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CHAPTER 1
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#define PY_SSIZE_T CLEAN
#include <Python.h>

oletsH 2 EEIAHE AFFEF=AS YU} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 181 <stdlib.h> (A& 753 29

Far: sholi e AR A|~HY] & oﬂtﬂ l FFE M A= AA7 e AT lonz 223 HE
o]ze T3] A 01] Python.h & ¢l
Python.h & AFFE3817] Aol /¢ PY_SSIZE_T_CLEAN & B3t 2S A3t o] ja = of T 3
A G AL 12 7 EA TS S RSN L

5

Pythonh® B E AL AL A ZNE = RE o252 (23H B2 3y = FoH AL A9))py B _py
2 A FsHE 0|82 AT 95Ut _p FEa o a1 e b A A
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B3 ABA ZEE Py EE _py 2 AR5 o] 252 AN L U o AL ok ARe Bas
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The header files are typically installed with Python. On Unix, these are located in the directories prefix/include/
pythonversion/ and exec_prefix/include/pythonversion/, where prefix and exec_prefix
are defined by the corresponding parameters to Python’s configure script and version is '%d.%d' % sys.
version_info[:2]. On Windows, the headers are installed in prefix/include, where prefix is the in-
stallation directory specified to the installer.

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

Co+ A8 AHE & 5] A/C API 7} C BHS AHg-3he] 395 9lol = 36 AT o] extern "c" 2 AP A
AAE ALTThe Gol Aok PUT. Crr 014 SHOWC AP & 1837 A3 ST 248 AL

m°" filo
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£2 o7]°) 395 o] AUtk ot

J&UtLh (A& S0 Py RETURN_NONE) U %] B dutA 9l § € 2 g
EEo| AA 552 obdrh

PyMODINIT FUNC

Ry}

Declare an extension module Py Init initialization function. The function return type is PyOb ject*. The macro
declares any special linkage declarations required by the platform, and for C++ declares the function as extern
n C n .

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

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

bi

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spam_module) ;

}

Py_ABS (X)
x o] AUt vHEh o}
WA 330 7}

Py ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to not inline the
function.

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

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

If Python is built in debug mode (if the Py_ DEBUG macro is defined), the Py ALWAYS_INLINE macro does
nothing.

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

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

WA 3,119 &7}
Py_CHARMASK (c)

AN A= FAF == [-128, 127] Y0, 255] AFo] o] g 4=of ok gt} o] Wi 2 2 += unsigned char & 7|4
g9 c &gy

Py_DEPRECATED (version)
5] A] (deprecated) A Aol AFE S A L. o] AR = A& o] F ol A& oF Futh
oA A :
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[Py_DEPRECATED(S.B) PyAPI_FUNC (int) Py_OldFunction (void) ;

WA 3.80) 4 WA MSVC A QS =734t}
Py_GETENV (s)

getenv (s ) 9 -,1-/\]—’6‘]—1] w-E 7t AWMER o2 AYH A (2, Py_IgnoreEnvironmentFlag 7}
Pl ;g Q ) NULL < B]—ﬂ-ﬁlq q_

Py_MAX (X,y)
x oy Abol o] H Uit ek eyt
B A 3.30] &7}
Py_MEMBER_SIZE (type, member)
(type) F+ZA) 9 member & T 7] & vlo]EE W3S T,
WA 3.600 F7}
Py_MIN (Xx,y)
x 9hy Aol o] 24 gre weah o,
W7 330 7%
Py_NO_INLINE

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

Usage:

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

WA 3119 7}
Py_STRINGIFY (x)
x & CEAGE ASFTh o & E0] Py _STRINGIFY (123) 2 "123" < ¥k&k3hth
B A 3.400 =7}
Py_UNREACHABLE ()
grHow ED‘%‘? e 2= B2 e B9l ol A2 E AL AL L. ol & S0, switch &9
A 7}Lzs} R E Zko]l case oA A= Aol default: B A& A5 YT assert (0)
X = abort () Al ARSI Al

de|z RuoA ol azs Audyrt ZEE HASetcd S0l HH 22T 5 gl A= g

AIE AT o & So], 0] a2 = B]_ R T oA GCCY bulltln_unreachable )=
A5y,

Py_UNREACHABLE () & % WH&hahA] QA ¥k _Py_NO_RETURN & A A SHA] g2 485 T3

AQYrh

P

S RS b o] RA W o] 9 A Q) 9ol EYT 5 Yt PG, o] AZE AG A 9H
Utk o & Sof, MR e R ESAG A 2T ol o4 WAS Wol b G WBAL ol 5F
Aol A el & Hishs Rlo] FHUTh EEACNA N E RN 5 Y& B Py Fatalirror()

SRS sk

B A 3.70] &7}
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Py_UNUSED (arg)
F5o uAbg Axto] Aol A e AnE FAGUTL oA int func(int a, int
Py_UNUSED (b)) { return a; }.
WA 340 F71.
PyDoc_STRVAR (name, Str)
SEETAN NG b B nane ol & o] £of WHE AP T el ol SAEY ol W= 5o
HE9 k& v dS A Y yth
PEP 7 ol 3AIE 214 E sho] H g S2E Qlo] W7 13 pypoc STRVAR & FAE ol AL43
Al /\],9_
=]

S A

-

l

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

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

}

L

PyDoc_STR (str)
Zo) 2 BA A U@ FAEYS YT Th SAE o] M B F o UL A W EASL A
.
PEP7 o] JAE AN Y S22 glo] ol A4S ET 4 YES SAEYS YA ) PyDoc_STR
< g L.

S A

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

14 AA, § 2213 Bz 395

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

BE sfo|x AA| = (3t A @*iiPL) @ (type) 3 = 315 (reference count) & 7FA] 3L QL5 Utk 249

e AA Y THE ARTUL. (15 S0l A, FAE, E AL B2 T4 5. types o 2712 o
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The reference count is important because today’s computers have a finite (and often severely limited) memory size; it
counts how many different places there are that have a strong reference to an object. Such a place could be another object,
or a global (or static) C variable, or a local variable in some C function. When the last strong reference to an object is
released (i.e. its reference count becomes zero), the object is deallocated. If it contains references to other objects, those
references are released. Those other objects may be deallocated in turn, if there are no more references to them, and so
on. (There’s an obvious problem with objects that reference each other here; for now, the solution is “don’t do that.”)

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

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

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

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

e

2 R 3A

ol

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.

M2 5E ol Al B §2 2 U W T4 b5 A0l A5tk 5t AN e B2 8
FASE, 204 2 S5 A5 U F2E EAE AL §ool H2E A2T W AP 4t AL
F2E LRI ARLE o3 YL AA FEohE AL AT

8 Chapter 1. 7))



The Python/C API, ¥ 2]~ 3.11.8

228 A% F4L A9 gt 2V SAR 9L pyist_setTtem()
X 7

PyTuple_setItem() YUk o] £AX B4t bl e 22 FAUCHE, 848 22 Ty
oo ga 42t FAA HUTh). o F4EL AR BEo AAER FEo| 1} A AEE Aot
QubA ol B W R o F2E FANES AAYAS UL 8 Sof, FES WEL IE (1, 2, "three")
e 22 S AFUh (A ol g APt defm el gA L. B F2 W OR 295 Y-S ofeho]
et gy k)

PyObject *t;

t = PyTuple_New

(3)7
PyTuple_SetItem(

(

(

3

t, 0, PyLong_FromLong(1L));

t, 1, PyLong_FromLong(2L));

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

PyTuple_SetItem
PyTuple_SetItem

ol 71X PyTuple SetItem() + PyLong FromLong () 7} HFE&el A2 E ZnlE2 & HJFJ- A A

2 of off gt

A2 EAAE AL AAE M E AR E FAE= T4 E 23] Aol py_INCREF () & THE FRE
7?%1 LEH AR IAAAL

17

RO A, pyTuple_setreen() & REO 48 Y& #U2 PUAUG FEL 2H 42
IIHﬁ—Oil PySequence_SetItem() I PyObject_SetItem() © HFZo 84 t}
PyTuple_SetItem() & AF W5 Y& FZoll v AREF of of Fth.

HAEEANQE S Y YuY I pyList New() S PylList _SetItem() S AHR3] WS 4 95U Th
SHARE AAZE o] FA {FE EE HAEE WA A BrE BT diEd AR ES 4 AL
(format string) 2 A A &= C o2 HE Tr5ojd = Q= AW 8 sk Py_Buildvalue () 7F A

= T

So], 9]0 T B2 MCE The mE g A 4 5L T l= A= A= guh)

PyObject *tuple, *list;

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

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

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

Py_ssize_t i, n;

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

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

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

return 0O;
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long

sum_list (PyObject *1list)

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

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

return total;

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

(H& sl o] Al ol Al )

10 Chapter 1. 7))




The Python/C API, ¥ 2]~ 3.11.8

(o1 s o] A ol A A <)
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

142 ¥

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

type Py_ssize_t
Fart of the Stable 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
thee e oule] 39 C mEYyoh:
int

incr_item(PyObject *dict, PyObject *key)

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

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

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

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

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

rv = 0; /* Success */

/* Continue with cleanup code */

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

(H& sl o] Al ol Al )
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(o] A H o] A | A AL
return rv; /* -1 for error, 0 for success */

}
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Py Initialize () doesnotsetthe “scriptargumentlist” (sys.argv). If this variable is needed by Python code that
will be executed later, setting PyConfig.argvand PyConfig.parse_argv mustbe set: see Python Initialization
Configuration.
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A full list of the various types of debugging builds is in the file Misc/SpecialBuilds.txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-level
profiling of the main interpreter loop. Only the most frequently used builds will be described in the remainder of this
section.

Py_DEBUG

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

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

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

AA 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 ev-
ery 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, such as _Py_InternalState, are private API that can change without notice even
in patch releases.

2.1 A & =2 npolg] gEH o)A

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

2.1.1 Limited C API

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

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

Define Py_LIMITED_APT to the value of PY_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.

15
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You can also define Py_LIMITED_APTI to 3. This works the same as 0x03020000 (Python 3.2, the version
that introduced Limited API).

2.1.2 Stable ABI

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

The Stable ABI contains symbols exposed in the Limited API, but also other ones — for example, functions necessary to
support older versions of the Limited 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 abi3 tag (e.g. mymodule.
abi3.so). It does not check if such extensions conform to a Stable ABI. The user (or their packaging tools) need to
ensure that, for example, extensions built with the 3.10+ Limited API are not installed for lower versions of Python.

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

2.1.3 Limited API Scope and Performance

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

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

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

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

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

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

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

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

2.2 Platform Considerations

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

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

2.3 Contents of Limited API

Currently, the Limited API includes the following items:

PyAIter Check ()

PyArg_Parse ()

PyArg ParseTuple ()

PyArg_ ParseTupleAndKeywords ()

PyArg_UnpackTuple ()

PyArg VaParse ()

PyArg VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyBuffer FillContiguousStrides ()

PyBuffer FillInfo()

PyBuffer FromContiguous ()

PyBuffer_ GetPointer ()

PyBuffer IsContiguous ()

PyBuffer_ Release()

PyBuffer SizeFromFormat ()

PyBuffer_ ToContiguous ()

PyByteArraylIter_Type

PyByteArray AsString/()

2.2. Platform Considerations 17
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PyByteArray_Concat ()

PyByteArray_ FromObject ()

PyByteArray FromStringAndSize ()

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

PyBytes_FromString ()

PyBytes_FromStringAndSize ()

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

PyCapsule GetDestructor ()

18
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e PyCapsule_GetName ()

e PyCapsule_GetPointer ()

* PyCapsule_Import ()

e PyCapsule_IsValid()

e PyCapsule_New ()

* PyCapsule_SetContext ()

* PyCapsule_SetDestructor ()

e PyCapsule_SetName ()

e PyCapsule_SetPointer ()

* PyCapsule_Type

* PyClassMethodDescr_Type

e PyCodec_BackslashReplaceErrors ()
e PyCodec_Decode ()

* PyCodec_Decoder ()

e PyCodec_Encode ()

e PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

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

* PyCodec_LookupError ()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register ()

* PyCodec_RegisterError()

* PyCodec_ReplaceErrors ()

e PyCodec_StreamReader ()

e PyCodec_StreamWriter ()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

* PyCodec_XMLCharRefReplaceErrors ()
* PyComplex_FromDoubles ()

* PyComplex_ImagAsDouble ()

e PyComplex_RealAsDouble ()

* PyComplex_Type

* PyDescr_NewClassMethod ()

* PyDescr_NewGetSet ()

2.3. Contents of Limited API 19
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PyDescr_NewMember ()
PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem Type

PyDictRevIterKey_Type

PyDictRevIterValue_Type

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

PyDict_GetItemString()

PyDict_GetItemWithError ()

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

PyErr BadArgument ()

20
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e PyErr BadInternalCall ()

* PyErr CheckSignals ()

* PyErr Clear()

* PyErr_Display ()

* PyErr ExceptionMatches ()

e PyErr Fetch()

* PyErr Format ()

* PyErr_FormatV ()

* PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GivenExceptionMatches ()

* PyErr NewException ()

* PyErr NewExceptionWithDoc ()

* PyErr NoMemory ()

e PyErr NormalizeException ()

e PyErr Occurred/()

e PyErr Print ()

* PyErr PrintEx()

e PyErr_ProgramText ()

* PyErr ResourceWarning ()

* PyErr Restore()

* PyErr SetExcFromWindowsErr ()

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

* PyErr SetFromErrno ()

* PyErr SetFromErrnoWithFilename ()

* PyErr SetFromErrnoWithFilenameObject ()
* PyErr SetFromErrnoWithFilenameObjects ()
e PyErr SetFromWindowsSErr ()

* PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

* PyErr SetImportErrorSubclass ()

* PyErr SetInterrupt ()
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* PyErr_SetInterruptEx()
* PyErr SetNone ()

* PyErr SetObject ()

e PyErr SetString()

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

* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable ()
e PyEval_AcquireLock ()

e PyEval_AcquireThread()
e PyEval_CallFunction ()

e PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()
* PyEval_ EvalCode ()

* PyEval_FEvalCodeEx ()

* PyEval_ EvalFrame ()

e PyEval_FEvalFrameEx ()

* PyEval_ GetBuiltins()

* PyEval GetFrame ()

* PyEval_GetFuncDesc ()

* PyEval_GetFuncName ()

* PyEval_ GetGlobals ()

* PyEval_ GetLocals ()

e PyEval_InitThreads ()

* PyEval ReleaseLock ()

* PyEval ReleaseThread()
* PyEval_RestoreThread()
* PyEval_SaveThread()

¢ PyEval ThreadsInitialized()
* PyExc_ArithmeticError

e PyExc_AssertionError

e PyExc_AttributeError

* PyExc_BaseException

* PyExc_BaseExceptionGroup
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e PyExc_BlockingIOError

* PyExc_BrokenPipeError

e PyExc_BufferError

* PyExc_BytesWarning

* PyExc_ChildProcessError

* PyExc_ConnectionAbortedError
* PyExc_ConnectionError

e PyExc_ConnectionRefusedError
* PyExc_ConnectionResetError
* PyExc_DeprecationWarning
e PyExc_EOFError

* PyExc_EncodingWarning

* PyExc_EnvironmentError

* PyExc_Exception

e PyExc_FileExistsError

* PyExc_FileNotFoundError

* PyExc_FloatingPointError
* PyExc_FutureWarning

e PyExc_GeneratorExit

e PyExc_IOError

e PyExc_TImportError

e PyExc_ImportWarning

* PyExc_IndentationError

e PyExc_IndexError

e PyExc_InterruptedError

e PyExc_TIsADirectoryError

¢ PyExc_KeyError

e PyExc_KeyboardInterrupt

¢ PyExc_LookupError

¢ PyExc_MemoryError

¢ PyExc_ModuleNotFoundError
¢ PyExc_NameError

e PyExc_NotADirectoryError
* PyExc_NotImplementedError
e PyExc_OSError

e PyExc_OverflowError
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PyExc_PendingDeprecationWarning

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

PyFile_ FromFd/()
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e PyFile GetLine()

s PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_ Type

e PyFloat_AsDouble ()

e PyFloat_FromDouble ()

e PyFloat_FromString /()

e PyFloat_GetInfo/()

e PyFloat_GetMax ()

e PyFloat_GetMin ()

* PyFloat_Type

* PyFrameObject

* PyFrame_GetCode ()

* PyFrame_GetLineNumber ()

* PyFrozenSet_New ()

* PyFrozenSet_Type

* PyGC_Collect ()

* PyGC_Disable ()

* PyGC_Enable ()

* PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState_GetThisThreadState ()
e PyGILState_Release()

e PyGILState_STATE

* PyGetSetDef

* PyGetSetDescr_Type

e PyImport_AddModule ()

* PyImport_AddModuleObject ()
e PyImport_AppendInittab ()

* PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()
* PyImport_ExecCodeModuleObject ()
e PyImport_ExecCodeModuleWithPathnames ()
e PyImport_GetImporter ()

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTaqg ()
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PyImport_GetModule ()
PyImport_GetModuleDict ()
PyImport_Import ()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule ()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport__ImportModuleNoBlock ()
PyImport_ReloadModule ()
PyIndex_Check ()
PyInterpreterState
PyInterpreterState_Clear ()
PyInterpreterState_Delete ()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New ()
PyIter_Check ()

PyIter_Next ()

PyIter_Send()

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

PyList_New()

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

PyList_Sort ()

PyList_Type

PyLongObject

26
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e PyLongRangeIter_Type

e PyLong_AsDouble ()

* PyLong_AsLong()

* PyLong AsLongAndOverflow ()
e PyLong_AsLongLong ()

* PyLong_ AsLongLongAndOverflow ()
* PyLong_AsSize_ t ()

* PyLong_AsSsize_t ()

* PyLong_ AsUnsignedLong ()

* PyLong AsUnsignedLongLong ()
* PyLong_AsUnsignedLongLongMask ()
e PyLong _AsUnsignedLongMask ()
* PyLong_AsVoidPtr ()

* PyLong_ FromDouble ()

* PyLong_FromLong()

* PyLong_FromLongLong ()

* PyLong FromSize_ t ()

e PyLong_FromSsize_ t ()

e PyLong_FromString/()

* PyLong_ FromUnsignedLong ()

* PyLong FromUnsignedLongLong ()
e PyLong_FromVoidPtr ()

e PyLong_GetInfo ()

e PyLong_ Type

e PyMap_Type

* PyMapping_ Check ()

* PyMapping_GetItemString()

* PyMapping_HasKey ()

* PyMapping HasKeyString()

* PyMapping_Items ()

¢ PyMapping_Keys ()

* PyMapping_Length ()

* PyMapping SetItemString/()

* PyMapping _Size ()

* PyMapping_Values ()

* PyMem Calloc /()
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PyMem Free /()
PyMem_Malloc ()

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

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

PyModule_Type
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e PyNumber_ Absolute ()

* PyNumber_Add ()

* PyNumber_And ()

e PyNumber_ AsSsize_t ()

e PyNumber_Check ()

* PyNumber_Divmod ()

* PyNumber_ Float ()

e PyNumber_ FloorDivide ()

* PyNumber_InPlaceAdd/()

* PyNumber_InPlaceAnd/()

e PyNumber_ InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

* PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()
e PyNumber_InPlaceOr ()

e PyNumber_InPlacePower ()

¢ PyNumber_InPlaceRemainder ()
* PyNumber_InPlaceRshift ()

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

* PyNumber_Index ()

e PyNumber_Invert ()

* PyNumber_Long ()

* PyNumber_Lshift ()

e PyNumber MatrixMultiply ()

e PyNumber_Multiply ()

* PyNumber_Negative ()

* PyNumber_Or ()

* PyNumber_Positive ()

* PyNumber_Power ()

e PyNumber_Remainder ()

e PyNumber_ Rshift ()

e PyNumber_Subtract ()

* PyNumber_ToBase ()

e PyNumber_ TrueDivide ()

2.3. Contents of Limited API 29



The Python/C API, ¥2]~3.11.8

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

PyObject_AsCharBuffer()

PyObject_AsFileDescriptor ()

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

PyObject_CallFunction ()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()

PyObject_CallMethodObjArgs ()

PyObject_CallNoArgs ()

PyObject_CallObject ()
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PyObject_Calloc ()
PyObject_CheckBuffer ()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem/()
PyObject_DelltemString()
PyObject_Dir ()
PyObject_Format ()
PyObject_Free ()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC _UnTrack ()
PyObject_GenericGetAttr ()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString/()
PyObject_GetBuffer ()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()
PyObject_HasAttrString()

PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar()
PyObject_IsInstance()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()

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

PySequence_SetSlice ()
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* PySequence_Size ()

e PySequence_Tuple ()

e PySetIter_Type

e PySet_Add()

e PySet_Clear()

e PySet_Contains ()

e PySet_Discard()

e PySet_New()

e PySet_Pop ()

* PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices ()

e PySlice_GetIndicesEx()

* PySlice_New/()

e PySlice_ Type

s PySlice_Unpack/()

* PyState_AddModule ()

e PyState_FindModule ()

* PyState_RemoveModule ()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
* PyStructSequence_New ()

e PyStructSequence_NewType ()
* PyStructSequence_SetItem()
* PyStructSequence_UnnamedField
* PySuper_Type

* PySys_AddWarnOption ()

* PySys_AddWarnOptionUnicode ()
* PySys_AddXOption ()

* PySys_FormatStderr ()

e PySys_FormatStdout ()

* PySys_GetObject ()

s PySys_GetXOptions ()

* PySys_HasWarnOptions ()
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PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArgvEx ()
PySys_SetObject ()
PySys_SetPath ()
PySys_WriteStderr ()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear ()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID ()
PyThreadState_GetInterpreter ()
PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo ()

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

PyThread_set_stacksize ()
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e PyThread_start_new_thread()
e PyThread_tss_alloc()

* PyThread_tss_create ()

* PyThread_ tss_delete()

e PyThread_tss_free/()

e PyThread_tss_get ()

e PyThread tss_1is_created()
* PyThread_tss_set ()

e PyTraceBack_Here ()

e PyTraceBack_Print ()

* PyTraceBack_Type

e PyTuplelIter_Type

e PyTuple_GetItem()

e PyTuple_GetSlice ()

e PyTuple_New/()

* PyTuple_Pack ()

* PyTuple_SetItem()

s PyTuple_Size /()

* PyTuple_ Type

e PyTypeObject

e PyType ClearCache ()

* PyType_FromModuleAndSpec ()
e PyType_FromSpec()

* PyType_ FromSpecWithBases ()
e PyType_GenericAlloc ()

e PyType_GenericNew ()

e PyType_GetFlags ()

* PyType_GetModule ()

* PyType_GetModuleState ()

* PyType_GetName ()

s PyType_GetQualName ()

* PyType_GetSlot ()

* PyType_IsSubtype ()

e PyType_ Modified()

* PyType_Ready ()

* PyType_Slot
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PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create ()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError._GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd ()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError._SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_ AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()

PyUnicode_AsEncodedUnicode ()
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e PyUnicode_AsLatinlString/()

e PyUnicode_AsMBCSString()

* PyUnicode_AsRawUnicodeEscapeString ()
e PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

e PyUnicode_AsUTF16String()

* PyUnicode_AsUTF32String()

* PyUnicode AsUTF8AndSize ()

e PyUnicode_AsUTF8String()

e PyUnicode_AsUnicodeEscapeString()
e PyUnicode_AsWideChar ()

e PyUnicode_AsWideCharString ()

* PyUnicode_BuildEncodingMap ()

e PyUnicode_Compare ()

* PyUnicode_CompareWithASCIIString()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

* PyUnicode_Count ()

e PyUnicode_Decode ()

* PyUnicode_DecodeASCII ()

* PyUnicode_DecodeCharmap ()

* PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

* PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale ()

e PyUnicode_DecodeLocaleAndSize ()

* PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()

e PyUnicode_DecodeRawUnicodeEscape ()
* PyUnicode_DecodeUTF16 ()

e PyUnicode_DecodeUTFlé6Stateful ()

e PyUnicode_DecodeUTF32 ()

e PyUnicode_DecodeUTF32Stateful ()

e PyUnicode_DecodeUTFE7 ()

e PyUnicode_DecodeUTF7Stateful ()
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PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_FEncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_ FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize ()
PyUnicode_InternFromString/()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier ()
PyUnicode_Join ()
PyUnicode_Partition ()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()

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

e PyUnicode_WriteChar ()
s PyVarObject

* PyVarObject.ob_base

* PyVarObject.ob_size

* PyWeakReference

* PyWeakref_ GetObject ()
* PyWeakref NewProxy ()

e PyWeakref NewRef ()

e PyWrapperDescr_Type

* PyWrapper_New ()

e PyZip_Type

e Py _AddPendingCall ()

e Py _AtExit ()

e Py BEGIN_ALLOW_THREADS
e Py BLOCK_THREADS

* Py BuildValue ()

e Py _BytesMain ()

* Py CompileString()

* Py _DecRef ()

* Py _DecodeLocale ()

e Py END ALLOW_THREADS

e Py EncodeLocale ()

e Py EndInterpreter()

e Py _EnterRecursiveCall ()
e Py Exit ()

e Py FatalError()

e Py FileSystemDefaultEncodeErrors
e Py FileSystemDefaultEncoding
e Py Finalize()

* Py FinalizeEx()

* Py GenericAlias ()

* Py GenericAliasType
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Py_GetBuildInfo ()

Py _GetCompiler ()

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

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

Py_GetVersion ()

Py_HasFileSystemDefaultEncoding

Py IncRef ()

Py Initialize()

Py InitializeEx()
Py_Is()

Py IsFalse()
Py_IsInitialized()
Py_IsNone ()
Py_IsTrue()
Py_LeaveRecursiveCall ()
Py_Main()
Py_MakePendingCalls ()
Py _NewInterpreter ()
Py_NewRef ()
Py_ReprEnter ()
Py_ReprLeave ()
Py_SetPath ()
Py_SetProgramName ()
Py SetPythonHome ()
Py_SetRecursionLimit ()
Py UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode

Py_VaBuildValue ()
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* Py Version

* Py XNewRef ()
* Py buffer

* Py_intptr_t

* Py ssize_t

e Py_uintptr_t
* allocfunc

* binaryfunc

e descrgetfunc
* descrsetfunc
* destructor

e getattrfunc

* getattrofunc
e getiterfunc

* getter

* hashfunc

e initproc

* inquiry

e iternextfunc
* lenfunc

* newfunc

* objobjargproc
* objobjproc

* reprfunc

e richcmpfunc

* setattrfunc

* setattrofunc
* setter

* ssizeargfunc
* ssizeobjargproc
* ssizessizeargfunc
* ssizessizeobjargproc
e symtable

* ternaryfunc

* traverseproc

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

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

int Py_Madin (int argc, wchar_t **argv)

Part of the Stable ABl. & AE Z2]E Q] W =273, o]AL go|HE UAst= =2 138 235
B E . arge}argy Wl 7] W C 22 main () F50] ALH £ A% Aos] AAHES £
ok T8 A % Aol o] webar (2 W H U T, A4 B % o] <48 & 9800 9 5oF
FchEA T AR B2 o] Fe)7l BAL Y& $4H A gaUh. ez e} ZaAHo R
S, o9 glol) TEHYE W 20, A2 el A Z Bt FEHY 1, i) Wi FFo] A3

Stol 4 W% &€ Lhehh Al 0w 27 ek
2 285 A L systemExit 7} WAYSIE, o] 4= by InspectFlagZt AAF O YA G318
WHEHelA] F Al B A AE SR T Fo s Al L.

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. Py_Main () 3 S AFSFA] 2t argve= BFo] E X1 9] v & Yt}
W 3.8 7}

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

ob& PyRun_AnyFileExFlags () & ©<=3td Qg o]~ YTt closeit-S 02 2 flags= NULLZE A
A AR 2 G AT Uh
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int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
o}l PyRun_AnyFileExFlags () 2] ©<=3tE A g o] A YtTh o] AL closeit AAE 002 HAH
ez g AF o

int PyRun_AnyFileEx (FILE *{p, const char *filename, int closeit)
olel PyRun_AnyFileExFlags () 9 ©@std AEFH o2 dUth o] A2 flags AAHE NULLE A4 9
FHE EAFU

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
If fp refers to a file associated with an interactive device (console or terminal input or Unix pseudo-terminal), re-
turn the value of PyRun_InteractiveLoop (), otherwise return the result of PyRun_SimpleFile ().
filename is decoded from the filesystem encoding (sys.getfilesystemencoding()). If filename

is NULL, this function uses "?27?27?" as the filename. If closeit is true, the file is closed before
PyRun_SimpleFileExFlags () returns.

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

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
flags Q1 Aol e} _ _main_ EEOIA commandoﬂ J= glo|H A I E A3 YL) _main_
o] TAsHA ¢fo™ WUtk AEstE 02, o9 7P S EkE -1 uksetU Ty ol el 7 9o, of 9
FEE 42 ol JlF YT flags?] o n|= ol £ %‘iﬁ}“ Al
A 2l5 A ¢F-& systemExit 7} WASHH, o] F= Py _InspectFlagZb AR FH o] QA ¢4& 3 -15
N RS EL P PR L SRS

int PyRun_SimpleFile (FILE *fp, const char *filename)
ob#] PyRun_SimplerileExFlags () & ©@<=3ld A g F o] A~ AU T} closeits 02 2, flagsS NULLE
AAE AU FAFY

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob# PyRun_SimpleFileExFlags () & ©<=3}H AE o]~ d Yt} flagss NULLE A A H A=
G AEUT

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

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

Ha: AESolA, fpis ol e] BE2 Golof Fth (18 S fopen(filename, "rb")). 1
S e, oL L SR L AS s e S AR A B & Aauth

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

obell PyRun_InteractiveOneFlags () & ©<stE QA EH o] A2 YUt flagsS NULLE A H 4]
2 I AFYTH

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

Read and execute a single statement from a file associated with an interactive device according to the flags argument.
The user will be prompted using sys.ps1 and sys.ps?2. filename is decoded from the filesystem encoding and
error handler.

9o 4B 0% AYL w08, 497 O W 1 L FE 24 o2 dod shojais] Yn

Wl Z 5 errcode.h AIZF T 3l Q= o = (errcode.h¥ Python.hof A]
ANFF =38R g7 'IH“"Oﬂ ReRoR%] '—E.Baﬂ"'ﬂ AFF =3l of ol Fo Al L.
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int PyRun_InteractiveLoop (FILE *fp, const char *filename)
ole) PyRun_InteractiveLoopFlags () 9 ©@<stE A H o] AdUt). flagss NULLE A HH 4
Bz JdAFYoh

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
Read and execute statements from a file associated with an interactive device until EOF is reached. The user will

be prompted using sys .ps1 and sys.ps2. filename is decoded from the filesystem encoding and error handler.
Returns 0 at EOF or a negative number upon failure.

int (*PyOS_InputHook)(void)
Part of the Stable ABl. ZZ EE}¢] int func (void) ¢ 45 787|125 AA S 4~ 9
= ool Mol e el e 2R x el 5 AL E 2 60 ol A A8} Q12 Athe] e
Futh & 2 FAFUTE o] F& AR sk A2 FpolH &2 I =9 Modules/_tkinter.c
oA 2 AN D e e Ee] 2EZEE 2 o ME Fuoh BoHe o] A8 4 A ULk

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char¥*)
ZZEES] char *func(FILE *stdin, FILE *stdout, char *prompt) ¢l &+E 78] 7]
= AAste], JdHz o 252 EqA T d JH E5 Y= Ul AHEEH = 71 FE A Y
A5y th o] = NuLLo] ok EAE promprs S 43 vk AlFH £F 4 atdolA o
ol A3 g v Aol 7l Utk ol & S°], readline EEL o] T A
AR5 44 75 S ATk
A= PyMem RawMalloc () ©]WU PyMem_RawRealloc () 2.2 T FH EAF o] Ay, of 2] 7} A3 3

S ™ NULLo] o] oF Fu ).

WA 34904 HA: AFE PyMem Malloc ()oY PyMem Realloc ()l & 3stE& T Al
PyMem_RawMalloc () °]W PyMem RawRealloc () 2.2 &3] of gt}

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *1ocals)
Return value: New reference. ©}l PyRun_StringFlags ()2 ©<3tH A g HolA2d Yt} o 2L flags
ENULLE A" AHZ dAF YT
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals, PyCompilerFlags
*flags)

A XE oA stro| A sho] W A2 FEE AP YT globals= © A1 g o] o] oF I t}. locals= v 53
Z2EZL TA}E RE AN D ¢ A5UTh WA BF sans A2 TEE FE BAFE A
8 of k= Al F B2 S A A YT
=8 AT ATHE vhol A AN 2 Bt AL, o) 9] 7 g 58 NULLE wkegh o),

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

Return value: New reference. ©}& PyRun_FileExFlags ()2 ©<3tH Qg F o]~ Y YTt closeitS 0
O 2, flagsE NULLZE AAH el 2 FAF YT

Return value: New reference. flagsZ A A H AL # Ze| 15 AFR5HA globals¥} locals AR 2 A A H
= 2
o

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *1ocals, int closeit)
Return value: New reference. ©}# PyRun_FileExFlags ()2 ©<3td Qe H o] 2~ Yt} flagsE NULL
= 438 A= dAFITh

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

PyCompilerFlags *flags)
Return value: New reference. ©}& PyRun_FileExFlags ()2 ©@<3tH QEFH o] 2P YTh coseitS 0
o2 ARBY AHE FAFYH

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

closeit, PyCompilerFlags *flags)

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

PyObject *Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. Part of the Stable ABL. ©}#] Py_CompileStringFlags () 2 w39 <l
s o]~ ] U th flagsE NULLE AFH Gl = FAF U

PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
Return value: New reference. ©}#| Py CompileStringExFlags () 9 ©@<3td Qg d o]y}
optimizes -12 AR H JE 2 §-X .

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

optimize)

Return value: New reference. Parse and compile the Python source code in str, returning the resulting code object.
The start token is given by start; this can be used to constrain the code which can be compiled and should be
Py_eval_input, Py_file input,or Py_single_input. The filename specified by filename is used

to construct the code object and may appear in tracebacks or SyntaxError exception messages. This returns
NULL if the code cannot be parsed or compiled.

5 optimize’= ALY AA % £2E AT -1 e -0 FHOE Fo A AN Y Az
o HAs} S AW A £E2 0(F A3} a5 __debug_ 7F ), 1 (eIA o] Al A 1L
__debug__ 7t AR) EE 2 (F2EHEAAFG Y dYth
HZ 340 F7}

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

int optimize)
Return value: New reference. Like Py_CompileStringObject (),but filename is a byte string decoded from
the filesystem encoding and error handler.
HZA 320 F7}
PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)

Return value: New reference. Part of the Stable ABL. 0] A& T = A2} A M4
PyEval_EvalCodeEx ()2 ©<StE QEH o] A~d Yt tfE A A= NULLE A

H,

Ao W g
Bk
PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args, int
argcount, PyObject *const ¥*kws, int kwcount, PyObject *const *defs, int
defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. Part of the Stable ABL. 01 712 93t EA 314 oA, v]g] A9ddE =
AAE B7FgUTh o] &4 2 A M g e], Ao Mo vy AA|, Ak wi g, 719 =
7185 71 = A8 Ak 712 "M v 2 Ao 224 REE FAE YT
PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value: New reference. Part of the Stable ABI. A3 =& & 7} t} o) d v 334 S
3%}, PyEval EvalFrameEx ()2 @<3tH Qe H o]~ gt

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

’

o A

o

duch A3 =z &} AAE Z= AAZFAFF Ut 2

ARG %7t drowflag WA A5E AL FAT 5 9
gk A @l ol AA 9] throw () WA= o] A2 UL},
WA 34004 |7 o] s o)Al A ol E 283 WA FUEA FlotEF =92
SEREEL TR

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
ol e A Bt zd e SIS APt ATt e, Aot AXS T
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int Py_eval_input
A28 BAAL 918 shol A £ A 755 Py _Compilestring ()7 87 A& FU T
int Py_file_input
Shel o1} ThE 20 A ¢
A AL UL Qo2 7 solm 4
int Py_single_input
S FFS AT spold R A #7155 Py CompileString ()3 @A AR Th thah4] A H
22 o] AL8H = 7YYk
struct PyCompilerFlags
AL Askde FAIE Gt vl AgHE TRAYU TEA 45D AW e A9 ine
flagsi AGE 3, =7 3T = A9 PyCompilerFlags *flagsZ AEH Yt} o] A%, from
__future__ import+ flagse —.—751@' 4+ IS5yt
Whenever PyCompilerFlags *flagsis NULL, cf_flags is treated as equal to 0, and any modification
dueto from _ future_  import is discarded.
intcf_flags
Astd e S92
int cf_feature_version

of _feature_version-> F- to] W ¥ A Y YT} PY_MINOR_VERSIONS & % 7| 3}5] o] oF gt}
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flagissetin cf_flags.
WA 3.8 MA: of_feature_version BE=E F7FA 5 U T

int CO_FUTURE_DIVISION
flagsol A o] M| EE A A 3tH PEP 2389 el U7] AAk2L /€ “A 4 U 7] (true division)” 2 3 A] =
T2 3tk
= B9
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void Py_ INCREF (PyObject *0)

Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.

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

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

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

PyObject *Py_NewRef (PyObject *0)

Part of the Stable ABI since version 3.10. Create a new strong reference to an object: call Py INCREF () on o
and return the object o.

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

For example:

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

can be written as:

[self—>attr = Py_NewRef (obj) ;

49
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See also Py TNCREF ().
H A 3.109 F7}

PyObject *Py_XNewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. Similar to Py_NewRef (), but the object o can be NULL.

If the object o is NULL, the function just returns NULL.
WA 3.109 =7}
void Py_DECREF (PyObject *0)

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

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

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

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

7 31: The deallocation function can cause arbitrary Python code to be invoked (e.g. when a class instance with
a__del__ () method is deallocated). While exceptions in such code are not propagated, the executed code
has free access to all Python global variables. This means that any object that is reachable from a global variable
should be in a consistent state before Py DECREF () is invoked. For example, code to delete an object from
a list should copy a reference to the deleted object in a temporary variable, update the list data structure, and
then call Py_DECREF () for the temporary variable.

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

void Py_CLEAR (PyObject *0)
Release a strong reference for object o. The object may be NULL, in which case the macro has no effect; otherwise
the effect is the same as for Py_DECREF (), except that the argument is also set to NULL. The warning for

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

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

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

0% B4y Maze dHzoE RoldAW A&T 4 AwUt: _py pealloc),
_Py_ForgetReference (),_Py_NewReference () ¥ AY M4 Py _RefTotal.

T

Nt
BN
=
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CHAPTER D

ofl 2] A 2]

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).

TFAARSR, o] FAIZ]& Al 7HA AA 2AE 2 AP Ut o] &, o9 3t 2 Ed o] A o] gl
JQHCS”ﬂﬂﬂ%ﬁﬁNMLﬂ%¢&VwﬁﬂﬂﬂJ“HZﬁ%lﬂﬂﬂﬂﬁﬂq =
3 o] NULLo] W NULL©] o} Ed o] AW S 717 4= gl ).

528 U3 Bt ddtel Dok Aok, Auslow ol 78 Et
Gk ol ] AR el A2l 8w 98 A5 A W R E e n¢hd A2 B AR
Weh g Aol e % e o & Aol Ysitk; o2l & A2 @ 7S A gere ) A0 A8 A
Qoo Fuick. o H 2 Q18] WEsE, TEANA ol el 7t HAH G L Felt Aol FLFU S
H 2314 AL A5 57 HFSEA) SO |, shol /C APIY] the 7k BEo] o =@ h = A58 o 4

gov &5 gt o R A 4 g,

(

#31: ol # EA7) & sys.exc_info () ¢ A7k obduith At ok ZAE A ¢k (meba] o A3 Azt
Z Q) oS0l Pt e, FAs 49 F (@b A F0E) o9 S nagy

5.1 A} #]-%-7]

void PyErr_Clear ()
Part of the Stable ABL ol 2] A 7] & A3 Ut g A 7]7F A= of A dod a7 syt
void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABl. & E o]~ & sys.stderrE QI23l1 o8] BAI 7] & ] Ut o7t
SystemExit 7} o} 8F o] Aol Eo]Aamlo] QI E X 911 ulo] M L FE M AL SystemExit
AAE 2o o3| A QA o8 ZE=2 FEHUTH
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o2 EA 77k A Aol o] §E TEFAUA L, 1A ow N E A o2l b BAT
Yok
set_sys_last_vars7}00°] o}U ™, M4 sys.last_type, sys.last_value ¥ sys.last_traceback
BESRPEIEE RN R EE EE =

void PyErr_ Print ()
Part of the Stable ABI. PyErr_PrintEx (1) %] ¥

(

],

O

void PyErr_WriteUnraisable (PyObject *obj)
Part of the Stable ABL. & A|| o] 2] &} obj QA A}FE AF83}9] sys.unraisablehook () & T &3}
This utility function prints a warning message to sys . stderr when an exception has been set but it is impos-

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

o] Pt AN S Gt 9t AT BWS Aas

= reprol 77 vl A 7o) A k.
ol e Tl S AAH ] Jofor Tt

a9

G ARt obiE TEF Ut 71534, oby

rlr

5.2 of & WY A 7]7]

rr

ol S A 2d =9 o2 A VIE AR S Hl =wol Utk A E A6, ol T T AR

F return FolA AHEE NULL ZAH E WY o

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

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL ©] ¥+ PyErr_SetString () frAFstA| Tk, o 9 & “gk7of ts)] ¢ 2] 2 5ol
A AR AR5 A5

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABI. o] 3+ ‘C ol 2] ZA| 7| & A A 31 NULL-S ¥ksksh o}
exception-> 30| 41 | & Se| 0] of Utk formary}k F-5 Wi 7] W= ol 2] WAIAE 2= ol B
o] Ut}; PyUnicode FromFormat () o A9} 242 o n| o} k2 2E5 U th formar2 ASCIL 212G H
Ayt

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

void PyErr_SetNone (PyObject *type)
Part of the Stable ABI. 0] 21 PyErr_SetObject (type, Py_None)d & A Ytk

H

int PyErr_BadArgument ()

=

Part of the Stable ABL. ©] A2 PyErr_SetString (PyExc_TypeError, message)fl] 29 x2ddY
Q
o

o}, o714 message= E5E AAZ WG ditol 225 =2 UEbdY T R 2 WE S99y }.
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PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL. ©] 212 PyErr_SetNone (PyExc_MemoryError)
o ¢ dYYT; NULLES WEAA A TG F5 = W27 F5T 0 return
PyErr_NoMemory () ; 2t1l & 4 95 Urth

PyObject *PyErr_SetFromErrno (PyObject *type)

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

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)

Return value: Always NULL. Part of the Stable ABI. 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 £ilename attribute of the exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)
Return  value: Always  NULL. Part of the Stable ABI since version 3.7.
PyErr SetFromErrnoWithFilenameObject ()& FAFSHA 2, F /M9 dW S FHs= o
F7HAN G off ol HE DA77 Ael F A A AAE A G
WA 340] 7}

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

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

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

7144 A=,
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr SetFromWindowsErr () ot AMSHH, YA Z o€ g A A st= F7F w7 H7t

A%k
7184 A=
PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

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

7HeA A=
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PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

Return value: Always NULL.  Part of the Stable ABI on Windows since version 3.7. Similar to
PyErr_SetExcFromWindowsErr (), with the additional behavior that if filename is not NULL, it is passed
to the constructor of OSError as a third parameter to be used to define the £i1ename attribute of the exception
instance.

7HeA A=,
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)

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

7HEA A=

WA 340 F7}

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)
Return  value: Always NULL. Part of the Stable ABI on Windows since version 3.7.
PyErr_SetFromWindowsErrWithFilename () 9]— ‘ﬁ‘}\]’ﬁ]'u%, HEL}\(])] /‘] Z Ofﬂ 5’4 63 = A 7§ 5= —%—
Zho A %7k U ek
7144 A=,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)

Return value: Always NULL. Part of the Stable ABI since version 3.7. Impo rtError 2 A A7) = HY

T PUTh msge o9 9] WA A #ALE AH Gtk & vhnuLLel 2 5 JE, named} path= 7+t
ImportError® named} path JEZHEZ AAH YT

W 330 F7}

PyObject *PyErr_SetImportErrorSubeclass (PyObject *exception, PyObject *msg, PyObject *name, PyObject

*path)

Return value: Always NULL. Part of the Stable ABI since version 3.6. PyErr. SetImportError () < o)
B =3} A| g, o] = WA Al Z ImportErrord] A H FH2E A 4 5 TH
WA 3.6 F7}.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
A7) of 2] ol o & 3} Y (file), = (line) Z 2 Z Al (offset) AR Z AT Yt} A o2 7} SyntaxError
7} oh, 27} ol E2) HEE A5t o 9] Q4] 519 Al 28] o 9] 7} syntaxErroreba A Z-eA
o),
WA 3.40] 7}

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

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

WA 320 F7h

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

void PyErr_BadInternalCall ()
Part of the Stable ABIL ©] 7,‘4\% PyErr_SetString (PyExc_SystemError, message)? &
Ytk o] 71 A messager= W5 A4 (Al & 0] 3ho] #/C APl §4) o] RH AAR &5 =
ok o2 0y 8 gy

o no,

Ry
Rwas:}
% o
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5.3 F 1 W35}y

o] 42 AL3e C T A A0S B3 A L. Fo]| M warnings RENA WE W FASH 42 1)
gt AREA O 7 sysstderrol] AL WA A E A FUT; 22k AR AL E o 2 ARstE =
A8 e = Qe o] A9 AL gyt A XY £AZ Qs o] Tt oo & LA = A=
byt o9 7 g kA o oW whEl 3k 00] L, ol 9] 7L WA S 1 YT (B AL WA A }*aﬂi
AAEH =A 1t o 2] 9] o] 5 FAT = FUTE o] A2 J A JUTh) o976, T &A= B4 <
o 2] A2l s oF FUTH(elE Eol, 273 I 2 E Py DECREF () SFaL o #] g2 W& o).

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL. 7 11 WA X & LA U T} category A A= A3 HFE (o & FZRIAAAI L)
NULL Y4 Y Th; message A A= UTF-8 2 Q179 H 24 J Yt} stack level A" 2 £E AT
FrAdUh i 28 Za oA A A FQ FE SollA B st DAt stack_level©] 101
PyErr WarnEx ()& $&%l= 4,2 1 H 9 g, 55
A3 WL PyExc_Warning® A B Z#2ojof &Yt} PyExc_Warning< PyExc_Exception
o) 4B Zejxgyrh; 7|8 43 MFE PyExc_RuntimeWarningQUth E£ shold 41 WFE
o]go] £z 43 WF o] AAR Ao} M4z AlFH T
AL Ao ol th gk AFA| 5 W82, warnings 2E AP A} H S A NA -wFAS FRAEAL.
A3 Aol & 913 C APLE §l U Th

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,

PyObject *module, PyObject *registry)

Issue a warning message with explicit control over all warning attributes. This is a straightforward wrapper around

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

WA 340 27}

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

*module, PyObject *registry)

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

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL. PyErr WarnkEx () 2} -F-AFeE X2, PyUnicode FromFormat ()2 AH&3ho]
A WA RS TR T formarS ASCIL 1 QJE E21E G th.
WA 320 F7}

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

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

A 3.60] F7}.
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5.4 o2 47| 23]38}7]

PyObject *PyErr_Occurred ()

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

S &A= GIL& 23l of Fu

%] ]ﬂg} H] 23} u]-/\l /\]_:_, YAl PyErr ExceptionMatches ()5 ARSI A
1A 2. (ZH 2 o9 A% 97t Sl Al Ix'" 2ol A, o et o9 9
AoV 0 e A7) A

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc)
o o 7 Al 2 A E s wiwt T8 oF U Th; ol 9] 7F DA sHA] Rk R 2] A& g ito]
m-/\ga‘h,] 1’/}

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL given o 2] 7} exc] o 9] @3} G x]5tH & W8T exc7t ZH &
giveno]l B Z g2 2dHAd = FES WU exc/t FZo)WH, FZo J= BEE 9 g
(AT ABE FEEAAZCRE)S °17<]E Hla AAych

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

Part of the Stable ABL ¢7}xd%54 Aﬂ el M4 oy BA17]E AT OHFH EAI7|7F A
rgtow A W4E BE NULLE xgww. AR A, AYA L AW ZF AA ol off &
Aol aFdch B Edolam A= 3 AA 7 1HA] s rﬂhNULL‘” T AUt

2 ol it A ow o9& £k st LE U ol e] £4]7]8 A AR A gL sl of
£ R B A E U o Sl

!
°k

F

_~

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

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

PyErr_Restore (type, value, traceback);

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

Part of the Stable ABL A AX 2 o8] A7) S AATUTH o8] EA 77} o]n] AF o] 9ow, o

X A9 AU A 7 NULLO| @, o § E A 717k 2] 914 U . NULL type 3} 87 NULLo] oF valuet}
mccback & A B 2. A9 DL FoALoloh Juith, el o3 Folu} g AT v

AAL. (o] H T A 3= H‘:‘WP‘I‘ ol M Eg 247t ‘:‘““UJHDP) o) 3Ee 2 AR 3t 2B
AAGUT: &5 Aol 2 AA o e F2E afsfof st & Foll= o<
A5FUTh (12 ol g = ek, o] 2 AFS A v Al L. B s Th)

IEJ
r (
e
BN
ulit
P o
Jo
_c|>lg
X

F3: o] T4 dutF o og] BA7E YA F o7 ARt BEAs of sl I oA w AFRE Y
ol A ol & A 7| E AW pyErr Fetch () & AR SHA Al L.
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void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)

Part of the Stable ABI. &% AF3lof| A, o}# Q] PyErr Fetch () 7} WkEsls= 2k “v] A4 UL 4
UG 5 toxc 2L AN val e T Fofino] 4G ol o 9 ol 2
FH2E A" A F}el= o] A}

8+ 95U gol ol m A3is o] 9o|, b A= Aofu}A
I EEE EE NP

g5 FAP U,

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)

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

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

WA 3119 F7.

void PyErr_ SetHandledException (PyObject *exc)

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

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

WA 3110 37}

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

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

Fa: o] e dWrHC R J o g AYstH = ZEAA AMEH A 5
9] el E AR A gstar Hgsiof & uf) AR @}-’F— Az UTh ofl2] AEl
PyErr SetExcInfo () S AFE3IA AL

WA 330 7}

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

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

Fa: o g g4 o g & AYstds TEANA AEHA gdsUth 238, Z=
Aole) e QAT AT Aol & 1 AT & AwUch o9 AHE gedw
PyErr_GetExcInfo ()& AF&3IA Al L.

(@)

B A 3.30] &7}

WA 3.119 A W7 : The type and t raceback arguments are no longer used and can be NULL. The inter-
preter now derives them from the exception instance (the value argument). The function still steals references
of all three arguments.

5.5 Al A zst7]

int PyErr_CheckSignals ()

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

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

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

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

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

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

void PyErr_SetInterrupt ()

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

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

int PyErr_SetInterruptEx (int signum)

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

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

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

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

WA 3.100] 71

int PySignal_SetWakeupFd (int fd)
o 9 E Fr Aadoe] £4E Wuth A 1Y AT B ] ER A EH & 3 7 EAE
AR FUTh fde ¥ B2 7 olofo gtk o] Y Y 7| &A2 WMEF U
F-12 7ls= HEZASIUY; ool 27 AHIUH. oA o] signal.
set_wakeup_fd () 2t FE AR, ol 2] A= flSUTh fde &3 3t 7]eApofof ). o
T 2 =0 Avt T E5 o] oF Tt
WA 35004 HA: Ao, e oA 22 A== AdF T

5.6 ojlo] Fa

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL. ©o] &€ 2 E] St= A o] S5 &1 ¥33st
Utk name A A= A o199 ©]E, module.classname & 219 C XY o]ofok Tt baselt dict
Q= dwlA o 2 NULLY Yt} o] 2 A 31 Exception(Coll Al PyExc_Exception Q& MM AE
T AsUtholA s ZeH 2 A7 s ol Ut
The __module__ attribute of the new class is set to the first part (up to the last dot) of the name argument, and
the class name is set to the last part (after the last dot). The base argument can be used to specify alternate base

classes; it can either be only one class or a tuple of classes. The dict argument can be used to specify a dictionary
of class variables and methods.

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

Return value: New reference. Part of the Stable ABL. M| 2 ¢ o9 2o =AEZS A o 4 ot
= A& A8 pyErr NewException ()3 55Ut doco] NULLO| o}, o &] Ze 2o tf st
HEAEF O ARSFH UTh

B A 3.20] &7}

5.7 ol 2] A A

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABIL. Return the traceback associated with the exception as a new
reference, as accessible from Python through the __traceback___ attribute. If there is no traceback associated,
this returns NULL.
int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABIL. o 2]} AHH EFo] e 2 AATYTEH XA Py_None—% AFBHA A 2.
PyObject *PyException_GetContext (PyObject *ex)

Return value: New reference. Part of the Stable ABI. Return the context (another exception instance during whose
handling ex was raised) associated with the exception as a new reference, as accessible from Python through the
___context___ attribute. If there is no context associated, this returns NULL.
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void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL. o] 2|2} AFH AHAEE o2 A AT} AR
7h el 9] Aa"E 21 A gt § A= flsuth ol A2 ol
PyObject *PyException_GetCause (PyObject *ex)

Return value: New reference. Part of the Stable ABL. Return the cause (either an exception instance, or None,
set by raise ... from .
through the __cause___ attribute.

. .) associated with the exception as a new reference, as accessible from Python
void PyException_SetCause (PyObject *ex, PyObject *cause)

Fart of the Stable ABI. Set the cause associated with the exception to cause. Use NULL to clear it. There is no
type check to make sure that cause is either an exception instance or None. This steals a reference to cause.

The ___suppress_context__ attribute is implicitly set to True by this function.

58 GUF X o2 A

o LA
= e

ColA fUILE o] 92 WET 545 v A H Y
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,

Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. Part of the Stable ABL. encoding, object, length, start, end 2 reason 9| EE]| HREE
ek,

A}8-3}od UnicodeDecodeError AA|E W5 U th encoding™} reasonS UTF-8 & A FZ P H Ex14 Y
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 5] 21 of| 2] A A 9] encoding 2] E 2] H-E & ¥l3-shu o},
PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)

Return value: New reference. Part of the Stable ABL. 520 R o| 2] 21 A] &) object ] E 2]
int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

ES g
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABL. =07 o| 2] A A 9] start ) E B HEE 7FA A *startol] ¥l X] T t}. start+= NULL
o] ol ol of guith. AEHE 0L, A3 sHE 12 v,
int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)

Part of the Stable ABL. Z20] R | 2] A A 9] start ) E B R EE stantZ A AT AF5HH 02, A5
-1& Wy ok

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the Stable ABL. o] 21 o]| ] A A 2] end o] EE] R E S 7} & 2}A] *end <l ¥l X] €4 t}. end+= NULL©]
obviofok ghick. 4B 5hE 02, A ahE 1. wHEHh o,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
60
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int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL. 0121 o] Q] A A 2] end A EBHEE endZ AU AE3H 02, A3 H
12 W o

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 520 R ]| ] 21| 9] reason o] E 2] R EE WISt}

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

Part of the Stable ABL. 0] R | 2] A A9 reason A EE| HEE reason. 2 ATt AF3H 0
Qshahd 18 BB D,

5.9 A7) Ao

o) F Rk 70)9) B RF BTN C 4ol AT AT TEE ¢ A3 BYE ASTID AT
SEIFUE A sl ) SEE $E A 9t 49 LU Shold TEE AT ol AFow A

h. 5= =2 EZo] A x{ 2| & A 287 Wl Bl ip_call +H = E Q3R 54
int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. A A C =5 TE0] 5 TP FH #H3 3+ A FS ZAIFY L

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

I8 th = A Aste] E23eA FARYTh ©] B9, RecursionError7F AA = a100] ofd
ghol vigtg Yk 192 ko, 0o] ukgkg Yth

where= A7 Z o] A3tC & 3t RecursionError WA A o] o]o]EA " in instance check"2}
22 UTF-8 917 ¥ EA g o] ofof g th
8] A 3.99]| 4] ¥ 7 : This function is now also available in the limited API.
void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. Py_EnterRecursiveCall() < £ 8 %4 rrh
Py_EnterRecursiveCall () 9 Z+ AZ A s Z&ulc} 3l AR S &5 ofoF gyt
B8] A 3.99]| 4] ¥ 7 : This function is now also available in the limited API.
2| 1Lﬂfﬂ°ﬂ“4ﬁ1 tp_ _repr& SHIEA Tt W S A9 Art 28
3

51

3} .

o=, tp_ fepr T2 A3 Y AAE —?—EFHO]:Q‘JE}- S F g5 o] 7]
AP A} o] 52 reprllb.recur51ve_repr OothstC =SEYth

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL %3S 742 317] 918}l tp_repr 38 A& A] & F Ut}
tp.

AA 7} olv] Al o, T4 F FA4-E STt o] A% tp_repr FEL &S YEHY =
TAE AAE v oF FUTh oAl & £, dict AA= (...} & NS list AA=[...1 5
LlacigBi=

QA Agte] =2t e 5o AFE MU o] A tp_repr +HEL WA S & NULL-S
1k }3) of g Tk

>

382 ko, e 05 RIS tp_repr TS AAA SR ALE 5 dFUTH

J
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void Py_ReprLeave (PyObject *object)
Part of the Stable ABIL. Py_ReprEnter ()& Z83U T} 02 WE3Sl= Py_ReprEnter () &0t} 3
W2 525 oF gtk

510 %= o9

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

Cole sho]d o] & —
PyExc_BaseException BaseException !
PyExc_Exception Exception Page 63, 1
PyExc_ArithmeticError ArithmeticError I#e 635, 1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BRufferError BufferError

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

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

Page 63, 1

Page 63, 1

T oA ol A%
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% 1- oA ol Aol A A%

Co= o] 4 o] 2 B
PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError

PyExc_UnicodeError UnicodeError

PyExc_UnicodeTranslateErr UnicodeTranslateError

PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

H oA 33 9 = 7F PyExc_BlockingIOError, PyExc_BrokenPipeError,
PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,

PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError 9
PyExc_TimeoutError+ PEP 3151 g} = JEH A5 Yo}

WA 3,59 &7} PyExc_StopAsynclIteration ¥ PyExc_RecursionError
¥ & 3.60] 7}: PyExc_ModuleNotFoundError.

T2 PyExc_OSErrorel th S8/ H A Y Uth:

Col&

PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

kr
T

[

R
=
(98]
[
=2
>
e
oY,
o
)
%
E
oNt
rlo
i1

=9 o] FolglFunh

EE:

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

Lol g2 2F o9 o tjg o] F APt

2= o Au Fo gyt A A8l 7] vl 22 Ms_wINDOWs 7} H O E EA] BlAED Y o] 5 A s ZEE HIFAHAIL.

il
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Colg sho] 4 o] =
PyExc_Warning Warning g
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning
PyExc_PendingDeprecationWarning PendingDeprecationWarning
PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

W A 3.20]] 7}: PyExc_ResourceWarning.

E.

L
a =

3ol

rlo

v
rlu

=5
ey

A

HE weolx S YYTh
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o] B9 FHEL C A ZHE B 584 AN, ColA Thold BE AR, T4 AR T8 B W e
2 5E sho] A 7k AT Ao o] 271717 et 42 E AL ST

6.1 & A A -+l E

PyObject *PyOS_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system representation for
path. If the object is a st r or bytes object, then a new strong reference is returned. If the object implements the

os.PathLike interface, then _ fspath__ () isreturned aslong asitisa str or bytes object. Otherwise
TypeError is raised and NULL is returned.

WA 3.690 F7}
int Py_FdIsInteractive (FILE *fp, const char *filename)

o\ 8ol flenamed 2 10 AL pF AHA 02 BFAL FOol b rhE B AP
isatty (fileno (fp)) 7} A L A AUt A Ee 1 Py _InteractiveFlagZ} Fo|H,
o] T filename 3E R Ei 7} NULLO] At 01 7ol TAHE '<stdin>'oy 1222 F U S Wl
& gy oh

void PyOS_BeforeFork ()

Fart of the Stable ABI on platforms with fork() since version 3 7. TR A A 23 Ao YH A S Zu) 3
B fork () U A T2 MAE BEA St SASE S 231 7] Ao &8 ok YTl fork ()
98 A AN A b g o

A3: C fork() &2 (‘M7 IE ZeEf]) “uQl” 2 =of Ak o] o] A oF FtTh
PyOS_BeforeFork () & u}zH7FA 4 U o}

WA 3.70] &7}
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void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. ZZ M|~ 3 & ;.l—‘:} Y5 AFe] & 78 Al 5
S A BAZE A FHEAS AR, fork O Y AA Z2A LS &
SEN T R ZZAN2A EEF o F UL fork ( 7]— Ao H A AH o X gk AR 7153

A Cfork() 3&FL (W] ” AAE ZelEle]) v 1" Aw =o ARk o] o) A of Ttk
PyOS_AfterFork_Parent () & U}E7FA] Y4 U th

WA 3.7 7}

void PyOS_AfterFork_Child ()
Part of the Stable ABI on platforms with fork() since version 3.7. T2 M| 2~ _—TL_E S YR g =g A=
A= . fork (VU @A Z2AAE BAlsks A 45 53§, 22 A 271 ol
A= HE v Ezﬂ 7he/d ol o ApA Z 2 A Ao A :‘ZE"H oF ¥yttt fork()7FE A
PAPN- 28 PSR- IpAR- I RS RS E o

Zil: C fork() T&2 (‘v 17 QB Z 2] B]9]) “vf| 17 2 =of A gk o] £ o] A of gt
PyOS_AfterFork_Child () & u}z7FA Yot

B A 3.7 F7}.
o 17

=

os.register_at_fork ()= ]— ]—L PyOS_BeforeFork (), PyOS_AfterFork_Parent () ‘;—l

PyOS_AfterFork Child()oA S&E AL&X AL slo]H d4+E 5= & 4+ 54t}

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). Z2A 2 23 & A1 YR Je) & FAle= T sfol#
4

AHZE B 7} AS AS AT 28 T2 A| 20X S E5 of of Pyt A A3 s o] A 2 A 20
Erqd, ol FrESET A7 glsUTh
WA 3 7HE HRF: o] 4= pyos AfterFork Child()E thAE Q5

int PyOS_CheckStack ()

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

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

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

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)

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

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

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

Mz FFe 9fo]l= 2} (wide character) E Dol B3t EQ1E S w1a3t ), W22 £ 3 Al 5] ¥
PyMem_RawFree () S ARSI Al L. size 7FNULLO] o} U, d E XS A2 8F o] & BX 45 *size

o 71 Zg .

g3y oy w2 e & o 8] A] NULL-S RFHE U T size7} NULL O] of YW, W2 8] o ] A] *size
7} (size_t)-12 AAFHI, YA ol A (size_t)-22 AHH YT

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

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

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

o 17

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

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

A 380 A HA: o] = oA ENA Py_LegacyWindowsFSEncodingFlag7F0o]® UTF-8
ATFES AT

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

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

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

error_pos 7} NULL©| o} ¥, *error_post= AF A (size_t)-12 AAFH 1, A7 Y of| 2] A] 2 35}A]
RS A e Az A FH YT

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

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

7431 This function must not be called before Python is preinitialized and so that the LC_CTYPE locale is
properly configured: see the Py _PreInitialize () function.

o 17
PyUnicode_EncodeFSDefault ()E}PyUnlcode EncodeLocale () 5‘;
H A 3,50 271
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WA 3.79)| A ¥ 7 : The function now uses the UTF-8 encoding in the Python UTF-8 Mode.

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

S
6.2 A 29 g
sys BES| 752 C TEAA AA 2 T4 QA e S8l El FEQUTh BF R 2d S A FRA
258 A7) QB 22 2o sys BES] €A 2lo] 25 g o,
PyObject *PySys_GetObject (const char *name)
Return value: Borrowed reference. Part of the Stable ABL sys &N A 21 A name-S Wras} A}, &R 314
orow o 98 44314 9 NULLS WHH o
int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL v7} NULL®] o} St sys 252 names vE A AU TE NULLO] ™ nameS sys
EEo A ARl Uth 4F8HE 0, ol 8 Al -12 WkSkehyTh
void PySys_ResetWarnOptions ()
Part of the Stable ABL sys.warnoptions& Wl 8|2E & AT} o] &= Py Initialize()
ojdo =&+ A5 Uth
void PySys_AddWarnOption (const wchar_t *s)
Fart of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.
sZ sys.warnoptionso] 71U th A1 FE B AEQ JFS FH W Py Tnitialize () ©| A
ol & T &3 oF Fuith
HA311EE H A=,
void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABI. This API is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.
unicodeS sys.warnoptionsol &7}y th
Fa: o 4= @A CPython +3 & FolA AEF 5 ¢l
Py _Initialize()o|A warningsE FA|Z o2 AZE 517] Ao 5
AE V5S35 5+ s v deddo] 83 271357 doll= 258 7 W&t

WA 31158 A F.

_14

void PySys_SetPath (const wchar_t *path)

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

sys.pathE SHF AN A2 FEAH(FHENAM = 1, A=A ) B FEY FE gEook

S parhol A e Azl BlaE AAw AR

WA 3117 E F 2 4.
void PySys_WriteStdout (const char *format, ...)

Part of the Stable ABL formatC. 2 7)€% = &8 A4S sys.stdoutol] 7|3t} &g o] WA 3}
ek o9 BASA el BRI L),
= =

formare- ENE £ AL F 2718 10008h0] = o] 32 A9 of Fi k- 10008ke] = o] o] =,
22 2Ado] U 53], 0| AL FA 8 %s” ERo] Slol AL L ol Th “%.N>s"E
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=

A ghsl oF Ut} o 7] A <N>2 <N>of tf 2 29l E dAE Q] o 37]& ¢ & ul] 100041}9]
FET A4E AASYUTH ER %P E FIAAN L, o}F 2 FAE £ 2] &

-

P
:L]_EL
o
>~

7F A8 A sys . stdout 7t A F o] QLA ko, U H v A A= A A (C FF) stdoutol] 7] =

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

Part of the Stable ABL PySys_WriteStdout() & F AF 8k Sk 4 o] 2 7, H Al A &
PyUnicode FromFormaty ()& A&kl sk v A A& Qele] Aol z Ap=A) gk,

WA 3200 =7}

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. PySys_FormatStdout () Z X2, Al sys.stderr o]} stderrol %1t}
HZ 320 F7}

void PySys_AddXOption (const wchar_t *s)

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

sE X FA JYPO R FF FHFIL PySys GetXOptions () 7FRHESHE @A 54 v ol 74
th o] @ Py _Initialize () o] £E& F d5UTh
WA 320 F7}
WA 3115 29,
PyObject *PySys_GetXOptions ()

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys ._xoptions2} -FAFSHA, —X
A9 @A g E vy o2 7} A ek, NuLL o] ¥hEkE 11 of| 9] 7} A A ok

B A 3.20] 27}

int PySys_Audit (const char *event, const char *format, ...)
RE S8 Fo2 Ao HIEE WA G UTE B3 A 02 vEstar A s A] o 9] & A A8t 00] ofd
= Qg oh

S o] F7tE Ao, formar 7] EF A
Py_BuildValue () oA AH&H A3 2
Ud, &g 84 FZol F7HE Yt (W =W

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

sys.audit () 2 gpo|W F =9} 5L 7|5 Pt
WA 3.8 =7}

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

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero on failure. If the

runtime has been initialized, also set an error on failure. Hooks added through this API are called for all interpreters
created by the runtime.
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userData A E = F T2 AP UL & 5= o2 dEdolA 352 = oA, o] ZAHE
stol A el E A FxoH < H

o] 4= py Tnitialize() oA & o}

S o] 483l Exceptiono A A/ B ZejA 9 o &S
o 8 = A= A (silenced) 25 Th.

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

ZAkol @ A4 A| & A 2 PEP 5782 Z 23PN 2. o MIES A7) & A et T EF eho]nee)e)
Pt A ol ME ol as o] gtk A S W E-2 2 B A Aol Ut

12} §lo] ZHAL o] Wl E sys.addaudithookS WA Y Th

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

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

WA 3.8 =7}

6.3 ZZ A A A o]

void Py_FatalError (const char *message)

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

Py_LIMITED_API {227} F |5 o] YA & 3 py _FatalError () T4
AHE o2 2 8+ M ZEE A g Yt

HA 39004 M7 : g o] FE AT 22 FUh

A

b

59 of

rr
ok
ul(f
o

void Py_Exit (int status)

Part of the Stable ABL. @A) ZZ A 25 ZF3 T} o] AL Py FinalizeEx () S SE3 S BE
gho] B¢ 2] &4 exit (status) & EEHUTH Py _FinalizeEx ()7} ol#l & EAISHH, 35 A E)
12002 A4 gt}

W2 36904 W7: shol d el Al o] Aol A9 ol e] 7} B R Al A ek,

=
S

int Py_AtExit (void (*func)())

Part of the Stable ABL. Py_FinalizeEx ()7} &8 A8 & SFTUL. A T4+ AR gl
TEH T gk WhEEkA grotoR itk H 32709 A2 F4E T5F 5 A5k S50 4F 3t
W, py_AtExit ()£ 0= WUy distd -1& kg y et vpx gt S59 J2 et WA

= Aof sojai o] U F ool d e A o] A o]
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PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABI. This is a wrapper around Py Import_Import () which
takes a const char* as an argument instead of a PyOb ject*.
PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABI. ©] &4 PyImport_ImportModule ()2 H A H
YU h
WA 33004 WA o] 72 e 2EE A2 E a2 Bad A SA ARAJAS U 28
gto] A 3300 =, g WAl o] 29 FH oA & 9 F5o2 A Y7 w2, o] g
S48 542 He dear) vt
PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)
Return value: New reference. R ES UYF¥E Ytk YA glolH &4 import_ () EF
A5 E 4 &Yk
W e X E " BEoIUFH A A A MR X, s Al Al o9 7t A" NULLY
Ytk __import__ 9¥ upZ7RA &2, v o] YA 2 fromlist7} A5 A] ¢h= 3, 3 7] A o] Al H R 5 o]
245 %9e w9 15}%%" 2391 371 A Gyt
1=

A= PyImport_ImportModule () A8 443 2E AA S A Agc}

:og

g

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. R ES YFTE Syttt BF
__import__ () @57t o]l 4 E A H &5 W B, W ol 4 _ import_ () E 3
7R AAYE 4 dFUTh

WE G QT W REI AR A A0 B AL A, w5 A o197 2 NULLY
Ut __import_ () & uRZMAE, ¥l o] QUA] -2 fromlist 7} Al-g= A 9= Sk | 7] A 9] A B BRE 0]

A AR el T e H 4 AAAY
WA 330 F7%

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

Return value: New reference. Part of the Stable ABL. PyImport_ImportModulelLevelObject ()&} v
3FA) 2k name S f- U F = A A UTF-8 2 17 HH F2F Yyt

2 33004 | level?] 55 32 e 885 A d5UHh
PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABIL. 0] A& S| “AXE =T T8 T E3= 14F 2 H

o] 2Pt (FAIA QL level 02 AH-Eot=H], A dE2EE Sth. @A A9 _ builtins__

°ﬂ Qe __import__ () FFE ZTEFUTLH o= A AA ol BAH YXE S5 AHESte] JdEETL
SEDEEE S

o Bt 94 29 UEEE ASTU,

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABl. 25 -& T}A] 2 & (reload) Ut} ThA| 2 =9 259
ek g e A, Al Al 97 A8 NULL S SR o (o] w) 2B o W E] EA T oh.
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PyObject *PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 28 °| 5ol 3| &
WSS T} name 9 A= package.module A Y 4 dH5UTh WA ZE g A4 | 3
3,900 AR BEo] BE SA Vel A gtk A A o 98 4453 nuLLg sk o,

Fa: o] ¥ RES ZEESAY AXE 1A g5 Utk EEol ofd EEH R Yo, Nl BE
AAE A GUY RES YEE 38 PyImport_ImportModule () oW 1 WE & stUE AFR
S Al L. named| Al o2 FEH o] F o GAH I 7] A xR+ o] EAEHA] gkt REE o] A A

FEUTh

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

Return value: Borrowed reference. Part of the Stable ABL. Py Import_AddModuleObject ()£} H]|5=3}A] gk,
name2 FUZE AF thAl UTF-82 Q17 H A4 Yt}

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

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

The module’s __spec__and __loader___ will be set, if not set already, with the appropriate values. The spec’
s loader will be set to the module’s _1oader_  (if set) and to an instance of SourceFileLoader otherwise.

The module’s ___file_ attribute will be set to the code object’s co_filename. If applicable,
will also be set.

ol g oln YZE HAUW EES A EEFUL. BEES U ZESE = YH 2

cached_

2728 ol5S 771N, ol u] vhE ol X A] ¢F2 37 A 72

rlr

=
name®| package .module 3 219] 3

A3 BE o A A LT

PyImport_ExecCodeModuleEx ()&} PyImport_ExecCodeModuleWithPathnames ()& &Z3
Al /\] e}
H .

-

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABl. PyImport_ExecCodeModule ()3} FAFSHA W &
AASY] _ file_ oJEZHEE=NULLO| o}y E}H pathname L Z /4 7 LV th
PyImport_ExecCodeModulelWithPathnames () & ZZR A Al L.
PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname, PyObject
*cpathname)

Return value: New reference. Part of the Stable ABI since version 3.7. Py Import_ExecCodeModuleEx ()2}
FASHAI R 2 E A9 _ cached_ o]EZHEE=NULLO] oFY B cpathname 2. 2 4 A Ut} Al
7HA] & 5 ol A o] AEEE A YU Th

WA 330 7}

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

Return value: New reference. Part of the Stable ABL. Py Import_ExecCodeModuleObject ()%} A8k
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A 2, name, pathname 2 cpathname-2 UTF-8 2 Q1 JH & A+4E A Ut} pathname] 7}o] NULLZ A A H
A% ol grol qputhnameo) ] SoksHeA) Lobe 1 Tk
WA 3.20] F7}.
HA33A HA: vlo|E T AR UNAZHH LA FEZE A A ) imp. source_from_cache ()
2 S5
long PyImport_GetMagicNumber ()
Part of the Stable ABI. 5}o] % Hlo]E # .pyc 3t) 2] v & W F (magic number) & WHEHg}
% | 2= it et vtol E A2 EX)35) oF Fth. ol

A

Al -1& Wby ok
WA 3304 WA A A -1 Wk
const char *PyImport_GetMagicTag ()

Part of the Stable ABL PEP 3147 3 4] s}o] A ulo|E & 5} o] 29] uj 2 ef 1 E2+d-S ukskgh o).
sys.implementation.cache_tag®| -2 AlF e 4 gl o] = T Al AL--3] of 3ol F-2] 3 Al

o

WA 3.20] 37}

PyObject *PyImport_GetModuleDict ()
Return value: Borrowed reference. Part of the Stable ABL. & I g]o] A4 &5 = g8 (€9 sys.
nodules) & HHEHILE o A2 1B = 2] ejukey 24 5h Mol #9) FHAA 2.

PyObject *PyImport_GetModule (PyObject *name)

Return value: New reference. Part of the Stable ABI since version 3.8. 0] 7 o] 50 F o|n] JXE H B F
WS Th BEo] o}d] AEE B 4] SFShThe NULL-S WHEFShA| vt o 6] = A 514 b th 23]
A3 59 NULLS Brekel o 22 A A g )

WA 370 F7}.
PyObject *PyImport_GetImporter (PyObject *path)

o
=

ol

=

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

int PyImport_ImportFrozenModuleObject (PyObject ¥*name)
Part of the Stable ABI since version 3.7. name©] gt o] 52 = 2 Z 1 & (frozen module) 2 & = 3t}
QEHe 12, BES 2 259 02, 2713kl As3hu o9 E ARk -1 v Th 227}
Bl d2E A 25l M2 H W PyImport_ImportModule ()& AHESHAAIL. (B3E
o5l FYTFHAIL — o] FE BE] o|n] JEE H S uf ohA] EEFUTH)
HZ 330 F7%
WA 34004 A :__file_ olEHE+=HE 28 ARFHA d5Uth

int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL. Py Import_ImportFrozenModuleObject ()2} B]<3}A ¥k name2 FU I E
A thA UTF-8 & 1799 21 ¢t

struct _frozen

o] & freeze T 2| Bl (Fto] W &2 Wl 28] Tools/freeze/E FX A L) 7M AT 2R E RE
HaaHHE AT 724 & YUt Include/import.holl Sl A& th&34 25Ut

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

}i

WA 3.119 4] ¥ 7 : The new i s_package field indicates whether the module is a package or not. This replaces
setting the size field to a negative value.
const struct _frozen *PyImport_FrozenModules

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

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

Part of the Stable ABL 7129 Y& 2E HolLo dd RES 27T Yth oAL
PyImport_ExtendInittab ()& % %}L H8 3 oy, HolEL 34T 4 god -18 v3)
FUTh Al BE S nameo i 0| 202 QEE B 5 9100, initfunc 45 A& AT YEE A

nce
TE2HE 27 AL EASFULE Py_Initialize () Aol SZ&3 oF Tt
struct _inittab
Structure describing a single entry in the list of built-in modules. Programs which embed Python may use an array
of these structures in conjunction with Py Import_ExtendInittab () to provide additional built-in modules.
The structure consists of two members:
const char *name
The module name, as an ASCII encoded string.
PyObject *(*init func)(void)
Initialization function for a module built into the interpreter.
int PyImport_ExtendInittab (struct _inittab *newtab)

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

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

6.5 tlo]¥] nF 219

Bl C I =7}t marshal REF 2L tolg FA & ALL o] 1 d3E A=z &y &
STk 483 A0 o B g 2 oot UlolHE 0 e ol ST 5 e 27 et
vhae) 9 Bl o e & A ek ol A8H 5 2
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void PyMarshal_WriteLongToFile (long value, FILE *file, int version)

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

This function can fail, in which case it sets the error indicator. Use PyErr_ Occurred () to check for that.
void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
stol A AA| values file2 vHFIFU T versione 31 @ A& VERY U T
This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. UFFH value %3S Z 33 vlol|E Y AR E vt} versionS 3tY
342 ey o,
e B8 S nhEE e Thal 92 5 dSUTh
long PyMarshal_ReadLongFromFile (FILE *file)

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

of & Al, 423 of|&] (EOFError) & At -15 W&
int PyMarshal_ReadShortFromFile (FILE *file)

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

ol 2] Al, A2 o) 9] (EOFError) & AR 8kl -1 WY o
PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
of & A], 2 A3l 9| Q] (EOFError, ValueError & TypeError) S A A 117 NULLS W& T}

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

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

of & A], 2 A3l o Q] (EOFError, ValueError =+ TypeError) S A A 8117 NULLS W& T}

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. data”} 7}2] 7]+ len M} 0| EE EZ33}+= vlo|E B3 2] Ho|E] 2E A
shol#l A & wakgh o).

o & A], A A3l o Q] (EOFError, ValueError ¥ TypeError) S A A St NULLS WHEghU o)

6.6 QA TE LA G 75

F A HAEE THE o {8 Th 71 B B9} of| Al = extending-index o] 915 U th

3}
1
sl 3t = A2 A /N9 PyArg ParseTuple (), PyArg _ParseTupleAndKeywords () U
= BE oA QlR}bol| B3 AV S o) g o AR E = =W A D (format strings)
LEW BALL o2 2 G0l ool 22 WS AS T
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ZW 2AL L2070 o] ] “ W 9] (format units)” = A F Ut LW T = Shute ol AAE A
Uth dibd o e od FA 232 {59 29 o AldadUnh 2 7R 9 S AlLeta, e w4

o v gk, kg A oA, <l
9 9919 DX 5= shol A AA Fueh

SR EE R

o2 % EWE AR A% A B2 A2z A o] AA2 T4 AHUTh BHH UL o]
Jofol et 94 AF4E ATE Bas} dsuh

D) WAIH A gk 7 ¥ FE NULE S 25 A g

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

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

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

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

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

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

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

s (str) [const char *]
FFUZE AAE TG S C ZAHE tB.%‘r?Jl%D} 71 FAE e 2AH = A7
At 221 ZOE Wao] AFF YL C 29 NULE 229 Yt quOlé*i

Sl i
FE ZIREE XFoHA] grofo Futh; 2 ohH ValueError ol o] 7 HAFUTE FUFZE AR+
"utf-8' A I Y2 AR Sl C EAE 2 HEH Yt o] Wisto] AudlW, UnicodeError 7} WA gt
Utk
Zy: o] TYL nfolELRF AA S HolE o] A U5 Tth 3 Al a"H AR E WolSo|l o] 2 C
B9 & HEsl8 Y, PyUnicode _FSConverter ()£ converter2 0s& 3 ,\% AFR3E= Aol 25 YT

W7 3504 WA o] Aoz, ghol EAEAA WZE 4 Z= 2AET} A TypeError 7}
DAY E U

s* (str T vlo| E L7 A A) [Py buffer]
o] zW 2 Hlo| EAF{ A ot FUIZE AAE HolEPUth TEATLAF S Py _buffer
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TE2AE AUk

°|
AAE rutf-8' AET

)

Yok gyz=

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

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

z (str I = None) [const char *]
s M %3k 2wk, sho] W 2] 7k None d 4 §lEv, o] A C ZAE b NULLE AAF Tk

z* (str, H}o] E ¥ 5 74 4| &£ = None) [Py_buffer]
s* &} v 3HA g, 3o 1“4 AA = Noned 5 A5UTh o] AF Py _burfer +XAY buf W7k
NULLZE A A= Yt}

z# (str, read-only byfes-like object or None) [const char *, Py ssize t]
s#2}F B2 BHA| W 3to] W A= Noned %= 5 U o] F-¢C 2AE7kNULLE AP YT

y (2] 7] A-& n}o] E P 7 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 WA o) Aol ol = Mol A WA vho] 7} B AH W Typerrrorsl BAHS
S1=8

y* (H}o]| E Q5 74 A]) [Py_buffer]
s+9] o] MHL GUTE AR 7} oh] e} who]| = AR AR T ol 5 Utk uhe] 2] o] & oS
ol A ¥ duh

y# (read-only bytes-like object) [const char *, Py _ssize t]
sto] o] WYL fUTE AR 7} e} o] A F AR ol Sk

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

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

u (str) [const Py_UNICODE *]
sfol K %‘43’_5 AANE GUIE EA1Y NUL % & 59 i3t C 2 AHE MY 7|E FUIE
Hoo et ZAH & Y4, py_UNICODE ERJIE] A4 4 E A3l oF Fth Py UNICODE &
2ke] Y= 714»} A FAdol EP?/‘r th2oll o sH Al L (16 EV 320 E QU Th). Stol X £29-2 W
9 I ZQEE £33 A ook gy} whek 7#- 0}, valueError o9 7} A3 gk o}
WA 35004 |A: o] Aol sto]d EAE A WAE @ F = £JAEV L HEWH TypeError 7}
LA 9 o,
WA 3300 A | A)1H 5t WA 312004 Al A Uth: o] d 28t Py UNICODE APIS] AR Ut
PyUnicode AsWideCharString () & AH-&3}o] ulo]l 1 d o] A AL
u# (str) [const Py_UNICODE *, Py ssize_ t]
ud o]l P2 F Y CHo AZFYTH A A e FUZE dolE W3 ol o3t £1E o],
S WA 2ot o MY s T E e
33004 #4051 S o, 9 31200 4 A AR
PyUnicode_AsWideCharString () & A& 3}
Z (str I += None) [const Py_UNICODE *]
ugt Hl St gk, gho] A AR = Noned % s5UTh ©] B¢ Py _UNICODE ZIE]7FNULLE A4

Y.
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H A 33004 F A1 F 5 Ut WA 302004 Al AF Ytk o] 28 Py UNTCODE APLE] U R Ut}
PyUnicode AsWideCharString () & AF&3}o] ulo]l 1 d o] A AL

Z# (str or None) [const Py_UNICODE *, Py ssize_t]
u#2} vls=5FA 2, glo] W A A= Noned 5 Y5t} o] A9 Py UNICODE ZQIE] 7} NULLE A A

gy,
#3300 A 925 G5 T WA 312604 A7 E Ut o A 2 BH By unicops APLS] Rl T

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

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

w* (9] 7]-2 7] vlo] E & 5 71 A])) [Py_buffer]
AL G717 o3 QLA o] % TUGE TE AAE FEHU SEA7ABD oy buser
P2AE AGUD MolE B3 ol =2l 2R & A5tk S2AL W T AL oA
PyBuffer Release ()& ©Z3| oF g},

es (str) [const char *encoding, char **buffer]
s ol YL FUIEE EAHAR A7 Y3 ol AFEFH UTh W NUL vlo] E7F 285 ] b2
A3 FH dlo]Eof of oﬂ/ﬂ o 2HE gy o

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

PyArg ParseTuple ()2 33 37]9 H{.ﬂ%’% 33, A TG E g o]EE o] B H o BAE L A=
B A oA S B S g Sk BB AL A Fel B A S oA A
PyMem Free ()% T =3 oF et}

et (str,bytes I+ bytearray) [const char *encoding, char **buffer]
Hio| E —EZ}@‘ AAE thA] ZE A 3 SHAI Itk A2 AL sHd esF 25Utk 4, 73L&

Hpo| E 214 7»‘1?4]7P ) e AEd AF G AHESohal ZHE g ok

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
s#9] o] WP L AUTEE B2 W2 AT sHe o] AH§HUTE es Zu3} Do), o] WP NU
EAE EF5E 48 dolHE e T

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

% 714 A5 s} gk

=

*buffer7FNULL Z B € 712] 719, P4 228 27]9 W3 & Ssla, o) o2 Az vlolE &
EAFSIAL *buffers M2 @FH 2EZAE FXRGEF AAYUTE TS24 A S 23 E A E
A 57 8l PyMem Free () S & oF U th

“buffer 7} NULL o] obd XZ A EE 7}2] 7] ¥ (o] 7]

stE W), PyArg ParseTuple ()2 o] 91X & H
¥ 2 AR Fbuffer_length® Z A2 W3 271& 'BH AUk 28 o2 A F G do]HE W o
Bt NUL 223tk sy 7 283 322 ko valueError7F A A Ut}

T ¥ 257, *buffer_length= 3 NUL vlo] EE A 9|3 A2 d vlo]ee] dojz dA gt
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et# (str,bytes or bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
= A2 Aot esk ot ZEUTE A, FE S

Hho] £ #A1E A thAl B34 3 7 )
HlolE 224G AR 7L ul) Me R A ARY S At A FY T

=2t

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

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

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

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

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

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

1 (int) [long int]
Convert a Python integer toa C 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 toa 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]
glo)lW A4E CPry_ssize t2 AT

c (Zo] 19| bytes == bytearray) [char]
Convert a Python byte, represented as a bytes or bytearray object of length 1, to a C char.
WA 3394 HA: bytearray AAE 3Lt

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.

D (complex) [Py_complex]
glolH B AL E CPy _complex F+ZRAE HAESH

L
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7)€} 23]

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 status should be 1 for a successful conversion and 0 if the conversion has
failed. When the conversion fails, the converter function should raise an exception and leave the content of address
unmodified.

Aol A% Ao T WA R 555

converter 7} Py_CLEANUP_SUPPORTEDE W5} H, Qx| & B A

ol 7] of oju] FFH WREZE AT 713 E AT 5 dFUTh o] F HA T =l A, object v 7H
4= NULLO| U T} address= Q) £&37 22 3He 25Ut

WA 3194 W7 : py_CLEANUP_SUPPORTEDZ} 715 915U th

p (bool) [int]

AGH ke =2 @<= HAE (E8 A predicate) 5t1 23 553 C AR Ao = HSgnt
FdA o] FolAintE 12, Aol 02 AAFYTh BE FES Jho|H 3HE 58T th Tfo]H o
= e Bl AE S ol gk AP 3 W82 ruth B B2 FHAAI L.

W7 3.30] 71

(items) (tuple) [matching-items]

A3 = Qo) 7L itemsol 9 5 €91 8] 50 sho] 4 A A0l ok P T C AAES irems®] 4 E 9
9l ofl h-gslok Fuich AAs = B9t AP 5 dEyth

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

2 b e B 290 BAGOIA st dEUth 31T BE dlAE ek £ ggth 158

Shol 4l oAt e =] e A Ak AE A et AEE olae] S| Fehs C Mg
7184k0 = %71 3)5] of of YTt — MW A QA A5 A L W, Pyarg Parseruple () S G
CHs U&S A8 A FHyh

$
PyArg_ParseTupleAndKeywords () ZA-§: 3po]|H QA g AE S YW 2] AA7E 7| E AL LS
e U T A, R E 1 E A8 AAb AH A Qolof S e, | 34 2 EAL A § 2o
A7 5] of of g Tk
B A 3.30]] &7}
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2R G B AE £ o7|ofA Eduth FE 59 wAE 2 ol HA A oA T o] F o &2 AR H U T
(PyArg ParseTuple () ©| ‘5“37\] 7] ol o] “AHH ).

E9 09 Past of 7o)X Btk AR EE Fe) BAAL 718 o2 WAA o2 v AA Al
g} MAAZ AP ULE 9 = A2 E AU Th

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 Fpoll As) = F7} At E EAD| 3} Fo] AR & W5 Faolok Ptk ol 5L 4
T2 e AFste v A E U 491 e BP‘EOHH AHE g, oleg i b lEgiew
A B 7 97k AU o 29 s 29 sl of s 2188 29 QX ok Fch

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

API

<

A
T

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Fart of the Stable ABL 9] 2] vj7}] ¥k 21 W2 b o] w7/ A&
b e WL Th Ashet, AR whakela 4 4% o9 2 HAA AU Th

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL.  7}W 7§49 2 A7} o}y valistE WolEotE= AL AL sHH,
PyArg ParseTuple ()3 ZddYrct.

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *keywords[], .
Part of the Stable ABL. 9] X2} 7| = w7 H4E B 5 A9 HE4E o= 49 ] H4E Q-_,_
B Hf,ﬂ'l/]ﬁl— keywords Q1 A= 7] 4‘: vl 7] M 0] 5] NULL-E 5 vl @ U th ¥l o] F2 ] A]-%1-& vlj 7l
HeE eyt destd e vy h s, AdS weeta A A o 9 & AR
ek,
W2 3,600 4 WA 91 H-A8 vl 7 Aol ThE A W o] F7kE gy,

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords[],
va_list vargs)
Part of the Stable ABL ~ 7}W 742 A x}7} ofd valistE WolE ¢t AL A9 3HH,
PyArg ParseTupleAndKeywords () & Z g th
int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Stable ABL Z1Y e Az dAa g 717 EAEAR FAgy
PyArg_ParseTupleAndKeywords () 7} AF&5H A &= 7 2 °©
o] ANE S a7 WU T
B A 3.20 &7}

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

Fart of the Stable ABL “o] 0 XY~ ?:‘494 Q1 =} lﬂiE% Eallete dl AFSE = T — ol 52 Jol A
3004 A A METH_OLDARGS 7] ¥ T2 BN gl =& AFL3t= S5 Utk Al Z = oA o7
HE 7 240 AMSshe A2 AR A 4 4% JdEZEH JEHEES] F=E=HEold &
O 2 AGEHA] GEE A QS U 1 Ur, 02 728 Bdlsts dEst o2 ol 9lon,
38 5802 AL AT 5 JdF5UTh
66. A% TE BAH L TF 81
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

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

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

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

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

}

L

o] A A A PyArg UnpackTuple () o] e TEL PyArg ParseTuple ()l tdt o3 &3 A
Aoz F5dYTh:

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

6.6.2 7t =

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

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

Py Buildvalue )& B4 FEE FEHAL G5Uh R 2A4L0] F o) ge] TU Bt EF
9L W FELS PHFUT TR BADo] ¥o] 90, None MAF T &3] shpe] Zo)
515 ERHT, 89 EA D917} 7SS AN R oo A BRI, 27171001 19 52

s s# 2 A, W2 W ZtdolHE UE AR AlFstr] H&f v HeE dGE o,
dastd o g7 BEARE Ut A7 Al s W3 Py_Buildvalue () 7} THE A Aol &3
ZE A S UTH &, o889 =7 malloc ()2 &5t dFH W BB E Py_Buildvalue ()l
AGs, ok py Buildvalue () 7FHEEE A o] 2B o] I=rt g 2o thal free() E &
af oF gt

1o
oM,
%

oS Aol A, A48 YA mul A JUTh (F2) BE o) FEL Tl w97} wErad sho]
AA P [ 2E] o] F= AT C grel FIueh

B 2aol s, ), B 9 GiEE S BALNA LAH L (AR ok} e 2o D9 ol
FdUTh. ol R N ZH BALL F ¢ A7) A7 BEL vl AT 5 ATk
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s (str T+ None) [const char *]

utfog' AT Y AHgFtel U-FE CEALS shold str A2 AHFULE C EAD £
E] 7} NULL O] ¥, None o] AF&H Ut}

s# (str or None) [const char *, Py_ssize_t]
'utf-8' I P S AR S} C EAEF 1 o] S vtojd str AA 2 WA CEAE =

NE]7FNULLO] |, 2 o] 7} F-A = 1L None o] ¥HHg Ut}

y (bytes) [const char *]
o] AL C BAA LS o] A bytes AA 2 WHEYT C £ £ A 7} NULLO] W, None o] ¥
g,

y# (bytes) [const char *, Py _ssize t]
)AL C EAET 1 Ao 2 Fhol M AA = WAFUT C EA D 2 A 7} NULLO| |, None o]
Llia= AR k=

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

se syt

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

s#3 25Ut
u (str) [const wchar_t *]
S U FE (UTF-16 == UCS-4) | 01 E 9] 9-%F 2 wchar_t W3 E Fto| ¥ $UTE AX = H3HE}
Ytk U T = W5 2 E 7} NULLO] W, None o] ¥H3Hg U T},
u# (str) [const wchar_t *, Py _ssize_ t]
FTUZE (UTF-16 == UCS-4) tl o] H W} H e} 1 Zol & vto| A FUZE AAE WUt f
U3E W3 Z2AEZ7FNULLO|H, Z o] 7} F-A| =] 1 None o] ¥E2Hg Ut}

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

s¢ 25t

U# (str or None) [const char *, Py _ssize t]
s#3} 25U

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

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

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

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

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

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

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

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

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

6.6.
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K (int) [unsigned long long]
Convert a C unsigned long long to a Python integer object.

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

C (Zo]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 *]
CPry_complex FZAE o] BEA4E HEch

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

S (object) [PyObject *]
09} 2% U Th

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

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

(items) (tuple) [matching-items]
CHS ND2E F2 57122 sho] 4 FE2 ABFLh

[items] (1ist) [matching-items]
C7re) AALE B8 57 28 who)d B2 WBg )

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

W BRG] o 2] 7} 9o, SystemError o &) 7} A A E 3 NULL o] ¥HHE U T

m

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

sl
=

rlr
o

Return value: New reference. Part of the Stable ABL. 7} 7]4=2] Q1 2}7} o} va_list & WolE ¢l th
AL 8, Py Buildvalue ()9 AT}
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6.7 229 W e} oy

TR REES GRS ERE
int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABL. ™} FA+< format 3} =7} Q1 ALol| whg} size HFo| EE W A| Y= 5 srE Z 2 P ch
e w7 H oA snprintf (3) & EAAL.
int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABL. £ & 219 format I} 7} QA 2} BE ygof| e} size B0 ESE YA YEE 2
=9UTh 92 w5 # 01X vsnprintf (3)E HAAIL.
PyOS_snprintf () 9]— PyOS_vsnprintf ()<
AUt 259 BAL JA 240N BEC
U,
The wrappers ensure that str [size-1] isalways ' \0' upon return. They never write more than size bytes (including
the trailing '\ 0"') into str. Both functions require that str != NULL, size > 0, format != NULL and size

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

o] g5 2] Wbt gh(rv) 2tk 2 o] s A = of oF Tt}

*0 <= rv < size @, 28 "B g v ZX7}serell 71 EFH AF U (strlrv] e T3
"\0"' H}o]E A &]).

e rv >= size G wf, 8 WTo] T AFsH W rv + 1 Hlo]ES HH 7} o3 th
strsize-1]L2 oluf '\0' Yy}

s rv < 09w, B B Jo] Yo HU TR ol E str(size-1]2 '\0" o AT, sre] Lh A
499 2| 55U ol 69 Aekat 9ol R ZAE o el g

U= gt 2AE 534 AL A Az o] ke ATt

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

=]

Z CgolB 88 &4 snprintf () & vsnprintf () &
A AB A S w29 AR EA4L HRshs A9

)

Fart of the Stable ABI. Convert the initial part of the string in str to an unsigned long value according to
the given base, which must be between 2 and 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 10. Base must be 0 or between 2 and 36 (inclusive). If ptr is
non-NULL it will contain a pointer to the end of the scan.

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

See also the Unix man page strtoul (3).
B & 320 &7}
long PyOS_strtol (const char *str, char **ptr, int base)

Part of the Stable 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 (), but return a 1ong value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).

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

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

endpteol NULLOI®, B4 EAEE AT EALol $F 257 54§D 2W o
ValueErrorS WA 7]21 -1.0L HF3SH o}
endptr ©] NULLO] o} H, 7} 3k 3t @& Z 295 HE3tAl *endptro] WHE A k-2 A HA| Z2HE
7+ 71 =5 AR g ch fXP 4 Z7|MAHET R5 453 A vi Efﬂol ol ®, *endptr
o] BALE o] AZHE 7HE] 7| =& A A3}, ValueError & S A A 7] 32 -1. 08 wHEhg U o},
s 7} floatol] A 7&3}7] o v & 3hs Ve wj (o & S0, o8 S FlA "le500" 7 2d FAE
AdYth, overflow_exception”} NULLO| ™ (H A3t B35 9} &) Py HUGE_VALE w83}, o] ™
ool AAEA ST I8 A o, overflow exceptlon glo| A o 2] AA|E 7tel Aok
FUTH 1ol S BAN AT 1,08 WU T 49 5% WEE 3 0peo 3 wA) BAE
718] 7] =& *endptr< AA Yt}
HE F T8 o7 A (& S0 R 2] 75 o), A3 ol o & AL 1.0
shEgY o
WA 3.1 7}

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
Fart of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.
format_code="e"',"E',"£','F','g", 'G' TEE "' F djo]op st ‘v o AR, A-ZH precision
2 00]ofoF 3l FAFYULE 'r' W IEE FF repr () S AT YL
flags*=Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 ¥ Py_DTSF_ALT 7t 07} o] A or & 5= I 5

Yot

* Py_DTSF_SIGNZ val7} 57F obd tl & 44 vhahd 24 ol #8247 o+ s X%
Yt

* Py _DTSF_ADD_DOT_0-& Whetdl £t o] A4A | HolA of =5 sk A& XFU -

* Py DTSF_ALT= “HA” Zuld ;A S AEste As XFYoh AAT WE2

° =
== - =

PyOS_snprintf () '#' A2l th3 AEAE FERHA L.
ptype©] NULL o] o} W, ¥ 7t 712 7] 2
Py_DTST NANT‘G]-L]-E Hﬁﬂ«ﬂ val7} Y 7F -3 5,
HH2E g2 R SkE A o] Sl bufferl]
PyMem_ Free ()& S&3to] Wigts £}
WA 3.10] 37}

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

e g

Case insensitive comparison of strings. The function works almost identically to st rcmp () except that it ignores
the case.
int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)

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

See also the Py TypeOb ject . tp_hash member.
type Py_hash_t
Hash value type: signed integer.
B A 3.20] &7}
type Py_uhash_t
Hash value type: unsigned integer.
WA 3200 7}
type PyHash_FuncDef
Hash function definition used by PyHash_GetFuncDef ().

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

const int hash_bits
Internal size of the hash value in bits.

const int seed_bits
Size of seed input in bits.
WA 349 F7}
PyHash_FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.
o] ®B7]:
PEP 456 “Secure and interchangeable hash algorithm”.
B A 3.40] =7}

6.9 2| ZAA

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. 31 A A8 & ¢
flod 2= el o] A E =28 9 builtins 9] YA 2] E WHeg Hfjr
PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. @A) A3 Z & o] 2o W4 I E wiaka}
Avk, @A) A3 59 29 Qo] §low NULLS W o,

L
(gl
2
>
o2k
ol
ro
[kl
i)
sl
o

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stdble ABL @A A3 =& de] Ao W g2 E Hkske)
Ak, B A% 59 Qo] 9T NULLE WEF o

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL. A& 2] 24 = Aol 7| & wiagh ot A
9% 32 me)qlo] g0 ¥ NULLY U o

PyThreadState_GetFrame () & ZFZ3AAI L
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const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL func7} &<, el e 2BV A AR funcd] ©) & WEsa, 184 ofow
funcs] 9] o) 5& WEF T

const char *PyEval_GetFuncDesc (PyObject *func)
Part of the Stable ABL func®] 3ol wpet A AL S 933 o} wk3l 3ol = &5 2 WA =9 <),
“ constructor”, * instance” & “ object” 7} £ 3 Ut} PyEval GetFuncName () 2] A3} e} o]ojE ol

func®] A o] FHth

6.10 39 S50 A g

int PyCodec_Register (PyObject *search_function)
Part of the Stable ABL. |22 9 AM -5 S E3h T}
As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always first in the
list of search functions.

int PyCodec_Unregister (PyObject *search_function)

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

WA 3.100] 7.

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL. 2] H # encodingol] O3] 55 % Zd o] =X u}g} 1 o]y 0 wHHsh ). o]
Tﬂ-/\ = ‘61—/\]- /H:r_zg-q I‘/]—

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. & Wl T €] 7]4l o1 7t API.

object’= errorsZ. 3918 o #) X 2] WL AHE5o] A A H encodingl D3N WAL A7 FrE A
Uk, 2eo] B E )3 & ALE87] 918 errors7h NULL A 5 ATk ARHE 2 5 glow
LookupErrorE WA A YTt

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. &% 7€ 7|4l t] 7] APL
object<= errors= 7 & of| 2] A 2] W & AHE-5to] A A & encodingol] thal HAH YA e ALY
Uttt g JojH 7|8 2 AFR-S7] 1380 errors7E NULL € = 5 UTH JIIAHE 2S5 led

LookupErrorS WA Al Z Yt}

6.10.1 3¢ 23| API
£ Beol ) acodng EALE LF £EA2 WA o] 2R =2, of HAUSE BT A3 23 &
WA EAE PESA %A FUTh 29 0] $0 W, KeyError7h 445 I NUL

PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. 5=0] A encoding®] ] 3t A 79 -5 714 3 Yt}

=
o,
rE
m
oo
I

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL. =] 2 encoding®l j 3 t) 2 &4+E 74 St

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

714 gt
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PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABI. X A H encoding®l] ™} 3t IncrementalDecoder AA| &
744 g .

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL 2] % ¥ encoding®l| t) + St reamReader | E 2] T4&
1A gt

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

A gy,

6.10.2 FYF= 7Y o2 7] & 554 API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the Stable ABL. X A ¥ name 22 o & 2] W I errors 5
Y BAL YT 5 Y wol 29 B, AR/ R B
Az AZE NS o o] 29 FrE T2dUoh

Sttt Fde] AF G
= F ] name©] error ] 7}

kol
i
ok

Z W2 3 U 9 °l A} & UnicodeEncodeError, UnicodeDecodeError X =
UnicodeTranslateErrori’/] AAHAE WolE o], EA|7F H &= & vt ] g A
o o 55l A8 BNl Lxdo] GE ARE L AGUT(0] ARE FEFE b
U= ]ﬂ 7“14] S FREAR). FWL FAR A E BBAIZI A, £A7F A= AlA29 A<k
Sl EAGIA A5/ 2 A A Aok A e AL AT BEE EHI T BE
F2 wadol .

AZHE 02, oW -1 W

PyObject *PyCodec_LookupError (const char *name)
Return value: New reference. Part of the Stable ABlL. name 2.2 SEZ% o] A g W &4+ 254}

559 792 n0rLol A2 8 4 g, ofwle “strict”of T ek o 2 A 2] 2 o] WEHE I eh.
PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL excZ of| 9] & A A )t}
PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. Z25 48 AVH I, FUIZE o3& FA g

o

ml

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. -1 2= 179 o] & ? Y U+FFFDE X &gt}

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. -1 Z = Q179 o 2] & XML &2} 2 2 X33}
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL. U Z = A7 4 o 2] & W} L A] o] 2A o] Z (\x, \u
2\U) 2 X2t
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. +UZE QAT Y o #HE \N{...} o]
Aol =2 233}
B A 3.50] &7}

6.10. 749 SE 49} x| g 89
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Ay

o 4ol ot AN B U, H PAN T A2 P9 (1 Bol, BE 54 Y e wE
A2 F) shold AR 24 AT, 285 A b A Bol AL H, ko] A o8l 7 F I
PyList_New ()& THE QAT g5 0] o}2] NULLO] ofd Fro® AAE A 92 g 2E AR e} Lo, A=

olro
]

27)3k5) 2] k2 Aol A A= o] FHE ST 5 ATk

71 AA) =2 & F

PyObject *Py_NotImplemented
ARE g 2ol tisl] Aike] S A ka2 &l vl AHE-H = Not Implemented 2 E.

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

Py_PRINT_RAW

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

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the Stable ABL 09l attr_name JEg|HE7} oW 1S, 28 A ko
sto] % ¥ A hasattr (o, attr_name) ¥ F5FUTh o] T+ T4 A4
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ZF31: Exceptions that occur when this calls _ _getattr_ () and __getattribute_ () methods are
silently ignored. For proper error handling, use PyObject_GetAttr () instead.

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

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

Za 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 *0, PyObject *attr_name)
Return value: New reference. Part of the Stable ABL. 21 A] 09| A attr_nameo] 2}= o] E2] o] EZ| R EE 714
FUth 4Z3tH o] EE R E g, A3t NULL-E BHEH U T o] A2 vlo] A £ H 4 o.attr_name
I F5 U

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

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

PyObject *PyObject_GenericGetAttr (PyObject *0, PyObject *name)
Return value: New reference. Part of the Stable ABL. & 213 9] tp_getattro €F o X = ¥l o]
2 B E A E (getter) T, AA 9] (Thd) __dict_ o Q& o] EgHER ol e} A A 2] MRO -]
A= Feh2o gAav gl gle t2ZHEE Z5Uth descriptorsoll  °FF AAH, HlolH 23|
Hi Qads ojeg HERT SASA T, ul Hold tAaade e 184 vtk 194 god,
AttributeErrorZ} A g ol

int PyObject_SetAttr (PyObject *0, PyObject *attr_name, PyObject *v)
Part of the Stable ABL. AR ol th3l, attr_name©] 2= 0] 29 JJEZHE ZtS v o= AA YTt 4
Al 2] & DAY A 7] A1 -1-5 RS T A E et 02 RSt o] A2 Tfo] M £ o.attr_name
- vo} 55 gy
If v is NULL, the attribute is deleted. This behaviour is deprecated in favour of using PyOb ject_DelAttr (),
but there are currently no plans to remove it.

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

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

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

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)
Part of the Stable ABL. & AR 2] tp_setattro&Fol BlXT &= 4Hl o] E 2] HE A ¥ (setter) 2} & 2] E
(deleter) §. 7121 o] MRO®| Q= Z el 0] A2 oA tlo] 8 Haa g e S 2, 2w ol
g2 gy Qe B RES AASHA Y AAIsh= A H T YT 23] ¢od, A9
(AThe) __dict_ oA o2l RE7} AAH A AR E U 42 00] MEE 1, 197 gow
AttributeErrorZ} A3kl —1 0] 9ESHg T

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

WA ool W, attr_name©]l 2= 0] 52 AAEEFEE AA T A Al 1S &3} o] A
gtolH B3 del o.attr named} ==3hT}

rlo

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

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict___ Y23 HE] 2] A E] (getter)
2 9% QAo 78, e se 9 BETh

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

On failure, returns NULL with an exception set.
W7 3300 27
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ YT HE S M E (setter) S Y3 dutA ol &, o]
7R YA AR 2 8 et sy
B A 3.30] F7}.
PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict___ of the object obj. If there is no __dict
exception.

, return NULL without setting an

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

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABI. Compare the values of 0] and 02 using the operation specified
by opid, which mustbe one of Py_1.T, Py_LE, Py_EQ, Py_NE, Py_GT,or Py_GE, corresponding to <, <=, ==,
=, >, or >= respectively. This is the equivalent of the Python expression o1 op o2, where op is the operator
corresponding to opid. Returns the value of the comparison on success, or NULL on failure.

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

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

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

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

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

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL. A A] 0] AE 3 A4t AZstd 4149
F3g, A9 st NULLE WU T o] AL Thol W B4 repr (o) & F5 U Th repr()
ol o8 EEH YT
WA 34004 W7 o] FollE oAl tiM L o] A o] Z3FE o] Jlo] & o9& 285 HE| A AEF
ok
H

%
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PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference Part of the Stable ABL PyObject_Repr ()X ™, A 0o 224 23S 7
ABAT, \x, \u E\U o] 27 o] 22 AL B PyObject Repr () o] R F A Aol A u] ASCII
E78 ol A0l T e, o) 212 shol 8200 A Pyoniect_repr (o) S5 MAT A% FAE £
Qe G ascii () hA Bool 93] E2F T

PyObject *PyObject_Str (PyObject *0)

Return value: New reference. Part of the Stable ABL. A ] 0o 2149 TS A4 AF Al 2
EAL, A3 A NULLS Y TH o] AL ol W A str (o) G FEHYUTE str () W F
o3, WekA print () B4ol SJHAE T2 T

W 3404 WA o] o= oAl (2 o] A o] 23 o] 9lo] &4 o9& 283 e A =
3o,

PyObject *PyObject_Bytes (PyObject *0)

Return value: New reference Part of the Stable ABL. 21 A]] 02] v}o|EE %3
=, 4FstA vto] EE AA & g Ut o= o7 A5t obd wl 3hol X
Ut} bytes (o) & &8, 07} AgolH OO ZE 271§]'% o] EE A T4l

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Ayt A3 e NULL
X3 A bytes (o)} 553
TypeError 7} HLA@@-L] c}.

3 rﬁl
mIo

Part of the Stable ABL. Z 3| 2 derived7} 28 2~ clsQ} 5 L3 A Y clsoll A A FH P o™ 18 wih3ksha,
227 om0 AR ole 7 LA SR 12 WA o,

57} BB W, cls®] B E =) ofs) AAZF AR UCH Aol = shke] AALlA] 12 WEsHE At
1ol Ha1, 2% ¢kow ool YT

clsol __subclasscheck_ () WIAE7F Qo™ PEP 31190 AHE 2 A B S 2 A E FHE5])

Al =gk 2384 ?%iﬁ,derlvedﬂz g TR AE SR o cls?] B ZH2AYUTH S
cls.__mro__ o 3% o] gJHFUrLh

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

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL inst7} cls S 2= cls@] A B 29 Qa8 2oy 13 ¥E3Hst 1
02 WEEsrU T ol g 7} 8 ot -1 vhEstal o 2] & AAZ o
ds7h FE 0|, clse) L E B2 ol ) AAAF S BB Uk Aol kel Akl A 1L HBelE Aok
1052 ,1&‘;‘] oro ™ 0o] HUth
cls9]l __instancecheck__ () WA =7} 1™, PEP 31190 AW E & B e A S 3
A T=g Ut 2584 ‘E‘%gtﬂ inst= Sl STk clsS A B S AL of clse] AA"H YY)

An instance inst can override what is considered its class by havinga ___class___ attribute.

—|~
01&5
D)
§2
[o
)

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

Py_hash_t PyObject_Hash (PyObject *0)

Part of the Stable ABL 7] 02] &) Al gt A 4betn Magh oy AssiE —12 Megt o A
_4_ ]/y] _Laq/\]hash Q,Ecb‘qu_

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

rlo

Py_hash_t PyObject_HashNotImplemented (PyObject *0)

Part of the Stable ABI. Set a TypeError indicating that t ype (o) is not hashable and return —1. This function
receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter
that it is not hashable.

94 Chapter 7. 34 A A
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int PyObject_IsTrue (PyObject ¥0)

Part of the Stable ABL. A A 02 Fo & 7331 18, 122 ko 0L visg ) o] AL mlo| A
#94] not not 09}5‘:““4‘3} Agjstd -18 g}

int PyObject_Not (PyObject *0)
Part of the Stable ABL 23] 0% %02 25541 02, 184 GO W 1 NG Th o 22 shol 4

F84 not o9 FEFUTE A5 12 WP T,

PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABL. When o is non-NULL, returns a type object corresponding to
the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python
expression t ype (o) . This function creates a new strong reference to the return value. There’s really no reason to
use this function instead of the Py_ TYPE () function, which returns a pointer of type Py TypeObject*, except
when a new strong reference is needed.

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

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
Part of the Stable ABI. A A 02] 4 o] & vlstsh ). AA o7} A1 o} 3
Aol R e, Al S 1ol B i o| 2 Aol 8

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

22 Ao, AW
(0) S+ 55 Fuich.

ZEEZ
&4 len(

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

B A 3.40] F7}.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABL. A keyol] 3] @ 3t= 09] R AE Wi AL Ao A
NULLS WhhghU o o] 212 vho]d 34 o [key] 9 &5 HH T

int PyObject_SetItem (PyObject *o, PyObject ¥*key, PyObject *v)
Part of the Stable ABL. | keyS 3k vell W3tk A5 A] o &1 S TP 7] 2L 15 W&o 4
Fotd 02 Rk U th o] A2 o] H £ olkey] = vet FFHULH o] Fee vl S A2 E
A4 G5

int PyObject_DelItem (PyObject *o, PyObject *key)
Part ofthe Stable ABL A ool| A A Al keyoll th &t v 38 = A AUt Afstd -1 ¥y tt. o] 22
ol £ del olkeyl & F5dYT

PyObject *PyObject_Dir (PyObject *¥0)
Return value: New reference. Part of the Stable ABI. ©] 22 g}o] A 3321 di
Hgha BARe) (10198 5 k) P AES WAL, o2l 7} 9l o o,
NULLO]®, Fo]H dir () ZH]s28hw, @A A & (locals) & o] 552 REHU ) o] 39, A8 = ¢ o]
gA3lE o] 1A ¢Fo NULLO] ¥FEE X2 PyErr Occurred ()= A

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. ©] A2 ulo]|#H 3 A iter (o) 2 53Ut AA

Axtoll th 2 A2 o| £ o] El 2 M2ha ALY, A7) o] 5] o] el ol & o A A] A7) 2 9T o
AR E olEjel o] = & 4 10 W TypeError & WA 7| 1 NULLE WEF U h
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PyObject *PyObject_GetAIter (PyObject *0)
Return value: New reference. Part of the Stable ABI since version 3.10. This is the equivalent to the Python
expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator for it. This is
typically a new iterator but if the argument is an AsyncIterator, this returns itself. Raises TypeError and
returns NULL if the object cannot be iterated.

WA 3100 7}

72 SEZ2EF

s

CPython2 F 714 §& Z 2 EZ S A Y& th: ip_callz} W €] Z (vectorcall).

721 tp_call Z2 & Z
tp_callg ARE B9 A2UAL FHEAUL 39 4B T 2 Uh

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

gto] M T =9 callable (*args, **kwargs) 2F-FASHA, 912 AAE AT FEH 719 =
S A £11 5551 s args NULL o] oh1o1oF Felh (9401 S o1 558 45
SHA 9 71 Y = 227 ¢l E kwargs:= NULLY 5 954t}

o 2 p_call | A2 AH§F) & Ao] obdUth: tp_newsh tp_initE ARE o)W Aoz ALt
To call an object, use PyObject_Call () or another call API.

7.2.2 WE]Z (Vectorcall) z2 £ F

B A 3.99] E7}
HEZ 22 EZ 2 PEP5IA T& TS =07 Y3t Z2EZz 2953 ch

A8 2 22, CPythona Z & Eo] A F3td YR SZ&0 s HEejZS As e 28y o]l A d 438
2] o] OPMD} T3, AR A AR -2 (PyObject _call () & AHESHA] 9Fa1) 1p_ callg AR AT
ﬂﬁﬁ%% S A Qo= FWAE tp_calld T FFUTE Edh oW Z2EF 4ﬁd~ﬂﬂ4ﬁ
ol FHELS %%‘6}7%1 g ok gyt o] & A& AFE = WHL tp_calld PyVectorcall Call ()&
AR s AdYth o] o] viE-S A gt

7

-

Bl

)
1%

A MBS AAFE SHLE 2L AUAYES tp call S WEA FHF FTh

rle

2 call o S ATHR S AL AE 2L PAS AL & Gk o & o], A5 2R o A3 ARE A
= kwargs A 2] 2 W 2hsf of 6}2‘3, AEZS 78T o775 Utk

Classes can implement the vectorcall protocol by enabling the Py TPFLAGS HAVE_VECTORCALL flag and setting

tp_vectorcall_offset to the offset inside the object structure where a vectorcallfunc appears. This is a pointer

to a function with the following signature:

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

*kwnames)

o callable2 325+ AA YUt}
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c argse 912 QA 1 HE wEE VY E AR oz FHHCH YT
QA7) gl o NULLY &= Q5 YTt

* nargsfi= $12] QAL o
PY_VECTORCALIL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments from
nargsf, use PyVectorcall_NARGS ().

o kwnames+= 7| = 179 o] & X 3= FEYUTH
=2 “LOH kwargs A4 2]9] 7]. o] ]%%— AtE (strol U A B Z
o 23 oF gt 719 = QAR 9l o, kwnames+= WA NULLYE 5 )
PY _VECTORCALL_ARGUMENTS_OFFSET

o] 2N 27 HE F nargsf YA A, I TEAE= AAIHF S Z args[-1]

2, arge= A MEG] A A 100] b U Eh & 712l AU T, 7 52 A& Wee ] Aol arg

e B o g

PyObject_VectorcallMethod () & 7%, o] Zd 2= YAl args[0] o] HAEH 4 JL&& oJnst

gt

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY _VECTORCALI_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to
make their onward calls (which include a prepended self argument) very efficiently.

WA 3.8 =7}

ol SEERE

MEZS TASE AAE TEHUY, 02 FAED AAAE TF AP 5 E ASHAA L
PyObject_Vectorcall ()2 dutx o =g 7]-7<P_§_ 2 Yt}

Zral: CPython 3.80l A4 ®E|Z APIS} HE T ol €E0]l B2 o522 A2 A 4 UASFY
t}: _PyObject_Vectorcall, Py TPFLAGS_HAVE_VECTORCALL, PyObject_VectorcallMethod,
_PyVectorcall_ Function, _PyObject_CallOneArg, _PyObject_CallMethodNoArgs,
_PyObject_CallMethodOneArg. B3 PyObject_VectorcallDict+ _PyObject_FastCallDict
EAFHIJFUL ol A o] 5L A3 dEo] e 2L ol 5o B o® AgUTh

A A Al

p_call& A& o, 3] S E 2= Aol s 48T 287} gl U th: CPython-2 mp_call& A}-§3to] S &3
A$ Py _EnterRecursiveCall () & Py_LeaveRecursiveCall () < A& St}

SE4% A0, MNTL AESel T2Y 49l 194 SHUth ATEAE Lasty
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall & X231 oF g t}.
W E]Z 2] ¢ API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)

WE 2 nargsf AR} o AW, A QA 48 W@ T B4 037 B5 T

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

2, FF Fe SA6l pyvectorcall NARGS @& ARS-Sl oF Ut
WA 3.8 =7}
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vectorcallfunc PyVectorcall_Function (PyObject *op)
op7t MEZ 22 ESS AAHA o (Fo] ANFA AL Q2T A7
NULLE &g th 127 o™, opoll A48 ME 2 35 TIAHES BBFUL o] G4+ 92
WAYA) 71 A FE YT

_,d
)

O] AL op7t HE ZF& X Y3}=A & &Adt= v +& 7831, PyVectorcall_Function (op) !=
NULL= &1&te] 3 & 5 5 Th
W 390 =7}
PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
EZzy gy g o 2z o)A Y X2} 71 ¥ E AAE callable®] vectorcall func & &Yt}
This is a specialized function, intended to be put in the tp_call slot or be used in an implementation of
tp_call. It does not check the Py TPFLAGS HAVE_VECTORCALL flag and it does not fall back to
tp_call.

B A 3.8 &7}

7.2.3 A 3Z API

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

e EE LS b5 ® BT 2oF8 AU Th AT RS2 A 29 A

rt

FRIAA L.

s 88 args kwargs
PyObject_Ccall () PyObject * H= g A 8]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArqg () PyObject * 124 —
PyObject_CallObject () PyObject * HFZ&/NULL =
PyObject_CallFunction () PyObject * X9 (format) —
PyObject_CallMethod () obj + char* X9 (format) —
PyObject_CallFunctionObjArgs () PyObject * 7}H (variadic) —
PyObject_CallMethodObjArgs () obj + name 7} (variadic) —
PyObject_CallMethodNoArgs () obj + name = =
PyObject_CallMethodOneArqg () obj + name 1 A A —
PyObject_Vectorcall () PyObject * WHZE A Z
PyObject_VectorcallDict () PyObject * WHZE g A 2]/NULL
PyObject_VectorcallMethod () arg + name HE =2 HE =2

PyObject *PyObject_Call (PyObject *callable, PyObject >’<args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABL. F& argsZ o1 % QA AL} S A 8] kwargsE Fo] A
e S S B o M caloble 5 ST oh

argsi= NULL®] o} of of 3] E} I A7 28 glew Nl FEs A
3t eggﬁ,kwargsf NULLY % 9%t

HFoE % 23S WEsta, Aok o2 S BYA 7] 3L NULLES HBF ok
o172 Thg Thol A HANT 5

oo

44 2. ol B e ARt B L

S @Yt callable (*args, **kwargs).
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PyObject *PyObject_CallNoArgs (PyObject *callable)
Return value: New reference. Part of the Stable ABI since version 3.10. 2} gl o] Z&] & u}o] W A A callable
S SEFUTE AR Qo] 2 E Fol M AAE &= 7P 2 EH A HYUTH
AEER 52 ATHE VB, Aok o2 TN 7 T NULLE BT T
HZA 3.9 F7}L

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
Return value: New reference. 3 23] 17]12] 1 X] QAL argZ 71} = Q1A Qlo] & E gho| A A A callable
E EE‘GLL} D}

HEoE 52 A%E V51, Ash ke ol 9] & WA ) NULLS HBG L Tk,
WA 3.9 F7}L
PyObject *PyObject_CallObject (PyObject *callable, PyOb/'e('t *args)

Return value: New reference. Part of the Stable ABL. F& args®l] 23] o] X QA2 Z&]E glo|# A A
callables T2 Uth A7 26k o args— “NULLD) % 915U,

4ot & 23S et A9 sHA o o & WA A 7] 3L NULLS HHhgh o)
o] AL 2 vlo] W A A I 558Ut} callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

Return value: New reference. Part of the Stable ABIL. 7} 7] 4= 2] C ozxE ZHE .JJ— 1% A A callable-2
&3 Yt} C QA= Py _Buildvalue () 2EFY W EX1FS AFR-51o] 7| Y T} format2 NULL
2% 9ow, AR AT A ke e

B 52 AThE ek, A shE of 9] S w Al 7] 1 NULLS W Esh o,
o] AL 2 vlo] W A A 558Ut} callable (*args).
Note that if you only pass PyOb ject* args, PyObject_CallFunctionObjArgs () is a faster alternative.
WA 34004 R formare] B o] char *o| X HAH AF YT

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference Part of the Stable ABL. 7} 7] 5=2] C AXE AFE-3Lo] A A 0bj 2] nameo] 2=
ol F HMAEE ZEFULE C AAE FES ANk dt= py_Buildvalue () R FALE 7)€
gy,
format-& NULLY <+ 12w, JAA7F Al 35 A ¢b2= HEd Ut
AFotH & A5 vhshetar, Aol st o9 & 8 A 7] 3L NULL-E RFshehy o
o] ALt} oA A AFH} F5FYT}: obj.name (argl, arg2, ...).
Note that if you only pass PyOb ject* args, PyObject_CallMethodObjArgs () is a faster alternative.
WA 34004 W7 name>} formar®] @ o] char *oll A WA= A5

PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)

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

Aol 52 A7 MBS, AR o 98 WAA 7| T NULLE Bk
o] AL t}L glolH HEAAH} =3 t}: callable (argl, arg2, ...).
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PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABI. Call a method of the Python object obj, where the name of the
method is given as a Python string object in name. It is called with a variable number of PyOb ject* arguments.
The arguments are provided as a variable number of parameters followed by NULL.

AEetd T 235 ek, A et o 9 & DAY A 7] 3L NULLS WH-y T
PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)

Q17 §lo] shol s A obje] WA EE T FLITH o] 7] A WA o] S-L nameol A sho] d B2 A7)
Z Asguth
4ot & A4S Whhetar, A s o o & WA A 7] 3L NULLS WHehg o
WA 3.9 =7}
PyObject *PyObject_CallMethodOneArg (PyObject *obj, PyObject *name, PyObject *arg)

S 9 %] A2} argz vhol A AA obje] WM EE TEFUTE o 7| A HAE o] 22 namedl| A g}o] A
A AR & AlFE Uk

AEstd $& 23S kel Aushd o 9] & WA A 71 3L NULL-S w33y o}
B A 3.9 F7}.

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject *kwnames)
ZHE oW AA callableS TEIH T QA= vectorcall func 9F 225Ut callableo] W B =&
A A8, callabled]] 739 AEF & A T2 rh
HF 5 5F ATE NS, Aol 5H o 2 S YA ) T NULLE HHE g o
WA 390 7}

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
A2 AR} E = JEEiJr g 85| A AR MY kwdictZ AEE 7| N E AR callables
SE U ags 2L 917 Azt EFF ok

HEACR G 228t Gl Ak WA} FUL WelA, o) Pt BE AN
oJu] A9 = A2 AHSF 28 7L E GAT S A, A Aol tha REo] ¢S wl ek AHg 3] of

.
B A 3.9 &7}
PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Call a method using the vectorcall calling convention. The name of the method is given as a Python string name.
The object whose method is called is args[0], and the args array starting at args/ 1] represents the arguments of
the call. There must be at least one positional argument. nargsf is the number of positional arguments including
args[0],plus PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args [ 0] may temporarily be changed.
Keyword arguments can be passed just like in PyObject_Vectorcall ().

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

sl $& 23S 933, Aot o 9] & WA Al 7] 32 NULLE WHeHgh o)
B A 3.9 &7}
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7.24 52 ¢ API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL 73] 07} 2% 914 ha Ptk A7t 2ol oW 12, 13X o™ 0L
BB o] Bt T4 4B FU

73 LA Z2EF

int PyNumber_Check (PyObject *0)
Part of the Stable ABL. A o7} S22} T2 EZ 2 A|F51H 12 Wssl
O o] Bt B4 AT T
WA 38004 WA o7F A A A4 12 vh Y Th

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l3} 025 T St A3, A3 Al NULLES WHEHE Y o}
o)A shol M EA4 01 + 029 FE T

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL ol 9| A 025 i A3}, A A] NULLES WHEHEHY T}
o] 22 sho] A EAA 01 - 029 TS LTk

PyObject *PyNumber_Multiply (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l3} 025 53+ A7, A9 A] NULLE W
)AL shol®l EBA ol * 029 F5 2T

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABI since version 3.7. 01T} 025 34 F A s AL}, Ao A
NULL= W&yt o] 212 vfold 2d A4 ol @ o298t F5FUTh
B A 3.50] &7}

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

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

d
o
N
52
[o
rw
L)
POk
filo
r T
g
i)
AW

o

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. Return a reasonable approximation for the mathematical
value of o/ divided by 02, or NULL on failure. The return value is “approximate” because binary floating point
numbers are approximate; it is not possible to represent all real numbers in base two. This function can return a
floating point value when passed two integers. This is the equivalent of the Python expression 01 / o2.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l-& 022 Y= YW X}, A3 Al NULLES 93U o)
o] A srol A EAA o1 & 029 FEFUITH
PyObject *PyNumber_Divmod (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. W% <= divmod () &
= RS T o] A2 gtol W 23 A divmod (01, 02) & F5FYTh
PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABL. W% &< pow () & 234 .
Hhghtu o) o] 21 Thol X ¥ 4 pow (o1, 02, 03)&FFHULH 714 03w AHA YU 03
£ 2N W, 2 Aol by tone ALIAAIL (03 NULLE ATHH ZEA W B A 42

T T Y.
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PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL. A& A] 02] 2] %k (negation) <, A 3] A] NULLS W&k
FUTE o A2 sol 8 EAA —0%} SE T .

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 A] 05, A 3] A] NULLE ¥F3HshU T} o] A2
£94 r03t EE T

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL 02] AUl Zto|u, A3 A] NULLS ¥FEHg Ut} o] AL
stol X FH 4] abs (o) & FFFUTH

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL A& A] 02] 8] E ¥FA (bitwise negation) <, A 3] A] NULL
< WSS T} o] A2 Stol X T3 4] ~o02}t T Y TH

PyObject *PyNumber_Lshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A3 F Al 0l-& 02
Al NULL-S 9hHhU o) o] A2 Fho] A T8 A ol << 028} 55

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A3 Al 0] 2 0292 L EZ0 2 A ZE 3 A&, A9
A NULLZ RESY T o] A2 ho] W 84 ol >> o295 FUTh

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value New reference. Part of the Stable ABL. & A] 013} 022] “H] E W 1=2] 4 (bitwise and)” <, A 7]
Al NULL2 HEHtU T o] A2 Tho]H T H A ol & o029t F5 Y th

PyObject *PyNumber_Xor (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 013} 022] “B] E W vl €} 2 1= 2] 3} (bitwise exclusive
o2, A5 A NULLE HRFHUTh o] A2 sfo] M A4 o1 ~ 029 5T

PyObject *PyNumber_Or (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “B]| E Y =2] ¢} (bitwise or)” <, A 1)
Al NULL-Z 9H&HgtU T o] A2 Tlo] 2 x84 o1 | o289 55 FYTH

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

X

X,

°|

Il:l
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zog A
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Return value: New reference. Part of the Stable ABL. 013} o2& T 3t 23, /;j_-lﬂ Al NULLE ¥H8HghU o} o]
A2 o1 0] A\ LEFB A A2 o A (in-place) - BH LI TF. 0| A2 shol Al £ o1 +- 029 FETUH

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. ol o 4] 025 i Z3}u}, A3 A] NULLS ¥F3FSHU T}, o]
A4HE ol o] A1 A8 A AF2] ol A (in-place) T F U th. o] 22 to] W £ o1 -= o029 F5FUh
PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 0l3} 02E 33 23}, A3 A] NULLS ¥F3HSHU T} o]
ALk ol o] A A HHA A 2LE] ol A (in-place) =33 U T}, ©] 2 Ae ol H £} ol *= 028t FEHYTh
PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject ¥02)
Return value New reference. Part of the Stable ABI since version 3.7. 013} 025 3 3 FA1 s AL}, A9 A
NULLZ ¥Fehh ot o] A4R2 ol o] A1 A8 A 2b2] ol Al (in-place) =33 H U T}, 0] 21 %
€= o229t FFFUTH
B A 3.50] &7}
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PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL 0l 022 & 482 Z & o] (floor) W, A 3 A] NULL
£ gk o] AR ol 0] A BBk Al =2l ol A (in-place) 5 FB U Th. o) 2 sholdl o1 //=
029 TSIyt

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

point value when passed two integers. The operation is done in-place when ol supports it. This is the equivalent of
the Python statement 01 /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 0l& 022 W Y X}, A 3] Al NULLS ¥FShshy o).
o) QAL ol o] AU A A2l ol A (inplace) + BRI L. ol AL Tol W B o1 4= 029 FE
ek,

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject ¥02, PyObject *03)
Return value: New reference. Part of the Stable ABl. W7 & pow () & FZ 34 /\] . A9 EE NULL
& WP o AL 010] A0 81E Al 22l o A (in-place) AT T, 0] 2L 037} £y tioned
o shol W B o1 **= 029}, 2 A ¢S pow(ol, o2, 03) o] A A}e) aﬂvu—g—%r;;qq 03
£ FAISE W, I Aol Py _Nones AL AL (030 NULLS A3l d RS wZE e AM27)
ST o),

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 0l S 02WHE YZE 02 A ZE 3 A5, A5
A NULLE MBI o, o] A2 ol o] A ASHR A <)ol A (in-place) 53 L o] 2
ol <<= o289} FEsFYLh

PyObject *PyNumber__InPlaceRshift (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. /43 Al 01 & 02WHE L EEO0F A|ZLE 3 7§ =
Al NULL- 9hhghU o, o] A4k ol o] A Y8 xﬂx}a] N A (in-place) 33 F U th. o] 2
o1 >>= 029t EEFUCH

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 013} 022] “¥] E ¥ =] 3 (bitwise and)” <, A1 5
A NULLZ RSV o, o A4R2 ol o] A 5PE A Aol A (in-place) 53T U T, o] AL shol 4 £
ol 5= 029} 5T

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& Al 013} 022] “B] E 9 vl }4 =2] $} (bitwise exclus1ve
o0&, A3 Al NULLE RS T, o] Q4HE o o] A 15 Al 2] o A in-place) 53 H VI T o]
o] £ ol *= 028 FSHUL

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. A& A] 01T} 022] “B] E ¥ =] 3} (bitwise or)” <, A ¥
A NULLE WU T, o] 42 ol o] A 91318 A1 212 o A (in-place) 5 F LI Th. o] 22 5ol A 2
ol |= o028 F5dYh

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 A| A4 A 2 HEH 05, A9 A NULLS W&
U Th o] AL sho] M 4] int (o) 2} 55 L),

PyObject *PyNumber_Float (PyObject *0)
Return value: New reference. Part of the Stable ABL. A5 A] float 4 A 2 H3LE o5, A7) A] NULLS WHEHE
Utk o] 22 shol H EAA] £loat (o) 9 5531

]m
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PyObject *PyNumber_Index (PyObject *0)
Return value: New reference. Part of the Stable ABL. A3 A] 3}o]# intZ HEH o5, A3 Al NULLS ¥FS}H
Gtk Ash Al TypeError o 9] 7F AT Tt}
H A 3.109)| A ¥ 7 : The result always has exact type int. Previously, the result could have been an instance of
a subclass of int.

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference Part of the Stable ABL. A n& A5 baseS /\]-3 3| A A kel B2l wiskehy
t}. base AA=2,8,10 3= 165 Shito] of Futh 214 2,8 = 169] 3¢, WHEhE £444-2 '0b', ' 00"
EEox' o Ag */\VU} 247k ol &5 Ut no] steol A mt7} OM %, A PyNumber_Index () &
WEg U

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

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

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

74 NAAZZES

int PySequence_Check (PyObject *0)
Part of the Stable ABIL Return 1 if the object provides the sequence protocol, and O otherwise. Note that it returns

1 for Python classes with a __getitem__ () method, unless they are dict subclasses, since in general it is
impossible to determine what type of keys the class supports. This function always succeeds.

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the Stable ABL. A& Al A| A2 02 AA & wiEsl a1, 4 v)
FdA4 len(o) & F5FYTh

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. Al & A] 012} 022] o]o] B o] 7| & wiatal 1, A3 3td
NULLE WHREhUI T, o] 212 Shol W £8A ol + 029 E5 L),

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. Al A2 A A 05 count W WHE-SF 2 35 w35t A L,
A5) A NULLE WEEEH T o] A2 shol EHA o * count 9 BSFUTH

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL. A3 A] 012} 022] o] o] & 0] 7] & HI3
NULL-S ¥H&gUth o] A4k 0l 7} A A 8HH A X}FJ o A (in-place) 53§ FH U t. o] A
ol += o028} F5FYTh

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL. Al A2 A A 0 count ¥ HWHE
A3 Al NULL= BFHRU T o] A4k o7} A4S Al &} ol A (in-place) 538 Y T}
284 o *= count FSFYLH

ol

bl -1 Mg T o] 212 sho] A

tjo
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PyObject *PySequence_GetItem (PyObject *o, Py_ssize_t 1)
Return value New reference. Part of the Stable ABL 098] i HA] 8 AE w3 st AL}, A3 dH NULLS HF3HS
Utk o] 22 shol il B4 o[1] 9 S5 3 Ch

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Return value: New reference. Part of the Stable ABL. A| @2~ AR 02 i12}i2 A}o] 9] &8lo] A& HiSkst A L,
Aw)5hE NULLE W T o AL Thol W EAA o [i1:12] & S5 FU T,

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *Vv)
Part of the Stable ABL. A vE 0] i A {4 o0f Tf ?gf;mu} Ao 3E o 9 & WA 7| 1 -1S HkE
FUTH AT W 02 WBAFUTE o AL kol EF o(1] = voh FEHUTE o] It vol th et
DES LS BRI

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

int PySequence_DelItem (PyObject *o, Py_ssize_t 1)
Part of the Stable ABL o Z1A1 2l i AR 245 AHA| Ut Aastd -1S w3t} o] A& ulol A
TF del oli] & FFEYTH

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t 12, PyObject *Vv)

Part of the Stable ABL. A| A2~ AR vE A A2 AA| 02] ilo| A i2 Abo] 2] &efo] 2o YTt o] A
ol FFolil1:42] = vobESHUMh

int PySequence_DelSlice (PyObject *0, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL. A|A 2 AR 02] il A i2 Ao 9] & gfo]l AE At} Av)jsld -1 vkakg)
Utk o] 212 stold £ del olil:i2] ¢ F5YTh

Py_ssize_t PySequence_Count (PyObject *o, P\'Object *value)
Part of the Stable ABI. 0] 9+ valued] 45 w3} [key] == valued WE3dl=keyd 5

Z,0

T o A s -1S ‘ﬂ%@ﬂ‘:‘r- 0174 2 o] T4 o.count (value) 2 F5FYTH

int PySequence_Contains (PyObject *o, PyObject *value)
Part of the Stable ABL 09| value7} J=2] AT} 02] &5 = 37 valuee} 20 1S HF3HeL 1,
a5 ¢kod o gyt o2 Al -1 Wy o °l = 3]r°] W x4 value in o2t 559
e},

Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the Stable ABL. o[i] == values ¥&3he= 3 WA Q42 s Wt o 8 A -15 Wkt
Uk o] 22 o)W £H A o.index (value) & 55 FU T

PyObject *PySequence_List (PyObject *0)

Return value: New reference. Part of the Stable ABL /\] AU} olEHYHE 02 22 YLE R g AE AR E
WFEEH A L], Al BhE NULLS WS TE WA 2 AE s A2 A0 R HAH UL o A2 shol A
284 list (o) & FSHUH
PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL. A| A2 o]E & 02} Z2 W8S 7 F 2 AA &=
WAL, A5 P NULLS WERU T 07 2ol W, A 2g A/l BT Y, 184 o T

o) 4R &2 WEol Pt o] AL shol®l £ tuple (o) % 55 FU T
PyObject *PySequence_Fast (PyObject *o, const char *m)
Relurn value: New reference. Part of the Stable ABL. A] @21} o] & o0& T} E PySequence Fast* AYg
oA AFR T 4 Qe AAE Bt AR 7 Al DAL o B # B o] ol mE WA X gl AER
88k TypeError® WA AU Th A3 A NULLE ¥HEFEH o).

PySequence_Fast* &4¥ 07} PyTupleObject Y PyListObjectetal 7FA S 0] HloE Z =
of 25 AN 23H7] wWiEol o] FA o] F EAFYTH

CPython 7@ A ¥ A0, 07} o] u] Al A2} el 2= W, whekg ek,
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Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
Returns the length of o, assuming that o was returned by PySequence_Fast () and that o is not NULL. The

size can also be retrieved by calling PySequence_Size () ono, but PySequence_Fast_GET_SIZE () is
faster because it can assume o is a list or tuple.

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t 1)
Return value: Borrowed reference. 0] i A 8 425 Wl13sl=t], 07} PySequence_Fast ()°l &8l vt&k
= 3L, o7FNULLO] ofH, i7} A A el Qlthal 78 o}

PyObject **PySequence_Fast_ITEMS (PyObject *0)
PyObject 3 ¢1H 8] s v &2 WHtUth o7} Pysequence_Fast () ol &3l ¥H2he 131, 07} NULL
o] et 714 g o,
PlaEe) 2717 R, ATl 3

HAT S D5 AN L. A, A B2
W8 5 g BeelAE s i )

13
mlo
:i

= )
F2AH
PyObject *PySequence_ITEM (PyObject *o0, Py_ssize_t 1)

Return value: New reference. 02 i A& Q45 WEsA Y, A9sd NULLS a3 Y o}
PySequence_GetItem ()2 W2 § Al o] X 9k, ool N3] Pysequence_Check () 7} 2+ A A A}SHA]
a1, S AP A E 2 A A ma‘/}r/}

g 22

=

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

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

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL /35 Al A 02] 7] =& wkgholar, Aot -1 Rt o] & Fhold 3 4
len (o) & F5FYTh

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

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

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

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

int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Stable ABL. W] 3 21 of| key 7] 7} Q1o 1S W33t ar, 28 %) 9o 02 w3gyt}. oj=
o] A A key in o2 FEHULE o] T FF 4T
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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)
Fart of the Stable ABI. This is the same as PyMapping HasKey (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

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

PyObject *PyMapping_Keys (PyObject *0)

Return value: New reference. Part of the Stable ABL A &3}4, 21| 02] 7] E|2E & ¥13shy ) A9 sl d,
NULLS Wk3hsh o}
WA 37004 A o] Aol 7t Bl A E Y 22 v sls Ut
PyObject *PyMapping_Values (PyObject *0)
Return value New reference. Part of the Stable ABL. A-&3}4, 24| 02 3t 8]|2EE v13-shy ) A 93y,

NULLS ¥HHgHU o
HA 3704 HA: o] doll= Fr7HE2EY FES
PyObject *PyMapping_Items (PyObject *¥0)

Return value: New reference. Part of the Stable ABL. 483}, A A ool &= TF5
714 7 FBL 71 AS EHE FE UL AN HE, L1 BT o

M 374 RA: o] Foll= Tt Bl By FEL S U

r]I

S5

7.6 olHo|H =2 EF

=3 olgd o B & ALE317] 913 F B4} AS T
int PyIter_Check (PyObject *0)
Part of the Stable ABI since version 3.8. Return non-zero if the object o can be safely passed to Py Iter_ Next (),
and 0 otherwise. This function always succeeds.
int PyAIter_Check (PyObject *0)

FPart of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator protocol,
and 0 otherwise. This function always succeeds.

WA 3.100] 7}

PyObject *PyIter_Next (PyObject *0)
Return value: New reference. Part of the Stable ABI. Return the next value from the iterator o. The object must be
an iterator according to PyTter_Check () (itis up to the caller to check this). If there are no remaining values,

returns NULL with no exception set. If an error occurs while retrieving the item, returns NULL and passes along
the exception.

ol olH £ o|H o] Edte F2E FAJste W, C ZEE old A& Fojof Pt
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PyObject *iterator = PyObject_GetIter (obj);
PyObject *item;

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

}

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

/* release reference when done */
Py_DECREF (item) ;
I3

Py_DECREF (iterator);

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

}

type PySendResult

The enum value used to represent different results of PyTter Send ().
WA 3.100] 7.
PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 3.10. Sends the arg value into the iterator ifer. Returns:
e PYGEN_RETURN if iterator returns. Return value is returned via presult.
e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.

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

7.7 M3 =2 & F

sholpol A AHE S 4 gl oW AA £ oh v e] wd = B ol &AM~ E Z.}%Mv‘r o] & AA

o= ) F bytes 2 bytearray, 12lT array. array9 2L U3 S8 o] ZH T 4

g% ol A Heluh X HAH 2 E5F FEE A FE AT 5 dFUTh
of

=]
CEELCEEES SR ER

T & Ak 159 o vl DA (o) 2 ) 2k ; 92 3 A3y
o} oW ol A= 3k BAL glo] 24 v 3ol A2 5He 2 o] uheh A g e

ol A e C LA Mo 222 FHOE oH % )5S AFFUT o] ZREZE T 44 SHo]
PECASIEE

» AL 201 A2, Bo] W3l e ol A E i d & g, 2 9] AR S w sl BrE e
& 5 g Gk o) AEsl o] 2t v s AA] F2A AolA 2wE k.

PANASAAL AN B0 ST Aol AT ZAE 27 A5 oA A B AR

o} (18 Sof WA= w ) W

fy

v
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bytes ¢ bytearray$ 2-& 7rd3et A = sH5 ¥ 5 & o]
syt o9& 59, array.arrayel 93 &5 = &

An example consumer of the buffer interface is the write () method of file objects: any object that can export a series
of bytes through the buffer interface can be written to a file. While write () only needs read-only access to the internal
contents of the object passed to it, other methods such as readinto () need write access to the contents of their
argument. The buffer interface allows objects to selectively allow or reject exporting of read-write and read-only buffers.

H 3 A 3| o] 28] An|A7F g AA o thaf W E = ele 7 77 s Ut
o 22 W/ H 2 Pyobject_GetBuffer () & &34t}

*wr s s* YA S5 F S-S AFR Sl PyArg ParseTuple () (€ 2 JA T hS 2

F A EF WAV Y R3] koW pyBuffer Release ()& &k Ut 2138 A 314 ko
A b 28 thoFek BA 7 A s 4 Qs U T

A (EE @3] W H”) = o2 A9 vlol v e HolBE ol H =2
: Al 9l (zero-copy) EEto]ld WM AYF &2 AHE T 5 QlE YT

P2 A2l A, do o] tolHE sto]® R T W oA o} F H4A 2T 5 AFY
dradd 5 glon, &3 AA eolBef e 2 AgH 7] Al 22e7] 98t o]
AL, vl o] ] B Q1 ¥ & 2] (in-memory) P A 2 & Fx 319 v o] B & A&l vl A&
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type Py_buffer
Part of the Stable ABI (including all members) since version 3.11.

void *buf
=9 =248 729 A S 7] 7= ZAH. o] 21 AlF A} (exporter) ] S
=4 MRy 25 U RE AALD F AFUT & £0], 59 stridesE AHE3HE Fhol

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

E£3 A2, PyMemoryView FromBuffer () W PyBuffer FilllInfo ()& ZA#Z A A|
(temporary) M3 o] 7§, o] B=+= NULLY Yt L¥EA O 2, A|-F 8= (exporting) A A= o] A
AE A8 57 ghotol g .

Py _ssize_t 1len
product (shape) * itemsize. AL LY AL, R WEE E
Qo 4%, A% RAL T FAHGE =214 7277 24 2 2013
((char *)buf) [0] °|A] ((char *)buf) [len-1] W] AA
Row W7 Bud ALt fEGUT HRY o
PyBUF_WRITABLEY YTt}

N
o
A
T
=
ifid
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77. Wy =22 109



The Python/C API, ¥2]~3.11.8

int readonly
37k ¢17] Mg AAE et A ZIYUth o] BE=& pyBUF_WRITABLE 2] 12 Al o]
Yk,
Py _ssize_t itemsize
o 849 & F7](Ho] E) Y th NULLO] obd format gtoll &% struct.calesize ()
X Yt
of| 9] : 28|27} PyBUF_FORMAT Zef 1 glo] HE A8, format-> NULLE A4 5
temsizet o3 Aol G e BT
shape©] 92 ®, product (shape) * itemsize == len T X7} A& AYstL 28] A=
itemsizeS AFE3te] WHE ST 4 95U
PyBUF_SIMPLE ©|\ PyBUF_WRITABLE S %9 ZAIZ shape¢] NULLO| W, AH] A&
itemsizeE FABAL itemsize == 18 7} 8 oF Tyt

N

Moy g
ol

o &
o N
El>

)

const char *format
2] -GLEA W8S A3t struct BE 28Y £ NUL 5 44, ]2 o] NULLO| Y,
"ENRE ¢ £ Mgk
o] A= pyBUF _FORMAT Z | 1 & Ao]F Urth

rlr
I, of
Zd
£
[

int ndim
The number of dimensions the memory represents as an n-dimensional array. If it is O, buf points to a
single item representing a scalar. In this case, shape, strides and suboffsets MUST be NULL. The
maximum number of dimensions is given by PyBUF_MAX NDIM.

Py_ssize_t *shape

n-AHA g E W29 RS YEMY = 29 ndim®] Py_ssize_ t 8] Q. shape[0] * ... *
shape[ndim-1] * itemsizei lend} Zolof FhyTh
R gt shapen] >= 02 AgF Ut} shapel[n] == 09 A$LE= EWe =7 H a3y

oh ApA S A B = B 5ok v A& RSB A L.
shape W] D& 4| Aol Al 217] A& AT}

Py_ssize_t *strides
ZF Aph oA A 84S 7EA 7] A AU E vtol E & Al ¥ 2ol ndim®] Py_ssize t
w4,

sEFO|E g doo A4 4 dgth A e P9, sEGo|EE BE P50l A,
4¥ A strides(n] <= 091 ASE AT 5 dofoF Fuith AT N§L 24w I L

strides B G2 A H|z}of|A] ¢17] A& YT}
Py_ssize_t *suboffsets
Aol ndim®] Py_ssize_t W Q. suboffsets[n] >= 0 W, n A S weh AFd g2 =
ClE] o]l A H @ Z Al ZF-e o & (de-referencing) T ZF Z 1B of] B & vlo|E =& JEPH U T
29l B @ zZAl gFe o #Z (de-referencing) 7} 2HAY 3]'*] Qrolof 3H& e ‘4 1:]— (A% m e
B2ojAe A=)
£ A8 e Ao] $5H (3, 4 B2 BB GOH), o] BEENULL(ZEQ) olo]oF T
] T "‘i

ol w7 eho] B 2] PIL) o A AL F Itk ol el @ uj Y 8 2ol oA
ae 12.

231 Wy ol 2z B4 A
suboffsets B &2 A u] A} Al Q7] ALYt
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void *internal

°] 212 A| & 3t<= (exporting) A A of] &} 3l 7 A 0.2 AHFH U o € 59, o] A Zﬂ*x]’(exp()ftef )
7} A ps BNt ;\] TN ~E 8 2= 9l o, W 7} oH A2 uj shape, strides 2 1 suboffiets ] & -5 o A of oF
6—]"1? ]°ﬂ o & ‘éiﬁle Xﬁ”ﬂh ol AR Utk 28 A7) o] g tﬂﬁ A= ?}9‘4“/}-

Constants:
PyBUF_MAX_ NDIM

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

772 W3 QA F3

W 2= 7 Pyobject_GetBuffer () S %38l A2} (exporting) A &2 5 23S HUA D5 Th v
2EY =g F PR Bl aA e F Yon®, A AT 4 e ZE W H {3S A A3
A3l flags AAHS AU T

All Py_buf fer fields are unambiguously defined by the request type.

2
dn
r®
2

i )
LT

ko

112}
Ir
Q
o
o
o
filo
i
By
[e]
2
K
o
o
ffo
jus)
=)
rlu
)

© 2 QYA okst}: obi, buf, len, itemsize, ndim.

kv

© ¥
A=

readonly, format

PyBUF_WRITABLE
readonly BEE Aol FUTh AAH W, AT AL WEA 27 7458 05 E AFFHA
498 B a0 itk 18 A Show, AT AL 97 A8 WA 2] 7bs A E AT
F AR, RE vl Aol o3 QAL FA3oF FuiTh

PyBUF_FORMAT

format AES AU th A, o] =S uteA Aok Fuinh. 1F A dow,
°] &= WFEAI NULL o] of oF g .

PyBUF_WRITABLES T2 MM = Z# 19| E 4 A5ttt PyBUF _SIMPLEC] 002 AR Z,
PyBUF_WRITABLES %98 S 12 A5 0] ke 7] 7153 w52 238 & )

PyBUF _FORMATS PyBUF_SIMPLES A& 499 Z#129H E 4 9l4 Yt} PyBUF_SIMPLEL o]n| 3 4]
B(F3 gl vio| E) & 9 m g ch

shape, strides, suboffsets

W) e T2 Bt BAEsh asts £ GGR U 4 s T okeel g
E

Ee)19 B E )
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o2

shape | strides | suboffsets |

yes yes Jo3™
PyBUF_INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL | NULL | NULL
PyBUF_SIMPLE

CUZEBASHL AR OR 24T 5 it 2AEstol= PUE TPH/|= 184 ¢r]= Ttk
sEgto]= HHILglow, wF]E C-Agolojof g}
| 8% | shape | strides suboffsets | <4 |
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

239y

RE S 94 o Ao Za)1 2ol o5 $AF] AP Uh B4, ¥F TR EZL AE AL HE
23S g )12 Aok

g oA Ut AHA F A&xAHS JErPULE 2uAE ABA S AUE ]

PyBuffer IsContiguous ()& &3l oF gt

olw
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273 | shape | strides = suboffsets | 144 readonly format |

yes yes Q3 | U 0 yes
PyBUF_FULL

yes yes 93 | U 1Z==0  yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 1E=E=0  yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL U 1XX=0 NULL
PyBUF_STRIDED_RO

yes NULL NULL C 0 NULL
PyBUF_CONTIG

yes NULL ' NULL C 1ZE=+=0 NULL
PyBUF_CONTIG_RO

7.7.3 EZA3 A
NumPy-~ €} : shape 7} strides

NumPy 2B} vl g9 =84 L2+ itemsize, ndim, shape X strides@ A H th

ndim == 0°]®, bur7} 7}e|Z| = W28 Y X7} itemsize 3719 ~Z}t2 A Yt} o] A%, shape
I strides® B2 NULLY YT

strides7hNULLOI®, MRS EE AN CAlAE AAF U D87 ghow, 2 AE b3 2o n-
740 W 2ol 24| 3] o T B

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

QoA AFYol, bur AR MY BE o B
Frzwad fE4S A4S 4+ devh

i

AXE 7+ 4 4 Y& U Tk AT A exporten) & ]

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
mrrn
if offset % itemsize:
return False

(H& sl o] Al ol Al )
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(o] A H o] A | A AL
if offset < 0 or offset+titemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

imin = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shape[j]-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imaxtitemsize <= memlen

PIL-~€}¥: shape, strides 2 suboffsets

ARE 5 2o %, PIL 26 s Dol &= 299 o ﬁié 7tA 271 $1 3l whetof 6}L ZAH7FZE &
AsUth g S0, Eut3-2Ar C v E char v[2][2] 3] 2708 2-2k vl €2 7He] 7] =270 9] =<2 H
HEdE 5 5% 5yt char (*v([2]) [2] [3]. suboﬂsetsﬁfaqw, o] & j’-_?_]lﬂhbuf./] A2 o
del= g 5 ed, MR o= A ol mi X2 5 2= F 7He] char x[ 1 Wi E S 7He Py T
t}2-2 NULL©] o} strides £} suboffsets 7} 912 wll, N-2}-¢ Q€| A7} 7He] 7] &= N-i}-?rj Mo g 40 gist 2
AHE WHEhet= g Uth:

void *get_item_ pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; 1 < ndim; i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
}

return (void*)pointer;

7.7.4 W3 B4 g

int PyObject_CheckBuffer (PyObject *obj)
Part of the Stable ABI since version 3.11. obj7} ¥ ¥ Q1 E] g o]~ & A QPstd 1S ¥I&st, 18
0& utagh ) 10] WD uf, Pyobject_GetBuffer ()7} 383 Aol gtal
o] St = AN Al F Sk T
int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)

Fart of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by flags. If the
exporter cannot provide a buffer of the exact type, it MUST raise Buf ferError, set view—>obj to NULL and
return —1.
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A Z3d, views A1, view—>objE exporterol] T e A FZE AASI, 02 &S UL 2 H S

‘ﬁr°‘ gL 7<ﬂi gl t] &4 8= A 2 4 (chained) M 3 32+ -, view—>obj exporter T4l o] AAE

Tz AUt (H 5 AA L2415 HAL).

PyObject_GetBuffer()o] 3t AZAQ &L PyBuffer Release ()] W3t
=

o] Folof U th malloc () 3 free () & FAFFYUTE whebA, £u]2F7} v 3

PyBuffer Release ()& quiﬁ] 3} ‘31 i%‘sﬂ of gt}

R
o

o

=
=
ksl

}

pul

for &
5

ot &
24
void PyBuffer_ Release (Py_buffer *view)

Part of the Stable ABI since version 3.11. Release the buffer view and release the strong reference (i.e. decrement
the reference count) to the view’s supporting object, view—>obj. This function MUST be called when the buffer
is no longer being used, otherwise reference leaks may occur.

PyObject_GetBuffer ()& &3l @A 2 HH o] §+E TE3= 22 ANH YU

Py_ssize_t PyBuffer SizeFromFormat (const char *format)

Fart of the Stable ABI since version 3.11. Return the implied itemsize from format. On error, raise an
exception and return -1.

WA 390 F7}

int PyBuffer_IsContiguous (const Py_buffer *view, char order)
Part of the Stable ABI since version 3.11. view= A ] € W| 28] 7} C 2€} L (order7} 'C') o]\ T E T A~ EFY
(order7} 'E 1) 140 AV} 5 % Shob(order7t 'A")W 12 HBFUCE 187 oW 02 WET T
o Tt A AT

void *PyBuffer_GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the Stable ABI since version 3.11. =1 2 view W59 indices7} 7}2] 7] = W 2 8] 49 & 7FA 3 Ut}
indices= view—->ndim Q1A 2 o] v & & 7}2] A ofF g}

int PyBuffer_FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the Stable ABI since version 3.11. buf°ol] 1= AL H len B} EE viewZ B AU T} fort= 'C!
EfE(C AR EE EEU AR 2A) D 5 dgUth 435 00) W 3, g glow -1
o] by Tk,

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the Stable ABI since version 3.11. srcoll = len B} EE bufol] A5 RO 2 BAVE U T orders=
crEEF EE A AL EETETD ALY A EE %_6.3]_]/}_)?_:]_{,\_ Q&Uch AZsH o
o] wheh 2, o 2] 7} 92w —10] whakg ).
o] St en = sre->leno]) H A ) g Tt}

int PyObject_CopyData (PyObject *dest, PyObject *src)
Fart of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between C-style and or
Fortran-style buffers.

0 is returned on success, —1 on error.

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize, char

order)
Part of the Stable ABI since version 3.11. strides ¥ 2 —T—Oi A 84 dHlo|E 429} F0] A shape & 2 A<
(order7} 'Cc' A C 26}, order7} 'F' 4Eﬂ-/\E]— A) v g o] nlolE ~EZo|EZ A ST}

int PyBuffer FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int flags)
Part of the Stable ABI since version 3.11. readonlyl| W+2} 2~ 71 }‘“ A 0] AAH len 2719 buf & = =318 =

A& A} (exporter) o] T et W3 8 A& AUt buf = F L ulo|EQ Al AAE AU Th
flags A A= 23 3 S Vb P UL} o] 5= buf 7t 97 AL 0 ® A AW I PyBUF_WRITABLE®)
flags©ll *;iﬂﬂ o] YA o, FaF e 17t A Qs ﬂ%i views A& T}
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On success, set view—>obj to a new reference to exporter and return 0. Otherwise, raise Buf ferError, set
view->o0b7j to NULL and return —1;

o] 7} getbufferproce] Q52 M-85 W, exporter7} Al Sh+= (exporting) A A| 2 4 A= of oF 3}, flags
tFAEA e AR AdE ofof gt 2 A ¢F oW exporter7} NULL O] of of Tk

78 Y2 Z2EF

H A 3.05E 9 % H.
o] St = wlo] W 20 A “FE W ZEEZAPI 4 . al SRS
ZAEHA] AW 2x TE o] AL HA FJEE FLEL JHS] mEFULh o] EL A v 2 EZE EHR
T3 A 9L AT HHASE A TS ] A2 AP S AT = s UTh
& =
o

a2}

wat A, PyObject_GetBuffer ()(+ y* Y wrx 29 T & Sl= PyArg ParseTuple () A |89
0)E T2 oke] A I W BE AT, 5] BEAAG 5 9L W PyRurrer Release () B
s2oe Aol 25T

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

SR AXE DAL, buffer_lens W3 Aol 2 ATt o] Alof], -1& REFS}AL, TypeError
= A4

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. ¢} 2] ¢] H| o] Bl & 3ol ¢l 7] A& w2 2] ) Aol thet £ B & Wkt ). obj
ARt B ATRE 7] 7Hs W3] B o] 28 A WshoF Fuith FFFY, 02 MBS, buferS
W2 e 9 X2 AAS L, buffer_lens W3 Zolz ARt} o] Alol], -1 W33}, TypeError
S 24U

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL o7} @& Al ZHE ¢}7] 75 ¥ 3 QB3| o] 25 A Qs 15 W&tk 237
o, 0 NEF L) o] It F4 AT T
o e M HE THA LA A AL ok, G - E T E 0k T DA S ol Al
GO AaA L. e HuE wo W thAl Pyobject_GetBuffer ()& AFE3HAA A L.

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL. 227] 7} 8t v 2.2] 9] X of] tf 3t Z QA EJ & WU th obj A A= TE M IHE,
T2 3 AEF o] 2 A A of Utk FF oY, 0= REEelAL, bufferE Wl R 2] Y X2 dA s,
buffer_leng W3 Z o] 2 AAFUtt o g Ao, -1& W33}al, TypeErrors A Fth
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CHAPTER 8

0
yt}; shol W =2 13 A 7»‘17?1% ‘:‘é?}%tﬂ iﬂ}a 3 é } A FABHA] ¢hrh, ¥
S oF gt o & Sof, AA 7 M e el ﬂols}aﬂf&, PyDict Check ()& AF&3}4]
A AA Fo] “FKH A H FdH o] AFUTh

i

= 2 79 QA ANHA T, e F5E S ET AR
S151A] ohguith NULLE AR W el o 5|2 9ol el Qe z el o]

8.1 7] A
o] Aol A= shol A & AA St 42 E A Noneol Hh3) A FU T

8.1.1 & 7

type PyTypeObject
Part of the Limited API (as an opaque struct). W38 S 7| & sF= o] AR = AA Y C 24

PyTypeObject PyType_Type
Part of the Stable ABL. ©] 212 & A & AA| JUth; 5ho] A AlF 9 typedt 22 AA A th

int PyType_Check (PyObject *0)
A 07} £5W AR A T Fo] AxbAB 23ksto] W AA W 00] obd gh2 WA T e
2E 490 WA of I3t I AF T

int PyType_CheckExact (PyObject *0)
2 07 9 AR ) AW, 22 AR An o] oh] 7 00] bl g WA T BHE wE FF 02
shekghUTh o] $4 A AF R Th
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unsigned int PyType_ClearCache ()
Part of the Stable ABL. Y5 23] 7§ A] & AU th A2 oA e 1 & viskgh o}
unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Stable ABIL. Return the tp_ f1ags member of type. This function is primarily meant for use with
Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited API.
WA 3200 7}
WA 3404 WA ¥3E3 L o] A 1ongo] o}y Bt unsigned long$ YT
void PyType_Modified (PyTypeObject *type)
Part of the Stable ABL. g3} 71719] 2E A H Fof tjj gt
Epilo] s 2HAE FFOR 2AT Tt o G4
int PyType_HasFeature (PyTypeObject *o, int feature)
@ A 07} %5 feamre® AR FHW 00] obd e VBT F /%S A vjE Tz £AF
Uk,
int PyType_IS_GC (PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py TPFLAGS_HAVE_GC.
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the Stable ABL. a7} b2] A H ol & widghch
o] s Al ME F AAYYTh &, _ _subclasscheck_ () 7k boll thal] &5 A k5 U T
issubclass () 7F =33 AT 22 AALE 38| Pyobject_IsSubclass ()& TEJAAIL.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)

Return value: New reference. Part of the Stable ABL. & AR 9] tp_alloc$
o 718 W22 B HAUSE ARetol A AAEAT BetelD BE

Rape
olo o
o
=
c
E
fru
N
N
Lot
1
°
v

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Part of the Stable ABL. & AA|9] tp_new £€F S S 4l X2 7]. 9
tp_alloc %< AHESA A 2B A E v U Th

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL. & 72| & vl Ut 2735 S453tW BE 3§ QA sl o] fA=E
ZTEaoFFUTh o] e Fo Hlola FH oA AEd X FHUTh AF Al 02 WHESka,
LH A -1S NEElT Q5 ATy

ZF31: If some of the base classes implements the GC protocol and the provided type does not include the
Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its par-
ents. On the contrary, if the type being created does include Py TPFLAGS HAVE_GC in its flags then it must
implement the GC protocol itself by at least implementing the tp_t raverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s name. Equivalent to
getting the type’s ___name___ attribute.

WA 3119 F7.

o]N-
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PyObject *PyType_GetQualName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s qualified name. Equivalent
to getting the type’s ___qualname___ attribute.

WA 3110 F7.
void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. A ¥ &%l A7¢% 34 2 A & wksg o} A3 7FNULLo| H,
S350l NULLO| A} B F R OHA S o) WA 525 9482 HEbITh T2 A dido s
2B 2JAHE AAT T Fow N Tt
slot 12}2] 715 38F FF& PyType_Slot.slotS XA L.
WA 340 7}
WA 31094 WA : PyType GetSlot () can now accept all types. Previously, it was limited to heap types.

PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. PyType_FromModuleAndSpec ()& AF&3te] & 75 w] X
E 0 AEdE BE AAE vy
FolX F3t Addd 250l §low, TypeErrors A4 8Hal NULLE WH&Hgh ok
This function is usually used to get the module in which a method is defined. Note that in such a method,
PyType_GetModule (Py_TYPE (self)) may not return the intended result. Py_TYPE (self) may be
a subclass of the intended class, and subclasses are not necessarily defined in the same module as their superclass.
See PyCMethod to get the class that defines the method. See Py Type_GetModuleByDef () for cases when
PyCMethod cannot be used.

WA 3.9 =7}

void *PyType_GetModuleState (PyTypeObject *type)
sl ehghy o),

Y
3
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o
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oo
o
o
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W7 3.9¢ 27

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDef def, and return that module.
If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule_GetState () to get module state from slot meth-
ods (such as tp_init or nb_add) and other places where a method’s defining class cannot be passed using the
PyCMethod calling convention.

WA 3110 7}
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ot
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i)
ofl

99 ws

N

O s Al @ 98 ves v ARE Y
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)
Return value: New reference. Part of the Stable ABI since version 3.10. Creates and returns a heap type from the

spec (Py_TPFLAGS_HEAPTYPE).

The bases argument can be used to specify base classes; it can either be only one class or a tuple of classes. If bases
is NULL, the Py_tp_bases slot is used instead. If that also is NULL, the Py_tp_base slot is used instead. If that also
is NULL, the new type derives from obJject.

The module argument can be used to record the module in which the new class is defined. It must be a mod-
ule object or NULL. If not NULL, the module is associated with the new type and can later be retrieved with
PyType_GetModule (). The associated module is not inherited by subclasses; it must be specified for each
class individually.
ol s M2 ol PyType_Ready ()€ ZEHU
WA 3.9 =7}
W A 3.109]| A] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)
Return  value: New  reference. Part  of the Stable ABI since version 3.3.
PyType_FromModuleAndSpec (NULL, spec, bases)2} 5534t}
WA 330 =7}

PyObject *PyType_FromSpec (PyType_Spec *spec)
Return value: New reference. Part of the Stable ABl. PyType_FromSpecWithBases (spec, NULL) 2}
Each i

type PyType_Spec
Part of the Stable ABI (including all members). B 2] 35S Ao 5t= F+=xA.
const char *PyType_Spec.name

o] o] &, PyTypeObject. tp_names A A St+= o] AR Yth

int PyType_Spec.basicsize

int PyType_Spec.itemsize
A ~HEH 29 I 7 (¥WFo] E), PyTypeObject.tp basicsize®} PyTypeObject.
tp_itemsizeZd A A= o AHEH YL

int PyType_Spec. flags
% Z 1, PyTypeObject.tp_flagss A A sH= o] A Uth
Py_TPFLAGS_HEAPTYPE Z#|27} A AE o] YA ¢F O, PyType FromSpecWithBases () 7}
AEow Ze1s A4k

PyType_Slot *PyType_Spec.slots
PyType_Slot FxAS Q. 54 £F 3 {0, NULL}Ol &3] T 5g Yth

type PyType_Slot

Part of the Stable ABI (including all members). 2] A& 2 7| 5& Ao 3= +2A, €F DL} L £ AHE
ZaratU o)
= H
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int PyType_Slot.slot

<= 1D.

SE IDE F XA PyTypeObject PyNumberMethods, PySequenceMethods,
PyMapplngMethods ! pyAsyncMethods & E o] &0 Py HTFAIE B9 o]2&

AU A& S0,
e PyTypeObject.tp_deallocs AAS=Py_tp_dealloc
e PyNumberMethods.nb_addZ A7 S= Py_nb_add
* PySequenceMethods.sq_lengthS A dl=Py_sq_length
U2 B =+ PyType Specd} PyType_Slote AHESto] Hs AT + s Uth:
e tp dict
* tp_mro
* tp_cache
* tp_subclasses
* tp weaklist

* tp_vectorcall

i

e tp_weaklistoffset (PyMemberDefE FFZ 3} Al L)
e tp_dictoffset (PyMemberDef S ZrZ 3} Al L)
e tp vectorcall_offset (PyMemberDef S Z+Z 3} Al L)

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues,
use the bases argument of Py Type FromSpecWithBases () instead.

WA 3994 ¥ 7 : Slots in PyBuf ferProcs may be set in the unlimited APL.

WA 31104 WHA: bf _getbufferand bf_releasebuffer are now available under the limited
API.

void *PyType_Slot.pfunc
S 29 A8 FYUTH R o] AL F4ol HE LAY AT
Slots other than Py_ tp_doc may not be NULL.

8.1.2 None 7} A

Note that the Py TypeOb ject for None is not directly exposed in the Python/C API. Since None is a singleton, testing
for object identity (using == in C) is sufficient. There is no PyNone_Check () function for the same reason.
PyObject *Py_None
2ke] BA1 S el she] A None AA AUt o] A o= WA=} S U Th B2 259} B sl
oh2 A9} up @7k = A 28 of gt
Py_RETURN_NONE
C & ol A py_None' WH&ales Z& 2rt2 A A8 Ut (5, Noned] FZ 3¢5 Z7HA17] 1L

S-S o).
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8.2 %z} A A

8.2.1 4 AA

BE Q5L 999 279 Ylong” 35 AAZ FAF Uk
ol Al, 2] PyLong_As* APIi= A9t 1 E 4 gl (return type)-1& ¥HE3Uth 2542
AASH A PyErr Occurred ()& AL3AA L
type PyLongObject

Part of the Limited API (as an opaque struct). ©] PyObjecte] B 8L glo]l M A4 AA S Vepdch

PyTypeObject PyLong_Type
Part of the Stable ABL ©] PyTypeobject AAE A= sho] A A4 B UEbUTh ol AL ghol A
A=l ints} e AR UL}

int PyLong_Check (PyObject *p)
27} PyLongObject O\ PyLongObjecte] A H oA & vttt o] &4+ P4 4537
U,

int PyLong_CheckExact (PyObject *p)
AA7} PyLongObject O] AR PyLongObject] A H §o] ofyd = w3t o] = 4
4EdTh

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL vZX-¥] A} pyLongObject AAE "L A L, 4 o)
S NULLS wH3hghy o}
The current implementation keeps an array of integer objects for all integers between —5 and 256. When you
create an int in that range you actually just get back a reference to the existing object.

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Part of the Stable ABIL. Return anew PyLongOb ject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
Return value: New reference. Part of the Stable ABlL. C Py _ssize tZF ¥ A PyLongObject A A& 1}
2317, A9 i NULLS WU o)

PyObject *PyLong_FromSize_t (size_tV)
Return value: New reference. Part of the Stable ABL. C size_t Z 8 €| A PyLongObject AR & HI3+3}A
U, A g shd NULLS wEEE o)

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABL. Return a new PyLongOb ject object from a C long
long, or NULL on failure.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
Return value: New reference. Part of the Stable ABI. Return anew PyLongObject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)
Return value: New reference. Part of the Stable ABL. v A4 X R o 2 ¥ A| PyLongObject AAE

wk3tal AL, Ao 5 E NULL-S BkEEh o)

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

Return value: New reference. Part of the Stable ABIL str2] ZA14d k2 7|¥l o 2 31 A PyLongObjectE
T o ARG 32 base] 5 (7]14) ol whek 3 A F Ytk pend7F NULL O] oFU W, *pend= A}
£ o] 2= 3 WA EAE 710 YU o base} 0] &, an-2 integers 2] & AFEH A 345 1 oh;
olmj, 00] ofd ARF9 M8 0L ValueErrors A AU Th base7} 00] oY, 28} 36 A}o] o
Rojor i, AAE TFFUch A& FHI A A B2 FH v A Aol 9] ©d &S FAIFH UTH
FZA7F Qe valueError 7} wHA) g o}

© B7]):

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyOb ject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
Return value: New reference. =2+ 8 uoll = FUIE A A/ AL E dho|H A g o g Asghoh
B A 3.30]] 7}

PyObject *PyLong_FromVoidPtr (void *p)

long PyLong_AsLong (PyObject *obj)

Fart of the Stable ABI. Return a C Long representation of obj. If obj is not an instance of PyLongObject, first
callits __index___ () method (if present) to convertittoa PyLongObject.

Raise OverflowError if the value of obj is out of range for a 1ong.

el Al -1& W3t th R34S A AW PyErr Occurred () S AHEBHIA L.
B A 3804 HA:Use___index__ () if available.

W A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABI. Return a C 1 ong representation of obj. If obj is not an instance of PyLongObject, first
callits __index__ () method (if present) to convertittoa PyLongObject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or —1, respectively, and
return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and return —1 as usual.

g Al -1 WU Th e S A AStH W PyErr Occurred () S AHESHA Al L.
B A 3.80 4] Y17 : Use __index__ () if available.
¥ A 3.109]| A ¥ 7 : This function will no longeruse __int__ ().

long long PyLong_AsLongLong (PyObject *obj)

Part of the Stable ABL. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range fora long long.

off & Al —1 & W&t RSAES A ASH Y PyErr Occurred ()& AFE3HI A L.
B A 3804 HA:Use_  index_ () if available.

¥ A 3.109)| 4] ¥ 7 : This function will no longer use __int__ ().

long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.
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If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or —1, respectively,

and return —1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to O and return —1 as
usual.

el Al -1& WUt R34S A AW pyErr Occurred ()& AH&8H Al L.
B A 3.20] F7}.
A 3804 WM A: Use  index__ () if available.
H A 3.109) A ¥ 7 : This function will no longer use __int__ ().
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABL pylong®] C Py_ssize_t Zd & WUt} pylong2 PyLongObject?] A1~HE
2-0]of gy,

pylong®] 7ko] Py_ssize t2] MY E Holyd overflowErrorE WA Al 7Yt}
g Al -1 WUtk RS A AStH W PyErr Occurred () S AHESHA Al L.
unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Part of the Stable ABI. Return a C unsigned long representation of pylong. pylong must be an instance of
PyLongObiject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.

o #] A] (unsigned long)-1<¥IE3Uth RS A S A ASIE A PyErr_Occurred () & AFE3HA]
Al L.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABI. pylong®] C size_t & H S YISt} pylongS PyLongObject ] Q2B Ao of
o)
H .

pylong®] ko] size_t9o HYE Hlo]JUH OverflowErrorS 2HAA Ut}
of| ] Al (size_t)-1SWtEstUch RS A S A A YH PyErr _Occurred ()& AFE3HAA] L.
unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Fart of the Stable ABI. ReturnaCunsigned long long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.

o 2] A] (unsigned long long)-1& ¥F&StUctt RS A S A ASH ™ PyErr Occurred ()&
A8 BHALA .

WA 31604 M7 22 pylong= o)A TypeError7} o} overtlowkrrors WA Al YUk,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

Fart of the Stable ABI. Return a C unsigned long representation of obj. If obj is not an instance of

PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of 0bj is out of range for an unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

o #] A] (unsigned long) -1 ¥IE3Uth RS A S A ASIEYH PyErr_Occurred ()& AFE3HA
Al L.

B A 3.80 4] Y7 : Use  index__ () if available.

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

124 Chapter 8. 7% 214 #|

o]N-



The Python/C API, ¥ 2]~ 3.11.8

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Part of the Stable ABI. Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.

o 8] A] (unsigned long long)-1< ¥FEd Uttt RS AE A ASE A PyErr Occurred ()&
A8 AA 2

B & 3.80 A4 W7 : Use__index__ () if available.
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().

double PyLong_AsDouble (PyObject *pylong)
Part of the Stable ABIL. Return a C double representation of pylong. pylong must be an instance of
PyLongObject.
Raise OverflowError if the value of pylong is out of range for a double.
o Al —1.02 ¥ttt RS A ASHE Y PyErr _Occurred () & AFRSHAAI L
void *PyLong_AsVoidPtr (PyObject *pylong)
Fart of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an

OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

o Al NULL-E 933Utk B3 A& A AW PyErr Occurred ()& A3 Al L

8.22 Ee|d AA

ol oA B A4 B ZHAg THP YT Py_False$ Py _Truedt: F 7] 22w s
Utk wreba] dubAQd A 2 A s R0l 489 A Utk 2Hu s WMazE ASE 5

%k

PyTypeObject PyBool_Type
Part of the Stable ABI. This instance of Py TypeOb ject represents the Python boolean type; it is the same object
as bool in the Python layer.

int PyBool_Check (PyObject *0)
o7} PyBool_Type BolW & 85 Uth o] &4+ &4 AT Uth

PyObject *Py_False
ol d False AA. o] AR WAE7} QeUith B2 A50k BA AL O A} bR =
A28l of gLtk

PyObject *Py_True
Shol A True A o] AAL WA AUt 22 A5 BAs AL ThE AA 9} vl @A =
28l of gLtk

Py RETURN_FALSE
4ol M py_False® W8T, F2 A5E U5 S/

Py _RETURN_TRUE
Fpol A py_True® WHEHSHI, F2 A58 485 S/ AU

PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL v2] =g] gkl W} Py_True Y Py_Falseof o3l Af
2 E gy
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823 FF 4243 AA
type PyFloatObject
o Pyobjecte] AH WL shold RE 247 AR S Ve
PyTypeObject PyFloat_Type
Part of the Stable ABL 9] PyTypeObject OlAHEAE glo)lH HE 442 38 ey Ur) o]AL
sho] & A S A float 2 2 AA ATt
int PyFloat_Check (PyObject *p)
QlA}7} PyFloatObject W PyFloatObject?] A H & o]
g},
int PyFloat_CheckExact (PyObject *p)
Q1A 7} PyFloatObject o] AR PyFloatObject A H L ofy
e t]o
PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABL sor2] E2}Q 3t 7|9 & pyFloatObject BAAE
?HE A, A 3] 8H NULL.
PyObject *PyFloat_FromDouble (double v)

Return value: New reference. Part of the Stable ABL. v25-¥] PyFloatObject AASE & AL}, A 3
NULL.
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double PyFloat_AsDouble (PyObject *pyfloat)
Fart of the Stable ABIL. Return a C double representation of the contents of pyfloat. If pyfloat is not a Python

floating point object but has a ___float__ () method, this method will first be called to convert pyfloat into a
float. If ___float__ () is not defined then it falls back to __index__ (). This method returns —1 . 0 upon
failure, so one should call PyErr_ Occurred () to check for errors.

B A 3.80 A W7 : Use___index__ () if available.

double PyFloat_AS_DOUBLE (PyObject *pyfloat)

Return a C double representation of the contents of pyfloat, but without error checking.
PyObject *PyFloat_GetInfo (void)

Return value: New reference. Part of the Stable ABI. float2] & &

structseq A~V A E 2 FUE dl6 91Y float.hE A}
double PyFloat_GetMax ()

Part of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

& FSg Aol 2 A E 29%
%%F% A dUot.

double PyFloat_GetMin ()
Fart of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte strings.
The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double from such
a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the 2-byte
format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to the IEEE
754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision format, although
the packing of INFs and NaNs (if such things exist on the platform) isn’t handled correctly, and attempting to unpack a
bytes string containing an IEEE INF or NaN will raise an exception.
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On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

HA 3119 7).

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes string in
little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format (exponent first, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or O on
little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

* What this does is undefined if x is a NaN or infinity.

¢ —0.0 and +0 . 0 produce the same bytes string.

int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. leis an int argument, non-zero if the bytes string is in little-endian
format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The PY_BIG_ENDIAN
constant can be used to use the native endian: it is equal to 1 on big endian processor, or 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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sho] 1 o] ® 44 AR CAPIO|A £ ) T 719 The Yo TR UTh: Shbs shold 2 ado] w59
o4 A1 11, CFE Fhie A4 A g8 FeI U C 722181 APL 271 555 91 =

CFaAZAL Has

) Hp = o] e A S Lolsol AR NSt g s £UHE T Rz EdE o=
THE U th o]+ APL AA o A G Yt
type Py_complex
sho] 7l B A<
r = z

Aedd == =98

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

CPry_complex @& AHEsto] F B o2 gy
Py_complex _Py_c_dif£f (Py_complex left, Py_complex right)

C Py complex ERS Aato] T Hagel o] wtaa),
Py_complex _Py_c_neg (Py_complex num)

Return the negation of the complex number num, using the C Py_ complex representation.
Py_complex _Py_c_prod (Py_complex left, Py_complex right)

Cry complex EAE ARlo] T Baso g2 wagr.
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)

CPy_complex AL AFL3to] F B A4 B8 wlskshu .

If divisor is null, this method returns zero and sets errno to EDOM.
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)

C Py _complex WS AF&3to] num| exp A5 A =& W3ty ot

If num is null and exp is not a positive real number, this method returns zero and sets errno to EDOM.

stold AAZA ) Bag

type PyComplexObject
vholH i AA S U= Pyobject o] A H &,
PyTypeObject PyComplex_Type
Part of the Stable ABL ©] PyTypeObject AAEI AL slo] M B 44 S el ) sho] A Al =9
complexh 2-& A AT},
int PyComplex_Check (PyObject *p)
QI A} 7} PyComplexObject Y PyComplexObjectl] A B T o]

AF
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int PyComplex_CheckExact (PyObject *p)
Q1 A7} PyComplexObject O] A/ W, PyComplexObject®] A H F3 o] olyd & wkaghc). o]
‘61-/\ = tﬂ-/\]— /\-1:'_31—14 1;].
PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. C Py_complex FfOo 2 MZ2-L uto]H B4 4 AR E w5 Ych
PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference. Part of the Stable ABI. real ¥ imag@ M 22 PyComplexObject 21 A& Wk
o,
double PyComplex_RealAsDouble (PyObject *op)
Fart of the Stable ABIL Return the real part of op as a C double.
double PyComplex_ImagAsDouble (PyObject *op)
Fart of the Stable ABI. Return the imaginary part of op as a C double.
Py_complex PyComplex_AsCComplex (PyObject *op)
o opd] Py _complex gha WU T

If op is not a Python complex number object but has a __complex__ () method, this method will first be
called to convert op to a Python complex number object. If __complex__ () is not defined then it falls back
to__float__ (). If __float__ () is not defined then it falls back to __index__ (). Upon failure, this
method returns —1 . O as a real value.

¥ A 3804 WM A: Use  index__ () if available.

8.3 A|dx A A

ARz Aol D AR A4 o] H Aol A ol BEUTH o] el A sho]d Qoje] mH T 57
5o A AR E R

8.3.1 nlolE Y AX)

These functions raise TypeError when expecting a bytes parameter and called with a non-bytes parameter.

type PyBytesObject
o] pyObject®] A H &g sto]d vlo]EF AAE YERY YT

PyTypeObject PyBytes_Type
Part of the Stable ABL o] Py Typeob ject o] Q2B 2 shol A who] E@ B2 Uehd U th; shol A A%
9] bytes®} -2 A Ut

int PyBytes_Check (PyObject *0)
A 07} Whol EQ AR o] AL} Hlol 2 Bo) A Ho) AAHAT FL MBI of T T4
Ehcoiasi=g

int PyBytes_CheckExact (PyObject *0)
A o7F vt E AR o] A vE vlo] EL P o] A|H e
4k 42 T,

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL. A-231H 3o 2 v B} BALR S zh= X nlo|EY
AR wHEsha, A3 s NULLS WS EU T W) 84 v nuLLe] ofujof of Futh; @AFSHA
Feruich
v\ .
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PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. A &3} Zho] v BXFH Q] B AR o] 11 ZA o] 7} len?l
A vkel Ed AAE WrEsta, A E NULLS WU Th vZENULLOl W, vpo] E D AR o] W8
271319 A k5 Uth

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL. C printf ()-2E}
QAAZ Wb, A3} 3ol A wlol=d A Y 2715 AN T %
B T 7he Qs C § o] of of 5l formar BAHG ] Y £
B85 E BAs 09 25U

A format TAL T 7HH N9
gl ToE wpol = A7) 2

Q)
o
A7} 425 vl of gk,

EEE =
%% n/a F e E % &4}
$c int g vlolE, Cint 2 Z3F U th
3d int printf ("sd") o} S5t
$u unsigned int printf ("su") & S5t
$1d long printf (" old")a}%%imu}.l
$1u unsigned long | printf ("slu") &} F5gYct!
$zd Py _ssize_t | printf ("$zd") ¢} 53 c}!
Szu size_t printf ("$zu") & =53}
%1 int printf ("%i") &} 55§ )]
$x int printf ("sx") & =5 ch!
$s const char* 928 CExujg.
$p const void* CEZJAHY 16T FH. TRHEZY printfZt oH AAE He=A ol
A2glo] 2Bl D 0x 2 Al Hgo] BT B8 Al s Ao
printf ("$p") 5 FTh
A4 4 g 2o BAE £ 2ARY) uA] REo] F A3 ARl 2oi2 BAs A BED,
27} QAA1E =AU o,

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

Return value: New reference. Part of the Stable ABL. &3] & 719] A& 3= AS A
PyBytes_FromFormat ()3} 25U th

©
ok
R
rr

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W3 Z 2 EZ-8 73 3l+= A 02 vlo|EE XS
shgkgh o,
Py_ssize_t PyBytes_Size (PyObject ¥0)
Part of the Stable ABL H}o]|E & AR 02] Zo|E wi3kg})
Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
Similar to PyBytes_Size (), but without error checking.

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL. 02] W&ol o3l £ E]E ¥ttt} Z£QE|&= len(o) + 1 HIOJER ZAH
o8] R W E 7H i yth w59 npA] gt vio] E= th2 d (null) vlo] E7} QA of] A gle] 34
gyt 7-‘,‘21]7]—PyBytes _FromStringAndSize (NULL, size) & A}&5to] W& w50 73—?—7]—
ol U HolE & 4 OH/H = FEUTh S siAISIA & ¢ FUTh o7F vl EE AR 7F ol H
PyBytes_AsString ()< NULLS W33} 1 TypeErrors ‘?:_1"@ Al 7Y th

_4

'S AR udd lu, zd, 20,0, 0 A 0-8 S 2E AUES AN E TS v HUh
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char *PyBytes_AS_STRING (PyObject *string)
Similar to PyBytes_AsString (), but without error checking.

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Fart of the Stable ABIL. Return the null-terminated contents of the object obj through the output variables buffer
and length. Returns 0 on success.
lengih 7 NULLO] B, uho] EQ AR = WAE W v 22 E31 4 gtk whek 2Rtk gt 1
S ¥ESl a1 valueErrorS WA A AU T
buffer<= 0bjo] W& W3 5 7}2] 717 5], 2ol 37} @ vko] E7F 23 Y th (lengtholl & = ?};Pﬂ 2
SUrth. AA 7} PyBytes_FromStringAndSize (NULL, size) & AFg3te] v} Z wbE5o( 3 A9
S Hlo| B 43 A ek AT $TS AASIAL @ H Tk bk el £ AA7) oh)
PyBytes_AsStringAndSize () ¥ -1& W33} al TypeErrorS A A Yt}
WA 35004 HA: o] Holl=, vie] ED A Ao @ vlo]E7L 23t E o] I 2™ TypeError7} T3
U,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABI. bytesol| newpart®] W8-S TIE ¢ A vlo] E G AA|Z *bytesol] W5t} TE&A7}
M F2E 2FFUT byres®] ol A groll thet ?‘53 FTHYUTE A AA7E v A & L, byresol]
e o o] A8] M A AL *bytes®] 2 NULLE A F YT A A g o7} *‘:ixé%ﬁﬁ}

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

ol

Part of the Stable ABI. Create a new bytes object in *byfes containing the contents of newpart appended to bytes.
This version releases the strong reference to newpart (i.e. decrements its reference count).

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

“EW7 Qe = Breta o] =8 AA Y T/18 MAHE . $AS AL o= AN E BE
o B AHE 5H4 A] 5 bytes 7} o] b] T o] hE RR o] delA L 4 ArkE AgSHA B A e. 93
m1E@ﬂﬂqﬂ&§vaﬂovwmqﬂﬁgiéa% e BN ES DR
FAE halue(] &S 7128 5 A5 Uthe Ad2ela, gaie Al 2718 A2tk 45511, *byes
€ 27173 ol EQ A S ZHA H A 00] wEE U fhytes®] FaE AH AT OE F A5 Y
oh. Aol Asfstd, “hyesol] = Al violER AA = D s Al AL, *bytes7F NULLE A A 11,
MemoryError7} A AT 1] —10] ¥13E U},

8.3.2 ulo|E uj g A A

type PyByteArrayObject
o] pyObject] A H &2 F}o] A bytearray 2 A & LHEFY L T}

PyTypeObject PyByteArray_Type
Part of the Stable ABL. ©] PyTypeObject Q2B 2= vho] A bytearray & S VEHY U T} 5ho] A A &9
bytearray2} 22 AA YUt

LR EE

int PyByteArray_Check (PyObject *0)
A A 07} bytearray 2 4] ©] 7] L} bytearray F 2] A H & AAE AW H-S wkEshUc) o] g 4 AT
it

int PyByteArray_CheckExact (PyObject *0)
A A o7} bytearray 2 2| ©] Z] Tk, bytearray o] A B 3 AT AL oby W FHE RS o] 4
P AEFUh
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2% API g4

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL. W3] Z 2 € Z-& T3 3l= 422 AA (o) ZHE A A
M 2 - bytearray A A& = F YT

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. string=} 71 2 ©] (len) 2 5] A 2 & bytearray 2] A =
eyt Aol s, NULL o] Rbehg U o

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL. H}°] E vl & a 2} b5 ©] 0] £ o] A 2 -2 bytearray & WF3}+
Ut

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABL NULL Z B & &2 3%t & bytearray2] 27|15 2+&gt}.

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL. NULL Z Q1 E] & &3t & byrearray?] W-&< char v € 2 ¥F3-ght} wHElE
ol Q1o T4k ol 3e] o ko =7} 2 7hE o,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABL. bytearray®] W5 ¥ 9] 27| & leno & Z A 3T}

rlr

s

ol MR E ST E 5 S A ZAEE FAsHA] FF Ut
char *PyByteArray_AS_STRING (PyObject *bytearray)

Similar to PyByteArray_ AsString (), but without error checking.
Py_ssize_t PyByteArray_GET_SIZE (PyObject *bytearray)

Similar to PyByteArray_Size (), but without error checking.

8.3.3 gz Axl¢ 79
SREASELE

lo]# 3.3 A PEP 3932 333l 0|3, ST A= YEH o7 t}oksl 32 AL 3] AA SUR
"E‘X]' ‘:}-5]‘14'%‘ ﬂﬂla}tﬁ/ﬂ Uﬂ B] _?L-‘%/\é% %X]‘éj—q I:]- rEFC };1._?_57]_ 128, 256 == 65536 U] U]—O] T‘_“;q'
dof| gt 58e A9 dFuth 28R god, FE £AEE 1114112 75_2]_”_14:]1: W 9]y u] ko] o] o
k.

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

°o]7d API9} A APL 7] A &ho g Qlsf), U ZE AA = whsol X o meh 74 o2 5+ 7HA] ej 7t 2
T AsUHH:
o “3 A (canonical)” FU I = = JA A=A g2 FUIZE APIY| 93 TtEo] X BE AA J YT
FAoNA B g A EAL ASFUT
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 APIL.

I
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Fa: “HAA” FUZE AA &= 2" APLe} 7] ool A 312004 Al ARG ULE L o]T 2 BE fFUFE
A=« 27 o] AUt AA 3 F H = PEP 6232 ZZ 3 AL

3

o
L
R
iy

U2 gtoj oA FUIE FA O AHEH = 718 FUIE A4 Y

type Py_UCS4

type Py_UCS2

type Py_UCS1
Part of the Stable ABL ©] & EZS
@?%%%QWWMWMW%%%%HEE%Aéiﬂ@ﬂ%&yﬂa%§4%ﬂﬂﬂﬁ
B A 3.30] F7}.

type Py_UNICODE
o] 212 EH;E wet 16¥ E Y o]t 320 E <l wehar_t 9] typedef YU T
B 33004 W 7: o] A Bl Aol A, o] AL W= A] sho] 2] “U) 29 (narrow)” L} “2}0] = (wide)”
EWA F o= e A=A w168 E P o 328 E P ol s yth

type PyYASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject

o] pyobject AB FEZ ol FUZE AAE Ueb iyt A9 BE Ao, fUZE AAE
A el dte BE APl &7} Pyobject ZREE H et uigstn g 2 Y AL =

WA 330 27}

PyTypeObject PyUnicode_Type

Part of the Stable ABL ©] PyTypeObject Q2B AE Tto]W FUFE S YERY U] Fo] A T &9
strZ =&=H Yt}

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)
B 214 A A o7} “F 8 A (canonical)” F
st7] dej B a3yt
8E A 0= Westar, A A o] & AA A -1 Rigst=d], 53] v 22| Dol AsfstE Ay
.
B A 3.30] F7}.

WA 3.1000 A H A = A5 U th WA 312004 Al AF Yth: o] API+= PyUnicode_FromUnicode () 2+
A Al AF YT

#el7) B Th o] 2L ofelo] AR A AA A A E AL
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Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)

Return the length of the Unicode string, in code points. unicode has to be a Unicode object in the “canonical”
representation (not checked).

WA 3.30] 7}
Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *unicode)
Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)

AR B2 ANAE 3] UCSI, UCS2 == UCS4 A4 oz 7l~E H ¥ 2 (canonical) &3
of thg £ HE WYtk A (canonical) A o] SutE FAF 7] A] HAAsHA] ok
t}; PyUnicode KIND ()& A&dte] 08 W22 & AEGHA Q. o2& A 2517 Ao

PyUnicode_READY () 7} &% ¢ o] oF &)t}
WA 330 F7}
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
PyUnicode KIND () 3 2] & vt3k3tu o}
WA 330 7}
HA 31000 A HAH A5Uth HA 31294 A AF Uth: PyUnicode WCHAR_KINDE ¥ X5 Sl55
ek,
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 330 =7}
Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
T+ A (canonical) ¥ & data(PyUnicode DATA ()2 Q& &)X Z= ZAEE 5tk ALY
FH] (ready) EE 0] £33 = A k5 U th
B A 3.30] &7}
Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)

Read a character from a Unicode object unicode, which must be in the “canonical” representation. This is less
efficient than PyUnicode_READ () if you do multiple consecutive reads.

WA 330 7}
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Py_UCS4 PyUnicode_MAX_CHAR_VALUE (PyObject *unicode)
Return the maximum code point that is suitable for creating another string based on unicode, which must be in the
“canonical” representation. This is always an approximation but more efficient than iterating over the string.

W 330 =7}

Py_ssize_t PyUnicode_GET_SIZE (PyObject *unicode)

Return the size of the deprecated Py_UNICODEFE representation, in code units (this includes surrogate pairs as 2
units). unicode has to be a Unicode object (not checked).

WA 3300A A= A5 WA 302004 A AFUTH: o)A 28 Y
PyUnicode GET LENGTH ()& AF&3}o] ulo] 1 o] A 3141 A £

UZE APIS] 5 dUt,

Ho

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *unicode)

Return the size of the deprecated Py_ UNICODE representation in bytes. unicode has to be a Unicode object (not
checked).

WA 33004 HAAE AL UL WA 302604 AARUTE: o] A A8 S RE APIY Rt
PyUnicode_GET_LENGTH () AF&3lo] ulo] 1 o] A 3H4] A 2.

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)

const char *PyUnicode_AS_DATA (PyObject *unicode)
Return a pointer to a Py_ UNTCODE 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).

¥ A 3.30] 4] ¥ 7 : This function is now inefficient — because in many cases the Py_UNICODE representation
does not exist and needs to be created — and can fail (return NULL with an exception set). Try to port the code to use
the new PyUnicode_nBYTE_DATA () macros or use PyUnicode_WRITE () or PyUnicode READ ().

W3 330041 S A Szt 98 312004 Al A U Tk o8 2B U TE APl Quguth,
PyUnicode_nBYTE_DATA () I & A IS AL 3IEZ nfo] 28 o] A A Al L.

int PyUnicode_IsIdentifier (PyObject *unicode)
Part of the Stable ABL. o] A 2] o u}g} B} o] a3 Al HA}olH 1S vhEshy o}, A1 A identifiers.
%A o 08 wagh T
W20 3.900 4 W7 : EAL o] £ (ready) ¥ ) 9F5EE W, o] Bk Bl by Facalbrror () B2

A syt

gUzE £2 244
FUREE G 22 $4L AT A% AF B2 AL shol 4 T4 gt C F4ol vHE
S EFRELES RS N EE =

int Py_UNICODE_ISSPACE (Py UCS4 ch)
ch7} 3w 2291 2| o] whe} 1o]1} 02 whEkgh T,
int Py _UNICODE_ISLOWER (Py_ UCS4 ch)
ch7h 2B A QA of wheh 10] 1} 0.2 WhEE o
int Py _UNICODE_ISUPPER (Py UCS4 ch)
ch7h REA QA of wheh 10] 1 0.2 WhEHE o
int Py_UNICODE_ISTITLE (Py_UCS4 ch)
ch7h A% 7 o] 22 £AL Aol whe} L] 1} 0L WhE T,
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int Py_UNICODE_ISLINEBREAK (Py_UCS4 Ch)
ch7} & vHE E A1 A of] whef 101k 02 wHEHghU o
int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)
ch7F 107 4= FAQ1 A o w1 0] 02 ke o}
int Py_UNICODE_ISDIGIT (Py UCS4 ch)
ch7} B A (digit) Z2FQ1 A of] whe} 1 0] 05 JEEHgH U T
int Py_UNICODE_ISNUMERIC (Py UCS4 ch)
ch7} <2} (numeric) = AFQ1A] of] whet 1 0] 1 02 REEHRH U T
int Py_UNICODE_ISALPHA (Py_UCS4 ch)
ch7} &3l FAF1 A of| whef 1 0]} 02 BHEgh Y o
int Py_UNICODE_ISALNUM (Py_UCS4 ch)
ch7} GEA ZAA A of| mhef 1 0]} 02 BHEghY o)
int Py_UNICODE_ISPRINTABLE (Fy_ UCS4 ch)
ch7} A4)] 7hs st FAAA of et 1oy 02 WY T AT 5 gl A=, A4 M Ao
7FF 8= ASCIL 23] o] 2 (0x20) & A 2] 311, U T = E} ] o] E] 1] o] 2~ of] A “Other” 1} “Separator” =
AoE FAY YT (o] WA Q4 7H5 3t A= repr () o] wAFE O i & E wlf o)A A o] =
H A ¢Folof 3t TR Y Al F2l 3l Al L. sys.stdout®]Y sys.stderrel 7|5 H AL A &9}
#H o] lsUth)
O3 API= w2 A 2} W Shof] AR 4= 5t
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)
AFAR HEE A chE REE U T
WA 335E HAH: o] &4+ 7hAst Ao v P S AR F T
Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
HEAE HEE F2} chE WU T
WA 335EEH A H: o] T 7hdst Al o] v P& AR T
Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
A E Aolag AEH A chE WY T
WA 335E HJAF: o] s Fst Ao &~ v P& AR T
int Py_UNICODE_TODECIMAL (Py_UCS4 ch)
107 o] A-2 H3H £ chE WY o] 2 o] 71538t -1 w3 UL o] g+
el & LA 71 A gkF U T
int Py_UNICODE_TODIGIT (Py_UCS4 ch)
st 2te] A2 MEE FA chE YT o] A o] BE7bE s 1S SR YT o] AR = A9 &
2 A 7] 7‘] ok th
double Py_UNICODE_TONUMERIC (Py UCS4 ch)
double 2 H&H ZA chg T UL o] o] B7153tH -1.02 w3 UTh o] a2 & &
WA 7] 2] Gk U T
2 APIE AL&-3to] A2 A0 EE UE 4 dHUth:
Py_UNICODE_IS_SURROGATE (ch)
ch7} A Z A o] E Q1A &3t} (0xD800 <= ch <= OxDFFF).
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Py_UNICODE_IS_HIGH_SURROGATE (ch)

ch7} A9 A EA o] EQLA] 818 T} (0xD800 <= ch <= OxDBFF).
Py_UNICODE_IS_LOW_SURROGATE (ch)

ch7} 3] A2 A o] E AR &gt} (0xDCO0 <= ch <= 0xDFFF).
Py_UNICODE_JOIN_SURROGATES (high, low)

T 2A o= BAE AYT ©d Py_UCSA 2 MBI T highSh lows 27 A=A o] = A9
AR} 59 Az Aol = Y

FUDE FA4D P4 A=

FUIE AR E 5T /)8 D2 540 A 2512 9 The APLE AF§ 5141 Al 2.
PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. M| §- U ZE A A Z w5 U th maxchar FAQG o) vf 2 & A A Z
ZOlEojof LTt ZAZEO 2, 127, 255, 65535, 1114111 A/ A A0 A 743 7W7H-2 3o g2 2
9l T}
1=}

ot o
Ol'l_i!

—‘.Wl% gdste ol Ad3E = HH AU o FE ARt e AAlE 271E

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. 501 A kind(7} 53t %S PyUnicode KIND ()°| 23] w-3H
PyUnicode_1BYTE_KIND SYUHE MZ2F FUIZE AAE @5t} buffer= kind ol H}F/} I
A} 51,2 S 4nto] 29 size ©91 9] W) A& 7h2] A o g o,
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 UCSI range, it will be
transformed into UCS1 (PyUnicode_1BYTE_KIND).

B A 3.30] &7}

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABI. Create a Unicode object from the char buffer str. The bytes
will be interpreted as being UTF-8 encoded. The buffer is copied into the new object. If the buffer is not NULL,
the return value might be a shared object, i.e. modification of the data is not allowed.

If str is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL. This
usage is deprecated in favor of PyUnicode_New (), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString (const char *str)
Return value: New reference. Part of the Stable ABI. Create a Unicode object from a UTF-8 encoded null-
terminated char buffer str.

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

Return value: New reference. Part of the Stable ABL. C print £ () -2E}Y formar B X4 3} 7]—tﬂ N4=2] o=k

&S, A o ) e A 7 A e B AT o] Sl EA & T
W4 912 O o] of of 3HHl formar ASCIT 91 51 F) BxpAe] T 2}e} 4 25] A2 3f of Fujch, the
9 247 58 vk
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ZWEA W | #A

%% n/a e E % EA}.

$c int Cint®2 35, dd &4}

%d int printf ("%d") & 55U c}!

su unsigned int printf ("su") &} F5 g} Paee 1381

$1d long printf ("$1d") 2} =53}t

$1i long printf("s$1i") & S5}

$1u unsigned long printf ("slu") & S5}

$11d long long printf ("$11d") & 55}

5114 long long printf ("$11i") ¢ 53}

$11lu unsigned long long printf("sllu") 2} S5}

$zd Py _ssize_t printf ("$zd") 9 S5}

$zi Py_ssize_t printf ("%$zi") 9 =5}

$zu size_t printf ("szu") & S5}

%1 int printf("si") & S5}t

$x int printf ("sx") & S5 c}!

%S const char* 4-28 CEA <.

$p const void* CEZAHY 1674 BH. TAELY print 7} A& W&
BAG0) 28D 0x2 A ZelE Aol BAATE A
Al £} st 744 printf ("sp") 9} S5 FUTH

$A PyObject* ascii ()& T=3F 23}

U PyObject* FyzZ= A zﬂ

Y PyObject*, const char* | FUZE AR (NULLY 4 J5UTh et F HA o 7] HeZE A
J-ZR CEA WG (A |A wi7] |7FNULLol |
A Th.

%S PyObject* PyObject_Str ()2 SZ3F A7}

$R PyObject* PyObject_Repr ()< <3 43}

AL S G LA EAE oA 2R BAL0] 25 Ao} EAL AL 22, $7F A A

?:}:l_’_: Litﬂ EL_UHE% E}%%H}O]Eﬂ—o]—\d—‘?—x}—"lﬂqq @FQEEuHEi 1;]__'4\__ no "9’]_"0\]"‘04 76]—?—-
H]’O1E Z|\"O]:1—’_(Pyobjectv‘r ?lx]—7]—NULLO] ) qun noUu "os" neRM Xﬂ ne V"g 7ﬂ o ‘E—Z]——/l\——o}:]
t} (PyObject* QI A}7} NULL©O] o} W).

<0

W74 3,200 W73: ma11dn el ns11uno] he A o] %718 4 o,
tﬂ;ﬂ 3301]/\1 %76-]' "%li", LS RER El "%Zl"oﬂ EHB—]_ Z] 0_] O] 27]_3 ﬁ/\],]q_.
B 3400 A W71 et MEAN, MRUT, MaUY, nsn, vaRno] Ol ek vl u] 2} U Buje] A Qo] 27
[ e
U,
PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. &3] F 712 AXE FH st}
PyUnicode_FromFormat ()3 5 4t}

de Al std

r[r

PyObject *PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABIL. 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.

SyF=L} ol AB & o9 e AA|= TypeErrorS YA 71U th
' A4 2132 (d, u, 1d, 1, u, Ud, i, u, zd, zi, zu, i, x) 2] F$: 0-8 3 Z 2= AL/ A ZH = 4ol AgHUh
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PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL. Q1 H ¥ A 0bjE FUZE AAZ tyZ T}
bytes, bytearray % 71E vlo]| EL{F A A= 3 encoding®l| Wet errorsZ A 2] 5 ol & A 8] &

g5t Y m R H Uk F thyuLLel 8 5 9, o] 35 e o] At 7R kg AT T (A
WL g o FEFAL).

<
FFURE AAE 2T thE B AA| = TypeError7F AR H =5 th
API= o217} Qo' NULLS Ut &3 2= WhEtd A9 Fx SleE FaA 2 Ao AF
Uef,
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the Stable ABI since version 3.7. &+ T & A A|2] Zo]& F& L EZ HI&3hch

B A 3.30] F7}.
Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)

Copy characters from one Unicode object into another. This function performs character conversion when necessary
and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

WA 3300 =7}
Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
22172 EAE S A3 Ytt: fill_char& unicode [start:start+length] ol &4t}
fill_chare] £A18 At FARTE AL, EALe E o] 49 Fx7hglow Ahguic,
715" A5 et A L, ol 2] Al -1 Whskal o 9] S A A R Y T
W7 3300 7%
int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Part of the Stable ABI since version 3.7. &ALl EALE $U T EAY L2 PyUnicode_New () S E3
HERol kUt FUIE EALE BB, —‘EXP%‘ < & otA U obF s Al 1A ekotok Tt
°] <= unicode7} 1 Y= A AA], Q27 H L5 Holk=A), A7} ks =438 = A=A
(2, 2% 3047} 197)) T g o,
W7 330 7%
Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Part of the Stable ABI since version 3.7. Read a character from a string. This function checks that unicode is a
Unicode object and the index is not out of bounds, in contrast to PyUnicode_READ_CHAR (), which performs
no error checking.

WA 330 27}

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)

Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of unicode, from character
index start (included) to character index end (excluded). Negative indices are not supported.

B A 3.30] F7}.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)

Fart of the Stable ABI since version 3.7. Copy the string unicode into a UCS4 buffer, including a null character, if
copy_null is set. Returns NULL and sets an exception on error (in particular, a SystemError if buflen is smaller
than the length of unicode). buffer is returned on success.

B A 3.30]] F7}.
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Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the Stable ABI since version 3.7. Copy the string unicode into a new UCS4 buffer that is allocated using
PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always has
an extra null code point appended.

WA 330 7}

7 2] ¥ Py_UNICODE API

H A 33004 9 A H g5y ch B A 312004 A AE YT}

o] APL Y45 & PEP 393 390] 913 A5 stk shold 3xol 4 AAR A 917 wh o), 3w e
A A AT 5 YA, oA T AHF2 2 o) A5t ze ZAZL AL 5 9eL AAH o
PyObject *PyUnicode_FromUnicode (const Py _UNICODE *u, Py_ssize_t size)
Return value: New reference. =] % = 7] (size) ©] Py_UNICODE ¥ ¥ yol| A U ZE A E w5}
u=NULLY & o, o] mj = W&o oA eksUth BRFHlolHE *
A Ik w5 7k A A3 el AR U ek
W37k NULL) obLl |, WhE e FH AA D 5 YU Th mebA, o FULE AR 52wt
NULL Y uf 2t & 8- vth
B 3 7} NULLO| ¥, PyUnicode KIND () 2} 2 WA A v 225 AF23H7] Aol B2 Y-&0] 2 A
WY PyUnicode_ READY ()& Z&3d| oF gt}
WA 3300 A AH A5 WA 312004 AAFYTh: o] d 284 FUZ = APIS] 47 ‘?:MD‘r
PyUnicode_FromKindAndData (),PyUnicode_FromWideChar () B8 PyUnicode_New () Z A}
&3}o] vo] L2 o] A B4 &
Py_UNICODE *PyUnicode_AsUnicode (PyObject *unicode)
Return a read-only pointer to the Unicode object’s internal Py_ 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.

B2 33004 A H AT WA 312604 A AR UTh: o] 28D $UZE AP QR AT,
PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () ¥ A3 Af
APIE AH§-3}o] mho] 18 o] A st Al &

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)

Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py UNICODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

WA 330 27}
WA 3304 A= AGUTH HA 312004 A AFUth: oA 28d FUIE= APIA A5 A
= A

PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode ReadChar () & Sl /‘H
APLE Al-§-5}of upo] Z1| o] d SHA A 2

Py_ssize_t PyUnicode_GetSize (PyObject *unicode)
Part of the Stable ABL H| X py_UNICODE 82 37|18 Z & WY & vt (A2 A o E AL 2
o9l = £33 oh.
WA 33004 AR Q5T WA 312604 AAR Ytk o)A A5 U

PyUnicode_GET_LENGTH ()& AF&3}o] ulo] g o] A 314 Al 2

Ry

= APIS] QR u e,
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2AYJAZY

A7 2AY ATY e ALl £ AANA & AAEE T2 B 5 stk

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. St= & o] & 2} VxWorks 2] UTF-8 ] .}
e ZAEY dA 2AY QTP AL S A F YT AdE = ol A8 7]+= "strict"g}h
"surrogateescape"(PEP 383) Yy Ut} Ul T T = errors7}F NULLO|® "strict" o8] X 8] 7] & AF:
FUThare § BAZ Briok s AW d BAE 288 5 glzuch
Py_FileSystemDefaultEncoding(3}o] A2 A] ¢} & A Y QI Q) oA FAE S t] Z G 5HH
W PyUnicode_DecodeFSDefaultAndSize ()& AF&3I YAl L.
This function ignores the Python UTF-8 Mode.
] B7|:
Py_DecodeLocale () &4
B A 3.30] F7}.

WA 3704 WA o] T oA FEROJEE AL 3L surrogateescape ol 8 A 8] 7] o] &Y
ZAL AdFYGE ARESHY T o] A&, Py_DecodeLocale () ©] surrogateescape| AR 117,
A 2AY AT YL strictol] A AFUTH

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

Return  value: New reference. Part of the Stable ABI since version 3.7. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

WA 330 27}

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 3.7. +UZE AR & A= & o] = 2} VxWorks
o] ] UTF-8 2 Q1T Yot AL, thE S FZolA 84 EA Y AT GO E JAIAYGFUTH A A5 = ol & A
2] 7]& "strict"&} "surrogateescape"(PEP 383) Ut} 2 I T &= errors7} NULLO| ™ "strict"
olg A 8] 7] & AH&- U th bytes AR E BEEHEU T unicode= W73H @ £ 288 5 glsUth

gt

kU

EAE & py_FileSystemDefaultEncoding(3}o] W A|ZFA] g1 2A|d QT G)o 2 2l
W PyUnicode_EncodeFSDefault ()& AF&3}I4] Al L.

This function ignores the Python UTF-8 Mode.
o H17]):

Py_EncodeLocale () &4

W 330 27

WA 3704 HA: o] T oA FEROJEE AL AL surrogateescape ol 8 2] 7] o] &)
ZAYL AIGE ALY o] A= Py _EncodeLocale () ©] surrogateescaped| AM-5 91,
A Z2AY AT YL strictol AHEE AHFYUTH
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g o]E3 7| 7 EXE S AFYE T YyIZ Y5, Py_FileSystemDefaultEncoding & ¢l

FYOZ ALE3L3, Py_FileSystemDefaultEncodeErrorsE o8 A8l 7|2 AF&3) oF &t} (PEP
3833} PEP 529). 1zt & 24 Foll 3t ©]F2 bytes® A YW, "os" AT E AHESHL
PyUnicode_FSConverter ()5 W3 42 A Gd oF gt}

int PyUnicode_FSConverter (PyObject *obj, void *result)

Part of the Stable ABI. ParseTuple converter: encode str objects — obtained directly or through the os.
PathLike interface — to bytes using PyUnicode_ EncodeFSDefault (); bytes objects are output
as-is. result must be a PyBytesOb ject* which must be released when it is no longer used.

WA 3.10] &7}

WA 36004 WA 427 AAE dolEd Ut
A2 72 BA o BY o2 strz fagae, vosr MBS AT
PyUnicode_FSDecoder ()5 W3 &4 2 A 3] oF gk ).
int PyUnicode_FSDecoder (PyObject *obj, void *result)

Part of the Stable ABI. ParseTuple converter: decode bytes objects — obtained either directly or indirectly
through the os.PathLike interface — to str using PyUnicode_DecodeFSDefaultAndSize (); str
objects are output as-is. result must be a PyUnicodeOb ject* which must be released when it is no longer used.

B A 3.20] 7}
WA 36004 WA 427 AA & dots Yt
PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)

Return value: New reference. Part of the Stable ABL. Decode a string from the filesystem encoding and error
handler.

Py_FileSystemDefaultEncoding o] AAE X koW, 2Ad dmgog Zwish]c)

Py_FileSystemDefaultEncoding 2 Al Al AL A QGANA 7|3 H W US| =4 5 glx
Uth A AL A FZYGoA BExIS tZ Yok 1A, PyUnicode_DecodeLocaleAndSize ()&
R84 .

o Bl
Py_DecodeLocale () &4
WA 3694 HA: Py _FileSystemDefaultEncodeErrors o|# 28] 7]& AR o}

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Return value: New reference. Part of the Stable ABIL. Decode a null-terminated string from the filesystem encoding
and error handler.

Py _FileSystemDefaultEncoding ¢ AAHZ ¢kow =AY oAy oz Zuwlahr}

ARG ZolE €1 QoW PyUnicode DecodeFSDefaultAndSize ()& AR Al 2.

WA 3.600A HMA:Py_FileSystemDefaultEncodeErrors o A2 7]& AF&$H o).
PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Part of the Stable ABL Py_FileSystemDefaultEncodeErrors o 2 ] g
71& AFRSte] FUFZE AAE Py _FileSystembDefaultEncoding® QI Y3}, bytesE HF3HgH
Ut A3 bytes ARl & & w27 £38 5 Qlgol Kol ekl Al e

Py_FileSystemDefaultEncoding ©] AAE A ¢o AP olFagjog Zlshc},
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Py_FileSystemDefaultEncoding 2 A2} A| A Y QAT oA 278 H 1 YZFo 3T 5+ ¢
SUtH A 2AD AFTHoE BRAE S A Aok S, PyUnicode_EncodeLocale ()& AF&3}
Al /\] [e)
H a.

o X7
Py_EncodeLocale () &4 .
WA 320 F71.

WA 3.600A HA: Py _FileSystemDefaultEncodeErrors o 8 7] & AF&3H ).

wchar_t x| ¢

A Aote EAEo| W& wehar_t A9
PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_t size)
Return value: New reference. Part of the Stable ABI. Create a Unicode object from the wchar_t buffer wstr of

the given size. Passing —1 as the size indicates that the function must itself compute the length, using wcslen ().
Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)

Fart of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size wchar_t
characters are copied (excluding a possibly trailing null termination character). Return the number of wchar_t
characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility of the caller
to make sure that the wchar_t* string is null-terminated in case this is required by the application. Also, note
that the wchar_t * string might contain null characters, which would cause the string to be truncated when used
with most C functions.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

Fart of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output string
always ends with a null character. If size is not NULL, write the number of wide characters (excluding the trailing
null termination character) into *size. Note that the resulting wchar_t string might contain null characters, which
would cause the string to be truncated when used with most C functions. If size is NULL and the wchar_t * string
contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_New (use PyMem_Free () to free it) on success. On error, returns NULL
and *size is undefined. Raises a MemoryError if memory allocation is failed.

B A 3.20] =7}

WA 3. 79| A ¥ 7 : Raises a ValueError if sizeis NULL and the wchar_t * string contains null characters.
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AL 8 93 CE AL YF I A2 Aledyth o8 TUEL B F 03 52 53
=
th3 APIS] o 22 F 71 9] <=} encoding} errors & F 8hH, W str () wAE AR A2 A5 22

encoding & NULLE A AW 712 Q39 UTF-8°] A& E Y
d ol5 AdF Yol PyUnicode_ FSConverter()g AR 3 oF &
Py_FileSystemDefaultEncoding & AFE&Ut} o] W= o7 A
ANado e A2 FAge e 2 7L = 31, thE A A" oA+ 4
Z2 3o setlocale% =)

g A= errorsi AARE =, 2 el AYH 71 A& AT YUt NULLE AAFE 5
syt ZE U 2o tgt 7| & o 2 A 2]& “strict” YUYt} (ValueError7}F AU t}).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.

ELIEAY

2 gk 3 APIYI Y th:
PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded
string str. encoding and errors have the same meaning as the parameters of the same name in the str () built-in
function. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL U FZE AA S A7 3} A5 30| A bytes A =
WU T encoding ¥} errorsi= UL E encode () WA E] 22 o] 52 w7 Mot 22 oWy
oF AR 28 ool M Tl e A AE RS ARahe] 25 Huith Zelol A o 2]} Ao E NULLS
WHEE o,

UTF-8 39

Th&2 UTF-8 T8 APIY U T}:
PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-8
encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference. Part of the Stable ABI. consumed7} NULLO| ™, PyUni code DecodeUTFS8 () *]
8 523U th consumed 7} NULLo] ofU ™, 58 A8 UTF-8 Hlo|E A|P2&= of| ]2 A 2|5 A ¢
0 ST ol e T3 A S El 251 ol = 4 consmedoll A8 e

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. UTF-8-& Al-&3lo] f-UIZ = AA S Q7P 2HE
ulo] % bytes A 2 Wk T} o 2] A 2] “strict” YU Th ZE o A o 9] 7} WA 5 NULL-S wHEkgt
e,
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const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssi7e t*size)
Part of the Stable ABI since version 3.10. U T E A A 2] UTF-8 Q1 Z Yol t) 3+ Z QB & ut3t3ala, <17
Fd 2389 2715 (HFo] E D9 &) sizeol] A Gt size 9 X}— NULLY 4= 95U Th; o
AZE A syt vk E W Hol = o @ ZE XA ETF Aol A Qo] 4 F7FE vlo|ET}
Z7FE U th (sizeol]l 3 A k5 UTH.

ol & 7} A 3HH, NULL o] of| 2] A 3} A WEREE AL size7t A Y EH A k5 U T

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will return a pointer
to the same buffer. The caller is not responsible for deallocating the buffer. The buffer is deallocated and pointers
to it become invalid when the Unicode object is garbage collected.

WA 3.39 F7%
WA 3704 WA 9318 2 o)A char *7FolY2} const char *Juth
¥ A 3.109]| 4] ¥ 7 : This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize ()} ZA 7, 27| & A A35kA] ¢k th

WA 3.30] 27}
WA 3704 WA 92 o)A char *7F o}y const char *Y Ut}

UTF-32 3.9

<2 UTF-32 29 APIY Y t}:

PyObject *PyUnicode_DecodeUTF 32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABL. UTF-32 & A7 JH W 3 B} Lo A size B} EE T
Joka g GRS AR S WG erors(NULL O] ok W) & ol & A2l B Fuich AR
“strict” Y U] t}.

byteorder 7 NULL®] bW, €] 1T 2| A H who] = £41 2 AL Fe] U At

il
o
-

2l
*byteorder == -1: little endian

*byteorder == 0: native order

*byteorder == 1: Dbig endian

“byteorder7}00] 1L, 92 o] E o] X & dupo] =7} uho] £ <A A (BOM) o, T38| 7} o] vpo] =
$HE A%E 1 BOME A3} §UTE EAA0] B 2| btk *byteordersl ~1o] 1} 10]H,
BEvle|= 4 BA7F &0l BAg U

4% Z, Hhyteorderi= ) F tl o] E 2] Zo|A A vlolE A= A H YTk
byteorder 7} NULLO| ¥, T 92 | o] E] H 4 R E & A &3 o},
T oA o ¢} 7} T 3t NULL-& &Y o

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©] H,
PyUnicode_DecodeUTF32 () 8 % 2+ 3t 14 E]- consumed 7} NULL ©] of ] d©
PyUnicode_ DecodeUTF32Stateful () 8 53 B9 UTF-32 vlo]E A|FA(7FHE 42 Ve

ool A A ¢ HlolE )Eﬂlﬂiﬂil?f}xl ?%%143} ol HIEE HIYHA o

Y395 vlo] E £ consumed ol A7 Y th
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PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABL 4] ©] E] B v} o] E $=A] 2 UTF-32 Q1 7 Y3 A-&-35}o] 1}
oA vlol E FAE S WY th £AME 2 3/ BOM ut3 2 A2 o} of 2] A 2] <= “strict” Y Y T}
oo A of 91 7} A BE NULL S W,

UTF-16 =9

<2 UTF-16 Z9 APIY Y T}:

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABL. UTF-16 2. 2 ¢l Z Y H ¥ 3 B2} F o A size v} o] EE
Hagstal s 3 FUIZE A S v Ut errors(NULLO] ofU ) = ol 2] A2 S ATtk 712
ZE-E “strict” ¢ U t}.

byteorder7} NULL©] o}U W, T AT = A A H Hlo] E A& AFL3te] T 2 Y2 A 2 o}

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder7}00] 11, 918 t o6 ¢] -3 21}e] £ 7} Hho] £ 44] FA| (BOM) o] ¥, T T H] 4= o] ko] £
M= AEE I BOME A3 §UE EAdol BAbE A 9k th “byteordert ~1o]u} 1o]®
BE who| = 4 EAI7E 2 0] BAG Ut (\uferf b \uffre 47 H U T,

After completion, *byteorder is set to the current byte order at the end of input data.
byteorder 7} NULL O] W, T -2 Y| o] E]| B <= A R E & A] ZHSHU T,
o) 4] o] 9] 7} WA S NULLE HEEE o,
PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *str, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

Return  value: New  reference. Part of the Stable ABL consumed 7} NULL ©] H,
PyUnicode_DecodeUTF16 () & % Z 3 4 th consumed 7}  NULL ©] o} Y W,
PyUnicode_DecodeUTF16Stateful () & 53] B9 UTF-16 H}o|E Al A2 (718 &4 dHol
ESFU R AZACNE BE AR Aot stk olgg vlo]EE tIAWH A gkon
Y39 E vkol E = consumedl| 473 Y Th,
PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. | o] E] B v} o] E <= A & UTF-16 Q1 7 Y& A5} o}
o) 8 Vo] = 4918 WAL T, £ QS 24T BOM nhLE Al R o, o 2] 4 2] “strice- 1 ek
ol A o 2] 7} g 3h e NULL-S RhH gy o)

UTF-7 2.9}

oS UTE-7 9 APIQ Ut}

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-7
encoded string szr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference. Part of the Stable ABI. consumed7} NULLO|®, PyUnicode_DecodeUTF7 () A
A 23T} consumed7} NULLo| o} U, 3] 227 8k UTF-7 base-64 A -2 of| 8] 2 A 2|5 X] %5
Uth o]t ulol E= YA YA ¢om v H vlo]l E 1= consumed | A 7¢H YTt
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SUFE o|AF o]z Tl

lLl
.l

22 “FUFE o]~ 7 o] (Unicode Escape)” & APIY Y t}:
PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABL. Create a Unicode object by decoding size bytes of the
Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABl. U Z & o] AA| o] ZE AL 3] FUZE AAE

Q13953 A4S bytes 23] 2 WEHEU T o 2] A el “swricc” Ut ol A ol 9] 7} WAl 5
NULL-S HFEHgh o

A FURE o) 270z 7

0S2 “YA] FYFZE o]~ A o] = (Raw Unicode Escape)” 72 API Y Y Tt}:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the Raw-
Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. 9A] FUIE o|AA| o]z & ALL3le] FUZE AAE
A F Y3t ATE bytes AAE vFE3U T} o A 8= “strict” U T ZE o A o 2] 7} ukAY B
NULL-S HFHgh o}

Latin-1 7.9

&< Latin-1 39 APII U th: Latin-1-& A2 25670 2] U I = Aol s Fatm A3 Fof I oA
ol 529 k.
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the Latin-1
encoded string szr. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. Latin-1& A}-&3}o] FUZE AR E QA7 ]'
ato] A bytes 2| 2 Wk Tk o 2] A 2] += “strict” YU Tk T E o A o] 2] 7} LS N
e},

ﬂ!IO H
[N

i 5

2ot

ASCIl 7.9

=< ASCII 29 APIY Yt 7H E ASCIL Hl ] B & 5] & F Ut} th& BE ZE+ o2& I

PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL Create a Unicode object by decoding size bytes of the ASCII
encoded string szr. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABL. ASCII S Al-&35to] U ZE AAE QA ZPst AHE
5ol bytes A A = wheHetu o of 2] A 2] “strict” YUtk ZE ol A o £} 7} g s NULLS RESHE
ek,
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A 2

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

the-e uls = E APIY U Th:
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded
string str using the given mapping object. Return NULL if an exception was raised by the codec.
mapping©] NULLo| 1, Latin-1 T) 2 o] 225 T}, 18] ¢80 mapping& ¥Fo] & A5 (001 A 255 A}
o9 ) FUTE TAY, 5 (HUTE AFE S 4Hh i None O 2 vi 3| ok oh. o)
5] %] k-2 tf| o] E] H}o] E (None, OXFFFE FE& '\ufffe'Z W]F T &= Z ¥ ol 2}, LookupError
2 S )2 Ao H A e Mg oz el ol o8 B AT

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABIL. 3o 2 mapping AR & AH&3to] FUTZE AAE ¢l
5t ZIHE bytes A A Z qEEHgU T ofl 2] A 2] = “strict” Y U Th. ZE o) A] of 2] 7} A 5HH NULL
Hheghy o
mapping A= FU I E A 7 5F bytes A, 00| 4 255 Akl o] A4 = None & &2 wf g5 oF T
Noneol W} 3= = 2 E R of Y2} v} = 2] ¢k A A (LookupErrors faste 2)+ “4 95 A
R g o A2l o o g 7h g gtk

the 39 APIE FUSEE FURE R P dehs FolA SEFU

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABL. F X} 1] 3 g o] B-& & &3lo] EXLEE W35t A3}
FURE AR WS ch o] A 9] 7h B SE NULLS WEF o)
g Bl ol B2 FUZE AT AT E FUIE AT A5 U None(Z A AHA|H =5 gy o of v 35
oF gk,
Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errorst= ) A1 9] AuHA 91 o T Yt 7% o A 2] S AHEFE vhehE NULLY £ AU

o
b
o

£ MBCS =

i)

22 MBCS 9 API¢J U th A 95 Lo A vl A8 & 4 2121 Win32 MBCS ¥ &7] & AF8-31o] W3S
7@ U th. MBCS(E & DBCS) £ B4 3hub7hobu ek Q1 g Sef 2ol fol st e, oy g e s
< AYFE A A AR 2ol o5 BBk

PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object by
decoding size bytes of the MBCS encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

Return value: New reference.  Part of the Stable ABI on Windows since version 3.7.  consumed
7} NULL©] ¥, PyUnicode DecodeMBCS ()X 3 Z 23ttt  consumed 7} NULL©] oY W,
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PyUnicode_DecodeMBCSStateful () & 53 A3 (lead) v} EE Y ZYPSHA & tyZ I H v}
o) E 47} consumed ol A % U T}

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS & A}-&-3}o] U FZ =
AAE AT sl AIE Fho] A bytes AR 2 WU o of| 8] A 2] = “strict” Y U TF. T o A o] 2] 7}
HHY 5 NULL-S WhSHgh o,

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the Unicode object
using the specified code page and return a Python bytes object. Return NULL if an exception was raised by the
codec. Use CP_ACP code page to get the MBCS encoder.

WA 330 7}

HA=gt &R
HAEe}SX g

U= API= 989 U I E AR FAL S (Bl AL ol et shAsUth A 2 & = Jow A A 3sHA

Tr‘q A= 7]4]1]1,]. 3l _/r_% u} 3} 61—14];]—

o 9] 7} LA BHH BF NULLo| W -1 Wk o)

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABL. & F2}g& o]o]£o] 3o 2L FUIZE EXIES
Ale U

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABL. A& £&3lo] FUIZE BXE g|2EE A&y
o). sepo] NULL O] W, BE Fu] B 5 oA £ge] +aPTh 187 9o, ol FEAe] A
sato] Aotk Hth maxsplit £3e] FAFUTE S5 0], Al To] AR A F&UTh FEAEL
A3 e aEo] 3 A FFU T

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

Return value: New reference. Part of the Stable ABI. Split a Unicode string at line breaks, returning a list of Unicode
strings. CRLF is considered to be one line break. If keepends is O, the Line break characters are not included in
the resulting strings.

PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABL. 59 2 separatorS A-§3t0] EX1E A|F9A~E A43
A3 FUTE 224G S BBFYTH
Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int
direction)

Fart of the Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end (direction ==
-1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return -1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Fart of the Stable ABI. Return the first position of substr in unicode [start :end] using the given direction
(direction == 1 means to do a forward search, direction == —1 a backward search). The return value is the index
of the first match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an
exception has been set.
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Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)

Part of the Stable ABI since version 3.7. Return the first position of the character chin 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 3. 79| A ¥ 7 : start and end are now adjusted to behave like unicode [start :end].

Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Fart of the Stable ABI. Return the number of non-overlapping occurrences of substr inunicode [start:end].
Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)

Return value: New reference. Part of the Stable ABI. Replace at most maxcount occurrences of substr in unicode
with replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)

Part of the Stable ABL 5 £ W 2511 247 28, 22, 2ol tjal -1, 0, 1. W o,

o] e A Al -1 vigstE R, o & &7 8l pyErr Occurred ()& TEd oF YT
int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)

Fart of the Stable ABL. Compare a Unicode object, unicode, with string and return -1, 0, 1 for less than, equal,
and greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets the input
string as ISO-8859-1 if it contains non-ASCII characters.

o] g o9 & YA 7| A k5T
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABL. T+ -fU I = E X4 -& 3+ 53} 8] I (rich comparison) 3} 31
e % shuE weE o
« o 2] 7} A S NULL
* Py_Trueor Py_False for successful comparisons
e Py NotImplemented in case the type combination is unknown
Possible values for op are Py GT, Py_GE, Py_EQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
Return value: New reference. Part of the Stable ABI. formatZ} argsol| Al M| BAE A A & ¥F3HshU T o] A2
format % args%}-FARE YT
int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
Part of the Stable ABIL. Check whether substr is contained in unicode and return true or false accordingly.
substr has to coerce to a one element Unicode string. —1 is returned if there was an error.

void PyUnicode_InternInPlace (PyObject **p_unicode)

Fart of the Stable ABIL. Intern the argument *p_unicode in place. The argument must be the address of a
pointer variable pointing to a Python Unicode string object. If there is an existing interned string that is the same
as *p_unicode, it sets *p_unicode to it (releasing the reference to the old string object and creating a new
strong reference to the interned string object), otherwise it leaves *p_unicode alone and interns it (creating a
new strong reference). (Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral; you own the object after the call if and only if you owned it before the call.)
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PyObject *PyUnicode_InternFromString (const char *str)

Return value:  New reference. Part of the Stable ABL PyUnicode_FromString ()3
PyUnicode_InternInPlace ()9 23, ¢ " (intern) ® A U IZE Ex4E AA, 2L 3HES
EEEEDEEESEEREEEPIONEPE XU St

8.3.4 F& A

type PyTupleObject
o] Pyobjecte A L shol M B2 AA & e o,
PyTypeObject PyTuple_Type
Part of the Stable ABL. ©] PyTypeObject A" AE Jpold {72 FS Ut YT ol A5
tupled} Z-& AA Yth
int PyTuple_Check (PyObject *p)
P RE AANAY FE W) AR W AabA 2L EHF YT o] Bhe B4 AT T,
int PyTuple_CheckExact (PyObject *p)
PPt RE AR A T, FE W AR G dabaE o FL EHAFUL o et AT
k.
PyObject *PyTuple_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 3 7] len 91 72 A, A3 A] NULLS ¥FSHS U T}
PyObject *PyTuple_Pack (Py_ssize_t n, ...)
Return value: New reference. Part of the Stable ABL. Z7] n 2 A %= A A1}, A3 Al NULLES ¥R o}
T2 %2 Fold AAE 7Hel 7l F5 709 C AR 2713 g Ytk PyTuple_Pack (2, a, b) &
Py_Buildvalue (" (00)", a, b)& 55Ut
Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL FZ 1A o]l t] 3+ £ A E & WolA, sl F2Z2| =7]
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
= po 2715 YT o] 7] NULLO] oA {TE S Thel Aok Utk ol 2] AAbe T E A
FEyh
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. Part of the Stable ABIL Return the object at position pos in the tuple pointed to
by p. If pos is negative or out of bounds, return NULL and set an IndexError exception.

SR

m{m

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyTuple_GetItem ()2} B8R 9, QI AFS 221 61HK]

)

e,

§2

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL p7} 7}8] 71 = £Z 9] low} high AFo) 2] & &to)
ek A L A5 S NULLS WHEH U T o] 22 sho] A & ‘?ﬂ’“ pllow:high] 2} -55 g th
o2 REe] e A A SheruiTh
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL p7} 7}2] 7] = 52 9] pos Y X o] A A ool Th 3+ F2E A J Tt AF3HH 02
WSSt T pos7F HY & Wlo U, 1S W3S Al IndexError 98] & A A gt

[> [>
[t

Y

Fa: o]l ool e F2E “FAL dFS T AX A FEoll olvl A= FFoll gk

B & U t}(discard).

=

i
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void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
PyTuple_SetItem ()T} HITOIAI T o 8] A= oFA] gkom A 2L FES A& wf *ub* Abg5f of

.

ZF31: This function “steals” a reference to o, and, unlike Py Tuple_SetItem (), does not discard a reference
to any item that is being replaced; any reference in the tuple at position pos will be leaked.

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)

FE3aE ixéﬁ}% o] A& 4= A FUTE newsizes T2 ME2 Ao|7F FUTh &

2l AAA B R, A s Fx27Fstbut Qg o vk Abg Sl of FUTh FEo] =9

oju] &dH F oW o] A ARG BHA] HEA Al & E%L B oA AAAY FolF YT ©

FES YL A FES VEE 2o *§ PR Al L, A B B8 Y BdUTh 4

‘:‘}ﬂﬂb}r/} ZEolJE FE&, *pd] AAgko] o] 5 T 5517 A ki 7P s A= <
*p7b FxeE AA 7L ek H A rpe= st g U th Aofstd, 15 Wk, pE NULLE A

MemoryError Y SystemErrorE WA A U th

fo 4z e

o &2 F{]I rE
flo rtt 2, O

oy X Ll
f%mmm
o, il
L rE
o T,
SR

8.3.5 FxA A|A= AA

FiﬂMﬂA@mawmmwﬁﬂ%nmwﬁWHM)ﬁﬂACCﬂ“‘WﬂﬁiﬂEﬂ%E%%ﬂ@%W

WA A5 e ADAGUTE FEA AALE BEeld, 94 54 72A AA2 §L BrEoloF g

PyTypeObject *PyStruct Sequence_NewType ( PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABL o}#] o] A HH desc?] Ho|EHZ M2 ZZA A|D2
HE wUsUth 23 9 JAAHAE PyStructSequence_New () E e 4 95U th

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
desc . F2A AL Y type AR ol A 278 T

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitTypel} ZA| 9 AZ3H 0L, Aafstd -1 vidshch
WA 3.40 7}

type PyStructSequence_Desc
Part of the Stable ABI (including all members). W5 FZA) Al A2 Fo] et A HE £33}

const char *name
Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.

PyStructSequence_Field *£ields
Pointer to NULL-terminated array with field names of the new type.

intn_in_sequence
Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields array of the
PyStructSequence_Desc determines which field of the struct sequence is described.

olw

152 Chapter 8. 4+ A A #|



The Python/C API, ¥ 2]~ 3.11.8

const char *name

Name for the field or NULL to end the list of named fields, setto Py St ruct Sequence_UnnamedField
to leave unnamed.

const char *doe

Field docstring or NULL to omit.

const char *const PyStruct Sequence_UnnamedField
Part of the Stable ABI since version 3.11. ©] & Q= AElE2 GAF7] Y3t F= o

WA 3904 M7 3ol char *olA WA A5
PyObject *PyStructSequence_New (PyTypeObject *type)

ﬁ
1o,
Bl
-
2y

Return value: New reference. Part of the Stable ABL. PyStructSequence NewType () 22 THE typed]
ArEdAE wHEUTH

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL. p7} 7}e] 7] &= 2 A AJA 22 1 ] posell S
AT EAF U WS AN S0 A 5T

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Py St ruct Sequence_GetItem()I} TS mja 2,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL. F XA A|A 2 po AW A posol] Y= TEE ZFoxE AAT YL
PyTuple SET _ITEM()3} 7R &, o] AL AHEO 01/\E4/\E ZH%EHU

Fa: o]l ol T FxE TR/

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to Py St ruct Sequence_SetItem (), butimplemented as a static inlined function.

Fa: ol ool T F2E“FH U

8.3.6 2|2~ E 7|

type PyListObject
o] pyObjecto] B P2 dtol g2 E A S e Yt
PyTypeObject PyList_Type
Part of the Stable ABL. ©] PyTypeObject ALEAE sto] A g|2E &S YEFY YT o] AL utol
AZo) 1ist9} 22 AR YT,
int PyList_Check (PyObject *p)
p7tEI2E AA VG 2] 2E Yo A B 3§ dadad g viagyrt o] e AT
int PyList_CheckExact (PyObject *p)
p7tE|2E AR oA vt 2|2 E Yo A H Fo| 2" AT} opd g vkttt o] e 4

4Z g,
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PyObject *PyList_New (Py_ssize_t len)
Return value: New reference. Part of the Stable ABL. 4 &3} Z o] len 2 A 2| A2EE, A3l NULLS

ukak gy o,

3. leno]l 0ETH W, W8t B AE AA Y FES NULLE dFFUTH wetA B FES
PyList_SetItem ()& AA AA = A @‘5} ] Aol Pysequence_SetItem ()2} 22 FAF API &

+8 Mg SAY shol mEe] AR E =28 5 & UTh

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL listol| Al 2]~ E A 8] 4 o] & vEgdt; o] & g2 E AR o thdt len (1ist)
ot FFHUh

Py_ssize_t PyList_GET_SIZE (PyObject *list)

Similar to PyList_Size (), but without error checking.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL list7} 7} 2] 7] = 8] 2 E 9| A index $] X| -4 AAE
HESRt U Th 9 A= 57 oby oo Tt B AE S EoARE Y AE S A AH A s h
index7t 9] € Bl o] U (<0 E = >=len(list)), NULLS W35} 1 IndexError o2 & A A gt}
PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t 1)
Return value: Borrowed reference. Similar to PyList_GetItem (), but without error checking.
int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. 28] ~E 2] QA jndexol] Y= FES itemS 2 AT YT AF3HH 02 ¥H3H3t
Uth index7} Y E Hojpd, -12 Wi3lst 1 IndexError 9] & A A s}

FaL: o] g itemo] h A2 E“FA L &

P Ytk

m{o

TE A 2laE ojn e FEo A HEE

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
o] AA gl PyList_SetItem () AR A AREH o= o Y& o] gl M B 2EE AT+

o AHEE .

N(

A7 o) I ZE jtemol U3 HRE “T X7, PyList Setltem ()T 2e] A E = 32 of o3t
FrE WA GEUthisr o iAo Y= F2rE FHE oY

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL. &% item2 8| 2 E [ist2] QA index 2ol 44Ut AFsHd 02 visshy o},
Agfstd -1-& 92t o & AAFUTh list.insert (index, item) ol 3j9EYch

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL. 2] 2 E [isto] Eof AA| item& 7 U th 4-53td 05 vHag o Asjsid -1
L ukgkslar o)) & A AT T list . append (item) o 3] Z3 T},

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL [istol| A low 2} high Aol o = AR ES
A E S WU T A v 6t NULLS BESetar o2l & A A FU T 1ist [ Low: high] o
e B ARE Y AE42 A 05 A e ok

Sk
oft mok
1o

Ay
U
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int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABI. low2} high A}o] 2] list&eelo]| A5 itemliste] W& 22 AA3r} 1ist [low:high]
= itemlistol 3 F&th. itemlist:= NULL ¥ # A=, Wl HF2EY Y-S YEPE YT (E8tol &
AHAD. AF e 02, AT S -15 WU T B A E ZoAREH Y QY- 95 A sy
int PyList_Sort (PyObject *list)
Part of the Stable ABL. list &2 A Ao A AESUt) AZ3HH 02, Aujstd -1 ¥vhEshy o).
o] AL list.sort () & E53h T}

int PyList_Reverse (PyObject *list)
Part of the Stable ABL list®] &5 A x| A HAFJSEYU. AF3)
o] AL list.reverse ()} ==k

PyObject *PyList_AsTuple (PyObject *list)
Return value: New reference. Part of the Stable ABL list®] W8 Z3F3l= Al F& A A& 23y,
tuple (list) 2} &5 Th

)
(@)
o
>
B
ol
3
iR
o
r T
riot
%
<
i)

8.4 ZH ol AA

8.41 €Az 23

type PyDictObject
o] Pyobject®] Al B 2 stol YA ] A& vebd
PyTypeObject PyDict_Type
Part of the Stable ABL. ©] Py Typeobject 91282 shol 4l €A1 2] §g LhebglLI e, o 22 sto] &
A% dict &} 22 AA Y th
int PyDict_Check (PyObject *p)
p7hdict A o] Ak dict B9 AR o) Q2B AT e MF ) o] T I A F T
int PyDict_CheckExact (PyObject *p)
p7hdict 22 o] A v, dict <) A H P Bz oh W AL WERh ) o B4t 34 BT
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL. Al & ¥l G A 8| & w35t A U, A9 13d NULLS
S8 o).
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference. Part of the Stable ABL. 2]7] A& 28 A dt= W& 93 types.
MappingProxyType A A& WUt o7 dutd o=z u
42 RS o B8 BEE 8 AH YT
void PyDict_Clear (PyObject *p)
Part of the Stable ABL. 7]& ¥ g|e RE 7]-3t A< vt}
int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL. © X 19 ] poll key7} 85 o] 9=2] &
Hhgbshal, 2] koW 05 WY Th o ¥ 12 Nk
FedYTh
PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL p2} 242 7]-3t & £ 33= A YA 2 & vtasghyct

O}-I'I il
o~
il
o)
[>
o2t
o
o
ps)
10
2
=<
E
o
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int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL. YA 2] pol| valS key 71 2 4 YU T} key:= s A] 7153l oF Ut} 18X
0™ TypeError 7 HATUTE AF3HE 02, AohshA 12 WBFUTh o] B4 valel Hht
F2E FAA gwunh

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
Part of the Stable ABL This is the same as PyDict_SetItem (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyOb ject*.

int PyDict_DelItem (PyObject *p, PyObject *key)
Part of the Stable ABI. Remove the entry in dictionary p with key key. key must be hashable; if itisn’t, TypeError
is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on failure.

int PyDict_DelItemString (PyObject *p, const char *key)
Fart of the Stable ABL This is the same as PyDict_DelItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. & A\ 2] pol| A 7] 7} key2l A A E ¥F3FsHU T} key
717k oW ol 9] & A 8HA] kAl NULL2 HhEH U o

ZF31: Exceptions that occur while this calls __hash__ () and __eq___ () methods are silently ignored. Prefer
the PyDict_GetItemWithError () function instead.

WA 3.100 4] ¥ 7 : Calling this API without GIL held had been allowed for historical reason. It is no longer
allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL | 2] & A3} A ¢+ PyDict_GetItem ()Y
Hg 9y th o] 7 A s o 2] & A Qs NULL HHSHE Ut 717 glod o9 & A A A ¢
NULLS ®¥H3H3hy o}

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. Part of the Stable ABI. This is the same as PyDict_GetItem (), but keyis
specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

ZF31:  Exceptions that occur while this calls __hash__ () and __eq__ () methods or while creating the
temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError () function with
your own PyUnicode_FromString () key instead.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. ©] Z1-2 3}o| ¥ 4£~%2] dict.setdefault () 9 Z5 Yttt &34,
YA 2] poll A keyell 3l k= gk RESHHU Th 7] 7k dictol] 910, 3k defaultobj 2 4t 1% 1L, defaultoby
AWMU of BHE keye] A BT 25 WAL 9ol SRACE BASE A B A
3 71gh o,
B A 3.40] F7}.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABL. B A 8]e] RE &S Z3}H3}+= pylListObjects
Ll dRi=
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PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL. B A g|e] B E 7| & X3 3l+= PylistObjects
ukek g o,

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL. A Y g po] B E 3t £835t= PyListObjectE
ShEHg U )

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL €41 2]ol] gl B2 9] 48 WAFU T o) G U0 3t Len (p) 9 55
.

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the Stable ABI. Iterate over all key-value pairs in the dictionary p. The Py_ssize_t referred to by ppos
must be initialized to O prior to the first call to this function to start the iteration; the function returns true for each
pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue should either
point to PyOb ject* variables that will be filled in with each key and value, respectively, or may be NULL. Any

references returned through them are borrowed. ppos should not be altered during iteration. Its value represents
offsets within the internal dictionary structure, and since the structure is sparse, the offsets are not consecutive.

oE =4

p
PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

gAM e pe ol o] A Foll dAs A= <t H U /#LiﬂEOlEiﬂlolE“fm%k% Aot A2
bdstA e, 7] A o] MAH A o F AFF YT oE 9

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) A
return -1;
}
PyObject *o = PyLong_FromLong (i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (0) ;
}

L

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL v} 23] bE o] 8le o £ SHRIA], 7]-k -2 A U & aoll F7HEH k. b= B4
2| AY PyMapping Keys ()& PyObject_GetItem()E A QUot= BE AR L 4 S5 YT} override
7} o1, a0l 1 712 kol ol A A3k 717 oW A, 1A 207 as) AA 3 717}
S w2 o] 271 U A eHH 02 Weer, o9l 7p ek -1 waEghic
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int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL. ©]+= Co|A] PyDict_Merge (a, b, 1) 21, F HA < A}of “keys” A E 2] |/
EZF Sl pyDict _Update () 7} 71-3k 2] Al 2o tsf o] Bl gl o] E &}A] gF=the ARk Al 95k,
slo] o) A a.update (b) 2 -FAFGUTH &3t 02 wEksla, o 9] 71 2Ay5hd _1_% upsbab) o)
int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq?2, int override)
Part of the Stable ABIL seq29] 7]-zk 2 2 98 a2 AAS ALY BT} seq2e= 7]-3F o=
Do ol 29] ol H B AN E A4 Ao olEel 8 AR ook Stk 55717} 908, overide
ol W uA ol % 23}l 18 A 20w A WA 7} S Ttk AT A 08 WAL, o2 7L S
-1 WUt 5% gho] A2 ol F 5 U th(RHE gk Al 9))

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

8.4.2 A s AA|

This section details the public API for set and frozenset objects. Any functionality not listed be-
low is best accessed using either the abstract object protocol (including PyObject_CallMethod(),
PyObject_RichCompareBool (), PyObject_Hash (), PyObject_Repr (), PyObject_IsTrue(),
PyObject_Print (), and PyObject_GetIter()) or the abstract number protocol (includ-
ing PyNumber_And(), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr (), and
PyNumber_InPlaceXor ()).

type PySetObject

This subtype of PyObject is used to hold the internal data for both set and frozenset objects. It is like
a PyDictObject in that it is a fixed size for small sets (much like tuple storage) and will point to a separate,
variable sized block of memory for medium and large sized sets (much like list storage). None of the fields of
this structure should be considered public and all are subject to change. All access should be done through the
documented API rather than by manipulating the values in the structure.

PyTypeObject PySet_Type
Part of the Stable ABI. 0] -2 g}o]H set & UJEN = PyTypeobject AAH

[>
10
<
kv

PyTypeObject PyFrozenSet_Type
Part of the Stable ABI. 0] 22 5}o]# frozenset L YEIW = PyTypeObjectd] AAAH AT
0e @ WA ER s BE st 4 ARl BlE LAl A ABFUH AN E, YA T B
ol E1 2] 3 shol A A A a&w o}.
int PySet_Check (PyObject *p)
p7hset A AR Gol AnE AW FS T o] F5E WA AT T
int PyFrozenSet_Check (PyObject *p)
p7h frozenset A AH H9f AxAAY FS BHFUL o] B4t G4 AT T h
int PyAnySet_Check (PyObject *p)
p7t set A, frozenset AA E= AH PO 22 Fa whaAd Ut o] e FHAAFTH
U,
int PySet_CheckExact (PyObject *p)
Return true if p is a set object but not an instance of a subtype. This function always succeeds.

WA 31000 &7}
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int PyAnySet_CheckExact (PyObject *p)
p7Fset AR Y frozenset AA| o] X 9h A B Fo] A A~E AL ol ZS 53T} o] S4= A4
BER T,

int PyFrozenSet_CheckExact (PyObject *p)
p7} £rozenset AA ol AW AE o At oW 2 MHRITE o] B A A F R

PyObject *PySet_New (PyObject *iterable)

Return value: New reference. Part of the Stable ABL. iterable®] 2] 3| Ht3tH AAE £dt= N Z 2 set S
WU T}, iterable-> ME-2 W Fd= 57 A8 NULL € 5 5 th S E A JEs, A
SPE NULLS B U o derableo] A 2 o] Bl €] 0] b @ TypeError & A U h A4 AE

A2 BAT e F&FUT (c=set (s)).
PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL. iterable®]] ] 3l RE2HE AA & 23S 2L frozenset
< WHEE Ut iterable-e- M 2-& R frozensetS THE 7] 913 NULL € 4 F YT AW A J s,
A3l &t NULLS WU o iterableo] A A 2 o] E 2] £ 0] obY W TypeError
set o|U frozensetd] AAEA K& 159 A H PO AAE A s th3 T

9%tk

Py_ssize_t PySet_Size (PyObject *anyset)

fo
1
U
]
>
ofo
ok
>

Part of the Stable ABI. Return the length of a set or frozenset object. Equivalent to 1en (anyset) . Raises
a SystemError if anyset is not a set, frozenset, or an instance of a subtype.

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
o] AL §le Pyset_size ()9 iR P A

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABIL. Return 1 if found, O if not found, and -1 if an error is encountered. Unlike the
Python ___contains__ () method, this function does not automatically convert unhashable sets into tempo-

rary frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset is not a set,
frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABI. Add key to a set instance. Also works with frozenset instances (like
PyTuple_SetItem() it can be used to fill in the values of brand new frozensets before they are exposed
to other code). Return 0 on success or —1 on failure. Raise a TypeError if the key is unhashable. Raise a
MemoryError if there is no room to grow. Raise a SystemError if set is not an instance of set or its
subtype.

e 4 set o 279 AR Gl digre)k AT 4 YA, frozenset o] I A1 G Ala
Hool s A F 5 g
int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABIL. Return 1 if found and removed, O if not found (no action taken), and -1 if an error is
encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key is unhashable. Unlike

the Python discard () method, this function does not automatically convert unhashable sets into temporary
frozensets. Raise SystemError if sef is not an instance of set or its subtype.

PyObject *PySet_Pop (PyObject *set)
Return value: New reference. Part of the Stable ABL seroll €] 1= 4] 2] AA| ol of & A} =& vk,
sero) A AA S A A g ek, ) shE NULLE BBF Th ) ge] vlo] 90 W, KeyError & WA 4
Urth sero] set oy} 1 A H o] AAE AT} ol SystemErrors WA U T

int PySet_Clear (PyObject *set)
Fart of the Stable ABL. Empty an existing set of all elements. Return O on success. Return —1 and raise
SystemError if set is not an instance of set or its subtype.

i
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8.5

el
=N
N

A A

8.5.1 &

4>
i

Al
atol ot A E H 7R Tt sy T
type PyFunctionObject
Gl AHEE £ CTRA.
PyTypeObject PyFunction_Type
4 pyTypeobiecce] b aels 3ol 4l B4 §& R T Sholal =2 8ol eypes.
FunctionTypel & =< Yt}
int PyFunction_Check (PyObject *0)
07} B4 AR (PyFunction_ Type )W & M TE w7 W4 NULL o] o}y o} o LT o]
I 61—/\]— A3}
PyObject *PyFunction_New (PyObject *code, PyObject *globals)

Return value: New reference. T= A A code2} AFJH A &< AR E ¥E3sHU T} globals= 4ol A] A A
2T 5= A

A9 W7k 9 G g ol of ok gtk
The function’s docstring and name are retrieved from the code object. __module___is retrieved from globals.
The argument defaults, annotations and closure are set to NULL. ___qualname___is set to the same value as the
code object’s co_qualname field.

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

Return value: New reference. As PyFunction_New (), but also allows setting the function object’s
__qualname___ attribute. qualname should be a unicode object or NULL; if NULL, the __qualname_
attribute is set to the same value as the code object’s co_qualname field.

W 330 27
PyObject *PyFunction_GetCode (PyObject *op)

Return value: Borrowed reference. St 21 A op&} AdH Z = A A& wrEghth
PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. St 21 A op&} A#H A g AV 2] & ¥H3kshy o}
PyObject *PyFunction_GetModule (PyObject *op)

Return value: Borrowed reference. Return a borrowed reference to the __module___ attribute of the function
object op. It can be NULL.

This is normally a st ring containing the module name, but can be set to any other object by Python code.
PyObject *PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 35> ZAA) op] 912} 7] EZE-E w13k3 ). o] &= ¢121e] FZ o] L} NULL

q % g
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
o AA opel A2 7132 A AU defaultsi= Py_None o1 & o] o oF g ot
A3t systemErrorg WAYA| 7131 -1 WEgH U T}
PyObject *PyFunction_GetClosure (PyObject *op)

Return value: Borrowed reference. 35 2| op&} A& S 2 A S vk3hg U th o] A& NULL o]+ Al A
o] EZ o] 2 o)1},
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int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B4 AR opst A 22 A2 AR T dosure= Py_None o]} A A7 2] FZo]o]of g},
A 9|3t SystemErrorE WA 7121 -1-& HHE3H T}
PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 3+ A A| op2] o] = H| o] AL ¥I3HghU T} o] 242 7 Y A v 2] W NULL
o] /\ o] 2= 1/] r,].
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
A ope] o =l o] M2 A B F T} annotations& Y M 2] L Py_None o] o] of g Tt

A8l systemErrorE WA 7131 -1& HHESHU T}

8.5.2 JAAHA WA= A A

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunct ion to a class object. It
replaces the former call PyMethod_New (func, NULL, class).
PyTypeObject PyInstanceMethod_Type
o] PyTypeObject ALHAE Jpol i AAHA WA E S Yebdyth shojd =2 Tl &
A syt
int PyInstanceMethod_Check (PyObject *0)
o7 AA~EA YAE AAH S ‘ﬂ-il-ﬁ'\/] (PyInstanceMethod_Type FQJUth. mj7] 4=
NULLO] obUjol of T k. o B4t P4 AE I
PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. Return a new instance method object, with func being any callable object. func is the
function that will be called when the instance method is called.

tr
e
i

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. A 2~8E 2 WA = im3} AAH S AA S widghyct
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
Return value: Borrowed reference. 2% ZAAS 1|3l PyInstanceMethod Function ()9 W3 &2

H A,

8.5.3 WA & A A

A E=E dZ24 (bound) 5+ AA YU HIHE=EE

A2 A ¢4 (unbound) MM = (S e AA o A2H wIAE)

PyTypeObject PyMethod_Type
o] PyTypeObject A" AE shol A WA E & YeEPY U T o] A2 sfo]#l =2 T3 ¢f types.
MethodTypeZ =<3 Yt}

int PyMethod_Check (PyObject *0)
o7t WA E AAW 2L WU TH(Pyiet hod_Type § YU Th. Ph/ ¥4 NULLo] oh]of of F]
O o] g4t F4 A F U

PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. M| 22 WA= AANE EHFSYUT fu
HAE7FAdEojof & JAaFH A YU funces HINE7L S EE
oF1] ol oF g,

%J«H € AA o, self =
CA=a= | A

1:—1:}. self+=NULLO©|

23
m{w
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PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. meth Wl A =2} A#AH S+ A A& wiagh ot
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. 2.5 FAAME ¥ 3l= PyMethod_Function ()9 W32 & WA,
PyObject *PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. meth W| ] =2} AAH AA~HAE g}
PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. 2% ZAAME 9|8l PyMethod _Self ()9 W32 ¥ A.

8.5.4 A A A

AP AN of ) snsol d YT MR F AN O 48T L. olel @ Mol 42 A 5] 99
A AN BEA UL g F2Fe 7 28 29 Q0] A A5t Y ASE A FHE 95 Axnd

‘__—'—-
Ao th gt F27F 2 Ut Zholl AA~ :‘5]'?3 A A A Z]'Zﬂ‘:ﬂ’\] Al of ]:E?:% Yol AHg-g Yt ozt A
2 A 2] 4 2= (de-referencing) &= A3 /‘43 HlolE F =2 HE 9 Yol IR M2 A X502 A2
= A FsUth A A= o el i+ OPX]% Fsuth

type PyCellObject
A A7 AFEE = C T 2A.

PyTypeObject PyCell_Type
A A7 o) s ek o A,

int PyCell_Check (PyObject *ob)
ob7h A AA T L T T b= NULLO| oh]olof Ttk o] Wiz Ak 4B FIh

PyObject *PyCell_New (PyObject *ob)
Return value: New reference. ob 3f2 ESHslE= A A AA S 51 ¥t} w7 A= NULL € 5
9%k,

PyObject *PyCell_Get (PyObject *cell)
Return value: New reference. A cell®] U-&<S W3- o}

PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. A cell®] W& WF3F3} A 1, cell©] NULL O] o} d X 2} Al A A QA&
glshA] k5 T

int PyCell_Set (PyObjecl *cell, PyObject *value)
A AR CelM W82 value2 AUt o] F A shd Ao FAf W&ol EH 3 FxE ARG YT value
E=NULL ¥ g;gqu} cell:= NULLO] o olok gtk A AR 7} ok ™, ~1 0] Rk Ytk 4435,
TR,

void PyCell_SET (PyObject *cell, PyObject *value)
A AA cell®] g2 value® AU Fx See 2AHA 43, S AT AAE o] Fo A A

914 UI T cell& NULL0] obv] o] oF 3131 41 217 of o ]
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8.5.5 F& A
= A7) & CPython T H Y A4E AR AUtk 7 A
Folel s vhebd ok
type PyCodeObject
FE AR A9etE o A8E e AH S CF2A. o] Yo =& ANEA WA £ AUt

PyTypeObject PyCode_Type

rr

(]
o,
N
%
&
=
Ao
£
30
B
§
rlo
>
)
N
N
off
r
21!
It

This is an instance of Py TypeOb ject representing the Python code object.
int PyCode_Check (PyObject *co)
Return true if co is a code object. This function always succeeds.
int PyCode_GetNumFree (PyCodeObject *co)
0%l & A W59 ASE WGk
PyCodeObject ¥PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyObject *code,
PyObject *consts, PyObject *names, PyObject *varnames, PyObject *freevars, PyObject

*cellvars, PyObject *filename, PyObject *name, PyObject *qualname, int firstlineno,
PyObject *linetable, PyObject *exceptiontable)

Return value: New reference. Return a new code object. If you need a dummy code object to create a frame, use
PyCode_NewEmpty () instead. Calling PyCode_New () directly will bind you to a precise Python version
since the definition of the bytecode changes often. The many arguments of this function are inter-dependent in
complex ways, meaning that subtle changes to values are likely to result in incorrect execution or VM crashes. Use
this function only with extreme care.

WA 31194 73 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int kwonlyargcount, int
nlocals, int stacksize, int flags, PyObject *code, PyObject
*consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject
*name, PyObject *qualname, int firstlineno, PyObject *linetable,
PyObject *exceptiontable)

Return value: New reference. Similar to PyCode_New (), but with an extra “posonlyargcount” for positional-only
arguments. The same caveats that apply to PyCode_New also apply to this function.

H A 3.89 F7}
WA 3.119 4 ¥ 7 : Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Return value: New reference. Return a new empty code object with the specified filename, function name, and first
line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

int PyCode_Addr2Location (PyObject *co, int byte_offset, int *start_line, int *start_column, int *end_line, int
*end_column)

Sets the passed int pointers to the source code line and column numbers for the instruction at byte_offset.
Sets the value to 0 when information is not available for any particular element.

Returns 1 if the function succeeds and O otherwise.
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WA 3119 7}
PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an exception
is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily represent the
bytecode actually executed by CPython. The primary use case for this function is debuggers and profilers.

WA 3.110) =7}
PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an exception
is raised.

WA 3119 F7}.
PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On er-
ror, NULL is returned and an exception is raised.

HZA 3119 7%
PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr (co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an exception
is raised.

HA 3119 7}

8.6 7|E} A A|

8.6.1 s} A A]

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the buffered
I/O (FILE*) support from the C standard library. In Python 3, files and streams use the new io module, which defines
several layers over the low-level unbuffered 1/0 of the operating system. The functions described below are convenience
C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter; third-party code is
advised to access the io APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding, const
char *errors, const char *newline, int closefd)

Return value: New reference. Part of the Stable ABL. o]u] & &= 5149 dd 7| &R} fd=2 gho]H 5t
AA S 5 YT A} name, encoding, errors 2 newline2 7)1 27k AFR-317] 98] NULL & 4 54t}
buffering & 718348 A-8517] 9151 -1 A 5 15U T name-S FAIF 1, o] 2 W A zhe] 942 93]
FAF YT A3 Al NULLS BFSHhUoh 1 zbol] 3t o] ARAI g A2 io.open () 5 AHAE
GES ALY
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WA 3.200 A W7 name X1 ER|HEE FAIFTh
int PyObject_AsFileDescriptor (PyObject *p)

Fart of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer, its value
is returned. If not, the object’s £ileno () method is called if it exists; the method must return an integer, which
is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)

Return value: New reference. Part of the Stable ABL. p.readline([n])3d 553 D}. o] &4+ AAlp
S B E2 AUtk pie 39 AA Y readline () MAE7F I 9919 AR L 5 At ol 0

—

Ol‘jd, =9 dojet AA Yol A3 B E5 AFUTh no] 0ETE W, nHlo]E © % ol A A
R Uth 908 o) 128 £ AfTh T A9 w5t o] 54 wdste v £xd0] v
Utk 2] no] 0% ol o, 2oloh BAglel B AT, 342 o] 54| EReE EorError
g o
int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
A& handler & &3l "j7) ©i4E A L3I EF io.open_code () 9 LREA QI &2 A} h

The handler is a function of type:
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

Equivalent of PyObject * (*) (PyObject *path, void *userData), where path is guaran-
teed to be PyUnicodeObject.

uerData EE = % G52 ASHUTH & G55 O Aol A 528 ¢ 9082, o EAHE:
shol 4 el g 24 Zx3hH o g

o
a ) EdE AL AL
Zo] AAZEHA, A A o]—ﬂ\% A 4 glon, o]F2] pyrile SetOpenCodeHook () ol T3t &
- of ,:MDP A A, B 12 BT Qe el el 7t 271815 Qo Bl o] & 4 g o

ol e Py _Initialize() Ao ZEd= FAFUT

Q1 A} gl o] ZFAF o|HI E setopencodehookS WA A 7] L th

WA 3.8 =7}
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the Stable ABI. Write object obj to file object p. The only supported flag for flags is Py_ PRINT RAIW;

if given, the str () of the object is written instead of the repxr (). Return 0 on success or —1 on failure; the
appropriate exception will be set.

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL. &2} s& 9 A A poll &Yt} A33Hd 02 w3, A9
ok A28 97k g ek

o —18 wkske

off
filo

8.6.2 X5 7

PyTypeObject PyModule_Type
Part of the Stable ABL. ©] PyTypeObject A28 A= Flo|W B E & VEFH YT o] AL types.
ModuleTypel 2 o] =2 T30 =& F Uth

int PyModule_Check (PyObject *p)
p7t BE AA ) AU EE AR 9] A B Fold FZ Wt} o] Fee A A3 th
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int PyModule_CheckExact (PyObject *p)
p7t BE AR o) AW, Pyiodule_Typee] AH o] ohlwl L v o) 4t WA 4B
k.

PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. __name__ ¢]EZ|HE 7} name 2
AARAE AN g AAE vttt 259 _ name_ ,_ doc_ ,_ package_ % _ loader_ o]
EYFEZFAYFA YT (__name__ S A&t EF NoneC 2 ARG, _ file. OEFHEE
AFstes AL TE2AS] APtk
B A 3.30] &7}
WA 34004 HA: _ package_ 2} loader_ 7}Nonel Z AAFH Yt}

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL. PyModule NewObject ()2} 8] <3}A] 9k, name ©]
U3= A thA UTF-8 & 79" Ex9d Yyt

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABL. module®] ©]5 &7H T3 3l= g A v g 2 A
BhERghTh o] AX = BE AA S dict JERES} ZFUTh module®] BE AA (EE 2
AA S A B Q)7 ok W, systemError 7} &Y k3L NULL o] ¥FEHE U T}
It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly manip-
ulate a module’s ___dict__.

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. module®] __name___ Zr< ¥H3ghy o).
R 5] AlFetA FAU, FAFE 0] o} YW, SystemErrorZ} WA 8FA NULL o] WESHE U T}
WA 3.39 F7%

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. PyModule_GetNameObject ()2} B3I A W "utf-8' & Q7Y
a5t

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL. 259 “AE]”, % 25 A4 A 3d e B22 7127 2AH Y NULLE
wigkstu T PyModuleDef.m _sizeS JFR A L.

hie]

i
o,
al(f
o
r]I

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL. & ©] W&o X PyModuleDef FZ Aol th Sk Z A E L} ZE o] A2 oA w59
21 A %% NULL= RESHh o}

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL. module®] __file_ o EZ|HEE AL-83}9 module

o] 2= 39 o] B& WAFULE AH A FhAY FURE FAAo] of W, systemError &
S A7) T NULLS W R o 194 e d U RE Ao o3 B2 e wagh .

B A 3.20 F7}.

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABI. PyModule_GetFilenameObject ()2} B3R 2t ‘utf-8' 2 A 7P H 5td
sk o,

WA 328E HXFH: PyModule GetFilename () raises UnicodeEncodeError on unencodable file-
names, use PyModule_ GetFilenameObject () instead.

o

o
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C2E& %73}

25 AR AWAOE B TE (RIS LS Y T gholnee) oy A%LE 2 E (273
St=7} PyImport AppendInittab ()= AHE3Lo] F718) oA T Yt AA g W82 building L
extending-with-embedding & 2 3} Al 2.

Z2713 e 28 A9 A" AE PyModule Create () ol A@3tal 23 25 AA & whst A, A2
%iﬂﬂﬂa%%ﬂd%ﬁmuywrgg%@¢ﬂng

type PyModuleDef
Part of the Stable ABI (including all members). 5 AR S =t ZLI EEARE G I YE=RE
Aol F2A. dutd oz 7+ BEof T3 o] 7534 Aoz z7]ﬁ-?l W=7} shubek 9l U th

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.
const char *m_name
A EEE o5
const char *m_doc
BEC) SAEY; WAL R Pypoc STRVARE BHEOd SAEY W47t AH4F U
Py_ssize_tm_size
EE A= AA AFo] ofd pyModule _GetState () & 23| 4 9]
FAE 5 AFUTH o] A2 ol 2 Al H A Z Bl oA 55 AHE e

This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ £ ree function has been called, if present.

£ 12 A45Y BEo] o AHE 27 WL An e el e S A A8t erThe

3
(D

A U>

o -

on
2
|o

7} | 2 g

ftlo <>
_}!_‘
o

)

Aot EEe thAl 2713 & 5 ke Kol Aol 228
€ =0l otdm_sizeZt 2T

2L oSt M
£ o9
oo o T
o <
=
o
RN
2
N
N
2,

>
rok

PyMethodDef *m_methods
PyMethodDef 3O &2 7|5+ BE 5% T HolEo thgt AE. F7t lew nuind 5
g% Ut

PyModuleDef _Slot *m_slots
oA 27131 91 &% A9 mi g, {0, NULL} FEFo 2 FEPUTH A 27|35 AHEE
], m_slots= NULL©°] o] o} gFu] t}.
WA 35004 W7 WA 35 o Mol of W7} B NuILE AAE v, TeT 2ol AolH
gk

inquirym_reload

traverveproc m_traverse
E AAY GC M = 3= &M &4}, Q314 940 ™ NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-

diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

WA 3904 A7 2E FE7E EEH 7] Aol He £S5 A 55U
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inquirym_clear
25 AA 9 GC B2l Foll 25T A (clear) 51}, B 281A] ¢ O W NULL.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

Like PyTypeObject . tp_clear, this function is not always called before a module is deallocated. For
example, when reference counting is enough to determine that an object is no longer used, the cyclic garbage
collector is not involved and m_ free is called directly.

WA 39004 A BE GH7E 237 Ao He 39 A 5y th
freeﬁtm:m free
AA E A Foll T Tt B2 8HA] 98 ¥ NULL.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

HA 39004 W7 BE AE7L B9 7] Aol B 525 A gtk

chekA 2713}
5 273 @5t BE AAE 44 BED MY £ A5 UTh o A2 wHA /3 s, b ¥
25 A4 B4 5 ShhE S Th

PyObject *PyModule_Create (PyModuleDef *def)

Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_Create?l () with module_api_version set to PYTHON_API_VERSION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)

Return value: New reference. Part of the Stable ABL def 2] A 2] ol wtz}, AP1 ¥ A module_api_version-<
7t st Al E AAE HEULE SiE WA Ad S Az E HAT XA dod,
RuntimeWarning< f—i A Al Y T}

Fa: ol e FE pyModule Create ()& WA ARGl o i th; 24 35] 22 & wf vk A& 514

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_ AddObjectRef ().

oA 2713}

An alternate way to specify extensions is to request “multi-phase initialization”. Extension modules created this way
behave more like Python modules: the initialization is split between the creation phase, when the module object is created,
and the execution phase, when it is populated. The distinction is similar tothe __new__ () and __init__ () methods
of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules entry is
removed and the module is re-imported, a new module object is created, and the old module is subject to normal garbage
collection —as with Python modules. By default, multiple modules created from the same definition should be independent:
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changes to one should not affect the others. This means that all state should be specific to the module object (using e.g.
using PyModule_GetState ()), or its contents (such as the module’s __dict___ or individual classes created with
PyType_FromSpec ()).

e 27188 AHg o] BBl BE REL AN A zelHE A9Q Aoz AU g O BES
EP408 fA5 A AWA o2 o2 B3}/ L

oA 271315 2387 98, 2713} g (Pyhit_modulename) &= H] o] Q1A ¢k m slotsE 7F3
PyModuleDef A2EAAE HIESU T} ¥EE 7] Ao, PyModuleDef Q1A
=783 oF gt
PyObject *PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABI since version 3.5. & A7 37} Iz A+E

ZHtEA Haskes 2rk2A 2734 bl A A o1 A .
defE PyObject*E N AE AL, o 2 7} A 8 NULLS HHEHHU T
W 3500 7%
25 A2 m_slots W)W = PyModuleDef_Slot FZ A9 vl &2 718 Aok gt}
type PyModuleDef_Slot
int slot
ofel 49 E AHE b5 gk Fol ) AEE, &2 ID.
void *value
<X IDof et 1 o ujrh EetA =, X g
B A 3.50] &7}

m_slots W @2 id 7} 0 <l

Py_mod_create
25 AA AAE e e EEFH = FE AL TUT ol 39 value ZJAH = = 22 A=
2t B4g Jhel Ao Funh:
PyObject *create_module (PyObject *spec, PyModuleDef *def)

o] $+= PEP 4519 o] th2, ModuleSpec 2R 28 BE Ao E WUtk A 28 AAE
w3k3) 7 U, o 21 5 A 7 3kl NULL-S HFEsl oF S ok

ol e Hagow FAGOF UL 53] L RES THA YEE S A5t 73 F27}
DG 5 glolA], o9 stolA I =EF SE5HH < F YT

kel 2F oA o Py_mod_create £X& AAT 5 Y& UTh

TS U o] 52 F o7t oY e specoll A H U Th &3 REo] Y BE Q9
Frol A AT Aol FHow 2457 ABe YL Fo 2 o] 5oz JFE D 4 9
AT AUk

WSt E AR 7} PyModule Typel] A28~ d A= gFUth d2E A ojESHE 243} ¢
718 Adshe g EE S AR 5 dsUth 284, PyModuleDefol] NULLO] obd m_traverse,
m_clear,m_free;00] o} dm_size; =Py _mod_create 0|2 9] £F 0] Q1o PyModule_Type
Ax s whubebd = olgyth

Py_mod_exec

8.6. 7|E} A 169


https://peps.python.org/pep-0451/

The Python/C API, ¥2]~3.11.8

int exec_module (PyObject *module)

ol&] 712 Py_mod_exec €5 0] A A, m_slots v S ol Y eI} = AU Z A2 F YT
thHA 2 7] 3} o gk AFAH S Y-8 2 PEP 4895 ARSI 2.

i

2~
REAAE T

it

A

oA 271315 A o £ 9 obdfl ol A=tk 7t SESg Ut o2 AP A+ A=, dEE
EEARE SZF oz AW 225Ut RES &A% 27358 PyModule_FromDefAndSpecd}
PyModule_ExecDef& EF T &3] of ol F2o 34 Al L.

-

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule FromDefAndSpec?2 () with module_api_version set to PYTHON_API_VERSTION.
W7 350 =7

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)

Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in def and the ModuleSpec spec, assuming the API version module_api_version. If that version does not
match the version of the running interpreter, a Runt imeWarning is emitted.

Fa: o] g R E pyModule FromDefAndSpec ()& WAl AbEaf oF huth; 243 223
wf v AFE- 34 Al 2

B A 3.50] &7}
int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def
Part of the Stable ABI since version 3.7. defoll A H & A3 &£F (Py_mod_exec)= Az}

WA 3500 7}

int PyModule_SetDocString (PyObject ¥*module, const char *docstring)

Part of the Stable ABI since version 3.7. module®] S2E 3 & docstring2 2 A AUt} o] S+
PyModule_Createl}PyModule_FromDefAndSpecg AF-&31o] PyModuleDefolA EES THE uj
AEo g TP YT

B A 3.50] &7}
int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the Stable ABl since version 3.7. NULL £ & functions ¥} B 2] 325 moduledl] 371t} 7] 35 of
ek AA S W82 PyMet hodDef A A E FEFUA L (F# EF o5 53] fl7] w2, C& 7
AH ZE 77 “P5(functions)’= G 0 2 3 AR w7 W42 BES TAISH], Sho] A S~ 9] <
2" WA =9} JFAFSHA 95U . ©] 8F4=PyModule_Createl PyModule_FromDefAndSpec
< AH§-31o] PyModuleDefol A RES W W AH5 o2 SEFH YT

B A 3.50] &7}

o]N-
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A9 g
BE 278 %500 2738 A8eE 49U RE A S2o 4 559 G409 2738
A A9 e, BE AH 27518 £9 1 08 B2 AT 5 ALt

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Fart of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function which
can be used from the module’s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return NULL if value is NULL. It must be called with an exception raised in this case.

Example usage:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;

}

.

The example can also be written without checking explicitly if obj is NULL:

p
static int

add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
B A 3.100] =7}

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value on success (if
it returns 0).

The new PyModule_ AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_AddObject () function.

ZF31: Unlike other functions that steal references, PyModule_AddObject () only releases the reference to
value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on error.

Example usage:
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-
static int

add_spam (PyObject *module, int wvalue)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return 0;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong (value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
3
// PyModule_ AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return 0O;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the Stable ABIL moduledl] A4 A4 nameL & F 713Ut} o] H 4= 2 E 9 273} 4o
A ALET % AT 2] Al 12, 4 F5HE 08 BT

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABL. module®l| &AL A5 name2 2 F71HUth o] He] g+ 1 E .4 %713} 34
N AREE = AFUTH £ AL values NULLE 2 uof byt o 2] A 13, A3 Al 0= Hhshety E‘r-

PyModule_AddIntMacro (module, macro)
module o] it A48 ZAFULL BT L macool A AU B S o
PyModule_AddIntMacro (module, AF_INET) S AF _INET k€ 713 int A4 AF_INET-S module©l|
FAgUh oY Al -12, 435 02 AT T

PyModule_AddStringMacro (module, macro)
module®| FA+2 55 F7HUTh

int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. module®| & A& F7FUth R A S E pyType Ready ()8
$&£3to] g AAE glo) Do) =TT} 3 714;1]_4 ol2e A tp_name-/] upz] gk LA Q 4o A
7hAF UL o2 7 #g sk E -1, A ehd 05 v oh

WA 3.9 =7}

172 Chapter 8. 4+ A A #|

qw



The Python/C API, ¥ 2]~ 3.11.8

PyObject *PyState_FindModule (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABL. & 2] QE] = 2] ] of] thall defoll A TS0l 2
A= E’}%‘r?}%ﬁ“/‘r o) YAMNEE AL H WA BE AR 7} PyState AddModule () & AE Z g
FEfoll A2 01 o of E}‘/]D} qF BE AAE 7;%% T RAY JAHZ 2 H el of & AZH
%O W, NULL-S WHEH§ o}

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since verston 33 Fgo AEd 2E AAE JdHzZ 2 H AHo A2} o)+
PyState_FindModule ()& E3] & A Ao AAM 2 ﬂ 4 9 x & st

oA 271318 ALg-she] BhE BE oW 2371 5 U

RN

d

SGolHME BES IJIETE B & AT o7 PyState AddModuleS T EstER =, RE 7|3 =
ToA &5 AL B FH AT EAFYth). REY AA 273 7= 23
PyState_FindModule& &3t AFollw YA A S0 d83Uth o] T+ FE U
ZE YAYUSZE 77 A AGUH (A H EE3A L 83 AE] Al o $F ZpA 8 yj 8-l
el s TS FRTFOEN).

S E A= GILS X3l oF ot

AE3tH 0S, Avjstd -1-& syt

B A 3.30] F7}.

int PyState_RemoveModule (PyModuleDef *def)
Part of the Stdble ABI since version 3.3. def A 5 F 25 AAE A=l g Ae]o A A AT
dE3std 0E, At -1 vy

=4h= GIL= ETI‘°HO}:§:]"4E}'

8.6.3 olE|#|o|¥ A

Python provides two general-purpose iterator objects. The first, a sequence iterator, works with an arbitrary sequence
supporting the __getitem__ () method. The second works with a callable object and a sentinel value, calling the
callable for each item in the sequence, and ending the iteration when the sentinel value is returned.
PyTypeObject PySeqIter_Type
Part of the Stable ABL. PySeqIter New ()} W& A/ A Fof] 3t iter () WZ 49 & ezt
Aol o8 whehel o] e @ o] B A o that W A,
int PySeqIter_Check (PyObject *op)
ope] Bo| pyseqiter Typeold & EFeFUTh o] T+ T3 4FFUTh
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL. Q¥F A| A2 A A seqt A 25351 olEld| o] E &
s T A F a7 AR AT YA AAbolA IndexErrorS Yo7 o] g o] A o] Byt
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PyTypeObject PyCallIter_Type
Part of the Stable ABL. PyCallIter New ()2} iter () W3 42 F Q) & Ao 93] vidH o] g |
SEEEEEEEEE]
int PyCallIter_Check (PyObject *op)
op®] Fol pycalliter Typeold & FHF UL o] 4+ FFATHU
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL. A| -2 o] & o] B & S8 F Yt} A WA vij7) A
z}

callable2 | 7] W= Qo] & 4 J= R E ol ZE 7“231 A= AS5ULH &L olE g ol A
9] o8 &=-& ut3s) oF stk callable©) sentznel.ﬂ- e 1-?4-'6}“4 olg]#lo] o] 2 H UTH

8.6.4 tJA3aYE AH)

“aag e s A7)0 A8 o EelRES 71 &she AR AUTh 2ASS ¥ AR G4 eel d5yTh
PyTypeObject PyProperty_Type
Part of the Stable ABL. W& U2 HE FE 933 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
Return value: New reference.
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI.
int PyDescr_IsData (PyObject *descr)
Return non-zero if the descriptor objects descr describes a data attribute, or O if it describes a method. descr must
be a descriptor object; there is no error checking.
PyObject *PyWrapper_New (PyObject*, PyObject™*)
Return value: New reference. Part of the Stable ABI.

8.6.5 <zfol2 A

PyTypeObject PySlice_Type

Part of the Stable ABI. & 2}o]2 AA| 9] & AA|. o] AL Fo|H A =9 slice} ZH5 Yt
int PySlice_Check (PyObject *ob)

ob7} <ehol 2 ARW F WU T ob NULLO] oholoF Fwh o] Bt T AT T,
PyObject *PyS1lice_New (PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. Part of the Stable ABL. A/ A H Fto 2 M 22 &£to]l2~ AAE viE sy}

start, stop 2 step | 7} \_—rt e o5 ol A A2 AEERES] o2 ASEHYLTEL B

NULL & 4 9105, o] A Noneol 8% o EelREO LS H UL A AAE B 5

= Wy
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int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Part of the Stable ABL 2 ©] 7} length?1 | AXE 7H 61, Seto] 2 A A sliceol| A start, stop B step $1E]
2E 7FA S UTH length Bt 2 QWA E o8] 2 A gy th

Returns O on success and —1 on error with no exception set (unless one of the indices was not None and failed to
be converted to an integer, in which case —1 is returned with an exception set).

o /152 MM I A= ke AUk,
#3200 4 873 Al slice vl 7} W49] vl M4 G pysliceopiect* AU T

int PySlice_GetIndicesEx (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step, Py_ssize_t *slicelength)
Part of the Stable ABL. PySlice_GetIndi ces ()5 £&93HA A gyt Zo) 7} lengthQl A|BAE
7} 5k, & 8ol 2 A A sliceol| A] start, stop E step Q1 f*‘/\ S 7}A 2.1, slicelengthol| & 2fo] 29 Aol &
AT 991 E Hol i dlel 2t Ank s ohol 9] H2ish AuH Ao LYok

4t 05 kst ol # | o9& A sk -1 Ry Tk

Fa: o P 75 2T + A Ad2dde -SR] Fe Aew 7}22}‘4‘3}- TEE
PySlice_Unpack ()@ PySlice AdjustIndices ()2 22 tA|F oo gt =

f

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {
// return error

}

ergow AU

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
I3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

WA 32004 W7 Aol = slice Wi 7} 2] vi 7} ¥ 3 o] PySliceObject* PFUTH
WA 361004 HA: pPy_LIMITED_APIZ} AAH o] YA AL} 0x030504003 003060000 (3
e} A 9F-S) Abolut 003060100 o] A Zto 2 A AE 9 0™, PySlice_GetIndicesEx () =
PySlice_Unpack () & PySlice_AdjustIndices () & AF&3t=vlaz 2 F3AF Yt} QA A} s,
stop R step= o2 M 7P ULk
WA 3.6.1 58 dAE: Py_LIMITED_APIZ} 0x03050400K T} 271} 0x030600002} 0x03060100
(ZFeHA o) Atolo] ro 2 A QoW pyslice_GetIndicesEx () & A H Tyt

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py ssize_t *step)
Part of the Stable ABI since version 3.7. < 2Fo]2 A A 9] start, stop & step H| o] 8 HHE C ATZ =
SUth PY SSIZE T MAXHTF = 3FE PY SSIZE T MAXE X83] Zo|31,PY SSIZE T MINHTH
Z+2 start 2} stop S PY_ SSIZE T_MINZ Z83] 0|1, -PY_SSIZE_T_MAX®R T} 2H2 step 7S
-PY_SSIZE_T_MAXZE 283 =Y Yrch
oHH -1&, 4F3std 0& &g th
B A 3.6.19] 7}

Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. | @ length Z 0] 2] A|A2E 7} 4 5}9] start/stop & 2}o] 2 &l A~
& 2 PUTh 998 Holw Qe At dub Sefol2e] Moo A YAl oz Ak

<ehol2d] Zol & vtk 34 43 d Ut shold ZEE S &34 st
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WA 3.6.19] 7}

Ellipsis 7 A

PyObject *Py_Ellipsis
Stol A Ellipsis A4, o] Aol & WA =7} YUtk 22 3159 B stol b2 AA 9 npasbA =
el ok AUtk Py nNoned} upR7IR 2 AZE A )

8.6.6 MemoryView 7} x|

memoryview A= C 5 W 3 B3| o] A5 th2 AA G vpriA =2 AgE = e gl AA = =5
ok
PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. ¥ 3] Q1] ¥ o] 2~ & A| & 3}+= 2] A o)l A memoryview 2
AE BT o7} 7] 7 8 w3 A A 2518, memoryview 2| 9 71/227)7} ¥ 31, 1%
o 917 g ol At Al g Ak A ol et ¢ 71/22 7172 = sy th
PyBUF_READ
Flag to request a readonly buffer.

PyBUF_WRITE
Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. memE 315 ¥ ¥  A}-83} o] memoryview
AAE W5 Yt flags= PyBUF_READ Y PyBUF_WRITE % 3tV o+ 54t

B A 3.30] F7}.

PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
Return value: New reference. Part of the Stable ABI since version 3.11. o1 A W 3 L ZA| views 7=
memoryview 21 A& w5 U T 7tk vlol| E W5 Q] A=, PyMemoryView FromMemory () 7F A&
e 5y o

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL. ¥ ¥ QA E]H| o] A& Aol st= A 2 HE 229 A%
B2(C v} Fortran order 2) £ memoryview 23] € W5 W o, v £ 2] 7} A% 2 o] ¥ memoryview 243 =
Ay W2y E 7te) Ytk 238 % o, B AR o] ulE o] 2] 11 memoryview= A Blo]E QG AA =
7He Aok

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
A A obj7F memoryview 2 A H F-S WU T A= memoryviewd] A/ B F#}AE T
o} o] gt B 4F T

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A& AF ¥ 7] 2] memoryview 2] H| 57| BALE o] ZAEE &8 5 Uth myiews HEE X memoryview Q1
"o o] iR = S oA gornE A Aok FUth 18] koW SE
%ol ot

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7l vt o 2 &= A F A A Ao o) =E A E Y memoryview 7}
PyMemoryView_FromMemory () W PyMemoryView FromBuffer () &4 & 3tU=Z WEAH
© W NULLES WHaHgHU o} mview+= HEE X] memoryview 91 28 2 of oF ST,

i

+ sy
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¥ AA R AGdUTE e FxE FAH FH ke F A FAA A AA Fol A5
&z AA oA, F HWH = 7be e 3 Al Ao ZEA] A dg Tk
int PyWeakref_Check (PyObject *ob)

ob7} 2 ARV = A A E e vk o]
int PyWeakref_CheckRef (PyObject *ob)

ob7} 2% AR W & VBT o] F5 G4 AFHUh

%
-
rlr
o
ox
o,
of
ot
i
i)

int PyWeakref_CheckProxy (PyObject *ob)
ob7t ZBA AA W FE wBAFU o FE B4 AFFU

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABIL. Return a weak reference object for the object ob. This will
always return a new reference, but is not guaranteed to create a new object; an existing reference object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be

None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will
return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference proxy object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing proxy object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be

None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will
return NULL and raise TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)

Return value: Borrowed reference. Part of the Stable ABI. Return the referenced object from a weak reference,
ref. If the referent is no longer live, returns Py_None.

ZF31: This function returns a borrowed reference to the referenced object. This means that you should always call
Py_INCREF () on the object except when it cannot be destroyed before the last usage of the borrowed reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to Pylieakref GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

Fart of the Stable ABI. This function is called by the tp_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have one. It
returns when all callbacks have been attempted.
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8.6.8 &

o] Az Ab-gof o 3t ZHA| 3 A B = using-capsules S F R34 A L.

s

3.1 &7}

type PyCapsule

This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to access
C APIs defined in dynamically loaded modules.

type PyCapsule_Destructor

Part of the Stable ABI. 7§ ol o) 3} 3}3 A} (destructor) Z 3 3. o] 2 A A o] U t}:

[typedef void (*PyCapsule_Destructor) (PyObject *); ]

PyCapsule_Destructor 9 2] o] u]= pyCapsule New () S FZ A L.

int PyCapsule_CheckExact (PyObject *p)

AR} Pycapsuleo] W FE S F UL of 4+ 4 AF Tk

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

Return value: New reference. Part of the Stable ABI. pointerE & 3}3}= PyCapsuled 5 Yt} pointer
A= NULLO] obd == gl

A s, o 9] 5 A4 8ta NULLS HHEH U o)

name &4 NULL o] U} #- 8 3H C w2 ol s ek 2 A o 5= 915 th NULLO] of ¥, o] ZAH 2

AEHT} _,_EH T A = of oF &Y t}. (destructor Yo A A == A5t
destructor Q1A7F NULLO] o} ®H, g o] 32 o] &S AAE TSHUTH

o] A& S REL JJEYHER AASH W, nameS modulename.attributename & A A 3] oF T
= o]‘_%qﬂ] 3 2 2 E9] PyCapsule Import () 2 AF23te] LS AZLE 34 95U

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

m[o

ey

Part of the Stable ABL. 7] & ol A1 &4 pointerE 7} A3 U th. Aujstd, o9 & 4 A3 NULL
Uk,

The name parameter must compare exactly to the name stored in the capsule. If the name stored in the capsule is
NULL, the name passed in must also be NULL. Python uses the C function st rcmp () to compare capsule names.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

Part of the Stable ABL ol AZE & A 343 & 3o} As)sid, o2l & 4483 NULL-E
Ll dRni=

%0 NULL 19 A48 25 AL FWAAUT o AL NULL B IS8 tha BESHA BEUTH
H&3] 38l PyCapsule_IsValid() Y PyErr_Occurred () S AFE3HA Al L.

void *PyCapsule_GetContext (PyObject *capsule)

Part of the Stable ABL. gl 4742 A4 AH2ES WUt Asjstd, o2& 44 stal NULL=
Hhehetu o

A€ NULL AHAES Zhe A2 A JYth o] A2 NULL W T =5 Oha B o5 vhgyth
W3] sl8l W Pycapsule IsValid() W PyErr _Occurred()S ARSI A L.
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const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL g0l A48 84) o] £ MAFU T AshalH, o] 9] & A 57 NUTLES W
T
A4 0| NULL 0 82 2 22 FHAY Y th ol AL NULL W TEE tht m e BT
S8l W PyCapsule IsValid() W PyErr_Occurred ()5 AF&3II A L.

]

d
ofr

void *PyCapsule_Import (const char *name, int no_block)

Fart of the Stable ABI. Import a pointer to a C object from a capsule attribute in a module. The name parameter
should specify the full name to the attribute, as in module.attribute. The name stored in the capsule must
match this string exactly.

335t €2 W pointerE WFEHUTh A etd, o €] & A A s NULLE WHERH T
W A 3.3 A W7 : no_block has no effect anymore.

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL capsule©] F &3t A& Ut Fa23 fHE-2 NULLO] ofy H,
PyCapsule_CheckExact ()5 E33}1, NULLO| ofd E 9] Eﬂ 7} A=W, JE o] = 9] name " 7N
T AFUTE A g ol < Hlaske ol et ¥ = pyCapsule GetPointer ()5 &
A2
In other words, if PyCapsule_ IsValid () returns a true value, calls to any of the accessors (any function
starting with PyCapsule_Get) are guaranteed to succeed.

A7) S ES T AL o B3} A 51 00] obd gHE AT TE 2 A koW 02 WBF L. of
e A5 WU
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABI. capsule W 5-2] AEAE Z QA E]E context Z A A g t}.
435Hd 02 I h A5 00] obdd g WAL o) 98 4 FL ek,
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABI. capsule W52} 5}3] A}E destructor 2 4 A - ¢}
dFshd 02 WU o Asfsd 00] opbd gt whekslal o 9] & A A o
int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the Stable ABI. capsule Y| 5-2] ©] & nameC &2 A A Th NULL®] o} ™, o] &2 ARt} 2
FA S ojor gt fgol AFH o] A nameo] NULLO] o} ™, o] & S| A &}2 1 A/ =544 5 Tth
4339 02 MAFUTH AA5HE 00] obd ghe MESH o9 & A G
int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABI. capsule W 5-2] void 3 21 E] & pointer 2 4 A Tt} Z QA E]= NULLO] o}d 4 A H

vk,
3 5h 02 WAt A3 5hE 00] ohd gL kst o)) S 4 T,
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8.6.9 Frame Objects

type PyFrameObject
Part of the Limited API (as an opaque struct). The C structure of the objects used to describe frame objects.

There are no public members in this structure.

¥ A 3.11 A 7 : The members of this structure were removed from the public C API. Refer to the What’s
New entry for details.

The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.
PyTypeObject PyFrame_Type
The type of frame objects. It is the same object as types . FrameType in the Python layer.
¥ A 3.119) A ¥ 7 : Previously, this type was only available after including <frameobject . h>.
int PyFrame_Check (PyObject *obj)
Return non-zero if obj is a frame object.
H A 3.119 A ¥ 7 : Previously, this function was only available after including <frameobject .h>.

PyFrameObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
B A 3.9 F7}.
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’s f_builtins attribute.
Return a strong reference. The result cannot be NULL.
WA 311 7%

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Part of the Stable ABI since version 3.10. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
WA 390 =71

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not owned by a
generator. Does not raise an exception, even if the return value is NULL.

Return a strong reference, or NULL.
WA 3,119 &7}

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’s f_globals attribute.

Return a strong reference. The result cannot be NULL.

HZA 3119 7%
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int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s £_lasti attribute.

Returns -1 if frame.f_lasti is None.
WA 3119 F7}.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)
Get the frame’s £_locals attribute (dict).

Return a strong reference.
WA 3119 7}

int PyFrame_GetLineNumber (PyFrameObject *frame)
Fart of the Stable ABI since version 3.10. Return the line number that frame is currently executing.

8.6.10 A oe] AA]

A g ol g 7_1,‘?]]‘— gole] AlFd ol g olH e olHE F &7 Aol AFESt= AA AUt dRtdos
PAIA L2 TE3= 2o ofyE 3he Y= (yield)

PyGen_New () =+ PyGen_NewWithQualName ()&
o T4 2 ol Elal ol Este] BBl HuTh,
type PyGenObject

A #l ol 8 Az of) A C F2A.
PyTypeObject PyGen_Type
A el o g Aol o Fale F A
int PyGen_Check (PyObject *ob)
ob7t Al el o8 AA Y F< E2F YT obe NULLO] ofofof Futt. o] s 3 43 dUth
int PyGen_CheckExact (PyObject *ob)
0b®] W o] PyGen_Typeol ™ 2& el VT bt NULLe] b o] of I Th. o] 4t B4 4B
Y,
PyObject *PyGen_New (PyFrameObject *frame)
Return value: New reference. frame A Aol 718F3E A A @ ol 8] AAE wlEo] B3y} o] b=
framedl] 3+ F2E T Uth QA= NULLO] ofi]of oF ghth
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. frame 2} Aol 71Wrst A Al g o] ¥ A A& s 01 W33l =d], _ name_
3} qualname_ & name XA qualnameZ 72 73 gt} o] St frameol B3 B2 E S UL frame

Q12 NULL o] o] o of 3] o,

=

8.6.11 T F¢l x|

WA 3500 F7}
228 AA £ async 719 ER AAH 47} B@ele AU,
type PyCoroObject

T 58 AA ol AHEH = C F2A.

PyTypeObject PyCoro_Type
228 A o Gk § AA.
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int PyCoro_CheckExact (PyObject *ob)
0b] B o] PyCoro Typeol FE WU obNULLY & YU °) T4+ T4 4TI,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject ¥name, PyObject *qualname)
Return value: New reference. frame AR S 7|80 2 A ZFE AA| S wtSo]A 1

7 qualname_ 2 name I} qualname= A A 3t} o] &= frameol Th3k R E S UL} frame
1A= NULLY 4= §lss Y th

8.6.12 AH A e ¥ AH)

B A 3.70]] &7},
WA 371004 ¥ A

o] pPyContext, PyContextVar X

kK
s o€ =ol:

Fa:  Flold 37104 ZE AHYrE WL
PyContextToken HAl PyObject EQIEHE AL&3}

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (wvoid) ;

ZFA B YRS bpo-347625 FZFHA Al L.

o] Aol A+ contextvars RES $] 8 38 C APIo] thaf }A| 5] AT}
type PyContext
contextvars.Context A& UYEU = ] A = C 2 A.

type PyContextVar
contextvars.ContextVar AAE JEIY &= o] AFSEH = C FZA.

type PyContextToken
contextvars.Token ZAAE YEY= o AFREH = C XA
PyTypeObject PyContext_Type
context 2 UEH = & A4
PyTypeObject PyContextVar_Type
A 2E W45 L el g A,
PyTypeObject PyContextToken_Type
AdAE HE- EZ 32 e E & 4.
R A
int PyContext_CheckExact (PyObject *0)
o7} PyContext_Type @] & &F U o= NULLO] ot ook Ut o] 4= 33 453
Y,
int PyContextVar_CheckExact (PyObject *0)
o7} PyContextVar_Type B°lW =& ¥ F YT o NULLO] ofofok gyt o] gk 44

BFEh
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int PyContextToken_CheckExact (PyObject *0)
o7} PyContext Token_Type @O & EFUTE o= NULLO] oty ol of FUtt. o] e F4
Al :'_‘61—14 r,].

A AL A Be) B4

PyObject *PyContext_New (void)

Return value: New reference. M| 2-& ¥ A AE A E g5t} o 2 7} A 5Hd NULLE ¥

ful

frt

rlﬂ

515k o)
PyObject *PyContext_Copy (PyObject *ctx)

Return value: New reference. A 29 ctx AE 2~ E 2 A

= ey ok

Lo

¢ko H RS ulE Ut} of 3 7} WA 8 NULL

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. @A A E AGAEQ] ko HaLH S ul= 1]t} o 2] 7} 24 31 NULLS
HHgkgh o,

int PyContext_Enter (PyObject *ctx)
A 2d =0 AA AY2ER s A FUTh 43 Al 05 WHEHsLaL, o 8 A -1 Wty

int PyContext_Exit (PyObject *ctx)
cx AU AES NS5 T o] A AL AES AA) A =0 AA) A AER BAFUTE 4Z A 02
wkgbelar, o 2 Al -1 WhEkU o

A 2E W5 P4

PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. Create a new ContextVar object. The name parameter is used for introspection
and debug purposes. The def parameter specifies a default value for the context variable, or NULL for no default.
If an error has occurred, this function returns NULL.

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)

Ad2E A5 g 7HA g th 23 e 5ok ol el 7h B sk 1.2 NS, ghol A A9 4
glol o7/ A shA) koW 02 wAgL Tk,

AU AE W71 AT W, valiet TR FFel71 2T AHAE MG EAT A 29,
valuex= Th< 7He]
o default_value, NULL©] o} H;
* var®] 7]k, NULL®] o}y,
e NULL
Except for NULL, the function returns a new reference.
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. Set the value of var to value in the current context. Returns a new token object for
this change, or NULL if an error has occurred.
int PyContextVar_Reset (PyObject *var, PyObject *token)

var A9 AE W49 /‘1'\:/]]-‘Z;z‘okenE w33} PyContextVar Set () = A A= A A S )
o] T AdF Al 0 WSS, ol 8] A -1 RESHEU T
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8.6.13 DateTime 7

Various date and time objects are supplied by the datet ime module. Before using any of these functions, the header
file datetime.h must be included in your source (note that this is not included by Python.h), and the macro
PyDateTime_IMPORT must be invoked, usually as part of the module initialisation function. The macro puts a pointer
to a C structure into a static variable, PyDateTimeAP1I, that is used by the following macros.
type PyDateTime_Date

This subtype of PyOb ject represents a Python date object.

type PyDateTime_DateTime
This subtype of PyOb ject represents a Python datetime object.

type PyDateTime_Time
This subtype of PyOb ject represents a Python time object.

type PyDateTime_Delta
This subtype of PyOb ject represents the difference between two datetime values.

PyTypeObject PyDateTime_DateType
This instance of Py TypeOb ject represents the Python date type; it is the same object as datetime.date in
the Python layer.

PyTypeObject PyDateTime_DateTimeType
This instance of PyTypeObject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType
This instance of Py TypeOb ject represents the Python time type; it is the same object as datetime.time in
the Python layer.

PyTypeObject PyDateTime_DeltaType
This instance of Py TypeOb ject represents Python type for the difference between two datetime values; it is the
same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
This instance of Py TypeOb ject represents the Python time zone info type; it is the same object as datetime.
tzinfo in the Python layer.

UTC 42Ee] AN 2317 93 vz

PyObject *PyDateTime_TimeZone_UTC
UTCE YEH = At A2 ES WUt} datetime. timezone . utc2} 22 AA Yt}
W7 3.7 =71

R A

int PyDate_Check (PyObject *ob)

Return true if ob is of type PyDateTime DateType or a subtype of PyDateTime_DateType. ob must
not be NULL. This function always succeeds.

int PyDate_CheckExact (PyObject *ob)
ob7} PyDateTime_DateType & o] S =8 F T} ob= NULLO| o} o] of gt} o] = gHAf
A ARle

int PyDateTime_Check (PyObject *ob)

Return true if ob is of type PyDateTime_DateTimeType or asubtype of PyDateTime_DateTimeType.
ob must not be NULL. This function always succeeds.
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int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType o] H & E8 F 1 th 0ob= NULLO| of]o]of gt} o] 4=
G4k 43,

int PyTime_Check (PyObject *ob)
Return true if ob is of type PyDateTime TimeType or a subtype of PyDateTime_TimeType. ob must
not be NULL. This function always succeeds.

int PyTime_CheckExact (PyObject *ob)
ob7} PyDateTime_TimeType & o)W IS =8 F 1T} ob= NULL?] o} o] oF &t} o] Sh= At
35 h

int PyDelta_Check (PyObject *ob)
Return true if ob is of type PyDateTime_DeltaType or asubtype of PyDateTime_DeltaType. ob must
not be NULL. This function always succeeds.

int PyDelta_CheckExact (PyObject *ob)
ob7} PyDateTime_DeltaType @o|Hd & E8F YT} obe NULLO] ofuojof Ut} o] St
P AT FUTH

int PyTZInfo_Check (PyObject *ob)
Return true if ob is of type PyDateTime_TZInfoType or a subtype of PyDateTime_TZInfoType. ob
must not be NULL. This function always succeeds.

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime TZInfoType @ o] & E# F Ut} ob= NULLO| o}y o of ghth o] g4 =
G4k 43 gk,

AAE R IR

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. AR E A, &, 4] datetime.date AR S w&gch

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

Return value: New reference. X139 A, 4, 4, Al, B, 2 W ulo]|3Z %] datetime.datetime AAE
skekghu o,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

Return value: New reference. A9 3, 9, 4, A, &, &, nfo]Z 2% 2 fold®] datetime.datetime
AAE W
WA 3.69 F7}.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

Return value: New reference. A A H Al, &2, 2 W ulo] 3 2 22| datetime.time A& Wt}
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. A| 8 A], &, %, u}o] 2 2 % L fold9] datetime.time AR S wag ).
WA 3.6 F7}
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)

Return value: New reference. A 4, 2 D ufo]|3 2 % & YEIU &= datetime.timedelta AAE
Hrgkstuth Ay nfo] 32 %29} 27t datetime. timedelta Ao &l A E B A== AF
87} 298 Lo,
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PyObject *PyTimeZone_FromOffset (PyObject *offset)
Return value: New reference. offset Q1 A2 LFEF ] &= o] 0] gl
AAE =HF YL
WA 3.7 F7}

PyObject *PyTimeZone_FromOf fsetAndName (PyObject *offset, PyObject *name)
Return value: New reference. offset 2 A} 2} tzname name 2 2 Y EFY A &= 14 2 Z A9 datetime.
timezone AAE 5 YH

B A 3.70] &7}

Macros to extract fields from date objects. The argument must be an instance of PyDateTime_Date, including sub-
classes (such as PyDateTime_DateTime). The argument must not be NULL, and the type is not checked:

rlr
K
X,
to
[kl

Mo datetime.timezone

int PyDateTime_GET_YEAR (PyDateTime_Date *0)
Fol intZ, 92 Wk
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1914 12742 ¢ int 2, 9& v &3y,
int PyDateTime_GET_DAY (PyDateTime_Date *0)
1914 31742 ¢ int 2, Y& &3,
Macros to extract fields from datetime objects. The argument must be an instance of PyDateTime_DateTime, in-
cluding subclasses. The argument must not be NULL, and the type is not checked:
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
0XE] 237} 9] int2, Al & ura-ay o).
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
0% E] 59712 9] int&, 2L vkatah o},
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
0¥ 59712 9] int2, 2 & w33}
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
04E} 999999 7}%] 2] int 2, nfo] A2 2 & Whakgt ).
int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)
Return the fold, as an int from O through 1.
WA 3.690 7}
PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
Return the tzinfo (which may be None).
WA 3100 7}

Macros to extract fields from time objects. The argument must be an instance of PyDateTime_ Time, including sub-
classes. The argument must not be NULL, and the type is not checked:

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
05§ 237kx] 9] int =2, Al S WHHghy o

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
058 5971#] 9] int &, &5 Wy ot

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *0)
058 597kx 9 int=2, & W&yt
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int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
05-€1 999999 7}%] 9] int 2, nho] 22 2 & whhgt o)

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *0)
Return the fold, as an int from O through 1.
WA 3.600 7}

PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).
WA 3.100] 7.

Macros to extract fields from time delta objects. The argument must be an instance of PyDateTime_Delta, including
subclasses. The argument must not be NULL, and the type is not checked:

int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
-999999999 of| A 999999999 7} A o] int 2, ¥ & whEgth
WA 330 27}

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
0%-E] 86399741 9] int &, 2 & waghych
W7 330 27

int PyDateTime_DELTA GET_MICROSECONDS (PyDateTime_Delta *0)
004 9999997} %] 2] int 2, nfo] A2 2 & Hhehghy o
B A 3.30]] 7}

DB APIE T @3l R 59| Wl 93 22

PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. datetime.datetime. fromtimestamp () o] A&3d= o] A g3l A &
Z 2 N datetime.datetime AA|E WS vs o}

PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date.fromtimestamp () o] A2t d A &3k QA F
Nl datetime.date A E THE 1 ¥FSHSHU T}

3

A=

8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist — GenericAlias and Union. Only

GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)
Part of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python class
types.GenericAlias. The origin and args arguments set the GenericAlias‘s _ _origin__ and
__args___ attributes respectively. origin should be a Py TypeObject*,andargscanbea Py TupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args___is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a

type. The GenericAlias‘s _ _parameters__ attribute is constructed lazily from __args__. On failure,
an exception is raised and NULL is returned.

Here’s an example of how to make an extension type generic:
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-

}

// Other methods.

{"__class_getitem__",

static PyMethodDef my_obj_methods[] = {

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
Fart of the Stable ABI since version 3.9. The C type of the object returned by Py GenericAlias (). Equivalent
to types.GenericAlias in Python.

WA 3.9 &7}
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z7|3}h shold e Aol d B 28| =

= API =5 A}2-317] Aol py_Initialize () 45
ERCEEG %aﬂﬂ%MD}
atoj o] 2713} 7] Mol th & A 22T+ A5 Uth
s 73 e
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator ()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py SetProgramName ()
— Py_SetPythonHome ()
— Py _SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()
* AHE
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Py _IsInitialized()

PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()

— Py_GetCompiler()

— Py_GetCopyright ()

Py GetPlatform()
— Py_GetVersion()
s FEEE:
— Py_DecodeLocale ()
o W R A}
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()

— PyMem RawCalloc ()

PyMem_ RawFree ()

A oS = py Tnitialize () Aol £F38H ¢ @Ytk Py EncodeLocale (), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath(), Py_GetPythonHome (),
Py _GetProgramName () B—J PyEval_InitThreads ().

w2 2 Aol &)5) Aol H L o
Ao g3 F a7 AAFHE, EWHT F2 FAH) AFA Iyt dE 59, be
Py _BytesWarningFlag & 12 A3}l -bb+= Py_BytesWarningFlag 5 2% A&t}

int Py_BytesWarningFlag
bytest bytearray® str, E=bytesE int v o 1 E LyPUch 2R a3 AY 2
o oy E Lyt
b gMoE AP
int Py_DebugFlag
TE A7 YA 289 HUh(AE7H A, Aotd 40 J&2FTh.

O:

int Py_DontWriteBytecodeFlag
00] ol o= AR HY, vl W hs BES YEE Bl .pye U2 2283 344 BTk
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int Py_FrozenFlag
py_GetPath ()X & AN AR5 AT o 2] WX A& EAI8HA] gkt
Private flag used by _freeze_module and frozenmain programs.

int Py_HashRandomizationFlag
PYTHONHASHSEED 27 W71 vl o] Q) 7] ¢k A+

fru

i

= o
)

Be)

-

fu
1o
o,

o

<

v

Z#j17}00] oF ™, PYTHONHASHSEED 37 ¥ 4E ¢lo] n
int Py_IgnoreEnvironmentFlag
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-Eg-I 3oz AP Utk
int Py_InspectFlag

ATYET R AA AR AL AL -
ii%EL}“éeé%* 49 F 1

Mg, sys.stdinZ} Bju] @2 Hol x| ¢fTjete

int Py_InteractiveFlag
-1 doz AA=E T

int Py_IsolatedFlag

Ae] B2 sto|H-g APt Z g
packages T & B| 2] &= X §}o}A] ek th.

I FAeE AAFH YT
B A 3.40 F7}.

int Py_LegacyWindowsFSEncodingFlag

R IToA sys.pathe 23 HEQ] t)AE g & AFR A} site-

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8 encoding with
surrogatepass error handler, for the filesystem encoding and error handler.

PYTHONLEGACYWINDOWSFSENCODING 37 W71 njo] Q1A e BExd g A=W 12 A4 Trh
ZA 3 &2 PEP 5295 F2 34 A £
7184 A=,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO &7 W7o} 9] 4L Exde AAEH 12 AAS ).
ZA 8 82 PEP 5282 F 23441 2
7184 A=,

int Py_NoSiteFlag
2E site YEES} oo #RIE = sys.path®] ALO]E F ol % |84 3L o} =3 Lo
sited YA LR X E o= o]T 245 ‘ﬂl%“é dUH(EYA s site.main () &
TEAL).
-s AR AAFFH Y

int Py_NoUserSiteDirectory
AH8- 2t site-packages YHEEE sys.pathol 713814 gk th
-5} -1 A, 18]3 PYTHONNOUSERSITE 37 a2 AAFH Yok

9.2.

rN
i
4
oX
(E
4>
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int Py_OptimizeFlag
-0 A3} PYTHONOPTIMIZE &7 W42 AAH Uh

int Py_QuietFlag
3}y ol E AAdd W WA A S FAISHA] gkt
—geAo T AARH YL
WA 3200 7}

int Py_UnbufferedStdioFlag
stdout 7} stderr 2~ E -2 ¥ 5] & 3] A| 3} 7FA| &

T =
=
—u €437 PYTHONUNBUFFERED &7 W42 A A

o ©

int Py_VerboseFlag

BEo] 27519 ujvith, 228 94 (Aol Ul
aAG ZoW, BES AAT w A48 & 74 51
Aol thet AR 2 AFI o

~v 2437} PYTHONVERBOSE 374 W42 A A Yth

9.3 d¥|z ey 27]3}e} stold A o) A

void Py_Initialize ()

Part of the Stable ABL 3} Q1] Z 2] €] & % 7] 3} t}. Sho] & W &3}
3}o] W/C API &2 ALg317] Aol EEdof gt B 714 M% s} o]

Ir

ol A

LR

E>~I’

1-0

1:]-

rlu

o|AL Z2rEEH REY Eﬂ o] B (sys.modules) 27|33}, 7|HMF 2 E builtins, __main__ Y sys

=
=
°]
=
-

d

O

)

o},

‘3&‘:‘45} Esh 25 A FZ (sys.path) & 27|33} Uth sys.argve 23304 G54t
E A= rysys_ SetArgVEx () EAFEIINAI L. (Py_FinalizeEx () & WA S&3A] &
AR 2 T2 H ol 8 = 3HA] k5 th 92 ghol sy th; 2 7]3kel *a‘jﬂfﬂ'tﬂ x4 A Ql of ]

al)

F: dEFNA, EE& REE O_TEXTOA O_BINARYE ¥4 Ut} C ALY S AME- 3= 259 1]

sho] 2 AHgol = 39 v Hth

void Py_InitializeEx (int initsigs)
Part of the Stable ABL. ©] $F<~+= jnitsigs7} 100 P
|

]
N2d A7) 2713 52 AvF =), go

intPy_IsInitialized()

y_TI
Wol v 4= v 588 4 Y.

Initialize () A3 A5 Yt} initsigs7} 0] H

Part of the Stable ABL. 3ol QB Z 2|7} 7|3} gl o™ & (00] o} )2 widsty, 182 9oy
AR WU Py FinalizeEx () 7V E&H &, Py Initialize ()7} Al &2 w71
AAS WH

int Py_FinalizeEx ()
Part of the Stable ABI since version 3.6. Py_Initialize ()2} $<Z 5ho]#/C API &= AF-o o] & =38 H
EE 278 A HAastaL, py Initialize () ek HW“‘E o] % UJ‘:OMM?}, op=] Ak

7] 94 BE B Qe m e (ohe) Py NewTnterpreter ()8 A L) E AA G o4
Aoz, ol 212 vol A Q| melE) 7} Fet B W m el shAFUTE (AA py_Initialize ()2
Al S04 93 5 AR 5201 ol R d A o1A ik AWAo R wa g oy th

go] d 2] A o] A E% o & 7 st (M2 7 A dlolg 2 A]) -10] Whekg Yt

192 Chapter 9. %7]3}, slo|da]A|o]H @ Ad =



The Python/C API, ¥ 2]~ 3.11.8

o] 4= o] 7hA o) FE AFHULE WA SR g2 a0 &8 m g a9 A E thA] A ZEHA)
% ol WS g AlFE L AL 5 dF Ut FHoz 284 9l glo] B 2] (X DLL) 9| A
o] W A Z B EHE 23 3R 22 IH L DLLE AZE 317 Aoj gojo] Adt3sl RE W RIS
AL AL+ dFUTH %% Zz2aRqA R F4E FE A NEIRE S E T2 IRS
Z783}17] Aof slo] Mo A 3l R E w22 E A5t A4S AYUh

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may cause
destructors (__del__ () methods) to fail when they depend on other objects (even functions) or modules. Dy-
namically loaded extension modules loaded by Python are not unloaded. Small amounts of memory allocated by
the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in circular references
between objects is not freed. Some memory allocated by extension modules may not be freed. Some extensions
may not work properly if their initialization routine is called more than once; this can happen if an application calls
Py _Initialize () and Py FinalizeFEx () more than once.

Q1 =} §lo] ZHA} o] W E cpython._ PySys_ClearAuditHooks & WA YT}
B A 3.60] &7}

void Py_Finalize ()

Part of the Stable ABIL. 0] A& Py _FinalizeEx ()9 o] A ¥ A T35 = k3 2H8 FA|sh= v A Y
Y th

9.4 T ZA|A AA vl HE

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

o] = (EEU ) Py Initialize () Ao E&d oF Ul str.encode () o A2} T2 21
2, 25F109 A AT G oY A& AAF T

PYTHONIOENCODING 7S A 4 2] (overrides) 3112, 7 W47} 25 31K 94& uf] W) 7% (embedding) T
7HO A7 92 Ao g 5 =5 gt

encoding 2 /T rs= PYTHONIOENCODING R/H+= 7] 2 3k (th2 A A ol ihet k5 U th S AHE-517]

H3i NuLL Y #
sys.stderr<
/\1/\]

ol (=& the) A BA Lol B “backslashreplace” ol 2] 2] 2] 7] & AH-§-FHoll 2] 5t

Py FinalizeEx ()7} 2EFH W, o] @4=pPy Initialize ()ol thdt

3 THA] 525 o] of LI,

N 08 WBRL, 2] 4] (1 o] AL el 7} o]u] 271518 F 58)00] obd g WBT
e},

B A 3.40 F7}
HA311EE A =F.

void Py_SetProgramName (const wchar_t *name)

Fart of the Stable ABIL This API is kept for backward compatibility: setting PyConfig.program_name should
be used instead, see Python Initialization Configuration.

(EEdt) ol Frery Initialize ()7 S LR TEH 7] Mol EEH of o Pt QIH 22 H

oA =2 1A main () T4l e argv0] Ae] S FelFUTH(Pho] = BRI WAE U,
SIAS oot rai () 9) ohehS] ThE Aol A 91E] s ele) 4% whel e 4 eim shol A Helel ehe
He]e g 2 o ASF U /1R python' AU At m2 U AR S 1hEo]

9.4.
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HAEA e A AF20 002 Zue gol= FAE S ZHel Aok duth Jtold Az 2 H 9
FEE o] A4 W8S A sHA syt

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
A 3115 A 3E.

wchar_t *Py_GetProgramName ()

Part of the Stable ABL. Py_SetProgramName () 22 AAH Z 2 7 HW o] Eo|L} 7| B LS viskghh
WEE FAE 2 A AFAE v AU SE Ak e s A s G EH U

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

B A 3.100)| A ¥ 7 : It now returns NULL if called before Py, Initialize ().

wchar_t *Py_GetPrefix ()

Fart of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a number
of complicated rules from the program name set with Py_ SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’,the prefixis ' /usr/local’'. The
returned string points into static storage; the caller should not modify its value. This corresponds to the prefix
variable in the top-level Makefile and the ——prefix argument to the configure script at build time. The
value is available to Python code as sys.prefix. Itis only useful on Unix. See also the next function.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

¥ A 3.109 A ¥ 7 : It now returns NULL if called before Py, Tnitialize ().

wchar_t *Py_GetExecPrefix ()

J

Part of the Stable ABL. A" Z X X224 5tdo| tf 3 execprefixE HF3 ?E}\%E]- o] AL
Py_SetProgramName () S 2 AAH =2 73 o] S B 37 49 o] B3 7238 531 oty
HAUth dE S0 z2af o]Eo] ! /usr/local/bln/python'O]Eﬂ,exec -prefix:= ' /usr/local’
AT HBE FADE A A AFLE e AUTH BEAL 2 FARAL B U ol & 29
4 & Makefile?| exec_prefix 42} Y& A] configure 2T HE 9] ——exec—prefix 2%}
ST o gk Shol M TE ol A sys.exec_prefix® A& T 5 YUt FH2ol AT F8

i

Wl 7 : exec-prefix = S HF TEHA L (L AY L F 4 2helBEeE) o] & fHAE g Eg o
A 22 uff prefix 2} thE Y ARk A X0 A, HAE T54 3L /usr/local/plat A H E g9
AA=E 1 2P 5HF -‘ﬂ'%‘% /usr/localol| AX= 4= J5Uth
At o 2 T A, FREZ2 e Az ES O AFTY 2F AU ol E So] Solaris 2.x &
A A S A3 3= Sparc 7| Al E2 22 ZHF 02 HF3}A] vk, Solaris 2.x 5 4 3] 3F+= Intel 7] Al = DP%
A F oy, ZEAE A= Intel 71 A= = thE S YUtk 22 A AAY A= &
NATAE dutg o=z o2 SHEZS AU v 92 9 Xﬂxﬂ\_ l’/‘rE °1°]E7] AUt} OIH‘GP
Al 2Eo) A A ere] v the 7] uf# ol prefix 2f exec-prefix= 2} v] 7k g0 0, W AL E A4 .
A shol4l ol E = e BRE =Y AP0 oA (21} o 5L At
ALE-E shol A W Aol A JYTH).
Al2~8 HE] A= /usr/local/platS ZF S EZ o & th & -’er Al2~El o 2 ALESHA] S E
v /usr/locald 283 % imount14—automount z2 s 1A= HES G A L)
This function should not be called before Py Tnitialize (), otherwise it returns NULL.
A 3.100)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetProgramFullPath ()
Partof the Stable ABL s}o] 41 5-19] A 35 1) 0|88 HHHUEh o] AL 22 1Y o $ (5]
Py_setprogramiane () 2% ARHUTholA 712 2E 74 A2E S E $E 0 ALY
oo FAAE A4 AZAE e JUTh BEAL 4L S AN S FUTh o gL shol

FE oA sys.executableE AR 4 9l5 1L th
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This function should not be called before Py Tnitialize (), otherwise it returns NULL.
7 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Part of the Stable ABIL. Return the default module search path; this is computed from the program name (set by
Py_SetProgramName () above) and some environment variables. The returned string consists of a series of
directory names separated by a platform dependent delimiter character. The delimiter character is ' : ' on Unix
and macOS, '; ' on Windows. The returned string points into static storage; the caller should not modify its value.
The list sys . path is initialized with this value on interpreter startup; it can be (and usually is) modified later to
change the search path for loading modules.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.
B A 3.109)| A] ¥ 7 : It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

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

Set the default module search path. If this function is called before Py Tnitialize (),then Py_GetPath ()
won’t attempt to compute a default search path but uses the one provided instead. This is useful if Python is
embedded by an application that has full knowledge of the location of all modules. The path components should
be separated by the platform dependent delimiter character, whichis ' : ' on Unix and macOS, '; ' on Windows.

T3l sys.executableo] T2 W AA| A Z (Py_GetProgramFullPath() & FRSAHAIL)E

A F AL sys.prefix® sys.exec_prefix7} Bl J & FUth Py Initialize ()& T8
F AL o2 4% AL TaAIA 22 Ak

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
Az QA fRdos BASng, E50 4RW F 2R BY HAY = 5
WA38NA A o)A Z2 12 o] 2 A =2 7 AA A E 7} sys.executabled] AFEH UL
B A 3113 E H A F.

const char *Py_GetVersion ()
Part of the Stable ABL ©] 5}o] A Q1B = 2] € 2] WAL WEFUTE o] AL &7} 2L EAA YT}

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first characters are the major and
minor version separated by a period. The returned string points into static storage; the caller should not modify its
value. The value is available to Python code as sys.version.

See also the Py_ Version constant.

const char *Py_GetPlatform ()

Fart of the Stable 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, itis 'win'. The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABL. @A z}o] 2 v Aol T 3t 4 A2 2GS vttt} o & o

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

9.4. T2 A A HAA wj7] He 195



The Python/C API, ¥2]~3.11.8

vislE 22198 A A R ZL/\% e

N A sys. copyrlghti A28 4 9
const char *Py_GetCompiler ()

Part of the Stable ABL @] 5ho] 2l v A& WEshe o] A= A2 BAS th2S 2AA BT

th el & =49

["[GCC 2:T022] "%

HEstE FAE 2 A A AFAE UL SEA = e FAAE U o] 2 TholH ZE
oA M sys.version®] ¥ a 2 AT Y
const char *Py_GetBuildInfo ()

Part of the Stable ABL. @A s}o] A Qe z el AAE 2] AP AF e WE dx U A7k o &
FEE v & &

["#67, Aug 1 1997, 22:34:28"

W L A4 A LS AU B R hE SAAL LA o) % el dl mE
oA M4 sys.versiond 4R Z A|FE Uk

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

Fart of the Stable ABIL. This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_path should be used instead, see Python Initialization Configuration.

arge X argvell 7] WAl sys.argvE AR GUTE o] M7 Ml 22O main () 5o AEH
U3} ARSEAI RE B A 5o sto] M QB Z el H S E"E‘ﬁ}: A3 shd o] 0}‘43}*‘%‘% 2THE
5ol S Az s of shrhi AFo] Aol &Lt A AT E T} glo ™, argv] 31 AR FE2 W A
g9 4 95 Yth o] d47} sys.argv 571ﬂ0ﬂ A stH, Py FatalError ()5 AFESHo] X & & 9]
24S ZAFY
updatepath7} 0 ©| ', & 7] 7} 2] 7} o]
daE]Fel Wel sys.path® $3
* 7| 23 YEY o]F°] argv (0]
path ol 7 Yt

o I1FX] O (F, arge7t 0] Atk argv[0] ©] 7] 3t o] 5= 7te] 7] A 9o W), sys.path
ol Wl EA- G o] =7 Uth, o] |4 2 g E (. ") E doll F7hske A3 25 Uth

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

J

7t ot BE A AU T updatepath7} 0] obU ™, = O
s

|o

= AYgR, 2agest e ey 2y A2 sys.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

2 g olgle] Aoz shold AN HE YASE S8 Z2I1AL 02

]—% & sys.pathE 222 7AstE= Z o] &5 Ytk CVE-2008-5983&

updatepathi A
LES R

%
5} a1

rﬁn?

3.1.3 oA WA A=, PySys._ SetArgv ()5 EE3 5 A WA sys.path 84
¢S BT BE 5 YT A E Fol T2 ALE el

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); ]

ru[m

© 2 A Azt

B A 3.1.39] 7}
M 311478 d 29
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void PySys_SetArgv (int argc, wchar_t **argv)

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

o] &4+ python B ZH7 -12 A2FAHA G 3 wpdatepath 7} 12 AR A
PySys_SetArgVEx () A8 A3}

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
WA 3.4 A M7 updatepath -2 -19) w2}t o5 Yt}
WA 3.115E 3 A=,
void Py_SetPythonHome (const wchar_t *home)

Fart of the Stable ABIL. This API is kept for backward compatibility: setting PyConfig. home should be used
instead, see Python Initialization Configuration.

e HdA, S 58 Sold Susiee AAT AAPUR LA EAL Ae
PYTHONHOME & X3 A L.
ol A} = :E:/_%J% N sl Tot | fo] MAE R = AA A A
7he] Aok Futh sholH B Z 2|9 Z =+ V“ o W&S MAsA kst
Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
H A 3117 H A4,

wchar_t *Py_GetPythonHome ()

Part of the Stable ABL. 7|2 “&”, = py SetPythonHome () o )3t o] A S&o| A AASE Zkol A A
=) 9l o} PYTHONHOME 37 W 9] g2 whabaty o).

[kl oft

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_Tnitialize ().

9.5 2= el A Y e =ZeH &

shold QE xe B 93 A= obAshA) GG Uth thE e S shold m2 19 A3 f3,

shol A AA o HASHA AA 237] Ao A LA =7} Hg ok st A QE = % 5L GlLo 2L

S Ao 2o d5UTh % gloli, 1% Ahe ARZAE thr AdE 22 IR BAE Do 4

EUTH: o8 Sof, F Ad =/ BA) 2 AN FE ASE F/AAW, Fx A5/ F Wo] ohd &
[}

' shol 1 AA o A 25 5A L} 3ol A/C API B4
ol syt FA AYS 2oty fa dHZEHE V| Hor A8 A .
setswitchinterval () 2 X ?‘5}/\‘/\] 2). S22 3td g7y 272 22 FAA el BEZ 7 /O Akl dls|
AN fAE B R, 152 oHE stol A ’\31]‘:7} /“?’“ 2 T AdsUTh

vlo] M QlE] Z BBl & PyThreadstate 2k Wl o8 2 A Yof 28 = ¥ 2 7] (bookkeeping) A R E H A%
Uttt & A pyThreadState £ 718 7] & st A9 M4 % Q5 UL} PyThreadState_Get ()2 AF&3}

of 2 5 ek

9.5. 2= Aejet A UE
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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] 22 Ul § AukA o]0 4 o] B The:5}3}7] S5 B o] M=o} 2 A Tk

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW_THREADS W3 2 A &
Py_END_ALLOW_THREADS WA 2+ &

Ao E52 vs Z=2 F4E Yth

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread (_save);

o] @45 e) AE AL THeT 2aUth Aol AE L elE 2o @A) Ad = Ao S EAE S K SE
o Sk S A5 AU A E A, Sol A 7] Aol A Ad= e E A S A1A )
&

Ea
=7} 24 52 AES T A WMpo] A4 A= AHE ARE S 9)

oFFUTH(HE & 5 & 7l WiZd U Th
B2, 52 g5t A E A E a8 ), 2= A 2AHE AR Aol F& 53l oF gy
F3: ALF IO T 352 GILS E | 28k= 7P ARbA Q) ARG Abe o] A w, v &.2) W 9 & 53l &5 8h=
ol d2 8} e ot o], wko] A A o Wﬂf\@} 27t e BN AR ALdS 257 Aol 8
T AT UL A€ 5, £F z1ib% hashlib R E2 H o HE ?J%%}ﬂurﬁﬂ*ﬁgﬁﬂ GIL= sfj Al o
9.5.2 sho]Ho] WHEA gk 2d=

A4 o] M API(7}8 threading RE)E Ag3te] 2822 5, 28 = A7l AEo2 A4 ng

s

Aol AT DL A BT aelh 2T ColA BE 01D A (] 2
914 A 47 eol B ool 3, GILS B A 544 i, 15L& A3 2= 4
12l @ 2 2ol A ol LEE BET o 3B (535 A AFH A4LA 2ol
QR FUTh, AA 2= AH) AR TEE Bl A AFze B o] D
8 53131, A 2o 2 Sho] /C APL A2 Al 437] Aol e = AH) EE
d= e ZAEE AL, GILL A G Tk, v o 2 e = ) A= P2 E A5 oF Gk,

PyGILState Ensure ()@ PyGILState Release() 4= 99 RE FAYES AE o2 £33t C
se oA ol A BE S Aol BBTE BT 2H h

O

0

[> mloiz

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */

(TH& sl o] Aol Al <)
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(o1 s o] A ol A A <)
result = CallSomeFunction();
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py_Initialize ()). Python supports the creation of additional interpreters (using Py_NewInterpreter ()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork() ol gt 2] A3

2= gE] FEIF T EHE F 2 HL2Cfork () TE A 2# =9 FZYYLE fork () & AMS 3=
B A A-HA s, Z2A AT 233 FT o] 232 %‘E&i | = EAd U ol 52 A&l oF
3= W 7 CPython HEFY ol A H BE AE] ZFof 7A A A &S v YTh

The fact that only the “current” thread remains means any locks held by other threads will never be released. Python solves
this for os . fork () by acquiring the locks it uses internally before the fork, and releasing them afterwards. In addition, it
resets any lock-objects in the child. When extending or embedding Python, there is no way to inform Python of additional
(non-Python) locks that need to be acquired before or reset after a fork. OS facilities such as pthread_atfork ()

would need to be used to accomplish the same thing. Additionally, when extending or embedding Python, calling fork ()

directly rather than through os. fork () (and returning to or calling into Python) may result in a deadlock by one of
Python’s internal locks being held by a thread that is defunct after the fork. PyOS AfterFork Child () tries to
reset the necessary locks, but is not always able to.

2 B E A=) AR T AL EE CPython®] AEFS Al 7} os . fork () 2 n}RAAA 2 2 A3l
el oo} 32 o m gt o] AL AA AE = el E 9 o)

2 R E PyInterpreterState A Oﬂ &3t=
Th2 2 & PyThreadstate A& stolgdejA| o] A st 21 ugdUtt. o] A} “uj|l” Qe 2 2] B9
ST SO Qi fork () = CPython A & ®EFS] o] A&l Z7]31A O]Ei 2] B 9] “H| Q" A = o A Tk
TEHA R FUTH F LT A2 = exec() 7T Foll SA SE2H = AP UTH

type PyInterpreterState
Part of the Limited API (as an opaque struct). ©] A}5 F 2= o8] g8 24 7} F73t= AH = e
AUt 2L e e E] St AdEE RE ool B /A ohe Y §28 24 o
TFZ2A = T4 AW 7E s yTh
e dE el Ee] 43 AU st AS AT R, 49 3 1SR 53 2
AL stas, AFolle obHF AR F/73HA AFUTh A9 Az elE 52 o]d A Z 2B o <)
AEA o BA Qo] RE 2H =N FHEUH

type PyThreadState
Part of the Limited API (as an opaque struct). This data structure represents the state of a single thread. The only
public data member is:
PylInterpreterState *interp

This thread’s interpreter state.
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void PyEval_InitThreads ()
Part of the Stable ABL. o} 2% 31A] 9k | A H g,
gho] M 3.6 o] A M Aol A=, o] T4t EA5HA] oW GILS WHEFYTH
WA 3.900 4 |7 oA o] T o A= A ekA] kU T
WA 3700 A o] s oAl py_Tnitialize ()l os] EEFH oA, Y&
Festggvin.
M 32004 MA: o] = e Py _Initialize() Ao 2T 5 FUh
WA 3,95 72,

int PyEval_ThreadsInitialized()
Part of the Stable ABL. PyEval_InitThreads ()7} 3 %Q oy =
GILE HR3A 3 55T 5 QojA], B 2| =S YT ) = APl £32 33 5He o] AT 5
S
WA 37004 M A GILE o)A Py _Tnitialize ()l o8] 2738 Ytk
W 3,97 A H.

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABL (WFETHH) A< Qe =z gl e 2L A5t 28 & A S NULLE A A A5,
ol d ¥ = B (NULLO] obd Y th & RH U th Fo] vtEoj b, @A) 28 =71 52 g5 3ofoF
.

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the Stable ABL. (W&l thd) A ol =2 &L 353510
Sk mstate 2 A FUTH Fo] Bt A THA, dA ~d =
o]—_g_t‘lj U 7<1— /\]—EH 7]. tﬂ—/\g‘?‘:}—]/] 1;].

r o
n}
rr
i
x
fof
i
ok

2 ¥ = A8 E NULLO] o}y ojof
7} ol & F55kA kel dut, 17X

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 canuse _Py_IsFinalizing() or sys.is_finalizing () to check if
the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

PyThreadState *PyThreadState_Get ()

Part of the Stable ABL. @A) 8 = A & vkt Ao JH 228 5 -5 O]E AUt A 22
= e 7 NunLel ™ A A G ol g 7 d Y ok (2 A ZE A} NULL = E.‘f il

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

Part of the Stable ABL. A A 2~d = AE]E QA sstate(NULL Y 4 U5 U TH 7 Al 23t= 238 = AE 2}
2ozt ch Ao dHZ el H F& Bl oF ot sl Al A k5 th

e B4 2dE 28 A4S ARG, AR AE T E e 585 A etk
PyGILState_STATE PyGILState_Ensure (

)
Part of the Stable ABL. @A) & =7} slo] W 9] & g A =Z gy F3F FA Qo] shol#A
CAPIE T 07 H A=A AU ]Zﬂ% Z+EEo| P yGILState_Release ()l o3t
TSRS )Fe s adE Oﬂfﬂﬂ % g e HEEE ¢ sk ditE o R, A E A
B} 7} Release() Aol o] A Al 2 BH= = 3 py nsure ()@ PyGILState_Release ()
TE b OgE 2= #H APIE AHE —’F JdE5Uth o E E9], Py BEGIN_ALLOW_THREADS2}
Py_END_ALLOW_THREADS Wl 22| A M_,cﬂ PANCRCIE - HoR-2

U
3t gk PyGILState Ensure ()7} SEH & Wjo] 2~ = *JEH ol T2t
o]# o] 22 Ao Y= = e PyGILState Release ()& A o]

mSL'
i)
ko
N
20 -
o) -
A
L
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Hogts, ol AEEL FFT 5+ g5 Yt- PyGILState Ensure ()] Tt Z+ 15 TEL2 2419
PyGILState Release ()] 3 && 93] AES A sl oF Tyt

g7l uisl sl o, A A A== GILS BE 6}1 olo] sholW FEE &S 5 JdF UL Aue
218 ol e Yy ch

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 termination.

void PyGILState_Release (PyGILState_STATE)
Part of the Stable ABL ©] Ao §5 3 R E A4S S|AGUTE o] 5% Fof, slo] M| AEl = )
PyGILState Ensure () % o] A3} 7L/\q1;]_(1311/]_ QJulA o 2 o] AME)
kol ], GILState APIS A& Th).

PyGILState_Ensure()o] Y3 BRE TEL 28 Ag oA PyGILState Release () that &
23} 4L o) ok Y Th

PyThreadState *PyGILState_GetThisThreadState ()
Part of the Stable ABL. o] ~#| 9] &) Ad = Ae)E 7FA -G Uth @A) A & o A GILState API7}
ARG A oW NULLS WS = Qs U Th H 2 =0 A As 2d = “FJ] % = (auto-thread-
state call) o] 55| 2] 4 Aol =, W Q) 2el| ol = G4 o] E 3 2 A = FENTH g0l FoISHAIA L
AL 72 =9/ g

int PyGILState_Check ()

A 227 GILE 482 oW 18 Mesh 297 shew 08 MEghh o g of R du}
BEE 2 EAA TS 5 JAFULH tolA A= e 7 27385 913 d A GILS Evﬁkﬂ NS
WR 1 MBI ol AL 22 £ eu)Ad gty og Sol 29 AUAEg R T
B0l A 583 5 v, Gllo] A Arhe Ae 2 524/ NS A4S FHHAY 124
o thas] BAAES @ 4 U5t
W A 3.40] Z7}.

Sulzme dnAes S AN EE go] AHET T FholH £ M FolH AL ol E Ze A 2.

Py BEGIN ALLOW_THREADS

Part of the Stable ABL o] w®w] 3 & ¥ { PyThreadState *_save; _save

PyEval_SaveThread(); & S g Ut oA+ TZI7F 35 Ao FAdAL; A
2+ Py _END_ALLOW_THREADS WA Z ¢} A& of guth o] fazo tfa AA T g2 A&
TN L

Py_END_ALLOW_THREADS
Part of the Stable ABL. ©] W] 22 = PyEval_RestoreThread (_save); }2 &ZFYth d=523%
7} 23 o] QLo GO BN A| L ; o] A Py BEGIN ALLOW THREADS WA &S} A X] 3 oF 3t t}. o]
vl 3 2 of] o 3 2pA| g 82 9 & TR AL

Py_BLOCK_THREADS
Part of the Stable ABL. ©] "] 2 2 = PyEval_RestoreThread (_save); & ZZgUth: 2= 52357}
Q= Py_END_ALLOW_THREADSS} 553Ut}

Py_UNBLOCK_THREADS

Part of the Stable ABL. ©] M| 2+ _save = PyEval_SaveThread(); & FgUth: =259}
W o] ¢l Py BEGIN ALLOW THREADSS) 558Ut}
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©
()]

5 2% API

>
N

nt

rr

T Py Initialize() o]Z o T&F ofoF Tt}

SER
3740 WA : Py _Tnitialize ()& oA GILE 273} T}

2 b

z

PylnterpreterState *PyInterpreterState_New ()
Part of the Stable ABL A Q18] Z 2§ AHe] ZAA & w54
o] o thet &S A E3fsof ot HFE + U

o1z} glo] ZFA} o] W E cpython.PyInterpreterState_NewES WA Al U Th

ik
i)
ko
rlr
2,
N,
re

th A ez £2 B &
U

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. Q1E] Z 2] €] AE} Ao RE ARE QAR A A= 2L 2G5
oF g k.
o1z} glo] ZHA} o]l E cpython.PyInterpreterState_ClearE A YT}
void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABL. Q18] Z 2] ¥] A 214 & 3} gt} A Qg = 2
AElZ 8] A= PyInterpreterState Clear ()ol il o)A T &2
PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
Part of the Stable ABI. Z=o] 21 o1& Z 2] g 2} A of| w‘—?5]"“ M 2d = A AAE wsUth A ez
HE2Hau Bar gATW, o] dool B 2L AAT ok 1Y e 5 YB LT
void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABL. 2~# & AHe] AR RE AEE QA AT UL A9 2 ZgE &L H{3oF
Tk

WA 3904 HA: o] sh¢= oA PyThreadState.on_delete ZWS TESU T o)A,
PyThreadState _Delete() Oﬂ/\ﬂ SE=YPsUch

void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABL. 2~#| & A 8] 2415 37Ut A AH=
285 A= PyThreadState_Clear ()o] 8t ol d &2 A4

void PyThreadState_DeleteCurrent (void)

A 29 = AElE I st A A zeH 55 A FUTE PyThreadsState_Delete ()9} 1}
7R 2, A9 ez g &L FRATF L PS5 Yttt 28 &5 AEl= PyThreadState_Clear () o
gigtold &2 A= Fof ok Futh

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. 3to] % A& = AFE] sstate®] S A 28 A4S 7FA 34 th
Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame ()& ZFZ3HAAL
istate= NULL©] o} o] oF gt}
W7 3.9¢ 7%
uint64_t PyThreadState_GetID (PyThreadState *tstate)

Part of the Stable ABI since version 3.10. 5}o] % 29 = A e sstate®] 1173 28 = A ] A HAE 7HA &
U},

fstater=NULL©] o}1]of of gt
W 3.9 =7}
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PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

Part of the Stable ABI since version 3.10. S}o] { 24 = AE] sstate?] QA E]Z 2 EHE 7AYo
tstate=NULL©| o}u] o] of gk},
A 3.90 &7}

void PyThreadState_EnterTracing (PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state tstate.

Resume them using the Py ThreadState_LeaveTracing () function.

WA 3110 7}

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state #fstate suspended by the
PyThreadState_EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.
WA 3119 F7}.

PylInterpreterState *PyInterpreterState_Get (void)

Part of the Stable ABI since version 3.9. @A Q] Z 2 E| & 7} 434t}

AR shol A 2 S eIt QAL B4 A zel et gow A of 2 S Ttk NULLS
B 5 gyt

FE2= GIL-S B g3 ofF g Th
WA 3.9 7}

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)

Part of the Stable ABI since version 3.7. Q] Z 2B 2] 15 IDE wtaghch 18 A dt=10 o 2] 7} &4
B —10] ¥igE 11 o g7 A H T}

274 GILE 263 of ek,
A3

e
H A 3.7 F 7%

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABI since version 3.8. A E]Z 2] E] ¥ t| o] E{7} A AE = = d 3 .
S 7ENULLS HHEHSHE o &) = A SHA] gkl S22 AH ZEEE 9 Y e E AHEE 4 gltha
7]]4 aff oF ot

o] 21 o] ez B AE) AW E At Ul ARS8l oF 8t PyModule GetState ()& A
Sk Zlo] obg Ut

WA 380 =7}

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylInterpreterFrame *frame, int throwflag)

=dQ 37t g5 B

throwflag 7] W4 A2l o] €8] throw () B Aol A AL&H YT 00] ol ™, BA 9] & A2l
Y.

W 3.900 4 | A o)Al T sstate M) WS F U T

W A 3.11 94 ¥ 7 : The frame parameter changed from PyFrameObject* to_PyInterpreterFrame*.
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_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)
zd ¢ F7F 8 7S U
PEP 523 “CPython©] Z & %] 7} API 71" & F2 34 A L.
W7 3.9¢ 7%

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

=z 7k A4S AT
PEP 523 “CPython ]| & ¢l 7} API F7F & XA 2.
B A 3.9 F7}.

PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the Stable ABL. &-73o] ~d = AHe] A E ExAZT S J=d
AU g E Ryt 7 g8 gAY ol AElE A ske ol AHEE 1 71 & ARSf oF FuTh
A ~E = FHE /\P%Qﬁ“— %i%”ﬂ o] TrE ITEIME QHE} o] ty"‘7}NULL° Hr3ketd, o o] =

LAk A] A TEAE AA 2= AHE AR S 5 okl ZF sl oF Eu

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)
Fart of the Stable 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 3.7 A ¥ 7 : The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)
Part of the Stable ABL. A Az S& 53 AR 28 = AEE stareZ AT} tstate=
NULLO] o} ojof ] th. B2 o] o] w5021 A o]ofof Gt} o] e Zof o]n] Zo] glow, w3
AFe) 7 b 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_TIsFinalizing () or sys.is_finalizing() to check if
the interpreter is in process of being finalized before calling this function to avoid unwanted termination.

H A 389 A4 WA PyEval_RestoreThread(), Py_END_ALLOW_THREADS () %X
PyGILState Ensure ()8 dAHEF AAlH g od, A= g7t gho]d g A o] A st &<t
SEHY ER) Y= FET Y

PyEval_RestoreThread ()= (2HE7F 27|85 A 4SS w24 A AR S = 9= 145 3

Saurh

void PyEval_ReleaseThread (PyThreadState *tstate)
Part of the Stable ABL. & A] 29| = AE] S NULLE A A AT A A=z ES AU &
o Ao BHE o] ol oF 33 @A) el =7 ¥ 53] oF F] Tk NULLo] ob] of oF B ssate A= B
e AEE bl e Shelshe Huk SR Ut 28] ghow, A H A e el 7} gy
PyEval_SaveThread ()& (&HUE7F 27135 A 2 Aoz 2h) 34 AHEE 5 e LT
U,

void PyEval_AcquireLock ()

Part of the Stable ABL. A< Q] Z g &2 =3t =
olv] Zo] 9w, w2 Ae| 7k A g Tk

71

e
E
3

rlo

o Aol 5 o] 7o} of it o] 2@ o
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WA 32%E AAFE: o ¥4t @A AdE AUE AARA dad o4
PyEval_RestoreThread() 1} PyEval_AcquireThread ()% AL BFAI A 2

Fa: wergo] stoldel Aol 4 B wf 2@ =o 4] o] 48 T2, 2ol S} shol Aol o3 wHE
AR A e A8 =7 FRPUL 94 @t F2E WA _py_TsFinalizing() oyl
sys.is_finalizing ()& AM&31o] o] 42 52517 Ao A2 el 7} s el Ao A ¥ 1
=7 F18 4 ggvich

WA 3894 WA PyEval RestoreThread(), Py END_ALLOW_THREADS() %
PyGILstate mnsure ()9 YA =2 AAF gon, AL e} stol dej Aol d shE 5
TZ5Ed AR 2y =E 223}

void PyEval_ReleaseLock ()
Part of the Stable ABL 9] 1B 2 2|8 22 AT Th 2 o del| wEol ZofoF T Th

HA 328H #HAAH: o T+ dA 2d = FEE FAFA 5ok o Al
PyEval_SaveThread ()Y} PyEval_ReleaseThread ()2 AR 2

9.6 A X ¥y A ¢

o] Fp, & sold dH e H e WA AGUTiel, 22 22 AR, o/ T2 A EA of g
Y JHZHE wEofokste A9t s Utk AR JAH 2 HE 234 & 5 =S Tk

B
“Hd” JdezelH e detd o]l 2713 ] BEolA= A HA JdHzeHYYH HES
E 22, W dH =z EE Al A2 é‘% e

LT stold dE e E YU AH JE et e, w

22 As A gzt B3 dEY 2713 TS A gEetn dubdg o g de ol d A
ol ot & QB ZelEYJd Ut} PyInterpreterState_Main () Sr4+ A2 Aeof sk ZAEE
e

PyThreadstate_ swap () W48 AHSHO) A M AE| T2l E) Zhol AR 5 At T TE A8l

WER AT 5 At

PyThreadState *Py_NewInterpreter ()
Part of the Stable ABL. A} A B QIE|Z2JH & RFEUT}H o] 212 Fto]H I = APS A3 (AY) &3]
T E &F AUtk 538, A A Z e H o= 7] Eébuiltlns, main__ ¥ sysE& Z g3},
AdXE H REY /MY, =Y AL 25 ULE E22H 2 E H ol E(sys.modules)} RE AM
(sys.path) = E7HJYth A 3?‘47401]1_ sys.argv 471 QU5 1412} MEL ZZT/02EY 51 A
sys.stdin, sys.stdout ¥ sys.stderr& Z5UtH(H, 22 315 9 7= @-5_‘0,3'14 .

HESE gre A A B Qe Z 2 Elo) A s ol A WAl 2 d = AR E Ahe Utk o] A= AEE @A)
sl Aefol 4 W ol Ut Al el =7k ol A e ol fol Sl A2 ofel = el
48E IS, A AexelE & Bt ol Ao ey, nonnel vk Uk o) el
# = o A3 A7) 2 8= AE 7] 918 5 1014 ol 217 A H A Skt (T B E
A9} T kA 2, A9 S mel 6 B8 of Y8 555H7] Aol Bfolof b WeE
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ﬂl
o:
rl
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>

A

==

Fl

il

doy ¥0 &gl S|
o
%
A

A< %x}%qu}, T}, g R ThE s}o| #/C API 349l 2], A Y o] A 2= AE| 7L

= g8+ sdth)

FRES O 2o (AE) Az H 2t F-FF Ut

o TFHA 27|32 AFR = R EQ A9, o E S PyModule FromDefAndSpec (),ZFolE] =g
B o] of 3 %Eﬂ 2E AAZL AL 271 UL CHE AR A At ol B E
AA 2ol g Uth

o A 27|3HE AHE e REY A, olE £0°] PyModule Create (), 57 3ol A3 ¢
e o, F4ACR 273H 3, BE gAY (€2) AHEo]l AFFEUTHE thE (A8)
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BB/t 22 35 J2E S, A 2 1iﬂﬂﬂﬂﬂ%4%44 oz AFH U
Q@ﬂlmt@¢%§%ﬂzeﬁwﬂt%Wﬂ gMu e e] Al (ARB) dE =g 1t
%%ﬂﬂﬁ%ﬂ%%%&%%z14&%ﬂhﬁ4mﬁhw%v4&ﬂ°@iﬂ“ﬂ+)

ol AL Qe =¥/} Py_FinalizeEx ()} Py _Initialize ()% i%ﬁ}oq A3 ThA] 27
:waiéﬁ%ﬁiéﬁﬂmﬂqLaﬁﬂEﬂWAd“M¢ml 79 initmodule
347k oAl SE P Uth theA 2713519} wp AR 7, o] = C 5 @4ﬂ@ﬁ@¢@ﬂﬂﬁ
2E ol T fEE Ay

void Py_EndInterpreter (PyThreadState *tstate)

Part of the Stable ABL. 0] A~ = A2 HFH = (M) AH=Z 2 HE I dUth Fo A 28 = 4
Hl= @A &9 = Aefof of futh ofef o] A = AE o "/H"‘ﬂ' AR g FXRIHAIL. TEo] vk ¥,
A ~HE A= NULLYUTH o] JEZ2He A-HE EE 2dE A7 S E Yk (A dH=
2B 55 o] F4E T E7] Aol Hfsfof ofm W& w] o W3] {FAFHUTh) Py_FinalizeEx ()&
I AR BAIA R o= 2] 2 BRE A B JAHZ Y HE 5t Foh

9.6.1 W12} F2 A

Au Qe mel e (3 i A ZE) L 2L me A 29 Aio] /] W], 15 7o) Ao S o
Utk — ol S0}, 0s.close () 9 22 A5F 519 A4S 455 A 29 99 5o (A5 2 5L o)
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T2

Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_FEnsure () 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.

HE7) 45

vl QA E el A= HE 7] FEe Hujs v AYZe] AFH U o8& 2L T4 £ AL 9 void
=l QAo AejE AU ch

int Py_AddPendingCall (int (*func)(void*), void *arg)

Part of the Stable ABL. ™| Ql A E]Z 2] 2d EoA T&T 45 o kgt AF3HE 00] whaky 12
func= WA 2 =0l 25 7] Y8l Foll =7 Uth Asl Al ofl9] A glo] —10] viEg Yt

AEHoZ FFoll YO, funce arg AALE AHE3to] 2= vl Qd A= E Ao SEH YL 4
Ao 7 A== vﬂr W T v)57H o2 $EHAT TS F 2O B F FFHUth

« njol= 7= AANA;
o WOl AT A CE ZEE 2L B53AA (WekA funce AA) C APIE AR 4= 5 Th.

it A0 02, 44548 o8] A5 BA -1 2 BASoF T, funcs ThE 9
AR S0 Aol S A YA, A ARz el ol A A 2o B

10l-n
N
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2 gstA| Utk thAl, PyGILState APIS AFg-8HA A £
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WAel shol Al 7 24 G4l L A3 2k
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:

what®] Zk arg®] o v

PyTrace_CALL A Py None.

PyTrace_EXCEPTION sys.exc_info () oA HI31H o 2] A H.
PyTrace_LINE A} Py None.

PyTrace RETURN TS Ao A Bi3tE = gl = o 9] & <13 A o] ¥ NULL.
PyTrace_C_CALL 35 E= g5 AA.

PyTrace_C_EXCEPTION Z&I3+& f‘f}—’F AA.

PyTrace_C_RETURN S5 L 3 A,

PyTrace_OPCODE 34} Py._None

int PyTrace_CALL
el thet Al & o] B A, Al o Blofl th g A o] Had
kol th g whar vl 78 =2 gk Al @ o] B ol th 3k o Bl | o] B o] A2 9
dlolE BE o] Ao} Aol §17] mlRol B x| ehSo] §2] A A

int PyTrace_EXCEPTION
AL 7t HAHE o py_tracefunc Foll st whar i 7] A2 gk F9 = AW = =
Well A vpol E I =71 A 2ld & o9 7} A7E uf wharol] i3 o] o= SEH Utk o2

y_tracefunc

=7 9l¢] sto] A

01\'_1,:%
"U
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o9 Ak A sho] A 2¥lo] 5771 E AYUTh 917 Ao 7 me J o2 NG wf F o]
SEPUTE 24 g4 o2 @ o MES AR 2R atd el BashA) duUh

int PyTrace_LINE

The value passed as the what parameter to a Py_tracefunc function (but not a profiling function) when a
line-number event is being reported. It may be disabled for a frame by setting f_trace_lines to 0 on that
frame.

int PyTrace_RETURN
SEo|vtgE 1 & uf Py tracefunc 5ol WS whar w7 49
int PyTrace_C_CALL
Cet7l &5 8 & py_tracefunc <ol sl whar v 7] ¥H4=2] g
int PyTrace_C_EXCEPTION
CEgoA] g7 HARE W Py tracefunc 5ol t)d whar vl 7] H9] 7k
int PyTrace_C_RETURN
C&g7vtdail S u] Py tracefunc &5l W) 3k whar v 7] A2 Zk.
int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code is about to be executed. This event is not emitted by default: it must be explicitly requested by setting
f_trace_opcodes to I on the frame.

void PyEval_SetProfile (Py_tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and may be
any Python object, or NULL. If the profile function needs to maintain state, using a different value for obj for each
thread provides a convenient and thread-safe place to store it. The profile function is called for all monitored events
except PyTrace_ LINE PyTrace_OPCODE and PyTrace_EXCEPTION.

See also the sys.setprofile () function.
T EAE GILE BR31a 9lojoF Fyh
void PyEval_SetTrace (Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile (), except the tracing function does
receive line-number events and per-opcode events, but does not receive any event related to C function objects
being called. Any trace function registered using PyEval_SetTrace () will not receive PyTrace_C_CALL,
PyTrace_ C_EXCEPTION or PyTrace_ C_RETURN as a value for the what parameter.

See also the sys.settrace () function.

BEAHE GILS A5 o] oF gtk

9.9 3 WA xd

o e A UM A =AM A8 A& APk
PylInterpreterState *PyInterpreterState_Head ()
Az e JHl AA S elaEL] welof e AAE gyt
PylnterpreterState *PyInterpreterState_Main ()
H ¢l Az el E G AAE wkeeyth
PyInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

Aez 2B el AA =2 e 2ENA interp 0] F-2] th& JH =2 H AE) A4 E vbsgy
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PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
AEZ 2] interpe} B A 28| & g AENA R AR pyThreadState Ao )& Z A E] S vl st
k.
PyThreadState *PyThreadState_Next (PyThreadState *tstate)
0 pyInterpreterState Ao &5t BE 28 & AA| gl2E A sstate 0] 2] TS 28 =

o AR E e,

e

9.10 A¥lt 22 A &4 A ¥

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading. local). The CPython Clevel APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

e T+ S TET W GILE HHT IR

= TLS API 491 o] %35 o]
pythread.h& Z g3 of gt}

AFUth 252 24 &2 ATk
A kS FoBAAL, AHE 2 ARAAE AL HY

¥ o

ZF31: 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 ~# =¥ * &4 (TSS - Thread Specific Storage) API

TSS APl is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

A 3.7 37}

o B7]:

“CPython®] ~#=-2Z A 45 238k A 22 C-API” (PEP 539)
type Py_tss_t

of A4 PEE 2= 7)o FHE e, Folt 55 TLS 2o whet 9ebd & glow, 7)o
2718} JElE Lhehi = i BET} Q5L eh of LA T Wt LT

Py_LIMITED_API7} B )= A ¢k2ull, Py tss_NEEDS INITE o] §2] A=A dto] 3LFH U}
Py_tss_NEEDS_INIT

ol AR L Py tss_t W59 % 7] A} (initializer) & A Ut} o] Wi I 2= Py LIMITED_APIO| A
o= 2] kol YAl L.
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Py_LIMITED_APIZ Q=¥ 373 25 3
Py_tss_t9 & 4.
Py_tss_t *PyThread_tss_alloc()
Part of the Stable ABI since version 3.7. Py_tss_NEEDS_INITZE 27|39 gk3} 22 AEl Y 3L vhetst
At T4 9 A3l Al NULLE RHH Y T
void PyThread_tss_free (Py_tss_t *key)
Fart of the Stable ABI since version 3.7. Free the given key allocated by Py Thread_tss_alloc (), after first

calling PyThread_tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.

Z31: A freed key becomes a dangling pointer. You should reset the key to NULL.

A=

of &5 Wi/l W key: NULL O] oFy o] of 3 Th =3, FoF py tss_ t7t
PyThread tss_create ()2 27|13 EH A O, PyThread tss_set () FPyThread tss_get ()Y
E 2o Aoly x| ek uTh.
int PyThread_tss_is_created (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. =X Py_tss_t7} PyThread tss_create ()& Z7]35
o 00] obyl g2 WHEILI T
int PyThread_tss_create (Py_tss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] Z 7|3}l 53 0 32 933U T key A A7) 71 7] &
Zkol Py tss_NEEDS_INITZ 7|3 % A o Z2ko] & /]Qx] rSUTE ©
WAAOE TEB S A oln] 27150 7o) el ZE 0 obF e 9
FL aEg o,
void PyThread_tss_delete (Py_tss_t *key)
Part of the Stable ABI since version 3.7. TSS 7] & AHA| 3t ZE A T oA 7|9 FAEH g DA 3Ha,
719l 2713 A E 27|35 A g2 o2 WA YLH 3 H 7|=P yThread_tss_create()EE]-/\]
271318 = dFUth o] Fee 7‘8 7oA HHE A0 2 S &F 4 Y5 UTh-oln] 3t " 7] of th 3
SEod obRE A oA G
int PyThread_tss_set (Py_tss_t *key, void *value)

Part of the Stable ABI since version 3.7. Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_tss_t *key)
Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.
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9.10.2 A¥ = &4 # &4 (TLS) API

WA 3758 E #H A o] API e =1 A 4 (T5S) APIE A g Yt

14
filo

i o WA APIE int 2 QA AAE & 45 gt B2 o] E 1 TLS 7] 7} 4ol
A A 3HA Utk ol H 3 BRFNA, PyThread create key ()& Ao FEIE ZA) W o,
Pt oo e EAB N B obr el A 54 g,

>

ol
— o
=

92}

FlollA AFe T3 AR A3l o] WA APIE A =0 A] AbEal A= <t F Yt
int PyThread_create_key ()
Fart of the Stable ABI.

void PyThread_delete_key (int key)
Fart of the Stable ABI.

int PyThread_set_key_value (int key, void *value)
Fart of the Stable ABI.

void *PyThread_get_key_value (int key)
Fart of the Stable ABI.

void PyThread_delete_key_value (int key)
Fart of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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W7 3.80] 27},

Python can be initialized with Py_TnitializeFromConfig () and the PyConfig structure. It can be preinitial-
ized with Py_PreInitialize () and the PyPreConfig structure.

There are two kinds of configuration:

» The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

 The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.
For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler is
registered.

The Py_RunMain () function can be used to write a customized Python program.
=718}, spold e Aol E 2 Ex FREAHA L.

o B7]:

PEP 587 «“3}o]# 7|3} 1£43”.

10.1 Example

T A RE A AYE = AHR AL A o] sho] 9] of:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;

PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

(TH& sl o] A ol A1)
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(o1 s o] A ol A A <)
/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv (&config, argc, argv);
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
I3
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

I3

/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar_t* Ex<€9] glaE,
length7} 0 ©] o} U W, ifems= NULLO| of] o] of 3} B E X} L2 NULLO| ofv] o] oF gt}
HAE:
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
item=g listol 5+ 7Fg T
o] §48 BEoel W shol M AFA 273}a of Fui T,
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item< list2] index©l] 4+ <] g o
index7} list Z o)Xt 2 AL 204, itemS listol] 37} (append) g1 t}.
index must be greater than or equal to 0.
o] 48 EEFHEH s AL A 27183 oF Gk,
FZA e
Py_ssize_t length
Z|l2E Zo].

wchar_t **items
= =
Bl AE FEE.
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10.3 PyStatus

type PyStatus
2713} &= el A%st

AN 3%, A HE BEC F45 o1 EL AFT 5 AFUTh

TEA L=

rlr
4
BN
oX,
o
=2,
v
A
rlr
o
i

int exitcode

TE IE. exit () o IAEH AL
const char *err_msg

o & A A].

const char *funec

F=9] o] 5, NULLY 4 5 Ut

PyStatus PyStatus_Ok (void)
iy

PyStatus PyStatus_Error (const char *err_msg)
AR 7} 23 %713} ol 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
v g dsf (e 7).
PyStatus PyStatus_Exit (int exitcode)
AR FE =R ol A FRFULh
JeE A elshe B4
int PyStatus_Exception (PyStatus status)

A7 AU bW FRAYAT el o2 Aok gtk AE 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 (PyStatus status)

status7} & 5. 0] H exit (exitcode) & S EF YT stams7} ol 2] o] A ol & WA A & A3+ 0
olold £g8 Fx & £F3 T} PyStatus_Exception (status) 7F00°] o}d wf 2t & &3] oF

o
Zy: YrRrAo 7 ulo]WL pyStatus. funcE AASIE= d= W22 5 AFL35}E= ¥4, func/F NULLE
AAE AEHE He= o= g8 A
o :
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PyStatus alloc (void **ptr, size_t size)

{
*ptr =

PyMem_RawMalloc (size);

if (*ptr == NULL) {
return PyStatus_NoMemory () ;

}

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 O;

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.

AR P 2B B

void PyPreConfig_ InitPythonConfig (PyPreConfig *preconfig)
shel 2l 74 0.2 A T4 & 27131 o,

void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
Aeld 7FHo2 Ad A4S 273 T

EL

= .

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_DEBUG (6): Python pymalloc memory allocator with debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if
Python is configured using --without-pymalloc.

vl ie] FelE FRe Al L.

Default: PYMEM_ALLOCATOR_NOT_SET
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int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to O, set coerce_c_localeand coerce_c_locale_warn members to O.
See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.
Default: —1 in Python config, 0 in isolated config.
int coerce_c_locale_warn
00] ofy™, C 2A L o] A2 wf Far7} Eyd s
Default: -1 in Python config, 0 in isolated config.

int dev_mode

Python Development Mode: see PyConfig. dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated
Isolated mode: see PyConfig.isolated.

Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8_mode to 0,
e Set PyConfig.filesystem_encodingto "mbcs",
e Set PyConfig.filesystem errorsto "replace".
Initialized the from PYTHONLEGACYWINDOWSF SENCOD ING environment variable value.
A=A AR ARG 75 FUTh #ifdef MS_WINDOWS AR AEF 57 Z=o A
A< Th
Default: 0.
int parse_argv
OO] 0]—\4 Eﬂ, Py _PrelInitializeFromArgs () 3]— Py PrelInitializeFromBytesArgs ()«
Aul shol Mol Y Z QAL PR LA} A 2L PO argy A4 PR EAFY
th B8 & AAE FRH A 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.
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int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Setto 0 or 1 by the -X ut £8 command line option and the PYTHONUTF 8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: —1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:
¢ Set the Python memory allocators (PyPreConfig.allocator)
* Configure the LC_CTYPE locale (locale encoding)
* Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
shol e A 271 8hshe B
PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A Aol A shol & AbE 2713k Tk
preconfig must not be NULL.
PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)
preconfig At T3 | Al Shol S AR 2 7] 3} 3 T
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.
PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int argc, wchar_t *const *argv)
preconfig A Aol A shol & APH 27139 Tk
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] o3y E£28)E
A28l of Fuich,
For Python Configuration (PyPreConfig_InitPythonConfig ()), if Python is initialized with command line

arguments, the command line arguments must also be passed to preinitialize Python, since they have an effect on the
pre-configuration like encodings. For example, the -X ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () © Py Prelnitialize() ©] &9l Py InitializeFromConfig() ©]Z
of &3t A& B R TFFAE AAT & Ads5YTh PyPreConfig.allocatorZt
PYMEM_ALLOCATOR_NOT_SETO 2 MAE W py Prelnitialize() Ao & 4 J5Yth

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preinitialization,

whereas calling directly malloc () and free () is always safe. Py_DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig (&preconfigqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) A
Py_ExitStatusException(status);

I3

/* at this point, Python speaks UTF-8 */
Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
shol e 747 918 TRl shebn] e & E3ehe TR
When done, the PyConfig Clear () function must be used to release the configuration memory.
T2A wA =
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= B sr-& *config_strZ BAFEU 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 arge, char *const *argv)

Set command line arguments (a2 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,
wechar_t **items)

Qlol= B B AE listE length®} items 2 4 A gt}

Preinitialize Python if needed.
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PyStatus PyConfig_Read (PyConfig *config)
BE sjold PAL AayTh
ojn] 27|39 B=+ WA HA gFUTh

Fields for path configuration are no longer calculated or modified when calling this function, as of Python
3.11.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3100 A WA : The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

WA 31194 WM A : PyConfig Read () no longer calculates all paths, and so fields listed under Python
Path Configuration may no longer be updated until Py TnitializeFromConfig () is called.

void PyConfig_Clear (PyConfig *config)
774 P22 S s Ayt
Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration

(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyConfig method:

* PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be
called before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv is non-zero).

ol A= -4 i%x}—h PyStatus_Exception () @ Py_ExitStatusException () & AF&3dFo] o2

(A F5)E A2l oF Fich
FZRA JE:
PyWideStringList argv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sy s . argv always exists and is never empty.
Default: NULL.
See also the orig argv member.

int safe_path
If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:

e If argv/[0] isequal to L"-m" (python -m module), prepend the current working directory.

e If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,
resolve symbolic links.
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¢ Otherwise (python —c code and python), prepend an empty string, which means the current
working directory.

Set to 1 by the —P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
WA 3110 F7}.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the __ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio
If equals to 0 and configure_c_stdio isnon-zero, disable buffering on the C streams stdout and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin G WY B2 dYPYn
Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —bb command line option.
Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

Default: 0.
WA 3.100] F7}.
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int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also disables
traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges
command line option.

Default: 1.
WA 3110 F7}.

wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the ——check—-hash-based-pycs
command line option.

Valid values:
* L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 “Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
¢ On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.
e If buffered_ stdio equals zero, disable buffering of stdin, stdout and stderr streams.
e If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.
int dev_mode
00] oby ™, stold 7t R =5 &3t}
Set to 1 by the -X dewv option and the PYTHONDEVMODE environment variable.
Default: —1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
00] ohul W, 2 A o 23 B4 FEl9l B CESREE

Set to 1 by the PYTHONDUMPREF' S environment variable.

27

rln
i
[l

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—--with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.
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wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0] o}y, A| & A] faulthandler.enable () = St}
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: —1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding ().
On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8_mode is non-zero.

e "ascii"if Pythondetectsthatnl_langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latinl).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
¢ Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii".

See also the i lesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if
legacy_windows_fs_encoding of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

* "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem encoding member.

unsigned long hash_seed

int use_hash_seed
9] A T A
If use_hash_seedis zero, a seed is chosen randomly at Python startup, and hash_seed is ignored.

Set by the PYTHONHASHSEED environment variable.
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Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.
wchar_t *home
ol & v E .
If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
0°] ol d, dEE IS 223 Pyt
Setthe 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
Default: 0.
int inspect
~EPEY HHS AP F 54 BER Sojghth

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used, enter
interactive mode after executing the script or the command, even when sys. stdin does not appear to be
a terminal.

Incremented by the —i command line option. Set to 1 if the PYTHONINSPECT environment variable is
non-empty.

Default: 0.

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).
Incremented by the —i command line option.
Default: 0.

int isolated
If greater than 0, enable isolated mode:
e Set safe_pathto 1: don’t prepend a potentially unsafe path to sy s .path at Python startup.
e Set use_environment to 0.
e Set user_site_directory to 0: don’tadd the user site directory to sys.path.

e 1}0]# REPLE t)3}4A] ZEZ E oA readlined Y ZE A& 7] & readline 7+ S A3}
SR & k5 U Th
Set to 1 by the —I command line option.
Default: 0 in Python mode, 1 in isolated mode.

See also PyPreConfig.isolated.
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int legacy_windows_stdio

If non-zero, use io.FileTO instead of io._WindowsConsolelIO for sys.stdin, sys.stdout
and sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
A= Lo ek A 7H5 U Th #ifdef MS_WINDOWS A2 & 959 E4 T o AL&S
AUt
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).
intmalloc_stats
0°] ok ¥, & Al 3t pymalloc W 2 2] 21l tf 3 FA S @23t
Set to 1 by the PYTHONMALLOCSTATS environment variable.
The option is ignored if Python is configured using the —-without-pymalloc option.
Default: 0.

wchar_t *platlibdir
Platform library directory name: sys.platlibdir.

Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure —--with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
W7 3.9¢] 7%

¥ A 3.119]| 4] ¥ 7 : This macro is now used on Windows to locate the standard library extension modules,
typically under DLLs. However, for compatibility, note that this value is ignored for any non-standard layouts,
including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os .pathsep).

Set by the PYTHONPATH environment variable.

Default: NULL.

Part of the Python Path Configuration input.
PyWideStringList module_search_paths
intmodule_search_paths_set

Module search paths: sys.path.

If module search_paths_set is equal to 0, Py _TInitializeFromConfig () will replace
module_search_paths and sets module_search_paths_set to 1.

Default: empty list (module_search_paths)and 0 (module_search_paths_set).
Part of the Python Path Configuration output.
int optimization_level
CEEE RS
* 0: Peephole optimizer, set __debug___ to True.

e 1: Level 0, remove assertions, set __debug__ to False.
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e 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 listis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the a rgv member and the Py GetArgcArgv () function.
Default: empty list.
WA 3.109 7}
int parse_argv
Parse command line arguments?

If equals to 1, parse a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

WA 31004 W7A: The PyConfig.argv arguments are now only parsed if PyConfig.
parse_argvequalsto 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on com-
pilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into st derr. If equals to 0, suppress
these warnings.

Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.
WA 3.119) A M 7 : Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
e If Py_SetProgramName () has been called, use its argument.

¢ On macOS, use PYTHONEXECUTABLE environment variable if set.
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e If the WITH_NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER_ _ environment
variable if set.

* 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 PYTHONPYCACHEPREF IX en-
vironment variable.

NULL®]®, sys.pycache_prefix+ Nonel & A AFH 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, it is set to script .py by the python3 script.py argcommand line.
See also the PyConfig. skip_source_first_1ine option.
Default: NULL.

wchar_t *run_module

Value of the —-m command line option.
Used by Py_ RunMain ().
Default: NULL.
int show_ref_count
TEA S AR ALE BATUN
Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.
int site_import
AAT o site RES YEE FYW?

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.
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Also disable these manipulations if the site module is explicitly imported later (call site .main () if you
want them to be triggered).

Set to 0 by the —S command line option.
sys.flags.no_site is set to the inverted value of site_import.

Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the —x command line option.

Default: 0.

wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCOD ING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.utf8_ mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

¢ On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8_ mode is non-zero, or if the LC_CTYPE locale
is “C” or “POSIX”.

e "strict" otherwise.

int tracemalloc

Enable tracemalloc?
0°] o}y ™, A]ZF A] tracemalloc.start () S T&3 o)

Setby -X tracemalloc=Ncommand line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.
Set to 0 by the —E environment variable.

Default: 1 in Python config and 0 in isolated config.
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intuser_site_directory

If non-zero, add the user site directory to sys .path.

Set to 0 by the —s and —I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, O in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing the place (filename
or built-in module) from which it is loaded.

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 EE-2 sys.warnoptionsE 9o 2 F7g Yt} A 82+ PyConfig.
o
L=

ut
warnoptions 8- 7} WA AAE = warnings.filters? A WA FEo] HUc} (7}
T =2 A9

The —W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

intwrite_bytecode

If equal to 0, Python won’t try to write . pyc files on the import of source modules.
Set to 0 by the —B command line option and the PYTHONDONTWRITEBYTECODE environment variable.
sys.dont_write_bytecode® write_bytecode? WFAH Lo 2 z7|3g Ut}
Default: 1.
PyWideStringList xoptions
Values of the —X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line argu-
ments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

WA 3994 WA : show_alloc_count EE7 A AS <54t
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10.7 PyConfig& x}-&3 27]3}

sho] g 278} 5He B4
PyStatus Py_InitializeFromConfig (const PyConfig *config)

config 773l A shol & 27|33 o
S &A= PyStatus_Exception ()3} Py _ExitStatusException () & AF&3to] A3y £8)E
A 2l af of etk
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.

22 o] F& A3 o

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 (&confiqg);
if (PyStatus_Exception(status)) {
goto exception;
I3
PyConfig_Clear (&config);
return;

exception:
PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters.
Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from the
configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

(H& sl o] Al ol Al )
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(o] A sl o] Ao A A<)

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception (status)) {
goto done;

/* Read all configuration at once */

status = PyConfig_Read (&config);

if (PyStatus_Exception (status)) {
goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject ("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {
goto done;

status = Py_InitializeFromConfig(&config);
done:

PyConfig_Clear (&configqg);
return status;

10.8 728 74

PyPreConfiqg InitIsolatedConfig ()} PyConfig InitIsolatedConfig() T4t AlZ2H o] A
Shol W€ A2l ok TS Btk o2 o, 5ol 0 S 28 T2 Talol R3] A4,

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure PyConfig.
home is specified to avoid computing the default path configuration.
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10.9 s}o]Xl 74

PyPreConfiqg_InitPythonConfig ()& PyConfig InitPythonConfig() Sty dulsjo|yHAH 5
Sohe A8 A28 shol 4 AE S A 74E HE

87 W59 BE 2 AAe ol WS PASE o ARH s WY, Ao T4 Wee BARU,

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

K

pyConfigolle A2 FAS AT A8 B/t 2 5 Uth:
c AE TG
— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
- @A A U] A F2E 27 A8
— (PyConfig.program _nameol|A) Z2 1 AR A2E A7) YstpaTH I W4
- __PYVENV_LAUNCHER__ 37 ¥

- = A 2 HKEY_CURRENT _USER <2} HKEY_LOCAL_MACHINE <]
“SoftwarePythonPythonCoreX.YPythonPath” o} & o] = H A A2EE S & 220 HAZE (9
714 XY 5kl 2 W §I LI Th)

- Az 74 EE 9E:

— PyConfig.base_exec_prefix

PyConfig.base_executable

PyConfig.base_prefix

PyConfig.exec_prefix

PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefix

If at least one “output field” is not set, Python calculates the path configuration to fill unset fields.
If module search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as set if module_search_paths_set is set to 1. In this case, module_search_paths will be
used without modification.

Set pathconfig _warnings to O to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).
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base_prefix\ base_exec_prefix BEJFAARAE R oW, V7t prefix® exec_prefix® S A+
PN
Py_RunMain ()3} Py_Main ()< sys.path® &3 grth:

e run_filename®] AAE I _ main_ .py 2IHEE F35= tydE o)W, run_filenamed

sys.path ¢l F7FgH .
e isolated7F0o]dA:

- run_module°] A HH, A YHAE 2| & sys.path &oll 7MW A Hd £ el
RO W oL A% 3} ‘E%Gb]"%-

— run_filenameo] AR HH, std W A2 E sys.path &oll F74h
- 23A ol Wl FAL S sys.path ol F7FH T

site_import7F00] ofUW, site BEE9| sys.pathE A Y 4 JH5YT} user_site _directory”Z}t
00] o} 1 AFEA}9] site-package T] @ E] 2] 7} A 3HH, site BE 2 A A} site-package T HE] 8] & sys.
pathol 7}

e 2 A 3 o] A TA e AP U
e pyvenv.cfg

12~

!Il

e ._pthfile (ex: python._pth)

s pybuilddir.txt (92 AR)
If a . _pth file is present:

e Set isolatedto 1.

e Set use _environment to 0.

e Set site importto 0.

e Set safe _pathto 1.

__PYVENV_LAUNCHER__ 87 W& PyConfig.base_executables AR = o AHRF Ut}

10.11 Py_RunMain()

int Py_RunMain (void)
w3y Zolu} F+A ]/\1 AARAE 3 (PyConfig run_command), 23 Y E (PyConfig.
run_filename) B BE (PyConfig. run_module)< A3 s}

=1
8o, de)3 -i 34 A% o, REPLE A Fh.
A eke 2, sho] g sholdetol = S exit () FHol AR 4 9l FE Ae)E 0T

T}
Py_RunMain ()& AMg38t] 34 A2 2o A= AREA A o] e o= vfoju 7S Fxst
/\1/\]9_
H .
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *arge, wchar_t ***argv)
stol o] =4 317] Ao, g BH & AAE P U

See also PyConfig.orig_argv member.

10.13 thdA 2713} vl E 70 74 A API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
« 341 (Core)” 7] 3} GHA|, “H 48] Tho] 7:
- W2%;

£ B F (frozen modules);

- sys BEL FEAc2 W 27 H YT (& 59]: sys.pathe oF& EAe4A] 5.
o “Z(Main)” 2 7]3} @A, sfo]# o] A3 =73E Yt}:

- importlibE AX| 8 744 Tt

4w 74e AsgI;

- Alad A2 71E AAF U

- sys BE X7|FE 453U (o E £9]: sys.stdoutF sys.pathE 5 ThH;

- faulthandler® tracemallocd Z2 AHA 7|5 A5
2 9zE P

=

- site B &
= T
- ©o o

Hl5 7l 2378 A APL

e PyConfig._init_main:ifsetto 0, Py _TnitializeFromConfig () stops atthe “Core” initialization

phase.
* PyConfig._isolated_interpreter: 0°] o)W, A=, A E 222 D X FE 583K g5
Yt

PyStatus _Py_InitializeMain (void)

271 AL IF el 5ol 8 271518 A
“80" o] A o} R E BEE QT E 814 9 import1ib LE0] TAYA stk A2 pAL s
E‘rﬂ]oﬂﬁ‘ﬂ ALg Yt ﬁi 7—’—” S Bt A Y 2 38H7] Y&l sho] &l ol A s}ol %

Jom, A2 Al sys.meta_path YEE (importer) L} YEXE & 5 A X]g
A A o] T o] = A o] Mol mhol oA A2 S AL S A E 5 3
St Lk,

S BAT A2 OIS 2] kg h: o] BAGNA TS AGE 5 9, Folo] 18A ghofof s
A ob= A= A kU Th APLE I A0) 4 B84 Ao HAH UL 4 4% 87} AP 242
o) 7FA] AAEA] APIE ARG AL A AT 5~ ds Ut
S84} 9 2715 WA Aol A] shol A 7= ABSHE oAl

©
oY
o
w
=
=~
=
w0
[
Lo

f
N

o{x
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void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&config);

PyConfig_Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) |

exit (1) ;
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

10.13. t}dA 2713} v]g7) z4 2 API 235
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cHAPTER 11

111 718

gho] o] W& g Fe]of= BE Fto| A ALt ul o8 F2E 3= 837l  (private heap) = FHHH Y T}
o] ‘3]“‘711 o] el stol A W 2] A Aol 5] WRAH SR o] Foj YUt stol A W B 2] &A=
AZRE 31, b B A e 5A AEe A Belol B SWE A A2 e P4 848
AR 3 9%k

71 e oA, 9A HlE e @At 29 AAY wRe FeAret FE ALt vEl goll BE
vl F& HolHE Z%XJ‘BV]OH FES T2l A=A FAF YT GA Wz FFA f e, oY 7H-4
AR WAL 22 AN ES 2 AR B E4ol T nT v Te Bel AL TALU
OEHE =9, AT tE ’\E\‘ﬂxl STFNGLEE/FNHEAFTS AR, A5 A= Y HolA EAE,
FEEE Qﬁﬁﬂﬂ— 2 A #elg Ut webA stol W R g HAe| A= 45 A2 AAE S A
LR S P EEE LT REE CEELN =Y

stol & 3 o] #el& AE z e AHA 9 -Jﬂ THH W, AP A= F R v R ES s AA 2AHE
FAH0 R 2ART G, AE AT Ao 5 Grhe AL o sl 5 Ae] 58T sho) A AA|s) 7|k
HWEHHE AT F T2 o] Aol YEH Sho] H/CAPL 45 F3l 3ho]x vl 2] He] 2] 8 o
we} a8 U o

H B2 &S 38R}, S A A C ol Bl glo A WEW &4E dhol s 7“24101] &l A dysA] oot
oF3Utl:malloc (), calloc (), realloc () Y free( _‘1371] "5]'13]"1] AZ g dugESs Fdsty
S 1ol A5 5] o], C RIS 5ol 8 el AeIA o] T B | WS A AIAE =
gk 2 the Al Ale} 2ol iE HH o' C glol Bl g @FAE AFS St Wk E52 A A

st A g = syt

PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_ NoMemory () ;
..Do some I/O operation involving buf...
res = PyBytes_FromString (buf) ;

(Th= S o] Aol Al
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(o] A H o] A | A AL
free (buf); /* malloc'ed */
return res;

2] &gte] ol s A 2jg Ut stold vl R 2] #eE] At

In most situations, however, it is recommended to allocate memory from the Python heap specifically because the latter
is under control of the Python memory manager. For example, this is required when the interpreter is extended with new
object types written in C. Another reason for using the Python heap is the desire to inform the Python memory manager
about the memory needs of the extension module. Even when the requested memory is used exclusively for internal,
highly specific purposes, delegating all memory requests to the Python memory manager causes the interpreter to have a
more accurate image of its memory footprint as a whole. Consequently, under certain circumstances, the Python memory
manager may or may not trigger appropriate actions, like garbage collection, memory compaction or other preventive
procedures. Note that by using the C library allocator as shown in the previous example, the allocated memory for the
I/0 buffer escapes completely the Python memory manager.

o 17
PYTHONMALLOC 7 W3 ARg-3to] spo] o A ARG 8t vl B8] EEAS 748 4 95y
1

PYTHONMALLOCSTATS 37 W4+ A 2% pymalloc 2 )] o} L} (arena) 7} 2HE o] 2 uj o}
pymalloc ™| 5. 2] Zex A et ol A2 5 5T

T},
931 FE A

o =

lg 0
offt
)
]

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These do-
mains represent different allocation strategies and are optimized for different purposes. The specific details on how every
domain allocates memory or what internal functions each domain calls is considered an implementation detail, but for
debugging purposes a simplified table can be found at /ere. There is no hard requirement to use the memory returned
by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although this is the
recommended practice). For example, one could use the memory returned by PyMem RawMalloc () for allocating
Python objects or the memory returned by PyOb ject_Malloc () for allocating memory for buffers.

The three allocation domains are:

* Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must go to
the system allocator or where the allocator can operate without the GIL. 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 G/L held. The memory is taken from the Python private heap.

* Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the Python
private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching specific
deallocating functions must be used. For example, PyMem Free () must be used to free memory allocated using
PyMem_Malloc ().
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11.3 9] ¥z g Qg d o] A

L 3t4 AL A A H
S

The default raw memory allocator uses the following functions: malloc (), calloc (), realloc () and free();
calmalloc (1) (or calloc (1, 1)) when requesting zero bytes.

B A 340 7}

void *PyMem_RawMalloc (size_tn)

m°"

P kol th ek A s Uk o] e A= GA-MA, GILe AL B2 E

Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.
0ule]EE 8 A 8W 7158 PyMem RawMalloc (1) o] Al &3 9 ZAH 7458 A3 NULLO]
obd ZAH S WEtyrh vl e o Ao g 2739 A k5t

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.

072 84U 0HFo|E T 79 848 @43l PyMem_RawCalloc (1, 1)¢] Al 329 AX Y 7}
53t 193 NULLo] ofd E O EE w3Eh o)
B A 3.50] &7}

void *PyMem_RawRealloc (void *p, size_t n)
p7t 7 7l = W2 E59 A7]Envlo]EE 2AAF YT HE&L2 o)A 2L 2719 FH 55k el
A @ AEA et
p7FNULLO| ¥, 35 PyMem_RawMalloc (n) & S5 no) 0 2oy, 2eg B2 37)=
Z A A S A =] A= a1, vhEE 2 Q1 E & NULLo] o Y th
p7FNULL©] o} 8} pyMem RawMalloc (), PyMem RawRealloc () F¥ PyMem_ RawCalloc ()l
o3k o) & 2ol o) W 2 olofof gk
QA o] A3, PyMem RawRealloc ()& NULLES WSSl p
ZAHE FAFYrh

void PyMem_RawFree (void *p)

p7F 7tEl7l= W REE EEE AT Y. pE PyMem RawMalloc (), PyMem RawRealloc()
I = PyMem RawCalloc ( 5t o] d &2 W3 Aolojof Ytk 28 AL

3

o

rlr

o] wlze] ol of

=

B
Jo

PyMem_RawFree (p) 7} &

Hglow, 3o A ehe 5o ol ch

AN EE
p7FNULLO| |, o} 2 & 35 2] ok<51 Tt

11.4 w2g] Qe o]~

ANSIC Z&o] whel 2d 8 59 A9 oulo] EE @ st uj o] =L x| A3} -2 st 1 3HL uho] A 7 of A
H 2 g & a5t A 6= o AR 4 IS5t

7132 vl & 2] & As pymalloc | 2] S FAHE AHE U T

AT o 4T ALY e GLE FAHF FuiTh

HA 3604 AA: 7|2 @FAF+= o] Al Al malloc () B4l pymalloc YT

11.3. YA v r2 g Qe Ho|A 239
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void *PyMem_Malloc (size_tn)
Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.
OHlo] EE 2 F o} PyMem_Malloc (1) ol thAl &€ A H 7Heotd L3 NULLo] obd X HE
WU Th MR = oW Ao g E 273 A ks T

void *PyMem_Calloc (size_t nelem, size_t elsize)

Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

07§e] @ A& 0ntolE 2719 @ 4F 88t PyMem_Calloc (1, 1)°] Al & H AAH 7Hsstd
If3ENULLo] obd 2 EE g Th
WA 3.5 27}

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL p7} 712)7) = W2 ] B0 278 nufol 2 2AFU T Y &L o] AT 28
279 A% el A A AH A Faych

p7FNULLO| W, $&-2 PyMem_Malloc (n) 3 55 FUTH 134 il no] 03 2o, w2 e EE9
7= ZAFHA W HAEH A = oy, 3 2 A E = NULLe] o YT

p7FNULLO] o}k S} pyMem Malloc (), PyMem Realloc () Be¥ PyMem Calloc ()o] thsk o] A &
Z o] Jt&st 7 o] of oF Fh th

23 0] A3, PyMem Realloc ()& NULLE W31 p o] A W2 2] g ol th3t Fa 3
= $Ag

void PyMem_Free (void *p)

H

w

o1 H

Fart of the Stable ABL p7} 7Fe]7]l& W ReE EE5& HAFUh pE PyMem Malloc(),
PyMem_Realloc () B+= PyMem_Calloc ()°] thdt o] & & o] vigkst Aojojof gt 187
%7 PyMem_Free (p) 7} A S EFH oW Ao A ¢S 52 o] dojdyth

p7FNULLO| |, obf A= P A kst
HYE Sal b2 22 @ AF a2 7t Algg Uth TYPEC] ZEC
PyMem_New (TYPE, n)

odtl
o
v
o
i)
=2
Jo
1o
o
>
>,
fo

Same as PyMem_Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer cast
to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize (p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns a
pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event of failure.

AL C AA 7] 2R YUTh pE T4 T DB YT o2 & A e o W ze) e Fee Y
pel el gk AT L.

void PyMem_Del (void *p)
PyMem Free/() 9} @’%‘4 13]'

w3, 9o] AE CAPI 842 A18317) b1, sol W vl we) @92 44 5557 99 0L Az
A5ko] AT HUTE 22U}, o] S& AR5 Fho] A WAL Fh2 A 2= uhol 2] 584 o] §A = A koA
%4 R 5o A= A A= A5t

¢ PyMem MALLOC (size)
e PyMem_NEW (type, size)

e PyMem_REALLOC (ptr, size)
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e PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

¢ PyMem DEL (ptr)

3 w9l 54

o

AR thg B4 AEL shol A Yol A

ZF31: There is no guarantee that the memory returned by these allocators can be successfully cast to a Python object
when intercepting the allocating functions in this domain by the methods described in the Customize Memory Allocators
section.

712 AA @A = pymalloc W 2 2] ZAHE AHE U T

il o] g

A8 w = GILE frA 8 oF FyTh

it

void *PyObject_Malloc (size_tn)
Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.
OHfo] EE 8 A 38FH PyObject_Malloc (1) o] t4l &9 ZA | 7Hsstd I3k NULLO] ofd =
A E vt W R el ojd A0 2 & 27315 A gkF YT

void *PyObject_Calloc (size_t nelem, size_t elsize)
Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a

pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.
0719 2 Aurou} 1E 3719 845 233} Pyobject_Calloc(l, 1)°o Al T2H AAH 7}
5ot Af 2 NULLO] obd Z Qe S Nh Y T
W7 350 =7

void *PyObject_Realloc (void *p, size_t n)
Part of the Stable ABL p7} 7}2]7) = vl 2 2] B22] 278 nufo] B2 AT &L o] AT 2L
2719 A3k HellA = HA4E A syt
p7FNULLO| ¥, §&-2 PyObject_Malloc (n) 3 F5 Ut 2387 ¢kaino] 03 2 oW, w2 £
29 37)= 24 H AW A A 93, wehE E A = NuLLo] obd Ut
p7FNULL®] o} 8 pyObject_Malloc (), PyObject_Realloc () F¥ PyObject_Calloc ()l
3k o] A T ol o ¥kEhe Zl o] of of P
273 o] AEH, Pyobject_Realloc () NULLS ¥H&3La p= o] A W B2 J ol ojst fad
EAEE FAH U

void PyObject_Free (void *p)
Part of the Stable ABL p7} 78] 7] = w22 E22 sjA gt o) B2 L pyobject_Malloc(),

PyObject_Realloc () B+ PyObject_Calloc ()ol th3l o] A S Eof o3l vtd s A ojojof gy
th 287 ALY PyObject_Free (p) 7t o] Aol 32 Qo™ HH A 2 S 2to] ot}

P7ANULLOI |, ob 7 A= 595 A g
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11.6 7)% W22 TgA)

T4 SIE= PyMem_RawMallo PyMem_Malloc PyObject_Malloc
gy A e "pymalloc" malloc pymalloc pymalloc
[ =3 B AR =1 = "pymalloc_debug malloc+ Y ¥l pymalloc+Tl¥ pymalloc+T|H

pymalloc §l= v = 2
=

EEE!

pymalloc §l+=
1=

"malloc"

"malloc_debug"

malloc

malloc+ ¥

1
malloc

malloc+ TH 1

1
malloc

malloc+ TH 1

He:

¢ Name: value for PYTHONMALLOC environment variable.

* malloc: system allocators from the standard C library, C functions: malloc (), calloc (), realloc ()

and free ().

e pymalloc: pymalloc memory allocator.

e “+ debug”: with debug hooks on the Python memory allocators.

“Debug build”: Python build in debug mode.

11.7 w2 e] Fgat AHgA} % <]

W7 3.40] F7%
type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

He

void *ctx

void* malloc (void *ctx,
void* calloc (void *ctx,

size_t elsize)

void* realloc (void *ctx,

new_size)
void free(void *ctx,

size_t size)

void *ptr,

void *ptr)

size_t nelem,

size_t

008 27139 WEeg EE2S I
EIpsh=s

HEg E5S G AY 7 =24
ok

H2eg 858 AU

B A 3.50] 4] ¥ 7: The PyMemAllocator structure was renamed to PyMemAllocatorEx and a new

calloc field was added.

type PyMemAllocatorDomain

2 =S A sk d A EH = EAY. =l

PYMEM DOMAIN_RAW

=L~
Eiga
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* PyMem RawMalloc ()
* PyMem RawRealloc ()
* PyMem RawCalloc ()
* PyMem RawFree ()
PYMEM DOMAIN_MEM
e
* PyMem Malloc(),
* PyMem Realloc()
e PyMem_ Calloc /()
* PyMem Free()
PYMEM DOMAIN_OBJ
e
e PyObject_Malloc/()
e PyObject_Realloc ()
e PyObject_Calloc()

e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

A4E =r Qo] v we] 85 FFAE A S

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARE =H Y Wz 2% TGS ATk
A A oulol £ 2 2 3% w) AT NULLO] obdl E QIE] 2 wheka of Fhuch.

For the PYMEM DOMAIN_ RAW domain, the allocator must be thread-safe: the GIL is not held when the allocator
is called.

A FEAT} Fo] ol (o] FGAE TEA 9OW), Pyven_SetupDebughiooks () B4E T

Za10] A Sk} $)of Tul L 22 thA) A A5 o g k.

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

Z3: PyMem SetAllocator () does have the following contract:

e It can be called after Py PreTnitialize () and before Py TnitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator other than the
ones imposed by the domain (for instance, the Raw Domain allows the allocator to be called without the
GIL held). See the section on allocator domains for more information.

o If called after Python has finish initializing (after Py_TnitializeFromConfig () has been called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other arbitrary
one is not supported.

void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.
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11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem SetupDebugHooks () function is called at the Python preinitial-
ization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in release mode
(ex: PYTHONMALLOC=debug).

The PyMem SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator ().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns. Newly al-
located memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by “forbidden bytes” filled with the byte OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

A3 A A AL

¢ Detect API violations. For example, detect if PyObject_Free () is called on a memory block allocated by
PyMem_Malloc ().

¢ Detect write before the start of the buffer (buffer underflow).
¢ Detect write after the end of the buffer (buffer overflow).

¢ Check that the GIL is held when allocator functions of PYMEM DOMAIN_OBJ (ex: PyObject_Malloc ())
and PYMEM_DOMATIN_MEM (ex: PyMem Malloc ()) domains are called.

e 7F F A, WL £ tracemalloc RES AHE3te] W RE] E5o] &4 o] EfojaS
7FA s Uth tracemalloce] o] d WE 2] &2 54 Foli w2 5o FAE gk Eg o] o]

2A9 Y

LetS=sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory layout
is like so, where p represents the address returned by a malloc-like or realloc-like function (p [1: j] means the slice of
bytes from * (p+1) inclusive up to * (p+7) exclusive; note that the treatment of negative indices differs from a Python
slice):

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):
e 'r' for PYMEM DOMAIN RAW.
e 'm' for PYMEM DOMAIN_MEM.

e 'o!' for PYMEM DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl[O:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to uninitial-
ized memory. When a realloc-like function is called requesting a larger memory block, the new excess bytes
are also filled with PYMEM_CLEANBYTE. When a free-like function is called, these are overwritten with
PYMEM_DEADBYTE, to catch reference to freed memory. When a realloc- like function is called requesting a
smaller memory block, the excess old bytes are also filled with PYMEM_DEADBYTE.

pIN:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.
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PI[N+S:N+2*S]
Only used if the PYMEM_DERUG_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 3.690 4 M7 : The PyMem SetupDebugHooks () function now also works on Python compiled in release
mode. On error, the debug hooks now use t racemalloc to get the traceback where a memory block was allocated. The
debug hooks now also check if the GIL is held when functions of PYMEM _DOMAIN_OBJ and PYMEM_DOMAIN_MEM
domains are called.

WA 389 A W7 : Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and 0xFD to use the same values than Windows
CRT debugmalloc () and free ().

11.9 pymalloc &=}

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.

obelu} AL ke B4 E A LT
e VirtualAlloc () and VirtualFree () on Windows,
e mmap () and munmap () if available,
e IR Ao WM malloc () free ()

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be disabled at
runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc o}#| v} &=} A}-8-2F A 2]

B A 3.40] 7}
type PyObjectArenaAllocator
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B BE

void *ctx N A AAE ALH A8 A A~
=

void* alloc(void *ctx, size_t size) size HFo| E 9] o} U-E &3t}

void free(void *ctx, void *ptr, size_t ol U= Aot

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
ofel} HEAE AU
void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

obel vt AHE 44 ek,

11.10 tracemalloc C API

v A 3.70] &7},
int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc RENA TFH v2g E5& F43Lh
458t 02 WhEhstal, o 27 sk (A2 A s ] fR wEE S dEehA 2RSS UTh -1e
RE2F R o tracemalloc ©] W] & 1= gl o™ -2 & Wk ok
el Bl ojn A, 7|E F A2 AT
int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc RENA EFH HR e E5& F4 AT UL EF o] FHHA ol ofF AL
RSN}
tracemalloc ©] B & A St Qo —25 WI3ks} 1, 22 X] ¢ O 0

N
>
s}

HE

i)
<
O

tlo

11.11 J

-2 7l 8 A A A e oA QU TE VO ¥ 7L A WA B4 A3 ARl ol W Yol A BRHES
oAl 2% QU ok

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* allocated with PyMem Malloc */
return res;

Y AF G5 AT ABRE 2L A=A

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

(H& sl o] Al ol Al )
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(o] A sl o] Ao A A<)

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* allocated with PyMem New */
return res;

919 5 74A) ool A, ¥l 3] = B4k 22 ol S5 s Ba 22l
FYPAE EFT AP HAL ZAEEE, Fold vn

A€ B AUk, thg = AALE T A ol Yow, 3
Aol the ERAE EE5H] Wl AW A (faal) Q) A2 EAF U

Jo
fo
_?l_t
b2l
>,
to
>
R}
It
>
fru
=
rlu

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 ().

JASLCE AL AA FL A sn TAsE Aot The gol A A9E A

11.11. 4 247
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AA & A

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

121 ol AA B3s}7)

PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.
PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.
PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. Part of the Stable ABI. Initialize a newly allocated object op with its type and
initial reference. Returns the initialized object. If type indicates that the object participates in the cyclic garbage
detector, it is added to the detector’s set of observed objects. Other fields of the object are not affected.
PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Return value: Borrowed reference. Part of the Stable ABL. ©] ZA-& pyObject_Init ()7} £33t 2
S 5 Y8, /b 27 A7) Dol FHE Z7)5hgh k.
PyObject_New (TYPE, typeobj)
Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject *). Fields not defined by the Python object header are not initialized. The caller will own the

only reference to the object (i.e. its reference count will be one). The size of the memory allocation is determined
from the tp_basicsize field of the type object.

Z+
Z

i

PyObject_NewVar (TYPE, typeobj, size)
Allocate a new Python object using the C structure type TYPE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The allocated mem-
ory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the tp_itemsize field of
typeobj. This is useful for implementing objects like tuples, which are able to determine their size at construction
time. Embedding the array of fields into the same allocation decreases the number of allocations, improving the
memory management efficiency.
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void PyObject_Del (void *op)

Releases memory allocated to an object using PyOb ject_New or PyOb ject_NewVar. This is normally called
from the t p_ dealloc handler specified in the object’s type. The fields of the object should not be accessed after
this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct
sto] W o A None 2 & = &5 &= . o] AAlo] thet ZAE| 2 H 715 &= Py _None W A2 E AHE3)A
o A 23 o g o

o 17

PyModule_Create ()
Elz]— 2ES aLl:‘rs]. %14 1;].

122 35 AA 24

stoj o] A @ A ololl AHgH = B2 F2A7 A5tk o] A oM o] 2t T2 A 2F AHE W of] &

12.21 7|2 AA 3} nja=z
BE dold AA e AR AA Y Wz 2 AGolA A2 *,] 2=
i - W, A

AgE e AR e 342 B3 B E Uk
type PyObject
Part of the Limited APIL. (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 casttoa PyObject*.
Access to the members must be done by using the macros Py_REFCNT and Py_ TYPE.

type PyVarObject

Part of the Limited APL. (Only some members are part of the stable ABI.) This is an extension of PyObject that
adds the ob_ size 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

Zol7h MatA g AME e Al 2e B As o) A-45 = v) 22 91U o). PyObject HEAD
W3 e o] B3 U

[PyObject ob_base;

9] pyobject AHAE FRIAHA L.
PyObject_VAR_HEAD

Axdauit) Zolj7t th2 AAE VU= 22 S AdS o) AHeH = vz =z g Yt} PyOb-
ject_VAR_HEAD "] 3 2 & t}-33} Zro] 4 Yt}

[PyVarObject ob_base; ]

9 pyvarobject A AE FRIFAA L.
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int Py_ Is (PyObject *x, PyObject *y)
Part of the Stable ABI since version 3.10. Test if the x object is the y object, the same as x is y in Python.
WA 3.109] =7}

int Py_IsNone (PyObject *X)

Fart of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is None in
Python.

B A 3.100] &7}

int Py_IsTrue (PyObject *x)

Fart of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is True in
Python.

WA 31000 &7}

int Py_IsFalse (PyObject *X)

Fart of the Stable ABI since version 3.10. Test if an object is the False singleton, the same as x is Falsein
Python.

WA 3.100) F7}.
PyTypeObject *Py_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

WA 311904 HA: Py TYPE () is changed to an inline static function. The parameter type is no longer const
PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
A 09] % o) npeo] @ 00] obd ghe whggUTh T8 ko w 02 wEE L Tk Py _TYPE (o) ==
typed? 5 A
B A 3.9 F7}.
void Py_SET_TYPE (PyObject *0, PyTypeObject *type)
A7) 09] WL typeo. 2 AAFY T,
W 3.9¢ 27
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.
Use the Py SET REFCNT () function to set an object reference count.
¥ A 3.11 9 A ¥ 7 : The parameter type is no longer const PyObject*.
WA 3.100) 4 M7 : Py REFCNT () is changed to the inline static function.
void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
AA 0o FZ AFE refetZ 2T Th
W7 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.

o
N
ol
of
S
2
4
N
N
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WA 31194 M Py_STZE () is changed to an inline static function. The parameter type is no longer const
PyVarObject*.

void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
AR 02] A7) size® DA FUTH
WA 3.9 =7}
PyObject_HEAD_INIT (type)
o] A& MEL pyobject B 2713} o2 FAH I 2 YUtk o) 3R thE oz gy
t}:

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVarObject type, including the ob_size
field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,

1222 o= 73

type PyCFunction

Part of the Stable ABIL Type of the functions used to implement most Python callables in C. Functions of this type
take two PyOb ject* parameters and return one such value. If the return value is NULL, an exception shall have
been set. If not NULL, the return value is interpreted as the return value of the function as exposed in Python. The
function must return a new reference.

W4 A B oI 2eh

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Part of the Stable ABI. Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH_FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL |
METH_KEYWORDS. The function signature is:
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PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames) ;

type PyCMethod
Type of the functions used to implement Python callables in C with signature METH METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

B A 3.9 F7}.

type PyMethodDef
Part of the Stable ABI (including all members). 3733 o] WA =5 7|&3l= U AR EH = £ XA, o] 24
o= AHe) BT} Q5o
const char *ml_name
Name of the method.

PyCFunction m1_meth

Pointer to the C implementation.

intml_flags
Flags bits indicating how the call should be constructed.

const char *ml_doc
Points to the contents of the docstring.

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject*.
If the function is not of the PyCFunction, the compiler will require a cast in the method table. Even though
PyCFunction defines the first parameter as PyOb ject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_flags field is a bitfield which can include the following flags. The individual flags indicate either a calling
convention or a binding convention.

ge e 35 740 dayth
METH_VARARGS
This is the typical calling convention, where the methods have the type Py CFunct i on. 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
ole ¥t S L7k 8l MM = PyCrunctioniithKeywords & olojoF duth. o] g Al 719
) 7} W5 71U Th: self, args, kwargs. &1 71 A kwargse BE 719 = Q1AL g AU 2lo] ALt 719 =
QA7 gl oW NULLY 4= Y5 Uth 7] M= GulA © 2 pyarg ParseTupleAndKeywords () S

ARg-She] A=l g Ut

12.2.
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METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type _PyCFunctionFast.
The first parameter is self, the second parameter is a C array of PyOb ject* values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

W7 3.7 7%
WA 3.1090 A 7 : METH_FASTCALL is now part of the stable ABI.

METH _FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth 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.

WA 3.7 7}

METH_METHOD
Can only be used in the combination with other flags: METH METHOD | METH _FASTCALL |
METH_KEYWORDS.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that contains
the method in question. The defining class might be a superclass of Py_TYPE (self).

WA == PycMethod @ o]o]ofdl=t], self Flo defining_class ¢1A}7} 719 METH_FASTCALL
| METH_KEYWORDSS} 254t}
B A 3.9 &7}

METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed with the
METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically named self
and will hold a reference to the module or object instance. In all cases the second parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_ UNUSED can be used to prevent
a compiler warning.
METH_O

Methods with a single object argument can be listed with the METH O flag, instead of invoking
PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject* parameter representing the single argument.

Z 42 e ol A8 A 9w 2929 WA S8 8 A8 ) uhel g vhehy T

o] 5
2o AYgH o= AT stk o8l @ 22 F A Y stuE Fo X wA = e AR T 4
A%

METH_CLASS
HAEE g A A7t obd § A7) 3
g AR ] e o A= A FAFSE Sl
METH_STATIC
HAER F Axdavbotd NuLLe] 3 HA v 42 AGg Utk staticmethod () W 34
E AL e A= A {FAFSE A A W A & (static methods) S == H] AFRH YT

Shibe] theE A4t 2 WA o] 2 4 e e YA WA= 2EH EAE ATt

HA w7/ M4z AP Ut} classmethod () WH
2> W A = (class methods)E W=+ ©] AHS-F U th
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METH_COEXIST

The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated definitions. Since slot wrappers are loaded before the method table, the existence of a sq_contains slot,
for example, would generate a wrapped method named __contains___ () and preclude the loading of a corre-
sponding PyCFunction with the same name. With the flag defined, the PyCFunction will be loaded in place of the
wrapper object and will co-exist with the slot. This is helpful because calls to PyCFunctions are optimized more
than wrapper object calls.
PyObject *PyCMethod_New ( PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

Return value: New reference. Part of the Stable ABI since version 3.9. Turn ml into a Python callable object. The
caller must ensure that m/ outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked. self
can be NULL.

The callable object’s __module__ attribute can be set from the given module argument. module should be a
Python string, which will be used as name of the module the function is defined in. If unavailable, it can be set to
None or NULL.

15 A
function._ module_

The cls parameter will be passed as the defining_class argument to the C function. Must be set if METH_METHOD
issetonml->ml_flags.

WA 3.9 &7}

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

Return value: New reference. Part of the Stable ABI. Equivalent to PyCMethod_New (ml, self, module,
NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)
Return value: New reference. Part of the Stable ABI since version 3.4. Equivalent to PyCMethod_New (ml,
self, NULL, NULL).

1223 @Y 2] ol BT HE YA~

type PyMemberDef
Part of the Stable ABI (including all members). C F-Z A W o) 3| Fst= o] o] E|HEE 7|&5t=
TF2A. 2=+ o33 sk

=] c3d o mj

name const char * ®® 9] o]

type int CHxA o J&= e 3

offset Py ssize.t W7 AA LZA A $] X 3= vlo]E T o] o= Al
flags int =71 87 AEAA 27 7MsshA & UEW = S 1 v E
doc const char ¥ S2EZ9 Y22 718z Uth

typed ThFEHC Foll S oHE W T_WAE 5 1Y 5 95U Th W7k shol Aol A AA 2 B
wl, 553 vho W oz Mg LTk,

o
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FEERSE! C 4
T_SHORT short

T_INT int

T_LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX PyObject *

T CHAR char

T _BYTE char

T _UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T BOOL char

T_LONGLONG long long
T_ULONGLONG unsigned long long
T_PYSSIZET Py_ssize_t

HH 7} NULLY o] T_OBJECT+= None2 W36l 31l T_OBJECT_EX+= AttributeErrors HEHJ,‘ Al 71Tk
L Ao A T_OBJECTS} T _OBJECT_EX7} thE Ul T_OBJECT_EX7} T _OBJECTHT} 3G o EH
Eo gittdel B AFES O €42 A A 2|2 E, T_OBJECTE T} T_OBJECT_EXE AFE3}4] Al 2.

flagst 22719} 917] AA2~E S8 00] ALt ¢17] A8 AN~ E 918 READONLY & 5~ AFUTH t
of T_STRINGS AF&3lt}= Zi L READONLYE &3t} T _STRING H| o] Bl &= UTF-8 & | A Y
T_OBJECT®} T_OBJECT_EX W o 2HA| 2 4= Ut (WULLZE A A FH Y h.

3 &BE (PyType_rFromspec () olu A A& AHE8Fo] W5 0] ), PyMemberDef+ & A A

7

9] tp dictoffset, tp_weaklistoffset W tp_vectorcall_ offset®] 3| Fol= E4 W
dlctoffset _,_ weaklistoffset_ % vectorcalloffset _ o gAY E x5

;’“1411} T PYSSIZETX READONLYE A& oF gt o &

static PyMemberDef spam_type_members[] = {
{"__dictoffset__", T_PYSSIZET, offsetof(Spam_object, dict), READONLY},
{NULL} /* Sentinel */

bi

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)

Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns 0 if successful and a negative value on failure.

type PyGetSetDef
Part of the Stable ABI (including all members). B ol thdt ZZHE 2L AANAE Aot +ZA.
PyTypeObject.tp_getset EF° Ugt AW = Z23I4 A L.
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e
I

c3 o v

name const char ©]EZHE o]&
*k

get getter C function to get the attribute
st seter  O|EPHES ARIAL ARG A C P, AL W JEREE 9]
Agdurt
doc const char AEHA =~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 *); ]

458k Al FxE whestar, Adslshd A A o 9 9 & NULLS Whbef of Ut

set functions take two PyOb ject * parameters (the instance and the value to be set) and a user data pointer (the
associated closure):

[typedef int (*setter) (PyObject *, PyObject *, wvoid *); J

)
o

JEFHEE AA G oLstE AL F HA i/ Hae=NvLLg Ut AZsE 02, Afstd A
ol £] &} 9| -1-& WhEhsl of o

12.3 | AA

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions, but
do not offer much that’s interesting to most Python applications. These objects are fundamental to how objects behave,
so they are very important to the interpreter itself and to any extension module that implements new types.

3 AA = O RE BEEY RO e FUT 27172 o) f 78 A7} B o) e Ae) bl e,
=8 Ca ZolE o1 7ty e 7% = e BB a3F L o] AL F Ao TS 2}

So BT BEs TRANA e €At 48 E U
the o) 2hek Fx 9o, o] AL Py Typeonject o] 9 nlsh AHg ol the B AL AT Fh

1231 7+eF Az

“tp %%”
PyTypeObject £%7= | 3 N EECEErS 3
EPageZSO,Z
CTDI
<R> tp_name const char * __name__ X X
tp_basicsize Py _ssize_t X X X
tp_itemsize Py _ssize_t X X

T sl o] Al ol Al
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# 1-old ol Aol A A%

PyTypeObject &2/ 1 3 e CECECEs= 4
E_Page 259, 2
CTDI
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 * RS %
tp_repr reprfunc __repr__ X X X
tp_as_number PyNumberMethods * ZSRERE=- %
tp_as_sequence PySequenceMethods * ANBE E&FE %
tp_as_mapping PyMappingMethods * ANBE &5 %
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 e, _le ,_eq ,_ne , X G
_ gt . _ge
tp_weaklistoffset Py_ssize_ t X ?
tp_iter getiterfunc __dter__ 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 ? 2
tp_new newfunc _ new__ X X ?7?
tp_free freefunc X X ??
tp_is_gc inquiry X X
<tp_bases> PyObject * __bases__ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses___
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

1 (): A slot name in parentheses indicates it is (effectively) deprecated.

<>: Names in angle brackets should be initially set to NULL and treated as read-only.
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B &%
== 3 EF A=
am_await unaryfunc __await__
am_aiter unaryfunc __aiter___
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add__ _ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub___ rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _mul__ _ rmul__
nb_inplace_multiply binaryfunc __imul__
nb_remainder binaryfunc _mod__ _ rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__ __ rdiv-
mod___
nb_power ternaryfunc __pow__ __ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc _ Ishift_ _ rlshift
nb_inplace_lshift binaryfunc __ilshift
nb_rshift binaryfunc __rshift  rrshift
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc __dand__
nb_xor binaryfunc __XOr__ __ IXOr__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
u.u reserve void *
S In square brackets are for internal use only.
ffamﬁmhmmmmCMMBrmmmdmMMManWLm unaryfunc _float__
rmbafloor_divide binaryfunc __floordiv__
HO”: et pnlBBe seObdeat _dypel de binaryfunc __ifloordiv__
«wp. : ;
SR s aan 0 e e
X - PyType_Ready sets thlS value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? — PyType_Ready may set this value depending on other slots
Also see the inheritance column
mh- /E’Le/'\hqth lenfunc _len_

X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value
% — the slots of the sub-struct are inherited individually
G — inherited, but only in combination with other slots; see the slot's description
? — it's complicated; see the slot's description
AR EF AN ol B HE 23 A AL B3| A3 02 J4P o) R L.
12.3. & A 259



The Python/C API, ¥2]~3.11.8

% 2- oA ol Aol A A%

&% E =4 AE
mp_ass_subscript objobjargproc __setitem__,
__delitem__
sq_length lenfunc _len__
sq_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sqg_item ssizeargfunc __getitem__
sqg_ass_item ssizeobjargproc __setitem___
_delitem___
sq_contains objobjproc __contains__
sg_inplace_concat binaryfunc __jadd__
sg_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc ()
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£ 5 typedef

typedef uj 7l W4 3 Pl
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 *
PvObject *
12.3. 3 A 261
descrsetfunc int
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AAT WG obel 25 o npedel & FE I L.

12.3.2 PyTypeObject # 2]

PyTypecbject?] T2 A A 2| Include/object .hol A 2& 4 YU Th %2 B E A%, o8
4ol g R

typedef struct _typeobject {

PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

(th= o)Al ol A

B

=7

)
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(o] A sl o] Ao A A<)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObiject;

12.3.3 PyObject &%

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic types (cre-
ated by type_new (), usually called from a class statement). Note that Py Type_Type (the metatype) initializes
tp_itemsize, which means that its instances (i.e. type objects) must have the ob_ s i ze field.

Py_ssize_t PyObject .ob_refecnt
Part of the Stable ABI. This is the type object’s reference count, initialized to 1 by the PyObject_HEAD_INIT
macro. Note that for statically allocated type objects, the type’s instances (objects whose ob_ t ype points back to
the type) do not count as references. But for dynamically allocated type objects, the instances do count as references.

A%
o] =& Al B Yol gaf LA kst

PyTypeObject *PyObject .ob_type
Part of the Stable ABL. ©] A2 & 9] &, = v € & (metatype) Y LT}, PyObject _HEAD_INIT U= & oj
ek ALz 2735 v, g dNFA 0 ' sPyType Typeo|ol o Ut 22t (F ol &) A=l A
AHE 7hsslok st B ACRE B Jhest S REY A9, AsEH = FES 27| A) ot
E3 g webA, 422 NULLS PyObject _HEAD_INIT W2 & AE3}ta, t}2 A S 3P 3}7]
Ao 5 2713} T A &oll A BEFE WA A2 273 6te 2 YUth o] 242 dRbd o g2 o33
2ol +3hg Yt
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[Foo_Type.ob_type = &PyType_Type; ]

This should be done before any instances of the type are created. PyType_ Ready () checks if ob_type is
NULL, and if so, initializes it to the ob_t ype field of the base class. PyType_Ready () will not change this
field if it is non-zero.

A%
ol = MHE Fo =g ALEF YT

PyObject ¥*PyObject ._ob_next

PyObject *PyObject ._ob_prev

These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
—--with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF S
is set.

o,
e
Il
rlr
>
|z
ofl
=2
1o

3 A4 A ek

12.3.4 PyVarObject &%

Py _ssize_t PyVarObject .ob_size

Part of the Stable ABI. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

A

o] 2EE= M E ol o) A& A stk

12.3.5 PyTypeObject &5

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 *PyTypeOb ject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module globals,
the string should be the full module name, followed by a dot, followed by the type name; for built-in types, it should
be just the type name. If the module is a submodule of a package, the full package name is part of the full module
name. For example, a type named T defined in module M in subpackage Q in package P should have the t p_name
initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the __name___
attribute.
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Aol god, AA tp_name A== _ me_OJEE]—F,‘—EE MM~ &4 9dom, module_ oE
HHEE AYHA dFUT (oA Agst g, gAY elo YA H R dAFA 3= 3. o] A2
A 58 A2 A e RS T £ pdeco £ TE T F 24 Ao 195 e
o] W= NULLo] obu]ofok FITh PyTypechiect () A S A8 e BE AU TN
tp_itemsized AL StaL).

ol A== A H o o5 F5H A sy
Py_ssize_t PyTypeObject .tp_basicsize
Py _ssize_ t PyTypeObject.tp_itemsize
o] BEE A Y AxEs 278 who = W = ALY 4+ A5 U
P

T kA 289 Yo g5yt g Ao ouaAq 30 tp itemsize BEZ Zk31, 7pA 2 o]
S~ 20 Yo=00] o} tp_itemsize BEZ}F JFUYLE 11 Zo] AAadHAe] Fo] A9 BE
AIAE At tp basicsizeZ AARAHE= L2 375 71”\1411]-

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_ 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_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

78 4 (alignment) o] Th g+ Fr32 AFEF: 7h¥ 4 o] ULE‘)ﬂ 4 Adol 22349, tp_basicsize FLol
Al e Eojof Futh o 3] double Wl E = :r“?‘idt = 7}@@'/‘] o tp_itemsize®
sizeof (double) UL} tp _basicsize’} sizeof (double)d M7 HEE = AL =727
g AUt (o] Ao] doubled] A& 2F Aolgtx 7 oh.

7hA Zo] A2-bA7E = BE F 9 B9, ©] BE=£ NULLO] ofyofof Tt

As:

ol A== A1 ol 93] Wx 2 A< o]
2 XNH oA tp_itemsized E}E 0°] obd 3t

Tl wet 27+ dyoh.
destructor PyTypeObject .tp_dealloc

ol A~ " uby A} (destructor) 5ol T3k E 2 E. (ASE Noned} Ellipsis? 7 i{%)
A2E AT} S 3 A = A ‘3%1-:—% Bt ¢k 3l o] 45 A Y s of It T A8

5yt

10 l>
o
> =

o] 0]-14 tp_itemsizeZ} YO, dWlA O
Sh A2 s 2o 0] 239

(<]

f
ft
X g
d

o]

o}

rlo ot
o 2t

o

[void tp_dealloc (PyObject *self);

| —

The destructor function is called by the Py DECREF () and Py_XDECREEF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance (using the
freeing function corresponding to the allocation function used to allocate the buffer), and call the type’s tp_free
function. If the type is not subtypable (doesn’t have the Py TPFLAGS BASETYPE flag bit set), it is permissible
to call the object deallocator directly instead of via tp_ free. The object deallocator should be the one used to
allocate the instance; this is normally PyObject_Del () if the instance was allocated using PyOb ject_New
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or PyObject_NewVar,or PyObject_GC_Del () if the instance was allocated using PyOb ject_GC_New
or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS_HAVE_ GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR (self->ref);
Py_TYPE (self)—>tp_free ((PyObject *)self);

Finally, if the type is heap allocated (Py_ TPFLAGS_HEAPTYPE), the deallocator should release the owned refer-
ence to its type object (via Py_ DECREF () ) after calling the type deallocator. In order to avoid dangling pointers,
the recommended way to achieve this is:

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

As:
o MEL A1 Poz &Pk
Py_ssize_t PyTypeObject .tp_vectorcall_offset

et tp cal19) B AEAA T W EZ (vecorcall) 22 EZE A AN E TEFE A
FRSE Adagad Bl Pt A8 A e =AY

o

This field is only used if the flag Py TPFLAGS_HAVE_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcall func 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 AASt=REFHAE=tp_callx AAdoF3la, sl 5 2Ho]
vectorcallfunc St} 4 AE £ & 5o oF U th. ip_call& PyVectorcall Call ()2 AA3HA I Y

t}:

7Zd 31 It is not recommended for mutable heap types to implement the vectorcall protocol. When a user sets
__call__ inPython code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

#3804 M M 38 o] Hell=, o] €% o] F o] tp_print AFUTH oM 2.x0 M =, 9L =
A et o AHEE 55U th ol 3.0004 377k =, AFEE A sy Th
A
This field is always inherited. However, the Py TPFLAGS_HAVE_VECTORCALL flag is not always inherited. If
it’s not, then the subclass won’t use vectorcall, except when PyVectorcall_ Call () isexplicitly called. This
is in particular the case for types without the Py TPFLAGS_IMMUTABLETYPE flag set (including subclasses
defined in Python).

getattrfunc Py TypeObject .tp_getattr
get-attribute-string gh5=of] o gk A &) & = Q1 H.
ol 2= HAHNSTUSY A ul, tp_getattro F5o A FAFAIRL A ERRE o] 52 A
357] 18] shol A 2AHE A BhAI C BALL Lot ol & T8 7hel Aok Pt
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A
Group: tp_getattr, tp_getattro

ol BB+ tp_getattro®t T AE Fof o) FEFUth: AB F2 AE F tp getattrit
tp_getattroZ EF NULLY wf] Bllo] AT oA tp_getattri} tp getattros BT AFLg )

setattrfunc Py TypeObject .tp_setattr
EelRE AT AAE 98 Bool e A TAH,

o =t AAF YUtk AAD W, tp serattro B4 A FFHA W, o ELHE 0|22 A
287) 18] shol W 224G A A C EADL WolEol & F4E Fhel Aok FuTh,

As:
Group: tp_setattr, tp_setattro

o]l BE = tp_setattrogt T/ A B Fof o] AEHUth AB P2 AE FO tp_setattrit
tp_setattroZ} EF NULLY uf] Bllo] A A tp_setattrd tp setattrods BF A&53Yt]

PyAsyncMethods *PyTypeObject .tp_as_async

S A o] olE| E3} n]5 7] olElolE ZEEZS FHE AAout #EH D=2 £3E=

F7h 220 e T AT, AM WS 5] 7] 227 E BRIAAL.

WA 3.50] F7}: o] Aoll&= tp_compare®} tp_reserveddtd 5T}

As

tp_as_async BEE ASHA GAL 239 A= AP Fog 45 Yrh

reprfunc Py TypeObject .tp_repr

W4 B repr ()& FAIE Aol R A A AL,

A2 PyObject_Repr ()3 Z5UTh:

[PyObject *tp_repr (PyObject *self); ]
= wA ol U U R E AA S vhghef oF U T o] Ao g, o] s eval () ol AEE o
3 Bo] ol AW 2L 22 71 AR E MBS BALL BB oF Gt ol Ao] AF5 A
W, < Z AL > B s BAE S W of Bk, o] £ oA AA o F 3 3hs BT
& % glojoF gk

2 Ngo ol oot
g ofr rft ozt

o BEr AR Por A4
182k

o] =2 AAFA ShOoW, <ts object at sp> WA EAGe] MBF YT 1714 sk @ 0|2
© %, 3pt ARe) HRE 2o ABHYG

PyNumberMethods *PyTypeObject .tp_as_number
SATREZS TANE AW BAN =S Tels 27 72 A0 D £AR. o] EE 5%}
A F2A A AT g o
A
tp_as_number BEE A4H A AT 28 At Ao 4Py,

PySequenceMethods *PyTypeObject .tp_as_sequence
A 22833 FEss AA N #dd =5 23dste F7F F2A 0 thd ZE. o] B=+=
Al A2 AR F2A oA A FTh

AL
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tp_as_sequence BEE A4 A AW, x@H A= APAo e A4F U,

PyMappingMethods *PyTypeObject .tp_as_mapping

P 22 EFL A AA T BAY BES TP F7h 2 EA ) NF ZAE. o] BEE )3
A F2AANA AT
As:
tp_as_mapping BEE A%HA GAW, 2PE du A¥F o= Y40
hashfunc PyTypeObject .tp_hash
W %4 hash () & TASHE F4ol ta A EE £E,
AT 2 PyObject_Hash ()2t ZFUTH:
[Py_hash_t tp_hash (PyObject *); J

~1 k2 37 ol gk gk O 2 WHEhE] 4] oFobof Fuith; A g AN ok ol b By st Bt
2 kgl of g o,

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object raises
TypeError. This is the same as setting it to PyOb ject_HashNot Implemented ().

ol dx =B oA A WA= A& A5t Y38 Pyobject_HashNot Implemented ()&

WAHCR 9GS5 AU ol A2 stold 22N A _nash__ - Noned E5 T A0 A
5 o], isinstance (o, collections.Hashable) | False® QH}E A w3k A g ok vl e
ASE w7 YT} - sto)| M =59 Z#2~oA __hash_ = None2 AA3}IH tp_hash €5 9]
PyObject_HashNotImplemented ()2 AR F Yt}

AlS

Group: tp_hash, tp_richcompare

o) BEL tp richcomparcst ¥ M Bol o3 A&B U A8 B9 tp richcomparesh

tp_ hash7]- EFNULLY o, B 8 & tp richcompare®} tp_hashE BT A< ch

ternaryfunc PyTypeObject .tp_call

A TEL T 5o st A e A ZE. AR 7 B o] ofY W NULLo| o] of T th S
PyObject_Call ()3 ZHUt}:

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); J

A%
o WEEAH Poz At

reprfunc Py TypeObject .tp_str

WA A2 str ()L 23 320 O3t e A z ol g, (str— O]x] Holn, str()S 7
BAE T2l FAA L. o] AR = pyobject _Str()E 28] AA A4S FASL,
PyObject_Str ()2 o]l A8 71& &3 t}h)

ML pyobject_str() I ZEUth

[PyObject *tp_str (PyObject *self);

Golu} FUILE A S wkakslof Fuith ThE A Fol A E, print () F4o] o3 2182
)7 wEol, A2 “A%3” EAFY EH o] o of k.
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7123k

o] 9= 4AHA ow, BAI EAL W
getattrofunc PyTypeObject .tp_getattro

olEE]|HE 9]7](get-attribute) 5ol ThEH A

MWL pyobject_GetAttr ()3 245U th:

3}7] 913 PyObject_Repr ()] Z&H Yt}

x4 hvae)

=

H.

[PyObject *tp_getattro (PyObject *self,

PyObject *attr);

gt oz o] &
EE zte= dutbz o i S 1A
A

Group: tp_getattr, tp_getattro

L

T

°f 2=

EE PyObject_GenericGetAttr ()2 AA%= Ao Helgurl,

tgetarcrst G A Fol e A&

A7) o) 22 ¥

MB 8O tp_getattrd}

tp_getattroZ} ESF NULLY W] B HL H|o]Ado A tp getattrd tp_getattros BF AF
.6‘:‘6‘1—141;].
= B .
713k
PyBaseObject_Typeuses PyObject_GenericGetAttr ().
setattrofunc Py TypeObject .tp_setattro
EelRE AT AAE 98 Bool TE A A EAH,
AL pyobject_SetAttr () ZEUTH:
[int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);
9, value® NULLE B 510 o] el REE A4 3 A& MEA A Aok Futh. AA O 2 o]
I & pyObject_GenericSetAttr ()& 4 zg%}% ol AglghUt) AA JJEFHEE A=
Quba ol Wy & LA G
As:
Group: tp_setattr, tp_setattro
o] e+ tp_setattrd A AB Fo| g3 FEHUT: AMNEB FY tp setartrd}
tp_setattroZ} EF NULLY W], H F L wo|AB oA tp_setattrT} tp_setattros BF A
]
7123k
PyBaseObject_Typeuses PyObject_GenericSetAttr ().
PyBufferProcs *PyTypeObject .tp_as_buffer
W3] dlEs]o] 28 TANE Aol W HAY BES EYSHE F7h TRA ) B EIE. o] BEE
w3 A A ?-EXMW A 3ych
As:
tp_as_buffer 3=+ AEH A AW 239 == /EH o7 4E5FHUTh
unsigned long Py TypeOb ject .tp_£flags
ol dE rpdel Fef o) e vpaa gk AR Eel s S gl ek i ofnled ey

ohohe A%
tp_as_mapping %
ol AHEH U ol 8
0°] W NULL 2 2t Ao 2 kel of gyt

0

tp as_buffers

°

pul

£ v =7} O, o Aol BB HE Y 2

°d/\]—7<4 OE“‘*}ZXH‘G]-X] = O}/J:H & AA(E=tp_as number, tp_as_sequence,

}_Q p:]-z]—_—,/_zxﬂ ° q_ﬂ1—_-7‘l,o—o——6]_o L‘{_E]_LHI_
Ao o4 28 7] ol of 5o o) 4
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A%

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)1 &3k
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE.
H|E ufA3:

2 HE vpa 37 A Fos o] JFUTh o5 | AAAZE FA OR 3 tp_flags BE9 e T
A& = JAFUL W3 E PyType HasFeature ()= J3 W2 3k pet fE A8 tp—>tp_flags
& £7100] b7 E1g ok

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 (). In this 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).

As:
77?
Py_TPFLAGS_BASETYPE

OJHEE P2 the B Mo]aF oz AT S uwl AFF U o] MIETF AAH A Fod
ol o MH Y& e F F Ut Javad] “final” Fe A 0F ARG U T,

Al
277
Py_TPFLAGS_READY
o] H|E & PyType Ready ()l &3l & AA 7} &3] 27|32 w] A F )
Al
0%
Py_TPFLAGS_READYING
o]l Y| E& PyType Ready ()7} 8 AAE 27|33+ S AAZF YL
Al :
202?
Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created using
PyObject_GC_New and destroyed using PyObject_GC_Del (). More information in section <=2+
7Fe) A] 4=%] A Y. This bit also implies that the GC-related fields tp_traverse and tp_clear are
present in the type object.

As:

Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear
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The Py TPFLAGS_HAVE_ GCflagbitis inherited together withthe t p_ t raverseand tp_clearfields,
i.e. if the Py TPFLAGS_HAVE_GCflagbitis clear in the subtype and the tp_traverseand tp_clear
fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in the type object and its extension
structures. Currently, it includes the following bits: Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

As:
7?
Py_TPFLAGS_METHOD_DESCRIPTOR
o] H|Ex A7} A A 2] 92 v A = (unbound method) 3] @ & 2He+-S el U o)
o] Ze 17} type (meth) ol 2=
e meth._ _get_ (obj, cls) (*args, **kwds)(obj”7} None©o] o}d wl)+= meth (ob7,
*args, **kwds) %} E5dfoF gt
e meth._ _get_ (None, cls) (*args, **kwds)=meth (*args, **kwds) ZS3l o}
Uk

o] Ze) 21+ obj.meth () & 2L YA WA E FTZo| tf3t H A 3LS 745384 Tt obj.
methol )3t Y A] “o 4= W A = (bound method)” 2 3| & TS ] ok th

WA 3.89] £7}.
As:

This flag is never inherited by types without the Py TPFLAGS_TMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_ SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py TPFLAGS_TYPE_SUBCLASS
o] £ 1+ PyLong Check () 2 Z-& TollA Fo]l W AH Fef2 AR A&56HA 3
St o AR E Ut o238t EA AALE PyObject_IsInstance ().‘PJr e dul AALH o) oS
Utk ol A A4 AR AL 49 B e rlagsd AASHA Aok gith, 1RA ghow
08 B3} 43 AEHE D= AT E A 3Pl mek ke A 25 g o,
Py_TPFLAGS_HAVE_FINALIZE
Ol H|EX tp finalize &R0l ¥ XA 9L o) AAFHYTH
WA 3.409 71

WA 38EE HAH: A LBl tp finalize SF 0] FA 3 LA Yot 71817 uf
woll, o] F & o= 884 s yth
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Py_TPFLAGS_HAVE_VECTORCALL

ol HELx ZFYavt dHZ Z2EZS FET W AFF U AAT WL
tp_vectorcall_ offset< ZZSAAL.

Al

This bit is inherited for types with the Py TPFLAGS TMMUTABLETYPE flag set, if tp_call is also
inherited.

B A 3.99] E7}

Py TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

A

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_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.

Al

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

ZF31: To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an abstract base
class), do not use this flag. Instead, make 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 amat ch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

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_SEQUENCE.
o B

PEP 634 — Structural Pattern Matching: Specification

B A 3.100] =7}

272

Chapter 12. 23] 78 2


https://peps.python.org/pep-0634/

The Python/C API, ¥ 2]~ 3.11.8

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of amat ch
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.

Al

This flag is inherited by types that do not already set Py TPFLAGS MAPPING.
o B

PEP 634 — Structural Pattern Matching: Specification

WA 3.100 37}

const char *PyTypeObject .tp_doec
o] § AR o h3t FLEHE A F st NUL-FT 8 C ZAL
Ax|2o|A __doc_ oEFRER =SHUTh

AL
o] == MH Fof o) F&5H A F Ut

traverseproc PyTypeObject .tp_traverse

g
r>~
)
L
Fl
ro
n)
£
rr
o
i)
ogh
1o

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, void *arg);

spol o] 7hu] A =3 A Aol thak AA T A B = A ok 7hi] A 4] Aol A 2k 5 syt

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
of a tp_traverse function simply calls Py_ VISTIT () on each of the instance’s members that are Python
objects that the instance owns. For example, this is function local_traverse () fromthe _thread extension
module:

-
static int

local_traverse (localobject *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

Py VISIT ()& & €& Fo& + A= Aol thai At TEH ol FofFHA L. self->key
W9 91719, NULLOl U Shol M EA AT s A B2 wael 2571 E 5 fe)

ol /7t Abo] 2o RV E 4 jloke AS €3 ey, U AdE Al gc 259
get_referents () &57 1AL TS E AP AV IES T S 4 YdS5UTH

7ZJ1: When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
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not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

Py VISIT()+ local_traverse ()9 visitStarg 7] W57} o] o] 5L AZ 87 FUth thE ol 5=
2o A A Al L.

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 t p_t raver se of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

WA 3904 WA § &F P2 tp_traverseo| A Py_TYPE (self) & WET 22 7|t Ych
o] A WA Q] gho]l Ao A=, H 1402172 Q13l, o] F A 3t A B ZFEAoA FEo] AT 5 HFY

A
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit: the flag
bit, tp_traverse,and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS_HAVE_GC
flag bit is set. The signature is:

[int tp_clear (PyObject *);

tp_clear Wl F4t A A7 oA ZAT w8 Au Aol A B2 <3S B v AL U B
Fotol, A 2R BE tp clear F571 BTl BE F2 £8 FofoF Fuith. ol 22 v BT,
shalo] 47 SO ® tp_clear Y58 ABHYAL. oS So), FE YL tp_clear P58 TANA
FEUTh FEROTE Fx w8 THY F 9ee 3 4+ 97 WE AUk mebd thE 9

I‘-{} oL
ol bt
filo
3
N
2
ofw
s
:O.l_‘.‘
o
i)
=
9
S
flo
[
L)
R
o,
o
B
o
[}
=

tp_clear o g S 28 X3
tp_clears F3 A Yolx =2
tp_clear?] 7Lt} oA &} Zo] slo] AW AL 4
AFA|8EAL 3 g e o] o $F £ Q1E] & NU

=
ok
o
Ho
rlr
A

O
ze,
ofy
A
v

H
=

f
nx

2
=)

o
9
o
AW
S

static int

local_clear (localobject *self)

{
Py_CLEAR (self-—>key);
Py_CLEAR (self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return 0O;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_ DECREF () ) until after the pointer to the contained object is set to NULL. This
is because releasing the reference may cause the contained object to become trash, triggering a chain of reclamation
activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks, associated with
the contained object). If it’s possible for such code to reference self again, it’s important that the pointer to
the contained object be NULL at that time, so that self knows the contained object can no longer be used. The
Py_CLEAR () macro performs the operations in a safe order.

Note that tp_ clear is not always called before an instance is deallocated. For example, when reference count-
ing is enough to determine that an object is no longer used, the cyclic garbage collector is not involved and
tp_deallocis called directly.
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tp_clear 52 & E% Fx S FE A7 wi, Fx 3ol FoT 5§l oy 24
Ol‘)rJJrOM‘iXq 9} 2 28E AANE AT 28 & fF U W, 28H R E gtolA AAE
Aelsta, 39 tp_dealloc T7V tp_clear® &S5 A5t Aol HE T & A5UTH

F571 E
stol o] 7ha)A) 53 A Aol vl AA S AR MM w5 sl A 3 A e A 2S5 gl ek
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
& -3 ¥] 2 4= (rich comparison function) of] o gk A &1 A Z A ¥, AP o33 ZF Ut

[PyObject *tp_richcompare (PyObject *self, PyObject *other, int op); ]

A WA w7 W pyTypeobjectdl 23] A H Fo] Adxdao] BHAH T

o] St vy ZIH(EHEH S F py_Truel Py_False)E HH3Ha)| o ghut) vl w7 Aol = o] Q1A
0O W Py NotImplementedZE WFSHslil, T} & o 2] 7} WA 31 NULLS WSSl ol 9] 248 A A
ok o,
t}2 A4 tp_richcompare®} PyObject_RichCompare () Al A QAAE AFLEH =& HoH

Yok

A H] 3

<
Py LT

L=
Py_LE
Py EQ

=
Py_NE

>
Py_GT

>
Py_GE

FHANT IS AA AL 5 A= ohe A= B Pk
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
vl Ao wal, 4o A Py _Truel Py_FalseE ¥ ?}@141‘/]— VAL_AS} VAL_B= C v]
AR SAE AT 5 ook dUTh (& 0], Cint floatd 4= A5 UTH. Al A A=
PyObject_RichCompare ()X L3 H A4S A F Y
The returned value is a new strong reference.

o e 7h @A 3h e, o 98 874 5 Foll A NULLE WS o)
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WA 3,790 E7}
A
Group: tp_hash, tp_richcompare

o] A== tp hash A AB Fof &) AEFH Uk B 39 tp richcompare?} tp_hash7}
EEFNULLO|H A B & tp richcompare?} tp_hashE A<shu T}

7123k

PyBaseObject_Type provides a t p_ richcompare implementation, which may be inherited. However, if

only tp_hash is defined, not even the inherited function is used and instances of the type will not be able to
participate in any comparisons.

Py _ssize_t PyTypeObject.tp_weaklistoffset

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyOb ject* which is initialized to NULL.

) BEE tp weaklistsh EFHA MIAIL; TAL G AA AR 3 F B2 2= H =

= B ol 03] A% H AT, ofe YR 712 FEAAN L. AR Go] o] LZAS
A5 U T ol A1 Fo] Wo| A% o2 ofa 3
£ 84 tp_weaklistoffser Bl WAHBE, £A|7h 5 4| b5 uTh

P

T PFE oA F2E 5 YA YT
P __slots__ Adol|l __weakref_ = &R0 2¥HY, T EX2 AT FY A~
O3l A B AE B/, €59 LEZAL Y tp weaklistoffsetol AZH Yt}
39 __slots__ A Ao _weakref__2t& £ X° floW, F w oA
tp_weaklistoffsetg &g th

getiterfunc Py TypeObject .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} 22 WS ZEE Ut

[PyObject *tp_iter (PyObject *self); J

A

o BEx AR Yoz ASHYT

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 6} ¢l o B 7} 4415 ¥ NULLZ WHEHSHof Gt} StopTteration o917t 44 S5, 18A 4L
4% A5UTh T2 o2l 7 B shH, oA NULLES Wl oF Futh 2 EA1E o] W) dAdAT

olgl# ol H gk AT J Ut
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olgj#| ol F2 tp_iter F= Ao s ok st s T (A olH A O] H AL” AT} obd) o] H ¥
o ¥ ‘ﬂi‘?ii Z}iﬂ% Hkghsf oF ghy o

o] 4+ Pylter Next ()& 22 A& Z5UTh

AL
ol dE=XMHE Fog ALHYTh

struct PyMethodDef *PyTypeObject .tp_methods
o] Fo] At WA EE A A3 PyMethodDer TR A A A NULL-Z 2 v ol that A&l a Z .

o) gEuith MAE DaaPE S LR Pl g el (b tp_dict® FR A L)
= o] 27E YT

Az
ol FEE A E o gof 45 A Ut (MAEE e MAUSS T3l ASH U,
struct PyMemberDef *PyTypeObject .tp_members

o] Fol dxrae] dntvolE WM (=Y £X)E A AdlE pyMemberDef F+2 A 2] 4 4 NULL-
TR el gt A A ZAH.

o] FEuteh W HA2IHH S 238k Fo M (oFd tp dictE FERFPA L)l
=718,
Az
ol 2= AE Yol e FEHA AUt (AW E HE vAUSES S8 SEH Y.
struct PyGetSetDef *PyTypeObject .tp_getset

o] P A2 AME AEYHEE HAS: PyGetSetDefr T2 A A4 NULL-F 5 v E o
gk el ZAH.

W Qo] FErheh, getset T 2T E S ERFHE GO AU (oFd p dict B BRSNS o B

ol #7FE Ut

As

o] A= A1 Fol oo 45H A ST (A4 o2 HE
PyTypeObject *PyTypeObject .tp_base

W 0] A% L Wol Aol UlE A A EAE. o] £EoIAE, B A5 AAPUT OF
42 e 9e B E5o] § AAE 540 445 of g o

otk

o]

r[r
v
rlu
=2
N
A

2 53 459 Uh.

. &3 278 el= Zﬁ’ﬂ %713} w2 o] AEFH Yt C990l A& 275 A 7} “F A 234 (address
constants)” o] oF gH1] ‘:]' FRIHE FEA AL g S & PyType _GenericNew ()9 22 T4 A4 =}

= FE3C99 T2 AUt

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.

AT 0=, tp_base 34 ES] 273} ool A AR ofof Pk

A

o) WE= A1 Gol o8] 445 A hriTh (33,

qExe

o] 2r 9] 7| BZFE ¢PyBaseObject_TypeYUth(Fo]H T2 T W o A= object B O E L&A
AFUh.
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PyObject *PyTypeObject .tp_dict

B 9M U elE PyType_Ready ()l &8l o 7)ol #173g Ut

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once PyType_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__()).

o] WE& An ol o5 F4H A th(el 7)ol B9 E o= HEE R MAUSL B 4

1B

}.

1. BA
JE7}FNULLO| W, PyType_Ready ()& A 9 HE & th

rlr

I: PyDict_SetItem()S AL AY T2 Ao g UM C-APIZ tp dictE +A 5}
o

2
A€ AT Ggvin

descrgetfunc PyTypeObject .tp_descr_get

‘ﬂiiﬂagpﬂﬂﬂmdﬂﬂ%JMH
B4 A WL The T 24U

[PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type); ]

A
o] A== AMH Fo=z AJLH Ut}

descrsetfunc PyTypeObject .tp_descr_set

Haage e AR e A a7 98 sl e A
4 AHe et 25yt

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value); ]

)
o
i3

o]
,

value A A= 3h-& AHA|3H7] 98 NULLZ A g U Th
Als:
ol dx = AMH oz AgLE T

Py_ssize_t PyTypeObject .tp_dictoffset

o] P JA2rH Ao JAAEHA HEE 2= YA E 7 J 2™, o] BE=00] o AAAFH A Hp
gy g o daEH A0 2 ZAE 3T} 0] L Z AL pyObject GenericGetAttr () ol
RPEENES

o] BT & tp dict EF A M AIL; 1AL @ AA A 9] ol EFE tis g g duch

S 2
ol JEo] Zlo] 0K T AW, AAHA FXRAY A FC 2 HE Y @ ZAS A Z Tt gro] 0ETh &
1= Q=3 v A&

o, daHA T2A Y BowRE ) . 3 71u) B WA,
A2 A9 b g o] ol 238 wlol g o} oF Yuith. o & Sof ALEA W HA

£ strolt}b tupled] AE Fol #7b5He B A8 Utk 97} 71 AA wh o £33 of 94
DT, tp_basicsize EL o] 249 2ol 2748 A 22 2 ela|of goll §21 8414 2. £
2717 askel EQ A ARG A, GAVE 7L P A W 2ol 98 eI tp_dictorfserd
—42 A oF T}
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The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate mem-
ory for the dictionary, so it is may be more efficient to call PyOb ject_GetAttr () when accessing an attribute
on the object.

As

o] Z= & A B Fo oaf ALH Uth stAI R ofef) G H 2 S FRSIAHA . A B Fo] o] e = A
AP+ dsUTh o= AE Y O]AHA7} Wol A= T2 9 = Al 1‘/1/\:]1;]?1]2 A A S
=tk g vels 34 tp dictoffset 2 S8 HAH R, EA| 7} 5§ A ¢obof Pt}

S Foz HoJH Pl __slots__ Aol gl ?_]g‘_\%i W2 g e e wo| A o] ge
w, AU e &F0] AAEA X0 27 T tp dictoffset P &Fo oz Aoz A
yrtt.

S For ZoHd Foll _slots__ Ado] JJoW, P Wo]AFP oA tp_dictorfsetE FEF
Ytk

(__slots__ Ao __dict_ Fe=<EF L F7ME 7dsts &0 91, &R T3S o
I8 weakref A 7|50z ZrlE ok 4% Q&)

7)1 &3k

This slot has no default. For static types, if the field is NULL thenno __dict___ gets created for instances.
initproc PyTypeObject .tp_init

Q2B 2718} geol Th g A E A E e,

This function corresponds tothe __init__ () method of classes. Like __init__ (), itis possible to create an

instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

g4 A B et 25U

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional and keyword
arguments of the callto __init__ ().

NULLo] o}fd wf, tp_init &4+= IS _

o) DATAE HBE T 5 BRIT, (o nin B 7] 9] A 50l o ThE 9] g
WSS, o} R tp_init T4 E TEH A FF5UT tp_newZ Y] H HH F Ad2EHAE NS}
S, A B Q9] tp_ lmtﬂig%‘blﬁ}

dEstd 0 HhEetal, o ¢ Al o= -1 HbEelal o ol & A A T

A

S

7123k
For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc
Aad P Faol Ha Ae A EAH,

T AP geH 2t

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); ]

A
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o] BEL AA A8 Fol o) A4 AW, FA ALY (Fes EOE WED B ol = 4L A

F

Ut
)83k
SH A8 o) A9, o) et B2 7 B Ak A5 A3 FA £y Type Cenericalloc() o

244394t

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc Py TypeObject .tp_new
AT A4 ol That AE A EH,

e AR g 2ednh

[PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype 1A= THE 1A 11 = AR & QU T argsS} kwds A}
LFERA U Th subtype©] tp_new 57t & E §9 22 Bt Aol FASHAAAL; o] Fo] A
HY 5 dFUthEA R B o] R FL o yTh.

tp_new = AR o TS 517 $8 subtype->tp_alloc (subtype, nitems) & S&
slof 3la, 18 ohe F B2 8 W F7) 271548 S8 of Utk FASA FAS A NE D
T e 2718k tp_init A2 7] o hﬂOk Furnh e AL, 2 P A B 271371
tp_newol| A 3 F oo 51a1, 7FHF ¢] 7 BH 273= tp init® vP Aok FUch

Setthe 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 stafic types whose tp_base is NULL or
&PyBaseObject_Type.

7183k
For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.

Jreefunc PyTypeObject .tp_£free
At G A Gol et A A EAE. A

ohe3t 2tk

rlo

[void tp_free(void *self);

o] NI} T&H = 273} A = PyObject_Free () QYT
AS

o] BEL A A B Goll o3 FEH AT, FH AL F(FhL EOR BEI B F)olE &5 A

SEyoh
7123k
In dynamic subtypes, this field is set to a deallocator suitable to match PyType GenericAlloc () and the
value of the Py TPFLAGS_HAVE_ GC flag bit.
For static subtypes, PyBaseObject_Type uses PyObject_Del ().
inquiry PyTypeObject .tp_is_gc
ZHRIA] A 7oA ZEE = ol i A=A A H.

The garbage collector needs to know whether a particular object is collectible or not. Normally, it is sufficient to look
at the object’s type’s tp_ f1ags field, and check the Py TPFLAGS_HAVE_GC flag bit. But some types have a
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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 O 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%
oA = MHE FPo 7 ALF YT
7|83k

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_GC is used as the functional equivalent.
PyObject *PyTypeObject .tp_bases

Hlo]~g o 7.

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of
PyType_FromSpecWithBases (). The argument form is preferred.

7 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] BE & 45 A gk,

PyObject *Py TypeObject .tp_mro
3 AR ol A A Z5ke] object 2 Bib SAHE Wol Ay Pte EHets B2,

e, o>

=
This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
A
ol =& AEH A dm U PyType_Ready () ol o sl & A4bg Ytk
PyObject *PyTypeObject .tp_cache
AREE A Ut U A8
Az
o] EEE FEH A AF YT
PyObject *PyTypeObject .tp_subclasses
Hu oo o oka B2 P AE. U3 AL
Als:
ol dEEAEHA s
PyObject *PyTypeObject .tp_weaklist
o] @ Ao Tt T F2E AT I Fx 2B S E ASHA S U R A8
A

ol & AEH A ds Utk
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destructor Py TypeObject .tp_del

ol dEE HAFHJSFUL thAl tp finalized AL

unsigned int Py TypeObject .tp_version_tag

A= Aol AE A Sk Hl AHEEH YT W 8
As

o] EEEEHA FFUTh

destructor PyTypeObject .tp_finalize

Q28 shold el Ao A E4ol o3t ME A EE, AEL et

ofy

Ytk

rlo

[void tp_finalize (PyObject *self);

tp_finalizert ATY, JHZAE L ALHAE ol detel = ] o &
R HIGESE R LR E R RS N%ﬂﬂﬂﬂﬂﬂﬂﬂl&
o ZolE, B2 2B 77 o) 2o A JHol Yt ANE HES B

3

e
tp_finalizex AR o2 A& @7316}%] orolof st t}; whakA] AF 4R 9

A she A PR o 2E Y

o

g
static void

local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */
PyErr_Fetch (&error_type, &error_value, &error_traceback);

/% coo ¥Y

/* Restore the saved exception. */
PyErr_Restore (error_type, error_value, error_traceback);

}

L

gtol WMo A, tp_dealloce AAZ

£, 7l A 579 e
ALUTH(AA A B2 A4 < oe] QR

CoA zEE F+ A
v A 3o i T3
Interpreter Lock) & A -f-3t2 2, 9}o] W APl T &l &= &4 7} & A 51U th
A7} THE CY C++ 2hol B el 2] 9] AR E 513 31, tp_deallocS & &8 A
gto]l B 2] 9] 7H Y& 9 RkehA] kA FY 5] oF T

Als:
ol = AME PO AEH YT
WA 340 7}

% 3, 3 BE A =AY 7}
A= = AdFUh. tp_dealloc] &5+ 2dE=EEGIL(AY QH=
1

H 7 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.
o B
“A T AA shold 2 A o] A7 (PEP 442)

vectorcallfunc PyTypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for

type.__call__. If tp_vectorcall is NULL, the default call implementation using __n

_dinit__ () isused.

ew__ () and
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2.3.6 Static Types

AEAoR, CREA Bod 2 A A (static) YU S B A PyTypeObject FE2AE ZENA A H
4O)¥ AL PyType Ready ()& AH&Sto] 2731 g Ut
Ay} o 2 sho|xof|x] F | Fof us] o] AlgHg

q 5o st o AR ARR UL &, 0 4%

o 31
AR (L} o) 59 a8 AL ol Uth = 2R UT) Fho
A 448 45U

B AAE AL A zelE ol A B 4E ER, AE JE 2 E 23 AHE 23R otk g,

Also, since PyTypeOb ject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

t}.
14 8 ARe o2l HES

—

of>
O

& oz

o NoX o
RN )
ot ﬁ&dﬁ o

12.3.7 3 &
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filing a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_ FromModuleAndSpec ().

124 22 A A 724

type PyNumberMethods
o] FRAL AR} A LR ESL TABE vl AHGIE Bl B TAEE FH UL 7
S =2 w2 AMIA QB FARR o B W47k AL B .

27 Aol E e 25U

%
-+
rlr

L

r

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;

(TH& s o] A ol A1)
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binaryfunc

nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc
binaryfunc

nb_matrix multiply;
nb_inplace_matrix_multiply;

} PyNumberMethods;
.

(o] A sl o] Ao A A<)

o143} A
5 A4} 3 ks Aold g 9l

o] &3} 48 Sk = Py _NotImplemented

o] E A48l oF gt

= TasloFg Yt (Hol =
sl 14ko] o= A grow,
3283 NULLS RSt

Z31: The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed

in Python 3.0.1.

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

.nb_add
.nb_subtract
.nb_multiply
.nb_remainder

.nb_divmod

ternaryfunc PyNumberMethods .nb_power

unaryfunc PyNumberMethods.
unaryfunc PyNumberMethods.

unaryfunc PyNumberMethods.

nb_negative
nb_positive

nb_absolute
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inquiry PyNumberMethods .nb_bool

unaryfunc PyNumberMet hods .nb_invert

binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

unaryfunc PyNumberMethods.

.nb_1lshift
.nb_rshift
.nb_and
.nb_xor
.nb_or

nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMet hods

nb_float
.nb_inplace_add
.nb_inplace_subtract
.nb_inplace_multiply

.nb_inplace_remainder

ternaryfunc PyNumberMethods.nb_inplace_power

binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

unaryfunc PyNumberMethods.

binaryfunc PyNumberMet hods

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

.nb_inplace_1lshift
.nb_inplace_rshift
.nb_inplace_and
.nb_inplace_xor
.nb_inplace_or
.nb_floor_divide

.nb_true_divide

.nb_inplace_floor_divide

.nb_inplace_true_divide
nb_index

.nb_matrix_multiply

124, A AA| F2A
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12.5 v g A 24

type PyMappingMethods
o] FxA o= AA L8 Z2EZS FH o= ]l AHE ok ol tid 2JAHE F5uth Al 7H 9
W7k gl o

lenfunc PyMappingMethods .mp_length

o] = PyMapping Size ()& PyObject_Size () oA AHEEH M, Z-& AW S 2ttt AA 9

Zol7} Aol H o] YA Fow o] 2L NULLE AR 4 A5 U

binaryfunc PyMappingMethods.mp_subscript
o] & 4~ =  PyObject_GetItem ()3}  PySequence GetSlice ()ol A A}
PyObject_GetItem() I Z& A WL zH Uttt PyMapping Check () &7 12
W, o S22 AR oFHIch 134 ghe i NorLe 4 YT

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem (), PyObject_Delltem(),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.

=
st

12.6 A A= A F2A|

type PySequenceMethods
o] TEAE AMN A AL ZREZLS FHE o] AL oHE S50 v g

kel

OEJ

[

fr
ot
fy

ot

lenfunc PySequenceMethods.sq_length
o] &4 PySequence_Size () 9k PyObject_Size ()M AFSHH, 22 A WS 25
sq_item¥} sq_ass_itemEeFS T3 =5 Add2E A st o ASH YTh

binaryfunc PySequenceMethods.sq _concat

o] &4+ PySequence_Concat () oA AHEEH T 22 MY S 25Ut nb_add €55 T3 <A
QAS A E3 &, + AR A = AR U T

L

o},

t
rok

ssizeargfunc PySequenceMethods .sq_repeat
o] 4= = PySequence_Repeat () AN ARG 22 WS 25U nb_multiply €% &
S FAE RS F, - AR AE AET L
ssizeargfunc PySequenceMethods.sq_item
o] 8+4 = PySequence_GetItem() Oﬂ A ALY 2o A 25Utk mp _subscript &

2L ° Eoﬂ R /‘4 (subscription) & A]Z= 38t &, pyObject_GetItem () A% A& Yth
PySequence_Check () @47} 1S wigste]d, o] £3 & A Yoyttt 238 % ko NULLY &
Sk,

Negative indexes are handled as follows: if the sg_Ilength slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sg_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
o] 8+4 = pPySequence_SetItem()oA AT W & AHE 215U mp_ass_subscript &
< & FE dH A E A =SS, PyObject_SetItem ()3 Pyobject_Delltem()NA=
R H Uk AR 7 s 07 A S A QoA o w of SE L NULLE B F 4 ATk
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objobjproc PySequenceMethods.sq_contains
o] ¥ PySequence_Contains () oA AHGE & Jlom 22 AW S Zr5Uth o] X2 NULLE
3A E 4 A5 Yt} o]uf PySequence_Contain
S,

binaryfunc PySequenceMethods.sq_inplace_concat
o] T4 = PySequence InPlaceConcat () A AALEH Z2 AYS 25
AR 2R3 T 1A »%E‘l—ﬁﬂ-oﬁo]: FUTL o] SRL NULLE WA = & gon, o
PySequence_InPlaceConcat ()2 PySequence Concat () 22 ZM HAUT} nb_inplace add
£28 2ol 2A AAE AL AL F, 22 ol -0l ALEH U,

ssizeargfunc PySequenceMethods.sq_inplace_repeat

0
rlr
ne
ok
rlr
pay
o
P
o
2
N
X,
2
=)
[>
e
AV
rh

o] &4 = PySequence_InPlaceRepeat ()olA AFEEH 1 & AHE zZ5ych A W
A S ANAE £A%T TAS BB F FUh o SEL NUILE BA F £ YO
m, o] ] PySequence_InPlaceRepeat () ¥+ PySequence Repeat ()& Z9W ¥ 4 th
nb_inplace multiply £%% B3 %4 AAY FAS AES F, 32 g =I5 A8

gyt

12.7 W3] A A 724

type PyBufferProcs
o] TRAL W] L2 E 2o BLF 5ol et 2IAE S AHUTh Z2EZL A F A (exporter) 4
RA7H U ol & 2ul A Aol & sk S ol T,

getbufferproc PyBufferProcs.bf_getbuffer
o B4o) MWL the st P Th

[int (PyObject *exporter, Py_buffer *view, int flags); J

viewE 71$-7] 915 exportero] th 2 flagsoll A AR £ 4 AL FUTE EAE (3) S A2 51, o] 4]
THL OhS DA S whEA] S aa of FuTh:

(1) Check if the request can be met. If not, raise Buf ferError, set view->obj to NULL and return - 1.
(2) £48 2= AFch

(3) WEW7] Ssiol g 7 7B E S 7 - Y th

(4) Set view—>o0bj to exporter and increment view->ob7.

(5) 0& ekt

exporter7} M1 3] FFAL9] A|Qloj v E ] dHo|H, F 7R FQ A AE AL 4 S5
* 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.
views) 78 = A4 v FeAlo] 4ol Lo, A AT S 8300 S ok ke AL
A5 24 5 el YUtk
py buffer FEANA 7te]7]& B vl e = AlFA A &otn] & ‘C ¥ 27} gloj A w 7kA]
g oF gttt format, shape, strides, suboffsets W internald 28| Ao Al= 7] AL

Y.
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PyBuffer FillInfo ()€ RE 84 F3& S0l=7 A2|stdA 13 vlo|EE WA E 4A =&

A= AU
PyObject_GetBuffer ()& °] &8 AM= 28| A & AdE A o)=Yt

releasebufferproc PyBufferProcs.bf_releasebuffer

o] o) e the s 2EUTh

[void (PyObject *exporter, Py_buffer *view);

2 PyBufferProcs.
teo BE FAL e 2L A

Ha A siA 23S Adgdde Ads siAE 2
bf_releasebuffer+ NULLY 4 54ttt 218X
97 WA 2P ch

() WEW7] Siol ek 7 7FLEHE YU

(2) 7ZF2E 700l |, viewst HHH R E w22 & S| A Tyt
AZAE MEA internal BEE A0 W5 54 AL 2 Aok Ptk o] A=t WA A
b 75 o B A 2, 20 A 2ol 58] AL view A% AGE 4 YT

This function MUST NOT decrement view—>obj, since that is done automatically in PyBuffer_ Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release ()€ ©] 71%5S ZAE M| A} & AHA o)A~ YT)

12.8 v]&7] AA F+2A|

B A 359 E7F

type PyAsyncMethods
ol FxA= oldlolH e85 7] olEf ol B AAE FHetE ol BT ol i

Uk,
FEA Bt e 2%

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

FH
o
il
it
fy

unaryfunc PyAsyncMethods.am_await

o] 4ol WL The T 25U

[PyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter_Check () mustreturn 1 for it.
A7} ol o] e o] o7 o] SE2 NULLE AT 5 g Th

unaryfunc PyAsyncMethods.am_aiter

o] 4o AL e 2ayh

[Pyobject *am_aiter (PyObject *self);
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Must return an asynchronous iterator object. See __anext__ () for details.
AR 57 ool d ZREZLS TASA ghod o] £E L NULLE AT 5 AU

unaryfunc PyAsyncMethods.am_anext

o] o) HHe the s 2EYTh

[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] g4 AL e} 2EyTh

[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send () for details. This slot may be set to NULL.
WA 3.109] 7}

129 &5 3 typedef

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)

Fart of the Stable ABI. The purpose of this function is to separate memory allocation from memory initialization.
It should return a pointer to a block of memory of adequate length for the instance, suitably aligned, and initialized
to zeros, but with ob_refcnt setto 1 and ob_ t ype set to the type argument. If the type’s tp_itemsizeis
non-zero, the object’s ob_ s i ze field should be initialized to nitems and the length of the allocated memory block
should be tp_basicsize + nitems*tp_itemsize, rounded up to a multiple of sizeof (void*);
otherwise, nitems is not used and the length of the block should be tp_basicsize.

o] Y4t ThE AsE s 27318 S 5kA) Sfoto FuTh £/ W= & FFE S PUTH 17
e newsl o %5 of of gl .
typedef void (*destructor)(PyObject*)
Part of the Stable ABI.

rlo

typedef void (¥ £reefunc)(void*)
tp_freed FAZRIIAIAL
typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject™*)
Part of the Stable ABL. tp_newE FZ 34 A L.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. tp_initS FZIHAI L
typedef PyObject *(*reprfunc)(PyObject*)
Part of the Stable ABL. tp_repr< FZ3}AA| L
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Part of the Stable ABL. A A ¢] W H A EeHE 3 W)
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the Stable ABL. A 2] W ¥ o] ET|HE 72 AT} o] EHEE 2143l | value AR}7}
NULLZ A AUt}

129. &

u
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typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABL. 1A &] W H o] ER]HE - W}
tp_getattrog FRIIAAIL.

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the Stable ABL. 2|2 Wi ¥ o] ETHE 712 A AU} o] EgHEE 214|512 | value 2 A} 7}
NULLZE A A= Yt}

tp_setattros FZIHA L.
typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Fart of the Stable ABI. See tp_descr_get.
typedef int (*descrset func)(PyObject*, PyObject*, PyObject™*)
Fart of the Stable ABI. See tp_descr_set.
typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the Stable ABL. tp_hashg ZZ A L.
typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the Stable ABL. tp_richcompared X3 A L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the Stable ABL. tp_iterE FZ3IAA L.
typedef PyObject *(*iternext func)(PyObject¥)
Part of the Stable ABL. tp_iternextE& FZ3AA L.
typedef Py_ssize_t (*1lenfunc)(PyObject*)
Fart of the Stable ABI.
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
typedef PyObject *(*unaryfunc)(PyObject*)
Fart of the Stable ABL
typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send.
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject™)
Part of the Stable ABI.
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_t)
Part of the Stable ABI.
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.
typedef int (*objobjproc)(PyObject*, PyObject*)
Part of the Stable ABI.
typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.
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12.10 <

th&2 ghol &l 3 oo st o duth of 7)ol = o g o] vhd o = ERbHQl AR o] 3 YT
dHE= 7R T A l% HojFUth o B2 oA, A8 H X U 25 A<= defining-new-types 2} new-types-
topics & ZZ U AL

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,
bi
o A g 27]3AE AFS-SFE o] ZE (53] CPython L& Wo] 2o A) & & & 5 UTH

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */

5 /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

0, /* tp_getattro */

0, /* tp_setattro */

0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR ("My objects"), /* tp_doc */

0, /* tp_traverse */

0, /* tp_clear */

0, /* tp_richcompare */
0, /* tp_weaklistoffset */
0, /* tp_iter */

0, /* tp_iternext */

0, /* tp_methods */

0, /* tp_members */

0, /* tp_getset */

0, /* tp_base */

(TH& sl o] Aol Al )
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(o] A sl o] Ao A A<)

0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

bi

oFat Fx, AaBs YA e U HAS A AR o

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,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using
Py_TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type with fixed-length instances:
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typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 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

1211 <8 7ha) A 3 29

2 T3 PIAE FAFHT 2SS oA AL A ABle] U & 9 ThE AR
l’JﬁﬂﬁANQMéﬁﬂqqﬂéﬂﬂﬂW&Jiéi%}ﬂﬂﬂ%JﬂﬁUW b
RAD) ol 3t FET AFFE G A SR o BAFA AN AT DL fEUTh

To create a container type, the tp_f1ags field of the type object must include the Py_ TPFLAGS_HAVE_GC and
provide an implementation of the tp_ t raverse handler. If instances of the type are mutable, a tp_ clear imple-
mentation must also be provided.

Py TPFLAGS_HAVE_GC
ol a7t AAHE F AA = A7 2HE FAS EFMoF dUh HE SlE o] H 3 AAE
2" ol AA et skl U th

Aol @ o] A= F 7HA # 22 EF s oF P th:
1. The memory for the object must be allocated using PyOb ject_GC_New or PyObject_GC_NewVar.
2. & A" Yo e F2E XFT 5 e BE D=V 27ISH Y, PyoObject _GC Track ()& &
ZsfloF k.
b 7hA) 2, A o] B A A (deallocator) = ¥ 53 2 A4S E58) of gtk
I U2 ABe| V& F2 st BEA FRS W) Ao, Pyobject_GC_UnTrack ()& T&3)oF g th
2. AA o] M2 2= pyObject _GC_Del ()& A-&3te] & sl A= of oF Tt

73 11: If atype adds the Py TPFLAGS_HAVE_GC, then it must implement atleasta t p_ t raverse handler
or explicitly use one from its subclass or subclasses.

When calling PyType Ready () or some of the APIs that indirectly «call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically
populate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that
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implements the garbage collector protocol and the child class does not include the Py_ TPFLAGS_HAVE_GC
flag.

PyObject_GC_New (TYPE, typeobj)

Analogous to PyObject_New but for container objects with the Py TPFLAGS HAVE_GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyObject_NewVar but for container objects with the Py TPFLAGS_HAVE_GC flag set.
PyObject_GC_Resize (TYPE, op, newsize)

Resize an object allocated by PyOb ject_NewVar. Returns the resized object of type TYPE* (refers to any C
type) or NULL on failure.

op must be of type PyVarObject* and must not be tracked by the collector yet. newsize must be of type
Py_ssize_ t.

void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL. 5~ 7] 7} 2 8F= 2 H| o] v A A Fgoll AA opE F7HU T 5] 7] = 1714
& Ao 498 4 gone FA5 L FU AN FENF FUT. tp_traverse 21717} g
St mE A R ESAN SEH o BT BE A4 BRE 2

int PyObject_IS_GC (PyObject *obj)
AA 7} A 5 A7) ZRESS TAFHE00] ok @

Kol
o] F47H0S WAFE HlA 1A/ AAE FAT 5

)17
T,
=)
K
4
oft,
D)
O

erom 0

o

ukekgh o

int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A o] GC T2 EFS A3} opZ} FA| 78] A = A 7] 7}
2R Zoly 1L ulstely 212 A 9kow 0L wast )
o] AL vlo] M &4 ge.is_tracked () o STt
WA 3.9 =7}
int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. op2] A § o] GC Z 2 EF S 73t 78| A A 7] 7} opE- ©]H]
Shol dekol = .0 1.8 MBSk 184 GOt 03 WATTE
o] AL glo] A 4 ge.is_finalized () o siF YTt
B A 3.9 F7}.
void PyObject_GC_Del (void *op)

Part of the Stable ABL  Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL. £A 7|7} A 3= A" oY AA ATGoNA op BAESE A ATY )
PyObject_GC_Track ()E ©] ZA q]oH A T&35H9 -,—X4 AA Ao ThA] 2718 5 9 -S9
FYFAHA L. SN A A (tp_dealloc A B 7))+ tp_traverse A8 7oA A-L3t= B=7 7 &
3} 5 7] Aol AA ol thalf o] S T &3l oF i th.

WA 3.89 A W7 : The _PyObject_GC_TRACK () and _PyObject_GC_UNTRACK () macros have been re-

moved from the public C APIL

tp_traverse A 7= b2} 22 g9 & w7 M4E o}

il

U}
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typedef int (*visitproc)(PyObject *object, void *arg)

Part of the Stable ABL. tp_traverse 28] 7]o] AEE &= WEA o] g, o] = %HH 3= AAE
objectZ, tp_traverse A8 7|9 Al WA w7} A4 ZE argE TE5 o] of 5“412]— ol W F ol 43}
PP A A A7) A3 e WEA BE AHS T TH AHE A AL PR A B S 23 of

2= sk

tp_traverse 212 7] ohg & olof of T Th:
typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL B0 7] o) 4§ Ui h, AL selfol] A7) 55 7+ A o) tha visi
SE S E 8l oF 8k, visirol] TSt vi 7 = 2 A A < ﬂ 27| 2 AYH arg 2 U Th visit T5=
NULL object Q1 A}2 F &3} ok F Ut visit7}00] obd k& whahaha 71 gho] SA] ukgks] of of Sk
tp_traverse A 87| AL T ﬁ}ﬁ}ﬂ A&, Py visIT() A2t AR UL o] MlazE A5,
tp_traverse @2 9l X]—J o] 22 A E3| visit & argE A A8l oF Tt
void Py_VISIT (PyObject *0)
07} NULL©o] o} U, 0 &} arg AR visit 2 S T =3} visit7F 0] obd S ¥H3ksld, 2 A&
vigkstuth o) |3 2 & AMRS}Y, tp_traverse X 8 7] 7} thE3 o L th:

static int
my_traverse (Noddy *self, visitproc visit, woid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear A8 7]= inquiry & o] At A A 7} £ o] W NULLo] o] of g1t}

typedef int (*inquiry)(PyObject *self)

Fart of the Stable ABL. &% +8-2 JAYPS F I+ F=2E A 6“413} 2w AA s Fx 8-S 44
ARG gonz o AEE H T F7FUth o] A EE S35 T = AA 7 FE ) oF
SHUTH(HR] F2 o WS Py DECREF () B &38R ufA Al £2). ©] 7nxﬂ 7} 2% 2 8ho] Fol a1 9o

SR717 AA S o WA =S TEFU T,

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.
Py_ssize_t PyGC_Collect (void)

Fart of the Stable ABL Perform a full garbage collection, if the garbage collector is enabled. (Note that gc.
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector is
disabled or already collecting, returns O immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Fart of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable (). Returns the
previous state, O for disabled and 1 for enabled.

WA 3.100] 71
int PyGC_Disable (void)

Part of the Stable ABI since version 3.10. Disable the garbage collector: similar to gc.disable (). Returns the
previous state, 0 for disabled and 1 for enabled.
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HA 3.109) 57}
int PyGC_IsEnabled (void)

Fart of the Stable ABI since version 3.10. Query the state of the garbage collector: similar to gc.isenabled ().
Returns the current state, O for disabled and 1 for enabled.

B A 3.100] &7}
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API2} ABI B A 2 o] 7]

CPython exposes its version number in the following macros. Note that these correspond to the version code is built with,
not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.
PY_MAJOR_VERSION
The 3in3.4.1a2.
PY_MINOR_VERSION
The 4in3.4.1a2.
PY_MICRO_VERSION
The 1in3.4.1a2.
PY_RELEASE_LEVEL
The ain 3.4 .1a2. This can be 0xA for alpha, 0xB for beta, 0xC for release candidate or 0xF for final.
PY_RELEASE_SERIAL
The 2 in 3.4 .1a2. Zero for final releases.
PY_VERSION_HEX

The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following manner:

ol E  HIE (B Yt +A) % Value for 3.4.1a2
1 1-8 PY MAJOR_VERSION  0x03
2 9-16 PY MINOR_VERSION  0x04
3 17-24 PY MICRO_VERSION  0x01
4 25-28 PY RELEASE LEVEL  OxA
29-32 PY RELEASE_SERIAL 0x2

Thus 3.4 .1a2 is hexversion 0x030401a2 and 3.10. 0 is hexversion 0x030a00£0.
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Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=
This version is also available via the symbol Py_Version.

const unsigned long Py_Version

Part of the Stable ABI since version 3.11. The Python runtime version number encoded in a single constant integer,
with the same format as the PY_ VERSTON_HEX macro. This contains the Python version used at run time.

B A 3.119) =7}
R E Fo]Z 1] 3 &+ Include/patchlevel.hol] 7 2] Ut}
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APPENDIX A

>>>

2to3

A2t

sho] 2 2x SLEE vpo] A 3x IERE WAF I A L3 B, 225 T LA T v A
EgE AN gA L 5 Qe tiF 2 vEsg s tE Yt

- =
2t03 + E T ol B oA lib2to3 E Al FHUTH S HHSZ AP T + Y+ 2T HE+= Tools/
scripts/2to3 & A& H Yt} 2to3-reference= R A Q.

abstract base class (=4} Hj o] A~ Z) ’\)

FA el Feat hasattr () 22 2 HAYE EAFAY v EEA ZRE (& 50, W3
HAE) A7, AEF o)~ F Zq-/]s]'h W AT o RN C Ero] & Heghyth ABCE 7H Al B
ZYHAE Y=, FHAE AL A Yo HAE isinstance () 2 issubclass () o o & 7+
A8+ de=Fdas C\’qu/}, abc & AWAE BA 8. sto] o= E’%’S W7 ABC 0] 2t =t
oS3 22 AlE0] dH Ut A8 F & (collections.abce E’.Eroﬂ/ﬂ) =AF (numbers R EolA]),
2EY (i0o BE ]Aﬂ), A>XE JAH2}t 2 (importlib.abc EEA). abc ZES AFE3I A 24

ol e o G £ ASEE B, DA Gl EHE £1 B4 RS 4 uE 43t @79

A WMo oo 4 A AT AT S QAT A W, Fehs 54 B B of o]
AL A7 2 g, Ed2, 42 _ _annotations_  EF oEE|HE AAAH UL}

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.
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argument (<1 2})
FrE o g (Ee s 2 ALY e
= 212} (keyword argument): T+ i%aﬁ A 2L7) gFof] &2 AR} (o:ﬂ% %01 name=) £+ **
ol 2 "HM el AgH = UA = () TZ2oA3Hs5 =
LT EBISE

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A X QN R} (positional argument): 7]
AdolH & o ol » & 20 A
w3 911 QARSI Tk

9_]2]—§)\]—-9-9 1—;,:141;}, T3 ghol 2] ol o 91 e,
o] 39 7 H 2T FAQ A& QA Ao} w7/l A 4=2] X}o] &} PEP 3625 H A &

asynchronous context manager ()% 7] A A E #a]z})

An object which controls the environment seen in an async with statement by defining __aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]%-7] A 1] #] o] €])
H]-5 7] Xﬂbﬂﬁﬂ olf o|H# ol & EHFE= TF sync def 2 Fo5 &= IFH gAY Hole=,
async for SLILAIEE 4 e Uee] 5 S BEL yield EAAS THATIE do| ThEIh
HEvals7l Avd ey g5 7 71 A 9 oj ™ W o A= v 5 7] Al g ol g oE gl ol E & 723

Ut} o ahe o n)7} HateiA e AL, ST 8o B A B fAY T

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (¥]£ 7] A\ & o] €] o] €] o] )
& 7] Al o B 7 e A A,

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g]2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s __anext__ ()
method until it raises a St opAsyncIteration exception. Introduced by PEP 492.

attribute (o] E | HE)
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ¢ o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A8 28 Z A1 = A A} (Benevolent Dictator For Life), < Guido van Rossum, 2}o] % 9] ZA] =}

binary file (W}o] 2] 2} )
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout .buffer, and instances of 10.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_ TNCREF () 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 (0} o] E & & 7 A))

W T2 EZ S AP C-A45 HAE Az E & 5 FUth o8 35 memoryview AR ES
EE09|1 bytes, bytearray, array.array AA &S 23Ut} Hlo|EL R AAEL2 vlo] 1 g
]3] OJE & thF = o 7HA] Aatsel A2 = A5 Ut %7'-—7:‘?, Hlo] 1 2 J‘rmi 7‘42]' AANZ S

Ze A5l Y%tk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt

EdE AHragtr 233k 7hH WS AR Q 2= bytearray E}bytearray/] memoryview
7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES
L33 YY; olA AE9 JZ = bytes bytes AA 2] memoryview 7} °1~1/]q

bytecode (B} o] E F &)

oIl £22 T2 vhol= L2 A3 o), Chython Q¥ 2AE| A shol 22 ge] Y 2
AU} wHo|E ZEE pye Fdo] A Hol, 22 HAS T AA) AT o] o WA A sy
Ao vlo]E ZEZ ANATL S I T 5UTh. o] “F2 Ao]” = ZHufo] E I Eof T 33

7] AE At 7 77 oA A E i D3t ch vlo] E == A& ThE ol R 7MY 7] A ol A

25T AR 7|t etA| &, sho] A v 3 kol JFF A o] A = gkt Aol =25l oF ] th

Hho E 5= 9ol 59 B8 dis RE AW Aol VT,

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

[callable(argumentl, argument?2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the ___call__ ()
method is also a callable.

callback (Z4Y)
AA2 A== v o= A Ho A Ay HH FH T,
class (& 2)
M-SR o] A S-S
WA= o ES 2T
class variable (Z&] A~ H$)
2o A FoH
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complex number (£ 4 5)
0148} Al A| A E 9] B
o) 2=
Bk ‘JH( 19 AFHE A
T BIIHE 2 BAT
3+1j.math 25 E44H
L.

2 75 ddth 2astra =

context manager (A€ A~ E 32|z}
An object which controls the environment seen in a with statement by defining _ _enter__ () and
__exit__ () methods. See PEP 343.

context variable (A Hl A E W)
e £ of e} b g2 71 4 Sl W, o= 7 A 2227} wgol ofe) ok gk
2HE-24 A et ‘ﬂ]’\zﬂﬂ%“/} Jyu, AEAE HEE 53, 3t A8 2~
EA e S Qov ANAE Wae 2 e EAAL 57 AT A WEE 2
contextvarsE IR A L.

I SR | S EeA AR T, A S,
B, cmath AL BAa5d B8 W £F 22 53

W, Ae) s BAE T

\/J
>HM¢
e

XLSL‘ r*°

contiguous (J <)
W3 = 83| C-A % (C-contiguous) ©) At ZEZ A2 (Fortran contiguous) 2 W A< o] 2kal o AR Yt
A 15 L A ol A e A4Sl e}, 98 o AN, FEES A2 o] 9 o, 0l 4
/\]3'5}% LEake QYA AT E v 2 2ol wf X5 o] of gh T} ThAkd C-A <% v G ol A, W2 g
-4 TAHE FESS T o vpA g AG A7 7 k] AT shA vl L E S A% u G o
1 3 A g A7} 7p ) w3 T

coroutine (i—?— gl)

el o st gel s AuEEe & Ao AR e A4 @

% o8 o2 AFAA AYGsta, =3k, ARE = JdF U o] AEL asynce def
DO;;@@?ﬁgqqmmwwgawg
coroutine function (Z. €l &4)
F2E AANE EgF= 34 F2E 4= async def ToE AYd 4 i, await 2 async
forﬂ- async with 7|9 =& £33 4 5yt o] AE2 PEP 492 o 93] =45 A5 Yt
CPython
vhol Zx e Aoje] A Q1 & e, python.orgol A vl 22 5 ‘4‘74' o] 5+ &g Jython ©] 1} Iron-
Python 3} 22 t}2 A& 72T 2 87} & | 8] “CPython” o] A& Y th

decorator (t] Z.#]| o] €])
OE F4E SR $ A, BE eurapper BH S A T4 ATz AggYch d2d el
E]2] &3} o= classmethod () & staticmethod () YUY

daelolel £He wA Be BUY Bk 0 F A5 At v goz S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

z StAIRE @ Ak 2 ok dl e o] B ol th g o ApAI R W82 3 A 9

we gy,

descriptor (t] A= %‘ E-])
Any object which defines the methods __get__ (),__set__ (),or__delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P9 WA =S o) 3k AHA| 3 &2 descriptors U T 2 2 B AR Y Shj Al o] U3 Th

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 4] 7 Z 2|3 A)
olHHE & 84 AAY LRE At AHE B2 9H Y E vkt 1HE S . results
= {n: n ** 2 for n in range(10)}<2 %t n ** 20| WA H 7| nS £ F3}l= I {2 E A
& t}. comprehensions-& #2340 Al L.

dictionary view (5 A2 H)
dict.keys(),dict.values(),dict.items () HAEIEHFE AANES DAY Rl BE
Utk o] AS2 9] &5 e 54 FE Agst=d, 9y 27 a4 2 o, {771 o] MsE
gttt SdUth 9 Ue R E S- B AER v list (dictview) 8 ARSSHE U T
dict-views S H A Q.

docstring (52 E )
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 (< €}¢]3)
SuE A A o)A E PR EA FAE=d AAe P HA Y= zray
HAZ Y AEYHEZIEEHAY AR EUT (‘LA g Bola 2848 =
th”) EA Y Ao o]~ FxFqoeN, F AAE TE= P HA TS S gFoaH
FARE NAE 4= dF5 Utk d Eo]H L2 type () ©]t isinstance () = AMSSH AAME 9 & T
(3FA) v o Elo]Ho] A o]~ Zefs B BeE 5 Lo fodfoF FUtt) thAlel, hasattr ()

EAFP
3 2R th= 84 & +£3517]7F 4 o} (Easier to ask for forgiveness than permission). ©

ot
ol
i
-
30
rlr
i)
©
X,

79 2etdE, SulE 7| U o EFRES EAE 7HA S, 1 710l W o9& FE UL o
ZESta mE AE Y-S W tryShexcept 9 EAHE EFA YT o] HIZ Y2 Ce E2 oHE

B2 ol o) o A] A} ALE| = LBV 2~ EFal 3} of vl o).

expression (£ 3 2))

o' grew A 4 ole BHAL 27t thE YR n¥eY, ¥4 L 2HY, o] F, JEYRE
WA 2, Aakz), FEEF L2 FE EHFEEA 24ES Fol 28 AY Utk o2 gL dojg
' H xdHer AT Qe

HEAoE, BE Sl THE
24 Eol vk U £

extension module (&% 2 &)
CUC+=2 ZAA4H ZEQU, 5to] 2 2] CAPIE ARSI A S o] U AFE AL T =9} AF S 283 o)

f-string (f-F212)
£ Er B ge] £9 A HYTS B3 f-EAG 0Py Ry, 2N EA4L AHE o
Z et PEP 498 & H A 8.

file object (3} 24 A)
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AA2E A 2R S AASol dgUTh aw) Hhol U el 519, W3 = (buffered) #ho] v 2] 3+,
9E 519 059 AEolat io REANA B U Y AANE BEL FEAA PPL

o
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open() ¥+
file-like object (3} 5 24 A)))
hd A A o] vje g

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig Read () function:
see filesystem encodingand filesystem errors members of PyConfig.

See also the locale encoding.
finder (3}21t))
JEED BES AP 2T & Fodn AEsE A,

ol 33. o] 32, F T/ HUH 75U sys.meta_path o @A ARg-8h= vl EF A = 9}l T
9} sys.path_hooks I /A AFR 3= A2 dET golH.
o A4 3 Ul-&-2 PEP 302, PEP 420, PEP 451 o] 121t}

floor division (A 4~ }=A)
7V 7 A E W RS o84 Ul A A Ak // thdE S
o 27t HA A el 2.7
§9)&f oF Tt} PEP 2382 XA 2.

function (2+4)

VB 1L // 4
52 =Yk (-11) // 47}-2.755 U & & -30] Hoj

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol AHE 4 g5t vl )5 9 WA = 9} function A E HA S
function annotation (g~ o] - €| o] A)
4

F4 ol wElo| AL duA 02 g A= 2 ASPUTH oS Fol, o] F5E F AY int AXE o}
S A0z AU 3, SAo] int WE FLS F A0 2 AYF ok

def sum_two_numbers(a: int, b: int) -> int:
return a + b

3t o] - H| o] A B2 function A of| Al A gt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The __ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] 2] 4~ A)

o AHEE A SFE RS Wb ek AR oML Rx A4 FAT B2 £HS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F g%tk

generator (A&l o] ¥])
A el ol e g olE & EelFE o b A Hoj=g, dd9 ES HEs
Al 23T Ho] Ut o] &2 for-FZE AME 8 At next () & g Hof shuA Al
+ dHYth
BE AUd oy &8 7] 7] A% o | EWo A= Ay g olE olE# ol E & 7l R Uth &3
oln| 7t B&tA e A, AT Lo E N RIS QYT

generator iterator (] ] o] ¥ o] €] & o] ¥])
A e ol e g7t b= AA.

A 2ale g4 o vl U Th.

generator expression (AU @] o]&] & 2])
& A

olHHolHE ST 24 = s3tif do] Flo &+
At A AE HYUth 2 AL SR FHE AT FES HEoYYh

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A ] 8 g4)
22 A AR g dsd el +ES A T2 749
Hashx] daejEel o8] 248 vt

Az 292 €o]F] &7 functools.singledispatch () Bl Z & 0| B2} PEP 443% H A 2.

n

4. 52 oW 7He] AHEEA L

generic type (4|11 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A A zefE % g HA L.

global interpreter lock (A& 2] = 2]E] &)
gt o) @& shite] Ad| =t gtolx vlo|E I & E AW F WG] 95l CPython 1H Z 2] H 7}k
AFE B AU S, (dict 22 8T HAF S 285He) AR Bdo] FAH O & FA] A 20
i3l HHSHEF w5 o] A] CPython 78 & EUth e ZEH AAE F1e AL UOH
ZZEE 3 ad=ssr] A v=t il ts Z2AA 7AZ Al HEAY g2 RS

545U,
However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

B Y u A 2§ HolHE Fal) “Aad Eof 2§22 (free-threaded)” QB Z 2 B & WS A}
3t HAY =82 AF o)A XA, T FY Z2AX F9 Fs At A7 Wi d Yt
o] A5 ol E FE = A TEE AN EISA HEAA FA v Lol B £ Ao E A AX L

hash-based pyc (3l A] 7] ¥} pyc)
FEAS HH7] A3 s ax 5td e HF 54 Alto] ofd A& ARS8 HEolE I E A
9}9. pyc-invalidation& 2% 344 2.
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hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan __eq___ () method). Hashable objects which compare
equal must have the same hash value.

A FF5AL ANE DAY 71U Agte] W& AJLE 4 QA Fl=t], o] AR L2 S o] YE A
o2 s A gte AHgsk 7] W2 Ay
o shol el Bul g AREL A bs e (F2E G4 Ve 28 bd AEel S
IR sUth (FE o] U frozenset Z-2) 9 Z1E| O]L‘]%% E9 9 2S0] FA 3wk A
]‘—‘61—\4‘:]' A2 Ao Zefao AABEA ARNEL 7| BAOE F A 5T (2] AAL A€
L) B chE ok v 2E W, AR 1d() 2 2 wEe guch
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (£%)

importing (Y £ ¥)

B REo] dol RS OhE BEY sold DEAA ASE 5 LS sh AL
importer (2 Z€])

RES 2% 81 2E 3715 sk AR, B Held oz 26 AR Ao

interactive (t} 31 3))
stol e th3y ez el HE 21 g, ez el ZEZEoA 233 284S dYT 5 91,
Zz72+ A A2 E 4 Qo= =Yk AAF ¢lo] ©A] python A& &4A 2 A
ﬁ%“ﬁtziE b dsyth. *H ofolt] o] & HAISH AU RETH 3| 7| A & S thH = vl -7 4= gt

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

Hlol|E I = At el EA wfZell 2 o] S8s] A 7] = A uh, sho] A2 At Aoj 7 of et
Az H dofguth oA HAIF R A 3d S WEA GAE, 2 0GES A Y APT
Aot EPUTh 2 223 0] & o A3 /?—:'.%]Qﬂ% SR 9 QB Z 2] E] Jdoj&= HE A3Y Ao
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (QJE]Z2]E] £ 8)

S3tete 84S B2, sto| A A Z e E = S A7)0 I Yst=dl, BEolU oY 71 8%
WT‘TLZCJ%7 2 RESGH AAES HAZ S E b Th 3 VA AV E e MBS
U th AR} 9 9k At weakref o] Sl ZEEY AR S *]X”\]ZJ T AFUTh TF A7
%?i”ﬁﬂﬂ“ EEgId AL ES W 5 e, 2 o] Y EFE AHECl Y 7 FEA g2

s ﬂ!
td
e 1
-
L300 ==
o rr
k
o
N
m]n
Al
L
%

=
A7 WA YUTH(ET o= gho] B e
AEZ e $82 9 YA APFE=__main_ BEECY2IHETAFPS T = AU

iterable (o] ]2 &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ***).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
generator.

iterator (o] €] g o] €])

An object representing a stream of data. Repeated calls to the iterator’s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

typeiter o] B ZkA1 gk W&o g5yt
CPython =& %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] ¢)

7 g rEe 2’ Eﬂ ©] A (collation) &=+ F & (Sorting) o] L} vl & (ordering) ol AF§5 & g2 EEFEZ
HEYUTLE o & 59}, locale.strxfrm() < ZAY S PSS a2+ FE 7] & W=+ d AL
Ayt
1= .

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9 & 21 z})
o1z & BHA L.

lambda(i’)ftl-)
2 u) gro] THAL Bpel A4 02 THH ol Yt A B PO VLB BEE ERLS

lambda [parameters]: expression YU Th

LBYL
= 7] Aol B2} (Look before you leap). ©] T AELLY L T &0} X3 E 317] Aol HAF o7 ALA
2AEE G o 2L EAFP W} BulE w, B i1 Be 22 57017
SF 29 B, LBYL G20 57)°9R71" 0o 39 £U WEA B AYel G
o] & 50, FE if key in mapping: return mappinglkey] © AA} T, 31X T 23] A9,
U2 28 =7} keyE mappingo| A Al AsHE A3 4 o5tk ll?d ol9F & =] EAFP H 22

Aggomn HAB 5 A5

list (2] 2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 Z 2|3 A)
AAse 845 AR £ ARE AT 1 ATE AR Be

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 =

A3 ¥, result =
£ 00| 4] 255 AFolof Il+&

Il —“—4
— r[r
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)3

S

RS 16715 (Ox.) 52 EF3E 4G g2 BT if 2 AFT S 9
s}, range (256) ol & ZRE 247 A@gHUTh
loader (2¢])
RES 28t AA. load_module () ©o]2h= o] £9] WA =S Hols|of FUrh Zr&= BE 512l H
ZFEHEYth AN YR PEP 302 &, FA v o] 2 282~ = importlib.abc.Loader & B A 2.
locale encoding

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252™").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (0] 2 H| 4] &)
S5 A S o WF A H 9l W] S8

mapping (7] 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path & ZAA o] FHF+= 3 H. WE A2 3} H= 42 =g 3QlH o #-E
171 AT kg e,
HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W] €} S 2)
Zxo) ZHa S o) Fea o] F, FA GAYE, Wolx FYAE BEES UE
= <

I9
=

vEf S et o) Al IALE Wol N SeaE BEL A9S AYTh Bl AA AW =2 1e v
Ao 5L 7| B T AL AZFULE oM Edals] BEL AL AL WE 2YAE WS 5 Jrie
AQUch HRE S AN AL o) 77 A3 B8 GAW B2/ AA W, W S A g
obe 32 Al B FUTE o =P HE A2 27 (logging). 28 = AL T, A A FA,
A

8
(¢}
S
o,
oo
A
2
2
>
n}
N
X,
=
%
=
ofo
o
HL
o
5
30

method (W] 4] &)
Z e 2 vy Qhofl A A o =
HA o2} (HE self gt

method resolution order (W] A& 2 A £4])
HAE A A= 233 SH U E
stol A QA Z | E ol AMSH & FY A
Hyrth

module (2&)

ol F &1

tjo

2y

o

j=3
=

rlr

o 243 B9 FYHHE AA. BELS 499 shold AAE
£

&Y
=2,
lo
ol
jf_l,
o
X
|o
f
f
[

i)
v
=
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module spec (25 A 9))
DEL ZES=HAIEEH = YXEE
ModuleSpec o] QIAEH A

MRO
HA= dA cA

mutable (7}H)
7h A= gre]l W 5= AT id () & EASA FATULE 9 = AL

named tuple (U] Y& £Z)

rJ
r
o
b
il
tjo
ol
Rl
30,
rlr

o]& ¥7t importlib.machinery.

s

HA L.

“named tuple(H] & £ FE) 0] 2= Gl FENA FE3L o] & £L o] =] RES Ao} A
5t Sho AL T S Yt BE Gl Seh2o] AP Uk Foluh Feh2olt THE 5=

RS T AFYTh
time.localtime () & os.stat () 7} ¥+3+3l 2+-S £330, ol 2] YA o] YA EZ ) =
T}2 o= sys.float_infod Ut}

>>> sys.float_info[1l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t up1e and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S Z 71

HE7 A= = 4. ol & o2 gAY 2 2dg Yt 44 5 57t

wok ozl Ao, Aol 4 o & B2bel AUt o % BAL 0% FEES WANA REAE ANT
Urth ol & Eo], &4 builtins.open Zos.open() & 159 o|E F 7o) oJsf F+HEE T} X3l
1% 72 o8l Wl Y& FUNCAE LR HEIA AR AT 44 B Aol 28 F
t}. & S50}, random.seed () = itertools.islice () &t 2 ¥ 1 &4Eo] 2tz random &

itertools BE°| o3& L& 9] 3 o] g sl A Yt}
namespace package (©] = 3 7} 2| 7] #])

LA ANB 71 AF AH o] &R 7155t PEP 420 9 7] #]. o] F ¥+ 37| A= 8] A < A A 7}
RS TE AL, 58] _init__.py FLo] glermw 4 3 7] A = thEYTh
nET

el Aolol 4 M4 g B 5. o & Sof, 0hE B4 el AT G g Bl g
ASES F2 T 5 A5t P ATnE | RA0 R P2 AT R YL 5 A Tk
Aol el ok Futh A9 WS EL A3 Uy 2mmd s du EUch A, A MFEL
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (F+ 2 €} )
Old name for the ﬂavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (2 A])
FH (IEFREY ) & 2L FF (WA E) o] Aod RE HolH. EFL BE wAEY s 9

S L BT BN
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package (2} 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.
At 371 A & ol 5 T3V A = HAL.

parameter (7} 7] ¥H )
T (2 WAE) ool 4 Bl BE 5 gk ) (B o A9 ARE) & AR o F Be

AEEl. kA F7 WA Yo

o 4 X]-719 & (positional-or-keyword): 91 %] 212} U 7] 9 = 012 2 AGE 4 J= AAE (AT Th
o] o] 7] Weje] uj AWM A Th ol & S0l Tl A foo & bar:

[def func (foo, bar=None): ... ]

* A A-A& (positional-only): | A2 AlFd 5 & AAE AZFUSE AA A§ viAds=
B4 oo ARG BEo] / EAE £FHL 1 Aol AT 5 YHUTh o o} Tl A
posonlyl 3} posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o /1N E-AE (keyword-only): 71N EZ T Al5E 5= Y= AAE AU 7Y =-AL v
=3 Aol o] mif g B2 oA gof 3hube] ZPA-9 X wifE sy xS a2 2854 Feol g
T Yt A& 59, tholl A kw_onlyl £} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

o 7}H-9 A (var-positional). (T}2 wj | A5
22 9l 9% QA=< Qojo] ABAS AT T o] 2l uj W w M o] 2o * = oo
£oI4 A9 E & A& ol Bof ke

[def func(*args, **kwargs): ... J

o 7}H-7) 9 E (var-keyword): (TF2 Wi | LS o 234 oju] WolE o] A 7)Y = AAE | &)
ATD 5 9 299 A5 A9 AAELS A AT ol ol Az w5 o] ol +r &
ol oA HolE = AdFUTh A& =0 9 ool A kwargs.

7l As = A A AAEE A3 7| 2Bt ofyet A F o) A B4 AAES AT 5 JdFUTh
o1z} g o7 &=, QxL9} v 7 H 4] A}olof L} 2= FAQ A&, inspect .Parameter Z] 2, function
A, PEP 3625 EA| L.

path entry (3 2 I E2])
AZ 7|9k 3kl 7h

n
kel
[t
ok
u
fn
il
o
0
N
Ho
:OIL_:
ptd
k]
-1}
rlr
a1
kel
[t
oY,
fru
ox
1o
ok
)
1o
o
B>

path entry finder (73 2 QlE 2] 5}2lt))
sys.path_hooks ol & ZHE(F, A2 dEL F) o] EHF+ 32y Ad], Fol A= dEE
ERES FE=THE € AU
AR AEF FAHE0] LHIE WAEEL importlib.abe.PathEntryFinder o Y& Uth

path entry hook (F & N E 2] %)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (7 2 7] 49} 5} 2lt)

718 v el A= I T E Fotueld], Y EE A A BE
path-like object (% 25 A )

Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak

o
i

U,
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PEP

0s.PathlLike T2 EZS L3 A YY) os.PathlLike T2 EZ S F=
fspath() &4 E TZ 4 str Y bytes 3t Al2d A2 Ad" 5 ga5urth; oA os.
fsdecode () 2} os.fsencode () & 22 str U bytes 23S B A =0 A2 4 J5 U T PEP

SI9= E%‘E] AU

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F8hoF gk

k3 2ol ol ek A F U E 31
S BN TS A3 /12 W AUZE I Tk PEP A4 AH: AR

portion (Z )

PEP 420 |4 218 AAF, o] & 57 71 Aol o upA sk shike] g elo] Sol gt LS

2+ i
A3 @ip 3ol AFH = A% 7 oh.

positional argument (9] X] ¢12})

A& HA L.

provisional API (27 API)

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37 o] 5 A = SbA v, Y A ol el EAE & B, To} A uAtE o] B stk 4 2eteha 347
o] R A b WAl Dolg 4 HUrth Jd WAL R AR dojuAt e
AU — APIE Z357] Aol $7 Frisha 2E A Aol WAH Aol u old AT
B API A 2 3=, A T84 o] §A5 A b WAL “HFY 2B 0% o ALY BE A9

EAE el AA THE FASFE AU E
ol Aat= E golB Yt LM AT T AR AA LFol EE FE A Fu AL UEF

gHE U o A 3 U8 PEP 411 B U/ ch,

o
|o
ol o
td
£l
>
fr
N
-
o
ot
L
kv

provisional package (ZH3 3] 7] A])

A APIE HA S

Python 3000 (3} o] % 3000)

ghol A 3.x v 24le] "B (WA 39 v 7F ¥ )] o]okr|H Al H e whE0]3] o] Folt}h) o] A
“Py3k” 2 Zo] 27| % FHrh

Pythonic (3}o] A th)

= Qo) Sol A QWA AYES SN LEE FRSE B4, Tl A Aolo] A A AF AL
H & o UYL 7ho] M2t ofolt]of i} IE 27 o8 B, 3ol Ao A] A% 2t oYL for
2 gl e e BE 848 £H3E AQUTh THE Be dojot ojd SR TRl
lomz, st ol %814 oo AHE L tlAle] 57 AL E 2 ALg S E gtk

p
for i in range(len(food)):
print (food[i])

H 253 sfo| Mt W 2 ol g5yt

for piece in food:

print (piece)
.

qualified name (3713} 5 ] &)

v Ao AmmolA BEA Ao H e, B4, WA o2 L AR E HolFe o TR
o] 2. PEP 3155 9| 4 e B uith A4S Bo 2ehad] A9l 7348 o] 2L AA o]
25 urh:
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-

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname_
IC’
>>> C.D.__gualname_
'C.D'
>>> C.D.meth.__ _qualname_
'C.D.meth'
5L 7bel7) e AHE ), 92 8] A3 3HE o) B (fully qualified name) S BE R 2 7 A S-S B

A RER 7= Zqoi—rﬂ%"]i%?/]‘ﬂ Ut} o] & E0],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (% 4t 2| 7] #])
__init_ .py 3¥& x3et= g2 22 A5 A QA s 7] A

ol T I A = HA L.

slots
S YR AAdd], JAAHA oERRESS AT IS vlg] Addsty d2dA2 gy &
AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7
Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9
FA o= Aol FH U
sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and___len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and

__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (F 3 A= 23 A)
olH# B v 84 AAYV IR E At A5 G2 JPS et A Y. results =
{c for c in 'abracadabra' if c not in 'abc'}=EXg A {'r', 'd'}S AT
U t}. comprehensions = #2384 Al

single dispatch (2 t] A3 x])
23 o] hte] Qlake] Fol 7| ZFA AAH = AU 2 T4 A
slice (&2}o]2)
HEAAA 9 dREE 2= AA. S8tolas AH ATHE & = AHE
variable_name[1:3:5] A, [] ¢ollA] & 7} A& ZECE Ut &S (M E 23
HE) Z7|H 2 W HASRE slice AAE AT UTH

&
T
r U
o
K
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special method (5 WA =)

sfo] o] gof of i A4k, U 22, AP T o] EAFOR TE5 = HAE. o] HIA=EE F 719
WE 2 A& YU ol 52 2 JFUth S5 A= %Spemalnames o TAE BEo1A JdFUth

statement (Z7})
B A9 E (RE “B-E (block)) & FASHE REAUTL £ 234 o AL} 79 =2 AFgahe
o 71 +2E £ std Yt} 718 if, while, for.

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also fype
hints and the t yping module.

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py TNCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_ DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding (G| A E Q17.9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (2 A E 5}Y)

str AAE AT £ 5 9 U 4A. FF, GAE FA2 AAZE vl AF Holg 2=
A2 BT A E 91T G A AL RUCH HAE HU9 o e HAE BE (rr L ) 2
g% 3¢, sys.stdin, sys.stdout, io. StrlngIO./] A2EHAE &5 S JdHyTt

ol EL T A4 £ e & 5 e 3L AA ol s A= vholu 2] 9t & FxetAl L

al
triple-quoted string (2% u}-2 % ¥ £x}4)

oE3E () o Z—F% =E ()

715 & AlF oA = AR o 27FAFULh o)aA oz 5 A ok A2y
ZUSEE FAE g 2T £ AEE 5, AdF BAE 22X GuE oy Eo 22 5 &,
E2ERS L& 53] &R JFUT

type (3)
gholx AA e P& 2A 0] ol FTHY AAJAE ZAFUTH ZE AA &= o] FUth AAY
B2 class_ ojEgHER ‘?‘4/‘1]/\%‘—? AAY type (ob)) B A& 5 A5 YT

type alias (3 ol g 2] o] )
2 A Aol ti Y ste] RESoj A& B9 5.
Fodglolas 3 I EE deFsted 8L & 59

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

£ ohedt 2ol © 971 47 B 4 Jayh
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Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7] 5 AW 3St= typingd} PEP 4845 2 5HA 8.
type hint (ﬁs‘ 3lE)
Hp, ZHlA o EYRE 9 3 v/l RS o vk 310] 71t E = 32 A A8k o] ' H| o] AL

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 W4E AAHT, AG AR, FAhs o=
get_type_hints ()& AHg3he] M2 4 Qlgruith

o] 7]%< 4 @3+ typing T} PEP 4845 3

BN
o
>
ko

universal newlines (-4 £ 9 7))
R _4_71.0 ;q;;th Z9o] Zog 9AF: HAE /\E]ﬂj
e "\n', A== A "\r\n"', A uf 715/\1 e \r'. F7HA QL ARGl #Si A= bytes.
splitllnes( ‘—:'Lr Tk ol 2} PEP 278 2} PEP 3116 = HAﬂL.

variable annotation (‘14> o] - E] o] 4)
el

mlo
QL
1%
o
rr
fuj
bt
Jo
1©
[>
=
o,
gl
)

W T FYa oERRES of H o4
M S Fels ol 2 HE of g0 A 2w e AE AU Th
class C:

field: 'annotation'

M olngo]de ditH e R 3 SlER ARG UTH & o, o] Mgt int & 7HE A2 g 7
HUoh:
H

[count: int = 0

Ha o] i H o] d T2 A annassign ol A] 2 8 g o

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7}t $17)
Shol tl ALE A9} 88 210l 22 A2 Wl WS £ THE Shold 85 22 AW F2of
FEFE FA oA, sto|AH W 7 A S AAFAY L o] Est= AL 7Hs oA s, FE
Ao AeH A9 7.
venv & HA| Q.

virtual machine (7} 4 7] A)
szEYojuto 2 HolH AXE. vpo]| M) /1A 7] A& nlo|E TE A}
=g AR,

Zen of Python (3}o] % Al)
shol 4 i b9l Ueish AT L] B2, Aol o] k1 A o] E8o] HUTh of BEL 13
ZEIZEOA “import this” & JHstd B Yt

e
v
N
i
|
oy
rr
=
o
[m
K
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https://peps.python.org/pep-0278/
https://peps.python.org/pep-3116/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/

APPENDIX B

o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

*.:i“é/ﬂﬁ} o] & % Eiﬂ W shol A ZpA| &F upA A 2 A A 02 2D -F ALY = T 7] o] star
AT, o ¥ of] ti 3 7 B += reporting-bugs 7| o] | & F LS A . A 22 AL E /\}X}t AR} g
Sh=

& BEolA B #AE =Y th
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

w
£
o
%
ruE:
_>a
o
ol
r
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

o A9} 2}ol Al

|".J.,

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
Z 3 YA 7 Guido= 3ho] A o] £ 8 AALE ol JFUTh

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

28 ot WEHe 3] ST} (37) & Ao 94 hups: fopensourceor/ & 841
2). QAR O =, B RE (A% AL o UTh Thol A vl 3 GPLI} 3 Utk obel 9] Ei= Tk}

Hjj 32 sgd 3 6 E s GPL & =7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] Ak 2.1.1 2001-A ] PSF yes
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C2 sjol ol A A5} A T A18517] §1 o] & ok

o] &} A ™ A= PSF License Agreement©]| W} 2fo] Al 71 Hof g Ut}

2
O6FE], A Ao oA, 22| Z 7]E} == PSF License Agreement 2} Zero-Clause BSD license®l|
whe} o] % ehol M2 7} ol g U ).
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.8

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.8 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 3.11.8 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 3.11.8 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 3.11.8 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
3.11.8.

4. PSF is making Python 3.11.8 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, 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. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.11.8, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(tH& slo] Aol Al<)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(Th= S o] Aol Al
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2. stolHo] A 2stAv} AL& 5] 91 o] & oF 321
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.8 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

5

)

3 23 Lz EHofof thgt o]l A Ul 52l

o] 4.2 shol A v gl EFE ANALA 42 E g0 o] T G S SHA B ol bl Sl eho] A 29} 5919]
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C.3.1 24 E S AH

_random 2E-& http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A] W &
=]

L2 I 7N ZES 23 YTh the2 9 22 F42 adE 1 AdYh

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array (init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(H& sl o] Al ol Al )
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 427

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. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

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
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o] A ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue Q1 E| 3] o] 2o thal THe 3} 2 9] AgHe ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3} Python/pyhash.c ©|+& Dan Bernstein 2] SipHash24 &1 2] & 2] Marek Majkowski 2] =& o] Z 35| of
A5yt 7)ol 23 22 W&ol 3= o s th:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

all copies or substantial portions of the Software.
</MIT License>

(H& sl o] Al ol Al )
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod ¢} dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/*********‘k***********‘k******************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived from
that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH& sl o] Al ol Al )
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

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

(th= sl o] Aol Al%)
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions

for use, reproduction, or distribution of Your modifications, or
(th= =l o] A ol A<)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes 3F L2 Wt E —_yith-system-1ibffi & FASFA] k= 3 ETH libfi &2 AR S AR5 o]

Weg

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as—-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc °f &l A2 = 3|A] EHo]E9] 3L cfuhash Z2AEE 7|Hlo 2 SHt}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 Y EE ——with-system-libmpdec & T4 3}A] &4+ dF, Z3HH libmpdec 22 AR S

AHg 5ol W EH Utk

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 C14N H~E A~ 9 E

The C14N 2.0 test suite in the t est package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
(th sl o] A o] A%
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to

(H& sl o] Al ol Al )
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https://github.com/MagicStack/uvloop/tree/v0.16.0
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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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&3l o] 9
..., 299
2to03,299
>>> 299
__all__ (package variable), 71
__dict__ (module attribute), 166
__doc___ (module attribute), 166
_ file_  (module attribute), 166
_ future_ , 304
_ import_
built-in function, 71
_ loader___ (module attribute), 166
_ _main_
module, 13, 192, 205
__name___ (module attribute), 166
__package__ (module attribute), 166
__PYVENV_LAUNCHER__, 221,227
_ _slots_ ,312
_frozen (C struct), 73
_inittab (Cstruct), 74
_inittab.initfunc (C member), 74
_inittab.name (C member), 74
_Py_c_diff (C function), 128
_Py_c_neqg (C function), 128
_Py_c_pow (C function), 128
_Py_c_prod (C function), 128
_Py_c_quot (C function), 128
_Py_c_sum (C function), 128
_Py_InitializeMain (C function), 234
_Py_NoneStruct (Cvar), 250
_PyBytes_Resize (C function), 131
_PyCFunctionFast (Ctype), 252
_PyCFunctionFastWithKeywords (C type), 252
_PyFrameEvalFunction (C type), 203
_PyInterpreterState_GetEvalFrameFunc (C
function), 203
_PyInterpreterState_SetEvalFrameFunc (C
function), 204
_PyObject_GetDictPtr (C function), 93

_PyObject_New (C function), 249
_PyObject_NewVar (C function), 249
_PyTuple_Resize (C function), 152
_thread

module, 200

A

abort (C function), 70
abs
built-in function, 102

abstract base class (Aol Zd2), 299

allocfunc (C type), 289

annotation (] = H| o] A), 299

argument (2132}, 300

argv (in module sys), 196

ascii

built-in function, 94

asynchronous context manager (8] % 7] Ad
2 E #2 A, 300

asynchronous generator (¥]% 7] A4y o] ),
300

asynchronous generator iterator (H] % 7]
Al el ol 8 o] e &l o] §), 300

asynchronous iterable (H]Z7] o]E & £), 300

asynchronous iterator (H]% 7] ©]E & o] H),
300

attribute (] EZHE), 300

awaitable (o]¢] o] E] &), 301

B

BDFL, 301
binary file (8}o]\ g 3}+Y), 301
binaryfunc (C type), 290
borrowed reference, 301
buffer interface

(see buffer protocol), 108
buffer object

(see buffer protocol), 108
buffer protocol, 108
built-in function
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_ import_ ,71
abs, 102
ascii, %4
bytes, 94
classmethod, 254
compile, 72
divmod, 101
float, 103
hash, 94, 268
int, 103
len, 95, 104, 106, 154, 157, 159
pow, 101, 103
repr, 93, 267
staticmethod, 254
tuple, 105, 155
type, 95
builtins
module, 13, 192, 205
bytearray
object, 131
bytecode (H}o]E F &), 301
bytes
built—-in function, 94
object, 129

bytes—like object (HFo]E LR AA), 301

C

callable, 301
callback (&), 301
calloc (C function), 237
Capsule

object, 178
C-contiguous, 112, 302
class (Z82), 301
class variable (F&#l2 W), 301
classmethod

built-in function, 254
cleanup functions, 70
close (in module os), 206
CO_FUTURE_DIVISION (C var), 47
code object, 162
compile

built-in function, 72
complex number

object, 128
complex number (B4 ), 302
context manager (AEAE 3|2}, 302
context variable (AYAE HSE), 302
contiguous, 112
contiguous (<), 302
copyright (in module sys), 195
coroutine (ZFEl), 302
coroutine function (ZF¥E <), 302
CPython, 302

D

decorator (HZd o] ), 302
descrgetfunc (Ctype), 290
descriptor (23 HE), 302
descrset func (C type), 290
destructor (Ctype), 289
dictionary

object, 155
dictionary (944 g), 303

dictionary comprehension(YAvE] 3

A1), 303
dictionary view (944 g H), 303
divmod
built-in function, 101
docstring (52E#), 303
duck-typing (2§ E}o]3), 303

E

EAFP, 303

EOFError (built-in exception), 165
exc_info (in module sys), 11
executable (in module sys), 194

exit (C function), 70

expression (Z34]),303
extension module (B 2 E), 303

F
f-string (FEA}49), 303
file

object, 164
file object (T} AA), 303
file-like object (FLHF AA), 304

3z

filesystem encoding and error handler,

304

finder (3¢ 4), 304
float

built-in function, 103
floating point

object, 126
floor division (A4 U=Al), 304
Fortran contiguous, 112,302
free (C function), 237
freefunc (C type), 289
freeze utility,73

frozenset
object, 158

function
object, 160

function (&%), 304
function annotation (&4

G

garbage collection (7}FH]X] =7A), 305

LH o] A), 304
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generator (A4 d ] ¥]), 305 len
generator expression (Alyd ol &E&4)), 305 built-in function, 95, 104, 106, 154, 157,
generator iterator (AU d o]lE o] ¥ d o]H), 159
305 lenfunc (Ctype), 290
generic function (AU g <), 305 list
generic type (AU &), 305 object, 153
getattrfunc (C type), 289 list (8|2E), 307
getattrofunc (C type), 289 list comprehension (E|l2E AZE|3A), 307
getbufferproc (C type), 290 loader (21), 308
getiterfunc (Ctype), 290 locale encoding, 308
GIL, 305 lock, interpreter, 197
global interpreter lock, 197 long integer
global interpreter lock (A4 9 ¥ =g ¥ obiject, 122
=), 305 LONG_MAX (C macro), 123
H M
hash magic
built-in function, 94, 268 method (WA =), 308
hash-based pyc (| A] 714} pyc), 305 magic method (W] 2 W A &), 308
hashable (3] A] 7}%), 306 main (), 193, 196
hashfunc (C type), 290 malloc (C function), 237
mapping
I object, 155
IDLE, 306 mapping (73), 308
immutable (&%), 306 memoryview
import path(YEE ZF =), 306 object, 176
importer (¢ ZE), 306 meta path finder (W} 32 9}<1H), 308
importing (Y Z &), 306 metaclass (W EF Z ), 308
incr_item(), 12,13 METH_CLASS (C macro), 254
initproc (C fype), 289 METH_COEXIST (C macro), 254
inquiry (C type), 295 METH_FASTCALL (C macro), 253
instancemethod METH_KEYWORDS (C macro), 253
object, 161 METH_METHOD (C macro), 254
int METH_NOARGS (C macro), 254
built-in function, 103 METH_O (C macro), 254
integer METH_STATIC (C macro), 254
object, 122 METH_VARARGS (C macro), 253
interactive (t)3}+8), 306 method
interpreted (¢ Z 2 EX), 306 object, 161
interpreter lock, 197 method (M A4 &), 308
interpreter shutdown (AEHZZE £78),306 magic, 308
iterable (o] B8] &), 306 special, 313
iterator (o] €@ o] €), 307 method resolution order (WA E ZAA %A,
iternextfunc (C type), 290 308
MethodType (in module types), 160, 161
K module
key function (7] &), 307 —main__, 13,192,205
KeyboardInterrupt (built-in exception), 58 —t}.lre‘?d’ 200
keyword argument (7| ¥ X 21A}), 307 builtins, 13,192, 205
object, 165
L search path, 13, 192, 195
signal, 58

lambda (Zt}), 307

.13, 192, 205
LBYL, 307 SYs

module (&), 308
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module spec (RE 24, 309
modules (in module sys), 71, 192
ModuleType (in module types), 165
MRO, 309

mutable (7}¥), 309

N

named tuple (U Y= £Z), 309
namespace (0] & &7}, 309
namespace package (°]E &7+ 3 7] A]), 309
nested scope (FHH 23 x),309
new-style class (F2EFY 1 2), 309
newfunc (C type), 289
None

object, 121
numeric

object, 122

O

object
bytearray, 131
bytes, 129
Capsule, 178
code, 162
complex number, 128
dictionary, 155
file, 164
floating point, 126
frozenset, 158
function, 160
instancemethod, 161
integer, 122
list, 153
long integer, 122
mapping, 155
memoryview, 176
method, 161
module, 165
None, 121
numeric, 122
sequence, 129
set, 158
tuple, 151
type, 7, 117
object (AA), 309
objobjargproc (C type), 290
objobjproc (C type), 290
OverflowError (built-in exception), 123, 124

P

package (3] 7] A)), 310

package variable
_all 71

parameter (W] 7] H4), 310

PATH, 13
path
module search, 13, 192, 195
path (in module sys), 13, 192, 195
path based finder (AZE 7]¥} 3}2lt), 310
path entry (F=E JdE=Z), 310

path entry finder (A& AEZ I}lH), 310

path entry hook (A= JdEZF F), 310
path-like object (FEF AA)), 310
PEP, 311
platform (in module sys), 195
portion (E4), 311
positional argument (¥ %] Q1A}), 311
pow

built-in function, 101, 103
provisional API (7 API), 311
provisional package (A 17| A)), 311
Py_ABS (C macro), 5
Py_AddPendingCall (C function), 206
Py_ALWAYS_INLINE (C macro), 5
Py_AtExit (C function), 70
Py_AuditHookFunction (C type), 70
Py_BEGIN_ALLOW_THREADS (C macro), 198, 201
Py_BLOCK_THREADS (C macro), 201
Py_buffer (C type), 109
Py_buffer.buf (C member), 109
Py_buffer.format (C member), 110
Py_buffer.internal (C member), 110
Py_buffer.itemsize (C member), 110
Py_buffer.len (C member), 109
Py_buffer.ndim (C member), 110
Py_buffer.ob]j (C member), 109
Py_buffer.readonly (C member), 109
Py_buffer.shape (C member), 110
Py_buffer.strides (C member), 110
Py_buffer.suboffsets (C member), 110
Py_Buildvalue (C function), 82
Py_BytesMain (C function), 43
Py_BytesWarningFlag (C var), 190
Py_CHARMASK (C macro), 5
Py_CLEAR (C function), 50
Py_CompileString (C function), 46, 47
Py_CompileStringExFlags (C function), 46
Py_CompileStringFlags (C function), 46
Py_CompileStringObject (C function), 46
Py_complex (Ctype), 128
Py_DEBUG (C macro), 14
Py_DebugFlag (Cvar), 190
Py_DecodeLocale (C function), 66
Py_DECREF (C function), 8, 50
Py_DecRef (C function), 50
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 190
Py_Ellipsis (Cvar), 176
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Py_EncodeLocale (C function), 67
Py_END_ALLOW_THREADS (C macro), 198, 201
Py_EndInterpreter (C function), 206
Py_EnterRecursiveCall (C function), 61
Py_EQ (C macro), 275

Py_eval_input (Cvar), 46

Py_Exit (C function), 70
Py_ExitStatusException (C function), 215
Py_False (Cvar), 125

Py_FatalError (C function), 70
Py_FatalError (), 196
Py_FdIsInteractive (C function), 65
Py_file_input (Cvar), 47

Py_Finalize (C function), 193
Py_FinalizeEx (C function), 70, 192, 205, 206
Py_FrozenFlag (Cvar), 190

Py_GE (C macro), 275

Py_GenericAlias (C function), 187
Py_GenericAliasType (C var), 188
Py_GetArgcArgv (C function), 234
Py_GetBuildInfo (C function), 196
Py_GetCompiler (C function), 196
Py_GetCopyright (C function), 195
Py_GETENV (C macro), 6
Py_GetExecPrefix (C function), 13, 194
Py_GetPath (C function), 13, 195
Py_GetPath (), 193,195
Py_GetPlatform (C function), 195
Py_GetPrefix (C function), 13, 194
Py_GetProgramFullPath (C function), 13, 194
Py_GetProgramName (C function), 194
Py_GetPythonHome (C function), 197
Py_GetVersion (C function), 195

Py_GT (C macro), 275

Py_hash_t (Ctype), 87
Py_HashRandomizationFlag (Cvar), 191
Py_IgnoreEnvironmentFlag (Cvar), 191
Py_INCREF (C function), 8, 49

Py_IncRef (C function), 50
Py_Initialize (C function), 13, 192,205
Py_Initialize(), 193
Py_InitializeEx (C function), 192
Py_InitializeFromConfig (C function), 230
Py_InspectFlag (Cvar), 191
Py_InteractiveFlag (Cvar), 191

Py_1Is (C function), 250

Py_IS_TYPE (C function), 251

Py_TIsFalse (C function), 251
Py_TIsInitialized (C function), 13, 192
Py_IsNone (C function), 251
Py_IsolatedFlag (Cvar), 191
Py_IsTrue (C function), 251

Py_LE (C macro), 275
Py_LeaveRecursiveCall (C function), 61

Py_LegacyWindowsFSEncodingFlag (Cvar), 191

Py_LegacyWindowsStdioFlag (Cvar), 191

Py_LIMITED_API (C macro), 15

Py_LT (C macro), 275

Py_Main (C function), 43

PY_MAJOR_VERSION (C macro), 297

Py_MAX (C macro), 6

Py_MEMBER_SIZE (C macro), 6

PY_MICRO_VERSION (C macro), 297

Py_MIN (C macro), 6

PY_MINOR_VERSION (C macro), 297

Py_mod_create (C macro), 169

Py_mod_exec (C macro), 169

Py_NE (C macro), 275

Py_NewInterpreter (C function), 205

Py_NewRef (C function), 49

Py_NO_INLINE (C macro), 6

Py_None (Cvar), 121

Py_NoSiteFlag (Cvar), 191

Py_NotImplemented (C var), 91

Py_NoUserSiteDirectory (Cvar), 191

Py_OpenCodeHookFunction (Ctype), 165

Py_OptimizeFlag (Cvar), 191

Py_PreInitialize (C function), 218

Py_PreInitializeFromArgs (C function), 218

Py_PreInitializeFromBytesArgs (C function),
218

Py_PRINT_RAW (C macro), 91, 165

Py_QuietFlag (Cvar), 192

Py_REFCNT (C function), 251

PY_RELEASE_LEVEL (C macro), 297

PY_RELEASE_SERIAL (C macro), 297

Py_ReprEnter (C function), 61

Py_ReprLeave (C function), 62

Py_RETURN_FALSE (C macro), 125

Py_RETURN_NONE (C macro), 121

Py_RETURN_NOTIMPLEMENTED (C macro), 91

Py_RETURN_RICHCOMPARE (C macro), 275

Py_RETURN_TRUE (C macro), 125

Py_RunMain (C function), 233

Py_SET_REFCNT (C function), 251

Py_SET_SIZE (C function), 252

Py_SET_TYPE (C function), 251

Py_SetPath (C function), 195

Py_SetPath (), 195

Py_SetProgramName (C function), 13, 193

Py_SetProgramName (), 192, 194

Py_SetPythonHome (C function), 197

Py_SetStandardStreamEncoding (C function),
193

Py_single_input (Cvar), 47

Py_SIZE (C function), 251

Py_ssize_t (Ctype), 11

PY_SSIZE_T_MAX (C macro), 124
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Py_STRINGIFY (C macro), 6
Py_TPFLAGS_BASE_EXC_SUBCLASS (C macro), 271
Py_TPFLAGS_BASETYPE (C macro), 270
Py_TPFLAGS_BYTES_SUBCLASS (C macro), 271
Py_TPFLAGS_DEFAULT (C macro), 271
Py_TPFLAGS_DICT_SUBCLASS (C macro), 271
Py_TPFLAGS_DISALLOW_INSTANTIATION (C
macro), 272
Py_TPFLAGS_HAVE_FINALIZE (C macro), 271
Py_TPFLAGS_HAVE_GC (C macro), 270
Py_TPFLAGS_HAVE_VECTORCALL (C macro), 271
Py_TPFLAGS_HEAPTYPE (C macro), 270
Py_TPFLAGS_IMMUTABLETYPE (C macro), 272
Py_TPFLAGS_LIST_SUBCLASS (C macro), 271
Py_TPFLAGS_LONG_SUBCLASS (C macro), 271
Py_TPFLAGS_MAPPING (C macro), 272
Py_TPFLAGS_METHOD_DESCRIPTOR (C macro), 271
Py_TPFLAGS_READY (C macro), 270
Py_TPFLAGS_READYING (C macro), 270
Py_TPFLAGS_SEQUENCE (C macro), 272
Py_TPFLAGS_TUPLE_SUBCLASS (C macro), 271
Py_TPFLAGS_TYPE_SUBCLASS (C macro), 271
Py_TPFLAGS_UNICODE_SUBCLASS (C macro), 271
Py_tracefunc (Ctype), 207
Py_True (Cvar), 125
Py_tss_NEEDS_INIT (C macro), 209
Py_tss_t (Ctype), 209
Py_TYPE (C function), 251
Py_UCS1 (Ctype), 133
Py_UCS2 (Ctype), 133
Py_UCS4 (Ctype), 133
Py_uhash_t (Ctype), 87
Py_UNBLOCK_THREADS (C macro), 201
Py_UnbufferedStdioFlag (C var), 192
Py_UNICODE (C type), 133
Py_UNICODE_IS_HIGH_SURROGATE (C macro), 136
Py_UNICODE_IS_LOW_SURROGATE (C macro), 137
Py_UNICODE_IS_SURROGATE (C macro), 136
Py_UNICODE_ISALNUM (C function), 136
Py_UNICODE_ISALPHA (C function), 136
Py_UNICODE_ISDECIMAL (C function), 136
Py_UNICODE_ISDIGIT (C function), 136
Py_UNICODE_ISLINEBREAK (C function), 135
Py_UNICODE_ISLOWER (C function), 135
Py_UNICODE_ISNUMERIC (C function), 136
Py_UNICODE_ISPRINTABLE (C function), 136
Py_UNICODE_ISSPACE (C function), 135
Py_UNICODE_ISTITLE (C function), 135
Py_UNICODE_TISUPPER (C function), 135
Py_UNICODE_JOIN_SURROGATES (C macro), 137
Py_UNICODE_TODECIMAL (C function), 136
Py_UNICODE_TODIGIT (C function), 136
Py_UNICODE_TOLOWER (C function), 136
Py_UNICODE_TONUMERIC (C function), 136

Py_UNICODE_TOTITLE (C function), 136

Py_UNICODE_TOUPPER (C function), 136

Py_UNREACHABLE (C macro), 6

Py_UNUSED (C macro), 6

Py_VaBuildvalue (C function), 84

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
97

Py_VerboseFlag (Cvar), 192

Py_Version (Cvar), 298

PY_VERSION_HEX (C macro), 297

Py_VISIT (C function), 295

Py_XDECREF (C function), 13, 50

Py_XINCREF (C function), 49

Py_XNewRef (C function), 50

PyAIter_Check (C function), 107

PyAnySet_Check (C function), 158

PyAnySet_CheckExact (C function), 158

PyArg_Parse (C function), 81

PyArg_ParseTuple (C function), 81

PyArg_ParseTupleAndKeywords (C function), 81

PyArg_UnpackTuple (C function), 81

PyArg_ValidateKeywordArguments
tion), 81

PyArg_VaParse (C function), 81

PyArg_VaParseTupleAndKeywords (C function),
81

PyASCIIObject (C type), 133

PyAsyncMethods (C type), 288

PyAsyncMethods.am_aiter (C member), 288

PyAsyncMethods.am_anext (C member), 289

PyAsyncMethods.am_await (C member), 288

PyAsyncMethods.am_send (C member), 289

PyBool_Check (C function), 125

PyBool_FromLong (C function), 125

PyBool_Type (Cvar), 125

PyBUF_ANY_CONTIGUOUS (C macro), 112

PyBUF_C_CONTIGUOUS (C macro), 112

PyBUF_CONTIG (C macro), 113

PyBUF_CONTIG_RO (C macro), 113

PyBUF_F_CONTIGUOUS (C macro), 112

PyBUF_FORMAT (C macro), 111

PyBUF_FULL (C macro), 113

PyBUF_FULL_RO (C macro), 113

PyBUF_INDIRECT (C macro), 112

PyBUF_MAX_NDIM (C macro), 111

PyBUF_ND (C macro), 112

PyBUF_READ (C macro), 176

PyBUF_RECORDS (C macro), 113

PyBUF_RECORDS_RO (C macro), 113

PyBUF_SIMPLE (C macro), 112

PyBUF_STRIDED (C macro), 113

PyBUF_STRIDED_RO (C macro), 113

PyBUF_STRIDES (C macro), 112

PyBUF_WRITABLE (C macro), 111

(C  func-
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PyBUF_WRITE (C macro), 176
PyBuffer_FillContiguousStrides
tion), 115
PyBuffer_ FillInfo (C function), 115
PyBuffer_ FromContiguous (C function), 115
PyBuffer_GetPointer (C function), 115
PyBuffer_IsContiguous (C function), 115
PyBuffer_Release (C function), 115
PyBuffer_SizeFromFormat (C function), 115
PyBuffer_ToContiguous (C function), 115
PyBufferProcs (Ctype), 108, 287
PyBufferProcs.bf_getbuffer (C member), 287
PyBufferProcs.bf_releasebuffer (Cmember),
288
PyByteArray_AS_STRING (C function), 132
PyByteArray_AsString (C function), 132
PyByteArray_Check (C function), 131
PyByteArray_CheckExact (C function), 131
PyByteArray_Concat (C function), 132
PyByteArray_FromObject (C function), 132
PyByteArray_FromStringAndSize (C function),
132
PyByteArray_GET_SIZE (C function), 132
PyByteArray_Resize (C function), 132
PyByteArray_Size (C function), 132
PyByteArray_Type (Cvar), 131
PyByteArrayObject (Ctype), 131
PyBytes_AS_STRING (C function), 130
PyBytes_AsString (C function), 130
PyBytes_AsStringAndSize (C function), 131
PyBytes_Check (C function), 129
PyBytes_CheckExact (C function), 129
PyBytes_Concat (C function), 131
PyBytes_ConcatAndDel (C function), 131
PyBytes_FromFormat (C function), 130
PyBytes_FromFormatV (C function), 130
PyBytes_FromObject (C function), 130
PyBytes_FromString (C function), 129
PyBytes_FromStringAndSize (C function), 129
PyBytes_GET_SIZE (C function), 130
PyBytes_Size (C function), 130
PyBytes_Type (Cvar), 129
PyBytesObject (Ctype), 129
PyCallable_Check (C function), 101
PyCallIter_Check (C function), 174
PyCallIter_New (C function), 174
PyCallIter_Type (Cvar), 173
PyCapsule (Ctype), 178
PyCapsule_CheckExact (C function), 178
PyCapsule_Destructor (Ctype), 178
PyCapsule_GetContext (C function), 178
PyCapsule_GetDestructor (C function), 178
PyCapsule_GetName (C function), 178
PyCapsule_GetPointer (C function), 178

(C  func-

PyCapsule_TImport (C function), 179
PyCapsule_TIsValid (C function), 179
PyCapsule_New (C function), 178
PyCapsule_SetContext (C function), 179
PyCapsule_SetDestructor (C function), 179
PyCapsule_SetName (C function), 179
PyCapsule_SetPointer (C function), 179
PyCell_Check (C function), 162
PyCell_GET (C function), 162
PyCell_Get (C function), 162
PyCell_New (C function), 162
PyCell_SET (C function), 162
PyCell_Set (C function), 162
PyCell_Type (Cvar), 162
PyCellObject (Ctype), 162
PyCFunction (C type), 252
PyCFunction_New (C function), 255
PyCFunction_NewEx (C function), 255
PyCFunctionWithKeywords (C type), 252
PyCMethod (C type), 253
PyCMethod_New (C function), 255
PyCode_Addr2Line (C function), 163
PyCode_Addr2Location (C function), 163
PyCode_Check (C function), 163
PyCode_GetCellvars (C function), 164
PyCode_GetCode (C function), 164
PyCode_GetFreevars (C function), 164
PyCode_GetNumFree (C function), 163
PyCode_GetVarnames (C function), 164
PyCode_New (C function), 163
PyCode_NewEmpty (C function), 163
PyCode_NewWithPosOnlyArgs (C function), 163
PyCode_Type (Cvar), 163
PyCodec_BackslashReplaceErrors
tion), 89
PyCodec_Decode (C function), 88
PyCodec_Decoder (C function), 88
PyCodec_Encode (C function), 88
PyCodec_Encoder (C function), 88
PyCodec_IgnoreErrors (C function), 89
PyCodec_IncrementalDecoder (C function), 88
PyCodec_IncrementalEncoder (C function), 88
PyCodec_KnownEncoding (C function), 88
PyCodec_LookupError (C function), 89
PyCodec_NameReplaceErrors (C function), 89
PyCodec_Register (C function), 88
PyCodec_RegisterError (C function), 89
PyCodec_ReplaceErrors (C function), 89
PyCodec_StreamReader (C function), 89
PyCodec_StreamWriter (C function), 89
PyCodec_StrictErrors (C function), 89
PyCodec_Unregister (C function), 88
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 89
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PyCodeObject (C type), 163
PyCompactUnicodeObject (C type), 133
PyCompilerFlags (C struct), 47
PyCompilerFlags.cf_feature_version (C
member), 47
PyCompilerFlags.cf_flags (C member), 47
PyComplex_AsCComplex (C function), 129
PyComplex_Check (C function), 128
PyComplex_CheckExact (C function), 128
PyComplex_FromCComplex (C function), 129
PyComplex_FromDoubles (C function), 129
PyComplex_ImagAsDouble (C function), 129
PyComplex_RealAsDouble (C function), 129
PyComplex_Type (Cvar), 128
PyComplexObject (C type), 128
PyConfig (Ctype), 219
PyConfig_Clear (C function), 220
PyConfig_InitIsolatedConfig (C function),219
PyConfig_InitPythonConfig (C function), 219
PyConfig_Read (C function), 220
PyConfig_SetArgv (C function), 219
PyConfig_SetBytesArgv (C function), 219
PyConfig_SetBytesString (C function), 219
PyConfig_SetString (C function), 219
PyConfig_SetWideStringList (C function), 219
PyConfig.argv (C member), 220
PyConfig.base_exec_prefix (C member), 221
PyConfig.base_executable (C member), 221
PyConfig.base_prefix (C member), 221
PyConfig.buffered_stdio (Cmember), 221
PyConfig.bytes_warning (C member), 221
PyConfig.check_hash_pycs_mode (C member),
222
PyConfig.code_debug_ranges (C member), 221
PyConfig.configure_c_stdio (C member), 222
PyConfig.dev_mode (C member), 222
PyConfig.dump_refs (C member), 222
PyConfig.exec_prefix (C member), 222
PyConfig.executable (C member), 222
PyConfig.faulthandler (C member), 223
PyConfig.filesystem_encoding (C member),
223
PyConfig.
PyConfig.
PyConfig.
PyConfig.

filesystem_errors (C member), 223

hash_seed (C member), 223

home (C member), 224

import_time (C member), 224

PyConfig.inspect (C member), 224

PyConfig.install_signal_handlers (C mem-
ber), 224

PyConfig.interactive (C member), 224

PyConfig.isolated (C member), 224

PyConfig.legacy_windows_stdio (C member),
224

PyConfig.malloc_stats (C member), 225

PyConfig.module_search_paths (C member),
225
PyConfig.module_search_paths_set (C mem-
ber), 225
PyConfig.optimization_level (Cmember),225
PyConfig.orig_argv (C member), 226
PyConfig.parse_argv (C member), 226
PyConfig.parser_debug (C member), 226
PyConfig.pathconfig_warnings (C member),
226
PyConfig.platlibdir (C member), 225
PyConfig.prefix (C member), 226
PyConfig.program_name (C member), 226
PyConfig.pycache_prefix (Cmember), 227
PyConfig.pythonpath_env (C member), 225
PyConfig.quiet (C member), 227
PyConfig.run_command (C member), 227
PyConfig.run_filename (C member), 227
PyConfig.run_module (C member), 227
PyConfig.safe_path (C member), 220
PyConfig.show_ref_count (C member), 227
PyConfig.site_import (C member), 227
PyConfig.skip_source_first_line (C mem-
ber), 228
PyConfig.stdio_encoding (C member), 228
PyConfig.stdio_errors (C member), 228
PyConfig.tracemalloc (C member), 228
PyConfig.use_environment (C member), 228
PyConfig.use_hash_seed (C member), 223
PyConfig.user_site_directory (C member),
228
PyConfig.verbose (C member), 229
PyConfig.warn_default_encoding (Cmember),
221
PyConfig.warnoptions (C member), 229
PyConfig.write_bytecode (C member), 229
PyConfig.xoptions (C member), 229
PyContext (Ctype), 182
PyContext_CheckExact (C function), 182
PyContext_Copy (C function), 183
PyContext_CopyCurrent (C function), 183
PyContext_Enter (C function), 183
PyContext_Exit (C function), 183
PyContext_New (C function), 183
PyContext_Type (Cvar), 182
PyContextToken (C type), 182
PyContextToken_CheckExact (C function), 182
PyContextToken_Type (Cvar), 182
PyContextVar (C type), 182
PyContextVar_CheckExact (C function), 182
PyContextVar_Get (C function), 183
PyContextVar_New (C function), 183
PyContextVar_Reset (C function), 183
PyContextVar_Set (C function), 183
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PyContextVar_Type (Cvar), 182
PyCoro_CheckExact (C function), 181
PyCoro_New (C function), 182
PyCoro_Type (Cvar), 181
PyCoroObject (C type), 181
PyDate_Check (C function), 184
PyDate_CheckExact (C function), 184
PyDate_FromDate (C function), 185
PyDate_FromTimestamp (C function), 187
PyDateTime_Check (C function), 184
PyDateTime_CheckExact (C function), 184
PyDateTime_Date (Ctype), 184
PyDateTime_DATE_GET_FOLD (C function), 186
PyDateTime_DATE_GET_HOUR (C function), 186
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 186
PyDateTime_DATE_GET_MINUTE (C function), 186
PyDateTime_DATE_GET_SECOND (C function), 186
PyDateTime_DATE_GET_TZINFO (C function), 186
PyDateTime_DateTime (C type), 184
PyDateTime_DateTimeType (Cvar), 184
PyDateTime_DateType (Cvar), 184
PyDateTime_Delta (C type), 184
PyDateTime_DELTA_GET_DAYS (C function), 187
PyDateTime_DELTA_GET_MICROSECONDS c
function), 187
PyDateTime_DELTA_GET_SECONDS (C function),
187
PyDateTime_DeltaType (Cvar), 184
PyDateTime_FromDateAndTime (C function), 185
PyDateTime_FromDateAndTimeAndFold (e
function), 185
PyDateTime_FromTimestamp (C function), 187
PyDateTime_GET_DAY (C function), 186
PyDateTime_GET_MONTH (C function), 186
PyDateTime_GET_YEAR (C function), 186
PyDateTime_Time (Ctype), 184
PyDateTime_TIME_GET_FOLD (C function), 187
PyDateTime_TIME_GET_HOUR (C function), 186
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 186
PyDateTime_TIME_GET_MINUTE (C function), 186
PyDateTime_TIME_GET_SECOND (C function), 186
PyDateTime_TIME_GET_TZINFO (C function), 187
PyDateTime_TimeType (Cvar), 184
PyDateTime_TimeZone_UTC (Cvar), 184
PyDateTime_TZInfoType (Cvar), 184
PyDelta_Check (C function), 185
PyDelta_CheckExact (C function), 185
PyDelta_FromDSU (C function), 185
PyDescr_IsData (C function), 174
PyDescr_NewClassMethod (C function), 174
PyDescr_NewGetSet (C function), 174
PyDescr_NewMember (C function), 174

PyDescr_NewMethod (C function), 174
PyDescr_NewWrapper (C function), 174
PyDict_Check (C function), 155
PyDict_CheckExact (C function), 155
PyDict_Clear (C function), 155
PyDict_Contains (C function), 155
PyDict_Copy (C function), 155
PyDict_DelItem (C function), 156
PyDict_DelItemString (C function), 156
PyDict_GetItem (C function), 156
PyDict_GetItemString (C function), 156
PyDict_GetItemWithError (C function), 156
PyDict_TItems (C function), 156
PyDict_Keys (C function), 156
PyDict_Merge (C function), 157
PyDict_MergeFromSeq2 (C function), 158
PyDict_New (C function), 155
PyDict_Next (C function), 157
PyDict_SetDefault (C function), 156
PyDict_SetItem (C function), 155
PyDict_SetItemString (C function), 156
PyDict_Size (C function), 157
PyDict_Type (Cvar), 155
PyDict_Update (C function), 157
PyDict_Values (C function), 157
PyDictObject (Ctype), 155
PyDictProxy_New (C function), 155
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 52
PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 58
PyErr_Clear (C function), 11, 13, 51
PyErr_ExceptionMatches (C function), 13, 56
PyErr_Fetch (C function), 56
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 57
PyErr_GetHandledException (C function), 57
PyErr_GivenExceptionMatches (C function), 56
PyErr_NewException (C function), 59
PyErr_NewExceptionWithDoc (C function), 59
PyErr_NoMemory (C function), 52
PyErr_NormalizeException (C function), 56
PyErr_Occurred (C function), 11, 56
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 56
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename
(C function), 54

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 53
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PyErr_SetExcFromWindowsErrWithFilenameObBgEtal_SetTrace (C function), 208

(C function), 54
PyErr_SetExcInfo (C function), 57
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename (C func-
tion), 53
PyErr_SetFromErrnoWithFilenameObject (C
function), 53
PyErr_SetFromErrnoWithFilenameObjects
(C function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename
function), 53
PyErr_SetHandledException (C function), 57
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function),
54
PyErr_SetInterrupt (C function), 58
PyErr_SetInterruptEx (C function), 58
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetString (C function), 11,52
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnkEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 204
PyEval_AcquireThread (C function), 204
PyEval_AcquireThread(), 200
PyEval_EvalCode (C function), 46
PyEval_EvalCodeEx (C function), 46
PyEval_EvalFrame (C function), 46
PyEval_EvalFrameEx (C function), 46
PyEval_GetBuiltins (C function), 87
PyEval_GetFrame (C function), 87
PyEval_GetFuncDesc (C function), 88
PyEval_GetFuncName (C function), 87
PyEval_GetGlobals (C function), 87
PyEval_GetLocals (C function), 87
PyEval_InitThreads (C function), 199
PyEval_InitThreads (), 192
PyEval_MergeCompilerFlags (C function), 46
PyEval_ReleaseLock (C function), 205
PyEval_ReleaseThread (C function), 204
PyEval_ReleaseThread (), 200
PyEval_RestoreThread (C function), 198, 200
PyEval_RestoreThread (), 200
PyEval_SaveThread (C function), 198, 200
PyEval_SaveThread (), 200
PyEval_SetProfile (C function), 208

(@

PyEval_ThreadsInitialized (C function), 200
PyExc_ArithmeticError (Cvar), 62
PyExc_AssertionError (Cvar), 62
PyExc_AttributeError (Cvar), 62
PyExc_BaseException (Cvar), 62
PyExc_BlockingIOError (Cvar), 62
PyExc_BrokenPipeError (Cvar), 62
PyExc_BufferError (Cvar), 62
PyExc_BytesWarning (Cvar), 63
PyExc_ChildProcessError (Cvar), 62
PyExc_ConnectionAbortedError (Cvar), 62
PyExc_ConnectionError (C var), 62
PyExc_ConnectionRefusedError (Cvar), 62
PyExc_ConnectionResetError (C var), 62
PyExc_DeprecationWarning (C var), 63
PyExc_EnvironmentError (Cvar), 63
PyExc_EOFError (Cvar), 62
PyExc_Exception (Cvar), 62
PyExc_FileExistsError (Cvar), 62
PyExc_FileNotFoundError (C var), 62
PyExc_FloatingPointError (Cvar), 62
PyExc_FutureWarning (C var), 63
PyExc_GeneratorExit (Cvar), 62
PyExc_ImportError (Cvar), 62
PyExc_ImportWarning (C var), 63
PyExc_IndentationError (Cvar), 62
PyExc_IndexError (Cvar), 62
PyExc_InterruptedError (C var), 62
PyExc_IOError (Cvar), 63
PyExc_IsADirectoryError (Cvar), 62
PyExc_KeyboardInterrupt (Cvar), 62
PyExc_KeyError (Cvar), 62
PyExc_LookupError (C var), 62
PyExc_MemoryError (C var), 62
PyExc_ModuleNotFoundError (C var), 62
PyExc_NameError (C var), 62
PyExc_NotADirectoryError (Cvar), 62
PyExc_NotImplementedError (C var), 62
PyExc_OSError (C var), 62
PyExc_OverflowError (Cvar), 62
PyExc_PendingDeprecationWarning (Cvar), 63
PyExc_PermissionError (Cvar), 62
PyExc_ProcessLookupError (C var), 62
PyExc_RecursionError (Cvar), 62
PyExc_ReferenceError (Cvar), 62
PyExc_ResourceWarning (C var), 63
PyExc_RuntimeError (Cvar), 62
PyExc_RuntimeWarning (C var), 63
PyExc_StopAsyncIteration (Cvar), 62
PyExc_StopIteration (Cvar), 62
PyExc_SyntaxError (C var), 62
PyExc_SyntaxWarning (C var), 63
PyExc_SystemError (C var), 62

348

=
ro,



The Python/C API, ¥ 2]~ 3.11.8

PyExc_SystemExit (C var), 62
PyExc_TabError (Cvar), 62
PyExc_TimeoutError (Cvar), 62
PyExc_TypeError (Cvar), 62
PyExc_UnboundLocalError (Cvar), 62
PyExc_UnicodeDecodeError (Cvar), 62
PyExc_UnicodeEncodeError (Cvar), 62
PyExc_UnicodeError (Cvar), 62
PyExc_UnicodeTranslateError (Cvar), 62
PyExc_UnicodeWarning (C var), 63
PyExc_UserWarning (C var), 63
PyExc_ValueError (Cvar), 62
PyExc_Warning (C var), 63
PyExc_WindowsError (Cvar), 63
PyExc_ZeroDivisionError (Cvar), 62
PyException_GetCause (C function), 60
PyException_GetContext (C function), 59
PyException_GetTraceback (C function), 59
PyException_SetCause (C function), 60
PyException_SetContext (C function), 59
PyException_SetTraceback (C function), 59
PyFile_FromFd (C function), 164
PyFile_GetLine (C function), 165
PyFile_SetOpenCodeHook (C function), 165
PyFile_WriteObject (C function), 165
PyFile_WriteString (C function), 165
PyFloat_AS_DOUBLE (C function), 126
PyFloat_AsDouble (C function), 126
PyFloat_Check (C function), 126
PyFloat_CheckExact (C function), 126
PyFloat_FromDouble (C function), 126
PyFloat_FromString (C function), 126
PyFloat_GetInfo (C function), 126
PyFloat_GetMax (C function), 126
PyFloat_GetMin (C function), 126
PyFloat_Pack2 (C function), 127
PyFloat_Pack4 (C function), 127
PyFloat_Pack8 (C function), 127
PyFloat_Type (Cvar), 126
PyFloat_Unpack?2 (C function), 127
PyFloat_Unpack4 (C function), 127
PyFloat_Unpack8 (C function), 127
PyFloatObject (Ctype), 126
PyFrame_Check (C function), 180
PyFrame_GetBack (C function), 180
PyFrame_GetBuiltins (C function), 180
PyFrame_GetCode (C function), 180
PyFrame_GetGenerator (C function), 180
PyFrame_GetGlobals (C function), 180
PyFrame_GetLasti (C function), 180
PyFrame_GetLineNumber (C function), 181
PyFrame_GetLocals (C function), 181
PyFrame_Type (Cvar), 180
PyFrameObject (Ctype), 180

PyFrozenSet_Check (C function), 158
PyFrozenSet_CheckExact (C function), 159
PyFrozenSet_New (C function), 159
PyFrozenSet_Type (Cvar), 158
PyFunction_Check (C function), 160
PyFunction_GetAnnotations (C function), 161
PyFunction_GetClosure (C function), 160
PyFunction_GetCode (C function), 160
PyFunction_GetDefaults (C function), 160
PyFunction_GetGlobals (C function), 160
PyFunction_GetModule (C function), 160
PyFunction_New (C function), 160
PyFunction_NewWithQualName (C function), 160
PyFunction_SetAnnotations (C function), 161
PyFunction_SetClosure (C function), 160
PyFunction_SetDefaults (C function), 160
PyFunction_Type (C var), 160
PyFunctionObject (C type), 160
PyGC_Collect (C function), 295
PyGC_Disable (C function), 295
PyGC_Enable (C function), 295
PyGC_IsEnabled (C function), 296
PyGen_Check (C function), 181
PyGen_CheckExact (C function), 181
PyGen_New (C function), 181
PyGen_NewWithQualName (C function), 181
PyGen_Type (Cvar), 181
PyGenObject (C type), 181
PyGetSetDef (C type), 256
PyGILState_Check (C function), 201
PyGILState_Ensure (C function), 200
PyGILState_GetThisThreadState (C function),
201
PyGILState_Release (C function), 201
PyHash_FuncDef (C type), 87
PyHash_FuncDef.hash_bits (C member), 87
PyHash_FuncDef .name (C member), 87
PyHash_FuncDef.seed_bits (C member), 87
PyHash_GetFuncDef (C function), 87
PyImport_AddModule (C function), 72
PyImport_AddModuleObject (C function), 71
PyImport_AppendInittab (C function), 74
PyImport_ExecCodeModule (C function), 72
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObject (C function),
72
PyImport_ExecCodeModuleWithPathnames (C
Sfunction), 72
PyImport_ExtendInittab (C function), 74
PyImport_FrozenModules (Cvar), 74
PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 73
PyImport_GetMagicTag (C function), 73
PyImport_GetModule (C function), 73
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PyImport_GetModuleDict (C function), 73
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73
PyImport_ImportFrozenModuleObject (c
function), 73
PyImport_ImportModule (C function), 71
PyImport_ImportModuleEx (C function), 71
PyImport_ImportModuleLevel (C function), 71
PyImport_ImportModuleLevelObject (C func-
tion), 71
PyImport_ImportModuleNoBlock (C function),
71
PyImport_ReloadModule (C function), 71
PyIndex_Check (C function), 104
PyInstanceMethod_Check (C function), 161
PyInstanceMethod_Function (C function), 161
PyInstanceMethod_GET_FUNCTION (C function),
161
PyInstanceMethod_New (C function), 161
PyInstanceMethod_Type (Cvar), 161
PyInterpreterState (Ctype), 199
PyInterpreterState_Clear (C function), 202
PyInterpreterState_Delete (C function), 202
PyInterpreterState_Get (C function), 203
PyInterpreterState_GetDict (C function), 203
PyInterpreterState_GetID (C function), 203
PyInterpreterState_Head (C function), 208
PyInterpreterState_Main (C function), 208
PyInterpreterState_New (C function), 202
PyInterpreterState_Next (C function), 208
PyInterpreterState_ThreadHead (C function),
208
PyIter_Check (C function), 107
PyIter_Next (C function), 107
PyIter_Send (C function), 108
PyList_Append (C function), 154
PyList_AsTuple (C function), 155
PyList_Check (C function), 153
PyList_CheckExact (C function), 153
PyList_GET_ITEM (C function), 154
PyList_GET_SIZE (C function), 154
PyList_GetItem (C function), 10, 154
PyList_GetSlice (C function), 154
PyList_Insert (C function), 154
PyList_New (C function), 153
PyList_Reverse (C function), 155
PyList_SET_ITEM (C function), 154
PyList_SetItem (C function), 8, 154
PyList_SetSlice (C function), 154
PyList_Size (C function), 154
PyList_Sort (C function), 155
PyList_Type (Cvar), 153
PyListObject (Ctype), 153
PyLong_AsDouble (C function), 125

PyLong_AsLong (C function), 123
PyLong_AsLongAndOverflow (C function), 123
PyLong_AsLongLong (C function), 123
PyLong_AsLongLongAndOverflow (C function),
123
PyLong_AsSize_t (C function), 124
PyLong_AsSsize_t (C function), 124
PyLong_AsUnsignedLong (C function), 124
PyLong_AsUnsignedLongLong (C function), 124
PyLong_AsUnsignedLongLongMask (C function),
124
PyLong_AsUnsignedLongMask (C function), 124
PyLong_AsVoidPtr (C function), 125
PyLong_Check (C function), 122
PyLong_CheckExact (C function), 122
PyLong_FromDouble (C function), 122
PyLong_FromLong (C function), 122
PyLong_FromLongLong (C function), 122
PyLong_FromSize_t (C function), 122
PyLong_FromSsize_t (C function), 122
PyLong_FromString (C function), 122
PyLong_FromUnicodeObject (C function), 123
PyLong_FromUnsignedLong (C function), 122
PyLong_FromUnsignedLongLong (C function), 122
PyLong_FromVoidPtr (C function), 123
PyLong_Type (C var), 122
PyLongObject (C type), 122
PyMapping_Check (C function), 106
PyMapping_DelItem (C function), 106
PyMapping_DelItemString (C function), 106
PyMapping_GetItemString (C function), 106
PyMapping_HasKey (C function), 106
PyMapping_HasKeyString (C function), 107
PyMapping_TItems (C function), 107
PyMapping_Keys (C function), 107
PyMapping_Length (C function), 106
PyMapping_SetItemString (C function), 106
PyMapping_Size (C function), 106
PyMapping_Values (C function), 107
PyMappingMethods (C type), 286
PyMappingMethods.mp_ass_subscript (c
member), 286
PyMappingMethods.mp_length (C member), 286
PyMappingMethods.mp_subscript (C member),
286
PyMarshal_ReadLastObjectFromFile (C func-
tion), 75
PyMarshal_ReadLongFromFile (C function), 75
PyMarshal_ReadObjectFromFile (C function),
75
PyMarshal_ReadObjectFromString (C func-
tion), 75
PyMarshal_ReadShortFromFile (C function), 75
PyMarshal_WriteLongToFile (C function), 74
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PyMarshal_WriteObjectToFile (C function), 75
PyMarshal_WriteObjectToString (C function),
75
PyMem_Calloc (C function), 240
PyMem_Del (C function), 240
PYMEM_DOMAIN_MEM (C macro), 243
PYMEM_DOMAIN_OBJ (C macro), 243
PYMEM_DOMAIN_RAW (C macro), 242
PyMem_Free (C function), 240
PyMem_GetAllocator (C function), 243
PyMem_Malloc (C function), 239
PyMem_New (C macro), 240
PyMem_RawCalloc (C function), 239
PyMem_RawFree (C function), 239
PyMem_RawMalloc (C function), 239
PyMem_RawRealloc (C function), 239
PyMem_Realloc (C function), 240
PyMem_Resize (C macro), 240
PyMem_SetAllocator (C function), 243
PyMem_SetupDebugHooks (C function), 243
PyMemAllocatorDomain (C type), 242
PyMemAllocatorEx (C type), 242
PyMember_GetOne (C function), 256
PyMember_SetOne (C function), 256
PyMemberDef (C type), 255
PyMemoryView_Check (C function), 176
PyMemoryView_FromBuffer (C function), 176
PyMemoryView_FromMemory (C function), 176
PyMemoryView_FromObject (C function), 176
PyMemoryView_GET_BASE (C function), 176
PyMemoryView_GET_BUFFER (C function), 176
PyMemoryView_GetContiguous (C function), 176
PyMethod_Check (C function), 161
PyMethod_Function (C function), 161
PyMethod_GET_FUNCTION (C function), 162
PyMethod_GET_SELF (C function), 162
PyMethod_New (C function), 161
PyMethod_Self (C function), 162
PyMethod_Type (Cvar), 161
PyMethodDef (C type), 253
PyMethodDef .ml_doc (C member), 253
PyMethodDef.ml_flags (C member), 253
PyMethodDef .ml_meth (C member), 253
PyMethodDef .ml_name (C member), 253
PyMODINIT_FUNC (C macro), 5
PyModule_AddFunctions (C function), 170
PyModule_AddIntConstant (C function), 172
PyModule_AddIntMacro (C macro), 172
PyModule_AddObject (C function), 171
PyModule_AddObjectRef (C function), 171
PyModule_AddStringConstant (C function), 172
PyModule_AddStringMacro (C macro), 172
PyModule_AddType (C function), 172
PyModule_Check (C function), 165

PyModule_CheckExact (C function), 165
PyModule_Create (C function), 168
PyModule_Create?2 (C function), 168
PyModule_ExecDef (C function), 170
PyModule_FromDefAndSpec (C function), 170
PyModule_FromDefAndSpec?2 (C function), 170
PyModule_GetDef (C function), 166
PyModule_GetDict (C function), 166
PyModule_GetFilename (C function), 166
PyModule_GetFilenameObject (C function), 166
PyModule_GetName (C function), 166
PyModule_GetNameObject (C function), 166
PyModule_GetState (C function), 166
PyModule_New (C function), 166
PyModule_NewObject (C function), 166
PyModule_SetDocString (C function), 170
PyModule_Type (C var), 165
PyModuleDef (C type), 167
PyModuleDef_Init (C function), 169
PyModuleDef_Slot (Ctype), 169
PyModuleDef_Slot.slot (C member), 169
PyModuleDef_Slot.value (C member), 169
PyModuleDef .m_base (C member), 167
PyModuleDef.m_clear (C member), 167
PyModuleDef .m_doc (C member), 167
PyModuleDef.m_free (C member), 168
PyModuleDef .m_methods (C member), 167
PyModuleDef .m_name (C member), 167
PyModuleDef .m_size (C member), 167
PyModuleDef .m_slots (C member), 167
PyModuleDef.m_slots.m_reload (C member),
167
PyModuleDef .m_traverse (C member), 167
PyNumber_Absolute (C function), 102
PyNumber_Add (C function), 101
PyNumber_And (C function), 102
PyNumber_AsSsize_t (C function), 104
PyNumber_Check (C function), 101
PyNumber_Divmod (C function), 101
PyNumber_Float (C function), 103
PyNumber_FloorDivide (C function), 101
PyNumber_Index (C function), 103
PyNumber_InPlaceAdd (C function), 102
PyNumber_InPlaceAnd (C function), 103
PyNumber_InPlaceFloorDivide (C function), 102
PyNumber_InPlaceLshift (C function), 103
PyNumber_InPlaceMatrixMultiply (C func-
tion), 102
PyNumber_InPlaceMultiply (C function), 102
PyNumber_InPlaceOr (C function), 103
PyNumber_InPlacePower (C function), 103
PyNumber_InPlaceRemainder (C function), 103
PyNumber_InPlaceRshift (C function), 103
PyNumber_InPlaceSubtract (C function), 102
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PyNumber_InPlaceTrueDivide (C function), 103
PyNumber_InPlaceXor (C function), 103
PyNumber_Invert (C function), 102
PyNumber_Long (C function), 103
PyNumber_Lshift (C function), 102
PyNumber_MatrixMultiply (C function), 101
PyNumber_Multiply (C function), 101
PyNumber_Negative (C function), 101
PyNumber_Or (C function), 102
PyNumber_Positive (C function), 102
PyNumber_Power (C function), 101
PyNumber_Remainder (C function), 101
PyNumber_Rshift (C function), 102
PyNumber_Subtract (C function), 101
PyNumber_ToBase (C function), 104
PyNumber_TrueDivide (C function), 101
PyNumber_Xor (C function), 102

PyNumberMethods .nb_invert (C member), 285
PyNumberMethods.nb_1shift (C member), 285

PyNumberMethods.
member), 285
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
284
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
PyNumberMethods.
285
PyNumberMethods.

nb_matrix_multiply (e
nb_multiply (C member), 284
nb_negative (C member), 284
nb_or (C member), 285
nb_positive (C member), 284
nb_power (C member), 284
nb_remainder (C member),

nb_reserved (C member), 285
nb_rshift (C member), 285

nb_subtract (C member), 284
nb_true_divide (Cmember),

nb_xor (C member), 285

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 285
PyNumberMethods
PyNumberMethods
285
PyNumberMethods

(C type), 283
.nb_absolute (C member), 284
.nb_add (C member), 284
.nb_and (C member), 285
.nb_bool (C member), 284
.nb_divmod (C member), 284
.nb_float (C member), 285
.nb_floor_divide (C mem-

.nb_index (C member), 285
.nb_inplace_add (Cmember),

.nb_inplace_and (Cmember),

285
PyNumberMethods.nb_inplace_floor_divide
(C member), 285
PyNumberMethods.nb_inplace_lshift
member), 285

(c

PyObject (C type), 250
PyObject_AsCharBuffer (C function), 116
PyObject_ASCII (C function), 93
PyObject_AsFileDescriptor (C function), 165
PyObject_AsReadBuffer (C function), 116
PyObject_AsWriteBuffer (C function), 116
PyObject_Bytes (C function), 94
PyObject_Call (C function), 98
PyObject_CallFunction (C function), 99
PyObject_CallFunctionObjArgs (C function),
99
PyObject_CallMethod (C function), 99
PyObject_CallMethodNoArgs (C function), 100
PyObject_CallMethodObjArgs (C function), 99
PyObject_CallMethodOneArg (C function), 100
PyObject_CallNoArgs (C function), 98
PyObject_CallObject (C function), 99
PyObject_Calloc (C function), 241

PyNumberMethods.nb_inplace_matrix_multipRyObject_CallOneArg (C function), 99

(C member), 285
PyNumberMethods.nb_inplace_multiply (C
member), 285
PyNumberMethods.nb_inplace_or (C member),
285
PyNumberMethods.nb_inplace_power (C mem-
ber), 285
PyNumberMethods.nb_inplace_remainder (C
member), 285
PyNumberMethods.nb_inplace_rshift
member), 285
PyNumberMethods.nb_inplace_subtract (C
member), 285
PyNumberMethods.nb_inplace_true_divide
(C member), 285
PyNumberMethods.nb_inplace_xor (Cmember),
285
PyNumberMethods .nb_int (C member), 285

(C

PyObject_CheckBuffer (C function), 114
PyObject_CheckReadBuffer (C function), 116
PyObject_ClearWeakRefs (C function), 177
PyObject_CopyData (C function), 115
PyObject_Del (C function), 250
PyObject_DelAttr (C function), 92
PyObject_DelAttrString (C function), 92
PyObject_DelItem (C function), 95
PyObject_Dir (C function), 95
PyObject_Format (C function), 93
PyObject_Free (C function), 241
PyObject_GC_Del (C function), 294
PyObject_GC_IsFinalized (C function), 294
PyObject_GC_IsTracked (C function), 294
PyObject_GC_New (C macro), 294
PyObject_GC_NewVar (C macro), 294
PyObject_GC_Resize (C macro), 294
PyObject_GC_Track (C function), 294
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PyObject_GC_UnTrack (C function), 294
PyObject_GenericGetAttr (C function), 92
PyObject_GenericGetDict (C function), 93
PyObject_GenericSetAttr (C function), 92
PyObject_GenericSetDict (C function), 93
PyObject_GetATIter (C function), 95
PyObject_GetArenaAllocator (C function), 246
PyObject_GetAttr (C function), 92
PyObject_GetAttrString (C function), 92
PyObject_GetBuffer (C function), 114
PyObject_GetItem (C function), 95
PyObject_GetIter (C function), 95
PyObject_HasAttr (C function), 91
PyObject_HasAttrString (C function), 92
PyObject_Hash (C function), 94
PyObject_HashNotImplemented (C function), 94
PyObject_HEAD (C macro), 250
PyObject_HEAD_INIT (C macro), 252
PyObject_Init (C function), 249
PyObject_InitVar (C function), 249
PyObject_IS_GC (C function), 294
PyObject_IsInstance (C function), 94
PyObject_IsSubclass (C function), 94
PyObject_IsTrue (C function), 94
PyObject_Length (C function), 95
PyObject_LengthHint (C function), 95
PyObject_Malloc (C function), 241
PyObject_New (C macro), 249
PyObject_NewVar (C macro), 249
PyObject_Not (C function), 95
PyObject._ob_next (C member), 264
PyObject._ob_prev (C member), 264
PyObject_Print (C function), 91
PyObject_Realloc (C function), 241
PyObject_Repr (C function), 93
PyObject_RichCompare (C function), 93
PyObject_RichCompareBool (C function), 93
PyObject_SetArenalAllocator (C function), 246
PyObject_SetAttr (C function), 92
PyObject_SetAttrString (C function), 92
PyObject_SetItem (C function), 95
PyObject_Size (C function), 95
PyObject_Str (C function), 94
PyObject_Type (C function), 95
PyObject_TypeCheck (C function), 95
PyObject_VAR_HEAD (C macro), 250
PyObject_Vectorcall (C function), 100
PyObject_VectorcallDict (C function), 100
PyObject_VectorcallMethod (C function), 100
PyObjectArenaAllocator (C type), 245
PyObject.ob_refcnt (C member), 263
PyObject.ob_type (C member), 263
PyOS_AfterFork (C function), 66
PyOS_AfterFork_Child (C function), 66

PyOS_AfterFork_Parent (C function), 65
PyOS_BReforeFork (C function), 65
PyOS_CheckStack (C function), 66
PyOS_double_to_string (C function), 86
PyOS_FSPath (C function), 65
PyOS_getsig (C function), 66
PyOS_InputHook (Cvar), 45
PyOS_ReadlineFunctionPointer (C var), 45
PyOS_setsig (C function), 66
PyOS_sighandler_t (C type), 66
PyOS_snprintf (C function), 85
PyOS_stricmp (C function), 86
PyOS_string_to_double (C function), 85
PyOS_strnicmp (C function), 86
PyOS_strtol (C function), 85
PyOS_strtoul (C function), 85
PyOS_vsnprintf (C function), 85
PyPreConfig (Ctype), 216
PyPreConfig_InitIsolatedConfig (C func-
tion), 216
PyPreConfig_InitPythonConfig (C function),
216
PyPreConfig.allocator (C member), 216
PyPreConfig.coerce_c_locale (Cmember), 217
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 217
PyPreConfig.configure_locale (C member),
216
PyPreConfig.dev_mode (C member), 217
PyPreConfig.isolated (C member), 217
PyPreConfig.legacy_windows_fs_encoding
(C member), 217
PyPreConfig.parse_argv (C member), 217
PyPreConfig.use_environment (Cmember), 217
PyPreConfig.utf8_mode (C member), 217
PyProperty_Type (Cvar), 174
PyRun_AnyFile (C function), 43
PyRun_AnyFileEx (C function), 44
PyRun_AnyFileExFlags (C function), 44
PyRun_AnyFileFlags (C function), 43
PyRun_File (C function), 45
PyRun_FileEx (C function), 45
PyRun_FileExFlags (C function), 45
PyRun_FileFlags (C function), 45
PyRun_InteractiveLoop (C function), 44
PyRun_InteractiveLoopFlags (C function), 45
PyRun_InteractiveOne (C function), 44
PyRun_InteractiveOneFlags (C function), 44
PyRun_SimpleFile (C function), 44
PyRun_SimpleFileEx (C function), 44
PyRun_SimpleFileExFlags (C function), 44
PyRun_SimpleString (C function), 44
PyRun_SimpleStringFlags (C function), 44
PyRun_String (C function), 45
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PyRun_StringFlags (C function), 45
PySendResult (C type), 108
PySeqglter_Check (C function), 173
PySeqglter_New (C function), 173
PySeqglter_Type (Cvar), 173
PySequence_Check (C function), 104
PySequence_Concat (C function), 104
PySequence_Contains (C function), 105
PySequence_Count (C function), 105
PySequence_DelItem (C function), 105
PySequence_DelS1lice (C function), 105
PySequence_Fast (C function), 105
PySequence_Fast_GET_ITEM (C function), 106
PySequence_Fast_GET_SIZE (C function), 106
PySequence_Fast_ITEMS (C function), 106
PySequence_GetItem (C function), 10, 105
PySequence_GetSlice (C function), 105
PySequence_Index (C function), 105
PySequence_InPlaceConcat (C function), 104
PySequence_InPlaceRepeat (C function), 104
PySequence_ITEM (C function), 106
PySequence_Length (C function), 104
PySequence_List (C function), 105
PySequence_Repeat (C function), 104
PySequence_SetItem (C function), 105
PySequence_SetSlice (C function), 105
PySequence_Size (C function), 104
PySequence_Tuple (C function), 105
PySequenceMethods (C type), 286
PySequenceMethods.sq ass_item (C member),
286
PySequenceMethods.
PySequenceMethods.
286
PySequenceMethods.
member), 287
PySequenceMethods.
member), 287
PySequenceMethods.

sq_concat (C member), 286
sq_contains (C member),

sq_inplace_concat (C
sq_inplace_repeat (C

sq_item (C member), 286
PySequenceMethods.sq_length (C member), 286
PySequenceMethods.sq repeat (Cmember), 286
PySet_Add (C function), 159

PySet_Check (C function), 158
PySet_CheckExact (C function), 158
PySet_Clear (C function), 159

PySet_Contains (C function), 159
PySet_Discard (C function), 159
PySet_GET_SIZE (C function), 159

PySet_New (C function), 159

PySet_Pop (C function), 159

PySet_Size (C function), 159

PySet_Type (Cvar), 158

PySetObject (C type), 158
PySignal_SetWakeupFd (C function), 59

PySlice_AdjustIndices (C function), 175
PySlice_Check (C function), 174
PySlice_GetIndices (C function), 174
PySlice_GetIndicesEx (C function), 175
PySlice_New (C function), 174
PySlice_Type (Cvar), 174
PySlice_Unpack (C function), 175
PyState_AddModule (C function), 173
PyState_FindModule (C function), 173
PyState_RemoveModule (C function), 173
PyStatus (Ctype), 215
PyStatus_Error (C function), 215
PyStatus_Exception (C function), 215
PyStatus_Exit (C function), 215
PyStatus_IsError (C function), 215
PyStatus_IsExit (C function), 215
PyStatus_NoMemory (C function), 215
PyStatus_0k (C function), 215
PyStatus.err_msg (C member), 215
PyStatus.exitcode (C member), 215
PyStatus. func (C member), 215
PyStructSequence_Desc (C type), 152
PyStructSequence_Desc.doc (C member), 152
PyStructSequence_Desc.fields (C member),
152
PyStructSequence_Desc.n_in_sequence (C
member), 152
PyStructSequence_Desc.name (C member), 152
PyStructSequence_Field (Ctype), 152
PyStructSequence_Field.doc (C member), 153
PyStructSequence_Field.name (Cmember), 152
PyStructSequence_GET_ITEM (C function), 153
PyStructSequence_GetItem (C function), 153
PyStructSequence_InitType (C function), 152
PyStructSequence_InitType?2 (C function), 152
PyStructSequence_New (C function), 153
PyStructSequence_NewType (C function), 152
PyStructSequence_SET_ITEM (C function), 153
PyStructSequence_SetItem (C function), 153
PyStructSequence_UnnamedField (Cvar), 153
PySys_AddAuditHook (C function), 69
PySys_AddWarnOption (C function), 68
PySys_AddWarnOptionUnicode (C function), 68
PySys_AddxOption (C function), 69
PySys_Audit (C function), 69
PySys_FormatStderr (C function), 69
PySys_FormatStdout (C function), 69
PySys_GetObject (C function), 68
PySys_GetXOptions (C function), 69
PySys_ResetWarnOptions (C function), 68
PySys_SetArgv (C function), 192, 196
PySys_SetArgvEx (C function), 192, 196
PySys_SetObject (C function), 68
PySys_SetPath (C function), 68
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PySys_WriteStderr (C function), 69
PySys_WriteStdout (C function), 68
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PYTHONEXECUTABLE, 226
PYTHONFAULTHANDLER, 223
PYTHONHASHSEED, 191, 223
PYTHONHOME, 13, 191, 197, 224
Pythonic (3}o] AW Tth2), 311
PYTHONINSPECT, 191, 224
PYTHONIOENCODING, 193, 228
PYTHONLEGACYWINDOWSFSENCODING, 191, 217
PYTHONLEGACYWINDOWSSTDIO, 191, 225
PYTHONMALLOC, 238, 242, 244, 245
PYTHONMALLOCSTATS, 225, 238
PYTHONNODEBUGRANGES, 222
PYTHONNOUSERSITE, 191, 229
PYTHONOPTIMIZE, 192,226
PYTHONPATH, 13, 191, 225
PYTHONPLATLIBDIR, 225
PYTHONPROFILEIMPORTTIME, 224
PYTHONPYCACHEPREFIX, 227
PYTHONSAFEPATH, 221
PYTHONTRACEMALLOC, 228
PYTHONUNBUFFERED, 192, 221
PYTHONUTFS, 218, 232
PYTHONVERBOSE, 192, 229
PYTHONWARNINGS, 229
PyThread_create_key (C function), 211
PyThread_delete_key (C function), 211
PyThread_delete_key_value (C function), 211
PyThread_get_key_value (C function), 211
PyThread_ReInitTLS (C function), 211
PyThread_set_key_value (C function), 211
PyThread_tss_alloc (C function), 210
PyThread_tss_create (C function), 210
PyThread_tss_delete (C function), 210
PyThread_tss_free (C function), 210
PyThread_tss_get (C function), 210
PyThread_tss_is_created (C function), 210
PyThread_tss_set (C function), 210
PyThreadState (Ctype), 197, 199
PyThreadState_Clear (C function), 202
PyThreadState_Delete (C function), 202
PyThreadState_DeleteCurrent (C function), 202
PyThreadState_EnterTracing (C function), 203
PyThreadState_Get (C function), 200
PyThreadState_GetDict (C function), 204
PyThreadState_GetFrame (C function), 202
PyThreadState_GetID (C function), 202
PyThreadState_GetInterpreter (C function),
202
PyThreadState_LeaveTracing (C function), 203
PyThreadState_New (C function), 202
PyThreadState_Next (C function), 209
PyThreadState_SetAsyncExc (C function), 204
PyThreadState_Swap (C function), 200
PyThreadState.interp (C member), 199
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PyTime_Check (C function), 185
PyTime_CheckExact (C function), 185
PyTime_FromTime (C function), 185
PyTime_FromTimeAndFold (C function), 185
PyTimeZone_FromOffset (C function), 185
PyTimeZone_FromOffsetAndName (C function),
186
PyTrace_C_CALL (C var), 208
PyTrace_C_EXCEPTION (C var), 208
PyTrace_C_RETURN (C var), 208
PyTrace_CALL (Cvar), 207
PyTrace_EXCEPTION (C var), 207
PyTrace_LINE (C var), 208
PyTrace_OPCODE (C var), 208
PyTrace_RETURN (C var), 208
PyTraceMalloc_Track (C function), 246
PyTraceMalloc_Untrack (C function), 246
PyTuple_Check (C function), 151
PyTuple_CheckExact (C function), 151
PyTuple_GET_ITEM (C function), 151
PyTuple_GET_SIZE (C function), 151
PyTuple_GetItem (C function), 151
PyTuple_GetSlice (C function), 151
PyTuple_New (C function), 151
PyTuple_Pack (C function), 151
PyTuple_SET_ITEM (C function), 151
PyTuple_SetItem (C function), 8, 151
PyTuple_Size (C function), 151
PyTuple_Type (Cvar), 151
PyTupleObject (Ctype), 151
PyType_Check (C function), 117
PyType_CheckExact (C function), 117
PyType_ClearCache (C function), 117
PyType_FromModuleAndSpec (C function), 120
PyType_FromSpec (C function), 120
PyType_FromSpecWithBases (C function), 120
PyType_GenericAlloc (C function), 118
PyType_GenericNew (C function), 118
PyType_GetFlags (C function), 118
PyType_GetModule (C function), 119
PyType_GetModuleByDef (C function), 119
PyType_GetModuleState (C function), 119
PyType_GetName (C function), 118
PyType_GetQualName (C function), 118
PyType_GetSlot (C function), 119
PyType_HasFeature (C function), 118
PyType_IS_GC (C function), 118
PyType_IsSubtype (C function), 118
PyType_Modified (C function), 118
PyType_Ready (C function), 118
PyType_Slot (C type), 120
PyType_Slot.PyType_Slot.pfunc (C member),
121

PyType_Slot.PyType_Slot.slot (C member),

120

PyType_Spec (C type), 120

PyType_Spec.PyType_Spec.

basicsize

(C

member), 120

PyType_Spec.PyType_Spec.

120

PyType_Spec.PyType_Spec.
ber), 120
PyType_Spec.PyType_Spec.

120

PyType_Spec.PyType_Spec.

120

flags (C member),
itemsize (C mem-
name (C member),

slots (C member),

PyType_Type (Cvar), 117
PyTypeObject (Ctype), 117
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PyTypeObject
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PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.
.tp_finalize (C member), 282
.tp_flags (C member), 269
.tp_free (C member), 280
.tp_getattr (C member), 266
.tp_getattro (C member), 269
.tp_getset (C member), 277
.tp_hash (C member), 268
.tp_init (C member), 279
.tp_is_gc (C member), 280
.tp_itemsize (C member), 265
.tp_iter (C member), 276
.tp_iternext (C member), 276
.tp_members (C member), 277
.tp_methods (C member), 277
.tp_mro (C member), 281
.tp_name (C member), 264
.tp_new (C member), 280
PyTypeObject.
.tp_richcompare (Cmember), 275
.tp_setattr (C member), 267
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PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
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PyTypeObject
PyTypeObject

.tp_alloc (C member), 279
.tp_as_async (C member), 267
.tp_as_buffer (C member), 269
.tp_as_mapping (C member), 268
.tp_as_number (C member), 267
.tp_as_sequence (C member), 267
.tp_base (C member), 277
.tp_bases (C member), 281
PyTypeObject.
.tp_cache (C member), 281
.tp_call (C member), 268
.tp_clear (C member), 274
.tp_dealloc (C member), 265
.tp_del (C member), 281
.tp_descr_get (C member), 278
.tp_descr_set (C member), 278
.tp_dict (C member), 278
.tp_dictoffset (C member), 278

tp_basicsize (C member), 265

tp_doc (C member), 273

tp_repr (C member), 267
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PyTypeObject.tp_setattro (C member), 269
PyTypeObject.tp_str (C member), 268
PyTypeObject.tp_subclasses (C member), 281
PyTypeObject.tp_traverse (C member), 273
PyTypeObject.tp_vectorcall (C member), 282
PyTypeObject.tp_vectorcall_offset c
member), 266
PyTypeObject.tp_version_tag (Cmember), 282
PyTypeObject.tp_weaklist (C member), 281
PyTypeObject.tp_weaklistoffset (Cmember),
276
PyTZInfo_Check (C function), 185
PyTZInfo_CheckExact (C function), 185
PyUnicode_1BYTE_DATA (C function), 134
PyUnicode_1BYTE_KIND (C macro), 134
PyUnicode_2BYTE_DATA (C function), 134
PyUnicode_2BYTE_KIND (C macro), 134
PyUnicode_4BYTE_DATA (C function), 134
PyUnicode_4BYTE_KIND (C macro), 134
PyUnicode_AS_DATA (C function), 135
PyUnicode_AS_UNICODE (C function), 135
PyUnicode_AsASCIIString (C function), 147
PyUnicode_AsCharmapString (C function), 148
PyUnicode_AsEncodedString (C function), 144
PyUnicode_AsLatinlString (C function), 147
PyUnicode_AsMBCSString (C function), 149
PyUnicode_AsRawUnicodeEscapeString c
function), 147
PyUnicode_AsUCS4 (C function), 139
PyUnicode_AsUCS4Copy (C function), 139
PyUnicode_AsUnicode (C function), 140
PyUnicode_AsUnicodeAndSize (C function), 140
PyUnicode_AsUnicodeEscapeString (C func-
tion), 147
PyUnicode_AsUTF8 (C function), 145
PyUnicode_AsUTF8AndSize (C function), 144
PyUnicode_AsUTF8String (C function), 144
PyUnicode_AsUTF16String (C function), 146
PyUnicode_AsUTF32String (C function), 145
PyUnicode_AsWideChar (C function), 143
PyUnicode_AsWideCharString (C function), 143
PyUnicode_Check (C function), 133
PyUnicode_CheckExact (C function), 133
PyUnicode_Compare (C function), 150
PyUnicode_CompareWithASCIIString (C func-
tion), 150
PyUnicode_Concat (C function), 149
PyUnicode_Contains (C function), 150
PyUnicode_CopyCharacters (C function), 139
PyUnicode_Count (C function), 150
PyUnicode_DATA (C function), 134
PyUnicode_Decode (C function), 144
PyUnicode_DecodeASCII (C function), 147
PyUnicode_DecodeCharmap (C function), 148

PyUnicode_DecodeFSDefault (C function), 142
PyUnicode_DecodeFSDefaultAndSize (C func-
tion), 142
PyUnicode_DecodelLatinl (C function), 147
PyUnicode_DecodeLocale (C function), 141
PyUnicode_DecodeLocaleAndSize (C function),
141
PyUnicode_DecodeMBCS (C function), 148
PyUnicode_DecodeMBCSStateful (C function),
148
PyUnicode_DecodeRawUnicodeEscape (C func-
tion), 147
PyUnicode_DecodeUnicodeEscape (C function),
147
PyUnicode_DecodeUTFE7 (C function), 146
PyUnicode_DecodeUTF7Stateful (C function),
146
PyUnicode_DecodeUTF8 (C function), 144
PyUnicode_DecodeUTF8Stateful (C function),
144
PyUnicode_DecodeUTF16 (C function), 146
PyUnicode_DecodeUTF16Stateful (C function),
146
PyUnicode_DecodeUTF32 (C function), 145
PyUnicode_DecodeUTF32Stateful (C function),
145
PyUnicode_EncodeCodePage (C function), 149
PyUnicode_EncodeFSDefault (C function), 142
PyUnicode_EncodeLocale (C function), 141
PyUnicode_Fill (C function), 139
PyUnicode_Find (C function), 149
PyUnicode_FindChar (C function), 149
PyUnicode_Format (C function), 150
PyUnicode_FromEncodedObject (C function), 139
PyUnicode_FromFormat (C function), 137
PyUnicode_FromFormatV (C function), 138
PyUnicode_FromKindAndData (C function), 137
PyUnicode_FromObject (C function), 138
PyUnicode_FromString (C function), 137
PyUnicode_FromStringAndSize (C function), 137
PyUnicode_FromUnicode (C function), 140
PyUnicode_FromWideChar (C function), 143
PyUnicode_FSConverter (C function), 142
PyUnicode_FSDecoder (C function), 142
PyUnicode_GET_DATA_SIZE (C function), 135
PyUnicode_GET_LENGTH (C function), 133
PyUnicode_GET_SIZE (C function), 135
PyUnicode_GetLength (C function), 139
PyUnicode_GetSize (C function), 140
PyUnicode_InternFromString (C function), 150
PyUnicode_InternInPlace (C function), 150
PyUnicode_IsIdentifier (C function), 135
PyUnicode_Join (C function), 149
PyUnicode_KIND (C function), 134
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PyUnicode_MAX_CHAR_VALUE (C function), 134
PyUnicode_New (C function), 137
PyUnicode_READ (C function), 134
PyUnicode_READ_CHAR (C function), 134
PyUnicode_ReadChar (C function), 139
PyUnicode_READY (C function), 133
PyUnicode_Replace (C function), 150
PyUnicode_RichCompare (C function), 150
PyUnicode_Split (C function), 149
PyUnicode_Splitlines (C function), 149
PyUnicode_Substring (C function), 139
PyUnicode_Tailmatch (C function), 149
PyUnicode_Translate (C function), 148
PyUnicode_Type (Cvar), 133
PyUnicode_WCHAR_KIND (C macro), 134
PyUnicode_WRITE (C function), 134
PyUnicode_WriteChar (C function), 139
PyUnicodeDecodeError_Create (C function), 60
PyUnicodeDecodeError_GetEncoding (C func-
tion), 60
PyUnicodeDecodeError_GetEnd (C function), 60

PyUnicodeDecodeError_GetObject (C func-
tion), 60

PyUnicodeDecodeError_GetReason (C func-
tion), 61

PyUnicodeDecodeError_GetStart (C function),
60

PyUnicodeDecodeError_SetEnd (C function), 60
PyUnicodeDecodeError_SetReason (C func-

tion), 61
PyUnicodeDecodeError_SetStart (C function),
60
PyUnicodeEncodeError_GetEncoding (C func-
tion), 60
PyUnicodeEncodeError_GetEnd (C function), 60
PyUnicodeEncodeError_GetObject (C func-
tion), 60
PyUnicodeEncodeError_GetReason (C func-
tion), 61
PyUnicodeEncodeError_GetStart (C function),
60

PyUnicodeEncodeError_SetEnd (C function), 60

PyUnicodeEncodeError_SetReason (C func-
tion), 61

PyUnicodeEncodeError_SetStart (C function),
60

PyUnicodeObject (Ctype), 133

PyUnicodeTranslateError_GetEnd (C func-

tion), 60
PyUnicodeTranslateError_GetObject (&

function), 60
PyUnicodeTranslateError_GetReason (e

function), 61

PyUnicodeTranslateError_GetStart (C func-
tion), 60
PyUnicodeTranslateError_SetEnd (C func-
tion), 60
PyUnicodeTranslateError_SetReason c
function), 61
PyUnicodeTranslateError_SetStart (C func-
tion), 60
PyVarObject (C type), 250
PyVarObject_HEAD_INIT (C macro), 252
PyVarObject .ob_size (C member), 264
PyVectorcall_Call (C function), 98
PyVectorcall_Function (C function), 97
PyVectorcall_ NARGS (C function), 97
PyWeakref_Check (C function), 177
PyWeakref_CheckProxy (C function), 177
PyWeakref_CheckRef (C function), 177
PyWeakref_ GET_OBJECT (C function), 177
PyWeakref_GetObject (C function), 177
PyWeakref_ NewProxy (C function), 177
PyWeakref_NewRef (C function), 177
PyWideStringList (C type), 214
PyWideStringList_Append (C function), 214
PyWideStringList_Insert (C function), 214
PyWideStringList.items (C member), 214
PyWideStringList.length (C member), 214
PyWrapper_New (C function), 174

Q

qualified name (A3}4 o] &), 311

R

realloc (C function), 237
reference count (ZZ 34, 312
regular package (BAF 3 7] A]), 312
releasebufferproc (Ctype), 290
repr

built—-in function, 93,267
reprfunc (C type), 289
richcmpfunc (C type), 290

S

sdterr

stdin stdout, 193
search

path, module, 13, 192, 195
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