passed as the defining class argument to the C function. Must be set if
METH_METHODIis setonml->ml_flags.

WA 3.9 &7}
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PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

Ll 4 S
NULL) .

Part of the 2+7d ABIL Equivalent to PyCMethod_New (ml, self, module,

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)
Wk A FZ. Part of the °+7 ABI W A 3.4 o] & 2, Equivalent to PyCMethod_New (ml, self,

NULL, NULL).

12.2.3 =t 2SC| O{ER|RE WM A

type PyMemberDef

sponds to a C struct member. Its fields are:

Part of the 7 ABI (including all members). Structure which describes an attribute of a type which corre-

Field C Type Meaning

name const char * name of the member

type int the type of the member in the C struct

offset Py_ssize_t the offset in bytes that the member is located on the type’ s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char *  points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in
Python, it will be converted to the equivalent Python type.

TEERE

C 8

T_SHORT
T_INT
T_LONG
T_FLOAT

T _DOUBLE
T_STRING
T_OBJECT
T_OBJECT_EX
T_CHAR
T_BYTE

T _UBYTE
T_UINT
T_USHORT
T_ULONG
T_BOOL
T_LONGLONG
T_ULONGLONG
T_PYSSIZET

short

int

long

float

double

const char *
PyObject *
PyObject *
char

char

unsigned char
unsigned int
unsigned short
unsigned long
char

long long
unsigned long long
Py_ssize_t

T_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and

T_OBJECT_EX raises an AttributeError.

Try to use T_OBJECT_EX over T_OBJECT because

T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

flags can be O for write and read access or READONLY for read-only access. Using T_STRING for type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX mem-

bers can be deleted. (They are set to NULL).

Heap allocated types

__vectorcalloffset_ ,

(created using PyType_ FromSpec ()
contain definitions for the special members _ dictoffset_ ,
corresponding to tp_dictoffset,

or similar), PyMemberDef may
_ weaklistoffset_ and
tp_weaklistoffset and

12.2.

38 AA F=HA
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tp_vectorcall_offset in type objects. These must be defined with T_PYSSIZET and READONLY,
for example:

static PyMemberDef spam_type_members[] = {
{"_ dictoffset ", T_PYSSIZET, offsetof (Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns O if successful and a negative value on failure.

type PyGetSetDef
Part of the <+7 ABI (including all members) 3 Oﬂ et ZEHE 22 ANAE AY st F2A.
PyTypeObject.tp_getset %ol Ot AL

oEL
}|1_1‘
f
o
>,

Field C Type Meaning

name  constchar* ©o]EgHE o]E

get getter C function to get the attribute

set setter optional C function to set or delete the attribute, if omitted the attribute is readonly
doc constchar* A&HA =A~EF

clo- void * optional user data pointer, providing additional data for getter and setter

sure

The get function takes one PyObject* parameter (the instance) and a user data pointer (the associated
closure):

[typedef PyObject * (*getter) (PyObject *, wvoid *); }

gt Al x2S wrehetar, A st A A ol 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 *); }

td A=

o

o Ee|BES AASoF she A9 WA ) W4 nuLn U Th 425 02, A
o9) 2} g7 -1 wkakal o gk,

12.3 Type Objects

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.

AA L R EEYRTE AT FUTh 3772 ol 4 Y AA LB 20 g AR
% e, 2 C P4 LA 0|2 47 Y9 /)% 5 e 2L TAFYT o Ado| AL g AR Y
Lo

= Vﬂsl AdgUth BE= FRA A dehde S 2 A¥ gy
=9 rEF X Yo, o] A2 pyTypeobject ] o n| et Abgol th 3t & 22 AlF it
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12.3.1 Zi2F X

“tp %%”

PyTypeObject &=« ** 1 & E& HME/ERRE 3
EPage 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 * RER=S %
tp_repr reprfunc repr X X X
tp_as_number PyNumberMethods * S RERE=- %
tp_as_sequence PySequenceMethods * NBE EFE %
tp_as_mapping PyMappingMethods * AB &F %
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 ?
tp_doc const char * _doc__ X X
tp_traverse traverseproc X G
tp_clear inquiry X G
tp_richcompare richcmpfunc _ It ,_le , eq ,_ ne X G
_ gt ,_ ge
tp_weaklistoffset Py ssize_t X ?
tp_iter getiterfunc _ iter__ X
tp_iternext iternextfunc __next__ X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set_,_delete_ X
tp_dictoffset Py ssize_t X ?
tp_init initproc __init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc __new__ X X ?
tp_free freefunc X X ??
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses_
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tadg] unsigned int
tp_finalize destructor _del__ X

CrS HoIxIol AIS
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PyTypeObject & F e 242 1 3 v
EZ
CTDI
tp_vectorcall vectorcallfunc
Me &%
a= e BRI
am_await unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext___
am_send sendfunc
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc _jadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul___ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc ~mod _ rmod
nb_inplace_remainder binaryfunc __imod__
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__

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 required (must be non-NULL).

2.
=.

“0”:seton PyBaseObject_Type

“T”:seton PyType Type

“D”: 7|1 B (EFeINULLE A AH F9)

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

b

o°

o Q)

“p- /}j]._i‘\_

("

- type slot is inherited via *PyType_Ready* if defined with a *NULL* value
— the slots of the sub-struct are inherited individually

— inherited, but only in combination with other slots;
see the slot's description

- it's complicated;

AR sFe AW ojmelHE 23 AL Bol A0 L Fol FI A L.

see the slot's description
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nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ rXor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float__
nb_floor divide binaryfunc _ floordiv___
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index___
nb_matrix_multiply binaryfunc ~ matmul _ rmat-
mul__
nb_inplace_matrix_multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __ setitem__,

__delitem___
sq_length lenfunc _len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem__
sSq_ass_item ssizeobjargproc __setitem___

_ delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc _jadd__
sqg_inplace_repeat ssizeargfunc __imul__

bf_getbuffer
bf releasebuffer

getbufferproc()
releasebufferproc ()

12.3. Type Objects
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&= typedef

a1~ M 11~

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 = o =
244 PR Chapter 12. x| 23 x|
PyObject *
hashfunc PyObject * Py_hash_t
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12.3.2 PyTypeObject 2|

The structure definition for Py TypeObject can be found in Include/object .h. For convenience of refer-
ence, this repeats the definition found there:

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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/* 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 °F% 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.

AL

ol = A H Yof ofsl FEHA FFU

PyTypeObject ¥*PyObject .ob_type

Part of the 9+73 ABL ©] A& 3 9] 3, = | e} & (metatype) ¢J U T}. PyObject_HEAD_INIT V= & o]
ek A2 271315 v, gh& dWEA 0] «PyType Type©]ojof futh 22}, (Holx) A=
ANAM AHE 7Hsdlof 3t T HCRE RE Vs S BEY A9, Ao de s RS 273 A7
obu ety E3 Futh wetA, 22 NULLE PyObject _HEAD_INIT Vi3 E=E A gstil, th2 %
A= 77 Aoll B 27131 T4 A Zoll A BEE A H SR 2738t AYJUTh o] A
AnkA o 2 th53} Zo] g

[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.
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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
These fields are not inherited by subtypes.

12.3.4 PyVarObject ==

Py _ssize_t PyVarObject .ob_size

Part of the ¢t7 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.

If no dot is present, the entire tp_name field is made accessible as the _ _name__ attribute, and the
__module__ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

o] Y= nULLe] ohofof FUTh PyTypehiect () A F LA BLE D=t (A= Q)

tp_itemsizeE AL 3}al).
AlS
o] BEx AR Fol o3l 445 A 2T
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Py _ssize_t PyTypeObject.tp_basicsize

Py _ssize t PyTypeObject .tp_itemsize

o BEE AW G A2HA 7S vhol = B2 ALY 4 A5

There are two kinds of types: types with fixed-length instances have a zero tp_itemsi ze field, types with
variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances, all
instances have the same size, given in tp_basicsize.

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.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by the
value of tp_basicsize. Example: suppose a type implements an array of double. tp_itemsize
is sizeof (double). It is the programmer’ s responsibility that tp basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
Al

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize, it is gen-
erally not safe to set tp_itemsize to a different non-zero value in a subtype (though this depends on the
implementation of the base type).

destructor Py TypeObject .tp_dealloc

L

HEllipsis® FAFAH) & o

3
of ok gtk B A B2 The

Sl A8 A 5}3) 2} (destructor) S0l T3 Z Q1 E. (A ZE None
ANAHATZL G A H 2] e 5| HASHA] b= 3 ol &

25Uk

[void tp_dealloc (PyObject *self);

EOSL

o_>.i

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:

248
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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) ;

AS
o MEEAH Poz AP Yrh
Py _ssize t PyTypeObject.tp_vectorcall_offset
el tp calld © E&F <l tfetel WE F (vectorcall) =2 EZS AH_5to] AAE &3
AL T3H3= A AEAY ?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
A237) 919 shol W EAD A A C BAL L WolS ol B4E 71e Aok g,
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

2P HE AR AT AT B4 HEA 2

ol B AAFH S U BAE u, tp setattro ot ZA FF AR A ERRE o5

AE37] 9130 shol 8 2L A 4l C BALL wolS ol B4E 712 Ak Gt

Az

Group: tp_setattr, tp_setattro

°
)

3
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ol BE+ tp setattroSt TA B Fof| 3] FEFUth AB FJ2 ME O tp_setattri}
tp_setattroZt B NULLY W) Wlo]AF ol X tp_setattrd tp_setattrogs BF 4S5

t}.
PyAsyncMethods *Py TypeObject .tp_as_async

C 4ol A o) 9] e 23} 15 7] o] el el o] ZRE2L FANE Aoy BAH D=
=37k P20l o3 AT, A NEL v 5] A7) TS BEFAA L

B A 3.50] 7} o] A= tp_compare®}tp_reserved#tl 5 h
A

tp_as_async == AEH A A0k x31E d= s /EF 02 AALH YT

]
Hl

61'}

h=

=

reprfunc PyTypeOb ject .tp_repr
Wg e repr () & T8 Tol i A8 A 2Q0H.

MWL Pyobject_Repr ()3 245Ut

[PyObject *tp_repr (PyObject *self);

teval( o] A9
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PyNumberMethods *Py TypeObject .tp_as_number
FAZREEZS FHSE QAT ddd 228 25t
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PySequenceMethods *Py TypeObject .tp_as_sequence
NAx 222 785E AAol R B8 DEES ZRsE 27 7aAol tid ZAE. o A=
SREPEREES ERL:Lel=

A
tp_as_sequence BEE GHHA AL 238d dE= EAH o FEH U

PyMappingMethods *Py TypeObject .tp_as_mapping
P 22 EZS A At AHE A= 8 235}
o3 A 72 A oA A% g o
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hashfunc Py TypeObject .tp_hash
W 4 hash () & T @S F5ol tia AE A

MWL pyobject_Hash () ZHUth:

ro
fnj

[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
A7 £2S TASE Gl O A TAE. 477} S8 o] oh W NULL o] o] of Tk,
ML 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|E& tp_finalize X0 & FRA| 2w} A F Yt
B A 3.40] 7}

WA 385 H A AH: ABZe|El£ tp_finalize €X°] 34 F F2A o Aok 714 57
2ol o] Ed1e ve B23HA dsuth

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] B7]:
PEP 634 - Structural Pattern Matching: Specification
WA 3.109 7}
const char *PyTypeObject .tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as
the __doc___ attribute on the type and instances of the type.

As:
ol BEE A E Pl gef F5HH A kst
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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-

{

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()E 3% w8 e 4 gl Wujol s A wt 323 o) F2lak4
AW E A ¢ NULLO| U gho] W B w /s M B2 gk AR E

sk of, 9w 7} Afol 2 o] 7}
get_referents () &47F 1A

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).

Note that Py VISIT () requires the visit and arg parameters to Local_traverse () to have these specific

names; don’ t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py TYPE (self), or delegate this responsibility by calling tp_traverse of another heap-allocated

type (such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

WA 39004 WA: Y G P tp_traverseol| N Py_TYPE (self) & WL T A= 7|thg
th o A v A 2] Shol Mol A, 1] 1402172 A3, o] DA HE A B Fejaol A FEo LA
Sy Th

A
Group: Py_ TPFLAGS_HAVE_GC, tp_traverse, tp_clear

ol

U
_/'\_

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 AW T 7M1 A S 7oA A <8 7| A oA Fx ¢3S B AHE Y
ok @, A LE] BE tp_clear §471 AY T BE Fx £8 Zolok FUTh o 2L
v B h gAlo] A o tp clear FFE AFIFHHAL. & 50, F& 2 tp_clear
F4E TR BEUTE FEVORE F= oo 24D £ 922 59T+ A HE AU
webd ThE W9 tp_clear YLUOE FES EFE S F]o TRk FUTE o AL
Te) AP BOM, tp clearE TAFA obE FL v o f A9 YUt
tp_clear®] TAL The oA 9 2ol o] AR A 5 9 AN ] W] e AR 0] F2E
A A5 S W ol Th e Q1 S NULLE A A3 ok g ch:
static int
local_clear (localobject *self)
{

Py_CLEAR (self->key);

Py_CLEAR(self->args);

(th sle] Aol Al%)
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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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When a type defined by a class statement has no ___slots__ declaration, and none of its base types are
weakly referenceable, the type is made weakly referenceable by adding a weak reference list head slot to the
instance layout and setting the tp_weaklistoffset of thatslot’ s offset.

When a type’s ___slots__ declaration contains a slot named __ weakref__, that slot becomes
the weak reference list head for instances of the type, and the slot’ s offset is stored in the type’s
tp_weaklistoffset.

When atype’s __ slots__ declaration does not contain a slot named __weakref__, the type inherits its
tp_weaklistoffset from its base type.

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);

As
o] BE: Au Yoz Fagch
iternextfunc Py TypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

[PyObject *tp_iternext (PyObject *self);

o] @ o] E] 7} A X F ¥ NULLE HF3Hs oF §huUt}; Stoplteration 97 AR E 5, 18X
%< TE JdsUTh o2 ol g7 B8 e H, GA NULLS RS of Futh 2 EAl= o] 39 A~
~7]‘ O]E%fﬂ olEgt= A& g Yth

Sl e o8 BL tp iter B5E Ao a ok 56, T Tt (A o EH el ol Jad AT o)
ﬂﬁﬂﬂﬁﬂé%éﬂﬂiﬁ%ﬂﬁﬂﬂw

ol g Pylter Next ()22 AW ZsUth
A%
oI AE YPog FEHH UL

struct PyMethodDef *PyTypeObject .tp_methods

ol Jof dut MM E=E AN A8t PyMethodpes T2 A8 B A NULL-S & wf ol vt A& 2 =
AH.

o) FEuic WA= OAYEE TsHE o DA (o1 tp dict S FR3AIA 2]
= o] 27hg o,
A
o] A=+ A H o 3] FL£H A dFUTH (A EE T HMAUES S T3l FEF Y.

struct PyMemberDef *PyTypeObject .tp_members

o] §o) Q¥ e Aukvole] WM (=L F)E A SHe pydemberDe r T2 A 4 4 NULL-
S ol g A e 2,

Wi e Fuieh W U AT UE S ER5He G AV (oFe cp_dictE FEFAIA )
G2 o] F7hg Uk

A
o] Z

ru& °1>

< AB ol ool FEH A dsUnt (s HEMAUSE F
struct PyGetSetDef *PyTypeObject .tp_getset

o] Pol SlrE A0 AAH o EBHEE MAFE PyGet SetDef 2 A2 A2 NULL-F & v Qo
st A A ZTH.

:".J;

/Kol-

4

ych.
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v g o] gEult), getset AT HE S 835l o gV (o] tp_dictE FZR3IAHAI L)l
g5 o] 7 YTh

Als:
o] Fx=

o).

]

rlr

R

lo

o FEHAA FFUT (AdE o EFREE HE WAUSS S8 A58 Y

PyTypeObject *PyTypeObject tp_base

@ &4 o] Ao 2P 3t e A £
OSSR bk WA g b

B G % 25 A 2715 75 0 AE5 Uk CO9ol AL %71 BAE 54 A5 (address
constants)” o oF T T} Z QA HE FA| A 02 HIE = PyType_GenericNew ()2} -2 & XA

A= 8 F 3 C99 =4 A=y T).

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObject_Type is not required
to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both compilers are
strictly standard conforming in this particular behavior.

AHAOE, tp baset B RES) 2718 G504 A of o it

Als:

o] BE &= A B YPof o F&5E A FFUTH(H W),

7)1 &3k

o] 9] 7|32 sPyBaseObject_Type YUT} (3Fo]H Z 2 I o| A= object o2 &
A JFYTh.

PyObject *PyTypeObject .tp_dict

o) AU el pyType Ready () ol 93 o] 7o) 44 k.

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__ ()).

Als:

ol AL A1 Fol o) A5E A st ()70 AW o= REE e HAYS
A4g U,

71 &gk

o
o

o] YEZFNULLO| W, PyType_Ready ()& M AV E &It

A3 PyDict_SetItem() & A3 AYTE AoE 8 C-APIZ tp dictE TA3+=
AL obABA] kU T

“

descrgetfunc Py TypeObject .tp_descr_get

“OATHGE get” 5ol thst A=A ZlE.
4 AL e 2edy

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); }

Al

o]\
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descrsetfunc PyTypeObject .tp_descr_set
HeIgy g s A A G5l B3 A a £,

B2 WL e 2 h

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

value Q1 AF= 7H& AHA1817] 918 NULLE A F g U th
A%
o] At XK 3oz A=t}

Py _ssize_t PyTypeObject.tp_dictoffset
| 9 ALUAN ALBL WG LA GAE G0
Ool A2z Wa gAde 39 A2dsdAg e2Ag R o LEAL
PyObject_GenericGetAttr () o)A AFE 1413]-

A

o) BES tp dictsl EFFA VP TAL B AA AA Y o2 HE] B GA e Y

et

If the value of this field is greater than zero, it specifies the offset from the start of the instance structure. If
the value is less than zero, it specifies the offset from the end of the instance structure. A negative offset is
more expensive to use, and should only be used when the instance structure contains a variable-length part.
This is used for example to add an instance variable dictionary to subtypes of str or tuple. Note that the
tp_basicsize field should account for the dictionary added to the end in that case, even though the dictio-
nary is not included in the basic object layout. On a system with a pointer size of 4 bytes, tp_dictoffset
should be set to —4 to indicate that the dictionary is at the very end of the structure.

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.

As

This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means
that the subtype instances store the dictionary at a difference offset than the base type. Since the dictionary is
always found via t p_dictoffset, this should not be a problem.

When a type defined by a class statement has no ___slots__ declaration, and none of its base types has an
instance variable dictionary, a dictionary slot is added to the instance layout and the tp_dictoffset is set
to that slot’ s offset.

When a type defined by a class statement has a __ slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ tothe _ slots__ declaration does not have the expected effect, it just
causes confusion. Maybe this should be added as a feature just like __weakref___ though.)

7|23k

This slot has no default. For static types, if the field is NULL thenno ___dict___ gets created for instances.
initproc PyTypeObject .tp_init

AAE A 27)3) Frapof st H & A 20 H.

This function corresponds to the __init__ () method of classes. Like __init__ (), it is possible to
create an instance without calling __init__ (), and it is possible to reinitialize an instance by calling its
__init__ () method again.

B4 WL o3 2ok

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds);
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The self argument is the instance to be initialized; the args and kwds arguments represent positional and key-
word arguments of the callto __init__ ().

NULLOo] ofd wl, tp init T4 FS TE3t] AAEHAE AARA o = o, 9 tp new
T At AENEet T S EPUh tp_new 571 A 53-4 AB ol otd ot F Y
ANAB|AE WS, o} 78 tp_init 55 SE2HA GsUT tp_new’l 98 B A HE

AN WSS, A B o] tp init7F EEHYTh
dF o 02 whaskal, o 8 Alofl = -1& Whehstal o 9] & A F ok
As:
oldr=AE YPog AEHHUY
723k
For static types this field does not have a default.
allocfunc Py TypeObject .tp_alloc
OAE A SeF Shof T3l AR A EQlE.
G ABE R 2SUH:
[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }
A%
ol 2= A AE o o3 FEHAR FAAE J(EWHE FLRE USAIAAE Fol= A
%57 gFHUTh
7123
TA AE P AR, o TE+ HET YF THE AHFS AAG A& FA

=
PyType_GenericAlloc ()22 AAF Ut}

For static subtypes, PyBaseObject_Typeuses PyType_GenericAlloc (). Thatis the recommended
value for all statically defined types.

newfunc PyTypeObject .tp_new

AAE A A Shgof T3l AERA ZQlE.

LA - 2=
G ABE R 2SUH:
[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); }

subtype A A= 50 2| 2 Q= AA 9] & AUt argsekwds A=
e Ut subtype©] tp_new 97t i%ﬂ% P2 da+ ol
AB P AsUnt (AR A - ] §le B2 obd Y Th.

559 A% 719 A%E
2ol o A L; o] B

tp_new St AR o] F7HE 33517 Y35 subtype—->tp_alloc (subtype, nitems) & &
Zofobohal, 17 he F ARG I 27} 271508 sl oF FuITh oA 5 A 5HA L
MR 4 9l 215 cp_inic Qe 7o) WA SOF T e pAe, Bu We] A9 BE
271347} tp_newol| A =3 ojof ata1, 7P O] B N FEE 273t tp_initE U] A of 3
.

Set the Py TPFLAGS_DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

As

This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

7123k

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.

262
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Jfreefunc Py TypeObject .tp_£free
Axg 2 GG A Frol tha Ml A ZIAE. AL e 2EUTh

[void tp_free(void *self); }

ol NI} T&E = 273} A = PyObject_Free () QYT

A%

o] A= AA AMH Fo 3 HEHA W, T AR F(FHA Fog BEo N AR )= 4
45 A 5y

7183k

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_ge
ZHIA A 7oA ZEE = Tl T 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, Py Type_Type, defines this function to
distinguish between statically and dynamically allocated types.)

A

o] A= Au gor A4y

7183k

This slot has no default. If this field is NULL, Py TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject *Py TypeObject .tp_bases

EEESC TR

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.

7d 31:  Multiple inheritance does not work well for statically defined types. If you set tp_bases to a
tuple, Python will not raise an error, but some slots will only be inherited from the first base.

Al

o]

i o

EE45HA syt

PyObject *Py TypeOb ject .tp_mro

B A A A 2o] object 2 Bk #39 Wol 2 Y AL THHE FE.
This field should be set to NULL and treated as read-only. Python will fill itin when the typeis initialized.
A

ol A== AEH A FF UL PyType_Ready () ol &3] Al 2 A4Hg Yt
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PyObject *Py TypeOb ject .tp_cache
AEH A ks Ut R A8
A
ol A== A& A sy
PyObject *PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

As:
ol BEE ALHA s
PyObject *PyTypeObject .tp_weaklist
o] @ Aol et oFFt FX2E AT I Fx 2laE = ASHA dFUh YR A8
Az
ol A== A& A kFUTh
destructor Py TypeObject .tp_del
ol A== HAAFHAFUTE thA tp_finalized AHESAA L
unsigned int Py TypeOb ject .tp_version_tag
A= Ff Ao Qe sk Tl AFEH U T W A§
Al
ol FEE ALHA Y5
destructor PyTypeObject .tp_finalize
Axdx gtold el Al o] d ol theh A8 A 32908, AW S k= 25 Uth

[void tp_finalize (PyObject *self);

tp_finalizeZFAARAE W, JEZ B HE AAHAE slo|dto]|R T uf o] 31
ZHRIA] A7 (Aad A7 A2jd 2 <22 47 F9) ‘/}7“11]7}@ Sl Al = 71 =2 2 ol
HUth o= Fol &, Fx £3e B7 Aol &5 o] A 8ol e AAE H== 23

tp_finalizew @A o8] FENE A A QFotof Tty mhebA] AbastA] o2 sho]deto|A &

A4she A3 Y e ohe T 24y th

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);

/% coa Y

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just
the thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected
by a garbage collection on any thread). This is not a problem for Python API calls, since the thread on which
tp_dealloc is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed in
turn destroys objects from some other C or C++ library, care should be taken to ensure that destroying those
objects on the thread which called tp_dealloc will not violate any assumptions of the library.

Al

264

Chapter 12. 24| 218 x|



The Python/C API, 22|A 3.11.13

ol A== ANH oz F&H T
WA 340 27}

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.

© B7]:
“Qhl @ A A who] ] 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

[es}

RE 254 93,95 AHSH Ut

12.3.6 Static Types

AeAor, CREANA Zod F2 A H (static) YU 5 B A PyTypeObject FEA £ ZENA A F
= Al PyType_Ready () & A3t 27]13g Ut

A4 .02 ol alol A B ol s & o] A2 ULk

. A PL st Wol sz @%uw-ﬂ 3452 48T 5 dsUTh

P 3AIBACE A5 AaDor oD E 2R SHeIAA Y A ol
REE Sl ANty

-@ﬁéﬂﬂ“HHO%zﬂ%ﬂH fHER, AE Bz B9 A E £F8A kofol
Fuch

Also, since Py TypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

v

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 AAN 2R Z2ETL PAE Ul AT Tl U EAHE ¢
Pt 5 Z2 w2 AAA A9 sHE fARE ol 9§57 A8 FY

F2A Ao then 2Hyth

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;

ofy
Is
ey
£

(TH5 sl el Aol A<

124. =X A =A 265
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(e]A sl o] A ol A A<
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;
binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;
binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix multiply;
binaryfunc nb_inplace_matrix multiply;

} PyNumberMethods;
.

i ol B3 4 Yot BE At P2 Folsha, Do ABS TAH R T (Hof =
5] A 4HA % Sk 398 go) b agueh. Foix 3] A Akxko] s A 4ke] Aels A o,
0197} 448 §4- Py_Not Implemented & ¥Hs] oFs}ul, T2 of 2] 7} A 811 NULL-2 ¥hhs}
EEBEREE RS

Z31: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was
renamed in Python 3.0.1.

binaryfunc PyNumberMet hods .nb_add

binaryfunc PyNumberMethods .nb_subtract

binaryfunc PyNumberMet hods.nb_multiply

binaryfunc PyNumberMethods .nb_remainder

binaryfunc PyNumberMethods .nb_divmod

ternaryfunc PyNumberMethods .nb_power
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unaryfunc PyNumberMethods .nb_negative

unaryfunc PyNumberMet hods .nb_positive

unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMethods .nb_invert

binaryfunc PyNumberMethods.nb_lshift

binaryfunc PyNumberMethods .nb_rshift

binaryfunc PyNumberMet hods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMethods.nb_int

void ¥*PyNumberMethods .nb_reserved

unaryfunc PyNumberMet hods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods .nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_1lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
binaryfunc PyNumberMethods .nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods .nb_inplace_or
binaryfunc PyNumberMethods .nb_floor_divide
binaryfunc PyNumberMethods.nb_true_divide
binaryfunc PyNumberMet hods.nb_inplace_floor_divide
binaryfunc PyNumberMet hods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods .nb_matrix multiply

binaryfunc PyNumberMethods .nb_inplace_matrix multiply

12.4. =X} A =H|
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12.5 OHE AN L= A|

type PyMappingMethods
of FRACN L A P TR EFL PANE o AHGIE T Y A E FHUTH A
e w7} 9%k

lenfunc PyMappingMethods.mp_length

o] &= PyMapping Size () $ PyObject_Size () oA AMGHH, 2 A5 ZrgUnh A4
of Ao|7F HoE o] QA o™ o] EFESNULLE AT 4= 5 Yth
binaryfunc PyMappingMethods.mp_subscript
o] ¥ 4 = PyObject_GetItem()3 PySequence_GetSlice()ol A A} & T H,

PyObject_GetItem() 3 22 A WS Z+H5 Utk PyMapping Check () &5 7F 1S Hb3
39, o) 222 Aok Th 127 ghom nurLY 4 Ao,

objobjargproc PyMappingMethods.mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(),
PySequence_SetSlice () and PySequence_DelSlice (). It has the same signature as

PyObject_SetItem(), but v can also be set to NULL to delete an item. If this slot is NULL, the
object does not support item assignment and deletion.

|

12.6 A[REA A A

type PySequenceMethods
o] FERAL AN AAL ZEES LS FARE ol AT Tl B
lenfunc PySequenceMethods.sq_length
o] &= PySequence_Size ()Ql—PyObject Size ()l A A4LE W, e AHE 25Ut =
& sqg itemt sg ass_itemeFRS Tl &5 dY2E Alste vl AHEFUTH
binaryfunc PySequenceMethods.sq_concat

o] 3k PySequence_Concat () A A AFEH M 22 M-S ZE5UTH nb_add €%& B3l <
A QAL N ETZ + AXRL A = AR Yt

kel

AEE HFUh

ssizeargfunc PySequenceMethods.sq_repeat

o] St PySequence_Repeat () A AF&5
58 A BAL AT T, « AR A E AR

ZEAMES ZEFUTE nb_multiply €5

gt

ssizeargfunc PySequenceMethods.sq _item
o] 4= pysequence_GetItem() oA /\]"9“5] o 22 B ZsUth mp_subscript &
2L EH AHAEATHA (subscription) £ A= &, pyobject_GetTtem() A= AHEH Yt}
PySequence Check () &47F1& ‘ﬂ-ﬁ-o}aﬂtﬁ, o] £F 2 A Yokttt 12 A oW NULL

o] Ea O]A]/]q__

Negative indexes are handled as follows: if the sqg_lengthslotis filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sq_length is NULL, the index is passed
as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
o] &= PySequence_SetTtem() oA AHEH W 22 B & ZFUth mp_ass_subscript
S22 58 FEWYH AAE A X3 &, Pyobject_SetItem ()3} PyObject_DelItem ()l
A= AREE YT AA7E S ) AAE A QoA o o] EXSNULLE HA & 7 AS
SIS
objobjproc PySequenceMethods.sq_contains
o] §+4= pPySequence_Contains ()| A AFEE = o e Ad

(o]
T o
NULLZ ‘/‘rﬁ = 4 A5 Yt olu PySequence_Contains () + 9 X5}
2% B4s BAR L

S

FI[‘ ru]o

25U o &%
A 3e u7A

p!
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binaryfunc PySequenceMethods.sq_inplace_concat
o] 8t = pySequence_InPlaceConcat ()o A AFREH ™ Z& AHL 25Ut A
A P ARAE FAHT 1AL HFIk Fuh o £FS NLLE PA F

n Co Z ]

o n, o]lu] PySequence_InPlaceConcat () & PySequence Concat ()22 ZW
nb_inplace_add&%g T3 <X A A8 | U% ANEZ S, 28 g9 +=o A A2FH Yt}

%1 30, (2,

ssizeargfunc PySequenceMethods.sq_inplace_repeat

o] &4+ PySequence_ InPlaceRepeat () A AESH MW T2 AFPE ZFyt A
WA W QNAE A 2AS WEAF FUTk o EL WILE UA B 4
Ao, ol PySequence_InPlaceRepeat () £ PySequence Repeat ()2 &4 H U th
ohinplace_multiply S%& B9 A AAE BAL AED 7, S8 09 oA E AHE

Huh

12.7 B AN L= A|

type PyBufferProcs
o] FRA = w3 T2 EF A3t ﬂ?oﬂ 3 LAEHE g5 Ut 22 §EF 2 A A} (exporter)
AR W o)1 E 20 4 AR ol e B3 B AL Aol o

getbufferproc PyBufferProcs.bf_getbuffer
o g4l AL thg 3} TEUTh

[int (PyObject *exporter, Py_buffer *view, int flags); }

views A-%-7] 913l exporterol] WSt flagsoll A1 dH 23S AUtk 2AE (3) & AL 3, 9]
o] 1L o DA E WA =S| of Eu )

(1) Check if the request can be met. If not, raise BufferError, set view—>0b7j to NULL and return

) 249 J== AUk
3) WEW] siol g Y+ 7285 S 7M1 AU o
(4) Set view—>obj to exporter and increment view->obj.
(5) 05 W Th
exporter 7t (3 FF AL Aol ER]Y dFo|H, F 71X F 8 AAE AT 5 st

« Re-export: Each member of the tree acts as the exporting object and sets view—>obj to a new reference
to itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>obj will be a
new reference to the root object.

viewe] 78 BE& A W o 72 o] B o] om, AFAI 5 8 Fol SF o s 74
oA s 8 d Rl s

Py buffer FRANA 71817+ RE v 28t A F Ao A &30 G2 iH] 271 ol A wj 7kA]
T2 oF dYtt format, shape, strides, suboffsets W internald Au|ALoAlE 7]

A4k
PyBuffer_ FlllInfo ()=RB= _8_7}3 -?r_ —%%H]—Eﬂ] 1%31‘5]"34/"] 7‘1’ _@ﬁ]'O]E-OEﬂ tﬂlﬂ% ‘ﬁﬂ]

T2 a4 Qe e ATy
PyObject_GetBuffer ()& °l &5& ¥ e 202§ AdEF o] 2 YPuth
releasebufferproc PyBufferProcs.bf_releasebuffer
ol g AL a3t ZEUth

[void (PyObject *exporter, Py_buffer *view);
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Ws Y A 2R e Agud. AU 227} 9o
bf releasebuffer=NULLY & JF5UYtTh 12X ¢ow, o] gt49]
o AYA BAS Fa T

() WEW?7 Sof g yi 718 E E9Y
(2) ZF2El7F0o)H, viewe} FHH ZE W2 E SA T

AZAE WMEA internal BES A0 w3 54 A4S F A oF Gtk o] B=E WA
Al AL A1 o] HAAS A ek, AR Ak A2l WA o] AR S view AR AT 5 lFUTh

This function MUST NOT decrement view->obj, since that is done automatically in
PyBuffer Release () (this scheme is useful for breaking reference cycles).

PyBufferProcs.
FTaS U= 2

b 2

PyBuffer Release ()+w ©] 7]5< A= Au| A} & Qg FH o]~ YT

12.8 H|S7| A L =A|

W7l 3,500 7%

type PyAsyncMethods
o] F2AL ol gl ol el Bst w1 7] olelzl o] E] AAE FHSE ol B2} 5ol of
S th

T2 ol e 2H U

<
Hl
rS
i)
et

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

o] B4 AHL e T UL

[PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
AR 7} o] 9o B o] oW o] £ES NULLE AR T 5 Y5t

unaryfunc PyAsyncMethods.am_aiter
o] Fao] NS e 25U T

[PyObject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext___ () for details.
AA 5] olE Aol ZRESS TANA oW o] SRS NULLE HAE ¢ A5 UTh

unaryfunc PyAsyncMethods .am_anext
o] g2 ML b3} 2HUTh

[PyObject *am_anext (PyObject *self);

Must return an awaitable object. See __anext___ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send
o] B0 Ade e 2Hyth

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);
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See PyIter_ Send () for details. This slot may be set to NULL.
H A 3.109 F7}

129 &2 A typedef

typedef PyObject *(*alloecfunc)(PyTypeObject *cls, Py_ssize_t nitems)

Part of the 27 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 temsize is non-zero, the object’ s ob_ s i ze field should be initialized to nitems and the
length of the allocated memory block should be tp_basicsize + nitems*tp_itemsize, rounded
up to a multiple of sizeof (void¥*) ; otherwise, nitems is not used and the length of the block should be
tp_basicsize.

o] gt e A" 27315 F LA otof FUth v R e E 3= gtk 1AL
tp_newol &3l 43 =] o] oF gtk
typedef void (*destructor)(PyObject*)
Part of the Q7 ABL
typedef void (*£reefunc)(void*)
tp_freed ZAZRIIAIA L.
typedef PyObject * (*newfunc) (PyObject*, PyObject*, PyObject*)
Part of the 4 ABL tp_newgs TR IAAAIL
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Part of the YA ABL tp_initE ZZIHAIL
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Y ABL tp_repr& ZZ3HAIL
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Part of the S+ ABL A2 HH o] EE|HE 7H& ¥Hsghy o).
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the 27 ABL Z21A|19] Y E oJELHE S AAFULh oJEZHEE A4 812 H value
1A7F NULLZ A A H YT}

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Fart of the 2173 ABL. A A2 HHE o] ERE 3 whgghch
tp_getattros FRIAAL

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the V7 ABL Aol WHEH o]EEHE 7t AL oJETHEE 214512 WA value
AAZFNULLE A A Yth

tp_setattros FAZRIAIAL

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Q7 ABI. See tp_descr_get.

typedef int (*descrset func)(PyObject*, PyObject*, PyObject*)
Part of the Q7 ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Y ABL tp_hashg ZZ3HAIL

12.9.
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typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the V74 ABL tp_richcompares FZ Al L.

typedef PyObject *(*getiterfunc)(PyObject*)
Part of the 4 ABL tp_iters ZR3IAAIL.

typedef PyObject *(*iternext func)(PyObject*)
Part of the St ABL tp_iternext& FZ3HUA L.

typedef Py_ssize_t (*1lenfunc)(PyObject*)
Part of the 27 ABL

typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)

typedef void (*releasebufferproc)(PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc)(PyObject*)
Part of the Q7 ABL

typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
Part of the Q7 ABL

typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am send.

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL

typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_1)
Part of the 27 ABL

typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the 27 ABL

typedef int (*objobjproc)(PyObject*, PyObject*)
Part of the 2+7d ABL

typedef int (*fobjobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL

12.10 0O

%
)
o,

rlr
o,
i)

I,
k)

o,

=2 gho] A oo Thekst o JutTh o 7)ol & of gl o] T A& o] 3 U]
o AR 7R Y A S HojFyth o W2 oAl A& A H 5 A5 A = defining-new-types 2}
new-types-topics = FFZ 3 Al L.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

bi
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o

o JAHI T 2713} AHE AHg- 8t o] A L E (53] CPython T = Hl o] 2o A) £ 3

z

Yok

=)

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
’ /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* 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 */
5 /* tp_alloc */
myobj_new, /* tp_new */

~ SN N S~~~

~

~ N N N~~~

~

O O O O O O O O OO oo oo o o
~

bi

2}

ket

ml

2, dads ga e L 4L Adshs B

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_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,
(Th= o] A ol A1)
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(e]A sl o] A ol A A<
.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func)
using Py TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_ Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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W, & AA S tp flags BEJ} Py TPFLAGS_HAVE_GCE XT3l of 3111
F8e AT T Fe] 2B b0l T, tp_clear T AT oF

tp_traverse A

k.
Py TPFLAGS_HAVE_GC
ol FH 7 AAH FY AA= 7)o ABE AS Sk FUnh HYE A ol S AAE
Zd ol AA etar &35 th
Ad ol B Y A= 7 7HA F A S S8l oF P th
1. A9 W E8]= Pyobject_GC_New Y PyObject_GC_NewVarE Ab-g&3dfe] ddsf of skt
2. T A ol Yo et F2E 238 ¢ = BE DV 27|35 W, pyObject GC Track ()&
=8 oF gy
up 7R 2, A 9] sl Al A} (deallocator) += Bl 28 f 2] S F43f oF ]t
1. o2 AH V& Fxste BE7 F 83 57| Aol Pyobject_GC_UnTrack ()& Z&3l oF Y
[Sh=2
2. AA S WK 2l PyObject_GC_Del ()& A-&sto] & aff A = of oF P Th.

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)
PyObject_NewS} SAVSHA Gl Py TPFLAGS HAVE GCEZT L7} AAH AdH oY AAE 3 A
PyObject_GC_NewVar (TYPE, typeobj, size)
PyObject_NewVarSt GFAVSHA WY, Py TPFLAGS HAVE GCZ#|27F AR A Ad oy AAE §
sk 4.
PyObject_GC_Resize (TYPE, op, newsize)
PyObject_NewVarel &3 @35 AA e 2718 AA Yt & TYPE* (REC P S YEREUTH
o] 2717t 2448 AA Y Asfshd nuLL S Wy o
ope @ pyvarobjectoloof st o}4 57717 2 AR ghobok UTh newsizet
Py_ssize_to]ojok gt
void PyObject_GC_Track (PyObject *op)

Part of the 97 ABL 7717} 28 3t= AE o)y AA Aol AA ops F7FE UL A=
of| 71 2] L A 7o APE  omzg AR = ot AR 7 R oFFYTh tp traverse
A7 S B e BEsh 8 Rel AW E 2ol FUiTh 2E ARG BRE =AU,

int PyObject_IS_GC (PyObject *obj)
AR} 7 A A7) 2R EZS FHAEHO0] 0

ol 447H02 MBE 72| £771 7 AAE FAH G

_,d
i
gL
fifo
r]I.
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int PyObject_GC_IsTracked (PyObject *op)
Part of the 2+7 ABI B 3.9 o] T &, 0p2] A Fo| GC Z2EZE FTAST op7} AR 71¥] A
SAZNF2A Fol W 12 whEhsla 18 4] o v 02 W o,
o] AL mlo] A S+ ge.is_tracked () o Ut
WA 3.90f =7}
int PyObject_GC_IsFinalized (PyObject *op)
Part of the 2+ ABI H{ A 3.9 0] &2 2, op2] AA o] GC 2 EZFE A3} AL 7 A A7 7L op s
ou] s Yol = How 1S West 1RA oo w 08 whakgh .
o] 21 ol T4 ge.is_finalized () o s I
WA 3.9 =71
void PyObject_GC_Del (void *op)
Part of the 9+7 ABIL. PyObject_GC_New Y PyObject GC_NewVars AHg3to] Ao eg=
w22 5 o Al g ok
void PyObject_GC_UnTrack (void *op)
Part of the <+7 ABL A 7|7} FA 3= ZAE oY AA| AFAA op AAE A AFY T
PyObject_GC_Track ()& o] ZA| 9 ‘41011 ThAl T &8t 4 AR A gl T/}*l F74E 5 2ol
SO L. GG A A (tp_dealloc B 7)) = tp_traverse A8 7oA A}&3t= T &
F23} 7] Aol AA o thaf o] FE T & oF Pt
W7 3804 WA: _PyObject_GC_TRACK () ¥ _PyObject_GC_UNTRACK () WlZ 2= 24 C APIY
A A AE A5 Ut

tp_traverse A8 7)= th23 2L go] 4 u 7 H4E WolE U}

typedef int (*visitproc)(PyObject *object, void *arg)

]I

Part of the St ABL tp_traverse 8 7|0 AEE &= WEX} 42 §. o] Shg= B S = 2
2 object, tp_traverse e)719] A WA hf M5 E agz 5 ol oF Gt shol 4l Tol &
S8 A A E P A7) A9 ol el HEA BT AL T LA AR B T

25 ok 3 I @ = gl )

2

tp_traverse A8 7]& Tha & o] o] of @ th:

typedef int (*t raverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the ?V73 ABL ZH o]y A o] &4 T Juth T8 selfoll A5 A 2F A A of] o 3
visit -5 S Z 8 oF 3t visirol] s i) A= 2T A AR AD % arg Frd Yt
visit &= NULL object Q1 A2 S &1 oF H Ut visit7} 00] ofd Zh2 ¥kststd 1 ko] S A
w18k of of g u}.

tp_traverse 27 RS 3l Yofl, py visTT () WAEZFAZFH YT o] AR E A}L&-5}

89, tp_traverse :rL?ﬂ% A2 o] 52 B3| visit &F arg 2 A A3 oF T Th:

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 3§ o] A1} AR 7} ¥ o] 1 NULL o] o] oF ]t}
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typedef int (*inquiry)(PyObject *self)

Part of the ?t7 ABL FZ2 33 A YES & A& FREAAF UL £ AA = T2 82
AP AT S gonz, o) AEE Fo T A7 FUTE o] FIXE=EE TE3 Tl = AA 7}
Sz oF T (A FRol| Wl Py DECREF () & T3] upA A L). o] AR 7} F=R £3o

B9 9 8& +77171 A o] WA= E2 T ok

12.11.1 ZHH|X| £H7| &ell M|0{5}7|

The C-API provides the following functions for controlling garbage collection runs.
Py_ssize_t PyGC_Collect (void)

Part of the 27 ABI. Perform a full garbage collection, if the garbage collector is enabled. (Note that gc .
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Part of the °+7 ABI ¥ A 3.10 ©] & 2. 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 V73 ABI ¥ A 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 2+ ABI ¥ A 3.10 o] & 2. 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
3.4.1a29] 3.

PY_MINOR_VERSION
3.4.1a29 4.

PY_MICRO_VERSION
3.4.1a29 1.
PY RELEASE_LEVEL
3.4.1a29] a. &I 0xA, Wl Ef= 0xB, ¥l & T H = 0xC, HF2 0xF 72 = 9lFUTh
PY RELEASE_SERIAL
3.4.1a29 2. 3Z wi==0.
PY_VERSION_HEX
G FeE AT FH stolH WA WA

<
713 A AEE vt 22 A 22 20 E AR A2 st e 5 ey th

HIO[E HIE (/] AdlE|et =M) = 3.4.1a2 2 myo| 7t
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

WA 3.4.1a2= 1634 A 0x030401a2°]323.10.02 1674 ¥ A 0x030a00£0 J Tt}
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 2+7 ABI ¥ A 3.11 ©] & 2. 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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APPENDIX A

0[0
<
bl

>>>
The default Python prompt of the interactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

e 2e A5 M2 4 dedh
o The default Python prompt of the interactive shell when entering the code for an indented code block,

when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis WZ A4,
2to3

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/
scripts/2to3. See 2to3-reference.

abstract base class (34} Wo]| A~ S| A)

FAWlol& e A& hasattr () 22 OHE H]EE'% ol EHGAY v HHA Z5H (&

UHX‘ HAE) A, A H o]~ Ao ot S ATT RN Y Efo]d & BagTh ABC‘— 7}
AXE ZYAE =Yde, FHAE ASHX H A% isinstance () 2 issubclass ()
°ﬂ os) AAE - e ZN2EY YT abe B 5 ABYAE BHA 8. EJrOM‘iOﬂ‘: @2 U ABC
ol Mt 3 22 250 dFUTh: A8 7 X (collections.abc EEAA), A}
(numbers R E0l|A]), —/QE%] (io ZEEA, 92 E Joe} 2 (importlib.abc RElA]).
abc BE& AFSa A A4l RS ABCE THE =5 s Ut

annotation (¢] %= €] o] A)
HFol w3 JE B AR EHE A, SR EYRE E= A wi/ibs Ut gy A2 H

CSEDIEIE
B0 e A A 2hol AT 5 G, A W, Te 54
E

&3
[o
_EL

219 fg o S|
HolHde 4 2E, Zd2, &49 _ annotations_ EF oJEZE

2)
o] 715L AWt W4 o] .H o] A, 34 o] .- E] o] 41, PEP 484, PEP 5262 32314 2. o] H] o]
A Zr ol o 3k =¥ Abg = annotations-howto S 22 34| &

°

YrE YW 95 (LA D) 2 A g T R AT AF Uk
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719 = Q1) (keyword argument): T = uf] 2127} ko]l -2 Q1 A} (A & £9], name=) =+
*x F ko 2 g R AeEE = Ak ol S0, b Z2 complex () TEAA 334
5% BT 719 E AdYh:

U]o

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o Y X] AR} (positional argument): 71 = A A}F7} ofd Q1 x} &
U AL ol B 2] E o goll * & B AT 5 st 9o
35 e wT R AR,

‘complex(3, 5) J

complex (* (3, 5))

AAbE H}DH l% A A tigdg Ut o] thFoll A8 & FF S0l thsfi A=
2E HA L. o7, od @0l AAE AEE = YFUTh PR Fhol A Mol
RIeE=Re

ol w7l FEHFAQ A& A v M 4=2] Afo] 2 PEP 3625 H A2

asynchronous context manager (B] % 7] A€ A& &2z}

__aenter__ () &} __aexit_ () MIAE=EE AT O ZH async with BoA Hol= &2 A
o] sl= AA|. PEP 4922 =5 g5 Uch

asynchronous generator (B8] 7] A& o] E])
H5 7] Al e el olgdl oy & FE T async def & Bo5 = ZFH T, F Ho
<tl, async for F27} /\P%E‘ S Je L FES VEEyield BFA L £2FITHE Ho)
tE YT

BE w57 AU delE §52 A AW, ol @ o] 4 w7 AV ol E o EdolE &
AR o E e ol ul 7l WasA) 9 A9, HAT GOl B AN BERE YA o

v 57 AlvEolg g4 await EH A asyne for 3} asyne with & 288 4 5

U,

asynchronous generator iterator (8]% 7] A& o] €] o]€] & o] €])
u] 5 7] Al e ol B 47k BE e AL

—

HlE 7] ol E ol E vl __anext_ () & T=35HW 0191 oJHE AAE EH T, o A2 U=
yield &2 742 v 7] AV dl ol ¥ g9 vit] & A gt
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] &)
async for ZolA AR 5 = AA. _aiter () WINEE HlE7] olH e olH & E8F oF

gtk PEP 492 2 % 95 95Ut}

asynchronous iterator (8]% 7] o] €] & o] €])

__aiter_ () & _anext_ () I EE FH3= AA. __anext_ () = oS HE AAE
EFHoF Ut} async for+ StopAsyncIteration 927} @A E w71 v]5 7] o] & g 9]
B9 __anext_ () WAEZIE8FE oslolHES FUTh PEP 4922 == A5 Ut

attribute (o] E 2| H E)
T3] RIS A= ol 5o = FxT
€ 7HA W, 0.aA 8 FRF YT

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] &)
await @A ARGT 5 = AA|. ZFH oy __await_ () WIAEE ZH AAI7LHE 5 Qs
Ut} PEP 4925 H A 8.

AA ok A3t gk & S01, AA o7} o) ER|HEa

rlr
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binary file (v} o] 2] =}

)
WOl =R AA S 93 & 4 A 9 A4, vholviel 3hlel of 2 vpol il BE (rby,
"wb' ¥ 'rb+') 2 € ¥ 9Y, sys.stdin.buffer, sys.stdout .buffer, io.BytesIO &
gzip.GzipFile o] A2EHAE & F JFYtTh
str ARE QT2 5 G 3 AR DAL 64 5 ® BEs 8.

3
borrowed reference (" & % 3%)
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 Q& A A))
Hy 22 5F £ XYt C-AS5 HHE IdAZE & 4 IS5 UL 8 F5 memoryview 21X
s> EE0 bytes bytearray, array.array AAES 3T HloEE & AAEL

Hhol v g] tlol Bl & thf < o] 7HA dikEel AHE & s uth 45, vtel v std & A%,

A0 TR AST T2 7)\]%0] A5yt

o AstE2 viely g dlo|E 7L 7hAA YD H R 7} 1%141;} o] @ Ao A= 22 «g] -
7] vlolEd 7 AA” ek AT YT 7hA W A Y 2= bytearrayﬂ]—bytearrayJ
memoryview 7} 5T ThE A4tE-2 vl g Eﬂ olEI7F ¥ AAl (“¢17] A& vl EERH
AR AFEHE=E Q72U o]H AEQ o 2= bytes? bytes AR 2 memoryview 7}
A5 YT

bytecode (H}o]E F &)
ol A~ FEFHlo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HHAYYTH vlo|E I E+= Lpyc 3ol A Hof, 22 314 S F AR AP T uf o] WA A v
Utk (oA H}O]—J—CEJ AAsL S -’46"/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

ufo| & 3= w ol

callable (Z&] &)
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

il

o 222 dis 2F ABA g

[callable(argumentl, argument?2, 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 (&)
A7z A = ulelel o A Aol AWD Ax 2 B4

class (Z|»)
M-SR ALY AAE
=M= HJES
class variable (28] A ¥4

SehzolM B FeHlA 2 (5, 22 AT 20X 7 ofy ) ol MRt A= & M.

complex number (&4 4)

b o
o ¢
5

AW

o

%ot A A 2E] A, BE A7 gl dgie] oz sdgYrh Feie
Ao 4 9 (-19] AFH)E FT AQ, TF FeIME LR, FFAAE 2 7]
ol M2 T2 BVIHE 2 BAFE /B ALY S5RE § FuAE 294 27130,
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o),3+13. math BE B4 Mol LM, cmach® ALSFUTH Bado #gL
© 5918 715 Utk Basteha w714 £RThH, A #A8 EAHE FEU T

context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit_ () methods. See PEP 343.

context variable (&l A E W 4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there
may be several contexts in one execution thread and the main usage for context variables is to keep track of
variables in concurrent asynchronous tasks. See contextvars.

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
YT} A9 85 C- A% ol M A ZE Y A% Ut A v Lol A, FEELS A 2ol AL,
0ol A Al &8s 2 Ak ‘“/\-4 AR v =2 g ol ulj x| =] of oF Futh. thabd C-A % v 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

22 hdol Eel ol EA AR, & A5 2quUnt. v Z ol B ofl th e 5 AA T 82 T
ol e Ses Ho o AYAE B Fyth

descriptor (] A~ 3¢ Ei)

MAS gt () ol _set _0 oM _delete () & ASlste Al )2 clmelie )
qrognud, o se e cac =9 g 4EE do Utk 0, abS QA 2AL,
At AR 0 A Ao b ehr B Bl A AAE Bl A b

Haade, ARt 0Aage WAt E 2P U 02T dHE o] sHe AL sho] Ao
g 2.8 olale) A4, 4, WA E, 22, Zela WA s, A0 HAS, 59 2o B2
So Be 759 7|28 o= 1 97 eI UL

Yoz P A =Eo o 3 AL 3 Y -§-2 descriptors U Tl 2T HE AR H QU A of] U3 U th
dictionary (9 41 2])

9o o] 7|8 Zhol] S A 7] A v & (associative array) 7]+ _hash__ () & _eq__ () WA=
T A BEAATE £ syt el st 25Ut
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dictionary comprehension (€ 4] 2] # = 2] 3l A)
ol HE &= 84 AAU R E Agsty 235 T2 gAY E WEstE HEA S W
results = {n: n ** 2 for n in range(10)}2Fn *
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)
Sl Qe o) 28 A Feete] A7 B HA g 22 aa Y 2Ek; Y
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

o oz Pald 4 Y BYAA 27 e Br BESE, BAAL IH Y, o] F, o2 HE
AN 2, AMA, FHET L R EHFE BD 2458 B0l £2 AT 2 RS ojg}
HzH o, BE Qo] PHET ] RAA I AL obdLth wnile Y, RAHOZ G T 5 Gt
4 5ol A% @] ob ek,

CUC+H+z Adda ], o] el CAPIE ARSI A A o] AFE A F =91 4T 28 Syt

f-string (f-F2}4)
bR S el £ BAY HHEEL B8 LRAG  olgty Ry, 2y B4Y Y
o] Z ¢ Uth PEP 498 2 H A Q.

file object (3} 2] A))
SHE 2ol oSl 3} A &2 APl(read () Ywrite () T2 HAEE)E
ol weh, st A= AA ta2 g s oy thE A AR Y S A
Y=g, d-v=e ¥H, 47, stolz, FF) ol th3t M2 E FAZ + s Ut Y AA = 3t
5 AA (file-like objects) & 2~E & (streams) ]2t = & YT}
AA 2= A F7Y otd AR E o] A5 UTE Eraw) BFo] 2] 3k, W 3] = (buffered) HFo] A 2] 3} <,
HaE o1, o] 59 AEH o)At io BEAA BPUth o AAE L A A YL
open () &FE 2+ AYYrth

file-like object (3} 5 2 A])
b AA o vl

filesystem encoding and error handler (5} 2] A ¥ ¢l 7 93} ol 2] 2] 2]7])

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.

Eiﬂlolo D]J_liﬁﬂ

finder (¥}¢11)
QEEd BES A w0] & Fodu AEtE AA.
Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (3 4> U=A)
R A% WY ohe o e, A% G A/ o of

49 Zre 27} F AN A YA 2. 758 S E U (-11) // 4 7}-
S of) 9 3hoF FLIc}. PEP 2382 HA| 2.

function (g+4)

N i
2
2
=3
rBL
:
=
~
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

34 o] - B o] A ¥ 2 function A o] A A g 3T}
o] 715LS At W o] mH o] 4 I} PEP 4848 A2 3HA 8. T3t o] =g o] M o] T 3t = Ale =
annotations-howto = Z+Z 3}A] 8.

__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}

A Ad 5 %

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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Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast
to functions which start fresh on every invocation).

generator expression (A #]o|&] £ A))
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional if clause. The combined expression generates values for an enclosing
function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A1 g 34)
2o AXNE AZ T2 FEo tisl] 7+ E o g
E]érﬂ]i] dare| el of sl 28 E ek

= 29 %] 80]F 23} functools.singledispatch () Bl Zd o] E]} PEP 443% HA| Q.

rel

<

FEFAD I T2 ojE FH A EAE

generic type (] ¥ &)
] ML 4 Qe YU 0 & 1ist Ydict 2 22 AEH oY FEi2. 3 SIES} o | o]
ol AHgE Uk
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao ez = 2 HAS

global interpreter lock (A& QlE] = €| &)

3 ol 932 3lte] Ag ) gho] M HlolE I T B AT E B A7 98 CPyhon QA E Z g
A A WA B (aet o 2 588 AR E S Ee0I) A 2ol FA4SE A
o1l tho) 21515 % RHE014 Chyhon 8 & DS UL A zeld A2 2k

a9

1E1 FJEi 5 E‘r%/\ﬁﬂ 8517 A7 BE oA, o Z2A A AT A B BE A
U}

14 22 AN QFA YL £

o{r

ShA| e, 01 kil %‘f%‘ E’_%%% EEO U A A 2, o5 o]
= GIL2 RSt 5 AAE d5 Ut =3, V0E & W& F4 GIL= vy

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity)
have not been successful because performance suffered in the common single-processor case. It is believed
that overcoming this performance issue would make the implementation much more complicated and therefore
costlier to maintain.

hash-based pyc (3] A] 7] 9} pyc)
‘rrE/H < 837 8 G e 5p P
. pyc-invalidation& Z+Z 3}A| 2.

% A7kl ol $ A1 AHE BH ol = T A A

e
of
it

hashable (8]] A 7Fs)
AR 7t A2 22 ghol WokA] b= s AIgk= Z¥2L (__hash__ () WIAN=7FE 33U eh, o "Xﬂi’v‘r
HuE ¢ e® (eq () HIAEZFE LAY, siA 7Fs stk ok 2ol
73t A7 58] A A k& 2okok Tk
WA A AAE GAG At A W= AT 5 A Fd), o] A FEEo)
WRHO T HAEE AHE S BB
o 72 gheo]x o) £ W AR =-2 Al }‘—%H,]D}; F2EU YAy g Z22) 7HA dHl oy &2
2R FsUth (7 ]1%frozenset Zo) Bl Aol EL 159 9450 3A 7]—‘—61—u:]]1:r]-
A A5 A8 3] A9 Yo tin AATE 0 0m o] et o A
A& AL etale) B 2 ral Hla s, s Al gk id () B B v ol T

IDLE

o]l H-E H3t F5 /N A s<5 37 (Integrated Development and Learning Environment). idle & 3} ©|

% gho] wjek 2 7] 2491 A7) 2 el el e B4,

l:l
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢ 3

BEZINEIRIY 7 A2 E @ BEg 27 A8 AAse Fas (Ee 4= dEF - ¥

E s 5eh ol B9 55E B sys.path ZRE JUT, SHA|RE A H 9} 7] 2] 9] - 7
E

A=
To 2=
A7 A9 _patn_ oERERZLEH & % IS
importing (¢ 2 ¥))
I wES| shold TEsrhe RES stold EolA AH8E £ YRS ot 2
importer (2 E.—L_EJ)
-—L—'E' E ZL 7 ] ]'1 =
interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly

by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x)).

interpreted (€] Z2]E] =)

-

sh= AR ; S Al 3HOI T o] 2} =T A A YT

In
)
N
i
of

SOl S AU S| 24wl L] SR S sfolae Ao 2ol ) of

Qe e Aol o] AL B Aoz A% IS VEA %, 42 FAe AH AN

STk =T 1z adel B0 AN AW /s A, e Zele dojt BE A5t
o

Aojrrh Fe AW 2718 25Utk ojshe £ R AL,

interpreter shutdown (ClE|Z2]E] £8)
golehe 2 S He o, stol dHzZ Y

L E
v T
dgE AdsS 9A

X
[k

Saaun ¢ PRED LL RE & dAA e B0, 8 S
o2 W B2tk A8 A 49 3 Ak weakref 2Wo] 9 TEEY ARE A D - A%
Utk 55 A7) 59 495 nmt oo o958 v 5 glet, 220l oz ahe AUE
7554 e 4 7 W2 UTH(ES o olHele] BEolu A1 A S Th

A zey £59) 29 AN AYH L main BEAIYEALPS BUE AU

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.

o|H &2 for Fxof A§ 349}1, AFAE BQE St ThE ‘E%S X (zip (), map (), )
of AH&2 = AU olEHHE AAZF W T iter () o AR AL, 21 A2 o] F

dolHE EHF U ° ]EiﬂlOlEiL FEo Ade T AAE TS FEFUL olHHES

AE S, HE2iter () £ 2E3HA W, olHEolH AAE AH HE 22 (FUh for &2
oZlES S EHQ%HH Ao d|Fed, F2E 5= TS olHA oJHE Fots ol & fie
A& W yth ol Bl ol B, Al 2, Al | o] B = HA L.

iterator (©] €] &) o] ¥])

tolg o ~2EHS x83tE AA. olHElE e _next () MIMES WRACoE SE5d

(e WH F next () 2 ALstd) 2E-] ) e 5= Addlz 45Utk d o449

tl o] & 7} §l& wi+= th4l StopIteration o2& o Uth o] Ao A, o]H & o] & A=
A dR= °]—1—-4 BEE_next_ () WAH=ETEL StOpIteratlon o 2] & E‘r/\] do 77|k
Utk OlEiffﬂ ol &= o] o] E] A A S EHFE __iter_ () WHMEES 7}A 2o 875 7]

- Zoll, olEEl o]l & ol B £°]7| = Al thE olHEHEE= E‘:‘O}’: ol thF&2] ol A AHg

T AFUT T2 9= o W ojH o] S A Este =YY (List 2-2) ?iEHOM
7”7<ﬂ T iter() ¥ = ALSAY for Fxo AZZ wjuirt A} oJEHo]HE Wyt o] ¥
2 olg @ ol B ol tisi A 3 ste 1 s}, A o] Bl | o] ofl ARgE ol W] 271 o]E# o] &
S FAAM, W AE YA Kol A eyt

typeiter of B 414 )80 YLk

CPython -3 A} A]l: CPython does not consistently apply the requirement that an iterator define
__iter_ ().
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key function (7] g4)

7] e B iﬁﬂ °] 4 (collation) &<+ 4 & (sortmg) o]} vl & (ordering) ol AH&H = = EHF=
%—H%%MD}. L Eol, locale.strxfrm() S ZAY SF PAS W= FE 7|1 U=
AR&H Ut

gtol Mo W2 =77t @450 oBA A AR Fol=AE Alofstr] 38l 7] F4E o}
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

7] g5 s dEs oy W o O]A‘/]E‘r o5 £0], str.lower () WA EE Aojx L&
AL AT AU UL BT 4 AGUG. DA, 7 BAL lambaa FEA0 S B
% =4, oJd AYdYrct: lambda r: (r[0], r[2]). ESH operator.attrgetter (),

operator.itemgetter (), operator.methodcaller () 7} Al 7§18 7] < A AR Y YTt 7]
T E S AR S ol thE o 2 Sorting HOW TO & B A 2.

keyword argument (7] 9] & 21 x})
AL E HA L

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Y4t}

LBYL
5 7] Aol 2 2} (Look before you leap). ©] T AEFYL T Zo|L} 23] & 317] Aol YA|H o7 ALA
2RSS AAULE o 2EhAL FAFP AT U 1, B it Bol EA 2 S A0l QU
U 2= S ol A, LBYL W2 “H 77 2 “H 7]” 2ol B 24 WA 2 A U5
th o9& 59, Z= if key in mapping: return mappinglkey] + 3 }5‘01] B A vk 23]
Aol ot e =7} key S mappingql/ﬂ AAsHE dsj @ = JFUth o4 olf= F ol EAFP
A2 e A8 To A AT + ek

list (B]~E)

W gtol W Al A, T o) FdE B, Yad thdt QA 7o) ) 7] Wl 3 ZE BlaE
(linked list) ¥ Th+= oh2 A o] o] vl @ F AU o

list comprehension (2] A E #H =z 2]3A
Az 45 AR T %—‘T‘—% Aeletal 1 AHE P2ER YT E T . result =
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =00°]A] 255 A}o]<] g}
=AY 1675 (0x.) 2 2T TAEY g 2EE W Yth if B2 AT 5 5T
7Yk, range (256) o] Y= B 847 A Yt

loader (2 ¢])

An object that loads a module. It must define a method named 1load_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

[-ﬂ

o
rlr iy

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "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 (A YA E)
Sl A o] VB A W e

mapping (7} 3)
oloj o 7] %3 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Wlo]2x Sl o] AAFH HAEES 7+ ZAH oy A4A. dz&
dict, collectlons.defaultdlct,collectlons.OrderedDict,collections.Counter

=T dsynh
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o] A o] & selr. We B2 3t 4= A= 3helv] of AAH o
9171 817 % g o,

H el A2 5t 7F A= A =S e A= importlib.abc.MetaPathFinder & X W

¢

Hyth
metaclass (W €} 2] 2)

Feag S, %EH’\ Aol=FrolE, F gxv e, wola FAEY 552 eyt

H e Ze 2 o] Al AAE oA iiﬂig ‘&Et AN At thF2e A A FYP =2 1)
W AdojE2 711"7”52 A&FUch sto| W& EHEA = AL A~ HEg FYPAE BE T

9,)\‘3]'% 34\‘?4‘4‘3]'- REZE AR A= o] EF7F A 28 QAT B84 w, vl S

7FE skl §-ofst ;H‘:Lﬂ% ATyt AEHRF "]"-/] Z 7 (logging), ~# = A ] 71,

AA B4 8, 42 TG T2 o2 ZYd

= I
metaclasses | A o 7(]—}\1] LS IS 4 Qe

method (W] A &)
e nby boll A ol
A WA A2} (BF self
HAR

method resolution order (W] A= 2 & $4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See

The Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the
2.3 release.

a2 2 AE

module (2E)

shold IES] 223} B9 S GYIE AR, BES 499 oA ANES Gt 0§ UL
AeUrh RES 9 EE Axbo] oo Fol Moz 2=,

712 = BA L.

module spec (2§ A 3))
RESEEScU AR H - dZEHA ZESS T
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] J & )

rlr
(]

]Ei;ﬂ
=

&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

OE7sE de T dsyth

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

P9 o) YUtk Eis, tupled A A&dta ol 5 B2 =8 Ao 5he
T AF Ytk oy st :ﬂ]’\‘_ 23 2 A typing.
lections.namedtuple () & ¥H& F JAHFULE &
FEoAE 2 fle B 7 FUH A EE 715

®
Q
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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 =

o
ek ohy 2} A9, A, U7 o & B7bo] Uit o8 BLE o] B YA A 2B S
ALYt} & 9], T builtins.open Fos. open () 2259 ol &3t 93l +EEY
O E 3, ol B AL oW R Eo| Y4B FAEAE B A BE ol A HE AT} 7 WAl
£ 0], random.seed () =& itertools.islice () 8t 2 1 35S o

=52 FUTh g
Zy 7y random ¥} itertools &l o3 S o] s H T

namespace package (0] & 7+ 2} 7] A])
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no
physical representation, and specifically are not like a regular package because they haveno ___init__ .py
file.

BEZ HAS.

nested scope( HPA A233)

SR AY A BT E FRE= 8. & 59, o2 T WRA BYH T+ upd ol
AEWMFESL ART L IFUTY FHA 27z 7Bz = A2 7T 3 gL 54
ethe 2ol FYsioF FUth A Y M52 7P R AT oA i FUTH npRA =
A ALEL AY o] & F7oA a7 Ut nonlocal 2 HPZ AT Z o 2= Z& & ZF3 )

new-style class (- A€l S A)
A2 Be s AR AHEH I Qe ZU 2 M A oA o] 5. 2719 stolH WA A=, 24
LAEY ZE AT slots Q/\E/_%E%, Z g9 E], __getattribute_ (), Ed2 HAZE,
AEf 8 WA Eof 22 Fho] 3 €] /‘Hij gt 7l s AT g ST

object (7 A])

A (BB HEY ) E 2T 52 (AE) o] B8 REHJE. T BE FAEYd Zo)a
BEESDE PR PRsl-y

package (2} 7] #])
ANBRESOIWL AARCLE AR 7RSS T 5 Ae FolAH 5. 7|[sH o2, 7| A&
__path_ oJEZHET} = Jo|d ZE YT
A5 AN A 9 ol 7 HAA = BAL.
parameter (uf] 7} ¥ 4~
ﬂf(whwﬂc)ﬂquUMvw@%¢
= dgE. A /7Y WiZIR 7 As5 Y
o Y X-71 Y = (positional-or-keyword): <] %] 12} L} 7] ¢ AR AYE 5 e AAE ARY
A, o2

=9l
S ER PRI FERE PR o) ekl A o 5

[def func (foo, bar=None): ... }

o Y X-A] (positional-only): S} X 22+ A2 5 Q)
U]-/\ Z—]_/]_/] UH7H "\Eioﬂ /_‘_X]_ t};
Oﬂ /\1 posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

E-A§ (keyword-only): 71N EZ2 N AlFE = A= AAE AFFULE 71 H=-A8 wi7A
Hy= T F oo w7 H g BF ol A Sholl 3hute] Z7HA- X w7l v+ & I = 23| A
g4 F UL oAl E £, thxoll Al kw_onlyl &} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... }

« 7HA-91 4 (var-positional): (CHE T} AW E o] |31 4] o] u] ok Eol 91X AXHE ol Bsh)
ABE % e A AR Yoo AAAE AF L o nh S v o)
£ 9ol EolA A 5 dHUth o8 Sof thElA args:

[def func (*args, **kwargs): ... }
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o 7191 (var-keyword): (FE VI 7| M55 o] ) A o] u] wkol5 o] 1 7)) = x-Sl )
AT 4 e 999 A5 AN Q4SS AAFU T ol v vl o] Bef
% ol Bol A BolE 5 AFUTh o 2 S0l 919 ool A kwargs.

RS A AAES 98 | EERY ol A Aol AL 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])
BEZNEIRIE 7 JEE S ERESS R fl6] Fashes JxE 42 A4 she] A

path entry hook (2 JEZ] &
sys.path_hooks B|2E) Q& ZHEQU, 5 42 dEZ A EES = HS &1 Atkd
AR AED IAY & EHFYH

path based finder (7 2 7]4} 3} 2l )
718 v el A= I HE F s, Y2 E A= oA REZ FFUTH

path-like object (7 F 21 A))
3 A2l A2 E UEE A3, A2 AAE F2E YEhE str G bytes A70] AL}
os.PathLike ZE2EZS T A%+ AA YUt os.PathLike ZE2EZ S A Yo+ ﬁiﬂ%
os.fspath() ¥ E TEZA] str Ybytes L A28 Az 2 ASEH 4 J5Ut) Al
fsdecode () & os.fsencode () & Z+Zt str U bytes A4S BAS=H A2 5 9,)\/\‘4‘-7]'
PEP 5192 =5 <5 th

PEP

sho] 2 714 Aok, PEP shol 2 AR E]o] 458 AF5HA L sho] L 1 mm A $H
of et =2 /)58 4she A BAITh PEPE A8 750 et 228 /)% AFY o

27 A58l oF gtk

PEPE 52 Al2¢ 7152 Albel 1 EAlo] 0 gt ARUE 98-S s ol do] Soj7t AA
AR S EAR BE7] 93 712 fAUZ A Th PEP A4 A= ARUE Yol A Tol & T2t 1
N EEEEVEE SRR

PEP 1 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 B2l 29 I A T84
W37} o A= A= A v FH A A ol gt
) 5 8 Ao] F A5 A S8 o] 2ol
% %S AYUtt — APIS £3317] Ao &3
Ak

A API A Z S, 3 A T34

AR 2A S sl 374 T A

o] A= ®FE golB "4317} = A

syt ‘:ﬂx}/‘ﬂﬂLﬁgo 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.

collections.abc.Sequence FA4 HlolA FdlAE _ getitem () I __len_ () =
dojA R 283 A Ho]l2a2E HYsE=0, count (), index (), _ contains__ (),

3
__reversed__ () & F7FE Ut} o] F3H AHFH o)A E FAT F S register () T AHE3H
A A r S5 AF U AL A= Aol thEt X]’*ﬂﬂ—‘?"q =, 3E Alds diks
FzsA 2

i

set comprehension (g A = 2|3 A)
olE HE = 84 FAAVY ERE A et 2AE T2 A S vhheh= 2HA 3. results
= {c for c in 'abracadabra' if c not in 'abc'}E EAE HEg {'r', 'd'} &
23 A3 t}. comprehensions2 #2314 Al £

single dispatch (4 2 t] A9 x])
TFdo] e ARFY] Fof| 712 AARE = Al E g Y av] X2 s FE.
slice (&&}o]A)
B A2~ Y R E 23+ 7“iﬂ SefolAE A B ATHE £7
variable name[1:3:5] A&, [] ¢tollA o8] 7o) A5 E2o =
2TAYPE) FV|H2 Y REH o= sllce AA S AT Tk
h

special method (54~ W] A]
sholmo] Goj ol | <l4he, G4l 2L, AWT w FAAOR TEHE WA=, oA MAEE T
Mol D& 2 AFSHAL EuE ol 52 2L lF Ut 55 WA =& specialnames °f #4 2 7hE o] 4]
ST

statement (&%}
2R AYE (ZES “BE (block)”) B FATE REAUTL 2R w4 oAU NAES
AHEBHE o8] 7HA] 2R E S sty gy th 7HE if, while, for.

static type checker (3 2 & 7 x}7])

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 (73t 2 X)
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.

W gx E HASL.

text encoding (2 A E 217 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (2] A E 5} 4)
str AAE Ju & 4 9= j]_Cﬂ AA. ZF, dAE 3Yde AAE L o
on;q]/\-g].j_eﬂ/\e ol7 4 x]_E_;Qﬂig—qD} Eﬂ/\E J}ORJ Oﬂﬂi“ _,é
2 dd 9Y, sys.stdin, sys.stdout, i0.StringI0 9 A2HAE & 4 IS5}
juy

932 5 9l T AA ol AL vhol 2] st
triple-quoted string (2% u}2 % ¥ —“?_—x}og)

HJrii )W F2wEE C) A AR S FAE. 2F whEE stuE S A 222 )
7152 AFstA = A, o2 7HA] o] froll A £ E7F s U olAA ol H A ¢he 2w

| l”‘

ulol =R AH &

rr
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EU} 202 EE FAY ol TPV S AES 37, 42 BAE 2A FUE olg Fol A 5
e, SAEYL Ll 53] 1 A5

type (&)
The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits __class___ attribute or can be retrieved with t ype (ob7j).

type alias (& o] dg]o]x)
P AL Y ote] w0l A= F Y Foof.

Foldefojat § G =S dedahe ol § 8T o2 B
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
= ohe 2ol B 97 97 B & 9tk
Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7%-& AW e typing 7} PEP 4845 R 5141 L.

type hint (g 31 &)
W, FelaojEHE 9 S v/ s U uks g ZIdiE & 32 A A s o wEH o] 4L
Y I EL A8 Aol i o] Ao A FAE A= AT, A 3 AA] o 83t ESHIDES]
F= A L HHER S FHFUTH
A9 A4E Ay, A9 W, Fea oJEHE 9 &9 3 I EL& typing
get_type_hints () & AHESF] AN 2T 5 JFUTH

o] 71%5< A W3} typing ¥} PEP 4845 F2 1A

universal newlines (-4 £ 397)
qn4ﬂ3ﬂgga?gAﬂszﬂﬁﬂadazczﬁgo@
2 & "\n', 9ES2 FE '\r\n', A N EA] FEH \r'. F7FE QA Aol A
bytes.splitlines () ¥qlolUe} PEP 278 &} PEP 3116 = H A 8.

Ko}
o
rlr
fuj
f
Jo
1©
[>
=
o2t
rir Ao

variable annotation (¥4~ o] - €| o] 4)
W 2o o 2 2 eS| of e o] 4
M EE e o EY e o H o 42 9w B9 e Au AR
class C:
field: 'annotation'

Mg olwEo| e AuA o § dER ASPUTH o8 Eol, ol Mt int 2 AL AR

AdEdc:

[count: int = 0 }

LE o] B2 A4 annassign o A] A g o)

A E= k4 o] - E) Mi, PEP 484 2 PEP 5268 Az 3A 8. 3 o] =g o] A Z+¢] o
A £ Iz

-
jn
rlr
o
=]
=]
o)
[l
oo
=
)
=]
[72]
%’
=
—
o

3
o
B
ol

virtual environment (
ol A9} &8 =
]: O = X]
Sahos an

venv & HA| L.
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virtual machine (7}4} 7] A))

azEg ooz AoH AFE. sol o] M 74 £ whol =
=g AR,

Zen of Python (}o] 4 Al)
shold T A<l Yele} ASHES] B2 e, 20) S o]a] 8t AFgahe o] E8o] FuTh o] HEL

3ty ZEZE A “import this” & Y st Yyt

=3

5}

off

g7t

== |
=]

‘I,

e
rle
)
o

m
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

A X8} o] & 98t A Q1 N Thol A LA &} v A 2 A A 0 2 AP B ALY =8 YUt 7] o 3
3 AT, o] Wy o tf 3 A B = reporting-bugs 3| ] A& il } Al L. A 22 AL F A= A AL
g eH
Te BEol 7 Be 7ArE =y

o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;

« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
ol A9l Uh

B.1 Contributors to the Python Documentation

of, sfol A %F gholBefg] ¢ sto| A A A 7| FUTh 7] Ao FEAH QA
2 A Z 39 Misc/ACKS & =R SHA A 2.
3

ME 27 B AL Fhold AR UE ] AT} 7)of W E T - A T
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
/Iwww.cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal
author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen Python-
Labs team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation;
see https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/pst/) was
formed, a non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation
is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HH = =} o=l 32 Y AL =N GPL compatible?
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
2.1.2 2.1.1 2002 PSF yes
213 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-dA] PSF yes

ZF11: GPL-compatible doesn’ t mean that we” re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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Guido o] A/ =5to]| o] i 25 7h5 oA Whe B2 & F A-A ARSI A A= - Yt

C.2 THO|Moll HMIASHHLE AFRS7| SI8H 012 2z

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

shol ol E3E Q¥ sz Eo]of & ThE gholAlart A §F U Th ehol Al s eho] Al 2ol o35}
= =9} G EUTh ole @ eholllA0) B9AT R m e £u g o] o e 2ol 4l

-
SRR EXEREY

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.13 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF.
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.11.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 3.11.13 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made._

—~to Python
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.11.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(TH5 sl el Aol Al<)
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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
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

(TH5 sl el Aol A)
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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 3.11.13 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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The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o7 e 29 ARke TRFUTH

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 & UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C3.7 XML ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

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.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(TH5 sl el Aol A)

C.3.

SHEl AZEY0{0ll T BtojMA 2 SOl 311

Hl




The Python/C API, 22|A 3.11.13

(o1 sl o] A ol A Al <5)
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

The _ctypes extension is built using an included copy of the libfli sources unless the build is configured
——with-system—-1ibffi:

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
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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
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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

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

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
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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PyAsyncMethods.am_await (C member), 270
PyAsyncMethods.am_send (C member), 270
PyBool_Check (C function), 118
PyBool_FromLong (C function), 119
PyBool_Type (Cvar), 118
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PyBuffer_IsContiguous (C function), 109
PyBuffer_Release (C function), 109

(C PyBuffer_SizeFromFormat (C function), 109

PyBuffer_ToContiguous (C function), 109
PyBufferProcs (C type), 269
PyBufferProcs (C §), 103
PyBufferProcs.bf_ getbuffer
269
PyBufferProcs.bf_releasebuffer (C mem-
ber), 269
PyByteArray_AS_STRING (C function), 125
PyByteArray_AsString (C function), 124
PyByteArray_Check (C function), 124
PyByteArray_CheckExact (C function), 124
PyByteArray_Concat (C function), 124
PyByteArray_FromObject (C function), 124
PyByteArray_FromStringAndSize (C func-
tion), 124
PyByteArray_GET_SIZE (C function), 125
PyByteArray_Resize (C function), 125
PyByteArray_Size (C function), 124
PyByteArray_Type (Cvar), 124
PyByteArrayObject (Ctype), 124
PyBytes_AS_STRING (C function), 123
PyBytes_AsString (C function), 123
PyBytes_AsStringAndSize (C function), 123
PyBytes_Check (C function), 122
PyBytes_CheckExact (C function), 122
PyBytes_Concat (C function), 124
PyBytes_ConcatAndDel (C function), 124
PyBytes_FromFormat (C function), 122
PyBytes_FromFormatV (C function), 123
PyBytes_FromObject (C function), 123
PyBytes_FromString (C function), 122
PyBytes_FromStringAndSize (C function), 122
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), 168
PyCapsule_Destructor (Ctype), 168
PyCapsule_GetContext (C function), 168
PyCapsule_GetDestructor (C function), 168
PyCapsule_GetName (C function), 168
PyCapsule_GetPointer (C function), 168
PyCapsule_TImport (C function), 168
PyCapsule_TIsValid (C function), 169
PyCapsule_New (C function), 168
PyCapsule_SetContext (C function), 169
PyCapsule_SetDestructor (C function), 169
PyCapsule_SetName (C function), 169
PyCapsule_SetPointer (C function), 169
PyCell_Check (C function), 153
PyCell_GET (C function), 153
PyCell_Get (C function), 153

(C  member),
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PyCell_New (C function), 153
PyCell_SET (C function), 153
PyCell_Set (C function), 153
PyCell_Type (Cvar), 153
PyCellObject (Ctype), 153
PyCFunction (Ctype), 236
PyCFunction_New (C function), 239
PyCFunction_NewEx (C function), 238
PyCFunctionWithKeywords (C type), 236
PyCMethod (C type), 236
PyCMethod_New (C function), 238
PyCode_Addr2Line (C function), 154
PyCode_Addr2Location (C function), 154
PyCode_Check (C function), 154
PyCode_GetCellvars (C function), 155
PyCode_GetCode (C function), 154
PyCode_GetFreevars (C function), 155
PyCode_GetNumFree (C function), 154
PyCode_GetVarnames (C function), 155
PyCode_New (C function), 154
PyCode_NewEmpty (C function), 154
PyCode_NewWithPosOnlyArgs (C function), 154
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), 85
PyCodeObject (Ctype), 154
PyCompactUnicodeObject (C type), 126
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C
member), 45
PyCompilerFlags.cf_flags (C member), 44
PyComplex_AsCComplex (C function), 122
PyComplex_Check (C function), 121
PyComplex_CheckExact (C function), 121
PyComplex_FromCComplex (C function), 121
PyComplex_FromDoubles (C function), 122
PyComplex_ImagAsDouble (C function), 122
PyComplex_RealAsDouble (C function), 122
PyComplex_Type (Cvar), 121

PyComplexObject (C type), 121

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.argv (C member), 208
PyConfig.base_exec_prefix (C member), 208
PyConfig.base_executable (C member), 208
PyConfig.base_prefix (C member), 208
PyConfig.buffered_stdio (C member), 209
PyConfig.bytes_warning (C member), 209
PyConfig.check_hash_pycs_mode (C mem-
ber), 209
PyConfig.code_debug_ranges (C member),
209
PyConfig.configure_c_stdio (C member),
209
PyConfig.dev_mode (C member), 210
PyConfig.dump_refs (C member), 210
PyConfig.exec_prefix (C member), 210
PyConfig.executable (C member), 210
PyConfig.faulthandler (C member), 210
PyConfig.filesystem_encoding (C member),
210
PyConfig.filesystem_errors (C member),
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 (Cmember), 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
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PyConfig.program_name (C member), 214
PyConfig.pycache_prefix (Cmember), 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 (Cmember), 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), 172
PyContext_Copy (C function), 172
PyContext_CopyCurrent (C function), 172
PyContext_Enter (C function), 173
PyContext_Exit (C function), 173
PyContext_New (C function), 172
PyContext_Type (Cvar), 172
PyContextToken (Ctype), 172
PyContextToken_CheckExact (C function), 172
PyContextToken_Type (Cvar), 172
PyContextVar (Ctype), 172
PyContextVar_CheckExact (C function), 172
PyContextVar_Get (C function), 173
PyContextVar_New (C function), 173
PyContextVar_Reset (C function), 173
PyContextVar_Set (C function), 173
PyContextVar_Type (Cvar), 172
PyCoro_CheckExact (C function), 171
PyCoro_New (C function), 171
PyCoro_Type (Cvar), 171
PyCoroObject (Ctype), 171
PyDate_Check (C function), 174
PyDate_CheckExact (C function), 174
PyDate_FromDate (C function), 175
PyDate_FromTimestamp (C function), 177
PyDateTime_Check (C function), 174
PyDateTime_CheckExact (C function), 174
PyDateTime_Date (Ctype), 173
PyDateTime_DATE_GET_FOLD (C function), 176
PyDateTime_DATE_GET_HOUR (C function), 175
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 176

PyDateTime_DATE_GET_MINUTE (C function),
175
PyDateTime_DATE_GET_SECOND (C function),
176
PyDateTime_ DATE_GET_TZINFO (c function),
176
PyDateTime_DateTime (Ctype), 173
PyDateTime_DateTimeType (Cvar), 173
PyDateTime_DateType (Cvar), 173
PyDateTime_Delta (Ctype), 173
PyDateTime_DELTA_GET_DAYS (Cfunction), 176
PyDateTime_DELTA_GET_MICROSECONDS (c
function), 176
PyDateTime_DELTA_GET_SECONDS (C function),
176
PyDateTime_DeltaType (Cvar), 174
PyDateTime_FromDateAndTime (C function),
175
PyDateTime_FromDateAndTimeAndFold (C
Sfunction), 175
PyDateTime_FromTimestamp (C function), 176
PyDateTime_GET_DAY (C function), 175
PyDateTime_GET_MONTH (C function), 175
PyDateTime_GET_YEAR (C function), 175
PyDateTime_Time (Ctype), 173
PyDateTime_TIME_GET_FOLD (C function), 176
PyDateTime_TIME_GET_HOUR (Cfunction), 176
PyDateTime_TIME_GET_MICROSECOND (Cfunc-
tion), 176
PyDateTime_TIME_GET_MINUTE (C function),
176
PyDateTime_ TIME_GET_SECOND (Cc function),
176
PyDateTime_TIME_GET_TZINFO (C function),
176
PyDateTime_TimeType (C var), 174
PyDateTime_TimeZone_UTC (C var), 174
PyDateTime_TzZInfoType (Cvar), 174
PyDelta_Check (C function), 174
PyDelta_CheckExact (C function), 174
PyDelta_FromDSU (C function), 175
PyDescr_IsData (C function), 164
PyDescr_NewClassMethod (C function), 164
PyDescr_NewGetSet (C function), 164
PyDescr_NewMember (C function), 164
PyDescr_NewMethod (C function), 164
PyDescr_NewWrapper (C function), 164
PyDict_Check (C function), 146
PyDict_CheckExact (C function), 146
PyDict_Clear (C function), 147
PyDict_Contains (C function), 147
PyDict_Copy (C function), 147
PyDict_DelItem (C function), 147
PyDict_DelItemString (C function), 147
PyDict_GetItem (C function), 147
PyDict_GetItemString (C function), 147
PyDict_GetItemWithError (C function), 147
PyDict_TItems (C function), 148
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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), 146
PyDict_Update (C function), 149
PyDict_Values (C function), 148
PyDictObject (Ctype), 146
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), 55
PyErr_Clear (C function), 10, 12, 49
PyErr_ExceptionMatches (C function), 12, 53
PyErr_Fetch (C function), 53
PyErr_Format (C function), 50
PyErr_FormatV (C function), 50
PyErr_GetExcInfo (C function), 55
PyErr_GetHandledException (C function), 54
PyErr_GivenExceptionMatches (C function),
53
PyErr_NewException (C function), 56
PyErr_NewExceptionWithDoc (C function), 56
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_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), 52
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
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

PyErr_SetExcFromWindowsErrWithFilename@yfwal_ ThreadsInitialized (C function), 189

(C function), 51

PyExc_ArithmeticError (Cvar), 59

PyErr_SetExcFromWindowsErrWithFilename@®yRsatAssertionError (Cvar), 59

(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), 54
PyErr_SetImportError (C function), 52

PyExc_AttributeError (Cvar), 59
PyExc_BaseException (Cvar), 59
PyExc_BlockingIOError (C var), 59
PyExc_BrokenPipeError (Cvar), 59
PyExc_BufferError (Cvar), 59
PyExc_BytesWarning (C var), 61
PyExc_ChildProcessError (Cvar), 59
PyExc_ConnectionAbortedError (C var), 59
PyExc_ConnectionError (Cvar), 59
PyExc_ConnectionRefusedError (C var), 59
PyExc_ConnectionResetError (C var), 59
PyExc_DeprecationWarning (Cvar), 61
PyExc_EnvironmentError (C var), 60
PyExc_EOFError (Cvar), 59
PyExc_Exception (Cvar), 59
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PyExc_FileExistsError (Cvar), 59
PyExc_FileNotFoundError (Cvar), 59
PyExc_FloatingPointError (Cvar), 59
PyExc_FutureWarning (Cvar), 61
PyExc_GeneratorExit (Cvar), 59
PyExc_ImportError (C var), 59
PyExc_ImportWarning (Cvar), 61
PyExc_IndentationError (C var), 59
PyExc_IndexError (Cvar), 59
PyExc_InterruptedError (Cvar), 59
PyExc_IOError (Cvar), 60
PyExc_IsADirectoryError (Cvar), 59
PyExc_KeyboardInterrupt (C var), 59
PyExc_KeyError (Cvar), 59
PyExc_LookupError (Cvar), 59
PyExc_MemoryError (C var), 59
PyExc_ModuleNotFoundError (C var), 59
PyExc_NameError (Cvar), 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 (C var), 61
PyExc_RuntimeError (C var), 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 (Cvar), 59
PyExc_SystemExit (C var), 59
PyExc_TabError (Cvar), 59
PyExc_TimeoutError (Cvar), 59
PyExc_TypeError (Cvar), 59
PyExc_UnboundLocalError (C var), 59
PyExc_UnicodeDecodeError (Cvar), 59
PyExc_UnicodeEncodeError (Cvar), 59
PyExc_UnicodeError (Cvar), 59
PyExc_UnicodeTranslateError (Cvar), 59
PyExc_UnicodeWarning (C var), 61
PyExc_UserWarning (C var), 61
PyExc_ValueError (Cvar), 59
PyExc_Warning (Cvar), 61
PyExc_WindowsError (C var), 60
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), 155

PyFile_GetLine (C function), 155
PyFile_SetOpenCodeHook (C function), 156
PyFile_WriteObject (C function), 156
PyFile_WriteString (C function), 156
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), 119
PyFloat_Pack?2 (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), 120
PyFloat_Unpack8 (C function), 120
PyFloatObject (Ctype), 119
PyFrame_Check (C function), 169
PyFrame_GetBack (C function), 170
PyFrame_GetBuiltins (C function), 170
PyFrame_GetCode (C function), 170
PyFrame_GetGenerator (C function), 170
PyFrame_GetGlobals (C function), 170
PyFrame_GetLasti (C function), 170
PyFrame_GetLineNumber (C function), 170
PyFrame_GetLocals (C function), 170
PyFrame_Type (C var), 169
PyFrameObject (C type), 169
PyFrozenSet_Check (C function), 150
PyFrozenSet_CheckExact (C function), 150
PyFrozenSet_New (C function), 150
PyFrozenSet_Type (Cvar), 149
PyFunction_Check (C function), 151
PyFunction_GetAnnotations (C function), 152
PyFunction_GetClosure (C function), 152
PyFunction_GetCode (C function), 151
PyFunction_GetDefaults (C function), 151
PyFunction_GetGlobals (C function), 151
PyFunction_GetModule (C function), 151
PyFunction_New (C function), 151
PyFunction_NewWithQualName (C function),

151
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), 277
PyGC_Disable (C function), 277
PyGC_Enable (C function), 277
PyGC_IsEnabled (C function), 277
PyGen_Check (C function), 171
PyGen_CheckExact (C function), 171
PyGen_New (C function), 171
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PyGen_NewWithQualName (C function), 171
PyGen_Type (Cvar), 171
PyGenObject (Ctype), 171
PyGetSetDef (Ctype), 240
PyGILState_Check (C function), 190
PyGILState_Ensure (C function), 190
PyGILState_GetThisThreadState (C func-
tion), 190
PyGILState_Release (C function), 190
PyHash_FuncDef (Ctype), 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), 72
PyImport_FrozenModules (Cvar), 71
PyImport_GetImporter (C function), 71
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
Sfunction), 71
PyImport_ImportModule (C function), 68
PyImport_ImportModuleEx (C function), 68
PyImport_ImportModuleLevel (C function), 69
PyImport_ImportModuleLevelObject (c
function), 69
PyImport_ImportModuleNoBlock (C function),
68
PyImport_ReloadModule (C function), 69
PyIndex_Check (C function), 99
PyInstanceMethod_Check (C function), 152
PyInstanceMethod_Function (C function), 152
PyInstanceMethod GET_FUNCTION (C func-
tion), 152
PyInstanceMethod_New (C function), 152
PyInstanceMethod_Type (Cvar), 152
PyInterpreterState (C type), 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), 146
PyList_Check (C function), 145
PyList_CheckExact (C function), 145
PyList_GET_ITEM (C function), 145
PyList_GET_SIZE (C function), 145
PyList_GetItem (C function),9, 145
PyList_GetSlice (C function), 146
PyList_TInsert (C function), 146
PyList_New (C function), 145
PyList_Reverse (C function), 146
PyList_SET_ITEM (C function), 146
PyList_SetItem (C function), 8, 145
PyList_SetSlice (C function), 146
PyList_Size (C function), 145
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), 116
PyLong_AsLongLong (C function), 117
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), 117
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), 115
PyLong_FromUnsignedLongLong (C function),
116
PyLong_FromVoidPtr (C function), 116
PyLong_Type (Cvar), 115
PyLongObject (Ctype), 115
PyMapping_Check (C function), 101
PyMapping_DelItem (C function), 101
PyMapping_DelItemString (C function), 101
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PyMapping_GetItemString (C function), 101
PyMapping_HasKey (C function), 101
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), 268
PyMappingMethods.mp_length (C member),
268
PyMappingMethods.mp_subscript (C mem-
ber), 268
PyMarshal_ReadLastObjectFromFile (C
function), 72
PyMarshal_ReadLongFromFile (C function), 72
PyMarshal_ReadObjectFromFile (C function),
72
PyMarshal_ReadObjectFromString (C func-
tion), 73
PyMarshal_ReadShortFromFile (C function),
72
PyMarshal_WriteLongToFile (C function), 72
PyMarshal_WriteObjectToFile (C function),
72
PyMarshal_WriteObjectToString (C func-
tion), 72
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 (Cmacro), 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), 166
PyMemoryView_FromBuffer (C function), 166
PyMemoryView_FromMemory (C function), 166
PyMemoryView_FromObject (C function), 166
PyMemoryView_GET_BASE (C function), 167
PyMemoryView_GET_BUFFER (C function), 167

PyMemoryView_GetContiguous (C function),
166
PyMethod_Check (C function), 152
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), 152
PyMethodDef (C type), 236
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), 162
PyModule_AddIntMacro (C macro), 163
PyModule_AddObject (C function), 162
PyModule_AddObjectRef (C function), 161
PyModule_AddStringConstant (C function),
162
PyModule_AddStringMacro (C macro), 163
PyModule_AddType (C function), 163
PyModule_Check (C function), 156
PyModule_CheckExact (C function), 156
PyModule_Create (C function), 159
PyModule_Create2 (C function), 159
PyModule_ExecDef (C function), 161
PyModule_FromDefAndSpec (C function), 160
PyModule_FromDefAndSpec?2 (C function), 160
PyModule_GetDef (C function), 157
PyModule_GetDict (C function), 157
PyModule_GetFilename (C function), 157
PyModule_GetFilenameObject (C function),
157
PyModule_GetName (C function), 157
PyModule_GetNameObject (C function), 157
PyModule_GetState (C function), 157
PyModule_New (C function), 156
PyModule_NewObject (C function), 156
PyModule_SetDocString (C function), 161
PyModule_Type (Cvar), 156
PyModuleDef (C type), 157
PyModuleDef_Init (C function), 159
PyModuleDef_Slot (Ctype), 159
PyModuleDef_Slot.slot (C member), 159
PyModuleDef_Slot.value (C member), 159
PyModuleDef .m_base (C member), 157
PyModuleDef.m_clear (C member), 158
PyModuleDef .m_doc (C member), 158
PyModuleDef .m_free (C member), 158
PyModuleDef .m_methods (C member), 158
PyModuleDef .m_name (C member), 157
PyModuleDef .m_size (C member), 158
PyModuleDef .m_slots (C member), 158
PyModuleDef.m_slots.m_reload (C member),
158
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PyModuleDef .m_traverse (C member), 158
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_InPlaceLshift (C function), 98
PyNumber_InPlaceMatrixMultiply (C func-
tion), 98
PyNumber_InPlaceMultiply (C function), 98
PyNumber_InPlaceOr (C function), 98
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

PyNumberMethods.nb_inplace_1lshift (C
member), 267
PyNumberMethods.nb_inplace_matrix_multiply
(C member), 267
PyNumberMethods.nb_inplace_multiply (C
member), 267
PyNumberMethods.nb_inplace_or (C mem-
ber), 267
PyNumberMethods.nb_inplace_power
member), 267
PyNumberMethods.nb_inplace_remainder
(C member), 267
PyNumberMethods.nb_inplace_rshift
member), 267
PyNumberMethods.nb_inplace_subtract (C
member), 267
PyNumberMethods.nb_inplace_true_divide
(C member), 267
PyNumberMethods.nb_inplace_xor (C mem-
ber), 267

(C

(c

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

266
PyNumberMethods
266
PyNumberMethods
PyNumberMethods
267
PyNumberMethods
PyNumberMethods
266
PyNumberMethods
267
PyNumberMethods
PyNumberMethods

.nb_int (C member), 267
.nb_invert (C member), 267
.nb_1shift (C member), 267
.nb_matrix_multiply (C
member), 267
PyNumberMethods.

nb_multiply (C member),

.nb_negative (C member),

.nb_or (C member), 267
.nb_positive (C member),

.nb_power (C member), 266
.nb_remainder (C member),

.nb_reserved (C member),

.nb_rshift (C member), 267
.nb_subtract (C member),

PyNumber_Xor (C function), 97

PyNumberMethods
PyNumberMethods
267
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 267
PyNumberMethods
PyNumberMethods
ber), 267
PyNumberMethods
ber), 267

(C type), 265
.nb_absolute (C member),

.nb_add (C member), 266
.nb_and (C member), 267
.nb_bool (C member), 267
.nb_divmod (C member), 266
.nb_float (C member), 267
.nb_floor_ divide (C mem-

.nb_index (C member), 267
.nb_inplace_add (C mem-

.nb_inplace_and (C mem-

266
PyNumberMethods

ber), 267
PyNumberMethods .nb_xor (C member), 267
PyObject (Ctype), 234
PyObject_AsCharBuffer (C function), 110
PyObject_ASCITI (C function), 89
PyObject_AsFileDescriptor (C function), 155
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

.nb_true_divide (C mem-

PyNumberMethods.nb_inplace_floor_dividePyObject_CallMethodNoArgs (C function), 95

(C member),

267

PyObject_CallMethodObjArgs (C function), 95
PyObject_CallMethodOneArqg (C function), 95
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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), 167
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), 276
PyObject_GC_IsFinalized (C function), 276
PyObject_GC_IsTracked (C function), 275
PyObject_GC_New (C macro), 275
PyObject_GC_NewVar (C macro), 275
PyObject_GC_Resize (Cmacro), 275
PyObject_GC_Track (C function), 275
PyObject_GC_UnTrack (C function), 276
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
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), 275
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), 247
PyObject._ob_prev (C member), 247
PyObject_Print (C function), 87
PyObject_Realloc (C function), 227

PyObject_Repr (C function), 89
PyObject_RichCompare (C function), 89
PyObject_RichCompareBool (C function), 89
PyObject_SetArenaAllocator (C function),
231
PyObject_SetAttr (C function), 88
PyObject_SetAttrString (C function), 88
PyObject_SetItem (C function), 91
PyObject_Size (C function), 90
PyObject_Str (C function), 89
PyObject_Type (C function), 90
PyObject_TypeCheck (C function), 90
PyObject_VAR_HEAD (C macro), 234
PyObject_Vectorcall (C function), 95
PyObject_VectorcallDict (C function), 95
PyObject_VectorcallMethod (C function), 96
PyObjectArenaAllocator (Ctype), 231
PyObject.ob_refecnt (C member), 246
PyObject.ob_type (C member), 246
PyOS_AfterFork (C function), 64
PyOS_AfterFork_Child (C function), 64
PyOS_AfterFork_Parent (C function), 63
PyOS_BReforeFork (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 (Cvar), 43
PyOS_setsig (C function), 64
PyOS_sighandler_t (Ctype), 64
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
(C member), 205
PyPreConfig.parse_argv (C member), 205
PyPreConfig.use_environment (C member),
205
PyPreConfig.utf8_mode (C member), 205
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PyProperty_Type (Cvar), 164
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 41
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_StringFlags (C function), 43
PySendResult (C type), 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), 100
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), 99
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), 268
PySequenceMethods.sq ass_item (C mem-
ber), 268
PySequenceMethods.sq concat (C member),
268
PySequenceMethods.sq _contains (C mem-
ber), 268
PySequenceMethods.sq_inplace_concat (C
member), 268
PySequenceMethods.sq _inplace_repeat (C
member), 269

PySequenceMethods.sq_item (C member), 268
PySequenceMethods.sq length (C member),
268
PySequenceMethods.sq repeat (C member),
268
PySet_Add (C function), 150
PySet_Check (C function), 149
PySet_CheckExact (C function), 150
PySet_Clear (C function), 151
PySet_Contains (C function), 150
PySet_Discard (C function), 150
PySet_GET_SIZE (C function), 150
PySet_New (C function), 150
PySet_Pop (C function), 151
PySet_Size (C function), 150
PySet_Type (Cvar), 149
PySetObject (Ctype), 149
PySignal_SetWakeupFd (C function), 56
PySlice_AdjustIndices (C function), 166
PySlice_Check (C function), 165
PySlice_GetIndices (C function), 165
PySlice_GetIndicesEx (C function), 165
PySlice_New (C function), 165
PySlice_Type (Cvar), 165
PySlice_Unpack (C function), 165
PyState_AddModule (C function), 163
PyState_FindModule (C function), 163
PyState_RemoveModule (C function), 163
PyStatus (Ctype), 203
PyStatus_Error (C function), 203
PyStatus_Exception (C function), 203
PyStatus_Exit (C function), 203
PyStatus_IsError (C function), 203
PyStatus_IsExit (C function), 203
PyStatus_NoMemory (C function), 203
PyStatus_Ok (C function), 203
PyStatus.err_msqg (C member), 203
PyStatus.exitcode (C member), 203
PyStatus. func (C member), 203
PyStructSequence_Desc (Ctype), 144
PyStructSequence_Desc.doc (C member), 144
PyStructSequence_Desc.fields (C member),
144
PyStructSequence_Desc.n_in_sequence (C
member), 144
PyStructSequence_Desc.name
144
PyStructSequence_Field (Ctype), 144
PyStructSequence_Field.doc (C member),
144
PyStructSequence_Field.name (C member),
144
PyStructSequence_GET_ITEM (C function), 144
PyStructSequence_GetItem (C function), 144
PyStructSequence_InitType (C function), 144
PyStructSequence_InitType2 (C function),
144
PyStructSequence_New (C function), 144

(C  member),
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PyStructSequence_NewType (C function), 144
PyStructSequence_SET_ITEM (C function), 145
PyStructSequence_SetItem (C function), 144
PyStructSequence_UnnamedField (C var),
144
PySys_AddAuditHook (C function), 67
PySys_AddWarnOption (C function), 66
PySys_AddWarnOptionUnicode (C function), 66
PySys_AddXOption (C function), 67
PySys_Audit (C function), 67
PySys_FormatStderr (C function), 67
PySys_FormatStdout (C function), 66
PySys_GetObject (C function), 66
PySys_GetXOptions (C function), 67
PySys_ResetWarnOptions (C function), 66
PySys_SetArgv (C function), 182, 186
PySys_SetArgvEx (C function), 182, 185
PySys_SetObject (C function), 66
PySys_SetPath (C function), 66
PySys_WriteStderr (C function), 66
PySys_WriteStdout (C function), 66

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

587, 201
590,92
623,125
634,255
3116, 295
3119, 90
3121, 158
3147,70

PEP 3151, 60

PEP 3155,293
PYTHONCOERCECLOCALE, 219
PYTHONDEBUG, 180, 213
PYTHONDEVMODE, 210
PYTHONDONTWRITEBYTECODE, 180, 216
PYTHONDUMPREF'S, 210, 247
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
PEP 383,133,134 PYTHONPROFILEIMPORTTIME, 211
PEP 387,15 PYTHONPYCACHEPREFIX, 214
PEP 393,125,132 PYTHONSAFEPATH, 208
PEP 411,292 PYTHONTRACEMALLOC, 215
PEP 420,286,291, 292 PYTHONUNBUFFERED, 181, 209
PEP 432,221 PYTHONUTFS, 205, 219
PEP 442,265 PYTHONVERBOSE, 182,216
PEP 443,287 PYTHONWARNINGS, 216
PEP 451, 160, 286 PyThread_create_key (C function), 199
PEP 456,83 PyThread_delete_key (C function), 199
PEP 483,287 PyThread_delete_key_value (C function), 199
PEP 484,281, 286, 287, 295 PyThread_get_key_value (C function), 199
PEP 489, 160 PyThread_ReInitTLS (C function), 199
PEP 492,282,284 PyThread_set_key_value (C function), 199
PEP 498,285 PyThread_tss_alloc (C function), 198
PEP 519,292 PyThread_tss_create (C function), 199
PEP 523,193 PyThread_tss_delete (C function), 199
PEP 525,282 PyThread_tss_free (C function), 198
PEP 526,281,295 PyThread_tss_get (C function), 199
PEP 528,181,212 PyThread_tss_is_created (C function), 199
PEP 529,134, 181 PyThread_tss_set (C function), 199
PEP 538,219 PyThreadState (C type), 187, 189
PEP 539, 198 PyThreadState_Clear (C function), 191
PEP 540,219 PyThreadState_Delete (C function), 191
PEP 552,209 PyThreadState_DeleteCurrent (C function),
PEP 578,67 191
PEP 585,287
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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), 174
PyTime_CheckExact (C function), 174
PyTime_FromTime (C function), 175
PyTime_FromTimeAndFold (C function), 175
PyTimeZone_FromOffset (C function), 175
PyTimeZone_FromOffsetAndName (C function),
175
PyTrace_C_CALL (Cvar), 197
PyTrace_C_EXCEPTION (C var), 197
PyTrace_C_RETURN (C var), 197
PyTrace_CALL (C var), 196
PyTrace_EXCEPTION (C var), 196
PyTrace_LINE (C var), 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), 142
PyTuple_CheckExact (C function), 142
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), 143
PyTuple_SetItem (C function), 8, 143
PyTuple_Size (C function), 143
PyTuple_Type (Cvar), 142
PyTupleObject (Ctype), 142
PyType_Check (C function), 111
PyType_CheckExact (C function), 111
PyType_ClearCache (C function), 111
PyType_FromModuleAndSpec (C function), 113
PyType_FromSpec (C function), 114
PyType_FromSpecWithBases (C function), 113
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), 112
PyType_Ready (C function), 112

PyType_Slot (Ctype), 114
PyType_Slot.PyType_Slot.pfunc (C mem-

ber), 115

PyType_Slot.PyType_Slot.slot (C member),

114

PyType_Spec (Ctype), 114

PyType_Spec.PyType_Spec.basicsize
member),

(c
114

PyType_Spec.PyType_Spec.flags (C mem-

ber), 114

PyType_Spec.PyType_Spec.itemsize
member),

(c
114

PyType_Spec.PyType_Spec.name (C member),

114

PyType_Spec.PyType_Spec.slots (C mem-

ber), 114

PyType_Type (Cvar), 111
PyTypeObject (Ctype), 111

PyTypeObject
PyTypeObject.
PyTypeObject
PyTypeObject
250
PyTypeObject.
PyTypeObject
250
PyTypeObject.
PyTypeObject
PyTypeObject
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject
PyTypeObject
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject
261
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject
PyTypeObject
PyTypeObject.

.tp_dictoffset

.tp_alloc (C member), 262

tp_as_async (C member), 250

.tp_as_buffer (C member), 252
.tp_as_mapping (C member),

tp_as_number (C member), 250

.tp_as_sequence (C member),

tp_base (C member), 260

.tp_bases (C member), 263
.tp_basicsize (C member), 247

tp_cache (C member), 263
tp_call (C member), 251
tp_clear (C member), 256

.tp_dealloc (C member), 248
.tp_del (C member), 264

tp_descr_get (C member), 260
tp_descr_set (C member), 260
tp_dict (C member), 260

(C  member),

tp_doc (C member), 255
tp_finalize (C member), 264
tp_flags (C member), 252
tp_free (C member), 262

.tp_getattr (C member), 249

tp_getattro (C member), 251
tp_getset (C member), 259
tp_hash (C member), 250
tp_init (C member), 261

.tp_is_gc (C member), 263
.tp_itemsize (C member), 247

tp_iter (C member), 259
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PyTypeObject.tp_iternext (C member), 259
PyTypeObject.tp_members (C member), 259
PyTypeObject.tp_methods (C member), 259
PyTypeObject.tp_mro (C member), 263
PyTypeObject .tp_name (C member), 247
PyTypeObject.tp_new (C member), 262
PyTypeObject.tp_repr (C member), 250
PyTypeObject.tp_richcompare (C member),
257
PyTypeObject.tp_setattr (C member), 249
PyTypeObject.tp_setattro (C member), 252
PyTypeObject.tp_str (C member), 251
PyTypeObject.tp_subclasses (C member),
264
PyTypeObject.tp_traverse (C member), 255
PyTypeObject.tp_vectorcall (C member),
265
PyTypeObject.tp_vectorcall_offset (C
member), 249
PyTypeObject.tp_version_tag (C member),
264
PyTypeObject.tp_weaklist (C member), 264
PyTypeObject.tp_weaklistoffset (C mem-
ber), 258
PyTZInfo_Check (C function), 174
PyTzZInfo_CheckExact (C function), 174
PyUnicode_1BYTE_DATA (C function), 126
PyUnicode_1BYTE_KIND (C macro), 126
PyUnicode_2BYTE_DATA (C function), 126
PyUnicode_2BYTE_KIND (C macro), 126
PyUnicode_4BYTE_DATA (C function), 126
PyUnicode_4BYTE_KIND (C macro), 126
PyUnicode_AS_DATA (C function), 127
PyUnicode_AS_UNICODE (C function), 127
PyUnicode_AsASCIIString (C function), 139
PyUnicode_AsCharmapString (C function), 139
PyUnicode_AsEncodedString (C function), 136
PyUnicode_AsLatinlString (C function), 139
PyUnicode_AsMBCSString (C function), 140
PyUnicode_AsRawUnicodeEscapeString (C
Sfunction), 139
PyUnicode_AsUCS4 (C function), 132
PyUnicode_AsUCS4Copy (C function), 132
PyUnicode_AsUnicode (C function), 132
PyUnicode_AsUnicodeAndSize (C function),
132
PyUnicode_AsUnicodeEscapeString (C func-
tion), 138
PyUnicode_AsUTFS8 (C function), 136
PyUnicode_AsUTF8AndSize (C function), 136
PyUnicode_AsUTF8String (C function), 136
PyUnicode_AsUTF16String (C function), 138
PyUnicode_AsUTF32String (C function), 137
PyUnicode_AsWideChar (C function), 135
PyUnicode_AsWideCharString (C function),
135
PyUnicode_Check (C function), 126
PyUnicode_CheckExact (C function), 126

PyUnicode_Compare (C function), 141
PyUnicode_CompareWithASCIIString (c
Sfunction), 142
PyUnicode_Concat (C function), 141
PyUnicode_Contains (C function), 142
PyUnicode_CopyCharacters (C function), 131
PyUnicode_Count (C function), 141
PyUnicode_DATA (C function), 127
PyUnicode_Decode (C function), 136
PyUnicode_DecodeASCII (C function), 139
PyUnicode_DecodeCharmap (C function), 139
PyUnicode_DecodeFSDefault (C function), 134
PyUnicode_DecodeFSDefaultAndSize (c
Sfunction), 134
PyUnicode_DecodeLatinl (C function), 139
PyUnicode_Decodelocale (C function), 133
PyUnicode_DecodelocaleAndSize (C func-
tion), 133
PyUnicode_DecodeMBCS (C function), 140
PyUnicode_DecodeMBCSStateful (C function),
140
PyUnicode_DecodeRawUnicodeEscape (C
function), 139
PyUnicode_DecodeUnicodeEscape (C func-
tion), 138
PyUnicode_DecodeUTF7 (C function), 138
PyUnicode_DecodeUTF7Stateful (C function),
138
PyUnicode_DecodeUTF8 (C function), 136
PyUnicode_DecodeUTF8Stateful (C function),
136
PyUnicode_DecodeUTF16 (C function), 137
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PyUnicode_InternInPlace (C function), 142
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PyUnicodeDecodeError_GetEnd (C function),

58
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PyUnicodeDecodeError_GetReason (C func-
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PyUnicodeDecodeError_GetStart (C func-
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PyUnicodeDecodeError_SetEnd (C function),
58
PyUnicodeDecodeError_SetReason (C func-
tion), 58
PyUnicodeDecodeError_SetStart (C func-
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PyUnicodeEncodeError_GetEncoding (c
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PyUnicodeEncodeError_GetEnd (C function),
58

PyUnicodeEncodeError_GetObject (C func-
tion), 57

PyUnicodeEncodeError_GetReason (C func-
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PyUnicodeEncodeError_GetStart (C func-
tion), 57

PyUnicodeEncodeError_SetEnd (C function),
58

PyUnicodeEncodeError_SetReason (C func-
tion), 58
PyUnicodeEncodeError_SetStart (C func-
tion), 57
PyUnicodeObject (Ctype), 126
PyUnicodeTranslateError_GetEnd (C func-
tion), 58
PyUnicodeTranslateError_GetObject (C
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PyUnicodeTranslateError_GetReason (C
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PyUnicodeTranslateError_SetEnd (C func-
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PyUnicodeTranslateError_SetReason (c
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PyUnicodeTranslateError_SetStart (c
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PyVarObject_HEAD_INIT (C macro), 235
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PyVectorcall_Function (C function), 93
PyVectorcall_NARGS (C function), 93
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PyWeakref_CheckProxy (C function), 167
PyWeakref_CheckRef (C function), 167
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PyWeakref_GetObject (C function), 167
PyWeakref_NewProxy (C function), 167
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PyWideStringList_Append (C function), 202
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PyWideStringList.items (C member), 202
PyWideStringList.length (C member), 202
PyWrapper_New (C function), 164

Q

qualified name (&84 o] &), 293

R

realloc (C function), 223
reference count (ZX 34),293
regular package (B3 3 7] #]), 293
releasebufferproc (Ctype), 272
repr

built-in function, 250

SiE S s, 89
reprfunc (Ctype), 271
richcmpfunc (Ctype), 271

S

sdterr

stdin stdout, 183
search

path, module, 12, 182, 184
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sendfunc (C type), 272 USE_STACKCHECK (C Wl =2 &), 64
sequence
object, 122 V
sequence (A|F2), 293 variable annotation (H4 o]x | o]A), 295
set vectorcallfunc (Ctype), 92
), 149 version (in module sys), 185
set comprehension (3 AZ 2 A), 294 virtual environment (7H¥ 273), 295
set_all(),9 virtual machine (7} 71 A), 296
setattrfunc (Ctype), 271 visitproc (Ctype), 276
setattrofunc (Ctype), 271
setswitchinterval (in module sys), 187 X
SIGINT (C macro), 55, 56 “iE oA
signal _ _import_ ,68
module, 55, 56 abs, 97
single dispatch (A& Y29 X]), 294 divmod, 97
SIZE_MAX (CU|Z &), 117 float, 99
slice (£&}°]2), 294 int, 99
special len, 91,99, 101, 145, 148, 150
method (Uﬂ /\1 E_), 294 pow, 97, 98
special method (5 WA E), 294 repr, 89
ssizeargfunc (C type), 272 Sfej= o1 89
ssizeobjargproc (Ctype), 272 of 3, 89
statement (£7%), 294 A =pel 69
static type checker (& 3 AA}7]), 294 = = 100, 146
staticmethod sl4], 90
built-in function, 238 = 90
stderr (in module sys), 194 5 A =
stdin —|_||1x-“’ 146
stdout sdterr, 183 2|a =
stdin (in module sys), 194 M| 145
stdout D-“A-I =
sdterr, stdin, 183 W), 152
stdout (in module sys), 194 2sg
strerror (C function), 50 =, 156
strong reference (73F Z%), 294 g = of
sum_list (),9 PyObject_str (C 3<2), 89
sum_sequence (), 10, 11 Sfoje spo
Sys A, 124
module, 12, 182, 194 Stoj= o
SystemError (LHZO]' aﬂﬂ), 157 1";(1', 122
SiE w4, 89
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ternaryfunc (Ctype), 272 ()17 =a5322 2A42),103
text encoding (A12~E 9134),294 S 3 ols ol &
text file (H2E 319),294 (41 225322 2442),103
traverseproc (Ctype), 276 % =553 103
triple-quoted string (4% W% 9 24 =221 4
4), 294 hA, 121
type
object, 7 Y
type (%), 295 s =
type alias (3 o] delo]), 295 A, 142
type hint (3 21E), 295 S o4, 100, 146
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U ), 155
ULONG_MAX (C Wl 3 &), 117 S RPN
unaryfunc (C type), 272 __all_,68
universal newlines (UYWA= 3d7),295 T =2 & 106
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