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#define PY_ SSIZE_T CLEAN
#include <Python.h>

o=t 22 2= HE AFF = =AE oy} <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h> 7183 <stdlib.h> (/\]-—9— 7153 49).
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HA st o] 23 HFAZ BE Z271A 9 o] 2L AY T E Q= FS 0| nlo] v Ao th 3k AR AL

=] o] 44 SEEA T

dH HQEL AnAoR o BA AAAUT. K2l AE dY AL
include/pythonversion/ 9} exec_prefix/include/pythonversion/ olo]] E0] )5tk preflx ﬂ—
exec_prefix & 3} ]5‘44 configure 2~ Y E o 3| ZF3l= FEtnH=E Ao H H 2
sys.version_info[:2] YU A=A = dlH 3YEL prefix/include el A X5 o] 9}%

T} prefix =& ?lé%rﬂﬂ] 5] AAH A oA e ok

=z
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AHE JAEFFE 7] A FHEHE 5 (F U OE A AL E e AN szl =7t

o]—/\] Al Q.. —‘?— ﬂﬂl—ﬂﬂ% A g Ao Z7]—0H/ﬂ #include <pythonX.Y/Python.h> A& A& A=
orE L th prefix oo ZTHE = 79,?_ S| ] E 0] exec_prefix oA Z;EZE ZL£Z 0 FHE AZZT

So) 5ol MEEAE Wt A AL

Crt ALEAIE-E 5ho] M/C API 74 C WHE AFE-3he] o5 glo] = 818 TS o] extern "cr 2 AAAL

At 2 A ATl ol §2181oF T T Cor ol A 3hol H/C APL  AJ25}7] S13) S0t 228 72
2ot gadh

ol A S spdoll & 2 7R F8 S a2 FoE o JF Ut g REES 3 3t 7 Al F o
AsUTh (& £ py_reETURN_NONE) Y X] B HEA Q1 FEZE]E2 o 7]of] FolH o] JHF YT
ol HEo] AA HE2 ol d Ut}

PyMODINIT_FUNC

Declare an extension module PyInit initialization function. The function return type is Pyobject*. The
macro declares any special linkage declarations required by the platform, and for C++ declares the function as
extern "C".

The initialization function must be named PyInit_name, where name is the name of the module, and should
be the only non-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) ;

4 Chapter 1. A7H
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Py_ABS (X)
x 9] g2 vy ok
Added in version 3.3.

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_ArLwAYS_INLINE macro does
nothing.

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

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

Added in version 3.11.

Py_CHARMASK (C)

Ol A}= A} == [-128, 127] W} [0, 255] AFolo] AgooF gt} o] Ml 2= unsigned char &
Nagd c & sy oh

Py_DEPRECATED (version)
7] A] (deprecated) 41 A o)l AFGBHH A L. o] AR = A E o] F roll #] X 3f oF 3 th
A A

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

H A 3.8 4 WA MSVC A1 9& 75 th
Py_GETENV (s)

getenv (s) FASEA R -E 7} AW =gt o g AdE A nunn & WU (pyconfig.
use_environment= XA L)

Py MAX (X, )
x &hy Abol o] HUiztS whehe
Added in version 3.3.
Py_MEMBER_SIZE (type, member)
(type) TZA|¢] memper o] 7] & vl E & WFHgU T}
Added in version 3.6.
Py MIN (X, Y)
x Shy Aol o] #%:ghg Wk o,
Added in version 3.3.

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).

AHgH:

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

Added in version 3.11.

13. RS H3=ZE 5
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Py_STRINGIFY (X)
ECEALRE AT U & S°] Py_STRINGIFY (123) & "123" & W&t}
Added in version 3.4.

Py_UNREACHABLE ()
Ao sdT F geIE A2V IS AFd o] aZE AFZIAHAAIL 04]% £, switch
TANA 7Hee BE gho] case oA B A= Aol default: FoA /\}% = AF Yk

assert (0) == abor

%ﬂiEEﬂﬁlﬂﬂi% a7t =& HAGs e S0l HH 22 S gl = o
3 AT E AT UL oS So], 0] a2 = PR BREA GCCE _ builtin_ unreachable ()
Z TP Yh

Py_UNREACHABLE () & 85+ QF&3}A] ¢FA 9k _py NO_RETURN & A A3HA| 2 T4E T2+
AdUrh

AR 7F v § 7}L” o] Yzt o Q] A<l Ao TEE QY= AP, o] AR E AFR

J%WE} & 5o, R HFAY A|ad Zo] o4 HAAE Hojy+= S vl
Aol e SEAAN A G Budte Aol FEUT SEAANA A E BT 5 e A
Py_FatalError() 5 A& 4 AH YT

Added in version 3.7.

rr
2]
_|>L
ofo
ol
ol
>
>
fo

FIFHJ

Py_UNUSED (arg)
F40) u AL ARl Al ste] AT LY AE EAFUTE oAl int func(ine a, int
Py_UNUSED (b)) { return a; }.

Added in version 3.4.

PyDoc_STRVAR (name, Str)

=2 E Yol N A8 715 T nane 0|2 o] B8] 48 AU ) Shol4lo] HAE glo] WEw 3]

o W] g2 vloj S Ayt

PEP7 o] HAH AAE glo| N EAET Qo] AEs7] Y3l pypoc STRVAR & EAE B o A
B Al

S A

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

static PyMethodDef deque_methods[] = {
/7.
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VYA

PyDoc_STR (str)
Fol7 BAGe) @ SAEYS ANTUT SAEY o] MBS ol UL B W EAAL
4 gy,
PEP7 o BAE AAY 52T glo] ol e WEL 5 YES S22 YAD 0 pypoc_s7r
= AHESHA Al L.

A A

static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
i
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“28 A wAl 27 Y Th)
Fxsles P AR g U dubHQd 2 W3R pysncrer () S A8k A o
ez F2E -ﬂ '}i(é, AR o Fx A5E otk S7HA 71 AL), Py DECREF () & A X E
A8k (5, 73:}5— S stu AaA7le) AQUTh py_pEcrREF () AR E ﬁiﬂjﬁﬂool HEAE
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WA s Uth 2 A5 E Ao Sk o)lf+ SEo Wr AAE FREe o QA &
HAAE A F=E 7] 2 @?&HD} vk Az of tf st Aol st o] A thE FxR7F 8o WpuE
22l AotglE A et AN A 0= A 2L strong references AR (5, Fx A5 E F7HAE) L87F
R Uth ol® o] TSI T 8T AFL Ffo|Ho] T2 FF BREY CFgol AAZ dAA =
Ao A FATULE TE HAYUES L TEI=FS ZE AR Ut 2 E B G332 = 24}

a8Y &3] 37 A A g aEdA AAE AL A FRE FH SR G2 F A= AY Utk o2
A xko] BlaE oA AAE A A 1 &iéﬁﬂxﬂﬁ}‘i‘i AA7F 2 G AALD = JFUTH AR L2 T3
o Mol Al ato] o8 AP S5 Yt A2 so| W R=E APFFE Urke AT £y nscrsr ()
NA AME2ALE AEES SO/ 3k T = Z27F 7] 2ol AMA ALY BE Qdato] IAHo= 99

.

LA S H A2 A g AAHE (Pyobject , PyNumber_, PySequence_ 3= PyMapping_ & A] &3}
o188 7H B4E) & ARTHE AU o] & GALE S A MBS LE AR ol o3 A 2E 7ol
FEE YUY (S 2 AFE 7MY, o= S B2 Apol A AAbo] ukehE 7] she] =14 o]
EE A% oy oscher () & 52 AL AR oA 2 s D AV,

Shol A/C APL | A B9 Hx 34 B2 F29 474 02 73 2 A9gUch 248 AA
ohd zo FeAF o] g th (A= 255 A etk AAE B4 BHHUD) FEE LfIIE
A" & o o]k %7} B 2 514 ¢+ u] Py_DECREF & %8 490 glrj= A& o |3, 2 5AL
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T py XDECREF() ESE23 AU ALE WA AN TEAAA) BRozHN A AR E SAT
Aol AT+ A = 4“]@"/]‘:} —7—7]' Az 4A2F53E TEAA ke 7”5]1 SEAE /‘Hi—ﬂr FRE
wh=ohy gyt Afdol & 741111 FS W TEAE HZRE ggr/}a}iﬂ\/}r/} U8 HFx2E YeAe
OHZ—Z*\E%"JOAGA‘/]E}

U2 5 oA Ao dist Z2E& @2 = 5714 7FsAd o] AUt ¢+ AA o ot
AZREFTATE, 218A S FE AFULE FRE FAE= A2 5ol I E AL v s =71
AEd FA2E ARt 718 ska o o] A A A S A A dethe A4S vyt

Fz2E FA+E g+ AY s FHEZ RS FIHA o9 = pyrist_SetTtem() I
pyTuple_setItem() YUTh o] F7HA] Tt 84 e A2 E FHYUH(HE, 848 4& FZ9)
U g 2B tist F2e FAA AU, o]l FFE2 ME A AAEE FEoU B2EE
AE dutd e AP Fof] FRE FAEE HAAFHAFULE A& 59, FEZE U= I (1, 2,
"three") + O3 25 & AFULE (FA ol A= Ao HdA L. o T2 Ho=E IY3+=
HhH -2 ofgfof] vhe} QiU Th):

PyObject *t;

t = PyTuple_New
PyTuple_SetItem
PyTuple_SetItem
PyTuple_SetItem

(3);

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

, 2, PyUnicode_FromString("three"));

o] 7| A PyTuple_SetItem() ¥ PyLong_FromLong () 7} 938l Iz & Zulz2 S Yt AA o o st
Z7F EFAAE AL AAE AFE W 2 E A= 45 TS0 Aol py_increr () £ HE FRE
A S ] ALE LA S

SEo| A, pyTuple setitem() & FE 245 9+ FdF PFYUSh FEL EH A5F 9]
7] EEH—‘?-Oﬂ PySequence SetItem() J/]— PyObject_SetItem() — 5= ] [AE ‘%‘—-‘5 7}1—% 74—‘?—@‘141‘/]'

PyTuple_SetTtem() < AR HEI Y& FZo 2 AFET o of T
YArEEANFETLSH A0S I == ryList_New() & PyList_SetItem() & AHE3l W& 4 JH5 YT
el
=

SIA TN AAZE o|EA FEEE Y2EE UEL A= A= SFULh €98 A AAE A
B2 (format string) & AAH = C ZL2RE wtEod 4= = AW & &4 py_Buildvalue () 7} Y5
):

2 < Al E
Utk o & 501, 919 F 859 ZEE v ZEZ AT £ dS Yt (ol A= Ao

PyObject *tuple, *list;

tuple = Py_BuildvValue (" (iis)", 1, 2, "three");
list = Py_Buildvalue("[iis]", 1, 2, "three");
Pyobject setrren() B 1 ATEL B4o] ARE L AXAY T2 WD Yt 249 A AL
St ol AMAYUT o] A 2L B2E AN FW FEE ABY ¢ QOB Fxo B

FHEY Bl AA WA}

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) ;

(TH5 sl oA ol A%)
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(o] A | o] A oA A A %)
return -1;

}
Py_DECREF (index) ;
I3

return 0;

—

o

2 AR B Be
A Al YEEEFEEY B

g gholl sl A= 4ol 2 eyt dREEY T Iz
2N 2 5
7

R (B A A 25 A % 14 b,

o B4E ESd Gt gRAE A2 ol Ao
S 2] Shge T T ebA pylior oottt

A g —sAw s AE U
A2 The B Ao e F2E 465

\]—1—‘

Se AP Aamd e TR YAS FHE FLE AYAL YA AN T Ae
PyList_GetItem() = }+5lfﬂﬁl,?}tﬂ——-RySequence GetItem() & } E}L]Kk

long

sum_list (PyObject *list)

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

return total;

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

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

return -1; /* Not a sequence, or other failure */
(th2 sle] Aol Al%)

=

§
g
o2
b
o
b
1]
]
o
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©
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(e]A sl o] A ol A A<
if (PyLong_Check (item)) {
value = PyLong_AsLong (item);
Py_DECREF (item) ;
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit in a C long, bail out */
return -1;
total += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;
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type Py_ssize_t
Part of the 27 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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def incr_item(dict, key):
try:
item = dict[key]
except KeyError:
item = O
dict[key] = item + 1

thee 2 olve) S48 C nEYUrh

rlo

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 */
(th sle] Aol Al%)
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Py_XDECREF (item) ;
Py_XDECREF (const_one) ;
Py_XDECREF (incremented_item) ;

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

}
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+ stk

The embedding application can steer the search by calling Py SetProgramName (file) before calling
Py Initialize(). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted in front
of the standard path. An application that requires total control has to provide its own implementation of
Py_GetPath (), Py_GetPrefix(), Py _GetExecPrefix(),and Py_GetProgramFullPath () (all defined in
Modules/getpath.c).

¢

HE-2 sho] W g “uninitialize” 35 Aol MhgAFUTh & 5o ofZ A el o] thA Al e
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CHAPTER 2

C API Stability

Unless documented otherwise, Python’ s C API is covered by the Backwards Compatibility Policy, PEP 387. Most
changes to it are 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.

There are two tiers of C API with different stability expectations:

o Unstable API, may change in minor versions without a deprecation period. It is marked by the PyUnstable
prefix in names.

« Limited API, is compatible across several minor releases. When py_1.7M17ED_APT is defined, only this subset
is exposed from Python.h.

These are discussed in more detail below.

Names prefixed by an underscore, such as _Py_InternalState, are private API that can change without notice
even in patch releases. If you need to use this API, consider reaching out to CPython developers to discuss adding
public API for your use case.

2.1 Unstable C API

Any API named with the PyUnstable prefix exposes CPython implementation details, and may change in every
minor release (e.g. from 3.9 to 3.10) without any deprecation warnings. However, it will not change in a bugfix
release (e.g. from 3.10.0 to 3.10.1).

It is generally intended for specialized, low-level tools like debuggers.

Projects that use this API are expected to follow CPython development and spend extra effort adjusting to changes.

2.2 ot Ql S8 T2 Hio[LH2| 2lE{H|0|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.
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2.2.1 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 be loaded on multiple versions of Python. Contents of the Limited API are listed below.

Py_LIMITED_API

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

Define Py_LIMITED_API to the value of Py VERSION_HEX corresponding to the lowest Python version your
extension supports. The extension will be ABI-compatible with all Python 3 releases from the specified one
onward, and can use Limited API introduced up to that version.

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

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

2.2.2 Stable ABI

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

0 #Fx

The Stable ABI prevents ABl issues, like linker errors due to missing symbols or data corruption due to changes in
structure layouts or function signatures. However, other changes in Python can change the behavior of extensions.
See Python’ s Backwards Compatibility Policy (PEP 387) for details.

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.

2.2.3 Limited API Scope and Performance

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

For example, while PyList_GetItem () is available, its “unsafe” macro variant PyList_GET I1TEM() isnot. The
macro can be faster because it can rely on version-specific implementation details of the list object.

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

By leaving out the Py_LIMITED_APTI definition, it is possible to compile a Limited API extension with a version-
specific ABI. This can improve performance for that Python version, but will limit compatibility. Compiling with
py_LIMITED_API 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.

16 Chapter 2. C API Stability
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2.2.4 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_API does not guard against is calling a function with arguments that are invalid in a
lower Python version. For example, consider a function that starts accepting NULL for an argument. In Python 3.9,
NULL now selects a default behavior, but in Python 3.8, the argument will be used directly, causing a NULL dereference
and crash. A similar argument works for fields of structs.

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

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

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

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

2.3 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.

2.4 Contents of Limited API

Currently, the Limited API includes the following items:

e PY VECTORCALL_ARGUMENTS_OFFSET

PyAIter_Check ()

PyArg_Parse()

PyArg_ParseTuple ()

PyArg ParseTupleAndKeywords ()

PyArg_UnpackTuple ()

PyArg_VaParse ()

PyArg_VaParseTupleAndKeywords ()

PyArg ValidateKeywordArguments ()

PyBaseObject_Type

PyBool_FromLong ()

PyBool_Type

PyBuffer_ FillContiguousStrides ()

2.3. Platform Considerations 17
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PyBuffer FillInfo()
PyBuffer FromContiguous ()
PyBuffer_GetPointer ()
PyBuffer_IsContiguous ()
PyBuffer Release ()
PyBuffer SizeFromFormat ()
PyBuffer_ToContiguous ()
PyByteArraylIter_Type
PyByteArray_AsString/()
PyByteArray_Concat ()
PyByteArray_FromObject ()
PyByteArray_ FromStringAndSize ()
PyByteArray_Resize ()
PyByteArray_Size ()
PyByteArray_Type
PyBytesIter_ Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString ()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()
PyBytes_Size ()
PyBytes_Type

PyCFunction
PyCFunctionWithKeywords
PyCFunction_Call ()
PyCFunction_GetFlags ()
PyCFunction_GetFunction ()
PyCFunction_GetSelf ()
PyCFunction_New ()
PyCFunction_NewEXx ()
PyCFunction_Type

PyCMethod_New ()

18

Chapter 2. C API Stability



The Python/C API, 2i2|A 3.12.11

PyCallIter_ New()
PyCalllIter_Type
PyCallable_Check ()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_GetDestructor ()
PyCapsule_GetName ()
PyCapsule_GetPointer ()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New ()
PyCapsule_SetContext ()
PyCapsule_SetDestructor ()
PyCapsule_SetName ()
PyCapsule_SetPointer ()
PyCapsule_Type
PyClassMethodDescr_Type
PyCodec_BackslashReplaceErrors ()
PyCodec_Decode ()
PyCodec_Decoder ()
PyCodec_Encode ()
PyCodec_Encoder ()
PyCodec_IgnoreErrors ()
PyCodec_IncrementalDecoder ()
PyCodec_IncrementalEncoder ()
PyCodec_KnownEncoding ()
PyCodec_LookupError ()
PyCodec_NameReplaceErrors ()
PyCodec_Register ()
PyCodec_RegisterError ()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamWriter ()
PyCodec_StrictErrors ()
PyCodec_Unregister()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()

PyComplex_RealAsDouble ()

2.4. Contents of Limited API
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PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
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_DelItemString /()
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 ()

e PyErr CheckSignals ()

e PyErr Clear()

e PyErr Display ()

e PyErr DisplayException()

e PyErr ExceptionMatches ()

e PyErr Fetch()

e PyErr Format ()

e PyErr FormatV()

e PyErr GetExcInfo()

e PyErr GetHandledException ()

e PyErr GetRaisedException ()

e PyErr GivenExceptionMatches ()

e PyErr NewException ()

e PyErr NewExceptionWithDoc ()

e PyErr_ NoMemory ()

e PyErr NormalizeException/()

e PyErr Occurred/()

e PyErr Print ()

e PyErr PrintEx()

e PyErr ProgramText ()

e PyErr ResourceWarning()

e PyErr Restore()

e PyErr SetExcFromWindowsErr ()

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

e PyErr SetFromErrno()

e PyErr SetFromErrnoWithFilename ()

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

e PyErr SetFromWindowsErrWithFilename ()

e PyErr SetHandledException ()

e PyErr SetImportError ()

e PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

e PyErr SetInterruptEx()

2.4. Contents of Limited API 21
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e PyErr_ SetNone ()

e PyErr SetObject ()

e PyErr SetRaisedException ()
e PyErr SetString/()

e PyErr SyntaxLocation ()

e PyErr SyntaxLocationEx ()
e PyErr WarnEx ()

e PyErr WarnExplicit ()

e PyErr WarnFormat ()

e PyErr WriteUnraisable ()
e PyEval_AcquireLock ()

e PyEval_AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

e PyEval_CallObjectWithKeywords ()
e PyEval_EvalCode ()

e PyEval_ EvalCodeEx ()

e PyEval_ EvalFrame ()

e PyEval_FEvalFrameEx ()

e PyEval_GetBuiltins ()

e PyEval_ GetFrame ()

e PyEval_GetFuncDesc ()

e PyEval_GetFuncName ()

e PyEval_GetGlobals ()

e PyEval_ GetLocals ()

e PyEval_InitThreads ()

e PyEval_ReleaseLock ()

e PyEval ReleaseThread()

e PyEval_ RestoreThread()

e PyEval_SaveThread/()

e PyEval_ ThreadsInitialized()
e PyExc_ArithmeticError

e PyExc_AssertionError

e PyExc_AttributeError

e PyExc_BaseException

e PyExc_BaseExceptionGroup
e PyExc_BlockingIOError

e PyExc_BrokenPipeError

e PyExc_BufferError

22 Chapter 2. C API Stability



The Python/C API, 22|A 3.12.11

PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
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_PendingDeprecationWarning
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError

PyExc_ResourceWarning

2.4. Contents of Limited API
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PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_Stoplteration
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_GetArgs ()
PyException_GetCause ()
PyException_GetContext ()
PyException_GetTraceback ()
PyException_SetArgs ()
PyException_SetCause ()
PyException_SetContext ()
PyException_SetTraceback ()
PyFile FromFd()
PyFile_GetLine()
PyFile_WriteObject ()
PyFile WriteString/()
PyFilter_Type
PyFloat_AsDouble ()
PyFloat_FromDouble ()

PyFloat_FromString/()

24
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e PyFloat_GetInfo/()

e PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

e PyFrameObject

e PyFrame_GetCode ()

e PyFrame_GetLineNumber ()

e PyFrozenSet_New ()

e PyFrozenSet_Type

e PyGC_Collect ()

e PyGC_Disable()

e PyGC_Enable ()

e PyGC_IsEnabled()

e PyGILState_Ensure ()

e PyGILState GetThisThreadState ()
e PyGILState_Release()

e PyGILState_ STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule ()

e PyImport_AddModuleObject ()

e PyImport_AppendInittab ()

e PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

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

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTag()

e PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock ()

e PyImport_ReloadModule ()
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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
PyLongRangeIter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow ()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong AsSize_t ()
PyLong_AsSsize_t ()
PyLong_AsUnsignedLong ()
PyLong_AsUnsignedLongLong ()
PyLong_AsUnsignedLongLongMask ()
PyLong_AsUnsignedLongMask ()

PyLong_AsVoidPtr ()
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e PyLong FromDouble ()

e PyLong_ FromLong ()

e PyLong FromLongLong ()

e PyLong _FromSize_t ()

e PyLong_ FromSsize_t ()

e PyLong FromString ()

e PyLong_FromUnsignedLong ()
e PyLong_FromUnsignedLongLong ()
e PyLong_ FromVoidPtr ()

e PyLong _GetInfo/()

e PyLong Type

e PyMap_Type

e PyMapping_Check ()

e PyMapping_GetItemString ()
e PyMapping_HasKey ()

e PyMapping_HasKeyString/()
e PyMapping_Items ()

e PyMapping_Keys ()

e PyMapping_Length ()

e PyMapping_SetItemString ()
e PyMapping_Size ()

e PyMapping_Values ()

e PyMem Calloc ()

e PyMem Free()

e PyMem Malloc ()

e PyMem Realloc ()

e PyMemberDef

e PyMemberDescr_Type

e PyMember_GetOne ()

e PyMember_SetOne ()

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

e PyMethodDef

e PyMethodDescr_Type

e PyModuleDef

e PyModuleDef_ Base

2.4. Contents of Limited API 27



The Python/C API, 2i2|A 3.12.11

e PyModuleDef_ Init ()

e PyModuleDef_ Type

e PyModule AddFunctions ()

e PyModule_ AddIntConstant ()

e PyModule_AddObject ()

e PyModule_ AddObjectRef ()

e PyModule_AddStringConstant ()
e PyModule AddType ()

e PyModule_Createl()

e PyModule_ ExecDef ()

e PyModule_ FromDefAndSpecZ2 ()

e PyModule_ GetDef ()

e PyModule_GetDict ()

e PyModule_GetFilename ()

e PyModule_GetFilenameObject ()
e PyModule_GetName ()

e PyModule_GetNameObject ()

e PyModule_GetState()

e PyModule_ New ()

e PyModule_NewObject ()

e PyModule_SetDocString()

e PyModule_ Type

e PyNumber_ Absolute ()

e PyNumber_Add ()

e PyNumber_And ()

e PyNumber_AsSsize_t ()

e PyNumber_Check ()

e PyNumber_Divmod ()

e PyNumber_Float ()

e PyNumber_FloorDivide ()

e PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

e PyNumber_InPlaceMatrixMultiply ()
e PyNumber_InPlaceMultiply ()

e PyNumber_InPlaceOr ()

e PyNumber_InPlacePower ()

e PyNumber_InPlaceRemainder ()
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e PyNumber_InPlaceRshift ()
e PyNumber_InPlaceSubtract ()
e PyNumber_InPlaceTrueDivide ()
e PyNumber_InPlaceXor ()

e PyNumber_Index ()

e PyNumber_Invert ()

e PyNumber_Long ()

e PyNumber_ Lshift ()

e PyNumber_ MatrixMultiply ()
e PyNumber_ Multiply ()

e PyNumber_Negative ()

e PyNumber_ Or ()

e PyNumber_ Positive()

e PyNumber_Power ()

e PyNumber_Remainder ()

e PyNumber_Rshift ()

e PyNumber_Subtract ()

e PyNumber_ToBase ()

e PyNumber_ TrueDivide ()

e PyNumber_Xor ()

e PyOS_AfterFork ()

e PyOS_AfterFork_Child()

e PyOS_AfterFork_Parent ()
e PyOS_BeforeFork ()

e PyOS_CheckStack ()

e PyOS_FSPath ()

e PyOS_InputHook

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

e PyOS_mystricmp ()

e PyOS_mystrnicmp ()

e PyOS_setsig()

e PyOS_sighandler_t

e PyOS_snprintf ()

e PyOS_string_to_double ()
e PyOS_strtol()

e PyOS_strtoul ()

e PyOS_vsnprintf ()
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e PyObject

e PyObject.ob_refcnt

e PyObject.ob_type

e PyObject_ASCII()

e PyObject_AsCharBuffer ()

e PyObject_AsFileDescriptor()
e PyObject_AsReadBuffer()

e PyObject_AsWriteBuffer ()

e PyObject_Bytes ()

e PyObject_Call/()

e PyObject_CallFunction()

e PyObject_CallFunctionObjArgs ()
e PyObject_CallMethod()

e PyObject_CallMethodObjArgs ()
e PyObject_CallNoArgs ()

e PyObject_CallObject ()

e PyObject_Calloc/()

e PyObject_CheckBuffer()

e PyObject_CheckReadBuffer ()
e PyObject_ClearWeakRefs ()

e PyObject_CopyData ()

e PyObject_DelItem()

e PyObject_DelltemString/()

e PyObject_Dir ()

e PyObject_Format ()

e PyObject_Free()

e PyObject_GC_Del ()

e PyObject_GC_IsFinalized()
e PyObject_GC_IsTracked()

e PyObject_GC_Track ()

e PyObject_GC_UnTrack ()

e PyObject_GenericGetAttr ()
e PyObject_GenericGetDict ()
e PyObject_GenericSetAttr ()
e PyObject_GenericSetDict ()
e PyObject_GetAIter ()

e PyObject_GetAttr()

e PyObject_GetAttrString()

e PyObject_GetBuffer()

30 Chapter 2. C API Stability



The Python/C API, 2i2|A 3.12.11

PyObject_GetItem()
PyObject_GetIter ()
PyObject_GetTypeData ()
PyObject_HasAttr ()
PyObject_HasAttrString ()

PyObject_Hash ()

PyObject_HashNotImplemented()

PyObject_Init ()
PyObject_InitVar ()
PyObject_IsInstance ()
PyObject_IsSubclass ()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelfIter()
PyObject_SetAttr ()
PyObject_SetAttrString()
PyObject_SetItem()
PyObject_Size ()
PyObject_Str()
PyObject_Type ()
PyObject_Vectorcall ()
PyObject_VectorcallMethod/()
PyProperty_Type
PyRangelIter_Type
PyRange_Type
PyReversed_Type
PySeqgIter_New ()
PySeqlter_ Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()

PySequence_DelItem()

2.4. Contents of Limited API
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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 ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_ Type

PySet_Add ()

PySet_Clear ()
PySet_Contains ()
PySet_Discard/()
PySet_New ()

PySet_Pop ()

PySet_Size()

PySet_Type

PySlice AdjustIndices ()
PySlice GetIndices()
PySlice_GetIndicesEx ()
PySlice_New ()

PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewType ()

PyStructSequence_SetItem()
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PyStructSequence_UnnamedField
PySuper_Type
PySys_AddWarnOption ()
PySys_AddWarnOptionUnicode ()
PySys_AddXOption ()
PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
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 ()

2.4. Contents of Limited API
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PyThread_get_stacksize ()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock ()
PyThread_set_key_value/()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create ()
PyThread_tss_delete ()
PyThread_tss_free()
PyThread_tss_get ()
PyThread_ tss_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New ()
PyTuple_Pack ()
PyTuple_SetItem()
PyTuple_Size()
PyTuple_Type

PyTypeObject
PyType_ClearCache ()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc ()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()
PyType_GetName ()

PyType_GetQualName ()
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PyType_GetSlot ()
PyType_GetTypeDataSize ()
PyType_IsSubtype ()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError_GetStart ()
PyUnicodeDecodeError_SetEnd()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd ()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd ()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd ()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append /()
PyUnicode_AppendAndDel ()
PyUnicode_AsASCIIString()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()

PyUnicode_AsDecodedUnicode ()

2.4. Contents of Limited API
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PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()

PyUnicode_AsMBCSString ()

PyUnicode_AsRawUnicodeEscapeString ()

PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String()
PyUnicode_AsUTF32String()
PyUnicode_AsUTF8AndSize ()

PyUnicode_AsUTF8String ()

PyUnicode_AsUnicodeEscapeString()

PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString()
PyUnicode_BuildEncodingMap ()

PyUnicode_Compare ()

PyUnicode_CompareWithASCIIString ()

PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()

PyUnicode_DecodeCharmap ()

PyUnicode_DecodeCodePageStateful ()

PyUnicode_DecodeFSDefault ()

PyUnicode_DecodeFSDefaultAndSize ()

PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()

PyUnicode_DecodeMBCSStateful ()

PyUnicode_DecodeRawUnicodeEscape ()

PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTF1l6Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()

PyUnicode_DecodeUTF7Stateful ()
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PyUnicode_DecodeUTF8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find/()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString ()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_InternFromString()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier()
PyUnicode_Join ()
PyUnicode_Partition()
PyUnicode_RPartition ()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace ()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type

PyUnicode_WriteChar ()

2.4. Contents of Limited API
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PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call ()
PyVectorcall NARGS ()
PyWeakReference
PyWeakref_GetObject ()
PyWeakref_ NewProxy ()
PyWeakref_ NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type

Py _AddPendingCall ()
Py AtExit ()
Py_BEGIN_ALLOW_THREADS
Py _BLOCK_THREADS

Py _Buildvalue ()
Py_BytesMain ()

Py _CompileString()
Py_DecRef ()

Py _DecodeLocale ()
Py_END_ALLOW_THREADS
Py_EncodeLocale ()
Py_EndInterpreter()
Py _EnterRecursiveCall ()
Py Exit ()

Py_FatalError()

Py _FileSystemDefaultEncodeErrors

Py_FileSystemDefaultEncoding

Py Finalize()

Py FinalizeEx/()

Py _GenericAlias ()
Py _GenericAliasType
Py_GetBuildInfo ()
Py GetCompiler()
Py_GetCopyright ()
Py _GetExecPrefix()
Py_GetPath ()

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

Py Initialize()

Py InitializeEx()

Py Is()

Py_IsFalse()

Py IsInitialized()
Py_IsNone ()
Py_IsTrue ()
Py_LeaveRecursiveCall ()
Py Main ()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter ()
Py_ReprLeave ()
Py_SetPath ()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()
Py_UCS4
Py_UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()

Py Version
Py_XNewRef ()
Py_buffer

Py_intptr_t

Py ssize_t
Py_uintptr_t
allocfunc

binaryfunc

descrgetfunc

2.4. Contents of Limited API
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descrsetfunc
destructor
getattrfunc
getattrofunc
getbufferproc
getiterfunc
getter

hashfunc
initproc

inquiry
iternextfunc
lenfunc

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

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

Note that if an otherwise unhandled SystemExi t is raised, this function will not return 1, but exit the process,
aslong as PyConfig. inspect is zero.

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

Added in version 3.8.

int PyRun_AnyFile (FILE *fp, const char *filename)
ob& PyRun_AnyFileExFlags () & ©<=3td QA E ] o] 2~ d YT} closeit-2 0 2 F flags+= NULLZE A
AE AHE AT UTH

int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags >“ﬂags
obel PyRun_AnyFileExFlags () & ©@<=3}H Qe H o] 2 J YT o] AL closeit A XS 002 AAH
A2 AT UL

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
o}l PyrRun_AnyFileExFlags () & @3} d A H o] A2 YUTh o] AL flags AAAIE NULLE A A H
SHlE FAF U

41



The Python/C API, Z2|A 3.12.11

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fo7h BB A (@&l HulY 9o fu2 oA HulY) g dAE AL A7)
W, PyRun_InteractiveLoop ()9 Zr< HFStst 1, 22X O pyrun SimpleFile ()9 A3}
E WEEs Ut} filename2 3tY AJ2Hl Q1 7 Y (sys.getfilesystemencoding()) 2 & T Z Y
Huth filename©] NULLO] W, o] 5= LW O R veeen F AR FYTE cdoseit o] ol W,
PyRun_SimpleFileExFlags () ©] BFEs}7] Ao ofd o] &3]t}

int PyRun_SimpleString (const char *command)
ol j PyRun_SimpleStringFlags () o] 3l QEHo]A~Y Ytk PyCompilerFlags¥* o1 x=
NULLE AFE FHE FAF Y

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
flags A2 o) Wt main_ EENA commandol] Y= o)W A~ FEE A3} main o]
£A37 o o g3 siEog 69 71 A e R 12 g o o2l 7} glow, o)
ARE A& o] glFUTh flagse 9 Ul = ot E FRIAPAL
A 8] =] A 2 systemExit 7} A B, o] 4= pyconfig. inspect 701 §F -1 WHESEA] ka1
22 AsE FRT F AL

int PyRun_SimpleFile (FILE *fp, const char *filename)
obell PyRun_SimpleFileExFlags () 2] ©<=3tH Qe H o] A~ YUt closeitS 02 2, flagsE NULLZE
A7dHE JeHE FAF U

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
ob# PyRun_ SimplerileExFlags () & ©<3}H QB FH o] A J YT flagsE NULLE A A H AEH 2
AFUTH

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
PyRun_SimpleStringFlags () 9 B]SSEA| g Wl 2 2|0 = XL Al fpoll A Ffo] M A T &

2 Q% Th filename 2 5 2] o] & o] o] of Btri, 51 A] 28 015153} ol 2] A 2] 7] = T2 o,

closeit©] o] PyRun_SimpleFileExFlags () 7} WF3s}7] Aoj 5} o] &3l vt}

0 Iu

AT 2 A, fp=vlol g RE2 Gojof ) (| & Sof fopen (filename, "rb")). 12X
Hod, ol M2 LF & T8 v 2IHE Hd 2 2vtEA AZsA X8 + syt

int PyRun_InteractiveOne (FILE *fp, const char *filename)
O}iﬁ PyRun_InteractiveOneFlags () 9] ?}{fﬁ% ?JH Tlﬂ O] Ea ?:] ‘/] D} ﬂagst‘;‘_— NULLZE /g_ 7@ H ﬁ'ﬂ]
2 3AFUTh

int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
flags A2 ol whet th 314 ) oF Add oo A & d F42 L ATt sys.ps1Fsys.ps2
B AHg o] AHg Aol Al ZEEE FUTh filename S 5F A 2 F Q53 o2 A/ 2 2
Y,

Yol 4F Aoz 49D 0 02, NS 7 NOW 18, E FE B4 el 9o H shol A
AdEZ W|EH errcode.h 015'-—‘_‘,'——5 o] =8 T EE ‘ﬂ-:‘?}@’b]i]- (errcode.h+= Python.h
oA Q1 FFEHA) k7] u Eol AL o 53] 9F T of Toll 52 B4 A 2.)

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
o}&l| PyRun_TnteractiveLoopFlags () & ©<3tE Qg H oA d Ut} flagsE NuLLZE A A E A4
B2 dAFUh

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
EOF || =23 ufj 7} 2] th3}4] X o} AaE st A 82 ¢ A3 th sys.ps1iFsys.ps2
2 AFg o] ALg AN A B ZE Tk filename S 51 A 5] Qo A 2]/ 2 T 29
YUtk EOFo A 0& WHtst Ak, Aaf st &4& W&yt
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int (*PyOS_InputHook)(void)

Part of the 9+7 ABL. Z 2 EE}Q] int func (void) ¢ 45 7HE| 7| E& AA T 4 A5 YT 9]
T Tl JHZ Y ZFEZEV 7 A7 E I e oA AR 48 7tk e i

Fu sEPuch W ghe TAF U o
_tkinter.colA o A A ¥ Qe zZE Y =
PESIEE

¥ A 3.129)| A X 7 : This function is only called from the main interpreter.

char *(*PyOS_ReadlineFunctionPointer)(FILE*, FILE*, const char*)
EEEFJ-?J char *func(FILE *stdin, FILE *stdout, char *prompt) ?_] ﬁt}
24300l Al ZAel Sl ZHIEAA WA UG BE Y=o AL AL D
AsUth o] g nvino] ofUHE EAE promprs £ 8T T Al FH B2E 4Y
£2 97 245 BARL WAL Aok /hH U oI F o), readiine LES
o HPdS 9 4 7ls2 AT Th
A= pyMem RawMalloc () O] Y PyMem RawRealloc () L2 SidE B2 o] A, o8] 7F A

o1 nuLL o] of of gt

WA 3404 HA: ZAIE pyMem Malloc() Ol YW PyMem Realloc ()22 st tf Al
PyMem_RawMalloc () 9|V} PyMem RawRealloc () 22 &3] of gt}

N
-~

Mo = o

4r
0 1% |

¥
g, 1
o X
2 12 N
oX,

e N D

9
Holo

¥ A 3.129)| A X 7 : This function is only called from the main interpreter.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
vkek gk A FZ. ol#l pyrun_StringFlags ()9 T3t AE H oAUt o] AL flagsE NULL
= A58 AH 2 AT

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

*flags)

wE gk Al A E. flagsE AR A Aude] S 2E AR5 globals T} locals BAZ A A A A H
cEﬂHWWHAﬂﬁﬂcizgeﬂﬁwqgmm:ﬁﬁﬁaﬂﬁﬁﬂuwme:wm
ZEEZS PARE BE AN D 5 AHUTh W WS st £ TES TR EASHE )
ARGl of sk Al ZF EE2 S A Y Tk
FEE AW ARE ol A AR 2 WNBFHAL, o 9] 7B 5 oz S MEF U,

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
wrEzk: A Z 2. ol PyRun FileExFlags ()9 ©<eStE QB FH o] 2 A YT} closeitS 02 2, flags
ENvLLE AR E GHE FAF Y

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

closeit)

HEEE gk A R obef pyRun_FileExFlags () 9] T3 QAE S o)A~ UTh flagsE NULLE A ZH
el 2 AT U

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

PyCompilerFlags *flags)

Wshzk: A ZR. o}l PyRun_FileExFlags ()9 T3St Qg Al o)A AU T closeitS 0 0.2 A A
FE 2 FAF U

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

int closeit, PyCompilerFlags *flags)

Wk A FE. pyRun_StringFlags () 9k FAFSHAIRE Shol A FEE W R 2|0 9= EAE
DA fpol A1 S Lieh. filename 2 SHL 7 o] o] oF 5B 52 A| 28l €1 7Rt ol &) X2l /)2 O 7Y
Ut closeito] 2ol WA pyRun FileExFlags ()7} BFEE] 7] Aol 3L o] &3] Ut}

PyObject *Py_CompileString (const char *str, const char *filename, int start)
wrE 7k A 2. Part of the 9+ ABL o}&)] Py compileStringFlags () & ©@<=3ld QA E H o]
Uth. flagsE NULLE AR H AEIE A F o
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PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags)
wkE gk A Z=Z. ole Py compileStringExFlags () & ©<eSE QL E H o] 2~ Y U th. optimize S -1
= A58 AR S AT h

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

optimize)

RSk A ZR. sro)] Qe lol W AA FEE ZE BN Ao dste] 23 7 71421]% vl 3
FUTh AR 2L g o] gy th o)A ATAE 5 9k EE ABSE ] 488 5
© 1 py eval_ input,Py_file input B+ Py single_ lnputoloﬁo]i 51’\/]1‘/]— filename O = 7(]7@1?]_
Solwe 3T AR LA g ALLE U:] Ego]amo|} SyntaxError of| ] WAl A] of] LpERG
S A%UTh I8 PR EAT S QAL ASAF 5 90 W worL g g

A optimize= 3D 9] H A3} 2 ES AFFUTE -1 g2 0 FHoE Fol AAH A=
2lE o A3t 422 A A=A *fo 0 (A A3} 25 __debug_ 7+, 1 (JM A ]
AAH L __debug_ 7} AR T2 (F2EFE AAFUH dUTh

Added in version 3.4.

az rleh

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags *flags,
int optimize)
gzl A Z R, Py compileStringObject () -FAVSFA BY, filename-& 3t A A~ E 91 1) 31} of 7
Ael7|2 gigd vol & A YUt

Added in version 3.2.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *1ocals)
g A RE. Part of the 97 ABL ©|AS IE A A WS L A W 9,
PyEval_EvalCodeEx ()2 ©<3tH Qg H o]~ YTl T} E QA= NULLE /\'1 SEsR=RBRsN

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)

1 A FZ. Partof the ©+7 ABL Fo] A F71E 3 EF A, v Audd Z= AA

PR T o] S8 el Wae] dA e, x| o] o) ul s A, A W, 719 =9k 7B gt

1= A8 e ZlEgk SAve 8 o] 224 FEZ T4E U

PyObject *PyEval_EvalFrame (PyFrameObject *f)

Whekgk: A} FE. Part of the b7 ABL A3 2 dg F7Futh o]d M Adte T4y
PyEval_EvalFrameEx ()2 T35 ‘?JH Jﬂ oj~¢ 1/] I}]—
PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Hk3kzk: A ZZ. Part of the 9H7 ABL o] A2 Fto] X Q| =g E 9] v Ql, 2u] 7] ¢k& <t}
A 2ee) f9} AR A= AN AL Bao Hel wolE AL HART T2 E A
AT 27} drowflag W) R A2 FAE S gl o FolH, o917 2A B
Gtk Al ol e A9 throw () WA =0l AHE-H U
W 34004 HA: o] Fhp oA A o9& 285 HE] A gk A FRlGt e E =E Lt
o)A M-S = g ok

int PyEval_MergeCompilerF1lags (PyCompilerFlags *cf)
o] B4t B Bt meAl Qo) Bel 1B WAL, 4TS 22, Ay A2 B ok

2l

r 0
i

N o (I
N

1
[ oo 2

o

o
=]
<

int Py_eval_input
A2 E EAAL 93 ol M £ ) A2 755 by compi lestring ()7 B ALEFUI T

intPy file_input

FAdo e asdA A B NAAE 93 Hoja Bhe A 7F;
by compilestring ()3 @A ASEUL. A2 2 HojM 42 T2 AR o AL

st= 7= 9y
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int Py_single_input
Tl 22 Sl 9 wol 8 # ) A A 7% py conpilestring () T B AT hBH <lE
mee) 2z A48 S AU
struct PyCompilerFlags
oS ATAel Bel 2B T ol AL E TRAJU ZES AR e A ine
flags®E A 1, F=7} A3 = 4 $ pyCompilerFlags *flags® AEFH UL} o] A9, from
_ future__ import¥ flagsE AT 5 JFUth
PyCompilerFlags *flags 7]-NULL d HHU}T/}, cf_flags— Oiﬂ- QDLT’_ —ﬂ%ﬂ U:], from __ future_
import & QIgt A2 W Huh
int cf_flags
Asdy F9 .
int cf_feature_version
of_feature_version-2 F 3}to] W WA YUt} Y. MINOR_VERSION S 2 % 7| 3}5| of oF gt}
o] YEE 7| B Ao 8 FAH W, pycF_ONLY_AST Z ¥ 17} cf flagsoll AAH Aol v AHE
gk
WA 3.8 A WA : ¢f_feature_version ZEE F7F 5 YTt
int CO_FUTURE_DIVISION
flagso Al o] v]EE A A5t PEP 2389 whe} vr7] Q42 /& “A 4 LE 7] (true division)” 2 3
CEEEE
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o
1>

o] A4o) B4 A shold AR Y & A4S TS © A4H U
Py_ssize_t Py_REFCNT (PyObject *0)
Get the reference count of the Python object o.

Note that the returned value may not actually reflect how many references to the object are actually held. For
example, some objects are “immortal” and have a very high refcount that does not reflect the actual number
of references. Consequently, do not rely on the returned value to be accurate, other than a value of O or 1.

Use the py_seET REFCNT () function to set an object reference count.
WA 3.109 A A : py_REFCNT () is changed to the inline static function.
WA 3.119]| 4] ¥ 7 : The parameter type is no longer const PyObject*,

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)

Set the object o reference counter to refcnt.
Note that this function has no effect on immortal objects.
Added in version 3.9.
¥ A 3.129) A ¥ 7 : Immortal objects are not modified.
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 ().
A= nuLL d & gl U Th nuLL o] obd A A E1A] QO W, Py XINCREF () E AHSSHE Al L.

Do not expect this function to actually modify o in any way. For at least some objects, this function has no
effect.

¥ A 3.129)| A ¥ 7 : Immortal objects are not modified.
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 ().
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PyObject *Py_NewRe£ (PyObject *0)
Part of the 9+ ABI W A 3.10 | & Z. Create a new strong reference to an object: call Py_TNCREF () on o
and return the object o.

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

d & £9:

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

can be written as:

[self7>attr = Py_NewRef (0obj) ;

See also Py INCREF ().
Added in version 3.10.
PyObject *Py_XNewRef£ (PyObject *0)
Part of the Q7 ABI WA 3.10 ©] & 2, Similar to Py_NewRef (), but the object o can be NULL.
If the object o is NULL, the function just returns NULL.
Added in version 3.10.
void Py_DECREF (PyObject *0)
Release a strong reference to object o, indicating the reference is no longer used.
upA et ek b AE (S AA 0] Fx Aert0o] HH), AA @ & Al e (A
nuLL o] ofyojof U th 7 T EH Ut
This function is usually used to delete a strong reference before exiting its scope.
AA = NuLL & 5 5yt nuLs o] obd A B8R RO W, py xpECREF () F AHESHY Al L.

Do not expect this function to actually modify o in any way. For at least some objects, this function has no

effect.

A Bz

G A Fre 49 ol IETEEFHES T F AFUG (A& £, _del__ () Ul
AEZL e Edla Adadar a5 A2 uf)). o] s T A9 o 9]+ ATE A FA
AYE I+ ZE go]lH A Ao A{EFA AN2T 5 d5Uth o] AL py_pECREF () 7}F
TEH7] Aol Y HFoN EET ¢ Y= BE AR 7 QAA Y= Aol Qojof TS =3
Utk o2 S0, g2 E A AAE AA et T =& A A" AA o T3 322 A WG] &
AP, B|AE dlolH F2E JAIS th2, YA WMo o3l py_pECREF () & T &3 oF U T

¥ A 3.129) A ¥ 7 : Immortal objects are not modified.

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)
AA ool thst 73t =& AT UTE AAl=rvie € 5 A5UTh ol a2 = B3 54
oh 187 ko AAE nuLLE AR H T A2 AlYstals, &397 py_pECREF () 9 B
M7t YA WS AFSA A3, F2E HAEY) Aol AAE vLLE 23] o
py_pECREF () ol Tt a1 AEE Ao} At 485 A k5 th
7Ha) 2] =3 Foll g 2 5 e AAo] s F2E AT wfjuitt o] AR E AR S 2 0]

F&unh

1]
A
o
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W A 3.129]| 4] ¥ 7 : The macro argument is now only evaluated once. If the argument has side effects, these
are no longer duplicated.

void Py_ IncRef (PyObject *0)

Part of the Q+%] ABI. Indicate taking a new strong reference to object o. A function version of Py_ XTNCREF ().
It can be used for runtime dynamic embedding of Python.

void Py_DecRef (PyObject *0)

Part of the 2+7] ABL Release a strong reference to object o. A function version of Py_xDECREF (). It can be
used for runtime dynamic embedding of Python.

Py_SETREF (dst, src)

Macro safely releasing a strong reference to object dst and setting dst to src.

Asin case of Py CLEAR (), “the obvious” code can be deadly:

Py_DECREF (dst) ;
dst = src;

The safe way is:

[PyisETREF(dst, src) ; }

That arranges to set dst to src _before_ releasing the reference to the old value of dst, so that any code triggered
as a side-effect of dst getting torn down no longer believes dst points to a valid object.

Added in version 3.6.

W A 3.129 4] ¥ 7 : The macro arguments are now only evaluated once. If an argument has side effects,
these are no longer duplicated.

Py_XSETREF (dst, src)
Variant of Py SETREF macro that uses Py XDECREF () instead of Py_DECREF ().

Added in version 3.6.

W A 3.129) 4] ¥ 7 : The macro arguments are now only evaluated once. If an argument has side effects,
these are no longer duplicated.
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o[ 2] ME]|

o] Aol 4| WS FE ALGIHH o
AR o
£ & ) E A7 ()

_4

2o )& A2l stal TAA D 5= Qls Utk 9ol A o 9] A2 9
Z10] T 23t} POSIX errno W2} H] 281 &‘%@‘4 o} t‘“@ T x| e} of 2 o]

)7 AU th Hl 2 CAPL = 45 A 1%21—‘%21 A, A5l AT of 29
A2 EPE S AU T o) HE C APl @4 o 8] FA 7] = whakgiu o, omhxqoilo]ae
uhghel| of 5F W nuLL, S WHEeHE -1 WHEU T (o)l 9] pyarg_x = AT 1S, AdStE o
< HhE Y oh.

o pof

L

2, el EA/E Al 7 AR A E AP U o9 G, o9 gk 8 Ed o]~
ZolE B2 44 A ool D 5 YT (G AR 27 2AH o dsruh o 5
o Lol nuszel obd B4 ol & 8

—

i, 4
)

o M @ T X
2
ot |
o I-

N

1k oz oe] 41718 A48 daUth 5
bl g AE e g A el o5 %ﬂ A B R o e A

£ 323 3 whaksloF & A o] A&tk olelE Aeld 2ol kA ghokew) BAAo R
oloF itk ool Ao WA E, T2 Al A olel/h A4 G g e el Aol Fa T

i)

N e
4z
i)
S
_|\L
>,
éa
ol
ok
£
9L
)Y
N
N
ruz
)
:‘.’:
L o,
e
£
o
r]I,

—{o & >

i

B4 T 2 F, rl [of
N
R
2 ok

ol

o 95 A2l 5HA) $7 vk A% 5 A3kt @0 w, 3ol A/C APIO] A 37k E & o] o =9 T2
oA 2 5 glow &4 g o AhE 4 AF ok

0 3z

o FA 71 sys.exc_info () o A7k o ek AARE ob4 2w 4] oo (whehA o A3 A}
ZQ) o9l ofl et v, FAE ERE F (Wb A9t S0 o9 2 nag

olael x| 7|

void PyErr_Clear ()
Part of the 47 ABL olle] £A1 712 A&tk ol 2] £A17]7} A% o] 4] koW &7} flervick.
void PyErr_PrintEx (int set_sys_last_vars)
Part of the V4 ABL & EF| o] 2 S sys.stderr Z QA 31 ol 8] A 7] & X F Ut o7}
systemExit 7} o} g, o] A foll= EF o]l o] QU= 2] ¢FA1 3Fo] A LR A A= systemExit
Axdxof o] A A H o8] Z=ER TSP YT
ole) EA7)7h AR Ao thes o] F4 B TN

oy

IR o g ol 7 Ey

[:o
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set_sys_last_vars7} 0] ofU ™, M sys.last_exc = A EH = 922 AAH YT} 519 s34 S
9 3H, = X]% W sys.last_type, sys.last_value 9 sys.last_traceback & A °] 01]9»]-/]
Y Egolamorg dAH YT
WA 3.1290 A ¥ 7 : The setting of sys.last_exc was added.

void PyErr_Print ()
Part of the V7 ABL PyErr_PrintEx (1) 2] ¥ A.

void PyErr_WriteUnraisable (PyObject *obj)
Part of the 274 ABIL. & A 9| 2] 2} 0bj A A}E AFR5}0] sys.unraisablehook () & =3 th

ol w2 E T o9t AR A “ﬂ ElEVP“Zﬂi ] & A2 5 Y= ull sys.
staerrol T WA AE AN o & Bol, _de1__ () WAZOIA 97 AT o) A2
Utk

o] v LA 4 gle ol 72T Bl S AHste &Y A A objE T EH YT 7ok,
obj9] repro] 7 WAl Aol A1 FH YT} obj 7} nuLL o], E g o] 2wk ol ] 1;}

o) B4s 52T 1 o9 S A7 of lofok FuTh

W A 3.4 4 *H 7 Print a traceback. Print only traceback if obj is NULL.

H A 3.8 4 W7

void PyErr_DisplayException (PyObject *exc)

Part of the 2+73 ABI A 3.12 ©] & 2, Print the standard traceback display of exc to sys . stderr, including
chained exceptions and notes.

Added in version 3.12.

Use sys.unraisablehook ().

ol[2] LHAIZ|7]

o] 2 A 2 =9 olg] RAIZIE AR S H Egol FUTH A E A, ol T F IR =

A} return Foj A AR NULL ZQEH S wHEe o

void PyErr_SetString (PyObject *type, const char *message)
Partof he €17 ABL o] 21 ole] A 71 BAE A2 DA b AT A WA DA o))
L AATUTH dutd oz & 19 = gyt 9l £9] pyExc_RuntimeError. Al 2§
7“* FzE s JJ 27l (01] S0, py_1tncrer () 2). F AR AR ol 2] WA A U th

'ut£-8" 011*1 HIzggh

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the ?F7 ABL ©] &+ pyErr setstring () 3 FAFSHA| B, o 9] o] “3k” of taf <] <] st
ol AXE z]z%sl 2~ 011\141;].

PyObject *PyErr Format (PyObject *exception, const char *format, ...)
vk gk /4 NULL. Part of the 27 ABL ©] 34+ ol FA]7]& A A 83 nuLL& B o
exception-> Fol A o 9] Z e o] oF Tt formard} T w7 W ol HAIXE ZHF=
o =&°] Ut} Pyvunicode FromFormat () 9| A9} 222 2w ¢} 7k zr5uth formar2 ASCII
AFFH EALJYTh

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Wk3}Zk: 3FAY NULL. Part of the 9V ABI WA 3.5 0| & 8. pyrrr Format ()3 ZA 9 748 7§49
o1 2} EH/‘\_] va_list AAE FH YTt
Added in version 3.5.

void PyErr_SetNone (PyObject *type)
Part of the 4 ABIL. ©] A2 pyErr_SetObject (type, Py None)d &9 BH Y Th

52 Chapter 5. 02| 2|



The Python/C API, 22|A 3.12.11

int PyErr_BadArgument ()

Part of the °+7 ABI. 9]

AL p PyErr_SetString (PyExc_TypeError, messa e)9/] ]5‘—}: ,:114\:},
o] 7)1 A message= A <l

&
A2 W dabe] $E5H J2g YERE U th tiRE W &Y Yth
PyObject *PyErr_NoMemory ()
wlkslzk: SFAF NULL Part of the 9+7] ABL. ©] A2 pyErr_SetNone (PyExc_MemoryError) & & ¢
£99 1/11‘/]’ NULL-S ¥FEefA] AA &5 St= w28 7 25 0 return PyErr_NoMemory () ;

B2 5 g th

PyObject *PyErr_SetFromErrno (PyObject *type)
w3z &AF NULL. Part of the 94 ABL C g}o] B 2] g f?j 7} ol & HF3Helal C M4t errno S
A= HH o & & ‘:'“37\17] = Ho| gk A AA FEo] A errno golal F A F=E
o] (strerror () oA L) o8] HA XA EZ A ﬂ% EJ_]'E U}, PyErr_SetObject (type,
object) & TE&3 L1411} FH 20 A, errno gt A]/\E“ T Zo] FUH A U= EINTR O],
PyErr CheckSignals ()5 T2t o]Ao] o8] EA7|E AASE, AAE I Fut} o
e T NuLL S WS A, Al 2" Ezoﬂ o 3t EH«H e A" TEo] oY E e o)
return PyErr_SetFromErrno (type) ]ﬂ'_l_ = /\ ‘%14 T’/}

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject *filenameObject)
Wtk AR NULL. Part of the 9V ABL PyErr SetFromErrno ()2} - AFSFA| W, filenameObject 7}
NULL ©] OM A, ype] A3 A Al A w7 W42 AGE e F7F 52 o] lE Yt osError
o 2] o] B, ol ALH 29| filename O] EZFEE B85t ] AHEH YTh

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject, PyObject

*filenameObject2)
37k g A NULL. Part of the <+ ABI W A 37 o & =2,
3]

PyErr_SetFromErrnoWithFilenameObject ()9]- %/\]—6‘]—1] E’l', - 7H _o/] -‘74’%_] US] % ‘ﬂ 6']"5 1:]!'4:
7F A g o o 21 & HA A7) 7] A8l HA ordH AAE FH T
Added in version 3.4.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
wk&kz)k: 8k AF NULL. Part of the Ot ABL PyErr SetFromErrnoWithFilenameObject ()2} +AFs}H
25k gt o] C LG E AFH YUtk filename2 st A A48 ol TG u) o] A2 72 I H
=

PyObject *PyErr SetFromWindowsErr (int ierr)
w7k 8} A NULL. Part of the ¢V ABI on Windows ¥ 3.7 0| 3 &, 0sError S WA 7| = &
9] B4 ?3141:} 0.4 ierr 2 3 &8, GetLastError () & oA WFHE oy Z =71 th4l AHEH
U 1’4— Win32 4 FormatMessage () S S <3} o] ierrO] U} GetLastError () 7F Al = 3l= o8] =
o A AW E AL t}E winerror O] EZHEV} oﬂ{i{ Fr g AAE T, strerror o] E
HE7} (FormatMessage () oA D2) S| ol 2] WA X2 A AHH osError A S *3 A3 o,
PyErr_SetObject (PyExc_OSError, object) S T Z3F T} o] &&= A NULLS E‘l—%‘dq c}.

7F8-43: Windows.
PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Wbk &AY NULL. Part of the Q4 ABI on Windows W7 3.7 0| & 2. pyErr SetFromiindowsErr ()
o fAFs e, A 2 o 2] B2 AR S 27 o) W47k g o,
7184 Windows.
PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

vl 3 Zk: 3+ A} NULL. Part of the <°+7 ABI on Windows W A 37 o] 3% =&,
PyErr SetFromWindowsErr ()2} S+ AFSFA| 2, filename ©] NULL o] of YW, Y A]2~® ol F
o7 U]FYHE I (os.fsdecode()) 0SError? AR} Al HA w7 A2 AET o] o<
Q128129 1 1onane o] B2 HEE Ao She o) AHBE 5% 54 37 52o] AU Th

7F8-43: Windows.

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)
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w3k zk: 3 A NULL. Part of the <+7 ABI on Windows W A 37 o] 3% =&
PyErr_SetExcFromiWindowsErr ()3 - AF8FA| 2, filename ©] NULL ©] ©}FU W, 0SError 2] A} /Ké
Aol Al AR w7 A2 AgE o] o9 AA-HAY filename Y ERFEE F5he vl AHEH =
= s 2715 4ol 95U
7} A : Windows.
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename?2)

wr s gk s A NULL Part of the <+ 7% ABI on Windows ¥ A 37 o] 3% 2,
PyErr SetExcFromiindowsErriithFilenameObject ()¢ FAFSFAI B, & WHA opd ™ A A
2 wolE S

7} 4. Windows.

Added in version 3.4.

PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char *filename)
wkszk: 3 AF NULL. Part of the <7 ABI on Windows W A 37 o] & =&,
PyErr_SetFromiindowsErriiithFilename ()&F FAFSHH, BAPA 2 o9 FL A= =7}
o)) W7k g o
7184 Windows.

PyObject *PyErr_Set ImportError (PyObject ¥msg, PyObject *name, PyObject *path)
wkek 7k A NULL. Part of the 2+7 ABI tﬂﬂ 3.7 015 =, ImportErr rE A 7= HO g
AT} msg ol 919 WAA BAAL R AR & chwvise] B 4 9, nameh pah= 22}
ImportError®] named} path QJEZHEZ A A YT}

Added in version 3.3.
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject ¥*msg, PyObject *name, PyObject
*path)
w2k &4 NULL. Part of the 9V ABI WA 3.6 0|2 2. pyErr Set ImportError () 2 uj-$ H] <=
SHA] 7E, ] x:}ﬁ\“ = A Z ImportErrord A B ZYPAE XA 4 J5 YT
Added in version 3.6.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
AR o ] of] T 3t 5} (file), E (line) B 2 3Z Al (offset) F H 5 A th AA) o]l 2] 7} syntaxError
hohd, 37t ol 2l REE A kel 9] A4f 319 A 2 e o] o 9] 7} syntaxerror ekl A 23
A Ytk
Added in version 3.4.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Part of the V7 ABI WA 3.7 0| & &, pyErr SyntaxLocationObject () 2} H]5=8}A| W, filename-

StAA|A~E QI of 2] A 2] 7|2 A Y E = vlolE EAE YUt
Added in version 3.2.

void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the 9+ ABL. PyErr_SyntaxLocationEx () 2} 8] S=8}A] v col_offset 7] He= A Y

*

void PyErr_BadInternalCall ()

Part of the °+7d ABL 017}4\1—‘2— yErr SetStrlng(PyExc SystemError, message) ] ¢ T &Y
Uttt o] 714 message+= 141¥ A E Eo 3Ho]A/C APL & p) o] A58 AAE SEH AT

R e IR I R
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ol g+E A5 A A L. 3] W warnings RENA YEWH FASE Sk
S v HPTEYUT dE o= sys.stderrol| 7 a1 U-]]}\]Z] = 0],‘4]61-1,]1:} aE AFR A AnE oﬂ\“ﬂi
A= F AP S T glon, o 7§—°r o @] 7} vkl U th AT A x| 2] EAZ 35 o] St o 9]

o
£ AN AL Zbe gy olerh “dﬂ%iﬁ%%7 OWlﬂﬂﬂm%ﬂﬁﬂﬁHﬂ
AT AN A AA R AHE S A G 9] 9] o] 58 FAT 5 ALk ol AL o= A ALTh) o2}
m%ﬂuiaﬂtqﬂﬁﬂﬂﬂﬂﬂe SAH o FUT (I8 Sol, 258 B2 py_pscrer () 341
o & gt Wy oh.
int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the ?t73 ABL 7 31 W A| A & L3 U T}, category A Ab= 7 3 W F (o} &
NULL Y U T}; message Q1A= UTF-8 2 Q1 F P H BXE Y \/] t}. stack_level & 2~ ©H
S FrQuth g 28 ze ol A AR A% 59 TE Fol 4 A7} LA
o] 10| pyErr Warnkx ()& TEdhHe 4,2+ 199 U‘—/F, 55

Z A
zH 9 & AF

3 o} stack_level

A3 HFEE pyExc_Warning® A B Ao oF St} pPyExc_Warning< PyExc_Exception?]
B ZPgP29 Ut 718 F 3 HF+= PyExc_RuntimeWarning YU Tl EFE 3to]lW A1 HFE=
olgol e A WT o AW A9 W2 ABH U

W}}ﬂﬂﬁﬁummmmmEﬁﬁﬁﬁﬂﬁ%%%%HWHW%G%%Eﬂﬁ
.73 A0) 2§13 C APIE 15U

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

EE AU ERES BAIH LR Alojstd A Far vlA A S Tt o] 212 ol T
warnings.warn_explicit () o] t)gF Z+ehsl S #H Ut} AAI S &S AV E sz ZEAAN L. 1
o AYE 7R FHE ﬁ&ﬂﬂ] A module} registry QAAHE NULLE A A5l oF T 1‘/]—

Added in version 3.4.

oM,

fo kf o
N
_% £

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

Part of the OPﬂ ABI. message 2} module ©] UTF-8 Q1 2 QY H B2} Y o] 1, filename-2 3} U A 2~H] 0l 7 ¢
o] A 72 YR YHEA = AES AL PyErr warnExplicitobject () 2F %7\}2}14 =5

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the VA ABL. PyErr warnbx ()2} AFSH SR B, PyUnicode_FromFormat ()& A& 3Fo]
A3 WA A E 2R T} formar2 ASCII 91 3 % —‘52}03 Utk
Added in version 3.2.

int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)
Part of the V7 ABI WA 3.6 0| & 2. pyErr warnFormat ()3} <+ AFSF &= X 2k, category =
ResourceWarning 0] Il source= warnings.WarningMessage & 24 1;1—-%1—1/] U]-

Added in version 3.6.

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

PyObject *PyErr_Occurred ()
WGk A A arof he 174 ABL 12 241717 A4 A HaE R 2AR 0w,
o 2] type(PyErr_set* ?ﬂ"l)rpyErr Restore () T3 mpA 2 TE 9] X AR AP L B3
Oh AR A 9O, oiig MBI of F %ol W grol thak AxE & FIA ol
Py DECREF () & ZQ 7]— 9g<syth

T E A= GIL2 E A3l oF g .
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ul

S

0]
A 2 % gloj 4wl A 5] A4 uth)

int PyErr_ExceptionMatches (PyObject *exc)
Part of the 9+ ABIL PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) %} 553t .
oA &7 A2 AAE A wi vk S & of Tl o9 7F A shA] eE ko m 2] HA| X 9] to]
LA ok

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the <7 ABL. given o 2] 7} exc] o 2] &3} 4 ]34 & wksk ot exc 7} e
given©o] A/ B Z 29 ALY wj = FS WhEH YT exc7t FE01 W, FEoll A&
(ZYILAB JFEEAADLR)S SAE A8 AT

PyObject *PyErr_GetRaisedException (void)
e gk: A ZZ. Part of the Q7 ABI WA 3.12 o] Z 2, Return the exception currently being raised,
clearing the error indicator at the same time. Return NULL if the error indicator is not set.
o] = o9 & XA oF k= T =Y ol B AV E GA A L& Akl B s of 5= =004
A&,

o & £9:

{
PyObject *exc = PyErr_GetRaisedException();

L= .../

/% ... SR CIFE J9T 4+ A

cr

PyErr_SetRaisedException (exc);

& TR

PyErr_GetHandledException (), to save the exception currently being handled.

Added in version 3.12.

void PyErr_SetRaisedException (PyObject *exc)

Part of the 7 ABI | A 3.12 o] & 2. Set exc as the exception currently being raised, clearing the existing
exception if one is set.

A B2

This call steals a reference to exc, which must be a valid exception.

Added in version 3.12.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Q7 ABL W A 3.125 €] 9| X : Use PyErr_GetRaisedException () instead.
FaZt A A Y AR o] ZAIZ1E AW ol 8 A 7|7 A A koW, A HeE
25w AAFUT ARE Yow, A AT AW 2 AA o B2 BEE ol Bol AT
s Edo) 2 AR L o AR 18A e wlE nund 4§ Y ch
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e N
0 3z
o) P4t ANAH O )98 T Ao AL ol e FAI 7B DA H O AT B3 of
She Al A Tl A A E U
N2 5
{

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

/* ... B ClIRE JddE 5 3

cr

LE .../

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
Part of the 7 ABL W A 3.125 €] 9| X : Use PyErr_SetRaisedException () instead.
AN BA, type, value B traceback .2 A& A1 7] & DA TUT oju] AAF o] Qlod, 7|& oo &
Al Uth A7 nuiL ol |, ol 2] &A1 7] 7F A9 A Y o nuLL typeF 7 nuLL ©] obd value Ut
traceback & A LA WAl £, of|&] F2 Fefaoof Pt FRH o] 3 01‘% H= Ak
ﬂﬂﬂiwﬂﬂﬂ%ﬂ%%%ﬂﬁ4vﬂ1Uﬂtﬂﬂm@ﬂﬂq)ﬂ§ 7t 23] of o} 3

\_‘—l

B2 AN 2 Aol A Aol T 22 2 felo o 2 ol ot o Bae

(=R =1

£fEA s (ol A8 o5 F 5 GrhE, o] BB AHESH SA A 2. s h)

o] T YNt O E Ay ® ] 715 A Ao g ARt —.T_?fHO]E Gl Eﬂﬂ/‘] E oA gk
AHE YT A ol e BA 7)1 E ARSI E pyErr Fetch () S AFRBHAI A L

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)

Part of the 4 ABL WA 3.125 €] 9| X F: Use PyErr GetRaisedException () instead, to avoid any
possible de-normalization.

£ &2l A, okl o] pyerr retch () 7k WFEFele g2 v B H NS+ AFUTE S, rexc
L ZgA AA o)A W *vald L Z A AAE AT oI YT ]6“3]_/\1_ =z

"2 B ol A S AUtk ghel ol el o] gow, ofr
AAE AFEE A5 T4 98 TP U

¢
¢

0 Fx
o] g o &) gholl __traceback  ©JEPREE FAIFORE AAHA gFUth EfojamS
A @57 Ao o1d, the T 2L 27t Aol AR Pk
if (tb != NULL) {
PyException_SetTraceback (val, tb);
}

PyObject *PyErr_GetHandledException (void)
Part of the °+7 ABI l:ﬂﬂ 311 9|3 2, sys.exception() ] Wl
SR U CIAE AT WA AD 7} ohizh olvl 4
ot & MR, 00l 9] o] A E £ AHA D% ek
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e AWACE o) 9§ Al T S A e
A

ox 9,
Ru)
mlm

o

PyErr_SetHandledException () S AFRSFA A L.

Added in version 3.11.

void PyErr_SetHandledException (PyObject *exc)

rsUth 238, =7} o9
AA = A Fstal s of & o] AHS 2 = s U o) FEE FdstAY A2u

Part of the F73 ABI WA 3.11 o] Z 2. sys.exception() & & G&EZF A 22, A &5 4A
T o 22 A2 2R 871 olleh, o] o] T A o2 S el A uieh o8] BHhE AT,
NULL S A Al L.

0 Iz

o) Bt AnAoz AT At E DA ABHA FEUG. 28, TS

o FEHE AE AFsty Edsfiof & wf AHET £ AdFUTE A FHE deHd

PyErr_GetHandledException () S A& SFA Al L.

Added in version 3.11.

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

Partof the QY73 ABI ] A 3.7 0] 3 &, sys.exc_info () 2 €& R A 22, 0] AR A 23S
AYUth o] A2 AE LS o 2] 7} of g, o] 22E o 9] & Zel gyt Al Aol o st A

A
FZE BB o] F o= ZoEwured 4 AFUTh o9 A B AHE 837 5y Th

o] 3t 519 AL Y&l FAFB Ytk WAl PyErr GetHandledException ()2 AF&SIA L.

)= S

O v

u!
[..

o] ot ANAoz o9 8 A stelt LEo M SR A FEUTh 238, ZET} o9
S YA AT B Ak T u] AT 5 YFUTh o9 JEE BAGAL A S

PyErr_SetExcInfo ()5 AF&3HHAl L.

Added in version 3.3.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Partof the 9+ ABI ¥{ A 3.7 0] & &, sys.exc_info () & &R A7 722, 92 AR E
o] A2 A& WA o & 7} of g, o]n] 22 o 9] & Zhe Y th o] &4 A
ek o9l FEE A9, Al AR Bl nung ALFAA S o] Gt 59 B3
FAB Yttt WA PyErr SetHandledException ()& ARSI Al L.

A

1z

=~

0 Iz

ol e dWtH o R o9& APstelw ZENA ARHA FFUTh 2352, 2
el BHE YA 2 AFstaL Edsfof & wj AT+ dsUTh A9 AHE J2
PyErr GetExcInfo ()= /\]'% _]'/?:} }\]P—

Added in version 3.3.

WA 31194 H7: The type and traceback arguments are no longer used and can be NULL. The
interpreter now derives them from the exception instance (the value argument). The function still steals

references of all three arguments.
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5.5 A2 AMelst7|

int PyErr_CheckSignals ()
Part of the 2+7d 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).

0 Iu

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

void PyErr_SetInterrupt ()
Part of the °+7 ABIL  Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

0 #x

This function is async-signal-safe. It can be called without the GI/L and from a C signal handler.

int PyErr_SetInterruptEx (int signum)
Part of the 2+7 ABI ¥ A 3.10 O]—?—E Alagd &
PyErr_CheckSignals ()7} 2% W AA2d

k.

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).

FolRA Alad o] sfo] Mo A A B]|F A &2 2 (signal.SIG_DFLO| WU signal.SIG_IGNL 2 A AT
o] A), FAIFH YT

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

Ao GE AR AT thgol
MBol e shol W A2l A7 BF

0 Iu

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

Added in version 3.10.

int PySignal_SetWakeupFd (int fd)
o] fEeE Tt Aol 24T Wubeh A1 WA G wlo| £ R 7 SH & Y 7| EAE
AR GU fde v EZF olojoF Futh o] A9 314 7] AE vyt
@1 A5 e MBAHTUG; ol A0l 27 FAA AL Ao M signal.
set_wakeup_£fd () S&A g o8] AALE 9l UL fde G823 9 Y 7)< Ao oF g th
g rd 2d= Oﬂﬂﬂigﬂfﬂ‘# Fy

]I
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3504 A A=A, e oAl 2A A= A APtk

5.6 o2 SaA

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
WEhgk: A EZ. Part of the P74 ABL o] 22l E] S A o 9] S S WE =Y T name
Ol A= A} o] 2] 9] 0] &, module.classname | A2 C BX}Y o] ofof 5]"/] t}. base 2} dict A A= L ¥k
Ao 2 NuLLY Yt} o] 2 A 39 Exception(CoA] PyExc_Exception @ MA| AT 4+ 95Ut}
oA st E S AR 7 HEol A YTh
A 28] module  O]EFRFE= name QA A WA FE (WA FA7kA) o2 AA L, 2
o2 o] B2 npA o BB (npA] 2 3 7)) 0.2 A Ut base AAHs A Wl o] 2 e S A G
U AHSE 5 Utk shue] S av 2e 20 REY S A Uh dia ARk Fel 2 W5
WA=e] 94 S A4t o e+ dch

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject *dict)
WSk A 2. Part of the b7 ABL M2 ol9] Fe2o S2EGS gA AT 5 k= A
AR 5 Newsxecept ion () T 2L T doco] NULL O] oL, o] 2] Z e 2ol th el F e
o= A2PYTh
Added in version 3.2.

5.7 ol ZHA|

PyObject *PyException_GetTraceback (PyObject *ex)
vk gk A Z 2. Part of the -7 ABL Tho] oAl __traceback_ OJEEHE
QM2 e A2 o2 9 BAH Eeo] Aug A Th BAH Ed o)~
Mhelgh o,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)

Part of the °+7 ABL 9| 2]9} A H Eg o2l S nhE AAZ YT A8 ™ py_NoneS AHE3HA]
Al L

O] 2~ Gk
_— =

F3 AA
o] Ylo ™, NULL

‘O 1=
o o

12

PyObject *PyException_GetContext (PyObject *ex)
Wk zh: A ZZ. Part of the 917 ABL SFo] M oAl _ context_ 01 IR
A Fxe deet Addd HEAE (ThE o] 2", o] 22 A s
E WUt 428 Ag2E7 gloed v Y D}.

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the °+7 ABL 9|2} A #E AHAEE nZE A 7§5]'\/] t}. A&
ctx7h e 9] Q1 2m el A] Felshi @ AAbE Sl th o] 2L avel B @

PyObject *PyException_GetCause (PyObject *ex)

Wksk gk A ZZ. Part of the Q7 ABL Sho] W oA cause  O]EZHEE F3 O‘Uﬂi g+ 9le=
M FZRE A2 HHAF YA (9 A2BE 1) None, raise ... from ...22 AHHAYHES
whegh o,

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the 2+7 ABL 9|22} A A WAL causeZ 4 H
cause7} | 2] AA~E A1} None Q1 A] EH = 3§ 7&/\}— R

e},

__suppress_context__ QEZHE L o] 3o & EA A S E TrueE AR FH UL

gyt A 9e
%tk o A

PyObject *PyException_GetArgs (PyObject *ex)

Wbk gk A ZZ. Part of the QH ABI ¥ A 3.12 o] & 2. Return args of exception ex.
void PyException_SetArgs (PyObject *ex, PyObject *args)

Part of the t7d ABI W A 3.12 ] & 2. Set args of exception ex to args.
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PyObject *PyUnstable_Exc_PrepReraiseStar (PyObject *orig, PyObject *excs)

o] 21 E 9kA APIL It may change without warning in minor releases.

Implement part of the interpreter’ s implementation of except *. orig is the original exception that was caught,
and excs is the list of the exceptions that need to be raised. This list contains the unhandled part of orig, if any,
as well as the exceptions that were raised from the except * clauses (so they have a different traceback from
orig) and those that were reraised (and have the same traceback as orig). Return the ExceptionGroup that
needs to be reraised in the end, or None if there is nothing to reraise.

Added in version 3.12.

5.8 FLIZE o2 24|

O e CollA FURE o9& b3 ¢4 5= v AHSF U th
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)

WSk 7k Al ZZ. Part of the °+7% ABL encoding, object, length, start, end X reason o] E 2] R EE AF&-3}
o] UnicodeDecodeError 2 A S WH5 Ut} encoding 3} reason-S UTF-8 2 A F G H E219 Yt

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
WSk zh: Al Z2Z. Part of the QH ABL £ A A 2] A A 9] encoding Q) E B HEE W&},

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
w3k gk A 2R, Part of the 9F4 ABL 201 R o) 9] A2 ] object o] E 8] R EE w133t}

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the -7 ABL. o] R of| 9] A9 start o] E &] w‘:% E S VA 2FA stareol] Wi X G o start=
woLL o] obv] o] of G ch A FSHE 02, A SHE 18 MBI Tk

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 2+7 ABL 30 R o]l A A Y] start A E B HEE start® B AUt AFESHE 02, A3
3hel -1 whakghi o,

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the ?t7 ABL 52013 of| &] X)) 2] end | E 2] HEZ 714 2FA] *end ol W} 2§ T}, end= NULL
o] opviolok BTl A E el 0L, Asald -1 & waghh,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the 2+ ABL Fo] 7 of|2] AA 2] end A EZHEZE end=E AAZ UL AF5HE 02, A 95t
w12 whekgh o,
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PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
kst gk A 2=, Part of the 9H ABL Fo] A o/ 2] AA 9] reason o E B8] H-EE w13g .
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 © Zé ABIL Fo] A o 2] AA Q] reason AE B HEE reason .2 A AUt AF3H 0,
REE R Sy

5.9 i+ Mo

o] F & Ao} FF BE BFA C A AT AA &S Tk WS AlTdh
AT S A ol H R B85 e A% BRI (ol A 2
Z2AFULh. 3= 2 EZo| A7 A2 A )57 ul 2ol p_call RN = 23R sy Th
int Py_EnterRecursiveCall (const char *where)
Partof the QF ABI A 3.9 0|22 QA A C & TE0] I 8E 8 3= A F S 2A TS
USE_STACKCHECKZ7} A oH oW, o] 4= PyOS CheckStack ()2 AF&5te] OS 2~8®lo] o ==
T A=A Zgolstyt}. o] 49, MemoryErrorS A A St 00] obd ZhS ¥HEshu o},
I8 o5 e A Aol 2@ =A APt o] H-$, RecursionError 7} A FH 1 00]
ha ghol e e 1) o 0ol ek
where= A7 Z o] At Z Q3 RecursionError HJA] A o] o]o]E <A " in instance check"2}
22 UTF-8 1334 A o] o] oF Gt
WA 3904 W7: o] T o] A Al st API A = AHEE 4 A5 U T
void Py_LeaveRecursiveCall (void)
Part of the ¢FA ABI WA 39 o % &, Py EnterRecursiveCall () < Z 234t}
Py_EnterRecursiveCall () & ZH AZ A Ql S &ult} 3 WA =5 o of gt}
WA 39004 W A: o] T o)A Al SHE AP = AFSS = dHF YT
Hol o) thafl tp repre 2ulaA TSI H EWS A A7t 22
[e]

A
2 SO0, o ropr 3G A A5 AAE 243 o FUTh o5 7
WS U th AL AN 0] 5L reprlib.recursive_repr () 9 A CESEYY

i)

o C,
o
[>

\uj

o

o

lo

e

rlr

oo
[o]
o

int Py_ReprEnter (PyObject *object)
Part of the 2+7 ABL 3-8 ZHRA|317] 9180 tp_repr +8 AlZ A ZEFH Ut

7“?<ﬂ7P olul Hel= o, = ¢ A5 gyt o] ¢ tp_repr?f?ﬂ% =23 e
= BAE AA & vbsslof FUth A& S0, dict AA| = (...} & WS list AR = (... ]
2 waeh

A Aot =25t S 2o AL EHSS Ut o] A% tp repr -2 9WHA 0 E NULLS

W] of Tt
TR ko, St 02 UBELal tp_repr FE2 AAA 07 ALE £ 5T
void Py_ReprLeave (PyObject *object)

Fart of the ? o7 ABL Py _ReprEnter () S £33}
HA & 23] of g

v
O
o
filo
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o
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g
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i
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foh
ﬂf{
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o,

5.10 = 0|2

fd

g}o] A of| 2] &= pyExc_ F ol o] A o] Q] o]

= = TEAFH U pyobject*
o 2% Zda AA g Uk 348 98, o
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ColE oto| M o & LE
PyExc_BaseException BaseException !
PyExc_Exception Exception !
PyExc_ArithmeticError ArithmeticError !
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError
PyExc_ConnectionAbortedErrc
PyExc_ConnectionError
PyExc_ConnectionRefusedErrc
PyExc_ConnectionResetError
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_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_ValueError
PyExc_ZeroDivisionError

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
SyntaxError
SystemError
SystemExit

TabError
TimeoutError
TypeError
UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError
ZeroDivisionError

PolZ2 the E Aol @ w0l Felaiyth

5.10. EZ ol
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Added in version 3.3: PyExc_BlockingIOError, PyExc_BrokenPipeError, PyExc_ChildProcessError,

PyExc_ConnectionError,
PyExc_ConnectionResetError,
PyExc_InterruptedError,
PyExc_PermissionError,

PyExc_ConnectionAbortedError,

PyExc_FileExistsError,
PyExc_IsADirectoryError,
PyExc_ProcessLookupError % PyExc_TimeoutError + PEP 3151&

PyExc_ConnectionRefusedError,
PyExc_FileNotFoundError,
PyExc_NotADirectoryError,

met = 9E A5 uth
Added in version 3.5: PyExc_StopAsyncIteration 3} PyExc_RecursionError.
Added in version 3.6: PyExc_ModuleNotFoundError.

22 pyExc_OSError®] Hdt S84 ¥4 Utk

ColE =E
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError 2
WA 33004 A o] A2 E Y o9 FoldsuTh
EE
1 =
511 & Z HF
EE #ZF vl B W T pyExc F ol FojA o9 o]Fo] 2= o] FY A M= AFHUrh
pyobject* FYUTH BF Fe2 AA Ut A4S 98, b2 EE AT dYyth

Co|E oto|M o| & LE
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning

PyExc_DeprecationWarning
PyExc_FutureWarning
PyExc_ImportWarning
PyExc_PendingDeprecationWarning

DeprecationWarning
FutureWarning
ImportWarning
PendingDeprecationWarning

PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

Added in version 3.2: PyExc_ResourceWarning.

T E:

2915 o) gk ) vtk A A e) 7] 922 vs_winvows 7k ) QA HAES o] o B AHEFE RS HEHAAL.

Vol AL o EE AT WE Wola Fe AT

64

Chapter 5. 02| X2|


https://peps.python.org/pep-3151/

CHAPTER O

o ERNEF N TBA A C°1W”Jr°155
ZAREE A o] = 7]77}%] thFet f2 e E

6.1 22 Al FE2IE|

PyObject *Py0S_FSPath (PyObject *path)
w3k zk: X ZFR. Part of the 173 ABI WA 3.6 0| & 2. patholl T3l ot A28 28-S ?}aﬂr/}
AA| 7} strol Y bytes AR o], A 73 ZF=E vl33Uch. AA|7F os.PathLike QA E] | o] A
F&3H, _ fspath () 7FstrYbytes AA G uf] vFE=E Ut 12 A 94O W, TypeError 7} & BL/\“
Star nuLL o] RESHE Ut}
Added in version 3.6.

int Py_FdIsInteractive (FILE *fp, const char *filename)
o] 5] filename?l %+ /0 3tY fpE 32 HFH (0] ofdyth & vhEHgt
isatty (fileno (fp)) 7F Z ¢l L] AL AUt} pyconfig.interactiveZ} 00°] 0]—14 H, o] g+
T filename X JE 7FNULL O] AL} o] F o] FALY '<stdin>' oL} re2e F oS TS e s
flalaciaRi=2

This function must not be called before Python is initialized.

®

void PyOS_BeforeFork ()

Part of the V7 ABI on platforms with fork() || A 3.7 o] T2, T2 AN 23 Aof] YF A& &1] 5=
T fork ) AR Z2 A AE BASHE 1A @48 S&5H7] Aol E&8 oF U th fork ()

ZE DERES E IR R S

A Fx

C fork() TEL ("Ml Q” AdH =2 ) “Hd” 2 = ArE o] R o] A of FYot.
PyOS_BeforeFork () & UFZF7FA] Y T}

Added in version 3.7.

void PyOS_AfterFork_Parent ()

Part of the 9+7 ABI on platforms with fork() A 3.7 0|22, T2 A2 3 T JE YR A E 74 A
St . ZEAA EAIZE AT AL BA o], fork () U A ZEAAE HA|5HE FAHS
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ST T RE 22 AN TEe ok FUTh fork () 7F o E AR o A ARE 7HE 9

C fork() TE2 (“WA” AEHZEHY) “HQA” g = A gk o] Fo] Ao gt
PyOS_AfterFork_Parent () & U}Z_W}Z] ARA=

Added in version 3.7.

void PyOS_AfterFork_Child ()
Part of the V74 ABI on platforms with fork() A 3.7 o] T 2, T M2 23 S Y H A ZE JEHE

AABE T4, fork () U A ZENAE BASHE fAE B4 8 528 5, Z2A| 27} sho] 4
eI o8 2 T B2 A 0] 200 A4 w2 Aol A 3 oF S zork 0 7 BSIH

A2’ o] A 7 A1E 715 g e,

A Fx

C fork() T2 (‘W ” AHZ YY) “HQl” A o] A7 o] Foj A of Frh
PyOS_AfterFork_Child () & vF7FA] Y o}

Added in version 3.7.

& v 1|
os.register_at_fork( ]--%—‘3]-25 PyOS_BeforeFork (), PyOS_AfterFork_ Parent () ‘;’-l
PyOS_AfterFork_ cmld()OH AN EZEE A ARY golH F4-E FF T+ dsUTh

void PyOS_AfterFork ()

Part of the 2+% ABI on platforms with fork(). ZZ A~ 23 &
oM AHZEHF AS AR HATH MEE ZE2A LA &
zeAso] 2ES W, o] 358 52T B2t gEth

WA 3 75E H X H: o] 8= pyos afterFork child() 2 HAIE 95U

Wi BEE Al sk

25 0jof gt A) 213 5}elo]

kg

int PyOS_CheckStack ()
Part of the ©+73 ABI on platforms with USE_STACKCHECK ¥ A 3.7 o] 3 2. Qle] Z 2] g] o] 2 & F71o]
Hzaim 2 ulsta ) o] AL A A 9l 3Holo| x| ut , USE_STACKCHECK o] A o] =] o 2)\:-‘3: uf 2t
AFE3 2 1%L O (B Bho] 22 4 5 € Visual Crr 232 e] 8 AFE S 57 W8] 5 5o A),
USE_STACKCHECK-Z A5 0 2 o g Uth o 8 A9 F oA H & E‘i A= < % Ytk
typedef void (*PyOS_sighandler_t)(int)
Part of the Q7 ABL

f

PyOS_sighandler_t PyOS_getsig (int1i)
Partofthe ol ABL Al jof] thal AA) Al2d A8l 7] E &3y t) o] AL sigaction() o]t}
signal () & A= Fe i duUrth 2 45 A H SE3HA vpd A L]
PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t h)
Partofthe oL ABL A2 i Al2d A 7| EhE AR o)A A2 d vl .
o] AL sigaction () ] signal () & A= ek A dYch 1 g4 %% AH TE3A uhA
Al 2!
wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the 97 ABI W] A 3.7 o] & &,
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A 73
This function should not be called directly: use the Pyconfig API with the

PyConfig_SetBytesString () function which ensures that Python is preinitialized.

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

TFA A~ E ol ST I} o 2 A 2] 7|2 vl EE-S YA P Y th o 2] A 8] 7] 7} surrogateescape ©f| 2
A8 714, v 2 @‘ A= Hfo ]———E‘.\_U+DC80 UH)CFFHLJ«] AR Iz dg et 184,
Hiol E /‘]'?ﬂ EABRANE FAR YUY T ¢ oW, o] 5 t A Y 5= thAl surrogateescape

& 2] 715 A& sho] o] ELE o] A o] Z T
Mz Fd gpol= ﬂwmdmmwfﬂ“ﬂﬂﬂiﬂﬂéi Sk W2 e Al st ™

PyMem_RawFree () 5 AFR3II Al L. size 7FNULL o] of U, G E XS A Q) 3l o] & BERF 4+ E *size

of 7= g e,
2! 011?44“1] et ol 2] Al NULL= HFSHU T} size7} nULL o] oFU W, W2 2] of| ] A] *size
7} (size t)-1Z AAE T, TR r"‘ﬂ]ﬂ Al (size_t)-22 AAE Ut}

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

CzlojB ol W7k glowd, ti of 27} 22y skA] ehobof .

B2 & vlo]EE R A Q1A Y S # W Py_EncodeLocale () B4E AFR AL
&t 1o

PyUnicode_DecodeFSDefaultAndSize () 94— PyUnicode_DecodeLocaleAndSize () T;’;, —/f—

Added in version 3.5.
W2 3700 A WA o] §4e o)A 7ho] 4 UTF-8 .= o 4 UTF-8 239 & A1 5t
A 3.800 4] HA: o] T4 o)A DX A PyPreconfig. legacy windows_fs_encodingZ}0
o] UTF-8 13 9= AH&- U Th

char *Py_EncodeLocale (const wchar_t *text, size_t *error_pos)
Part of the ©+7 ABI ¥ A 3.7 o] & 2. 2}o] & B2} (wide character) FA QS 3} U A] 2~ Hl o] 5 ] 31} of
2] A2l 712 A ZF Yt o] A 2] 7] 7} surrogateescape ol 2] *] 2] 7] d U+DC80..U+DCFF H ] 2]
A Z A o] E B2} vlo] E 0x80..0xFF 2 ¥ 25 Ut}
A= G vhol = Aol T £ AT MBI Th W m e & AR W pyven Free () E ALS
AN L. Az olel ) vl me) @ ol A nurn g eIt
error_pos7]— NULL©] oFU ™, *error_pos= AF A] (size_t)-1E2 AAE I, A7 Y o & A &5}
A ke #pe] dd 2z AR F YTk
The filesystem encoding and error handler are selected by PyConfig Read(): see filesystem_encoding
and filesystem errors members of PyConfig.

Hlo]EG S Qtolt B2} ExE 2 thA] YIS W Py _Decodelocale () B4E AR SHAIA L.

A Fx

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.

6.1. 24 M R E| 67



The Python/C API, Z2|A 3.12.11

e ] 1Y)

PyUnicode_EncodeFSDefault () 3]— PyUnicode_EncodeLocale () @'—T—

Added in version 3.5.
H A 3. 704 M7 o] &= o] A vlo] W UTF-8 Z =0 A UTF-8 917942 A3y}

B A 3.800A4 HA: o] & —‘E oA D=l A PyPreconfig.legacy_windows_fs_encoding®] 0
o] UTF-8 Q13 9 A& FTh

6.2 A|AE B4

sys & «l 7152 CRENA dA2 & 5 A st FEEE T PUth ZF U7 2= e 7=
Aol wate AA Ae T2 E 2= sys BES] P10l AE T
PyObject *PySys_GetObject (const char *name)

Hbeh gk WA ZR. Part of the 2+ ABL sys 2 ENA AA| nameS WS A Y, EX)31A] gFod

o9& A A3 A nuLL S HHEHE U T

int PySys_SetObject (const char *name, PyObject *v)
Part of the 2+%] ABL v7} NULL©®] o} & sys 252 name= vZ A4 U th nULL ©] H name-- sys
HEOA AR Uh AF8HHE o, ol ] Al -12 WU o)

void PySys_ResetWarnOptions ()
Part of the 7 ABL. sys.warnoptionsS Yl 2| 2EZ A AT} o] 4= py Tnitialize()
ool 358 5 A5 Uk

void PySys_AddWarnOption (const wchar_t *s)

Part of the 4 ABL This APl is kept for backward compatibility: setting PyConfig.warnoptions should
be used instead, see Python Initialization Configuration.

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

W7 3115 A28,

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

Append unicode to sys.warnoptions.

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

WA 3115 F§ 1=,
void PySys_SetPath (const wchar_t *path)

Part of the <+7 ABIL  This API is kept for backward compatibility: setting PyConfig.
module_search_pathsand PyConfig.module_search_paths_set should be used instead, see Python
Initialization Configuration.

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

ERERIE A= EE-
void PySys_WriteStdout (const char *format, ...)

Part of the ¢+7 ABL formatL & 7|5 = &8 EAE LS sys.stdout o] 7| &t} & o] LA 3}
O 2ts o 2] = T sHA] Ut (oFe & FR3HA A1 L).
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formar & END F 2 BALE F 2715 10008}0] £ 0] 52 A] 85 oF Tk - 10004}0] E o] F
ol 28 FAG ol dHUTh £79], o] 22 FAE “%s” W o] QlojA = ¢HFS Y mdUTh
“%.<N>s” 5 Ab-&5Fof A gkl oF gHt}, 04717\1 <N>& <N>of| o} & 2 g 2E9 A 27| &
& aff 100000l EE Zﬁr'w REE A AR AUt T3 Rf” = FO AL, ofF &
Seabe S AHe) B Qe 5 gl Th

TA 7 LA AL, sys.stdout 7F A o] QA Fo®, A w A A= AA| (C +F) stdout ]|
E=E=N

void PySys_WriteStderr (const char *format, ...)
Part of the QYA ABI. Pysys_writeStdout ()T ZZA| 2 BhAl sys. stderr O] U stderr ol %1 T}

void PySys_FormatStdout (const char *format, ...)
Part of the <7 ABL PySys_WriteStdout() &+ - A3t & 4= o] A vk, H Al X &
PyUnicode_FromFormatV () S AF&SFo] Ml WA RS J2)o] Ao|&2 X=X 51T
Added in version 3.2.

void PySys_FormatStderr (const char *format, ...)
Part of the S+ ABI. PySys_Formatstdout () 2} ZZA| 9 Al sys. stderr ©] L} stderrol] 41 T}

Added in version 3.2.

void PySys_AddXOption (const wchar_t *s)

Part of the 7 ABI YA 3.7 o] & &. This API is kept for backward compatibility: setting Pyconfig.
xoptions should be used instead, see Python Initialization Configuration.

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

Added in version 3.2.
EEENECE EE]
PyObject *PySys_GetXOptions ()
WSk gk W@ ZZ. Part of the 9+ ABI WA 3.7 0] &, sys._xoptions @} FAFH, -x 49
AA gMHelE gyt o 2 7S, nuLL o] WEEE 1 o €] 7F A A U ok
Added in version 3.2.

int PySys Audit (const char *event, const char *format, ...)
84 o2 b o MES WA AUTH HF A 02 MBS A3) Al 9 E B 5] 00]
ord g waEI

If any hooks have been added, format and other arguments will be used to construct a tuple to pass. Apart
from N, the same format characters as used in Py_BuildValue () are available. If the built value is not a
tuple, it will be added into a single-element tuple. (The N format option consumes a reference, but since there
is no way to know whether arguments to this function will be consumed, using it may cause reference leaks.)

PY_SSIZE_T_CLEANO] A= JE=A o} BA Q] # TH A= FA py_ssize t2 A 25 o] of
U
sys.audit () < 3po| W T =} F L3 V5= FF U Th
Added in version 3.8.
WA 382004 HA: 4 2 FAol Y3l py_ssize tE SFFYTH o], 91 5 gl H A
A7k AR o

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
A3 A= BB FHE hook<s 57V Yt 433 02, A st 00] obd 3h
et o] 271315 QloH, Ash Al o8l = AA YT} o] APIE Sl 719 2 ©
ZEQAH=ZH s &9 Y
userData ZAE = % T2 A Urth & g4t o2 A YA 52 5 JofA, o] ZAH =
sholul AHl 2 48 B ape o Py,
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2t .9
Foll &2l Exceptiono A AH ZA A oS T8 A A =88] A
(thE o2l JA A (silenced) 54 Th.
The hook function is always called with the GIL held by the Python interpreter that raised the event.
ZEAFoll B2 A @ A PEP 5782 A2 81N 2. o M ES WA A /)& HEFAS} EF eholn
eele] gt A oM E Hol s o] itk A S 8L 2 35 2o U
Az 7t 27|35 9, o] = AAF flo] AL o]l E sys.addaudithookg WA A Z Y T
71 Fo| Exceptiono A 3P oA 2] & FAYAZIH, A} Fo] £ b= A a1 o] 2] 7F A9 F Y Tk
Ao 0, EF A/ 71 £ BE £ AoI5A gt @ Fol 2H Atk AT 5 Ui

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().

Added in version 3.8.

6.3 TEMA MO

void Py_FatalError (const char *message)

Partof the @+7 ABL (/@A 2l o & WA A & QA3 Z2AAE Z QYT o} H A E 53
2 Utk o] Sk sl A AE 2 HE A% AL sHE Aol AP 20 AAH AL ww
S 28| oF BTk ol & Sof, A4 Bl 7t eAH Ao W . fUAAE, BEC ol ne

3 abort () 7F &5 O] core IS A AAsIH I A=Y T
Py_LIMITED_API W I 27} F o5 o] QA 942 8h py_FatalError () T+ A 49 o5
el 2 25 iR E hAF Yth
WA 3904 WA g o5& AHe o2 21 3 th
void Py_Exit (int status)
Part of the 974 ABL A Z2 M 28 ZF5 T o] A2 py Finalizebx ()5 EET TFS BF
glo]l B8] T exit (status) B SEZJUTH py_rFinalizerx () 7} ol & FAISHH, T8 A+
12002 AA v}
WA 3.6004 ¥ stold gl A o] Aol A9 of g7} Bl &= FAIH A] kUt
int Py_AtExit (void (*func)())
Part of the V7 ABL Py FinalizebEx ()7} 228 A T+E S5 A8 4= AR} ¢l
T2 S NEetA] grotop itk o 32719 A 3 4
W, Py ateExit () 02 WFEHRIUTH A9 8tE 1S WU T uhx o] 55 H
Ut A dreHAd st HsEg Yk F e %
55 7] Wil funcoll A 3to] M APIE S35 <5

Mo

6.4 D E QUIEE 5}7|

PyObject *PyImport_ImportModule (const char *name)
Wik gk: A ZZ. Part of the 97 ABIL This is a wrapper around Py Tmport_TImport () which takes a
const char* as an argument instead of a PyObject*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)
vkl 7k A ZX. Part of the Y7 ABL ©] St pyImport_ImportModule ()2 HAH HAQ
WA 3304 WA: o] 752 O 2A = JRE FFL BT A 2 Y.
B} ool W 330 A, I3 Aol chRwe] BAA B E thel §FOR 2
Fool 549 548 He A28 Sy

Lo
o
)

o¥.
1

P 2
& (
i)
32
N
£ o)
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PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals, PyObject
*fromlist)
e A xR ES YEE Utk WA ol ¢ import () & B P E AW
AUt
¥l 7o Q2 E B BEO|U HAY H 7| R ol e 2z, me Al A o9 7} AR NuLL
AUtk import () & UERTIAI R, ¥ o] YA 2 fromlist 7} A|FH A = T H 7| AL A H
250l R FF S wl o] vEsk k2 249 71 A G Ut

X E A= pyImport_ ImportModule () A8 EARAT BE AAE A At

B
4

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

b A FZ. Partof the F ABI WA 3.7 0|32, ZES YZXE YT EF _ import_ ()

7ol g AR Tt Wil W atol W & __import_ () & Bl PR E AHE

o}i|

Y
St k2 X E H BEo| U A 7| Aol the A2 =, = A Al 927 A A H nuLL
Aduyrch _import_ 9]—13]-74'7]'X]E vl o] AR 2 fromlist 7} A|F-= A o= T H 7] A & Al B
BEol S A Y-S wo w3 72 249 WA A J Y

Added in version 3.3.

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

ez Al ZZ. Part of the 9+ ABL PyTImport_TmportModulelLevelObject ()2 B 52 3}A| 4k,
name-> U= A% thA UTF-8 = A2 9H FA-E YU

WA 33004 WA level Y] S5 32 U= 585 A ZFUTh

PyObject *PyImport_Import (PyObject ¥name)

N8k A 2Z. Part of the 9174 ABL o] AL @A) “XE & @47 & T2 14E AEH o
~ QU (A A level 02 AF&abrl], A) JZES EFUTH. @A A2l _builtins_of
Sl _inport__ () B4E 52FUL. ol A B0 AAH YXE T ABolo] YEET}

A

S8 e o g,

1R 4 AT QEEES A FUTH

PyObject *PyImport_ReloadModule (PyObject *m)
wbsk gk Al ZZ. Part of the H4 ABL R &S "/]'/\] = (reload) Ut} OhA] 229 EEo o3l
Az a}pﬂrsm U, Al Al o) 9] 7F A E v W o} (o] R 5L o A5 A1y

PyObject *PyImport_AddModuleObject (PyObject *name)
whsk gk A A ZZ. Part of the H7d ABI W A 3.7 ©] & 2. Return the module object corresponding to a
module name. The name argument may be of the form package .module. First check the modules dictionary

if there’ s one there, and if not, create a new one and insert it in the modules dictionary. Return NULL with an
exception set on failure.

o
e

0 Iz

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

Added in version 3.3.

PyObject *PyImport_AddModule (const char *name)

ukskzk: W8l FX. Part of the 9F% ABL Similar to Py Import AddModuleObiect (), but the name is a
UTF-8 encoded string instead of a Unicode object.

6.4. 7
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PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

W3 gk A 22, Part of the F7 ABL F20] 2 & o] & (name) (package .module F A Y = A5 Ut
It sto) A vtol E I E hd oA gAY W T compile () B A2 IE AA R, BEES EEFY
th 25 AA o tist 2 FRE et A = ol e 7 38 et ol 2] 7F A A H nuLLE REE
st o & 7 A S sys.modules o A name©] Al AB YUt Py Import_ExecCodeModule () ©l
A A& vl name©] sys.modulesol ©]8] Jo]x= T8 LT} sys.moduleso] EXA3A =734
BEES YA FEAAETUL, 28IG RES IZE S0 BRE AAVT L + 9l (282
obub B F A A4Sl ool vl ol & uf 247 Aol 932 & o] 7] E T
BES cpec T loader obd AAEA STiE A8 oz A4 A9 2
He= 259 _ loader (AAIYTH)ZE AAF T, 18X 9O W sourceFileloader & A2H
22 AFEYch

B2EY  rfile OoEFHREE FE AA Y co filename 2 E A A FH Ut 3| E3riHE,
__cached_ T AAF Yk

o] g4 ou JZE HUUW RES A EEFUTE RES UHA 22+ o558 W2
PyImport_ReloadModule ()& ZZ 3 AL

name ©| package.module Ae] OB FFH o] FZ 7te| 7| W, o] v] Tk A ] k-2 7] A
2 A8 BHEAAAA FFUTh

PyImport_ExecCodeModuleEx () 2ol PyImport_ExecCodeModuleWithPathnames ()% %1,’}_'3]—/{:] Al

o
.

WA 3.1290| 4] ¥ 7 : The setting of __cached__ and __loader__ is deprecated. See ModuleSpec for
alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)

ek zk: A ZZ. Part of the 9V ABL PyImport_ExecCodeModule () 3 - AFSHA W BE 21 A 9
_file_ o]EgHEXnuLLo] ofY 2 pathname O 2 AR U Th

PyImport_ExecCodeModuleWithPathnames () & ZZ A Al L.

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

*cpathname)
WSk gk Al FFZ. Part of the Y7 ABI WA 3.7 0| & &. PyImport_ExecCodeModuleEx () 2} S+ A}k
A 25 A9 __cached__ o] EZ|HEENuLLo] obY e epathname 2.2 4 B Ut Al 71X
W5 % ol Aol ABH = Ak,
Added in version 3.3.

W A 3.1290 A ¥ 7 : Setting __cached___is deprecated. See ModuleSpec for alternatives.

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

*pathname, const char *cpathname)

W3k gk: A ZZ. Part of the 2% ABL PyImport ExecCodeModuleObject () @b - AFSFA BF, name,
pathname 8 cpathname-& UTF-8 %2 A7 3= 22 AUt} parhname®] gro] norLz 449 4
o] 7}o] cpathnameol| A 2}ofst=X] Lol 8 7 gt

Added in version 3.2.

WA 33004 M A: vhol £ 1= P2 A
£ AH P

¥ A 3.129) A ¥ 7 : No longer uses the removed imp module.

of

R R

ﬂ]ﬁ@’wﬂ imp.source_from_cache ()

]

long PyImport_GetMagicNumber ()

Part of the °+73 ABL }o| R vlo|E F= 9d (L™ .pyc 3+Y) 2] 1] 2 ¥ S (magic number) & ¥+
Utk 12 A5 = vlol E & 31U A5 4nto]Eo] 2] & Yt vlol E &AZ EA 3] oF Tt
o8 Al -1 RS T

WA 33004 WA A A -1 wEE T

72
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const char *PyImport_GetMagicTag ()
Part of the V%) ABL. PEP 3147 & 4] 5}o] A }O]E
sys.ilmplementation.cache tagJ %;\—8—

Added in version 3.2.

PyObject *PyImport_GetModuleDict ()
WHEHZE: W BE. Partof the 917 ABL RE Belo] AHEE = 942 (D9 sys.nodules) &
WU T o 218 9IE) Bl wleh 24l st W Slol £8] ShalAl 2

PyObject *PyImport_GetModule (PyObject *name)
QRS gk A ZR. Partof the F ABI WA 3.8 o] 2. ol o] 502 o|n] JXE H BES 1L
ST BEo of 2 Q2= ¥ A SkThE nurs g WA v o2l & AR A it 23]
Ao st nuLL-S Bkt o 2l & A A F o
Added in version 3.7.

PyObject *PyImport_GetImporter (PyObject *path)
ke 7k A FFZ. Part of the H4 ABL sys.path/pkg. path = pathE 93 o}l o] 2AA &
gttt} sys.path_importer_cache AU A Ad $ & 95Ut} o} & °
AZ RS XY 4 Q= Fo] B AE w712 sys.path_hooks S EFAELUTH E 0] ¢l 2 None
S gk o A2 BEANA 4% 7 sl 7)ol A% FEol ek AL S BE 4 YT
A=Yt} sys.path_importer_cache®| AIE 7| A] Ut} gt AR o thst 2 IFZ2E
Lla2gaiaRi=

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Y ABI W A 3.7 0| £ &. name©] 2} 0] 52| = 2 & X E (frozen module) & & =3 T},
AU 18, RS 2 Fo4H 02, 27130 A A9 % 245D 1 BT, 25
7MAFS T dXE H BE WM pyImport_ ImportModule ()& AL L. (BFEH
o] E"ﬂ -r-4d“*]+f ol 5 BEC] o] A2 E H S ul A ZEFTH)
Added in version 3.3.
WA 34004 M __file AEFRELHE= EE ARHA FsUTH

int PyImport_ImportFrozenModule (const char *name)
Part of the V7 ABL. PyImport_ImportFrozenModuleObject ()2} B]<=3}A] 2 nameS U I &
A thA UTF-8 & 1799 #x1d ¢t

struct _frozen
o] AL freeze T EHE E| (Fo]H A2 M EL Tools/freeze/S FRFAHA L) 7Y ZEE B
EU23HEHE Y3+ 24 3 A YUt Include/import.hol Y= A= o2 5 Yt

e N

struct _frozen {

const char *name;

const unsigned char *code;
int size;

bool is_package;

bi

L J

W A 3.119 4] ¥ 7 : The new is_package field indicates whether the module is a package or not. This
replaces setting the size field to a negative value.

const struct _ frozen *PyImport_FrozenModules
o] ZOAEHE rfrozen A ZELY WEL 77| EE 273 H =], @87} 25 nurno| v 02 &)
g EyUn. 222 250 YEE U, o Ho|Rel A ANtk ALA ZEE AL
Agotol THoz YT 222 RE AAAL AT 5 AL

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

Part of the V7% ABL 7]&9 Y& EE HolEd dd REL 71 Ytk oA
PyImport_ ExtendInittab ()= ZA= AT A FHAH, HolEL &4 4+ glod -1& 43}
Ut A BE L2 nameolgtE o] 502 YXZE I = oW, initfunc TS A3 A3 YL E
A 325 273 52 A YTH py_Tnitialize () Aol EE8) oF Ttk

64. D& QX
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struct _inittab

Wd 2g 55 v 98 5L 7edc +2A. goldS WHGE 223192
PyImport_ExtendInittab ()3 ‘51;](71] O]E—]?_]——_[’—}_jﬂiﬂ HHOE:]% /\]'% _]'OZ] ‘%—7]' LH7§- E—‘%‘% Zﬂ%" @'
S guch 2RAT T A AHE TYF Uk

const char *name
BE ol &, ASCIIZ Q79 ¥ FA-4.

PyObject *(*init func)(void)
Az o] WH EES S8 2713} .
int PyImport_ExtendInittab (struct _initfab *newtab)
(sentinel) =0 2 Zrpof Utk Al ghS AlFskA Foed W®2e] @ Frh e - syt

BB 02, 3 Hl ol B 5] AR v mel s FREA oW L& M Tk s,
o3 Elol o) RE o] F745] A itk by mmitialize ) Aol ZE ok Fuin.

If Python is initialized multiple times, Py Import_AppendInittab () Or PyImport ExtendInittab ()
must be called before each Python initialization.

6.5 O|O|E{ Of&FE X|&

0|2 £ L C T = hnarshal RET 2L HlolE BAL AHgste] AUstE AN FY T4 =S
Pt 485 YA o Po|EE 2 Ao PO HE T G H ASE 5 A 2 A4 A
o

ok vhEd 8 Hlol B g A e ol A8 & st e whel e mER dojof gtk
57 ghe 289 vhol =71 WA A3 ek,

ol RE2 F 7HA WA dolH FAS AP U WA 02 JAH
o npared e ) Q1€ (intem) B £AL S FHIUT WA 2E R
ARS8 T} Py MARSHAL_VERSIONS A A ot & 412 e iyt (A 2).

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

long B value s file2 PHFFU T value®] 2 619 328 E W 7] 53Utk 7] 1ong B9 7]}
A Qo). version& 312 AL JEFE U T
This function can fail, in which case it sets the error indicator. Use PyErr_Occurred () to check for that.
void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
tol ® AA| value s file 2 vHEU T}, version-2 3+Q 3§ A2 LEFH 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)
whehgh: Az vHEE value TH S 24T vPo]| E D AR E AT T versionS 3 F A2
UrER U T,
& P42 S nhrE g2 Al 92 4 AUt
long PyMarshal_ReadLongFromFile (FILE *file)
7] 913l d@ F1re+ o bl o8] AE A Clong S WHF UL o] 48 AHE3HE 1ongd] 7182
27\ Aol 2HE g A2 5 AFUTh
of 2] Al, A A3t o 2] (EoFError) & A A otal -1 W3
int PyMarshal_ReadShortFromFile (FILE *file)

o17] Aol dd rinex o] Hol8 2EJ A C short & WA YT o] h+E AHE S short 9]
712 271k AA Qe 16V E gk gfs = s Th

ol 2] Al, A A3t o Q] (EoFError) & A A3 -1& WS o)

i
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PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Hrhgk: A =L 91 7] H8 9 Fiex 9] o] E AE oA sto] A AR E WS
of & A], A A3l of| Q] (EOFError, ValueError B+ TypeError) S A A SF1 NULLS

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
WEzh A 2z 7] 918l 2 riias o] Hlole A=A shol W A & waF T

PyMarshal ReadObjectFromFile &2, ol g dE JdoA AAE GA XS Aol
TARFORA, R HoHE HR o AFHOR 2= &5 93, FAo|A B vio] =4 ot
Al w2 elol e dlolEoA o AEsr) a5 5 %l%blﬁ} JP‘OHH o' A& A &<

Aolgt= FAlo] & Ao o] tﬂb‘ﬂ S AJLBAA L.
o8] A], A A3} o) 2] (EOFError, ValueError B2 TypeError) = A A 311 NULLS WSS o).

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
WSk A 2. data7} 7} E] 7]+ len WEOl EE X3S Hlo] E W 9] H] o] B] 2E R of| A 3ol
2 & g o,

oﬂ f’ﬂ }\], Z—'} zé?l’ 0““94 (EOFError, ValueError =+ TypeError)% ’,‘jizé 5}_'17_ NULL-% ﬁ"; \/] T/}

HAZE vE o] §83c) 371 A K9} o Al = extending-index o] &

% /\ﬂ 7H ?_] PyArg ParseTuple (), PyArg_ParseTupleAndKeywords () t’]
< X}Oﬂ WA ol el ol AHSE = 2 AL (format strings) =
& -

AEFUD B0 EAGL 0|28 7 B0l ol 22 LS AT

6.6.1 QX L= &4

I B2 07 o)A “E W ok (format units)” 2 FAFH Ut TR 9= Futo] glol A AR E
AU dutdor dd FAV 235 E FA 29 49 A d2agUth 2 7HA] o9 E A9 e,
2582 FAAALT obd 29l Bl = dWH o= o] 2] 3 Fpof th st T T4 At S F T
T2 Aol A, 18 (quoted) F A2 =W A9 JUTh (T3) 2% JQ] FEZ ZW e Aok
ol AA FJUTh [HEZ] ¢+ FEHL FaE5 dgdfof o= C {49 FYuth

S XS} B

ol st WS AR StH ALK H A R YIE Ao AMA T 4 JFUTh 9HEE fF U I = vlo]
E Aol tist YA AZAEATT DRV 5 UTh

g YAIH A = 3 ¥ 3= NULE S 85 A syt

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

e yr S} sx PO TYO Py_buffer TZAE AUtk ol 3% HIHE F7HA, TEA7F
Py_BEGIN_ALLOW_THREADS B3 WX X 7k tlo|g o] 27|17t 235 At 3132 -'45‘ flol o]
ol M E AT 31"‘4"/} Ao g, tolH A& v ¥ (Ee BT ?
PyBuffer_Release () S S &3l oF gt}

e The es, es#, et and et # formats allocate the result buffer. You have to call pyvem 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 PyBufferpProcs.
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.
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Besides this bf_releasebuffer requirement, there is no check to verify whether the input object is im-
mutable (e.g. whether it would honor a request for a writable buffer, or whether another thread can mutate the
data).

0 Ix

For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before in-
cluding Python.h. On Python 3.9 and older, the type of the length argument is Py _ssize_t if the
PY_ SSIZE_T_CLEAN macro is defined, or int otherwise.

s (str) [const char *]
FUIE A EALo] T C LA S WA . /1€ BALo) B L AL o2l 3ol
F42 AL A AL o] AH U CEALSNULE S2F U, shol 8 2a2e 1
A9 9 T A= A Qolok Gtk TR0HA valuesrror 99 7} A o fUTE
714;4]‘_ "utf-8' AT P S AFREo] C EXE 2 Mg Ut} o] HEo] A93}H, UnicodeError 7}

Ak

nrll‘

WA 3504 WA o] Holl=, shold Aol WA @ Z= 2AETHTAS W TypeError 7}

AP EU

s* (str T nlo| B R A A) [Py_buﬂ'er]
o]l zW-Z Hlo|EGHF 7“7?1] Rt olUet FUZE AAE ot dUTh SEATF AT S py_burfer
FEAE AGU. o 39 A CEALL WA NUL vlol 28 298 5 gk fu2e

AA = utf-8' AT PGS o /\]——9-'6]—0:] CE2x1d 2 Waky )

s# (str, &) 7] A& nlo]|E LG F A A)) [const char *, Py ssize t]
A=l Hijie Aot AL A5, s+ 9 2E Utk A3 T 9 C Wgd AFE U A
‘?_WH ECEAE Y et 2AH o, F HA Ay do|dUth £AE2 W d vlolEE
5&“—’?— °"\‘4D} FTUZE AA|= 'utf-8" ‘?li d< AH&ste C &2+

Hl

z (str ¥+ None) [const char *]
s 2} ‘ﬂ% BHA g, 3ho] A AR 7t None d = T, o] AFC ZAE ZFnviLE AP Yth
z* (str, H}o| E &5 78 A ¥ = None) [Py_buffer]
s* 2} ‘ﬂ]’“?f}/‘q “P gtol M A= None ¥ & AF UL ©] B py_burfer FERA S but WH 7}t

NULLE A AUt

z# (stx, 9] 7] A& vlo| E ¥ F 214 == None) [const char *, Py_ssize t]
s# &} Al EEA RE sto] AA = None d & As5UTh o] A9 C ZJAH7nvnnE AR F Yt
y (&]7] AL nlo] E < F 7 A)) [const char #]
o] T L HlolEERH AAE el ExLGo] tj3C =
o}E ol kUl ulolEQ HoE U F W wol =
ValueError 9|9 7} @A gk o}
WA 3504 WA o] Holl=, vpo] EE ¥ 3ol A Y @ vle] EV A W TypeError 7F U 3
Syt
y* (Wo] EL 5 7 A) [Py_buffer]
5+9) o MPL R A7 7} bl g} wfol = A5 A W ol itk vhol il ol o] ]S o}
Eole A3 Y Ych
y# (2]7] A& nlo] E A7 2 A)) [const char *, Py_ssize_t]
s+9] o WRL FUTE A7} o)z} whol = A7 A7 7 WobE U Tk

ez Add; frRE AH
ZgpA) Skotol gt ek 19t}

n
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S (bytes) [PyBytesObject *]
W 2hE A= 517 97, ol W AR 7 bytes AL AL 27Ttk 2717} wpo| = A7} o]
W TypeError& WA A YTH C |5E Pyobject* & d‘?ﬂ TE AFYTh

Y (bytearray) [PyByteArrayObject *]
WIS A 51 kT, J]-O]’E‘j A 7]—bytearray AA L AL 2 F 3ttt AR 7Foytearray A A
7} obU ™ TypeError = B A AU T C W4 pyOb;ect*E AdE = sk

U (str) [PyObject *]
A8 A g, ol AN} FUBE AN AE ST, B fo T A7)
o} ¥ TypeErrorS WA A YT C HE = pyobject* 2 AAE &

w* (Y 7]-227] ulo] E A5 ZHA]) [Py buffer]
o] WX ¢17]-227] w5 ¢IE 3 o]~ Aot & AAE 3
py buffer +ZAE AxUth HMOﬂ Wg g vtol EVF 2 3HE
2 8 A& ulX Y pyBurfer Release () S S Z3oF gt}

es (str) [const char >“encoding, char **buffer]

59 o] MBS fUTCE B2 W32 A sHe o] AP Utk g NUL vro] =7} 2854
o2 Q3% ol ejo] chal A A5
o] Zol 719 AR Ba gtk A WAL o AgH v, AT o] 5L Felrle

NUL £8 2X Y9 = const char*9| AU, 'utf-8' A F o] A LHEE St= NULL°]°1°]: shu .
e E ol o] s wol| el A 2] ergko W of o) 4 A g T 5 WA 2 Ab chart+ o] of T
ﬂ-; @-}_—(‘5}%;&0]5{4 7re o] x].EJ]/\E_,] q]_&o] o] = ‘:HJ%E /\4799141;]. E-“/\E‘— qqu] o];q.oﬂ
AAH dIYo =R O]:n:lgqp}

PyArg ParseTuple ()& L3 379 Wy E &332
Az FPY A2 A B2 S uferS %A T
s17] -H‘GH PyMem_Free ()& i%ffﬁ o} ?‘,{}1% t}.

et (str, bytes &L= bytearray) [const char *encoding, char **buffer]
Hlo| E F2LE A& thA] 2 3HA] 3l FHAA At B S A2 31 es o} 5 YT tiAlL, 32
HlolE Ex1d AA 7 7)) M2 Add 3 g S AFEsiot 7Eg g o)

es# (str) [const char *encoding, char **buffer, Py._ssize t *buffer_length]
s#2) o WYL FUTEE P vl 52 AT Yo o] AHSF ek es Eu3} ), o] WY NUL
£A2 el 99 Hlo|E 2 o4 auTh
A AA ARt BRFUT A WAlE 4oz A M, 957 o] 2L /el 71 NUL 8
TAHL & const char* o] A, 'urf-8' I G O] AHRH EF &= NULL °]°1°]E durt. ¥
A9 o) sholdio] FeAAA) ko o517k WAUUEL £ WA A chare oo} Fu e
drohe FAR e dxdanel Yol gevsiz AL G2t 3 WA dxol
S8 S0 Rt A A DA Bl ) eIt el 4]0 1 S
2 wslo) vhol= 2 AAH U,
= 71 2% Bt dETh

*buffer 7t NULL EIE S 71l 7|9, e 2% 2719 ¥ B & EFetal, o iR
Bl S BAMSHAL *huffer £ M2 dE SAEA S A2 AF Uk SEAE

W E A7 Y3 pymem Free () & TE3) oF Tt}

*buffer 7} NULL ©] o}d Z I EE 7]’ﬂ 718 (o]m] &FH W), pyarg ParseTuple ()2 o] 9] X
W3] 2 AV B3 hufer length®) 2742 W3 272 S| AT 191 T2 A5 P H o]
H 3 o] HASEI NUL F & @t ¥ 37 573 24 %}2?‘; valueError 7} A4 g Uth

T AS 25, *buffer_length= 53} NUL Hlo|EE Aot AT H t|o]E]e] Zoj& AP YT

o
2

ﬂi?‘.l i
i o,

-101' oE

o7
A&

=
=
=
=

et# (str, bytes &= = bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer length]
dlo] & BAd A & OpA Bk 1 BHAATHE AL A2 eok 9} DH LT T4
2ol BA A} wl) W2 ADE ATD S A AT AT .

WA 3120 4 A u, u#, 2, and z# are removed because they used a legacy Py_UNICODE* representation.

6.6. QIXt 72 2MI} Zt 75 77



The Python/C API, Z2|A 3.12.11

= At

These formats allow representing Python numbers or single characters as C numbers. Formats that require
int, float or complex can also use the corresponding special methods _ index_ (), _ float__ () or
__complex__ () to convert the Python object to the required type.

For signed integer formats, OverflowError is raised if the value is out of range for the C type. For unsigned integer
formats, no range checking is done — the most significant bits are silently truncated when the receiving field is too
small to receive the value.

b (int) [unsigned char]
ol ohd sho] A A5 E 2 E 9t I F5 2 WHBT, Cunsigned charol A3k

B (int) [unsigned char]
oW EEZ A4 glol stold 448 e A=

22

#3131, C unsigned charol A&}

h (int) [short int]
gtol|H A4 E C short int E WHESH T}

H (int) [unsigned short int]
oW ZE AAFQlo], Fo]H A4 E Cunsigned short intE WHEI T

i (int) [int]
ol A5 W C int 2 HEF Y}

I (int) [unsigned int]
QME2 AA §lo], 7o AHE Cunsigned int 2 WAFTH

1 (int) [long int]
ol A4E Clong int  HES T

k (int) [unsigned long]
W Z7 AAglo] 3to] M A4 E Cunsigned longl & W3}

L (int) [long long]
ylo]W A& Clong longl @ W3gH ).

K (int) [unsigned long long]
W EZ7 AAglo] 3Fo] M A4 E Cunsigned long longl & WS}

n (int) [Py ssize_t]
o]l A4 E Cry_ssize t2 WHESH T}

c (Z o] 1¢] bytes &= bytearray) [char]
2074 19 bytesi} bytearray 221 2 EAE, ko] & Hho] E& C char 2 W 23}

B A 3394 HA: bytearray AAE 523}

c (Zo] 19 str) [int]
ZE]O] 7]’1?_]_ str ﬂ,‘i}]i E_/\]%, Y),}—O]f}ﬁ %x}%c int 2 Eﬂ:,:j—_gﬂ]_qq_

o
v
v

f (float) [float]

stol A Bg A4 RAE C float 2 HEAFU T
d (float) [double]

vlo] W BF 24 A4S C double & WG T

D (complex) [Py_complex]
gtolH B A4E Cry complex FRAE HEFY T

7|EF ZHA|

O (object) [PyObject *]
C AA Z Ao sho] A AANE (AT glol) AU by Cmzade dgd A
ek ARl e A2 de s AR A gt (S, AR B2 A5E 3704
AU TH. 438 ZAHE norLol obd Uk,
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0! (object) [typeobject, PyObject *]
C A7) EAE ol 3ho] A AR E AU o] AL 09 FABA T, T 9] C A2 AU Th: A
WAl sl M o A4 o) Faol 3L, T A AA F AL 7} ARE = (y0njectr B2)) C W5
F 28Utk stol 4 A7t B2 & B o] b M, Typerrror /b WA FU Tk,

o& (object) [converter, address]
converter 45 E3) dol M AAE C AL E HEBTY
40l 1L, 5 WA = voiar 2 W, (319]9) He)) C
ZolzE=grh

o % 7lel QA8 gtk A

H
9] A A Ytk converter 4= T}

[status = converter (object, address); }

o] 7] A object+= A 3+E 5}to] W A A| o] 1 address= PyArg_Parse* SF5oll A void* QAAFY Yt}
W8 sans 9349 WSl A9 103 1 5ol A58 A 0]} Gtk 1 ol Az skl
converter &= of| 2] & WA X 7] 11 addressS] W& A A 2 AEHE —‘,:—01 ok stU T}, converter
7} Py_CLEANUP SUPPORTED 2 vlsl Y, Q2 & B Ao 73% AEtH FHAE TEF o] A
7] of oju] FFH HEE HAT 73 E AFE 5 AFUTE o] F ‘jWH S ol A, object vH 74
He=nuLL o] HUth aa’a’reSS% A T2 22 7S w5 UTh

Examples of converters: PyUnicode FSConverter () and PyUnicode_ FSDecoder ().
B A 3.10 A4 ¥ 7: py_CLEANUP_SUPPORTED 7} £ 715 95U th

p (bool) [int]

looH

ALE o] 2 g2 B2 E (22 predicate) 33 AHE FEHC HAL AEGOE AHEY
of £840] FolW it 12, AdlolW 002 SHYYTE RE FR A ol 4 g S HUTh
shol do] =2l g B2 Eshe Bl T e AA T S-S ruth & FEFHA L

Added in version 3.3.

(items) (tuple) [matching-items]
AA = Aol 7} itemsol Q= W 9o

91 Tha1 o 5 o) oF $11] . A1 o] 91
% 744 e B Al 29 2 A0l A 907} gtk 30 23

F

Shol Al 914} 2 2= 9] Vbl 4] Q27 A1) AFRl-S Lhebi L o) A E A ol Aol sk C g
718 zko 2 7|3l ook st — AR A QAR X AT R S ], pyarg ParseTuple ()< OHQ'
Cuso e A=A ST,

PyArg_ParseTupleAndKeywords () A& 3fo| A QX g]l~EQ U A QA7) 7|9 E AL IS
$

e U @A), BE A9E 48 At A8 A Axjolof suw, & a4 2 EALelA
oFoll 2] 4 of of g ch.

Added in version 3.3.

£ 09 B AEE 7)ol Btk 28 H) £ADL o HAA A §5 ol SO ALEH
b]ﬂ—(PyArg_ParseTuple () 0] ‘:Q'/‘gj\] 7]\—1:‘ 05“94-04 “AdH %}l’”)«
EUW G 2l AEE A7) A BEUTh AU 28 F9 EAE 2 7] o] WAIA 9 ol 2] w A A]
Al ol 2] BN A = AR E YT 9 = ARE Hﬁxﬂfﬂﬂ“/‘r-
& Apol A Al B £ BE Tl W A A2 Aol L (borrowed) T2l £ 3414 2; 3 A SHA A
NS (5, FE AT Fo1A PP A L)
ol# 3t Froll ALH = F7F AR = TR EAL O ) Fo] 2= W9 Faofof Pyt ol52
9 FE ge AGSHE ol ASFUTE A9 Zo w9 2204 A9 E B, o] 3t vl W7}
QGO AL ¥ /A A7k AFUTh o A% AP £ @91 thsl A9 23 A of
k.
W o] gl ™, arg 2AA 7} 2T} A A 5f| oF 3t 2 o] AR = o] of Fh T A F 8, PyArg_Parse*
St Fe MBRI, 184 Fow AR wakea 443 o9 & BN YUTE EY 9] F shike)
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oft

W3 A9 2 Q3] pyArg_Parse* 71 A9 5H4A,
i

g 34 et a5 e 29 o= A=A

E

>

PI

ok
4>

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the 9174 ABL $13) v 7] 5wt A9 Mz Aok P9 ) Weg T8 BT ch
3F ot L Whgeh A sfstd, AXS whEeta A A g o 9] S LAY A P T

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the VA ABL 7} 7|9 QA x7F ol va listE WolEdrttE= A S A9 sHH,
PyArg_ParseTuple () 31]— = (Qii}q D]—

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject ¥*kw, const char *format, char *keywords([], ...)
Part of the S+*] ABI. Parse the parameters of a function that takes both positional and keyword parameters
into local variables. The keywords argument is a NULL-terminated array of keyword parameter names. Empty
names denote positional-only parameters. Returns true on success; on failure, it returns false and raises the
appropriate exception.

W 3.600 4 WA 9 2]-2 -8 w7l §lol e gk A Qo] F7bE syt
int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *keywords|],
va_list vargs)
Part of the ¢F7% ABL 7} 7159 Q17 ofd valistE wolEdtiE= AL A 3std,
PyArg _ParseTupleAndKeywords () 3]— 9 @‘14 D]—

int PyArg_ValidateKeywordArguments (PyObject*)
Part of the 9v7 ABL A= dx AU A7 BALAA el gk
PyArg ParseTupleAndKeywords () 7} AF-& % A] =7 "?—Oﬂ s %-8-@' o}, o 7] ‘]—E o
o] A g T Wl E YU
Added in version 3.2.

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the 2+7J ABI. Function used to deconstruct the argument lists of “old-style” functions — these are
functions which use the METH_OLDARGS parameter parsing method, which has been removed in Python 3.
This is not recommended for use in parameter parsing in new code, and most code in the standard interpreter
has been modified to no longer use this for that purpose. It does remain a convenient way to decompose other
tuples, however, and may continue to be used for that purpose.

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)
Partof the 214 ABL <17 & A 4517 930 59 2749 & AHEAA g o 0 349 )
Wy 23], o] PHO R v AT E AUE 5 e T —’Fb} Uﬂ/ﬂ © g o] B o A METH_VARARGSE
A o o Gk A v} M4 E F AL FEL g AT ofof gtk o] AL A 2
FZolojof Ut F&9 Zol& min ©1% max o] 3to] o oF T th; minT max+ & 0‘*14‘3}
F7) QA= o) A= ofof 3F, Z Q1A= pyobject* WG] O] 3t Z QB o oF T} o] &
args] S 2 A ALk Wl T Tk argsel H A A LT A o ¢l
i Fots Wape AHAA FsUTh o] AE2 & Aol o X785 of of ff“f]"/‘r o] =
gt e whetil args7h T ol obU A, ERE 2 248 3ot ARS wEg YTy
Ao st o 9] 7} A H YT

2 o] T4 AFR] o JUt), ket FRE Y3 weakref ©-¢1| REY A20A A g5 U TH

i)
o

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)) {
(th sle] Aol Al%)
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(e]A sl o] A ol A A<
result = PyWeakref_ NewRef (object, callback);
}

return result;

}

ol AN A pyarg UnpackTuple () o] 8 EE&L pyarg ParseTuple () ol B3 T2 S &3 A3
o7 5k

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

6.6.2 ¢t 15

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

w37k A ZZ. Part of the 9+7 ABL PyArg pParse* 3t4: A oA vlolS o] = 213} §AFSH Z W)
EAGI G ARAE 7oz A gL Ut 3ge ° B]—?:]—a].ﬂb]. o & 7} 9 3 nuLL S
Sy th vurL o] ¥EERE H of 9] 7 A ] o)

Py Buildvalue ()& @74 FE€ FHHAE &5tk W £AL 5 o] 2R &7t =
FH S W FE L FHFUCH T BAdo] 0]o] 910 B, None 2 WNEFU L F B3| Fitel
=9 o %E?}%}?ﬂ,%ﬁ%%“ B 1St 7“xﬂ7}‘%— ol 7 W ot 271 7k00] k19l
E 2 0 ulst

aTEE

sE‘rs# 2] BAH, lEBl ‘ﬂﬂﬂtﬂ ]Eie 1A= 7%‘}4101] Alget7] s A s 2 AgE i,
233 lol B 7 E/‘W‘%E} e o B e Hiﬂ—Py_BulldValue(ﬂ} Pl 7%‘%1101] o)
ZEA S UTH &, 8 E29 T E 7 nalloc () S &5 S3E HEEE Py _Buildvalue ()l
AGdd, ok py Buildvalue () 7) BFEE] H 0131—‘:401 FetF R el free () E TS
3 oF gt

e Ao, A E FAL ZU WA JUTH (52) BE HY FBL T 9 7} S sho] A
AA B YUt [ﬂ%%i] ote] =2 AGEC ghel IYYrh.
Bt aso) s, W, 22 W AR T EALNA FAPUTHFHA v or 9k 2 T B 1o A
Eobdurh. o] 2L 1 W $ALE £ o 97 4A Bt v SR 5 gk
s (str X£.+= None) [const char *]

ees AT YL AHg o] B-FE CEALL ol ser AN MBI C 2R

X B 7} NULL ©] ¥, None ©] AFS-H U th

s# (str ITX+ None) [const char *, Py ssize t]
"utf-8r A1 FYE /\]-36]-0:] C Ex<d3} 1 do]&E o] M str AAE HET UL C EXE

ZAE]7FNuLL o] |, Z o] 7} F- A = 1L None ©] ¥FEHE U T}

y (bytes) [const char *]
o] AL CEAE S ol M pytes AAZ AEFYTE C FAE 2 E 7} NULL ©] ¥, None ©]
Llsia=ARh=

yv# (bytes) [const char *, Py _ssize t]
O] AL C EAA} 1 2ol 2 sol A AA 2 MEFU T C EAHL  E 7 nuLs o] W, vone
o] WHEhg U,

z (str &£+ None) [const char *]

s 9} 2.

z# (str &L= None) [const char *, Py ssize t]
s} 71‘*‘4 =

u (str) [const wchar_t *]
FUFE (UTF-16 == UCS-4) o] B 9] 9-ZF wchar_t HH{E to]H S Z = AAE A
Utk FUZE ¥ 5 ZAH 7 NuLL Olfﬂ, None ©] ¥ Ut}

. oIzt 2 BMa gt & 81
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u#t (str) [const wchar_t *, Py ssize t]
FUYUIE (UTF-16 == UCS-4) tl| o] 8] M3 e} 1 o] & FtolH FUIE A= AT
fruF= W5 ZAE 7nuis o] ¥, 2 o] 7} F A= i None o] ¥HEHE U T

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

o} 25Utk

U# (str TE+= None) [const char *, Py ssize t]

<43} 25U Th
i (int) [int]

A C int T o] W A4 AR 2 AHFE o
b (int) [char]

AWt C charg ol A4 AAE A
h (int) [short int]

YURFC short intE to|X F A E Wt
1 (int) [long int]

Clong intE Fto|H A AAE AT
B (int) [unsigned char]

C unsigned chare Jto]H A4 AAE HIHS T},
H (int) [unsigned short int]

Cunsigned short intE T}o|H A4 A2 HES O

I (int) [unsigned int]
Cunsigned int & I}o]|W A4 AAE HES T

I

k (int) [unsigned long]
Cunsigned long< ¥to]# F4 A2 HEF T

L (int) [long long]
C long long= Jol# A

4>
i3
i_:‘
fu
223
rit
d
<
kv

K (int) [unsigned long long]
Cunsigned long long= Ito|H A4 AR &2 HES O}

n (int) [Py _ssize_t]

Cry ssize t& TtolX A4 &2 HEGYh
c (Z o] 19] bytes) [char]

Wpo] £ LFE &= C inc & 4ol 19] 5ho] d pyces AR 2 MGG
c (Zo] 19 str) [int]

A2 UERRE C ine ® o] 19] Shol 4l srr AR 2 A B T}

d (float) [double]
Cdouble2 ol HE A4 =218 W)

f (float) [float]
C float & Fto|4 H5 A4 22 A th

D (complex) [Py_complex *]
C ry_complex TR A& ol 442 HE T

O (object) [PyObject *]
stold AAE T2 ALetA R, 1 AA o A2 3 FxE vbsyUn (5, 3= A7
27}%;14 . A29 AH 7k nui £AEE, AAE YA S TEo] ol S %

A7) wEo g 7= Uch wekA, py Buildvalue ()= NULLS ¥FEHE}R
*3 Al 71 A] g5 U Th o137 of| 9] 71 A 8] ¢k f O W, systemError 7} A H U TH

S (object) [PyObject *]
oot Z5UYth.
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N (object) [PyObject *]
oS} ZA T AL U3k H2F WEA Tk AR DB AR HAE EE K]
AR E WE W §8

o& (object) [converter, anything]
converter &5 53l anything< 54- 1R AR A3t 3
S ook FUth S AHEste] T2 H “Af” Ihol A 7—‘111]%
NULL< W3] oF g o}

(items) (tuple) [matching-items]
Co A AAE GJE 227l 2o glo|W EZ 7 W3

= QA2 anything(void* 2}
e R = 1 e

2~
g
s

rigt
ot

U,

[items] (1ist) [matching-items]
Cgkel NVLE FB 5271 22 sholdl Bl 2E = WEFh )

{items} (dict) [matching-items]
C3tel A AAE shold S el 2 Aag Uk A% C 3ol 2 A S 2o s
328 Z7}stod, 242 719k Low ALEH T

T EXLo) o 27} QL ™, systemError o2 7} A A F 11 nunL o] ¥FERE U T}
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

vk zh: A ZZ. Partof the 9+ ABL 7HH 7l429] 21 2}7} obd va_listE WrolE itk A2 A2 514,
Py Buildvalue ()&} -S4 sht}.

S Aa =9 249 292 99 B4
int PyOS_snprintf (char *str, size_t size, const char *format, ...)

Part of the 973 ABL EW E2}4 format 3} F7F A A ol Wt size IO EE WA GEE 2 9%
Utk fF92 w5 sl o] A] snprintf(3)E BEAA L

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

Part of the €174 ABL EW A2 formar 3 7bd Q1% 55 vao] whek size vhol £ & WA =5 wr
233Ut FId2 5L H o)A vsnprintr(3) S E/\]}‘]

PyOstnprintf()i]—PyOS vsnprintf ()= 2= C ?/]'0] H 51 3] i T snprintf () ﬂ‘vsnprintf O= 7&’ 2+
Uk 15e) 548 A 2004 BEC G2 ABHA P S 2o A0E 548 WA AY

9752 W A] str (size-1) o] B4 1107 0] £ T srol size Mol (% 0 EFE 27
22 Utk F 84 5% str = NULL, size > 0, format != NULL @ size < INT_MAXS Q7%
Urth o= 223 w5 272 2A8E=C9n = snprintf (NULL, 0, ...)ol| @3t Ao] qlri=
DL REERAEY
o] =] Wk Fh(rv) 2 Tha 3 o] s A = of of U Th:

e 0 <= 1v < size Q U], = HS | AFF o rv EX}7Fstrol] 71 S QS5 UTH (str(rv] & &3

"\0o' H}o] E A £]).
v oo size A ul, 29 Mo BT AFFAW v + 1 v EY W H A B2 F )
A4

strisize-11-& oju] '\0'Q

erv < 0¥, “Hr U o] I Ol = strisize-1]1< '\0' O] A, srre] Y A=
415 A SEIeh. ole15) Ao A o1 Zel gl dhet L o

1:1
u
e Bet 2AY SYAA EAD A A2 WHS AF T,

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

O:i

_%
5T
b
i
X

Part of the 2173 ABIL 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 0b, 0o or 0x to
tell which base. If these are absent it defaults to 10. Base must be O or between 2 and 36 (inclusive). If ptr
is non-NULL it will contain a pointer to the end of the scan.
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If the converted value falls out of range of corresponding return type, range error occurs (errno is set to
ERANGE) and ULONG_MAX is returned. If no conversion can be performed, 0 is returned.

See also the Unix man page st rtoul (3).

Added in version 3.2.

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

Part of the °+% ABI. Convert the initial part of the string in str to an long 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).

Added in version 3.2.

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

Part of the 9+ ABL. A9 s = double & W3l 11, A3 A] o] A o 9] E LA A UL 5] 8F =
A ATE s 7F Ao} FA BME 74 5 Yok AS A2 5 7ol e rloar () A4
27F 8 & ohe BAE Aol S Uth W A A DA SHA YT

endptr©o] NULLO| W, A A Ex1E S H3Igth Exlgo] % A4AH A9 Fa83 o] ol
vValueErrorS WAA| 7] 1 -1.0L wEgh ot

il

hinsc)

hinss)

endptr©] NULL ©] o}, 755 o g2 E 2G-S W3S *endptr 0] WS 1~%4
%ﬂﬂﬂE%@@QH%zﬂ%ﬂiﬂﬂl EARE 45d Ao SES E

*endptr©] ZXG 9] Al &AL 78] 7| £ 2 A A 5L, ValueError S WA A 7)1 -1 0% w3

< 7} floatol]l A3H7]0] % 2 ghe Lhehd u] (o2 Sol, of o] B Eo Al n1es00n 7} 17 B
AJqyroh, overflow_exceptionﬂ- NULLO| W (B A3 B35 9} 5]'71] ) Py_HUGE_VAL+= S HEs Faz, of
o= dAeA kUt 2# A koW, overflow_exception> o] & o &] A& 71| A
FUTh 29 S WA 1,08 SBAFUTE F 49 BT, ARA gL ohee] A 0A 2
7}18] 7| =& *endptr= A F Ut}

WS 5 ThE o 2l 7L BASH (o] & So] mme] $5 o)), 48 shol o 9 F AAFT 1.0
& W o,

Added in version 3.1.

A

J‘L—,
o}.

-

o

=

)
o}

e s

T

off
v

-
S

i O (& m&

A}

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

Part of the °+7% ABL A& format_code, precision L flagsS A& 319] double valS EALE 2 WM 33t
U},

format_code='e','E',"£','F', 'g','G' EE ' F 3l o]op g} 2, A& precision
0TIk S A F O+ $ A S rorr ) A AAET O

flags+= Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 ¥+ Py _DTSF_ALT Zt= 07] o] A &7 or & 4= 9}

o}:

* Py_DTSF_SIGN-Z val7} 557k obd Wi = @43 vhabel T2 roll B2 A7 2

Je.,

e Py DTSF_ADD_DOT_ 02 WHSH Exldo] 428 HolA G= = 3

fy

U

rr
paLk
ftlo
A
%

2 =gy,

e py_pTSFALTE A EWE FHL A& AL TFUL AAG &L
PyOS_snprintf () "#' A A A}l 3 AHAE =] )

ptype ©] NULL o] ofU ¥, EQIE 7} 7}2] 7] = F-& Py DTST _FINITE, Py DTST_INFINITE %+

Py _DTST_NAN F StU2Z A A o, val7} 247} 73+ 47, 73 5 = NaN 9 & LR U T}

HL3} 7ho W 3kE B2 o] 9l bufferol] thdk Z Q1 E] o] A, WSt Asisld nunnYUth &A=

PyMem_Free ()5S SZ3Fo] Wiste Ex14 = 3

Added in version 3.1.
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int PyOS_stricmp (const char *s1, const char *s2)
4 22 77 e FA4E vl o] 4+ i BAE FA St A A9 64 stremp () £

A9 A A% gk,
int PyOS_strnicmp (const char *s1, const char *s2, Py_ssize_t size)
a4 FAF 2 e EAE vl o] e A A FA St A e A2 6 strnemp () £

79 2A s

6.8 PyHash API

See also the PyTypeObject. tp_hash member.

type Py_hash_t
Hash value type: signed integer.

Added in version 3.2.

type Py_uhash_t

Hash value type: unsigned integer.
Added in version 3.2.

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.
Added in version 3.4.

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

(S

PEP 456 “Secure and interchangeable hash algorithm” .

Added in version 3.4.

6.9 2| E&M

PyObject *PyEval_GetBuiltins (void)
wskgh: A F 2. Part of the 9H4 ABL & A A
28 = el ] SIE 2 2] 9 builtins o] § A ]S vt

PyObject *PyEval_GetLocals (void)

n9
o,
i
rl
2
>
09‘=
O
[kl
&
el
)
2
o
g

wrEk 7k W ZZ. Part of the °F%) ABL Return a dictionary of the local variables in the current execution
frame, or NULL if no frame is currently executing.
PyObject *PyEval_GetGlobals (void)

ek 12 Z2. Part of the O]—ﬂ ABL @7 A8 =] A W gAY E vksket AL, dA)
Als) =0] —Laﬂ o] Yo NnuLLS WHEHEY T}
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PyFrameObject *PyEval_GetFrame (void)
wkek gk W& ZR. Part of the ©+ 74 ABL @2 A& AFefo] =& ¢
Zzg o] ¢glo™ nunL YUl

PyThreadState GetFrame () & XA A L.

tlo

=]
g

&3 ok

r (
)
>
o2,
ofy
1o

const char *PyEval_GetFuncName (PyObject *func)
Part of the 3+7 ABL func7} &4, el T A28 A AW funcd o5& W3Hsta
Fow funce) ) ol & WAL,
const char *PyEval_GetFuncDesc (PyObject *func)
Partofthe Hd ABL funce] ol whet AW FAE S vttt vks gholl = 3 9w A =9] <),
“ constructor”, “instance” @ “object” 7} E3FF Ut} PyEval_GetFuncName () 2] A3} o]o]E o]

func?] ‘A8 o] HUth.

a3

’

6.10 2% SEAQ XY B4

int PyCodec_Register (PyObject *search_function)
Part of the V4 ABL A2 79 AA -5 S E3 T}
BAg 0z, o}d 22 FTHH, encodings 714 E ZES ] B4 A4 B4 B2 3 WA
Fmo) B2 g,

int PyCodec_Unregister (PyObject *search_function)

Part of the Q7 ABI ¥} A 3.10 o] & 2. 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.

Added in version 3.10.

int PyCodec_KnownEncoding (const char *encoding)

Part of the V7% ABL. X A H encodingoll al SEH Fd o] J=Aof wal 1 o]} 02 wrEshy .
] g./\ = 31./\]— Al :'_-GLq r,].

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
vkskzk: A 2R, Part of the 7 ABL 9yl 39 718} 1571 APL

object= errors 2 74 2] 4 ol 2] A 2] ¥ HS S A8-31o] A A E encoding ol 3 A=
Ayt 3o Fojd 712 ¥ A8 98l errors7h v & = 95U ok
4 929 LookupErrorS WA A] 7 14 T},

rO o
Fu R
o
i ol
L ox
o Hu

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
¥k3} gk A} 2R, Part of the 9V ABL Q¥ 39 7]¥k t] 7.9 APL

object= errors 2 321 A o 2] A2 WS AFL 5] A A A encoding ol thal A
Adg Ut Zdlof] o H 712 & AHE-SH7] A8l errors 7k NnuLL E 5 Y
4 9199 LookupError & YA Al A Y T

RUF)
ro,

Ry RU
o 9
it ol
ey
tlo fu

6.10.1 3! x3| API

= &oll A, encoding AL B AFAE W8 E o 2IHIDZ, o) AUZSE T ATY 23]
) & E,l_;q_._ FEIR] AA AUt Zd o] Qo W, KeyError 7} A A F 11 nuLL ©] ¥FEHE U T}
PyObject *PyCodec_Encoder (const char *encoding)

HEkgk: Al ZEZ. Part of the °F7 ABL $201 3 encoding ol g+ QA ¥ T4E 7HA 5 th

rr

PyObject *PyCodec_Decoder (const char *encoding)
Wkskgk: A 22, Part of the 2+ ABL 9] R encoding ol O3t t] 29 g4+& 714 3t}
PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

vkt gk A ZZ. Part of the S ABL A A H encoding ] O] 3} IncrementalEncoder A A& 714

U,
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PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
wiEkzk: A 2R, Part of the V7 ABL A A H encoding©l] T3t IncrementalDecoder AR S 7145
Y,

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Wksk gk A ZZ. Part of the 2+7 ABL XA H encoding© U] 3t st reamReader N E 2] T+E 7143
U,

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
wkEL 7k A ZFZ. Part of the 2+7d ABL A A H encoding©l] T3t streamiriter A E ] F4E 714

ge}.

6.10.2 fFL|ZE 23 dl2] Xz2|7|8 SE4 API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the V7 ABL. A A H name S & o|&] A& I T errorE 5=
FUEBAHUTYE F Y Nl EDS BART, ARE/HTE P4
WA AR AGE NS o o] 2 FE ESdUTh

Z W 2 31 v 9 ¢l A} &  UnicodeEncodeError, UnicodeDecodeError T =
UnicodeTranslateErrord QIAEAE HlolEol=d|, BA 7 H & B vlo]EQ A|FE A~

S} ol 5] A BAL A S x Mol e AHE Fu AFT (o] FRE FEohE FHL
FUIE o9 AAE FREA L), SHE FolX A E LA 7| A, EA17F A= Ad29
Al ok e AL oA A2 Y /YIS THA] A FFs o of= L Z A S Al st= 45 X6k
= g3 FE2 was ol g
dEstd o, ol g -1 Bk ok

PyObject *PyCodec_LookupError (const char *name)

WESLZk: A FZ. Part of the 9+ ABL name 22 559 o 2] # €]
¢z wvneo]l e E 4 e, olwl& “strict” of] th gk o 2] A 2] S o] WhEhg Yt

PyObject ¥PyCodec_StrictErrors (PyObject *exc)
w37k A} NULL. Part of the 97 ABL excE o] 9] 2 A3 A 7 Ut}

PyObject *PyCodec_IgnoreErrors (PyObject *exc)

WhEhgk: Al B2 Partof the 97 ABL 428 99 AU 1, S UL o

s

EAgu
PyObject *PyCodec_ReplaceErrors (PyObject *exc)

vksk gk A ZR. Part of the 9+ ABL U T E Q179 o 2] & 2 VY u+rrrD & 2| 33 T}
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

Wk gk A BX. Part of the 9V ABL FUFE Q17 H o 2] & XML E2 2 & >

ok

.
PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Bk gk A Z 2. Part of the 97 ABL FUZE 39 oS W & A] o] 2FA 0] Z(\x, \u D \V)
= 285k
PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
wkSk gk A ZZ. Partof the S ABI W A 3.7 0] 382, S UFE AFAY o # S \N{...} o]AFA o]
2 A
Added in version 3.5.

6.11 Support for Perf Maps

On supported platforms (as of this writing, only Linux), the runtime can take advantage of perf map files to make
Python functions visible to an external profiling tool (such as perf). A running process may create a file in the /tmp
directory, which contains entries that can map a section of executable code to a name. This interface is described in
the documentation of the Linux Perf tool.
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In Python, these helper APIs can be used by libraries and features that rely on generating machine code on the fly.
Note that holding the Global Interpreter Lock (GIL) is not required for these APIs.

int PyUnstable_PerfMapState_Init (void)

o] 21 & 9FA APIL It may change without warning in minor releases.

Open the /tmp/perf-$pid.map file, unless it’ s already opened, and create a lock to ensure thread-safe
writes to the file (provided the writes are done through PyUnstable WritePerfMapEntry ()). Normally,
there’ s no need to call this explicitly; just use PyUnstable liritePerfMapEntry () and it will initialize
the state on first call.

Returns 0 on success, -1 on failure to create/open the perf map file, or -2 on failure to create a lock. Check
errno for more information about the cause of a failure.

int PyUnstable_WritePerfMapEntry (const void *code_addr, unsigned int code_size, const char
*entry_name)

o] Z1-& = 9FA APL It may change without warning in minor releases.

Write one single entry to the /tmp/perf-$pid.map file. This function is thread safe. Here is what an
example entry looks like:

# address size name
7f3529fcf759 b py::bar:/run/t.py

Will call PyUnstable PerfMapState_Init () before writing the entry, if the perf map file is not already
opened. Returns 0 on success, or the same error codes as PyUnstable PerfMapState_Init () on failure.

void PyUnstable_PerfMapState_Fini (void)

o] A& £ 9FA APIL It may change without warning in minor releases.

Close the perf map file opened by PyUnstable PerfMapState_ Init (). This is called by the runtime
itself during interpreter shut-down. In general, there shouldn’ t be a reason to explicitly call this, except to
handle specific scenarios such as forking.
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o] Zo] g AA Y] P FASA, 2 FHH I}%‘—%ﬂ AA PG (NE B, FEXAFTEERE
A A2 ) sholH AA e} A4S 283 A e A2 ol AFEE W, Tho 2 o 9] 7F A F o)
PyList New() 2 WHE QA9 FEo] o nunno| ol gro g AAE A 938 g|AE A 9} o], At &
Z 71315 A o2 Ao 1’41011/‘1 = ol AR = s Uth

71 Y =2EZ

PyObject *Py_NotImplemented
ARH Y 2ol sl Aike] 2AE A Gda= &l vl A5 = NotImplemented 4 2.
Py RETURN_NOTIMPLEMENTED
C &4 Yol Al py_Not Implemented HFEHE SHIE2 A 2] 2] &Y T} (2, Not Implemented o] Tf Sk Af
CE a0 b we g,
Py_PRINT RAW

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

int PyObject_Print (PyObject *o, FILE *{p, int ﬂags)
5 fpoll AR 0F AU T ol A -1 VG T flags ARHE 57 14 §HL B3
ol AR H Ut @A A DdE = L3 i*ﬂ 2 Py PRINT RAWNYUTE FO] A |, repr () thAl 214 2]
str() °] 7|53 Yt

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)

Part of the 2+7J ABIL Returns 1 if o has the attribute aftr_name, and 0 otherwise. This is equivalent to the
Python expression hasattr (o, attr_name). This function always succeeds.

0 Iz

Exceptions that occur when this calls __getattr__ () and __getattribute__ () methods are silently
ignored. For proper error handling, use PyObject_GetAttr () instead.
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int PyObject_HasAttrString (PyObject *¥0, const char *attr_name)

Part of the Q73 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 Pyobject*.

0 #u

Exceptions that occur when this calls _ getattr_ () and _ getattribute_ () methods or
while creating the temporary str object are silently ignored. For proper error handling, use
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
HESk gk A} 2. Part of the <+ ABL A A 09| A attr_name ©] 2h= 0] 52] A E | R EE 7HA 3t
BEotd A EBRE #2, Aot nuLng vhEUTh o] A2 Sto] M FH A o.attr_name I}
U

PyObject *PyObject_GetAttrString (PyObject *0, const char *attr_name)

w3k gk A ZZ. Part of the 27 ABI. This is the same as PyObject_GetAttr (), but attr_name is
specified as a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

PyObject *PyObject_GenericGetAttr (PyObject ¥o, PyObject *name)
HEeh gk A ZZ. Part of the 27 ABL & A9 tp_getattro EF0 WA H & 4Rt oJERHE
A€ (getter) <= AA Q] (ATHH) _dict__ol Sl oI EEFHERET ofy 2} AR 9] MRO 9+ &
2o gAY ol Q= AT HEE 25Ut descriptorso]] 2 9FH A X, tlo]E AIHE =
Axds o] B HERT S AFA T, ] Holg tlaaPeE 184 FEUTh 184 o,
AttributeError 7} YA g Tk

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Part of the 2+7 ABL. A ool 3l, attr_nameo] 2= 0] 59 JJETRHE S vHozE A
o A Al o9 BANA T -1 MBFU T AFSHE 0 HAF T o] AL o]
o.attr_name = v& S5t
vZEnuLLol |, ol EB R EZ AAIF Yt o] T2 #| A= 1AL pyobject _pelattr () 2 A
Sutiel @A A A A o] glsyTh

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

= o%,
o a2

X T,

Part of the Q73 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*.

vZhnuLrL o], o EHE 7} AMA| 5 A g, o] 7]55-& S| A % 9l AL Pyobject_DelAttrString () OS2

A= A=

The number of different attribute names passed to this function should be kept small, usually by us-
ing a statically allocated string as attr_name. For attribute names that aren’ t known at compile time,
prefer calling PyUnicode FromString() and PyObject_SetAttr () directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object.

int PyObject_GenericSetAttr (PyObject *o, PyObject ¥name, PyObject *value)
Part of the 27 ABL & AR 9] tp _setattro X0l vl X5 = dut o] E]HE A E (setter) &} € 2]
¥ deleter) 3. 71719 MROS] 9= 2 2] GV ol A dlo]e] D ATHE S 231, 2715 @
A8 BAeld] 9t o ERES AAFAY AR S AuT S AgUTh 197 fow
AR (UAThH) __dict_ oA AEFREZ AAFH AV AAF YT AFstd oo W&, 1
2] 9o attributeError 7} WA SFL -1 0] ¥FEE U T}

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)
AR ool N3, atr_name©] eH 0] &9 o £l REES AAFUTE A3) A -1 WHHFU T o] A2
glo]H EA del o.attr_named} 53T}

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*.
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The number of different attribute names passed to this function should be kept small, usually by us-

ing a statically allocated string as attr_name. For attribute names that aren’ t known at compile time,

prefer calling PyUnicode FromString() and PyObject_DelAttr () directly. For more details, see

PyUnicode_InternFromString (), which may be used internally to create a key object for lookup.
PyObject *PyObject_GenericGetDict (PyObject *0, void *context)

WSk Al ZZ. Part of the 9V ABI WA 3.10 o] & 2. dict__ Y2I HE Q] A E (getter) & 9] 3+

QJulA o] :rqu P e gAY EE BS Y}

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.
Added in version 3.3.
int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

Part of the 973 ABI WA 3.7 0|32, _aict t]A~3 A 2] AE] (setten) S 9 3 Al = o) 73, o]
FAL g 478 HesA st

Added in version 3.3.
PyObject **_pyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there isno _ dict__, return NULL without setting an
exception.

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

PyObject *PyObject_RichCompare (PyObject *ol, PyObject *02, int opid)
HES gk A ZH=R. Part of the QF7 ABL opidl )8l A1 H A4S AFE31] 0l 3} 029 3 H]_Tﬂ_f;ﬂ'
Ut} opide= Py LT, Py _LE, Py_EQ, Py_NE, Py_GT B Py GE & SpLpo]of 3}al ZH2) <, <=, ==, !=, >
Ee>=o siddUth of= ol £H A o1 op 022t FEHUT 7] ope opzd°ﬂ oH‘:L }%
AAAIUTH AT Al WAL ghE, A5 Al nuLE v oh

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

Part of the °+7J ABIL Compare the values of o/ and 02 using the operation specified by opid, like
PyObject_RichCompare (), but returns —1 on error, 0 if the result is false, 1 otherwise.

0 Fx

013} 027} Z+-& AA| o] W, Pyobject_RichCompareBool () < @A py 09 AL =18, py NEQ AS

£ o0& W&

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

Part of the V% ABIL Format obj using format_spec. This is equivalent to the Python expression
format (obj, format_spec).

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

PyObject *PyObject_Repr (PyObject *0)

BFSk g2k A FZ. Part of the €17 ABL A 0] EA1E T3S A4g Ut AZstH Exd 3L,
A5 e worL WU Th o] 22 o]l EHA repr (0) % 55 FUTH repr 0 WA T
o8 E=H Utk

WA 34004 WA o] Fepolls oAl tiW L of A o] 23E o Jlo] A oS 83 ¥l A

w2 g,

71. HM ZEEE 91
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PyObject *PyObject_ASCII (PyObject *0)
wk&lz): /\H Z+Z. Part of the O]';Q ABL Pyobject_Repr () A3, AR 02 EAE TS A AR 1,

\x, \u T+ \U 01"71] o|ZE AE31Y] pyobject Repr () o] WEEHSE FAFLE o Al B] ASCII EAHE
S Oli Utk o] A JJrol # 20 X pyobject_repr()©l &3] ¥+3HE A} FAS FAE S

8T Th ascii( LH"L hroll s T = Ut

PyObject *PyObject_Str (PyObject *0)
k3L Zh: Al ZZR. Part of the 9 ABL AA| 098] FX1E 8 E A4 A5 Al £X14E
A5 A woLLg WHEEU T o] A2 stol W B4 str (o) 9 FEFULE str() WY A5
ek print () Fpoll QA E TEH U
WA 34004 WA: o] Faell i o)Al YL oA Aol R o} Qo] B4 o9l B 283 WelA
BEE T

PyObject *PyObject_Bytes (PyObject *0)
WSz Al FZ. Part of the 9 ABL 1A 08] vlo|EE H S A4 Ut A9shd nvunL S, A%
S uFo) £ 2218 B UTh o) 07F 847 obd w Bhol 4 L A bytes (o) 9 5T
bytes (o) 2t &2, 07t AFolH 0L 27]3}H vlo]|ELD th 41 TypeError 7} %}’@Z“J o}

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Part of the <173 ABL -2} 2= derived 7} S92 cls$h 5 A5 L clsol A 5hg5] 910 12 sk
g8z ¢kod 0L wiastrc}). of 2l 7 A E -1 vkakel o)

ds7h FEOY, dse] RE FRo ol DAL £BH U Hol = shbe] AACIA 1 WEo
A= 1o]Ha, 2 A ko ool YT
clsol] __subclasscheck__ () WA E7F o™, PEP 31199 AW & A B S 2 AE
7198 2Ptk 28 A RO, derived7} A v Y A B FH AL wf cse] A B
yth Fcls.__mro_ o 2&5 o] g5 th

dutA o 2 e AR (S type ol A S 5]
DAL _pases_ o= HE (M o]~ Zej s FEololof FUHE HPo2A of
T AsUh

int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the 2+7 ABL inst7} cls 2|2 cs] A B F 29 o ]
Fo® 0g Wk °ﬂﬂi7} LA 15 ke o 9] & A F ok
cls7} &, dlse) BE 5ol tha) A7 £ UTh Holx shte] Al A 1€ kel
APz 1ol Ha, 23R ke ool YT
clsoll __instancecheck_ () WA E7} 9o, PEP 31190 AW = t & A H Z 2 AHE dhd st
71998l & YT 28R oW, inst= G Fe A Thels) A B A Y wf clso] JAAEAY
e,

AE2"Xrinst= _class. O|ERRES 72 S22 13 6h= 2l AT+ dsUt
AA cls= _bases_ A|EFFEM o] 2o FIolojokdUhE o2, SR
steA gt Hlo)ls SR A7 FAAAE A D = As U

Py_hash_t PyObject_Hash (PyObject *0)
Part of the 97 ABL 7] 02] 3 A2k A3 whaka ok AsahE 12 wEkach o 42
-4_ ]/y\] a.z.&]/x]hash ﬂ_ECUqu
432004 82 AL oA Pybu (T oA s 9 T 271 R 2 G
29Uty
Py_hash_t PyObject_HashNotImplemented (PyObject *0)
Part of the 2+ ABI. type ( o) 7} A 75 61A] 42S UEY = TypeErrorS A A6t -1 wisksH

UTh of 5 tp nash S50 A48 w) 550 A% ol A, e zel Elo] Fol 314l 755
Fee AHoT TPt
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int PyObject_IsTrue (PyObject *0)
Part of the V7 ABL A3 08 Fo 2 74338l H 1S, 184 o
EHA not not ot FFFU At -1 & AT TH

int PyObject_Not (PyObject *0)
Partof the 7 ABL A7 0% 02 255 08, 297 9o 18 BHFTE oA el
FAA not 09k BEFUTL AslaE 12 wagh .

PyObject *PyObject_Type (PyObject *0)
E‘}ZZC}%,}: M 2=, Part of the F4 ABL o7} NULL©] o} H, _.xﬂ 02 AA ol G

HEskshuU o). A9 3t systemError & WA Al 7] 2 NULL S HHEHEH U T} O] AL 3

type (0) &ETHUTE o] T Wkt gholl e 2 ek 2 E DR Uth A= &
QS u|E A3, PyTypeobject* FO EAEE WtEstE= py 1vPE() T EH/‘R—] o] &
A& 0§ 7} g o

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
2470 o7} type Bo1 A ypes A2 ol 00] o ghg 8D, 29 o d 08 WA,
F Ui7) M4 B nuLs o] ofyofof gtk

Py_ssize_t PyObject_Size (PyObject *0)
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o
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b
d
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=
o
S
rlo
i)
o
¥
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o
Ir
o ofk
5
N

r{o _\«L
rg r
ko
>,

Py_ssize_t PyObject_Length (PyObject *0)
Part of the 17 ABL AR 02] Zo]E vlstshuct A o7} A A2l 22 &
AAL ol sk MEF UL el b WA 1 o] MEFUTh o] AL shol 4
S5

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)
o9 382 o8 LAY}, A 44 o1 WRIAD AL DS, tengrnmine_
£ AFE3] FHZhS MBS, vhA o 2 | B g WEE o o2 A 1S whagh o) ol e
-ﬂr ]5‘1 “‘?i/i], operator.length_hint (o, defaultvalue ﬂ- 5 ?j'b] 1’/}
Added in version 3.4.

PyObject *PyObject_GetItem (PyObject *o, PyObject *key)
WESkzE: Al ZR. Part of the F ABL A keyoll 8l B3l= 09 8 42 vl3e ALt A g Al NUuLLS
DAFUT o AL o] M EHA o [key] o 5T T

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *Vv)
Part of the 2+7 ABL A keyE gk voll M3t th A3 Al ol o] & LAA 7] 2L ~12 Wkttt 43
2w 02 AT o] AL Shol M B olkey] - vo FEFUTh o] Bt vel Bl S B2 E
T4 T

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the ?t7d ABL )| ool X AA| keyoll et v B35 Al AG Ut Asfstd -1 vkt
o] 212 vto] W #& del olkeyl $FSHUT

int PyObject_DelItemString (PyObject *o, const char *key)

Part of the 73 ABL This is the same as PyObject_DelTtem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyObject_Dir (PyObject *¥0)
Whehgk: A 2. Part of the b7 ABL 0] 212 3Fo]l W 28 4] dir (o) &+ 531, AA| A Aol A3t
FAR) (9L 5 9 E) G AEE WA, 27} 908 wrd Wk o AR s
ol ¥, ko] dir () vk, AR A (locals) & o] F5& WHAFUTE o] B9, A z ¢l o]
24315 o] A ?%SLEH_ NULL O] SF&E A W pyErr Occurred ()& A& ‘i%‘riﬁMD}

PyObject *PyObject_GetIter (PyObject *0)
WSk A ZZ. Part of the 4 ABL o] 22 3ol A XA A] iter (o) 3}
A= 2 o] Bl g o] Bl & RESHA L, A A 7} o] ] o] ¢ 1 g o)A AR ZHJ]%ELL%MD}- AR E
olEl o] E & 4 Y1 oW TypeError & LA Al 7] I nULL-S WHEF U T
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PyObject *PyObject_SelfIter (PyObject *obj)
w3k gk A 2. Part of the 97 ABL This is equivalent to the Python __iter__ (self): return self
method. It is intended for iterator types, to be used in the Py TypeObject.tp_iter slot.

PyObject *PyObject_GetAIter (PyObject *0)
uk3kzk: A} B, Part of the 9F7 ABI WA 3.10 0] 3 &, o] AL s}o] A
T} AsyncIterable YFolA] 1 A9 aAsynclterator= WSt B
AAF7} asyncIterator ¥ I A4S WU T A& ol H e o] E &
WA Al 7] 2 NULL RESRER U T

Added in version 3.10.

=1 o) 9}%%@14
& A ol Bl &l o] & o] ] rk
—’F— %} o U:] TypeError= a

Fkl
e
>,
V)
=
=
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B

void *PyObject_GetTypeData (PyObject *o, PyTypeObject *cls)
Part of the Q73 ABI W A 3.12 o] & 2. Get a pointer to subclass-specific data reserved for cls.

The object o must be an instance of cls, and cls must have been created using negative PyType Spec.
basicsize. Python does not check this.

On error, set an exception and return NULL.
Added in version 3.12.

Py_ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)

Part of the S+7 ABI WA 3.12 o] = Z. Return the size of the instance memory space reserved for cls, i.e.
the size of the memory PyObject_GetTypeData () returns.

This may be larger than requested using -PyType_Spec.basicsize; it is safe to use this larger size (e.g.
with memset ()).

The type cls must have been created using negative Py Type Spec.basicsize. Python does not check this.
On error, set an exception and return a negative value.
Added in version 3.12.

void *PyObject_GetItemData (PyObject *0)

Get a pointer to per-item data for a class with Py TPFLAGS_TTEMS_AT_END.

On error, set an exception and return NULL. TypeError is raised if o does not have
Py_TPFLAGS_ITEMS_AT_END set.

Added in version 3.12.
72 SET2EZ
CPython& F 713 €& 22 E 22 A4t} ip_callZ} ¥ & Z (vectorcall).

721 tp call TEEZ
tp_callZ AR FeAo d2HAL ZHEUTH &2 9 YL the 25U th

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

Jpol I E Q) callable (*args, **kwargs) 2 FAFSHAl, H 2] AAE AT T2 719 = AAE 93
9448 & Ag3te] EE Ut args= NULL o] ofujojok T} (217} glod Wl FE2 AF&-3HA Al
2). AW A Y= A7} GO H kwargs= NULLY 4 95Ut

o] 7+ &2 tp_call N AWk AFEH = Zlo] ok dUTH tp newSt tp initkE JAAE oA Ao 72 HAgghrh
AANE TZE38HE Y, pyobject_call () Ol Y T2 S & APIE AFE3H Al 2

94 Chapter 7. 4t ZUR| AIS



The Python/C API, 22|A 3.12.11

7.2.2 HIE{Z (Vectorcall) T2 EZ
Added in version 3.9.
H—“.E%—?E’— ZEEZ2PEPSINAN TE B ES Eo7 At F/ 22 EZE EYHAF U

¥ FA2E, Chythone T2 0] A AW 2 550 3] MEITL HEFUD. ek ol AL
°d St 4] o] O}‘/‘W‘jr EET?}, %‘—‘T'— A A AF 22 (Pyobject_call () & AME3HA] &A1) ip_call-& A % é
ASUT TEkA, ME 2L Aot FAAE tp ool S FASNF FUTH E, oW TR E D
ABSCASE BAGC T2 FAsA AFAF FUTE o5 A WA PAE o 1S
PyVectorcall_ Call ()& AAst= A YUYt} o] Aol viE-& A g r}:

Jﬁ u

A Az

A ES APsts WA E 22 A7 AEF tp _callg RHEA] T3S oF Ut

WA 31294 ¥ 7A: The Py_TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the class’ s
__call_ () method is reassigned. (This internally sets tp call only, and thus may make it behave differently
than the vectorcall function.) In earlier Python versions, vectorcall should only be used with immutable or static

types.
p_cal Bt “HATHAH S A HHES FANA = U A& —‘é—oi S e s P B e o=s
A2 7& 3 kwargs MU 2| 2 W &sof st MEES AT ol w7k Yls Utk
Zd 2= Py TPFLAGS_HAVE_VECTORCALL Z 8| 1E &3} 8}l tp_vectorcall offsets vectorcallfunc
HSRHE WA FEA P SuMo B A F TREFE FAL S AT oA
e 2 AHE 2 G4 E sl e molH YU th
typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Part of the 7 ABI W] A 3.12 o] & &,

o callable2> T &%= A YUt

o args= 9| %] ¢12le} 1 HE w2 7Y e ¢Qlzte] Ztoe 2 A Cujd Yyt
Q127 Lo NULLY 4= 5 th

. nargsf = 917 Qo] S0
PY_VECTORCALIL_ARGUMENTS_OFFSET Z ) 15 B3 A YUl nargsfoll A AA 9] Ax}F =&
Ao W, pyvectorcall NARGS () & AF&3HI Al L.

o kwnames= 71 = A A o] 55 E8E= FEHYYTH

THA] B3l kwargs 9A 2] 9] 7). o] o] FE2 AL (strol U A B FE 28] X' 2 o]0
ofatm -f3l of Pt 71 P A7} YW, kwnames= tHA NULLY 4 9l th,

PY_VECTORCALL_ARGUMENTS_OFFSET
Part of the +7% ABI HZ 312 0] F &, 9] #ﬂ—"’-ﬂ W B Z nargsf QA AA =, FEEA = DA
HOR args[-11= HAT T Al’\‘/]ﬂ} 5, args= EFH HE A AA1(00] ob U thE 7He 7
Utk 95245 Bas] Aol args[-1] = SdsoF Ptk
PyObject_VectorcallMethod () o A o—r, o] ?—:_L‘EH»Z*‘E T:H/“_] args[0] ol A" & Y

Joh.

(7 &9 gol) AF3H

o

ERE

Ely —’r— & Wjult}l, S &A= Py VECTORCALL_ARGUMENTS_OFFSETS A}
AZd MM ES 22 FH 5 &5 T & (ol self AAE =7
A
=

Added in version 3.8.

MEZS TS A
PyObject_Vectorcall ()

rlo ﬂllﬂl
o, fol
jus) m.‘N,
_?L
v
EE
i)
rlu
1
XUALE

N
N
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]
[
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2Iz|A 3.12.11
were available provisionally under
Py_TPFLAGS_HAVE_VECTORCALL
PyObject_CallOneArgq,
Additionally,

The Python/C API
The old names are still

the vectorcall API and related functions
PyObject_Vectorcall
PyVectorcall_ Function,
PyObject_CallMethodOneArg
PyObject_FastCallDict

0 Iz
In CPython 3.8,
names with a leading underscore
PyObject_VectorcallMethod,
PyObject_CallMethodNoArgs,
PyObject_VectorcallDict was available as
2 u} CPython& p_call S A}-&3o] &3
3w

defined as aliases of the new, non-underscored names
27t g
g
28 gyt f5EAE 2o

X 04
p_call & 2B, 7 5 E A Ao o) A4
7(;]—|— Py _EnterRecursiveCall () J»]-Py LeaveRecursiveCall () &
2g4e 98, NHTL Ngoe 52U 490
Py_EnterRecursiveCall 3} Py_LeaveRecursiveCall F&-&) oF gyt
HIE|ZE x| API
Py_ssize_t PyVectorcall_NARGS (size_t nargsf)
Part of the 2173 ABI WA 3.12 0| & 2. WE & nargsf AX7F Fo X |, AA| AR +& w3k}
A7) b S5 o
[(Py ssize_t) (nargsf & ~PY VECTORCALL_ARGUMENTS_OFFSET) J
I, FS e 6l pyvectorcall NARGS & ARGl of T
Added in version 3.8.
vectorcallfunc PyVectorcall_Function (PyObject *op
op7tHEE ZEE A1 A8kA] o (7 o] A P3HA] GAY A2’ AT A G 3R] ¢ 7] wj o),
NULLS 9Hrgrdoh. 197 ghod, opol A48 WE 2 4 28 & 9@g U o got
of| 9] & LA 71 A] ek U Th
o] A —~0p7} WEZS X Y3=A & SQlst= v F2 58311, PyVectorcall_Function (op) !=
NULLZ &<l 5} Tf%‘ & AsUh
Added in version 3.9.
PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
Partof the V7 ABI A 3.12 o] 3 2. FZ3 d A glo] 2z o)A Y Ao} 7| Y = AA}E callable
9] vectorcall func & St}
o) AL tpcall €F° EAY tp.call F+8| ALV A 55 FHYYh
Py TPFLAGS_HAVE VECTORCALL Z | 1E 331X 93l tp_call B Z W3R k5
Added in version 3.8
7.2.3 A =& API
ol H AAE TE5H7] A8 th st - A S o dsUTh 242 QAE 29 AR 7 A W sk
FRAL 2 WA T - p_call T2 NEIZ. V52 3 AL WL SR a2, A& 7152 o E 340
VAR AL AE AL,
the B A A5 S LR AQUTh AT UGS A8 ABAE FEFHYA .
Chapter 7. 42
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(=1 2 g8 args kwargs
PyObject_Call () PyObject * & g A g]/NULL
PyObject_CallNoArgs () PyObject * — —
PyObject_CallOneArg() PyObject * 1 A —
PyObject_CallObject () PyObject * FZ/NULL —
PyObject_CallFunction () PyObject * 3 9 (format) —
PyObject_CallMethod () obj + char*  ZW (format) ——
PyObject_CallFunctionObjArgs () PyObject * 7}W(variadic) —
PyObject_CallMethodObjArgs () obj + name 7} (variadic) —
PyObject_CallMethodNoArgs () Obj + name — —
PyObject_CallMethodOneArg () obj + name 1 A —
PyObject_Vectorcall () PyObject * WEZ k=i
PyObject_VectorcallDict () PyObject * WEZ g g/NuLL
PyObject_VectorcallMethod () arg + name il === il ===

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
wiskzk: A) 2R, Part of the 917 ABL 52 argsE £ o] 2 Q121 M ] kwargs 2 01X o] E 9=
A2 Z & Fo|# AR callable S TZ T T}

args= NULLO] opu]olok ghth | dlxb7h B e glom ¥ 522 ALgat4l A 2. o] S A}
Q9 3HA O, kwargs'= NULLY 4~ 5 U th

BEoe £ AFE Wekela, A 5he o 9 8 HAIN 7 2 NULLE B
O] 34\% E]'T?x‘ 34'01 "ﬂ Eﬁdé‘.ﬂ%%?}%w E]'I callable(*args, **kwargs).
PyObject *PyObject_CallNoArgs (PyObject *callable)

wiksk gk A ZZ. Part of the 97 ABI WA 3.10 o] 3 2. A X} glo] 28L& sto| W AA callables
S 2T A4 fo] FEE ko1 AAE TEHE AP EE A P ATk

QEse 52 278 Beha, A5 9] S A7 1 NULLE BT
Added in version 3.9.

*

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
g A Az A 1) 9A A ag 219 = AR fol Fel B sl W AR callable S
TEdYrh
4EotH & & A5 vhghelar, Asfshd o 9l & A A 7] 3L NULL= W3 o)
Added in version 3.9.
PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Wk A R Partof he 2173 ABL 5% argsel 9|3 F01 1 Ak el & shol 2 AR callabie &
SEFUE AR B 5 oW args= NULLD 5 VT,

A3 52 AFE MBI, A5 o) 9| 2 BAA 7| T NULLS G )
Ol AL thx Fol A A TS T} callable (*args).
PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)

REEgk: A B, Part of the 918 ABL 7bel 9] C QIAh2 2 ef 2 she] W AR callable & &2 3]
th C QA= Py Buildvalue () 2AEFY Tl EXE & AHE 3] 7)< H Y t). format> NULL Y 5
Rom, Ax7F AT A 52 UEFE U o

4FotH & 435 vhghelar, Ao shd o 9l & A A 7] 3L NULLZ W o)
o] AL Tt} glo|H TH AT ZE=3F T} callable (*args).

pyobject* AR DB pyobject callFunctionObjargs () 7F B wWHE o ¢+ of] -2 314
Al L.

WA 34004 HA: format®] o] char *o|A HAH Y5}

3;
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The Python/C API, Z2|A 3.12.11

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

pla 1 AH 2. Part of the $+7 ABL 7b0l 7] 4=2] C QRS AH&-3F0] A A 0bj2 name ) 2k ©] 59
A = p:gzmu} CAAt= FES BAMOF S Py _Buildvalue () TR FAEE 7| YT

format-> NULLE 5~ o1, A7} A5 A k&< UEFH U T

deotd = A5 whebetal, Asfshd o 9] & DA 7] 3 NULL-& W o
o] AL th Thol W AT F 5 YT obj.name (argl, arg2, ...).
PyObject* QAFHF A3 H pPyobject_CallMethodObiirgs () 7F B w2 of ¢kl of] §-2] 314

Al L.

WA 34004 W7 nameZ} formar] 3 ©] char * oA WA= A5 h

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

Hlﬂg} A} ZHZ. Part of the QH7 ABL 7V 759 pyobject* JAXE ZF & & 1to| A A A callable-&
SEFUTh QA NULLE B 749 715 v) s Al e o,

et =& 23S webetar, A st o 9l & WA A 7] L NULL& RE3 T
o] AL t}L glo]W A AH} TS5 YT} callable (argl, arg2, ...).

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

w3 gk Al 2=z, PartOfthe oHd ABL 3ol A A obje] MINEE SE Tt 0317]/‘1 A= o5
name°l| A 3ol ® FAE AA 2 AlFB Utk 7 M5 pyobject AAE TEH YTh OJX}“:
NULLZ _jé‘zl/]__\i—_ 7]_% 7H_'__4 UH 7H ,_—/FE xﬂ%% 1/]14'

et & A4S webetar, A st o 9 & YA A 7] 3L NULL-& RE3H T

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

QA §Lo] Fholml A obje] MAEE BEFUTE o 7] A WA E o] B nameol A sho] 2 #A12
A7) = A2 .

4B 55 A9E NS, A S o9 A7) 3 NULLS W o
Added in version 3.9.

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

G & QAL argZ ko] W AA objQ] WIHNEE TEFUT) o 71 A WA E o] &2 nameol| A 3}o]
2 229 AR 2 A2E Yk

35 5F ATE WA, Aol sH o 98 YA ) T NULLE R o
Added in version 3.9.

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

*kwnames)
Part of the S+ ABI WA 312 o]Z 2. FHE Io|W AA callable- s =T Yth AR}
vectorcallfunc 2F 225 Uth callableo] W B ZL X QsHYH, callableo] A 3= HE = a4
H &3
AEeE 52 A7E Beew, Ao o 2 5 WAA 7 3 NULLE e o,
Added in version 3.9.

p

it
e

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

*kwdict)
A QAL E F 22220 F ] XA W 9 kwdictZ AE 7)Y = QAL callable
& 52U args WAL A AW ZFFY ok

RAow AgHE mr w23 B0, AAE AR oF FUTE WA, o] Fat TEA A
oju] 71 E JAAE AT v 7FE 9A g 7F LA Th 9 A A Aol tf gt JFE o] gl uf vk ARS

3 of gt
Added in version 3.9.
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PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Part of the 974 ABI M7 3.12 0| ¥ 2. 962 5% 742 8319 AEE 52k w4
E o] 52 ol FAE name 2.2 AFH UL WANET SE5 = A A= args[0] ol M, args(l]
ol A Al Zet= args ME-2 T2 AAE YdEFHYTE 3Fu o] e 9 A QAA7E QlofoF Ty
th. nargsf= args[0l= S 9] 2] AR FolH, args(0] Fho] AH R HAE £ 31od
PY VECTORCALI_ARGUMENTS_OFFSET®] Tl AUt} 7| Y E QA A= pyobject_Vectorcall () oAl
A8 ALdE 5+ A5 Yh
AR oA Py TPFLAGS METHOD_DESCRIPTOR 7)%°] QLo W, AA| args ME] S QA7 A A A 92
HAE AAE ST
AEstd S A3E WHEsta, Aufstd o 9] & WA Al 7] 31 NULL-S ¥H3Hsh o)
Added in version 3.9.

724 SE X[& API

int PyCallable_Check (PyObject *0)
Part of the 174 ABL A4 07} ¢ 8 1% TE gtk AR 7L 28 oW 18, 184 o 0L
BRI T o) B Bk A

73 A ZE2EZ

int PyNumber_Check (PyObject *0)
Part of the 2+73 ABL AR 07} A} Z2 EZ S Al&5hd 1S wHaslal, 28X
FU T o) B4E A AE I
H A 3804 WA o7t Ad A F4d 1S W Th

PyObject *PyNumber_add (PyObject *ol, PyObject *02)
vk gk A ZZ. Part of the SV4 ABL 0l T} 025 T3 AT}, A5l Al nUuLLS BFEHSHU T} o] AL
shold £84 o1 + 029 F5HUTh

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
k3L 2k Al 22, Part of the 9+ ABL ol 9| A o2& " A3, A 9] Al nunn & HESHEU o} o] A
o] A4 o1 - 028 FFHYTH

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
¥k} 7k A ZR. Part of the 9VA ABL 013} 025 F3+ A7}, A Al nUuLL-S B T} o] AL
o] A4 o1 * 028 FFHYTH

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
918k gk A B2, Part of the 9% ABI WA 3.7 0| E2. 017 025 B FAF AT}, A5 A nuLL
S MR o] AL shol M A4 o1 ¢ 029} 5T
Added in version 3.5.

52
|o
g
)
N
o
r]I.

P

rlo

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
WSk gk Al ZFZE. Part of the 9+ ABL 0l 2 022 A4 Ul S 52, Ao Al nunnL & 93y o}
o] 2L ol xH A o1 // 029 FFHYTH

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
WSk Al ZZ. Part of the 9V ABL 0l S 022 U 84 ZH9] A A sk Z2Atgo v A9 A NnuLL
< WS ok 9 32 “2ARR]T Q1) o] A Bg A5 7 AR o] 7] wf o} o] X 2
2EASE RATFE AN o FREF A A4E AP0 BE o5 $E 0BT S
9%yt

PyObject *PyNumber_Remainder (PyObject ¥*ol, PyObject ¥02)
wkEk gk A ZZ. Part of the 9+ ABL 0l-& 02 2 U¥ U A}, A3 Al NULLES 9HEE Ut} o] A
ol 28 o1 % 029 TS HUTH

il

rlo
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PyObject *PyNumber_Divmod (PyObject *o1, PyObject *02)
"Bk gk A R, Part of the 9F7 ABL W2 34 divmod () & FR 3 Al 2. A9 3 nuLLS BEE
Stttk o] AL ol T3 4] divmod (01, o2) & =53t}

PyObject *PyNumber_Power (PyObject *0l, PyObject ¥02, PyObject *¥03)
HESkgk: A 2. Part of the <F7 ABL W7 3 pow () & IR Al 2. A3 stH nuLLS WHE
gtk o] AL aheo] W A A pow (o1, 02, 03) 2 FEHULH A7 03w AHHA YU 035
FAsH |, 2 A2l oll Py noned AEBHA AL (0300 NULLS A e ERE v R AA 2T
LAY .

PyObject *PyNumber_Negative (PyObject *0)
w7k A 2R, Part of the QH ABL A& Al 09 29 3 (negation) <, A 1] A] NULL-S ¥F3HE U T}
)AL Thol W EAA -0} EETI L.

PyObject *PyNumber_Positive (PyObject *0)
2Rk A 2. Part of the 974 ABL 3¥ Al o0&, A3 Al nuLL< WHEGHU Th o] A2 Tho] A % H 4
ro 9} 5 ok

PyObject *PyNumber_Absolute (PyObject *0)
WStk Al ZZ. Part of the 917 ABL 02] AHiZkol, Ao Al nunn 2 HEHSHY T} o] A2 Jol A
EH4 abs (0) & F5FYLL

PyObject *PyNumber_Invert (PyObject *0)
WSk gk A ZZ. Part of the Q7 ABL A3 Al 02 H] E ¥FA (bitwise negation) <, A 3] A] NULL S
Rl T o A2 Thol M B4 o9t EE T

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
WSk A 2. Partof the F4 ABL A& Al 0l S 02WHE &0 7 A|ZE St AFE, A9 A] NULL
2 WAFTE o AL ol W EAA o1 << 022 5T

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
WS Zk A ZZ. Partof the 917 ABL AF Al 0l S 02WE LEZE0F A|ZE 3t A5, A A
NoLLS WHEHEH T o) A2 shol M EWA o1 >> 022 FE U

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
wrEzk: A ZZ. Part of the 9F7 ABL AF A] 0l T} 029 “¥]E Y =] (bitwise and)” =, A 3] A]
NULLZ JEEH YT o] A2 sho] W 4 o1 & o028 5 FUTh

PyObject *PyNumber_Xor (PyObject *o1, PyObject *02)
wiEkzk: A 2. Part of the &+ ABL A& Al 01T} 022] “B] E Y v E} & +=2] 3} (bitwise exclusive or)”
2, A5 Al woLLg SRR T o] A4S Shol @ £ 01 ~ 029k EE T

PyObject *PyNumber_Or (PyObject *o1, PyObject *02)
e zk: X 22, Part of the 9F4 ABL A& Al 013} 022] “B] E Y =] ¢} (bitwise or)” <, A 3] A] NULL
= WhERTh o] A2 stolH @A o1 | 029 FEHUTH

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject ¥02)
QESk gk A . Part of the 7 ABL 0l 3} 02€ T $F 23} A ) Al nunLs 9EEHSEU T o] A4k
ol ©] A1 A8 A 2t of| A (in-place) 53§ F Ut 0] 212 Tho] £ o1 += 028 FTFHUTH

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *¥02)
HEE gk A . Part of the 97 ABL ol 9 A 025 Wl AT}, As) A nurn& U T o] AAke
ol ©] A1 A8 A 2] of| A (in-place) 53 U th 0] 212 Tho] £ o1 —= 029} FTFHUTH

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *¥02)
ek gk A F2. Part of the QH ABL 0l 3} 028 F3F A3, A9 Al nuLL S WESHEU T} o] A4S
ol o] A1 A&t A A}2] ol A (in-place) T H Ut o] A2 to] W EF o1 *= 028 F5 AU

PyObject *PyNumber InPlaceMatrixMultiply (PyObject ¥*ol, PyObject *02)
sk zk: X R, Part of the SV ABI ¥ A 3.7 0| T2, 013} 025 3 H FASE A}, A5 A NnULL
= REEU ) o] A4k ol o] A1 S Al L] ol Al (in-place) 53 H Utk o] 2L 3to] W 7 o1
e= 029} T g

£
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Added in version 3.5.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject ¥02)
sk gk A Z=R. Part of the 7 ABL 0l 02 2 U 84 Z = o (floor) W, A3 A
Gt o] A4k ol o] A4S A 2] ol A (in-place) T+ F Ut o] A2 ol d 27 o1 //= o2
ot sE Y
PyObject *PyNumber_InPlaceTrueDivide (PyObject ¥*ol, PyObject *02)
kst gk A 22, Part of the 9F ABL 0l & 022 U= 87 7k 2 A3 ZAFgEol U, A 9] A] NULL

2 MR W g AR A, o)A FEF A5 H £ 2A o) ] MEYUTh o] A=
BEUSE RAT 4L YGUT o FHE T Y A4 E ADT Y BF 450 FE VBT S
91Utk o] QAR ol 0] 2| A A 2e] o A (in-place) 73 VI ek, o] 2L Shol 4 £ o1 /= 02

o} 5P

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
wkELZk: A ZZ. Part of the H4 ABL 0l S 02 2 U U A, Ao Al NunLS WEEHEU T o]
A& ol o] A4 8HH Al L] ol A (in-place) 33 H Utk o] 2 3Fo] M £ o1 3= 028 FFFUTh

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject ¥03)
SE2gk: Al 2. Part of the 2+ ABL W7 842 pow () B FZ M4 A] 2. A7) 511 nong wEg
t}. o] A4k ol o] A4 5H A| A} ol A (in-place) 53 H U Tt} ©] A= 037} py _noned wff sfo]d &
For xx= 022}, IBA] 2 W pow(ol, 02, 03) AAE] WY} 55Uk o3& FAIsHH,
2 22l ol] py_nones GBI Al L (030l NULLS HEotH Z5H vl R ] AN A7 AT Th.

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject ¥02)
wkeh gk A 2. Partof the F4 ABL A& Al 0l S 02WHE &0 7 A ZE S A5, A A] NULL
2 W T o] 4L ol o] A A18HE A2 ol A (in-place) 5 F LTk ©] 212 Fo] %
<<= 028} FEFYTH

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
WSk gk A B Z. Partof the 9174 ABL AF Al 0l £ 02WE LEZE0F A ZE 3t A5, A A
NULLZ WHgU o) o] A4 ol o] A8 A ZF2] of| A (in-place) =33 F U T}, o] 212 aho] W &7
o1 >>= 029t E5 UL

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *¥02)
W32k A BE. Part of the SV ABL AF Al 0l 7} 029] “H] E Y =] F (bitwise and)” &, A 3] A]
NULL S RE&HEU T o] A4k ol o] A48t Al 2be] ol A (in-place) 33 F Ut o] A2 oho| W &4
ol &= 029 FS T

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)
wrEk gk A 2. Part of the 9+ ABL A F Al 0l T} 022] “B] E Y v E} 4 = 2] 3} (bitwise exclusive or)”
=, A Al nuLLE BEEHRH U Th o] A4k ol o] A8 A 2L ol Al (in-place) 533 F U T} o] 22
sto] M o1 ~= 029} TS5 FUTH

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
WSk A 22, Part of the QF ABL A& Al 013} 029] “H] EXH =]} (bitwise or)” &, A 3] A] NULL
2 B Th o] A4S ol o] A AFFH A A2l ol A (in-place) 5 F VI TF. o] 2L s A £ o1
|= 028} TS FUTh

PyObject *PyNumber_Long (PyObject *0)
W3k A Z R, Part of the S+ ABL AE A A5 AR 2 H3E 0, A5 A nuLLS BF3HH o)
o] AL shol W EHA int (o) 9 5TV Th

PyObject *PyNumber_Float (PyObject *0)
wkELZk: A) ZZ. Part of the 2+ ABL A& Al float A4 2 HEH oE, A9 Al NULLS ¥FEHgHU o}
o] L ol EAA float (o) & FEFUTH

PyObject *PyNumber_Index (PyObject *0)
WEskzE: A 2=, Part of the 9H4 ABL A3 A] Fho] W int2 W3 H 0Z, A3 A NULLS ¥HE3HU T}
A3 Al TypeError o £ 7} AP g o}
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W 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)
kS ZE: X} ZFZ. Part of the FA ABL A4 ng A4 base S A& A H3HsE Ex19-E wiskshy o).
base AAH=2,8,10 == 165 shtofof ruth X142, 8 £ 169 -7, vkt 442 '0p, ' 00!
0w 9] A5 EAA7E 22 9ol Byl eh nol kol A int 7 oL B, WA £yumber Indes ()
H 2 U T

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Part of the 2+ ABL o7} A2 | AAE 4= J O, 05 Py _ssize t FOZ AZSHo] vEEg o}
S o] A, o) 7} g etar -1 0] vhghg Ytk
o7} Fol A intE HBE = AR T Py ssize t FOE HMEFE = A|= 7} overflowError &
A 71, exc A A= DA o 2] 9] 3 (YHFA © F IndexError Y OverflowError) Y Y Th exc7}
NULL O], o €] 7} RA| Y R 1 7L S0 A= py SSIZE T MINO 2, 9Fo] A4~ py SSTZE T MAX
2 Zgyrh

int PyIndex_Check (PyObject *0)

Part of the S+ ABI W7 3.8 0] & 2. o7} Q1 E 2 A4 (tp_as_number 7% 2] nb_index % 0] A
A AU R 18 W e sy, 194 o B 0 waTUL. o 4t 34 43

74 \3HA TEEE

int PySequence_Check (PyObject *0)
Part of the V7 ABL AR 7} AR~ Z 2 EZS A F3tH 1 & HH3kstar, 218
th __getitem () WA E7} & slol M Fea9] A dict AH S
2ol ot 2. durH o g Fejavt ol PO 71 APt A AT 5 g7 Wi I Y]
o) Bt BT AB T,

Py_ssize_t PySequence_Size (PyObject *0)

Py_ssize_t PySequence_Length (PyObject *0)
Part of the 97 ABL 48 Al A2 09 AR 52 WaHsty, Asjshd 12 NPT o] 2L
gto] A FH 4] 1en (o) & T HUTH

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
RERRL: A = Part of the 7 ABL 38 Al 01 2k 022] o] o] 0] 7] & WkghataL, Asf st nunt &
HpekgU T o] AL shol W BH 4 o1 + 029 FEFYTH

PyObject *PySequence_Repeat (PyObject *0, Py_ssize_t count)

NULL= WU Th o] A2 Fho] W A o * count 2t FEHUTH

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Whehgh: A 2. Part of the 17 ABL A Al 01 2} 028 o] o] 2 0] 7] & W13}
WU T o] A4S ol 7} A1 A S Al A2 ol A (in-place) 3 H U TE ©] A
+= 028 TSP

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
HEeh gk A FX. Part of the 2+ ABL AJ A2 A A o0& count ¥ WE
NOLLE WS T}, o AAFE 07} A 8 A2l ol A (in-place) 5= A H U TF. o] AL sfo] 1l EAA
o *= count 9 S5 T TE

PyObject *PySequence_GetItem (PyObject *0, Py _ssize t1)
Wkt A =, Part of the 2F7 ABL 098] i AR 8 25 WSt A, A3 s nunL g REgRe Y T
o] 12 vtol W @4 ori] 2T HYTH

PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2)
Wk A R, Part of the b7 ABL Al AR 09] il 9} i2 Abo] o] Eeto] A5 WA L, Al 5
sh nULL& U T o] A2 Bhol W R A o1i1:12] & FFFUTH

I
r
i
)
i
rII,
rit
ol
Y
=
>
£
> >

i
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int PySequence_SetItem (PyObject *o, Py_ssize_t1i, PyObject *v)
Part of the 2+7 ABL AA vE 0 i WA Q40 YT Asjstd o2 &
RS 4F ot o Wkt Th o] AL ol W £ o1 = veFESFULE o] = vell
et FxE FAA G
vZ7hNULL O] ®, 8 & 7F AAE A 'Y, o] 752 pysequence_Delltem() A& Aol HAH A5 U
int PySequence_DelItem (PyObject *o, Py_ssize t1)
Part of the 17 ABL o AZ1<] i WA 8 45 AR gtk As)she 1S WaTch o AL sho] 4l
T del o[i] S FSHUTH
int PySequence_SetSlice (PyObject *o, Py_ssize_til, Py_ssize_ti2, PyObject *Vv)
Part of the 2+ ABL A|@A 2 AA vE A2 AA 09 il A A i2 AFo] ] £fo] 20 o gyt
o) AL Tholl B o(i1:12] = v BFFUL
int PySequence_DelSlice (PyObject *o, Py_ssize_t i1, Py_ssize_t i2)
Part of the V7 ABL A2 AA| 09] il | A i2 Abo) 9] &ato] A& AA| gyt A 9sld -1 ws
FUth o] A2 to] W FH del olil:i2] TS HU
Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the 9V ABL 091 1= value2] & WU TH £, 0key] == value s WEdlE=keyo &
WEEHghU o Alm et 12 WhEkgh o). o) A2 To] M E 74 o count (value) & S5 FU T}
int PySequence_Contains (PyObject *o, PyObject *value)
Part of the +7 ABL 09l value7} Q=4 &2t} 09 & = 37} value2t 220 1S 9183}
3,284 row 0wkt ) o 2] A 12 ek k. ol & shol W EHA value in o}
AT
Py_ssize_t PySequence_Index (PyObject *o, PyObject *value)
Part of the V7 ABL o[i] == values WS3lE= 3 AA] Ad 2 i E 93U} o 8] A] -1& HkHSH
Byt o] A2 Fo] M £ 4 o.index (value) & 55 TY 1;]—,
PyObject *PySequence_List (PyObject *0)
Wksk gk A ZZ. Part of the 9+7 ABL Al 22U olE|# B o
SFAY, Ao ohE nors g Rkt whekE e AEE A
HHA 1ist (o) G FTFUTH
PyObject *PySequence_Tuple (PyObject *0)
WG A B Partof e 7 ABL AT o] B2 2 09 22 82 41§
A}, AsfelE wi € AT o7} FEOIW, 2 E B2 WA 1, 19
A48 g0 2 B0l UTh o AL shold B4 tuple (o) 9 S5V Th
PyObject *PySequence_Fast (PyObject *0, const char *m)
WS gk A 2. Part of the QH7d ABL A1 olE] B & o E T} 2 PySequence Fast* A4
o A AHEE 4 = A E WS o 7“Xﬂ ZF Al A2 olH el E o] of U mE WA A | AE
A}88t0] Typenrror S WA LI A A nuiLg whekgh o,
PySequence_Fast* S+ 07} PyTupleobject W PyListObject Bl 7FA 3L 02] H| o] E = o
A5 HA 2817 v ol o] A o] F A5 UTH
CPython /=& A5 A}& 0 2 o7} o] m] A| A AU 8| 2~EW, vhaks Yth

T

T

N

-8

o
-
Ao

o}
2

fru
b o
o
it
<
v

Mo

F 2
_r_
=

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)

08 ZAol&E Hl&EF =t 07} PySequence_Fast ()o &3 ¥FEE 11, o7} nunL o] oY
g ZEFF U 7= ool el pysequence size()E TETY S = YA,
PySequence Fast_GET SIZE ()= o7} 8l2EUYEZo|gtn 7IA S 4 9gomn g o wS Yt

PyObject *PySequence_Fast_GET_ITEM (PyObject *0, Py_ssize_t 1)
WSk A E AR, 09 i AR R AE HEESt=t|, 07} PySequence _Fast ()9l &) ¥FEE 91, 07}
NULL O] ofU W, i7} B A el ok 78 ok

74. AH

I>
|El

EE

Mk
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PyObject **PySequence_Fast_ITEMS PyObject *0)
PyObject £ 21 €] 9] 3} vl A& WUt} 07} PySequence_Fast () ol &8 W= 117, 07} NULL
o) o e /3

eaEe] 277 WA W, AT F2 iDL ANA T 5 9ol FFAA L. WA, A
£ WA 4 g 2ol Aw Sy g £9 3}

PyObject *PySequence_ITEM (PyObject *o, Py_ssize_t1)
wrehgk: A Fx. 09 i WA 225 W& AY AFSd wing HEF Yok
PySequence_GetItem()2] W2 & Al o] A0k oo )3l Pysequence Check () 7} ZF QR A AFSHA
ok o4 QU AE X AFA] 5T

75 01 T2ESE

PyObject_GetItem(), PyObject_SetItem() ! PyObject_Delltem() % 7‘]’5_ _]'/“:} Al Q.

int PyMapping_Check (PyObject *0)

Part of the V7 ABL AR/ o4 =2 E 2 ATIHAL Setol 42 AA5HE 1.2 W@, 137
o 08 BT _getiten_ ) MAES} Yt shold Ze|20] A9 12 WEATIE= Dol
FRYA L QWAL 22T ARG 7] 9 BRE 5 17 W E YU Th of B4 4

Ehcinsi=g

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
Part of the 97 ABL 4% A 2] 0¢] 7] 2 9ahsl 3, Asjahd 12 WBgTh o] = ol 4l
EA4 len (o) & FFFUTH

PyObject *PyMapping_GetItemString (PyObject *¥o, const char *key)
W7k A ZHZ. Part of the 217 ABL This is the same as Pyobject_GetTtem (), but key is specified as
a const char* UTF-8 encoded bytes string, rather than a Pyobject*.

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Part of the 73 ABIL This is the same as PyObject_SetTtem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_DelItem (PyObject *o, PyObject *key)
o) AL pyobject_Delltem()d ¥EA Yl

int PyMapping_DelItemString (PyObject *0, const char *key)
This is the same as PyObject_DelItem(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObject*.

int PyMapping_HasKey (PyObject *o, PyObject *key)
Part of the Q7 ABL 1} AR o key 7] 7} YW 1S ¥EStstal, 22 2] 9k o o0& HISHshU T}, o] &=
o]l FHA key in o FEHULE o] FrE FA AFTFUTH

0 Ix

Exceptions which occur when this calls __getitem__ () method are silently ignored. For proper error
handling, use PyObject_GetItem () instead.

int PyMapping_HasKeyString (PyObject *o, const char *key)

Part of the 2+73 ABIL This is the same as PyMapping_HasKey (), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObject*.
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0 #x

Exceptions that occur when this calls__getitem__ () method or while creating the temporary st r object
are silently ignored. For proper error handling, use PyMapping GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *0)
WERgk: A Z. Part of the V7 ABL 3g5HH, A 09 7] 2|2E S REYth Asfsd, nuLL
= RESHgh o
W2 37004 W7 ol Mol B47 Fl AR FES BRI S

PyObject *PyMapping_Values (PyObject *0)
Wk A Z. Part of the V7 ABL 3g5HH, A 09 3t 2|AEE RE YT Asfstd, nuLL
& wargh,
WA 37004 MA: o] Holl e Tt BB FES N ST

PyObject *PyMapping_Items (PyObject *0)

WHEHgh: A B, Part of the 94 ABL AF W, A ool 9t 32 ¢ 2= WMt o 714
24322 7)-g A4S EFE FEQ U A3hoHd, win s

w3l
WA 3TN A WA ol Aol 47 FAEUY FELS HAYLY

O|E{BIO|E] =2 EE

 ELECEEREEE R ET
int PyIter_Check (PyObject *0)

Part of the 973 ABI WA 3.8 0| T 2. AA| 07} pyrrer next () ol QFABA ADE 4 glow ool
old g, 18 oW oS S EUT) o] 5= A AAF 3 T

z)

U,

int PyAIter_Check (PyObject *0)
Part of the 9+ ABI ¥ A 3.10 o] & 2. A A 07} AsyncIterator ZTEEZS X Y5lH 00] ofd k=
29 e 08 B E U o] Bk FA AT
Added in version 3.10.

PyObject *PyIter_Next (PyObject *0)
Wksk gk A} F . Part of the H7% ABL o] E| & o] oo A t}2 7S wk3kgy E‘r. 7“;‘<ﬂ
eyrtercheck ol 2t B elE cfof Iuick (1A E AAHE AL 254 3
& ol fled, ol vt A A 2 A E nuiLS REgRU . 35S 771141%%
‘C‘“ﬁ 31, NULL S HHEHSHAL of| 9] & Zd%}ﬂ%\% t}.

olH e ol E o|H o] EStE F2E A4St W, C ZEE o|d Ao % Hojof Fh:

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

if (iterator == NULL) {
7 SHs D=EHE 2/

while ((item = PyIter_Next (iterator))) {
/% itemS & H P TFH|SF o/
/B ¥R R WBYHT </

Py_DECREF (item) ;

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
Py_DECREF (iterator);

if (PyErr_Occurred()) {

/% CI1=E DAY 4/

/* £20E Dg A TH

type PySendResult

The enum value used to represent different results of PyIter Send().
Added in version 3.10.

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

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

Added in version 3.10.

77 HIH Z2EEZE

ghol Mol A AFE S = e oW AA & s w2 g = o tfe 33
AA o= W7 bytes & bytearray, L83l array.array 2} 22 45 3 o] = Yok A 4HA 2

ol e o) o|ul 4] AelLt 22 A 2 Brd £ww AN B A Y 5 DG

ol e 3k B2 27} ;g0 o u)7} AT, (oPvhE) 2 vl e we] o3 AWAH L 2ED S T
FU T o @ Ao A 57 B A} glol 27 ¥l 3ol oM A5 Zo] whgkA g o

ol W CHEol A W 22 e T YA 0R o]e 8 752 AF P o] ZREZe| & F 74K SHo]

AU

o A Sl ME, Fol “HH °1Ei3ﬂ°l*”e Wil = 9l=d, I P AA 7} sk w3 RS
=285 QA Uk o] dEsolaE H o AA F2A] oA gtk

o 2HAS WL, A 2] AA| S ol B ol g ZAEE D7) A3l o3 7HA = AT
01_/;

Utk (& S0 WA= w7 ).

bytes & bytearray®} 22 7Hd st AR &= 51 B9 E vlo]E X FA o2 wZ3hrh 2 e

7Feyth ol & S°1, array.array°l 93] =E5H = 3 A
te

W3] SlE o] 29 Aul A ol 5 AA Y uri
HOIEE VB gl BE A 510 158 £ SlEuth urite ) 7 A
S8 97 88 AAAT BRFAT, reasinto) F FL THE WA EE Q) 27] o
BRI W3 A5 o2t AR 9712719 A7) AE WA E AHHO 2 FHEHAL ARG 5
9% = Fhch

W] QB s o] 9] A H| A7 hAF AR sl WS A g el F A7 g

o 28IE W/ M4 & pPyobject_GetBurfer () S &3t}

oyt B ox B4 DE F S AT pyarg parseruple () (EE 184 % $hP S 55

2% W37 HE BREA GO pysurfer Release () S & oFFUTE 28 A 844 od
gt A7 5 sy T
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7.71 HH 2 Z=A|

W3 L2 (Ee ] “HH7) = o A9 vte] e ol & stold e a g u oA =Edte
Yo 2 FEFUTh T, HAF gl (zero-copy) S8t MAUZS S Z AR 4 dFUth HRE £
2 Az SES ASHA, 299 b 1E%E shol W z2ad Wl A o} 47 = 2T & AU
HREECEge) 45 wdd 5 o, &9 AA ol HejE 2 AP 7] Hoj 22517] 93 YA
HEe] 8594 $5 9, vol g <l mlEEl(in-memory) FAo g Fx3d tlolHE AEste vl AHgE

% sk
shol#l Qe Z e B 7} = 23 T o) rﬂomwuda M 31 yobject ZAEI 7} op )
FEAIIG. o 2 53} o) 5
=, w2 xﬂE = T 3
A 53} (exporting) A A =
PyObject_GetBuffer ()=

—\'\—' AV
el &y
ko (ol
(N

N
X
ofs
ot
rlr
i
)
o
N,
b
flo
R
)
=
)
—
BN
)
rt
e
BN
ol
o
>
>,
fo
R
&
et
ne
|o
)
gE

type Py_buffer
Part of the Q7 ABI (including all members) ¥ 7 3.11 o] 22,

void *buf
Hy o o3 7|sd =83 729 AZS 7] 7]+ ZAH. o] 22 A& A (exporter) 2]
St 24 M2y EE U RE XY d5Uth & 59, 29 strides® AHE5HH
Folre B0 25 7182 = Jd5Ud
A% mEY A, 2 w2 59 A Yt

PyObject *ob3j
;q]L—‘g}ﬂ(expomng) AA ol th3k A 22, JAFR = A8 A 7F A/, PyBuffer Release () ©
o8 A5 o2 A I (2 2 257 FLaFUthvuin 2 A Utk o] A=+ EF C-API
ﬂ*Aerw4£ et

F3 AL E, PyMemoryView_FromBuffer () 1/]—PyBuffer FillInfo ()2 ZFRZ QA (tem-
Porary) W] A, o] SEEnvinguth dubA o2, AlF 3= (exporting) A A & o] Al AE
AH&-8HA] eFobo Pyt
Py _ssize_t len
product (shape) * itemsize. ?ﬂf—‘,\— H%i?/] 73‘-?—, '5]-—‘?— U‘“E’_\ﬂ -‘%%94 Z:_]C’] ?Jb]ﬂ- %ﬂ—’—;,\—
Mol 49, A% Aoz BAETH kel d 22A 7 27 8 Dol
A ALt G g 2 o

((char *)buf) [0] °IHM ((char *)b [le =
183 8 L& pyBur sIMPLE EE

uf) -1
Joz Wyl gHE Fodn FEFch q]
PyBUF_WRITABLEY L]D},

O

int readonly

W37k e} 7] A]AAE U= BAI71 QU o] BE= pyBur wrITABLE S LR A o] H
Yt

Py _ssize_t itemsize

e Q49 3R g7 (mlo]E)YJ Ut nunro] o} rformat Zholl 2 struct.calcsize ()

s 2oy
228 o 9]: 28 A7} pyaur FORMAT Z 1 Qo] WM HE @ ASA, format-S NULLE A AT
A9l itemsizes o] AS] P A9 7HS zFS U

shape®] 1O, product (shape) * itemsize == len B X7} A% AH3L 28 A}+=
itemsizes AFL3le] M HE AT S 95U T

PyBUF_SIMPLE O]I/]-PyBUF WRITABLE A9 AT shapeo] NULLO|H, 28] RS i temsizoS

FAIBFAL itemsize == 12 7P oF T}

char *format
G A5 W82 AP struct BE AU RS NULL 5 FA4E. o] Z o] nuLLo| ¥
o R
BA T

"B (R E Qi Hhol =) 2 A o
o] =X pypur rorMAT Z ) 12 Aol P Th
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int ndim
S22k 24 A2 e A 5 001, burk 2P e B 82 e
AUttt o] A%, shape, strides W suboffset s+ HFEA] NULL ©] o] oF ?51141:]- A A =
PyBUF_MAX _NDIMO Z A A U E]—.

Py_ssize_t *shape
n-AHA g =2 izl 2dS Jet= Zo] ndin® py_ssize t Bl Q. shape[0] * ... *
shape [ndim-1] * itemsize™ lend} Zro}ok gt}
B2 % 7FL shape[n] >= 02 ASE YT} shape[n] == 0¢ A= EHS F9 7 Q3
f%ﬂwﬁﬂELiﬂ@ﬂ%%ﬁiﬂﬁﬂi
shape Wl G2 A v A} A ¢17] A& L YLt

Py_ssize_t *strides

ZF Aol A A 45 7HA 27 flsl] A E vlolE 8 Al Fshe Zo] ndim®] py_ssize t
<.

AEgto|E 32 4o A4-d & dFUTh Rt g B, AEgo|E= Hg Frol A ut
AH)AHE strides[n] <= 0¥ A& AT 4 ojof &Y 1;]—, ZA S W82 H s S
;‘d—}_g—]_/\] AL

strides ¥l €2 4w 2pof| A €1 7] A& YUtk

Py_ssize_t *suboffsets

29| ndim® Py ssize_t Bl Y. suboffsets[n] ‘?ﬂ HA] LS wet AZHE e =
AE ol AHE A k2 A ?:*Zi(de referencmg) i3 LEi | 5 & uko] E 5 YERY YT
Y AME 2 ZA FS 9 F= (de-referencing) 7} 243 6le oFotof o2 YEb i U TH (A S v 2 g

e REPSSER IS

EEAE ezMe] 541 (5, JF27FE235HA ¢hod), o] BE£ NnuLL(Z]E 7)) o] o oF

.
o) #7391 919 T QL shol W o] vl Y ool B2l PIL)A A ALBH T ol 2 A Sl
Ao 8 AT S 4 918 B AN S

suboffsets B} & -2 A H] 2ol Al &17] AL YUt
void *internal
o] Z1 2 A& 8= (exporting) A A o] o3 WHEAH o= AL FH UL A& , ol A xﬂ—-—x}

(exporter) 7} A2 ThA] 28 S 4= gl o, ¥ ¥ 7} 3l Al 2 o shape, strldes suboffsets g

i Al 3f oF 6}57\101] o st “EHZE Zizo 5t ol A8 Ut Au[AL7} o] %ko HAMNA = ?}

Fuch
¢
PyBUF_MAX_NDIM

o2l e ) A 5 e A o) A ThE E59 0} 3, T W sle) e

PyBUF_MAX_NDIM X} 7}%] x}a]?j;_ 2= 9)oj ok U T} A 64 A= 95Ut

772 HI{ 2H S

=

& By A
EENEE

ofy
AW
vl

W = th7) pyobiect GetBuffer () S B8l A|E 3= (exporting) A Z M &
e =ad pxre Bdol A e 4 ong anxs Aedd 5 g
2 A 8F7) 93 flags AAS AL FH o)

BE py buffer BEE 24 730l I 25 HA] kA Aol F Ut

%
L
=

&L ne
Jo
ok
o

28 Sgs uc
02 FE = flags® G2 WX k1 FAF 2HPE 7Lo 2 XY R oF ST} obj, buf, len, itemsize,
ndim
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readonly, format

PyBUF_WRITABLE
readonly EE AUt A=W, AlFA = BEEA] 227] 7153 W5 & A 551 A
U A9 E Budfop gk 28 o AlgAls 97 A8 WY 27 7t WHE
A& ¢ QAT BE LAl &l 43S FA o FUTh ol & £, 7hdet 22 7]
7V W E 3388 W pyBUF SIMPLE | PyBUF WRITABLES AMEE 4= Q)& Uth.

PyBUF_FORMAT
format BEZ Al Uth A=W, o] =& vt Aok Futh. 284 %o,
°] BE=+= W= A] NULL o] of oF Pt

PyBUF_WRITABLES TS MM = Z#|19| € 4 AS5 UL pyBur _sivpLEC] 002 AoH B ZF,
PyBUF_WRITABLE-> XYY T2 E AHEF o] st 7] 7 o & 8 38 = A5 Uth

PyBUF_FORMATS PyBUF_SIMPLE< A2 3t €19 9] Za] 12} F o] oF &1t} PyBUF_SIMPLE 2 o]u] & 21
B(H T ¢l vlo|E)E o n)al 7] ij & ¢ U Tth pyBUF_FORMAT-S THE © & AR 4 ¢l T

shape, strides, suboffsets

P& Fel1e] BE V=S 2.
28 | shape strides | suboffsets |
ys oy | @esd
PyBUF_INDIRECT
yes yes NULL

PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE

1% 23
CUZEF AL YANROR 8 3P 4 Q] 2Eeo] = JHE TP = 134 971 % Tk
sEvhol = A1 7L Gow, W C-A% o] ofof Ttk
23 | shape | strides | suboffsets | Y14
yes yes NULL C
PyBUF_C_CONTIGUOUS
yes yes NULL F
PyBUF_F_CONTIGUOUS
yes yes NULL CEEF
PyBUF_ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C
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2 88 290 2T A 2 YA DA WA 2R FE AT NS

e EolA U ZéiﬂﬂXl %}% A4 4L YUt cuzs A4 Baets) 9

PyBuffer_ IsContiguous ()% _'S_Z%fvﬂ 0]3 @'14 E]-

| 23 | shape | strides | suboffsets | 91254 | readonly | format |

yes yes Zg3sld | U 0 yes
PyBUF_FULL

yes yes I3 | U 1E==0 | yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 1 E==0 | yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF_STRIDED

yes yes NULL 8] 1 E+= NULL
PyBUF_STRIDED_RO

yes NULL | NULL C 0 NULL
PyBUF_CONTIG

yes NULL | NULL C 1xE+=0 | NULL
PyBUF_CONTIG_RO

7_7'3 EXl-o} HHO=|
NumPy-AE}2!: shape 1} strides
NumPy 2B} vl Qo] =8 & L2 = itemsize, ndim, shape W strides® A2 H YT}

ndim == 0°] %W, bur7} 7}8] 7] = Wl B8] Y X7} itemsize A7) 2782 A F UL} o] AP, shape
I} stridese —,—NULL?:]L]Q—.

strides7FNULLO| W, Bl @S ZZ n-d CujdE fAG Ut 227 oW, An| A= oS3} Zo)
02120 w ol 914 25 oF g ek

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

Hoﬂ/ﬂ 0‘]2% E.o] buf:= /\1]1] ”ﬂ»‘?—ﬂ _g_% Wﬂ =1
Sz Wy FEAS AAE S ST

i

9122 7124 4 AUtk A2 A (exporter) & o]

def verify_ structure (memlen, itemsize, ndim, shape, strides, offset):
memE T S A4 p SPEREl SRR e SN SR F SRS Spereie %] oY =t
char *mem: =3 "2 =] 252 AZF
ey 2= g 29

offset: (char *)buf - mem

memlen:

mn

if offset % itemsize:
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(e]A sl o] A ol A A<
return False
if offset < 0 or offset+itemsize > memlen:
return False

if any(v % itemsize for v in strides):
return False

if ndim <= 0:

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

return True

imin = sum(strides[j]* (shape[j]l-1) for j in range (ndim)
if strides[j] <= 0)

imax = sum(strides[j]* (shape[j]-1) for j in range (ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL-AE}2!: shape, strides & suboffsets

& 9o =, PIL A8 v Dol & AHe 9] v 8 48 7hA 7] S 6l metofsh= 272 dE &
£ =0, W 3-AA CHld char vi2] (2] (312709 2- A il A2 7] 7 =270 9] =9 E
T Q5 Utk char (*v[2]) [2] [3]. suboffsets T & | 4], o] T+ Z QI E|= bure] A ZF FE o
A=l mRe] e o= A oy wi A2 = Q= F A char x[2] (3] WS 7HE YT

o] o} strides 2} suboffsets 7} 91-& wl], N-x-1 Q1A A7} 7] 7] = N-21Y v 2 o] 2 40 ot
o= dYuth

1 ©

=2

UL

B S 0% =30 o
o = n@ oy L

T rlo
i

i)

T

¢
¢

void *get_item pointer (int ndim, woid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; 1 < ndim; i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = * ((char**)pointer) + suboffsets[i];

}

return (void*)pointer;

7.7.4 B B &t

ok

A
T
int PyObject_CheckBuffer (PyObject *obj)
Partof the V7 ABI WA 3.11 o] Z 2., obj7} ¥ ¥ Q1B H| o] A5 A Y3} H 1

[e]

E T
0= HESgU T} 1 0] W& uf|, pyobject_GetBuffer ()7} 33 Aoletal HAsHA] = g5 th
o] g FAF 4TIy

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
Part of the 9+ ABI WA 3.11 0|3 2. flagsoll A FH N Z viewsS A== exportero| Al L3S
Byt Alg A (exporter) 7} A &3 F3 2 HHE AT 4 glthd, ButferError & € 27] 11,
view->obj & NULLE A A3}, -1 & ubdhaf of gt}

JE 3, views 211, view->obj & exporterol et A} Fx 2 43513, 08 v ULLE 84S
G A = 2 v] M5k A4 H (chained) W 3 335 2+ %, view—>obi = exporter thAl o] A&
2 4 dFUT (3 A F2AE BAL).
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PyObject_GetBuffer()ol] a8t A F A &L pyBurfer Release (ol 3t T3 BE o
F01oF G Th malloc( 7 tree () 9 FATUTL whebd, £uA7L MR 4G Fol 5,
PyBuffer_Release ()& &3] st i &3 oF Ut

void PyBuffer_Release (Py_buffer *view)
Part of the A ABI WA 3.11 o] 2. W I viewE A3t H2 2D AA| 2 view->obj ol T) 3t
49 g ANTILHS 42 A28 g yT. S U e Se o) 358
WEA SEelok FUTh 18X oW A F4shRAT S Ak
PyObject_GetBuffer ()5 Z8] 92 S WA o] FLE &= AL o H gy}

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)
Partof the 2+73 ABI W A 3.11 o] 2 &, rormat©] QA= itemsizeS Wt o). o & 7} WA 14,
of| 9] & LA 71 AL -1 WG T
Added in version 3.9.

int PyBuffer_IsContiguous (const Py_buffer *view, char order)
Part of the 2+7 ABI Hﬂ A 311 oO]Z 2. viewZ A H W22 7} C 28t (order 7} 'c) o U ZE
2B (order 7} 'F1) A5 ol AV & F S (order7) A ) WA 1S WY TE 18] oW o
Bk o B4E B4 93 R

void *PyBuffer GetPointer (const Py_buffer *view, const Py_ssize_t *indices)
Part of the 2+7 ABI WA 3.1] o] &, F0] X] view W 5-2] indices 7} 7}8] 7] = W 28] 94 9E 7} A
Ut} indices= view->ndim Q1 &l 29 v & & 7}8] A oF gt}

int PyBuf fer_FromContiguous (const Py_buffer *view, const void *buf, Py_ssize_t len, char fort)
Part of the SV ABI WA 3.11 o] 2. bufol] Q= AL len VIO EE view Z B AU T} forts '
EEor (C AR B EESARY )Y 5 A5 Th A ek 00 98 1, o 27} g ow
~10] whakE Uk,

int PyBuffer_ToContiguous (void *buf, const Py_buffer *src, Py_ssize_t len, char order)
Part of the S+ ABI WA 3.11 o] Z 2. srcol| Y= len VIO EE bufoll A% o Z EHA}L
order="'c'EE='p' = A (C2ElYd E= T EZ AEHY A = %%— stLhd 4+ A
3339 00] k= 3, o ¢ 7} 90w 1 0] WHEHE Uk,
o] St = en = sre->len o] A A 9 g T}

int PyObject_CopyData (PyObject *dest, PyObject *src)
Part of the 73 ABI ¥ A 3.11 |3 Z. Copy data from src to dest buffer. Can convert between C-style and
or Fortran-style buffers.

rZ

o
=

o

ofy 1t

RN

U
U

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 2+73 ABI WA 3.11 o] & Z. strides W] E& F oA 24T v}o]E 429} 0] X shape & 2
A% (order7} 'c' 8 C 2B}, order7} 'F W ZET AELY) B 2 vlolE AERIO|E 2 A F YT
int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int flags)
Part of the °+7 ABI ¥ A 3.11 ©]|Z 2. readonly o] W2} 2% 7] 7]-h/H 0] AR len 37]9] buf & =<3}
2] = A5 A} (exporter) ol Tt W3 84S A FUth buf= H}Ol E A A2 A
g},
flags QA= &3 538 Ve UL o] 5 huf 7t 97 AR 02 AN A I pyBUF WRITABLEO]
flagsoll 7= o] QA o, FAF e 17t A A dh= EHE viewS A&t}
A Z3HHE, view->0bi S exporterol] T A 22 AASIT, 02 wiEg Yot 2€x o,
BufferError £ 4071, view->obj S NULLE A A3 T} -1 & widshyth

o] =7} getbufferproc®] LHE- 2 AFE-E W, exporter 7} A& 3= (exporting) A 2 A A F of of 3} 11,
flags= 541 A 9.2 A = 22| o] of $H o}, L8 %) 2107 exporter 7k wLL 0] o] of gL .
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7.8 Old Buffer Protocol

B A 3.05E HAH.

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

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

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

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

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

Part of the °+7%] ABI. Returns a pointer to a read-only memory location containing arbitrary data. The obj
argument must support the single-segment readable buffer interface. On success, returns 0, sets buffer to the
memory location and buffer_len to the buffer length. Returns -1 and sets a TypeError on error.

int PyObject_CheckReadBuffer (PyObject *0)
FPart of the 2+%] ABI. Returns 1 if o supports the single-segment readable buffer interface. Otherwise returns

0. This function always succeeds.

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

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

Part of the 27 ABL Returns a pointer to a writable memory location. The obj argument must support
the single-segment, character buffer interface. On success, returns 0, sets buffer to the memory location and
buffer_len to the buffer length. Returns -1 and sets a TypeError on error.

7.8. Old Buffer Protocol 113
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CHAPTER 8

o o] 4t 54 s AA) Fol AT APtk 250l 22 H B ANE AL A
A ztol obd Utk stold =2 I sHo A AA & vkt SHkE B 7HA = A A 6HA] ehthd
AAE 235 of T TE o 2 So], A7} Y A 82135} # W, PyDict_Check

o] 2 vhol AA PO “EH”HY FAH

2 X
i
i

A Ax

399 499 8 25 & AR Y G 7 2A AARAT, B G KA AR A
AL & nuiL e ShelshA] I th NuLe A DSk v R ) oA 2§ ko] WSk Q1B el 7}
A %28+ gaudh

8.1 7|= ZAl
o] Aol A shol W @ AR 2 AZE AR voneo] T3l A Y T

8.1.1 & ZHA|

type PyTypeObject
Part of the A| S+H API (as an opaque struct). W7

32 71este vl AHEE = AAY C Fx2A.
PyTypeObject PyType_Type
Part of the <178 ABL ©] 212 & A8 @ AA JUth; 3ol AF9 typed}t 22 AA Y th
int PyType_Check (PyObject *0)
A7 07} 2 W AR A A B A2W2E Teako] B AR F 0] obd e WU T
AR HE 4308 M o] He 2 4780
int PyType_CheckExact (PyObject *0
A o7t 4 A1 A%, £ A1) A5 o] oh]00] o1 8 MHIE, TR R A
= WER T o] e A A th
unsigned int PyType_ClearCache ()

Part of the 27 ABL W3 23] A A1 AL Uth A9 ] el 1 & 933 ot
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unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the V7% ABL type®] tp_flags WS wigstUrc}) o] &4 = & py LIMITED_APIS} &
7l AR 13 QU A SR T v Es sto]ld vl o] F A Ao g HAE AR,
tp_flags AA ] th e A 2 Al HE APT LF7F obd Y th
Added in version 3.2.
H A 3404 HA: W33 2 o)A 1ong©] o} 2} unsigned long YU T}

PyObject *PyType_GetDict (PyTypeObject *type)
Return the type object’ s internal namespace, which is otherwise only exposed via a read-only proxy (cls.

__dict__). This is a replacement for accessing tp_dict directly. The returned dictionary must be treated
as read-only.

This function is meant for specific embedding and language-binding cases, where direct access to the dict is
necessary and indirect access (e.g. via the proxy or PyObject_GetAttr ())isn’ t adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their own types.
Added in version 3.12.

void PyType_Modified (PyTypeObject *type)
Part of the 917§ ABL 33 1719 BE A1 Go] the i 24 AN E FER Gtk Yo ol=el
FEUHolL ZHPAE FFoR £ FoE o] S TSl o Ytk

int PyType_AddWatcher (PyType_WatchCallback callback)

Register callback as a type watcher. Return a non-negative integer ID which must be passed to future calls to
PyType_Watch (). In case of error (e.g. no more watcher IDs available), return —1 and set an exception.

Added in version 3.12.

int PyType_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id (previously returned from Py Type Addwatcher ()). Return 0 on
success, —1 on error (e.g. if watcher_id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher_id that was not returned to it by a
previous call to PyType_AddwWatcher ().

Added in version 3.12.

int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by Py Type_Addwatcher () will be called whenever
PyType Modified () reports a change to type. (The callback may be called only once for a series of con-
secutive modifications to fype, if _PyType_Lookup () is not called on fype between the modifications; this is
an implementation detail and subject to change.)

An extension should never call PyType_Watch with a watcher_id that was not returned to it by a previous call
to PyType_AddWatcher ().

Added in version 3.12.

typedef int (*PyType_WatchCallback)(PyObject *type)
Type of a type-watcher callback function.

The callback must not modify type or cause Py Type Modified () to be called on fype or any type in its MRO;
violating this rule could cause infinite recursion.

Added in version 3.12.

int PyType_HasFeature (PyTypeObject *o, int feature)

@ A 07} 715 featureS /273 3HH 0°] obd gh2 WU TH @ 75 GI HE SH IR HA
F U,

int PyType_IS_GC (PyTypeObject *0)
AN} =B A2/ 9B AQS TR oW FL AP )AL F a2

Py TPFLAGS_HAVE_GCE ZAAFEU T}
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int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
Part of the V7% ABIL. a7} b9 A B & o] 2L uiagh o}
o] s Al A B PFuk FARIUTE &, subclasscheck () 7k boll el &&H A ek5 Ut
issubclass () 7} £33 8t= AT 22 AALE 38 W Pyobject_IsSubclass ()5 TETHA Al L.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
QESk gk A} ZHZ. Part of the 2+ ABL 8 A9 tp_alioc €FE At vt X g]7]. gfojH e 7| &
HRe dF wAYSZS ARt A Aa'As et BE W8-S vl 2 7]3H5h T
PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Wik gk A ZZ. Part of the 9+ ABL & AR 2] tp new &S Yo Euk A E)7]. 2] tp_alloc
22 Agoto Al Q2R AE BT
int PyType_Ready (PyTypeObject *type)
Part of the ?+74 ABL & 7§AE vl Uth 27|38 &85t 2 & AA o thsfl o] Mix=E
TEsoF FUTh o] e FY Hlolx F oA AEE XS FUHEUTE BF Al os wESE
okl &7 Al -12 Hkglelar o 9] & A Ay Th

0 #x

If some of the base classes implements the GC protocol and the provided type does not include the
Py _TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from its
parents. On the contrary, if the type being created does include pPy_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)
ke gk Al 22, Part of the H7 ABI WA 3.11 ©] & 2, Return the type’ s name. Equivalent to getting
the type’ s __name___ attribute.

Added in version 3.11.

PyObject *PyType_GetQualName (PyTypeObject *type)
Wik zk: A ZZ. Part of the 97 ABI WA 3.11 o] & 2. Return the type’ s qualified name. Equivalent to
getting the type’ s __qualname___ attribute.

Added in version 3.11.

void *PyType_GetSlot (PyTypeObject *type, int slot)

Part of the 274 ABI WA 3.4 o] 3 2. A QA &X ol A7 o 2AHE vk th. 237k nunn
old, &XolnurLo| AY 7t FASHA ¢F2 Wil MR TEH S-S UEdUS TEAE

Ao w AR ZAHE AP T Joe g oA

slot AALS] 7}53F 3k pyType Slot.slot= ZRIA A L.

Added in version 3.4.

WA 3.100 A 7 PyType GetSlot () can now accept all types. Previously, it was limited to heap types.
PyObject *PyType_GetModule (PyTypeObject *type)

Part of the °+7 ABI WA 3.10 0| & &, pyType FromModuleAndsSpec () S AF&3to] &S vHE uf X
A ¥ HEn vE A Bk

FolA P Add BEol Yl2W, TypeError& A4 ML NULL S RER Y TR

ol e dtFH g MANET FYH BES /AL e Hl AHEFEUTE o2 d HA = A,

PyType_GetModule (Py_TYPE (self)) = 9 E 38t A& Wl&35 A & 4

Py_TYPE (self) = 3 ZH A NBE ZHPALd F Jom, B ZYATHIEN 43 2
=2 X
=

=

2 2E ZYH AL obg Ut A EE BYst= FHEE oW pycvethodd TR B
Al L. PyCMethod S AR 4 Q& A= PyType GetModuleByDer () S ZFZRSHA 8.
Added in version 3.9.
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void *PyType_GetModuleState (PyTypeObject *type)

Part of the 2+ ABI WA 3.10 o] £ 2. FojX P A BE AA 9 FHE 3T
PyType_GetModule () BI}ol| PyModule_GetState () & TE&dl= vlE 7F71 Y Yt}
Le W

FAX YA} AAH ZE°| gLOH, TypeErrorg A A 8F2L NUL ok
type©l| AFAH BEo] YA Th AEf7FnuLL o] ¥, ol @] & A A 3HA] 91 nuLLS HHEHE U T
Added in version 3.9.

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.
BES ZES 5 9o, TypeError & WA 7] 2 nuLL S WHEHE Y T

This function is intended to be used together with PyModule GetState () to get module state from slot
methods (such as tp_init or nb_add) and other places where a method’ s defining class cannot be passed
using the PyCMethod calling convention.

Added in version 3.11.

int PyUnstable_Type_AssignVersionTag (PyTypeObject *type)

Bl0ll STE B OIS

e

o] 212 £ 9kA APIL It may change without warning in minor releases.

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or O if a new tag could not be
assigned.

Added in version 3.12.

d

|
Frol P2AE Y 9L wus o Agg YT

0

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyT'ype_Spec *spec, PyObject

*bases)

Partof the 9+ ABI YA 3.12 0] 2 2, spec . & 3§ &S W& WtE3 Ut} (Py TPFLAGS HEAPTYPE-S
F A R).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL, the metaclass
is derived from bases (or Py_tp_basels] slots if bases is NULL, see below).

Metaclasses that override t p_new are not supported, except if tp_new is NULL. (For backwards compatibility,
other PyType_From* functions allow such metaclasses. They ignore t p_new, which may result in incomplete
initialization. This is deprecated and in Python 3.14+ such metaclasses will not be supported.)

Hl ol S e 28 A shE Tl bases AAHE AHE D 5 YU Th sty S|~ e Sl FEL
4 AFUTE bases7} NULL ©| |, Py_tp_bases 5 ©] th4l Ab-&-F Utk 1 T8k NuLL o] ¥, Py_tp_base
&2 o] Al AR F YT 2 E 3 nurno] W, A 8L object o A FHAH U T

module AR A 2227} Ao H BES 753 o) A8 4 QTR 2E Aol o of
gtk nurro] oy, BE2 A F3 AAEH M Uz ol pyType GetModule () 2 7FAE = YHY
th ddd EE2 A H FH a0 AEEA dauth 24 2l 2ol tisl g Ao w ZI%OHOF?:MD}.
o] e ME2L Foll pyType Ready () & TEFUTH

Note that this function does not fully match the behavior of calling type () or using the class statement.

With user-provided base types or metaclasses, prefer calling type (or the metaclass) over PyType_From*
functions. Specifically:

e _ new__ () isnot called on the new class (and it must be set to type._ new_ ).

118
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e __init__ () isnot called on the new class.
e __init_subclass__ () is not called on any bases.
e _ set_name__ () is not called on new descriptors.

Added in version 3.12.

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

vk zk: A ZX. Part of the ¢+7 ABI B A 3.10 ©)& E. pyType_FromMetaclass (NULL, module,

spec, bases) 2} ES=3 T}
Added in version 3.9.

¥ A 3.109]| 4] ¥ 7 : The function now accepts a single class as the bases argument and NULL as the tp_doc
slot.

H A 3.129 4] ¥ 7 : The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

wisk gk Af ZZE. Part of the 2+ ABI B A 3.3 o] 3 &, PyType_ FromMetaclass (NULL, NULL,
spec, bases) 2 ZE3Ht}

Added in version 3.3.

W A 3.129]| 4] M 7 The function now finds and uses a metaclass corresponding to the provided base classes.
Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

PyObject *PyType_FromSpec (PyType_Spec *spec)

wkEL gk A ZZ. Part of the 4 ABL PyType_FromMetaclass (NULL, NULL, spec, NULL) %2} %
U

A 3.129)| 4] ¥ 7 The function now finds and uses a metaclass corresponding to the base classes provided
in Py_tp_basels] slots. Previously, only t ype instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes whose
metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.

type PyType_Spec

Part of the 7 ABI (including all members). & 2] P 5 A ol st= L ZA.
const char *name

¥ 9] o] &, pyTypeobject . tp_named 2 A = o] AFEH Ut}
int basicsize

FT, AAEH 2] vpo|E = 375 A Z YT pyTypeobject.tp_basicsized AR e

o A8yt
If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition to the
superclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory reserved this
way. For negative basicsize, Python will insert padding when needed to meet tp_basicsize’s
alignment requirements.

¥ A 3.129]| A A 7 : Previously, this field could not be negative.

8.1.
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int itemsize

7V 37] 2] 8t R 29 v}o|E 4~ A V). PyTypeObject.tp_itemsizes AASH= o AFESE
Utk 32 A2 tp_itemsize APAE FR A 2.

If zero, tp_itemsize is inherited. Extending arbitrary variable-sized classes is dangerous, since some
types use a fixed offset for variable-sized memory, which can then overlap fixed-sized memory used by a
subclass. To help prevent mistakes, inheriting itemsize is only possible in the following situations:

o Wloj2as 7 7| 7F ok Ut (tp_itemsize YU TH.

o The requested PyType_Spec.basicsize is positive, suggesting that the memory layout of the
base class is known.

o The requested Py Type Spec.basicsize is zero, suggesting that the subclass does not access the
instance’ s memory directly.

o With the py_71PFLAGS_1TEMS_AT_END flag.
unsigned int flags
Z I, pyTypeObject.tp_flagss AR d= o] AFEEH YT

Py_TPFLAGS_HEAPTYPE Z | 17} A AT o] QA %O, pyType FromSpeciithBases () 7}

Aser SHaE 2RI

PyType_Slot *slots
pPyType_Slot XA WG, &4+ EF3k (0, nurLrol 98 T Yth
Each slot ID should be specified at most once.

type PyType_Slot
Part of the °+73 ABI (including all members). @ 2] MBI A 7|5 A ste +Z2A, €F DY 3 =<
B & 233yt
int slot

<= 1D.

£ 5 IDE F Z2 A PyTypeObject, PyNumberMethods, PySequenceMethods,
PyMappingMethods E—l PyAsyncMethods 9] J= 0]%"“ Py_ Zd.—‘?—/\}e 29l O]E‘% }‘}“g‘

Ut A& S0,
e PyTypeObject. tpﬁdealloc% /;:-ixé 5= Py_tp_dealloc
e PyNumberMethods. nb_addZ é—;_! 7§ _]'-E Py_nb_add
e PySequenceMethods.sq lengths AA3}t= Py_sq length
2 “offset” W=+ pyType Slot& AFR3] AAS 4 54Ut
e tp weaklistoffset (7F5 8} WAl Py TPFLAGS MANAGED WEAKREFS AFZ3IA L)
o tp dictoffset (7F53dtA Al Py TPFLAGS MANAGED DICTE AF2-3A| L)
e tp_vectorcall_ offset (PyMemberDefoll| A "__vectorcalloffset_ "E AF&3}AR)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to support Python older
than 3.12), specify the offset in Py_tp_members. See PyMemberDef documentation for details.

te BE: Y YL s w AF AT 5 gtk
e tp vectorcall (tp_new SHEE tp_initS AFEIIAILR)
. LH—‘?'— g tp_dict, tp_mro, tp_cache, tp_subclasses 92 ¢ tp_weaklist.

=
A7 ZAFN X py_tp_basest Py_tp baseE AR dHE Z o] —.—xﬂ 7tE ¢ syt &
AE st d, HA pyType FromSpeciithBases () & bases QA A= /\}%3}’{:} Al L.

WA 3904 ¥ PyBufferProcsA S5 L2 A3 gl= APIOA] A S 4 95T
WA 31104 W7 br_gethurrer and bf_releasebuffer are now available under the limited
API.
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void *pfunc
29 A FYUTH YRR AL Tl T AN AU T

Slots other than Py_tp_doc may not be NULL.

8.1.2 None ZHA|

None o] H) 8t PyTypeobjectE 3O R/C APINA A &5 A &
(CHAA —& B3N A) A7 ofolAE| eI & AAE Aoz FHE
47t g,

PyObject *Py_None

t}. None2 A ZFEo]7] u] &
z ] & PyNone_Check ()

Loy
fLo
me
flo

(]

The Python None object, denoting lack of value. This object has no methods and is immortal.
W A 3.120 4 ¥ A: py_None is immortal.

Py_RETURN_NONE
Fhol A py_Nones HFEHEU T

8.2 =XI ZHH|
8.2.1 X4 |

E AT 999 2719 “long” A4 AAZE FHH YT

of & Al, 22| pyLong_as* APIE AR FE T 4 Q& (return type)-12 MU T4
A A A PyErr_oOccurred() & A3 Al &

tjo

type PyLongObject
Part of the A SHE API (as an opaque struct). ©] Pyobject] A B G ulo]| W A AAE YepH U}

PyTypeObject PyLong_Type
Part of the ¢+7 ABL ©] pyTypeobject Q1B 2= vlo]l W A4 &S e iUt o] AL gol A
A9 inc ot 22 AA At

int PyLong_Check (PyObject *p)
AAF7} PyLongobject Ot PyLongobject & A B & oW g Wkttt o] F= 34 4339
Jet.

int PyLong_CheckExact (PyObject *p)
QI 27} PyLongobject O] A WF PyLongobjectS] A H & o] ofy
A2

PyObject *PyLong_FromLong (long v)
wrek 7k A 2. Part of the 9V ABL vZ K ¥] A pPyLongobject A S vHEst A U, A 9 54 NULL
S mEgh,
A FAL 59256 Abolo] 2E Aol sl A AA L] wid S FAZUS o] Aol A=
ArE s AA 2= 71 AA ‘41 PR R o

PyObject *PyLong_FromUnsignedLong (unsigned long v)
wiEzk: A 2R, Part of the 917 ABL C unsigned long 2 Z2FE] A PyLongobject AR E ¥I3H3}
A}, ) 5he woLLg WHEh o,

PyObject *PyLong_FromSsize_t (Py_ssize_t V)
wrEzk: A ZZ. Part of the 9+ ABL C Py _ssize tZ8E A pyLongobject A S ¥H335}A L
A st nuLL & W o

PyObject *PyLong_FromSize_t (size_t V)
vz A ZZE. Part of the 2+ ABI. C size_ t Z2EE] A PyLongobject AA|E HFE3 AL Al T
3HH NULLS RESHEU T

as)
ks
filo
r]I.
rlt
i
<
v
o
%
-
rlr
o
ox
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PyObject *PyLong_FromLongLong (long long v)
vzl A ZFZ. Part of the F4 ABL C long long 22X E| A pyrongobject AAE ¥E35}A U
A st nuLL & W o

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
v sz A ZFZ. Part of the 97 ABL C unsigned long long L ZXE| A PyLongobject A S
Rhebst A, A sl st nuin = R Tk

PyObject *PyLong_FromDouble (double v)
WSk zk: A B R, Part of the 9+ ABIL v A4 BB 0 2 BE) X pyrongobiect AR S wFE3 ALY,
A9 & UL TR T

PyObject *PyLong_FromString (const char *str, char **pend, int base)
Wbk zh: A ZZ. Part of the 9V ABL str®] X149 2k 7|9F0. 2 3t A PyLongobjectE WHEFSLA U
A3 S NoLL S BT B4 gL base] A (7199 o whet 34 Utk pend 7k wuLL o]
OFUH, *pend= A3 Aol sr®] £ 7Hel 713, ol 2] Aloll H2ld = Al A AR S 7HE 7]
Ytk base7} 0 0] |, sir-& integers 7§ o] 5 A&l Al 3] A H Utk ojmf, 0] ofd A4 A3 0
ValueError& WA U Th base7} 00] oF U ®, 29} 36 Ako]of] Jlojof stn, FAE 3t
Ayt 58 T A5 A A F o} 57 Aol o] B WELS EAT UL £2F QAL srol
S2}9} T8 Full F o] NULL-Z 8 8} 92, valueError 7} ¥HA 3 T}

& TR

Python methods int.to_bytes () and int.from_bytes () to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObiject (PyObject *u, int base)
Hhshgh A FE ZBRG well e FUIZE A A/ AAE Sho]H Ao g HEd Y
Added in version 3.3.

PyObject *PyLong_FromVoidPtr (void *p)

urskzk: A FR. Part of the 943 ABL Z Q¥ p2RE FolH F4E wr5 Utk 2 QEH e
PyLong AsvVoidptr ()5 AHE3te] AR A 23 & 4 JlFUth

o

long PyLong_AsLong (PyObject *obj)
Part of the S+ ABL 0bj2] C long B3-S ¥ T} 0bj 7} PyLongobject®] AAE A 7F oL H,
(AFH) HA] __index_ () HIAEE 555} PyLongobject 2 WHESH T}

obj 2] 3ol 1ong?] WM E ¥ overflowError & WAAA| A YTh

o g Al -1 S gttt B3 AL A A W pyErr occurred () 2 AL AN L.
WA 380A HA: AT = QLe™  index () B AREEYTH

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

long PyLong_AS_LONG (PyObject *0obj)
A soft deprecated alias. Exactly equivalent to the preferred PyLong_AsLong. In particular, it can fail
with OverflowError or another exception.

WA 3.14 5 €] 5 x| = : The function is soft deprecated.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)
Part of the V7 ABL 0bj2] C long 8-S ¥t} 0bj 7} PyLongobject®] AASE A 7F oL H,
(AFH) HA] _ index_ () HIANEE 55} PyLongobjectE WHESH T}
obj 2] Zko] LonGg_Max H T} I A} noNe_MINE T} 20 W, *overflowE ZtZb 10|y -1 2 A A S}l -1
= WU 234 oFo W, foverflows 002 AAdUTH thE o 2] 7L A s FoverflowE 0
o2 4Ren 18 oo 2ol wATht

o 8] Al -1 W3Sttt R3S A ASEE pyErr Occurred () S AFLFAAAN L.
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WA 3804 MA: ARG = O index_ () & AFEFYTH
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
long long PyLong_AsLongLong (PyObject *0obj)

Part of the 2+73 ABL 0bj2] C long long A2 WFEg Ut} 0bj7} PyLongobjectd Q2" AT}
ol W, (ATHH) WA _ index_ () HAEE TE3HY PyLongObject® LiRig-igBas

obj2] Zk°] 1ong long? WHE ¥lo]u}H overflowErrorE WA Al 7Y T}
o g Al -1 MBI REAS A AW pyrrr occurred () S AEIHAIA L
WA 3804 M AT o™ index () E AR EUTH
H A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

Part of the 2+7 ABL 0bj2] C long long A Y3t} obj 7} Pyrongobject? QAAEH A7}
obUd, (UthA) WA __index__ () WA EE ZTE3t9] pyLongobject ® WU T

obj 2] Zro] Lronc_MAax ®H Tt} I A Y 1LoNG MINKE T 2F o W *overflowE Zh2zh 1o]U -1 &2 A A3
-1 WSSt T 28R 9F oW, foverflowE 002 ARt T2 o 2] 7} S S Foverflow S
008 AAstal -1& Faef 2ol viskghoh

o Al -1& w3ttt REAS A ASE Y pyErr Occurred () S AFEBHAAl L
Added in version 3.2.
WA 3804 WA AT o™ index () E AR FUTH
W A 3.109)| A ¥ 7 : This function will no longer use __int__ ().
Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Part of the 2+73 ABL pylong®] C Py_ssize_t &S Wt} pylong PyLongobject?] A2HE

2ofof ghth
pylong ] %)\'O] Py ssize t2] W& WU overflowError& WA A Y Th
o Al -1 w33t th RS AL A A pyErr occurred() S AR Al £

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

Part of the Q7 ABL pylong®] C unsigned long XS WrEsHUt} pylongS PyLongobject?] 9
¥ 2ol o ek

pylong @] Zk°] unsigned long® WHE Bl oJ U overflowErrorE WA Al 7Y T

of| #] Al (unsigned long)-1S ¥ Uttt Re XS A ASIE Y PyErr_oOccurred () & AFESHA
Al L.

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the °+7J ABL. pylong®] C size_t S Y3 T} pylongS PyLongobject 2] AXE A o] of
3ot
H .

pylong?] 3te] size_t 2] WHE WolUd overflowkrrorg WA U Th.

& Al (size_t)-1S W& YUTH B3 A S A AW pyErr Occurred () & AFEIIAHAI L
unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)

Part of the 2+7J ABL pylong®] Cunsigned long long X3S W33t} pylong2 PyLongobject ]

AAE A ofof Tt

pylong 2] Zk°] unsigned long long?] W E Hloj U overflowErrorS A A A Yt}

o 2] A] (unsigned long long)-1< WIstgtUth Re XS A A PyErr_occurred () S AF
g3haAle

W2 3,194 W7: 2] pylong= oAl Typesrror 7k oFu e} over flownrror & WA U T,

8.2. ==X A 123



The Python/C API, Z2|A 3.12.11

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Part of the 2+7J ABL. 0bj2] Cunsigned long E S ¥ T} 0bj 7} PyLongobject ] AAE AT}
ol W, (ATthA) WA _ index_ () HIAEE SZ31 pPyLongobjectE WESH T}

0bj2] Zko] unsigned long®] WSS Wojbd, 1 3o RE 2 vroNg_MaX + 1 Y-S uksksh )

ol Al (unsigned long)-1= WU BREAS A A E ryErr Occurred() & A3
Al L.

A 38NN W AEF S JOW _index () F AEHYTH
HZ 3.109| A ¥ 7 : This function will no longer use __int__ ().

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obj)
Part of the 97 ABL 0bj2] C unsigned long long XA ¥WFEgU T} obj7} PyLongobject?] <1
2927} oh L, (ATH) WA index_ () WA EE BE50] £ymongonject 2 METH o

obj®] Fk°] unsigned long long® W& WU, 11 o] 5= vLLoNG_Max + 1 3HZ vhsh

.

o #] A] (unsigned long long)-1< WIsgtUth RS A A PyErr_occurred () & AF
2344 2.

A 38NN WG AEF S JOW _index () F AEHYTH

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

ot

double PyLong_AsDouble (PyObject *pylong)

Part of the 2+7 ABL. pylong 2] C double & 82 WI33HU T} pylong-S PyLongobject 2] A2El A o] of
3o,

pylongfl] Zko] doubled] HYE Blo]UH overflowErrorS 23 Al Z U T}
A Al -1.0S &G TH REAS AABEE pyrrr Occurred () & AR A A L.
void *PyLong_AsVoidPtr (PyObject *pylong)
overflourror 7 MAFFITh, O AL pyrong rronvoiarts () 2 W5 0171 kol Bl A ek A3
% 9 voia ZAEE AR Ao] RAH UL}
ol Al NuLLS WU T RS AS A ASH W pyErr_occurred () & AFRSHY A L.
PyObject *PyLong_GetInfo (void)

Part of the 2+% ABL On success, return a read only named tuple, that holds information about Python’ s
internal representation of integers. See sys.int_info for description of individual fields.

On failure, return NULL with an exception set.
Added in version 3.1.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

o] 21 & 9k API It may change without warning in minor releases.

Return 1 if op is compact, 0 otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small integers. For
compact values use PyUnstable_ILong_CompactValue (); for others fall back to a PyLong_As* function
or callingint.to_bytes().

The speedup is expected to be negligible for most users.
Exactly what values are considered compact is an implementation detail and is subject to change.

Added in version 3.12.
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Py_ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

o] 21 E 9kA APIL It may change without warning in minor releases.

If op is compact, as determined by PyUnstable Long IsCompact (), return its value.
Otherwise, the return value is undefined.

Added in version 3.12.

8.2.2 Ec| XA

sholfel A 2 AL B4 Au
Uk mebA Qube ol A4 B AL
%k

PyTypeObject PyBool_Type

g

Za2 FIAF YL Py Falselt Py TruedtE F 9 REW 9}]\
) Frs Bgol 4857 Uk deuthe azE

Part of the 27 ABL This instance of PyTypeObject represents the Python boolean type; it is the same
object as bool in the Python layer.

int PyBool_Check (PyObject *0)
o7} pyBool_Type B ol = SHF U o] e FAATH UL
PyObject *Py_False
The Python False object. This object has no methods and is immortal.
WA 3.120 4 W A: py_Falseisimmortal.
PyObject *Py_True
The Python True object. This object has no methods and is immortal.
A 3.1200 4 HA: py_Trueis immortal.
Py_RETURN_FALSE
ol A Py _ralsed WU T
Py_RETURN_TRUE
o A Py Trues WHEE U T
PyObject *PyBool_FromLong (long v)
WSk A ZZ. Part of the 9+ ABL ve] =g gkl Wk} Py True YW Py _False

i

SR
8.2.3 HE ALK 2|

type PyFloatObject
o] pyonjecte] A B P& stoll HE 254 AAE ey th

PyTypeObject PyFloat_Type
Part of the 217 ABL ©] pyTypeobiect AAE 2k sho] Al BE 4257 ¥ UehdUh o 2L
g}ol W Ao A float 9} 2L AA YTt

int PyFloat_Check (PyObject *p)
?_121-7]- PyFloatObject Y PyFloatObject ] A‘]E 3 o] ] ?:1’% K 33?}‘4 t}. o] ?:}‘/l\—“f I ! %@'
Utk

int PyFloat_CheckExact (PyObject *p)
A} 7} PyFioatobject O| A Bk pyFloatobjectd A B F2 ol W FL ¥i3tght). o] st 3}

4 43 EU,
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PyObject *PyFloat_FromString (PyObject *str)
gk gk A 2. Part of the 2474 ABL stro] £ 2+E 32 7IRFC. & pyrloatobject AAE THE A,
Al 9)] 3} NULL.

PyObject *PyFloat_FromDouble (double v)
w3k gk A ZHZ. Part of the 9+ ABL vEX¥] pyricatobject AR S w5 A}, A9 34 nuLL.

double PyFloat_AsDouble (PyObject *pyfloat)

Part of the 2+ ABL pyfloat 2] W& 2] C double A WtEsUt). pyfloat7} sho)l W B3 4~ 44
AA 7 oI AR float_ () WINEZL YW, pyfloatS float & H33}7] Y8l o] v A =7} WA
SEHULL _rioar (7 R 95508 inde 0 2 ORI o WAL A3

-1. 02 W3S Z, PyErr Occurred() S T&3] o|HE Q—Cd 3 oF Tk
WA 38A A AT 4 o™ index () EAREFUTH
double PyFloat_AS_DOUBLE (PyObject *pytloat)
ol & AAF Qo] pyfloar & U&2] C double T &S WH3Fah o}
PyObject *PyFloat_GetInfo (void)
vk gk A ZHZ. Part of the ©+7 ABL floato] A%, F 43k, 2 A gkol &t B E 233k structseq
Axdxrs EFUT 8l 9 float.hE ZAFE eF2 A YUt
double PyFloat_GetMax ()
Part of the 2+ ABL H o] 8 7}5 3 83} float DBL_MAXE C double & ¥F8HE T},

double PyFloat_GetMin ()
Part of the ¢+7 ABI. 3 4 A 73} (normalized) %2 float DBL,_MINE- C double & ¥F3}FSHU T}

Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values as byte
strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce a C double
from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms, the
2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is identical to
the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64 double precision
format, although the packing of INFs and NaNs (if such things exist on the platform) isn’ t handled correctly, and
attempting to unpack a bytes string containing an IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all values can be
packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values can be unpacked. What
happens in such cases is partly accidental (alas).

Added in version 3.11.

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
0 on little endian processor.

Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if x is a NaN or infinity.

e —0.0 and +0. 0 produce the same bytes string.

int PyFloat_Pack2 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.
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int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is in
little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p). The
PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor, or 0 on little
endian processor.

Return value: The unpacked double. On error, this is -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.

8.24 544 A

gpol o] Har A= CAPIOA B o 7 78 b Joz FAFUrh stvh= stold =2 T
=29 vhojd AA ol AL, thE stube AA Ha S ghE UEtlE C F2AQUTH APIE F 7HA BFE
A A= FrEATIUL

C TXNZEML Bap
A 2 o2 e 2 A E Wols ol il AR widtetE s AHE FE GRS HTE g
2 thE U th o] API AA| oA Q3P ok
type Py_complex
ghol W Bag AA Y g BE HFee C FRA. Bas AXE OFE UREE F5E o F9
TERAE Y == %ﬁ oz AAsHA A F T

double real

double imag

T2AE e} 2ol Ao gtk

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)

Cry_complex E@S ARR o] F Hao] e vhaghy ok
Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
Cry_complex @S AHE 8t} F Hago) Aol & wbskghyth

Py_complex _Py_c_neg (Py_complex num)
Cry_complex EHG AHESF] Has numo) 52 TE Hagyoh

8.2. ==X A 127



The Python/C API, Z2|A 3.12.11

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
Cry complex RS AHESto] 7 BAago] Fo WUk
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
Cry complex TS AHESto] 7 Bago] o ey
divisor7F nullo] ¥, o] Ml == 02 W36l 1, errnoS EpoM O 2 A A Sk o}
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
C Py _complex A S AFR3F] num 2| exp A5 A< 9yt
num©| null ©] 1 exp7} %2] A7} by, o] WA == 02 Wkl errnoS EDoM O 2 A A T}

IO HMEB ML 54

type PyComplexObject
shold B4 AR FEE propece o] AH .

PyTypeObject PyComplex_Type
Part of the °+7 ABL ©] pyTypeobject AAE A= glo]H B4 4 &S eEbH Ut) dho]H Al =9
complex} 2+ AR Ut}

int PyComplex_Check (PyObject *p)
?_]X]-ﬂ- PyComplexObject W PyComplexObject?] /\‘]E'. 3 o] | 7;‘:]"% ‘3‘_%]'_;‘:}‘4 = A '51;]{—/?—36 iy
e

int PyComplex_CheckExact (PyObject *p)

Q1 A} 7} PyCcomplexObject ©] A| W}, PycomplexObjectd] A H {3 o] o Z+
St = SFAF Al Sk o)

o
(L
g
%
L
Iy}
o

PyObject *PyComplex_FromCComplex (Py_complex v)
Hhhgk: A FE. C py_complex O E MER ol HAg AA S vbEUTH odHH o9&
478kl nuLL& WFEHR Y T

PyObject *PyComplex_FromDoubles (double real, double imag)
w7k A 2. Part of the 97 ABL real & imag 2 M 22 PyComplexobject RS ¥ o}
o2l of| &1 & AR et nurLS WHEHH T

double PyComplex_RealAsDouble (PyObject *op)
Part of the V7 ABL op2] AR5 C double & WHE- U T}
Afjstd, o] MIX = o9& At -1. 02 WU T PyErr Occurred()E ZE8H oHE
ol of gk,

double PyComplex_ImagAsDouble (PyObject *op)
Part of the 4 ABL opd] 455 C double  HFSFSHU T}

Py_complex PyComplex_AsCComplex (PyObject *op)
845 0pe] py_complex & WEFHI T,

op7t Bol W B A AR 7L obUA ¥ complex () HIAE7F IO, o] A =L WA opE T
o Had AAE MEE ilﬂﬂciizﬂﬂwgimefoﬂ@ﬂﬂﬂ%%EH
_ float_ ()2 AITYLE _ float () ZF BLE A Lo W  index () & ohA )
A, o]l MAE: oS AR reals -1.022 AAT py_complexE WHEF Y Th
PyErr Occurred ()& EEH}-O:] Oﬂﬁﬂ =2 3ol &f oF g}

HZA 380 HA: A 4 Qb _ index () & AR UTH
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8.3 A|RA ZHK|

A AR T3 Qb ol Q4R o) A Aol A =0 YT o] Aol A Thold dlofo] LT 57
S50 A AR E FEUT

8.3.1 HIO|ELY ZHA|
o] S HolEG i) W7t B wf vlo]E G o] opd wi7) W42 S E 6 TypeError &
AR,
type PyBytesObject
o] pyobject®] A B §-& o]yl nlo]E D AAE e Y Th
PyTypeObject PyBytes_Type
Part of the 2t7d ABL ©] PyTypeobject?] AI2E A= Flo] A vlo|EE & YeE YT stol s
A5 bytes & 22 AA YUt
int PyBytes_Check (PyObject *0)

A7 o7k vhol EQ AR o] A} Hlo| £ Fo] Au Fe] o
P 42

o

e
o
2
r |
i)
v
v
o
b
5
rr

int PyBytes_CheckExact (PyObject *0)

A7) 07} vo| =& A o A8, upe| EA W) A1 o] AAB AL ohH
e A AT T

ks
o
L
r 0
%
<
k)
o

PyObject *PyBytes_FromString (const char *v)
wWkskgk: A ZHZ. Partof the SV ABL AA3-5Hd o2 v BRG] BEALE S Zh= A vnlo]|Ed AA &
Whehelar, A s ohE nuLn g WHEERRU T v ) ¥ vE NuLL o] ok ol of Tt AAFSEA] ks Tt

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
R A FE. Partof the 91 ABL T3 ghol vEAH12] #AHE 0] 3L Dol Fhiens) A o] £
A whebekar, Asf st nuiLg B Th vZknuLn o) |, vhol EE AR o] W82 271315 A
HaclRie s

PyObject *PyBytes_FromFormat (const char *format, ...)
982k Al BZ. Part of the % ABL Cprint £ ()-2~EFD formar EAFA 3} 748 7]42] 9172 kol
Al, A3} shol i vlo] E A AR ] A7) 5 ALbelal 2 Qholl gro] X E vlo] Ed A& vkt
718 Q1A= C @ o] o of 31 formar £ A} Dol Q= 2 FAE T} 2] th g oF FuTh 35 =
Z9 22 e 25k

EEIE EX i

%% n/a e % EA}.

%c int e HlolE, CintE EAE U h

sd int printf ("sd") & 553 Y t}.!

Su unsigned int | printf ("su") 2} TS5 ct!

$1d long printf("s1d") &} 55 ct!

$1u unsigned long | printf ("%lu") ¢ S5t

Szd Py _ssize t | printf ("s$zd") ¢} 53}t

Szu size_t printf ("szu") & S5 Ft.!

1 int printf ("$i") 94—%%@'\4\3]-.1

$x int printf ("sx") & S5 c).!

%s const char* ‘é % g2C —rZ]— .

Sp const void* FOEHYJ 16T XA, ZAEZY printt 7} o]H AIE YE=X 9
”J:}‘” ol B8 ox & Al Agteo] R Y= He Al stare A9
printf ("ep") 25 I

' A AR, v, 1d, o, 2d, 20, i, ) o A 0-8 S S AAEE AFAE 4TS wHUTh
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Eo A B9 AL YolA RRo) B E A3) Axo] 1r)® BAPE A BhE W,

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
MLEgh: A BE. Part of the 9% ABL A3 F A9 AAE HAthe AL AL
PyBytes_FromFormat ()3 Z+5 Ut}

PyObject *PyBytes_FromObject (PyObject *0)
Wk A Z2. Part of the 974 ABL W3 Z2 B 28 T3l A4 0] vlolEE AL whsg
U,

Py_ssize_t PyBytes_Size (PyObject ¥0)
Part of the QF7 ABL vlo]EE Al 0] 4 o] & HE3Hth

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
pyBytes Size () 2k AFSHA R o 2] HALZE 5 U th

char *PyBytes_AsString (PyObject *0)
Part of the Q+7 ABL 0] W&ol th gt 22 A E] & RESHE T 2 AE & 1len(o) + 1HIOJER FAHo
of V3 1312 721 I ek 191 2] mh e wjo] £ TR W (null) Wo) = 7} gl A of A glo] At
gAYt AA7F pyBytes_FromStringAndSize (NULL, size) & AFE3}o] Wb w50 A A7}
ohUI e dlol B & 448l A o HUTh 3L s A8l s o U o7bukol = AAI7E o 7,
PyBytes AsString ()< NULLS ¥F3F8}T TypeError& WA Al 71U th

char *PyBytes_AS_STRING (PyObject *string)
PyBytes_AsString ()} FAFSHA| v o & A A} iS5 U T

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the ¢+7 ABL &9 W5 buffer &} length 2 AR obje] @-2 8 W& 93Utk AZF34 o
= Wby oh
length7t nULL O] |, v}o] EH A= W H G utol ESE X
-12 "8 6} valueError = WA A A U T}
buffor-= obje] U 131 & 712l 71 4] = 6, Bl 37} 9 vho] 27} T U Th lengrhol = £ A
o< th. AA| 7} PyBytes_FromStringAndSize (NULL, size) = AFRSlo] W& W&o 2 A7)
oh] vl vl ol B} & 45 A1 o B Th 892 Al A & 2 BT o7} whel 22 A7) ol B
PyBytes_AsStringAndSize ()v= -1 W3S}l TypeError S WA A AU th
W2 3.500 4 B 7: ol oz, vhol 2 AA|o] W whol £ 7} E g o 9.0 Typerror 7k LA
SUT

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the 7 ABL bytes©l| newpart2] Y-85 Sl&£ 2l Al] vlo]|E G AR & *byteso]] WH5 YT T=X}7}
A R2E 25T byess] A gholl e 2 E FRUh Al A7 251 5 92, byves
of &k ol A Frx+= o] 18] W # A 3L *byres ] Fr-> NuLLE A H U th H @3 o9 7 A8 FH Ut

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
Part of the S+ ABL bytes©ol| newpart®] W& SlE< A vfo]E
WAL newpart 28] 715 FxE HAZTUTH (5 F=x S5E ZaAZYUD.

®
>

Ytk wheF ook g

int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)
A way to resize a bytes object even though it is “immutable”. Only use this to build up a brand new bytes
object; don’ t use this if the bytes may already be known in other parts of the code. It is an error to call this
function if the refcount on the input bytes object is not one. Pass the address of an existing bytes object as an
Ivalue (it may be written into), and the new size desired. On success, *byfes holds the resized bytes object and
0 is returned; the address in *bytes may differ from its input value. If the reallocation fails, the original bytes
object at *bytes is deallocated, *bytes is set to NULL, MemoryError is set, and -1 is returned.
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8.3.2 HIO|E HHY ZHX|
type PyByteArrayObject
o] pyobject] A H §-& v}o] A bytearray 23 S e Ut}

PyTypeObject PyByteArray_Type

Part of the V7 ABL ©] pyTypeobiect QA AE A= Tho] R bytearray 32 LFEFH U T} 3ol A A2 9]
bytearray &} 22 AA| JUth

3 ZAloja=z

int PyByteArray_Check (PyObject *0)
A 07} bytearray 2] A ©] 7 L} bytearray F 2] A2 & A2 AW S wbEshc). o] g A

Qg
int PyByteArray_CheckExact (PyObject *0)
A2 07} bytearray 2 A ©] A Tk, bytearray 3 ] A B & AA® A= oby ¥ 3 HEgkhU T o] 4
FA A2 .
2% API 84
PyObject *PyByteArray FromObject (PyObject *0)
W A B2 Partof he 2L ABL VIS 22 2T FHIE Y4 AN 02 RE HA 22
bytearray 2 A & & & Ut}
Ao 3HH, nuLL S WHEHEH L o 9] & A A P o
PyObject *PyByteArray FromStringAndSize (const char *string, Py_ssize_t len)
WSk A 22, Part of the €+7 ABL string@} 1 Z o] (len) & M 22 bytearray 2} 2| S 25 4 t}.
A HE, nuLL S WHEHEH T o &) & A A Pt
PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
W2 gk: A X, Part of the °F7 ABL BFol E vl a £} bE o] o] 2 o] A 22 bytearray & WH2Heh ] T}
A9 &9, nuLL S RESFe L o 9] & A ok
Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the $+7 ABL NULL Z QB & 313} S hyrearray ] 3 7] wka3hu o},
char *PyByteArray_AsString (PyObject *bytearray)

Part of the ¢+ ABIL NULL Z Q1B & &9 3l & bytearray] W& S char v € & vidgh o} ¥13E =
o= g o8 g 3}0157} F7Fg .

int PyByteArray_ Resize (PyObject *bytearray, Py_ssize_t len)
Part of the QA ABL. bytearray®] W5 W H ] 27| & len 02 Z A 3T},

a2
olMiAREEEE A HHS A EUHE FAsHA Fs T
char *PyByteArray_ AS_STRING (PyObject *bytearray)

PyByteArray_ AsString() 3’»]- -?r}\}%]'xl ols Oﬂ a = 7&‘ *}ﬂﬂ %J;Q 1’] 1’/]—

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
PyByteArray_ Size ()&} FAFSHA| Bk o 8] & AAFSHA] &5 U T
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8.3.3 |LIZE ZHt A

FLIZE Zx|

sho] 3,30 4 PEP 393 7@ ol %, #UTE AAE YR oz thopet B8-S A185te] A4 §
UIE A 098 Ae A Mne 84S AT BE ZE £AET} 128, 256 E 65536
ujehel Eaido] ek SH S A9} auth 2194 gow, BE mlEE 1114112 (A4 $URE

319) v who] o] of ).

UTF-8 representation is created on demand and cached in the Unicode object.

0 Iz

Py _UNICODE 8L 3 X E APIS} &7 5ho] A 3.120) A A A= Q& th XA 3 J H = PEP 623&

CELRRES

FLZEH

S oA FUZE T AMEE = 7|2 FUZE AR FFUTh:
type Py_UCS4
type Py_UCS2
type Py_UCS1
Part of the 973 ABIL ©] § &2 7]
B4 G2 92 typedef YUTh A FUDE R4 AT wht, py 005 A AL,
Added in version 3.3.

type Py_UNICODE
o] AL ZHEZo et 168 E o]} 321 E F Ql wehar_t 2] typedef YU th
W 33004 WA o] A WA A, o] Z-2 W= A] FFo] M9 “UY 22 (narrow)” L} “2}o] = (wide)”
FUTE WA F o= 212 AP LA o wheh 168 = @ o]k 328 E Fol g5y h.

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
o] pyobject Al B FEL ol FUIE A S vep it A
A elots BE APL <77t pyobject ZYUEHE F 5t Wighstng 2
Added in version 3.3.

PyTypeObject PyUnicode_Type
Part of the °+7 ABIL. ©] pyTypeobject A 2B A= go| W FUIE &S YERH YT Tho] W T & o
str2 ==Yt
T} APLE W2 AALE el S RE A7 U3 97 B8 olo]Elol Al 2 ek o ALe R 4 gl
Culz e} A elerel ok
int PyUnicode_Check (PyObject *obj)
AA obj7 TUFTE AA ] At FUFTE A B F o JIAE 2ol g vkttt o] 3hp = 4
4EdUTh
int PyUnicode_CheckExact (PyObject *obj)
AA obj7t fTUTE AA o] AR, A B P I A7 obY W 2 w3t o] 4= 34
4EdYth

int PyUnicode_READY (PyObject *unicode)

=

Returns 0. This API is kept only for backward compatibility.
Added in version 3.3.
W7 3,105 A 9: o] APIE o] 4 3125 F o} A% 2387 g,
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Py_ssize_t PyUnicode_GET_LENGTH (PyObject *unicode)
SUIE EALo dol& F& AE & w33 th unicode= “7 A (canonical)” 39 U3
© A7 0] oF g o} (AAFHA] Sk Th.
Added in version 3.3.

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py_UCS?2 *PyUnicode_2BYTE_DATA (PyObject *unicode)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *unicode)
AR B2} A AE 95 UCSI, UCS2 == UCS4 A4 o &2 F|A~E 9 79 A (canonical) 3 3 o]
ek 2QAHE HPi‘rﬂ‘J th 5+ ¥ A (canonical) 3 @ o] SuFE E2F 27 AA] FAAsA] gkF T
PyUnicode KIND ()& AF&3to] 2012 S48 AEsHAA L.

Added in version 3.3.
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
PyUnicode KIND () Wl &29] 7F& wigksh o}
Added in version 3.3.
WA 3.129)| A ¥ A: Pyunicode WCHAR_KIND= A A% ¢l th

int PyUnicode_KIND (PyObject *unicode)
ol U= AAZ}F vl olHE At vl AHE St A 7 HEo]| E 45 WEbYl = PyUnicode 57
A4 & FRIAAL) T st &Yt unicode= “5F 8 Zi (canonical)” £d9 FUIE
A7 o] oF Fu T} (FAVBA] F55 U Th,
Added in version 3.3.

void *PyUnicode_DATA (PyObject *unicode)
A FYZE ¥ 3o B3 void Z AE S W2 T unicode= “7F % # (canonical)” . H 2] U H
T AA A oF FUth (A AR g5 U Th.
Added in version 3.3.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
T+ A (canonical) & & data(PyUnicode DATA () 2 ALt &)of &t} o] g4=

rlo

273 A Ak (sanity
of] &

checks) & 33| Fov, FLoA ALE3L7] 918 A YUtk TEA = U2 STEA S U=
kind 3%3} data 3= A E1 S 7| A] S| oF Ut} index= EAFE 2] A E 2 (00 A Al 2 ) 0] AL value=

ek 1 o] 7] 2 o] of a4z A TE T E gAY Th
Added in version 3.3.
Py_UCS4 pyUnicode_READ (int kind, void *data, Py_ssize_t index)

T+ A (canonical) 3 & data(PyUnicode pATA ()2 A2 Y R) A T= ZAEE &Y Th AN}
FH] (ready) S Z©] 5 ] k5 Ut}

Added in version 3.3.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *unicode, Py_ssize_t index)
“7F % A (canonical)” 3 & o] o oF &=, fr U L E A A unicode| A FAE HFUTE 2] A% H71E
433} pPyUnicode READ () HTF & & /‘q o] Wo] F Ut}

Added in version 3.3.

Py_UCS4 PpyUnicode_MAX_CHAR_VALUE (PyObject *unicode)

“JFH A (canonical)” 3 & o] o] oF B}=, unicode & 7|0 2 T2 EXAE S e =g Ak Y T =
ZJAEE HIEII T} o] 212 A} ZALA] o] A ik E AL S o] E F| OlE e ARG a & YU
Added in version 3.3.
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int PyUnicode_IsIdentifier (PyObject *unicode)

Part of the 27 ABI Ao} oo upgl EALE o] Fa sk Al H o] 1S Wk o), A A identifiers.
82 go oS g T

A 39004 WA FAFL o] FH] (ready) H A] & 3t& W, o] ¥ B py_ratalirror ()8 2F
SHA] FE Ut

FEE s EA AL AT FUTH 7P AR 283 AL shol A A o whel C FHpol M =
3 2

int Py_UNICODE_ISSPACE (Py_UCS4 ch)

ch7h 5 B2 A ol whet 1 o] 1} 02 WHeHEhL ).
int Py_UNICODE_ISLOWER (Py_UCS4 ch)

ch7} 222241 A o] whe} 101} 02 Wk o)
int Py_UNICODE_ISUPPER (Py_UCS4 ch)

ch7} 2 2F Q1A ol whel 1 o)1} oS WFEHg ot
int Py_UNICODE_ISTITLE (Py_UCS4 ch)

ch7} A% A o] 2 F2FQ1 Ao whe} 1 o] uf 02 Wk T
int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)

ch7} 2 vHE B4R o uhe} 1 o)1} oS Wk ok,

int Py_UNICODE_ISDECIMAL (Py_UCS4 ch)

ch7} 1024 741 7] of whek 1 o] u} 02 Whek g ).
int Py_UNICODE_ISDIGIT (Py_UCS4 ch)

ch7} 11 A (digit) & AFA A ol whet 1 o]t o2 Wheh et o)
int Py_UNICODE_ISNUMERIC (Py_UCS4 ch)

ch7} 5= ZH(numeric) & &} A of] w2} 1 o] L} 02 WHEHgH T}
int Py_UNICODE_ISALPHA (Py_UCS4 ch)

ch7} shal 22l A of] wheh 1oL} 02 wkEE L Th
int Py_UNICODE_ISALNUM (Py_UCS4 ch)

ch7} 52 B2 A of] whe} 1 o)1} 0L WhEF o}
int Py_UNICODE_ISPRINTABLE (Py_UCS4 ch)

ch7} str.isprintable () 2] 2Ju]ojlA] 2123f 7}53F Ex}2l A of wpgl 1 o]} 02 ¥hekg o}
he AP WHE 2 B WSkl AL T 4 U th
Py_UCS4 Py_UNICODE_TOLOWER (Py_UCS4 ch)

AfAR HEE F2FchE W o

WA 3.3% €] 5 X5 : This function uses simple case mappings.
Py_UCS4 py_UNICODE_TOUPPER (Py_UCS4 ch)

N2 A3E FAFch g QU o

¥ A 3.35 €] 5| X| 2 : This function uses simple case mappings.
Py_UCS4 Py_UNICODE_TOTITLE (Py UCS4 ch)

AL Ao)l~2 ASH 2 ch s RESHHY T

W A 3.3 5 €] 5 2] 2 : This function uses simple case mappings.
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int Py_UNICODE_TODECIMAL (Py_UCS4 ch)
104 Fo] A4z WA F2 chE WBAFUTE o] Ao] B7sdd 12 HBFUTE o] Fee
o 2] & LA 7 A s T

int Py_UNICODE_TODIGIT (Py_UCS4 ch)
ghate] g ASE F2FchE W T o] 2ol &7
YA 7] A st

double Py_UNICODE_TONUMERIC (Py_UCS4 ch)
mwmamggtﬂm%ﬂ@@udaﬂﬁﬂ%ﬂ%?@-.
DA 71 A ekF YT

5 APLE AF8-31o] A 2 A EE thE 4 AFUTh

int Py_UNICODE_IS_SURROGATE (Py_UCS4 ch)
ch7F 2 A o] E 1A &1t} (0xD800 <= ch <= OxDFFF).

ﬁd
olr
ol
rg
iR
o
rz
et
o
°
T
o
)
r
£
to
il

tjo
rE
riot
i)
A
¥

9L
5

rr
£
o

i

int Py_UNICODE_IS_HIGH_SURROGATE (Py_UCS4 ch)

ch7} 291 A Z2A o] E Q1A &gt} (0xD800 <= ch <= 0xDBFF).
int Py_UNICODE_IS_LOW_SURROGATE (Py_UCS4 ch)

ch7} 3FY A 2 A o] E Q1A 23t} (0xDCO0 <= ch <= 0xDFFF).
Py_UCS4 Py_UNICODE_JOIN_SURROGATES (Py_UCS4 high, Py_UCS4 low)

Join two surrogate characters and return a single py_ UCs4 value. high and low are respectively the leading and
trailing surrogates in a surrogate pair. high must be in the range [0xD800; OxDBFF] and /ow must be in the
range [0xDCO00; OxDFFF].

FUSE AAE 5T 712 D2 G400 A 28hel W The APLE A3 2

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
kgl A 2 A FUZE AAE B U maxchar EAL 00 WA S AA o) = 29
Eojof gyt ZAZLC E, 127, 255, 65535, 1114111 A| Ao A 7V 7M7k& #te g &9 & 4
it
AL A FUDE ANE T ol BFH L AUk ©] T4 A§ o] v
715 23T+ A5 Uth

On error, set an exception and return NULL.

Added in version 3.3.

T x9

N
2
rr

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_f size)
g A Fx FAA kndOh s & pyunicode xkrnp()ol o s WHEH
PyUnicode 1BYTE KIND SYUTTHE MEL SUFZE AAE w5t buffer= kind o] ™
o} EAL 51,2 Anko| £ size 9191 9] ) &S b2l A of gl ok
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).

Added in version 3.3.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py_ssize_tf size)
wksk g2k X ZR. Part of the SV ABL char W ¥ srof| A U T E AR S 9 UT
2 AgE A0 AT YUk Ws A AA o EAg Uk B8 e 25 AA Y 5+ dEuh
Z, tlolH A4 o] 385 A FFYrh

o] &= tha i &2 Aol systembError & WA Y Th:

o size<0,

o
AW
=
o
o
[
r[r

e stris NULL and size > 0
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WA 3.129)| A ¥ A str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString (const char *str)
wEk gk Al 22, Part of the 97 ABL UTF-82 A1 Z Y H 9-FF char 3 sroll A FUIZ = 244
BE U

PyObject *PyUnicode_FromFormat (const char *format, ...)
wrEk 7k A ZZ. Part of the 9+7J ABL Cprintf () -2EFY format BAFQ 3} 7HA 72 ARE 3 &)
A, A ol W FURE FAE 9 271E Axbetal 20 H gho] S0 FAE & R Ut W
AAF= C o] o] oF 81 format ASCH AT H FAA O] T F Ao} A &3] A= oF Tt

e

A conversion specifier contains two or more characters and has the following components, which must occur
in this order:

1. The '%' character, which marks the start of the specifier.
2. Conversion flags (optional), which affect the result of some conversion types.

3. Minimum field width (optional). If specified as an ' *' (asterisk), the actual width is given in the next
argument, which must be of type int, and the object to convert comes after the minimum field width
and optional precision.

4. Precision (optional), given as a '.' (dot) followed by the precision. If specified as '*' (an asterisk),
the actual precision is given in the next argument, which must be of type int, and the value to convert
comes after the precision.

5. Length modifier (optional).
6. Conversion type.

The conversion flag characters are:

Flag Meaning \

0 The conversion will be zero padded for numeric values.
- The converted value is left adjusted (overrides the 0 flag if both are given).

The length modifiers for following integer conversions (d, i, o, u, x, or x) specify the type of the argument
(int by default):

| Modifier & \
1 long =+ unsigned long
11 long long =+ unsigned long long
3 intmax_t B+ uintmax_t
z size t B+ ssize t
t ptrdiff t

The length modifier 1 for following conversions s or v specify that the type of the argument is const
wchar_t*.

The conversion specifiers are:
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Con- E =4

version

Speci-

fier

$ n/a gHE s A

d, i Specified by the The decimal representation of a signed C integer.
length modifier

u Specified by the The decimal representation of an unsigned C integer.
length modifier

o Specified by the The octal representation of an unsigned C integer.
length modifier

X Specified by the The hexadecimal representation of an unsigned C integer (lowercase).
length modifier

X Specified by the The hexadecimal representation of an unsigned C integer (uppercase).
length modifier
int 9 FA}
const char* B Y-Z2 CEXnj4g.
const wchar_t*

P const void* C Z2E9 1634 . ZHAE printt 7} AFESs= &34

FA ol BB B 0x 2 Al &sh= Zlo] RAE T FE Al st d
A printf ("ep") % TS U

A PyObject* asc11() £ 3% 23

U PyObject* SUIE AH.

v PyObject*, const FUIZE AAuiLd = JAFUh e F HA w7 W52 A
char* =+ const 4-F85 CEXul ¥ (33 A vf 7] W7} nunn o] H AREE Y
wchar_t* 1’/]-) .

S PyObject* PyObjecthtr()% 3_’:%7:5_]' él‘ﬂ'
PyObject* PyObject_Repr ()%i%“:’} 7§3’4—

0@ Fx

) 2ol w9 whol E7bobd E4 S AU Th A UE e Bl rasn gl rayn ] Bt

Hpo| E it (Z o] £ A1 0] A5 W) wehar_t @50] 3L (PyObject* OJZVPNULL o|9), "san,

"su", "sst, "sR" E nevr o] FL FAF YU (Pyobiect* AAZFNULL O] oFU ®H).

0 #x

Unlike to C print £ () the 0 flag has effect even when a precision is given for integer conversions (d, i, u,
o, X, Or X).

WA 32004 WA ve11dm 2} re11urof thdt R Do) =71E 5T}

W2 33004 WA vs1in, ne1160 B nesinol B2 A Ho] F7kE g
}HX{ 340“/\-1 }:ﬂﬁ g" IIO/A" "O/U" uo/vn "O/S" nepm oﬂ [:H'{j‘l. ];]H]QJ_ Zé{T%IE_ EUH]‘—H X]%O] _%_7]-
ERPNEEY

H A 3.12 9] 4] ¥ 7 : Support for conversion specifiers o and X. Support for length modifiers j and t. Length
modifiers are now applied to all integer conversions. Length modifier 1 is now applied to conversion specifiers
s and V. Support for variable width and precision *. Support for flag -.

A4 4 gl LW EAE o)A systenrror & AR FUTH o] A Mol A Ui LY £

Az Aol TR BA 3, 27} QA WA 52 Pervin,

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
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Whebgt: Al BE. Parr of the 4 ABL R8s £ 9 AAES HAhe AL A9 oH
PyUnicode_FromFormat ()3} 5 Qg th

PyObject *PyUnicode_FromObiject (PyObject *obj)
Wk A ZZ. Partof the QF ABL Q31H FUIE= A H
AA Al FAFEU T 0bj 7} o] 1] (A E P o] obd) A FUZE A o], AA ol of
FxE vy
FUIZEY o]9] H F o] 2] HAA|= TypeError& WA A Y Th

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
w3k gk A ZHZ. Part of the 9+ ABL Q1Y H A obj S F-UIZE A2 t) ZY )

bytes, bytearray % 7] E]r H]— ]Eoﬂ = ﬁjﬂ =T Z encodingoﬂ II]—B]— errors = 7@-04 St Oﬂﬂ% 7»(4 ﬂ%
8ol O Ut 5 ool B 4 913, o A3 QE o] A5 718 ghE AT T (44
gL g 7 eE B2 L),

FUIE AR E 23 t}E 2 E AA| = TypeError 7 A A EHE
o

API= ol 27} 9l oW nuLL= HHSHHU T S &A= w2 A9 Fx SeE TAaAIZ H o

9%t

const char *PyUnicode_GetDefaultEncoding (void)

JF“
i)
N T
o

Part of the °+% ABL Return the name of the default string encoding, "utf-8". See sys.
getdefaultencoding().

The returned string does not need to be freed, and is valid until interpreter shutdown.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Part of the 9+ ABI WA 3.7 0|3 2. FUFE A9 Zo]E F = ZAEF w3t}
On error, set an exception and return —1.

Added in version 3.3.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)
FRYDE AN BE A2 EAE AT, o) Yo dashd g AL 22
7} 8 memepy () = EWFUTH o8 Al -1& WHghsl L o & AR YT 28R ko
A5 vEE Y )

Added in version 3.3.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
B2 EAE S AUt fill_char& unicode [start:start+length] o &Y Th
fil_chare] £A4 At} EARTE AL, B4 F ol 49 F27 0@ APk
58 B8 BB AL, o 8 A -1 S WasE o9 S AN P T
Added in version 3.3.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)

FPart of the 2+7 ABI {7 3.7 o] & 2. AL ol ZAE FUTH AL 2 pyUnicode _New () S 53
DEAAFFUTE FUTZE FALEL EROJEE, fx}"é% Tt AL o} 2] B A] BHA] Qkotok
it

H

o] 4= unicode 7k FUZE AAAA, Ae| 271 W92 Blol kA, AR 7L A 42 5
A=A (&, Fx 357H19A) AT

AE A 0, ol Al A& E AA A -1 WY T
Added in version 3.3.
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Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)

Part of the 273 ABI WA 3.7 o] 3 &2, ZAtF ol A #AHE el5Uth o] & o
PyUnicode READ_CHAR () 2} B8 unicode7} FUZE AA| o] 1 &l A7} H Y
k.

AF A FAE, ol Al o9l & Al -1 WS E Y o

Added in version 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py_ssize_t start, Py_ssize_t end)
vt zk: A 2. Part of the H4 ABI ¥ A 3.7 0] S 2, B2 ul A start(Z3EU TH o A BAF QQdl A~
end(R] 2) FU TH 74 A unicode®) 349 A} & WA T 24 AElAE X A5 A g5t o2
Al el 95 2 dhal nuLL & RHEE Y T
Added in version 3.3.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *unicode, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Part of the V7 ABI WA 3.7 o] & 2, copy nullo] AAEH, d BEXE 36t B 21YE unicode S
UCS4 ¥ 3 o] BEAFF YT ol 2] Al nuLL& ¥Hskal o 9] & A A Ut} (53], buflen ©] unicode 2]
Zo)l Bt} 2t O W systemError). 4353 buffer 7} ¥F2HE U th
Added in version 3.3.

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *unicode)

Part of the V7 ABI M} A 3.7 0|2 2, B2} D unicodeS PyMem Malloc ()= AH&35Ho]
W] = ALEHU T o] 2 0] A5, nusLe] MHES] 3 emoryError 7F A4 E
de g F7td I TAETFQH YT

Added in version 3.3.

ZAL QI

ku
on

A 2AYL AT G AR 2 AA A 2 HA2EE UIY T JF YT

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py_ssize_t length, const char *errors)
wisk gk A ZZ. Part of the ¢+ ABI WA 3.7 o] & 2. <t= & o] = 9} VxWorks &) UTF-8 o] 1} t}
2989 A4 =AY 9799 £ALL OTIPch AUHE e} A2l e rserice 9}
"surrogateescape"(PEP 383) U th UyZH = errors7F NULL O] W "strict" ol & 2 8 7] & A&
FUth s d BAZ Zrop AR d B4 EFT 5 etk
AN Amdgd oy APE BALL dngidd
PyUnicode_DecodeFSDefaultAndSize () % ]— ]— ]/\]

o] & Jol W UTF-8 REE FAIF YT

(S N

Py_DecodeLocale () @'—jf—

Added in version 3.3.

B A 3.7 /\‘] WA o] 4= o)A Sk Z o] EE A2 5t surrogateescape ol # Z 2] 7] ol &)
EALAIYE /\]-—%—@'14 ﬂ- o] A of|=, Py DecodeLocale () ©| surrogateescape o AFR% 11,
A 2AQ ?_1_1:’_%‘% strictol] AFEE AFYTh

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
WSk gk A ZZE. Part of the 94 ABI ¥ A 3.7 |2 &, pyUnicode_DecodeLocaleAndSize ()2
ABA T strien (& AHEako] £442 Aol & A o,
Added in version 3.3.
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PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Wkskgk: A ZZ. Partof the 9F ABI WA 3.7 o] £ 2. FUIE AAE k= 7 o] &= 2} VxWorks o] A
UTF-8% Q139 al AL}, 02 SRZol A a4 =AY A9 o2 daggur 2 a=< o2 4
2] 7] = vstrict" 2} "surrogateescape" (PEP 383) Ut} Q1 F T = errors 7} NULL O] ®H "strict™
o] A2l 71 & AR Ut bytes A& WHUTh unicode= W73E 2 FAE 2T 5 U5
U,

FJAA A" QT o] A 72 BAEE AT Y W PyUnicode_EncodeFSDefault ()=

o] F4= vho] W UTF-§ R =& FA g th,

&t B

Py_EncodeLocale () iga

Added in version 3.3.

WA 3704 WHA: o] = o)A A= 2 o]EE A5t surrogateescape ol & X 2] 7] ol & A
24U 7y ;\],_9.@]-\4 t}. o] A= Py _EncodeLocale () ©] surrogateescape o AR5 1 17,
FA 2A LD AFYFL strict o] AHEH AHFUTH

el AlAE olad

Functions encoding to and decoding from the filesystem encoding and error handler (PEP 383 and PEP 529).

A4 78 4 Fol Hd AFE byres 2 AT P W, rosr MBI E AFET

PyUnicode_FSConverter () & W& S =2 A da) of gt}

int PyUnicode_FSConverter (PyObject *obj, void *result)
Part of the ©+7] ABL PyArg Parse* M 217]: (2 T+ os.PathLike QB H o] 25 B3] A
AA S PyUnicode EncodeFSDefault ()= /\]——9‘?5]—0% bytesE AT YU TH bytes AA = A=
2o SHYYTh result= & o] Pyobject* (2= PyBytesObject*) Q1 C 9] 4o of ST},
3F Al, Ble AHEE A gk o s Al Sl of st vlo] Ed A A of T3t el Fx ' WeE AR s 0
o] ot gk (py_crLEANUP_SUPPORTED) S WHEHEHU T Ao WFH d Hio] E= &85 x| g5 U T
A5} A, o 2 & ARSI 0L WEF T,

If obj is NULL, the function releases a strong reference stored in the variable referred by result and returns 1.
Added in version 3.1.
WA 360 A W 42 AR wohE Yy ek
A} LB BA Zo| 3}d o] 2 strE UIFYEFHH, ros" HB 7] S AF23}1 PyUnicode_FSDecoder ()
g T A oF 3y E‘r-
int PyUnicode_FSDecoder (PyObject *obj, void *result)
Part of the V7 ABL PyArg_Parse* YH2H7]: (A EE os. Pathlee SE]H o] 2~E & HHA L
2 d8)pytes BAA| S PyUnicode_DecodeFSDefaultAndSize ()= /\]——9'-?5}0:] strE gzggc};
str AA = Jd= 2Nz S YU} result= & 0] pyobject* (E= PyUnlcodeObject*) °l C
Mg Faolof FUTh F A, B AGE A & ) Ao Sh= f ) 7= 23] o) & 7 e
Fzz W42 AAS I 00] obd ZH(py_crEanvp_surporTED)-S WHEHSFU T Ao Y AH @
Hol E= &85 A ks UTh Al Al ol €] S AR st 02 WY T
If obj is NULL, release the strong reference to the object referred to by result and return 1.
Added in version 3.2.
WA 36004 A 427 A4 & wels YU
PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py_ssize_t size)
Wbk gk A ZZ. Part of the Q7 ABIL Decode a string from the filesystem encoding and error handler.

o,
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?:ﬂixH Eﬂ] o ?_]i%] Oﬂ /\'1 .E_;(]_oaﬂ_% ﬂi‘%‘éﬁ O]I 5’]—‘?‘;, PyUnicode_DecodeLocaleAndSize () & A
SHIA 2.

(Sl N

Py_DecodeLocale () ?:735.\—.

¥ A 3.69 A W7 : The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)
vL3k gk A ZR. Part of the SV ABL 3t A ~d ol m 3} o 2] A2 7|2 d 28 £249
ek
ExY Aozt &l A QO W, PyUnicode_DecodeFSDefaul tAndSize () S ARSI Al &

W A 3.69 A W7 : The filesystem error handler is now used.

o
iul
ot

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
WSk A ZZE. Part of the 9173 ABL U I E AAE S A|~EH Q17 o]
331, bytes & Hqu A} bytes AR ol & @ upol =7} £3HE 5 ol 9 FHAIA L.

A AL dFY o g BEXG L AT Y3 oFStEH, PyUnicode EncodelLocale ()2 A3}

112,
>,
to

& TR

Py_EncodeLocale () .

Added in version 3.2.
H A 3.69 A W7 : The filesystem error handler is now used.

wchar_t xX|¥

A Qo= ZAZ | gt wehar_t A Y:
PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py_ssize_f size)
wEzk: A ZFZ. Part of the SFA4 ABL 520 A size®] wehar_t ¥ 3 wsoro| Al U Z = A

th -1& size 2 A3 47 weslen () & AHR 3] Doj & 222 AL F?‘é% ekl Y ok
A3 &t nuLL-g REE U o)

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py_ssize_t size)
Part of the 7 ABL FUFZE A Y £S wechar_t W FH wstrol] ALYt} H o) size wehar_t

EAZL SR YT (FR 9 52 2ATL AN £ AU, $AE wenar ¢ £ 1} o 27}
WAy Sl -1 2 whEehy o}

When wstr is NULL, instead return the size that would be required to store all of unicode including a terminating
null.

A wehar_t* FAES 2 FH5E & Lo
2R3 wehar_t* FAFE ol 92 ZUEA
Aol d EA7F 2E 5 e, o]
e A F el -.T./ls}/“/\]_,_.

wchar_t *PyUnicode_AsWideCharString (PyObject *unicode, Py_ssize_t *size)

FAFA L. & ZZ Ao
st 22 £EA9] AP YUk E3F, uchar_c*
2 BEO)C o B ST W EA Dol

(T
nc
4>
kr
97
o
2

Partof the St ABI WA 3.7 0] Z 2. FUZE A& 2ol BEX EAFE =2 W3ttt &8 &4}
92 B4 BAZ BV oh skerbuoziel oW, (4 9 SR BAE A8 sfol= A
TE *Slzeoﬂ ZUth A wchar_t BAFo] @ BALE —1-‘61-61-5',: 131, o] 2 ol gl E ] C 349}
A A2 ul] XL o] 2] Al Holl 79 '5]—’\1 Al L. size7F NULL ©] 2L wchar_t* EAFg o] @ Ex}&

FE 5} valueError 7F 2HAY 6]']’] =3

8.3. AIRA ZHA| 141



The Python/C API, Z2|A 3.12.11

~

98 A pyven_vewol) 95 HE W3 B WERI T (pyien_rree ) E AHE3hel SIS AL
of 2] Al, NULL= WF3HE} AL *size= F o) H A 5 th w2 2] & o] Aol e MemoryError & ‘:‘a‘
AN

Added in version 3.2.

WA 3.7 A ¥ size7} NULL ©] AL wehar_t* X E o] @ BAFE X831 W valueError & A A

Ak

LHE 3G

golHe £ E 98 C2 A4E WF Zd JAFgS AFFULh o8 IdE2 RF U3 TS
Fol AH AT 5 A5

Th5 APIS] T 22 F 7]9] <A} encoding 3} errors & F 81, W str () TAE AA| 442 AE34
22 om 9yt

encoding= NULLZ A3t 7|2 A7 9 QA UTE-80] AR UTh It A28 $&-2 5t o] & Q1A
PyUnicode_FSConverter ()%A]-%?_TH O]: ??}1413}. 0174 8 LH“‘?—E'—O—E J}O]}\]i‘%] ?_]—:17—%]1]' Oﬂ 31 -1 ‘j/] 7]‘%‘

PN
o] 2= errors® AR =], 9o ts] A H 72 HE A TS o nstenviLE AFE o5
J&Uth 2E Y& Zdof tist 7| & o8] A 2] = “strict” YUY T} (ValueError 7} A S T}).

2E §AE Qe s o) 28 AFE T B TS A Tl (e gk T e ste) Aol u v

o2 GRF 39 APIY Y th:

PyObject *PyUnicode_Decode (const char *str, Py_ssize_t size, const char *encoding, const char *errors)
w7k Al ZX. Part of the ©+7 ABL Q13 B2 stro] size Al EE Y@ Y sle] FUZE
AA S 25 YTt encoding} errors= str () 14]7“‘ ﬂ o] 22 o] 59 i/ Wt 2 o u gyt
ARG T Y2 stoly I A ~E 2] AR sl 23] Ll ot F g oA o] 9] 7} WA &1 NULL S
Hh2kety o

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)
ks zh: A B2, Part of the 9+ ABL U T E A S A7 Y317 23S 5fo] A bytes AA = 1913}
Ut} encodingT errors= U T E encode () WA EQ] ZH2 o] E2] w7 H49F 22 o) m Yt
A8 T Ee shol W T A A 2= 2 AFgshel 239 U th E o)A o 9] 7 A Sk nunL 2
Lla2 i dRie

UTF-8 3

th&2 UTF-8 78 API Y U T}:

PyObject *PyUnicode_DecodeUTF8 (const char *str, Py_ssize_t size, const char *errors)
wiskgk: A ZZ. Part of the 9+7 ABL UTF-8Z QAT P H B XE stro] size HFO| EE U] 7 519
FUZE AA S D5yt ZE A o &7} 2 shd nuin-& wHhey

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t

*consumed)

wiEzk: X 22, Part of the ©+7 ABL. consumed 7} NULL ©] ™, PyUnicode_DecodeUTF8 () A8 Z 23t
Yt} consumedﬂNULL o] of ¥, &3 B S UTF-8 ulo| E Al A= of| & A 2= A 5 Th
ol stulol E I PH A fom t]Z P H ulolE = consumed°ﬂ A Uth

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
w2k gk ) ZH2. Part of the 9V ABL UTF-8& ALg-31o] FUFE AAE QA Qs 23S shol A
bytes 4 A 2 WFSFHU T}, of 2] A 2] <= “strict” U Th T E o A o]l 2] 7} g &4 nuLL 2 REHE U T
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const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
Part of the ©+73 ABI WA 3.10 o] 3 2. FUFE AA 9] UTF-8 QA ZJ o] tf 3k ZAEE u13}3
AN3YHE 23| 75 (Mo E &9 &) sizeoll AFFU T size A A= nuLL D 5 Y5 U T ©]
2717b A A U BEE Mol e Q52 A= deA el BAl, T4
d vho] =7k /b8 U ok (size] 3 A Skl eh.
In the case of an error, NULL is returned with an exception set and no size is stored.
o) AL FUFE AA A EXL 2] UTE-8 3L ) /\l 3tal, & %%
R e 52 A o] @ Aol o2 Alel gt
W= g AL wHE 7}31 7l 2B = 7 56‘}11 %A A
Added in version 3.3.
WA 3. 704 HA: w33 L& o)A char * 7} oFu 8 const char * YU th

¥ A 3.109)| 4] ¥ 7 : This function is a part of the limited API.

19

o
LHJ

const char *PyUnicode_AsUTF8 (PyObject *unicode)
PyUnicode_AsUTF8AndSize () 3]— 715]'1] E’l’, 3_7]% ?ﬂ Xo]‘ﬁ]'z] ?%’%1/] D}

A Fx

This function does not have any special behavior for null characters embedded within unicode. As a re-
sult, strings containing null characters will remain in the returned string, which some C functions might
interpret as the end of the string, leading to truncation. If truncation is an issue, it is recommended to use

PyUnicode_AsUTF8AndSize () instead.

Added in version 3.3.
WA 3704 HA: w33 L& o)A char * 7} oFU 8 const char * YU th
UTF-32 3=l

<2 UTF-32 29 APIY Yt}

PyObject ¥PyUnicode_DecodeUTF32 (const char *str, Py_ssize_t size, const char *errors, int *byteorder)

Llagds AH 2. Part of the V74 ABL UTE-322 Q7 Q% W3 E2Q o) A size vlo] ES t] A 3}
A ‘4 = AA = ¥ th errors(NULL ©] 0]—14 W)= o8] A= 76-/]@‘413} 7| BZre
“strict” Y U T}

byteorder 7} NULL ©] o} ¥, T] T = A A H Hl o] E A& A}281o] T TS A & o}
*byteorder == -1: =|§ QM=

*byteorder == 0: i e B R e

*byteorder == 1: b= g e Il

*pyteorder 7} 00] 12, Y ©] o] E] 9] ]S 4u}o] E 7} H}o]| E %= A EA](BOM) |, t]Z 7} o] u}

O|E A2 A ¥ 11 BOM2 7&-‘/]‘11‘14—1—-— T.__Z]—Oﬂoﬂ E/\]’ﬂ Z] O}/\‘%r/} *byteorder7]— 1011/]—

Lo, BE Hho] B % A] FA| 7} Z o] HAbg ).

A8 T, *byteorder= Y G t] o] B &] Zo| A A vfolE A2 DA H YT
byteorder 7k NULL O], Z U2 Y| o]E| B A R EF A A3},

ool A ol 9] 7} A5 e wors & wHEHgh o,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py_ssize_f size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

WSk 7k A ZZ. Part of the Q4 ABL. consumed 7} NULL ©] W, PyUnicode_DecodeUTF32 ()AF =2
S t}. consumed 7} NULL ©] oFU W, PyUnicode_DecodeUTF32Stateful () & &3 B9+ UTF-32
HLO|E A FA (71 42 o] E oA X] gh= HiolE ) & oY & A 2] 514 ?%Q‘/]D‘r- ol gt up

olEX g I YHE R ¢ow t]TYH ulol E 4= consumed ol A E Ut

8.3. AIEA A
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PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
wiEZk: A =, Part of the 2+7 ABIL Y| o] E]H v}o]|E <A & UTF-32 <17
uho] E E2d & gy h #2142 3§44 BOM vk 2 Al 2 o of &
S0l A 9] 7 A ShE wuss £ W o,

& A-g3to] sho] 4
2] &= “strict” Y Y t}.

9
A

UTF-16 24

T} UTF-16 29 APIY U th:

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize_f size, const char *errors, int *byteorder)
vksh gk Al FZ. Part of the °+7 ABL UTF-162.2 QI W3 EALYG 0| A] size Hfo]| EE t] 7
st g FUIZE AAE YT errors(nuLL o] ofY ) = of| 2] A 2] B gk 71232
“strict” J Ut}

byteorder 7} NULL ©] oFUH, T F T = A A H H}o| E <A & AF231o] T A Y-S A 23T}

*byteorder == -1: =®gT o= CF
*pbyteorder == 0: Hl°|=|2 SM=|F
*byteorder == 1: 2 Q= ¢r

*pyteorder 7} 00] 1L, Y& T o] H 2] Az 2uFO] EVF HFO]E A A (BOM) o] W, Y ZH & o] u}
O|E A2 AEE 1 BOME 23 ffUIE EAE o BAFE A ¢k5 U T *byteorder 7} ~1 01}
1ol 2E Hho]E A BAZF =l BEARE U (\ufeff U \ufffe A7 U Hh.

A8 F +byteordert Y Ho]E ] ZoA A ulo]E A2 HARFH UTH
byteorder 7} NULL O], T2 W] o] E| B £ 4] R =2 A] 23]
T oA o] ] 7} LAY 8 nuTL S WU o
PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py_ssize_f size, const char *errors, int
*byteorder, Py_ssize_t *consumed)

WS 7k A ZZ. Part of the Q4 ABL consumed”} NULL©] ¥, PyUnicode_DecodeUTF16 () % &8 52+
St consumed 7} NULL©] ©FU W, PyUnicode DecodeUTF16Staterful () & &3 944 UTF-16
HLO]E A|E A (7L 25 ol E U 23 A ZA o E ) & & A gstA 5t ol
HholE YA Y A ko v t]Z QY Hfo| E = consumed | A7 YT
PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

Hkek gk A} ZR. Part of the 2+ ABL U] o] E] B Hlo]| E =4 & UTF-16 Q319
Hlol E F2+E g vk ot £ 2282 34 BOM ut3 2 A| 2 o} of 2 A
T of| A o] £] 7} g & H nuLL = WHEH U T

< A3l o] ghol s
2] = “strict” Y Y Ttk

UTF-7 3|

t}-&-2 UTF-7 9 APIY U th:

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py_ssize_t size, const char *errors)
WESkgk: Aj 2. Part of the ¢+ ABL UTF-72 A FZ Y H EX1E str9 size v} EE t] Y 51
FUTE AA S B5UTh ZE oA o 9 7} B nunLS whEHgh ok

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t

*consumed)

v sz A 2R, Part of the 94 ABIL. consumed 7} NULL ©| ¥, PyUnicode_DecodeUTF7 () A8 F 2+
St} consumed 7} NULL ©] oFU ', 53] E-2HH 3F UTF-7 base-64 Al A2 o 21 2 2] 2] &) #| k5 uth
olej 3 no| Bt T m Y ) ko] T Y H vhe] = 5 consumed ) A7 Uk,

40
r
ku

= o|AaHAH 0]

[

3

K

i)
jlles
rlo

“FU I = o] 2 F) o] iZ (Unicode Escape)” T E API ¢ Tt}
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PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py_ssize_t size, const char *errors)
HEekgk: A R, Part of the 9H ABL FU I E o] AFA| o] AT FH AL srr9 size U] EE
S siel s AAS T 2ol A9 A s S

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
v gk A ZZ. Partof the 9+ ABL FUIZE o|AA 0] ZE AFRSHo] U ZE AAE AT LS
AFE bytes A A = W3k ol 2] X elE “strict” YU th ZE o)A o & 7} A s nuLLS
ukghghL o)

Al RFLIZE o[AFO|= B E)

2L “A A FUFE o] AHA o] Z (Raw Unicode Escape)” & d API ¢ Ut}

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, nyssiw t size, const char *errors)
W3k A 2. Partof the S+ ABL QA FU T E o|aFA o)z A FIH EAHY s1r2) size Hlo| EES
g siel o ae AN S BE S, el o9} A i ® B el

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
WEEhgh: A X Part of the V7 ABL 9A] FUIE o] AaA o= E Aol FUIE A& <
FJstar 435 bytes AA 2 R ol # A 2]= “strict” YUtk ZE ol A o 2] 7} LAY 5HHA
NULL S W ot

Latin-1 2=

©€ Latin-1 38 APIYIUITh: Latin-1-& 38 256719] § U35 A4o] sl st dsd Fof 8o A
olEwF&FYth
PyObject *PyUnicode_DecodeLatinl (const char *str, Py_ssize_t size, const char *errors)
wrEL gk Al ZZ. Part of the 97 ABL Latin-1 A2 JH E XL stro] size o] EE ] T Y 3} 74
S= AR S Bk TH A o9 7} g 58 nuLLS Wk o,
PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Whekgh: A =, Partof the 917 ABL Latin-1& AH§-8to] U I = AA S AZFstaL 238 ghol
bytes 2171 2 WAF LI T o & A 2] = “strict” U] Tk, 790 4] of 9] 7h 844 347l nurs & WHEHgRU o,

ASCIl ZH|

=2 ASCII 9] APTYJ Ut 7TH E ASCI t| o] E] 2t S & F U T} th& BE Z =+ ol & A4
PyObject *PyUnicode_DecodeASCII (const char *str, Py_ssize_t size, const char *errors)
vtk zh: A ZZ. Partof the 973 ABL ASCII Q1 P H £ XL str2] size o] EE T Z Y31 F-UZ =
AR E wEch TEloA o€l 7L S shE noLng wkekh o,
PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
w3k gk A ZFZ. Part of the $+7 ABL ASCIIE A1&-31o] YR E AAE < :l%lﬁ]—j!_
bytes 21 A 2 WS T}, ol & A 2] “strict” YU T ZE o] A of| 9] 7} WA 8 v

-

‘“IO Ny
)

o] mHl e Thepet MElS e o AT 5 Ak Aol A 58 FU T (AA E encodings 37] 4]
T3 R 22 79 27 As) 2YF AFUh. 792 )P 8ol $AF ARG
Oadgych AFH WP AAE  gecicen (0 WP Aol 2E Aok Utk A9
A2 5P o

the-2 vy 3e APIS U Tk

PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize_t length, PyObject *mapping, const char
*errors)
v gk X 22, Part of the 9+7 ABL F o X mapping A A & AH-&3to] Q2P H EX1Y sor9 size
who| £ T Y sto] fURLE AAE 5 th 2eo) A o 2] 7k WS oL@ HEHgh T,
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mapping ©] NULL ©| ¥, Latin-1 t] 29 o] H&H Utk T A 94O mapping- v E A (0 A]
255 Aol ] A4S FURE EAY, A4 (FUTE A5 848 UTH = tone 2 7] 23
oFFU Th wig = A] ¢F2 vl o] B] H}O] E (None, OxFFFE B '\ufffe' 2 W35 = 2180 oh el
LookupError& ot 2) o H A ¢4-& B oz Aele o] o g & A Y
PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
w7k Al ZZ. Part of the H ABL 329 A mapping A& AF&38lo] FUIZE=E AR S A7 Y3
ZATE bytes A 2 WESU T ol 2] A 2l “strict” Y th ZE o 4] o ] 7} LAY S nuLL &
shgkgh o,
mapping AA = FUIZE X5 B 5E bytes A, 00 A 255 Abo] o] X4~ E+= None & 2 vl 33 3l of
itk Noneof] v H = 2R ofy g} v B = A] 952 A Al 5 (LookupError & ¥ ete A) &
“AolE A ok UH%”EE A els o] o 27T gy o
ohg TH APIE FUTEES UTEE P et Fel A S8 ok
PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)
WHEgk: A 2. Partof the 917 ABL #7113 0] -2 2 §3te] ¥ 49 WS AT fuzE
A& ey ch T ol A o 9] 7} g 31 nuLL-S BEEHE o)
UH*’J Hol 82 FUIE A A4 E FUIZE AT F5 U None(EAH7F AHAI H =5 Sy o of
w5 oF g o,
o8& AL A AT 4B
2] 7] e I E EARE YT
= Yetl=ruLn g 4 syt

—getitem _ ) AE | o]~ vk AlFEE Pt
o} v P = 2] 42 A} /‘1—|—(LookupErro el e D

=
errors<= TLE O A 2] AREA QL o m] it 7] ofl 2] A 2| & AHS

=2 & MBCS ZHl

T}S2 MBCS 8 APIQ Uth A 95 S o A uk Ag8 4= 9] 21 Win32 MBCS 37 & A}&35}o
HES FAFUTE MBCS(EE£ DBCS) = A shubrt ofy et A3 ol FolstdA L. i
QiYL Te & APt 7)Ao AHSA 2 A ol o8l el gyt

PyObject *PyUnicode_DecodeMBCS (const char *str, Py_ssize_t size, const char *errors)
v g zk: A =, Part of the 2+7% ABI on Windows ¥] 7 3.7 o] & 2. MBCS QA Z Y H £ 214 str2 size
Hlo|EE D]i\ﬂ—o‘]-oq Tr‘q = 714;4] = ‘?l’—“% o} o oﬂ/\-] osﬂ_gq 7} WAl S NULL S ‘3‘_?}@'14 t}.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py_ssize_t size, const char *errors, Py_ssize_t
*consumed)

wksk gk A X Part of the <°+* ABI on Windows W 7 3.7 ©| & &.  consumed
7} NULL ©] ¥, PyUnicode_DecodeMBCS () A 8 = Z3+Uth.  consumed 7} NULL ©] o}y W,
PyUnicode_DecodeMBCSStateful () 2 23] A3 (lead) HIO|EE UIZYIIA| Y I HH vjo|E
47} consumed )] A< Ut}

PyObject *PyUnicode_DecodeCodePageStateful (int code_page, const char *str, Py_ssize_f size, const char

*errors, Py_ssize_t *consumed)

wksk gk, A R Part of the °+7% ABI on Windows W A 3.7 o]& &. Similar to
PyUnicode_DecodeMBCSStateful (), except uses the code page specified by code_page.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
vt zh: A 2. Part of the 9173 ABI on Windows ¥] A 3.7 0] &£ 2. MBCS & AF2-31o] U ZE AR S
AT QG A5 vhol A bytes A 2 RSt ol 2] A 2] “strict” Y LTk ZElof| A o] £] 7}
HhAY 3 NuLL S B U T

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
vkt zh: A ZFZ. Part of the +7 ABI on Windows | A 3.7 0|2 2, A A H FE #| o] X & A& 5} o]
FURE A E AT YSIL 5ho] 2 bytes A7 I Th TEo A 9] 7 LA S noLLS
HHEHEU ) c_ace SLE 3]0] X AHS 5ol MBCS Q13 H & %5 o}

Added in version 3.3.
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HMERI SR

HMER SR &5

O APLE 99 RUE AAG EALE (AN BALOIA FAG I A2 4 Do
AAeA fULE AR A4S DA o

ofl 2] 7} A s B nuinolu -1 5 WU Tk

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)

W3k gk A ZE. Part of the V7 ABL F BRI S o]oj2o] 5l 2L FUIE EAES
Az gk

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
wrekzk: A 2. Part of the 9H ABL 2149 2835l fFUI= EX<Y B]/\E E Al F s} sep
ol nuLLO| W, BE 3 F& ZADoA Edo] P UTE 2 A o, Fol FRAPNA &
o] dojdytth 44"41 maxsplit \£ o] FHFUth S50, AlTko] A4 Xl AsUTh FEA=
23 g aEof 3 A syt
o2l Al, o9& A7 st nuLL& R o

Equivalent to str.split ().

:r:

PyObject *PyUnicode_RSplit (PyObject *unicode, PyObject *sep, Py_ssize_t maxsplit)
wkskZk: A ZFZ. Part of the ©+73 ABIL Similar to PyUnicode_Split (), butsplitting will be done beginning
at the end of the string.
o 2 A, o & & A A5t nunLS WS o)
Equivalent to str.rsplit ().

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)
WHRgk: Al RE. Parrof the 9+ ABL E HREOIA §URE AR B, fUTE £AY
g2 EE vgg Yt} CRLFE 3] & v o 2 7R3 o). keepends7F 0ol ¥, 23} X1 &
WHE B A7 20 Al Sk

PyObject *PyUnicode_Partition (PyObject *unicode, PyObject *sep)
WSk gk A ZZ. Part of the Q7 ABL Split a Unicode string at the first occurrence of sep, and return a

3-tuple containing the part before the separator, the separator itself, and the part after the separator. If the
separator is not found, return a 3-tuple containing the string itself, followed by two empty strings.

sep must not be empty.
A Al, o9& AA e nuLL-S W T
Equivalent to str.partition ().

PyObject *PyUnicode_RPartition (PyObject *unicode, PyObject *sep)
w7k A 22, Part of the 97 ABI. Similar to PyUnicode_Partition (), butsplit a Unicode string at
the last occurrence of sep. If the separator is not found, return a 3-tuple containing two empty strings, followed
by the string itself.

sep must not be empty.
o & A, o & & A A5 nunLS Wk o)
Equivalent to str.rpartition().

PyObject *PyUnicode_dJoin (PyObject *separator, PyObject *seq)
vLskzk: A ZX. Part of the 9V ABL 320) R separator & A-&-31o] Z2G A AAE A A8t 23}
FUITE TS B o,

Py_ssize_t PyUnicode_Tailmatch (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int

direction)
Part of the °+%) ABL substro] o] A 18] Zo A (direction == -1 FFA

F . S+
3, direction == 12 O AL X & ]} unicode [start:end] & Y X3 1-& HFEH o,
398X ko o0& vkEFY T ol g 7 A e -1-& g o)
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Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the ¢+ ABIL. Z0] A direction S A& 3519 (direction == 1-2 AW}k A M-S o] u| )11, direction
==-12 YT HYE 9 ?:1“4 tH unicode [start :end] 9| A substre] 35 ‘ﬂ “H HAE s
RS Zh2 A WA A Y AdEAadUL) -1 g A FEo] gl e, -2+ oy 7}
W 1 o 9] 7 A A= 9l 5= VERY Y T

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int

direction)
Part of the V73 ABL A 3.7 o] & 2, Fo] A directionS A& 3} (direction == 1-& AW AMS
o) u) s} a1, direction == -1 A}SF AME o n|gLth unicode[start:end] oAl EAFche] A A
A 9 E Raghch we ge A WA ] deaduth 1 e AX e FEo| e

UE Az, 2= ol E 7 S R o 9 7 A A H A E 2 UdERE YT
Added in version 3.3.
B A 3704 HA: start2} end= ©) A| unicode[start:end] A8 Z=Eo= = ZAFH U}
Py_ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the 9+7J ABL unicode [start:end] Ol A] substro] F X A ¢¢A 573l= A 4+E vr3kshy o}
o 7} A 5 El —1.2 kg o,
PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)

vt gk X 22, Part of the 7 ABL. unicode | A] substr® 2| o maxcount 5 72 replstr & V411 A3}
FUZE AAE vtEdd Yttt maxcount==-1< 2 E SF L 1A TS .4 2l ﬂ‘% o}

int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the ?17 ABL + 222 & W3kl 242y A, 2, Foll tisl -1, 0, 1& WA F Y Th
o] St= A Al -1 & NHSSIEE, o & &Qldl7] 938 pyErr_occurred ()& & oF Ut}
int PyUnicode_CompareWithASCIIString (PyObject *unicode, const char *string)
Part of the ¢+7 ABL U I E AR unicode S stringa} v) w3t 2tz 2L, 7248 Zof tf3f] -1, 0,1
S HkEstU ol ASCILZ Q7Y H ExEw AEst= 2 o] 7H ix] gh, ¥] ASCII & A}7}F Et}; E] kil
?}4% 9l g B2149-2 1S0-8859-1 & a4 g th.
o] g o Q] & WA 7| A] FH T
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
vk zh: A 22, Part of the 9+ ABL F U I E EAE-S £5 8 8] A (rich comparison) 3} T}
% shtE Sag o
o o2} 7} A 5 NuLL
e AFAQ ¥ AE Py TrueY Py _False
LA

5 %‘i ‘I] Py_NotImplemented

S

op°l 7Vs 3k k2 Py GT, Py_GE, Py_EQ, Py_NE, Py LT % Py LEYUYTH

PyObject *PyUnicode_Format (PyObject *format, PyObject *args)
Wb zh: A ZZ. Part of the Q17 ABL format3} argso| A A 21D A A& wrdgyt}; o] AL format
5 arge 9k AFEHI T

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

Part of the ?t73 ABL substr 7} unicode®l| 3= o] 31=2] Qs 1o wpet Fojvp AZlZ whehgt
ue.
substr= 394 84 FUIE EXEZ ZFA WEs|oF Iyt o g7t Q1o -1 0] ¥rEg Ut}

void PyUnicode_InternInPlace (PyObject **p_unicode)

Part of the V7 ABL R} +p_unicoded A A2 ol A Q1 © (intern) Ut} QAA}E= slo]H U I =
TAE S 7He] 7] ERIE "4 FA ook @"4‘3} *p_unicodeft & 7]& AW FA G| &

4

W, *p_unicoded A8 AAFUT (o] d AL AA o thet F2E sfAlst I d d 2442
AA o e Az et Fx2E WFUEh), A S +p unicodet T2 FI IE FU T
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(479 2] 3] B ook 7t AW, o] FE AE FH ST YAHAA L. DT
AN S5AE WEA AR G $E F e AL G2 LFIA AT, AHE A2

517 Btk
This function never raises an exception. On error, it leaves its argument unchanged without interning it.

Instances of subclasses of st r may not be interned, that is, PyUnicode CheckExact (*p_unicode) must
be true. If it is not, then — as with any other error — the argument is left unchanged.

Note that interned strings are not “immortal”. You must keep a reference to the result to benefit from interning.

PyObject *PyUnicode_InternFromString (const char *str)

vl & 7k AN xR, Part  of the o} A ABL PyUnicode_FromString ()3}
PyUnicode_InternInPlace () o] 8 AA gty BExdS Y AJYrh
o1 (intern) & M FUZE= EXE AAY, 22 g2 71K o] Ao d A A A A of off gt Af

(“£f97) FEE VI L

Python may keep a reference to the result, or prevent it from being garbage-collected promptly. For in-
terning an unbounded number of different strings, such as ones coming from user input, prefer calling
PyUnicode_FromString () and PyUnicode_ InterninPlace () directly.

834 S A

type PyTupleObject
o] byonjecte] AE W shol#l 5.2 A7 S vepguh
PyTypeObject PyTuple_Type
Part of the *F73 ABL ©] pyTypeobject JIARXE Fho| /& F 2 Uebd Ut 3ho]H A F 9
tupled} 22 A A U th
int PyTuple_Check (PyObject *p)
P RE AR AL FE B AH o) AaBaw 4SBT o] Bae T ATRUL
int PyTuple_CheckExact (PyObject *p)
p7tFE AA AT, B2 B A P AaEAL oh” AL BB U of B A
Ehciasi=g
PyObject *PyTuple_New (Py_ssize_tlen)
WSk Al ZZ. Part of the V4 ABL 37] len 9 F& AA U, A9 A o9& H A3 NULLS
Hhekehy ok
PyObject *PyTuple_Pack (Py_ssize_tn, ...)
vt gk A 2=, Part of the <t xé ABL 37 n o A EZ AA}, A A] o9 & HASFT nuLLS vkEE

gl

FE 52 gL shol 8 AAE el E T A C AR 2758 Ut pyTuple_pack (2,
a, b)=Py_Buildvalue(" (00)", a, b)<} Z53tch

Py_ssize_t PyTuple_Size (PyObject *p)
Part of the $+7 ABL FZ Z Ao EH?E FERIHE oA, |7 722 27| & vkttt o7t
wHg S, o9l § A4Sk 12 AT

Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
pyTuple Size ()2} HISHA N of| 2 AAMS A=kt th

PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
vk gk W8 2. Part of the 9+7% ABL p7}- 7}1e]1 71 = F&9 pos $ X A
p0S7]— 2ol AV HYYE Hojyd, NnuLLS ‘:ﬂ'ﬁ]-'fﬂ—_l_ IndexError 9|2 & A%

The returned reference is borrowed from the tuple p (that is: it is only valid as long as you hold a reference to
p). To get a strong reference, use Py_NewRef (PyTuple_GetItem(...)) Of PySequence_GetItem().

o2 r[r

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
sk gk W a8 AR, pyTuple GetTtem ()9} B3R 2, Q22 ol 3] 9k Th
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PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_t low, Py_ssize_t high)
wkgk gk X ZR. Part of the S+ ABL p7} 78] 71 = F-Z 9] lowS} high A}o) 8] & fo]l A ukglhet A,
A st o 9] & A4 shal nuiL s WY o
o] A€ sol W A p[Low:hich) 9 FEIUTH FE ZozRE e Qd
int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the ?t73 ABL p7} 7F2] 715 5729 pos 1 4| ol AA| ool T & F2E AYFYTh Hestd o
< WFEHSHLI T pos7h W91 2 WOl bR, 1.8 WHEHSET! TndexError o) 2 A A Tk

_|L‘

A2 ALH A FF U

0 Iz
o) F4t oo hE B2 E “FA T G B A AN A FRol o] 0] Yt FEo h 2 H2E
] & 1] t}(discard).

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
pyTuple Setltem ()3} HISTSHA N, of| 2] HAR= 8HA] ¢Fom 22 FE< A& uf*uh* AL-§-sf of

.

0 Iz

£ “E X137, PyTuple_ SetItem()g}r/]"ﬂ TA =2 FEof st IR E

trE ool tid F=x P
i pos AN A FES BE Z2E FHHUTH

o] &
W2 A o

int _PyTuple_Resize (PyObject ¥*p, Py_ssize_t newsize)

52 278 248 U] A8 B 5 AFUT newsizels 529 A2E Aol FUTh 522 ¥l
25 o A 22, AA 9]t 3 BRI Shb )&l A8 S of P ok F 20| TEO| £ R
o[u] e A0 W o] A& ALEIA TN . FELS G Bol A AN AL FolFLITh o] A2 2.7

522 BT A FES BEE ASE AL, B4 584 BTk AE 5 o
S WSt SEto|JE Z =&, p9] Aol 9] J—’F—i T EoH7) A 2ok 7p s A= <F
FUD. w57k B3 AA 7} ol 8 Aol ot 5P Uk A9 EHE, 12 ML, +pE it
2 A A s}, MemoryError U SystemError= WAl AU T}

I

I

8.3.5 XA A|RAA A

T2 A A2 (struct sequence) 2 A= namedtuple () AA Y CS7FEY YT S o]E T H
of A 2T 4 Qe ARLGUTE F2A AALE HEY, A4 54 P2 AL
k.
PyTypeObject *PySt ruct Sequence_NewType (PyStructSequence_Desc *desc)
HEek gk A FR. Part of the °F7g ABL o} o] A H desc] tlo|HE MER F2RA| A/ E2 B
w5yt 23 39 A A"HAE pyStructSequence_New () 2 e 4 S5 Y Th
A3l Al ol 9] & A7 skl nutL S WY ok
void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
descZ F-ZA| N A2 & typed AR e oA 27|38t}
int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
PyStructSequence_InitType ()& H]ZEAI R, J38HH 02, Ao otH o9 & AA s -1 1
a5
Added in version 3.4.

type PyStructSequence_Desc
Part of the VA ABI (including all members). Te T-Z A Al A2 F o wel AR5 £3sh T}
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const char *name

Fully qualified name of the type; null-terminated UTF-8 encoded. The name must contain the module
name.

const char *doc
sl Foll that S2E ol th3h =8 A 2ste] W nuLt.
PyStructSequence_Field *£ields
M2 P B= o] 55 7H nuLL 2 Erbs W Eoll thak 2 E.
int n_in_sequence
ol i Zol A B 4 9k BE 5 (FEE AEE 49,
type PyStructSequence_Field

Part of the 73 ABI (including all members) FZA A E2 BB Ve yt £2RA| AlEaE
Ezz ryg3ilyeg BE AT = pyobject* B FHIYTh PyStructSequence_Desc® rfields
Mo el st FxA) AR o8 AEs 1 SE A E AT,

const char *name

ol o] EE o]EY: F=o) B2 W L, ool gt ez Few
PyStructSequence_ UnnamedField= /,‘47@ 1:1'"] ﬂ—

const char *doc
L= EAEF oy A=Fsle v NuLL.
const char *const PyStructSequence_UnnamedField
Part of the 9+ ABI WA 3.11 o] 3 2, o] & Q= A2 G AF7] Y3 2
2 39004 M7 P o char ol A MBS A5
PyObject *PyStructSequence_New (PyTypeObject *type)

w7k A ZR. Part of the 9+7 ABI. PyStructSequence_NewType () & & = typed] 2 AEAE

Rhs Ytk
A3l A A 9] & A skl nuLL S WY o

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)

In
o
allf
lo
A
o
=

w7k W@ ZZ. Part of the 173 ABI. Return the object at position pos in the struct sequence pointed to
by p. No bounds checking is performed.

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
w7k W2l ZZ. Macro equivalent of PySt ruct Sequence_GetTtem().

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the 9+ ABL FZ A A|A 2 po AY X posoll Y= T=E FoZE AATYTH
pPyTuple SET ITEM()Z} BFZ7A &, o] AL 2 AAHAE 22 ufjut

0 #v
o] oo B FXE “TH YUY,

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)

Similar to PyStructSequence_SetItem (), butimplemented as a static inlined function.
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8.3.6 Z[AE ZA|
type PyListObject

o] pyobjecte] A H P2 stol 2| AE AAE YEFY Ut

PyTypeObject PyList_Type

Part of the 2+ ABL ©] pyTypeobject A2~EH 2= dlo]H g|2~E 3
A2 1ist o 22 AA Yot

int PyList_Check (PyObject *p)
p7hElaE AAY PaE o) NE

int PyList_CheckExact (PyObject *p)

p7h B AE AR ol AW B AE o) A1 ge] bt o B 2L WHEH
g gk

i)
e
ok
4
rlr
QL'
>.
>,

PyObject *PyList_New (Py_ssize_t len)

vLek gk A ZR. Part of the 97 ABL A2t Z o] len Q1 A B|2EE, A
Yt

0 #x

If len is greater than zero, the returned list object’ s items are set to NULL. Thus you cannot use abstract

API functions such as PySequence_SetItem() or expose the object to Python code before setting all
items to a real object with PyList_SetItem().

Py_ssize_t PyList_Size (PyObject *list)
Part of the V7 ABL listol| A 2]~ E AR 9] Do) & Wkt Th o] = g~ E Ao thet len (1ist)
ot F5dYTh
Py_ssize_t PyList_GET_SIZE (PyObject *list)
pyList_Size () 2F-FAFSHAIRE ol 2] AAZE fl5 Ut
PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)

Wbk gk A E FZ. Part of the <H7 ABL Return the object at position index in the list pointed to by /ist.

The position must be non-negative; indexing from the end of the list is not supported. If index is out of bounds
(<0 or >=len(list)), return NULL and set an IndexError exception.

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t1)

bk W F R pyList_cGetItem() 2 FAFSIAIRE, o] AA) gl Ut

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the 27 ABL B]2E Q] QAP 2 indexol Y= FE5S item 22 A3t JFeH 02 vh3t
Ut index7t 9 & Hlojubd, -1& WH3H8} a1 TndexError 98] &

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
e AAFl=

PyList_SetItem ()] WAZ FA]. vt o =2 o] A &) gle=A &
dl AFSF Yt
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0 #x

o] I B L= jtemol a8t AR E “F X3, pyList_Setlitem ()= E] AT = FFEof tf 5l
F2EWMYA GFFUh st i A Q&= F2E FFE oYL

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the SV ABL &% jtem2 2] 2 E [ist] A index 2ol 4 YUt AFsHA 02 ¥ESsHY
o} A5 -1 & H]—EP‘G]—_T’_ o 2] 5 M AT} 1ist.insert (index, item) ©f | Fgch

int PyList_Append (PyObject *list, PyObject *item)
Part ofthe oA ABL B A E [iste] ol AA iteme F7FEUth AF5HHE 0 Hsshyo}; A g sty
-1 98t o E A AT 1ist.append (item) o 3] @Y.

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
wrEL gk A ZZ. Part of the Oqu ABL listol| A low 2} high AFo] ol Y= AAES 25+ 2~ E
WU of Aot nuLLg WHekal o 9] 5 A A th 1ist( Low: high] ol sl gt 2
E ZoARH Y 842 A LH A k5 Uth

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the v ABL low 2} high Aol 9] listE 2ol A& itemlist & Y %_‘1 z AA3
list[low:high] = itemlist ol 3] %3k ltemllst—: NULL ¥ & 9&=1), ¥ 2EQ Y
UeRY Ut (2ol & A, AFsHE 0, Adietd -1S REskh o F/léé JEl o A FE Q] Q1]
e A A FeUTh

int PyList_Sort (PyObject *list)
Part of the V7 ABL list 355 A A2l oA A3tk 4Fstd 02, Asfstd -1 vkshh ot
o] AL 1ist.sort () & =3}

int PyList_Reverse (PyObject *list)
Part of the S-73 ABL list®] &5< A A oA ARG U 43otd 02, Asfstd -1S w3y h
o] AL 1ist.reverse () & 53T}

PyObject *PyList_AsTuple (PyObject *list)
NLBigh A BE. Part of e 917 ABL lin®) & EAFE A FE AA S wE oy
tuple (list) & F 5 F

8.4 ZEH|0|Lq ZHA|

8.4.1 ElAML{2| ZHA|

type PyDictObject
o] pyobjecte] A B BL stol A B AAE Uey T
PyTypeObject PyDict_Type
Part of the °+7 ABI. ©] PyTypeObject AXH
A5 dict o 22 AA YU
int PyDict_Check (PyObject *p)
p7hdict ZAA o] Artdict FO] B F A2 g Wikttt o] 4 4 43I th

rlr
i)
)
%
10
2
)
Au)
o2t
filo
v
Au)
=
T
v
o
Y
flo
i)
)
%

int PyDict_CheckExact (PyObject *p)
p7Fdict A o] A ¥k, dict P& A B PO JAAH A= op W 3 W3yt o] e PG AT
Futh

PyObject *PyDict_New ()
WHEhgh A R Z. Part of the 917 ABL M2 W P A1 2] S wEat AL, As)ahd nuLL & Wk
Ut
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PyObject *PyDictProxy_New (PyObject *mapping)
Wk zk: A BE. Part of the 9V ABL 217] A) &AL ZAGE W3PS 93 types.
MappingProxyType 2 Xﬂ =1 ‘?_]'%_6]"4‘:} ] 2 gtz
o) $4 AT Ao & U=t v ASF U

void PyDict_Clear (PyObject *p)
Part of the °V73 ABL 7]& YA g9 & 7]-g &< s Yth

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the V7 ABL YA g] poll key7} E3}5
S skt y, 18 ko 0L uksksy ). o
ook E 5T,

PyObject *PyDict_Copy (PyObject *p)

W3k gk A 22, Part of the 9V ABL po} 248 7]-gt A& £3H5t= Al g Y 2] & wrsshy o)

o2

int PyDict_SetItem (PyObject *p, PyObject ¥*key, PyObject *val)
Part of the 2+7 ABL. X Y 2] poll val< key 71 2 A A FUTE key= ol Al 758l oF Itk 23 A
0 rypeError 7F AP UTH AF A 02, A A -1& I UL o] = valoll i
Az2 T X2 G5t

int PyDict_SetItemString ( PyObject *p, const char *key, PyObject *val)
Part of the Q7% ABL 0| A& pypict_SetItem ()2} ZEA T key 7} Pyobject* 7} ©F const char*
UTF-8 1299 HfolE %Z}"éi A7yt

int PyDict_DelItem (PyObject *p, PyObject *key)
Partof the 917 ABL BAV Y pol A 717t key ) S 5& AATHIT. keyie 51 7ok e
a2z o TypeError 7H AT UTH key7t AU 2ol LW, KeyError 7H HA FU T AF
348l 0.2, A3l shel 12 MAFU T

int PyDict_DelItemString (PyObject *p, const char *key)
Part of the F7 ABL ©| 22 pypict_DelTtem ()L} Z-A T, key7} Pyobject* 7} ©F const char*
UTF-8 123 violE A4 = A4 g Yt

PyObject *PyDict_GetItem (PyObject *p, PyObject *key)

Witk A 2Z. Part of the 27 ABL Return the object from dictionary p which has a key key. Return
NULL if the key key is not present, but without setting an exception.

i il
_hash__ ()&% _eq () WINES ZTEoE F¢ LA = 283 FAF U A
PyDict_GetItemWithError () ?;‘{F% /\]"g‘a’ﬁ/‘ 2

H A 3.109] 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)
Whekgh: W@ X, Part of the H4 ABL o915 AR ¢k pypict cetrtem() 2] ¥R YUt
o 9] 7} %/‘ga}fﬂ o 9] & A3t nurLZ REE UL 7] 7 glod o9 & AR s A ¢ nuLLS
s gt o,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
wkskZk: A2l ZZ. Part of the 97 ABL O] A2 pypict_GetTtem ()2} ZA B, key7} Pyobject* 7}
o} const char* UTF-82 Q1T Y H vlo|E Ex}d 2 XA FH Ytk

o |
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_hash__ )% _eq () MINEE SE3E TdolH AA str AAE V= T
AstE o= 283 FAFH YUY WA AA pPyvnicode FromString() key 2} &
PyDict_GetItemWithError () &FE AR 3= Zlo] 451 Th

=

U
4:

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
vl zh: A8 R, o] AL glo] M £F9] dict.setdefault () & ZE5Uth &2A6HH, 9 A4 8
pol A keyol 3l ‘ﬂ*b‘]"_ S ks o). 7] 7 dictol] QLo d, %} defaultobj 2 AF Q=) 11, defaultobj 7}
WP Th o Bk key] A B 23] B AL AN SYA0 = Bk hAl & W
7yt
Added in version 3.4.

PyObject *PyDict_Items (PyObject *p)
W7k A FZ. Part of the 9+ ABL 98| RE 58S £38l= pyristobject S WS
g},

PyObject *PyDict_Keys (PyObject *p)
whebgk: Al 22 Part of the 94 ABL 94U 2] o] BE 7|8 ZESHE pyristobiect S UH3

rlot
]

U

*

PyObject *PyDict_Values (PyObject *p)
wrsk gk A ZZ. Part of the H4 ABL B AUV 8] po BE 7S £33+ pylistObjectS HH3HS
U,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the <73 ABL "M g0 3l 5o & WUt o= dM ol that len(p) 9
==L},

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Part of the <+73 ABL D‘/‘%Lﬂﬂ pe RE 7I-3t < olH ol E FuUtt pposoll o8 Fxd
Py _ssize_t&, o|H e o] A& A &5} ﬂ4°H 01 ?}—’F‘E e TE0t7] Aol 022 27|31 of of
Bt o] G s ele] o el oo 3 WAy, R Aol wus ged Asle uag
Yt mAp ‘?*;Tpkey@rpvalue% 7}z 7] 2 %k—‘li A& pyobject* W& 72l 7] Ak, NULL & §
AFUrLH o5& T vHEH T2+ 25 U E (borrowed) 21 Y U th o] Bl & o] A Sl pposE %73‘
st U o & R gAY 72 W] L2 AlS e, 27 EEtste g @ = o]
A5 A 5T

As =9

11°i'

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* gtes FUEE FYUe AT A/

MU 2 pe ol ol Foll WA A= :
< bdskA R 7] Aol MAH A ¢ e 2 Yt o

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 = PylLong_ FromLong (i + 1);
if (o == NULL)

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)

Part of the ?+7 ABL w33 A b& olE o] E A A, 7]-3t = 9 aoll F7HFUTE b

A 8l AY pyMapping_Keys ()@} PyObject_GetItem()E Xl%lf‘fPL RE AAYL 5 %%\JE}

override7} Zrol ™, a°ll Q& 71& %ol boll Al Aok 717k QLo wAH 1L W, , 15 A Fo agt A

A 8h= 717 2 Wi vk ’”"] F7H Ut AF5H 02 ke, 01]9] 7} ‘ﬂ“gﬁ}“‘ -1= Wkshhy ok
int PyDict_Update (PyObject *a, PyObject *b)

Part of the 4 ABL ©]|+= COl|A] PyDict_Merge (a, b, 1)%} 23, T WA 2 X} “keys” o] E &

REZF9Z Wl pypict_update () 7} 7]-3k 9] Al 2o thsl] o] H d o] E 1A k=T AR A

9] stH, spo]H o A a.update (b) & FAFG U TR A8 05 WS, o 9 7F A EHE -1
NESAE

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the 173 ABL seq2®] 7]-gk o2 9 a5 A tA Y HAFUTH se2 = 7]-3F o=
2531 20| 22 o] el )2 A4S A4 B o] Bl eja A o] of Tk T8 7|7} YT, override
7F Zeld UV] o] selstal, 29 A o A HA L S FUTh AF Al 02 wEERaL, o 9] 7t
MLYSHE 1S MBI Th 558 shol W2 o] ST (uHEk 7k A9))

def PyDict_MergeFromSeqg2 (a, seq2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

int PyDict_AddWatcher (PyDictWatchCallback callback)

Register callback as a dictionary watcher. Return a non-negative integer id which must be passed to future calls
to PyDict_watch (). In case of error (e.g. no more watcher IDs available), return -1 and set an exception.

Added in version 3.12.

int PyDict_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyDict_Addwatcher (). Return 0 on suc-
cess, —1 on error (e.g. if the given watcher_id was never registered.)

Added in version 3.12.
int PyDict_Watch (int watcher_id, PyObject *dict)

Mark dictionary dict as watched. The callback granted watcher_id by PyDict_Addwatcher () will be called
when dict is modified or deallocated. Return 0 on success or —1 on error.

Added in version 3.12.

int PyDict_Unwatch (int watcher_id, PyObject *dict)

Mark dictionary dict as no longer watched. The callback granted watcher_id by PyDict_Addwatcher () will
no longer be called when dict is modified or deallocated. The dict must previously have been watched by this
watcher. Return 0 on success or -1 on error.

Added in version 3.12.

type PyDict_WatchEvent

Enumeration of possible dictionary watcher events: PyDict_EVENT_ADDED, PyDict_EVENT_MODIFIED,
PyDict_EVENT_DELETED, PyDict_EVENT_CLONED, PyDict_EVENT_CLEARED, or
PyDict_EVENT_DEALLOCATED.
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Added in version 3.12.

typedef int (*PyDict_WatchCallback)(PyDict_WatchEvent event, PyObject *dict, PyObject *key, PyObject
*new_value)

Type of a dict watcher callback function.

If event is PyDict_EVENT_CLEARED or PyDict_EVENT_DEALLOCATED, both key and new_value will be
NULL. If event is PyDict_EVENT_ADDED or PyDict_EVENT_MODIFIED, new_value will be the new value
for key. If event is PyDict_ EVENT_DELETED, key is being deleted from the dictionary and new_value will be
NULL.

PyDict_EVENT_CLONED occurs when dict was previously empty and another dict is merged into it. To main-
tain efficiency of this operation, per-key PyDict_EVENT_ADDED events are not issued in this case; instead a
single PyDict_EVENT_CLONED is issued, and key will be the source dictionary.

The callback may inspect but must not modify dict; doing so could have unpredictable effects, including infinite
recursion. Do not trigger Python code execution in the callback, as it could modify the dict as a side effect.

If eventis PyDict_EVENT_DEALLOCATED, taking a new reference in the callback to the about-to-be-destroyed
dictionary will resurrect it and prevent it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can be inspected.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.

8.4.2 Zigh A

o] Ao A= set I frozenset A 3t 3-8 APIO]| th3l] AkA| 3] At ofef] U E= A &2 75
o -—,i—/;} 7_],]5(1] 22 EF (Pyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr (), PyObject_IsTrue(), PyObject_Print/() U] PyObject_GetIter()S 3 fﬂ’
stytholy A 2 Z 2 EZF (PyNumber And(), PyNumber Subtract (), PyNumber Or(),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract (), PyNumber_InPlaceOr ()
9 pyNumber InPlaceXor ()< ES3UTh.

type PySetObject

o] pyobject®] A B H L& set I} frozenset AA| EF2 Y do]EH &
o Qe 14 27 (5E ALT S FAD 01T, FH7 D A

o AH8E U o 2

o=
=]
o
-

Mo AW 2] e
EREIAE ATLAR & R AT Bol eypiceoneced) MWL o PEA D=
SJEAL B A G Ao H B ojob e, B MAD 4 QST BE WA AL T2

s 223 7| Btk AW E APLE F3 =35 oF %“4 o}
PyTypeObject PySet_Type

Part of the Q7 ABIL ©] A2 1}o] A set F & YEN = pyTypeobject] AA2EH AU}
PyTypeObject PyFrozenSet_Type

Part of the Q4 ABIL ©] A2 1}o] A frozenset & YEIUY &= PyTypeobject ] AA~EH A A YT
e @ AA R 2 E shol W Aol thg EAL A AE U AN R, AR BeE R
ol el 212 sho] @ Aol A ZEFH T,
int PySet_Check (PyObject *p)

p7tset AA G A E o] Ad2dAW g wishshyt). o] 3= At

ox
oi4
i)
<
kv

int PyFrozenSet_Check (PyObject *p)
p7F frozenset AU A B o] JIAH2AH FE W} o] T4

ot
o
ox
ol
9
<
I
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int PyAnySet_Check (PyObject *p)
p7tset AR, frozenset AA Ei= A1 H Aalaw F MBFUTE o] F4E FHATY
Ut

int PySet_CheckExact (PyObject *p)
p7tset AA oA B P 2 AE oby W e Wi th o] = 4 A4t
Added in version 3.10.

int PyAnySet_CheckExact (PyObject *p)
p7F set AL} frozenset AA| o] A2, HH o] JIAHAE of W g REgHIUTh o] =
F4 43T

int PyFrozenSet_CheckExact (PyObject *p)
p7t frozenset A O] A ¥ A B P O] A A= of W E WhEg T o] 4= A ATH
SEEN

PyObject *PySet_New (PyObject *iterable)
vEskzk: A} ZFZ. Part of the 9F7 ABL iterablel] 23] 9188 AR S o= 2L set 2 H1E3}
Utk iterable% M2 ATS Br=7] 8l vvie € 5 dH5uUth A-gstd A J S, Asstd
NULLZ REEHRIU T} iterable©] AA| & o]l 2l £ o] o} U™ TypeError & DAY TE AP A=
AL BAF OE FE T (cmset ().

PyObject *PyFrozenSet_New (PyObject *iterable)

v gk A ZFZ. Part of the S ABL iterablel] 2|3l vl
w3} sk o} iterableﬂ M Z-& 9 frozensetS THE 7] 9 3l
Al 9] 31 NULL S WFEHEHU T dterable ©] A A 2 o] B ]

AN

set ©]U frozenset Q] QA AHATE 759 A H §2o] ¢l
Lk
Py_ssize_t PySet_Size (PyObject *anyset)

Part of the ?+7% ABL set ©]U} frozenset 7“?'(1]-/] Zo]E wzkslyt}. len (anyset) & TE5 S Th
anyset©] set, frozenset T A H o] AAAEH AT} oL H SystemErrorS WA A U T

13le AR E £33 A2 frozenset S
wit 9 & e JF o A 4T E
o] o}

=
U TypeError= 2 A 7 U T}

o] el ohe ol AR E ST 5

Py_ssize_i PySet_GET_SIZE (PyObject *anyset)
e AAF Gl pyset_size() S IR A,

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the ?F7 ABL "HAE W 15, HAH A 9o 05, ol 2] 7F LA sHA -15 REskeh o). gol &
__contains__ () WA Et= @, o] 5E A 75T A= YA frozenset © = 2H5 WS
SFA] ek th key7]— ‘G‘H Al B7t55kd , TypeError & kA Al ZI Y o} anysetO] set, frozenset L+
AB o] AdAHAT} oW SystemErrorS WA YT}

int PySet_Add (PyObject *set, PyObject *key)
Part of the 27 ABL key S set AAE 20 F7HEHU T T3 frozenset A2E 2 & ZHE 3t}
(PyTuple_setitem () A H g ZE| 225 7] Aol A2 frozensetd] g2 A-+= ¢l A}%g 5
JsUDh. 4F5td 02, Asfstd -12 WS th key 7t 3 Al 57]———'6]— H, TypeError & 'WAY Al
AUtk 48 ko] 3 AT MemoryError & WA U TH ser©] set L L A H PO QIR
7} o}U® systemError & WA Al F Y T}

ChE T4k et o uF 1719) AE W] AaT Aol 8T 5 AW, frozensec otf L AH A9

ARB 2= AT 5 g

int PySet_Discard (PyObject *set, PyObject >“key)

Part of the v ABL A I Al A= A 15 WEstar, WA E 2] gFod (o A= 3kA] kY th

02 ukEka T, o 2] 71 A S -1 Wk et o) AR S 9l 7)o o5 KeyError& WA 7] 4]
G Uth key7t S| Al & 7153 TypeError & ‘?:_]”‘g Al A Yt} 3bo] A discard () WA ELb= T,
l e Al 275 A TS @A frozenset & 2 AF M 5HA] k5 seto] set o|L T A H

ol A AT ol systemError= WA A L th
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PyObject *PySet_Pop (PyObject *set)
Qg A B Purtof the 2178 ABL sl 5011 912191 A4 9 4] 280
AAE A AU Asfshd nunnS Bty o Fgo) 3101 Ao, ReyError &
seto] set oL} 1 A H 2] AAEH AV} oUW SystemError= WA Al AU h

2}t serol Al
S A Y ok
int PySet_Clear (PyObject *set)
Part of the V7 ABL 7]&2] & 84 J < w3 Uth 438t 0= WYt sero] set o]y 1
AMBEFY Y A A~H AT} ol W SystemErrors WA 7| 1 -1

1

8.5 gt x|

8.5.1 &hp ZHF|
sholm 49} BR® @ 717 T4 A5t
type PyFunctionObject
ol AHgH = CF2A.
PyTypeObject PyFunction_Type

1AL pyrypeobiccts] 2B A0l shol M B4 §e YT shol 4l o) v o))
types.FunctionType &2 =Z=FH Yth

oh
>

int PyFunction_Check (PyObject *¥0)
07} &4 AA| (PyFunction Type §) WA S Hb&shu o) o 7] W4 nuLnL o] ofu] o] oF ki), o]
et P4 42T
PyObject *PyFunction_New (PyObject *code, PyObject *globals)
gk gk A FxR. ZE AR code2t QB A 5 AR S YT globals= Foll A AN~
S0 A W7t gl 9L el ool of Sy
Tro] F2EHR o] 52 ZE AA A 7HAF U __module X globalso| A 7FA 5 Ut A A}
B oJr ol W Z2A =Nl E AAFH YT _ qualname. 2 T E AAQ co_qualname
ol e oz A4E YU
PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)
whE gz A FZ. pyFunction New () @} B 2SR T S A A 9] qualname_ O]EZRHEE HA
T %lc = Ut qualname= U= AR Ur NULL ©] o oF 3 T} NULL©] ¥, __qualname__
01 ﬂ HE+E= I= AA 9 co_qualname ZES}L L2 o2 Ay gy
Added in version 3.3.

PyObject *PyFunction_GetCode (PyObject *op)
Wk U 2. S AR opot AAH I = AAE wHE YT
PyObject *PyFunction_GetGlobals (PyObject *op)
kg U xS AA opet ABE A MU EE eyt
PyObject *PyFunction_GetModule (PyObject *op)
whehgh A e A2 3 AA op2] __module  o]EFFEC] thF U El FxE v Th NULL
o] /\ 01 2= 14 1;].

oA Ao E BE o

T

WS g TGOl AW, Shol A TS THE AN AAT S A%

alf
tlo
]

PyObject *PyFunction_GetDefaults (PyObject *op)
NhEhgh W d BE B4 AR op) A 7 EGES BBIUTE o & A% FEolbwvird 4
Uk
int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
4 A op©] AR 7| EZEE A FUTh defaulis = py_vone o)1} FE o] o of Tl k.
A9 3 systemError & LAYA 7] -1& Wi T}
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void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
Set the vectorcall field of a given function object func.
Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall function!
Added in version 3.12.
PyObject *PyFunction_GetClosure (PyObject *op)
Wbk 0 E Fx. o AR opot AEE 2 EAE YT o] 22 oL o] U A A 0] 2
S gwun
A .
int PyFunction_SetClosure (PyObject *op, PyObject *closure)
o A op 2t AAA SEAE AU closure= Py_None ©| U Al AR 2] 7-Z oo oF Tt}
A3t systemError& WA A 7] 31 -1-& WHEHEY T}
PyObject *PyFunction_GetAnnotations (PyObject *op)
Sekgh 0 E B2 T4 AA opo) o) i o] AL HAT T o] AL AW dA e G vns & 4
%tk
int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
St A A ope] o] =B 0] A& A A T th. annotations> G A Y E] L} Py_None o] o} of U Th
A9 3t systemError & YA 7)1 -1-& WG T}
int PyFunction_AddWatcher (PyFunction_WatchCallback callback)

Register callback as a function watcher for the current interpreter. Return an ID which may be passed to
PyFunction_ClearWatcher (). Incase of error (e.g. no more watcher IDs available), return —1 and set an
exception.

Added in version 3.12.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyFunction_Addwatcher () for the cur-
rent interpreter. Return 0 on success, or —1 and set an exception on error (e.g. if the given watcher_id was
never registered.)

Added in version 3.12.

type PyFunction_WatchEvent

Enumeration of possible function watcher events:
e PyFunction_EVENT_CREATE
e PyFunction_ EVENT_DESTROY
e PyFunction_EVENT_MODIFY_CODE
e PyFunction_ EVENT_MODIFY_DEFAULTS
e PyFunction EVENT MODIFY_ KWDEFAULTS
Added in version 3.12.

typedef int (*PyFunction_WatchCallback)(PyFunction_WatchEvent event, PyFunctionObject *func, PyObject
*new_value)

Type of a function watcher callback function.
If event is PyFunction_EVENT_CREATE or PyFunction_EVENT_DESTROY then new_value will be NULL.

Otherwise, new_value will hold a borrowed reference to the new value that is about to be stored in func for the
attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects, including infinite
recursion.

If event is PyFunction EVENT_CREATE, then the callback is invoked after func has been fully initialized.
Otherwise, the callback is invoked before the modification to func takes place, so the prior state of func can be
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inspected. The runtime is permitted to optimize away the creation of function objects when possible. In such
cases no event will be emitted. Although this creates the possibility of an observable difference of runtime
behavior depending on optimization decisions, it does not change the semantics of the Python code being
executed.

If event is PyFunction_ EVENT_DESTROY, Taking a reference in the callback to the about-to-be-destroyed
function will resurrect it, preventing it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.
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PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)
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PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
WSk WY R, 28 AALE 95t PyMethod_Function () 9] Uﬂﬂi B A.
PyObject *PyMethod_Self£ (PyObject *meth)

wiEzk: U ZAZR meth A =2 AFH Ad2HAE ¥ESSH o)

it

PyObject *PyMethod_GET_SELF (PyObject *meth)
W R Fx. Q7 FAALE 8= pyMethod self () 9] WA E WA,
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PyTypeObject PyCell_Type
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int PyCell_Check (PyObject *ob)
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PyObject *PyCell_New (PyObject *ob)
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S
PyObject *PyCell_Get (PyObject *cell)
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PyObject *PyCell_GET (PyObject *cell)

NhShgh: W E FE. A cello] W8-S WBFA T, cal] nuiLo] obd A ok A AR AAE HAFA
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IE=]

int PyCell_Set (PyObject *cell, PyObject *value)
A AR cell 2 141 S value2 AR TUTE o] A 3t A A Lol s F2E WA T
value=NULL ¥ & 2} S Uttt cell= NuLL ©] oy o] of gt}

destd, 0 HPE‘J“% th. cello] A AR 7} ok U™, A 9] & A s -1 YTk

void PyCell_SET (PyObject *cell, PyObject *value)

A A cell®) & value® AR FUTE FE A5E 2AF A gL, FAL 98 A4} o 2 H A
9511 o cell L o] obv]ofof 832 AL 2141 o] oF $u) .
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type PyCodeObject
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PyTypeObject PyCode_Type

o] 2L vtol W I = AAE UEH = pyTypeobjectd] AXTHAYU T
int PyCode_Check (PyObject *co)
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Py_ssize_t PyCode_GetNumFree (PyCodeObject *co)

Return the number of free variables in a code object.

int PyCode_GetFirstFree (PyCodeObject *co)

Return the position of the first free variable in a code object.

PyCodeObject *PyUnstable_Code_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)

o] Z1& & 9k API It may change without warning in minor releases.

A RZE AAE BEFUL = de BE7] A8 Ue 2= AAY d2sH, tal
PyCode NewEmpty () = AF&3FA Al L.

e

Since the definition of the bytecode changes often, calling PyUnstable_Code_New () directly can bind you
to a precise Python version.

The many arguments of this function are inter-dependent in complex ways, meaning that subtle changes to
values are likely to result in incorrect execution or VM crashes. Use this function only with extreme care.

WA 3.119 A M 7: Added qualname and exceptiontable parameters.

H A 3.12] 4] ¥ 7 : Renamed from PyCode_New as part of Unstable C API. The old name is deprecated,
but will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_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)

o] Z1-& & 9kA APIL It may change without warning in minor releases.

PyUnstable_Code_New () 94— H]f"&]'xl E'l', “H 72] 7&‘9‘ ?_]X]'

9 ¢] 8+ 3= 7} “posonlyargcount” 7} 315 T}
PyUnstable_Code_Newoﬂ ZJ,%Q“E Zijr 7E]'t "T_'o’] ]—f‘y}

p
o] F4oll = A4 Ut

o

Added in version 3.8: as PyCode_NewWithPosOnlyArgs
B A 3.119| A ¥ 7: Added qualname and exceptiontable parameters.

WA 3129 A ¥ 7: Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is depre-
cated, but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

Wag A 2x AQR LY, B4d 9 A WA 2 WEE 2E A W 2E A2 BB,
23 1= AR E AR5 mxception WA WU T

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)

Return the line number of the instruction that occurs on or before byte_offset and ends after it. If you just
need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP 626.

8.5.
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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.
Added in version 3.11.

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.

Added in version 3.11.

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.

Added in version 3.11.

PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions. On
error, NULL is returned and an exception is raised.

Added in version 3.11.

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.

Added in version 3.11.

int PyCode_AddWatcher (PyCode_WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be passed
to PyCode_ClearWatcher (). In case of error (e.g. no more watcher IDs available), return —1 and set an
exception.

Added in version 3.12.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id previously returned from PyCode Addwatcher () for the current
interpreter. Return 0 on success, or —1 and set an exception on error (e.g. if the given watcher_id was never
registered.)

Added in version 3.12.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY _CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY

Added in version 3.12.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)

Type of a code object watcher callback function.

If event is PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized. Other-
wise, the callback is invoked before the destruction of co takes place, so the prior state of co can be inspected.
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If event is PY_CODE_EVENT_DESTROY, taking a reference in the callback to the about-to-be-destroyed code
object will resurrect it and prevent it from being freed at this time. When the resurrected object is destroyed
later, any watcher callbacks active at that time will be called again.

Users of this API should not rely on internal runtime implementation details. Such details may include, but
are not limited to, the exact order and timing of creation and destruction of code objects. While changes in
these details may result in differences observable by watchers (including whether a callback is invoked or not),
it does not change the semantics of the Python code being executed.

If the callback sets an exception, it must return —1; this exception will be printed as an unraisable exception
using PyErr WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback should return 0
with the same exception still set. This means the callback may not call any other API that can set an exception
unless it saves and clears the exception state first, and restores it before returning.

Added in version 3.12.

8.5.6 Extra information

To support low-level extensions to frame evaluation, such as external just-in-time compilers, it is possible to attach
arbitrary extra data to code objects.

These functions are part of the unstable C API tier: this functionality is a CPython implementation detail, and the
API may change without deprecation warnings.

Py_ssize_t PyUnstable_Eval_RequestCodeExtralndex (freefunc free)

o] Z1-& = 9FA APIL It may change without warning in minor releases.

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra and
PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored under the
new index. Use Py_DecRef () when storing PyObject.

Added in version 3.6: as _PyEval_RequestCodeExtralndex

H A 3.129) A ¥ 7 : Renamed to PyUnstable_Eval_RequestCodeExtraIndex. The old private name
is deprecated, but will be available until the API changes.

int PyUnstable_Code_GetExtra (PyObject *code, Py_ssize_t index, void **extra)

o] Z1-& = 9FA APL It may change without warning in minor releases.

Set extra to the extra data stored under the given index. Return O on success. Set an exception and return -1
on failure.

If no data was set under the index, set extra to NULL and return O without setting an exception.
Added in version 3.6: as _PyCode_GetExtra

WA 3.129 4] ' 7 : Renamed to PyUnstable_Code_GetExtra. The old private name is deprecated, but
will be available until the API changes.

165

o
N
I



The Python/C API, Z2|A 3.12.11

int PyUnstable_Code_SetExtra (PyObject *code, Py_ssize_t index, void *extra)

o] 21 E 9kA APIL It may change without warning in minor releases.

Set the extra data stored under the given index to extra. Return O on success. Set an exception and return -1
on failure.

Added in version 3.6: as _PyCode_SetExtra

¥ A 3.129]| 4] ¥ 7 : Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated, but
will be available until the API changes.

8.6 7|E} ZHxi|

8.6.1 L} ZHH|

o] API+=C % gto]Bef2]e] W5 A IO (r1LE*) A Dol & E3H= WA 5td AR o gk 5ol
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PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char *encoding, const
char *errors, const char *newline, int closefd)
W2 gk A ZZ. Part of the $H4 ABL o]1] 42 &= 3949 9t 7]|&A} fd 2 vlol W 31 AR S
Lia=ashe 01 A} name, encoding, ervors B newline-2 713%}( S AFL-517]) Y6l nune € 4 A5 Y Tk
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WA 320014 | name A EEREE FAIFUTH
int PyObject_AsFileDescriptor (PyObject *p)

Part of the V%) ABL p9} #1 €l 5h9l 7% 42 int 2 WS Th AR 7 A4, gro] whebg Ut
9374 GO AA Y fileno) MAEI DO EEHUTH MASE WEA A5 E WH of
331, 71 kol 3 716} o= whEkg Utk A ohH o) 445 -1 g naF

PyObject *PyFile_GetLine (PyObject *p, int n)

vk zk: A 2R, Part ofthe 4 ABL p.readline ([n]) ¥ 55Ut} o] &= AA polA] g+
52 94U p 349 AR readline ) MAEF Qe 499 AL 5 D% eh w0l 00l 7,

stedo) A4 914
SRR D
2/ =25

590 2ol B0l HIHE) T B L AgITh nol 05T 1,
AsUTth 24d% Eo] vhaE £ AUtk F 5
HhEbE Ut 28 vno] o Bk 2o, Zole} AAgle] =5 AR 5
EOFError 7} Ay gt}

int PyFile_SetOpenCodeHook (P};OpenCadeHoukFmelian handler)
A-&-H handler & &3l 7] W& HALSIEF io.open_code () Y IRHE QA 52 A A Y th

handler+= thx3 22 @9 - duth

—
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typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject*, void*)

PyObject *(*) (PyObject *path, void *userData) & 5 @ Ut o 7| A path =
PyUnicodeObject ?:] o] By Ut
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o) ZFLogrAHor AdTE %Oﬂ /\}%ﬂ 22, 135 % A (frozen) sys. modulesoﬂ Qo G A
A oh I & A Fol A28 REE ARESE AL WAL

At o] AL W X]]ﬂ?‘i]—ﬂb}ﬂiﬂ@'%\— lom, o]|F5 9] pyrile SetOpenCodeHook () B}t &
£24 S Az 7t 2731 oW o9 & A FFth

AR DI E DI SRR
ol St Py _Initialize() Ao EEH = AT
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Added in version 3.8.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the X7 ABL A objE 3D AA poll FUTH flagsoll A A D=+ 4 S 1E
Py_PRINT " rANP U TEH A, repr () Al AAY] str() o] 7ISHE YT AFstH 0, A
3t 12 wrge ok A A3k o:]]ﬂﬂ_ uxq%qr)r

int PyFile_WriteString (const char *s, PyObject *p)
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PyTypeObject PyModule_Type
Part of the °+7] ABIL. ©] PyTypeObject QA2E A
ModuleType O 2 Tlo| W Z 2 T o] =& YT}
int PyModule_Check (PyObject *p)
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int PyModule_CheckExact (PyObject *p)
p7t 2E AA o] AR, pymodule Type®] A B Fo] of ¥ g wiEghrt o] e AT
e,

PyObject *PyModule_NewObject (PyObject *name)
WSk gk Al 2. Part of the 2+ ABI /A 3.7 0] & &, module.__name__ 9| name 2 Z A A Al
2E AAE wSd Y REQ _ name_ ,_ doc_ ,_ package_ % _ loader_ olEZREV}
ALY A UTH(_name_ S A3t EF Nonel B AAFHYTLH. _ file. AEZHEE HASE=
AL 52719 331U ok
Return NULL with an exception set on error.
Added in version 3.3.
WA 34004 HA: _ package_ 2} loader_ 7} ©]A| None &2 A A Ut}

PyObject *PyModule_New (const char *name)
vk zh: A 2. Part of the V% ABL PyModule NewObject () 2F B]523FA] ¥h name o] -4 Z & A X
A UTF-8 2 A7 G E A2yt

PyObject *PyModule_GetDict (PyObject *module)
sk zk: 2 2R, Part of the 9+ ABL module] 0] & F 7S Fdst= gy g AAE =l
th; o] AAl= 2E AA S __dict  o]EZHES} ZFUTh module] BE AA| (= & A4 9

—

A B )7} oF W, systemError 7} A 3F AL nULL ©] REEHE U T}
FFo BEY  dict B AAH 2AZAEA] Y T pyModule_* T} PyObject_* S5E AL 3=
Z1ol E5UTH
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PyObject *PyModule_GetNameObject (PyObject *module)
w13k zk: A ZZ. Part of the 94 ABI W R 3.7 0] 32 module®] __name__ 3t w33 Th R E o]
AgsA AU, EAFE o] oUW, systemError 7} HAY SFAL NULL ©] RESH ‘4 =2
Added in version 3.3.

const char *PyModule_GetName (PyObject *module)
Part of the Y7 ABIL. PyModule_GetNameObject ()2} H]|23}A| 2t rutf-8' 2 QA F
e

void ¥*PyModule_GetState (PyObject *module)
Part of the t7d ABL. &S] “AE]”, & B8 A4 A @ W2 E5S 718 7] & A EYUNuLL
S HtEstUt}. pyModuleDef.m suzeg 79.’5_'5]‘/{; Al Q..

ofl
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PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the 273 ABL. 2E©°] W59 A pyModuleper -2 A o Tt A E L} EE o] Aol A s
oJ A 2] F U™ NULL% Elaacianiag

PyObject *PyModule_GetFilenameObject (PyObject *module)
wEzk: A X, Part of the SH4 ABL module®] __file_ O] EZHEE A3t moduleo] 2 =4
e o5& vkt 4 4 H A FUAY EAFL 0] oFU |, systemError & LAY A 7] A NULLS
Maghch 194 o UIE A6 te #xE wagh
Added in version 3.2.

const char *PyModule_GetFilename (PyObject *module)
Part of the OF4 ABIL. PyModule_GetFilenameObject ()2} H]S23A T ‘utf-8° 2 QA FHH L H &
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A 328E HAE: PyModule GetFilename()< QI YT £ QU&= P ofsf
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2713} 8t B E A AABEAE pyModule Create () o] AG3tT A3 2 E AA S vi3st AL, A9
FZA AR E ‘?1—%}‘6]—01 “t}ebA 2732 2 Hs 2 QL)
type PyModuleDef

Part of the V7 ABI (including all members). 285 A A E Jtt = =
Rl 727 YA o2 2k Fol s o] Yo FHST 27154H W ke Y5t

PyModuleDef Base m_base
o] W & A} PyModuleDef HEAD_INITZ % 7|3}5H4 Al &
const char *m_name
M EES ol 5.
const char *m_doc
RES ZAEY; AWMA O Z pypoc STRVARE TS| S2E ] W7 AL Ut
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PyMethodDef *m_methods
PyMethodbef LB 7|EFH = BE & & Holgol e 2AH. F7t gled v g
& gl&veh

PyModuleDef _Slot *m_slots
OeA 27135 St e B g, (0, wuiL) FERCE FRFH UL OiA 27)3E AHS-
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5 AAY GC B Tl &= A 2 (clear) -, 2544 92 ¥ NULL.
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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_ rree is called directly.

WA 39004 A 28 AE 7 2= 7] doll tle £S5 A dsuth

) freeﬁmc m_free

E A ZF A Sl 23 T4, D R23FA ¢ O NULL.
BE A7 L ZE JA T, obA] FFE 2] 9FYoH o] Tt FEHA sULh oA B
Eo] vhso| A%, RE] AYPH 7] AA B AUt (py_mod_exec F). T ﬂﬂs}ﬂ]
m_size7F 0BT 331 BE AE| (PyModule_ GetState(ﬂ} HH2H5h=) 7F nunL o] | o] U"“ﬂ
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PyObject *PyModule_Create (PyModuleDef *def)

WEG: A B2 ) Aol weh, A 2E A E BEUT o)

22 module_api_version ©|
PYTHON_API_VERSIONCL 2 A AH pyModule Create2 () A H =23},

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
WSk A 2. Part of the QHA ABL def 2] A o] ol ub2}, API ¥ A module_api_version-& 7173 3o Al
v 242 s a Aol A8 59l e Ze)e WA} QA 8hA %OT, Runt ineWarning
< A YTH
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Return NULL with an exception set on error.

2= 7] Ao, 237 2E AA & QWHH 0 2 pymodule_AddobjectRef () 9 2 GFE

CHEA| =218}

A4S AR thE HS “OaA 2713 & 8= AYUTh o) o g oI FF RES
glol A BE3} T 31—6]'7“ EZ]'UL‘J‘:]' z2713= 25 AA 7 sl & w9 A4 A (creation phase) £}
A A o o] A3 A (execution phase) &2 ESFH UTH FEHE ZFH 29 new 0@ __init_ () HIAE
2} AR Y T

DA 27]8E AHS ] BtEol X REF EE, o] RE2 AFEC] obd Uth: sys.modules 352 A
Astil RES A X E 54, A 25 AA7F s A 1L, o] A BE-2 8t 7HH] A ‘F@O] Zjl%%
Yt} - ghol _1;1_‘:_\/}11]-;3_}7]-;<]%}\/]1:]-_ ZNERo, 2 AN HEAN AY RES 5HH °]°1°]:
FUth: stUE HANE e EEollE &S vAA] EHUth &, ZE AH = 28 QA CE

2
PyModule_GetState O AEANDIF I HNLEE BEY _ dict_ Y PyType FromSpec () 2 & U]'-—

ﬂ%%ﬂ@aiﬂﬂﬂﬂ%ﬁdw
98 Acz gy 0F

:L.

D}‘%fﬂ 371 i}% 8% "6P71 H 27|13} 34 (PyInit_modulename) = H] o] Q) A ¢k m_siotsE 7}
PyModulepef A2BEAAE ¥IESHU ). HL3TE 7] Ao, pyModuleDef A
of 27)3}8] oF ik
PyObject *PyModuleDef_Init (PyModuleDef *def)
Wiskzh: 9@ 2. Part of the OF ABI WA 350132, 28 A7 3 Ix 4S5 Sut27
R u8he 2 A 271314 gho] A AR o] Al Fth

defE PyObject* & /| AE &AL, of 2 7} HAY 851 nuLL2 BESHE Y o)

Added in version 3.5.
25 399 m_slots ¥ = PyModuleDef_slot XA vl €& 7}e] AoF & th:
type PyModuleDef_Slot

int slot

otef] A H AR 7He 3k Foll A A8 E, &% 1D.
void *value
X Do whe} 2 9w 7 ek Al =, 29 7k

Added in version 3.5.

m_slots B} 4L id7}1 091 €F 2 2 £ 7 & oF gt}

%
g AR eE e R 2EUT

i)

Py_mod create
A A S 27 Hs) TE2H = FFE AL DU o] €F9] value ZAE = =3 2
1W°ﬂh@¢%ﬂﬂﬁ%§ﬂﬂ

PyObject *create_module (PyObject *spec, PyModuleDef *def)

rlo

o] 4= PEP 4519 B9 9 thE, ModuleSpec SIAE AL RE Ao E wix UL} A BE AAE
HEEs A L of| 9] & A A 82 nunL & HEES| oF Tk

170 Chapter 8. 14t ZUA| HIS


https://peps.python.org/pep-0451/

The Python/C API, 22|A 3.12.11

o F H 4oz SANE T 55 2 RES A JEE el 1 At wa 2u)
%“ﬁ%‘ T JojA, Ao oW FE=F STEH G FH YT

Shute] & Ao A o8 py_mod_create €52 A AY F E5 YT
Py_mod_createS X QTR oW, AXTE A= PyModule New () =
BT ol £2 497} op ehapecol 4 AR, A w0l B 2 49
AT FRAA NG AA N FHoE 2= 1L ’a%"/‘ P3E S o
= 37 93 oh

nlshs) ﬁjﬂy}PYModule Type] QAEA o W= g r) JdZE #a o]Eg|HE AR} 9
7]%‘ X]%sl’}r:‘ El _63 S /\]"9"—6]' T ‘%\“41—/]' E}L]-, PyModuleDefoﬂ NULL O] O}ﬂ m_traverse,
m_clear, m_free; 00] 0]—‘,4_ m_size; == Py_mod_create ©]2] 9] £F 0] 92, pyModule_Type
Aads whubshd = glsyth

Py_mod_exec

BEL AP A3 BE2H L F4E AAGUT 0|42 o4 REY HES APshe A
SSPYTh WAL R, o] 4t Fehast A5 E BEo| AT 40l AHe o)
&t

E B

int exec_module (PyObject *module)

o2 7§ 9] py_mod_exec &% ] AR H ™, m_slots M Aol hel b= A2 A g Yt
Py_mod_multiple_interpreters

Specifies one of the following values:

Py_MOD_MULTIPLE_INTERPRETERS_NOT_ SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main interpreter’
s GIL. (See isolating-extensions-howto.)

Py_MOD_PER_INTERPRETER_GII,_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL. (See
isolating-extensions-howto.)

This slot determines whether or not importing this module in a subinterpreter will fail.
Shute] 5 Ao A o] Py_mod_multiple_interpreters €52 A AT & YH5Y T

If Py mod multiple interpreters is not specified, the import machinery defaults to
Py _MOD_MULTIPLE_INTERPRETERS_SUPPORTED.

Added in version 3.12.
thbA 2 7] 3}e]] o b ZpA §F W82 PEP 4895 X34 Al L.
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B 27198 48 0 £ At e B4 BEA UL lEL 48 48T &
Ao, o€ Ho Lk ANE FA0 ANV U AYG L. REL SA 2seel
PyModule_ FromDefAndSpec-\JrPyModule ExecDef& B F
PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
HEE 7 Al Z 2. F 017 def 9] A 2] 2} ModuleSpec spec 0.2 Al BE AAE BHEUTE 9
module_api_version ©] PYTHON_API_VERSIONC. & A A ¥ pyModule FromDefAndsSpec2 () A
ok
Added in version 3.5.
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PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
WkEk gk A ZZ. Part of the °+7 ABI YA 3.7 o] & 2. API ¥ A module_api_version-& 7}73 310, 3= 0]
2L defS] 72) 9 ModuleSpec spec © 2 A 15 23S RE e o3 w20l A% 59l e el
WA A 3FA] O™, RuntimeWarningS YA Al Y T}

Return NULL with an exception set on error.

0 Iz

o] ¢+ HHE pymModule FromDefAndspec ()& WAl AFE3) oF gty th; 413 22 ujj v
AHE 3 Al L.

Added in version 3.5.

int PyModule_ExecDef (PyObject *module, PyModuleDef *def)
Part of the 74 ABI WA 3.7 o] 3 2. defoll A FH BE A &5 (Py_mod_exec)= A& T h
Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char >‘<docs.tring
Part of the S+74 ABI WA 3.7 o] 2. module 2] %iE S docstring 2 & A AT} o] 4=
PyModule_Create 1/]— PyModule_FromDefAndSpec+w /\]——9- 0]—03] PyModuleDef Oﬂ /ﬂ —% o= FEH
AFoz SEH Yt
Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the V7% ABI YA 3.7 o] & 2. NULL £ & functions 9] € 2] <45 modulel] 71t} 7|
W gL of o) 8 ZpA| 8 W82 pymethodper AP A S FREHA] A] (T BE 5 ¥ 7P°1 171
UH—E—Oﬂ, CE 135 »E £ “34 (functions)” = Luld o2 3 HA H7H HEE RES 44
shof, afold Fef 29 OV\EV\ | A = 9} Tr/\b‘}ﬂ] TEUTh. ©] &4 & PyModule Create Lt
PyModule_FromDefAndSpec= A& 3}o] PyModuleDef oA ZES W& 0 X]—E o2 g=%rh

Added in version 3.5.

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)
Part of the ©+73 ABI ®] A 3.10 ©)|ZZ. module®| AR S name . 2 F713Uth 259 273} &40
A e % Qe el gy

&35, 02 Wk sty ot ol ] A, ol 9] & WA 71 3 -1 & ey o
A o

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;
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To be convenient, the function accepts NULL value with an exception set. In this case, return -1 and just leave
the raised exception unchanged.

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_ FromLong (value);
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

}

. J

Note that Py_xDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

The number of different name strings passed to this function should be kept small, usually by only
using statically allocated strings as name. For names that aren’t known at compile time, pre-
fer calling PyUnicode_FromString() and PyObject_SetAttr () directly. For more details, see
PyUnicode_InternFromString (), which may be used internally to create a key object.

Added in version 3.10.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

Part of the 73 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.

0 Ix

F2E FA+= UHE T4} 28, pyModule_Addobject () + A5 Aol B valueol] o 3t F= &

S AU o

This means that its return value must be checked, and calling code must Py_DECREF () value manually on
error.

ARG o

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) is not needed here
return O;

}

L J

The example can also be written without checking explicitly if obj is NULL:

static int

add_spam (PyObject *module, int value)
(th sle] Aol Al%)
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(o] sl o] A ol A AI)

PyObject *obj = PyLong_FromLong(value);

if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;

}

// PyModule_AddObject () stole a reference to obj:

// Py_DECREF (obj) 1is not needed here

return O;

}

L

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 V7 ABL module®] A5 45 name 2 & F713Ut} o] A9 4= R 59 273}
Tdrol A A = YE Ut Oﬂﬂi Al 95 st -15, 4FdHH 02 Wk Th

This is a convenience function that calls PyLong FromLong () and PyModule AddObjectRef (); see their
documentation for details.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the V7 ABL module®l] 24 A4E name 2. 2 F 7V} o] He| Sk R EQ 273}
Qoo A A8 4 DI Th 24 valie 't vorL 2 ZLbo} L o8 Al o9 & A4 sk 1
=, 8% Al o= "k o
This is a convenience function that «calls PyUnicode InternFromString() and
PyModule_ AddObjectRef (); see their documentation for details.

PyModule_AddIntMacro (module, macro)
module o int 5 E F 7+ U oh O]%Tjr #E macrodl A HF U AdE £
PyModule_AddIntMacro (module, AF_INET) 2 AF INET Z}< 7}A int A4 AF _INETS mod-
uleo] #71FPUI T o2 Al ol 28 A Aok 1%, 4T 0L BBF T
PyModule_AddStringMacro (module, macro)
module®l| A4 4+ F7HU )
int PyModule_AddType (PyObject *module, PyTypeObject *type)
Part of the 2+7 ABI WA 310 o] EZ. moduled] & 2AAE F
PyType_Ready ()& S&3t0] @ AAE stoldeto] 2t & AA 9 o] 52 A F tp_named] 1}
Auk 74 2204 714Gtk o271 WG o2l E AL 12,
Added in version 3.9.

2 x3

S 2713k AA JHZe e AYAEo A 23T £ Y= A2E BES UEUH ol YUS
By ool g Fxwte s v AAE AN ¢+ IA=F U

o] 5L A 27135 AHE st e ol EEoAE ZEekA] kst ©d BYA 1
Bgol o A vhEold & A7 WEA YT

PyObject *PyState_FindModule (PyModuleDef *def)
HESkgk: W9 R, Part of the QF7 ABL &lxﬁ 1] Z 2] E] o] )3l defoll A TS0} A R E AAE
u3k st o] YA EE AR E W WA BE AA| 7} pystate AddModule () 2 Q1 E1 ﬂEi el
of dd=o] JojoFdytt. sl 2§ 7“?4]% S T AAU AH =z E ZEjol o dE= A
o, nuLL S Wy o

int PyState_AddModule (PyObject *module, PyModuleDef *def)

Part of the 9+73 ABI ¥ A 3.3 O]—?—E ?Q' °ﬂ AEddE 2E AAE dE
o)L pystate FindModule ()& B8] BE AA o ANA S 5 Je=

SA 2738 A8 sto] B EEo Eﬂﬂ Asdy

n:f IM

= o)) Abe) o A FH ok,
gt
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E 3o} = O 2 pyState_AddModule 2 T E3RZE, L& X7 i
222900 CIAR PG, TEY A 215 =S} 33

F-ol vk @A A i%olé JQD} o] g4 FE et
Ut (A T=stAY, 283 ZH 7§’ﬂ°ﬂ o &k A} A §
).

L8

T E2= GILS B faf oF gth.
o Al A& & AA3t 15
Added in version 3.3.
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int PyState_RemoveModule (PyModuleDef *def)

Partof the 2+73 ABI W A 3.3 0] &2, defoﬂ A=
ol Al & A 15, AF Al 0= vhEHhU o

T E2= GILS B Faf oF gyt
Added in version 3.3.
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8.6.3 O|E{zZI[O|E{ ZHA|

slo] ML = o] Mg olE g olg AAS Az Uch AA, AlA~ O]Eﬁﬂlollﬂ—‘figetitem )
ANEE A Jﬁ}t %‘«H /‘l?_éﬁ‘rzﬁ%iﬂﬂ} A€ 28 AA 9 T 7 413 (sentinel) g2 *F‘l?f}%
Al se] Zt FEo tef ZelEae &8, S5 AL gho] vk o) ol o] i< OE?MEP-

PyTypeObject PySeqIter_ Type
Part Of the O]';q ABI. PySeqIter_ New()E]- LH ]':{I_J_/_\. 53 oﬂ ﬂ]?} iter () LH%]‘ 6]'4\—9/] ‘:/_]’?——_]' Q Z]-
o 4ol )&l whaks) ol el el o e} A Aol th 3k % A,
int PySeqIter_Check (PyObject *op)
op®] ol pysegiter_type°l W g FHF UL o] e 3 EFE U
PyObject *PySeqIter_New (PyObject *seq)
HEERE: A . Part of the 217 ABL ARF AR AR seq 9t A7 2153k o] Bl 8| o] B & REEHRHY]
th AR A7 BT A A] IndexErrorE Y271 o]E g o]do] YT
PyTypeObject PyCallIter_Type
Part of the X7 ABL pycalliter New ()@}t iter () W 42 F o2} & 4]0 o] 3 wh3tH o] E g
SEEEEEREEE)
int PyCallIter_Check (PyObject *op)
opP/] 53] 0] PyCallIternypeO] ‘?'1 73:, = = Eﬂ = ‘4 D]’ ] _/l:“‘f‘ 63‘/}:}' /‘5150'—‘;}1/] D]-
PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
w3k 7k /‘H Z¥Z. Part of the °+7 ABL M 22 ol # o6& E8 S Yth A AA wf 7 H4: callable

< 7 W glol EET S e BE ol EHE AA L 5 A5 UTh 4 EE2 olE o]
o 52}%—% Hhehsf of JHE} callableol sentinel 2 &2 32 Whhshd o] Bl g o] d o] FE P Yt

8.6.4 C|A3TIE A

“TAIPE £ AR ] AR JEHES /&t ANAUT TASL G AR GA U A%
U,
PyTypeObject PyProperty_Type
Part of the 7 ABL Y& t23 HE J =2 933 AA.
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
wiE gk A ZFZ. Part of the <+ ABL
PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
W2k A . Part of the 9+ ABL
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PyObject *PyDescr_NewMethod (PyTypeObject *type, struct PyMethodDef *meth)
W3k A ZZ. Part of the 9+ ABL
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
L S i =
PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
W3k A 2. Part of the 9+ ABL
int PyDescr_IsData (PyObject *descr)
YT HE AR deser7F Hl ol S| EREE 7]t 2™ 00] obd gr& wh&eta, M =&
71€std 02 S F UL deser= H2aHY Ei AA ol ok Tt &7 A ke lsyth
PyObject *PyWrapper_New (PyObject*, PyObject*)
wkek gk A ZZ. Part of the 9+% ABL

8.6.5 =2i0|A ZHA|

PyTypeObject PySlice_Type
Part of the ?+74 ABL € eFolx AA| 2] & AA. o] AL ol AF9| slice® ZFUTH
int PySlice_Check (PyObject *ob)
ob7h & ete] s AA W & WU Th ob nuzse] ofu]o]of BTk o] B4t B AT P Th
PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)
wksk gk A ZHZ. Part of the ©F7 ABL A A EH 3o 2 A 22 &£2fo)l 2 AAE ukSshy Tt} start, stop
D step W) WA= 22 o) B2 ol AA ol Z el HES o E ASFUCH LE gL worr,
% 910w, o A% wone o] AT ol £ H-Eo] A& k.
M AAE SEE 5 o™ oS AA s v RS ok
int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)
Part of the ¢+ ABL Z o] 7} length Q) A BAE 7} 81 o], £ 2fo)l A A A sliceol| A start, stop L step
A 22 744G U length T} 2 A A~E o) 2 X2l g ch
B 0 WL, o 2wl o9 A glo] -1 2 WHAFYTH(AY A F 1} b wone o] o} T
A4z ABH A g o, olu = 9 AAFT 1€ DI T,
o] 7152 AH&StL A A= e AYYth
WA 32004 W7 Aol = slice vl 7] 42| v 7)) M 4= 3 ©] pysliceObject* AH YT
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 9+ ABL PySlice_ GetIndices ()5 Z9sHA A G Ut Z o] 7} lengthQl A|A~E 7}
A 3}o], & efo)l 2 A A sliceol| A start, stop & step AN AE 714 2 31, slicelength ol S 2Fo]| 28] dol&
AU B E Hojd Ad A= dut Sefol 29 Aol ddE WA o= Yyt

AEshd 02 ket ol g o 9] & AAE L -18 WS o

0 #x

ol g AVE XAT F A= Ad2oE dA-SA g2 Aer FFUL T2
PySlice_Unpack ()€} PySlice_AdjustIndices ()9 222 AT ofof gt =
if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength)

—< 0) |
// °l® ergr

}
<oz dAE U
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if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
/7 °1= e
}
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

H A 32004 WA Aol slice Pl 7] M4=2] v 7] M4 @ o] pysliceobject* FFHTH

WA 3.6104 MA: py_1IMITED _API7F AAE o QA &AL} 0x030504003 0x03060000 (3
SFSFA] ¢F2) Aol Y 003060100 0] A9 ke &2 A AE 9 © W, pySlice GetIndicesEx () &
PySlice Unpack () 2} PySlice_AdjustIndices () S5 A& Sl= vz =2 A FH Yth <A} star,
stop D step= A & tﬂ 371U ok

WA 3615 HAE: py_LIMITED_API 7} 0x03050400 K T} Z- A1} 0x030600003 0x03060100
(Z33}A] F2) Atol9) gko 2 HAE YO pySlice GetIndicesEx ()« H A H T4

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Part of the ¢+7 ABI ¥ A 3.7 o] & 2, &2lol2 AR 9 start, stop W step T o] B WHE C A4
FZSHU Tt} py_SSIzE T MAXHE T ZFS Py SSIZE T _MAXE R3] =0|1,PY SSIZE T MINE
t} 2F2 start 2} stop = PY_SSIZE_T_MINZE Z§3] o], 7PY7$SIZE7T7MAXE_D]- 22 step Fh=
-PY_SSIZE_T MAXZ 283 =<t}

o & & AAA -1&, &t 0= ¥ Th
Added in version 3.6.1.

Py_ssize_tPySlice_AdjustIndices (Py_ssize_tlength, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)

Part of the V7 ABI WA 3.7 o] =2, A A H length Z 0] 9] A|A2E 7} A 3} start/stop & 2}o] 2
oA~ 2T HAE Hoju dd A= dul Sefo]ao] Aot ddd WAooz ZP Y

Sfo] 29 Aol & NSt 3 ATt stoly IE=E T E3HA] kU Th
Added in version 3.6.1.

Ellipsis 24|

PyTypeObject PyEllipsis_Type
Part of the 973 ABIL 3}o] W E11ipsis 1A Q] §. slo]# AZ2] types.EllipsisTyped 25Ut}

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py None, it is an immortal. singleton object.

WA 312004 WA Py mllipsisE 2P YT

8.6.6 MemoryView ZHX|

memoryview AAE C 52 ]3] olE]s] o] 28 T2 AR WA 2 ALY 5 dx shol M AR =
=&
PyObject *PyMemoryView_FromObject (PyObject *obj)

v gk X 2. Part of the ©+7 ABL W ¥ Q&3] o] A& A& 3= A A o Al memoryview 2 | S

BT o7t 271 7hs W A3 2 A Aot mmmmwﬁﬂt%W%ﬂﬂﬂlﬂéﬂ
orow 2)7] A8 ol ALk Al Bk Aol uhet 971/ 7F D % AUk

PyBUF_READ

SRR EEEEE LA
PyBUF_WRITE
27 Vs ul e g 2 P ohe Eela
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PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
kS gk A ZZ. Part of the 217 ABI /A 3.7 o] 3 2. memE 35 W E AF-E3} 9] memoryview
AAE 25 YTt flags= PyBUF_READ Y PyBUF_WRITE & YUY 4 5 th
Added in version 3.3.

PyObject *PyMemoryView_FromBuffer (const Py_buffer *view)
Wk A ZZ. Partof the QF7 ABI WA 3.11 o] T &, Fo| A W 3 L2 A viewE A= memoryview
AAE 5T 7S vlo| E W9 9] A 9=, PyMemoryView FromMemory () 7} A 5 &= 4 9]
e},

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
qhskgk: Al ZZ. Part of the <H7 ABL W5 A E o] A5 A ot AAZHE wEelo a5 H3A
(‘C’ W} “F ortran order &) & memoryview 2 A| & TH5 U T W2 2] 7} A< 2 o]  memoryview 2 A =
A MR E ZHe Utk 234 ¢ o, B o] vhE 0] 2] 3 memoryview= A Hlo]| E A A A&
el ek,
buffertype-2- PyBUF_READ Y} PyBUF_WRITE % UYL 4 5 th

int PyMemoryView_Check (PyObject *obj)
A A obj 7} memoryview A A A S WU TE A A= memoryviewd] A B FHAE T
Ut o] e 3 AT UTH

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
A=At ¥ ¥ 2] memoryview 2] B]Z 7| EALE 9] Z OB S =8 F Yt} mview WHE A] memoryview
A8 solof T o] MAE: FL HISHA ghonw A4 AAbslol gith 184 ghow
35 990l Y5

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
memoryview 7} 7] W o 2 3stE= A F A A A o & =E A E Y memoryview 7}
PyMemoryView FromMemory () Y PyMemoryView FromBuffer () &4 & JtUZE WEJHLO

A NULL-S WHEHEHY T mview= ¥FE X] memoryview Q1 2Bl 2 of of g T}

i
oy

<
T U

Shol M e ok F2E 15 AMNE AAFUTh F% F2E A AL F X TAAA A Gol
Utk A AA L A Fx AR oW, F AAL 5 & A AM Y meba] 4L Gk

int PyWeakref_Check (PyObject *ob)
Return true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)
Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
WL A . Part of the 17 ABL ob Ao Tt 3E k5 Fx A& WU o] AL
MEE F2E HFAT 2R AAE B ste Ao HAHA= syt 718 =2 AA 7}
HEhE 4 dFuth T AR w7l M52 callback-2 ob7} 7HH| A S o S e el E AA
72 & st st w7 fia S whols ol of sh=t, oFE 2 AA| AHA AUt callback-E
None o] U NULL 4 5 A5 YT ob 7} FSHA F2 T 5 = AR 7t ok A, callback ©] E 2] E,
None B+ NULL ©] o}, NULL-E ¥WFSHSLA TypeError & WA Al Z Y th

N

=

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
WEEhgh: A X Part of the $E7 ABL ob Aol th3E &3} 2 A A& whgt
FEAELR F2E SHFAT 2L AAE A sk Ao RAH A= gdsUTh
AR MED 5 AGUT T WA A B callback S ob7} 1WA 54D W 2
HE AA 7L E = AsUth stk v WS ol o] of sk, oFe Fx A A AHA| A Y k.
callback& None | U NULL & % U5 U T ob 7} ¢FoHA 2 4~ 9= AR 7} oF Y A, callback
o] Z8]E, None =+ NULLO| oFU W, NULLS HF33} 31 TypeError & WA A U T}
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PyObject *PyWeakref_GetObject (PyObject *ref)

visl gk WP Z2Z. Part of the °+% ABI. Return the referenced object from a weak reference, ref. If the
referent is no longer live, returns Py_None.

0 #u
o] 4= FxH ﬂﬂﬂltﬁ‘&%l%% S 93y ol W E Fx 9 npxut ALg Ao 9}
g = ALl E AL sk, AA ol 3] FA py_1ncrEF ()& TE oF TS =T

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

WEhgh ™ Fx. pyweakref Getobject () 2k FAFSEAIRE, o 2] HAAMS 3 6hA] gkt
void PyObject_ClearWeakRefs (PyObject *object)

Part of the Q+7 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.

8.6.8 =
o] AA| AF-g-of o 3F 2FA| 3F A B = using-capsules & 2 34 Al 2.
Added in version 3.1.

type PyCapsule

o] pyobject?] MH G2 EFHE Fe Uetln, so] Z=EE ST HECIEE EFHT H
(voiar ZQIE| )L Ao 3= C g BEol R4FUTE o] A2 & BN W C g+
EAEE 8 AN A E 5 A e v S5 ARHER, U dZE WAUS S AHE
st BH o= == mEo] Fo B CAPIo] A 2T 5 JguTh
type PyCapsule_Destructor
Part of the 9+7 ABIL 7] ol o] 3} 9}3] 2} (destructor) =9 3. o] Z A A 2]}
[typedef void (*PyCapsule_Destructor) (PyObject *); }

PyCapsule_Destructor 2% 2] o] u]|= pycapsule_New () S FZIHIA L.
int PyCapsule_CheckExact (PyObject *p)
O1X}7} Pycapsuleo|d IS Z8|E Ut o] 4= A A

[e]

ol

).
PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
YyOob) p yCa

WkskZh: Al 22, Part of the 9+7 ABL pointer & 7} €3} 3= PycCapsules W5 Y T} pointer Q1 A=
NULL ©] O}E T JdsYrh

A std, ol 9] £ A stal nuL S Wy o

name FALE -2 NULL o U F&3SHC EAE ol o gk =AE & 4= A5y th nuLL o] ofy |, o] A4
2 HEHt _w—ﬂ] A5 o] oF g t}. (destructor Yol A S| AT = 51U T})

destructor Q1A 7Fnunr o] ofUHE, Ago] 33 E u] &S AAE s=H YT

o e

o] A& REY JJEZHER AASHY, name modulename attributename & A] A3l of g
Uth o] FA 8t thE B 5] pycapsule Import ()5 AHESH ES JdZE & 5 syt
void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the <+7 ABL <ol A7¢H pointer& 7+ A& Utk Adf3td, o 9l & A4 st3 nuLL& HH
i
name Wi 7} W= gl AGE o] 53 B v ﬂ 0101: Futh FHgol A73H o] & o] NuLL
°ojd, d EQ name= NULL ©] o] of gt} J’}' 1HE C &4 stremp () S AR S AE o] S v

.
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PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)
Part of the ?t7d ABL g ol 2739 @A st A& whguth Asstd, o9 & A48kl nuLL&
NLekgh o).
g ol nuLL FAAE Zhe 22 FHAYUTH o] A2 nuLL W I EE thAd B 5HA v U T
H&3] 38 W pycapsule Isvalid() Y PyErr Occurred() S AHE3HI Al L
void *PyCapsule_GetContext (PyObject *capsule)
Part of the 9% ABL %] A48 84 AdAEES wskghth AolshR, 9% 4451 noLL
2 W
Heol v AEAES Zhe 2 I A Yy o] A2 nuL Whe 3
U(;] Q“&] ﬁ:l-ﬁﬂ @ PyCapsule_IsValid() \/]' PyErr Occurred() % /\]'—%-
const char *PyCapsule_GetName (PyObject *capsule)
Part of the ?t7 ABL g ol A" @A o] 55 vttt Asstd, o9& A4k nuLL &
wHEHghY o,
AgolnuiL ol 52 e A2 FHAY YT oA L R} I =5
W 3}+35] 5l Pycapsule Isvalid() YW PyErrfOccurred ()5 AFESHA A
void *PyCapsule_Import (const char *name, int no_block)
Part of the 27 ABL. B&9] & o] EgFHEA C Ao o gt 5]
W4 = module.attribute A8 o] EZHEQ AA| o] & X A3l oF
o] 2 A} 7} A 58] QA of Tk,
dF 5t g o W pointer S WHHU Th A obH, o 9] & A A8t nunL & HEEHU o
B A 3.30 A WA no_block2 tj= &37} 95U ch
int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the ¢+ ABIL capsuleol FES AEAAE FFF YU 2T &2 nuLLo] ofyH,
PyCapsule_CheckExact ()= J}‘t_ﬂ'_ﬂ NULL ©] ofd EZ A E 7} A AT W, WE o] = o] name v 7}

T AAFULE (A€ o5 st ol st H R = pycapsule GetpPointer ()& FE
d”MOJ

Lol

g §

ol E gt t}. name " 7|
‘4 o} A&l A= name

= o
=
s
H

5, PyCapsule_Isvalid()7} 3gk= W2t H, B E A (PyCapsule_Get & & A &3l B
ol e T & o] 4Fee] HAgH T
A7) 7} 553 AL o £ 3} AR 8hH 00 obl S WAtk 1Y o 0L ue
o] g AsfshA syTh
int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the 7 ABL. capsule Y52 AR AE ZAEE context 2 /3 7 1t
dF s 05 HHEtU ok Asfshd 00] ofd g WHEelaL ol 9] & A A Y T
int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the 27 ABL capsule W5-2] 3}3) XFE- destructor 2 74 3 g o}
K331 08 W ok A9 ShE 00 b ZEE WHkSlT o9 & A P Tk,

rn

%
*

U

int PyCapsule_SetName (PyObject *capsule, const char *name)
Part of the 7 ABL. capsule W 5-2] 0] &2 name 2. 2 4 A3t} nULL o] oFUHE, o] &
S Aok FUTH &l A Z“?l o] A name ©] nULL ©] o} H, o] & s} Al 3} &
Fsyth
43348 02 MG TE A 5HE 00 obd g WHEsh o9 & A Pk,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the -7 ABL capsule U 5-2] void 3 Q1 E] & pointer 2 A Ut} XA E = NuLLo] ofd 4
1% .
3ot 02 Rk th A std 00] obd g WHEElaL o 9 & A AH T

Ae Wt

o
T A E5R
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8.6.9 Frame Objects

type PyFrameObject
Part of the A| 3+H 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 4 ¥ 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 3.11 9] 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 3.11 9| 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.
Added in version 3.9.
PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)
Get the frame’ s f_builtins attribute.
Return a strong reference. The result cannot be NULL.
Added in version 3.11.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)
Part of the 7 ABI ¥ A 3.10 ©] & 2. Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.
Added in version 3.9.

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.
Added in version 3.11.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)
Get the frame’ s f_globals attribute.

Return a strong reference. The result cannot be NULL.
Added in version 3.11.

int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’ s £_lasti attribute.

Returns -1 if frame.f lasti iS None.

Added in version 3.11.
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PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

Get the variable name of frame.
o Return a strong reference to the variable value on success.
o Raise NameError and return NULL if the variable does not exist.
« Raise an exception and return NULL on error.

name type must be a str.

Added in version 3.12.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)
Similar to PyFrame GetVar (), but the variable name is a C string encoded in UTF-8.

Added in version 3.12.

PyObject *PyFrame_GetLocals (PyFrameObject *{frame)
Get the frame’ s £_locals attribute (dict).

Return a strong reference.
Added in version 3.11.

int PyFrame_GetLineNumber (PyFrameObject *frame)
Part of the Q74 ABI W A 3.10 ©] & Z. Return the line number that frame is currently executing.

Internal Frames
Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame

The interpreter’ s internal frame representation.
Added in version 3.11.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _PylnterpreterFrame *frame) ;

o] 21 & 9k API It may change without warning in minor releases.

Return a strong reference to the code object for the frame.

Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLasti (struct _PylnterpreterFrame *frame) ;

o] Z1-& E-9FA API. It may change without warning in minor releases.

Return the byte offset into the last executed instruction.
Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLine (struct _PylnterpreterFrame *frame) ;

o] 21 & 9k APIL It may change without warning in minor releases.
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Return the currently executing line number, or -1 if there is no line number.

Added in version 3.12.

8.6.10 A|L42|0O|E{ ZHA|
3t AR YT dutAo R
o] oheh, ghe U (yield) 3}
£ @42 ol He o =] BEol Ay
type PyGenObject
A dlel 8 AR AHEE = C F2A.
PyTypeObject PyGen_Type
Avelo el Aol skt B A
int PyGen_Check (PyObject *ob)
ob7F Al #l ol 8 AA ™ 2 2 F YT obsnuLLo] opyojof F . o] T A F
int PyGen_CheckExact (PyObject *ob)
0b®) Bol pycen_typeol W B W% UTH obi nurLol o] ofof Gtk o] Bk B4 AT
g},
PyObject *PyGen_New (PyFrameObject *frame)
wEekgh: Af 2. frame A A o] 719HEE A} Al 2 o] B A whE o] RE& YT o] S frameol
e 222 F A UTh A oiLo] o ojof gk
PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Wk gk A ZR. frame A Aol 71RkeE A Al o]l H AR E wEo] WESH=T, __name_ 3}
__qualname__ S name d qualname 2 4 A Ut} o] = frameol U8 FZE T H YT} frame

Q1A= wuLz o] oh]of of g e,

14
i

Y.

8.6.11 ZFEIl ZHH|
Added in version 3.5.

FZ2E AA = async 7| YPEZ AAH

b

T7Fukghsk= A Yy

type PyCoroObject
228 AR o) AEH = CTEA.

PyTypeObject PyCoro_Type
258 A7 ol o g @ A,

int PyCoro_CheckExact (PyObject *ob)
ob9] ] pycoro_Typeo] W & MEAFUTH ob=NULL Y 5 Qi UTh o] e FFAATH
e},

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
Wk A . frame AAE Ao R A 22E AAE BE A BBFUT. _nare_ 7
__qualname__ 2 name 3} qualname 2 73 3 U th. o] 4= frameol Y8t FZ2E T U frame
A= nurL g 4 RAFUTh

8.6.12 FHEHIAE 4 ZHR|
Added in version 3.7.
WA 37104 A7
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0 #Fx

gfo]H 3.7.10 4 EE AYAE W4 C APIY AW o] pycontext, PyContextVar ] pyContextToken
WAl pyobject EIEE EEdFEAsULAE =

// in 3.7.0:

PyContext *PyContext_New (wvoid) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

ZLA| 8 U2 bpo-347628 AR EAIA L.

o
L

o] Ao A& contextvars BE 5t 58 C APIC| o aff AA| 3] A v T
type PyContext
contextvars.Context AA S eI = ] AFRE = C XA
type PyContextVar
contextvars.ContextVar AA|S eI = U AFREH = C #£X 4.
type PyContextToken
contextvars.Token AA|E YE Y= t] AF_EH = C X A.
PyTypeObject PyContext_Type
context 3 UYEU = & AA.
PyTypeObject PyContextVar_Type
Auae W e ehys 3 44,
PyTypeObject PyContextToken_Type
AdAE H4 E2 32 Ve E & A4.
g A AR
int PyContext_CheckExact (PyObject *0)
o7} pycontext_Type oI & EHF U o= NuLLO] oY ojof FUTh o] 4= FF A4 F
Tk
int PyContextVar_CheckExact (PyObject ¥0)
o7} pyContextvar_Type BO|H F& EHF U o nULLO] ofy o] of Yt o] ¥
4E gy
int PyContextToken_CheckExact (PyObject *0)
07} Bycontest Token_Type WOl R 2& BB U ok nuLLo] ohjolof BT} of T
4E U

AdAE A7 B B4

4
rlr
otk

>

rlr
o
W
2,

PyObject *PyContext_New (void)
whskgk: Al FE. Al 2e ) AE s

A= |

Il‘ﬂ

bl
4

Y

& w5 Utk ol 7F A s nuLL & vk ey o
PyObject *PyContext_Copy (PyObject *ctx)
WHEgh Al A%, AR ax AHAE A7) e BARE wEUTh o2l sl B s w
shekghu o,
PyObject *PyContext_CopyCurrent (void)
gk A B @A) 2 s A aEe] o BARS v of 2 7k WA ShE nuLLg ukeke
gk,
int PyContext_Enter (PyObject *ctx)
A 2= A AH2ER s DB FUTE AF Al 05 WEbsta, o 2] Al -15 Wkghehy Th
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int PyContext_Exit (PyObject *ctx)
ax AY A EZ N BAFe T o)A AYAEE FA 2 =2 A AYAER BAThTh AF A
02 Whghstal, o 2] Al -1 Whehety Tk

e

PyObject *PyContextVar_New (const char *name, PyObject *def)
wtE gk A ZZ. A contextvar AAE WEUTH name M7 M4 EZAHdAY Oy B F
o= AR def 7] WS E AUAE W40 ) RGS AT 5 ALY Th wie 783
R AU o2 7 BT, o] B4 nurL BT .
int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
AU AE WMol 1he AAGUTh 288k ok ol ek s -1 BEea, gto] A9
galol ol 7 A eHA] ¢ko oS WY T
AUAE W47l HAH W, value s TAL )71 ZAEHA UL ARAE A5 RAHA
F oW, value ThE< 7Fe] U Th
o default_value, NULL ©] o} H;
e var®] 7] 23k, nuLL o] oy 9;
e NULL
nunLd W S Al 98k, o] e A FEE Wy o
PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
gk A Zx. @A AEAENA vare] S valueZ ARt o] WA g A EZ AAE
WEEbst AL of 2] 71 8 5 nuLL-g RERHEY T
int PyContextVar_Reset (PyObject *var, PyObject *token)

var ﬁEi}_/_\E_ @—’,\—9/] %LEH% token< WH2H 3t PyContextVar_Set () & 739/] %EHE XH@@_@“‘% t}.
o) Yo AT A 0 MBI, e Al -1 ukagh ok

8.6.13 DateTime Z{i]|

thFe Aol Al AA 7L datetime EEOANA AFHEULE o] F5E AHESH7] A, dlH 34
datetime.h 7} 2220] E8FE| o of 3} (Python.h 7} ET3FA] k29 FoHAIL), dutd oz &
5 27|13} 49 98 F pybateTime_IMPORT A2 E T & o FUrh Mla2g2E= C XA th3t
Z O EE oS ) A 2o A AFRF = static 4 PyDateTimeAPIO] W5 T}

type PyDateTime_Date

Q)

This subtype of PyoObject represents a Python date object.
type PyDateTime_DateTime
This subtype of PyObject represents a Python datetime object.
type PyDateTime_Time
This subtype of PyObject represents a Python time object.
type PyDateTime_Delta
This subtype of PyoObject represents the difference between two datetime values.
PyTypeObject PyDateTime_DateType

This instance of PyTypeObject represents the Python date type; it is the same object as datetime.date
in the Python layer.

PyTypeObject PyDateTime_DateTimeType

This instance of Py TypeObject represents the Python datetime type; it is the same object as datetime.
datetime in the Python layer.

PyTypeObject PyDateTime_TimeType

This instance of Py TypeoObject represents the Python time type; it is the same object as datetime.time
in the Python layer.
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PyTypeObject PyDateTime_DeltaType
This instance of Py TypeObject 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 datet ime.
tzinfo in the Python layer.

UTC =&l HA25t7] e v 2=

PyObject *PyDateTime_TimeZone_UTC
UTCE Yeti & A ) A S ES 83Ut} datet ime. timezone.utc & 28 AR YUt
Added in version 3.7.

Y A AR

int PyDate_Check (PyObject *ob)

ob7} PyDateTime_DateType & ©] AU} PyDateTime_DateTyped A B dolH & E# F 1T} ob
= wunL o] o] ofof gt o] g a4 A E T T
int PyDate_CheckExact (PyObject *ob)

ob7} PyDateTime DateType @ oW & Z&]F Ut} obE NULL o] oFY o of g Th
P AT FYh

int PyDateTime_Check (PyObject *ob)

o
%
>
rlr

tlo
it
v

0b7]— PyDateTime_DateTimeType B 0] 74 1/]- PyDateTime_DateTimeTypeE] /ﬂ H g 0] ] 7:‘:]'
ZUt} ob=NULL o] of o] ok gt} o] S A A F S o)

int PyDateTime_CheckExact (PyObject *ob)
ob7} PyDateTime_DateTimeType & oW 2 E8]F Ut} ob= NULLO| o} o] of 3T}, o] &4
= 34 45 Fch

int PyTime_Check (PyObject *ob)
ob7} PyDateTime TimeType & ©] At} PyDateTime_TimeTyped] A H FHolH & & F1th ob
= wo110] opuo] oF Tk, o Bt B4 AT L

int PyTime_CheckExact (PyObject *ob)
0b7} PypateTine TineType Wol W & EHFUTH obt nuLol ohuojo FUTh o] Fai
B4 A E T

int PyDelta_Check (PyObject *ob)
ob7} PyDateTime DeltaType & ©] A PyDateTime_DeltaTypel A H FojH IS =8|=
ob= nuLL o] ohL]ojoF Ttk o] B BAk A E BT

int PyDelta_CheckExact (PyObject *ob)
0b7} pypateTine peltatype WOl B EEF U bt nurso] opulo]ok T Th of B4t
P BAFFUh

int PyTZInfo_Check (PyObject *ob)

IJ
=

U

iz

ob7} PyDateTime_TZInfoType 3 o] ALt PyDateTimefTZInfoTypeQJ B ol FE =5
t}. ob= nULL O] ofY o] of gt} o] S A A F gtk

int PyTZInfo_CheckExact (PyObject *ob)
ob7} PyDateTime TZInfoType 3 o]H 2 Z8FUt} ob= NULL O] o}y o] of ST}, o] St =
P AT FUTH

AAE D= IR

PyObject *PyDate_FromDate (int year, int month, int day)
sk A ZFZ.AAE J, E, 49 datetime.date AR E wiEsh T}
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PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)
wiE gk A 2 AR G, 9, Y, AL, B, X D ulo] 37 %2 datetime.datetime AR E ¥ISHSH
.
PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)

wrEh 7k A F2 AAE G, 9, G AL B F, vlo]3 2 % W fold] datetime.datetime A A E

i

Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
HEEkgE A Fx. A AE A, B, 2 9 ulo] AR 29 datetime.time A XS WFSE T}
PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
ez A FR. AAE AL B, 2, ulo] a2 % 9 fold9] datetime.time AR S W3 T}
Added in version 3.6.
PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
wrE gk A 2 AAE F, 2 W ulo]a 2% &5 YE & datetime. timedelta AR S ¥I3HgH
Urth 23 nlo]Z2 2 29} 27} datetime.timedelta AA| o) Tal AHE HY o Y= FH37}
Sag U
PyObject *PyTimeZone_FromOffset (PyObject *offset)
WSk A ZH 2. offset A AR UYEFY A= o] S 0] Qle 1A 2 Z A9 datetime.timezone A&
s EUT)
Added in version 3.7.
PyObject *PyTimeZone_FromOf£fsetAndName (PyObject *offset, PyObject *name)
wiEzk: A ZZ. offser 21 AF2} tzname name 2. E JEF A= 1 L Z A Q] datetime.timezone A
AE =2F4th
Added in version 3.7.
R AA A BES FEote AR, A= B FHL(7FY pypateTime DateTime) & 3E 981
PypateTime pate?] Q1AHE 20 oF FUTh @12k nuLLo] oFL]o]of ahn), 8-& AAVeHA] sy Th:
int PyDateTime_GET_YEAR (PyDateTime_Date *0)
Foint2, 95 vhehgh o
int PyDateTime_GET_MONTH (PyDateTime_Date *0)
1o A 12741 9] int &, 92 wksk3hy ot
int PyDateTime_GET_ DAY (PyDateTime_Date *0)
1o A 31744 9] int 2, 4 wHekgh )
R A AR AN BEE FEI}E IR, ARE= B FHAE E3519] pypateTime_DateTime2)
Q1228 2sof of Ptk QARHE nuLL o] ohof of 3hr, §e FAFSHA] ek th:
int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
05 237kA 9] int 2, Al S WH3H o
int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
04 E 59712 9] intZ, ¥ Whekgy o}
int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
0RE] 59747 9] int 2, 25 ¥Hek3hych
int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
05-€] 9999997} 7] 9] int &£, wlo] 2 & 2 5 kg o},
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int PyDateTime_DATE_GET_ FOLD (PyDateTime_DateTime *0)
0o A 17FA ] int 2, =& 93 oh
Added in version 3.6.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)

Return the tzinfo (which may be None).
Added in version 3.10.

N AR BES 328 a2, AR A8 Sex
ol oF itk Qlat= nuLL o] ofuio]of 3hu] & AR
int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
FH 237bA] 9] int=, Al S Wy o
int PyDateTime_TIME_GET MINUTE (PyDateTime_Time *0)
08 597kA 9] int 2, &< WH3h o
int PyDateTime_TIME_GET_ SECOND (PyDateTime_Time *0)
B 597bA 9] int®, 25 Wt
int PyDateTime_TIME_GET MICROSECOND (PyDateTime_Time *0)
05-E] 9999997} 2] ¢] int &£, wlo] 2 & 2 & W&k},
int PyDateTime_TIME_GET_ FOLD (PyDateTime_Time *0)
00l A 1744 9] int &, Z =& REHg ot
Added in version 3.6.

PyObject *PyDateTime_TIME_GET_ TZINFO (PyDateTime_Time *0)
Return the tzinfo (which may be None).

Added in version 3.10.

A7+ el AA oA BEE ZFEFF=|a =2, AAE=ANH FHAE £ pypateTime_Deltad A2
"2sof of gtk Axbe nuLn o] ohy of of 311 B FASA ek th
int PyDateTime_DELTA_GET DAYS (PyDateTime_Delta *0)

-999999999 oj] A 999999999 7} %] 9] int &, & 4& wiEsh o}

Added in version 3.3.

int PyDateTime DELTA_GET SECONDS(PyDateT[me Delta *0)
HE 863997+ 9] int 2, & £ & w33 th.

Added in version 3.3.

int PyDateTime_DELTA_GET_ MICROSECONDS (PyDateTime_Delta *0)
001 A 9999997} ] o] int &2, ulo] A2 Z 4~& Hi3gh T}
Added in version 3.3.
DB APIE 7@l 259 W9 g 93 vjaz:
PyObject *PyDateTime_FromTimestamp (PyObject *args)
Wk zk: A Z R, datetime.datetime.fromtimestamp () o] AEoF= o] A3 QA EZ 2 A)
datetime.datetime A& w53 W3 T}
PyObject *PyDate_FromTimestamp (PyObject *args)

wEskzlk: A ZR. datetime.date.fromtimestamp () o] AEst= o] A g3t QA
datetime.date A& W& ¥F3H U o}

4
3
u
=
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8.6.14 Objects for Type Hinting

Various built-in types for type hinting are provided. Currently, two types exist - GenericAlias and Union. Only
GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)
Part of the 2+ ABI ® A 3.9 o] & &, Create a GenericAlias object. Equivalent to calling the Python
class types.GenericaAlias. The origin and args arguments set the GenericAlias ‘s _ _origin__ and
__args___ attributes respectively. origin should be a Py TypeObject*, and args can be a PyTupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args__ is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a

type. The GenericAlias ‘s _ _parameters__ attribute is constructed lazily from __args__. On failure,
an exception is raised and NULL is returned.

Here’ s an example of how to make an extension type generic:

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem_ ", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

& TR

The data model method __class_getitem__ ().

Added in version 3.9.
PyTypeObject Py_GenericAliasType

Part of the 7 ABI W 3.9 o] & Z. The C type of the object returned by Py_Genericalias (). Equiv-
alent to types.GenericAlias in Python.

Added in version 3.9.
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See also Python Initialization Configuration.

s} Ze S8 2 T A, ThE F}o| W/C APl 45 AL2317] Aol py_Initialize() 34
S S EdoFFUth 2 71A gt Ao A W ole dyTh
gpol o] 27]38}E 7] Aol v & A A 2T 5+ IFUH

— 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 ()
- BE o
— Py _IsInitialized()
— PyMem_GetAllocator ()

— PyObject_GetArenaAllocator ()
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— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py_GetPlatform()
— Py_GetVersion()
- FEEE:
— Py_DecodeLocale ()
o 2 2] S

— PyMem_RawMalloc ()

— PyMem_RawRealloc ()
— PyMem_RawCalloc ()

— PyMem_RawFree ()

0 Zx
The following functions should not be called before Py Tnitialize(): Py EncodeLocale(),
Py _GetPath(), Py GetPrefix(), Py GetExecPrefix(), Py _GetProgramFullPath(),

Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads ().

SOl B st £ AL A 9 A% T4 M gk Ao 2, olele s
W) 2 4ol o Aol g Uk

A s = ?4117} AAREYE, S F2 FAH AFF AxdUn. AdE 50, bE
Py BytesWarningFlag S 12 A& 38}1l ~-bb+ Py ByteslWarningFlag S 22 ARt}

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used instead,
see Python Initialization Configuration.

bytesl} bytearray @} str<, == bytes S int & B2 o] FE @3k 282t I AV
Zow o e g wa gk

bgAoz AAsr}.
WA 3125 E H A2

int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_ debug should be used instead, see
Python Initialization Configuration.

T2 247U A 289 AUt (A7 AL, A 54 o =Y.
-d 243} pYTHONDEBUG &7 W42 AAE Yt
H A 31258 A,

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used instead,
see Python Initialization Configuration.

00] obd o2 A4, Fo| M £ A BES JEE T pye FAS 21 347 LU
-B A3} PYTHONDONTWRITEBYTECODE 37 W42 A A H Y

WA 3125 2.

192 Chapter 9. X7|3}, mlo|a|w0|M L AgE



The Python/C API, 22|A 3.12.11

int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig warnings should be used
instead, see Python Initialization Configuration.

py Getpath()o|A & AN AE2E ALE wf ol vIA A& EA8HA] 5T

AEo =]

Private flag used by _freeze_module and frozenmain programs.

B A 3125 #H A H.

int Py_HashRandomizationFlag

This API is kept for backward compatibility: setting PyConfig.hash_seed and PyConfig.
use_hash_seed should be used instead, see Python Initialization Configuration.

PYTHONHASHSEED &7 W47 ujo] QA 4o Exld g AAEH 12 AR )
S 27F00] b ¥, pYTHONHASHSEED 37 W& ¢lo] vl SjA] Al =& 2783 Th
B A 3125 #HxH.

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig. use_environment should be used instead,
see Python Initialization Configuration.

Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-ESt-1 Ao AAH YT
WA 3128 A=,

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead, see Python
Initialization Configuration.

E’] (ST =R}
)3} § R Solzhyrh
kil

WA 3025 E S A4,

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig. interactive should be used instead, see
Python Initialization Configuration.

-i Aoz A4E Y
WA 3128 A =F.

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig. i solatedshould be used instead, see Python
Initialization Configuration.

Ag] R 2 sto] M3 APdUth Fe] REoA sys.patht 2T HEY YA E 2 & AHEAL9
site-packages T] & B 2] = 2 g3} A k<5 Th.

-IgAoE AR YTh
Added in version 3.4.
HA 31258 F A F.

int Py_LegacyWindowsFSEncodingFlag

This API is kept for backward compatibility: setting PyPreConfig. legacy_windows_fs_encoding
should be used instead, see Python Initialization Configuration.

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.

9.2.
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PYTHONLEGACYWINDOWSFSENCODING 373 M7l n]o] Q1] ok A2 A w12 4 F
ZLA| 3F 22 PEP 5298 F 23 A L
7}&4: Windows.

WA 3128 A =F.

2
<
o

int Py_LegacyWindowsStdioFlag

This API is kept for backward compatibility: setting PyConfig. legacy_windows_stdio should be used
instead, see Python Initialization Configuration.

If the flag is non-zero, use io.FileTIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO $+7 H7hH|of Q1A k& ZAEE HAAEH 12 AP
ZLA 8 W22 PEP 5282 234 A 2.

7F8-43: Windows.

WA 3125 A9,

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_import should be used instead, see
Python Initialization Configuration.

B site YEES} o]0 £UE L ays.pacn®] Ao = FEH I 222 v B FU T =3 1}E
o sice® BAHOR JEE S % o2& 222 W BAHFUTH(E A e W sice.main()
2 5N 2).

s gHoz AR

WA 3128 A=,

int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user site_directory should be used
instead, see Python Initialization Configuration.

“I% =t site-packages =IZ1=1 =& sys.pathol F7}31A] 5 U Th
-5} -1 34, 183 PYTHONNOUSERSITE &7 42 AAFH Y}
WA 3128 #HA3F.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be used
instead, see Python Initialization Configuration.

~0 & A3} PYTHONOPTIMIZE 37 W42 A AUt
WA 3I125EH H 9.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig.quiet should be used instead, see Python
Initialization Configuration.

3t E REo A= A ZE 3 WA wA A S FAI8HA] ek Utk
geMom AR T

Added in version 3.2.

WA 3128 H§AxH.

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered stdio should be used instead,
see Python Initialization Configuration.

stdoutZ} stderr 2 E H-S W 3] & s A 5} = = 7}A| gt}

—u 23} PYTHONUNBUFFERED 27 W42 A A E Ut
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WA 3027 H A

int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig. verbose should be used instead, see Python
Initialization Configuration.

v Eo) 27548 wjuic), 2=
WO aAY 2od BES 4
v Relol ot Ju s AT

U
~v &3} pYTHONVERBOSE 37 W
WA 3128 A H.

X (Lol Wit E%)% EA ﬂ%
A0

gl GAbs & 2 skl of o ek v A
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void Py_Initialize()

Part of the 9173 ABL 3Fo]%1 Q1E| 52l El & 27315 Th. sol A8 W 5He S8
THE 3to]W/C APL &5 AH§-817] Aol &l oF duth 2 7]'11 ol & & s}o] 4
—5]./\1 }\]_1_.

This initializes the table of loaded modules (sys .modules), and creates the fundamental modules builtins,
_ main__ and sys. It also initializes the module search path (sys.path). It does not set sys.argv;
use PySys_SetArgvEx () for that. This is a no-op when called for a second time (without calling
Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

Usethe Py_TnitializeFromConfig () function to customize the Python Initialization Configuration.

0 Iu

=N A, € ZEE o_TEXTO A o_BINARY Z W AT C HEFY S AL 3= 2259 ¥
slo] W AL = &S v H Yt}

void Py_InitializeEx (int initsigs)

Part of the Q+7) ABI This function works like Py _Tnitialize () if initsigs is 1. If initsigs is 0, it skips
initialization registration of signal handlers, which might be useful when Python is embedded.

Usethe Py_TnitializeFromConfig () function to customize the Python Initialization Configuration.

intPy IsInitialized/()

Part of the 9V%] ABL 3}o] % Q1E] Z 2] €] 7} 2 7)315 9o @ 2 (00] o} )< whabelm, 12%] 9kow
AR0)= WUtk Py Finalizebx () 7y 3EH §F, Py _Initialize ()7} THA] E&E W] 714

74e g o

int Py_FinalizeEx ()

Part of the S+ ABI ¥ A 3.6 ©] 2 2. Undo all initializations made by Py_Tnitialize () and subse-
quent use of Python/C API functions, and destroy all sub-interpreters (see Py _NewInterpreter () be-
low) that were created and not yet destroyed since the last call to Py_Tnitialize (). Ideally, this frees
all memory allocated by the Python interpreter. This is a no-op when called for a second time (without calling
Py Initialize () again first).

Since this is the reverse of Py_Initialize (), itshould be called in the same thread with the same interpreter

active. That means the main thread and the main interpreter. This should never be called while Py RunMain ()

is running.

Normally the return value is 0. If there were errors during finalization (flushing buffered data), -1 is returned.
ol g o] 7HA ol FE Al FFUTE WA S8 T2 O] $& 22 I AAE thA] Al ZHsHA|

%z»ﬂw°QNAvwrvi%¢%§qu£ﬂozicﬁw“mLaﬂaaaﬁfDuJ
oA hold QEEeHE REW S 22 IS DLLE ARE 37] Aol sho|do] B RE

9.3.

Qle{za2|e] =7|3tet oto| €2lA| ol M 195



The Python/C API, Z2|A 3.12.11

W2 E A AL 5 Gtk 98 ZRIWNA HEe] F4E T B ALAE S8
=232 FE57] Aol shol oA BY BE el 2 A ST A2 AQUh

Bugs and caveats: The destruction of modules and objects in modules is done in random order; this may
cause destructors (__del__ () methods) to fail when they depend on other objects (even functions) or mod-
ules. Dynamically loaded extension modules loaded by Python are not unloaded. Small amounts of memory
allocated by the Python interpreter may not be freed (if you find a leak, please report it). Memory tied up in
circular references between objects is not freed. Some memory allocated by extension modules may not be
freed. Some extensions may not work properly if their initialization routine is called more than once; this can
happen if an application calls Py _Tnitialize () and Py_FinalizeEx () more than once.

Q1 A} @l o] ZHAF o] Wl E cpython._PySys_ClearAuditHooks & YA Y}
Added in version 3.6.

void Py_Finalize ()
Part of the 9t ABL 0| A2 Py _FinalizeEx ()2 o] A W AT § 35
Ut
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int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.
stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py_Tnitialize (),if itis called at all. It specifies which encoding and
error handling to use with standard IO, with the same meanings as in str.encode ().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when the envi-
ronment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sys.stderr always uses the “backslashreplace” error handler, regardless of this (or any other)
setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls to
Py Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).
Added in version 3.4.
WA 3118 A 3F.
void Py_SetProgramName (const wchar_t *name)
Part of the 2+ ABI. This APIis kept for backward compatibility: setting PyConfig.program_name should

be used instead, see Python Initialization Configuration.

(ZEdtHd) o] &= py_Initialize () 7V A2 2 3557 24 of $&5ofoF Fuct. <l
ZEANA ZE2IWO main() ol thtargvio] AR g EHFUTH (ol= A2
HUrh. o2 Py,GetPath ()9} ol o] th= oA Qe = E Ad 5t T} J),Eq 9] 3}o
e ol B gl & FE ol A Ut 712 32 'python' YU T C’VP 2N A
BT UL MAEA e A AFA 002 Erhe ool F2E & 7HE] Aok ?:Mﬂr g}o
AHZEE Y T+ o] A4 WES HAsA g5yt

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t* string.
WA 311EE A=,
wchar_t *Py_GetProgramName ()

Part of the 2+7] ABIL Return the program name set with Py_SetProgramiame (), or the default. The
returned string points into static storage; the caller should not modify its value.
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This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 73 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPrefix ()

Part of the °+7 ABI. Return the prefix for installed platform-independent files. This is derived through a num-
ber of complicated rules from the program name set with Py_SetProgramName () and some environment
variables; for example, if the program name is ' /usr/local/bin/python’, the prefix is ' /usr/local’.
The returned string points into static storage; the caller should not modify its value. This corresponds to the
prefix variable in the top-level Makefile and the —~—prefix argument to the configure script at build
time. The value is available to Python code as sys.prefix. It is only useful on Unix. See also the next
function.

This function should not be called before Py Initialize (), otherwise it returns NULL.

B A 3.109]| 4] ¥ 73 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetExecPrefix ()

Part of the 27 ABIL Return the exec-prefix for installed platform-dependent files. This is derived through
a number of complicated rules from the program name set with Py_SetProgramName () and some envi-
ronment variables; for example, if the program name is ' /usr/local/bin/python"', the exec-prefix is
'/usr/local'. The returned string points into static storage; the caller should not modify its value. This
corresponds to the exec_prefix variable in the top-level Makefile and the ~—exec-prefix argument to
the configure script at build time. The value is available to Python code as sys.exec_prefix. Itis only
useful on Unix.

2= _401(7}2& A8 g7 28 2lo]l B E) o] o2 t @ E g Eglo
Yt b Ao A, E@i% ZF4 2 3Y2 /usr/local/plat A H E g9
L Jusr/localol AXE 4 A5 YT}

]
HbA o 2 DA, SR EL ol Az E A AFTY Z?JOJW‘:]’ o & & ] Solaris 2.x
S 7 ]’5:% zZe “‘j;ﬂioiﬂ 6}74 , Solaris 2.x & Al 8} 3} Intel 7] 7|
02 R EolH, gl 528 A= Intel 7] A= E%&%?J"]D}- Ze G AAY A=
FAATE dH o2 & a%f“—é 53/‘35]"41_4' H] UG A= oS ]Okﬂ?ﬁ/]r/}'
A A~FO A X Agko] Y7 ‘3]"37] ] & o] prefix £} exec-prefix = 2] 1] 7} glom, ¥ —L.—x]-oﬂi
HUrth A3 E gjojA vlolE T & Y2 SWE SHH Y FYAAL (Y o] &
gt o=t AHEH Thol A WA oﬂL FEA YY),

8 A2 A= Jusr/local/plat < ZH Z A Z o 3 t} & o} A|Aa”H o2

/usr/local S F-F3}E = mount U} automount L 2 1W S JLA] 1= v
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This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

B A 3.100] 4] ¥ 743 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the S+%) ABI. Return the full program name of the Python executable; this is computed as a side-effect
of deriving the default module search path from the program name (set by Py_SetProgramName () above).
The returned string points into static storage; the caller should not modify its value. The value is available to
Python code as sys.executable.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

B A 3.100)| 4] ¥ 73 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Part of the 27 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.

9.4.
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B A 3.100] 4] ¥ A It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

Part of the 7 ABI YA 3.7 o] & &. This API is kept for backward compatibility: setting Pyconfig.
module_search_pathsand PyConfig.module_search_paths_set should be used instead, see Python
Initialization Configuration.

Set the default module search path. If this function is called before Py _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.

This also causes sys.executable to be set to the program full path (see Py _GetProgramFullPath())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if required
after calling Py_Tnitialize().

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.

W A 3.8 A] ¥ 7 : The program full path is now used for sys . executable, instead of the program name.
HA 3.115E A4

const char *Py_GetVersion ()

Part of the ?t74 ABL ©] }old QE| 2 H o] W2 W&yt o] A2 tha3 22 AL AUt

["3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.31"

The first word (up to the first space character) is the current Python version; the first characters are the major
and minor version separated by a period. The returned string points into static storage; the caller should not
modify its value. The value is available to Python code as sys.version.

See also the Py Version constant.

const char *Py_GetPlatform ()

Part of the 73 ABI. Return the platform identifier for the current platform. On Unix, this is formed from
the “official” name of the operating system, converted to lower case, followed by the major revision number;
e.g., for Solaris 2.x, which is also known as SunOS 5.x, the value is 'sunos5'. On macOS, itis 'darwin’.
On Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value.
The value is available to Python code as sys.platform.

const char *Py_GetCopyright ()

Part of the 97 ABL @) 5ko] A 0] o] th 3t %4 AL £2L-L W) o] & ol
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

NEE BALL AH A4S e Utk B2 e 2 ARAE o Frh o g sl 4
F XA sys.copyright 2 AR & 4 IS5t}

const char *Py_GetCompiler ()

Partofhe 973 ABL WA 3101 M4 & WSS o 49 AL TAE A BAA LR
g}, ol

F

["[GCC 26To2o2] "

ke EAE -2 A - AFAE e A Uth A 32 TAA = S FUTh o] g2 Tl
FEOA MG sys.versiond EZ AlFH Yt

const char *Py_GetBuildInfo ()

o

Part of the 27 ABL & A)| .L}O]W OlE] =g AdAE A AF

AEE WU & =

2 MBS UE G2 A7

¢
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["#67, Aug 1 1997, 22:34:28"

)

WHE BARE AA AFLE AU TEAE 42 2ANAE B FUT o] g shol A
F A W sys.version®] R Z AlFH YT

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

Part of the 2+7 ABI. This API is kept for backward compatibility: setting PyConfig.argv, PyConfig.
parse_argvand PyConfig.safe_path should be used instead, see Python Initialization Configuration.

arge R argvell 71RES A sys.argvE AATUCH o] 7 M4 T2 IO main () 5ol A EH
AT FABA R, A AA] o] o] A ZEHE SAY3E A gfdo] oty Agd 23
HE U FxF ok sittE Aol Hol JFUth AP AT HETQlod, argve] A WA &2
Nl AL Y & AdsUth o] &7 sys.argy 27130l A1, Py ratalsrror ()& ARS8
WA 2 AL FAFGY L

updatepath 7} 0 0] W, & 7] 7} 2] 7} o] &+4=7} 8= BE 4 YU Th. updatepath 7} 0 0] obU A, T+ TS
d1 =0 Wt sys.pathE AU T}

¢« N|E 2AYEY o] 50 argv(0] LB ALEHY, AT HEV} Q= tdE Y Al 27
sys.path ol 7Fg U th

o 23R koW (F, arge7b 00l Atk argvio] ©] 7]1& 3t o] 55 7] 71 A 2 W), sys.path
ol Wl F2rg o] F7HE U ol & @A 2 g g g (v M) E doll Frbete 23 25t

Use Py_DecodelLocale () to decode a bytes string to get a wchar_t * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.

IS 2
0 Iz
It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 as updatepath, and update sys . path themselves if desired. See CVE 2008-5983.

3.1.3 o)A WA=, pysys setargv () E T F N WA sys.path 42 502 A A
3t -2 A8 42 5 AFULH A& 5 thaS AH8-3H:

[PyRun_SimpleString("import sys; sys.path.pop(0)\n"); }
N

Added in version 3.1.3.
WA 3118E A=,

void PySys_SetArgv (int argc, wchar_t **argv)

Part of the °+7 ABI. This API is kept for backward compatibility: setting PyConfig.argvand PyConfig.
parse_argv should be used instead, see Python Initialization Configuration.

o] &4 = python AE Z B E 7} -1E2 A ZE A &= 3 updatepath 7} 12 A A A
PySys_SetArgvEx () A 53Ut}

Use Py_DecodeLocale () to decode a bytes string to get a wchar_t * string.

See also PyConfig.orig_argvand PyConfig.argv members of the Python Initialization Configuration.
WA 3.4 A WM A updatepath 7}2 -1l whe} th5 Yt}
A3 115E R =,

void Py_SetPythonHome (const wchar_t *home)

Part of the Q73 ABI. This API is kept for backward compatibility: setting PyConfig. home should be used
instead, see Python Initialization Configuration.

712 «Z” gaHe, & 25 oy golBH g AAE AAFTULE AR TAEY 9 uj&=
PYTHONHOME -2 ZZ3}AIA] 9.

9.4.
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r]r

Ui L2 AU RS B U Fol WA A G AH Aol Y002 e £A49R
Zhe] Aokttt Fhol X AH Z2lH Y ZE& ©] A Zo‘i-"/l 141%% H A e1A] 5T
Use Py_DecodeLocale () to decode a bytes string to get a wchar_t* string.
WA 3. 115E A=,

wchar_t *Py_GetPythonHome ()
Part of the °+7% ABIL Return the default “home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py_Tnitialize (), otherwise it returns NULL.

B 7 3.100]| 4] ¥ 7 : It now returns NULL if called before Py _Tnitialize().

9.5 AB|C AEHQ} M OIE{Za|E| 5

TtolH JIHZEH = A% A= 1}?6_ k2] kUt ths 29 = stold 2 IS 2957 918,
ghol i A A ol FASHA AA|2357] Aol & H/\Eﬂ‘:ﬂl‘i-rrﬁﬂo]tﬁ} A AH =z ey 5 Z2GILo| 2k
S A o) S, 5 el 1P 00 AUEAE g A= mRado H EAS 00d ¢
]75‘4‘3}: A& =91, é\?ﬂEﬂE/\]"ﬂ 22 AA Y F= ?]\—T—a S7HA 719, F & 31575 wo] ofd
Huk 71 5 %l%qr/‘r-
w}a}/\ﬂ GILZ Q%}iffﬂ}i“} sto] %l A o A &5 3 A L 3Fo] 2/C API
] U3l 7] 95 o=z ElHE Ar|doz ~AH = A
setsw1tch1nterval( S A L), B2 9tYd 7| v 279 e AR A <l
AN ALY ERE, 1 o] A _/_\_311_1_2_7],/03@9 <Yt}
slol A A E Z Bl & pyThreadstate ke o] H 2 A Ulo] 28 = ¥ 1 7] (bookkeeping) H HE H
AUtk @A pyrhreadstate § 78] 7= stbe A Y W4 X Q5 UTh pyThreadstate_Get ()=
AHEste] 45 ¢ dFUTh

o %O

off
s
i)
rlu

9.5.1 &% IS OM GIL 3517
GILg A st o P2 24 At e 2 Hue 722 5o Y5tk

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)A TS Ak ool A o] & T B}3t7] 9I3) & A A} EA G LTk

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation ...
Py_END_ALLOW_THREADS

Py _BEGIN_ALLOW_THREADS W 3 & &
Py _END_ALLOW_THREADS |32+ &

99 B2 e rhg mEE FgE Uk

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O operation ...
PyEval_RestoreThread(_save);

ol g9 FF YA D}%ﬂ duyrh A9 Qe zeE So] AA ~¥ = el g 2AHE
B3t vl AHR YT 52 siAlst A= S AZE o, Fo] siAlF 7] Aol A ~d= A
FAEE FAStol BUTHOHE 28 =7h 24 S8 A58k 1 A9 Mol A4 2= A2 AL
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F A7l WEdUh. R g, 52 J55ta 2 E A E HU4T o), 285 A 2AHE A8
% hl

0 Ix
AN2"H /0 g+ TE2 GILS e 23te 71 dubE Qd AE Alg o] A vk, W 2 2] W E 53 &5
e &0y 453} et Zo], shol A AA o] M g7t gle A7) A AAS 5E35}7)
Z4°ﬂ+v g8 ¢+ AFUTE o9& 59, EF 21ib % hashlib B E2 Eﬂ ol E &=t A Y 3l T

GILS 3 Al gyt

9.5.2 TO|MO| BHEX| S A

48 Sl UAPIVIS hsonding SEIE I8o4ol 2ol B UED 2= Gelbarson dde s
Sl ZAH 25 & B ek el A S Col A E 018 (2 S o] A1) el
91 A 47 2ol Hef 2l o] |3, GIL-S B A5H4] i, 15 A3 2= 4

ol AgEo A Ftol W T EE TEH| oF 5 (FF FA A3 AR ehol B 2o A Al gt F

o APLS) Q57 LT, B Ao AT 48 228 pEol] Az s oY g ~AEE SR
<, GIL< g 53513, kA 2to & 5o /C API AHG-& Al 2Hst7] Aol 28| = e XA B E Aot

A5 H YU, A= ] ZAHE AN A, GIL= Hxﬂﬂ o2, Ao 2 g = A As LR E

af Al 3f oF Fu T

PyGILState Ensure ()&} PyGILState Release () &4w o BE AP S A5 o7 33k C &

Ao A o] M T Eale AulA el BETL The T Do

PyGILState STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction () ;
/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release (gstate);

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically by
Py_Initialize()). Python supports the creation of additional interpreters (using Py_NewInterpreter()),
but mixing multiple interpreters and the PyGILState_* API is unsupported.

9.5.3 fork()0ll CHEt 2| AlSt

2 =0 s FEHoF T EFE F 23 AL C fork() T& Al 28 =9 TFYJYLH fork () & AHE
e QREE Alad"ME, Z2 A 27233 S0 235 W43st A=t 2Tt o= &5
A 2 8 o 3= HP:”.JrCPython HeLY o] AZE B E Ae) B0 A F < JFS v

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.
Py0OS_AfterFork_Child () tries to reset the necessary locks, but is not always able to.

£ BT 2d =7 AR the AR 2 B3 CPython o] #1ELY) ”EH 7}os. fork () & PF7HA| 2 A H 51
Az ojof gk o n| gy th o] A2 A A =B &} T E B E pyinterpreterstate A Ao &3

€ B £ PyThreadState 7“Xﬂ £ stold Al o] A oF= A= 4“]@145} o] 21z} “uj| Q1”7 <1z 2] H 9
553 = e g 3, fork () &= CPython & HELS] ©] ?JEH Z713Hd QB2 2 B o] “H|Ql” 2 = o) A
o o] oF gt °°15}°ﬂﬂ1_exec 7P Z A TEH = AFYUTH

fof
ﬂ]-[)]t r—|—4
jﬂ _1
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22 CHFIEE A AAU oA AH =S WFT ) g QRH o= 4§

i)
rlr
ok
i)
%
&
o

type PyInterpreterState

Part of the A 3+¥ API (as an opaque struct). ©] Z}E FrE=d9d8 39 Ay F
et iUt 2 o gz gl 45t A= BE A2 9 2 7R o E YR =
o] LA+ &/ W7t g5y Th

U2 dHzHl &3 2E e A 7% Sz, 98 51d 7ex) S e =
A stae, A2o= ot AE FH31A &5Uth A AEHZEEH S ojE Q8 =2 o <3
A=A o] FA o] B 2= A Z%%I/]D}.

type PyThreadState

Part of the | 3+ API (as an opaque struct). This data structure represents the state of a single thread. The
only public data member is:

PylnterpreterState *interp

This thread’ s interpreter state.
void PyEval_InitThreads ()
Part of the 97 ABL o} %A% 814 ok A ® g4
sho] 41 3,63 o] 2 WA A=, o §47k EA A SO GILL BEF]
WA 390014 M A: o)A o] e obF FYE FSHA] b
|

o]
WA 3TN HAG: o] 4= oA py_Tnitialize() o &3 TEFHAA, AHEL2H=AH &
g g7 g5tk

WA 32004 WA o] =B ry Tnitialize() A T2 5 glHUh
WA 395E 32 .

int PyEval_ThreadsInitialized ()

o
ofy

Y.

Part of the 2173 ABI. Returns a non-zero value if PyEval_TnitThreads () has been called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

A 3.7 A ¥ 7: The GIL is now initialized by Py_Tnitialize ().
B 3,95 945,

PyThreadState *PyEval_SaveThread ()
Part of the ¢+ ABL (WFE9thd) A9 Qg z g & s = s)
S o1 2 A= 6] (1011 o] 1D W g B 8% o A ch e, 9 oA
8= 3o} of ik,

void PyEval_RestoreThread (PyThreadState *tstate)
Part of the ?V7 ABL (RFETHH) A JAH 2|y 55 g 55t1 &8 & AEjE nunL o] ofyofof
S ssate 2 ARG T S o] TEo AThY, @A) A€ =7} o) 8 255 egoloF FiTh, 1%
koW wa Abeh7h B g o,

0 #x

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.

202 Chapter 9. X7|3}, mlo|a|w0|M L AgE



The Python/C API, 22|A 3.12.11

PyThreadState *PyThreadState_Get ()

Part of the 9% ABL B} ¥ = FE1E MBAFUTh A A mele] £ HFs ok it A
2d = e b woino W A9 A Qo AU T (24 BE AL ST Bt g

“yoh.
PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

Part of the ¢+7 ABL @A 2~ = A E 9 2} sstate(NULL QD 5+ ,J\ Uth 7} Al & 5= 28 &= AFEj 9
2otz Utk A A=z E & G oF 8t siAl= A 5 th

US4 s 22 AFAE A, A B A Z e H et 3385 A 5 Uth

PyGILState_ STATE PyGILState_Ensure ()
Part of the X7 ABL @A A =7F gho] M) A Ay A9 AEz ey S35} dA glo] ghol A
CAPIE & 07t HYJ=A Folglrt o] AL ZF T F0] pycILState Release ()l B3t
TEFHEoFET YA A3l TF Y HSE2D S UdFUTh dutd o, A
AFE] 7} Release() 74 of o] A AE|E BYTE = 3t pycrrstate Ensure () PyGILState Release ()
= 7t O E 29 = &I E APIE /\}3-2} F JdH5 Utk A& Eo], py_BEGIN_ALLOW_THREADS2}
Py_END_ALLOW_THREADS WA E2 9] AAA Q AFEL 585Ut}

w3} %}—% PyGILState_Ensure () 7]‘ iéﬂ %i\% 'IH-O/] —/—\‘1’"5 /?:}EH oﬂ EH?_’\} %E‘ué St <l = o] D%,

glol W o] & Aol A== S8 W PycILState Release () 2 AET o] of gt}

Fedgs, o) ML 25T & g5 yth- PyGILState_Ensure () a

A28 pyGILstate Release () o 3t &5 918l AE2 A &3l oF &
]_

<
57t RBY o, AR 2AEE GILS HG5HT 499 shold LES 52T 4 A& th A

% A <) ol 2 QI e,

ne

0 #x

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use _Py IsFinalizing() Or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

void PyGILState_Release (PyGILState STATE)
Part of the 7 ABL o] Aol &5 3t R E YL | AT Uth o] & S o, sfo| M) Aef= st
PyGILState Ensure () &2 o] A3} 7LA1/]D} (TEHY gutA o7 o] AeElE T E Ao Al & A A
ok o}A, GILState APIE AH&-3u oh).

PyGILState_Ensure ()] i3 RE S &2 2L Ag| T oA pyGILState Release ()] 3t & &
T2 ol F ok T
PyThreadState *PyGILState_GetThisThreadState ()
Part of the 3t7 ABL ©] f\a] o] AR 2~ = e E 7FA Ut A 28 =0l A GILState API7}
AREE A ke nuLL2 Hhek e 5 %ls Ut #]Q 28 = A 2FE A8 = AL 2 (auto-thread-
state call) ©] 3] 2] ke AL 5, W A T o= FAF o8] dt A T AE] 7} QLo 584
Ne. ol AL F2 =ou)/Ae 34Tk

int PyGILState_Check ()

AR S E/FGILE B G5 900 12 WASEA 1K) O T 02 WAL T o] S oy
Hu 2= AE =N S5 5 AsUth vhold 28 E AR 7271815 914 AA GIL& Hf-5al
TR H‘Fﬂﬂ\%‘?‘r AL F=2 Eeu/Ad YU o & 5o 2 A AEY v R
g Fol A 782 5 A=, GILo] FA glvke A dw A7 e A4S s A
S8 god B SRR T 4 J5Un

Added in version 3.4.
S a2 dutd o g T A u)E& glo] AR Yth st A A wfz o A AR ol & Zro A 2.
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Py BEGIN_ALLOW_THREADS
Part of the 2+7 ABL 9] W] Z 2% { PyThreadState *_save; _save = PyEval_SaveThread();
234G Uth A& 237 E2TH ] 5ol FHAIL; FIWE = Py END_ALLOW_THREADS
vf 222} X3 of it o] mi I Zof tf sk 2pA| S Y B2 & FRIAFAL

Py_END_ALLOW_THREADS
Part of the ?+7J ABL ©] |2 2 & pyEval_RestoreThread(_save); (2 ZFFA UL 2= 35
7t 235 o] Qo FY s AIL; o] A py_BEGIN ALLOW_THREADS W] A 22} U X|3f| oF FTh. o]
Wzl ek A A e U £S 9 E A2 AL

Py_BLOCK_THREADS

Part of the V7 ABIL. ©] ] 2 & &= pyEval_RestoreThread (_save); & ZFF Ut 2= 52357}
Q= Py END_ALLOW_THREADSS} 5T}

Py_UNBLOCK_THREADS
Part of the V7 ABI. o] Wl 2 2 & _save = PyEval_SaveThread(); & ZFF Ut = SZ 359}

He A Aol 9l py BEGIN ALLON THREADSS; 58T
API

Py Initialize() o3& o] T &% o]of gt}

1Py Initialize ()= O|A| GILE& % 7]3}gH ]t}

©

5.5

o A

i 4y
¥

%
x
oy, M

z O

2 e

3.7

2

| 4
PylnterpreterState *PyInterpreterState_New ()
Part of the 9+ ABL A} Qe = el 48] AA S BEUh A
QA T, o] FHol T ot 5 2L A sha]of 51 W9 5 9
Q1 &} gl o] ZHA} o] Wl E cpython.PyInterpreterState_NewsS WA Al Z Y Th

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the V3 ABL QIE)Zele] 4e) A mE AHE ALATUL A AL zeE =L
169 oF g .
Q1 =} §lo] ZHA} o] Wl E cpython.PyInterpreterState_ClearS WA Al A YT

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the 27 ABL IE|Z e At) A7 E 513 Tk, A AETeE 2L wgT Be g
Syt A8 Zgle] AEl= pyInterpreterState_clear () o] )3t o)A &2 A A= gl ofoF
et
PyThreadState *PyThreadState_New (PylnterpreterState *interp)
Part of the 97 ABL o] % Qg = E]E1 AR ol &3F= A 28 = AE AAE WUt
mele 58 BT DRE AT, o B0l e B2E A oF 3HE HR 5 dw
void PyThreadState_Clear (PyThreadState *tstate)
Partof the €17 ABL 2+#|= b8} Ao R E B8 A4 A A Bz E 5L 8 fa o}
ek
WA 390 A M A: o] 4= o] A| pyThreadState.on_delete TW-E T &3 YT} o] A&,
PyThreadState_Delete () 9|A & WFYTh

void PyThreadState_Delete (PyThreadState *tstate)
Part of the ?t7d ABL A~¥| = e AA & ot Futh A g =
2 = A= PyThreadState_Clear () o el o] d T &2 A A
void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like PyThreadState_Delete (),
the global interpreter lock must be held. The thread state must have been reset with a previous call to
PyThreadState_Clear().
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PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the ¢+ ABI WA 3.10 0| T 2. ulo]| ¥ A~ = AH sstated] S A| Z&] YL 714U T
Return a strong reference. Return NULL if no frame is currently executing.
PyEval_GetFrame () & ZZ Al &
tstate~— NULL ©] o}1] o] oF gk},
Added in version 3.9.

uint64_t PyThreadState_Get ID (PyThreadState *tstate)
Part of the 2+ ABI ¥} A 3.10 o] = 2. T}lo| A 23 & AE] sstate2] 1731 28 &= AHe] 2182}
7HAF Yt

tstate= NULL ©] o}1] o] of gt}
Added in version 3.9.

it

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the 97 ABI WA 3.10 o] & 2, slo] W 28 &= AE| sstate?] QA E]Z 2 EHE 7FA S Y

tstate—= NULL ©] o}1] o] of gk t}.
Added in version 3.9.

void PyThreadState_EnterTracing (PyThreadState *tstate)
Suspend tracing and profiling in the Python thread state tstate.

Resume them using the Py ThreadState LeaveTracing () function.
Added in version 3.11.

void PyThreadState_LeaveTracing (PyThreadState *tstate)

Resume tracing and profiling in the Python thread state tstafe suspended by the
PyThreadState EnterTracing () function.

See also PyEval_SetTrace () and PyEval_SetProfile () functions.
Added in version 3.11.

PylInterpreterState *PyInterpreterState_Get (void)
Part of the X+ ABIL WA 3.9 o] T 2. AA] 2lejZ gl E & 7}A Ut}

A spol A A= ek gAY @A A el 9o @ Al o) & BT Th NULL
2 wEg 5 ey

S E A= GILS HF3f oF &t
Added in version 3.9.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Part of the ©+7% ABI W 3.7 o] 3 2, Qg Z 2| E 9 17 IDE wistghch. 2384 3t=d) o2 7}
Yshd ~1 0] REEE A1 o 2 7 AP g Y Th

T E2= GILS B Faf oF gyt
Added in version 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the O+7 ABI WA 38052 Az HolH 7 AFE 4 e 9M v e & Rhseut
o] g7k nuLL& Whebsh of| o) = WA SEA] oF kAl ZE A= B Z e HE g E E AT 5

gheka 714 s of gk,

o] AL o] Az e AE] AHE A A= U AFL8] oF BF= PymModule GetState () S T

Al et Aol obd Yyt
Added in version 3.8.
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typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *frame, int
throwflag)

43—”0].137]—61— v/]‘di

throwflag V) 7) 4= A 2 1B 9] throw () WA E o)A ALH LT 00] SR, B o) & A 2)
ok,

W 3.900 A WA o)Al 4= sstate W7} M FH T

¥ A 3.119)| A] ¥ 7 : The frame parameter changed from PyFrameObject* to _PyInterpreterFrame*.
_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

=9 37t §5 8 AU

PEP 523 “CPython®l] Z & <] 7} APl 7P & X4 A L.

Added in version 3.9.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction
eval_frame)

=29 B A5E AT
PEP 523 “CPython°l| ZZ & ¢} 37} API 7P & Z X4 A L.
Added in version 3.9.

PyObject *PyThreadState_GetDict ()
Wkehgh: @l FR. Part of the ?F7 ABL 7o) ceﬂzﬂg A ARE AT L Qs P
gty 7 g2 g el ”EHEZVO =
S e AR S 9 W ol B8 sads U, o
WA SR AT EE A= AA 2= AEE AR 5 flokal 7HE sl oF Sy o

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Part of the 2173 ABI. Asynchronously raise an exception in a thread. The id argument is the thread id of the
target thread; exc is the exception object to be raised. This function does not steal any references to exc. To
prevent naive misuse, you must write your own C extension to call this. Must be called with the GIL held.
Returns the number of thread states modified; this is normally one, but will be zero if the thread id isn’ t found.
If exc is NULL, the pending exception (if any) for the thread is cleared. This raises no exceptions.

WA 3.79 A ¥ 7 : The type of the id parameter changed from 1ong to unsigned long.
void PyEval_AcquireThread (PyThreadState *tstate)
Part of the ¢+73 ABL A< Qe Z 2] &2 8 =31 A 2# = A E sstate 2 A A I T} tstate

£ wuiLol opUjofof gtk 2.2 o] Aol vHEo] A A o] ol of LT o] el =of o] v] So] 0w,
L2 A 7L A g o,

0 Ix
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 38 A WA PyEval_RestoreThread(), Py_END_ALLOW_THREADS() 4
PyGILState Ensure () ABAFHEE AAE gon, Az g7l gfojd Aol A = =
FSEHE A ~HEE TS5 FYL
PyEval_RestoreThread()w (AHE7F 27134 E A kS W 22p) A AR S 4 = 154 F

AUt

void PyEval_ReleaseThread (PyThreadState *tstate)
Partof the 9% ABL #A) 28 = A S nvin 2 A2 A5 Ao ABzeE =L AT B2
o] 7ol b5 o flofoF star A A A& =7} Efo of Fu th. NULL ©] ofu] o of S<= sstate 1 A= H A
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2= A E et =4 &8k v A E Ut — 23 A o, A AQ ol g7t Ay
Utk

PyEval_SaveThread () (&#|E7F 27|35 A ¢4 Bz 2h) 4 AHSE =+ e 25E T
FdYh

void PyEval_AcquireLock ()
Part of the 2+7) ABI. Acquire the global interpreter lock. The lock must have been created earlier. If this
thread already has the lock, a deadlock ensues.

WA 32K E 3 A F: This function does not update the current thread state.  Please use
PyEval_RestoreThread() or PyEval_AcquireThread () instead.

0 Iu

Calling this function from a thread when the runtime is finalizing will terminate the thread, even if the
thread was not created by Python. You can use Py IsFinalizing() Or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted
termination.

B A 3809 A W A PyEval_RestoreThread(), Py END_ALLOW_THREADS() %
PyInState mnsure ()9 ABH T2 FAFQow, Az E 7} ol A o4 e
AdSEHAE A ~HEE STEFYTH

void PyEval_ReleaseLock ()
Part of the 2+ ABI. Release the global interpreter lock. The lock must have been created earlier.

WA 325 E 3 XH: This function does not update the current thread state.  Please use
PyEval_SaveThread () or PyEval_ReleaseThread () instead.

9.6 MH QlE{=2|E| X|H
R A, & glo]H S E = aa 1410@&4
o] 5§ QB Te)EE TEoof sk A9t 5]

“o o 1] = 2] ] = %ﬂléﬂﬂ%ﬂﬂ%ﬂﬂfﬁ@ﬂﬂﬁz
Y e Au e el e g, vl o

A © <8} sho] M 9lE] = 2 <] | 12311:4%*]137’4?43}%%
DeREeAs A AU ATk Tok ALk 2715 B0k 1S FIohy A0 R ek
gtolgd Al o] F ot BA A Z el YUt} pPyInterpreterState_Main () e 12 2] AFE]of th gl
FEQEE WY

ol HET o7 & 45 AL UTh
type PyInterpreterConfig

Structure containing most parameters to configure a sub-interpreter. Its values are used only in
Py_NewInterpreterFromConfig () and never modified by the runtime.

Added in version 3.12.
Structure fields:

int use_main_obmalloc
If this is 0 then the sub-interpreter will use its own “object” allocator state. Otherwise it will use (share)
the main interpreter’ s.

If this is 0 then check_multi_interp extensionsmustbe 1 (non-zero). If this is 1 then i1 must
not be PyInterpreterConfig OWN_GIL.
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int allow_fork
If this is 0 then the runtime will not support forking the process in any thread where the sub-interpreter
is currently active. Otherwise fork is unrestricted.
Note that the subprocess module still works when fork is disallowed.

int allow_exec
If this is 0 then the runtime will not support replacing the current process via exec (e.g2. os.execv ())
in any thread where the sub-interpreter is currently active. Otherwise exec is unrestricted.

Note that the subprocess module still works when exec is disallowed.

int allow_threads
If this is 0 then the sub-interpreter’ s threading module won’ t create threads. Otherwise threads are
allowed.

int allow_daemon_threads
If this is 0 then the sub-interpreter’ s threading module won’ t create daemon threads. Otherwise
daemon threads are allowed (as long as allow_threads is non-zero).

int check_multi_interp_extensions

If this is 0 then all extension modules may be imported, including legacy (single-phase init) modules,
in any thread where the sub-interpreter is currently active. Otherwise only multi-phase init extension
modules (see PEP 489) may be imported. (Also see Py_mod multiple_interpreters.)

This must be 1 (non-zero) if use main obmallocis 0.
int gil
This determines the operation of the GIL for the sub-interpreter. It may be one of the following:

PyInterpreterConfig_ DEFAULT_GIL
Use the default selection (PyInterpreterConfig SHARED GIL).

PyInterpreterConfig_SHARED_GIL

Use (share) the main interpreter’ s GIL.

PyInterpreterConfig_OWN_GIL

Use the sub-interpreter’ s own GIL.

If this is PyInterpreterConfig OWN_GIL then PyInterpreterConfig.use_main_obmalloc
must be 0.

PyStatus Py_NewInterpreterFromConfig (PyThreadState **tstate_p, const PylnterpreterConfig *config)

MABEJHZEHE UL o] A2 Jlo|H I = A& 95k (AY) &3] 28d FF JUth
E535], ] A ZEHol= 7|2 EE builtins,  _main  WsysE X3}, T EJFTE H 2 EY
NE, 58 HAS Z5 Utk 223 2F H o] E(sys.modules) 3 BE HAA H 2 (sys.path) &
AU A FA o= sys.argv A7 S U T AMER EF 10 2EF 31U A4 sys.stdin,
sys.stdout ¥ sys.stderr= Z5FUth(d, 22 35 3 7<AE F2FUh.

The given config controls the options with which the interpreter is initialized.

Upon success, tstate_p will be set to the first thread state created in the new sub-interpreter. This thread state
is made in the current thread state. Note that no actual thread is created; see the discussion of thread states
below. If creation of the new interpreter is unsuccessful, #state_p is set to NULL; no exception is set since the
exception state is stored in the current thread state and there may not be a current thread state.

Like all other Python/C API functions, the global interpreter lock must be held before calling this function
and is still held when it returns. Likewise a current thread state must be set on entry. On success, the returned
thread state will be set as current. If the sub-interpreter is created with its own GIL then the GIL of the calling
interpreter will be released. When the function returns, the new interpreter’ s GIL will be held by the current
thread and the previously interpreter’ s GIL will remain released here.

Added in version 3.12.

Sub-interpreters are most effective when isolated from each other, with certain functionality restricted:
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PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = 0,
.allow_exec = 0,
.allow_threads = 1,

.allow_daemon_threads = 0O,
.check_multi_interp_extensions = 1,
.glil = PyInterpreterConfig OWN_GIL,

bi

PyThreadState *tstate = NULL;

PyStatus status = Py_NewInterpreterFromConfig(&tstate, &config);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

Note that the config is used only briefly and does not get modified. During initialization the config’ s values are
converted into various PyInterpreterState values. A read-only copy of the config may be stored internally
onthe PyInterpreterState.

FFRES G 2o (AR) Az gH 2t /g Yth
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PyThreadState *Py_NewInterpreter (void)

Part of the °9+7 ABIL Create a new sub-interpreter. This is essentially just a wrapper around
Py _NewInterpreterFromConfig () with a config that preserves the existing behavior. The result is an
unisolated sub-interpreter that shares the main interpreter’ s GIL, allows fork/exec, allows daemon threads,
and allows single-phase init modules.

void Py_EndInterpreter (PyThreadState *tstate)

Part of the 2+ ABI. Destroy the (sub-)interpreter represented by the given thread state. The given thread state
must be the current thread state. See the discussion of thread states below. When the call returns, the current
thread state is NULL. All thread states associated with this interpreter are destroyed. The global interpreter
lock used by the target interpreter must be held before calling this function. No GIL is held when it returns.

Py_FinalizeEx () will destroy all sub-interpreters that haven’ t been explicitly destroyed at that point.

9.6.1 A Per-Interpreter GIL

Using Py NewInterpreterFromConfig () youcan create a sub-interpreter that is completely isolated from other
interpreters, including having its own GIL. The most important benefit of this isolation is that such an interpreter
can execute Python code without being blocked by other interpreters or blocking any others. Thus a single Python
process can truly take advantage of multiple CPU cores when running Python code. The isolation also encourages a
different approach to concurrency than that of just using threads. (See PEP 554.)

Using an isolated interpreter requires vigilance in preserving that isolation. That especially means not sharing any
objects or mutable state without guarantees about thread-safety. Even objects that are otherwise immutable (e.g.
None, (1, 5)) can’t normally be shared because of the refcount. One simple but less-efficient approach around
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this is to use a global lock around all use of some state (or object). Alternately, effectively immutable objects (like
integers or strings) can be made safe in spite of their refcounts by making them “immortal”. In fact, this has been
done for the builtin singletons, small integers, and a number of other builtin objects.

If you preserve isolation then you will have access to proper multi-core computing without the complications that
come with free-threading. Failure to preserve isolation will expose you to the full consequences of free-threading,
including races and hard-to-debug crashes.

Aside from that, one of the main challenges of using multiple isolated interpreters is how to communicate between
them safely (not break isolation) and efficiently. The runtime and stdlib do not provide any standard approach to
this yet. A future stdlib module would help mitigate the effort of preserving isolation and expose effective tools for
communicating (and sharing) data between interpreters.

Added in version 3.12.

9.6.2 H{12} F2| AlS

AMBEQJHZEE(E v JEZEEH) & 22 Z2A 29 IR o7 o, 15 7] A o] &3t
FEUTH— & £0], 0s.close () & T2 ASE 7Y AE AL 3 A 29 FE 3o (A=
52 dHog) IS v A dFUh (M B) Az e H o] o] F-HE = A wEol, dF
o) ANE 254 S = AFUTH o] A2 53] didA 2731 (B A) A A& AT of
E3 225Utk 3 A H Bz EHo A BE A S t}2 (A E) e Z g g o]2 F 7ol Al s 4
AF Ut 7 atd 38 of Fth

AB AEZE Zhol]l ALEAF A T, A E, AdAHA EE ZHAS FHEA FEE EHI TS
71& ol o Ut ol H g Aol o] AAH = YXE A2 FRH (X B) JHZYHY ZEH BE
gAavge] &S A A7 Z2gUch 19 AEA J2E 5 A& AAE F/HA = A=

A 2 S 2 Yo

Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijec-
tion between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It
is highly recommended that you don’ t switch sub-interpreters between a pair of matching PyGILState Ensure ()
and PyGILState Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling
of Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 H|=S7| &

WMol Qe B 2 Sol w5 A Bt M AUZ ] AU ole B IPL B4 EAH G
void Q1 e} ol Ake] Peh & 7 Pk,

int Py_AddPendingCall (int (*func)(void*), void *arg)

Part of the 97 ABL ™91 QIE| el ] 28| S0l 4 28 48 o) SFTh 435 00] weks @
funcs T Q) 2 o)A EE5 7] A3 Foll F 74 ek ) AL, 2] A7 glo] -10] WHEHE U Lh
BEH O Fol FOW, funct arg AXE AHE3he] B3 WY A ZH LA o) 4 BEF U
Ao AP ool ) TES N W uE /408 EEH AW, S F 20 BE 55X
Fuch
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)AL TS W AT FE Y, ATE FLYULh func7t H5 T B W SETHE B
e GEUTh v AU EA A28 55 A9 Foj ek HhmE, A AH BF o] W 7] Ao
func7t BE 5 A k5 UTh o] Bt AN 2 9919 C 2 Eo| A ol 4 LES TEFHE
o A gskA] g U4, PyGILState APIZ AH3-3H4 Al L.

Added in version 3.1.
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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 ob-
ject to which the event pertains, what is one of the constants PyTrace CALL, PyTrace EXCEPTION,
PyTrace_ LINE, PyTrace RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN,
or PyTrace_OPCODE, and arg depends on the value of what:

what2| Zt arg2| 2|0j
PyTrace_CALL 34} Py None.
PyTrace_EXCEPTION sys.exc_info () oA WEtE o] F W,
PyTrace_LINE 5;]’/},1' Py_None.
PyTrace_ RETURN SE=A o A ¥ E = ZF, B 99l 2 213 A o] W NULL.
PyTrace_C_CALL i%ﬂ = fﬂ'/\ A A
PyTrace_C_EXCEPTION X Z=FH+= %H,‘— A .
PyTrace_C_RETURN SE5H =g AR
B A

PyTrace_OPCODE O]’ o]' Py_None.

int PyTrace_CALL
S Az gk A EE0] B A, Al dolglol thst Al &&o] B uE ul] py_tracefunc
gharof] th &k whar w7 42 Zh Ay @l o] B Fpol thek ojEd o] H o AL E =& A
sho] A Hhol £ T E 29 Ao} Aol g7 WlE ol HLs A gl Rl 54 A L.

int PyTrace_EXCEPTION

o2 7} FA A W) Py tracefunc g hat Wi 7} =2 3k 9 = A

X
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oA vle] E =7 A 2jH °‘ﬂﬂ7} 273 € | wharol] o 3} ]%}Oii%%qﬂr- o] 219} &3}
= e Atz Q3| J]r ]\_éﬁol H7= AGUth oY 7t dote o] Zh zy g o g vk uf
o] T2 UTh 24 g5t o2 3l o MES 44T Th =2 s elol BRekA ek,

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 £_trace_lines to 0 on that
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int PyTrace_RETURN
FEo| wae B S ulf py_tracerunc ol th g what v 7 W49 gk
int PyTrace_C_CALL
Cadrt 325 S u Py tracerunc &40l )3t what vl 7] 49 Zk.
int PyTrace_C_EXCEPTION
CFolA N7 BAYL W) £y cracerunc BN e whar ) W49 7.
int PyTrace_C_RETURN
C &7t w3l S wl] Py tracefunc 5ol o) 8t whar W 7)) WH<4=2] 7k,
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 / 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 Py Trace LINE PyTrace OPCODE and PyTrace_ EXCEPTION.

See also the sys.setprofile () function.
52 A GILE BF8ha glojoF FhTh.
void PyEval_SetProfileAllThreads (Py_tracefunc func, PyObject *obj)

Like pyEval_SetProfile () but sets the profile function in all running threads belonging to the current
interpreter instead of the setting it only on the current thread.

FEAE GILE 258k glojof gk,

As PyEval_SetProfile (), this function ignores any exceptions raised while setting the profile functions in
all threads.

Added in version 3.12.

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 Py Trace C_CALL,
PyTrace_C_EXCEPTIONOr PyTrace_C_RETURN as a value for the what parameter.

See also the sys.settrace () function.
TEA e GILE BF3ta glofof Fth
void PyEval_SetTraceAllThreads (Py_fracefunc func, PyObject *obj)

Like PyEval_SetTrace () but sets the tracing function in all running threads belonging to the current inter-
preter instead of the setting it only on the current thread.

S EAE GILS BR3ka Qlojof g th

As pyEval_ SetTrace (), this function ignores any exceptions raised while setting the trace functions in all
threads.

Added in version 3.12.
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PylInterpreterState *PyInterpreterState_Head ()
Aelz el e e AAE2] B2 B Je AAE Hagdnh
PylInterpreterState *PyInterpreterState_Main ()
u-“ 0] 9] E] a E—] /\]—EH il ;(ﬂ = H]—§]—6‘1~1/] r,].
PylInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Ae 2z E el AA S S| 2ENA interp ] 59| T A H =2 H AE] AA & vty
PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Q18] Z 2] H interp2} THH A2YE Y AENA A HA| pyThreadstate AA| o th 3l Z QA E] S vl3}
k.
PyThreadSzate *PyThreadState_Next (PyThreadState *tstate)

Y pyInterpreterState Aol &3t BE Ad & A 2] 2E A sstate 0] 2] TS A~ F =

o AR E v

9.10 AgE 2 XZEA XH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native
TLS implementation to support the Python-level thread local storage API (threading.local). The CPython C
level APIs are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void*
value per thread.

olZ 3 T4 S TEZF W GILL BAT L gyl 252 A4 22 AFFYTh

Python.nol i TLS API Al o] E3ts] o} 9] ko] Gy, ~d= 24 A44S 85w
pythread.h& Z 3] oF g}

rIr

0 #Fx

None of these API functions handle memory management on behalf of the void* values. You need to allocate
and deallocate them yourself. If the void* values happen to be Pyob ject*, these functions don’ t do refcount
operations on them either.

9.10.1 A EY XHZEA (TSS - Thread Specific Storage) API

TSS API is introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses
anew type Py_tss_t instead of int to represent thread keys.

Added in version 3.7.

o B

“CPython®] 2~ =-Z 4 A4 E 93 A 2-2 C-API” (PEP 539)

type Py_tss_t
o] A7 TR E AH T 7)o AEHE el v, o= S TLS Taof whal 2epd 4= 9lon, 7)<
2713 A" E et = W& 2271 dsUth o] FxAdd = 37 B 7t gls Ut
Py _LIMITED_API7} Ao = A] &k W, Py tss_NEEDS INITE ©] o] A7 dvfo] 325 Yt
Py_tss_NEEDS_INIT
ol R L py tss_t W4 %73 A} (initializer) 2 E-FF Ut o) i I 2= Py LIMITED _APIO| A
o= A] kol s Al L.
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Py_tss_t *PyThread_tss_alloc ()
Part of the 2+7 ABI WA 3.7 0|3 &, Py tss_NEEDS_INITE Z 7|38 3 22 A9 3
StAY, 54 &3 A9 Al nuLL2 HHEHU T

void PyThread_tss_£free (Py_iss_t *key)

Part of the 273 ABI ¥ A 3.7 ©] & Z . Free the given key allocated by PyThread_tss_alloc (), after first
calling PyThread _tss_delete () to ensure any associated thread locals have been unassigned. This is a
no-op if the key argument is NULL.
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A freed key becomes a dangling pointer. You should reset the key to NULL.

HME

of 59 WA WS keytr nurnol ofyojok Uk Ed, F oA py tss t7}
PyThread_tss_create ()= Z7]Q—ﬂ Z] OJ'/J(._ H, PyThread_ _tss_set ()374— PyThread_tss_get ()9/]

N EERDEIIC
int PyThread_tss_is_created (Py_1ss_t *key)

Part of the 9+7 ABI WA 3.7 o] & 2. R Py tss_t7} PyThread tss_create () Z 27|35 A
S W 00] obd FhZ wHEHgh T}

int PyThread_tss_create (Py_fss_t *key)
Part of the 2+ ABI W 3.7 o] & 2. TSS 7] 27|} A&
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void PyThread_tss_delete (Py_tss_t *key)
Part of the 2+ ABI W] A 3.7 o] & 2. TSS 7] & AHA|5lo] RE A TojA] 7|9 BEH 3+ 9 A 3}
a1, 718 2713 el E 27185 A o2 HAF UL 5t H )= pyThread tss_create () &
A 271848 ¢ JEUTh of 4 2L VoA HE Ao 529 4 A5 UTh- oln w3 @
7)ol thefl =5k ol A& 34 g5y Th

int PyThread_tss_set (Py_fss_t *key, void *value)
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Part of the 973 ABI ¥} A 3.7 ©] & 2. Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_1ss_t *key)

Part of the V74 ABI W] A 3.7 o] 3 &, Return the void* value associated with a TSS key in the current
thread. This returns NULL if no value is associated with the key in the current thread.

9.10.2 ABE 2&H X ZEA (TLS) API
WA 3.75E H A H: o] API= A = 2 A4 (7SS) APIE A1 g Y th

0 ix

o] WM APl int & AA-SHA NEE & 5 4] o= v olEl B TLS 7] 7} A o] & =
2 Q3R] ks th o] 3 —L%ioﬂ/ﬂ PyThread create_key ()= A FEH|Z SA] 9= o, T}
TLS B4t ol BABNA 2T ol 2l U 344 FerUTh

FolA Age T2d FAZ <6, o] W] APIE A ZE=oA AHGa Al = < H Ut
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int PyThread_create_key ()
Part of the 27 ABL

void PyThread_delete_key (int key)
Part of the 27 ABL
int PyThread_set_key_value (int key, void *value)
Part of the 27 ABL
void *PyThread_get_key_value (int key)
Part of the 27 ABL
void PyThread_delete_key_value (int key)
Part of the 27 ABL

void PyThread_ReInitTLS ()
Part of the 27 ABL

FL
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Added in version 3.8.

Python can be initialized with Py_TnitializeFromConfig () andthe PyConfigstructure. It can be preinitialized
with Py_PreInitialize () and the PyPreConfig structure.

There are two kinds of configuration:

o The Python Configuration can be used to build a customized Python which behaves as the regular Python. For

example, environment variables and command line arguments are used to configure Python.

« The Isolated Configuration can be used to embed Python into an application. It isolates Python from the system.

For example, environment variables are ignored, the LC_CTYPE locale is left unchanged and no signal handler

is registered.

The Py_RunMain () function can be used to write a customized Python program.

z713h sfoldeAlo]d gl AE =k FERTAHAL.

o 17

PEP 587 “3lo]| ¥ =713} 347,

10.1 Example

G4k Ae) BEo| N AR & AL B she] Ao of:

int main(int argc, char **argv)

{

PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode) .

status = PyConfig_ SetBytesArgv (&config, argc, argv);

*/

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception (status)) {
goto exception;
}
PyConfig_Clear (&config);

return Py_RunMain () ;

exception:
PyConfig_Clear (&configqg);
if (PyStatus_IsExit (status)) {
return status.exitcode;
}
/* Display the error message and exit the process with
non-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
wchar_t* FAE 9] ZAE,
length7} 0 ©] o} W, items= NULL ©] o}y o of 8ta1 R E F A2 nULL ©] oy of of gyt
HAE:
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
ifem< list°ﬂ Z7vey .
ol & L&t ol S AFH 271 3H8) oF FUth
PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t *item)
item-< list2] indexl 4+ 4y
index7} list Ao Bt} I AU 2O A, item< list ol 57} (append) g1 T}
index must be greater than or equal to 0
o] §42 T2 5T vol W A 7] 3hsl of G ch
TEA 2E:
Py_ssize_t length
2lAE o).

wchar_t **items
= =
B AE FEE.

10.3 PyStatus

type PyStatus
z2713 g AHE AGste F2A AT, lE Ee $8
oleiel 3¢, ol e & WEC TS oS AFT 5 YU
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FZ2A e
int exitcode
FTE IE. exit () of] ALH AL
const char *err_msg
o & w Al A].
const char *func
AN E WE T o] F, vt g = AFHTh
AEE T e 3
PyStatus PyStatus_Ok (void)
qF
PyStatus PyStatus_Error (const char *err_msg)
WA A 7} 23 2 7]3) of 7.
err_msg must not be NULL.
PyStatus PyStatus_NoMemory (void)
w2 g Al (w2 7).
PyStatus PyStatus_Exit (int exitcode)
A4H F5 IER spolHe FEIYTH
FHE A ste T
int PyStatus_Exception (PyStatus status)

SEN 7L ol B A Y 7 OPHEE TERAYUZRE FHol|, oS Ao dUth <& S0

Py ExitStatusException() = S =314

int PyStatus_IsError (PyStatus status)
A7} ol Y7k

int PyStatus_IsExit (PyStatus status)

A7 £ 27
void Py_ExitStatusException (PyStatus status)

status 7} 5 F. 0] M exit (exitcode) 5 T & F YT status 7} ol & o] ¥ o & WA A & Q512
0ol old £5 F=F £8 3T} pyStatus_Exception (status) 7} 00°] opd w2k & &3] oF
e,

0 Iz

YrRAoZ ulo]lHe PyStatus funcE AASE=HE I EE AFR = WY, func7FNULLE A

A8 S et e WeE AT

o :

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)
(th sle] Aol Al%)
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(o] sl o] A ol A AI)

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.
A = 27138k B
void PyPreConfig_InitPythonConfig (PyPreConfig *preconfig)
shel 2 74 0.2 A A& 27181 o,
void PyPreConfig_InitIsolatedConfig (PyPreConfig *preconfig)
AelE P2 AP S 273Ut
FZ2A D=
int allocator
Name of the Python memory allocators:
e PYMEM ALLOCATOR_NOT_SET (0): don’ t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
e PYMEM_ALLOCATOR_MALLOC (3): use malloc () of the C library.
e PYMEM_ ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc () with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.
e PYMEM_ALLOCATOR_PYMALLOC_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.

w2 e) #elg BRI L.
Default: PYMEM_ALLOCATOR_NOT_SET.

int configure_locale

Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.
See the locale encoding.

Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.
If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
See the locale encoding.

Default: -1 in Python config, 0 in isolated config.
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int coerce_c_locale_warn
0°] oty ™, C 2 A Lo] ZAld wf F7p T8
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 from the PYTHONLEGACYWINDOWSFSENCODING environment variable value.

A=l A ARG 7 AU T #ifdef MS_winDOWs I 2= 59 54 F=o] AHE S

AFUTH
Default: 0.

int parse_argv

00] o}, Py PrelnitializeFromArgs ()@} Py PrelnitializeFromBytesArgs ()w QWb
glo]Ho] B Z QXE FTE BEASE AN 2 A0 Z argy AAE B EAS YT 3
2 AAE BRI,

Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.

int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Set to 0 or 1 by the -x ut £8 command line option and the 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 A2 AHA £ 718} 5He B

10.5. Preinitialize Python with PyPreConfig 221



The Python/C API, Z2|A 3.12.11

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)
preconfig A1 Ao A Thol A& AL 278 k.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const *argv)
preconfig H T4 o) A Sho] 2 AR 2718 F Tk
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const *argv)
preconfig AFZ FAd ol A Bho] 2 & AL 2 7]8H g T
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.

preconfig must not be NULL.

33:%1]"—1:- PyStatus_Exception () -Tq' Py ExitStatusException() = /\]'%'3]'0:] Oﬂﬂ (Oﬂ H 1/]' $B)E ﬂ
2] 5f oF g ok,
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() O]j?‘ﬂ Py_InitializeFromConfig () O]Zﬂ
of $3&ste] A8 FY WERY FFAE BAT & stk pypreconfig.allocator”Zf
PYMEM_ALLOCATOR_NOT_SETO & M AE W py Prelnitialize() Ao TET 4 J5th

Python memory allocation functions like PyMem RawMalloc () mustnot be used before the Python preinitialization,
whereas calling directly malloc () and free () is always safe. Py DecodeLocale () must not be called before
the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig InitPythonConfig (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_Prelnitialize (&preconfiq);

if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig
type PyConfig
shol W& 437 918 th ) shebu B g = TEA.
When done, the PyConfig Clear () function must be used to release the configuration memory.

FZA HAE:
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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)
Qo BExY strS *config_strE BAFSHU T
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char *str)

Decode str using Py_DecodeLocale () and set the result into *config_str.
Preinitialize Python if needed.
PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.
PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, char *const *argv)

Set command line arguments (argv member of config) from the argv list of bytes strings. Decode bytes
using Py_DecodeLocale ().

Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, Py WideStringList *list, Py_ssize_t length,
wchar_t **items)

glol= FALE B A E listE length S} items 2 A A T T}
Preinitialize Python if needed.
PyStatus PyConfig_Read (PyConfig *config)
wE ghol# 4L g
oln 273tH A=+ WA A g5

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 stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

WA 3.109 A W 7A: The Pyconfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.
parse_argvequals 1.

WA 31194 M A: pyconfig_Read () nolonger 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 vl 2 E siA g o
Most pyConf£ig methods preinitialize Python if needed. In that case, the Python preinitialization configuration

(PyPreconfig) in based on the PyConfig. If configuration fields which are in common with PypPrecConfig
are tuned, they must be set before calling a PyConfig method:

e PyConfig.dev_mode
e PyConfig.isolated
e PyConfig.parse_argv

e PyConfig.use_environment
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Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () is used, this method must be called
before other methods, since the preinitialization configuration depends on command line arguments (if
parse_argv iS NON-Zero).

o] A &9 T &A= pyStatus_Exception () 3 Py_ExitStatusException () < AFR5}o] of 9
(llE v E5)E A 2l oF Fch

T2 2=

PyWideStringList argv

Command line arguments: sys.argv.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command line
arguments and then to strip Python arguments from argv.

If argvis empty, an empty string is added to ensure that sys . argv always exists and is never empty.
Default: NULL.
See also the orig_argv member.

int safe_path

If equals to zero, Py_RunMain () prepends a potentially unsafe path to sys.path at startup:
e If argv/0J]isequal to L"-m" (python —-m module), prepend the current working directory.

o If running a script (python script.py), prepend the script’ s directory. If it’ s a symbolic link,
resolve symbolic links.

o 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.
Added in version 3.11.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_executable

Python base executable: sys._base_executable.

Set by the _ PYVENV_LAUNCHER___ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and
stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.

stdin2 A W38 reg d9yt}.
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Default: 1.

int bytes_warning
If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —-b command line option.
Default: 0.

int warn_default_encoding
If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

Default: 0.
Added in version 3.10.

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 com-
mand line option.

Default: 1.
Added in version 3.11.

wchar_t *check_hash_pycs_mode
Control the validation behavior of hash-based .pyc files: value of the ——check-hash-based-pycs
command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the ‘check_source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The ‘check_source’ flag in hash-based pycs determines invalidation.

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 (0_BINARY) on stdin, stdout and stderr.

o If buffered stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactiveisnon-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.

int dev_mode
0] ohl®, shol A 7l B =2 B4 F P Th
Set to 1 by the -X dev option and the PYTHONDEVMODE environment variable.

Default: -1 in Python mode, 0 in isolated mode.

int dump_refs
Dump Python references?

00] o™, F& Al o415 B4 FEHA BE ARE =Tk

Set to 1 by the PYTHONDUMPREF' S environment variable.
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Need a special build of Python with the Py TRACE_REFS macro defined: see the configure
—-—with-trace-refs option.

Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
Default: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

0°] o}y ™, Al 2 A] faulthandler.enable () 2 =3t}
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.utf£8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,
whereas the mbstowcs () function decodes from a different encoding (usually Latinl1).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
o Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANST_X3.
4-1968" is replaced with "ascii".

See also the filesystem errors member.

wchar_t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors ().

On Windows: use "surrogatepass" by default, or "replace" if legacy_windows_fs_encoding
of PyPreConfig is non-zero.

On other platforms: use "surrogateescape" by default.
Supported error handlers:

e "strict"

e "surrogateescape"

e "surrogatepass" (only supported with the UTF-8 encoding)

See also the filesystem encoding member.
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unsigned long hash_seed
int use_hash_seed
28] 8 A] g4 Al E.
If use_hash_seed s zero, a seed is chosen randomly at Python startup, and hash_seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.

wchar_t *home

Python home directory.
If Py _SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
Default: NULL.
Part of the Python Path Configuration input.
int import_time
00] ol d, QEE A 7S 2T Pk,
Set the 1 by the -x importtime option and the PYTHONPROF ILEIMPORTTIME environment variable.
Default: 0.
int inspect
2AHEUYEHES AP T g REg ol

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 int_max_str_digits
Configures the integer string conversion length limitation. An initial value of -1 means the value
will be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of 0 disables the limitation. Values greater than zero but less

than 640 (sys.int_info.str_digits_check_threshold) are unsupported and will produce an
error.

Configured by the -x int_max_str_digits command line flag or the PYTHONINTMAXSTRDIGITS
environment variable.

Default: -1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated mode.

Added in version 3.12.
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int isolated

If greater than 0, enable isolated mode:

o Set safe_pathto 1: don’ t prepend a potentially unsafe path to sys.path at Python startup, such
as the current directory, the script’ s directory or an empty string.

e Set use_environment to 0: ignore PYTHON environment variables.
e Set user site directoryto 0: don’ t add the user site directory to sys.path.

o J}o] % REPL2 U|3}4] ZEZE A readlineS YEZE AT 7] & readline 74 S &

A3}t A & kst
Set to 1 by the -I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also the Isolated Configuration and PyPreConfig.isolated.
int legacy_windows_stdio

If non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.stdout and
sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.

Q= Qo A vk AL 753Ut #ifdef MS_WINDOWS MlA 2= JEF 5 FT o AR S 4
9%,
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).
intmalloc_stats
00] ok, F& Al kol pymalloc v| 22| iAol g T A S 2Tt
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.
Added in version 3.9.

WA 3.119] A ¥ 7: This macro is now used on Windows to locate the standard library extension
modules, typically under DL.Ls. However, for compatibility, note that this value is ignored for any non-
standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.pathsep).
Set by the PYTHONPATH environment variable.
Default: NULL.
Part of the Python Path Configuration input.

PyWideStringList module_search_paths
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int module_search_paths_set

Module search paths: sys.path.

If module_search_paths_set is equal to 0, Py InitializeFromConfig () 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 R
« 0: Peephole optimizer, set __debug__ to True.
e 1: Level 0, remove assertions, set __debug__ to False.
o 2: Level 1, strip docstrings.
Incremented by the -0 command line option. Set to the PYTHONOPTIMIZE environment variable value.
Default: 0.

PyWideStringList orig_argv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig_argvlistis empty and argv is not a list only containing an empty string, PyConfig_ Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the argv member and the Py_GetArgcArgv () function.
Default: empty list.
Added in version 3.10.
int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and strip
Python arguments from argv.

The pPyConfig Read() function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are stripped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

¥ A 3.109)| 4] ¥ 7 : The PyConfig.argvarguments are now only parsed if PyConfig.parse_argv
equals to 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending on
compilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
Need a debug build of Python (the Py_DEBUG macro must be defined).
Default: 0.

int pathconfig warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to 0,
suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.
A 3.119] A M 7 : Now also applies on Windows.
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wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.
prefix.

Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize executable and in early error messages during Python initialization.
o If Py_SetProgramName () has been called, use its argument.
¢« On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___environment vari-
able if set.

e Use argv[0] of argv if available and non-empty.

o 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 envi-
ronment variable.

NULL©] %, sys.pycache_prefix+ None & 2 A A Ut}
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.
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int show_ref_count

Show total reference count at exit (excluding immortal objects)?
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
AlZE ] site BES YXE FY7R

If equal to zero, disable the import of the module site and the site-dependent manipulations of sys.path
that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main () if
you want them to be triggered).

Set to 0 by the —s command line option.
sys.flags.no_site is set to the inverted value of site_ import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig. run_filename source.
It allows the usage of non-Unix forms of # ! cmd. This is intended for a DOS specific hack only.
Set to 1 by the -x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar_t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr al-
ways uses "backslashreplace" error handler).

If Py _SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8" if PyPreConfig.ut f8_mode is hon-zero.

o Otherwise, use the locale encoding.
Default error handler:

e 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}bY ™, Al & Al tracemalloc.start () & T&F U}

Set by -X tracemalloc=Ncommand line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

10.6. PyConfig 231



The Python/C API, Z2|A 3.12.11

int perf_profiling
Enable compatibility mode with the perf profiler?

If non-zero, initialize the perf trampoline. See perf_profiling for more information.

Set by -x perf command line option and by the PYTHONPERFSUPPORT environment variable.
Default: -1.

Added in version 3.12.

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.

int user_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, 0 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 than 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 by 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 B2 EL sys.warnoptions= H<5 0 2 7 st vlX % pyconfig. warnoptions
FE-2 714 WA AAE  warnings. riltersS] 3 WA FEol itk (1 £ $AE).

The -w command line options adds its value to warnopt ions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple options
can be specified, separated by commas (, ).

Default: empty list.

int write_bytecode

If equal to 0, Python won’ t try to write . pyc files on the import of source modules.
Set to 0 by the -B command line option and the PYTHONDONTWRITEBYTECODE environment variable.
sys.dont_write_bytecode= write bytecodel] HFAH ZFo 2 x 7|35 Ut}
Default: 1.
PyWideStringList xoptions
Values of the -x command line options: sys._xoptions.

Default: empty list.
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If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command line
arguments, and Python arguments are stripped from argv.

The xoptions options are parsed to set other options: see the —x command line option.

WA 3.90] A ¥ 7 show_alloc_count BEZ} A AF Y5 t)

10.7 PyConfigE Al28t =7|35}

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)

Initialize Python from config configuration.

S E A= PyStatus_Exception ()3} Py ExitStatusException() = AFESlo] o2 (o8 £8)E A
23 oF gk,

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab () areused,
they must be set or called after Python preinitialization and before the Python initialization. If Python is initial-

ized multiple times, Py Import_AppendInittab () or PyImport_ ExtendInittab () mustbe called before each
Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

2239 ol 5 A vk ol

void init_python (void)

{
PyStatus status;

PyConfig config;
PyConfig_ InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_ SetString(&config, &config.program_ name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) A
goto exception;

status = Py_InitializeFromConfig(&confiqg);
if (PyStatus_Exception(status)) A
goto exception;
}
PyConfig_Clear (&configqg);
return;

exception:
PyConfig_Clear (&config);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override some param-
eters. Note that since 3.11, many parameters are not calculated until initialization, and so values cannot be read from
the configuration structure. Any values set before initialize is called will be left unchanged by initialization:

PyStatus init_python (const char *program_name)

{
PyStatus status;

(TH5 sl el Aol Al<)
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(o1 sl o] A ol A Al <5)
PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name before reading the configuration
(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) A
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)) A
goto done;
}
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) A
goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable") ;
if (PyStatus_Exception (status)) {
goto done;

status = Py_InitializeFromConfig(&config);

done:

PyConfig_Clear (&configqg);
return status;

10.8 AHz|&El 74

PyPreConfig InitIsolatedConfig ()@} PyConfig InitIsolatedConfig() gE A|2H A H}o]
AE Aok AL HEUTL S Sof, ol Mg 8 = 1ol U2 4.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argvis not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE
locale are left unchanged. Signal handlers are not installed.
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Configuration files are still used with this configuration to determine paths that are unspecified. Ensure pyconrig.
home is specified to avoid computing the default path configuration.

10.9 HlO|’M 71

PyPreConfig_InitPythonConfig ()@} PyConfig InitPythonConfig() &gE Aul slo|H A 52t

e A8 A Aol H ol e ME ] 93 P BE U
37 W52 B E AL ol S T U] S & i, A9 24 WS s FAF U

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the
LC_CTYPE locale, PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

pyconfigolls A2 FAL A o @ D=7k T3] of gLtk
AR T A
- PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig _warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
- FAA ZAG gHE P Ay ARE 97 Y3l

- (PyConfig.program_name®|A) T2 1 AA A2 S A7) 93 pata 3

rﬂ

3

- & A L) HKEY CURRENT USER 2} HKEY LOCAL MACHINE ¢
“SoftwarePythonPythonCoreX.YPythonPath” o} &]o] &= A 2EES & 205 7
2 (714 XY+ FolH A dyTh.

AR 74 &Y B

- PYVENV_LAUNCHER_ :5_}'75)] x_.fl\_

— 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 1is overridden and
module_search_paths_set issetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explic-
itly all path configuration output fields listed above. A string is considered as set even if it is non-empty.
module_search_paths is considered as set if module_search_paths_set is set to 1. In this case,
module_search_paths will be used without modification.

Set pathconfig _warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).
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s

base prefixt base exec prefix BEZF AR R koW ZV 7t prerix@t exec prerix®] ZHe AF

Ut
Py_RunMain () 3"]' Py_Main () 2 sys.path& —/|\—7§ @'\4 1’4—2
o run_filename®| AAE L _ main_ .py 2T HEE 3= tydE o)W, run rilenames
sys.path 9ol Z7FgHCh
e isolated’}0o]H:

- run_nodulco] AR W, A UAE e sys.pach o] FAFUTh AA A A4S
S Lo ok AE 87 Utk

- run_filename©] AW, AP HAE S sys.path ol F7F ot
- 2R o, W FALE sys.path ol F7HFU T

site_import7F09°] oFU®, site EE 9| sys.pathE AT 4\— A& th user site_directoryZf
0©] of] i AR 2} site-package T ] E] 2] 7} & A 3}‘3, site E-Z A8 A9 site-package U] & B 2] &
sys.pathol F7F

chet 2e 74 shedo] A= FA o AgE Uk
e pyvenv.cfg
e ._pthfile (ex: python._pth)
o pybuilddir.txt (4 AE)
If a . _pth file is present:
e Set isolatedto 1.
e Set use environment to 0
e Set site_import to 0.
e Set safe_pathto 1.

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable

10.11 Py_RunMain()

int Py_RunMain (void)

Execute the command (PyConfig. run_command), the script (PyConfig.run_filename) or the module
(PyConfig.run_module) specified on the command line or in the configuration.

By default and when if -i option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using
Py_RunMain ().

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
atolo] +A38t7] Ao, Yl ¥E & AAE 7HAFUTh

See also PyConfig.orig_argv member.

10.13 CIEHA| =713} HISIH ZE X API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

« 84 (Core)” 2713} ©A|, “H 4 %] vho] A
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—E.—XJ, ozwx7|E YUY (& : sys.path+ oF2 2314 k5.

— SysS & E“%

I
- importlibE A X st FA I YT
[e)

=
- sys BE 27|3E g8 (dE : sys.stdout ¥ sys.path= W5 U Th;

- faulthandlerﬂ- tracemallociﬂ- @'—8— /‘\je_'ﬂle 7]%‘% %L"é@'@"/] 1’/};

v 7l 37 4 APL

e PyConfig._init_main: if set to 0, Py_InitializeFromConfig () stops at the “Core” initialization
phase.

PyStatus _Py_InitializeMain (void)

“F7 2713 DA R o] F 8o, shold 27138 R FU T
“A Q" AN AL o} Y BEE QEE 517 L inpore1io REO) FARA gtk A AL
F AN A ASE L A2 7 0g AR 295 A9 el el A Shold g e
golgd 4 glom, AR AL A9 sys.meta_path YEH (importer)  YEE F 52 AT 5 5T
It may become possible to calculate the Path Configuration in Python, after the Core phase and before the Main phase,
which is one of the PEP 432 motivation.
o] 1@ 7] groo}
J A3 37 API7}

;;4 >2

S o 4 ARSA G AP 1 3o
BAD WA AREA APIE £ AAGAAT 5 A5

“8 47 3} 5 27)3) @A Abo] o] A stol A BEE AYFHE oA

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig InitPythonConfig(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig (&confiqg);

PyConfig Clear (&configqg);
if (PyStatus_Exception (status)) {
Py_ExitStatusException (status);

/* Use sys.stderr because sys.stdout is only created
by _Py InitializeMain() */

int res = PyRun_SimpleString(
"import sys; "

n

"print ('Run Python code before _Py_TInitializeMain',
(T sl o] Aol Al%)
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"file=sys.stderr)");
if (res < 0) {

exit (1);
}
/* ... put more configuration code here ...
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) A
Py_ExitStatusException (status);

*/

(o] sl o] A ol A AI)
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PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* I/O & */

if (buf == NULL)
return PyErr_NoMemory () ;
..buf & Mg 1/0 AUg FATHIF. .
res = PyBytes_FromString (buf) ;
free(buf); /* malloc 2% TgrMs |5 */

return res;

o] ool A1, /O ¥ 3} ol T} 3k Wl 2 2] 2 YL C 2ol Hela] edxto] 93] e F ) sho] A w2 He
A= Atz W13kE = vlol EQ AR 9] Setoluk Tl g T,
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Tt FE2 A4S, ol oA wEEE st 2ol EHUTh ol 32 ghol H R g
e A7 Aot 7] i YUt A& £, A ZEE 7 CE A N2 AA Joz Sdd w 28
AUt stol A &AM Bt E T o] f= 4 59 Wl R e 8o o Ihol Al w1 ] A X ol A
dejuzt o= AU S vE 7t R Ao mj ¢ SR HH 02U A E o &, & W 2
8734 o] H R J’}F/Vq“’ﬂ A A8t JejZ e} 7} WA W2 e 8ol tfst o] HEst ol n| A&
ZHA JUth 23R 082, 54 Al A, stolx W2 2] A At 7Hhl A 4, w2 45 =& 7] E
ﬂ“&"éﬂﬂ@%@@ﬂﬁ"ﬁ% 3]74 AU 18R] oS 4= AF Ut o] oo A el o] C glo] B g
TFALE AHE S, /O W ] of] E w2 2] 7} o] A “ﬂ ﬂ HA A5 s 93] 5HA Foll 79 oA
AL

e ] B7)

PYTHONMALLOC &7 M55 A& 5lo] sto] o A ALg-ot= w2 2] FAE +4E8 5 A5 Uth

PYTHONMALLOCSTATS &7 W= A 2 -2 pymalloc A A o}&)| L (arena) 7} 5o A wjujct 287 £ 38

Al pymalloc Y] B8] &F 2] FAE A48k ol A2 4= A5 Uth

11.2 Allocator Domains

All allocating functions belong to one of three different “domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific details on how
every domain allocates memory or what internal functions each domain calls is considered an implementation detail,
but for debugging purposes a simplified table can be found at sere. There is no hard requirement to use the memory
returned by the allocation functions belonging to a given domain for only the purposes hinted by that domain (although
this is the recommended practice). For example, one could use the memory returned by pPyMem RawMalloc () for
allocating Python objects or the memory returned by Pyobject_Malloc () for allocating memory for buffers.

The three allocation domains are:

« Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation must
go to the system allocator or where the allocator can operate without the G/L. The memory is requested directly
to the system.

e “Mem” domain: intended for allocating memory for Python buffers and general-purpose memory buffers
where the allocation must be performed with the GIL held. The memory is taken from the Python private
heap.

« Object domain: intended for allocating memory belonging to Python objects. The memory is taken from the
Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the matching
specific deallocating functions must be used. For example, PyMem_ Free () must be used to free memory allocated
using PyMem Malloc().

11.3 RIA| H 22| QE{H|0]|A

o2 T A2 AlaE At i gk e 3 U th ol g e 2= HAS A, GILe F AT B+
A5t

7] A v e @ abE the @48 A E Ut malloc (), calloc (), realloc () & free(); 01}
EE AT W malloc (1) (EEcalloc(l, 1)) =%t

Added in version 3.4.

void *PyMem_RawMalloc (size_t n)
n ¥l EE T Feta @dE v R E 7] 7] & voidr F ] ZAHE v AL, 83 o] Adstd
NULLS HHEHghU o)

OH}O|EE 8 A3l 7153 PyMem_RawMalloc (1) ©] Al &9 AAH 71535H 283 nuLL
o] obd ZAH & Wit v R g = ojH Aoz E 2735 A kUt
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void *PyMem_RawCalloc (size_t nelem, size_t elsize)
3717} 7t 7} elsize WFo] E QL nelem 7§ €] @ &5 &Fotal e W2 ] £ 7He] 7]+= voidr B9 E<
B g

B E waal AL, 28 0] AuahE nur g MEFUTH v Rl 00 2713 o,

0719 41 0HlolE 327)9) 245 2 A3 pyMem_RawCalloc(l, 1)©°] Al T&H AXH
7hs 3 2173k nunn o] obd ZAEHE %Q?JH =

Added in version 3.5.

void *PyMem_RawRealloc (void *p, size_t n)

p7t7tEl 7= MEe B2 372 pulo]lER 2 AT YLL o] AT A2 F7)9 H4gh
ol A HA3= A edsuth

p7FNULLO] W, &2 PyMen_RawMalloc (n) I 35Ut} nol 034 2 HE2g BEE9 37=
R A A A 2, A E E wonr o] obg vl o

p7]- NULL o] o} 3}, PyMem RawMalloc (), PyMem RawRealloc () == PyMem RawCalloc () of] tj 3t
o)A B2ol o3} ukerE A o]0l o Fi ey,
Q3 o] AW, pyMem Rawrealloc ()< NULLLS HFEHE}T pi= o] A vl R 2] o th3t FE T
ZAHE AP Y

void PyMem_RawFree (void *p)

p7F 7tE17l= W2y EEL A TYT. pE PyMem RawMalloc(), PyMem RawRealloc ()
)oll

I = PyMem RawCalloc() sk o] A TEF W3 H AojojoF Ut 18R GAY

PyMem_RawFree (p) 7} 44 &= lﬂﬁotﬁl A o5 x] ¢kL ZZro] ol ).
p7hnuLLol®, ob YL £ A ks
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void *PyMem_Malloc (size_t n)
Partofthe + ABL n H]—O] 2 99sy 39E W R a2 7he 7]E voidr B ZOEE vEtal
u, 84 o] A9)shd nuin & Wy o
0ulo] EE 8 A3 PyMem_Malloc (1) ] Al 328 AAE 7F55E 183 nunno] obd Z Qg
£ WA o v Rl oW 4o E 27155 A 5k

void *PyMem_Calloc (size_t nelem, size_t elsize)
Part of the SV ABI WA 3.7 o| & 2. I 7|7} 22} elsize BFo] E 9 nelem 7 2] 2 4 E 3l &
H B2 78] 7] & voidr o] ZAEHE vt A Y, 874 o] A3t nurL& R o) 1)
Lo00% 2739k
07)e] @ AatontolE Z7)9 @48 Q3 3H pyMem_calloc (1, 1)° thAl 329 AXE 71535}
W I3k nuLLe] obd ZIEE vhEgth

Added in version 3.5.

A

void *PyMem_Realloc (void *p, size_t n)

Part of the 3t73 ABL p7} 7}2]7]= 2] £59 27| EnvlelER 24 Yt W82 o] A3
MEE 2719 AR oAM= WS A °}’“‘%‘3‘r
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p7FNULLO| ¥, T &2 PyMem Malloc (n) - F5FUTH 23 A gkalno] 03 Zod, w2 g
A7 2ZH AR S A FH A = gkon, vEE ZQlH = nuLL o] obg U th
p7FNuLL o] obd S, PyMem Malloc (), PyMem Realloc () B PyMem Calloc ()l T3t o] d &&
o] whgk et 2 o] o] of FL T,
LA o] A, PyMem Realloc ()2 NULLS WHEEl 1l p= o] A Bl E g & 9o tfj 3l
Eii frAE Uth
void PyMem_Free (void *p)
Part of the 2+% ABL p7} 7}g]7)= W2 g 2= = PyMem Malloc(),
PyMem Realloc () E=+= PyMem Calloc () oﬂ ‘:H :l‘ O];ﬂ A 0101: ?:]"/]q _jax]
2 At pyMem_Free (p) 7} A TEH oW FFH A b FZo] dojd
p7FNULLO| |, oFF Z Y & 35 2] gk5 U T
H 2 95 th2 3 2 Y A g wja 27t Al FPUTh TYPES] BE CHS Ve of 59314 A 2.
PyMem_New (TYPE, n)
PyMem_Malloc ()3 ZZA T, (n * sizeof (TYPE) H}O]E.J W28 & dgsyct typerE A E
H ZAHE B R el = o *‘SEL 27135 A g5
PyMem_Resize (p, TYPE, n)
PyMem_Realloc ()3} ZA W W28 E59 3 7]% (n * sizeof (TYPE)) HFO|ERE ZAFH YT}
TYPE*Z NAE H X AEE WYt Hest Sof, p= A2 W2 g FGgof gt ZAE o] A
U, A3 819 nurn o] gyt
)AL C AR 27 WAz ATk pe B4 A A BT o2 & A2 o) W) EAL 75
2w pol o) he B ATAA L
void PyMem_Del (void *p)
PyMem_Free ()2} 25U th

i3
hu
1o

o

=

roh
5=
o

3 foll hEdHE CAPL &8 ARE8HA] 4oL, shold ml 2] SdAE A5 ©E517] A6 ths 2=
Aol AUtk 234, o5& AR stold WA S 7= A 2 vhol v 8] 38/ o] 1A 5 Al

oA B REoAE HAAH AU
e PyMem_ MALLOC (size)
e PyMem_ NEW (type, size)
e PyMem_ REALLOC (ptr, size)
e PyMem_ RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

e PyMem_DEL (ptr)

ANSI C 3%

2d 24T WY F4S AFF S G5
oA e Bol

F4N
e
L)
n
i ol
( ;9{
D)
q,
()
jud)
=
2y
%
rlo
_k\i_l,
o
rx

0 #Fx

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 A2 SFA= pymalloc W B 2] @ FAE AFS-FHU T}
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o F42 A8 Wl GILE §)3 of Tk,

void *PyObject_Malloc (size_t n)
Part of the 9+7] ABL n¥}o] EE &3t 9 W R 2| & 718] 7] void* F 9 £ EHE w33}/
L, 83 o] Aol e nuLL 2 HEEH U T
0¥lo]EE 2 3 38tW pyobject_Malloc (1) o] 4l & H 21X A 758t 13 nuLL o] ofd
ZAEE NS YT W Ee = ol A o2 E 27|35 ] okF YT

void *PyObject_Calloc (size_t nelem, size_t elsize)
Part of the ¢+ ABI WA 3.7 o] 3 2. A 7|7} Z+ 2} elsize B} 0| E €l nelem 719 R4 & &3l &
H B2 78] 7] & voidr o] ZAEHE vt A L, 834 o] At nurL & 9 T W R
s0o= 2739 Yrch
079 2 Aurou}o]E 37]19 845 2343 H pyObject_Calloc(l, 1)°o] A T&H AAH
7455hE 183k nurL o] ofd Z ol e & ukakshy o).
Added in version 3.5.

void *PyObject_Realloc (void *p, size_t n)
Part of the 9+% ABL p7} 7}e]7]= w2 e) B2 272 pufolER 2 AT &L oAz}
MZ-E 3719 FH 53 WA= HAS A 5y
p7FnuLL o) ¥, £&-E pyobject_Malloc (n) & 53U 282 ¢Fal no) 03 2 o
E£E9 I37|= ZAF AR A E A a1, vt _@].g,]_;_d “ yuLLo] obd U ).
p7FNuLL o] ok 8} pyobject_Malloc (), Pyobject_Realloc () = Pyobject_Calloc () o td
ol EZ ol W& Zl o] of of Tt
LA o] A93}H, Pyobject_Realloc ()< NULLS W36l pe o)A mme] g oot o F 3
ZAH=E FAFH YT

void PyObject_Free (void *p)

Part of the 2t7 ABL p7} 7be] 71 & W22 £5& AT o] E52 pyobject Malloc(),
PyObject_Realloc () B+ PyObject calloc ()o]] T3t o] A T =of &3l vkd = A o]o]of gt}
237 ?%ﬂl%PyObject,Free Zholdol ZEH oW A A & FFe] dojgyth
p7FNULL O], o} A% 4\—333 2] syt
11.6 7|2 |2 2| I X}
718w &2 &gk
=S| o|2 PyMem_RawMallo PyMem_Malloc PyOb-
ject_Malloc
dgAa e "pymalloc" malloc pymalloc pymalloc
D] H}:l I=1R=, "pymalloc_debug malloc + ﬂ}ﬂl pymalloc+ E]hﬂ pymalloc+ E] ‘H
A I
pymalloc ¢l= H]Z 2 "malloc" malloc malloc malloc

=

pymalloc 8= TYH I "malloc_debug" malloc+ HHII malloc+ YW I malloc+ W
Hl &
| S

)

o o]E: pYTHONMALLOC
12

ol
E
i
1o
2

e malloc: & C glolB & A|2d" a2}, C &4 malloc (), calloc(), realloc() W free().
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« pymalloc: pymalloc M| 2 2] SFA},
e EESERRE S DR REE S L3
o “Debug build”: Python build in debug mode.

11.7 HI22| XL ALEXH F2

Added in version 3.4.

type PyMemAllocatorEx
Wme B2 RUAE ) eotE o L8R E T2, FRAE e T 2e 2= A5
=c olo|
void *ctx A Al Az ASE A A~
=
void* malloc (void *ctx, size_t size) Hrg 258 gt}
void* calloc (void *ctx, size_ t nelem, size t 002 27|39 vj2e EEL a3t
elsize) 1/]13]'
void* realloc(void *ctx, void *ptr, size_t HEY ES5S IsAY I7 =4
new_size) ?JlJD}
void free(void *ctx, void *ptr) Hr2g &5 AT

WA 3504 HA: pyMemAllocator R A2 0] & 9| PyMemAllocatorEx® B I M 2 F calloc

P} 2o gk
type PyMemAllocatorDomain
I =V AL ABehe vl A8 E = AR, 2o

anil}

PYMEM DOMAIN_RAW
e
e PyMem RawMalloc ()
e PyMem RawRealloc ()
e PyMem RawCalloc ()
e PyMem RawFree ()
PYMEM DOMAIN_MEM
e
e PyMem Malloc(),
e PyMem Realloc ()
e PyMem Calloc ()
e 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)
2789 =H e WEE 55 YAE 7HA S YT
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void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
A7E =l vre E5 FFAE A
A FAE 0nto =& 2 Y% ) 14 B worr o] obd E e} yhEks| of gh o,
Fedch @97t 559 W) GIL

%]
o

PYMEM_DOMAIN_RAW =W Q19 AL, dFA= Ad = LA S
A s uth

For the remaining domains, the allocator must also be thread-safe: the allocator may be called in different
interpreters that do not share a GIL.

A AL Fo) o B (o] FRAE BESA SLOW), pytven setuppebugiooks () BHE T
Zalo] A & 9o U)Wl 52 ThA) AR 8l oF .

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A B3
PyMem_SetAllocator () does have the following contract:

o It can be called after Py_Prelnitialize () and before Py _InitializeFromConfig () to in-
stall 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 () hasbeen called)
the allocator must wrap the existing allocator. Substituting the current allocator for some other
arbitrary one is not supported.

B A 3.1200| 4] ¥ A All allocators must be thread-safe.

void PyMem_SetupDebugHooks (void)
Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 mio|’M o2 2| xS ClH1 5

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.

PYTHONMALLOC 273 ¥ 45 ARE-5ho] |2 R oA Hupd g shol ol v £5 AX & = 5uth
(ofl: PYTHONMALLOCzdebug).

The PyMem SetupDebugHooks () function can be wused to set debug hooks after calling
PyMem_SetAllocator().

oI ZZFH R AFH MR EES S50, AA M N EH O A th A2 T dE
W 2 2] = v}o] E 0xCcD(PYMEM_CLEANBYTE) 2 x| A 27, 3| A = W] 2 8] += v} o] E 0xDD(PYMEM_DEADBYTE)
Z PYA Y} Wz BEEL vlo ]E 0xFD (PYMEM_FORBIDDENBYTE) & X R “Z X5 vlo|E” & & &
APt o] Bo| EEY] EAE LS FET T4, RF A5 B ASCIH 224 Y 7He A4 o] 55U th

A AZF A
o« API 941 BHX]. o & £, pyMem Malloc()©] SF3 W EE BFof pyobject_Free ()7} &5
AEA FATY T
o W H AZF Ao 227] ZHA] (3 dEHER).
o W3 2 Fol 227] A (M LW ER).

e PYMEM DOMAIN_OBJ(®: PyObject_Malloc ())Q} PYMEM DOMAIN MEM(®)|: PyMem Malloc ()) X H]
0] GG} 47k T2 9 wl GiLol HAH=A 2.
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o7 EASHE, Uy I L tracemalloc RES AR5t HRg EE0] d3H
AAG UL racenalloco] shold 2 el G- 24 Solu vne] B2ol 243

FAE YU

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[1i : ] means the slice
of bytes from * (p+1i) inclusive up to * (p+3) exclusive; note that the treatment of negative indices differs from a
Python slice):

p[-2*S:-S]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory dump).

pl-S]
API identifier (ASCII character):

o 'r' for PYMEM_DOMAIN_RAW.
e 'm' for PYMEM DOMAIN_MEM.
e 'o' for PYMEM DOMAIN_OBJ.

p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.

p[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.

pPI[N:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

P IN+S:N+2*S]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian size_t.
If “bad memory” is detected later, the serial number gives an excellent way to set a breakpoint on the next run,
to capture the instant at which this block was passed out. The static function bumpserialno() in obmalloc.c is
the only place the serial number is incremented, and exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end are intact.
If they’ ve been altered, diagnostic output is written to stderr, and the program is aborted via Py_FatalError(). The
other main failure mode is provoking a memory error when a program reads up one of the special bit patterns and
tries to use it as an address. If you get in a debugger then and look at the object, you’ re likely to see that it” s entirely
filled with PYMEM_DEADBYTE (meaning freed memory is getting used) or PYMEM_CLEANBYTE (meaning
uninitialized memory is getting used).

W7 3.600A WA pyMem setupDebughooks () T+ oA Ela REOA HAstdH sto] Mo A=
Uk o Y7 HAS Y, U 1 F2 o)A tracemalloces AME3Fe] R g EF o] &FH X9
Efo]aME 7lA S Ut ESF U1 5L o)A pyMEM DOMAIN OBJS} PYMEM DOMAIN MEM = W 219]
71 552 v GILE F+EA FA gy h

B A 38094 WHA: vl o] E 3] & 0xCB(PYMEM _CLEANBYTE), OxDB(PYMEM_DEADBYTE) %
0xFB(PYMEM_FORBIDDENBYTE) = Y S CRT YW I malloc() Y free() &} & S AIR 3=
0xCD, 0xDD X 0xFD & A% U5 th

—h

1.9 pymalloc &&tx}

ol Mol = ¢ o] - 2 (512‘3}"1 ol ah) A Aol | A3}LH pymalloc @FA7F Y5 UTH 32-HE
ZAE A= 256 KiB, 64-H E ZAEZ A= 1 MiBY 114 275 ZH+ “of#] Y (arena)” 2h= | B
] g & ARy t) 512 v} ]Eﬁ.ﬂ——‘—f & 3o AL pyMem_RawMalloc () 3 PyMem RawRealloc () 22
oA Yok
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ymalloc— PYMEM_DOMAIN_MEM(®|: PyMem_Malloc ())3} PYMEM _DOMAIN_OBJ(9|: PyObject_Malloc ())

Evjae] /)% FeAg ek
bt B AL h F4E AU Tk
. 9
. A

T Qo)A virtualalloc () ZVirtualFree (),
€& 4 91 mmap () I munmap ()
e 212X oW malloc () I 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}&|L} =X} ALE X} A2
Added in version 3.4.

type PyObjectArenaAllocator
obel v} S 7% 8t vl AHgH £ T2A. o] FRA L Al AL =7} itk

= o|O|

void *ctx A AHA AXE ALE A2 AHAE
void* alloc (void *ctx, size_t size) size HFo| E 9] o} L= T3t
void free(void *ctx, void *ptr, size_t olg| V= | A g ok

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
obe vt & FAE A5 UTh

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

obel U} B AR P

11.10 tracemalloc C API

Added in version 3.7.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)
tracemalloc BEENA @FH HEe E5& 3T
3F 8t 05 WHEstaL, o 8 7F LAY oH (F 4% Aotz A vl el & FEekA] X YT -1
S w133 o} tracemalloc ©] B &A= o™ -2 & vi3sh o).
w22l E5o] oju] AW, 7]|& F A2 BAdUTh

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)
tracemalloc BEEA &dH f2g EE& 3 AU £

347 e th

tracemalloc ©] H]| A 3l=| glow 2 & Wkslsl, 28X ko™ o0& whakgh ).

JHU
A
A
i}
A
§
(o]
d,
o
|
pa)
bt

ue)

11.11 0O

Tee 72 Aol A me o Al YU VO ¥l H AL R A B4 QTS ARshe] sholw Fol A Tke
2 oA A48 A5 o

PyObject *res;
char *buf = (char *) PyMem_Malloc (BUFSIZ); /* I/0 & */

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

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...buf & METre 1/0 AL FATI... 2/

res = PyBytes_FromString (buf) ;
PyMem_Free (buf); /* PyMem Malloc 2% Trorshis “-|=f »/
return res;

AT T AGe AHgshe 2L 2= YTk

PyObject *res;
char *buf = PyMem_ New (char, BUFSIZ); /* I/O ¥ */

if (buf == NULL)
return PyErr_ NoMemory () ;
/* ...buf & AE e /0 AT FATITT... s

res = PyBytes_FromString (buf) ;
PyMem_Del (buf); /* PyMem New % TrTrTig “|=F +/
return res;

99 F 74 o) A, W = Fg 2 AT S5 BB B3 24Pl RN L. WA, A=
e GYAE EGT AP HAR Bl EES, Fol A e B5o thsf 2L wm el AP U S
Agete AL AU, the TE AL E Y olel 7 9om, 1% shibe A= thE FollA
AEFE F Ao T g .

char *bufl = PyMem_New (char, BUFSIZ);

char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem Malloc (BUFSIZ);

PyMem_Del (buf3); /* ZFEEHAH “IF —— PyMem Free() ©I°1°F Tr-=l=f */
free (buf2); /% SIS SISt —— malloc() 2% TIFEAS SIS +/
free (bufl) ; /* X I AN -~ PyMem_Del () °191°F THIE *+/

shold HolA AN Wwe] BEL Aee]

Eia
PyObject_NewVar W PyObject_Del () 2 S FT 11 &l
AASLCE Aze A BL AT THE A

q| =

4 Qo x, stolH e AAE pyobject _New,
91

i

o},
oS ol A AwE AT

—

of T2

¢
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HH| 78 x|

ol FollM= A AA F= BT wf AHH = T, B H a2z dsf A

12.1 8lof| ZHA| eret5t7]

PyObject *_PyObject_New (PyTypeObject *type)
LS i e =

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
LS e e =

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Whekgk: W E FE. Part of the <M ABL A2 TG A ops FH 27 FX2E 27134t
z7)319 AAE NHFU AR B BEE FL wA G5

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ssize_t size)
Wk zk: e F 2. Part of the H ABL 0] AL pyobject_Init ()7} e RE ZYL 535}
AL, 7bE =7) AAe] do] AR E 278

PyObject_New (TYPE, typeobj)
C 727 3 TYPET} 5] 2§ A ypeotj (eyTypeobiects) & g3l Mze shol A A7 2
Ut stold AR Flir FoAHA ke dE= 27FHA Gtk TEAE AA
e Fded 2 E afs U (5, AA e Fx S 1ol F§Uth. W2 239 27+ 3
AA ] tp basicsize BEOA ZFH YT

Note that this function is unsuitable if typeobj has py_TPFLAGS HAVE_GC set. For such objects, use
PyObject_GC_New () instead.

PyObject_NewVar (TYPE, typeobj, size)
C 724 & TYPEF} stol A BFQ] & nypeobj (PyTypeObject*) S AFE 1o Al 28 ol A&
ST shol A AA] )% Ao W A e BE L 27155 1] ok T, SuHE v =) = TYPE
F-Z Ao B3l typeobj?] tp_itemsize BEO| Jd FR 7|9 size (Py_ssize_t) DEE F &S
Uth ol FER 22 AAE 788 ol f8FUh FE2 W= 2715 23T 5 ds5yth
2P 2e @S T A, 7 5Tt Fol 50, R e E&dol FFEUTH

Note that this function is unsuitable if fypeobj has py TPFLAGS _HAVE_GC set. For such objects, use
PyObject_GC_NewVar () instead.
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void PyObject_Del (void *op)
PyObject_New W} PyObject NewvarE AH&SE Ao @ vl 22| & AUt o] A2 It
oz AA Y B ARA tp deatioc A2l 7oA TEHUTE W7} EE §E 3 sol A A
oplE®R, o] & Fol= A8 o AN A= < FH Uk

PyObject _Py_NoneStruct
afo] Mo A None & 2 =5 = AA|. o] AA|o hE E£AB &2 P 7S = py_None IR E A3
A @A 23 oF g o,

o B

PyModule Create ()
3 RES Aty T

—h

22 55 4A A=A

gho] A o] A 3§ ool AHEE = B2 F2A 7 AF UL o] A A & o] 2] g L2 A 2} ARSI o
Za A

12.2.1 7|2 x| ol o3 2

BE golH A= TFALE AR WEY Y AN AL+ BEE FFFULL o552
PyObJectE} pyvarobject 32 FAIFH Y, ThE B vto]d AR B, A £ A=,
AEE AR AR S F6 FUth Frh M AaRe FE Sl s ¢ sy

type PyObject
Part of the A SHE APL. (Only some members are part of the stable ABL) & 3 5}
T} o] AL Frol M o] AA o] that ZOEHE Az HFet o FLs ARE 233l
A “dga” Aoz, AA Y] Fx ot aid 3 AR o o3l g %
E pyobjectE AAH AL YA ¥, Fho V‘* 7“74]01] Eﬁd % FERIEE pyobject*
o x

type PyVarObject

Part of the A| -5 APL. (Only some members are part of the stable ABL) 0] 21-& ob_size BEE F7}51=
pyobject®] B YUt o] 2 Aolgte /i d S 7H AA| o v AR H Ut o] §-& FF 3ol #/C
API| VERA] 925U tT) Py REFCNT, Py TYPE D Py s1zE ) A2 E AFE3}o] W of] AN 23] oF

Syt

PyObject_HEAD
Zo| 7} W3R = AAE Y= M2 FS A A uf) A5+ v 2 2 Yt} PyObject_ HEAD
AR =S 7‘01 $gUrh

[PyObject ob_base;

9] pyobject S FRIFAA L.
PyObject_VAR_HEAD

Aad v Dol 7t BE AR E e A 2e B2 AT o A-g5 & vl 22y th PyOb-
ject_VAR_HEAD 1| 2 2 = t}-& 3} 2o] 345 Utk

[PyVarObject ob_base;

9] pyvarobject AHAE FZIAAL.
PyTypeObject PyBaseObject_Type
Part of the 274 ABI. The base class of all other objects, the same as object in Python.
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int Py_1Is (PyObject *x, PyObject *y)
Part of the 73 ABI W A 3.10 ©] & 2. Test if the x object is the y object, the same as x is y in Python.
Added in version 3.10.

int Py_IsNone (PyObject *X)

Part of the °+73 ABI ¥} A 3.10 ©] & 2. Test if an object is the None singleton, the same as x is None in
Python.

Added in version 3.10.
int Py_IsTrue (PyObject *X)

Part of the °+7 ABI ¥ A 3.10 o] & 2. Test if an object is the True singleton, the same as x is True in
Python.

Added in version 3.10.
int Py_IsFalse (PyObject *X)

Part of the 2+73 ABI WA 3.10 o] & 2. Test if an object is the False singleton, the same as x is False
in Python.

Added in version 3.10.
PyTypeObject *pPy_TYPE (PyObject *0)
Get the type of the Python object o.
Return a borrowed reference.
Use the Py _sET TyPE () function to set an object type.

WA 31194 ¥HA: py_TvPE () is changed to an inline static function. The parameter type is no longer
const PyObject*.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
AR 0] Qo] typeol™ 0°] ot g W&k T A ko™ 05 WHAF YT py TYPE (0) ==
typed &5 Y h

Added in version 3.9.

)

void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
AR 0] BL nype o2 AR T
Added in version 3.9.

Py_ssize_t Py_SIZE (PyVarObject *0)
Get the size of the Python object o.

Use the py_sSeET s1zEe () function to set an object size.

WA 31194 WHA: py_s1zE() 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)
AA 0] A71%E size= AR T T
Added in version 3.9.
PyObject_HEAD_INIT (type)
jf}% ME2E pyobject o 2713} oz SFH = A2 YUt o a2 = thx o2 &4

_PyObject_EXTRA_INIT
1, type,
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PyVarObject_HEAD_INIT (type, size)

VAL ob_cize BEE EYBO], MR pyvaronject 39| 27)3h ko2 F4 € |22 YTk
ol Azt theow SgH L

_PyObject_EXTRA_INIT
1, type, size,

12.2.2 342 HME 73

type PyCFunction

Parofthe 4 ABL R ol FABE CE AN o BT B Yol B P8 T
M) 2o jeces 1) WAL 531 bS] g HHE-RILIEh, Wk gho] NULLOIH, o191 71 4 5] o]
1010k FiTh. wunro] obLl B, whak ghe kol ol =8 o) ME ko w AR L. G

A= Bz wataloF gk
4 qwe e 2oy

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Part of the 2+73 ABIL. X ™ o] METH VARARGS | METH_KEYWORDS ¢l 5}o] % Z8] 2 & CE L3 3=
g A== 85 3. e A S 23 25 Uth

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast
M o] uary_rastcars 9 shol W B8-S CE FA3E o] ABH = F4 F. F5 AP o3t

ZEynh:

PyObject *_PyCFunctionFast (PyObject *self,

PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

AW o] METH FASTCALL | METH_KEYWORDS ¢l 5}o] % Z &8-S C2 T3 3t= d AFR 5 & 3¢
R i R e =

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

type PyCMethod

A% o] METH_METHOD | METH_FASTCALL | METH_KEYWORDS <l 5}l 2888 CZ 73+
ol AR S ¥ 3 A2 e 2sUth

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

Added in version 3.9.
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type PyMethodDef
Part of the 2+ ABI (including all members). 3 2] WA EE 71€st= t] AR H = F XA, 9]
FzA = A A=} A5 Th
const char *m1_name
WA =2 o] &,
PyCFunction m1_meth
C 3ol thak :£1H.
intml_flags
TE 74 S YEY
const char *ml_doc

saEee] g2 ARy

T HE.

rlr

ni_neth C B4 EAY AU Bt Fo] ThE % QAT G4 pyobject+ S WEFI T F47}
PyCFunction®] ofU W, AL &= WA & H o] & MAEE @ F3 Ut} pycrunction©] R WA

A

W7} Mg pyobject+ 2 Bl SHEBhE, QWA 0 2 WA= TAL self AR 54 C S gL

ml_flags BEE U5 UL E 2 T JevE 29Ut E S 2= 2 & A H oWy Hldd

FHe ye T

e 2e 55 4o gtk

METH_VARARGS
ol WM ETL pycrunction A A A & F AP @?% = 714 PyObject* #2770
gy A i WA= 4 fﬂl‘iﬂ duth 28 &9 47, 2E AAdUs F AA vl
W (FF argsThL FUth € € AE Uehll< 7& 7—‘1%]?3141:}- o M7} M= O‘t‘&ziﬂi
PyArg_ParseTuple () 0] \/‘I- PyArg UnpackTuple () 2 /\]'%'5']'0:] 7-(1 E] % 14 E]'

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

0]316]- *LEH_'17]— LoAE:= PyCFunctionWithKeywordS & olojok gt o] St A 7] 9] v
IR ES 7]121-]3“41’/]- self, args, kwargs. 047]/3 kwargs,_ REZIHE AR 9ol ALt 719 =
1A 7F YoM NuLL Y = Y5 UTH i) Y s AdWlA 2 8 pyarg ParseTupleAndKeywords () =

R RS
METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of Pyobject*
values indicating the arguments and the third parameter is the number of arguments (the length of the array).

Added in version 3.7.
WA 3,100 A W7 METH_FASTCALL2 oA o+ A APIS] &Yt}

METH FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* parameter which is a tuple representing the names of
the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are no keywords. The
values of the keyword arguments are stored in the args array, after the positional arguments.

Added in version 3.7.

METH_METHOD

Can only be used in the combination with other flags: METH_METHOD | METH_FASTCALL |
METH _KEYWORDS.
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METH METHOD | METH FASTCALL | METH KEYWORDS
A o] 3= Z @ & (defining class), =, ZA| 2] WA =5 £33l= FH2E Q3= METH_FASTCALL
| METH KEYWORDS®] &%, A 2] 3= Z e+ Py_TYPE (self) 9 Tr-ﬂ ZY 24 5 95U

B X T pycmet hod 8 0] 0] oF 3F=1, self H o defining class Q1 A}7} 2 7HE METH_FASTCALL
| METH_KEYWORDS £} 7"‘\41‘4--

Added in version 3.9.

METH_NOARGS
7] W7 gl WA = vETH NoARGS 2] IR U EE o] Lo, ARV FojHEA FAT
o7t gl uyth pycrunction @ olojof Ut A HA i 7| tﬂ‘r‘-/l o] 52 URHA 2 7 self o] 1
BEoUAA At st 2 E BT BE Aol F AR i) A= novn gy Th

The function must have 2 parameters. Since the second parameter is unused, Py UNUSED can be used to
prevent a compiler warning.

METH_O
"o QIALE pyarg parseTuple ()= Z&38he AL, & AA AR} A& WM == meTi o S
22 D &% QS UTh pycrunction Bl 1, self W] M9k € QAFE e pyob ject+
A A5 %‘%HDP
o] F AT & FAS Ul & ol AHEH A b Fef o] WA =9} A AHE T uf vkl | S e
Utk 2go] o4 gole AHE F gyt old @ el F Al stuE Fo] A v A =0 t ¢
A

METH_CLASS
HAER POl Tt obd  AAZE A AR w7} f4= AEg Uth classmethod () W
TrE AT o RSl = Ziﬂr T ALSE 2l 2 A E (class methods) S RPE=+= ] A U T

METH_STATIC

27Fold nurLro] A WA w7 W42 AGH YT staticmethod () WA

o} A = A3} v,\}@ A2 v HE(statlc methods) & W=+ d] AH&-F U th

Shite] he et 2o WA S o] 2 hR T Ao A WA =7t 2 =8 =R Aol g )

METH_COEXIST
71E RS WA M=t 2 =g Utk METH_COEXIST7F Lo, 712 g-& wia s = HoE Ay
Ae AYUth €X AA7 WA= HeolE ol 2E5BZE, Oﬂ% Sl 5 _contains S5 EA
= _ contains__ () 2t= #E H A ES QAT 2L o] 29| | PyCFunctiong 2 =3}4] 9
SUth S 27 Aol ¥, PyCFunction ©] 2} 3 A A Atelo] 2 =91 €27 FEFULh o=
PyCFunction ]| tf 3+ &= o] 2 5] A &= Wt} I 43515 o] 7] w2l F-& Tt

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

WS 7k A 2. Part of the QHd ABI ¥ A 3.9 ©] & 2, Turn ml into a Python callable object. The caller
must ensure that ml outlives the callable. Typically, ml is defined as a static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when invoked. self
can be NULL.

The callable object’ s __module___ attribute can be set from the given module argument. module should be a
Python string, which will be used as name of the module the function is defined in. If unavailable, it can be
set to None or NULL.

e o 1|
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.

Added in version 3.9.
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PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

wshzk: A ZFX. Part of the 7 ABL Equivalent to PyCMethod_New (ml, self, module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

ek gk A ZZ. Part of the 2+7 ABI ¥ A 3.4 o] 3 2. Equivalent to PyCMethod_New (ml, self,
NULL, NULL).

12.2.3 2SO 0{EZ[RE AMA

type PyMemberDef

Part of the V7 ABI (including all members). C F-Z A Wu o] 3] F3l= Fo] o] EYHEE 7|&d =
TZA. ZHEE YT o, o] FRAEY NULL-EE W & tp_members &% ° Y5 th

dot AN e 24Utk
const char *name
Name of the member. A NULL value marks the end of a PyMemberDef [] array.

The string should be static, no copy is made of it.

int type
The type of the member in the C struct. See Member types for the possible values.

Py_ssize_t offset
W7k Ge] AR LA o A A vho| = wele] ez A

int £lags

[k

Zero or more of the Member flags, combined using bitwise OR.

const char *doc

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is defined using
PyDoc_STR.

By default (when rlags is 0), members allow both read and write access. Use the Py READONLY flag for
read-only access. Certain types, like Py T STRING, imply Py READONLY. Only Py T 0OBJECT EX (and
legacy 7_0BJECT) members can be deleted.

anil}

Y &3 (pyType Fromspec () o] Uk AR 25 ARE8to] REE0%1) 9] 739, PyMemberDef = 3
AR tp_vectorcall offsetol B3t S WH "__vectorcalloffset_ "ol et ol &
F3E 4 LUt py T PYSSIZETY Py READONLY E Ao & of St} o & EH:

static PyMemberDef spam_type_members[] = {
{"_vectorcalloffset__ ", Py_T_PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

i

(Youmay need to #include <stddef.h>for offsetof().)

The legacy offsets tp dictoffset and tp weaklistoffset can be defined similarly using
" dictoffset_ " and "_ _weaklistoffset__ " members, but extensions are strongly encouraged to
use Py_TPFLAGS_MANAGED_DICTand Py TPFLAGS_MANAGED_ WEAKREF instead.

H A 3.129]| 4] ¥ 7 : PyMemberDef is always available. Previously, it required including "st ructmember.
h".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)

Part of the Q7 ABI. Get an attribute belonging to the object at address obj_addr. The attribute is described
by PyMemberDef m. Returns NULL on error.

WA 3120 A M7 : PyMember GetOne is always available. Previously, it required including
"structmember.h".

OR
Ofm
i
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int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Part of the 2+7J ABI. Set an attribute belonging to the object at address obj_addr to object o. The attribute to
set is described by PyMemberDe £ m. Returns 0 if successful and a negative value on failure.

WA 312904 WM 7A: pPyMember_ SetOne is always available.  Previously, it required including
"structmember.h".

Member flags
The following flags can be used with pPyMemberDef. flags:

Py_READONLY
Not writable.

Py_AUDIT_READ
Emit an object.__getattr__ audit event before reading.

Py RELATIVE_OFFSET

Indicates that the o F Fset of this PyMemberDef entry indicates an offset from the subclass-specific data, rather
than from PyObject.

Can only be used as part of Py_tp members slot when creating a class using negative basicsize. Itis
mandatory in that case.

This flag is only used in PyType Siot. When setting tp_members during class creation, Python clears it
and sets PyMemberDef.of fset to the offset from the PyOb-ject struct.

B A 3.109) 4 ¥ 7 : The RESTRICTED, READ RESTRICTED and WRITE_RESTRICTED macros available
with #include "structmember.h" are deprecated. READ_RESTRICTED and RESTRICTED are equivalent to
Py _AUDIT_READ; WRITE_RESTRICTED does nothing.

B A 3.129]| A ¥ 7 : The READONLY macro was renamed to Py_READONLY. The PY_AUDIT_READ macro was
renamed with the py_ prefix. The new names are now always available. Previously, these required #include
"structmember.h". The header is still available and it provides the old names.

Member types

PyMemberDef . type can be one of the following macros corresponding to various C types. When the member is
accessed in Python, it will be converted to the equivalent Python type. When it is set from Python, it will be converted
back to the C type. If that is not possible, an exception such as TypeError or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr ().
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022 0|E cH Python type

char int
Py T BYTE

short int
Py T_SHORT

int int
Py T_INT

long int
Py _T_LONG

long long int
Py T_LONGLONG

unsigned char int
Py T_UBYTE

unsigned int int
Py_T UINT

unsigned short int
Py_T_ USHORT

unsigned long int
Py_T ULONG

unsigned long long int
Py_T_ ULONGLONG

Py _ssize_ t int
Py T PYSSIZET

float float
Py_T FLOAT

double float
Py_T DOUBLE

char (written as O or 1) bool
Py_T BOOL

const char* (%) str (RO)
Py T STRING

const char[] (¥) str (RO)
Py T STRING_INPLACE

char (0-127) str (¥%)
Py T CHAR

PyObject* object (D)

Py T_OBJECT_EX

(*): Zero-terminated, UTF8-encoded C string. With Py_T_STRING the C representation is a pointer;
with Py_T_STRING_INPLACE the string is stored directly in the structure.
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(*%): String of length 1. Only ASCII is accepted.
(RO): Implies Py_READONLY.

(D): Can be deleted, in which case the pointer is set to NULL. Reading a NULL pointer raises
AttributeError.

Added in version 3.12: In previous versions, the macros were only available with #include "structmember.h"
and were named without the py_ prefix (e.g. as T_INT). The header is still available and contains the old names,
along with the following deprecated types:
T_OBJECT
Like py_T_OBJECT_EX, but NULL is converted to None. This results in surprising behavior in Python: deleting
the attribute effectively sets it to None.
T_NONE
Always None. Must be used with Py_READONLY.

Defining Getters and Setters

type PyGetSetDef

Part of the 27 ABI (including all members). 3 |
PyTypeObject.tp_getset 3o 3t A= 2+

=

o

Qi

> (g
>ty

fo _t«_

o

e

rlo

12

=,

[>

i

o2

lo

=

rr

-

N

i_c“

const char *name
JEYHE o E
getter get
SEEEE
selter set
= HES ARFHAL AR S A8 C 5. wvizol W, o Ee HEE 97 A8 Pk

const char *doc
AHAH =EAET

m[m
o

deC

<
T

void *closure
A el A ALE- 2} o o] ] X Q1 E], getter 2} setterof] =7} ¢ o] E] & A| &3 T}
typedef PyObject *(*getter)(PyObject*, void*)
Part of the ?17 ABL get T4 8t pyobjece* W78 g (A 2T 2) & AFE2} H o] B <1 H
(AFE closure) & WolEYd Y
Agste Al g2 2 weel, Anshd A o2l sh B v e of gt
typedef int (*setter)(PyObject*, PyObject*, void*)
Part of the 7 ABL set &4+ F 78 pyobject* W7 W (QIAH A} AT gh) 2 AFE AL
Ho]B ZE(HFH closure) S WolE YL th:

o EFREE AAS oF 3k A9 F HA w7 W vvindych A5 E 0g, Ausid AR
of| 2] o} A -1 W) of Pt

[

12.3 Type Object Structures

Perhaps one of the most important structures of the Python object system is the structure that defines a new type:
the Py TypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_ * functions,
but do not offer much that’ s interesting to most Python applications. These objects are fundamental to how objects
behave, so they are very important to the interpreter itself and to any extension module that implements new types.

P AAE PR BEPRG AP FUh 27172 ol Rt 4 3 AR B 59 g ARG
w £ QH, 2 C 34 £eAFolx 27 9] /)% 5 AL REL TAFYT of Adel A 7 A7
= A3 Ao gUTh BEE TRA A ehbs At 2 49 E Ut

theo] 2heF Fx Qo E, o A2 pyrypeobjectd] o u] e ARG ol 7 5 &g ATt

I
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12.3.1 Zi2F & X
“tp &R
PyTypeObject == ™« * 1 & E+ HME/ERIRE 3
EPage 260, 2
CTDI
<R> tp_name const char * __name__ X X
tp_basicsize Py _ssize_t X X X
tp_itemsize Py _ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_ offset Py _ssize t X X
(tp_getattr) getattrfunc __getattribute__, __ getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * SRER==S %
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * NRERE=8-3 %
tp_as_sequence PySequenceMethods * AB &3 %
tp_as_mapping PyMappingMethods * AB &3 %
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 _lt_, _le_, _eq_, ne X G
_ gt , ge
(tpﬁweaklistoffset) Py ssize_t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc next X
tp_methods PyMethodDef [] X X
tp_members PyMemberDef [] X
tp_getset PyGetSetDef [] X X
tp_base PyTypeObject * _ base__ X
tp_dict PyObject * _ dict__ ?
tp_descr_get descrgetfunc _get X
tp_descr_set descrsetfunc _set_ ,_ delete_ X
(tp_dictoffset) Py _ssize_t X ?
tp_init initproc _ init__ X X X
tp_alloc allocfunc X ?
tp_new newfunc _ new___ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ bases_ ~
<tp_mro> PyObject * __mro__ ~
[tp_cache] PyObject *
[tp_subclasses] void * __subclasses_
[tp_weaklist] PyObject *
(tp_del) destructor
I p_versi onftag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc

Ct= H O|X[ol] Al=

12.3. Type Object Structures
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1T
a

1-0|& HO|X|0f| M A=

=
PyTypeObject £&' = ExQME/ERRE P!
H2
CTDI
[tp_watched] unsigned char
ME &%

=R £ EFHAME
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__ _ TpOW__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg__
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_lshift binaryfunc __Ishift  rishift
nb_inplace_lshift binaryfunc _ﬂShift_
nb_rshift binaryfunc __rshift__

__rrshift__
nb_inplace_rshift binaryfunc __irshift
nb_and binaryfunc _and__ rand

1 (: A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[I: Names in square brackets are for internal use only.
<R> (as a prefix) means the field is required (must be non-NULL).

2.
=.

“Q”:seton PyBaseObject_Type

“T”: seton PyType_ Type

“D”: 71 B (EFolvutnE A 4 %)

X - PyType Ready sets this value if it is NULL
(it should be NULL)
? - PyType Ready may set this value depending on other slots

~ — PyType_Ready always sets this value

Also see the inheritance column

L= ol o[ X[of] A=

“p- /6]._/_.‘\_
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 EE AN ol EHE 23 A AL B3| A 02 J4P ol R L.

= = o
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H 2-0|™ b o|X[of| M AlH

== 3 S+ oME
nb_inplace_and binaryfunc __dand___
nb_xor binaryfunc __XOr__ __ rxor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc _or__ _ ror__
nb_inplace_or binaryfunc __jor
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc _ float_
nb_floor divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv___
nb_true_divide binaryfunc __Uuaﬁv__
nb_inplace_true_divide binaryfunc __itruediv__
nb_index unaryfunc __index
nb_matrix_multiply binaryfunc __matmul _ _ rmat-
mul
nb_inplace_matrix_multiply binaryfunc __imatmul__
mp_length lenfunc _len__
mp_subscript binaryfunc __getitem__
mp_ass_subscript objobjargproc __setitem__,

_ delitem___
sq_length lenfunc _len__
sg_concat binaryfunc _add__
sq_repeat ssizeargfunc _ mul__
sq_item ssizeargfunc __getitem__
sqg_ass_1item ssizeobjargproc __setitem__

__delitem___
sqg_contains objobjproc __contains__
sq_inplace_concat binaryfunc __jadd___
sq_inplace_repeat ssizeargfunc __imul

bf_getbuffer
bf_releasebuffer

getbufferproc ()

releasebufferproc ()

12.3. Type Object Structures
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&= typedef

typedef oj7H H o grets
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visitproc
void *
newfunc PyObject *
PyTypeObject *
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 *
descrget func PyObject *
PyObject *
PyObject *
PyObject *
descrset func int
PyObject *
PyOhject *
262 PyObject * Chapter 12. Z{x|| 713 x|
hashfunc PyObject * Py_hash_t
richcmpfunc PyObject *
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AAG G2 oke) &5 B npedef & BEFAA L.

12.3.2 PyTypeObject M2

The structure definition for Py TypeObject can be found in Include/cpython/object .h. For convenience of
reference, this repeats the definition found there:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

(TH5 sl el Aol A)
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(e]A sl o] A ol 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;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;

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_si ze field.

Py_ssize_t PyObject .ob_refent
Part of the 27 ABI. This is the type object’ s reference count, initialized to 1 by the PyObject HEAD_INTIT
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.

As:
o] BE &= A B Pof o3 F&E A 5T

PyTypeObject *PyObject .ob_type
Part of the S+7 ABL ©] Z12 & 2] &, = W€} 3 (metatype) Y U T}. PyObject _HEAD_INIT W = 2o
i3t AAE 271335 o, gk WA S & spyType_Type O] o] oF FUTh 18, (Hoj%) 9=
ofJ X AHE 7hEslofote T AR EE 7St S EEY A, A0 Y= RS 27327
ohUgtz B3ttt webA], 32 NULLES PyObject _HEAD_INIT Wl E2E AGdt1, ThE 2y
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S 2337 Ao BB 273} 3 A\ Fo A e WA AT 2735 AUt o] AL
dutA o 7 th53 3} o] g U th

[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.

Al
QEEEREL RS
PyObject *PyoObject ._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
PYTHONDUMPREFS is set.

A
These fields are not inherited by subtypes.

12.3.4 PyVarObject &2

Py_ssize_t PyVarObject.ob_size
Part of the S+ ABI. For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.
This field should be accessed using the Py_S12E () and Py _SET _SIZE () macros.
A5

o] 2EE= M E Yol o) A5 A stk

12.3.5 PyTypeObject &=

Each slot has a section describing inheritance. If PyType Ready () may set a value when the field is set to NULL
then there will also be a “Default” section. (Note that many fields set on PyBaseObject_Type and PyType_Type
effectively act as defaults.)

const char *PyTypeObject .tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as module
globals, the string should be the full module name, followed by a dot, followed by the type name; for built-in
types, it should be just the type name. If the module is a submodule of a package, the full package name is
part of the full module name. For example, a type named T defined in module M in subpackage 0 in package
p should have the tp_name initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored
in the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot
is made accessible as the __module__ attribute, and everything after the last dot is made accessible as the
__name___ attribute.

If no dot is present, the entire tp_name field is made accessible as the _ name__ attribute, and the
__module__ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
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your type will be impossible to pickle. Additionally, it will not be listed in module documentations created
with pydoc.

o] ¥ = yurLo] o}y o]of gt} PyTypeObject () NA LA L3 =Y} (FA A 2
tp_itemsizeZ A|Q3}aL).

AS:
o] =& Al H Yol ol LA sy TH
Py_ssize_t PyTypeObject.tp_basicsize
Py _ssize_t PyTypeObject .tp_itemsize
o] FEE ARSI @ AL 20 A7) vpolE T 2 ASE £ syt
There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types
with variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length instances,

all instances have the same size, given in tp_basicsize. (Exceptions to this rule can be made using
PyUnstable_Object_GC_NewWithExtraData () )

For a type with variable-length instances, the instances must have an ob_si ze field, and the instance size is
tp_basicsize plus N times tp_itemsize, where N is the “length” of the object.

Functions like PyObject_NewVar () will take the value of N as an argument, and store in the instance’ s
ob_sizefield. Note that the ob_si ze field may later be used for other purposes. For example, int instances
use the bits of ob_size in an implementation-defined way; the underlying storage and its size should be
acessed using PyLong_Export ().

0 Iu

The ob_size field should be accessed using the Py _S72E () and Py_SET SIZE () macros.

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 1ist type has fixed-length instances, yet those instances have a ob_size
field. (As with int, avoid reading lists’ ob_size directly. Call PyList_Size () instead.)

The tp_basicsize includes size needed for data of the type’ s tp_base, plus any extra data needed by each
instance.

The correct way to set tp_basicsize isto use the sizeof operator on the struct used to declare the instance
layout. This struct must include the struct used to declare the base type. In other words, tp_basicsize must
be greater than or equal to the base’ s tp_basicsize.

Since every type is a subtype of object, this struct must include PyObject or Pyvarobject (depend-
ing on whether ob_size should be included). These are usually defined by the macro PyObject_HEAD or
PyObject_VAR_HEAD, respectively.

The basic size does not include the GC header size, as that header is not part of PyObject_HEAD.

For cases where struct used to declare the base type is unknown, see PyType_ Spec.basicsize and
PyType_FromMetaclass ().

Notes about alignment:

e tp_basicsize must be a multiple of _Alignof (PyObject). When using sizeof ona struct that
includes PyObject_HEAD, as recommended, the compiler ensures this. When not using a C struct,
or when using compiler extensions like __attribute__ ( (packed)), it is up to you.

« If the variable items require a particular alignment, tp_basicsize and tp_itemsize must each be a
multiple of that alignment. For example, if a type’ s variable part stores a double, it is your responsibility
that both fields are a multiple of _Alignof (double).

Al

These fields are inherited separately by subtypes. (That is, if the field is set to zero, Py Type Ready () will
copy the value from the base type, indicating that the instances do not need additional storage.)
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If the base type has a non-zero tp_itemsize, it is generally not safe to set tp_itemsize to a different
non-zero value in a subtype (though this depends on the implementation of the base type).

destructor Py TypeObject .tp_dealloc

A" A 513 2} (destructor) Tr=ofl T st Z Q. (J=E NoneH Ellipsis® B9 H) 3ol 3T
AAE A 7L 5] A = A] %%E% HAsHA] ¢k & o]l s Aok Tt T A2 o2
ZEyh

[void tp_dealloc (PyObject *self); J

The destructor function is called by the Py_DECREF () and Py_XDECREF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance
(using the freeing function corresponding to the allocation function used to allocate the buffer), and call the
type’ s tp_rree 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 PyObject_New Or PyObject_NewVar, or PyObject_GC_Del () if the instance was allocated using
PyObject_GC_NewOr PyObject_GC_NewVar.

If the type supports garbage collection (has the Py TPFLAGS HAVE_GC flag bit set), the destructor should call
PyObject_GC_UnTrack () before clearing any member fields.

static void foo_dealloc (foo_object *self) {
PyObject_GC_UnTrack (self);
Py_CLEAR(self->ref);
Py_TYPE (self) —>tp_free ((PyObject *)self);

Finally, if the type is heap allocated (py_TrPFLAGS HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_DECREF ()) after calling the type deallocator. In order to avoid dangling
pointers, the recommended way to achieve this is:

e N

static void foo_dealloc (foo_object *self) {
PyTypeObject *tp = Py_TYPE (self);
// free references and buffers here
tp—>tp_free (self);
Py_DECREF (tp) ;

A Fx

In a garbage collected Python, tp_dealloc may be called from any Python thread, not just the thread
which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python API calls, since the thread on which
tp_dealloc is called will own the Global Interpreter Lock (GIL). However, if the object being destroyed
in turn destroys objects from some other C or C++ library, care should be taken to ensure that destroying
those objects on the thread which called tp_dealloc will not violate any assumptions of the library.

Al
ol B MHE Fog AL YTh

Py_ssize_t PyTypeObject .tp_vectorcall_offset

A8t ep ca119 B &R0 okl W E = (vectorcall) =2 EZE AL51] AAE TE3= AL
T = ol AE A T ﬂﬂﬂﬂﬂﬂOJMﬂqq

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 vectorcallfunc pointer.
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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 A A= BRE ZHAaE tp call1X® AN oF 31, S| F 5 2ol
vectorcallfunc 59} 4 A= =& w5 o] of Y T/]- tp_call& PyvVectorcall call ()2 AA3IH H

Yok

H 2 3804 M WA 38 oo, o] €% 9] o] F°] tp_print JFUTE ol 2xo A&,
A2 At o AHRE A5 YT 3Hol# 3.000 4 377 =, AHRH A 9t UTh

H A 3.129 A ¥ 7 : Before version 3.12, it was not recommended for mutable heap types to implement the
vectorcall protocol. When a user sets __call__ in Python code, only #p_call is updated, likely making it

inconsistent with the vectorcall function. Since 3.12, setting __call__ will disable vectorcall optimization by
clearing the Py TPFLAGS HAVE_VECTORCALL flag.

Al

This field is always inherited. However, the Py TPFLAGS HAVE VECTORCALL flag is not always inherited. If
it’ s not set, then the subclass won’ t use vectorcall, except when PyVectorcall Call () is explicitly called.

getattrfunc PyTypeObject .tp_getattr

get-attribute-string $F<=of] T ok A B8 & 3z ¢

R4

o] BEL AAY ALY BB W, ep cerarero 5% 2A AFHAW, JEYHE o] 2L
AZ57] 915 sho| A £AHE A hA CEAFL S WolF ol & F4E 71e] A oF T

2.
A
Group: tp_getattr, tp_getattro

o] BE = tp_getattro2} 7 AR ol s FEHFHUTh AE F2 AH 53«] tp getattrd}t
tp_getattroﬂ— E’.—‘?— NULL%J [IH Bﬂ O]é_ﬁé Oﬂfﬂ tp_getattrfq- tp_getattroa _J_—,— E]'b]ﬂ-

)

setattrfunc Py TypeObject .tp_setattr

olEZFE AR AAE A ol tha A=A 2 dE.

o] A== AAFH AT YUY B ul|, tp_serattro Gt ZA AE A A EBRE o5&
A18317) 915 ol M BArd A Al C AL L WolE ol F4E shel Aok Fh .

Az

Group: tp_setattr, tp_setattro

o] B tp setattro} T AH Fo] g ALFHUTh AH FL A4
tp_setattro/} R NULLY wf] vl o] A oA tp_setattrd tpfsetattr =

r
f
O

%9/] tp_ setattr-l}
=2

= g,

PyAsyncMethOds *pPyTypeObject .tp_as_async

Tl A ool Bl £ ] 5 7] ol ElEo]|H ZEEZFS F AT AA Rt AAH BEE 35}
S DAl e e, AT A8 o5 A P2 AE FE SN
Added in version 3.5: ©] Aol = tp_compare®} tp_reservedztd PS5 T
Az
tp_as_async BEE AEH A AR, xFH des/EA o E FEH U
reprﬂmc PyTypeObject. tp_repr
W B4 repr () S TABE Fol e A EH E e,
A& pyobject_Repr ()3 ZHYth
[PyObject *tp_repr (PyObject *self); ]
Tre AU U R E AAE vhes]of Fth o] A o7, o] s eval () ol AEE of
AR B0 Fol AR T8 8 A A E MG EA S e oF Foh. o] A o] S
SHA] QF O W, <" B AJASHAL 1> B Fhs FAFE = WSl of st o] Aol A A A @
e BT FET S glojof Utk
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As:

ol FxE=AMH YPoz ALH UL

7123

o] =& P A3}A| koW, <ss object at sp> FA Q] EAFo] wiEFH UTE o7 A esE F o]
207 s5p= AAY WY FLE ASH YT

PyNumberMethods *pPy TypeObject .tp_as_number
A ZRERE TANE AR BAY =S EFoE 27 PRA B 29
FA A T2 A o A AT ] Tk

Al:

tp_as_number BE&= FHE A AT 239H d= = EFH oz ASH U

H.o 4=+

PySequenceMethods *Py TypeObject .tp_as_sequence
NA2 Z2EZS T3 AAdw #dE =8 23831 7 F2A ol ti g 2918, o] =
A A A LEA A A e

Al
tp_as_sequence BEE= AEE A Aw 23HH F== 7 d A o7 ALH U

PyMappingMethods * Py TypeObject .tp_as_mapping
WHZ2EEe A Ao BAE =S v e
v 2 7 Aol A A E g o

As

tp_as_mapping BEE A& A AW, LY =L AEH 02 45P Tk

Rl
N
-

N
2
=2
=
2
2
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o,
s
e
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hashfunc PyTypeObject .tp_hash
WA #4 nash () & FATHE Sl ti AE A A,

X WL pyobject_Hash ()2} 5 Yth:

[Py_hash_t tp_hash (PyObject *); }

1 YA N gho T NIEkE 4] hobok FUTH A G AL Fok o 7L s
Bt ol 98 AR 1S Nea ok Tk

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 PyObject_HashNot Implemented ().

o] A== B gojA A WA EL ALS X Hdl7] Y6l pyobject_HashNot Implemented ()&

HAAoE AAGE 4 5T o] AL nlo] W =2 A2 __hash__ = Noned} 553 Ao Z 3
A= o], isinstance (o, collections.Hashable) ©] FalseS 242 A ¥FE3}A] g o). ¥t 9]
A9 % vl 272 QU - sho] il 50 ZeLIA _hash__ - None S AR tp_hash SEO]
PyObject_HashNotImplemented ()2 A A UtTh

As:

Group: tp_hash, tp_richcompare

o] M tp richcompare?} A A B o oJa ALH Utk AE 9 tp_richcompareS}
tp_hash7F BEFNULLY o], B & & tp_richcompare®} tp_hashs B5F AF<&shyt),
ternaryfunc Py TypeObject .tp_call

AA TS FAFE Tgol thet A8y A8, A7 ZeE o] oby W nuLL o] of of Fch
XL pyobject_call ()JJr 2yt

[PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs); J

Al

o]~
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reprfunc PyTypeObject . tp str

W At ser () FASHE G0l the DA AB. (srri oA Folm, str() & 1
BARE 5220 RS, o] BARE £ronreee ver (8 EESHel Al 138 73t

PyObject_str ()< o] g 71& T&FYth)

AL pyobiect_str ()T S Uth

[PyObject *tp_str (PyObject *self);

e TAE Y FUZE AAE s of Ut T2 A ToAAE, print () 50l o 3l AHE
2 xdol7| uf2of], AA| o “XA53 AL FH o] ofoF Fth

Al

ol d=E=MHE Fog AL YTh

7] 8%k

o] =& HAAslA ¢towl, FAE HES W37 A3l pyobject_Repr() o] ZEF YT}

getattrofunc PyTypeObject .tp_getattro

o] E2]HE 97| (get-attribute) ol th gk A &} A 3 Q1.

MWL pyobject_Getattr ()T ZEUTH:

[PyObject *tp_getattro (PyObject *self, PyObject *attr);

)

dulzx o0 72 o] W& pyobject_GenericGetAttr () E AARASH= Ao AUt
=2 2t dud pEe FaATIn
AS

Group: tp_getattr, tp_getattro

A o =2

ol dr = tpﬁgetattrﬂ' 61:]'71] A B ﬁgloﬂ 9/]3]1 A= Ut A H 9 tpﬁgetattrﬂ— tp_ getattroﬂ-
RENULLE W) B FL2 wo]AFoA tp_getattrd tp_getattros BT A<ESh

7] 8%k

PyBaseObject_Typeuses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro

=P HE AR AN E 98 Aol i AE A EAH.

AL pyobject_setAttr ()T & UTh

{int tp_setattro (PyObject *self, PyObject *attr, PyObject *value);

3 valueE NULLE A A 3to] o] ER] B EE AHA| 3l =
Jc s PyObject_GenericSetAttr ()& A é']—{f 3—]\0] ;ﬁﬂ@—q 1:]-, 7_1'4;-q] 0153]_‘;1'_
QAurA o] S 23 3 o)

As

Group: tp_setattr, tp_setattro

o] BE = tp setattr A AB Fof | AEFHUth A B 9 tp setattrFtp _setattro’}
EFNving uf, B L Ho| A A tp_setattrd tp_setattros BF ALY t]

7183k

PyBaseObject_Typeuses PyObject_GenericSetAttr ().

PyBufferProcs *PyTypeObject .tp_as_buffer

W3 Ao A8 PASE AA D AR AT Eole 27 226t
S EELEEE LT Sl

As
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tp_as buffer == A2E ] GXul T35 == /fdF o2 A=)

unsigned long Py TypeObject.tp_£flags

o WE Thpe Eel 2ol vE A UE A Eelat 54 4% vid g ojule
uﬂﬂuq—qEﬂC°d4ﬂ0§ﬂﬂzm4ﬂ% 19X G AH (EE o s number
tp_as_sequence, tp_as_mapping W tp_as burfers T IZREHE= A F2A)Y EAH I

ﬂ%i@%%ﬂm%ﬂA%ﬂQHﬂﬂﬁﬂiﬂlmeﬂé
o 4| 2 5}7) ofol ke o Al 00] o & 2 AL R 7

As

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_traverse and tp_clear fields, i.e. if the Py _TPFLAGS HAVE_GC flag bit is clear in the subtype and
the tp_traverseand tp_clear fields in the subtype exist and have NULL values. .. XXX are most flag bits
really inherited individually?

-{N
::1 IO
o
d
<
o

7183k
PyBaseObject_Type uses Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
H|E A

U HIE npa 37 @A) o= of gtk o2
HAS 4 ST W IR PyType HasFeature ()
& f7]-00] obd A iyt

Py TPFLAGS_HEAPTYPE

AXRLZ SHA OR 81 tp flags BEL] G
PR EN L Fp2tfEFS L tp->tp_flags

|
T
-

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_type 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). Heap types should also support garbage collection
as they can form a reference cycle with their own module object.

Al
277

Py_TPFLAGS_BASETYPE
o] HEE: & t}E o o]~

g Ke)
50
Fow ol goE NH S WE 4 ¢l

Al

?0?

o W=7} 455 A

Py_TPFLAGS_READY
o] Y| E= pyType_Ready () ol 93l & AA 7} A3 =7)1312 uf 4
Als:
0

A}
°
v

Py_TPFLAGS_READYING
o] H| E = PyType_Ready () 7} & A& 27|13} st= ¢ DA FHYUTh
Al
222

Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be created
using Pyob ject_GC_New and destroyed using Pyobject_GC_Del (). More information in section <
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2} 71n] 2] 4=%] #] 9. This bit also implies that the GC-related fields tp_traverse and tp_clear
are present in the type object.

Al
Group: Py TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The py_71PFLAGS_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_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.

Als:

7

Py_TPFLAGS_METHOD_DESCRIPTOR

o] M| E &= A 7} A A S A 98 v A] = (unbound method) A & 5 28HS vFEF U T}
o] £ 17} type (meth) o] A H W:

e meth._ _get_ (obj, cls) (*args, **kwds)(obj 7} None ©] o} W)= meth (obj,
*args, **kwds) 2} 553l oF T Th

e meth.__get_ (None, cls) (*args, **kwds) = meth (*args, **kwds) 2} T53a)joF 3

e,

o] e 1+ obj.meth() & Z-2 WA A= S & st FJAIE 75 5HA Foh
obj.methof T8 YA] “AAH 1 A= (bound method)” 21 A S WHE %] ¢k U Th

Added in version 3.8.
As:

This flag is never inherited by types without the Py TPFrrAGS TMMUTABLETYPE flag set. For extension
types, it is inherited whenever tp_descr_get is inherited.

Py TPFLAGS_MANAGED_DICT

This bit indicates that instances of the class have a ~object.__dict__ attribute, and that the space for the
dictionary is managed by the VM.

If this flag is set, Py TPFLAGS_HAVE_GC should also be set.
Added in version 3.12.
As:

This flag is inherited unless the tp_dictofrset field is set in a superclass.

Py_TPFLAGS_MANAGED_WEAKREF

This bit indicates that instances of the class should be weakly referenceable.
Added in version 3.12.
A

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

Py_TPFLAGS_ITEMS_AT END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the instance’ s memory
area, at an offset of Py_TYPE (obj) ->tp_basicsize (which may be different in each subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not variable-
sized. Python does not check this.
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Added in version 3.12.
Al
This flag 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] Ze| 1+ pPyLong Check () &+ 2
Mehi o ALS R Uk o2 8 54
WS U ok YR A AL E AFE X

otow 133 PH AT ALet= T

Py TPFLAGS_HAVE_FINALIZE

oA Bol WAH AB FeARAA] Al&etA &
PyObjecthsInstance ()} e dul AAtH T}
9/] 3o tp_flags= &

g5t 2] f3ol upeh kA 2E

24317 A3 ok g, 134

ol HIE= tp_finalize €% °] @ F2A°l Y&l 2 F

Added in version 3.4.

w385 E A AE: JAH e HE tp_finalize Sxol 34 3 FxA vk 714 517

&l o] Fel 1= He FL25HA 45

Py_TPFLAGS_HAVE_VECTORCALL

o] HIE = :'EH’\7]‘ WeZ 22852
tp_vectorcall offsete FRTHAA L

Al

This bit is inherited if tp_cal1 is also inherited.

Added in version 3.9.

< 782 W AAF UG AT W&

WA 3.129] A ¥ 7 This flag is now removed from a class when the class’ s __call__ () method is

reassigned.

This flag can now be inherited by mutable classes.

Py_TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.

PyType_Ready () automatically applies this flag to static types.

As:
This flag is not inherited.
Added in version 3.10.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set t p_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.
PyType_Ready () is called on the type.

For example, it must be set before

The flag is set automatically on static typesif tp_baseis NULL or sPyBaseObject_Typeand tp_new

is NULL.
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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).

0 Ix

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.

Added in version 3.10.

Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the subject of
amatch block. It is automatically set when registering or subclassing collections.abc.Mapping,
and unset when registering collections.abc.Sequence.

0 #Fx

Py TPFLAGS_MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to enable
both flags simultaneously.

Als:

This flag is inherited by types that do not already set Py TPFLAGS SEQUENCE.

] 27

PEP 634 - Structural Pattern Matching: Specification

Added in version 3.10.

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the subject of
amatch block. It is automatically set when registering or subclassing collections.abc.Sequence,
and unset when registering collections.abc.Mapping.

0 #Fx

Py TPFLAGS_MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to enable
both flags simultaneously.

Als:

This flag is inherited by types that do not already set Py TPFLAGS MAPPING.

e ] 27

PEP 634 - Structural Pattern Matching: Specification

Added in version 3.10.

Py_TPFLAGS_VALID_VERSION_TAG
Internal. Do not set or unset this flag. To indicate that a class has changed call Py Type Modified ()
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A Rx

This flag is present in header files, but is an internal feature and should not be used. It will be removed
in a future version of CPython

const char *PyTypeObject.tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This is exposed as
the _ doc__ attribute on the type and instances of the type.

AS:
ol =t A H o 93] A4H A F5UTh
traverseproc PyTypeObject.tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse (PyObject *self, visitproc visit, wvoid *arg); }

shol i o] Z4n| A =3 A Aol th ek AAMI R A H = A =& 7ha[ A 4] Al Dol A ghe = U T

= T »H

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implemen-
tation of a tp_traverse function simply calls Py_v1517 () on each of the instance’ s members that are
Python objects that the instance owns. For example, this is function local_traverse () from the _thread
extension module:

r

static int
local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py _VISIT (self->args);

Py _VISIT (self->kw);

Py_VISIT (self->dict);

return 0O;

}

L

fo
[9)]
[0)]
2,
T
V
N
[0]
=

Py VISIT()& FR 8ol 3T 4= = @ gt EEH ol FY 34 A
WS YA Tk nuLL oy 3ho] W FAFE B s A IR o8 4R 2

gt o], W 7} Abo] 2] ARV E 4 glohs AS € Jrlets, v A
get_referents () 57} 1S ZE3IEE AP AL WELL A&

A Fx

When implementing tp_t raverse, only the members that the instance owns (by having strong references
to them) must be visited. For instance, if an object supports weak references via the tp_weak1ist slot,
the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be
removed even if the instance is still alive).

Note that Py_V1ST1T () requires the visit and arg parameters to local_traverse () to have these specific
names; don’ t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either
visit Py_TYPE (self), or delegate this responsibility by calling tp_t raverse of another heap-allocated type
(such as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

WHA390 A HA: g TF 2 tp_traversed A Py_TYPE (self) & WET Zo 2 7|g Yrch
o] A WAL FFo] Mo A, ¥ 1402172 Q3l], o] A FE HE A
Yt
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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 W BRE FHA SR AN AA G 2B A ANN FE 2HS BE W AEFY
th FFskol, N2HO) BE tp clear 57 Y] RE F2 £FS Folof Futh o] AL
HEFT FAlo] 4A] o tp clear 5 E AFHAAL. S So), BE HL tp clear
448 TANA GHUTE FERO L Fx w80 24E £ €S FBY S QU W AU
webd ThE 9 o clear RV FES EFSE 8-S 270 TR0k FUTh oA
Te) AW HA GO, ep clearE TANA Fobw F& WA o A YUk

tp cleare] FAL ThE oA 2ol ol AR D 5 Ut AN WMol thF A2 FRE
AR sk o 5 vl of Th et Q18 2 nonn e A el of g ok

'a )
static int

local_clear (localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self-—>kw);
Py_CLEAR (self->dict);
return 0;

(
(
(
(

The py_cLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be released (via Py_DECREF ()) until after the pointer to the contained object is set to NULL.
This is because releasing the reference may cause the contained object to become trash, triggering a chain of
reclamation activity that may include invoking arbitrary Python code (due to finalizers, or weakref callbacks,
associated with the contained object). If it’ s possible for such code to reference self again, it’ s important that
the pointer to the contained object be NULL at that time, so that self knows the contained object can no longer
be used. The Py CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not involved
and tp_dealloc is called directly.

tp_clear §40] BRE F2 2R B o7 WlRol, F2 28] FoT 5 4
g ERR)

vfol M ] 7Hu]) 2] =3 Al A ol o F A S H K= A
As:
(houp:nyTPFLAGS?HAVEfGC,tpﬁtraverse,tp;clear

This field is inherited by subtypes together with tp_traverse 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

e 25U

rlo

=13} 8] 2 g4 (rich comparison function) of] o] 3 A1 &) & 32 Q1 E]. A ™

[PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);
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A AR W) 7 M= pyTypeobiectdl] 8] AolH o] ol AE A o] HAE T
o] @ vl ZFH(YRFH S py_Truell Py _False)E WHEHSH o fuich vla 7t A o= of 91|
oo, Py_NotImplemented& Hl3star, o2 o 2 7 A A NuLL S WSk sl o9 2 A S A
3 of g ot
& A= tp richcompare®} Pyobject RichCompare ()& Al WA Q&2 AR EHEE HoH
Ytk
M Hlx
<
Py LT
<=
Py LE
Py_EOQ -
!7
Py NE
>
Py GT
>=
Py_GE

sHEETARE FTE A AL F AEF S Azt g Yk
Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)

vl A3}o] whal, ol Al py_True U Py_False= WHESHU T} VAL_AS} VAL B=C v
AR =MEAE F dolob FUT (& 9], CintH float d <= A5 U Th. Al WA A=
PyObject_RichCompare () Oﬂfﬂ AE 244 A4k& A1 A g T

The returned value is a new strong reference.
ol 21 7h LA s, o 9] & A A S ol A nutn WHE Y Tk
Added in version 3.7.

A%

Group: tp_hash, tp_richcompare

ol A== tp hash® TA AHE ol 5] AEB U AHE Q| tp richcompare®} tp _hash7}
BEENULLO|H A H L tp rlchcompareﬂ— tp_hashe A&y t)

7123k
PyBaseObject_Type provides a tp_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
While this field is still supported, Py TPFLAGS MANAGED_wEAKREF should be used instead, if at all possible.

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.
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O MEE tp_weak1ist ot EEEA A 25 TAL W AA) AR o) & e Fx ) PrE =
k.

It is an error to set both the Py TPFLAGS MANAGED WEAKREF bitand tp_weaklistoffset.

Al

o AEL A8 Po 5] A&E A% obe) YA FHE FRANA L. HH Fo] o] LTAL
*EEL: b sl ol A ol Mol 2W I e oFe AZ P2E A ES ARRE o0l
Uth B|2E =& T4 tp_weaklistoffset= o HAFHEZ, A7} 5 A 54

7123k

If the Py TPFLAGS MANAGED_WEAKREF bit is set in the tp_flags field, then tp_weaklistoffset will
be set to a negative value, to indicate that it is unsafe to use this field.

getiterfunc PyTypeObject .tp_iter

An optional pointer to a function that returns an iferator for the object. Its presence normally signals that the
instances of this type are iferable (although sequences may be iterable without this function).

o] 3t Pyobject_GetIter () S 2 ANB & ZE5UTth

[PyObject *tp_iter (PyObject *self);

Al:
o] A== AMH Fo=z AJ&LH UL}

iternextfunc PyTypeObject .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|El gl o] ¥l 7} AR ¥ nuLL-E vHEE| oF g t); StopIteration A7 AAE 5, 18R IS
T JFUTh g A H 7 A, G A NnuLLS HHES oF U T O E A& o] F 9 o]igéﬂ
olElglolH gt AT P th

olF ol E B2 tp_iter FF= FY o &1, T = (A olHE o] B A2E AT obd)
olg gl ol g A" AHA| S vhehel oF T T

o] Bt pyrter Next ()@ 22 AW S zH5U T
As
o] BEE AE Hoz ASg YT,

struct PyMethodDef *pPyTypeObject .tp_methods

o] o] At WA =B XM A= pyrethodper T2 A2 A A NULL-E 2 8] Gof o 3F A el & 2 o1,
=
=

wde] e, WA A RE S 28sE B gAUE (ohd o aice
g5 o] F7hgrh

As
ol 2= AE ol g5 FEH A Ut (A= e MAUSS T3l ASFE Y.

struct PyMemberDef *pPyTypeObject .tp_members

o] g2 ArE A9 AulvlolE] Wil (BEUY&E)E AASE pyvenberper F2A 2] 32 nuLL-F
2 o] e el .

el gEuich W AT AEE TP B G CF o aicc® BEFAA L)
g o] F7hg ek

ol A= A HE ol o FEHA AFFUT (A= e WAUSS S8 FS5FUh.
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struct PyGetSetDef *PyTypeObject .tp_getset
o] ] AAHAY AH JEZHEES HAFE pycersetner T2A Y A A nuLL-Z 8 W] Dol
e AR % el
W@ GEuieh getset U2 AHE L Fol GAU (O o dicrE BRI L)
5 0] 27,

A
o] BEt A Gol o8] A% A HUTHALE o ER HES DE MAYSS B3 4% H Y
oh.
PyTypeObject *PyTypeObject tp_base
H %40 AL Mol 2wl 3t AEH EolE]. o] £RoIA L, B sk A QP Th I

m{m roh

DU i b

&2 271500t A9 2713 75 0] AFHUTH CO6I AL 27517} “F 4 444 (address
constants)” o oF S TH ZQHZ EA|F 22 HIE = pyType GenericNew ()2} 2L 4 A
AAE § T C99 T2 A5

However, the unary ‘&’ operator applied to a non-static variable like PyBaseObject Type is not re-
quired to produce an address constant. Compilers may support this (gcc does), MSVC does not. Both
compilers are strictly standard conforming in this particular behavior.

ATAOR, tp baset B BEY 275 404 44 of of Ttk

Als

ol BEL Am o] ) A4 A hiich (B8,

7|23k

o] A= 9] 7| EZEL spyBaseObiject_Type QUTH(Fto] W = 2 T8 ol A= object O 2 L] A
1

£y Th.
PyObject ¥pyTypeObject .tp_dict
B 9M el pyType_Ready () ol &3l o 7] ol A7 Yt

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once 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__ ()). Once initialization for the type has finished, this field should be treated as read-only.

Some types may not store their dictionary in this slot. Use Py Type_GetDict () to retrieve the dictionary for
an arbitrary type.

¥ A 3.129 4] ¥ 7 : Internals detail: For static builtin types, this is always NULL. Instead, the dict for such
types is stored on PyInterpreterState. Use PyType GetDict () to get the dict for an arbitrary type.

As

o] BEL Ax gol o3 445 A FEUTH (] 7]0] BB =L HEL hE HAYES B3
HEF U,

7123k

o] =7} NULL O W, PyType_Ready ()= M BA V& T3]

A 33

pPyDict_Setltem ()2 AFLStAU = Ao 2 U8 C-APIE tp _dictS A

Ak F5yTh

oL
o
rlr
Y,
rlo
2
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descrgetfunc PyTypeObject .tp_descr_get

O] 22 Y H get” Tl ThE M A T

F5 AEe g 2eUY

[Pyobject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

AL
ol BEE=XME Fog AL YTh

o 1 d

descrsetfunc PyTypeObject .tp_descr_set

oI e g AR 8L AAl 8] @ geroll gk A

B4 AL gL gk

)
1
bl

(]
o

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

value QA= ke AHA8H7] A8l nune = A FH Yo
As:

o B An Yoz 4&PYrh

Py _ssize_t PyTypeObject .tp_dictoffset

While this field is still supported, Py TPFLAGS MANAGED_DICT should be used instead, if at all possible.

of go drdao] daEA WEE 2oL YA} glow, o] BEE 09] o
Um dada e gqve] Jo dadaoie exMls 23U o] LzAe
PyObject_GenericGetAttr () oAl A& YTt

o] BEE tp qictd EFFHA BMIAL; 1AL G A A Y o= RE & DAY Y

Ut}
The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject GenericGetDict () may need to allocate memory
for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing an attribute
on the object.

It is an error to set both the Py TPFLAGS_MANAGED_DICTbitand tp_dictoffset.
Az

This field is inherited by subtypes. A subtype should not override this offset; doing so could be un-
safe, if C code tries to access the dictionary at the previous offset. To properly support inheritance, use
Py _TPFLAGS_MANAGED_DICT.

7183k
This slot has no default. For static types, if the field is NULL then no __dict__ gets created for instances.

If the Py TPFLAGS MANAGED _DICTbitissetinthe tp_dict field, then tp_dictoffset will be setto -1,
to indicate that it is unsafe to use this field.

initproc PyTypeObject .tp_init

QB 2718 Faol Ud A 2H,

This function correspondstothe _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.

o AL gL gk

[int tp_init (PyObject *self, PyObject *args, PyObject *kwds); ]
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The self argument is the instance to be initialized; the args and kwds arguments represent positional and key-
word arguments of the callto __init__ ().

NunLol ol wll, tp init ShpE
B JA2HAE NG T 55
25 HbgelH, o} '™ tp init §F
lﬂ—?_]—ﬁ]-tﬂ, ANB O tp init7} &

33 02 vkskalT, of 2] Ao

A
_4

i}

MNEgoz Asgy

®

ﬁ}@&im
rlr
[0}

For static types this field does not have a default.

allocfunc Py TypeObject .tp_alloce
Ol AE A &) sh4of 8 A=A EZolE.

4 AHe e etk

[PyObject *tp_alloc (PyTypeObject *self, Py_ssize_t nitems); }
Az

ol 2= AA AE Fof o5 FEHHARL FAAE F(EWHs FLRE NS AB Yol
&= A syt

713k

FAAMNBYPY A, 0l Bus R Y EF AT AAISH] A8l @ pyType Genericalloc ()2
= 4AgYh

For static subtypes, PyBaseObject_Typeuses PyType GenericAlloc (). Thatisthe recommended value
for all statically defined types.

newfunc PyTypeObject .tp_new
AAEA A4 Faol Bfat e A8,

L = ==
B4 B oI 2ok

EPyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds); J

subtype A A= WA A 21 QL AA S FAUth argsStkwds QA= 8 £E2] 9 X2} 7)1 H = AAE
UEPA U T subtype©] tp_new {7 2 EH = F4 22 28 % %i%Oﬂ Fo st AL o] Fo] HHE
P g A5 (AR #- o] gls F2 obdyTh.

tp_new &= AA o S TF3517] 8l subtype >tp_alloc (subtype, nitems) = S =3l oF
33, 19 ohe T DR G wEu 37278 SoF gtk LA FASALY MBS
A 2713 tp_init A7 HiﬁHO}: 3“/15} DR A2, B 9 A BE 2737
ep_newol A 8= of ok 331, 7hW W] FP U RE 27|18 cp inic2 v F A oF FiTh
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 static types whose tp_base is NULL or
&PyBaseObject_Type.

7123k

For static types this field has no default. This means if the slot is defined as NULL, the type cannot be called to
create new instances; presumably there is some other way to create instances, like a factory function.
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[freefunc PyTypeObject.tp_free
AxB 2 B A Bol vl e A A EAB. AR L3 2otk

[void tp_free(void *self); }

o] M} T3E = 2 7|SIAE pyobject Free () YU Th

Al:

ol A== AHA ME Fof 5] AL5HE A T8 AE F(FHWa o2 s AHH )
%5 X ?%SWD}.

7183k

axi]

/g—

rlr

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_ge
ZHRA A 7oA a2 = Tl e A=A U 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_rflags field, and check the Py TPFrAGS HAVE_GC flag bit. But some
types have a mixture of statically and dynamically allocated instances, and the statically allocated instances are
not collectible. Such types should define this function; it should return 1 for a collectible instance, and 0 for a
non-collectible instance. The signature is:

{int tp_is_gc (PyObject *self); }

(The only example of this are types themselves. The metatype, Py Type_Type, defines this function to distin-
guish between statically and dynamically allocated types.)

AlS

ol e Au Pow AT

713

This slot has no default. If this field is NULL, Py TPFLAGS HAVE_GC is used as the functional equivalent.
PyObject ¥pyTypeObject .tp_bases

LEES-DR

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.

A Az

Multiple inheritance does not work well for statically defined types. If you set t p_bases to a tuple, Python
will not raise an error, but some slots will only be inherited from the first base.

Al

o] £

ag o

EE 455 syt
PyObject ¥py TypeObject .tp_mro
@ A ol A Al F o] object & Bihe B4 Wlo] 2 A FL EFHE FE.
This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
A
o] EEEEHA B F U pyType_Ready () ol s 2 Al4HE Ytk
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PyObject ¥y TypeObject .tp_cache
AREE Al ks Ut W A8
A%
ol dr& 45 A dsuUth
void ¥*PyTypeObject.tp_subclasses
A collection of subclasses. Internal use only. May be an invalid pointer.

To get a list of subclasses, call the Python method __subclasses__ ().

¥ A 3.120f A 7 For some types, this field does not hold a valid Pyobject*. The type was changed to
void* to indicate this.

As:
o) BEL A5HA T
PyObject Py TypeObject . tp_weaklist
o] @ AA ol th3t oFet F2E AT T Fx B REFE. FEHA Atk R A8

WA 3.129 4 W 7 Internals detail: For the static builtin types this is always NULL, even if weakrefs are
added. Instead, the weakrefs for each are stored on PyInterpreterState. Use the public C-API or the
internal _PyObject_GET_WEAKREFS_LISTPTR () macro to avoid the distinction.

Al:

o] BEE ALHA Y5
destructor PyTypeObject .tp_del

ol A== HAFHAFUTE thAl tp finalized AHETHAH A L.
unsigned int Py TypeObject.tp_version_tag

A= FjA el 1€l ok Ul AR YT W A g

Al

ol A== A& A dFUTh

destructor PyTypeObject .tp_finalize

A’ sto] e Ao A Fool tha A A LA, S the3 25Ut

[void tp_finalize (PyObject *self); }
tp_finalizeZ7F AT H, A ZE B = A2EHAE slojdelo|= & of o] & 3 ¥ 5 &3t
7R A R (AR a7t Aed Fx 39 dFA AU AA 7 2 SfiAE 7] A 25
HAUth o= Fol &, A2 <3S E7) Aol &5 o A4 AH O e AAE B2 S B33

H
tp finalizet WA N9 FENE WATA Gobok Fuith WebA AL g sto] et A S
sk 28BS e 24

r

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, 1if any. */

PyErr_Fetch (&error_type, &error_value, &error_traceback);
/% coo ®Y

/* Restore the saved exception. */

PyErr_Restore (error_type, error_value, error_traceback);
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AlS
ol BE=XME FJo g ALH YT
Added in version 3.4.

¥ A 3.89] 4] ¥ 7 : Before version 3.8 it was necessary to set the Py_TPFLAGS_HAVE_FINALIZE flags bit
in order for this field to be used. This is no longer required.

o
“otA gt 24| ulo]d g A o] A (PEP 442)

iin)
f

7

vectorcallfunc Py TypeObject .tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall

for type.__call . If tp_vectorcall is NULL, the default call implementation using __new__ () and
__init__ () isused.
A

o] Bx = AEHA d5UTh
Added in version 3.9: (2 == 38X E] A 5FA| W 39X ALFH Uth

unsigned char Py TypeObject .tp_watched
Internal. Do not use.

Added in version 3.12.

12.3.6 Static Types

AERoR, CIAEAN ZYH F2 H A (static) JUTE S B A pyrypeobject TR A& ZE A A H

A 3 pyType_Ready ()& AH&-3te] 27|38 Uth.
Aza o2 st oA el R ol uls) Fol AFH Tk

. AR Be el Wol Az ATYUTH =, ThE 452 AT 5 daUTh
. AR Y AM (2 o] 59 AxEAE b UTh s 2u Utk stol oA g AAle] o=}
£2 280 448 4 davth

e AA Y AN A8 AE e HA N FRHEE, A8 ez HA JHE LA gopof

ek,

Also, since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.

1237 & A

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes
created by Python’ s class statement. Heap types have the Py TPFLAGS HEAPTYPE flag set.

This is done by filling a PyType Spec structure and calling PyType FromSpec(),
PyType_FromSpecWithBases (), PyType_FromModuleAndSpec (), Or PyType_FromMetaclass ().

12.3.8 <X} A LA

type PyNumberMethods
o) FRAL AN SA R EFS T o] AETHE
FEE A T2 ET AN AR st AR ol &) F4Tk AT Th

TF2A Ao e n 2EYTh

et
4>
2
2
=)
B
o,
A
T
af
Y
v
i)
5
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-

typedef struct {
binaryfunc nb_add;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_1lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

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 nb_matrix multiply;
binaryfunc nb_inplace_matrix multiply;
} PyNumberMethods;

0 #x

The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed in
Python 3.0.1.
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binaryfunc PyNumberMethods.nb_add
binaryfunc PyNumberMet hods.nb_subtract
binaryfunc PyNumberMet hods.nb_multiply
binaryfunc PyNumberMethods.nb_remainder
binaryfunc PyNumberMethods .nb_divmod
ternaryfunc PyNumberMethods .nb_power
unaryfunc PyNumberMethods .nb_negative
unaryfunc PyNumberMet hods .nb_positive
unaryfunc PyNumberMethods .nb_absolute
inquiry PyNumberMethods .nb_bool
unaryfunc PyNumberMethods .nb_invert
binaryfunc PyNumberMet hods.nb_lshift
binaryfunc PyNumberMethods.nb_rshift
binaryfunc PyNumberMet hods.nb_and
binaryfunc PyNumberMethods .nb_xor
binaryfunc PyNumberMethods.nb_or
unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMet hods .nb_£float

binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
ternaryfunc PyNumberMethods
binaryfunc PyNumberMethods.
binaryfunc PyNumberMet hods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMethods
binaryfunc PyNumberMet hods
binaryfunc PyNumberMet hods

binaryfunc PyNumberMethods

.nb_inplace_add

.nb_inplace_subtract
.nb_inplace_multiply
.nb_inplace_remainder

.nb_inplace_power

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
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unaryfunc PyNumberMethods .nb_index
binaryfunc PyNumberMet hods.nb_matrix_multiply

binaryfunc PyNumberMet hods.nb_inplace_matrix multiply

12.3.9 O ZHH| L =A|

type PyMappingMethods
of FxA L A v 22 ESL FASE o g ol HE
7o) W 7} U o

lenfunc PyMappingMethods .mp_length

o] 8+ PyMapping Size ()2} PyObject_Size () oA AMEE W, 22 AH & Zt5UTh A A 9
o7t Ao o] QA ko o] &R NULLE AAT 5 dFUTH

F

AEE FHUT Al

binaryfunc PyMappingMethods.mp_subscript

o] B4 pyobject_GetItem ()3} PySequence GetSlice () o ;] A}-2%] ™, PyObject_GetItem()
I 22 B ZFUTE PyMapping Check () 574 1€ WHESHH H, o] &1 & A9 oFF
a2A domnvird 4 dHUTh

objobjargproc PyMappingMethods .mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice () and
PySequence_DelSlice (). It has the same signature as PyObject_SetItem(), but v can also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.3.10 A|RA ZHA 2 =A|

type PySequenceMethods
ol FxA= AN AL 2R EFES F A U AHS ot ol thdd

Ql

R

kel

)

£ 95Uk
lenfunc PySequenceMethods.sq_length

o] &4 pPysequence_size ()2} PyObject_size () ol A AHGH W, 22 AHE ZHth =3
sq_ itemd} sq_ass_item<&g E5E T8 S A9 AE A= d AFEE Y Th

binaryfunc PySequenceMethods.sq_concat

o] 8+4=+= PySequence Concat () A AFEEH M 22 AW & ZE5UTh nb_add €52 T3 <A
QAL AT T, - AR A AL I

ssizeargfunc PySequenceMethods.sq_repeat

o] R4t pysequence_repeat () A ALEH M 2E AW L ZHEUT nb_nultiply SE& B
SR BAENED T, - AU AE ALH T

ssizeargfunc PySequenceMethods.sq_item
o] Sk~ PySequence GetTtem ()l A }‘]'“Q‘-C‘JD% 22 AHe ZEFUT mp subscript €
F2 FH AB2aZHA (subscrlptlon) S A58 T, pyobject GetTtem()o| M E A& ¥ YrTh
PySequence Check () &5 7F 15 WH&sE Y, o] X< A okdueh 2384 ¢god vt g

T AssUth

Negative indexes are handled as follows: if the sg_1ength slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sq_item. If sq_length is NULL, the index is passed as
is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item
0] £ pysequence_Setitem() oA AFREH M -2 MW ZEFUTH mp_ass_subscript €%
G2 A AA|E A =382, pyobject_SetItem ()3} PyObject_DelItem()oA%E /\]-—%-
Uk AR B o A A FOH o] S wor s A E S Faeh
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objobjproc PySequenceMethods.sq_contains
o] St = PySequence_Contains () oﬂ/ﬂ AHEE g lon e A g ZksUth o] £XS NULLE
GA E $ A5 Yt o|uf pySequence_Contain
SAF .
binaryfunc PySequen ceMethods.sq_inplace_concat

o] ¥ —,—L PySequence InPlaceConcat ()l A /\]'—Q‘E]Uq ze
OS_AJX}E TS 22 wkgsoF dyTh o] €%
PySequence_InPlaceConcat () <= 2. PySequence_Concat ()

a s
S B3 A AAbe] QAL AT T, 22 0 ol A ALEH U T
ssizeargﬁmc PySequenceMethods.sq_inplace_repeat

0] —,—L PySequence InPlaceRepeat () oﬂ /\1 /\]-_Q._ﬂuﬂ e /‘1
SREE! FAHL 2 W@k Tk o £ o

0n

rlr
e
ok
rlr
patk
o
B
o
Rz
N
B
>
[»
(T
V)
i

222 53 22 AR FAL *1‘26} 7,32 A= ?%%HEP-

12.3.11 B ZHA| LA

type PyBufferProcs
o] FExA = Wy 22 EZ Q834 st 2AHE g5 th 22 EF-2 A F A (exporter)
AAZF W H o HE A AA o] =Eshe e Bt

getbufferproc PyBufferProcs.bf_getbuffer
o] F4e) AL the T BTk

[int (PyObject *exporter, Py _buffer *view, int flags);

viewE A 5-7] 180 exporterol o3t flagsoll AFH 23S AggUch £AE 3) & A3, o]
Shro] 1HL oS WA S k= A =35 oF g o)

(1) Check if the request can be met. If not, raise Buf ferError, set view—>obj to NULL and return —1.
2 239 =2 LUk

3) WEW7] Soll th 3 7 7B E S7HA Y T

(4) Set view—>obj to exporter and increment view—>ob.

(5) 0 Wy}

exporter 7 W5 B Abe) Aot E2le) AR o)W, F A 2 AAE ST S AF Uk
» Re-export: Each member of the tree acts as the exporting object and sets view—>ob7j to a new reference
to itself.

« Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0bj will be a new
reference to the root object.

view?] 7§ BE= A W 3] F2A ol A o] glow], Al FA7t 57 3ol S Hdl oF sk 1f
EF R REE RS e,

py_buffer FEA A 7427l RE WE & AT A A Fotr @2 2827} gl A w744
FadloF gt} rormat, shape, strides, suboffsets W internala 28| A} A= & 7] AL <]

U,

PyBuffer FillInfo ()& BT
&4 e e AT

PyObject_GetBuffer ()& ©] &+E AR AU AL § AHH o)A g Yth

1:0
o
odtt
o
o

H2 7 AelstE A g uol ED W E GA =&

releasebufferproc PyBufferProcs.bf_releasebuffer

o] B4 ABL T BHUTH
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[void (PyObject *exporter, Py_buffer *view);

Hy g A 83 Agddeh AdS AT 87t gl W, pyBusferProcs.
bf _releasebuffer+ NULLY ¢ YHUYTh 28X ¢goy o] g9 & 2L 23 22
EEER=r ESNTE s

(1) WEWZ] 5o gt f 7 728 & S 9vth
2) 7HEE 7} ool W, view} A B E w22 & A G Th

A|FAH= WHEA] internal BEF AHESt] W3 54 A2 FAs o gt o] B=+= HAH A
11 5 A8 ol B A 7, 28] A A9 9] AL view A2 AZT 5 YTk

This function MUST NOT decrement view—>ob7, since that is done automatically in PyBuffer Release ()
(this scheme is useful for breaking reference cycles).

b

PyBuffer_Release ()i ©] 7|5 < A= &u|2F & AHH o)A Y Uth

12.3.12 H|=S 7| A 2+ =A|
Added in version 3.5.

type PyAsyncMethods
of FEAE ojslol B2t v 5 7] ole el ole AN E FASE o] BLY F5ol W
HEyh

TEA ot the 3 2g Uk

typedef struct {

ke
o
vl
it

unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
o] FH4o] AL The 3 2oL Th

LPyObject *am_await (PyObject *self);

The returned object must be an iterator, i.e. PyIter Check () must return 1 for it.
A 7k of dl o] €] Ho] oh] W o] 222 vutnE 4B T+ YU Th
unaryfunc PyAsyncMethods.am_aiter

ol o) WL The T 2HUTh

[PyObject *am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext__ () for details.
AA 5] olEdo]d ERESS TANA oW o] SRS wLLE A4B 5 AH ULk
unaryfunc PyAsyncMethods.am_anext

ol g0l AWL The T 2HUTh

[Pyobject *am_anext (PyObject *self);

Must return an awaitable object. See __anext__ () for details. This slot may be set to NULL.

sendfunc PyAsyncMethods .am_send

o o AL e 2EUTh
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[PySendResult am_send (PyObject *self, PyObject *arg, PyObject **result);

See Pyrter_Send () for details. This slot may be set to NULL.

Added in version 3.10.

12.3.13 =2 & typedef

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py_ssize_t nitems)

Part of the 273 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 set to 1 and ob_type set to the type argument. If the type’ s
tp_itemsize is non-zero, the object’ s ob_size 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] g e A" s 271315 F A otof FUth v R e S 3= gtk 1AL
tp_newo]] o] 3l 4345 o] oF Tt
typedef void (*destructor)(PyObject*)
Part of the 2+ ABL
typedef void (*freefunc)(void*)
tp_frees ZTZIAAI L.
typedef PyObject * (*newfunc) (PyTypeObject*, PyObject*, PyObject*)
Part of the 4 ABL tp_news ZFZ 3 A L.
typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
Part of the Y ABL tp_initE ZFZ 34 A 2.
typedef PyObject *(*reprfunc) (PyObject*)
Part of the YA ABL. tp_repr& ZZ A L.
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Part of the 17 ABL Zi7]] W H o] 22 HE e waghh
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

Part of the 27 ABL A2l s o]ERE g2 AATULE oJEZHEE A4 812 H value
1A/ nuLL 2 A H Y th

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the 273 ABL ZAA|¢] M H o]EgHE kS w33t}
tp_getattros FTRIFAA L.

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

Part of the 973 ABL. 14|12l W H o]EHE ZtS AUt oJEZREE 2145} | value
AA7FNuLLE A FH YT

tp_setattros FAZRJHAIA L.

typedef PyObject *(*descrget func)(PyObject*, PyObject*, PyObject*)
Part of the Q4 ABI. See tp_descr_get.

typedef int (*descrset func)(PyObject*, PyObject*, PyObject*)
Part of the Q4 ABI. See tp_descr_set.

typedef Py_hash_t (*hashfunc)(PyObject*)
Part of the A ABL. tp_hash& ZFZ 34 A 2.
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typedef PyObject *(*richempfunc)(PyObject*, PyObject*, int)
Part of the V7 ABL tp_richcompares FZ A L.
typedef PyObject *(*getiterfunc)(PyObject*)
Part of the V7 ABL tp_iters ZFZ 34 A L.
typedef PyObject *(*iternext func)(PyObject*)
Part of the V74 ABL tp_iternextS FZ A L.
typedef Py_ssize_t (¥1enfunc)(PyObject*)
Part of the 27 ABL
typedef int (*getbufferproc)(PyObject*, Py_buffer*, int)
Part of the F7d ABI W& 3.12 o] & 2.
typedef void (*releasebufferproc)(PyObject*, Py_buffer*)
Part of the F7d ABI W& 3.12 o] & 2.
typedef PyObject * (*unaryfunc)(PyObject*)
Part of the 27 ABL
typedef PyObject *(*binaryfunc)(PyObject*, PyObject*)
Part of the 27 ABL
typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject**)
See am_send
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL
typedef PyObject *(*ssizeargfunc)(PyObject*, Py_ssize_1)
Part of the 27 ABL
typedef int (*ssizeobjargproc)(PyObject*, Py_ssize_t, PyObject*)
Part of the 27 ABL
typedef int (*objobjproc)(PyObject*, PyObject*)
Part of the 27 ABL
typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the 27 ABL

12.3.14 o

oh22 Fhol A & Aol o] gt o JUth o 7]oll= o o] b 5 = dWHA QAR o] 23 Y
o AR = 7IHER ZY A E RoFUTh o @2 oA, A& FE 2 255 A = defining-new-types 2}
new-types-topics & 2 314 Al 2.

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
(TF2 sl o] A o] Al%)
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.tp_dealloc

.tp_repr

bi

(reprfunc)myobj_repr,

(destructor)myobj_dealloc,

(o1 s o] A o Al A<

RS

B A F 2713 AE ARS8k o]

AzE

(53] CPython T E Hj| o] 2 0f| A])

]

30,
fy
<
i)

static PyTypeObject MyObject_Type
PyVarObject_ HEAD_INIT (NULL,

"mymod.MyObject",

sizeof (MyObject),

0,
(destructor)myobj_dealloc,
0,

O/

0,

0,

(reprfunc)myobj_repr,

0,

~ 0~ 0~

~

~ 0~ 0~

O O O O O O O O O
~

~

PyDoc_STR ("My objects"),

~ SN SN S~ 0~ N

~

N NS SN SN N o~ 0~

O O O O O O O O O O O O o o o o
~

~

myobj_new,

bi

= {
0)

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

*/

tp_basicsize */

tp_name

tp_itemsize */
tp_dealloc */
tp_vectorcall_ offset
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */

tp _call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */

7
tp_weaklistoffset

tp_richcompare
“y
tp _iter */
tp_liternext */
tp_methods */

7

&7

tp_members
tp_getset

tp _base */
*/
tp_descr_get

tp_dict

=

7
&4

tp_descr_set
tp_dictoffset
tp_init */
tp_alloc */
tp_new */

*/

o

l

wL

%, dzdzs 9A e

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type
PyVarObject_ HEAD_INIT (NULL,

.tp_name

= {
0)

"mymod.MyObject",

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE |
Py_TPFLAGS_HAVE_GC | Py_TPFLAGS_MANAGED_DICT |
Py_TPFLAGS_MANAGED_WEAKREF,
.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, O)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,

bi

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",

bi

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O0)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi
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A" ol dE L =W, d AA 9 tp_rlags BET}py TPFLAGS _HAVE_GCE E3| ok}l tp_traverse

A2l 7] +d & AlgshoF ?JHD}. o AL ATE 7P |, tp_clear FHE ‘T%%HOF Easieg

Py _TPFLAGS_HAVE_GC
o] ZYAMAHAARE B AA|= o7 B HE A Aok U A E AS) ol H T AAE
Aol Az et s A o

Aol U g o] YA A F b 72 25 of Ptk

1. A9 HE 8= pyobject_GC_New YU PyObject_GC_NewVars ARE5}o] &3] of g}
2. th2 Aol st FRE 2T = e BE =7 2735 W, pyobject_GC_Track ()&
T3 oF FUTh

UpR7EA 2, A A o] 238l A A} (deallocator) = Bl 27 41 2 e 8 oF FUth:
1. OE Ae oW E #x3= B L83} 5 7] Aoll, pyobject G _UnTrack ()8 &8 oF & th.

2. AA Q] W E]= pyobject GC Del ()5 AH&-3o] S5t 5] Al F of of g T}

A Fx

If a type adds the Py_TPFLAGS_HAVE_GC, then it must implement at leasta tp_ 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 implements the
garbage collector protocol and the child class does not include the Py TPFLAGS HAVE_GC flag.

PyObject_GC_New (TYPE, typeobj)

pyObject_New@} fFAFSHAIRY, Py rPFLAGS_HAVE_GC Ze| L7} AR H ZH ol AAE 9 A.
PyObject_GC_NewVar (TYPE, typeobj, size)

PyObject_NewVar2} FAVSFABY, Py TPrLAGS HAVE GCZE|A7FAARE AdH ol AAE ¢35 A.

PyObject *PyUnstable_Object_GC_NewWithExtraData (PyTypeObject *type, size_t extra_size)

o] A& & 9FA APIL It may change without warning in minor releases.

Analogous to PyObject GC _New but allocates extra_size bytes at the end of the object (at offset
tp_basicsize). The allocated memory is initialized to zeros, except for the Python object header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

A Ax

The function is marked as unstable because the final mechanism for reserving extra data after an instance is
not yet decided. For allocating a variable number of fields, prefer using Pyvarobject and tp_itemsize
instead.
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Added in version 3.12.

PyObject_GC_Resize (TYPE, op, newsize)
pyObject Newvard] &3] F3H AR 2715 HATUTH & TveEr (R C F S YEEUTH 9
2717F 249 AA Y A8 nurng Wy T
ope W pyvarobjects ool of B o}H £ A7k 2 A A kolok FUTh newsize
Py_ssize_to]o]oF gt

void PyObject_GC_Track (PyObject *op)

Part of the Y7 ABL A 717} 4 6‘]——— A
2] k2 A Zboll APE = 9long FAE
YAs e nE BEs) R AE BEao

2]

=

oy A Aol AA opE F7FUT T A 7= 7]
S AA L FENOF FUL tp_traverse A8 7] 7}
FUTH BE A4 BRE 2A U

int PyObject_IS_GC (PyObject *obj)
AR} A S A7) m2ESS FAE00] obd ghe WEHsha, 184 9
o] & 7102 Wigkeld 7ha Al = A7 AAE F AL 5 s

int PyObject_GC_IsTracked (PyObject *op)

Part of the 2+7 ABl | A 3.9 o] T &, opo] A 0| GC Z2EZ S AT op7} A 7}¥] A
TAZNLFER Sold 12 WEkslay 18X O}gtﬂ 02 urskat o},

o] & vto] M &= ge.is_tracked () o S FE U

Added in version 3.9.

[o

W0

o

uhghghu o

int PyObject_GC_IsFinalized (PyObject *op)
Part of the °+7 ABI B A 3.9 0|2 2, op2] A o] GC ZR2EZF L T3 7 A A7 7FopE
olv] sholekol = O W 1 Wekal 1 19X o H 02 WaF Tk
o] 22 Fho] M F4 ge.is_finalized() o YT}
Added in version 3.9.

void PyObject_GC_Del (void *op)
Part of the 2+ ABIL. PyObject_GC_New Y PyObject_GC_NewVars AF-&3lo] AR of &34 w2
2 A G

void PyObject_GC_UnTrack (void *op)

Part of the <+7 ABL —r74 717y F A= AE oY AA FdoAlA op AAE Al AU T
pyobect_ce_track ()% o) AA ol tal thA] BE ko] 22 A Aol ThAl R & g
of Fo st L. IS A A (tp_dealloc A B 7)) tp_traverse A 8] 7] A AME-She BE7}

F23} = 7] Ao AA el thal o] FrE &3 oF Fth

WA 3804 M 7Z: _PyObject_GC_TRACK () &} _PyObject_GC_UNTRACK () "I 2= F-8& C APIo| A A

AH A5t

totraverse Ae)71E THET 2 W B4 w7 W4 E ol S Utk

typedef int (*visitproc)(PyObject *object, void *arg)
Part of the 9+73 ABL tp_traverse A 8] 7)o AEEH &= YEA T2 &, o] b=
object®, tp_traverse 8|72 Al AR )7/ H4E arg® T=F o] oF gt} 3
P10 A BA & TS A9 of e BB BT AU T A8 AL 2R 2] 2} 3
o e+ glsyrth

tp_traverse A7) Th B ol o] oF BTk

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
Part of the 273 ABL ZE| o] A A& &4 St 732 selfoll 4% E?} Zk A A o o i
visit ‘é S ZsoF at, visitol] gk w7} W= =3 E AA < A ﬂ 71i % arg T Aok
visit <> NULL object A2 S Z3FH ¢ F U Th visit7F 00] obd gk BEEHSEH 11 gho] S A
§H8] o] of g o,

tp_traverse A g 7] 7‘“3 = @3kt &, py_visir() WA ZZF AlFH U o] A2 E AHE-SHH

Tﬂ, tp_traverse ;[—L ‘C OJX]-Q/] 0]%—% Q;‘S‘] Vls[t?,}—argi Z] =] QH O]: 6‘1—]4 q

_Olum
=
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void Py_VISIT (PyObject *0)
o7} NULL O] o}, 0 9} arg AR ZE visit WL TSt} visit7F 0] obd 7k wiEshd, 1A
HrkgtUtt. o] AR E AVESHY, tp_traverse A 8] 71 7F tha- 3 Zob U th:

o

static int
my_traverse (Noddy *self, visitproc visit, wvoid *arg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return 0;

}

tp_clear A2 7] inguiry @ o) A AA| 7} & W o] ¥ nuLL o] o] oF Y Tt

typedef int (*inquiry)(PyObject *self)

Part of the ?+7J ABL ¥z ¢33 A4S + = F2EAATUY. &8 AA = F=x <22
AR A T oz, o AsE Ao A7t dFUth o WINEE T3T o= AA 7}
fraeof duth (FA Fxof tel py_pecrer () & EETHA M AIR). o] AA 7 FE <8l
Folstal Slas 777 A S ol M =8 &I U

12.4.1 7HH|X| £7{7| &el] H|015}7]
The C-API provides the following functions for controlling garbage collection runs.

Py_ssize_t PyGC_Collect (void)

Part of the 73 ABIL Perform a full garbage collection, if the garbage collector is enabled. (Note that gc.
collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage collector
is disabled or already collecting, returns 0 immediately. Errors during garbage collection are passed to sys.
unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

Part of the 273 ABI YA 3.10 ©] & Z. Enable the garbage collector: similar to gc.enable (). Returns the
previous state, O for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_Disable (void)

Part of the 2+ ABI ] A 3.10 o] & Z. Disable the garbage collector: similar to gc.disable (). Returns
the previous state, O for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_IsEnabled (void)

Part of the °+7 ABI WA 3.10 o] & Z. Query the state of the garbage collector: similar to gc.
isenabled (). Returns the current state, O for disabled and 1 for enabled.

Added in version 3.10.

12.4.2 JH|X| £H7| &el] =35|517]
The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gcvisifobjects_t callback, void *arg)

o] A& & 9FA APIL It may change without warning in minor releases.
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Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of callback.

A Ax
If new objects are (de)allocated by the callback it is undefined if they will be visited.

Garbage collection is disabled during operation. Explicitly running a collection in the callback may lead
to undefined behaviour e.g. visiting the same objects multiple times or not at all.

Added in version 3.12.

typedef int (*gevisitobjects_t)(PyObject *object, void *arg)

Type of the visitor function to be passed to PyUnstable GC VisitObjects (). arg is the same as the arg
passed to PyUnstable_GC_VisitObjects. Return 0 to continue iteration, return 1 to stop iteration. Other
return values are reserved for now so behavior on returning anything else is undefined.

Added in version 3.12.
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cHAPTER 13

API2} ABIEHHHX E0|7|

CPython exposes its version number in the following macros. Note that these correspond to the version code is built
with, not necessarily the version used at run time.

See C API Stability for a discussion of API and ABI stability across versions.
PY_MAJOR_VERSION
3.4.1a29] 3.
PY_MINOR_VERSION
3.4.1a29] 4.
PY_MICRO_VERSION
3.4.1a29] 1.
PY_RELEASE_LEVEL
3.4.1a29 a. Eul= 0xa, B El= 0xB, | Z T H = oxc, 2L oxr 71 € = A5 YT
PY_RELEASE_SERIAL
3.4.1a29 2. FFWMExE0
PY_VERSION_HEX
Sd e AR GH ol W Ws.

713 A AEE vt 22 A 22 20 E AR A2 st e 5 ey th

HIO|E H|E (8] AC|t &=A) = 3.4.1a2 Y mHO| %t
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

webA 3.4. 122+ 16 4= WA 0x03040122°]323.10.0-2> 1675 M 0x030200£0 YUY T
Use this for numeric comparisons, e.g. #1f PY_VERSION_HEX >=

This version is also available via the symbol Py _Version.
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const unsigned long Py_Version

Part of the 2+7 ABI ¥ A 3.11 ©] & 2. The Python runtime version number encoded in a single constant
integer, with the same format as the Py VERSTON_HEX macro. This contains the Python version used at run
time.

Added in version 3.11.
BE F0]R u] 2 & = Include/patchlevel.hofl & o] U o}
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APPENDIX A

0[0
<
bl

>>>
The default Python prompt of the interactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

e 2e A5 M2 4 dedh
o The default Python prompt of the interactive shell when entering the code for an indented code block,

when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis WA Ab4.

2to3
A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to03 is available in the standard library as 1ib2t 03; a standalone entry point is provided as Tools/scripts/
2to3. See 2to3-reference.

abstract base class (34} Wo] &~ Zgj /\)

FA Mol FYAE hasater () 22 T HIZY S0 EHSI AU v ESHA ZEH (&

UH’“ HAE) 4, 015%41]0]"2 7‘443}% TS AT TFoE N Ero]l s S H et ABC“
7HE AR iaﬁi\_‘; = 3t=d, FHAE ASSHA] YO HAE isinstance () £F issubclass ()
of o5 ZAE = = ZFH2EH U abCLﬂEr AHAE A L. ol xel& B2 W ABC 9]
et = th2d 22 AESo] 95U th AE £ X (collections.abec EEA]), A} (numbers
BE A, 2EH (ioc BE /\']) O]:_LT’:E At 2} 2 (importlib.abc EE|A]). abc EES
B A AT ABCE THE S 9134 o

annotation (¢] %= €] o] A)
HFol w3 JE B AR EHE A, SR EYRE E= A wi/ibs Ut gy A2 H
g o] E At

—- =
| O]/H_ 2 47 25, 22, F42 _ annotations_ S oJEE|HE AAFH YL

2)
o] 7152 AW ek W4 o] b o] 4, 34 o) 1| o] 41, PEP 484, PEP 5262 &2 3H4] 2. o] gl o]
A 2+ o] tf 8t =¥ Ale]| &= annotations-howto S 2R 3HA| 8.

drE s u o (B vAs) 2 deH e j FERY AV s th
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7|9 = AR} (keyword argument): < & ] A H 27} o] B2 A} (o & £, name=) £+
* }

* —%%01 Jd MY R AgE = ARk
5= BT 9= AR YTk

complex (real=3, imag=5)

complex (**{'real': 3, 'imag': 5})

o Y X QRA} (positional argument): 7| Y = Q1 A}7} o} d Q1 A}
UL AV olHEE o] gof x & 8o AZE 5 5Tk A&
s = BT A ARG YT

complex (3, 5)
complex (* (3, 5))

AL T4 T o] o) B 2 Ao W th g o] v el H-8% & 75 5o thol A= calls
e wAg. BRHoR, ol BAA0 A AR ALE 5 dsuth 7oA o] Ao Mol
ERERELA
SR w4 FE3 FAQ HE 12k} vl 7 4=2] 2ho] 2} PEP 3625 KA 8

asynchronous context manager (1] 57] A~ E #e 2}

__aenter_ () &_ aexit_ Uﬂ/‘i =5 Aot o M async with wof|A] Kol

= ZA]. PEP 492& T 95 gi qu}
asynchronous generator (B]% 7| A2 o] €])

H]& 7] Al #E ol B oY § =7

£, async for FZ7F AL 5 gl 4R FES UEE vield

ey

BE a7 Ava ey &5 7t 7| A g o™ EHl oA = v 5 7] AlvdolH olE#olE &

AU S m et o vl 7l WeeA) 9 A9, ST BolE A EE RS YA T

B % 7] AlFd olE] e await EA AT} asyne for £} async with 2 8 4 5t}

rlr
rulo
)
2
ok

F+ 3. asyne def 2 FAYEHE IFH
EdNS 2

asynchronous generator iterator (8] 7] A & o] €] o] €] & o] ¥])
v]5 7] Al ol g g7t e AA.

HlE 7] olH e ol B IHl __anext_ () £ 2 %‘} olflolHE AAE E2F 1L, ol A2 i yield
E@4 7HA WlE 7] Al ol H o] vt S Ao

Ztyielde YAH L2 A& T8, (A AL 7] SAduy-252 TA3e) 2B AHE
719yt HlE 7] Al ol o] & o] ¥ 7P_anext_<) 7t EHFE E 5 odlelHER

A=A, {3t o g2 B} PEP 4922} PEP 5258 2 A 8

asynchronous iterable (8] = 7] o] €] #] &)
async for oA AR HE 4 = AA. __aiter () WA EE H]S57] oJgdolE & E8F o

Ut PEP 492 & T Y= A5 YT

asynchronous iterator (8]% 7] o] €] & o] E])
_aiter__ () 9 _anext__ () INEE FAZE AA. _anext__() £ olSlolHE AAE &
] FoF &t} async for+ StopAsyncIteration o9 7} @Ay IIH 77]-X] H| 5 7] o] g o] &<
_anext_ () HIAEZFEHFE A o]HES FUTh PEP 4922 = YF 5 Th

attribute (o] E 2] HE)
T3 ARAA L AR SE ol B o2 F2s L AAG AUD L oA T}, AR o7l =Rl E

€ 7HA9, 0.a A ™ FEE U

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] g o] €] &)
await EH A AFGE = Q= AA. ZFE oY _await__ () HIAEE 7 AA7E 5 AFY
th PEP 4925 B A 8.
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BDFL
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},

binary file (B} o] 2] 3} Y)
o] =R AA5S A3 % 5 gl 5 A velve) shdel o2t mrolve BE (xby,
'wb' = "rb+') B a4 -qu-?_:l, sys. stdln.buffer, sys.stdout.buffer, io.BytesIO 9/]— gzip.
GzipFile & A2®HAE S5 9}%\4 o

e Al

str A& ¢ of A= HAE 51 & FR3HA 8.

iz
borrowed reference (2] & 2 R)
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py NewRef ()
function can be used to create a new strong reference.

bytes-like object (B} o] E Q5 A X))
o 22 B S AYSAC-AS WAL JAZE T FUTE o3 T35 memoryview 24 A
A Ut} vlolE LS AH 5L vl
tlolE & tHE o2 7HA ddEol A2 5 s Ut 45 vhelv el S = A A, i?ﬂ%
s 22 Aso] sy

=

ol A4t Hioly g HlolE 7t 7h A Y B art Qlsuth ofd Ao duAE FF “dal-
27 vlolEL F AA” et @Y 7HE HE AA Y 01]E‘_ bytearray ﬂ-bytearray 9]
nenoryvion 7t GV B BHE A5 vlol e Holel} #4431 (9171 4% vpol= g
A7) ol AZEH == 27 Uth ol A5 ol 2+ bytes @ bytes AR 9] memoryview 7} YF
Utk

bytecode (H}o]E F &)
ol A~ FEFHo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HAYYTH il E I E = pyc Il A Hof, T2 5L S F HA AT off o W} A v
Utk (oA H]'O] T2 AATLS -’46"/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

ufo| & 3= w ol

callable (Z&] &)

A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

ot _‘Z ﬂlIﬂ
o W rfo

il

o B =& dis BE WAl gy

[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 (&)
Atz A vee) oln AHol A 4D A $H T
class (Z|»)
R L
EHAEAYES
class variable (Z 2] A~ ¥

”ﬂ""ﬂ/ﬂxtlﬂ s FE (52U A2 20X 7} ok b oAt A EH = M.

complex number (&4 4)
5ot A Al Fd],

—’Foﬂ d? DAL Al E FT AU, FF FFAME 1=, FANE I E B7F U
o] M2 F242) VM2 2 B E 7B AJFUE slei 5 JRARE 2094 27184
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'

34 75 Uk,

context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit__ () methods. See PEP 343.

context variable (&l A E W 4)
A variable which can have different values depending on its context. This is similar to Thread-Local Storage in
which each execution thread may have a different value for a variable. However, with context variables, there
may be several contexts in one execution thread and the main usage for context variables is to keep track of
variables in concurrent asynchronous tasks. See contextvars.

+13. math 25 B4 wdo] BR6HH, cmath S AHE YT B4 &82 7
3 QF Al =]
= - T

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
YT} A9 85 C- A% ol M A ZE Y A% Ut A v Lol A, FEELS A 2ol AL,
0ol A Al &8s 2 Ak ‘“/\-4 AR v =2 g ol ulj x| =] of oF Futh. thabd C-A % v ol A,
20 el GGl YEEE DD vl AU e W W, E
S oA, A A S8 2} 7k e W g .

coroutine (I €l)
mrde Angdel  dusie geguich Aarde & Aol A A
gE Ut ZFHUL o b2 A HolA APk, EEta, ANE = 5 UTh o] AE2 asyne
def 208 T8I 4 95U Th PEP 4925 H A Q.

coroutine function (Z €l 3t4)
FFZEH AANE EHF= 5. ZFH T4 = async def T2 F FoH 4= T, await &} async
forE]— async with 7|9 E& T 5 JFUth oA %% PEP 492 o] o]} =45 A5 th

CPython

ol z2 g Aol A A A, python.orgol| A ¥l 2 YTt o] &2 Jython o]}
IronPython 7 & th& 2153+ 738 B2 7k 912 w) §o] “CPython” o] A 1 th.

decorator (tl] 2.7 o] €])
g2 d4E 283 g5, 5 eurapper BH S AR S W3 o g A EH ULt g2
olE]9] &3l o= classmethod () I} staticmethod () YY
dagole FH-2 944 A 2HYE B UL v F 35 BY = 9] FEYUT

g
def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

L J

22 7hgol Eel o A AR, & A5 2quUnt. v Z ol Hofl th e 5 AA T 82 T
gof ok 2el s Ao o dHAME EE gtk

descriptor (] A~ 3¢ E‘])

HAE __get_ () oY _set_ () o]t _delete_ () & AY3t= AAl. FeH2 AJEZFET}
H-oagH 4 rﬂ% 01 ZIHE Zﬁ =583 dZ2 g ‘?:lEZME‘r HE, abs JAY, 2AL,
A A B A ], ] FEl GV E oA b Bt o) & 2 AAE 5Tt AT b7}

Doz Ed, AR 0o g e AL T2 Utk Oaa T e E ololshe 218 shol 4ol
vek 2€ olsle] A4 elnl, B, A E, TR B, Sel 2 WA S, AEE WA, 3 2eA 32
A gL75Y 712 E ol R AV WP UTh

YT HE ] WA =Sl thak AA R W82 descriptors Lt 2T H B AR P A of] UF Y T

dictionary (5} A1 2])
Aolol 71 & gholl -3 A1 7]= A3 Al & (associative array). 7]= __hash__ () &} _eq () HIAEE
Zt= RE AAI7E £ d5UTh oA sfA et YT
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dictionary comprehension (5 A1 2] A Z 2|3l A)
ol HE A+ 84 AAY a—‘T'—a Agstal A3E G2 9 E vhEets A W
results = {n: n ** 2 for n in range (10) }—8—%}:11 *x 2°ﬂ UH-’J%7
£ A3 gt} comprehensions 2 #2334 Al L

dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () A E7t E83 AANEL I Y g Btz &
Uth o] AE2 9A g FEEo) thst 54 J%%xﬂ%é‘}%tﬂ gMAve 7t HAdE o, §7 o
e g dtE SdUth Y FE G B AER v List (dictview) § AHES}
H Yt} dict-views S H A S

docstring (5 AE )
S, T, EEOA A AR 284 08 UEvE 2AE g HE A EVHAYE uf= FAS
A%k Aokl o3 A H o] R FeH, T, BEY o] 4
JEZAFMNS S AT 5 Jou g, AR AYAE A 88 F44

duck-typing (¥ €}o]3)

VL2 ClEH o] 28 A A Heshd Ade] 9 0 e ze oy AHd v, Bes
A O E RS B AL A B H LT (ool A Holn e AY AAuc, e

e2th”) 5% Y thAilo AEF oA~ E 7‘2?‘“’&5‘1 ZAAE I+ D}ﬁé@‘ﬂ 225 5=t
o2 §AAL AME S UL UTh B B BL type () ot} isinstance ) & ALET AAE
et (8HA vE 5 Blolsg o] =4 ]i i Ealicd E% T Aol Fosf oF Futh) wialel,
hasattr () AANY EAFP Z2 18|94 &Yt}
EAFP

& 2R th= 845 £317] 7F 4 o} (Easier to ask for forgiveness than permission). ©] Z3] &2 4= 9l
ojM I AL, SHLE U o EGRES EAE 7ML, L 7 o] S W A9 E syt
o] 2T WLE 2B} S T try P except £ £AT S A FUTE o HZYL C2} 2L

T2 B2 9l ojof| A 2} AJ-&5] = LBYL 2~ et 3} tju] U o).

expression (%3 2])

oW groz A S Y BUA 22 e Br TUSY, AL 26D, o) F, o= HE
AL, AU FEE Q8 G2 EATE EH 2052 ol 27 AT B Be dols)
EECCER ‘ A, BN 02 AT S Pl

C}Cor2 A4 H R EQIT), ol 18] CAPIE AHE81 A 8141 o] L} 1§ A} =9} A5 28 o,

f-string (f-&2}<4)
£ e 8 9] $9 #A9 AEYE S £9) LAY cleha f 2, 29 4 96
o) Z Ut} PEP 498 2 H A Q.

file object (3} AA))

'8}-‘?« Aol sl 3t A& A API(read () Ywrite () T2 HAEE)E =8+ AA. BE9
W ol wel, 5hel 44 = A 623 4 M shelol L} ohe A% BA U B4 BA) (8 S0, ¥

,gzeﬂ A-w 22 W5, &7, gz, 55) ol st AMAE TATD = dFuch L A= 3t
= A (file-like objects) V} 2~ E ¥ (streams) olgta= E%W‘:}.
AA 2 E A H7o 5tY AR Eo] d5UTE GHraw) vho] 1 2] 312, ] 3 = (buffered) vlo| v 2] 9},
G ool o] 59 AEFol ko REA APt 3 AAE HEE TRAA L
open () %‘:}ZF%}Z\—L /\(Ql/]r’]'

file-like object (2} 2 A)
o AA o vl

filesystem encoding and error handler (3} A] A~ ") ¢l 7. 9J 3} of| 2] X 2] 7])

Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to
the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors () functions can be
used to get the filesystem encoding and error handler.
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The filesystem encoding and error handler are configured at Python startup by the PyConfig Read () func-
tion: see filesystem_encodingand filesystem errors members of PyConfig.

ZALdFY T HA L.

finder (3} Q1)
dEEI RES AT =Y

F S FAdY7F A5 UTh: sys.meta_path & FA A& StE HEF A2 9kl 9} sys.
path_hooks 3} T AF&8h= 4 2 A E 2] 9felH.

T Z}A| 8k Y82 finders-and-loaders &} importlib S ZZ A Al L.

floor division (A 4= U=A))

il
B

o ¥ A E3= AA.

g 7 A2 Ugete 5t Ul e YAl daxtes // th o E Sof, 3 4] 11
/] 48] 3 27}HX1L,%a_#b‘rﬁ“c*é!—%z.wa%rﬁzuv}. (-11) // 47F-2.758 Y 3t -39]
= of 9-9] 3 oF et} PEP 2382 R A 2.

function (g+4*)
TEANA oW S EHFE €HY BAE. YA T o3y AR 7 ADE £ (=, vy 9
Ao AbgE 4= s th w7l 4= & v A = 2} function A A= HA Q.

function annotation (4> o] €] o] )
= uf) AR = up WESE Zhe] of g o] Al
S ool A2 dutd o g § S E 2 ASEE YL o & £0], o] £ F HY int AAE
‘%‘:‘0}‘: d Ao g 7IthE a1, TA|o) int ¥ S = Ao 7 Z|gg Utk

def sum_two_numbers(a: int, b: int) —-> int:
return a + b

Sk o] . H o] A B
o] 7= A3t
annotations-howto = %+

L function Z o A A ™ ]}
= o] - H| o] A I} PEP 4842 2 3HA| . FESF o] ;| o] A of] th 3k 2 Al =
B

2.

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
7Feature((2, 2, O, 'alpha', 2)/ (31 OI Or 'alpha'/ O)I 8192)

garbage collection (7}8] 2] 4~ A)
o AFRE 7] b w R e 2 uhgdets Al glo] WS Hx 35 A Fr 3SR e 2
T A= & 7R = AZIE S8 7HIA S AS 3 FUTE 7 A =AY = B

Alolg 4 5Tk

generator (] ] #]| o] €])
Al el olHdolE] & 28T+ 5. Ut A H Hojed, 499 s UEvw
EAAL LPTIE Aol HEUTE o] G52 for- 232 2 AL 3 AU next () B 3 Mol SHLpA
A /J\ Sh=2
HE A ely g5 7t kel
Bk o) ] 7t M EEtA] k-2 A9, AT Sl E A A Ei@% %i":ﬂ‘%"%-
generator iterator (] ]2 o] €] o] o] ¥])
A d ol E 4o e A,

Zyielat AN Ao 2 A2l T, (N ASET 7] £ uy-E5 L Feals) 43 e S
71l g Al el ol ol Elel ol 8] 7} A fH W, W 2o ' BTtk (BE 0T A= A Zaje
gt4of el g Y Th.

ESE
N
X,

o
2

o 18,

il
\=)
=2
>
rr
)
s
£
_CL
—l_l
_VE
£
o
_WL
\1
N
AU
i
i
)
1o

k
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generator expression (A2 o] €] 3 2])
An expression that returns an iterator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional i f clause. The combined expression generates values for an enclosing
function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A4 g <)
22 AMdEARGEZSd e AT AY
232 g Eel o 24 g vt

A2 Yau A —Q-O%;Q 82 3} functools.singledispatch () Bl Zd °]EQ} PEP 4435 H A 2.

42 PHE G5 SE ) ol P AFBA L

mln

re

<

8:

generic type (A ] &
w7y 43 & " Je F; REH O E 1ist Ydict 9 22 AH ol FE 2. 3 SIES} o] . H| o]
Aol A8

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Aol QEjmelE = 2 HAL

global interpreter lock (A& QIE] = 2 € &)

gk Hof @ 2 shito] Ay =7t shol A HPO] FE AP F B 918 CPython ¥ 2 2]
H7F AREStE Ml AU E. (dict ot 22 SRS WHFES 2F6te) A4 Bdo] A A S 2 FA
°M11Mﬂ off 3 JH}E% THE 0] A CPytho n +3AL G s U e ZelE AXE A=
AL AHZEE Fad =3ty A v=s g, ts —'-Elﬂiﬂ 2 A 7} A 2ehe W E A o
e - R IR

SHA¥h ol 4 RS2, BT AR BT, S olu e 22 AL A FA A A S AT
= GILS ¥hdst= 5 A A5 Uth =3 1/0E & uf= 374 GIL& Whd 3y th

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity)
have not been successful because performance suffered in the common single-processor case. It is believed
that overcoming this performance issue would make the implementation much more complicated and therefore
costlier to maintain.

Hl
0\1

Q

hash-based pyc (3] ] 7] 4} pyc)
2L E7] A8l S A 3L HF 53 Al7bo] ofd SjA|E AHE- 8= Hlo|E T E A
9} Y. pyc-invalidation2 % 5}1A| 2.

hashable (3] A] 7}%)

A7 < *E 1 kol tﬂfsw Ok FAIZHS 23 (__nhash_ () WA =7 FBaF ), k2 AR}
HaE ¢ QoW (eq 0 MIAEZFER3YT, A 7k st ok 2o vl a s = s Al
7hs g AA =9 oH/«l%}E Zotok gyt

NA 72 AAE 9P Zlv A W E AR 5 A sk, o] AR FEE 0]

HAoz A gE AHE37] Wl E Lyt
o] 2 U AAEL 5 Al 7}‘53’:}14@ BFl2EYYAAYE 2L2) 7d AdH ol v E2
A== ‘E%’Q FZ ol frozenset Z-2) & AH oY E 8 dE9 84E° A 7S u
Al 71 c}. }% AL H2 Z A AdxEx AAEL 7| EFH O Z A 7 UTh (AH]
A4S Xﬂﬂﬁ 1) BF 2o v u s A, siA ghS id( E—‘%Ei Tso Yyt

22 fo]

—.—4LL[‘?E
:“

sto]l & st 53 /i d 35 27 (Integrated Development and Learning Environment). idle 2 3} ©|
W] 2 vz ol ete & 7 53 4?_1 #3719 e Z g€ 349

immortal (£3%)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.
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@

immutable

My
=
2
)
@R
A
3
o
kel
o
3

T oA AR S e WAE 4+ gl
S ol of Pt W aHAl g oAl o] STk 3t F oA

r;g\l (i

of¥ zfy K
FO oo
12
sk
filo
o
T
=
£
i
e
2

@B Esl el M} o e Sl Shel 0 T A ABE 4 AR S A,

interactive (o] 3}%)
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly
by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x)).

interpreted (QJE] Z 2] €] &)

dlo] = 3= Aupdele] £A] wl o] 1 FRe] B8 A7) = SA T, sl e Ask Y Aoj 7} o]
gz el dojUrh o AL WA Ao R A% Y S WEA FIE, 42 AL AP AL
Stk =9tk 12230 & o A W3] AW 7L AT, AE ZE ol BE A5

AojrEot g2 N/HW A 71 25Ut dlehd = 2AS.

interpreter shutdown (21 €] = 2] €

o
o

Badiohs 248 We U, ol AL A = HAY A1 AYSHen, Lol el A

FRR UL T2EY 2L BE UFE ANES AR O v Th B3, u)A] 57 &
el 8 F 2Pk A8 42l I A veakrer 21 e e e A 4
Yok $5 A7 5 AgE s IEE T o952 whd 5 b, 27 0] 9 E5HE AU E o]
o 7564 92 5 9/ WEAUCHES ol& eholBelel mE ol Lt 43 4 E e

iterable (o] €] E—]-—)
AHES g o 3
A 53‘: ,dict &2
__getitem_ uﬂ }“1

B2 5 9t AN, oH e B o2& BE (List, str, tuple ZE
AA2BE, 5 AAE, srer ) hAAS AEE FARE
Seh o] AAE o] Y5k

o|H 2 &2 for —Er:E°ﬂ AHgE 9l /\l%Q% 2= = e B 3 (zip O, map (), ) ©
AHEE AU o HEE AATE WA T iter () ol AR AEHE, O 7“}1]4 ]Hﬂl"lﬂ =
EHFUH °lE1i‘ﬂ°lE1L%k of e e ﬂilhi"* FEAUL olHHES AHE S,

lmx&ﬁ
E,IU
E_A.u

HELiter() £ &AW olHHolH AAE A thE 28+ s Uth for"i——e— S PARSK-X
S EHAJEH/H Aeog slFed, F2E T+ A olHH O HE FotE ol F Sl M E

Ytk of Bl o B, Al 2, Al E| o B = HA L.

iterator (o] €] & o] €])
dolee 2E-S = AA. o]HHo]HY _next_ () HIAEENIEAHOZ SE51H
LHZ]"GLTneXt ZAGEH) 2EH JE= A EES X}Eﬂqiiiﬁzb]lﬂr o o]/de] dlo
< W= Al stopIteration 2] & F o Uth o] A A, o]E g o] E A= &7

94 BE _ _next_ () HAE=EIZTELS St0pIteratlon o2& thA] 4277 gk Tt ol E # o] Bl &=
olH#H oY AA A S EHF+= __iter () HAE=E 7IE 740] 875 7] wjZell, ole @ o] el =
ol Eol7| % dtal th2 o|HHEES ‘%‘:‘0}50]% 2o oA AHEE = A5y 8%
el o MY olgd o] A Ests ZEY YT (1ist Z-2) ZH oY AA| = iter () FT=E
A A for FZof| AFE T wfjuich A o]E & o] 8 & ThE U th o] & Z1S o] E & o] ¥ of] T 3 A]
st i &, A o e o] ol AFE-H o] A H o]HH olHE EeF A, ¥ AH oA H
HolA ”P“‘J‘:}

typeiter o] T 2} 8 Y& 0] QJ&5 U Th
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CPython =& A} A]l: CPython does not consistently apply the requirement that an iterator define
__dter_ ().

key function (7] )

7] &4 =+ Z 9 o] A (collation) 3=+ A E (sorting) ©] L} ¥l & (ordering) o] AF&-5H = @S 8T+
ZHEJ YT & 591, locale.strxfrm() < ZAY S YA WEE FE 715 d= 0

A& Ut

sto] ) Be EF7k 8 aFo] ol @A A Aol AL Fol=AE Aol A% 7 S
Wrol= AUt} ol AEol+= min(), max(), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () O] 2;1"—,;‘1/] D]—

7] 45 wEE v o] Bl s Uth ol & 0, str.lower () FIEE Alo]& & Y=
e A7) T2 AL AvUh AR, 7] F4E Larbda AL O 2 WHE %
%]\‘—1:‘13], O] % /5] ?:] 1/] 1—4—: lambda r: (r[0], r[2]). 5‘5?}, operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 719 7] Sk A XYY} 7] S8 511
AH&-3H= o] T & o] & Sorting HOW TO & H A 2.

keyword argument (7] 9] & 21 z})
A7 E HA L.

lambda (&t}

527 0 g PAAL S £AA 0= THE o F gt Aot I YT F4E BE
—E—‘ﬁ% lambda [parameters]: expression ?:]\4\:]-

LBYL
= 7] Z ol B2} (Look before you leap). ©] T AEIY L TZ 0L} 23| & 317] Ao A Ao = AFA
£AES AT o] 2D FAFP AT hu]E 3, B if 2] EA SAHA ALt
U 28 = oA, LBYL 22 “H7)7 &L <5 7" 2ol A 2 WA 2 A1l Y
t} o & £0], T E if key in mapping: return mappinglkey] ©= AA} Zof, 5}X 2 %3] Ao,
ChE 28l £ 7 keyE mapping) A A ASHE AsHE 4 Y&k o] & o] B o] LEARP H20 2
AgFomn 28 5 AUk

lexical analyzer (]3] &4 7])
Formal name for the tokenizer; see token.
list (B] A E)
g gfol M Al A, I o) FoT B3, Ya td AN 7o) o] 7] 2o, d2 gaE
(linked list) 2 Th= o} 2 A o] 9] wf @3} F-AHE Y o}
list comprehension (2] A E 7 = 2] 3l A)
ARz 845 AR EE AVE A 1 ADE PJLER FHFE T
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =009 A]
59 1615 (0x.) S 33k £ALe] P 2ES BEYTh £ A
A, range (256) o d==2E 27 AHEFHYTh
loader (2 T)

An object that loads a module. It must define the exec_module () and create_module () methods to
implement the Loader interface. A loader is typically returned by a finder. See also:

« finders-and-loaders
e importlib.abc.Loader
« PEP 302

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").
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.
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magic method (9} 2] W] A4 &)
S A= 9 vFA A v e T

mapping ()} 33)
Q199 7] 3] & A Y3} collections.abe. Mapping 0]14-collections.abc.MutableMapping
FA ol ZH 2 o AAH HAEES FA3E A ol AA. 9+ dict, collections.

defaultdict, collections.OrderedDict, collections. Counter%Efﬁ )\HD]-

meta path finder (W€} 3 2 3}2lt])
sys.meta_path & A o] B F£ vlolr]. vE A2 st e 4= dEg vl o FHAF
97 A W U T,
HEel A2 ol 7 £dsl= WA =S US| A= importlib.abc.MetaPathFinder & K H §
Ut

metaclass (W€} S ~)

Telol Sof 2o Aol s Beho o, Bk G, vlol s Behag o) S5 A
WEF S A o] Al AAE WobA] Sej 2B L AYS AU D RR AR A FY 22 9
Y AL /1% AL AT el 0 S UEL AL ALY W FALE UE S
ST AU . T A8 Aol o] £} 15 B At DRk 4D, e Fe A
Ao Soke Y S AT o= HE A4 29 27 (logging), 2 ¥ = HAA ] F7L,
AR A 2, AZE TAD S OE o] g

o

metaclasses | A] O ZA 8 U] &2 28 4~ 95U}

method (W] A &)
Sefos ul) QoA Ao H & g 1 2ejae) Aadag o 2el i
A AR A2} (BF self gt EALH 2 A28 AAE DH ULk ¢ 9 T 7
Al 8.
method resolution order (WA= 2 & 44])
IS 8 AL 2SS B WS A3
gho] A AE Z g o AMEH gare]F] A

module(.aﬂg)
gfol A 7 223 49 & Gets AA. ZES 499 stolH AAE
Mqu} REE Y Al 93 sejHez zefych

h O

tlo]x 225 YU Th 23 DA RE
5 &2 python_2.3_mroS XA .

o

o}
=]

rlr
)
ul(if
ol
()
o

il
m:ln
m o
fu

[t
FI'F
&
>
oo
i
rlr
i
12
[t
r
i
o,
k
il
o
ot

rlr

1 &= o]E F 7k importlib.machinery.

module-specs = H A 2.

MRO
A= 24 <A E BAL.

mutable (7}H)
7hA AR gol i = AT id() & LA FATUL B = BA L.

named tuple (V| J & £Z)

“named tuple(] 91 = F-2)" o] 2h ol FIoIA AS8T o] BL o2 HES AL
Qe A G4 gl o] AAA T 5 Yk BE Folu} Ze 0] A8F Tk Foluh Fe ol
275 % 9L 4 A5,

time.localtime () & os.stat () 7F ¥F&3E 7S 2 83lo], o8] YA Hol Y d= TS Utk =
T}2 o] &= sys.float_info YUY T}:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

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

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

QEIE T2 PR (9] o) YTk E, cupreo] A A48 o] 5 B WES Fojo)e
ARt F 2 YR U IE FE2 WE 5 dsUrh ol ;’EH" A3 2738 A, typing
NamedTuple = A3t A YV HE 2] T4 collections. namedtuple O 2 9UE 5 A5t 2219
AR 4G FAGAG R A AE FEoI A= 2L 5 Qe B A 2 A ES 2obalrl

)

HP7E A = a4 ol 302 99U R FAFUTh AAlo SHE ol & 37 (A= olA)
B A2, A 4§ 3 UGGk o8 FLE o5 S

o= uiltins.open I os.open() < 159 o] & F 7o

A o] B TUNEAR BRHNA BEoIA ASAR §4 WAl
E%% ZUt} oS £9], random.seed () =+ itertools.islice() Bt 2H 1 T

random ¥} itertools 2 EO| 95 +HEH IS 0] o &5 & U o

namespace package (]S Z 7} 3] 7] #])
22 AB 7| A 52 AE oy 75 ste 9714 ol F 2 37 A = A4 AV /e
?E a1, 53] __init__.py Fdo] glenz A+t 3 7] 4] 2k HE Ut
Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

ru]n
2
et
oY
o

For more information, see PEP 420 and reference-namespace-package.

2E X HAS.

nested scope (ZHH A7 =Z)
SR ALY oA AP E FRote 5Y. & 50, 2 T W R A Fod 4+ vbzd o
Y WMAES BxT 5~ UG FHH AnZE AR E S A B, S 57
Stk Zol Fojalof Fith Al M5 G e AT xo A 2T HUT BHRIA
A MEEL A o]F Tl A 92 FUTh nonlocal L M ATz 2= AL 3T}

new-style class (7+ 28} S ~)
Ao mE 22 Aol AEH T e Teha WA oA ol F. 27]9) shol W WA A=
QA FAetd EFd AW slots. ,YA2TAYHH, T E, _ ge tattributei(),‘g‘iﬂ/\uﬂ/\%c;
el WA =S 2o sholde) AEa chE A5 5S AET 5 U

object (7 A])
FH (EYREU ) & 230 54 (A E) o] BH BRE dlolE. 3L BEE 7w ZH~
g FEFAHA Wl FRAY YT

package (2] 7] A])
ANEBE RESOIUL AARLE A B 37 1%%
_path_ O|EEREZ} Q= shold REIL
B3t 714 ool 27 74 £ HAL
parameter (7f] 7] *H 4>
ﬂf(wLwHC)ﬂqﬂﬂvﬁvwg%¢
2 dEE. A T/ wi7HS7 sy Th
o A XA-71 Y = (positional-or-keyword): <] =] 1A} 1} 7] 9 AR AGE = A= AARAE AT
oE

=4
Uth o] Zlo] 712 FEje] mizi s d <ol tholl A foo 2k bar:

= 017 (E o AS AAE) B AHSHE ]S

[def func (foo, bar=None) :

;

o A X-A L (positional-only): 9 X 22+ A|-Z=2
B Aol W AAS B ) BAE TR
X1 posonlyl T} posonly2:

AT AHEABYUL A4 AL AL
P ol 4ol @ 4 & th o & o thgo]
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[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 71 =-A§ (keyword-only): 7| =2 A2 = = AAE ABFUTh 719 =-A-8 w74
e o Ao o] mizh e F5 oA ol shube] ZFH-A A wif e+ & It 2 23 A
Aol 4= syt A& 59, th2oll A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... J

o 7}R-91 2] (var-positional): (T2 v 7H HFoll o] 3| A] o] m] vholZof 31 9 %] QA=RF=l T 3h)
11115‘ T AEAA A=Y Y9 AA2E ARG FUTE o)A M= i S o] 5o
5 gl 294 ZE 5 Uth & S0l thxoll Al args:

[def func (*args, **kwargs): ... }
o A9 (var-keyword): (FE WA M4 ) 3)A] o] v] wopS ol 719 S SIS0l B 3l)
AZE % gl Fel9l A5 9= P A M T
x5 ol FojA BoE A5 U oS 5ol A9 Aol A kwargs.
WA= A A AR A3 7| 2B ofygt AR FH o] A A4 AR AR S = A5
ek,
Ol 2} o] 7] &=, o1z} ufj 7| 4= 9] 2}o]of] 1} 2= FAQ A&, inspect .Parameter =22, function

A, PEP 362% EH]L.

path entry (3 2 A E2])
BRI IIE 7 AEE S RESS ZY] A6 Fushes dxE A= A st Fa.

path entry finder (7 2  E 2] 5}2lt])

sys.path_hooks ol = ¢
T HES F NS o

path entry hook (A 2 JEZ] F)
sys.path_hooks 17/]-/_\501] %1“5 %E{%?_Eﬂ, J—i;;g 733 OIHEE] oﬂ/\-] E%‘% 7_%]"15 ‘ﬁ‘——?,_- ?3]'_1__7 %]\E]’Eﬂ
AR dER Il E FHF UL

path based finder (7 & 7|4} 5} Q1)
712 v et A& 9l H & F ol Y2 E FE A RES FsUTh

path-like object (7 2-F 24 A))
gd Al2" AR5 Udetll= AA. A2F AA= A2E YW+ str Y bytes A A o] A
U os.PathLike ZE2EZE T H3E= AAYYTLE os.Pathlike ZE2EF S A Y3+ AA &=
os.fspath() &T& TS A str U bytes 3t A|2Hl 22 W ¢ 5UTh thal os.
fsdecode () & os.fsencode () = Z+ZF str YU bytes 235 HA3=d A2 4+ I5 Ut} PEP

S192 =94 lF Ut

PEP
Sho] 4 7} A A <k, PEP=
Ao Aze )5S A

< AE AFsloF

Tpol W AFYE o FEEAFFA Y sfold == 1 = T
B3le AA EA YUtk PEP+ Al ¢t 750l tid 2223 7] A

PEPL %8 A28 752 A QSha £Ao) B e AR U el 982 2 3km sho] o] Soizt 47
A4S FAR BEY A8 712 W AUZS AU PEP A4 AR AR E Yol A o) FE5
W oA B4 2 A ge] ey

PEP 1 ZZ3HA 2.
portion (3Z4)
PEP 420 o A 2] & A &, o] 374 571 o] o] upA sk shtke] v el efol) ol gl st £
A% ip 5ol AFH £ 2w BT,
positional argument ($] 2] <1 2})
AALE HA Q.
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provisional API (Z}?ﬁ API)

T API= RE efolHe2|of 3 oY Bgo e fE 55 Aleld Adv °]Ehﬂ°]’\«1
LEV} oA A= Al = oA wh FE A o] ghaL ﬁ/\]lﬂ < 3k 3ol /A=

37 B A 0] 4157 G WAl Aot 5 druich. 2 WAL
£ o2 AU — APIE T o7 Aol $2 iaha 22 A el 5o
A<
7 API| A 2 2%, A T 3HA] o]
’-%‘ d wAlSol el A S84
o] Aat= ZF gholH el g7t &3 A
RE YT o A4 2 82 PEP 4

provisional package (%73 3| 7] )
T APIE BA 8.

Python 3000 (3}o] % 3000)
phold 3.x wl 3 2hQle] B r (W 39 w271 W wjef o] o] ok7] | AJ o] vhE o]l o] Folt}) o] A
< “Py3k” 2 9 27|% Ut}

Pythonic (3} o] #t}-g-)
TFE Qo] B o4 LA AT EE 851 H TEE T AT 014, kol Ml Aolol 4 A7 A= Al
S = oA S L ko] Bt ofoltlo] L} IE 27% o] & Sof, sol Well A A1 2 o]t L
for & AL83 A o[ Ee 2o BE RAR $HoE AYUTh ThE BE Aot oY FHe
FHE] OB, shol del A%5HA] UL ART L A 7 AL E B AB A= T ok

{for i in range(len(food)) : J

N

print (food[i])

B 2E, shol Atk Wy £ o] Itk

for piece in food:
print (piece)

qualified name (g 73} o] &)
nEo A AFZA RE AH e, T, WM o2 RS HolZ: Jog
2 o] 2. PEP 3155 o A] Ao Fuch 249 3ot Feh 2] 4o, A5tstd o] 22
o] 2% 24Utk

>>> class C:

class D:
def meth (self) :
pass

>>> C.__ _qualname_

lcl

>>> C.D._ _qgualname_
'C.D'

>>> C.D.meth.___qualname
'C.D.meth'

L

J

252 7He7]leu AHeE wl, &3] B34 ol & (fully qualified name) & 2 F- 52 9| 7| A &<
23 A RER = 7@2& EZH o] &S 9 gyrt}, o & E0],email .mime.text:

>>> import email.mime.text
>>> email .mime.text. name
'email .mime.text'

reference count (&= 315°)

The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
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never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (3 3l 7] A])

_init__.py Y-S =3t tHH L} 22 A5 A 37 A]
o] Z7FI A A & BHAM L.

_ slots___
ZYPA YR AA, JAHAEYREES A3 LS )] AAst L AAbA g S
AA oz v 2 el 5 @ﬂb‘v§§~tkzﬂ%ﬂ%%VWhﬂﬂﬂﬂ%%ﬂiﬂ”%?
717k & 7l th2 & Holgha, 2o Wi 7e S8 e aoA W o] dAEAT} Q= Wb
AR = Aol E5YTH

sequence (X] @ 2)

__getitem__() & uﬂ/‘i £ 53l A APBAE AE S WE 84 AANAE A Hotar, AlEAY

dolg E8F+E_len_ () |l 153 oot olH e B BE WA EAES Yl B Y, 1ist,
str, tuple, bytes 7} O]AWD} ict EESF_ getitem_ () I __len_ () = A Q3R T Z3] 0

B o)Al Q2] 9] 6 4] 7hs 7B A7) Wl Eo] A AT b et v o 2 HFHE ke A e
3o gt

collections.abc.Sequence FAF Hlo] A AL getitem () I __len. ()2 dojA AR
Z 23 o] FH o] A2E A F}=Hl, count (), index (), _ _contains__ (), reversed_ () = &7}
U o 2 AL AE PAY BE register ) & ARAA BAHCE 522+ U

ek A8 WALE 2ol o3 AR EA S, B A A4S 3 2.
set comprehension (g 7 = 2] 3 A)
ﬂﬂﬁ%ﬂ%t&iﬁﬂ4%$§ﬂﬂdﬂéﬁg%iﬂﬂ%%La%ﬂ
= {c for ¢ in 'abracadabra' if ¢ not in 'abc' '
U t}. comprehensions-& #2344 Al 2
single dispatch (A 2 t] A3 x])
TFdo] e ARFY] Fof| 712 AAE = Al E g gav] X2 g FE.
slice (& &}o] )
BE AR ) AE TP AR, Sefolat AR ADYE /S AL A wE ok
variable_name[1:3:5] A §, [] ¢tollA] o8] 7| A& FE8E FFYth ZE (HE 2
AYE) Z7H2 WH AL E s1ice AAE AT TH

soft deprecated (2F3s}A| H =] =)
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.

special method (54 WA &)

gpoldo] ol ojH A4S, G 22, AP D FAHCE FEHEHAE oJH HNEE F
e BEZ AJFStAL ZUhE o] 52 2L 55U th 55 v A =& specialnames °f 4] & ¥H5 0] 4]
S

statement (F&3})
BHE A9 E (9 “BE(block)”) E FATE REAUT. BFL w34 oA A P=S
AH-g- k= o 8 7}21 TZ2E FY g yth 7H if, while, for.

static type checker (3 2 & 7 x}7])
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference (7}l 2+ %)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py 7NCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.
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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.

e gx T HASL.

=

text encoding () A E 2137 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (&) 2 E 1} Y)
sz AR D £ A ) A, $5, Ao HAL A2 ol= AY el 2=

on/q]/\g].jr_ HAE o %Z}E;qa]b-h/]\;} Eﬂ/\E _1].01_4 ocﬂi%e_qiggx_g r' e
2494 9+, sys.stdln, sys.stdout, i0.StringIo & A2EHAE E 4 95T
o= AR A7 B 932 4 9t e AR o) hAA L vhol U] 512 ® BEFAL

token (E2)
A small unit of source code, generated by the lexical analyzer (also called the fokenizer). Names, numbers,
strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’ s lexical analyzer. The token module contains information on the
various types of tokens.

triple-quoted string (3% w}3 & ¥ F2}¥9)
g ® () U AF2u-gx C) A A2 SRl 22 =3 otE S A AL fle
7152 Ao A = FAIRE o 2] 7FA] o] Fof A a-‘?-ﬂ' %1%‘4‘:}- O]i?ﬂol = A ok& A
EUEUERE FA4<E 91'01 P QR o0, A4 FAE 22 Fak oy Eol 44 5
Jed, S2EH S & 579

m&
L
ol
Ja

type (%)
sho] W AR o] HL TA] oW 2] Aol
t’é,__class_oi E]‘:'Eiﬂ/‘ﬂ"?ﬂff— AAY type (obj) B2 LS F AF

type alias (& o] dg]o]x)
F= A A Q) sto] Rt A= B9 59 0.

g ol Qefolat o AES deslshe o - 8FUTh o 8 S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuple[int, int, int]]:
pass

tohe 2ol B 97 970 BE 5 A&y h

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

0] 7]1%5S AWl typing T} PEP 4845 F 2314 S

ERE B o i Ui kel ZIdi s = 2 AR sHE of =E ol Al

A stol o A ZANH A= FA T, A & Aol 78ttt EEHIDES)
°

A= E
A9 "4 ALdsta, A9 Ay, Zd
get_type_hints () & A}

o] 715 & A9 typingd} PEP 4845 Fx 314 2.
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)

Jéoioﬂg]. Eﬂ/\E/\ansH@':o‘% E;.l‘?l_l:]]_/_\_ﬂ%g%x]—
o719 WA EA el \r. F7H4 e AHgel BIIAE bytes.

EP2782}PEP3116 BEAMe

=2
[e) [e] L=fie) =
e 22 A2 27 &

el \n, A== A

":J/AQ

variable annotation (‘14> o] = €] o] A)

A5 2 s REe of o]

W4 e 2o o2 HE o wEo]de ) oS A8 AguT

class C

field: 'annotation'

M5 ojeHolde dudor 9 A= ASPUTh o8 So], o] WAt ine G AL A0E

BBl

[count: int = 0 J

Ha o] mH o] £ -2 A A annassign ol A A g o

o] 7]5& At 3h4 o] - H o] A, PEP 484 I PEP 5262 #2334 8. =3 o] B o] A 2H4] o

ol sk &1 AL#| <= annotations-howto & X 3FA| &
virtual environment (7}4} £ 7)

shol 2l AF§AL9L S8 w2 T o], Ze Al AT AR £ THE Sho] W S8 2 IWT] 5o
VI= FA dowA, sol W v S| A 55 DA A A1 o] ES
=R oiﬁﬂ 213 317

venv & BEA K.

virtual machine (7} 7] A))
AT ESoRro 2 Aol H AFE. sholale] A4 7| AL vhol = = A2l s} FHlE vlo| =
s=g Ak

Zen of Python (2}o] 4 Al)
S04 T2}l Yeloh BeE ] BE ], Aol 8 o)a sk ALg e ol Ego Bth o] B5L
3}s ZEZ EOA] “import this” & YH3IH EJYrch
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O] dHAOf 25}0q

ylo]# A g A= reStructured Text 4> 22 o] A] U}—oi A Aoz Yo ol WL 9F AT QT o A= =
ZeAEe 44 BeHE A9A 44719 Sphink & A& B2 o

AT A 9} o] 8 913 FA 9 ke shol Wl ApA| 9} v} A 2 A A 0 7 A E AR = Tk 7)o 8
3 Ak, Zo] v of] o 3F A B = reporting-bugs # 0] A & F 1A A . A2 AFF B A A= A AV
s g oH

e BRSO Be 2AE =Ry

o Fred L. Drake, Jr., Y&} gfo] W AP A = 3] 2 x}o] A} W& ZEl % 9] #]x};
« reStructuredText 2} Docutils 2 Y EE vt=

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
Holg Asizy .

= Docutils Z2 A E,

B.1 mo| MHA S| ZBXIE

Er A1gro] Thol il Qlo], hol #l B ehol Helel B sholul AW Ao 7o WU Th Fl el Ae] REAQ
B 22 glo]H A v EH2] Misc/ACKS & ZZ AL

sholalo] ol WA AWAE 2A B AL shold ARUE ATt 7ol W2 AU Th- AR
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
//www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author,
although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/lwww.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations, which became Zope Corpo-
ration. In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a non-profit
organization created specifically to own Python-related Intellectual Property. Zope Corporation was a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t o= 2 o IS YN GPL-compatible? (1)
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI yes (2)
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
2.13 2.1.2 2002 PSF yes
2.2 o)A 2.1.1 2001-& 2]  PSF yes

0 Fx

(1) GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-
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compatible licenses make it possible to combine Python with other software that is released under the
GPL; the others don’ t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice of law clause.
According to CNRI, however, Stallman’ s lawyer has told CNRI’ s lawyer that 1.6.1 is “not incompatible”
with the GPL.

Guido ] A = 5}o] o] Wi & 7}5oHA vk w2 9 7 AL AR ol Al ZAAL=H Ut

C.2 mlo|Mol| HMIASIHLE AF23E17| I8t 0|2 24

Python software and documentation are licensed under the Python Software Foundation License Version 2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.

sholle] §3e A% szeaolo| e ol d 7t A g Ve ehol et o1 ghel d ] st
=9 @) AP UL o] el @ ehol Al AR BEL Eg)ojo] o) ehol dles B

Fzsi /‘IL

ofy rr rl

o

RS

mlm

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 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 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 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.

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

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, 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"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

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,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

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
granted on that web page.

permissions

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

(T2 sl ol Aol A1)

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22
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(o1 sl o] A ol A Al <5)
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
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.
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C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTA-
TION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 HEM EQ[AH

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the
original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without

(TH5 sl el Aol A)
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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,
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 A3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate source
files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
(TF& sl o Ao A %)
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DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

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

(Th= sl ol Aol A1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

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 X UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

(TH5 sl el Aol A)
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Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.
— Arguments more compliant with Python standard

C3.7 XML YA T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

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
(T2 sl o] Al ol A1)

C.3. Z&HE AZEQ0{0l CHEt 2fo|MA L S0l 327

Hl




The Python/C API, Z2|A 3.12.11

(o] sl o] A ol A AI)
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-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

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

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

</MIT License>

Original location:
https://github.com/majek/csiphash/

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/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
following copyright and licensing notice:

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

* 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.

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ss1, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
(Th= sl o] A of] Al%)
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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.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,

(TH5 sl el Aol A)
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

Submission of Contributions. Unless You explicitly state otherwise,

(TH5 sl el Aol A)
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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

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
(TH5 sl el Aol A)
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a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

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.

(TH5 sl el Aol A)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc o &8 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
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.

334 Appendix C. jAle} 2fo[MlA




The Python/C API, 22|A 3.12.11

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
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,

(TH5 sl el Aol A)
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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/sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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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PyBuffer_ToContiguous (C function), 112
PyBufferProcs (C type), 288
PyBufferProcs (C &), 106
PyBufferProcs.bf_getbuffer (C member), 288
PyBufferProcs.bf_releasebuffer (C member),
288
PyByteArray_AS_STRING (C function), 131
PyByteArray_AsString (C function), 131
PyByteArray_Check (C function), 131
PyByteArray_CheckExact (C function), 131
PyByteArray_Concat (C function), 131

344



The Python/C API, 22|A 3.12.11

PyByteArray_FromObject (C function), 131
PyByteArray FromStringAndSize (C function),
131
PyByteArray_ GET_SIZE (C function), 131
PyByteArray_Resize (C function), 131
PyByteArray_Size (C function), 131
PyByteArray_Type (Cvar), 131
PyByteArrayObiject (C type), 131
PyBytes_AS_STRING (C function), 130
PyBytes_AsString (C function), 130
PyBytes_AsStringAndSize (C function), 130
PyBytes_Check (C function), 129
PyBytes_CheckExact (C function), 129
PyBytes_Concat (C function), 130
PyBytes_ConcatAndDel (C function), 130
PyBytes_FromFormat (C function), 129
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 (C type), 129
PyCallable_Check (C function), 99
PyCallIter_Check (C function), 175
PyCallIter_New (C function), 175
PyCallIter_Type (Cvar), 175
PyCapsule (Ctype), 179
PyCapsule_CheckExact (C function), 179
PyCapsule_Destructor (C type), 179
PyCapsule_GetContext (C function), 180
PyCapsule_GetDestructor (C function), 179
PyCapsule_GetName (C function), 180
PyCapsule_GetPointer (C function), 179
PyCapsule_Import (C function), 180
PyCapsule_IsValid (C function), 180
PyCapsule_New (C function), 179
PyCapsule_SetContext (C function), 180
PyCapsule_SetDestructor (C function), 180
PyCapsule_SetName (C function), 180
PyCapsule_SetPointer (C function), 180
PyCell_Check (C function), 162
PyCell_GET (C function), 162
PyCell_Get (C function), 162
pPyCell_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), 254
PyCFunctionWithKeywords (C type), 252
PyCMethod (C type), 252
PyCMethod_New (C function), 254
PyCode_Addr2Line (C function), 163
PyCode_Addr2Location (C function), 163

PyCode_AddWatcher (C function), 164
PyCode_Check (C function), 162
PyCode_ClearWatcher (C function), 164
PyCode_GetCellvars (C function), 164
PyCode_GetCode (C function), 164
PyCode_GetFirstFree (C function), 163
PyCode_GetFreevars (C function), 164
PyCode_GetNumFree (C function), 162
PyCode_GetVarnames (C function), 164
PyCode_New (C &), 163
PyCode_NewEmpty (C function), 163
PyCode_NewWithPosOnlyArgs (C &), 163
PyCode_Type (Cvar), 162
PyCode_WatchCallback (C type), 164
PyCodec_BackslashReplaceErrors (C function),
87
PyCodec_Decode (C function), 86
PyCodec_Decoder (C function), 86
PyCodec_Encode (C function), 86
PyCodec_Encoder (C function), 86
PyCodec_IgnoreErrors (C function), 87
PyCodec_IncrementalDecoder (C function), 86
PyCodec_IncrementalEncoder (C function), 86
PyCodec_KnownEncoding (C function), 86
PyCodec_LookupError (C function), 87
PyCodec_NameReplaceErrors (C function), 87
PyCodec_Register (C function), 86
PyCodec_RegisterError (C function), 87
PyCodec_ReplaceErrors (C function), 87
PyCodec_StreamReader (C function), 87
PyCodec_StreamWriter (C function), 87
PyCodec_StrictErrors (C function), 87
PyCodec_Unregister (C function), 86
PyCodec_XMLCharRefReplaceErrors (C function),
87
PyCodeEvent (C type), 164
PyCodeObiject (C type), 162
PyCompactUnicodeObject (C type), 132
PyCompilerFlags (C struct), 45
PyCompilerFlags.cf_feature_version (C mem-
ber), 45
PyCompilerFlags.cf_flags (C member), 45
PyComplex_AsCComplex (C function), 128
PyComplex_Check (C function), 128
PyComplex_CheckExact (C function), 128
PyComplex_FromCComplex (C function), 128
PyComplex_FromDoubles (C function), 128
PyComplex_ImagAsDouble (C function), 128
PyComplex_RealAsDouble (C function), 128
PyComplex_Type (Cvar), 128
PyComplexObiject (C type), 128
PyConfig (C type), 222
PyConfig_Clear (C function), 223
PyConfig_InitIsolatedConfig (C function), 223
PyConfig_InitPythonConfig (C function), 222
PyConfig_Read (C function), 223
PyConfig_SetArgv (C function), 223
PyConfig_SetBytesArgv (C function), 223
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PyConfig_SetBytesString (C function), 223
PyConfig_SetString (C function), 223
PyConfig_SetWideStringList (C function), 223
argv (C member), 224
base_exec_prefix (C member), 224
base_executable (C member), 224
PyConfig.base_prefix (C member), 224
.buffered_stdio (C member), 224
bytes_warning (C member), 225

(C  member),

PyConfig.
PyConfig.
PyConfig.

PyConfig
PyConfig.
PyConfig.check_hash_pycs_mode
225
code_debug_ranges (C member), 225
configure_c_stdio (C member), 225
dev_mode (C member), 225
dump_refs (C member), 225
exec_prefix (C member), 226
executable (C member), 226
faulthandler (C member), 226
filesystem_encoding (C member), 226
filesystem_errors (C member), 226
PyConfig.hash_seed (C member), 226
.home (C member), 227
import_time (C member), 227
inspect (C member), 227
PyConfig.install_signal_ handlers
ber), 227
PyConfig.int_max_str_digits (C member), 227
PyConfig.interactive (C member), 227
PyConfig.isolated (C member), 227
PyConfig.legacy_windows_stdio
228
PyConfig.malloc_stats (C member), 228
PyConfig.module_search_paths (C member), 228
PyConfig.module_search_paths_set (C mem-
ber), 228
PyConfig.optimization_level (C member), 229
orig_argv (C member), 229
parse_argv (C member), 229
parser_debug (C member), 229
.pathconfig_warnings (C member), 229
perf_profiling (C member), 231
PyConfig.platlibdir (C member), 228
.prefix (C member), 229
program_name (C member), 230
pycache_prefix (C member), 230
pythonpath_env (C member), 228
quiet (C member), 230
run_command (C member), 230
run_filename (C member), 230
run_module (C member), 230
safe_path (C member), 224
show_ref_count (C member), 230
site_import (C member), 231
PyConfig.skip_source_first_line (C member),
231
PyConfig.stdio_encoding (C member), 231
PyConfig.stdio_errors (C member), 231
PyConfig.tracemalloc (C member), 231

PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

PyConfig
PyConfig.
PyConfig.
(C mem-

(C  member),

PyConfig.
PyConfig.
PyConfig.
PyConfig
PyConfig.

PyConfig
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.

PyConfig.use_environment (C member), 232
PyConfig.use_hash_seed (C member), 227
PyConfig.user_site_directory (C member), 232
PyConfig.verbose (C member), 232
PyConfig.warn_default_encoding (C member),
225
PyConfig.warnoptions (C member), 232
PyConfig.write_bytecode (C member), 232
PyConfig.xoptions (C member), 232
PyContext (C type), 184
PyContext_CheckExact (C function), 184
PyContext_Copy (C function), 184
PyContext_CopyCurrent (C function), 184
PyContext_Enter (C function), 184
PyContext_Exit (C function), 184
PyContext_New (C function), 184
PyContext_Type (C var), 184
PyContextToken (C type), 184
PyContextToken_CheckExact (C function), 184
PyContextToken_Type (Cvar), 184
PyContextVar (C type), 184
PyContextVar_CheckExact (C function), 184
PyContextVar_Get (C function), 185
PyContextVar_New (C function), 185
PyContextVar_Reset (C function), 185
PyContextVar_Set (C function), 185
PyContextVar_Type (C var), 184
PyCoro_CheckExact (C function), 183
PyCoro_New (C function), 183
PyCoro_Type (Cvar), 183
PyCoroObject (C type), 183
PyDate_Check (C function), 186
PyDate_CheckExact (C function), 186
PyDate_FromDate (C function), 186
PyDate_FromTimestamp (C function), 188
PyDateTime_Check (C function), 186
PyDateTime_CheckExact (C function), 186
PyDateTime_Date (C type), 185
PyDateTime_DATE_GET_FOLD (C function), 187
PyDateTime_DATE_GET_HOUR (C function), 187
PyDateTime_ DATE_GET_MICROSECOND (C function),
187
PyDateTime_DATE_GET_MINUTE (C function), 187
PyDateTime_DATE_GET_SECOND (C function), 187
PyDateTime_DATE_GET_TZINFO (C function), 188
PyDateTime_DateTime (C type), 185
PyDateTime_DateTimeType (C var), 185
PyDateTime_DateType (C var), 185
PyDateTime_Delta (C type), 185
PyDateTime_DELTA_GET_DAYS (C function), 188
PyDateTime_ DELTA_GET_MICROSECONDS (C func-
tion), 188
PyDateTime_DELTA_GET_SECONDS (C function), 188
PyDateTime_DeltaType (C var), 185
PyDateTime_FromDateAndTime (C function), 186
PyDateTime_FromDateAndTimeAndFold (C func-
tion), 187
PyDateTime_FromTimestamp (C function), 188
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PyDateTime_GET_DAY (C function), 187
PyDateTime_GET_MONTH (C function), 187
PyDateTime_GET_YEAR (C function), 187
PyDateTime_Time (C type), 185
PyDateTime_TIME_GET_FOLD (C function), 188
PyDateTime_TIME_GET_HOUR (C function), 188
PyDateTime_TIME_GET_MICROSECOND (C function),
188
PyDateTime_ TIME_GET_MINUTE (C function), 188
PyDateTime_TIME_GET_SECOND (C function), 188
PyDateTime_TIME_GET_TZINFO (C function), 188
PyDateTime_TimeType (C var), 185
PyDateTime_TimeZone_UTC (C var), 186
PyDateTime_TzZInfoType (Cvar), 186
PyDelta_Check (C function), 186
PyDelta_CheckExact (C function), 186
PyDelta_FromDSU (C function), 187
PyDescr_IsData (C function), 176
PyDescr_NewClassMethod (C function), 176
PyDescr_NewGetSet (C function), 175
PyDescr_NewMember (C function), 175
PyDescr_NewMethod (C function), 175
PyDescr_NewWrapper (C function), 176
PyDict_AddWatcher (C function), 156
PyDict_Check (C function), 153
PyDict_CheckExact (C function), 153
PyDict_Clear (C function), 154
PyDict_ClearWatcher (C function), 156
PyDict_Contains (C function), 154
PyDict_Copy (C function), 154
PyDict_DelItem (C function), 154
PyDict_DelItemString (C function), 154
PyDict_GetItem (C function), 154
PyDict_GetItemString (C function), 154
PyDict_GetItemWithError (C function), 154
pPyDict_Items (C function), 155
PyDict_Keys (C function), 155
PyDict_Merge (C function), 156
PyDict_MergeFromSeqg2 (C function), 156
pPyDict_New (C function), 153
pPyDict_Next (C function), 155
PyDict_SetDefault (C function), 155
PyDict_SetItem (C function), 154
PyDict_SetItemString (C function), 154
PyDict_Size (C function), 155
PyDict_Type (Cvar), 153
PyDict_Unwatch (C function), 156
PyDict_Update (C function), 156
PyDict_values (C function), 155
PyDict_Watch (C function), 156
PyDict_WatchCallback (C type), 157
PyDict_WatchEvent (C type), 156
PyDictObject (Ctype), 153
PyDictProxy_New (C function), 153
PyDoc_STR (C macro), 6
PyDoc_STRVAR (C macro), 6
PyEllipsis_Type (Cvar), 177
PyErr_BadArgument (C function), 52

PyErr_BadInternalCall (C function), 54
PyErr_CheckSignals (C function), 59
pPyErr_Clear (C function), 51
PyErr_Clear (C &%), 10, 12
PyErr_DisplayException (C function), 52
PyErr_ExceptionMatches (C function), 56
PyErr_ExceptionMatches (C &%), 12
PyErr_Fetch (C function), 56
PyErr_Format (C function), 52
PyErr_FormatV (C function), 52
PyErr_GetExcInfo (C function), 58
PyErr_GetHandledException (C function), 57
PyErr_GetRaisedException (C function), 56
PyErr_GivenExceptionMatches (C function), 56
PyErr_ NewException (C function), 60
PyErr_NewExceptionWithDoc (C function), 60
PyErr_NoMemory (C function), 53
PyErr_NormalizeException (C function), 57
PyErr_Occurred (C function), 55
PyErr_Occurred (C &), 10
PyErr_Print (C function), 52
PyErr_PrintEx (C function), 51
PyErr_ResourceWarning (C function), 55
PyErr_Restore (C function), 57
PyErr_SetExcFromWindowsErr (C function), 53
PyErr_SetExcFromWindowsErrWithFilename (Cc
function), 54

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 53

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 54
PyErr_SetExcInfo (C function), 58
PyErr_SetFromErrno (C function), 53
PyErr_SetFromErrnoWithFilename (C function),
53
PyErr_SetFromErrnoWithFilenameObject (Cc
function), 53
PyErr_SetFromErrnoWithFilenameObjects (C
function), 53
PyErr_SetFromWindowsErr (C function), 53
PyErr_SetFromWindowsErrWithFilename (C
function), 53
PyErr_SetHandledException (C function), 58
PyErr_SetImportError (C function), 54
PyErr_SetImportErrorSubclass (C function), 54
PyErr_SetInterrupt (C function), 59
PyErr_SetInterruptEx (C function), 59
PyErr_SetNone (C function), 52
PyErr_SetObject (C function), 52
PyErr_SetRaisedException (C function), 56
PyErr_SetString (C function), 52
PyErr_SetString (C &%), 10
PyErr_SyntaxLocation (C function), 54
PyErr_SyntaxLocationEx (C function), 54
PyErr_SyntaxLocationObject (C function), 54
PyErr_WarnEx (C function), 55
PyErr_WarnExplicit (C function), 55
PyErr_WarnExplicitObject (C function), 55
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PyErr_WarnFormat (C function), 55
PyErr_WriteUnraisable (C function), 52
PyEval_AcquireLock (C function), 207
PyEval_AcquireThread (C function), 206
PyEval_AcquireThread(), 202
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 85
PyEval_GetFrame (C function), 85
PyEval_GetFuncDesc (C function), 86
PyEval_GetFuncName (C function), 86
PyEval_GetGlobals (C function), 85
PyEval_GetLocals (C function), 85
PyEval_InitThreads (C function), 202
PyEval_InitThreads (), 195
PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseLock (C function), 207
PyEval_ReleaseThread (C function), 206
PyEval_ReleaseThread(), 202
PyEval_RestoreThread (C function), 200, 202
PyEval_RestoreThread (), 202
PyEval_SaveThread (C function), 200, 202
PyEval_SaveThread (), 202
PyEval_SetProfile (C function), 212
PyEval_SetProfileAllThreads (C function), 212
PyEval_SetTrace (C function), 212
PyEval_SetTraceAllThreads (C function), 212
PyEval_ThreadsInitialized (C function), 202
PyExc_ArithmeticError (C ), 62
PyExc_AssertionError (C YY), 62
PyExc_AttributeError (C W), 62
PyExc_BaseException (C W), 62
PyExc_BlockingIOError (C ), 62
PyExc_BrokenPipeError (C ), 62
PyExc_BufferError (C HF), 62
PyExc_BytesWarning (C ¥ ), 64
PyExc_ChildProcessError (C ¥H), 62
PyExc_ConnectionAbortedError (C HF), 62
PyExc_ConnectionError (C ¥ ), 62
PyExc_ConnectionRefusedError (C ), 62
PyExc_ConnectionResetError (C ¥H), 62
PyExc_DeprecationWarning (C ), 64
PyExc_EnvironmentError (C WH$), 64
PyExc_EOFError (C HSF), 62
PyExc_Exception (C ), 62
PyExc_FileExistsError (C M), 62
PyExc_FileNotFoundError (C ¥4), 62
PyExc_FloatingPointError (C W), 62
PyExc_FutureWarning (C %), 64
PyExc_GeneratorExit (C W), 62
PyExc_ImportError (C HF), 62
PyExc_ImportWarning (C HS), 64
PyExc_IndentationError (C %), 62
PyExc_IndexError (C ¥H4), 62
PyExc_InterruptedError (C ¥HS), 62
PyExc_IOError (C ), 64

PyExc_IsADirectoryError (C ¥HF), 62
PyExc_KeyboardInterrupt (C HSF), 62
PyExc_KeyError (C HF), 62
PyExc_LookupError (C W), 62
PyExc_MemoryError (C ), 62
PyExc_ModuleNotFoundError (C W), 62
PyExc_NameError (C HE), 62
PyExc_NotADirectoryError (C W), 62
PyExc_NotImplementedError (C W), 62
PyExc_OSError (C ), 62
PyExc_OverflowError (C HE), 62
PyExc_PendingDeprecationWarning (C ¥4, 64
PyExc_PermissionError (C ¥H), 62
PyExc_ProcessLookupError (C ¥5), 62
PyExc_RecursionError (C YY), 62
PyExc_ReferenceError (C HF), 62
PyExc_ResourceWarning (C ¥), 64
PyExc_RuntimeError (C ), 62
PyExc_RuntimeWarning (C W), 64
PyExc_StopAsyncIteration (C ¥ ), 62
PyExc_StopIteration (C ), 62
PyExc_SyntaxError (C H4), 62
PyExc_SyntaxWarning (C %), 64
PyExc_SystemError (C W), 62
PyExc_SystemExit (C ), 62
PyExc_TabError (C ), 62
PyExc_TimeoutError (C ¥HF), 62
PyExc_TypeError (C HEY), 62
PyExc_UnboundLocalError (C HS), 62
PyExc_UnicodeDecodeError (C ), 62
PyExc_UnicodeEncodeError (C ), 62
PyExc_UnicodeError (C HF), 62
PyExc_UnicodeTranslateError (C %), 62
PyExc_UnicodeWarning (C ¥, 64
PyExc_UserWarning (C <), 64
PyExc_ValueError (C W), 62
PyExc_Warning (c ‘iﬂ—/l\‘); 64
PyExc_WindowsError (C ¥), 64
PyExc_ZeroDivisionError (C YY), 62
PyException_GetArgs (C function), 60
PyException_GetCause (C function), 60
PyException_GetContext (C function), 60
PyException_GetTraceback (C function), 60
PyException_SetArgs (C function), 60
PyException_SetCause (C function), 60
PyException_SetContext (C function), 60
PyException_SetTraceback (C function), 60
PyFile_FromFd (C function), 166
PyFile_GetLine (C function), 166
PyFile_SetOpenCodeHook (C function), 166
PyFile_WriteObject (C function), 167
PyFile WriteString (C function), 167
PyFloat_AS_DOUBLE (C function), 126
PyFloat_AsDouble (C function), 126
PyFloat_Check (C function), 125
PyFloat_CheckExact (C function), 125
PyFloat_FromDouble (C function), 126
PyFloat_FromString (C function), 125
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PyFloat_GetInfo (C function), 126
PyFloat_GetMax (C function), 126
PyFloat_GetMin (C function), 126
PyFloat_Pack2 (C function), 126
PyFloat_Pack4 (C function), 126
PyFloat_Pack8 (C function), 127
PyFloat_Type (Cvar), 125
PyFloat_Unpack2 (C function), 127
PyFloat_Unpack4 (C function), 127
PyFloat_Unpack8 (C function), 127
PyFloatObject (Ctype), 125
PyFrame_Check (C function), 181
PyFrame_GetBack (C function), 181
PyFrame_GetBuiltins (C function), 181
PyFrame_GetCode (C function), 181
PyFrame_GetGenerator (C function), 181
PyFrame_GetGlobals (C function), 181
PyFrame_GetLasti (C function), 181
PyFrame_GetLineNumber (C function), 182
PyFrame_GetLocals (C function), 182
PyFrame_GetVar (C function), 181
PyFrame_GetVarString (C function), 182
PyFrame_Type (Cvar), 181

PyFrameObject (C type), 181
PyFrozenSet_Check (C function), 157
PyFrozenSet_CheckExact (C function), 158
PyFrozenSet_New (C function), 158
PyFrozenSet_Type (Cvar), 157
PyFunction_AddWatcher (C function), 160
PyFunction_Check (C function), 159
PyFunction_ClearWatcher (C function), 160
PyFunction_GetAnnotations (C function), 160
PyFunction_GetClosure (C function), 160
PyFunction_GetCode (C function), 159
PyFunction_GetDefaults (C function), 159
PyFunction_GetGlobals (C function), 159
PyFunction_GetModule (C function), 159
PyFunction_New (C function), 159
PyFunction_NewWithQualName (C function), 159
PyFunction_SetAnnotations (C function), 160
PyFunction_SetClosure (C function), 160
PyFunction_SetDefaults (C function), 159
PyFunction_SetVectorcall (C function), 159
PyFunction_Type (C var), 159
PyFunction_WatchCallback (C type), 160
PyFunction_WatchEvent (C type), 160
PyFunctionObject (C type), 159
PyGC_Collect (C function), 296
PyGC_Disable (C function), 296
PyGC_Enable (C function), 296
PyGC_IsEnabled (C function), 296
PyGen_Check (C function), 183
PyGen_CheckExact (C function), 183
PyGen_New (C function), 183
PyGen_NewWithQualName (C function), 183
PyGen_Type (Cvar), 183

PyGenObject (C type), 183

PyGetSetDef (C type), 258

PyGetSetDef.closure (C member), 258
PyGetSetDef.doc (C member), 258
PyGetSetDef.get (C member), 258
PyGetSetDef .name (C member), 258
PyGetSetDef.set (C member), 258
PyGILState_Check (C function), 203
PyGILState_Ensure (C function), 203
PyGILState_GetThisThreadState (C function),
203
PyGILState_Release (C function), 203
PyHash_FuncbDef (C type), 85
PyHash_FuncDef.hash_bits (C member), 85
PyHash_FuncDef .name (C member), 85
PyHash_FuncDef.seed_bits (C member), 85
PyHash_GetFuncDef (C function), 85
PyImport_AddModule (C function), 71
PyImport_AddModuleObject (C function), 71
PyImport_AppendInittab (C function), 73
PyImport_ExecCodeModule (C function), 71
PyImport_ExecCodeModuleEx (C function), 72
PyImport_ExecCodeModuleObject (C function), 72
PyImport_ExecCodeModuleWithPathnames (C
function), 72
PyImport_ExtendInittab (C function), 74
PyImport_FrozenModules (Cvar), 73
PyImport_GetImporter (C function), 73
PyImport_GetMagicNumber (C function), 72
PyImport_GetMagicTag (C function), 72
PyImport_GetModule (C function), 73
PyImport_GetModuleDict (C function), 73
PyImport_Import (C function), 71
PyImport_ImportFrozenModule (C function), 73
PyImport_ImportFrozenModuleObject (C func-
tion), 73
PyImport_ImportModule (C function), 70
PyImport_ImportModuleEx (C function), 70
PyImport_ImportModuleLevel (C function), 71
PyImport_ImportModuleLevelObject (C func-
tion), 71
PyImport_ImportModuleNoBlock (C function), 70
PyImport_ReloadModule (C function), 71
PyIndex_Check (C function), 102
PyInstanceMethod_Check (C function), 161
PyInstanceMethod_Function (C function), 161
PyInstanceMethod GET_FUNCTION (C function),
161
PyInstanceMethod_New (C function), 161
PyInstanceMethod_Type (C var), 161
PyInterpreterConfig (C type), 207
PyInterpreterConfig_DEFAULT_GIL (C macro),
208
PyInterpreterConfig_OWN_GIL (C macro), 208
PyInterpreterConfig_SHARED_GIL (C macro),
208
PyInterpreterConfig.allow_daemon_threads
(C member), 208
PyInterpreterConfig.allow_exec (C member),

208
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PyInterpreterConfig.allow_fork (C member),
207

PyInterpreterConfig.allow_threads (C mem-
ber), 208

PyLong_Check (C function), 121
PyLong_CheckExact (C function), 121
PyLong_FromDouble (C function), 122
PyLong_FromLong (C function), 121

PyInterpreterConfig.check_multi_interp_exteRghong FromLongLong (C function), 121

(C member), 208
PyInterpreterConfig.qgil (C member), 208
PyInterpreterConfig.use_main_obmalloc (c

member), 207
PyInterpreterState (Ctype), 202
PyInterpreterState_Clear (C function), 204
PyInterpreterState_Delete (C function), 204
PyInterpreterState_Get (C function), 205
PyInterpreterState_GetDict (C function), 205
PyInterpreterState_GetID (C function), 205
PyInterpreterState_Head (C function), 212
PyInterpreterState_Main (C function), 213
PyInterpreterState_New (C function), 204
PyInterpreterState_Next (C function), 213
PyInterpreterState_ThreadHead (C function),

213
PyIter_Check (C function), 105
PyIter_Next (C function), 105
pyIter_Send (C function), 106
pPyList_Append (C function), 153
PyList_AsTuple (C function), 153
PyList_Check (C function), 152
PyList_CheckExact (C function), 152
PyList_GET_ITEM (C function), 152
PyList_GET_SIZE (C function), 152
PyList_GetItem (C function), 152
PyList_GetItem (C &), 9
PyList_GetSlice (C function), 153
PyList_Insert (C function), 153
pPyList_New (C function), 152
PyList_Reverse (C function), 153
PyList_SET_ITEM (C function), 152
PyList_SetItem (C function), 152
PyList_SetItem (C &%), 8
PyList_SetSlice (C function), 153
pPyList_Size (C function), 152
PyList_Sort (C function), 153
PyList_Type (Cvar), 152
PyListObject (Ctype), 152
PyLong_AS_LONG (C function), 122
PyLong_AsDouble (C function), 124
PyLong_AsLong (C function), 122
PyLong_AsLongAndoverflow (C function), 122
PyLong_AsLongLong (C function), 123
PyLong_AsLongLongAndOverflow (C function), 123
PyLong_AsSize_t (C function), 123
PyLong_AsSsize_t (C function), 123
PyLong_AsUnsignedLong (C function), 123
PyLong_AsUnsignedLongLong (C function), 123
PyLong_AsUnsignedLongLongMask (C function),

124
PyLong_AsUnsignedLongMask (C function), 123
PyLong_AsVoidptr (C function), 124

PyLong_FromSize_t (C function), 121
PyLong_FromSsize_t (C function), 121
PyLong_FromString (C function), 122
PyLong_FromUnicodeObject (C function), 122
PyLong_FromUnsignedLong (C function), 121
PyLong_FromUnsignedLongLong (C function), 122
PyLong_FromVoidPtr (C function), 122
PyLong_GetInfo (C function), 124
PyLong_Type (Cvar), 121
PyLongObject (Ctype), 121
PyMapping_Check (C function), 104
PyMapping_DelItem (C function), 104
PyMapping_DelItemString (C function), 104
PyMapping_GetItemString (C function), 104
PyMapping_HasKey (C function), 104
PyMapping_HasKeyString (C function), 104
PyMapping_Items (C function), 105
PyMapping_Keys (C function), 105
PyMapping_Length (C function), 104
PyMapping_SetItemString (C function), 104
PyMapping_Size (C function), 104
PyMapping_vValues (C function), 105
PyMappingMethods (C type), 287
PyMappingMethods.mp_ass_subscript (C mem-
ber), 287
PyMappingMethods.mp_length (C member), 287
PyMappingMethods.mp_subscript (C member),
287
PyMarshal_ReadLastObjectFromFile
tion), 75
PyMarshal ReadLongFromFile (C function), 74
PyMarshal_ReadObjectFromFile (C function), 74
PyMarshal_ReadObjectFromString (C function),
75
PyMarshal_ReadShortFromFile (C function), 74
PyMarshal WriteLongToFile (C function), 74
PyMarshal_WriteObjectToFile (C function), 74
PyMarshal_WriteObjectToString (C function), 74
PyMem_Calloc (C function), 241
pyMem_Del (C function), 242
PYMEM_DOMAIN_MEM (C macro), 244
PYMEM_DOMAIN_OBJ (C macro), 244
PYMEM_DOMAIN_RAW (C macro), 244
pPyMem_Free (C function), 242
PyMem_GetAllocator (C function), 244
PyMem_Malloc (C function), 241
PyMem_New (C macro), 242
PyMem_RawCalloc (C function), 240
PyMem_RawFree (C function), 241
PyMem_RawMalloc (C function), 240
PyMem_RawRealloc (C function), 241
PyMem_Realloc (C function), 241
PyMem_Resize (C macro), 242
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PyMem_SetAllocator (C function), 244
PyMem_SetupDebugHooks (C function), 245
PyMemAllocatorDomain (C type), 244
PyMemAllocatorEx (C type), 244
PyMember_GetOne (C function), 255
PyMember_SetOne (C function), 255
pPyMemberDef (C type), 255

PyMemberDef .doc (C member), 255
PyMemberDef . flags (C member), 255
PyMemberDef .name (C member), 255
PyMemberDef.offset (C member), 255
PyMemberDef . type (C member), 255
PyMemoryView_Check (C function), 178
PyMemoryView_FromBuffer (C function), 178
PyMemoryView_FromMemory (C function), 177
PyMemoryView_FromObject (C function), 177
PyMemoryView_GET_BASE (C function), 178
PyMemoryView_GET_BUFFER (C function), 178
PyMemoryView_GetContiguous (C function), 178
PyMethod_Check (C function), 161
PyMethod_Function (C function), 161
PyMethod_GET_FUNCTION (C function), 161
PyMethod_GET_SELF (C function), 162
PyMethod_New (C function), 161
PyMethod_Self (C function), 162
PyMethod_Type (C var), 161

PyMethodDef (C type), 252

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), 4
PyModule_AddFunctions (C function), 172
PyModule_AddIntConstant (C function), 174
PyModule_AddIntMacro (C macro), 174
PyModule_AddObject (C function), 173
PyModule_AddObjectRef (C function), 172
PyModule_AddStringConstant (C function), 174
PyModule_AddStringMacro (C macro), 174
PyModule_AddType (C function), 174
PyModule_Check (C function), 167
PyModule_CheckExact (C function), 167
PyModule_Create (C function), 169
PyModule_Create2 (C function), 169
PyModule_ExecDef (C function), 172
PyModule_FromDefAndSpec (C function), 171
PyModule_ FromDefAndSpec? (C function), 171
PyModule_GetDef (C function), 168
PyModule_GetDict (C function), 167
PyModule_GetFilename (C function), 168
PyModule_GetFilenameObject (C function), 168
PyModule_GetName (C function), 168
PyModule_GetNameObject (C function), 167
PyModule_GetState (C function), 168
PyModule_New (C function), 167
PyModule_NewObject (C function), 167
PyModule_SetDocString (C function), 172
PyModule_Type (C var), 167

PyModuleDef (C type), 168
PyModuleDef_Init (C function), 170
PyModuleDef_sSlot (Ctype), 170
PyModuleDef_Slot.slot (Cmember), 170
PyModuleDef_Slot.value (C member), 170
PyModuleDef .m_base (C member), 168
PyModuleDef.m_clear (C member), 169
PyModuleDef .m_doc (C member), 168
PyModuleDef.m_free (C member), 169
PyModuleDef.m_methods (C member), 169
PyModuleDef .m_name (C member), 168
PyModuleDef.m_size (C member), 168
PyModuleDef .m_slots (C member), 169
PyModuleDef.m_slots.m_reload (C member), 169
PyModuleDef .m_traverse (C member), 169
PyNumber_Absolute (C function), 100
PyNumber_Add (C function), 99
PyNumber_And (C function), 100
PyNumber_AsSsize_t (C function), 102
PyNumber_Check (C function), 99
PyNumber_Divmod (C function), 99
PyNumber_Float (C function), 101
PyNumber_FloorDivide (C function), 99
PyNumber_Index (C function), 101
PyNumber_InPlaceAdd (C function), 100
PyNumber_InPlaceAnd (C function), 101
PyNumber_InPlaceFloorDivide (C function), 101
PyNumber_InPlaceLshift (C function), 101
PyNumber_InPlaceMatrixMultiply (C function),
100
PyNumber_InPlaceMultiply (C function), 100
PyNumber_InPlaceOr (C function), 101
PyNumber_InPlacePower (C function), 101
PyNumber_InPlaceRemainder (C function), 101
PyNumber_InPlaceRshift (C function), 101
PyNumber_InPlaceSubtract (C function), 100
PyNumber_InPlaceTrueDivide (C function), 101
PyNumber_InPlaceXor (C function), 101
PyNumber_Invert (C function), 100
PyNumber_Long (C function), 101
PyNumber_Lshift (C function), 100
PyNumber_MatrixMultiply (C function), 99
PyNumber_Multiply (C function), 99
PyNumber_Negative (C function), 100
PyNumber_Or (C function), 100
PyNumber_Positive (C function), 100
PyNumber_Power (C function), 100
PyNumber_Remainder (C function), 99
PyNumber_Rshift (C function), 100
PyNumber_Subtract (C function), 99
PyNumber_ToBase (C function), 102
PyNumber_TrueDivide (C function), 99
PyNumber_Xor (C function), 100
PyNumberMethods (C type), 284
PyNumberMethods.nb_absolute (C member), 286
PyNumberMethods .nb_add (C member), 285
PyNumberMethods .nb_and (C member), 286
PyNumberMethods .nb_bool (C member), 286
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PyNumberMethods
PyNumberMethods
PyNumberMethods
286
PyNumberMethods
PyNumberMethods
286
PyNumberMethods
286
PyNumberMethods

.nb_divmod (C member), 286
.nb_float (C member), 286
.nb_floor_divide (C member),

.nb_index (C member), 286
.nb_inplace_add (C member),

.nb_inplace_and (C member),

.nb_inplace_floor_divide

(C member), 286

PyNumberMethods
ber), 286

PyNumberMethods.nb_inplace_matrix_multiply

.nb_inplace_lshift (C mem-

(C member), 287

PyNumberMethods

.nb_inplace_multiply (c

member), 286

PyNumberMethods
286

PyNumberMethods
ber), 286

PyNumberMethods

.nb_inplace_or (C member),
.nb_inplace_power (C mem-

(c

.nb_inplace_remainder

member), 286

PyNumberMethods
ber), 286
PyNumberMethods

.nb_inplace_rshift (C mem-

(c

.nb_inplace_subtract

member), 286

PyNumberMethods

.nb_inplace_true_divide (C

member), 286

PyNumberMethods
286

PyNumberMethods.

PyNumberMethods

PyNumberMethods.
PyNumberMethods.

ber), 287

PyNumberMethods.
PyNumberMethods.
PyNumberMethods.

PyNumberMethods

PyNumberMethods.
PyNumberMethods.

PyNumberMethods

PyNumberMethods.
PyNumberMethods.
PyNumberMethods.

286
PyNumberMethods

.nb_inplace_xor (C member),

nb_int (C member), 286
.nb_invert (C member), 286
nb_1lshift (C member), 286
nb_matrix_multiply (C mem-

nb_multiply (C member), 286
nb_negative (C member), 286
nb_or (C member), 286
.nb_positive (C member), 286
nb_power (C member), 286
nb_remainder (C member), 286
.nb_reserved (C member), 286
nb_rshift (C member), 286
nb_subtract (C member), 286
nb_true_divide (C member),

.nb_xor (C member), 286

PyObiject (C type), 250

PyObject_AsCharBuffer (C function), 113
PyObject_ASCII (C function), 91
PyObject_AsFileDescriptor (C function), 166
PyObject_AsReadBuffer (C function), 113
PyObject_AsWriteBuffer (C function), 113
PyObject_Bytes (C function), 92

PyObject_call (C function), 97
PyObject_CallFunction (C function), 97
PyObject_CallFunctionObjargs (C function), 98

PyObject_CallMethod (C function), 97
PyObject_CallMethodNoArgs (C function), 98
PyObject_CallMethodObjargs (C function), 98
PyObject_CallMethodOneArg (C function), 98
PyObject_CallNoArgs (C function), 97
PyObject_CallObject (C function), 97
PyObject_Calloc (C function), 243
PyObject_CallOneArg (C function), 97
PyObject_CheckBuffer (C function), 111
PyObject_CheckReadBuffer (C function), 113
PyObject_ClearWeakRefs (C function), 179
PyObject_CopyData (C function), 112
PyObject_Del (C function), 249
PyObject_Delattr (C function), 90
PyObject_DelAttrString (C function), 90
PyObject_DelItem (C function), 93
PyObject_DelltemString (C function), 93
PyObject_Dir (C function), 93
PyObject_Format (C function), 91
PyObject_Free (C function), 243
PyObject_GC_Del (C function), 295
PyObject_GC_IsFinalized (C function), 295
PyObject_GC_IsTracked (C function), 295
PyObject_GC_New (C macro), 294
PyObject_GC_NewVar (C macro), 294
PyObject_GC_Resize (Cmacro), 295
PyObject_GC_Track (C function), 295
PyObject_GC_UnTrack (C function), 295
PyObject_GenericGetAttr (C function), 90
PyObject_GenericGetDict (C function), 91
PyObject_GenericSetAttr (C function), 90
PyObject_GenericSetDict (C function), 91
PyObject_GetATlter (C function), 94
PyObject_GetArenaAllocator (C function), 247
PyObject_GetAttr (C function), 90
PyObject_GetAttrString (C function), 90
PyObject_GetBuffer (C function), 111
PyObject_GetItem (C function), 93
PyObject_GetItemData (C function), 94
PyObject_GetIter (C function), 93
PyObject_GetTypeData (C function), 94
PyObject_HasAttr (C function), 89
PyObject_HasAttrString (C function), 89
PyObject_Hash (C function), 92
PyObject_HashNotImplemented (C function), 92
PyObject_HEAD (C macro), 250
PyObject_HEAD_INIT (C macro), 251
PyObject_Init (C function), 249
PyObject_InitVar (C function), 249
PyObject_IS_GC (C function), 295
PyObject_IsInstance (C function), 92
PyObject_IsSubclass (C function), 92
PyObject_IsTrue (C function), 92
PyObject_Length (C function), 93
PyObject_LengthHint (C function), 93
PyObject_Malloc (C function), 243
PyObject_New (C macro), 249
PyObject_Newvar (C macro), 249
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PyObject_Not (C function), 93
PyObject ._ob_next (C member), 265
PyObject ._ob_prev (C member), 265
PyObject_Print (C function), 89
PyObject_Realloc (C function), 243
PyObject_Repr (C function), 91
PyObject_RichCompare (C function), 91
PyObject_RichCompareBool (C function), 91
PyObject_SelfIter (C function), 93
PyObject_SetArenaAllocator (C function), 247
PyObject_SetAttr (C function), 90
PyObject_SetAttrString (C function), 90
PyObject_SetItem (C function), 93
PyObject_Size (C function), 93
PyObject_Str (C function), 92
PyObject_Type (C function), 93
PyObject_TypeCheck (C function), 93
PyObject_VAR_HEAD (C macro), 250
PyObject_Vectorcall (C function), 98
PyObject_VectorcallDict (C function), 98
PyObject_VectorcallMethod (C function), 98
PyObjectArenaAllocator (C type), 247
PyObject.ob_refent (C member), 264
PyObject .ob_type (C member), 264
PyOS_AfterFork (C function), 66
PyOS_AfterFork_Child (C function), 66
PyOS_AfterFork_Parent (C function), 65
PyOS_BeforeFork (C function), 65
PyOS_CheckStack (C function), 66
Py0S_double_to_string (C function), 84
Py0S_Fspath (C function), 65
PyOS_getsig (C function), 66
PyOS_InputHook (C var), 42
PyOS_ReadlineFunctionPointer (C var), 43
Py0S_setsig (C function), 66
Py0S_sighandler_t (C type), 66
PyOS_snprintf (C function), 83
PyOS_stricmp (C function), 84
PyOS_string_to_double (C function), 84
Py0OS_strnicmp (C function), 85
Py0S_strtol (C function), 84
PyOS_strtoul (C function), 83
PyOS_vsnprintf (C function), 83
PyPreConfig (C type), 220
PyPreConfig_InitIsolatedConfig (C function),
220
PyPreConfig_InitPythonConfig (C function), 220
PyPreConfig.allocator (C member), 220
PyPreConfig.coerce_c_locale (C member), 220
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 221
PyPreConfig.configure_locale (C member), 220
PyPreConfig.dev_mode (C member), 221
PyPreConfig.isolated (C member), 221
PyPreConfig.legacy_windows_fs_encoding (C
member), 221
PyPreConfig.parse_argv (C member), 221
PyPreConfig.use_environment (C member), 221

PyPreConfig.utf8_mode (C member), 221
PyProperty_Type (Cvar), 175
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 41
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
pPyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (C type), 106
PySeqlter_Check (C function), 175
PySeqlter_New (C function), 175
PySeqlter_Type (Cvar), 175
PySequence_Check (C function), 102
PySequence_Concat (C function), 102
PySequence_Contains (C function), 103
PySequence_Count (C function), 103
PySequence_DelItem (C function), 103
PySequence_DelSlice (C function), 103
PySequence_Fast (C function), 103
PySequence_Fast_GET_ITEM (C function), 103
PySequence_Fast_GET_SIZE (C function), 103
PySequence_Fast_ITEMS (C function), 103
PySequence_GetItem (C function), 102
PySequence_GetItem (C &), 9
PySequence_GetSlice (C function), 102
PySequence_Index (C function), 103
PySequence_InPlaceConcat (C function), 102
PySequence_InPlaceRepeat (C function), 102
PySequence_ITEM (C function), 104
PySequence_Length (C function), 102
PySequence_List (C function), 103
PySequence_Repeat (C function), 102
PySequence_SetItem (C function), 102
PySequence_SetSlice (C function), 103
PySequence_Size (C function), 102
PySequence_Tuple (C function), 103
PySequenceMethods (C type), 287
PySequenceMethods.sq _ass_item (C member),
287
PySequenceMethods.sq_concat (C member), 287
PySequenceMethods.sq_contains (C member),
287
PySequenceMethods.sq_inplace_concat (o
member), 288
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PySequenceMethods.sg _inplace_repeat (C
member), 288
PySequenceMethods.sq_item (C member), 287
PySequenceMethods.sq_length (C member), 287
PySequenceMethods.sq_repeat (C member), 287
PySet_Add (C function), 158
PySet_Check (C function), 157
PySet_CheckExact (C function), 158
pPySet_Clear (C function), 159
PySet_Contains (C function), 158
PySet_Discard (C function), 158
PySet_GET_SIZE (C function), 158
pPySet_New (C function), 158
pySet_Pop (C function), 158
pPySet_Size (C function), 158
PySet_Type (Cvar), 157
PySetObject (Ctype), 157
PySignal_SetWakeupFd (C function), 59
PySlice_AdjustIndices (C function), 177
PySlice_Check (C function), 176
PySlice_GetIndices (C function), 176
PySlice_GetIndicesEx (C function), 176
PySlice_New (C function), 176
PySlice_Type (Cvar), 176
PySlice_Unpack (C function), 177
PyState_AddModule (C function), 174
PyState_FindModule (C function), 174
PyState_RemoveModule (C function), 175
pPystatus (Ctype), 218
PyStatus_Error (C function), 219
PyStatus_Exception (C function), 219
PyStatus_Exit (C function), 219
PyStatus_IsError (C function), 219
PyStatus_IsExit (C function), 219
PyStatus_NoMemory (C function), 219
PyStatus_0k (C function), 219
PyStatus.err_msg (C member), 219
PyStatus.exitcode (C member), 219
PyStatus. func (C member), 219
PyStructSequence_Desc (C type), 150
PyStructSequence_Desc.doc (C member), 151
PyStructSequence_Desc.fields (C member), 151
PyStructSequence_Desc.n_in_sequence (C
member), 151
PyStructSequence_Desc.name (C member), 150
PyStructSequence_Field (C type), 151
PyStructSequence_Field.doc (C member), 151
PyStructSequence_Field.name (C member), 151
PyStructSequence_GET_ITEM (C function), 151
PyStructSequence_GetItem (C function), 151
PyStructSequence_InitType (C function), 150
PyStructSequence_InitType2 (C function), 150
PyStructSequence_New (C function), 151
PyStructSequence_NewType (C function), 150
PyStructSequence_SET_ITEM (C function), 151
PyStructSequence_SetItem (C function), 151
PyStructSequence_UnnamedField (Cvar), 151
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), 195, 199
PySys_SetArgvEx (C function), 195, 199
PySys_SetObject (C function), 68
PySys_SetPath (C function), 68
PySys_WriteStderr (C function), 69
PySys_WriteStdout (C function), 68
Python 3000 (3] 3000), 313
Python oF&b =|oF

PEP 1,312

PEP 7,3,6

PEP 238,45, 306

PEP 278,316

PEP 302,309

PEP 343,304

PEP 353,10
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PEP 383,139, 140
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PEP 443,307

PEP 451,170

PEP 456, 85

PEP 483,307

PEP 484,301, 306, 307, 315, 316
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PEP 498, 305
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PEP 526,301,316

PEP 528, 194, 228

PEP 529, 140, 194
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PEP 634,274

PEP 0683,47, 48,307

PEP 3116,316

PEP 3119,92

PEP 3121, 169

PEP 3147,73

PEP 3151, 64

PEP 3155,313
PYTHONCOERCECLOCALE, 235
PYTHONDEBUG, 192, 229
PYTHONDEVMODE, 225
PYTHONDONTWRITEBYTECODE, 192, 232
PYTHONDUMPREFS, 225, 265
PYTHONEXECUTABLE, 230
PYTHONFAULTHANDLER, 226
PYTHONHASHSEED, 193, 227
PYTHONHOME, 12, 193, 199, 200, 227
Pythonic (3}o] A T}&), 313
PYTHONINSPECT, 193, 227
PYTHONINTMAXSTRDIGITS, 227
PYTHONIOENCODING, 196, 231
PYTHONLEGACYWINDOWSFSENCODING, 194, 221
PYTHONLEGACYWINDOWSSTDIO, 194, 228
PYTHONMALLOC, 240, 243, 245, 247
PYTHONMALLOCSTATS, 228, 240
PYTHONNODEBUGRANGES, 225
PYTHONNOUSERSITE, 194, 232
PYTHONOPTIMIZE, 194, 229
PYTHONPATH, 12, 193, 228
PYTHONPERFSUPPORT, 232
PYTHONPLATLIBDIR, 228
PYTHONPROFILEIMPORTTIME, 227
PYTHONPYCACHEPREFIX, 230
PYTHONSAFEPATH, 224
PYTHONTRACEMALLOC, 231
PYTHONUNBUFFERED, 194, 224
PYTHONUTFS, 221, 235
PYTHONVERBOSE, 195, 232
PYTHONWARNINGS, 232
PyThread_create_key (C function), 214
PyThread_delete_key (C function), 215
PyThread_delete_key_value (C function), 215
PyThread_get_key_value (C function), 215
PyThread_ReInitTLS (C function), 215
PyThread_set_key_value (C function), 215
PyThread_tss_alloc (C function), 214
PyThread_tss_create (C function), 214
PyThread_tss_delete (C function), 214
PyThread_tss_free (C function), 214
PyThread_tss_get (C function), 214
PyThread_tss_is_created (C function), 214
PyThread_tss_set (C function), 214
PyThreadState (C type), 200, 202
PyThreadState_Clear (C function), 204
PyThreadState_bDelete (C function), 204
PyThreadState_DeleteCurrent (C function), 204
PyThreadState_EnterTracing (C function), 205
PyThreadState_Get (C function), 202

PyThreadState_GetDict (C function), 206
PyThreadState_GetFrame (C function), 204
PyThreadState_GetID (C function), 205
PyThreadState_GetInterpreter (C function), 205
PyThreadState_LeaveTracing (C function), 205
PyThreadState_New (C function), 204
PyThreadState_Next (C function), 213
PyThreadState_SetAsyncExc (C function), 206
PyThreadState_Swap (C function), 203
PyThreadState.interp (C member), 202
PyTime_Check (C function), 186
PyTime_CheckExact (C function), 186
PyTime_FromTime (C function), 187
PyTime_FromTimeAndFold (C function), 187
PyTimeZone_ FromOffset (C function), 187
PyTimeZone_FromOffsetAndName (C function), 187
PyTrace_C_CALL (C var), 212
PyTrace_C_EXCEPTION (C var), 212
PyTrace_C_RETURN (C var), 212
PyTrace_CALL (Cvar), 211
PyTrace_EXCEPTION (Cvar), 211
PyTrace_LINE (Cvar), 211
PyTrace_OPCODE (C var), 212
PyTrace_RETURN (Cvar), 211
PyTraceMalloc_Track (C function), 247
PyTraceMalloc_Untrack (C function), 247
PyTuple_Check (C function), 149
PyTuple_CheckExact (C function), 149
PyTuple_GET_ITEM (C function), 149
PyTuple_GET_SIZE (C function), 149
PyTuple_GetItem (C function), 149
PyTuple_GetSlice (C function), 149
PyTuple_New (C function), 149

PyTuple_Pack (C function), 149
PyTuple_SET_ITEM (C function), 150
PyTuple_SetItem (C function), 150
PyTuple_SetItem (C &), 8

PyTuple_Size (C function), 149
PyTuple_Type (C var), 149

PyTupleObject (C type), 149
PyType_AddWatcher (C function), 116
PyType_Check (C function), 115
PyType_CheckExact (C function), 115
PyType_ClearCache (C function), 115
PyType_ClearWatcher (C function), 116
PyType_FromMetaclass (C function), 118
PyType_FromModuleAndSpec (C function), 119
PyType_FromSpec (C function), 119
PyType_FromSpecWithBases (C function), 119
PyType_GenericAlloc (C function), 117
PyType_GenericNew (C function), 117
PyType_GetDict (C function), 116
PyType_GetFlags (C function), 115
PyType_GetModule (C function), 117
PyType_GetModuleByDef (C function), 118
PyType_GetModuleState (C function), 117
PyType_GetName (C function), 117
PyType_GetQualName (C function), 117

AHO|
= -

355



The Python/C

API, 22|A 3.12.11

PyType_GetSl

ot (C function), 117

PyType_GetTypeDataSize (C function), 94

PyType_HasFe
PyType_ IS_GC

ature (C function), 116
(C function), 116

PyType_IsSubtype (C function), 116
PyType_Modified (C function), 116
PyType_Ready (C function), 117
PyType_Slot (C type), 120

PyType_Slot.
PyType_Slot.

pfunc (C member), 120
slot (C member), 120

PyType_Spec (Ctype), 119

PyType_Spec.
PyType_Spec.
PyType_Spec.
PyType_Spec.
PyType_Spec.

basicsize (C member), 119
flags (C member), 120
itemsize (C member), 119
name (C member), 119
slots (C member), 120

PyType_Type (Cvar), 115
PyType_Watch (C function), 116
PyType_WatchCallback (C type), 116

PyTypeObject

PyTypeObject.

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.

PyTypeObject

PyTypeObject.
PyTypeObject.

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.

PyTypeObject

PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.

(C type), 115

tp_alloc (C member), 281
.tp_as_async (C member), 268
tp_as_buffer (C member), 270
tp_as_mapping (C member), 269
tp_as_number (C member), 269
tp_as_sequence (C member), 269
tp_base (C member), 279
tp_bases (C member), 282
tp_basicsize (C member), 266
tp_cache (C member), 282
tp_call (C member), 269
tp_clear (C member), 276
tp_dealloc (C member), 267
tp_del (C member), 283
tp_descr_get (C member), 280
.tp_descr_set (C member), 280
tp_dict (C member), 279
tp_dictoffset (C member), 280
tp_doc (C member), 275
.tp_finalize (C member), 283
tp_flags (C member), 271
tp_free (C member), 281
.tp_getattr (C member), 268
tp_getattro (C member), 270
tp_getset (C member), 278
tp_hash (C member), 269
.tp_init (C member), 280
tp_is_gc (C member), 282
tp_itemsize (C member), 266
tp_iter (C member), 278
tp_iternext (C member), 278
tp_members (C member), 278
tp_methods (C member), 278
.tp_mro (C member), 282
tp_name (C member), 265
tp_new (C member), 281
tp_repr (C member), 268
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