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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 decide

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.

17
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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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The Python/C API, U1 —X 3.13.3

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
% Z L Z2REET % DI, Python OERERMEDREMETT, ZHid python.org L DI — Fo%—F 1 —
DELAR T H D Windows ¥ macOS DV J —ZADHFAET T,

2.4 RERR APl DHRA
Currently, the Limited API includes the following items:
e PY VECTORCALL_ARGUMENTS_ OFFSET
e PyATter_Check()
e PyArg_Parse()
e PyArg_ParseTuple()
o PyArg_ParseTupleAndKeywords ()
e Pydrg_UnpackTuple()
e Pydrg_VaParse()
o PyArg_VaParseTupleAndKeywords ()
e Pydrg_ValidateKeywordArguments ()
e PyBaselObject_Type
e PyBool_FromLong ()
e PyBool_Type
o PyBuffer FillContiguousStrides()
e PyBuffer FillInfo()
e PyBuffer_FromContiguous ()
e 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

2.4.
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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

28

% 2 E C APl D&EEM



The Python/C API, U1 —2X 3.13.3

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 ()

2.4.
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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 Send()

e PyListIter_Type

e PyListRevIter_Type

o PyList_Append()
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e PyList_AsTuple()

o PyList_GetItem()

e PyList_GetItemRef ()

e PyList_GetSlice()

o PyList_Insert()

e PyList_New()

o PyList_Reverse()

o PyList_SetItem()

o PyList_SetSlice()

o PyList_Size()

o PyList_Sort()

e PyList_Type

e PyLongObject

e PyLongRangelter_Type

o PyLong_AsDouble()

e PyLong_AsInt()

e PyLong AsLong()

e PyLong_AsLongAndOverflow()
e PyLong AsLongLong()

e PyLong_AsLongLongAndOverflow()
o PyLong_AsSize_t ()

o PyLong_AsSsize_t()

e PyLong_AsUnsignedLong ()

e PyLong_AsUnsignedLongLong ()
e PyLong_AsUnsignedLongLongMask ()
e PyLong_AsUnsignedLongMask ()
e PyLong_AsVoidPtr()

e PyLong_FromDouble()

e PyLong_FromLong ()
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e PyLong_FromLongLong ()

e PyLong_FromSize_t ()

o PyLong_FromSsize_t ()

e PyLong_FromString ()

e PyLong_FromUnsignedLong ()

e PyLong_FromUnsignedLongLong ()
e PyLong_FromVoidPtr()

e PyLong_GetInfo()

e PyLong_Type

e PyMap_Type

o PyMapping_Check()

e PyMapping GetItemString ()

e PyMapping_GetOptionalIltem()

e PyMapping_GetOptionalItemString()
o PyMapping_HasKey ()

e PyMapping_HasKeyString ()

o PyMapping_HasKeyStringWithError()
o PyMapping_HasKeyWithError()

e PyMapping Items()

e PyMapping_Keys ()

o PyMapping_Length()

o PyMapping_SetItemString ()

o PyMapping_Size()

o PyMapping_Values()

o PyMem_Calloc()

e PyMem_Free()

o PyMem_Malloc()

o PyMem_RawCalloc()

o PyMem_RawFree()
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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 ()
PyModule_AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_AddType ()
PyModule_Create2()
PyModule_EzecDef ()
PyModule_FromDefAndSpec2()

PyModule_GetDef ()
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e PyModule_GetDict ()

e PyModule_GetFilename()

e PyModule_GetFilenameObject ()
o PyModule_GetName ()

e PyModule_GetNameObject ()

e PyModule_GetState()

o PyModule_New()

o PyModule_NewObject ()

e PyModule_SetDocString ()

e PyModule_Type

e PyNumber_Absolute()

o PyNumber_Add ()

e PyNumber_And ()

e PyNumber_AsSsize_t ()

e PyNumber_Check ()

e PyNumber_Diuvmod ()

e PyNumber_Float ()

e PyNumber_FloorDivide()

e PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_InPlaceLshift ()

e PyNumber_InPlaceMatrizMultiply ()
e PyNumber_InPlaceMultiply()

e PyNumber_InPlaceOr()

e PyNumber_InPlacePower()

e PyNumber_InPlaceRemainder ()
e PyNumber_InPlaceRshift()

o PyNumber_InPlaceSubtract ()
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PyNumber_InPlaceTrueDivide ()

PyNumber_InPlaceXor()
PyNumber_Index ()
PyNumber_Invert()
PyNumber_Long ()
PyNumber_Lshift ()
PyNumber_MatrizMultiply ()
PyNumber_ Multiply()
PyNumber_Negative()
PyNumber_Or ()
PyNumber_Positive ()
PyNumber_Power ()
PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_Subtract ()
PylNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor()
Py0S_AfterFork()
Py0S_AfterFork_Child()
Py0S_AfterFork_Parent ()
Py0OS_BeforeFork ()
Py0S_CheckStack()
Py0S_FSPath()
PyOS_InputHook
Py0S_InterruptOccurred()
Py0S_double_to_string()
Py0S_getsig()

Py0S_mystricmp()
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e Py0S_mystrnicmp()

e PyOS setsig()

e Py0S_sighandler_t

e Py0S_snprintf()

e Py0S_string_to_double()

e Py0S_strtol()

e Py0S_strtoul ()

o PyOS_vsnprintf()

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_CalllNoArgs ()

o PyObject_CallObject ()

e PyObject_Calloc()

e PyObject_CheckBuffer()

e PyObject_CleariWeakRefs ()

e PyObject_CopyData()

o PyObject_DelAttr()

e PyObject_DelAttrString()

o PyObject_DelItem()

e PyObject_DelItemString()
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PyObject_Dir()
PyObject_Format ()
PyObject_Free()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC_UnTrack()
PyObject_GenericGetAttr()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString ()
PyObject_GetBuffer()
PyObject_GetItem()
PyObject_GetIter()
PyObject_GetOptionalAttr()
PyObject_GetOptionalAttrString ()
PyObject_GetTypeData ()
PyObject_HasAttr()
PyObject_HasAttrString ()
PyObject_HasAttrStringWithError()
PyObject_HasAttriWithError()
PyObject_Hash ()
PyObject_HashNotImplemented ()
PyObject_Init()

PyObject_InitVar()

38

% 2 E C APl D&EEM



The Python/C API, Y —2X 3.13.3

o PyObject_IsInstance()

o PyObject_IsSubclass()

e PyObject_IsTrue()

e PyObject_Length()

e PyObject_Malloc()

o PyObject_Not()

o PyObject_Realloc()

e PyObject_Repr()

e PyObject_RichCompare()

e PyObject_RichCompareBool ()
e PyObject_SelfIter()

o PyObject_SetAttr()

e PyObject_SetAttrString()
o PyObject_SetItem()

e PyObject_Size()

e PyObject_Str()

e PyObject_Type()

e PyObject_Vectorcall ()

o PyObject_VectorcallMethod()
e PyProperty_Type

e PyRangelIter_Type

e PyRange_Type

e PyReversed_Type

o PySeqIter_New()

e PySeqIter_Type

e PySequence_Check()

e PySequence_Concat ()

o PySequence_Contains ()

o PySequence_Count ()
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e PySequence_DelItem()

» PySequence_DelSlice()
o PySequence_Fast ()

e PySequence_GetItem()

» PySequence_GetSlice()
o PySequence_In()

e PySequence_InPlaceConcat ()
e PySequence_InPlaceRepeat ()
e PySequence_Indez()

o PySequence_Length()

o PySequence_List()

e PySequence_Repeat ()

o PySequence_SetItem()

e PySequence_SetSlice()
o PySequence_Size()

e PySequence_Tuple()

¢ PySetIter_Type

e PySet_Add()

o PySet_Clear()

o PySet_Contains()

o PySet_Discard()

o PySet_New()

e PySet_Pop()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()
o PySlice_GetIndices()

e PySlice_GetIndicesEz()

o PySlice_New()
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e PySlice_Type

e PySlice_Unpack()

e PyState_AddModule()

e PyState_FindModule()

e PyState_RemoveModule()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
e PyStructSequence_New()

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

e PySys_Audit ()

e PySys_AuditTuple()

o PySys_FormatStderr()

o PySys_FormatStdout ()

e PySys_GetObject ()

e PySys_GetXOptions()

e PySys_ResetWarnOptions ()

e PySys_Setdrgu()

e PySys_SetArguEz()

e PySys_SetObject ()

o PySys_wWriteStderr()

e PySys_WriteStdout ()

e PyThreadState

e PyThreadState_Clear()

e PyThreadState_Delete()

e PyThreadState_Get ()
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PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID()
PyThreadState_GetInterpreter()
PyThreadState_New()
PyThreadState_SetAsyncEzc ()
PyThreadState_Swap ()
PyThread_GetInfo()
PyThread_ReInitTLS()
PyThread_acquire_lock()
PyThread_acquire_lock_timed()
PyThread_allocate_lock()
PyThread_create_key()
PyThread_delete_key()
PyThread_delete_key_value()
PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value()
PyThread_get_stacksize()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock()
PyThread_set_key_value()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create()

PyThread_tss_delete()
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e PyThread_tss_free()

e PyThread_tss_get ()

e PyThread_tss_ts_created()
e PyThread_tss_set()

o PyTraceBack_Here()

o PyTraceBack_Print ()

e PyTraceBack_Type

e PyTuplelter_Type

e PyTuple_GetItem()

o PyTuple_GetSlice()

e PyTuple_New()

e PyTuple_Pack()

o PyTuple_SetItem()

e PyTuple_Size()

e PyTuple_Type

e PyTypelObject

e PyType_ClearCache()

e PyType_FromMetaclass ()

e PyType_FromModuleAndSpec ()
o PyType_FromSpec()

o PyType_FromSpecWithBases ()
e PyType_GenericAlloc()

o PyType_GenericNew()

e PyType_GetFlags()

e PyType_GetFullyQualifiedName ()
e PyType_GetModule()

e PyType_GetModuleByDef ()

o PyType_GetModuleName ()

e PyType_GetModuleState()
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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 ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd ()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd ()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodeIter_Type

PyUnicodeTranslateError_GetEnd ()
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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 ()

e PyUnicode_AsCharmapString ()

o PyUnicode_AsDecodedObject ()

e PyUnicode_AsDecodedUnicode ()

e PyUnicode_AsEncodedObject ()

e PyUnicode_AsEncodedString ()

e PyUnicode_AsEncodedUnicode ()

e PyUnicode_AsLatiniString ()

e PyUnicode_AsMBCSString ()

e PyUnicode_AsRawUnicodeEscapeString ()
e PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

e PyUnicode_AsUTF16String ()

e PyUnicode_AsUTF32String ()

e PyUnicode_AsUTF8AndSize ()

e PyUnicode_AsUTF8String ()

e PyUnicode_AsUnicodeEscapeString()

e PyUnicode_AsWideChar ()

e PyUnicode_AsWideCharString ()

e PyUnicode_BuildEncodingMap ()

e PyUnicode_Compare()
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PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()

PyUnicode_Decode ()
PyUnicode_DecodeASCII()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnticodeEscape ()
PyUnicode_DecodeUTF16()
PyUnicode_DecodeUTF16Stateful ()
PyUnicode_DecodeUTF32()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTF8()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale()

PyUnicode_EqualToUTF8()
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e PyUnicode_EqualToUTF84AndSize ()
e PyUnicode_FSConverter()

e PyUnicode_FSDecoder ()

e PyUnicode_Find()

o PyUnicode_FindChar()

e PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()
e PyUnicode_FromFormat ()

e PyUnicode_FromFormatV()

e PyUnicode_FromObject ()

e PyUnicode_FromOrdinal ()

e PyUnicode_FromString ()

e PyUnicode_FromStringAndSize ()
e PyUnicode_FromWideChar ()

e PyUnicode_GetDefaultEncoding ()
e PyUnicode_GetLength()

e PyUnicode_InternFromString ()
e PyUnicode_InternInPlace()

e PyUnicode_IsIdentifier()

e PyUnicode_Join()

o PyUnicode_Partition()

e PyUnicode_RPartition()

e PyUnicode_RSplit()

o PyUnicode_ReadChar()

o PyUnicode_Replace()

e PyUnicode_Resize()

e PyUnicode_RichCompare ()

e PyUnicode_Split()

e PyUnicode_Splitlines()
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PyUnicode_Substring ()
PyUnicode_Tatlmatch()
PyUnicode_Translate()
PyUnicode_Type
PyUnicode_WriteChar()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call()
PyVectorcall_NARGS()
PyWeakReference
PylWeakref_GetObject ()
PyWeakref_GetRef ()
Pylieakref_NewProzy ()
Pyleakref_NewRef ()
PyWrapperDescr_Type
PylWrapper_New()
PyZip_Type
Py_AddPendingCall ()
Py AtEzit()
Py_BEGIN_ALLOW_THREADS
Py_BLOCK_THREADS
Py_BuildValue()
Py_BytesMain()
Py_CompileString ()
Py_DecRef ()
Py_DecodeLocale()
Py_END_ALLOW_THREADS

Py_EncodeLocale()
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o Py_EndInterpreter()

e Py EnterRecursiveCall()

o Py Ezit()

e Py FatalError()

e Py_FileSystemDefaultEncodeErrors
e Py_FileSystemDefaultEncoding
o Py_Finalize()

o Py_FinalizeEz()

o Py_GenericAlias()

e Py_GenericAliasType

e Py_GetBuildInfo()

e Py_GetCompiler()

o Py_GetConstant ()

e Py_GetConstantBorrowed()

e Py_GetCopyright ()

e Py GetEzecPrefiz()

e Py _GetPath()

e Py_GetPlatform()

e Py GetPrefiz()

e Py GetProgramFullPath ()

e Py_GetProgramName ()

o Py_GetPythonHome ()

e Py_GetRecursionLimit ()

o Py_GetVersion()

e Py_HasFileSystemDefaultEncoding
e Py IncRef()

e Py_Initialize()

e Py InitializeExr()

o Py Is()
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Py_IsFalse()

Py _IsFinalizing()
Py_IsInitialized()
Py_IsNone()
Py_IsTrue()
Py_LeaveRecursiveCall ()
Py _Main()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter()
Py_ReprLeave()
Py_SetProgramName ()
Py_SetPythonHome ()
Py_SetRecursionLimit ()
Py_UCSY
Py_UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue()

Py Version
Py_XNewRef ()
Py_buffer
Py_intptr_t
Py_ssize_t
Py_uintptr_t
allocfunc

binaryfunc

descrget func

descrset func
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e destructor

e getattrfunc

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
e reprfunc

e richcmpfunc

e setattrfunc

e setattrofunc

e setter

e ssizeargfunc

e ssizeobjargproc

e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

e vectorcallfunc
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The Python/C API, U1 —2X 3.13.3

e visiiproc
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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,
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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.
The available compiler flags are accessible as macros:

PyCF_ALLOW_TOP_LEVEL_AWAIT

PyCF_ONLY_AST

PyCF_OPTIMIZED_AST

PyCF_TYPE_COMMENTS
See compiler flags in documentation of the ast Python module, which exports these constants
under the same names.

int CO_FUTURE_DIVISION

ZOEy b flags 1Ty M T2 e, BREBERET /13 PEP 238 1T X % TEOFREA (true division) )
L THbhx T,
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Oty arii®rBEBe~rnid, Python A7 =27 VOB AY v FOBHICHFHINE S,

Py ssize_t Py_REFCNT (PyObject *o0)
Python A 7Y =2t o DAY ¥ M 2EUS L £ 5,

RO EF, EERCRFEEN TV AT 227 FOBROBERFTKRL TWa LIFRS W2 e IciE
BLTLEE W, BRI, —8 A7 =7 MEK#E (immortal) TH Y. FEROSIROB % KL 7%
WIEFICEWSIRRERE 3, L ->T, 020 1 OEMA T, EfERREDEICES RWTL 7
2,

FTV 27 VDBBAY Y N ERET B2, Py_SET REFCNT() BEEUEMHRA L T E X0,
N— 2 3.10 TEHE: Py REFCNT() & static 84 ¥ 74 YBBICEE XN E Lz,
N—ary 311 TEHE: 5[8DHX const PyObject* TiEHR LD EL:,

void Py_SET_REFCNT (PyObject *o, Py_ ssize_t refent)

FTT b 0o DBRAITV Y M refent ITRELET,

71 —Z L v K7 Python EJL K T, refent 75 UINT32_MAX X D K& WA, 7Y = 27 MMIKE
(immortal) 72D £F,

Z OBIBUIIKEE (immortal) 7Y =7 MZ3Id LEE A,
Added in version 3.9.
N—=Tay 312 TEH: KA 727 VIZHEINFHA,

void Py_INCREF (PyObject *o0)
FTI2 7 b o NOF LWV ESE ZHIBL. ZABEAFCHEINTIERORVWIEEZRLET,

Z DBIBUIIKE (immortal) 7Y =27 MIZI3H 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)

RDME: FrLWEBE, RICBLZET: Stable ABI (IN—=S3 Yy 3.12 &), BIERE L TV 3044 %K
L. FRRICZS —A4 0O —XZ2HEELET, 57 —A VI Fr—ZRREINTVRVWIEEIX NULL &

BLET,
OB, BS e F v v FTOREDRDH L a— R, BRI ZT — A VO — X2 R{F - 15T
TEMEND B a— FIHEHINET,

Bl 213

PyObject *exc = PyErr_GetRaisedException();
/% . OIS —ZRESEITEEDNHZI—F ... */

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 wt

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

Added in version 3.12.

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

RICELE T Stable ABL. N— a ~ 3.12 TIEHESE: Use PyErr_GetRaisedEzception() instead.

I3 AT —R%ET7 FLRAZET=ZODZEHOFARDHLE T, =574 I 7 —XBPRESHN

= N iEl AN

WRWESE, ZOFARTOE = T4 D — AN »
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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)
RBhfl: HiLWBEE, RICBLFT: Stable ABL. 52 6h 724472 227 v D encoding B %R
LE9,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
RbhfE: FtLWBE, XICEL XY Stable ABL. 52X 6024472 =2 b D object JEMEZIR 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 EXNFINA T =7 b5 start BIEZTIG LT *start 1AL
Fo start 1¥ NULL TH o TERD FHA, BHIL7z5 0 &2, KMLZS -1 ZIBRLE T,

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

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

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py _ssize_t start)
RICELET: Stable ABL XN /BN A T =7 D start JBME% start ITRELET, I L7%
50%, KMLES -1 ZIRLET,

int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py _ssize_ 1 *end)

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py ssize t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py ssize t *end)
RICELET: Stable ABL HEXWFIANA TS 2 b5 end BHEEZEIE LT *end ITHHIL £ 3,
end 13 NULL THoTRAED FHA, BIILEDS 0 2, KWLES -1 ZELET,

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)
RICELET: Stable ABL XN /BN A T =2 D end EBIEE end ITRELET, BIILES
0%, KRBL:S -1 ZRLET,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
ROME: rLWBE, RICEL X9 Stable ABL. X NHINL 72 22 bD reason BIEEIRL
9,

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

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

RICBLET: Stable ABL EXNEHINA T 227 FD reason BMH% reason ICEREL T, Y
L7b 0%, RRLS -1 ZIRLE T,

5.9 BIRDEE

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)

RICBLETY: Stable ABI (IN—=23> 3.94&D). CLNLVOBHBEFCHLEZLEIS ELTWS T
DI £,

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.

RIZZOBEBIHROEBICELTVWALWLEZF 2y 27 LET, ERBICELTWVWBIEA.
RecursionError 2ty M LYORTRWEEZRLE T, £ THRWVWEEEZEREZRLET,

where & " in instance check" DXk 57% UTF-8 =y a— FEINXXFEFIZL T, HIROEZ DR
FUZEL-Z 2 TiEH X3 RecursionError DX vt —JICHFETE 23 K5 ICTRETT,

N— a v 3.9 TEH: This function is now also available in the limited API.

void Py_LeaveRecursiveCall (void)

RICBLZET: Stable ABI (IN—2 3> 3.9 &D). Py EnterRecursiveCall() T XV E T,
Py_EnterRecursiveCall() @ BEHLT FEOHI LITHL 1 FIFHZRTAUER D 8 A

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

ayFFHRICH L tp_repr ZWYNTHEEET 51213, Rk HROUHEIRD N ET, R& v 7 OFEICHN
A, tp_repr FERIEZ BT 27012 7P 27 bW TWRBEDRH D T, XD 2 20T ZD
BT AZICLET, FHEIMNE, 2ol reprlib.recursive_repr () &AL C OFEETT,
int Py_ReprEnter (PyObject *object)
RICEL £7: Stable ABL fERUUEZREIT 272012, tp_repr DFEEDHETHIH L F7,
FOATI 27 VOB EINT S DI o7 GE. ZOBBBEDEBHEZRLEST, Z0HA.

tp_repr DEHEIL, FRERIXFINA T 27 P ERIRETT, flZiE, dict A7 =7 ME
{... Y ZRLETL, list A7V =27 M3 [...] ZRLE T,

HIREED ERISGEL5E1E. ZOBMBIIEOREZRLET, ZOHE. tp_repr DERIT KL
IZiX NULL 2B RETT,

ZNLAN DG E X, BRI e ER L, tp_repr OFEEIGEF B Y IEEZHI THrFVER A,
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void Py_ReprLeave ( PyObject *object)

RICBLE Y : Stable ABIL. Py_ReprEnter() 2f 7 ¥ %3, 0 ZIRL 7% Py_ReprEnter() OM-U
LIS L 1 EFFEZRF XD 22 A,

5.10 ZEFS

PyExc_ D& A1 Python DRI £RiE D7 R — LAY LT, 3XTOEUE Python A4 25F]
HATEET T, IO Pyobjectx ZHib, IRTIIRALFT TV 27 v TF, BELHMT 572012, IXT

DERELIRICHEL 5

C# Python %4 AR
PyExc_BaseException BaseException o
PyExc_Exception Exception p- 80, x1
PyExc_ArithmeticError ArithmeticError p- 80, *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
PyExc_ConnectionResetError ConnectionResetError
PyExc_EOFError EOFError

PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit

PyExc_ImportError ImportError

PyExc_IndentationError IndentationError

PyExc_IndexError IndexError

PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError

PyExc_KeyError KeyError

PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError p- 80, *1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError

PyExc_NotADirectoryError
PyExc_NotImplementedError

NotADirectoryError

NotImplementedError

RDR=J |2

5.10. 1REFSN
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R 1-RIOR—IH5DHKE

C# Python %4 AR
PyExc_0OSError OSError -
PyExc_0OverflowError OverflowError
PyExc_PermissionError PermissionError
PyExc_ProcessLookupError ProcessLookupError

PyExc_PythonFinalizationErrc PythonFinalizationError

PyExc_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIlteration StopIlteration
PyExc_SyntaxError SyntaxError
PyExc_SystemError SystemError
PyExc_SystemExit SystemExit
PyExc_TabError TabError
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError
PyExc_UnicodeError UnicodeError

PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

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

Added in version 3.5: PyExc_StopAsynclteration 3 XU PyExc_RecursionError ,
Added in version 3.6: PyExc_ModuleNotFoundError.

INBHIZHEEED D % PyExc_0SError DA 7 XT3

_ *l CAIRIOFEEGIN DD DR—=R 2 5 T
80 % 5 & FIN0IE
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C# AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError 2

N=Yar 33 TEHE: ZhoDTA ) 7 RIPINOEEZ 7T 2701 fbh g3,

HER:

5.11 FHEEEHTIY

PyExc_ D% AIZ Python OFIN &% &k o7 a— VA E LT, TXTOEYEE Python B h 7
TYDHIHARET S, ZNHIFAY PyObjectx ZHib, IRTIFRAF TV 27 MTT, SEBEZHT 27012,
FTRTOEREZLINICHIZEL T

C# Python % AR
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning

PyExc_PendingDeprecationWarning PendingDeprecationWarning

PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

Added in version 3.2: PyExc_ResourceWarning.

HER:

*2 Windows TOAEZINTWVWET, 7V Faty P+~ 0 MS_WINDOWS BEHRINTVEINT AN TEI LT, ZheEisa—
FEREELTLEE W,
*3 = OIEREEE D T T ) DD DR—R 7 5 A TT
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SIX

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% & # EH ¥ 8 kb & h 3 5 &. Pylmport_AppendInittab() ¥ 7z &
PyImport_EztendInittadb() &, ZHRENOYIALORNTMOIH XN HENH D £5,

6.5 7—2%3%|{t (data marshalling) O 7KR— bk

LIRoNL—F BHX, marshal EY 2 — LR UERE#H o 2BFbA 7Y 27 b % C a— oz 3 &
SILET, BILERTTF — 2 E2ESHTHEBICMA T, T—XERARTHEBD S T, BIbXh/-
F—REELERT DT 7 A NMIEANAL FVUE— R THLPATHRITINIIZD THA,

BUEIZ BT B X5 IS £ 7,

The module supports two versions of the data format: version 0 is the historical version, version 1 shares
interned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating-point
numbers. Py_MARSHAL_VERSION indicates the current file format (currently 2).
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
long BIDEHUE value % file NEFULL £, ZOBEIE value D FHT 32 By M 2EEZRALZETT
T AT 4 7D long BV A ZIIFBHILEB A version 37 7 A V7 5 —< v bERLET,

ZOBBIIRRT A2 D), ZOLARE I —1ERTERELET, TNE2HMRT 272012
PyErr_Occurred () ZfHWVE T,

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
Python 7Y =2 b value % file NBHHL L £ 3, version &7 7 A V74 —<v bERLET,
COBBBEMTZ2 2D, ZOHBAR T —HBRTFERELET, ThZMHIRT 2012
PyErr_Occurred () ZfHWVE T,

PyObject *PyMarshal_WriteObjectToString(PyObject *value, int version)
RBRDfE: 1LWBE, value DEFLRIDB A 0 7oA MK T 27 b RIRLE T, version 137 7
ANT7 =<y b2RLET,

UToOREZMS v, BNl iiARE £ T,

long PyMarshal_ReadLongFromFile (FILE *file)

seAH LB FILEx ADF— X ZA bV —ah 5, C D long MF—2EHAH L TRELE T,
ORI, R AT 4 7D long DY A RICHFRR L, 32 By FOELE T ETRAHEE T,

2
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int PyMarshal_ReadShortFromFile (FILE *file)

FiA M U2 N FILEx NOF—&Z A b Y — 4556, C @ short BF— & Z2#HmAHLTEL X
T, ZOBEBIE. AT 4 7D short DY A4 XiCBFRRL. 16 v FOEE T Z2HABEE T,

T 7 —DE. EYIRHIS (EOFError) #REL -1 IR L ET,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)

RDME: FiLVWEE, ZAH U2 FILEx AT —X A+ Y — 2455 Python 79 =27 b
ZIRLUET,

T —DHAE, #Y)72f5} (EOFError, ValueError, TypeError) % &% L NULL iR L 3,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

RO{E: :rLWBE, Hiasl LHIC N FILEx NOF—X 2 Y — A5, Python #7927 b
PtAH U TRL %9, PyMarshal_ReadObjectFromFile() Y&V, Z DRI 7 » A4 LHIEEED
AT PPFIELRBRVEREL, 77406 XEY LIZT7 74 VT =X E—XUTAEVIZR— K
LT, BTN 7 7 A V25— N4 P OOHAHTRDODICXEY LOTF—X2#BFTEZ X5
WCLET, MRO 7 7 A W oM FHANZRVE G20 TWREEICDA, ZOBKEMH-TL
72EW,

I 7 —DGAE. EYIRFIS (EOFError, ValueError, TypeError) % iE L NULL ZiR L E3,

PyObject *PyMarshal_ReadObjectFromString(const char *data, Py ssize ¢ len)

RDME: iLWBHE, data DT len NA b DA MEHINY 77 AD T =X A MY — L5 5 Python
AT PRIELET,

T —DHA, #Y72F5} (EOFError, ValueError, TypeError) % &% L NULL %R L 3,

6.6 5|HDERIREIEDIBE

These functions are useful when creating your own extension functions and methods. Additional infor-

mation and examples are available in extending-index.

BRUIWCHHET 2 3 DDBE. Pydrg_ParseTuple(), PyArg ParseTupleAndKeywords(), B X Of
PyArg_Parse() 3V s ERXES (format string) ZHEVWE T, ER XTI, BB Z TS X
FTOGBICET 2 HREZEZA 2 DICHVWENE T, WITNOBEICE T 2 HE XS, RLHEXZfE->Tw
i‘j—o

6.6.1 5|HZMRITT S

BALFING, PrEE el bo " R (format unit)” A 5M D THEF, 1 DOBWREANE 1
50 Python # 79z 7 F RELET; BEIEH—00Fh, BREMH SR 2 LFIEHENCH- 501
%D EF, s LT, HIRTHDR TOARWERBASTFFIDE D7 KL 25 EICHIET 258550 < D
BHDET, UFOBITE. 3IAFOOWHBRIEBREACT; () FEICH - 7= 55 3R EAL HHS
¥ 3 Python @A 7Y = 7 MUTT; [f] {5 ME%E 7 FLRAELT 3B C 0ZHATT,
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NFEH Ny T 7

0 IR

Python 3.12 M AiTid. U FRTHHINLZE2TO # OFHE (s#, y# YY) 2HHT 22D
PY_SSIZE_T_CLEAN ¥ % B % Python.h O A Y7L — FORIKERLRFNERD THA, Thid
Python 3.13 M TIIAETY,

URDO7 44—y PEATY 27 MUEHLEXEVF 227 LTT7 272 RT2:DDHDTY, BENd
unicode % bytes D7=DICEDRA ML —Y 2R TI2HEEIHD XA,

FHZEREINTORWEA, Ny 77 —1F NUL XN TWEE A
There are three ways strings and buffers can be converted to C:

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

PyBuffer Release() after you have finished 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 #7327 o, ¥v 77 XLFHNEET C ORA VRICEHLLET, ¥+ 77 XBIKRA v
RERDT FLRAZET &, TTIRAFEL TV XLTFHINDRA ¥ R 2 DEBITHERL £F, C T
FE NUL TGS N TWE S, Python OXXFHANL, null 2 — FARA ¥ FARHICHDIATATY
TWERDERA; b LEDATATOIUL ValueError flhE%EH L% 3, Unicode A7V =2 Mid
'utf-8' o T C FHNIEMENE T, ZHUTKRIKNT % & UnicodeError ZiX M L %9,

AR

ZD 7 =< MX bytes-like objects HKR—bP LEVA, 77 AN AT LNZAZZITE->T C
BHEBOXFINEH L 720G EE, 08 7 4 —~< v % converter I PyUnicode_FSConverter()
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ZHRELTHHAT 2 L RWTT,

N—=a v 35 TEHE: DHIZ Python XFFHNC null 23— KARA ¥ b23EDIATFh TV T2
TypeError ZiXHHLTWE L7,

s* (str F7:ld bytes-like object) [Py_buffer] Z
D7 4 —<v M& Unicode 7Y =2 b+ & bytes-like object 2T, MK Lo oE XN
Py_buffer MEKIZHEZIENL 9, RO C XFFE NUL N1 b2 &L S LALEH A, Unicode
A7 22 ME 'utf-8' ¥ a—7 4 7T C XFINCEREINE T,

s# (str, SRAHIDEFER®D 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 £7cI3 None) [const char *] s
ATV E T2, Python A 72 =2 M None TH K<, ZDHEITE C DHRA ¥ XX NULL 12k v
FERET,

z* (str, bytes-like object &7zI& None) [Py_buffer]
s*x L[ LT3, Python @ None A 73 = 2 F2RITMS I eNTEET, ZDHE. Py_buffer
REEAD buf X > N—1F NULL I D £5,

z# (str, e LERA®D bytes-like object F7cld None) [const char *, Py_ssize_t]
s# IZITWE T, Python 7Y 22 Mid None TH &K<, ZDEHEIIE C DRA ¥ XiE NULL IZ
ty PENET,

y (FiAHH LERAD 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—Tay 3.5 TEE: LIENE bytes Ny 7 7 12X NS RAHDIAE AT Wz & FIZ TypeError %
EHLTWE L,

y* (bytes-like object) [Py_buffer]
s*x DZJY T, Unicode & 7Y =7 + ZZIFFHT T, bytes-like object DA ZZIIITIFE T, N1AFV
T—REZIIMITBZEMICIE. COTA—I Y FEESeZ2MBELE T,

y# (FiAH LERBD bytes-like object) [const char *, Py_ssize_t]
s# OZJE T, Unicode * 7Y =7 b EZIFTT T, bytes-like object 72 2T £ 3,

S (bytes) [PyBytesObject *]
Python 7 7Y =7 F2 LT, bytes A 727 bRERL, WORAIEBITVERA, A7V =7
k2% bytes 7Y = 7 b THRIFIUZX, TypeError XM L 3, C BT PyObjectx LESLTD
BOEEA.

Y (bytearray) [PyByteArrayObject *]
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U (str)

Python A7 = 27 b LT bytearray A7 =7 bZ2ERL, WrRIEWMOBIRVETA, D
LA 7Y =7 b2 bytearray THIFIUE, TypeError 2i2H L £3, C BEIX PyObjectx ¥ LTH
ELTHMUEEA,

[PyObject *]

Python + 7Y =2 + ¥ LT Unicode 73’7‘\“/‘\17 FEZERL, W RLIEBBITVERA, T 7T
27 + 2% Unicode & 7Y = 7 + TERWIGE, TypeError BWiEH I Ed, CEHIX PyObjects ¥ L
TEELTHHOEEA,

wk (FiAHE I OIBEL bytes-like object) [Py_buffer] -

D7 F—<v ME, #AEEAEER buffer interface #HE L1247V = 7 P EZIHHITF T, MOH
Lth B STz Py_buffer BEERITMEZIENL T, Ny 7 713 null N P E2EL2D LT, I
CHLITIEANY 7 7 20 b o725 PyBuffer Release() EM-UH X RIFIUIZD XA,

s (str) [const char *encoding, char **buffer] Z

et (str,

UL s DZELFE T, Unicode ZF v 7 7 XBINy 771y a—F323E0ICHWSNE T, NUL AN
A FPHEDAEFNTVRWT—XTOAEEL £3,

COERCE D05 BBBETT, —DHEANCOAAWSLN, NUL TSty a—F4
XFEHN%HET const charx B F /2K, 'utf-8' HMffibis 2 ®FET NULL TRIFIUIRD £ A,
BE LDy a— F£4% Python PR TER WS ICEHINEZEH L £ 3, F_D518UE char*x T
BRIINERD FRA; ZOFIENPSRLUTVWERA VX DEZ, 5IBHEELEZTF XA NONBEDRA -
ToXw 77 ANDRA VRIZRDET, 7FRAMIBRYIOFIBIHEE Ly a—- AKX T ya—- X
nE,

Pydrg_ParseTuple() 5 &, RERY A XDy 77 ZHREL. ZONy 7 71Ty a— FKED
T—X%Ea—LT, *buffer 32 ORI ICHER I NEERER T LSO CEE L 5, FFOH LA
WZiE, HERE NNy 7 7 B WKED o 72181 PyMem_Free () TIERT 2E8EI1H D 3,

bytes F7fcl& bytearray) [const char *encoding, char **buffer]
es E[AILTY, L. N MFHATY =7 bz ra—FLESTRELES., 20D,
FEETRIANA PNFINA T 27 PN TRRE Ly a— F 2o T2 HDEREL £,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]

s#t ODZLFE T, Unicode Z2F ¥ 77 XTUNY 77122 a— F3372DICHVWONE T, es HRE-
T ZOZELEIANAL FOEDIATN TV TILTVERA,

ZOERICEF =205 PR ETT, —2HIFANCOAHWVWSLN, NUL THIidh7zx>ya— RFAYX
FH|%453 const charx BA NULL TRIFAUIRD FH Ao, NULL DFEIZIE 'utf-8' ZfFWE T,

fEE L7zt > a— K% Python 2SHETZ R WIEEIIIHINEEH L £F, B _D58E char** T
BRIINERD FEA; ZOFIEPSBLTVWERA Y ZDEZ, 5IBHEELEZTF XA NONBEDRA -
TNy T 7 ANDRA Y RIZKRDET, 7FAMIBRIIOFIEWCHEE Lz ya— AT ya— &
NET, FZOFIENIBBADKRA YR TRIFIUIRD £HA; KA YEPBSBHL TV 2BBOMEIZH
TNy 7 7HNONAL MUY PERET,

ZOEROMEIZIZT=ODE—FEH D F5:

*buffer 3 NULL RA Y Z 2L TV A5G, BEIEISHERY A XDy 7 7 2R L, ZONv 7 7

6.6.

S B DER L BEDIEE 99



The Python/C API, U1 —2X 3.13.3

Wy a—RNEOT—2%2a— LT, *uffer B2 OF7ZICHERI N EFEREIET L ICEHL
T3, MUHLUANCIE. BRI NIy 7 7 B0 o 721212 PyMem_Free () TRT 2 BEDVH
D ij‘o

*buffer HIE NULL DK A ¥ X (TTRAEVHRFEAD NNy 7 7) L TV 35A,
PyArg_ParseTuple() IZ Z DX EVMEZ NNy 7 7 & LTHW, *buffer length OFIHEZ N »
7 7P 4 X LTHWE S, PyArg ParseTuple l3RICT Y 23— READT —RENy 7 7i12ab—
LT, NUL THIGLE T, Ny 77 DREZZIDNED RITIULE ValueError 23ty FENE T,

CELDEED. fbuffer length 134D NUL N4 b2 EFRVWLYa— REAT—XDOEI Ity
FERET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
es#t LAILTT, ZREL. N MFHNA TV =27 b2z rya— FLESTIRELES, ZofbD,
FETRINA MFINA T 27 FPRIRXRRPE Ly a— F 2o TV0a D ERELET,

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

tation.

54
These formats allow representing Python numbers or single characters as C numbers. Formats that re-
quire int, float or complex can also use the corresponding special methods __index__(), __float__Q

or __complex__() to convert the Python object to the required type.

For signed integer formats, OverflowError is raised if the value is out of range for the C type. For
unsigned integer formats, no range checking is done --- the most significant bits are silently truncated

when the receiving field is too small to receive the value.

b (int) [unsigned char]

Convert a nonnegative Python integer to an unsigned tiny integer, stored in a C unsigned char.

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

char.

h (int) [short int]
Python O®%% ., C @ short int BUIEHL 3,
H (int) [unsigned short int]
Python Oz, A —"70—F =z v 7 %2{7OFIZ. C ® unsigned short int BUIEHL 7,
i (int) [int]
Python O %, C @ int BUIEHL £,
I (int) [unsigned int]
Python Oz, A — 780 —F = v 7 %2{7HFIZ. C D unsigned int BUTEIL £ 9,
1 (int) [long int]
Python O®¥#%, C ® long int BUCEHL 3,
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k (int) [unsigned long]
Python 0¥z, A —"7n0—F =z v 7 %2{7DFIZ. C D unsigned long BITZEHL %7,

L (int) [long long]
Python O¥%%. C @ long long BUIEML 3,

K (int) [unsigned long long]
Python @ int % C unsigned long long N4 —N—7 0 —DMHREETEHRT 2

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

c (RT 1 D, bytes 7Id bytearray) [char] R
X 1 D bytes ¥£7z1F bytearray A 7Y =7 b & LTRIHZINTWS Python N4 b% C @ char &
WAL LT,

N—=a ¥ 3.3 TEH: bytearray 22T 2 L5k D F L7

C (BT 1 @ str) [int] 53
X1Dstr A7Vx27 b LTEREINTWS Python ¥v¥ 727 %% C D int BICEBL F 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#EFHA %, C D Py_complex MERICEL 3,

ZOMOA TSI+

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 VRIRFELET, 0 KU TWET, =
S0 C DO58EEY T —OHDSIHUZ Python DA TP =227 bADT FL AT, ZOHDEIH
3ATI L7 PADRA Y EPRIEENT WS (PyObjectx D) C DEBANDT FL A TF, Python
F 7Y =27 BEE LZEITIE R WIS, TypeError ZiEH L 3,

0& (object) [converter, address]
Python 7Y =27 b % converter BIEUE N LT C DERICEML T, —2D5|8r e bhEd: —>
HEZBE T, —2oHIE ((FEOHD) C ZBADT FL A% void* BUIZEHML 72 DTF, converter
BLLRD XS LT OHEh ET:

status = converter(object, address); ]
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Z Z T object I3EHINR D Python 7Y =27 M T, address \¥ PyArg_Parsex (ZJE L7z void* &
DFETT, KD status \ZEHUTEII LRI 1, R LEGEICE 0 182D £9, ZBHITKK
L7=85E. converter BIUZ address DINEZZHE T IZHIN ZEH Lm TEARD $8 A, If the
converter returns Py_CLEANUP_SUPPORTED, it may get called a second time if the argument parsing
eventually fails, giving the converter a chance to release any memory that it had already allocated.
In this second call, the object parameter will be NULL; address will have the same value as in the

original call.
Examples of converters: PyUnicode_FSConverter() and PyUnicode_FSDecoder ().

N— a v 3.1 TZH: Py_CLEANUP_SUPPORTED was added.

p (bool) [int] H

EEDIRD 61 % &7 (a boolean predicate) IZJE M7= fE% HIE L. Z DFERZEHE 72 C D true/false
BEACZER L E S, & LADELS int 1213 1 235, 8725 0 BRESNE T, ZOBBRBEROHL
7% Python fHZ 323 1F £ 9, Python BMEDQERZ £ D X 5 ITHET 202 HI D 72 4Ud, truth %
SIRLTLZE W,

Added in version 3.3.

(items) (tuple) [matching-items] F

Tz ME items Ao TWABEREMNOEKZ DR X ZHD Python O — 7 ¥ ZBTRIFAUL
D ERA, & C5lEUE items WO L OFRBEAITHIEOT TERIFINUIRD FEA, ¥—F VR
DERFMIIANFHEIITEET,

Zofth, FEXXFINTBNWTERZFHFOXFEP WL DO0H D £5, R0 OFIIHEIMNC X 2 ANFIIIEE
ZFEA, UNIXFERLET:

Python 518V X T, ZOXFLUEDSIEIR A TS a v THE2RLET, £ 7Y a D5
WIS 5 C ODERIEZT 7 4L bOETOHEL TE2 R IR D FHA — 7> a3 v O518Dn
B X NIBE. Pydrg ParseTuple () IIMIGT 2 C EBOABICFEEMA FR A,

PyArg_ParseTupleAndKeywords () TOAMHAIRE: #HiD Python 5803 % —v— FEHTH S
EERRLET, BE IRTOF—7— FEHFMEREDTIETRINERST. 207D 74—
<y FXFHIFO | EEIC $ X DENCHEE S RITIUIRD £ A

Added in version 3.3.

-
—

DXFNH 2, HERBPMOLBIEZZ I TROD 75, an  DREOXFINE, £7—Xvt—I1
B 2B (Pydrg_ParseTuple () D3R T 2 B8t 7 &M (associated value)”) & L Tflibi
s

DXFHH 2, ERBMOGTLDIZ I TEROD £, LI an  DEOXTFINE, F74V 15—
Avt—T% BEWRD 57— Ry b—Yr L THONET, : & ; FBHAEIKHHBLOXFTT,
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Note that any Python object references which are provided to the caller are borrowed references; do not

release them (i.e. do not decrement their reference count)!

DUF o BEBOC I 385 12X (additional argument) (&, FHAXFHIH HIREZNZBIAND 7 K L ATRIFIUL
D FEVA; MBIECHE LT FLRE, EIAh S ANINEERET 272010 ET, FoHEK
BMIO VR MTHALZ XS, MlEIBEANMEL LTES BEDW D05 H £3; 20858, Mbd 5
FABMOIEE T 2RSS KT LRITFIIRD £HA,

ZH L ATD72DI20E, arg 7Y =27 PREEAXFII B L LIRS T, »oBHHCFEINOER
HANCRTHEAAS L5 LARFIIIRD $8A. KNS % L. PyArg_Parsex BIRUIEZRL 5, ZhLL
NDBEIREIR L, BYREINZEH L ET, FREAO M OZHERIZ X D PyArg_Parsex Hi%k
UG E, RRUAZERBEAICHET 27 RLRE ZRLED 7 FL ZOWNFIZEEINEE A,

API| Ba%
int PyArg_ParseTuple (PyObject *args, const char *format, ...)

RICBLET: Stable ABL MEFIHOAZET FIZL 2B D AT X X 2R LT, a—hLR2ZEIC
EHLET, MNTHLERRLET; KMT2eBERL, @EUILEANEZER L ET,

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

RICBLF9: Stable ABI. Pydrg_ParseTuple() LRICTEM, AIERDOTIE TR va_list %
FlEuzE Y £,

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

RICEL £7: 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.

O IR
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—Par 3.6 CLH: UBEBFHSIH ZEBML 7%,

N— a3 3.13 TZH: 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)
RICEL F9J: Stable ABL. Pydrg_ParseTupleAndKeywords () LTI, AIZRD5 | TIER
{ wa_list Z5IEICE D ET,
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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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(RIDR=I D5 DR E)

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,

HAHN s R st OBFADEIIIC, A7V 27 M EMET IR T — 22 fGT 201X EY
Ny 7757 A2 LTETHEICE, fBELLT—XiFav -3 ¥ 3, Py_BuildValue() ¥
R LA T =7 Mk, MO LADHRE LNy 77 2L TSR L ER A, OBV AEZTH
¥, 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 MAZEHT 3,

n (int) [Py_ssize_t] C
D Py_ssize_t % Python QA 7Y =7 MITEBL £,

c (REH 1 D bytes) [char] P
A M ERTEFEDO C O int . £E 1 O Python @ bytes 7 7Y =7 MIEBIL 7,

C (BT 1 @ str) [int] X
FERTHEED C D int 2, £X 1 @ Python @ str £ 7Y =7 MIEML 5,

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
@ Py_complez FiiE{K%E Python OEBHENEHL £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
ERTTY,

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.
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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,

EAXFINCETE2 27— T % &, SystemError fil# %ty b LT NULL Zi1BL £,

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

ROfl: HFILWBHE, RICEBL XY Stable ABL. Py_BuildValue() ¥ [RIUTT A, AIERES DN
H DI va_list ZZITED £3,

6.7 XFHNDEHLEENL
Iz L . ERICTFHI I D7D DBIFEL,

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

RICEB L F7: Stable ABL FX3CFF format LBMDGIED? 6. size N4 P ZBRIRDNTFINZ str
WIZHII L £3, Unix man page @ snprintf(3) ESRLTLIZE W,

int Py0S_vsnprintf (char *str, size_t size, const char *format, va_ list va)

RICBLFY: Stable ABL HFRASFEF format L AIZERSIEY X b va 226, size N4 P 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, INHOBBOHNE, CEES A 77 VMAREEL TWaRnwa—F— 7 — X TOEEZREES 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 ro & LETD) IUTOEKZREH 3!

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

o TV >= size D E, ZHHAHRRUIDFED LN TED, BT 27DI203 rv + 1 A P DBREE 57
> Zé/i[ ij sl::l:[sjze-]] Ei '}Q' i\\j:
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e TV < 0 DY EZ, APENZ NI >7-RTT, ZDLHETSH strisize-1]1 & '\0' TI . str
DENLNDEBFIRERETT, =7 —DEMRRERET T v b7+ — L KIFTT,

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)

RICEBLEY: Stable ABL X541 s % double WCEHAL 5, KL 7zL Zid Python DHIS %
EXEET, ZIFANRSNZXFFNZ, Python @ float() 2 ¥ X T 7 ZMZIFT B XFHI2Ue
MU E T, s DEFHL RBICEALEDH > TUIROLBRVE WS ESHRLD £F, ZOEHUIHITE
DET —VIHRFEL FH Ao

endptr 2% NULL D358, ZHIISCFI RN L TThE 3, SCFFIDIE L WIFEI NI D KRB
125> TVWRWEAIX -1.0 I8 L T ValueError ZHEXHE 3,

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,

s 2% float I LU WIEE R EWEEZRBIL TW 254, (FIZIE. "1e500" 32 DT T v b

74— L TRHTEFHA) overflow_exception A NULL 72 & Py_HUGE_VAL IZEYI 75 % i)

TRLUET, thDGEI overflow_exception i Python OfIA 7Y 27 bADKA VX TRITH

B72o3. 20N EHREZIET -1.0 ZIELET, EBHDHETSH. *endptr IIFEMSNED
ERDBRIIDLFANDRA ¥ AHPRESNET,
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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 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 R#ZEODF#: In CPython, it is equivalent to Py_HashPointer().

Added in version 3.13.

6.9 VJLOY>aY

PyObject *PyEval_GetBuiltins (void)

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

HEDFEIT7L—LHNDOEIL M YOFEENP, b LETHFO 7 L —2032FHUEAL v FIREBD A4 > &
TUYRDENL M, VEFERIRLE T,

PyObject *PyEval_GetLocals (void)

ROfE HERABB KRICBLET: Stable ABL. N—Y 3 ¥ 3.13 TIHHESE 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.

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—=a Y 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)
ROfE: @BAZS®B RICEBLFI: Stable ABL. N—Y a ¥ 313 TIHIE: Use
PyEuval_GetFrameGlobals () instead
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HEDFEIT 7L —2AND 70— VEBOEEED, ETHFDO 7 L —2037203 UL NULL 218 L £3,

PyFrameObject *PyEval_GetFrame (void)
RO{E: EASE, RICELET: Stable ABL HIEDZAL vy FIREDO 7L — %KL £5, BEFELT
D7 L —L072F0UE NULL 218 L £9

See also PyThreadState_GetFrame().

PyObject *PyEval_GetFrameBuiltins (void)

RODfE: FILLWEBE, RICEBLXT: Stable ABl (IN—S 3> 3.18 &D). BHfEOFEIT 7L —LHNOL
VA VOEEED, DLETHFO7 L -8R TNEAL Yy FIREDA VX TV XD M VEEER
BLET,

Added in version 3.13.

PyObject *PyEval_GetFrameLocals (void)
EDfl: HILWEBHE, RICBL XY Stable ABI (IN—=23 > 3.18 &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)

RDE: FiLWBE, RIZBELET: Stable ABI (/N\—=23> 8.13 & 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)
RICEBLFT: Stable ABL func 23B88. 77 A, A VARV AATI 27 b THIIZDAHIZ. £
5 TRIFNUR func DBREIRL E5,

const char *PyEval_GetFuncDesc (PyObject *func)

RICBLFJ: Stable ABL func OBNZKTES 5. fE# X F | (description string) ZiE L %
T, RDMEIE. Bz XYy Rz L Tid ”()”, ” constructor”, ” instance”, ” object” T3,
PyEval_GetFuncName () &3E#4E S IR, func DEHITED 5,

6.10 codec L X b &HR— FEK

int PyCodec_Register (PyObject *search_ function)
RICEL F7: Stable ABL #r L\ codec R ZEHRL 35

BIfEH & LT, ZODOM#E encodings Sy 7 — I WHFICHBEMOILHIKR 2 X512, FFr—F&
NTVEWESEr—FLET,
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int PyCodec_Unregister (PyObject *search_ function)

RICELEFT: Stable ABI (IN—=23> 8.10 &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 D7z DBEFRE N7z codec DFEET 205 0IECT 1 2 0
ZIRLET, ZOBBUIEICHEIIL $7,

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
RBh{E: FiLWBHE, RICBL £9: Stable ABL LH®D codec X— R D encode APL.
encoding WS CTRDP o7y a— XA LT object ZELE T, TT—AY RV TRV Y
FiZ errors THEL £ 3, errors 1Z NULL TH k<. ZDEHFEIEZD codec DT 7 4NV DXV v K
BRAZINE T, T a—X0ROD 520 - 7551, LookupError Z BAEXE £ T,

PyObject *PyCodec_Decode ( PyObject *object, const char *encoding, const char *errors)
ROfE: #iLLBE, RICEBLXT: Stable ABL HH® codec R—2DFa— K APL
encoding WS U THROM o727 a2 —XBEBUIHT LT object ZELE T, TIF7—NY RV Y IXY v R

X errors THREL E T, errors X NULL TH &K<, ZDEEIEZD codec DT 7 4L DXV v K3
FHZNET, 7a—XBRO0 505 285E1% LookupError 2 AEXHE T,

6.10.1 J—7 v V&% API

ROBIFTIE. XFH encoding 12T NLFICERT 52 Z 2 T, FEMNIC, KXFINIFE2H/ELZMRE
LET, a—T v 7BRO0S5RWEA, KeyError ZFE L T NULL 23R L £55,
PyObject *PyCodec_Encoder (const char *encoding)

RBROE: FHILWBHE, RICEL X9 Stable ABIL. 5X 517z encoding DT> 2 —XEKERL F T,

PyObject *PyCodec_Decoder (const char *encoding)
BbhE: HiLWBH, RICBL X7 Stable ABL. 5% 517 encoding 7 a—XEEEERL 3,

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

RBRDOE: iLWBHE, RIZBLET: Stable ABL. 5 X 507 encoding ® IncrementalEncoder #
T bPERLET,

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)

RBOfl: HTLWVWEE, RIZBLZF 7 Stable ABL. 5.2 5172 encoding ® IncrementalDecoder 7%
T bPERLET,

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

RBOfE: HLWLWBE, RIZBL XY Stable ABIL. 52 51172 encoding ® StreamReader 7 7 7 b U
BIBZIR L %3
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PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)

RbOfE: iLWBHE, RICEBL X7 Stable ABIL. 5% 54172 encoding @ StreamWriter 7 7 2 bV
B ZRL $9,

6.10.2 Unicode T5—N\>FSHL X KY API

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

RICBLZET: Stable ABL. ZF5— Y FLD/dDa—Ny 7 error % name TERLE T,
ZDaA—NANy ZEEIE, a—-T v /PR T YA - FTERVF/TA—FTERO NS MEBL
Kz, 2oy a—F/Fa— PO LT name PMHEE SN TV LFOHENAET,

I — XNy 2% 1 2d5 £ ¥ L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ENDLDA YA XV AR ZITWMD FT, TDA YRR Y RIFHE
DH 5 XFHNIRAA PN T 2. ZOTROXFIHOF 71y FefioTnE T, (ZDHR
ZHIRT % 72D ORI OWTI Unicode fINA T O F 2BLTLEZIWV, ) a =Ny 7
EIhifINeREZED 0, 2HBBZDOX T NVICHED S — 7 v 2AONE & encode/decode % T
BILOXFIFDL 7y iR 52BN L GEL XS,

Bl 0%, =7 —KiX -1 2IBRL 3,

PyObject *PyCodec_LookupError (const char *name)
RDME: :iLLWBE, KICELZX T Stable ABL name TEREINELS— NV RY Y Za—ilNy
BB RERLE T, FlkBE e LT, NULL I NBHE,. Tstrict” DT — Y FY ¥ 7 a—
NNy ZBIBUERLUE TS,

PyObject *PyCodec_StrictErrors (PyObject *exc)
RDfE: 8IC NULL . JRICBLE9: Stable ABL exc 24t LTHAEIRET,

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
RDhME: $iLLWBIE, RICEL XY Stable ABIL. unicode =5 —%MH L, MEDANERF v 7L
9,

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
ROfE: FiLLWBHE, RICBL XY Stable ABIL. unicode =7 —% ? 2> U+FFFD TE XX ¥3,

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
RBbE: FILWEHE, RICEBL X7 Stable ABI. unicode encode =7 —% XML XFSHTHE &2
£9,

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
RBbh{E: i LWBHR, XIZBL 79 Stable ABIL. unicode encode =TI —% 1Ny 72X 5 v Y 2T A7 —
7 (\x, \u, \U) TEZ#Z FI,

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

RBOf#E: :ILWBE, RICBLZFY: Stable ABI (N\—23> 3.7 &£D ). unicode encode =7 —%
\N{...} TEZH]I T,
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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 7TV 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_t PyTime_MAX

Maximum value of PyTime_t.

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_t *result)

Read the “wall clock” time. See time.time() for details important on this clock.

116 B6E1-F1UT



The Python/C API, U1 —2X 3.13.3

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.

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) —ATTERIEEINZZ DD ET,
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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_WritePerfMapEntry () 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—V V) —ATTERIEEINDZZ DY FT,

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

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) —ATTERIEHEINDZZ DY 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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WRA T L1+ (ABSTRACT OBJECTS LAYER)

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__() methods

aren’t propagated, but instead given to sys.unraisablehook(). For proper error handling,

use PyObject_HasAttriWithError(), 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__
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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.

7.1.

F72x 2 7Ok )L (object protocol) 123



The Python/C API, U1 —2X 3.13.3

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 3.2 TEHE: RYEDHA Py_hash_t I8 D E L, ZORIL, Py_ssize t LAY A
X% OFFS EBITT,
Py hash_t PyObject_HashNotImplemented(PyObject *0)

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)

RICBLET: Stable ABL 0 2PEA2RTEAREZIHEICII 1 2, Z5 TRV EFICF 0 ZKL X
3, Python @3 not not o EMUTY, KTt -1 ZIRL T,

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)

RICBLZET: Stable ABL 0 DEZXZIBLE T, HAELATV27 b oy —F 28 7abanre
<y 7T alOmAGEREL TWEEE, -7 YA LTOREZXERLET, =7—-0B4EL 3
¢ -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, T2 0 ZRLET, Z4UX Python DX olkey]l = v 2[HFE TS, ZOBEEIT v
NDOZRE BHDFEA

int PyObject_DelItem(PyObject *o, PyObject *key)
RICBELET: Stable ABL. A7 Y =2 b o 25 key WWHTZMMTIZHEIBRLE T, T2 -1
ZiRL £7, Python D3 del olkey]l &R LT,

int PyObject_DelIltemString(PyObject *o, const char *key)
RICEL 9 Stable ABI. This is the same as PyObject_DelItem(), but key is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *Py0bject_Dir (PyObject *o)

ROfE: FiLLWEE, RICEL X9 Stable ABL. Z ®B¥Z Python = dir(o) RULT, &7
D4 b@%a&%&: HDETTWEIXFINNLREZ VAL (ZDLEDHVET) ®IRLET, =T5—
DEFFEITIE NULL BB L E T, élééﬁl% NULL 2§ % &, Python iZB1F % dir() rFAEIC, BHED
o— ﬁ;u?;%ﬁu%;ébia‘ DBE. 77T 4 TREFT7 L =20 FUE NULL 2B L F 35,
PyErr_Occurred () XB%ERLE T,

PyObject *Py0Object_GetIter (PyObject *o)

RBRDME: iLWBHE, RICEL X7 : Stable ABIL. Python O3 iter(o) ¥R U T, 5l¥icE o7z 4
T2l NINTEHIRAT L=, AT7I 27 PP TTRATL—XOHEEEA T =7 b @
B2RLET, A7V =7 MBRIBUEATTRET H - 75 E11E TypeError ZiXH LT NULL %R
9,

PyObject *Py0bject_SelfIter (PyObject *obj)

RBbhME: FILWLWBIE, XRIZEL £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)
ROfE: HTLLWBE, RBLXT: Stable ABI (/N\—23 > 5.10 &b ). This is the equivalent to

the Python expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator
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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.

void *PyObject_GetTypeData (PyObject *o, PyTypeObject *cls)

RICBLET: 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 cls, and cls must have been created using negative

PyType_Spec.basicsize. Python does not check this.
On error, set an exception and return NULL.
Added in version 3.12.

Py _ssize t PyType_GetTypeDataSize (PyTypeObject *cls)

RICBELFT: Stable ABI (IN—2 3> 3.12 £D ). Return the size of the instance memory space

reserved for cls, i.e. the size of the memory PyObject_GetTypeData () returns.

This may be larger than requested using -PyType_Spec.basicsize; it is safe to use this larger

size (e.g. with memset()).

The type cls must have been created using negative 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 *o)

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.
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Added in version 3.13.

7.2 Call 7O +dJL

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 *kwargs); }

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 t¢p_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
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:

&L

A class supporting vectorcall must also implement tp_call with the same semantics.

g

==
[=]

N— a3 ¥ 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 Zmmutable or static types.

A class should not implement vectorcall if that would be slower than tp 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
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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)

RICBLET: Stable ABI (IN—=S3> 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.

s1argsf 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

RICBELZF Y : Stable ABT (/N\—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

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 not 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.
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Vectorcall Support API
Py ssize_t PyVectorcall_NARGS (size_t nargsf)

RICBLET: Stable ABI (IN—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)
RICBLFT: 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.

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.

7.2. Call 7O kdll 131



The Python/C API, U1 —2X 3.13.3

£33 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)

RO{E: L WBHE, RICEBL XY : Stable ABL. MU LA[BEZR Python A 7Y =2 + callable
B, BTNV args £ LTEZ N5 #E kwargs ¥ LTHEZ LN BT 518 & IO
L&D,

args ¥ NULL TH-> T3 5673, 5IEHEE LBRWERIIZED X IV o TL1Z& W, kwargs
¥ NULL THHEWEE A,

R L7 HREOH L OAERZIR L. KL o6 2k L NULL 2R L %5,
ZAUIRD Python DX & [FSFTT: callable(*args, *xkwargs) o

PyObject *PyObject_CallNoArgs (PyObject *callable)
RDOfE: FiLLWBEB, RIZBEL £ Stable ABI (/N—23 > 3.10 &b ). Call a callable Python

object callable without any arguments. It is the most efficient way to call a callable Python object

without any argument.
BN L7 6O L ORERZIRE L, KRKRL 726050 2& L NULL 2R L %9,
Added in version 3.9.

PyObject *Py0bject_CallOneArg(PyObject *callable, PyObject *arg)

RBD{E: 3 LW, Call a callable Python object callable with exactly 1 positional argument arg

and no keyword arguments.
R L7 RO L AR ZIR L. KRBL 7 o6 2k L NULL 2R L %3,
Added in version 3.9.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)
ROfl: FTLWEBE, RICEL X9 Stable ABL. MEO'H LAJHE/R Python @A 7Y = 7 b callable
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. BTNV args L LTEHEZLNZ5H e bIIMNEFHLET, 5IEBIBEREGEE. args & NULL
THWVWERA,

L7 HREOH L OAERZIE L. KL fIA 2k L NULL 28 L %5,
ZHUFRD Python DR & [FFFTT: callable(*args) o

PyObject *PyObject_CallFunction(PyObject *callable, const char *format, ...)

RBOflE: FrLWBH, RICEL X9 Stable ABL. FECH LAJREZ: Python 7Y =2 b callable %
AIZERED C 518y e DI L T, C518& Py_BuildValue() FERD 7 x —< v M XFH|%
fEoTiABR L FF, format & NULL b LT3, GRA25/8P RV 2RLET,

RN L7 HIEOH L ORERZIR L. KL 2600 23X L NULL 28 L %3,
ZAUIRD Python O & [FFTF: callable(*args) o

PyObjectx args 721 ZBIBUCIETHEIX. PyObject_CallFunctionObjArgs () WX DHENFIETH
5ZeHATBVTLLEE N,

N—=T a ¥y 3.4 TEH: format DB char * POEEINF L,

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

BOfl: TLWEBE, RICBLZET: Stable ABL. 7Y =2 b obj ® name 2 WS EZRTDRA Y v K
Z. WL OHhD C ol e DIFOHLES, CHlEIIK T VE2ENT 5 Py_BuildValue() TEXD
74—y MXFHTHRENTVET,

format 1& NULL T X<, 5l Exok0WIe2RLET,
R L7 HREOH L OAERZIR L. KBL o6 2k L NULL 2R L %3,
ZAUIRD Python DX & [F5FTF: obj.name(argl, arg2, ...) o

PyObject* args 7213 %5 BUCIETHAX. PyObject_CallMethodObjArgs () D& D HNHETH %
Z t %ﬁxfj@b\f < 7:éL\o

N—=a ¥ 3.4 TEHE: name & format DEIDS char * POEEINF Lz,

PyObject *Py0bject_CallFunctionObjArgs (PyObject *callable, ...)

ROfE: ;1LWBE, RICEL X7 Stable ABL FEUMH LAJBEZR Python 7Y =2 b callable % 7]
ZRED PyObjectx 518 & I L E T, 5IEBFNIKEIZ NULL B30V A]ZHAD < F X
2 LTHERET,

BIIL7250H L OFERERL, KMLZ5664 %X L NULL 1 BLE7,
ZAUIRD Python O & [F5FTF: callable(argl, arg2, ...) o

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
ROfE: HILWEE, RICBLET: Stable ABL Python 7Y x 27 b obj DAY v FENUHL %

. XYV v FAE Python XFHIA 7Y 22 b name THE R E T, AIERED Pyobject* 518 ¥ iz
MO ENET. SIEFNIREIC NULL D3OV ZHED 5 X2 LTE52 %9,

Iy
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PyObject *Py0bject_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.
R L7 PO L ORERZIR L. KR L ofitZEH 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.

RN L7 SO L ORERZIR L, KRR LSt 2R L NULL 28 L £3

Added in version 3.9.

PyObject *PyObject_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.

RN L7 HIFOH L ORERZIR L. KL 260 23X L NULL 28 L %3,

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 wectorcall 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 *Py0Object_VectorcallMethod (PyObject *name, PyObject *const *args, size_ t nargsf,

PyObject *kwnames)

RICBEL E£9: Stable ABI (IN—2 3> 3.12 &D). Call a method using the vectorcall calling
convention. The name of the method is given as a Python string name. The object whose method
is called is args[0], and the args array starting at args/1] represents the arguments of the call. There
must be at least one positional argument. nargsf is the number of positional arguments including
args[0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args[0] may temporarily be
changed. Keyword arguments can be passed just like in PyObject_Vectorcall ().

If the object has the Py_TPFLAGS METHOD_DESCRIPTOR feature, this will call the unbound method

object with the full args vector as arguments.
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RN L7 PO L ORERZIR L, KL 605 2xth L NULL 28 L %5,

Added in version 3.9.

7.2.4 Call Support API

int PyCallable_Check (PyObject *o0)

RICBELET: Stable ABL. #7227 b o PFECHLATHEA 7P 27 b E I RE T, A7V
OO LA[EETHZ X121 ZIRL, ZOTRHRVWEEIKIZ 0O ZRLET, ZOBEEFEOH LIX
IR LET,

7.3 #ER 70O 3JL (humber protocol)

int PyNumber_Check (PyObject *o)
RICBLEY: Stable ABL. #7227 b o 238UER v + a L Z2REEL TWIHEIC 1 ZRL, £
ITRVE ZIIIMBEERELET, ZOBEBITFCH UIXEIKRIIL £3,
N—=Vay 38 TEHE: o B4 VT v 7 RABEKIZ-5786. 1 ZIRLET,

PyObject *PyNumber _Add (PyObject *ol, PyObject *02)
RBROE: FHLWBE, RIZBL X Stable ABL I35 ol & 02 ZIMELIERERL, KRBT
%% NULL ZiB U %73, Python D3 o1l + 02 X[EILUTT,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
ROfE: HILVWBER, RICBLFT: Stable ABL T2 L 0l 206 02 ZEAELIAEREZEL, KK
T5¥ NULL #iBL %3, Python O o1 - 02 XH LTI,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
RBROE: FH1LWBE, RIZBL XY Stable ABL I35 ol & 02 ZFELIERERL, KRBT
% ¥ NULL #iBL %9, Python @3 o1 * 02 X[H LTI,

PyObject *PyNumber _MatrixMultiply (PyObject *ol, PyObject *02)
ROME: FILLWBE, RICBLET: Stable ABL (IN=23> 8.7 &D). INT 2L ol & 02 2175
FELERZEL, KRBT 2L NULL 21K L %3, Python @ o1 @ 02 X[ELTY,
Added in version 3.5.

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

RbhfE: HiLWBE, XRIZEBL E7: Stable ABIL. Return the floor of of divided by 02, or NULL on
failure. This is the equivalent of the Python expression ol // o02.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)

BbhfE: :iLWEBER, XRICEBL 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”
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 s ¢] val f the Putl : o
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PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
RBRbOME: :1LWBE, XRICBL X Stable ABL. 132 & ol & 02 TRELLRERZERL., KRBT
% ¥ NULL #1EL %79, Python @ o1 % 02 X[E LT,

PyObject *PyNumber_Divmod ( PyObject *ol, PyObject *02)
RBRbOfE: iLWBE, XRIZEL 7 Stable ABL #AAABEE divmod () 2B L T ZX W\, KM
3 5L NULL #iBL £3, Python D3 divmod (o1, 02) ¥XHU T,

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
RBOfE: iLWEBE, RICEL 7 : Stable ABL #AAAREE pow() 2L T ZE W, KT 2
& NULL %R L %3, Python O3 pow(ol, 02, 03) E[EUTT, 03 134 T>a > TT, 0f 2
KBRS, Py _None ZANTLZE W (03 IC NULL 2T 2, FIERXEY 7 7R %5 &R
TIEBHDET),

PyObject *PyNumber_Negative (PyObject *0)
ROfE: FiLWBE, RICELFJ: Stable ABL 3%t o DFEREZIR L. KT %L NULL
R L EF, Python DR -0 XRIL T,

PyObject *PyNumber_Positive (PyObject *o0)
ROME: :1LWBE, XRICBL XY Stable ABL i35 o ZiRL., KT 2L NULL ZiIRL ET,
Python @3 +o ¥ AL T,

PyObject *PyNumber_Absolute (PyObject *o0)
RBROfE: iLWBE, XRIZEBL £ Stable ABL KI5 5 & o OHiHEZIR L. KT % & NULL %
BL %9, Python @3 abs(o) LR L TY,

PyObject *PyNumber_Invert (PyObject *o0)
EOfE: HILWER, RICELEJ: Stable ABL I35 L o Dby MHAKEL (bitwise negation)
ZiR L, KT 5% & NULL #iBRL %9, Python O ~o LA LT,

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
ROfE: HLWLWBE, RICELFT: Stable ABL B35 % ol % 02 Z2ES 7 b LIAEREERL,
KF % L NULL 2B £F, Python DR o1 << 02 ¥R T,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
ROME: HLWLWBE, RICELFT: Stable ABL 1325 % ol % 02 ZHS 7 b LIAEREERL,
KWF %L NULL 2B L £F, Python O o1 >> 02 ¥R T,

PyObject *PyNumber _And (PyObject *ol, PyObject *02)
ROfE: HILWBE, RICBLE Y Stable ABL BIIT 2L ol ¥ 02D 7 Yy MHNGHEE (bitwise
and)” ZiR L, KT 5 & NULL ZiBL ¥73, Python DX ol & 02 XU T,

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)

ROfE: HLWBR, RICELET: Stable ABL T2 L ol & 02 @ 7 ¥y b HfIHEIFRELR
(bitwise exclusive or)” Zi& L. KT % & NULL ZiRL %5, Python ®X o1 ~ 02 LML T,
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PyObject *PyNumber_0r (PyObject *ol, PyObject *02)
RBOE: HILLEER, RICBLEX I : Stable ABL I35 L ol & 02 @ 7 By MGG (bitwise
or)” ZIRULKMT % & NULL %R L 3, Python O o1 | 02 2R LTI,

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

EbhfE: FILLWBHE, RICBL X Stable ABL B35 % 0ol & 02 ZINELMEREIRL, KK
35 NULL IR LT, ol A3 in-place HEZ Y R— b5 255, in-place HHE Z{TWEF, Python
DX ol += 02 LR LTI,

PyObject *PyNumber _InPlaceSubtract (PyObject *ol, PyObject *02)

ROfl: FiLWBH, RICBL X Stable ABL T2 ol 25 02 ZIRE LBREEKE L, KK
3 5L NULL ZiIRLUE S, ol 2% in-place {HHEZ ¥ R— +F 3548, in-place HEZITWVWEF, Python
DX ol -= 02 LA LTI,

PyObject *PyNumber_InPlaceMultiply(PyObject *ol, PyObject *02)

EDhE: TLWEE, RICBL XY Stable ABL 528 0l £ 02 ZRELMEREIRL, KK
T3 NULL IR L ET, ol A3 in-place HEZ Y R— b 255, in-place HE Z{TWEF, Python
DX ol *= 02 X[RLTI,

PyObject *PyNumber _InPlaceMatrixMultiply (PyObject *ol, PyObject *02)

RDME: ;iLLWBE, RICBLZXJ: Stable ABI (IN—=23> 8.7&D). I3 ol & 02 %175
RELUHRZIEL, KT 2L NULL ZIB L ¥ 73, ol 2 in-place B ZHR— 3 2355, in-place
HEZITWE T, Python DX ol @= 02 ¥R LTI,

Added in version 3.5.

PyObject *PyNumber _InPlaceFloorDivide (PyObject *ol, PyObject *02)
RBOflE: FrLWBE, RICBLZF T Stable ABL liII13 5 ol % 02 THRELZYMETHEEZIRL,
KM 5L NULL ZiBL ¥, ol 28 in-place HHE %V K— 13T 555G, in-place HEZITWVWE T,
Python ®X o1 //= 02 ¥[RIL T,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)

RBDME: :FriLWEBE, XRICBL X3 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.
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)
RBOfE: FiLLWEBE, KRICBL XY : Stable ABL 135 & ol & 02 TRELZLERZEL, , KK
T 5E NULL 23R LE T, ol 2% in-place {HE %V R— + 254, in-place HEZITWE T, Python
DX ol %= 02 ELTT,

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)

EOME: FiLLWBER, RICEL X Stable ABL fAAABEE pow() 2L TL X W, KT 3

7.3. ¥EZRTOFIJL (number protocol) 137



The Python/C API, U1 —2X 3.13.3

¢ NULL 23R L ¥ 73, ol 2% in-place {HEZ Y R— 3T 2855, in-place HEZITVWET, ZOREEIZ
03 7% Py_None DIFEIE Python X o1 *%= 02 ¥R U T, ZNLANDEEX pow(ol, 02, 03) D
in-place fRCF, 03 ZEMI B2 S, Py _None Z ANTLIZE W (08 12 NULL 2T &, RIER
AEVT7 7 RRAZG|ERIFT VDD ET),

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)

RBOfE: LWEBHE, RICELEJ: Stable ABL i 2L ol % 02 FIFES 7 b LEHEREIR
L. KT 3 & NULL 23R LE S, ol B in-place {HE R Y R— b3 255, in-place HEEZITVWE T,
Python DX o1 <<= 02 R LT3,

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)

ROfl: FILWBE, RICBLZET: Stable ABL T 2L ol % 02 FIEY 7 b LEKEREIR
L. K32 NULL 2B L £73, ol % in-place HEZHR— 3 258, in-place HEZITWE T,
Python @3 ol >>= 02 XA LT3,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)

RDME: FILWEBER, RICBL & Stable ABL I3 2L ol & 02 @ 7 ¥y MHEAGHIEM (bitwise
and)” ZiR L. KT 5 NULL 2R L EF . ol 2 in-place HEZVR— »F3I5E. in-place HE
fTWVWE T, Python DX ol &= 02 2[R U T,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)

ROfE: HILWBE, RICELET: Stable ABL IIFT 2L ol & 02 ® 7 By bHEAHHEAIHRIEM
(bitwise exclusive or)” ZiR L. KMF % & NULL 2R L ¥3, ol 2% in-place HEZ Y R— 3 54
&, in-place HEZITWE T, Python DL o1 "= 02 YR T,

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Eofﬁ' FLULWBR, RICELE T Stable ABL. [ HIT 2L 0ol ¥ 02 @ 7 ¥y MEEHIHA (bitwise
or)” ZIRLKKT %L NULL 2B L ¥3, ol 2% in-place EE %Y K— 13258, in-place HEZIT
W3, Python DX ol |= 02 ERILTT,

PyObject *PyNumber_Long (PyObject *0)
ROfE: FLVLBE, MBLET: Stable ABL T2 o ZBBICEHR L DOERL, KKF
% ¥ NULL %R L %73, Python O int(o) ¥H LTI,

PyObject *PyNumber_Float (PyObject *o0)
RDE: HLWEBE, RICELET: Stable ABL T2 L o ZIFE/INIGEBICEIL b DEIR
L. K32 & NULL 23R L %3, Python O3 float(o) XRU T,

PyObject *PyNumber_Index (PyObject *o0)
RBDME: FiLWEBH, RICEBL X Stable ABL o % Python @ int BICE# L, I L7256 Z D
TIRLUET, KL S NULL 25R X 41, TypeError fISAH ik &1 E 3,

N— gy 310 TEHE: FHRIZFEICHZR int BT, DENE. BRI int O3 7275204 VAR
VADZEedHHFELE,

PyObject *PyNumber_ToBase (PyObject *n, int base)

VARG,

138 % TE ?ﬁ%ﬂ'?/l? fL1v (Abstract Objects Layer)



The Python/C API, U1 —2X 3.13.3

F3, base 518X 2, 8, 10 £7/21X 16 DWVWIT N TRIFIUIR D FH/ A, HE 2, 8, 16OV T, KX
NBFHNOFFNIIFEE~—H— '0b' | '00' F/zid '0x' B, NPT EEhET, L n
Python O int B TRIFIUX, F£3 PyNumber_ Indez() TEHINF T,

Py ssize t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
RICBLET: Stable ABL o 288 U THIRATEES o 12358, Py_ssize_t TIOMEICEL TR L
F9, MO ULPKRK LS, fIAEH S A, -1 RSN ET,

H L o 2 Python @ int IZEfATE/DIT, Py_ssize_ t "DEHLH OverflowError 1272 % 5513,
exc GIBTHE XN/ (F#IX IndexError % OverflowError) OIA XML 3, b L. exc
NULL 725, BIAME 2V 7 ST, [EAE DB A PY_SSIZE_T_MIN ., IEDHEI PY_SSIZE_T_MAX
AtHlfREhET,

int PyIndex_Check (PyObject *o0)

RICBLEFT: Stable ABL (IN—=23> 3.8 &D). 0o B34 V7 v 7 RABETH 255 (tp_as_number
FEIRD nb_index 2B v FHMHE 5 TWAHA) I 1 ZRL, ZITHRWEEIZ 0 ZIRLET, Z
DRIRUIFITHII L £

7.4 >—/r> 870 k1)L (sequence protocol)

int PySequence_Check (PyObject *o0)

RICE 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 *o0)

Py ssize_t PySequence_Length(PyObject *0)
RICELET: Stable ABL. {1328 —0 >R o DA T2 bOEERL, KT2L -1 %
BLUET, ZHiE. Python @3 len(o) ERTIZRD FT,

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
RBOfE: HILLWEE, RICBL XY : Stable ABL I35 & ol & 02 OE#f (concatenation) %X
L. K32 & NULL iR L £3, Python D3 o1 + 02 X[ LTI,

PyObject *PySequence_Repeat (PyObject *o, Py ssize t count)
ROl TLLWBE, RBLEXT: Stable ABL. I3 4722 0o @D count BI#EDRL %R
L. K32 & NULL 23R L 3, Python O o * count ¥R U T,

PyObject *PySequence_InPlaceConcat ( PyObject *ol, PyObject *02)

RDME: FiLVLWBE, RICBLFT: Stable ABL I3 2L ol & 02 Oif (concatenation) %iK
L. K352 NULL iR L ¥ 3, ol 23 in-place HE % VKR — b T 2858, in-place HEZITVWET,
Python D3 o1 += 02 R LTI,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py ssize ¢ count)
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L. K$ %L NULL ZiIBL¥3, o 2 in-place A ZV K— T 255, in-place HEZITWE T,
Python @3 o *= count ¥R UT3,

PyObject *PySequence_GetItem(PyObject *o, Py ssize 1 1)
RBROfl: iLWBE, XRICBLEXT: Stable ABL k132 o @ i HEHOEHRZIRL., KMIT 5L
NULL #3iR L £3, Python O o[i] ¥ELTT,

PyObject *PySequence_GetSlice (PyObject *o, Py _ssize_t il, Py_ ssize_t i2)

RBOfE: iLWEBHE, RICBL XY : Stable ABL fliIIT2% 0o D il 725 i2 ETOMDAT A A%IK
L. K522 NULL #i1BL 3, Python O3 o[il:i2] ¥R LTI,

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

RICBLZET: Stable ABL 0 ® i HFHOEZRIC v ZRALF T, RT3, fsfE2EHL -1 2K
LET; 322 0%2RLET, Zhid Python DX o[i] = v 2L TS, ZOBEEIE v ADZ
Wz BAWMOFEA

v 7 NULL DIFHIZZDERIHIRINETH, ZOKEEIZIEHEIRTH D, PyObject_Deldttr() %
5 DHEELWTT,

int PySequence_DelItem(PyObject *o, Py ssize t 1)
RICBLET: Stable ABL 0 @ i HHOERZHIFRL 3, kKT 2L -1 KB L EF, Python O
X del ol[i]l ¥FIU T3,

int PySequence_SetSlice(PyObject *o, Py ssize til, Py ssize t i2, PyObject *v)
RICBLET: Stable ABL 0 @ il 5 i2 $TOMDAT A R v ZRALEF, Python O
o[i1:i2] = v E[RIUTI,

int PySequence_DelSlice(PyObject *o, Py ssize_t il, Py _ssize t i2)
RICBLET: Stable ABL. =7 Y R4 7Y x7F 0o D il 25 i2 $TOMDRT A ZZHIRL
T, KT 2L -1 2BRLET, Python DX del o[il:i2] ¥R LTI,

Py ssize_t PySequence_Count (PyObject *o, PyObject *value)
RICBLF T Stable ABL 0 128} % value DAL, $725H5 olkey]l == value 725 key D
BB L ET, KBTS -1 ZRLE T, Python DR o.count(value) X[H LTI,

int PySequence_Contains (PyObject *o, PyObject *value)
RICBL X9 : Stable ABL 0 1Z value A > TWADPHELE T, 0 DH B EERD value & FAfi
(equal) 51X 1 ZIRL., ZHLAOBEIIZ 0 ZELET, =7 —2EETILE -1 ZIRLET,
Python @3 value in o X[FIU T,

Py ssize t PySequence_Index(PyObject *o, PyObject *value)
RICEBLFY: Stable ABIL o[i] == value Y RBZBRINCHAODP oA YT IR i #IRLET, T
T—=WREETHE -1 ZIRLE T, Python DX o.index(value) XFI LTI,

PyObject *PySequence_List (PyObject *o0)
ROfE: FILLWBE, RICBLET: Stable ABL =47 Y 2B LLIEA 777V 0o LRI LA ERD
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VAMFATV 27 b EBELET, RBLES NULL ZIRLE T, RENZ VA MIHLIESNZ
PRIEENTVE T, ZHE Python O 1ist (o) EHETT,

PyObject *PySequence_Tuple (PyObject *0)
RBhE: FLWBHE, RICELZXT: Stable ABL. > — 7Y XHBE2WVEIAT7TLVTH5 o ERILAR
BRORXTNATO 27 v RIBLET, KBL7ZS NULL ZRL 5, o BX TLDGE, #ilkBH

BRLUET, TNLANOEE, BYIRANBRBA -7 Z PV ERRLTGRL %3, Python @3 tuple(o)
LAETY,

PyObject *PySequence_Fast (PyObject *o, const char *m)

RDfE: FTILWEBEB, XICEBLZXY: Stable ABL. =7 YR EREATI7LD o %
PySequence_Fast* 7 7 I VDMK THHATESZ2 A7 27 P LTRLES, A 7Y =7 bH
V=T VRATHATITITATHRVEGEEIE, X vt—I m 2FD, TypeError XL F3, KKL
725 NULL ZiBL 9,

PySequence_Fastx 7 7 IV OBAEII. o D% PyTupleObject ¥£721% PyListObject LAREL. o D
T=RT7 4 =)V RICEET 7R 57D, ZOL5HMNTLRATVET,

CPython OFEETIZ, L o D B =7 VAR TV THNE. 0 ZDBDEIRLET,

Py ssize t PySequence_Fast_GET_SIZE(PyObject *o)

0 D NULL TH <. PySequence_Fast () DR LIcA TP =27 FTHELREL T, 0 DRI ERLET,
0o DH 4 XJ PySequence_Size() ZWMFUH L THELNE TH. PySequence_Fast_GET SIZE() O
T o VA MPRETINTHZ ERELTUHT 2720, XY EHETT,

PyObject *PySequence_Fast_GET_ITEM(PyObject *o, Py _ssize_t 1)
ROl BABME, o 2 NULL T# <. PySequence_Fast() DRL7ATI 27 v THH, D i B
AT ZAOFHANIZH 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() DiEL
eATY =7 P THY, NULL TRVHDEELTWET,

V2 DY A XWEFEINZ L&, XY HEENIEZROEFZHEE T 203 LAKRWI LITEEL
TREEW, ZOH, P—F VYAOZERFEELRVAYTHFA N TOATRIZHZ R, V2 2o
TLEEWN,

PyObject *PySequence_ITEM(PyObject *o, Py ssize t 1)

RDME: HiLWEBH, o © i FHOEHREZIR L., KT 2 & NULL 1R L $79, PySequence_GetItem()
DEFHRTH D, PySequence_Check() T o DEZIRT N E 5 D OMEERL, ADIRIFOHREZITN
F¥ Ao
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7.5 ¥y 7870k 3JL (mapping protocol)
PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HHBHL T &\,

int PyMapping_Check (PyObject *o)

RICEL £ 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 *o)

Py _ssize t PyMapping_Length (PyObject *0)
RICBLET: Stable ABL. i1 §2 473 =227 F o HOF—DOFZERL., KT 2L -1 ZIRLE
3, Z4UL. Python O3 len(o) EELIZRD ET,

PyObject *PyMapping_GetItemString(PyObject *o, const char *key)

RBROME: HILWBE, 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*.

t**

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.

int PyMapping_GetOptionalltemString(PyObject *obj, const char *key, PyObject **result)

WICEB L EX9: Stable ABIl (IN—2 3 Y 3818 &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)
RICEL 9 Stable ABI. This is the same as PyObject_SetItem(), but key is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_DelItem(PyObject *o, PyObject *key)

This is an alias of PyObject_DelItem().

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

This is the same as PyObject_DelItem(), but key is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObject*.
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int PyMapping_HasKeyWithError (PyObject *o, PyObject *key)
RICBELZET: Stable ABI (IN—23 > 8.18 &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 £9: Stable ABI (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 7HIA 7Y 27 b BF— key 2FOHHIC 1 BBL, 25 TRV
22X 0 BIRLET, ZHE, Python OR key in o X FffiTF, ZOBEBIEUH LIXEICKRINL
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)

RICEL %9 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*.

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 *0)
RDfE: fiLWBR, RICELFJ: Stable ABL. fIIT2 4727 0 DF =002V A%
BLUEF, KWF 2L NULL ZiIRL £5,
N—=Tay 3.7 TEHE: DENE. BBV AP LIEE T VR RLTWE L,

PyObject *PyMapping_Values (PyObject *o)

RDfE: TLVWEHE, XICBL XY Stable ABL {13247 227 b o DELSR2Z U R M EIR
LEd, KT 2L NULL ZIRL 3,
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N—ay 3.7 TZEE: DENE. BBV AR LABEXTIVERLTVE L,

PyObject *PyMapping_Items (PyObject *0)
RBOfE: FILWEBER, RICBLET: Stable ABL iI1522 4727 0o DEZENLIRDZV A MR
BLU, BEREF—HORT B AR TN o TWET, KT 2 NULL KL £79,

N—ay 3.7 TEHE: DENE. BBV AR LIBEXTAVEZRLTWE L,

7.6 /7L —%70k21JL (iterator protocol)
ATV —=Z%H5 T-DDOEHDEEITI—>H D %7,

int PyIter_Check(PyObject *o)
RICBLEFY: Stable ABI (/N\—=23 > 3.8 &D ). Return non-zero if the object o can be safely
passed to PyIter_Next (), and O otherwise. This function always succeeds.

int PyAIter_Check (PyObject *o)
RICBLEY: Stable ABI (IN—23 > 3.10 &D ). Return non-zero if the object o provides the
AsyncIterator protocol, and 0 otherwise. This function always succeeds.

Added in version 3.10.

PyObject *PyIter_Next (PyObject *o)

RBOfE: FTLWBE, RICEL X9 Stable ABIL. 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.

ATV —RDBTEHRIID o TR ZT SV —T2EH e, COa—FNEUTD LR 21T TT:

PyObject *iterator = PyObject_GetIter(obj);
PyObject *item;

if (iterator == NULL) {

/* propagate error */

while ((item = PyIter_Next(iterator))) {

/* do something with ttem */

/* release reference when done */

Py_DECREF (item);

Py_DECREF (iterator) ;

(RDOR=V1Fil)
144 B 7 EWMRATII T LAY (Abstract Objects Layer)




The Python/C API, U1 —2X 3.13.3

(FIDR=T 25 D %)
if (PyErr_Occurred()) {

/* propagate error */

}
else {

/* continue doing useful work */
}

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:
o PYGEN_RETURN if iterator returns. Return value is returned via presult.
e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
e PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

Added in version 3.10.

7.7 N\v 7770k 3JL (buffer Protocol)

Python THIHAIREZZ WL DDA 7Y =7 NI, TEIZH 2 X EVEFIE72Z buffer NDT7 7 A4t L
9, ZOEIRATI I P LT, HHlAIAAD bytes R bytearray . array.array @ X 5720\ < DD
DILRMDZET ONE T, F— FAN=T 4 DT A 77 VIZEGLHESBUERNT D X 5 2FHl72 HR D 7912,
ZNOHEDOMEERT LI ENTEET,

ENZTNORBZNEED <Y T 4 7 RAZREE TN, BELKREBRXAEIANY 7 7025755 L0 ) HdE
DRMEHALE T, W OPDRATIEMNT2a—%21T5 ZeBRKEENY 7717 7R TEHILH
2Ehxd,

Python & buffer protocol DEIRT C LAV DMAHAZRELES, o7 baricidZooflEs» % b
9

o BT IMTIE, DI, ZDATI 2 PO TNBIZDH BNy 7 7 1T 2 1HREEMHETE 5 "buffer
AVR=—T 2 =R ZLIAR— P THIENTEET, DA VX —T=2—RF Ny T 74Ty
MEEER (buffer object structure) DEITEHAL £3,

e FMATZMTIE, A7V =7 POTFEREHZET—ZADRL Y RE2[FIVL ODOFEVPFAHATE X
T (e ZEXY v 5D,

bytes ¥ bytearray RED Y IARATY =27 NI, WEHDO Ny 7 7 =% 4 MIIDEATRL 73,
NA PN DR D FIHETEET S, Bl X3, array.array 2R B$ 2 BRI~ L F AL MEICKR S Z 2
HHEF,
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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

7.7. /Ny 7770k 3JL (buffer Protocol) 149



The Python/C API, U1 —2X 3.13.3

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 X%+ JL: shape, strides, suboffsets

PIL A & A LV OEHTIZ@EE OEZOMIZ, HEIXITTD L TROBEREZTUG T 27-DITWB R V22 RFTE
3, BRI, EED 3 KT C BlHl char v[2][2]1 [3] &, 2 KITALHIND 2 DDKRA ¥ X H 572 BB 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.

In free-threaded builds, PyType_AddWatcher () is not thread-safe, so it must be called at start up
(before spawning the first thread).

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().
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Added in version 3.12.

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 *o)
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)
RICELZET: Stable ABL. a 28 b OV 7 XA TOHBHICEEZRLE T,
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 © nitems)

RBOfE: HiLWBE, RIZBL XY : Stable ABL. BIA 727 D tp_alloc iITHTEI Y v
NYRITF, Python DF 7 4V FDXEY 70T — X I XL EFoTHLOA VARV A% T
a7 —+L. IXRTONAE%Z NULL THIHLL 5,

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
BOfE: HILLWBE, RIZBLZXJ: Stable ABL BAT7I =27 bD tp_new HTET =3V v I
YRITT, BD tp_alloc ROy F2foTHLVA VAR RAZER L ET,

int PyType_Ready (PyTypeObject *type)

RICBLEY: Stable ABL. A 72227 b7 74 F 74 X170 ET, ZOBEKEZETOLI T
7 FCHHEHEESE T T 572D IR TR D A, ZOBEIZ. BES S 2ARLSHEAL
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72Avy R TO 27 MBEMT A2RENDD 3, BB LGEIE 0 2R, =7 —DES
12iE -1 BR LU THIAMEREZREL 3,

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)
RODME: HTLVWBER, RICBLEY: 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)

RICBLFY: 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)

RICBLZEY: Stable ABI (/A—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)

RICBLEFTY: Stable ABI (IN—=23> 3.4 &D). A0y MIHEHE TV 5K AL >~
ZERLET, IRDED NULL OFEIE. A0y b NULL 20, BABOALERG I THIEN-Z & 2R
LEd, @E. EHUANGEDHEO AL » X 2@\ aEEEIc: » 2 F LET,

See PyType_Slot.slot for possible values of the slot argument.
Added in version 3.4.

N—=Ya ¥y 3.10 TEH: PyType_GetSlot() can now accept all types. Previously, it was limited
to heap types.
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PyObject *PyType_GetModule (PyTypeObject *type)

RICELET: Stable ABI (IN—23 > 3.10 &P ). Return the module object associated with the
given type when the type was created using PyType_FromModuleAndSpec ().

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)

RICBLEY: 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)

RICBLF T Stable ABI (IN—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 PyUnstable_Type_AssignVersionTag(PyTypeObject *type)

Z3UZE Unstable API T3, YA F—V Y —RATTERLEBEINZ DD X7,

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.
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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)

RICELET: Stable ABI (IN\—23 > 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+ 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 __dinit__() is not called on the new class.
e __init_subclass__() is not called on any bases.

e __set_name__() is not called on new descriptors.

Added in version 3.12.

PyObject *PyType_FromModuleAndSpec ( PyObject *module, PyType_Spec *spec, PyObject *bases)

RbhfE: 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 TEH: The function now accepts a single class as the bases argument and NULL

as the tp_doc slot.
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N— 3 ¥ 3.12 TZEH: The function now finds and uses a metaclass corresponding to the provided

base classes. Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating
classes whose metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer
allowed.

PyObject *PyType_FromSpecWithBases (PyType Spec *spec, PyObject *bases)
RDOfE: HFLWLWBE, RICBLEXT: Stable ABl (IN=23 > 3.3 &D). Equivalent to
PyType_FromMetaclass(NULL, NULL, spec, bases).

Added in version 3.3.

N—3 3 v 3.12 TEHE: 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 t¢p_new is deprecated and in Python 3.14+ it will be no longer
allowed.

PyObject *PyType_FromSpec (PyType Spec *spec)
RBOflE: HiLWEE, RIZEL £9: Stable ABIL. Equivalent to PyType_FromMetaclass (NULL,
NULL, spec, NULL).

N— g 3.12 TZEHE: 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 and in Python 3.144 it will be no longer
allowed.

type PyType_Spec
RICBLFT: Stable ABL (FRTDAYN—%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. For negative basicsize, Python will insert padding when needed to meet

tp_basicsize’s alignment requirements.

N—3 a ¥ 3.12 TEH: Previously, this field could not be negative.
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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_itemsize).

o The requested PyType_Spec.basicsize is positive, suggesting that the memory layout

of the base class is known.

o The requested PyType_Spec.basicsize is zero, suggesting that the subclass does not

access the instance’s memory directly.
e 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_FromSpecWithBases () sets it automati-
cally.

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
RICBLZFT: Stable ABI (§RTDAXAYN—ZFL). 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 PyTypeUbject.tp_dealloc

e Py _nb_add to set PyNumberMethods.nb_add

e Py_sq_length to set PySequenceMethods.sq_length
The following “offset” fields cannot be set using PyType_Slot:

e tp_weaklistoffset (use Py_TPFLAGS MANAGED_ WEAKREF instead if possible)
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e tp_dictoffset (use Py TPFLAGS_MANAGED_DICT instead if possible)
e 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 fields cannot be set at all when creating a heap type:
o tp_vectorcall (use tp_new and/or tp_init)
o Internal fields: 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 TEH: Slots in PyBufferProcs may be set in the unlimited API.

N—3 a3 ¥ 311 TEHE: bf_getbuffer and bf_releasebuffer are now available under the
limited API.

void *pfunc

The desired value of the slot. In most cases, this is a pointer to a function.

Slots other than Py_tp_doc may not be NULL.

8.1.2 None A7 x ¥V b

None IZXf§ % PyTypeObject i%. Python/C APl TIXEHEA XN THWARWVOTERELTL 72XV, None
FHET (singleton) ZDT, A 7Yz 2 FORA—MT A (C Tk ==) 252 THHEHSTT, ML
B2 5., PyNone_Check () BA¥IIH D F8 A,

PyObject *Py_None

HDO R %Z RS, Python @ None A 73 =2 b, ZOFAT7V =2 MEXY v FEFLTS. immortal
T,

N—= a ¥ 3.12 TEH: Py_None & immortal T,

Py_RETURN_NONE
BA%D & Py_None ZIRL %7,

8.2 BEEA T T k (numeric object)
8.2.1 BHEA T2 ¥ b (integer object)
TRTOBRIIEEDOEETZHD "long” B LTEEINET,

I —DEEEZ L, IFLALD Pylong_As* API i (return type)-1 ZiRL E£3H. ZHEBUEY Ro7ir
PMIEFERA, RO EMT 272D121& PyErr_Occurred () Z{fioTL72E W,
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type PyLongObject
RICEL XY Limited API (RBEFALBEBERFE L T). 2D PyOvject DY 724 FIEERBIZRIAL
£,

PyTypeObject PyLong_Type
RICEL FJ: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ Al Python BEHEZRH LT, Z
UZ Python L4 YB3 int LELA T =27 M T,

int PyLong_Check (PyObject *p)
518 PyLongObject » PyLongObject DY T XA FTHB L ZICHTZIRLET, ZDOBBITHEITK
WL %9,

int PyLong_CheckExact (PyObject *p)
5180A% PyLongObject T 5D PyLongObject DH T RA FTROVE ZICEZRLE T, ZOMKII
WL £7,

PyObject *PyLong_FromLong (long v)
RBROME: iLWBHE, RICEBL X7 Stable ABL. v 2 5¥#17272 PyLongObject 7Y =7 M &AL
TRLET, KDL Z2ITIE NULL 2R L £9,

BEDFETIE, -5 25 266 T TORTORMIIHT 2BEA 7Y =27 FOBSIZRFFLE T, 20
HEHOBEERT 5 &, EBICBFEOA 7Y =7 M 2B L5 2koTV0E T,
PyObject *PyLong_FromUnsignedLong (unsigned long v)

ROfE: :iLVLWBE, RIZBLET: Stable ABIL. C ® unsigned long 2> &#7727% PyLongObject #
7Y PERERLTRLE T, KRIEL P& NULL 2R L 9,

PyObject *PyLong_FromSsize_t (Py ssize t v)
RBOfE: FTLLWBE, RIZEL X7 Stable ABL. C ® Py_ssize_t Bh SHi7-72 PyLongObject *
7Yx7 PRERLTELET, KDL 21 NULL 2B L £55

PyObject *PyLong_FromSize_t (size_t v)
EDfE: HILWBHE, RICBLFET: Stable ABL. C D size_t B &¥i/27 PyLongObject A 7Y =
7 ERLTRLEY, KO L 1T NULL 218 L 5,

PyObject *PyLong_FromLongLong (long long v)
EDfl: HiLWLWBHE, RICBLF Y Stable ABL. C @ long long M2 &¥i727% PyLongObject &7
PxZ PRERLTRLET, KDL T NULL 2R L £55

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
RBbhE: #HLWEBE, XICEBL £ Stable ABL. C @ unsigned long long B & Hi/- 7z
PyLongObject A 7Y =27 P EERL TRLET, KDL ZI12IE NULL 2R L 7,

PyObject *PyLong_FromDouble (double v)

RBOE: FiLWBH, RICEL X9 Stable ABL. v OBEERD #7727 PyLongObject 7Y =7 b
ZERLTRELES., KBDL 2123 NULL 2R L £5,
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PyObject *PyLong_FromString(const char *str, char **pend, int base)

RbOfE: FHiLLWBE, RICBL XY Stable ABL. 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.

& BE

Python methods int.to_bytes() and int.from_bytes() to convert a PyLongObject to/from

an array of bytes in base 256. You can call those from C using PyObject_CallMethod().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)
RDfE: $1LWEBHE, Convert a sequence of Unicode digits in the string v to a Python integer
value.

Added in version 3.3.

PyObject *PyLong_FromVoidPtr (void *p)
ROfE: HLLEE, RICELET: Stable ABL 1 > & p &5 Python ¥MIEEERL £ 5, HA1
v XDl PyLong_AsVoidPtr() %M LFR» BB XN 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.
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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 DD long DHEIFASNTHAUR, OverflowError ZiEH L E3,

ITI—PEELLEIC -1 ZRLET, AT 2 279D121& PyErr_Occurred() Z{fioTL 72
SV,

N—Yar 3.8 TELH: AlRETHIUTL __index_ () ZFS XS5k FEL=
N— 3> 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 TIFHESE: 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.

Added in version 3.13.

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

RICEL F7: 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.

I —DPREELE X2 -1 BRLES, AT Z2MIT 5729DI121E PyErr_Occurred() - TL 72
W,

N—Yar 3.8 TEH: AJRETHIUL __index__() M5 X5k LI

N— a3 ¥ 3.10 TZH: This function will no longer use __int__().

long long PyLong_AsLongLong ( PyObject *obj)

166

RICEL £7: 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 DfEDS long long DEHIFHSNTHAUK, OverflowError XM L £7,

I —DEEZEIC -1 BRLET, ROTEMNIT 272DI121& PyErr_Occurred() %> TL 72
X,

N—Tar 3.8 TEH: A[RETHIUL __index__ () ZMFS> X5k hFEL%
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long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)

RICEBL FT: 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.

I —DEELEZIZ -1 ZRLET, ADTEMT 2 7%20DI21& PyErr_Occurred() %ffioTL 72
W,

Added in version 3.2.
N—=Y 3y 3.8 TEH: AJRETHIUL __index__() S5 XS5k F L7
N— 3> 3.10 TZH: This function will no longer use __int__().

Py ssize t PyLong_AsSsize_t (PyObject *pylong)

RICEBL £ Stable ABI. pylong 2383 C @ Py_ssize_t iR L ¥ 73, pylong & PyLongObject
DA VAR Y ATRITUIRD F8 A,

b L pylong DIED Py_ssize_t OHIPASTH UL, OverflowError ZiXH L 3,

I —DPEELEZIC -1 ZRLET, RATEMT 2 7%2DI121& PyErr_Occurred() %ffioTL 72
W,

unsigned long PyLong_AsUnsignedLong(PyObject *pylong)

RICEBLZF Y : Stable ABI. pylong %33 C @ unsigned long %R L ¥ 73, pylong & PyLongObject
DA YRR ZATRITUIRD £8 A,

b L pylong DIEA unsigned long DOHIPASTHIUL, OverflowError ZiXH L %3,

I7 - E 72 212 (unsigned long)-1 ZIRL %3, RV 21F 2729121 PyErr_Occurred ()
ZfioTEE W,

size_t PyLong_AsSize_t (PyObject *pylong)

RICEL XY Stable ABIL. pylong #%£3 C @ size_t iR L EF, pylong & PyLongObject DA
VARV ATRIIUIZD FH A

b L pylong DIED size_t OHIFSTHAUL. OverflowError XML £,

I —PEEEE ZI (size_t)-1 ZIRLE T, BT 2MIT 2720121 PyErr_Occurred() %o
T<fCéL\o

unsigned long long PyLong_AsUnsignedLongLong ( PyObject *pylong)

RICBL 7. Stable ABL. pylong %% 3 C D unsigned long long %R L ¥ 3, pylong &
PyLongObject DA Y AR Y ATRIFIIRD FH A,

& L pylong DA unsigned long long DHIFAFTH UL, OverflowError XL F T,
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T 77—k X7t 2T (unsigned long long)-1 ZR L E T, AT x5 kLdicid
PyErr_Occurred () ZfioTL7Z& W,

N—=Ta v 3.1 TEE: & pylong ZHEE L72FEIZ TypeError Tld72 {. OverflowError %iXH5 %
X2 LT
unsigned long PyLong_AsUnsignedLongMask ( PyObject *obj)

RICEL £9: Stable ABL. 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 DAY unsigned long DHIFHH SN T WA IX, ULONG_MAX + 1 Zike LRIREIRL
ESa

T —MEE L ZIZ (unsigned long)-1 ZiRL £5, A2 H) % 7-012iE PyErr_Occurred()
o TLEE N,

N—Ya Yy 3.8 TEAH: AJRETHIUL __index__() M5 X5k T L7
N—3 a3 ¥ 3.10 TZH: This function will no longer use __int__().

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)

RICBL XY Stable ABI. Return a C unsigned 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.

obj D{E7% unsigned long long DHIPADL HAN TV HEIX, ULLONG_MAX + 1 2Ky L7-FIR
BLET,

I o — W&/ &IC (unsigned long long)-1 2B L 3, RO 2T 2-HICiX
PyErr_Occurred() 2o TL I W,

N—Y gy 3.8 TEH: AJRETHIUL __index_ () 2S5 XS5k E L
N— a3 v 3.10 TZH: This function will no longer use __int__().

double PyLong_AsDouble (PyObject *pylong)

RICBLET: Stable ABIL. pylong #%3 C @ double %R L %73, pylong i& PyLongObject DA
VARV ATRIFIUILD $H A,

b L pylong DED double DHEIFHATHAUL, OverflowError ZEH L £,

I —DRERLL ZIZ -1.0 ZIRLET, AT 2T 2791203 PyErr_Occurred () o TL 72
X,

void *PyLong_AsVoidPtr (PyObject *pylong)

RICEBLF: Stable ABL Python OBEAIZHET pylong Z. C O void KA ¥ RITEML %7,
pylong 2T Z 23 HUE, OverflowError ZXH L %5, ZDBKIE PyLong_FromVoidPtr() T
ERERT 2L E1fES X574 void RA VY EXBIEERTEZ2I T,
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I —PEE/ L ZIZNULL 2R LE T, BTz 572912i& PyErr_Occurred() %o TL 72
2,

Py_ssize_t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py_ssize ¢ 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 R
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) {
// Fatiled. A Python exzception was set with the reason.
return NULL;
}
else if (bytes <= (Py_ssize_t)sizeof(value)) {
// Success!

}

else {
// Overflow occurred, but 'value' contains the truncated
// lowest bits of pylong.

}

Passing zero to n__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.
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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

determine the buffer size, then to fill it:

: first to

// 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) ;

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.

170
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Flag &

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.

If Py_ASNATIVEBYTES_ALLOW_INDEX is specified and a non-integer value is passed, its __index__()
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.
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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.

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)

Z AU Unstable API T3, A F—V ) —RATTFERLKEEBEXINZZ DY FT,

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 T%, A F—V V) —ATTERIEEINDZZNHY 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.
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8.2.2 Boolean #7>x7 b

Python @ Bool I DY 77 52 LTHEEINTVWET, 7—NVEIODfEIX, Py False & Py_True ®
20L2HD ERA, /o T, MEDOEM HIFRBEIEIE 7 -V EIZEHTEED ERA, LTV ZE, UTO=
subFHTEET,
PyTypeObject PyBool_Type
RICELZFT: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ A& Python @ boolean BRI L %
9; Python L 4 ¥IZBIF % bool EFILATY 7 FTT,
int PyBool_Check (PyObject *o)
0 M PyBool_Type BOBEICEHZIRLE T, ZTOMBIIFEITHIILET,
PyObject *Py_False
Python @ False A 7Y =2 b, ZDATT Py MIXY v FERTF. immortal T,
N—=a ¥ 3.12 TEHE: Py False & immortal T3,
PyObject *Py_True
Python @ True A 7Y =2 b, TOF 7T 27 MIRXY v RERZT. immortal TS,
N—a ¥y 3.12 TEH: Py_True l& immortal T3,
Py_RETURN_FALSE
B8 & Py_False ZIRL £3,
Py_RETURN_TRUE

B S Py_True ZIBRL F 3,

PyObject *PyBool_FromLong (long v)

RDfE: $iLWBER, RIZEL X Stable ABL. v OBEIEIZIE U T Py_True £7:1% Py_False %
BLUET,

8.2.3 Floating-Point Objects

type PyFloatObject

This subtype of Py0bject represents a Python floating-point object.

PyTypeObject PyFloat_Type
RICE L F9: 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 7» PyFloatObject DY T RA FThH3 L EWCHERLET, ZOBEIIHIC
R E T,
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int PyFloat_CheckExact (PyObject *p)
51855 PyFloatObject T&H BH PyFloatObject DY T RA T THRVWE ZFICEFRRLET, ZOBEK
FEICHII L £7,

PyObject *PyFloat_FromString(PyObject *str)
RBhfE: HiLWEBE, RICEBL X7 Stable ABL str OXFFE% b T PyFloatObject 7Y =
7 hEERLET, KT 2L NULL ZIRL X7,

PyObject *PyFloat_FromDouble (double v)
RBOfE: $1LWBE, RICEL X7 Stable ABL. v 28 PyFloatObject A 7Y =7 MERAEKRL TR
LEd, K95 NULL ZIBL %5,

double PyFloat_AsDouble (PyObject *pyfloat)

RICE L £ : 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_Occurred () to check for errors.
N— g 3.8 TEH: AJRETHIUX __index_ () 2S5 XSk L=

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIETEZ. C @ double BRI TRLETH, T7—F v 72TV EHA,

PyObject *PyFloat_GetInfo(void)

RDME: :ILLWEE, RICBL X9 Stable ABL float DFEEE. &/MHE. HAMEICET 2 1BHE2ET
structseq £ YA XV RAERLET, ZHUE, float.h 7 7 A LDENT v =TT,

double PyFloat_GetMax ()

RICBL £9: Stable ABI. float ODRIRT= 3 & KREE DBL MAX % C @ double BITIRL
R

double PyFloat_GetMin()

RICBLZE 9 Stable ABI. float ®IEM{b X725/ NDIEDME DBL_MIN % C @ double BITIRL
R

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 TEEE 754 binary64 double precision format, although the packing of INFs and NaNs (if such things
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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:

e 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.

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 binaryl6 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.
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double PyFloat_Unpack8(const unsigned char *p, int le)

Unpack the IEEE 754 binary64 double precision format as a C double.

8.24 BEHAT>C Ik

Python OEZEHA 70 =27 Mid. CAPIL 2SR 2 Zo0FEOM Yy L THEEINTVET: —AIX
Python 70 2'Z 22 L TRX N TWS Python DA 7Y 27 b T, MFEEBOEEREEZRE T2 C
DHERTT, API TR, Zho W25 B EL TnE T,

C BERL L TORER

BERD C MERZ5 e LTRMULZD, ROfEE LTELZD 328803, K4 Y XELZITS>DTIE
%< fEEL 2175 DTHERL TSV, THUd APT 2 2@ L T—HLTVET,

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 complexr _Py_c_sum(Py complex left, Py complex right)
ZODHRZFEBDOIE C D Py_complex BITRL FT,

Py__complex _Py_c_diff (Py_complex left, Py _complex right)
ZOoDEFEBDER C D Py_compler B TRL FF,

Py__compler _Py_c_neg(Py_complex num)

BEE num OFSREE C D Py_complez BITIRLE T,

Py complexr _Py_c_prod(Py complex left, Py complex right)

ZODERZFEBDOEE C D Py_complex BITRL ET,

Py__compler _Py_c_quot (Py_complex dividend, Py _complex divisor)
ZODEFEHDOME C D Py_compler BITIRL 5,

divisor 73 null DFEIF. TDXY v Fid¥ma %R, errno I EDOM =t v F LT,
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Py complexr _Py_c_pow(Py_compler num, Py complex exp)

68 exp D num Fex C D Py_complez BITRL ¥£3,

num 2 null T exp DPIEDEBTHRWEGEEIZ., ZOXY vy RiZ¥e %R, errno I EDOM 2t v b
LS,

Python 721V b L TOERKE
type PyComplexObject

Z D PyObject DY 7 XA FF Python DERBI 2RI L 9,

PyTypeObject PyComplex_Type
RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ AR > A% Python DERFIUEREL 7,
Python L' 4 ¥ ® complex L[RIULA 7Y =2 FTT,

int PyComplex_Check (PyObject *p)
518HS PyComplexObject > PyComplexObject DY 7T RA TS THBH L EWCERRLET, ZDBEE
BEHEICENL %3,

int PyComplex_CheckExact (PyObject *p)
51803 PyComplezObject Td 505 PyComplezObject DY T RA T TRHRVWE ZIZHZRLET, Z
DORIREE TN L £ T

PyObject *PyComplex_FromCComplex ( Py _compler v)
ROflE: $iLWEBH, 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)
RD1fE: $FILWBHE, RICEL X7 Stable ABIL. Return a new PyComplex0bject object from real

and ¢mag. Return NULL with an exception set on error.

double PyComplex_RealAsDouble(PyObject *op)
RICEL F7: Stable ABL op DEHERD%Z C O double B TIRL %73
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 £7: Stable ABL op DEEGER7% C @ double B TIRL £7

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.

8.2. BERATZ 1Yk (numeric object) 177



The Python/C API, U1 —2X 3.13.3

Upon failure, this method returns -1.0 with an exception set, so one should call PyErr_0Occurred ()

to check for errors.

N—= 3 3.13 TEH: Use __complex__() if available.
Py complex PyComplex_AsCComplex (PyObject *op)

BHEEUE op 25 Py_complex BUZRAERL F 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 __float__(). If __float__() is not defined then it falls back to __index__().

Upon failure, this method returns Py_complez with real set to -1.0 and with an exception set,

so one should call PyErr_0Occurred () to check for errors.

N—=Yar 3.8 TEH: A[RETHIUL __index__() M5 X5k F LI

co

3 =T 2RFTZ U b+ (sequence object)

=T VR TV 27 MIHRT BRI OWTIERIOE T T TN L7z, 20T, Python
SBICH DL TWVWAREDY — 7 Y 2AF TV 27 MZOVWTIRHVWE T,

831 NA+ATDxU

TREOBEIZ, NA A TY 27 PR L TWS GBI, b AT Y 27 P TRWAT AR ZIEE L THY
H&h3 &, TypeError ##EHL 3,
type PyBytesObject

2D PyObject DY T RA T, Python XA v ATV =27 bERLET,

PyTypeObject PyBytes_Type

RICBLET: Stable ABI. 2O PyTypeObject DA ¥ AKX ¥ AE, Python N4 FEERL F3;
Python L' 4 ¥ ® bytes E[RLA 7> =2 FTT,

int PyBytes_Check (PyObject *o0)
7T 27 b oD bytes ATV 27t bytes MDY T XA TDA VARV ATHHHGEITHEZERL
5, CORBIEICHILET,

int PyBytes_CheckExact (PyObject *o0)
FTP 27 b oD bytes ATV =7 bED bytes BIDV T XA TDA VAR Y ATHRWEEICERIR
LEd, ZORBREICHRINILET,

PyObject *PyBytes_FromString(const char *v)

BOfE: iLWEHE, XICE L X7 Stable ABL IR, XFH v Dav—%2EHL T 3H LWL
A AT 2T bEIRBL, KMEFIC NULL 23R L E T, 518 v & NULL TH - TWERD FX¥A; 20D
F v 273 fTbh A,
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PyObject *PyBytes_FromStringAndSize (const char *v, Py ssize_t len)

RO{E: LWEBRE, RICEBL X7 Stable ABL K IZ, XFH| v Dab—%2HEFTEEX len ®
HLOWAAL A7V 27 F2IRL., RMERIC NULL 23R L E3, 515 v 25 NULL OBE&. AL + 47
D7 FOFHEIHHEEINTVERA,

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

ROfl: FTLWEE, RICEBL X Stable ABL. C BI%(®D printf () A XA LD format XFH| &
AIZEREDOBIEERD ., #RD Python N4 b ATV 27 b A X%FHHEL, HEfHELEZERCL
Teo TEBMULTANA P A TP 27 P 2IBLET, AIZERDGIIZ C 07 —&2BTRIFIRS T,
format SLFHIHFD 7 + —< v PXF e EBECEEMN T ONATORTINIERD /A, FieD 7 4 —
<y PXEPFHTEET:

| EstiEExE | B 5%

hoth n/a V51D % XF

he int C DB TRB SN DLH—D A |,

%d int printf ("%d") ¥R, *!

%u unsigned int | printf("%u") ¥ [, *!

%1d long printf ("%1d") ¥ [[%, *!

%1lu unsigned long | printf ("%1lu") ¥ [[%, *!

%zd Py_ssize_t printf ("%zd") ¥[[%, *!

%zu size_t printf ("%zu") ¥[FE%, *!

%i int printf ("%i") FE%, !

%x int printf ("%x") R, *!

%s const char* null TR N7z C DIFF,

hp const void* C BA Y &ZD 16 R, printf ("Yp") LIFLAYRILTY
W, TT7v M7 —LIZBIT S printf DEFRICED D 72 { FLHH
WY T 70 0x BT EET,

AT E R BRINE LT B > A, ) OBRLTINGZ O FHROF TV =/ Hzab—
N, EY ORI E T,

PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
EbhfE: FTLWEBE, RICBLXY: Stable ABL 5 x5 220058 EMW3 22 ZFRWVWT,
PyBytes_FromFormat() X[E LT3,

PyObject *PyBytes_FromObject (PyObject *o)
ROfE: iLWEBE, RICBLET: Stable ABL. Ny 7> 7B balz2RHETEZA T2 0o DN
4 MPREZRLET,

Py_ssize_t PyBytes_Size (PyObject *0)
RICBLZET: Stable ABL. X4 b4+ TP =22 b 0 DA VRAOEIZRLET,
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Py_ssize_t PyBytes_GET_SIZE(PyObject *o)

PyBytes_Size ) WTETVWETH, TF7—F v 7 EITVEF A

char *PyBytes_AsString (PyObject *o)
RICBLET: Stable ABL. 0 ODHFHADKRA Y XERLET, KA U XIE len(o) + 1 N4 +2 b
% 0 ORIy 77 2B UE T, I null DAL RHHEZHLE I rbLT. Ny 77Ok
HDANA MILT null 1272 D £F, PyBytes_FromStringAndSize(NULL, size) THMINIHE
ERNT, TR EBIELTERD XA, R Y REMRN (deallocated) LTIERD A, b
L. o 2 bytes 7Y =27 b TRIFIUR, PyBytes_AsString () & NULL %38 L TypeError %##EH L
£7,

char *PyBytes_AS_STRING(PyObject *string)

PyBytes_AsString () IMUTWVWETH, TI7—F v 72TV ERA,

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py _ssize_{ *length)

RICEL £7: Stable ABI. Return the null-terminated contents of the object obj through the

output variables buffer and length. Returns 0 on success.

length DfED NULL DFH, N4 bAT T 227 b null N4 b EEZRVAGEELD D 5, 208
. BB -1 2B L. ValueError 2iEH L %3,

buffer & obj DNERANY 7 7 2B LTV T, ZAUEKED null X1 FPHFATVET (ZhF
length WX Z 6N EVA), A7 =7 b PyBytes_FromStringAndSize (NULL, size) THHK
SNTGEZRNT, MADHoTHT—Z2HEL TUIWITFEA, A7 =2 2K (deallocate)
LTHWITFERA. obj 53 bytes 73 =7 M Thho7GE1d. PyBytes_AsStringdndSize () 1%
-1 %R L TypeError ZiEH L £7,

N— a ¥ 3.5 TEE: DA bytes & 7Y =7 MZXANA DA EN TV & ZIZ TypeError
ZREHLTOVE L,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

RICBLZE T Stable ABL. newpart DA% bytes DBEAIEFE LI LWANSL b EF TP =7 b
*bytes ICHEM L T, MEHLIANIFHF LSRR EFIE L £ 3, bytes DHWHOSRIIBENE T, D
LFILWA TV 27 OERTERWIESR, d\ bytes DSRUIME X L. *bytes DIEIE NULL IZEE
SNFT; WY RGISNIFREENET,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

RICE 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).

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
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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 77>V k

type PyByteArrayObject
ZD PyObject DY 7 X A 7% Python @ bytearray 7Y =27 bERLET,

PyTypeObject PyByteArray_Type

RICBLETY: Stable ABL. 2@ PyTypeObject DA ¥ A& ¥ A%, Python bytearray % R L %
9, Python L' 4 ¥ TD bytearray L[RILA 7Y =7 F T,

BFrryovonO

int PyByteArray_Check (PyObject *0)
F T2 b oW bytearray 7Y 7 b+ bytearray BDY T RA TDA VAR ATH BGEI
HERLET, ZORBUIHEICEIIL X5,

int PyByteArray_CheckExact (PyObject *o0)

F7Y 227 b oM bytearray & 7Y =2 FEH bytearray BLDY T XA TDA VAR Y ATRWGE
WHZRLES, ZOBRBEHEICHIILET,

A4 LY+ APl BE#
PyObject *PyByteArray_FromObject (PyObject *o)

RBOfE: #iLWBE, RICEBL X9 Stable ABI. buffer protocol #FEELIREDA T 27 b o B0
5. #H LW bytearray A 7Y =27 P R/ER L, BLE T,

On failure, return NULL with an exception set.

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize t len)
RBOME: 3t LWEEE, XIZBL X7 Stable ABI. Create a new bytearray object from string and its
length, len.

On failure, return NULL with an exception set.

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Rhfl: i LWBHE, XICBL £7: Stable ABIL bytearray a ¥ b %HfE L 22fER % H L\ bytearray
ELTERLET,

On failure, return NULL with an exception set.

Py ssize t PyByteArray_Size (PyObject *bytearray)
RICBLET: Stable ABL NULL KA ¥ & F = v 7 DIRIT bytearray DY A4 X%RLET,

char *PyByteArray_AsString(PyObject *bytearray)

RICEL £ 9 Stable ABIL. NULL R4 Y& F = v 7 DRI bytearray DWE% char BiFle L TRL ¥
T, BREINBESNCIE. FITRD 7 null N4 FAEMENE T,
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int PyByteArray_Resize (PyObject *bytearray, Py ssize_t len)
RICEL X7 Stable ABI. bytearray DNER N 7 7% len NV H A4 XL ETF,

<o
UFo=7mid, R4 YR20F 2y 72 LBV IZI D REWERIFICL TAY - FEEELTVET,
char *PyByteArray_AS_STRING(PyObject *bytearray)

PyByteArray_AsString ) WHTWETH, T7—-F v 7 Z2TVE R A

Py ssize t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size() WP TWVWETH, T7—F v 7 Z2ITVERA,

8.3.3 Unicode # 7T ¥ k¥ codec

Unicode # 72z k

Python3.3 @ PEP 393 F2h 5, X €V FEREZHER LKA S Unicode XFDERZHFHZRZ 5 & 512,
Unicode & 7Y = 7 MIWNIBINTZRER R R EH O TOVE T, $TRTDa— FKRA > bH 128, 256 £/
1 65536 A ROSCFHNTH UTRIGNIGR 7 —ADMFEL £ 30, 2L TIE I — FARA > Md 1114112 BUR
(ZHUFFTRTOD Unicode #HFTF) TRIFAUIRD ¥ A,

UTF-8 representation is created on demand and cached in the Unicode object.

0 R
The Py_UNICODE representation has been removed since Python 3.12 with deprecated APIs. See

PEP 623 for more information.

Unicode &
EUFiE Python @ Unicode SEZEICH W SN TW A HEA Unicode A 7Y = 7 FITT:

type Py_UCS4
type Py_UCS2
type Py_UCS1

RICBLZET: Stable ABL. Zhsfig, 2z, 32y, 16 By b, ZL T8 Yy hOXF
PRET 2 DRI RIEEF OS2 LOBEA D typedef TF, H—0D Unicode XF %5 HEZ.
Py _UCS4 ZHWT L& W,

Added in version 3.3.

type Py_UNICODE
ZHUZ, wchar_t @ typedef T, 799 F 74 —AWMFELTI6EY F5 32y DAY 5,
N—=a Yy 3.3 TEH: IO NN— 3 > TlE, Python ZE L F L7ZERIC "narrow” F721% "wide”

Unicode X—2a YD EBLLEFEIRNLENICE T 16 EYy 8232y hOELLMLDOEIZH - TWH
¥ L7
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Deprecated since version 3.13, will be removed in version 3.15.

type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

B D PyObject OH 7 X A4 Fi& Python Unicode 7Y =7 F%ERHIL %3, Unicode 7Y =
7 bS5 2TOD API B PyObject ~DKRA ¥ X %323 B> T PyObject NDKRA ¥ X %ZiRT D
T, BLALDHE, ThoDREPEREES NETIEHD EVA,

Added in version 3.3.

PyTypeObject PyUnicode_Type
RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ AKX > X%, Python Unicode %R L 7,
ZAuX, Python 22— RiZ str ¥ LTHEH I ET,

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 7Yz 2 b obj  Unicode 7Y =2 b2 Unicode BEOY 7 XA TDA VARV ZATHBH5EI
HZRLET, ZOBBIXHEICHIL T,

int PyUnicode_CheckExact ( PyObject *obj)
F 722 b obj A Unicode A7V 27 WEBY T RA TDA VARV ATHRVHEIZEZRLET,
COBIBUIEICEIIL £ T,

int PyUnicode_READY (PyObject *unicode)

Returns 0. This API is kept only for backward compatibility.
Added in version 3.3.
N— a ¥ 3.10 THHESE: This API does nothing since Python 3.12.

Py_ ssize_t PyUnicode_GET_LENGTH(PyObject *unicode)
Unicode XFFND I —FKRA Y P TORIZIRLET, unicode 1 7 IEHZ” RIAFKD Unicode #
TV PTRINERD ERA (R LF 2y 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)

NHEIWZHEET 72 2T 57H12, UCSL, UCS2, UCS4 DWTFNrDBEANZF v X b 3N IEHRE
BEAANDRA Y X E2RLET, EMBRRBADPHEELRLTH A ZIZRoT0EIREI DT =y ZIiFL
FHA; PyUnicode_KIND() %o TIELWHKZEATLIZX W,

Added in version 3.3.
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PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() ~Z7 B DiEDETT,
Added in version 3.3.
N—Y a ¥ 3.12 TZEH: PyUnicode WCHAR_KIND IZHIRX N E L7z,

int PyUnicode_KIND(PyObject *unicode)

Z @ Unicode 287 =X ZREFEFT2DIT 1 XFH7 DAL Mo Twa %R PyUnicode fHID
ER (EZFATLREIWV) @55 1 2%IKELE T, unicode & 7 1IEHR” RIAEHA D Unicode A 7
Vs VTRIIIRD ERA (RELF 2 v Z1ELERA).

Added in version 3.3.

void *PyUnicode_DATA(PyObject *unicode)
£ D Unicode Ny 7 7 AD void KA Y X &R L F T, unicode 1 7 IEHA” REFEA D Unicode #
T2 PTRITNUIZRD FRA (RELF v Z7IELEEA),
Added in version 3.3.

void PyUnicode_WRITE(int kind, void *data, Py _ssize_ ¢ index, Py_ UCS/ value)

IEMBRRER 2o TWb (PyUnicode DATA() THUF L 72) data \CEZAAE T, ZOBBIIIE
WHEOF = v 7 2TbRV, V=T THEONLHDHDTT, HOH LA, OFCH L TEIEL
7z kind fEY data RA VB2 X v v P aFRETT, index ZXFHD (0IBED D) 4 7 v 7 AT,
value 1ZZ DHFFNCEZIAFNZ 2 R BHLVwa—FRL Y FOETT,

Added in version 3.3.

Py UCS/ PyUnicode_READ (int kind, void *data, Py ssize t index)
IEfRRIE R L 725 TWb (PyUnicode DATA() THUFL7Z) data 26— FHRA ¥ b EGARD
F9, Fxv 7REFMEO~ 7 v LI—UiTbh EtA,
Added in version 3.3.

Py_UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py _ssize_t index)
Unicode A 7Y =2 b unicode 25X FZ2#GtAHMD £, T Unicode A 7Y =2 NI 7 IEMIR” &K
WA TRIFUIRD $EA, FIESEK L THRANSHEIIE., 2D~ 1id PyUnicode READ()
XD BIERRNTT,

Added in version 3.3.

Py UCS/ PyUnicode_MAX_CHAR_VALUE(PyObject *unicode)
unicode \ZHEDWTHD X FHNEEZ DITHE L T2ERKDI— RS > M 2R LET, 2O Unicode F

TV =2 ME 7 ENR RIUR TR D A, COMIBITHRIETT A, XTI hER
A% XD HHHEITT,

i

Added in version 3.3
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int PyUnicode_IsIdentifier (PyObject *unicode)

RICB L ZE T Stable ABL XXFH53, identifiers §iD B ERICB I 2 EMREBHTFTHIUX 1 iR
LET, ZNLANDOEHEITZ 0 ZRLET,

N—=Ta ¥ 3.9 TAHE: The function does not call Py_FatalError() anymore if the string is not

ready.

Unicode XF 70O/NT+

Unicode 3% < ORBR 2XF 70 %7 4 (character property) ZIMELTVWE T, XL HbhdXFESm
N7 40E UIRo~w7nTcHATEES, ZhoD 2 vk Python DFEIGL T, &4 C OREAKIIXIG
FFshTtnEd,

int Py_UNICODE_ISSPACE(Py UCS4 ch)
ch BZEASLFNPE S PTG CT 1 E7213 0 ZRLET,
int Py_UNICODE_ISLOWER(Py UCS/ ch)
ch DVNLFRE S PITETCT 1 £3 0 ZIRL E5,
int Py_UNICODE_ISUPPER(Py UCS/ ch)
ch DIRLFPESPITIE T 1 £ 0 ZRLUE T,
int Py_UNICODE_ISTITLE(Py UCS4 ch)
ch XA b L7 — ZAXF (titlecase character) 22 52T 1 £/21F 0 ZRL E T,
int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)
ch BATLF D ESIPITIHCT 1 £/213 0 2 RLE T,
int Py_UNICODE_ISDECIMAL(Py UCS/ ch)
ch 7% decimal XFNE S 2IELT 1 £/ 0 BIRLE T,
int Py_UNICODE_ISDIGIT(Py UCS/ ch)
ch 73 digit XFHPESI LIS CT 1 EF 0 ZIRLET,
int Py_UNICODE_ISNUMERIC(Py (/CS/ ch)
ch 2F (numeric) SXFEMPESPIELT 1 $7213 0 BELET,
int Py_UNICODE_ISALPHA(Py UCS/ ch)
ch B7INT7 7Ry bXFPEIPITIEUT 1 £/213 0 2RLE T,
int Py_UNICODE_ISALNUM(Py UCS4 ch)
ch BB FHE SIS LT 1 7213 0 ZIRL T,
int Py_UNICODE_ISPRINTABLE(Py UCS/ ch)

Return 1 or 0 depending on whether ch is a printable character, in the sense of str.isprintable().

DURo APL &, @#ICEE X FERETS ifibh 3.
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Py _UCS/ Py_UNICODE_TOLOWER(Py UCS/ ch)
ch Z/NCFIEMR L7 DKL ET,

Py_UCS} Py_UNICODE_TOUPPER( Py UCS/ ch)
ch ZRLTFIAER LI DZIRL £,

Py UCS/ Py_UNICODE_TOTITLE(Py UCS/ ch)
ch XA PNV —ANLFWZEB LD OERLET,

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(Fy 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 KZHL7bDZ2IRL $7, FARERSIE -1.0 ZIRL X3, ZOBRIIHINZEL L %
A

6D API 3V usr— b icdbHz £3:

int Py_UNICODE_IS_SURROGATE(Py UCS) ch)

ch ¥ usr— 1 ,m¥ 55 (0xD800 <= ch <= OxDFFF) #F = v 7 L ¥,

int Py_UNICODE_IS_HIGH_SURROGATE(Py UCS/ ch)

ch S LA as— k2 5% (0xD800 <= ch <= 0xDBFF) #F v 7 LET,

int Py_UNICODE_IS_LOW_SURROGATE(Py UCS/ ch)
ch Z’Miisra s — b 572 (0xDCO0 <= ch <= OxDFFF) #F v 27 L¥ 7T,

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 & 7Y =27 &AM LD, Unicode D> —4 v A2 LTOEEANLZ IO RT 4 IZT7 78R LED
FT2121&. URD API 25 TL &

PyObject *PyUnicode_New(Py_ssize_t size, Py UCS/ maxchar)

RBOfE: LW, #H L\ Unicode #7227 b EAEKRL 5, mazchar IXXXFHNAWNR2Z a—F
RA Y POIELWERABEIZTRETT, £OEIFBHEMEE LT 127, 255, 65535, 1114111 O—FLW»
fEIcIh By enEd,
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ZAEH LW Unicode 7Y =7 b RERT I2HRINTFIETT, ZOBEBEMH - TERINA
T 27 NIV A XEHIIAARET 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)

RbOfE: HFLWEBE 52677 kind MUD 1§ % MEE PyUnicode 1BYTE KIND 7% ¥ O
PyUnicode_KIND() AR FETT) @ Unicode A 7Y =7 b ZAEWRL T, buffer X, A bh
7z kind > T1XFH/D 1,2, 4 N POVTHLRRAE LT, R size DEFINDKRA ¥ &
TRIFIZRD £E A

If necessary, the input buffer is copied and transformed into the canonical representation. For
example, if the buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints
in the UCSI range, it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

Added in version 3.3.

PyObject *PyUnicode_FromStringAndSize (const char *str, Py ssize ( size)

RBDfE: :iLWLWBE, XIZEL 9 Stable ABL. Create a Unicode object from the char buffer str.
The bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object.

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—=a ¥ 3.12 TEH: str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString(const char *str)

BDE: :iLWLWEBE, XICBLZXT: Stable ABL. UTF-8 =Y a— FX N7 null D char BNy
77 str 2»% Unicode 7P =7 V2EMLE T,

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

RBOE: FiLWBHE, RICBL X7 Stable ABIL. 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.

—ODZHEEFIL 2 TR ZENAU LD TR ES. ZOMRERIU T2 572D £905, RLULIEI
HB LTI D $8A:

1. fEEFDRIMBERTT %' -

2. BT 57 (AT ay), ~HMOZBHDFRIHEL XY,
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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. EREHT (X 7> av),
6. ZEHAY,

2T 5 7 F R A MORLET:

Flag ‘ =k ‘

0 BEAICH L TERIC X B 87 4 Y7 2ITVWET,

= 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 % 7ziF unsigned long

11 long long %7zl unsigned long long
intmax_t or uintmax_t

Z size_t or ssize_t

t ptrdiff_t

The length modifier 1 for following conversions s or V specify that the type of the argument is

const wchar_t*.

The conversion specifiers are:
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Con- #l fm®&

version

Speci-

fier

% n/a The literal % character.

d, i Specified by the The decimal representation of a signed C integer.
length modifier

u Specified by the The decimal representation of an unsigned C integer.
length modifier

o Specified by the The octal representation of an unsigned C integer.
length modifier

X Specified by the The hexadecimal representation of an unsigned C integer (low-
length modifier ercase).

X Specified by the The hexadecimal representation of an unsigned C integer (up-
length modifier percase).

c int A single character.

s const char* null TG X N7z C DXFF,
¥ 7% & const
wchar_tx*

P const voidx C RA VRD 16 #RFC, printf("%p") 2IF L A LT LTI,

7w b7 4 — LB B printf DERCED D 42 L SEHEHICY
77 0x BN EET,
A PyObject* ascii() DR fE,
PyOb ject* Unicode 7> =2 k,

v PyObject*, const A Unicode object (which may be NULL) and a null-terminated
char* or const C character array as a second parameter (which will be used, if
wchar_t* the first parameter is NULL).

S PyObjectx PyObject_Str() DR D fHE,

PyOb ject* PyObject_Repr() DR H,
T PyObject* Get the fully qualified name of an object type; call
PyType_GetFullyQualtfiedName ().

#T PyObject* Similar to T format, but use a colon (:) as separator between

the module name and the qualified name.

N PyTypeObject* Get the fully qualified name of a type; call

PyType_GetFullyQualtfiedName ().

#N PyTypeObjectx* Similar to N format, but use a colon (:) as separator between

the module name and the qualified name.

0 R

The width formatter unit is number of characters rather than bytes. The precision formatter
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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).

O IR
Unlike to C printf () the 0 flag has effect even when a precision is given for integer conversions

(4, i, u, o, %, or X).

N— gy 3.2 TEHE: "411d", "%1l1u" OV KR— FBMEINE L,
N—=Ya ¥ 3.3 TEHE: "41i", "%11i", "%zi" OFK— r2BMENhFE Lz,

N—T 3y 3.4 TAEHE: MYst, "GAY, MRUT, "%VY, YUSY, WIRY TOWET o+ — % v X B X UKEE T o+ —
<y ROYFE— FABIMENE LT,

N— a ¥ 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— a3 3.13 TZEH: Support for %T, %#T, %N and %#N formats added.

PyObject *PyUnicode_FromFormatV (const char *format, va_ list vargs)
EbfE: FTLLWEBE, RICBLZXY: Stable ABL. 5 x5 22058 EmW3 22 ZFRWVWT,
PyUnicode_FromFormat () [E U T,

PyObject *PyUnicode_FromObject (PyObject *obj)

RDh1{E: FHiLLWBE, XICEL X9 Stable ABL 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 ZDH 7 X4 TLIANDA 7Y = 7 +Tld TypeError 25| EilZ SN F T,

PyObject *PyUnicode_FromOrdinal (int ordinal)

RBOfE: :rILWLWBE, XRIZBL X9 Stable ABIL Create a Unicode Object from the given Unicode

code point ordinal.
The ordinal must be in range (0x110000). A ValueError is raised in the case it is not.

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)

RBhfl: HiLWBE, RICBLET: Stable ABL. T>a—RFXNLTW3 obj % Unicode 7Y =2
MeFa—KLET,
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bytes X bytearray °MiD bytes-like objects X, 52 b7z encoding W > TF a— KX 4L, errors
TEREINLEL T — AV FY O IZWMEONET, ZhoD5RUIMTE S NULL ICTE, ZOHET
API 377 4V MEZENE T FEL 2 &id $8FHAH codec (built-in codec) ZZRLTLZE W),

Z DD Unicode 7Y =7 + 2 &G A 7Y = 7 M TypeError A28 &I L E 5,

ZDAPLIE, =7 =T/ ZIE NULL 2R L3, MU LENGREINA 7Y =27 ML
SHEA Y v 2% 1 DS T (decref) TEHEMLDDHD 3,

\

const char *PyUnicode_GetDefaultEncoding (void)

RICEB L £7: Stable ABI. Return the name of the default string encoding, "utf-8". See sys.
getdefaultencoding().

The returned string does not need to be freed, and is valid until interpreter shutdown.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

RICBLET: Stable ABI (IN—¥3> 8.7 &D). Unicode A 7Y x 2 bOEX%a— FKA ¥ }T
ELET,

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)

» 3 Unicode 7 7P =22 b oA FEa—LFd, ZOBEBIINER L B ITLFEHREITV,
ATHE 23 E1E memepy O ~AELREL T, KO L 2121k -1 2BL, FISEZELET, 25 THRL
Bk, av— LeXFHERELET,

Added in version 3.3.

Py ssize_t PyUnicode_Fill(PyObject *unicode, Py ssize t start, Py ssize t length, Py UCS/

fill char)
XN X F T E S unicode [start:start+length] T fill char ZE®H 25 Z 222D E£73,

fill_char 3XXFHNDRRLT & D S REVEER, X7 2 DU EOBMZ R > TRGEIZEKL
EE

FERAARLFRHZR T, KD 212 -1 2 RLAAVZEH L £7,

Added in version 3.3.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py UCS/ character)

RICEBLZET: Stable ABI (IN—=2 3> 3.7 &D). XFINILFEEHEEZRAAET, XFEIZ
PyUnicode_New() THEM LT NI D $¥ A, Unicode XFHFIAZEL ENTVWEDT, TD
NFHFHEEIRTVED, ZhETRAY Y 2L TO TRV EE A,

Z OBEENZE unicode 75 Unicode 7Y =227 hThHBZ 2. A VT v 7 ANHBANTHS 2, +7
DV MNP LRRRZEETES (DFOWSBIV Y IN1TH2E) 2k Fzv LT,
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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 ABI (IN—=23Y 3.7 &D). XFHPLXFEHRAMD ET, =F7—F=zv 7
ZITH7\\ PyUnicode READ_CHAR() & IMERANIC, Z OBIRUZ unicode ¥ Unicode 7Y =7 b
THHIL, A VT I ADFEHENTH S 2T =y 7 LET,

Return character on success, -1 on error with an exception set.

Added in version 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py _ssize_t start, Py_ssize_t end)

EDOfE: iLLWBE, RICBLEJ: Stable ABI (IN—=23> 3.7 &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)
RICBLF: Stable ABI (IN—23 > 3.7 &£ D). 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)

RICBLET: Stable ABI (IN—=23> 3.7 & D). SUFH| unicode % PylMem_Malloc () TXEVHELR
ENTFH LW UCHA BD Ny 7 712ab—LEd, ThpKRBLAHEIE. NULL 231K L MemoryError
Zty PLET, BENANY 7 713063 null a— FKRA 2 MABMENTVET,

Added in version 3.3.

O4y—JIT>dA—5Fa >y

REOR Sy — VT a—F4 VB3 ARLV—T 4 VI TATLADTFA 2T a—F323DIMELET,

PyObject *PyUnicode_DecodeLocaleAndSize (const char *str, Py ssize t length, const char *errors)

RDME: $iLWBHE, RICBLET: Stable ABI (N\—23 > 8.7 & 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.
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This function ignores the Python UTF-8 Mode.

& BE

Py_DecodeLocale() FA%K,

Added in version 3.3.

N—=Ya ¥y 37 TEHE: ZoOMEIX Androdd MATRBEOR Yy -V va—-F 1 ¥ 7%k
surrogateescape L7 — Y KR I TS K51k D ¥ LA, MATIE. Py_DecodelLocale() 73
surrogateescape Tffibil, HEDOO I — LTy a—F 4 ¥ 23 strict TbATVE L7,

PyObject *PyUnicode_DecodeLocale(const char *str, const char *errors)
BRDfE: HiLWBR, XRICBELZFXJ: 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)

RDME: HILWBE, RBLZXT: Stable ABI (N—=23> 8.7 &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.

& 2E

Py_EncodeLocale () BA%,

Added in version 3.3.

N—ar 37 TEHE: ZoMKIE, Android UATRBEEOR -z v a—F 4 ¥ 7%
surrogateescape T 7 — NV K7 TS5 X512 D £ L%, VUillid. Py_EncodeLocale() 23
surrogateescape Cffibil, HEDOR T — LTy a—7F 4 Y 7X strict THEOOATVWE L7z,

T7ANSRATFLIYA—FT4 4

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:
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int PyUnicode_FSConverter (PyObject *obj, void *result)

RICEBL X9 Stable ABI. PyArg Parse* converter: encode str objects -- obtained directly
or through the os.PathLike interface -- to bytes using PyUnicode_EncodeFSDefault (); bytes
objects are output as-is. result must be an address of a C variable of type PyObject* (or
PyBytesObjectx). On success, set the variable to a new strong reference to a bytes object which
must be released when it is no longer used and return a non-zero value (Py_CLEANUP_SUPPORTED).

Embedded null bytes are not allowed in the result. On failure, return 0 with an exception set.

If obj is NULL, the function releases a strong reference stored in the variable referred by result and

returns 1.
Added in version 3.1.

N— a v 3.6 TEHE: path-like object 2T AND X5k bF L7z,

To decode file names to str during argument parsing, the "0&" converter should be used, passing

PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject *obj, void *result)

RICEB L £9: Stable ABI. PyArg Parse* 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 an ad-
dress of a C variable of type PyObject* (or PyUnicodeObject*). On success, set the variable to
a new strong reference to a Unicode object which must be released when it is no longer used and
return a non-zero value (Py_CLEANUP_SUPPORTED). Embedded null characters are not allowed in

the result. On failure, return 0 with an exception set.
If obj is NULL, release the strong reference to the object referred to by result and return 1.
Added in version 3.2.

N—a v 3.6 TEH: path-like object #ZFANDZ KDk E LT,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py ssize ¢ size)

BbhfE: :rLWLWBE, XRIZEL 9 Stable ABIL 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 ().

> 2E

Py_DecodeLocale () BA%,

N—=a ¥ 3.6 TEHE: The filesystem error handler is now used.
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PyObject *PyUnicode_DecodeFSDefault (const char *str)

RBDhME: HILWBH, XRICEBL £ 7 Stable ABIL. Decode a null-terminated string from the filesystem

encoding and error handler.
If the string length is known, use PyUnicode_DecodeFSDefaultAndSize ().
N—=Ya ¥ 3.6 TEH: The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

RBbhME: FiLWBHE, XIZEL £7: 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().

& 2E

Py_EncodeLocale() FA%,

Added in version 3.2.

N—= a ¥ 3.6 TEH: The filesystem error handler is now used.
wchar_t #7R—k
wchar t 2 R—1+3277 v M 74 —LTD wchar t K-}

PyObject *PyUnicode_FromWideChar (const wchar_t *wstr, Py ssize ¢ size)

RBDhfE: HLWLWBHE, RIZBL £7: 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 weslen(). Return NULL on failure.

Py ssize t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *wstr, Py ssize i size)

RICBL £ 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)

RICBLFT: Stable ABI (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
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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.

#7372 % codec (built-in codec)
Python 121&, LIEHEZ D 5 72D C TEP2 N codec BHIZATHHD ET, ZNHETD codec LT
OREE N L CEZAHATE£T,

LIRD API OZ < B, encoding ¥ errors £ W5 ZOD5|E L DET, ZAHD NI X—=XE, HHAAA
DXLFHNAVY A7 7R TH S str() KBIBIEALDNTA-—R A ULEKRERFL I,

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.

errors CTIEET 5T — LMD £72, NULL ZHEETEE 3, NULL 2{5E T 5 &, codec TEEINTWL
52773V VILUEOFRAEZEKLEST, ETOMHARAA codec T, 77 40 bDT T —HIE "strict”
(ValueError 2k § %) ko TWVWET,

il %D codec IZEBTHEMBDA VR —T 2 —AZHoTWVWET, D codec DFIFATIX. FHEHZEEICT 2
72D TONHADA VX —T7 2 — R DFEWE T 2HALTVET,

LA codec
BURIEIA codec @ API T3

PyObject *PyUnicode_Decode (const char *str, Py ssize t size, const char *encoding, const char

*errors)

RD{#E: FILWBIE, XICEBL X9 Stable ABL Create a Unicode object by decoding size bytes of
the encoded string str. encoding and errors have the same meaning as the parameters of the same
name in the str() built-in function. The codec to be used is looked up using the Python codec

registry. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char *errors)

ROfE: TLWEBE, RICEL 7 : Stable ABL Unicode A 7Y =27 b2x>a—FL., ZOMR%E
Python @ bytes # 7Y =27 + & L TTIRL £, encoding B & errors 1% Unicode D encode () X
Y RIZGZBFABDNRIA-RFELERZRD £ T, T2 codec DFFKIZ, Python @ codec
LIZA MY 2o TITVWET, codec IS ZEN L7HEICIE NULL 2R L £3,
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UTF-8 Codecs
LUR& UTF-8 codec ® API T3

PyObject *PyUnicode_DecodeUTF8(const char *str, Py ssize t size, const char *errors)

RBOE: :iILWBEE, XICBLFJ: Stable ABL. UTF-8 TLY a— FENT size N4 +DSUFH] str
235 Unicode 7Y =27 F24ER L EF, codec DFISZZEH LU EEEI2IE NULL 2K L F9,

PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py ssize t size, const char *errors,

Py ssize t *consumed)
BEbfi: HLWBE, RICEBL X9 Stable ABL consumed 7% NULL O 35 &,
PyUnicode_DecodeUTF8() LA U & S WCEIfEL £F. consumed #° NULL TRWHE, KREDF
5e2% UTF-8 N4 MNZL I - ARINERA, THHDNAL MIIZTa—RFIAT, Ta—-FX
N7z A MUK consumed WIS E T,
PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

RBDOE: FiLVWEE, XICBL 7 Stable ABIL. UTF-8 T Unicode ¥ 7Y =27 b2 >a—F L.
fER% Python N4 MF 7Y 27 b2 LTGRLUE S, =7 I "strict” T3, codec 235 %z 1%
H U 72358121& NULL 23R L5

The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py _ssize_t *size)

RICBLFT: Stable ABI (IN—23> 8.10 &D ). Unicode # 73 =2 % UTF-8 TZ>a—FL
TbDADKRA Y ZE2BRL, Tra— FENERBEEATOY A4 X (N4 AL & size I L £
T, size 518UE NULL TRV EBA; ZOBEEFT A ZIBHEINTHA, BENZ Ny 7 7121,
null 2—FKRA Y F2H 20520 BH 5T, HIiZ null N FARKIERSHMSNTHE T (i
size ITIIHESNEEA),

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—=Ya ¥y 3.7 TEHE: RDEDHD char * TlI7# < const char * I D F L7,
N— 3 ¥ 3.10 TZH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize() LIXIZM U TIH, I A4 XML XE A
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A

This function does not have any special behavior for null characters embedded within unicode.

g

==}
=

As a result, strings containing null characters will remain in the returned string, which some
C functions might interpret as the end of the string, leading to truncation. If truncation is an

issue, it is recommended to use PyUnicode_AsUTF8AndSize () instead.

Added in version 3.3.

N—=Yar 3.7 TEHE: RDEDHA char * TIZA < const char * IZR Y E L7,
UTF-32 Codecs
LARiE UTF-32 codec API TF:

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py _ssize t size, const char *errors, int
*byteorder)
ROE: FiLLBE, RICBLZFT: Stable ABL. UTF-32 TZra— FEhny 7 7 XFFIH 5
size XA + 27 a—F L, Unicode 7Y =27 e LTRLET, errors & (NULL TRWARH) TT—
ANV RSRIEELET, 77 40 M Tstrict” TF,

byteorder 7% NULL THRWHK, 7a—XF5 X260/, b A —X—TT7a— FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder 25 0 T, AT —XDERAD 4 N4 bHS byte order mark (BOM) 2 51F, 7a—Xik
ZONA PEA =X =12 bEZ. BOM EHERD Unicode XFFN2a ¥ — S EH A, *byteorder
M -1 /3 1 2513, £ TD byte order mark [ ZHIcav—3h %3,

FaA—RFRET LK ANT—ROKIFIREZFREETDOANL b —&—% *byteorder 12y b L
7,

byteorder 7% NULL D ¥ ¥, codec & native order £— FTHIHL £ 3,
codec 23FIAN % FAE X B2 2 =i NULL R L £3,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py ssize t size, const char *errors, int
*byteorder, Py ssize t *consumed)
BRbE: #HLWLWBB, XICEL X 9¥: Stable ABL consumed »° NULL @ ¥ %,
PyUnicode_DecodeUTF32() Y R U X 5 WCHR 2 |\ F §, consumed 7% NULL THWE X,
PyUnicode_DecodeUTF32Stateful () 3 REBDATRL (4 TEHDOULZRVWEZ DA MY
D) UTF-32 N A M2 L5 — LTIRWER A, REDPTERLEAA METFa—Fahd, 7a—
RENTNA MDY consumed ITHEMME N E T,

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
_ EbhfE: HILVLWERE, RICELET: Stable ABL. 2454 734 b A—X—T UTF-32 > a—F4
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¥ 7E NIz Python N4 P XFHNEIRLET, XFINEFEIC BOM ~— 2 THEDET, =7 -1V
K 1% 7strict” T3, codec D3I EFAEX R 21X NULL 2R L £3,

UTF-16 Codecs
LUR& UTF-16 codec @ API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py ssize ¢ size, const char *errors, int
*byteorder)
RBbhE: :LWBE, RICBLEJ: Stable ABL. UTF-16 TZ>a—REhE=Ny 77 s 5 size
NAMRFTFTa—FLT, #R% Unicode # 7Y =2 FTRLE T, errors i& (NULL TRWEE) T
T —IEEERLET, 77 4L MEX "strict” TS,

byteorder 75 NULL THRWK, Ta—X3H5Z2 6NN, b A=K —T7a—FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian

*byteorder 7% 0 T. AT —XDKEH 2 NA b 23INA b A=K —<—2 (BOM) IEo7HE. 7a—
ZiZ BOM 7RIS b A =X =12 X, £ BOM ZHERD Unicode XFFNZav— L EH
Ao *byteorder 2% -1 20 1 125 7E. TRTO BOM 3 ANav—EhET (HITIE \ufefst
2 \ufffe DEBLLPIZHEZTLE D),

T A= FDET Ltk ANT—ROMIGIIKIRERTDONA, F—&X—% sbyteorder 12t v FL
S

byteorder 7% NULL ® ¥ ¥, codec & native order £— FTHIHL 3
codec DI EFAE X Bz L Tk NULL 2R L £755

PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py ssize t size, const char *errors, int

*byteorder, Py _ssize_t *consumed)

BRbfa: #HLWBE RICEL FF9: Stable ABI. consumed »° NULL O 35 &,
PyUnicode_DecodeUTF16() Y [ U & 5 ICEIE L ¥ 9, consumed %% NULL T 7% W&,
PyUnicode_DecodeUTF16Stateful () I REBD AR UTF-16 N4 Ml (FREED N4 FAIR
FEENY BT —bRT) 22T AR LERA, ZTNHDNA METa—-FEAT, 7a—F
T4 VR consumed 1ITIRL E 5,

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

RBOfE: FiLWBE, RICEBL X9 Stable ABL. %4 74 7N b+ —&X—7T UTF-16 =>a—5 4
V7 ENFz Python N4 P XXFHNEIRLET, XFINIFEIC BOM ~— 27 THEDE T, =T -1
K 21X 7strict” T3, codec 23N EFEXE/-L X NULL 2R L £,
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UTF-7 Codecs
LUR& UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py ssize t size, const char *errors)
RBOME: i LWBE, XIZBL X7 Stable ABI. Create a Unicode object by decoding size bytes of
the UTF-7 encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py ssize t size, const char *errors,
Py_ssize__t *consumed)

EbOfE: #HLWLWBE, RXRICEBL ZXYJ: Stable ABL consumed »% NULL O & %,
PyUnicode_DecodeUTF7() YR X S WCEIEL $3, consumed 75 NULL TRW\WE &, REDF
56474 UTF-7 base-64 2T 77—t LEH A, RERRETDONA MIETa—FEFIT, 7a—
R U724 % consumed ITHSAL F 35

Unicode-Escape Codecs
BURIE "Unicode Escape” codec @ API TF:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py ssize t size, const char *errors)
RbD{#E: FiLWBIE, XICEL X9 Stable ABL Create a Unicode object by decoding size bytes of
the Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString(PyObject *unicode)

RBDOE: #LWEH, XXICEBL X9 Stable ABIL. Unicode-Escape #{#\> Unicode # 7Y 7 + & T
Ya— KL, #R% bytes 779227 b2 L TGRLET, =7 —UHIZ "strict” T, codec 235 %
L7581 NULL 2R L 5,

Raw-Unicode-Escape Codecs

LIiE "Raw Unicode Escape” codec ® API T3

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py _ssize t size, const char *errors)
RBOfE: HILWEHE, RIZBL X7 Stable ABIL. 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)

Bbhfl: HiLWBE, RICEL £7: Stable ABIL. Raw-Unicode-Escape % f#\» Unicode + 7' = 2
FEZra— KL, #HE%Z bytes A 79 =227 b2 L GRLET, =7 —MHIZ "strict” T3, codec 23
Bilst 2k L 7 5E121d NULL 23R L $55

Latin-1 Codecs

BURIZ Latin-1 codec ® API T9: Latin-1 %, Unicode B DR D 256 EICHG L. > a— FRHIZIE
Z D 256 EH- T EZHLE T,

PyObject *PyUnicode_DecodeLatinl (const char *str, Py ssize_t size, const char *errors)

RDE: %ﬁbb‘,“ o »XL.EL&T Stable ABI. Latin-1 TxZ > a— F X417z size XA b DXXFF

= JEL N z ’):(‘
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PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

RBhfE: HiLWLWBHE, XRICBL X7 Stable ABL. Latin-1 T Unicode # 7Y =7 hE2xT>a— KL,
#iS% Python bytes # 73 =27 e L TRLE T, 77— strict” T3, codec 23512k H
L7238 NULL 23R L E 5,

ASCII Codecs

PUFIE ASCII codec @ APIT3, 7y FD ASCH 77— &ML ET, 2offioa—FEz 77—
ZhE9,

PyObject *PyUnicode_DecodeASCII(const char *str, Py ssize t size, const char *errors)

RBD{E: i LWBER, XIZBL £ 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)

ROl :iLWEE, ICBL FJ: Stable ABI. ASCII C Unicode # 7Y =27 F 2T ra—FL,
f& % Python bytes A 7Y =27 b LTRLE T, T 7 —HIZ "strict” T, codec 2354 % X H
L7288 12id NULL 2R L £3,

Character Map Codecs

Z D codec iF, %< DEkA 7% codec & FHET ZBRICHbN S &\ 5 HTHRIFKZ codec T (SR, encodings
R = A5 TV BIEHE codecs DIFL A Y IE, 2D codec Zffio TWET), ZD codec ¥, XFDT
VA= FRRTa— FITHIEREFNE T, IBEINZMEROAF TV 27 M __getitem__() vy E¥ 74
VR=T 2 =R R LTOVRITNUERD VA, HECY—TF VADZLUTEHLTVET,

LI NE mapping codec @ API T3

PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize t length, PyObject *mapping, const

char *errors)

RDfE: FTLLWEBE, RIZEL £ 7 Stable ABL. 52 517 mapping 7Y =7 b & T, size N
4 POy a— REINXFH str 52— F LT Unicode #7227 FEERL T, codec 234
A eFeE Xl 2 NULL 2B L £ 9,

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.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)

ROfE: :rLVWEE, XRICBLFT: Stable ABL Unicode + 72 =2 b % mapping (I8 E XN F
T2 heffioTzrya—FL, HBR%Z bytes #7027 b LTRLET, =7 —0UHIX "strict”
T3, codec DA ZEH L7255 NULL 2R L E T,

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.
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MR ®D codec API & Unicode 7% Unicode NDIIMTIT 21T 5 Bk d D TI,

PyObject *PyUnicode_Translate (PyObject *unicode, PyObject *table, const char *errors)

ROfE: HLWEE, RICBLET: Stable ABL XXFINXFMIGS table ZHWH L TEHL, £
W55 % Unicode #7222 FTIRL %3, codec 23lFh 2 FIT L2551 NULL 2R L %3,

XfIG&RIE, Unicode 8% R T EE % Unicode F#iz £ TR L7213 None (ZDXFZHIFRT %) 12
HGAT 2R D £8 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 THEMFONZDEEUEKER B T, errors I NULL ICL T LKL, FT7 4L+
o — O FEREZEKRL T,

Windows FH®D MBCS codec

BT MBCS codec @ API TF, 2@ codec 3HIED Y Z A, Windows R721FTHIHTE, L5
¥ Win32 MBCS Z#u# (Win32 MBCS converter) Zffio TWEF, MBCS (£7:1% DBCS) &> a—
FARORE (class) R TFET, HF—Ox Yy a—FAREZRTDITRRVOTERLTLEZZ W, FIH
EhdLra— R (target encoding) 1. codec ZEHEZ B TWVWE YT Y FOZ—FRETERIN T
E

PyObject *PyUnicode_DecodeMBCS (const char *str, Py _ssize t size, const char *errors)

RBOE: F1LWBE, RIZBLEJ: 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)
RhflE: HiLWEBER, XRICEBL FJ: Stable ABI on Windows (IN—23> 3.7 &D). consumed
A3 NULL D ¥ &, PyUnicode_DecodeMBCS() L[ UEINFEZ L £F, consumed 73 NULL TR\ ¥ &,
PyUnicode_DecodeMBCSStateful () 3 FHNDRRICH 5 NVFNA P XFORPENL M 2T a—
FE3. consumed W27 32— F L7 A MREEHL £9,

PyObject *PyUnicode_DecodeCodePageStateful (int code_ page, const char *str, Py_ssize ¢ size,

const char *errors, Py ssize t *consumed)
ROE: FiLLWBE, RICBL X Stable ABI on Windows (IN\—2 3> 8.7 &D ). Similar to
PyUnicode_DecodeMBCSStateful (), except uses the code page specified by code page.
PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

ROE: :iLWBHE, RIZEL XY Stable ABI on Windows (IN—23> 3.7 &b ). MBCS T
Unicode A 7Y =2 b2y a—FL, iR% Python X4 MllA T2 b L TGRLES, =5 —
ALFRIE "strict” T3, codec DA Z XM U725 I2IE NULL 2R L £35,

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
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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.

XYy keZOy bk

XYy RELTROY FEEL (slot function)
PUR® APT & Unicode A 7Y =27 b BLUXFHNZ AJNCTHD @FATIE, E50dXFIeRLLT0E
3). BEWIS LT Unicode 7Y = 7 s BB RTHEEER R > TV E T,

IS DRI LT, FINNDBFAELZGAICIE NULL £k -1 2 RLE T,

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)

RBO{E: HiLWEBE, RICBLFETJ: Stable ABL. Z2DOXFH2#E LT, #H7z7%2 Unicode SLFH%
ERRLET,

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py _ ssize t maxsplit)

RBOfE: FTLWBE, RIZBL XY Stable ABI. Unicode XFFID VY R + % 43E| LT, Unicode X
FHNPSB YR MEIRLE T, sep 25 NULL DIFE, 2 TOLEAXLFE2Hio THEIZITVWET, *
NS OGE. FBES N F Mo THEIZITVE T, mAT mazsplit ETOREIZITNET,
mazsplit BER HIXTERCHIBZR T ER A, FEFERDO VY X FNIFAELFIEEAEE A

On error, return NULL with an exception set.

Equivalent to str.split().

PyObject *PyUnicode_RSplit (PyObject *unicode, PyObject *sep, Py _ssize_t maxsplit)

RDOfE: iLWEBE, XIZEL 79 Stable ABI. Similar to PyUnicode_Split (), but splitting will
be done beginning at the end of the string.

On error, return NULL with an exception set.

Equivalent to str.rsplit().

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

RBOfE: :TLLWBE, RICEBL £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_Partition(PyObject *unicode, PyObject *sep)

RBOflE: :rLLWBE, RICEL £ 9 Stable ABIL. Split a Unicode string at the first occurrence of
sep, and return a 3-tuple containing the part before the separator, the separator itself, and the
part after the separator. If the separator is not found, return a 3-tuple containing the string itself,

followed by two empty strings.
sep must not be empty.

On error, return NULL with an exception set.
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Equivalent to str.partition().

PyObject *PyUnicode_RPartition(PyObject *unicode, PyObject *sep)

ROfE: FrLVWBE, RICEL X9 Stable ABIL. Similar to PyUnicode_Partition(), but split
a Unicode string at the last occurrence of sep. If the separator is not found, return a 3-tuple

containing two empty strings, followed by the string itself.
sep must not be empty.

On error, return NULL with an exception set.

Equivalent to str.rpartition().

PyObject *PyUnicode_Join(PyObject *separator, PyObject *seq)

ROfE: :TLVWBE, RICEL X Stable ABL. 8% L7z separator TXFHDPHRE S —7 VA%
A (join) L. HEiEHER % Unicode XFHITRLE T,

Py_ssize_t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py _ssize_ 1 start,

Py ssize_t end, int direction)

RICBLZE 9 Stable ABL. Return 1 if substr matches unicode[start:end] at the given tail end
(direction == -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return

-1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py _ssize t start, Py _ssize_t end,
int direction)
RICEBL F£7: Stable ABI. unicode[start:end] HIZ substr BPIRANCHER T 2G5 EELET, Z
D& BREINTMKE A direction (direction == 1 W FNEAAIMREK, direction == -1 1T HFTARER)
THRRLET, RVEZRIICT Y FHRROP o LBHDA 7y 72T RO -1 3~y FoR
DMERMPoIZZeERL, -2 FT T —DHAELTHAMERPREZINTVWEI I EZRLET,

Py _ssize_t PyUnicode_FindChar (PyObject *unicode, Py UCS/ ch, Py _ssize_t start, Py _ssize_ 1
end, int direction)
RICBLFT: Stable ABI (IN—23> 3.7 &D ). unicode[start:end] HIIXTF ch HIERANT B
TGN IRLET, 2D ZHEINIMMESM direction (direction == 1 \ZNEA AR, direction
== -1 FHFHARR) TMRLET, RVEREINCY Y FHRROP G0 A ¥ 7y 7 2TT; R
DI -1 13~y FOROPORD 07t ZRL, -2 13T 7 —FAEL THSMERIFRES N TS
TrERLETD,

Added in version 3.3.
N— a ¥ 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 t
end)

FICBLZEJ: Stable ABI. unicode[start:end] T substr DEET S IR HRT3EEEZRL
9, TT—DBRELGEICT -1 BRLET,
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PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ ssize_ i

maxcount)
ROfE: FTLLEE, RICBLET: Stable ABIL. unicode FIZHIRT 3 substr AT mazcount
replstr IZEILL, BIFERTH S Unicode £ 7V 227 FEIBLE T, mazcount == -1 12T 3 ¥,
XFHHIZHNZ2TD substr ZBIELE T,
int PyUnicode_Compare ( PyObject *left, PyObject *right)
RICBLEFT: Stable ABL. 0O XXFHIZ IR L T, ERIEDEGIE I D/ NS WEE, EG5180%
MiDHEE. ZESIBBEFTIREI D REVEEINL T, 2hzh -1,0,1 ZIRLET,

ZOBEBUK, KEBL7ZY 2T -1 BIRT DT, PyErr_Occurred() ZMUHLT, =5—%Fzv 7§
NETT,
int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py ssize ( size)

RICBLEY: Stable ABI (IN—23 > 3.13 &£D ). 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 DBIBUIHIS 2 E I L EE Ao
Added in version 3.13.

int PyUnicode_EqualToUTF8(PyObject *unicode, const char *string)

RICBELZET: Stable ABI (/IN\—23Y> 8.13 &b ). 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 Z L T, E5IEB»EFIE &
DINSWIBE, EASIEDFEMOSGE. AT D REVWGEIIH LT, 2z -1,0,1 %
BUEF, ASCII =¥ a— FENLXFARTZ2ETORD ROTT. ASICFFNIE ASCIIL XX
FEVREENTWVWARHEIX ISO-8859-1 & L THRIRL 3,

C OB HIANZEE L EE A,

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)

BOE: FTLWEE, XICEL £ Stable ABI. —2® Unicode XFHZHEE LT, FDIHD—D
PIRLETS:

o NULL %, fS238E L7z SITRL X9,
o Py True  L<IX Py_False Z, IEL S HIRTELRITGRL %9,
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.
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PyObject *PyUnicode_Format ( PyObject *format, PyObject *args)

BOE: :iLLWEE, RICBLET: Stable ABL $i7euXFINA TP =2 b format B XK args
LAEMLTRLET; Z2OXY v Nid format % args DL HRDBDTT,

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

RICEB L F9: Stable ABIL. substr 23 unicode MIZH 2 IR, ZOFRRISIGUTEEZIIMBEZIEL
9,

substr I3HIEZE D Unicode XFIZHIERHITERITNIERD EBA, =7 —MEUREEICE -1 21K
LEJ,

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)

RBRbOfE: ILLWBE, 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 RZEDEHM: Strings interned this way are made immortal.
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8.3.4 7N ATT U I (tuple object)

type PyTupleObject
2D PyObject DY TR A T Python DR IANA TP =27 b ERBLET,

PyTypeObject PyTuple_Type
RICBLET: Stable ABI. 20D PyTypeObject DA ¥ A& > A% Python D& 7L BIERBL £7;
Python L A4 ¥IZHIF % tuple LM LA T =7 M T,

int PyTuple_Check (PyObject *p)
PMERINT T 27 bR INDY TR TDAL VAR ATHEGERCELZRLET, DMK
(=S AND'7 |-

int PyTuple_CheckExact (PyObject *p)
PMRINF T2 NEBRINDY TR TDA VAR ZATRWESICERRELES, 2O
BAE TR L £ 5,

PyObject *PyTuple_New (Py_ssize t len)
RBDhME: FiLWBEE, RICEL X9 Stable ABI. Return a new tuple object of size len, or NULL with
an exception set on failure.

PyObject *PyTuple_Pack(Py_ssize_tn, ...)
RBOfE: FiLLWEE, RIZBL 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_Size (), but without error checking.

PyObject *PyTuple_GetItem(PyObject *p, Py ssize T pos)

ROl EBRBE, RICBLEXT: Stable ABL p DIET R INF TV 27 FHD, (& pos IZH 2 F
TV v eRLET, pos BETH % »#ifHZiE X TWAE. NULL %R LT IndexError 5%
ty bLET,

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 t pos)
RDME: BABER, PyTuple_GetItem() WETVE T, 5IEICHT 2T —F = v 7 2ITOER A,
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PyObject *PyTuple_GetSlice(PyObject *p, Py_ssize_t low, Py_ssize_t high)

RBOfE: :iLLWBE, RICEBL X7 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 *o0)

RICBELET: Stable ABL p Df§T X INA TP 27 FYAD., (il pos THB 47T =7 bADSE
EANFET, RITIUL 0 ZRLUE T, pos HHEIFHEZEZ TWAHE, -1 iR L T IndexError A4}
By PLET,

0 IR

ORI o NOZE T BAMD” T, £, BHLEDA VT 7 RTTTIHOEREB A>T
WBIHE. TOERIINTLSMEMEL £T,

void PyTuple_SET_ITEM(PyObject *p, Py ssize t pos, PyObject *o)

PyTuple_SetItem() W TWETH, =7 —F = v 7 E2THOT, Filzie X INZEE AN S L & MUSH
ICIXE->TIEED FHEA .

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.

O IR

ZOBEIE 0o NDZIEE " IKABD” £F, ¥z, PyTuple SetItem() Li#E - T, HRDE X
ADPECTHEZMZAONE A 727 PAOSREME LEEA ; ZOME. 271 ofiE
pos THREINTVWAATI =27 bBRXEVY I 25| EZRILET,

int _PyTuple_Resize (PyObject **p, Py _ssize_t newsize)

RINEVIAXTZEMEZ E T, newsize ZX TNOHFREITT, RINVIEERRERL 7
V7t EWSTEIKKESTWS OT, ZOMKIZDA 7Y =7 ML TRE—D2 LS sk
WIRFBUMZIIE > TR D 8 A, XA a— FHROMOERD T TSI TV HEITE.
DRI E o TIRED EFEA . ETNVEEIIEET A XORBETHRIL £3. MIILAEGEIZIEZ0
BRLET, 75472 ha— Kl «p OEAERH UL RIS 2 LI LTIERD ¥ A, *p
DHEEMMZONTGE. A VI FLD «p B EINE T, KT 5L -1 ZIKL. *p & NULL ITE&E
LT, MemoryError %7zl SystemError 5L £7,
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8.3.5 Struct Sequence ¥ 7V b+

struct sequence 4 7Y = 7 NI namedtuple() ¥ 7Y =7 b ik C A7 =22 bTF, DED, ZOD
BRICEHAEBL T 2R TEI DR TESBY—4 2 AT, struct sequence 24T 31213, FFRE
D struct sequence BE AR LARITIUTR D £H A,
PyTypeObject *PyStructSequence_NewType (PyStructSequence_Desc *desc)
RBRbOfE: iLWBHE, RICEL £7: Stable ABL &b desc H DT — X H 5H LW struct sequence
BIZAERLET, BRENBBDA AKX > R PyStructSequence_New() THEMRTEE T,

Return NULL with an exception set on failure.

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence Desc *desc)
struct sequence B TH 3 type % desc &b L ITF DL THHLL 3,

int PyStructSequence_InitType2(PyTypeObject *type, PyStructSequence Desc *desc)
Like PyStructSequence_InitType(), but returns 0 on success and -1 with an exception set on
failure.

Added in version 3.4.

type PyStructSequence_Desc
RICBLET: Stable ABI (FRTDAYN=2ZT). LT % struct sequence BD X & 7 — X {3
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 *fields

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

RICELET: Stable ABI (TRTDRAY/N—%FT ). 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 mnamed fields, set to

PyStructSequence_UnnamedField to leave unnamed.
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const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField

RICBLET: Stable ABI (IN—=23> 8.11 &D). 7 4 =V FAZAFIHBBRVE E T 5720 DRk
A1

N—a v 3.9 TEH: BN char * 2HEEINE LT,

PyObject *PyStructSequence_New (PyTypeObject *type)
ROl :rLWEBE, RICEL X7 Stable ABL type D4 YA XA EAER L T, type &
PyStructSequence_NewType () 1 & o THANIER L TORITIUIR D FH8 A,

Return NULL with an exception set on failure.

PyObject *PyStructSequence_GetItem(PyObject *p, Py _ssize_t pos)
Rb{E: EHAESB, XICEL XY Stable ABIL. 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_t pos)

Rb{E: BABR, Alias to PyStructSequence_GetItem().
N—Y ar 3.13 TZH¥E: Now implemented as an alias to PyStructSequence_GetItem().

void PyStructSequence_SetItem(PyObject *p, Py ssize t pos, PyObject *0)

RICEBL 9 Stable ABI. struct sequence p @ pos DNEICH B 7 4 —L RIZMH o ZRELF T,
PyTuple SET ITEM() DX 51T, W LIZTDA Y RARX VAL TOAFEHTRETT,

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.

O R

ORI o NDOZRE T BARD” £5,

void PyStructSequence_SET_ITEM(PyObject *p, Py ssize_t *pos, PyObject *o)

Alias to PyStructSequence_SetItem().

N— 3 ¥ 3.13 TZH: Now implemented as an alias to PyStructSequence_SetItem().
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8.3.6 UXrATTxVU b

type PyListObject
ZD PyObject DY 7R A 7% Python DYV A+ A7V =227 P 2RELET,

PyTypeObject PyList_Type
RICEBLET: Stable ABL. Z® PyTypeObject DA ¥ AKX ¥ A% Python @V A MIEZREL 7,
ZHuZ Python L4 ¥IZBIF S list LRLCA TS =7 FTT,

int PyList_Check (PyObject *p)
pHBUVRANT TS 27 bRV RAMVDY TR TDAL VARV ATHEGECELZRLET, O
(=S AND'7 |-

int PyList_CheckExact (PyObject *p)
pMYVANFT T2 FEBYRMNIDY TRA TDA VAR ZATRWESICERZELE T, 2O
BUIHICHIILE9,

PyObject *PyList_New(Py ssize t len)

BDfE: FTLWEE, XICBL X Stable ABL %4 XM len HilzB VA AT 27 b BRLET,
B35 NULL 23R L 9,

0 IR

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)
RICBLET: Stable ABL. VA MA TV =2 b list DREZRLET; VA ATV =7 P2BUI2
len(list) R TY,

Py_ssize_t PyList_GET_SIZE(PyObject *list)

PyList_Size() WETWETH, TI7—F v 72TV EH A,

PyObject *PyList_GetItemRef (PyObject *list, Py ssize t index)

ROfE: FiLLWBHE, RIZBL X7 Stable ABI (/N—23> 5.1 £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 indez is out of bounds (<0 or >=len(list)), return NULL and

set an IndexError exception.
Added in version 3.13.

PyObject *PyList_GetItem(PyObject *list, Py _ssize_{ index)
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RO E: BRABE, 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 t 1)

ROfE: AR, PyList_GetItem() WU TWVWETH, T7—F v 72TV EEA.

int PyList_SetItem(PyObject *list, Py _ssize t index, PyObject *item)

RICBLET: Stable ABL. VA MA TV 27 FADHLE index 12 7T =2 b item AL ZE T,
BIIL75810E 0 IR L 3, inder DPHEIFHZ X TW2HE, -1 23BRL T IndexError -t v b
LET,

O IR

ZOBBUZ item NDBIRE T BAID” 5, £ BEEDA O F 7 RITTTIRBIOERENA -
TW3IHE, ZOBERICNTI2SRBEMEL T,

void PyList_SET_ITEM(PyObject *list, Py ssize t i, PyObject *o)
PyList_SetItem() &<V RICLBHEET, T —-Fz v 7 2fTVERA, 2O~ RE, #HizikV
APDERERE AN L DRVLEICERZE AND & EICDAFNET,

Bounds checking is performed as an assertion if Python is built in debug mode or with

assertions.

O IR
O 7 aiE item NDOBRE 7 BAMWMD” £F, £/, PyList_SetItem() £E- T, HEDE

FMZPECTHEZMAONLEG ATV =27 PNOZREHNE LEEA ; ZOHRR. list POAE
i TBREIN TV T 27 PBXEV V-2 25| ERILET,

int PyList_Insert (PyObject *list, Py ssize t index, PyObject *item)

RICBLZET: Stable ABL B item ZV A list DA T v 7 R index DRNCTHAL 3T, BT
52 0%BLET, KT 2L -1 ZRL, A%ty PLET, list.insert(index, item) IZFH
BIL 7286 T T,

int PyList_Append ( PyObject *list, PyObject *item)
RICBLEFT: Stable ABL. A 7Y =2 b dtem % list OREBICEMLULET, 358 0 ZiRL &
T RkMT B -1 BRL, Aty PLET, list.append(item) WML 7-H&EET T,
PyObject *PyList_GetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high)

RbhfE: HiLWBE, RIZBL £7: Stable ABL list ND. low 5 high £TD A7 =7 v H 5
BBVAMEIRLE T, KRBT 2L NULL 2L, stz y L% F, list[low:high] IZFEBIL =
HEETT, 272 L. VAMDREDPLDA VT v 7 RAFH K- PO TVEEA,
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int PyList_SetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high, PyObject *itemlist)
RICEL F9: Stable ABL. low 55 high £TO list DA T 4 A%, itemlist DNFEIZL E T,
list[low:high] = itemlist JALIOMEET T, itemlist & NULL T K<, 22U X PORA (F&E
274 ZDHIRR) 1Tk T, KIBLEHEEIE 0 2, RRLAEEBEICE -1 2 BLES, 72720, Y
A PDREPEDA VT v 7 RFHHR— PSR TOEE A,

int PyList_Extend (PyObject *list, PyObject *iterable)

Extend list with the contents of idterable. 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 /st is not a 1ist object. Return 0 on success.
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 DNEZA ¥ TL—ZXTY— b LET, BIHILEHLEITIE 0 2, KK
L7285E1iE -1 IBL E9, list.sort() R LTI,

int PyList_Reverse(PyObject *list)
RICBLZEJ: Stable ABIL. list OBEZEYA VTV —ATKRELET, W LEGEIIZ 0 2, KL
725G EWE -1 IBRL E9, list.reverse() LR U T,

PyObject *PyList_AsTuple (PyObject *list)

BDE: :FTLWLWERE, RICBL X Stable ABIL. list ONBB A 22X TIN5 727 b RIR
L¥7; tuple(list) ¥R LT,

8.4 Container 77TV k

8.4.1 #EA T2 T b (dictionary object)
type PyDictObject

2D PyObject DY 7 XA Fi& Python OFFEA 7Y =7 b2 RHL F73,
PyTypeObject PyDict_Type

RICBLZFY: Stable ABI. 20D PyTypeObject DA ¥ AR A% Python OFFELRILET, Z
DA 7Y =7 &, Python LA VIZBIF S dict LRLATY 227 MTT,
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int PyDict_Check (PyObject *p)
p BHEF TV 27 F PHEOY T RZA TDA VARV ATHBLEECERERLET, ZOBEITE
WL 9

int PyDict_CheckExact (PyObject *p)
p BPEEF T 27 NEBHEEMOY T EA TDAL VARV ATHRWEAIZERZRLEY, OB
HWIZHALE T

PyObject *PyDict_New()
RBOfE: ILWBE, RICEL X7 Stable ABL. ZZO#H7-2itELRLET, KI5 NULL %R
LEd,

PyObject *PyDictProxy_New(PyObject *mapping)

RBOfE: TILWBE, RICELXT: Stable ABL. 2~y FBA 7Y =7 MR LT, Histh LEH
IZHIBR X 1172 types.MappingProxyType A 7Y =7 b &RL ET, @HE. ZOBKIBIMNTRWY
Z 28 (non-dynamic class type) ® 27 7 AFFHENZEESINZ VWL ICE 2 —2FRT 270 1flibh
S

void PyDict_Clear (PyObject *p)

RICBLZEF: Stable ABL. BIfEFFZBICA > TWVWALETOXF—EORT7EZRELTEIZLET,

int PyDict_Contains (PyObject *p, PyObject *key)
RICBLZFT: Stable ABIL. #E p 1T key DA TWABHDPHELET, p DEED key IT—H L5
Alx 1 ZERL, ZhDHOHEICE 0 Z2EKELET, 27 —DHE -1 ZIRL T, ZOEEIZ Python
DX key in p LTI,

int PyDict_ContainsString (PyObject *p, const char *key)
This is the same as PyDict_Contains (), but key is specified as a const char*x UTF-8 encoded
bytes string, rather than a PyObject*.

Added in version 3.13.

PyObject *PyDict_Copy (PyObject *p)
RBOE: FrLWBE, RICBLEJ: Stable ABL p Y[HUF—L2HORT B Ao Hi-LEFEELIRL
3

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)

RICELET: Stable ABL &3 p 12, key ZX¥— U TH val ZFHAL X T, key 13Ny > 2 AHE
(hashable) TRIFILED TR A, Ny ¥ aA[RETRWVWIEE, TypeError ZXH L ¥, ML 7%
BT 0 &2, RWLZHEICE -1 ZIRLE T, ZOMEII val NOSHEHEAWD EHA,.

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)

RICEBL X9 Stable ABI. This is the same as PyDict_SetItem(), but key is specified as a const
char*x UTF-8 encoded bytes string, rather than a PyObjectx*.
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int PyDict_DelItem(PyObject *p, PyObject *key)
RCCELi?" Stable ABL. & p 205 key ¥ —2 32TV FPUERRELE T, key & /\w > ad]
ETRUINIED R A; Ny ¥ aA[RETRWEA, TypeError %iiﬂj LET, key BEZEICRITHN
I, KeyError ZiEHLE T, M LAGEICIX 0 2, KMLAELGACIE -1 ZIRLET,
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* UTF-8 encoded bytes string, rather than a PyObjectx.

int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result)

RICBLEY: Stable ABI (IN—=23 Y 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.
o 7 —DHAFINEEEL -1 ZRLET,

Added in version 3.13.

See also the PyObject_GetItem() function.

PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

RBOE: ERBE, RICBL £ 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_GetItemiWithError () 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: BRABE, RICBLZXT: Stable ABL. PyDict_GetItem() OEMTHIANZEL HA, HlHt
MREELREEZ. it 2Ey b LIETNULL 2L E5., F—2EELEP-2581E. Hl5%
v b BFICNULL ZRLE T,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

RbhfE: GRABE, XRIZBL X9 Stable ABI. This is the same as PyDict_GetItem(), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a PyObjectx*.
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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 (/N\—23 > 8.13 &D ). Similar to PyDict_GetItemRef (), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a Py0Object*.

Added in version 3.13.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)

RbE: EABE, ZHiE Python L)L dict.setdefault() ¥R LU TT, dLHIE &FE p
D5 key WXIET AEEZIRL T, F—0FFEICRITIUL, {H defaultobj AL defaultobj %R L
F5, ZOBEUZ, key Dy ¥ afHEZMRR A Z 2124 CFHES 5 D TR K. —ERT LT
it £¥A

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 value 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 value 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.
e If the key is missing, set *result to NULL if result is not NULL, and return 0.
o I —DHAFINZEEL -1 ZRLET,
Similar to dict.pop(), but without the default value and not raising KeyError if the key missing.

Added in version 3.13.
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int PyDict_PopString(PyObject *p, const char *key, PyObject **result)

Similar to PyDict_Pop (), but key is specified as a const charx UTF-8 encoded bytes string,
rather than a PyObject*.

Added in version 3.13.

PyObject *PyDict_Items (PyObject *p)
RBOE: FiLWEHE, RICEL XY Stable ABIL. H#FENDOE2TOERENIA -7 PyListObject %R
LET,

PyObject *PyDict_Keys (PyObject *p)
RDE: $FILWBE, RICELEJ: Stable ABL. #EHNOR2TOX —» A o7z PyListObject BiEL
£,

PyObject *PyDict_Values (PyObject *p)
RBOfE: iLVLWEBER, RICEL XY Stable ABL &F p NOETOMEN A o7z PyListObject &k
l./ i j—o

Py ssize_t PyDict_Size (PyObject *p)

RICELET: Stable ABL. H#EFENOBEZROEZIRLET, FHEIHNLT len(p) ZETTZ2DLMHL
‘t\\j—o

int PyDict_Next (PyObject *p, Py _ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

RICELZFT: Stable ABL &F p NOLETOF—/fEHORT 2D/ 3 KIGMHEZITVWE T, ppos 3
ZHLTW5 Py_ssize_t B, Z OB TRIENE 2GS 2. BIICHEKEFOCHT IO D
ANC O WHIHIL L TE2 R AER D T8 A, ZOBBREHENOZERTEZRD EIF2 v IcERR
L. @ TORTERD LT/ e eBERLULET, 8T X —&— pkey BEU pvalue 121E, #
NZENRFZEDE &2 Dx — L HDHED NIz PyObject* ZEELGTRA > X, £7213 NULL AAAD &
T, ZOBBDPHIRINZSBRITTNTUEHASIRICR D 3, KELHEFIZ ppos ZEE L TERD F
Fho ZOMEIINEHLZFHEMERDA 71y F2RBLTBD. MERIEZA—ZALRDT, T 7ty
t DOfEIC BN D TT,

Bl Z 1

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the wvalues... */

RAGAEIACEREE p 2ZBE L TR D $H¥A, HEZRELMT 2B, F—1CMS 2H2EEL
THARLRICARD F L, F—DREZLEHE LRV EDHHET S, UTIhlZRL £
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PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value) ;
if (i == -1 &% PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;

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)
RICBLET: Stable ABL. =y 7RIA T 27+ b OLTOERICDZ > T, KIENZF —/fHDX
T EFE o WBMLET. b IXEED, PyMapping_Keys () F721% PyObject_GetItem() % HR—
FFRMOEPDFTI 27 MTTEET, override BELHIE, a DF—r—HITD2F -0 b ITH DR
12, BIEOR7ZBERZFT, ZRLADEEE. b DF—IT—HT2F—D a IZRWVWE EDAHBIN
ZITVWE T, BIILGEIIE 0 2R L., B EH SN HEITE -1 ZIRLE T,

int PyDict_Update (PyObject *a, PyObject *b)
MICBLEJ: Stable ABL. C T&R+EIX PyDict_Merge(a, b, 1) X HU T, %7 Python ® a.
update(b) EBITWE T D, PyDict_Update () WEH 518D "keys” BHEZ R WHEITF — /{
R7DY =T Y A2RIBTHIL3HD FHEA. BIILEHEITE 0 ZIRL, SRl i
12 -1 ZIRL %9,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)

RICEL F7: Stable ABL. seq2 NOF —/EXRT Zffio T, #EF o ONBEZEHLLDHEELEZD L
?ﬂsm?@ #/W®N726Eﬁ5§32®E@7 ﬁ7yl7FOmmMmm%O%$ﬁ?

218 % 8 = g€2|'7“/:l:7 k (concrete object) L1y




The Python/C API, U1 —2X 3.13.3

WHBE L =20, 25 TROWESIIBRICHBE Lz —%2#0E S, R LEESIIE 0 2IRL,
BIstEH E NG EITE -1 IR L E T, (BEDEMINI) Fffi/z Python 2 —F2FEL 2, U T X
212D F9:

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.)

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 WatchEvent event, PyObject *dict, PyObject *key,
PyObject *new__value)
Type of a dict watcher callback function.

If event is PyDict_EVENT_CLEARED or PyDict_EVENT_DEALLOCATED, both key and new__value will
be NULL. If event is PyDict_EVENT_ADDED or PyDict_EVENT_MODIFIED, new_ walue will be the new
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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.

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+

ZDtr ¥ arTIlX set ¥ frozenset DN API KDOWTFH LA ABNE T, MIETHHL T
VBRI, HRA TP 2 M T v hajl (PyObject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print (), PyObject_GetIter()
Ay PHMARKME I e b a (PyNumber_And(), PyNumber Subtract(), PyNumber_Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_ InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() Za¥) 2o THIHTE %Y,

type PySetObject

Z D PyObject kAL 78X, set & frozenset MFTDONERT — X ZRET 2 DICHVWLNE T,
PyDictObject LA U &k 512, /NEWES (set) ML TUE (X FVD L) EES A XTHD., £5
TRVESIIH LTI (VA PERLC LS R) AIEZROXEY 70y 72V d, ZOMERDOLED
T4=FH, RAINTNVE EEZLIZRNETIERL, ZHISINLARENDHDE T, IRXRTDO7 7%
A%, MEROTOERZEHERET 20 TERL. FFaxy FEhl API ZHWTTHINETT,

PyTypeObject PySet_Type
RICELE7: Stable ABL. Z® PyTypeObject DA ¥ AKX > A%, Python @ set B RLET,
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PyTypeObject PyFrozenSet_Type
RICELZET: Stable ABI. 20D PyTypeObject DA ¥ A X > AlE, Python ® frozenset B%Z &L
£,

DEDEIF = v 7<= 7 BIZFTRTOD Python 7Y =2 MIHT2RA XITRHLUTENEL £5, Rk, =
VANT I RETRNTDA 7L — FAJEEXR Python A 7Y =7 MU TEIEL £3,
int PySet_Check ( PyObject *p)

p D set MEDY T RATDATI 27 FTHDEEFI true ZIRLET, TOREEEIHEIIL X5,

int PyFrozenSet_Check (PyObject *p)
p 2 frozenset MZDH T XA TDA T2/ b THBE ZIT true ZIRLET, ZOBEBUIEITK
WLUETS,

int PyAnySet_Check (PyObject *p)
p B set B frozenset . HAVWEXZDY T XA TOA T =27 b THIIZE, true ZIBRLET, 2D
BRI E I L £ 9,

int PySet_CheckExact (PyObject *p)
p D set AT NENYTRAL TDA VARV ATRWERICERZIRLET, ZOBEBUIEICK
WLETS,
Added in version 3.10.

int PyAnySet_CheckExact (PyObject *p)
p W3 set » frozenset DELHLLDA TV 27 b THB L X true ZIRLET, 7214 T7DA T
Pl MIBAEEA, ZOBBIEICHIILET,

int PyFrozenSet_CheckExact (PyObject *p)
p B frozenset A 7V 2V NEMY T RA TDA VARV ATHRWESICERRLET, 2O
WL £ 9

PyObject *PySet_New (PyObject *iterable)

RBh{E: :TLWBHE, RICBLF9: Stable ABL iterable 5B T4 7Y 227 FEEGH L set &K
L% 9, iterable 73 NULL D ¥ Zid, 220D set ZIRL E 3. BIIL7oH LW set &2, KL 725 NULL
IR U E T, iterable 254 7L — FAJRE TR WIEEIL, TypeError ##EHLET, ZOaAYAMF 7%
X set AV —F2LEXICHHZFET (c=set(s))s,

PyObject *PyFrozenSet_New (PyObject *iterable)

BO{E: FILWE, RICB L X7 Stable ABI. iterable YR T4 7Y = 7 F 2 &4 H L\ frozenset
IR L E3, iterable 5 NULL D ¥ =13, 22D frozenset ZiR L ¥ ¥, WINEHIZH LW set B, KK
RFIZIE NULL 23R U ¥ 3, idterable 254 7L — FAJRE TR WG AL, TypeError A L £3,

DD~ 13, set & frozenset £ ZDH T XA TDA VAR A L THEHTE £,

Py ssize_t PySet_Size(PyObject *anyset)

RICEL 7. Stable ABI. Return the length of a set or frozemset object. Equivalent to
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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)

IT—Fx v BTV, PySet_Size() D7 afgx,

int PySet_Contains (PyObject *anyset, PyObject *key)

RICEBL £ 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)
RICBLF9: Stable ABIL set D4 Y A X Y AT key ZBIML £F, frozenset X L THENME
L%d (PyTuple_SetItem() DK S5IT, D a— NIZRZZHTDOH L\ frozenset DIEZ D 2 72
WHEHATEET), BILEs 0 2. KBLES -1 ZIRLE T, key 23Ny & 2 A[RETR WA,
TypeError ZiAMH L E T, set ZRE LT 2RMBIILRVEEIX, MemoryError ZiEH L E 3, set A3
set WEDY T RA TDA VARV ATRWIGEIX, SystemError ZiEH L F 3,

DEDRBIENZ, set © 2DV 7R A T2 L THIHRIGE TS, frozenset £ ZDH 7 XA FIWEFHTE F
Ao

int PySet_Discard (PyObject *set, PyObject *key)

RICBLEF Y Stable ABL 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)
ROME: HLLBER, RICBLET: Stable ABL set DFOERED NI T 28 LWSREERL,
FDOFTY 27 b set BHHIRLE T, KM L5 NULL 2R LU £73, set 3Z2EDHEI121E KeyError
EEHLET, set D set EFDYTRA TDA VAR Y ATRWEEIX, SystemError Zi%H L
£9,

int PySet_Clear (PyObject *set)

RICEL £ 9 Stable ABI. 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 A7 x7 ~

8.5.1 Function 77> x 7 bk
Function 4 72 = 7 FEHOBEBITOTH T,

type PyFunctionObject
— BEFbh s C ORI,
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PyTypeObject PyFunction_Type
PyTypeObject BID A4 ¥ A2 > AT, Python OBFER 2R L £3, Zhid Python v 7 Al
types.FunctionType & LTI TWE T,

int PyFunction_Check (PyObject *o0)
o BREA 7Y =2 b (PyFunction_Type BITH 2 ) HEICHZIRL T, /85 X —&(3 NULL ITT
TEHA, ZOBBEICEIIL X,

PyObject *PyFunction_New(PyObject *code, PyObject *globals)
RDME: iLWBR, a—FF 7T 7 b code ICHHEMT HNTFHLOWBERA 7Y =7 FZ2IBRLE T,
globals 13 Z DB S 7 72 A TE S 70— IUVEHOEETRIINUIRD XA,

D RF a2 XY P XFHNCLFNEa—FA TP 27 b2 oBEEINE T, __module__ & globals
HPOBBEINET, 5IBOT 74V MEST /7 —>ay, 78 —Y % NULL KRESINET,
__qualname__ {Z2Z— N4 7P =22 +D co_qualname 7 4 —/L KR UIHICERESINE T,

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

RBOE: :LWBME, PyFunction New() WIZBETWE T, BEA 7P 22 D __qualname__ B
W%y PTEFE T, qualname 32 =a— R+ 7P =7 b5 NULL THL TERD ¥ A, NULL
7207358, __qualname__ JEMEIZIZa—FA 7Y =22 bD co_qualname 7 4 —/L K[ UEDE v
FENET,

Added in version 3.3.
PyObject *PyFunction_GetCode (PyObject *op)

ROfE: RS8R, A7 27 op KEEfIIONza—FA T 27 PERLET,
PyObject *PyFunction_GetGlobals (PyObject *op)

RDME: BRBE, A7 27 op ICHEAT 547 globals FFEZIKL £3,

PyObject *PyFunction_GetModule (PyObject *op)

ROl fEABE, 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)
RO fE: EABR. MA 7Y =21 op D5IBDT 7 4V MEZIEL $F, 518D X 717 NULL 12
%hET,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BEA 7227 b op DFIEDT 7 4 MEZFRE L E£F, defaults & Py_None 2> & 7L TR
WIEE A

KL 7=Ffl&, SystemError ZFAEXH, -1 ZIRLE I,
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void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)

Set the vectorcall field of a given function object func.

Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall

function!
Added in version 3.12.

PyObject *PyFunction_GetClosure (PyObject *op)

RDE: EABE, BARA 7 27 b op TEREINZI70—Y v Z2RLUET, NULL > cell £ 7Y =
2 bDRTINVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)

BBA T2 oplZZ/ =YYy BRELE T, closure X, Py_None d L<ldcell 773 =z7 bD
R TIIVTRITNIZD /A,

B L 72FFlX, SystemError 2 FAEXH, -1 ZIRL E T,

PyObject *PyFunction_GetAnnotations (PyObject *op)

RBbDfE: ERBE, A 7527 op D7/ 7—2ar%ERLET, RDEIXEBIEARE R FEE D
NULL 127D £3,

int PyFunction_SetAnnotations(PyObject *op, PyObject *annotations)

BIA 7 =2 op D7 77— a Y EFELF T, annotations [3FFE D, Py_None TRIFIUIIR
DEHA

KU 7-FFX, SystemError ZHAXH, -1 ZIRL ¥,

int PyFunction_AddWatcher ( PyFunction_ WatchCallback callback)

Register callback as a function watcher for the current interpreter. Return an ID which may be
passed to PyFunction_ClearWatcher(). 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:
e PyFunction_EVENT_CREATE

e PyFunction_EVENT_DESTROY
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e PyFunction_EVENT_MODIFY_CODE

e PyFunction_EVENT_MODIFY_DEFAULTS

e PyFunction_EVENT_MODIFY_KWDEFAULTS
Added in version 3.12.

typedef int (*PyFunction_WatchCallback)(PyFunction_ WatchFEvent 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_walue 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.

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 1YRXAYAXY Y RATT ¥ 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 ¥ A X > AlE Python D4 Y ARV AXY v RORERHL FF, Z4uk Python
DITVT T MUIRFHSNEE A,
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int PyInstanceMethod_Check ( PyObject *o0)
0 WA VARYARXY v RA TP 27 b (PyInstanceMethod_Type B TH3) HBHIWCEZRLE T,
NIRXR—RF NULL ICTEERA, TOBREICHRINL£7,
PyObject *PyInstanceMethod_New (PyObject *func)
ROE: FTLWEBE, [TEOFUH LAJREA 72 =7 b fune o 7287204 VARV RAAXY v B4
TPz VERULET, func i34 VARV RAXY v RBFFUHI N & ZIFECH IS8T,
PyObject *PyInstanceMethod_Function(PyObject *im)

RBOflE: BREBE, {1 VAKX AXY v ¥ im KHEMFONEZEBA 7Y 7 v 2IRLE T,

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

RDE: BRABE, PylnstanceMethod_Function() D27 BIRT, T7—F v 7 EITVERA,

853 XYy RATTzV bk

XYy FEBBA 7Y =7 MTR#ENTWET, XYy FIECH L2 1—F—ERDZ 7 RATH @S T

52DTT, FMENTOVWRWXAY v R (FF7AF TV MZREEINTXAYy ) ZAHT 2P TEE

Ao

PyTypeObject PyMethod_Type
Z @D PyTypeObject DA ¥ AR ¥ AE Python O XY v FRZRHALE S, 204 7Tz M,
types.MethodType & LT Python 702 J LRI TVET,

int PyMethod_Check (PyObject *o)
0MRAYw FATY 2 b (PyMethod_Type BITH 2) BAEIWCHEZIRLE T, »$F X —XI& NULL IZT
TEHA, ZOBBUIHICEIILET,

PyObject *PyMethod_New (PyObject *func, PyObject *self)
RDME: FiLLWEBR, FEOMIH LATRELF 7Y =27 b func E XY v RIS NEZNES VAKX Y
A self ZEST T AV v FATI 27 b RIRUE T, B func & XY v RREUH X FRC
MUOHEINE A TP 27 FTF, self X NULL IZTE EHA,

PyObject *PyMethod_Function(PyObject *meth)

ROfE: fBASR. XY v F meth ZHENIT LN TWIBEHATY =7 F2IELET,
PyObject *PyMethod_GET_FUNCTION ( PyObject *meth)

ROl A8, PyMethod_Function() DI RBIRT, TI7—F v 7 E2ITVERA,
PyObject *PyMethod_Self (PyObject *meth)

RDME: GRS, XY v N meth KBEMNT SN VAKXV RAZIRLET,
PyObject *PyMethod_GET_SELF ( PyObject *meth)

RDE: {EABRB, PyMethod Self() D27 BRT, =7 —F =z v 7 & TVEHA,
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8.5.4 LILATZ U b+ (cell object)

TR (cell)” ATV 27 MR BBOR -0 RSN BRI EE T -0 ibh ks, kiR
BEBUTOWTERE N, L2 DHEZLELET; COMEESHRTL2EAXy 7 7L — A BT o0 —INE
Bk, 20RX%y 27 7 —2DONMUTHRLEZSHL TV VI T 2 BHAAD £5, 2L TREIN
FEC7 78X 528, A 7Y =7 FERORDD ITEVADEREDODNE T, 2oL FTI=7 b
fifi o 72 [MHHESIR (dereference) 1. 4 ¥ X TV XX o TERININA ba— FHNTHR—- I TVE4
BRHDEY; v A TV 27 M7 7 ALBIC, BERICHESRIEGEZ D T8 A, LSRR T
. v F 7Y 2 MRS WE T T,

type PyCellObject

ATz MifiibE C HEIRTT,

PyTypeObject PyCell_Type
YAFTI 27 MTHIGT 2HA T 27 FTT,

int PyCell_Check (PyObject *ob)
0b BENA T 27 FDBEECEEZRLET; ob X NULL THo TERD FVA. Z DBEFITFITHK
MWL %9,

PyObject *PyCell_New (PyObject *ob)
ROME: FILWBR, E ob DA- #4727 FRAERLUTRLET, 515% NULL i< L
THBDPFEVEEA,

PyObject *PyCell_Get (PyObject *cell)
BEbh{E: iLWEH, Return the contents of the cell cell, which can be NULL. If cell is not a cell
object, returns NULL with an exception set.

PyObject *PyCell_GET (PyObject *cell)
RDlE: EEBR, cell DANBEZIRUE T, cell D’E NULL h 0ot F 7T 27 N THEI0E I hE
FzvZLEEA.

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)
YAF T 2T b cell DIE% value ITRELES, ZRAITV Y MIHT LIRS, ZEDDD

F v 73BTV E R A, cell 13 NULL TRUIFNIR ST, 20kl F TP =2 P TRIFNUIZRD
EHA.
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8.5.5 I—FATZxV b

a—FF7Y 22 b (Code objects) & CPython FEZEDKL NV LFHMED TS, &4 7Y =7 MIBKIC
FEE N TORWETAJREa — FOBEZRB L TWE T,

type PyCodeObject

O—FAT7V27 b ERRATE-DICHHENS CHER, ZORDT 4 — L RIZAKTHIEHI N
(EFEICN

PyTypeObject PyCode_Type
This is an instance of PyType0Ob ject 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%o %A F—V V) —ATTERLKEEINDZZ DD FT,

Return the position of the first free (closure) variable in a code object.

N—Y a ¥ 3.13 TZH: Renamed from PyCode_GetFirstFree as part of Unstable C' API. The

old name is deprecated, but will remain available until the signature changes again.

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%, %A F—V V) —ATTERLKEHINZZ DD T,

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
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changes to values are likely to result in incorrect execution or VM crashes. Use this function only

with extreme care.
N— a3 3.11 TEH: Added qualname and exceptiontable parameters.

N— a ¥ 3.12 TEH: 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) —ATTERLIEHINDZZ DD T,

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 TEH: Added qualname and exceptiontable parameters.

N— a3 3.12 TAHE: Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is
deprecated, but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
RD1{E: $ LWEBE, 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.
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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
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_ClearWatcher(). In case of error (e.g. no more watcher IDs available), return

-1 and set an exception.

Added in version 3.12.

int PyCode_ClearWatcher (int watcher_id)

Clear watcher identified by watcher id previously returned from PyCode_AddWatcher () for the
current interpreter. Return 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.
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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.

Added in version 3.12.

8.5.6 Extra information

To support low-level extensions to frame evaluation, such as external just-in-time compilers, it is possible

to attach arbitrary extra data to code objects.

These functions are part of the unstable C API tier: this functionality is a CPython implementation

detail, and the API may change without deprecation warnings.

Py _ssize_t PyUnstable_Eval_RequestCodeExtralIndex(frecfunc free)

ZHUZ Unstable API T%, A F—VV—ATTERSEEINDZZ DD FT,

Return a new an opaque index value used to adding data to code objects.
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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—3 a3 v 3.12 TEH: Renamed to PyUnstable_Eval_RequestCodeExtralndex. 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)

Z AU Unstable API T3, YA F—V ) —RATFERLKEEFEINZ Z DY 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)

ZHUZ Unstable API T%, %A F—V V) —ATTERLKEHINDZZ DD FT,

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—Ya ¥ 3.12 TZHE: Renamed to PyUnstable_Code_SetExtra. The old private name is

deprecated, but will be available until the API changes.

8.6 FDAT U+

8.6.1 J7AMILATIxU

ZNedD API &, Python 2 DfiARAAD 7 7 A NVA 7Y =227 bD C APl ZRIEBLI 21— bF57200
BDTT, ZNHiF, EHEC 5475V THE- FERTWE Ay 7 7% 1/O (FILE*) I 2 =012 ffb
NFF, Python 3 TIX, 77 ANV ER MY —2EFFHH LW io BV a— L EFHIN, #2112 0S DKL~
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BNy 7 7E I/O DEICWL DOPDENERINTVET, FTHRHINTWIEKII. zhsoHL v
API R C v 8—ThbhH, £ R TYV R TOWNIN 2T —BHANCHENTWES; — F8—F 4 —
Da— Kb DIZ io D API 2> Z e R I N E 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)

RDME: FiLLWBHE, RICBLZXT: Stable ABL BECHPNTWE 774 fd DT 7 A NT 4 R 2
VT &2 8 Python D7 7 A VA 7P 27 b RERLUE T, 518 name . encoding . errors . newline
IZiE. 774V b DOfEE LT NULL 2MEZ F3, buffering 12i& -1 ZFEELTT 7 4L bOEZHES Z
EMTERT, name ZEHRS N2 DT, BABHMDDIERSATVE T, KT % L NULL
PIRLUET, &DOfENREIEOMETIL, io.open() BARD FF 2 X PRSI TLZE W,

A B%

Python R PV =2 BEBD Ny 77 VU Y IERRDLD, 77 A LGB FD OS LRILDAN Y
77 VYT eHHT 5. A REE (FHERT—XIH) Zrzsl gl LEd,

N—Ta Yy 3.2 TEH: name JBIEDOEMH,

int PyObject_AsFileDescriptor (PyObject *p)

RICBLET: Stable ABL p ICB# S SNE 77 ALT 4 A7) T R% int E L GRLET, &
TO = VBRSO, ZOEEZIELET BETRWES, A7V =22 MZ fileno() XYV v 33D
AWEEFHLES; 2OXY v RORDEIX. 77 A LGERFOMEE UTGRINZELHTRITIUIRD
FHA, RRT 2PN ZHRELT -1 ZIRLE T,

PyObject *PyFile_GetLine (PyObject *p, int n)

RDhME: FHILWEHE, XICBL XY Stable ABIL p.readline([n]) ¥*RU T, ZOBKIEATY =
7 b p DBITEHRAHLES, pl&7 7 A VA T =7 D, readline() XV v REROMA S0 F
Tz FTHOEVERA, n 230 DFAE, [TORIICHEFRR SEMIZ 1 TEIFHABLEST, n 20
FORZ2INE n N PULEOTFT—-XIEHAR LERA; o T f?®—%5f55775§353ﬂ5i%/§1\73§@
DET, EBHLDEAETYH, A LEKRT ST 7 A LOKIRHICEE L 258 1132 CF 5 % R
Ton A0 Xh/phITUR, RECEDSLT 11720 % SiAHLETH. 3127 7 A VO ::&IJ
P L 723%8121% EOFError 23X L E T,

int PyFile_SetOpenCodeHook (Py OpenCodeHookFunction handler)
io.open_code() DEF DXL NE LEEZL T, ZORIRXA—X -2V FITHEL
9,
NV R T —ERDE OB TT,

typedef PyObject *(*Py_0OpenCodeHookFunction)(PyObject®; void*)

PyObject *(*)(PyObject *path, void *userData) ¥ Z#ffiT. path I& PyUnicodeObject T
H3ZEeDRIEESNTVET,

userData RA X7 v Z7BRCEENEST, 7y Z7BEHR S V24 20 6UHENZ2H L
NEWVD T, ZDOFRA > XZIFZEEE Python DIREERSHBINEXTIXHH FHA
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ZD7 v ZBBEA YAR=- IO NE Z e ZBERLTWS 2, Y 2 —/Lh frozen REY 2 —
NTH5H sys.modules IHAFHAMEER TS 2 —LTH 3 ZLHBTh > TWBEEERVTI,
79 ZEBOFITHICH LVWES 2 — %4 VY E—FFT2DIFBTTLE XN,

WoltA 7y VBIBARES NS, HIFRPEZHZ S TE T B2 5D PyFile_SetOpenCodeHook ()
DIFCH LIZKRML £9, ZOBRBDEKRMLIZE 23, 4 2=V 23k TWiGa. -1 &
BLUTHSEEY P LET,

ZOBBUL Py_Initialize() X DENICIEOH L THEETT,
5184 L T BE&E A N b setopencodehook ZiEH L F5,
Added in version 3.8.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
RICBELET: Stable ABL. 7P 227 b obj 7 7 ANFATI 27 b p ITEZIAAEZ T, flags Y
R—=1F2%7 5270 Py_PRINT RAW 7203 C3; TO7 77 %EET L. A7 =7 MZ repr() T
372 < strQ) ZHEALMEREZ 7 7 A VICEESHLET, BUILIZEAIIZ 0 ZRL, KRBT 5L -1
ZIRLUTHEYIZHAS Y P LET,

int PyFile_WriteString(const char *s, PyObject *p)

khELiT Stable ABL. XF¥| s # 7 7 A NI TV b p i CEEHLE T, BBILEEEIKIZO
BLU, KT 2 -1 2RLCHEHYIZEANEZEY P LET,

8.6.2 EXa—I)LAT ¥k (module object)

PyTypeObject PyModule_Type
RICEL FJ: Stable ABL. Z® PyTypeObject DA ¥ AR ¥ Al Python DEY a—NF 7T =2
FMUPRELEST, 204 7Y =27 ME, Python 7’12 F 4121% types.ModuleType ¥ L T/NBAX
NTNET,

int PyModule_Check (PyObject *p)

PIET 22— NATI 2T MPET 2a—NF T2 FDOY TR T THHEEICHEZRLET, D

BRI E I L £9,

int PyModule_CheckExact ( PyObject *p)
pWEI 2= ATl T, 5D PyModule_Type DY 7T XA T TRVWE ZIZEZRLET, Z0D
BRI E IR L £9,

PyObject *PyModule_NewObject (PyObject *name)

ROl #:iLWBE, RICBLZXT: Stable ABI (/N\—23> 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.
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N—Ya v 34 CTEMH: __package__ and __loader__ are now set to None.

PyObject *PyModule_New (const char *name)
EDfli: HLWLWBHE, RICEL 9 Stable ABL. PyModule_NewObject () W TWE T2, name 1
Unicode A 7Y =7 pTld7%< UTF-8 TLYa— FINFHTT,

PyObject *PyModule_GetDict (PyObject *module)

RO{E: BR8E, RIZELET: Stable ABL. module DH4RIZER %2 RET 2HHFEA 7P 7 VERL
9, DA TV ME, BV 2 VF T2 D __dict__ BHEEFEILDDTT, module 3E
Ta—nNATIxI b (BLKBEY2—NATI =7 MDY T XA T) TianElE, SystemError
DEH &4 NULL AR5,

PRHREY 2 — A TR EY 2—L0D __dict__ ZEHEREFET 2 KD b, PyModule_* 35 X X PyObject_x*
BIg 2 (5 sttt s g 3,
PyObject *PyModule_GetNameObject (PyObject *module)

RBhfE: FILWLWBHE, RIZBLET: Stable ABI (IN—3> 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.

const char *PyModule_GetName (PyObject *module)
RICEL X9 Stable ABL. PyModule_GetNameObject () W TWEFTH, 'utf-8' TZra—FX
N7z name ZIRL F T,

void *PyModule_GetState (PyObject *module)
RICBLET: Stable ABL. EY 2 —1® "state”(EY 2 —VEERLI2X A I VI THREINZ X E
V78 ZANDRAL Y Z—=) 2, RIFIUE NULL 2B L £3, PyModuleDef.m_size B L T
ISR

PyModuleDef *PyModule_GetDef (PyObject *module)
RICBLEFT: Stable ABL €Y 2 —AMESNBILE 7R o7z PyModuleDef RHEERANDKRA ¥ 2 %K
LET, EYV 2 URERICE > TELN TV 272581 NULL 2B L £95

PyObject *PyModule_GetFilenameObject (PyObject *module)

ROE: FiLWE, XICE L £9: Stable ABI. 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 TZ>a—FK
INT7 7 ANBEBLET,

N—Yar 3.2 TIHLE: PyModule_ GetF'Llename() BTy a—RFRTERVT 7 A VAN L TIE
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&N,

C 2 a—I/LOYIHAL

BE, EY a2 ATY 27 MIEREY 2 —v (LB Zz =27 AR—-F LTWaH_EZ 4 75V) X
J2EHARENTEY 2 — )V (PyImport_AppendInittadb () Z{f o THHMLBIEDEMENTVWEEY 2 —
V) pefEsiET, FEIC OV T building ¥ 7213 extending-with-embedding % R T 72 &\,

YIHLRIEIE, Y 2 —VERDA Y ARV R% PyModule_Create() ICE L THR EDB - 72ET 2 —F
7Y PRBELTHIVTT L, b LIERMEARZDDDZIREL” ZEREIL” ZZR L THHNE
Ao

type PyModuleDef
RICBLET: Stable ABI (TARTDRXAYN—ZEL). EY 2 - VERMERIES 2 -1 ATV =
7 NEAERT 2 DIHBER TN TOHERERIELE T, @HIE. ZLZ2hDEY 2 =)L T L IZFFINICY)
XNz Z BRIOERN 1 O HFELE T,
PyModuleDef Base m_base

DR Y N—THIZ PyModuleDef HEAD_INIT THIHHLL TL & w,

const char *m_name

HLUWEY 2 — LD,

const char *m_doc

EY 2 =D docstring, 72T docstring 1& PyDoc_STRVAR ZFIFH L TEMINE T,

Py ssize t m_size

EY 2 —LOREE, #7220 — N LREERTIE 2 { PyModule_GetState() THUFTE 2 %E
Pa— AT DOAEVEBRIRFEIN TV ZEDHD FT, TAUCE > TEY 2 —LIKRHDY
T AYRTYR-TREBHER LT,

ZODOXEYHEBIE m_size ICEDOWTEY 2 — WUERFRFICHERIN, P2 -t TV =7 FDTE
FEIND L ZIZ, m_free BB DI ZENDMEN-BRTHRIRINE T,

m_size IZ -1 Z&RET DL, ZOEY 2a—N3Z 70— NV RIKREERR DD T - L V& —T
VR =Y R=—PFLTVRVEVNS ZEIZKRDET,

m_size ZIFADEICHKET S . TV a—NITHMILTE, ZOREDDICHEY 228
MOXEVEERETEZEWVWS 221D FET, IEFAED n_size FZEMEUMALTHE IR D
S

ik PEP 3121 258,

PyMethodDef *m_methods

PyMethodDef TEFRIND, EY 2 — L L~NIVEBDT— INANDRA ¥ & —, BAEDIEIE L7
WSEE NULL 23ET 5 2 L 25AfE,

PyModuleDef Slot *m_slots
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ZEEOAtD =D 20 v MEZROEYT, {0, NULL} ER»KiGe 2 h 9, —BEEwHEL
25 ¥ =X, m_slots 1 NULL TRITRUIRD T8 A,

N=Pay 35 TEHE: N—=Yar 35 XDilld,. DX NFEIC NULL ICRESINTVT, X
DHDL LTEEINTVE L :

inquiry m_reload

travers eproc m_traverse

GCEADEY 2 — VA TT =7 FeEERT 2BICNUCH S 2 EBRE, BERWGEX 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 TZH: No longer called before the module state is allocated.

nquiry m_clear

CCHZDEIa—NA TPz 27 V7 —F 3RO INE 7Y 7B, BERWS
1%, 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.

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— 3y 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CCHRZIDEI2a—NFATI27 FRBRT 2 MO IS8, HEZRWIGET 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 TZH: No longer called before the module state is allocated.
—ERFE#DEATL

Y 2 —LOPHLBEENERES 2 — 4720227 F2ERLCRIGEND D £, ZHd” —EREOIH
£ eI, KD 2ODEY 2 — VEBBEBOEE LD 1 D2 NET:
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PyObject *PyModule_Create (PyModuleDef *def)

RBDfE: $LWEH, 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)
RBhE: FiLWBHE, XICBL 9 Stable ABI. API N— 2 > % module_api_version £ LT def
TOERINE > THLWEY 2a— AT =27 b2ERLET, b LIEESNIAN—a YBFTLT
WBEAYR—=T VR =DN=Y a > Big 25513, RuntineWarning 2 HAEIHE T,

Return NULL with an exception set on error.

0 IR

FeAYDEE., ZOBETIER L PyModule Create() ZFIHT Z2RETT, ZOBKIE. 20
B DM EME R L TWVWB 2 I THH L TLEX W,

Y a—NA TP =7 PHBPIEIEEED 5B XN BT, 720 T Wik PyModule_AddObjectRef () 72 ¥ DB
BEHoTEY 2N A TV PIXUANEFBIVET,

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()).

LB L2 H o TAERINBZRETOEY a—NME BT AV ATVE— 2R T2 enRDHN
9, BHOES 2 —ADPHVT L TWE I Z2RIAETZ2DIZIE. 20 TWEIZDYR—+ 253720 TC+H5a
T3,

ZEBOI LR ERT 22012, PR (Pylnit_modulename) 1XZ2 TR\ m slots & D
PyModuleDef % B L ¥F, TH%EETHIIZ, PyModuleDef £ ¥ A X ¥ AF XD THI LNz T
FWIEEA:

PyObject *PyModuleDef _Init (PyModuleDef *def)

REDfE: BESR, RIELET: Stable ABL (N—23Y 3.5 &b ). £ 2 — VERHH L BIA Y
YR RELMET 3. EYNCHBHL SN Python 7Y =2 FCh 3 o LRI L £,

PyObject* IC¥ ¥ A M &Nz def ZIRLETF, 7 —2FELEGE NULL 2R L %3,

Added in version 3.5
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EY 2 —ILEFRD m_slots X > N% PyModuleDef _Slot FHEADEIF 25X RIF UL D FEA:

type PyModuleDef_Slot

int slot
Zay b ID T, UFNCHHAIN TV SRR ED S FEITNE T,
void *value
A8y FOET, BRIERay b ID IKEFELET,
Added in version 3.5.
m_slots BCANZ ID 0 DR\ y P TRImI N TV RITIERD 8 A,
FIFATREZR A vy b OBRNILLRTT:

Py_mod_create

EVa—NA T2 VEHEEERT27-DICMENZBEBEREELE T, DAy D value KA
YERERDY AT v BROBEBEIEL TR TIEWITERA:

PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TE# X/ ModuleSpec £ Y ARV AY | BV 2 — VEREZIIWMEHTT, X
MLVWEY 2a— ATVl b 2iRTh, T5—%2RELT NULL ZIBIRETT,

Z DBEBUIR/NRBICED TBLNETT, FHEE®D Python 2 — FEMUHTRETIERZL, ALE
Ja—EALVR—ILEI T ERL—-TIZHHZTL £ 5,

BED Py_mod_create ARy b % 1 DDEY 2 — LERICHRELRVWARLNTT,

Py_mod_create D3R EINTWARWEEIE, 4 ¥ R— MEHIX PyModule_New() Z{H-> THEHEDE
Va—NATI 2 bEERLET, TV 2—LOARNIERTIER L spec OEITEH, 2l
Ko THIREY 2 — A HEIINCEY 2 — VBB AMNELZRAETE/D, VRV v 2V V2%
LTR—DEY 2 —VEREZHHA L OOBIOHETTA Y R—-FTELD LET,

REND I TS 7 MW PyModule_Type DA VARV ATHZHEIDHD EFXA. 4 ¥ FR— McBEHE
THEEDOHRELBUESTE LMD G, YARBTHMZ E3, Lh L., PyModuleDef 2% NULL T
W m_traverse, m_clear, m_free, » L IX¥ B TRV m_size. b L & Py_mod_create LISt D
28y hEFEOEEIX, PyModule_Type 4 Y AR Y ZADHMRENZTL & I,

Py_mod_exec

EV 2% RITTB & JWMEEN BB EEEL 9, Z4Ud Python €Y 2 — D a— F2FEfT
FTEZDOLRAEFETT: ZOBBEEZVTWE ISR EREEY 2a—NMICLET, ZOBBDY 72 F %
ELLR T

int exec_module (PyObject *module)

B D Py_mod_exec AW v MAREINTOWIIGEX. m_slots BLANCHNZIEICUE XL T W &
7,
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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 not specified, the import machinery defaults to

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED.
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.
ZEREEIIEMLICOWT LI DFEL <13 PEP 489 2R TR E W,
BKEED 2 — LR

DT oRE. Z2BEVHLZES & 2 ICE T Ol EnE T, PIRIEEY 22— 4 7Y =7 F2BIRNCE
K3 5exIC, 2o OBREE# 2 £ 3, PyModule_FromDefAndSpec 3 & Uf PyModule_ExecDef D ¥
HHY, O LARITIZEY 2 —APERIOHE SN TORITIUIZRD 8 A,
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PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

RBRDfE: L WEBHE, Create a new module object, given the definition in def and the Mod-
uleSpec spec. This behaves like PyModule_FromDefAndSpec2() with module__api_wversion set to
PYTHON_API_VERSION.

Added in version 3.5.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module__api_ version)

RDE: FILLWBR, RIBLFJ: Stable ABI (IN\—23Y 3.7 &D). API X—= 3 % mod-
ule__api_version £ LT, def ¥ ModuleSpec & 7Y =2 @ spec TERSINTZEBHIZHLWVE
Va—NFA Tz vV eERLET, b LIBEEINAN=Ya YPETLTVWEAL VY R=TVEX—-0D
N—Y a v Bz 25513, RuntimeWarning 2 RAE X E T,

Return NULL with an exception set on error.

O IR

ErAYDHBE, ZOBETIER L PyModule_FromDefAndSpec() #FIHATZRNETT, ZDHE
Bk, ZOMBOBEERFHFEL TV L ZIEFAALTLEI W,

Added in version 3.5.

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)

RICBLZET: Stable ABI (IN—=2 3> 8.7 &D). def THRZAOMLEEDEITAr Y b
(Py_mod_ezec) ZFEITLET,

Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)

RICBLEFT: Stable ABI (IN—=23> 3.7 &D ). module ® docstring % docstring Wi EL F73,
Z OBAEUZ. PyModuleDef %5 PyModule_Create % L < & PyModule_FromDefAndSpec %f#i o T
BV 22— ARERT S JICHBCHUCHENET,

Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

RICBLET: Stable ABL (IN—=23> 3.7 &b ). it NULL IZ78 2 TW5 functions BLANC H %
B2 module \ZEM U %3, PyMethodDef WHERDE 4 DT> + VIZDWTIE PyMethodDef O
MHZSRL TSIV (BEY 2 - VOLHTERBAEE IR TOURVWOT, C THEESINLEY 22—
ALV T B 3w TWEY 2 —u% 1 DHD5 Y LTRITE D, Python 725 2D A ¥ 2
RYAXYy FITBIBICLET). ZOB%IE. PyModuleDef 2°5 PyModule_Create d L <&
PyModule_FromDefAndSpec #{f-> TEY 2 — L BAERT 3 & T ICHEIICFERHE IR E T,

Added in version 3.5.

8.6.
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R — I

EY 2 - VOB (—BBEOEE 25 5HE) . HE2VEEY 2 —LOEITRB Y P25 HHENS
B (ZBREEMAHLZ 5 5E) BROBEE-S &, €Y 2 —1 0 state DL ZBHFICTE 9!

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

RICBLEFT: Stable ABL (IN—=23> 3.10 &D ). module \2* 7Y =27 + % name & LTEMU %
T ZOBBIZEY 2 — L OHIHILREG: & FH S 2 EHBIET S,

BT 5E 0 ZKBL, 5 —IR2ePANEERLT -1 2 BLET,

EER IR

static int
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;

return res;

To be convenient, the function accepts NULL walue with an exception set. In this case, return -1

and just leave the raised exception unchanged.

ZOFNE. BARANC obj 23 NULL TH 2 Z e ZRHERETICHEL 2 TEE T

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;

ZD¥EE. obj A5 NULL TH D 5 %728, Py_DECREF() Of{H DIZ Py_XDECREF() % IECNH 0
DHBH I LITERLTLEE W,

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.
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Added in version 3.10.

int PyModule_Add (PyObject *module, const char *name, PyObject *value)

RICBLEFT: 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 FJ: 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.

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.

{5

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' is NULL, Py XDECREF() does mothing.
Py_XDECREF (obj) ;
goto error;
}
// PyModule_AddObject() stole a reference to obj:
// Py_XDECREF(obj) is mot needed here.

N— a ¥ 3.13 TIEHESRE: PyModule_AddObject () is soft deprecated.
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int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

RICELE T : 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)

RICBL £ 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, 0 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, 0 on success.

PyModule_AddStringMacro (module, macro)
XFHNEERE module WZBMUE T,

int PyModule_AddType ( PyObject *module, PyTypeObject *type)

RICBELFT: 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)

ZHUZ Unstable API T%, A F—VV—ATTERIEEINZZ DY FT,

Indicate that module does or does not support running without the global interpreter lock (GIL),
using one of the values from Py_mod_g+1. 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.
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ES2-IILEER
— R LIE. BEDA VX TV XAy TFAMLOFERES VY IA N DEY 2 —ABERLET, &
NZXoT, BOPOLED 2 —NVEBNOSREZITEI 2a— VA7V 27 bPBUSTEZ T,

LML 2 S HE—DEBIPSLEROEY 2 —LBERTE 20T, 25 DEBUIZEREOELE
o TIEREINZEY 2 —NIIIEZ EHA,
PyObject *PyState_FindModule (PyModuleDef *def)

ROfE: BASE. RBLEXT: Stable ABL BIEDA ¥ X TV XD def hHAELNTEY 2 —LF
7Y b RIBELES, ZOXY v FORESEMAF L LT, Hid T PyState AddModule() TA ¥ X
TUVERD state WES 2a— ATV 27 bREMBLTEL Ze2ERLES, MET2ESa—1A 7
Pz MDREMADL SRV, B LLIEENNCA YR T Y XD state IHEHFE I N TWRWIEGEE, NULL %
KLU ET,

int PyState_AddModule ( PyObject *module, PyModuleDef *def)

RICBLET: Stable ABL (IN—23> 8.3 &D). BBICHINLEY 214 TV 20 b e, 4V
2TV XD state 1ITEAE L FT, ZOBKEMS Z & T PyState_FindModule () D HEY 2 —)LA 7
P MIT7 7 RRATESL LSRR DET,

—BRBETIL 2 > TIERE N EY 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
for implementing alternative import mechanisms (either by calling it directly, or by referring to

its implementation for details of the required state updates).
PR LANE GIL 215 L hudZe b $8A,

Return -1 with an exception set on error, O on success.
Added in version 3.3.

int PyState_RemoveModule ( PyModuleDef *def)

RICBLF9: Stable ABI (IN\—2 3> 3.3 £D ). Removes the module object created from def

from the interpreter state. Return -1 with an exception set on error, O on success.
FEOH LANG GIL 21§ L e iUz b $8 A,

Added in version 3.3.

8.6.3 17L—2F TV |k (iterator object)

Python TR -EEOA 7L & A7V 27 bEREBLTVET, —2HEY -7 Y X4 7L —XT,
__getitem__ () XY v FEVR-PFFTREEDOI =7 Y REWMOPVET, ZOHENFCHLATEEL 7Y =
2 b £ H/IL (sentinel value) 2. =7 Y ANDOERZ L IHFIH LATREA 72 = 7 PR LT, &
UFFIUEPRE NI BRI EKR T LE S,
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PyTypeObject PySeqIter_Type
RICB L FT: Stable ABL. PySeqIter New() %, #lAAAS —4 ¥ ZHNZH LT 1 5IBIEX DA
ABBB iter ) ZMUH L Z2ITRENE, ATV =X AT 27 VORI T 22 T,

int PySeqIter_Check(PyObject *op)
op DHIH PySeqlter_Type HDGEICEZIRL 5, ZORBIIEICHIIL 5,

PyObject *PySeqIlter_New(PyObject *seq)
RO{E: HILVWBE, RICBLZFJ: Stable ABL. —f{I%> —4F Y AF 7T 227 b seq 2|54 T
L—&2%iRLET, RIEMUHIZ, >—7 Y ADPRTFIEERIEDORBIC IndexError ZiR L7z & ZITHKT
l./ i ‘3—0

PyTypeObject PyCalllter_Type
RICBLFY: Stable ABL. PyCalllter_ New() %, fHARAALBE iter () @ 2 5IHIEXIRT A 7
L—&A 7Y 27 b T2 P TT,

int PyCallIter_Check(PyObject *op)
op DBIDY PyCalllter Type MDGHICEZIRL T, ZOBEIIFEITHINL 3,

PyObject *PyCallIter_New(PyObject *callable, PyObject *sentinel)

RBOE: HrLWBE, RICBL XTI Stable ABL #ilRA T7L—XEBLET, MIDNRT XX
callable 135|872 U THEU ¥ % Python OFFUH LATEEA 7Y 2 27 PR OLRATHDPEVERA;
callable 13, W EN 2T RICRO RN R A 7Y = 7 b RiREXRFUTR D £HA, EREh
7oA 7L —21%. callable 3 sentinel 1[5 L WERIR T & RIBAVEEZET L E7,

8.6.4 TRV VTRAF T I (descriptor object)

" IR Y TR (descriptor)” X, HBA T 27 POV OpDEMICOVWTHR LA T 2 P T,
TAIZVTRATY 27 MIWMA T =7 POFHENIIHD 5,
PyTypeObject PyProperty_Type
RICBLFT: Stable ABL flAIAAT A7 Y XA 7Y =2 7 FTE,
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
RBOE: HFILLWEE, RICBLZEJ: Stable ABL
PyObject *PyDescr_NewMember ( Py TypeObject *type, struct PyMemberDef *meth)
RBOfE: :ILLWEE, RICBLZEY: Stable ABL
PyObject *PyDescr_NewMethod ( Py TypeObject *type, struct PyMethodDef *meth)
ROfE: HILLEBR, RICBLEY: Stable ABIL
PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
ROfE: HILLEE,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)

EDhfE: hL WS, XICELET: Stable ABI
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int PyDescr_IsData(PyObject *descr)
TAIZVTRIATI 27 b deser BT — XD T A7) FXDGBEIFELafiz. XYy FTFX
ZV)TROBENE 0 BIRLE T, deser 3T A2V FRATI 27 bTRINERD ERA, TT7—
F v 7TV EE A

PyObject *PyWrapper_New (PyObject™, PyObject*)
ROfE: FLWEBR, RICEL XY Stable ABIL

8.6.5 XSAXFXTT x| (slice object)

PyTypeObject PySlice_Type
RICBLFTY: Stable ABL. R7A XA TV 27 FOWMATI 27 FTF, Z4UE. Python L4 ¥IiZ
BlF 3 slice EALA TP =22 FTT,

int PySlice_Check (PyObject *ob)
b BWAFGART T 27 FDEFEICEEZRLET; 0b 13 NULL THoTER D T8A, ZOMEITE
WL LT,

PyObject *PySlice_New(PyObject *start, PyObject *stop, PyObject *step)

ROflE: L WBE, XICEL X9 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.

Return NULL with an exception set if the new object could not be allocated.
int PySlice_GetIndices(PyObject *slice, Py _ssize_t length, Py _ssize_t *start, Py_ssize_t *stop,
Py ssize_t *step)

RICBLET: Stable ABL. 54 X247 =27 b slice 1281} % start, stop, BLUL step DA VT F
ZMHEZEBELET, ZOLES—Tr Y ADEXE length YIRELE T, length £H b KRERA VT2
A BELT— 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).
BEHL, BRI ZOEBEHENTLKBVTL &,
N—=a v 3.2 TER: HNE. slice 51 DAIE PySliceObject* TL 7,

int PySlice_GetIndicesEx(PyObject *slice, Py ssize t length, Py ssize t *start, Py ssize t *stop,
Py ssize t *step, Py _ssize t *slicelength)
RICEBLE9: Stable ABL. PySlice_GetIndices () DFEFIZMREZETT, slice \2BIY 5. start, stop B
XU step DA VT2 AEEREELES, O—F Y ADEEX% length . 2574 ADEX% slicelength
WKL 3, BN DA V77 AGBEHEDA T4 A —B LEHIETZ Yy TR ET,

Return 0 on success and -1 on error with an exception set.
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0 R
This function is considered not safe for resizable sequences. Its invocation should be replaced

by a combination of PySlice_Unpack() and PySlice_AdjustIndices () where

p

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <
=0) {

// return error

3

is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

}
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—Yar 3.2 TEHE: AN, slice 513 DFIE PySlicelbject* T L7,

N— a3 ¥ 3.6.1 TEHE: 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 ¥ 3.6.1 TIEHESE: 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.

int PySlice_Unpack(PyObject *slice, Py _ssize t *start, Py_ ssize_t *stop, Py_ ssize_t *step)

RICBLET: Stable ABI (IN—=23> 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, 0 on success.

Added in version 3.6.1.

Py ssize t PySlice_AdjustIndices(Py ssize t length, Py ssize t *start, Py ssize ¢ *stop,

Py ssize_t step)
RICBLF9: Stable ABI (IN—23> 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.
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Ellipsis 772 J b+

PyTypeObject PyEllipsis_Type
RICBL 9 Stable ABI. The type of Python Ellipsis object. Same as types.EllipsisType
in the Python layer.

PyObject *Py_Ellipsis
Python ® Ellipsis # 7Y x27 b, ZDA TV 27 MIEAY v FAHD 8 A, Py_None ¥ [FAIEE,
ZAUX immortal TV IN N RATI 27 VT,

N—=Y a ¥y 3.12 TEH: Py_Ellipsis t& immortal T,

8.6.6 memoryview #7xJ +

memoryview 727 ME, OATI 27 PERU LS Z S Python #7927 +OEE L2 C
ELANLVD Ny T7DA A —TT—R TT,

PyObject *PyMemoryView_FromObject (PyObject *obj)
RODME: FHLWBE, RICELET: Stable ABL. Ny 774 VR —T7 2 —2%RHET 24TV 27 b
25 memoryview 2 7P =27 FEAERLET, L obj DEZAAARRANY 77D AR—-1+ %
PR=-PFT 245, D memoryview + 7Y =2 MIFHAEZARETT, £ TRITINIEFTHLDA
WCRBM, TIZAR=R—DHHNCH DN THAZTEDAREL 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)

RBDfl: $iLWBER, RICBELFTY: Stable ABI (IN—=23> 3.7&D ). mem REL ROy 772 L
T memoryview 7 =2 b Z{ER L ¥3, flags & PyBUF_READ %> PyBUF_WRITE D ¥'H &H1ITK
h¥T,

Added in version 3.3.

PyObject *PyMemoryView_FromBuffer (const Py buffer *view)

RDE: FiLWBE, RIZBLET: Stable ABI (IN=23Y 8.11 &D). view 2 LTHZ 6N
Ny 7 7 WER T v 75 memoryview * 7Y =7 FEAER L EF, BB ANAL PNy T 7 [ANFITIE,
PyMemoryView_FromMemory () DIEFD HNEE L WTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

RBOfE: :rLWEBE, RICEL X7 Stable ABL buffer f ¥ X—7 2 —RAZERL TWEA TS
F228 (C % Fortran @ order T) EfiL7z X €V F ¥ > 7D memoryview 4 7Y = 7 h &{E
hE3, XAFEVYDPEHLTWBIEE, memoryview + 7Y =2 MITTOXEV ESRLE T, 2hll
NDGZE, XEVIZI ¥ —EN T, memoryview 73 =7 MIFTL WV bytes A7 =7 FEBIRL
£7,
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buffertype can be one of PyBUF_READ or PyBUF WRITE.

int PyMemoryView_Check (PyObject *obj)
obj % memoryview 7Y =7 bOBFIWCHRIRLE T, BED L Z A, memoryview DV TV 7 R
DIERIFFFAI SN TV R A, ZOBBUIEICEIIL £9,

Py buffer *PyMemoryView_GET_BUFFER(PyObject *mview)

Hx/EEINIZNY 77 —D memoryview DS T4 RX— b A -2, KA VY X—%RLET, mview
¥ memoryview £ Y A X Y ATRITFIUIRD EVA; 20703 %r2F v 7 LRVWOTHRITHE
FryZ LRINIRST, TRE2R2L 77922800 HD £F,

PyObject *PyMemoryView_GET_BASE (PyObject *mview)

memoryview 2T 7 AR —bFLTWVWEATI 27 FADKA X %R L ET, memoryview 53
PyMemoryView_FromMemory () % PyMemoryView_FromBuffer() D ¥ H LN TIER I N TWRE
&\ NULL 2B L 5,

8.6.7 FEWAT I/ k

Python & 8§88 %A 7Y =7 b (first-class object) £ LTHR—-F L ET, HSWMEEEELET 2
THEEOEAOA 7Y = VMRS D T, B3HEMARSRA 7Y 27 FT BB AV ADA T 2
Z MU TCHBERIRD rF > 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.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
EDfE: HILWEBER, RICEL X7 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)

RBOfE: :rLLWEBE, XICEL X7 Stable ABL 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 o0b 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
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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)

RICBELZET: Stable ABI (IN—=23 > 8.13 &£D ). Get a strong reference to the referenced object

from a weak reference, ref, into *pobj.
e On success, set *pobj to a new strong reference to the referenced object and return 1.
o 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)

Rhl: ERABHE, XICEBL X Stable ABIL. 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)

RD1{E: fGRAA8ME, Similar to PylWeakref_GetObject (), but does no error checking.

Deprecated since version 3.13, will be removed in version 3.15: Use PyWeakref_GetRef () instead.

void PyObject_ClearWeakRefs (PyObject *object)

RICEBL £7: 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)

Z AU Unstable API T3, YA F—V ) —RATTFERLKEBINZ Z DY FT,

Clears the weakrefs for object without calling the callbacks.
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This function is called by the tp_dealloc handler for types with finalizers (i.e., __del__()). The
handler for those objects first calls PyObject_ClearieakRefs () 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 7' = 7 v &2 {# 5 7T DWW T using-capsules ZZ L TL 2 & W,
Added in version 3.1.

type PyCapsule
ZD PyObject DY 7T XRAFF, EEDHEZRL, CHEREY 2 — L5 Python 2— F2FEHL T
flid C FFED A — FIEEDEE (voidx KA VY XDET) WIXENDH B Z2IWCHEHATT, H2E
Va—VATERINTVS C SEEBORS V&%, MOEI 2 —NRKZELTZI2LUIHES
E2WCTHLDITEfEONT T, ZAUTED, BN —FENZET 2 —1DOFD C APT I3EH
@ import EEEL CT7 7R TR N TEZT,

type PyCapsule_Destructor

RICBLET: Stable ABL. # 72ICHT BT AN I 7R a— ANy 7R RO XSICERINTT:

typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_ Destructor a—/L Ny 7 QEIfEICDOWTIE PyCapsule_New() ZHIRL TL & W,
int PyCapsule_CheckExact (PyObject *p)
G518 PyCapsule DHHICELIRLET, ZOBBIIEITHNL 5,

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule Destructor destructor)
RBOfE: FiLWBHE, RICBLFT: Stable ABL. pointer #1813 % PyCapsule ZIER L F T,
pointer 518X NULL TH o> Tidi h HA,

KL 7356, BIsVERGE LT NULL 2R L £3,

name CFHNE NULL 2, A% CSTFHINDARA > X TH, NULL THWEE, ZOXFINID %<
EB DTN IDRAAEGETIHEDNDD 5, (destructor DR TIRINT 2 Z LIFFFAISNTVET)

destructor 75 NULL TEWEE, H 7R ADHIRENZ L 200 L 258 L THRUHIR
3,

ZDH TN EY 2 —NLDEMEE LTHREINS5E. name X modulename . attributename ¥ 15
EINDZRETT, 25528, MOES 2 —-ADBZDH TN %E PyCapsule_Import() TA ¥V R—
FEBZENTEET,
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void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

JM:E L £9: Stable ABL 1 7 VIZRFEIN TV S pointer IO HL F3, KL 551615
#ELTNULL ZIRL ¥5,

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)

RICELZET: Stable ABL. e NIREEINTOVARREDTA NS5 7 X %2RLET, KM LEES.
A2 E LT NULL 2R L3,

AT EVFENULL 27 AL 77X LTHRDOIEBTEEXT, > T, RDED NULL A3z F—%15
L TCRWATREMED S D £F, PyCapsule_IsValid() % PyErr_Occurred() ZHFA L CTHEFZELTL 2
IS

void *PyCapsule_GetContext (PyObject *capsule)

RICBLET: Stable ABL 7 7 MIREFEEINTOVAREED Y TF X b (context) KL ET, &
WML7=5E. IS ERGEL T NULL 2R L 35,

AT RVENULL 23 7F AP LTHOIENTEET, [>T, RDED NULL Az — %25
LCTRWATEESED S D 3, PyCapsule_IsValid() B> PyErr_Occurred() ZHA L THERLTL 2
X,

const char *PyCapsule_GetName (PyObject *capsule)

,jEL_EL,i? Stable ABI. # P MICHREI N TV AIRED name 2R LET, LBRLEEE. Flst
FELTNULL Z3RL %,

7 72V NULL % name & L CHROZENTEE T, 6o T, EDED NULL AL F—Z24HL TRV
AJREMED D D £9, PyCapsule_IsValid() B PyErr_Occurred() ZFIH LU THERE L T2 & W,

void *PyCapsule_Import (const char *name, int no_block)

RICBL Z9: 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.

BN L7358, 7 LVOWE RAV2 2IRLE T, KBRLEGE, HIAEREL T NULL %K
%9,

N—= a ¥ 3.3 TEH: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)

RICEBL £79: Stable ABL capsule BWEMBR D TN THEPE S0 F v 7 LET, AR
capsule 1%, JE NULL T, PyCapsule_CheckEzact() %ZSA L, JE NULL AL ¥R EHML TNT,
AFRD name A5 name £ < v F L EF, (name OB FEITDOWTIX PyCapsule_GetPointer()
B

EZN
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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.
F 7Y =7 PHEMT name B< v FLIHEICIE 0 2, ZhDHNDHEIC 0 ZIRL£T, IO
AR 8 A

int PyCapsule_SetContext (PyObject *capsule, void *context)

RICBL X9 Stable ABIL. capsule NERD 2> T F A MRA ¥ &% context ITEREL F T

I L7=6 0 2. KREBMLZSHERGELTIE 0 ZIBL 5,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)

RICEBLZE 9 Stable ABL. capsule WD T A b5 7 &% destructor IZRRELE T,
BIL7s 0 %, RLZ6HIMEZHRELTIE O ZIRLET,

int PyCapsule_SetName ( PyObject *capsule, const char *name)
RICBL £ Stable ABIL. capsule NED name % name IZREL T, name 2JE NULL D & &,
ZHUX capsule XD DEVWEMEFFOMBENH D EF, LT TIC capsule IZIE NULL @ name D%

FEINTOVWRGE, TS T 2 BREITOIEE A,
BIIL7s 0 &2, RML7=6HIAZRELTIE 0 ZIRLET,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
RICEL X9 Stable ABIL. capsule WD KR A > X% pointer \ZE&EL F T, pointer 1& NULL TH -

T2 D £ A
RIHL7=6 0 2. KREMLZSHM2R0ELTIE 0 ZIBL 5,

8.6.9 7L —L (frame) #7>x U k

type PyFrameObject
RICBLET: Limited API (FRBEARBERLLT). 7L —24 7V =27 bl T 2BV
5, A7V =2 bERT CHERTT,
There are no public members in this structure.
N— 3 ¥ 3.11 TZHE: 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— 3 ¥ 3.11 TEHE: Previously, this type was only available after including <frameobject.h>.
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int PyFrame_Check (PyObject *obj)

Return non-zero if 0bj is a frame object.

N— a3 ¥ 3.11 TEHE: Previously, this function was only available after including <frameobject.

h>.

PyFrameObject *PyFrame_GetBack ( PyFrameObject *frame)

RO fE: 31 LWEHE, 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)

RBDOfE: FiLWBH, 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)
RDME: TLWBE, RICEBLZFT: 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.

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

RDfl: #1 L WS, Get the generator, coroutine, or async generator that owns this frame, or
NULL if this frame is not owned by a generator. Does not raise an exception, even if the return

value is NULL.
Return a strong reference, or NULL.
Added in version 3.11.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)

RBDE: FiLWEH, Get the frame’s f_globals attribute.
Return a strong reference. The result cannot be NULL.
Added in version 3.11.

int PyFrame_GetLasti (PyFrameObject *frame)

Get the frame’s £_lasti attribute.
Returns -1 if frame.f_lasti is None.

Added in version 3.11.
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PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

RDh{lE: $TLWBE, Get the variable name of frame.
e Return a strong reference to the variable value on success.
e 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)

RBbOfl: 3L WBHE, Similar to PyFrame_GetVar(), but the variable name is a C string encoded
in UTF-8.

Added in version 3.12.

PyObject *PyFrame_GetLocals (PyFrameQObject *frame)

RO flE: $1LWEH, 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.

N—a ¥ 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 EITERSZIKLET,
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.
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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) —ATTERIEEINZZNHY FT,

Return a strong reference to the code object for the frame.

Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLasti(struct _ PylnterpreterFrame *frame);

ZHUZ Unstable API TS, YA F—VV—RATTERLKEEINDZZNHY FT,

Return the byte offset into the last executed instruction.
Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLine(struct  PylnterpreterFrame *frame);

ZHUZ Unstable API T3, YA F—V Y —RATTERLEBEINZ DD X7,

Return the currently executing line number, or -1 if there is no line number.

Added in version 3.12.

8.6.10 >z RL—RFTZx Uk

VAL —RA TV NI, Python P 2 AL —XA T L —REFETLZ2DIH-oTVWE ATV T
o VAL —KF TV MIWH., PyGen_New() X PyGen_NewWithQuallName () OBHRHIIZIENHE LT
372, fl% yield TABDOA T L —ra itk ERITE T,

type PyGenObject

VAL =RFTT 7 bbb T S C AT,
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PyTypeObject PyGen_Type
VIRV —=RATI 27 MIWIETREA T 7 TT,

int PyGen_Check (PyObject *ob)
0b WY 2 AL —RATI 27 N DHFECEZIRE T, 0b IX NULL THo TR D FHA, ZOBEIX
WL £ 95

int PyGen_CheckExact ( PyObject *ob)
ob 25 PyGen_Type DFHICHEZIRLET, 0 & NULL THoTIR D EFH A, ZOBEBIXEICHIIL
9,

PyObject *PyGen_New (PyFrameObject *frame)
ROE: ILWEBE, frame ¥ 79 =227 MTESWTH RS 2 2L —& A7V 227 P 2ERLTEL
F5, ZOBEIT frame NOBRERAE T, 518D NULL TH-TIRD £8A,

PyObject *PyGen_NewWithQualName ( PyFrameObject *frame, PyObject *name, PyObject *qualname)

RBDME: HiLWEBHE, frame 77V =27 v oHiRY AL —&2 47V =227 b EAERL. __name__
¢ __qualname__ % name & qualname WKEHELTRLET, ZOBEKIX frame NOSHREHEAE
3o frame 5IEUX NULL TH o TIIR D £¥ A,

8.6.11 JIL—F>ATx Uk
Added in version 3.5.

AN—F A TY 22 I async F—TV— F2lio TERLLBEBMIET ATV =27 FTT,

type PyCoroObject

AN—F I TV b DDHD C HEER,
PyTypeObject PyCoro_Type

AN—F ATV 27 MIHIGT 3BIF 7Y 27 b,
int PyCoro_CheckExact (PyObject *ob)

ob B3 PyCoro_Type DGFEIWEZIRLE T, 0b 1d NULL TH- TIR D EFHA, ZOBERIIEITKI
Lij—o

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
RBOME: iLWEBHE, frame A7V 27 b oHLVaAlL—F o479 =227 P EEKRL T, __name__
¥ __qualname__ % name & qualname WKEELTRLET, ZOMEKIX frame NOSHEEWF
T, frame GIEUE NULL TH o TIERD X Ao

8.6.12 OAYTXFRNERA TV k

Added in version 3.7.

N—Y 3> 371 TE
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0 IR
Python 3.7.1 T2TDaA YT XA MEHD C API O ¥ 7 % F ¥ &, PyContext, PyContextVar,
PyConteztToken DR DIZ PyObject RA Y R%EMHS K51 BE SNFE L, HlZIX:

// in 3.7.0:
PyContext *PyContext_New(void) ;

// in 3.7.1+:
PyObject *PyContext_New(void);

FEMIIE bpo-34762 2B L TL &N,

Z DOHITI, contextvars EY 2 — /LD C API I OWTEAL 3,

type PyContext
contextvars.Context A 7Y 27 F2RIHT 270D C WGk,

type PyContextVar
contextvars.ContextVar A 7Y =7 FEREHT 2700 C &K,

type PyContextToken
contextvars.Token 7Y =7 s 2RI 270D C HEEIK,

PyTypeObject PyContext_Type
AVTHRAN WERBT28F 7527 |,
PyTypeObject PyContextVar_Type
AVTFAMEH BHERBT 2727 1,
PyTypeObject PyContextToken_Type
AVTFAMER =2 MeRBT2MA T 27 b,
BMFzyr<rn:
int PyContext_CheckExact (PyObject *o0)
o 7% PyContext_Type DBHICEEIRLE T, 0 ld NULL THo TERD A, Z DBEEIIFITHK
HLx5,
int PyContextVar_CheckExact (PyObject *o0)
o PyContextVar_ Type DFEIWEZIRLET, 0 lZ NULL THoTIERD F¥A. ZOBEBUTHEIC
FRIIL £ 9
int PyContextToken_CheckExact (PyObject *o0)
o B PyContextToken_Type DHFEWXEZIELE T, 0l NULL THoTIFRD F¥ A, ZOBEIZ

IR LET,

AVTXRNATO 2 7 b RED S B
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PyObject *PyContext_New (void)
ROfE: HILWEBE, HILVWEDOaAY TFA ATV 27 FEERLET, =72 E 25813 NULL
ZIRLET,

PyObject *PyContext_Copy (PyObject *ctx)
RDME: FILLWBE, HIhi iz 2V TFA ATV =7 bRV ab—2ERLET, =72
7B NULL 238 L £35

PyObject *PyContext_CopyCurrent (void)
ROME: HLLBE, BEQaYTXA ATV 27 bORVAV—EFRLET, =7 -
A NULL 2R L £7,

int PyContext_Enter (PyObject *ctx)
ctr ZBAEDAL Y FOBREDA Y 7TF A MIHELEY., BHILES 0 2, KBLES -1 ZEL
9,

int PyContext_Exit (PyObject *ctx)
cte AVTFALEMINCL, 1 DDAV TFRAPZHREDAL vy FOBRED I 7 F X MZEILL
F9, LS 0%, KMLES -1 ZIRLET,

VT XA NERDORE:

PyObject *PyContextVar_New (const char *name, PyObject *def)
RBRDME: F1LWBE, #H L\ ContextVar 7Y =7 bZIEK L £3, name 51 8IEHAFEET L 7Ny
JOHEMNTHEONE T, def 5IBIZa Y TXFRAMERDT 7 4V MEZIGE T 20, 77 4L bARWV
HEE NULL T, =7 - E5E13. B NULL 2R L %5,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)
AV TFRAINEROBEEEELET, BRI —PEELIGET -1 2. BXREMND» - TS BT
LRLATHTT—DRERDP-TGEIE 0 ZRLFET,

IV T FANERBDBREMN D2 T25E. value X FNEI/TRA Y RICK->TVWET, aV7F A MEK
MRS Bbhofc BEZ. value DPHETHDIIRD LS5 >TVWE T

o (NULL TRIFAUI) default value
o (NULL THRIFIUR) var DT 7 # L MHA
« NULL
NULL ZBRiFiE. ZOBIBUIH L WERZEL $7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)

RBDhE: HFILWEBE, HEDOa Y TF A MIBWT var OfEZ value Iy FPLET, ZOLEHIC K
DLW =270 F T2 b, 7RI o551 “NULL“ZRL 73,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AY T XA MEBOREE VLY b L. token B3I L7z PyContextVar_ Set () DFHIN 2 HIDIK
RBICELES, ZOBBEHIILES 0, KL -1 ZIRLES,
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8.6.13 DateTime A7 x7 +

datetime EY 2 — /L Tid, HARHMNA 7Y 27 bRRRIA TP 2 7 b RREFELTVET, UTNIORTEK
ZESHEIIE. DO 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 ¥ 72 m %, BHIZEY 2 — LAILEIED &, EE L TH S HE
BHHET, 2o 7 niITO~ 7 aTfibh 22 E PyDateTimeAPI 12 C HERAD KL &% A
NE5,

type PyDateTime_Date

Z D PyObject DH¥ 7 XA Fi&, Python DA A7 =7 V2R L ET,

type PyDateTime_DateTime

2D PyObject DY 7% A 7% Python @ datetime 7Y =27 FE2RLE T,

type PyDateTime_Time

Z D PyObject DY 7R A 7% Python @ time 7Y =7 FZ2RELFT,

type PyDateTime_Delta
ZD PyObject DY 7R A FFE DD datetime DIEDZEDERLE T,

PyTypeObject PyDateTime_DateType
Z D PyTypeObject DA ¥ A X ¥ AiE Python @ date %2 £ L £73; Python L 1 ¥IiZEF 3
datetime.date LRI UA 7Y =2 FTF,

PyTypeObject PyDateTime_DateTimeType
Z D PyTypeObject DA ¥ AR ¥ A% Python @ datetime %2 FH L %5 Python L A1 ¥IiZBIF 3
datetime.datetime YRILA 7Y =7 FTT,

PyTypeObject PyDateTime_TimeType
Z D PyTypeObject D4 ¥ A X ¥ A% Python @ time B %ZFK L % 7; Python L 4 ¥IiZEF 3
datetime.time E[RIUA 7> =2 FTF,

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.

PyTypeObject PyDateTime_TZInfoType
2D PyTypeObject DA ¥ AR > AiF Python @ &4 LY — VIR EZLL £73; Python L 4 Vi
BiF 5 datetime.tzinfo Y[RUA 7Y 7 FTT,

UTC >IN bhYIZT7 7R ARSB0D~ 7 0:

PyObject *PyDateTime_TimeZone_UTC

UTC XA LY —VIHHETEZS V7N RRLET, 2T datetime.timezone.utc L [E U A
727 T,

Added in version 3.7.
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BFzyr<rn:

int PyDate_Check (PyObject *ob)
ob 73 PyDateTime_DateType 1% PyDateTime_DateType MDY 7 XA 7D A TY =27 FDEFEIC
HZIBELUET; ob & NULL THoTERD ER A, ZOBBIIEITKILET,

int PyDate_CheckExact (PyObject *ob)
ob »% PyDateTime_DateType DFEIWCEZIRLE T, 0b 1Z NULL THoTER D FH A, ZOREENZ
WL £ 95

int PyDateTime_Check ( PyObject *ob)
ob B3 PyDateTime_DateTimeType %% PyDateTime_DateTimeType DV 744 DA 7Y =7 b
DGEWCERIELET; ob 13 NULL THoTERD F¥A, ZORBEIZEICASIL 5,

int PyDateTime_CheckExact (PyObject *ob)
ob 23 PyDateTime_DateTimeType DHEICEZIR L £ 3, 0obI1Z NULL THoTIRD FEA, D
BRI E I L £ 9,

int PyTime_Check (PyObject *ob)
ob 7% PyDateTime_TimeType %> PyDateTime_TimeType BDV T XA DA TP =27 FDFEI
HZRLET; 0b I3 NULL THoTEARD FHA, ZOBBEEICHEIL T,

int PyTime_CheckExact (PyObject *ob)
ob 73 PyDateTime_TimeType DFEICHZIRL £7, 0b & NULL THo TR D FH A, DB
527 R 0Y- 3 a8

int PyDelta_Check (PyObject *ob)
ob 7% PyDateTime_DeltaType 7> PyDateTime_DeltaType BlDW 7 XA TDA T =2 DEFEH
WHEZERLET; ob & NULL THo TR FHA. ZORRIEICKINL 3,

int PyDelta_CheckExact (PyObject *ob)
0b B3 PyDateTime_DeltaType DGFEICELZIRLE T, ob I& NULL TH-oTIER D F¥A, ZOEE
BHEICEIILE5,

int PyTZInfo_Check(PyObject *ob)
ob 2% PyDateTime_TZInfoType B> PyDateTime_TZInfoType BIDH T XA TDA TV =7 + DI
BIHEEZELET; ob 1& NULL THo TEARD FHA. ZORKEEICHKIIL 3,

int PyTZInfo_CheckExact (PyObject *ob)
ob 73 PyDateTime_TZInfoType DGHICEZIRLE T, 0b I& NULL TH-oTIR D EEA, ZDH
BUIHICHRIIL 9,

DREA 727 V2T 270D~ 270 TY:

PyObject *PyDate_FromDate (int year, int month, int day)
BDhfE: HILWBHE, {5E€ L7724, A, HD datetime.date A 7Pz 7 FERLF T,
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PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int

second, int usecond)

RBOfE: FiLWBE, s L7=F,. A, H. K. 7. B, 4 78D datetime.datetime 7Y =
7 MEIRLET,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,

int second, int usecond, int fold)

RBDhE: FTLWBH, fiEaniE, A, H. R . B, 14272, fold D datetime.datetime
F T2 bEIRLET,

Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

RBOE: :iLLWEE, 83Nz . B, v 4 27 afd datetime.time A 7P =227 F2IEL F 5,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

BO{E: iLWBE, 83Nk, 77, B, ~4 7 o#), fold ® datetime.time A7V =7 + %R
LEd,

Added in version 3.6.

PyObject *PyDelta_FromDSU(int days, int seconds, int useconds)
RBhE: FiLWBE, fHEXNzH, ¥, 178D datetime.timedelta 7P =7 b EIRL %
T, w4 7 uf e datetime.timedelta & 7Y =7 P TERSI N TV AHEIFICA S X 5 ITIEFL
ZITVWE T,

PyObject *PyTimeZone_FromOffset (PyObject *offset)
ROME: FLWBE, offset 5IBTIHRELEBEEA 7 v 2D, ZAHIDLW datetime. timezone
727 VERLETD,
Added in version 3.7.

PyObject *PyTimeZone_From0ffsetAndName ( PyObject *offset, PyObject *name)
RDME: :iLWBE, offset SIMTIHBELIBEEDA 7Y . *name DX A4 Y — B %HD
datetime.timezone A 7Y 7 M EIRLE T,

Added in version 3.7.

UTowZrnid date A 7727 067 4 =V FEZMD HT72DDB DTS, 518X PyDateTime_Date
20 Y 77 5 R (Bl ZIX PyDateTime_DateTime) D £ ¥ AR ¥ ATRIFIUIRD 8 A, 5/8% NULL
LTRSS, My 7TV ERA:

int PyDateTime_GET_YEAR(PyDateTime_Date *o0)

FREDBMTERLET,

int PyDateTime_GET_MONTH(PyDateTime_ Date *0)

Rz 1256 12 OO TEL X,
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int PyDateTime_GET_DAY (PyDateTime_Date *0)
Hxz 1256 31 OO TRLET,

ITFo~27nrix datetime 7 79 =27 2567 4 — )V KEERDHE T2 DTT, &I
PyDateTime_DateTime X723 ZF DY T2 5 ADA Y AR Y ATRIFHUER D £¥ A, 51%8% NULL 1L
TERHT, BF v 7I3fTVERA:

int PyDateTime_DATE_GET_HOUR(PyDateTime_DateTime *o0)
Kz 0 225 23 OB TEL %7,

int PyDateTime_DATE_GET_MINUTE(PyDate Time_DateTime *o0)
7% 0 D5 59 OROBETIEL E3,

int PyDateTime_DATE_GET_SECOND ( PyDate Time DateTime *o0)
Bz 0256 59 OMOEHTRELET,

int PyDateTime_DATE_GET_MICROSECOND ( PyDateTime DateTime *0)
<A 7ufE 025 999999 ORI TRL 3,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o0)
74—V R GRE: =24 22X 2RHOTLOZL) Z 0005 1 $TOEKRTRLETS,

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.

UTo=27nld time #7322 v 067 4 — A MEZIRD 7DD DTS, 518U PyDateTime_Time
X2BEDY T FADA Y AR Y ATRIFNZLD FE A, 518%Z NULL IZLTRE5T, BF = v 7137
WEHA:

int PyDateTime_TIME_GET_HOUR(PyDateTime_ Time *o)
K% 07205 23 DRDBITEL X7,

int PyDateTime_TIME_GET_MINUTE(PyDateTime_ Time *o0)
7% 0D 5 59 OROBETIEL E3,

int PyDateTime_TIME_GET_SECOND (PyDateTime Time *o)
Bz 0256 59 OMOEHTRLET,

int PyDateTime_TIME_GET_MICROSECOND ( PyDateTime Time *o)
<A 7ufE 025 999999 OO TRL 3,

int PyDateTime_TIME_GET_FOLD (PyDateTime_ Time *o0)

Zx—F GRE: ¥v—&24 2L BRHOThOZ L) 2 0505 1 $TOBKTELET,

Added in version 3.6.
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PyObject *PyDateTime_TIME_GET_TZINFO(PyDateTime_ Time *o0)

Return the tzinfo (which may be None).

Added in version 3.10.

UTo~270ii time delta A 79 227 v 2567 4 — A FlEEZEEDETZDDIDTT, 58T
PyDateTime_Delta M ZFDY¥ 727 5 ADA Y AR Y ATRIFINIZHRD £H8 A, 518% NULL I L Tldk
53, BF v ZIHMTVERA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime Delta *o)

HEZ -999999999 225 999999999 DRI DXL TIERL ¥3,

Added in version 3.3.

int PyDateTime_DELTA_GET_SECONDS ( PyDateTime__ Delta *o0)

W% 0 225 86399 DRIDEITIEL $7,

Added in version 3.3.

int PyDateTime_DELTA_GET_MICROSECONDS ( PyDateTime__Delta *o)

~Az7aE 055 999999 OO TRL 3,

Added in version 3.3.

LURD~27 13 DB APl #5332 FTco@EHATY:

PyObject *PyDateTime_FromTimestamp( PyObject *args)

Rh{#E: $ L VWBH, Create and return a new datetime.datetime object given an argument tuple

suitable for passing to datetime.datetime.fromtimestamp().

PyObject *PyDate_FromTimestamp (PyObject *args)

RO {lE: #LWEBHE, Create and return a new datetime.date object given an argument tuple

suitable for passing to datetime.date.fromtimestamp().

8.6.14 B> bDHDOATI Uk

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)

RICBLET: Stable ABI (IN—23 > 3.9 &D ). GenericAlias 7Y =27 b EAERL %3, Python
7 7 X types.GenericAlias ZMUH T Z & L HFTT, 514 origin & args i GenericAlias O
__origin__ B&EU __args__ BHEEZZNZTNHREL £3, origin & PyTypeObject* TRIFX
%53, args & PyTupleObjectx E7IIEED PyObject* TF, args BX T ILTRHRVEHEICIE 1
XTVHBHEIINCAER X, __args__ 1T (args,) PRESNE T, 518F = v 7 3&RDERE
B, 72 Z origin BRERTA T 27 b THELSTHEBITTHLIZKYIL £, GenericAlias @
__parameters__ J&MIZ __args__ D ORBBEIG U CEEAERINE T, KK LGE. HISEH
ST NULL 2R L 95
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IR RIEROB 2 Y = 2 ) v 7123 561 TF,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

o B

The data model method __class_getitem__Q).

Added in version 3.9.

PyTypeObject Py_GenericAliasType

RICBLET: Stable ABI (IN—=3> 8.9 & D). Py_GenericAlias() 2k DiBEh3 C oRA T
Yz N T, Python @ types.GenericAlias ¥ RS TT,

Added in version 3.9.
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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, will be 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, will be 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, will be 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, will be 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, will be 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, will be 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, will be 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, will be 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, will be 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, will be 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),

-SATTarTHRELET,
Deprecated since version 3.12, will be 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 ion 3.12. will 1 1] ion 3.1
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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, will be 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, will be 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, will be 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, will be 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(). Ideally, this frees all memory allocated by the Python interpreter. This is a

no-op when called for a second time (without calling Py_Initialize() again first).

Since this is the reverse of Py_Initialize(), 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.

ZOBBPREIN TV IHBAIZW L D2H D £F, Python DEDIAAEZToTWAET7 TV Fr— 3
YT, TV = a YEREHT S Z 2 Python ZEEH LW RS ET, £ BN
00— RAJREA 75V (H 2\ DLL) 225 Python 4 Y27V &%2ua— K357 7V 55— a v Tl
DLL 27 > u— F3 3H1IC Python DR LAV ZETHRMLEZVWEEZ 22 LOAEEA, 7
TV —2ayNTEETWEXEY Y =2 EBIT 5812, FREIX Python DHRLIXEVZ27
TV =2 a OB TRNCHRE BB HE86HD 5,

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.
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.
S L T BEE A X b cpython._PySys_ClearAuditHooks %##EH L %3,

Added in version 3.6.

void Py_Finalize()

RICBLE9: Stable ABL. Z DOBEUE Py_FinalizeEx () DBFHEEMEAN—Y a2 > T, EDESD D
FH Ao

int Py_BytesMain (int argc, char **argv)

RICBLEFY: Stable ABI (IN\—23 > 3.8 &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)

RIZB L E 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

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).
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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 _InitializeEz() 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 PyConfig.inspect is not set (the default), the return value will be 0 if the interpreter exits
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

9.3.
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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%, A F—V V) —ATTERKEEINZZNHH 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 7OEXTARFDNFA—%

void Py_SetProgramName (const wchar_t *name)

RICEBL F9J: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

program_name should be used instead, see Python Initialization Configuration.

ZOBBEMOH IR S, BRANC Py_Initialize() ZFFOCHT LD SEHCMUOH I RIFAIZRD £
Fho ZOMBIIA VX TVRICTRZ T 4D main() BBUCHEE LTz argv[0] 5IBOEEHZ T
(VA4 Py 727 XICEBMINET), ZO58UEIE. Py GetPath() . LITIT/RT Z DD B,
A YR TY) ZROFATAIREIE D & Python 7> X4 L5 4 75 UADHEN AR ZEGT % 7zdicffibi
%9, 774 FDfHIZ 'python' TT, 5L RKIHENEZT A Ry 527 ZXFH|T, §7REL
BRI A > TWRITUIR ST, ZONRIIZTO Y5 LDFFTHICEE L TIZAED $H A, Python
AR TV EZANDI— T, ZORXEHEHBONEZZEET 201 —VHD EEA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.
N—a v 3.11 TIEHELE.

wchar t *Py_GetProgramName ()

RICBL £7: 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().

D s on 313, will | 1 o 315 G ble i |
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wchar_t *Py_GetPrefix()

RICEL £7: 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—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_prefix instead, or

sys.prefix if virtual environments need to be handled.

wchar t *Py_GetExecPrefix()

RICEL £9: 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.

Hi: 779 P74 —bKEFDO7 7 AV (RTEARLEAEZI A 750) BhloT 412 FYY Y —AIIZ
A VAP =LENTWVBEE, exec-prefix & prefix ¥ B D F3, UL A 2 M —=LERETIE,
TI9 N7 —LIKIFD T 7 A B Jusr/local IKNDOENDE—FH, 7T b7 3 —LMKFDT >
A W& /usr/local/plat 7V VY =KD SN E T,

—ENT, I b T x—2slE N—FRU 2TV T V777 IV)DMARDLEERELET, f
ZIZ, Solaris 2.x ZEIEXETWS Sparc ¥ VAR THUE T 7y b7+ —ALTHD AR LI T,
Solaris 2.x ZEIfEEETWV2 Intel v VIFED 79 F 7+ —2WRDEFT L. AL Intel v 2T
b Linux ZEfEXETVWERLERFOT T v b7+ —L4TF, —EINCE, ACARL—T 4 22
VRATALATH, XPvy—V bV aVDEISDEIEREZ TSIy 7+ —4LT7F, I Unix DAL —
FTAYITYRATLADBERFEFEIZEHTT; JE Unix D AT LTI, 4 YA M= HEZETHE
7o TWT, prefix % exec-prefix IZIFEMRDIR L BXFIINFRESNTVET, TV LFELD
Python N4 F2—=FE7I v b 74— ZIMEELRVOTHERLTLIZEY (EEL, EDN—=Y 3
> ® Python T2 ¥ XA L ENPIEMKEL T,

A7 LAEHEZ. mount *® automount YR I Ao T,. 7Ty b7+ —LHD /usr/local/
plat ZRR 5T 7 ANVI AT LIHEE, 75 v b7 4 —AMT /usr/local ZHET 27D DFHE
HiEEZH>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().

9.4.
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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()

RICEB L £9: 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()

RICBEL £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()

RICELFT: Stable ABIL. Python £ Y XXV XDN=Ya VY ZRLET, XN—Ya i, XRDES
RIEROXFHTT

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

BT —F (BRAIDAR=ZALFET) i, BIED Python D=V a »TT; BAIOLFE, ¥V A
FTRYILNTZA T ¥ —N=T a4 F == a rTF, BEIRETLFIIRA ¥ XIIHR
LR ZR L £ 3 BBOM O LAZCDE2ZEETE £ A, ZOMEIE Python 2— 51
sys.version ¥ LTHIHTE %73,

See also the Py_Version constant.

const char *Py_GetPlatform()

RICBLET: Stable ABL BHED 7 v b7 4 —2DF T v b 7 4 — LA FHN%ZR L £3, Unix
T ARV =T 4 YT T RT LD 7 RAD” i/ NCFIER L, ROy — ) Y a Y B/S%
T 7= MR 72 > TV E T, HlZIX Solaris 2.x 1X, SunOS 5.x, £ LTHHISNTWVWE T, 'sunoss’
127D £%, macOS TlE 'darwin' TF, Windows TiE 'win' TF, BEIIRTXFIIRA > Xix
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E s BER R L E T RO CHLINE ZOEEEETCE EH A, ZOfHEIE Python 2 — K
5% sys.platform ¥ LTHRIFTE 3,

const char *Py_GetCopyright ()

RICEL FJ: Stable ABL HFED Python N— a Y2 2 NN OEFIEER R XCFFN 2R L £ 3,
Bz

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

B ASR 3 FFR A ¥ 2GR EFHEZE L £ 7; RO LENZ Z DEZEETE X8
Ao ZODfHEIF Python 2 — K251 sys.copyright & L THIHTZ ¥£3,

const char *Py_GetCompiler ()

RICBLET: Stable ABL HFE[M o TWB A= 3 D Python ZE L FF3BICHWEZa Y 84 5
FRTXTFHN e, ATERTH - 72 XFH R L5, #Hlzi3:

"[GCcC 2.7.2.2]"

BB IR S FHR A ¥ 23R EERZ B L 9, RO OH LR Z E2ZEETE £
Ao ZODfHIZ Python 2 — K251 sys.version O—#f& L THD HEE T,

const char *Py_GetBuildInfo()

RICBLET: Stable ABL B{Effi> T\ Python £ Y XSV XA VARV AD, =5 Y RAEBY
L RHFRHZE S 2 ElER L E3, AR

"#67, Aug 1 1997, 22:34:28"

BRI AR A ¥ 23R EER 2 & L 9, RO OH LR E2ZEETE 8
Ao ZDfEIZ Python 2— FH 51% sys.version O—#fe LTI ¥ £ 3,

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

RICEL £7: Stable ABI. This APT is kept for backward compatibility: setting PyConfig.argv,
PyConfig.parse_arguv and PyConfig.safe_path should be used instead, see Python Initialization

Configuration.

arge BEY argu IZEESWT sys.argyv ZRELE T, D5/ 8E 7027 40 main() ZHEL
725U TV E T, mAIDOERD Python 4 ¥ R 7V RDIEEL 72 - TV B ETHROLRTTIE
Bl FITINBRZ VT MEEBRURTNEROBRVEDINEVE T, FTT2R7 0 7 Maiiantg
&, argy ORMIDOBERIIEXFINCLTHrEFVETA, ZOBEED sys.argy DHIFALICKEL 7=
BE, B 5 —% Py_FatalError() THILE X T,

updatepath 75 0 DHBE. T ETOENED Z OBIBDT 2 Z L DL TTT, updatepath 25 0 TRV
A, ZOBIE sys.path ZLLFO7 A3 ) X AICEOWTEIEL 35

o FHETAHAZ VT MOARHID argv[0] WKEINLGE, ZOR2 V) T 235 25 Ot 2%
sys.path OFEFIZEML £3

9.4.
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o THLSDGE (arge 23 0 2o 7D, argvl0] DHFEET 27 7 A VEAZIEL TWIRWVWEE),
sys.path QIO X FHZEMLE T, ZAUIBEDIEET « L2 bY (".") ZIETHIENM
FHDLALTT.

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.

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 XD ETD = a Tl PySys_Setdrgu() OWUIH LASET L71RIZ sys.path DIEEH
DERZWMOHT Z T, ALHRPBOLNT T, FIRIXIDOXSITHEVET:

PyRun_SimpleString("import sys; sys.path.pop(0)\n");

Added in version 3.1.3.
N—= 3 ¥ 311 TIHELE.
void PySys_SetArgv(int arge, wchar_t **argv)

RICE L F 9 Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv

and PyConfig.parse_arguv should be used instead, see Python Initialization Configuration.

ZOBBIX python £ YR T Y RN -1 7 a {FETEFINTVWIHEEZRE
PySys_SetArguEz () @ updatepath 12 1 ZFRE LD LR XS IWCEIEL £3,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.

See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.
N—Y a ¥ 3.4 TEWHE: updatepath DEIX -1 7> a VITHKIEL £,
N—= 3 ¥ 3.11 TIHELE.

void Py_SetPythonHome (const wchar_t *home)

RICE L 9 Stable ABI. This API is kept for backward compatibility: setting PyConfig.home

should be used instead, see Python Initialization Configuration.

Python OEHES £ 75U HL, 774D "home” T4 L7 PV ERELET, 51O FHD
BRI DWW T PYTHONHOME 2B L TL X W,

FIEEHNRA P L —=JIBEIAT TSI LETHIZEEZMZA SNV X 5 R IEOXTFIITH
BZNRETY, Python 1 VX FVXIZZIDA ML —YCONEEZEEL EHA,
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Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.
N— 2 311 TIFERE.

wchar_t *Py_GetPythonHome ()

RICELFY: 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—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 PyConfig.home or PYTHONHOME

environment variable instead.

9.5 XL w RIRRE (thread state) £/ O0—NIL1>&2F) 20w (global
interpreter lock)

Python 4 ¥ & 7V ZIIFERIEIAL Yy FE—7TEH D FHA, vILF ALy FD Python 70 7J 4%
R—=1+F27=D12, JO0-NILA22F7)EZ0Ov0 HBHWE GIL tWEh37a—,riza y 7B FELT
WT, JEDRAL v KA Python A 7Y 27 NMCERIZT7 7 AT A3R1ICHTry 72 EELRITNER SR
{BoTVET, By Z7HESRITIE, BMABETI X, vV F ALy R a2l 7 A0ETFICHELS| &
EIFTAREELRD D ET, 222, Z2OoDRVLy FAFLA T =27 VOSBRI T Y MEFRIFRCA V7 U X
TR, HRMCSBEAY Y MEZETRS—EZT LIA Y7V X FPEARV2D LRLER A

ZDD, GIL #HHF LA L vy FIETH Python 7Y =7 b 2#EL/2 D, Python/C API B8 MO0
HLZDTEZLWIL—ADHD FF, WITWHEZLZI 2L — 527012, 4 Y27 ZIEHICE »
I RMLUIZDES LD LE T, (sys.setswitchinterval() 2%M) Zonry 277wy Z7EI D 5
% 1/O HEDNET SR - IR XN, /O ZERT AL v R0 1/O #EDTE T 2RO/, oL v K
DEMETE L XIICLTVETD,

Python 4 ¥ & 7Y ZZRA L v K Z L ICRERIEWRE PyThreadState EMHEN 2 7 — XEEDHIHRF L £
T, ZL T — LAY UTHED PyThreadState #IRTRA VX% 1 2Fb ¥ T, 207 r—rUL%
% PyThreadState_Get () Zffio THIBTE £ 3,

9.5.1 #i3&1— FNT GIL Z##M9 3

GIL ZHET 213 AL Da— Fid, RO X 5 IaBflafiEIca b £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.

ZOREEIZIERE IR DT, FEZBEMICT 3D 20027 apdHEINTVET:
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Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...

Py_END_ALLOW_THREADS

Py BEGIN_ALLOW THREADS ~ 7 wnli#ilz7uvy 72 L. RLue -2V ERETESFSL ET;
Py _END_ALLOW_THREADS (&7 v v 7 %FAL 3,

Fo7ay Z7E3R0a— FICERAINET:

PyThreadState *_save;

_save = PyEval_SaveThread() ;
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save);

IS DOBEBOEEERFHHL 3, GIL IXHREDAL v FIREBEZIE TR, VX E{RET 272D 1fHbh ET,
0y 7 RRLTALy FIREEEZREET 208, vy 7 2T 2RNCBEDO R L v FIREER A VX ZEIF LT
BoRIFUIZD ERA (IO Ly R TCXER Yy 72 EELT. BODAL v FIREEZ 7'm — VAR
WARTFELTLEI DD LRV DESLTY ), #iZ, vy 72 HEEL TR Ly FIRKEBZERT 2. Za—
NUVEBIZA Ly FIREERA Y X 2RFT 20010 v 7 25 L TE2RFUIRD £ A.

0 IR

GIL ZfRIRT 2 DIFFL A ED S AT D 1/0 BEEEZRCHETRTI 2, XEY Ny 7 7120 T 3 EfEe
BEELD L5112, Python DA 727 MZ7 7 A LRWERM22 25 B0EZ2FNE T2 &% GIL
BIRET 3 Z 2 I3AR TS, HlZ1E, z1ib % hashlib EY 2 —VIEERER Ny ¥ 23 B ORI GIL %
L F 3

9.5.2 Python YA TIESNI=AL Y R

Python API ZiiL TfESN2 AL v F (threading £ 2 — /L2 Y) TIZHBIMIC AL v RIREDEID Y
THoNT, EELDa—FEELLEEET, LrL, (HRITRAL Y FEHZITSIIEEDZ 4 77V %EITX
D)CBIBTAL Y FEERLEEGE, ZORAL vy FiTik GIL 28% <, ALy RIREF—ZERd 20wz L
WHERTZ2RENDHD T,

ZDXS5KAL Y K5 Python 2 — REMFHTREND 255G HEDIFA 75V hba—ANy 73T 5
API D LK B 2HITT), Python/C API ZMEUHFRIIC, AL v FIREET — X fEREER L, GIL %
R L. ALy FIREERA VR BHETEIE T, ALy REA VAT RICERLETERD $HA, R
Ly RAMEEEKZ 25, ALy RIREERA X%V Ey LT, By ZE2MRRL, RZICAL v RIREEF —
XRHERD X TV 2R LR IUIZ D £8 A,

PyGILState_Ensure() ¥ PyGILState_Release() ¥ Z QMM % HEII/TVWE T, COAL Y FHh b
Python ZFFOMH 3 B2 /7KL F D e B DTS
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PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();

/* evaluate result or handle exzception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release(gstate);

PyGILState_* BI#X. (Py_Initialize() X o THEMNIH/ESON D) Zr—nNLf YR TY X1 DT
PIFET 3 ERET 2HICK DT TREW, Python & (Py_NewInterpreter() Z{fi-T) BMDA ¥ &
TV EREETES ZLIXEDDIED D FHAN, EEA X7V XL PyGILState_x API Z{EE TS Z
CEFYR—- PN TOEHEA,

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
the CPython global runtime was originally initialized. The only exception is if exec() will be called

immediately after.

9.5.4 5L AJLAPI
C iRz FH WD Python 4 > X 7Y X Z#MiAtr & ik d —fRANHEDN 2 PRI RD B D TT:

type PyInterpreterState

RICBLEY: Limited API (RBEBABEERE LT). 207 —XWERI. HHEIET 228D R
Ly FIITHAESIN TV RIREZ R L ET, LA VATV RIET AL v FIFEY 2 — VERE
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ez o < OrONERREREZHAL TVET, ZOMERICIZAR (public) DX > NIEZHD
A

B4 Y27V RETHA Ly FREITIE, FIHARERAEY, PN TWE 7 74 VTR 7Y T&
T wol-rut DIREEFRNT, WHPRETEMDEEINTVERA, GIL 3 F/=, ALy K2
YDA YR TYVRIZBLTOARICEHADLLTINRTOR Ly RTHEXIATVET,

type PyThreadState

RICBLFT: Limited APT (RiEALEER L 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 ()

RICEBLE 9 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 TAHE: The function now does nothing.

N—Yar 3.7 TEH: ZOBBIE Py_Initialize() 2HFFHEINZ X512k, bXbIPESH
TRHEITH SR F L
N—Yar 32 TEHE: OB Py_Initialize) XVHNCECHE TN TERL D E L
N—= a ¥ 3.9 TIEHESE,

PyThreadState *PyEval_SaveThread ()

RICBLZET: Stable ABL (GIL 4R E ATV EHE) GIL 2K LT, AL v FOIREES NULL
WL, DETOA L » FIRRE (NULL 1372 D FEA) ZIRLE T, By 70T TIRAERIN TV IHE,
BEDRA Ly F2iay Z2BELTORITIUIRD £8 A,

void PyEval_RestoreThread (PyThreadState *tstate)

RICBLEY: Stable ABL (GIL AR EINTWEIHE) GIL 2B LT, HEDOXL v NREL
tstate ICBE L E T, tstate & NULL TH o TIRH D FH A, GIL 2EREINTWT, ZOBEEEEN
HLUZEZZAL Y FATTIZIRry Z72EBELTVWRGA. Ty Fuy 2 iZih 3,

0 R

Calling this function from a thread when the runtime is finalizing will terminate the thread,
even if the thread was not created by Python. You can use Py_IsFinalizing() or sys.

is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

PyThreadState *PyThreadState_Get ()

RICELZE Y : Stable ABL BHEDA L v FIREZIRL 3, GIL 2HEF LT RITNERD ¥ A,
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BED AL v RIREED NULL 72 5, (FEOCH LAY NULL F = v 7% LR T & 512) ZOBEIIK
ML —ZE I T EIICRoTVE T,

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 ().

PyThreadState *PyThreadState_Swap ( Py ThreadState *tstate)

RICELEJ: Stable ABL BIED AL v FIRFE%R tstate IIEE LA L v FIRKE ANZEZX T T,
tstate 1& NULL OERHH £3, GIL ZHEFFLTWRITUIRS T, BRLEEA.

HMTOBBIZAL Yy FE—AALRA L —YRFHALTWT, 374 27U R OEHEERD D FHA:

PyGILState_ STATE PyGILState_Ensure ()

RICBLZE9: Stable ABL. Python ®IREES GIL iI2b 53, EfFH AL v FT Python C API
O L AREL 25 K51 LEd, ZOBBUIAL Yy FNTHETHIFIHT I N TEE
TH, BT R TOMEFH LIS LT PyGILState_Release() ZMUHTHEND D T35, EH.
PyGILState_Ensure() WEUNH L ¥ PyGILState_Release() FMEUH L ORI TZ AL D ZL v RE
HAPL 232 2 e B TEF T2, Release() DRHNICAL v RIREIIE LI A TWARTIUERD 8
Ao BIZIX, BED Py_BEGIN ALLOW_THREADS ~ 7 W ¥ Py END_ALLOW THREADS 332zt
MNTEZET,

R DX PyGILState_ Ensure() MU LD AL vy FIREBEREML 27 ~>¥ F7 T,
PyGILState_Release() (2 LT Python Z[F UCREBICMR TR ITNIXRD FHA. BEMTHL
SARETI D, NV FALZHET L 01d TEEXHA - 220D PyGILState_Ensure() FEOH L
TAY FVEMRIFEL, W T % PyGILState_Release() MUH L THEL TL Z&E W,

B8R Lz & FTHORL Yy FIZ GIL ZFA L TWT, fEE® Python 22— FZ2ETTE
£9, WA ORBIIHMNZLT S —TF,

O R
Calling this function from a thread when the runtime is finalizing will terminate the thread,

even if the thread was not created by Python. You can use Py_IsFinalizing() or sys.

is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

void PyGILState_Release (PyGILState STATE)
RICBLET: Stable ABL R L7Z2FRTOY Y —REMBRLET, ZOBEEMUHT 2. Python
DIRFBIINIE T % PyGILState_Ensure() ZMF-UHIFHIE R /&b 9 (@E, Z OREIZFOH
LItTIREOD D FEADT, GILState API ZRIHT 2 L5 LTI W),
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PyGILState_Ensure() ZMUHTHEEZ. HIFFR—X Ly FNTHIET % PyGILState_Release()
ZIFCH LT EE W,

PyThreadState *PyGILState_GetThisThreadState ()

RICBLZEJ: Stable ABL. ZOAXL vy FOBREDAL vy FOREBEIEFLES, ZNETHEDR
L v FT GILState API #ffio 7z Z 2 MBEWEEIE, NULL 2R D 3, XA VAL y RTHHEDX
Ly FIREBICBEHT 2O LE R LBEWVWE LTH, A4 Y ALy FIZFIRAL y FIREOBEHREE -
TV ZEIRERLTLEZI N, 29% o5 T3 HMEFEIIALAHERED L IZZWEED /20T T,

int PyGILState_Check()

BAEDAL Y RH GIL ZREELTVE R 51X 1 2, Z5TRINUI 0 ZRLET, ZOBKIIWDT
DALY FASTHMOE T I A TEE T, Python ALy ROWRELWHAL IR TE D, BE
GIL AR LTV AHHICDA 1 ZIRLET, T~ /ZHAOBKTT, Z DRI,
BIZIEa—n Ny 70ary7F AR XEVEID Y THIECTHITL & 5. RELDL, GIL ry 7 &
NTVWB EHl> TWIUE, FEH LTI sensitive BITEIZFEITT 2 2 e B TE, 25 TRIFIUIER
RN DI TIREZES Ze B TEENLTT,

Added in version 3.4.

MFo<xrzmid, @EREBICEIan 203 fEnwEd; Python YV —REMYNOFEHMZ R TL 72

IS

Py_BEGIN_ALLOW_THREADS

RICEL FT: Stable ABIL. 2O~ 27 v %ERMT % { PyThreadState *_save; _save =
PyEval_SaveThread(); 272D £3, 7 BICHEZEMEMBA o TVDE Z L ITHERLTLRE WY,
Z DHHAEINIA T Py_END_ALLOW THREADS <7 R X MISXERIFIUILD FHA, <2702V TD
ALV FRL2 B TR E W,

Py_END_ALLOW_THREADS

RICBLZET: Stable ABI. 2O~ 27 u%k @3 % & PyEval_RestoreThread(_save); } I
O EFT, /R RHERENAA> TWVE I RERLTLEZI Y, ZOKEMIZHERD
Py_BEGIN_ALLOW_THREADS =7 B RIEL TWARIFINIEZRD FHA, 27 BIOVWTOFELWVE
ild FRLZ B LTI W,

Py_BLOCK_THREADS

RICELET: Stable ABL. 2D~ 27 v % JER T % £ PyEval_RestoreThread(_save); I D £3:
BH U489 72\ Py_END_ALLOW_THREADS ¥ [RILTT,

Py_UNBLOCK_THREADS

RICELET: Stable ABL. 2O~ 27 vk g T % £ _save = PyEval_SaveThread(); I D £73:
B & JFEIND 72\ Py_BEGIN ALLOW_THREADS ¥ [ U T,
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9.5.5 (ELRJL API
ROETORIE Py_Initialize() DRIFFIHIRIFIUIRD TH A,
N—=Ta ¥y 3.7 CTEHE: Py Initialize() & GIL ZHILT 2 L5k E L7

PylnterpreterState *PyInterpreterState_New()

RICBLZEY: Stable ABL #iLWA Y27V RIREA T =7 bEEKLET, GIL 2L THB
CREED D FVAD, ZOBBERLICECHITHERD 255 EEL TBWEIESI B LWT
Lo,

Sl L T BEE A X b cpython.PyInterpreterState_New ##EH L %79,

void PyInterpreterState_Clear (PylnterpreterState *interp)
RICBELET: Stable ABL. 4 Y X 7V XREA TP =7 FAORTOEREZ YLy FLET, GIL %
RELTORFIERD 8 A

I8 LT B A X b cpython.PyInterpreterState_Clear ZiXH L £,

void PyInterpreterState_Delete ( PylnterpreterState *interp)

RICBLET: Stable ABL. £ Y2 7Y KA 7Y =7 PEEELE T, GIL ZRFF L THLER
HHFERA, £ XV XIKEIX PyInterpreterState_Clear() THOHLPUH VLY b LTEIR
IR D FE A

PyThreadState *PyThreadState_New (PylnterpreterState *interp)

RICBLET: Stable ABLSELA VX TVEFA TSI =27 VBT 27270 A Ly FIREELF 7Y =
JrEAERLET, GIL ZIRF L TBALEREZD D FEAD. ZOBBERLCFNHTHESD S
BECERRFLTBLRIEINEVTL & 5,

void PyThreadState_Clear (PyThreadState *tstate)
RICELUET: Stable ABL. ALy FIREA 7Y =27 PHOLETOEHRE YV £y FLET, GIL Z{R%F
LTWRITFIUIRD 8 A

N—=Y a ¥ 3.9 TEH: This function now calls the PyThreadState.on_delete callback. Previ-
ously, that happened in PyThreadState_Delete().

N—3a ¥ 3.13 TZH: The PyThreadState.on_delete callback was removed.

void PyThreadState_Delete (PyThreadState *tstate)
RICBELZET: Stable ABL. ALy FIREEA 7P =7 FEEL ET, GIL 2R3 208 IEH D 8
Ao AL v RIRREIX PyThreadState Clear() THHPUH VY FLTELPRIFIUIRD A,
void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like
PyThreadState_Delete(), the global interpreter lock must be held. The thread state must have

been reset with a previous call to PyThreadState_Clear().
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PyFrameQObject *PyThreadState_GetFrame (PyThreadState *tstate)

RICBLEY: Stable ABI (IN—=23 > 3.10 &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)

RICBLEY: Stable ABI (IN—=23 > 3.10 &D ). Get the unique thread state identifier of the
Python thread state tstate.

tstate must not be NULL.
Added in version 3.9.

PylnterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

RICBLZEFT: Stable ABL (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.

PylInterpreterState *PyInterpreterState_Get (void)

RICBLFT: Stable ABL (IN—=23 > 3.9 &D ). Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot
return NULL.

IEOH LN GIL 28155 2 08 03 H D £5

Added in version 3.9.
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int64_t PyInterpreterState_GetID(PylnterpreterState *interp)

RICBLEY: Stable ABL (IN—2a> 3.7&D). A 027 2D—E7% ID ZiRL 3, LA
AP =D E5, -1 B, =I5ty FENET,

FEOCH LN GIL 2183 2088 HH £3
Added in version 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

RICBLFY: Stable ABI (IN—=23> 3.84&D). A V2T VXERDOT -2 REFLTWEEHEY
RKUEF, ZOBED NULL 23R L7=BE1E. 2 22Tl I TE S 3., Ol LENKA >~
27 XEHOFHZEINHETERVWEEZRITNERD FHA,

Z DU PyModule_GetState() Z#BEZ 2 b DT L, IREY 2 — 24 VX7 X[EH
DIRFEEREFNT 2 DIHIREDB DT,

Added in version 3.8.

PyObject *PyUnstable_InterpreterState_GetMainModule ( PylnterpreterState *interp)

ZHUZ Unstable API T%, A F—V V) —ATTERLKEHINDZZ DY FT,

Return a strong reference to the __main__ module object for the given interpreter.

FEOCHE LN GIL 253 2083 H D £ 7
Added in version 3.13.

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— 3 v 3.9 TEHE: The function now takes a tstate parameter.

N—Y a v 311 TZEHE: 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.

9.5. XL v RKHE (thread state) &' O—/NIL1 >R F1)Z0Ov Y (global interpreter lock) 289


https://peps.python.org/pep-0523/

The Python/C API, U1 —2X 3.13.3

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _ PyFrameFEvalFunction

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: BASE, RICBLET: Stable ABL #HREY 2 — A AL v FEHOREHEREZREFTE
25O REEERRLET, &4 DIREY 2 — Lo EEEICIRBIEHE (RFT 2 2D IIEME— D F — %2 {f
DRIFEED FRA, BIEDRL v FIRERZ VI ZOMBEFSHE LT 2T VERA, DM
By NULL 2R 3358, BIANEIE o 7z ST, FEOH LANIRED AL v RIREEAFIHTE 20
CEZRINIRD TH A

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

RICBL £ 9 Stable ABIL. Asynchronously raise an exception in a thread. The 4d argument is
the thread id of the target thread; ezc 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—Ya v 3.7 TEH: id 5I8DHD long 75 unsigned long NEHINF L7z,

void PyEval_AcquireThread ( PyThreadState *tstate)

RICBL 9 : Stable ABL. GIL 218 L. BHWED XL v FIRFEZ tstate ICREL F T, tstate 1
NULL THhoTiER D FHA, By 2 @EIorUDIER IR TVARITIUIRD F8HA, ZOBEEEREY
HLUZEAL Yy KRBT Ty 72 BELTVWRESE, Ty Fuy 22 £3,

O IR
Calling this function from a thread when the runtime is finalizing will terminate the thread,
even if the thread was not created by Python. You can use Py_IsFinalizing() or sys.

is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

N—=Y a ¥y 38 THEHE: 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.

PyEval_RestoreThread() IZWVWDOTH (AL vy FOFHHLEI N Winwe ETH) FIHREZRE LN
NEIRT,

void PyEval_ReleaseThread ( PyThreadState *tstate)

RICBLE: Stable ABL. BfEO AL v FIREEZ VYt Yy PLTNULL iIZL., GIL 2L %3, v v
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ZEHODUDIERINTORITIIERZRS T, POBREDODAL Yy FOEEFELTCVRITIUERD ¥ A,
tstate 13 NULL TH - TI D FHAD, ZTOEFIHEDRAL v FIREERIZL TWE0E 51 EifHN
27D EONET - b LEFS TRINE By —plmEanE 3,

PyEval_SaveThread () X X D@L~ OVRBTHIZ (AL y FAFEHLEh TRV E 2T) FIH
TEXT,

9.6 Y7122 T) XY K-+

Fr A Y DEEIIEYDIAT Python 4 YR 7Y R 1D TER, W OrDBEREA—Tnt 2R, 5%
WIEA—2Z2 Ly RNT, EBEROMN LA VX 7)Y RN T2 0B8RS D 3, THEARRICTZ200Y 7
A RS RTT,

TRXA VT AVRTVREEF TR LU ERIT o T ¥ BITERANHER S NIA VX TVEDZ LT,
BITAVETVREEBE N, X[ VA VR TY)RZESTFIANY RV TDE SR, o A2 THE—RE
BHRHDET, XL AR TVRIZET V&4 LOPIUEHOUBETE WS HHE DD @EIEXT VX4
LD TIHANZEINT NS 7 VXA A THHD %9, PylnterpreterState_Main() BAEIZ. XA A ¥
2T ZDREADKRA VREIRLET,

PTA Y RTY REYIDIEZD PyThreadState_Swap () BT TEE S, XROBBEH>TH I & TV
R DIERR E HIFRATT A £ 97
type PyInterpreterConfig
Structure containing most parameters to configure a sub-interpreter. Its values are used only in
Py_NewInterpreterFromConfig() and never modified by the runtime.
Added in version 3.12.

&R 7 4 — L F

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.

9.6. Y71 aT)atR—F 291




The Python/C API, U1 —2X 3.13.3

int allow_threads
If this is O 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).
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( Py ThreadState **tstate_p, const PylnterpreterConfig

*config)

LY 74 &7V & (sub-interpreter) ZER L E T, ¥ 74 27V & eid, (1XF5E22) @il
WHElX N7z Python 2 — FOFEFTERETY, Rz, LI 74 &2 7Y Xid, import Eh3E
Va2 B TROVWTAND AN a Y 2fb, ZARBERE R 5EY 2 —)L builtins, _
BEU sys bEENE T, B— FFEADEY 2 —AHh 57K 57T —7 ) (sys.modules) BLXUEY 2 —
IRFRSR (sys.path) Y74 X TV ZBITHWED S DI D £, Firelay 74 2TV RERE
123 sys.argy ZBDIH D FHA, Fio. T4 VX TV XIEIHREHET/O A MY — 4 sys.stdin,
sys.stdout, sys.stderr ZFHHET (LI3VA. ZNODRA MY —LIIMREIICH BZFE T 7 7 £ it
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
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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,
.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).
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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_FinalizeEx () 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)

RICEB L ZF 9 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 F9: 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.

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. Nomne, (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

data Detween 1mterprete
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Added in version 3.12.

9.6.2 NJLIXEFE

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 HABDOE 2D L VI LIHTELTLILEEI WV, ThH
5@ API iZ Python ® AL v FIREELX OS LRA ALy R 1 X 1 THELTWS Z 2 ZRTZICL T
W, 74 2TV EBFET 2 ZORIHREVPAND 25 TT, MIET % PyGILState_Ensure() &
PyGILState_Release() OWUIHLDRT DM TIE, 74 ¥R FV ZDYIDFEZ 2fTbRVWI & &L
[LEF, HIZ. (ctypes DL SR) 26D API Zffi o T Python DA TIES N2 A L v R 5 Python
A= FREETLTVRINREY 2 — L3V 74 V2T X&ff5 L BALA[REMENDH D 5,

9.7 FEFEHREN

AYRTYVEDAL ALy FIZIERBAZBEAEITD OB XN TW B AT T, 245 OmANIEE
KA &R L void KA Y EF L WS TFREEZED 3,

int Py_AddPendingCall(int (*func)(void*), void *arg)

RICBLET: Stable ABL. f Y X FYXDXA VAL vy R LEBBPHOHINE TEEMHAE T,
B35 0 3R D. func lZXA Y ALy FOMUHL X2 - Do E T, KBT 2. fstz
“t’/ ]\va-j—&\_ _1 i)) Dijﬂo

WHEIZFX 2 ZFEDOLNZ L, func i WODNEIHT A VX TVEXDXAL VALY R b, arg 258
LTI E T, ZOBEE. @EDFETHD Python 22— N LTI RIS I E T
B, ROWMFOFMFICER LIt 2PN HEINET:

o bytecode R FITWB & &,

o XA YAV BB global interpreter lock Z2RFFLTWS (F7205 func HETD C API ZFFR
Hes) v,

BIIL728 func X 0 ZiRE QXK ST, 9&%([/7:‘5 -1 ZRLAME Y b LARTFURWIT EH A,
fune &, MOIEFRBLBAMIZITS 72012, S HWEIDIATFNEZ L EH D FEAD, Ta— LS U &R
TV xay IBRRENTGEX. ALYy F@@JD FZICE o TEIDAENAARENE R > TVET,

ZOBBIIFETTE2DICHEDAL v FIREEXE L ET, Ju—olf VR TF)Zuy 7 HR0EL L
FH Ao

9.7. FERHERER 295



The Python/C API, U1 —2X 3.13.3

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

AT, JEFICERIIIGE I D AR O, KL RAURBEBT T, func BATHEERIR D B E A
BIRFEIZH D FHA. XA VALY RRT AT LI —LBETTZDIICLWEEIR. func 13 R
TLA—DR-TL 2 ETHUFHEINBRWTL & 5, ZOREII—MANziZ, 80 C ALy K
75 Python 2— FEMFHITOWKIE AEFEA . Zhofbhic, PyGILState API Z{FRH L
TLREE W,

g

==
=

Added in version 3.1.

N— a ¥ 3.9 TEZHE: 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.

9.8 7O7 71L& kL —X (profiling and tracing)

Python 4 & 7V &%, 707 7 A )L: 5387 (profile) REITD b L — R: B (trace) &\ - 12H%RE%E A
AL DIEKEO T R— P 2B L TVWET, ZOHR—-ME Ta 77 A7 "y 7 @A
(coverage analysis) ¥ — LR EIZEONE T,

ZDCAYE=T7z—RIF, BT 740% L —REERIZ, Python LX)LORFOH LATREA 7Y = 2
DR EN D Z8IZX 2 — Ay F2ET, B C BBIFCHLATAS L5 1LTVWES, Yrr >y
AN ML= ABREDOARENRFEIZED o TVERA; A VX =7 2 —ATR ML —RABHEAL Y FT L
WA YA P=ATE, L —RBBITHE SN D HEAAL X2 b (basic event) IZBHTDN— a 12BN T
Python L ~\L® b L —ZRBTHEIN TV 2D R 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:
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what DfE arg DELK

PyTrace_CALL HIZ Py_Nome ,

PyTrace_EXCEPTION  sys.exc_info() DiRFHISMEHR TS,

PyTrace_LINE HIZ Py_None

PyTrace_RETURN RN LIENSIR S 2 TREDfED HIFNC X o TREZ k1T 2 5E 13 NULL
T,

PyTrace_C_CALL MOS8 A7 =2 b,

PyTrace_C_EXCEPTION WU ZN BB AT =2 b,
PyTrace_C_RETURN  MUHINZBHATI =7 b,
PyTrace_OPCODE HIZ Py_Nome

int PyTrace_CALL
BB X Y v PO END. P22 =0z P YOI A o7 Z L 2 HET
BIED. Py_tracefunc ® what DIETT, 4 7L =XV = 2L —XEBDERE. HETE 71—
LMD Python N4 + a— RIZHIBIOZRFE (control transfer) 252 Z 52 W HWE I NR VO THEE
LTLEEW,

int PyTrace_EXCEPTION

BN EH X NTBED Py_tracefunc @ what DIETT, WEFITENTVWSE 7L — L THIAND L Y
FEA, FMISDNA b a— RPN, what 122 DENE Y P ENRETa ANy F
BB EINET, ZOME, FISNDEREIC X > T Python 25FFRH LA X v 7 2 HED T 25
2. B7 L — L0 UEARS ZeiZa— Ny ZEBMAIF S ENE T, LR TR IS
DANY PEZIWMDET; 70774 73 ZOHDA XY b 2LEE LEEA,

int PyTrace_LINE

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
FEH LA%R 2 & &I Py_tracefunc BABUC what 518 L TETHETT,
int PyTrace_C_CALL
C BEE WU STIERTIC Py_tracefunc B what 518 L THETHETT,
int PyTrace_C_EXCEPTION
C B AN &5 U7z & =02 Py_tracefunc BAED what 5% L CHETETT,
int PyTrace_C_RETURN
CRH»PBRS & 21T Py_tracefunc BID what 5182 L TETHETT,

int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when
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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() FABBZIL T2 & W,
FEOCH LN GIL Z2EF LUl b $8 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.
FEOCH LG GIL Z2E5 LTl $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 ()
will not receive PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the

what parameter.
sys.settrace() B HZMML T ZE W,
FEOCH LANG GIL Z2HEF LUl b $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.
FEOH LN GIL 25 LRl 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.
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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.
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 &SE%L&7/\vHHR—bk (advanced debugger support)
HUTROBBIEEER TNy 7Y — L TOFEHDDETDH DT,

PylnterpreterState *PyInterpreterState_Head ()
AVERTY)ZIREA T2 7 b ORB2VAIDIE, LHIZHEZDDERLET,
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PylnterpreterState *PyInterpreterState_Main()
AAVAVETVROREF TV =27 P 2IRLET,
PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

AVRT)RIKEF T 27 bR 2Z2VRA DB, interp DRIZHZDBDERLFT,

PyThreadState *PyInterpreterState_ThreadHead ( PylnterpreterState *interp)
A RTYX interp KHEMITOLNTVWERAL Yy F26RZ2YVZAMDS B, LEIIH S
PyThreadState 773 =7 M 2R L £ 3,

PyThreadState *PyThreadState_Next (PyThreadState *tstate)

tstate LR U PyInterpreterState A 7Y =27 MZBLTWAAL Y FIREEA 7Y =227 D5 b,
tstate DXICH 2 HDZIEL LT,

9.11 ALy FO—AILRL—PDYR—-F

Python 4 ¥ &7V &3, AL vy Fa—A/L R b L — (thread-local storage, TLS) DfRL 4K — %
BHELTOT, X474 7D TLS EEENEFICT v 7L T Python LNXILVDALy FR—AJLA ML=
API (threading.local) ZH¥K—F L TWEF, CPython ® C L)L API I pthreads % Windows T
Hz6h3 TLS LABETT: ALy RF—L AL vy RZLIZ void* fE% BRI 2 B V£ 5,

API TEDLN 2B 2R Zid, GIL ZHG T 202 HDFEA . BEETGOO vy 793 K—-rEhT
L\ij—o

Python.h & TLS API ODHEE % include 3. AL vy Fa@—A VA L —I%ff5121d pythread.h %
include 32 MHEH % Z LITTER L TLEE W,

O IR

2 API BEUZ Y N voids DD DICRE Y EHETS ZLIZL /A, AT ) O L MANZH
MICHT S BEA D D £F, voidk AT E7F Pydbjects 72 o781, APl B3I 2 2hOEDS
B > b DIBIERITOEE A,

9.11.1 XL v FEEBX kL —2 (Thread Specific Storage, TSS) API

TSS API X, CPython £ ¥ X 7Y RIZEFNTWBEHFED TLS APl 2 EEMZ 272D B AN E L,
2D APLIE, ALy FF—DRHIT int DO IH L WAL Py_tss_t BFVE T,

Added in version 3.7.

o B

"CPython DALy FR—A)L A ML =YD= DH LW C API” (PEP 539)

type Py_tss_t
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DT —ZEERIFAL v FF—DREERFL TVET, ZOMEKRDOERIL. RED TLS Eic
RIEL. F—OUIMLIRBE R T 2NEE7 4 —L R2RB 3, 2 OMERICIZAR (public) @ X
INEHY FEA

Py LIMITED API DPEZEINTWRWE 21X, ZOBOD Py tss_NEEDS INIT IZX3HFHNAEY
MREPTE LT,

Py_tss_NEEDS_INIT

ZD~ruld Py_tss_t ZROWILFIEBHENE S, 2D~ nld Py LIMITED _API 3% %
LEIIERSNEE A

X E R

BI72 Py _tss_t DX E VIR Py LIMITED API TENL FENFIEREY 2 — LV TREICHR D T35,
FDRENLIL FRAICHERZ 72012, ZOROER 2 X TV HERIZATETT,

Py tss t *PyThread_tss_alloc()

RICBLET: 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 t *key)

RICBLETF: Stable ABI IN—2 3> 8.7 &D).  TFree 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.

O IR

A freed key becomes a dangling pointer. You should reset the key to NULL.

XV 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)

RICBLEF Y Stable ABI (IN—23> 3.7 &£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 1 *key)

RICELZET: 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.
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void PyThread_tss_delete(Py iss ¢ *key)

RICBELEF 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—=23> 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 tss t *key)
RICBLEY: Stable ABI (IN—23 > 3.7 &D ). Return the void#* value associated with a TSS
key in the current thread. This returns NULL if no value is associated with the key in the current
thread.

9.11.2 XL FO—AJIL R FL— (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.

AR B ORIEIC LD, ZDOAN—Ta > D APLIEHHO 2 — FTHHAIAREZTIED D T8 A

int PyThread_create_key ()
RICBL 9 Stable ABI.

void PyThread_delete_key (int key)
RICEBLET: Stable ABL

int PyThread_set_key_value (int key, void *value)

RICBL 9 Stable ABI.

void *PyThread_get_key_value (int key)
RICELE 9 Stable ABI.

void PyThread_delete_key_value (int key)
RICELF9: Stable ABI.

void PyThread_ReInitTLS()

RICBL 9 Stable ABI.
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9.12 ATV =ZT+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 R
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.

9.12.1 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.
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0 IR
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.

(EENR
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))

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
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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, (PyObject*) (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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PYTHON #JHA{ta&7E

Added in version 3.8.

Python & Py_InitializeFromConfig() ¥ PyConfig M &K % i o TH LT Z £ 7,
Py_Prelnitialize() ¥ PyPreConfig MHifRiz X » THANCHIIULTE 5,

REIEZODHEENDH D £75:

o Python Configuration &, #E O Python LR UIRZ N2 T 2 H AKX~ A X &/ Python % R
FTEEDIHHINET, 2R, BELZHa~ Y BS54 U550 Python 23 ET 3 7= X
NEI,

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 SR LTL ZE W,

o B

PEP 587 "Python #I{{bE”

10.1 EAH

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

config.isolated = 1;

(RDR=V1Hi <)

307
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(RiDR=T 226 DfE X))
/* Decode command line arguments.
Implicitly preinitialize Python (in isolated mode). */
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) {

goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
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.

2 PyWideStringlList

type PyWideStringList

wchar_t* SXFHID Y R b,
length DIEX T DFEE. items 1EIE NULL 220 TR TOXFHNIIE NULL TRIFUUIRD T2 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 DPLEICHEAL 3,

index 78 list DRI EDLGE. item & list DRBITEML 5,
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index must be greater than or equal to 0.
Python must be preinitialized to call this function.
MHER 7 4 — L R

Py ssize_t length
VA PDRE,

wchar t **items

U2 hDEE,

10.3 PyStatus

type PyStatus
WELEIB DA T — 2 2 (P, =5 —. ¥T) 28N 3 2 SR T3,
oKk, =7 —2ER L CEBOATENTE 3,
MEEIR T 4 — L K

int exitcode
Ta—F, exit() O5lEkE LTEINET,
const char *err_msg
Io7—Xvt—3,
const char *func
T —ZEM L BB OHETT, NULL 128D A £,
AT — R ARLERT 2 B
PyStatus PyStatus_0k (void)
B
PyStatus PyStatus_Error (const char *err__msg)
Avt—yedlczs—2HIMLL $9,
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)
XEVEHD Y TORE (XEVARE),

PyStatus PyStatus_Exit (int exitcode)

FEE LT a2 — T Python 2T LET,

AT — R A% B

10.3. PyStatus 309



The Python/C API, U1 —2X 3.13.3

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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10.4 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.
MHER 7 4 — L 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.
e PYMEM_ALLOCATOR_MALLOC (3): use malloc() of the C library.
e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

o PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug

hooks.
o PYMEM_ALLOCATOR_MIMALLOC (6): use mimalloc, a fast malloc replacement.

e 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.

_ Tfequalsto 0, set coerce c locale and coerce c_locale warn memberstoQ.
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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.

10.5 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_EzitStatusExzception().

For Python Configuration (PyPreConfig_InitPythonConfig()), if Python is initialized with command
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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();

10.6 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.

320 % 10 = Python #IHAMLERE



The Python/C API, U1 —2X 3.13.3

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:
e "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 ”C” 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 compatibility mode with the perf profiler?
If non-zero, initialize the perf trampoline. See perf profiling for more information.

Set by -X perf command-line option and by the PYTHON_PERF_JIT_SUPPORT environment
variable for perf support with stack pointers and -X perf_jit command-line option and
by the PYTHON_PERF_JIT_SUPPORT environment variable for perf support with DWARF JIT

information.
Default: -1.
Added in version 3.12.

int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.

Set to 0 by the -E environment variable.
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Default: 1 in Python config and 0 in isolated config.

int user_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the -s and -I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing

the place (filename or built-in module) from which it is loaded.

If greater than or equal to 2, print a message for each file that is checked for when searching

for a module. Also provides information on module cleanup at exit.
Incremented by the -v command line option.

Set by the PYTHONVERBOSE environment variable value.

Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.

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 ().
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
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If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command

line arguments, and Python arguments are stripped from argv.
The zoptions options are parsed to set other options: see the -X command line option.

N—Ya > 3.9 TZHE: The show_alloc_count field has been removed.

10.7 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_EzitStatusException().

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,
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:

(RDR=D 128 )
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PyConfig_Clear(&config) ;
Py_ExitStatusException(status);

(RIDR=I D5 DR E)

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)) {

goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception(status)) {
goto done;

b
status = PyWideStringList_Append(&config.module_search_paths,

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

10.8 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.

10.9 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.

10.8. Isolated Configuration 331



https://peps.python.org/pep-0538/
https://peps.python.org/pep-0540/

The Python/C API, U1 —2X 3.13.3

10.10 Python Path Configuration
PyConfig contains multiple fields for the path configuration:
e Path configuration inputs:
— PyConfig.home
— PyConfig.platlibdeir
— 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 X.Y is the Python version).

e Path configuration output fields:

— PyConfig.base_exec_prefic

PyConfig.base_exzecutadble

PyConfig.base_prefiz
— PyConfig.exzec_prefix

— PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefiz

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).
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If base_prefiz or base_ezec_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.
e Set site_import to 0.
e Set safe_path to 1.

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable.

10.11 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.
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10.12 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;
— 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:
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void init_python(void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

config._init_main = O;

/* ... 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,
340
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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 F-plr L TEINIZI-—HFarTF
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()
o PyMem_Calloc()
o PyMem_Free()
PYMEM_DOMAIN_OBJ
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
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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_Del(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 Del() */

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_Del ().
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IHHDEBICOVWTIE, RED C L2323 L WA TV 27 FRIOEFRPFEEICH T 20RO CTHAAL
%9,
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ZOETIE, FILWATD 27 FOREERERT IBRICHEOLAZEK,. B, BLXU~27 0l o0WTHBELET,

121 A7z bZe—TLICXEVHERTS

PyObject *_Py0Object_New(PyTypeObject *type)
ROfE: HILLWEE,

PyVarObject *_Py0Object_NewVar (PyTypeObject *type, Py ssize t size)
ROfE: HLLEEK,

PyObject *Py0bject_Init (PyObject *op, PyTypeObject *type)
RD{E: EABE, XICEL £ 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 *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ ssize_t size)

RDE: BRAB8R, RICEL £ Stable ABL. PyObject_Init() OETOUIEITN, AJEY 4 X
A7V bOGEIIRSHERDBMIMLL 5,

PyObject_New(TYPE, typeobj)
C ofERA TYPE ¥ Python ORA 7Y = 7 b typeobj ( PyTypeObject* ) % F\T Python 7
TV 27 b OMHEEEFRERAL 3, Python DA TV 27 b Ay ZICEREINTVWARWVWT 4 —IL RiZ
bt Eh R A, MUHLITAA 7P 227 bAOHE—DOSIRBRERLET (0 b, BRIV NI
WCRDET), AEVEIDYTOREXIFHA T2V D tp_basicsize 74 —LRICX>oTEDS
nxd,

Note that this function is unsuitable if typeobj has Py_TPFLAGS HAVE_GC set. For such objects,
use PyObject_GC New() instead.

PyObject_NewVar (TYPE, typeobj, size)

C ofEERE TYPE ¥ Python OWA 72 = 7 b typeobj ( PyTypeObject* ) %\ T Python #
TP 27 N OEBEFRERLE T, Python D47V 27 Ay RICERINTOVERNVT 4 —L i
AL X N E R A, HEEREINTZX TV I, TYPE #ESERITZ. typeobj D tp_itemsize 7 4 —Jb
FICXoTEDONIKEZZDT 4 —)L N % size ( Py_ssize_t ) A TEET, ZHEIE TR
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EO, ERRFICRESZRETE LA 7Y 27 F2EET LM TS, RLXEVEHICT 4 —L
FOEA S DAL Z & T, XAEVEHOEEZES L. ATV EHMRE LTS5 e TEXT,

Note that this function is unsuitable if typeobj has Py TPFLAGS_HAVE_GC set. For such objects,
use PyObject_GC_NewVar() instead.

void PyObject_Del (void *op)
PyObject_New E7:21& PyObject_NewVar Ik 5T, 737 bDDITHEREI NI X E Y ZRIK
LET, SRXEHA 7Y =27 FORIIEEINTWS tp_dealloc NV RIMHMUIHENE T, &
NOMUH LD X E VIEBHCER Python 7Y =227 bTRERLA B> TWERD, A7 D
74—V RRT 7 ERASNEZRETEDHD THA,

PyObject _Py_NoneStruct

Python »*51d None IZRZ %5473 227 F T3, ZOEANDT Z7E2RE, ZDFTI =7 bADKRA
Y REFHET % Py_None w7 RE{HbiRFiUIRD €A,

& 2E

PyModule_Create() TN
RES 2—1D7 07— b A,

12.2 £BDA T U MMEER (common object structure)

Python Tld, A 7Y =27 MiZEHRT 2 L THZ OMERIEDNET, ZOHITEI=>DMiEkL 20D
FAFECDOWTHHAL £9,

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

RICBLET: Limited APL. (WS DDA N—DHDBRE ABI TG, ) 2 THOA T =7 M
BZOHEZHIRLZB DT, ZORE, 247V V28T RA VX2 A7V =27 2L T
Python 22545 DIHERBEWRP A > TVWET, BHBED 7 VY -7 B RFTIE, Zo&ERIE
AT FOBRAVY I TI 2 PR TBRA T 2 METIB Ao TVET, EE
121 PyObject THZZLIFEFTEINTVERAN., £TD Python 7Y 27 bADEA ¥ &XiZ
PyObjectx NF ¥ A FMTEXT, X NIZT7 78R T 5I2IE Py_REFCNT ®2-7a & Py TYPE X7 A%
ELLRTFIUIRD TE A

type PyVarObject

RICBLET: Limited APL. (WS DD DAY N—DHHMNEE ABI TT, ) This is an extension
of PyObject that adds the ob_size field. This is only used for objects that have some notion of
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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

AIERREIEZRLLRVA T2 7 M 2RHFTIHLVWAEZESE T2 21lffis~2ruTd, PyOb-
ject. HEAD w7 RIZXD LS ICEMEh FT:

PyObject ob_base;

LiZH B Pyobject D R F 2 XY bEZRLTLZE W,

PyObject_VAR_HEAD

AVARVAZ LICERZEIRROA TP 2 7 M EREATAHLWARESE T2 IS5~ /0T
3, PyObject_ VAR, HEAD ~ 727 2i3XD X S ICBEEINE !

PyVarObject ob_base;

FiZ®H B PyVvarObject D FF 2 X FEBHLTIZE W,
PyTypeObject PyBaseObject_Type
RICEL £ 9 Stable ABI. The base class of all other objects, the same as object in Python.
int Py_Is(PyObject *x, PyObject *y)
RICELET: 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)

RICBLZET: 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)

RICBLZET: 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 (/N\—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 *o0)

RD{#E: EABME, Cet the type of the Python object o.
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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.

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 *o)

Get the size of the Python object o.
Use the Py_SET SIZE() function to set an object size.

N—a ¥ 311 TEHE: Py SIZE() is changed to an inline static function. The parameter type is

no longer const PyVarObject*.

void Py_SET_SIZE(PyVarObject *o, Py ssize t size)
Set the object o size to size.
Added in version 3.9.

PyObject_HEAD_INIT (type)
LW Pyovject BD 7D DFIIAEICE T2~ 0 T3, 2O 7 IERD XS ICERINET,

_PyObject _EXTRA_INIT
1, type,

PyVarObject _HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVar0Object type, including the

ob_size field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,
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12.2.2 Implementing functions and methods

type PyCFunction

RICBL £7: Stable ABI. Type of the functions used to implement most Python callables in C.
Functions of this type take two PyObject* 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.

BT 72 F v 3 ROEBHTT

PyObject *PyCFunction(PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

RICEL £7: Stable ABIL. 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

RICBELEF Y : Stable ABI ()IN—23 > 3.13 &b ). 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

RICBLET: Stable ABI (IN\—2 3> 3.13 & D). Type of the functions used to implement
Python callables in C with signature METH FASTCALL | METH KEYWORDS. The function

signature is:

PyObject *PyCFunctionFastWithKeywords(PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD
| METH _FASTCALL | METH _KEYWORDS. The function signature is:
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PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining_ class,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames)

Added in version 3.9.

type PyMethodDef

RICBLET: Stable ABI (TRTDAYN—%ZEEL). HERHD XY v R EERT B BICHV 2158
HKTT, ZOBERICIZ 4D 74— L EBHD FT:

const char *ml_name
Name of the method.
PyCFunction m1_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 Py0b 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 BID X v FCTHAFNHEHLN SN LN TS, BEIE Pyobjectx B 5EfEL
TOBERLES, BRAIOFIEIIRXY v FD self 7927 b TY; Y 2 — VEBOBE, ke
Va—NA Tz FTT, B_DRITRAE (XL args EFHINET) &, RTO5I8ERBT 47
NATI 2D bTT, T XRITEHE, Pydrg_ParseTuple() R PyArg_UnpackTuple() THLHEHXH
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.

356

%12 E A7 U bREHYR— b (object implementation support)




The Python/C API, U1 —2X 3.13.3

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.
N— a ¥ 3.10 TEH: 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 Py0Object* 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.
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METH_0

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.

MUTOZo0FE. MOHLBENERTHDOTIERL, Z27ADAYVy R LTHIBOFEFRNERTD
DTF, TV 2a— MWL TEBINEZBERTHOWTIERD ERA, XYy FIZRLTIE. ZRT—2LHZ
D77 7%ty bTEFEHA,

METH_CLASS

AV FOEMIOGIEIZIE, DA VAR ATREBRBA T 7 W EINET, 2075713
HIAHBIRL classmethod () Zffo THERT 2D ERL I FARAY YR (class method) KT %72
DIEDLNE T,

METH_STATIC

XYy FORAOFIEIZIE, D4 v A&X Y Z2TIERL NULL BEXIRET, 207 J5 73,
staticmethod() Zflio THMT 2D LR L XYV Y F (static method) Z KT % 7= D12 fE
bihrEd,

B —ODERIE, HEXAY Yy FEFADHDRAY v NERLBEMZ 205 02HIHIL £9,

METH_COEXIST

The method will be loaded in place of existing definitions. Without METH COEXIST, the default
is to skip repeated definitions. Since slot wrappers are loaded before the method table, the existence
of a sq_contains slot, for example, would generate a wrapped method named __contains__()
and preclude the loading of a corresponding PyCFunction with the same name. With the flag
defined, the PyCFunction will be loaded in place of the wrapper object and will co-exist with the

slot. This is helpful because calls to PyCFunctions are optimized more than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)
ROE: FiLLWBER, RICBLXT: Stable ABI (/N—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.

& 2E

function.__module__

The cls parameter will be passed as the defining_class argument to the C function. Must be set
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if METH_METHOD is set on m1->ml_flags.

Added in version 3.9.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

EbhflEi: riLWBE, RICEL £¥: 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).

12.2.3 Accessing attributes of extension types

type PyMemberDef

RICBLETY: Stable ABI (FARTDOAY/N—%ZFL). 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

—_— )

tp_vectorcall_offset in type objects. These must be defined with Py_T_PYSSIZET and
Py_READONLY, for example:

contain a definition for the special member "__vectorcalloffset corresponding to

12.2.
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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.

N—Y 3 ¥ 312 TAZH: PyMemberDef is always available. Previously, it required including

"structmember.h".

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— a ¥ 3.12 TEH: PyMember_GetOne is always available. Previously, it required including

"structmember.h".

int PyMember_Set0One (char *obj_addr, struct PyMemberDef *m, PyObject *o)
RICEBL 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_Slot. When setting tp_members during class creation, Python
| . ] MemberDef. off he offset. he PyObs
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N—a ¥ 3.10 TEH: 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— 3 ¥ 3.12 TZH: The READONLY macro was renamed to Py_READONLY. The PY_AUDIT_READ macro
was renamed with the Py_ prefix. The new names are now always available. Previously, these required

#include "structmember.h". The header is still available and it provides the old names.

Member types

PyMemberDef. type can be one of the following macros corresponding to various C types. When the
member is accessed in Python, it will be converted to the equivalent Python type. When it is set from
Python, it will be converted back to the C type. If that is not possible, an exception such as TypeError

or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr().
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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

39§_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,

12.3 Type Object Structures

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: 366, *2
w kP 365, %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.(
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R 1-AIOR—IH5DHEE

PyTypeObject A k*! it ¥EHRAY Y R /SHREN InfoP- 366, *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 INQUITY 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. Type Object Structures 365



The Python/C API, U1 —2X 3.13.3

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_ 7MY tset on PyBaselbject_Type binaryfunc _ rshift
.
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 &

The structure definition for PyTypeOb ject can be found in Include/cpython/object.h. For convenience

of reference, this repeats the definition found there:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;
Py_ssize_t tp_vectorcall_offset;
getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)

or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method 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,

This field should be accessed using the Py_SIZE() and Py_SET_SIZE() macros.
i

Y TRATEZDT 4 =L FEHELEZHEA,

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 ¢p_name initializer "P.Q.M.T".

FICAEVERESNZEA T~ OBAE, TO7 4 — L FIHZBOARNTRD, £V 2 —L
I OFFENTH — '__module__' 1T F 2L L THRIICRIFSNE 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).
i

P TRALAZZDT 4 =NV FEHELEHEA,

Py ssizet PyTypeObject.tp_basicsize

Py ssize_t PyTypeObject.tp_itemsize

IHREDT 44— R, AV RARADANL P YA XEFHETESE51CLET,
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There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types
with variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length
instances, all instances have the same size, given in tp_basicsize. (Exceptions to this rule can

be made using PyUnstable_Object_GC_NewWithEztraData().)

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.

Functions like PyObject_NewVar() will take the value of N as an argument, and store in the
instance’s ob_size field. Note that the ob_size field may later be used for other purposes. For
example, int instances use the bits of ob_size in an implementation-defined way; the underlying

storage and its size should be accessed using PyLong_Export ().

O R

The ob_size field should be accessed using the Py_SIZE() and Py_SET SIZE() macros.

Also, the presence of an ob_size field in the instance layout doesn’t mean that the instance struc-
ture is variable-length. For example, the 1ist type has fixed-length instances, yet those instances
have a ob_size field. (As with int, avoid reading lists’ ob_size directly. Call PyList_Size ()

instead.)

The tp_basicsize includes size needed for data of the type’s tp_base, plus any extra data needed

by each instance.

The correct way to set tp_basicsize is to use the sizeof operator on the struct used to declare
the instance layout. This struct must include the struct used to declare the base type. In other

words, tp_basicsize must be greater than or equal to the base’s tp_basicsize.

Since every type is a subtype of object, this struct must include PyObject or PyVarObject
(depending on whether ob_size should be included). These are usually defined by the macro
PyObject_HEAD or PyObject_VAR_HEAD, respectively.

The basic size does not include the GC header size, as that header is not part of PyObject_HEAD.

For cases where struct used to declare the base type is unknown, see PyType_Spec.basicsize

and PyType_FromMetaclass().
Notes about alignment:

e tp_basicsize must be a multiple of _Alignof (PyObject). When using sizeof on a struct
that includes PyObject_HEAD, as recommended, the compiler ensures this. When not using a

C struct, or when using compiler extensions like __attribute__((packed)), it is up to you.

o If the variable items require a particular alignment, tp_basicsize and tp_itemsize must
each be a multiple of that alignment. For example, if a type’s variable part stores a double,

it is your responsibility that both fields are a multiple of _Alignof (double).

IR
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These fields are inherited separately by subtypes. (That is, if the field is set to zero,
PyType_Ready () will copy the value from the base type, indicating that the instances do not

need additional storage.)

If the base type has a non-zero tp_itemsize, it is generally not safe to set tp_itemsize to a

different non-zero value in a subtype (though this depends on the implementation of the base

type).

destructor PyTypeObject.tp_dealloc

A VARV ADT AL 77 ZBEANDKRA &2 TT, TOBEIZ (FE T None % Ellipsis DED
) A YRR Y AHRLTAEY RSN VETRWRD BT ERLRTFNUIRD A, 7
2 F v FROBMD 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_Del () 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.

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) ;
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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.

T
P ITRATEXZDT 4 — L REREKLET,

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-
haviour is consistent with the wectorcallfunc function. This can be done by setting tp_ call to

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—3Ya ¥ 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.
i

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> avDRA Y RT, get-attribute-string 217 5 B ZIEL £ 3

ZDT7 4=V FRBIFHERETT, 2074 — NV FEERT DL XL, tp_getattro BIEFU X 512H)
EL. BMAE Python XFH A 7Y 227 b TR C XFHITIRET 2 X5 R ERT LSO
RFUITRD FE A
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i
Group: tp_getattr, tp_getattro

ZD7 4 =N FE tp_getattro tHIIH T X4 FITHMEASINET: Tibb, ¥ 7%4 70
tp_getattr BRI tp_getattro BT NULL DG, +7 X4 FIIEEX A THh 5 tp_getattr
¥ tp_getattro XML bRAL T,

setattrfunc PyTypeObject.tp_setattr

AT arDRA Y RT, BUEORE L HIFRZT S BEBEIHL£3,

ZDT7 4=V RIFIHHERETT, 2074 — L FREET L XL, tp_setattro AKEFAT X5 ICH)
fEL. JBIEAE Python XFH| 7Y 227 FTidie C XFHITIHET 2 L5 REKEIET XS5 CL
RFHUEE D R A

e
Group: tp_setattr, tp_setattro

ZDT 4 =L R tp_setattro EIHITH TR FICHAINET: Thbb, ¥ 7X4 70D
tp_setattr BX U tp_setattro MBI NULL DIFHE. ¥ 744 TIIREEX A T0 5 tp_setattr
¢ tp_setattro ZMTE WAL X5,

PyAsyncMethods *PyTypeObject.tp_as_async

BIOERETIETRA VX TS, ZofERIE. C LRIVT awaitable 78 bk asynchronous
iterator 7R P ANERETEIF T2 7 MV EFREBRTE 74—V FEREBET, LWV X
async 7T TV MEEE 2SR L TLIZE W,

Added in version 3.5: D H{lZ tp_compare % tp_reserved ¥ L THIGNTWE L7z,
fE:

tp_as_async 7 4 =)V RIFMRINFERAD, ZHIZEENS 7 14 — L FHBEBICHEE XN E T,

reprfunc PyTypeObject.tp_repr

FTTavORA VET, HMAAABEE repr() ZEELTVWLHEMEREL T,

The signature is the same as for PyObject_Repr():

PyObject *tp_repr (PyObject *self);

COBBUITFHIA 7Y = 7 b Unicode A 7Y =7 P 2RI RIFUIRD $H A, BHARIIE, 2
DERAHR T FANE, EYIREIE T eval O KE LSS, AUEZFHOA 7S 27 Mcks L 57%
XFITRFNIRD S8 A, FABERGEICIE. A7 =27 PO ELASEH L ZNEDA -7
<" PBIRE ST > TRODIXFINZIRSRIFIIRD FHA,

.
P TERALFZZDT7 4 — NV FEHEALE T,

T7#ILbE
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ZDT 4 = ERREINTORWVWIEGS, </s object at %p> DERE & 2 XFHNIIRINET, %s
BRIDOHZRNC, %p EA TV 27 FDXEY 7 FLRARKEBEEMRIONET,

PyNumberMethods *PyTypeObject.tp_as_number

BETo ralEEELZBINOBEREIET AL VX TT, 26D 7 14— RIZOoWTIE BIEA
T MESER THHEATWET,

R

tp_as_number 7 4 =)L RIFRSINERAN, ZZOEFENDS T 14— RBEFICHER I E T,

PySequenceMethods *PyTypeObject.tp_as_sequence

Y= rA7a ralERELBINOBEERERETRA VEZ TS, ZThdD7 4 — FIZoWTik
=l ZAF TV U MEER THHIATVWE T,

k-

tp_as_sequence 7 4 — )V FIZMERSINFLAN, THZEEND T 4 — FHEGICHA SN E T,

PyMappingMethods *PyTypeObject.tp_as_mapping

Ty Y7 alEEELREBMOBEREIETRA VA TT, ZRHD T 4 —L RIZDOWTIE
Ry TATD U MEER THHINATVWETS,

k.

tp_as_mapping 7 4 =)V IR INFEBAD, ZIUTEFEND 74—V ROEBNCHER SN E T,

hashfunc PyTypeObject.tp_hash

F 7T a DRV RT, HAAASER hash() BZRELTWIHEBERELZ 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 FOMEREI Ry 752N TEEST, Zhid Python L X)L TD __hash__ =
None ¥ [AI%F IR X 41, isinstance(o, collections.Hashable) P3IEL £ False #iE3T X5 IZ
BODET, WDELARETH S Z L IHEFERLTLEX W - Python L X)L T __hash__ = None % &€
352 & T tp_hash A0 v M PyObject_HashlNotImplemented () W ESINE T,

k-

Group: tp_hash, tp_richcompare
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ZDT 4=V RIE tp_richcompare L HITH T XA FITHAEINET: TR, 77X 4TS
D tp_richcompare B X tp_hash DM H NULL DL & 7 XA FRIEEX A T 5
tp_richcompare ¥ tp_hash ZWHF L DAL ET,

T7#ILEb
PyBaseObject_Type uses PyObject_GenericHash().

ternaryfunc PyTypeObject.tp_call
FTaVvDRAVET, A7V =27 FOMOHLZEE L TWABHZIELE T, A7V 27 M
O LATRE TR W EITE NULL i LRI D £8 A, 72 F vid PyObject_Call() E[RLT
T,

PyObject *tp_call(PyObject *self, PyObject *args, PyObject *kwargs);

R
P ITRATEIDT 4 — L REHEKLET,

reprfunc PyTypeObject.tp_str

AT ayDRAVRT, HAAADHRF str() ZFEEL TV IBEBEIHELET, (str D —DIZ
Rofelzd, strQ i str DAVA I 7 XEMUHT I IREFERLTLEZIVY, ZOaYARNI72
ZIFEBEOWUH 21T 5 BT PyObject_Str() ZMUH L. & 51T PyObject_Str() I DNV FZ
EMHUOHETIZICRDET, )

The signature is the same as for PyObject_Str():

PyObject *tp_str(PyObject *self);

ZOBEIESIFHIA 7Y = 2 R ip Unicode 79 =2 F BBE BFAUIRD $¥A, 2REA TV =
2 bR DT (friendly)” FBRLECFHTRINEAZD $RA, V3 DR, ZOCFIE
¥ Db print () BETHEDNS 2 LIZR B ERDESSTT,

.
B TERALFZZDT7 4 — NV R EHEALE T,
F7FILE

DT 4 = EPRESNTWRWEE, XFHNERBRZ KT 720121 PyObject_Repr () U EH
9,

getattrofunc PyTypeObject.tp_getattro
F T arDRA U RT, get-attribute ZFHEEL TWBEMEIBELET,

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);
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HEOBMEMREZFHIEL TWD PyObject_GenericGetdttr() I D7 4 =L RIZRELTEBL &
WTWOBE AT,

i
Group: tp_getattr, tp_getattro

DT 4=V tp_getattr EHICH T XA TIHAINET: ThHhbDE 7% 4 70
tp_getattr BRI tp_getattro HIIZ NULL DG, ¥ 7 X4 FIIEEX A TH 5 tp_getattr
¥ tp_getattro XML bRAL 3,

TI7#ILE
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT avDRART, BEDOBIE L HIPRZAT S BBZIEL £,

The signature is the same as for PyObject_SetAttr():

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value); ]

E 512, value 12 NULL Z45E L TBMZHAIRTZ 2 X5 LARTAERD S8 A, @EOF 7Y =7
MEMEREEFEELTWVWD PyObject_GenericSetdttr() I D7 4 =V RIZRELTEL 20T
VOBERERN TS,

fkE:
Group: tp_setattr, tp_setattro

TD7 4= FIX tp_setattr EHIH T XL FICHMARSINET: TRDE ¥ 7%4 70
tp_setattr BX U tp_setattro BT NULL DEE, V7 XA FTIEIEEX AL TS tp_setattr
¢ tp_setattro ZMT L DAL X5,

TI7#ILE
PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs *PyTypeObject.tp_as_buffer

Ny T7 A4V R=T 2 —RAZRELTVWEA T =27 MZOAMET 2, —#HD 7 1 —L FEDBA -
T OREERZIE T RA V2T, BEERNOE 7 4 =V FE Ny T 74T MEER (buffer
object structure) TEtAHL 3,

MR

tp_as_buffer 74— FEKBMEAINTRAN, HKEAENS 74— FIZERNICHES A
S P

unsigned long PyTypeObject.tp_flags

D74 —NREAR TS IDERDZE Y bRATTT, WOHhD7 7 7E. FFEDIRTIZE VT
ZHIMRE~Y T4 ZADEHEINZ e EZRLET; 20077 270%, B4 7227 b (B3 VWiE

12.3. Type Object Structures 379



The Python/C API, U1 —2X 3.13.3

tp_as_number . tp_as_sequence . tp_as_mapping . B XL tp_as_buffer BHML TV 2 HL5R
KRERER) OFED 7 4 — L FDH B, @EPSLHEETT o LIFEL TV DI TIERVWD DO2H
IR0 TWVWB I e ZRTRbIMONET;, 7778y A7V T7ERTOVHRE, 75 7BMREL T
W57 4 =N FIZIE7 72 AL BWRDDIZ, ZDHEIFE TS NULL 12725 T\ & AR SR T TR
DEHEA

k-

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base
type has a flag bit set, the subtype inherits this flag bit. The flag bits that pertain to extension
structures are strictly inherited if the extension structure is inherited, i.e. the base type’s value
of the flag bit is copied into the subtype together with a pointer to the extension structure. The
Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverse and tp_clear fields, i.e.
if the Py_TPFLAGS_HAVE_GC flag bit is clear in the subtype and the tp_traverse and tp_clear
fields in the subtype exist and have NULL values. .. XXX are most flag bits really inherited

individually?

T7HILE

PyBaselObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

DFREEF2Ly PRAZRBBAEERINLTVIHDOTT; 772703 | HEAFTHEMEZR-T
tp_flags 7 4 =)V RODEZIERKTE %£9, PyType_HasFeature() =27 w3y 75 7fH, tp BLU
fZr b, tp—>tp_flags & £ DIEL L S pHFANET,

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.
kR
777

Py_TPFLAGS_BASETYPE

REROBOEREZ A T LTHRZZ5EICEYy PENEZE Y P TS, ZOEY 237 Y 7R
HIX. ZOBOY TR A FIERTEFEA (Java IZBIF 25 "inal” 7 7 RP 2 5 RI27% D
£9)o

k.

777
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Py_TPFLAGS_READY
AT 27 bW PyType_Ready () TRERXWIEHLIN 2Ly bEhdE Y FTT,
i
777
Py_TPFLAGS_READYING
PyType_Ready () WX 28 A7 = 7 o)LL Iz y FEIhBE Y T,
ik
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 FEEREBEBANR—IOAL I3z R—FF 3. This bit also implies that the
GC-related fields tp_traverse and tp_clear are present in the type object.
i

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.

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.
ik
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.
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Added in version 3.8.
k.

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.

A

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.

R

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

Py_TPFLAGS_ITEMS_AT_END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the
instance’s memory area, at an offset of Py_TYPE (obj)->tp_basicsize (which may be different

in each subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not

variable-sized. Python does not check this.
Added in version 3.12.

.

This flag is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS

Py_TPFLAGS_TUPLE_SUBCLASS
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Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

INBD T F 7 PyLong_ Check() D X D 7RBHMN, BN b 2MARAABTIDY T 5 A0 E S
PEZRBECHW T 20fbhET;, COEHDOF = v 7% PyObject_IsInstance() DK 572
WHZRF = v 7 XD DEHRTT, HAALRZHA L ZMBE DR TIE tp_flags ZEYNHE
FNRET, 25 LRV ZOHEMPEDS a— FTlE, YARF =y ZOHEIMEONEPIZE-T
RAFENDVELSTLEITL & o

Py_TPFLAGS_HAVE_FINALIZE
BIRGSEIRIZ tp_finalize ARy MPFEIELTWVWH E X2y hENBE Y FTT,
Added in version 3.4.

N— a ¥ 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.

R

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.

ik

This flag is not inherited.

Added in version 3.10.
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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.

R

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.

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 - i) & — <y F: Lk

Added in version 3.10.

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the
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subject of a match block. It is automatically set when registering or subclassing collections.

abc.Sequence, and unset when registering collections.abc.Mapping.

O 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.

&> Bz

PEP 634 -- s & — >~ v F: {15k

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

This flag is present in header files, but is not be used. It will be removed in a future version
of CPython

34

==}
=

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 REMEK LEEA

traverseproc PyTypeObject.tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse(PyObject #*self, visitproc visit, void *arg); }

Python D HFR—yal 27 a ¥ OHEHAIZOWT ORI, BESBAR—IOL I3 v EYR—
FTBIWZHHET,
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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;
b

Py_VISIT() PERZBIICKRI2BNDDH 2 A Y ANZEFMUIHINA TS ZEIFEHL T X W,
self->key X Y N\bH D FFH, ZAUL NULL 7 Python XFH DT, BRSBEO—HIciR3 L
3HD EEA

=T RAUAPERSBO—IIRDBERVEH > TWTD, Ty ZHITKE L2 WGED D 55
b LNIRNDT, gc EY 2—/LD get_referents() FABIITERSIICLR DGRV Y 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));
#enda f

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

When implementing tp_traverse, only the members that the instance owns (by having strong

g

==}
[=]

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).
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Note that Py_VISIT() requires the visit and arg parameters to local_traverse() to have these

specific names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must
therefore either visit Py_TYPE(self), or delegate this responsibility by calling tp_traverse of
another heap-allocated type (such as a heap-allocated superclass). If they do not, the type object

may not be garbage-collected.

N— a 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.
ik
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.

imnquiry 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 NEBUE GC P L7ZEERLTVW2 2 I DEESBEEIT-HDICHVLNE T, &
BHBBETEZ D L, AT LANDETD tp_clear BEEAHEEL T, £ TOMBRSHEHEL 2T
IR D EBA, (R H2RID tp_clear ZEELBRLITHETOHERSRPBETZ 20 THN
WEELLZCTHRY) I THHHIT. & LD L THREDRERTH D 2 DTHIUI, tp_clear
BIBR IR T 2 RETT, HIZIEX. BT IE tp_clear ZHELFHA, BRERS, XINLIZTTH
RENTERSRPABOH 2 L3N TT, oT. XTNVLUNDEID tp_clear BT
T, XTNEEOEARBRSEOOITBIRTEL Z LI D 3, THUIMRICH 2 Z 2 Tidi <,
tp_clear DEIEZBHI 2 BVHEIEZD 722D D FH A,

ROFNCH % & 512, tp_clear DFEEIZ, 4 VARV AM 5 Python A 7Y =7 b2y Bbits X
NADBBEH L, FREDRXUANDKA VRIZNULL Bty FIREXTT

static int
local_clear(localobject *self)
{
Py_CLEAR (self->key) ;
Py_CLEAR(self->args);
Py_CLEAR(self->kw);
Py_CLEAR(self->dict);
return 0O;
}
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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 FABDOHINISIR A Y > M Z2E T 2 Z 2 R DT, Python XF%|% Python B# oD X 5
B, EERZRICBDILDTERWATY =27 b 22 )V 7T 2REIHY F¥A, —77. AT IET
@ Python #7227 b2 2V 735LK51CL, ZORD tp_dealloc BBDY tp_clear BAEE FEIT
T2 LT B EFEDPIITHZLTL £ 5,

Python DFRXR—YalL 2 a YDA OWTORME, BREBEAR—JOL I 3 vEHR—
g3 Hh T,

.
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
bit: the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all
zero in the subtype.

richempfunc PyTypeObject.tp_richcompare
T a Y DRA Y RT, PRIEBEBZELE T, 2274 F v 3RO\ TY:

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.

Z OB, LEEREREIRITANETTY, (FiBlX Py_True % Py_False T3, ) LB KRERDIGE
¥, Py_NotImplemented %. ZHLUNDT I —23F4: Lc5E 1 i3fIsMkELZ £ v + LT NULL %K
TRIFUITRD /A

tp_richcompare B XU PyObject_RichCompare() B DE=51HUME S 72D DEH L UTIEILT
PEBRBINTVET:
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E Jilet 3%

<
Py_LT

<=
Py_LE
Py_EQ

I=
Py_NE

>
Py_GT

>=
Py_GE

PRAREEBLRAEL (rich comparison functions) ZfliHICEAR T 272D DY 7 B ERINTVET:

Py_RETURN_RICHCOMPARE(VAL A, VAL B, op)

bess U 724558125 U T Py_True »» Py_False iR L ¥3, VAL _A ¥ VAL B & C DLb#gH
HIZX o TIERAAUARETRIFUERD £8A (FIZIX I 5k C FiE0BE» ZEI/ NI AT
RBTL D). =HEHDFIFUZIX PyObject_RichCompare() L RIBRICER X N/-HEEIEEL
i‘j—o

The returned value is a new strong reference.
7 —RZEps e E LT, B#» 5 NULL TY X —> LT,
Added in version 3.7.

ek

Group: tp_hash, tp_richcompare

D7 4=V FI& tp_hash EHIZH T X4 FITHMERINETT: Thbb 72470
tp_richcompare B XU tp_hash MW F & H NULL D &, ¥ 77X A4 TEIEEXA THh D
tp_richcompare ¥ tp_hash ZWHF L BYAEL ET,

F7#ILEbE

PyBaselObject_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

] be abl - . .
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Py ssize t PyTypeObject.tp_weaklistoffset

While this field is still supported, Py_TPFLAGS MANAGED_ WEAKREF should be used instead, if at all
possible.

DA VAR ADFBBATRERG S, ZO7 4 — L FE¥RID S RERBICHRD, A VARV R
HERICBT 258 ZRY X FOEEEZRTA 7y bBADET (GC Ny XD 2GEIIIEHL £
T); ZOX 7y MAL PyOvject_CleariWeakRefs () B & Uf PyWeakref * BIBMDFIHL £3, 4
VAR Y AREERICIZ, NULL (Wb X 7z PyObject* BID 7 4 — L RS A > TORIFIUER D £
Ao

ZDT 4=V F% tp_weaklist LIRALABVWEIIILTLAZE W ZHEEIA 7Y 27 PEEANDE
ZRP 5725 Y A MOSEHTT,

It is an error to set both the Py_TPFLAGS_MANAGED_WEAKREF bit and tp_weaklistoffset.
R

D74 =N FREYTEAL ARSI NE T, UFOHAIZFHA TSV, ¥ 724 T30+ 7
ty MEZA—NFTA RTEZIEDBHDET; o T, +7XA S TIIHSWY X N DFRHEMIEEX A4
TCRRBIZBENDHD ET, URFDEBEITHEIC tp_weaklistoffset TP IIETRDT, DI
LRI RS RWET T,

F7#ILEbE

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

F T avDERT, ZOF T2 7D ATL—42 ZIRTEABANDRAL VX TF, TOMEPFEET
2Z2lE, BEIOBDA VAR VAN AT L—EJEE THE I ZRLTWET (LAL, ¥—F
YAF DB R THA T L — MAJRETT ),

ZOBEUE PyObject_GetIter() LML Y73 F ¥ 2Fio T3

PyObject *tp_iter(PyObject *self); ]

R

YBITRXAL T DT 4 — L FBREELE T,

iternextfunc PyTypeObject.tp_iternext

AT alDRAVRT, ATL—2— ORODERZRTEBZIRELET, 72 F ¥ IZRD@ED TT:

PyObject *tp_iternext(PyObject *self);

AT V—ROEEDPRL KD, ZOBEIX NULL 2RI 2 TUIR D £8 A, Stoplteration 4t
BRELTHLERLSTHRWTY, ZOMOTS —MREL-L &8, NULL 2R ZFUlzh £4
Ao ZDT4—ILEBHBE, ZOBDA VAR VAP TL—RTHBILEZRLET,
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AT L =BT, tp_iter BIBDERINTORITNEIR LT, ZOBBUE it 71— A~
ARV ATIER) AT L —RA YRR ZARERIQERD 8 A

ZOBBDT 72 F ¥ & Pylter_Next() XFIU T,
k.
PBTRALTEZDT7 4 =V RERHELET,

struct PyMethodDef *PyTypeObject.tp_methods

AT arORL RT, ZOHRDIEH (regular) DXV v REEES L TW5 PyMethodDef WiE{AD
572 %, NULL TG X N7 B2 RIS 2 H6 L £ 3,

BADBEERZ LT, XYy FTRZ VT RD Ao, BERPOFFEE (N tp_dict ZR) 1B
ENET,

ik
BT RAFEZDT7 4 =V REMELEEA (XY v RIEIMED X =X L THREAZINTOET),

struct PyMemberDef *PyTypeObject.tp_members
AT arDRAVET, BDEM (regular) DF =X XN (74 =V FBLUORARY M) ZEFL
TW3 PyMemberDef &AM 572 %, NULL TR X NN ES 28 L 3,

AN DRELZ LI, RUNTRI VT RDA - EEIUOREER (TRLD tp_dict ZIR) [BINE
£7,

.
BTRATEZDT 4 =V REHERLERA (R UANFFMED X H = XL THREINTHET),

struct PyGetSetDef *PyTypeObject.tp_getset
AT aryDRALYRT, AV AX Y ZAOEHEMN (computed attribute) ZHEE L TW 3
PyGetSetDef FEE(RD 572 %, NULL TG S M7= 8 RET 2 L £ 3,

B3| DK B Z 212, getter/setter TRAZ VT RDA o7z, BRENPHOFEE (FiddD tp_dict BR)
EMENES,

Hk
BT RALFEZDT7 4 =N REMEAL FEA (BHBEMHEAMED X A =X LA THREAIHTHET),

PyTypeObject *PyTypeObject.tp_base
AT arDRART, RUTHT 5 7087 4 2R T 2RIKXA T2IELE T, TDT7 4= FD
LAULTIE, HffK (single inheritance) 72133 R — PSR TVE T ZEMRIEIX XX A TOFEN
HUIKX2ERA 7 =7 VOB ELEE LET,

0 1R 1
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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.

.
(Y7zDEITTD) ¥ 7 XA TEZDT7 4 =L REHAL ER A,
T7#ILbE

D7 4=V FDF 7+ MEWE (Python 7B 27 7 <% object B & L THlI o TW 3)
&PyBaseObject_Type 272D £73,

PyObject *PyTypeObject.tp_dict

BOFEIX PyType_Ready() WX >TIZID7 4 =L RIZNDLNET,

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.

IR

PTRATIZDT7 4 =V RERRLERA (B, COFFENTERINTOIEREERZ XD =X
ATHRZHET),

F7#FIE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

A E=

tp_dict IZ PyDict_SetItem() Zffio7b. #&E C-API THRET2DIILETREDH $EA,
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descrgetfunc PyTypeObject.tp_descr_get

F T avDRAVRT, TRV TRD get BBZEIBELET,

B D> 732 F v 3RO BHTY

PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type) ; ]

R

TR FEZDT 4 — LR BRELE T,

descrsetfunc PyTypeObject.tp_descr_set

F T arDRAVRT, TAZY T XDEOHKE L HIRZITS BB EEL 3,

D> 72 F 2 13RO BHTT

int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value);

fEZHIBRS 2121, value 5IEUC NULL ZRELE T,
MR

P TERALAZZDT7 4 — NV FEHELE 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.

DA VAR Y RZA VARV AEBD Ao TEEDRDH 256, 207 4 — L FIFIELaDfEIZRD,
BOA VAR VAT —XBERICBII 24 VAR AEBEFEANDL 72y bBADET;, 2047
v MEX PyObject_GenericGetAttr() DMEWVE T,

DT 4=V EF% tp_dict IRFELZVESIICLTLEXIY; ZHEEA 7Y =7 MEHEDORERIEDOEE
&#TT,

The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate 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 DICT bit and tp_dictoffset.
i

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.

T7#ILE
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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.
initproc PyTypeObject.tp_init
AT arDEAYRT, 4 VAR AU IR L £ 5,

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 2 ZRDODEBHTT

int tp_init(PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional

and keyword arguments of the call to __init__Q).

tp_init BAEID 7 4 —L F23 NULL TRWHE, @HEOMEZIENL T HEDA v ARV A ERITB WY
T, BD tp_new YDA Y AZX Y ARIRLLRBRIIEFHEINE TS, tp_new BILOBDY 72 4 7T
BROHIOTIZRTIFE, tp_init 3R MFUHINERA; tp_new DITDOEDY T XA TDA VALK
VAERBRTHE, BT RATD tp_dinit BFECHINF T,

EHDE ZiiZ 0 &, =7 —Ruzdfishzty LT -1 ZIRLET,
i

YITRATRIIDT 4 =V RERERL X,

T4 b

For static types this field does not have a default.

allocfunc PyTypeObject.tp_alloc
F T ayDRALVRT, A VAR ZADXE Y HRBEEIEL £9

B DS 72 F 2 3RDEBHTT

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

k-

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement).
T4k

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard

heap allocation strategy.
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For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new
F T avDRAYRT, A VAR AERBEBERRL 7,

B D> 72 F v 3RO BHTT

PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject xkwds); ]

subtype SIBUIERTH A TP 227 FORTT; args BLY kwds 5180, BIEMIH T ZOMES]
BBIUF—U— F58TT, subtype 1 tp_new BEEMUH T ZIHSHR LR U TH 2L 3R
W EIERLTLEZZ W, 20Mo (BEAGTREZRW) 3724 TOoZeddbh £7,

tp_new BAXNIE subtype->tp_alloc(subtype, nitems) ZMYHLTAH TP =7 DX E Y HE%
LR L. #IEALCHENC N E & SN2 21T VE T, BRLADEDELAD LTHRED W
VAL tp_dnit NV RIAIREE LR RD FRA, ZF0VWoHZE LTI, EETEE
RIEITCIIIHMEIE R T tp_new TITW, —J., ZEAIGELRITIXIEZL A Y OWIALE tp_dnit IZEF
NETT,

Set the Py_TPFLAGS DISALLOW_ INSTANTIATION flag to disallow creating instances of the type in
Python.

k.

BT FEZDT7 4 =V REMALET, Flsbe LT, tp_base #% NULL 7 &PyBaseObject_Type
278> TW5 FRRAE TSR L 8 A,
TI7HIL b

For static types this field has no default. This means if the slot is defined as NULL, the type cannot
be called to create new instances; presumably there is some other way to create instances, like a

factory function.

freefunc PyTypeObject.tp_free
AT aYDRAYRT, A VRARZYZADAEY RBREERLE T, 273 F v 3T D@D T

void tp_free(void *self);

DT AF v L AEHO D 29T PyOvject_Free() T,
i

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement)
T7#I)I b

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.
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For static subtypes, PyBaseObject_Type uses PyObject_Del ().

mquiry PyTypeObject.tp_is_gc
AT aVDREAVRT, AR=Y AL 7 EZroNHEINLBHEEL T,

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);

(Lo &5 Bofld, BA 7Y =7 FEAKTT, XZ XA T PyType_Type 1. BLD X £V HERD
FD B8 EXBIT 272D ZOBBEERL TVET, )

by S
Y TRATWEZDT 4 — L REHELET,
F7#ILbE

This slot has no default. If this field is NULL, Py_TPFLAGS HAVE_GC is used as the functional

equivalent.

PyObject *PyTypeObject.tp_bases
BIERRIN 57256 2 TV TT,
This field should be set to NULL and treated as read-only. Python will fill it in when the type is
tnittalized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument

of PyType_FromSpecWithBases (). The argument form is preferred.

A

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.

-
ZDT7 4= FiIFMRE TR A,

PyObject *PyTypeObject.tp_mro

BIEZA THERMLEZEEP A>TV EXTLTT, BEFZELTIHAKDISIZ U E D, object
THROD ET, XV v FIRRIEF (Method Resolution Order) (24> Tl ATWET,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is
initialized.
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i
D7 4 =N FEMERINERA; 74— FOMEIZ PyType_Ready () THEFHEINET,

PyObject *PyTypeObject.tp_cache
REMD 7 4 =V FTF, WTOAMAENET,

-
ZDT 4 = RiFHRIN TR A,

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— a3 ¥ 3.12 TEHE: For some types, this field does not hold a valid PyObject*. The type was

changed to void* to indicate this.
i
D7 4= FIFER SN T Ao

PyObject *PyTypeObject.tp_weaklist
COMATY 27 MINT 29I 5K B VR FDIREETT,

N—Y a Yy 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-APT or the internal _PyObject_GET_WEAKREFS_LISTPTR() macro to avoid the distinction.
ik
ZDT 4=V IR INEE A,

destructor PyTypeObject.tp_del
DT 4=V RFEIEXNE LT, tp_finalize 2ROV ICFIHL T EE W,

unsigned int PyTypeObject.tp_version_tag
AV RFxyZandfyTFy 72 LTEDNET, NEMERZ T OB TT,

R
ZDT 4 =L FRIEMRIREE A

destructor PyTypeObject.tp_finalize
FFayDRAYRT, A VAR ZORTIUHBEB IR LT, 73 F v ZUATO@ED TY:

void tp_finalize(PyObject *self); ]

tp_finalize PREZINTOVEIHE, A VARV AR T 74 FF7AXFTHL I A VR TVENZ
OR¥E 1 EIFCHLET, IR=YaL 7 X (204 Y AR AL L ERZRO—7E 5 7235
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BRI TV 27 FOWEEINSERNICH ZOBBIIFCHENEST, EH505HE5TH. BRSKRY
BHEL X5 L T2RNCMECHEINS Z EMREINTWT, MEICAH TS 27 FPDBIEERIREEIZH B &
21ZLET,

tp_finalize W ZHREDOHIIREBEZLEEITNETIEDD FRA; (o T, BMiTHRWVWI 7 4 F I 49 %
ELWREROFGEIHREINE T

static void

local_finalize(PyObject *self)

{
/* Save the current exception, if any. */
PyObject *exc = PyErr_GetRaisedException();
VL 74
/* Restore the saved exception. */
PyErr_SetRaisedException(exc) ;

}

f:

YT RALTEZDT 4 =V RERELEI,
Added in version 3.4.

N— a ¥ 3.8 TEH: 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.

& 2E

PATY 2 b ORELE T (PEP 442)

vectorcallfunc PyTypeObject.tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement
vectorcall for type.__call__. If tp_vectorcall is NULL, the default call implementation using

_new__() and __init__() is used.

.

D7 4 = FIZRL TR SR EE A,

Added in version 3.9: (ZD7 4 =V FIE 38 HFELTVWETH, 39 LETL2AHTEEEA)

unsigned char PyTypeObject.tp_watched

Internal. Do not use.

Added in version 3.12.
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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:
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 BMEA TS 7 MEER

type PyNumberMethods
C ORERIZEIER 7 1 » a2 3238 T B DI b N5 BBEAND R A Y X2 REELTHE T, MF
DFNZNOMEIE BER TO IV (number protocol) TEFEE AT W 27 A4ETDOREE D 5 FIH
ENET,

DU ERDER TS

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;

(RDOR=V1Fil)
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(FiDR— 25 D %)
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;

binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;

binaryfunc nb_inplace_true_divide;
unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;

} PyNumberMethods;

0 IR

ZIHBEKE ZHBERE, IRTOART VRO EF 2 v 7 LRTARER ST, DEREH: Y
KELRINERDEFEA (T BLEDBARTIVFDO—DOREERLTVREDOA V2KV R
TY). BLEZXONLART VPN LTRENERSI MR TNE, ZHBEK  =HBEBZ
Py_NotImplemented ZiREXRXIFAUIL BT, MO T - Z 5 723/E1E. NULL ZiR L THIs %
FE LTI D £E A

0 IR

The nb_reserved field should always be NULL. It was previously called nb_long, and was
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Lrenamed in Python 3.0.1.

binaryfunc PyNumberMethods.nb_add
binaryfunc PyNumberMethods.nb_subtract
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
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binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
binaryfunc PyNumberMethods.nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods.nb_inplace_or
binaryfunc PyNumberMethods.nb_floor_divide
binaryfunc PyNumberMethods.nb_true_divide
binaryfunc 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 Yy FF T U MEER

type PyMappingMethods

ZOERIZ~ Y TR0 alEERET 30O ZEBEADORS VX EEHEL TR T, MY
TD32oDRXR I ANZH>TWET:

lenfunc PyMappingMethods.mp_length
Z DBIUE PyMapping_Size() X PyObject_Size() ORI, ZNHEFU I 72 F v Z2Hio
TVWET, ATV IWERSNERIZRLLWEEIE, Z0A0y ME NULL IKRESNE L
HRdHYET,

binaryfunc PyMappingMethods.mp_subscript

Z O B B PyOvject_GetItem() B £ 8 PySequence_GetSlice() o & Fl H & i,
PyObject_GetItem() ¥ AUY 7 A F v 2o TWET, ZDRAB v M PyMapping Check() 75 1
ZIRT I DITIIRBET, Z 5 TRIFAUIX NULL OHENRDHD £73,

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice()

e D ha he same signa e as PyObije e el D an also
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be set to NULL to delete an item. If this slot is NULL, the object does not support item assignment

and deletion.

12.3.10 >—7 > RF T2 U MEEK

type PySequenceMethods

ZOMERIEY — 7 AR e Fal B EET I -DIELNZBEBEHEANDERA VR EERELTYL
%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#IE PySequence_Concat () THIHEN, R 72 F v &fioTWE Y, £/ + HEFT
b, nb_add ARy MTEZHEME 2R L RICHHA ST,

ssizeargfunc PySequenceMethods.sq_repeat

Z OBEE PySequence_Repeat () THIHZ N, FILY 72 F v EHoTWET, F, « HETD,
nb_multiply ARy MIX2BUERFEZHL7H e ICHHSNET,

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_item. 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_DelItem(), 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 DBIBUZ PySequence_Contains() DHAHEIH, ALY 72 F ¥ 2RioT0WES, Z0R1y b
X NULL OFEDRH D, Z DR PySequence_Contains() XS Y FNIIY vy F 5547V 27 v 2R
DIBETY—Fr v 2eKEL ¥,

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.
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ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat() 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_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_inplace_multiply

slot.

12.3.11 Ny I 7* T2 ¥ MEEK (buffer object structure)

type PyBufferProcs
C OMIERIX buffer 70 B )L DIERT ZBEEIANDKRA VX 2RFELTVWET, 2070 b anid,
IIVAR—R—=FATI =7 FHUNCL T, ZONHT—X%Z2a>r>a—<A 7 =27 PIETHLEE
FLET

getbufferproc PyBuf ferProcs.bf_getbuffer
COBBDY 72 F 2 I ZL @D TS

int (PyObject *exporter, Py_buffer *view, int flags);

flags THEEXN=HET view ZHEDTIEFLWVWE WS exporter I TR EREZWHLEST, ZTv 7
(3) ZFRVWT, ZOBMDOEETIEIMTORT v F2iTORIFIUIRD TR A:

(1) Check if the request can be met. If not, raise BufferError, set view—>obj to NULL and return

-1
(2) ERENIT 4 —L REHEDET,

(3) =2 AK— b LEESEHET2HEAY Y X242 VAV FLET,
(4) view->obj IT exporter ZFHE L. view->obj ZA Y7 U XY FLET,
(5) 0 ZELET,

exporter BNy 7 7 FANAL ZDF =24 oY) —DO—FTHNR, 200 FBELAFAHEHTE
I

e BT RAR—bF: VY —DRERPTI/AR-PMINEF T2 2 LTRZE N, BEAOH
LWEH% view->o0bj Nty FLET,

e URXALZ M Ny T 7BERBYY—DNL— ATV 27 PIVXA LI FENET, TITE
view->0bj (I — bF T I 27 bADFLWSIRIZRD £7,

view DEARD 7 1+ =N Fix Ny 7 7igiElh OEICTHMASNTED, 27 AR — FHREDERITH L
E SIS LT AURIR S0 ORI, Ny T 7ERDEZAT OHEICHD £3,

Py _buffer BOEEDOF RSB L TVWEETOAEV I I AR-RIZBEL, arya—<hniz
RBETHMTRLSTITRD £¥ A, format . shape . strides . suboffsets . internal &2
Ya—noldHnAHLEHRTT,
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PyBuffer_ FillInfo() &, ®TDV I TR XA TEIELLTIBIC, Bl A v Ny 7 7 %6
AR IR R L £ 5,

PyObject_GetBuffer() 3. ZOBEEZ I vy /523> a—<MFDA X =7 2—ATT,

releasebufferproc PyBuf ferProcs.bf_releasebuffer

OO A F P I FDMED T

void (PyObject *exporter, Py_buffer *view); }

Ny Z77DV)Y —RAzBT2ERZUHE LT, bLEARTI2HBEDH 2V Y —ABKRVIGE,
PyBufferProcs.bf releasebuffer i& NULL XL CHMOEREA, Z5 TRVHAEIZ. ZOBKD
B 72 R AT, LN OEEONFTFIE (optional step) ZITWE T

(1) T2 2H— b LSBT 2 MEA Y Y 2 F 2 ) A2 F LET,
(2) BV ED 0 DEFEIE, view I SRR TORAEY R T,

IV RAR—RIFE, Ny 7 7EHEDV YV —RAEEH LT 272012 internal 7 4 —)L R E{FEbRITIUT
BDEXA, TDOT74—FE, avia—<h view 51 LTHISF LDy 7y Dab—%E
LTWBTHAIME. ZboRWI eMFEFEhTVE T,

Z DRAEUZ. view->0bj BT 7 U XY P LTIEWITER A, BRERDS ZHUL PyBuffer Release() T
HERNATHON 2026 T (ZOHTREZSHROIERZP S DITHHTT),

PyBuffer_Release() &, ZOM%E Iy 7922y a—<MIDA X —7 2 —ATT,

12.3.12 async # 7 U MEEE
Added in version 3.5.

type PyAsyncMethods

Z DIEERIT awaitable X 7Y = 7 b ¥ asynchronous iterator 7Y = 7 b B RT3 DITHE B
BADEA 2R L TVE T,

DU I3 ERDEFR TS

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

OO A F ¥ L FDMED T
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PyObject *am_await(PyObject *self);

BENZA T2 7 b ATL—2 TRINERDERA, 2FED DA TV MIZXLT
PyIter_ Check() 2% 1 ZiRERITAUIRD FH A,

F 7Y 27 bW awaitable THRWGE, ZDAB Y % NULL ICRELFE T,

unaryfunc PyAsyncMethods.am_aiter

ZOBBDOY 7 F v D@D T

PyObject *am_aiter(PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.

F 7Y =27 PO EFRARKENLED e b alZRELTWERWEES, ZOARr Yy F% NULL IZREL
\ij—o

unaryfunc PyAsyncMethods.am_anext

OO IAF ¥ I FOED 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
CORBDY 7 AF v ZLLFO@ED 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 9 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.

OB TIEMD WD R E A VAR Y ZPHESIToTER D ER A, BMOXEVEDETTS
fToTERDERA, 2D XS BRI tp_new TITHONBNETT,
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typedef void (*destructor)(PyObject*)
RICBLFT: Stable ABI.
typedef void (*freefunc)(void*)
tp_free ZBML T W,
typedef PyObject *(*newfunc)(PyTypeObject®, PyObject*, PyObject™®)
RICELZE T Stable ABL tp_new 2R LT XV,
typedef int (*initproc)(PyObject™, PyObject®, PyObject™)
RICEBLE9: Stable ABL tp_dnit #BHLTLZE W,
typedef PyObject *(*reprfunc)(PyObject™)
RICELE T Stable ABIL. tp_repr 2SR L TL W,
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
RICELET: Stable ABL. 7Y 7 FOREOEZIEL 73,
typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

RICBLET: Stable ABL. A 7Y =7 FORBHIEZREL £5. BIEZHAIRRT 21213, value (52)
5180z NULL ZREL 75,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)

RICBLUET: Stable ABL. 7Y =2 OREMOEEZIRL 5,
tp_getattro ZBWL T LIV,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

RICBLEFT: Stable ABL. A7V =27 FORBBICEZHREL £3, BEZHIFRT 21213, value (5)
FIRUZ NULL Z23%E L %5,

tp_setattro ZBML T E W,
typedef PyObject *(*descrgetfunc)(PyObject®, PyObject™, PyObject™®)
RICELE9: Stable ABL. tp_descr_get 2B L TLE&X W,
typedef int (*descrsetfunc)(PyObject™, PyObject*, PyObject™)
RICELZE T Stable ABI. tp_descr_set ZZBHL T X,
typedef Py_hash_t (*hashfunc)(PyObject™)
RICBLE T Stable ABIL. tp_hash ZZHRL T EE W,
typedef PyObject *(*richempfunc)(PyObject®, PyObject™®, int)
RICEBLE9: Stable ABL. tp_richcompare #SBIRL TL 2 E W,
typedef PyObject *(*getiterfunc)(PyObject*)
RICBLZET: Stable ABIL tp_iter 2SR LTV,
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typedef PyObject *(*iternextfunc)(PyObject™)
RICBLZET: Stable ABI. tp_iternezt SR L TLZE W,

typedef Py ssize t (*lenfunc)(PyObject™)
RICEBL X9 Stable ABI.

typedef int (*getbufferproc)(PyObject™, Py buffer*, int)
RICELET: Stable ABL (IN—23> 3.12 &D).

typedef void (*releasebufferproc)(PyObject®, Py buffer*)
RICBLET: Stable ABI (IN—=S3> 3.12 &D).

typedef PyObject *(*unaryfunc)(PyObject™)
RICBLF: Stable ABL.

typedef PyObject *(*binaryfunc)(PyObject™, PyObject™)
RICEBL £7: Stable ABI.

typedef PySendResult (*sendfunc)(PyObject™, PyObject®, PyObject™*)

am_send ZHRLTLZE W,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject®, PyObject™)
RICBLE7: Stable ABI.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py ssize t)
RICBLFY: Stable ABL

typedef int (*ssizeobjargproc)(PyObject*, Py ssize t, PyObject¥)
RICEL X9 Stable ABI.

typedef int (*objobjproc)(PyObject*, PyObject™)
RICEBLET: Stable ABI.

typedef int (*objobjargproc)(PyObject*, PyObject®, PyObject*)
RICBLET: Stable ABI.

12.3.14 fEREH

Z 2Tl Python OBERDOHEHELRFIZ WL O0BITET, 2O DHNIEH IR 058E:E S 2 sy 72 K| 5
EEATOVET, WO TE N v F—Ra—F—Fr—X2EHELTVET, XDZL DOHIPEKMNZ
IHH, F2— MY 7APRBRERS, defining-new-types X new-types-topics 2SR L TL 7Z&X W,

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
(RDOR=V1Fil)
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} MyObject;

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",

.tp_basicsize =

= {

sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),

.tp_new = myobj_new,

.tp_dealloc =

.tp_repr = (reprfunc)myobj_repr,

};

(RIDR=I D5 DR E)

(destructor)myobj_dealloc,

IO RAEROHETFEHVEZEWa— K2 (82 CPython Da— FR—ZHT) E»F3Zehnds0dL

NEHA:

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT(NULL, 0)
"mymod.MyObject",
sizeof (MyObject),
0,
(destructor)myobj_dealloc,

(reprfunc)myobj_repr,

- - - - - - - - -

e o v e B B v e @ @

.

PyDoc_STR("My objects"),
0,

0,
0,
0,
0

B

= {

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 */

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

N
*

tp_iternext */
tp_methods */

NN
* %

tp_members */

NS
*

tp_getset */

S
*

tp_base */
tp_dict */

S
*

tp_descr_get */

N
*

tp_descr_set */
tp_dictoffset */
tp_init */

NS
*

O O O O O O O O O o o
N\ NS
* *

NS
*

tp_alloc */
myobj_new, /* tp_new */

B A VARV ATEE, Ny Y a kY R—- T

W

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,

};

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:
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typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

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",

I

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datal[l];

} 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 *),

};
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04

12.4 BIREBAN—2OL I3 Y R—FT%

Python AEERSBHREZ GO IR—Y DB aL 7y a 29 R— b T 2IZE, o+ 7V s s ”
aryryF Mo 7Y EMMOar T FIEAET) L REAF TV 27 MIT X B3 YR — PHRBET
o DA TV 27 M TEBRELABLAVA 7Y 27 Mo, (BUESXESND LS5 7R) 7 b 28 (atomic
type) NOZRIZVTEFHLET 2 X5 RAETIE, AIR=Yarrra YELTHIlzZAt Vo kY R—F2iE
B3 2 0BEXH D FHA

-l

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%y bLEROA TV 27 NI, ZOHICHBNZHANSGHEES LI h 8 A, HED
2D, 075 7%y FLERIOX TS 2 v earyTF ATV P MU 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 arFFADBELIALZ LD LBV 4 =L B2 THHbERZE, T
PyObject_GC_Track() ZWMNHERITHIZRD £ A,

FAfIC, A 7227 bDOXE ) BHEKSITDO = SOBANEE LU h T8 A:

1. fioay 7 2SR LTV 7 4 — L R2EN{LT 2H0IC, PyObject_GC UnTrack() ZFEUH X 220}
IR Y FHA

2. A7V FDRXEVIX PyObject_GC Del () TR LTI THA,

A S

If a type adds the Py_ TPFLAGS_HAVE_ GC, then it must implement at least a tp_traverse

handler or explicitly use one from its subclass or subclasses.

When calling PyType_Ready() or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically 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)
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ZhUd Unstable API TF, YA F—V VY —RATTHRLKEEZINDZ DD ¥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

header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

A

The function is marked as unstable because the final mechanism for reserving extra data

g

=3
[=]

after an instance is not yet decided. For allocating a variable number of fields, prefer using

PyVarObject and tp_itemsize instead.

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)
RICBLEFT: Stable ABL. A7 Y7+ op &, VLI RICK-oTEIENZ AT 27 FOESIT
BMLUET, 2L 7 XAMAEEIK OPETETERVDOT, BIHIATWEEEA 7Y =27 MIEELWL
RETOWRITFIUIRD R A, tp_traverse DR BIZETD T 4 — )L RPELWIKEBIZR>TT
QI ZVWTWEa YR b7 27 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.
This is analogous to the Python function gc.is_tracked().

Added in version 3.9.

int PyObject_GC_IsFinalized (PyObject *op)

RICBLZET: Stable ABI (IN—23> 3.9 &D ). Returns 1 if the object type of op implements
finalized by the garbage collector and 0 otherwise
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This is analogous to the Python function gc.is_finalized().
Added in version 3.9.

void PyObject_GC_Del (void *op)

RICE L 79 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 TEBIFENDZ AT =7 FOEED
LERRELET, ZOA TV =7 MR LT PyObject_GC Track() ZHEFCH LT, BHIN S
TP PORBIIET Z L DARET T, tp_traverse NY RTIDWRE R Z 7 4 — )L RDBIELL %R
WIRBBICR BHIC, 7787 —& (tp_dealloc NV 7)) FA TV =7 M LT, ZOBEBEFY
¥ NETT,

N—Y a3 3.8 TAHE: The _PyObject_GC_TRACK() and _PyObject_GC_UNTRACK() macros have been
removed from the public C API.

tp_traverse NY K ZIZZOFIDBEE T X — X ZZIFHLD £5:

typedef int (*visitproc)(PyObject *object, void *arg)

RICEBLET: Stable ABL. tp_traverse N¥ F 7 I I3 Y X —BEL (visitor function) O
TT, ZOBBUE. BRI 247 =7 b% object £ LT, tp_traverse N KT DH 3 518% arg
LUTHUOH L E 9, Python Da7idnwL 200X —BEEMH- T, IIhoERSEEM
M2 MHAZERKLET; 2P PHHDLDIC Y X —BKE2HE I LEIH T 22832 WVWT
L&d,

tp_traverse NY F ZIIROFAZFEF-> TWRIFIUIRD £HA:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

RICBLET: Stable ABL. a¥ 7747227 bD/ddD b I = LB (traversal function) T
T, FETIE., self WEBRA->TVWEREA T 27 ML T visit ARERCHIRIFERD 8
Ao TDEE visit NDRTARFAYTFIA2TVEEATI 27 b, TONYFIRESH
7z arg DIET T, wvisit BEIE NULL A 7Y =7 b 25 BUCEL THFEH L TR D £8 A, visit DIE
LoOEZRTHE. =7 -8R EL, RVELZZOEERT LI LARFIRRD 8 A,

tp_traverse NY K 7R fHEICE L DIZ, Py_VISITO) 7 upiRtEhTnES, Zo~ruzfis’
DITIE, tp_traverse DFEIEMBDIFIEIE., —XFDE DT visit ¥ arg TRINUIRD FEA:

void Py_VISIT(PyObject *o)

0 3 NULL TRIFIUZ, 0 & arg BT LT visit a—NNy 22RO L E T, visit ¥R TRV
EER LGS, ZOMEEZRLET, 2O~7uZffid b, tp_traverse NY FIZFERXDLSITRD
3

static int
my_traverse(Noddy *self, visitproc visit, void *arg)
{
(RDOR=V1Fil)
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(AiDR—I 25 D %)
Py_VISIT(self->foo);
Py_VISIT(self->bar);

return O;

tp_clear NY ¥ 71& inquiry MTH 2, 4 7Y =7 FHAZ (immutable) 72855 1& NULL TR AUXR
DEEA
typedef int (*inquiry)(PyObject *self)

RICBLET: Stable ABL fEBRSHEHR L TVS . BIZLESHELREL £3, ZHEALARER A
TV MIEBRSIREEBRERT 2 MR LTHRVOT, ZOMBEERTIHEEIDD A,
ZDXYy RENUHLZHZTHE 7Y 27 MIBEMBREEFTRIINERSBRVOTHERELTLZE WY
(BRI LT Py_DECREF() HFERIZHCLARWVTLZEWN), AR=YaLrRiE, A7V =7 bh
ERZEEER LTS Z e 2B LBICZOXY v REFOHL X,

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)
RICBLZET: 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 + 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)
RICBELFT: Stable ABI (IN—23> 310 &£D ). 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)

RICBLE Y Stable ABI (N—=23 > 510 &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, O for disabled and 1 for enabled.

Added in version 3.10.

12.4. BREBBAN—IOAL I3V R-FT3 415



The Python/C API, U1 —2X 3.13.3

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 1 to continue iteration, return O to
stop iteration. Other return values are reserved for now so behavior on returning anything else is

undefined.

Added in version 3.12.

%F 12 E 72U bREHYR— b (object implementation support)
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THIRTEEN

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,

417
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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,

418 % 13 E APl & ABl ON—> 3=V


https://github.com/python/cpython/tree/3.13/Include/patchlevel.h
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£
FOURTEEN

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_FireBranchEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *target_ offset)
Fire a BRANCH 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)

Fire a STOP_ITERATION event. If value is an instance of StopIteration, it is used. Otherwise, a

new StopIteration instance is created with value as its argument.

422 % 15 Z Generating Execution Events
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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 wversion, 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

BRANCH
PY_MONITORING_EVENT_BRANCH

CALL
PY_MONITORING_EVENT_CALL

C_RAISE
PY_MONITORING_EVENT_C_RAISE

C_RETURN

PY_MONITORING_EVENT_C_RETURN

PY_MONITORING_EVENT_EXCEPTION_HANDLED

EXCEPTION_HANDLED

424

INSTRUCTION
PY_MONITORING_EVENT_INSTRUCTION

JUMP
PY_MONITORING_EVENT_JUMP

LINE
PY_MONITORING_EVENT_LINE

PY_RESUME
PY_MONITORING_EVENT_PY_RESUME

PY_RETURN
PY_MONITORING_EVENT_PY_RETURN

PY_START
PY_MONITORING_EVENT_PY_START

PY_THROW
PY_MONITORING_EVENT_PY_THROW

PY_UNWIND
PY_MONITORING_EVENT PY_UNWIND

PY_YIELD
PY_MONITORING_EVENT_PY_YIELD

RAISE

PY_MONITORING_EVENT_RAISE

PY_MONITORING_EVENT_RERAISE

% 15 & Generating Execution Events
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int PyMonitoring_ExitScope (void)

Exit the last scope that was entered with PyMonitoring_EnterScope().

int PY_MONITORING_IS_INSTRUMENTED_EVENT (uint8_t ev)

Return true if the event corresponding to the event ID ev is a local event.

Added in version 3.13.

N— a3 v 3.13.3 TIEHESE: This function is soft deprecated.

15.1. Managing the Monitoring State
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8%

mE

>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
TSN a—-FlIcE<RoNE T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XM AU, AR AR =ESIER) oWl Fal—x -k, a—-FEANT
BRICFRRENB T 7 4L b D Python 70> 7+ T3,

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
U —2A, (importlib.abc EY a2 —/T) A Y KR—F 7 74 VX /P B =X =TT, abc EL 2 —/L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RVEICEFRT 2 7L T3, ElickD
type hint & LTHEDLATVET,

O—ANEBOT ) 7— a VFETRICE T 7R ATEERAN, 70— VER, 7528, B
BO7 /) 7—ary3FNFNEY 2a—)b, 75 A, D __annotations__ FREMICHIF IR T
WET,

FEBREDRBADI D 2 variable annotation, function annotation, PEP 484, PEP 526 &L T 72
WV, ¥, T/ T7=2avENHTERA NS 27T 4 A LT annotations-howto SR L T <
7EE W,


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/
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5% (argument)

(FEF1R) B ORI, BBEL (F7203 XY F) ICEITETY, EIRE 28D 3

o F—T—REIE BT L OIS OB TAOUE b D (Bl name=) S, wx 1K
EREOMOMY LTSN, BIZE. KO complex() OIFUH LTI, 3 ¥ 5 Ai%—
v — FRITT

complex(real=3, imag=5)

complex (**{'real': 3, 'imag': 5})

o MUESIE: F—v— FEIBLANDEIE, MEFIEIX5IEY) A FDORTEICEL T8RN TE, T2 %12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX. ROBITIX 3 & 5 3 FHAIES
T3

complex (3, 5)
complex (*(3, 5))

FH IR DOEBIC B W THEMT E D — A AVZRCHID I TohE g, &0 HTZTSHANTOW
Tid calls ZBRLTLEE VN, VX ZRARBOVTEFFERTLDIZHL0 2S5 Z el
RET, FHliEhfEIe - VZERICE DL THNET,

k5% . FAQ @ FHEIEEARGIEDENMIMTTH? . PEP 362 2SR LTLEEW,

asynchronous context manager

(JEMa > 7 X A b~ —Y v) __aenter__() & __aexit__() XY v F%&EFT S I LT async
with XNOREZEM T 2470227 TT, PEP 492 TEAZINLE L7,

asynchronous generator

(FERIIY = % L — &) asynchronous generator iterator iR 3B TF, async def TEFEI N/
N—F VEIBUZBI TV E A, yield ReHORTHRLD £, yield R async for /— 7 TEH
TXLEDUW S ZERT 2 DIFEHINET,

R IBIEFEH Y = 2L — 2B L 35, XRICK > T RS zRL—R21TL—4% 25T
Landh £, BRESNLERPHS 2 THRWEGE, RO Een B iEe AL £,

JEMAY = 2 L — ZBIEICIE, async for XX async with X2 THL await RdDDHZZ D
D ij_o

asynchronous generator iterator

GERIY = L —& A4 7L — &) asynchronous generator B THEREN 2 AT 27 M TT,

_anext__() AV vy REfoTIHIENS & awaitable 7Y =2
FEIRLET, 20D awaitable A 7Y =27 MI, KD yield RETIEFAY = 1 L — X DOAREKZ
EITLET,

ZHE asynchronous iterator T,

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the asynchronous generator iterator effectively re-
sumes with another awaitable returned by __anext__(), it picks up where it left off. See PEP
492 and PEP 525

428

18} A = F5E


https://peps.python.org/pep-0362/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0525/

The Python/C API, U1 —2X 3.13.3

asynchronous iterable
(JEMHAA 77 7)) async for XOHTHHATES 4727 b TT, HHED __aiter__() XV v
B2 & asynchronous iterator ZRERIFIULZ D £¥ A, PEP 492 TEAINE L7,

asynchronous iterator
CGER#MIA4 7L —%&) __aiter__() & __anext__ () XY v RZ2REL LA TP 27 +T
9, __anext__(O & awaitable & 7Y £ 7 P RBEIRIFNIEZD £E A, async for 1
StopAsynclteration 4t Z XM F 2 £ T, FEFRMA 7L —&FD __anext__() XYV v FHIK
§ awaitable ZfER L £ 3, PEP 492 THAXNhF LT,

B
(Bl A7 =7 McBEEMIT O, Fy PRERC X > THATTEEZRINZETT, X+
TPz b o DEN 0 BFoTWR 2 E, ZOEMIE 0.a THHINE T,

F 7Y 7 MiZid, identifiers TER XN ZMAlIFTREBRVWARTIOBEER2 522 Z e TEET, 128
ZIE setattr() 2V, ATV 27 B ZENEFAIL TV AEEIITAE T, ZOL5EMHEF Y
FRERTE 7 7R TEF, KD DIC getattr() 2o THAZMLEDLH D F3,

awaitable
(fFt%PTEE) avait R THAT 2 2Bk E2 A 72 =2 S TI . coroutine >, __await__() XV v
F2H2F 7TV x7 FTF, PEP 492 2L TL X\,

BDFL =

R ERGMIEHE (Benevolent Dictator For Life) g T3, Python OfE#. Guido van Rossum @
£T9,

Uy

7

(Y

binary file
(NAF VT 7 A4N) bytes-like TP T I b DHARABIUVEZRAANTES J7MILATox
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 2V POBAEBEENTELZ 7740 F 7Y =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 83IL (buffer Protocol) %K — 1+ LTWT, C FFBOEKT EHiLI Ny 7 7 -2
AJRER L+ 7Y = 7 b, bytes, bytearray, array.array . %< O—HR memoryview A 7Y = 7
FAIZAUTE 2D £, bytes-like F 7Y =7 MEA F—XFEM. NAFV T 7 A NANDRTE, VT
FERHLZZEERE N FUT—REERTI20VAWALRBECHHT 22 e TEF T,

BODPDRETEINAF VTR 2LEETIHENDD ET, ZORMEOFF 2 X2 FTIEXL 7 H
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bytecode

callable

callback

32

HE ZATREIR bytes-like A 727 M IZEKRLTWVWET, ZEAGERANY 77 =47V =7 M3,
bytearray ¢ bytearray @ memoryview REDVZENE T, Fiz. MOEROIDEETIIRLERA
TV VDAL F ) F—& (7 HAHLERHO bytes-like £ 7Y =27 b)) ZRELE T, ZHUF
bytes & bytes D memoryview A 7P MOEENET,

("4 Fa—F) Python ®Y —2a— Ri& Python 7125 A® CPython £ ¥ &% 7)) X DNEERE
THBINA FPA— ANy RANVEINET, N Fa—Fid .pyc 774V Fryadh, AL
77 AN EHRETEINZ L 2R EDERCRDET (V—RIA=F2H N, ba— FANOHED
2V RAVFEEEINET), 20 7 HEEEE (intermediate language)” (&, & & DN b a— Fixt
Ib3 B HMEE L EITS 5 REY> Y TEET 28 VWA ET, BEARAFELE LT, N4 ba— FIZER
% Python {RAE~> Y BITHIET 2 Z &%, Python VU —XBTHEETH 2 Z 3 TWE
Ao

N ba—Foma—EiZ dis EY2a— L I ET,

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.

(=N 7)) FERO D B RTEITS NS D5 E LTHEE 5B

(ZIR) 2P —ERA T2 7 VEMERT 27007 FL—1+TT, 77 AERIEE, 2DF T
ADA VARV A LOBERTE2RAY v ROEREZAET,

class variable

(275 2AZH) 75 A LITERSN, ZFALRLT (DFD, Z5ADA VAR YA ETIERELID) &
HIN2Z e ZHNE LTWAEHKTY,

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:

def outer():
x =0
def inner():
(RDR=D1THiEL )
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(FiDR— 25 D %)
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
(BEH) L<HLNTOEEBREZNIRLZ2H DT, IRTOKIFERH L EHoM e LTRINE T,
BEOIBBORAL (-1 OFAR) WEHz#H I 0T, —RIBEFETIE 1 eFrh, T¥TE j &
P E T, Python ZEFBITHAAATHIGL, BEOKILZEI > TWE T, BEIIREI j 201
THEEFET, XX 3+1j TF, math Y 2 —VOBEEBEREFH T 21213, cmath 2#FWE S, &
FHOMHIED R D BERBEORETS, PEEZECRITUL, ZIEHEEVWRIEHLTLES T
XWTL XS,

context
This term has different meanings depending on where and how it is used. Some common

meanings:
e The temporary state or environment established by a context manager via a with statement.

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 contet.

aAVFRXMEER7ORIL
The __enter__() and __exit__() methods called by the with statement. See PEP 343.

context manager
An object which implements the contezt 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
(Biiz. 8fE) Ny 7 7 DS C-8E e £721d Fortran it THRGEIC. £D NNy 7 7 EEHk LT
WBEABREET, ¥rXi Ny 7 713 C #ifiTdH D Fortran @i TS, —RITOESHITIE, ZDE
REBTXEY ETEE T 2 X5 CHE SN, BFERLar LR DI T EF TR E T, ZX
TLD C-ERAEAITIE, XEY 7 FLRACER 2K 5 BIIIRE DI A TN LED B DITH L,
Fortran #H 2 BLH TR DR A FORINCE Z £7,
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Jl—F>
(Aan—=F) ar—Fr@3 I I7N—F LD ~RNZEXTT, 70 —F IR@RD SN
POAD. Blokd s MSroHE T, aL—F U ICFZ L ORkL M H A, 15, BT
B5ZEMTEET, 2L —F I async def XTEETEET, PEP 492 2B L TLZE W,

coroutine function
(an—F VB coroutine 7Y =7 b RIRERFTELTT, a1 —F VBRI async def W THEEX
., await. async for. BL U async with ¥F—TU—FZ2HHOZLHKET, Zhsld PEP 492
TEHEASNE L%,

CPython
python.org TEAA XN TWS, Python v 2'J 3 ¥/ SFEOEERN R EETT, "CPython” 2\ 5
BZEIX, ZDR¥E% Jython % IronPython ¥\ o 72D ¥ XFI$ 2 REMNH ZHEICHH SR
£7,

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—2x) oK ZIR TR T, @E, owrapper M CHIKEH i L CHEHAINE T, 7aL—
2 DO— A7 FFFZ. classmethod() ¥ staticmethod() T,

TAL—RDOXEE I VR VAT 2l —TF, RD 2 OOBBERIIEHRMICA TS DT :

def f(arg):

f = staticmethod(f)

@staticmethod
def f(arg):

FICHERD 7 7 A FEELETH, HENFONERA, TaAL—XITOWTFHLL X BEBER B
FE 75 RERBORFaXU F2BRLTLIEZI 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

functions, methods, properties, class methods, static methods, and reference to super classes.

FR7VTEDRAY v FIZBE L TOFEMIZE. descriptors % Descriptor How To Guide 2SR L TL 72
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2w,

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
(FFENTIKELD) iterable NORTH 2 WIE—HOERZ UL T, ZORRP SR 2FFE LR T 3 > %
27 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ F5&, F—n ZflH n ** 2
R 2 EFE R AR L 5, comprehensions 2SR L TL ZX W,

dictionary view
(ff#H L 2—) dict.keys(). dict.values(). dict.items() 2RT A7V =7 FTT, FEHEDIEH
DEWRE 2 — 2B L E T, TRbE, HEPLEINL a2 -3z KMl £7, HEL 2 —
ERRHIINCTERR Y R MZT 5121E list(dictview) ZHEHA L TL 72E W, dict-views 2B L TL
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 —REFoTWAPERETI2DICA TV 27 FORE RN
NI IVIRARANTT, bz, BIUCA TS 27 DX Y v RRBEWLFRIN Dbz D
LES, (ZELDESICHAT, TEADXSZBIFIE. ZRETEATHS,1) A VR —Tx2—2R
ERIFDEMHTZLT. EFLFYA v a3nza— Rk, RVE—7 4 v 7 2REZHF L TRIIEE
MLXEET, v 7XAL Y7 type() % isinstance() ICXZHERBITE T, (7275 L. Xy
IRAVY TR BREEV SR THET2ZdTEET, ) 2ofb b, MAIIC hasattr (O
B EAFP 7ur oIy 7% FALET,

EAFP
MR & 2 X DFFLEFH D ADAES (easier to ask for forgiveness than permission, ¥ —7 4 — DIk
AN OWETF, Z@ Python TIELfbhTWwda—74 Y 7AXAATIE, BEEENEF R
MRFET2DDOLREL. TORED R > TOIGEWHINERHIEL 5. ZOMETFRLIET 2
I—FT 4 YT RARA NI, try XB XU except XM SADHZDBREUTST, ZOT7=v7
3. CDESREETLILLMFEbATWS LBYL AR AL XIS DTY,

expression

(R) MO FHEiEN s, —FL FH O (a piece of syntax) TF, Wiz s, AWV 7
Fv, 4l BT 7R HAFPEBETOCHLZY. H2RTROEROBAERRTT, Ho%<
DEFELEV, Python TEEHEDORTOMBERIAL VI DI TIEDD A, while DX I I,
RELTRERARW X DD FT, RKABKTIERLIXTT,

extension module
(fEBREY 2 —1) C % C++ TELNZEY 2 —/L T, Python ® C API #FIf LT Python 27
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f-string

RP1—P—a—rFehebLEI,

£ R BRI WYY T IR Mfostring” ¥ FEZA. AU 74—~ v MEAXXFAIY
7L OREMEEOEMTT, PEP 498 3L TLEX 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 T2 MAZERIQWE 3HELDET: DO NAFU—=T714)L. Ny 7730/ INA
F)=T7A4)l, LT TFALT 7ML TT, A VR =7 x4 AlF i0 EY 22—V TERINLTL
¥, 77 ANT TV 20 b BAEBEHENRITIEIL open() BB EM S Z 2 TF,

file-like object

file object £ [AIFETT,

filesystem encoding and error handler

finder

Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T7ANTATLADIYA—FT 4 Y7 TlE, TRTH 128 N4 PUTRIEREKTa—FEh3 I en
BREAFXNBLTWEBDERA Z77ANTVATLDIY A—F 4 VP TINABRIAE SN D - - 5E
1%. API B$(%’ UnicodeError ZEH T2 ZeH b T3,

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.

(774YR) A VR=PZRNTWVBEY 2—1ND loader DFERZRTTE247Y =22 bTT,

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.

floor division

(U D H&CRHRE) —FoWEBRICU DR T2 BEEMRRE, YD TREHEE I // T3, HlRIE 11
// 4212k b, ZR2IEHNFNCFEE/MIURBOEDRETIX 2.75 28 R-oTE ¥ 3, (-11) // 4
& -2.75 Z INTWVWHIC D2 FRIE: BOMBRADIDZITS) DT -3 12745 Z LIZHERLTK
72& W, PEP 238 ZZHL T X\,
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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.

3
(BE%) PR LENCEZ RS —# oD Z e T3, BRICIZ 0 U Lo 318 23 2 e hHikET,
FEDRITRHI T Bz RS2 Z e ik E 5, R5IE. AV v R, function ZBL T X W,

function annotation
(BT /7 7—>ay) D T X=X PR DED annotation TF,

B/ 7—>avid, @HREEY F okdifibhxd: flZAE ZoBKE 2 520 int Bo5]
Beis e i E . £ int MORDEERO L HffSh T E T,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT ) 77— a v OXER function DI CRHINATVWE T,

KEBEDFAD B % variable annotation, PEP 484, #ZML T XV, ¥/, 7/ 57— a v &F|
32279277 4 A% LT annotations-howto 3 BB L TL 72X W,

future
from __future__ import <feature> ¥\ 3 future X i, 2 ¥ 84 F —IZFKD Python V VU —X
TIEHEEY R 2R EREZHFEAL CHEDE Y 2a—L2arXf LT3 X5 R LET, _ future
EY 2—ILTIE, feature DD S 3EZ FF a2 XY MUELTWES, TOEI2—L%AVKR—F L,
ZOERETE S 5 Z & T, FRBEPRINCSIEEICEMEINZDITVO0Re, WOFT 7 4L MR 50
(27237 o7d) 2R ZeNTEET:

>>> import __future__
>>>  future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(AR=varryay) IhBEEONSE 2 DRV EY) ZERT 20 T3, Python X, A
vy b, ERSHEEBE UBEST 2RIy aL 7 & e ffio ThHR=—YaL s> aryzifug
Fo AR=VaL 27X gc B 2a—N%Fo THRIETEE T,

JIrl—2
(¥ =H L —2&) generator iterator ZiR TR TS, @H OB TNE T, yield REHFOHT
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R D %3, yield Rid. for L—FSTHATED, next() BETMEEZ 1 >F oMb LD TE
%, EHOWM R EERT2DIFEHINE T,

BHEEY AV —ZBEBZRLET. Rk TE P RL—RATL—F 2T HEVHD X
T, BRISNLEE®RSHS TR VWEGE, LD DI HEE2 AL 5,

generator iterator

(YA —&A4TL—&) generator BABITHERENZ AT =2 b T,

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it

left off (in contrast to functions which start fresh on every invocation).

generator expression

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

(=20 v 7B%) RN LRI C#EE T 2 BEE > oS N 2 BT Y, MOH LKICY
DEEZHNDZDPIET 4 ANy FTNALITV AL DREENET,

single dispatch, functools.singledispatch() 7L —&, PEP 443 2L T 72X W,

generic type A

GIL

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.

global interpreter lock B L TLIZ&E W,

global interpreter lock

(ZFa—=2Ay&2FY Ry ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F3TH2 2 RAET2HHATT, ZUTKD (dict &Y
DEELMAAATREEL) 7V 27 NEFADFEKRET 71 21250 U THBRIICLERITKR 5 DT,
CPython OEENS > INICRDET, A VX TVXERERY 7T 58T, wiF Tty
SUNELBMHIULD TR+ e FIEHZIT, 4 VR REMHICTLF ALy RILTE2 X512k D
N

UL D 2 0 IEAEDON L DD DIIRE Y 2 —E, EfEe Ny ¥ a3t B Y O EOBEWLE
3 5L EIZGIL ZERT 2 KO WCREFENTVET, £/, [/O W% T 2358 GIL 135 IRk
ENET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
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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
(Ny ¥ anR—=X pyc 77 AN) IESHERHRNT 2701, MET2Y —R7 7 4 VOBREEHRLT
R Ny Y2l FHTE2 M4 Fa—FDOF v v 2774 TT, pycinvalidation ZZR L TK
72E W0,

hashable
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.

N T ARRERA T 2 7 PEARHEDOXF —REEDRA A L TR T, HEPESDT — 2 HE
EHES TNy & 22> TWE 5T,

Python O A I 2 =X TNV RHAABALA TSI 27 NI IZEAEDANY Y2 R[RETT, (VR MHED
EOR) 2= TNRAVTFENY T2 RARET T, (X T NR frozenset DEIR) £ I2—%&7
NBAYTFIE, BEBNAY S 20RTHLEEDANY Y 2A[RTT, T—F—ERDZ F7ADA ~
ARVATHZEIBRFITI 2 MET 74V P TAY Y adfETT, 252 T (HHZRWT)
eSS RIIEEMTH D Ny ¥ 2fllX 1idO) Kb FSsNET,

IDLE
Python Oft&EFFEEREE (Integrated DeveLopment Environment) & U7# 8558 (Learning Environ-
ment) T, idle & Python OFEERLEAMICFEMI N TV EARNLEREDO LT 1 2 A 22T Y
XEREET S,

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
(A32—2T7N) BEDEER /AT 27 b T A2 —RTNRA Tl M, BiE, X
FH, BEXOEERTIVRERDHDET, ZhoDA 7YV VIEREZONER A, HIOEZERESE
BRI, FieBA T2 7 P ERER L RTNERD ER A, 1 32 —FT7ARIT T 7 NI BIE
DAy ¥ a @R 72 2 RN TEHERFE 2R LT, HEOXF—BZOHITT,

import path
path based finder 73 import 3 2E€Y 2 — VMB35 (X721& path entry) DV X T, import
. 2OV R MIET sys.path DORETH, 37 v F—IDFEFHE Yy 7 —ID __path__
EBErSBRET,

importing »
5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X 5T 20T,
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importer

Pa—VERLTe—FRTEFTI I, finder & loader DEBESLTHHEIATI 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 34 > & 7V XEXDEFETH D, >4 I F5FEOMMAEL T, (N4 ba—Farx
A IWBHBIDI1C. TOXFNIBHKTTD, ) TITOA YR TYXFiELIZ, Y—Ra—KD7 74
N, ETEMFARERRICL T ETIRI e Vo BER LIS, BHEETTEZIL2EKRLE
To AR TV XBROFFHEIEE, a4 FIEROFFELD I/ TNy Z7OF A 7 VEFE WD
DD, T T ADFEITIEF—BITENT T, WEEH S TN,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFHINLFHI, BV 2RI XRTOI VT 4 AR
NEHEZ 2 8D, TRTOMERL 72V Y — A2 BBERNCBAS 2. File 7 = —XWCAD X5, 2O
Tz —XF AR=TAL IR ZEBEINFCHLET, TRV ZI—F—EREDTAI I I X%
weakref 23— Ny IBIEPHINZZBHDET, v v b EU Y7 2 —XHFZETEINEa—F
. ZNPMEET BV Y — AR T TIHEREL W (KK D BRI T4 75V —FY 2 — /L% warning 1
HETT) 72Dk 2 BIAMCER L £ 3,

AVR—TVERBY vy AU T ZEREHIZ __main__ TP 2 —IRETERTWERAIZY T+
DETHET L2 TT,

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__Q

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.

F—RDOWNERHATEIA T2 b TT, A 7L—FD _next__ () XAV vy FEEDRELUETHT
(£7213HAAABI next ) ITHET) &, MOWOFTDHEREZ —DOFTDORLET, 70K L,
Kb IZ StopIteration HIStZEH L EF, ZORET, A TL—XATV=27 VEIRETEY, *
NP __next__ () RMIEFA TS Stoplteration ZEHLET, 41 7L —XiX, ZDATL—
A7z VAKZIRT __iter__() AV vy FEEZELRZITNILRSZVDT, 471 —XIMho
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iterable ZZM T 21Z L AL OB THHTE R T, 3o & D & LABINZEROREZITS 5%
aA—=FTF, List D&kS5K) ary7FA7Y =27 NI BHEZ iterQ BABUCA T Y =7 MITEL L
D for V—TATHS T, B REHDA T L -2 2ERLET, ThieA 7L —XTITES
L3k, HilDA T =2 a Y THABADEUCA 7L —2A 7Y =7 P2 HEMITR T 0, Eoa
VTFDEIWTEoTLELET,

FE 7 BRI typeiter I2H D T,

CPython RZE D& #: 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—PBE) *—B%. H2 WAL IE. V- FRIEFLB D OfEZ R FIE O LATREA 7
2z b (callable) TF, BRI, locale.strxfrm() = F —BICH X, v/ —URFDY -+ D
BEIIDo oY — b F—ZIBEL T,

Python D% < OY — g F —BEZITIR D EZOM SIERS 7L — b2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () 23H D £3,

F—BBEEZHEETOLO2HD £9, Bl str.lower() XY v FNERF/NFxXAIL
WY — 75X B LTS ZeBHkE T, H5WE lambda r: (r[0], r[2]) O X
5 7% lambda XH 6 ¥ —PBZES Z LA TE £9, F/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF - X VI 03H D 3, F—FK
DYED FF 2 N T DAE Sorting HOW TO S L TL 72X,

argument S
58 22U TEE W,

(7 LK) BHDA VT4 YT, BEEDIES iz 2ICiHiicns 120 X 2E3AET, 74
XA ZE 5 M1 lambda [parameters]: expression T3J,

FZ 21305EDH (look before you leap)) DMFTS, ZDaA—F 4 YT AXANLTIE, FFOHLPRRK
2175 EN. BIRENCHTIRSMTE (pre-condition) HIE 21T WK F, FAFP 771 —F L WfIT, if
X7z EAMDN 2 DHRHHITE,

<WAF ALy MEINZRE T, LBYL 7 7R —Fi " B27 @BREr 7 R BREOHSIKEES| &
EZFTVRIBEHDET, HlZIE. if key in mapping: return mappinglkey] ¥\ 5 22— Fid,
HEDKZ. DAL v ROBERLBDHINIC mapping 25 key DR CEMLET, ZOMEIX, vy
752550 EAFP 770 —F %5 Z e THRIRTEET,

lexical analyzer

list

Formal name for the tokenizer; see token.

A

built-in Python sequence. Despite its name it is more akin to an array in other languages than to
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a linked list since access to elements is O(1).

list comprehension
(VAMAEER) =7 YAHFORTH 2 WE—HOEZAZUHL T, ZOKR,25722 VX bziK
T, IVRT MRGETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
0] 32k, 0256 255 $TOMEEE 16 EHKEL (0x..) LEXXFINH57%25 Y A M 2ENRL %
T if HildA > a3 2T, if HiBL WA, range(256) DR TOEBRIUH SN E T,

loader
An object that loads a module. It must define the exec_module () and create_module () methods

to implement the Loader interface. A loader is typically returned by a finder. See also:
e finders-and-loaders

e importlib.abc.Loader

« PEP 302

O=)ILI>ya—-5Fa >y
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 D L 7213 7zAFKFE TS,

mapping
(v YD) FEDOF—HEEY K- LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ MR EEK T 7 X THEEIN LAY v FEEELTWsary 7+ 4
7Y 227 b TF, Bl 21X dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % & T3,

meta path finder
sys.meta_path ZMK L TH LNz finder. meta path finder 1X path entry finder L EARIZH D F

TH BYITY,

meta path finder 255255 % XV v FIZDWTIE importlib.abc.MetaPathFinder Z&MR LT 72
ISAAN

metaclass
(RRTFGR) IV TADT FATT, VIRERIEZ. 77 A%, 7 7ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RF, Zho 30Z5 e LTRUIMD., 727 RAZE2EEZEVET, IZLAY
DA TY x 7 MEAISIEE GRIE: X X7 7 AD) 77 4L b OERERFML TV EF, Python 23%E5
BDEFAARLDRARY T AR TEZHRTT, FLALDI—F—IZHWMoT, XXT 7RI
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TEDRWHDTT, LaL, —ZOBFHETIE. XX 7 SRFENTo LA Y " RAEREHLES, -
2B 7 Rou Rz, ALy Re—78E2BMLED, 7522 FOERKZEBIFL
72b, PN EEETRY, ZLOGHETHHEINE T,

FAIE metaclasses ZZH L TL 72X,

XYy R
(XY v R) 7 IARERDOHFTERSINEE, 2D F7ADA VAR ADEEL L THUH S8
BAYY FBA VAR YZAA T 27 b 2B — 518 L LTRUTMD 7 (ZOHE—51EUIEHR self
CIEENET), B & AT RO—7 3 SWL T X0,

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—/L) Python 2 — FOMMBHEM L LTEALLLATI 27 PTT, EV 2 - LVREERED
Python A 7Y =7 b2 BOARTZEMEZRL £3, €Y 22— W& importing DI X 5T Python
WCHAAENE T,

NOT—2 ZBRLUTLTEE N,

module spec +
Va—lEZu—F330Hbhi A4 R—- EHEOEHREL ZLLATZEM T, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

See also module-specs.

MRO
method resolution order ML TL Z&E W,

mutable
(R2—RTN) I2—RTNRF TV M, id) ZEZ DI REEZEETEET, 12—
2TI) BB TLIZE W,

”

named tuple
FHIN E R TN WS HEEIE. BT AVZHELTNT, 4 VT v 7 AN K ER I LENZE - T
D7V EAHTELEEOMP Y 7 AZIBHINTVET, ZOMPr 7 AIMMOEEE D F>oTWwb
EHHHET,

time.localtime() % os.stat() DRDEEZEEL WL O DHAAARIILHIFE X I TT, f
D% sys.float_info TT:

>>> gys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

(RDR—=V1HiL)
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(FiDR— 25 D %)
>>> 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
(FATZEM) BB E N 25T, ARIZEMITFHEr L TEEINE T, i3t 7Y 22
FD (XYY FD) ANFICHR-o7b DT TR, RFRS O, KENZ D, 2L THAAALD
SONRHH FT, AREMIZATOERE S ZLICE > TEY a— RS R— T3, HlZIXBEE
builtins.open & os.open() IFHHATEMTXAMEINTVWET, Floo EDEY 2 —HEE R FE
LTWR2IRT 2 Zic ko THAMZEMIZATZE L RTEZE L EF, flZIE. random.seed()
X itertools.islice() &L &, ZNZNEY 22—/l random R itertools THEIN TS Z
EDHL DT,

namespace package
A package which serves only as a container for subpackages. Namespace packages may have
no physical representation, and specifically are not like a regular package because they have no

__init__.py file.

Namespace packages allow several individually installable packages to have a common parent

package. Otherwise, it is recommended to use a regular package.
For more information, see PEP 420 and reference-namespace-package.
module 2B LTI W,

nested scope
(AR PSR =T ) HIMUTERSN TV L LK ZZRT SAET T, BRI, D 2B DRI
OHTERINTVWEHE. NHOBBIZMIOBBHOZ 2SR TE LT, AR PSR a—7
B7 7 4N P TREBOZRZINTE, ZHORARZTERVOTERLTLLI WV, B—AVE
F. ROAMDR a—FTEBEGAEELET, A, 70— \VEHZMES & 7 — L%
MOEZHAEE L E T, nonlocal THHIOZHKICEZADE T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,

_slots descriptors,

- —_—

only new-style classes could use Python’s newer, versatile features like

properties, __getattribute__(), class methods, and static methods.

object
(A7 =7 b)) RE (BHERHE) EBINLRLZIEBD (XYY F) 2H28TOT—%, d LI
BTO HREAINITZZ DRMOEIES FADZ ¥,

optimized scope
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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
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 =) B TEY 2= LPHRNCH TR r—I 2802 DR S module DZ 2 TF, &
FIRICIX, Sy o —2% __path__ @M% D Python + 7Y =2 T,

reqular package € namespace package B LT 72X W0,

parameter
(R51%) B OFIRT BE ( AV Y E ) OERICBWTHEDRIT 2 25|18 28ELET, K
FlENCIZ S D D 5

UBXEEF—T—F: B THLIVE F—T—F3 L LTEST N TEL5HEHEL X
o TS ZIBBIRD foo R bar DL DI, T 7 4~ DIRGIEOEETS:

def func(foo, bar=None): ...

EEH: MEICE > TOAEZLNZ5MEEELET, MEHEHOFIEI BEEERD5 B Y
APMDHTEZENLDRAIC / REDDLIETERTEET, HIZIE D posonlyl ¥ posonly?
EAEEAS IR D £3

def func(posonlyl, posonly2, /, positional_or_keyword):

F—I—FEH: ¥F— Y- FNZLoTOAEZAOLNZI5IMEIEELET, ¥F—V—FEHO5 8%
EFRTE 25X, BIZIELLTD kw_onlyl ° kw_only2 @ X 512, BBERDIRGIEY X MiZ
GO EEMES B FEZIIHD « D% TT:

def func(arg, *, kw_onlyl, kw_only2):

AIERME: (fhDR5IEBTHICZT SRR OMES BT Z T) EEDEBDNMES B 5 2
LNB I EEELET. ZDXIRIGIEE. LR D args D & 5 IRGIEHDENT * 221 5
T TERTEET:

def func(*args, **kwargs):

AERF—T7—F: (ORGIBTEBECZT ONTATEDOF — 7 — F5lEuCiZ ) RO D
F—U—F5BRE5EZ5N2 I REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
B DRNC %% D35 Z L TERTEE T,

REIEEA 7> a Y e HDGIBOEDL HBIEETE, 47> a o583 T 7 4V MEDIFETZ
£75,

RE1% . FAQ @ E5E 2 IRGIBDENZIMTIT? . inspect.Parameter 7 7 A, function 2
Yar, PEP 362 Z2ZH LTI,
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path entry
path based finder A5 import 33 EY 2 — VBT import path D 1 DDFFTTT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) D5R U7z finder TF . 52 b7z path
entry IWHBEY 2 —NE BT HEEZH>TVWET,

NRALY M) =T 74 Y EPFEETZ XY v FIZOWTIE 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.

path based finder 7
7 4V b D meta path finder ® 1 2%, EY 2—ILD import path ZHRRLE T,

path-like object
(path-like 727 b)) 77 A NS AT LRA%ZRKLE T, pathlike 7 =7 Mid, 2R %2RK
T str ATV bR bytes 7V 27 b, ¥£713 os.PathLike YR b a L ZFHEL AT
7 FDENDTT, os.PathLike 7B F AP R—FLTWVWE A 7P =7 M os.fspath() %
O3S Z 8T str 7213 bytes D7 7 A LT R T LANRICEHTE £F, os.fsdecode() &
os.fsencode() I ZNEH str HBWVWIE bytes IKRZDEMRIET 20X £, PEP 519 TE

AZNZFE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 3 2 =7 4 I8 L TERZIRIET 2. H VI
Python OHFHEEES Z DBERLIRTICOW TR T 2REFIXE TS, PEP 1. BEEicoWToffi#E%R
Bk L 1R R 3 2 RE Dl () ZIRR 2 NETT,
PEP &, FHEREDRRICHH 5, 33 2=7 1 I X 2 MEIGBEOEM L Python 1272 X412 FEHRII
OXENDD DR LA OEMKL 722 2t 2BERILTWE T, PEP OFHFICZaI 2 =741 NOEE
FEHzEIT5> 2. RNERZNFNMNTL2ZLOBEBENHD £7,
PEP 1 2ZLTEE W,

portion
PEP 420 TEF XN TW5, namespace package IZJBT 5. HED 7 7 4 VB (zip 7 7 4 MITKE
ENTVEHELHZ)1D2DT 4 L7 M VIR D,

{I&3 % (positional argument) S

I8 ZZWLTZEW,

provisional API
(B API) S 1 75 V) D% HIEMEMEED & FEINICRA SN DTY, 20X 5K%4 v & —
T2 —ANDORKERER X, WETHZ L INTOIMEIPFINTOEEAN, a7HFHEEFCE-T
B Y A INIUE, BAFEREEE ([ 2 =72 —RDHIRETEENDS) DITONZET, Z
D LS BEFRZLRAIITONE B DTIED D FHA - 21X API ZHAALENCIERE STy
TBERBRMEPBR L2 ZICOATONE T,
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TE APT IZoWTH, BATEHMORVWAER R R&FE) LARINTHERT, MERIHIL L
GETORIT AR BIREZRTRETT,

Zo7atRICE), EHES A TS VERBEE R T VLS —ICREVWHBLAD NS Z 7L,
FMREB X CELLZRHIT SN FE T, 55l PEP 411 2B L T 72X,

provisional package
provisional API 2SR L TL X W,

Python 3000
Python 3.x VUV =254 D=y 73 —LT7T, (Python 3 2 EWIERDFE o FEHIZES N
T3, ) "Py3k” LWINZZdbHHFET,

Pythonic fth
DEBT—MIREZ T TEINTza— FTIIR L, Python OFHZ—INZA T4 A 2o 7E R
Hea— KA, HilziE, Python O—fie 4 7 4 * L TW& for XEMF-TA T I TILDTNTOESE
KEoTL—=7LET, o2 DEFFEFIOMHMEAITRND T, Python 2R TWZRWAEZNAD
DICBHED A v X =25 b LILERA:

‘for i in range(len(food)):

print (food[i])

ZAUIH L. ZThWiR Pythonic R ER:

for piece in food:

print (piece)

qualified name
(Bffi%h) €Y 2 —NDIB—rLRA=T D06, ZOEI 2 —LTERINLZ TR, BB XY v R
AD, "R ERT Ry MEERFLTY, PEP 3155 TERINTVWET, vy TLNLOBEKRZ 5
2 TlE, BHi%EA 7Y 227 FOARTERICTE:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

EV 2 NAANOBHTHDONS &, TEEMB (fully qualified name) IZTXTOF NS r—I &L
2RO Ry AR, HlZE email .mime.text ZEHKL T
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>>> import email.mime.text
>>> email .mime.text. name _

'email.mime.text'

reference count
BRATVL) H2FA T2 VIINT IO, SRATV VIR 0K E 204 T
V7 PABEEINE T, kit THH, ZRAITV Y PORLTEES RV DIE D 2 THERR
INBVWATI 27 oD ET, BRAIT Y MTEH X Python ®a— K EIQEZHNAZEAD,
CPython FEDBEERERTT, Iuro~—3 FEDOAX T 27 bOBRAD Y b 2HE72DIC
sys.getrefcount () BAZMF-ON T 2 S HIRE 3

regular package =
M, __init__.py 7 7 AVEELT 4 L7 MY 2 LTD packages,

namespace package BZHLTL 72X,

REPL
"read — eval - print loop” DHHFFET, WFEE 1 ¥ X =7V X - = L Djl%,

__slots__ 4
FANTDEST, A VARV ABHEOEBED SN LUDERLTBE, f VARV AFERHRT S
ZY2T, XEVEHHLEST, 2 EL b2 77 =y 7 TFMN, ELLFEDIEAPLIY vF—
DT, ks —2, BIZIEXEYDBHEREE 237 7V 5 —2a YT VAR APRKREIZEET
5, EWVolt BRRE, HHDRVDBRA NTT,

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__(Q) 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
(BEEWNTLKRED) iterable NORTH 2 WIE—EHOERZWH L T, ZOMREI LR 2EGRERTa Y
R W EE)TT, results = {c for c in 'abracadabra' if c not in 'abc'} T B &,
{'r', 'd'} VWS XFHOFEEEZLER L FF, comprehensions 2SR L TL 72X W,

single dispatch
generic function O—FETREIZ—DODFBOEIZ X DERENF T,

slice
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(RFAR) —RIZ =T VR OD—FEELA TV 2T b, RAT74RF, BFREL [1 THRONHE
BoBoficanyz2EL ZeTESNET, BIZIL, variable_name[1:3:5] T3, AEIMN (FF)
FEE slice A 7Y =27 P 2AFICHIHLTWE 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
(FHEX Y v ¥) & 28NRKED#HIE. BIZIXME % 272912 Python 7 SHFEICIFOH S5 X
Vv R, ZOREDAY v Rid, XV Y FEORHIERZRICT VX =R 7 2098200 TVWET, Fk
XYy FIZOWTIX specialnames TSN TWET,

statement
() XWEAA =1 (A=FD” 78y 77" AAIRBRERTT, X kX 2xF—T—-FhroEEand
HODEE HLHTT, %BFEICIT if. while, for 23HH 7,

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
(FXRANTZ7AN) str AT 227 N EHABEETES file object TF, LIFLIE, TFRA 774
MIEBIIAL MEADF —ZZXA MY =227 78 ZA L, THXRAMIYO—F 1 >4 #EABIZITO
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k=0 >

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,

A
small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names,

numbers, strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’s lexical analyzer. The token module contains information

on the various types of tokens.

triple-quoted string

type

(S8 4 — FXFH) 3 0D L2 4 — MEEE () BT HER b7 4 — () THEAEFI, i
D (—E) 21— FCFINHANTEETE 2 CFINGENED ) THAN, KorOHETHAT
S, 1Oh 2 ODME LY 4 — FEERLRS — FWUICE e TEET L. FRESTF (\) %
bR THHBMIFICE DD LB TELDT, FFa kY F— a3 ¥ TFFIR < FHSRHC F]
<5,

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 V7 R) Boplc, Bzl IcRALTERL T,

R4y 7R3 BeY b Z2HMLT 2DICHEHTTY, HlZI:

def remove_gray_shades(
colors: list[tuplel[int, int, int]]) -> list[tuple[int, int, int]]:

pass

CHEBRDESITEDFHHAR TS TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEBEDFAAD ® % typing ¥ PEP 484 2ZM L T 2 & W,

type hint

(Bler b)) Z8 7 7 2@ BB D5 X =22 BE D EOHIG SN BZIEE T 5 annotation TY,

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.
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Ja—NVEKR 7I7REME BERT. oa—-F LV EH TRV DDA ¥ X typing.
get_type_hints() THUFTZ%J,

HAEDHIIA D 3 typing £ PEP 484 2BIL T EE W,

universal newlines 7
FAMNZIY —LOBRED—DT, UFOTNTEITRLBML 9 Unix OFTHRBE "\n'.
Windows OHIE '\r\n'. &\ Macintosh OFE '"\r's FIFAEICOVWTFHFLIZ, PEP 278 &
PEP 3116 ., X512 bytes.splitlines() 3L T X W,

variable annotation
(BT /) T7—=>ay) EHDH 5037 7 ZABMD annotation .

ZRD BN 7 ABIEICHERZ 72 8 23, AABTRERTT:

class C:

field: 'annotation'

ZR7 7 T7—a @B BEEY L odifEbRET: fIZIE. 2O int DEZERSEZ
PHFEINATOE S

count: int = 0 ]

BT )T — a YOI DOWTIE annassign i CHH L TWE T,

KEREDFBADS S B function annotation, PEP 484 | PEP 526 2L T &\, £/, 7./ 7 —
PavERMETERAN ST 7T 4 A LT annotations-howto 3 BB L TL 72X W,

virtual environment
(IRAEERSR) HafAnc Ul D B S N FATIRETY, 2k D Python 2—% & 77V 75— a VIid[H
LY 255 ETHNTWAMD Python 7 7V & —3 a VOB TH T2 Z 272 < Python Sy
TF—YDA VANV EEHEITI I ENTEXT,

venv ZZIRL TL ZX W,

virtual machine
(RfE=> V) BRIV 7 bV 27X D ERZINZa Y B2 —&, Python DfRfE~> Vid, N4 b
a—Rarv 4 InRHAHLE N FO—F 257005,

Zen of Python
(Python @18 D) Python ZHELFIHT 2 L TOEZ 5, Python OFGEHHEAIE ETEZ Y X M
L72bDTT, Wi 7 v > 7 MT 7import this” ¥ T2 2DV R MEFRDE T,
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ABOUT THIS DOCUMENTATION

Python’s documentation is generated from reStructuredText sources using Sphinx, a documentation
y s

generator originally created for Python and now maintained as an independent project.

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., the creator of the original Python documentation toolset and author of much

of the content;
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 Contributors to the Python documentation

%< 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 was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWTI,
see https://www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI,

see https://www.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations, which
became Zope Corporation. In 2001, the Python Software Foundation (PSF, see https://www.python.
org/psf/) was formed, a non-profit organization created specifically to own Python-related Intellectual

Property. Zope Corporation was a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 ~R=2 FEE &R GPL-compatible? (1)
0.9.0-1.2 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 ves (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DI 2.1.1 2001-BifE  PSF yes
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0 IR
(1) GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python
licenses, unlike the GPL, let you distribute a modified version without making your changes

open source. The GPL-compatible licenses make it possible to combine Python with other

software that is released under the GPL; the others don’t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice
of law clause. According to CNRI, however, Stallman’s lawyer has told CNRI’s lawyer that
1.6.1 is "not incompatible” with the GPL.

Guido DFERD T, TNHDV YV —RZARRICL T EE o0%ZL DRI VT 4 TDHR S ATEH L £,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the Python Software Foundation License Version
2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed
under the PSF License Version 2 and the Zero-Clause BSD license.

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 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this

software ("Python") in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby

agrees to include in any such work a brief summary of the changes made to Python.
(RDR—=1ZHE <)
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(FiDR— 25 D %)

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditiomns.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
(RDR=12Hi <)
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EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREQF.

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,
(RDR—=V ki)
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Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
(RDOR=VIFiL)
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or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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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.

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. 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
(RDR=VIZHiEL)
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NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

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.
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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

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
(RDOR=V1Fil)
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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
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.
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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,
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
(RDR=V1FiL)
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all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 Select kqueue

select EY 2 — Ui kqueue £ ¥ R —7 2 — ZIZOVWTDRDEHEEZEATVET:

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

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
(RDR=V1FiL)
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all copies or substantial portions of the Software.

</MIT License>

Original location:

https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/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:

/sksksk ok ok ok sk ok sk ok ok sk ok sk ke ok sk sk sk e ok sk sk sk sk ok ok sk sk sk ke ok sk sk ok o ok sk sk ok s ok ok sk sk ok sk sk sk sk e ok sk sk sk s sk sk ok ok ok
£ 3

* The author of this software is David M. Gay.

*

*x 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
] 1] ] lerived f | he Apache Li 5 lies:
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Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making 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

(RDOR=V1Fil)
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represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of

this License, each Contributor hereby grants to You a perpetual,

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

(RDOR=VIFiL)
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or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditions:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices

stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or

for any such Derivative Works as a whole, provided Your use,
(RDOR=VIFiL)
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reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,

or other liability obligations and/or rights consistent with this
(RDOR=VIFiL)
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License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
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:
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Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 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.

(RDR= ki)

472 18 C & B 51t




The Python/C API, U1 —2X 3.13.3

(FiDR— 25 D %)
2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THEH L TWa Ny ¥ a7 — 71 DHEE
&, cfuhash 70y =27 F DB DITEOZT LT

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR—DIHi<)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal 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
0UT 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:
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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,
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
(RDR= ki)
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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.3.20 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/gsbr. 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:
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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
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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Py_GenericAlias (C function), 265
Py_GenericAliasType (C var), 266
Py_GetArgcArgv (C function), 333
Py_GetBuildInfo (C function), 279
Py_GetCompiler (C function), 279
Py_GetConstant (C function), 119
Py_GetConstantBorrowed (C function),
120
Py_GetCopyright (C function), 279
Py_GETENV (C macro), 6
Py_GetExecPrefix (C function), 16, 277

Py_GetPath (C function), 16, 278
Py_GetPath(), 276
Py_GetPlatform (C function), 278
Py_GetPrefix (C function), 16, 277
Py_GetProgramFullPath (C function),
16, 278
Py_GetProgramName (C function), 276
Py_GetPythonHome (C function), 281
Py_GetVersion (C function), 278
Py_GT (C macro), 389
Py_hash_t (C type), 110
Py_HashPointer (C function), 111
Py_HashRandomizationFlag (C var), 269
Py_IgnoreEnvironmentFlag (C var), 270
Py_INCREF (C function), 8, 59
Py_IncRef (C function), 61
Py_Initialize (C function), 15, 272,
293
Py_Initialize(), 276
Py_InitializeEx (C function), 273
Py_InitializeFromConfig (C function),
273
Py_InspectFlag (C wvar), 270
Py_InteractiveFlag (C var), 270
Py_Is (C function), 353
Py_IS_TYPE (C function), 354
Py_IsFalse (C function), 353
Py_IsFinalizing (C function), 273
Py_IsInitialized (C function), 16, 273
Py_IsNone (C function), 353
Py_IsolatedFlag (C wvar), 270
Py_IsTrue (C function), 353
Py_LE (C macro), 389
Py_LeaveRecursiveCall (C function),
78
Py_LegacyWindowsFSEncodingFlag (C
var), 271
Py_LegacyWindowsStdioFlag (C var),
271
Py_LIMITED_API (C macro), 18
Py_LT (C macro), 389
Py_Main (C function), 274
PY_MAJOR_VERSION (C macro), 417
Py_MAX (C macro), 6
Py_MEMBER_SIZE (C macro), 6
PY_MICRO_VERSION (C macro), 417
Py_MIN (C macro), 6
PY_MINOR_VERSION (C macro), 417
Py_mod_create (C macro), 239
Py_mod_exec (C macro), 239
Py_mod_gil (C macro), 240
Py_MOD_GIL_NOT_USED (C macro), 240
Py_MOD_GIL_USED (C macro), 240
Py_mod_multiple_interpreters (C
macro), 239

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

(C macro), 240
Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED
(C macro), 240
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED
(C macro), 240
PY_MONITORING_EVENT_BRANCH (C'
macro), 424
PY_MONITORING_EVENT_C_RAISE (C
macro), 424
PY_MONITORING_EVENT_C_RETURN (C'
macro), 424
PY_MONITORING_EVENT_CALL (C macro),
424
PY_MONITORING_EVENT_EXCEPTION_HANDLED
(C macro), 424
PY_MONITORING_EVENT_INSTRUCTION (C'
macro), 424
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PY_MONITORING_EVENT_JUMP (C macro),
424
PY_MONITORING_EVENT_LINE (C macro),
424
PY_MONITORING_EVENT_PY_RESUME (C
macro), 424
PY_MONITORING_EVENT_PY_RETURN (C
macro), 424
PY_MONITORING_EVENT_PY_START (C'
macro), 424
PY_MONITORING_EVENT_PY_THROW (C'
macro), 424
PY_MONITORING_EVENT_PY_UNWIND (C
macro), 424
PY_MONITORING_EVENT_PY_YIELD (C
macro), 424
PY_MONITORING_EVENT_RAISE (C macro),
424
PY_MONITORING_EVENT_RERAISE (C
macro), 424
PY_MONITORING_EVENT_STOP_ITERATION
(C macro), 424
PY_MONITORING_IS_INSTRUMENTED_EVENT
(C function), 425
Py_NE (C macro), 389
Py_NewInterpreter (C function), 294
Py_NewInterpreterFromConfig (C'
function), 292
Py_NewRef (C function), 60
Py_NO_INLINE (C macro), 6
Py_None (C var), 163
Py_NoSiteFlag (C var), 271
Py_NotImplemented (C var), 121
Py_NoUserSiteDirectory (C var), 271
Py_OpenCodeHookFunction (C type), 233
Py_OptimizeFlag (C var), 272
Py_PreInitialize (C function), 313
Py_PrelInitializeFromArgs (C
function), 313
Py_PreInitializeFromBytesArgs (C
function), 313
Py_PRINT_RAW (C macro), 121
Py_PRINT_RAW (C < #0), 234
Py_QuietFlag (C var), 272
Py_READONLY (C macro), 360
Py_REFCNT (C function), 59
Py_RELATIVE_OFFSET (C macro), 360
PY_RELEASE_LEVEL (C macro), 417
PY_RELEASE_SERIAL (C macro), 417
Py_ReprEnter (C function), 78
Py_ReprLeave (C function), 78
Py_RETURN_FALSE (C macro), 173
Py_RETURN_NONE (C macro), 163
Py_RETURN_NOTIMPLEMENTED (C macro),
121
Py_RETURN_RICHCOMPARE (C macro), 389
Py_RETURN_TRUE (C macro), 173
Py_RunMain (C function), 275
Py_SET_REFCNT (C function), 59
Py_SET_SIZE (C function), 354
Py_SET_TYPE (C function), 354
Py_SetProgramName (C function), 276
Py_SetPythonHome (C function), 280
Py_SETREF (C macro), 61
Py_single_input (C var), 57
Py_SIZE (C function), 354
Py_ssize_t (C type), 12
PY_SSIZE_T_MAX (C macro), 167
Py_STRINGIFY (C macro), 6
Py_T_BOOL (C macro), 362
Py_T_BYTE (C macro), 362
Py_T_CHAR (C macro), 362
Py_T_DOUBLE (C macro), 362

Py_T_FLOAT (C macro), 362

Py_T_INT (C macro), 362

Py_T_LONG (C macro), 362

Py_T_LONGLONG (C macro), 362

Py_T_OBJECT_EX (C macro), 362

Py_T_PYSSIZET (C macro), 362

Py_T_SHORT (C macro), 362

Py_T_STRING (C macro), 362

Py_T_STRING_INPLACE (C macro), 362

Py_T_UBYTE (C macro), 362

Py_T_UINT (C macro), 362

Py_T_ULONG (C macro), 362

Py_T_ULONGLONG (C macro), 362

Py_T_USHORT (C macro), 362

Py_TPFLAGS_BASE_EXC_SUBCLASS (C
macro), 383

Py_TPFLAGS_BASETYPE (C macro), 380

Py_TPFLAGS_BYTES_SUBCLASS (C macro),
382

Py_TPFLAGS_DEFAULT (C macro), 381

Py_TPFLAGS_DICT_SUBCLASS (C macro),
383

Py_TPFLAGS_DISALLOW_INSTANTIATION
(C macro), 383

Py_TPFLAGS_HAVE_FINALIZE (C macro),
383

Py_TPFLAGS_HAVE_GC (C macro), 381

Py_TPFLAGS_HAVE_VECTORCALL (C
macro), 383

Py_TPFLAGS_HEAPTYPE (C macro), 380

Py_TPFLAGS_IMMUTABLETYPE (C macro),
383

Py_TPFLAGS_ITEMS_AT_END (C macro),
382

Py_TPFLAGS_LIST_SUBCLASS (C macro),
382

Py_TPFLAGS_LONG_SUBCLASS (C macro),
382

Py_TPFLAGS_MANAGED_DICT (C macro),
382

Py_TPFLAGS_MANAGED_WEAKREF (C'
macro), 382

Py_TPFLAGS_MAPPING (C macro), 384

Py_TPFLAGS_METHOD_DESCRIPTOR (C
macro), 381

Py_TPFLAGS_READY (C macro), 380

Py_TPFLAGS_READYING (C macro), 381

Py_TPFLAGS_SEQUENCE (C macro), 384

Py_TPFLAGS_TUPLE_SUBCLASS (C macro),
382

Py_TPFLAGS_TYPE_SUBCLASS (C macro),
383

Py_TPFLAGS_UNICODE_SUBCLASS (C'
macro), 383

Py_TPFLAGS_VALID_VERSION_TAG (C
macro), 385

Py_tracefunc (C type), 296

Py_True (C var), 173

Py_tss_NEEDS_INIT (C macro), 301

Py_tss_t (C type), 300

Py_TYPE (C function), 353

Py_ucs1 (C type), 182

Py_ucs2 (C type), 182

Py_ucs4 (C type), 182

Py_uhash_t (C type), 110

Py_UNBLOCK_THREADS (C macro), 286

Py_UnbufferedStdioFlag (C wvar), 272

Py_UNICODE (C type), 182

Py_UNICODE_IS_HIGH_SURROGATE (C
function), 186

Py_UNICODE_IS_LOW_SURROGATE (C'
function), 186

Py_UNICODE_IS_SURROGATE (C function),
186
Py_UNICODE_ISALNUM (C function), 185
Py_UNICODE_ISALPHA (C function), 185
Py_UNICODE_ISDECIMAL (C function),
185
Py_UNICODE_ISDIGIT (C function), 185
Py_UNICODE_ISLINEBREAK (C function),
185
Py_UNICODE_ISLOWER (C function), 185
Py_UNICODE_ISNUMERIC (C function),
185
Py_UNICODE_ISPRINTABLE (C function),
185
Py_UNICODE_ISSPACE (C function), 185
Py_UNICODE_ISTITLE (C function), 185
Py_UNICODE_ISUPPER (C function), 185
Py_UNICODE_JOIN_SURROGATES (C'
Sfunction), 186
Py_UNICODE_TODECIMAL (C function),
186
Py_UNICODE_TODIGIT (C function), 186
Py_UNICODE_TOLOWER (C function), 185
Py_UNICODE_TONUMERIC (C function),
186
Py_UNICODE_TOTITLE (C function), 186
Py_UNICODE_TOUPPER (C function), 186
Py_UNREACHABLE (C macro), 6
Py_UNUSED (C macro), 7
Py_VaBuildValue (C function), 108
PY_VECTORCALL_ARGUMENTS_OFFSET (C
macro), 130
Py_VerboseFlag (C var), 272
Py_Version (C var), 418
PY_VERSION_HEX (C macro), 417
Py_VISIT (C function), 414
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), 144
PyAnySet_Check (C function), 221
PyAnySet_CheckExact (C function), 221
PyArg_Parse (C function), 104
PyArg_ParseTuple (C function), 103
PyArg_ParseTupleAndKeywords (C
Sfunction), 103
PyArg_UnpackTuple (C function), 104
PyArg_ValidateKeywordArguments (C
Sfunction), 103
PyArg_VaParse (C function), 103
PyArg_VaParseTupleAndKeywords (C
Sfunction), 103
PyASCIIObject (C type), 183
PyAsyncMethods (C type), 405
PyAsyncMethods.am_aiter (C' member),
406
PyAsyncMethods.am_anext (C member),
406
PyAsyncMethods.am_await (C member),
405
PyAsyncMethods.am_send (C member),
406
PyBaseObject_Type (C var), 353
PyBool_Check (C function), 173
PyBool_FromLong (C function), 173
PyBool_Type (C var), 173
PyBUF _ANY_CONTIGUOUS (C macro), 150
PyBUF_C_CONTIGUOUS (C macro), 150
PyBUF_CONTIG (C macro), 151
PyBUF_CONTIG_RO (C macro), 151
PyBUF_F_CONTIGUOUS (C macro), 150
PyBUF_FORMAT (C macro), 149
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PyBUF_FULL (C macro), 151
PyBUF_FULL_RO (C macro), 151
PyBUF_INDIRECT (C macro), 149
PyBUF_MAX_NDIM (C macro), 148
PyBUF_ND (C macro), 149
PyBUF_READ (C macro), 249
PyBUF_RECORDS (C macro), 151
PyBUF_RECORDS_RO (C macro), 151
PyBUF_SIMPLE (C macro), 149
PyBUF_STRIDED (C macro), 151
PyBUF_STRIDED_RO (C macro), 151
PyBUF_STRIDES (C macro), 149
PyBUF_WRITABLE (C macro), 149
PyBUF_WRITE (C macro), 249
PyBuffer_FillContiguousStrides (C
function), 154
PyBuffer_FillInfo (C function), 154
PyBuffer_FromContiguous (C function),
154
PyBuffer_GetPointer (C function), 153
PyBuffer_IsContiguous (C function),
153
PyBuffer_Release (C function), 153
PyBuffer_SizeFromFormat (C function),
153
PyBuffer_ToContiguous (C function),
154
PyBufferProcs (C type), 145, 404
PyBufferProcs.bf_getbuffer (C
member), 404
PyBufferProcs.bf_releasebuffer (C
member), 405
PyByteArray_AS_STRING (C function),
182
PyByteArray_AsString (C function),
181
PyByteArray_Check (C function), 181
PyByteArray_CheckExact (C function),
181
PyByteArray_Concat (C function), 181
PyByteArray_FromObject (C function),
181
PyByteArray_FromStringAndSize (C
function), 181
PyByteArray_GET_SIZE (C function),
182
PyByteArray_Resize (C function), 181
PyByteArray_Size (C function), 181
PyByteArray_Type (C var), 181
PyByteArrayObject (C type), 181
PyBytes_AS_STRING (C function), 180
PyBytes_AsString (C function), 180
PyBytes_AsStringAndSize (C function),
180
PyBytes_Check (C function), 178
PyBytes_CheckExact (C function), 178
PyBytes_Concat (C function), 180
PyBytes_ConcatAndDel (C function),
180
PyBytes_FromFormat (C function), 179
PyBytes_FromFormatV (C function), 179
PyBytes_FromObject (C function), 179
PyBytes_FromString (C function), 178
PyBytes_FromStringAndSize (C
function), 178
PyBytes_GET_SIZE (C function), 179
PyBytes_Size (C function), 179
PyBytes_Type (C var), 178
PyBytesObject (C type), 178
PyCallable_Check (C function), 135
PyCalllIter_Check (C function), 246
PyCallIter_New (C function), 246
PyCallIter_Type (C wvar), 246

PyCapsule (C type), 252
PyCapsule_CheckExact (C function),
252
PyCapsule_Destructor (C type), 252
PyCapsule_GetContext (C function),
253
PyCapsule_GetDestructor (C function),
253
PyCapsule_GetName (C function), 253
PyCapsule_GetPointer (C function),
252
PyCapsule_Import (C function), 253
PyCapsule_IsValid (C function), 253
PyCapsule_New (C function), 252
PyCapsule_SetContext (C function),
254
PyCapsule_SetDestructor (C function),
254
PyCapsule_SetName (C function), 254
PyCapsule_SetPointer (C function),
254
PyCell_Check (C function), 227
PyCell_GET (C function), 227
PyCell_Get (C function), 227
PyCell_New (C function), 227
PyCell_SET (C function), 227
PyCell_Set (C function), 227
PyCell_Type (C var), 227
PyCellObject (C type), 227
PyCF_ALLOW_TOP_LEVEL_AWAIT (C
macro), 58
PyCF_ONLY_AST (C macro), 58
PyCF_OPTIMIZED_AST (C macro), 58
PyCF_TYPE_COMMENTS (C macro), 58
PyCFunction (C type), 355
PyCFunction_New (C function), 359
PyCFunction_NewEx (C function), 359
PyCFunctionFast (C type), 355
PyCFunctionFastWithKeywords (C type),
355
PyCFunctionWithKeywords (C type), 355
PyCMethod (C type), 355
PyCMethod_New (C function), 358
PyCode_Addr2Line (C function), 229
PyCode_Addr2Location (C function),
229
PyCode_AddWatcher (C function), 230
PyCode_Check (C function), 228
PyCode_ClearWatcher (C function), 230
PyCode_GetCellvars (C function), 230
PyCode_GetCode (C function), 230
PyCode_GetFreevars (C function), 230
PyCode_GetNumFree (C function), 228
PyCode_GetVarnames (C function), 230
PyCode_New (C B8%K), 229
PyCode_NewEmpty (C function), 229
PyCode_NewWithPosOnlyArgs (C BA%),
229
PyCode_Type (C var), 228
PyCode_WatchCallback (C type), 231
PyCodec_BackslashReplaceErrors (C
function), 115
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), 114
PyCodec_IncrementalEncoder (C
function), 114

PyCodec_KnownEncoding (C function),
114

PyCodec_LookupError (C function), 115

PyCodec_NameReplaceErrors (C
function), 115

PyCodec_Register (C function), 113

PyCodec_RegisterError (C function),
115

PyCodec_ReplaceErrors (C function),
115

PyCodec_StreamReader (C function),
114

PyCodec_StreamWriter (C function),
114

PyCodec_StrictErrors (C function),
115

PyCodec_Unregister (C function), 113

PyCodec_XMLCharRefReplaceErrors (C
function), 115

PyCodeEvent (C type), 230

PyCodeObject (C type), 228

PyCompactUnicodeObject (C type), 183

PyCompilerFlags (C struct), 57

PyCompilerFlags.cf_feature_version
(C member), 58

PyCompilerFlags.cf_flags (C
member), 58

PyComplex_AsCComplex (C function),
178

PyComplex_Check (C function), 177

PyComplex_CheckExact (C function),
177

PyComplex_FromCComplex (C function),
177

PyComplex_FromDoubles (C function),
177

PyComplex_ImagAsDouble (C function),
177

PyComplex_RealAsDouble (C function),
177

PyComplex_Type (C wvar), 177

PyComplexObject (C type), 177

PyConfig (C type), 314

PyConfig_Clear (C function), 316

PyConfig_InitIsolatedConfig (C
function), 314

PyConfig_InitPythonConfig (C
Sfunction), 314

PyConfig_Read (C function), 315

PyConfig_SetArgv (C function), 315

PyConfig_SetBytesArgv (C function),
315

PyConfig_SetBytesString (C function),
315

PyConfig_SetString (C function), 314

PyConfig_SetWideStringList (C
Sfunction), 315

PyConfig.argv (C member), 316

PyConfig.base_exec_prefix (C
member), 317

PyConfig.base_executable (C
member), 317

PyConfig.base_prefix (C member), 317

PyConfig.buffered_stdio (C member),
317

PyConfig.bytes_warning (C member),
317

PyConfig.check_hash_pycs_mode (C
member), 318

PyConfig.code_debug_ranges (C
member), 318

PyConfig.configure_c_stdio (C'
member), 318
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PyConfig.cpu_count (C member), 321
PyConfig.dev_mode (C member), 318
PyConfig.dump_refs (C member), 319
PyConfig.exec_prefix (C member), 319
PyConfig.executable (C member), 319
PyConfig.faulthandler (C member),
319
PyConfig.filesystem_encoding (C
member), 319
PyConfig.filesystem_errors (C
member), 320
PyConfig.hash_seed (C member), 320
PyConfig.home (C member), 320
PyConfig.import_time (C member), 320
PyConfig.inspect (C member), 321
PyConfig.install_signal_handlers (C
member), 321
PyConfig.int_max_str_digits (C
member), 321
PyConfig.interactive (C member), 321
PyConfig.isolated (C member), 322
PyConfig.legacy_windows_stdio (C
member), 322
PyConfig.malloc_stats (C member),
322
PyConfig.module_search_paths (C'
member), 323
PyConfig.module_search_paths_set (C
member), 323
PyConfig.optimization_level (C'
member), 323
PyConfig.orig_argv (C member), 323
PyConfig.parse_argv (C member), 324
PyConfig.parser_debug (C member),
324
PyConfig.pathconfig_warnings (C
member), 324
PyConfig.perf_profiling (C member),
327
PyConfig.platlibdir (C member), 322
PyConfig.prefix (C member), 324
PyConfig.program_name (C member),
325
PyConfig.pycache_prefix (C member),
325
PyConfig.pythonpath_env (C member),
323
PyConfig.quiet (C member), 325
PyConfig.run_command (C member), 325
PyConfig.run_filename (C member),
325
PyConfig.run_module (C member), 325
PyConfig.run_presite (C member), 326
PyConfig.safe_path (C member), 316
PyConfig.show_ref_count (C member),
326
PyConfig.site_import (C member), 326
PyConfig.skip_source_first_line (C
member), 326
PyConfig.stdio_encoding (C member),
326
PyConfig.stdio_errors (C member),
326
PyConfig.tracemalloc (C member), 327
PyConfig.use_environment (C
member), 327
PyConfig.use_hash_seed (C member),
320
PyConfig.user_site_directory (C
member), 328
PyConfig.verbose (C member), 328
PyConfig.warn_default_encoding (C
member), 318

PyConfig.warnoptions (C member), 328
PyConfig.write_bytecode (C member),
328
PyConfig.xoptions (C member), 328
PyContext (C type), 259
PyContext_CheckExact (C function),
259
PyContext_Copy (C function), 260
PyContext_CopyCurrent (C function),
260
PyContext_Enter (C function), 260
PyContext_Exit (C function), 260
PyContext_New (C function), 259
PyContext_Type (C var), 259
PyContextToken (C type), 259
PyContextToken_CheckExact (C'
function), 259
PyContextToken_Type (C var), 259
PyContextVar (C type), 259
PyContextVar_CheckExact (C function),
259
PyContextVar_Get (C function), 260
PyContextVar_New (C function), 260
PyContextVar_Reset (C function), 260
PyContextVar_Set (C function), 260
PyContextVar_Type (C var), 259
PyCoro_CheckExact (C function), 258
PyCoro_New (C function), 258
PyCoro_Type (C war), 258
PyCoroObject (C type), 258
PyDate_Check (C function), 262
PyDate_CheckExact (C function), 262
PyDate_FromDate (C function), 262
PyDate_FromTimestamp (C function),
265
PyDateTime_Check (C function), 262
PyDateTime_CheckExact (C function),
262
PyDateTime_Date (C type), 261
PyDateTime_DATE_GET_FOLD (C
function), 264
PyDateTime_DATE_GET_HOUR (C
function), 264
PyDateTime_DATE_GET_MICROSECOND (C
function), 264
PyDateTime_DATE_GET_MINUTE (C
function), 264
PyDateTime_DATE_GET_SECOND (C
function), 264
PyDateTime_DATE_GET_TZINFO (C
function), 264
PyDateTime_DateTime (C type), 261
PyDateTime_DateTimeType (C var), 261
PyDateTime_DateType (C var), 261
PyDateTime_Delta (C type), 261
PyDateTime_DELTA_GET_DAYS (C
function), 265
PyDateTime_DELTA_GET_MICROSECONDS
(C function), 265
PyDateTime_DELTA_GET_SECONDS (C
function), 265
PyDateTime_DeltaType (C var), 261
PyDateTime_FromDateAndTime (C
function), 262
PyDateTime_FromDateAndTimeAndFold
(C function), 263
PyDateTime_FromTimestamp (C'
function), 265
PyDateTime_GET_DAY (C function), 263
PyDateTime_GET_MONTH (C function),
263
PyDateTime_GET_YEAR (C function), 263
PyDateTime_Time (C type), 261

PyDateTime_TIME_GET_FOLD (C
function), 264
PyDateTime_TIME_GET_HOUR (C
function), 264
PyDateTime_TIME_GET_MICROSECOND (C'
Sfunction), 264
PyDateTime_TIME_GET_MINUTE (C'
Sfunction), 264
PyDateTime_TIME_GET_SECOND (C'
Sfunction), 264
PyDateTime_TIME_GET_TZINFO (C'
Sfunction), 264
PyDateTime_TimeType (C var), 261
PyDateTime_TimeZone_UTC (C war), 261
PyDateTime_TZInfoType (C wvar), 261
PyDelta_Check (C function), 262
PyDelta_CheckExact (C function), 262
PyDelta_FromDSU (C function), 263
PyDescr_IsData (C function), 247
PyDescr_NewClassMethod (C function),
246
PyDescr_NewGetSet (C function), 246
PyDescr_NewMember (C function), 246
PyDescr_NewMethod (C function), 246
PyDescr_NewWrapper (C function), 246
PyDict_AddWatcher (C function), 219
PyDict_Check (C function), 213
PyDict_CheckExact (C function), 214
PyDict_Clear (C function), 214
PyDict_ClearWatcher (C function), 219
PyDict_Contains (C function), 214
PyDict_ContainsString (C function),
214
PyDict_Copy (C function), 214
PyDict_Delltem (C function), 214
PyDict_DelltemString (C function),
215
PyDict_GetItem (C function), 215
PyDict_GetItemRef (C function), 215
PyDict_GetItemString (C function),
215
PyDict_GetItemStringRef (C function),
216
PyDict_GetItemWithError (C function),
215
PyDict_Items (C function), 217
PyDict_Keys (C function), 217
PyDict_Merge (C function), 218
PyDict_MergeFromSeq2 (C function),
218
PyDict_New (C function), 214
PyDict_Next (C function), 217
PyDict_Pop (C function), 216
PyDict_PopString (C function), 216
PyDict_SetDefault (C function), 216
PyDict_SetDefaultRef (C function),
216
PyDict_SetItem (C function), 214
PyDict_SetItemString (C function),
214
PyDict_Size (C function), 217
PyDict_Type (C var), 213
PyDict_Unwatch (C function), 219
PyDict_Update (C function), 218
PyDict_Values (C function), 217
PyDict_Watch (C function), 219
PyDict_WatchCallback (C type), 219
PyDict_WatchEvent (C type), 219
PyDictObject (C type), 213
PyDictProxy_New (C function), 214
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyEllipsis_Type (C wvar), 249
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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_SetExcFromWindowsErrWithFilename

(C function), 66

PyErr_SetExcFromWindowsErrWithFilename

(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),
290
PyEval_AcquireThread (), 284
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), 113
PyEval_GetFuncName (C function), 113
PyEval_GetGlobals (C function), 112
PyEval_GetLocals (C function), 112
PyEval_InitThreads (C function), 284
PyEval_InitThreads(), 272
PyEval_MergeCompilerFlags (C
function), 57
PyEval_ReleaseThread (C function),
290
PyEval_ReleaseThread(), 284
PyEval_RestoreThread (C function),
282, 284
PyEval_RestoreThread(), 284
PyEval_SaveThread (C function), 282,
284
PyEval_SaveThread(), 284
PyEval_SetProfile (C function), 298

OPgSEYal_SetProfileAllThreads (C

function), 298

Db}i?ﬁgesll_SetTrace (C function), 298

PyEval_SetTraceAllThreads (C
function), 298
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 wvar), 80
PyExc_EOFError (C var), 79
PyExc_Exception (C var), 79
PyExc_FileExistsError (C var), 79
PyExc_FileNotFoundError (C var), 79
PyExc_FloatingPointError (C wvar), 79
PyExc_FutureWarning (C var), 81
PyExc_GeneratorExit (C var), 79
PyExc_ImportError (C var), 79
PyExc_ImportWarning (C var), 81
PyExc_IndentationError (C wvar), 79
PyExc_IndexError (C wvar), 79
PyExc_InterruptedError (C var), 79

PyExc_IOError (C var), 80
PyExc_IsADirectoryError (C var), 79
PyExc_KeyboardInterrupt (C wvar), 79
PyExc_KeyError (C var), 79
PyExc_LookupError (C var), 79
PyExc_MemoryError (C var), 79
PyExc_ModuleNotFoundError (C var), 79
PyExc_NameError (C wvar), 79
PyExc_NotADirectoryError (C wvar), 79
PyExc_NotImplementedError (C var), 79
PyExc_0SError (C wvar), 79
PyExc_OverflowError (C wvar), 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 var), 81
PyExc_RuntimeError (C var), 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 wvar), 79
PyExc_TimeoutError (C wvar), 79
PyExc_TypeError (C var), 79
PyExc_UnboundLocalError (C var), 79
PyExc_UnicodeDecodeError (C var), 79
PyExc_UnicodeEncodeError (C var), 79
PyExc_UnicodeError (C wvar), 79
PyExc_UnicodeTranslateError (C var),
79
PyExc_UnicodeWarning (C var), 81
PyExc_UserWarning (C var), 81
PyExc_ValueError (C var), 79
PyExc_Warning (C var), 81
PyExc_WindowsError (C var), 80
PyExc_ZeroDivisionError (C var), 79
PyException_GetArgs (C function), 76
PyException_GetCause (C function), 75
PyException_GetContext (C function),
75
PyException_GetTraceback (C
Sfunction), 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), 233
PyFile_GetLine (C function), 233
PyFile_SetOpenCodeHook (C function),
233
PyFile_WriteObject (C function), 234
PyFile_WriteString (C function), 234
PyFloat_AS_DOUBLE (C function), 174
PyFloat_AsDouble (C function), 174
PyFloat_Check (C function), 173
PyFloat_CheckExact (C function), 173
PyFloat_FromDouble (C function), 174
PyFloat_FromString (C function), 174
PyFloat_GetInfo (C function), 174
PyFloat_GetMax (C function), 174
PyFloat_GetMin (C function), 174
PyFloat_Pack2 (C function), 175
PyFloat_Pack4 (C function), 175
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PyFloat_Pack8 (C function), 175
PyFloat_Type (C var), 173
PyFloat_Unpack2 (C function), 175
PyFloat_Unpack4 (C function), 175
PyFloat_Unpack8 (C function), 175
PyFloatObject (C type), 173
PyFrame_Check (C function), 254
PyFrame_GetBack (C function), 255
PyFrame_GetBuiltins (C function), 255
PyFrame_GetCode (C' function), 255
PyFrame_GetGenerator (C function),
255
PyFrame_GetGlobals (C function), 255
PyFrame_GetLasti (C function), 255
PyFrame_GetLineNumber (C function),
256
PyFrame_GetLocals (C function), 256
PyFrame_GetVar (C function), 255
PyFrame_GetVarString (C function),
256
PyFrame_Type (C var), 254
PyFrameLocalsProxy_Check (C
function), 256
PyFrameLocalsProxy_Type (C var), 256
PyFrameObject (C type), 254
PyFrozenSet_Check (C function), 221
PyFrozenSet_CheckExact (C function),
221
PyFrozenSet_New (C function), 221
PyFrozenSet_Type (C var), 220
PyFunction_AddWatcher (C function),
224
PyFunction_Check (C function), 223
PyFunction_ClearWatcher (C function),
224
PyFunction_GetAnnotations (C
function), 224
PyFunction_GetClosure (C function),
224
PyFunction_GetCode (C function), 223
PyFunction_GetDefaults (C function),
223
PyFunction_GetGlobals (C function),
223
PyFunction_GetModule (C function),
223
PyFunction_New (C function), 223
PyFunction_NewWithQualName (C
function), 223
PyFunction_SetAnnotations (C
function), 224
PyFunction_SetClosure (C function),
224
PyFunction_SetDefaults (C function),
223
PyFunction_SetVectorcall (C
function), 223
PyFunction_Type (C wvar), 223
PyFunction_WatchCallback (C type),
225
PyFunction_WatchEvent (C type), 224
PyFunctionObject (C type), 222
PyGC_Collect (C function), 415
PyGC_Disable (C function), 415
PyGC_Enable (C function), 415
PyGC_IsEnabled (C function), 415
PyGen_Check (C function), 258
PyGen_CheckExact (C function), 258
PyGen_New (C function), 258
PyGen_NewWithQualName (C function),
258
PyGen_Type (C var), 258
PyGenObject (C type), 257

PyGetSetDef (C type), 363
PyGetSetDef .closure (C member), 363
PyGetSetDef .doc (C member), 363
PyGetSetDef .get (C member), 363
PyGetSetDef .name (C member), 363
PyGetSetDef.set (C member), 363
PyGILState_Check (C function), 286
PyGILState_Ensure (C function), 285
PyGILState_GetThisThreadState (C'
function), 286
PyGILState_Release (C function), 285
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
function), 90
PyImport_ImportModuleNoBlock (C
function), 90
PyImport_ReloadModule (C function),
91
PyIndex_Check (C function), 139
PyInstanceMethod_Check (C function),
225
PyInstanceMethod_Function (C
function), 226
PyInstanceMethod_GET_FUNCTION (C
function), 226

PyInstanceMethod_New (C function),
226

PyInstanceMethod_Type (C wvar), 225

PyInterpreterConfig (C type), 291

PyInterpreterConfig DEFAULT_GIL (C
macro), 292

PyInterpreterConfig OWN_GIL (C
macro), 292

PyInterpreterConfig SHARED_GIL (C
macro), 292

PyInterpreterConfig.allow_daemon_threads

(C member), 292
PyInterpreterConfig.allow_exec (C
member), 291
PyInterpreterConfig.allow_fork (C
member), 291
PyInterpreterConfig.allow_threads
(C member), 291

PyInterpreterConfig.check_multi_interp_exten

(C member), 292
PyInterpreterConfig.gil (C' member),
292
PyInterpreterConfig.use_main_obmalloc
(C member), 291
PyInterpreterState (C type), 283
PyInterpreterState_Clear (C
function), 287
PyInterpreterState_Delete (C
Sfunction), 287
PyInterpreterState_Get (C function),
288
PyInterpreterState_GetDict (C'
function), 289
PyInterpreterState_GetID (C
Sfunction), 288
PyInterpreterState_Head (C function),
299
PyInterpreterState_Main (C function),
299
PyInterpreterState_New (C function),
287
PyInterpreterState_Next (C function),
300
PyInterpreterState_ThreadHead (C
Sfunction), 300
PyIter_Check (C function), 144
PyIter_Next (C function), 144
PyIter_Send (C function), 145
PyList_Append (C function), 212
PyList_AsTuple (C function), 213
PyList_Check (C function), 211
PyList_CheckExact (C function), 211
PyList_Clear (C function), 213
PyList_Extend (C function), 213
PyList_GET_ITEM (C function), 212
PyList_GET_SIZE (C function), 211
PyList_GetItem (C function), 11, 211
PyList_GetItemRef (C function), 211
PyList_GetSlice (C function), 212
PyList_Insert (C function), 212
PyList_New (C function), 211
PyList_Reverse (C function), 213
PyList_SET_ITEM (C function), 212
PyList_SetItem (C function), 9, 212
PyList_SetSlice (C function), 212
PyList_Size (C function), 211
PyList_Sort (C function), 213
PyList_Type (C var), 211
PyListObject (C type), 211
PyLong_AS_LONG (C' function), 166
PyLong_AsDouble (C function), 168
PyLong_AsInt (C function), 166
PyLong_AsLong (C function), 165
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PyLong_AsLongAndOverflow (C
function), 166
PyLong_AsLongLong (C function), 166
PyLong_AsLongLongAndOverflow (C
function), 167
PyLong_AsNativeBytes (C function),
169
PyLong_AsSize_t (C function), 167
PyLong_AsSsize_t (C function), 167
PyLong_AsUnsignedLong (C function),
167
PyLong_AsUnsignedLongLong (C'
function), 167
PyLong_AsUnsignedLongLongMask (C
function), 168
PyLong_AsUnsignedLongMask (C'
function), 168
PyLong_AsVoidPtr (C function), 168
PyLong_Check (C function), 164
PyLong_CheckExact (C function), 164
PyLong_FromDouble (C function), 164
PyLong_FromLong (C' function), 164
PyLong_FromLongLong (C function), 164
PyLong_FromNativeBytes (C function),
165
PyLong_FromSize_t (C function), 164
PyLong_FromSsize_t (C function), 164
PyLong_FromString (C function), 164
PyLong_FromUnicodeObject (C
function), 165
PyLong_FromUnsignedLong (C function),
164
PyLong_FromUnsignedLongLong (C'
function), 164
PyLong_FromUnsignedNativeBytes (C
function), 165
PyLong_FromVoidPtr (C function), 165
PyLong_GetInfo (C function), 172
PyLong_Type (C var), 164
PyLongObject (C type), 163
PyMapping_Check (C function), 142
PyMapping_DelItem (C function), 142
PyMapping_DelltemString (C function),
142
PyMapping_GetItemString (C function),
142
PyMapping_GetOptionalItem (C
function), 142
PyMapping_GetOptionalItemString (C
function), 142
PyMapping_HasKey (C function), 143
PyMapping_HasKeyString (C function),
143
PyMapping_HasKeyStringWithError (C
function), 143
PyMapping_HasKeyWithError (C
function), 142
PyMapping_Items (C function), 144
PyMapping_Keys (C function), 143
PyMapping_Length (C function), 142
PyMapping_SetItemString (C function),
142
PyMapping_Size (C function), 142
PyMapping_Values (C function), 143
PyMappingMethods (C type), 402
PyMappingMethods.mp_ass_subscript
(C member), 402
PyMappingMethods.mp_length (C
member), 402
PyMappingMethods.mp_subscript (C
member), 402
PyMarshal_ReadLastObjectFromFile (C
function), 96

PyMarshal_ReadLongFromFile (C
function), 95
PyMarshal_ReadObjectFromFile (C
function), 96
PyMarshal_ReadObjectFromString (C
function), 96
PyMarshal_ReadShortFromFile (C
function), 96
PyMarshal_WriteLongToFile (C
function), 95
PyMarshal_WriteObjectToFile (C'
function), 95
PyMarshal_WriteObjectToString (C
function), 95
PyMem_Calloc (C function), 340
PyMem_Del (C function), 341
PYMEM_DOMAIN_MEM (C macro), 344
PYMEM_DOMAIN_OBJ (C macro), 344
PYMEM_DOMAIN_RAW (C macro), 344
PyMem_Free (C function), 341
PyMem_GetAllocator (C function), 344
PyMem_Malloc (C function), 340
PyMem_New (C macro), 341
PyMem_RawCalloc (C function), 339
PyMem_RawFree (C function), 340
PyMem_RawMalloc (C function), 339
PyMem_RawRealloc (C function), 339
PyMem_Realloc (C function), 340
PyMem_Resize (C macro), 341
PyMem_SetAllocator (C function), 345
PyMem_SetupDebugHooks (C' function),
345
PyMemAllocatorDomain (C type), 344
PyMemAllocatorEx (C type), 343
PyMember_GetOne (C function), 360
PyMember_SetOne (C function), 360
PyMemberDef (C type), 359
PyMemberDef .doc (C member), 359
PyMemberDef . flags (C member), 359
PyMemberDef .name (C member), 359
PyMemberDef .offset (C member), 359
PyMemberDef . type (C member), 359
PyMemoryView_Check (C function), 250
PyMemoryView_FromBuffer (C function),
249
PyMemoryView_FromMemory (C function),
249
PyMemoryView_FromObject (C function),
249
PyMemoryView_GET_BASE (C function),
250
PyMemoryView_GET_BUFFER (C function),
250
PyMemoryView_GetContiguous (C
function), 249
PyMethod_Check (C function), 226
PyMethod_Function (C function), 226
PyMethod_GET_FUNCTION (C function),
226
PyMethod_GET_SELF (C function), 226
PyMethod_New (C function), 226
PyMethod_Self (C function), 226
PyMethod_Type (C var), 226
PyMethodDef (C type), 356
PyMethodDef .m1_doc (C member), 356
PyMethodDef .m1_flags (C member), 356
PyMethodDef .m1_meth (C member), 356
PyMethodDef .m1_name (C member), 356
PyMODINIT_FUNC (C macro), 4
PyModule_Add (C function), 243
PyModule_AddFunctions (C function),
241

PyModule_AddIntConstant (C function),
243
PyModule_AddIntMacro (C macro), 244
PyModule_AddObject (C function), 243
PyModule_AddObjectRef (C function),
242
PyModule_AddStringConstant (C'
Sfunction), 244
PyModule_AddStringMacro (C macro),
244
PyModule_AddType (C function), 244
PyModule_Check (C function), 234
PyModule_CheckExact (C function), 234
PyModule_Create (C function), 237
PyModule_Create2 (C function), 238
PyModule_ExecDef (C' function), 241
PyModule_FromDefAndSpec (C function),
240
PyModule_FromDefAndSpec2 (C
function), 241
PyModule_GetDef (C function), 235
PyModule_GetDict (C function), 235
PyModule_GetFilename (C function),
235
PyModule_GetFilenameObject (C
Sfunction), 235
PyModule_GetName (C' function), 235
PyModule_GetNameObject (C function),
235
PyModule_GetState (C function), 235
PyModule_New (C function), 235
PyModule_NewObject (C function), 234
PyModule_SetDocString (C function),
241
PyModule_Type (C var), 234
PyModuleDef (C type), 236
PyModuleDef_Init (C function), 238
PyModuleDef_Slot (C type), 239
PyModuleDef_Slot.slot (C member),
239
PyModuleDef_Slot.value (C' member),
239
PyModuleDef .m_base (C member), 236
PyModuleDef.m_clear (C member), 237
PyModuleDef .m_doc (C member), 236
PyModuleDef .m_free (C member), 237
PyModuleDef .m_methods (C member),
236
PyModuleDef .m_name (C member), 236
PyModuleDef .m_size (C member), 236
PyModuleDef.m_slots (C member), 236
PyModuleDef .m_slots.m_reload (C
member), 237
PyModuleDef .m_traverse (C member),
237
PyMonitoring_EnterScope (C function),
423
PyMonitoring_ExitScope (C function),
425
PyMonitoring_FireBranchEvent (C'
Sfunction), 422
PyMonitoring_FireCallEvent (C'
Sfunction), 421
PyMonitoring_FireCRaiseEvent (C'
Sfunction), 422
PyMonitoring_FireCReturnEvent (C
Sfunction), 422

PyMonitoring FireExceptionHandledEvent

(C function), 422
PyMonitoring_FireJumpEvent (C'
Sfunction), 422
PyMonitoring_FireLineEvent (C'
Sfunction), 422
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PyMonitoring_FirePyResumeEvent (C
function), 421
PyMonitoring_FirePyReturnEvent (C
function), 421
PyMonitoring_ FirePyStartEvent (C
function), 421
PyMonitoring_FirePyThrowEvent (C
function), 422
PyMonitoring_FirePyUnwindEvent (C
function), 422
PyMonitoring_ FirePyYieldEvent (C'
function), 421
PyMonitoring FireRaiseEvent (C
function), 422
PyMonitoring_FireReraiseEvent (C
function), 422
PyMonitoring_FireStopIlterationEvent
(C function), 422
PyMonitoringState (C type), 421
PyMutex (C type), 303
PyMutex_Lock (C function), 303
PyMutex_Unlock (C function), 303
PyNumber_Absolute (C function), 136
PyNumber_Add (C function), 135
PyNumber_And (C function), 136
PyNumber_AsSsize_t (C function), 139
PyNumber_Check (C function), 135
PyNumber_Divmod (C function), 136
PyNumber_Float (C function), 138
PyNumber_FloorDivide (C function),
135
PyNumber_Index (C function), 138
PyNumber_InPlaceAdd (C function), 137
PyNumber_InPlaceAnd (C function), 138
PyNumber_InPlaceFloorDivide (C
function), 137
PyNumber_InPlaceLshift (C function),
138
PyNumber_InPlaceMatrixMultiply (C
function), 137
PyNumber_InPlaceMultiply (C
function), 137
PyNumber_InPlaceOr (C function), 138
PyNumber_InPlacePower (C function),
137
PyNumber_InPlaceRemainder (C’
function), 137
PyNumber_InPlaceRshift (C function),
138
PyNumber_InPlaceSubtract (C
function), 137
PyNumber_InPlaceTrueDivide (C
function), 137
PyNumber_InPlaceXor (C function), 138
PyNumber_Invert (C function), 136
PyNumber_Long (C function), 138
PyNumber_Lshift (C function), 136
PyNumber_MatrixMultiply (C function),
135
PyNumber_Multiply (C function), 135
PyNumber_Negative (C function), 136
PyNumber_0Or (C function), 136
PyNumber_Positive (C function), 136
PyNumber_Power (C function), 136
PyNumber_Remainder (C function), 136
PyNumber_Rshift (C function), 136
PyNumber_Subtract (C function), 135
PyNumber_ToBase (C' function), 138
PyNumber_TrueDivide (C function), 135
PyNumber_Xor (C function), 136
PyNumberMethods (C' type), 399
PyNumberMethods.nb_absolute (C
member), 401

PyNumberMethods.nb_add (C' member),
401

PyNumberMethods.nb_and (C member),
401

PyNumberMethods .nb_bool (C member),
401

PyNumberMethods.nb_divmod (C'
member), 401

PyNumberMethods.nb_float (C
member), 401

PyNumberMethods.nb_floor_divide (C
member), 402

PyNumberMethods.nb_index (C'
member), 402

PyNumberMethods.nb_inplace_add (C’
member), 401

PyNumberMethods.nb_inplace_and (C
member), 402

PyNumberMethods.nb_inplace_floor_divid

(C member), 402
PyNumberMethods.nb_inplace_lshift
(C member), 402

PyNumberMethods.nb_inplace_matrix_mulf

(C member), 402
PyNumberMethods.nb_inplace_multiply
(C member), 401
PyNumberMethods.nb_inplace_or (C'
member), 402
PyNumberMethods.nb_inplace_power (C
member), 402
PyNumberMethods.nb_inplace_remainder
(C member), 401
PyNumberMethods.nb_inplace_rshift
(C member), 402
PyNumberMethods.nb_inplace_subtract
(C member), 401

PyNumberMethods.nb_inplace_true_divide

(C member), 402
PyNumberMethods.nb_inplace_xor (C
member), 402
PyNumberMethods.nb_int (C' member),
401
PyNumberMethods.nb_invert (C
member), 401
PyNumberMethods.nb_lshift (C
member), 401
PyNumberMethods.nb_matrix_multiply
(C member), 402
PyNumberMethods.nb_multiply (C'
member), 401
PyNumberMethods .nb_negative (C'
member), 401
PyNumberMethods.nb_or (C member),
401
PyNumberMethods.nb_positive (C'
member), 401
PyNumberMethods .nb_power (C'
member), 401
PyNumberMethods.nb_remainder ( C
member), 401
PyNumberMethods .nb_reserved (C’
member), 401
PyNumberMethods.nb_rshift (C
member), 401
PyNumberMethods.nb_subtract (C’
member), 401
PyNumberMethods.nb_true_divide (C
member), 402
PyNumberMethods.nb_xor (C member),
401
PyObject (C type), 352
PyObject_ASCII (C function), 125

PyObject_AsFileDescriptor (C
function), 233

PyObject_Bytes (C function), 125

PyObject_Call (C function), 132

PyObject_CallFunction (C function),
133

PyObject_CallFunctionObjArgs (C
function), 133

PyObject_CallMethod (C function), 133

PyObject_CallMethodNoArgs (C
Sfunction), 134

PyObject_CallMethodObjArgs (C
function), 133

PyObject_CallMethodOneArg (C
Sfunction), 134

PyObject_CallNoArgs (C function), 132

PyObject_CallObject (C function), 132

PyObject_Calloc (C function), 342

e PyObject_CallOneArg (C function), 132

PyObject_CheckBuffer (C function),
153

PyObject_ClearManagedDict (C

iply function), 128

PyObject_ClearWeakRefs (C function),
251

PyObject_CopyData (C function), 154

PyObject_Del (C function), 352

PyObject_DelAttr (C function), 123

PyObject_DelAttrString (C function),
123

PyObject_DellItem (C function), 127

PyObject_DelltemString (C function),
127

PyObject_Dir (C function), 127

PyObject_Format (C function), 124

PyObject_Free (C function), 342

PyObject_GC_Del (C function), 414

PyObject_GC_IsFinalized (C function),
413

PyObject_GC_IsTracked (C function),
413

PyObject_GC_New (C macro), 412

PyObject_GC_NewVar (C macro), 412

PyObject_GC_Resize (C macro), 413

PyObject_GC_Track (C function), 413

PyObject_GC_UnTrack (C function), 414

PyObject_GenericGetAttr (C function),
122

PyObject_GenericGetDict (C function),
123

PyObject_GenericHash (C function),
112

PyObject_GenericSetAttr (C function),
123

PyObject_GenericSetDict (C function),
124

PyObject_GetAIter (C function), 127

PyObject_GetArenaAllocator (C'
Sfunction), 348

PyObject_GetAttr (C function), 122

PyObject_GetAttrString (C function),
122

PyObject_GetBuffer (C function), 153

PyObject_GetItem (C function), 127

PyObject_GetItemData (C function),
128

PyObject_GetIter (C function), 127

PyObject_GetOptionalAttr (C
function), 122

PyObject_GetOptionalAttrString (C
Sfunction), 122

PyObject_GetTypeData (C function),
128
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PyObject_HasAttr (C function), 121
PyObject_HasAttrString (C function),
121
PyObject_HasAttrStringWithError (C
function), 121
PyObject_HasAttrWithError (C
function), 121
PyObject_Hash (C function), 126
PyObject_HashNotImplemented (C'
Sunction), 126
PyObject_HEAD (C macro), 353
PyObject_HEAD_INIT (C macro), 354
PyObject_Init (C function), 351
PyObject_InitVar (C function), 351
PyObject_IS_GC (C function), 413
PyObject_IsInstance (C function), 125
PyObject_IsSubclass (C function), 125
PyObject_IsTrue (C function), 126
PyObject_Length (C function), 126
PyObject_LengthHint (C function), 126
PyObject_Malloc (C function), 342
PyObject_New (C macro), 351
PyObject_NewVar (C macro), 351
PyObject_Not (C function), 126
PyObject_Print (C function), 121
PyObject_Realloc (C function), 342
PyObject_Repr (C function), 124
PyObject_RichCompare (C function),
124
PyObject_RichCompareBool (C
function), 124
PyObject_SelfIter (C function), 127
PyObject_SetArenaAllocator (C
function), 348
PyObject_SetAttr (C function), 123
PyObject_SetAttrString (C function),
123
PyObject_SetItem (C function), 127
PyObject_Size (C function), 126
PyObject_Str (C function), 125
PyObject_Type (C function), 126
PyObject_TypeCheck (C function), 126
PyObject_VAR_HEAD (C macro), 353
PyObject_Vectorcall (C function), 134
PyObject_VectorcallDict (C function),
134
PyObject_VectorcallMethod (C'
function), 134
PyObject_VisitManagedDict (C'
function), 128
PyObjectArenaAllocator (C type), 348
PyObject.ob_refcnt (C member), 371
PyObject.ob_type (C member), 371
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), 311
PyPreConfig_InitIsolatedConfig (C
function), 311
PyPreConfig_InitPythonConfig (C
function), 311
PyPreConfig.allocator (C member),
311
PyPreConfig.coerce_c_locale (C'
member), 312
PyPreConfig.coerce_c_locale_warn (C’
member), 312
PyPreConfig.configure_locale (C
member), 311
PyPreConfig.dev_mode (C member), 312
PyPreConfig.isolated (C member), 312
PyPreConfig.legacy_windows_fs_encoding
(C member), 312
PyPreConfig.parse_argv (C member),
312
PyPreConfig.use_environment (C'
member), 312
PyPreConfig.utf8_mode (C member),
313
PyProperty_Type (C var), 246
PyRefTracer (C type), 299
PyRefTracer_CREATE (C var), 299
PyRefTracer_DESTROY (C var), 299
PyRefTracer_GetTracer (C function),
299
PyRefTracer_SetTracer (C function),
299
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
function), 54
PyRun_InteractiveOne (C function), 54
PyRun_InteractiveOneFlags (C'
function), 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), 145
PySeqIter_Check (C function), 246
PySeqlter_New (C function), 246
PySeqlIter_Type (C var), 245
PySequence_Check (C function), 139
PySequence_Concat (C function), 139
PySequence_Contains (C function), 140
PySequence_Count (C' function), 140
PySequence_DelItem (C function), 140
PySequence_DelSlice (C function), 140
PySequence_Fast (C function), 141
PySequence_Fast_GET_ITEM (C
function), 141
PySequence_Fast_GET_SIZE (C
function), 141

PySequence_Fast_ITEMS (C function),
141
PySequence_GetItem (C function), 11,
140
PySequence_GetSlice (C function), 140
PySequence_Index (C function), 140
PySequence_InPlaceConcat (C
Sfunction), 139
PySequence_InPlaceRepeat (C
Sfunction), 139
PySequence_ITEM (C function), 141
PySequence_Length (C function), 139
PySequence_List (C function), 140
PySequence_Repeat (C function), 139
PySequence_SetItem (C function), 140
PySequence_SetSlice (C function), 140
PySequence_Size (C function), 139
PySequence_Tuple (C function), 141
PySequenceMethods (C type), 403
PySequenceMethods.sq_ass_item (C
member), 403
PySequenceMethods.sq_concat (C
member), 403
PySequenceMethods.sq_contains (C
member), 403
PySequenceMethods.sq_inplace_concat
(C member), 403
PySequenceMethods.sq_inplace_repeat
(C member), 403
PySequenceMethods.sq_item (C
member), 403
PySequenceMethods.sq_length (C
member), 403
PySequencelMethods.sq_repeat (C
member), 403
PySet_Add (C function), 222
PySet_Check (C function), 221
PySet_CheckExact (C' function), 221
PySet_Clear (C function), 222
PySet_Contains (C function), 222
PySet_Discard (C function), 222
PySet_GET_SIZE (C function), 222
PySet_New (C' function), 221
PySet_Pop (C function), 222
PySet_Size (C function), 221
PySet_Type (C var), 220
PySetObject (C type), 220
PySignal_SetWakeupFd (C function), 74
PySlice_AdjustIndices (C function),
248
PySlice_Check (C function), 247
PySlice_GetIndices (C function), 247
PySlice_GetIndicesEx (C function),
247
PySlice_New (C function), 247
PySlice_Type (C var), 247
PySlice_Unpack (C function), 248
PyState_AddModule (C function), 245
PyState_FindModule (C function), 245
PyState_RemoveModule (C function),
245
PyStatus (C type), 309
PyStatus_Error (C function), 309
PyStatus_Exception (C function), 309
PyStatus_Exit (C function), 309
PyStatus_IsError (C function), 310
PyStatus_IsExit (C function), 310
PyStatus_NoMemory (C function), 309
PyStatus_0k (C function), 309
PyStatus.err_msg (C member), 309
PyStatus.exitcode (C member), 309
PyStatus.func (C member), 309
PyStructSequence_Desc (C type), 209
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PyStructSequence_Desc.doc (C
member), 209
PyStructSequence_Desc.fields (C
member), 209
PyStructSequence_Desc.n_in_sequence
(C member), 209
PyStructSequence_Desc.name (C
member), 209
PyStructSequence_Field (C type), 209
PyStructSequence_Field.doc (C
member), 209
PyStructSequence_Field.name (C
member), 209
PyStructSequence_GET_ITEM (C
function), 210
PyStructSequence_GetItem (C
function), 210
PyStructSequence_InitType (C
function), 209
PyStructSequence_InitType2 (C
function), 209
PyStructSequence_New (C function),
210
PyStructSequence_NewType (C
function), 209
PyStructSequence_SET_ITEM (C
function), 210
PyStructSequence_SetItem (C
function), 210
PyStructSequence_UnnamedField (C
var), 210
PySys_AddAuditHook (C function), 88
PySys_Audit (C function), 88
PySys_AuditTuple (C function), 88
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), 280
PySys_SetArgvEx (C function), 279
PySys_SetObject (C function), 87
PySys_WriteStderr (C function), 87
PySys_WriteStdout (C function), 87
Python 3000, 445
Python Enhancement Proposals
PEP 1, 444
PEP 7,3, 7
PEP 238, 58, 434
PEP 278, 449
PEP 302, 440
PEP 343, 431
PEP 353, 12
PEP 362, 428, 443
PEP 383, 192, 193
PEP 387, 17, 18
PEP 393, 182
PEP 411, 445
PEP 420, 442, 444
PEP 432, 334
PEP 442, 308
PEP 443, 436
PEP 451, 239
PEP 456, 111
PEP 483, 436
PEP 484, 427, 435, 436, 448, 449
PEP 489, 240, 292
PEP 492, 428, 429, 432

PEP 526, 427, 449
PEP 528, 271, 322
PEP 529, 193, 271
PEP 538, 331

PEP 539, 300

PEP 540, 331

PEP 552, 318

PEP 554, 294

PEP 578, 89

PEP 585, 436

PEP 587, 307

PEP 590, 129

PEP 623, 182

PEP
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PEP 634, 384, 385
PEP 667, 112, 256
PEP 0683, 60, 61, 437
PEP 703, 435, 437
PEP 3116, 449
PEP 3119, 125, 126
PEP 3121, 236
PEP 3147, 93
PEP 3151, 80
PEP 3155, 445
PYTHON_CPU_COUNT, 322
PYTHON_GIL, 437
PYTHON_PERF_JIT_SUPPORT, 327
PYTHON_PRESITE, 326
PYTHONCOERCECLOCALE, 331
PYTHONDEBUG, 269, 324
PYTHONDEVMODE, 319
PYTHONDONTWRITEBYTECODE, 269, 328
PYTHONDUMPREFS, 319
PYTHONEXECUTABLE, 325
PYTHONFAULTHANDLER, 319
PYTHONHASHSEED, 270, 320
PYTHONHOME, 15, 16, 270, 280, 281, 320
Pythonic, 445
PYTHONINSPECT, 270, 321
PYTHONINTMAXSTRDIGITS, 321
PYTHONIOENCODING, 327
PYTHONLEGACYWINDOWSFSENCODING, 271,
312
PYTHONLEGACYWINDOWSSTDIO, 271, 322
PYTHONMALLOC, 338, 343, 345, 348
PYTHONMALLOCSTATS, 322, 338
PYTHONNODEBUGRANGES, 318
PYTHONNOUSERSITE, 271, 328
PYTHONOPTIMIZE, 272, 323
PYTHONPATH, 15, 16, 270, 323
PYTHONPLATLIBDIR, 322
PYTHONPROFILEIMPORTTIME, 321
PYTHONPYCACHEPREFIX, 325
PYTHONSAFEPATH, 317
PYTHONTRACEMALLOC, 327
PYTHONUNBUFFERED, 272, 317
PYTHONUTFS, 313, 331
PYTHONVERBOSE, 272, 328
PYTHONWARNINGS, 328
PyThread_create_key (C function), 302
PyThread_delete_key (C function), 302
PyThread_delete_key_value (C
function), 302
PyThread_get_key_value (C function),
302
PyThread_ReInitTLS (C function), 302
PyThread_set_key_value (C function),

PyThread_tss_free (C function), 301
PyThread_tss_get (C function), 302
PyThread_tss_is_created (C function),
301
PyThread_tss_set (C function), 302
PyThreadState (C type), 281, 284
PyThreadState_Clear (C function), 287
PyThreadState_Delete (C function),
287
PyThreadState_DeleteCurrent (C
function), 287
PyThreadState_EnterTracing (C
Sfunction), 288
PyThreadState_Get (C function), 284
ndPpFhfeadssate_GetDict (C function),
290
PyThreadState_GetFrame (C function),
287
PyThreadState_GetID (C function), 288
PyThreadState_GetInterpreter (C
function), 288
PyThreadState_GetUnchecked (C
function), 285
PyThreadState_LeaveTracing (C
function), 288
PyThreadState_New (C function), 287
PyThreadState_Next (C function), 300
PyThreadState_SetAsyncExc (C
function), 290
PyThreadState_Swap (C function), 285
PyThreadState.interp (C member), 284
PyTime_AsSecondsDouble (C function),
117
PyTime_Check (C function), 262
PyTime_CheckExact (C function), 262
PyTime_FromTime (C function), 263
PyTime_FromTimeAndFold (C function),
263
PyTime_MAX (C var), 116
PyTime_MIN (C var), 116
PyTime_Monotonic (C function), 116
PyTime_MonotonicRaw (C function), 117
PyTime_PerfCounter (C function), 116
PyTime_PerfCounterRaw (C function),
117
PyTime_t (C type), 116
PyTime_Time (C function), 116
PyTime_TimeRaw (C function), 117
PyTimeZone_FromOffset (C function),
263
PyTimeZone_FromOffsetAndName (C
function), 263
PyTrace_C_CALL (C war), 297
PyTrace_C_EXCEPTION (C var), 297
PyTrace_C_RETURN (C wvar), 297
PyTrace_CALL (C var), 297
PyTrace_EXCEPTION (C war), 297
PyTrace_LINE (C var), 297
PyTrace_OPCODE (C wvar), 297
PyTrace_RETURN (C var), 297
PyTraceMalloc_Track (C function), 348
PyTraceMalloc_Untrack (C function),
348
PyTuple_Check (C function), 207
PyTuple_CheckExact (C function), 207
PyTuple_GET_ITEM (C function), 207
PyTuple_GET_SIZE (C function), 207
PyTuple_GetItem (C function), 207
PyTuple_GetSlice (C function), 207

PEP 498, 434 302 PyTuple_New (C function), 207

PEP 519, 444 PyThread_tss_alloc (C function), 301 PyTuple_Pack (C function), 207

PEP 523, 257, 289, 290 PyThread_tss_create (C function), 301 PyTuple_SET_ITEM (C function), 208

PEP 525, 428 PyThread_tss_delete (C function), 301 PyTuple_SetItem (C function), 9, 208
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PyTuple_Size (C function), 207
PyTuple_Type (C var), 207
PyTupleObject (C type), 207
PyType_AddWatcher (C function), 156
PyType_Check (C function), 155
PyType_CheckExact (C function), 155
PyType_ClearCache (C function), 156
PyType_ClearWatcher (C function), 156
PyType_FromMetaclass (C function),
160
PyType_FromModuleAndSpec (C
function), 160
PyType_FromSpec (C function), 161
PyType_FromSpecWithBases (C
function), 161
PyType_GenericAlloc (C function), 157
PyType_GenericNew (C function), 157
PyType_GetDict (C function), 156
PyType_GetFlags (C function), 156
PyType_GetFullyQualifiedName (C'
function), 158
PyType_GetModule (C function), 158
PyType_GetModuleByDef (C function),
159
PyType_GetModuleName (C' function),
158
PyType_GetModuleState (C function),
159
PyType_GetName (C function), 158
PyType_GetQualName (C function), 158
PyType_GetSlot (C function), 158
PyType_GetTypeDataSize (C function),
128
PyType_HasFeature (C function), 157
PyType_IS_GC (C function), 157
PyType_IsSubtype (C function), 157
PyType_Modified (C function), 156
PyType_Ready (C function), 157
PyType_Slot (C type), 162
PyType_Slot.pfunc (C member), 163
PyType_Slot.slot (C member), 162
PyType_Spec (C type), 161
PyType_Spec.basicsize (C member),
161
PyType_Spec.flags (C member), 162
PyType_Spec.itemsize (C member), 161
PyType_Spec.name (C member), 161
PyType_Spec.slots (C member), 162
PyType_Type (C var), 155
PyType_Watch (C function), 157
PyType_WatchCallback (C type), 157
PyTypeObject (C type), 155
PyTypeObject.tp_alloc (C member),
394
PyTypeObject.tp_as_async (C
member), 376
PyTypeObject.tp_as_buffer (C
member), 379
PyTypeObject.tp_as_mapping (C
member), 377
PyTypeObject.tp_as_number (C
member), 377
PyTypeObject.tp_as_sequence (C
member), 377
PyTypeObject.tp_base (C member), 391
PyTypeObject.tp_bases (C member),
396
PyTypeObject.tp_basicsize (C
member), 372
PyTypeObject.tp_cache (C member),
397
PyTypeObject.tp_call (C member), 378

PyTypeObject.tp_clear (C member),
387

PyTypeObject.tp_dealloc (C member),
374

PyTypeObject.tp_del (C member), 397

PyTypeObject.tp_descr_get (C
member), 392

PyTypeObject.tp_descr_set (C
member), 393

PyTypeObject.tp_dict (C member), 392

PyTypeObject.tp_dictoffset (C
member), 393

PyTypeObject.tp_doc (C member), 385

PyTypeObject.tp_finalize (C
member), 397

PyTypeObject.tp_flags (C member),
379

PyTypeObject.tp_free (C member), 395

PyTypeObject.tp_getattr (C member),
375

PyTypeObject.tp_getattro (C
member), 378

PyTypeObject.tp_getset (C member),
391

PyTypeObject.tp_hash (C member), 377

PyTypeObject.tp_init (C member), 394

PyTypeObject.tp_is_gc (C member),
396

PyTypeObject.tp_itemsize (C
member), 372

PyTypeObject.tp_iter (C member), 390

PyTypeObject.tp_iternext (C
member), 390

PyTypeObject.tp_members (C member),
391

PyTypeObject.tp_methods (C member),
391

PyTypeObject.tp_mro (C member), 396

PyTypeObject.tp_name (C member), 372

PyTypeObject.tp_new (C member), 395

PyTypeObject.tp_repr (C member), 376

PyTypeObject.tp_richcompare (C
member), 388

PyTypeObject.tp_setattr (C member),
376

PyTypeObject.tp_setattro (C
member), 379

PyTypeObject.tp_str (C member), 378

PyTypeObject.tp_subclasses (C
member), 397

PyTypeObject.tp_traverse (C
member), 385

PyTypeObject.tp_vectorcall (C
member), 398

PyTypeObject.tp_vectorcall_offset
(C member), 375

PyTypeObject.tp_version_tag (C
member), 397

PyTypeObject.tp_watched (C member),
398

PyTypeObject.tp_weaklist (C
member), 397

PyTypeObject.tp_weaklistoffset (C
member), 390

PyTZInfo_Check (C function), 262

PyTZInfo_CheckExact (C function), 262

PyUnicode_1BYTE_DATA (C function),
183

PyUnicode_1BYTE_KIND (C macro), 183

PyUnicode_2BYTE_DATA (C function),
183

PyUnicode_2BYTE_KIND (C macro), 183

PyUnicode_4BYTE_DATA (C function),
183
PyUnicode_4BYTE_KIND (C macro), 183
PyUnicode_AsASCIIString (C function),
201
PyUnicode_AsCharmapString (C
Sfunction), 201
PyUnicode_AsEncodedString (C
Sfunction), 196
PyUnicode_AsLatiniString (C
function), 201
PyUnicode_AsMBCSString (C function),
202
PyUnicode_AsRawUnicodeEscapeString
(C function), 200
PyUnicode_AsUCS4 (C function), 192
PyUnicode_AsUCS4Copy (C function),
192
PyUnicode_AsUnicodeEscapeString (C
Sfunction), 200
PyUnicode_AsUTF8 (C' function), 197
PyUnicode_AsUTF8AndSize (C function),
197
PyUnicode_AsUTF8String (C function),
197
PyUnicode_AsUTF16String (C function),
199
PyUnicode_AsUTF32String (C function),
198
PyUnicode_AsWideChar (C function),
195
PyUnicode_AsWideCharString (C'
function), 195
PyUnicode_Check (C function), 183
PyUnicode_CheckExact (C function),
183
PyUnicode_Compare (C function), 205
PyUnicode_CompareWithASCIIString (C
Sfunction), 205
PyUnicode_Concat (C function), 203
PyUnicode_Contains (C function), 206
PyUnicode_CopyCharacters (C
Sfunction), 191
PyUnicode_Count (C function), 204
PyUnicode_DATA (C function), 184
PyUnicode_Decode (C function), 196
PyUnicode_DecodeASCII (C function),
201
PyUnicode_DecodeCharmap (C function),
201
PyUnicode_DecodeCodePageStateful (C
function), 202
PyUnicode_DecodeFSDefault (C
Sfunction), 194
PyUnicode_DecodeFSDefaultAndSize (C
Sfunction), 194
PyUnicode_DecodeLatinl (C function),
200
PyUnicode_DecodeLocale (C function),
193
PyUnicode_DecodeLocaleAndSize (C
Sfunction), 192
PyUnicode_DecodeMBCS (C' function),
202
PyUnicode_DecodeMBCSStateful (C
Sfunction), 202
PyUnicode_DecodeRawUnicodeEscape (C
Sfunction), 200
PyUnicode_DecodeUnicodeEscape (C
function), 200
PyUnicode_DecodeUTF7 (C function),
200
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PyUnicode_DecodeUTF7Stateful (C
function), 200
PyUnicode_DecodeUTF8 (C function),
197
PyUnicode_DecodeUTF8Stateful (C'
function), 197
PyUnicode_DecodeUTF16 (C' function),
199
PyUnicode_DecodeUTF16Stateful (C
function), 199
PyUnicode_DecodeUTF32 (C function),
198
PyUnicode_DecodeUTF32Stateful (C
function), 198
PyUnicode_EncodeCodePage (C
function), 202
PyUnicode_EncodeFSDefault (C
function), 195
PyUnicode_EncodeLocale (C' function),
193
PyUnicode_EqualToUTF8 (C function),
205
PyUnicode_EqualToUTF8AndSize (C'
function), 205
PyUnicode_Fill (C function), 191
PyUnicode_Find (C function), 204
PyUnicode_FindChar (C function), 204
PyUnicode_Format (C function), 205
PyUnicode_FromEncodedObject (C'
function), 190
PyUnicode_FromFormat (C function),
187
PyUnicode_FromFormatV (C function),
190
PyUnicode_FromKindAndData (C
function), 187
PyUnicode_FromObject (C function),
190
PyUnicode_FromOrdinal (C function),
190
PyUnicode_FromString (C function),
187
PyUnicode_FromStringAndSize (C'
function), 187
PyUnicode_FromWideChar (C' function),
195
PyUnicode_FSConverter (C function),
193
PyUnicode_FSDecoder (C function), 194
PyUnicode_GET_LENGTH (C function),
183
PyUnicode_GetDefaultEncoding (C
function), 191
PyUnicode_GetLength (C function), 191
PyUnicode_InternFromString (C
function), 206
PyUnicode_InternInPlace (C function),
206
PyUnicode_IsIdentifier (C function),
185
PyUnicode_Join (C function), 204
PyUnicode_KIND (C function), 184
PyUnicode_MAX_CHAR_VALUE (C
function), 184
PyUnicode_New (C function), 186
PyUnicode_Partition (C function), 203
PyUnicode_READ (C function), 184
PyUnicode_READ_CHAR (C function), 184
PyUnicode_ReadChar (C function), 192
PyUnicode_READY (C function), 183
PyUnicode_Replace (C function), 204
PyUnicode_RichCompare (C' function),
205

PyUnicode_RPartition (C function),
204
PyUnicode_RSplit (C function), 203
PyUnicode_Split (C function), 203
PyUnicode_Splitlines (C function),
203
PyUnicode_Substring (C function), 192
PyUnicode_Tailmatch (C function), 204
PyUnicode_Translate (C function), 202
PyUnicode_Type (C var), 183
PyUnicode_WRITE (C function), 184
PyUnicode_WriteChar (C function), 191
PyUnicodeDecodeError_Create (C’
function), 76
PyUnicodeDecodeError_GetEncoding (C
function), 76
PyUnicodeDecodeError_GetEnd (C'
function), 77
PyUnicodeDecodeError_GetObject (C
function), 77
PyUnicodeDecodeError_GetReason (C’
function), 77
PyUnicodeDecodeError_GetStart (C
function), 77
PyUnicodeDecodeError_SetEnd (C’
function), 77
PyUnicodeDecodeError_SetReason (C
function), 77
PyUnicodeDecodeError_SetStart (C
function), 77
PyUnicodeEncodeError_GetEncoding (C
function), 76
PyUnicodeEncodeError_GetEnd (C’
function), 77
PyUnicodeEncodeError_GetObject (C
function), 77
PyUnicodeEncodeError_GetReason (C
function), 77
PyUnicodeEncodeError_GetStart (C
function), 77
PyUnicodeEncodeError_SetEnd (C
function), 77
PyUnicodeEncodeError_SetReason (C
function), 77
PyUnicodeEncodeError_SetStart (C
function), 77
PyUnicodeObject (C type), 183
PyUnicodeTranslateError_GetEnd (C
function), 77
PyUnicodeTranslateError_GetObject
(C function), 77
PyUnicodeTranslateError_GetReason
(C function), 77
PyUnicodeTranslateError_GetStart (C
function), 77
PyUnicodeTranslateError_SetEnd (C
function), 77
PyUnicodeTranslateError_SetReason
(C function), 77
PyUnicodeTranslateError_SetStart (C
function), 77
PyUnstable, 17
PyUnstable_AtExit (C function), 276
PyUnstable_Code_GetExtra (C'
function), 232
PyUnstable_Code_GetFirstFree (C
function), 228
PyUnstable_Code_New (C function), 228
PyUnstable_Code_NewWithPosOnlyArgs
(C function), 229
PyUnstable_Code_SetExtra (C
function), 232

PyUnstable_Eval_RequestCodeExtralndex
(C function), 231

PyUnstable_Exc_PrepReraiseStar (C
Sfunction), 76

PyUnstable_GC_VisitObjects (C'
Sfunction), 416

PyUnstable_InterpreterFrame_GetCode
(C function), 257

PyUnstable_InterpreterFrame_GetLasti
(C function), 257

PyUnstable_InterpreterFrame_GetLine
(C function), 257

PyUnstable_InterpreterState_GetMainModule

(C function), 289
PyUnstable_Long_CompactValue (C
function), 172
PyUnstable_Long_IsCompact (C
Sfunction), 172
PyUnstable_Module_SetGIL (C
function), 244

PyUnstable_Object_ClearWeakRefsNoCallbacks

(C function), 251

PyUnstable_Object_GC_NewWithExtraData
(C function), 412

PyUnstable_PerfMapState_Fini (C'
Sfunction), 118

PyUnstable_PerfMapState_Init (C
Sfunction), 117

PyUnstable_Type_AssignVersionTag (C
function), 159

PyUnstable_WritePerfMapEntry (C
function), 118

PyVarObject (C type), 352

PyVarObject_HEAD_INIT (C macro), 354

PyVarObject.ob_size (C member), 372

PyVectorcall_Call (C function), 131

PyVectorcall_Function (C function),
131

PyVectorcall_NARGS (C function), 131

PyWeakref_Check (C function), 250

PyWeakref_CheckProxy (C function),
250

PyWeakref_CheckRef (C function), 250

PyWeakref GET_OBJECT (C function),
251

PyWeakref_GetObject (C function), 251

PyWeakref_GetRef (C function), 251

PyWeakref_NewProxy (C function), 250

PyWeakref_NewRef (C' function), 250

PyWideStringList (C type), 308

PyWideStringList_Append (C function),
308

PyWideStringList_Insert (C function),
308

PyWideStringList.items (C member),
309

PyWideStringList.length (C member),
309

PyWrapper_New (C function), 247

Q

qualified name, 445

R

READ_RESTRICTED (C macro), 361
READONLY (C macro), 361
realloc (C function), 337
reference count, 446

regular package, 446
releasebufferproc (C type), 408
REPL, 446

repr
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#HHIAHREE, 125, 376
reprfunc (C type), 407
RESTRICTED (C macro), 361
richcmpfunc (C type), 407

S

sendfunc (C type), 408
sequence, 446

object, 178
set comprehension, 446
set_all(), 11
setattrfunc (C type), 407
setattrofunc (C type), 407
setswitchinterval (in module sys), 281
setter (C type), 363
SIGINT (C macro), 73, 74
signal

module, 73, 74
single dispatch, 446
SIZE_MAX (C macro), 167
slice, 446
soft deprecated, 447
special method, 447
ssizeargfunc (C type), 408
ssizeobjargproc (C type), 408
statement, 447
static type checker, 447
stderr (sys €EZa—Jl), 292, 294
stdin (sys €Y a—Jl), 292, 294
stdout (sys EZa—JL), 292, 294
strerror (C function), 65
string

PyObject_Str (C B¥), 125
strong reference, 447
structmember.h, 363
sum_list(), 12
sum_sequence(), 12, 13

sys
module, 15, 272, 292, 294
SystemError (#&HAHFIN), 235

T

T_BOOL (C macro), 363
T_BYTE (C macro), 363
T_CHAR (C macro), 363
T_DOUBLE (C macro), 363
T_FLOAT (C macro), 363
T_INT (C macro), 363
T_LONG (C macro), 363
T_LONGLONG (C macro), 363
T_NONE (C macro), 363
T_OBJECT (C macro), 363
T_OBJECT_EX (C macro), 363
T_PYSSIZET (C macro), 363
T_SHORT (C macro), 363
T_STRING (C macro), 363
T_STRING_INPLACE (C macro), 363
T_UBYTE (C macro), 363
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