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D=2 7 VTR HBREY 2 —2FH WD Python 4 Y XSV X% 7 7V r—a VITHDIAAID L
720 C/CH++ TarI<BRATE 2 AP IZDWTIHRRTWVWE T, extending-index {FIREY 2 — L% FE
CEEDQ—RIVEIRE D T2 IOV TEB L TWE T, API OFFMll Z TREEA L TWARWVWDT, TO FF a2 X

Y EMFGIEITRD T,







ONE

L ®HIC

Python 7 7V —>arrFur7<HA &7 = — X (Application Programmer’s Interface, API) 1.
Python 4 ¥ & 7V RIZIT BHEAZLANATD7 72 2AFEE C 2 C++ 0 7a <Mt L TnE g,
2O APLILEH C++ 2032 AL IS CHHATE 20 TT D, HBBEFEUSHIZT 572912 Python/C
API b & 6N TWET, IREANICRERZ2 ZD5DHKD S, Python/C API 2SHWHNE T, F—Id ¥
ERBERD HRERES 2 —I)b (eatension module) . 372bH5 Python 4 ¥ &7V X2Hiiks 2 C TEPNL
EY 2B T S WS HNTT, HE. KOKEERT? 7Y r—> a3 AT Python ZHKER
(component) & LTHIHFT 2 L WS HITS; 20727 =y Z7id. —INZIEZY 7Y 7 —2 a3 D Python
DHDIAA (embedding) LWFNE T,

EBRE Y 2 — L OIERIZEER D2 D T W at 2T, ” F5[#E (cookbook)” M7 Fu—FT5 %%
HTxFET, EEZHAEEFTTHELL T NBAY bW o0bbET, —H, MO7 SV r—>a >
AD Python O HAAIX, Python 23 TETHSEWRHEL SITONTE L L=, IHREY 2 —LOIERK
IR 2 & MR TS,

%< @ API ¥, Python OHEDIAATH 20HLHRTH 2 0L ITHIBFT; WA, Python %
HOIAATVWRIELAEDT V= a i, FRICEEOIREY 2 — LIS 20BN EL ZZ 21T
BTL & 5556, Python ZFEEIZT PV — a VICHDIAATASHNIEREY 2 — L OEEHITFEL
(o TBLDIEIWEZLFLBVWE T,

1.1 J—F7+a VJ8B%

CPython iI2&® 2 C a—FZ2FEVWTWBEHEEIX. PEP 7 044 FI4 Y e HEIELRITNE BDFE
Ao TODHTAFRTAE, aY FYEa— MRROD Python D= a VICHEBRELSEHAZNE ST, BHOD
P—FR—FT 4 —DEI 2 —LTiE, ZNEWVOH Python IZa>¥ MY B a—bF2208 D TRIFIUL, 2D
BEESBEID D FTH A

1.2 412N —KT 71

Python/C API 25 7= DIt B 7z, BIR MBLX I~/ mDRTOERE A ¥ 70— FT212E, UFOAT:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

Y —RAa—-RFIEABRLET, ZOTZiLHRT 2L, HlEAN Y X <stdio.h>, <string.h>, <errno.h>,


https://peps.python.org/pep-0007/
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<limits.h>, <assert.h>, <stdlib.h> % (FIHTE4U) 1 > 2L — KL E T,

0 IR

Python &, ¥ RA7 LT &> TIIEEAN Yy FOERICHET L L5 7) oty B ERET-o-TVED
T. Python.h ZWVWITHOEHEANY XX D BFICA > 71— K BhiEBD EFEA .

Python.h %4 ¥ 7 /)L— F¥ 2 HiIC, #IZ PY_SSIZE_T_CLEAN 2/EF T 2 Z L HHERI N FE T, 2O~
B DEFUTONWTIE SIHDBIREEDEE 2R LTI LT,

Python.h TERIN TS, 2—H»5 R 2 24T (Pythonh 234 ¥ Z7L— F L TWAIEEAN Y XDH,
BNERRE £97) 1T, HEEFH Py $7213 _Py A &E £9, _Py T 2400 Python FEECHAREM 3
57D DHHIT, HHREY 2 — LV OIFFIIMM - TR D $HA, BHERD A VNI THIFE A DR FHNE
HYFEEA

0 IR

API O —Hi&, Py ® _Py THEDIAFZERT 52— FEMEXNICENTIEIRD FHA, BhHa—F
EHO ANEREL XD, FRD Python D N—Y 2 Y CRICGRIBERINT, 2—FDENVWEa—F
DAfRMEZES < T 2ATREMDI D D £37,

ANy X7 7 A VFFEE Python it Y2 b= X ¥F, Unix Tl prefiz/include/
pythonversion/ B & U ezec_prefiz/include/pythonversion/ ICEDNE T, prefix ¥ exec_prefix
¥ Python % BV F 3 38D configure A7V 7 MIE R 78T X ZITHIG L., version 1% '%d.%d" % sys.
version_info[:2] MG L £F, Windows Tl, ~v K& prefiz/include ICEPNE T, prefix 1A
VAP—FIHRELIA VAP =LT 4 LT FUTT,

AN REAVIN—=RTIEE SN EDA-TT 4L 27 M) (x0T 4 L7 M) OEFEIFHEA) 2. 2
VRATGWAYIN—R I 7 ANERRTZ-0DRRANET, T4 L7 P EBF—F RAZANRT,
#include <pythonX.Y/Python.h> DXS5IZLTIE BDFLEA ; prefix NOTF v b 7 4 — AITHKIFEL 7R
WAy X3, exec_prefix 2675 v M 74— MMEEDOANY X2 A Y 7N —FLTWADT, ZDX54#
ERATO LEBDTZ7 9 + 7+ —LTOEN KB TERILD FTF,

C++ users should note that although the API is defined entirely using C, the header files properly
declare the entry points to be extern "C". As a result, there is no need to do anything special to use
the API from C++.

1.3 EfE~<o0O

Python O~y X —7 7 A MR~ 27 0B 0L OPERINTVET, ZLO~vraik, Zhpkicir
Dt 25 (BRI, Py _RETURN_NONE) O { IZERNBDH D 3, XD EbIh»z2T Mo~ 0
BINHEDANY X =T 7 A VTERSNTVET, KL, TITERIHFESATVWD LIERD $EA,
PyMODINIT_FUNC

Declare an extension module PyInit initialization function. The function return type is

4 F1EFILDHIC
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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'",

};

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spam_module) ;

Py_ABS (x)
x OHHEZIERL £3,

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 per-
formances (due to increased code size for example). The compiler is usually smarter than the

developer for the cost/benefit analysis.

If Python is built in debug mode (if the Py_DEBUG macro is defined), the Py ALWAYS_INLINE

macro does nothing.

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

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

Added in version 3.11.

Py_CHARMASK (¢)

SIEIISCFE D, [F128, 127] b 20 [0, 255]) OHEHIPHOEEETRITFIUIR D £¥ A, 2O~ 7 nid {8
BLXF ICFvy AL c BZRLET,

1.3. EFlz<o0O 5
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Py_DEPRECATED (version)

Use this for deprecated declarations. The macro must be placed before the symbol name.

VN7 =57 0 N /MG

Py_DEPRECATED(3.8) PyAPI_FUNC(int) Py_0ldFunction(void); ]

N—=T a3y 3.8 TEHE: MSVC #KR— 2B MENE L,

Py_GETENV (s)

Like getenv(s), but returns NULL if -E was passed on the command line (see PyConfig.

use_environment).

Py_MAX(x, y)
x &y ORKEZERLET,

Added in version 3.3.

Py_MEMBER_SIZE(type, member)

(type) MEiEAD member OH A4 X% N4 MM TIRLUE T,
Added in version 3.6.

Py_MIN(x, y)

x &y OR/MEZIRLET,
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).

FARVE

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

Added in version 3.11.

Py_STRINGIFY(x)
x % C XFHIANEHLE T, #Hlz1Z, Py_STRINGIFY(123) & "123" #KEL 3,
Added in version 3.4.

Py_UNREACHABLE ()

Use this when you have a code path that cannot be reached by design. For example, in the
default: clause in a switch statement for which all possible values are covered in case statements.

Use this in places where you might be tempted to put an assert(0) or abort () call.

6 F1E LIS
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In release mode, the macro helps the compiler to optimize the code, and avoids a warning about
unreachable code. For example, the macro is implemented with __builtin_unreachable() on

GCC in release mode.

A use for Py_UNREACHABLE() is following a call a function that never returns but that is not
declared _Py_NO_RETURN.

If a code path is very unlikely code but can be reached under exceptional case, this macro must
not be used. For example, under low memory condition or if a system call returns a value out of
the expected range. In this case, it’s better to report the error to the caller. If the error cannot

be reported to caller, Py_FatalError() can be used.
Added in version 3.7.

Py_UNUSED (arg)

Use this for unused arguments in a function definition to silence compiler warnings. Example: int

func(int a, int Py_UNUSED(b)) { return a; }.
Added in version 3.4.

PyDoc_STRVAR (name, str)

Creates a variable with name name that can be used in docstrings. If Python is built without

docstrings, the value will be empty.

Use PyDoc_STRVAR for docstrings to support building Python without docstrings, as specified in
PEP 7.

URE a7 A0IT3:

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

static PyMethodDef deque_methods[] = {
Y oo
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
/AT

PyDoc_STR(str)

Creates a docstring for the given input string or an empty string if docstrings are disabled.

Use PyDoc_STR in specifying docstrings to support building Python without docstrings, as specified
in PEP 7.

MR 7u 77 splcd:

static PyMethodDef pysqlite_row_methods[] = {
{"keys", (PyCFunction)pysqlite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
(RDOR=V1Fil)

1.3. EFlz<o0O 7
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(FiDR— 25 D %)
{NULL, NULL}
};

1.4 #7920k BELUEBAVV b

Python/C API BAEUZE, PyObject* BO—oOD LGB R EEZHFH £5, ZOME, F£ED Python #
7Y 27 b RT3 REM (opaque) 2T — ZTIAND KA X TF, Python Fifld. £TD Python * 7
V7 MIZIZY AL DRI (B ZFRA. R a—7HEAl (scope rule), 51EHEL) TRV E T, 1ZL
AYETO Python # 7Y =7 Mik—7 (heap) LICEIPNET: 2D/, PyObject BIOF 7 =7 b
E. BHEIRZE (automatic) & LTHENFIE (static) 8 LTHESTEER A, Pylbjectx DKL ¥ XE
BMOALESTEET, M—0fIINK, BA T 27 3T BTV 27 MEIXE VR (deallocate) LTl
257V DT, EEITENEED PyTypedbject A 7Y =7 MIZLE T,

2TOD Python 7Y =7 MZiZ (Python BERITT ) B (type) L BMH Y >+ (reference count) D%
DNET, HEAT7I27 VORNK, Z2DFA T 27 "B OBEDA T =7 b (FIZIEEEE. VA b, 21—
PERBEK, 2L 2OMBEITONVTIE types THAALTVWET) ZELE T, K<AoRTWAEIZDON
Tk, BAXZuDFHELT, H2F 7227 bBZDOBIDE S RS ET; HlZI1E. PyList_Check(a)
i, a TRENZATI =22 b Python VA MDD X (02D r ZIZRY) BEZEL £,

1.41 2RAV >V &

The reference count is important because today’s computers have a finite (and often severely limited)
memory size; it counts how many different places there are that have a strong reference to an object.
Such a place could be another object, or a global (or static) C variable, or a local variable in some C
function. When the last strong reference to an object is released (i.e. its reference count becomes zero),
the object is deallocated. If it contains references to other objects, those references are released. Those
other objects may be deallocated in turn, if there are no more references to them, and so on. (There’s

an obvious problem with objects that reference each other here; for now, the solution is "don’t do that.”)

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

operation.

It is not necessary to hold a strong reference (i.e. increment the reference count) for every local variable
that contains a pointer to an object. In theory, the object’s reference count goes up by one when the

variable is made to point to it and it goes down by one when the variable goes out of scope. However,

8 F1E LIS
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these two cancel each other out, so at the end the reference count hasn’t changed. The only real reason to
use the reference count is to prevent the object from being deallocated as long as our variable is pointing
to it. If we know that there is at least one other reference to the object that lives at least as long as our
variable, there is no need to take a new strong reference (i.e. increment the reference count) temporarily.
An important situation where this arises is in objects that are passed as arguments to C functions in
an extension module that are called from Python; the call mechanism guarantees to hold a reference to

every argument for the duration of the call.

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

user from a Py_DECREF (), so almost any operation is potentially dangerous.

A safe approach is to always use the generic operations (functions whose name begins with PyObject_,
PyNumber_, PySequence_ or PyMapping_). These operations always create a new strong reference (i.e.
increment the reference count) of the object they return. This leaves the caller with the responsibility

to call Py_DECREF () when they are done with the result; this soon becomes second nature.

BRAT Y FOFME

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

for a borrowed reference.

W, HLBEBIFCHL T, 2479 27 bADOBREMFOH 02 BBUCE S HISIEX, >0 HEM: B
BA 7927 v DB %e BHEB (steal) HE L. £ TRVWEENRHD T, BRZHL . B
WSHREE L 212, ZROMEENZ DI o 8 ARE L. B OO LTI FTEMED 72 72 %
EWVWH T,

ZREPBAMBEBIIIZEAEDD ERA; ISt LTELHALNT WS DX, PyList_SetItem() &
PyTuple_SetItem() T, TN BIEFY—r Y AL ANZERIINT 22BEBARD £ (LHrL. BEEOA
DX TNAR2Y R POBIRITEARD EEA), ThoHDOBEE. VR MR TALOHICHTZIERR X ik
ATV 27 b AN TOKBOFRENREZAZLL I35, ZRE2EBAMS X5 ITHFFENATVE
T HlZE. (1, 2, "three™) LWHOXTARAERT 23— FIEMUTO LS 3 (& h H 2 3HISLE
DILPENTBEET, bo L FVEEHEBTORLET):

PyObject *t;

t = PyTuple_New(3);
(RDR—JIHE )

14, #7200 BEIUVEBEAIVH 9
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(FiDR— 25 D %)
PyTuple_SetItem(t, O, PyLong_FromLong(1L));
PyTuple_SetItem(t, 1, PyLong_ FromLong(2L));
PyTuple_SetItem(t, 2, PyUnicode_FromString('"three"));

Z ZTC. PyLong_FromLong () \3H LWBEZIR L, FIC PyTuple_SetItem() ICHWENFE T, BHMEF
NBRBIZOF T 27 b RFALZVESIE. SRECEKEZ TR, Py_INCREF() ZRALTD
5 —ODBMEIF LTS W,

BRAIZ, PyTuple_SetItem() X TIVICEE LY b T 57200 ME—D FIETT; X TVIIEERRERT —
KA} DT, PySequence_SetItem() < PyObject_SetItem() %5 ¥ EOWIEFELE XN TLEVE T,
HOTXTIVDEEZ ANTWL Db DS, PyTuple_SetItem() 72 UHMER £H A,

L. VA MIEEANTNL 2— R PyList_New() ¥ PyList_SetItem() TEIE T,

L2 USEBRICIE, 2TV R MEERLTHEEZ AN, LD XS RAERRIZELACHFVERA,
KON DOD 28, Py_BuildValue() 23H D, FLAYDEERA T2 b7 +—~< v bXXFFH|
format string DIEEICHEINT C DEISAEKTEE T, fIZF. LOTHEHOa—-F7ry 7k, MO
FOWEEHZAONET (7 —F v Z7IZHEELTVET):

PyObject *tuple, *list;

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

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

(actually, any mutable sequence) to a given item:

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

Py_ssize_t i, 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) ;
(RDOR=VIFil)
10 F1EIELHIC
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(FiDR— 25 D %)

return -1;

}

Py_DECREF (index) ;
}
return O;

BBORYEDOHZE . KIEDLERD 5, 3L ACOBBUIOWTIE, SREZEL T 2o
TRIEMDIED S MRV T, 247V =7 MIHFT250EKET X5 4% OBRIL. SRICH
TRHEMEEZRCHLANCS X $3, BHEEHETT: 2L0BE. BBDRTATY 27 MEIZDOHT (on
the fly) ZERE N 2720, U LAIDTE 2 SISER S N4 TV 27 Mt s 23— DBk 2505 T
3o WMo T, PyObject_GetItem() X PySequence_GetItem() DX DI, A 7Y =7 MIHT 2% K
FTHAHOBEEKIZ, BITHRZRE2ERLET (NMOH LU ZROMAEICRD 7).,

HELZODIZ, BEEPRTSHOMAEELR TS0 500, COBEBERIETrZ 0k s, CHRETZZ
L TY — BRMECH LR 8D BRI LTELLA 7Y 27 o) X COMEICIEEFRDD X
BA! o T, PyList_GetItem() ZfioTY R MADERZGLGEICIE. ZROMAEZE IR FEA
— D, FACERZFELCY R D> 5 PySequence_GetItem() (MHFTH ZOBBITELFEUIIEZE D ET)
ZESTHDHT &, BEINLATI 27 MITWHT 22 ERET,

DIFiE. BE» SR 2 VA MR L TERERDOAI 2GR T 2BBZ DX 5L THIT 202 R LHIT
9, —DIX PyList_GetItem() o> TWT, &5 —DIX PySequence_GetItem() Z{Ho>TWVWET,

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; i < 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;
(RDR=V 1K)
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(RIDR=I D5 DR E)

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

iz d Python/C AP WBWTEERZFNLFHOT —XBB WL O220H D £75; 1F2 AL int, long,
double, BL U charx X\Wolz, i3 C 07 —XBITT, £z, Y 2 — TR LTWAHEEEFZET
ZECHWONDEINIR T — T, FilnA 7Y =7 MBI 27— 2@ EiR LD, HEROER
IR U720 F 2 7DIEEREZ N OfEoTVET, TRHDRIZOVWTIE, ZORZHS5BHKE & HICH
HLTOEFT,

type Py_ssize_t

RICE L £9: Stable ABI. A signed integral type such that sizeof(Py_ssize_t) ==
sizeof (size_t). C99 doesn’t define such a thing directly (size_t is an unsigned integral type).

See PEP 353 for details. PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_t.
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1.5 FIs

Python 7102 o<k, HEDL S —NHEBANER L 72T LAFINERS DEEH D THA; W Lo
72EIANE. PO LAL ZOE=CHLAL 2 WozBE12. by FLRLDA YR FY XEETH
FINCERELET, AV EZTUEREIE RAZ Y7 FL—ZNy Z e &b THAE 2 —F IS LE T,

LIAN, CIurIvoEE, T —F v ZIXEICHRIMNTOREZ D £ A, Python/C APT %
ToORBIE. BIED F ¥ 2 X >~ b CHHMEICEBAD 72 VIR D IS4 2 RT3 2 TREMED D D £ 97, —RAVREE L L
T, D220 S —ITHEEBET % &, BBUIHINZFRE L T, BEAICB T 2ZROfTAMHEEZ 2 TR
# L. L7 —1H (error indicator) ZIRL F3, FFaXy PZEIATRVES., 2O 7 —HIIBEKDORE
DIEDOTNZ K 5T, NULL 2 -1 DEBEHRICRD T, W OO TIE 7 —VRTE /xR, Hldx
7—%RLET, ELOTVHROBKTIIAMR LS —f5E2 RSB0, DVEWVWIEREDEZIR LD
F5DT, PyErr_Occurred() THRMICZ I =T A N 2IT5RENRDH D EF, T o OHSMNIE ICHRE
R axXxy Meahxd,

BIAHR; DIRFEIEER (exception state) &, AL v NHEAUICHE SN 7-FL R (per-thread storage) W THEH
SNEFET (ZOREHEBIZ. ALy FE#DRWT TV r—a Tl 7 e — IV REREREFER LT TT),
—ODALy FIZZODIREDES 5 FISSNFEE L, TEFEEL TRV, 22D ET, B
PyErr_Occurred() Zffi5> &, ZOREEHANONET: ZOBEBUIRINDIRE LRI Z IS 4 7
Y= M B EHSIR (borrowed reference) ZiBL. Z 5 TR\ FIZIE NULL 2R L %5, HIFHIRGE
ZRET BRI EZ K HD 3 PyErr_SetString() 3d o b XLHSNAT VS (A, o & dILHME
DI) BINEFET 2720 DBEIT, PyErr_Clear () IZBIIMKEEIGHE H L £ 2 5T,

TRBHIHVREEHRIZ. 3 204 T2 b FINOEL, HIStDfE, ZLTPL =AY T 25K DET
(EOF 7T =27 +& NULL ZHUDIGET), 26 DI, Python @ sys.exc_info() DGR & [A UEK
ZRBHET; tidwz, C & Python OBIFMREEEHIZE K FILTIESH D £EA: Python I8 241544 7
Yz MZ. Python ® try ... except X TR L7247V 227 b ERT ., C LULORFISMREENRS
WS 52 DIE. EEINHIMERE sys.exc_info() ZDMUCHELXT 2 X 5EDES 5 Python DN A
Fa—RAYETFYVRDRAL =T ZEET 5 £ T, FIAPEROBTZIEL SN TWAEEZTTT,

Python 1.5 22513, Python TE»N/za— FHhSEINRERERICY 7 X5 2 hEE LT #EXATH
TRAL vy Fe—=7RFEZ sys.exc_info() IZHR->TWADTHEELTLZE WV, ZOEHIZ Python 22—
FOETENTVWE ALy FIZBT2HIMRERRZIEL $3, £ 2o DfISMRERRICNT 27 7+
AFBIZ. W& RO (semantics) BEHE I N, H2BBBPINZHIRT 2. ZOBEBZEITL T
ALy FORSHREERZ RFE LT, FOH LRIOBISMKREEE R Z HFE T2 X 51D $ Lz, ZOEHEIC
EoT, EEZSICRZ BB BEN > Twa stz EEE T2 e TrlgI e, fISMLEa—TF
TELLBETOEAZEZMELTVETS: /2, FL—ZANY JHADAX Y 7 7L —LTSREINTVWE LT
Pz ML VI AREICEREZKO ZTWDZRRL LTVET,

— I ZIFEI Y LT, DA HIOBBETOH LTS »DIEEE X85 L &, MOH LAEDBEDEI
EEHLTOWRVWDHAREL TREST,  LEHLTWIUE, ZORSMRREBHRIET O H LA X k)
I D EtA, MOHLITTOBEEA 7Y =2 7 VZROMEME TN THREL, =7 —HBELERI LT
RO FVAD, ReHHINERET 2HEIT HDEFRA —- TARIEZTE, TolFEHEI NI D
O E EFEEZLTLEY, 7 —DFEKRZDODDIETZ2EERERERS 2R T,

A simple example of detecting exceptions and passing them on is shown in the sum_sequence () example

above. It so happens that this example doesn’t need to clean up any owned references when it detects

1.5. % 13
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an error. The following example function shows some error cleanup. First, to remind you why you like

Python, we show the equivalent Python code:

def incr_item(dict, key):
try:
item = dict[key]
except KeyError:
item = 0O

dict[key] = item + 1

MRS s2a—Fz C TREICHE VDD TT:

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(OL) ;
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 */
(RDR=T 1K)
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(RIDR=I D5 DR E)

error:

/* Cleanup code, shared by success and fatilure path */

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

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

AL ZORIE C T goto XEMS BEIDDHEZFTRLTVWE TR ZoflTik. FEDFINENET 2
72®IZ PyErr_EzceptionMatches() B XN PyErr_Clear() ZE 5502 RLTWVWET, £k, PG
R TWSSHRT, A5 NULL 127252028 LAV DEIBET S 72HIC Py_XDECREF() % ¥ 55 2 %R
LTOVWET (BB 'K BV TW3 Z 2IiER L TL &\, Py_DECREF() 1X NULL ZHICH S DT &
277v¥al¥d), ELLEESR27-0121d, FiEHEROSMERETT 57002 % NULL THIHIL
TEHIEHEETT; AR, HOrUDREDEEZERT ZBICIMEL -1 (R T TV T, &%
ORFMEUHLETS FL Vo 2EEICDA 0 () ITRELET,

1.6 Python DE&HiAH

Python 4 ¥ & 7V ZD#EDIAAZITI N (WDIRILRES 2 — L OEF ZFORR) AU T LT U7z
LRWHEIR ZZ 7, Python 4 ¥ &2 7V XD HIEALALE (initialization). Z L THEZ 5 13K T LM
(finalization) T3, 4 ¥ X TV XDIZL AL DKREIE., 1 ¥ 27 ) 2OREZR LA HEREEA,

FARM IR %217 5 BIBUE Py_Initialize() TF, ORI — READES 2 — A5k 25T —
TVEER L, THEEREEY 2—)L builtins, __main__, BE LS sys ZIER L ET, T, TV 2—K
KA (sys.path) DFIHULHITVE T,

) ——

Py Initialize() does not set the "script argument list” (sys.argv). If this variable is needed by
Python code that will be executed later, setting PyConfig.argv and PyConfig.parse_arguv must be

set: see Python Initialization Configuration.

FEAY DY AT ATIE (FHIC Unix & Windows (&, FflD3OFT0ICEL DG L E M), Py_Initialize()
IZHEHED Python 4 ¥ 2 7Y X EFTHXOGFICN T 2HEMRICE S WT, Python DF4 75 VB
Python £ ¥ % 7V ZETHXD L OHMARATHEHO2 2 L WIS RED FICEY 2 — LR AR ZFHEL £
To EDDFZOMBTIE, Y=l a~vy RIRE AR (BREEAH PATH) Ei2H D% 572 python &\ 5 &l
DEITT7 7 ANDEPALTNET 4 L7 PYODOET 4 L2 b Y 25D T, 1ib/pythonX. Y &5 HH{D
T4V PURELET,

il 21X, Python EATHRD /usr/local/bin/python TROM 722 T8, 5477 VUM /usr/local/
1lib/pythonX. Y IZH2bDEMREL F T, (FEBICIE. DRI 7 71—y 7 (fallback)” D74 775
VAETH DD, python A% PATH RICIEWHEIfbIE S, ) 2 —¥I3 PYTHONHOME Z&RET 2L TZ
DE"E A= N—F 4 F L7 D, PYTHONPATH 28 E L GEMOD T 4 L2 btV ZFFHEES 2 — VIRER SR DH
1.6. Python DIE®HAH 15
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WKHALZDTEXT,

The embedding application can steer the search by setting PyConfig.program_name before calling
Py_InitializeFromConfig(). 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 imple-
mentation of Py_GetPath(), Py_GetPrefiz(), Py _GetEzecPrefiz (), and Py_GetProgramFullPath()
(all defined in Modules/getpath.c).

7= %12, Python Z#IHULETIOREICD E LW ehHD 95, PR H27 7V —2a Y TCRETER
W5 DB L (start over) XH 2 (Py_Initialize() &b 5 —EMUEHEIEZ) K5I Lwhd L
‘Ao H2BWVNE. 77V r—2 a »h Python Z— B W Z T, Python 23R L7z X EV ZfRIRE T2\
b LNFERA, Py FinalizeEz () 25 & 25 LM EZ R TEE T, F/z. BB Py_IsInitialized()
3. Python 2SBIEAIALIEADIKREICH 2B ICEZIELE T, IO5DBBITOVWTOE 572 2 1HHI.
BOTETHAL £3, Py_FinalizeEz() » Python 4 ¥ X 7)) RIZHMRENLLTDOXAEY & BT B30T
TIRABV Z2ICHERELTLEI W, flZE, HHBREY 2 =M ko THERI N ATV E, BfEOL AR
M 2ENTEER A

1.7 7N\vZJhREIL K (Debugging Builds)

AVRTVRZEHIREY 2 — MR LTOEMNF = v 725257000200~ 7 azHiI LT Python
EFELVETAIENTEET, ZhoDF v 7k, EITRICKRERLS —N—~y FEALZHALD D F
o BDT, T74NFTREMIINTVERA,

Python 7Ny ZHRE L FORTORED Y R + 3, Python Y — AFiAi (source distribution) ®Hd Misc/
SpecialBuilds.txt HD EF, BRIV FPD ML —R, XEBV 7O —XDTNv T L VX TY XD
AL YN=TDRL VT 0T 740 Y THMMATRET T, K{EDNZENL FIZONWTDAL, ZOHIDED
DERTTIHAL £9

Py_DEBUG

Compiling the interpreter with the Py_DEBUG macro defined produces what is generally meant by a debug
build of Python. Py_DEBUG is enabled in the Unix build by adding --with-pydebug to the ./configure
command. It is also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBUG

is enabled in the Unix build, compiler optimization is disabled.

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

Py_TRACE_REFS HET % &, B ML —ADPEMCTH D £ 7 (configure —-with-trace-refs 77> 3
Y EZBBLTLIIEIWV), £2TD Pylbject IK=DOD 7 4 —LFEBMT ST, #HFOLF T =7+
DR —HEAE ) X O EHINE T, 2 TOE D YT (allocation) 25 b L =R XN E T, TR, &2TOD
BoTWbF T2l PBRRRENET, A VEXFT7T 4 7E—RTIE, A VETVRIZEXEZXDETD
PICERSINET, )

X DELWIEHRICOWTIE, Python @Y — R (source distribution) ®H® Misc/SpecialBuilds.txt
ESIRLTLIEE W,
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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 72 v b7 #—LTEREITANER 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:

e Unstable API, may change in minor versions without a deprecation period. It is marked by the

PyUnstable prefix in names.

e Limited API, is compatible across several minor releases. When Py_LIMITED 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.
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2.2 Z7E ABI (Stable Appliction Binary Interface)

For simplicity, this document talks about extensions, but the Limited API and Stable ABI work the

same way for all uses of the API - for example, embedding Python.

2.2.1 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
D7 u% Python.h &4 7 )— F¥ BHNIERT 5 Z & T, Limited APl OAZHEHT L
P3E IR L. Limited API X"—Y g VY BEIRTLZ2ZI B TEE T,

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.

PY_VERSION_HEX ¥ 27 uZEHZ S D TEH L, FRD Python DN—=Fa > Tary {13 bL %
DEEMDT=DIT, BND~ A F— "= a ¥ (FlZIF Python 3.10 725 0x030A0000 ) ZN— F
a— F L/i‘;_o

%7z, Py_LIMITED_API % 3 IZEFRT A I LHATEET, ZH 0x03020000 (Python 3.2, Limited
API A XINIzN=Tay) EELT XD IWCEIEL 3,

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 IR
The Stable ABI prevents ABI 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 API.

Windows Tl3. Stable ABI % {5 2 #LiRI&EEIX. python39.d1l D XS N—=T a YEHFDF A 75U T
1372 < python3.d11 IZMN LTV V7T 2HEXRH D T,

W ODT Ty b7+ —A4TIiE, Python 1F abi3 X 7 THMToNI2HETA TV 7 7 AV EHL T
HiAHE T (Bl mymodule.abid.so), D & 5 RIKIKRE D 2 —L2¥ Stable ABL ITHE L TWE0 L 5 2
FryvZENERA, 22—V — (FREBFEFDRy r—=I 7Y =) id, & 2iX 3.10+ Limited APTI TE L
FENFAEREY 2 — A, ZALLTDA—Y 3 > D Python 124 Y A F— L ENRNWT & BHERT 2 0ED
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HHET,

Stable ABI IZ& N2 T RTOEEIZ, ~270r LTEITTHRL, Python OHES AL 75V ofEr LT
BELET, 20k, CFYV a2 HHLARWEEIOMEHAT 22 TEE T,

2.2.3 API RO—=7eNT #— > ADHIR

Limited API ® HfEix, 7/ C APl THIEERIARTDO I L Z2EHT B2 TTH,. BZ 5L EE Lofln
HHET,

Bl 21X, PyList_GetItem() IFIFHRIRET A, £ D “unsafe” ¥~ v DEM PyList_GET ITEM() \IFIH
TEFEHA, ZO70E, VAN T2 bOAN=Y 3 VEFHOEEDFHMKET 2N TES
O, XDEHRICUETZ Z N TEET,

Py_LIMITED_API ZERKLZWVE, W O2®D C APl BB A > I 4 fbahizh, w7 ric@EE b7z
DL¥d, Py_LIMITED_API 2E&ET 2L, ZDA ¥ 74 MM/ D, Python O F — XHEEHRE X
NTHRELEPAIREICR D £ 32, MREME R T2 a[REMEDH H F5,

Py_LIMITED_API DEF %A Z & T, Limited APIERE N—Y a2 YEED ABI Ta Y AL 352
AHET T, ZAUTE D, ZD Python DAN—T a Y TRI7 43— Y AZALEEXEZ 2 A TE T, B
EHIB XN F T, Py_LIMITED_API Ta Y XA LT3 2, N—= 3 VIKE LR WIEERERELFIH T 2 i
&, B3, K Python X—=Ya YD 7LV Y —RICWHIGELEIEREY 2 — L 2EA T2 8B TES XD
WD ET,

2.2.4 HIR{TE API DFER

Note that compiling with Py_LIMITED_APTI 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.

Py_LIMITED_API 23fhiF 7 WD 1 D%, Python @ RN N— a ¥ TIREERN 425 1 $0E RO B FEONH S
22 T3, BIZIE, BRI NULL 22 AB8%E X TAEL & 5, Python 3.9 TlX NULL &7 7 4L b
DOZEENZEIRL £ 323, Python 3.8 TIXZ D5 IEIIERMFH XN, NULL oSN ERI LIy a2 LE
T, FAOBIEUX. FERD 7 4 — L FIZH L THEREL £

b5 —ODMEIX, —FOMIEK T 4+ —L KA Limited API O—8T5H 31222 53, Py_LIMITED_API
PERINIZE ZICHEIERRICR > TVRVWI ETY,

INHDEMN S, MBIEIEREY 2 - R—- 1T 25 TARTOD ¥4 F—7 Python X\—=Y 3 > TTF X
FEBZY, FLTTEXNI BHDEWVWANA—Ua Yy TEALRTAIZHERLET,

T, FHITZ2ITNRTO API D R a2 XY b2EZREL. ZABRINIC Limited APT O—E8TH 50 5
DPEFrvITBIEBEOLET, Py_LIMITED_API BERINTVTH, FMiNAREET (520N
JELTEMNETD) WS 20D T I7A4R-VESVRHAZINZZ DD 3,

Python 3.8 C Py_LIMITED_API Z#a > XA L$ 2 &, ZDIIREY 2 —/Lid Python 3.12 TEIEL £ 525,
#3F L b Python 3.12 T AVNAIL TEZ LIRS RV LITERLTLZE W, K2, Limited API @
—#Bid. Stable ABI B ZEELTWAR D, IEHERETHIBRE N 20d L ER A
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23 TS5y bTx—LTERINER

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

FEDT Ty M7 4 =5 EDFTRTOD Python N—2 a YOLEM ABI ZBIE LR WHIETEL REh T
% 2 ZIRAET 5 DiE, Python ORKERMEDEHIE TS, Z4UT python.org RZL DY — K =7 4 —
DEAHTEY 6D Windows £ macOS DV V—ZADEHETT,

2.4 [RZEHWR APl DA
Currently, the Limited API includes the following items:
e PY_ VECTORCALL_ARGUMENTS_OFFSET
e PyATter_Check()
e PyArg_Parse()
o PyArg_ParseTuple()
o PyArg_ParseTupleAndKeywords ()
e PyArg_UnpackTuple()
e Pydrg_VaParse()
o PyArg_VaParseTupleAndKeywords ()
e Pydrg_ValidateKeywordArguments ()
e PyBaseObject_Type
e PyBool_FromLong ()
e PyBool_Type
e PyBuffer_ FillContiguousStrides()
e PyBuffer FillInfo()
e PyBuffer_FromContiguous ()
o PyBuffer_GetPointer()
e PyBuffer_IsContiguous()
e PyBuffer_Release()
e PyBuffer_SizeFromFormat ()
e PyBuffer_ToContiguous ()

o PyByteArrayIter_Type

20 % 2 E C APl D&EEM
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e PyBytedrray_AsString ()

e PyByteArray_Concat ()

o PyByteArray_FromObject ()

e PyByteArray_FromStringAndSize ()
e PyByteArray_Resize()

e PyByteArray_Size()

e PyByteArray_Type

e PyBytesIter_Type

e PyBytes_AsString()

e PyBytes_AsStringAndSize()
e PyBytes_Concat ()

e PyBytes_ConcatAndDel ()

o PyBytes_DecodeEscape()

e PyBytes_FromFormat ()

e PyBytes_FromFormatV()

e PyBytes_FromObject ()

o PyBytes_FromString ()

e PyBytes_FromStringAndSize ()
o PyBytes_Repr()

e PyBytes_Size()

e PyBytes_Type

e PyCFunction

e PyCFunctionFast

e PyCFunctionFastWithKeywords
e PyCFunctionWithKeywords

o PyCFunction_GetFlags()

e PyCFunction_GetFunction()

e PyCFunction_GetSelf ()

e PyCFunction_New()

2.4. BREER APl DRE 21
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PyCFunction_NewEz ()
PyCFunction_Type
PyCMethod_New()
PyCallIter_New()
PyCallIter_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 ()

22
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e PyCodec_LookupError()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register()

e PyCodec_RegisterError()
e PyCodec_ReplaceErrors()
e PyCodec_StreamReader ()

e PyCodec_StreamiWriter()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

e PyCodec_XMLCharRefReplaceErrors()
o PyComplex_FromDoubles ()
e PyComplex_ImagAsDouble()
o PyComplex_RealAsDouble()
e PyComplex_Type

e PyDescr_NewClassMethod ()
e PyDescr_NewGetSet ()

e PyDescr_NewMember ()

e PyDescr_NewMethod ()

e PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

e PyDictProzy_New()

e PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type

e PyDictValues_Type
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PyDict_Clear()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString()
PyDict_GetItem()
PyDict_GetItemRef ()
PyDict_GetItemString ()
PyDict_GetItemStringRef ()
PyDict_GetItemWithError()
PyDict_Items()
PyDict_Keys ()
PyDict_Merge()
PyDict_MergeFromSeq2()
PyDict_New()
PyDict_Nezt ()
PyDict_SetItem()
PyDict_SetItemString()
PyDict_Size()
PyDict_Type
PyDict_Update()
PyDict_Values()
PyEllipsis_Type
PyEnum_Type
PyErr_BadArgument ()
PyErr_BadInternalCall ()
PyErr_CheckSignals ()
PyErr_Clear()

PyErr_Display()
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e PyErr_DisplayEzception()

o PyErr_EzceptionMatches ()

e PyErr_Fetch()

e PyErr_Format ()

e PyErr_FormatV()

e PyErr_GetEzcInfo()

e PyErr_GetHandledExzception()

e PyErr_GetRaisedException ()

e PyErr_GivenEzceptionMatches ()

e PyErr_NewEzception()

o PyErr_NewEzceptionWithDoc ()

e PyErr_NoMemory ()

e PyErr_NormalizeEzception()

o PyErr_Occurred()

o PyErr_Print()

e PyErr_PrintEz()

e PyErr_ProgramText ()

o PyErr_ResourceWarning ()

o PyErr_Restore()

e PyErr_SetEzcFromWindowsErr ()

o PyErr_SetExcFromWindowsErrWithFilename ()
e PyErr_SetExcFromWindowsErrWithFilenameObject ()
e PyErr_SetExcFromWindowsErriWithFilenameObjects ()
e PyErr_SetEzcInfo()

o PyErr_SetFromErrno ()

o PyErr_SetFromErrnoWithFilename ()

e PyErr_SetFromErrnoWithFilenameObject ()

e PyErr_SetFromErrnoWithFilenameObjects ()

o PyErr_SetFromWindowsErr()
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PyErr_SetFromWindowsErriWithFilename ()

PyErr_SetHandledException ()

PyErr_SetImportError()

PyErr_SetImportErrorSubclass ()

PyErr_SetInterrupt ()
PyErr_SetInterruptEz()
PyErr_SetNone()
PyErr_SetObject ()
PyErr_SetRaisedException()
PyErr_SetString ()
PyErr_SyntaxLocation()
PyErr_SyntazLocationEz ()
PyErr_WarnEz ()
PyErr_WarnEzplicit ()
PyErr_WarnFormat ()
PyErr_WriteUnraisable()
PyEval_AcquireThread ()
PyEval_EvalCode()
PyEval_EvalCodeEx ()
PyEval_EvalFrame ()
PyEval_EvalFrameEz ()
PyEval_GetButiltins ()
PyEval_GetFrame ()
PyEval_GetFrameBuiltins ()
PyEval_GetFrameGlobals ()
PyEval_GetFrameLocals ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()

PyEval_GetGlobals ()
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PyEval_GetLocals ()
PyEval_InitThreads ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread ()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning

PyExc_GeneratorExit
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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_0SError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError

PyExc_SyntaxWarning
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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 ()
PyEzception_GetArgs ()
PyExzception_GetCause ()
PyEzception_GetContext ()
PyEzception_GetTraceback()
PyEzception_Setdrgs()
PyEzception_SetCause()
PyExzception_SetContext ()
PyEzception_SetTraceback()
PyFile_FromFd()
PyFile_GetLine()
PyFile_WriteObject ()

PyFile_WriteString ()
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PyFilter_Type
PyFloat_AsDouble()
PyFloat_FromDouble ()
PyFloat_FromString ()
PyFloat_GetInfo()
PyFloat_GetMaz ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New()
PyFrozenSet_Type
PyGC_Collect ()

PyGC _Disable()
PyGC_Enable()
PyGC_IsEnabled()
PyGILState_Ensure()
PyGILState_GetThisThreadState()
PyGILState_Release()
PyGILState_STATE
PyGetSetDef
PyGetSetDescr_Type
PyImport_AddModule ()
PyImport_AddModuleObject ()
PyImport_AddModuleRef ()
PyImport_AppendInittad ()
PyImport_EzecCodeModule ()

PyImport_ExecCodeModuleEx ()
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e PyImport_EzecCodeModuleObject ()

e PyImport_EzecCodeModulelithPathnames ()
e PyImport_GetImporter()

e PyImport_GetMagicNumber ()

o PyImport_GetMagicTag ()

e PyImport_GetModule()

e PyImport_GetModuleDict ()

e PyImport_Import()

e PyImport_ImportFrozenModule()

o PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule()

e PyImport_ImportModuleLevel ()

o PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock()

e PyImport_ReloadModule()

e PyIndez_Check()

e PyInterpreterState

o PyInterpreterState_Clear()

o PyInterpreterState_Delete()

e PyInterpreterState_Get()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New()

o PyIter_Check()

o PyIter_Next()

e PyIter NextItem()

o Pylter_Send()

e PyListIter_Type

e PyListRevIter_Type
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PyList_Append()
PyList_AsTuple()
PyList_GetItem()
PyList_GetItemRef ()
PyList_GetSlice()
PyList_Insert()
PyList_New()
PyList_Reverse()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()
PyList_Sort ()
PyList_Type
PyLongObject
PyLongRangeIter_Type
PyLong_AsDouble()
PyLong_AsInt()
PyLong_AsInt32()
PyLong_AsInt64()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()

PyLong_AsLongLong ()

PyLong_AsLongLongAndOverflow()

PyLong_AsSize_t ()
PyLong_AsSsize_t ()
PyLong_AsUInt32()
PyLong_AsUInt64 ()
PyLong_AsUnsignedLong ()

PyLong_AsUnstignedLongLong ()
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e PyLong_AsUnsignedLongLongMask ()
e PyLong_AsUnsignedLongMask ()

e PyLong_AsVoidPtr()

e PyLong_FromDouble()

e PyLong_FromInt32()

e PyLong FromInt64()

o PyLong_FromLong ()

e PyLong_FromLongLong ()

e PyLong FromSize_t()

e PyLong FromSsize_t ()

e PyLong_FromString ()

e PyLong_FromUInt32()

o PyLong_FromUInt64 ()

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_GetOptionalItem()

e PyMapping_GetOptionalItemString()
o PyMapping_HasKey ()

e PyMapping_HasKeyString ()

o PyMapping_HasKeyStringWithError ()
e PyMapping_HasKeyWithError()

e PyMapping_Items()

o PyMapping_Keys ()
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PyMapping_Length()
PyMapping_SetItemString ()
PyMapping_Size()
PyMapping_Values ()
PyMem_Calloc()

PyMem_Free ()
PyMem_Malloc()
PyMem_RawCalloc()
PyMem_RawFree ()
PyMem_RawMalloc ()
PyMem_RawRealloc ()
PyMem_Realloc()
PyMemberDef
PyMemberDescr_Type
PyMember_GetOne ()
PyMember_SetOne ()
PyMemoryView_FromBuffer()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef

PyModuleDef _Base
PyModuleDef Init()
PyModuleDef _Type
PyModule_Add ()

PyModule_AddFunctions ()
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e PyModule_AddIntConstant ()
e PyModule_AddObject ()

e PyModule_AddObjectRef ()

e PyModule_AddStringConstant ()
e PyModule_AddType()

e PyModule_Create2()

e PyModule_EzecDef ()

e PyModule_FromDefAndSpec2()
e PyModule_GetDef ()

o PyModule_GetDict ()

e PyModule_GetFilename ()

e PyModule_GetFilenameObject ()
o 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 ()

o PyNumber_Float ()

e PyNumber_FloorDivide()

e PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()
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PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift()
PyNumber_InPlaceMatrizMultiply ()
PyNumber_InPlaceMultiply()
PyNumber_InPlaceOr()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_InPlaceRshift ()
PyNumber_InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()
PyNumber_InPlaceXor()
PyNumber_Index ()
PyNumber_Invert()
PylNumber_Long ()
PyNumber_Lshift ()

PyNumber_ MatrizMultiply ()
PyNumber_Multiply()
PyNumber_Negative ()
PyNumber_0r()
PyNumber_Positive()
PyNumber_Power ()
PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor()
Py0S_AfterFork()

PyO0S_AfterFork_Child()
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e Py0S_AfterFork_Parent ()

e Py0S_BeforeFork()

e Py0S_CheckStack()

e Py0S_FSPath()

e Py0S_ ImputHook

o Py0S_InterruptOccurred()

e Py0S double_to_string()

o PyOS_getsig()

e Py0S_mystricmp()

« Py0S_mystrnicmp()

e Py0S_setsig()

e PyOS_sighandler_t

o PyOS_snprintf()

e Py0S_string_to_double()

e Py0S_strtol()

e Py0S_strtoul ()

e Py0S_wsnprintf()

e PyObject

e PyObject.ob_refcnt

e PyObject.ob_type

e PyObject_ASCII()

e PyObject_AsFileDescriptor()
e PyObject_Bytes()

o PyObject_Call()

e PyObject_CallFunction()

e PyObject_CallFunctionObjArgs ()
o PyObject_CallMethod()

e PyObject_CallMethodObjArgs ()

e PyObject_CallNoArgs()
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PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckBuffer()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelAttr()
PyObject_DelAttrString ()
PyObject_DelItem()
PyObject_DelItemString()
PyObject_Dir()
PyObject_Format ()
PyObject_Free()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack()
PyObject_GenericGetAttr()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString ()
PyObject_GetBuffer()
PyObject_GetItem()
PyObject_GetIter()
PyObject_GetOptionalAttr()

PyObject_GetOptionalAttrString ()
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e PyObject_GetTypeData ()

e PyObject_HasAttr()

e PyObject_HasAttrString()

e PyObject_HasAttrStringWithError()
e PyObject_HasAttrWithError()
e PyObject_Hash()

e PyObject_HashNotImplemented()
o PyObject_Init()

e PyObject_InitVar()

o PyObject_IsInstance()

o PyObject_IsSubclass()

e PyObject_IsTrue()

o PyObject_Length()

e PyObject_Malloc()

e PyObject_Not()

o PyObject_Realloc()

o PyObject_Repr()

e PyObject_RichCompare()

e PyObject_RichCompareBool ()
o PyObject_SelfIter()

o PyObject_SetAttr()

e PyObject_SetAttrString()

o PyObject_SetItem()

o PyObject_Size()

e PyObject_Str()

e PyObject_Type()

o PyObject_Vectorcall()

e PyObject_VectorcallMethod()

e PyProperty_Type
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PyRangelter_Type
PyRange_Type
PyReversed_Type
PySeqIter_New()
PySeqIter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice()

PySequence_In()

PySequence_InPlaceConcat ()

PySequence_InPlaceRepeat ()

PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice()
PySequence_Size()
PySequence_Tuple()
PySetIter_Type
PySet_Add()
PySet_Clear()

PySet_Contains ()
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e PySet_Discard()

o PySet_New()

e PySet_Pop()

e PySet_Size()

e PySet_Type

o PySlice_AdjustIndices()

e PySlice_GetIndices()

o PySlice_GetIndicesEz()

e PySlice_New()

e PySlice_Type

o PySlice_Unpack()

e PyState_AddModule()

o PyState_FindModule()

e PyState_RemoveModule()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
e PyStructSequence_New()

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

o PySys_Audit ()

o PySys_AuditTuple()

e PySys_FormatStderr()

o PySys_FormatStdout ()

o PySys_GetObject ()

e PySys_GetXOptions()

o PySys_ResetWarnOptions ()
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PySys_SetArgv ()
PySys_SetArguEz ()
PySys_SetObject ()
PySys_writeStderr()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame()

PyThreadState_GetID()

PyThreadState_GetInterpreter()

PyThreadState_New()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo()
PyThread_ReInitTLS()
PyThread_acquire_lock()
PyThread_acquire_lock_timed()
PyThread_allocate_lock()
PyThread_create_key ()
PyThread_delete_key ()
PyThread_delete_key_value()
PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value()
PyThread_get_stacksize()

PyThread_get_thread_ident ()

42

% 2 E C APl D&EEM



The Python/C API, Y —2X 3.14.0a3

e PyThread_get_thread_native_id()
e PyThread_init_thread()

e PyThread_release_lock()

e PyThread_set_key_value()
e PyThread_set_stacksize()
e PyThread_start_new_thread()
e PyThread_tss_alloc()

o PyThread_tss_create()

e PyThread_tss_delete()

e PyThread_tss_free()

e PyThread_tss_get ()

e PyThread_tss_is_created()
o PyThread_tss_set()

o PyTraceBack_Here()

e PyTraceBack_Print()

e PyTraceBack_Type

e PyTupleIter_Type

o PyTuple_GetItem()

o PyTuple_GetSlice()

e PyTuple_New()

o PyTuple_Pack()

o PyTuple_SetItem()

e PyTuple_Size()

e PyTuple_Type

e PyTypeObject

e PyType_ClearCache()

o PyType_Freeze()

e PyType_FromMetaclass ()

o PyType_FromModuleAndSpec ()
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PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc()
PyType_GenericNew()
PyType_GetBaseByToken ()
PyType_GetFlags ()
PyType_GetFullyQualifiedName ()
PyType_GetModule ()
PyType_GetModuleByDef ()
PyType_GetModuleName ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
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 ()
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e PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd ()

e PyUnicodeEncodeError_GetObject ()

e PyUnicodeEncodeError_GetReason()

e PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd()

e PyUnicodeEncodeError_SetReason()

e PyUnicodeEncodeError_SetStart ()

e PyUnicodelter_Type

o PyUnicodeTranslateError_GetEnd()

e PyUnicodeTranslateError_GetObject ()
e PyUnicodeTranslateError_GetReason ()
e PyUnicodeTranslateError_GetStart ()
e PyUnicodeTranslateError_SetEnd()

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

e PyUnicode_AppendAndDel ()

e PyUnicode_AsASCIIString()

o PyUnicode_AsCharmapString ()

o PyUnicode_AsDecodedObject ()

e PyUnicode_AsDecodedUnicode ()

e PyUnicode_AsEncodedObject ()

e PyUnicode_AsEncodedString ()

e PyUnicode_AsEncodedUnicode ()

e PyUnicode_AsLatin1String()

e PyUnicode_AsMBCSString ()

e PyUnicode_AsRawUnicodeEscapeString()
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e PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

e PyUnicode_AsUTF16String ()

e PyUnicode_AsUTF32String ()

e PyUnicode_AsUTF8AndSize ()

e PyUnicode_AsUTF8String ()

e PyUnicode_AsUnicodeEscapeString ()
o PyUnicode_AsWideChar ()

e PyUnicode_AsWideCharString ()

e PyUnicode_BuildEncodingMap ()

o PyUnicode_Compare()

e PyUnicode_CompareWithASCIIString ()
o PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

o PyUnicode_Decode()

e PyUnicode_DecodeASCII()

e PyUnicode_DecodeCharmap ()

e PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale()

e PyUnicode_DecodeLocaleAndSize ()

e PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()

e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16()

e PyUnicode_DecodeUTF16Stateful ()
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e PyUnicode_DecodeUTF32()

e PyUnicode_DecodeUTF32Stateful ()
e PyUnicode_DecodeUTF7()

e PyUnicode_DecodeUTF7Stateful ()
e PyUnicode_DecodeUTF8()

e PyUnicode_DecodeUTF8Stateful ()
e PyUnicode_DecodeUnicodeEscape ()
e PyUnicode_EncodeCodePage ()

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale()

e PyUnicode_Equal ()

e PyUnicode_EqualToUTF8()

e PyUnicode_EqualToUTF8AndSize ()
e PyUnicode_FSConverter()

e PyUnicode_FSDecoder()

e PyUnicode_Find()

e PyUnicode_FindChar()

o PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()
e PyUnicode_FromFormat ()

e PyUnicode_FromFormatV()

e PyUnicode_FromObject ()

e PyUnicode_FromOrdinal ()

o PyUnicode_FromString ()

e PyUnicode_FromStringAndSize ()
e PyUnicode_FromiWideChar ()

e PyUnicode_GetDefaultEncoding()
e PyUnicode_GetLength()

o PyUnicode_InternFromString ()
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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_Tatilmatch()
PyUnicode_Translate()
PyUnicode_Type
PyUnicode_WriteChar()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call()
PyVectorcall_NARGS()
PyWeakReference
PyWeakref_GetObject ()
Pylieakref_GetRef ()
Pylieakref_NewProzy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type

PylWrapper_New()
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e PyZip_Type

e Py AddPendingCall ()

o Py AtEzit()

e Py_BEGIN_ALLOW_THREADS

e Py_BLOCK_THREADS

e Py _BuildValue()

e Py BytesMain()

e Py_CompileString()

e Py DecRef()

e Py_DecodeLocale()

e Py_END_ALLOW_THREADS

e Py _EncodeLocale()

e Py EndInterpreter()

e Py EnterRecursiveCall ()
e Py Ezit()

e Py FatalError()

e Py_FileSystemDefaultEncodeErrors
e Py_FileSystemDefaultEncoding
e Py_Finalize()

e Py _FinalizeEz()

o Py_GenericAlias()

e Py GenericAliasType

e Py_GetBuildInfo()

e Py GetCompiler()

e Py _GetConstant ()

e Py_GetConstantBorrowed()
e Py _GetCopyright ()

e Py GetEzecPrefiz()

o Py GetPath()
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Py_GetPlatform()
Py_GetPrefiz ()
Py_GetProgramFullPath()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()

Py_GetVersion()

Py_HasFileSystemDefaultEncoding

Py_IncRef()

Py Initialize()
Py_InitializeEx()

Py Is()

Py _IsFalse()
Py_IsFinalizing ()

Py IsInitialized()
Py_IsNone()

Py IsTrue()
Py_LeaveRecursiveCall ()
Py_Main()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_REFCNT()
Py_ReprEnter()
Py_ReprLeave ()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()

Py_TYPE()
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o Py_UCS4

e Py_UNBLOCK_THREADS
e Py _UTF8Mode

e Py_VaBuildValue()
e Py_Version

o Py_XNewRef ()
e Py_buffer

e Py_intptr_t

e Py ssize_t

e Py_uintptr_t
e allocfunc

e binaryfunc

e descrgetfunc
e descrsetfunc
e destructor

e getatirfunc

e getattrofunc
e getbufferproc
e getiterfunc

e getter

e hashfunc

e initproc

e INQUITY

e tternextfunc
e lenfunc

e newfunc

e objobjargproc
e objobjproc

e releasebufferproc
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e reprfunc

e 7richcmpfunc

e setattrfunc

e setattrofunc

e setter

e sstzeargfunc

e ssizeobjargproc

e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

e vectorcallfunc

e visitproc

52 % 2 E C APl D&EEM



THREE

BEKELTY

COEOEEZMES & 7 7 A NVERIEINY 7 71255 Python Y —Ra— F2ETTEX I, K Darlies
DDA R TYVRETZILIETERVTL & D,

Several of these functions accept a start symbol from the grammar as a parameter. The available start
symbols are Py_eval_input, Py_file_input, and Py_single_input. These are described following the

functions which accept them as parameters.

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

that they were created by the same library that the Python runtime is using.

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

RELD PyRun_AnyFileEzFlags () @ closeit % 012, flags % NULL I L CHA{L L7124 > X —7 = —
AT,

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

RFED PyRun_AnyFileEzFlags () @ closeit % 0 IC L CHHM{L L7z ¥ R —T7 2 —ATT,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
FELD PyRun_AnyFileEzFlags() @ flags % NULL IZ L CHfli{L L 724 ¥ & —7 =2 — RT3,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fp BXEERT AL R (22 Y —AREHEARANDH 2 0WE Unix REHER) tBEEST LT 7
ANVESB LTS5 PyRun_InteractivelLoop() DEZRL F3, ZNLUNDIFE L,
PyRun_SimpleFile() DFERZIRELE T, filename 37 7 ANV AT LADLZYA—T 4 V7 (sys.
getfilesystemencoding()) T7 2 — FENXF, filename 73 NULL 2 H1F. ZOREEII T 7 A 14
LT "7 ZfENET, closeit BEIRS, 7 7 A W PyRun_SimpleFileExFlags () 2VLIH % R
THICEHC SR E T,

int PyRun_SimpleString(const char *command)

TELD PyRun_SimpleStringFlags () M PyCompilerFlags* % NULLIZ L CHAULL/zA > & 7 = —
ATY,

53



The Python/C API, ) —2X 3.14.0a3

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

__main__ EY 22—V DHT flags IZH€->T command W& FEN % Python Y —RAa3—FE2EITLZE
F, __main__ BELFLELRVHERMFERINET, EERTOHREE 0 ZEL. 6408 EL
HEE -1 ZIRLET, T7—0HoTH, BSMEMERE2/51EEDH D TH A, flags DIEKICONWT
F. B L X9,

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

int PyRun_SimpleFile (FILE *fp, const char *filename)
RFLD PyRun_SimpleFileEzFlags() @ closeit % 012, flags % NULL IZ L CHf{b L7z A4 > & —
7 I XVC\‘TO

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

RELD PyRun_SimpleFileEzFlags() @ flags % NULL IZ L CHfli{L L7z 4 ¥ & —7 =z — R T,

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

PyRun_SimpleStringFlags () ITWE T2, Python Y — 23— K% XEYNOXFHTIER
X fp POFARAALET, filename ZFEDT 7 A VDEHFMTRINE R ST, T77MILY AT
LOTYA—T42YJEIZ—N\NYES TTFa—FEINET, closeit WEZIEELLHEII.
PyRun_SimpleFileExFlags() DWUEZ RS HIICT » A LV ZPHU 9,

0 IR

Windows Tl&. fp 3 N1 FVE— FTHINETT (flZIX fopen(filename, "rb")), £5 L
RWEEE, Python 13fTRD LF D22V P2 ELLFLZRNTL & D,

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

RELD PyRun_InteractiveOneFlags() @ flags % NULL \Z L CTHHM{LL 724 > X —T7 2 — X T,

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

FRER T ANA BT SN2 7 7 £ U Bk — D5t AAA, flags ITHE->THEITL 3, sys.psi
¢ sys.ps2 2o T, 2—HF vy M 2RRLE T, filename 13 77 A ATLOIYI—
TAYTELZ—N\YRZ TFa—-FShid,

ADNBEFEZFITINLE EIE 0 ZIRLE T, BINDPRELLGEER -1 ZRLET, R—RAL7—-0D
5513 Python D—# ¥ LTEHMA XN TWVWS errcode.h f Y ZIL—RI7 7 A NCHBLF—a—F%
JE L %3, (Python.h i% errcode.h &4 ¥ 27— K LEEA, ftoT. BEREEIZZOMELS > 2
N—RLARFNEZRLRVI EIERLTLEIW, )

int PyRun_InteractiveLoop (FILE *{p, const char *filename)

TELD PyRun_InteractiveLoopFlags() ® flags % NULL \Z L CTHAULL /24 ¥ X —T7 =2 — AT,

int PyRun_InteractiveLoopFlags (FILE *{p, const char *filename, PyCompilerFlags *flags)
MEE TN RIWCBEEMY 577 7 A5 EOF IGET 2 £ TXEHAAAFEITLET, sys.psl
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¢ sys.ps2 Zffio T, 2—HFI7ar 7+ 2R RLET, filename & 77N AT LOITY 01—
TAYTELIZ—N\YES TFa—FE3hEF, EOFIGET 2L 0 2IBTh, KULsEAOKER
LT,

int (*Py0S_InputHook)(void)
RICEBL 9 : Stable ABI. int func(void) W5 7B kXA TOEBANDERAL Y ZDBRETE X
T, ZOBIX, Python DA X FVRDTa Yy B 74 FAREICRD ZR—IFLhbDa—Y
DANZEHFOE IR o TP ENE T, B EIEHINEST, 207y 72 EFEXTSZ

£ T, Python ®Y —2X 23— FDOH T Modules/_tkinter.c 23> TW3 XI5, A X TV XD
gy hefiof Ry ML—-TERHEETEET,

N—Y a ¥ 3.12 TZH: This function is only called from the main interpreter.

char *(*Py0S_ReadlineFunctionPointer)(FILE* FILE* const char*)

char *func(FILE *stdin, FILE *stdout, char *prompt) &\ 5 7B b XA TOMEBAD KA
VEADPRETE, 774NV MOEBELEXTEITA VR TVRDOT0 Y T MDA % 1171200
FOET, ZOBBIE. XFH prompt B NULL THRWIGEEX prompt ZH L. 52 SNT-EEER H
7 7 ANPOANE LITHiA FROXFINEIRT & W EESRFI N TOE T, FlZIX, readline
EYV2—MIIDT v 7 BRE LT, ITHREMEES X 7T HiseMREZ IRt L TV 5,

B D fEIX PyMem_RawMalloc() F721& PyMem_ RawRealloc() TXEVHEMRLZXFH]. Hi0ET
T — PR E F2GAIZE NULL TRIFER D $8A,

N—=Yay 34 TEHE: KEDEIZ PyMem Malloc() =X PyMem_Realloc() TIF7% <.
PyMem_RawMalloc() F721% PyMem_RawRealloc() TXEVHERLZDDTHRIFIUIRD FHA,

N— a ¥ 3.12 TZH: This function is only called from the main interpreter.

PyObject *PyRun_String(const char *str, int start, PyObject *globals, PyObject *locals)

RDE: HLWEE, FNit® PyRun_StringFlags() ® flags % NULL IZ L CHA{L L7z A > &R —
71_ij—o

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
RBOE: FTLWBER, A7 =2 bD globals ¥ locals TIHEXNZAYTHFANT, AV 4777
7N flags HRRELIZIREET, str 12 3 Python Y —2a— FEEFTLE T, globals 1 FFFETRIY
ERD FRA; locals I~y Fabalz2RELLA T2 M RoATHHVERA, 51K
start 13V — A3 =R NX=—RAFT27-DIHDLNEINEHB -7 VZ2IEELET,

- REETLULEREZ Python A 72227 b LTRLES, Ehid. FIADLFHEEL 7% 51F NULL
ZIRLET,

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
RDfE: FTLWBHE, RO PyRun_FileExFlags() D closeit % 0 12 L. flags % NULL {2 L CHif
ftL7cf ¥R —=7 2 —RATT,

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

*locals, int closeit)
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RDOE: HLWEBE, FNid® PyRun_FileEzFlags() @ flags % NULL IZ L CHA{L L7z A4 > & —
73’-""X¢C\\‘§_o

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, PyCompilerFlags *flags)
RDfE: $iLWBER, Fild PyRun_FileEzFlags() @ closeit % 0 W U THAMLL/zA ¥ X —T7 2 —
X‘(\\j—o

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

*locals, int closeit, PyCompilerFlags *flags)

REDME: HiLWEE, PyRun_StringFlags () L TWE T A, Python Y —Ra—FZ2XEYHND
XFH|ITIERL fp 22OHARABET, filename XZFD 7 7 A VDHBITRITINERS T, Z71IL
SDRATLOIYVA—TA VT EIT—NYREZ TTFa—FEINET, closeit CHEEZIRE L1HER
PyRun_FileEzFlags ) BB EZRTHNZ 7 7 A V2L £55

PyObject *Py_CompileString(const char *str, const char *filename, int start)

RBOfE: rLVWBER, RICBLET: Stable ABL. RNl ® Py_CompileStringFlags() @ flags %
NULL (2 L CHME L7z ¥ X =T = — X TT,

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

Rbhf#E: FHILWBHE, LD Py_CompileStringEzFlags () D optimize % -1 1 L CTHHLL 24 >
&"71#26?0

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags
*flags, int optimize)
RDfE: #LWEBHE, Parse and compile the Python source code in str, returning the resulting
code object. The start token is given by start; this can be used to constrain the code which
can be compiled and should be Py_eval_input, Py_file_input, or Py_single_input. The file-
name specified by filename is used to construct the code object and may appear in tracebacks or

SyntaxError exception messages. This returns NULL if the code cannot be parsed or compiled.

TEL optimize 1%, 3284 T DRELL AL EIEELET; -1 13, A YRSV XD -0 A T2 a T
26030 RIUKELL NVZET TS, PURZRLOUE, 0 (Blfb7s L. __debug__ 3H),
1 (assert [FHXD FR22 41, __debug__ 134%). 2 (docstring HHELD R L%) TF,

Added in version 3.4.

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

PyCompilerFlags *flags, int optimize)

RDME: :iLWEBH, Py _CompileStringObject () EBTWETH, filename & 77 AL AT L
DIVIA—TA VI EIF—NY T TFa— RIS P XFHTT,

Added in version 3.2.
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PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)

RbDfE: :TLWEBE, RICEL X7 Stable ABI. PyEval_EvalCodeExz() D ¥ TNig A ¥ R —
T7r—RT, A=—RFA TV 7 b, Zu—rULERE v - VERIZT 22D £3, o515
& NULL 2SS k3,

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)
ROfE: HILWEBE, RICBLET: Stable ABL 52 SNLRFEDREET, a v AFEADa—F
A7V bEFHEILE T, ZORRIE I — IVEROFFEL, O—INVEBOR vy AT
7 b\ SIROBES], ¥—T— R T 740 MA, F—T—FFA SO T 7 4L MEDFEE L, 1D
7a—Yx X T VTHRINET,

PyObject *PyEval_EvalFrame (PyFrameObject *f)

BRbh{E: HFLWBE XICELFXzI: Stable ABL. EfT7 V-2 %2ifliL £ 3, Z i
PyEval_EvalFrameEz () XM T BT Y TNikA VR =7 2 — AT, BITAEHEDDDHDTT,

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
ROE: FTLVWEE, RICBL ET: Stable ABL Python ® A > & — 7V 2D EEx, HEN BT
T, FIT7 V=4 fREEMNTONIZa—-FA T 27 b EETLET, N ba— FZ@RLT, &
BTG CTMOHLEEITLE T, BIND throwflag 5IEIXIZL AYEHTEE T, - B L true 15,
TN EFREZTET, ZREY 22— A TP 27 bD throw() XYV v RTHHINET,

N=Pay 34 TEE: 777 4 7RI ER THE TRV L 2RES 2 D@L L 51, ol
BTNy 7%= arviadb i ok L
int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
REOFME 7 L —20D7 7 7RZELET, BIILES true 2, KB LZS false ZIRL £7,
int Py_eval_input
BRI F % Python EDBGRFZE T, Py_CompileString () ¥ —#EIfVE T,
int Py_file_input

T7ANDHZVEMDY — 2D 55AAENT-X DA KK F 2 Python XiEkDBMAEL B T,
Py _CompileString() & —#IMHVET, ZHIEEEEDEZXD Python Y —RXa— Kz a Xy, A
LT B EIMIFEETT,

int Py_single_input
B —DZN$ % Python XIEDBAAHEEE T, Py_CompileString () ¥ —#IC@HWE T, ZAUINEE
KDA V2TV ZNV—=TDIDDFETT,

struct PyCompilerFlags

AVRA T T 7 WNDTBLDOWENR TS, a—F2ary {33720 0856. ZOWHEEKRD
int flags ¥ LTHEINE T, a— F2FETT 25E1213 PyCompilerFlags *flags & LTI
3, ZO%E. from __future__ import X flags DINEBEEZEHETEE T,
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Whenever PyCompilerFlags *flags is NULL, cf_flags is treated as equal to 0, and any modifi-

cation due to from __future__ import is discarded.
int cf_flags
aAVRATT757,
int cf_feature_version
cf _feature wversion is the minor Python version. It should be initialized to PY_MINOR_VERSION.
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in cf_flags.
N—=Ya Yy 3.8 TEH: Added cf feature wversion field.

int CO_FUTURE_DIVISION

Dty +%& flags kv bT 2, BREBET /X PEP 238 12X % THORRRA (true division) )
LLTHbILET,
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Oty arii®rBEBe~rnid, Python A7 =27 VOB AY v FOBHICHFHINE S,

Py ssize_t Py_REFCNT (PyObject *o0)
RICBLFT: Stable ABI (IN—23> 3.1/ &D ). Python A 7Y =27 b 0o OZRAY ¥ F2HUGL
£,

RO EZ. ERCRFENT0WE AT 27 P OZROFEFEFIIRKML TS 2IFReRnwz e igiE
BLTLEZEY, fIZE, —8 D47 =2 MIk#t (immortal) TH D, EEOSIROKZ KM L 72
WIEFIZEWSHEEERE 3, Lo T, 02 1 OEMA TR, EHRRERDEICES RWTLZ
AN

AT 27 VOSBRI Y Y MERET B 72010 . Py_SET REFCNT() BABUEH L T 2 &0,
N— a2 3.10 TEHE: Py REFCNT() X static 784 ¥ T4 VBIBICEE I E L,
N—=Ta ¥y 311 TEH: 5/8DANX const PyObjectx TIIR 7R D F L,

void Py_SET_REFCNT (PyObject *o, Py _ssize t refent)
FTIxT b 0o DBIRI TV bE refent WKERELE T,

7Y —ZL v K& Python EJL K T, refent A% UINT32_MAX & h KEWEE, A 7Y =2 Mk
(immortal) 7D £,

Z DBIBUIIKE (immortal) 7Y =27 MIZIIAIH LEE A
Added in version 3.9.
N—=Ta v 312 TEHE: kit 7Y =7 MIEBFINFERA,

void Py_INCREF (PyObject *0)
FT7T 2T b o NOFILWV EBEBE ZHIF L. ZABFHPCHEINATERLRVWIEEZRLET,

Z DRAEUIIK®E (immortal) A 7Y =27 MIZEH LEE A,

This function is usually used to convert a borrowed reference to a strong reference in-place. The

Py_NeuwRef () function can be used to create a new strong reference.

When done using the object, release is by calling Py_DECREF ().
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F TP M NULL THo TIEWITERA, 20D NULL TRAEWVWEHEENIFTRVWER 51E,
Py_XINCREF() ZffioTL & W,

Do not expect this function to actually modify o in any way. For at least some objects, this

function has no effect.
N—=Tay 312 TEH: KigA 727 VIZHEINFHA,

void Py_XINCREF (PyObject *o0)

Similar to Py_INCREF (), but the object o can be NULL, in which case this has no effect.
See also Py_XNewRef ().

PyObject *Py_NewRef (PyObject *o)

RICBELZET: Stable ABI (IN—23 Y 3.10 &£D ). Create a new strong reference to an object: call
Py_INCREF() on o and return the object o.

When the strong reference is no longer needed, Py_DECREF () should be called on it to release the

reference.
The object 0o must not be NULL; use Py_XNewRef () if o can be NULL.

Bl 213

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

can be written as:

self->attr = Py_NewRef (obj);

See also Py_INCREF().
Added in version 3.10.

PyObject *Py_XNewRef (PyObject *o)

RICBELZFT: Stable ABI (IN—23> 3.10 &£D ). 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.
Z DRARUIIK®E (immortal) 7Y =27 MIZEH LEE A,

Once the last strong reference is released (i.e. the object’s reference count reaches 0), the object’s

type’s deallocation function (which must not be NULL) is invoked.
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This function is usually used to delete a strong reference before exiting its scope.

F 7YV R NULL THo TIEWITFTERA, ZND NULL TIRAEWVWECHEESFTRVER 51T,
Py_XDECREF () Zffio T 7Z2& W,

Do not expect this function to actually modify o in any way. For at least some objects, this

function has no effect.

A

The deallocation function can cause arbitrary Python code to be invoked (e.g. when a class

g

==}
[=]

instance with a __del__() method is deallocated). While exceptions in such code are not
propagated, the executed code has free access to all Python global variables. This means
that any object that is reachable from a global variable should be in a consistent state before
Py_DECREF() is invoked. For example, code to delete an object from a list should copy a
reference to the deleted object in a temporary variable, update the list data structure, and

then call Py_DECREF () for the temporary variable.

N—ay 312 TEHE: KA 7Y =7 MIEBESNEL A,

void Py_XDECREF ( PyObject *o)

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 *o)

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

reference.

It is a good idea to use this macro whenever releasing a reference to an object that might be

traversed during garbage collection.

N— 3 ¥ 3.12 TZHE: The macro argument is now only evaluated once. If the argument has
side effects, these are no longer duplicated.

void Py_IncRef (PyObject *o0)
RICBLZEY: Stable ABI. Indicate taking a new strong reference to object o. A function version
of Py_XINCREF(). It can be used for runtime dynamic embedding of Python.

void Py_DecRef (PyObject *o0)

RICBL £9: Stable ABI. Release a strong reference to object o. A function version of
Py_XDECREF (). It can be used for runtime dynamic embedding of Python.

Py_SETREF (dst, src)
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As in case of Py_CLEAR(), "the obvious” code can be deadly:

Py_DECREF (dst) ;

dst = src;

The safe way is:

Py_SETREF(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.

N— a ¥ 3.12 TEAHE: 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.

N— 3 ¥ 3.12 TZH: The macro arguments are now only evaluated once. If an argument has

side effects, these are no longer duplicated.
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s anE

ZOETHHAT 2B ZMS &, Python DFIANDUILFINDELATE 2 XS24 D £3, Python Ofl
AMLIRDEARZ WL SRS 2 Z & BKYITT, FlFHE POSIX errno ZEUTRRM I RER R L £ 3
FELEFTROFLVIS—D (RLy FED) 70— oLk oI —ZHRHD £5, TSI LS5
BWIFLAYD CAPI B ZhE 7 V7 LEBAD, KRELALL 21237 —DRRZRTDICHE
Li?oHZAE®(hﬂqﬁﬁ@l5—4yy#—&%ﬁb\L%@%ﬁ# A VEEIRT IR oTWY

L& NULL TH D, BEI R RTHEE -1 TF, (4% PyArg_* BAEUISEATICHII Lz Z1C 1
ZIRL. RBLI-E 2120 ZRLET).

BRI, =7 —A4 7 =&, fINOBL, FINOME, bL—ANY 7T +D3DDATI =S
FRAVRTHERINE T, ZNHDRAL VRFIENTD, HREINRWVIFEIE NULL IRk D 2 FF (2721
WL O2OMAEDORIEEILEIATED,. HIZE. BISLORIAN NULL O5E1E. FL— XA/7M#NWL®
iz b £€A)

B B BRDIE O U 7B W K ORI L 727210, Z OB R LR T USRS 0 e &, — i
T A VDT — RERELE A, WO LABEA T TICRELTVES, =5 — 2L ChsE2 Y 7
Tah HEVE (A TV =7 b BRELEIAEVEDYTOLSR) ZADHEOLAKRY Y — 2 BT D R
FRICREZDDOEL S —HE{TOBEEND D T3, =7 —F2MET 2% HZ L Cuiiriud, il 3
NETIE BOFERA. TT7-DEDIEIPEE. TI7—BREINTVS LILOH LITICHISE 3 2 2 A
KOICF, T2 MHINTOAWESELZIETEICEZ 5TV 3HEIE, Python/C API O X 574
BIEOH LR U723 D I3 B i WATREMED S D . RAMRATUTRIT 2008 LLEE A,

0 R
The error indicator is not the result of sys.exc_info(). The former corresponds to an exception

that is not yet caught (and is therefore still propagating), while the latter returns an exception after

it is caught (and has therefore stopped propagating).

51 HAheoI7

void PyErr_Clear()

RICBLET: Stable ABL. =5 —A P75 —Z%227VU7LET, TI7—A4 UIF—XRREINTWH
BV BSIE, FREIHD FHA
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void PyErr_PrintEx(int set_ sys_ last_ vars)

RICEBLFT: Stable ABL f##D L —ZX Ny 7 % sys.stderr KL, Z5—A P Fr—&%7
V7 LEd, 2L, =77 SystemExit THBIHEZRVWT T, ZDHE. FL—ANv 7 &
HHX 3, Python 7o+ 21X SystemExit 4 Y AR Y A TIREINZZ I —a—FTRTLET,

LA I EPRESNT VD L ZIZ EIF. COBBZHUTH LTSV, ZhEBD5E,
Baer s —%z5lgEIFTL D!

If set_sys last_wars is nonzero, the variable sys.last_exc is set to the printed exception. For
backwards compatibility, the deprecated variables sys.last_type, sys.last_value and sys.

last_traceback are also set to the type, value and traceback of this exception, respectively.
N— a v 3.12 TEH: The setting of sys.last_exc was added.

void PyErr_Print ()
RICELE9: Stable ABIL. PyErr_PrintEx(1) XA V7 XT3,

void PyErr_WriteUnraisable (PyObject *obj)
RICEL 7 : Stable ABL BFEDHIA & 0bj 5180 T sys.unraisablehook() ZM-UH L ET,
This utility function prints a warning message to sys.stderr when an exception has been set but

it is impossible for the interpreter to actually raise the exception. It is used, for example, when

an exception occurs in an __del__() method.

The function is called with a single argument obj that identifies the context in which the unraisable
exception occurred. If possible, the repr of 0bj will be printed in the warning message. If 0bj is

NULL, only the traceback is printed.

OB OH T e 2i2id, sty P ERTORTFERD FH A
N— a ¥ 3.4 TZH: Print a traceback. Print only traceback if obj is NULL.
N—ar 3.8 TAH: Use sys.unraisablehook().

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

Similar to PyErr_WriteUnraisable (), but the format and subsequent parameters help format
the warning message; they have the same meaning and values as in PyUnicode_FromFormat ().
PyErr_WriteUnraisable(obj) is roughly equivalent to PyErr_FormatUnraisable("Exception

ignored in: %R", obj). If format is NULL, only the traceback is printed.
Added in version 3.13.

void PyErr_DisplayException(PyObject *exc)
RICBLFT: Stable ABL (IN—23> 3.12 &D ). Print the standard traceback display of exc to

sys.stderr, including chained exceptions and notes.

Added in version 3.12.
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5.2 FISDxt

UROBEIE. HEDAL Y FOLS —A4 I 7 —ROFELHIL 23, FEED-D, s W»
{OMiE. return X THHATE 3 X5 ITHIZ NULL KA VX ERLET,

void PyErr_SetString(PyObject *type, const char *message)

RICB L £9: Stable ABI. This is the most common way to set the error indicator. The
first argument specifies the exception type; it is normally one of the standard exceptions, e.g.
PyExc_RuntimeError. You need not create a new strong reference to it (e.g. with Py_INCREF()).

The second argument is an error message; it is decoded from 'utf-8'.

void PyErr_Set0bject (PyObject *type, PyObject *value)

RICBULZET: Stable ABL. ZOBIBUX PyErr_SetString () IMTWETH, FlSD 7 fE (value)”
2 LUTEED Python A 7Y =7 b RIEET D Z DB TEE T,

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
RO{#: ®IZ NULL . RICBLZFT: Stable ABL. ZOBBIILS —4 >V —&X%EFE L NULL %K
L¥ 73, exception 1& Python I8t 27 5 A TH B RETT, format L UEDFIEBIZTI —Xvt—%
E2 728D b DT, PyUnicode_FromFormat () DFIE LR UEKEZF > TWE T, format 1& ASCII
Ira— FENLXFHITT,

PyObject *PyErr_FormatV(PyObject *exception, const char *format, va_ list vargs)

RD{E: BIC NULL . RICEL %9 : Stable ABI (IN— 3> 3.5 &£D ). PyErr_Format () X[R LT
T AIERGIEORD DIT va_list 5IZZITHD 7,

Added in version 3.5.

void PyErr_SetNone (PyObject *type)
RICBLFT: Stable ABL. Z4UX PyErr_SetObject(type, Py_None) Z#EMEL7=dDTT,

int PyErr_BadArgument ()

RICBLFT: Stable ABL. 24U PyErr_SetString(PyExc_TypeError, message) Z &ML 7zd
DT, T IT message FMAABBRMEDPIERG TSNV 28 ZRLTVET, I
WE TR 272D b DT,

PyObject *PyErr_NoMemory ()

RD{#E: &IZ NULL . RICEBL £7: Stable ABI. 24X PyErr_SetNone (PyExc_MemoryError) %
HIE LS DT, NULL ZIRLET ., LAdioT, XEVRRICK - & A 70 =2 MEID 4 TH
3 return PyErr_NoMemory(); £ EL Z &N TEE T,

PyObject *PyErr_SetFromErrno (PyObject *type)

RBbhfE: BIC NULL - RIZEL £79: Stable ABI. This is a convenience function to raise an
exception when a C library function has returned an error and set the C variable errno. It con-
structs a tuple object whose first item is the integer errno value and whose second item is the
corresponding error message (gotten from strerror()), and then calls PyErr_SetObject (type,
object). On Unix, when the errno value is EINTR, indicating an interrupted system call, this

I ] _ Y and if 4] ] i | . ] -
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function always returns NULL, so a wrapper function around a system call can write return

PyErr_SetFromErrno (type) ; when the system call returns an error.

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

RD{E: ®IZ NULL » RIZBEL &9 Stable ABI. Similar to PyErr_SetFromErrno(), with the
additional behavior that if filenameObject is not NULL, it is passed to the constructor of type as a
third parameter. In the case of 0SError exception, this is used to define the filename attribute

of the exception instance.

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

PyObject *filenameObject2)

BRbfE: ®IC NULL - RICEL FJ: Stable ABI IN—2 3> 3.7 &Db)
PyErr_SetFromErrnolithFilenameObject () WM TETH, 7 7 4 V%% 2 DE S B KK
L7z 21BN kT 272012, 2 DD 7 7 A VKA T 227 b EZITWD £7,

Added in version 3.4.

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

RD{#E: 8IC NULL . RICEL X9 : Stable ABL. PyErr_SetFromErrnolithFilenameObject () IT
BICVWEFTD, 77 A05AIF CXFFNE LTHEZABLNET, filename ld 77NN AT LOITY 01—
TAVIELIZ—N\Y RS TFa—Fahid,

PyObject *PyErr_SetFromWindowsErr (int ierr)

RDf#: 8IC NULL - RICEL X9 Stable ABI on Windows (IN\—23 > 8.7 &D). This
is a convenience function to raise 0SError. If called with ierr of 0, the error code returned
by a call to GetLastError() is used instead. It calls the Win32 function FormatMessage() to
retrieve the Windows description of error code given by ierr or GetLastError(), then it con-
structs a 0SError object with the winerror attribute set to the error code, the strerror at-
tribute set to the corresponding error message (gotten from FormatMessage()), and then calls

PyErr_SetObject (PyExc_0SError, object). This function always returns NULL.

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

RDfE: ®BIC NULL - RICEULE9: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetFromiindowsErr() W TWETH, EHTIHNOIEIEET 251 8»EMEI N T
WE S,

Availability: Windows.

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)

RDfE: BIZ NULL « RICBL %9 : Stable ABI on Windows (IN\—2 3> 3.7 &D ). Similar
to PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is
decoded from the filesystem encoding (os.fsdecode()) and passed to the constructor of 0SError

as a third parameter to be used to define the filename attribute of the exception instance.

Availability: Windows.
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PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject

*filename)

RDfE: BIZ NULL « RICBL %9 : Stable ABI on Windows (IN\—< 3> 3.7 &D ). Similar
to PyErr_SetEzcFromiWindowsErr (), with the additional behavior that if filename is not NULL, it
is passed to the constructor of 0SError as a third parameter to be used to define the filename

attribute of the exception instance.
Availability: Windows.
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject
*filename, PyObject *filename2)

RDfE: &®IC NULL - RICBL£Y: Stable ABI on Windows (IN\—2 3> 3.7 &D).
PyErr_SetEzcFromiindowsErriWithFilenameObject () W TETH, 2 DHOZ7 v 4 VEH A4 T
P MRZIWMD FT,

Availability: Windows.
Added in version 3.4.

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

*filename)

RDfE: &IC NULL . RICBEL E9: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetFromiindowsErriithFilename () WAITWETH, EHT 2050 EEET 5518
PHEMENTVET,

Availability: Windows.

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

RDfE: BIZ NULL . RICBEL %9 Stable ABI (/N\—23> 3.7 &D ). ImportError % fifjHiizi%
3 27DDBMTT, msg BHIHNDR v t—IXFFNE LTy FENET, name & path 135
5% NULL IZ LTk, ZNZN ImportError ® name EM Y path BMEr LTty FIhE T,

Added in version 3.3.

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

RDME: BIZ NULL . RIZEL£9: Stable ABI (IN—23> 3.6 &D ). PyErr_SetImportError()
XA BTVETY, ZOBEBULEH T 2414 LT, ImportError %77 I A EEETEE T,

Added in version 3.6.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_ offset)

WEDHISND 7 > 40, 1T, A7y bOEREELY P LET, HREDHIIND SyntaxError TRV
Blx. FINERRT 29 7> 27 L5, 44D SyntaxError TH 2 L BZX 2 LS5 IEMEEZBML T,

Added in version 3.4.
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void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_ offset)

RICELFT: Stable ABI (IN—2 3> 3.7 &D ). PyErr_SyntazLocationObject() ¥ {UTWETF
W, filename (& 77 AN AT LADIYA—T 4 VT LT T—N\YRT TFa— RENLNAL PFE
HT5,

Added in version 3.2.

void PyErr_SyntaxLocation(const char *filename, int lineno)

RICEL F7: Stable ABIL. PyErr_SyntazLocationEz() LALTWE T, col offset 5IBDIRE &
NTVET,

void PyErr_BadInternalCall()

RICEBLFT: Stable ABIL. PyErr_SetString(PyExc_SystemError, message) ZHMEL72H DT
T, T I T message EPFIRME (I 212, Python/C API BI%K) 5 ARIER5# e & b IcMUuHEhiz e
WS ZEERRLTVWETS, FCHNETHEHT 22005 DTT,

&
5.3 &

DT oBfzfdv, C a— FTREALESEZHME L £ 3, Python @ warnings €3 2 — L TAIN TV S
FREOBEE Y KU TE T, IO OBEITEELESE X v —U% sys.stderr NHA L ETH, 2 —I»EE
BLI—AEETLIHEETS I HTE, 2OHEIE, BRI ZER L 5, BEHEEI S OME
D7D DBBMBHIN XL T 205 2 b ADVBEE T, FIANEE SR WEEIFREDHEEZ 0 T, f
AEEENHEF -1 T, (BEX vy —IEBICH S35, z‘oJ:U\%O)W'JﬂO)ﬁ.#ﬁ#kO
WTIFHMTEE B A; SHIERRD DT, ) Ptk hGEa, O L@ ofs e 2
TVET (Bl RIFLTWsficxt U Py_DECREF() 21T\, T — L% LET)

int PyErr_WarnEx (PyObject *category, const char *message, Py ssize t stack level)

RICBELFTY: Stable ABL. BHEX v =Y % RITLE T, category 5183 EEL 7Y (UTF%S
M) 2 ¥ 7213 NULL T, message 51503 UTF-8 = a— R XN/ FHNITY, stacklevel \FA X v 7
T —LDBERTEDBETT, BEFZDAX Yy 7 7L —bOFDETL TV ATLLFEITINE
§ o stacklevel A3 1 72% PyErr_WarnEz () ZM-OMH LTV 2880, 2 728 2@ Lo Warning
DFATITITHRD £3,

&S 7 2V 1% PyExc_Warning OV 727 5 A TR ITHhIE#R D ¥4 A, PyExc_Warning 1
PyExc_Exception D% 727 5 XA T, 77 4L b D&EE A7 3V PyExc_RuntimeWarning T
§, HHEHED Python BE&HA 73V BEESHTIY) THEMDFIEINTVWE 7o — L EKE L
THHATRET ¥

BEXZaY MR- TEDDBRICOVTIE, wvarnings EYV a2 — LD FFaXy7—yarraw
VRIAY R FaXyT—2avd -WATTavESRLTIEIN, BEarbn—1okzHo
CAPILIZH D ¥ A,

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int
lineno, PyObject *module, PyObject *registry)
TARTOEEOEEEZHRINCHIBE L 285X v —Y 2L ¥ 9, 24U Python BI# warnings.
warn_explicit() DEHEAIR T v =T, T HIKIEREHFZICIZELEZBRML TSIV, 22
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FHINTWE T 7 40 DR EE 272012, module & registry 5180E NULL IZREET 5 Z &M T
ERES

Added in version 3.4.
int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,

const char *module, PyObject *registry)
RICBLF 9 Stable ABL. PyErr_WarnEzplicitObject () WZEITWETH, message & module 73
UTF-8 =¥ a— FENLXFHNTHZ & ZANBRLD . filename & 77 AN AT LOIY -7+
YT —-N\NYFZ TFa—FEhExd,
int PyErr_WarnFormat ( PyObject *category, Py ssize t stack_level, const char *format, ...)

RICE L £79: Stable ABL. PyErr_WarnEz () W27z & 5 RBEBTTH, EHEX v —I% 71— v
N3 2 DIZ PyUnicode_FromFormat () ZfHA L £3, format & ASCII IZT > a— R XN/ XFF]
T,

Added in version 3.2.

int PyErr_ResourceWarning (PyObject *source, Py ssize_t stack_level, const char *format, ...)
RICBLZET: Stable ABI (/N\—23 > 3.6 &D ). Function similar to PyErr_WarnFormat (), but

category is ResourceWarning and it passes source to warnings.WarningMessage.

Added in version 3.6.

54 I5—12—20BVWaht

PyObject *PyErr_Occurred ()
ROfE: BABHE. RICBLET: Stable ABL. 7 —A VP r —APREINTVEHT AP LET,
REZINTVEHEE. HIAO B (PyErr_Set* B O —DbH %\ & PyErr_Restore() ~Dixb H
LWIECH LIS 3 28 —580) ZIBL E3, RESINTORWEEIE NULL 2R LE T, HRLIFE
DIENDSIRER > TWEHADT, 2 Py_DECREF() T 3RXEEIH D THA,

IO LN GIL 28155 2 05 03 H D £5

0 iR

ROhbfE2REofA BB LIEZWVWTSEFEIY, ZoRbDiZ, TR T
PyErr_EzceptionMatches() Z{Ho T &V, (LEHIIFEHICEM T E2TL & 5, RER L,
BIANE 7 S A TR A VAR AR LAKR WL, HDEWE. 7 7 ZFINDIGE IS 3 6
NDHT 7 72 LNV PSTT, )

int PyErr_ExceptionMatches (PyObject *exc)

RICBLET: Stable ABL. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) &[H U, fi
ADEBICRRES NIz BIZRET. T2 T ITRETT, ISBREL TVRVWELIE, XEY
7R ZERDPEESLTL &9,
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int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
RICEB L £79: Stable ABIL. #ill4} given 25 exc DRI FHE T 2H5EICEERIRLE T, exc 237 7 A
FTI2 7 N THBIGED, given DY TV TADA VYRR VATHS L ZIWCEEZRLET, exc BX
TLOEEIR. ZTMBS (BEUZOY TR FVCERINCS B) FRTOBSESEET 2 7
RHNET,

PyObject *PyErr_GetRaisedException (void)
RbhfE: :iLWEHE, RICBL XY Stable ABI (IN—3> 2.12 &bD ). Return the exception

currently being raised, clearing the error indicator at the same time. Return NULL if the error

indicator is not set.

This function is used by code that needs to catch exceptions, or code that needs to save and restore

the error indicator temporarily.

Bl 213

PyObject *exc = PyErr_GetRaisedException();

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

PyErr_SetRaisedException(exc);

& BE

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

Added in version 3.12.

void PyErr_SetRaisedException(PyObject *exc)

RICBLET: Stable ABI (IN\—23 > 3.12 &D ). Set exc as the exception currently being raised,

clearing the existing exception if one is set.

A

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

g

==}
[=]

Added in version 3.12.

void PyErr_Fetch(PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
RICELE T Stable ABL. N— a ~ 3.12 TIEHESE: Use PyErr_GetRaisedEzception() instead.
I AV —RET RLARET=ZDDEH
WRWEAIE, DI TOEE -4
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B2 7EN, BREEZRYHBEINEFENETNOA TS 27 FADSRBEROZ IR T, AT
P P NUILL THRWEETXZ, FOMEL FL—ZANw 747322 MINILL b LAERA,

0 R
This function is normally only used by legacy code that needs to catch exceptions or save and

restore the error indicator temporarily.

Bl 213
{

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

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

PyErr_Restore(type, value, traceback);

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

RICBLET: Stable ABL. N—3 a ¥ 3.12 TIEHESE: Use PyErr_SetRaisedEzception() instead.

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

function. I warned you.)

O IR
This function is normally only used by legacy code that needs to save and restore the error

indicator temporarily. Use PyErr_Fetch() to save the current error indicator.

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

RICBLZE T Stable ABL. N— a ~ 3.12 TIEHELE: Use PyErr_GetRaisedEzception() instead,

to avoid any possible de-normalization.

HBRMNTE, DURD PyErr_Fetch() 2SR 7 EFRbIh T afREME2SHH £5, 0F
D, *xexc &7 7RAFATI 27 W20 wval EAL I FADA VARV ATIERVE WS EKRTT, Z
DI FD IS RIGEICED I T A% A VARV AT 3 7201IfibE T, ZOMENT TIZIEHL
ENTWBRHEEIRMbEZERA, BEERLIEIR7 + - A2 WETEDICEEIRTVET,
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0 IR
This function does not implicitly set the __traceback__ attribute on the exception value. If

setting the traceback appropriately is desired, the following additional snippet is needed:

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

PyObject *PyErr_GetHandledException (void)
RICBULZET: Stable ABI (IN—23 > 8.11 &D ). Retrieve the active exception instance, as would
be returned by sys.exception(). This refers to an exception that was already caught, not to an
exception that was freshly raised. Returns a new reference to the exception or NULL. Does not

modify the interpreter’s exception state.

O IR

ZOBBUE. BEIEHIN RS a—- FTRHEHIhEEA, EHICES & IS OREEZ—
RENCRFE L. LRI BENH S a— FTHHAT 2 enTEE T, fINDREZITICRET. b
L &7V 73 3121k PyErr_SetHandledExzception() %Z{fio T X\,

Added in version 3.11.

void PyErr_SetHandledException(PyObject *exc)

RICBLET: Stable ABI (IN—23 > 3.11 &D ). Set the active exception, as known from sys.
exception(). This refers to an exception that was already caught, not to an exception that was

freshly raised. To clear the exception state, pass NULL.

0 IR

Z ORI, EBEFEINEES - FTIEHFHIAERA, EHICES . BN OREL—
FHNCRTFE L. TREITHEDRDH 23— FTHEHAT 2N TEES, fSORELEIGS 21213
PyErr_GetHandledEzception() % ffio T EE W,

Added in version 3.11.

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

RICBLZET: Stable ABI (N—23 > 3.7 &D). Retrieve the old-style representation of the
exception info, as known from sys.exc_info(). This refers to an exception that was already
caught, not to an exception that was freshly raised. Returns new references for the three objects,
any of which may be NULL. Does not modify the exception info state. This function is kept for
backwards compatibility. Prefer using PyErr_GetHandledEzception ().
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0 IR

ZOBIBUZ. BEIEHIN S a - FTRHEHINEEA, EMICES . ZhEfIstoREEL—
REHNCERTFE L. TECRIBENDH S a— FTHHAT 2 enTEE T, fINOREZITICRET. b
L &2V 73 312l& PyErr_SetExcInfo() Z{fio T X W\,

Added in version 3.3.

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

RICBLEY: Stable ABI (IN—23> 8.7 &D). Set the exception info, as known from sys.
exc_info(). This refers to an exception that was already caught, not to an exception that was
freshly raised. This function steals the references of the arguments. To clear the exception state,
pass NULL for all three arguments. This function is kept for backwards compatibility. Prefer using

PyErr_SetHandledEzception().

0 IR

COBIBUE. EE AN S a—- FTREHINEEA, EMICES & ZhEfstoREEL—
REHNCERFE L. TCCRTBENDH 22— FTHEHAT 2N TEX T, IS REZIET 5121F
PyErr_GetEzcInfo() Z{fioTL7Z& W,

Added in version 3.3.

N— a ¥ 3.11 TEHE: 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.

55 STFINVRUDYT

int PyErr_CheckSignals ()

RICB L %9 Stable ABI. This function interacts with Python’s signal handling.

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

If the signal module is supported, this can invoke a signal handler written in Python.

The function attempts to handle all pending signals, and then returns 0. However, if a Python
signal handler raises an exception, the error indicator is set and the function returns -1 immedi-
ately (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

5.5.
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(such as by pressing Ctrl-C).

O IR

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

void PyErr_SetInterrupt()

RICEBLE9: Stable ABI. Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx(SIGINT).

0 IR

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

int PyErr_SetInterruptEx(int signum)
RICBLET: Stable ABL (IN—=23Y 3.10 &D). 7 FAHPEGEL MR EZS I 21— FLET,
RIZ PyErr_CheckSignals () DWHINz &, B2 oM 7 FNAFEHD Python D> 7 Fiuny
RIS ET,

This function can be called by C code that sets up its own signal handling and wants Python
signal handlers to be invoked as expected when an interruption is requested (for example when

the user presses Ctrl-C to interrupt an operation).

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

it will be ignored.

If signum is outside of the allowed range of signal numbers, -1 is returned. Otherwise, 0 is returned.

The error indicator is never changed by this function.

0 R

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)
CDa—T4 VT4 BE. 7PN ERIMoT e BICS T FABESENL P LTEZRALT 74
N FZRIFELE T, fd3/ r7my X2 7 TRIAERD $¥ A, TOBKE 12807 7 4L
b FEIR L9,

-1 28T, CORBZRMCLET,; ZAXWEIRETS, ZOBEUZ Python @ signal.
set_wakeup_fd() LFRF T, YARII—F v 7dITVERA, fd IXFBEMRT 7 A VIR FT
HBERETT, ZOBBIEIXA VALY R2LDARIHINZRETT,

N— g 3.5 TEH: Windows T. ZOBEEIZY 7y "NV RALZFR—F T2 X5k FL,
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5.6 BINI S

PyObject *PyErr_NewException(const char *name, PyObject *base, PyObject *dict)

ROfE: HILWEBE, RICELZXT: Stable ABL. 2O2—7 1 U 7 4 BIEUIH L WIS 2 5 2 & 1ERK

TRUE T name 518038 LWHIADHHEI. module.classname JERD C CFHITRIFIUIR 57
W, base & dict 5IUTEE NULL T3, ZHUITTRTOHINDIHDIL— b, #AIAAF Exception
(C TlX PyExc_Exception & LT7 7t RAA[RE) ZN— r e LTIRELRZ FRFT TV =7 b Z2ERKR
L%,

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

dict argument can be used to specify a dictionary of class variables and methods.

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

RBRDE: 1L WBE, RICEL £9: Stable ABIL. PyErr_NewEzception() YIZIEF U TTH. ¥
LWHlsk 27 5 2 2B docstring ZFETE 9, doc 5 NULL TEWEA, Zhnfistr 7 20
docstring 124 D £3,

Added in version 3.2.

5.7 fIAFTZ o+

PyObject *PyException_GetTraceback (PyObject *ex)

RBOfE: FiLWBHE, XICBL X9 Stable ABL. Python T __traceback__ BM»567 27 €2 T%
2HDrEL, FIAMIBET % traceback OFTLWSHRERL 3, BAfRT 3 traceback 23EWIGA IR,
NULL 23R L %79,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)

RICBLET: Stable ABL. ZOHI# B $ 2% traceback 12 th €y bLET, Z7VU 7T 3I121F
Py_None ZfHA L TLZ&E W,

PyObject *PyException_GetContext (PyObject *ex)

REDflE: :HILWBR, KRICEL X7 Stable ABL. Return the context (another exception instance
during whose handling ex was raised) associated with the exception as a new reference, as accessible
from Python through the __context__ attribute. If there is no context associated, this returns

NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)

RICBLET: Stable ABL flAMcBT2ayFF A M etz 2y FLET, 7V 73 5121 NULL
PERHLTLEZE W, ctz BFINA VAR ALY S RiEND ZHIF 2 v 213 TbhEH A, ZHUZ
ctr "NDODSBHEERAE T,

PyObject *PyException_GetCause (PyObject *ex)
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None, set by raise ... from ...) associated with the exception as a new reference, as accessible
from Python through the __cause__ attribute.
void PyException_SetCause (PyObject *ex, PyObject *cause)

RICEBL £9: Stable ABI. Set the cause associated with the exception to cause. Use NULL to clear
it. There is no type check to make sure that cause is either an exception instance or None. This

steals a reference to cause.
The __suppress_context__ attribute is implicitly set to True by this function.

PyObject *PyException_GetArgs (PyObject *ex)
RhfE: FILWBHE, XIZBL T Stable ABI (/N—23 > 3.12 &D ). Return args of exception
ex.

void PyException_SetArgs (PyObject *ex, PyObject *args)

RICBLET: Stable ABI (IN—=23 > 3.12 &D ). Set args of exception ez to args.

PyObject *PyUnstable_Exc_PrepReraiseStar (PyObject *orig, PyObject *excs)

ZHUZ Unstable API T3, YA F—V Y —RATTERLKEBEINZ DD T,

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 Unicode fIAA T o
T oB#x C E385 5 Unicode BN EE- 72 DBEIELZZD T 272DICFHALET,

PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py _ ssize t
length, Py ssize t start, Py ssize t end, const char

*reason)

BbhfE: F1LWEBHE, RICBL X7 Stable ABL. encoding, object, length, start, end, reason JE1E%
% o 7z UnicodeDecodeError * 7Y =7 M EER L ¥ 3, encoding B XU reason 1& UTF-8 =~
a— F é ﬂf:i?ﬁufj—o

PyObject *PyUnicodeDecodeError_GetEncoding(PyObject *exc)
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PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
RDE: HILWBR, XRICELFT: Stable ABL. R oM 72F5t4 72 =27 D encoding JEHE%Z R
LE9,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
ROfE: FiLWBE, XICEL XY Stable ABL 526024472 =27 b D object JEMHEZIR L
9,

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py _ssize 1 *start)

int PyUnicodeEncodeError_GetStart (PyObject *exc, Py _ssize 1 *start)

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py _ssize_t *start)
RICBLEFT: Stable ABL EXNZFNA T =7 b5 start BIEZTIE LT *start 1AL £
Fo start 1¥ NULL TH o TERD FHA, BIIL7Z5 0 &2, KMLZS -1 ZIBRLE T,

If the UnicodeError.object is an empty sequence, the resulting start is 0. Otherwise, it is clipped

to [0, len(object) - 1].

& 2E

UnicodeError.start

int PyUnicodeDecodeError_SetStart (PyObject *exc, Py ssize i start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py ssize i start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py ssize t start)

RICBLE 9 Stable ABI. Set the start attribute of the given exception object to start. Return 0

on success, -1 on failure.

0 IR
While passing a negative start does not raise an exception, the corresponding getters will not

consider it as a relative offset.

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)
RICELET: Stable ABL X WFIANA TS 27 b5 end BIEEEIFE LT *end ITHMIL £ 3,
end I3 NULL TH->TdAD FHA. BIILES 0 2, KL75 -1 ZRBLET,
If the UnicodeError.object is an empty sequence, the resulting end is 0. Otherwise, it is clipped
to [1, len(object)].
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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)

RICBLET: Stable ABL BXNEHNA T2 VD end BYER end IZRELET, K LES
0%, RBLES -1 ZIRLE T,

& 2E

UnicodeError.end

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason(PyObject *exc)

BOfE: :rLWEE, XICEL FX T Stable ABL XXMM A TS 227 F D reason BIEZEE L

£7,

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

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

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

RICBLZFT: Stable ABL JBXNHIMNA TS 227 b D reason BYER reason IZEHRELET, K
L7256 0%, KLZS -1 ZIRLE T,

5.9 BlROEE

These two functions provide a way to perform safe recursive calls at the C level, both in the core and

in extension modules. They are needed if the recursive code does not necessarily invoke Python code

(which tracks its recursion depth automatically). They are also not needed for ¢p_ call implementations

because the call protocol takes care of recursion handling.

int Py_EnterRecursiveCall (const char *where)

RICBLFT: Stable ABI IN—23> 3.94&D). CLRLVOBERESHELEZLEIS > ELTWVWEEZ
SICHIZN T £9,

If USE_STACKCHECK is defined, this function checks if the OS stack overflowed using

Py0S_CheckStack (). If this is the case, it sets a MemoryError and returns a nonzero value.

RICZOBEBEZHRKBOLERBCELTVWRVWLAZF 2y 7 LET, LRICEL TV 354,
RecursionError #t v LR TRWMEEZRLE T, 5 TRVWEEEERERL T,

where 1& " in instance check" DXk 5% UTF-8 =Y a— FINEXEFNIZL T, HIFOFEX DR
FUZZEL T2 ¥ TEH &N B RecursionError DX vt —JICEETE L X ITITRETT,

N— g 3.9 TZH: This function is now also available in the limited API.

78
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void Py_LeaveRecursiveCall (void)

RICBLZET: Stable ABI (IN—23> 3.9 &D). Py EnterRecursiveCall() ZfT SV %7,
Py_EnterRecursiveCall() @ BEHILTc FEOHI LIZH L 1 FIFHERTAUTR D 8 A

N— g 3.9 TZH: This function is now also available in the limited API.

Ay FFENI L tp_repr HWYNTEET 21213, FHRZEIROUEIRD N ET, A& v 7 DFEICH
Z. tp_repr FERNEZ BT 270124 70 27 b E2lo TV BEDRH D ET, XD 2 20T ZD
KREZAZICLE T, FEMIEZ. ZN5iE reprlib.recursive_repr() &HFHRZ C OEETT,
int Py_ReprEnter (PyObject *object)
RICBL X9 Stable ABL fERIVEZ AT 272012, tp_repr OEZEDHETIHEIH L ET,
ZOF T2 "B I NS DL oG E. COBBITEOEREZRLET, ZDHA.

tp_repr DFEHEF, BRERINFINA 7V 27 FBIBITRETT, HlZIE dict 7V =27 M
{..}ZBRLET L. list A7V =27 E [...] ZERLE T,

HIFEHKO LBRICELZBE1E. COBBITAOBEEZRLET, ZOBE. tp_repr OFEHEIT—HKH
121& NULL 2R §RE T,

ZNLANDGE,. BB R EIR L, tp_repr OEIBEILEHE B HMEEHITITHLEVER A,

void Py_ReprLeave (PyObject *object)

RICEL F I : Stable ABL. Py_ReprEnter() Z# T E¥EF, 0 ZiR L% Py_ReprEnter() OFEY
LWL 1 BRI AIUER D £2 A,

5.10 ZEFS

PyExc_ D% A1Z Python ORI G BRiE D070 — rULVER Y LT, TN TOEHEE Python 44535
FATRE TS, ZhBld PyObjectx 2Fib, INRTIIAA TP 27 b TT, BEEZIHT L7202, TXT
DERELIRICHIZEL T

C# Python % AR
PyExc_BaseException BaseException sl
PyExc_Exception Exception s &l 1l
PyExc_ArithmeticError ArithmeticError p. 81, *1
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError

PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError

PyExc_ConnectionAbortedError ConnectionAbortedError
PyExc_ConnectionError ConnectionError

PyExc_ConnectionRefusedError ConnectionRefusedError

RDR=T|2H L
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R 1-RIOR—IH5DHKE

C#%

Python

AR

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_0OSError
PyExc_0OverflowError
PyExc_PermissionError

PyExc_ProcessLookupError

PyExc_PythonFinalizationErrc PythonFinalizationError

PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsyncIteration
PyExc_StopIlteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError

PyExc_UnicodeTranslateError

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
StopIlteration
SyntaxError
SystemError
SystemExit
TabError
TimeoutError
TypeError
UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError

UnicodeTranslateError

p. 81, %1

p. 81, *x1

ROR—=JIHEL
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R 1-RIOR—IH5DHKE

C%& Python % AR
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError

Added in version 3.3: PyExc_BlockingIOError . PyExc_BrokenPipeError . PyExc_ChildProcessError
. PyExc_ConnectionError . PyExc_ConnectionAbortedError . PyExc_ConnectionRefusedError
N PyExc_ConnectionResetError . PyExc_FileExistsError . PyExc_FileNotFoundError
. PyExc_InterruptedError . PyExc_IsADirectoryError . PyExc_NotADirectoryError .
PyExc_PermissionError . PyExc_ProcessLookupError . PyExc_TimeoutError (X PEP 3151
WEDEAIhE L,

Added in version 3.5: PyExc_StopAsyncIteration 3 & f PyExc_RecursionError ,
Added in version 3.6: PyExc_ModuleNotFoundError.

INBIZEHED D 5 PyExc_0SError DA Y7 XT3

C# AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError 2

N—=Pary 33 TEH: ZhHDLA )7 ARG OREE 7T 5 7-Dicfibhx s,

HER:

5.11 F#£ZEEHTIY

PyExc_ D% AIZ Python OFISN &% &Hix b0 a— VAR E LT, TXTOESE Python B H 7
TYDBHMHABET T, T PyObjectx Z2Hib, IRTIIRATY =27 M TT, 5EEEZMT 272012,
TRTOEBZLLMHIZEL £

1 Z B DREEGISN D= b DR— R 7 5 A TT,
*2 Windows TOAEREINTWET, 7V FrtyH+= 20 MS_WINDOWS BERSINTWEINT A I FEI LT, RS a—
FREH# LTI
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C#% Python % AR
PyExc_Warning Warning w
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning

PyExc_PendingDeprecationWarning
PyExc_ResourceWarning
PyExc_RuntimeWarning
PyExc_SyntaxWarning
PyExc_UnicodeWarning

PyExc_UserWarning

PendingDeprecationWarning
ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning

UserWarning

Added in version 3.2: PyExc_ResourceWarning.

HER:
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A—FT«14 V7«

COEOMEIZ, C TEINZA—F2T Iy M7+ — ABTARIED D 25 DIZT 3 ETRILDOH DN S,
C 75 Python €V 2—1%Z2f5dD, Z L THEDFIBEZMERLZY. C OfEid 5 Python OfEZ S
2HDFET, BRAKRLI—T 4 VT AR RAZZITVE T,

6.1 ARL—FT4 VI RATLEEDIA—FT1 )T o

PyObject *Py0S_FSPath(PyObject *path)
ROfE: ILLWBER, RICBLET: Stable ABI (/N\—23> 3.6 £D). Return the file system

representation for path. If the object is a str or bytes object, then a new strong reference is
returned. If the object implements the os.PathLike interface, then __fspath__() is returned as

long as it is a str or bytes object. Otherwise TypeError is raised and NULL is returned.
Added in version 3.6.

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

Return true (nonzero) if the standard I/0 file fp with name filename is deemed interactive. This is
the case for files for which isatty(fileno(£fp)) is true. If the PyConfig. interactive is non-zero,
this function also returns true if the filename pointer is NULL or if the name is equal to one of the

strings '<stdin>' or '777'.
This function must not be called before Python is initialized.

void Py0S_BeforeFork()

RICE L £ 9 : Stable ABI on platforms with fork() (IN—23> 3.7&D ). Tat A7 x—253
HIC, WL O ONIRIREZ MM S 2 -0 DB TS, fork() RBHED V0t 2 2 MRS 2 Z Dfthod
B ORI Z MO H 9 RN C OBIBZ U2 X R T UIR D FE A fork() PERSNTVWE SR T
LTOBRHHTE LT,

A

The C fork() call should only be made from the "main” thread (of the "main” interpreter).

g

==}
=

The same is true for Py0S_BeforeFork().
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Added in version 3.7.

void Py0S_AfterFork_Parent ()

RICEB L F9: Stable ABI on platforms with fork() (IN—23> 3.7&D ). TatwAn7+—=2 Lk
BRICHNEIREBEFH T 272D DBEETT, fork() . HAED It R EE T 2 Z DL OB
PHECHLZZIC, a2 20EH-BRKI L0 S 0hrbb 3, HoAakxAns ZolEKE Ry
HERZITUERD FX A, fork() BDERZINTVWEI AT ATDAMHATEE T,
A w5

The C fork() call should only be made from the “main” thread (of the “main” interpreter).
The same is true for Py0S_AfterFork_Parent ().

Added in version 3.7.

void Py0S_AfterFork_Child()

RICBLZET: Stable ABI on platforms with fork() (IN\—< 3> 3.7 & D). Function to update
defined.

internal interpreter state after a process fork. This must be called from the child process after

A

g

==}
[=]

calling fork(), or any similar function that clones the current process, if there is any chance the

process will call back into the Python interpreter. Only available on systems where fork() is

The C fork() call should only be made from the "main” thread (of the "main” interpreter).
The same is true for Py0OS_AfterFork_Child().

Added in version 3.7.

& 2E

os.register_at_fork() % FIf ¥ % & Py0S_BeforeFork(). PyOS_AfterFork_Parent ()
Py0S_AfterFork_Child() IZ Ko THUOHE NS H R X LD Python A ZERTE %7,
void Py0S_AfterFork()

RICEBLE T Stable ABI on platforms with fork(). 7wt 2 fork L7 DONERIKEE EH T 2
7= DEETT; fork & Python £ > & 7V REMHWEIT 256, Hilzik 7ot 2ANTZ OBEEE R
EHDFEEA.

HERRRD ER/A Hile 7 nt 2H7RFATIREY 20— N5 556, OB 0%

N—a v 3.7 TIEHESE: Z DBIBUI PyoS_AfterFork_Child() I2& > TEEMIONE L,
84
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int Py0S_CheckStack()

RICEL F9: Stable ABI on platforms with USE_STACKCHECK (IN—23> 3.7 &D ). Return
true when the interpreter runs out of stack space. This is a reliable check, but is only available
when USE_STACKCHECK is defined (currently on certain versions of Windows using the Microsoft
Visual C++ compiler). USE_STACKCHECK will be defined automatically; you should never change

the definition in your own code.

typedef void (*Py0S_sighandler_t)(int)

RICBL 9 Stable ABI.

PyOS__sighandler t Py0S_getsig(int i)

RICEL £7: Stable ABI. Return the current signal handler for signal i. This is a thin wrapper

around either sigaction() or signal(). Do not call those functions directly!

PyOS_sighandler _t Py0S_setsig(int i, PyOS__sighandler_t h)

RICB L E 9 Stable ABI. Set the signal handler for signal ¢ to be h; return the old signal handler.
This is a thin wrapper around either sigaction() or signal(). Do not call those functions

directly!

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)

RICBLET: Stable ABI (IN—3> 8.7 &D).

A

This function should not be called directly: use the PyConfig API with the

g

==
[=]

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.

T7ANVATLDIYA—T A VT EIS—NYET 2N M FHETa—FLES, 27—~
> R 773 surrogateescape 7 — 1Y FZ 746, 72— FTEZRWAA MX U4+DC80 225 U+DCFF
FTOHHDOXFE LTTa—rFah, N MIpH el -+t XFEeLTTFa—-FTE3581F. 7
a— F3 2D TR surrogateescape T7 — N2 K2 ffio TS MIRZ RS —TXNET,

MUK ABVEREINZTA FF Y T R—LFHNDKRA Y REIRLET, ZOXEVZBRT 2D
121k PyMem_RawFree() %ffioTL 72& W, 5% size % NULL THRWEEE, null XFLUHNDT A4 K
Fy 77 X—D % *size "EZIAAF T,

TA—FH LA EVHRTT —HEE 2L NULL 2K L £3, size % NULL TRWEHEIR, X
FVITT7—DL EX (size_t)-1 %, 7A—FTDODITT—DL =X (size_t)-2 % *size IIKEL
\i\j—o

The filesystem encoding and error handler are selected by PyConfig Read():  see

filesystem_encoding and filesystem_errors members of PyConfig.

C A7) —ZNTHRVEDH, Fa—RFRTHOTZ7 3 I D X EHA,

6.1.
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Fx 77 R=XFHNENL FXFINRTITNE Py_EncodeLocale() BAEIZH > T 72\,

& BE

PyUnicode_DecodeFSDefaultAndSize () 3 XU PyUnicode_DecodeLocaleAndSize () BIEL

Added in version 3.5.

N—Yar 3.7 TEHE: ZoOBEIE. Python UTF-8 Mode Tl UTF-8 > a—5 4 Y7 2FHT 2%
L2 FEL,

N— g ¥ 3.8 TEHE: The function now uses the UTF-8 encoding on Windows if PyPreConfig.

legacy_windows_fs_encoding is zero;

char *Py_EncodeLocale (const wchar t *text, size_t *error_pos)

RICBLET: Stable ABI (IN—=23> 3.7&D ). 74 Fx %77 X—XFH% T7AI AT LD
IVA—FT4YJEIZ—NYEZ Iz rya—RFLET, T7— K IH surrogateescape T 7 —
NV RZ &5, U+DC80 55 U+DCFF £ TOHF DY v 5 — hXFIE 0x80 225 0xFF £TON
A MZEBEIhET,

MU AEBVHERINIANL PXFEFINDORA VEXERLET, ZOXEVYRMRBT 2D
PyMem_Free() o T &V, TVa—FIZI7—XEVHEHELI—D L 21X NULL 2L ET,

If error__pos is not NULL, *error_pos is set to (size_t)-1 on success, or set to the index of the

invalid character on encoding error.

The filesystem encoding and error handler are selected by PyConfig Read():  see

filesystem_encoding and filesystem_errors members of PyConfig.

NA MXFHNETA Ry T 7 R—XFHNIRETITIE Py_DecodeLocale() BIEZE > T 72 &\,

A S

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.

& BE

PyUnicode_EncodeFSDefault () 38 XU PyUnicode_EncodeLocale() BA%K,

Added in version 3.5.

N—=Ta ¥y 3.7 TEHE: ZOBE#IX, Python UTF-8 Mode TIX UTF-8 > a—7 4 Y 7% FHT 3
X2k EL%,
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N—Y a3 ¥ 3.8 THHE: The function now uses the UTF-8 encoding on Windows if PyPreConfig.

legacy_windows_fs_encoding is zero.

6.2 > X7 LA

sys BV 2 — DR LTV AHEEIC COa—F2 o7 72T 3B TT, TRTOBBIIRED A > X
TYVEAL Y KD sys EY 2a—NVOFHEFEIIH L TEELE T, ZOFFEIATDO AL v FIRERS AN
INTVET,

PyObject *PySys_GetObject (const char *name)

REDE: EABR, RBLET: Stable ABL sys TV 22— D name 7Y =7 N ERTH, FE
L2 AUIBIs 2 50E B 31C NULL 2R L £9,

int PySys_Set0Object (const char *name, PyObject *v)

RICEBLE T Stable ABIL. v 23 NULL THWEE, sys EY 2 —1LD name IZ v ZRHELE T, v
NULL 25, sys €Y 2 —0 5 name ZHIFRLE S, LS 0 2, =7 —FRE -1 ZRLET,

void PySys_ResetWarnOptions ()

RICEL £7: Stable ABI. Reset sys.warnoptions to an empty list. This function may be called
prior to Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Clear sys.warnoptions and

warnings.filters instead.

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

RICEBL XY Stable ABIL. format THE X N/ MIIFF % sys.stdout ITHIHILE T, YIDE
MR o7HazEDd, INE—UIREL A (RD).

format 1&. 74+ —<v FEOHEITTFHID b —ZALDKEZR 1000 N4 FUATFIIZZRETT, -
1000 N4 PO HISCFINITID EED S E T, FHS, HIRDZRW "%s” 74 —< v P ERESNE
TIEHDERA, "%.<N>s” DL SICLT N IZ 10 #ERDOEEZIEE L. <N> 4+ Zoflo 7+ —~< v
FMEDRKRY A X235 1000 XA BEVWEIICHKET INETT, U LI "% b REe) 2 0%
BHDFET, IEFICRKEVEMHEICH LT, BEOKFEHNT 20 0EESH D £3,

MEDFAELD, sys.stdout BREINTWAEP A, 7+—< v MEDX v —IBZAYD
(CLRALD) stdout ITHTENE T,

void PySys_WriteStderr (const char *format, ...)
RICBLET: Stable ABL. PySys_WriteStdout () L[ LTT A, sys.stderr b L <X stderr I
HALET,

void PySys_FormatStdout (const char *format, ...)
RICE L E9: Stable ABIL. PySys_ WriteStdout() (17 BET 353, PyUnicode_FromFormatV()
EHoTAvt—Y% 74 —<v bL, Xvtbt—YZ2EEORIIUIDEDLZDITLERA,

Added in version 3.2.
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void PySys_FormatStderr (const char *format, ...)

RICELE T Stable ABI. PySys_FormatStdout () XA LTI, sys.stderr L <& stderr IZ
HAOLET,

Added in version 3.2.

PyObject *PySys_GetXOptions()

ROfEi: AR, RCEBLET: Stable ABI (IN—3> 3.7&D ). sys._xoptions ¢ [FAlkE, -X F
7 avOBEDOHELRLET, T - E 2, NULL 28R XN, fistrty b I Ed,

Added in version 3.2.

int PySys_Audit (const char *event, const char *format, ...)

RICELE7: Stable ABT (/N\—23> 3.18 &D ). Raise an auditing event with any active hooks.

Return zero for success and non-zero with an exception set on failure.
The event string argument must not be NULL.

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 must not be used. It 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.

Note that # format characters should always be treated as Py_ssize_t, regardless of whether

PY_SSIZE_T_CLEAN was defined.

sys.audit () performs the same function from Python code.
See also PySys_AuditTuple().

Added in version 3.8.

N— 3 ¥ 3.8.2 TEHE: Require Py_ssize_t for # format characters. Previously, an unavoidable

deprecation warning was raised.

int PySys_AuditTuple (const char *event, PyObject *args)

RICBLFT: Stable ABI (IN—=23> 5.13 &D ). Similar to PySys_Audit (), but pass arguments

as a Python object. args must be a tuple. To pass no arguments, args can be NULL.

Added in version 3.13.

int PySys_AddAuditHook ( Py _ AuditHookFunction hook, void *userData)

Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero
on failure. If the runtime has been initialized, also set an error on failure. Hooks added through

this API are called for all interpreters created by the runtime.

userData RA X3 7 v 7BECEERE T, 7y 7B V24 206N H L
NHVDT, TORA ¥ RIZEE Python DIREZBEIRETIEDHD TH A,
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This function is safe to call before Py_Initialize(). When called after runtime initialization,
existing audit hooks are notified and may silently abort the operation by raising an error subclassed

from Exception (other errors will not be silenced).

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

event.

See PEP 578 for a detailed description of auditing. Functions in the runtime and standard library

that raise events are listed in the audit events table. Details are in each function’s documentation.

If the interpreter is initialized, this function raises an auditing event sys.addaudithook with no
arguments. If any existing hooks raise an exception derived from Exception, the new hook will
not be added and the exception is cleared. As a result, callers cannot assume that their hook has

been added unless they control all existing hooks.

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 ()
or PySys_AuditTuple (). argsis guaranteed to be a PyTupleObject. userData is the argument
passed to PySys_ AddAuditHook().

Added in version 3.8.

6.3 7Ot XFIE

void Py_FatalError (const char *message)

RICE L 9 : Stable ABI. Print a fatal error message and kill the process. No cleanup is performed.
This function should only be invoked when a condition is detected that would make it dangerous
to continue using the Python interpreter; e.g., when the object administration appears to be
corrupted. On Unix, the standard C library function abort() is called which will attempt to

produce a core file.

The Py_FatalError() function is replaced with a macro which logs automatically the name of

the current function, unless the Py_LIMITED_API macro is defined.
N—=Y a3 3.9 TEH: Log the function name automatically.

void Py_Exit (int status)
RICBLET: Stable ABL BIEO 0t X% T L% d, Py FinalizeEz() ZWFOH LR, HHE
C 7477 VEMD exit(status) ZMUOH L %9, Py FinalizeEz() DL 7 =Xk o756, #&
TRATFT—RAF 120 TRESNE T,

N—=Tar 3.6 TEHE: RTUHOL S -3 WHI LR F L

int Py_AtExit (void (*func)())

RICBLEY: Stable ABL. Py_FinalizeEz() 5 6O S0 5 BIARLEE 217 5 BA%L (cleanup
function) Z2&#k L £ 3, BRIAARBEELIGIBIEL THROH SN, HZ2ELEE A, &KT 32 DRIAR
WMIRREBE B TEE T, BRICKINT 28, Py AtEzit(O X 0 ZIRLET; RT3 -1 ZIKL

—FE L) iE

H B 2702 B T (L] NE 3, 2BERUIE =4
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Ao Python OWNEBAYRHE T AL BRIGR IR X D LIENZZE T L TW A DT, func 2513V 5
Python API FEOH LT3R D 8 A,

& 2E

PyUnstable_AtEzit () for passing a void *data argument.

6.4 EZa—-ILDOAVER—F

PyObject *PyImport_ImportModule (const char *name)

RBOfl: FiLWEBE, RICBL F9: Stable ABI. This is a wrapper around PyImport_Import()

which takes a const char* as an argument instead of a PyObjectx*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)

RBbh{E: FTILWEHE, RICBLF 9 Stable ABL. Z DB, PyImport_ImportModule() DEELT
EDTA VT AT,

N—Ta v 3.3 TLEE: ZOBEE. EREIMDZRL Y RIzkoTA v E—ravy Z23MTbh T\
BIFENEEICERB L TWE L7z, LA L Python 3.3 Tid. KT OHKN TR Y 7 AF—AMNEY 2—)L
Zrouy ZIZBTLAZDT, ZOMBORINRIRZ VI D ITPHETIED D R A,

Deprecated since version 3.13, will be removed in version 3.15: Use PyImport_ImportModule ()

instead.

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

PyObject *fromlist)

BOE: iLVWEBE, T2 —NLZ2AVR—PLET, T2 —1DA VY KR— MIOWVWTIHHAAALD
Python BEE( __import__ () %&Fiirr X< bhh FT,

EOEZ. A v E—FENEET2a—Ah by TSy & —IADTHLWEREL, KR UL
Bt ZEE LT NULL 2B L E 3, __import__() LR KD, Ry T =YDV TEY 2 —DEK
TNz ZlX, BTR fromlist ZIEINRELINE. Py TLRALDRy F =D %RLET,

A4 VR= PR LUTHBEE. PyImport_ImportModule() L RRRICTTERRES 2 —NVDF TP
7 P EHIFRL £9,

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject

*locals, PyObject *fromlist, int level)
ROl TLWBE, RIZBLEXT: Stable ABI (IN—23Y 3.7&D). €V a— LAY R—-bPLE
To BV 2—DA VB — MZOWTIHHAAAD Python BI%X __import__ () ZHFitry X< Hh D
T, tWVHDH, EHHED __import__ ) I OBKEFEENIHELTVWE25TT,

ROEIZ. A VR—FENEET 2= by TRy T —IADOH LWSHED, KB 7285813
BIs 2% E LT NULL 2R L ¥ 9, __import__() YU &SI, N Fr—YDOHTEY 2 —LHEK
SNz ZlX, TR fromlist ZEINTZRELSNE. by LRV DARw F =Y RIRLET,

Added in version 3.3.
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PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

ROfE: FTLWBE, RIZEL XY Stable ABI. PyImport_ImportModuleLevelObject () LT
WE 3, name A% Unicode A 7Y =27 FTlER{ UTF-8 Ty a— FENALNLFINTH 2R TH
Zhx9,

N=Ta v TAHE: level 121X FIPADHEIZEHATEEEA

PyObject *PyImport_Import (PyObject *name)

RO{E: HILWEBE, RICELZT: Stable ABL BIED 7 4 Y FE—+ 7 v ZEK 2O0HT7=DD
FKEDA V2 =T 2 —2TF (level 120 ZHIRT 2 &, #tfA O R—TFZ2EKRLFT), ORI
BED v —  OVEBEFENO __builtins__ 205 __import__ () BIEFUHL T, bbb,
BEORTEICA VA =L ENTVWEAL Y ER= 7w 7 ffioTA VR=-bETVET,

Z OB E K 4 R RFHLE T,

PyObject *PyImport_ReloadModule (PyObject *m)

ROfE: iLWBHE, RICBEL XY Stable ABL. €Y 2 —L%ZFHua— R (reload) LET, EDEHIZH
B—RLEET 2a—Ah by TLNSy = IANDF7RBIRICZD $5, KBL5E I35 2
ty L. NULL ZIRLET (ZOHAETH, Y 2a—NVFERIN TV R5ERH D £7),

PyObject *PyImport_AddModuleRef (const char *name)
RDME: iLWBE, RICBLZXT: Stable ABI (N—23> 3.13 &D ). 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 a strong reference to the module on success. Return NULL with an exception set on failure.
The module name name is decoded from UTF-8.

This function does not load or import the module; if the module wasn’t already loaded, you will
get an empty module object. Use PyImport_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 3.13.

PyObject *PyImport_AddModuleObject (PyObject *name)
RDfE: EABB, RICBLEFT: Stable ABI (N—2 3> 87 &), Similar to
PyImport_AddModuleRef (), but return a borrowed reference and name is a Python str object.

Added in version 3.3.

PyObject *PyImport_AddModule (const char *name)

Rbh{E: BRABE, XRIZEL £7: Stable ABI. Similar to PyImport_AddModuleRef (), but return a

borrowed reference.
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PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
RDOfl: :iLWBE, RICBL X7 Stable ABI. Given a module name (possibly of the form
package.module) and a code object read from a Python bytecode file or obtained from the built-in
function compile(), load the module. Return a new reference to the module object, or NULL
with an exception set if an error occurred. name is removed from sys.modules in error cases,
even if name was already in sys.modules on entry to PyImport_EzecCodeModule(). Leaving
incompletely initialized modules in sys.modules is dangerous, as imports of such modules have
no way to know that the module object is an unknown (and probably damaged with respect to

the module author’s intents) state.

The module’s __spec__ and __loader__ will be set, if not set already, with the appropriate
values. The spec’s loader will be set to the module’s __loader__ (if set) and to an instance of

SourceFileLoader otherwise.

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

__cached__ will also be set.

COBEE. TTRAVE-IFIATVEEY 2 —LOBERIEFERr—- FETVET, BERWICE
Y a—LOFER— FEITS5 AL PyImport_ReloadModule () BB L T W,

name 75 package.module JERD F v M ERETH - 725G, FLEER IR TRV Y 7 — RS
FZOER SR VEFITRD 3,

PyImport_EzecCodeModuleEz() ¥ PyImport_EzecCodeModuleWithPathnames() HZML T
éL\O

N— a ¥ 3.12 TEHE: The setting of __cached__ and __loader__ is deprecated. See ModuleSpec

for alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
RBbhfE: #HLWVWBHE, RICBL X7 Stable ABIL. Like PyImport_EzecCodeModule(), but the
__file__ attribute of the module object is set to pathname if it is non-NULL.
PyImport_EzecCodeModulelithPathnames () B L T ZE W,

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

PyObject *cpathname)

Ebfa: ILWEBEB, XICEBLZFXY: Stable ABl (IN—=2 3> 3.7 &D) Like
PyImport_EzecCodeModuleEz (), but the __cached__ attribute of the module object is set to

cpathname if it is non-NULL. Of the three functions, this is the preferred one to use.
Added in version 3.3.
N— a v 3.12 TEH: Setting __cached__ is deprecated. See ModuleSpec for alternatives.

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

RBhfl: HiLWBE, RICEBL X7 Stable ABL. PyImport_EzecCodeModuleObject () Ll TWE
) D 8 Cxr>va—F > AT AT
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b L pathname 73 NULL O35, cpathname 5 5. pathname ¥ D K 5 I2{HIZT 2 N E 0 EH 25 A4
bRENET,

Added in version 3.2.

N—Y a ¥ 3.3 TEH: Uses imp.source_from_cache() in calculating the source path if only the

bytecode path is provided.
N—ar 3.12 TZHE: No longer uses the removed imp module.

long PyImport_GetMagicNumber ()
RICEBLFT: Stable ABL Python N4 Fa—F 77 4L (Jll# .pyc 77 4V) DT v 7 F Y oN—
ZRLET, ¥Fv 7 F o N—@3NL A= FT7 7 A VOERFID 4 54 M2, Y PLZ YT 4 7 284
=X —THNZRETY, T7—DHEFIF -1 ZIELET,

N—Tar 3.3 TEH: RBLAGEE -1 OEERLE T,

const char *PyImport_GetMagicTag()

RIZBLET: Stable ABL. v v 7 X 7 XXF5% Python N4 ba—F7 74140 PEP 3147
74—<v FTIRL¥7F, sys.implementation.cache_tag DEHMIEETZ, 2D ZOBEKORDD
WHATNETHE e EFICHEEL & 9,

Added in version 3.2.

PyObject *PyImport_GetModuleDict ()

RO {E: BAB8E, RELET: Stable ABL Y 2 — LVEHO 2D DOFE (WHW 5 sys.modules)
ZRLET, ZOWEIA VX TV RILIC—DRFIHILBBOTERLTILEI W,

PyObject *PyImport_GetModule (PyObject *name)
Ebﬁ FLLWBE, RBLET: Stable ABI (IN—=23> 3.8 &D ). 5x o0 /-%ui0BHCA
—MEADET 2 —NZBLET, TV a—A04 YR— SN TWED o551 NULL 2R L
FIHN, 2713ty FLERA, EY 2 -V OMRIKML 72551, NULL 2L, =5 —%2t v
FLET,

Added in version 3.7.

PyObject *PyImport_GetImporter (PyObject *path)

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

finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)

RICBLET: Stable ABI (IN—=23> 3.7&D). name L WS HHETO 7Y — X (freeze) SN7E
Ja—nEu—RLET, BT 1%, EVa2a—ADBROPLR2-ZEEITIE 0 2, IS
KMLGE3AINEEY PLT -1 ZRLET, B—FIIBNLALED 2 -7 78R T 512
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PyImport_ImportModule() %o TL & W, (Note Z DBIBUI VWX X REEZIAL LRITS — 2
DRI EY 2 AP TTIA Y R= P ERTVAH Y- FLTLEVET, )

Added in version 3.3.
N—=Yar 34 TEHE: __file.  BHIEDIIEI 2Lty PENFHA,

int PyImport_ImportFrozenModule (const char *name)
RICELET: Stable ABIL. PyImport_ImportFrozenModuleObject() &l TWE T A name I
UTF-8 Tz Y a— FEINXFHDOMRbDIZ, Unicode 773 =7 M 2T 2H082D 75,
struct _frozen

freeze 1— 7 4 VT A DBERTE2 L5 7 VAL EY 2 - VTR ) T RXROBERRERT
$o (Python ¥ —RXEAMYID Tools/freeze/ Z LMWL T ZE V) ZDOWEKRDEFIE Include/
import.h IZHH. UTD LS IZR-oTVWET:

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

};

N—3a ¥ 3.11 TEH: 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

DRA Y RIZ _frozen DL A—Fn5I7a D, HEGOEED X N0 NULL 2ERIZKR-oTWS &5
REANEIEST L5k EINE T, 7V —XENET2—LEAL VKR—-PFTHEE, ZOT—TL%
MBRLET, = F =74 BOa—F» 5 Z0RAS Y XIALHNTI ZF#E L T, BINER N7 —
MY 2 —NOEEZRMTE L5 TEET,

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

RICBLET: Stable ABL. BIHEFOMARAAEY 2 — LT =T NVICH—DEY 2 -V EEMLET, Z
DRI FIESEEZ B Lz PyImport_ExtendInittab() O F v X—FEET, 7 —7UDHLRTE
RV ZIZE -1 ZIBRLET, FBREY 2—0I& name TS VY R— b TE, BIISA VK= EiA
BRSO X B8 e LT initfunc ZHWE T, Py_Initialize() & D HENTHEFIH I RIFAIL
ZHEEA,

struct _inittab

Structure describing a single entry in the list of built-in modules. Programs which embed Python
may use an array of these structures in conjunction with PyImport_EztendInittadb () to provide

additional built-in modules. The structure consists of two members:

const char *name

The module name, as an ASCII encoded string.
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PyObject *(*initfunc)(void)
Initialization function for a module built into the interpreter.

int PyImport_ExtendInittab(struct inittab *newtab)

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

must be called before Py_Initialize().

Python 2% # # E ¥ 8 kb & ©v 3 35 &. Pylmport_AppendInittab() ¥ 7z &
PyImport_EztendInittab() &, ZHZNOYIALORNIEOH XN HENH D £5,

6.5 T—42%5%{t (data marshalling) O HR— k

MIRDNL—F VX, marshal €Y 2 — L e RUEREZFH BT A TP 27 b% C a— 2oz 3 &
S51LET, BIULER T — &2 2E2HITBEBICMA T, T—X2HARTHEB DD 23, BIHbans:
T—REELERT DT 7 A NMIEANAL F VU E— FTHLAATHRITUIIRD A,

BB R IMTHIT B Ko ICRdmE kT,

The module supports several versions of the data format; see the Python module documentation for

details.

Py_MARSHAL_VERSION

The current format version. See marshal.version.

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

long B DBKUE value % file NEEFUL L F, Z DBEUZ value D FHT 32 ¥y FEEBZALEIIT
T R A T4 7D long BY A ZITIIBHIL F¥ A, version 37 7 A VT =<y PR L% T,

COMBIIERT LD, ZOHARTI —ERTERELET, TAEMIRET 570D
PyErr_Occurred () ZHWE T,

void PyMarshal_WriteObjectToFile(PyObject *value, FILE *file, int version)

Python 7Y =2 b value % file NBHHL L E 3, version &7 7 A V74 —<v bERLET,

ZOBBIEERT A enDY, ZOLARE I —1BERTERELET, TNEMHET 272012
PyErr_Occurred () ZfHWE T,

PyObject *PyMarshal_WriteObjectToString(PyObject *value, int version)

EDE: ILWEHE, value DEIERIEMNA o T2 A VAT 27 FEIRLE T, version 137 7
ANTx—~<v bERLET,

T 0Bz b, BILSNEZHARE LT,

long PyMarshal_ReadLongFromFile (FILE *file)
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A LA FILEx NOT—X A MY —oah 5, C D long MF—2EHAHM LU TELET,
ZOREIZ. A4 T 4 7D long DY A XIZBIRIRL. 32 By FOERLZFZHALEE T,

T 5 —0gE. Y2 HI4 (EOFError) Z&EL -1 ZREL £ T,

int PyMarshal_ReadShortFromFile (FILE *file)

FiAH U2 N FILEx NOF—&Z A Y — 4556, C @ short MF— & Z2#HmAHLTEL X
T, ZOMEII. XA T 4 7D short DY A RITFREL. 16 By FOER TR FHAREE T,

I 7 —DAE. EYIRHIS (EOFError) #REL -1 IR L ET,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)

ROE: FiILWBE, HiaH LA N FILEx NOF— X Z b — 2455 Python A 7Y =27 b+
FIRLET,

I 7 —-DE. EYIRFIS (EOFError, ValueError, TypeError) %% E L NULL ZiR L 73,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

ROME: FrLLWBER, 5iaH LA 2Nz FILEx ADOF—X A2~ Y =245, Python A 7Y 22 b

PtAH U TRL %9, PyMarshal_ReadObjectFromFile() Y&V, Z DBEEII 7 » A4 VHIERED
FTP 2 MPFELBVEREL, 77 ANDLRAEY L7 7 AT =X —KIZAXAEVIZR—F
LC. WD 7 7 A VDb — 4 b OOGAETRODICXEY FOTFT—XZ2HETE 5 L5
WCLET, MRDO T 7 A W M FHAHNZ RV E 5o TWREEICDA, ZOMEMH-TL
7ZEW,

7 —O%E, #Y)RHIS (EOFError, ValueError, TypeError) ##% & L NULL %R L %7,

PyObject *PyMarshal_ReadObjectFromString(const char *data, Py ssize ¢ len)
RBRDME: iLWBHE, data 16T len N4 bDANA FEHINY 77 AD T =KX A MY — L4755 Python
F7T =2 bRBRLET,

I 7 —DE. EYIRHFIS (EOFError, ValueError, TypeError) %% E L NULL ZiR L £73,

6.6 5|HDERIREIEDIBRE

IS OBBIIIME DILREY 2 — VDB X Y v FEAERT 2 BICERTT, #FLWERS A
extending-index {ZH H £ 3,

BRUIWCHHET 2 3 DDBEK. Pydrg_ParseTuple(), PyArg ParseTupleAndKeywords(), B X Of
PyArg_Parse() 13V s ERXES (format string) ZHEVWE T, ERFINZ. BB Z TS X
FTOGIBICET 2 HREZRA 2 DICHVWENE T, WIThOBEICE T 2 HE XD, RLHEXZfE->TW
£9,
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6.6.1 5|BZ#FINI S

HAXFINE, Cafxizidzhll bo ” HFXEAL (format unit)” 25D LE FF, 1 DOFAHEMIX 1
DD Python # 7Y =2 F &KL ET; @HIZHE—OFR, ERXENLD 57425 X FH 2 50Tl - 72 DI
#YET, fste LT, FlTHOA TWIRWERBA XTI E—D 7 F L ZGRUSHIET 2 55N <D
2HHET, UFoHATE, 5IHFOOWHREERBLATY; (AL) $5I0CTH o 72880 1EE AL
% Python A 7Y =2 MUITT; [f] fHlldfEZ 7 FLREL T 2B S C oZBTT,

XFEH Ny T 7

0 IR

Python 3.12 AT Tk, U FRTHHEINZE2TO # OFHE (s#, y# RY) AT 22D
PY_SSIZE_T_CLEAN <~ 2 1% Python.h O 4 ¥ 27/l — RORICERLEFIERD FHA. ZHiF
Python 3.13 I TIITETT,

URD7 =<y MIAT7Y 27 MCERLEXEVF ¥ 278 LTT7 272 RT25DDHDTT, BEhd
unicode % bytes D7=DIZEDR PL -V EHETZ2HEIZH D FH A,

FICERENTOVRWES, Ny 77 =13 NUL #iHEIh TV ER A
There are three ways strings and buffers can be converted to C:

e Formats such as y* and sx fill a Py_buffer structure. This locks the underlying buffer so
that the caller can subsequently use the buffer even inside a Py_BEGIN_ ALLOW_THREADS block
without the risk of mutable data being resized or destroyed. As a result, you have to call

PyBuffer Release() after you have finished processing the data (or in any early abort case).

e The es, es#, et and et# formats allocate the result buffer. You have to call PyMem_Free () after

you have finished processing the data (or in any early abort case).

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

yourself.

To ensure that the underlying buffer may be safely borrowed, the object’s PyBufferProcs.
bf_releasebuffer field must be NULL. This disallows common mutable objects such as bytearray,

but also some read-only objects such as memoryview of bytes.

Besides this bf _releasebuffer requirement, there is no check to verify whether the input object
is immutable (e.g. whether it would honor a request for a writable buffer, or whether another

thread can mutate the data).

s (str) [const char *]
Unicode A 7Y =7 F &, Fx 727 XXFHEHT C DR Y RIEBMLE T, F¥ 77 K28RV
RERDT FLAZET & TTIRAHEL TV L XTFIINDRA ¥ X2 Z DERITER L £T, C XF
HiE NUL THIRE TV S, Python OXFAARNL, null 22— FARA ¥ FABRPIHDIATATWY
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TERD FEA; dLEDATATORIE ValueError b 22 L %3, Unicode 7Y =2 M
'utf-8' o T C FHNIEMINE T, ZHUTKRIKNT % & UnicodeError ZiX M L %9,

0 IR

ZD 7+ —~v M bytes-like objects ZHR—bLERA. 77 A NI AT LSRR EZIFH-T C
BEDXFINCEL L 72 WEEE, 08 7+ —~ v b %, converter 12 PyUnicode_FSConverter()
ZHELTHHT 2 L R\WTd,

N—=a v 35 TEHE: DHENE Python 3XFFNZ null 2 — FARA ¥ bPEDIAFA TV T2
TypeError ZiXH L TWE L7z,

s* (str F7cld bytes-like object) [Py_buffer] Z
D7 +—<v M Unicode 7Y =2 b & bytes-like object Z=Z 1T, I LthSbEXN:
Py_buffer MOBEMRIZMEEHHL 3, FBED C XFHNE NUL N4 F2E&TL2D LILEXE A, Unicode
A7V ME 'utf-8' T aA—7 4 V7T C XFINEBREINET,

s# (str, BiAIDBFERAD bytes-like object) [const char *, Py_ssize_t]
Like s*, except that it provides a borrowed buffer. The result is stored into two C variables, the
first one a pointer to a C string, the second one its length. The string may contain embedded null

bytes. Unicode objects are converted to C strings using 'utf-8' encoding.

z (str E7zI& None) [const char *] s
TV ETH, Python A7 =7 bid None T K<, ZDIFAICIE C DRA X NULL It v
FENET,

z* (str, bytes-like object FTcld None) [Py_buffer]
sx LA UTE A, Python @ None A 7Y =2 b eRIFMWB e TEET, ZOHE. Py_buffer
WEIEIRD buf X ¥ N—1& NULL 1272 D 3

z# (str, A LERAD bytes-like object F71=Id None) [const char *, Py_ssize_t]
s# IZBITWE T2, Python 7Y 22 MJ None TH k<. ZDOHAIWKIE C DKRA ¥ XK NULL i
ty FEINET,

y (A LER®D bytes-like object) [const char *
This format converts a bytes-like object to a C pointer to a borrowed character string; it does
not accept Unicode objects. The bytes buffer must not contain embedded null bytes; if it does, a

ValueError exception is raised.

N— a2 3.5 TEHE: LIHTZ bytes Ny 7 7 IZXUNA DA EN TV %IC TypeError %
EHLTWE L,

y* (bytes-like object) [Py_buffer]
s* DAY T, Unicode A 7Y =7 b ZZIHFIT 3. bytes-like object DAEZIFMIFE T, N1F U
T—REZIHITZIEMICIE. COTA—IY FEESCEHELET,
y# (G LER®D bytes-like object) [const char *, Py_ssize_t]
s# DZJE T, Unicode & 7Y = 7 M 2 {FT 3, bytes-like object 721 2 Z T £ 3,
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S (bytes) [PyBytesObject *|
Python #7327 P& LT bytes A 7Y =27 F2ERL., WRRLIEMBITVERA, £ 727
I3 bytes 7Y = 7 b TRIFAUL, TypeError ZEH L 3, C BRUL PylObjectx LHEFELTH
HBoEEA,

Y (bytearray) [PyByteArrayObject *]
Python 7Y =2 b2 LT bytearray 7 73 =7 bZERL, WHRIEBWMBBIRVELTA, D
LA 7Y x 2 bA bytearray TRIFIUZX, TypeError Zii L EF, C ZHIX PyOvjectx & LTH
SLTHHOEEA,

U (str) [PyObject *|
Python 7Yz 2 b2 LT Unicode 7 73 =2 FZ2ERL, WHARIEHBITVERA, T 7V
27 b3 Unicode A 7Y = 7 hTIZR WA, TypeError 2k I E 3, C AL PyObjectx & L
THEELTOMOEEA,

wk (FTABEIAIRER bytes-like object) [Py_buffer] z
D7+ —<v ME, #iAHEZAEER buffer interface #FEE LA 7Y =7 P 2ZIHIT T, FFOH
Lt b XNz Py_buffer BEEHRIEZHML 3. Ny 7 71 null N1 FZ2E0HH LT, W
CHLITIEANY 7 7 Wb o725 PyBuffer Release() ZMUH I RITIUIZD FHA,

es (str) [const char *encoding, char **buffer] z
NUE s DZLIE T, Unicode ¥ v 77 XNy 772 ya—R§3DIcHVLNE T, NUL N
A MDA ENTORWT —XTOLEELE T,

ZOERCE Z 005 BBHETT, —2HEANCOAH WS, NUL TSI hizz>ya— 4
WFH| %S const char* TUE /=13, 'utf-8' b3 Z 2 %2FET NULL TRITINERD A,
fEE L7 a— F4% Python 2EET ZRWEEICEIBIAN 2R L E T, BB _05180% charx*x T
RINERD FEA; ZOFIEPSBLUTVWERA VEXDOEZ, S5IBIHEELEZTF XA NONBEDRA -
ey 77 ANDKRA Y RIZKRDET, THFRAMNIRIOTIBIHEE L ez ya— AT ya—F&
nE9,

PyArg_ParseTuple() Zffi5 &, BERY A XDNy 77 2 MHIRL., 2Dy 7 72Ty a— RED
T—=R%ZaA—L7T, *buffer DO ICHEREINLELEFHIBEZR T XS ICERE L ES, FFOH LA
1ZiE, RSNy 7 7 20D o 721R1C PyMem_Free() TR T 2E8ENDH D 3,

et (str, bytes &F7cl& bytearray) [const char *encoding, char **buffer]
es LALTY, ZRL. N IXFHNATY =27 bz rya—FLESTRKELET, 20bD,
FRTREIANA MFINA T 27 bBARTRRE Ly A= F 2o T2 D EREL £,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
s# DZ{LIE T, Unicode ZF ¥ 77 ZMNy 7 71220 a—=FF3DICHVONET, es HAE-
T ZOZEIAA PHBHDIATNTOTHELEVEE A,

ZOFRNCEF =005 ETT, —2HEANCOAH VWS, NUL THIid/zo > a— K4/
FH| %46 T const char* Bl NULL TRUIFIUIR Y £H A, NULL DBHEITIE 'utf-8' ZHFEVET,
fEE L7z a— F#% Python 23T 2R WHEITIHINZEE L 5, BB 051813 charx* T
RIFIHED FRA; TOSIEMBSIRLTWE RS Y XOMEIE. 5IEICEELEZTF A FOABRHA -
ey 77 ANDKRA Y RIZHRDET, THFRAMNIRMOFGIBIHEE L ez ya—- ATz ya—F&
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NET, BZDFIRIIBEHADRA 2 TRHRITINERD F8A; RS VY EZBPSR L TV ARBEOMEIZH
TNy 77O MUZE Y PENE T,

ZOEROMHIZIZZODE— FBHH 3

*huffer 3 NULL RA ¥ Z 2L TWE5HE, BEIEISHERY A XDy 7 7 2R L, 20Ny 7 7
WKCZya—REDF—&Z%2a— LT, *buffer 2 OF /- ICHER SN RBEREZET LS CEEL
T3, MUHULANCIE. ERINTz Ny 7 7 B0 o 721212 PyMem_Free() TR 2 BEDVH
D ij_o

*buffer HIE NULL DK A ¥R (TTRAEVHRFEADONNY 7 7) L TV 3 HA,
PyArg_ParseTuple() & Z DX EVMEZ NNy 7 7 & LTHW, *buffer length OFIEZ N »
7 7P 4 X LTHWE T, PyArg ParseTuple l3RICT Y 23— READT —RENY 7 7i12a—
LT, NUL THIHLE 3, Ny 77 DREZZIPEDRIFNL ValueError 2ty M ENE T,

CELDEED. fbuffer length 13D NUL N4 b2 EF RV Ya— REAT—XDEXICE Y
FENET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
es#t LAUTT, ZREL. N MFHNATY =27 b2z ya— FLESTIRELES, ZofbD,
FETREIANA PFINA T 27 bR TRRE L a— F 2o T2 D EREL £

N—=Ya Yy 3.12 TEHE: u, u#, Z, and Z# are removed because they used a legacy Py_UNICODE* represen-

tation.

£
b (int) [unsigned char]

Python OIFEDER %, C @ unsigned char BO/NXRFEMUBBUCEL 5,

B (int) [unsigned char]
Python %%, & —"70—F v 7 %2{TbFIZ. C O unsigned char BID/NXREEEITEHL
£7,

h (int) [short int]
Python O®#% ., C @ short int BUIEHL 3,
H (int) [unsigned short int]
Python O %, A —N"ryv—F =2 v 7 %{THFTIC, C D unsigned short int BUTEHL F3,
i (int) [int]
Python O %, C @ int BICEHL 3,
I (int) [unsigned int]
Python O %, F—"70—F =z v 7%2{THFZ. C D unsigned int BT %7,
1 (int) [long int]
Python O®#%, C ® long int BUCEHEL T3,

k (int) [unsigned long]
Python O %, A —N"7v—-F v 7 %2{THFIZ. C D unsigned long BUIEMIL £ 7,
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L (int) [long long]
Python O¥#%, C @ long long BUIEML 3,

K (int) [unsigned long long]
Python @ int % C unsigned long long NA—N—7 0 —DMEREETEIRT 2

n (int) [Py_ssize_t]
Python 0¥ % C @ Py _ssize_t BUIEWL £5,

c (RT 1 D, bytes £7Id bytearray) [char] R
X 1 D bytes ¥£7z21% bytearray A 7Y =7 & LTREHZINTWS Python N4 b% C @ char &
WAL LT,

N—Ya v 3.3 TEHE: bytearray #2132 X512k F L7,

C(RT 1O str) [int] =3
X1Dstr A 7927 b LTEREINTWS Python ¥v¥ 727 %% C D int BICEBLF T,

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

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

D (complex) [Py_complex]
Python O#HZFHIA %, C D Py_complex MERICEL 3,

ZOMOA TS+

0 (object) [PyObject *|
Store a Python object (without any conversion) in a C object pointer. The C program thus
receives the actual object that was passed. A new strong reference to the object is not created

(i.e. its reference count is not increased). The pointer stored is not NULL.

0! (object) [typeobject, PyObject *]
Python 7Y =2 % C ® Python A7 =7 MUIKRA Y RIRFELET, 0 U TWET, =
20 C O5|8EL Y ET: —OHDFHIX Python EIA TP 27 bADT RLRAT, Z2OHD5#
3ATI 27 PADRA Y EPRIEENT WS (PyObjectx D) C DEBADT FL A TT, Python
F 7Y 27 NHEE LEEITIR R WSS, TypeError ZiEH L 5,

0& (object) [converter, anything]
Python * 7Y =27 b % converter BEEUE N LT C DERICEWL T, —2D5|1 8 bhEd: —>
B3R T, Z2HIE (FEOHD) C ZHADT FL A% voidx BNTEHIL 72 d DTF, converter
BUTRD XL TR T

status = converter(object, address);

Z 2T object \FEHRD Python * 7Y = 7 + T, address i3 PyArg_Parsex |28 L7z void*
DEETT, RDIHE status ZELUTHIN U ZBRC 1, BRLZGEICE 018 b 5, BB L 72
Bitr. converter BRI address DNEZZEBEREFIHISN ZXH LR TIRD FH A,
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% L converter »% Py_CLEANUP_SUPPORTED %ZiR3 &, 5EOD R—ZADVKRB LB, av"—&—%
5 —EMUHL, T TREDYTEXAEVRHMT 27y 225253, —EHOMUHL TIX
object 58U NULL 127 D address (XBRFIOFESH L 2 E CfEICR D 3,

N—3 a3 ¥ 3.1 TZH: Py_CLEANUP_SUPPORTED D&/,

it

p (bool) [int] L
RfED R 54 5 & (a boolean predicate) 12 SN AHZHIE L, Z DFFRZ i C O true/false
BREUEICZEHLE 3, 8 LADERS int 1213 1 25, B725 0 RESNE T, ZOBKIEEDHN
7% Python fE%Z 3231 £5, Python BMEDQEMZ & D X 5 I12HET 202K D 7217 Ud, truth %
ZILTLZEW,

\

Added in version 3.3.

(items) (tuple) [matching-items] F
7Yz M items Ao TV ABERBMNOKZZTDEZX ZHD Python ® > —7 ¥ ABITRIFIUL
D EEA % C 5L items MO 2 DEXNBAISHEOF TERINIZD A, =7 VR
DERBEAIANFREICTE LT,

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

mileage may vary).

Zoft, FEXXLFINIBNTERZFOXFPWL D05 D $3, 200 OCFIIHEIC & 2 AT AICIEE
ZFHA, LN FERRLET:

Python 518(V 2 T, ZOXFLURDFIENA TS 2> THEIERLET, £ 7> a3 D5
WSS 2 C OZRIET 7 L b OETHHL L TE2RITINELD XA — 7> a3 YO58
B X N5 E. Pydrg ParseTuple () IMIET 23 C BEHONBICFEMZ 2 A

PyArg_ParseTupleAndKeywords () TODAMEHAIRE: &HiD Python 5[#M*—v - FHEHATHZ Z
EERRLET, BE. IRXTOF—T— FEHAIEIMEREDTIETRINIRST. 207k 74—
<y PXFHFD | IFEIC $ K ORNTHEE S ARITERD £ A

Added in version 3.3.

DODXFENRHZ e, HERBMOEMNIIZZTERDOY ET; an MBEOXFIE, =5 —Xvt—-JIC
B 2B (PyArg_ParseTuple () 23RS 261580 7 (FJ@fH (associated value)”) & L Tfibh
9,

DXFERDH B, ERBMOTRIZZTRDOY T, I gy MEoXXFINEI. T2+ 15—
Xyt —V% BEIMZZ 5 Avt—Ir L THbAET, : & ; FHEHbOSXFETT,

Note that any Python object references which are provided to the caller are borrowed references; do not
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release them (i.e. do not decrement their reference count)!

LUF o BAEUC T 3B 5 12 (additional argument) (&, FH XTI HRE SN ZBIAND T F L ATRIFIUL
BhERA; MBEEBITHEE LT FLRIR, T AN SNIAEZRIFT 2701w E 3, FoFR
Bfio ) A P THALZ L5112, #ilhsBE ANEE LTESHEP WS D25 D 17, Z0HE. MibT 5
FERAPMOIEE ST SRS LT LRITNIRD £E A,

ZHRE L {ATS 72D, arg 779 =7 PEEALFII—H LR TIR ST, »oFFHNOER
BANZRTEDRAS I LARTIUIRD $8 A, 31T % &, PyArg_Parsex BIBUIEZEL £ 3., Zhld
NDOGETIE 2R L. EYRAs 2R L F 9, FRHEMD ENrDZEHEMIZ X D PyArg_Parsex 13k
WML=GE, KLU ERBEAICHIET 27 FLRL ZRLED 7 FLRAONRZIEEFXINEHE A,

API B3%k
int PyArg_ParseTuple (PyObject *args, const char *format, ...)

RICBLZEJ: Stable ABL. fLEF DA ZGIBICZ L 2B DT X X BN LT, a—hLRERIC
ZHLET, BNTD2EERRLET; KRBT eBEIRL., @EUIREAIMNEXEHL T,

int PyArg_VaParse (PyObject *args, const char *format, va_ list vargs)

RICEBLZEY: Stable ABL. Pydrg_ParseTuple() YA UTE M, AIEROGIETIZRL va_list &
Iz b ¥9,

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

*keywords, ...)

RICEBL X9 Stable 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 specified as null-terminated ASCII or UTF-8 encoded C strings. Empty
names denote positional-only parameters. Returns true on success; on failure, it returns false and

raises the appropriate exception.

0 R
The keywords parameter declaration is char *const* in C and const char *const* in C++.

This can be overridden with the PY_CXX_CONST macro.

N—Tar 3.6 TEH: UBEAEFIE 2EML -,

N—=Ya ¥ 3.13 TEHE: The keywords parameter has now type char *const* in C and const
char *const* in C++, instead of char**. Added support for non-ASCII keyword parameter

names.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *const
*keywords, va__list vargs)

RICBL X Stable ABL. Pydrg_ParseTupleAndKeywords () LA T2, AIZRDFHTIER
< wa_list 251U D ET,

6.6. SIBDEREDIEE 103



The Python/C API, ) —2X 3.14.0a3

int PyArg_ValidateKeywordArguments (PyObject™)

RICBLET: Stable ABL ¥—v— FEEZMWLHEDF —DXTIITHZ L ZMHERL LT,
Z DBIIE PyArg_ParseTupleAndKeywords () ZfEH LW ZIZOAMET, ZDHEHII%RE DB
BOIFRRRDF = v 7 2 FEWT 2720 TT,

Added in version 3.2.

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

RICEBL E9: Stable ABI. Parse the parameter of a function that takes a single positional pa-
rameter into a local variable. Returns true on success; on failure, it returns false and raises the

appropriate exception.

VN7 i=87 0 N | G

// Function using METH O calling convention
static PyObject*
my_function(PyObject *module, PyObject *arg)

{
int value;
if (!PyArg Parse(arg, "i:my_function", &value)) {
return NULL;
}
// ... use wvalue ...
}

int PyArg_UnpackTuple ( PyObject *args, const char *name, Py ssize t min, Py _ssize t max, ...)

RICE L 9 : Stable ABI. A simpler form of parameter retrieval which does not use a format string
to specify the types of the arguments. Functions which use this method to retrieve their parameters
should be declared as METH_VARARGS in function or method tables. The tuple containing the actual
parameters should be passed as args; it must actually be a tuple. The length of the tuple must
be at least min and no more than max; min and max may be equal. Additional arguments must
be passed to the function, each of which should be a pointer to a PyObject* variable; these will
be filled in with the values from args; they will contain borrowed references. The variables which
correspond to optional parameters not given by args will not be filled in; these should be initialized
by the caller. This function returns true on success and false if args is not a tuple or contains the

wrong number of elements; an exception will be set if there was a failure.

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

module for weak references:

static PyObject *
weakref _ref (PyObject *self, PyObject *args)
{
PyObject *object;
PyObject *callback = NULL;
(RDOR=V1Fil)
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(FiDR— 25 D %)

PyObject *result = NULL;

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

return result;

ZDENZBIY B Pydrg UnpackTuple () MEUCHI UIE, Pydrg ParseTuple () Zffio7zLITOMERH L
e EMTT

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

PY_CXX_CONST

The value to be inserted, if any, before char *const* in the keywords parameter declaration of
PyArg_ParseTupleAndKeywords () and PyArg_VaParseTupleAndKeywords (). Default empty for
C and const for C++ (const char *const*). To override, define it to the desired value before

including Python.h.

Added in version 3.13.

6.6.2 {EDEFE

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

RBOfE: FILLWBE, XRICEL XY Stable ABL. PyArg_Parsex 7 7 I U QBB RZITELS D ¥ {7z
BERDOERTFINB X MMETNCEDONT, HiefBl2ERL$d, ERLEZELES, =5—-0%5
BITIE NULL 2B L %9 NULL 2B 358, fIsAeEt 35 TL x5,

Py BuildValue () WEHEICX INVEENRT 2 IERD ERA, ZOBEBDBE IV E2EKT 2D, ER
XFINC DD EOFERBADBA > TNWDE L ERFTT, HRLFIDEDEE None ZIRL F75; &
REAMDHE DR T Ao TV EHE, EREAMTIHESINTVWAMLIrDA 7Y =7 FHEKEK
LET, HA4XErR 1 OXFV%iRT K S5ICHEHFT 251203, AFENCHbNF LTI 2 /v
7,

HRHNL s ® s# DBFADIIK, A7V 27 VEMET BT -2 2B 201X EY
Ny 77527 XX LTETHESCE, BELET—RiZav—3hE$, Py BuildValue() B
ERL72A TV =27 MiE, MUH LD L 2Ny 77 ZIRLTBHRLEE A, JIOSVWEEThH
¥, malloc() ZMUHLTAEY ZHEMRL. ZN% Py BuildValue() ICELHE. 2 — FAT
Py_BuildValue() DB o7& T free() ZMUOHITHELH L W LT,

IR oA IO OWBREIEREA TS (AL) FHLCH - 7285703 EF ALK 5 Python
DA 7Y =27 MRITY; [f] FEENEBEIRICE T ED C 2T T,

FEAFIINTIE, (s# DL BRFRHMAZRNT) AR=-RA, &7, agrBifar<idfltizh
FT, INHDONFEMS . ROWERXTINED £ o L ETFHARL T TEXT,
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s (str F7cld None) [const char *]
null IR E iz C XFHN %, 'utf-8' =y a—7 4 Y72 HAWT, Python str A 7Y =7 MiZ
L ET, L CFHIRA > ZH NULL DA, None IZ72D %3,

s# (str or None) [const char *, Py_ssize_t] C
X ZDRE % 'utf-8' Ty aA—7 4 7 %o T Python str A 7Y =7 MZEHL %
Fo CXFHIRA ¥ &% NULL DG, RSIZEHR SN, None 272D £,

y (bytes) [const char *] C
X5 % Python bytes 4 7Y =27 MIEHL 9, L C XFHIRA ¥ &M NULL 72 o 7355,
None %i&b ij‘o

>

y# (bytes) [const char *, Py_ssize_t] Z
N C XFHE ZDEXHS Python A 7Y =27 MIEHBLE T, C XFFHIKA > XD NULL D
BE. B3I XN None 1272 D 3,

z (str E7cl& None) [const char *] s
ERLTY,

z# (str £7clX None) [const char *, Py_ssize_t]
s# LRICTT,

u (str) [const wchar_t *]
null #4 X417z Unicode (UTF-16 % 7zi% UCS-4) 7 —&X @D wchar_t Ny 7 7 5 Python
Unicode 7Y =7 MZZEH L %£9, Unicode Ny 7 7 KA ¥ &% NULL D5, None IZ72 D
S

u# (str) [const wchar_t *, Py_ssize_t]
Unicode (UTF-16 %£721% UCS-4) 7—&X DNy 7 7 £ ZDKZ H 6 Python Unicode 7Y = 7
MZZHL %3, Unicode Ny 7 7 KA > 2755 NULL O, REIMHA SN None 124D £3

U (str £7=I& None) [const char *] s
ERLTTY,

U# (str F7cld None) [const char *, Py_ssize_t]

s# (\:IEIEVC‘\?O

i (int) [int] i
WD C D int % Python OBEA 7V =7 MTEHL E T,

b (int) [char] i
WD C D char % Python OB AT = 7 MIE# L E7,

h (int) [short int] i
HD C D short int % Python OB A 7Y 27 MTEWL 3,

1 (int) [long int] C

D long int % Python O A 7Y =7 MTEML %T,
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B (int) [unsigned char] C
@ unsigned char % Python O A 7Y 27 MIEHBLET,

H (int) [unsigned short int] C
@ unsigned short int % Python QA TV = 7 MIEHL 5,

I (int) [unsigned int] C
@ unsigned int % Python QA7 =7 MZEHLE T,

k (int) [unsigned long] C
@ unsigned long % Python QA7 =7 MIEHLET,

L (int) [long long] C
@ long long % Python QA TP = 7 MIEWL 3,

K (int) [unsigned long long] C
unsigned long long % Python @ int 7Y =7 bALHT 3,

n (int) [Py_ssize_t] C
D Py_ssize_t % Python OBEA 7V =7 MTEHL F T,

c (REH 1 D bytes) [char] N
A FERTEED C D int 2, £X 1 @ Python @ bytes #7377 MIEHLET,

C (BT 1 @ str) [int] X
FERTHEHED C D int 2, BX 1 @ Python D str A 7Y =7 MIEHL 3,

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

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

D (complex) [Py_complex *] C
D Py_complez Fiiti{k% Python OEZEHENEHL £ 7,

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

has been raised yet, SystemError is set.
S (object) [PyObject *] 0
b 51 P G N

N (object) [PyObject *]
Same as 0, except it doesn’t create a new strong reference. Useful when the object is created

by a call to an object constructor in the argument list.

6.6. SIBDEREDIEE 107



The Python/C API, ) —2X 3.14.0a3

0& (object) [converter, anything]
anything % converter B#E N LT Python 7Y =7 MZE#BLE T, ZOBEEIT anything
(void* & HILORITHRFIUILD FHA) Z5IBICLTHROHEN, "Hik” A 7Y =2 b2k
T, KLU ZZGEITIE NULL 2R3 K5 LRTFAER D £8 A,

(items) (tuple) [matching-items] C
DIED 572 B ECH % A U EFE-Z D Python O X FVICZEBRL 5,

[items] (list) [matching-items] C
DIED 572 B ECH % [7 U EFLZ D Python ©Y X MTEMBRL 5,

{items} (dict) [matching-items] C
DD 572 2005)% Python OFFFICEHMLE T, —HORT 15K 25 C OfE, ZhzhF—
BEIMEL 2o TRHFIEMSNE T,

ERXFINCET 27 —D4EL 5 &, SystemError 4t %+t v LT NULL KL £7,

PyObject *Py_VaBuildValue (const char *format, va_ list vargs)

ROME: FiLWEBHER, RICEL XY Stable ABL. Py_BuildValue() LR LT TTH, AIEESIBDOK
D DIT va_list ZRZIFED £55,

6.7 XFF DXL ENL
HUEZH L . ERICCFHI) D72 DBIFEL,

int Py0OS_snprintf (char *str, size_t size, const char *format, ...)

RICEL F7: Stable ABL FXCFH format LBMD5IED S, size N4 b ZERIRNFHNZ str
WHIH L F, Unix man page @ snprintf(3) #BML T I W,

int Py0OS_vsnprintf (char *str, size_t size, const char *format, va_ list va)

RICBLFY: Stable ABL HFRASCEF format L AIZERSIEY X b va 226, size N4 b ERERIRWD
XFFHN % str i U F 3, Unix man page ® vsnprintf(3) ESRLTLEE W,

Py0S_snprintf() & Py0S_vsnprintf () \3MFHEC 74 7F Y D snprintf() & vsnprintf() BEF v
TLES, TN OBBOHNIE, CEES A 77 VMAREEL TWaRnwa—F— 7 — X TOEMEZREES 2
2:‘/6\?—0

The wrappers ensure that str[size-1] is always '\0' upon return. They never write more than
size bytes (including the trailing '\0') into str. Both functions require that str != NULL, size > O,
format != NULL and size < INT_MAX. Note that this means there is no equivalent to the C99 n =

snprintf (NULL, O, ...) which would determine the necessary buffer size.
INHDBBOEDE (UTTE o & LED) IUTOEKZREH 3!

e 0 <= rv < size D& &F, ZMPUNIFIHL T, (BED strlrv] 1IZH2 '\0' ZFR\T) rv XFD
str I E N,

e TV >= size D E, ZHHNHRIUIDFED LN TED, BT 27DI20E rv + 1 A PR EE 57
ZEexERLET, strisize-1] & '\0' T3,

108 B6E1-F1UT


https://manpages.debian.org/snprintf(3)
https://manpages.debian.org/vsnprintf(3)

The Python/C API, JJ—2X 3.14.0a3

e TV < 0 DY EZ, APENZ NI >7-RTT, ZDLHETSH strisize-1]1 & '\0' TI . str

DENLNDEITEIAREETT, T —DIEHERRERIEZT T b7 4+ — LKIFTT,

DUN @B locale IMKRAF 7237472 S BUENDZEH 2TV E T,

unsigned long Py0S_strtoul (const char *str, char **ptr, int base)

RICEL X9 : Stable ABI. Convert the initial part of the string in str to an unsigned long value

according to the given base, which must be between 2 and 36 inclusive, or be the special value 0.

Leading white space and case of characters are ignored. If base is zero it looks for a leading Ob,
0o or 0Ox to tell which base. If these are absent it defaults to 10. Base must be 0 or between 2 and

36 (inclusive). If ptr is non-NULL it will contain a pointer to the end of the scan.

If the converted value falls out of range of corresponding return type, range error occurs (errno

is set to ERANGE) and ULONG_MAX is returned. If no conversion can be performed, 0 is returned.
See also the Unix man page strtoul (3).

Added in version 3.2.

long Py0S_strtol (const char *str, char **ptr, int base)

RICEBL X9 Stable 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 Py0S_strtoul (), but return a long value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).

Added in version 3.2.

double Py0S_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)

RICEBLZEY: Stable ABL. XF% s % double XA L ¥, KLz E i Python DS % 5
EXEFT, ZITANLNEXFHNNE, Python @ float() 2 ¥ R b T 7 XMBZIFFIT B XFHNIHE
WL EFT2, s DX KBIKEALFERH > TEROBVE WSO BRLED T, ZOEHIIBRE
DET —VIHRFEL FH Ao

endptr 2% NULL D5, EHUIXFH MR L TITONE T, XFEHIDIE L WEFB/INUS RO R
o TVWRWESIX -1.0 218 L T ValueError Z2HAXH £,

endptr 2% NULL CHEWEE, 5% ATRERHIP T L T, *endptr ICRAIDEHE izl o 72
FADRA Y EZZRAL E T, XFFNDOFBNTIE L WFE N ORI D 5 72358, *endptr %
XFHNDFETEICEE LT, ValueError 2FAEXH, -1.0 ZRLE T,

If s represents a value that is too large to store in a float (for example, "1e500" is such a string on
many platforms) then if overflow_exception is NULL return Py_INFINITY (with an appropriate
sign) and don’t set any exception. Otherwise, overflow_exception must point to a Python
exception object; raise that exception and return -1.0. In both cases, set *endptr to point to the

first character after the converted value.

6.7.
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ZFhUND LT — DI HE L 125E (B Z1E out-of-memory 5 —), j#HYI7% Python Ofilst%
RELT-1.0 ZRLET,

Added in version 3.1.

char *Py0S_double_to_string(double val, char format_ code, int precision, int flags, int *ptype)

RICBLFY: Stable ABI. double val Z8E X7z format_code, precision, flags IZED W T F
FNZEHL £5

format_code 1 'e', 'E', '£', 'F', 'g', 'G', 'r' DAL TRINEARD FEA, 'r' DHAE.
precision 1& 0 TRITNZR ST, BHINLET, 'v' 7+r—<v b2 — FIZEED repr() 7 +—
<y bEIEELTOVET,

flags 1% 0 2>, Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O, Py_DTSF_ALT 7. ZALH6D or ZMW-7d D
T3

o Py_DTSF_SIGN . val A TN ZHEICFSXFRABICOITIL I ZEKRL T,
o Py_DTSF_ADD_DOT_O0 WEXFHMBEHMD X5 ICHRALWI L 2 RAEL £5

o Py_DTSF_ALT X 7alternate” 7 + —~< v ML — L2 HMA T2 I Z2EHKL T3, FFME
Py0S_snprintf() O '#' FEEZSRL T L&V,

ptype 53 NULL THEEWIEE, val 2GR, WEE. NaN o &hpic& b T, Py_DIST_FINITE,
Py_DTST_INFINITE, Py_DTST_NAN OWINDICHKEINE T,

R D EIZE W DO XFFN BN S N7z buffer ~NDKRA > X, BRI L 725EE NULL T3,
OCH LN, BE N7 % PyMem_Free() %o TRIRT 2 HIEDNH D £3,

Added in version 3.1.

int Py0S_stricmp (const char *s1, const char *s2)

Case insensitive comparison of strings. The function works almost identically to strcmp() except

that it ignores the case.

int PyOS_strnicmp (const char *s1, const char *s2, Py ssize ¢ size)

Case insensitive comparison of strings. The function works almost identically to strncmp () except

that it ignores the case.

6.8 PyHash API

See also the PyTypeObject. tp_hash member and numeric-hash.

type Py_hash_t

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

type Py_uhash_t

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

PyHASH_MODULUS

The Mersenne prime P = 2%xn -1, used for numeric hash scheme.
Added in version 3.13.

PyHASH_BITS

The exponent n of P in PyHASH _MODULUS.
Added in version 3.13.

PyHASH_MULTIPLIER

Prime multiplier used in string and various other hashes.
Added in version 3.13.

PyHASH_INF

The hash value returned for a positive infinity.
Added in version 3.13.

PyHASH_IMAG

The multiplier used for the imaginary part of a complex number.
Added in version 3.13.

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.

& BE

PEP 456 ”Secure and interchangeable hash algorithm”.

Added in version 3.4.

6.8. PyHash API
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Py__hash__t Py_HashPointer (const void *ptr)

Hash a pointer value: process the pointer value as an integer (cast it to uintptr_t internally).

The pointer is not dereferenced.
The function cannot fail: it cannot return -1.
Added in version 3.13.

Py hash_t Py_HashBuffer (const void *ptr, Py ssize t len)

Compute and return the hash value of a buffer of len bytes starting at address ptr. The hash is
guaranteed to match that of bytes, memoryview, and other built-in objects that implement the

buffer protocol.

Use this function to implement hashing for immutable objects whose tp_richcompare function

compares to another object’s buffer.
len must be greater than or equal to 0.
This function always succeeds.

Added in version 3.14.

Py _hash_t PyObject_GenericHash(PyObject *obj)
Generic hashing function that is meant to be put into a type object’s tp_hash slot. Its result only
depends on the object’s identity.

CPython RZEODF#: In CPython, it is equivalent to Py_HashPointer().

Added in version 3.13.

6.9 VIJLOY>ar

PyObject *PyEval_GetBuiltins (void)

EbhE: @FHBE, RICEL XY Stable ABL. NX—Y 3 ¥~ 313 TIEHLE: Use
PyEval_GetFrameBuiltins () instead.

HEDEIT 7L —2HNDOENL M Y OFFEED, b LETHDO 7L —BRITHUUEAL v FIREBD A V&
TYRDENL M, VEFERIRLE T,

PyObject *PyEval_GetLocals (void)
BhfE: E£HABB, RICELZXJ: Stable ABL. N— 3 ¥ 3.13 TIEHRE: Use either

PyEval_GetFrameLocals () to obtain the same behaviour as calling locals() in Python code,
or else call PyFrame_GetLocals() on the result of PyEval_GetFrame() to access the f_locals

attribute of the currently executing frame.

Return a mapping providing access to the local variables in the current execution frame, or NULL

if no frame is currently executing.

Refer to locals() for details of the mapping returned at different scopes.
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As this function returns a borrowed reference, the dictionary returned for optimized scopes is
cached on the frame object and will remain alive as long as the frame object does. Unlike
PyEval_GetFrameLocals () and locals(), subsequent calls to this function in the same frame
will update the contents of the cached dictionary to reflect changes in the state of the local vari-

ables rather than returning a new snapshot.

N— 3 ¥ 3.13 TEH: As part of PEP 667, PyFrame_GetLocals (), locals(), and FrameType.
f_locals no longer make use of the shared cache dictionary. Refer to the What’s New entry for
additional details.

PyObject *PyEval_GetGlobals (void)
RbOfE: [BHBB, RICEL XY: Stable ABL. N—Y 3 ¥ 313 TIEHRE: Use
PyEval_GetFrameGlobals () instead.

HAEDFET 7L — AND 70— NV EBOREED, FEITHRD 7 L — A0 7UE NULL 23R L %7,

PyFrameQObject *PyEval_GetFrame (void)
RDE: EREBR, RICEL X7 Stable ABL. HED AL v RIKEED 7L — L %2R L E3, BEET
D7 L — a7 UL NULL 23R L %3,

See also PyThreadState_GetFrame().

PyObject *PyEval_GetFrameBuiltins (void)

RODfl: FILLWEBER, RICELXT: Stable ABl (IN—S 3> 3.18 &D). BIEOFEIT 7L —oHNOLE
LA VOEEDR, b LETHDO 7L — 28R TFIUIA Ly RIREDA YR TF) XD+ A VEER
BLET,

Added in version 3.13.

PyObject *PyEval_GetFrameLocals (void)

RDOfE: FILWBE, RICBLEJ: Stable ABl (/N\—23 > 513 &D ). Return a dictionary
of the local variables in the current execution frame, or NULL if no frame is currently executing.

Equivalent to calling locals() in Python code.

To access f_locals on the current frame without making an independent snapshot in optimized

scopes, call PyFrame_GetLocals () on the result of PyEval_GetFrame().
Added in version 3.13.

PyObject *PyEval_GetFrameGlobals (void)

ROfHE: TLWBHE, RICBL XY Stable ABI (N\—2 3> 3.13 &D ). Return a dictionary of
the global variables in the current execution frame, or NULL if no frame is currently executing.

Equivalent to calling globals() in Python code.
Added in version 3.13.

const char *PyEval_GetFuncName (PyObject *func)
RICBLET: Stable ABL func B8, 7 7 A, A VARV RAATI 27 b THNIZDH4HIR. £
5 TRIFAUR func ORIAIRL FEF,
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const char *PyEval_GetFuncDesc (PyObject *func)

RICBLFJ: Stable ABL func OBNZKTES 5. fE# X F | (description string) %K L %
F, RODMEIE. BAfE XY v FizaLTid 7()”, ” constructor”, ” instance”, ” object” T3,
PyEval_GetFuncName () ¥ JH#h S NAER. func OEFITHRD 5,

6.10 codec L X MY 7 R— FEAK

int PyCodec_Register (PyObject *search_ function)
RICBLFT: Stable ABL # LW codec MR EBRL £,
BEWERA Y LT, ZOMEIZ encodings 28y 7 — I D EITHRBEIBDETHICEK S L 512, £/u—-F&
NTVRWESIFr—-FLET,

int PyCodec_Unregister (PyObject *search_ function)

RICELEFT: Stable ABI (IN—23> 38.10 &D ). Unregister a codec search function and clear
the registry’s cache. If the search function is not registered, do nothing. Return 0 on success.

Raise an exception and return -1 on error.
Added in version 3.10.

int PyCodec_KnownEncoding(const char *encoding)
RICEBLFT: Stable ABIL. encoding D7=® DEGRE N7z codec DIFET 205 0IECT 1 2 0
ZIRLET, ZOREIEEIEILET,

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
RDE: iLWBR, RICEL X7 Stable ABL LA codec R—ZD encode APL
encoding WS CTHROM o722y a— BTN LT object ZELET, TI7 =AY KU ITRXV Y
FiZ errors THEL £ 3, errors 1Z NULL TH k<. ZDEFHIEZD codec DT 7 4NV FDRXY v K
PRHAINE T, =2 a—XROD 50 - 72551, LookupError 2 RBAEXIE £ T,

PyObject *PyCodec_Decode ( PyObject *object, const char *encoding, const char *errors)
ROfE: FiLWEE, XICBL X9 Stable ABL. ILH® codec X— 2D Fa— K APIL
encoding W25 CTRDP o %7 a2 —XERITH LT object ®ELET, TI—NYRY YT XYy R

X errors THREL E T, errors X NULL T &<, ZDEEIEZD codec DT 7 4L bDRXY v KA
FHXNE T, Ta—XBRO0 S RD - 728551% LookupError ZHAEXEE T,

6.10.1 J—7 v J1R% API

ROBIETIE. XFH encoding 3R T/NCFITERT 2 Z 8 T MIRANS, RXFNXF R BH L7 mR %
LET, a—T v 7 BRO» 5BV, KeyError Zi%7E LT NULL 2R L7,

PyObject *PyCodec_Encoder (const char *encoding)
RDME: HiLWBE, RICEL XY Stable ABL. 52 &7z encoding DT> a2 —XEFZRL 3,
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PyObject *PyCodec_Decoder (const char *encoding)
RDfE: iLWBHE, RICEL X7 Stable ABL. 52 517z encoding 7 a—XEAKEZRL £,

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

BOfl: HTLWVWEBE, RIZBL X9 Stable ABL. 5.2 5172 encoding ® IncrementalEncoder %
T2 bPERLET,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

RBRDME: iLWBHE, RIZBLET: Stable ABL. 5 X 507 encoding ® IncrementalDecoder #
T2 bERLET,

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

RBOfE: HLWLWBE, RIZBL X7 Stable ABIL. 5% 5472 encoding ® StreamReader 7 7 7 b U
BIBZIR L %93

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

RDOE: HiLWEHE, XRICBL £ Stable ABL. 5% 5172 encoding @ StreamWriter 77 2 bV
BBEZIRL £,

6.10.2 Unicode T5—N\YFZHL X KU API

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

RICBLZET: Stable ABL. =5 — Y RLD=dDa— Ny 7B error % name TEERL X5,
CDaA—NANy ZBEIE, a—T v /ATy a—-FTERVF/TA—=FTEROANAL MEBL
Rz, 20y a—F/7a— FEBOMKIE LT name DMHEE SN TV LR ENET,

a— Ny 7 1 D5 & v L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ¥ MDA YA XY RAEZITWMD 3, ZD4 Y RAEX ¥ RIEHE
DH 5 XFHNRNA MNWCHET 2R, ZDOTROXFHIHFOL 7y Mo TWE T, (ZOHER
EEUST 272D OBEBUCDOWTIE Unicode BINFT T Tk 2BRLTLEI WV, ) a =Ny 7
BENHNEFREZEED, 2ERDOX T NVICHED Y — 7 Y ADORE L encode/decode % FHS
BILDXFHFDL 71y b i 2EBBENL TGRLE T,

L6 0%, =5—WiE -1 ZIBLE T,

PyObject *PyCodec_LookupError (const char *name)
RDME: FiLWBE, XICEBL X Stable ABL name TEREIN/ZZI— NV RY Y Za—inNy
ZBREMRLE T, RS E e LT, NULL DI NIBA, strict” DLF— N> FY ¥y 7a—
NNy ZBIRZIRL 5,

PyObject *PyCodec_StrictErrors (PyObject *exc)
ROl I NULL o RICEL £7: Stable ABL. exc 24t L TREXEE T,

PyObject *PyCodec_IgnoreErrors (PyObject *exc)

BDE: :iLWEEB, RICELF 9 Stable ABL unicode =5 —%#H L., MEOANTZRF vy L
£3,
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PyObject *PyCodec_ReplaceErrors (PyObject *exc)
RDOfE: #iLWEE, RICEL 9 Stable ABI. unicode =5 —% ? 7 U+FFFD TEZ{#X 7,

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

RBbhfE: HILWEE, XICB L X7 Stable ABI. unicode encode =5 —% XML X FSHTE XX
S

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)

RBOE: HILWEE, XICEL FJ: Stable ABL. unicode encode TS5 —% NNy 7 A5 v 2T A7 —
7 (\x,\u, \U) TEZ#IET,

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

RDOflE: HILWBE, RICBLZXJ: Stable ABI (N\—23> 3.7 &D ). unicode encode =7 —%
\N{...} TEZHIET,

Added in version 3.5.

6.11 PyTime C API
Added in version 3.13.
The clock C API provides access to system clocks. It is similar to the Python time module.

For C API related to the datetime module, see DateTime 77T k.

6.11.1 Types

type PyTime_t

A timestamp or duration in nanoseconds, represented as a signed 64-bit integer.

The reference point for timestamps depends on the clock used. For example, PyTime_Time ()

returns timestamps relative to the UNIX epoch.

The supported range is around [-292.3 years; +292.3 years]. Using the Unix epoch (January 1st,
1970) as reference, the supported date range is around [1677-09-21; 2262-04-11]. The exact limits

are exposed as constants:
PyTime_t PyTime_MIN

Minimum value of PyTime_t.
PyTime 1 PyTime_MAX

Maximum value of PyTime_t.
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6.11.2 Clock Functions

The following functions take a pointer to a PyTime_t that they set to the value of a particular clock.

Details of each clock are given in the documentation of the corresponding Python function.
The functions return 0 on success, or -1 (with an exception set) on failure.

On integer overflow, they set the PyExc_0verflowError exception and set *result to the value clamped
to the [PyTime_MIN; PyTime_MAX] range. (On current systems, integer overflows are likely caused by

misconfigured system time.)
As any other C API (unless otherwise specified), the functions must be called with the GIL held.

int PyTime_Monotonic (PyTime t *result)

Read the monotonic clock. See time.monotonic() for important details on this clock.

int PyTime_PerfCounter (PyTime_t *result)

Read the performance counter. See time.perf_counter() for important details on this clock.

int PyTime_Time (PyTime ¢ *result)

Read the “wall clock” time. See time.time() for details important on this clock.

6.11.3 Raw Clock Functions

Similar to clock functions, but don’t set an exception on error and don’t require the caller to hold the
GIL.

On success, the functions return 0.

On failure, they set *result to 0 and return -1, without setting an exception. To get the cause of
the error, acquire the GIL and call the regular (non-Raw) function. Note that the regular function may
succeed after the Raw one failed.
int PyTime_MonotonicRaw(PyTime t *result)
Similar to PyTime_Monotonic(), but don’t set an exception on error and don’t require holding
the GIL.
int PyTime_PerfCounterRaw(PyTime t *result)
Similar to PyTime_PerfCounter (), but don’t set an exception on error and don’t require holding
the GIL.
int PyTime_TimeRaw (PyTime t *result)

Similar to PyTime_Time (), but don’t set an exception on error and don’t require holding the GIL.
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6.11.4 Conversion functions

double PyTime_AsSecondsDouble(PyTime 1 t)

Convert a timestamp to a number of seconds as a C double.

The function cannot fail, but note that double has limited accuracy for large values.

6.12 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.

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)

ZHUZ Unstable API T%, A F—V V) —ATTERLIEEINDZZ DY FT,

Open the /tmp/perf-$pid.map file, wunless 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_lWritePerfMapEntry () 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)

ZHUZ Unstable API T%, A F—VV—ATTERIEEINZZ DY ET,

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 mname

7£3529fcf759 b py::bar:/run/t.py
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Will call PyUnstable_PerfMapState_Init() before writing the entry, if the perf map
file is not already opened. Returns O on success, or the same error codes as

PyUnstable_PerfMapState_Init () on failure.

void PyUnstable_PerfMapState_Fini (void)

ZHUZ Unstable API T%, A F—V V) —ATTERKEHINDZZNHD FT,

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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COETHET I, 7927 POBUKIFE LRV E 57 Python 7Y = 7 + O#fER, (BUEE 2
T, =7y 2METrWwo k) KEDPERMOF 7Y =7 M T 2ERITRVE T, BEEEEANR TR
WA Y 27 M LT - 72358, Python OB EHEIND Z 2D ET,

IS DBEEIE, PyList_New() THER X N72141C NULL A DEZFRE I N TWARWY 2 bD X 5742, #Y)
KL IR TOWRWAT Y 2 7 ML THES 22X TE R A

7.1 772 xz- +70OK3JL (object protocol)

PyObject *Py_GetConstant (unsigned int constant_ id)

RICBLEFT: Stable ABI (IN—=23 > 3.13 &D ). Get a strong reference to a constant.
Set an exception and return NULL if constant id is invalid.

constant__id must be one of these constant identifiers:
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Constant ldentifier & Returned object

0 None
Py_CONSTANT_NONE

1 False
Py_CONSTANT_FALSE

2 True
Py_CONSTANT_TRUE

3 Ellipsis
Py_CONSTANT_ELLIPSIS

4 NotImplemented
Py_CONSTANT_NOT_IMPLEMENTE

5 0
Py_CONSTANT_ZERO

6 1
Py_CONSTANT_ONE

7 (]
Py_CONSTANT_EMPTY_STR

8 bII
Py_CONSTANT_EMPTY_BYTES

9 O

Py_CONSTANT_EMPTY_TUPLE

Numeric values are only given for projects which cannot use the constant identifiers.
Added in version 3.13.

CPython EZEDF#: In CPython, all of these constants are immortal.

PyObject *Py_GetConstantBorrowed (unsigned int constant_ id)

RICBELF 9 Stable ABI (IN—23> 3818 &D ). Similar to Py_GetConstant (), but return a

borrowed reference.

This function is primarily intended for backwards compatibility: using Py_GetConstant () is rec-

ommended for new code.
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The reference is borrowed from the interpreter, and is valid until the interpreter finalization.
Added in version 3.13.

PyObject *Py_NotImplemented
BRONIATY 27 FeXYy FOFIBOMOMAEDEDNHNRIZLTH 2HIE L TEDN S,
kRE (NotImplemented) > 2L bk,

Py_RETURN_NOTIMPLEMENTED
Properly handle returning Py_NotImplemented from within a C function (that is, create a new
strong reference to NotImplemented and return it).

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

int PyObject_Print (PyObject *o, FILE *{p, int flags)
Print an object o, on file fp. Returns -1 on error. The flags argument is used to enable certain
printing options. The only option currently supported is Py_PRINT_ RAW; if given, the str() of the
object is written instead of the repr ().

int PyObject_HasAttrWithError (PyObject *o, PyObject *attr _name)

RICBLET: Stable ABI (IN—23> 5.13 &D ). Returns 1 if o has the attribute attr name, and
0 otherwise. This is equivalent to the Python expression hasattr(o, attr_name). On failure,

return -1.
Added in version 3.13.

int PyObject_HasAttrStringWithError (PyObject *o, const char *attr name)

WICEB L £9: Stable ABIl (IN—2 3> 3818 &D) This is the same as
PyObject_HasAttriWithError(), but attr_name is specified as a const charx UTF-8 encoded
bytes string, rather than a PyObjectx*.

Added in version 3.13.

int PyObject_HasAttr (PyObject *o, PyObject *attr name)

RICBL X9 Stable ABI. Returns 1 if o has the attribute attr name, and 0 otherwise. This

function always succeeds.

0 iR
Exceptions that occur when this calls __getattr__() and __getattribute__() meth-

ods are silently ignored. For proper error handling, use PyObject_HasAttrWithError(),
PyObject_GetOptionalAttr() or PyObject_GetAttr() instead.
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int PyObject_HasAttrString(PyObject *o, const char *attr_name)

RICE L F7: Stable ABI. This is the same as PyObject_HasAttr(), but attr_name is specified
as a const char* UTF-8 encoded bytes string, rather than a PyObjectx.

0 IR
Exceptions that occur when this calls __getattr__() and __getattribute__() methods
or while creating the temporary str object are silently ignored. For proper error han-

dling, use PyObject_HasAttrStringWithError(), PyObject_GetOptionalAttrString() or
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr name)

RBOfE: FILWEHE, RICBL XTI : Stable ABL. A 7Y =2 b o 25, i attr_name OJE % B
LES, s 5 EEEZRLURRS %L NULL 2R L %3, ZDREIE Python D3 o.attr_name
ERTLTY,

If the missing attribute should not be treated as a failure, you can wuse
PyObject_GetOptionalAttr() instead.

PyObject *Py0bject_GetAttrString(PyObject *o, const char *attr_name)

RBOME: :iLWBE, XRICEBL XY Stable ABIL. This is the same as PyObject_GetAttr(), but

attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx*.

If the missing attribute should not be treated as a failure, you can use

PyObject_GetOptionalAttrString () instead.

int PyObject_GetOptionalAttr (PyObject *obj, PyObject *attr_name, PyObject **result);

RICELFT: Stable ABI (IN—23> 8.18 &D ). Variant of PyObject_GetAttr() which doesn’t

raise AttributeError if the attribute is not found.

If the attribute is found, return 1 and set *result to a new strong reference to the attribute. If
the attribute is not found, return 0 and set *result to NULL; the AttributeError is silenced. If an

error other than AttributeError is raised, return -1 and set *result to NULL.

Added in version 3.13.

t**

int PyObject_GetOptionalAttrString (PyObject *obj, const char *attr name, PyObject **result);

WICEB L EX9: Stable ABIl (IN—2 3> 318 &D) This is the same as
PyObject_GetOptionalAttr(), but attr_name is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObjectx*.

Added in version 3.13.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)

ROE: HILWEE, RICELET: Stable ABL B4 7Y =2 bD tp_getattro AR v MIEDN
5. JBYEZEUS S 2R TS, ZoBE. (JLEETIL) A7 =2 FoBEM __dict__

124 BT EHRATS U MLV (Abstract Objects Layer)



The Python/C API, JJ—2X 3.14.0a3

KA, #7922 +D MRO 25527 7 ADHECHZT AV T REHRL £F, descriptors THE
EPBROENTVWEED, T—RDTAZ Y FRIFIAVAZVADRBM L BRI h, EF—RFTR
Y7 RFBEILICENE T, RS0 7285E1% AttributeError ZEH L 3,

int PyObject_SetAttr (PyObject *o, PyObject *attr _name, PyObject *v)

RICBLET: Stable ABL. #7227 b 0o D attr_name £ WO HZDEHIZ, B v ZREL T3, R
T2eHMeERL -1 ZIRLES; B35 0 ZBLET, 2O Python D3 o.attr_name
=V XIEJDVG?O

v NULL O &, 7 FYba— MIAIRRENE T, ZOEERX PyObject_Deldttir() D=, FEHE
RWrRoTVETH, HIFREN 2 TEEDHD £E A

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

RICE L F7J: Stable ABI. This is the same as PyObject_SetAttr(), but attr_name is specified
as a const char* UTF-8 encoded bytes string, rather than a PyObjectx*.

v 73 NULL OBEEHEDHIBRE N E T2, Z OEERIIIFHESETH D PyObject_DeldttrString () %
S OPEE L VT,

The number of different attribute names passed to this function should be kept small, usually
by using 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)

RICEBLET: Stable ABL EBHORE L HIFRZ1T 5 INARRBEET, A7 227 D tp_setattro
20y MEINET, ATz D MRO KH207 5 RADFHENPOT—XT 4 A7) FR2EZHL,
FfID o 7B E3A VARV RADHFZD 2 BHEOFRECHIFRE D bBEBRINET, 25 TRVWES
F. (B LFETUER) A 70227 b __dict__ WEMZHRED LZHIRLE T, B3 2L 0H
BEN, Z5THRVWESIE AttributeError 2EH X -1 PRI FE T,

int PyObject_DelAttr (PyObject *o, PyObject *attr _name)

RICBLFT: Stable ABI (IN—23> 3.13&D ). #7227 F o D attr_name £V 5%DEME%E
HIFRLEF, KT 2L -1 ZRLET, ZOBEBIX Python DX del o.attr_name R U T,

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

RICBLZFT: Stable ABI (IN—23> 8.18 &D ). This is the same as PyObject_DelAttr(), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx.

The number of different attribute names passed to this function should be kept small, usually
by using 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.
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PyObject *Py0bject_GenericGetDict (PyObject *o, void *context)
REOfE: HFLWBHE, RICBLZT: Stable ABI (IN—=3> 3.10 &D ). __dict__ TRZVTRD
getter DFSIMAYRELETT, BDERGZEIX, HEZ/FERL X5,

This function may also be called to get the __dict__ of the object 0. Pass NULL for context when
calling 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)

RICBLEFT: Stable ABI (IN—=23> 3.7&D). __dict__ TAZ U T XD setter DFBFIITIRFELE
TY, ZOERETIHHEZHIRT 2 Z L EFFENTVEEA,

Added in version 3.3.

PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there is no __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 *Py0bject_RichCompare (PyObject *ol, PyObject *02, int opid)
EDfE: iLWBHER, RICEBL XY Stable ABI. Compare the values of ol and 02 using the
operation specified by opid, which must be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE,
corresponding to <, <=, ==, !=> or >=respectively. This is the equivalent of the Python expression
ol op 02, where op is the operator corresponding to opid. Returns the value of the comparison

on success, or NULL on failure.

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

RICE L F 9 Stable ABI. Compare the values of 0 and 02 using the operation specified by opid,

like PyObject_RichCompare (), but returns -1 on error, 0 if the result is false, 1 otherwise.

0O IR
If o1 and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_E@ and
0 for Py_NE.

PyObject *Py0bject_Format (PyObject *obj, PyObject *format_ spec)
RICE L F£9: Stable ABI. Format obj using format_spec. This is equivalent to the Python

expression format (obj, format_spec).

format__spec may be NULL. In this case the call is equivalent to format (obj). Returns the format-

ted string on success, NULL on failure.
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PyObject *Py0bject_Repr (PyObject *o0)
RBhE: FiLWBE, RICEL XY : Stable ABL. 7Y x7 b o DXFHRHEFHAL T, BT
3 XFEHNIRBEZIR L, KT %L NULL %2R L £9, Python 3 repr(o) EFUTT, ZDRE%IZ
FHAIABBEE repr ) OMHTHUIHINE T,

N—Vay 34 TEH: 727574 THHNZRSTE TRV 2T 2012F Mz X512, 20l
BUIF ANy 7= arv280 L5120 E L,

PyObject *Py0Object_ASCII(PyObject *o)
EDfli: FILWBHEE, RICEL £9: Stable ABL. PyObject_Repr() 2R, 7Y =27t o DXF
FIRBZEE L E 3D, PyOvject_Repr() 1T &> TRENLXFINCEENSIE ASCII XF%, =
A7 —=7XF \x . \u, \U TZRr—7L%73, ZOBEII Pythoh 2 ® PyObject_Repr() HiRF
XFEHN R U FINZER L 5, ascii() KXo THEHEINE T,

PyObject *PyObject_Str (PyObject *o)

ROfE: FHILWEBEE, XICBLET: Stable ABL. 7Y =2+ o DXFHRHEZHELE T, J3h
5 XTFHNRBZRL, KT 5 & NULL 23R L %3, Python R str(o) EIUTY, Z DKM
HIAABR str() %, print () BAKOUETHIH XN E T,

N—=ay 3.4 TEHE: 7774 THHEANEBRSTEHE TRV L 2 HREET 2 D@2 XS5, Z0E
BETFANY 77— arZ280 L5128 E L,

PyObject *Py0bject_Bytes (PyObject *0)
RBDfE: tLWEER, RICELET: Stable ABL. 7Y =27 b 0 DA WNIIRBEFHAELET, &
22 NULL Z3B L., BT 2L bytes 7Y =27 bRIBLE T, o VTR VL 2D, Python
R bytes(o) ¥FIL T, bytes(o) ¥i#E- T, o BEHD L 12X, ¥u Tkl bytes 7
Pz FERTDTIER L TypeError 23X h 3,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)
RICBELET: Stable ABL. 75 R derived 257 5 R cls ¥ [A—TH2h., TIrLIREL]ZI F AT
HBGEF 1L ZBREL, 25 TRVESIZ 0 ZELET, =7 -2EELGEEE -1 ZRLUET,

cls MR TIVDGE, cls DETORRICHLTF v I LET, PR 120F v 7T 1HE-
7z, BRIEL D, FRLStorZ 0k ET,

If cls has a __subclasscheck__() method, it will be called to determine the subclass status as
described in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass,

i.e. contained in cls.__mro__

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

base classes).

int PyObject_IsInstance(PyObject *inst, PyObject *cls)

RICBLEJ: Stable ABL inst 37 5 R cls b LWL cls DFTTADA VARV ATHEH5EIT 1
BZIRL. ZIOTRVERICOZRLET, =7-2EE2L -1 ZRLANEFRELET,
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cls MR TNVDIGE, cls DETOERIIHLTF v I LET, PR 12DF 2w 7T 12E-
&, HRIZ1L ek, 2RO E 0D FT,

If cls has a __instancecheck__ () method, it will be called to determine the subclass status as

described in PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cls.
An instance inst can override what is considered its class by having a __class__ attribute.

An object cls can override if it is considered a class, and what its base classes are, by having a

__bases__ attribute (which must be a tuple of base classes).

Py _hash__t PyObject_Hash(PyObject *o0)

RICBLET: Stable ABL. A 7Y =27 b o DNy ¥ afli%2stHLTRLES, K3 dL -1 2K
%3, Python @R hash(o) ¥FU T,

N—=Yay 32 TEH: BOEDREA Py hash t 12D F Lz, TOBRUX, Py ssize_t ERILCHA
X% OFFS EBITT,
Py hash_t PyObject_HashNotImplemented(PyObject *o)

RICBLZET: Stable ABI. Set a TypeError indicating that type (o) is not hashable and return
-1. This function receives special treatment when stored in a tp_hash slot, allowing a type to

explicitly indicate to the interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *o0)

RICBLEFT: Stable ABL 0 PEZRFTLARELZHAICET 1 2, Z5TRVEEKIZ 0 ZIRLE
3, Python O3 not not o YU TT, KT 2L -1 ZIRLET,

int PyObject_Not (PyObject *o)

RICBELZET: Stable ABIL. 0 BEZRTLAREZHEICNT 0 B, Z5TRVEEIKIT 1L ZIELE
3, Python DX not o AU TT, KT 2L -1 ZIRLET,

PyObject *PyObject_Type (PyObject *0)
ED{E: FiLWBHE, XICBL £ Stable ABI. When o is non-NULL, returns a type object

corresponding to the object type of object 0. On failure, raises SystemError and returns NULL.
This is equivalent to the Python expression type (o). This function creates a new strong reference
to the return value. There’s really no reason to use this function instead of the Py_TYPE() function,

which returns a pointer of type PyTypeObject*, except when a new strong reference is needed.
int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of type, and 0 otherwise. Both
parameters must be non-NULL.
Py ssize_t PyObject_Size (PyObject *o)
Py ssize t PyObject_Length(PyObject *o)

RICBELET: Stable ABL 0 DEX®RLE T, 27 LA TP b oy —Fr 20 Farare
<~y 7RITa FalOmAERELTWRHE, O—F VR LTORIERLET, =743
¢ -1 ZRL%FF, Python DK len(o) XRUL T,
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Py_ssize_t PyObject_LengthHint (PyObject *o, Py _ssize_t defaultvalue)

FT7P27 1 0o DMHEDODEZXZRLET, RYICEBOEZ %, XIZ __length_hint__() Z{fioT
WMREORSZ, ZLTRRERIZT 74V FDEZEZS L LET, ZOEIE Python O operator.
length_hint (o, defaultvalue) Z[AUTT,

Added in version 3.4.

PyObject *Py0Object_GetItem(PyObject *o, PyObject *key)

RBOfE: ILLWBE, RICBLET: Stable ABL. A7 22 b key 12T 23 0 DERERLET,
KEL$ 2 NULL 23R L £75, Python O ol[key] EFH LTI,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)
RICBELET: Stable ABL. A7 =2 b key 28 v IS ET, KT 2. BIAZEHNL -1

BRLUET, BT 5L 0 ZRLET, Z4UE Python DX olkey] = v E[A%E TS, ZOBEII v
NOZRE BHWMD EFHEA .

int PyObject_DelItem(PyObject *o, PyObject *key)

RICBLET: Stable ABL. A 7Y =2 b 055 key BT 2 2HIBRLE T, KT 2L -1
ZiRL £7, Python D3 del olkey]l &R LT,

PyObject *PyObject_Dir (PyObject *o)
RO{lE: :HILVLWEBE, RICBLZFJ: Stable ABL. Z 0B#1Z Python R dir(o) ¥R LT, *7
:‘):7 FOEBAIZE DU T TV EXLFIDPERDIZVRAL (EDOLELHDET) IRLET, T7—
D% MNWL%LLi?oﬁﬁ%NMLk?éZ Python 128 % dir() kAR, BHED

o— ﬁwﬁ%m%ﬁbiT DIFE. 77T 4 TREFTZ7L—A0%ITNIE NULL 2R L £ 325,
PyErr_Occurred () XBERLE T,

PyObject *Py0Object_GetIter (PyObject *o)

ROflE: iLWEBE, RICEL 9 : Stable ABI. Python D3 iter(o) [ U T, 5lEIzY 574
Tz NI TBHAERATL =R, ATV I TTRATL—XDBFHFIIEA T2 b @
BERLET, A7 =0 "BREUHAREETH - 72855121 TypeError %iEH LT NULL %K
\i\j—o

PyObject *Py0Object_SelfIter (PyObject *obj)

RBDhME: FiILWBE, RIZEBL £7: Stable ABIL This is equivalent to the Python __iter__(self):
return self method. It is intended for iterator types, to be used in the PyTypeObject.tp_iter

slot.

PyObject *PyObject_GetAIter (PyObject *o)
RDME: iLWBE, RICELZFY: Stable ABI (/A—2 3> 3.10 &£D ). This is the equivalent to

the Python expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator
for it. This is typically a new iterator but if the argument is an AsyncIterator, this returns itself.

Raises TypeError and returns NULL if the object cannot be iterated.

Added in version 3.10.
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void *Py0Object_GetTypeData (PyObject *o, PyTypeObject *cls)

RICBLFT: Stable ABI (IN—23 > 3.12 &D ). Get a pointer to subclass-specific data reserved

for cls.

The object o must be an instance of c¢ls, 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)

RICBLFY: Stable ABI (IN—23> 3.12 &£D ). Return the size of the instance memory space

reserved for cls, i.e. the size of the memory Py0Object_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 PyType_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 *o0)

Get a pointer to per-item data for a class with Py_TPFLAGS ITEMS_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.

int PyObject_VisitManagedDict (PyObject *obj, visitproc visit, void *arg)

Visit the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py_TPFLAGS_MANAGED_DICT flag set.

Added in version 3.13.

void PyObject_ClearManagedDict (PyObject *obj)

Clear the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py_TPFLAGS_MANAGED_DICT flag set.

Added in version 3.13.

int PyUnstable_Object_EnableDeferredRefcount (PyObject *obj)
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ZhUd Unstable API TF, YA F—V VY —RATTHRLKEEZINDZ DD ¥T,

Enable deferred reference counting on obj, if supported by the runtime. In the free-threaded
build, this allows the interpreter to avoid reference count adjustments to obj, which may improve
multi-threaded performance. The tradeoff is that obj will only be deallocated by the tracing

garbage collector.

This function returns 1 if deferred reference counting is enabled on obj (including when it was
enabled before the call), and 0 if deferred reference counting is not supported or if the hint was

ignored by the runtime. This function is thread-safe, and cannot fail.

This function does nothing on builds with the GIL enabled, which do not support deferred reference
counting. This also does nothing if 0bj is not an object tracked by the garbage collector (see gc.
is_tracked() and PyObject_GC_IsTracked()).

This function is intended to be used soon after obj is created, by the code that creates it.

Added in version 3.14.

7.2 Call ZO +3JL

CPython supports two different calling protocols: tp_ call and vectorcall.

7.2.1 The tp_call Protocol

Instances of classes that set tp_call are callable. The signature of the slot is:

PyObject *tp_call(PyObject *callable, PyObject *args, PyObject xkwargs); ]

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly
to callable(*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there

are no arguments) but kwargs may be NULL if there are no keyword arguments.
This convention is not only used by tp_call: tp_new and tp_init also pass arguments this way.

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

7.2.2 The Vectorcall Protocol
Added in version 3.9.

The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more

efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However,

this is not a hard rule. Additionally, some third-party extensions use tp_ call directly (rather than using
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PyObject_Call()). Therefore, a class supporting vectorcall must also implement tp_call. Moreover,
the callable must behave the same regardless of which protocol is used. The recommended way to achieve

this is by setting tp_call to PyVectorcall_Call (). This bears repeating:

A S

A class supporting vectorcall must also implement tp_call with the same semantics.

N— a ¥ 3.12 TEHE: 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 2mmutable or static types.

A class should not implement vectorcall if that would be slower than ¢p_call. For example, if the callee
needs to convert the arguments to an args tuple and kwargs dict anyway, then there is no point in

implementing vectorcall.

Classes can implement the vectorcall protocol by enabling the Py_TPFLAGS HAVE_VECTORCALL flag and
setting tp_vectorcall_offset to the offset inside the object structure where a vectorcallfunc appears.

This is a pointer to a function with the following signature:

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

RICELZET: Stable ABI (IN—=23> 3.12 &D).
e callable is the object being called.

args is a C array consisting of the positional arguments followed by the

values of the keyword arguments. This can be NULL if there are no arguments.

siargsf is the number of positional arguments plus possibly the
PY_VECTORCALL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments
from nargsf, use PyVectorcall_NARGS().

«wnames is a tuple containing the names of the keyword arguments; in
other words, the keys of the kwargs dict. These names must be strings (instances of str or
a subclass) and they must be unique. If there are no keyword arguments, then kwnames can
instead be NULL.

PY_VECTORCALL_ARGUMENTS_OFFSET

RICELZE Y : Stable ABI (IN—23 > 3.12 & D ). If this flag is set in a vectorcall nargsf argument,
the callee is allowed to temporarily change args[-1]. In other words, args points to argument 1

(not 0) in the allocated vector. The callee must restore the value of args[-1] before returning.
For PyObject_VectorcallMethod (), this flag means instead that args[0] may be changed.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use

PY VECTORCALL ARGUMENTS OFFSET. Doing so will allow callables such as bound methods to make
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their onward calls (which include a prepended self argument) very efficiently.
Added in version 3.8.

To call an object that implements vectorcall, use a call API function as with any other callable.

PyObject_Vectorcall () will usually be most efficient.

BROEE
When wusing ip_ call, callees do mnot need to worry about recursion: CPython uses

Py_EnterRecursiveCall () and Py_LeaveRecursiveCall () for calls made using tp_ call.

For efficiency, this is not the case for calls done using vectorcall: the callee should use Py EnterRecur-

siveCall and Py LeaveRecursiveCall if needed.

Vectorcall Support API
Py ssize t PyVectorcall_NARGS (size_ t nargsf)

RICELZET: Stable ABI (N—23 > 3.12 &£D ). Given a vectorcall nargsf argument, return the

actual number of arguments. Currently equivalent to:

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

However, the function PyVectorcall_NARGS should be used to allow for future extensions.
Added in version 3.8.

vectorcallfunc PyVectorcall_Function(PyObject *op)

If op does not support the vectorcall protocol (either because the type does not or because the
specific instance does not), return NULL. Otherwise, return the vectorcall function pointer stored

in op. This function never raises an exception.

This is mostly useful to check whether or not op supports vectorcall, which can be done by checking

PyVectorcall_Function(op) != NULL.
Added in version 3.9.

PyObject *PyVectorcall_Call(PyObject *callable, PyObject *tuple, PyObject *dict)

RICBLZET: Stable ABI (IN—23> 3.12 &D ). Call callable’s vectorcall func with positional

and keyword arguments given in a tuple and dict, respectively.

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

Added in version 3.8.
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7.2.3 Object Calling API

Various functions are available for calling a Python object. Each converts its arguments to a convention
supported by the called object — either ¢p_ call or vectorcall. In order to do as little conversion as possible,

pick one that best fits the format of data you have available.

The following table summarizes the available functions; please see individual documentation for details.

3k callable args kwargs
PyObject_Call() PyObject * tuple dict/NULL
PyObject_CallNoArgs() PyObject *  -—- -—-
PyObject_CallOneArg () PyObject * 1 object ---
PyObject_CallObject () PyObject *  tuple/NULL --
PyObject_CallFunction() PyObject * format -
PyObject_CallMethod () obj + char* format -

PyObject_CallFunctionObjArgs() PyObject * variadic -
PyObject_CallMethodObjArgs () obj + name  variadic ---

PyObject_CallMethodNoArgs () obj + name  --- -—-
PyObject_CallMethodOneArg () obj + name 1 object -
PyObject_Vectorcall () PyObject *  vectorcall vectorcall
PyObject_VectorcallDict () PyObject *  vectorcall dict /NULL
PyObject_VectorcallMethod() arg + name  vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)

RBOE: L WBHE, RIZEBL XY Stable ABL. MEOVH LATBEZR Python A 7Y = 7 + callable
B, BTNV args £ LTEZXOLNZ5 8 EEEE kwargs ¥ LTEH5Z 5N LT 518 & HITFEOH
Lij—o

args ¥ NULL TH-o>TiE#R 573, 5I8ELEL LEWGEIEED R T e[ TLEEW, kwargs
X NULL THHVWER A,

L7 L ORGSR ZIE L, KL ofI5 22X L NULL 28 L %5,
ZAUIRD Python O & FFETT: callable(xargs, *xkwargs) o

PyObject *Py0bject_CallNoArgs (PyObject *callable)
RBOfE: ILWEBHE, RIZBELZET: Stable ABI (/N\—23 > 3.10 &D ). Call a callable Python

object callable without any arguments. It is the most efficient way to call a callable Python object

without any argument.
AL L ofERZIE L. KL o6 2k L NULL 28 L %5,
Added in version 3.9.

PyObject *Py0Object_CallOneArg(PyObject *callable, PyObject *arg)

RBD{E: 3 LW, Call a callable Python object callable with exactly 1 positional argument arg
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and no keyword arguments.

RN L7 PO L ORERZIR L, KL 2xtH L NULL 2B L %5,

Added in version 3.9.

PyObject *Py0bject_CallObject (PyObject *callable, PyObject *args)

BDhfE: L WBHE, RICBL XY Stable ABL. M-OVH LA[REZ: Python A4 7Y =2 + callable
. BTN args L LTHEZLNZ5[8 e DIEFHLET, 5B EREEIE. args & NULL
THVWEE A,

R L7 SO L ORERZIR L. KRR LSt 2xR L NULL 28 L £3

ZAUIRD Python D& FIFETT: callable(xargs)

PyObject *PyObject_CallFunction(PyObject *callable, const char *format, ...)

RDE: TLWBE, RICBL X7 Stable ABL. FEH LAJBEZR Python A 7Y =7 b callable %
AIEFMED C 5l & ICMOTH L E 3, C 5181 Py_BuildValue() TERD 7 x —~< v b XFF| %
fEoTRAR L E T, format 1& NULL b LS., 52X 358wz 2RLET,

BRI L7 HREH L AR ZIE L. KL o6 2% L NULL 28 L %5,
ZHUFRD Python DR & [FFFTT: callable(*args) o

PyObjectx args 7213 &5 BUCHE THEE. PyObject_CallFunctionObjArgs () & DHWHIETH
5P ATBVTLLEEY,

N—=a v 3.4 TEHE: format DD char * POEBEXNE LT,

PyObject *Py0bject_CallMethod ( PyObject *obj, const char *name, const char *format, ...)

RBROfl: iLWBE, XRICBELZEXY: Stable ABL. 7Y =2 b obj ® name WS HAETDAY v K
. WLOHhD CHlEe e bIMUHMLET, CHIEIEEX I VELERT S Py_BuildValue() TERD
74—y MXFH TR ENTVET,

format & NULL T3 &<, 5835 20hRnwi e 2RLET,
R L7 HREOH L OAERZIE L. KL o6 2% L NULL 28U %3,
ZAUIRD Python DX & [F5FTF: obj.name(argl, arg2, ...) o

PyObjectx args 72 25 EUCTETH AL, PyObject_CallMethodObjArgs () & DHNHIETH %
CEEHEZTBOVTLEI W,

N—=Ya ¥ 3.4 TEHE: name & format DEIDS char * POEEINFE Lz,

PyObject *Py0bject_CallFunctionObjArgs (PyObject *callable, ...)

ROfE: iLWBHE, RICEL X7 Stable ABL FEU'H UAJBEZR Python 472 =2 b+ callable % 7]
IBIAD PyObjectx B L & bICMUH L E T, BIBGIEKRIC NULL 250\ AR HD <5 2
2 LTHERET,

R L7 SO L ORERZR L, KRB LS 2RH L NULL 28 L £3,
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ZAUIRD Python D& FIFETT: callable(argl, arg2, ...) o

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

ROfE: HILWEE, RICBLZET: Stable ABL Python 7Y x 27 b obj DAY v FENRUHL %
. XYV v FAE Python XFHIA 7Y 22 b name THXE T, AIERIED Pyobject* 518 ¥ i
XN E T, 5IFNEKREIC NULL 3OV alZBED 5 X 22 LTE5 2 %7,

L7 PO L ORRZR L. KR LZofMt 22X L NULL 28 L £3,

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

Call a method of the Python object obj without arguments, where the name of the method is

given as a Python string object in name.
RN L7 HRFOH L ORERZIR L. KL 726050 2k L NULL 28 L %3,
Added in version 3.9.

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

Call a method of the Python object 0bj with a single positional argument arg, where the name of

the method is given as a Python string object in name.
R L7 SO L ORERZIR L, KRB LM 2XR L NULL 28 L £3,
Added in version 3.9.

PyObject *Py0bject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
MICBLET: Stable ABI (IN—=23 > 3.12 &b ). Call a callable Python object callable. The

arguments are the same as for vectorcall func. If callable supports vectorcall, this directly calls

the vectorcall function stored in callable.
BIIL7=60H L OFERERL, KL= 64%2XH L NULL %1 BLE7,
Added in version 3.9.

PyObject *Py0bject_VectorcallDict (PyObject *callable, PyObject *const *args, size_ t nargsf,
PyObject *kwdict)
Call callable with positional arguments passed exactly as in the wvectorcall protocol, but with

keyword arguments passed as a dictionary kwdict. The args array contains only the positional

arguments.

Regardless of which protocol is used internally, a conversion of arguments needs to be done.
Therefore, this function should only be used if the caller already has a dictionary ready to use for

the keyword arguments, but not a tuple for the positional arguments.
Added in version 3.9.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size t nargsf,
PyObject *kwnames)

136 B 7 EHWRATITS Y LAY (Abstract Objects Layer)



The Python/C API, JJ—2X 3.14.0a3

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

If the object has the Py_TPFLAGS_ METHOD_DESCRIPTOR feature, this will call the unbound method

object with the full args vector as arguments.
RN L7 IO L ORERZIR L. KL 505 25X L NULL 28 L %5,

Added in version 3.9.

7.2.4 Call Support API

int PyCallable_Check ( PyObject *o0)

RICBLET: Stable ABL. A 7Y =27 b o WU LAJREA 7P 27 b 0fAREST, A7
DR LABETHZ L EIC L BIRL. ZOTRVEEIZIZ 0 ZELET, ZOBBMECH LI
IR LETS,

7.3 #ER 70O 3JL (number protocol)

int PyNumber_Check (PyObject *o)
RICBLET: Stable ABL. A7 Y22 b o PEER 70 b a L BREL TWREEIC 1 BIRL
ITHRVEXIZIIMBERLEST, ZOBBFECH LIZEIERIILES,
N—=aYy 38 TEH: o A VT v I ABEIZ-7-855. 1 BIBLE T,

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
RDflE: FILWEBER, RICEBL X T Stable ABL 3 2L ol ¥ 02 ZMAELHERZIREL, KRET
%% NULL ZiBL %79, Python D3 o1l + 02 EFILTT,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
RD{lE: iLWBER, RICEBLXT: Stable ABL I3 2L ol 2056 02 ZIHHE LHRZIREL. KK
3 5& NULL 23R L %9, Python DX o1l - 02 EFEIUTT,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
RD{#E: iLWEBER, RICBL XY Stable ABL I3 2L ol & 02 ZRELLHERZIREL, KRBT
%% NULL B LU %73, Python D3 ol * 02 X[EIUTT,

PyObject *PyNumber _MatrixMultiply (PyObject *ol, PyObject *02)
RBDfE: FILWBE, RICBLET: Stable ABI (IN—=23> 3.7&D). U152 L ol & 02 %175
FEHLUEREZEL, KRBT 2L NULL 2B L %3, Python @ o1 @ 02 X[ELTY,
Added in version 3.5.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
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RBDhME: #HiLWBE, XRIZBL £7: Stable ABIL Return the floor of o1 divided by 02, or NULL on
failure. This is the equivalent of the Python expression o1 // o02.

PyObject *PyNumber _TrueDivide (PyObject *ol, PyObject *02)
BhfE: :rLWLWBE, RICBL X7 Stable ABL. Return a reasonable approximation for the

mathematical value of of divided by 02, or NULL on failure. The return value is "approximate”
because binary floating-point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating-point value when passed two integers.

This is the equivalent of the Python expression o1 / 02.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
RBDfE: :iLLWBE, RICEBLFT: Stable ABL. I3 % ¥ ol & 02 TRELLFRZIEL, KT
% ¥ NULL #i1BL %79, Python @3 o1 % 02 XH LTI,

PyObject *PyNumber_Divmod ( PyObject *ol, PyObject *02)
RO FTLWBE, RIZBL X7 Stable ABL. flAAABEE divmod () 2SI L TL 723V, KM
35 ¢ NULL 23R L £3, Python D3 divmod (o1, 02) ¥R U T,

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
RBDfE: :iLLWBE, RICELZF T Stable ABL fAAABEE pow() 2B LT ZE W, KT 3
¥ NULL %3 L %3, Python O pow(ol, 02, 03) 2R LTT, 03134 7> 2> TF, 03 %M
TR WS, Py_None Z ANLTLZE W (03 I NULL 2T &, RERXEY 7 7EARF|EEZ
TIEeBHDET),

PyObject *PyNumber_Negative (PyObject *o0)
ROfE: HLWEBE, RICBLE Y Stable ABL lIIT 5L 0 ONSRIEZEL, KIS % & NULL
#RL%F, Python DR -0 YR T,

PyObject *PyNumber_Positive (PyObject *o0)
RDfE: HILWBR, RICBLEY: Stable ABL i35 L o Z5EL, KF %L NULL ZKEL £7,
Python O +o R L TT,

PyObject *PyNumber_Absolute (PyObject *o0)
ROfE: HILLWEE, RICBLEXT: Stable ABL B3 2 ¥ o OffhiEZIR L, KRS % & NULL %
BLEF, Python D abs(o) ¥R L T,

PyObject *PyNumber_Invert (PyObject *o0)
EDTE FLLWEER, RICBLZET: Stable ABL fiM13% % 0o O v MENKER (bitwise negation)

BL. KF %L NULL 23R L £3, Python DR ~o LR LTT,
PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)

REDfE: FILWBE, XRICBLZET: Stable ABL RT3 ol % 02 ZFAES 7 M LIMRERL
KF % 2 NULL 2B L £F, Python O o1 << 02 ¥R T,
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PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
ROfE: iLWBER, RICELFJ: Stable ABL. 132 % ol & 02 AT 7 P LIMREZIRL
KMF %L NULL 2R L 3, Python O3 o1 >> 02 XRIU T,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)

RDfE: HILWER, RICELZFT: Stable ABL [T 2% ol & 02D 7 &y MHfZHIEE (bitwise
and)” 2B L, K32 & NULL 238 L %3, Python OX ol & 02 ¥[ALTY,

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)

RBOfE: HILLWEE, RICBLET: Stable ABL 152 L of & 02 @ 7 &y M HEAHEAYEHEF
(bitwise exclusive or)” Zi& L. K3 % & NULL iR L %5, Python ®X o1 ~ 02 ¥R U TY,

PyObject *PyNumber_0r (PyObject *ol, PyObject *02)
ROME: HILWEE, RICBLEXT: Stable ABL I3 2L ol & 02 D7 ¥y MHEAGHEHA (bitwise
or)” ZIRLKMT % & NULL 28R L %3, Python O ol | 02 ¥R LT,

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

RDME: HILWEHE, RICBLZXT: Stable ABL 3T 2L of & 02 ZMBEL-EREEZIREL, KK
T3 NULL 23R L EF, ol A in-place {HEZ ¥ R— b T 255, in-place HEZ{TWE F, Python
DX ol += 02 AL T,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)

ROME: FiLLWBE, RICBLET: Stable ABL T2 & ol 205 02 ZIHBE LIAEREZR L, KK
T 5L NULL ZIRLE T, ol 2% in-place {HE %V R— b+ F 354, in-place HEZITWE T, Python
DX ol -= 02 LA LTI,

PyObject *PyNumber_InPlaceMultiply(PyObject *ol, PyObject *02)
RBhflE: HiLWBE, RICBLET: Stable ABL i35 ol & 02 RELAEREZRL. KK
T3 NULL 2R L EF, ol A in-place {HEZ ¥ R— b T 255, in-place HEZ{TWEF, Python
DX ol *= 02 LEILTT,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)

ROfE: FILWBE, RICBLE T Stable ABI (IN—=23> 3.74&D). 1T 2L ol & 02 %175
FRELUIEREZEL, KT % NULL 23R L ¥ 73, ol B in-place BTV K— 1§ %5E. in-place
HEZITWE T, Python DX ol @= 02 ¥R LTI,

Added in version 3.5.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)

ROME: FiLLWBEB, RICBLET: Stable ABL T2 of % 02 THRELZUMETHEEZIRL
KT 5 NULL 23R L ¥F, ol 25 in-place HE %V K — 3 2855, in-place HEZITWVE T,
Python @3 ol //= 02 ¥[AL T3,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)

RBbhfE: :iLWEBER, XRICEL X9 Stable ABL. Return a reasonable approximation for the

mathematical value of o1 divided by 02, or NULL on failure. The return value is "approximate”
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because binary floating-point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating-point value when passed two integers.
The operation is done in-place when o1 supports it. This is the equivalent of the Python statement
ol /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
ROl TLWBE, RICBLZT: Stable ABL. X152 & of % 02 TRELZREREZERL., , KK

T 3L NULL iR LE T, ol 2% in-place {HE %V R— » 354, in-place HEZITWE T, Python
DX ol %= 02 EF LTI,

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)

REOME: FriLLWBER, RICEL X Stable ABL fHAABBEE pow() 2L TL X W, KT 3
¥ NULL 2B L E3, ol 2% in-place HEZ Y R— b T 354, in-place HEZITWE T, ZOMEEIZ
03 B Py_None DA Python 3 o1 *¥= 02 LA LT, ZNUNDEHEIE powl(ol, 02, 03) D
in-place RT3, 08 ZIA X B/ S, Py None ® ANLTL 72X W (08 12 NULL 25 2, FIER
AEYVT7 7L RAZE|ERITIENDHDET),

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

BOfE: iLWBH, RICEBLEJ: Stable ABL M52 ol % 02 FIIES 7 b L7EEREIR
L. KT 2 & NULL 23R L E S, ol B in-place {HE %Y R— b3 255, in-place HEEZITVWE T,
Python @ ol <<= 02 X[ LT3,

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)

ROME: FTLVWBE, XICBL X3 Stable ABL BT 2% ol & 02 ZI3HAST 7+ LEERER
L. K322 NULL 2R LE T, ol 2% in-place {HEZ ¥ R— b T 255, in-place HEEZITVWE T,
Python DX o1 >>= 02 E[F LTI,

PyObject *PyNumber _InPlaceAnd (PyObject *ol, PyObject *02)

RDflE: FILVLWBHE, RICBEL XY Stable ABL. FKII$ 2% 0ol & 02D ” v M EAFRIERE (bitwise
and)” iR L., KMT 2L NULL ZIRLE T, ol A in-place HE %V R — b T 354A, in-place HE
ZITWE T, Python DX ol &= 02 ERILTT,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)

RDME: :iLLWBR, RICBLET: Stable ABL iI135 L of & 02 ® 7 &y bHEHEA AR
(bitwise exclusive or)” ZiR L., KBF % ¥ NULL ZiRL %9, ol #% in-place HEZ Y R— 1+ 545
&, in-place HEZITWVWE T, Python DX o1 "= 02 LR LTI,

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)

RBOfE: HILLWEBR, RICBLEXY: Stable ABL 32 L ol & 02 @ ” By MR (bitwise
or)” BIRUKMT % & NULL 2K L ¥F, ol 2 in-place ALV R— 255, in-place HEZ1T
WE T, Python DX ol |= 02 ERILTT,

PyObject *PyNumber_Long (PyObject *o0)

ROE: FTLWBE, RIZBLFE T Stable ABL fiM1T5 L o BBEICEHLZDOERL., KRIKT
% ¥ NULL 2R L %73, Python O int(o) ¥R LTI,
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PyObject *PyNumber_Float (PyObject *0)

EDE: iLVWEBHE, RICBLE 7 Stable ABL M35 & o ZFE/NEUSEICEIR L2 D xR
L. KT % & NULL 238 L %9, Python O3 float(o) ¥R LT,

PyObject *PyNumber_Index (PyObject *0)

RBhfl: HiLWBE, RICBLFT: Stable ABL o % Python @ int BUICEHE L., KI5 ZDHE
BIRLUET, KL 5 NULL 25R & 41, TypeError fIAtEH & E 3,

N— gy 310 TEHE: FHRIZFEICESL int BT, DENE. #RIZ int O 7275204 VAR
YADZEedHHELR,

PyObject *PyNumber_ToBase ( PyObject *n, int base)

RDME: FTLWBHE, RICEL X Stable ABIL. base #EEICEII N n 2XFH e LTRL
F 5, base 51EE 2, 8, 10 F721X 16 DWVWIT N TRIFIUIR D TR A, HE 2, 8, 16 12OV T, KX
NBXFHNDFRFUIIER~—F— '0b' | '00' T/l '0x' A, TN EENET, BL n D
Python @ int BUTHFHIURX. FF PyNumber_ Index() TEEINFT,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
RICELFT: Stable ABL. o ZB¥ ¥ U THIRATEETS o /2356, Py_ssize_t BOMEICEELL TR L
F3, MUK LS, BIstEHEN, -1 PRENET,

H L o 23 Python @ int IZABITE/DIT, Py_ssize_t NDEHLD OverflowError 1272 25 &1,
exc 5IBTHE XA (Fi@#IE IndexError % OverflowError) OFIA XML 3, b L. exc
NULL %% 5, flAhE 27V 7 Sh T, B8 ADEEE PY_SSIZE_T_MIN ., IEDE PY_SSIZE_T_MAX
AtHilfREhEd,

int PyIndex_Check (PyObject *o0)

RICBELZET: Stable ABI (IN—=23> 8.8 &D). o 234 7 A TH 2%E (tp_as_number
FHEIAD nb_index 2B v FHMEE 5 TWAHA) I 1 BRL, ZITHRWEEIZ 0 ZIRLET, Z
DEIRUIFE TN L £,

7.4 >—/r> 2870k 1JL (sequence protocol)

int PySequence_Check ( PyObject *o0)

RICEB L F 9 Stable ABI. Return 1 if the object provides the sequence protocol, and 0 otherwise.
Note that it returns 1 for Python classes with a __getitem__() method, unless they are dict
subclasses, since in general it is impossible to determine what type of keys the class supports. This

function always succeeds.
Py ssize t PySequence_Size (PyObject *o)

Py ssize t PySequence_Length (PyObject *o)

RICBELET: Stable ABL. (T2 —r 2 o HOA T2 7 FOEERL, KBT2L -1 %
BLEF, ZHiE. Python @3 len(o) ERUTIZARD £3,
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PyObject *PySequence_Concat (PyObject *ol, PyObject *02)

RBOfE: iLLWEBE, RICEL XY Stable ABL B35 L 0ol & 02 OiEff (concatenation) % ik
L. KT % & NULL %KL %9, Python @3 o1 + 02 ¥R L TT,

PyObject *PySequence_Repeat (PyObject *o, Py _ssize_t count)

RBROME: TLWBE, RICBL T Stable ABL. i35 477227 b 0 D count [BIfEDIRL %R
L. K35 & NULL iR L £3, Python @ o * count LR LTI,

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)

RBOfl: TLVWEBE, RICBL XY Stable ABL B35 L ol & 02 Oi#f (concatenation) % i
L. K322 NULL 2R L E T, ol 2% in-place {HEZ ¥ R— b T 255, in-place HEEZITVWE T,
Python D3 o1 += 02 R LTI,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py ssize ¢ count)

RBOfE: FiLWBHE, RICBLET: Stable ABL. 522472227t 0o ®D count [AFEDIRL %R
L. K§ %L NULL ZiIBL¥3, o 2 in-place HEZ Y K— T 255, in-place HEZITVWET,
Python @3 o *= count X[ U T,

PyObject *PySequence_GetItem(PyObject *o, Py _ssize 1 1)
RDME: :iLLWER, XRICELFT: Stable ABL 3132 0 ® i HEHOERZRL, KT 3L
NULL %ZiR L %73, Python O o[i] LT,

PyObject *PySequence_GetSlice (PyObject *o, Py _ssize_t il, Py_ ssize_t i2)
RDME: HILLWBE, RICBLEXT: Stable ABL T2 0o @ il 25 i2 $TOMDRZ 4 A %K
L. K3 % & NULL iR L £3, Python O3 o[i1:i2] 2 E U T,

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

RICBLET: Stable ABL 0 ® i HFHOERIC v ZRALF T, RT3, fstE2EHL -1 23K
LET; 322 0%KRLET, Zhid Python DX o[i] = v AL TS, ZOBEEIE v ADZ
Wz EAWMODFEA

v B NULL OEEERZOEEDPHIRINE TH, ZOMEEIZIEHERTH D, PyObject_Deldttr() %
5D EFE L VTS,

int PySequence_DelItem(PyObject *o, Py ssize t 1)
RICBLETY: Stable ABL 0 @ i HHOERZHIFRL 3, kKT 2L -1 B L EF, Python O
X del ol[i] ¥ LT,

int PySequence_SetSlice(PyObject *o, Py ssize_t il, Py _ssize_t i2, PyObject *v)
RICBEL ZE9: Stable ABL o @ il 75 i2 FTOMDRT A4 R v ZRALE T, Python DX
ol[il:i2] = v AL T,

int PySequence_DelSlice(PyObject *o, Py ssize t il, Py _ssize t i2)

RICBLZFET: Stable ABL. =45 Y Z2F 7T x27 b oD il 05 i2 ETOBDRT A4 ZAZHIBRL %
T, KT 2L -1 2 BRLFET, Python DX del o[il:i2] ¥R LTI,
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Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

RICELZE T : Stable ABL. 0 I8} % value DHIAFEIEL. 37205 olkey] == value 72 % key O
EERLET, KKT2L -1 ZIRLET, Python DR o.count (value) ¥R LTI,

int PySequence_Contains (PyObject *o, PyObject *value)

RICEBL X Stable ABL 0 1T value BPA> TWAEDPHELE T, 0o DD D EED value ¥ HAf
(equal) 251X 1 ZIRL., ZAUANDOHHIIZ 0 ZRLET, TI7-0FETI L -1 ZRLET,
Python D3 value in o X[FI LTI,

int PySequence_In(PyObject *o, PyObject *value)
RICEL £ 9 Stable ABI. Alias for PySequence_Contains ().

N— a v 3.14 TIEHELE: The function is soft deprecated and should no longer be used to write

new code.

Py_ssize_t PySequence_Index(PyObject *o, PyObject *value)

RICBL EY: Stable ABL o[i] == value X RAIBRHICHOD A YT IR { ZRLET, T
F—PHEETSEE -1 ZIRLET, Python DX o.index(value) EFEI LTI,

PyObject *PySequence_List (PyObject *o)

RBDfE: FTLWVWEE, XICBLZEJ: Stable ABL. — 4> X3 LIEAT 570 0o EEICLNAEZED
V2MATV 27 bERLET, KKL/ZS NULL #IRLET, BEXAZ VR MEHLLESR=Z
PERIEENTVWE T, ZHiE Python OR 1list (o) ERFETT,

PyObject *PySequence_Tuple (PyObject *o)

BOE: LW, RICELZXT: Stable ABL. =4 Y 2H20VEA T 77NV TH3 o E[EILARE
EROXRINATI 27 bRIRLET, KR LZS NULL 2B L E T, o DR TIIVDEGE, #Hil-kBHR
PIRLUET, TNLANDOEGE, BYIRABBA -T2 SV ERERLTGRL £ 3, Python @3 tuple(o)
L FIF TS,

PyObject *PySequence_Fast (PyObject *o, const char *m)
BOfE: FLLWBHEB, RICELFT: Stable ABL. =5 Y RER2EATIT71D 0o %
PySequence_Fastx 7 7 I VDK THHATES A7 27 P LTERLES, A7z b
=T YATHA T I IATHRVGEREF. X vt—Y m 2FD, TypeError ZEH L ¥, KL
725 NULL 2R L %7,

PySequence_Fast* 7 7 I U DBEIE. o 2% PyTupleObject F721& PyListObject ¥REL. o D
T—=RT 4 —=)VRZEET 7R T 57D, ZDLIAMNITLATVET,

CPython ®FEHETIZ, DL o BB —F Y AR TATHNIZE, 0 ZDDHDEIRLET,

Py_ssize_t PySequence_Fast_GET_SIZE(PyObject *o)

0 DS NULL T/ <, PySequence_Fast () DR L7eATI =27 b THEEREL T, 0 DEIERLET,
0 DY A X PySequence_Size() ZMUIH L THIFEHNE A, PySequence_Fast_GET SIZE() @
T 0B VR NPRINTHZEREL TN T 2720, XhE#HTT,
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PyObject *PySequence_Fast_GET_ITEM(PyObject *o, Py _ssize_t 1)
RD1#E: {EABME, o » NULL T# <. PySequence Fast() PRL7=A TV bTHDH, »D i B
AT ZAOFHANIH 2 LREL T, 0 D i HEHOEFRZERL XTI,

PyObject **PySequence_Fast_ITEMS (PyObject *o)
PyObject KA Y ZOBERIZHEZ T LA ZIRLET, TOBEETIE o1& PySequence_Fast() DiIEL
eATY =7 PTHY, NULL TRVHDEELTVET,

VR MDY A XDEBEEIND L E, AE)BHERNPEROIIIZHEES 220d LARWI LITHERL
TSV, ZDD, =T YAOEEBRELR VAV TFAPTOABERICH DKL ¥ X eflio
TLEE W,

PyObject *PySequence_ITEM(PyObject *o, Py ssize t 1)

RDME: #HiLWEBH, o © i FHOERZIR L., KT 2 & NULL 1R L $79, PySequence_GetItem()
DEEMRTH D, PySequence_Check() T o BEZIRTHE S OMEER. BORZAFOMEZITV
FE A

7.5 ¥y 7870k 3JL (mapping protocol)
PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HBHL T &\,

int PyMapping_Check (PyObject *o)

RICEL £9: Stable ABI. Return 1 if the object provides the mapping protocol or supports
slicing, and 0 otherwise. Note that it returns 1 for Python classes with a __getitem__() method,
since in general it is impossible to determine what type of keys the class supports. This function

always succeeds.

Py_ssize_t PyMapping_Size (PyObject *0)

Py _ssize t PyMapping_Length(PyObject *0)
RICBELZET: Stable ABL. 132247527 b o HOF—DFEIRL, KT 5L -1 ZIRLE
3, Z4UL. Python O3 len(o) EE LI D T,

PyObject *PyMapping_GetItemString(PyObject *o, const char *key)
RBRDME: FiLWBE, XIZEL £7: Stable ABI. This is the same as PyObject_GetItem(), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx*.

int PyMapping_GetOptionalItem(PyObject *obj, PyObject *key, PyObject **result)
RICELET: Stable ABI (IN—23> 8.18 &D ). Variant of PyObject_GetItem() which doesn’t

raise KeyError if the key is not found.

If the key is found, return 1 and set *result to a new strong reference to the corresponding value.
If the key is not found, return O and set *result to NULL; the KeyError is silenced. If an error

other than KeyError is raised, return -1 and set *result to NULL.

Added in version 3.13.
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int PyMapping_GetOptionalIltemString(PyObject *obj, const char *key, PyObject **result)

RWICB L £9: Stable ABI (W= 3 Y 818 &D) This is the same as
PyMapping_GetOptionalItem(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObjectx.

Added in version 3.13.

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
RICEB L F9: Stable ABIL. This is the same as PyObject_SetItem(), but key is specified as a
const char*x UTF-8 encoded bytes string, rather than a PyObjectx*.

int PyMapping_DelItem(PyObject *o, PyObject *key)

This is an alias of PyObject_DelItem().

int PyMapping_DelItemString(PyObject *o, const char *key)
This is the same as PyObject_DelItem(), but key is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObjectx*.

int PyMapping_HasKeyWithError (PyObject *o, PyObject *key)
RICBELZET: Stable ABI (IN—23 > 8.1 &D ). Return 1 if the mapping object has the key key
and 0 otherwise. This is equivalent to the Python expression key in o. On failure, return -1.

Added in version 3.13.

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

RICEB L E£9: Stable ABIl (N=—2 3 Y 3818 &D) This is the same as
PyMapping_HasKeyWithError(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObjectx.

Added in version 3.13.

int PyMapping_HasKey (PyObject *o, PyObject *key)
RICBLET: Stable ABL. v 7RG 7Y 227 bHF— key ZFOHBEIC 1 BIRL, 25 TRV
X12E 0 ZIRLEF, T4, Python D key in o EFMTT, Z DREAEKFEH LITFEITHRIIL
9,

0 IR
Exceptions which occur when this calls __getitem__() method are silently ignored. For

proper error handling, use PyMapping_HasKeyWithError (), PyMapping_ GetOptionalItem()
or PyObject_GetItem() instead.

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

RICEBL X9 : Stable ABI. This is the same as PyMapping_HasKey (), but key is specified as a
const char*x UTF-8 encoded bytes string, rather than a PyObjectx.
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0 IR
Exceptions that occur when this calls __getitem__() method or while creat-
ing the temporary str object are silently ignored. For proper error han-

dling, use PyMapping_HasKeyStringWithError(), PyMapping GetOptionalItemString() or
PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *o)
RBDfE: FILWEBE, RICBLET: Stable ABL. 12247922 0 DF D075V A%
BLUET, KIS 2L NULL ZiRL %9
N—=ar 37 TZHE: DENE. R VA IS LR E TV ERLTWE L,

PyObject *PyMapping_Values (PyObject *o)

RBROE: LW, RICELZXT: Stable ABL. 1732473 x22 b o DIERHRZ VR NEIR
LEd, KRBT 22 NULL ZRLE T,

N—Pa ¥y 3.7 CEHE: DENE, BV R PBLIRBETIVEZRLTWE L,

PyObject *PyMapping_Items (PyObject *o0)

BO{E: LW, RICBLZET: Stable ABL. [T 22 47227 b 0 DEZENSRDZV A+ E
BL, BEZRZF—2HORTBAEZX TNV E->TVWET, KT 2L NULL 2IRL %7,

NV ay 3.7 CEE: DENE. B 2 P LR TAERELTWE L,

7.6 17L—470Ok1JL (iterator protocol)
ATV =R ZWS 1D DREFEDOREKIE=2HD 7,

int PyIter_Check(PyObject *o)
RICBLFY: Stable ABI (IN—2 3> 8.8 &P ). Return non-zero if the object o can be safely
passed to PyIter_NextItem() and O otherwise. This function always succeeds.

int PyAIter_Check (PyObject *o0)
RICBLEY: Stable ABI (IN—23 > 3.10 & ). Return non-zero if the object o provides the
AsyncIterator protocol, and 0 otherwise. This function always succeeds.

Added in version 3.10.

int PyIter_NextItem(PyObject *iter, PyObject **item)

RICBLEFY: Stable ABI (IN—23a > 3.14 &D). Return 1 and set item to a strong reference
of the next value of the iterator iter on success. Return 0 and set item to NULL if there are no

remaining values. Return -1, set item to NULL and set an exception on error.

Added in version 3.14.
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PyObject *PyIter_Next (PyObject *o)

RBbhE: :ILWBE, XIZEL XY Stable ABI. This is an older version of PyIter_NextItem(),
which is retained for backwards compatibility. Prefer PyIter NexztItem().

Return the next value from the iterator o. The object must be an iterator according to
PyIter_Check() (it is up to the caller to check this). If there are no remaining values, returns
NULL with no exception set. If an error occurs while retrieving the item, returns NULL and passes

along the exception.

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)

RICBLET: Stable ABI (/N\—23> 3.10 &D ). 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.
o PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

Added in version 3.10.

7.7 /Ny 7770k 3JL (buffer Protocol)

Python THIHFRER WL DDA TV =27 ME. TEIZH 2 X E VI E70E buffer ~ND7 72 R 2R L
FT, ZDEIRATI27 b LT, HAAAD bytes ® bytearray . array.array O & 52\ < DOh
DR ZETF SNE T, = FNN=T 4 DT A 77 VIFEGUIEEAERT O X 5 AR BN D 7912,
ZhoHEDOMEERT LIV TEET,

ZRNENORBZNHEEDO LY T4 VA2 FHETH, BELIKREBXAEYANY 77005705 &5 HdE
DRHZEHEALE T, W OPDRUTIEMNT2a8—%21T5 ZEREENY 7717 7R TEHILH
2EhET,

Python \& buffer protocol DJERT C L XAV DA ZIBML £, o7 v Faricid=ooMEssH b
£

o RRMETZMTIE H2MII, ZOF TV PO NEIZHZ Ny 7 71T 2 IERE LT = % "buffer
AVR—T 2 =R BRIV AR PIFTHIENTEET, DAY X—T2—RE Ny T74TI1Y
MMEEIR (buffer object structure) DEITHAL %3,

e MATHMTIE, A7V VOREEIHBET —ZADRA Y ZZ2/{LVL O0OFEMPMATE
F (e ZIBXY v P58,

bytes X bytearray KE¥DT Y FNIBRA T =7 ME, WED Ny 7 7 —% 4 FMIDEXTRFAL £7.
NA MDA DX D FIHFIBET S, Bl XX, array.array YR T 2 BRI ILF AL MEICRZ Z D
HhEd,
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buffer 1 > % =7 =z —XDOHHED—HIZ. 77 ANMA T2 2D write() XV v RTF: buffer 4 ~
R—7 2 —RAZBLTHDONA MIZRMTELZEABRFT T2 P TH I 7 A NMTEZRAL I ENTEE
T, write() k. TOHIBE LTHEINLA TV 27 FOWNBERIIH T 25AH LEH 7 72 2D A% &4
Y L¥EI2. readinto() DEIRMD XY v FTIE. ZD5IHOHNBIINT 2EXIAAT 72 ADBNBET
3, buffer 4 VX —7 2 —R2k D, ATV =27 MIFABFEMA, BAHLERANNY 7707 7 X %FF
AT 202N bELRTE20ERTZ P TEE T,

buffer 1 > % —7 = —ZADFHFICIE, MR BEATI2 7 VDN 7721832 00 HENHH F5:
o IELWEIBT PyObject_GetBuffer() ZMUHT;

o Pydrg_ParseTuple() ((73ZDREBED O D) & yx . wk k71X s* format codes DNFTRHL &
BITIFOHIT,

5507 —ATdH, buffer BWRER L o 72IC PyBuffer Release() ZMUH X IFIUERD A,
INERBE, VY =RV =7 DK BIRA BRI ORI BN HD 3,

7.7.1 buffer {&&&

Ny 7 7GR (F 72 B0 "buffers”) WEBIDOA TP =7 DAL F U F—&% Python 7’1 77 < Iz
T 20IEFTY, ZHhEER Eoab—2 54> e LTHRATEXS, ZOXEY 70y
ELMETAMEERMS 2T, YART—XTH L THEHI Python 7R o<t T 22 TE %
o XEVIE CHBROREZREAERD»D LUERAL, ARV =T 4 VIS RATLTA4 7T VIETHIO
XEV Ty I0b LMERAL, BELT 222474 704 VXA VEAZITESTOMFHIN 2D
LNFEEA,

Python 4 ¥ X 7V X2 ko TIRHINZZLL DT XL IZER D, Ny 7 71X PyObject KA ¥ X TIXiR
e VTN C R TT, 207, fERE a¥—2IERICHBITRE T, Ny 7 70— % Ty
PR—DIREIL v ZE, memoryview 7Y = 7 FIMEREINE T,
IOAR= P ENDZF TV 27 b FELFEOFNEHAIZIE, Buffer Object Structures ZZM LT E W,
Ny 77 BZEIRT 512WE, PyObject_GetBuffer() Z#BMLTL X W,
type Py_buffer

RICBLET: Stable ABL (TRTDAYN=EEL) (IN—23> 5.11 &b).

void *buf

Ny 777 4= IVEBPRLTOAHEEEDLEEZI TR, VX, Ny 772t 47927
FOTRBYEXEY 70y 7HDOYOMNBEICDRD 2 F T, HlXIE strides AL L, ZOHEIX
XEV Ty ZDOREDID LNLERA,

G BAOSGE ZOEIEAEY 7ay ZOEHEZIELET,

PyObject *obj

A new reference to the exporting object. The reference is owned by the consumer and automat-
ically released (i.e. reference count decremented) and set to NULL by PyBuffer_Release().
The field is the equivalent of the return value of any standard C-API function.
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PyMemoryView FromBuffer() F7z1& PyBuffer_ Filllnfo() &> To v 7& Nz —FHRE
Ny 77 THBIRHRr —ATIZ. ZD7 4 —LFIZ NULL T3, — i, =27 AR—-+47
Pzl MIZoAXEHEHLTIERD FE A,

Py ssize_t len
product (shape) * itemsize, contiguous BL%ITiZ. FEOXEY 70y Z7DORIIWZKD £7,
JE contiguous BLFITIZ. contiguous £IICa ¥ — X NG EICHBEEN S OEX T,

((char *)buf) [0] 2°5 ((char *)buf) [len-1] DHIPAND 7 7+ R, @itk (contiguity)
PHRIETZV A MC Lo THIREINN Yy 77 I L TOAFINE T, 2LOBAIK. D
X957V X W& PyBUF_SIMPLE %72\ PyBUF_WRITABLE T3,

int readonly
Ny 77D AH LERTHE2RLET, 2D 4 —/L & PyBUF_WRITABLE 7 5 27" CHilfiC
S

Py ssize 1 itemsize
BR—DO7D byte By DY {4 X, struct.calcsize() %I NULL @ format {HIZXT L THFEONH
L7AGR R LT,
HERGISN: HEED PyBUF_FORMAT 7 7 7% @WET DI RNy 77 2EHRLEEA.
format | NULL ICREEINE T, L2 L itemsize IFTLD 7 + —< v Mo TfEEZ AL 5

shape PIFTE T % % 4&. product (shape) * itemsize == len DEFER2IF LN, FAHHF X
itemsize % buffer ZHLTDICHHTE £T,

PyBUF_SIMPLE %7213 PyBUF_WRITABLE TER U 7-fE5R. shape #% NULL THAUF, HEEZIZ
itemsize BEEMR L T itemsize == 1 ¥ AR XRITNUIRD THA,
char *format

A NULL terminated string in struct module style syntax describing the contents of a single

item. If this is NULL, "B" (unsigned bytes) is assumed.
D7 4 =) Ri& PyBUF_FORMAT 7 5 7 & » Tl S E 3,
int ndim

The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf
points to a single item representing a scalar. In this case, shape, strides and suboffsets

MUST be NULL. The maximum number of dimensions is given by PyBUF MAX_NDIM.

Py _ssize_t *shape

XEY LD N XTSI OEE RS, BEXD ndim TH 5P Py_ssize_t DELHITT, shape[0] *
. * shapel[ndim-1] * itemsize |& len XL RIFIUIRKRD £EA,

shape OfHZ shapel[n] >= 0 IZHIRE N % T, shapeln] == 0 DHEFITRICTEEILETT,
FE complex arrays BB LTL IS0,

shepe (JEAR) ECHNIRIHE 22 & 13 FiA M LEH TS,
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Constants:

Py ssize t *strides

Py

BRICICBOWTH LWVEZR272DICAFy T 54 VERT. X ndim @ Py_ssize_t
DB,

A2 F74 MER, EEOBEZHETEEY., SEDRAITIZ. XA+ 74 FEE TWHIHENT

T L LAHEL, strides(n] <= 0 D7 —RAZUHET 2N TELIREND D F5, #HM
WZOWTIE complex arrays SRR L TLIZE W,

HEEICY 5T, D strides EFNIEFEAH LEH TS,

ssize_t *suboffsets

Py _ssize_t MOBEREFFOEX ndim OHELH, suboffsets[n] >= 0 DEFHIEX. n FEHDXC
i o THREF STV B EIE R A » 2T, suboffset HIZHK A ¥ X DBRE MR L 7RIl 4
MIZAUT WD ZIRL TWE T, suboffset DEBE D DIGEIZ. RA ¥ X DS RBERIIAE
(HfE L7 XEY 70y JNCEZRLEBEINND) WS ZeiZRh %7,

2T suboffset BEMDIGE (D% O ZRBRPAE) RGE. D7 4 —NL FIENULL (77 #
L ME) TRIFAUIRD FE A

Z OFEORHIZREIE Python Imaging Library (PIL) TEDRTWE T, D & 5 REFITHERIC
77 RFTBHFECOVWTESIIZEFHL Z 2 compler arrays B LT X W,

HEHFIZ L o T, suboffsets EHZFAH LEHTY,

void *internal

Ny 77 2T MDA T =7 P BRHINCHHAT 2720 DEHTT, HlziE, eIz o
ERIERA % % v 2+ LT, shape, strides, suboffsets ¥ W o 72(i8lE NNy 7 > BT 3 & &
WKHERHICHERT D2REPEIDEEBTE27 7 7fES 2B TEBTL &5, Ny 7 7 22T
BHNE, ZOMERLTEELTERD £ A

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit,

consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimen-

sions. Currently set to 64.

1772 N\yI77VIOITRANDRATS

Ny 7 73, PyObject_GetBuffer() Zffi5 22T, TZAR—-PTEATVz 7 MInNv 777
AMEREDZZLTHROLNET, X TV OMENLEEDEMIEEIZIE IO 2720, HEHEE flags 518E
ffioT, HADPMRZ 2Ny 7 7 OREEZIEEL £ 7,

Py_buffer D7 4 =L Fid, VI TR FOFHIC K o TERS 2RI TITERSINET,
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DOTRAMMIEKELBWVWI 1 —ILE
TRD 7 4 =N Rk flags DFBEEZIFTIT, HFIRELWETHEINE T, : obj, buf, len, itemsize,

ndim.

readonly, format

PyBUF _WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else re-
port failure. Otherwise, the exporter MAY provide either a read-only or writable buffer,
but the choice MUST be consistent for all consumers. For example, PyBUF_SIMPLE |
PyBUF_WRITABLE can be used to request a simple writable buffer.

PyBUF __FORMAT

format 74—V FZHIEILET, dLI7FIVPRESINTVIUL, D74 =L FZIELLED
RINERD ERA, 77 7PREINTORIFNUE, 2D 7 4 —I)L K% NULL IZ30E LRI
BDEHA

PyBUF_WRITABLE &, ROFIIHTL 2 D757 d | ZMoTHhEVWEY A, PyBUF_SIMPLE 1 0 X/E
FINTWB DT, PyBUF_WRITABLE \ZHMiLFEZIAATNBERANY 7 7 2 BRTI2HEMD 777 LTHZ
£,

PyBUF_FORMAT must be |’d to any of the flags except PyBUF_SIMPLE, because the latter already implies
format B (unsigned bytes). PyBUF_FORMAT cannot be used on its own.

shape, strides, suboffsets
2077 70F. N TEMEEIRZVIEICIEARZZ XY OFRENREEZHIELE T, fHro7 770 2h
I TFRRHBEINSZTFI7DTRTOL Y bEELZLIERLTLEEW,

DOITZR shape  strides | suboffsets

yes yes BRI
PyBUF __INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE
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BEEMDV I TR b

AT 4 ROBRPDH->THHRLTH, C E£/21F Fortran O Eifilk HAMEICERINZAIREMEDLH D £5,
A7 FEHRELIC, Ny 77 =3 C EBHEL TW A RERH D £7,

IRk 8 o shape ‘ strides ‘ suboffsets  contig
yes yes NULL C
PyBUF _C_CONTIGUOUS
yes yes NULL F
PyBUF _F_CONTIGUOUS
yes yes NULL CHhF
PyBUF _ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C

BEUIIRE

BHOEZLETHOY 7L FOfEIZ. BIOETDT 5 7DHAEDLE THEENCERINTVE T, kLS

W2y Ny 77 =70 b alTI3HECHEH SN HAGDEER—0OT7 7 7 LTREELTE T,

RDT—=TND U TEGEDSRERTHE 2R LET, MBI PyBuffer IsContiguous() WM

U2 HE T 2 0E R HBTL & 9o
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UEs/any & shape strides | suboffsets | contig ‘ readonly ‘ format ‘

yes yes PEREGE U 0 yes
PyBUF_FULL

yes yes BEREE U 120 yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 120 yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF _STRIDED

yes yes NULL U 120 NULL
PyBUF _STRIDED_RO

yes NULL | NULL C 0 NULL
PyBUF _CONTIG

yes NULL | NULL C 120 NULL
PyBUF _CONTIG_RO

7.7.3 #EMLET

NumPy X&' )L: shape, strides
NumPy R & A )VOREH| OFEERINGEL itemsize, ndim, shape, strides TERINFE T,

ndim == 0 DAL, buf DHET ATV OB, YA XD itemsize DAL F{HE LTHENENET, Z
DFE. shape ¥ strides DM 5 d NULL T,

strides %% NULL O¥E1E, EANIIEED n X0t C Al LTSN E T, 25 TrWEER. FIHER
RD XS n KTEHNC 7 72 A LR FHUER D R A

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

item = *((typeof (item) *)ptr);

FREDOEIIZ, buf BAEY TRy JND DG THIET ZEMBAETT, =7 AR—X =132 OBEE#
H32z2ic&ko TNy 77 D&Y EHRHRE T,
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def verify_structure(memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a wvalid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
if offset 7 itemsize:
return False
if offset < O or offset+itemsize > memlen:
return False
if any(v 7 itemsize for v in strides):

return False

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

return True

imin = sum(strides[jl*(shape[j]l-1) for j in range(ndim)

if strides[j] <= 0)
imax = sum(strides[jl*(shape[jl-1) for j in range(ndim)

if strides[j]l > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL X2 JL: shape, strides, suboffsets

PIL A & A LV OEHTIZ@EE OEZOMIZ, HEIXITTD L TROBEREZTUG T 27-DITWB R V22 RFTE
T, BIZIR @ED 3 X5 C Bl char v[2] [2] [3] &, 2 KITEHIND 2 DDKRA ¥ Zp 575 505 char
(xv[2)[2]1[3] ¥ R2ZrdTEZET, suboffset R TIE. ZNEHD 2 DDKRA > XX buf DOIEIHICHED
AD, XFEYVDY I THAEETE S 2 DD char x[2] [3] FEHIEIEL T,

ROFNZ, strides B suboffsets B NULL TRWIHED, N JUTA ¥ F v 7 A Lo TIHHEINTWS N JOThL
FINDEZEADKA » & &R TERTT:

void *get_item_pointer(int ndim, void *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {
char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; i++) {
pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {

pointer = *((char*x)pointer) + suboffsets[i];
(RDOR=V1Fil)
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(RIDR=I D5 DR E)

}

return (void*)pointer;

7.7.4 \v7 7EEEDREH

int PyObject_CheckBuffer (PyObject *obj)
RICBLZFET: Stable ABI (IN—=23> 8.11 &D ). obj B buffer 4 > X—7 = —XZH K-+ LTV
25EE 1 ZIEL, Z53TRWVWEEIZ 0 ZIBLET, 1 ZIBLAY LTH, PyObject_GetBuffer()
DINT 2 Z RAEENER A, TORBRBITEICHRIIL £,

int PyObject_GetBuffer (PyObject *exporter, Py buffer *view, int flags)

RICBLET: Stable ABI (IN—=23 Y 3.11 &D). exporter & flags TIHE I NZJIET view
FHDLZEIICHERKLET, b L exporter PIEEZINZLBHIIANY 7 7 ZRETERVEE.
BufferError %#iAH L. view->obj % NULL IZEE L7z LT, -1 ZRIRIFIIRD £HA,

I L7z 8 ElX, view B, view->obj IT exporter NOFLWSBEFREL, 0 2RLET, F=
AVIRONY 77 TONL ZNYV A MR R—DA T2 NIZYXRA LY T 57 —RATI,
view—>obj & exporter DRODICZ DA T =7 v 2SR LET (Nw I 7472V MEER %
BRLTIEEW),

malloc() & free() D K 512 MU LI L = PyObject_GetBuffer() & MIT7% 3
PyBuffer_Release() DM LRI NBZNIZRD FHA, oT, Ny 77 DMHABEAR
5 PyBuffer_ Release() D3EFIC 1 M2 WFIFNH SR ITIUIRD £8 A,

void PyBuffer_Release (Py_buffer *view)
RICBLET: Stable ABI (IN\—=23 > 3.11 &D ). Release the buffer view and release the strong

reference (i.e. decrement the reference count) to the view’s supporting object, view->obj. This
function MUST be called when the buffer is no longer being used, otherwise reference leaks may

occur.

PyObject_GetBuffer() %@L THUF L TWRW A Y 7 7120 LT Z OBEUZ WO 5 DIZHEY
T,
Py ssize t PyBuffer_SizeFromFormat (const char *format)

RICBLET: Stable ABI (/N\—23 > 8.11 &D ). Return the implied itemsize from format. On

error, raise an exception and return -1.
Added in version 3.9.

int PyBuffer_IsContiguous(const Py _buffer *view, char order)
RICBLETY: Stable ABI (IN—23 Y 3.11 &D). view TERINTWVWEXEUMN, C AX AL
(order == 'C') D& Z», Fortran A XA )L (order == 'F') Bt DL &5, ZDOWThd (order
=="A") THII 1 ZRLET, ZHLHOHEIZ 0 ZIELE T, ZOBKIIEICHIL T,
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void *PyBuffer_GetPointer (const Py buffer *view, const Py _ssize_t *indices)

RICBLET: Stable ABI (IN—23> 311 &D ). BZ 607z view WIZH B indices HHET X EY
T EEF U E T, indices ¥ view->ndim DA ¥ 7 v 7 A SR 2EHEIEL TWRITFIUIRD £
Ao

int PyBuffer_FromContiguous (const Py buffer *view, const void *buf, Py ssize t len, char fort)
RICBLFT: Stable ABI (IN—23> 3.11 &D ). #Hi T 2 len N4 b2 buf 55 view IZa¥—1

5, fort 1IZ1F 'C' B 'F RIEEETEEXT (Eheh CFFERAX AL Fortran A X A LV OJEF %
KLUET), BIKHITIZ 0. =5 —FHZIE -1 ZIBL %5,

int PyBuffer_ToContiguous (void *buf, const Py _ buffer *src, Py_ssize_t len, char order)

RICBLET: Stable ABI (IN—=23> 8.11 &D ). sre 205 len N4 b Z2@HRE T buf hizay—
L3, order 1% 'C' 721 'F' 7213 'A' (C AR ANVIEF % 721% Fortran 2 X A VIERF £ 7213 %
NP BHEETEE T, ML S 0 HRD, =7 —745 -1 pHRD £7,

len 1= sre->len OEFE. T OBEEBIIFRL 5,

int PyObject_CopyData(PyObject *dest, PyObject *src)

RICBELZET: Stable ABI (IN—23 > 3.11 &b ). Copy data from src to dest buffer. Can convert

between C-style and or Fortran-style buffers.
U726 0 53, =5 —FZid -1 PHRENET,

void PyBuffer_FillContiguousStrides (int ndims, Py ssize ¢ *shape, Py _ssize t *strides, int

itemsize, char order)

RICBLFY: Stable ABI (IN—=23> 3.11 &D ). strides BtH%. itemsize DR E X DERINA
MEALD, shape DIE%E L7z &/ (order 23 'C' 725 C-style . 'F' 75 Fortran-style @) ZX7T
Bisle LTHE® 3,

int PyBuffer_FilllInfo(Py buffer *view, PyObject *exporter, void *buf, Py ssize t len, int readonly,
int flags)

RICBLZET: Stable ABL (IN—23Y 3.11 &D ). %4 XD len @ buf % readonly WZHE - 7=F XA
BA /AR OFRETRHTE2 ANy 77 VIR MR L E T, buf IIFSELAAL FOFIE LTHER
IhET,

flags BIBUI Y 72X v DX A THERLET, ZOBBUL. buf FAM LEHLIEE I TOVT, flags
\Z PyBUF_WRITABLE D&E SN TWIRWIRD, HIZT7 7 7ITHRE S NED T view ZHD 3,

On success, set view->obj to a new reference to exporter and return 0. Otherwise, raise

BufferError, set view->obj to NULL and return -1;

ZDBEE getbufferproc D—ERE L TH S EEITIX, exporter E T AR—1+ 3254727 MK
ELRTUIZR ST, 51T flags BEFRFTIEIRIFIUIRD £ A, Z5 TRWIEEX, exporter
& NULL TZRIFUIRD FE A
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B%+7S x4 b (CONCRETE OBJECT) L1+

ZDETIE, FFED Python 7Y = 7 MIEFOBEBIZOWTIERTVWE T, 206 OBEFICRHLE > 7280
FTO 27 VEETDIIRWEZTIEH D FX¥A; Python 7077 Ao shDF TV =27 M EZITE -
eE, ZOFXATI 2 PHBELVHIZR > TV E2HELZ D TRVDORS, 38T = v 7 2{TORITN
BRDFEA; FIZR 2479 =7 FPHEEERDPFAXRSZITIE, PyDict_Check() ZHVWET, ZOERI
Python A4 7Y =27 MIzEIT 2 7 et 12> THER SN TVE T,

A

ZOETHERTOVWAHEENE. EXh7AT7I 27 POREFERFESF v 7 LIET5500, £ OB
WEINE T2 27 VOERR NULL RODPEMBA T 27 VD EFzv 7 LERA, 205D
BAEUC NULL 22X TLES b, BBEBATY 7272 REBRERILT, 4 VX7 ZEHIFRICKT X
BFETLESETTT,

DR

==}
=

8.1 EAXF 72 1Y bk (fundamental object)

ZDOHiITIE, Python OMA 7Y 27 b > 70 b ¥ (singleton) + 7Y =2 b None IZDWTIANE T,

8.1.1 BTz

type PyTypeObject
RICBELET: Limited API (RBERALBBERLE LT). HAAARZERT 2BICHVWONS, 7
Yl MRS C HEILTT,

PyTypeObject PyType_Type
RICELET: Stable ABL. BA 7Y =27 VHBOMA 7Y =27 FTF, Python L4 ¥iZEBI} 3 type
ERLCATT =7 T,

int PyType_Check (PyObject *o)
Return non-zero if the object o is a type object, including instances of types derived from the
standard type object. Return 0 in all other cases. This function always succeeds.

int PyType_CheckExact (PyObject *o0)

Return non-zero if the object o is a type object, but not a subtype of the standard type object.
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Return 0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()
RICBLFT: Stable ABL. NHlOMERF v v > 2227 V7 LET, BUEON—=Y a v X7 RIRLET,

unsigned long PyType_GetFlags (PyTypeObject *type)

RICE L £ 9 Stable ABL Return the tp_flags member of ¢type. This function is primarily meant
for use with Py_LIMITED_APTI; the individual flag bits are guaranteed to be stable across Python
releases, but access to tp_flags itself is not part of the limited API.

Added in version 3.2.
N—=Yar 3.4 TEHE: RYEDTA long T/ < unsigned long I H ¥ L7z,

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)
RICBLET: Stable ABL. WEHOMREBEF ¥ v > 2%, Z0 type L FTRTOY 7 X A4 A2 L THEL)
WCLET, ZOBBUI type DBMERRIKS 7 RS2 ZB L 75 L ICFHTHEH S RFERD
A

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 PyType_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_AddWatcher().

Added in version 3.12.
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int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by PyType_AddWatcher () will be called
whenever PyType_Modified () reports a change to type. (The callback may be called only once for
a series of consecutive modifications to type, if _PyType_Lookup() is not called on type 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 PyType_Modified() to be called on type 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)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single
bit flags.

int PyType_IS_GC(PyTypeObject *0)

Return true if the type object includes support for the cycle detector; this tests the type flag
Py_TPFLAGS_HAVE_GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
RICBELET: Stable ABL a 28 b D% 7 XA TOHBECEZRLETD,

This function only checks for actual subtypes, which means that __subclasscheck__() is not

called on b. Call PyObject_IsSubclass() to do the same check that issubclass() would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py ssize t nitems)
RBhfE: FTLWBE, RIZBLXY: Stable ABL. B4 72227 +D tp_alloc TNFTE =V v
NV RSTF, Python DF 7+ L FDRXEY 77— b RAHZZLEF 5> TH LWL YRRV A% T
nr—kL. IXNTONEZ NULL THHHEL £5,

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)

RBOfE: HiLWBE, RIZBLZFJ: Stable ABL. B4 72227 bD tp_new IZNT BT =1V v I
YRITE, BD tp_alloc Aay P Mo THLWA VAKXV AZERL 7,

int PyType_Ready (PyTypeObject *type)

RICBLET: Stable ABL. A 7Y =27 bDT7 74 F 74 XETVET, ZOBKIEETOA TV =
7 N CHIIEZSE T T2 DU R Tdk b 8A. ZOMEIX. K2 5 280 51k L
JeAay zERATY 27 MBS 2%EPDHD £3, KN LEGEIE 0 ZRL, =7 —-D5&
i3 -1 2R U THSMERZREL $9
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0 R
If some of the base classes implements the GC protocol and the provided type does not include
the Py TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented

from its parents. On the contrary, if the type being created does include Py_TPFLAGS_HAVE_GC
in its flags then it must implement the GC protocol itself by at least implementing the

tp_traverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
ROfli: FILWBER, RICEL 7 Stable ABI (/A—=23> 3.11 &D ). Return the type’s name.
Equivalent to getting the type’s __name__ attribute.

Added in version 3.11.

PyObject *PyType_GetQualName (PyTypeObject *type)
RDME: HTLLWBE, RIZBLZEY: Stable ABI (/N\—23 > 3.11 &£D ). Return the type’s qualified
name. Equivalent to getting the type’s __qualname__ attribute.

Added in version 3.11.

PyObject *PyType_GetFullyQualifiedName ( PyTypeObject *type)

RICBELFJ: Stable ABI (IN—2 3> 3.13 &D). Return the type’s fully qualified name.
Equivalent to £"{type.__module__}.{type.__qualname__3}", or type.__qualname__ if type.

__module__ is not a string or is equal to "builtins".
Added in version 3.13.

PyObject *PyType_GetModuleName ( Py TypeObject *type)
RICBLET: Stable ABI (IN—=23 > 3.13 &D ). Return the type’s module name. Equivalent to
getting the type.__module__ attribute.

Added in version 3.13.

void *PyType_GetSlot (PyTypeObject *type, int slot)

RICBLET: Stable ABI (IN—=a> 3.4 &D). Gxohiz2ny MRS TS EBKRAL ~
ZERLET, IRDMED NULL DI5EE. ATy b NULL 2. BB FRIERS B THEN-Z & 2R
LE, @E,. FEHLUANGE D EOEA » X Z2E s » 2 P LE T,

See PyType_Slot.slot for possible values of the slot argument.
Added in version 3.4.

N— a ¥ 3.10 TEHE: PyType_GetSlot() can now accept all types. Previously, it was limited
to heap types.
PyObject *PyType_GetModule (PyTypeObject *type)
RICBLET: Stable ABI (/N\—=23 > 3.10 &D ). Return the module object associated with the
. ] | | s _ 5 )
160 %8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, JJ—2X 3.14.0a3

If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that
in such a method, PyType_GetModule(Py_TYPE(self)) may not return the intended result.
Py_TYPE(self) may be a subclass of the intended class, and subclasses are not necessarily de-
fined in the same module as their superclass. See PyCMethod to get the class that defines the
method. See PyType_GetModuleByDef () for cases when PyCMethod cannot be used.

Added in version 3.9.

void *PyType_GetModuleState (PyTypeObject *type)

RICBLZEY: Stable ABI (IN—23 > 3.10 &D ). Return the state of the module object asso-
ciated with the given type. This is a shortcut for calling PyModule_GetState () on the result of
PyType_GetModule().

If no module is associated with the given type, sets TypeError and returns NULL.
If the type has an associated module but its state is NULL, returns NULL without setting an exception.

Added in version 3.9.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

RICBLEFT: Stable ABI (/N—23> 3.13 & D). Find the first superclass whose module was
created from the given PyModuleDef def, and return that module.

If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule_GetState() to get module state
from slot 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 PyType_GetBaseByToken ( Py TypeObject *type, void *token, PyTypeObject **result)

RICBLEY: Stable ABI (N\—2 3> 3.14 &D). Find the first superclass in type’s method

resolution order whose Py_tp_token token is equal to the given one.
o If found, set *result to a new strong reference to it and return 1.
e If not found, set *result to NULL and return O.
e On error, set *result to NULL and return -1 with an exception set.

The result argument may be NULL, in which case *result is not set. Use this if you need only the

return value.
The token argument may not be NULL.

Added in version 3.14.
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int PyUnstable_Type_AssignVersionTag(PyTypeObject *type)

(i ]
ZHUZ Unstable API TS, YA F—VV—RATTERLKEEINDZZNDHY FT,

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 0 if a new tag

could not be assigned.

Added in version 3.12.

Creating Heap-Allocated Types

The following functions and structs are used to create heap types.

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType_Spec *spec,

PyObject *bases)

RICBLFT: Stable ABI (IN—2a > 3.12 &b ). Create and return a heap type from the spec
(see Py_TPFLAGS_HEAPTYPE).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL,

the metaclass is derived from bases (or Py_ tp_ base/s] slots if bases is NULL, see below).

Metaclasses that override tp_new are not supported, except if tp_new is NULL. (For backwards
compatibility, other PyType_From* functions allow such metaclasses. They ignore tp_new, which
may result in incomplete initialization. This is deprecated and in Python 3.14+4 such metaclasses

will not be supported.)

The bases argument can be used to specify base classes; it can either be only one class or a tuple of
classes. If bases is NULL, the Py _tp_ bases slot is used instead. If that also is NULL, the Py_tp_ base
slot is used instead. If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must
be a module object or NULL. If not NULL, the module is associated with the new type and can later
be retrieved with PyType_GetModule (). The associated module is not inherited by subclasses; it

must be specified for each class individually.
This function calls PyType_Ready () on the new type.

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:

o __new__() is not called on the new class (and it must be set to type.__new__).

e __init__() is not called on the new class.

e __init_subclass__() is not called on any bases.
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e __set_name__() is not called on new descriptors.
Added in version 3.12.

PyObject *PyType_FromModuleAndSpec ( PyObject *module, PyType_Spec *spec, PyObject *bases)

RhfE: HILWER, RICELFTJ: Stable ABl IN—2 3> 310 &D). Equivalent to
PyType_FromMetaclass(NULL, module, spec, bases).

Added in version 3.9.

N— a ¥ 3.10 TZEH: The function now accepts a single class as the bases argument and NULL

as the tp_doc slot.

N— g ¥ 3.12 TZH: 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.
N—a ¥ 3.14 TEH: Creating classes whose metaclass overrides tp_new is no longer allowed.

PyObject *PyType_FromSpecWithBases (PyType Spec *spec, PyObject *bases)

RBOfE: FLWBEB, RIZCELFTJ: Stable ABI ()N—2 3> 3.3 &D). Equivalent to
PyType_FromMetaclass(NULL, NULL, spec, bases).

Added in version 3.3.

N— 3 ¥ 3.12 TZH: 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.
N— a v 3.14 TEH: Creating classes whose metaclass overrides tp_new is no longer allowed.

PyObject *PyType_FromSpec (PyType Spec *spec)
RBDE: HLWBHE, RICEL F7: Stable ABIL. Equivalent to PyType_FromMetaclass (NULL,
NULL, spec, NULL).

N—Y a ¥ 3.12 TZHE: The function now finds and uses a metaclass corresponding to the base

classes provided in Py_tp_base[s/ slots. 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.
N— a ¥ 3.14 TEH: Creating classes whose metaclass overrides tp_new is no longer allowed.

int PyType_Freeze (PyTypeObject *type)

RICBLEY: Stable ABI (N—2 3> 314 &£D). Make a type immutable: set the
Py_TPFLAGS_IMMUTABLETYPE flag.

All base classes of fype must be immutable
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On success, return 0. On error, set an exception and return -1.

The type must not be used before it’s made immutable. For example, type instances must not be

created before the type is made immutable.

Added in version 3.14.

type PyType_Spec
RICBLFT: Stable ABL (TRTDAYN—%ZFL). Structure defining a type’s behavior.
const char *name

Name of the type, used to set PyTypeObject. tp_name.

int basicsize
If positive, specifies the size of the instance in bytes. It is used to set PyTypeObject.
tp_basicsize.

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.
N— a ¥ 3.12 TZH: Previously, this field could not be negative.

int itemsize

Size of one element of a variable-size type, in bytes. Used to set PyTypeObject.tp_itemsize.

See tp_itemsize documentation for caveats.

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 The base is not variable-sized (its tp_titemsize).

e The requested PyType_Spec.basicsize is positive, suggesting that the memory layout

of the base class is known.

e The requested PyType_Spec.basicsize is zero, suggesting that the subclass does not

access the instance’s memory directly.
o With the Py_TPFLAGS_ITEMS_AT END flag.

unsigned int flags

Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeclWithBases () sets it automati-
cally.
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PyType__Slot *slots

Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.
Each slot ID should be specified at most once.

type PyType_Slot

RICBLETY: Stable ABI (FARNTDOXAYN—%ZFYE). Structure defining optional functionality of

a type, containing a slot ID and a value pointer.

int slot

A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods and PyAsyncMethods with an added Py_ prefix. For

example, use:
e Py_tp_dealloc to set PyTypeObject.tp_dealloc
e Py _nb_add to set PyNumberMethods.nb_add
e Py_sq_length to set PySequenceMethods.sq_length
An additional slot is supported that does not correspond to a PyTypeObject struct field:
e Py tp_token
The following “offset” fields cannot be set using PyType_Slot:
o tp_weaklistoffset (use Py_TPFLAGS_MANAGED_WEAKREF instead if possible)
e tp_dictoffset (use Py TPFLAGS_MANAGED_DICT instead if possible)
o tp_vectorcall_offset (use "__vectorcalloffset__" in PyMemberDef)

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.

The following internal fields cannot be set at all when creating a heap type:
e tp_dict, tp_mro, tp_cache, tp_subclasses, and tp_weaklist.

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues,

use the bases argument of PyType_FromSpecWithBases () instead.
N—Ya ¥ 3.9 TEHE: Slots in PyBufferProcs may be set in the unlimited API.

N—=Y a ¥ 3.11 TEHE: bf getbuffer and bf_releasebuffer are now available under the
limited API.

N— a ¥ 3.14 TEHE: The field tp_vectorcall can now set using Py_tp_vectorcall. See

the field’s documentation for details.
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void *pfunc

The desired value of the slot. In most cases, this is a pointer to a function.
pfunc values may not be NULL, except for the following slots:

e Py_tp_doc

e Py_tp_token (for clarity, prefer Py_TP_USE_SPEC rather than NULL)

Py_tp_token

A slot that records a static memory layout ID for a class.

If the PyType_Spec of the class is statically allocated, the token can be set to the spec using the
special value Py_TP_USE_SPEC:

static PyType_Slot foo_slots[] = {
{Py_tp_token, Py_TP_USE_SPEC},

It can also be set to an arbitrary pointer, but you must ensure that:
e The pointer outlives the class, so it’s not reused for something else while the class exists.

e It "belongs” to the extension module where the class lives, so it will not clash with other

extensions.

Use PyType_GetBaseByToken () to check if a class’s superclass has a given token -- that is, check

whether the memory layout is compatible.

To get the token for a given class (without considering superclasses), use PyType_GetSlot () with
Py_tp_token.

Added in version 3.14.

Py_TP_USE_SPEC

Used as a value with Py_tp_token to set the token to the class’s PyType_Spec. Expands to
NULL.

Added in version 3.14.

8.1.2 None #7>xV bk

None IZX1§ % PyTypeObject i&. Python/C API TIXEHAMINTWRVWOTEREL TL X W, None
FHETF (singleton) ROT, 7Yz FOFE—H T X (C TlE ==) M5 2T TTHHEH»HTY, FL
HH 2 5., PyNone_Check() BAEIEH D FH A,
PyObject *Py_None
fEDRA%ZRT, Python @ None A 7Y 2 by ZDATI 2l MIXY v REFRFZT. immortal
T3,

N—a v 3.12 TEHE: Py None i& immortal T3,
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Py_RETURN_NONE

BAE & Py_None ZIBL F3,

8.2 HEEA T ¥ k (numeric object)

8.2.1 BBEA T 1V I (integer object)
FTRTOEBIMEEDOREZH D long” B L L THEESINET,

Io—DEEZL. LAY D PyLlong_As* API i (return type)-1 ZiRL X35, ZAUIEMHEE Hoid

PTEFRA, RO EMT 272D121& PyErr_Occurred() Z{fioTL 72X W,

type PyLongObject
RICBLEFT: Limited APT (RiBEALBEBER L LT). 2D PyObject DY 7 XA FIFEHA 2RI L
i\j—o

PyTypeObject PyLong_Type
RICBL £9: Stable ABL. Z® PyTypeObject DA ¥ A& > A& Python BHEM 2 RHF L £5, =
UZ Python L4 ¥IZBF S int LEALA 7Y =27 M T,

int PyLong_Check (PyObject *p)
5180h% PyLongObject /> PyLongObject DY T XA T TH2 L ZTWCHZIRLET, Z OBEIBUIHEIZHK
WL x9d,

int PyLong_CheckExact (PyObject *p)
518 PyLongObject TH 5H PyLongObject DY T XA T TRVWE ZICEZRLET, ORI
WL £95

PyObject *PyLong_FromLong (long v)
RBOE: iLWBH, RICBL X7 Stable ABL v 22 5#17272 PyLongObject 7Y =2 M EAERL
TRLET, KDL 213 NULL 2R L £,

REDRIETIE, -5 55 256 TTOETOEBBITT 2B A 7Y 227 oS ZRFELET, 2O
HEHOBMAEERT 2 . FERICEBFEOA 7Y 27 MTHTA2BHMER X512 TVWET,

PyObject *PyLong_FromUnsignedLong(unsigned long v)
RD{#E: FLWEBE, RICELF7J: Stable ABL. C ® unsigned long % #7278 PyLongObject #
7Y PERERLTRLE T, KRILZZFRE NULL 2R L 9,

PyObject *PyLong_FromSsize_t (Py ssize t v)
RDfE: $iLLWBER, RICBELZF Y Stable ABL. C @ Py_ssize_t b HH1727% PyLongObject F
7Yx7 PRERLTELE T, RO L 21 NULL 2B L X35

PyObject *PyLong_FromSize_t (size_t v)

RBDME: HiLLWBE, RIIBLET: Stable ABL. C ® size_t b 5#i7:7% PyLongObject A 7Y =
7 PEAERLTRLET, RO L EIIE NULL 2R L E T,
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PyObject *PyLong_FromLongLong (long long v)
RDE: $iLLWBR, RICEL F7: Stable ABL. C ® long long M 687278 PyLongObject * 7
P PERLTRELEY, KBDL 1213 NULL 2L £55

PyObject *PyLong_FromInt32(int32_t value)

PyObject *PyLong_FromInt64 (int64_t value)
RICBELZF T Stable ABI (IN\—2 3> 3.14 &D). Return a new PyLongObject object from a
signed C int32_t or int64_t, or NULL with an exception set on failure.

Added in version 3.14.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
RBRbOfE: #HTLWEBE, RIZEL £7: Stable ABL. C @ unsigned long long B & Hiiz 7
PyLongObject A 7Y =27 b EERL TELET, KDL =12 NULL 2B L F3,

PyObject *PyLong_FromUInt32(uint32_t value)

PyObject *PyLong_FromUInt64 (uint64_t value)

RICBLFT: Stable ABI (IN—23> 8.14 &D ). Return a new PyLongObject object from an

unsigned C uint32_t or uint64_t, or NULL with an exception set on failure.
Added in version 3.14.

PyObject *PyLong_FromDouble (double v)

EDfl: HiLWLWBHE, RICBLE T Stable ABL v OFEE D S¥i72%4 PyLongObject X 7Y =7 +
PEBMLTRLET, KMD L 2121 NULL 2R L ¥,

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

Rbh1ME: #HiLLWBIE, RICEL X9 Stable ABI. Return a new PyLongObject based on the string
value in str, which is interpreted according to the radix in base, or NULL on failure. If pend is
non-NULL, *pend will point to the end of str on success or to the first character that could not be
processed on error. If base is 0, str is interpreted using the integers definition; in this case, leading
zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be between 2
and 36, inclusive. Leading and trailing whitespace and single underscores after a base specifier
and between digits are ignored. If there are no digits or str is not NULL-terminated following the

digits and trailing whitespace, ValueError will be raised.

& 2E

PyLong_AsNativeBytes () and PyLong_FromNativeBytes () functions can be used to convert
a PyLongObject to/from an array of bytes in base 256.

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

RBD{E: #LWBHE, Convert a sequence of Unicode digits in the string u to a Python integer

value.
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Added in version 3.3.

PyObject *PyLong_FromVoidPtr (void *p)
RDME: HILLWEE, RICEBLFT: Stable ABL KA ¥ & p 225 Python BEEUEZEML £3, KA
¥ XDl PyLong_AsVoidPtr() %A L7zFER» BB I E T,

PyObject *PyLong_FromNativeBytes (const void *buffer, size_ t n_ bytes, int flags)
Create a Python integer from the value contained in the first n_ bytes of buffer, interpreted as a

two’s-complement signed number.

flags are as for PyLong_AsNativeBytes(). Passing -1 will select the native endian
that CPython was compiled with and assume that the most-significant bit is a sign
bit. Passing Py_ASNATIVEBYTES_UNSIGNED_BUFFER will produce the same result as calling
PyLong_FromUnsignedNativeBytes (). Other flags are ignored.

Added in version 3.13.

PyObject *PyLong_FromUnsignedNativeBytes (const void *buffer, size_t n_ bytes, int flags)

Create a Python integer from the value contained in the first n_ bytes of buffer, interpreted as an

unsigned number.

flags are as for PyLong_AsNativeBytes (). Passing -1 will select the native endian that CPython
was compiled with and assume that the most-significant bit is not a sign bit. Flags other than

endian are ignored.
Added in version 3.13.

long PyLong_AsLong (PyObject *obj)

RICEL 9 Stable ABI. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DAY long DHEIFASNTHAUR, OverflowError ZiEMH L ET,

II—PEZFLLEIC -1 ZRLET, AT 2T 27%9D121& PyErr_Occurred() Z{fioTL 72
S\,

N—Y g 3.8 TEH: AJRETHIUX __index_ () 2S5 kS5 ckb L
N— a3 3.10 TZH: This function will no longer use __int__().

long PyLong_AS_LONG ( PyObject *obj)
A soft deprecated alias. Exactly equivalent to the preferred PyLong_AsLong. In particular, it
can fail with OverflowError or another exception.

N—3 a v 3.14 TIFHELE: The function is soft deprecated.

int PyLong_AsInt (PyObject *obj)

RICBELZF T Stable ABI (IN\—2 3> 3.18 & D). Similar to PyLong_AsLong(), but store the

result in a C int instead of a C long.
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Added in version 3.13.

long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)

RICEL F£7: Stable ABI. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or -1,
respectively, and return -1; otherwise, set *overflow to 0. If any other exception occurs set

*overflow to 0 and return -1 as usual.

II—PEERLLEIC -1 ZRLET, AT 22749121 PyErr_Occurred() ZffioTL 2
éL\O

N—=Y a3y 3.8 TEHE: AR THIUL __index__() 25 X351k H Lz,
N— a3 ¥ 3.10 TZEH: This function will no longer use __int__().

long long PyLong_AsLongLong ( PyObject *obj)

RICBLET: Stable ABI. Return a C long long representation of obj. If 0bj is not an instance
of PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DfED long long DHEIPHINTHAUL, OverflowError ZXH L £7,

Io—DREELEEWC -1 ZIRLET, RAOTZMNT 2 7DI121E PyErr_Occurred () ZffoTL 72
W,

N—Yar 3.8 TEHE: AJRETHIUL __index__() S X5k b E L7
N— 3 ¥ 3.10 TZH: This function will no longer use __int__().

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)

RICEL 7 Stable ABIL. Return a C long long representation of obj. If 0bj is not an instance
of PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or -1,
respectively, and return -1; otherwise, set *overflow to 0. If any other exception occurs set

*overflow to 0 and return -1 as usual.

ITI—PEELLEIC -1 ZRLET, AT 2T 2729D121& PyErr_Occurred() %o TL 72
SV,

Added in version 3.2.
N—ar 3.8 TEH: AJRETHIUX __index__ () 2S5 X5k L
N—3 a ¥ 3.10 TZEH: This function will no longer use __int__().

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
RICBLZF Y Stable ABI. pylong 253 C @ Py_ssize_t IR L FE T, pylong \& PyLongObject
DA VAR Y ZATIRIFUILD FEA,

ong DED P Qve 0 0 % % 3
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II—PEZFRLLEIZ -1 ZRLET, AT 22749121 PyErr_Occurred() ZffioTL 2
IS

unsigned long PyLong_AsUnsignedLong(PyObject *pylong)
RICEBLZE Y : Stable ABI. pylong %33 C @ unsigned long %R L %73, pylong & PyLongObject
DA VAR Y ZATRITUIIZD /A
b L pylong DA unsigned long DH#IMHATH AU, OverflowError ZiAMH L £3,

I7 - E 72 212 (unsigned long)-1 ZIRL %9, BTV 21T % 729121& PyErr_Occurred ()
%{%OVC < f:éb\o

size_t PyLong_AsSize_t (PyObject *pylong)
RICELFT: Stable ABIL. pylong #%£3 C @ size_t IR L E 7, pylong & PyLongObject DA
VARV ATRIFIUILD $E A,
b L pylong DIED size_t OHIPFASTHIUL. OverflowError XML £,

I —PEEEE ZF (size_t)-1 ZIRL T, BT 2MIT 2720121 PyErr_Occurred() %o
e < 7}: é (AN

unsigned long long PyLong_AsUnsignedLongLong ( PyObject *pylong)
RICBL 9 Stable ABI. pylong %% 3 C D unsigned long long %R L ¥ 3. pylong &
PyLongObject DA Y AR Y ATRIFIUIRD £¥ A,

b L pylong DfEA unsigned long long DHIFATH UK, OverflowError ZiXH L 9,

I 7 —M# E 7/ ¥ 212 (unsigned long long)-1 B L ¥ 73, RO 27kDHIiid
PyErr_Occurred() o> TL7Z&E W,

N—arv 3.1 TEHE: & pylong ZIE L72FRIC TypeError Tl {. OverflowError ZiEH§ %
XoWZbEL%,
unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

RICEBL F£9: Stable ABI. Return a C unsigned long representation of obj. If obj is not

an instance of PyLongObject, first call its __index__() method (if present) to convert it to a

PyLongObject.

obj DfEA’ unsigned long DHEIFHD HAN T W2 EIX, ULONG_MAX + 1 Z2iEke LEBIREZIRL
9,

I7 - E 72 212 (unsigned long)-1 ZIRL %9, BTV 21T % 729121 PyErr_Occurred ()
ZfioTRE W,

N—a v 3.8 TEH: AfRETHIUL __index_ () ZHS XS5k XL
N—3 a3 ¥ 3.10 TZEH: This function will no longer use __int__().

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)

RICEL F7: Stable ABI. Return a C unsigned long long representation of obj. If obj is not
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an instance of PyLongObject, first call its __index__() method (if present) to convert it to a

PyLongObject.

obj DfE7* unsigned long long DHIPHL HANTW/HEIE, ULLONG_MAX + 1 ZiEY LAFIRE
BLUET,

I 5 —A# E /¥ 212 (unsigned long long)-1 R L ¥ 73, ATz skDHizid
PyErr_Occurred () %o TL7Z&E W,

N—Y gy 3.8 TEH: aJRETHIUX __index_ () 2S5 XS5k L

N— 3> 3.10 TZH: This function will no longer use __int__().

int PyLong_AsInt32(PyObject *obj, int32_t *value)

int PyLong_AsInt64(PyObject *obj, int64 t *value)

RICBLETY: Stable ABL (IN—2a > 3.14 &D ). Set *value to a signed C int32_t or int64_t

representation of o0bj.

If the obj value is out of range, raise an OverflowError.

Set *value and return 0 on success. Set an exception and return -1 on error.
value must not be NULL.

Added in version 3.14.

int PyLong_AsUInt32(PyObject *obj, uint32_t *value)

int PyLong_AsUInt64 (PyObject *obj, uint64_t *value)

RICELET: Stable ABI (IN\—2 3> 3.14 &D ). Set *value to an unsigned C uint32_t or

uint64_t representation of obj.

If 0bj is not an instance of PyLong0b ject, first call its __index__ () method (if present) to convert

it to a PyLongObject.

o If obj is negative, raise a ValueError.

o If the obj value is out of range, raise an OverflowError.
Set *value and return 0 on success. Set an exception and return -1 on error.
value must not be NULL.

Added in version 3.14.

double PyLong_AsDouble ( PyObject *pylong)

RICBLZFY: Stable ABIL. pylong &3 C @ double %i&R L %73, pylong i& PyLongObject DA
VARV ATRIFNUILD $HA,

b LU pylong DA double DH#IFHSNTH UK. OverflowError ZiAMH L £3,

Io—PEELLEZIC-1.0 BB LET, Aoz 2720121 PyErr_Occurred() ZffioTL 72
éL\O
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void *PyLong_AsVoidPtr (PyObject *pylong)

RICEBLEFT: Stable ABL Python OBHBAIZHET pylong Z. C D void KA ¥ XITEML %7,
pylong % ZHT Z2FHUE, OverflowError ##EH L ¥3, ZDRRUL PyLong FromVoidPtr() T
EZERT 2 e 212D X574 void RA Y ZBUERAEKTE 57205 TI,

I —MEE/E ZIZ NULL 23R LE T, BT EMT 5729121% PyErr_Occurred() - TL 72
W,

Py ssize t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py ssize t n_ bytes, int flags)

Copy the Python integer value pylong to a native buffer of size n_ bytes. The flags can be set to

-1 to behave similarly to a C cast, or to values documented below to control the behavior.

Returns -1 with an exception raised on error. This may happen if pylong cannot be interpreted as

an integer, or if pylong was negative and the Py_ASNATIVEBYTES_REJECT_NEGATIVE flag was set.

Otherwise, returns the number of bytes required to store the value. If this is equal to or less
than n__ bytes, the entire value was copied. All n_ bytes of the buffer are written: large buffers are

padded with zeroes.

If the returned value is greater than than n_ bytes, the value was truncated: as many of the lowest
bits of the value as could fit are written, and the higher bits are ignored. This matches the typical

behavior of a C-style downcast.

0 IR
Overflow is not considered an error. If the returned value is larger than n__bytes, most significant

bits were discarded.

0 will never be returned.
Values are always copied as two’s-complement.

Usage example:

int32_t value;
Py_ssize_t bytes = PyLong_AsNativeBytes(pylong, &value, sizeof(value), -1);
if (bytes < 0) {
// Fatled. A Python exception was set with the reason.
return NULL;
}
else if (bytes <= (Py_ssize_t)sizeof(value)) {
// Success!
}
else {

// Overflow occurred, but 'value' contains the truncated

(RDR—DIh<)
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(RIDR=I D5 DR E)

// lowest bits of pylong.

Passing zero to m_ bytes will return the size of a buffer that would be large enough to hold the
value. This may be larger than technically necessary, but not unreasonably so. If n_ bytes=0,
buffer may be NULL.

0 IR
Passing n_ bytes=0 to this function is not an accurate way to determine the bit length of the

value.

To get at the entire Python value of an unknown size, the function can be called twice: first to

determine the buffer size, then to fill it:

// Ask how much space we need.
Py_ssize_t expected = PyLong_AsNativeBytes(pylong, NULL, 0, -1);
if (expected < 0) {
// Fatiled. A Python exzception was set with the reason.
return NULL;
}
assert(expected != 0); // Impossible per the API definition.
uint8_t *bignum = malloc(expected);
if (!bignum) {
PyErr_SetString(PyExc_MemoryError, "bignum malloc failed.");
return NULL;
}
// Safely get the entire value.
Py_ssize_t bytes = PyLong_AsNativeBytes(pylong, bignum, expected, -1);
if (bytes < 0) { // Ezception has been set.
free(bignum);
return NULL;
}
else if (bytes > expected) { // This should not be possible.
PyErr_SetString(PyExc_RuntimeError,
"Unexpected bignum truncation after a size check.");
free(bignum) ;
return NULL;
}
// The ezpected success given the above pre-check.

// ... use bignum ...

free(bignum) ;
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flags is either -1 (Py_ASNATIVEBYTES_DEFAULTS) to select defaults that behave most like a C cast,
or a combination of the other flags in the table below. Note that -1 cannot be combined with

other flags.

Currently, -1 corresponds to Py_ASNATIVEBYTES_NATIVE_ENDIAN |
Py_ASNATIVEBYTES_UNSIGNED_BUFFER.

Tt

Flag 1

Py_ASNATIVEBYTES_DEFAULTS

0
Py_ASNATIVEBYTES_BIG_ENDIAN

1
Py_ASNATIVEBYTES_LITTLE_ENDIAN

3
Py_ASNATIVEBYTES_NATIVE_ENDIAN

4
Py_ASNATIVEBYTES_UNSIGNED_BUFFER

8
Py_ASNATIVEBYTES_REJECT_NEGATIVE

16

Py_ASNATIVEBYTES_ALLOW_INDEX

Specifying Py_ASNATIVEBYTES_NATIVE_ENDIAN will override any other endian flags. Passing 2 is

reserved.

By default, sufficient buffer will be requested to include a sign bit. For example, when converting

128 with n_ bytes=1, the function will return 2 (or more) in order to store a zero sign bit.

If Py_ASNATIVEBYTES_UNSIGNED_BUFFER is specified, a zero sign bit will be omitted from size
calculations. This allows, for example, 128 to fit in a single-byte buffer. If the destination buffer
is later treated as signed, a positive input value may become negative. Note that the flag does not

affect handling of negative values: for those, space for a sign bit is always requested.

Specifying Py_ASNATIVEBYTES_REJECT_NEGATIVE causes an exception to be set if pylong is nega-
tive. Without this flag, negative values will be copied provided there is enough space for at least

one sign bit, regardless of whether Py_ASNATIVEBYTES_UNSIGNED_BUFFER was specified.
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If Py_ASNATIVEBYTES_ALLOW_INDEX is specified and a non-integer value is passed, its __index__Q)
method will be called first. This may result in Python code executing and other threads being
allowed to run, which could cause changes to other objects or values in use. When flags is -1, this

option is not set, and non-integer values will raise TypeError.

0 IR
With the default flags (-1, or UNSIGNED _BUFFER without REJECT NEGATIVE), mul-

tiple Python integers can map to a single value without overflow. For example, both 255 and

-1 fit a single-byte buffer and set all its bits. This matches typical C cast behavior.

Added in version 3.13.

int PyLong_GetSign (PyObject *obj, int *sign)

Get the sign of the integer object 0bj.

On success, set *sign to the integer sign (0, -1 or +1 for zero, negative or positive integer, respec-

tively) and return 0.

On failure, return -1 with an exception set. This function always succeeds if 0bj is a PyLong0b ject

or its subtype.
Added in version 3.14.

int PyLong_IsPositive(PyObject *obj)

Check if the integer object obj is positive (obj > 0).

If obj is an instance of PyLongObject or its subtype, return 1 when it’s positive and 0 otherwise.

Else set an exception and return -1.
Added in version 3.14.

int PyLong_IsNegative (PyObject *obj)

Check if the integer object 0bj is negative (obj < 0).

If obj is an instance of PyLongObject or its subtype, return 1 when it’s negative and 0 otherwise.

Else set an exception and return -1.
Added in version 3.14.

int PyLong_IsZero (PyObject *obj)

Check if the integer object obj is zero.

If obj is an instance of PyLongObject or its subtype, return 1 when it’s zero and 0 otherwise. Else

set an exception and return -1.

Added in version 3.14.
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PyObject *PyLong_GetInfo (void)

RICEL £9: Stable ABI. 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)

Z3UZ Unstable API T3, YA F—V Y —RATTERLKEBEINZ DD X7,

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_Long_CompactValue(); for others fall back to a

PyLong_As* function or PyLong AsNativeBytes().

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.

Py _ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

ZHUZ Unstable API TS, A F—VV—ATTERKEEINDZZ DY FT,

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.
Otherwise, the return value is undefined.
Added in version 3.12.

Export API

Added in version 3.14.

struct PyLongLayout
Layout of an array of "digits” (”limbs” in the GMP terminology), used to represent absolute value

for arbitrary precision integers.

Use PyLong_GetNativeLayout () to get the native layout of Python int objects, used internally

for integers with "big enough” absolute value.
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See also sys.int_info which exposes similar information in Python.

uint8_t bits_per_digit

Bits per digit. For example, a 15 bit digit means that bits 0-14 contain meaningful information.

uint8_t digit_size

Digit size in bytes. For example, a 15 bit digit will require at least 2 bytes.

int8_t digits_order

Digits order:
e 1 for most significant digit first
o -1 for least significant digit first

int8 t digit_endianness

Digit endianness:
o 1 for most significant byte first (big endian)

e -1 for least significant byte first (little endian)

const PyLongLayout *PyLong_GetNativeLayout (void)

Get the native layout of Python int objects.
See the PyLongLayout structure.

The function must not be called before Python initialization nor after Python finalization.
The returned layout is valid until Python is finalized. The layout is the same for all Python

sub-interpreters in a process, and so it can be cached.

struct PyLongExport

Export of a Python int object.
There are two cases:
e If digits is NULL, only use the value member.
o If digits is not NULL, use negative, ndigits and digits members.

int64_ t value

The native integer value of the exported int object. Only valid if digits is NULL.
uint8_t negative

1 if the number is negative, 0 otherwise. Only valid if digits is not NULL.
Py _ssize_t ndigits

Number of digits in digits array. Only valid if dig<ts is not NULL.
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const void *digits

Read-only array of unsigned digits. Can be NULL.

int PyLong_Export (PyObject *obj, PyLongExport *export_ long)

Export a Python int object.

export_long must point to a PyLongEzport structure allocated by the caller. It must not be NULL.
On success, fill in *export_long and return 0. On error, set an exception and return -1.
PyLong_FreeEzport () must be called when the export is no longer needed.

CPython EZEDFFM: This function always succeeds if obj is a Python int object or a

subclass.

void PyLong_FreeExport (PyLongEzport *export_long)

Release the export export_long created by PyLong Ezport ().

CPython REODF#: Calling PyLong_FreeEzport () is optional if export long->digits is NULL.
PyLongWriter API
The PyLongWriter API can be used to import an integer.
Added in version 3.14.

struct PyLongWriter

A Python int writer instance.
The instance must be destroyed by PyLongWriter_ Finish() or PyLongiWriter_Discard().

PyLongWriter *PyLongWriter_Create (int negative, Py ssize t ndigits, void **digits)

Create a PyLonghriter.

On success, allocate *digits and return a writer. On error, set an exception and return NULL.
negative is 1 if the number is negative, or 0 otherwise.

ndigits is the number of digits in the digits array. It must be greater than 0.

digits must not be NULL.

After a successful call to this function, the caller should fill in the array of digits digits and
then call PyLongWriter_Finish() to get a Python int. The layout of digits is described by
PyLong_GetNativeLayout ().

Digits must be in the range [0; (1 << bits_per_digit) - 1] (where the bits_per_digit is the

number of bits per digit). Any unused most significant digits must be set to 0.

Alternately, call PyLonghriter_Discard() to destroy the writer instance without creating an int

object.
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PyObject *PyLongWriter_Finish(PyLongWriter *writer)

RD{E: 1L WBH, Finish a PyLonghriter created by PyLongliriter_Create().
On success, return a Python int object. On error, set an exception and return NULL.

The function takes care of normalizing the digits and converts the object to a compact integer if

needed.
The writer instance and the digits array are invalid after the call.

void PyLongWriter_Discard(PyLongWriter *writer)

Discard a PyLongWriter created by PyLongWriter_ Create().
writer must not be NULL.

The writer instance and the digits array are invalid after the call.

8.2.2 Boolean #7>xV +

Python @ Bool IOV 77 52 LTHEEINTVWET, 7—NVEIOfEIX. Py False & Py_True ®
2OLHHD FEA, o T, BHOAEMHIBRBEIEIE 7 — A BNEHTIEE D FEA. LidWVWZ, UTo~<
zuahHHTEET,
PyTypeObject PyBool_Type
RICBLEFT: Stable ABL. Z® PyTypeObject DA ¥ A& ¥ A% Python @ boolean B2 KRB L F
9; Python LA ¥IZBIF 3 bool LRLATY =7 FTT,
int PyBool_Check (PyObject *o)
0 73 PyBool_Type BOBZAEICEHZIREL $3, ZOBBIIEICHINIL £7,
PyObject *Py_False
Python @ False # 7Yz by ZDOX TV 27 MIXY v F&FLT, immortal TS,

N—=a ¥ 3.12 TEH: Py False & immortal T3,
PyObject *Py_True
Python @ True A 7Y =2 v, ZDFTT 7 MIXY v RFERF . immortal TF,
N—a v 312 TEH: Py_True l& immortal TF,
Py_RETURN_FALSE
B S Py_False ZiRL ¥ 3,
Py_RETURN_TRUE

BEED S Py_True RiIBL E 5,

PyObject *PyBool_FromLong (long v)

RBhfE: FiLWBH, RIZBL X9 Stable ABL. v O EHHICIGE U T Py_True £721% Py_False %
BELET,
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8.2.3 Floating-Point Objects

type PyFloatObject

This subtype of Py0bject represents a Python floating-point object.

PyTypeObject PyFloat_Type
RICEBL £9: Stable ABI. This instance of PyTypeObject represents the Python floating-point
type. This is the same object as float in the Python layer.

int PyFloat_Check (PyObject *p)
51855 PyFloatObject % PyFloatObject DY T XA T ThH3 L ZICHERLET, ZOBEIIHEIC
RHIL £,

int PyFloat_CheckExact (PyObject *p)
51855 PyFloatObject T&H BH PyFloatObject DY T RA TTHRVWE ZICEZRIRLET, ZOBEK
EHICEIILET,

PyObject *PyFloat_FromString(PyObject *str)
Bhfl: HiLWBE, RICBL T Stable ABL str OXFHIE%R S 21T PyFloatObject 7Y =
2 RERLET, KT DL NULL ZRL 9,

PyObject *PyFloat_FromDouble (double v)
BhfE: FILWEBHE, RICBL X Stable ABL v & PyFloatObject A 7Y =7 M EERL TR
LEd, RS2 NULL Z2IRL %73,

double PyFloat_AsDouble (PyObject *pyfloat)

RICEL Y : Stable ABI. Return a C double representation of the contents of pyfloat. If pyfloat is
not a Python floating-point object but has a __float__() method, this method will first be called
to convert pyfloat into a float. If __float__() is not defined then it falls back to __index__Q).

This method returns -1.0 upon failure, so one should call PyErr_0Occurred () to check for errors.
N—=Y a3y 38 TAHE: AIETHIUL __index__() %S k51D L,

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIEFTE%Z. C @ double BRI TIRLETH, T7—F v 7 ETVER A,

PyObject *PyFloat_GetInfo (void)
RBDhME: HTLWBE, XRICEL X7 Stable ABIL. float DEE., &/IME. mKAMEICET 2EHRE ST
structseq £ YA XV RAERLET, ZHUE, float.h 7 7 A LDENT v =TT,

double PyFloat_GetMax ()

RICBL £79: Stable ABI. float ORI T 3K KRME DBL MAX % C @ double BITiRL
£3,

double PyFloat_GetMin()

RICBELF9: Stable ABI. float DIEFL X N/=R/NDIEDE DBL MIN % C ® double B TIRL
E I
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Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point
values as byte strings. The Pack routines produce a bytes string from a C double, and the Unpack
routines produce a C double from such a bytes string. The suffix (2, 4 or 8) specifies the number of

bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other
platforms, the 2-byte format is identical to the IEEE 754 binaryl6 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 z is a NaN or infinity.

e -0.0 and +0.0 produce the same bytes string.

int PyFloat_Pack2(double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8(double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes
string is in little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent
first, at p). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big

endian processor, or 0 on little endian processor.
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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.

8.2.4 EEHA T U+

Python O#EHA 7Y =27 Mk, CAPL 256 R 2 —O0fEOR y L THEEIRTVWET: —H&
Python 7027 20 L TAME ATV Python DA 7Y =7 + T, MAIIEBOEREEZRAT S C
DHERTT, API TR, Tho W25 B EL TnE 7,

C BEKRL L TOERY

EERBD CEhzs e LTRE LD, ROEE LTRLAED T20E. R4 Y XELZITH>DTRE
%< EEL 275D TCHERLTLIEEI W, Zhid APT 2 2@ L T—HLTWET,

type Py_complex

The C structure which corresponds to the value portion of a Python complex number object. Most
of the functions for dealing with complex number objects use structures of this type as input or

output values, as appropriate.

double real

double imag

The structure is defined as:

typedef struct {
double real;
double imag;

} Py_complex;

Py _compler _Py_c_sum(Py_complex left, Py complex right)
ZODERZEBDOIE C D Py_complex BITRL E7F,

Py__complex _Py_cr_sum(Py_complez left, double right)

Return the sum of a complex number and a real number, using the C Py_complez representation.

Added in version 3.14.
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Py compler _Py_c_diff (Py complez left, Py complex right)
ZODHRFEBDEE C D Py_complex BITRL FT,
Py _complex _Py_cr_diff (Py_complex left, double right)

Return the difference between a complex number and a real number, using the C Py_complez

representation.
Added in version 3.14.

Py_complexr _Py_rc_diff (double left, Py complex right)

Return the difference between a real number and a complex number, using the C Py_complez

representation.
Added in version 3.14.

Py compler _Py_c_neg(Py_compler num)
BHRE num ODFFEREE C O Py_complezx BITIRL £,
Py _complex _Py_c_prod(Py_complex left, Py complex right)

ZOoDEEBODEE C D Py_complex BITIRL £,

Py__complex _Py_cr_prod(Py_complex left, double right)

Return the product of a complex number and a real number, using the C Py_complez representa-

tion.
Added in version 3.14.

Py compler _Py_c_quot (Py_complex dividend, Py complex divisor)

ZODRZFERBDEE C D Py_complex BITRL FT,
divisor 73 null DFEIF. TDXY v Fid¥r %R, errno IZ EDOM 2+t v F LE T,

Py__complex _Py_cr_quot (Py_complex dividend, double divisor)

Return the quotient of a complex number and a real number, using the C Py_complez represen-

tation.
If divisor is zero, this method returns zero and sets errno to EDOM.
Added in version 3.14.

Py __compler _Py_rc_quot(double dividend, Py_complex divisor)

Return the quotient of a real number and a complex number, using the C Py_complez represen-

tation.
If divisor is zero, this method returns zero and sets errno to EDOM.

Added in version 3.14.
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Py complexr _Py_c_pow(Py_compler num, Py complex exp)
88 exp @ num Fe%x C D Py_complex BUTRLE T,

num % null T exp DIEDEHTRVWIBEEIZ, TDXAY v FiZ¥r%ERL., errno I EDOM 2t v k
LEd,

Set errno to ERANGE on overflows.

Python #7217 b L TOERHE
type PyComplexObject

Z D PyObject DY 7R A 7% Python DERFI R L 3,

PyTypeObject PyComplex_Type
RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ A% Python OEZFT 2 RIAL £3,
Python L' 4 ¥® complex [RIUA 7Y =7 FTT,

int PyComplex_Check ( PyObject *p)
518D PyComplezObject B PyComplezObject DY 7T RA T TH2 L ZWZHZRLET, ZOEK
EHICEIAILET,

int PyComplex_CheckExact (PyObject *p)
51803 PyComplezObject Td 505 PyComplezObject DY 7T RA T TRHRVWE ZIZHZRLET, Z
DRIREE TN L £ T

PyObject *PyComplex_FromCComplex (Py_compler v)
RDE: $1LWEBHE, Create a new Python complex number object from a C Py_complez value.
Return NULL with an exception set on error.

PyObject *PyComplex_FromDoubles (double real, double imag)
ROfE: :TLLWBE, RICELFT: Stable ABIL. Return a new PyComplezObject object from real
and ¢mag. Return NULL with an exception set on error.

double PyComplex_RealAsDouble (PyObject *op)
RICBELZE T Stable ABIL. op OEHE77% C O double HTRL 3,
If op is not a Python complex number object but has a __complex__() method, this method will

first be called to convert op to a Python complex number object. If __complex__() is not defined
then it falls back to call PyFloat_AsDouble() and returns its result.

Upon failure, this method returns -1 .0 with an exception set, so one should call PyErr_0Occurred ()

to check for errors.
N— 3y 3.13 TEH: Use __complex__() if available.

double PyComplex_ImagAsDouble (PyObject *op)
RICEL FT: Stable ABL op DEEHED%Z C O double B TIRL %73
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If op is not a Python complex number object but has a __complex__() method, this method will
first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to call PyFloat_AsDouble() and returns 0.0 on success.

Upon failure, this method returns -1.0 with an exception set, so one should call PyErr_Occurred ()

to check for errors.
N— a3 3.13 TEH: Use __complex__() if available.

Py__compler PyComplex_AsCComplex (PyObject *op)
BEEME op 205 Py_complex BIEAERL 5,

If op is not a Python complex number object but has a __complex__() method, this method will
first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to __float__(). If __float__() is not defined then it falls back to __index__(Q).

Upon failure, this method returns Py_complez with real set to -1.0 and with an exception set,

so one should call PyErr_Occurred() to check for errors.

N—Y gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k F L

8.3 =7 YRFATTx U I (sequence object)

S—H VRFTY 27 MR 3 —fRIBIEREICOVWTRETOETT TIARE Lz 2T, Python
SEIZB LD Do TWVWAREDY - YA ATV 27 MZOWTHIRWE T,

2

831 XA hATxV b

TREOBEIZ, N4 PATY 27 FRIFELTWS5 BTN, b ATV 27 FTROVWAT XX ZHEE L THY
HXih 5 ¥, TypeError ZEH L 3,

type PyBytesObject
2D PyObject DY 72 A FiE, Python N4 ATz 7 bERLET,

PyTypeObject PyBytes_Type
RICEL 9 Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ A, Python A FIEZRL FT;
Python L' 4 ¥ ® bytes LRLA TS =27 M T,

int PyBytes_Check(PyObject *o)
FTP2 b 0D bytes A 7Y =7 b bytes BIDY T XA TDA VAR ATHBGECEEIRL
T3, ZOBEBIIEITHIILET,

int PyBytes_CheckExact (PyObject *0)
FT7I 27 b o bytes FTY =T MED bytes BIDY T RA TDA VARV ATROVWGEICERIR
L3, ZORBBIIFEITHINL 5,

PyObject *PyBytes_FromString(const char *v)
RBRDE: TLWBER, RICEL X7 Stable ABL. IR, XFH] v Dab—%EL T2H L LA
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AMNATY 27 bEIRL, KRIIFIZ NULL 2R L E S, 518 v 13 NULL THoTERD FVA; 20D
F v 23 TbNER A

PyObject *PyBytes_FromStringAndSize (const char *v, Py ssize_t len)

RO{E: 1LWEBRE, RICEL 7 Stable ABL JKIEIZ, XFY| v Dab—%2HE TE2EX len
HLOWAAL MATT 227 FEEKEL, RBEFIC NULL 2R L %9, 515 v 23 NULL OBE&. NA M+ 7
D=7 FOFHEIHHHEIN TVWERA,

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

EDME: FiILLWBE, RICBL XY Stable ABL. C BI#® printf () XX A LD format XFH| ¥
AIZEROGIEZE D, #RD Python N4 +A TP =227 PO A X%FHHEL, HEfHELLERCL
Teo TEBMULIANA P A TP 227 P 2IBLET, AIZROGIHIZ C 07 —&2BTRIFIRS T,
format XFHNHD T + —< v P XF L BEBECEBEMT LN THRITNUERD £FA, TREDT 4 —
<y PXFEPFHTEET:

BRigERT | B %

hth n/a V51D % XF

he int C DB TRBINDLH—D A |,

%d int printf ("%d") ¥R, *!

%u unsigned int | printf("%u") ¥ [F%, *!

%1d long printf ("%1d") ¥ [H%, *!

%1lu unsigned long | printf ("%1u") ¥ [[%, *!

%zd Py_ssize_t printf ("%zd") ¥[[%, !

%zu size_t printf ("%zu") ¥[F%, *!

%i int printf ("%i") FE%, !

%x int printf ("%x") ¥R, *!

%s const char* null TS N7z C DIFF,

hp const void* C KA VZD 16 #ERFL, printf("%p") LIFLAXFELTT
B, TT7v M7+ —LIZBY B printf OERICHD D I FeH
WY T I 0x BT EFET,

AT EROERIEELTED D o756, B OFAXNFINZZOFEF/ROA TV =27 Mzar—&
N EBYO5IEIIEH I E T,

PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
EbhfE: FTLLWEBE, RICBLZXY: Stable ABL. 5 x5 220058 EmW3 22 ZFRWVWT,
PyBytes_FromFormat() X[H LT3,

PyObject *PyBytes_FromObject (PyObject *o)

RO{E: 1LWEBEB, XICEBLZET: Stable ABL. Xy 7> 70 barr2FEETEZF TSV 0 DA
A FREERLET,
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Py_ssize_t PyBytes_Size (PyObject *0)
RICBLET: Stable ABL. N4 A7 227 b 0o DN PRADREIZERLET,

Py ssize_t PyBytes_GET_SIZE(PyObject *o)
PyBytes_Size() WETWVWETH, TI53—F v 7 BITVEFA,

char *PyBytes_AsString (PyObject *o)

RICBLZFT: Stable ABL. 0 DHHADKRAL Y X ERLET, KA U XIE len(o) + 1 N b
%% 0 ODNFANY 77 2BRLET, U null DA bBHEZ0E IR OLT. Ny 7 7D
DA MFAST null 12D FF, PyBytes_FromStringAndSize(NULL, size) THMIN/HE
ZEROT, T—X2EBIELTEIRD A, E72R A VX2 (deallocated) LTIERD EFHA, b
L. 0 D bytes 7Y =2 b TRIFIUR, PyBytes_AsString () & NULL %3R L TypeError %#EH L
E5

char *PyBytes_AS_STRING (PyObject *string)

PyBytes_AsString () P TWVWETH, TI7—F v 7 Z2ITVEEA,

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py ssize ¢ *length)

RICBL E9: Stable ABI. Return the null-terminated contents of the object 0bj through the

output variables buffer and length. Returns 0 on success.

length DfEA NULL D&, N4 AT P22 b2 null N4 b EEFRVAIBEELSD D £5, 205
&, BEE -1 2R L. ValueError #EH L 3,

buffer & obj DWEE NN Y 7 7 2B L TWT, ZAUTIEIRED null N4 FHEATVET (ZHiT
length IZI3MA 6N EVA) 7Y =2 MDY PyBytes_FromStringAndSize (NULL, size) THK
ENHEERNT, MAHoTHT—E2REL TUIWITEEA, 77V 27 b ZRK (deallocate)
LTHWITER A, 0bj 5 bytes A7 =7 M Thhokiiid, PyBytes_AsStringdndSize () 1
-1 %R L TypeError %ML £73,

N— a v 3.5 TEHE: DIHINE bytes 7Y =227 MZXANA MDBEDAENT W/ L ZIT TypeError
EEHLTOVE LR,
void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

RICEBL XY Stable ABL. newpart DA% bytes DBAIWTEFE LI L WAL VEFTI =7 b2
*bytes WHEM L EF, FEHLANIH LWSREFIE LE T, bytes DI WVEOSRRIIBENE T, b
LIl WA 7Y =27 SERTEROWES, BV bytes DSIRIIBEI N, *bytes DfEIZ NULL IZEE
SNF T WYIRPISNAIRESNE T,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

RICEB L F 9 Stable ABI. Create a new bytes object in *bytes containing the contents of newpart
appended to bytes. This version releases the strong reference to newpart (i.e. decrements its

reference count).

PyObject *PyBytes_Join(PyObject *sep, PyObject *iterable)

Similar to sep.join(iterable) in Python.
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sep must be Python bytes object. (Note that PyUnicode_Join() accepts NULL separator and

treats it as a space, whereas PyBytes_Join() doesn’t accept NULL separator.)

iterable must be an iterable object yielding objects that implement the buffer protocol.
On success, return a new bytes object. On error, set an exception and return NULL.
Added in version 3.14.

int _PyBytes_Resize (PyObject **bytes, Py _ssize_t newsize)

Resize a bytes object. newsize will be the new length of the bytes object. You can think of it as
creating a new bytes object and destroying the old one, only more efficiently. Pass the address
of an existing bytes object as an lvalue (it may be written into), and the new size desired. On
success, *bytes 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.

8.3.2 bytearray 77V b+

type PyByteArrayObject
Z D PyObject DY 7 XA 7i& Python @ bytearray 7Y =2 b E2RLET,

PyTypeObject PyByteArray_Type

RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ A X ¥ A%, Python bytearray B % /R L %
¥, Python L A4 ¥ TD bytearray L[MILA 7Y =2 FTT,

BFyrvyovon0O

int PyByteArray_Check (PyObject *0)
F 7P =7 b oM bytearray A 7Y =7 b b bytearray BLDOY TR A TDA VARV ATHBGEIC
HzZiRL %5, ZOBBIXEICHNL T,

int PyByteArray_CheckExact (PyObject *o0)

F 727 b oD bytearray 4 7Y =7 N2 bytearray BOY TR A TDA VAR Y ATRWEGEES
WHZERLET, ZoBBIREITRIILET,

A4 L2~ API B
PyObject *PyByteArray_FromObject (PyObject *o)

RBDME: FLWBH, RICBL X9 Stable ABL buffer protocol #EEELIEREDF T =7 b o H
5. H LW bytearray A 7Y =7 FEIER L, RLF T,

On failure, return NULL with an exception set.

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize t len)

RBO{E: 3t LWEEE, XIZBL X7 Stable ABI. Create a new bytearray object from string and its
length, len.

On fail NULL wit] .
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PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
RBDE: TILWBER, RICBL XY Stable ABL bytearray a & b %8 L 724558 % H1 L\ bytearray
ELTERLET,

On failure, return NULL with an exception set.

Py ssize_t PyByteArray_Size (PyObject *bytearray)
RICEBLET: Stable ABL. NULL RA ¥ & F = v 7 DRIT bytearray DY A ZZIBRLET,
char *PyByteArray_AsString(PyObject *bytearray)
RICBLF T Stable ABIL. NULL KA ¥ & F = v 7 DRI bytearray DA% char BLF L TGRLUF
T BN BEINIE, HITRDZ null N1 FABMENE T,
int PyByteArray_Resize (PyObject *bytearray, Py ssize t len)
RICEBLE 9 Stable ABI. bytearray DHNERNY 7 7% len NV H AL XL ET,

Y0
UFo=zmid, A4 YZDF 2y 72 LBV I D EEE2HEIC L TR - F2BELTVET,
char *PyByteArray_AS_STRING (PyObject *bytearray)

PyByteArray AsString ) W TVWETH, T7—F v 72TV ERA,

Py_ssize_t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size () ITRTWETH, TI7—F v 7 2ITVEE A,

8.3.3 Unicode #7217 F & codec

Unicode #7217 k

Python3.3 @ PEP 393 FE¥» 5, X EVUIMREHEREL 72275 Unicode XFDOTRERHFFEZIRZ 5 X 512,
Unicode * 72 = 7 MIWERNC 2R EHOWTVWE T, IRXTDa— RKEAL > 5128, 256 £/
& 65536 AR OSCFHNIH U TR 7 — ADFEEL 325, ZRLULTIda— FARA > Md 1114112 LR
(ZHUFTXTD Unicode H#iPATT) TRIFIUILD FH A

UTF-8 representation is created on demand and cached in the Unicode object.

0 IR
The Py_UNICODE representation has been removed since Python 3.12 with deprecated APIs. See

PEP 623 for more information.

Unicode 2!
L& Python @ Unicode FHEEIWZHW SN TWBHEA Unicode A 7Y =7 MITT:

type Py_UCS4

type Py_UCS2
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type Py_UCS1

RICELZFT: Stable ABL. 2hi608E, 2heh, 328y b, 16 By b, 2L T8 EY hOXF
PRIFT 2 DICTRDREE RO E L L OBEA D typedef TF, H—®D Unicode XF %K 5 GEE.
Py _UCS4 ZFHWTL7Z& W,

Added in version 3.3.

type Py_UNICODE
ZHUZ, wchar_t @ typedef T, I v b7 4 —2RMKEFLTI6 LY b2 32y FOBIZRD 3,
N=Yar 3.3 TEH: LHTONN— a > TlE, Python Z L F L7ZIC "narrow” 7213 "wide”

Unicode X"—Ya vDOELLEZERLEZNICE->T. 16 EY P32y FOEBLL2DOHIZH > TV
% L7,

Deprecated since version 3.13, will be removed in version 3.15.

type PyASCIIObject
type PyCompactUnicodeObject

type PyUnicodeObject

NS D PyObject ®H 7 XA Fi& Python Unicode 7Y =27 F &R L %3, Unicode 7Y =
7 N EP/HETO API BT PyObject ~DKRA > R %EZZIFH - T PyObject NDKRA ¥ X ZIRFTD
T, BLALDHE, IhOOREZEEFESNETEDD THA,

Added in version 3.3.
PyTypeObject PyUnicode_Type

RICELFT: Stable ABL. Z® PyTypeObject DA ¥ AKX > A%, Python Unicode BZ &KL £ 73,
ZHuE, Python 22— RiZ str & L TEHINE T,

The following APIs are C macros and static inlined functions for fast checks and access to internal

read-only data of Unicode objects:

int PyUnicode_Check (PyObject *obj)

F 722 b obj S Unicode 7Y =27 k% Unicode BIDH T XA TDA VARV RATHBEHEI
HERLET, ZOBBUIHICRIILET,

int PyUnicode_CheckExact (PyObject *obj)

F 727 b obj A Unicode A 72 =22 "EBHTRA TDA VAR ATHRWERICELZRLET,
ZOBBUIEICRIIL £ 5,

int PyUnicode_READY (PyObject *unicode)

Returns 0. This API is kept only for backward compatibility.
Added in version 3.3.

N—a v 3.10 TIEHERE: This API does nothing since Python 3.12.
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Py_ ssize_t PyUnicode_GET_LENGTH(PyObject *unicode)
Unicode XFHNDaA—RKRA ¥ P TORIZIRLET, unicode 1 7 IEFHR” RIJER D Unicode F
T2 FTRITNUIZRD EVA (RELF v Z7IELERA),
Added in version 3.3.

Py_UCS1 *PyUnicode_1BYTE_DATA(PyObject *unicode)
Py UCS2 *PyUnicode_2BYTE_DATA(PyObject *unicode)
Py_UCS/ *PyUnicode_4BYTE_DATA(PyObject *unicode)

NFIWCEE Y 7823572512, UCSL, UCS2, UCS4 OWFNhDBEBANC* v X P XN EfMRE
WERANDRA 2 2R L ET, EMARBEDEER LTV A XZRoT0EINESHhDF =y 7L
¥ A; PyUnicode_KIND() %o TIE LW ZEATLIZE W,

Added in version 3.3.

PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() ¥ 27 RDiRHETT,
Added in version 3.3.
N— g 3.12 TZHE: PyUnicode_WCHAR_KIND (ZHIBR XN E L7z,

int PyUnicode_KIND (PyObject *unicode)

Z @ Unicode 57 =X ZRIFT2DIC 1 XFEH 7= DN A ME>TWBH2%ERT PyUnicode fERID
ER (EZFHATLREIWV) @55 1 2%IKBLE T, unicode & 7 1IEHR” RBEA D Unicode A 7
U2 N CRIFUZRD $BA (EFELF =y Z7IELELA),

Added in version 3.3.

void *PyUnicode_DATA(PyObject *unicode)
£ D Unicode Ny 7 7D void RA Y ZEZIRLET, unicode & " 1EF7” REFRD Unicode 7
TV FTRITNUIRD EVA (R LFzv Z7IELERA),
Added in version 3.3.

void PyUnicode_WRITE(int kind, void *data, Py _ssize_ (¢ index, Py_ UCS/ value)
IEfRRBER L 8o TWb (PyUnicode DATA() THUF L) data WCHEZAAE T, ZOBBIIIE
HHEOF = v 7 %fTORV, V=7 THLNEDDDDTT, MOH LN, fhoPEH LTS L
7o kind {6 data RA Y B%2F X v P2 FRNETT, index IIXFHND (0IED D) 4 ¥ F v 7 AT,
value 3 Z DJ/FMCE XA ENZ Z 2 IR 2L WVWa— KRS ¥ FDETT,

Added in version 3.3.

Py_UCS/ PyUnicode_READ(int kind, void *data, Py_ ssize (¢ index)

IERARRIE R 72 o TWd (PyUnicode DATA() THUFL72) data 2253 — FKRA ¥ b ZEHARD
£, 7o s STUMRO 2 DIEEH LI bh £ 4 A
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Added in version 3.3.

Py UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py ssize t index)

Unicode * 7Y =7 b unicode 2»HXF % FHAWMD FF, ZD Unicode * 72 =7 ME " IEfii” £
BUERTRIUIIED F8 A DG L THANDSHEIIE. D7 1k PyUnicode_ READ()
XD BIENEN T,

Added in version 3.3.

Py UCS/ PyUnicode_MAX_CHAR_VALUE ( PyObject *unicode)
unicode WZHESNWTHDO XEHEFIEZDIZHE LU ADI— REL Y FERLET, Z® Unicode #
TV MZ B REEXTRIIUIRD FRA, ZOMEIFICHEMETTRS, XFFeE%EH
N3 D HEREETT,

1)

Added in version 3.3.

int PyUnicode_IsIdentifier (PyObject *unicode)

RICB L ZE T Stable ABL XI55, identifiers §iDSFBERICBII 2 EMREBHTFTHIUX 1 iR
LET, ZNLANDEEITZ 0 ZRLET,

N—=Ya ¥ 3.9 TAEHE: The function does not call Py_FatalError() anymore if the string is not

ready.
Unicode XF70O/NT <

Unicode 138 < DERR 2 XF 70 %7 4 (character property) ZHMELTVWET, XL HbhdXFESm
AT 4% UTFo~x2Z7a0TcHHETEEY, ZhbD~ 27 2l Python OFEIISEE T, &4 C OBEBISHIE
fFresntunEs,

int Py_UNICODE_ISSPACE(Py UCS/ ch)
ch WZEAXLFENEIPIIILLET 1 £/ 0 2RLETD,

int Py_UNICODE_ISLOWER(Py UCS4 ch)
ch DN FMESPIIISECT 1L £ 0 ZIRL F T,

int Py_UNICODE_ISUPPER(Py UCS4 ch)
ch WRIFPESPITIETT 1 £21E 0 ZRLET,

int Py_UNICODE_ISTITLE(Py UCS4 ch)
ch 3 A bV — AF (titlecase character) 22X 5B LET 1 £41E 0 ZIBRL 3,

int Py_UNICODE_ISLINEBREAK(Py UCS4 ch)

ch BEATLFDRE D PITB LT 1 F3 0 ZRLET,

int Py_UNICODE_ISDECIMAL(Py UCS/ ch)

ch 73 decimal XFEMNESNIGLCT L F-F 0 2RLETS,

int Py_UNICODE_ISDIGIT(Py UCS4 ch)
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int Py_UNICODE_ISNUMERIC(Py UCS/ ch)
ch HELEF (numeric) CFEPEIHITIELT 1 £7212 0 2B L E T,
int Py_UNICODE_ISALPHA(Py UCS) ch)

ch 7N T7 7Ry NXENPESIPIIHET 1 F2130 B2RLET,

int Py_UNICODE_ISALNUM(Py UCS4 ch)
ch DWIRLFLEI DI T 1 £/21X0 2 RLET,

int Py_UNICODE_ISPRINTABLE(Py UCS/ ch)

ch DXFDEFARER LT E D PICEDWT 1 £7213 0 ZIRL ¥£9, JFHIFAIHECFE. Unicode
WFEF—XN— AT "Other” %721 "Separator” ¥ EEINTWVWBXFD, FIFAFELr Rirdh 3
ASCII space (0x20) A DHDTT, (2B, ZOXRTOHIFRGEFIE. XFFNZ repr() BN
HENDZE ZICZRT =T FTRETRVFDI L T, T4 sys.stdout % sys.stderr ITH X
AENSFHN DRI BBFRDD $HA, )

DUF@ APL &, EndICERE S F 21T S 7edicfiibh £3:
Py_UCS/ Py_UNICODE_TOLOWER(Py [/CS/ ch)

ch /N FIREB LD ZRLET,
Py_UCS/ Py_UNICODE_TOUPPER(Py [/CS/ ch)

ch ZRKXFIEBLLI-bDERLET,

Py UCS/ Py_UNICODE_TOTITLE(Py UCS) ch)
ch R A PV —AXFITEBLLIZDDOZIRLET,

int Py_UNICODE_TODECIMAL(Py UCS/ ch)

Return the character ch converted to a decimal positive integer. Return -1 if this is not possible.

This function does not raise exceptions.

int Py_UNICODE_TODIGIT(Py UCS/ ch)

Return the character ch converted to a single digit integer. Return -1 if this is not possible. This

function does not raise exceptions.

double Py_UNICODE_TONUMERIC(Py UCS/ ch)

ch % double ICEM L 72 DZIR L £T, FAJAERL ST -1.0 ZIRL 7, ZOBIREHISNZEH L %
A,

6D APLIdY ey — Mcv iR E3:

int Py_UNICODE_IS_SURROGATE(Py UCS/ ch)

ch ¥ usr— Y 5h (0xD800 <= ch <= O0xDFFF) #F = v 7 L ¥,

int Py_UNICODE_IS_HIGH_SURROGATE(Py UCS/ ch)
ch LA as— k2 5% (0xD800 <= ch <= 0xDBFF) #F xzv 7 LET,
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int Py_UNICODE_IS_LOW_SURROGATE(Py UCS/ ch)

ch RO Bs — k2 55 (0xDCOO <= ch <= OxDFFF) #F v 7 LE7T,

Py UCS/ Py_UNICODE_JOIN_SURROGATES (Py UCS/ high, Py UCS/ low)

Join two surrogate code points and return a single Py_UCS/ value. high and low are respectively the
leading and trailing surrogates in a surrogate pair. high must be in the range [0xD800; 0xDBFF]
and low must be in the range [0xDC00; 0xDFFF].

Unicode XZFFDERE 77X

Unicode #7227 AR L/7=D. Unicode D> —4r 22 LTOREARNL a7 4177 ALED
T 2121&. LURD API 25 TL &V

PyObject *PyUnicode_New(Py_ssize t size, Py UCS/ maxchar)

EDfE: iLVWEHE, H L\ Unicode A 72 =7 FEERL £3, mazchar IEXXFHNIWRZ a—F
AA Y PDODELWRABEIZTRNETT, ZOMEIIMEMEE LT 127, 255, 65535, 1114111 O—FL W
fEIZTID Ly o h s,

ZAUIH LW Unicode A 7Y =27 b 2AERT AR INTHIETT, ZOBKEMF > TERINA
TV 27 NIV A XZEIZAAEET T,

On error, set an exception and return NULL.

Added in version 3.3.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py ssize t size)

RhfE: FiLWBR, 52507k kind (D 1§ % & PyUnicode 1BYTE KIND 7% ¥ O
PyUnicode_KIND() 73BT HTF) @ Unicode A 73 =27 b ZEBL ET, buffer 3. 52 bh
72 kind IZEoT1XFH2D 1,2, 4 N POVWTALZHLA L LT, RE size DEHINDHRA > &
TRIFIUIRD FEA,

If necessary, the input buffer is copied and transformed into the canonical representation. For
example, if the buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints
in the UCS1 range, it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

Added in version 3.3.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py ssize t size)

RBOfE: HLWLWBE, XRIZBL X7 Stable ABI. Create a Unicode object from the char buffer str.
The bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object.

The return value might be a shared object, i.e. modification of the data is not allowed.
This function raises SystemError when:

o size < 0,

e str is NULL and size > 0

N—T a3 v 3.12 TEH: str == NULL with size > 0 is not allowed anymore.
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PyObject *PyUnicode_FromString(const char *str)
RbhfE: iLWBE, XRICEL XY Stable ABI. UTF-8 =¥ a— F X7 null #4#dD char BNy
7 7 str »5 Unicode & 7Y =7 FEERLET,

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

ROE: FiLWBHE, RICEBL X9 Stable ABL Take a C printf ()-style format string and
a variable number of arguments, calculate the size of the resulting Python Unicode string and
return a string with the values formatted into it. The variable arguments must be C types and

must correspond exactly to the format characters in the format ASCII-encoded string.

—ODEHHEEFIZ 2 $ B ZNUA LD F 2 EA, ZOMBERIUA TSR D 35, RLUEIEIC
HER L2237 8 A:

1. EETFOMBE RS XFE "% o
2. T ST (AT ay), —EHOEHMDORRICEELET,

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. WEEELIT (£ 7> 2 >),
6. 2R,

2T 5 7 F A MORLET:

Flag ‘ =i ‘

0 AN L TERIZ & 287 4 V7 BITVE T,
= 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):

ety | & |

1 long %7zi% unsigned long

11 long long % 7:id unsigned long long
intmax_t or uintmax_t

Z size_t or ssize_t

t ptrdiff_t
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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:

Con-
version

Speci-

fier

gg

h
d, i

)

#T

#N

n/a
Specified by the
length modifier
Specified by the
length modifier
Specified by the
length modifier
Specified by the
length modifier
Specified by the
length modifier
int

const charx*

F kF

wchar_tx*

const

const voidx

PyObject*
PyObject*
PyObject*, const
char* or const
wchar_tx*
PyObject*
PyObject*
PyObject*

PyObject*

PyTypeObject*

PyTypeObject*

The literal % character.

The decimal representation of a signed C integer.

The decimal representation of an unsigned C integer.

The octal representation of an unsigned C integer.

The hexadecimal representation of an unsigned C integer (low-
ercase).

The hexadecimal representation of an unsigned C integer (up-
percase).

A single character.
null THIEI iz C DXFH,

C KA XD 16 #XREL, printf("%p") LIZL A LT U T,
79 N7 —LIZBF B printf DEFRICEHD D A2 SBTEICY
T IV 0x BT EFE T,

ascii() OED fH,

Unicode 7Y =7 k,

A Unicode object (which may be NULL) and a null-terminated
C character array as a second parameter (which will be used, if
the first parameter is NULL).

PyObject_Str() DR fH,

PyObject_Repr() DR D fH,

Get the fully qualified name of an object type; call
PyType_GetFullyQualtfiedName ().

Similar to T format, but use a colon (:) as separator between
the module name and the qualified name.

Get  the fully
PyType_GetFullyQual<fiedName ().

qualified name of a type; call

Similar to N format, but use a colon (:) as separator between

the module name and the qualified name.

8.3. =T YRATT IV I (sequence object) 197



The Python/C API, ) —2X 3.14.0a3

0 R

The width formatter unit is number of characters rather than bytes. The precision formatter
unit is number of bytes or wchar_t items (if the length modifier 1 is used) for "%s" and "%V"
(if the PyObject* argument is NULL), and a number of characters for "%A", "%U", "%S", "%R"
and "%V" (if the PyObject* argument is not NULL).

0 IR
Unlike to C printf () the 0 flag has effect even when a precision is given for integer conversions

(4, i, u, o, x, or X).

N— gy 3.2 TEHE: "411d", "%11u" OFKR— FBMEINZE L,
N—=Ya ¥ 3.3 TEHE: "41i", "%11i", "%zi" OFK— r2BEME N F Lz,

A= 3y 3.4 TAEHE: MYst, "GAY, MRUY, "%VY, YUSY, WIRY TOWET F — % v X B X UKEE T o+ —
~ v ROYHE— FABIMENE L,

N—3 a3 ¥ 3.12 TEHE: 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 -.

An unrecognized format character now sets a SystemError. In previous versions it caused all the

rest of the format string to be copied as-is to the result string, and any extra arguments discarded.
N— 3> 3.13 TZEH: Support for %T, %#T, %N and %#N formats added.

PyObject *PyUnicode_FromFormatV (const char *format, va_ list vargs)

RDE: HLLWEER, RICBLFT: Stable ABL. 5352205825 L ZR\VT,
PyUnicode_FromFormat () &R U TT,

PyObject *PyUnicode_FromObject (PyObject *obj)
RBDE: FrLWEE, XRICEL X7 Stable ABI. Copy an instance of a Unicode subtype to a new
true Unicode object if necessary. If obj is already a true Unicode object (not a subtype), return a

new strong reference to the object.
Unicode R Z DV 7 XA TUANDA 7Y = 7 +Tld TypeError 25| ERZ XN F T,

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

RDOE: HTLWLWBHE, RICBELZJ: Stable ABL. =>a— KX TW3 obj % Unicode 7Y =2
MeFa— KLET,

bytes X bytearray °MiD bytes-like objects ¥, 52 b7z encoding Wt > TF a— R XL, errors

TERINLT =AY Y U Ipfibgd, TASD5IIMG S NULL IZTE, ZDHAET
S - IV B2 coder (builioin coder) %S .
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Z DD Unicode A 7Y =7 b &L A 7Y =7 MiE TypeError FIAEFIERI L E T,

D APLE, 7 —04L7E 2T NULL 2R L%, MOHLAREShA 7Y =27 gL
ZRAV X% 1 D5 T (decrefl) THEEDH D £3,

Py ssize_t PyUnicode_GetLength(PyObject *unicode)
RICBLEFT: Stable ABI (IN—=23> 3.7&D ). Unicode #7322 FOEE%ZIA— KA VT
BLET,

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 ¢ how__many)

»% Unicode 7 7Y =27 b HMAF2at—L 57, ZOBBIIME R ZITXFEBEZITV,
IREZ S E1E memepy O NFELRLE T, KKOL 2103 -1 2B L. PAERELET. £5TRL
BEE, AU — LEXFREELET,

Added in version 3.3.

Py ssize t PyUnicode_Fill(PyObject *unicode, Py ssize t start, Py ssize t length, Py UCSY
fill char)

RN e X FCHD S unicode [start:start+length] T fill char Z#E®H 2 Z 122D 73,

fill_char 3XXFHNDBRALT LD DREVGER, X752 DU EOBRZR > TRGEIZRKL
S

EXAALENTFR RS, KBROr 2123 -1 BRLANEZEEL X5,
Added in version 3.3.

int PyUnicode_WriteChar (PyObject *unicode, Py _ssize t index, Py UCS/ character)

RICBLET: Stable ABI (IN—=2 3> 3.7 &D). XFIIXF2EZAALATT, XFIE
PyUnicode_New() THEM LI I D $¥ A, Unicode XFHFIAZELZL ENTWEDT, TD
NFHFHAETN TR, ZRETIEN Y ¥ 2{LENTOTEIWIT R A,

Z ORI unicode 75 Unicode 72 =227 hTHRZ 2. A VT v 7 ADNHBANTHS L, +7
VWP LRRIEETES (DFHWSHIVV N1 THDS) ZehkFzv L ET,

Return 0 on success, -1 on error with an exception set.
Added in version 3.3.

Py UCS/ PyUnicode_ReadChar (PyObject *unicode, Py ssize t index)

RICBLET: Stable ABL (IN—=23Y 3.7 &D). XFHI»LXFEHAMD ET, T7—F v
F1TH7\N PyUnicode_ READ_CHAR() ¥ EXTHRINIZ, Z DEEUIE unicode 7% Unicode *+ 7Y = 7 b
THRZr, AVT Y IADHBENTHE 2 F v 7 LET,

Return character on success, -1 on error with an exception set.
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Added in version 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py ssize t start, Py ssize ¢ end)

RDOfE: FiLLWBE, RICBLETJ: Stable ABI (N—=23> 8.7 &D ). Return a substring of
unicode, from character index start (included) to character index end (excluded). Negative indices

are not supported. On error, set an exception and return NULL.

Added in version 3.3.

Py UCS/ *PyUnicode_AsUCS4 (PyObject *unicode, Py UCS/ *buffer, Py ssize t buflen, int

copy_ null)
RICBEL &9 Stable ABI (IN—23> 3.7 &b ). Copy the string unicode into a UCS4 buffer,

including a null character, if copy_null is set. Returns NULL and sets an exception on error (in
particular, a SystemError if buflen is smaller than the length of unicode). buffer is returned on

success.

Added in version 3.3.

Py _UCS/ *PyUnicode_AsUCS4Copy ( PyObject *unicode)

RICBLFT: Stable ABI (IN—=23> 3.7 &D ). SLFH| unicode % PylMem_Malloc() TXEVHELR
ENTH LW UCSA BNy 7 7 12ab—LET, ThMWKRBLZ5HEE, NULL 23K L MemoryError
Zey FLET, BENNY 7713863 null a— FKRA  RABMEATHET,

Added in version 3.3.

Oy—JILT>aA—F4 >4

BfEon sy — Ly a—5F4 Y73 FARL—FT 4 VIV AT LADTFA T a—R352D1fE2 %75,

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py _ssize t length, const char *errors)

RBDME: HLWEBE, RICELZT: Stable ABI (/N\—23> 3.7&D ). Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported
error handlers are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict"
error handler if errors is NULL. str must end with a null character but cannot contain embedded

null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and

error handler.

This function ignores the Python UTF-8 Mode.

& 2E

Py_DecodeLocale() FA%K,

Added in version 3.3.

N—Tary 37 TEH: ZoBEIZ. Android A TREBEEDODR  r— L vya—T4 V7%
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surrogateescape T 7 — Y R I TS X512k D ¥ L7k, DLETIEX. Py DecodelLocale() 73
surrogateescape Tffibil, BfEOBR T — LTy a—7 1 Y7 strict THONLTVE L7,

PyObject *PyUnicode_DecodeLocale(const char *str, const char *errors)

RDfE: HIiLWBR, XRICBLZXJ: Stable ABl (IN—2 3> 37 &£D).  Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen().

Added in version 3.3.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

ROflE: FILWBE, RIZBLET: Stable ABI (N—3> 3.7 &D). Encode a Unicode object
to UTF-8 on Android and VxWorks, or to the current locale encoding on other platforms. The
supported error handlers are "strict" and "surrogateescape" (PEP 383). The encoder uses
"strict" error handler if errors is NULL. Return a bytes object. unicode cannot contain embedded

null characters.

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error han-

dler.

This function ignores the Python UTF-8 Mode.

o B

Py_EncodeLocale () FA%,

Added in version 3.3.

N—=Yay 3.7 TEHE: ZoBMKIE. Android MATEBREORr— VT ya—T 4 V7%
surrogateescape T 7 —NY FF TS X512 D ¥ L7k, MUETIE. Py_EncodelLocale() 3
surrogateescape Tffibil, BEDOR T —LL Y a—F 4 ¥ 27 strict THDATVWE LT,

T7AINORFLIYA—-FT1 Y

Functions encoding to and decoding from the filesystem encoding and error handler (PEP 383 and
PEP 529).

To encode file names to bytes during argument parsing, the "0&" converter should be used, passing

PyUnicode_FSConverter() as the conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)

RICEB L £7: Stable ABI. ParseTuple converter: encode str objects -- obtained directly or
through the os.PathLike interface -- to bytes using PyUnicode_EncodeFSDefault (); bytes ob-
jects are output as-is. result must be a PyBytesObject* which must be released when it is no

longer used.
Added in version 3.1.

N— a v 3.6 TEHE: path-like object 2T AND X5k bE L7,
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GIOMXBERPICT7 7 A% str 1273 — FF 221 "0&" 22 N— X —%f{fu,
PyUnicode_FSDecoder () ZZHEI e L TE T OB L NWTT:

int PyUnicode_FSDecoder (PyObject *obj, void *result)

RICE L £ 9: Stable ABI. ParseTuple converter: decode bytes objects -- ob-
tained either directly or indirectly through the os.PathLike interface -- to str using
PyUnicode_DecodeFSDefaultAndSize(); str objects are output as-is.  result must be a

PyUnicodeObject* which must be released when it is no longer used.
Added in version 3.2.

N— a v 3.6 TEE: path-like object BRI AND X 51Xk bE L,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py ssize t size)

RBROE: :iLWBE, XIZBL 9 : Stable ABI. Decode a string from the filesystem encoding and

error handler.

If you mneed to decode a string from the current locale encoding, use

PyUnicode_DecodeLocaleAndSize ().

o B

Py_DecodeLocale () BA%,

N— a ¥ 3.6 TEH: The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

RBDhME: HILWBHE, XRICEL £9: Stable ABL. Decode a null-terminated string from the filesystem

encoding and error handler.
If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().

N—=a Yy 3.6 TEHE: The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

RDME: FiLWLWBHE, XIZEL £9: Stable ABIL Encode a Unicode object to the filesystem encoding

and error handler, and return bytes. Note that the resulting bytes object can contain null bytes.

If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale().

> B

Py_EncodeLocale() FA%,

Added in version 3.2.

N—=a ¥ 3.6 TEHE: The filesystem error handler is now used.
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wchar_t H7R— bk
wchar t ZYRK—+F2377 v b 75 —LTD wchar t K-}

PyObject *PyUnicode_FromWideChar (const wchar t *wstr, Py ssize ( size)

RBOE: HiLWBHE, XIZBL £9: Stable ABI. Create a Unicode object from the wchar_t buffer
wstr of the given size. Passing -1 as the size indicates that the function must itself compute the

length, using wcslen(). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wehar_t *wstr, Py ssize t size)

RICEBL £9: Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At
most size wchar_t characters are copied (excluding a possibly trailing null termination character).

Return the number of wchar_t characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including

a terminating null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility
of the caller to make sure that the wchar_t* string is null-terminated in case this is required by
the application. Also, note that the wchar_t* string might contain null characters, which would

cause the string to be truncated when used with most C functions.

wchar _t *PyUnicode_AsWideCharString (PyObject *unicode, Py ssize t *size)

RICELET: Stable ABL (IN—23> 3.7 &D ). Convert the Unicode object to a wide character
string. The output string always ends with a null character. If size is not NULL, write the number
of wide characters (excluding the trailing null termination character) into *size. Note that the re-
sulting wchar_t string might contain null characters, which would cause the string to be truncated
when used with most C functions. If size is NULL and the wchar_t* string contains null characters

a ValueError is raised.

Returns a buffer allocated by PyMem New (use PyMem_Free() to free it) on success. On error,

returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.
Added in version 3.2.

N— a ¥ 3.7 TEH: Raises a ValueError if size is NULL and the wchar_t* string contains null

characters.

#0#A% codec (built-in codec)
Python 1%, IEHEZE D 5 72912 C TEDP N codec PHIZTHH EFFT, ZhHLELTD codec 1T
DOREE N L CEZAMHATE £,

YIRD API ©Z L 25, encoding & errors W05 ZOD5| & DET, TAHDNRT X —XiX, HAAAL
DXFHNAVRA NI IR THD str) ITBFEEHADNTXA =R EFEUE®KEFDLE T,

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system calls
should use PyUnicode_FSConverter() for encoding file names. This uses the filesystem encoding and

error handler internally.
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errors CIEET 5L —MM S F7-, NULL ZEETEZEJ, NULL Z#{6E T % &. codec TEZEI LTV
2773V MUBOFERAEEKRLET, 2 TDHARAA codec T, 77 4L b DT T —MLIET "strict”
(ValueError ZiAH 3 3) I/ TWVE T,

il % D codec IZR2TREMDA VR —T 2 — A% o TWVWET, D codec DIAATIX. FHEHZEEIZT 2
DI TORNHADA X —7 2 — R DEFEWE T ERHBLTWET,

JAF codec
LURIEIA codec @ API T3

PyObject *PyUnicode_Decode (const char *str, Py _ssize t size, const char *encoding, const char

*errors)

RBDME: i LWBER, XIZBL £ Stable ABIL. Create a Unicode object by decoding size bytes of
the encoded string str. encoding and errors have the same meaning as the parameters of the same
name in the str() built-in function. The codec to be used is looked up using the Python codec

registry. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

RBOfE: :rLWVWBE, XRICBL X9 Stable ABL Unicode # 7Yz 7 b2 >a— KL, ZORE
Python @ bytes & 72 =2 b L TGRLUE T, encoding 38 XU errors 1& Unicode 22 ® encode () X
YV RMIZHEZRBABDNRIA-XFELE®REZRD X T, T2 codec DFFKIZ, Python @ codec
LY R MY ZfoTITWE T, codec 23BISM 2 A L 7858121% NULL 2R L £,

UTF-8 Codecs
MU NZ UTF-8 codec @ API T3

PyObject *PyUnicode_DecodeUTF8(const char *str, Py ssize t size, const char *errors)

RBOE: HILLWEEE, XICBL X Stable ABL. UTF-8 T a— KXz size N4 b DXXFH| str
725 Unicode 7Y =7 FRAEMLET, codec 3N Z X L=5HEIIE NULL 23R L £9,

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py ssize t size, const char *errors,

Py__ssize_t *consumed)

BRbfE: #HLWBE RXRICEL FF9: Stable ABIL. consumed »% NULL O 35 &.
PyUnicode_DecodeUTF8() YR U X S WCEIEL £3, consumed »3 NULL TRWHE., REDF
5e27% UTF-8 NA FMNZL 57— BRENFEA, THHDAAL METFTa—RFEhd, 7a—-FE
N7z A MUK consumed RIS E T,

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

RBbhME: rLWBHE, RICBL X9 Stable ABI. UTF-8 T Unicode # 7Y =27 FB2xT>a— KL,
FER% Python N4 MIF 7T 27 b2 LTGRLE S, =7 I "strict” T3, codec 235 & %
L 723%5E121d NULL 28 L %3,

The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py _ssize_t *size)

RICELFT: Stable ABI (IN—23> 8.10 &D ). Unicode # 7Y =2 % UTF-8 TZ>a—FL
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TbDADKRA Y RERL, Tya— RENERBABATOY A4 X (N4 MERAL) & size AL
Fo size 51HUT NULL THIHOVEBA; ZOEEET A X ENTEA, BENZ NNy 7 7121,
null 32— RRA VI H 20 E50ICEOL T, FIZ null N4 BRI THES (Zhi
size WIIHIEXINERA),

On error, set an exception, set size to -1 (if it’s not NULL) and return NULL.
The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls
will return a pointer to the same buffer. The caller is not responsible for deallocating the buffer.
The buffer is deallocated and pointers to it become invalid when the Unicode object is garbage

collected.
Added in version 3.3.
N—T gy 3.7 TEH: IRYEDAED char * TIZ7% < const char * I H F L7=,

N—3 a ¥ 3.10 TZH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize () YIFIFR U TTH, A4 XEHMAL T8 A,
Added in version 3.3.

N—T gy 3.7 TEH: ROEDEID char * TIX7 { const char * X% D F L=,

UTF-32 Codecs

LURIX UTF-32 codec API T3

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py _ssize t size, const char *errors, int

*byteorder)

R0l HLWEBE, RICBLET: Stable ABL UTF-32 TI Y a— FXMiny 7 7 LFFIH 5
size NA FZF7a2—F L, Unicode 7Y =27 b LTRLET, errors & (NULL TRWAR L) LT —
NYFIRIEELE T, 77 4L ME Vstrict” TI,

byteorder 73 NULL TRV, Ta—XIZG5Z 6NN, b A —X—T7a—FZHBLET,

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder 25 0 T, ANT—XDERAID 4 N4 b byte order mark (BOM) 72 51F, 7a—XKik
DN bPA=Z=1ZYI b B X, BOM 1Z5ERD Unicode XFF|I2a ¥ — XN FH A, *byteorder
M -1 23 1 251X, £2TD byte order mark [ FHIcav—3h %3,

T A= RFRET LB ANT—XRDOEIIRIFERTDOANAL A — &K —% *byteorder Iy b L
S

byteorder 7% NULL ® ¥ ¥, codec & native order “£— FTRHIIHL F 3,
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codec DAL 2 A X/ 21X NULL IR L %3,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py ssize t size, const char *errors, int

*byteorder, Py _ssize_t *consumed)

BRbhfE: #HLWBE, RICEL FF9: Stable ABIL. consumed »% NULL D & %,
PyUnicode_DecodeUTF32() R U X 5 IR 2 |\ ¥ 3, consumed 73 NULL TR WV & X,
PyUnicode_DecodeUTF325tateful () EREBDATRKL (4 TEHDOUNAZRVWREIDANA MY
D) UTF-32 N4 M2 LS — LTIRWER A, REDPFTEREANAL MlEFa—Fahd, 7a—
R ENTNA MEDS consumed KN ILE T,

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

ROfE: iLWBE, RICEBL X9 Stable ABL. 24 7 4 7N, b+ —&X—T UTF-32 =>a—5 4
v 7ENFz Python N4 P XXFHNEIRLET, XFINIFEIC BOM ~— 27 THEDE T, =T -1
K 21X strict” T3, codec 23N ZEFEXE/-L X NULL 2R L F3,

UTF-16 Codecs
LURIE UTF-16 codec ® API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py _ssize t size, const char *errors, int
*byteorder)
RBOE: :ILWEE, XICBLEJ: Stable ABL. UTF-16 TZ>a— K&y T 7 s b size
NAFRFTFTa—FLT, #iR%E Unicode # 79 =2 N TRLE T, errors i3 (NULL TRWEE) T
TN EERERLE T, 7 7 4L MEX Tstrict” T,

byteorder 7% NULL TRV, T7a—XZG5Z 6NN, b A —X—T7a—FZHBLET,

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder 2% 0 T, ANNT =X DK 2 N M 2INA b A—K—<—72 (BOM) Zo5HE, 7a—
ZiE BOM 2R3 N4 b A=K =i Z. 2D BOM ZHERD Unicode XFHca—L E¥
Ao *byteorder 2% -1 20 1 /2o BB, TRTO BOM 3 A~Nav—-—EhEd (HITIE \ufefst
» \ufffe DEHELMNITHRBETL X ).

TaA— KPR T Lk, AT —X OISR RTDONA M+ —&X —% *byteorder 2t v b L
£9,

byteorder 73 NULL D ¥ %, codec & native order £— FTHIIHL £ 3,
codec 23FIA % FAE X B2 & i NULL 2R L £3,
PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py ssize t size, const char *errors, int

*byteorder, Py ssize t *consumed)

BEbfi: HLWLWBE, RICEBL X9 Stable ABIL. consumed 7% NULL O 35 &,
PyUnicode_DecodeUTF16() Y W U & 5 WICE1E L £ ¥ consumed »° NULL T 7% WA,
PyUnicode_DecodeUTF16Stateful () 3 RE DA% UTF-16 N4 Ml (FHEEDONA MR
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DEENY B Tr = RT7) ZL T BRLETA, TOHDNAL MZTFa—-FEXhd, 7a—F
NN VR consumed WRL F T
PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

REDfE: L WBH, RICBL X9 Stable ABL. XA 74 734 4+ —&—7T UTF-16 =>a—7 4
¥ 7 &Mz Python N4 FXFHIRIRL 9, LFHNIHEIC BOM ~—2THEDET, =7—n>
R 21X "strict” TS, codec DI EFAEX B/ 2IE NULL 2R L 35,

UTF-7 Codecs
LURIE UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py _ssize t size, const char *errors)

ROflE: FHTLLWEE, RIZBL X9 Stable ABIL. Create a Unicode object by decoding size bytes of
the UTF-7 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py _ssize t size, const char *errors,

Py _ssize__t *consumed)

BRbDE: #HLWBE, XICBL X79J: Stable ABI. consumed »° NULL D & =,
PyUnicode_DecodeUTF7() AU X5 WCEIEL £, consumed 7% NULL THRWE &, KEDF
527 UTF-7 base-64 #in% o —r LEVA, FNEERRETDANL FMETa—FEFIE, 7a—
R L7 MR consumed WAL £5,

Unicode-Escape Codecs
BURIE "Unicode Escape” codec @ API T3

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py ssize t size, const char *errors)

RBD{E: i LWBEE, XRIZEL £ Stable ABI. Create a Unicode object by decoding size bytes of

the Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString(PyObject *unicode)

RBOE: #iLWBH, RICBL X9 Stable ABI. Unicode-Escape % {#\> Unicode # 7Y =2 & T
Ya—FL., fR%E bytes A 70227 e LTGRLETS, =7 — X "strict” T3, codec 235 %
P U723 E121E NULL 23R L 5,

Raw-Unicode-Escape Codecs

LURE "Raw Unicode Escape” codec ® API T3

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py ssize ¢ size, const char *errors)

RBOME: 1L WBHE, XRIZBL X7 Stable ABI. Create a Unicode object by decoding size bytes of

the Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
RBbOE: FiLLWEBHE, RICBL X7 Stable ABI. Raw-Unicode-Escape % {#\» Unicode * 7Y = 7
Fexra—FL, fR%Z bytes A 727 b LTGRLES, 7 —WHEIX "strict” T3, codec 3
BIst 2k L 72358121 NULL 2R L %5,
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Latin-1 Codecs

PURIZ Latin-1 codec @ API T3 : Latin-1 {Z. Unicode O HEFID 256 EICHIH L. T a— FEIIZIX
ZO 256 A EZELUET,

PyObject *PyUnicode_DecodeLatinl (const char *str, Py ssize ( size, const char *errors)

RD{lE: FHiILVLWEE, RICBLZF T Stable ABI. Latin-1 T > a— F X size N4~ DTS
str 7*5 Unicode A 7Y 27 F R4 L £, codec A ZEH L2551 NULL 2R L £3,

PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

BbhfE: HILWEM, XICB L X7 Stable ABIL. Latin-1 © Unicode ¥ 7¥ 27 +2xT>a—F L,
#iR% Python bytes 773 =27 e L TRL %9, 7 —UHIZ strict” T3, codec 23512k H
L7581 NULL 23R L £,

ASCII Codecs

BURi& ASCII codec @ API T3, 7y b ASCH 7—& 7232 LE3, Zofioa— NIz I—12
A S

PyObject *PyUnicode_DecodeASCII (const char *str, Py ssize t size, const char *errors)

RO{lE: FHTLLWEBE, RIZBL X9 Stable ABIL. Create a Unicode object by decoding size bytes of
the ASCII encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString(PyObject *unicode)

RBDOE: LW, RICB L F7: Stable ABI. ASCII T Unicode # 73z rZ2x>a—F L.,
#R% Python bytes A 72227 b LTGRLET, =7 —HIZ "strict” TF, codec 2354 & £ H
L7258 NULL 23R L £5,

Character Map Codecs

Z D codec 1F, Z < DFk& 7% codec ZFEET 2BRTH DN S &\ 5 HTHIAL codec TF (EFE. encodings
R =TI Ao TV BIEHE codecs DIFEALIE. ZD codec Zffio TWVWET), ZD codec lF. XFDT
VA= FRTa— FITHIERZHNE T, BEXNI2MEROA TP 27 M __getitem__() v~ v BV 74
VR—=T7 2 =RV R=F LTORIFIIUIRD FRA; HEPCY —F VARZNCHELTVET,

i mapping codec @ API T3

PyObject *PyUnicode_DecodeCharmap (const char *str, Py ssize ¢ length, PyObject *mapping, const

char *errors)

RBDME: HiLWBER, RIZEBL X7 Stable ABL. 5 X &7z mapping A 7Y =27 F & {# 5T, size N
A by a— FEINXFH str #5752 — F LT Unicode #7227 b ZERL £3, codec 534
MEFEXEZL X NULL 2R 5,

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals
(integers in the range from 0 to 255) to Unicode strings, integers (which are then interpreted as
Unicode ordinals) or None. Unmapped data bytes -- ones which cause a LookupError, as well
as ones which get mapped to None, OxFFFE or '\ufffe', are treated as undefined mappings and

cause an error.

208 %8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, JJ—2X 3.14.0a3

PyObject *PyUnicode_AsCharmapString(PyObject *unicode, PyObject *mapping)
RDME: FTILWEBE, XRICEL £9: Stable ABI. Unicode 7Y =2 % mapping \ZfEE S iz A
TV b effioTCzrya— KL, #E% bytes A7V 7 P2 LTRLES, 7 —MHIX "strict”
T, codec DS 2L L 72855121 NULL 2R L %5,

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range
from 0 to 255 or None. Unmapped character ordinals (ones which cause a LookupError) as well

as mapped to None are treated as "undefined mapping” and cause an error.
LIFR® codec API & Unicode %% Unicode \DMEATT #1T 5Kk d DT,

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)

RBOE: iLWEH, RICBLE T Stable ABL. XFINIXFEXILFE table Z#H L TEHL, £
#58% Unicode 72227 FTIRL %9, codec D3MFL %2 F4T L =5E121% NULL 23R L %9,

XfIG&RIE, Unicode 8% R 3EE % Unicode iz £ TR 7213 None (ZDXFZHIFRT %) 1Z
HHGAT 2T UER D 28 A

Mapping tables need only provide the __getitem__() interface; dictionaries and sequences work
well. Unmapped character ordinals (ones which cause a LookupError) are left untouched and are

copied as-is.

errors 1% codecs THEMODNZ2DEFEUEKERE I, errors I NULL ICL T LK, F7 4L+
o — O FEREZEKRL T,

Windows FH® MBCS codec

PUFE MBCS codec @ API T, ZD codec 3HIED L Z A, Windows L2 THHTE, RIS
¥ Win32 MBCS Z#u# (Win32 MBCS converter) Zffio>TWE 3, MBCS (£7z1& DBCS) &> a—
FAROEH (class) ZRITEHET, H—DZra— FAXEZRIT DI TRRVOTHERELTLZE W, FH
EhdLra— R (target encoding) 13, codec ZENEFE B TWVWE YT Y FOZ—FRETERINTW
S

PyObject *PyUnicode_DecodeMBCS (const char *str, Py _ssize_t size, const char *errors)

REhfE: FiLWEBHE, RICBL £ Stable ABI on Windows (IN\—23> 3.7 &D ). Create
a Unicode object by decoding size bytes of the MBCS encoded string str. Return NULL if an

exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py ssize t size, const char *errors,

Py_ssize__t *consumed)

RBOflE: HiLWBHE, XRICBL X9 Stable ABI on Windows (IN—3> 3.7 &D). consumed
A3 NULL O ¥ &=, PyUnicode_DecodeMBCS() M UEIE%Z L3, consumed 3 NULL TR\ &,
PyUnicode_DecodeMBCSStateful () X FHNDRRICH 5 NVFNA P XFOHRIENL M 2T a—
R¥3. consumed 127 32— F L7z N4 MEMIL 55

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

RBDE: :iLWBE, RIZEL FJ: Stable ABI on Windows (IN—23> 3.7 &b ). MBCS T
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Unicode A 7Y =2 brex>a— L., #E%Z Python N4 MNA 7P =227 b LTRLES, T —
JLIRLE 7strict” TF . codec DI ZIEH U 72HBE1CI1E NULL 2R L E5,

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)

RBRDE: F1LWBHE, RIZBL X7 Stable ABI on Windows (IN\—2 3> 8.7 &D ). Encode the
Unicode object using the specified code page and return a Python bytes object. Return NULL if
an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

Added in version 3.3.
XVykreROv k

AVy FHELU ROy FEEL (slot function)
LUF@ API & Unicode 4 7Y =7 b BXOXXFHNZ ANTED (FHHATIE, 55 XFHeRILLTVE
F). BAWKISL T Unicode * 7Y = 7 b pBEHUE R THERER > TV E T,

IS DRI E T, BINDBFAELZGEICIE NULL 7201k -1 2 RLE T,

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)

EBOE: FTLWEME, XICEL T Stable ABL. 2O XFHZHEE LT #7272 Unicode XFH| %
ERRLET,

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py_ ssize_t maxsplit)
RBOfE: FTLWBE, XIZBLEJ: Stable ABIL. Unicode XFFID VY & + % 47#| L T, Unicode X
FHDHB VA MERLET, sep 2 NULL DG, 2B TOEAXFE2[F-> THEZTVWEST, £
NS DIGE. FBEINLXFE2H o THEIZITVWE T, mAT mazsplit HETOHEIZITVET,
mazsplit DYER S DEBICHIRZR T ER A, DERERDO VY A FRIIEDEI X FIIEAEE Ao

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

RBOfE: :ILLWBE, RICEL 7 Stable ABL. Split a Unicode string at line breaks, returning a
list of Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break

characters are not included in the resulting strings.

PyObject *PyUnicode_Join(PyObject *separator, PyObject *seq)

BOfE: FTILLWBE, RICEL X7 Stable ABL $8%& L7z separator TXFH bR 2 —7 Y A%
HAE (join) L. HEASHEE % Unicode XFHITIRL £3,

Py ssize_t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py ssize t start,
Py ssize_t end, int direction)
RICELE 9 Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end

(direction == -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return

-1 if an error occurred.
Py ssize t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py ssize t start, Py ssize ¢ end,
int direction)

RICELE T Stable ABI. unicode[start:end] HIZ substr DWERANCHIAT 25 2R LET, Z
D ¥ ZHE S NTMRRITIA direction (direction == 1 ZNEH AR, direction == -1 1377 AIRER)
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THRRKRLE T, RVERZEIIC Yy FRROP oGO A 7y 72T, ROHE -1 B~y F2RE
OB RD oI EZRL, -2 BT I —REL THIMERPRESNTVWE 2R L ET,

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py UCS/ ch, Py _ssize_t start, Py_ssize_t
end, int direction)
RICBLET: Stable ABI (IN—23> 3.7 &D ). unicode[start:end] HIIXF ch HIEANTHBL
TRGMERLET, 20 ZIEEINMRES M direction (direction == 1 \ZNEA AR, direction
== -1 B AHREK) TMRLET, ROERZEICY Y FRROD-LBFHIDOA Ty 7 AT, B
D -1 W~y FBROPOLRP -T2 ERL, -2 ZT 7 —2REL THSMERDOFREZI N TV S
ZrERLETD,

Added in version 3.3.
N—= a ¥y 3.7 TEH: start and end are now adjusted to behave like unicode [start:end].
Py ssize_t PyUnicode_Count ( PyObject *unicode, PyObject *substr, Py _ssize_t start, Py_ssize i
end)
RICBL E9: Stable ABIL. unicode[start:end] 1T substr BEET 2 Z 2 HET 2 EEEERL
ij‘o ‘I‘7 ﬁ’%é’ibfl?ﬁn \-ci 1 % Lij‘o

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py ssize t
maxcount)
ED{E: :iLWEHE, XICEL X7 Stable ABIL. unicode FICHIRT % substr i KT mazcount
& replstr B L, BEFFERTH 2 Unicode &+ 7P 27 b EIBLE T, mazcount == -1 1253 L,
XFHIRICIHNZ 2 TOD substr ZBAL T,

int PyUnicode_Compare ( PyObject *left, PyObject *right)
RICEBLET: Stable ABL. oD FH 2R LT, 5B AGIEB K D/ WHE. G518
MGG, EIBPEFTHE D RECEEIIH LT, 2hehn -1,0,1 ZREL KT,

ZOBEBUK, KBL7zE 2T -1 BIRT DT, PyErr_Occurred() ZMUHLT, T5—%Fzv 7§
NETY,

& BE

The PyUnicode_Equal () function.

int PyUnicode_Equal (PyObject *a, PyObject *b)
RICELZET: Stable ABI (IN—=23 > 8.1/ &D ). Test if two strings are equal:

e Return 1 if a is equal to b.
e Return 0 if a is not equal to b.
o Set a TypeError exception and return -1 if a or b is not a str object.

The function always succeeds if a and b are str objects.
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The function works for str subclasses, but does not honor custom __eq__() method.

& BE

The PyUnicode_Compare () function.

Added in version 3.14.

int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py ssize ( size)

RICBLEY: Stable ABI (IN—23 > 3.13 & ). Compare a Unicode object with a char buffer
which is interpreted as being UTF-8 or ASCII encoded and return true (1) if they are equal, or
false (0) otherwise. If the Unicode object contains surrogate code points (U+D800 - U+DFFF) or the
C string is not valid UTF-8, false (0) is returned.

Z OREBIIHIAN EEH U ER A
Added in version 3.13.

int PyUnicode_EqualToUTF8(PyObject *unicode, const char *string)

RICBLET: Stable ABI (IN—23 > 8.18 & ). Similar to PyUnicode_EqualToUTF8AndSize (),

but compute string length using strlen(). If the Unicode object contains null characters, false

(0) is returned.
Added in version 3.13.

int PyUnicode_CompareWithASCIIString(PyObject *unicode, const char *string)

RICBLET: Stable ABI. Unicode 7Y =2 b+ unicode ¥ string IR L T, E5IEB»PEFIE &
DN WIBE, EA5IEDEMOGE. ElBA51 8 XD REVWGEEIIH LT, 2zt -1,0,1 %
BUET, ASCII =¥ a— FENLXLFHRTZET O RDS ROTTH, ASFHNTIE ASCIT X
FOEENTVBREEIE ISO-8859-1 ¥ LTHRL £3,

Z OBEEIIENE L L A

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
RO{E: HLLWBER, XICBLET: Stable ABI. ZD® Unicode SLFEHNEHEK LT, FDIBHD—D
ZIRLUETS:

o NULL %, flS238E L7z 2ITRL £ 9,
o Py True b L<IX Py_False Z, IEL S HIRTELIITGRL £,
e Py NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject *PyUnicode_Format ( PyObject *format, PyObject *args)
RBDfE: :iLLWBER, RICEBLFT: Stable ABL $i7kXXFHNA TP =7 b format B X args H
SBAMLTRLET; 2OXY v Fid format % args DL 53R DTT,
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int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

RICBL £9: Stable ABI. substr 2% unicode PNIZ®H 2 DR, ZDORRIIGC TEZ-I3BEIRL
£7,

substr I3HFEZE D Unicode XFIZHIRHITERITNIERD EBA, T7—EUREEICE -1 21K
L%,

void PyUnicode_InternInPlace (PyObject **p_unicode)

RICEBLE 9 Stable ABI. Intern the argument *p_unicode in place. The argument must be the
address of a pointer variable pointing to a Python Unicode string object. If there is an existing
interned string that is the same as *p_unicode, it sets *p_unicode to it (releasing the reference to
the old string object and creating a new strong reference to the interned string object), otherwise

it leaves *p_unticode alone and interns it.

(Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral. You must own the object you pass in; after the call you no longer own the

passed-in reference, but you newly own the result.)

This function never raises an exception. On error, it leaves its argument unchanged without

interning it.

Instances of subclasses of str may not be interned, that is, PyUnicode_CheckEzact(*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)
ROfE: TLLWBE, RICEL £7: Stable ABI. A combination of PyUnicode_FromString() and

PyUnicode_InternInPlace(), meant for statically allocated strings.

Return a new ("owned”) reference to either a new Unicode string object that has been interned,

or an earlier interned string object with the same value.

Python may keep a reference to the result, or make it immortal, preventing it from
being garbage-collected promptly. For interning an unbounded number of different
strings, such as ones coming from user input, prefer calling PyUnicode_FromString() and

PyUnicode_InternInPlace() directly.

CPython RI&EDFHM: Strings interned this way are made immortal.
PyUnicodeWriter
The PyUnicodeliriter API can be used to create a Python str object.
Added in version 3.14.

type PyUnicodeWriter

A Unicode writer instance.
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The instance must be destroyed by PyUnicodeWriter_ Finish() on

PyUnicodelriter_Discard() on error.

PyUnicode Writer *PyUnicodeWriter_Create(Py_ssize_( length)

Create a Unicode writer instance.

length must be greater than or equal to 0.

If length is greater than O, preallocate an internal buffer of length characters.
Set an exception and return NULL on error.

PyObject *PyUnicodeWriter_Finish (PyUnicode Writer *writer)

Return the final Python str object and destroy the writer instance.
Set an exception and return NULL on error.
The writer instance is invalid after this call.

void PyUnicodeWriter_Discard (PyUnicode Writer *writer)

Discard the internal Unicode buffer and destroy the writer instance.
If writer is NULL, no operation is performed.
The writer instance is invalid after this call.

int PyUnicodeWriter_WriteChar ( PyUnicode Writer *writer, Py UCS/ ch)

Write the single Unicode character ch into writer.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

success,

int PyUnicodeWriter_WriteUTF8(PyUnicode Writer *writer, const char *str, Py ssize t size)

Decode the string str from UTF-8 in strict mode and write the output into writer.

or

size is the string length in bytes. If size is equal to -1, call strlen(str) to get the string length.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

See also PyUnicodelWriter_DecodeUTF8Stateful ().

int PyUnicodeWriter_WriteWideChar ( PyUnicode Writer *writer, const wchar_t *str, Py ssize t size)

Writer the wide string str into writer.

size is a number of wide characters. If size is equal to -1, call weslen(str) to get the string

length.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteUCS4 (PyUnicode Writer *writer, Py UCS/ *str, Py ssize i size)

Writer the UCS4 string str into writer.

size is a number of UCS4 characters.
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On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteStr (PyUnicode Writer *writer, PyObject *obj)

Call PyObject_Str() on obj and write the output into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteRepr (PyUnicode Writer *writer, PyObject *obj)

Call PyObject_Repr() on obj and write the output into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteSubstring(PyUnicode Writer *writer, PyObject *str, Py _ ssize_t start,
Py ssize_t end)

Write the substring str[start:end] into writer.

str must be Python str object. start must be greater than or equal to 0, and less than or equal

to end. end must be less than or equal to str length.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_Format ( PyUnicode Writer *writer, const char *format, ...)

Similar to PyUnicode_FromFormat (), but write the output directly into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_DecodeUTF8Stateful (PyUnicode Writer *writer, const char *string, Py_ ssize

length, const char *errors, Py_ssize { *consumed)

Decode the string str from UTF-8 with errors error handler and write the output into writer.
size is the string length in bytes. If size is equal to -1, call strlen(str) to get the string length.
errors is an error handler name, such as "replace". If errors is NULL, use the strict error handler.

If consumed is not NULL, set *consumed to the number of decoded bytes on success. If consumed

is NULL, treat trailing incomplete UTF-8 byte sequences as an error.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

See also PyUnicodelWriter_WriteUTF8().

8.3.4 7N ATZ ¥ b (tuple object)
type PyTupleObject

Z D PyObject DH 7 XA Fi& Python DX INAT7T =7 b RHLET,
PyTypeObject PyTuple_Type

RICELFT: Stable ABL. 2@ PyTypeObject DA > A& ¥ Al Python DX SN 2RI L £7;
Python L' A ¥iZ8B1F % tuple ERLA TP =7 FTT,
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int PyTuple_Check (PyObject *p)
PWEINT T2 "R INAVBDY TR TDA VAR ATHHGECERERELET, OB
FEICHII L £7,

int PyTuple_CheckExact (PyObject *p)
PpIMRINI T2 NEBRINDY TRA TDAL VAR A TRWVESICEERLES, ZDH
BUIHICHRIIL 9,

PyObject *PyTuple_New (Py_ ssize_t len)
ROl #HLWEHE, XICBL £7: Stable ABL Return a new tuple object of size len, or NULL with
an exception set on failure.

PyObject *PyTuple_Pack(Py_ssize_tn, ...)
RBhfE: rLLWEBE, RICBL XY Stable ABL. Return a new tuple object of size n, or NULL
with an exception set on failure. The tuple values are initialized to the subsequent n C arguments
pointing to Python objects. PyTuple_Pack(2, a, b) is equivalent to Py_BuildValue("(00)",
a, b).

Py_ssize_t PyTuple_Size (PyObject *p)
RICBL %9 Stable ABI. Take a pointer to a tuple object, and return the size of that tuple. On
error, return -1 and with an exception set.

Py_ssize_t PyTuple_GET_SIZE(PyObject *p)

Like PyTuple_Stze (), but without error checking.

PyObject *PyTuple_GetItem(PyObject *p, Py ssize 1 pos)

Rbh1E: {EABE, RICELF: Stable ABL p DT X INA TV =227 FAD, (B pos \ZH 34
TP VEIRLET, pos BETH 2 »#iHZEZI TWAEA. NULL %R LT IndexError 4%
ty PLET,

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(...)) or
PySequence_GetItem().
PyObject *PyTuple_GET_ITEM(PyObject *p, Py _ssize ¢ pos)
RBDME: BGRB8, PyTuple_GetTtem() W TVWE T, 51BN T I LI —F = v 7 EITVERA,
PyObject *PyTuple_GetSlice (PyObject *p, Py ssize t low, Py ssize t high)
RBOfE: :iLLWBE, XICBL X9 Stable ABIL. Return the slice of the tuple pointed to by p

between low and high, or NULL with an exception set on failure.

This is the equivalent of the Python expression p[low:high]. Indexing from the end of the tuple

is not supported.

int PyTuple_SetItem(PyObject *p, Py ssize t pos, PyObject *o)
RICBELZET: Stable ABL p DT X INA T 27 FAD, il pos THB A TP =7 bADBH
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TANET, RITHUE 0 ZRLUE T, pos B#EIHZEZ TWVWEHE. -1 IR L T IndexError filst
Xy PLET,

0 IR

OB 0o NDBIRE T IBARD T £, /. BHEEDA VT RARTTIRADERN A>T
WBIGE, TOERIHTIBMEMEL 7,

void PyTuple_SET_ITEM(PyObject *p, Py _ssize t pos, PyObject *o0)
PyTuple_SetItem() W TWETE, =7 —F = v 72T T, il X INZEE AN s e & UH
ICIEE->TIFRD £HA

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.

0 IR

ZDREBIE 0o NOBE V BAMD” £9, ¥z, PyTuple SetItem() LiE- T, BERDE X
APECTHEEIMIONDEI AT 27 FADSBHRENE LERA ; Z0MR. XL HofiiE
pos THBRMENTWEATI 27 PR RAEV YT RF|ERILET,

A E=

This macro should only be used on tuples that are newly created. Using this macro on a tuple

that is already in use (or in other words, has a refcount > 1) could lead to undefined behavior.

int _PyTuple_Resize (PyObject **p, Py ssize t newsize)

RINENH A XTEBIMHEZ E T, newsize ZX TVOFHBEZITT, RINVEIEERRERL T
Pz b WS ZEIKHEHS>TWVWS OT, ZOMKIIZOATY =7 ML TRE—D2 LSRRIk
WRELMZII > TE R D EH A, 2 a— FHOMOTEATI TIRBHIN TV EIHEITIE. 2
DRI E EoTIRED EEA . ETNVEEIIEEY A XORBETHRIL £3. BMIILAEHEIZIEZ 0
ZRLET, 7747 Fa—FRid, »p OENIFRHLETERCICR2 EHIRFLTIERD $H A *p
DEBEEZ ONGE. FV TN +p IIEINET, KT 2L -1 ZIRL., *p & NULL 123
LT, MemoryError %7zl SystemError AL £7,

8.3.5 Struct Sequence 7Y k

struct sequence * 7Y = 7 M & namedtuple() 7Y =7 b &Effik C A7 =27 T, DFED, 20D
BRCBEBUEBL T 7R TEIENTESLY— 7 Y AT, struct sequence #AEMT 3121E. T IRE
D struct sequence B2 AR L7211 AUTR D 8 A,

PyTypeObject *PyStructSequence_NewType (PyStructSequence Desc *desc)
=0 V2R - Stable R
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BAEERLET, BEINBZBDA VALK R PyStructSequence_New() THEBRTEE T,
Return NULL with an exception set on failure.

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
struct sequence B TH % type & desc &b L ICF DG THHLL 3,

int PyStructSequence_InitType2(PyTypeObject *type, PyStructSequence Desc *desc)
Like PyStructSequence_InitType(), but returns O on success and -1 with an exception set on
failure.

Added in version 3.4.

type PyStructSequence_Desc
RICBLET: Stable ABI (FRTDAYN=ZFT). £ T % struct sequence BD X & 7 — X 2 ¢
FLET,
const char *name
Fully qualified name of the type; null-terminated UTF-8 encoded. The name must contain
the module name.
const char *doc

Pointer to docstring for the type or NULL to omit.

PyStructSequence__Field *£ields

Pointer to NULL-terminated array with field names of the new type.

int n_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
RICBLZE Y Stable ABI (TRTDRAY/N—ZFT). Describes a field of a struct sequence. As a
struct sequence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields
array of the PyStructSequence_Desc determines which field of the struct sequence is described.
const char *name
Name for the field or NULL to end the list of named fields, set to
PyStructSequence_UnnamedField to leave unnamed.
const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField

RICBLET: Stable ABI (IN—=23> 3.11 &D). 74—V FHRZHHIHRRNE FT 572D DRk
72 fHo

N—Tar 3.9 TEHE: B char * "HEEBEINE LT,
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PyObject *PyStructSequence_New (PyTypeObject *type)
RDfE: fiLWER, XRICBL F7: Stable ABL type D4 Y AEZ Y A ZER L E T, type 1
PyStructSequence_NewType () IZ Xk o THAENTAEK L TWARIFIUIR D £H A

Return NULL with an exception set on failure.

PyObject *PyStructSequence_GetItem(PyObject *p, Py ssize t pos)
RBDOfE: A8, RICEBL X Stable ABL. Return the object at position pos in the struct
sequence pointed to by p.

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.
PyObject *PyStructSequence_GET_ITEM(PyObject *p, Py ssize ¢ pos)
RbD{#E: EAB8R, Alias to PyStructSequence_GetItem().
N— a ¥ 3.13 TZH: Now implemented as an alias to PyStructSequence_GetItem().

void PyStructSequence_SetItem(PyObject *p, Py _ssize_t pos, PyObject *0)

RICBL £9: Stable ABI. struct sequence p @ pos DNEICH 27 4 —L FIZMH o ZRELF T,
PyTuple_SET ITEM() DX 51T, R LITDA VAR Y AL TOAMEHTNETT,

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.

O R

:@Fﬁﬁui 0 /\O)éx,sﬂﬁ% ” %éﬁx b ” i_g_o

void PyStructSequence_SET_ITEM(PyObject *p, Py ssize t *pos, PyObject *o)

Alias to PyStructSequence_SetItem().

N— a3 v 3.13 TEAH: Now implemented as an alias to PyStructSequence_SetItem().

8.3.6 URrATDxU

type PyListObject
Z D PyObject DH 7 XA Fi& Python DV A A7 =27 b 2RHLET,

PyTypeObject PyList_Type
RICBLEY: Stable ABL. 20 PyTypeObject DA ¥ ZAX ¥ A& Python ®V R MUZRBL $3,
ZHUZ Python L4 YBT3 list LRAILA TV =27 M T,

int PyList_Check (PyObject *p)

pHRUVRANT TV 27 b DRYRA VDY TR TDAL VARV ATHEBGEICELZRLET, DMK
WEEIWCBI LT,
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int PyList_CheckExact (PyObject *p)
pWIVRANET T2 FERYVAMNIDY TR TDAL VAR ATRWEBICERZRLET, Z0H
BIIEITHINIL 9,

PyObject *PyList_New(Py_ssize_t len)

EDfE: FTLWEBE, RICBL X Stable ABL. 4 XMW len iR VA ATz b EIRLET,
BKF % 2 NULL 2B L £

0 R

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() or PyList_SET ITEM().
The following APIs are safe APIs before the list is fully initialized: PyList_SetItem() and
PyList_SET_ITEM().

Py_ssize_t PyList_Size(PyObject *list)
RICBELET: Stable ABL. VR MA 7V =7 b list DREZIEZRLET; VRAMNET IO =27 MITBITS
len(list) &R TY,

Py_ssize_t PyList_GET_SIZE(PyObject *list)

PyList_Size() WEITWETH, TI7—F v 7 2ITVEE A,

PyObject *PyList_GetItemRef (PyObject *list, Py ssize t index)

ROfE: :iLLWBHE, RIZBEL X7 Stable ABI (/N—23 Y 5.13 £D). Return the object at
position indez in the list pointed to by list. The position must be non-negative; indexing from the
end of the list is not supported. If index is out of bounds (<0 or >=len(1list)), return NULL and

set an IndexError exception.
Added in version 3.13.

PyObject *PyList_GetItem(PyObject *list, Py ssize ¢ index)
RO E: BAB8E, RICBL XY Stable ABI. Like PyList_GetItemRef (), but returns a borrowed
reference instead of a strong reference.

PyObject *PyList_GET_ITEM(PyObject ¥list, Py ssize 1)

RO ME: fEAEMRB, PyList_GetItem() WKBPTWVWE I, TI7—F v 7 2ITVEEA,

int PyList_SetItem(PyObject *list, Py _ssize t index, PyObject *item)
RICBELET: Stable ABL. YA A 7Y =27 MADHE index 12, A 7T =7 b item ZHALE T,
R L7235E0203 0 ZIRL 9, index D3I ZBZ TW25HE. -1 2K LT IndexError Zt v b
LEJ,
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0 IR

Z ORI item NDBIRE T IBRAWMD” £5, o, BEEDA VT 7 AT TRAIOEEN A -
TW3HE, ZOBRCNITLZSRBEMELE T,

void PyList_SET_ITEM(PyObject *list, Py _ssize t i, PyObject *o)
PyList_SetItem() <27 BIZXBFELET, T5—-Fzv 7 Z2iTVELA, ZO~rvid, #HiirY
A PDEREREZ AN L DBVIEICERE ANDS L EZDAENET,

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.

O R

Zo~wruik item NOSRE T BARD” £F, Tz, PyList_SetItem() &> T, BRDE
EHMZPECTIBEZIIRZIONZ ATV 27 PADBHERE LEHA ; ZORKE, list FOME
i TBREINTWEA TV PR REYV Y- RF|ERILET,

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
RICBLUET: Stable ABL B3R item 2V R+ list DA VT v 7 R index DRNIHEAL T, HINT
2 0%RLET, KT5L -1 ZBL., flA %€y FLET, list.insert(index, item) IZ#H
BIL 7= HBET 3

int PyList_Append (PyObject *list, PyObject *item)

RICBLET: Stable ABL. 772 =2 b item % list ORBIEMUET, I35 0 %RLE
T, KT B -1 ZRL, Bty PLET, list.append(item) WZHHBIL 72H&RET T,

PyObject *PyList_GetSlice (PyObject *list, Py ssize t low, Py ssize t high)

RDhME: :iLWBHE, XRIZBL £9: Stable ABL list ND. low 25 high $FTD F 7V =27 v 55
%BVAMEIRLET, KT 2L NULL ZiBL., fISbzty b LE T, list[low:high] IZHHBIL /=
WEETT, 727 L. VAMDREDPHLDA VT v 7 RAFHR—-PENTVERA,

int PyList_SetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high, PyObject *itemlist)

RICEBL X Stable ABL low 2*5 high £TD list DA T A4 A%, itemlist DNEIZL 3,
list[low:high] = itemlist & FHBIOMEARETT ., itemlist 13 NULL TH k<. 2V X FORA ($E5E
AT A4 ZADHIR) 1D ET, RBLEEEIX 0 2, KMLEGEIE -1 ZIRLET, &2l VY
ANDREPSDA VT v 7 RAFHR—-PEINTVERA,

int PyList_Extend (PyObject *list, PyObject *iterable)

Extend list with the contents of iterable. This is the same as PyList_SetSlice(list,
PY_SSIZE_T_MAX, PY_SSIZE_T_MAX, iterable) and analogous to list.extend(iterable) or

list += iterable.

Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.
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Added in version 3.13.

int PyList_Clear (PyObject *list)
Remove all items from list. This is the same as PyList_SetSlice(list, 0, PY_SSIZE_T_MAX,
NULL) and analogous to list.clear() or del list[:].
Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.

Added in version 3.13.

int PyList_Sort (PyObject *list)
RICBLET: Stable ABL list DNEEA YT —ATY = LET, BIILEGEIIE 0 2. KK
L7=58E -1 2 RL ¥ 3, list.sort() R LT,

int PyList_Reverse(PyObject *list)
RICELZE T Stable ABIL. list DEFE® A VTV —ATRIELE T, I LEESIE 0 2, KKL
72581 -1 ZIRLE T, list.reverse() ¥R LTI,

PyObject *PyList_AsTuple (PyObject *list)

BOE: FTLWEEE, XRICBL X T Stable ABL list DNAEDB Ao XINF TSI 27 %R
L¥7; tuple(list) ¥[FLTT,

8.4 Container 77TV k

8.4.1 HEA T U k (dictionary object)

type PyDictObject
Z D PyObject DY 7R A 7i& Python DEFEA 7V =27 bV ERFHLF I,

PyTypeObject PyDict_Type
RICBLZFY: Stable ABI. 20D PyTypeObject DA ARV A% Python OFFELRIALET, Z
DA 7Y =7 &, Python LA VIZBIF S dict LRLAT7Y 227 MTT,

int PyDict_Check (PyObject *p)
p BEEEFT TV 27 " HEROY TRAL TDAL VARV ATHBIGHCERBELEY, ZOMBIE
WL £9,

int PyDict_CheckExact (PyObject *p)
p BEEL T 2 7 VEDFEROV T XA TDA Y AX VA TRWGECEEZRLET, OB
G527 R 0Y- 3 8

PyObject *PyDict_New()
ROE: FHLWBER, RICELE T Stable ABL ZOH 7 AiFEELRLET, KT 3 & NULL ZiK
bi‘ﬁ—o

PyObject *PyDictProxy_New(PyObject *mapping)
RDME: HILWEBER, RICELEY: Stable ABL 5~y 7HA 7Y =27 MR LT, #iat LEH
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IZHIR & #1172 types.MappingProxyType # 7Y =2 M 2R L¥3, @, ZOBAKEEHN TRV
Z A8 (non-dynamic class type) @27 7 AFFENEEINRVE DI 2 —2FRT 270 1ibh
£7,
void PyDict_Clear (PyObject *p)
RICBLZET: Stable ABL BHEHFBICA - TVWEILETOF—HORTERELTEIZLET,

int PyDict_Contains (PyObject *p, PyObject *key)
RICBLET: Stable ABL & p 1T key 75U\0“CL‘Z>7D¢UEL&T° p DEED key \C—H L1
Alx 1 BRL, 2R LSOBEIE 0 2RLET, =7 —DHE -1 ZIRLET, ZOMEIE Python
DR key in p EFEMTT,

int PyDict_ContainsString(PyObject *p, const char *key)
This is the same as PyDict_Contains (), but key is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObjectx.

Added in version 3.13.

PyObject *PyDict_Copy (PyObject *p)
RBOME: HFILLWEBR, RICBL Y Stable ABL p ERILF— 2 HORTBA - =725 EER2RL
9,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)
RICBLET: Stable ABL &&F p 12, key 2F — & UTIH val ZFAL 3, key 13y & 2 AlRE
(hashable) TRHRIFAER D FHA, Ny ¥ 2 A[BETRVWES, TypeError #EM L3, KU1 L 725
AIZ 0 2, KBLZEHEICE -1 ZIRLE T, ZORBEIR val NOZRERAID FEA.

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)
RICE L F 9 Stable ABI. This is the same as PyDict_SetItem(), but key is specified as a const
charx UTF-8 encoded bytes string, rather than a PyObjectx.

int PyDict_DelItem(PyObject *p, PyObject *key)
RCCELi'Q"' Stable ABI. #&F p 20 key ¥ —2 35T MU ERRELE T, key 1 /\w > ad]

ETRUINEIRD ¥ A; Ny ¥ aA[RETRWEA, TypeError *a:iiﬂj LET, key BFEFICRITIN

i3, KeyError ZiEHM L FF, I LAEAICIE 0 2, KMLAEGAKIE -1 2 RLET,

int PyDict_DelItemString(PyObject *p, const char *key)
RICEBL X9 Stable ABI. This is the same as PyDict_DelItem(), but key is specified as a const
char*x UTF-8 encoded bytes string, rather than a PyObjectx*.

int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result)
RICBLFY: Stable ABI (IN\—23> 3.13 &D ). Return a new strong reference to the object
from dictionary p which has a key key:

o If the key is present, set *result to a new strong reference to the value and return 1.

o If the key is missing, set *result to NULL and return O.
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o T —DHEPINEEEL -1 ZIRLE T,
Added in version 3.13.
See also the PyObject_GetItem() function.

PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

RBbOE: BRBE, RICBL X7 Stable ABIL. Return a borrowed reference to the object from
dictionary p which has a key key. Return NULL if the key key is missing without setting an

exception.

0 IR
Exceptions that occur while this calls __hash__() and __eq__() methods are silently ignored.

Prefer the PyDict_GetItemiithError() function instead.

N— a3 ¥ 3.10 TEHE: Calling this API without GIL held had been allowed for historical reason.

It is no longer allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

ROE: BABE, RICBLZEXT: Stable ABL. PyDict_GetItem() OEMTHIANZFEL 8 A, HlH
MRELRGEEZ. ket y b LIcETNULL ZIRLE5, F—2EFEELEDP - 258X, 652
ty b BFICNULL 2IRL 3,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

Ebh{E: ERABE, XIZEL 9 Stable ABIL. This is the same as PyDict_GetItem(), but key is
specified as a const charx UTF-8 encoded bytes string, rather than a PyObjectx.

0 IR

Exceptions that occur while this calls __hash__() and __eq__() methods or while creating

the temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError()

function with your own PyUnicode_FromString () key instead.

int PyDict_GetItemStringRef (PyObject *p, const char *key, PyObject **result)
RICBLET: Stable ABI (IN—23> 8.13 & ). Similar to PyDict_GetItemRef (), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

Added in version 3.13.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)

ROME: EAB8E, ZHud Python L N)L®D dict.setdefault() AL TT, b LHAIE &E p
D5 key WICXIGT BEZIRLE T, F—2FFWCRIFIUI, H defaultobj ZFEAL defaultobj ZiRL
E3, ZOBRUL, key DNy T 2 fHEEBR A Z 2L WCFHES 2 DTIER . —ERT LA
flit £¥ A
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Added in version 3.4.

int PyDict_SetDefaultRef (PyObject *p, PyObject *key, PyObject *default_ value, PyObject **result)

Inserts default value into the dictionary p with a key of key if the key is not already present in the
dictionary. If result is not NULL, then *result is set to a strong reference to either default_value, if
the key was not present, or the existing value, if key was already present in the dictionary. Returns
1 if the key was present and default wvalue was not inserted, or 0 if the key was not present and

default _value was inserted. On failure, returns -1, sets an exception, and sets *result to NULL.

For clarity: if you have a strong reference to default wvalue before calling this function, then after
it returns, you hold a strong reference to both default value and *result (if it’s not NULL). These

may refer to the same object: in that case you hold two separate references to it.
Added in version 3.13.

int PyDict_Pop(PyObject *p, PyObject *key, PyObject **result)

Remove key from dictionary p and optionally return the removed value. Do not raise KeyError if

the key missing.

o If the key is present, set *result to a new reference to the removed value if result is not NULL,

and return 1.
o If the key is missing, set *result to NULL if result is not NULL, and return 0.
o T —DEEHINEERL -1 ZIRLET,
Similar to dict.pop(), but without the default value and not raising KeyError if the key missing.
Added in version 3.13.

int PyDict_PopString (PyObject *p, const char *key, PyObject **result)
Similar to PyDict_Pop (), but key is specified as a const char* UTF-8 encoded bytes string,
rather than a PyObject*.

Added in version 3.13.

PyObject *PyDict_Items (PyObject *p)
RDE: $iLWBER, RICELF7: Stable ABL #ENOLTOESZNIM A o7z PyListObject &k
L%,

PyObject *PyDict_Keys (PyObject *p)
RDf#E: iLWBER, RICELF7: Stable ABL #ENOLTOX -2 A o7z PyListObject Tk L
9,

PyObject *PyDict_Values (PyObject *p)

RBOfE: HiLWBE, RICEL XY Stable ABL. & p NOETOMEDN A o7 PyListObject %R
LEd,
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Py_ssize_t PyDict_Size (PyObject *p)

RICBLZET: Stable ABL SFENOEZOHZIRL £3, FHFIIHLT len(p) ZETTZ2DLHT
T,

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

RICELZFT: Stable ABL #F p NOLTOF—/fEHORTIZD T 3 KIGMEZITVWE T, ppos 3
ZHLTW3 Py_ssize_t BId, ZOBEMTKIENE 2 AT 2, BRICHEKEFOCHT I D
ANC O WHIHIL L TE2 R ER D T8 A, ZOBBEFHENOZERT 2D EIF2 v IcERR
L. 2TORTERD LT e b eBERLULET, 8T X —X— pkey BEXU pvalue 121E, Z
NEFNFHEDOE A DF— v EPHED SNz PyObject* B EIETRA > X, T/ NULL BAD £
T, ZOBEDLBREINZZRIITARNTEASRICRD £5, RIFMIHEHIZ ppos ZEBELTIERD %
HFho TOMIZNEBNARFEMGEARDA 7€y 2RI L TBD, MEKIZAAR—ZRDT, 71y
t D BRI DT T,

Bl Z13:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the wvalues... */

RIGALEACEREES p 2ZBE LTI D A, BEZRELMT 2B, F—1CMSS 2EZ2ZEEL
THRLRITARD E L, F—DREZLEHE LRV EDHHET S, UTIhlZRL £

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 &% PyErr_Occurred()) {
return -1;
3
PyObject *o = PyLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
¥
Py_DECREF (o) ;
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The function is not thread-safe in the free-threaded build without external synchronization. You

can use Py_BEGIN_CRITICAL_SECTION to lock the dictionary while iterating over it:

Py_BEGIN_CRITICAL_SECTION(self->dict);
while (PyDict_Next(self->dict, &pos, &key, &value)) {

}
Py_END_CRITICAL_SECTION();

int PyDict_Merge (PyObject *a, PyObject *b, int override)
RICBLFT: Stable ABL. vy FBIA 727 b b DLTOERIID - T, RENIZF—/EDR
7 EFE o WBMLUET, b IZEE,, PyMapping_Keys () F721& PyObject_GetItem() % ¥ KR—
FFRMOEDPDF T 27 MTTEET, override PERHIE, a DF——HIT2F =D b IZHBE
2, BIFOR7ZEEMZIE T, ZhLADOEEIE. b DX —I—HT 2 F -7 o IRV E ZDAHB
EATVWET, ML EIIE 0 2R L, FIADPREHESNEEITE -1 ZIBLE T,

int PyDict_Update (PyObject *a, PyObject *b)
RICELE . Stable ABI. C THREIX PyDict_Merge(a, b, 1) 2[R U T, %7 Python @ a.
update(b) U TWETA, PyDict_Update() & 518D "keys” JBIEZ Rz WG qu—/{
RT7DY = Y AZRETZI@3DHDFHA. MIILEHEIIE 0 ZIRL. fistoxEt Ehich
i -1 2IRLE TS,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)
RICBLET: Stable ABL seg2 NOF —/fART 2o T, #&EH o ONEZEHLDHELLD L
FF, seq2 1k, ¥F—/HORT L AREIEX 2 ORIEAREL 7Y = 7 b (iterable object) 24K T
BRAEAIREA 70 = 7 N TRIFIUIRD £ A, BERT 2 X —DFET 25E. override DEIR HIX5E
WHELZF =20, 25 TRVWEERBRICHEBE L —20E 3, BIILEHEIE 0 ZRL
PISAE E NG EIE -1 ZIRL 9, (RDEMII) FfiZ Python a— FZ2&HFL &, L(—FODJ:
D £9:

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkey] = value

int PyDict_AddWatcher (PyDict WatchCallback 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 success, -1 on error (e.g. if the given watcher_id was never registered.)
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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.

Added in version 3.12.

typedef int (*PyDict_WatchCallback)(PyDict WatchFEvent 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 wvalue 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 maintain 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 event is 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.
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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 Set 77>z b+

ZDET > a YTIX set & frozenset DN API DWW TH LI ANE T, MIETHHAL TL
BROVKREX, MR A 7P 22 v bt an (PyObject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print (), PyObject_GetIter()
AL PHMAKME I e b a (PyNumber_And(), PyNumber Subtract(), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() Zaty) 2o THIHTE %Y,

type PySetObject

Z D PyObject kAL 78I, set & frozenset MFTDONERT — X ERET 2 DICHVWLNE T,

PyDictObject LA U &k 512, /NEWES (set) I L TUE (X FVD L) EES A XTHD., £5

TRVESIIH LTI (VA PERLC LI R) AEROXEY 70y 72 HVWE T, ZOMERDOLED

74— RH, REHENTVEEEZBZRETERL, EHEINZAREENHDET, INTOT77E

AE. WEROHOEZEHIRET 20TIERL, FFaXy bEhk API ZHWTITORETT,
PyTypeObject PySet_Type

RICBLET: Stable ABL. 20 PyTypeObject DA ¥ AX ¥ Ri%, Python @ set BERL £3,

PyTypeObject PyFrozenSet_Type
RICELE T Stable ABI. 2D PyTypeObject DA ¥ A X > AlE, Python ® frozenset B% &L
9,

DgEDRIF = v 7= 27 33T RXTD Python 7Y =7 MIMT 2K XU TEMEL £35, FMkic, =
VAN RIFTRTDA 7L — MA[AEAR Python A 7Y =2 M LTHEIEL £3,
int PySet_Check (PyObject *p)

p B set MEDYTRATDAT 27 FTHBE B true ZIRLET, ZOBBIIEICHKILET,

int PyFrozenSet_Check (PyObject *p)
p B3 frozenset PEDH TR A TDA T 27 b TH B & 2 true ZIRLET, I DBEIBUIFITHK
WL x9d,

int PyAnySet_Check (PyObject *p)
p B3 set B frozenset . HIZWVIEZEDY T XA TDA TP 27 b THIUR, true TIRLET, 20D
BRI E I L £9,

int PySet_CheckExact (PyObject *p)
p M set AT MNENYTRAL TDA VAR ZATRWERICERZRLET, ZOBEBUIEITHK
WL %9,
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Added in version 3.10.

int PyAnySet_CheckExact ( PyObject *p)

p W3 set » frozenset DELHLLPDA TV 27 b THB L X true ZIRLET, 77X T7DA T
Pzl MNIEAERA, ZOBEEITEICHIILET,

int PyFrozenSet_CheckExact (PyObject *p)

p B frozenset A TV 27 M ENY T EA TDA VARV ATRWESICEZRLEY, OB
WL £ 95

PyObject *PySet_New (PyObject *iterable)

RBh{E: :TLWBHE, RICBLF 9 Stable ABL iterable 25347V 227 hEEGH LW set &K
L%, iterable 3 NULL D & ZiE, 220D set ZIRLE T, B L76H LW set &, KL 725 NULL
ZIRLUE9, iterable B34 7 L — FATRE TR WAL, TypeError ZAH L ¥ 3, ZOaAVYRA I/ X
3 set AV —F 5L F bR ET (c=set(s)).

PyObject *PyFrozenSet_New (PyObject *iterable)

RBOE: FiLWBE, RICEB L E 7 Stable ABI. iterable 2R3 4 7Y = 7 b2 &L L\ frozenset
IR L E3, iterable 5 NULL D ¥ =13, 22D frozenset ZiR L ¥ ¥, WINEHIZH LW set B, KK
RFIZIE NULL 23R U ¥ 3, iterable 254 7L — FAJRE TR WG AL, TypeError XM L £3,

DD~ 1ld, set & frozenset E ZDH T XA TDA VARV A L THEHTE £,

Py ssize t PySet_Size (PyObject *anyset)

RICE L 9 Stable ABI. Return the length of a set or frozenset object. Equivalent to
len(anyset). Raises a SystemError if anyset is not a set, frozenset, or an instance of a

subtype.

Py_ssize_t PySet_GET_SIZE(PyObject *anyset)

I —F xv 7 RI{TDR, PySet_Size() D~ vk,

int PySet_Contains (PyObject *anyset, PyObject *key)
RICEBLZE 9 Stable ABI Return 1 if found, 0 if not found, and -1 if an error is encountered. Un-
like the Python __contains__ () method, this function does not automatically convert unhashable

sets into temporary frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if

anyset is not a set, frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)

RICBLETJ: Stable ABL set DA YA X Y R key ZBIML F3, frozenset XL TdHENME
L%EF (PyTuple_SetItem() DX ST, DI — FIZTRZX ZHTOH L\ frozenset DEZ D % 7=
WHEHATEET), BILEs 02, KBLES -1 ZIRLE T, key 23y & 2 AJRETR WA,
TypeError ZiAMH L ¥ 3, set ZREL T 2RBILVEEX, MemoryError ZiAH L ¥ 3, set A3
set DEDYTRA TDA VAR ATROWEEIX, SystemError 6 L 5,

VDR ENZ, set E 2DV 7R A T2 L THIHRIGE TS, frozenset £ ZDH 7 XA FIWEFHTE F
Ao
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int PySet_Discard (PyObject *set, PyObject *key)
RICBLZFY: Stable ABIL. Return 1 if found and removed, 0 if not found (no action taken), and
-1 if an error is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the
key is unhashable. Unlike the Python discard() method, this function does not automatically
convert unhashable sets into temporary frozensets. Raise SystemError if set is not an instance of
set or its subtype.

PyObject *PySet_Pop (PyObject *set)
ROfE: HILWBER, RICBLET: Stable ABL set OHOERED E AT 28 LWBREE L,
FOATI 2l M set HHIBRLE T, KILZS NULL 23R L £5, set BZEDIFEICIE KeyError
TEHMUET, set 23 set L ZDHTXA TDA VARV ATRWVWE G, SystemError ZiEH L
£9,

int PySet_Clear ( PyObject *set)

RICEBLE 9 Stable ABL. Empty an existing set of all elements. Return 0 on success. Return -1

and raise SystemError if set is not an instance of set or its subtype.

8.5 Function 77> x7 b+

8.5.1 Function #7>x 7
Function 4 72 = 7 FEHOBEBITO T H T,

type PyFunctionObject
BIRucfEibh s C DREEA,

PyTypeObject PyFunction_Type
PyTypeObject BID A4 ¥ XA 2 > AT, Python OB 2R L £3, Zhid Python v 7 412
types.FunctionType & LTI TWE T,

int PyFunction_Check (PyObject *o0)
o WEBA 7Y =7 b (PyFunction_Type BTH2) JBHIKEZIRLE T, 287 X —&IiF NULL 1T
TEHA, ZOBBIEICEIIL X,

PyObject *PyFunction_New(PyObject *code, PyObject *globals)
RDME: iLWBR, a—FF 7T 7 b code BT N LOWBERA 7Y =7 F2IBRLE T,
globals 13 Z DB S 7 7R A TE 70— " IUVEHOEETRIINUIRD XA,

B DR F 2 XY P XFHNLFNEa—FA TP =27 b2 oBIEEINE T, __module__ & globals

HPOWMBEINET, 5IBOT 74V MEST /7 —>a >y, 78— % NULL KRESINET,
__qualname__ {J2Z—FA 7P =22 +D co_qualname 7 4 —/L KR UIHICERESINE T,

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

RBOE: :LWBIE, PyFunction New() WIZEITWE T, A 7P 22 D __qualname__ B
WKiEZEy PTEX T, qualname 32 =3 — A7 =2 b NULL T TR D £¥ A, NULL
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72 o755, __qualname__ BMEICIZZ— A TP 27 M D co_qualname 7 4 —/L K E[F U{ED - v
FENFET,

Added in version 3.3.

PyObject *PyFunction_GetCode (PyObject *op)
ROfE: BEBR, A7 =7 op KEEfIIONza—FA T 27 PERLET,

PyObject *PyFunction_GetGlobals (PyObject *op)
RDOE: BEBR, A 7Y 7 b op ICBET 57 globals BFE#IRL 3,

PyObject *PyFunction_GetModule (PyObject *op)
ROl RSB, Return a borrowed reference to the __module__ attribute of the function object
op. It can be NULL.

This is normally a string containing the module name, but can be set to any other object by
Python code.

PyObject *PyFunction_GetDefaults(PyObject *op)
ROME: BESR, A7 =27t op DEIBOT 7 4V MEZEL E 3, 518D & 7 s NULL 12
ASII- S IS

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BEA 7227 b op DFIEDT 7 4V MEZFRE L ET. defaults & Py_None 2> & LTI AUL
WIEE A
KLU 7-FEX, SystemError ZRAEXH, -1 ZIRL 3,

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)
RBOfE: BABR, AT =27 b op KEREIN27 08—V % ERLET, NULL 2 cell 7P =
7 DRTNVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B A 727 b opllZB—Y v ZRELE T, closure &, Py_None d L<lXcell 7Y =7 b
XTNTIRFIZRD FH A
KB U7z FlE, SystemError #FAEXE, -1 ZIRL ET,

PyObject *PyFunction_GetAnnotations (PyObject *op)

RBOE: ERABE, BA 727 b op D7/ 7 —2ar%RLET, R DEIREEREREEED
NULL 2% D ¥£3,
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int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)

AT b op D7 /) 7= avERELET, annotations 13EEF D, Py_None THRIFIUIR
D EHE A

KB U7 FlX, SystemError #FAEXE, -1 ZIRL ET,

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_CleariWatcher(). In case 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 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 PyFunction_WatchEvent

Enumeration of possible function watcher events: - PyFunction_EVENT_CREATE
- PyFunction_EVENT_DESTROY - PyFunction_EVENT_MODIFY_CODE -
PyFunction_EVENT_MODIFY_DEFAULTS - 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_wvalue will be
NULL. Otherwise, new_wvalue 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 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
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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.

852 A1VRAVAXY Y RA T TV b (Instance Method Objects)

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunction to a class
object. It replaces the former call PyMethod_New(func, NULL, class).
PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ AR > X Python DA Y ARV AXY v ROBIZRE L £3, 24Uk Python
DT T T LI RHENEE Ao
int PyInstanceMethod_Check ( PyObject *o0)
0 MAVARYARXY v RAT I 27 b (PyInstanceMethod_Type TTH 3) JHICEERLET,
NI RA—ZRF NULL ICTEEHA, ZOBREBFEICHRIIL £3,
PyObject *PyInstanceMethod_New (PyObject *func)
ROfE: HiILWEBR, FEOMUH LATREA 72 =7 b func 2o 2#ileli A VAR VAR Y v FF
TV PRIBRLETS, func 34 VAR YAXY v PR SN 2O H X258 TT,
PyObject *PyInstanceMethod_Function(PyObject *im)
ROE: BRABB, 1 VXX VAXY v R im KHEEMSFONEBA 7Y 27 VERLET,

PyObject *PyInstanceMethod_GET_FUNCTION(PyObject *im)

RDME: RSB, PyInstanceMethod_Function() D7 BIRT, TI7—F v 7 E{TVERA,

853 XYy RrFITZxo

XYy FIRBAEA 7Y =27 MTHRBENTOVET, XYy FIERH L1V —ERDT 7 RATHME AT
DT, FMEINTVRVWAY v F (FF7RAF Tz MTREEINIXY y F) IFFHT 2 TEX
Ao
PyTypeObject PyMethod_Type
Z D PyTypeObject DA ¥ AKX ¥ Ak Python D XY v FRIZRBLET, 204 7Y 7 M
types.MethodType ¥ L C Python 702 J LAMIAHENTVET,
int PyMethod_Check ( PyObject *o0)

0MRAYw RATY 22 b (PyMethod_Type BITH %) BJAICHERLET, 287 X — &I NULL IZT
XEVA, ZOBBIIEITHRNL 5,
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PyObject *PyMethod_New (PyObject *func, PyObject *self)
ROfE: ILLWBER, FEOMIHLAREA 7Y 22 b func £ XY v RPHRBENZIREL VXX
R self ZESTHT AV v FATI 27 b RIRUE T, B func & XY v RREUH X FRC
MUOHINZ ATV 27 FTF, self X NULL IZTE EHA,

PyObject *PyMethod_Function(PyObject *meth)
RDME: BRASEB. XYV v N meth IBEMNFONTVWREBA 7Y 27 P 2IBRLE T,

PyObject *PyMethod_GET_FUNCTION ( PyObject *meth)

Rh{#E: BRBR, PyMethod_Function() D7 VKT, T7—F =z v 7 ETVER A,

PyObject *PyMethod_Self (PyObject *meth)
RO E: BAER, XY v N meth KBEMNIT NI VAR AZIBRLET,

PyObject *PyMethod_GET_SELF ( PyObject *meth)

RDE: A8, PyMethod Self() D27 BRT, =7 —F = v 7 & TVEHA,

8.5.4 EILFTZ ¥ b (cell object)

Tk (cell)) ATY 2T MR HEORA-T O SREINIERMETFET Db E T, L&
BEBIZOVWTER I, F2OEZERLET; COHEESHTI2EAX Yy 7 7L —LICBF20— VA
BiZid, Z20RXy 7 7L —A0MITHTEZSRL TV 2T 2SHMBAD £3, LATEREIA
A7 78 RAT 2, AT 27 PEKORD D T LADELFELNE T, ZORLA Tz b
fifi o 7228 (dereference) ¥, £ ¥ X7V RIZ X > TEREI NIz A Fa— FNTHR— b IR TV B0
BERHDET;, vAA T2l M7 AL, BEEIMICHEZESIRIGEZ D 8 A, LR OIRIT
F. AT e 7 MEIRICIL IR VIE ST,

type PyCellObject

A TY = MifEbhs C HIERTT,

PyTypeObject PyCell_Type
tAF T2 MRS AT =27 FTT,

int PyCell_Check (PyObject *ob)
0b BENF TV FDEEICEERLET; ob X NULL THo TERD FHA, I OBEEITEITHK
WLED,

PyObject *PyCell_New(PyObject *ob)
ROE: FILWBR, fH ob DAoHilziabn A7y =2 b2ARLTGRLET, 518% NULL 12 L
THIDPEVEE A,

PyObject *PyCell_Get (PyObject *cell)

RED{E: #LUWEH, Return the contents of the cell cell, which can be NULL. If cell is not a cell

object, returns NULL with an exception set.
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PyObject *PyCell_GET (PyObject *cell)

RO E: BABR. cell ONEZIELFITH. cell BIE NULL DN F 7T =227 b THE0E S HhE
Fzv 7 LERA,

int PyCell_Set (PyObject *cell, PyObject *value)

Set the contents of the cell object cell to value. This releases the reference to any current content
of the cell. value may be NULL. cell must be non-NULL.

On success, return 0. If cell is not a cell object, set an exception and return -1.

void PyCell_SET(PyObject *cell, PyObject *value)

YA F T2 b cell DfEE value ITRELET, ZHRITV Y MW TIEH IR, BEDDHOD
F v ZI3MMHITVER A, cell 13IE NULL TRITFUER ST, 2okl A 7P 27 FTRITNUIRD
XA,

8.5.5 A—FATTxU

a—N+7Y =z b (Code objects) i& CPython EEDEL NV LFHMEDT TS, K472 =27 MRS
RSN TORWETATRET — FORERIL TV R T,

type PyCodeObject

A—FF 7T FRBATL-DICHHEINS CHER, COoMDT7 4 — L PR THEEIN
"ET

PyTypeObject PyCode_Type

This is an instance of PyTypeObject representing the Python code object.
int PyCode_Check (PyObject *co)

Return true if co is a code object. This function always succeeds.
Py ssize_t PyCode_GetNumFree (PyCodeObject *co)

Return the number of free (closure) variables in a code object.

int PyUnstable_Code_GetFirstFree (PyCodeObject *co)

ZHUZ Unstable API T%, A F—VV—ATTERKEEINDZZNHY FT,

Return the position of the first free (closure) variable in a code object.

N—Y a ¥ 3.13 TZHE: Renamed from PyCode_GetFirstFree as part of Unstable C API. The

old name is deprecated, but will remain available until the signature changes again.
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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)

ZHUZ Unstable API T%o %A F—V V) —ATTERLKEHINZZ DD FT,

Return a new code object. If you need a dummy code object to create a frame, use

PyCode_NewEmpty () instead.

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.
N—a v 3.11 TEH: Added qualname and exceptiontable parameters.

N—=Ya ¥ 3.12 TAHE: 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)

ZHUZ Unstable API T%, A F—V V) —ATTERIEEINZZNHD FT,

Similar to PyUnstable_Code_New(), but with an extra "posonlyargcount” for positional-only ar-

guments. The same caveats that apply to PyUnstable_Code_New also apply to this function.
Added in version 3.8: as PyCode_NewWithPosOnlyArgs
N— a3 3.11 TZH: Added qualname and exceptiontable parameters.

N—3 3 ¥ 3.12 TZHE: Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is

8.5.
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deprecated, but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
RBOfE: L UWEH, Return a new empty code object with the specified filename, function name,
and first line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line ( PyCodeObject *co, int byte_ offset)
Return the line number of the instruction that occurs on or before byte_offset and ends after

it. If you just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP
626.

int PyCode_Addr2Location(PyObject *co, int byte_ offset, int *start_ line, int *start_ column, int
*end_line, int *end column)

Sets the passed int pointers to the source code line and column numbers for the instruction at

byte_offset. Sets the value to 0 when information is not available for any particular element.
Returns 1 if the function succeeds and 0 otherwise.
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 rep-
resent 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
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PyTupleObject containing the names of the free (closure) 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_Cleariatcher (). 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 O 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.
Otherwise, the callback is invoked before the destruction of co takes place, so the prior state of co

can be inspected.

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.
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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 1 PyUnstable_Eval_RequestCodeExtraIndex(frecfunc free)

ZHUX Unstable API T%o %A F—V V) —ATTERLKERXINDZZ DD FT,

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

N—Y a ¥ 3.12 TZAH: 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)

ZHUZ Unstable API T%o %A F—V V) —ATTERLIEHINDZZ DD FT,

Set extra to the extra data stored under the given index. Return 0 on success. Set an exception

and return -1 on failure.
If no data was set under the index, set extra to NULL and return 0 without setting an exception.
Added in version 3.6: as _PyCode_GetExtra

N—3 a ¥ 3.12 TZHE: Renamed to PyUnstable_Code_GetExtra. The old private name is

deprecated, but will be available until the API changes.

int PyUnstable_Code_SetExtra(PyObject *code, Py ssize t index, void *extra)
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ZhUd Unstable API TF, YA F—V VY —RATTHRLKEEZINDZ DD ¥T,

Set the extra data stored under the given index to extra. Return 0 on success. Set an exception

and return -1 on failure.
Added in version 3.6: as _PyCode_SetExtra

N—3 a ¥ 312 TZHE: Renamed to PyUnstable_Code_SetExtra. The old private name is
deprecated, but will be available until the API changes.

8.6 TDMDATT I b

8.6.1 ZJ7MIAT> Uk

e d API 1Z, Python 2 OABRAAD 7 7 ANA T2 D CAPI ZRERZI 21—+ 357200
HDTT, ZNHIE, BHEC FA4 77V THR-PSNTWVBE Ny 7 7% [/O (FILE*) IZHH 2 720D i12ffib
NFEF, Python 3 TlE. 774V E A MY =LEFH LV 1o EV 2 —LEFHIN, 2212 OS DKL~V
BNy 7 7f4E /O D LWL O DOBPERINTVET, FTHHFINTOIEEIE. ZhooH LWV
API ofif|72 C Z v X=TH D, 4 27V XTONEHIRT 7 —@BANCANTWE T F— FoS—F 4 —
Da—FRiEMRbDHIZ io D API 25 Z e BRI NF T,

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char

*encoding, const char *errors, const char *newline, int closefd)

REDfli: HILWBE, RICEL£7: Stable ABL BRCHIPNTWE 774V fd D7 7 A VT 4 R
VTR 6 Python D7 7 A VA7 27 b R{ER LU %3, 518 name . encoding « errors . newline
I, 774 FDOfEE LT NULL 2MEX F 3, buffering \2i% -1 ZITLTTF 7 4L FDEEZHFS Z
ERTEET, name BRHAINZ2DTIDN, AL LDITEENATVWET, KT 5 & NULL
BRLET, &b UFENR5IBOMENIE, io.open) BID FF 2 XY FEBRL T X W,

A

Python A PV —2ZEHEDO Ny 77V Y IEZRDOD, 77 A LGB FD OS LRILD ANy
77 VYL BT, B RE (PR — XE) KRS SR LET,

g

==}
=

N—ay 3.2 TEHE: name BIEDES,

int PyObject_AsFileDescriptor (PyObject *p)

RICBLET: Stable ABL p ICB# S SNE 77 ALT 4 A7) T R% int L L GRLET, &
T2l MRS, FOMEERRLET, BETHRWEA, £ 7Y 22 M fileno() XYV v K%
WEMUHLET; 2OXY v FORDEEZE, 774 AGtib FOEe L OGRIN BB TRIIRD
FHA, KT 2 LHINZRELT -1 ZIRLET,

PyObject *PyFile_GetLine (PyObject *p, int n)
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RDME: FiLWEBHEE, XRICEL X Stable ABIL. p.readline([n]) ¥*RIU T, ZOBKIIATY =
7F p OBITERALLES, p 37 74’/1/%7/17 b 722, readline() XYV v RZEOfM oD A
7Y x 7 FTREVEREA. n 2 0 DHEE. TTORZICHEMRR CIERIC 1 TRTFAHLET. n 280
O RZFIFHE n A ]\J«/U:O)T"ﬂbiéﬁ'&ﬂjbi%/u' Po T ATO—EIZIDREINDGED D
DET, EB00HAETH, tAHLET T 7 A VOMKIRICERE L 72583 FH) % R E
Ton 20 Xh/hEFHUE, RXBEOLST 11720 % SiAHLETH, FII7 7 A L OH&EICE]
2 L 72581213 EOFError X L3,

int PyFile_SetOpenCodeHook (Py OpenCodeHookFunction handler)
io.open_code() DEFEDIRLZFNWE LEEXL T, ZORIRXA—X -2V FITHEL
£,
ANV R —IEROBDBEETT,
typedef PyObject *(*Py_0OpenCodeHookFunction)(PyObject*, void*)
PyObject *(*) (PyObject *path, void *userData) & %ffiT. path \& PyUnicodeObject T

H5ZEPRIEE N TV T,

userData RA R 7 v Z7BBICEXNEST, 7y Z7BREHRS V24 20 5BUOHEIN202H L
NZVDT, ZOKRA ¥ RIZEHE Python DIREESIRINZTIEDD FHA,
ZD7 v ZEBIEA YR MO NE Z e ZERLTWS 2, EY 2 —Lh frozen REY 2 —
NTH 5D sys.modules ICHAFHRERES 2 —LTH 3 ZEHRTh > TWBHEEFRVTII,
79 ZBBOETHICH LVWED 2 —ILE A VR—FTI3DEFEITTLIEZ W,

WoltA Ty ZBIBARES N HIFRPESMRA S TE T R1 5D PyFile_ SetUpenCodeHook()
DN LIZKRBL E9, ZOBBMIKB L 2id, 4 &=V 23t ahTnigE, -1 &
BLTHstZEY P LET,

ZOBIIE Py_Initialize() X DANCHOHLTHLETT,
I8 L T B A X b setopencodehook ZiEH L E T,
Added in version 3.8.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
RICBELET: Stable ABL. 777 b obj Z7 7 ANFTI2r b p I TEZIAAET, flags DY
R—=+F2%7 7270 Py_PRINT RAW 723 TT; COT7 I 7 RIBET S, A7V =2 MZ repr() T
372K strQ) ZHEALLHERZ 7 7 A VICEEHLES, BUILAGEIIZ 0 ZIBL, KT 5L -1
ZIRLUTHEYZAS Ry P LET,

int PyFile_WriteString(const char *s, PyObject *p)

JQL.EL&?‘ Stable ABL. X558 s 27 7 ANATT =7 b+ piTEEHLET, IILEHEIIE 0
BU, K2 -1 2 RLTEYIRES 2L Y P LET,
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8.6.2 EXa—I/ILAT2x ¥ k (module object)

PyTypeObject PyModule_Type
RICEL FJ: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ Al Python DEY 2a—NF 7T =2
MUERRHLES, 204727 ME. Python 7B 27'J L12id types.ModuleType ¥ L CAF &
NTVET,

int PyModule_Check (PyObject *p)
PPEI2—NFTI I IDPED 2 NATI 2T bOYTEA T THEILEWZELZRLET, 2D
BRI E I L £9,

int PyModule_CheckExact (PyObject *p)
pBEI2—NF TPy MNT, 2D PyModule_Type DY T XA TTRVE ZICHERLET, 2D
BIBUIH I L £5,

PyObject *PyModule_NewObject (PyObject *name)

RDOfE: FiLLWBE, RICBLET: Stable ABI (IN\—23 Y 3.7 &D ). Return a new module
object with module.__name__ set to name. The module’s __name__, __doc__, __package__ and
__loader__ attributes are filled in (all but __name__ are set to None). The caller is responsible

for setting a __file__ attribute.

Return NULL with an exception set on error.

Added in version 3.3.

N—Y a ¥ 3.4 TEH: __package__ and __loader__ are now set to None.

PyObject *PyModule_New (const char *name)
RBOE: FILWBHE, RICEL X9 Stable ABIL. PyModule_NewObject () Il TWE T2, name &
Unicode 7Y =7 FTld7# { UTF-8 TLYa— FINEXFEH|TT,

PyObject *PyModule_GetDict (PyObject *module)

EDfE: GRS, RICBL E7: Stable ABL. module DAFIZEMERETI2HEA T2 7 FERL
9, DA TV ME, BV 2 F T2 D __dict__ JBHEEFEILDDTT, module 3E
Ta—nNAT7I=27 b (BLKRBEY2—NATI =7 FOF T XA T) Tl EIE, SystemError
DIEH &4 NULL AR5,

PEREY 2 — A TR EY 2 =10 __dict__ ZEHEREFET 2 LD b, PyModule_* 3 X X PyObject_x*
B2 S iR x g 7,
PyObject *PyModule_GetNameObject (PyObject *module)

RODME: HILWBEB, RBLET: Stable ABI (N—23> 8.7 &D ). Return module’s __name__
value. If the module does not provide one, or if it is not a string, SystemError is raised and NULL

is returned.

Added in version 3.3.
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const char *PyModule_GetName ( PyObject *module)

RICEL £79: Stable ABL. PyModule_GetNameObject () WZHITWE T A, 'utf-8' Ty a—F&
N7z name ZIEL %9,

void *PyModule_GetState (PyObject *module)

RICBLET: Stable ABL. €Y 22— D state”(EY 2 —VEER LKA IV I THHEINS XE
U7y ZANDRA ¥ R—=) 2, RIFHUE NULL ZiIB L %9, PyModuleDef.m_size MWL T X
W,

PyModuleDef *PyModule_GetDef ( PyObject *module)

RICBLFT: Stable ABL. €Y 2 —AMESNBILE 7R o7z PyModuleDef WHEERANDKRA ¥ 2 %K
LET, BV 2 —ADERICL > TESNTOWRD - 2851 NULL 2B L 55

PyObject *PyModule_GetFilenameObject (PyObject *module)
RBbhfE: :iLWEE, XRICEL £9: Stable ABL Return the name of the file from which module

was loaded using module’s __file__ attribute. If this is not defined, or if it is not a string, raise

SystemError and return NULL; otherwise return a reference to a Unicode object.
Added in version 3.2.

const char *PyModule_GetFilename ( PyObject *module)

RICEL £79: Stable ABI. PyModule_GetFilenameObject () EBTWETH, "utf-8 Ty a—F
ENTT 7 ANHEIRELET,

N— a ¥ 3.2 TIHELE: PyModule_GetFilename() Z ¥ A — R TERWVWT 7 4 LZITH LTI
UnicodeEncodeError 2L 3, ZADRD DIZ PyModule_GetFilenameObject () ZHH LT
{TEEW,

CEZa—ILO#HHEAL

B, EYa—AF 7Y =27 MRILREY 2 — (LB Z =7 AK—- L TWaHES A T75Y) &
J2EHARENTEY 2 — v (PyImport_AppendInittadb () ZAf o THHMLBIEDEMENTVWEEY 2 —
) oS E T, FIC OV T building F721% extending-with-embedding % RTL 72X W,

YIHEBEEIE. Y 2 —VERDA VAKXV A% PyModule_Create() WCIEL THR EN572EY 2 —F
727 PRBELTHIVTT L, b LIRERMERZDDDZIR L ZEREIL” ZERL THHNE
Ao

type PyModuleDef
RICBLZET: Stable ABI (TARTDORAUYN—ZEYL). EY 2 — VERMERZES 2 -1 ATV =
7 PRS2 DITREL TN TOHERERFEL T, B TAZADEY 2 - T L IZEHICH]
WS N7 ZORIDERD 1 DR TFELE T,
PyModuleDef Base m_base

DX N—XHIZ PyModuleDef HEAD_INIT CHIHALL TL 72X\,

const char *m_name
HLWESY 2 — LD,
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const char *m_doc

EY 2 =D docstring, 72T docstring 1& PyDoc_STRVAR ZFIFH L TEMINE T,

Py ssize t m_size

Y 2 —LORBEE, #NR 70— LR FERTlE 72 { PyModule_GetState() THUSTE %€
Ja— LT DAEVHEBIFEREINTVWAZ DD ET, CHCEoTEY 2 —IFEROY
T AR TYR—TERMEZET,

ZDXEVMHEBIE m size ICEOWTEY 2 — MEMFHCHERIN, TP 2 -1 4TV 27 MY
FEIND L ZIZ, m_free BB DI ZENDMENT-BRTHRRINE T,

m_size IZ -1 ZRET DL, ZOEY 2a— N30 — NV RIREERODICY T - LA V&2 —T
VR —ZHR—=—FLTORNVEWVWS ZEIZRDET,
m_size ZIFADEICHKET 5L, Y 2 — VIIHEWPLTE, ZORED-DICHEL 358

TMOXEBVEBEIEETEZ22 WS kD ET, EAD n_size FIZEREOHALTHEICRD
9,

T PEP 3121 2208,

PyMethodDef *m_methods
PyMethodDef TEFREIND, TV 2 — L LNIVBEBD T — INANDRA ¥ & —, BIEDIEIE L7
WIGEE NULL 2% ET 5 Z & HAlHE,

PyModuleDef Slot *m_slots
LBt -HD 20y M EROEHIT, {0, NULL} BEMNKHr b 3, —BEEMHHL
S L %3, m slots 13 NULL TRITAUIR D FHA,

N—=Pay 3.5 TEHE: N=Yar 35 LDRld, TOX NI NULL KRESATWT, X
DHDELTERINTVE L

inquiry m_reload

traverseproc m_traverse
GCEBDPEY 2—NA TV M eERT RIS SN2 EEBE. BERWEEIX NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.
N— a Yy 3.9 TZH: No longer called before the module state is allocated.

inquiry m_clear

CCHZDEIa—NA TP 27 V7 —F33RICMHUCHEINE 7Y 7B, BERWS
£13. NULL.

This function is not called if the module state was requested but is not allocated yet. This is the

case immediately after the module is created and before the module is executed (Py_mod_ezec

8.6. ZoftDATZ U+ 245



https://peps.python.org/pep-3121/

The Python/C API, ) —2X 3.14.0a3

function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.

Like PyTypeObject. tp_clear, this function is not always called before a module is deallo-
cated. For example, when reference counting is enough to determine that an object is no

longer used, the cyclic garbage collector is not involved and m_free is called directly.
N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CGCHRZIDES2a— NI T2 M RBERT 2L W MOH IS8, HEZRWGET NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.
N— a ¥ 3.9 TAH: No longer called before the module state is allocated.
—ERPEATHA(L

EV 2 - VOWIBEBPEHEEY 2 -1 ATV 27 P EER LU TRIGESH D £35, ZUx” —BETH
£” REH, RD2O0DEY 2 — VAEBRBEBOYE L0 1 D2 FNET:
PyObject *PyModule_Create (PyModuleDef *def)
RD{E: i LWEHMH, Create a new module object, given the definition in def. This behaves like
PyModule_Create2() with module api_version set to PYTHON_API_VERSION.
PyObject *PyModule_Create2(PyModuleDef *def, int module_api_ version)

RBDhfE: #iLWBH, RICBL X9 Stable ABL. API N—3 a2 > % module_api_version ¥ LT def
TOEBRIESTHLOVWEY 2a— VATV 27 b EERLET, b LIBEINEZAN—Y 3 UPFETLT
WEA Y R=TYR=DN= a v B2 555X RuntimeWarning ZRAEI B E T,

Return NULL with an exception set on error.

0 IR

FL AY DS, ZOBTIZRL PyModule_Create() ZFIHTZNETYT, OB, 20
BB OREEZIREL TWd & ZWZFFHLTLZE W,

BV a—NFTY 7 PHBPHMEBEE D SR EINBHIIC, 72T W& PyModule_AddObjectRef () 75 ¥ DB
Mo TEIa— LI T2 PIXUANEAIEIEET,
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ZERPEVIRATE

An alternate way to specify extensions is to request "multi-phase initialization”. Extension modules
created this way behave more like Python modules: the initialization is split between the creation phase,
when the module object is created, and the execution phase, when it is populated. The distinction is

similar to the __new__() and __init__() methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.mod-
ules entry is removed and the module is re-imported, a new module object is created, and the old module
is subject to normal garbage collection -- as with Python modules. By default, multiple modules created
from the same definition should be independent: changes to one should not affect the others. This means
that all state should be specific to the module object (using e.g. using PyModule_GetState()), or its

contents (such as the module’s __dict__ or individual classes created with PyType_FromSpec()).

ZERMEIIHILEH > TERINBZETOET a—NME BT A2 TVA— Z2HE—F+ TR RDHN
9, BEOES 2 —ADPHVT L TWE I Z2RIAETZ2DIZIE. 20 TWEZDOYR—+ 2535720 C+H5a
VC“\?-O

ZEBOI bR ERT 22012, PR (Pylnit_modulename) 1XZE TR\ m slots & D
PyModuleDef #BL FF, THEETHIIZ, PyModuleDef £ ¥ A X ¥ ZIF KD THIH LNz T
TV EEA:

PyObject *PyModuleDef _Init (PyModuleDef *def)

RO ME: RS, RICBLET: Stable ABL (IN—=23> 3.5 &D). £V 2 —NVERPHESHA Y
YIMERIELLSHET 5. EUNCHIfkE iz Python 779227 FTH2d Z EIRFEL £ 7,

PyObject* IZF ¥ A b &N/ def ZIRL %3, =7 —2FELRIGE NULL 2R L 9,
Added in version 3.5.
EY 2 —VEED m_slots X > \i& PyModuleDef_Slot BHERDEA R X T UI D FHA:
type PyModuleDef_Slot
int slot
Zuy b ID T, MRTHAZA T 2FHARERED 5B IEZNE T,

void *value

2\ y +OMET, BEHIZRE Y b ID IKIKEL ET,
Added in version 3.5.
m_slots BCFNE ID 0 D21 vy P TRIEX R TWARITIUER D $HA.
FIHATREZR R &y b OBIILLRTT:

Py_mod_create

FEJa—nNFA 7P VEEERERTE-DCMEIN BB EREELE T, 2Dy O value KA
VRIERDY AT v BROBBER L TR TV ERA:

8.6. ZoftDATZ U+ 247



The Python/C API, ) —2X 3.14.0a3

PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEF X7z ModuleSpec f Y ARV Ay, EY 2 — VEREZUIWZHEKTT, Zhix
MLVWEY 2a— ATV 27 beiRTh, =5 —%FELTNULL ZIBRIRETT,

Z OB RNRICED TE L RETT, FHTERD Python 22— F2IFFHINEZTIERL, FLE
Ta—nNEAYKR-PLEI LT D LERL-TICHMETL x5,

BHD Py_mod_create A0 v + 2 1 DDEY 2 — VERIKERELZWVWIDLWVTT,

Py_mod_create DX EINTWVWRWEAIX, £ ¥ R— MEMIX PyModule_New() %o THE DE
Va—NFA TV bEERLET, EYa—LOLRNIERTIIRL spec HIBE I, Zhic
Ko THIREY 2 —ADEINCEY 2 —VEBICBY 2MELZFALTERD, VRV 7Y Y7kl
LCH—DEY 2 —VEHREHLG L ODORIOHARITTA Y R—-bTELDLET,

BENDZATY =7 MDY PyModule_Type DA VARV ATHZREZDHD ¥ A, 4 ¥KR— MR
TREEORE L BESTE LR IE, YARETHMZ F3, Li L., PyModuleDef %% NULL T
W m_traverse, m_clear, m_free . $ LI B TRV m_size. b L <X Py_mod_create DIFD
Zn vy hEFEOEEIX, PyModule_Type 4 Y AR Y ZADHMEENZTL & 5,

Py_mod_exec

EVa—% RBTTS L EXMINABBERELET, 24 Python £ 2 —LdDa— FEFEST
FTEZOLMAFTT: ZOBBEEZVTWE I IR EREEY 2 —NMICLET, ZOBBDOY 72 F %
FLLR T

int exec_module (PyObject *module)

BED Py_mod_exec AWy FPWWEINTWIHEE. m_slots BLANCH N IHICUHE I TV E
i \j—o

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_GIL_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.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod_multiple_interpreters is mnot specified, the import machinery defaults to

Py MOD MULTIPLE INTERPRETERS NOT SUPPORTED.
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Added in version 3.12.

Py_mod_gil

Specifies one of the following values:

Py_MOD_GIL_USED

The module depends on the presence of the global interpreter lock (GIL), and may access

global state without synchronization.

Py_MOD_GIL_NOT_USED

The module is safe to run without an active GIL.

This slot is ignored by Python builds not configured with --disable-gil. Otherwise, it deter-
mines whether or not importing this module will cause the GIL to be automatically enabled. See

whatsnew313-free-threaded-cpython for more detail.
Multiple Py_mod_gil slots may not be specified in one module definition.
If Py_mod_gil is not specified, the import machinery defaults to Py_MOD_GIL_USED.

Added in version 3.13.

ZEREIHMEIZOWT I DL & PEP 489 2R T X W,

BEKEEES 2 — ILIERBIEK

DT oBEE. ZEREIILZMES & 2IcEBAICHOHEnE S, FIZITEY 2 -4 T7Y =2 P 2EINCAE
B s EIC, Zhs DK EZERMSZ 3, PyModule_FromDefAndSpec 35 X U PyModule_ExecDef D ¥
H58, MU LZRITIFEY 2 —ADERIHHIE SN TV RTIUIZRD 2 A,

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

RBbhfE: L WEBH, Create a new module object, given the definition in def and the Mod-
uleSpec spec. This behaves like PyModule_FromDefAndSpec2() with module api_version set to
PYTHON_API_VERSION.

Added in version 3.5.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module_api_ version)

ROE: FILLWBER, RIZBLZFJ: Stable ABI (IN\—23Y 3.7 &D). API N— 3 % mod-
ule__api_version £ LT, def ¥ ModuleSpec 7Y =2 D spec TEBESINTEBHIHLWVE
Ta—nNF IOz v EERLET, b LIEBEIN AN a UPE[TLTVWEAL VY R—=TVEX—-0D
N— a v Bz 258513, RuntimeWarning ZRAEXHFE T,

Return NULL with an exception set on error.

0 IR
Fr ACDOHE. ZOBBTIER PyModule_FromDefAndSpec() ZFIHT 2NETT, ZOH
B, COBBOPEERZHBEL TV e ZICRIAMALTIZE W,
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Added in version 3.5.

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)
RICBLZET: Stable ABI (IN—23Y 3.7 &D). def THEZAOLNLERBOETAR Y b
(Py_mod_ezec) ZEITLET,
Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). module @ docstring % docstring Wi EL £ 7,
Z OB, PyModuleDef 2°5 PyModule_Create % L < i PyModule_FromDefAndSpec % {# > T
BV 2R ERT B ZITHEMIEOHENE T,

Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

RICBLET: Stable ABL (IN—=23> 8.7 &b ). #¥idd NULL 1278 2 TW5 functions AN H %
BA% % module IZIBINL £, PyMethodDef HHEKDH 42 DT> k VIZDWTIE PyMethodDef O
MAZSRL T LIV (BY 2 — LOERIERBBPEE I TORVWOT, C THEEINLEY 2 —
AL 7B B VWTWEY 2 =% 1 DHOGE LTRZIFED, Python 75201 ¥ X
RYAXYy FITURBICLET), ZDOBBUL. PyModuleDef %5 PyModule_Create d L <3
PyModule_FromDefAndSpec #{f > TEY 2 — L BERT 2 & T ICHEWZFIH IR E T,

Added in version 3.5.
HR— FEIEL

EY 2= VOWHHLEIE (—BBEWIHHLZES55E) . HD2VIEEY 2 —LOF TRy F2rLUHENS
B (ZEBREOIAL 2 H 5 58) I ROBEEEMS &, Y 2 -0 state DAL EEHICTE E T

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

RICBLFT: Stable ABL (IN—=23> 3.10 &D ). module \2* 7Y =7 +% name ¥ L TEMU %
T ZOBBIIEY 2 — L OHIHILEE: & M S 2 EHEE TS,

BT 22 0Bl 7R3 efNZRHLT -1 ZIRLET,
Return -1 if value is NULL. It must be called with an exception raised in this case.

{1

static int
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
3
int res = PyModule_AddObjectRef (module, "spam", obj);

(KDR=V1ZHiEL)
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(RIDR=I D5 DR E)

Py_DECREF (obj) ;

return res;

ZOFNE. BARANC obj A3 NULL TH 2 Z e RHERETICHEL D TEET:

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;

}

Z DA, obj A5 NULL TH D 5 %728, Py_DECREF() Of84H DIZ Py_XDECREF() % IEUNH 0
VBB LIHER LTS,

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,

prefer 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_Add (PyObject *module, const char *name, PyObject *value)

RICBLEFY: Stable ABI (IN—23 > 3.13 &D ). Similar to PyModule_AddObjectRef (), but

"steals” a reference to value. It can be called with a result of function that returns a new reference

without bothering to check its result or even saving it to a variable.

{1

if (PyModule_Add(module, "spam", PyBytes_FromString(value)) < 0) {

goto error;

Added in version 3.13.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

RICE L F7: Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value

on success (if it returns 0).

The new PyModule_Add() or PyModule_AddObjectRef () functions are recommended, since it is

easy to introduce reference leaks by misusing the PyModule_AddObject () function.
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0 IR
Unlike other functions that steal references, PyModule_AddObject () only releases the reference

to value on success.

This means that its return value must be checked, and calling code must Py_XDECREF () value

manually on error.

{1

PyObject *obj = PyBytes_FromString(value);
if (PyModule_AddObject(module, "spam", obj) < 0) {
// If 'obj' is mot NULL and PyModule_AddObject() failed,
// 'obj' strong reference must be deleted with Py XDECREF().
// If 'obj' 4s NULL, Py XDECREF() does mnothing.
Py_XDECREF (obj) ;
goto error;
}
// PyModule_AddObject() stole a reference to obj:
// Py_XDECREF(obj) %s not needed here.

N— a v 3.13 TIEHESE: PyModule_AddObject () is soft deprecated.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

RICBLZE 7 Stable ABI. Add an integer constant to module as name. This convenience function
can be used from the module’s initialization function. Return -1 with an exception set on error,

0 on success.

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)

RICEBLE 9 Stable ABI. Add a string constant to module as name. This convenience function
can be used from the module’s initialization function. The string value must be NULL-terminated.

Return -1 with an exception set on error, O on success.

This is a convenience function that calls PyUnicode_InternFromString() and
PyModule_AddObjectRef (); see their documentation for details.
PyModule_AddIntMacro (module, macro)

Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro(module, AF_INET) adds the int constant AF INET with the value of

AF _INET to module. Return -1 with an exception set on error, O on success.

PyModule_AddStringMacro (module, macro)

XFHERZ module IZBIMUE T,
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int PyModule_AddType ( PyObject *module, PyTypeObject *type)

RICELFT: Stable ABI (IN\—23 > 3.10 &D ). Add a type object to module. The type object
is finalized by calling internally PyType_Ready (). The name of the type object is taken from the

last component of tp_name after dot. Return -1 with an exception set on error, O on success.

Added in version 3.9.

int PyUnstable_Module_SetGIL (PyObject *module, void *gil)

(i ]
ZHUZ Unstable API TS, YA F—VV—ATTERIEEINDZZNDHY FT,

Indicate that module does or does not support running without the global interpreter lock (GIL),
using one of the values from Py_mod_g41. It must be called during module’s initialization function.
If this function is not called during module initialization, the import machinery assumes the
module does not support running without the GIL. This function is only available in Python

builds configured with --disable-gil. Return -1 with an exception set on error, 0 on success.

Added in version 3.13.

EDa—-IILBE
—EEVIHEMLIE, BEDA VYR TV ZDaAYTEFRA Y LOHEEZS VY IA NV DEY 2 —AEERLET, &
Ko T, BPOLEV2—INVEBNDODSHEIZ I TEI 2 — NI TV 27 bPPIETEZ T,

ZEBEVIHL S L BE—DER P SBEBOEY 2 —ADMERTE 5D T, Zh 6 OBEBIIZ BRI
o TEREINIZEY 2 —MIIMEZ FE A

PyObject *PyState_FindModule (PyModuleDef *def)

RO E: GRS, RICELET: Stable ABL BUEDA ¥ X TV XD def »HAELNIEY 2 —)LF
TV beRLET, TDOXY v FORTHESRMA L LT, Hid o T PyState_AddModule() TA ¥ &
TV ROD state IKEY 2 —AA 7D 7 bEEELTEBL I R2ERLET, WET2EY 22— AT
Pz IDBREMAL SRV, B LLIEERNCA YR T Y XD state IHEHAE XN TWARWIEGEE, NULL %
BLET,

int PyState_AddModule (PyObject *module, PyModuleDef *def)

RICBLETY: Stable ABL (IN—=23> 3.3 &D). BBICHEINLES 2 -1 F T2 b2, 4V
XTY XD state ICHIELE T, ZOBKE[ES Z 2 T PyState_FindModule() DSHEY a— AT
VI M7V RATERXSIIRDET,

—BRFEFIHL 2 o TIERENEY 2 —MITDAETT,

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary
(but harmless) to call it from module initialization code. An explicit call is needed only if the

module’s own init code subsequently calls PyState_FindModule. The function is mainly intended

8.6.

ZOMDATZ U+ 253



The Python/C API, ) —2X 3.14.0a3

for implementing alternative import mechanisms (either by calling it directly, or by referring to

its implementation for details of the required state updates).
FECOH LENE GIL 215 L2 Ad72 D $8 A,

Return -1 with an exception set on error, O on success.
Added in version 3.3.

int PyState_RemoveModule ( PyModuleDef *def)
RICBELFT: Stable ABI (IN—=23> 8.8 £D ). Removes the module object created from def
from the interpreter state. Return -1 with an exception set on error, 0 on success.

PO LANG GIL 215 L2 3 iud7a b $8 A,

Added in version 3.3.

8.6.3 1T7L—2AT2x ¥ |k (iterator object)

Python TR ZFBEOA 7L & A7V 27 b2EBLTVES, —D2HEY -7 Y X4 7L —XT,
__getitem__ () XAV FEVR-PFFTEEEDS—F Y RAEMHPVET, ZOHEMIH LATREA 7Y =
7+ %L (sentinel value) ZH/WV\. ¥ —F YV ANDERI L IKNUH LATRELS 7Y = 7 P2 LT, +
YFFOVEMRE N ¥ FICRENIEER T LE T,

PyTypeObject PySeqlter_Type
RICEL F7: Stable ABIL. PySeqIter_New() X, #AAAS —5 ¥ ZBNTH LT 1 51BIER DA
ABBE iter O ZMUIH L ZITRENE, A TL—XF 7Y 227 bOMF T 22 T,

int PySeqIter_Check(PyObject *op)

op DI PySeqlter_Type MDGEICEZIRL 5, ZORBIIEITHIIL 5,

PyObject *PySeqIlter_New(PyObject *seq)
RBROfE: F1LWBE, RICBELXT: Stable ABL. =R =7 XA T b seq B|_HA T
L—XERLUET, RIFMIEIL, > — 7 Y ADIRTHEERIEDOBIC IndexError IR L7 & ZITHKT
L%,

PyTypeObject PyCalllter_Type
RICEBLE T Stable ABL PyCallIter New() %, #AAHPEE iter() @ 2 5IBIEXIE T A 7
L—=ZRATI2 7 VORA T 2 MTT,

int PyCallIter_Check(PyObject *op)

op DBIH PyCalllter Type MOGHICHTRLET, ZOBKITEICHIIL 5,

PyObject *PyCallIter_New(PyObject *callable, PyObject *sentinel)

RbDfE: rLWBE, RICEL X9 Stable ABL #7247 L —2%RLET, RIIDNRT XX
callable 1518072 U CTH-U ¥ % Python OFFUH LATEELX 72 =2 7 PR SRBRATHIDPEVERA;
callable 1%, PFEHEN 2712 RICRORKBUENRA 72 = 7 b RIRIRIFUIRD A, ERIN
724 7L —21&. callable 3 sentinel IZFE LWEERIRT & RIEMEEZHETLETS,
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8.6.4 TRUVTAAT T I (descriptor object)

IR TR (descriptor)” &, HBA T 27 POV ODEHICOVWTEHR LA T 27 T,
TRZVIRATY 27 M3BATY 227 OHENICH D £,
PyTypeObject PyProperty_Type

RICBLFT: Stable ABL #lAIABT A2 ) FRBQRA 72 = 7 M T,

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
ROfE: FILVLBE, RICBL XY Stable ABL

PyObject *PyDescr_NewMember ( Py TypeObject *type, struct PyMemberDef *meth)
ED{E *ﬁbb\%lﬂﬁﬁ ’kt&- L/ij_ Stable ABI.

PyObject *PyDescr_NewMethod ( PyTypeObject *type, struct PyMethodDef *meth)
ROfE: FLVLBER, RICBLET: Stable ABL

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
RO1E: HLLWEE,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
ROfE: #ILVLBE, RICBL XY Stable ABL

int PyDescr_IsData(PyObject *descr)

FRAZYTFRITI 27 b descr BF—RBHED TR 2V FROFEIFIEEXfE, XYy FFR
VY TERDEGEITE 0 BRLET, descr 37 A7V S RATI =27 b TRIFINIRD EVA, TT7—
F v ZI¥MTVERA

PyObject *PyWrapper_New (PyObject*, PyObject™)
ED{E %ﬁbb\/: Rno ’KL— L/ij_ Stable ABI.

8.6.5 R XAT ¥ bk (slice object)

PyTypeObject PySlice_Type

RICBLET: Stable ABL. 254 24 7Y 227 bORIA 7Y 22 b TF, Z4UZ, Python LA ¥
B3 slice LALA TV =7 b T,

int PySlice_Check (PyObject *ob)

ob MATARFTI 27 FOBEWCERRLET; ob I NULL THo> TiER D XA, ZOBEKITE
WL E3,

PyObject *PySlice_New(PyObject *start, PyObject *stop, PyObject *step)
RDOME: HiLWLWBHE, RICBL £7: Stable ABL. Return a new slice object with the given values.
The start, stop, and step parameters are used as the values of the slice object attributes of the same

names. Any of the values may be NULL, in which case the None will be used for the corresponding

attribute.

R NULL wit] . if 1] bi 1d be all ]
8.6. ZoftDATZ U+ 255



The Python/C API, ) —2X 3.14.0a3

int PySlice_GetIndices(PyObject *slice, Py _ssize_t length, Py ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)

RICBLZET: Stable ABIL. 54 XA T2 b slice 1281} % start, stop, BLU step DA T2
ZEZBIFLET. ZDLEI—F Y RADRX% length YIRELE T, length KO dKRERA VTV
AW BeLT7— LTIRVET,

Returns 0 on success and -1 on error with no exception set (unless one of the indices was not None

and failed to be converted to an integer, in which case -1 is returned with an exception set).
BELHL, BRI IOEBEHNZZVTL & I,

N—Tay 3.2 TEHE: AN, slice 513 DEIE PySlicelbject* T L7,

int PySlice_GetIndicesEx(PyObject *slice, Py _ssize_t length, Py _ssize t *start, Py _ssize_t *stop,

Py ssize_t *step, Py _ssize_ 1 *slicelength)

RICEBLE9: Stable ABL. PySlice_GetIndices () DEFIMREZETT, slice \ICBIY 3. start, stop B
XU step DA VT2 RAEEREELET, O—F Y ADEEX% length . 274 ADEX% slicelength
WML T, BARNDOAL O F 27 2AZWBEDRATA A —BH LEFETZ Y y 730 % T,

Return 0 on success and -1 on error with an exception set.

0 IR

This function is considered not safe for resizable sequences. Its invocation should be replaced

by a combination of PySlice_Unpack() and PySlice_AdjustIndices () where

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <
=0) {
// return error

}

is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

X
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—=Tar 32 TEHE: AN, slice 513 DANI PySlicelbject* TL 7,

N—Y a ¥ 3.6.1 TZHE: If Py_LIMITED_API is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx() is implemented
as a macro using PySlice_Unpack() and PySlice_AdjustIndices(). Arguments start, stop and

step are evaluated more than once.

N— a v 3.6.1 TIHERE: If Py_LIMITED_API is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx() is a deprecated function.
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int PySlice_Unpack(PyObject *slice, Py _ssize ¢ *start, Py_ ssize_t *stop, Py_ssize_t *step)

RICELZET: Stable ABI (IN—2 3> 3.7 &D). Extract the start, stop and step data mem-
bers from a slice object as C integers. Silently reduce values larger than PY_SSIZE_T_MAX
to PY_SSIZE_T_MAX, silently boost the start and stop values less than PY_SSIZE_T_MIN
to PY_SSIZE_T_MIN, and silently boost the step values less than -PY_SSIZE_T_MAX to
-PY_SSIZE_T_MAX.

Return -1 with an exception set on error, O on success.
Added in version 3.6.1.

Py ssize t PySlice_AdjustIndices(Py ssize t length, Py ssize t *start, Py ssize t *stop,
Py ssize_t step)

RICBLFT: Stable ABI (IN—2 3> 3.7 &D). Adjust start/end slice indices assuming a
sequence of the specified length. Out of bounds indices are clipped in a manner consistent with

the handling of normal slices.
Return the length of the slice. Always successful. Doesn’t call Python code.

Added in version 3.6.1.

Ellipsis 77>z o b+

PyObject *Py_Ellipsis
Python ® Ellipsis # 7Y =27 by ZDF TV =27 MERXY v FBH Y XA, Py_None ¥ [Fkk,
ZAUX immortal TV IN NI RATI =27 VT,

N—=a ¥ 312 TEH: Py Ellipsis IX immortal T3,

8.6.6 memoryview #7x U

memoryview A 7Y =2 M, MDA TP =7 FEFU LS A S Python #7222 bDfEELE CE

HLANLD Ny T7DA VA =T 1—2 TY,

PyObject *PyMemoryView_FromObject (PyObject *obj)
RBRDE: FTLWEBE, RICELEXT: Stable ABL. Xy 77 A VR —7 =2 —RERMET2F 70271+
5 memoryview A7V 27 PERERLET, b L obj BNHEZIABARERNY 7 7DLI AKR—+ %
PR=bFT 245, ZO memoryview 7Y 7 MIHAZEZAHET T, £ TRIFIUIFTH L DA
WCRBH, TIZAR=Z—DHANCd DN THRAZTEDAREL R D 5,

PyBUF _READ

Flag to request a readonly buffer.

PyBUF _WRITE

Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py ssize t size, int flags)

ROME: FILWBE, RIZBLET: Stable ABl (IN—=23> 3.7&D ). mem FL ROy 772 L
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T memoryview A 7Y =7 M EIEK L 3, flags i& PyBUF_READ 7 PyBUF_WRITE D ¥ % &7
DET,

Added in version 3.3.

PyObject *PyMemoryView_FromBuffer (const Py buffer *view)
RBRDME: iLWBE, RICBEL X7 Stable ABI (IN—2 3> 3.11 &D). view & LTEHEZ BN
Ny 7 78R T v 7T 5 memoryview A 7Y =7 M EERLET, BB AL My 7 7 AT,
PyMemoryView_FromMemory () DIEFSWEELWTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

BOfE: TILLWEBE, RICEBLET: Stable ABL buffer £ ¥ X—7 2 —RAZERL TR LTIz
FH» 5 (CC A Fortran @ order T) BHiL7z XE VU F ¥ ¥ 7D memoryview * 7Y =7 b &E{E
DEFF, XEVUNEELTOWSEHE, memoryview A 7Y =22 MITTOXE VRSB LEST, Th)
NDGE. XEVIFIE—EN T, memoryview 772 =7 MIFTL W bytes A 70 =7 2SR L
7,

buffertype can be one of PyBUF_READ or PyBUF WRITE.

int PyMemoryView_Check (PyObject *obj)
obj 3 memoryview A 7Y =7 FOBEWCEHEZRLET, BHED YL Z A, memoryview DY 77 5 R
DIEMIIFFAI SN TOVER A, ZOBIBITE IR L £3,

Py_buffer *PyMemoryView_GET_BUFFER ( PyObject *mview)
EXLEINTANY 7 7 —D memoryview DTS T A RX— bk a—IZ, KAV X—%RLET, muiew
¥ memoryview £ YA X VY ATRIFIUERD FX¥A; 2O~/ nid3ilE2F v 7 LRWVWDTHAT TR
FryZ LRINIRGT, TNE2R2L 779232800 HDET,

PyObject *PyMemoryView_GET_BASE(PyObject *mview)

memoryview Z L7 AR —=FLTWVWEFTTI 27 PADKRA VX %ZIKLE T, memoryview 23
PyMemoryView_FromMemory () % PyMemoryView_FromBuffer() D ¥ H LM TERI N T WG
A\ NULL 2R L £95

8.6.7 FBBAT> Ik

Python & §§88R 25—+ 7> = 7 b (first-class object) £ LTHR— b+ LET, HSWEEEELT S
THHEOBEROA 7Y 27 MUDBH D FT, B3BEMRZRA T 22 T BLEBAVIFLOF TV
Z MW UTHBERIRD uF > e LTIRES A 7Y =27 T,

int PyWeakref_Check (PyObject *ob)
Return non-zero if 0b is either a reference or proxy object. This function always succeeds.
int PyWeakref_CheckRef (PyObject *ob)

Return non-zero if 0b is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)

Return non-zero if 0b is a proxy object. This function always succeeds.
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PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)

RDhfE: F1LWBHE, RICBL £7: Stable ABIL Return a weak reference object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing
reference object may be returned. The second parameter, callback, can be a callable object that
receives notification when ob is garbage collected; it should accept a single parameter, which will
be the weak reference object itself. callback may also be None or NULL. If ob is not a weakly
referenceable object, or if callback is not callable, None, or NULL, this will return NULL and raise

TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
RBbhfE: L WBHE, RICEL X7 Stable ABI. Return a weak reference proxy object for the
object ob. This will always return a new reference, but is not guaranteed to create a new object;
an existing proxy object may be returned. The second parameter, callback, can be a callable object
that receives notification when ob is garbage collected; it should accept a single parameter, which
will be the weak reference object itself. callback may also be None or NULL. If 0b is not a weakly
referenceable object, or if callback is not callable, None, or NULL, this will return NULL and raise
TypeError.
int PyWeakref_GetRef (PyObject *ref, PyObject **pobj)
RICBLZE T Stable ABI (IN—=23 > 8.13 &£D ). Get a strong reference to the referenced object
from a weak reference, ref, into *pobj.
o On success, set *pobj to a new strong reference to the referenced object and return 1.
e If the reference is dead, set *pobj to NULL and return 0.
e On error, raise an exception and return -1.

Added in version 3.13.

PyObject *PyWeakref_GetObject (PyObject *ref)

RBbh{E: ERA8R, RICEBL X9 Stable ABL. Return a borrowed reference to the referenced object

from a weak reference, ref. If the referent is no longer live, returns Py_None.

0 IR
This function returns a borrowed reference to the referenced object. This means that you

should always call Py_INCREF() on the object except when it cannot be destroyed before the

last usage of the borrowed reference.

Deprecated since version 3.13, will be removed in version 3.15: Use PylWeakref_ GetRef () instead.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

RD{#E: EABR, Similar to PyWeakref GetObject (), but does no error checking.

Deprecated since version 3.13, will be removed in version 3.15: Use PylWeakref_ GetRef () instead.
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int PyWeakref_IsDead(PyObject *ref)

Test if the weak reference ref is dead. Returns 1 if the reference is dead, 0 if it is alive, and -1

with an error set if ref is not a weak reference object.
Added in version 3.14.

void PyObject_ClearWeakRefs (PyObject *object)

RICEBL £79: Stable ABI. This function is called by the tp_dealloc handler to clear weak

references.

This iterates through the weak references for object and calls callbacks for those references which

have one. It returns when all callbacks have been attempted.

void PyUnstable_Object_ClearWeakRefsNoCallbacks (PyObject *object)

[ )
23U Unstable API T3, YA F—V Y —RATTERLKEBEINZ DD X7,

Clears the weakrefs for object without calling the callbacks.

This function is called by the tp_dealloc handler for types with finalizers (i.e., __del__()). The
handler for those objects first calls PyObject_ClearWeakRefs () to clear weakrefs and call their
callbacks, then the finalizer, and finally this function to clear any weakrefs that may have been

created by the finalizer.

In most circumstances, it’s more appropriate to use PyObject_CleariWeakRefs () to clear weakrefs

instead of this function.

Added in version 3.13.

8.6.8 7t
using-capsules LLRDA 7Y = 7 v &2 A{# 5 J7HRIZD W T using-capsules ZZ L TL 2 &0,
Added in version 3.1.

type PyCapsule
ZD PyObject DY 724 FE, EEOEZELL, CHIREY 2 —5 56 Python 2 — FEFEHL T
fid C FFEDa— FIEEDEE (voidx RA Y XD T) BILEXHZ L ZICHEFHATT, H5%E
Va—AHNTERIN TS CSHEEAMORA v 2%, IOEY 2 - NMITELTZIASITUIEE S
FICF DTN ET, ZACED, BICa—-FESh2EY 2—1OFD C API ITEH
@ import EEEL CT7 7R TR N TEZT,

type PyCapsule_Destructor
RICBELZET: Stable ABL A 72T BT AN 7 X a— ANy 7B ROXSICERINET:
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typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_ Destructor a—/L Ny 7 OEIfEICDOWTIE PyCapsule_New() ZHIRL TL W,

int PyCapsule_CheckExact (PyObject *p)

G518 PyCapsule DHHICE TR LET, ZOBBIIHEITHNL 5,

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule Destructor destructor)

RBOfE: FiLWBHE, RICBLFT: Stable ABL. pointer #1843 % PyCapsule ZIERL % T,
pointer 518U% NULL TH - TIEi D FH A,

L LUGE. BN EFRELTNULL 2 RLE T,

name CFHNE NULL 2, A% C STFHINDARA > X TH, NULL THWEE, ZOXFINID %<
EB DTNV IDRAAEGETIHEDNDD 5, (destructor DR TIRINT 2 Z LIFFFAISNTVET)

destructor 75 NULL TEWEE, h 7R ADBHIRENZ L EICZ20h L2518 L THRUHIR
9,

DA TN EY 2 —NLDEMEL LTHREINS5E. name X modulename . attributename ¥ 15
EINDZRETT, 25528, MOES 2 —-ADBZDH TV % PyCapsule_Import() TA ¥V R—
FEBZENTEET,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

JM:E LZE7: Stable ABL 1 72 VIRIFEINTWS pointer #ED H L 5, KL =56 1365+
FE LT NULL B L £,

The name parameter must compare exactly to the name stored in the capsule. If the name stored
in the capsule is NULL, the name passed in must also be NULL. Python uses the C function strcmp ()

to compare capsule names.

PyCapsule Destructor PyCapsule_GetDestructor (PyObject *capsule)

RICBLZE: Stable ABL. # L NMIEEEIN TV ARED TR N 7 2 2R L ET, KBRLEES.
B2 F%E LT NULL 28R L3,

HTEMENULL 27 A7 R LTRHOZENTERT, {E- T, RDED NULL 232 J — %245
L TRWATREMED D D £3, PyCapsule_IsValid() »» PyErr_Occurred() ZFIH L THEEL T 7
éL\O

void *PyCapsule_GetContext (PyObject *capsule)
RICBLET: Stable ABL 7 72 VMITRFESINTOVARHED Y TF X b (context) KL E T, &
ML75E. P 2REL T NULL 2R L %3,

HTEMENULL 22T FAPELTHROIEDBTEET, o T, RDHED NULL A F— %
L THRWATREMED D D 5, PyCapsule_IsValid() %> PyErr_Occurred() ZFFA L THEZRLTL 2
XV,
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const char *PyCapsule_GetName ( PyObject *capsule)
mt:E LZ£79: Stable ABL. 7 2 MRFESINTWBHAED name 2R L E3, KMLEGE, G5
BELTNULL ZiIRL %5,

7 72VE NULL % name & L TROZENTEET, Eo T, RDED NULL 2325 — 25 L Thw
AJBEMEDYH D £F, PyCapsule_IsValid() 2 PyErr_Occurred() ZFH LU THEREL TLZ&E W,
void *PyCapsule_Import (const char *name, int no_block)

RICEL £9: Stable ABI. Import a pointer to a C object from a capsule attribute in a module.
The name parameter should specify the full name to the attribute, as in module.attribute. The

name stored in the capsule must match this string exactly.

BIHU7=5E6. A7 rORE R4 2IRLE T, KBLEHE. HISE2RE LT NULL %R
%9,

N— a ¥ 3.3 TEH: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)

RICBLE9: Stable ABL capsule BB TN THE2hES50EF v 7 LET, B5K
capsule 1%, IE NULL T, PyCapsule_CheckEzact() %A L. JF NULL RRA ¥ X EHEMHL TVT,
ANERD name A58 name ¥ < v F L E T, (name DHILFTFEIDWTIX PyCapsule_GetPointer()
ZZH)

In other words, if PyCapsule_IsValid() returns a true value, calls to any of the accessors (any

function starting with PyCapsule_Get) are guaranteed to succeed.

A7 27 FPERT name A v F LEGEEICIE 0 2, TALNDEEIC 0 ZRLET, 2O
WEAERHT R L 8 A
int PyCapsule_SetContext (PyObject *capsule, void *context)

RICEBLE T Stable ABI. capsule AIEiD a2 7F A M RA VX% context WCERELE T,
M L726 0 &2, KRMLZoHA 23 E LTI 0 ZRLET,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)
RICEL £ 9 Stable ABI. capsule DT R b7 7 X% destructor IZHEL F 3,

L5 0 &2, RML7=6H8I0ZRELTIE 0 ZIRLET,

int PyCapsule_SetName ( PyObject *capsule, const char *name)

RICBL £ Stable ABIL. capsule NE8D name % name IZREL FF, name 2IE NULL D & &,
ZHUX capsule I D DEVWEMEFFODBENDHH T, LI TIC capsule IZIE NULL @ name D%
FEINTOEBE, 20U T 2 BRIIITONER A,

L5 0 &2, RML 7B ZRELTIE 0 ZIRL X5,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

RICEBLF T Stable ABI. capsule NERD KA >~ X% pointer IZ8E L E T, pointer & NULL TH -
T D FEA,
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BIIL75 0 &2, RML7=6RIAZRELTIE 0 ZIRL X,

8.6.9 7L —L (frame) 77>V b+

type PyFrameObject

RICBLFT: Limited APl (RERALBGEERLCLT). 7L —2A 7Y =7 M2 T 2BICHVWON
5, A7V b EERT CHEKTT,

There are no public members in this structure.

N— a ¥ 3.11 TEHE: 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.
N— a3 ¥ 3.11 TEH: Previously, this type was only available after including <frameobject.h>.

int PyFrame_Check ( PyObject *obj)

Return non-zero if 0bj is a frame object.

N— a ¥ 3.11 TEH: Previously, this function was only available after including <frameobject.

h>.

PyFrameQObject *PyFrame_GetBack (PyFrameObject *frame)

RO fE: #1LWEHE, 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)

RO fE: #iLWBHE, 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)

RBOE: FiLWBHE, RICELZXT: Stable ABI (IN—=23 > 3.10 &D ). Get the frame code.
Return a strong reference.
The result (frame code) cannot be NULL.

Added in version 3.9.
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PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

RDOflE: $1LWBHE, 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 ( PyFrameQObject *frame)

RBDE: #iLWEH, Get the frame’s £_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.

PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

RD1ME: FiLWEBE, Get the variable name of frame.
e Return a strong reference to the variable value on success.
o Raise NameError and return NULL if the variable does not exist.
e 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)
RD1ME: $iLWAH, 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)

RO fE: $1LWEBH, Get the frame’s f_locals attribute. If the frame refers to an optimized scope,
this returns a write-through proxy object that allows modifying the locals. In all other cases
(classes, modules, exec(), eval()) it returns the mapping representing the frame locals directly
(as described for locals()).

Return a strong reference.

Added in version 3.11.
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N—T a3 v 3.13 TEH: As part of PEP 667, return an instance of PyFrameLocalsProzy_Type.

int PyFrame_GetLineNumber ( PyFrameObject *frame)
RICBLEFT: Stable ABL (IN—=23> 3.10 &D). frame DBAEFITL TV EITHESZIKELET,

Frame Locals Proxies
Added in version 3.13.

The f_locals attribute on a frame object is an instance of a ”frame-locals proxy”. The proxy object
exposes a write-through view of the underlying locals dictionary for the frame. This ensures that the

variables exposed by f_locals are always up to date with the live local variables in the frame itself.
See PEP 667 for more information.

PyTypeObject PyFrameLocalsProxy_Type

The type of frame locals() proxy objects.

int PyFrameLocalsProxy_Check (PyObject *obj)

Return non-zero if 0bj is a frame locals() proxy.
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);

ZHUZ Unstable API TS, A F—V V) —ATTERIEEINDZZ DY FT,

Return a strong reference to the code object for the frame.

Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLasti(struct _ PylnterpreterFrame *frame);

IR Unstable API Ty %A F—V U —RTTPERLKLEEINZZ DD %7,

Return the byte offset into the last executed instruction.

Added in version 3.12
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int PyUnstable_InterpreterFrame_GetLine (struct _ PylnterpreterFrame *frame);

ZHUZ Unstable API T%, A F—V V) —ATTERLIEHINZZ DD FT,

Return the currently executing line number, or -1 if there is no line number.

Added in version 3.12.

8.6.10 XL —RATxU

VxR —=EF 7Yz ME Python BV 230 =X A T L —XZ2EETIDIMoTNELXF T2 MT
T VAL —&XFTT 2 MIEH., PyGen_New() X PyGen_NewWithQuallName () OHRAJIZFENH LT
372 <, fH% yield T2 T L -y a MITEDEREIET,
type PyGenObject

VI —RATY 27 MfibhTwg C HERTY,

PyTypeObject PyGen_Type
VAL —=RATI =7 MIIMIBT 3BA T =27 F T,

int PyGen_Check ( PyObject *ob)
b WY 2 AL —ZATY 227 FOGEICHZEE T, 0b X NULL THo TR D FHA, ORI
I L £ 95

int PyGen_CheckExact (PyObject *ob)
ob 75 PyGen_Type DFHIWICEEIELE T, 0l NULL TH->TiER D THA. ZOBEBIIFEITHIIL
9,

PyObject *PyGen_New (PyFrameObject *frame)
RBDOfE: iLWBWE, frame A 7027 NIESWTHZRI 2 XL —2 A7V =27 P EERLTRL
E5, ZOBEIT frame NOBREEAE T, 518D NULL TH-TIRD £¥A,

PyObject *PyGen_NewWithQualName ( PyFrameQObject *frame, PyObject *name, PyObject *qualname)

RBOME: iLWBE, frame A 70 =7 b o¥ilzid =22V =247 27 PEAEM L, __name__
¢ __qualname__ % name & qualname WKERELTERLFET, ZOMEKIX frame ~\DSREEAF
J. frame 5130E NULL TH > T3 b 8 A,

8.6.11 JI—F>FATxo bk
Added in version 3.5.

AN—=F A TY Y I async F—TV— F2fo TERLLBEBIET AT =27 FTT,

type PyCoroObject

N—F VATV 27 bDIDHD C HIEA,
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PyTypeObject PyCoro_Type
AN—F U F TV MIRIGT RRA T 27 b,
int PyCoro_CheckExact (PyObject *ob)

ob 25 PyCoro_Type DIFHIWCEZIRLE T, 0b IX NULL THoTIFR D FXHA, ZOBEBUXEICHKI
L%,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
RBOE: FiLWEBHE, frame A 7P =27 b 2oHLWVaAL—F o 479227 P EERL T, __name__
¥ __qualname__ % name & qualname WKEHELTRLET, ZOBKIX frame NOSZHEEVE
T frame 518UE NULL TH o TIEi D FHA,

8.6.12 OAYTXANERAT Uk

Added in version 3.7.

N—Yar 371 TEH:

0 IR

Python 3.7.1 TEZTDa Y7 F A MEFHD C API O > 7 X F v X, PyContext, PyContextVar,
PyConteztToken DD DIT PyObject RA Y R%ES X511 BE INE L, flzid:

// in 3.7.0:
PyContext *PyContext_New(void) ;

// in 3.7.1+:
PyObject *PyContext_New(void);

FHHIE bpo-34762 2SR L TL 72X W,

Z OHITIX. contextvars Y 2 —/LDNF C API OFEHICOWTEHAL £ 3,
type PyContext

contextvars.Context A 7Yz 2 F 2RI T 27200 C MGk,

type PyContextVar
contextvars.ContextVar A 7Y =7 N 2RI 37200 C MGk,

type PyContextToken
contextvars.Token 4 7P =7 M2 RWHT 27200 C K,

PyTypeObject PyContext_Type
AVTHFAM MZRBRT2MA T2 b,
PyTypeObject PyContextVar_Type
AVTFAMEH BRI T2 A 7920 T,
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PyTypeObject PyContextToken_Type
AVTHERAMER -2 B RBT2HA 722 b,

BFzvr~rna:

int PyContext_CheckExact (PyObject *o0)
0 D PyContezt_Type DHFAICEHZIELE T, 013 NULL THo TR D FEA., ZDOREEIIEITK
HLET,

int PyContextVar_CheckExact (PyObject *o)
1) 27)§ Pyc'ontemt]/ar_ Type @i%éﬁﬁ%ﬁbi?o 0] Ci NULL VC“EOVC@K?& D i'ﬁ_/uo :O)Egﬁbif%&:
L E 5,

int PyContextToken_CheckExact (PyObject *o0)
o 3 PyContextToken_Type DFHEICEHZIRELE T, 0l NULL TH-oTIRD F¥A, ZOBEZ
WL £ 9

AVTFFRANATI 27 PRI S B

PyObject *PyContext_New (void)
EDOfE: ILLWER, HILWVWZEDa Y TFA A7V bEERLE T, =7 —0EE 5413 NULL
PIRLUET,

PyObject *PyContext_Copy (PyObject *ctx)
RBOfE: HILWBHK, EXhlctz a7 FAMA TV 27 bOERVWaAL—RERLE T, =72
X 7-5A1E NULL 23R L5,

PyObject *PyContext_CopyCurrent (void)
RDO{E: ILLWEBE, HEDaYFFA ATV 27 bRV a—2ERLET, =5 —2R&E 5
A% NULL 2R L ¥

int PyContext_Enter (PyObject *ctx)
ctx ZREDAL Yy FOBED AV THFAPMIHRELET, WL 0 2, KMLES -1 ZRL
x93,

int PyContext_Exit (PyObject *ctx)
ctr AV THFAMEREIMNMCL, 1 DOV TFAMEBEDRAL Yy ROBEDI Y7 F X MIEITLL
3, LS 0%, RELES -1 2IRLET,

int PyContext_AddWatcher (PyContext WatchCallback callback)

Register callback as a context object watcher for the current interpreter. Return an ID which may
be passed to PyContezt_CleariWatcher(). In case of error (e.g. no more watcher IDs available),

return -1 and set an exception.

Added in version 3.14.
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int PyContext_ClearWatcher (int watcher id)

Clear watcher identified by watcher__id previously returned from PyContext_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 3.14.

type PyContextEvent

Enumeration of possible context object watcher events:

e Py_CONTEXT_SWITCHED: The current context has switched to a different context. The object
passed to the watch callback is the now-current contextvars.Context object, or None if no

context is current.
Added in version 3.14.

typedef int (*PyContext_WatchCallback)(PyContextEvent event, PyObject *obj)

Context object watcher callback function. The object passed to the callback is event-specific; see

PyContextEvent for details.

If the callback returns with an exception set, it must return -1; this exception will be printed as

an unraisable exception using PyErr_FormatUnraisable (). 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 3.14.
VT HRRNEROBE:
PyObject *PyContextVar_New(const char *name, PyObject *def)

Bh{E: FILWEH, H LV ContextVar A7V =7 FE{ER L E£3, name 5IEIIHEER L TNy
JOEMTHELNE T, def 518> TFRXAMERDT 7 2V MEERFEET 20, 77 0 F23RWD
BEIE NULL TF, =7 —2REA551E, BEE NULL 2R L E 3,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)

AT FRAMEROERZIIRL 5, B 7 - EGEE -1 2. [EX RN T RAH
LR THIIT—DEERP-oHEIF 0 ZIELE T,

VT FRANEBBRMND 07255, value ZZFNEIETRA VR ->TVWEST, aVTF A MEK
DR S B o1z HEIX. value DIETHDEIRD LS5 IR ->TVWET:

o (NULL TZ&IFHUI) default value
o (NULL TRIFHUIX) var DT 7 L MHA

e NULL
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NULL ZBRINE., ZoBEEH L VWSRERL 7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
ROfl: FILWBE, BEDa Y FF X MIBWT var OIE% value 12y FLET, ZOEHICK
BHILNWr =2 FA TV 27 v 7RI o5 EE “NULL“ZIRL 35,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AY T XA MNEBOREE VLY b L. token %I L7z PyContextVar Set () MFHIN 2 HIDIK
BICRLET, ZoMBIIRILES 0, KRLZES -1 ZIRLET,

8.6.13 DateTime # 7> x 7 k

datetime EY 2 — L TIE, HARENA TV 227 FRRLIA 7Y 27 F2RHEL TWE T, UTITRITEER
ZESHBEICIE. DL UDANY X T 7 4 )L datetime.h % Y —RIZ include L (Python.h 2D 7 7 A )L
% include L £t A). PyDateTime_IMPORT ¥ 2 %, #HIZEY 2 — LAIHILEIED &, EEI L TH KB
BHDFET, TOTI7 I TO~ 7 v THlDN 2 EFHIZL PyDateTimeAPI 12 C MEAANDKA > 2% A
nNxE9,

type PyDateTime_Date

2D PyObject DY 7R A FE, Python OHN A7 =7 b ERLET,

type PyDateTime_DateTime

2D PyObject ¥ 7 %A Fid Python @ datetime 73 =7 F2RLE T,

type PyDateTime_Time

Z®D PyObject DY 7 XA 7 Python D time # 7Y =7 FERELET,

type PyDateTime_Delta

2D PyObject DY TR A FE DD datetime DIEDZEDTERLFT,

PyTypeObject PyDateTime_DateType
Z D PyTypeObject DA ¥ AR ¥ A& Python @ date Bz KX L £7; Python L' 4 ¥IZETF 3
datetime.date L[AIUA 7Y =2 F T,

PyTypeObject PyDateTime_DateTimeType
Z D PyTypeObject DA ¥ AR ¥ AE Python @ datetime %2 RW L £7; Python L A ¥iZEI} 3
datetime.datetime YFRIUA 7Y 27 FTT,

PyTypeObject PyDateTime_TimeType
Z D PyTypeObject DA ¥ AR ¥ ZiZ Python ® time B %ZF£ L ¥£73; Python L A YIiZBIF 3
datetime.time XA UA 7P =7 F T,

PyTypeObject PyDateTime_DeltaType

This instance of PyTypeObject represents Python type for the difference between two datetime

values; it is the same object as datetime.timedelta in the Python layer.
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PyTypeObject PyDateTime_TZInfoType
Z D PyTypeObject DA ¥ A& ¥ Rl Python D &4 5V —VEHAEI%ZE L £3; Python L 1 ¥iZ
BIF % datetime.tzinfo E[FUA 7Y 27 FTT,

UTC Y Y I N7 7R B DDA

PyObject *PyDateTime_TimeZone_UTC
UTC ZA LY —VITHET 227V 2R L %Y, ZHUX datetime.timezone.utc & [F U A
T2 FTT,
Added in version 3.7.

MFzyr<on:

int PyDate_Check (PyObject *ob)
ob 7% PyDateTime_DateType %% PyDateTime_DateType D% 7 XA 7DA 7Y =7 b DA
BERELET; ob X NULL THoTWE D FHA, TOBEITFEITRIILET,

int PyDate_CheckExact (PyObject *ob)
ob 73 PyDateTime_DateType DFEICHZIRL £7, 0b l& NULL THoTIERD FHA. DB
527 R 0N 3 a8

int PyDateTime_Check ( PyObject *ob)
ob 3 PyDateTime_DateTimeType %% PyDateTime_DateTimeType DV 744 DA 7T = 7 b
DBFECEEZKLET; 0b 1 NULL THo TR D EHA, ZOBBEHICEILET,

int PyDateTime_CheckExact (PyObject *ob)
ob %% PyDateTime_DateTimeType DHGEIWCEZIEL £, 0b IE NULL THoTIRD FHA. 2D
BEBUIH I L £5,

int PyTime_Check (PyObject *ob)
ob 73 PyDateTime_TimeType M7} PyDateTime_TimeType MDH 7 X 4 FDF 7Y =7 FDFEI
HZRLET; 0b 1d NULL THo TR D FH¥A, ZOBBIEICRILET,

int PyTime_CheckExact (PyObject *ob)
ob B3 PyDateTime_TimeType DFEICEHZIRL $7, 0b ld NULL THoTIERD FH A, OB
HIZHII L L9

int PyDelta_Check (PyObject *ob)
ob 73 PyDateTime_DeltaType 7> PyDateTime_DeltaType BUDY 7 X A4 FDA TP =7 + DFE
WCEZBLET; ob X NULL THoTiERD F¥A. TOBEBIXFICTKRINIL 3,

int PyDelta_CheckExact (PyObject *ob)

ob »% PyDateTime_DeltaType DHEICEZIEL $9, 0b & NULL TH o TIIRD FHA. ZOREEK
IR L LT,
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int PyTZInfo_Check(PyObject *ob)
ob b PyDateTime_TZInfoType %% PyDateTime_TZInfoType MDY 724 FDA TP =7 + D
BIWCHZELET; 0b & NULL THo TR D FHA, ZOBKIEICHIL 7,

int PyTZInfo_CheckExact (PyObject *ob)
ob B3 PyDateTime_TZInfoType DHAIWCEZIR L ET, 0b 1& NULL THoTER D FEA, ZDH
BUIHIWCHIIL £,

PTREA T2 v 2E T 570D~ 70T

PyObject *PyDate_FromDate (int year, int month, int day)
ROl iLWBR, {5ELFE. A. HD datetime.date #7327 bZIRLE T,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int

second, int usecond)

RBOflE: LW, s L=F,. A. H. K. 7. B, 4 780D datetime.datetime 7Y =
7 MEIRLET,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,

int second, int usecond, int fold)

RBOE: FTLWBHE, fiEanzE, A, H. R 7. B, 4278, fold D datetime.datetime
FT7T 27 VERLET,

Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

RBO{E: FiLWBH, 53Nk 7. B, ~A4 70D datetime.time A 7P 7 b ERLET,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
RBO{E: FiLWBE, XNk 7. B, w47, fold ® datetime.time 72 =7 b %R
LE7,
Added in version 3.6.

PyObject *PyDelta_FromDSU(int days, int seconds, int useconds)
RBDflE: :iLWBER, #EESIN/H, B, ¥4 78MD datetime.timedelta A7V 7 F2IRL E
T, ¥4 7 datetime.timedelta 7P 27 P TEREINTWBHFICA S X 5 ITIERHE
ZITVWE T,

PyObject *PyTimeZone_From0ffset (PyObject *offset)
RBOfE: iLWEBH, offset 5IBTIRELZBEEA 7ty M 2D, HHIDR datetime.timezone
F7T = PRBLET,
Added in version 3.7.

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
RDfE: FTLWBE, offset BIMTIRELEBEEDA 7Y F&. *name DX A LY — 2% %D
datetime.timezone A 7Y =7 b 2R FF,
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Added in version 3.7.

MFoxrnid date #7522 5567 4 = MEZWD B3 720D b DTY, 518U PyDateTime_Date
723 2DY 72 7 A (Bl ZIE PyDateTime_DateTime) D A ¥ AR ¥ A TRIFIUIR D ¥ A, 580% NULL
WKLTREST, BF =y ZIHTVERA:
int PyDateTime_GET_YEAR(PyDateTime Date *0)

FERIEOBBTEL 7,
int PyDateTime_GET_MONTH(PyDateTime_Date *0)

H%z 1556 12 OO TEL £3,
int PyDateTime_GET_DAY (PyDateTime Date *o0)

Hz 125 31 OMOEBITRL X7,
PLFo~<27nmid datetime £ 73 227 b 67 4 — L FEZROET DO DT, 518
PyDateTime_DateTime ¥ Z DV 727 7 ADA Y AR Y ATRIFIUER D ¥ A, 518% NULL 1L
TRERLT, BF =y 73TV REA:
int PyDateTime_DATE_GET_HOUR(PyDateTime DateTime *0)

Rz 0595 23 O OBETRLET,
int PyDateTime_DATE_GET_MINUTE(PyDateTime_DateTime *o0)

7% 005 59 OMOEHTRL 7,
int PyDateTime_DATE_GET_SECOND( PyDate Time DateTime *o)

Wz 055 59 OROBMTEL XTI,
int PyDateTime_DATE_GET_MICROSECOND ( PyDateTime DateTime *0)

~A a0 55 999999 O DOEEI TR L 3,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o0)
74— F GRIE: =& 4 22X 30T ADOIL) 2 005 1 FTOBKTELET,
Added in version 3.6.

PyObject *PyDateTime_DATE_GET_TZINFO(PyDateTime DateTime *o)

Return the tzinfo (which may be None).
Added in version 3.10.

UTFowrnd time #7922 P67 4 =V MEZIO 720D DTS, 518U PyDateTime_Time
TR EDY T TADA Y AR ATRIFINIIED A, 5I8%Z NULL IZLTRZ%RS6F, BF = v 73T
WEEA:

int PyDateTime_TIME_GET_HOUR(PyDateTime_ Time *o0)

Kz 0 225 23 OO TEL %7,
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int PyDateTime_TIME_GET_MINUTE(PyDateTime_ Time *o0)
T 025 59 OMOBETRLETS,
int PyDateTime_TIME_GET_SECOND (PyDateTime Time *o0)

Wz 055 59 OROBMTEL XTI,

int PyDateTime_TIME_GET_MICROSECOND ( PyDateTime Time *o)

~Az7aE 055 999999 O DOEITRL 3,

int PyDateTime_TIME_GET_FOLD (PyDateTime_ Time *o0)

Zx—NF @RI ¥v—X4 2L BHOThOI L) 2 0505 1 $TORKMTELET,
Added in version 3.6.

PyObject *PyDateTime_TIME_GET_TZINFO(PyDateTime_ Time *o)

Return the tzinfo (which may be None).
Added in version 3.10.

MUTD~<27n8ld time delta A 79 =227 v 2867 4 — L KEZLEDETEDODBDTT, 518X
PyDateTime_Delta MZ DY T 7 5 ADA Y AR Y ATRIFINIEZD £HA, 518% NULL I L TR
53, BT v 7370 EHA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime_Delta *o)
HEUZ 999999999 2° & 999999999 DI DELTIRL £73,
Added in version 3.3.

int PyDateTime_DELTA_GET_SECONDS ( PyDateTime__ Delta *o)

WEE 0225 86399 DRIOBETIRLET,
Added in version 3.3.
int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime Delta *o0)
~AzaE 055 999999 O DI TRL 3,
Added in version 3.3.

BIRo~27nmid DB APl #5332 ETOEEHRATT:

PyObject *PyDateTime_FromTimestamp (PyObject *args)
RD{E: $1LLWBE, Create and return a new datetime.datetime object given an argument tuple
suitable for passing to datetime.datetime.fromtimestamp().

PyObject *PyDate_FromTimestamp ( PyObject *args)

RBDOfE: $1LWEH, Create and return a new datetime.date object given an argument tuple

suitable for passing to datetime.date.fromtimestamp().
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8.6.14 B> bDHDOFXTI Ik

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)

RICBLFT: Stable ABI (IN—23> 3.9 &D ). GenericAlias A 7Y =7 24K L 3, Python
7 5 A types.GenericAlias ZMUH T Z & L FAIFTT, 518 origin & args & GenericAlias @
__origin__ BXU __args__ BHEEZNZIHEL 9. origin 1& PyTypeObject*x TRIFIUI
%53, args & PyTupleObject* ¥7213MEE D PyObject* TF o args DX SN TRWVWHEIZIE 1
XTIV HEINCAER SN, __args__ KX (args,) BPRESINE T, 518F = v 7 3R/DBRZ 2
B, 72t Z origin BEIERTA T 27 b TR THEBILTHLIIKYIL 3, GenericAlias @
__parameters__ JBMEIE __args__ D OREICIG U OGEBEAK SN E T, KBL GBS, HISrEH
ST NULL 23R L £9,

PUNIZRROBZ Y = 2V v 27123 26T,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

& 2E

The data model method __class_getitem__Q).

Added in version 3.9.

PyTypeObject Py_GenericAliasType

RICELET: Stable ABI (IN—23> 8.9 &D ). Py GenericAlias() 1Tk DiBEN 3 C DBIA T
Yz FTF, Python @ types.GenericAlias ¥ [FHFTT,

Added in version 3.9.
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#HA1L (INITIALIZATION). #&T4LE (FINALIZATION). XL K

See Python Initialization Configuration for details on how to configure the interpreter prior to initializa-

tion.

9.1 Python #JHA{LLAR]

Python 23#®AEFNT WS 7 7V & — a ¥ Tl D Python/C APT BI¥UE {5 #iiC Py_Initialize()
BIECRPRE R U D £/ A, Zhidfiste LT W 020 JO0—-NILEEEZER H D £5,

ROEEIZ Python OFIHHLORTT S LTI HEF 3

e Functions that initialize the interpreter:

Py Initialize()
— Py_InitializeEz()
— Py_InitializeFromConfig ()

— Py_BytesMain ()

Py_Main ()

the runtime pre-initialization functions covered in Python #EA{LEZE
o ARERSEL:
— PyImport_AppendInittab ()

— PyImport_ExtendInittab()

PyInitFrozenExtensions()

PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()

— PyObject_SetArenadllocator()

Py_SetProgramlame ()

Py_SetPythonHome ()
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— PySys_ResetWarnOptions ()

— the configuration functions covered in Python #JER{LERTE
o [EHIIT DRI

— Py_IsInitialized()

— PyMem_GetAllocator()

— PyObject_GetArenaAllocator()

— Py_GetBuildInfo()

— Py_GetCompiler()

— Py_GetCopyright ()

— Py_GetPlatform()

— Py_GetVersion()

— Py_IsInitialized()
e I—T 4 UT 4:

— Py_DecodeLocale()

— the status reporting and utility functions covered in Python #EB{LERTE
o XEYTHT—XK:

— PyMem_RawMalloc()

— PyMem_RawRealloc ()

PyMem_RawCalloc()

PyMem_RawFree ()
e Synchronization:
— PyMutez_Lock()

— PyMutez_Unlock()

g B\
0 IR
Despite their apparent similarity to some of the functions listed above, the following functions should
not be called before the interpreter has been initialized: Py_EncodeLocale(), Py_GetPath(),
Py _GetPrefiz(), Py_GetEzecPrefixz(), Py_GetProgramFullPath(), Py_GetPythonHome(),
Py_GetProgramName (), PyEval_InitThreads (), and Py_RunMain().
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9.2 JO—NILERBRELTH

Python 121&. #A4 BEERESRCA 7> a Y &HllIT 2 70— VBB EDDDERNBHVET, 774/ T
i, D75 70F avr R4 AT ay ThHIEENE S,

FTarTII 7Ry bENDE, TIVDMEZIZEDF T a vhity bENLEBUSED 5, BIZEF
-b Tl Py_BytesWarningFlag 23 1 \Z&E X, -bb Tld Py_BytesWarningFlag 7% 2 IZRESNE T,

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used

instead, see Python Initialization Configuration.

bytes L7213 bytearray % str HIL75E. £7213, bytes % int L7258 ICES 23
AXEFET, 2 LEOMEEREL TWREEER, =7 —2REXEET,

b AT a yTHELET,
Deprecated since version 3.12, removed in version 3.14.

int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used

instead, see Python Initialization Configuration.

N=H—DF Ny FHNZHEMILE T, (FMREHTT, av I AF Ty a VIKEFELET),
-d * 7' a > PYTHONDEBUG BRIEABTHEL £3,

Deprecated since version 3.12, removed in version 3.14.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.uwrite_bytecode should be used

instead, see Python Initialization Configuration.

JEL R IIZEE L7235 E. Python I3V —RAEI 2 =1 DA VR— MRFIZ .pyc 7 7 A VOERERAAE
A

-B #+ 7> 3 » ¥ PYTHONDONTWRITEBYTECODE BRIFZAM CTHRE L £ 3,
Deprecated since version 3.12, removed in version 3.14.

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 TEY 2 —URBARZAZEIDHL TVWE L EDT T — Ry =Y ZMHIL 75,
_freeze_module 17 J LY frozenmain 7R 7T AWEHT 2IERNBE Y 7 TF,

Deprecated since version 3.12, removed in version 3.14.
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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 BRIEAMMZE TR W FINIRE S NIIHEIT, 1 PRESNE T,

7 2 7 ¥a Th\WEE, PYTHONHASHSEED BRIEZ K ZHiAS — T Ly b > ay— REHHEL
*9,

Deprecated since version 3.12, removed in version 3.14.

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.
EFXTari -1 AT a TRELET,

Deprecated since version 3.12, removed in version 3.14.

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead,

see Python Initialization Configuration.
Y g

BROIDBIEICRZ ) T PIEI NIz & —c A 7Y a YHFIHEINZBRIC, sys.stdin IR — 3 F
NMIHHENRVE X THoThH, AZVFIpa~wy FEFEITLEBIA VRS 75 4 TE—RIZA
D%ET,

-i * 73 a ¥ PYTHONINSPECT BIEZ M TREL F75,

Deprecated since version 3.12, removed in version 3.14.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig.interactive should be used

instead, see Python Initialization Configuration.
-1 AT a v THRELET,

N— a3y 312 TR,

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig.isolated should be used instead,

see Python Initialization Configuration.

Python ZRHEE— FTHITL 7, REEE— FTIE sys.path AV DT 4 L7 b URLI—H
DHA MR T =IDT 4 L7 P EEAEEA,

I F S aryTCHRELET,

Added in version 3.4.
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Deprecated since version 3.12, removed in version 3.14.

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.

PYTHONLEGACYWINDOWSFSENCODING BREEMMLETHR W FINIHEINIZHEIT, 1 KHREXh
N

EDFFL I PEP 529 2L T2 W0,
Availability: Windows.
Deprecated since version 3.12, removed in version 3.14.

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.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO BIEZAMAZE TR W FINRE S NHEIC, 1 ICRESNE T,
EDFH LI PEP 528 28 L T2,

Availability: Windows.

Deprecated since version 3.12, removed in version 3.14.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_import should be used

instead, see Python Initialization Configuration.

site EY 2 —/L®D import &, ZDEY 2 =D TR o TV site T & D sys.path NORIEZ LX)
WCLET, T site ZBI/RINIC import LThH, IO DFIEIIFEITINEVA (FITLILWEAEIL.
site.main() ZMFUFH L TLZZ W),

S AT aryTRELETD,
Deprecated since version 3.12, removed in version 3.14.

int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user_site_directory should be

used instead, see Python Initialization Configuration.
A—HOHA Ny T—SDFT14 LI k) % sys.path IZEML EHA,

-s #7> a>., -I . PYTHONNOUSERSITE BEZLHCHREL F9,

D | i o0 3,12 1 ion 3,14
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int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be

used instead, see Python Initialization Configuration.
-0 47> 3 » ¥ PYTHONOPTIMIZE BREEZHECREL £,
Deprecated since version 3.12, removed in version 3.14.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig. quiet should be used instead, see

Python Initialization Configuration.

AYRT 7T 4 TE—FTH copyright ¥NXN—Ta DA vtE—V%FRRLERA,
QA7 aTRELET,

Added in version 3.2.

Deprecated since version 3.12, removed in version 3.14.

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used

instead, see Python Initialization Configuration.

BHER N EHEL S — 2Ny 77 Y LRV E S ITHEIL 5,
-u 47 3 >~ ¥ PYTHONUNBUFFERED BREAMCTHREL £,
Deprecated since version 3.12, removed in version 3.14.

int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig.verbose should be used instead,

see Python Initialization Configuration.

EYV 2PN NI v =Y 2L, ZANE T (77 A NVAREL A VEY 2 —
V) o —RFENLDODPERRLET, B2 2 L EOHEIE, EYV 2 -V 2BRRBITILEXF v s
L7 74N Ay =2 MALET, $/ BRTROEY 2 -2 V=7 v 1T 2 15R
LIMEL E9,

-v * 73 a >~ ¥ PYTHONVERBOSE BEEZETHREL £,

Deprecated since version 3.12, removed in version 3.14.

9.3 1>%2—71) XDOYHAL L #& T I

void Py_Initialize()

RICEBLEY: Stable ABL Python 4 & —71 X224t L £ 3, Python OMDAAZITS 77
Vr—>aryTld fiod 5w Python/C API ZfHF % &k b d#ic Z OBECE U X T ud
7Y EEA WL ORDRIGHIONTIE Python FIHALLART 2SI L T 72 &0,
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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 the Python Initialization Configuration API for that. This is a no-op when
called for a second time (without calling Py_FinalizeEz () first). There is no return value; it is a

fatal error if the initialization fails.

Use Py_InitializeFromConfig() to customize the Python Initialization Configuration.

O IR
Windows Tl& 0_TEXT 2*5 0_BINARY N2 VY —)LE— RHRLHINFTH, ZHEZFD C T~
RA LEF->TWEar Y — L TO Python DB OHEFICHHEELMIEL T,

void Py_InitializeEx(int initsigs)

RICBLZET: Stable ABI. This function works like Py_Initialize() if initsigs is 1. If initsigs
is 0, it skips initialization registration of signal handlers, which may be useful when CPython is

embedded as part of a larger application.
Use Py_InitializeFromConfig() to customize the Python Initialization Configuration.

PyStatus Py_InitializeFromConfig(const PyConfig *config)

Initialize Python from config configuration, as described in Initialization with PyConfig.

See the Python #1HA{LE%E section for details on pre-initializing the interpreter, populating the

runtime configuration structure, and querying the returned status structure.

int Py_IsInitialized()
RICEBL EF7: Stable ABL Python £ ¥ &% 7V ZMIHHLFEATHIUIE kEn) 2. TdRrTHN
B (En) ZIRUL XS, Py_FinalizeEz() ZREOH LRI Py_Initialize() ZHUMOHT X
T, ZOBRIIMEIRL £,

int Py_IsFinalizing()
RICBLZET: Stable ABI (IN—23 > 3.13 & D). Return true (non-zero) if the main Python

interpreter is shutting down. Return false (zero) otherwise.
Added in version 3.13.

int Py_FinalizeEx()

RICBLZEY: Stable ABI IN—2 3> 36 &D). Undo all initializations made by
Py_Initialize() and subsequent use of Python/C API functions, and destroy all sub-interpreters
(see Py_NewInterpreter() below) that were created and not yet destroyed since the last
call to Py_Initialize(). 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(), it should 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
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Normally the return value is 0. If there were errors during finalization (flushing buffered data), -1

is returned.

Note that Python will do a best effort at freeing all memory allocated by the Python interpreter.
Therefore, any C-Extension should make sure to correctly clean up all of the preveiously allo-
cated PyObjects before using them in subsequent calls to Py_Initialize(). Otherwise it could

introduce vulnerabilities and incorrect behavior.

ZOBBPREIN TV AHEHIINW 225D £F, Python DEDAALZIToTVWET SV =3
VT, 7V = a YEREHT S Z 2 < Python ZEEHL-WIeAHbFT, . BN
00— RA[REA 75V (H2WiE DLL) 225 Python £ Y27V & %2ua— K357 7V 5 —>a » Tl
DLL #7 > u— FJ 3H0IC Python BHER LAV RZETHRMLEZVWEEZ 22 LOAEEA. 7
TV r—=2ayNTRETVWS XEY Y —7 Z2BH3 22, BFE Python D HERLIEXEV 27
TV = a OB THICHEREBEVWERS 586 HD 7,

Bugs and caveats: The destruction of modules and objects in modules is done in random order;
this may cause destructors (__del__() methods) to fail when they depend on other objects (even
functions) or modules. 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. Interned
strings will all be deallocated regardless of their reference count. Some memory allocated by
extension modules may not be freed. Some extensions may not work properly if their initialization
routine is called more than once; this can happen if an application calls Py_Initialize() and
Py _FinalizeEz () more than once. Py FinalizeEz () must not be called recursively from within
itself. Therefore, it must not be called by any code that may be run as part of the interpreter
shutdown process, such as atexit handlers, object finalizers, or any code that may be run while

flushing the stdout and stderr files.
SI¥UEL T Bi&E A XY b cpython._PySys_ClearAuditHooks %M L ¥,
Added in version 3.6.

void Py_Finalize()

RICBLE9: Stable ABL. Z OB¥UE Py_FinalizeEx () DBITHEMEAN—Y a > T, BDERDD
F¥A.

int Py_BytesMain (int arge, char **argv)

RICBLEY: Stable ABI (IN—2 3> 8.8 &D). Similar to Py_Main() but argv is an array of
bytes strings, allowing the calling application to delegate the text decoding step to the CPython

runtime.
Added in version 3.8.

int Py_Main(int argc, wchar_t **argv)

RICEL £7: Stable ABI. The main program for the standard interpreter, encapsulating a full
initialization/finalization cycle, as well as additional behaviour to implement reading configurations

settings from the environment and command line, and then executing __main__ in accordance with
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using-on-cmdline.

This is made available for programs which wish to support the full CPython command line inter-

face, rather than just embedding a Python runtime in a larger application.

The argc and argv parameters are similar to those which are passed to a C program’s main()
function, except that the argv entries are first converted to wchar_t using Py_DecodeLocale(). It
is also important to note that the argument list entries may be modified to point to strings other
than those passed in (however, the contents of the strings pointed to by the argument list are not
modified).

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 argument list does not represent a valid Python

command line.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit
the process, as long as Py_InspectFlag is not set. If Py_InspectFlag is set, execution will drop
into the interactive Python prompt, at which point a second otherwise unhandled SystemExit will

still exit the process, while any other means of exiting will set the return value as described above.

In terms of the CPython runtime configuration APIs documented in the runtime configuration

section (and without accounting for error handling), Py_Main is approximately equivalent to:

PyConfig config;
PyConfig_InitPythonConfig(&config) ;
PyConfig_SetArgv(&config, argc, argv);
Py_InitializeFromConfig(&config);
PyConfig_Clear(&config);

Py_RunMain();

In normal usage, an embedding application will call this function instead of calling
Py Initialize(), Py _InitializeEx() or Py_InitializeFromConfig () directly, and all settings
will be applied as described elsewhere in this documentation. If this function is instead called af-
ter a preceding runtime initialization API call, then exactly which environmental and command
line configuration settings will be updated is version dependent (as it depends on which settings
correctly support being modified after they have already been set once when the runtime was first
initialized).
int Py_RunMain (void)

Executes the main module in a fully configured CPython runtime.

Executes 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. If none

of these values are set, runs the interactive Python prompt (REPL) using the __main__ module’s

global namespace.

If PuConfia. i . (the default). t} | 11 be 0 if the i .
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normally (that is, without raising an exception), or 1 if the interpreter exits due to an exception.
If an otherwise unhandled SystemExit is raised, the function will immediately exit the process

instead of returning 1.

If PyConfig.inspect is set (such as when the -i option is used), rather than returning when
the interpreter exits, execution will instead resume in an interactive Python prompt (REPL)
using the __main__ module’s global namespace. If the interpreter exited with an exception, it
is immediately raised in the REPL session. The function return value is then determined by
the way the REPL session terminates: returning O if the session terminates without raising an
unhandled exception, exiting immediately for an unhandled SystemExit, and returning 1 for any

other unhandled exception.

This function always finalizes the Python interpreter regardless of whether it returns a value or

immediately exits the process due to an unhandled SystemExit exception.

See Python Configuration for an example of a customized Python that always runs in isolated

mode using Py_RunMain().

int PyUnstable_AtExit (PylnterpreterState *interp, void (*func)(void*), void *data)

ZHUZ Unstable API T%o %A F—V V) —ATTERLKEEINDZZ DD FT,

Register an atexit callback for the target interpreter interp. This is similar to Py_AtEzit (), but

takes an explicit interpreter and data pointer for the callback.
The GIL must be held for interp.

Added in version 3.13.

9.4 7OERXTALRFDNFA—%

void Py_SetProgramName (const wchar t *name)

RICBL Z9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

program_name should be used instead, see Python Initialization Configuration.

COBBEMOHTRS, BREUIC Py_Initialize() ZMOHT D BANCHOH S RITERD £
‘A, ZOBIIA Y27 2705 4D nain() BEICHEE Lz argv[0] 5IBDEZHZ £F
(VA4 R¥x vy 77 RIEBEINET), ZO5I8MHEIE. Py_GetPath() . UTIIRT Z Dthd B,
A VR ZOFEFTA[REIE R & Python 52 A4 554 75 UANDHMN AR ZHET 3 722 ffbi
9, 77 4L FOfHIZ 'python' TT, 5IEIEYriIHI N7 A F¥ v F 7 ZCFFHT, #RIRED
BB A > TORITIUER ST, 2O T 7T LAOFETHICEE L TIER D $H A, Python
AV RTYVEANOI— T, ZOLEEHRONELZLEE T 2HDIE—UH D A,

NA PFH % wehar_* SCFHNCT 2 — R 5 5121d Py_DecodeLocale() ZffioTLZE W,
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N— a v 3.11 TIEHESE.

wchar_t *Py_GetProgramName ()

RICBLF7: Stable ABIL. Return the program name set with PyConfig.program_name, or the

default. The returned string points into static storage; the caller should not modify its value.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Get sys.executable instead.

wchar t *Py_GetPrefix ()

RICBL £ Stable ABI. Return the prefiz for installed platform-independent files. This is
derived through a number of complicated rules from the program name set with PyConfig.
program_name 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.base_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.
N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Get sys.base_prefix instead, or

sys.prefix if virtual environments need to be handled.

wchar_t *Py_GetExecPrefix()

RICEL £7: Stable ABI. Return the ezec-prefiz for installed platform-dependent files. This
is derived through a number of complicated rules from the program name set with PyConfig.
program_name and some environment 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.base_exec_prefix. It is only useful on Unix.

B 7799 P74 —bMKEFDT7 7 AV (FATIRASREEG I 4 77 0) 25lo7T4 L7 VYU —HIZ
A4 YR P =LENTVWBEHE, exec-prefix & prefix ¥ Bz b F3, MAERR A 2 b —ILERETIE,
7T 7 x = LIMKIFD T 7 AV Jusr/local KINDBNZ—T, TI7v b7+ —LKEFD T 7
A UZ /usr/local/plat 7V VU — XD LNE T,

RN, I b T A —LiE N—FU T Y7 V2777 IVOMARDLEERRLE T, A
ZIX. Solaris 2.x ZEIEXHTWVWS Sparc v VIEETHUE TSIy b 74 —LTHBARLETH,
Solaris 2.x ZEIEXHTWS Intel v VIXES FI7 v b7+ —21ZEDEFT L, U Intel v 2T
b Linux ZEfEX BTV AR ELFDOT Ty b7+ —L4TF, —KNCE AARL—T 4 27
VRATLTH, APry—VETVarvOEIDDIIERLT 7Y b7+ —LTT, I Unix DARL —
T4 YT RAT ADEGEFFFTELATT; JE Unix DY ZAF LTI, A VA= HEIZETHE
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7o TWT, prefix % exec-prefix IZIFEKRDIR L BXFIINFRESNTVET, TV LFELD
Python N4 F2—=FE 7 I b 74— ZIMEFELRVOTHERLTLLEZEWY (EEL, D= a
> ® Python T2 ¥ XA L ENPIEKEL T,

A7 LAEMEZ. mount *° automount YR I Ao T. 7Ty b7+ — LMD /usr/local/
plat ZRR 5T 7 ANVI AT LIHEE, 75 v b7 4 —AMT /usr/local ZHET 27D DFHE
FiEEZH>TWBTL & D,

This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Get sys.base_exec_prefix in-

stead, or sys.exec_prefix if virtual environments need to be handled.

wchar t *Py_GetProgramFullPath()

RICBL ZF9J: Stable 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 PyConfig.program_name). 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_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Get sys.executable instead.

wchar_t *Py_GetPath()

RICEL £9: Stable ABI. Return the default module search path; this is computed from the
program name (set by PyConfig.program_name) and some environment variables. The returned
string consists of a series of directory names separated by a platform dependent delimiter character.
The delimiter character is ':' on Unix and macOS, ';"' on Windows. The returned string points
into static storage; the caller should not modify its value. The list sys.path is initialized with
this value on interpreter startup; it can be (and usually is) modified later to change the search

path for loading modules.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Get sys.path instead.

const char *Py_GetVersion()
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RICELFT: Stable ABL Python £ Y X XV XDN=Ya VY ZRLET, XN—Ya i, XRDES
RIEROXFHTT

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

H—T—F (RYIDAR=ALFET) 1. BED Python D= a > TT;
. S S S VS Sy .
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REEEZEL X7 BBOMFTH LN ZOEZZETE XE A, ZOfHEIE Python 2 — R 56
sys.version & LTHIATE %3,

See also the Py_Version constant.

const char *Py_GetPlatform()

RICBLET: Stable ABL BIED T Z7 v b7 4 —LDTF v + 74— LI F5%E L $3, Unix
TR ARV =T 4 YIS RT LD " RAD” HHTE/PNLFICER L RARXAT y =)V a vV &HS%
T 7= A7 > T E T, Il 21X Solaris 2.x 1X, SunOS 5.x, ¥ LTHHISNTWETA, 'sunos5'
1272 H £9, macOS TlE 'darwin' TF, Windows TE 'win' T3, BB TXFIIRA > XX
IR E IR L 3 BBOMOH LENX Z OEEZEETEEH A, ZOfHEIE Python 2— FH
5% sys.platform & L CTHRIATE 7,

const char *Py_GetCopyright ()

RICEBL £ : Stable ABL JRfED Python N— 3 VI T 3 NROFIEEBR LTI EIEL T,
Bl 23

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BIRNE S AR A >~ Z3E LR EER 2 & L 9, RO OH LR EZ2ZEETE 8
Ao ZDfEIZ Python 22— FH51% sys.copyright & L THIATE £3,

const char *Py_GetCompiler ()

RICEL F7: Stable ABL BfEffio T3 3= 3 D Python ZE L R I3V aYy 45
BRTXFNE, AR o 7o XXFAIERIR L E T, Hl

"[GCC 2.7.2.2]"

BIEUAYIR 3 S FHNAR A > ZIIEFR R IR 2R U £ 5 BB LANZ Z OEZZEETE 51
Ao ZODfHIX Python 2 — K251 sys.version O—#x L THD HEF 5,

const char *Py_GetBuildInfo()

RICEBL £9: Stable ABL IRfEM > TW3 Python £ Y X TV XA VYRRV RAD, ¥—F Y AEBSE
L RHFRZBE S 2BMERLET, flZ

"#67, Aug 1 1997, 22:34:28"

BEEUAYIR 3 FHIAR A ¥ ZIIERR 2GR 2R L E 3 B CE LA oz ZETE 4
Ao ZODfEIX Python 2 — K2 513 sys.version O—#& L THRD HE %3,

void PySys_SetArgvEx (int arge, wchar t **argv, int updatepath)

RICEBL £9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv,
PyConfig.parse_argv and PyConfig.safe_path should be used instead, see Python Initialization
Configuration.

arge BEWL argu IZEEDWT sys.argy ZRELE T, TNHD58E 70277 40 main() IZHEL
7B BU T WE T, BMAIDEED Python 4 X 7V XDEFE L 7o TWBETHEROARITIZ
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7L ETEINBZRAZ Y T MEAEZRULRTUIRORVEDEVWE T, EITTE2R27 1Y 7 basiknig
B argy DERAIDBERFELFINCLTELEVERA, ZOBED sys.argy OFIEALIHIKL 72
Ba. M@= —% Py_FatalError() THIGEE T,

updatepath 75 0 DFE. Z ZETOEEN Z OB T 2 Z L DRTTT, updatepath 53 0 TRV
Gy ZOBIE sys.path ZLTOT7 A3 ) X AIZESWTEIEL 3

o BHETZAZ VT NDAHID argv[0] WKEINEGE, ZOR2 V) T 235 25 Ot 2 %
sys.path OJEBICEML $3,

o THLADHE (arge ¥ 0 72 o720, argvl0] DHHEET 27 7 A VELZIEL TVRWVEE).
sys.path OFEBICZEOFHNZEML £, ZAEBEOERET 4+ L2 MY (" ") ZICEITEM
THDERULTY,

NA MXFFHN % wchar_* XFHNIT 23— R§ 5121d Py_DecodeLocale() o T 7ZE W,

See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.

0 IR

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 KD ETDN=Y a ¥ Tld, PySys_Setdrgu() OM-UH LHSET L7#&IC sys.path DJEEH
DEFREWMOHT Z & T. FALHRPFONT T, FIRIXID LS EVHT:

PyRun_SimpleString("import sys; sys.path.pop(0)\n");

Added in version 3.1.3.

N—a v 3.11 TIEHELE.

void PySys_SetArgv (int arge, wchar_t **argv)

RICEBL %9 Stable ABI. This APT is kept for backward compatibility: setting PyConfig.argu

and PyConfig.parse_argv should be used instead, see Python Initialization Configuration.

COMEIE, python £ Y X TV RN -1 7> a [ ETEFTINRTVWIHAZRE
PySys_SetArguEz () @ updatepath IZ 1 ZRE LD LR XS WCEIEL £35

NA I XFH) % wchar_* XFAHNZT 2 — K F 5121 Py_DecodeLocale() ZffioTL 72X\,

See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.
N— g 3.4 TEH: updatepath DEIX -1 & 7> a VIKEL T,

N—a v 3.11 TIEHEEE.
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void Py_SetPythonHome (const wchar_t *home)

RICBL £ Stable ABI. This API is kept for backward compatibility: setting PyConfig.home

should be used instead, see Python Initialization Configuration.

Python DEHES £ 75U HL, 7744 FD "home” T4 L7 PV ERELET, 51O FHD
EIRIZOWTIZ PYTHONHOME 2SR L TL 72X W,

SIEIIHHIR A ML= ICEINT TR 7S AFTHICE BRI R0 &K S RE aiGO S FHITH
BNRETY, Python 1 VX FVXIZZDA ML —CONEEZEEL EHA,

NA M XFFHN % wchar_* XFHNIT 32— K§312id Py_DecodeLocale() o TL7ZE W,
N— a ¥ 3.11 TIFHESRE,

wchar t *Py_GetPythonHome ()

RICEBLZF9: Stable ABI. Return the default "home”, that is, the value set by PyConfig.home,

or the value of the PYTHONHOME environment variable if it is set.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N— a3 ¥ 3.10 TEHE: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Get PyConfig.home or PYTHONHOME

environment variable instead.

9.5 XL w KRR (thread state) & O—/NIL1>&2 71U H0Ov T (global
interpreter lock)

Python 4 ¥ &7V ZIIFHEICIEAL Yy RE—=T7TWEH D FHA, vLF XLy FD Python 7077 L%
R=bFT272012, JO—-NILA>2TVEOYYT HBWE GIL EFEENE e —~kny ZRFHELT
WT, BfED AL v 23 Python A 7Y =7 LRI T 7R AT 3RNCHTa y 7 2EELRITUIR S
{BoTVET, vy ZEEIRITIUE, BMRREETI A, vV FALy KT J LA0ETICHELL %
EIFTAREERD D ET, 222, ZOoDRAVLy FAFRLA TV =27 bOBRBAT Y M ERIFRCA V7 U R
YEFT e, BRINZBRA Y Y MEZETR—EZFULIA Y7 VX FERR02D LOLER A,

IO, GIL #HBR LA L vy FI2TH Python 7Y =7 b E#EL/z D, Python/C API Bix MO0
HLZDTEZL W05 L—AnHD %5, MITAHZII 2L —FF57DI12, 4 V&2 7) ZEMIICH »
IR DIERL72D LET, (sys.setswitchinterval() 22MR) ZoRry ZiZ7 vy Z7HEID S
% 1/O #EDNHET SR - R XN, /O ZERT AL v R0 1/O BEDE T 2RO/, oL v K
DEWETEZ XSICLTVETD,

Python £ ¥ &2 7)) ZiZ AL v R Z 2 ICHBERIERE PyThreadState X FEEN 2 7 — XHEEDOHITRIFEL F
T ZL T — LA UTHED PyThreadState T RA VX% 1 DFbE T, 207 r— L%
B3 PyThreadState_Get () Zffio THIFTE ¥,
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9.5.1 #i3kJ— KT GIL ZfEKI S

GIL ZBET 213t AL Da— P&, RO X5 R HMSEICRD 3

Save the thread state in a local variable.
Release the global interpreter lock.

. Do some blocking I/0 operation ...
Reacquire the global interpreter lock.

Restore the thread state from the local variable.

ZOREEIRIEEIC— IR DT, FERHMICT A2 00~ 7 upflEINTVET:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...

Py_END_ALLOW_THREADS

Py BEGIN_ALLOW THREADS ~ 7 mii#il-7mv 7 2MiAL. BlLre—2 L1 E#EE
Py_END_ALLOW_THREADS 37w v 7 %ZEAU 3,

T
—
9
ok

rovvy 7id3X0a—-RFZERINET:

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save);

o OBEBOEEEZHAL 3, GIL IZREDRAL v RIREEEZIET RS V22 RT3 201 b T,
0y 72U TA Ly FIREEZIREES 2B, 1y 7 2T 2R1IICBMEDRA L v FIREEKRA 2 Z2HUS L T
BORFNUUIRD FRA (MOA Ly RAFTCXEry 72 BB LT, HHDRA Ly RIREER 70— LA
WHRIELTLES 2D LARVWALTY), HIZ, vy Z72EELTALy FIREBRERT B Zr—
POVERICA Ly RIRBERA ¥ 2 Z2/FET 2010 y 7 2BE L TB2rRIFUIRD £ A,

0 IR
GIL ZfRR S 2 DRI AL AT LD /0 BEZMNCHE TR TITA, XEY Ny 7 71307 3 EHE
BELD X512, Python DA 7Y 27 M7 7 A LRBRWERED D 25 HUMZEOH T 24 GIL

PIERT 2 Z 2 I3EWTT, HlZ1E, z1ib ® hashlib EY 2 —MIFERER N Y ¥ 2 3B ORIIC GIL %
FRRL %3,

9.5.2 Python AN TIESNI-AL W R

Python API %@ L CTfESN/2 AL v K (threading £ 2 — LR Y) TEHBMIC AL v FIREENEI D Y4
ToHoNT, LREOA—-FRELKEZES, LrL. (BEITRAL Y FEHEZTINTOSI4 77V EICK
DICBRBTAL Yy FEER LGS, ZOX Ly FIZX GIL 7% < . ALy FIREF—&2#EEKRb RNk
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WKHEET2RERDD £,

ZDOX5KRAL Y K25 Python 22— FEMUHSTREND 255G BOIA 77V hba—ANy 7T 5
API 22X < % 3HITF). Python/C APT #MCHIFHIIC., AL v FIRIEF — 2 k% AR L, GIL %
BISL., ALy FIREBRA VX2 RETZ 22T, ALy REA VX T ) ZZEFLRFIUIRD $HA, R
Ly RBEEERRZIZS, ALy FIREERA V2 &2VEy LT, By Z2@ML, REICRAL Yy RIREEF—
ZEERD XY 2R LTI D 8 A,

PyGILState_Ensure() ¥ PyGILState Release() & Z DM % HEIWIZITWE T, CORXL vy FH 5
Python % M:ONH 3 B2 7RI RO e 8D T

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();

/* evaluate result or handle ezception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release(gstate);

PyGILState_x BAEIE. (Py_Initialize() IZX > THEINIESLND) B =L V2T Y X 1 D2
PEET 2 L RET 2 FICKRE DT RE W, Python 1 (Py_NewInterpreter() Z{fioT) BDA > &
TV RZERTEL I IREDDED D FEAN, BEA &2 TV XL PyGILState_x API Z{EE TS &
CIPR=-PENRTOVE R A,

9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork() call. On
most systems with fork(), after a process forks only the thread that issued the fork will exist. This has

a concrete impact both on how locks must be handled and on all stored state in CPython’s runtime.

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. Py0S_AfterFork_Child()

tries to reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned
up properly, which os.fork() does. This means finalizing all other PyThreadState objects belonging to
the current interpreter and all other PyInterpreterState objects. Due to this and the special nature

of the "main” interpreter, fork() should only be called in that interpreter’s "main” thread, where
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the CPython global runtime was originally initialized. The only exception is if exec() will be called

immediately after.

9.5.4 Cautions regarding runtime finalization

In the late stage of interpreter shutdown, after attempting to wait for non-daemon threads to exit
(though this can be interrupted by KeyboardInterrupt) and running the atexit functions, the runtime
is marked as finalizing: _Py_IsFinalizing() and sys.is_finalizing() return true. At this point,
only the finalization thread that initiated finalization (typically the main thread) is allowed to acquire
the GIL.

If any thread, other than the finalization thread, attempts to acquire the GIL during finalization,
either explicitly via PyGILState_ Ensure(), Py_END_ALLOW_ THREADS, PyEval_AcquireThread(), or
PyEval_AcquireLock(), or implicitly when the interpreter attempts to reacquire it after having yielded
it, the thread enters a permanently blocked state where it remains until the program exits. In most
cases this is harmless, but this can result in deadlock if a later stage of finalization attempts to acquire

a lock owned by the blocked thread, or otherwise waits on the blocked thread.

Gross? Yes. This prevents random crashes and/or unexpectedly skipped C++ finalizations further up
the call stack when such threads were forcibly exited here in CPython 3.13 and earlier. The CPython
runtime GIL acquiring C APIs have never had any error reporting or handling expectations at GIL
acquisition time that would’ve allowed for graceful exit from this situation. Changing that would require
new stable C APIs and rewriting the majority of C code in the CPython ecosystem to use those with

error handling.

9.5.5 5L AXJL API
CHERZEE W2 D Python £ Y2 7)) 2 &MdiATry IR S —RANIHEHLI 3 BLBEEII RO BH T

type PyInterpreterState

RICBLEY: Limited API (RBEBABEER L LT). 07— XMERI. HAEIET 228D X
Ly FIEITHASNTW R REZERFILE T, FLA V2TV RETS2AL Yy FIFEY 2 — VEME
ez DN OrONERREREZHEAL TVET, ZOMERICIZAF (public) DX > NIEH D
A

B4 R TYVRICET 2 ALy RETIE FIHAREZRAEY, PN TWE 7 74 VT A2 Y TR
R Wo kTt ZREEZRNT, IFIRETIIMb IR TOERA, GIL b E/. ALy P2
EDA Y RTVRZBL TV ERIEDLTINRTORAL y FTHEIATHET,

type PyThreadState
RICBLFT: Limited APT (RiEALMEER E L T). 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()

294 5% 9 Z IHAML (initialization). & THLIE (finalization). XL v K



The Python/C API, JJ—2X 3.14.0a3

RICEL £7: Stable ABI. Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.
N— a3 ¥ 3.9 TEH: The function now does nothing.

N—=Yay 3.7 TEHE: ZOBEIX Py_Initialize() PHIFRHEINE X2 D, DIbIMEUH
TREESSMS D ELL,

N—Yar 32 TEHE: ZOBBIL Py_Initialize() KVFNCMECHT I TERLZDE LT

N—=Ta ¥ 3.9 TIEHELE.

PyThreadState *PyEval_SaveThread ()

RICBLET: Stable ABL (GIL 2ER I N TW3H5E) GIL 2L T, AL v FOIRRER NULL
WL, DETOA L v FIRRE (NULL 1372 D FEA) ZIRLET, By 78T TIRAERIN TV EHE,
BIEDAL vy Fhry 7 Z2BE L TWRTEZRD $EA,

void PyEval_RestoreThread (PyThreadState *tstate)

RICBLEY: Stable ABL (GIL BAEREINTWBIHEE) GIL 2EE LT, HEDOXL v NREL
tstate ICRE L E T, tstate 1 NULL TH o TI D FHA, GIL ERINTWT, ZOBEEFEN
HLUZEZAL Yy RBT Ty 272 BELTVWRESE, Ty Foy ZiZh 3,

0 IR
Calling this function from a thread when the runtime is finalizing will hang the thread until

the program exits, even if the thread was not created by Python. Refer to Cautions regarding

runtime finalization for more details.

N—3 a ¥ 3.14 TZHE: Hangs the current thread, rather than terminating it, if called while the

interpreter is finalizing.

PyThreadState *PyThreadState_Get ()

RICELZFT: Stable ABL. BHHEEO R L vy NIREEZIRL £ 3, GIL ZREF L T0WARIFUIRD 28 A,
BED AL v RIREEDY NULL 72 5, (FEOCH LIS NULL F = v 7% LR T & 512) ZOREIIK
M —Z2EIFT LR TVET,

See also PyThreadState_GetUnchecked().

PyThreadState *PyThreadState_GetUnchecked ()

Similar to PyThreadState_Get (), but don’t kill the process with a fatal error if it is NULL. The
caller is responsible to check if the result is NULL.

Added in version 3.13: In Python 3.5 to 3.12, the function was private and known as
_PyThreadState_UncheckedGet ().

9.5.
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PyThreadState *PyThreadState_Swap ( Py ThreadState *tstate)

RICBELZEJ: Stable ABL BHED R L v FIREE% tstate IZIHE L AL v FIREEX ANZEZ E T,
tstate & NULL OEGENH D 3, GIL ZRFELTORITNERL T, BRLETA,

URoOBEEIZAL Yy FE—AALZA L=V ZFHLTWT, 374 02 7YX OHHENRH D THA:

PyGILState STATE PyGILState_Ensure()

RICEL £9: Stable ABIL. Python ®JKEESR GIL iI2fb 53, FEfTH AL v FT Python C API
O LD AREL 25 K512 LEd, ZOMBUIAL Yy FNTIHETHIFIHT I N TEE
TH, BDTERTOMEH LIS LT PyGILState_Release() ZMUHTHEND D T ¥, EH.
PyGILState_Ensure() WEUNH L ¥ PyGILState_Release() FEUH L ORI TZhMADZAL v R
AP 232 2 e TEE 325, Release() DRICAL v RIRBIFEIL I AT ARTIUIAR D £¥
Ao B ZX, BH D Py_BEGIN ALLOW_THREADS ~ 7 W ¥ Py END_ALLOW THREADS %2 Z %
NTEET,

R Y EX PyGILState_Ensure() CHLFoRAL Yy FIREZREMLZ” N> F” T,
PyGILState_Release() I L T Python Z [ UCIRBEICR 2R T IER D ¥ A, BEMUIHL
HARETTH, NV FAZHETZZ2E TEERA - 220D PyGILState_Ensure() WFUH L
TAY RAERIFEL, MET % PyGILState_Release() MEUH L THEL TL 72X W,

B oEFELe &, FTHDOAL Yy FIZGIL ZFA L TWT, fEED Python 2— FZ2HETTE
ij—o @@@%E&biﬁﬁa@&lﬁ—‘/@j—o

0 IR
Calling this function from a thread when the runtime is finalizing will hang the thread until

the program exits, even if the thread was not created by Python. Refer to Cautions regarding

runtime finalization for more details.

N—a ¥ 3.14 TEH: Hangs the current thread, rather than terminating it, if called while the

interpreter is finalizing.

void PyGILState_Release (PyGILState STATE)

RICBELZFET: Stable ABL R LI XRTOY Y —RZ@BRLET, ZOBEETCH T &, Python
DIRRRIINM ST B PyGILState_Ensure() XM THICFE L &R D £F (BH. ZOREIEMEUH
LItTIREH2 D £ AD T, GILState API ZRIHT 2 X 512LTL7Z&E W),

PyGILState_Ensure() ZFFOHTIHEIX. BFTR—ALy FNTHIET % PyGILState_Release()
ZIEOH L TLZEW,

PyThreadState *PyGILState_GetThisThreadState()

RICBELETY: Stable ABL. ZOALy FOBREDAL v FOREEIMBLET, TNETHAEDR
L v FT GILState API Z{fio7: 2 £ WAL, NULL 2R D £3, X4 ALy RTHHDR
Ly RIREEICB ST 2O LEZ2L LARVWE LTS, X4 Y ALy FIZEIZAL vy RIREEOERE R -
TVWBZIRERELTLEE, 237 -oTW2HIMEIFITANLHERED U  IZBZHIRRED 72D T,
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int PyGILState_Check()

HEDAL Yy R GIL 2R LTVWAR 51X 1 2. 25 TRINUE 0 ZRLET, ZOBKIIVWDT
DALY PS5 THMOET I e TEE T, Python ALy RORELWIAL R TE D, BE
GIL ZIREELTWAHEITDA 1 ZIRLET, ZAEERAAA—/ZHHOBEEK TS, ZoBEEIE.
PIZIEa—n Ny 70ar7F AP AEVED L THRETHRTL & 5. RELSL, GIL ry /&
NTWVB 2 Hl»> TWIUE, FEUCH LITiE sensitive RITEIZSITT 2 2 e 3 TE, 25 TRIFIUIER
L0 TIRZHFES Ze N TEEH0HTT,

Added in version 3.4.

UTRo~=rzuix, @EREICEIae Y2310 ET; Python ¥ — RAEHAYIAOERGI%Z FTL 7
W,
Py_BEGIN_ALLOW_THREADS

RICEL F9: Stable ABL. 2O~ v %ERM T %2 { PyThreadState *_save; _save =
PyEval_SaveThread(); KD ¥ 3, 7 B ICHEEFBIMMBPA->TVE I IFERLTL I,
Z DAEINIR T Py_END_ALLOW_THREADS =7 R ¥ MG ERFIUIRD A, ¥ 27 BIZDOVTD
HLLiEmI itz R LT EE W,

Py_END_ALLOW_THREADS
RICBL X Stable ABI. 2O~ 27 u%k @3 % & PyEval_RestoreThread(_save); } I
hEFT, 70 RHAEHEBMAPA->TWVWEI2IERLTLEEY; ZOREEIMIERD
Py_BEGIN_ALLOW THREADS =7 B e ¥IGLTWARIFTNAEHRD XA, 27ROV TOFHLWVE
Fild FRLZ B LTI,

Py_BLOCK_THREADS
RICELET: Stable ABI. 2D~ 27 v % JEB T % £ PyEval_RestoreThread(_save); I D £3:
B U AR 72\ Py_END_ALLOW THREADS ¥ [@] U T3,

Py_UNBLOCK_THREADS

RICELET: Stable ABL. 2O~ 27 v % JER T % 2 _save = PyEval_SaveThread(); I D £73:
B = JHESIND 72\ Py_BEGIN_ ALLOW THREADS ¥ [R]U T,

9.5.6 (EL-NJL API

ROETOBIRIE Py_Initialize() DRICFFFHIRIFIUIRD TH A

N—=Ta ¥y 3.7 CTER: Py Initialize() & GIL ZHILT 2 K51 E L7,

PylnterpreterState *PyInterpreterState_New ()

RICBLE T Stable ABL HiLWA Y X FY XREF 7V 27 b 2R L F T, GIL Z2IEFLTH
AREWEDH D FBADN, ZOBEBERLZICHOCHTLERD ZGEICFEFLTBVWRIES R IWT
Lxo,

FIEIEL T BE&E A X b cpython.PyInterpreterState_New ZiEHI L %9,
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void PyInterpreterState_Clear (PylnterpreterState *interp)

RICBLET: Stable ABL A Y2 7Y XREA 7V 27 PHORTOEREZYV Y FLET, GIL %
REFL TV D FE Ao

SIHUEL T Bi&E A XY b cpython.PyInterpreterState_Clear ZiEH L ¥ 35,

void PyInterpreterState_Delete (PylnterpreterState *interp)
RICBLZET: Stable ABL. £ Y X7V XIREA TV =7 b2 L £3, GIL 2 L TELEIZ
HYERA, 4 VR TVYXIREIX PyInterpreterState_Clear() THEHEN U DU Ly b LTEIR
AT D FHA

PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
RICBELET: Stable ABLEE LA VX TV EA T2 7 VBT 27 A Ly FIREA 7Y =
b 2ERLE T, GIL 2R L THBBERZD D AN, ZOBBERL O TLEND S
BEEAFELTBWEES DRI VWTL & 5,

void PyThreadState_Clear (PyThreadState *tstate)
RICBELZET: Stable ABL. AL vy FIREX 7Y 27 FAOETOFERE Yy P LET, GIL 215
LTWRIFUIZRD 28 A

N— 3 ¥ 3.9 TAHE: This function now calls the PyThreadState.on_delete callback. Previ-
ously, that happened in PyThreadState_Delete().

N—3 3 v 3.13 TEH: The PyThreadState.on_delete callback was removed.

void PyThreadState_Delete (PyThreadState *tstate)
RICBLUET: Stable ABL. ALy FIREA 7V =7 b2IEEL 3, GIL 2RFT 2408 EIH D £
Ao AL v FIREEIX PyThreadState_Clear() THHNPL®H YLy L TEPRIFINUILD FEA,
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().

PyFrameQObject *PyThreadState_GetFrame ( Py ThreadState *tstate)

RICELFT: Stable ABI (IN—23> 5.10 &£D ). Get the current frame of the Python thread

state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_GetFrame().

tstate must not be NULL.

Added in version 3.9.

uint64 t PyThreadState_GetID(PyThreadState *tstate)

RICBLFT: Stable ABI (IN—23 > 3.10 &D ). Get the unique thread state identifier of the
Python thread state tstate
298 % 9 & #HAML (initialization). & THIE (finalization). AL v R
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tstate must not be NULL.
Added in version 3.9.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

RICBELZET: Stable ABI (IN—=23 > 3.10 &£D ). Get the interpreter of the Python thread state
tstate.

tstate must not be NULL.
Added in version 3.9.

void PyThreadState_EnterTracing(PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state tstate.
Resume them using the PyThreadState_LeaveTracing () function.
Added in version 3.11.

void PyThreadState_LeaveTracing(PyThreadState *tstate)

Resume tracing and profiling in the Python thread state tstate suspended by the
PyThreadState_EnterTracing () function.

See also PyEval_SetTrace() and PyEval_SetProfile() functions.
Added in version 3.11.

PylnterpreterState *PyInterpreterState_Get (void)

MICBLET: Stable ABI (IN—=3 Y 3.9 &b ). Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot
return NULL.

FEOCH UENE GIL 253 2083 H D £
Added in version 3.9.

int64_t PyInterpreterState_GetID(PylnterpreterState *interp)
RICBLFT: Stable ABI (IN—=23> 3.7&D). A V2TV E2D—ERRID #iRL¥3, M
fAIpT 7 —2EE 6, -1 PRI, =Tty FENET,
PR LG GIL 2155 2 0 EZ 03D D £3

Added in version 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

RICBELFT: Stable ABI (IN—23Y 8.8 &D). A V2TV RERFDOT—X2REFLTVWEHEY
BUET, ZOBE NULL 2R L7258, 2 2 ETTHAMIEH XN TE S 3, O LEAK A >~
&7 ZEHOFHFIMATERNEE ZRTNUILD FEA,

Z OB PyModule_GetState() B EZ 2 b DT L, WREY 2 — 24 V&) XEF
DIREERPHINT 2 DIF S REXH DTF,
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Added in version 3.8.
typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PylnterpreterFrame *frame, int
throwflag)

Type of a frame evaluation function.

The throwflag parameter is used by the throw() method of generators: if non-zero, handle the

current exception.
N—a v 3.9 TZH: The function now takes a tstate parameter.

N—=3Y a ¥ 311 TZEH: The frame parameter changed from PyFrameObject* to
_PyInterpreterFramex*.
_ PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
Added in version 3.9.
void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp,  PyFrameFvalFunction

eval frame)

Set the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
Added in version 3.9.

PyObject *PyThreadState_GetDict ()

ROfE: BHASE, RICBLET: Stable ABL EREY 2 — AL v FEHDIREERERETE
BEORHELRLET, K4 DIIREY 2 —AHEFHFICRBERERET 272D IEME—DF — %2 #
DRINIRD F¥A, BEDRL v RIKENR ORI ZOBBEFCHL T 2T VWERA, ZOH
¥y NULL ZiR335E. BIFNIE o 2 S EH ST, FOH LENZBED A L v FIREEAHIH T E 720w
EEZRINIRD FRA,

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

RICEBL £9: Stable 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.
N—=a ¥y 3.7 TEHE: id 518 DA long 25 unsigned long "NEHEINZF L7z,

void PyEval_AcquireThread ( PyThreadState *tstate)

RICBLZET: Stable ABL. GIL 15 L. HED XL v RIKEE%R tstate ICKEL T3, tstate 1
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NULL THo TR D FHA, By 7 @IS UDIER IR TVWARITIUILD $HA, ZOBEBERES
HUZZAL Yy RRTTICey Z72EELTWAEE. Ty Fay 7Mbb 3,

0 R
Calling this function from a thread when the runtime is finalizing will hang the thread until

the program exits, even if the thread was not created by Python. Refer to Cautions regarding

runtime finalization for more details.

N—Y a ¥y 38 TZHZEHE: Updated to be consistent with PyEval_RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

N—3 a3 ¥ 3.14 TZEHE: Hangs the current thread, rather than terminating it, if called while the

interpreter is finalizing.

PyEval_RestoreThread () IZWVWDOTH (AL vy FOHHHLI NI WRWE ZTH) FIAHREZRE LN
NEIECT Y,

void PyEval_ReleaseThread (PyThreadState *tstate)

RICBLZFT: Stable ABL BIfEOR L v FIKEEZ V> FLTNULL iIZL., GIL 2L £, 7y
JEHOEPUDIEREINTOWRITIUIRE ST, OoBHEDOA Ly RBEFLTVRITAIREZD F8A,
tstate 1X NULL TH o TIER D FXAN, ZOEDIBED AL v RIKEBEREL TW2E50 8 5 0E N
572D ELNET — B LESTRIFNR, BHWNZ I —PmEINET,

PyEval_SaveThread () 1Z X D@L OVRBETHIZ (R Ly FAFHHLEhTHWRVWE 2TH) FIH
TEET,

9.6 Y712 T)ZYKR—F

e AEDEEIFIDAL Python 4 ¥ X 7Y X3 1 D72 TITH, W 2hDEEICFA—Ta AR, 3
WEFA—R Ly FNT, BEOBIZL LA Y2 7Y X2 FR T 2R0ENHD 3, ZAEAJREICT 200847
AV RTYRTT,

PRXAVTAVRTVREF TURA LWL EIT o T ¥ BITRANHER S NIA VX TV EDZ LT,
PBITAYRTYREFE N AL VA VRTVRIZES T FANY RY Y TD LSRR, Tub A THE—RE
BHRHDET, XA ATV RITET V24 2OPHHLHOMHFEITE WS BEHE S H D, #HIET > & A4
LD TIFANZENNT VWD 7 VXA L TH DD EF, PylnterpreterState_Main() BAEIE. XA VA ¥
2TV ZXDIREADKRA VX ERLET,

P74 R TV EXEYIDEZD PyThreadState_Swap () BT TEE 3, ROBEKZMH-THTA4 &2 7Y
R DIER EHIBRAATA £5
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.
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Added in version 3.12.
HHER 7 4 —IL K.

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_eztensions must be 1 (non-zero). If this is 1 then gil
must not be PyInterpreterConfig_OWN_GIL.

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.g.
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. Oth-
erwise daemon threads are allowed (as long as allow_threads is non-zero).

int check_multi_interp_extensions

If this is O 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_obmalloc is 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).
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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)

HLwH 742X 7Y & (sub-interpreter) ZEML 5, 74 &7V 2eid (IRF5E2Q) 5
IZ7E X7z Python 2 — FOETRETT, FIC. HTILWH 74 &7V XiE, import SN 3 E
Va— A BTRDOVWTEFDN=Y a v kb, ZACIZEE YR 5EY 2 —)L builtins, _
BIU sys bBENE T, B—FEADET 2 -0 5657 — 7/ (sys.modules) BLIEY 2—
NWRZR SR (sys.path) H T A VX TV XBIHWEO S DI D 3, Fikehd 74 27V XI5
I2iX sys.argy B DD FV A, ol 374 X7V ZIW72 B T/0 A MU — 4 sys.stdin,
sys.stdout, sys.stderr ZHFHHET (LIFVA. ZNHDRA MY —2IIMBEIIZH ZF T 7 7 £ Lidih
FEZRLTVET),

_main__

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, tstate 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 re-

stricted:

PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = O,
.allow_exec = 0,
.allow_threads = 1,

.allow_daemon_threads = O,

(RDR=V1ZHiEL)
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(FiDR— 25 D %)
.check_multi_interp_extensions = 1,
.gil = PyInterpreterConfig OWN_GIL,
+;
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 on the PyInterpreterState.
Extension modules are shared between (sub-)interpreters as follows:

e For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec(), a separate
module object is created and initialized for each interpreter. Only C-level static and global

variables are shared between these module objects.

o For modules using single-phase initialization, e.g. PyModule_Create(), the first time a partic-
ular extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictio-
nary is squirreled away. When the same extension is imported by another (sub-)interpreter, a
new module is initialized and filled with the contents of this copy; the extension’s init function
is not called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters,

which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the inter-
preter has been completely re-initialized by calling Py_FinalizeEz () and Py_Initialize();
in that case, the extension’s initmodule function is called again. As with multi-phase ini-
tialization, this means that only C-level static and global variables are shared between these

modules.

PyThreadState *Py_NewInterpreter (void)

RICB L E 7 Stable ABI. 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)

RICE L %9 Stable ABIL. 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.
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Py _FinalizeEz () will destroy all sub-interpreters that haven’t been explicitly destroyed at that

point.

9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig() you can 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 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 complica-
tions 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 NJEAEFEIH

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation be-
tween them isn’t perfect --- for example, using low-level file operations like os.close() they can (ac-
cidentally or maliciously) affect each other’s open files. Because of the way extensions are shared be-
tween (sub-)interpreters, some extensions may not work properly; this is especially likely when using
single-phase initialization or (static) global variables. It is possible to insert objects created in one

sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes
between sub-interpreters, since import operations executed by such objects may affect the wrong
(sub-)interpreter’s dictionary of loaded modules. It is equally important to avoid sharing objects from

which the above are reachable.

P74 &Y X% PyGILState_x APl Y fHHABDOE 20D L VI LICHTELTLIELE WV, T
5 ® API X Python DAL v FIKAEYL OS LR ZX Ly R 1 X 1 THIELTWS Z 2 2HiEICL T
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W, 74 2TV EBFET 2 ZORHREVPAND 25 TT, MIET % PyGILState_Ensure() &
PyGILState_Release() DM-UH L DRT OB TIZ, 74 X7 XOYIDFEZ 2{TORWI ¥ 2R H#E
TWLET, B, (ctypes DL D) THHD API Z2ffi- T Python DA TIEL N/ A L v F225 Python
A= FZFTLTOVRIREY 2 — U3V 74 2TV X 2S5 L BN LA H D 3,

9.7 FEEHREN

AYRTYVRDRAA ALy FICIRRIHZEZAT S 7 DI E N Th B LA TY, Zhs 0@k B
RA ¥ &E void KA ¥ XEIEE WS TEREZRD £3,

int Py_AddPendingCall(int (*func)(void*), void *arg)

RICBLFT: Stable ABL. £ Y2V RDAAL ALy FaLEBARIHEINE T ELZHAE T,
BT 28 0 258D, func iZXA4 YAy FOMUHLF 2 — Dot 3, RT3, filstz
ty PEFIZ -1 DRED 3,

WHIZF 2 ZFEDONZ L. func id WODNEIHT A VX TVEXRDXAL VALY R b, arg 258
LT UOHENE T, ZOEIE, @HDOFEITHD Python a— Ficxt L CIERBNCFOH X E T
M. ROWHDOEMFICER LI ST E T

o bytecode S FITWVWB & &,

o XA YAV BB global interpreter lock ZRFFLTWS (F7205 func HETD C API ZIFFR
Hes) b,

RN L7265 func id 0 ZIBERRBZLT, KBLES -1 ZIRLAKLZEY P LARTREWITEEA,
June \Z. MROIEFPHENZITS 72012, SHIREDIAENDE I RBH D FEADN, Fr—oLgf U X
TV xay ZBERENTEEE. ALy FOYIDEZICK o THDAER 2 ATREED R > TV T,

ZOBBIIFETTE2DICHEDAL v FIREEZXE T, FJu—olf V2T Zuy 7 HR0EL L
FHA,

To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function

func can be scheduled to be called from the wrong interpreter.

A

T, FERICRAIIG AT DAKILD, RL NAURBEBT Y, func HATEERIR D B HE M
BMEEH D FRA, AL VALY FATY AT AT —NEETTIDIICLWVIEEIE. func 3SR
TLA—NADRSTL B2 EFTHUIHINEWTL & 5, ZOBEFE—MKIziE, 80 C ALy K
5 Python 2— FZEFHTORIEE AT XA . ZhoRb Yz, PyGILState API 2L
TLEZE W,

mg

H
[=]

Added in version 3.1.

N—Ya ¥ 3.9 TEHE: If this function is called in a subinterpreter, the function func is now
scheduled to be called from the subinterpreter, rather than being called from the main interpreter.

Each subinterpreter now has its own list of scheduled calls.
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9.8 7O7 7ML kL —X (profiling and tracing)

Python 4 ¥ & 7V X%, 707 7 4 )L: 7H7 (profile) RFEITD b L —R: B (trace) ¥\ o 7=HEREE A
AL DIKEDY K= P 2RELTVET, COFR-MEI Ta 77407 Ny 7 EH#FE S
(coverage analysis) ¥ — LR E b E T,

ZDCAYE=Tz—RIF, 07 740% L —REERIC, Python LX)LORFOH LATREA 79 = 2
PHERHENDZ Z 2k 24—y FE2BT, B C BEEIHLITA2E5CLTVWES, ury
AR b L —ABBEEOAREN ZBMIIZED o TVWERA; A VX — 72— ATRE ML —REEEZAL Y FTE
WA YA P=ATE, FL—RBBICHE SN DHAAL X2 b (basic event) IZBHTDN— a L IZBNT
Python L~\L®D b L — 2B THE XN TV DD LR LT,

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval_SetProfile() and PyEval_SetTrace().
The first parameter is the object passed to the registration function as obj, frame is the frame object
to which the event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION,
PyTrace_LINE, PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN,
or PyTrace_OPCODE, and arg depends on the value of what:

what D& arg DEIK

PyTrace_CALL HIZ Py_None

PyTrace_EXCEPTION  sys.exc_info() DiRSHISMEHR TS,

PyTrace_LINE HIZ Py_None

PyTrace_RETURN FECCH LINTIR & 2 TE DD BIFNC & o TREZ 1k 2 58 1E NULL
T,

PyTrace_C_CALL FFOH SN B 7> = 7 b,

PyTrace_C_EXCEPTION WU N A A T =7 b,
PyTrace_C_RETURN MOHXNZEH8A 7 =7 b,
PyTrace_OPCODE HIZ Py_Nome ,

int PyTrace_CALL
B X Y v FOFIC R END. P22 L =20 Rz Y PYOMHIZA o7 Z L ZHET
BBED, Py_tracefunc ® what DETT, 4 7L —&XT 2 AL —XBEBOERT. T2 71—
LN®D Python NA b a— RIZHIfHIDOZEE (control transfer) 235 Z 658V DIME S NR VD THER
LTLZEW,

int PyTrace_EXCEPTION

BIADEH S NTBRD Py_tracefunc @ what DIETT, BEFEITEINA TS 7 L —ATHISNI L v
FEAL FMISDANA b a— RPN NRIZ, what 122 DENE Y P ENTRETI ANy F
B XNE T, ZORRE. BISNDEIHEIC K 5T Python BRI L AKX v 72 HRED § 2
2. B7 L — L0 EARS ZeiZa— Ny ZEEMAIF N ENE T, LR TR IS
DARY P EZUTWMDET; 7RI 74 FEZOBDARY FERBEY LEEA,

int PyTrace_LINE

9.8. FO771JL¥ kL —2X (profiling and tracing) 307



The Python/C API, ) —2X 3.14.0a3

The value passed as the what parameter to a Py_tracefunc function (but not a profiling func-
tion) when a line-number event is being reported. It may be disabled for a frame by setting
f_trace_lines to 0 on that frame.

int PyTrace_RETURN

MM UA%R 2 & 212 Py_tracefunc BAEIC what 518 LTHESETT,

int PyTrace_C_CALL

C B MU 3 ERINIC Py_tracefunc BIED what 513y L TETMETT,

int PyTrace_C_EXCEPTION

C BB 2 R LTz & =12 Py_tracefunc BIEOD what 518y L CTESTMETT,

int PyTrace_C_RETURN

CRBEED» SRS & =2IT Py_tracefunc BIEID what 518 LTESTETT,

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when
a new opcode is about to be executed. This event is not emitted by default: it must be explicitly
requested by setting f_trace_opcodes to 1 on the frame.

void PyEval_SetProfile(Py_ tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter,
and may be any Python object, or NULL. If the profile function needs to maintain state, using a
different value for obj for each thread provides a convenient and thread-safe place to store it.
The profile function is called for all monitored events except PyTrace_LINE PyTrace_OPCODE and
PyTrace_EXCEPTION.

sys.setprofile() BB B T ZE W,
RO LENE GIL 2R L2072 D £ A,

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.
FEOH LANE GIL Z2HE/ LR U h 8 A,

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 ()
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will not receive PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_ RETURN as a value for the

what parameter.
sys.settrace() BIRB B L T & W,

FEOH LANG GIL S L2 0de D 8 A

void PyEval_SetTraceAllThreads(Py tracefunc func, PyObject *obj)

Like PyEval_SetTrace() but sets the tracing function in all running threads belonging to the

current interpreter instead of the setting it only on the current thread.
MEOH LENE GIL 28R LRFhiudz b 8 A

As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace func-

tions in all threads.

Added in version 3.12.

9.9 Reference tracing

Added in version 3.13.

typedef int (*PyRefTracer)(PyObject™, int event, void *data)

The type of the trace function registered using PyRefTracer_SetTracer (). The first parameter is
a Python object that has been just created (when event is set to PyRefTracer_ CREATE) or about
to be destroyed (when event is set to PyRefTracer DESTROY). The data argument is the opaque

pointer that was provided when PyRefTracer_SetTracer() was called.

Added in version 3.13.

int PyRefTracer_CREATE

The value for the event parameter to PyRefTracer functions when a Python object has been

created.

int PyRefTracer_DESTROY

The value for the event parameter to PyRefTracer functions when a Python object has been

destroyed.

int PyRefTracer_SetTracer (PyRefTracer tracer, void *data)

Register a reference tracer function. The function will be called when a new Python has been
created or when an object is going to be destroyed. If data is provided it must be an opaque
pointer that will be provided when the tracer function is called. Return O on success. Set an

exception and return -1 on error.

Not that tracer functions must not create Python objects inside or otherwise the call will be
re-entrant. The tracer also must not clear any existing exception or set an exception. The GIL

will be held every time the tracer function is called.

The GIL must be held when calling this function.

9.9.

Reference tracing 309



The Python/C API, ) —2X 3.14.0a3

Added in version 3.13.

PyRefTracer PyRefTracer_GetTracer (void **data)

Get the registered reference tracer function and the value of the opaque data pointer that was
registered when PyRefTracer_SetTracer() was called. If no tracer was registered this function
will return NULL and will set the data pointer to NULL.

The GIL must be held when calling this function.

Added in version 3.13.

9.10 &E%&7/\vHHR—bk (advanced debugger support)
DR OBBUIRER TNy 7Y — LV TOMEHD DT DHDTT,

PylnterpreterState *PyInterpreterState_Head ()
AVRTYVRREF TS 27 bpoRBVALDS5, LHIZHLEDEERELET,

PylnterpreterState *PyInterpreterState_Main()

XA VA VERT)RZRDOREF TP 27 P EIBLE T,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
AVRT)RIREF T2 7 bR 2VR DB, interp DRIZHZDDERLFT,

PyThreadState *PyInterpreterState_ThreadHead ( PylnterpreterState *interp)
4R TY R interp WHBMITLEATWVWEAL Y FRLEZVRAIDS b, HEIIH B
PyThreadState ¥ 73 =7 F2IRLE5,

PyThreadState *PyThreadState_Next (PyThreadState *tstate)

tstate L WU PyInterpreterState A 73 =7 MIJELTWAR ALy FIKEA TP =27 bD S5,
tstate DRIZHBHDZELE T,

9.11 ALy FO—HAILRL—=PDHYR—F

Python 4 > & 7)) Xk, AL v Ka—#)L R b L — (thread-local storage, TLS) DKL <% K-+ %
RBELTOT, X474 7D TLS EEENFICT v 7 LT Python LXILDZALy FR—AF)LA ML=
API (threading.local) Z¥HKR—FLTWE T, CPython ® C L)L API X pthreads % Windows T
Hz26h5 TLS AT ALy FF—L XL v FZLIZ void* fE% BRI 2 B £ 3,

API TEDN 2B 2R 213, GIL Z2HUS T 202X HDFEA . BEETGOR v 793 FR—rShT
WES,

Python.h & TLS API ®EE % include €3, AL vy KR—H#)L X b L —Y % 5121 pythread.h %
include 2 MENH 2 Z LITHERLTLEE W,

O IR 1
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ZD APT BRI NS void* HORDODITXEVERHZITS ZLIZLEEA. X EV DR EHRIZA
HICITO REDDH D £F, void* D2 E72F PyObject* 12o75E1E. API BIIZh 2hofEDS
{AY >t OBERITVEEA,

9.11.1 XL v REIEZX kL — (Thread Specific Storage, TSS) API

TSS API &, CPython 4 ¥ 2 7V ZICEEN TV BEHEFD TLS APl # EEZ 27-DICHEAINE Lz,
2D APLIE, AL vy FF—DORHIZ int DD D IH L WA Py tss_t ZHEVET,

Added in version 3.7.

o B

"CPython DALy FR—ALRA ML =Y D7DDH LW C API” (PEP 539)

type Py_tss_t

ZOF—ZKEBERIZAL Yy X —DREZRFLTVET, ZoEROERIZ. HED TLS F#12
WEFEL. F—OHIREERB T 2N 4+ — L FEFLET, ZOMEKICIZAR (public) @ X
UNEHY FEHA,

Py LIMITED API PEZEINTWRWE ZiX, ZOB®D Py tss_NEEDS INIT IZ X 2HFHNAEY
HRBTEE T,
Py_tss_NEEDS_INIT

D~ nik Py tss_t ZROUEHLTFICEMEINE T, o~k Py LIMITED API 3% %
LEEFEINEEA,

X T R

BI72 Py_tss_t DX E VR Py LIMITED API TENL FENTIEREY 2 — VTR D T35
FOERIENRYIL RRICAERR 72912, ORI OFR2 X £ ) ERIZAAEET T,

Py _tss t *PyThread_tss_alloc()

RICBLZET: Stable ABI (IN—23> 3.7 &D ). Return a value which is the same state as a value
initialized with Py_tss_NEEDS_INIT, or NULL in the case of dynamic allocation failure.

void PyThread_tss_free(Py_ tss i *key)

RICBLFT: Stable ABIL (IN—2 3> 3.7 &D).  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.

0 IR

A freed key becomes a dangling pointer. You should reset the key to NULL.
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Xy R

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread_tss_set ()
and PyThread_tss_get() are undefined if the given Py tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created(Py tss (¢ *key)

RICBLE Y Stable ABI (IX—23> 8.7 &£D ). Return a non-zero value if the given Py_tss_t
has been initialized by PyThread_tss_create().

int PyThread_tss_create(Py_tss i *key)

RICBLZET: Stable ABI (IN—23> 3.7 &D ). Return a zero value on successful initialization of
a T'SS key. The behavior is undefined if the value pointed to by the key argument is not initialized
by Py_tss_NEEDS_INIT. This function can be called repeatedly on the same key -- calling it on

an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete(Py tss ¢ *key)

RICBELE T : Stable ABI (IN—23 > 3.7 &D ). Destroy a TSS key to forget the values associated
with the key across all threads, and change the key’s initialization state to uninitialized. A
destroyed key is able to be initialized again by PyThread_tss_create(). This function can be

called repeatedly on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_iss t *key, void *value)
RICBLEY: Stable ABI (IN—2a > 3.7 &D). 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 voidx* value.

void *PyThread_tss_get (Py (ss t *key)

RICBLETY: Stable ABI (IN—23> 3.7 &D ). Return the voidx 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.

9.11.2 XL v KA—AILZX kL — (TLS) API

N—a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

0 IR
This version of the API does not support platforms where the native TLS key is defined in a way that

cannot be safely cast to int. On such platforms, PyThread_create_key () will return immediately

with a failure status, and the other TLS functions will all be no-ops on such platforms.

HIRD HHEDOBBICE D, ZON=Ya YD APLEFHHOa— FTHHATRETIED D ¥ A,

int PyThread_create_key()
RICBLZE T Stable ABL.
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void PyThread_delete_key (int key)

RICBLZE Y Stable ABIL.

int PyThread_set_key_value (int key, void *value)

FICBLZEJ: Stable ABI.

void *PyThread_get_key_value (int key)
RICBL X9 Stable ABI.

void PyThread_delete_key_value (int key)
RICEL 9 Stable ABI.

void PyThread_ReInitTLS()

FICB L ZEJ: Stable ABI.

9.12 ATV =T+7
The C-API provides a basic mutual exclusion lock.

type PyMutex

A mutual exclusion lock. The PyMutex should be initialized to zero to represent the unlocked

state. For example:

PyMutex mutex = {0};

Instances of PyMutex should not be copied or moved. Both the contents and address of a PyMutex

are meaningful, and it must remain at a fixed, writable location in memory.

0 IR

A PyMutex currently occupies one byte, but the size should be considered unstable. The size

may change in future Python releases without a deprecation period.

Added in version 3.13.

void PyMutex_Lock ( PyMuter *m)

Lock mutex m. If another thread has already locked it, the calling thread will block until the
mutex is unlocked. While blocked, the thread will temporarily release the GIL if it is held.

Added in version 3.13.

void PyMutex_Unlock (PyMuter *m)

Unlock mutex m. The mutex must be locked --- otherwise, the function will issue a fatal error.

Added in version 3.13.

9.12. REATV=IT«7
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9.12.1 Python Critical Section API

The critical section API provides a deadlock avoidance layer on top of per-object locks for free-threaded
CPython. They are intended to replace reliance on the global interpreter lock, and are no-ops in versions

of Python with the global interpreter lock.

Critical sections avoid deadlocks by implicitly suspending active critical sections and releasing the locks
during calls to PyEval_SaveThread(). When PyEval_RestoreThread() is called, the most recent crit-
ical section is resumed, and its locks reacquired. This means the critical section API provides weaker

guarantees than traditional locks -- they are useful because their behavior is similar to the GIL.

The functions and structs used by the macros are exposed for cases where C macros are not available.
They should only be used as in the given macro expansions. Note that the sizes and contents of the

structures may change in future Python versions.

0 R
Operations that need to lock two objects at once must use Py BEGIN CRITICAL_SECTIONZ2. You
cannot use nested critical sections to lock more than one object at once, because the inner critical

section may suspend the outer critical sections. This API does not provide a way to lock more than

two objects at once.

{5 I 31

static PyObject *
set_field(MyObject *self, PyObject *value)

{
Py_BEGIN_CRITICAL_SECTION(self);
Py_SETREF (self->field, Py_XNewRef (value));
Py_END_CRITICAL_SECTION();
Py_RETURN_NONE;
}

In the above example, Py SETREF calls Py_DECREF, which can call arbitrary code through an object’s
deallocation function. The critical section API avoids potential deadlocks due to reentrancy and lock
ordering by allowing the runtime to temporarily suspend the critical section if the code triggered by the
finalizer blocks and calls PyEval_SaveThread().

Py_BEGIN_CRITICAL_SECTION (op)

Acquires the per-object lock for the object op and begins a critical section.

In the free-threaded build, this macro expands to:

PyCriticalSection _py_cs;
PyCriticalSection_Begin(&_py_cs, (PyObject*) (op))
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In the default build, this macro expands to {.
Added in version 3.13.

Py_END_CRITICAL_SECTION()

Ends the critical section and releases the per-object lock.

In the free-threaded build, this macro expands to:

PyCriticalSection_End(&_py_cs);

In the default build, this macro expands to }.
Added in version 3.13.

Py_BEGIN_CRITICAL_SECTION2(a, b)

Acquires the per-objects locks for the objects a and b and begins a critical section. The locks are

acquired in a consistent order (lowest address first) to avoid lock ordering deadlocks.

In the free-threaded build, this macro expands to:

PyCriticalSection2 _py_cs2;
PyCriticalSection2_Begin(&_py_cs2, (PyObjectx*)(a), (PyObjectx) (b))

In the default build, this macro expands to {.
Added in version 3.13.

Py_END_CRITICAL_SECTION2()

Ends the critical section and releases the per-object locks.

In the free-threaded build, this macro expands to:

PyCriticalSection2_End(&_py_cs2);

In the default build, this macro expands to }.

Added in version 3.13.
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10.1 PyConfig C API

Added in version 3.8.

Python & Py_InitializeFromConfig() ¥ PyConfig H§ & Kk % fif o TH ML T & ¥ 3,
Py_PreInitialize() & PyPreConfig MHE{RIZ X o THANHIIHLTE £,

BB OOEND D 3

o Python Configuration &, #H @ Python LRI UCIRZ N2 T 5 H XX~ A4 X &N/ Python % R
ThAEDIEHEINET, FlRE, BREERSa~ Y R 54 V5805 Python Zi%E T 3 7202 X
nNEI,

e 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.

Initialization, Finalization, and Threads S LUTL ZE W,

& 2E

PEP 587 "Python #I#H{L&E”

10.1.1 EFAI

Example of customized Python always running in isolated mode:

int main(int argc, char *xargv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;
(RDR=V1Hi <)
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(RIDR=I D5 DR E)

config.isolated = 1;

/* Decode command line arguments.

Implicitly preinitialize Python (in tsolated mode). */
status = PyConfig SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) {

goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);

return Py_RunMain();

exception:
PyConfig_Clear(&config) ;
if (PyStatus_IsExit(status)) {
return status.exitcode;
}
/* Display the error message and exit the process with
non-zero extit code */

Py_ExitStatusException(status);

10.1.2 PyWideStringList
type PyWideStringList
wchar_t* XFHID Y R b,
length D3IEX 0 DFEIZ. items 1ZIE NULL 220 TR TOXFHNIIE NULL TRIFAUIHZD T8 A
XYy R
PyStatus PyWideStringList_Append ( Py WideStringList *list, const wchar_t *item)
item % list \ZBML £,
Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py _ssize_t index, const wchar_t

*item)

item % list D index DPLEIWCHAL 3,
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index 23 list DRELLDHZE. item % list OREBITEMU 3,
index must be greater than or equal to 0.
Python must be preinitialized to call this function.

WIEIR 7 4 — L R

Py_ssize_t length
VA TFDRE,

wchar t **items

VR DER,

10.1.3 PyStatus

type PyStatus
FIHEBIRA D R 7 — X 2 (. =5 —, K T) ZHWS 2 Eh Ty,

7 —Ricid, =7 -2l L% CEBOAFT 2SN T E X7,
MEIR 7 4 — L 1

int exitcode
BTa—F, exitQ) D5l LTEINET,
const char *err_msg
II7—Xvt—,
const char *func
5 —ZEM L BB OHETT, NULL 124D A £,
AT — R ARERT % B
PyStatus PyStatus_0k (void)
e
PyStatus PyStatus_Error (const char *err__msg)
Ayl—yedlZTo—2HIMLL $9,
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)
XEVEID Y TORKM (XEVRE)

PyStatus PyStatus_Exit (int exitcode)

FEE LT a2 — T Python Z¥TLET,

AT — R A% B
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int PyStatus_Exception(PyStatus status)

Is the status an error or an exit? If true, the exception must be handled; by calling

Py_EzitStatusEzception() for example.

int PyStatus_IsError (PyStatus status)

Is the result an error?

int PyStatus_IsExit (PyStatus status)

Is the result an exit?

void Py_ExitStatusException(PyStatus status)

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit

code if status is an error. Must only be called if PyStatus_Exception(status) is non-zero.

0 IR

Internally, Python uses macros which set PyStatus.func, whereas functions to create a status set

func to NULL.

MREIm 7S s T3:

PyStatus alloc(void #**ptr, size_t size)

{
*ptr = PyMem_RawMalloc(size);
if (*ptr == NULL) {

return PyStatus_NoMemory() ;

}
return PyStatus_0k();

int main(int argc, char **argv)

{
void *ptr;
PyStatus status = alloc(&ptr, 16);
if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
}
PyMem_Free(ptr) ;
return O;
}
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10.1.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.
Function to initialize a preconfiguration:

void PyPreConfig_InitPythonConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Isolated Configuration.
MHEIR 7 14—V B

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.
o PYMEM_ALLOCATOR_MALLOC (3): use malloc() of the C library.
o 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.
o PYMEM_ALLOCATOR_MIMALLOC (6): use mimalloc, a fast malloc replacement.

o PYMEM_ALLOCATOR_MIMALLOC_DEBUG (7): use mimalloc, a fast malloc replacement with
debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using --without-pymalloc.

PYMEM_ALLOCATOR_MIMALLOC and PYMEM_ALLOCATOR_MIMALLOC_DEBUG are not supported if
Python is configured using --without-mimalloc or if the underlying atomic support isn’t

available.
See Memory Management.
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_locale and coerce_c_locale_warn members to O.
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See the locale encoding.
Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.

If equals to 1, read the LC__CTYPE locale to decide if it should be coerced.
See the locale encoding.

Default: -1 in Python config, 0 in isolated config.

int coerce_c_locale_warn

If non-zero, emit a warning if the C locale is coerced.
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_encoding to "mbcs",
e Set PyConfig. filesystem_errors to "replace".
Initialized from the PYTHONLEGACYWINDOWSFSENCODING environment variable value.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific

code.
Default: 0.

int parse_argv

If non-zero, Py_PreInitializeFromArgs() and Py_PrelInitializeFromBytesArgs () parse
their argv argument the same way the regular Python parses command line arguments: see

Command Line Arguments.

Default: 1 in Python config, 0 in isolated config.
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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 utf8 command line option and the PYTHONUTF8 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.

10.1.5 Preinitialize Python with PyPreConfig
The preinitialization of Python:
o Set the Python memory allocators (PyPreConfig.allocator)
o Configure the LC_CTYPE locale (locale encoding)
o Set the Python UTF-8 Mode (PyPreConfig.utf8_mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)

Preinitialize Python from preconfig preconfiguration.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const

*argv)

Preinitialize Python from preconfig preconfiguration.
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)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (wide strings) if parse_arguv of preconfig is non-zero.
preconfig must not be NULL.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and
Py_EzitStatusException().

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
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have an effect on the pre-configuration like encodings. For example, the -X utf8 command line option
enables the Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py_PreInitialize() and before
Py_InitializeFromConfig() to install a custom memory allocator. It can be called before

Py _Prelnitialize() if PyPreConfig.allocator is set to PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preini-
tialization, 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(&preconfig) ;

preconfig.utf8_mode = 1;

status = Py_PreInitialize(&preconfig) ;

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.1.6 PyConfig

type PyConfig

Structure containing most parameters to configure Python.
When done, the PyConfig_Clear() function must be used to release the configuration memory.
Structure methods:

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)
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Copy the wide character string str into *config_str.
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 arge, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character
strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int arge, char *const *argv)
Set command line arguments (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, PyWideStringList *list, Py_ssize t
length, wchar_t **items)

Set the list of wide strings list to length and items.
Preinitialize Python if needed.
PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.
Fields which are already initialized are left unchanged.

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.argu arguments once: PyConfig.
parse_argu is set to 2 after arguments are parsed. Since Python arguments are stripped
from PyConfig.argu, parsing arguments twice would parse the application options as Python

options.
Preinitialize Python if needed.

N— a3 ¥ 3.10 TEH: 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_argv equals 1.

N—a ¥ 3.11 TEHE: PyConfig_Read() no longer calculates all paths, and so fields listed un-
der Python Path Configuration may no longer be updated until Py_InitializeFromConfig()

is called
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void PyConfig_Clear (PyConfig *config)

Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitializa-
tion configuration (PyPreConfig) in based on the PyConfig. If configuration fields which are in
common with PyPreConfig 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

Moreover, if PyConfig SetArgu() or PyConfig_SetBytesArgu () 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).

The caller of these methods is responsible to handle exceptions (error or exit) using

PyStatus_Exception() and Py_ExitStatusException().

MHEIR 7 4 —L B

PyWideStringList argv
Set sys.argv command line arguments based on argv. These parameters are similar to those
passed to the program’s main() function with the difference that the first entry should refer

to the script file to be executed rather than the executable hosting the Python interpreter. If

there isn’t a script that will be run, the first entry in argv can be an empty string.

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 argwv.

If argv is 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:
o If argv[0] is equal 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.
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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.
See also PyConfig.ezec_prefiz.

wchar t *base_executable

Python base executable: sys._base_executable.

Set by the __PYVENV_LAUNCHER__ environment variable.
Set from PyConfig.ezecutable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

See also PyConfig.ezecutable.

wchar_t *base_prefix

sys.base_prefix.

Default: NULL.

Part of the Python Path Configuration output.
See also PyConfig.prefiz.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout

and stderr.

Set to 0 by the —u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.

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.
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Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.TextIOWrapper uses its default en-

coding. See io-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

command line option.
Default: 1.
Added in version 3.11.

wchar_t *check_hash_pycs_mode

Control the wvalidation 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:
e On Windows, set the binary mode (0_BINARY) on stdin, stdout and stderr.
e If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on
Windows).

Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
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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?
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREFS environment variable.

Needs 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.
See also PyConfig.base_ezec_prefiz.

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.

See also PyConfig.base_ezecutable.

int faulthandler

Enable faulthandler?

If non-zero, call faulthandler.enable() at startup.

Set to 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 "utf-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:
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e "utf-8" if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that nl_langinfo (CODESET) announces the ASCII encoding,

whereas the mbstowcs () function decodes from a different encoding (usually Latinl).
e "utf-8" if nl1_langinfo(CODESET) returns an empty string.
e Otherwise, use the locale encoding: n1_langinfo(CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,

"ANSI_X3.4-1968" is replaced with "ascii".
See also the filesystem_errors member.

wchar t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors().

On  Windows: use  "surrogatepass" by  default, or '"replace" 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.
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.

If use_hash_seed is 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

Set the default Python "home” directory, that is, the location of the standard Python libraries
(sec PYTHONHOME).

Set by the PYTHONHOME environment variable.
Default: NULL.

Part of the Python Path Configuration input.
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int import_time

If non-zero, profile import time.

Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment

variable.
Default: 0.

int inspect
Enter interactive mode after executing a script or a command.
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 O 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.

int cpu_count

If the value of cpu_count is not -1 then it will override the return values of os.cpu_count (),

os.process_cpu_count (), and multiprocessing.cpu_count ().
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Configured by the -X cpu_count=n/default command line flag or the PYTHON_CPU_COUNT

environment variable.
Default: -1.
Added in version 3.13.

int isolated

If greater than 0, enable isolated mode:

e Set safe_path to 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.
o Set user_site_directory to 0: don’t add the user site directory to sys.path.

e Python REPL doesn’t import readline nor enable default readline configuration on in-

teractive prompts.
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.
PYTHONLEGACYWINDOWSSTDIO BRBEZEIMZE TR VW FINRE I NIIGEIC, 1 ITRESINE T,

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific

code.
Default: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).

int malloc_stats

If non-zero, dump statistics on Python pymalloc memory allocator at exit.

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.
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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.

N— a ¥ 3.11 TZHE: This macro is now used on Windows to locate the standard library
extension modules, typically under DLLs. However, for compatibility, note that this value is

ignored for any non-standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env

Module search paths (sys.path) as a string separated by DELIM (os.pathsep).
Set by the PYTHONPATH environment variable.
Default: NULL.
Part of the Python Path Configuration input.
PyWideStringList module_search_paths
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

Compilation optimization level:
e 0: Peephole optimizer, set __debug__ to True.
e 1: Level 0, remove assertions, set __debug__ to False.
e 2: Level 1, strip docstrings.

Incremented by the -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_argv list is empty and argv is not a list only containing an empty string,

PyConfig_Read() copies argv into orig_argv before modifying argv (if parse_argv is
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non-zero).
See also the argv member and the Py_GetArgcArgu () 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 PyConfig Read() function only parses PyConfig.argu arguments once: PyConfig.
parse_argu 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.

N—a ¥ 3.10 TEHE: The PyConfig.argv arguments are now only parsed if PyConfig.

parse_argu 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.
Needs 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.

N— a ¥y 3.11 TEH: Now also applies on Windows.

wchar_t *prefix

The site-specific directory prefix where the platform independent Python files are installed:

sys.prefix.
Default: NULL.

Part of the Python Path Configuration output.
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See also PyConfig.base_prefiz.

wchar__t *program_name

Program name used to initialize ezecutable and in early error messages during Python ini-

tialization.
e On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER__ environment

variable if set.
e Use argv[0] of argv if available and non-empty.
e Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached .pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX

environment variable. The command-line option takes precedence.
If NULL, sys.pycache_prefix is set to None.
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 -q 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 arg command line.
See also the PyConfig.skip_source_first_line option.

Default: NULL.
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wchar t *run_module

Value of the -m command line option.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_presite

package .module path to module that should be imported before site.py is run.

Set by the -X presite=package.module command-line option and the PYTHON_PRESITE en-

vironment variable. The command-line option takes precedence.
Needs a debug build of Python (the Py_DEBUG macro must be defined).
Default: NULL.

int show_ref_count

Show total reference count at exit (excluding immortal objects)?

Set to 1 by -X showrefcount command line option.

Needs a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import

Import the site module at startup?

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
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wchar t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr

always uses "backslashreplace" error handler).
Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding;:
o "UTF-8" if PyPreConfig.utf8_mode is non-zero.
e 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 7C” or "POSIX”.

e "strict" otherwise.
See also PyConfig.legacy windows_stdio.

int tracemalloc

Enable tracemalloc?
If non-zero, call tracemalloc.start() at startup.

Set by -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment

variable.
Default: -1 in Python mode, 0 in isolated mode.

int perf_profiling

Enable the Linux perf profiler support?

If equals to 1, enable support for the Linux perf profiler.

If equals to 2, enable support for the Linux perf profiler with DWARF JIT support.

Set to 1 by -X perf command-line option and the PYTHONPERFSUPPORT environment variable.

Set to 2 by the -X perf_jit command-line option and the PYTHON_PERF_JIT_SUPPORT envi-

ronment variable.

Default: -1.

> B

See perf_profiling for more information.

Added in version 3.12.
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int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.
Set to 0 by the -E environment variable.

Default: 1 in Python config and 0 in isolated config.

int use_system_logger

If non-zero, stdout and stderr will be redirected to the system log.
Only available on macOS 10.12 and later, and on iOS.
Default: 0 (don’t use system log).

Added in version 3.13.2.

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 O, print a message each time a module is imported, showing

the place (filename or built-in module) from which it is loaded.

If greater 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.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings.filters which is checked first (highest

priority).
The -W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple

options can be specified, separated by commas ().
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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 is initialized to the inverted value of write_bytecode.
Default: 1.

PyWideStringList xoptions

Values of the -X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command

line arguments, and Python arguments are stripped from argv.
The zoptions options are parsed to set other options: see the -X command line option.

N— g 3.9 TZH: The show_alloc_count field has been removed.

10.1.7 Initialization with PyConfig

Initializing the interpreter from a populated configuration struct is handled by calling

Py_InitializeFromConfig().

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusEzception().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab () are used,
they must be set or called after Python preinitialization and before the Python initialization. If Python
is initialized multiple times, PyImport_AppendInittab () or PyImport_EztendInittab () must be called

before each Python initialization.
The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

void init_python(void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Set the program name. Implicitly preinitialize Python. */

status = PyConfig SetString(&config, &config.program_name,
(RDOR=V1Fil)
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(FiDR— 25 D %)
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {

goto exception;

status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);

return;

exception:
PyConfig_Clear(&config);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override
some parameters. Note that since 3.11, many parameters are not calculated until initialization, and so
values cannot be read from the configuration structure. Any values set before initialize is called will be

left unchanged by initialization:

PyStatus init_python(const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Set the program name before reading the configuration

(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {

goto done;

/* Read all configuration at once */
status = PyConfig Read(&config);
if (PyStatus_Exception(status)) {
(RDR=V ki)
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(RIDR=I D5 DR E)

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 = PyWideStringlList_Append(&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringlList_Append(&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {

goto done;

/* Override executable computed by PyConfig Read() */
status = PyConfig_SetString(&config, &config.executable,

L"/path/to/my_executable");
if (PyStatus_Exception(status)) {

goto done;

status = Py_InitializeFromConfig(&config) ;

done:

PyConfig_Clear (&config) ;

return status;

10.1.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig InitIsolatedConfig() functions create a config-

uration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure

PyConfig.home is specified to avoid computing the default path configuration.
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10.1.9 Python Configuration

PyPreConfig_InitPythonConfig() and PyConfig InitPythonConfig() functions create a configura-

tion to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global

configuration variables are ignored.
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.
10.1.10 Python Path Configuration
PyConfig contains multiple fields for the path configuration:
e Path configuration inputs:
— PyConfig.home
— PyConfig.platlibdair
— PyConfig.pathconfig_warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths
— PATH environment variable to get the program full path (from PyConfig.program_name)
— __PYVENV_LAUNCHER__ environment variable

— (Windows only) Application paths in the registry under ”SoftwarePythonPython-
CoreX.YPythonPath” of HKEY_ CURRENT_ USER and HKEY_ LOCAL_MACHINE
(where XY is the Python version).

e Path configuration output fields:

PyConfig.base_exzec_prefix

PyConfig.base_exzecutadble

PyConfig.base_prefiz
— PyConfig.exec_prefix

— PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefiz
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If at least one "output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting
explicitly all path configuration output fields listed above. A string is considered as set even if it is
non-empty. module_search_paths is considered as set if module_search_paths_set is set to 1. In this

case, module_search_paths will be used without modification.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only,

Windows does not log any warning).

If base_prefiz or base_exec_prefiz fields are not set, they inherit their value from prefiz and

ezec_prefiz respectively.
Py_RunMain () and Py_Main () modify sys.path:

o If run_filename is set and is a directory which contains a __main__.py script, prepend

run_filename to sys.path.
o If isolated is zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current

directory cannot be read.
— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sys.path.

If site_import is non-zero, sys.path can be modified by the site module. If user_site_directory is
non-zero and the user’s site-package directory exists, the site module appends the user’s site-package

directory to sys.path.
The following configuration files are used by the path configuration:
e pyvenv.cfg
o ._pth file (ex: python._pth)
o pybuilddir.txt (Unix only)
If a . _pth file is present:
e Set isolated to 1.
e Set use_environment to 0.
o Set site_import to 0.
e Set safe_path to 1.

If home is not set and a pyvenv.cfg file is present in the same directory as executable,

or its parent, prefiz and ezec_prefiz are set that location. When this happens,
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base_prefiz and base_exec_prefiz still keep their value, pointing to the base installation. See

sys-path-init-virtual-environments for more information.
The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable.

N—=Y a ¥ 3.14 TEHE: prefiz, and ezec_prefiz, are now set to the pyvenv.cfg directory. This was

previously done by site, therefore affected by -S.

10.2 PylnitConfig C API
C API to configure the Python initialization (PEP 741).

Added in version 3.14.

10.2.1 Create Config

struct PyInitConfig

Opaque structure to configure the Python initialization.

PylInitConfig *PyInitConfig_Create (void)

Create a new initialization configuration using Isolated Configuration default values.
It must be freed by PyInitConfig_Free().
Return NULL on memory allocation failure.

void PyInitConfig_Free (PylnitConfig *config)

Free memory of the initialization configuration config.

If config is NULL, no operation is performed.

10.2.2 Error Handling

int PyInitConfig_GetError (PylnitConfig *config, const char **err_ msg)

Get the config error message.
e Set *err_msg and return 1 if an error is set.
e Set *err_msg to NULL and return O otherwise.
An error message is an UTF-8 encoded string,.
If config has an exit code, format the exit code as an error message.

The error message remains valid until another PyInitConfig function is called with config. The

caller doesn’t have to free the error message.

int PyInitConfig_GetExitCode (PylnitConfig *config, int *exitcode)

Get the config exit code.

o Set *exitcode and return 1 if config has an exit code set.
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e Return 0 if config has no exit code set.

Only the Py_InitializeFromInitConfig() function can set an exit code if the parse_argv option

is non-zero.

An exit code can be set when parsing the command line failed (exit code 2) or when a command

line option asks to display the command line help (exit code 0).

10.2.3 Get Options

The configuration option name parameter must be a non-NULL null-terminated UTF-8 encoded string.

int PyInitConfig_HasOption(PylnitConfig *config, const char *name)

Test if the configuration has an option called name.
Return 1 if the option exists, or return 0 otherwise.

int PyInitConfig_GetInt (PylnitConfig *config, const char *name, int64_t *value)

Get an integer configuration option.
e Set *walue, and return 0 on success.
e Set an error in config and return -1 on error.

int PyInitConfig_GetStr (PylnitConfig *config, const char *name, char **value)

Get a string configuration option as a null-terminated UTF-8 encoded string.

e Set *value, and return O on success.

e Set an error in config and return -1 on error.
*value can be set to NULL if the option is an optional string and the option is unset.
On success, the string must be released with free(value) if it’s not NULL.

Kok

int PyInitConfig_GetStrList (PylnitConfig *config, const char *name, size_t *length, char ***items)

Get a string list configuration option as an array of null-terminated UTF-8 encoded strings.
e Set *length and *value, and return 0 on success.
e Set an error in config and return -1 on error.
On success, the string list must be released with PyInitConfig_FreeStrList(length, items).

void PyInitConfig FreeStrList (size t length, char **items)

Free memory of a string list created by PyInitConfig_GetStrList().
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10.2.4 Set Options
The configuration option name parameter must be a non-NULL null-terminated UTF-8 encoded string.

Some configuration options have side effects on other options. This logic is only implemented when
Py_InitializeFromInitConfig() is called, not by the ”Set” functions below. For example, setting

dev_mode to 1 does not set faulthandler to 1.

int PyInitConfig_SetInt (PylnitConfig *config, const char *name, int64 t value)

Set an integer configuration option.
e Return 0 on success.
e Set an error in config and return -1 on error.

int PyInitConfig_SetStr (PylnitConfig *config, const char *name, const char *value)

Set a string configuration option from a null-terminated UTF-8 encoded string. The string is

copied.
e Return 0 on success.
e Set an error in config and return -1 on error.

int PyInitConfig_SetStrList (PylnitConfig *config, const char *name, size_t length, char *const

*items)

Set a string list configuration option from an array of null-terminated UTF-8 encoded strings. The

string list is copied.
¢ Return 0 on success.

e Set an error in config and return -1 on error.

10.2.5 Module

int PyInitConfig_AddModule ( PylnitConfig *config, const char *name, PyObject *(*initfunc)(void))

Add a built-in extension module to the table of built-in modules.

The new module can be imported by the name name, and uses the function initfunc as the

initialization function called on the first attempted import.
e Return 0 on success.
e Set an error in config and return -1 on error.

If Python is initialized multiple times, PyInitConfig_AddModule () must be called at each Python

initialization.

Similar to the PyImport_AppendInittadb () function.
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10.2.6 Initialize Python

int Py_InitializeFromInitConfig(PylnitConfig *config)

Initialize Python from the initialization configuration.
e Return 0 on success
e Set an error in config and return -1 on error.
e Set an exit code in config and return -1 if Python wants to exit.

See PyInitConfig_GetExitcode() for the exit code case.

10.2.7 ERH

Example initializing Python, set configuration options of various types, return -1 on error:

int init_python(void)
{
PyInitConfig *config = PyInitConfig Create();
if (config == NULL) {
printf ("PYTHON INIT ERROR: memory allocation failed\n");

return -1;

// Set an integer (dev mode)
if (PyInitConfig_SetInt(config, '"dev_mode", 1) < 0) {

goto error;

// Set a list of UTF-8 strings (argv)

char *argv[] = {"my_program", "-c", "pass"};

if (PyInitConfig_SetStrList(config, "argv",
Py_ARRAY_LENGTH(argv), argv) < 0) {

goto error;

// Set a UTF-8 string (program name)
if (PyInitConfig_SetStr(config, "program_name", L"my_program") < 0) {

goto error;

// Initialize Python with the configuration
if (Py_InitializeFromInitConfig(config) < 0) {

goto error;

(RDOR=V1Fil)
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(RIDR=I D5 DR E)

PyInitConfig Free(config);

return O;

error:

// Display the error message

// This uncommon braces style is used, because you cannot make
// goto targets point to variable declarations.

const char *err_msg;

(void)PyInitConfig_GetError(config, &err_msg);

printf ("PYTHON INIT ERROR: %s\n", err_msg);

PyInitConfig_ Free(config) ;

return -1;

10.3

Runtime Python configuration API

The configuration option name parameter must be a non-NULL null-terminated UTF-8 encoded string.

Some options are read from the sys attributes. For example, the option "argv" is read from sys.argv.

PyObject *PyConfig_Get (const char *name)

Get the current runtime value of a configuration option as a Python object.

e Return a new reference on success.

e Set an exception and return NULL on error.

The object type depends on the configuration option. It can be:

e bool

e int

e sStr

e list[str]

e dict[str, str]

The caller must hold the GIL. The function cannot be called before Python initialization nor after

Python finalization.

Added in version 3.14.

348

% 10 = Python #IHALRTE




The Python/C API, JJ—2X 3.14.0a3

int PyConfig_GetInt (const char *name, int *value)

Similar to PyConfig_Get (), but get the value as a C int.
e Return 0 on success.
e Set an exception and return -1 on error.

Added in version 3.14.

PyObject *PyConfig_Names (void)

Get all configuration option names as a frozenset.
e Return a new reference on success.
e Set an exception and return NULL on error.

The caller must hold the GIL. The function cannot be called before Python initialization nor after

Python finalization.
Added in version 3.14.

int PyConfig_Set (const char *name, PyObject *value)

Set the current runtime value of a configuration option.
o Raise a ValueError if there is no option name.
o Raise a ValueError if value is an invalid value.
o Raise a ValueError if the option is read-only (cannot be set).
o Raise a TypeError if value has not the proper type.

The caller must hold the GIL. The function cannot be called before Python initialization nor after
Python finalization.

Added in version 3.14.

10.4 Py_GetArgcArgv()
void Py_GetArgcArgv (int *argc, wchar_t ***argv)
Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.

10.5 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP
432:

e 7Core” initialization phase, "bare minimum Python”:

— Builtin types;
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— Builtin exceptions;
— Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).
e "Main” initialization phase, Python is fully initialized:
— Install and configure importlib;
— Apply the Path Configuration;
— Install signal handlers;
— Finish sys module initialization (ex: create sys.stdout and sys.path);
— Enable optional features like faulthandler and tracemalloc;
— Import the site module;
— etc.
Private provisional API:

e PyConfig._init_main: ifset to 0, Py_InitializeFromConfig () stops at the "Core” initialization

phase.
PyStatus _Py_InitializeMain(void)

Move to the "Main” initialization phase, finish the Python initialization.
No module is imported during the ”Core” phase and the importlib module is not configured: the Path
Configuration is only applied during the "Main” phase. It may allow to customize Python in Python to

override or tune the Path Configuration, maybe install a custom sys.meta_path importer or an import

hook, etc.

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.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase
is not specified yet. The API is marked as private and provisional: the API can be modified or even be

removed anytime until a proper public API is designed.

Example running Python code between ”"Core” and "Main” initialization phases:

void init_python(void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;
config._init_main = O;
(RDR=D1THE L)
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(RIDR=I D5 DR E)

/* ... customize 'config' configuration ... */

status = Py_InitializeFromConfig(&config) ;

PyConfig_Clear (&config) ;

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");

if (res < 0) {

exit(1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status) ;
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11.1 &

Python 1281} 3 X VEHIZIE, £TOD Python A 7Y =27 b 7T —XEEPA -T2 T 74 R—= b=
(private heap) D3HTT, 7I74 R—1t b —7OEHIZ, NEICIE Python XEIVIR—T v (Python
memory manager) DHERICITVWE T, Python XEVU v —Y v 12, HF (sharing), €7 X > + 5|
(segmentation), FHH{EID YT (preallocation). ¥ ¥ v > 21k (caching) &\ o7z, B4 RBIRGLIRE R OM
WS 7212, EfloarR—x> r83HY 7,

BRIEUKER TIX, £ X EVIEEBE (raw memory allocator) 234 RV —F 4 V7Y X7 LD X €V G
HWrbe bl T, 74—+ —7MIZ Python BEDORTDT — X ZilHT 2 DI T RZEZHNDH 5 I»
EIODMRLET, BOXEVIHREEBD LICiZ, W o204 7Y =7 FEFDX TV REEELH D %
T, ZNBHREFAICLL—TZREL, B4 7Y =7 MUIEFOHEBIZE o X BV ERRKY S FEELTWE
T BlZIE, BEA T 27 PEIXFHNRR TN, FHELITESTPDATe—TATERHINET, 20D
Db, BEIHMEZLET 2 L TRAIGENRDR DD, BE/BREO ML — FAIPEET 2056 TT, ZOX
512, Python XEV X I v JMEEDNWLK D% ATV =7 MEFGDO X TV REBEBICZEELE T, 20
SOBBMNTIAR= =T oIEAHLTAE)ERHZITORVLIICLTVET,

HERDIZF, e ZA2—FDP0DOb—THOXEY 70y VRETIORTTI 2 b RA YV REHIELT
W3 e LThH, Python A —7OEHEIZA > X 7Y ZAKHITTS DT, -2 rHlfs 2RI 4
WY S 2 Z T3, Python A 7Y =27 bRHEMERAZINZ Ny 772 AN S7-0D b — TZEBDXEY
fEfRE, BEISIE U T, Python X BV A=Y v BIZD F¥F a2 X ¥ FNTHIZEL TW3 Python/C API B
BHENLTITVWE S,

X EVEHOFELZ R 2720, HREY 2 — LVOEFIZIRL T Python 772 =227 v%2 C 74 75 UHBR
B LTV AR malloc() « calloc() | realloc() BIU free() THEL LS & LTIERDEEA, Z
5 LB S . C OXEVBERKYE Python XV v 2= v L ORI TR LA L 3,
C DX EVEIEREE L Python X BV X —=I ¥ 3B R 2713 Y) XL THEEINTWT, BhRie—T2#
5 270, MU LOREIBEGNBEREHEZET, 23wz, FEiloERNDZEDRL, C 79475 VD
X BV EREREZ o TR ATV ZHER LD LD TEE T, FIRIE. UTFHRZD X5 RHITT:

PyObject *res;
char *buf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
(RDR=V1Hi <)
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(FiDR— 25 D %)
return PyErr_NoMemory() ;
...Do some I/0 operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */

return res;

COBITIE, I/O Ny 7 71T 2 XEVERIEZC 7477V DAEYEABZM>TWE T, Python
AEYTX =T v —3RVELE L TREENS bytes 7Y =7 + 2R T 2RHC/ZITHETT,

YIRVE, L AEDRMTIE, AEY OEMEZ Python b — FACHEELTITS K58D X, BERS,
Python & — 71X Python X BV ATy DEETICHE205TT, FlZRX. A2 TV X% C THEIN
WA 70 =7 PEICHRR T 3 BRI213. £ — 7 TOXE Y EEBINETY, Python b —F %o 7270 &
W I —DODHHY LT, REY 2 — R EL LTWE X EVIZDOWT Python X BV 3 —Y v IZ 1F
MERME LTELLEWVS 2D D T, 2L AMERXEYDNERN»DIFFE IR L 72 e LT
PHERNICHWSN 2 DL LTH, BTOXEVRIEEKRZ Python X BV v —Y 2 IZEFET UL, 1~
RTYVRGZEDEMRAEY 7y V7V Y FORKRGEETE E3, Z0MEE. FFEDRWTIX, Python
AEBYIA = BAR=TaL 7T arReXEYDaAY Y M, ZOMA 50D FHERE Y V-7, #HY)
REWEE NS TEZZDHDET, LORITRLIZESICC 7477V DX EVREBEEEMES . 1/0
Ny 77 FICHER L2 X EV1E Python X BY 32— vy DEHDNSER2IIHNDE ZEITHERLTLEX W,

o BE
BRIFZHL PYTHONMALLOC % L C Python 253 2 X €V 70/ =2 2H#HIT 2 2 LB TEET,
BREEK

PYTHONMALLOCSTATS Z L C. #zA 7P =227 b7V —FERINERE, v v b X
v VRIIZ pymalloc XED 7OT—4 OFEHEREZERTEET,

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 here.
The APIs used to allocate and free a block of memory must be from the same domain. For example,

PyMem_Free () must be used to free memory allocated using PyMem_Malloc ().
The three allocation domains are:

e Raw domain: intended for allocating memory for general-purpose memory buffers where the allo-
cation must go to the system allocator or where the allocator can operate without the GIL. The

memory is requested directly from the system. See Raw Memory Interface.

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. See Memory Interface.
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e Object domain: intended for allocating memory for Python objects. The memory is taken from

the Python private heap. See Object allocators.

0 IR
The free-threaded build requires that only Python objects are allocated using the ”object” domain

and that all Python objects are allocated using that domain. This differs from the prior Python

versions, where this was only a best practice and not a hard requirement.

For example, buffers (non-Python objects) should be allocated using PyMem Malloc(),
PyMem_RawMalloc (), or malloc(), but not PyObject_Malloc().

See Memory Allocation APIs.

11.3 EXEVAVH—TI—X

UTRoBBHEISRT070 5 —2%25 v T LET, ZNLOBBIEIRAL v KE—7 T, GIL 2FRFFL TV
BLTHMFUPHTZEMNTEET,

The default raw memory allocator uses the following functions: malloc(), calloc(), realloc() and

free(); call malloc(1) (or calloc(1l, 1)) when requesting zero bytes.
Added in version 3.4.

void *PyMem_RawMalloc(size_t n)

RICBLET: Stable ABI (IN—=23> 813 &D ). n N4 F2EIDHT, ZOXEY 25T voids
BORA v 2E2RLET, ERPKBLGE NULL 2R L 95,

04 PZERT S L., PyMem_RawMalloc (1) 2iFFENz & ZL[FU & 51T, AJEE/R & NULL TRV
S— I RRAVEREIRLET, BEINIZXAEY IRV rR20HHEDITOAEEA,

void *PyMem_RawCalloc(size t nelem, size_t elsize)

RICBLET: Stable ABI (IN—=23Y 3.18 &D ). BEED elsize N4+ DEZR nelem 57D X
FY—FHRL, TOXEY —%$ET voidx OKRA VX EIRLET, 7r7— MIERBLEGEEIE
NULL 2R L £3, MREINXE) —F#EI L Tt E 3,

BRBDPERDY A X030 34 P OERITH L Tid. AIREZL 5 PyMem_RawCalloc (1, 1) AFHIN 7
DEFIL &SI, == NULL TRWARA Y XZRLET,

Added in version 3.5.

void *PyMem_RawRealloc (void *p, size_t n)

RICBLET: Stable ABI (IN—23> 3.13&D ). p BIEFTAEYV 70y 7% n N PIZUFAX
LEd, VI A XEH LT A ZD/NZWTETONERREESINTEA,

p 2% NULL OBEM-UH LIk PyMem_RawMalloc(n) T3, 5 TR n 2L RIZFELWVWIHE,
AV 7Oy ZIFV A ZENETHBRENERA, BRENTRA ¥ &I1FIE NULL T,
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PyMem_RawCalloc() DM LIZX DiBEINRIFIUIRD FH A,

YEDEEXTT,

p A NULL THRWERD, p EZ2Hh XD HTD PyMem RawMalloc(), PyMem_RawRealloc(),
BRDRM L 7235E PyMem_RawRealloc() V& NULL 2R L. p IZHIOX TV LY 7% XTHINRRA

void PyMem_RawFree (void *p)

RICBLET: Stable ABI (IN—=23a> 3,18 &D ). p BT XEY 70y 7 2MRL 3, p LA
WMEONH U7z PyMem_RawMalloc (), PyMem_ RawRealloc (), PyMem_RawCalloc() DR L7fETHITH
b ERA, TN DEE R PyMen_RawFree(p) ZWFUH L2%72 57256, REBRDOEEICRR
D¥T,

p 75 NULL Q5D LEE A,

11.4 XEVA>2—T1x—2R

DIF o BRI LT Python B —FICR LT XEY ZHEME L DR LD HkE S, Zhs B
ANSI C B> TET M LEINTWETH, 0 N FEBERLEZBOEEICOVWTHERLTWET:

The default memory allocator uses the pymalloc memory allocator.

A

g

==
[=]

IO ORISR 2123, GIL 2R L TBABEND D £7,

N—=Tary 36 TEHE: 7740 D705—ZNRY AT LD malloc() 25 pymalloc 127D F L7,
void *PyMem_Malloc(size_t n)

RICELZET: Stable ABL. n N4 F2EID YT, ZOXEY ZIET voidx MDOKRA VX ERLFT,
BORDKE L 7235E NULL IR L £,

0 N4 PZERT S L, PyMem_Malloc(1) ZSMENzL Z 2 FU X 512, AHER & NULL TRV

Z— U RRAVERIBRLET, BREINIZXEDY =230 R29HtbiTbh TR A,
void *PyMem_Calloc(size_t nelem, size_t elsize)

RICBLET: Stable ABI (IN—=23> 8.7 &D ). BEED elsize N4 b DEZR nelem fH7D X E

Y—%HEHRL, ZOXEY —%IET voidx BORA VX ERLET, 77— MIEMLZGERZ
NULL #R L %9, RSN XEY —fEZ Yo coiilbinEd,

R &S5, 2=—27% NULL THRWRA VEZEZIRLET,

BREHDOERDV A X050 N4 bOERIIX L TIE, FIRER S PyMem_Calloc(l, 1) 2SFRINzDE
Added in version 3.5.

void *PyMem_Realloc (void *p, size_t n)

RICBLET: Stable ABL p 25T XEY 7Ry 7% n N PCVFAXLET, HwTF A4 XeHL
WY A ZD/NSWHETONBRRIEESINEE A,
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p 23 NULL OGO UiE PyMem_Malloc(n) LTI, 25 TR, n BERIFELWHE, X
BV TR 23V A RENETHVRIREINERA, BRENTRA ¥ ZIFIE NULL TF,

p 2 NULL THRWRD, p X2 X DHEID PyMem Malloc(), PyMem Realloc() ¥ 721X
PyMem_Calloc() OFFH LIZ X DIRENRITIUIRD 8 A,

FRDKM L 72355 PyMem_Realloc() 1X NULL #iB L. p EHIOA TV ) 7R X THMARKRA V&
DEZETI,

void PyMem_Free (void *p)

RICBLET: Stable ABL p PHETXEV 70y 7 2RI LET, p BUHEIFFIH L Z
PyMem_Malloc (). PyMem Realloc(). ¥7z1% PyMem_Calloc() DR L7ETRIFNIEHRD £
Ao ENLIHDEER PyMem_Free(p) ZMEUN LR o 56, REBRDEEICRD £7,

p 53 NULL OFEMS LER A,
DITRwcZ I 285650~ 7 0 i ZFEE DO 72D I XN TV 2 D TT, TYPE IXMTED C R ERLF T,

PyMem_New(TYPE, n)

Same as PyMem_Malloc (), but allocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer

cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize(p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Re-
turns a pointer cast to TYPEx. On return, p will be a pointer to the new memory area, or NULL in

the event of failure.

I C Ty Takyd~vruTY, p WEICHRAZINE T, =7 —WUHERHICXEY 255 D%t
J212iE p DITEDEERIFL TL EE W,

void PyMem_Del (void *p)

PyMem_Free() R T T,

FEWA T, C API % N3 % Z &7 < Python X & VIR(ERBZEREITUCH T DO Fo~ 70
Ty bREIRTVES, 2L, Zhbsd~ 2 rid Python N—Y 2 YETONA F U B#EE2£ETT,
ZRDZIHREY 2 — LV TRBFEINTVWEZIDTHEREL TLEEW,

e PyMem_MALLOC(size)

o PyMem_NEW(type, size)

e PyMem_REALLOC(ptr, size)

e PyMem_RESIZE(ptr, type, size)
e PyMem_FREE(ptr)

e PyMem_DEL(ptr)
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115 A7 xo 70O —4%

LT OBBEDFH LT Python B — AR L TXEY ZHERLZDBEBLZDHFEES, 2hs ol
ANSI C fEHEIZHE > TETIMELEINTVETH, 0 N4 FZERLZBOBEICOVWTHERL TVET:

0 IR
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.

The default object allocator uses the pymalloc memory allocator.

A

mig

=3
[=]

DRI IR Z2IZE, GIL ZRFLTBLILERDHD £7,

void *PyObject_Malloc(size_t n)

RICBLZEY: Stable ABL. n N4 FEREIDHT, ZOXEY) ZIET voidx MOKA V2 ERLF T,
ERDF L 7235E NULL 2R L £95,

04 FZ2EKT 5 &, PyObject_Malloc(l) DFHIN L F LR U X 51T, AIAE/R S NULL THRW\W2
== RKRAVERERLET, BREINIXEY =TV 29 LbITONEEA,

void *Py0Object_Calloc(size_t nelem, size_t elsize)

RICBLZET: Stable ABI (IN—=23> 8.7 &D ). BEED elsize N4 b DEZR nelem fH7 DX E
V—%HMRL, ZOXEY —%4ET voidt ORAL VX ERLET, 7ur— MIERRLEHEIE
NULL %R L %3, fRINIXE) —fHBE et h s,

BRHHOBERDOY A X0 N4 POERITH L Tid. AlAER 5 PyObject_Calloc(l, 1) AMRIh7:
DML LS, 2=—272 NULL TRWEKRA YR ZRLET,

Added in version 3.5.

void *PyObject_Realloc(void *p, size_t n)

RICBLET: Stable ABL p 5T XEY 70y 7% n NA MIZUVFAXLET, G4 XEHL
WY A ZDO/NSWHETONBRIEESINEE A

p A3 NULL OBEM-UH LI PyObject_Malloc(n) &5fiTd, 25 TR n L IIZFEL WS
XEV TRy ZI3VH A XENETHEBEINERA, BSNR A~ &I13IE NULL TT,

p 5 NULL THWERD, p 32N X DATD PyObject_Malloc(), PyObject_Realloc() % 7=1&
PyObject_Calloc() DMFUFHILIT X DIRENARITFNUTIRD FEA,

BURDSKIL L 7256 PyObject_Realloc() & NULL 2B L. p IFHIOXEY TV 7% X TH R KA
YERDEETT,
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void PyObject_Free (void *p)
RICBELZEXJ: Stable ABL p PHEIT XEV IJny 7 2MBRLUET, p FUURIFIHL &
PyObject_Malloc(). PyObject_Realloc(). ¥7zl& PyObject_Calloc() DR L MHTRIT I
7D FEREA, TNLSDEES PyObject_Free(p) ZM-UH LR o 7 HE. RERDOEEITKRD

\i\j—o

p 3 NULL OEMS LER A

11.6 Default Memory Allocators

Default memory allocators:

Configuration %Hi PyMem_ Raw- PyMem_Malloc  PyObject_Mal-
Malloc loc

VY —XEILF "pymalloc" malloc pymalloc pymalloc

TNy IR "pymalloc_debug malloc + debug pymalloc 4+ de- pymalloc + de-
bug bug

pymalloc #E L ® 1V UV — & "malloc" malloc malloc malloc

EIL R

pymalloc L ® 7Ny 2 "malloc_debug" malloc + debug malloc + de- malloc + de-

B R bug bug

At

e Name: value for PYTHONMALLOC environment variable.

e malloc: system allocators from the standard C library, C functions: malloc(), calloc(),

realloc() and free().
e pymalloc: pymalloc memory allocator.

e mimalloc: mimalloc memory allocator. The pymalloc allocator will be used if mimalloc support

isn’t available.
e "+ debug”: with debug hooks on the Python memory allocators.

e "Debug build”: Python build in debug mode.

11.7 XED7A75—3%ZHAZIIA1XTD
Added in version 3.4.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:
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Z4—ILF IS

void *ctx Bl LTHEshsa—¥Farrx
Z b

void* malloc(void *ctx, size_t size) XEY) 7Ry 7 %E DYDY TES

void* calloc(void *ctx, size_t nelem, 0 CHIEfbEIN=XEY Juy 7 2% D

size t elsize) MTET

void* realloc(void *ctx, void *ptr, size_t XEY 7Ry 7EEDLETELVHA X

new_size) LET

void free(void *ctx, void *ptr) XEY IO 7 EMBKT 5

N—Y a ¥ 3.5 TAH: The PyMemAllocator structure was renamed to PyMemAllocatorEz and a

new calloc field was added.

type PyMemAllocatorDomain

TR =R XL VRREET 57DOFERTT, FX 4 Ui

PYMEM_DOMAIN_RAW
RE%K:

e PyMem_RawMalloc()
e PyMem_RawRealloc ()
e PyMem_RawCalloc()
e PyMem_RawFree ()
PYMEM_DOMAIN_MEM
%L
e PyMem_Malloc(),
e PyMem_Realloc()
e PyMem_Calloc()
o PyMem_Free()
PYMEM_DOMAIN_0BJ
%L
e PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()

e PyObject_Free()
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void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
BESNIZRXAL YOXEY TRy 77 0r—RERGL T,

void PyMem_SetAllocator ( PyMemAllocatorDomain domain, PyMemAllocatorEz *allocator)
BESN XA YDORXEY TRy 7 7R —REeRELET,

mLwryar—X&id, 034 PrERINALE E2=—27 NULL TRWARA Y R ZRSRITUI7RD
A

For the PYMEM_DOMAIN_RAW domain, the allocator must be thread-safe: the GIL is not held when

the allocator is called.

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.

rLwraer—a®87yrsTchy 1 28io7ar =222V A,
PyMem_SetupDebugHooks () BARZIFOIH LT, HrLwrusr—2D TNy 77 v 7 2 BER
BLRIFIUIRD £2A,

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A

PyMem_SetAllocator() does have the following contract:

g

=3
[=]

e It can be called after Py_PreInitialize() and before Py_InitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator
other than the ones imposed by the domain (for instance, the Raw Domain allows the
allocator to be called without the GIL held). See the section on allocator domains for

more information.

o If called after Python has finish initializing (after Py_InitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator

for some other arbitrary one is not supported.

N— g v 3.12 TZHE: All allocators must be thread-safe.

void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem_SetupDebugHooks () function is called at the Python

preinitialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in
release mode (ex: PYTHONMALLOC=debug).
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The PyMem_SetupDebugHooks() function can be wused to set debug hooks after calling
PyMem_SetAllocator().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns.
Newly allocated memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the
byte 0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by "forbidden bytes” filled with the byte
0xFD (PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII

strings.
EITRF = v 7.

e Detect API violations. For example, detect if PyObject_Free() is called on a memory block
allocated by PyMem Malloc().

o Detect write before the start of the buffer (buffer underflow).
o Detect write after the end of the buffer (buffer overflow).

o Check that the GIL is held when allocator functions of PYMEM_DOMAIN_ OBJ (ex:
PyObject_Malloc()) and PYMEM_DOMAIN_MEM (ex: PyMem_Malloc()) domains are called.

On error, the debug hooks use the tracemalloc module to get the traceback where a memory block was
allocated. The traceback is only displayed if tracemalloc is tracing Python memory allocations and the

memory block was traced.

Let S = sizeof(size_t). 2*S bytes are added at each end of each block of N bytes requested. The
memory layout is like so, where p represents the address returned by a malloc-like or realloc-like function
(p[i:j] means the slice of bytes from *(p+i) inclusive up to *(p+j) exclusive; note that the treatment

of negative indices differs from a Python slice):

p[-2%S:-8]
Number of bytes originally asked for. This is a size t, big-endian (easier to read in a memory
dump).
p[-8]
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.
pl0:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to
uninitialized 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.
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When a realloc- like function is called requesting a smaller memory block, the excess old bytes
are also filled with PYMEM__DEADBYTE.

p[N:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

p [N+S: N+2x%5]
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).

N—Y a3 v 36 TEH: The PyMem_SetupDebugHooks () function now also works on Python com-
piled in release mode. On error, the debug hooks now use tracemalloc to get the traceback where
a memory block was allocated. The debug hooks now also check if the GIL is held when functions of

PYMEM_DOMAIN_OBJ and PYMEM_DOMAIN_MEM domains are called.

N—3 3 38 TLHE: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and OxFD to use the same values than
Windows CRT debug malloc() and free().

11.9 pymalloc 7O —%4

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a
short lifetime. It uses memory mappings called "arenas” with a fixed size of either 256 KiB on 32-bit
platforms or 1 MiB on 64-bit platforms. It falls back to PyMem_RawMalloc () and PyMem_RawRealloc ()
for allocations larger than 512 bytes.

pymalloc is the default allocator of the PYMEM DOMAIN MEM (ex: PyMem_Malloc()) and
PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc()) domains.

7V —F7ur—xi3 ROBEBEEZHVET:
e VirtualAlloc() and VirtualFree() on Windows,

o mmap() and munmap () if available,

o FNLHADIGEIX malloc() ¥ free(),
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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 7V —7+7O7—2DHAXEZIALX
Added in version 3.4.

type PyObjectArenaAllocator
7V —FT7ar =Rk 57D DMERTT, 30D7 4 — L FeHbET:

14—k =k

void *ctx Foglr L TEINIZ2—FarTFx
Z bk

void* alloc(void *ctx, size_t size) size N FDOT7 ) —FEEHDYTET

void free(void *ctx, void *ptr, size_t 7V —FR@EHRLET

size)

void PyObject_GetArenaAllocator (PyObject ArenaAllocator *allocator)
7V—F7ur—2xRELET,

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

TV—FT7Rr—RERELET,

11.10 The mimalloc allocator
Added in version 3.13.

Python supports the mimalloc allocator when the underlying platform support is available. mimalloc
”is a general purpose allocator with excellent performance characteristics. Initially developed by Daan

Leijen for the runtime systems of the Koka and Lean languages.”

11.11 tracemalloc C API
Added in version 3.7.

int PyTraceMalloc_Track(unsigned int domain, uintptr_t ptr, size_t size)
Track an allocated memory block in the tracemalloc module.

Return 0 on success, return -1 on error (failed to allocate memory to store the trace). Return -2

if tracemalloc is disabled.
If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack(unsigned int domain, uintptr_t ptr)

Untrack an allocated memory block in the tracemalloc module. Do nothing if the block was not
tracked
364 F11E XEVEE




The Python/C API, JJ—2X 3.14.0a3

Return -2 if tracemalloc is disabled, otherwise return O.

11.12 {ERAHI

BANIIBRZ-BE L v b 2o T, BE HoOFl%Z Python =12 1/O Ny 7 7 2 XE VRT3 L5 FE
EZ DR NMIRLE T

PyObject *res;
char *buf = (char *) PyMem_Malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf);
PyMem_Free(buf); /* allocated with PyMem Malloc */

return res;

FLa— F2RNROEKE Yy P TENZLOEUNMIRL %

PyObject *res;
char *buf = PyMem_New(char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf) ;
PyMem_Free(buf); /* allocated with PyMem New */

return res;

FOZofITIE, Ny 7y 2EICEUCHAEEY MIBET BB THREL TVE Z L IERLTIEI WV, *#E
B, H2ZAEY 70y 20T 2 EER. B2 X ) REEEEER T 2EREES 7201, AEXAEY
API 77 S VR TID T BRETT, UFROI—RIIEZ2DT7—=2HD, ZD5HD—DIZIFR
725 —T2ET 2HI0 X T VIREEEZIREAL T2 DT MW (Fatal) £ 7LD F 2 LTWET,

char *bufl = PyMem_New(char, BUFSIZ);
char *buf2 = (char *) malloc(BUFSIZ);
char *buf3 (char *) PyMem_Malloc(BUFSIZ) ;

PyMem_Del (buf3); /* Wrong —- should be PyMem Free() */
free(buf2); /* Right -- allocated via malloc() */
free(bufl); /* Fatal -- should be PyMem Free() */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in

Python are allocated and released with PyObject_New, PyObject_NewVar and PyObject_Free()
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IHHDEBICOVWTIE, RED C L2323 L WA TV 27 FRIOEFRPFEEICH T 20RO CTHAAL
%9,
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*7o 1o bREYR— (OBJECT IMPLEMENTATION
SUPPORT)

ZOETIE, FILWATD 27 FOREERERT IBRICHEOLAZEK,. B, BLXU~27 0l o0WTHBELET,

121 #7720 b2E—TLICXEVHERT S

PyObject *_Py0Object_New (PyTypeObject *type)
RBOE: :ILLWEE,

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py _ssize t size)
RBOfE: :ILLWEEE,

PyObject *Py0bject_Init (PyObject *op, PyTypeObject *type)
Rbhfl: ERERE, RIZBL X7 Stable ABI. Initialize a newly allocated object op with its type

and initial reference. Returns the initialized object. Other fields of the object are not affected.

PyVarObject *Py0Object_InitVar (PyVarObject *op, PyTypeObject *type, Py ssize t size)

RBbhfE: EREHE, RIZBL XY Stable ABIL. PyObject_Init() DR TOUIEEITV, AJEH A X
A7V 27 bOGEIIEIERDWILL £,

PyObject_New(TYPE, typeobj)

C o#ERA TYPE ¥ Python OBA 72 = 7 b typeobj ( PyTypeObject* ) % F\T Python #
TV =7 b OMHEEEFRBEAL 3, Python DA TV 27 b Ay ZIZEREINTVWARWVWT 4 —IL RiZ
YL N ER A, MUHLITESA 7Y =27 bAOHE—DOZRER B ET (0Fh, IV NI
WCRDET), AEVEIDYTOREXIFHA T 27 MD tp_basicsize 74—V RICX>oTEDS
nxd,

PyObject_NewVar (TYPE, typeobj, size)

C OMERE! TYPE r Python ORI A 7Y =27 b typeobj ( PyTypeObject* ) % F\WT Python #
TVt OMEBEFRERLE T, Python DA TV 27 Ay FICERINTWARENVT 4 —L R
VAL XN F R A, BEREINTZXEVICIE, TYPE #H&IKICINZ. typeobj D tp_itemsize 7 4 —Jb
FICK->TEDONIZKEZXID T 4 —)V K% size ( Py_ssize_t ) AW TEE T, ZHUIX Tk
EO, EFRRICKESIZPIETELA 7Y 27 F2RET ZTMHEFN TS, RLXEVEHICT 4 =L
FOBLH S DAL Z 2T, XEVEHOREEZHS L. XEVEHYEREL LIF2 e N TEET,
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void PyObject_Del (void *op)

Same as PyObject_Free().

PyObject _Py_NoneStruct

Python %> 51% None ICRZ 247227 bTT, ZOEANDT7 7 ERF, ZOFTI 27 bADKRA
¥ REFHES B Py _None w7 u%Zffbiiriudie b £8A,

& BE

PyModule_Create() EiiN
RED 2—1D787— LA,

12.2 £EDA T U FEEE (common object structure)

Python Tl, 7Y =27 MllZERT 2 L THZ OBERIHONE T, ZOHITIE=20MEkL ZD
FABEICOWTHAL £7,

12.2.1 Base object types and macros

All Python objects ultimately share a small number of fields at the beginning of the object’s representation
in memory. These are represented by the PyObject and PyVarObject types, which are defined, in turn,
by the expansions of some macros also used, whether directly or indirectly, in the definition of all other

Python objects. Additional macros can be found under reference counting.

type PyObject

RICBLZFY: Limited APL. (W<DODDAXYN—DAHNRE ABI TG, ) BTOATY =7 M
W ZOREIIRL 72D DT, ZORIIE, H2A4A TV beETRA VA %2A 727 b2 LT
Python 22 54 5 DICHEIRIEMB Ao TWE T, BHD 7 VY —X” LIV FTIE. ZOMEKRICIE
ATz POBRAV Y P AT 27 PIIRRT AT 27 MNP Ao TVET, FHEE
IZWE PyObject TH2ZLWBEFEINTVLEEAD, £TOD Python A 73 =7 FADKA ¥ &2
PyObjectx NF ¥ A MTEET, XN T7 7R FTBIZE Py REFCNT Y27 0¥ Py TYPE X7 R%
HHRTIUIED £ A,

type PyVarObject

RICBLEY: Limited APL. (WK DD DAY N—DIHNRE ABI T, ) This is an extension
of PyObject that adds the ob_size field. This is only used for objects that have some notion of
length. This type does not often appear in the Python/C API. Access to the members must be
done by using the macros Py_REFCNT, Py_TYPE, and Py_SIZE.

PyObject_HEAD

AELREIEZRZRVWA T2 b 2RBEATIHLVWVEEZES TS 2o~/ v T3, PyOb-
ject. HEAD <27 2 ZRD X S ICEEh T3

368 %F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, JJ—2X 3.14.0a3

PyObject ob_base;

FicH B Pyobject DR F 2 XY FEBELTLZEW,

PyObject_VAR_HEAD

AVARVAZ CICE R BRI ZROA T 27 VEREATAHLWAERESE T2 2Iflios~rnT
3. PyObject. VAR HEAD <7 miIRXD Xk > IXEHINET:

PyVarObject ob_base;

LiZH B PyVarObject D FF a2 XY b EZLTLZE W,

int Py_Is(PyObject *x, PyObject *y)

RICELFT: Stable ABI (IN—23> 3.10 & D ). Test if the z object is the y object, the same as
x is y in Python.

Added in version 3.10.

int Py_IsNone (PyObject *x)

RICBULZET: Stable ABL (IN—23 > 3.10 & D ). 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)

RICBLET: Stable ABI (IN—23 > 3.10 & D ). 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)

RICBLEFY: Stable ABI (/\—23 > 3.10 &P ). Test if an object is the False singleton, the

same as x is False in Python.
Added in version 3.10.

PyTypeObject *Py_TYPE(PyObject *o)

RbOE: EASR, RICBLZ Y Stable ABI (IN—2 3> 3.14 &D ). Get the type of the Python

object o.
Return a borrowed reference.
Use the Py_SET TYPE() function to set an object type.

N—a ¥ 3.11 TEHE: py TYPE() is changed to an inline static function. The parameter type is

no longer const PyObjectx.
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int Py_IS_TYPE(PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE(o)

== type.
Added in version 3.9.
void Py_SET_TYPE(PyObject *o, PyTypeObject *type)
Set the object o type to type.
Added in version 3.9.
Py_ssize_t Py_SIZE(PyVarObject *o0)
Get the size of the Python object o.
Use the Py_SET SIZE() function to set an object size.

N—a ¥ 3.11 TEHE: py SIZE() is changed to an inline static function. The parameter type is

no longer const PyVarObjectx.

void Py_SET_SIZE(PyVarObject *o, Py_ssize_ t size)

Set the object o size to size.
Added in version 3.9.

PyObject_HEAD_INIT (type)
F LW PyOvject RO DUIHMEICER T 2~ T3, ZOR7BIERD XS IEMINET,

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)
This is a macro which expands to initialization values for a new PyVarObject type, including the

ob_size field. This macro expands to:

_PyObject_EXTRA_INIT

1, type, size,

12.2.2 Implementing functions and methods

type PyCFunction
RICB L £ Stable ABI. Type of the functions used to implement most Python callables in C.
Functions of this type take two Py0Object* parameters and return one such value. If the return
value is NULL, an exception shall have been set. If not NULL, the return value is interpreted as the

return value of the function as exposed in Python. The function must return a new reference.

B DS 73 F 23RO BHTT
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PyObject *PyCFunction(PyObject *self,
PyObject *args) ;

type PyCFunctionWithKeywords

RICBLZE9: Stable ABI. Type of the functions used to implement Python callables in C with
signature METH VARARGS | METH KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords(PyObject *self,
PyObject *args,
PyObject *kwargs);

type PyCFunctionFast

RICELZE Y : Stable ABI (IN—23 > 8.18 &D ). Type of the functions used to implement Python
callables in C with signature METH_FASTCALL. The function signature is:

PyObject *PyCFunctionFast(PyObject *self,
PyObject *const *args,

Py_ssize_t nargs);

type PyCFunctionFastWithKeywords

RICELET: Stable ABI (IN—2 3> 3.13 &b ). Type of the functions used to implement
Python callables in C with signature METH FASTCALL | METH KEYWORDS. The function

signature is:

PyObject *PyCFunctionFastWithKeywords(PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD
| METH FASTCALL | METH KEYWORDS. The function signature is:

PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames)

Added in version 3.9.

type PyMethodDef

RICBLET: Stable ABI (TRTDRAUYN—=ZFQ). RO A Y v F 2RS5BTV 2 M8
kT, ZOMERIIE 40D 74—V EHHD ET:
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const char *ml_name
Name of the method.
PyCFunction ml_meth
Pointer to the C implementation.
int ml1_flags
Flags bits indicating how the call should be constructed.

const char *ml_doc

Points to the contents of the docstring.

The ml_meth is a C function pointer. The functions may be of different types, but they always return

PyObject*. If the function is not of the PyCFunction, the compiler will require a cast in the method

table. Even though PyCFunction defines the first parameter as PyOb ject*, it is common that the method

implementation uses the specific C type of the self object.

The ml_flags field is a bitfield which can include the following flags. The individual flags indicate either

a calling convention or a binding convention.

There are these calling conventions:

METH_VARARGS

PyCFunction B4 XY v RTHAIINEHLN A M LN TS, BIX Pyobjectx B 5| EfEL
TOBERLET, MUDFIBIIAY Y RD self 72227 bTF; £V 2 —LBEHOES, ZhudE
TVa—NATI 2 P T, FZDRIALR (&L args EMENET) 1. &2 TO5BEzRHT 47
NATI 2T b TT, 8T XRRIGEH. Pydrg_ParseTuple() R PyArg_UnpackTuple() THUIE XN
9,

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH VARARGS | METH KEY-
WORDS, METH FASTCALL | METH KEYWORDS and METH METHOD | METH FAST-
CALL | METH KEYWORDS.

METH_VARARGS | METH_KEYWORDS

Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using

PyArg_ParseTupleAndKeywords ().

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.
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N— a3 3.10 TZH: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there
are no keywords. The values of the keyword arguments are stored in the args array, after the

positional arguments.
Added in version 3.7.

METH_METHOD

Can only be used in the combination with other flags: METH METHOD | METH FASTCALL
| METH_KEYWORDS.

METH METHOD | METH FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL | METH KEYWORDS supporting the defining class, that
is, the class that contains the method in question. The defining class might be a superclass of

Py_TYPE(self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS

with defining_class argument added after self.
Added in version 3.9.

METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed
with the METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically
named self and will hold a reference to the module or object instance. In all cases the second

parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_UNUSED can be

used to prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH 0 flag, instead of invoking
PyArg_ParseTuple() with a "0" argument. They have the type PyCFunction, with the self

parameter, and a PyObject* parameter representing the single argument.

UTROZo0@HE. MU LURWERTHDTIERL, Z77ADXY v R LTHESBoREFNERT D
DT, EYa— LW L TERESINEZERTHOTIERY THA. AV Y FINLTIX, BRKT—2LR1Z
D777 %ty bTEEHA,

METH_CLASS

AV RORAIOFIEIZIE, BOA Y RAZVATERBA T 7 WP EINET, 2077 713
HIAHBEL classmethod () Zffio THEMT 2D ERL I FAAXY YR (class method) KT %72
Db ET,
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METH_STATIC
XYy ROBRYIOGIEIE. BoA4 Y AKX ATERL NULL BEIIRET, 2077 73,
staticmethod() Zffio TAMT 2D LR XY v K (static method) KT % 7= DIff
bhfd,

b9 —DDERZE. HERAY Y FEREKDHDRAY v NERCEEHZ 208502 HIH L %35,

METH_COEXIST

The method will be loaded in place of existing definitions. Without METH COEXIST, the default
is to skip repeated definitions. Since slot wrappers are loaded before the method table, the existence
of a sq_contains slot, for example, would generate a wrapped method named __contains__(Q)
and preclude the loading of a corresponding PyCFunction with the same name. With the flag
defined, the PyCFunction will be loaded in place of the wrapper object and will co-exist with the

slot. This is helpful because calls to PyCFunctions are optimized more than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

ROE: FILLWBE, RICBLXT: Stable ABI (IN—=23 > 3.9 &D ). 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.

> BE

function.__module__

The cls parameter will be passed as the defining class argument to the C function. Must be set

if METH_METHOD is set on m1->ml_flags.
Added in version 3.9.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
BRhfE: :itLWEBE, XIZCEBLFXY: Stable ABL. Equivalent to PyCMethod_New(ml, self,
module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

EDhE: #HFLLWEBE, RICBELEFT: Stable ABI (IN—2 3> 3.4 & D). Equivalent to
PyCMethod_New(ml, self, NULL, NULL).
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12.2.3 Accessing attributes of extension types

type PyMemberDef
RICBLZFY: Stable ABI (TRTDAY/N—%BFL). Structure which describes an attribute of

a type which corresponds to a C struct member. When defining a class, put a NULL-terminated

array of these structures in the tp_members slot.
Its fields are, in order:

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_ 1 offset

The offset in bytes that the member is located on the type’ s object struct.

int flags

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 flagsis 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 OBJECT EX
(and legacy T_OBJECT) members can be deleted.

For heap-allocated types (created using PyType FromSpec() or similar), PyMemberDef may
contain a definition for the special member "__vectorcalloffset__", corresponding to
tp_wvectorcall_offset in type objects. This member must be defined with Py_T_PYSSIZET,
and either Py_READONLY or Py_READONLY | Py_RELATIVE_OFFSET. For example:

static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset__", Py_T_PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

i

(You may 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 encour-

aged to use Py_TPFLAGS_MANAGED_DICT and Py_TPFLAGS_MANAGED_WEAKREF instead.
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N— 3 ¥ 3.12 TZH: PyMemberDef is always available. Previously, it required including

"structmember.h".

N—Ya ¥ 3.14 TEW: Py RELATIVE_OFFSET is now allowed for "__vectorcalloffset__",
" dictoffset__" and "__weaklistoffset__".

PyObject *PyMember_GetOne (const char *obj_addr, struct PyMemberDef *m)
RICEL £9: Stable ABI. Get an attribute belonging to the object at address obj addr. The

attribute is described by PyMemberDef m. Returns NULL on error.

N—Y a ¥ 3.12 TEHE: PyMember_GetOne is always available. Previously, it required including
"structmember.h".
int PyMember_Set0One (char *obj_addr, struct PyMemberDef *m, PyObject *o)

RICEB L F 9 Stable ABI. Set an attribute belonging to the object at address obj addr to object
o. The attribute to set is described by PyMemberDef m. Returns O if successful and a negative

value on failure.

N—Y a ¥ 3.12 TEH: PyMember_SetOne is always available. Previously, it required including

"structmember.h".

Member flags
The following flags can be used with PyMemberDef. flags:
Py_READONLY

Not writable.

Py_AUDIT_READ

Emit an object.__getattr__ audit event before reading.

Py_RELATIVE_OFFSET

Indicates that the offset 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.

It is mandatory in that case.

This flag is only used in PyType_Stlot. When setting tp_members during class creation, Python
clears it and sets PyMemberDef.offset to the offset from the PyObject struct.

N—3 a3 3.10 TZH: 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.

N— a ¥ 3.12 TZEH: 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.
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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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Y 0% C p® Python Y

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 0 or 1) bool
Py_T_BOOL

const charx* (* ) str (RO

3Z§_T_STRING % 12 % 7.1'7r°/:(1:)7 FREHR—F (objeS:t in)”nplementation support)
const char[] (*) str (RO)

Py_T_STRING_INPLACE
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(*): 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.

(**): 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_0BJECT
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
RICBLET: Stable ABI (TRTDRAUYN=ZFEL). BMOTORT 4 DEIRT VL RAZERT S
7= D DREEIRT T, PyTypeObject.tp_getset ARy FDFASSBHL T 72X,

const char *name

RS
getter get
C function to get the attribute.

setter set

Optional C function to set or delete the attribute. If NULL, the attribute is read-only.
const char *doc
RO RF 2 Xy T —a v
void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*getter)(PyObject*, void*)

RICEL £79: Stable ABI. The get function takes one PyObject* parameter (the instance) and a

user data pointer (the associated closure):

RITF 72 ISR NULL IS DEFICEIN e ZEH LVWSRBRERLE T,
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typedef int (*setter)(PyObject®, PyObject™, void*)

RICEB L FTJ: Stable ABI. set functions take two PyObject* parameters (the instance and the

value to be set) and a user data pointer (the associated closure):

JEMEZHIFRS 25813, 2 HEHD NI A —KIZ NULL ZHEL £ 5. BINLEHEIZ 0 2. KRWL
Al -1 2R LTELE S,

123 BA Tk

HARXANDRZ ERT ZMEIK: PyTypeObject MiiEAIZ, BZ 5 < Python #7927 M X7 LDHT
ROEELRMEEERD 1 DTL x5, BA 7Y 27 M3 PyObject_* %= PyType_* RO TIKRZ £ 325,
IFEAED Python 7 7V 7 —>a it o>T, SLTHHADD ZHREZIREL FEA, ATV M
ATz PREDEISCRES 2RO IEMTI O, A VX TY XAKRSCH IR 2 ERT 2HIRE
Va2 VTIRIEHICEERFETT,

Bk 7Y =7 MIBEDH (standard type) \ZHANRZ 27 D KEREEERTT, FHA TP =27 MIZL D
EEREELTED, ZOIFL A C BEANDERA ¥ 2T, ZhThOBBIZZ ORIOBEED/ NS WD %
FELTVET, ZOHITIE BATY27 POBET 4 — L FIZOVTHMZHIL £ 3., &7 14— P,
MERNTHIEL T 2 IBEICHIIE TV T,

YUTRDIA4 92707 7Ly RIMAT, ERAF HiTld PyTypeObject DEE L VG %—H THET X 24|
ZEWETVET,

1231 94y UT77L 2R

tp XAwv bk
PyTypeObject 2O B B¥HRAY v R /ASHREY InfoP: 382, *2
w kP 381 %1 CTELCI
<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___| G

__ getattr_

(tp_setattr) setattrfunc _ setattr ,  delattr G
tp_as_async PydsyncMethods * sub-slots %
tp_repr reprfunc __repr___ XX X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
tp_hash hashfunc ~_hash X G
tp_call ternaryfunc __call X X

;Ka)/\o_yk_.::}*l.(

380 %F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, Y —2X 3.14.0a3

R 1-AIOR—IH5DHEE

PyTypeObject A k*! it ¥EHRAY Y R /SHREN InfoP- 382, *2
CTTEOCI
tp_str reprfunc _str X X
tp_getattro getattrofunc ___getattribute___, X X G
__ getattr_
tp_setattro setattrofunc _setattr,  delattr = X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long XX 7
tp_doc const char * __doc___ X X
tp_traverse traverseproc X G
tp_clear INQUITY X G
tp_richcompare richemp func _ Wt . le . eq X G
__ne gt
__ge
(tp_weaklistoffset) Py _ssize_t X ?
tp_iter getiterfunc _ iter X
tp_titernext i1ternext func ~ next X
tp_methods PyMethodDef || X X
tp_members PyMemberDef || X
tp_getset PyGetSetDef || X X
tp_base PyTypeObject * ___base X
tp_dict PyObject * _dict_ ?
tp_descr_get descrget func _get_ X
tp_descr_set descrset func __set_,  delete X
(tp_dictoffset) Py_ssize_t X 7
tp_init initproc ___init___ X X X
tp_alloc allocfunc X 77
tp_new newfunc ___new___ XX7?77
tp_free freefunc XX7?77?
tp_is_gc 1nqQuUITY X X
<tp_bases> PyObject * ___bases ~
<tp_mro> PyObject * __mro___ ~
[tp_cache] PyObject *
[tp_subclasses] void * ___subclasses
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor ~del X
tp_vectorcall vectorcall func
[tp_watched] unsigned char
*1_(): A slot name in parentheses indicates it. is (effectively) deprecated
12.3. BATD I+ 381
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sub-slots
Slot = /XYy R
am_awat unaryfunc _await_
am_aiter unaryfunc _aiter
am_anezxt 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____
__rdivimod
nb_power ternaryfunc ___pow__
___TpoOw____
nb_inplace_power ternaryfunc __ipow____
nb_negative unary func ___neg
nb_positive unaryfunc ___pos____
nb_absolute unaryfunc ___abs_
nb_bool INQUITY ~_bool
nb_invert unaryfunc __invert_
nb_ ZSM 7IL\Tames in angle brackets should be initially seé7 %(;n’ Wﬁf%f treated as read-only. _ Ishift 1l
[]: Names in square brackets are for internal use only. shift
- %7) llia?c a;slaé E{Leﬁl%{) means the field is required (muslt) Eg G{l”?él}N’IETLL'%) ik
nb_ 7MWY tset on PyBaseObject_Type binaryfunc _ rshift
.
S s it
X - PyType_Ready sets this value if it is NULL
~ - PyType_Ready always sets this value (it should be NULL)
? - PyType_Ready may set this value depending on other slots
Also see the inheritance column ("I").
nb_xd®”: inheritance binaryfunc ___XOr___

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

Note t] | fectively inherited throueh | attribute lookun chai
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xR 2-RIOR—IHS5DHEE

Slot B BEEXY v I
nb_inplace_zor binaryfunc __ixor
nb_or binaryfunc ~_or___ ___ror
nb_inplace_or binaryfunc _dor
nb_int unaryfunc __int_
nb_reserved void *
nb_float unaryfunc ~ float_
nb_floor_divide binaryfunc _ floordiv____
nb_inplace_floor_divide binaryfunc __ifloordiv___
nb_true_divide binaryfunc __truediv____
nb_inplace_true_divide binaryfunc _ itruediv___
nb_index unaryfunc ~ index
nb_matriz_multiply binaryfunc _ matmul
_ rmatmul
nb_inplace_matriz_multiply binaryfunc ___imatmul
mp_length lenfunc _ len_
mp_subscript binaryfunc _ getitem
mp_ass_subscript objobjargproc ___setitem |
_ delitem_
sq_length lenfunc _len
sq_concat binaryfunc _add_
sq_repeat ssizeargfunc ~ mul
sq_item ssizeargfunc _ getitem
sq_ass_titem ssizeobjargproc ___setitem
~ delitem_
sq_contains objobjproc ___contains
sq_inplace_concat binaryfunc _dadd___
sq_inplace_repeat ssizeargfunc _imul
bf_getbuffer getbufferproc()

bf_releasebuffer

releasebufferproc()
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Z20v FDERE (typedef)

EEE (typedef) 5| $E pIAo ] 1-Fid]

allocfunc PyObject *

PyTypeObject *

Py _ssize_t

destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visttproc
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 *

Qctwttl Ufl‘llll(- lllt
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See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject &

PyTypeObject DRHEIREZIE Include/object.h TROII SN ZIT T, ZHMOFHEEHL LDIZ, Z
CTIRERZMEDIEL £T:

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 sutites 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 */

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* 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 wversion 2.6 */

unsigned int tp_version_tag;
(RDOR=VIFiL)
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(RIDR=I D5 DR E)

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */

unsigned char tp_watched;

} PyTypeObject;

12.3.3 PyObject XAOv ~

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic

types (created by type_new(), usually called from a class statement). Note that PyType_Type (the

metatype) initializes tp_itemsize, which means that its instances (i.e. type objects) must have the

ob_size field.

Py_ssize_t PyObject.ob_refcnt

RICB L 9 Stable ABI. This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances
(objects whose ob_type points back to the type) do not count as references. But for dynamically

allocated type objects, the instances do count as references.
i

P TRALTIZZDT7 4 — L R EHEAL T A,

PyTypeObject *PyObject.ob_type

RICBLET: Stable ABL B EEDOH, FIOFWHE TS XXX A4 ST, PyObject_HEAD_INIT
~ 7 a Tk Eh, @EEIL &PyType_Type W& D ¥3, LA L. (PR< ¥ d) Windows THIHT
20— FAJRERIEIREY 2 — LTl I Y84 JIFEMRIEHE TR R VW e X E D E T, Z
ZT. %5HLE LT, PyObject HEAD_INIT |2!X NULL 2L CTHHI{LL TE =, hoFRERITS
HNCEY 2 — VOB TR Z D 7 4 =V FZ2HIHET 2 2 212> TV E S, ZOHRER
RO X570 d:

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_type field of the base class. PyType_Ready ()

will not change this field if it is non-zero.
; UE(:

B TRAL T IZZDT 4 — NV FEHELET,
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12.3.4 PyVarObject XOvw

Py ssize t PyVarObject.ob_size

RICELZET: Stable ABL FHICAXTVBRINTWVWREA TSI L OFE. 2D7 4 —LRiZ¥
kI N E T, BNICAXAEBVRBFRINTVWAREA TSI b OFE. 207 4 —L FIZNERH#
AN 2R BERERL 3,

"
.
ik

P TRALAZZDT7 4 =V FEHEAL T A,

12.3.5 PyTypeObject XOw k

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 Q in package P should have the tp_name initializer "P.Q.M.T".

FRICATVERINZEA TSI b OFE. 207 4 — A FIRBEIZBOAZRNICR D, Y a—L
LIFBOTFFENTHF — ' _module ' T 2MHE L THRIIICEEENE T,

For statically allocated type objects, the tp_name field should contain a dot. Everything before

the last dot is made accessible as the __module__ attribute, and everything after the last dot is

made accessible as the __name__ attribute.

If no dot is present, the entire tp_name field is made accessible as the __name__ attribute, and
the __module__ attribute is undefined (unless explicitly set in the dictionary, as explained above).
This means your type will be impossible to pickle. Additionally, it will not be listed in module

documentations created with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
ek

Y TRATIEIDT 4 =L FEHELZEA,

Py_ssize_t PyTypeObject.tp_basicsize

Py ssize t PyTypeObject.tp_itemsize

6D 74— R WA VARV ZADANL P A RBRHETEZ L5 ET,

RIS OOMEER DD 5 FEERA VAKX Y ZADHNZ, tp_itemsize 7 4 —L RHE BT, AJZE
FBA VAR ADHIE tp_itemsize 7 4 =)V RHIEXL R DHEICKRD £F, BERA VXX RADHE D
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BE. BTDA Y RAX Y RAFFELL tp_basicsize THA BNV A X2k D 3,

For a type with variable-length instances, the instances must have an ob_size field, and the
instance size is tp_basicsize plus N times tp_itemsize, where N is the ”length” of the object.
The value of N is typically stored in the instance’s ob_size field. There are exceptions: for
example, ints use a negative ob_size to indicate a negative number, and N is abs(ob_size)
there. Also, the presence of an ob_size field in the instance layout doesn’t mean that the instance
structure is variable-length (for example, the structure for the list type has fixed-length instances,

yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_ HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes
the _ob_prev and _ob_next fields if they are present. This means that the only correct way to
get an initializer for the tp_basicsize is to use the sizeof operator on the struct used to declare

the instance layout. The basic size does not include the GC header size.

TIAYAY MCHT IR ZROBREREZEHET SBICREDT 74 Y AV MRRELIRL5E,
tp_basicsize DEIZRZ DR FIUILD LA, Bl: D255 double DEFIZE KL TWVWDH L L
£9, tp_itemsize l& sizeof (double) TF, tp_basicsize A’ sizeof (double) (Z ZTIFIN%E
double D7 74 Y XY b RERT 2 H A XET %) ODEKTDH A X252 51T 5D1F 71
7I<DRETT,

For any type with variable-length instances, this field must not be NULL.
.

INHDT 4 =V REFY T EA FITHALICHERINE T, HEXA TH 0 TRV tp_itemsize &
FoTwha, BEXA FTOERZIKFEL T2, —BINCEY 744 FTHlo 0 THROWEZ
tp_itemsize WCRET 2DIILZETIEH D FH A,

destructor PyTypeObject.tp_dealloc

AYARYADT AL 77 ZBEANDKRA &2 TT, ZOBEIE (FEF None % Ellipsis DED
X)) A VARV ADBRLTRAEY BRI NV THROVR D MBTERLRFNUIRD FHA, ¥
2F X IFROMY T

void tp_dealloc(PyObject *self);

The destructor function is called by the Py_DECREF() and Py_XDECREF() macros when the new
reference count is zero. At this point, the instance is still in existence, but there are no references
to it. The destructor function should free all references which the instance owns, free all memory
buffers owned by the instance (using the freeing function corresponding to the allocation function
used to allocate the buffer), and call the type’s tp_free function. If the type is not subtypable
(doesn’t have the Py_TPFLAGS_BASETYPE flag bit set), it is permissible to call the object deallocator
directly instead of via tp_free. The object deallocator should be the one used to allocate the
instance; this is normally PyObject_Free() if the instance was allocated using PyObject_New or
PyObject_NewVar, or PyObject_GC Del () if the instance was allocated using PyObject_GC_New
or PyObject_GC_NewVar.
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If the type supports garbage collection (has the Py_TPFLAGS_HAVE_GC flag bit set), the destructor
should call PyObject_GC_UnTrack() before clearing any member fields.

static void foo_dealloc(foo_object *self) {
PyObject_GC_UnTrack(self);
Py_CLEAR(self->ref) ;
Py_TYPE(self)->tp_free((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the
owned reference to its type object (via Py_DECREF()) after calling the type deallocator. In order

to avoid dangling pointers, the recommended way to achieve this is:

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

In a garbage collected Python, tp_dealloc may be called from any Python thread, not just

g

==}
=

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
APT 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.

TR
P ITRATEIDT 4 — L REHELET,

Py ssize t PyTypeObject.tp_vectorcall_offset

An optional offset to a per-instance function that implements calling the object using the vectorcall

protocol, a more efficient alternative of the simpler ¢tp_call.

This field is only used if the flag Py_TPFLAGS HAVE_VECTORCALL is set. If so, this must be a

positive integer containing the offset in the instance of a vectorcall func pointer.

The wectorcallfunc 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.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its be-

Laviour i ) b 1) lfunc functi Thi be done ] . call
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PyVectorcall_Call().

N— a ¥ 3.8 TAH: Before version 3.8, this slot was named tp_print. In Python 2.x, it was

used for printing to a file. In Python 3.0 to 3.7, it was unused.

N—=Y a ¥ 3.12 TEH: 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 tp_ 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.
e

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
F 7> avDKRA Y RT, get-attribute-string 2175 B ZEIEL £ 3
ZDT7 4=V FRIFHERTT, ZOT7 4 — NV REERT DL XL, tp_getattro BAEFUT X 512H)

fEL. JBHAIX Python XFH| 72 =27 b TIE%RL C XFHITIEET 2 &5 wBzET X S51CL
BFRRTRD FE A

e
Group: tp_getattr, tp_getattro

DT 4 =R tp_getattro LIV T XA FITHERSINET: Thbb, 72470
tp_getattr BX U tp_getattro MBI NULL DIFHE., ¥ 744 TIIEEX A T2 5 tp_getattr
¢ tp_getattro ZMT L bRAL 3,

setattrfunc PyTypeObject.tp_setattr
T2 avDRART, BEORE L HIFRZAT S BRZIEL 9.

ZDT7 4=V IR T S, TDOT7 4 — L FRERT DL XL, tp_setattro AR EFT & 5 ICH)
fEL. JBIEAIE Python XFH| 7Y =7 FTidie C XFEIITIRET 2 &5 REKEET XS CL
BUIER D FR A

i
Group: tp_setattr, tp_setattro

TD7 4 =R tp_setattro LHITH T X4 FIHEREINET: TRbDbE, 3 7%4 70
tp_setattr B tp_setattro I NULL DIE, V744 TIIEEX A T2 5 tp_setattr
¥ tp_setattro ZMG & DMAL F3,

PyAsyncMethods *PyTypeObject.tp_as_async

EBIOEREZIETRA VX TT, ZoERIE. C LRLT awaitable 78 b AN ¥ asynchronous
iterator 7R M ANERETEIA T2 7 YV EFREBKRTLEI 74—V FEEBET, FFLWVWI kX
async 77T U MEEER 2L TLZZ WV,
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Added in version 3.5: L H{lZ tp_compare X tp_reserved ¥ L THIGNTWE L7z,
i
tp_as_async 7 4 =)V RIFMRINFERAD, ZHIEENS 7 4 —L RHBEBISHEE XN E T,

reprfunc PyTypeObject.tp_repr
FTTavDORA VET, HMAAABEE repr() ZEELTOWAHEEREL T,

The signature is the same as for PyObject_Repr():

PyObject *tp_repr (PyObject *self);

ZOEBUILFHN A TP =2+ Unicode A 7Y =2 }*’5_’ TR ¥ A, HEMIE, 2
DBEIRDHE T CFFNE, BYIRIRET eval O KELLEE. FIUEZRSF 7Y 27 M3 k5%
XFHNTRIFIUIIRD T/ A, TARE wn_m\ﬁ7y:7%®ﬂth#%%ﬁbtW§@ﬂok
<" HPBIAE ST > TROLIFAN RS RITIUIRD FH A

.
P TERALAZZDT7 4 — NV FEHELE T,
F7FILE

ZDT7 4 = RIRPBFEINTVWRWIEGES, <%s object at %p> DFERE & 2 XFHNINEEINE T, %s
BHEIDZENS, %p 134TV 27 FDXEY 7 FLRARZEESHBZONE T,

PyNumberMethods *PyTypeObject.tp_as_number

BiE7a balziRELEEBNMOBEREZIET R,V ZTT, 26D 74— RIZOWTIE #BiEA
T MESE CTHIEXINATVWET,

.
tp_as_number 7 4 =)LV FIFMEINEVAD, TZOEENE 7 1 =)L ROBEGNHAR XN E T,

PySequenceMethods *PyTypeObject.tp_as_sequence

=T YAIu balERELZEBMNOEEREIE TR VX2 TS, ZhdD7 4 =L RiIZoWTik
= VAF T U MEESER THHIATHWET,

ek
tp_as_sequence 7 4 —L FIFHRZINERAD, ZHUCEEND 7 14—V RDBEFICHEA I E T,

PyMappingMethods *PyTypeObject.tp_as_mapping

JybErr7n b aleRELLEBMOMERZIET KA VX TY, ThHDT7 4 =L FIZOWTIE
Ry TZATI 10 MR THMEIATHET,

k-

tp_as_mapping 74—V FIZMREIHEEAD, ZHICEEND 7 1+ — v RBERICHER SN E T,
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hashfunc PyTypeObject.tp_hash
T arDREA Y RT, lAHAHBEE hash ) ZFEL TV RBBEHL T,

The signature is the same as for PyObject_Hash():

Py_hash_t tp_hash(PyObject *); }

HERICIE -1 ZRDEICLTIRD T8 A; Ny ¥ aflHOFERICT 7 —BAE UGG, BB
Zty LT -1 ZRSRIIRD THA,

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_HashNotImplemented().

ZD 7 4 =)V RIZBHRMIZ PyObject_HashNotImplemented () WCRET 5 Z & T, Bl type 26D
Ny TaXYy FOMEREIT R 752N TEEYT, Zhid Python L X)L TD __hash__ =
None ¥ [AI%F IR X 41, isinstance(o, collections.Hashable) A3IEL { False #iE3 X5 IZ
BODET, WDELARETH S Z L IHEFERLTL X W - Python L XL C __hash__ = None % &€
3% Z & T tp_hash A0 v MX PyObject_HashlNotImplemented () WX ESINE T,

f:
Group: tp_hash, tp_richcompare

ZD7 4=V R tp_richcompare EHIIH T XA FICHEEINET: Thbb, ¥y 7%4 TS
D tp_richcompare B XU tp_hash MG LB NULL DY &, 7 XA FRERERX A TH 5
tp_richcompare ¥ tp_hash ZWJTL AL T3,

TI7#ILE
PyBaseObject_Type uses PyObject_GenericHash().

ternaryfunc PyTypeObject.tp_call
AL aYDEAYRT, ATV FONTHLEREL TV SMMEIRLET, £ 7Y 22 L HiIT
O LRTRE TR WIHEITE NULL IS LR TR D $8 A, ¥ 72 F ¥ & PyObject_Call() LFET
TT

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

R
Y ITRATIZDT 4 — LR EHELET,

reprfunc PyTypeObject.tp_str

AT arDRA RT, HAAALDHEE str() ZFEEL TV IBMZHELE T, (str BRD—DIC
Bolele®, str() Estr DAVAI IV REMUHT I EIXFRELTLESI WV, TODAarYAR 77
ZIFEBEOWIZA1TS BT PyObject_Str() ZM-UH L. & HIT PyObject_Str() I DNV K
EMHOHT IR ET, )

The signature is the same as for PyObject_Str():
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PyObject *tp_str(PyObject *self);

ORI FHNA 7Y = 7 M2 Unicode A 7Y =7 FZIBZRITNUIRD FHA, ZHEA TV =
7 b ? bR (friendly)” REL XTI THRIFUILD EHA, EWVWIDIE, TOXFHNZ
0D print() BETHEDONS Z LI I KALENHTT,

A
B ITXAL FEZDT 4 — LR BRELE T,
FI7xILE

ZDT7 4=V ERFRESINTWRWEGES, XFHIRIZIRT/2DI121E PyObject_Repr () BHUH XN
7,

getattrofunc PyTypeObject.tp_getattro
F7Ta DKL VX T, get-attribute ZFEEL TWBIEKERELET,

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

HEOBEBEMREFEEL TS Pylbject_GenericGetAttr() I D7 4 —ILVRICRELTEL X
VTV OB EIENTT,

fE:
Group: tp_getattr, tp_getattro

TD7 4= FIX tp_getattr LT T XA FICHMARSINET: TRDODE ¥ 7%4 70
tp_getattr B tp_getatiro I NULL DIE. Y744 TREEX A T2 56 tp_getattr
¢ tp_getattro ZMifT L DAL X5,

T4
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT arDRAVRT, BEDORE LHIFRZIT S BBEIHL £3

The signature is the same as for PyObject_SetAttr():

int tp_setattro(PyObject #*self, PyObject *attr, PyObject *value);

X 51T, wvalue 12 NULL Z45E L CTEMEZAIRTE 2 X5 LRFNUIRD A, BHEOA TV 22
MEMEREELFEE L TWS PyObject_GenericSetdttr() B Z D7 4 =LV RIZRELTEL W T
WG EIMER T,

k-

Group: tp_setattr, tp_setattro
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D7 4= FE tp_setattr EHIZHF T XA T ICHMARSINET: TRDE ¥ 7K24 70D
tp_setattr BX U tp_setattro HHIZ NULL DGE, V7 XA TIEREER AL TS tp_setattr
¢ tp_setattro ZMF L bRAL T,

T7#ILE
PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs *PyTypeObject.tp_as_buffer
N T 74 YR =T 2 =A% FELTVWEA TP 227 MCOABET 2, —HD 7 1+ —L FEAA -
TR ORERZE S KA V2T, MEARNOZE 7 4 — A FE Ny T 74 TI T MEEE (buffer
object structure) T L £9,

k-

tp_as_buffer 7 4 =)L FERIIMAINEEAD, ZHAKEENDS 7 4 — L FIIERNICHER X L
iTO

unsigned long PyTypeObject.tp_flags

D74 =V RERART Z7HERHEy PRRAZTT, W2HhD7 7 7E, FFEDRIIZBWT
ZHIN <Y T4 ZADHBHIN L L 2R LET; 20O 7 7703, BA70 =227+ (HH50WIE
tp_as_number . tp_as_sequence . tp_as_mapping . B KK tp_as_buffer BB L TV B4R
FEREREIR) ORFED 7 4 — L R DS B, BEDPLBEZTT > LFEL TV bI TERVDDODE
Mo TWB I ZRTRDIMONETS; 777y bHAZ U 7SI T0IUE. 7T 7HREL T
W57 4 = FIZE7 72 AL BWRODIZ, ZDEIEE TS NULL 12725 TW5 & AR SR TIUER
DEEA.

IR

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 ¢p_traverse and tp_clear
fields in the subtype exist and have NULL values. .. XXX are most flag bits really inherited

individually?

F7xIE

PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

DRIZBETA2E Yy b~AZBBHEERINTVWEHDTT; 77 270F | HEFCTHEMZE->T
tp_flags 7 4 —)V RDEEIERTE £3, PyType_HasFeature() v 27 vidBly 75 7, tp BLU
fZED, tp—>tp_flags & f DIEEL DL E S DFNET,
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Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types cre-
ated dynamically using PyType_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 DE-
CREF’ed). Heap types should also support garbage collection as they can form a reference

cycle with their own module object.
i

777

Py_TPFLAGS_BASETYPE

REROBOREKLZA T LTHZZHEICEYy PENEZE Y P TT, ZOEY b237 U TR
HIX, ZOBOY TR A FIERTEFEA (Java I2BI1F 2 "final” 7 7 R r 5 X2 D
ij—)o

R

777

Py_TPFLAGS_READY

AT 27 bW PyType_Ready () TRERXWIHLEN 2Ly bENhdE Y FTT,
.

77

Py_TPFLAGS_READYING

PyType_Ready () W2 X 23HA 7Y =7 + oHELLEHICE Yy PEXNEE Y FTT,
i

777

Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be
created using PyObject_GC_New and destroyed using PyObject_GC_Del (). More information
in section FEERBEBAR—OL 923 >% % 7R—F9 3. This bit also implies that the
GC-related fields tp_traverse and tp_clear are present in the type object.

k-
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

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_traverse
and tp_clear fields in the subtype exist and have NULL values.

396
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Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in
the type object and its extension structures. Currently, it includes the following bits:

Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.
R
777
Py_TPFLAGS_METHOD_DESCRIPTOR
This bit indicates that objects behave like unbound methods.
If this flag is set for type (meth), then:

o meth.__get__(obj, cls) (xargs, **kwds) (with obj not None) must be equivalent to
meth(obj, *args, *xkwds).

e meth.__get__(None, cls)(*xargs, **kwds) must be equivalent to meth(*args,

*xkwds).

This flag enables an optimization for typical method calls like obj.meth(): it avoids creating

a temporary "bound method” object for obj.meth.
Added in version 3.8.
R

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE 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.

The type traverse function must call PyObject_VisitManagedDict () and its clear function

must call PyObject_ClearManagedDict ().

Added in version 3.12.

R

This flag is inherited unless the tp_dictoffset 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.
AR

This flae is inherited 1wl | _ . feld i . |
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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.
Added in version 3.12.

i

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
INBD T F7E PyLong_Check() O & 5 7%BED. B L B 2 MBIABRIDY 727 5 AL S
PERESHMT20IELNET; COEHDF = v 7% PyObject_IsInstance() D LD
NWHNZRF =y 7 KD dEETT, HAAAEZHALZME DT tp_flags ZBYNIHE
FRET, 25 LRVEZDOHRPEDSLa—FTE, CARF v Z7OHEPEONEPITE-T
RAFENDELS>TLEITL & Do

Py_TPFLAGS_HAVE_FINALIZE

BIRGEIRIC tp_finalize ARy FPFIELTWVWH E X2y FENBE Y T,
Added in version 3.4.

N— a v 3.8 TIEHELE: This flag isn’t necessary anymore, as the interpreter assumes the
tp_finalize slot is always present in the type structure.
Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset

for details.

9z
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This bit is inherited if ¢p_call is also inherited.
Added in version 3.9.

N— a ¥ 3.12 TZH: 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.

R

This flag is not inherited.

Added in version 3.10.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new__

key in the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before

PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or &PyBaseObject_Type and
tp_new is NULL.

k-

This flag is not inherited. However, subclasses will not be instantiable unless they provide a
non-NULL t¢p_new (which is only possible via the C APT).

0 IR
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 a match block. It is automatically set when registering or subclassing collections.

abc.Mapping, and unset when registering collections.abc.Sequence.
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0 iR
Py_TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

k.

This flag is inherited by types that do not already set Py_TPFLAGS SEQUENCE.

& BE

PEP 634 - s & — >~ v F: {5k

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 a match block. It is automatically set when registering or subclassing collections.

abc.Sequence, and unset when registering collections.abc.Mapping.

0 IR
Py_TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

k-

This flag is inherited by types that do not already set Py_TPFLAGS_ MAPPING.

& BE

PEP 634 - FHGEM R &Z — >~ v F: {1k

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

PyType_Modified()

A we

This flag is present in header files, but is not be used. It will be removed in a future version
of CPython
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%12 E 72U bREHYR— b (object implementation support)


https://peps.python.org/pep-0634/
https://peps.python.org/pep-0634/

The Python/C API, JJ—2X 3.14.0a3

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.
ik
PITRATIEZDT 4 =V RE#HEK LEEA

traverseproc PyTypeUbject.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, void *arg); }

Python D HFR—yal 27 a Y OEHAIZOWT ORI, BESEBAR—IOL I3 v EYR—
FTBIZHHET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typ-
ical implementation of a tp_traverse function simply calls Py VISIT() on each of the in-
stance’s members that are Python objects that the instance owns. For example, this is function

local_traverse() from the _thread extension module:

static int
local_traverse(localobject *self, visitproc visit, void *arg)
{
Py_VISIT(self->args);
Py_VISIT(self->kw);
Py_VISIT(self->dict);
return O;
}

Py VISIT() PERSBIBICEZBNDOH 2 X ANZEFMIHINATVS Z EIZEH LTI,
self->key X Y N\bHH FFH, Z4UZ NULL 7 Python XFHHEDT, BRSBEO—HIRZ L
3HD EEA.

=T RUAHPERSBO—IIRDBEZVEH->TWTD, Ty ZHITKE L 72WGED D 55
b LNIRNDT, gc EY 2—/LD get_referents() FAFIITERSICLR DGRV A U NBIEL 9,

Heap types (Py_TPFLAGS_HEAPTYPE) must visit their type with:

Py_VISIT(Py_TYPE(self));

It is only needed since Python 3.9. To support Python 3.8 and older, this line must be conditional:

#if PY_VERSION_HEX >= 0xz03090000
Py_VISIT(Py_TYPE(self));
#endz f
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If the Py_TPFLAGS_MANAGED_DICT bit is set in the tp_flags field, the traverse function must call
PyObject_VistitManagedDict () like this:

PyObject_VisitManagedDict ((PyObject*)self, visit, arg);

A B%

When implementing tp_traverse, only the members that the instance owns (by having strong
references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what tp_ weaklist points to) must not
be visited as the instance does not directly own the weak references to itself (the weakreference
list is there to support the weak reference machinery, but the instance has no strong reference

to the elements inside it, as they are allowed to be removed even if the instance is still alive).

Note that Py_VISIT() requires the wisit and arg parameters to local_traverse() to have these

specific names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must
therefore either visit Py TYPE(self), or delegate this responsibility by calling tp_traverse of
another heap-allocated type (such as a heap-allocated superclass). If they do not, the type object

may not be garbage-collected.

N— 3 v 3.9 TEHE: Heap-allocated types are expected to visit Py_TYPE(self) in tp_traverse.

In earlier versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.
e
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 X U NBEUIT GC 2B L2ERL TV 2 I IDERSREZETLDICHVWONE T, &
BMBHETEZZ 2, YRXATLANDETOD tp_clear B EIEL T, 2 TOFERSIBEHIE L 2T
XD TR A, GRIE: 2D tp_clear ZFEELLRLS THETOWRSRIBIRTEZ 20 TdHN
WFEHELLCTHRY) TR THHAT, b LA L THOREIRITDD 2D THIUR, tp_clear
BRERMETIRETT, FIZIRX. RTME tp_clear ZHELFHA, BERS, X TNIZTTH
RENTMERSEHEAHOH D Z L BENPSHTT, ioT. XTNVLHNDED tp_clear BRI
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T, XTNEEOEARBERSEOLIWIRTEL Z LD 3, THUIMRICH 2 Z 2 Tidi <,
tp_clear DEIFEZBIT 2 BVHEIEZD -7212H D TR A,

ROPNZH B X ST, tp_clear DFEEIEZ, £ Y RAX VA5 Python 77V =7 hZeBbid XY
NADBIENL, ZRHDRX U ANAANDFEA Y RIZNULL Bty hTRETT:

static int

local_clear(localobject *self)

{
Py_CLEAR (self->key) ;
Py_CLEAR(self->args);
Py_CLEAR (self->kw) ;
Py_CLEAR(self->dict);
return O;

}

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.

If the Py_TPFLAGS MANAGED_DICT bit is set in the tp_flags field, the traverse function must call
PyObject_ClearManagedDict () like this:

PyObject_ClearManagedDict ((PyObject*)self);

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 FABDHMNISIR A Y > M Z2HET 2 Z 2 2D T, Python XF%|% Python oD X 5
%, ERZICEOIEDTERVWA T2 7 V27 V7 TR0 EIIHDEVA, —H. FTETS2T
@ Python #7227 b2 2V 735EK51L, ZORD tp_dealloc BBDS tp_clear BAEEFEIT
T2EIITT B EFENPRITHZLTL £ 5,

Python DFRXR—YaL 2 a YDA OWTORME, BREBEAR—JOL I 3 vEdR—
FTBIZHHET,

k.

Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py_TPFLAGS_HAVE_GC flag
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zero in the subtype.

richecmpfunc PyTypeObject.tp_richcompare
F Ty arDRA Y ZT, JRRHEBEKZIELE T, 2742 F v I3XD@ED TT:

PyObject *tp_richcompare(PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by PyTypeObject.

ZOREUE. HERRZIRTRE T, (Filild Py_True 2 Py_False T3, ) HEIRERDOHE
3. Py_NotImplemented %. ZHLND L F —13F4 LHEICIZHISMREZ £y b LT NULL %K
SRTIRD FE A

tp_richcompare B LU PyObject_RichCompare () BIEDE =518BUE S 72D DEF Y L TET

MEZRINTVWET:

E# Jilet 3%

<
Py_LT

<=
Py_LE
Py_EQ

1=
Py_NE

>
Py_GT

>=
Py_GE

FRSRHEERBE%L (rich comparison functions) ZfHICEEAT 270D~ 7 o ERSNTVET:

Py_RETURN_RICHCOMPARE(VAL_A, VAL_B, op)
LB U 7245 5R1CJE U T Py_True % Py_False ZiRL %9, VAL A ¥ VAL B 3 C D HgiH
BIC X o TEFAMTIATRE TR T UI R D A (BRI Z 0513 C FFEOEE FE/ NI RENC
BTL X)), ZHHDFIBUTIE PyObject_RichCompare() ¥ [FFRICER X N7=EREHE L
9,

The returned value is a new strong reference.
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7 —kziEpIs e LT, B%» S5 NULL TY X — > LT,
Added in version 3.7.

f:

Group: tp_hash, tp_richcompare

D7 4=V FIE tp_hash LRI T XL FITHERINET: ThROE T T7X4 70
tp_richcompare B KU tp_hash DM &S NULL D &, ¥ 7 &4 FTREREKXA THh 5
tp_richcompare & tp_hash WL bYEL FT,

T7#ILbE

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-
ever, if only tp_hash is defined, not even the inherited function is used and instances of the type

will not be able to participate in any comparisons.

Py ssize t PyTypeObject.tp_weaklistoffset

While this field is still supported, Py_TPFLAGS MANAGED WEAKREF should be used instead, if at all

possible.

B4V RAR Y ADFBWATRERG A, 2O 74—V FEE¥r XD b RERBICHED, 1V REX VR
HERICBI 2582 Y X FOREERTA 7y bBADET (GC Ny XD ZGEIIIEHL £
T); ZOX 7y MAL PyOvject_CleariWeakRefs () B & Uf PyWeakref * BIBHDFIHL £3, 4
VAR Y AREERIZIE, NULL (¥ b X L7z PyObject* BID 7 4 —)L RS A o TWARIFIUIR D F
Ao

ZDT 4= % tp_weaklist LIRFILBWVEIICL TSN, ZHUIEA T =27 FHEANDT
ZRP L2V R FDREFETT,

It is an error to set both the Py_TPFLAGS_MANAGED_WEAKREF bit and tp_weaklistoffset.
R

D74 =N FREYTEAL ARSI NE T, UFORHAIZFHATLZE W, ¥ 724 T30+ 7
ty MEZEA—ANFTA RTEZZDBHDET; o T, +7XA TS TIEHSWY X N DFRHENEE X 4
TR RZGEN DD £F, VR NORIITHEIC tp_weaklistoffset THDBIETRDT, 2D
CIFREICIE R S R WIE T,

F7#FILE

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

AT a OBEHT, ZDATI 27 bD ATL—4 ZRTEBAOERA VX TT, ZOMEPEET
2220F BHEIOBMDA VARV AN AT L— Al THEILERLTVET (Ll ¥—7
YRF OB THAFL— FARETT),

ZOB#IE PyObject_GetIter() ERLS 72 F ¥ 2o TVET:

12.3.
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PyObject *tp_iter(PyObject *self);

R
VTR SIZZDT7 4 — NV REHEL T,

iternextfunc PyTypeObject.tp_iternext
FTTavDRAYRT, AT L—8— OROERZRIBEBEIRL LT, ¥ 742 F v ZXOED TT:

PyObject *tp_iternext(PyObject *self); ]

ATVL—=RDOBERPZL KD, ZOBEIX NULL ZiRX21F0UE7% D £ A, Stoplteration fil5t
WBFRELTHLRITHRVWTT, ZOoMMOT 7 —23FAE L/ b, NULL 2R RIFAUE7R D £8
ho DT 4 —NEBHZE, TORDA VARV ANATL—RTHZIERLETD,

A7 L—=8MTIE, tp_iter BB ERINLTORINIL ST, 2O FikkiTLr—&14 >
AR ATIRZL) AT V=R VAR Y ZHRZRERIEED £ Ao

COBEBDY Z A F v & Pylter Next() R LTT,
IR
BTRALTEZDT7 4 =V RERELET,

struct PyMethodDef *PyTypeObject.tp_methods
A7 aryDORAVET, ZORDIEH (regular) DX Y v FEEF LTW3 PyMethodDef REiE{A2
57% %, NULL T S N2 A 246 L £ 95

BHIOEBEHEZLIC, AV vy RFRZ ) TRDOA -7, BEHSHUOFSE (FLD tp_dict BIR) 1B

T,

k.

BTRLFIZDT 4 =L RERRLEEA (XY v RIZAMED X 5 =X ATHESHTOET),
struct PyMemberDef *PyTypeObject.tp_members

AT arDRA ET, BOEH (regular) DT =X XN (74 =V FBXUOERARY ) ZHFL
TW3 PyMemberDef WHgiAD 572 %, NULL TS N 7-FN2ES 2B L £ 7,

DB ERZT LI, AYNTRIZ ) T RD A BEZIOEE (LD tp_dict ZR) BN h
9,
ik
P TRAFEZDT7 4 =V REREL FEA (X NFFHED X H =X L THREXRTOET),
struct PyGetSetDef *PyTypeObject.tp_getset

AT arDRAVRT, 4 Y RAX Y ZDORMBEMN (computed attribute) ZEHEF L T2
PyGetSetDef FEIE(KRD 572 %, NULL TG X M7= RES 2L £ 3,
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FLA DB 21T, getter/setter TR 27V FRD A -7z, BEIHOEEE (FLD tp_dict BI)
B E 3,

ik
PTRATEZDT 4 = FEMEAL FEA (BHBIHEEIED X 7 =X A THRESHTHET),

PyTypeObject *PyTypeObject.tp_base

AT avDREAYRT, BT 5 70T 4 ZRT RIKXA TE2IELET, ZOT7 4= RO
LAULTIE, B (single inheritance) 72234 R — P R TWET; LEMKIIX XX 4 TORS
HUICK2EI0RAIF 7Y =27 FOEREBHEY LET,

0 IR
Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be

”address constants”. Function designators like PyType_Genericlew(), with implicit conversion

to a pointer, are valid C99 address constants.

)

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type is
not required to produce an address constant. Compilers may support this (gec does), MSVC

does not. Both compilers are strictly standard conforming in this particular behavior.

Consequently, tp_base should be set in the extension module’s init function.

o
(Y7=DHEITTD) T7XA I ZDT 14—V FEHAEL XA,
T7#ILE

D7 4 —=NVFDF 7+ MEX (Python 8B 27 <% object B2 L THI-> TV 3)
&PyBaseObject_Type 22D 3,

PyObject *PyTypeObject.tp_dict

BOFEEIX PyType_Ready() IZL->TIZDT7 4 =L RIZDSNFE T,

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 PyType_GetDict () to retrieve the

dictionary for an arbitrary type.

N— a ¥ 3.12 TZH: 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.
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R

PTRATIZDT7 4 =L RERRALERA (B, COFFENTERIN TV IEREERZ XD =X
LTHRINET),

T7#ILbE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

A

g

==}
[=]

tp_dict I PyDict_SetItem() Zffo7 b, &F C-API THRET DRI LZETRED D FEA,

descrgetfunc PyTypeObject.tp_descr_get

FTTavDRLVET, TRIZVTRD get BHEETRLET,
BBOY 72 F v Z RO EDTT

PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type);
i

PTRATEZDT7 4 =V AL ET,
descrsetfunc PyTypeObject.tp_descr_set
F T ayDERAYRT, TRV T ROED

ROE L HIFRZAT 5 BIRER4E L %9,
BB DS 72 F 2 3RDEBHTY

int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value);

B BIERS 2121E. value 51802 NULL Z2REL T,
kA

YBITRXAL FEZDT 4 — L FBREL T,

Py _ssize_t PyTypeObject.tp_dictoffset

While this field is still supported, Py_TPFLAGS MANAGED_DICT should be used instead, if at all
possible.

BDA VAR AW VAR ZABEBD AN T2HERD 2565, 2D 74—V FIZIEE v DfEIZ D,

DA VAR RAT —XEERICBIT 24 VARV RAEREFEANDT 72y v BADET;, 2047
t v MHX PyObject_GenericGetAttr() HMFENVET,

-
—

ZDT 4=V E% tp_dict YIRFALZVEIICLTLEXY; ZhEEA 7Y =27 MHEDEIEOERE
EHTI,

The value specifies the offset of the dictionary from the start of the instance structure.
408
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The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate mem-
ory for the dictionary, so it is may be more efficient to call PyObject_GetAttr() when accessing

an attribute on the object.
It is an error to set both the Py_TPFLAGS MANAGED WEAKREF bit and tp_dictoffset.
K.

This field is inherited by subtypes. A subtype should not override this offset; doing so could
be unsafe, if C code tries to access the dictionary at the previous offset. To properly support
inheritance, use Py_TPFLAGS_MANAGED_DICT.

F7#FILE

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_DICT bit is set in the tp_flags field, then ¢tp_dictoffset will be set

to -1, to indicate that it is unsafe to use this field.
wnitproc PyTypeObject.tp_init
FTarvDEALVERT, A VAR AGMULBEEEIR L 7,

This function corresponds to the __init__() method of classes. Like __init__(), it is possible
to create an instance without calling __init__(), and it is possible to reinitialize an instance by

calling its __init__() method again.

B DS 732 F 23RO BHTT

int tp_init(PyObject *self, PyObject *args, PyObject xkwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional

and keyword arguments of the call to __init__Q).

tp_init BBD 7 4 —/L B NULL TRWEA, BHEOTEZHITHIEDA ¥ A X ¥ REBITB W
T, BD tp_new BAEDPA Y AX Y AR LLRIEFHEINE T, tp_new DILOBDY 72 4 7T
BOVHORIZRTIHE, tp_init EEMUHINERA; tp_new DITOTRIDY TX A TDA Y AX
VARBRTEA, YT RATD tp_init PEUFHINET,

RO Z2i2id 0 2. =7 -kt ety FLT -1 ZIRLE T,
k-

BT RAFEZDT7 4 = REMEALET,

TI7AILE

For static types this field does not have a default.

12.3. BFTz I b 409
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allocfunc PyTypeObject.tp_alloc

FFavDEALVRT, A VARV ZADAE ) EMFRBEKEZIELET,

B DS 712 F v 3RO BHTT

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems); ]

R

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement).
777k

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard

heap allocation strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new

7 avDELVRT, 4 VAR Y RERBEEEELET,

BT 72 F v 3RO BHTT

PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIHERT 2472 =7 FDOHTT; args B kwds 5180E. BEIEOHT & XONMES]
BBIUF—U— R5I8TT, subtype i& tp_new BEZITUOH T XIS FAUTH 2L IER
WZ R IFRLTLZE W, 2080 (BEFRTIERV) 724 7D dbHHET,

tp_new BAENIE subtype->tp_alloc(subtype, nitems) ZMIHLTA TP =7 bDXE Y HEE
FELR L. PIHME THEXHIC B Y SN B MESZT 2fTVWE T, AL DEDIRLAZD LTHRED RN
OIEMLILERE tp_dnit N FIAREBLAETNERD F¥A, FPOVWOHZ Y LTI, ZHEAEE
HREITIIHIEMEIZ 2T tp_new TITW, —F. ZHEAGELMTIXZL A OPMALE tp_dinit IZET
NETT,

Set the Py_TPFLAGS_DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

R

BT RATAEZZDT 4 =L REMALET, HlF e LT, tp_base ' NULL 7 &PyBaseObject_Type
Wi o T3 EAE TIIMAL £/ A

TI7#ILbE

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
FTaYDRAYRT, A VARV ADRX T BB EELE T, 7 4F v IZELFO@ED TY:

void tp_free(void *self);

DY AF ¥ L HIED D 29I T3 PyObject_Free() T3,
i

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement)
777k

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_Free().

imquiry PyTypeObject.tp_is_gc
FTa Y DRAVRT, HR=TaAL 7 XpoMFHEIN IR EELET.

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_flags field, and check the Py TPFLAGS_HAVE_GC
flag bit. But some types have a mixture of statically and dynamically allocated instances, and the
statically allocated instances are not collectible. Such types should define this function; it should

return 1 for a collectible instance, and 0 for a non-collectible instance. The signature is:

int tp_is_gc(PyObject *self);

(FRo k5> 2Rofld, BA 727 FEIKRTT, XX XA T PyType_Type &, BD X TV {ELRH
D B8 EXBIT 272D ZOBBEERL TVET, )

R
B TRALFZZDT7 4 — NV FEHELET,
FI7#4ILE

This slot has no default. If this field is NULL, Py_TPFLAGS HAVE_GC is used as the functional

equivalent.

PyObject *PyTypeObject.tp_bases
HERD» 5725 X TVTT,
This field should be set to NULL and treated as read-only. Python will fill it in when the type is
tnitialized.

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.
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A

Multiple inheritance does not work well for statically defined types. If you set tp_bases to a

g

==}
=

tuple, Python will not raise an error, but some slots will only be inherited from the first base.

IR

ZDT 4= RIFMEREI TR A,

PyObject *PyTypeObject.tp_mro

BIRZ A THEERALZEENR Ao T0E X TILTT, BEFZUTI2HAKRD2SIEZ T E D, object
THROD ET, XV v FIRERIEF (Method Resolution Order) (25> Tili A TWE T,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is

initialized.
ik

ZDT 4= RIFEINFERTA; 74— FOEIE PyType_Ready () THEEFIHEINE T,

PyObject *PyTypeObject.tp_cache

*{%ﬁﬁ@ 7 4 —JL FVC\\?O W%Kf@&*uﬁﬁ é hi ?‘o
i

ZDT7 4 =L FIFMRIRERA,

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__Q).

N— a ¥ 3.12 TEH: For some types, this field does not hold a valid Py0Object*. The type was

changed to void* to indicate this.
o

ZDT7 4= FiIFRINER A,

PyObject *PyTypeObject.tp_weaklist

ZORF T2 M T RSN/ 5 ) X FDITETT,

N— 3 ¥ 3.12 TZH: 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.

k-

ZDT7 4= FIFMRINERA,

412

%F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, JJ—2X 3.14.0a3

destructor PyTypeObject.tp_del
DT 4=V RIFEIEXNE LT, tp_finalize 2ROV ICFIHL T EE W,

unsigned int PyTypeObject.tp_version_tag
AV RFxvZandf Ty 72 LTHEDNET, NEMERZ T D=0 DB TY,

by
ZDT7 4 =L FIFMRIREEA,

destructor PyTypeObject.tp_finalize
F T2 aYDRAYRT, A YRR AR TR L 3. 732 F v BUTO@ED T

void tp_finalize(PyObject *self);

tp_finalize DRESNTVBHAE, A VARV AE T 74 FFARXTBHLEIT, A VR TYVERND
OBBE 1RO LET, ARN—YaL 27X (204 VAR Y AL LIERBBO—H72 - 725
B) A TY 27 PHIWESNZERICH ZOBBIIMTCHENET, Eb505ATH, ERSHE
BEELIS LT IRNCFFOHINE ZEPFIEINTWT, MEICAH T =7 FPIEERIREBICH 2 &
SICLET,

tp_finalize ZIREDHINIREEZLZHITRNETIEDHD ELRA; (o T, BMiTHRWI 74 F 74 H %
ELWRIEROFEPIHERINFE T

static void
local_finalize(PyObject *self)
{
PyObject *error_type, *error_value, *error_traceback;
/* Save the current exception, if any. */
PyErr_Fetch(&error_type, &error_value, &error_traceback);
V& B 74
/* Restore the saved exzception. */
PyErr_Restore(error_type, error_value, error_traceback);
}
e

P TRALFEXZDT7 4 =L RERERLE T,
Added in version 3.4.

N— a v 3.8 TEHE: Before version 3.8 it was necessary to set the Py_TPFLAGS_HAVE_FINALIZE

flags bit in order for this field to be used. This is no longer required.
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& 2E

ATV 27 b ORERAETILHE” (PEP 442)

vectorcallfunc PyTypeObject.tp_vectorcall

A wectorcall function to use for calls of this type object (rather than instances). In other words,
tp_vectorcall can be used to optimize type.__call__, which typically returns a new instance

of type.

As with any vectorcall function, if tp_vectorcall is NULL, the ¢¢p call protocol
(Py_TYPE(type)->tp_call) is used instead.

O IR

The wectorcall protocol requires that the vectorcall function has the same behavior as the
corresponding tp_call. This means that type->tp_vectorcall must match the behavior of

Py_TYPE(type)->tp_call.

Specifically, if type uses the default metaclass, type->tp_vectorcall must behave the same

as PyType_Type->tp_call, which:
o calls type->tp_new,
« if the result is a subclass of type, calls type->tp_init on the result of tp_new, and
o returns the result of tp_new.

Typically, tp_vectorcall is overridden to optimize this process for specific tp_new and
tp_init. When doing this for user-subclassable types, note that both can be overridden

(using __new__() and __init__(), respectively).

R
ZDT7 4=V RIFRLUTHEINERA,
Added in version 3.9: (ZD7 4 — L FIX38DOLFHELTWETD, 39LFETLIFHATEEZEA)

unsigned char PyTypeObject.tp_watched

Internal. Do not use.

Added in version 3.12.

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static PyTypeObject structure is defined
directly in code and initialized using PyType_Ready ().

This results in types that are limited relative to types defined in Python:
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e Static types are limited to one base, i.e. they cannot use multiple inheritance.

o Static type objects (but not necessarily their instances) are immutable. It is not possible to add

or modify the type object’s attributes from Python.

e Static type objects are shared across sub-interpreters, so they should not include any

subinterpreter-specific state.

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.

12.3.7 Heap Types

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 EA T U MEER

type PyNumberMethods
C OMGERIZEIER 7 1 » a2 FE T 37D lDON S BBEFANDKRA VX 2R L TVE T, UF
DZzhZh OB BIER O ROV (number protocol) TR X AT W 2 Bl7= %[ OB D & FIH
SNhET,

MR 3MERDERTS:

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;

unaryfunc nb_int;

(RDR—DIHi<)
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(FiDR— 25 D %)

void *nb_reserved;

unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc

binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;

nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc
binaryfunc
binaryfunc

binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;

nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;

nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc

binaryfunc

nb_matrix_multiply;

nb_inplace_matrix_multiply;

} PyNumberMethods;

0 IR

TIHBEB Y ZHBEBIX, TARTOARI VY FOREZF 2 v 7 LARTNERS S, RELREHRE
RELRTINERDFEA (T BLEDBARTIVFDO—DOREERLTVBREDA V2KV R
T9). dbLEZOLNLART Y FITH L TIHEMER I AR TR, ZHBEE Y =ZHEKZ
Py_NotImplemented %R IR IUXL BT, MO T -2 Z o 7235E 13, NULL ZiR L THls %z
BELRFIRD FH A

O IR

The nb_reserved field should always be NULL. It was previously called nb_long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods.nb_add

binaryfunc PyNumberMethods.nb_subtract
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binaryfunc PyNumberMethods.nb_multiply
binaryfunc PyNumberMethods.nb_remainder
binaryfunc PyNumberMethods.nb_divmod
ternaryfunc PyNumberMethods.nb_power

unaryfunc PyNumberMethods.nb_negative
unaryfunc PyNumberMethods.nb_positive
unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods.nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.nb_lshift

binaryfunc PyNumberMethods.nb_rshift

binaryfunc PyNumberMethods.nb_and

binaryfunc PyNumberMethods.nb_xor

binaryfunc PyNumberMethods.nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift

binaryfunc PyNumberMethods.nb_inplace_rshift

12.3. BFTz I b
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binaryfunc PyNumberMethods.nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods.nb_inplace_or

binaryfunc PyNumberMethods.nb_floor_divide
binaryfunc PyNumberMethods.nb_true_divide
binaryfunc PyNumberMethods.nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.3.9 Ry TF# T x U MEER

type PyMappingMethods

ZOEREZ~y TR0 F alERET 2 7-DIHEONZEBEBEANDRA VA BHEELTOE T, ML
TD3 DDA A"ZHEHSTVWET

lenfunc PyMappingMethods.mp_length
Z OBIBUL PyMapping_Size() X PyObject_Size() HAAEN, ZNH ALY 72 F v 2o
TVWET, A7V 27 IPEBINLRIZRLZLZVEAE. 2OZ0y ME NULL KERESNZ Ik
BHHET,

binaryfunc PyMappingMethods.mp_subscript

Z D MBI PyObject_GetItem() B & U8 PySequence_GetSlice() H» & Fl A X h,
PyObject_GetItem() U 72 F v Z2HioTWVWET, ZDRT vy MI PyMapping_Check() 75 1
ZIRT T DITIFREET, £ 5 TRIFNUL NULL OEERDH D £75,

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.
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12.3.10 >—7 > RF T2 U MEEK

type PySequenceMethods

COMERIEY — 2R r al BEET 3D IELN L BEBEANDOEAS VEBPEFELTW
%9,

lenfunc PySequenceMethods.sq_length

This function is used by PySequence_Size () and PyObject_Size (), and has the same signature.

It is also used for handling negative indices via the sq_item and the sq_ass_item slots.

binaryfunc PySequenceMethods.sq_concat

Z OB PySequence_Concat() THIFAZN, ML 72 F v 2FEoTWVET, k. + HETFT
b, nb_add A0y MZXSEUEMREZHA L RICHHEhE T,

ssizeargfunc PySequenceMethods.sq_repeat

Z DBIUE PySequence_Repeat () THIHEN, ML 7 AF ¥ 2fioTWVWET, k., * HEATDH,
nb_multiply A0y MIXI2BEREZA LD ICHHINET,

ssizeargfunc PySequenceMethods.sq_item

This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slot is filled, it is called and the sequence
length is used to compute a positive index which is passed to sq_ztem. If sq_length is NULL, the

index is passed as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item

This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_Delltem(), after trying the item assignment and deletion
via the mp_ass_subscript slot. This slot may be left to NULL if the object does not support item

assignment and deletion.

objobjproc PySequenceMethods.sq_contains

Z DOBIBUZ PySequence_Contains() DHAHIH, ALY 72 F ¥ 2HioTWVWES, 20Xy b
X NULL OFEDRH D, Z DR PySequence_Contains() XS Y NIy FT547V 27 v 2R
DB FETY—r2EKEL £,

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat() will fall back to PySequence_Concat (). It is also used by the

augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat() and has the same signature. It
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should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
mented assignment *=, after trying numeric in-place multiplication via the nb_<nplace_multiply

slot.

12.3.11 Ny I 7# T2 ¥ MMEER (buffer object structure)

type PyBufferProcs

Z OREBERIE buffer 7O RV DERT ZEBEEANDORA YR EEFLTVWET, 2078 k3,
IIRAR=R=FTI =7 "PHUUNI LT, ZONFT =2 %k ar>a—~<F7Ic7 METHEE
#LET,

getbufferproc PyBuf ferProcs.bf_getbuffer

OO A F ¥ T FDMED T

int (PyObject *exporter, Py_buffer *view, int flags);

J

flags TITRE I NT=FIET view ZHDTIILWVWE WD exporter I T AERPUMLEST, AT v
(3) ZFRWT, ZOBMOFEETIEILTORT v F2ITORFIUIERD R/ A:

(1) Check if the request can be met. If not, raise BufferError, set view->obj to NULL and return
-1.

(2) BREN7 4 —L REHED T,

(3) =7 AKX~ b LEEEEHRET 2RI TS RE4 7YX FLET,
(4) view->obj IT exporter ZFE L. view->obj 24 ¥ 27 UX Y FLE T,
(5) 0 EL £ T,

exporter B3N 7 7 7 aNAL XDF 24 YV —D—FTHNUUE, 2200FBERFANHEHTE
3

e BIIAR—P: VY —DRERENIZIAR- P EINE2F T2 b LTRZHEHWV, HEANDH
LWZHE% view->obj Nt v FLET,

e UXALZ b N T 7BRBYY—DNL— ATV 27 PIUVXA L7 FPENET, TIT
view->obj [N —+F 7T 27 PAOFH LWERIZIRD $3,

view OARID 7 4 —)L FiZ /N 7 718E&EER O THMAINTED., =27 XAKR— F2REDERITH L
5B LRI SRV ORANK, Ny T 7ERODEA T OFicHb £7,

Py_buffer BEKROH L LBMLTVWELTOXEVEZZ I ZAR—RXIZEL, avya—<h0il
RBEETHEMTRHRLTIERD £¥ A, format . shape . strides . suboffsets . internal &3>
Ya—<holdFHAE LEHTY,

PyBuffer_ Filllnfo() &, 2TDVIZIT R XA TEIEL LTI BIC, Bl A F Ny 7 7 %26
AR TER R L £ 5,
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PyObject_GetBuffer() 3. ZOBEZ I v /523y a—<MiFdA v X =7 2—A T,

releasebufferproc PyBuf ferProcs.bf_releasebuffer

ZOBEBDOY A F v L RO@ED T

void (PyObject #*exporter, Py_buffer *view); ]

Ny Z77DV)Y —RAzRT2ERZUH LT, bLEARTI2HLEDH 2 Y —ABKRVIGE,
PyBufferProcs.bf_releasebuffer & NULL IZLTHHVWERA, Z5 TRVWEHEAIX. ZoBEKD
BN 72 R E0E. LN OEEONFTFIE (optional step) ZITWE T

(1) T2 2H— b LA BT 2 EA Y Y 2 F 2 ) A2 P LET,
(2) Y2 ED 0 DHEIE, view I SN2 TORAEY R T,

IIAR—RIF. Ny 7 7EHDOV Y — R EBEMRUENT 272912 internal 74—V F&2ELRITHIZ
BODEBA, TO74 =K, ara—<DB view 5IE LTHIIFILDONYy 77Dal—%E
LTWBTHAIM. ZHoRWI EMRIEENTVE T,

ZDRAEUZ, view->0bj BT 7 U XY P LTIEWITER A, BRERDS ZHUL PyBuffer Release() T
HERNATHON 2026 T (2O REZSROIERZP S DITHHTT),

PyBuffer_Release() &, ZOM%E Iy 7322y a—<MIDA[ X —7 2 —ATT,

12.3.12 async A7 U MEERE
Added in version 3.5.

type PyAsyncMethods

Z DRGERIL awaitable 72 =2 b ¥ asynchronous iterator 7Y =7 N REET 5 DICHELE
BADKRA VEZZRFEELTVE T,

DU ISR DEFR TS

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

OO A F ¥ T FDMED T

PyObject *am_await(PyObject *self); }

BENZFA 727 b AT7L—2 TRINERDEEA, 2FD DA TV 27 MIZHLT
PyIter_Check() 73 1 ZIRI72FHUILD FEA,
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FTT 27 b awaitable TRWGE., ZOATy % NULL ICEREL T,

unaryfunc PyAsyncMethods.am_aiter

ZOBBDY 7 F v AT O@ED T

PyObject *am_aiter(PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.

F7Y 27 bOERPKENED I r F L Z2EELTOWRWEES, ZOXR Yy b NULL IZE L
%9,

unaryfunc PyAsyncMethods.am_anext

OO I3 F v IZLIFOED T

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

OO IAF ¥ LI FDOED T

PySendResult am_send(PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send() for details. This slot may be set to NULL.

Added in version 3.10.

12.3.13 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py _ssize ¢ nitems)

RICBL E9: Stable ABI. The purpose of this function is to separate memory allocation from
memory initialization. It should return a pointer to a block of memory of adequate length for the
instance, suitably aligned, and initialized to zeros, but with ob_refcnt 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.

ZOBEBTIIMDO VIR E A4 Y AX Y ZAPEULBIT-oTE R D TR A, BMOAEVEDHHETTSD
ToTERDFERHA, 2D XS HRNHEIX tp_new TITHONENRNETT,

typedef void (*destructor)(PyObject*)
RICEBLFT: Stable ABIL.

typedef void (*freefunc)(void*)

tp_free ZBIRL T LIV,
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typedef PyObject *(*newfunc)(PyTypeObject®, PyObject*, PyObject™)
RICEBLET: Stable ABL tp_new ZZLTLFE W,

typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
RICBLET: Stable ABL tp_init BB LTLEEW,

typedef PyObject *(*reprfunc)(PyObject™®)
RICBLZE T Stable ABL tp_repr 2SR LT XV,

typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
RICBLET: Stable ABL. # 7Y =2 FORHOEZIEL 3,

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

RICBLET: Stable ABL. A7V =7 FORBMHICEZHREL £3. BEZHIFRT 21213, value (5)
FI8UC NULL ZREL 5,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
RICELZET: Stable ABL. #7227 FOEMDEERLET,

tp_getattro ZBML T E W,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

RICBLET: Stable ABL. A 7Y =7 FORBHEEZREL £3. BIEZHIBRT 2121, value (5)
FI80C NULL ZREL £ 3

tp_setattro ZBML T E W,
typedef PyObject *(*descrgetfunc)(PyObject*, PyObject*, PyObject™)
RICELZE 9 Stable ABI. tp_descr_get ZBHL T X\,
typedef int (*descrsetfunc)(PyObject™, PyObject*, PyObject™)
RICEBLZE 9 Stable ABL tp_descr_set 2L T X W,
typedef Py hash_t (*hashfunc)(PyObject™)
RICEBLE9: Stable ABL. tp_hash 2B L TLEX W,
typedef PyObject *(*richempfunc)(PyObject*, PyObject®, int)
RICBLE9: Stable ABL. tp_richcompare 2BIRL TL X W,
typedef PyObject *(*getiterfunc)(PyObject*)
RICEBLZE T Stable ABL tp_iter SR LT W,
typedef PyObject *(*iternextfunc)(PyObject™)
RICBLET: Stable ABL. tp_iternext 2B L TLFX W,
typedef Py_ssize t (*lenfunc)(PyObject™)
RICEBLFT: Stable ABI.
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typedef int (*getbufferproc)(PyObject™, Py buffer*, int)

RICBELZET: Stable ABI (IN—=2 3> 8.12 &D).

typedef void (*releasebufferproc)(PyObject*, Py _buffer*)
RICBELET: Stable ABI (IN—23> 3.12 &D).

typedef PyObject *(*unaryfunc)(PyObject™)
RICELZF9: Stable ABL

typedef PyObject *(*binaryfunc)(PyObject™, PyObject™)
RICELZE T Stable ABI.

typedef PySendResult (*sendfunc)(PyObject*, PyObject*, PyObject™*)

am_send ZBRLTLEE W,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject®, PyObject*)
RICBLZE 9 Stable ABI.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py ssize t)
RICEBLZF 9 Stable ABL

typedef int (*ssizeobjargproc)(PyObject*, Py _ssize t, PyObject™)
RICEL X9 Stable ABI.

typedef int (*objobjproc)(PyObject™, PyObject*)
RICBELZE 9 Stable ABI.

typedef int (*objobjargproc)(PyObject™, PyObject®, PyObject™)
RICELZE T Stable ABI.

12.3.14 {EFRH

Z ZTiX Python ORIERDHHELRFZ WL OB ET, 05 OHNTIEH 1 7-h58:8 3 2 Hads a2 A 5
ZEATOVET, WSODHITRE MY vy F—Ra—F—r—R2EHBELTVWET, LDZL OHIRLEERNL
B, F2— bV 7ADRBER S, defining-new-types % new-types-topics SR L TL 72X W,

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;

} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
(KDR=V 12X )
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.tp_basicsize =

sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),

.tp_new = myobj_new,

.tp_dealloc =

.tp_repr = (reprfunc)myobj_repr,

};

(RIDR=I D5 DR E)

(destructor)myobj_dealloc,

IO REROHLTEHVEEWa— K2 (82 CPython Da— FR—ZHT) E»F3Zehnds0d L

NEHA:

static PyTypeObject MyObject_Type

PyVarObject_HEAD_INIT(NULL, 0)

"mymod .MyObject",

sizeof (MyObject),

0,

(destructor)myobj_dealloc,

0,

0,

0,

0,

(reprfunc)myobj_repr,
0,
0,
0,
0,
0,
0,
0,
0,
0,
0

H

PyDoc_STR("My objects"),

- - - -

-

- - -

e o e e e v e e e ©

-

= {

/*
/*
/*
/*
/*
/*
/*
/*
/*
Vi
/*
/*
/*
/*
/*
/*
/*
/%
/*
/*
/*
/*
/%
/*
/*
/*
/*
/*
/*
/*

tp_name */
tp_basicsize */
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 */
tp_richcompare */
tp_weaklistoffset */
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */

(RDR=V 1K)
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(FiDR— 25 D %)
s /* tp_dict */
R /* tp_descr_get */

0
0
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */

myobj_new, /* tp_new */

B VARV ATEE, Ny Y a kY R—- T

typedef struct {
PyObject _HEAD
const char *data;

} MyObject;

static PyTypeObject MyObject_Type = {

PyVarObject_HEAD_INIT(NULL, 0)

.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),

.tp_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,
3

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;

(RD<—12Hi <)
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(RiDR=T 226 DfE X))

static PyTypeObject MyStr_Type = {

PyVarObject_HEAD_INIT(NULL, 0)

.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,

};

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",

};

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datalil];

} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof(char x),
.tp_itemsize = sizeof (char *),

};

12.4 BIREBAN—2OL I3 Y R—F95%

Python 2MERZHREZEOLIRN—YOME e aL 7Y a v EFR- T 2IZE, o7 =7 b3 s 7
aryrF Mo 7Y EMMOar T FHEAET) L REAF TV 27 MIT X3 Y KR — FHRBET
T, DA TV 27 M TEBRERBLAVA 7Y 27 Mo, (BUESXXES D L5 7R) 7 b 28 (atomic
type) NOZRIZVTEELET 2 L5 RETIE, AIR=Yarrra YELTRHIlZAt VoY R—F2iE
BT 2HEEIH D FE A
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To create a container type, the tp_flags field of the type object must include the Py TPFLAGS_HAVE_GC
and provide an implementation of the tp_traverse handler. If instances of the type are mutable, a

tp_clear implementation must also be provided.

Py_TPFLAGS_HAVE_GC z
D75 7%Ey bLEHOA TV 27 ME. ZOHICHBNZHANSGHEES LI h 8 A, HED
2D, 075 7%y FLEROX TSz v earyT ATV PR E T,

aryFFROay A7 7 ZFL RO ZOOHANGHEE LTIk D 28 A:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2o arTFFADBZELIALZLD LBV 4 =L B2 THbERIZE, T
PyObject_GC_Track() ZMUOH 23 UIRD FH A,

FfC, A 7227 bDOXE ) BHBEKS LT DO = SOBANEE L b T8 A:

1. o ay7F22LTW5E 7 1 =)L et 3 20112, PyObject_GC_UnTrack() ZW-OH X721
XD FEA,

2. A7V 27 FDRXEVIX PyObject_GC Del () TR LTI THA,

A

If a type adds the Py_ TPFLAGS_HAVE_ GC, then it must implement at least a tp_traverse

g

=3
[=]

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 pop-
ulate 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)

Analogous to PyObject_New but for container objects with the Py_TPFLAGS HAVE_GC flag set.

PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyObject_NewVar but for container objects with the Py_TPFLAGS_HAVE_GC flag set.

PyObject *PyUnstable_0Object_GC_NewWithExtraData(PyTypeObject *type, size_t extra_ size)

Z AU Unstable API T3, YA F—V ) —RATTFERLKEBINZZ DY T,

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
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7'\

g

==}
=

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

PyVarObject and tp_titemsize instead.

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

Added in version 3.12.

PyObject_GC_Resize (TYPE, op, newsize)

Resize an object allocated by PyObject_NewVar. Returns the resized object of type TYPE* (refers
to any C type) or NULL on failure.

op must be of type PyVar0bject* and must not be tracked by the collector yet. newsize must be
of type Py_ssize_t.

void PyObject_GC_Track (PyObject *op)

RICBLFT: Stable ABL. A7V x27 b op &, AL 7 RICEX->TERFENDZATI 27 FOREI
BMLEST, 2L 7 XEAEEI OPETETERVDT, BHEIATHWEEEA 7Y =2 MIEELWL

=R
RETOWRITNUIRD E¥ A, tp_traverse DIMRLZZETD T 4 =V EPIELWIRERBIZR 5 TF
QT ZVTWRa YR P77 ZOREMET, MOHTRETT,
int PyObject_IS_GC(PyObject *obj)

Returns non-zero if the object implements the garbage collector protocol, otherwise returns 0.

The object cannot be tracked by the garbage collector if this function returns 0.
int PyObject_GC_IsTracked(PyObject *op)

RICBLET: Stable ABI (IN—23> 3.9 &D ). Returns 1 if the object type of op implements

the GC protocol and op is being currently tracked by the garbage collector and 0 otherwise.
Added in version 3.9.

This is analogous to the Python function gc.is_tracked().
int PyObject_GC_IsFinalized (PyObject *op)

RICBLET: Stable ABI (IN—23 > 3.9 &D ). Returns 1 if the object type of op implements

the GC protocol and op has been already finalized by the garbage collector and 0 otherwise.

This is analogous to the Python function gc.is_finalized().
Added in version 3.9.

void PyObject_GC_Del (void *op)

12.4.
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RICEB L E7: Stable ABI. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

RICBLEFT: Stable ABL. A7V x27 b op &, AL 7RI TEREINZ AT 27 O
LRRELET, ZOATI =7 MR LT PyObject_GC_ Track() ZHEMUIH L T, J_@T‘éﬂéﬂ'
Tz FVOERBIZRT I BARETT, tp_traverse NY FTDXWRE 27 4 — L EMBIELL &
WIRRBIZRZ 2 HC, 7707 —& (tp_dealloc NV R 7)) FA 7V =27 M LT, ZOBEKENHN
HFRETT,

N—Y a ¥ 3.8 TZH¥: The _PyObject_GC_TRACK() and _PyObject_GC_UNTRACK() macros have been
removed from the public C API.

tp_traverse NY R ZIZZOBIOB AT X — X2 ZIFHLD %5

typedef int (*visitproc)(PyObject *object, void *arg)

RICBLET: Stable ABL. tp_traverse N¥ F 7 IZE N2 Y X —B#K (visitor function) DAY
TT, ZOBBUX. BRITEA 7T =2 b% object ¥ LT, tp_traverse N K7D 3 518% arg
ELTHUHL 3, Python Da7idWL D200 I X —BEH-> T, Ik ERSEEM
T 2EHAZEELET;, - DPEEDLDICL I X —HAREZHE I BENHTL 222137 0VWT
Lo,

tp_traverse NY FZIIROEZFF o TWiRIFUIR D FEA:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

RICBLET: Stable ABL. aY7F4 79227 bDRdD 7 =P LK (traversal function) T
T, FETIE, self WEBRA-TVEEA T2 MU T visit BABENROCHIRFIUIRD 8
Ao TDEE, visit NDNRIRXRFAYTFIA>TWEEF T 27 b, TONY FZIZESH
7z arg DIETT . wisit BIBUE NULL A 72 =7 b ESIEICHE L THECH L TER D ¥ A, visit HIE
troEzZETHE 7 —MREL, ROEZZOEIRT LS CLATIRD $8A,

tp_traverse N F 7 2fHERICE L 12DIT, Py _VISITO) w7 upigtahitnEd, Zo~vruzffisik
DITIE, tp_traverse DEEMDIIBUZ. —XFHEDT visit £ arg TRIFIUIRD FHA:

void Py_VISIT(PyObject *o)

0 3 NULL TRIFIUI, o ¥ arg 251U T visit a—NANy Z2HOH L E T, visit BB TRNV
EERLGE., FOEEZERLET, ZO~r7u%2ffis . tp_traverse NY FZIERD LSk
%9

static int
my_traverse(Noddy *self, visitproc visit, void *arg)
{

Py_VISIT(self->foo);

Py_VISIT(self->bar);

return O;

(RDR—DIHE<)
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(FiDR— 25 D %)

tp_clear N F 13 inquiry BTH 20, * 7Y =7 F2AZ (immutable) 72355 1& NULL TR U7z
DEHA

typedef int (*inquiry)(PyObject *self)
RICELET: Stable ABL fERZREEHR L TV e BIZLESHBHELHEL T, EEARER A
TV x 7 VAERSBEBEHEGR T 2 AR LTRVDT, ZOBBEERTILEEIDD $EA,
DAYy REMUHLABETHA 7Y 27 MIBREETRITINERLRVDOTERLTLZE W
(BRUTH LT Py_DECREF() ZMERIZFIZLRWVWTLEE W), AR=YaLrZRiE, A7 bH
BRSMZR L T02 e 2RI LRI DX Y v RO LT,

12.4.1 Controlling the Garbage Collector State
The C-API provides the following functions for controlling garbage collection runs.

Py ssize_t PyGC_Collect (void)
RICBLET: Stable ABI. Perform a full garbage collection, if the garbage collector is enabled.

(Note that gc.collect () runs it unconditionally.)

Returns the number of collected 4+ 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)
RICBLET: Stable ABI (/N\—23> 5.10 &b ). Enable the garbage collector: similar to

gc.enable(). Returns the previous state, 0 for disabled and 1 for enabled.
Added in version 3.10.

int PyGC_Disable (void)

RICBLEY: Stable ABI (IN—23 > 3.10 &b ). Disable the garbage collector: similar to
gc.disable(). Returns the previous state, 0 for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_IsEnabled (void)
RICBLZF Y : Stable ABI (IN—23 > 8.10 &b ). Query the state of the garbage collector: similar

to gc.isenabled (). Returns the current state, 0 for disabled and 1 for enabled.

Added in version 3.10.
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12.4.2 Querying Garbage Collector State
The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gcuisitobjects t callback, void *arg)

ZHUZ Unstable API T%, A F—V V) —ATTERIEEINDZZ DD FT,

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of
callback.

A

If new objects are (de)allocated by the callback it is undefined if they will be visited.

g

==}
[=]

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 (*gcvisitobjects_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 O 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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APl £ ABl O/N\—>3=>4

CPython I RO~ 0 TA=Ya YEBEZLNHLTVEST, Zhnida— 2 EILREINE N—Ya >
WHIHELTED, HFLY RITE LN EIA—Ta v TREEVWI L ICERELTLEE W,

N—=a VD API & ABI OLEMIZOWTIE C API DEEM 2SR L TLIZE W,

PY_MAJOR_VERSION

3.4.1a2 ® 3,

PY_MINOR_VERSION

3.4.1a2 D 4,

PY_MICRO_VERSION

3.4.1a2 D 1,

PY_RELEASE_LEVEL

3.4.1a2 D a, 777 Tld 0xA, R—XTIZ 0xB. VUV —REFMTIX 0xC . WK TIE 0xF 72
bij—o

PY_RELEASE_SERIAL

3.4.1a2 D 2, RV IV —2ATIZ 0k ET,

PY_VERSION_HEX
Python O NN— a Y EESZH—OBBIFS L LD DT,

TRROEIIT3R2EY FOMHEE LTH/S 28T, N—Ya VERE2B{LIeHTEET:

bytes Ewv bk (EvIIVF4T7oF—4) Ek 3.4.1a2 Df#
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

L7=235 T, 3.4.1a2 1% 16 HET 0x030401a2 TH D, 3.10.0 1% 16 #EE T 0x030a00f0 T,
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IHEBELEBCHERA L 9, flziX, #if PY_VERSION_HEX >= ...,
ZODON=Ta E> YRV Py_Version PHb AFTEET,

const unsigned long Py_Version
RICBLET: Stable ABI (IN—=23 > 3.11 &b ). PY_VERSION HEX ~Zu R UHRXT, H—
DEFEM T a— FE Nz Python DEFRDANA—Y a VBB T, ZHIETRICHEHAINS
Python DN—Y a Y B &EATHWET,

Added in version 3.11.

Zhen~<2uld Include/patchlevel.h TEREINTVE T,
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MONITORING C API

Added in version 3.13.

An extension may need to interact with the event monitoring system. Subscribing to events and regis-

tering callbacks can be done via the Python API exposed in sys.monitoring.






%

FIFTEEN

GENERATING EXECUTION EVENTS

The functions below make it possible for an extension to fire monitoring events as it emulates the
execution of Python code. Each of these functions accepts a PyMonitoringState struct which contains
concise information about the activation state of events, as well as the event arguments, which include a
PyObject* representing the code object, the instruction offset and sometimes additional, event-specific
arguments (see sys.monitoring for details about the signatures of the different event callbacks). The

codelike argument should be an instance of types.CodeType or of a type that emulates it.
The VM disables tracing when firing an event, so there is no need for user code to do that.

Monitoring functions should not be called with an exception set, except those listed below as working
with the current exception.
type PyMonitoringState
Representation of the state of an event type. It is allocated by the user while its contents are
maintained by the monitoring API functions described below.
All of the functions below return 0 on success and -1 (with an exception set) on error.

See sys.monitoring for descriptions of the events.

int PyMonitoring_FirePyStartEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a PY_START event.

int PyMonitoring_FirePyResumeEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_RESUME event.

int PyMonitoring_FirePyReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,

PyObject *retval)

Fire a PY_RETURN event.

int PyMonitoring_FirePyYieldEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset,

PyObject *retval)

Fire a PY_YIELD event.

int PyMonitoring_FireCallEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *callable, PyObject *arg0)
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Fire a CALL event.
int PyMonitoring_FireLineEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, int
lineno)
Fire a LINE event.
int PyMonitoring_FireJumpEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *target_ offset)
Fire a JUMP event.
int PyMonitoring_FireBranchLeftEvent (PyMonitoringState *state, PyObject *codelike, int32_t
offset, PyObject *target_ offset)
Fire a BRANCH_LEFT event.
int PyMonitoring_FireBranchRightEvent (PyMonitoringState *state, PyObject *codelike, int32_t
offset, PyObject *target_ offset)
Fire a BRANCH_RIGHT event.
int PyMonitoring_FireCReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *retval)

Fire a C_RETURN event.

int PyMonitoring_FirePyThrowEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a PY_THROW event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a RAISE event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireCRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a C_RAISE event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireReraiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a RERAISE event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireExceptionHandledEvent ( PyMonitoringState *state, PyObject *codelike,

int32_t offset)

Fire an EXCEPTION_HANDLED event with the current exception (as returned by
PyErr_GetRaisedEzception()).

int PyMonitoring_FirePyUnwindEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_UNWIND event with the current exception (as returned by

PyErr_GetRaisedEzception()).

int PyMonitoring_FireStopIterationEvent (PyMonitoringState *state, PyObject *codelike, int32_ t
offset, PyObject *value)
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Fire a STOP_ITERATION event. If value is an instance of StopIteration, it is used. Otherwise, a

new StopIlteration instance is created with value as its argument.

15.1 Managing the Monitoring State

Monitoring states can be managed with the help of monitoring scopes. A scope would typically corre-

spond to a python function.

int PyMonitoring_EnterScope (PyMonitoringState *state_array, uint64_t *version, const uint8_t

*event_ types, Py_ssize_t length)

Enter a monitored scope. event_types is an array of the event IDs for events that
may be fired from the scope. For example, the ID of a PY_START event is the value
PY_MONITORING_EVENT_PY_START, which is numerically equal to the base-2 logarithm of sys.
monitoring.events.PY_START. state_array is an array with a monitoring state entry for each
event in event_types, it is allocated by the user but populated by PyMonitoring_EnterScope ()
with information about the activation state of the event. The size of event_types (and hence also

of state_array) is given in length.

The version argument is a pointer to a value which should be allocated by the user together with
state_array and initialized to 0, and then set only by PyMonitoring_EnterScope() itself. It
allows this function to determine whether event states have changed since the previous call, and

to return quickly if they have not.

The scopes referred to here are lexical scopes: a function, class or method.
PyMonitoring_EnterScope() should be called whenever the lexical scope is entered. Scopes
can be reentered, reusing the same state__array and version, in situations like when emulating a
recursive Python function. When a code-like’s execution is paused, such as when emulating a

generator, the scope needs to be exited and re-entered.

The macros for event_types are:
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Macro

Event

PY_MONITORING_EVENT BRANCH_LEFT

PY_MONITORING_EVENT_BRANCH_RIGHT

PY_MONITORING_EVENT_ CALL

PY_MONITORING_EVENT_C_RAISE

PY_MONITORING_EVENT_C_RETURN

PY_MONITORING_EVENT_EXCEPTION_HANDLED

PY_MONITORING_EVENT_INSTRUCTION

PY_MONITORING_EVENT_JUMP

PY_MONITORING_EVENT_LINE

PY_MONITORING_EVENT_PY_RESUME

PY_MONITORING_EVENT_PY_RETURN

PY_MONITORING_EVENT_PY_START

PY_MONITORING_EVENT_PY_THROW

PY_MONITORING_EVENT PY_UNWIND

BRANCH_LEFT

BRANCH_RIGHT

CALL

C_RAISE

C_RETURN

EXCEPTION_HANDLED

INSTRUCTION

JUMP

LINE

PY_RESUME

PY_RETURN

PY_START

PY_THROW

PY_UNWIND
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PY_MONITORING_EVENT_RAISE

PY_YIE
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int PyMonitoring_ExitScope (void)

Exit the last scope that was entered with PyMonitoring_EnterScope().
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>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
CEfFENZa—-FHITEIL AT T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XEOR AR, AR BEEIN. =ZFHSHF) oA, Far—x—ofRic, a—-Fz2 AN
BERICFRENS T 7 4L+ D Python 7> 7+ T,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK Y 7 21F duck-typing 25T T 2 d DT, hasattr() REDHDT 7 =v
7 TENBHFTH - 72 W Wb I1cid 2 (1213 magic methods DIFH) JHICA ¥ X —T = — A% ER
THHEZRMEL 3, ABC IXMEAE (virtual) 3727 9 RZEALE T, ZHhEHEZ 7 206/ EKL
FHAD, ZNTD isinstance() X issubclass() IR ENFET; abc T 2 —ILD FF 2 X
YR ESHBLTLZE W, Python 1k, £ OflARAA ABC BRI TVWE T, DRI,
(collections.abc EY 2 —/LTC) 7 — X, (numbers £ 2 —/LTC) . (io EY2—1LT) A b
Y —24, (importlib.abc E¥ 2 —JLT) 4 Y K— b7 74 Y Z/PFB—X—T7F, abc EL 2 —L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotate function A
function that can be called to retrieve the annotations of an object. This function is accessible as
the __annotate__ attribute of functions, classes, and modules. Annotate functions are a subset

of evaluate functions.

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RDEICEFRT 2 70T, EilickD
type hint £ LTHEONTVET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,
class attributes, and functions can be retrieved by calling annotationlib.get_annotations() on

modules, classes, and functions, respectively.
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See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe

this functionality. Also see annotations-howto for best practices on working with annotations.

51# (argument)
(518 BRI, B (£ AV R) KETHETT, EEuc 2@EH D 3

o F—TU—FR5%: BEMECH L OBICEIEBDORNIHEBI T2 oWz b D (fl: name=) R, *x IZHil}
J-EEOHOEE L THEINZGE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —

7 — 5T
complex(real=3, imag=5)
complex(**{'real': 3, 'imag': 5})

o fIBSI: ¥—v— F5lELU D58, METIBIITIEY 2+ OFFICHELS Z A TE, $h* 12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX ROBITIX 3 & 5 M FHAES
T3

complex (3, 5)
complex(*(3, 5))

FEIBUIBBOFRICBWTHRIN EDOn — AV ERICHID B Toh £, HDHTE2TSHANCOW
Tid calls ZBRLTLEE VN, VX ZRARBOVTEFFERTLDIZHL0 IS5 Z el
kRET, FHBiEhfHIe - VZERICE DL THNET,

RE1% . FAQ @ FHEEIEEARGIBDENMIMTTH? . PEP 362 2SR L TLEEW,

asynchronous context manager
(JEEa > 7 X A b~ —Y v) __aenter__() & __aexit__() XY v FEEFT S I LT async
with XNORBEZEM T 247922 TF, PEP 492 TEAXNLE L7,

asynchronous generator
(FERIY = % L — &) asynchronous generator iterator iR 3B TF . async def TEFEI Nz
N—F VEBIZBI TV E A, yield ReHDORTRLD £, yield i async for /— 7T
TEZHEOMIZERT 2DIMHHINE T,

EFIBIEFEH Y = 2 L — 2B L 35, XRICK > T RS zRL—R21TL—&% 25T
GEhd 3, BRENTERPH S THRWEE, BRLD 7012 R B2 AL £ 9,

FEFMY = 2 L — X BB, async for XX async with X2 THL avait RdDH 220D
D ij‘o

asynchronous generator iterator
GERIY = 2L —& A4 7L — &) asynchronous generator B THEREN2 LTS 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& THIXN 3 & awaitable 7Y = 7
FERIRLE T, 2D awaitable 7 7Y =27 NI, KD yield RETIEFAMAY = x L —XEKOARK %
FEITLET,

#% yield TIEX—WRANCLIEZHMI L, ZDHOFETRE (0 — D VEBPRETO try X2 B) &
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https://peps.python.org/pep-0649/
https://peps.python.org/pep-0362/
https://peps.python.org/pep-0492/
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ERLET, RS TR L =R TL—42 » __anext__ () TRENMHD awaitable TEERICH
B3 22X, ZohWiEmEIINE T, PEP 492 88X PEP 525 22 L TL X W,

asynchronous iterable
(JEMHAA 77 7)) async for XOHTHATES 4727 b TT, HHD __aiter__() XV v
B2 & asynchronous iterator ZRELRIFIULZ D £¥ A, PEP 492 TEAINE L7,

asynchronous iterator
CGERMIA4 7L —%&) __aiter__() & __anext__ () XY v RZ2RELLA TV 27 bT
9, __anext__ (O & awaitable & 7Y £ 7 b RBEIRIFNIEZD £E A, async for 1
StopAsynclteration 4t Z XM FT 2 £ T, FEFAMA 7L —FD __anext__() XYV v PR
3 awaitable Zf#R L £3, PEP 492 TEAXNE L7z,

B
(BM) 7Y =27 McEEFF SN, Ry bRERZ K-> THEATTEESREINAETT, flzi, +
T2k o DEN 0 BRoTWEE, ZOEMHIX 0.0 TBREINE T,

F 7Y 7 MiZid, identifiers TER XN LAl TFTREIBRWAETOBEEER2 522 Z P TEET, 128
ZIE setattr() ZHWV, ATV 27 bR EREFAILTVWEHEEIITAET. ZOX52EHIERY
FREARTIET7 7 RATET, RODIC getattr() 2o TWMEILENH D £3,

awaitable
(fPH%PTEE) avait R THAT 2 Z PR EZ2 A 72 =22 S TI . coroutine >, __await__() XV v
RBHBATY 227 b TT, PEP 492 2B L TLE X,

BDFL %=
R ZALH ML (Benevolent Dictator For Life) OB T3, Python OfF#. Guido van Rossum D
Z&T9,

binary file
(NAF VT 7 AN) bytes-like ZT TV b OFRARAABIVOEZIAANTES J7MILFTox
Ik TTe XAFV 774 0DHNE N4 FVE—=F ('rb', 'wb' or 'rb+') THINZT 7 4L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO *® gzip.GzipFile. DA Y A X Y XA TY,

Str A7V 2 POBAEBEENTELZ 7740 F TP =7 MTOWTIE, text file BB TLZE W,

borrowed reference In
Python’s C API, a borrowed reference is a reference to an object, where the code using the object
does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,

a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong refer-
ence 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 AN
w7770 3IL (buffer Protocol) ZHH— 1+ LTWT, C FFBOEKT EHiLI Ny 7 7 -2
A[RER A 7Y = 7 b, bytes, bytearray, array.array . %< O—H%R memoryview A 7Y = 7
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FAIZAUTE 2D £F, bytes-like F 7Y =7 MA T—XFEH, NAFV T 7 A ANDRE, Vv
FERHLERELRYE, N FVTFT—RX2ERTI20WSVWALRBMEICHET 2 2 e NTEF T,

BOPOBIETREINAF VT —R2LEETI2LEDPDD ET, ZOREOFFa Xy PTIREL 75
AHE ZAJAEIR bytes-like A 7Y =27 M IKEKRLTOVWES, ZHEARER Ay 77 —F 7T =27 M
bytearray ¢ bytearray @ memoryview REDEZENE T, F/. MO DBRIETIIALE LA
T2 VDAL F YT =& (7 HAHLEHD bytes-like A 72 =7 b)) ZRHELET, U
bytes ¥ bytes ® memoryview A7V =7 M EENE T,

bytecode

callable

callback

32

("4 ha—F) Python ®Y —RZa— R, Python 702 4® CPython £ ¥ &7 ) X DNEEREL
THIZNA FA—FANE Ay R LENET, N ba—Fi& .pyc 774 MCF vy adi, FAL
77 AN ZEHIZFITINZ 2R EDEHRICRDET (Y—RA—=FhPHNf Fa— FANOHED
AV RAOVFEEINET), 20 7 HEEEE (intermediate language)” (&, & & D N4 b a— Rt
JoF ZHEMEEEFEITT 2 (REEYY Y TEMET 2 WA KT, HERERL LT, N1 ba— FIERR
% Python fRfE~ > Y RITENIMET 2 Z 2=, Python VY — XA TLETH 3 Z 2 3HFIhT\WE
A

NA Pa—FOMES—EiZ dis ES2a—L ZHDHET,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

callable(argumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(TN y 2) RO B BREMTIIT SN2 DI IR L LT 2 B

(ZFR) 2=V —ERA T VT 572007 L —1+TF, V7 I7RAERIEH., 2D 7
ADA VARV ALDFEERETEXY Y ROEEEEAE T,

class variable

(75 2AZH) 77 A LICEREIN, Z7FALRLT (DFD, V753ADA VAR YA ETIERLIR) &
BHXh3ZeZHME LTWREKTT,

closure variable A

free variable referenced from a nested scope that is defined in an outer scope rather than being
resolved at runtime from the globals or builtin namespaces. May be explicitly defined with the

nonlocal keyword to allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but

only x is a closure variable:
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def outer():
x =0
def inner():
nonlocal x
x +=1
print (x)

return inner

Due to the codeobject.co_freevars attribute (which, despite its name, only includes the names
of closure variables rather than listing all referenced free variables), the more general free variable

term is sometimes used even when the intended meaning is to refer specifically to closure variables.

complex number
(HRE) L<HLNTOREBREIRLEDDT, $RNTORIIFER oM LTRINET,
RERUI RN (-1 OFEHR) ICFEHE I 2D DT, —RICEETIZ i v Ehh, TH¥TIEj v &
PILE T, Python IZEBBUTHAAATHIE L, BREORILETI > TVWET, BiBIIREIC j 22U
TEXFET, XX 3+1j TF, math Y 2 —VOEEBIREFAH T 21213, cmath 2#HWE T, &
FHOFHIED D BELBFOKRETT, REEZE UL, IRFMEVRIBHELTLEST
WwTL x5,

context
This term has different meanings depending on where and how it is used. Some common

meanings:

e The collection of keyvalue bindings associated with a particular contextvars.Context object

and accessed via ContextVar objects. Also see context variable.
e A contextvars.Context object. Also see current context.

AYTFFANEEBEFORMIL
The __enter__() and __exit__() methods called by the with statement. See PEP 343.

context manager
An object which implements the context management protocol and controls the environment seen

in a with statement. See PEP 343.

context variable A
variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between

concurrent asynchronous tasks.

contiguous
(BE, i) Ny 7 7 DB C3E%t £7213 Fortran &t TH2HEIT. 2Dy 7 7138 LT
WREABREET, XLy 7 713 C @i TH D Fortran @i T, —RILOAHITIE, ZDHE
REBLFTAEY ECRHET 2 Lo REES N, BFEXLar6ME DA TWEF TSRS, Z2X
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TLD C-ERAEAITIE, XEVY 7 F LR ER 2K 5 B3I RE DI FHRMNTLED B DITH L,
Fortran 72 BL8 TIIRA OIR A FHRINCE E £ 3,

Jl—F>
(Aan—=F) ar—Fr@3 I I7N—FrDED ~RNZEXTT, ¥ 70 —F I@RD SN
POAD. Blokd s MimroHE T, aL—F U ICFZ L OfkL M H A, 15, HHET
B5ZEMWTEET, 2L —F X async def XTEETEET, PEP 492 2SR L T 12X W0,

coroutine function
(an—F VB coroutine 7Y =7 b RIRFTELTT, aL—F VBT async def W THEEX
., await. async for. BL U async with ¥F—TU—FZ2HFOZLBHKET, Zhsold PEP 492
TEASINE L%,

CPython
python.org THAM XN TWS, Python v 7o 2 v/ FEBEOEERNLEETT, "CPython” 2\ 5
BZEIX, ZDR¥E%E Jython % IronPython ¥\ o 72D FEE ¥ XFI$ 2 RENH ZHEICHH IR
9,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to
access (get or set) the values of contexrt variables. Each thread has its own current context.
Frameworks for executing asynchronous tasks (see asyncio) associate each task with a context

which becomes the current context whenever the task starts or resumes execution.

decorator
(FTav—=x) oK ZIRTREET, @M%, cwrapper M CRIKEH L L CHEHAINE T, 7aL—
2 O— A7 FFFZ. classmethod() ¥ staticmethod() T,

TAL—RDOEE I VR VAT 2l —TF, XD 2 OOBBERITIEHRMICFA TS DT :

def f(arg):

f = staticmethod(f)

@staticmethod
def f(arg):

FUBEEDN 2 ZRACBFELETH, HDEDEDLDNELA, 7AL—RIZOWTHL I BBER B
FEIZIRER DRFa XY FE2BRLTLIEE N,

descriptor

Any object which defines the methods __get__() set__(), or __delete__(). When a class

attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors

is a key to a deep understanding of Python because they are the basis for many features including
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functions, methods, properties, class methods, static methods, and reference to super classes.

FRZYVFEDXY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide 2 LT 72
20,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object
with __hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FFENTERELD) iterable NOETH 2 WIE—HOERLZUEL T, ZOMEL SR ZEFFHFERZIRT a 2%
27 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ 35&, F¥—n ZfH n ** 2
RS 2EFE R AR L 5, comprehensions 2SI L TL 72X W,

dictionary view
(fF#H L 2—) dict.keys(). dict.values(). dict.items() 2RT A7V =7 +TT, FHEHEDIEH
DEMRE 2 —Z2RBL T, TRbE, HEPLEINL a2 -3z KMl £7, HEL 2 —
ZREINCTERR ) A MICF 5121E list (dictview) 2L TLZ XV, dict-views 2SI L T
72E W,

docstring A
string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical

place for documentation of the object.

duck-typing )
2TV MHPELVA VR =T 2 —REFoTWAPERETZ2DICA TV 27 FORE RN
R7TIVIRARANTT, bz, BCA T 27 DX Y v RRBEWSFRIN Dbz D
LT, (ZEALDESICHRAT, 7EADESITBIHE ZFRETALTHB,)) A VR —Tx—2R
FRIZDEHTZZ2 T, EFRLTFTHA v Ia— R RVE—7 4 v 7R EFF L CRMEE
MLXEET, v 7XL Y% type() % isinstance() ICXBHERBITE T, (7275 L. Xy
IRAVEY % HMREEVSA THTETAILHTEET, ) 2ofb b, HAMIC hasattr O
ER FAFP 7u2z5 I 7% FHALET,

EAFP
MR Z2 L 2 X DEF L% 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
HI) ) OBETF, Zd Python TILL b TWwWda—F 4 Y7 2ARA AT, BEIENZX—E
DT 2HDEMRE L. ZTDRED TR TOIGEIHINEMIEL £F. ZOBRTFRIEFETS
=T 4 YT ARANMZIE, try LB LU except XD TADHZDPFRETT, Z077=v 7>
i, COXIRBEBTILIMEDLONTWS LBYL AZXA LB DTS,

evaluate function A
function that can be called to evaluate a lazily evaluated attribute of an object, such as the value
of type aliases created with the type statement.

expression

() MHroEr Pz, —F & FDODH (a piece of syntax) T, Wz 52, XeiZV 7
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Fov, 4l BT 7R HAEFPEBETUCH LAY, BRI ROEROEAERTT, hoZ<
DEFELEV, Python TEEFEOLTOMKERNIN L VI DI TIEH D 8 A, while D K I,
ARELTIERRN X dHDEFT, RADBRXTIEIRLIXTT,

extension module

f-string

(JEEREY 2—1) C R C++ TEILNZEY 2—L T, Python ® C API %F|f L T Python 27
LY —a—FrehehLET,

£ 'F BRI W XFES] ) 75U fostring” EFEEA. AU 74—~y MEAXTHIY
7 7L DEMEOLAFFTT, PEP 498 $ B L TL 72X W,

file object

An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANF TS 27 MCBEBICE 3IEELDET: L0 NAFU—=T7A)L. Ny 7 7Ehi= NA
F)=T7A)l, ZLTTFTFALT 7ML TT, A VR =724 AF i0 EY 2 — L TERZINLTL
£3, 77ANKE T =0 bEAEBIERERN L TTTEE open () BIEEES Z 2T,

file-like object

file object E[AF"TT,

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T2 ANTRATLADIYA—F 4 Y7 TlE, TXRTH 128 N4 PYURRIEBICTa—FIhsdIedy
BEEX MBS TIERDFERA, 77 ANV RTFLDIYA—F 4 7T INDPRIEINL D - 5E
1%, API B#(2° UnicodeError ZXH 3532 e0d b 3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig Read() function: see filesystem encoding and filesystem errors members of

PyConfig.

See also the locale encoding.

finder
(774 Y R) A YR=PEINTVBEI 2—1LD loader DFERERITTEA TV 227 b T,
There are two types of finder: meta path finders for use with sys.meta_path, and path entry
finders for use with sys.path_hooks.
See finders-and-loaders and importlib for much more detail.
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floor division
(U D& CRRE) =T WEBRIC D 15 T2 BEERRE, YD TREEE I // T3, HlRIE 11
/] 40F 227D TR IENFMNCFENIEBOEDORAETIX 2.75 AV RoTE 3, (-11) // 4
& -2.75 Z INEWAIC A S GRIFE: BOERARANDADZITS) DT -3 127425 Z L IHERELTK
72¥W, PEP 238 2L T EX W,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the
same interpreter. This is in contrast to the global interpreter lock which allows only one thread
to execute Python bytecode at a time. See PEP 703.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a
namespace which is not a local variable in that namespace. See closure variable for an example.
Pragmatically, due to the name of the codeobject.co_freevars attribute, the term is also

sometimes used as a synonym for closure variable.

R
(B MM LRNCEZIR S —EHDO XD I T, BRUCIZ 0 M ED 3|1 2T Z e HikE T,
FEDEITRH T Bz RS2 2 e Rk E 5, R5IE. AV v R, function 2B L T X,

function annotation
(BT ) 7—>ay) DT X—=ZRRDED annotation TF,

BT 77— avid, @HREEY R oo d: IR ZoOEE 2 2D int BD5|
e s e S, £/ int MORD RO L iffEh T E S,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a v OXEER function O CHRIHINATVWE T,

FERED AN B % variable annotation, PEP 484, ZZMIRL T & W, F2. 7/ 57— a V& F
AT 3RA 75275 4 A% LT annotations-howto dZHRL TL 7Z&X W,

future
from __future__ import <feature> ¥\ 3 future X i, 2 ¥ 84 T —IZFRD Python V VU —X
T R IPEREFH L THEDE Y 2 -2 a3y I LT3 X5 RLET, __future__
EY 22— LTI, feature D& DI 2fHZ FF a2 XY MELTWET, ZOEI2—L%Af YKR—FL,
ZOERETHE T 2 Z & T, FHBELPRAINCSIEEICEMENZDIT WO, WOFT 7 4L Mk 230

(72137 570) RRB e N TEET:

>>> import __future__
>>>  future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
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vy b, EERSEEMRE UBET 2ERIN—YalL 7 X 2o ThHR—YaL sy ar2iT0g
To HR=VaAL I RF gc BV 2 %flio THRIFTE X3,

Jrxl—%&
(¥ =1L —2&) generator iterator ZiR TR T T, BE ORI TNE D, yield XEFORT
B D %9, yield R, for ' —FTHHATELD, next() BITHEZ 1 DFOWMOHLADTE
5, HOWM P 24K T 2 DIHHEINET,

BHEEY AV —FBEBZRHRLET. Rk T P RL—RATL—F 2T HELHD X
T BRISNLEE®RPHS L TRVWEGE, AL DI B2 AL 5,

generator iterator

(Yzrx =&AL TVL—25) generator BIETHERZINZ A TV =7 M TT,

yield O NZRFMEITIRE (RFMABSRUED try XRXZ2a8t) ZiE L T, WEIE—RrcH
WranEd, SxRL—F4TL—2 HHEHINL . T LMNEZIIGL 3 (B OB FT
D 7= NTH LWIRED HF4GS % D & IR TY),

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81

285

generic function
(=3 V vy 7B Rz 2800 LECREZ T 2 B> SRS 2 BT, MO LY
DFEREZHNDEPET 4 ANy FTAITVXLCEDPESNET,

single dispatch, functools.singledispatch() 7L —X, PEP 443 ZZML T 12X W,

generic type A
type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock B LT IZ&E W,

global interpreter lock
(Za—nnAfrx7FY)xay 7)) CPython 4 ¥ X7V ZPFHALTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—273TH2 2 RAET2HAMATT, ZHUTED (dict &Y
DEBERMAAATEEL) 7Y 27 N EFADFEKET 71 2120 U THRBRIICLRITR 5 DT,
CPython OEENS Y INICRDET, A VX TVXERERY 75528 T, wLF Tty
SYDPELZMHULD AR M eHEHZIC, A X T) XEMBICTALF ALy METE2 X512k
9,
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7272 L. BHED 20D WL O DILERE Y 2 —Uid, iR Y & 23R R Y OFFHE OB WLE
3 5e EIZGIL ZERT 2 KO WCHREFENTVET, E£io. [/O WiHE T 258 GIL 135 IR
ShET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
After building Python with this option, code must be run with -X gil=0 or after set-
ting the PYTHON_GIL=0 environment variable. This feature enables improved performance for
multi-threaded applications and makes it easier to use multi-core CPUs efficiently. For more
details, see PEP 703.

hash-based pyc

hashable

IDLE

(N ¥ aR—=R pyc 7 7 A) IESWHEHEIT 27012, MIET 2 Y —R 7 7 4 VO RMKEHRALIT
B2 Ny Y2 lEFHT 2, Fa—FDF v v a7 7401 TT, pycinvalidation 2L TL
72E W,

An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

Ny Y AA[ERF T 27 MAFEDF —REEDA A LTHZAE T, HEPELGDF— XK
BTy ¥ 2l foTWE 5T,

(@

Python O A I 2 =X TNV RMAABALA TSI 27 NI IFEAEDBNANY Y 2aR[RETT, (VR MHED
£97) I2a—FTNRAVTFIENY T aPARET T, (X T NR frozenset DEIR) £ Ia—&T
ANy TR BRPNYy S aFRETHI L EDHNY Y af[fETT, I—WF—ERDZ FADA ¥
ARVATHZEIBRFATI 2 MET 74V P TAY Y adfETT, ZhHIE2T (AHZRVWT)
HEBHEFREIFEMMTH D Ny > 2l idO) L EshET,

Python Oft&EHFEEREE (Integrated DeveLopment Environment) & U7#E 558 (Learning Environ-
ment) TF, idle i& Python OFEMERREAMICFEMI N TV S ERNZEREDO LT 4 X f ¥ 2T
REREETT,

KA T T bk (immortal)

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.

immutable

(£ 22—27N) FEDEEFE-7=A T2 FTF, A 22— RXTABATY =2 M2, BA. X
FH. BEORTIARE DB ET, cALDF 7Y 22 MAEEZEZ bNEEA, HOHEEREEE
BRNCIE, B BA TV 22 FEERLRINEAED 8 A 4 Ta—X AR TV =2 ME, EE
DAy Y 2 EDRE L 72 SR TEERZE R R LET, HEOF—2Z0fTT,

import path

path based finder »% import 32 €Y 2 — NV E2MERT 250 (X713 path entry) DV X+, import
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., 2OV R MIEH sys.path DORETH, 70— DEEEE v =D __path__
BErSBRET,

importing »

importer

3EY 2—)LD Python 22— FAHIDEY 2 —LD Python 2 — FTHZ 2 X 512F 3MNHETT,

Pa—VERLTE—FRTEFTI I, finder & loader DEESLTHHEIATI T b,

interactive

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)). For more on

interactive mode, see tut-interac.

interpreted

Python &4 Y &2 7Y XKD FEETH D, 224 FFBOMMICMELE T, (N4 ba—Farxs
A IWHBDIC. TOXFNIBHKTTD, ) TITOALA Y RTYXFFELIZ, Y—Ra—KD7 74
N, ETEMFAREFRICL T FETIRI e Vo BER LIS, BHEETTEZIL2EKRLE
To A VXA TV XEROFEIEE., 2> 84 FIBAOFFELD TR/ TNy Z7OH A 7 UFFHD
DD, T TLDFEITE BN T T, WEEHN DS TLE W,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFHINLFFZ, BV 2RI XRTOI VT 4 AR
NEHEZ 2 8D, TRTOMRL 72V Y — R 2 BRFERNCBS 2. File 7 = —XWCAD X5, 20O
72— AR=JOALVF 2EBEMFCHLEST, TAHCEDZI—F—ERDT AT 7 X —%
weakref 23— LNy IBIEUHINEZZ DD ET, v v MU Y7 2 —XHIZETENEa—F
. ZNPMKETZ VY — AR T TIEREL RV (KL HBHIE T4 75 Y —FY 2 — /L% warning
WTT) 72Dk & REISMCER L 3,

AVR—TVENT vy AU T EZEREHIZ __main_ TP a2 —IRETERTWERAZY T+
DEITHET LI TS,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.
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F—RXDMNERHT A T2 T, A TL—KD _next__ () XV vy FEEDIRLFFECHT
(E7FHAAHBE next ) WCET) &, MNWLOHOEREZ—DFTORLET, T—X0RRZ L,
K DT StopIteration FIAf XML ET, ZORET, A 7L —2A 7Tz MIRETEBY, %
NP __next__ () RMIEFEA TS Stoplteration ZEHLET, 41 7L —XiX, ZDAfTL—
EAT7Y =27 PARZIET __iter__O) XYy FE2EELLTFNUILLLVDT, 4 7L —XEMoD
iterable ZXHE T 2I1ZL A YOG THHATEE T, FoZ D & LAEAMMIEROKRIEEZITS L5k
A—=FTF, list D&kS5K) ary7F4A7Y =27 M BHEZ iter() BBUCA 7Y =7 MITEL L
D for V—FWTHS 7=z, FiieRFBHOA T L —XZ2AERLET, ThEA 7L —XTTED
352, BIEIOA 7L =y a Y THABEADRIUA TL—& A7 =7 b RBMIGR T /2, ZEDa
VTFDEIWRIE-oTLELET,

F 7 BRI typeiter 2B D T,

CPython RZEDF#l: CPython does not consistently apply the requirement that an iterator
define __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

keyword

lambda

LBYL

(F—BIE) *—BI%. H2 WAL IE. V- MRIEFLB D7 OfEZ R IO LATREA 7
¥z 2 b (callable) T3, 21X, locale.strxfrm() % F—BIUCHEZIE. 07 —UKFDOY — b D
BHEIZDo oY= F—2RLET,

Python %< OV — g F —BKEZITIR D EZOWM SIES 7L — A2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE23H D £7,

F—BBEEZHEFTOL DD D £F, Bl str.lower() XY v FERXF/NXFxXHAIL
WY — 75X B LTS ZepHkE T, H5WE lambda r: (r[0], r[2]) O X
5 7% lambda XH 6 ¥ —PBAZES Z D TE £9, F/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF - X+ 7A03HD 3, F—FK
DYED F7 2 N F DAE Sorting HOW TO 2L TL 72X,

argument S
58 2L T EZ W,

(7 L8) EHDA VT4 VBT, OOz 2 ICiHiixns 120 X 2E5AFF, 724
XA ZME S M lambda [parameters]: expression T3,

FZ 2130 DL (look before you leap)) DIETS, ZDaA—7 4 Y7 AXANVTIE, FFOH LR
ZAT O AN, BRANCHTIRSRME (pre-condition) ¥IEZITWE S, FAFP 77 u—F L 0RRKT, if
XDz SAMDN S DRI TT,

<AF ALy MEINAEERETIE. LBYL 7 7e—F13 " B27 @i 7" R BREORSIREEF| &
BTV RIBHY ET, #HlzIE. if key in mapping: return mappinglkey] ¥ W5 a— FiZ,
HIEDE, DAL v RPERDHIC mapping 25 key FEDERS ¥R L F3, ZOMEIZ. vy
7520 EAFP 7 70 —F %25 Z e THHRTE£3,
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list A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension
(VAMAEER) =7 YAHFOETH 2 WE—EHOERZUFL T, ZO/R»257%2V X P&k
T, AV T PRGIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £32¥.0m5 255 FTOMBE 16 #EHEEREL (0x..) LEXXFI»HK2 Y R PRERL ¥
To if HildA 7> a2 2T, if HiBL WA, range(256) DR TOERSUH SN E T,

loader

An object that loads a module. It must define a method named load_module(). A loader is

typically returned by a finder. See also:
e finders-and-loaders

e importlib.abc.Loader

« PEP 302

mly e e Bt P2/
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 "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method @ 721) 72[RZZFET T,

mapping
(R EVY) EROF—HFEE Y R— b LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ MIREEK S 7 X THESI N LAY v F2EELTWwWsary 7+ 4
7Y 227 b TF, Bl 21X dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R ¥ T3,

meta path finder
sys.meta_path ZMK L TE SNz finder. meta path finder & path entry finder £ BfRIZH D F
/AN 117 G

meta path finder 255255 % XY v FIZDWTIE importlib.abc.MetaPathFinder #ZMR L TL 72
é L\O

metaclass
(RRIFR) IV FTADY FATT, VIRAERIEZ. 77 A%, 77 RADFEL, HEIFADY R+ %
EDET, XAZI7RZ, ZN5 3 20%5[e LTRIFED, 79 REE2ETEEEWVWET, ITLAY
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DATY x 27 MEAISIEEX GRIE: X X277 AD) 77 4L b OEERFRMEL TV E T, Python 23FE5
BROFGHAARLDARY FARMERTELZRTT, FLAEDI—F—ICH->T, XX 7 7RI
EORVWDHBDTT, LrL, —HOGETIE. XX 77 RFENITZLH Y MRAGEEZRELET, &
LZRBBYE T 7 2on R0, ALy Re—THRBIMLED, 7927 FOEREBHIL
72h, SUINN U EEETRRY, ZLOBHETHHEINED,

FEANE metaclasses 2SR L TL 72 & W0,

XYy R
(XY v R) 7 IAREROHFTERSINTEL, 2D F7ADA VAR ADEELE L THUH iz
B AYY FBA VAR YAATY =27 bE— B L LTRITMD £F (Z0HE—518ILER self
CIENET), B ¥ RAMSINRO—T 3B LTLIZX W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_2.3_mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

module
(£ 2—) Python I— FOMMEN YL LTREBATT 227 FTF, £V 2 — LIFEED
Python 7Y =7 v 2 &8LAREMERE 3. €Y 2 —Lid importing DILEIZ X - T Python
WCHAAENE T,

INT— BB LTLEEWN,

module spec £
Pa—nEu—FT30fEbhd 4 R—-rEHEOEHREZLHATZMTT, importlib.
machinery.ModuleSpec DA Y A X Y XA TT,

See also module-specs.

MRO
method resolution order ML T Z&E W,

mutable
(R2—=RTN) 32—RTNEF TV NI, id) ZERZ DI BREEZERETEE T, 12—
A7) BBRLTLIZE W,

”

named tuple
RN E 2T LW HEEE. AT VML TWT, A V7 v 7 A K BRI LEMNZ - T
D7 7 EAHTEZEREOBP T 7 AZSHAINTVET, 208 7 AIMOEHED K> TWnW5a Z
EHHHET,

time.localtime() % os.stat() DR D EZELWV L O DHAALIIHLHIN & X TV TF, i
DL sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024
>>> gys.float_info.max_exp # named field access

(RDOR=V1Fil)
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(FiDR— 25 D %)
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace

(HRTZEM) BRSNS N2 G TT, ARIZERITFE Y L TEEIAE T, BiZEMiciEt 7Y 2
FD (XYY FO) ANTFIZKRo7b DT TR, RFRS O, KNS D, 2L THAAALD
bOVDHD ET, HHEMEIAHTOWEEENC I LICLoTEY a— MRS K-+ T 5, HIZIFBER
builtins.open ¥ os.open() WFHHTZEM TSN TVET, /. EOEY 2 — O K EELE
LTCWADHRT 2 28I X o CHARTZEMIE AT HlE & R Z SR L £ 3, il 21X, random.seed()
X itertools.islice() ¥&FEL k. ZNZNEY 22—/l random ® itertools TEEINTWVEZ
LD S TY,

namespace package

(BETZEM Ay F—=2) T Ny r—=Y0ar7Fre LToOAEMEINS PEP 420 TERI I
package TTo HRIZERM Sy = 3WENRRALFHF LN e TE, __init__.py 774 l%
Filz72 Wiz, regular package LI1ZER D F3,

module ZBRLTLIZE W,

nested scope

(AR PSR A=) SMITERIN TV EH 2 SIS 2HAET T, BRI D 2B ORI
DOHFTERSIN TV EHE. NHIOBBIZSMIDOBIB oKz S RTE% T, R A PSR a—T
377 4V P TREBOSRIEZINTE, ZRORARTERVOTERELTLLEI WV, n—h IV EH
F. ROAMDR a—FTCEBEGAEE LET, A, 70— "VEHZMES &7 — L%
RIDOEEFEAEE L ET, nonlocal TIHMUDERICEZIAD T T,

new-style class

object

Old name for the flavor of classes now used for all class objects. In earlier Python versions,

only new-style classes could use Python’s newer, versatile features like __slots descriptors,

pa—

properties, __getattribute__(), class methods, and static methods.

(A7Y =2 1) RE (BIERHE) L ERSNLRLIBED (XY v F) 23202 TOF—X, LI,
ETD FAZAILI TR ODEMDEEY 52D &,

optimized scope

A scope where target local variable names are reliably known to the compiler when the code is
compiled, allowing optimization of read and write access to these names. The local namespaces

for functions, generators, coroutines, comprehensions, and generator expressions are optimized in
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this fashion. Note: most interpreter optimizations are applied to all scopes, only those relying on

a known set of local and nonlocal variable names are restricted to optimized scopes.

package
(R T =) TEY 2a—ARHRNIIY 7y r =280 2 DK S module DT TF, &
FIRCiE, Sy =2 __path__ BHZ#FD Python A 7Y =27 + T3,

reqular package & mamespace package B LT 720,

parameter
(IR51%0) ARMTOEMET BEE (2 AV YR ) OEBICBOTHENZIT S E5|8 2HEELET, K
SIS DD £

o MBEXLIFF—T—F: B THIWE F—T— R L TET LN TEL5IMEHELE
To 2RI ZIELLRD foo R° bar DX S, 77 40 b DREIBOMEIETT:

def func(foo, bar=None): ...

o NEHA: MBIZL->TOALGRLNZGIBEIHREL T, MEHFHDOTIET BEERDTIBDOV
APMDHTEZENLDHRAIC / R EDDIIETERTEET, HIZIE D posonlyl ¥ posonly2
B ESERTIEICRY £T:

def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—TU—FER F—U—-FZLoTODAGILNZ5HERELET, ¥—V— FEHEHDO5I%%
EZRTEBEANE. BIZIELITD kw_onlyl S kw_only2 ® X 512, BABEZEDREIEY R Mz
EOAEEMES I BE TR x DB T

def func(arg, *, kw_onlyl, kw_only2): ...

o AIERME: (MMOR5 I TR S NEREDMES BUMZ T) EROEKOALES 15 2
LB ERIELE T, 2D XS RIFIEIZ. DITD args @ & 5 IRGIELDHIIC * 2DF 5
Y TERTEET:

def func(*args, **kwargs): ...

o HAERF—TI—F: (MORGIBTHICZT ONLEREDOF—V — FEEICMZT) EEOEED
F—U—F5BBE5EZ6NE e EEELET, 2D X5 RE5IEE. LOBD kwargs DX 51
BB DN *x ZDF 5 Z L TERTEZET,

REIEEA 7> a Y e EDGIBOEL HBIEETE, A 7> a yO5EIET 7 4V MEBIFET X
\ij—o

R51% . FAQ @ FE5 |18 K5I DE XTI 2?7 . inspect.Parameter 7 7 A, function 2
¥av, PEP 362 2L T ZEW,

path entry
path based finder 73 import § 2 €Y 2 —LE2ET import path £ED 1 DDGFFITT,
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path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) 23R U7z finder T3, 52 H47z path
entry IWHBEY 2 — %2 RBDOITFEHEEZH>TVWET,

NRALY M) =T 74 Y EPFEETZ XY v FIZDOWTIE importlib.abc.PathEntryFinder %%
RLTIZE W,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

Ny

path based finder
7 4V b D meta path finder ® 1 2W&, €Y 2—ILD import path KL F 3,

path-like object
(path-like #7227 V) 77 A NVT AT LRAZRLET, path-like 72 =7 Md, A% R
T str A7V bR bytes 7V =7 b, ¥£713 os.PathLike YR b a L ZFHE LA TP
7 FDENDTT, os.PathLike 7B F AP R—FLTWVWEF 7T =7 M os.fspath() %
MEOH ST Z 2T str $721% bytes DT 7 A VLT AT LNRAZEHTEE T, os.fsdecode() ¥
os.fsencode() I ZNEH str H D WL bytes IKRDZDEMRIET2DIMHEX T, PEP 519 TE

ASNE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 3 2 =7 4 I8 L THERZIRIET 2. H W0
Python OFERER Z OBERLIRIFIZOW TR T 23 LFHFTT, PEP &, #EIZOWTOMERR
B AR L 1R R T 2 REDamill (BER) ZIRR 2 NETT,
PEP 1%, HHSREDIRRICH 2D, 3 2 =7 4 I X 2 MEIGEOEM . Python 1272 X415 B%EHRE
OXEND7=D DI N OB 22 2 ZBERLTWET, PEP OFZH a2 =T 1 NOEE
ez 75 2. RMNERZXELTS2ZLOBEBENDD £7,
PEP 1 ZZR LT E&E W,

portion
PEP 420 TEF XA TW5, namespace package IZJBT 5. HED 7 7 4 VH (zip 7 7 4 VK&
ENTWEHEDDH2) 1 D2DT 4 L7 MV IIEHE N D,

fI&3 % (positional argument) S

I8 2ZWL T ZE W,

provisional API
(BE API) 795 4 75 V) D% )7 HINEREED: SETHANCIRA SN DTS, 2D LI V& —
T2 —ANDRKERER X, WETH2 L INTOIMEIPFINTOEEAN, a7HFHEEF - T
B A INIUE, BAERILREE ([ 2 =7 2 —RDHIRETEENDS) DITONZET, Z
DEIBREFRFLRAIATONZSDTIEDH D FHA - U API ZHAADRNCIERE L 2T
T2ERZRMEPBERE L2 2ICOBATONET,

PE APT IZoWThH, BAAHMOL VAR TREFER LAREINTHET, MERIHIL
AT R EIRRIRISR R T RETT,
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Zo7atRAickh, BES A TS VEMErRE T V7 —ICRVWHEB LA E Z 2L,
FHREB X TELLZHRIT SN FE T, 55l PEP 411 2B L T 72X,

provisional package
provisional API ZZIRLTL X W,

Python 3000
Python 3.x VUV =254 D=y 73 —LT7F, (Python 3 2EWIERDFE o EHIES N E
T3, ) "Py3k” LWINZZdbHYFET,

Pythonic fth

BTN E AT THErNza— F TR Python OFHZ—RINZZA T4 A 2o 7E 2

Jiea— KA, HlziX, Python O—f&H A4 7 4 4 LT for XEMoTA T I TNVDITNTOER

K-> TL—7LET, MDZ DFFEIIEZOMEHAIZLRND T, Python IZEATWRWAIFDH
DIZBHED Y v 2 =25 b LILERA

for i in range(len(food)):
print (food[i])

ZAUTH L. ZThWik Pythonic R ER:

for piece in food:

print (piece)

qualified name
(Bffit) €Y 2= DI B— VR A=TNEH, ZOEY 2 —LTERINLI TR, B XV v ¥
AD, "R BRT Ry MK TY, PEP 3155 TERINTVWET, vy TLNLOBEKRZ F
2 TE, BHi%EA 7Y 27 FOARTEFRICTE:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

EV 2O THbONS &, TEEMB (fully qualified name) IZTXTOF NS r—I &L
2RO Ky KRR, HlZ email .mime.text ZEHKL T

>>> import email.mime.text
(RDR=12Hi)
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(FiDR— 25 D %)
>>> email .mime.text. name _

'email .mime.text'

reference count
BRIV H2F TV 7 PINTE2SHROB ZRAVV DB 0 RoTLE 20X T
Pl MIWEINET, kit THH, SEIV Y PR TEBEINRWZDICHEH D L THMRER
ENHVWATI2 7 B FET, BRI Y MEEFE X Python D a— F EiQEZBEATEAM,
CPython EHOBRERERTT, Iuro~—F EFEOX 7 27 VOBRAV Y M 2HIZ 7201
sys.getrefcount ) BIZMOH T Z LR T T,

regular package =
M7, __init__.py 77 AV EELT 4 L7 MY 2 LTD packages,

namespace package BZBBLTL ZE W,

REPL
"read - eval — print loop” QBHFFET, WEEE 4 VX =TV X — = LD JI#,

slots, 4
FANTDEFT T, A VARV RAEHEDHEH Tz DHOPUDERLTEE, £ Y RAXVAFEZHRT 2
Zr T, XBVEHWLET, ZHUIXEILELNZT 7=y 7 TTH, IELLFSWEAL MY vFx—
RDT, Wk =, PIZEXEYDIEREL 257 TV —2 a3 VT VARV ARKBITIEET
b, EWVolklt ZRRE. EDRVDPRR MTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__()
special method and defines a __len__() method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__() and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(BEANTKE) iterable NORTH 2 WIE—HOERZUH L T, ZOMEI LR I2EERRT IV
U MREFEEFHTT, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ F 3 ¥,
{'r', 'd'} LW XFHNDOEFEEHEMRL FF, comprehensions ZSH L TL 72X W,

single dispatch
generic function D—FETHEZ—ODFIBOTI L VBRI E T,

slice
(RTAR) T =T V2 O—HERELL TV b, ATA4RE. FFERE [1 THRALNH
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BoFoicaaryzEL e TEBNE T, IR, variable_name[1:3:5] T3, AHHIMN ((RZF)
SR slice A7V =7 b ENETHAHAL TVE T,

soft deprecated 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
Rk X Y v F) & 2 BNRE OBIE. Bl XA Z F % 72912 Python 7 HHEEICIF U & 5 X
Yy Fo TOEEDXY v Fid, XYy FEORHIERKRIZT VX =237 2 003200 TWET, Kk
XYV v FIZDWTIX specialnames TN TWE T,

statement
(X) XFAAL =t (Z3=FD” 70y 77") TAAIRKBEHRTT, Xid X 2F—V—FhrolRIhs
HDDEH LN TT, HBHEITIE if. while. for BHH 3,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In
Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

The Py _NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.
See also borrowed reference.

text encoding 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
(THFRAPMI7AN) str ATV 27 Ve@AEZXTES file object TT, LIFLIEX, 7FA M7 74
MFEBIZ AL MERDTF—ZZA M) =27 272 A L, TFALIYA—=F 1 25 ZHBFITN
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3, 7¥A L7 74 VDA, sys.stdin, sys.stdout, io.Stringl0 4 Y AKX Y AR EE T ¥ A
FE—F (Ir| or 'W') THHWZ7 74 LT,

bytes-like 7T TV b BRAZEETEBZ 77 ANVF T2 MZOWTIE, NAMFUT 71l 35
JRL T,

triple-quoted string
(ZHEZ7 4+ — MXF) 300fE Lz 2 +—Piads () 27 KA a7 4 — () THENL T, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAN, ZOorOMBITHAT
T 1002008 L7l 4+ — bMIBEELT IR —TMLICEL N TEET L, TiCE () &
HHORLS THEBITICE D2 28D TELZDT, FFa Xy T — a rXFH% S RHCRICEF]
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias
(B4 ) 7R) BORIAT, BE2#FICRALTERL £5,

B4y 7R3 Ber b 2HEMLT2DICHHTY, flZI:

def remove_gray_shades(
colors: list[tuplelint, int, int]]) -> list[tuple[int, int, int]]:

pass

ZHERDEICEDFHEAPT L TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

BSREDFIHD B % typing ¥ PEP 484 2L TL 7Z X W,

type hint
(Be v b) 28 7 7 REME. D 5 X —Z0B DO E NS R ZHEE T 5 annotation TS,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

ra—NLVEK 77 RAEE BEBT. n—2 A ZEHTHRVWDIODOE E Y X typing.
get_type_hints() THUFTZ %7,

FEEEDFTIAD ® % typing ¥ PEP 484 2L T F X\,

universal newlines 7

FAMRAM) —LOFRED—DT, UFOFTARTEITREEHKL £3: Unix DITREE "\n'.
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Windows OE '\r\n'. H\> Macintosh OHE '\r'. FHEIZOWTFHEL L 1Z. PEP 278 ¥
PEP 3116 ., X5IZ bytes.splitlines() WL TLZ &\,

variable annotation
(EBT 7 T7—=>ay) ZRD50IE7 7 AEED annotation .

BB B NZ 7 7 ZABMICERZ NI 72 & 21k, KA IMEETT:

class C:

field: 'annotation'

7/ T7—>a @B OdifHbhET: FlZIX. ZOZEEL int DEXZIS Z &
PRI TOVE T

count: int = O

ER7 ) T— a YOI OV T annassign ST L TWE T,

HRED AN D 5 function annotation, PEP 484 , PEP 526 2R LT & W, ¥/, 7/ 7 —
ParvERHTAEINZALN S22 5 4 A LT annotations-howto SR L TL 72X\,

virtual environment
(IRARTEES) WA Y] D Bl X N7 FATEECF, ZAUCE D Python 2—H &7 7)o —3 a2 VI
UL AT 5 ETEINTWAMD Python 7 7V 7 — a2 YOBEHNCTFH T2 Z 2742 < Python Sy
=Y DA VAN N ETEHFEITI LD TEET,

venv ZZHAL TL 2& W,

virtual machine
(R~ >) ERCY 7 by 2 7IC K DEFE N3 Y ¥ a—%&, Python R~ id, A4 b
a—FRay 4 7PMALE N FO—F 2FTLET,

Zen of Python
(Python @1&D) Python ZHELFIHT 2 L TOEZ 2%, Python OFGFHRAIE HF¥EZ Y R M
L72bDTT, Miire > 7 MT 7import this” €358 ZDVRXMEHDET,
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CORFaAXYMIOWVT

COFFaXyME Python D FFaX Y 2FELZEHNE L TESLAL FFaxXry ooy oD
Sphinx ZH|fH LT, reStructuredText B DY — 2 5L XNE LT,

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FOIERET, FFaX v D%
CzEXFELL

e Docutils 7B =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Python F¥a X k BifE

%< DF 4 H Python §7f. Python H¥EZ 4 751U, ZL T Python F¥FaxXr7—yaYIZHBLTL
NTVWEd, V—REMYD Misc/ACKS 12, ZRHEHBML TS NAEAL ZEAHICTEDD FTHV X
7y TLTHH ET,

Python 2 I 2 =7 4 25 OWEHREE EED 7RI NUIZ DR BESL LW R F 2 X v F—va VIZEFENEEA
Tl -®hre>5!
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BRr>1t>2X

C.1 Python DFESE

Python & 1990 DD, A+ T > X12dH % Stichting Mathematisch Centrum (CWTI, https://www.cwi.nl/
Zi) T Guido van Rossum 12X > T ABC & MIN 2 EEO®RMEFEL L TEAHEINE L, 20EE
L DANAD Python ICEEAL TWE T2, Guido 135 HTH Python BIEE DI > TWET,

1995 4, Guido W &KEY 7 = =7 ML X + >i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ M) T Python OBFEICHED D, W D2rDNN=Tar%2 VY —-RALE
L7z,

2000 & 3 H. Guido & Python @ 2 7 B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LERER LU E LTz, FH4E 10 H. PythonLabs ¥ — 4% Digital Creations (B ® Zope Corporation,
https://www.zope.org/ ZIR) B D F L1z, Z LT 2001 4, Python BT 2R EERE T 272DD
FEEFIFHAE Python Software Foundation (PSF. https://www.python.org/psf/ ) 236 B L7z,
Z D ¥ & Zope Corporation (& PSF O¥BIEBIcR D £ L7,

Python DV V= RERTA =TV =R (=7 Y —=ZRDEFIX https://opensource.org/ ZHHL T
EEWV) TF, BHRMICAT, T —HERIEE A YD Python VY — 21 GPL Hftic->TWET; %
VY —REDOVTETRICEEDTHD X,

D=2 N—2 i);=33 MR GPL Hi%
09.0-12 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.04+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

22 D 2.1.1 2001-BitE  PSF yes
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C.2 Terms and conditions for accessing or otherwise using Python
Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed
under the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code
falling under that license. See Licenses and Acknowledgements for Incorporated Software for an incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.14.0a3

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.14.0a3 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.14.0a3 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python 3.14.0a3 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.14.0a3 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python
3.14.0a3.

4. PSF is making Python 3.14.0a3 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
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USE OF PYTHON 3.14.0a3 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.0a3

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.14.0a3, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any relationship

of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

By copying, installing or otherwise using Python 3.14.0a3, 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").

. 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.

. BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,

MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
(RDOR=V1Fil)
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ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its

associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

(RDR—=V ki)

472 18 C & B 51t




The Python/C API, JJ—2X 3.14.0a3

(FiDR— 25 D %)
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 3.14.0a3
DOCUMENTATION

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.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.
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C.3.1 Mersenne Twister

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,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
(RDOR=V1Fil)

C.3. Licenses and Acknowledgements for Incorporated Software 475



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

The Python/C API, ) —2X 3.14.0a3

(FiDR— 25 D %)
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VY4 vhk

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 Asynchronous socket services

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved
(RDR=V ki)
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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 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo®@alum.mit.edu>

A1l 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 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
(RDR—DIHE <)
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PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

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 0'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 and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its

documentation for any purpose and without fee is hereby granted,
(RDR—=V ki)

478 18 C & B 51t




The Python/C API, JJ—2X 3.14.0a3

(FiDR— 25 D %)
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

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
(RDR—DIhi <)
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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
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 EY 2 —X kqueue f Y X — 7 2 — AZOWTDORDEHEEATHE T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions
(RDR=V ki)

480 18 C & B 51t



The Python/C API, JJ—2X 3.14.0a3

(FiDR— 25 D %)
are met:
1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~~AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.

</MIT License>

Original location:

https://github.com/majek/csiphash/

Solution inspired by code from:
(RDR=I1ZHEL)
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Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved
on March 16, 2009, contains the following copyright and licensing notice:

/ sk sk sk ok ok sk sk ok sk ok ok sk ok sk ok ok sk ok sk e ok sk sk sk sk ok sk sk sk e ok sk sk ok e ok sk sk ok o ok sk sk ok ok ok sk sk sk o sk sk sk o sk sk ok ok ok
*
* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy
* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ssl 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
(RDR=V ki)
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1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificatioms,
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.

(RDOR=VIFiL)
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"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,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
(RDOR=VIFiL)
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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.

5. Submission of Contributions. Unless You explicitly state otherwise,

any Contribution intentionally submitted for inclusion in the Work

(FiDR— 25 D %)
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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

(RDOR=VIFiL)
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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
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 ctypes 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,
(RDR=V ki)
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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. 1IN 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,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

(RDR—DIHi<)
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jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc T L TW3 Ny ¥ a5 — 7L DELE

¥, cfuhash 7oz 27 +FOdDICHEEIEF T

Copyright (c) 2005 Don Owens
A1l 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.
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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-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

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),
A1l 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,
(RDOR=VIFil)
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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
(RDR—DIhi <)
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SOFTWARE.

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.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/qgsbr.c is adapted from FreeBSD’s "Global Unbounded Sequences” safe memory recla-

mation scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright

(RDR—=V ki)
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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 ~“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 BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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list, 219
long integer, 167
mapping, 222
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memoryview, 257

module, 243

sequence, 186

tuple, 215

type, 8, 157

7, 241

XYy R, 234

1E, 167

B, 167

FERNBR, 181

BA%R, 231

%45, 229
objobjargproc (C type), 424
objobjproc (C type), 424
optimized scope, 458
OverflowError (¥#AAHFIN), 169171

P

package, 459
package variable

__all__, 90
parameter, 459
PATH, 15

path (sys €2 a—JL), 15, 282, 288

path based finder, 460

path entry, 459

path entry finder, 460

path entry hook, 460

path-like object, 460

PEP, 460

platform (in module sys), 289

portion, 460

pow

HAIAAHEEE, 138, 140

provisional API, 460

provisional package, 461

Py_ABS (C macro), 5

Py_AddPendingCall (C function), 306

Py_ALWAYS_INLINE (C macro), 5

Py_ASNATIVEBYTES_ALLOW_INDEX (C
macro), 175

Py_ASNATIVEBYTES_BIG_ENDIAN (C'
macro), 175

Py_ASNATIVEBYTES_DEFAULTS (C macro),
175

Py_ASNATIVEBYTES_LITTLE_ENDIAN (C
macro), 175

Py_ASNATIVEBYTES_NATIVE_ENDIAN (C
macro), 175

Py_ASNATIVEBYTES_REJECT_NEGATIVE (C
macro), 175

Py_ASNATIVEBYTES_UNSIGNED_BUFFER (C
macro), 175

Py_AtExit (C function), 89

Py_AUDIT_READ (C macro), 376

Py_AuditHookFunction (C type), 89

Py_BEGIN_ALLOW_THREADS (C macro),
292, 297

Py_BEGIN_CRITICAL_SECTION (C macro),
314

Py_BEGIN_CRITICAL_SECTION2 (C
macro), 315

Py_BLOCK_THREADS (C macro), 297

Py_buffer (C type), 148

Py_buffer.buf (C member), 148

Py_buffer.format (C member), 149

Py_buffer.internal (C member), 150

Py_buffer.itemsize (C member), 149

Py_buffer.len (C member), 149

Py_buffer.ndim (C member), 149

Py_buffer.obj (C member), 148

Py_buffer.readonly (C member), 149

Py_buffer.shape (C member), 149
Py_buffer.strides (C member), 149
Py_buffer.suboffsets (C member), 150
Py_BuildValue (C function), 105
Py_BytesMain (C function), 284
Py_BytesWarningFlag (C var), 279
Py_CHARMASK (C macro), 5
Py_CLEAR (C function), 61
Py_CompileString (C function), 56, 57
Py_CompileStringExFlags (C function),
56
Py_CompileStringFlags (C function),
56
Py_CompileStringObject (C function),
56
Py_complex (C type), 183
Py_complex.imag (C member), 183
Py_complex.real (C member), 183
Py_CONSTANT_ELLIPSIS (C macro), 122
Py_CONSTANT_EMPTY_BYTES (C macro),
122
Py_CONSTANT_EMPTY_STR (C macro), 122
Py_CONSTANT_EMPTY_TUPLE (C macro),
122
Py_CONSTANT_FALSE (C macro), 122
Py_CONSTANT_NONE (C macro), 122
Py_CONSTANT_NOT_IMPLEMENTED (C'
macro), 122
Py_CONSTANT_ONE (C macro), 122
Py_CONSTANT_TRUE (C macro), 122
Py_CONSTANT_ZERO (C macro), 122
PY_CXX_CONST (C macro), 105
Py_DEBUG (C macro), 16
Py_DebugFlag (C var), 279
Py_DecodeLocale (C function), 85
Py_DECREF (C function), 8, 60
Py_DecRef (C function), 61
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C var), 279
Py_Ellipsis (C war), 257
Py_EncodeLocale (C function), 86
Py_END_ALLOW_THREADS (C macro), 292,
297
Py_END_CRITICAL_SECTION (C macro),
315
Py_END_CRITICAL_SECTION2 (C macro),
315
Py_EndInterpreter (C function), 304
Py_EnterRecursiveCall (C function),
78
Py_EQ (C macro), 404
Py_eval_input (C var), 57
Py_Exit (C function), 89
Py_ExitStatusException (C function),
320
Py_False (C var), 180
Py_FatalError (C function), 89
Py_FatalError(), 289
Py_FdIsInteractive (C function), 83
Py_file_input (C var), 57
Py_Finalize (C function), 284
Py_FinalizeEx (C function), 89, 282,
283, 304
Py_FrozenFlag (C var), 279
Py_GE (C macro), 404
Py_GenericAlias (C function), 275
Py_GenericAliasType (C var), 275
Py_GetArgcArgv (C function), 349
Py_GetBuildInfo (C function), 289
Py_GetCompiler (C function), 289
Py_GetConstant (C function), 121
Py_GetConstantBorrowed (C function),
122

Py_GetCopyright (C function), 289
Py_GETENV (C macro), 6
Py_GetExecPrefix (C function), 16, 287
Py_GetPath (C function), 16, 288
Py_GetPath(), 286
Py_GetPlatform (C function), 289
Py_GetPrefix (C function), 16, 287
Py_GetProgramFullPath (C function),
16, 288
Py_GetProgramName (C function), 287
Py_GetPythonHome (C function), 291
Py_GetVersion (C function), 288
Py_GT (C macro), 404
Py_hash_t (C type), 110
Py_HashBuffer (C function), 112
Py_HashPointer (C function), 111
Py_HashRandomizationFlag (C var), 279
Py_IgnoreEnvironmentFlag (C var), 280
Py_INCREF (C function), 8, 59
Py_IncRef (C function), 61
Py_Initialize (C function), 15, 282,
304
Py_Initialize(), 286
Py_InitializeEx (C function), 283
Py_InitializeFromConfig (C function),
283
Py_InitializeFromInitConfig (C
function), 347
Py_InspectFlag (C var), 280
Py_InteractiveFlag (C var), 280
Py_Is (C function), 369
Py_IS_TYPE (C function), 369
Py_IsFalse (C function), 369
Py_IsFinalizing (C function), 283
Py_IsInitialized (C function), 16, 283
Py_IsNone (C function), 369
Py_IsolatedFlag (C var), 280
Py_IsTrue (C function), 369
Py_LE (C macro), 404
Py_LeaveRecursiveCall (C function),
78
Py_LegacyWindowsFSEncodingFlag (C
var), 281
Py_LegacyWindowsStdioFlag (C var),
281
Py_LIMITED_API (C macro), 18
Py_LT (C macro), 404
Py_Main (C function), 284
PY_MAJOR_VERSION (C macro), 433
Py_MARSHAL_VERSION (C macro), 95
Py_MAX (C macro), 6
Py_MEMBER_SIZE (C macro), 6
PY_MICRO_VERSION (C macro), 433
Py_MIN (C macro), 6
PY_MINOR_VERSION (C macro), 433
Py_mod_create (C macro), 247
Py_mod_exec (C macro), 248
Py_mod_gil (C macro), 249
Py_MOD_GIL_NOT_USED (C macro), 249
Py_MOD_GIL_USED (C macro), 249
Py_mod_multiple_interpreters (C
macro), 248

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

(C macro), 248

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

(C macro), 248
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED
(C macro), 248
PY_MONITORING_EVENT_BRANCH_LEFT (C
macro), 440
PY_MONITORING_EVENT_BRANCH_RIGHT (C'
macro), 440
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PY_MONITORING_EVENT_C_RAISE (C
macro), 440

PY_MONITORING_EVENT_C_RETURN (C
macro), 440

PY_MONITORING_EVENT_CALL (C macro),
440

PY_MONITORING_EVENT_EXCEPTION_HANDLED

(C macro), 440
PY_MONITORING_EVENT_INSTRUCTION (C
macro), 440
PY_MONITORING_EVENT_JUMP (C macro),
440
PY_MONITORING_EVENT_LINE (C macro),
440
PY_MONITORING_EVENT_PY_RESUME (C
macro), 440
PY_MONITORING_EVENT_PY_RETURN (C
macro), 440
PY_MONITORING_EVENT_PY_START (C'
macro), 440
PY_MONITORING_EVENT_PY_THROW (C'
macro), 440
PY_MONITORING_EVENT_PY_UNWIND (C'
macro), 440
PY_MONITORING_EVENT_PY_YIELD (C
macro), 440
PY_MONITORING_EVENT_RAISE (C macro),
440
PY_MONITORING_EVENT_RERAISE (C
macro), 440
PY_MONITORING_EVENT_STOP_ITERATION
(C macro), 440
Py_NE (C macro), 404
Py_NewInterpreter (C function), 304
Py_NewInterpreterFromConfig (C'
function), 303
Py_NewRef (C function), 60
Py_NO_INLINE (C macro), 6
Py_None (C wvar), 166
Py_NoSiteFlag (C var), 281
Py_NotImplemented (C var), 123
Py_NoUserSiteDirectory (C var), 281
Py_OpenCodeHookFunction (C type), 242
Py_OptimizeFlag (C var), 282
Py_PrelInitialize (C function), 323
Py_PrelnitializeFromArgs (C
function), 323
Py_PrelnitializeFromBytesArgs (C
function), 323
Py_PRINT_RAW (C macro), 123
Py_PRINT_RAW (C ®< 1), 242
Py_QuietFlag (C var), 282
Py_READONLY (C macro), 376
Py_REFCNT (C function), 59
Py_RELATIVE_OFFSET (C macro), 376
PY_RELEASE_LEVEL (C macro), 433
PY_RELEASE_SERIAL (C macro), 433
Py_ReprEnter (C function), 79
Py_ReprLeave (C function), 79
Py_RETURN_FALSE (C macro), 180
Py_RETURN_NONE (C macro), 166
Py_RETURN_NOTIMPLEMENTED (C macro),
123
Py_RETURN_RICHCOMPARE (C macro), 404
Py_RETURN_TRUE (C macro), 180
Py_RunMain (C function), 285
Py_SET_REFCNT (C function), 59
Py_SET_SIZE (C function), 370
Py_SET_TYPE (C function), 370
Py_SetProgramName (C function), 286
Py_SetPythonHome (C function), 290
Py_SETREF (C macro), 61
Py_single_input (C war), 57

Py_SIZE (C function), 370

Py_ssize_t (C type), 12

PY_SSIZE_T_MAX (C macro), 170

Py_STRINGIFY (C macro), 6

Py_T_BOOL (C macro), 378

Py_T_BYTE (C macro), 378

Py_T_CHAR (C macro), 378

Py_T_DOUBLE (C macro), 378

Py_T_FLOAT (C macro), 378

Py_T_INT (C macro), 378

Py_T_LONG (C macro), 378

Py_T_LONGLONG (C macro), 378

Py_T_OBJECT_EX (C macro), 378

Py_T_PYSSIZET (C macro), 378

Py_T_SHORT (C macro), 378

Py_T_STRING (C macro), 378

Py_T_STRING_INPLACE (C macro), 378

Py_T_UBYTE (C macro), 378

Py_T_UINT (C macro), 378

Py_T_ULONG (C macro), 378

Py_T_ULONGLONG (C macro), 378

Py_T_USHORT (C macro), 378

Py_tp_token (C macro), 166

Py_TP_USE_SPEC (C macro), 166

Py_TPFLAGS_BASE_EXC_SUBCLASS (C
macro), 398

Py_TPFLAGS_BASETYPE (C macro), 396

Py_TPFLAGS_BYTES_SUBCLASS (C macro),
398

Py_TPFLAGS_DEFAULT (C macro), 396

Py_TPFLAGS_DICT_SUBCLASS (C macro),
398

Py_TPFLAGS_DISALLOW_INSTANTIATION
(C macro), 399

Py_TPFLAGS_HAVE_FINALIZE (C macro),
398

Py_TPFLAGS_HAVE_GC (C macro), 396

Py_TPFLAGS_HAVE_VECTORCALL (C
macro), 398

Py_TPFLAGS_HEAPTYPE (C macro), 395

Py_TPFLAGS_IMMUTABLETYPE (C macro),
399

Py_TPFLAGS_ITEMS_AT_END (C macro),
398

Py_TPFLAGS_LIST_SUBCLASS (C macro),
398

Py_TPFLAGS_LONG_SUBCLASS (C macro),
398

Py_TPFLAGS_MANAGED_DICT (C macro),
397

Py_TPFLAGS_MANAGED_WEAKREF (C
macro), 397

Py_TPFLAGS_MAPPING (C macro), 399

Py_TPFLAGS_METHOD_DESCRIPTOR (C'
macro), 397

Py_TPFLAGS_READY (C macro), 396

Py_TPFLAGS_READYING (C macro), 396

Py_TPFLAGS_SEQUENCE (C macro), 400

Py_TPFLAGS_TUPLE_SUBCLASS (C macro),
398

Py_TPFLAGS_TYPE_SUBCLASS (C macro),
398

Py_TPFLAGS_UNICODE_SUBCLASS (C
macro), 398

Py_TPFLAGS_VALID_VERSION_TAG (C
macro), 400

Py_tracefunc (C type), 307

Py_True (C var), 180

Py_tss_NEEDS_INIT (C macro), 311

Py_tss_t (C type), 311

Py_TYPE (C function), 369

Py_ucCs1 (C type), 190

Py_ucs2 (C type), 190

Py_ucs4 (C type), 190
Py_uhash_t (C type), 110
Py_UNBLOCK_THREADS (C macro), 297
Py_UnbufferedStdioFlag (C var), 282
Py_UNICODE (C type), 191
Py_UNICODE_IS_HIGH_SURROGATE (C'
Sfunction), 194
Py_UNICODE_IS_LOW_SURROGATE (C
function), 194
Py_UNICODE_IS_SURROGATE (C function),
194
Py_UNICODE_ISALNUM (C function), 194
Py_UNICODE_ISALPHA (C function), 194
Py_UNICODE_ISDECIMAL (C function),
193
Py_UNICODE_ISDIGIT (C function), 193
Py_UNICODE_ISLINEBREAK (C function),
193
Py_UNICODE_ISLOWER (C function), 193
Py_UNICODE_ISNUMERIC (C function),
194
Py_UNICODE_ISPRINTABLE (C function),
194
Py_UNICODE_ISSPACE (C function), 193
Py_UNICODE_ISTITLE (C function), 193
Py_UNICODE_ISUPPER (C function), 193
Py_UNICODE_JOIN_SURROGATES (C'
function), 195
Py_UNICODE_TODECIMAL (C function),
194
Py_UNICODE_TODIGIT (C function), 194
Py_UNICODE_TOLOWER (C function), 194
Py_UNICODE_TONUMERIC (C function),
194
Py_UNICODE_TOTITLE (C function), 194
Py_UNICODE_TOUPPER (C function), 194
Py_UNREACHABLE (C macro), 6
Py_UNUSED (C macro), 7
Py_VaBuildValue (C function), 108
PY_VECTORCALL_ARGUMENTS_OFFSET (C
macro), 132
Py_VerboseFlag (C var), 282
Py_Version (C var), 434
PY_VERSION_HEX (C macro), 433
Py_VISIT (C function), 430
Py_XDECREF (C function), 15, 61
Py_XINCREF (C function), 60
Py_XNewRef (C function), 60
Py_XSETREF (C macro), 62
PyAIter_Check (C function), 146
PyAnySet_Check (C function), 229
PyAnySet_CheckExact (C function), 230
PyArg_Parse (C function), 104
PyArg_ParseTuple (C function), 103
PyArg_ParseTupleAndKeywords (C
function), 103
PyArg_UnpackTuple (C function), 104
PyArg_ValidateKeywordArguments (C
function), 103
PyArg_VaParse (C function), 103
PyArg_VaParseTupleAndKeywords (C
function), 103
PyASCIIObject (C type), 191
PyAsyncMethods (C type), 421
PyAsyncMethods.am_aiter (C member),
422
PyAsyncMethods.am_anext (C member),
422
PyAsyncMethods.am_await (C member),
421
PyAsyncMethods.am_send (C member),
422
PyBool_Check (C function), 180
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PyBool_FromLong (C function), 180
PyBool_Type (C var), 180
PyBUF_ANY_CONTIGUOUS (C macro), 152
PyBUF_C_CONTIGUOUS (C macro), 152
PyBUF_CONTIG (C macro), 153
PyBUF_CONTIG_RO (C macro), 153
PyBUF_F_CONTIGUOUS (C macro), 152
PyBUF_FORMAT (C macro), 151
PyBUF_FULL (C macro), 153
PyBUF_FULL_RO (C macro), 153
PyBUF_INDIRECT (C macro), 151
PyBUF_MAX_NDIM (C macro), 150
PyBUF_ND (C macro), 151
PyBUF_READ (C macro), 257
PyBUF_RECORDS (C macro), 153
PyBUF_RECORDS_RO (C macro), 153
PyBUF_SIMPLE (C macro), 151
PyBUF_STRIDED (C macro), 153
PyBUF_STRIDED_RO (C macro), 153
PyBUF_STRIDES (C macro), 151
PyBUF_WRITABLE (C macro), 151
PyBUF_WRITE (C macro), 257
PyBuffer_FillContiguousStrides (C
function), 156
PyBuffer_FillInfo (C function), 156
PyBuffer_FromContiguous (C function),
156
PyBuffer_GetPointer (C function), 155
PyBuffer_IsContiguous (C function),
155
PyBuffer_Release (C function), 155
PyBuffer_SizeFromFormat (C function),
155
PyBuffer_ToContiguous (C function),
156
PyBufferProcs (C type), 147, 420
PyBufferProcs.bf_getbuffer (C
member), 420
PyBufferProcs.bf_releasebuffer (C
member), 421
PyByteArray_AS_STRING (C function),
190
PyByteArray_AsString (C function),
190
PyByteArray_Check (C function), 189
PyByteArray_CheckExact (C function),
189
PyByteArray_Concat (C function), 190
PyByteArray_FromObject (C function),
189
PyByteArray_FromStringAndSize (C
function), 189
PyByteArray_GET_SIZE (C function),
190
PyByteArray_Resize (C function), 190
PyByteArray_Size (C function), 190
PyByteArray_Type (C var), 189
PyByteArrayObject (C type), 189
PyBytes_AS_STRING (C function), 188
PyBytes_AsString (C function), 188
PyBytes_AsStringAndSize (C function),
188
PyBytes_Check (C function), 186
PyBytes_CheckExact (C function), 186
PyBytes_Concat (C function), 188
PyBytes_ConcatAndDel (C function),
188
PyBytes_FromFormat (C function), 187
PyBytes_FromFormatV (C function), 187
PyBytes_FromObject (C function), 187
PyBytes_FromString (C function), 186
PyBytes_FromStringAndSize (C
function), 187

PyBytes_GET_SIZE (C function), 188
PyBytes_Join (C function), 188
PyBytes_Size (C function), 187
PyBytes_Type (C var), 186
PyBytesObject (C type), 186
PyCallable_Check (C function), 137
PyCallIter_Check (C function), 254
PyCalllter_New (C function), 254
PyCalllter_Type (C wvar), 254
PyCapsule (C type), 260
PyCapsule_CheckExact (C function),
261
PyCapsule_Destructor (C type), 260
PyCapsule_GetContext (C function),
261
PyCapsule_GetDestructor (C function),
261
PyCapsule_GetName (C function), 261
PyCapsule_GetPointer (C function),
261
PyCapsule_Import (C function), 262
PyCapsule_IsValid (C function), 262
PyCapsule_New (C function), 261
PyCapsule_SetContext (C function),
262
PyCapsule_SetDestructor (C function),
262
PyCapsule_SetName (C function), 262
PyCapsule_SetPointer (C function),
262
PyCell_Check (C function), 235
PyCell_GET (C function), 235
PyCell_Get (C function), 235
PyCell_New (C function), 235
PyCell_SET (C function), 236
PyCell_Set (C function), 236
PyCell_Type (C war), 235
PyCellObject (C type), 235
PyCFunction (C type), 370
PyCFunction_New (C function), 374
PyCFunction_NewEx (C function), 374
PyCFunctionFast (C type), 371
PyCFunctionFastWithKeywords (C type),
371
PyCFunctionWithKeywords (C type), 371
PyCMethod (C type), 371
PyCMethod_New (C function), 374
PyCode_Addr2Line (C function), 238
PyCode_Addr2Location (C function),
238
PyCode_AddWatcher (C function), 239
PyCode_Check (C function), 236
PyCode_ClearWatcher (C function), 239
PyCode_GetCellvars (C function), 238
PyCode_GetCode (C function), 238
PyCode_GetFreevars (C function), 238
PyCode_GetNumFree (C function), 236
PyCode_GetVarnames (C function), 238
PyCode_New (C B8#k), 237
PyCode_NewEmpty (C function), 238
PyCode_NewWithPosOnlyArgs (C BA%),
237
PyCode_Type (C var), 236
PyCode_WatchCallback (C type), 239
PyCodec_BackslashReplaceErrors (C
function), 116
PyCodec_Decode (C function), 114
PyCodec_Decoder (C function), 114
PyCodec_Encode (C function), 114
PyCodec_Encoder (C function), 114
PyCodec_IgnoreErrors (C function),
115

PyCodec_IncrementalDecoder (C
function), 115

PyCodec_IncrementalEncoder (C
function), 115

PyCodec_KnownEncoding (C' function),
114

PyCodec_LookupError (C function), 115

PyCodec_NameReplaceErrors (C
Sfunction), 116

PyCodec_Register (C function), 114

PyCodec_RegisterError (C function),
115

PyCodec_ReplaceErrors (C function),
115

PyCodec_StreamReader (C' function),
115

PyCodec_StreamWriter (C function),
115

PyCodec_StrictErrors (C function),
115

PyCodec_Unregister (C function), 114

PyCodec_XMLCharRefReplaceErrors (C
function), 116

PyCodeEvent (C type), 239

PyCodeObject (C type), 236

PyCompactUnicodeObject (C type), 191

PyCompilerFlags (C struct), 57

PyCompilerFlags.cf_feature_version
(C member), 58

PyCompilerFlags.cf_flags (C
member), 58

PyComplex_AsCComplex (C function),
186

PyComplex_Check (C function), 185

PyComplex_CheckExact (C function),
185

PyComplex_FromCComplex (C function),
185

PyComplex_FromDoubles (C function),
185

PyComplex_ImagAsDouble (C function),
185

PyComplex_RealAsDouble (C function),
185

PyComplex_Type (C war), 185

PyComplexObject (C type), 185

PyConfig (C type), 324

PyConfig_Clear (C function), 326

PyConfig_Get (C function), 348

PyConfig_GetInt (C function), 348

PyConfig_InitIsolatedConfig (C
Sfunction), 324

PyConfig_InitPythonConfig (C
function), 324

PyConfig_Names (C function), 349

PyConfig_Read (C function), 325

PyConfig_Set (C function), 349

PyConfig_SetArgv (C function), 325

PyConfig_SetBytesArgv (C function),
325

PyConfig_SetBytesString (C function),
325

PyConfig_SetString (C function), 324

PyConfig_SetWideStringList (C'
Sfunction), 325

PyConfig.argv (C member), 326

PyConfig.base_exec_prefix (C
member), 327

PyConfig.base_executable (C
member), 327

PyConfig.base_prefix (C member), 327

PyConfig.buffered_stdio (C member),
327
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PyConfig.bytes_warning (C member),
327
PyConfig.check_hash_pycs_mode (C
member), 328
PyConfig.code_debug_ranges (C
member), 328
PyConfig.configure_c_stdio (C
member), 328
PyConfig.cpu_count (C member), 331
PyConfig.dev_mode (C member), 328
PyConfig.dump_refs (C member), 329
PyConfig.exec_prefix (C member), 329
PyConfig.executable (C member), 329
PyConfig.faulthandler (C member),
329
PyConfig.filesystem_encoding (C'
member), 329
PyConfig.filesystem_errors (C
member), 330
PyConfig.hash_seed (C member), 330
PyConfig.home (C member), 330
PyConfig.import_time (C member), 330
PyConfig.inspect (C member), 331
PyConfig.install_signal_handlers (C
member), 331
PyConfig.int_max_str_digits (C
member), 331
PyConfig.interactive (C member), 331
PyConfig.isolated (C member), 332
PyConfig.legacy_windows_stdio (C
member), 332
PyConfig.malloc_stats (C member),
332
PyConfig.module_search_paths (C'
member), 333
PyConfig.module_search_paths_set (C
member), 333
PyConfig.optimization_level (C
member), 333
PyConfig.orig_argv (C member), 333
PyConfig.parse_argv (C member), 334
PyConfig.parser_debug (C member),
334
PyConfig.pathconfig_warnings (C
member), 334
PyConfig.perf_profiling (C member),
337
PyConfig.platlibdir (C member), 332
PyConfig.prefix (C member), 334
PyConfig.program_name (C member),
335
PyConfig.pycache_prefix (C member),
335
PyConfig.pythonpath_env (C member),
333
PyConfig.quiet (C member), 335
PyConfig.run_command (C member), 335
PyConfig.run_filename (C member),
335
PyConfig.run_module (C member), 335
PyConfig.run_presite (C member), 336
PyConfig.safe_path (C member), 326
PyConfig.show_ref_count (C member),
336
PyConfig.site_import (C member), 336
PyConfig.skip_source_first_line (C
member), 336
PyConfig.stdio_encoding (C member),

PyConfig.use_environment (C'
member), 337
PyConfig.use_hash_seed (C member),
330
PyConfig.use_system_logger (C
member), 338
PyConfig.user_site_directory (C
member), 338
PyConfig.verbose (C member), 338
PyConfig.warn_default_encoding (C
member), 328
PyConfig.warnoptions (C member), 338
PyConfig.write_bytecode (C member),
339
PyConfig.xoptions (C member), 339
PyContext (C type), 267
PyContext_AddWatcher (C function),
268
PyContext_CheckExact (C function),
268
PyContext_ClearWatcher (C function),
268
PyContext_Copy (C function), 268
PyContext_CopyCurrent (C function),
268
PyContext_Enter (C function), 268
PyContext_Exit (C function), 268
PyContext_New (C function), 268
PyContext_Type (C var), 267
PyContext_WatchCallback (C type), 269
PyContextEvent (C type), 269
PyContextToken (C type), 267
PyContextToken_CheckExact (C
function), 268
PyContextToken_Type (C var), 267
PyContextVar (C type), 267
PyContextVar_CheckExact (C function),
268
PyContextVar_Get (C function), 269
PyContextVar_New (C function), 269
PyContextVar_Reset (C function), 270
PyContextVar_Set (C function), 270
PyContextVar_Type (C var), 267
PyCoro_CheckExact (C function), 267
PyCoro_New (C function), 267
PyCoro_Type (C wvar), 266
PyCoroObject (C type), 266
PyDate_Check (C function), 271
PyDate_CheckExact (C function), 271
PyDate_FromDate (C function), 272
PyDate_FromTimestamp (C function),
274
PyDateTime_Check (C function), 271
PyDateTime_CheckExact (C function),
271
PyDateTime_Date (C type), 270
PyDateTime_DATE_GET_FOLD (C
function), 273
PyDateTime_DATE_GET_HOUR (C
function), 273
PyDateTime_DATE_GET_MICROSECOND (C
function), 273
PyDateTime_DATE_GET_MINUTE (C
function), 273
PyDateTime_DATE_GET_SECOND (C
function), 273
PyDateTime_DATE_GET_TZINFO (C
function), 273

PyDateTime_DELTA_GET_DAYS (C
function), 274
PyDateTime_DELTA_GET_MICROSECONDS
(C function), 274
PyDateTime_DELTA_GET_SECONDS (C
Sfunction), 274
PyDateTime_DeltaType (C wvar), 270
PyDateTime_FromDateAndTime (C
Sfunction), 272
PyDateTime_FromDateAndTimeAndFold
(C function), 272
PyDateTime_FromTimestamp (C
Sfunction), 274
PyDateTime_GET_DAY (C function), 273
PyDateTime_GET_MONTH (C function),
273
PyDateTime_GET_YEAR (C function), 273
PyDateTime_Time (C type), 270
PyDateTime_TIME_GET_FOLD (C
function), 274
PyDateTime_TIME_GET_HOUR (C
Sfunction), 273
PyDateTime_TIME_GET_MICROSECOND (C'
Sfunction), 274
PyDateTime_TIME_GET_MINUTE (C'
function), 273
PyDateTime_TIME_GET_SECOND (C'
function), 274
PyDateTime_TIME_GET_TZINFO (C
Sfunction), 274
PyDateTime_TimeType (C wvar), 270
PyDateTime_TimeZone_UTC (C war), 271
PyDateTime_TZInfoType (C wvar), 270
PyDelta_Check (C function), 271
PyDelta_CheckExact (C function), 271
PyDelta_FromDSU (C' function), 272
PyDescr_IsData (C function), 255
PyDescr_NewClassMethod (C function),
255
PyDescr_NewGetSet (C function), 25
PyDescr_NewMember (C function), 25
PyDescr_NewMethod (C' function), 255
PyDescr_NewWrapper (C function), 255
PyDict_AddWatcher (C function), 227
PyDict_Check (C function), 222
PyDict_CheckExact (C function), 222
PyDict_Clear (C function), 223
PyDict_ClearWatcher (C function), 227
PyDict_Contains (C function), 223
PyDict_ContainsString (C function),
223
PyDict_Copy (C function), 223
PyDict_Delltem (C function), 223
PyDict_DelltemString (C function),
223
PyDict_GetItem (C function), 224
PyDict_GetItemRef (C function), 223
PyDict_GetItemString (C function),
224
PyDict_GetItemStringRef (C function),
224
PyDict_GetItemWithError (C function),
224
PyDict_Items (C function), 225
PyDict_Keys (C function), 225
PyDict_Merge (C function), 227
PyDict_MergeFromSeq2 (C function),
227
PyDict_New (C function), 222

5
5

336 PyDateTime_DateTime (C type), 270 PyDict_Next (C function), 226
PyConfig.stdio_errors (C member), PyDateTime_DateTimeType (C var), 270 PyDict_Pop (C function), 225
336 PyDateTime_DateType (C var), 270 PyDict_PopString (C function), 225
PyConfig.tracemalloc (C member), 337 PyDateTime_Delta (C type), 270 PyDict_SetDefault (C function), 224
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PyDict_SetDefaultRef (C function),
225
PyDict_SetItem (C function), 223
PyDict_SetItemString (C function),
223
PyDict_Size (C function), 225
PyDict_Type (C var), 222
PyDict_Unwatch (C function), 228
PyDict_Update (C function), 227
PyDict_Values (C function), 225
PyDict_Watch (C function), 228
PyDict_WatchCallback (C type), 228
PyDict_WatchEvent (C type), 228
PyDictObject (C type), 222
PyDictProxy_New (C function), 222
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 65
PyErr_BadInternalCall (C function),
68
PyErr_CheckSignals (C function), 73
PyErr_Clear (C function), 13, 15, 63
PyErr_DisplayException (C function),
64
PyErr_ExceptionMatches (C function),
15, 69
PyErr_Fetch (C function), 70
PyErr_Format (C function), 65
PyErr_FormatUnraisable (C function),
64
PyErr_FormatV (C function), 65
PyErr_GetExcInfo (C function), 72
PyErr_GetHandledException (C'
function), 72
PyErr_GetRaisedException (C
function), 70
PyErr_GivenExceptionMatches (C
function), 69
PyErr_NewException (C function), 75
PyErr_NewExceptionWithDoc (C'
function), 75
PyErr_NoMemory (C function), 65
PyErr_NormalizeException (C
function), 71
PyErr_Occurred (C function), 13, 69
PyErr_Print (C function), 64
PyErr_PrintEx (C function), 63
PyErr_ResourceWarning (C function),
69
PyErr_Restore (C function), 71
PyErr_SetExcFromWindowsErr (C
function), 66
PyErr_SetExcFromWindowsErrWithFilename
(C function), 67
PyErr_SetExcFromWindowsErrWithFilenameg
(C function), 66
PyErr_SetExcFromWindowsErrWithFilenamg
(C function), 67
PyErr_SetExcInfo (C function), 73
PyErr_SetFromErrno (C function), 65
PyErr_SetFromErrnoWithFilename (C
function), 66
PyErr_SetFromErrnoWithFilenameObject
(C function), 66
PyErr_SetFromErrnoWithFilenameObjects
(C function), 66
PyErr_SetFromWindowsErr (C function),
66
PyErr_SetFromWindowsErrWithFilename
(C function), 66
PyErr_SetHandledException (C
function), 72
PyErr_SetImportError (C function), 67

PyErr_SetImportErrorSubclass (C
function), 67
PyErr_SetInterrupt (C function), 74
PyErr_SetInterruptEx (C function), 74
PyErr_SetNone (C function), 65
PyErr_SetObject (C function), 65
PyErr_SetRaisedException (C
function), 70
PyErr_SetString (C function), 13, 65
PyErr_SyntaxLocation (C function), 68
PyErr_SyntaxLocationEx (C function),
67
PyErr_SyntaxLocationObject (C
function), 67
PyErr_WarnEx (C function), 68
PyErr_WarnExplicit (C function), 69
PyErr_WarnExplicitObject (C
function), 68
PyErr_WarnFormat (C function), 69
PyErr_WriteUnraisable (C function),
64
PyEval_AcquireThread (C function),
300
PyEval_AcquireThread (), 295
PyEval_EvalCode (C function), 56
PyEval_EvalCodeEx (C function), 57
PyEval_EvalFrame (C function), 57
PyEval_EvalFrameEx (C function), 57
PyEval_GetBuiltins (C function), 112
PyEval_GetFrame (C function), 113
PyEval_GetFrameBuiltins (C function),

113

PyEval_GetFrameGlobals (C function),
113

PyEval_GetFrameLocals (C function),
113

PyEval_GetFuncDesc (C function), 114
PyEval_GetFuncName (C function), 113
PyEval_GetGlobals (C function), 113
PyEval_GetLocals (C function), 112
PyEval_InitThreads (C function), 294
PyEval_InitThreads(), 282
PyEval_MergeCompilerFlags (C
function), 57
PyEval_ReleaseThread (C function),
301
PyEval_ReleaseThread(), 295
PyEval_RestoreThread (C function),
292, 295
PyEval_RestoreThread(), 295
PyEval_SaveThread (C function), 292,
295
PyEval_SaveThread(), 295
PyEval_SetProfile (C function), 308

ObBgEtal_SetProfileAllThreads (C

function), 308

ObBgEtal_SetTrace (C function), 308

PyEval_SetTraceAllThreads (C
function), 309
PyExc_ArithmeticError (C wvar), 79
PyExc_AssertionError (C var), 79
PyExc_AttributeError (C var), 79
PyExc_BaseException (C var), 79
PyExc_BlockingIOError (C wvar), 79
PyExc_BrokenPipeError (C var), 79
PyExc_BufferError (C var), 79
PyExc_BytesWarning (C var), 81
PyExc_ChildProcessError (C var), 79
PyExc_ConnectionAbortedError (C
var), 79
PyExc_ConnectionError (C var), 79
PyExc_ConnectionRefusedError (C
var), 79

PyExc_ConnectionResetError (C var),
79
PyExc_DeprecationWarning (C var), 81
PyExc_EnvironmentError (C var), 81
PyExc_EOFError (C wvar), 79
PyExc_Exception (C wvar), 79
PyExc_FileExistsError (C var), 79
PyExc_FileNotFoundError (C var), 79
PyExc_FloatingPointError (C var), 79
PyExc_FutureWarning (C var), 81
PyExc_GeneratorExit (C wvar), 79
PyExc_ImportError (C var), 79
PyExc_ImportWarning (C var), 81
PyExc_IndentationError (C var), 79
PyExc_IndexError (C var), 79
PyExc_InterruptedError (C var), 79
PyExc_IOError (C wvar), 81
PyExc_IsADirectoryError (C var), 79
PyExc_KeyboardInterrupt (C var), 79
PyExc_KeyError (C wvar), 79
PyExc_LookupError (C var), 79
PyExc_MemoryError (C var), 79
PyExc_ModuleNotFoundError (C var), 79
PyExc_NameError (C wvar), 79
PyExc_NotADirectoryError (C var), 79
PyExc_NotImplementedError (C var), 79
PyExc_0SError (C wvar), 79
PyExc_OverflowError (C var), 79
PyExc_PendingDeprecationWarning (C
var), 81
PyExc_PermissionError (C var), 79
PyExc_ProcessLookupError (C var), 79
PyExc_PythonFinalizationError (C
var), 79
PyExc_RecursionError (C var), 79
PyExc_ReferenceError (C var), 79
PyExc_ResourceWarning (C wvar), 81
PyExc_RuntimeError (C wvar), 79
PyExc_RuntimeWarning (C var), 81
PyExc_StopAsyncIteration (C var), 79
PyExc_StopIteration (C wvar), 79
PyExc_SyntaxError (C var), 79
PyExc_SyntaxWarning (C var), 81
PyExc_SystemError (C var), 79
PyExc_SystemExit (C var), 79
PyExc_TabError (C var), 79
PyExc_TimeoutError (C var), 79
PyExc_TypeError (C var), 79
PyExc_UnboundLocalError (C var), 79
PyExc_UnicodeDecodeError (C var), 79
PyExc_UnicodeEncodeError (C var), 79
PyExc_UnicodeError (C var), 79
PyExc_UnicodeTranslateError (C var),
79
PyExc_UnicodeWarning (C wvar), 81
PyExc_UserWarning (C var), 81
PyExc_ValueError (C var), 79
PyExc_Warning (C var), 81
PyExc_WindowsError (C var), 81
PyExc_ZeroDivisionError (C var), 79
PyException_GetArgs (C function), 76
PyException_GetCause (C function), 75
PyException_GetContext (C function),
75
PyException_GetTraceback (C
function), 75
PyException_SetArgs (C function), 76
PyException_SetCause (C function), 76
PyException_SetContext (C function),
75
PyException_SetTraceback (C
function), 75
PyFile_FromFd (C function), 241
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PyFile_GetLine (C function), 241
PyFile_SetOpenCodeHook (C function),
242
PyFile_WriteObject (C function), 242
PyFile_WriteString (C function), 242
PyFloat_AS_DOUBLE (C function), 181
PyFloat_AsDouble (C function), 181
PyFloat_Check (C function), 181
PyFloat_CheckExact (C function), 181
PyFloat_FromDouble (C function), 181
PyFloat_FromString (C function), 181
PyFloat_GetInfo (C function), 181
PyFloat_GetMax (C function), 181
PyFloat_GetMin (C function), 181
PyFloat_Pack2 (C function), 182
PyFloat_Pack4 (C function), 182
PyFloat_Pack8 (C function), 182
PyFloat_Type (C var), 181
PyFloat_Unpack2 (C function), 183
PyFloat_Unpack4 (C function), 183
PyFloat_Unpack8 (C function), 183
PyFloatObject (C type), 181
PyFrame_Check (C function), 263
PyFrame_GetBack (C function), 263
PyFrame_GetBuiltins (C function), 263
PyFrame_GetCode (C function), 263
PyFrame_GetGenerator (C function),
263
PyFrame_GetGlobals (C function), 264
PyFrame_GetLasti (C function), 264
PyFrame_GetLineNumber (C function),
265
PyFrame_GetLocals (C function), 264
PyFrame_GetVar (C function), 264
PyFrame_GetVarString (C function),
264
PyFrame_Type (C var), 263
PyFrameLocalsProxy_Check (C
function), 265
PyFrameLocalsProxy_Type (C var), 265
PyFrameObject (C type), 263
PyFrozenSet_Check (C function), 229
PyFrozenSet_CheckExact (C function),
230
PyFrozenSet_New (C function), 230
PyFrozenSet_Type (C var), 229
PyFunction_AddWatcher (C function),
233
PyFunction_Check (C function), 231
PyFunction_ClearWatcher (C function),
233
PyFunction_GetAnnotations (C
function), 232
PyFunction_GetClosure (C function),
232
PyFunction_GetCode (C function), 232
PyFunction_GetDefaults (C function),
232
PyFunction_GetGlobals (C function),
232
PyFunction_GetModule (C function),
232
PyFunction_New (C function), 231
PyFunction_NewWithQualName (C
function), 231
PyFunction_SetAnnotations (C'
function), 232
PyFunction_SetClosure (C function),
232
PyFunction_SetDefaults (C function),
232
PyFunction_SetVectorcall (C
function), 232

PyFunction_Type (C var), 231
PyFunction_WatchCallback (C type),
233
PyFunction_WatchEvent (C type), 233
PyFunctionObject (C type), 231
PyGC_Collect (C function), 431
PyGC_Disable (C function), 431
PyGC_Enable (C function), 431
PyGC_IsEnabled (C function), 431
PyGen_Check (C function), 266
PyGen_CheckExact (C function), 266
PyGen_New (C function), 266
PyGen_NewWithQualName (C function),
266
PyGen_Type (C var), 266
PyGenObject (C type), 266
PyGetSetDef (C type), 379
PyGetSetDef .closure (C member), 379
PyGetSetDef.doc (C member), 379
PyGetSetDef.get (C member), 379
PyGetSetDef .name (C member), 379
PyGetSetDef.set (C member), 379
PyGILState_Check (C function), 296
PyGILState_Ensure (C function), 296
PyGILState_GetThisThreadState (C
function), 296
PyGILState_Release (C function), 296
PyHASH_BITS (C macro), 111
PyHash_FuncDef (C type), 111
PyHash_FuncDef .hash_bits (C
member), 111
PyHash_FuncDef .name (C member), 111
PyHash_FuncDef .seed_bits (C
member), 111
PyHash_GetFuncDef (C function), 111
PyHASH_IMAG (C macro), 111
PyHASH_INF (C macro), 111
PyHASH_MODULUS (C macro), 111
PyHASH_MULTIPLIER (C macro), 111
PyImport_AddModule (C function), 91
PyImport_AddModuleObject (C
function), 91
PyImport_AddModuleRef (C function),
91
PyImport_AppendInittab (C function),
94

PyImport_ExecCodeModule (C function),
91

PyImport_ExecCodeModuleEx (C'
function), 92

PyImport_ExecCodeModuleObject (C
function), 92

PyImport_ExecCodeModuleWithPathnames
(C function), 92

PyImport_ExtendInittab (C function),
95

PyImport_FrozenModules (C var), 94

PyImport_GetImporter (C function), 93

PyImport_GetMagicNumber (C function),
93

PyImport_GetMagicTag (C function), 93

PyImport_GetModule (C function), 93

PyImport_GetModuleDict (C function),
93

PyImport_Import (C function), 91

PyImport_ImportFrozenModule (C'
function), 94

PyImport_ImportFrozenModuleObject
(C function), 93

PyImport_ImportModule (C function),
90

PyImport_ImportModuleEx (C function),
90

PyImport_ImportModuleLevel (C
function), 90
PyImport_ImportModuleLevelObject (C
Sfunction), 90
PyImport_ImportModuleNoBlock (C'
Sfunction), 90
PyImport_ReloadModule (C function),
91
PyIndex_Check (C function), 141
PyInitConfig (C struct), 344
PyInitConfig_AddModule (C function),
346
PyInitConfig_Create (C function), 344
PyInitConfig Free (C function), 344
PyInitConfig_FreeStrList (C
Sfunction), 345
PyInitConfig_GetError (C function),
344
PyInitConfig_GetExitCode (C
function), 344
PyInitConfig_GetInt (C function), 345
PyInitConfig_GetStr (C function), 345
PyInitConfig_GetStrList (C function),
345
PyInitConfig HasOption (C function),
345
PyInitConfig_SetInt (C function), 346
PyInitConfig_SetStr (C function), 346
PyInitConfig_SetStrList (C function),
346
PyInstanceMethod_Check (C function),
234
PyInstanceMethod_Function (C
Sfunction), 234
PyInstanceMethod _GET_FUNCTION (C’
function), 234
PyInstanceMethod_New (C function),
234
PyInstanceMethod_Type (C wvar), 234
PyInterpreterConfig (C type), 301
PyInterpreterConfig DEFAULT_GIL (C
macro), 302
PyInterpreterConfig OWN_GIL (C
macro), 303
PyInterpreterConfig SHARED_GIL (C
macro), 302
PyInterpreterConfig.allow_daemon_threads
(C member), 302
PyInterpreterConfig.allow_exec (C
member), 302
PyInterpreterConfig.allow_fork (C
member), 302
PyInterpreterConfig.allow_threads
(C member), 302
PyInterpreterConfig.check_multi_interp_exten
(C member), 302
PyInterpreterConfig.gil (C member),
302
PyInterpreterConfig.use_main_obmalloc
(C member), 302
PyInterpreterState (C type), 294
PyInterpreterState_Clear (C
function), 297
PyInterpreterState_Delete (C
Sfunction), 298
PyInterpreterState_Get (C function),
299
PyInterpreterState_GetDict (C
Sfunction), 299
PyInterpreterState_GetID (C
function), 299
PyInterpreterState_Head (C function),
310
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PyInterpreterState_Main (C function),
310
PyInterpreterState_New (C function),
297
PyInterpreterState_Next (C function),
310
PyInterpreterState_ThreadHead (C
function), 310
PyIter_Check (C function), 146
PyIter_Next (C function), 146
PyIter_NextItem (C function), 146
PyIter_Send (C function), 147
PyList_Append (C function), 221
PyList_AsTuple (C function), 222
PyList_Check (C function), 219
PyList_CheckExact (C function), 219
PyList_Clear (C function), 222
PyList_Extend (C function), 221
PyList_GET_ITEM (C function), 220
PyList_GET_SIZE (C function), 220
PyList_GetItem (C function), 11, 220
PyList_GetItemRef (C function), 220
PyList_GetSlice (C function), 221
PyList_Insert (C function), 221
PyList_New (C function), 220
PyList_Reverse (C function), 222
PyList_SET_ITEM (C function), 221
PyList_SetItem (C function), 9, 220
PyList_SetSlice (C function), 221
PyList_Size (C function), 220
PyList_Sort (C function), 222
PyList_Type (C var), 219
PyListObject (C type), 219
PyLong_AS_LONG (C function), 169
PyLong_AsDouble (C' function), 172
PyLong_AsInt (C function), 169
PyLong_AsInt32 (C function), 172
PyLong_AsInt64 (C function), 172
PyLong_AsLong (C function), 169
PyLong_AsLongAndOverflow (C
function), 170
PyLong_AsLongLong (C function), 170
PyLong_AsLongLongAndOverflow (C'
function), 170
PyLong_AsNativeBytes (C function),
173
PyLong_AsSize_t (C function), 171
PyLong_AsSsize_t (C function), 170
PyLong_AsUInt32 (C function), 172
PyLong_AsUInt64 (C function), 172
PyLong_AsUnsignedLong (C function),
171
PyLong_AsUnsignedLongLong (C'
function), 171
PyLong_AsUnsignedLongLongMask (C'
function), 171
PyLong_AsUnsignedLongMask (C'
function), 171
PyLong_AsVoidPtr (C function), 172
PyLong_Check (C function), 167
PyLong_CheckExact (C function), 167
PyLong_Export (C function), 179
PyLong_FreeExport (C function), 179
PyLong_FromDouble (C function), 168
PyLong_FromInt32 (C function), 168
PyLong_FromInt64 (C function), 168
PyLong_FromLong (C function), 167
PyLong_FromLongLong (C function), 167
PyLong_FromNativeBytes (C function),
169
PyLong_FromSize_t (C function), 167
PyLong_FromSsize_t (C function), 167
PyLong_FromString (C function), 168

PyLong_FromUInt32 (C function), 168
PyLong_FromUInt64 (C function), 168
PyLong_FromUnicodeObject (C
function), 168
PyLong_FromUnsignedLong (C function),
167
PyLong_FromUnsignedLongLong (C'
function), 168
PyLong_FromUnsignedNativeBytes (C
function), 169
PyLong_FromVoidPtr (C function), 169
PyLong_GetInfo (C function), 176
PyLong_GetNativeLayout (C function),
178
PyLong_GetSign (C function), 176
PyLong_IsNegative (C function), 176
PyLong_IsPositive (C function), 176
PyLong_IsZero (C function), 176
PyLong_Type (C var), 167
PyLongExport (C struct), 178
PyLongExport.digits (C member), 178
PyLongExport.ndigits (C member), 178
PyLongExport.negative (C member),
178
PyLongExport.value (C member), 178
PyLongLayout (C struct), 177
PyLongLayout.bits_per_digit (C'
member), 178
PyLongLayout.digit_endianness (C
member), 178
PyLonglayout.digit_size (C member),
178
PyLongLayout.digits_order (C
member), 178
PyLongObject (C type), 167
PyLongWriter (C struct), 179
PyLongWriter_Create (C function), 179
PyLongWriter_Discard (C function),
180
PyLongWriter_Finish (C function), 179
PyMapping_Check (C function), 144
PyMapping_DelItem (C function), 145
PyMapping_DelItemString (C function),
145
PyMapping_GetItemString (C function),
144
PyMapping_GetOptionalItem (C
function), 144
PyMapping_GetOptionalItemString (C
function), 144
PyMapping_HasKey (C function), 145
PyMapping_HasKeyString (C function),
145
PyMapping_HasKeyStringWithError (C
function), 145
PyMapping_HasKeyWithError (C
function), 145
PyMapping_Items (C function), 146
PyMapping_Keys (C function), 146
PyMapping_Length (C function), 144
PyMapping_SetItemString (C function),
145
PyMapping_Size (C function), 144
PyMapping_Values (C function), 146
PyMappingMethods (C type), 418
PyMappingMethods.mp_ass_subscript
(C member), 418
PyMappingMethods.mp_length (C
member), 418
PyMappingMethods.mp_subscript (C'
member), 418
PyMarshal_ReadLastObjectFromFile (C
function), 96

PyMarshal_ReadLongFromFile (C
function), 95
PyMarshal_ReadObjectFromFile (C'
Sfunction), 96
PyMarshal_ReadObjectFromString (C
function), 96
PyMarshal_ReadShortFromFile (C
function), 96
PyMarshal_WriteLongToFile (C
Sfunction), 95
PyMarshal_WriteObjectToFile (C
Sfunction), 95
PyMarshal_WriteObjectToString (C
function), 95
PyMem_Calloc (C function), 356
PyMem_Del (C function), 357
PYMEM_DOMAIN_MEM (C macro), 360
PYMEM_DOMAIN_OBJ (C macro), 360
PYMEM_DOMAIN_RAW (C macro), 360
PyMem_Free (C function), 357
PyMem_GetAllocator (C function), 360
PyMem_Malloc (C function), 356
PyMem_New (C macro), 357
PyMem_RawCalloc (C function), 355
PyMem_RawFree (C function), 356
PyMem_RawMalloc (C function), 355
PyMem_RawRealloc (C function), 355
PyMem_Realloc (C function), 356
PyMem_Resize (C macro), 357
PyMem_SetAllocator (C function), 361
PyMem_SetupDebugHooks (C function),
361
PyMemAllocatorDomain (C' type), 360
PyMemAllocatorEx (C type), 359
PyMember_GetOne (C' function), 376
PyMember_SetOne (C function), 376
PyMemberDef (C type), 375
PyMemberDef .doc (C member), 375
PyMemberDef .flags (C member), 375
PyMemberDef .name (C' member), 375
PyMemberDef .offset (C member), 375
PyMemberDef . type (C member), 375
PyMemoryView_Check (C function), 258
PyMemoryView_FromBuffer (C function),
258
PyMemoryView_FromMemory (C function),
257
PyMemoryView_FromObject (C function),
257
PyMemoryView_GET_BASE (C function),
258
PyMemoryView_GET_BUFFER (C function),
258
PyMemoryView_GetContiguous (C
function), 258
PyMethod_Check (C function), 234
PyMethod_Function (C function), 235
PyMethod_GET_FUNCTION (C function),
235
PyMethod_GET_SELF (C function), 235
PyMethod_New (C function), 234
PyMethod_Self (C function), 235
PyMethod_Type (C var), 234
PyMethodDef (C type), 371
PyMethodDef .m1_doc (C member), 372
PyMethodDef .ml_flags (C member), 372
PyMethodDef .m1_meth (C member), 372
PyMethodDef .m1_name (C member), 371
PyMODINIT_FUNC (C macro), 4
PyModule_Add (C function), 251
PyModule_AddFunctions (C function),
250
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PyModule_AddIntConstant (C function),

PyModule_AddIntMacro (C macro), 252
PyModule_AddObject (C function), 251
PyModule_AddObjectRef (C function),
250
PyModule_AddStringConstant (C
function), 252
PyModule_AddStringMacro (C macro),

PyModule_AddType (C function), 252
PyModule_Check (C function), 243
PyModule_CheckExact (C function), 243
PyModule_Create (C function), 246
PyModule_Create2 (C function), 246
PyModule_ExecDef (C function), 250
PyModule_FromDefAndSpec (C function),
249
PyModule_FromDefAndSpec2 (C
function), 249
PyModule_GetDef (C function), 244
PyModule_GetDict (C function), 243
PyModule_GetFilename (C function),
244
PyModule_GetFilenameObject (C
function), 244
PyModule_GetName (C function), 243
PyModule_GetNameObject (C function),
243
PyModule_GetState (C function), 244
PyModule_New (C function), 243
PyModule_NewObject (C function), 243
PyModule_SetDocString (C' function),
250
PyModule_Type (C var), 243
PyModuleDef (C type), 244
PyModuleDef_Init (C function), 247
PyModuleDef_Slot (C type), 247
PyModuleDef_Slot.slot (C member),
247
PyModuleDef_Slot.value (C' member),
247
PyModuleDef .m_base (C member), 244
PyModuleDef .m_clear (C member), 245
PyModuleDef .m_doc (C member), 244
PyModuleDef .m_free (C member), 246
PyModuleDef .m_methods (C member),
245
PyModuleDef .m_name (C' member), 244
PyModuleDef .m_size (C' member), 245
PyModuleDef .m_slots (C member), 245
PyModuleDef .m_slots.m_reload (C
member), 245
PyModuleDef .m_traverse (C member),
245
PyMonitoring_EnterScope (C function),
439
PyMonitoring_ExitScope (C function),
441
PyMonitoring_FireBranchLeftEvent (C
function), 438
PyMonitoring_FireBranchRightEvent
(C function), 438
PyMonitoring FireCallEvent (C
function), 437
PyMonitoring FireCRaiseEvent (C'
function), 438
PyMonitoring_FireCReturnEvent (C
function), 438
PyMonitoring_FireExceptionHandledEvent
(C function), 438
PyMonitoring_FireJumpEvent (C
function), 438

PyMonitoring FireLineEvent (C
function), 438
PyMonitoring_FirePyResumeEvent (C
function), 437
PyMonitoring_FirePyReturnEvent (C
function), 437
PyMonitoring_ FirePyStartEvent (C'
function), 437
PyMonitoring_ FirePyThrowEvent (C'
function), 438
PyMonitoring_FirePyUnwindEvent (C
function), 438
PyMonitoring FirePyYieldEvent (C
function), 437
PyMonitoring FireRaiseEvent (C
function), 438
PyMonitoring_ FireReraiseEvent (C'
function), 438
PyMonitoring_FireStopIterationEvent
(C function), 438
PyMonitoringState (C type), 437
PyMutex (C type), 313
PyMutex_Lock (C function), 313
PyMutex_Unlock (C function), 313
PyNumber_Absolute (C function), 138
PyNumber_Add (C function), 137
PyNumber_And (C function), 139
PyNumber_AsSsize_t (C function), 141
PyNumber_Check (C function), 137
PyNumber_Divmod (C function), 138
PyNumber_Float (C function), 140
PyNumber_FloorDivide (C function),
137
PyNumber_Index (C function), 141
PyNumber_InPlaceAdd (C function), 139
PyNumber_InPlaceAnd (C function), 140
PyNumber_InPlaceFloorDivide (C
function), 139
PyNumber_InPlaceLshift (C function),
140
PyNumber_InPlaceMatrixMultiply (C
function), 139
PyNumber_InPlaceMultiply (C
function), 139
PyNumber_InPlaceOr (C function), 140
PyNumber_InPlacePower (C function),
140
PyNumber_InPlaceRemainder (C
function), 140
PyNumber_InPlaceRshift (C function),
140
PyNumber_InPlaceSubtract (C
function), 139
PyNumber_InPlaceTrueDivide (C
function), 139
PyNumber_InPlaceXor (C function), 140
PyNumber_Invert (C function), 138
PyNumber_Long (C function), 140
PyNumber_Lshift (C function), 138
PyNumber_MatrixMultiply (C function),
137
PyNumber_Multiply (C function), 137
PyNumber_Negative (C function), 138
PyNumber_Or (C function), 139
PyNumber_Positive (C function), 138
PyNumber_Power (C function), 138
PyNumber_Remainder (C function), 138
PyNumber_Rshift (C function), 138
PyNumber_Subtract (C function), 137
PyNumber_ToBase (C' function), 141
PyNumber_TrueDivide (C function), 138
PyNumber_Xor (C function), 139
PyNumberMethods (C type), 415

PyNumberMethods.nb_absolute (C
member), 417
PyNumberMethods.nb_add (C member),
416
PyNumberMethods.nb_and (C' member),
417
PyNumberMethods.nb_bool (C' member),
417
PyNumberMethods.nb_divmod (C
member), 417
PyNumberMethods.nb_float (C
member), 417
PyNumberMethods.nb_floor_divide (C
member), 418
PyNumberMethods.nb_index (C
member), 418
PyNumberMethods.nb_inplace_add (C
member), 417
PyNumberMethods.nb_inplace_and (C
member), 417
PyNumberMethods.nb_inplace_floor_divide
(C member), 418
PyNumberMethods.nb_inplace_lshift
(C member), 417

PyNumberMethods.nb_inplace_matrix_multiply

(C member), 418
PyNumberMethods.nb_inplace_multiply
(C member), 417
PyNumberMethods.nb_inplace_or (C
member), 418
PyNumberMethods.nb_inplace_power (C'
member), 417
PyNumberMethods.nb_inplace_remainder
(C member), 417
PyNumberMethods.nb_inplace_rshift
(C member), 417
PyNumberMethods.nb_inplace_subtract
(C member), 417
PyNumberMethods.nb_inplace_true_divide
(C member), 418
PyNumberMethods.nb_inplace_xor (C
member), 418
PyNumberMethods.nb_int (C member),
417
PyNumberMethods.nb_invert (C
member), 417
PyNumberMethods.nb_lshift (C
member), 417
PyNumberMethods.nb_matrix_multiply
(C member), 418
PyNumberMethods.nb_multiply (C
member), 417
PyNumberMethods.nb_negative (C
member), 417
PyNumberMethods.nb_or (C member),
417
PyNumberMethods.nb_positive (C
member), 417
PyNumberMethods.nb_power (C
member), 417
PyNumberMethods.nb_remainder (C
member), 417
PyNumberMethods.nb_reserved (C
member), 417
PyNumberMethods.nb_rshift (C
member), 417
PyNumberMethods.nb_subtract (C
member), 416
PyNumberMethods.nb_true_divide (C
member), 418
PyNumberMethods.nb_xor (C' member),
417
PyObject (C type), 368
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PyObject_ASCII (C function), 127
PyObject_AsFileDescriptor (C
function), 241
PyObject_Bytes (C function), 127
PyObject_Call (C function), 134
PyObject_CallFunction (C function),
135
PyObject_CallFunctionObjArgs (C'
function), 135
PyObject_CallMethod (C function), 135
PyObject_CallMethodNoArgs (C
function), 136
PyObject_CallMethodObjArgs (C
function), 136
PyObject_CallMethodOneArg (C'
function), 136
PyObject_CallNoArgs (C function), 134
PyObject_CallObject (C function), 135
PyObject_Calloc (C function), 358
PyObject_CallOneArg (C function), 134
PyObject_CheckBuffer (C function),
155
PyObject_ClearManagedDict (C
function), 130
PyObject_ClearWeakRefs (C function),
260
PyObject_CopyData (C function), 156
PyObject_Del (C function), 367
PyObject_DelAttr (C function), 125
PyObject_DelAttrString (C function),
125
PyObject_DelItem (C function), 129
PyObject_Dir (C function), 129
PyObject_Format (C function), 126
PyObject_Free (C function), 358
PyObject_GC_Del (C function), 429
PyObject_GC_IsFinalized (C function),
429
PyObject_GC_IsTracked (C function),
429
PyObject_GC_New (C macro), 428
PyObject_GC_NewVar (C macro), 428
PyObject_GC_Resize (C macro), 429
PyObject_GC_Track (C function), 429
PyObject_GC_UnTrack (C function), 430
PyObject_GenericGetAttr (C function),
124
PyObject_GenericGetDict (C function),
125
PyObject_GenericHash (C function),
112
PyObject_GenericSetAttr (C function),
125
PyObject_GenericSetDict (C function),
126
PyObject_GetAIter (C function), 129
PyObject_GetArenaAllocator (C
function), 364
PyObject_GetAttr (C function), 124
PyObject_GetAttrString (C function),
124
PyObject_GetBuffer (C function), 155
PyObject_GetItem (C function), 129
PyObject_GetItemData (C function),
130
PyObject_GetIter (C function), 129
PyObject_GetOptionalAttr (C
function), 124
PyObject_GetOptionalAttrString (C
function), 124
PyObject_GetTypeData (C function),
129
PyObject_HasAttr (C function), 123

PyObject_HasAttrString (C function),
123
PyObject_HasAttrStringWithError (C
function), 123
PyObject_HasAttrWithError (C
function), 123
PyObject_Hash (C function), 128
PyObject_HashNotImplemented (C'
function), 128
PyObject_HEAD (C macro), 368
PyObject_HEAD_INIT (C macro), 370
PyObject_Init (C function), 367
PyObject_InitVar (C function), 367
PyObject_IS_GC (C function), 429
PyObject_IsInstance (C function), 127
PyObject_IsSubclass (C function), 127
PyObject_IsTrue (C function), 128
PyObject_Length (C function), 128
PyObject_LengthHint (C function), 128
PyObject_Malloc (C function), 358
PyObject_New (C macro), 367
PyObject_NewVar (C macro), 367
PyObject_Not (C function), 128
PyObject_Print (C function), 123
PyObject_Realloc (C function), 358
PyObject_Repr (C function), 126
PyObject_RichCompare (C function),
126
PyObject_RichCompareBool (C
function), 126
PyObject_SelfIter (C function), 129
PyObject_SetArenaAllocator (C
function), 364
PyObject_SetAttr (C function), 125
PyObject_SetAttrString (C function),
125
PyObject_SetItem (C function), 129
PyObject_Size (C function), 128
PyObject_Str (C function), 127
PyObject_Type (C function), 128
PyObject_TypeCheck (C function), 128
PyObject_VAR_HEAD (C macro), 369
PyObject_Vectorcall (C function), 136
PyObject_VectorcallDict (C function),
136
PyObject_VectorcallMethod (C
function), 136
PyObject_VisitManagedDict (C
function), 130
PyObjectArenaAllocator (C type), 364
PyObject.ob_refcnt (C member), 387
PyObject.ob_type (C member), 387
Py0S_AfterFork (C function), 84
Py0S_AfterFork_Child (C function), 84
Py0S_AfterFork_Parent (C function),
84
Py0S_BeforeFork (C function), 83
Py0S_CheckStack (C function), 84
Py0S_double_to_string (C function),
110
Py0S_FSPath (C function), 83
Py0S_getsig (C function), 85
Py0S_InputHook (C var), 55
Py0S_ReadlineFunctionPointer (C
var), 55
Py0S_setsig (C function), 85
Py0S_sighandler_t (C type), 85
Py0S_snprintf (C function), 108
Py0S_stricmp (C function), 110
Py0S_string_to_double (C function),
109
Py0S_strnicmp (C function), 110
Py0S_strtol (C function), 109

Py0S_strtoul (C function), 109
Py0S_vsnprintf (C function), 108
PyPreConfig (C type), 321
PyPreConfig_InitIsolatedConfig (C
Sfunction), 321
PyPreConfig_InitPythonConfig (C'
Sfunction), 321
PyPreConfig.allocator (C member),
321
PyPreConfig.coerce_c_locale (C
member), 322
PyPreConfig.coerce_c_locale_warn (C
member), 322
PyPreConfig.configure_locale (C
member), 321
PyPreConfig.dev_mode (C member), 322
PyPreConfig.isolated (C member), 322
PyPreConfig.legacy_windows_fs_encoding
(C member), 322
PyPreConfig.parse_argv (C member),
322
PyPreConfig.use_environment (C
member), 322
PyPreConfig.utf8_mode (C member),
323
PyProperty_Type (C wvar), 255
PyRefTracer (C type), 309
PyRefTracer_CREATE (C var), 309
PyRefTracer_DESTROY (C war), 309
PyRefTracer_GetTracer (C function),
310
PyRefTracer_SetTracer (C function),
309
PyRun_AnyFile (C function), 53
PyRun_AnyFileEx (C function), 53
PyRun_AnyFileExFlags (C function), 53
PyRun_AnyFileFlags (C function), 53
PyRun_File (C function), 55
PyRun_FileEx (C function), 55
PyRun_FileExFlags (C function), 56
PyRun_FileFlags (C function), 56
PyRun_InteractiveLoop (C function),
54
PyRun_InteractiveLoopFlags (C'
Sfunction), 54
PyRun_InteractiveOne (C function), 54
PyRun_InteractiveOneFlags (C
Sfunction), 54
PyRun_SimpleFile (C function), 54
PyRun_SimpleFileEx (C function), 54
PyRun_SimpleFileExFlags (C function),
54
PyRun_SimpleString (C function), 53
PyRun_SimpleStringFlags (C function),
53
PyRun_String (C function), 55
PyRun_StringFlags (C function), 55
PySendResult (C type), 147
PySeqIter_Check (C function), 254
PySeqIter_New (C function), 254
PySeqIter_Type (C var), 254
PySequence_Check (C' function), 141
PySequence_Concat (C function), 141
PySequence_Contains (C function), 143
PySequence_Count (C function), 142
PySequence_Delltem (C function), 142
PySequence_DelSlice (C function), 142
PySequence_Fast (C function), 143
PySequence_Fast_GET_ITEM (C
Sfunction), 143
PySequence_Fast_GET_SIZE (C
Sfunction), 143
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PySequence_Fast_ITEMS (C function),
144
PySequence_GetItem (C function), 11,
142
PySequence_GetSlice (C function), 142
PySequence_In (C function), 143
PySequence_Index (C function), 143
PySequence_InPlaceConcat (C
function), 142
PySequence_InPlaceRepeat (C
function), 142
PySequence_ITEM (C function), 144
PySequence_Length (C function), 141
PySequence_List (C function), 143
PySequence_Repeat (C function), 142
PySequence_SetItem (C function), 142
PySequence_SetSlice (C function), 142
PySequence_Size (C function), 141
PySequence_Tuple (C function), 143
PySequenceMethods (C type), 419
PySequencelMethods.sq_ass_item (C
member), 419
PySequenceMethods.sq_concat (C'
member), 419
PySequenceMethods.sq_contains (C
member), 419
PySequenceMethods.sq_inplace_concat
(C member), 419
PySequenceMethods.sq_inplace_repeat
(C member), 419
PySequenceMethods.sq_item (C
member), 419
PySequenceMethods.sq_length (C
member), 419
PySequenceMethods.sq_repeat (C
member), 419
PySet_Add (C function), 230
PySet_Check (C function), 229
PySet_CheckExact (C function), 229
PySet_Clear (C function), 231
PySet_Contains (C function), 230
PySet_Discard (C function), 230
PySet_GET_SIZE (C function), 230
PySet_New (C function), 230
PySet_Pop (C function), 231
PySet_Size (C function), 230
PySet_Type (C var), 229
PySetObject (C type), 229
PySignal_SetWakeupFd (C function), 74
PySlice_AdjustIndices (C function),
257
PySlice_Check (C function), 255
PySlice_GetIndices (C function), 256
PySlice_GetIndicesEx (C function),
256
PySlice_New (C function), 255
PySlice_Type (C var), 255
PySlice_Unpack (C function), 256
PyState_AddModule (C function), 253
PyState_FindModule (C function), 253
PyState_RemoveModule (C function),
254
PyStatus (C type), 319
PyStatus_Error (C function), 319
PyStatus_Exception (C function), 319
PyStatus_Exit (C function), 319
PyStatus_IsError (C function), 320
PyStatus_IsExit (C function), 320
PyStatus_NoMemory (C function), 319
PyStatus_0k (C function), 319
PyStatus.err_msg (C member), 319
PyStatus.exitcode (C member), 319
PyStatus.func (C member), 319

PyStructSequence_Desc (C type), 218
PyStructSequence_Desc.doc (C
member), 218
PyStructSequence_Desc.fields (C
member), 218
PyStructSequence_Desc.n_in_sequence
(C member), 218
PyStructSequence_Desc.name (C
member), 218
PyStructSequence_Field (C type), 218
PyStructSequence_Field.doc (C
member), 218
PyStructSequence_Field.name (C'
member), 218
PyStructSequence_GET_ITEM (C
function), 219
PyStructSequence_GetItem (C
function), 219
PyStructSequence_InitType (C
function), 218
PyStructSequence_InitType2 (C
function), 218
PyStructSequence_New (C function),
218
PyStructSequence_NewType (C
function), 217
PyStructSequence_SET_ITEM (C'
function), 219
PyStructSequence_SetItem (C
function), 219
PyStructSequence_UnnamedField (C
var), 218
PySys_AddAuditHook (C function), 88
PySys_Audit (C function), 88
PySys_AuditTuple (C function), 838
PySys_FormatStderr (C function), 87
PySys_FormatStdout (C function), 87
PySys_GetObject (C function), 87
PySys_GetXOptions (C function), 88
PySys_ResetWarnOptions (C function),
87
PySys_SetArgv (C function), 290
PySys_SetArgvEx (C function), 289
PySys_SetObject (C function), 87
PySys_WriteStderr (C function), 87
PySys_WriteStdout (C function), 87
Python 3000, 461
Python Enhancement Proposals
PEP 1, 460
PEP 7,3, 7
PEP 238, 58, 451
PEP 278, 465
PEP 302, 456
PEP 343, 447
PEP 353, 12
PEP 362, 444, 459
PEP 383, 200, 201
PEP 387, 17, 18
PEP 393, 190
PEP 411, 461
PEP 420, 458, 460
PEP 432, 349, 350
PEP 442, 414
PEP 443, 452
PEP 451, 248
PEP 456, 111
PEP 483, 452
PEP 484, 444, 451, 452, 464, 465
PEP 489, 249, 302
PEP 492, 444, 445, 448
PEP 498, 450
PEP 519, 460
PEP 523, 265, 300

PEP 525, 445

PEP 526, 444, 465
PEP 528, 281, 332
PEP 529, 201, 281
PEP 538, 342

PEP 539, 311

PEP 540, 342

PEP 552, 328

PEP 554, 305

PEP 578, 89

PEP 585, 452

PEP 587, 317

PEP 590, 131

PEP 623, 190

PEP

0626#out-of-process-debuggers-and-pro

238
PEP 634, 400
PEP 649, 444
PEP 667, 113, 265
PEP 0683, 60, 61, 453
PEP 703, 451, 453
PEP 741, 344
PEP 3116, 465
PEP 3119, 127, 128
PEP 3121, 245
PEP 3147, 93
PEP 3151, 81
PEP 3155, 461
PYTHON_CPU_COUNT, 332
PYTHON_GIL, 453
PYTHON_PERF_JIT_SUPPORT, 337
PYTHON_PRESITE, 336
PYTHONCOERCECLOCALE, 342
PYTHONDEBUG, 279, 334
PYTHONDEVMODE, 329
PYTHONDONTWRITEBYTECODE, 279, 339
PYTHONDUMPREFS, 329
PYTHONEXECUTABLE, 335
PYTHONFAULTHANDLER, 329
PYTHONHASHSEED, 280, 330
PYTHONHOME, 15, 16, 280, 291, 330
Pythonic, 461
PYTHONINSPECT, 280, 331
PYTHONINTMAXSTRDIGITS, 331
PYTHONIOENCODING, 337
PYTHONLEGACYWINDOWSFSENCODING, 281,
322
PYTHONLEGACYWINDOWSSTDIO, 281, 332
PYTHONMALLOC, 354, 359, 361, 364
PYTHONMALLOCSTATS, 332, 354
PYTHONNODEBUGRANGES, 328
PYTHONNOUSERSITE, 281, 338
PYTHONOPTIMIZE, 282, 333
PYTHONPATH, 15, 16, 280, 333
PYTHONPERFSUPPORT, 337
PYTHONPLATLIBDIR, 332
PYTHONPROFILEIMPORTTIME, 331
PYTHONPYCACHEPREFIX, 335
PYTHONSAFEPATH, 327
PYTHONTRACEMALLOC, 337
PYTHONUNBUFFERED, 282, 327
PYTHONUTFS, 323, 342
PYTHONVERBOSE, 282, 338
PYTHONWARNINGS, 338
PyThread_create_key (C function), 312
PyThread_delete_key (C function), 312
PyThread_delete_key_value (C
Sfunction), 313
PyThread_get_key_value (C function),
313
PyThread_ReInitTLS (C function), 313
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PyThread_set_key_value (C function),
313
PyThread_tss_alloc (C function), 311
PyThread_tss_create (C function), 312
PyThread_tss_delete (C function), 312
PyThread_tss_free (C function), 311
PyThread_tss_get (C function), 312
PyThread_tss_is_created (C function),
312
PyThread_tss_set (C function), 312
PyThreadState (C type), 291, 294
PyThreadState_Clear (C function), 298
PyThreadState_Delete (C function),
298
PyThreadState_DeleteCurrent (C'
function), 298
PyThreadState_EnterTracing (C
function), 299
PyThreadState_Get (C function), 295
PyThreadState_GetDict (C function),
300
PyThreadState_GetFrame (C function),
298
PyThreadState_GetID (C function), 298
PyThreadState_GetInterpreter (C
function), 299
PyThreadState_GetUnchecked (C
function), 295
PyThreadState_LeaveTracing (C
function), 299
PyThreadState_New (C function), 298
PyThreadState_Next (C function), 310
PyThreadState_SetAsyncExc (C
function), 300
PyThreadState_Swap (C function), 295
PyThreadState.interp (C member), 294
PyTime_AsSecondsDouble (C function),
118
PyTime_Check (C function), 271
PyTime_CheckExact (C function), 271
PyTime_FromTime (C function), 272
PyTime_FromTimeAndFold (C function),
272
PyTime_MAX (C var), 116
PyTime_MIN (C var), 116
PyTime_Monotonic (C function), 117
PyTime_MonotonicRaw (C function), 117
PyTime_PerfCounter (C function), 117
PyTime_PerfCounterRaw (C function),
117
PyTime_t (C type), 116
PyTime_Time (C function), 117
PyTime_TimeRaw (C function), 117
PyTimeZone_FromOffset (C function),
272
PyTimeZone_FromOffsetAndName (C
function), 272
PyTrace_C_CALL (C var), 308
PyTrace_C_EXCEPTION (C var), 308
PyTrace_C_RETURN (C war), 308
PyTrace_CALL (C war), 307
PyTrace_EXCEPTION (C var), 307
PyTrace_LINE (C var), 307
PyTrace_OPCODE (C wvar), 308
PyTrace_RETURN (C var), 308
PyTraceMalloc_Track (C function), 364
PyTraceMalloc_Untrack (C function),
364
PyTuple_Check (C function), 215
PyTuple_CheckExact (C function), 216
PyTuple_GET_ITEM (C function), 216
PyTuple_GET_SIZE (C function), 216
PyTuple_GetItem (C function), 216

PyTuple_GetSlice (C function), 216
PyTuple_New (C function), 216
PyTuple_Pack (C function), 216
PyTuple_SET_ITEM (C function), 217
PyTuple_SetItem (C function), 9, 216
PyTuple_Size (C function), 216
PyTuple_Type (C var), 215
PyTupleObject (C type), 215
PyType_AddWatcher (C function), 158
PyType_Check (C function), 157
PyType_CheckExact (C function), 157
PyType_ClearCache (C function), 158
PyType_ClearWatcher (C function), 158
PyType_Freeze (C function), 163
PyType_FromMetaclass (C function),
162
PyType_FromModuleAndSpec (C'
function), 163
PyType_FromSpec (C function), 163
PyType_FromSpecWithBases (C'
function), 163
PyType_GenericAlloc (C function), 159
PyType_GenericNew (C function), 159
PyType_GetBaseByToken (C' function),
161
PyType_GetDict (C function), 158
PyType_GetFlags (C function), 158
PyType_GetFullyQualifiedName (C
function), 160
PyType_GetModule (C function), 160
PyType_GetModuleByDef (C' function),
161
PyType_GetModuleName (C function),
160
PyType_GetModuleState (C function),
161
PyType_GetName (C function), 160
PyType_GetQualName (C function), 160
PyType_GetSlot (C function), 160
PyType_GetTypeDataSize (C function),
130
PyType_HasFeature (C function), 159
PyType_IS_GC (C function), 159
PyType_IsSubtype (C function), 159
PyType_Modified (C function), 158
PyType_Ready (C function), 159
PyType_Slot (C type), 165
PyType_Slot.pfunc (C member), 165
PyType_Slot.slot (C member), 165
PyType_Spec (C type), 164
PyType_Spec.basicsize (C member),
164
PyType_Spec.flags (C member), 164
PyType_Spec.itemsize (C member), 164
PyType_Spec.name (C member), 164
PyType_Spec.slots (C member), 164
PyType_Type (C var), 157
PyType_Watch (C function), 158
PyType_WatchCallback (C type), 159
PyTypeObject (C type), 157
PyTypeObject.tp_alloc (C member),
409
PyTypeObject.tp_as_async (C
member), 391
PyTypeObject.tp_as_buffer (C
member), 395
PyTypeObject.tp_as_mapping (C
member), 392
PyTypeObject.tp_as_number (C
member), 392
PyTypeObject.tp_as_sequence (C
member), 392
PyTypeObject.tp_base (C member), 407

PyTypeObject.tp_bases (C member),
411

PyTypeObject.tp_basicsize (C
member), 388

PyTypeObject.tp_cache (C member),
412

PyTypeObject.tp_call (C member), 393

PyTypeObject.tp_clear (C member),
402

PyTypeObject.tp_dealloc (C member),
389

PyTypeObject.tp_del (C member), 412

PyTypeObject.tp_descr_get (C
member), 408

PyTypeObject.tp_descr_set (C
member), 408

PyTypeObject.tp_dict (C member), 407

PyTypeObject.tp_dictoffset (C
member), 408

PyTypeObject.tp_doc (C member), 401

PyTypeObject.tp_finalize (C
member), 413

PyTypeObject.tp_flags (C member),
395

PyTypeObject.tp_free (C member), 410

PyTypeObject.tp_getattr (C member),
391

PyTypeObject.tp_getattro (C
member), 394

PyTypeObject.tp_getset (C member),
406

PyTypeObject.tp_hash (C' member), 392

PyTypeObject.tp_init (C member), 409

PyTypeObject.tp_is_gc (C member),
411

PyTypeObject.tp_itemsize (C
member), 388

PyTypeObject.tp_iter (C member), 405

PyTypeObject.tp_iternext (C
member), 406

PyTypeObject.tp_members (C member),
406

PyTypeObject.tp_methods (C member),
406

PyTypeObject.tp_mro (C member), 412

PyTypeObject.tp_name (C member), 388

PyTypeObject.tp_new (C member), 410

PyTypeObject.tp_repr (C member), 392

PyTypeObject.tp_richcompare (C
member), 404

PyTypeObject.tp_setattr (C' member),
391

PyTypeObject.tp_setattro (C
member), 394

PyTypeObject.tp_str (C member), 393

PyTypeObject.tp_subclasses (C
member), 412

PyTypeObject.tp_traverse (C
member), 401

PyTypeObject.tp_vectorcall (C'
member), 414

PyTypeObject.tp_vectorcall_offset
(C member), 390

PyTypeObject.tp_version_tag (C
member), 413

PyTypeObject.tp_watched (C member),
414

PyTypeObject.tp_weaklist (C
member), 412

PyTypeObject.tp_weaklistoffset (C
member), 405

PyTZInfo_Check (C function), 271

PyTZInfo_CheckExact (C function), 272
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PyUnicode_1BYTE_DATA (C function),
192
PyUnicode_1BYTE_KIND (C macro), 192
PyUnicode_2BYTE_DATA (C function),
192
PyUnicode_2BYTE_KIND (C macro), 192
PyUnicode_4BYTE_DATA (C function),
192
PyUnicode_4BYTE_KIND (C macro), 192
PyUnicode_AsASCIIString (C function),
208
PyUnicode_AsCharmapString (C'
function), 208
PyUnicode_AsEncodedString (C
function), 204
PyUnicode_AsLatiniString (C
function), 208
PyUnicode_AsMBCSString (C function),
209
PyUnicode_AsRawUnicodeEscapeString
(C function), 207
PyUnicode_AsUCS4 (C function), 200
PyUnicode_AsUCS4Copy (C function),
200
PyUnicode_AsUnicodeEscapeString (C
function), 207
PyUnicode_AsUTF8 (C function), 205
PyUnicode_AsUTF8AndSize (C function),
204
PyUnicode_AsUTF8String (C function),
204
PyUnicode_AsUTF16String (C function),
207
PyUnicode_AsUTF32String (C function),
206
PyUnicode_AsWideChar (C function),
203
PyUnicode_AsWideCharString (C
function), 203
PyUnicode_Check (C function), 191
PyUnicode_CheckExact (C function),
191
PyUnicode_Compare (C function), 211
PyUnicode_CompareWithASCIIString (C
function), 212
PyUnicode_Concat (C function), 210
PyUnicode_Contains (C function), 212
PyUnicode_CopyCharacters (C
function), 199
PyUnicode_Count (C function), 211
PyUnicode_DATA (C function), 192
PyUnicode_Decode (C function), 204
PyUnicode_DecodeASCII (C function),
208
PyUnicode_DecodeCharmap (C function),
208
PyUnicode_DecodeFSDefault (C
function), 202
PyUnicode_DecodeFSDefaultAndSize (C
function), 202
PyUnicode_DecodeLatinl (C function),
208
PyUnicode_DecodeLocale (C function),
201
PyUnicode_DecodelLocaleAndSize (C
Sunction), 200
PyUnicode_DecodeMBCS (C' function),
209
PyUnicode_DecodeMBCSStateful (C
function), 209
PyUnicode_DecodeRawUnicodeEscape (C
function), 207

PyUnicode_DecodeUnicodeEscape (C'
function), 207
PyUnicode_DecodeUTF7 (C function),
207
PyUnicode_DecodeUTF7Stateful (C
function), 207
PyUnicode_DecodeUTF8 (C function),
204
PyUnicode_DecodeUTF8Stateful (C
function), 204
PyUnicode_DecodeUTF16 (C' function),
206
PyUnicode_DecodeUTF16Stateful (C
function), 206
PyUnicode_DecodeUTF32 (C' function),
205
PyUnicode_DecodeUTF32Stateful (C
function), 206
PyUnicode_EncodeCodePage (C'
function), 210
PyUnicode_EncodeFSDefault (C'
function), 202
PyUnicode_EncodeLocale (C function),
201
PyUnicode_Equal (C function), 211
PyUnicode_EqualToUTF8 (C function),
212
PyUnicode_EqualToUTF8AndSize (C
function), 212
PyUnicode_Fill (C function), 199
PyUnicode_Find (C function), 210
PyUnicode_FindChar (C function), 211
PyUnicode_Format (C function), 212
PyUnicode_FromEncodedObject (C'
function), 198
PyUnicode_FromFormat (C function),
196
PyUnicode_FromFormatV (C' function),
198
PyUnicode_FromKindAndData (C
function), 195
PyUnicode_FromObject (C function),
198
PyUnicode_FromString (C function),
195
PyUnicode_FromStringAndSize (C'
function), 195
PyUnicode_FromWideChar (C function),
203
PyUnicode_FSConverter (C function),
201
PyUnicode_FSDecoder (C function), 202
PyUnicode_GET_LENGTH (C function),
191
PyUnicode_GetLength (C function), 199
PyUnicode_InternFromString (C
function), 213
PyUnicode_InternInPlace (C function),
213
PyUnicode_IsIdentifier (C function),
193
PyUnicode_Join (C function), 210
PyUnicode_KIND (C function), 192
PyUnicode_MAX_CHAR_VALUE (C
function), 193
PyUnicode_New (C function), 195
PyUnicode_READ (C function), 192
PyUnicode_READ_CHAR (C function), 193
PyUnicode_ReadChar (C function), 199
PyUnicode_READY (C function), 191
PyUnicode_Replace (C function), 211
PyUnicode_RichCompare (C function),
212

PyUnicode_Split (C function), 210
PyUnicode_Splitlines (C function),
210
PyUnicode_Substring (C function), 200
PyUnicode_Tailmatch (C function), 210
PyUnicode_Translate (C function), 209
PyUnicode_Type (C var), 191
PyUnicode_WRITE (C function), 192
PyUnicode_WriteChar (C function), 199
PyUnicodeDecodeError_Create (C
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PyUnicodeDecodeError_GetEncoding (C
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PyUnicodeDecodeError_GetEnd (C
Sfunction), 77
PyUnicodeDecodeError_GetObject (C
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PyUnicodeDecodeError_GetReason (C
function), 78
PyUnicodeDecodeError_GetStart (C
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PyUnicodeDecodeError_SetEnd (C
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PyUnicodeDecodeError_SetReason (C
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PyUnicodeDecodeError_SetStart (C
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PyUnicodeEncodeError_GetObject (C
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PyUnicodeEncodeError_GetReason (C
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PyUnicodeEncodeError_GetStart (C
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function), 77
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PyUnicodeEncodeError_SetStart (C
function), 77
PyUnicodeObject (C type), 191
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PyUnicodeTranslateError_GetObject
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PyUnicodeTranslateError_GetReason
(C function), 78
PyUnicodeTranslateError_GetStart (C
function), 77
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Sfunction), 77
PyUnicodeTranslateError_SetReason
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PyUnicodeWriter (C type), 213
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(C function), 215
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214
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PyUnicodeWriter_WriteStr (C
function), 215
PyUnicodeWriter_WriteSubstring (C
function), 215
PyUnicodeWriter_WriteUCS4 (C
function), 214
PyUnicodeWriter_WriteUTF8 (C
function), 214
PyUnicodeWriter_WriteWideChar (C
function), 214
PyUnstable, 17
PyUnstable_AtExit (C function), 286
PyUnstable_Code_GetExtra (C
function), 240
PyUnstable_Code_GetFirstFree (C
function), 236
PyUnstable_Code_New (C function), 236
PyUnstable_Code_NewWithPosOnlyArgs
(C function), 237
PyUnstable_Code_SetExtra (C
function), 240
PyUnstable_Eval_RequestCodeExtralndex
(C function), 240
PyUnstable_Exc_PrepReraiseStar (C
function), 76
PyUnstable_GC_VisitObjects (C
function), 432
PyUnstable_InterpreterFrame_GetCode
(C function), 265
PyUnstable_InterpreterFrame_GetLasti
(C function), 265
PyUnstable_InterpreterFrame_GetLine
(C function), 266
PyUnstable_Long_CompactValue (C
function), 177
PyUnstable_Long_IsCompact (C'
function), 177
PyUnstable_Module_SetGIL (C
Junction), 253
PyUnstable_0Object_ClearWeakRefsNoCallh
(C function), 260
PyUnstable_Object_EnableDeferredRefcoy
(C function), 130
PyUnstable_Object_GC_NewWithExtraData
(C function), 428
PyUnstable_PerfMapState_Fini (C'
function), 119
PyUnstable_PerfMapState_Init (C'
function), 118
PyUnstable_Type_AssignVersionTag (C
function), 161
PyUnstable_WritePerfMapEntry (C'
function), 118
PyVarObject (C type), 368
PyVarObject_HEAD_INIT (C macro), 370
PyVarObject.ob_size (C member), 388
PyVectorcall_Call (C function), 133
PyVectorcall_Function (C function),
133
PyVectorcall_NARGS (C function), 133
PyWeakref_Check (C function), 258
PyWeakref_CheckProxy (C function),
258
PyWeakref_CheckRef (C function), 258
PyWeakref GET_OBJECT (C function),
259
PyWeakref_GetObject (C function), 259
PyWeakref_GetRef (C function), 259
PyWeakref_IsDead (C function), 259

PyWeakref_NewProxy (C function), 259

PyWeakref_NewRef (C function), 258

PyWideStringList (C type), 318

PyWideStringList_Append (C function),
318

PyWideStringList_Insert (C function),
318

PyWideStringList.items (C member),
319

PyWideStringList.length (C member),
319

PyWrapper_New (C function), 255

Q

qualified name, 461

R

READ_RESTRICTED (C macro), 376
READONLY (C macro), 376
realloc (C function), 353
reference count, 462
regular package, 462
releasebufferproc (C type), 424
REPL, 462
repr

fRHAHBR, 127, 392
reprfunc (C type), 423
RESTRICTED (C macro), 376
richecmpfunc (C type), 423

S

sendfunc (C type), 424
sequence, 462
object, 186
set comprehension, 462
set_all(), 11
setattrfunc (C type), 423
setattrofunc (C type), 423
acketswitchinterval (in module sys), 291
setter (C type), 379
IntSIGINT (C macro), 73, 74
signal
module, 73, 74
single dispatch, 462
SIZE_MAX (C macro), 171
slice, 462
soft deprecated, 463
special method, 463
ssizeargfunc (C type), 424
ssizeobjargproc (C type), 424
statement, 463
static type checker, 463
stderr (sys €Y a—IJL), 303, 304
stdin (sys € a—Jl), 303, 304
stdout (sys EZa—IJL), 303, 304
strerror (C function), 65
string
PyObject_Str (C B#), 127
strong reference, 463
structmember.h, 379
sum_list(), 12
sum_sequence(), 12, 13
sys
module, 15, 282, 303, 304
SystemError ($#&HAHFISN), 243, 244

T

T_BOOL (C macro), 379

T_BYTE (C macro), 379
T_CHAR (C macro), 379
T_DOUBLE (C macro), 379
T_FLOAT (C macro), 379
T_INT (C macro), 379
T_LONG (C macro), 379
T_LONGLONG (C macro), 379
T_NONE (C macro), 379
T_OBJECT (C macro), 379
T_OBJECT_EX (C macro), 379
T_PYSSIZET (C macro), 379
T_SHORT (C macro), 379
T_STRING (C macro), 379
T_STRING_INPLACE (C macro), 379
T_UBYTE (C macro), 379
T_UINT (C macro), 379
T_ULONG (C macro), 379
T_ULONGULONG (C macro), 379
T_USHORT (C macro), 379
ternaryfunc (C type), 424
text encoding, 463
text file, 463
traverseproc (C type), 430
triple-quoted string, 464
tuple

object, 215

HAHIAAHREE, 143, 222
type, 464

object, 8, 157

HHAHERR, 128
type alias, 464
type hint, 464

U

ULONG_MAX (C macro), 171
unaryfunc (C type), 424
universal newlines, 464
USE_STACKCHECK (C macro), 85

\%

variable annotation, 465
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vectorcallfunc (C type), 132
version (in module sys), 288, 289
virtual environment, 465
virtual machine, 465

visitproc (C type), 430
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