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D=2 7 VTR HBREY 2 —2FH WD Python 4 Y XSV X% 7 7V r—a VITHDIAAID L
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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 decides

to not inline the function.

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

in debug mode.

Marking blindly a static inline function with Py_ALWAYS_INLINE can result in worse per-
formances (due to increased code size for example). The compiler is usually smarter than the

developer for the cost/benefit analysis.

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

macro does nothing.

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

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

Added in version 3.11.

Py_CHARMASK (¢)

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

1.3. EFlz<o0O 5
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Py_DEPRECATED (version)

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

VN7 =57 0 N /MG

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

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

Py_GETENV (s)

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

use_environment).

Py_MAX(x, y)
x &y ORKEZERLET,

Added in version 3.3.

Py_MEMBER_SIZE(type, member)

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

Py_MIN(x, y)

x &y OR/MEZIRLET,
Added in version 3.3.

Py_NO_INLINE

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

FARVE

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

Added in version 3.11.

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

Py_UNREACHABLE ()

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

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

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

GCC in release mode.

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

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

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

Py_UNUSED (arg)

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

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

PyDoc_STRVAR (name, str)

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

docstrings, the value will be empty.

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

URE a7 A0IT3:

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

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

PyDoc_STR(str)

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

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

MR 7u 77 splcd:

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

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

1.4 #7920k BELUEBAVV b

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

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

1.41 2RAV >V &

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

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

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

operation.

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

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

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

every argument for the duration of the call.

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

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

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

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

BRAT Y FOFME

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

for a borrowed reference.

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

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

PyObject *t;

t = PyTuple_New(3);
(RDR—JIHE )

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

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

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

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

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

PyObject *tuple, *list;

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

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

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

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

Py_ssize_t i, n;

n = PyObject_Length(target);
if (n < 0)
return -1;
for (i = 0; i < n; i++) {
PyObject *index = PyLong_FromSsize_t(i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
(RDOR=VIFil)
10 F1EIELHIC
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(FiDR— 25 D %)

return -1;

}

Py_DECREF (index) ;
}
return O;

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

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

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

long

sum_list(PyObject *list)

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

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

return total;
(RDR=V 1K)
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(RIDR=I D5 DR E)

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

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

type Py_ssize_t

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

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

12 F1E LIS



https://peps.python.org/pep-0353/

The Python/C API, U1 —2X 3.12.9

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 calling Py_SetProgramName (file) before calling
Py_Initialize(). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted in front of
the standard path. An application that requires total control has to provide its own implementation of
Py_GetPath(), Py_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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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 PyByteArray_AsString ()

e PyByteArray_Concat ()

o PyByteArray_FromObject ()
e PyByteArray_FromStringAndSize ()
o PyByteArray_Resize()

o PyByteArray_Size()

e PyByteArray_Type

e PyBytesIter_Type

e PyBytes_AsString()

e PyBytes_AsStringAndSize()
e PyBytes_Concat ()

e PyBytes_ConcatAndDel ()

e PyBytes_DecodeEscape ()

e PyBytes_FromFormat ()

e PyBytes_FromFormatV()

o PyBytes_FromObject ()

e PyBytes_FromString ()

e PyBytes_FromStringAndSize ()
o PyBytes_Repr()

o PyBytes_Size()

e PyBytes_Type

e PyCFunction

e PyCFunctionlWithKeywords
o PyCFunction_Call()

e PyCFunction_GetFlags()

e PyCFunction_GetFunction()
e PyCFunction_GetSelf ()

e PyCFunction_New()

e PyCFunction_NewEz ()

2.4. [RELR API DHE 21
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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 ()

PyCodec_LookupError()

22
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e PyCodec_NameReplaceErrors ()
e PyCodec_Register()

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

e PyCodec_StreamWriter()

e PyCodec_StrictErrors()

o PyCodec_Unregister()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplexz_FromDoubles ()
e PyComplexz_ImagAsDouble()
e PyComplez_RealAsDouble()
e PyComplex_Type

e PyDescr_NewClassMethod ()
e PyDescr_NewGetSet ()

o PyDescr_NewMember ()

e PyDescr_NewMethod ()

e PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

e PyDictProxzy_New()

e PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type
e PyDictValues_Type

e PyDict_Clear()
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PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString()
PyDict_GetItem()
PyDict_GetItemString ()
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 ()
PyEllipsts_Type
PyEnum_Type
PyErr_BadArgument ()
PyErr_BadInternalCall ()
PyErr_CheckSignals ()
PyErr_Clear()
PyErr_Display()
PyErr_DisplayException()
PyErr_EzceptionMatches ()

PyErr_Fetch()
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e PyErr_Format ()

e PyErr_FormatV()

e PyErr_GetEzcInfo()

e PyErr_GetHandledExzception()

o PyErr_GetRaisedEzception()

e PyErr_GivenEzceptionMatches ()

e PyErr_NewEzception()

e PyErr_NewEzceptionWithDoc ()

o PyErr_NoMemory ()

e PyErr_NormalizeEzception()

e PyErr_Occurred()

o PyErr_Print()

e PyErr_PrintEz()

o PyErr_ProgramText ()

e PyErr_ResourceWarning ()

e PyErr_Restore()

e PyErr_SetEzcFromWindowsErr ()

o PyErr_SetEzcFromWindowsErrWithFilename ()
e PyErr_SetExcFromWindowsErrWithFilenameObject ()
e PyErr_SetExcFromWindowsErriWithFilenameObjects ()
e PyErr_SetEzcInfo()

e PyErr_SetFromErrno ()

e PyErr_SetFromErrnoWithFilename ()

e PyErr_SetFromErrnoWithFilenameObject ()

e PyErr_SetFromErrnoWithFilenameObjects ()
e PyErr_SetFromWindowsErr()

e PyErr_SetFromWindowsErriithFilename ()

e PyErr_SetHandledExzception()

o PyErr_SetImportError()
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PyErr_SetImportErrorSubclass ()
PyErr_SetInterrupt ()
PyErr_SetInterruptEz()
PyErr_SetNone()
PyErr_SetObject ()
PyErr_SetRaisedException()
PyErr_SetString ()
PyErr_SyntazLocation()
PyErr_SyntazLocationEz ()
PyErr_WarnEz ()
PyErr_WarnEzplicit ()
PyErr_WarnFormat ()
PyErr_WriteUnraisable()
PyEval_AcquireLock()
PyEval_AcquireThread()
PyEval_CallFunction()
PyEval_CallMethod()
PyEval_CallObjectWithKeywords ()
PyEval_EvalCode()
PyEval_EvalCodeEz ()
PyEval_EvalFrame ()
PyEval_EvalFrameEz ()
PyEval_GetButltins ()
PyEval_GetFrame()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()

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

PyExc_GeneratorExit

2.4.

FRERR APl DRE

27



The Python/C API, U1 —2X 3.12.9

PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_0SError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError

PyExc_SyntaxWarning
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PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyEzception_GetArgs ()
PyExzception_GetCause ()
PyEzception_GetContext ()
PyEzception_GetTraceback()
PyEzception_Setdrgs()
PyEzception_SetCause()
PyExzception_SetContext ()
PyEzception_SetTraceback()
PyFile_FromFd()
PyFile_GetLine()
PyFile_WriteObject ()

PyFile_WriteString ()
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PyFilter_Type
PyFloat_AsDouble()
PyFloat_FromDouble ()
PyFloat_FromString ()
PyFloat_GetInfo()
PyFloat_GetMaz ()
PyFloat_GetMin ()
PyFloat_Type

PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New()
PyFrozenSet_Type
PyGC_Collect ()

PyGC _Disable()
PyGC_Enable()
PyGC_IsEnabled()
PyGILState_Ensure()
PyGILState_GetThisThreadState()
PyGILState_Release()
PyGILState_STATE
PyGetSetDef
PyGetSetDescr_Type
PyImport_AddModule ()
PyImport_AddModuleObject ()
PyImport_AppendInittadb ()
PyImport_ExzecCodeModule()
PyImport_ExecCodeModuleEx ()

PyImport_EzecCodeModuleObject ()
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e PyImport_EzecCodeModulelithPathnames ()
e PyImport_GetImporter()

e PyImport_GetMagicNumber ()

e PyImport_GetMagicTag()

o PyImport_GetModule()

e PyImport_GetModuleDict ()

e PyImport_Import()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
o PyImport_ImportModule()

e PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock()

e PyImport_ReloadModule()

o PyIndex_Check()

e PylInterpreterState

e PyInterpreterState_Clear()

o PyInterpreterState_Delete()

e PyInterpreterState_Get()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New()

e PyIter Check()

e PyIter_ Nezt()

e PyIter_Send()

e PyListIter_Type

e PyListRevIter_Type

e PyList_Append()

o PyList_AsTuple()
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o PyList_GetItem()

o PyList_GetSlice()

e PyList_Insert()

o PyList_New()

o PyList_Reverse()

e PyList_SetItem()

e PyList_SetSlice()

o PyList_Size()

o PyList_Sort()

e PyList_Type

e PyLongObject

e PyLongRangeIter_Type

o PyLong_AsDouble()

e PyLong AsLong()

e PyLong_AsLongAndOverflow()
e PyLong AsLongLong ()

e PyLong_AsLongLongAndOverflow()
e 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 ()

o PyLong_FromLong ()

e PyLong_FromLongLong ()

e PyLong FromSize_t()

e PyLong FromSsize_t ()
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o PyLong_FromString ()

o PyLong_FromUnsignedLong ()
e PyLong FromUnsignedLongLong ()
e PyLong_FromVoidPtr()

o PyLong_GetInfo()

e PyLong_Type

e PyMap_Type

e PyMapping_Check()

e PyMapping GetItemString()
o PyMapping_HasKey()

e PyMapping HasKeyString()
e PyMapping_Items()

o PyMapping_Keys ()

e PyMapping_Length()

e PyMapping SetItemString ()
e PyMapping_Size()

e PyMapping Values ()

o PyMem_Calloc()

e PyMem_Free()

o PyMem_Malloc()

o PyMem_Realloc()

e PyMemberDef

e PyMemberDescr_Type

o PyMember_GetOne ()

o PyMember_SetOne()

e PyMemoryView_FromBuffer()
o PyMemoryView_ FromMemory ()
e PyMemoryView From0Object ()

o PyMemoryView_GetContiguous ()
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PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_Base
PyModuleDef_Init()
PyModuleDef_Type
PyModule_AddFunctions ()
PyModule_AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()
PyModule_AddType ()
PyModule_Create2()
PyModule_EzecDef ()
PyModule_FromDefAndSpec2()
PyModule_GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New()
PyModule_NewObject ()
PyModule_SetDocString ()
PyModule_Type
PyNumber_Absolute()

PyNumber_Add ()
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o PyNumber_And ()

e PyNumber_AsSsize_t ()

e PyNumber_Check()

e PyNumber_Divmod ()

o PyNumber_Float ()

e PyNumber_FloorDivide ()

e PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_InPlaceLshift()

e PyNumber_InPlaceMatrizMultiply()
e PyNumber_ InPlaceMultiply()

o PyNumber_InPlaceOr()

e PyNumber_InPlacePower ()

e PyNumber_InPlaceRemainder ()
e PyNumber_InPlaceRshift ()

e PyNumber_ InPlaceSubtract()

e PyNumber_InPlaceTrueDivide ()
e PyNumber_InPlaceXor()

o PyNumber_Indez()

e PyNumber_Invert()

e PyNumber_Long ()

e PyNumber_ Lshift()

e PyNumber_MatrizMultiply()

o PyNumber_ Multiply()

o PyNumber_Negative()

e PyNumber_Or()

o PyNumber_Positive()

o PyNumber_Power()
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PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PylNumber_Xor ()
Py0S_AfterFork()
PyOS_AfterFork_Child()
Py0S_AfterFork_Parent ()
Py0S_BeforeFork()
Py0S_CheckStack ()
Py0S_FSPath()
PyOS_InputHook
Py0S_InterruptOccurred()
Py0S_double_to_string ()
Py0S_getsig()
Py0S_mystricmp()
Py0S_mystrnicmp()
Py0S_setsig()
PyOS_sighandler_t
Py0S_snprintf()
Py0S_string_to_double()
Py0S_strtol ()
Py0S_strtoul ()
Py0S_vsnprintf()
PyObject
PyObject.ob_refcnt
PyObject.ob_type

PyObject_ASCII()
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e PyObject_AsCharBuffer()

e PyObject_AsFileDescriptor()
e PyObject_AsReadBuffer()

e PyObject_AsWriteBuffer()

e PyObject_Bytes()

e PyObject_Call()

e PyObject_CallFunction()

e PyObject_CallFunctionObjArgs ()
e PyObject_CallMethod()

e PyObject_CallMethodObjArgs ()
e PyObject_CalllNoArgs ()

e PyObject_CallObject ()

e PyObject_Calloc()

e PyObject_CheckBuffer()

e PyObject_CheckReadBuffer()
e PyObject_CleariWeakRefs ()

e PyObject_CopyData()

o PyObject_DelItem()

e PyObject_DelltemString()

e PyObject_Dir()

o PyObject_Format ()

o PyObject_Free()

o PyObject_GC_Del()

e PyObject_GC_IsFinalized()

e PyObject_GC_IsTracked()

o PyObject_GC_Track()

e PyObject_GC_UnTrack()

e PyObject_GenericGetAttr()

o PyObject_GenericGetDict ()
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PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()
PyObject_GetAttrString ()
PyObject_GetBuffer()
PyObject_GetItem()
PyObject_GetIter()
PyObject_GetTypeData ()
PyObject_HasAttr()
PyObject_HasAttrString ()

PyObject_Hash()

PyObject_HashNotImplemented ()

PyObject_Init()
PyObject_InitVar()
PyObject_IsInstance()
PyObject_IsSubclass()
PyObject_IsTrue()
PyObject_Length()
PyObject_Malloc()
PyObject_Not ()
PyObject_Realloc()
PyObject_Repr()
PyObject_RichCompare()
PyObject_RichCompareBool ()
PyObject_SelfIter()
PyObject_SetAttr()
PyObject_SetAttrString ()

PyObject_SetItem()
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e PyObject_Size()

e PyObject_Str()

e PyObject_Type()

e PyObject_Vectorcall()

e PyObject_VectorcallMethod()
e PyProperty_Type

o PyRangelIter_Type

e PyRange_Type

¢ PyReversed_Type

o PySeqIter_New()

e PySeqIter_Type

o PySequence_Check()

e PySequence_Concat ()

o PySequence_Contains ()

o PySequence_Count ()

o PySequence_DelItem()

e PySequence_DelSlice()

o PySequence_Fast ()

e PySequence_GetItem()

o PySequence_GetSlice()

o PySequence_In()

o PySequence_InPlaceConcat ()
e PySequence_InPlaceRepeat ()
o PySequence_Index ()

e PySequence_Length()

o PySequence_List ()

e PySequence_Repeat ()

e PySequence_SetItem()

» PySequence_SetSlice()
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PySequence_Size ()
PySequence_Tuple()
PySetIter_Type

PySet_Add ()

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

PySet_Pop ()

PySet_Size()

PySet_Type
PySlice_AdjustIndices()
PySlice_GetIndices()
PySlice_GetIndicesEz ()
PyStlice_New()

PyStice_Type
PySlice_Unpack()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New()
PyStructSequence_NewType ()
PyStructSequence_SetItem()
PyStructSequence_UnnamedField
PySuper_Type

PySys_AddWarnOption ()
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e PySys_AddWarnOptionUnicode ()
o PySys_AddXOption()

e PySys_FormatStderr()

o PySys_FormatStdout ()

o PySys_GetObject ()

o PySys_GetXOptions()

o PySys_HasWarnOptions()

e PySys_ResetWarnOptions ()

e PySys_Setdrgu()

e PySys_SetArgvEz()

o PySys_SetObject ()

e PySys_SetPath()

o PySys_writeStderr()

e PySys_WriteStdout ()

e PyThreadState

e PyThreadState_Clear()

e PyThreadState_Delete()

e PyThreadState_Get ()

e PyThreadState_GetDict ()

e PyThreadState_GetFrame ()

e PyThreadState_GetID()

e PyThreadState_GetInterpreter()
o PyThreadState_New()

e PyThreadState_SetAsyncEzc ()
o PyThreadState_Swap ()

e PyThread_GetInfo()

o PyThread_ReInitTLS()

e PyThread_acquire_lock()

e PyThread_acquire_lock_timed ()
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PyThread_allocate_lock()
PyThread_create_key()
PyThread_delete_key ()
PyThread_delete_key_value()
PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value()
PyThread_get_stacksize()

PyThread_get_thread_ident ()

PyThread_get_thread_native_id()

PyThread_init_thread()
PyThread_release_lock()
PyThread_set_key_value()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create()
PyThread_tss_delete()
PyThread_tss_free()
PyThread_tss_get ()
PyThread_tss_is_created()
PyThread_tss_set ()
PyTraceBack_Here()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type
PyTuple_GetItem()
PyTuple_GetSlice()

PyTuple_New()
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e PyTuple_Pack()

o PyTuple_SetItem()

o PyTuple_Size()

e PyTuple_Type

e PyTypelObject

e PyType_ClearCache()

o PyType_FromMetaclass ()

o PyType_FromModuleAndSpec ()

e PyType_FromSpec()

e PyType_FromSpecWithBases ()

o PyType_GenericAlloc()

o PyType_GenericNew()

e PyType_GetFlags()

e PyType_GetModule()

e PyType_GetModuleState()

o PyType_GetName ()

o PyType_GetQuallName ()

e PyType_GetSlot()

o PyType_GetTypeDataSize()

o PyType_IsSubtype()

o PyType_Modified()

o PyType_Ready()

e PyType_Slot

e PyType_Spec

e PyType_Type

e PyUnicodeDecodeError_Create()
e PyUnicodeDecodeError_GetEncoding ()
e PyUnicodeDecodeError_GetEnd()

o PyUnicodeDecodeError_GetObject ()
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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()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_AsASCIIString ()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()

PyUnicode_AsEncodedString ()
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o PyUnicode_AsEncodedUnicode ()

e PyUnicode_AsLatin1String ()

e PyUnicode_AsMBCSString ()

e PyUnicode_AsRawUnicodeEscapeString ()
o PyUnicode_AsUCS4 ()

e PyUnicode_AsUCS4Copy ()

e PyUnicode_AsUTF16String ()

e PyUnicode_AsUTF32String ()

e PyUnicode_AsUTF8AndSize ()

e PyUnicode_AsUTF8String ()

e PyUnicode_AsUnicodeEscapeString ()
o PyUnicode_AsWideChar ()

e PyUnicode_AsWideCharString ()

e PyUnicode_BuildEncodingMap()

o PyUnicode_Compare()

e PyUnicode_CompareWithASCIIString ()
e PyUnicode_Concat ()

e PyUnicode_Contains ()

e PyUnicode_Count ()

e PyUnicode_Decode()

e PyUnicode_DecodeASCII()

e PyUnicode_DecodeCharmap ()

e PyUnicode_DecodeCodePageStateful ()
e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()
e PyUnicode_DecodeLatinl()

e PyUnicode_DecodelLocale()

e PyUnicode_DecodeLocaleAndSize ()

e PyUnicode_DecodeMBCS()
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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_FSConverter()
PyUnicode_FSDecoder()
PyUnicode_Find()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString ()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()

PyUnicode_GetLength()
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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()

» PyUnicode_Resize()

e PyUnicode_RichCompare()
e PyUnicode_Split()

o PyUnicode_Splitlines()

e PyUnicode_Substring ()

e PyUnicode_Tailmatch()

o PyUnicode_Translate()

e PyUnicode_Type

e PyUnicode_WriteChar()

e PyVarObject

e PyVarObject.ob_base

e PylVarObject.ob_size

e PyVectorcall_Call()

e PyVectorcall_NARGS()

e PyWeakReference

e PylWeakref_GetObject ()

o PyWeakref_NewProzy ()

o Pyleakref_NewRef ()

e PyWrapperDescr_Type

o PylWrapper_New()
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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()
Py_EndInterpreter()
Py_EnterRecursiveCall()
Py Ezit()
Py_FatalError()
Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding
Py_Finalize()
Py_FinalizeEz()
Py_GenericAlias()
Py_GenericAliasType
Py_GetBuildInfo()
Py_GetCompiler()
Py_GetCopyright ()
Py_GetEzecPrefiz()
Py_GetPath()
Py_GetPlatform()

Py_GetPrefiz()
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e Py_GetProgramFullPath()
o Py_GetProgramName ()

e Py_GetPythonHome ()

e Py_GetRecursionLimit ()
o Py_GetVersion()

e Py_HasFileSystemDefaultEncoding
e Py IncRef()

o Py_Initialize()

e Py_InitializeEz()

o Py Is()

o Py_IsFalse()

e Py IsInitialized()

o Py_IsNone()

e Py IsTrue()

e Py LeaveRecursiveCall ()
e Py Main()

e Py_MakePendingCalls()

o Py_NewInterpreter()

o Py NewRef()

e Py ReprEnter()

o Py_ReprLeave()

e Py _SetPath()

e Py_SetProgramlame ()

o Py_SetPythonHome ()

o Py_SetRecursionLimit ()
« Py_UCSY

e Py UNBLOCK_THREADS

« Py_UTF8Mode

e Py VaBuildValue()
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e Py_Version

e Py XNewRef ()
e Py _buffer

e Py_intptr_t

e Py _ssize_t

e Py_uintptr_t
e allocfunc

e binaryfunc

e descrgetfunc
e descrsetfunc
e destructor

e getattrfunc

e getattrofunc
e getbufferproc
e getiterfunc

e getter

e hashfunc

e Initproc

e TNQUITY

e tternextfunc
e lenfunc

e newfunc

e objobjargproc
e objobjproc

e releasebufferproc
e reprfunc

e 7richcmpfunc

e setattrfunc

e setattrofunc
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setter

ssizeargfunc
ssizeobjargproc
ssizessizeargfunc
ssizessizeobjargproc
symtable

ternaryfunc
traverseproc

unary func

vectorcall func

visitproc

2.4.

FRERR APl DRE
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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 Py_Main(int argc, wchar_t **argv)

RICE L F 9 Stable ABI. The main program for the standard interpreter. This is made available
for programs which embed Python. The argc and argv parameters should be prepared exactly as
those which are passed to a C program’s main() function (converted to wchar t according to the
user’s locale). It is important to note that the argument list may be modified (but the contents of
the strings pointed to by the argument list are not). The return value will be 0 if the interpreter
exits normally (i.e., without an exception), 1 if the interpreter exits due to an exception, or 2 if

the parameter list does not represent a valid Python command line.

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

int Py_BytesMain (int arge, char **argv)
RICBLEY: Stable ABI (IN—2 3> 8.8 &D). Similar to Py_Main() but argv is an array of
bytes strings.

Added in version 3.8.

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

D PyRun_AnyFileEzFlags () D closeit % 012, flags % NULL \C L CHAL L 724 VR —T = —
AT,
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int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)

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

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

RFED PyRun_AnyFileEzFlags() @ flags % NULL W L CTHfLL7z4 V& —7 2 —RXTT,

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

fp DREER T AL Z (T2 —=ARERAND 5 W0iE Unix REHR) LB#EST o7 7
ANVESB LTS5 E81& PyRun_InteractiveLoop() DEHZRL F3, ZNLUNDIFE L.
PyRun_SimpleFile() DFERZIRLE T, filename 137 7 ANV AT LDy A—T 4 V7 (sys.
getfilesystemencoding()) T7 2 — FENE T, filename 25 NULL 72 51X, ZOBBULX Y 7 1 L%
LT "27?2" ZEVWET, closeit BEIXSH, 7 7 A Vid PyRun_SimpleFileExFlags () DL % R
THNCEHC SR E T,

int PyRun_SimpleString(const char *command)
RELD PyRun_SimpleStringFlags () M PyCompilerFlags* % NULL IZ L CHAULL/zA > X 7 = —
AT,

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

__main__ BV 2 —LDHT flags IZHE> T command & EN 3 Python Y —2a—FEETLZE
$, __main__ BWELFLELZVEERMERINET, EERTOHEE 0 ZRL., $6IM408FEL
7HEE -1 ZIRLE T, T7—0HoTd, BIMEMEE2/51EED D TH A, flags DEKIZONWT
. BRIR L ET,

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 I L CHAL L7z A > & —
7Tz — X"C\‘j—o

int PyRun_SimpleFileEx (FILE *{p, const char *filename, int closeit)

RELD PyRun_SimpleFileEzFlags() @ flags % NULL \Z L CHfli{L L7z 4 > & —7 =2 — R T,

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

PyRun_SimpleStringFlags () &lITWEFTH, Python Y — X2 — K% X E VY KNDIXFH|TIER
 fp POFARALET, filename ZZFEDT7 7 A VDA TRINERST, T77MILY AT
LOIYA—=FT4YJCIZ5—N\YFET T7Ta—FINET, closeit ITEZIEELLBEII.
PyRun_SimpleFileExFlags () MU ZREITHIZ T 7 A VZFAL £35,

O IR

Windows Tid, fp 1314 FVE— R THLRETT (fl21F fopen(filename, "rb")), Z5 L
RWEEE, Python 137K LF DR 7V P EZELLFIRNTL & 5,
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int PyRun_InteractiveOne (FILE *fp, const char *filename)

TFED PyRun_InteractiveOneFlags() @ flags % NULL IZ L CHf{L L7z A4 > X —7 2 — A TT,

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

MEERT TN A B SN2 7 7 4 A b X E—DFAIRA, flags 1> THEITLE T, sys.psl
¢ sys.ps2 Zffio T, 2—HF ey I 2RRLET, filename & 77 AN ZATLOITY 01—
TAVILITZ—N\YREZ TTa—FRENFET,

]\ﬁbiE.%k%ﬁéﬂﬁk%&i 0 ZIRLET, PINDHEAELLGEER -1 2 BLET, X—RL7—D

56 Python @—&8¥ L CHIAAFENTWS errcode.h f Y7L — K77 A NIZHB LTI —a— K%
IBL %3, (Python.h | errcode.h 4 Y 71— FLE R A, o T, BDERGETEOHRES >
N—=FLRFNUILRLRVWI EIZERLTLEE W, )

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

TELD PyRun_InteractiveLoopFlags() ® flags % NULL I U CTHAULL /M ¥ X —T7 =2 — AT,

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

MEERI TN ZCBE T 5Nz T 7 A A0S EOF IZET 3 F T ERARAAFITLE T, sys.psl
¢ sys.ps2 Zffio T, 2—HFI7ar 2R RLET, filename 1 77 AN ATLOITY 01—
TAVIEITS—=N\YRS TFa—F&hZEd, EOFIOET 2L 0 2RI, KMLI25E0H %R
LE9,

int (*Py0S_InputHook)(void)

RICEBL E9J: Stable ABL int func(void) W5 70 b X 4 TOEBANDRA Y RXPRETEF
3, ZOMEKIX. Python DA Y2 FV 2070y FB74 FAKRBIIRY) ZR—=IFhrbD1—F
DANZRED XS R ot TP EINE T, B HEIEIZEHAINET, COo7vy 72 FHEEZTEZ
T, Python ®Y — 23— FOH T Modules/_tkinter.c 23> TWVW3 X5, A Y XTVXDT
nY 7oA RY P A—TEHRETEE T,

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

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

char *func(FILE *stdin, FILE *stdout, char *prompt) X\ 5 70 F X4 FOBEBMAD KA
VEADHETE, 774N IOBE LHEETLZILTA VATV EDT R Y T PAD AT E 117720
e FET, ZOBEIE. XFH prompt 5 NULL THRWIESX prompt #HIL. 52 5074 T
7 7 ANDOANE VITitA FROXFHNEIRT & W EESREI N TV E T, HlZIX, readline
EYV2—MIZDT v 7 BFE LT, ITHREMEES X 7T HiseREZ IRt L TV 5,

Dfﬁbi PyMem_RawMalloc() ¥721% PyMem RawRealloc() TXEVHEMRLZXFF., Hb VI
D E 2512 NULL TRIFAUIZ D 8 Ao

N—=Yay 34 TEHE: KEDEIZ PyMem Malloc() X PyMem_Realloc() TIF7 <.
PyMem_RawMalloc () 721 PyMem_RawRealloc() TRXEVHERLZDDTRINIRD 8 A,

N— a ¥ 3.12 TZH: This function is only called from the main interpreter.
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PyObject *PyRun_String(const char *str, int start, PyObject *globals, PyObject *locals)

RDE: HILWEBR, Fild PyRun_StringFlags() @ flags % NULL IZ U CHALL 7o 14 > X —
71""XVC\‘TO

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
ROE: HILWBE, A7 =7 b D globals & locals TIEEZINSAVTFANT, av {575
N flags BERE LTIREET, str iIZH B Python Y —Ra— FEFEITLET, globals I FEFETHRT
NERD FEVA; locals v~y ¥ 7 7a balzREL A 7027 P ROMTHHNERA, 518
start &Y — A2 —RENR—RFT3DIfEONIRNEFH -7 Y EHELE T,

a— F2FTLEARZ Python 779227 b LGRLET, Fid. BISHFEL 7272 513 NULL
ZIRLE T,

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

RBOfE: HILWBR, Tild PyRun_FileEzFlags() @ closeit % 012 L. flags % NULL 2 L CHifil
ftL7ed v 2 =72 —RTT,

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

RBROflE: L WBHE, Fidd PyRun_FileEzFlags() @ flags % NULL 2 L CHMi{L L7214 > & —
71*“XVC\‘TO

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

RDME: iLWBE, Fild PyRun_FileEzFlags() @ closeit % 0 W L THAYLL/zA Y X —T7 = —
AT,

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags *flags)

RBDfE: $iL WEBER, PyRun_StringFlags() LM TWE T A, Python Y —Ra—F%&XEYHND
XFHNTERL fp OFHAABET, filename EZZ D7 7 A VOARITTRIFNERS T, 71
VRATLDIVA=TAYTEIS—N\YFS TTFa— FERET, closeit ICHZIELHER.
PyRun_FileEzFlags () P ZRTHIICT 7 A L ZPAL 5

PyObject *Py_CompileString(const char *str, const char *filename, int start)
BDE: iLWBHE, RICBL XY Stable ABI. Fid® Py_CompileStringFlags() @ flags %
NULL I U CHAL L7z & —T7 = — X T,

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

*flags)

Rh{lE: FTLWBHE, LD Py_CompileStringEzFlags () @ optimize % -1 12 L THM{L LTz A >
R—T7 2 —RATT,

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

*flags, int optimize)
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RBbDfE: L WEBHE, 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.

BE optimize 1 E. 34 SORBEL ARV EZIEELET; -1 13 A Y& TV XD -0 47> a»T
G262 D RIUKREILL NVZER TS, PIRZRLOUE, 0 (Bilfb7z L. __debug__ I3H),
1 (assert {ZHUD B2, __debug__ 134%). 2 (docstring HELD RN 5) TT,

Added in version 3.4.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start,
PyCompilerFlags *flags, int optimize)
RBOflE: tLWBE, Py CompileStringObject () ¥ TWE T, filename 1& 771 AT L
DIVIA—FTAVJEIF—N\YET TTFa— FENknA bXFHITT,

Added in version 3.2.

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)

ROfE: FILWEBHE, RICBL X7 Stable ABIL. PyEval_EvalCodeEx() D> ¥ T A ¥ X —
72 —AT, a—FA7Yz7 be, Za—rOlZHe un—AVERRZF2RIID £5, o518
(& NULL 2SN E 5,

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)
RBDE: FTLWEE, RICELET: Stable ABL. 52X 5N FFEDRE T, a4 AEADI—F
A7V VMBI E T, ZORBIII R IVEROREL, a-ANVEROT v Y IATY =
7 M 5IROES, ¥—TV—ReF 73V Ml F—T—FER IO T 7 0 MADEE L, LD
7a—Yx XTI VTHRINET,

PyObject *PyEval_EvalFrame (PyFrameObject *f)
BRbhfE: FTLWEE, XRICEBLXFY: Stable ABL. Ef7 7V —2 %25 fliL £33, ZhiX
PyEval_EvalFrameEz () XM T B Y TNk A VR =7 2 — AT, BITAEHEDDDHDTT,
PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

RBOflE: FiLWBH, RICEL X7 Stable ABIL. Python @4 > & —7V XD F 8k, EENLEKT
T ET7VL—4 fICEEMNTIONTza—FF T2 FEFEITLET, N4 ba—FEBIRL T, &
BIIIGCTMHOHLEFEITLUE T, BID throwflag 5IEIXIZE AYEHTEET, - B L true 15,
FTRRFINEFHEZIRET, 2RI 2R L —XA TP 27 bD throw() XY v FTHHINE T,

N—=Tay 34 TEH: 777 4 75HIN RS THETRVWI L Z2RAET 2 DI X 512, 20
BET ANy 779 = arz2B0 X518 D E Lk,
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int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)

HEOFMEZ L —2 D75 72 EBLET, BIILES true 2, KB L75 false ZIRLE T,

int Py_eval_input

B oRITHF % Python SUED RS T, Py_CompileString () & —#EIfiVE T,

int Py_file_input

T7ANDHZ2VEMDY — 2D SFAAEN X DA K IR F 2 Python ik D BtRFL B T,
Py_CompileString() & —#IHWVWET, ZHAIFTEDOEZX D Python Y —RXa—Fxar,4
NT B EIZEHFETT,

int Py_single_input

H—DXIZH$ % Python XIEDBA4AFES T, Py_CompileString () ¥ —FEICHVE T, ZAUINEE
RDA VR ZV—TD=HDFHLETT,

struct PyCompilerFlags

AVNRA T 7T 7 HNDTBLIOOMERTT, a—F2ar M LT 320054, Z OGRS
int flags ¥ LTHEINE T, a— F2ETT 2551213 PyCompilerFlags *flags & L TH I
9, DA, from __future__ import X flags DNEEEHETEF T,

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
aAvRA5 757,
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— a3 3.8 TEHE: Added ¢f feature version field.

int CO_FUTURE_DIVISION

ZOEY b% flags ity b2, BREBMET /13 PEP 238 12Xk % [EOFRRA (true division)
L TRbIET,
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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,

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

accurate, other than a value of 0 or 1.

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)

FT2 b 0o DBRAIT Y M refent ITRELE T,

Note that this function has no effect on immortal objects.
Added in version 3.9.

N—=Tar 312 TEHE: KigA 7Y =7 PVIEBEINEE A

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

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 it by calling Py_DECREF ().

F 7P M NULL THo TIEWITERA, 20D NULL TRAEWEHEENFTRVWER 51F,
Py_XINCREF() %ZffioTL &,

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

function has no effect.
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N—=Tay 312 TEH: KA 72 =7 VIEZHEINFHA,

void Py_XINCREF (PyObject *o)

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 Z13:

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 *o0)

RICBLFT: Stable ABI (N—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.

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

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

F TP 27 M NULL TH o TIEWITF ER A, 20D NULL TRRAEWVWEHEESRTHRVWER 5IE,
Py_XDECREF () Zffio T 7Z& W,

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

function has no effect.
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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—= gy 312 TEH: KA 7V 27 VIEBEXREHA,

void Py_XDECREF ( PyObject *o0)
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 *o0)

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— a3 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 *o)

RICBL X9 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 *o)

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

Py_SETREF (dst, src)

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

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

Py_DECREF (dst) ;

dst = src;

The safe way is:
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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— 3 ¥ 3.12 TZ®H: 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— a ¥ 3.12 TEH: The macro arguments are now only evaluated once. If an argument has

side effects, these are no longer duplicated.
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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,
B — 25 ERITTL & 5!

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_DisplayException(PyObject *exc)
RICBLFT: Stable ABI (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.

5.2 fIN D=

T oBEE, BITEOAL Yy FOLT—A I —XDORELZMBL 5, FEEDTDH. ZhsDBIEDW
O3, return L THIATE 2 X 5 WTHIZ NULL KA X ZIRL ¥,
void PyErr_SetString(PyObject *type, const char *message)

RICE L £7: 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.
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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_SetObject (PyObject *type, PyObject *value)

RICBLEFT: Stable ABL. Z OBIBUL PyErr_SetString O IZBITWEIH, FISD 7 f# (value)”
ELTHERED Python 779 27 b 2IGET LD TEE T,

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)

ROflE: BIZ NULL . RICEL £7: Stable ABL. ZOBEII=I — A > P —X%EFEL NULL %R
L %9, exception \& Python filf} 27 5 A TH B RNETF, format LLIFEDTIEIITI — X v t-D%
E272: Db DT, PyUnicode_FromFormat () D51 FUEKZR > TWE T, format & ASCII
Iy a— RINFEHITT,

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

RD{E: EIC NULL . RICEL &9 : Stable ABI (IN—2 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)
RICELZE 9 Stable ABI. Z#hU& PyErr_SetObject (type, Py_None) Z&WEL 72D T,

int PyErr_BadArgument ()

RIZEL £7: Stable ABI. ZhiZ PyErr_SetString(PyExc_TypeError, message) ZHMEL 73
DT, ZZT message \FMHABABIBERRNIERG BT IHEI AL VWS Z 2R L TVE T, Fi
WHRCHM T 270D b DT,

PyObject *PyErr_NoMemory ()

RD{#E: 8IC NULL . RICBL £7: Stable ABI. ZhX PyErr_SetNone (PyExc_MemoryError) %
B LS DT, NULL ZIRLET., LAdoT, XEVRRICK - & AT70 =2 MEIDYTH
% return PyErr_NoMemory(); &L Z B TEET,

PyObject *PyErr_SetFromErrno (PyObject *type)

RBbD{E: BIZ NULL - RICEL £9: 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
calls PyErr_CheckSignals(), and if that set the error indicator, leaves it set to that. The
function always returns NULL, so a wrapper function around a system call can write return

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

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

RDOflE: &IZ NULL - RICBL 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
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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)
BEDfE: ®¥IZ NULL - RICBLX¥: Stable ABI (W= 3 > 37 &b).
PyErr_SetFromErrnolithFilenameObject () W TETH, 7 7 A V% 2 DS BB K
Lice 2Bk S 272012, 20HD 7 7 AVBATY =7 b RZITID £9,

Added in version 3.4.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
RDME: BIZ NULL . RIZEBL £79: Stable ABIL. PyErr_SetFromErrnolithFilenameObject () 1T

BTV EFTD, 77 A0HAIF CXFHNE LTERZLNE T, filename lZ 77N ATLOIT Y 01—
TAYTELF—N\YRZ TFa—-FShid,

PyObject *PyErr_SetFromWindowsErr (int ierr)

RDf#E: &IC NULL o RICEL £ Stable ABI on Windows (IN— 3> 3.7 &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 OSError 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 - RICEULET: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetFromWindowsErr () WM TWE T, EHT 20N 0T EEET 251 EME LT
WES,

Availability: Windows.

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
RBDfE: BIZ NULL . RICEL &9 : Stable ABI on Windows (IN\—23> 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.

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

RDfE: BIZ NULL . RICEL &9 : Stable ABI on Windows (IN\—2 3> 3.7 &D ). Similar
to PyErr_SetEzcFromWindowsErr (), with the additional behavior that if filename is not NULL, it
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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: ®BIC NULL - RICEULE9: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetEzcFromWindowsErriithFilenameObject () WM TETH, 2 DHDO 7 7 A V%A T
Yz M EZITED T,

Availability: Windows.
Added in version 3.4.

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

*filename)

RDfE: &IC NULL - RICEL E9: Stable ABI on Windows (IN\—2 3> 3.7 &D).
PyErr_SetFromWindowsErriithFilename () WZBTWE T2, EH T 2000 ZHEET %515
MEMENTVET,

Availability: Windows.

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

RDfE: &IZ NULL . RICBLZE Y Stable ABI (IN\—23 > 3.7 &D ). ImportError %* ffiHiici%
H327-0DBMTT, msg EHINDRA v —IXFFNe LTy FENET, name & path 135
5% NULL i LT& <. ZNZFN ImportError @ name JEM Y path B LTEy FEhE T,

Added in version 3.3.

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
RDfl: BIC NULL . RICBLET: Stable ABI (IN\—23> 3.6 &D ). PyErr_SetImportError()
EEABTVETA, ZoBRIIEH T 5615 LT, ImportError D% 77 7 R EIEETEE T,
Added in version 3.6.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_ offset)
WHEDHEISND 7 740, 1T, A7y bOEREEY FLET, BHEDOHIND SyntaxError TRV
Bl BN ERRT 20 72 AT L5, BlSED SyntaxError TH2 L BZX 2 X5 IEEZEBMUET,
Added in version 3.4.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col offset)

RICBLFY: Stable ABI (IN—23> 8.7 &D ). PyErr_SyntazLocationObject() EHTWVWET
W, filename & 77 AN AT LDIVA—T A VT EITF—N\VYRT TFa— RENLNAL PXF
HITd,

Added in version 3.2.
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void PyErr_SyntaxLocation(const char *filename, int lineno)

RICE L F: Stable ABIL. PyErr_SyntazLocationEz() EALTWE T, col offset 5IBDIRE &
NTVET,

void PyErr_BadInternalCall()

RICEBLFET: Stable ABIL. PyErr_SetString(PyExc_SystemError, message) ZHMEL72H DT
T, 2 I T message EPRIE (Bl 212, Python/C API B 23R IER5I# e & bt U hiz e
WS ZEERRLTVWETS, FCHNETHEHAT220D0HDTT,

53 E&

MToBfzfdv, C a— FTREALEEZHME L £3, Python @ warnings €3 2 — L TAIN TV S
FIERDBEE Y L UUTE T, 25 DBEBIKBEEESE X v —I% sys.stderr NEH LU ETH, 2—F»EE
BLI—ANZETLLIHEET LI TE. 205G BBIHNZEE L $3, BEEMENS OME
D7D Z DBIBDBINZEE T 205 T A DVBRET, HIFLEESARNGEEIZREDEIE 0 T, #l
N EEENTHEF -1 T, (BEX vy —IERIH SN0, BLIZOHSOEREMAH2D
WTIHITE 28 A; SHEERNR S OTT, ) fIA»EH SnGE. O Ltid@ s o pls ez
g s (B2, HEL TV U Py_DECREF() 1T\, =5 —(HZRLZT),

int PyErr_WarnEx (PyObject *category, const char *message, Py _ssize_t stack_ level)

RICBELFTY: Stable ABL. BHEX v =Y 2 RITLE T, category 518IEEL TV (UTF% S
W) 2 F£721d NULL T. message 51813 UTF-8 = a— F XN/ FHITT, stacklevel 1 FA X v 2
TL—LDBERTIEOBBTYT, BHEEIZFDAX Yy 7 7L —2DFDEFTLTWERITrLRITEINZE
T stacklevel 25 1 722 PyErr_WarnEz () ZM-OH L TWAHEED, 2 722 20 EOBEEDY Warning
DFITICITRD £F,

&5 H 7 3V 1% PyExc_Warning OV 727 53 X ThIFHhiER D £4¥ A, PyExc_Warning &
PyExc_Exception %727 5 A T3, 77 4 rDEEH 7 3 VI3 PyExc_RuntimeWarning T
§, HHED Python BE&HA 73V & BEESHTIY) THEMDFIEIATWE 7o — L EHLe L
THHMEET Y,

BEXaY MR —LTEDDBRICOVTIE, varnings EYV a2 — LD FFaXy7—yarraw
VRIAY RFaRYTF—2avD -WATFTarEBRBLTAEIV, EEa tu—1DDH0
CAPLIZH Y £EA,

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int
lineno, PyObject *module, PyObject *registry)
TRTOEEDREETHTRINCHBE L 2EE X v —Y 2L E T, Z4Ud Python BI% warnings.
warn_explicit() DEHENLR T v =T, L HERZEZIKIZZLHZBRLTLILZI WV, 22
BHZNT WS T 7 40 s DR ZE 2 72DIZ. module & registry 51%8UE NULL \Z&RET 5 Z 25T
=ET,

Added in version 3.4.

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

const char *module, PyObject *registry)
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RICBL X9 Stable ABI. PyErr_WarnEzplicitObject () WZITWE T2, message ¥ module 73
UTF-8 =2 a— REINEXFHTH 22 ZADPERD . fillename ld 77AIVO AT LOIYA—T+
VJEIZ—NYEFETZ TFa—-FEhxd,

int PyErr_WarnFormat ( PyObject *category, Py ssize_t stack_level, const char *format, ...)

RICBL &Y : Stable ABL PyErr_WarnEz () 127 & 5 RBITIH, BEX vk —I %27 1 —< v
3§ % DIT PyUnicode_FromFormat () ZfEH L £, format 13 ASCII IZxT > a— F S5
T,

Added in version 3.2.

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

RICBLET: Stable ABI (IN\—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 IS5—A I 7r—20BVWEHE

PyObject *PyErr_0Occurred ()
ROfli: EASE, RICBLET: Stable ABL. 25 —4 V7 —ZBFRESNTWELTANLET,
BEZINTVBIHEE. IS B (PyErr_Set* B D —D2H 5 \Wd PyErr_Restore() ~DEdH
LWIFNE LIS 3 28— 180 2B L E 5, RESNTVARWEEIE NULL ZIRLE3, HRZIEIE
DENDBRER > TOWERADT, ZHUT Py_DECREF() T3 RENIH D FX A,

PO LN GIL 2155 2 0803 H D £5

0 IR

RbhbEzREOHAEBELZWTLSEIY, ZoRbbhik, FIZRT
PyErr_EzceptionMatches() Zffio T2 &V, (HEIIHHEICKMTE2TL x5, RERD,
Bl 2 5 R TIIRLAA YRR ZApD LAK WL, B WL, 7 5 ZABINDEE AR X 56
NOYFT7 720 LIAROHLLTT, )

int PyErr_ExceptionMatches (PyObject *exc)
RICEBL X9 : Stable ABI. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) &[F U, fl
ADEBRICERE SN BT, Th2MEHEIRETT, FIADLPFEEL TVRVWIERLIE, XEY
7R RERPEESLTL & 9o

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
RICEL £ 9 Stable ABL. 4} given 2% exc DHINEI Y HET 2 HEICEERLE T, exc BTV T R
FTO2 TV THBEED. given BV T I TRADA VARV RATHE L EICEERLET, exc BIX
TLDBEF, RINCDH D (BROEZOH T XTI NVICHFINCD 2) TXTOFISNUEET 2 00
RNHNET,
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PyObject *PyErr_GetRaisedException(void)

RODfE: FILWBE, RICELXT: Stable ABI (IN—S3> 3.12 &0 ). BHERE L TV A KI5 2R
Ly ARICZ S —A VO —REHELET, 7 —A VI —XPREINTOVRWESIX NULL %
BRLET,

COREE, I EFXy v FTIMERDH DA —F, FRE RN I—A Y Or— X 2RF - 57T
TEIMEND B a— NIHEHSINET,

Bl 213

PyObject *exc = PyErr_GetRaisedException();

/¥ .. OIS —ZRESEIUEENHZI-F ... »/

PyErr_SetRaisedException(exc);

o B

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

Added in version 3.12.

void PyErr_SetRaisedException(PyObject *exc)

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

clearing the existing exception if one is set.

A

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

g

==}
=

Added in version 3.12.

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

RICELZET: Stable ABL. N— a ¥ 3.12 TIEHESE: Use PyErr_GetRaisedEzception() instead.

I A I =7 RLARET=ZDOOZHOPAMO M LET, T7—A VI 7 —XHIREEH
TVWRWEEIE, =03 RTOLEH%Z NULL KERELE T, TI7—A VI r—ERRESIN TV IHE
W2V 7EN, BRLEMOBEINENZNDOLF TV 27 "ANOBREROZ IR D ET, Bt T
P27 M NULL THRWVWE ETEX X, ZOEY FL—ZANy 2747V 27 MENULL 20d LALER A,

0 1R 1
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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)

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

to avoid any possible de-normalization.

HBIRJTIE. LURD PyErr_Fetch() ZHETEIE ” EFRbXn 0w’ AlEEESH L 3, 0 F
D, *xexc &7 FRAFATI 27 W20 wval AL FADA VARV ATIERVWE WS EKRTT, Z
DI FD IS RIGEBICED I T A% A VARV AT 37201 fbE T, ZOMENT TIZIEHL
EINTVRHEEMHREE A, BIEEFLIZAT < RBRET 2 DIFEEIATHET,

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:

5.4.
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if (tb != NULL) {
PyException_SetTraceback(val, tb);

PyObject *PyErr_GetHandledException (void)

RICBLZET: Stable ABI (IN—23> 3.11 &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.

0 IR

BB, BEIEPIN RS a—- FTREHINEEA, EHEICES & 2Bt REEZ —
RHNCRFE L. MICRIBEY DS a— FTHAT L e TEXT, HISNDOREEZITICTET, b
L<IEZ V79 512ld PyErr_SetHandledEzception() Z{fo T X\,

Added in version 3.11.

void PyErr_SetHandledException(PyObject *exc)

RICBLZFY: 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.

O IR

ZOREEIE. EEEFINEZHES - FTREFHEINEEA, FEHEICES . ZhEFINOREEZ—
RHNCERIFE L. TR TBEN D 23— FTHEHAT 22N TEX T, FINNDREZIIGT 51213
PyErr_GetHandledEzception() Zfi- T 7Z& W,

Added in version 3.11.

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

RICBLFT: Stable ABI ()IN—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().

0 IR
C OB, EHEASN IS 2 - FTIRERSNERA. EMIZES &, ZRIBINOREE —
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RHCRE L. TTICRIBEN D 2 a— FTHAT L e TEF T, HISNDORELZTICTET, b
L& 2V 73 3121d PyErr_SetEzcInfo() E{H->TLEX W,

Added in version 3.3.

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

RICBLET: Stable ABI (IN—=23> 3.7 &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_SetHandledException().

0 IR
CORBIE. BERZAINERS a—- FTREHIEEA. EMICES . ZhIBStoIREE —

REANICRFE L, MRS RBESH 2 a— N THAT 2 2B TEE T, SLOREBZEFS 512
PyErr_GetEzcInfo() 2o TL72E W,

Added in version 3.3.

N— 3 ¥ 3.11 TZHE: 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 TFINVEIVY

int PyErr_CheckSignals()

RICB L %7 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

(such as by pressing Ctrl-C).

5.5.
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0 IR

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

void PyErr_SetInterrupt()

RICEBLE 9 Stable ABI. Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

O R

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

int PyErr_SetInterruptEx(int signum)

RICBLETY: Stable ABL (IN=23> 3.10 &D). 7 FAMREGEL MR EZS I 2L —FLE T,
RIZ PyErr_CheckSignals () DMHINT- & &, B2 507> 7 FAEFSHD Python D 7 F Ay
F oD E T,

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 IR

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)

ZD2—T 4 VT 4B, IV EZTE oL BT FABEENAL P LTEZAL 7 7 4
NEERTFEIRELE T, fdid/ v7ay R TRIINERD £8A, ZOBKIZ. 1 o/i0o7 741
SR TFEIRL 9,

i -1 2T, CORBELZEMCLET; ZhADPFIIRETT, Z0BE%IE Python ® signal.
set_wakeup_fd() YFEIFETIN, YARII—F v 7 bITVERA, fd3EMR T 7 4 ViR FT
HENETT, ZOBBIEAA VALY ERLDAFUHEINZRETT,

N—Yar 3.5 TEHEH: Windows T. ZOBEEBIEIY 7y AV EAESR—IFTB LK DELA,
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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_RecursionError RecursionError
PyExc_ReferenceError ReferenceError
PyExc_RuntimeError RuntimeError
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIteration StopIteration
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
WEDEAZNT L,

Added in version 3.5: PyExc_StopAsyncIteration ¥ XU} PyExc_RecursionError .
Added in version 3.6: PyExc_ModuleNotFoundError.

INHIEEHMEDD 5 PyExc_0SError DL A V7 A TY

C#% AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError &

_ *l CAIRIOFEEGIN DD DR—=R 2 5 T
80 % 5 & FIN0IE
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N—=Ya ¥y 33 TEH: ZhHDTA V7 RARHINOREE 7T 5 -icfibhxs,

TR

5.11 FE£ESZHTIY

PyExc_ D& A2 Python DRI DL £RiE D7 v — VA LT, $XTOEE Python &5 7
TYHBHAHARET T, TOHEE PyObjectx ZHib, IRTIIRA T 27 M TT, EERT 272012,

FTRTOERZLLPICHIELET:

C% Python % AR
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning

PyExc_DeprecationWarning
PyExc_FutureWarning
PyExc_ImportWarning
PyExc_PendingDeprecationWarning
PyExc_ResourceWarning
PyExc_RuntimeWarning
PyExc_SyntaxWarning
PyExc_UnicodeWarning

PyExc_UserWarning

DeprecationWarning
FutureWarning
ImportWarning
PendingDeprecationWarning
ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning

UserWarning

Added in version 3.2: PyExc_ResourceWarning.

ER:

*2 Windows TOAEZINTWVWET, 7V Faty P+~ 0 MS_WINDOWS BEHRINTVEINT AN TEI LT, ZheEisa—

RERELTIZE W,
*3 IOFHEELH 7 I DIeHDN=RY 5 R TF

5.11. REESHTIY
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A—FT«14 V7«

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

6.1 ARL—FT4 VI RATLEEDIA—FT1 )T o

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

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

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

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

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

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

void Py0S_BeforeFork()

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

A

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

g

==}
=

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

void Py0S_AfterFork_Parent ()

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

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

Added in version 3.7.

void Py0S_AfterFork_Child()

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

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

A

g

==}
[=]

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

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

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

Added in version 3.7.

& 2E

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

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

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

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

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

the definition in your own code.

typedef void (*Py0S_sighandler_t)(int)

RICBL 9 Stable ABI.

PyOS__sighandler t Py0S_getsig(int i)

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

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

PyOS_sighandler _t Py0S_setsig(int i, PyOS__sighandler_t h)

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

directly!

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

RICBLET: Stable ABI (IN—3> 8.7 &D).

A

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

g

==
[=]

PyConfig_SetBytesString () function which ensures that Python is preinitialized.

This function must not be called before Python is preinitialized and so that the LC_ CTYPE

locale is properly configured: see the Py_PreInitialize () function.

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

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

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

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

filesystem_encoding and filesystem_errors members of PyConfig.

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

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

& BE

PyUnicode_DecodeFSDefaultAndSize () 3 XU PyUnicode_DecodeLocaleAndSize () BIEL

Added in version 3.5.

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

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

legacy_windows_fs_encoding is zero;

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

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

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

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

invalid character on encoding error.

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

filesystem_encoding and filesystem_errors members of PyConfig.

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

A S

This function must not be called before Python is preinitialized and so that the LC_CTYPE

locale is properly configured: see the Py_PreInitialize () function.

& BE

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

Added in version 3.5.

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

legacy_windows_fs_encoding is zero.

6.2 > AT LB

sys BV 2 — AR L TV ARKEEICCOa—F»r 57 27X T3 TT, TRTOBKIIHED A &
TYVEAL Y KD sys EY 2a—LVOFHFEIIHLTEELE T, ZOFFIEIATDO AL v FIREBRE IR
SINTVET,

PyObject *PySys_GetObject (const char *name)
Rbh{E: BRBE, RICBLZXT: Stable ABL sys Y 2—1 D name 7Y =27 F 2R Th, (F1E
L2 AURBISN 2 3E ¥ 31T NULL 23R L £95,

int PySys_Set0Object (const char *name, PyObject *v)
RICEL 7 : Stable ABL. v % NULL TWEHA. sys EY 2 =D name i v ZRELET, v D
NULL 72 5. sys €Y 2 —H 5 name ZHIFRLE T, BIL7H 0 2, =5kl -1 IRL 3,

void PySys_ResetWarnOptions()

RICBLF 9 Stable ABI. Reset sys.warnoptions to an empty list. This function may be called
prior to Py_Initialize().

void PySys_AddWarnOption(const wchar_t *s)
RICBL 9 Stable ABI. This API is kept for backward compatibility: setting PyConfig.

warnoptions should be used instead, see Python Initialization Configuration.

Append s to sys.warnoptions. This function must be called prior to Py_Initialize() in order

to affect the warnings filter list.
N—=Pa ¥ 311 TIFHER.

void PySys_AddWarnOptionUnicode (PyObject *unicode)
RICBL £9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

warnoptions should be used instead, see Python Initialization Configuration.
Append unicode to sys.warnoptions.

Note: this function is not currently usable from outside the CPython implementation, as it must
be called prior to the implicit import of warnings in Py_Initialize() to be effective, but can’t be

called until enough of the runtime has been initialized to permit the creation of Unicode objects.
N—a v 3.11 TIEHEEE.

void PySys_SetPath (const wchar_t *path)
RICEBL FF9J: Stable ABI. This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_search_paths_set should be used instead, see

Python Initialization Configuration.

Set sys.path to a list object of paths found in path which should be a list of paths separated with

the olatform’ b path delimiter (: on Unix. ; on Windows
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N— a v 3.11 TIEHESE.

void PySys_WriteStdout (const char *format, ...)
RICBLET: Stable ABIL. format THEE I35 % sys.stdout WL EF, UIDGEE
BHZ BB D, PISNETIRE L 2 EA ().

format &, 7 —~<v MEOHNILFHID b —ZNLDKE X% 1000 N4 AR ZXRETT, -
1000 A FRAEDHISCFINITIDEED SN E T, FIT FlRDZRWN "%s” 74 —~< v P EESNE
TEHDFRA, "%.<N>s” DL IICLT N IZ 10 #EROMEEIEE L. <N> + Zoflo7 +—~< v
MEDERY A XD 1000 ZEZBVWEIICHET INRETT, AL LI "% 12K 5 H%E
BHDFET, IEFICRKEVEMHEICH LT, BEOMFEHNT 20 0EESH D £3,

RIENFEE LD, sys.stdout DIESINTWVEDP S IGE, 74—7v MEOX v = 3AYD
(CLRVD) stdout WZHITENET,

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

RICE L9 Stable ABI. PySys_writeStdout () LR U TI 25, sys.stderr & L 1% stderr IZ
HAOLEd,

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

RICEB L F9: Stable ABL. PySys_ WriteStdout() {2 /zB%T 32, PyUnicode_FromFormatV()
EHOTRvE—V% 7 4—<v b, Avt—YRITREOERIIYIDFDDIZL XA,

Added in version 3.2.

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

RICELE T Stable ABI. PySys_FormatStdout () R TT. sys.stderr L <& stderr IZ
HALET,

Added in version 3.2.

void PySys_AddXOption(const wchar t *s)
RICBLEFY: Stable ABI ()IN\—2 3> 3.7 &b ). This API is kept for backward compatibility:

setting PyConfig.zoptions should be used instead, see Python Initialization Configuration.

Parse s as a set of -X options and add them to the current options mapping as returned by

PySys_GetXOptions (). This function may be called prior to Py_Initialize().
Added in version 3.2.
N—= 3 ¥ 3.11 TIHELE.

PyObject *PySys_GetXOptions ()

Rbh{#E: ER8B, RIBL XTI Stable ABI (IN—3> 3.7 &D ). sys._xoptions &I -X &
T a v DBEDRHERZRLE T, T E 5 &, NULL 25 &, flstrty bEhxd,

Added in version 3.2.
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int PySys_Audit (const char *event, const char *format, ...)

Raise an auditing event with any active hooks. Return zero for success and non-zero with an

exception set on failure.

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

be consumed, using it may cause reference leaks.)

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.
Added in version 3.8.

N— a v 3.8.2 TEH: Require Py_ssize_t for # format characters. Previously, an unavoidable

deprecation warning was raised.

int PySys_AddAuditHook ( Py AuditHookFunction hook, void *userData)

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

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

userData RA X7 v 7BEBICEINEST, 7y 7BREHRS V24 206U EIN2 b L
NHEVDT, TDRA ¥ RIFEHE Python DIREE BB IRETIEH D TH A,

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. ewvent is the C string event argument passed to PySys_Audit ().
args is guaranteed to be a PyTupleObject. userData is the argument passed to PySys_ Ad-
dAuditHook().

Added in version 3.8.

6.2.
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6.3 70Ot X

void Py_FatalError (const char *message)

RICE L £ : 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 a ¥ 3.9 TEH: Log the function name automatically.

void Py_Exit (int status)
RICEBLETY: Stable ABL BIEO 0t 2% T L% $, Py FinalizeEz() ZWOH LR,
C 747 VBEHOD exit(status) ZMFUH L %9, Py FinalizeEz() BT T —I1ZRhoHE, &
TAT—RZRF 120 KRESNET,

N—Tar 3.6 TEH: RTUMOL S — 13RI Y F LA,

int Py_AtExit (void (*func)())
RICBLEJ: Stable ABIL. Py _FinalizeEz() 7 HFEUH N 2 Hia RN %17 5 B (cleanup
function) ZEF L £3, RAERBEEIIGIEIMLTHERE SN, HZELER A, AT 32 OBIER
BB ERTEE T, BRICKINT 2, Py AtEzitO 12 0 ZIBLXT; KT 2L -1 ZIKL
9, BRIRICERR L RIGRLHRE R SR O s 3, SRR E A —E L AT EnsE
Ao Python OMFRAYAAE T AENI AR IR R X D IRTICSET L TWA DT, func 25130175
Python API $FEH L TIER D ¥ Ao

6.4 EXa—-ILDAVKR—F

PyObject *PyImport_ImportModule (const char *name)
RBRDME: :iLWBE, XRICEL £9: Stable ABI. This is a wrapper around PyImport_Import()

which takes a const char* as an argument instead of a Py0Objectx*.

PyObject *PyImport_ImportModuleNoBlock (const char *name)

ROE: HrLWVWEE, XRIZBL 9 : Stable ABI. 2D, PyImport_ImportModule() DBEILT
EDILA YT ATT,

N—Tay 3.3 TEHE: ZoBBIE. ERIFMDORAL Yy RFiZkoTA VR—trav 2B {Tbh T\
BIZENEIZ R L TWE L7z, LA L Python 3.3 Tld. REEDOEHK TR Y 7 AF —AWEY 2 —)L
ZTrouy ZIZBTLEDT, ZOBMBORINRIESD NI D IEPHETIED D R A

PyObject *PyImport_ImportModuleEx (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist)
ROfE: HILWBE, €22 - N2 YR-PLET, TV 210D K- MOV TIEHAAAD
Python BA%{ __import__ () ZHidedr kbbb FF,
920 TBO6EI-—T1UTa
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ROHEIZ, A VR—FENEET 2Dty TRy T —IANDFH L WSBHEL, KRL5E1E
B2 EEE LT NULL 2R L E S, __import__() LU XD, R T =Y DY TEY 2 — LOEK
TNz ZiX, ZETR fromlist ZIEEINTZRLSMNE. Py LRV DARy F =T RIRLET,

A4 Y R—= KRB LUT2HEE. PyImport_ImportModule() LRRRICATEERES 2 —NVDF TP x
7 P EHIFRL £9,

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

*locals, PyObject *fromlist, int level)

RBDfE: :iLLWBER, RICBLFT: Stable ABI (IN—23> 3.7&D ). €V a2a—-1% AV R-FLE
To B2 —1DA Y R— MIOWTIEHAAAD Python BIEX __import__ () ZFiter2 K< A0
3, LWVWHDH, FHHED __import__ O EZOBEMEBEZEFIHLTWENHTT,

REOEIZ. £ VER—FENEZET2—AD by TRy T —IADOH LWSHED, KRB858
s 2 a8 E LC NULL 238 L ¥, __import__() LT &SI, v s —Y DY TEY 2 —DEK
TNz FlE, ZETR fromlist ZIEINRELINI. Py TLRALDRy 5=V %R LET,

Added in version 3.3.

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

PyObject *fromlist, int level)

ROfE: TLWEBE, RICEL XY Stable ABIL. PyImport_ImportModuleLevelObject () T
WEF2, name ¥ Unicode 7 =2 FTId7R< UTF-8 Ty a— FENAEXFITHLHTH
D Ed,

N—Tay 3.3 TEH: level ITIEHBRPEADHEIZEHTEE LA,

PyObject *PyImport_Import (PyObject *name)

BOE: HLWLWEHE, RICEL XY Stable ABL BE®D " 4 Y R— b7 v ZEE ZFOCHTZDD
EKEED A VX —T7 2 =TT (level 12 0 ZHRT 2 &, #ntA4 Vo R—F2EKLET), ZOBEIE
WHED 7 v — NVERFEHZEND __builtins__ 56 __import__ () BABEMHUIHLET, 31bH,
BUEOREIICA YA P =L ENTWEAL Y R— 7 v 7 ffioTA Y R—- P RITVET,

Z OB E K 4 R— M RFHLE T,

PyObject *PyImport_ReloadModule (PyObject *m)

RDME: TLLWBE, RICBLZT: Stable ABL. €Y 2 — L% FHE—F (reload) LT, REDHEIH
O—RLAEEIT2a—Ah by TLNURy F—=IADOFRBIICRD 5, KBLGEEFSN %
v L, NULL ZIRL ET (ZDOHETH, TV 2 —VFERINTWRHEDRH D £T),

PyObject *PyImport_AddModuleObject (PyObject *name)

REh{E: EABR, WICBLZFY: Stable ABI (IN—3> 3.7 &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 NULL with an exception set on failure.

6.4.
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0 R
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 3.3.

PyObject *PyImport_AddModule (const char *name)

RbhfE: BRABKE, XIZBL X9 Stable ABI. Similar to PyImport_AddModuleObject (), but the

name is a UTF-8 encoded string instead of a Unicode object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
RDE: FiLLWEBHE, RICBL X Stable ABL Given a module name (possibly of the form

package.module) and a code object read from a Python bytecode file or obtained from the built-in
function compile(), load the module. Return a new reference to the module object, or NULL
with an exception set if an error occurred. mame 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.

COMBIE TTRAVE-PIATVEZEY 2 - LOBEREHR - FETVET, BERMICE
Y a—OFEBR— RZ21T5 AR PyImport_ReloadModule () B L TL1Z& W,

name %3 package.module JE: D F v MK TH o 7ehHa. TSN TORVR Y 7 — I HiE
B2 DR SNBVEFITRD T,

PyImport_EzecCodeModuleExz() ¥ PyImport_EzecCodeModulelithPathnames() dZMRL T 72
SV,

N— 3 ¥ 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: #HrLWEBHE, RICEBL £79: 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 LT ZE W,
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PyObject *PyImport_ExecCodeModuleObject (PyObject *name, PyObject *co, PyObject *pathname,
PyObject *cpathname)
RhfE: #HLWLWER, RICELFJ: Stable ABL IN—=2 3> 3.7 &) 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— a3 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)

ROME: FiLWBER, RICEL X7 Stable ABIL. PyImport_EzecCodeModuleObject () LA TWE
IH, name ¥ pathname. cpathname 75 UTF-8 T a— FXINLXFHTH 280 ERD 7,
% L pathname 7% NULL DIFE. cpathname 225, pathname ¥ D K 5 BEICH 2N E D EHI 554
bREINET,

Added in version 3.2.

N— a3 3.3 TAHE: Uses imp.source_from_cache() in calculating the source path if only the

bytecode path is provided.
N— 3 ¥ 3.12 TZH: No longer uses the removed imp module.

long PyImport_GetMagicNumber ()
RICEBL F7: Stable ABL Python XA Fa—=F7 74 (% .pyc 77 4V) DTy 7F U oN—
BRLET, ¥I v 7 F U N=@FNL PA=R T 7 A VOBRHID 484 M, VU FLZYT 4 7 VNS
FA—X—THNENETT, =7 -DHAEIF -1 ZIRLET,

N—=Tay 3.3 TEH: KRLEGEE -1 OfEERLET,

const char *PyImport_GetMagicTag()
RICBLFT: Stable ABL v v 7 X 73 F4|% Python N4 Fa—F7 7> A 1%0 PEP 3147
74 —<v NTIRL%7J, sys.implementation.cache_tag DEIEHETE. 7D ZOEKORDD
WHATRNETHL 2@ EL £ 9,

Added in version 3.2.

PyObject *PyImport_GetModuleDict ()

RDE: BABE, RCBLET: Stable ABL. €Y 2 = VEHO D DFE (WHW2 sys.modules)
ZIRLET, ZOFEFA VXTIV R DR FH2EBILOTHERLTLIZE W,

PyObject *PyImport_GetModule (PyObject *name)
RDME: iLWBE, RICBLZXT: Stable ABI (IN—2 3> 3.8 &D). X oh74uT0OBLICA ~
A= PEADEI 2 =L ERLET, EY 2—L24 VR— P INTORD - 7551, NULL 2R L
TIH, 73ty FLEEA, Y 2 -V OMRICKKLHEE, NULL Z2iI8L, =57 —%tv
FLET,

Added in version 3.7.
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PyObject *PyImport_GetImporter (PyObject *path)
REDfli: iLWBER, 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)
RICBLETY: Stable ABL (IN—=23> 3.7 &D). name £ \WSHHTD 7Y —X (freeze) TN1E
Va—LER—FRLET, BIT2L 1% EY2-AHROLLR,-BEE 0 &, HIHLY
KL 7mEi3fiN ety P LT -1 ZIBLE S, B— NI LAEEY 2 -7 7R 5120
PyImport_ImportModule() %o TL7Z&E W, (Note Z DBIBUI VWX X EEZIAL ARITS — 2
DEIUTEY 2 =D T TIRA Y R=rETVWEBYVB—-—FLTLEVE T, )

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

int PyImport_ImportFrozenModule (const char *name)

RICEL X9 Stable ABI. PyImport_ImportFrozenModuleObject () & T WE T2, name &
UTF-8 Ty a— FEINXFHDOMRbDIZ, Unicode 773 =7 M 2T 2H082D 7,

struct _frozen
freeze 21— 7 4 VT ADBERTE2EI2B 7V —RXMLEI 2= LTRAZ VU T XOMERBERT
$o (Python ¥ — XAV D Tools/freeze/ Z LMWL T EV) ZDOWEKRDEFIE Include/
import.h IZHH. UTD XS 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

CDRA Y RIE _frozen DL A— R 5H7a D, KIGODHEIRD X 2898 NULL 22 ERIZK->TWVWS &5
REANEIEST L5k E T, 7V —RXRENET 22— LB VKR-PFTHEE, ZOT—TL%
BMBRLET, = F =74 BOa—F» 5 ZORAS Y XIALHNT ZF#E L T, BINKER N7 —
AT 2 —NOREZRMTZ2 LS5 TEET,

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

RIZCELET: Stable ABL. BFEOMARAAEY 2 — LT —TVICH—DEI 2 — L EBMLET, =
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DRI FIEMEEZ B Lz PyImport_ExtendInittab() D F v X—FET, 7 —7UDHLRTE
RVWEEIZIE -1 BRLET, HlBEY 2—0E name TS Y R— P TE, REUISA VKR— FERA
BRSO 2 2 BAE e LT indtfunc ZBVWE S, Py_Initialize() kD SHENTHERE S 21T UL
Zh EEA,

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.

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 bk & h 3 5 &. Pylmport_AppendInittab() ¥ 7z &
PyImport_EztendInittab() &, ZHZNOYIALORNIOH XN HENH D £5,

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

IRDNL—F VX, marshal Y 2 — L RUEREF 2B A 7 27 b% C a— 2oz 3 &
S1CLET, BINLER T — &2 2E2HIBBICINA T, T—X2HARTEBD DD 23, BIHbanr-
T—REELERT DT 7 A NMIEANAL F VU E— FTHLAATHRITUIIRD A,

BB R IMTHICT B Ko ICRdmE ks,

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 BUDBEUE value % file NEFULL F3, OB value D FHT 32 By F2FHZRALTT
T A T4 7D long BY A ZITIIBIHIL £ ¥ A, version 37 7 A VT x—< v P2 RLE T,

ZOBBIEERTAIenD), ZOGRR I —1ERTERELET, TNEHMRT 272012
PyErr_Occurred() ZHWET,

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

Python 7Y =27 bt value % file NBHFUL L 3, version &7 7 AV 7 4 —~<v bERLET,
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COBBBEMT 22D, ZOHEBAR IS —HBRTFERELET, ThZHRT 22012
PyErr_Occurred () ZfHWVE T,

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
RBRbhfE: $iLWBE, value DBFTULRADB A 574 VA TP =27 b 2IRLUE T, version 137 7
ANTr—<v b 2RLET,

DToBE#zMs v, BIfhanfixHiisRmEET,

long PyMarshal_ReadLongFromFile (FILE *file)
A LRI FILEx ADTF—X ZA Y=k 5, C D long MF—XEHAHLTELE T,
OB, AT 4 7D long DY A4 RITBRZL. 32 By FOELET @A HE X T,
T —D%AE, #YRHIS (EOFError) ZEEL -1 ZIRL £,

int PyMarshal_ReadShortFromFile (FILE *file)
FtAHAH UHICEH» Uz FILEx NOT—X XA MU —24h5, C D short 7T —2Z25AHL TRL %
T, ZORIX. AT 4 7D short O A XIBfRIRL. 16 By FOER T ZEAHE XS,
7 —D%E, BYRAIS (EOFError) ZFXEL -1 ZIRL £,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
RDME: FiLWBHE, A LHICB» N FILEx NDTF—X A+ Y —2455 Python 772 = 7 b
ZIRLUET,

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

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

ROME: FILLWBE, Al LHICH2N: FILEx NOF—&X A MY =455, Python £ 7Y =2 b
FatAH LU TREL %3, PyMarshal_ReadObjectFromFile() &\, ZOMBIZ T 7 4 LHc#Elio
FTI2 7 MBEFELBRVEREL, 77 AMDRLRXEY EIZT7 7 A NVT—RE—KIIXAEVIZO—F
LT, RIS T 7 4 15— FDDOHAMTRDDICXEY EOF— 22 HETE 5 L5
WLET, MROT 7 A A M HFHABE RV E Do TV BHEICDAH, ZOREEME>TL
72E W,

T —DHE, #7215} (EOFError, ValueError, TypeError) % #%iE L NULL %R L ¥£73,

PyObject *PyMarshal_ReadObjectFromString(const char *data, Py_ssize t len)

RDME: iLWBHE, data 6T len XA b DAL PNy 77 ADOF =X A MY — L5 5 Python
ATV PEBRLET,

I 7 —DFAE. EYILHIS (EOFError, ValueError, TypeError) Z i E L NULL %R L £3,

6.6 5|HDEERMEIEDIBE

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

mation and examples are available in extending-index.
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BRUIWCHHET 2 3 DDBEE. Pydrg_ParseTuple(), PyArg ParseTupleAndKeywords(), B X Of
Pydrg_Parse() l3Wihd BERXXFY (format string) ZHVE 3, FXAXFEINE, RS ZITES X
FTOGBICET 2 HREEZA 2 DICHVWENE T, WTNOBEICE T 2 HE YD, RLHERZfE->Tw
i‘j—o

6.6.1 5|HZMFINIT S

#HALFING, PrEE el bo 7 R (format unit)” 5M D THEF, 1 DOBRBANE 1
50 Python # 79z 7 F 2R LET; BHEIEH 005, BREMH SR 2 LFI R ENCH- b0
%D EF, s LT, HIRTHDR TORWERBATFFIDH D7 KL 25 EICHIET 25850 < 5
BHYEF, UFRORITE. IO OWABRIZERIATT; (1) FEIICHE - 7= 5 B R A S
¥ % Python ®A 7Y = & MUTT; [f] {5k ME%E 7 FLRAELT 2B C 0ZHATT,

XFHENY T 7
UTD7 4=y MEA T 27 MTEBLIZRXAEVF ¥ 78 LTT7 7R TE2DDHDTT, IREN 3
unicode X bytes D7=DICEDRA ML —YE AT 2LEIEIH D A,

FHIER SN TOARWEE, Ny 77— NUL #iiE i ThER A,
There are three ways strings and buffers can be converted to C:

o 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).

0 IR
For all # variants of formats (s#, y#, etc.), the macro PY_SSIZE_T_CLEAN must be defined before

including Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.
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s (str) [const char *]
Unicode A 732 b2, Fx 77 XLFH%EHET C OKRA Y RIEWLET, F¥ 77 XURA
REBDT7 FLAZET L, TTREEL TV A XFINDRA ¥ X% ZDEFITHHLE T, CXF
HiE NUL THIGE N TWE S, Python OSXFAANL, null 2— FARA ¥ FARPICHDIATA T
TERDERTA; b LEDIATATHIUL ValueError Fl4k 2 %EH L %3, Unicode A 7Y =2 Mid
'utf-8' o T C FINIEMSNE T, ZHUTKRIKT % & UnicodeError ZiXHH L %9,

0 IR

ZD T +—=v M bytes-like objects ZHR—bP LERA. 77 ANVT AT LSRR ERZIFE-T C
BREOXFINCEHL L 720WBEX, 08 74—~ v M % converter IZ PyUnicode_FSConverter()
ZHELTHHT 2 L BRVWTT,

N—=Ya v 35 TEHE: MHEZ Python 3XFFN null 2— FKEA ¥ MDA EFH TV FIZ
TypeError ZXHH L TWE L7,

s (str F7cld bytes-like object) [Py_buffer] z
D7 4 —<v M Unicode 7Y =2 b+ & bytes-like object ZZF1FT. MK Ltk XN
Py_buffer MEEMICHEEAL £ 3, RO C XFFE NUL N4 b E2ETH D LILEH A, Unicode
AT7Y 27 ME 'utf-8' Tra—7 4 7T C XFINCEBEINET,

s# (str, SiAHIDEFER®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 E7=I3 None) [const char *] s
WMTWETH, Python A7 =7 Mid None T K<, ZDFAITIE C DRA ¥ XIid NULL It v
FENET,

z* (str, bytes-like object &Ffcl& None) [Py_buffer]
s*x LA LU TFD. Python @ None A 73 =2 baXRIIME I eNTEET, ZDOHE. Py_buffer
WHERD buf X > N—1& NULL 1272 D 3,

z# (str, T LER®D bytes-like object F£7:Id None) [const char *, Py_ssize_t]
s# TV ETH, Python 7Y 22 hid None TH &K<, ZDOEEIIE C DEA > XiE NULL 12
ty FENET,

y (FiAH LERBD 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— a ¥ 3.5 TEHE: DIHIE bytes Ny 7 7 IZX VN4 DBEDIAFN TV & ZIC TypeError %
ERLTVE L,

y* (bytes-like object) [Py_buffer]

% H6Z1-F1UT(



The Python/C API, U1 —2X 3.12.9

s* DAY T, Unicode 7Y =7 b %ZIHTIT 3. bytes-like object DAHEZIIMIFE T, NI F U
T—RZZIHITREMICIE. COTA—IY b EFES T EZHRELET,

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

S (bytes) [PyBytesObject *|
Python 7 7Y =27 F2 LT, bytes A 737 bRERL, WOrRAIEHMBITVERA, A7V =7
I3 bytes 7Y = 27 b TRIFAUI, TypeError ZiAMH L %3, C ZHUI PyObjectx L HFLTH

Y (bytearray) [PyByteArrayObject *]
Python 7Y =2 b2 LT bytearray 7 73 =7 bR ERL, WHRIEBBBIRVELA, D
LA 7Yz 2 bA bytearray TR IFIUZ, TypeError ZiiH L EF, C ZHIX PyObjectx & LTH
SLTHHOERA,

U (str) [PyObject *|
Python 7Yz 2 b2 LT Unicode 7 73 =227 FZ2ERL, WHARIEHMBITVERA, 77V
27 + 23 Unicode & 7Y = 7 F TR WG, TypeError DX I EF, CEHBIX PyObject* ¥ L
TEHSLTHHOEEA,

wk (FTABEIAIEER bytes-like object) [Py_buffer] z
D7 +—<v ME stAHEEATRER buffer interface #FHEL /A 7Y = 7 b 2ZIIF T T, WUH
LIt b S iz Py_buffer MEEKICIEEMML EF. Ny 7713 null N4 b EED2S LAT, I
CHLITIEANY 7 7 20D o725 PyBuffer Release() ZMUH I RITIUEZD FHA,

es (str) [const char *encoding, char **buffer] z
UL s OZLIE T, Unicode ZF v 77 2Ny 772 ya—FF37DICHWHNE T, NUL N
A4 MDA ENTORWT —XTOLEELET,

ZOERCWEZOD5IBBHETT, —2HEANCOAH WS, NUL TSI hizz>ya— 4
XFH| % 45T const charx B FE 71, 'utf-8' 2MHEDLN S Z 2 2K T NULL TRUIFIUIRD FH A,
fEE LTy a— F4% Python BT ERWIEE AN ZEL L3, H D583 char*x* T
RIFAUIHED FRA; ZOFIEMBBIRBLTWE RS VY XOMEIE. 5IEICEELEZTF A FOABRHRA -
ey 77 ANDKRA YRR DET, THFRAMNIRVOFIBIHEE L ez ya—- AT ya—F&
nE9,

PyArg ParseTuple() S &, BERY A XDy 77 ZMRL., ZONy 7712y a— KR
T—XEat— LT, *buffer 22 DF 7 IHER I N -EREHEZET LSO IKEELE S, MW LA
12iE, R E NNy 7 7 2D o 7RI PyMem_Free() TSI 2E8ENDH D 3,

et (str, bytes 7l bytearray) [const char *encoding, char **buffer]
es LFILTY, L. N MXFHATY 27 bz ya—FLESTRELET, 20oRbD,
FEETEIAN, MFHNA T 2 7 PHNRTARCE L a—F 2o T0WE D EREL FF,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
s# OZALE T, Unicode ZF ¥ 77 XNy 7 71220 a— FF37DICHOONE T, es HRE -
T, ZOZEMBIEIAA P PHDATATHTHILTVERE A,
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ZOERICEF =205 PR ETT, —2HIEFANTCOAHVWLH, NUL THIEI Ny a— FAX
FH| %453 const char* M%) NULL THRIFIUIR D ¥ Ao, NULL DFEICIE 'utf-8' ZfVE T,
fEE L7z a— F4% Python 2EET ZRWEEITEIBIAN 2R L E T, B _05180% charx*x T
RIFIHED FRA; ZOFIEMBBIRBLTWE RS Y XOMEIE. 5IEICEELEZTF A FOABRHRA-
JeNw 77 ANDKRA VY RIZHEDET, 7FRAMIRYVIOFIBUCHEE Ly a— FARTZYya— X
NEF, F=0O5IBUIBBADKRA Y X TRIFIUIRD ERA; KA VEDPBIL TV 3 EROMEIZH
TN 7 7HADOANL FEUSE Y P ENFET,

ZOEROMHEIZIZZODE— FBHH 3

*buffer 5 NULL KA ¥ X ZHEL TV 3G, BEIIDBELRY A XDy 7 7 ZHERL, 2Oy 77
Ty a—REOTF—&XEab— LT, *buffer 232 OF72 I CHERINZEEEBER T IS ICEEL
T3, MUHLUANCIE., BRI Ny 7 7 B0 o 721812 PyMem_Free() TR 28IV H
D ij‘o

*buffer D3I NULL DR A ¥ X (T TRXAEVHREADOANY 7 7) RIELTWV 354,
PyArg_ParseTuple() X ZDXEVMEZ NNy 7 72 LTHW, *buffer_length OHIAEZ N v
7 7% 4 X LTHWE T, PyArg ParseTuple l3RICT Y 23— READT —RENY 7 7i12a—
LT, NUL THIGHLET, Ny 7 7 DREZIDED RITIUL ValueError 25y FENE T,

CELDEED. fbuffer length 13D NUL N4 b2 EFRVWIYa— REAT—XDEXICtE Y
FENET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
es# LRILTT, L. N N ATY 27 b e rya— FLESTRELET, Z20oRbD,
FEETREIANA MPFINA T 27 bBATRRE L a— 2o T2 HDEREL £

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

tation.

#
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 BUIEML 7,
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H (int) [unsigned short int]
Python 0¥z, 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 0¥z, A — 70 —F = v 7 %2{7HFIZ. C D unsigned int BUTEIL $9,

1 (int) [long int]
Python O®#%, C @ long int BUCEHL 3,

k (int) [unsigned long]
Python O¥HE, &—"7n—F =z v 7 %fTH T2, C D unsigned long BUIEIL 5,

L (int) [long long]
Python O®#% ., C @ long long BUIEHL 3,

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

n (int) [Py_ssize_t]
Python O®#% C @ Py_ssize_t BUIEEL F3,

c (RT 1 D, bytes £7clF bytearray) [char] 53
X 1 D bytes ¥£7z1F bytearray A 7Y =7 b2 LTRIHINTWS Python N4 b% C O char T
% L U=

N—Y a3 ¥ 3.3 TEH: bytearray #2172 L5k D E L

C (BT 1 @ str) [int] 53
X1Dstr A7z b2 LTERHINTWS Python ¥¥ 727 %% C @D int BT L 5,

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 OFHA %, C @ Py_complex BHERICEIIL £5,

ZOMDA TS+

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

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

0! (object) [typeobject, PyObject *]
Python # 7Y =27 +% C @ Python 7Y =7 MRS YV RZIRELE T, 0 KHMTHWETH, =
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20 C OF|E%EL b ET: —2HDFIEIE Python DA 7Y 27 b ADT FL AT, ZoHDFIE
WA TI 27 bADEA Y EZPREEINT VS (PyObjectx D) C DEBADT KL A TT, Python
F 7Y =27 EE L ZEITIE R WS, TypeError ZiXH L 3,

0& (object) [converter, address]

Python # 7Y =2 + % converter B8N LT C OEFICEI L 3, 20518k bEs: —>
HZBE T, —2oHIE ((FEOHD) C ZBADT FL A% void* BUTZEHL 72 DTF ., converter
BUTRD XS TR T

status = converter(object, address); ]

Z Z T object I3EHINGRD Python 7' =2 FT. address \& PyArg_Parsex {ZJE L7z void* &
DEIETY, R status EEBITHRILZBIC 1, KL G EIIZ 0 1Tk D 25, BHICRK
L7858, converter B address DNEZZHE T IHINZEH LR TEARD X8 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 51 % &7 (a boolean predicate) 12 S M7=l % HIE L. Z DFERZ 72 C D true/false
BEACAB L E S, & LADELS int 1213 1 235, B725 0 BRESNE T, ZOBBBEROHL
7% Python fHZ 32 1F £ 9, Python BMEDQERZ £ D X S5 ITHET 202 H D 72 4UE, truth %
SIRLTLZEW,

Added in version 3.3.

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

TV 27 M items ITA - TWABERBMN OB T DRI ZHD Python O > —4& v ABIcRiIFE
D ERA, & C5lEUT items WD 42 OFRBEMATHIGOT TERIFINUIRD A, ¥—F VR
DOERBAIIANTHEICTEET,

Zofth, HFEXXFINTBNWTERZFHFOLFBPNWLDO0H D £3, 0 OCFIIHEINC X 2 AN FPNIIEE
RAFERAo UNIXFHRLET:

Python 5/${V 2 VT, ZOXFLUEDSIBD A T a > THB I ERLET, 7> a D5
WSS 2 C OZERIEZT 7 4L bOETHHLL TBL2RITINERD ERA — 7> a Y O5 8D
B XN BE. Pydrg ParseTuple () IMIGT 23 C EBMOABICFEELMA FH A

PyArg_ParseTupleAndKeywords () TOAEAIEE: #KiD Python 51¥» ¥ -7V — FHHATH S Z
LR LET, BE, IRTOF -7 — FEAFIBIIERDOTIETRINER ST, 20k 75—
<y PXFHIFD | IFEIC $ K ORNCHEE S ARITUIRD £ A
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Added in version 3.3.

DXFDRH 2, HERBPMOLRIEZZ I TRDOD 75, an  DBEOXFINE, £7—Xvt—I1
B 2B (Pydrg_ParseTuple () D3R T 2 B8t 7 /&1 (associated value)”) & L Tflibi
S

DXFHH 2, ERBMOGTLNIZZ I TEROD £, LI an DEOXFINE, 774V 15—
Avt—T% BEWRD 57— RAyb—Yr L THONET, : & ; @HAEICHHLDOXFTT,

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)!

PURN o PEEUC I8 57 1#Bh 5 12X (additional argument) (&, FERXLFHIRLRESNLTUAD 7 F L A TRHRIFHUI
7D FEEA; MPEIECHRE LT FLRIE, ETIAD S AN EINIAEZRTET 270100 Ed, Fo#FEK
B0V R P THM L X512, MlsEE ANELE LTS BED N O0H D 3, 2055, MIST 5
FRBMOIEE T 2IERUTHED LT LRITNIRD FEA,

ZH2 IEL AT 720Id, arg A 7Y 27 PEEALFIZ—HLZFUIE ST, 2 oF A FHNOEN
BAICETENAS I LARTIUIRD S8 A, IIT % L. PyArg_Parsex BIBUIEZRL 5, ZHlL
NOGETIIBEE L, EYIRAINZERHL $5, HFXEMADO LD ERKIIC LD PyArg_Parsex M3k
WML SE. RBLEFRBAHET 27 FLRE ZhMBEDO 7 FLZAONBFRIEEINE R A,

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

RICELET: Stable ABIL. (VB3I OAZSEICE 2D 5 X X 2R T, o —hLRERIC
EHLET, BT 2 EERLET; KR T 2 BERL, @YREINEEHL FI,

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

RICBLF9: Stable ABI. Pydrg_ParseTuple() LRICTEH, AIZERDOTIE TR va_list %
FlEuzE Y £,

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*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. Empty names denote positional-only parameters. Returns true on

success; on failure, it returns false and raises the appropriate exception.
N—=Tar 3.6 TEHE: (UBEMA5IE ZEML /.

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

RICEL FJ: Stable ABIL. Pydrg_ParseTupleAndKeywords () [T T3 2, AIARD5 | TIER
< wa_list 258U D %35,
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int PyArg_ValidateKeywordArguments (PyObject™)

RICBLET: Stable ABL. ¥—7 — FE[RZN L HEZEDOF —DXFHNTH D Z L 2B L 3,
Z DR Pydrg_ParseTupleAndKeywords () ZfEA LR WVE ZIZOARET, ZDOHHIZHE DM
BEFAMDF = v 7 2 FE T 27D TT,

Added in version 3.2.

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

RICE L %9 Stable ABI. Function used to deconstruct the argument lists of ”old-style” functions
--- these are functions which use the METH_OLDARGS parameter parsing method, which has been
removed in Python 3. This is not recommended for use in parameter parsing in new code, and
most code in the standard interpreter has been modified to no longer use this for that purpose. It
does remain a convenient way to decompose other tuples, however, and may continue to be used

for that purpose.

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

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 maz; min and max may be equal. Additional arguments must
be passed to the function, each of which should be a pointer to a Py0bject* variable; these will
be filled in with the values from args; they will contain borrowed references. The variables which
correspond to optional parameters not given by args will not be filled in; these should be initialized
by the caller. This function returns true on success and false if args is not a tuple or contains the

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

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

module for weak references:

static PyObject *

weakref _ref (PyObject *self, PyObject *args)

{
PyObject *object;
PyObject *callback = NULL;
PyObject *result = NULL;

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

return result;

ZDOHNCBIF B Pydrg UnpackTuple () WEUFH Uik, Pydrg_ParseTuple() Zffio7LIFOFEUH L
e EMTT:
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PyArg_ParseTuple(args, "O|O:ref", &object, &callback)

6.6.2 {EDIER

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

Rbh1fE: :iLWEH, RICEL £9: Stable ABL PyArg_Parsex 7 7 I U DM ZITE S D & U=
EROEBA LTINS X EFNICESWT, FieklEERLET, ERLEEEZRELET, =7 -0
AT NULL 238 L %9 NULL 23R 358, fIS Rt 35TL x5,

Py_BuildValue () EZHEICX TINEAERT 2 L3R $H A, OB L IV ZERT 201F,. FHX
XFINC DL, EOFBRBANA > TWVWB L R TT, FAXFHIDNEDEE None ZIRL £3; &
RV =D T Ao TV E5HE, HEREMTIHESINTVWAMLIrDF 7Y =7 FHEZ K
LET, A4 X8R 1 OXIVEIRT X5 WEfld 2 cid, AL cib - EFA 750 % i
9,

ERHAL s R s#t DHAEDLIIC, ATV =7 PEeMETIBCT —X2fRTo-DITXEY
Ny 7757 XX LTHETHEIE, BELLT—XiFav—an¥d, Py_Buildlalue() 23
ERLEA TV 27 ME, MUHLUAIDRELZNy 772 RL TSR LERA, HIOEVWEETH
i3, malloc() MU LTAEY ZHERL., 2% Py BuildValue() ICELHE, 23— FAT
Py_BuildValue() DB -7#2T free() EMUHITETLH 2L VW5 Z LTI,

LR OBIATIE. BIFOONTGRIEERMA T (AL) FEICH - 7 #5013 BB 255 S Python
OF 7Y 2 VT [f] ISR T ED C 2T,

HRTFHINTI, (s# Dk 3 BBERBMERVT) 2R—2, 27, a0rBi0ayvdEHah
T, CALOXFRMS L, BUBRLFIIRS ko LEFHAR T TEET,

s (str F7cld None) [const char *]
null #imX Nz C XFH%E, 'utf-8' TV a—7 4 Y7 %2HWNWT, Python str 7Y =27 MiZ
ZHLET, L CFHIRA > ZH NULL OHE, None 17D 3,

s# (str or None) [const char *, Py_ssize_t] C
X ZDRE % 'utf-8' T a—7 4 7 %o T Python str A 7Y =27 MTEML X
Fo C XTFHIRA ¥ XD NULL O5E, RIS, None 12720 £,

y (bytes) [const char *] C
X55% Python bytes 4 7Y =27 MIZEHML $9, L C XFHIRA ¥ &H NULL /2o 2355
None ZiEL %7,

y# (bytes) [const char *, Py_ssize_t] z

NE C XFH e ZOEX 95 Python A 79 227 ML ET, C XFHIFEA > X5 NULL D
A, R FEHA XN None 122D £3,

z (str E7cld None) [const char *] s
LR TY,

z# (str 7l None) [const char *, Py_ssize_t|
s# }: ﬁbfj—o
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u (str) [const wchar_t *]
null #4417z Unicode (UTF-16 %721 UCS-4) 7 — X D wchar_t /Nv 7 7 2» 5 Python
Unicode 7Y =7 MZZEHL %£9, Unicode Ny 7 7 KA ¥ &% NULL D8, None IZ72 D
i ‘3—0

u# (str) [const wchar_t *, Py_ssize_t]
Unicode (UTF-16 £7:1& UCS4) 7 —&Z Dy 7 7 £ ZDE X5 Python Unicode * 7Y = 7
MZZH L %9, Unicode Ny 7 7 KA ¥ 23 NULL D85, RSIIMIHE SN None 1T D £73,

U (str 7| None) [const char *] S
ERLTY,

U# (str F7zld None) [const char *, Py_ssize_t]

s# & Iﬁ‘lufj—o

i (int) [int] i
D C D int % Python OBEA TV =7 MTEHHL E T,

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

h (int) [short int] i}
HD C D short int % Python O A 72 = 7 MTEML £5,

1 (int) [long int] C
@ long int % Python OB A 7Y = 7 MZE#L £5,

B (int) [unsigned char] C
@ unsigned char % Python O A7 2/ MIEHILE T,

H (int) [unsigned short int] C
@ unsigned short int % Python O A 7z / MIEMILET,

I (int) [unsigned int] C
@ unsigned int % Python O A7 7 MIEHLET,

k (int) [unsigned long] C
@ unsigned long % Python O A7 7 MIEHILET,

L (int) [long long] C
D long long % Python OFEA 7Y =7 MTEML £7,

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 OBEA 7 = 7 MIEHL £,

c (REH 1 D bytes) [char] P

A +ERTEED C D int 2, £X 1 @ Python @ bytes 7Y =2 MIEHBLET,
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C(RT 1O str) [int] X
FERITBEED C D int 2, EX 1 @ Python @ str 77V =7 MIEHBLE T,

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

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

D (complex) [Py_complex *| C
D Py_complez MEiE{R% Python OEZRLBBUEHL T,

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_ButldValue () will return NULL but won’t raise an exception. If no exception

has been raised yet, SystemError is set.

S (object) [PyObject *] 0
ERLTY,

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.

0& (object) [converter, anything]
anything % converter BE%/t LT Python A7 =7 MZEML £3, ZDOEEIX anything
(void* & HILOBITRIFIUIIRD FHA) 25 BUC LTI N, "#Hik” A7 27 M 2R
T, R ZHEICE NULL 2R3 K51 LR h 8 A,

(items) (tuple) [matching-items] C
DD 572 BECH %, A U BB 2> Python O & 7MITERL 5,

[items] (list) [matching-items] C
DIED 572 BECH % [A UEBRZRFD Python @Y X MTERL £,

{items} (dict) [matching-items] C
DfED 572 2B05% Python OFFEICEML £35, —#HORTHBR D C OfEN,. ThZzhdx—
BELMEL Ino TREFICEMSNE T,

ERXXFYNCET 225241 % &, SystemError 4t %+t v + LT NULL 2BL %5,

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

RO{E: FiLLWBE, RICBLZT: Stable ABL. Py_BuildValue() ¥ [F U T, AIERESBOR
H DI va_list ZZITED £3,
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6.7 XFF DXL ERL
HUEZS R Y BRACSTFIIIH O 722D O BIAREE.

int Py0OS_snprintf (char *str, size_t size, const char *format, ...)
RICEL F7: Stable ABL FXCFH format LBMD5IED B, size N4 b ZERIRDNFHN % str
WHIH L% F, Unix man page @ snprintf(3) ZBML T EI W,

int Py0OS_vsnprintf (char *str, size_t size, const char *format, va_ list va)
RICEBL £ : Stable ABL. FEXCFH format L AIERETIEY A b va 225, size N4 M EEZIRWV
XFHN % str 121U ¥, Unix man page D vsnprintf(3) 2B L TLEEW,

Py0S_snprintf() ¥ Py0S_vsnprintf() 3FHEC 54 75V O snprintf() & vsnprintf() BA¥Z 7 v
TLET, INHDBBOHNIZ, CEES 4 75 UMRRIEL TWiwa—F— 7 — X TOEFERRIET 2 2
2:‘/6@—0

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

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

¢ 0 <= rv < size D& F, ZMHNIBIH LT, (BED strlrv] 1IZH2 '\0' ZFR\T) rv XF
str iZHE Nz,

e TV >= size D E, ZHHAHRBRUIDFED LN TED, BT 237DI20F rv + 1 A PR EE 57
ZexERLET, strisize-1] & '\0' T3,

e TV < 0 DEEX, MDLEVIENRI-RTT, ZOHATD strisize-1] & '\0' TIT D, str
DENUNDH T IARER TS, T7—DIEHERFRIZT 7 v b7 4 — AKIFTT,

DUR D BEEE locale FEMRIF 12T 0 S BUEN DB ITINE T,

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

RICEBLZF 9 : Stable ABI. Convert the initial part of the string in str to an unsigned long value

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

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

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

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

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

Added in version 3.2.
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long Py0S_strtol (const char *str, char **ptr, int base)

RICELF 7 : 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)

RICBL FJ: Stable ABL. XXF%| s % double IZE#L £3, KWL 7L =iZ Python DOFI# % F
EXEET, ZIFANRSNEXFFNZ, Python @ float() I ¥ A+ 5 7 ZHMZIFT B XFHNIZHE
WL ETH, s DEFEERBIRZEALFD Do TIIROLBNVE WS EFHRLZD ET, ZOEHUIHE
DBuT —MHEFL FE Ao

endptr 2% NULL O&, BTN L TITbR 3§, XFHIDIE LW IFE/MUSE DRI
o TWVWRWEEIZ -1.0 218 LT ValueError ZHEXH T,

endptr % NULL THEWIGE, SCFFI 2 AIRERHIPH CTZAH#A L T, *endptr ICERAIOEHENIRD 272X
FADRA Y REENL 5, XFFIOFEFICIE U WFE NI O RIDED 5 723585, *endptr %
XFHNIDFIEICEFHE LT, ValueError ZF4AXH, -1.0 2RL T,

s 2% float I LEYTARWVIZERZWEZRE L TWEE. (BRI, "1e500" 32 DT I v b

74— L TRITEEHA) overflow_exception A% NULL 7 & Py_HUGE_VAL (TR 55 2 1)

TRLET, o5& overflow_exception & Python O A 7S =7 bADKA X TRITN

53, ZORNEREZET -1.0 ZIRLET, E¥55D5HETH, *endptr IIFEHXNIED
EROBRIIDLFANDRA ¥ XPBESNET,

ZFhHND L5 —PEHHNCHAE L 75E (B 21E out-of-memory T F —), Y7 Python Ofilst%
RELT-1.0 ZELET,

Added in version 3.1.

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

RICBLFY: Stable ABL. double val ZI§E X7z format_code, precision, flags IZED W T FE
FINCEARL 5

format_code % 'e', 'E', "', 'F', 'g', 'G', 't' DENLTRINIBED EHA, 't DHA,
precision 1& 0 TRIFNIR ST, BMHEINET, 'v' 7+—<v bI3— FIIHEED repr() 74—
~v FERFEELTVET,

flags V& 0 %, Py_DTSF_SIGN, Py_DTSF_ADD DOT_ 0, Py _DTSF_ALT 7. ZH 5D or £H -7 D
T

o Py_DTSF_SIGN iZ. val DA T\ ZHHIFEXFREHICOTL I 2EKL % T,

o Py_DTSF_ADD_DOT_O0 EZXFHMBEED XS ICHABR W L 2 RAEL 5

6.7. XFHOEHEENL 109


https://manpages.debian.org/strtol(3)

The Python/C API, U1 —2X 3.12.9

e Py_DTSF_ALT ¥ 7alternate” 7 # —~ v ML — L2 HEHA T2 2EBHKL T3, M
Py0S_snprintf() @ '#' fEEZSRL TSV,

ptype 73 NULL THWIHE, val DERE. HEEK. NaN o i izE&H 8 T, Py_DTST_FINITE,
Py_DTST_INFINITE, Py_DTST_NAN OWINDIZIHEZINFE T,

R D EIZ R O SCFHIDHEN S Tz buffer ~NDRA ¥ Xd, BEPKB L 728551 NULL TS, W
CH LN, sBRE N7 FF % PyMem_Free() %Z{fio TS 2BENDH D 5,

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 strecmp() except

that it ignores the case.

int Py0S_strnicmp (const char *s1, const char *s2, Py ssize t 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.
type Py_hash_t

Hash value type: signed integer.

Added in version 3.2.
type Py_uhash_t

Hash value type: unsigned integer.

Added in version 3.2.

type PyHash_FuncDef

Hash function definition used by PyHash_GetFuncDef ().

const char *name

Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

Size of seed input in bits.
Added in version 3.4.

PyHash__FuncDef *PyHash_GetFuncDef (void)

Get the hash function definition.
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& 2E

PEP 456 ”Secure and interchangeable hash algorithm”.

Added in version 3.4.

6.9 UJLOY>ar

PyObject *PyEval_GetBuiltins (void)
ROfE: fEASE. RICELXT: Stable ABL BEDQHETZ7 L —LANDOENL b A DRFEED, & LHE
THD 7 L — a0 FHUIA Ly FIREBDA X T Y XD A VEEEEZERLET,

PyObject *PyEval_GetLocals (void)
ROfl: RS\, RICEL X Stable ABIL. Return a dictionary of the local variables in the
current execution frame, or NULL if no frame is currently executing.

PyObject *PyEval_GetGlobals (void)
RO {E: ERASRK, RICBLET: Stable ABL BEDFEIT7 L — 2D 70— NAVEHDEED, *
THD 7 L — 2237213 4UL NULL 2R L £3,

PyFrameQObject *PyEval_GetFrame (void)
RbhE: BHASR, RICBELFJ: Stable ABL. BIfEOX L v FIREEO 7 L — L %R L ¥3, BEET
D7 L — A7 NULL 2R L 5,

See also PyThreadState_GetFrame().

const char *PyEval_GetFuncName (PyObject *func)
RICEBL F7: Stable ABL func B, 75 A, A VAR VAX TV 27 P THNIZDKH TR, *
5 TRIFIUR func OREIRL 5,

const char *PyEval_GetFuncDesc (PyObject *func)

RICBLEY: Stable ABL func ORNTKFE S 2. MR F 4 (description string) %K L %
T, EDMEIE. Bz XYy Rz L Tid ”()”, ” constructor”, ” instance”, ” object” T35,
PyEval_GetFuncName () &3E4E S IR, func DEHITED 5,

6.10 codec LR k) & R— B
int PyCodec_Register (PyObject *search_ function)
RICEL 7 Stable ABL # L\ codec MRBEIEZEHIRL 75

BWERH LT, ZOBEIE encodings Sy 7 —I WHEICHRBEKOLEHIKRS X512, FXn—-F&
NTVWRWESEIr—FLET,

int PyCodec_Unregister (PyObject *search_ function)

RICELEFT: Stable ABI (IN—23> 8.10 &P ). Unregister a codec search function and clear
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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)
RICEBLET: Stable ABIL. encoding D7-® DEGFRE N7z codec DIFET R HE I 0IGLT 1 2 0
%J\_Lij—o ;@Fﬁﬂ@i%klﬂiﬁ]bi“ﬁ"o

PyObject *PyCodec_Encode ( PyObject *object, const char *encoding, const char *errors)
Rh{E: rLWBE, XICEBL £9: Stable ABL LH® codec X— 2D encode APL
encoding WS CTHOP ooy a— KB LT object ZITELET, TI7—NYFYIITRXY Y
RiX errors THEL 3. errors I NULL Td k<. ZDHFEFIEZED codec DT 7 VL DAY v K
PRHENE ST, =Ya—XRRo05kh-75813 LookupError 2 BAEXHE T,

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
RBOE: HLWEBHE, RICEL £ 7 Stable ABL ILFH® codec "—RAD7a— K APL
encoding W25 CTRDD o727 a —XERITH LT object #ELE T, TI7—NYRYYITXY o R

X errors THEE L E 3, errors 1 NULL T3 k<. ZDEHEITZFD codec DF T 4L FDAYV v KB
FHINET, Ta—FBRO» 5k 28551 LookupError 2HAEXHE T,

6.10.1 O—5 v 71%3% API

ROBIFTIX, XFH encoding (2T NCFIZERT 5 Z 2T, EMIC, KXFNLFZ2B/ELBRE
LEd, a—F v 7RO 5N E, KeyError Z&E L T NULL ZIEL %5,

PyObject *PyCodec_Encoder (const char *encoding)
ROfE: :1LWEBE, RICEL X9 Stable ABL. 52 &7z encoding DT> a2 —XBEEZRLE T,

PyObject *PyCodec_Decoder (const char *encoding)
RDO{E: FHILWEH, XICEBLZE: Stable ABL. 5% 517 encoding D7 a—XEBEERL %3,

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

RBhflE: L WVWBE, RIZEL X9 Stable ABL. 5.2 5417z encoding ® IncrementalEncoder #%
T2 VERLUET,

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

RBOfl: L WBE, XICEBL X Stable ABL. 5% 5417 encoding ® IncrementalDecoder 7%
7 / T 7 ]\ % L i j‘o

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

RBROE: HTLWBE, RIZBL £7: Stable ABIL. 5% 5417z encoding @ StreamReader 7 7 7 b U
BBZIRL £5,
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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 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 T3, YA F—V Y —RATTERLKEBEINZ DD X7,

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) —ATTERLIEHINDZZ DD T,

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.
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void PyUnstable_PerfMapState_Fini (void)

ZHUZ Unstable API TS, YA F—VV—RATTERLKEEINDZZNDHY 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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SEVEN

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_NotImplemented
BZoNTA T 27 e XYy FOGIBOBOMAEDLE DUBAIRFELELTHZHIE LTEDN S,
KL (NotImplemented) > > 7L k¥,

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_lWriteObject (D). If passed, these function would use the str() of the object instead
of the repr ().

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

int PyObject_HasAttr (PyObject *o, PyObject *attr _name)
RICBL £ 9 Stable ABI. Returns 1 if o has the attribute attr name, and 0 otherwise. This is

equivalent to the Python expression hasattr(o, attr_name). This function always succeeds.

0 IR
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Exceptions that occur when this calls __getattr__() and __getattribute__() methods are

silently ignored. For proper error handling, use PyObject_GetAttr () instead.

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

RICE L F7J: 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 handling, use

PyObject_GetAttrString () instead.

PyObject *Py0bject_GetAttr (PyObject *o, PyObject *attr__name)
RBDOfE: HFHLWEEE, RICBLZET: Stable ABL. #7227 F o 226, &HI attr_name DB ZEIS
LET, B35 EHEERLUERT %L NULL 23R L E3, ZDBEIE Python O o.attr_name
LR TS,

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr name)

EDfE: :iLVLWBHE, XICBLE Y Stable ABI. This is the same as PyObject_GetAttr(), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyObjectx.

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)

RDfE: :iLWBR, RIZELZET: Stable ABL. A 7Y 27 D tp_getattro A1y MIEMNN
5. BIHEZES T 2 MR TS., ZoBIE. (5 LFEETNI) A7 =2 FOEM __dict__
WA, #7922 D MRO 25227 5 ADHECHZ2T ATV TR 2L £F, descriptors THE
BOPBRENTWEHED, T—=RDTRAZ Y T RIFA VAR ADBEL D EREh, ET—XT R
Y FREBELICEINE T, RIH» 5% 7285481F AttributeError ZiEH L £55

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)

RICBLET: Stable ABL. A 72227 b 0o D attr_name 2\WOHDEMIC. v ZREL T, L
THeHMNEEHL -1 ZRLET; 352 0 ZRLET, ZDOBEIE Python DX o.attr_name
=V Zlﬁ‘lbfj—o

v B NULL D2 &, 7 bYa— MIHIBREINET, ZOEEX PyObject_Deldttr() Oz, FEHE
WehoTWETH, HIFRESNS TERZDD £¥ A,

int PyObject_SetAttrString(PyObject *o, const char *attr name, PyObject *v)
RIZEBL £7: Stable ABI. This is the same as PyObject_SetAttr(), but attr_name is specified

as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

v 2% NULL O5EBEMESHIFRS N E 305, Z OABIZIHERTH D Pyobject_DeldttrString() %
S ONEELWVWTT,
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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)

RICEBLZEFT: Stable ABL BYORE L HIBRZ1T 5 INHRRBEET, AT 227 D tp_setattro
A8y MZBPNET, A7V D MRO 25237 7ADHEENLT =X T 4 A7V TREZHL,
RN Do 7BERA VAR ZADTEICDH 2 BIEORECHIFRE D bBEINET, 25 TRVWES
(B LUFETNR) A 79227 D __dict__ WEEZHRED LIFHIRLES, BiThds e 0 A
BEN, £ TROVEEIX AttributeError 2AEHIN -1 2RI NE T,

int PyObject_DelAttr (PyObject *o, PyObject *attr _name)

FTIxT b oD attr_name LWVWIOIZKDBUEERHIRLET, BRI 2L -1 BRRLET, ZOBHIZ
Python DX del o.attr_name ¥[H U T3,

int PyObject_DelAttrString(PyObject *o, const char *attr name)

This is the same as PyObject_DelAttr (), but attr_name is specified as a const charx UTF-8
encoded bytes string, rather than a PyObjectx.

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.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)

RODfE: HILWBE, RICBLXJ: Stable ABl (IN—=23> 8.10 &D ). __dict__ TRAZ VT XD
getter DML FEET T, DELRGEAIE. FEZIERLET

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)

RICELET: Stable ABI (IN—23> 8.7&D). __dict__ 7RIV T XD setter DI 72 L
TS, CORETRIHEZHIFRT 2 Z L IFFSINATVEEA,

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

7.1.
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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)
EDflE: iLWBHE, 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 7 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.

0 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)

RICEL E£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.

PyObject *Py0bject_Repr (PyObject *o0)

REDfE: FILLWBHE, RICBLET: Stable ABL. A 7Y 227 b 0 OXFHIRBEHELE T, BT
5 XFHIRBEZR L, KT % 2 NULL 23R L %3, Python 3 repr(o) EFUTT, Z DRI
HAABBEE repr ) O TIREUCH I E T,

N—=Vay 34 TERE: 7774 71N ZE - TIHETRWZ L Z2IRFET 2 DI K52, 2D
BETANY 77— a v 280Xk F L

PyObject *Py0bject_ASCII(PyObject *o)
Rbh1fE: iLWEH, RICEL £9: Stable ABL. PyObject_Repr() YR, 7Y =7 0o DXF
IR EEEL 32, PyObject_Repr() W&o TRENE=XFHNCEENSIE ASCII XF%, T

AT —=7XF \x. \u, \U TTRFr—7L%¥F, ZOBKII Pythoh 2 ® PyObject_Repr() HiRF
XFHNE R UXFHNRER L E T, ascii() Ik o THEOHINE T,

PyObject *PyObject_Str (PyObject *o)

RD{E: TLWBE, RICBLEY: Stable ABL. A 7Y x2 b 0o OXFHNRBEEZHEL 5, HhT
3 XFHIRBEERL, KT 2L NULL 2B L £F, Python R str(o) 2EULTT, ZOBKIIHM
HIAABEE str() %, print () BN THIH N FE T,
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N—Tay 34 TEH: 72774 THENERS T TRV L 2HET 2 DIERN L XS5, 20
BIT Ny 79— arz2E8 k5 bEL

PyObject *Py0Object_Bytes (PyObject *0)

RBOflE: FrLWBHE, RICBL XY : Stable ABL. A7 Y27 b 0o DA MIREEZFHEL T, &
B(3 2% NULL ZiR L., RIIT 2L bytes A7 27 FEIRLET, o B THRWVWE XD, Python
A bytes(o) 2[M U T, bytes(o) £iE-T, o DEHD » Ei2iZ. ¥ u THHHL X7z bytes A7
P2 FERTDTIER L TypeError 23X 3,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)

RICBLZE I Stable ABL. 7 5 & derived 737 & cls L[R—TH 2. ZIhoIRELET F AT
HBEERE 1L EBRL, Z5THRWEARIZ 00 ZRLEST, =7 —PEEGEE -1 2IRLET,

cls METIVDGE, cls DETOBERIIHLTFov 7 LET, PR D1DODF v 7T 1HhiEo
&, RIZ1L ek, 2RO E 0 XD FT,

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)

RICBLZET: Stable ABL inst 237 7 R cls b L& cls DF I TADA VAR A THBHGEIT 1
ZRL. ZOTRVEHICOZRLET, T7-2EE3r -1 ZRLANERELET,

cls MR TNVDIFE, cls DETOERIIHLTF v I LET, PRLDH1O2DF =2 v 7T 1R
& ERIZ1L e, 2RO E 0D ET,

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 *0)

RICBLET: Stable ABL. 7Y 227 b 0 DNy T afli2itBELTGRLES, KT 2L -1 iR
F 3, Python D3 hash(o) ¥RLU T,

N—=T a3y 32 TEHE: BRDEOHD Py _hash_ t 122D E Lk, ZOBII, Py ssize t LUV A
R b OfFS BT,

Py__hash__t PyObject_HashNotImplemented (PyObject *o0)

RICBLZET: Stable ABI. Set a TypeError indicating that type (o) is not hashable and return
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-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 *0)

RICELET: Stable ABL 0 PEERT L AREZHEITE 1 &2, Z5TRVEZIT 0 2IBELE
3, Python O3 not not o YU TT, KT 2L -1 ZIRLET,

int PyObject_Not (PyObject *o)

RICBELF T : Stable ABL. 0 PEZRT LAREIHEICE 0 2, 25 TRVEEIRIT 1 ZRLE
3, Python @ not o ERLTT, KT 2L -1 ZRLET,

PyObject *PyObject_Type (PyObject *0)
ROfE: :LWEBEB, RIZBL XY 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 *o0)
Py ssize t PyObject_Length(PyObject *o)
RICELET: Stable ABL 0 OREZIBLET, LA TV=I b o BV —F XA Farary

<~y 7ETa ralOmAGEREL TWEGE, O YR LTORIERLET, =7—-04EL 5
¥ -1 #EL %3, Python O len(o) 2FE LTI,

Py ssize t PyObject_LengthHint (PyObject *o, Py ssize t defaultvalue)

A7 0o OMEDRIZIRLET, BANCEREORE %, R __length_hint__() %o T
BHEOEX?, ZLTRRICT 74V MOMEZRZS E LET, ZOBBUX Python O3 operator.
length_hint (o, defaultvalue) Z[AUTT,

Added in version 3.4.

PyObject *Py0bject_GetItem(PyObject *o, PyObject *key)

ROME: ILWEBE, RICBLZET: Stable ABL. #7227 b key IZMIET 23 0 DEEEZRLET,
KBF 5L NULL %R L £, Python O olkey] R T,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)
RICBLET: Stable ABL. 7Y =2 b key 28 v I FET, KT 22, HSEEHL -1

ZIRLET, BIT22 0 ZBRLET, Z4UE Python DX olkey] = v E[ASTT, ZOBEII v
OB BHWD EFHA

int PyObject_DelItem(PyObject *o, PyObject *key)

RICBLET: Stable ABL. A 7Y =27k 0 205 key BT 2 MBI ZHIRL 5, KT 2L -1
IR EF. Python O del olkey]l ¥ [HUTT,
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int PyObject_DelItemString(PyObject *o, const char *key)

RICEL FT: Stable ABI. This is the same as PyObject_DelItem(), but key is specified as a
const char*x UTF-8 encoded bytes string, rather than a PyObjectx.

PyObject *Py0bject_Dir (PyObject *o)

RDE: FiLWBH, XRICEL £7: Stable ABL. Z DB%¥Z Python ®R dir(o) ¥*FUL T, £7
Pzl bPOEBARCE DY TTWEI LI IORBVRADL (ZDOGEDHDET) #IRLET, =T7—

BE12IE NULL 23R L3, 5180% NULL 129 % &, Python B3 dir() & FEkIC. BHED
D—ANRBAHHEZERLES, ZOHE. 77T 4 7IREFTT L — AHRITAUL NULL 2R L %325,
PyErr_Occurred() 32 B L %7,

PyObject *PyObject_GetIter (PyObject *o)

RBOE: FHiLWBH, RICEL X9 Stable ABL Python O iter(o) ¥*RU T, 5lEIcE 274
TVl NI IHIA T LR ATV =27 PRI TIA T L —XDBHFIIA T =2 +H
BERLET, A 7Y x7 PHBREIETAIRETH - 723581213 TypeError % i%Hi LT NULL %R L
£9,

PyObject *PyObject_SelfIter (PyObject *obj)
RBbhME: FiLWLWBIE, XRIZEL £9: Stable ABL 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 *Py0bject_GetAIter (PyObject *o)
ROfli: ;ILWBE, RICEBL£7: Stable ABI (/N\—=23> 3.10 &0 ). This is the equivalent to

the Python expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator
for it. This is typically a new iterator but if the argument is an AsyncIterator, this returns itself.

Raises TypeError and returns NULL if the object cannot be iterated.
Added in version 3.10.

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

RICBELET: Stable ABI (IN—23 > 3.12 &D ). Get a pointer to subclass-specific data reserved

for cls.

The object o must be an instance of c¢ls, and cls must have been created using negative

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

Py _ssize_t PyType_GetTypeDataSize (PyTypeObject *cls)

RICBLEY: Stable ABI (IN—23 > 3.12 &D ). Return the size of the instance memory space

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

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 xkwargs);

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly
to callable(*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there

are no arguments) but kwargs may be NULL if there are no keyword arguments.
This convention is not only used by 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:

A

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

g

==
[=]
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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 ¢p call. For example, if the callee
needs to convert the arguments to an args tuple and kwargs dict anyway, then there is no point in

implementing vectorcall.

Classes can implement the vectorcall protocol by enabling the Py_TPFLAGS HAVE_VECTORCALL flag and
setting tp_vectorcall_offset to the offset inside the object structure where a vectorcallfunc appears.

This is a pointer to a function with the following signature:
typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf,
PyObject *kwnames)

RICELFT: Stable ABL (IN—23> 3.12 &D).

e callable is the object being called.

args is a C array consisting of the positional arguments followed by the

values of the keyword arguments. This can be NULL if there are no arguments.

w1argsf 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

RICBELEF T : Stable ABI (/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.
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0 IR

In CPython 3.8, the wvectorcall API and related functions were available pro-
visionally =~ under names with a leading  underscore: _PyObject_Vectorcall,
_Py_TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod, _PyVectorcall_Function,

_PyObject_CallOneArg, _PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. Addi-
tionally, PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are

still defined as aliases of the new, non-underscored names.

BROEE
When wusing ip_ call, callees do mnot need to worry about recursion: CPython uses

Py_EnterRecursiveCall () and Py_LeaveRecursiveCall () for calls made using tp_ call.

For efficiency, this is not the case for calls done using vectorcall: the callee should use Py EnterRecur-

siveCall and Py_ LeaveRecursiveCall if needed.

Vectorcall Support API
Py ssize t PyVectorcall_NARGS(size_t nargsf)

RICBLFT: 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)

RICELFT: Stable ABI (IN—23> 3.12 &D ). Call callable’s vectorcall func with positional

and keyword arguments given in a tuple and dict, respectively.

This is a specialized function, intended to be put in the tp_call slot or be used in an implemen-
tation of tp_call. It does not check the Py_TPFLAGS HAVE_VECTORCALL flag and it does not fall
back to tp_call.

Added in version 3.8.
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7.2.3 Object Calling API

Various functions are available for calling a Python object. Each converts its arguments to a convention
supported by the called object — either ¢p_ call or vectorcall. In order to do as little conversion as possible,

pick one that best fits the format of data you have available.

The following table summarizes the available functions; please see individual documentation for details.

3k callable args kwargs
PyObject_Call() PyObject * tuple dict/NULL
PyObject_CallNoArgs() PyObject *  -—- -—-
PyObject_CallOneArg () PyObject * 1 object ---
PyObject_CallObject () PyObject *  tuple/NULL --
PyObject_CallFunction() PyObject * format -
PyObject_CallMethod () obj + char* format -
PyObject_CallFunctionObjArgs() PyObject * variadic -
PyObject_CallMethodObjArgs () obj + name  variadic ---
PyObject_CallMethodNoArgs () obj + name  --- -—-
PyObject_CallMethodOneArg () obj + name 1 object -
PyObject_Vectorcall () PyObject *  vectorcall vectorcall
PyObject_VectorcallDict () PyObject *  vectorcall dict /NULL
PyObject_VectorcallMethod() arg + name  vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)

RBOE: L WBHE, RIZEBL XY Stable ABL. MEOVH LATBEZR Python A 7Y = 7 + callable
B, BTNV args £ LTEZXOLNZ5 8 EEEE kwargs ¥ LTEH5Z 5N LT 518 & HITFEOH
Lij—o

args ¥ NULL TH-o>TiE#R 573, 5I8ELEL LEWGEIEED R T e[ TLEEW, kwargs
X NULL THHVWER A,

L7 L ORGSR ZIE L, KL ofI5 22X L NULL 28 L %5,
ZAUIRD Python O & FFETT: callable(xargs, *xkwargs) o

PyObject *Py0bject_CallNoArgs (PyObject *callable)
RBOfE: ILWEBHE, RIZBELZET: Stable ABI (/N\—23 > 3.10 &D ). Call a callable Python

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

without any argument.
AL L ofERZIE L. KL o6 2k L NULL 28 L %5,
Added in version 3.9.

PyObject *Py0Object_CallOneArg(PyObject *callable, PyObject *arg)

RBD{E: 3 LW, Call a callable Python object callable with exactly 1 positional argument arg
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and no keyword arguments.

RN L7 PO L ORERZIR L, KL 2xtH L NULL 2B L %5,

Added in version 3.9.

PyObject *Py0bject_CallObject (PyObject *callable, PyObject *args)

BDhfE: L WBHE, RICBL XY Stable ABL. M-OVH LA[REZ: Python A4 7Y =2 + callable
. BTN args L LTHEZLNZ5[8 e DIEFHLET, 5B EREEIE. args & NULL
THVWEE A,

R L7 SO L ORERZIR L. KRR LSt 2xR L NULL 28 L £3

ZAUIRD Python D& FIFETT: callable(xargs)

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

RDE: TLWBE, RICBL X7 Stable ABL. FEH LAJBEZR Python A 7Y =7 b callable %
AIEFMED C 5l & ICMOTH L E 3, C 5181 Py_BuildValue() TERD 7 x —~< v b XFF| %
fEoTRAR L E T, format 1& NULL b LS., 52X 358wz 2RLET,

BRI L7 HREH L AR ZIE L. KL o6 2% L NULL 28 L %5,
ZHUFRD Python DR & [FFFTT: callable(*args) o

PyObjectx args 7213 &5 BUCHE THEE. PyObject_CallFunctionObjArgs () & DHWHIETH
5P ATBVTLLEEY,

N—=a v 3.4 TEHE: format DD char * POEBEXNE LT,

PyObject *Py0bject_CallMethod ( PyObject *obj, const char *name, const char *format, ...)

ROfE: rLWEBE, XRICELFY: Stable ABL. A7 =2 b 0bj ® name E WO HFDAY v K
. WLOHhD CHlEe e bIMUHMLET, CHIEIEEX I VELERT S Py_BuildValue() TERD
74 =%y PXFHTRABAEINTHET,

format & NULL T3 &<, 5835 20hRnwi e 2RLET,
R L7 HREOH L OAERZIE L. KL o6 2% L NULL 28U %3,
ZAUIRD Python DX & [F5FTF: obj.name(argl, arg2, ...) o

PyObject* args 7203 %5 8UCIE THAX. PyObject_CallMethodObjArgs () D& D BNHIETH %
I EHEZTBOWTLEE WY,

N—=Ya ¥ 3.4 TEHE: name & format DEIDS char * POEEINFE Lz,

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

ROfE: iLWBHE, RICEL X7 Stable ABL FEU'H UAJBEZR Python 472 =2 b+ callable % 7]
ZRAED PyObject* 51EE & ST L £ 5, 5IBINIREIC NULL 23D\ R ZEED <5 X
2 LTHERET,

R L7 SO L ORERZR L, KRB LS 2RH L NULL 28 L £3,
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ZAUIRD Python D& FIFETT: callable(argl, arg2, ...) o

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

ROfE: HILWEE, RICBLZET: Stable ABL Python 7Y x 27 b obj DAY v FENRUHL %
. XYV v FAE Python XFHIA 7Y 22 b name THXE T, AIERIED Pyobject* 518 ¥ i
XN E T, 5IFNEKREIC NULL 3OV alZBED 5 X 22 LTE5 2 %7,

L7 PO L ORRZR L. KR LZofMt 22X L NULL 28 L £3,

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

Call a method of the Python object obj without arguments, where the name of the method is

given as a Python string object in name.

B L6 0H LOFEERERL, KLU0 %2XH L NULL 1 BLE7,
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.

BIIL7=50H L OEERL, KMLZ664%22H L NULL 1 BLE7,
Added in version 3.9.

PyObject *Py0bject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)
MICBLET: Stable ABI (IN—=23 > 3.12 &b ). Call a callable Python object callable. The
arguments are the same as for vectorcall func. If callable supports vectorcall, this directly calls

the vectorcall function stored in callable.

BRI L7z RN L DRSS ER L. RBL 7z 5015 2 X2 L NULL 23R L 5,
Added in version 3.9.
PyObject *Py0bject_VectorcallDict (PyObject *callable, PyObject *const *args, size_ t nargsf,
PyObject *kwdict)

Call callable with positional arguments passed exactly as in the wvectorcall protocol, but with
keyword arguments passed as a dictionary kwdict. The args array contains only the positional

arguments.

Regardless of which protocol is used internally, a conversion of arguments needs to be done.
Therefore, this function should only be used if the caller already has a dictionary ready to use for

the keyword arguments, but not a tuple for the positional arguments.
Added in version 3.9.

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

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

object with the full args vector as arguments.
RN L7 IO L ORERZIR L. KL 505 25X L NULL 28 L %5,

Added in version 3.9.

7.2.4 Call Support API

int PyCallable_Check ( PyObject *o0)

RICBLET: Stable ABL. A 7Y =27 b o WU LAJREA 7P 27 b 0fAREST, A7
DR LABETHZ L EIC L BIRL. ZOTRVEEIZIZ 0 ZELET, ZOBBMECH LI
IR LETS,

7.3 #ER 70O 3JL (number protocol)

int PyNumber_Check (PyObject *o)
RICBLET: Stable ABL. A7 Y22 b o PEER 70 b a L BREL TWREEIC 1 BIRL
ITHRVEXIZIIMBERLEST, ZOBBFECH LIZEIERIILES,
N—=aYy 38 TEH: o A VT v I ABEIZ-7-855. 1 BIBLE T,

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)

RBROfE: :1LWBE, XRICBL X : Stable ABL 1T 5L of & 02 ZIMELIEREZRL, KRBT
%% NULL ZiBL %79, Python D3 o1l + 02 EFILTT,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
RD{lE: iLWBER, RICEBLXT: Stable ABL I3 2L ol 2056 02 ZIHHE LHRZIREL. KK
3 5& NULL 23R L %9, Python DX o1l - 02 EFEIUTT,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
RD{#E: iLWEBER, RICBL XY Stable ABL I3 2L ol & 02 ZRELLHERZIREL, KRBT
%% NULL B LU %73, Python D3 ol * 02 X[EIUTT,

PyObject *PyNumber _MatrixMultiply (PyObject *ol, PyObject *02)
RBDfE: FILWBE, RICBLET: Stable ABI (IN—=23> 3.7&D). U152 L ol & 02 %175
FEHLUEREZEL, KRBT 2L NULL 2B L %3, Python @ o1 @ 02 X[ELTY,
Added in version 3.5.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
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RBDhME: #HiLWBE, XRIZBL £7: Stable ABIL Return the floor of o1 divided by 02, or NULL on
failure. This is the equivalent of the Python expression o1 // o02.

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

BhfE: :rLWLWBE, RICBL X7 Stable ABL. Return a reasonable approximation for the
mathematical value of of divided by 02, or NULL on failure. The return value is "approximate”
because binary floating-point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating-point value when passed two integers.

This is the equivalent of the Python expression o1 / o02.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
RBDfE: :iLLWBE, RICEBLFT: Stable ABL. I3 % ¥ ol & 02 TRELLFRZIEL, KT
% ¥ NULL #i1BL %79, Python @3 o1 % 02 XH LTI,

PyObject *PyNumber_Divmod ( PyObject *ol, PyObject *02)
RO FTLWBE, RIZBL X7 Stable ABL. flAAABEE divmod () 2SI L TL 723V, KM
35 ¢ NULL 23R L £3, Python D3 divmod (o1, 02) ¥R U T,

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
RBDfE: :iLLWBE, RICELZF T Stable ABL fAAABEE pow() 2B LT ZE W, KT 3
¥ NULL %3 L %3, Python O pow(ol, 02, 03) 2R LTT, 03134 7> 2> TF, 03 %M
TR WS, Py_None Z ANLTLZE W (03 I NULL 2T &, RERXEY 7 7EARF|EEZ
TIEeBHDET),

PyObject *PyNumber_Negative (PyObject *o0)
ROfE: HLWEBE, RICBLE Y Stable ABL lIIT 5L 0 ONSRIEZEL, KIS % & NULL
#RL%F, Python DR -0 YR T,

PyObject *PyNumber_Positive (PyObject *o0)
RDfE: HILWBR, RICBLEY: Stable ABL i35 L o Z5EL, KF %L NULL ZKEL £7,
Python O +o R L TT,

PyObject *PyNumber_Absolute (PyObject *o0)
ROfE: HILLWEE, RICBLEXT: Stable ABL B3 2 ¥ o OffhiEZIR L, KRS % & NULL %
BLEF, Python D abs(o) ¥R L T,

PyObject *PyNumber_Invert (PyObject *o0)
EDTE FLLWEER, RICBLZET: Stable ABL fiM13% % 0o O v MENKER (bitwise negation)

BL. KF %L NULL 23R L £3, Python DR ~o LR LTT,
PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)

REDfE: FILWBE, XRICBLZET: Stable ABL RT3 ol % 02 ZFAES 7 M LIMRERL
KF % 2 NULL 2B L £F, Python O o1 << 02 ¥R T,
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PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
ROfE: iLWBER, RICELFJ: Stable ABL. 132 % ol & 02 AT 7 P LIMREZIRL
KMF %L NULL 2R L 3, Python O3 o1 >> 02 XRIU T,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
RDfE: HILWER, RICELZFT: Stable ABL [T 2% ol & 02D 7 &y MHfZHIEE (bitwise
and)” 2B L, K32 & NULL 238 L %3, Python OX ol & 02 ¥[ALTY,

PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
RBOfE: iLWBE, XRIZBEL XY Stable ABL RIIT 2L ol & 02 @ 7 ¥y b HEAHHATFHIE
(bitwise exclusive or)” Zi& L. K3 % & NULL iR L %5, Python ®X o1 ~ 02 ¥R U TY,

PyObject *PyNumber_0r (PyObject *ol, PyObject *02)
ROME: HILWEE, RICBLEXT: Stable ABL I3 2L ol & 02 D7 ¥y MHEAGHEHA (bitwise
or)” ZIRULKMS % & NULL 218 L £7, Python @K o1 | 02 &R LT,

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
ROE: HILVLBE, RICELET: Stable ABL K32, ol & 02 ZMBALLAREERL, KK
T3 NULL 23R L EF, ol A in-place {HEZ ¥ R— b T 255, in-place HEZ{TWE F, Python
DX ol += 02 LA LT,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
RBDfE: :iLLWBE, RICELFT: Stable ABL. liIIT 2 L ol 225 02 ZIHAE LAERZIRE L, KK
T 5L NULL ZIRLE T, ol 2% in-place {HE %V R— b+ F 354, in-place HEZITWE T, Python
DX ol -= 02 AL T,

PyObject *PyNumber_InPlaceMultiply(PyObject *ol, PyObject *02)
RBhflE: HiLWBE, RICBLET: Stable ABL i35 ol & 02 RELAEREZRL. KK
T3 NULL 2R L EF, ol A in-place {HEZ ¥ R— b T 255, in-place HEZ{TWEF, Python
DX ol *= 02 LEILTT,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)

ROfE: FILWBE, RICBLE T Stable ABI (IN—=23> 3.74&D). 1T 2L ol & 02 %175
FRELUIEREZEL, KT % NULL 23R L ¥ 73, ol B in-place BTV K— 1§ %5E. in-place
HEZITWE T, Python DX ol @= 02 ¥R LTI,

Added in version 3.5.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)

ROME: FiLLWBEB, RICBLET: Stable ABL T2 of % 02 THRELZUMETHEEZIRL
KT 5 NULL 23R L ¥F, ol 25 in-place HE %V K — 3 2855, in-place HEZITWVE T,
Python @3 ol //= 02 ¥[AL T3,

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

RBbhfE: :iLWEBER, XRICEL X9 Stable ABL. Return a reasonable approximation for the

mathematical value of o1 divided by 02, or NULL on failure. The return value is "approximate”
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because binary floating-point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating-point value when passed two integers.
The operation is done in-place when o1 supports it. This is the equivalent of the Python statement

ol /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
ROl TLWBE, RICBLZT: Stable ABL. X152 & of % 02 TRELZREREZERL., , KK

T 3L NULL iR LE T, ol 2% in-place {HE %V R— » 354, in-place HEZITWE T, Python
DX ol %= 02 EF LTI,

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

REOME: FriLLWBER, RICEL X Stable ABL fHAABBEE pow() 2L TL X W, KT 3
¥ NULL 2B L E3, ol 2% in-place HEZ Y R— b T 354, in-place HEZITWE T, ZOMEEIZ
03 B Py_None DA Python 3 o1 *¥= 02 LA LT, ZNUNDEHEIE powl(ol, 02, 03) D
in-place RT3, 08 ZIA X B/ S, Py None ® ANLTL 72X W (08 12 NULL 25 2, FIER
AEYVT7 7L RAZE|ERITIENDHDET),

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

BOfE: iLWBH, RICEBLEJ: Stable ABL M52 ol % 02 FIIES 7 b L7EEREIR
L. KT 2 & NULL 23R L E S, ol B in-place {HE %Y R— b3 255, in-place HEEZITVWE T,
Python @ ol <<= 02 X[ LT3,

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

ROME: FTLVWBE, XICBL X3 Stable ABL BT 2% ol & 02 ZI3HAST 7+ LEERER
L. K322 NULL 2R LE T, ol 2% in-place {HEZ ¥ R— b T 255, in-place HEEZITVWE T,
Python DX o1 >>= 02 E[F LTI,

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

RDflE: FILVLWBHE, RICBEL XY Stable ABL. FKII$ 2% 0ol & 02D ” v M EAFRIERE (bitwise
and)” iR L., KMT 2L NULL ZIRLE T, ol A in-place HE %V R — b T 354A, in-place HE
ZITWE T, Python DX ol &= 02 ERILTT,

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

RDME: :iLLWBR, RICBLET: Stable ABL iI135 L of & 02 ® 7 &y bHEHEA AR
(bitwise exclusive or)” ZiR L., KBF % ¥ NULL ZiRL %9, ol #% in-place HEZ Y R— 1+ 545
&, in-place HEZITWVWE T, Python DX o1 "= 02 LR LTI,

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)

RBOfE: HILLWEBR, RICBLEXY: Stable ABL 32 L ol & 02 @ ” By MR (bitwise
or)” BIRUKMT % & NULL 2K L ¥F, ol 2 in-place ALV R— 255, in-place HEZ1T
WE T, Python DX ol |= 02 ERILTT,

PyObject *PyNumber_Long (PyObject *o0)

ROE: FTLWBE, RIZBLFE T Stable ABL fiM1T5 L o BBEICEHLZDOERL., KRIKT
% ¥ NULL 2R L %73, Python O int(o) ¥R LTI,
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PyObject *PyNumber_Float (PyObject *0)

EDE: iLVWEBHE, RICBLE 7 Stable ABL M35 & o ZFE/NEUSEICEIR L2 D xR
L. KT % & NULL 238 L %9, Python O3 float(o) ¥R LT,

PyObject *PyNumber_Index (PyObject *0)

RBhfl: HiLWBE, RICBLFT: Stable ABL o % Python @ int BUICEHE L., KI5 ZDHE
BIRLUET, KL 5 NULL 25R & 41, TypeError fIAtEH & E 3,

N— gy 310 TEHE: FHRIZFEICESL int BT, DENE. #RIZ int O 7275204 VAR
YADZEedHHELR,

PyObject *PyNumber_ToBase ( PyObject *n, int base)

RDME: FTLWBHE, RICEL X Stable ABIL. base #EEICEII N n 2XFH e LTRL
F 5, base 51EE 2, 8, 10 F721X 16 DWVWIT N TRIFIUIR D TR A, HE 2, 8, 16 12OV T, KX
NBXFHNDFRFUIIER~—F— '0b' | '00' T/l '0x' A, TN EENET, BL n D
Python @ int BUTHFHIURX. FF PyNumber_ Index() TEEINFT,

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
RICELFT: Stable ABL. o ZB¥ ¥ U THIRATEETS o /2356, Py_ssize_t BOMEICEELL TR L
F3, MUK LS, BIstEHEN, -1 PRENET,

H L o 23 Python @ int IZABITE/DIT, Py_ssize_t NDEHLD OverflowError 1272 25 &1,
exc 5IBTHE XA (Fi@#IE IndexError % OverflowError) OFIA XML 3, b L. exc
NULL %% 5, flAhE 27V 7 Sh T, B8 ADEEE PY_SSIZE_T_MIN ., IEDE PY_SSIZE_T_MAX
AtHilfREhEd,

int PyIndex_Check (PyObject *o0)

RICBELZET: Stable ABI (IN—=23> 8.8 &D). o 234 7 A TH 2%E (tp_as_number
FHEIAD nb_index 2B v FHMEE 5 TWAHA) I 1 BRL, ZITHRWEEIZ 0 ZIRLET, Z
DEIRUIFE TN L £,

7.4 >—/r> 2870k 1JL (sequence protocol)

int PySequence_Check ( PyObject *o0)

RICEB L F 9 Stable ABI. Return 1 if the object provides the sequence protocol, and 0 otherwise.
Note that it returns 1 for Python classes with a __getitem__() method, unless they are dict
subclasses, since in general it is impossible to determine what type of keys the class supports. This

function always succeeds.
Py ssize t PySequence_Size (PyObject *o)

Py ssize t PySequence_Length (PyObject *o)

RICBELET: Stable ABL. (T2 —r 2 o HOA T2 7 FOEERL, KBT2L -1 %
BLEF, ZHiE. Python @3 len(o) ERUTIZARD £3,
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PyObject *PySequence_Concat (PyObject *ol, PyObject *02)

RBOfE: iLLWEBE, RICEL XY Stable ABL B35 L 0ol & 02 OiEff (concatenation) % ik
L. KT % & NULL %KL %9, Python @3 o1 + 02 ¥R L TT,

PyObject *PySequence_Repeat (PyObject *o, Py _ssize_t count)

RBROME: TLWBE, RICBL T Stable ABL. i35 477227 b 0 D count [BIfEDIRL %R
L. K35 & NULL iR L £3, Python @ o * count LR LTI,

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

RBOfl: TLVWEBE, RICBL XY Stable ABL B35 L ol & 02 Oi#f (concatenation) % i
L. K322 NULL 2R L E T, ol 2% in-place {HEZ ¥ R— b T 255, in-place HEEZITVWE T,
Python D3 o1 += 02 R LTI,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py ssize ¢ count)

RBOfE: FiLWBHE, RICBLET: Stable ABL. 522472227t 0o ®D count [AFEDIRL %R
L. K§ %L NULL ZiIBL¥3, o 2 in-place HEZ Y K— T 255, in-place HEZITVWET,
Python @3 o *= count X[ U T,

PyObject *PySequence_GetItem(PyObject *o, Py _ssize 1 1)
RDME: :iLLWER, XRICELFT: Stable ABL 3132 0 ® i HEHOERZRL, KT 3L
NULL %ZiR L %73, Python O o[i] LT,

PyObject *PySequence_GetSlice (PyObject *o, Py _ssize_t il, Py_ ssize_t i2)
RDME: HILLWBE, RICBLEXT: Stable ABL T2 0o @ il 25 i2 $TOMDRZ 4 A %K
L. K3 % & NULL iR L £3, Python O3 o[i1:i2] 2 E U T,

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

RICBLET: Stable ABL 0 ® i HFHOERIC v ZRALF T, RT3, fstE2EHL -1 23K
LET; 322 0%KRLET, Zhid Python DX o[i] = v AL TS, ZOBEEIE v ADZ
Wz EAWMODFEA

v B NULL OEEERZOEEDPHIRINE TH, ZOMEEIZIEHERTH D, PyObject_Deldttr() %
5D EFE L VTS,

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

int PySequence_SetSlice(PyObject *o, Py ssize_t il, Py _ssize_t i2, PyObject *v)
RICBEL ZE9: Stable ABL o @ il 75 i2 FTOMDRT A4 R v ZRALE T, Python DX
ol[il:i2] = v AL T,

int PySequence_DelSlice(PyObject *o, Py ssize t il, Py _ssize t i2)

RICBLZET: Stable ABL. =7 Y 2FA TP bt oD il 05 i2 ETOMDRT 4 ZA%HIFRL F
T, KT 2L -1 2 BRLFET, Python DX del o[il:i2] ¥R LTI,
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Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

RICEBLE9: Stable ABL 0 1281 % value DAL, $74bH5 olkey]l == value £ 743 key D
EERLET, KKT2L -1 ZRLET, Python DR o.count (value) ¥R LTI,

int PySequence_Contains (PyObject *o, PyObject *value)

RICBELZET: Stable ABL 0 12 value XA > TWAEDPHEL LT, 0 DD BERD value ¥ FEfifi
(equal) 251X 1 ZIBRL., ZAANOHEIIZ 0 2R LET, T7-0FETI L -1 ZRLET,
Python O3 value in o X[FIU T,

Py ssize t PySequence_Index(PyObject *o, PyObject *value)

RICBLE Y Stable ABIL. o[i] == value Y RBZBRINCHAOD oA YT IR i RIBRLET, T
T—PREET L -1 IRLE T, Python DX o.index(value) ¥R TI,

PyObject *PySequence_List (PyObject *o)

BOE: FTLWBE, RICBLETY: Stable ABL =4 Y R{ LWEATF I TN 0o EEILHARRHED
VAMA T2 bRIRLET, KRLAZS NULL ZIRLET, BREINZ VA MIFHLLIESN-Z 8
PRIEXNTWE T, ZhiE Python OR 1list(o) 2RFTT,

PyObject *PySequence_Tuple (PyObject *0)
RO FILLBR, RICBLZET: Stable ABL. =42 Y 2HB3WEA 75 7L TH 5 o LRILHNE
EROXTINATY 27 FRIBLE T, KML7H NULL ZIBRL £, o X ILADBHE. HilkZR
BIRLUET, 2N OGE. BYIRABB AT X TV EREEL TRL 9, Python R tuple(o)
LAETY,

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

RBRbDfE: FTLWLWEBE, RICELZXY: Stable ABL. > =7 YR FREATI771LD o %
PySequence_Fast*x 7 7 I VDB THHTESL ATV 27 P LTELES, A7V =7 B
=T VRATHATITIATHRVIEGEZ, Xvt—I m BFD, TypeError ZEH L F3, KKL
726 NULL iR L ¥£73,

PySequence_Fastx 7 7 I U DRI, o D% PyTupleObject £721% PyListObject YAREL. o D
T—RT7 4=V RCEET 7R 57D, ZOLSHMNTLRATVET,

CPython DFEETIE, L o B =7 U AR TV THNE. 0 ZDDDEIRLET,

Py _ssize_t PySequence_Fast_GET_SIZE(PyObject *o0)

0 S NULL T/ <. PySequence_Fast() PBRL7ATV 27 b THBLIREL T, 0 DRI ZRLET,
0o ¥4 XX PySequence_Size() ZWMFUH L THESLNE TV, PySequence_Fast_GET_SIZE() D
FH oV A MLRTINTHZ EAREL TUFT 57290, K DEHETT,

PyObject *PySequence_Fast_GET_ITEM(PyObject *o, Py ssize t 1)
RDfE: GABR. o 29 NULL T/ <. PySequence_Fast() DWRL7A TS =7 FTHYH, H»D i H
AT ZADOHEHNCH 2 EREL T, 0o D i HHOERKZELET,

PyObject **PySequence_Fast_ITEMS (PyObject *o)

PyObject KA > XDBERICHET7 LA ERLET, ZDOBEETIE, ok PySequence_Fast() DRL
AT THNH, NULL TRWHDPRELTNET
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VR TDY A XDLEBEEIND L E, XA HERNPEROIIIZHEES 220d LARVWI LIERL
TSV, 2Ok, =7 YAOEESPFELRNIAYTF AN TOAHRIIDH LKA 22l
TLEE W,

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

RBDE: HLWEBE, 0 © i RHOERZIR L. KT 5 & NULL ZiR L %3, PySequence_GetItem()
DEHERTH D, PySequence_Check() T o DEZIRTHE S DOBIER. BORIFOMELITV
\i‘ﬁ/l/o

7.5 ¥v 78770k 3JL (mapping protocol)
PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HHBHL T &\,

int PyMapping_Check (PyObject *0)
RICEL £ Stable ABI. Return 1 if the object provides the mapping protocol or supports
slicing, and O otherwise. Note that it returns 1 for Python classes with a __getitem__() method,
since in general it is impossible to determine what type of keys the class supports. This function
always succeeds.

Py_ssize_t PyMapping_Size (PyObject *0)

Py_ssize_t PyMapping_Length (PyObject *0)
RICBLZET: Stable ABL. {32247V 22 o FOF—DEZRL, KBFT2L -1 ZRLE
T, ZhuE, Python O3 len(o) EREUTIZRD F3,

PyObject *PyMapping_GetItemString(PyObject *o, const char *key)
RBbh{E: i LLWBE, XRICBL £7: Stable ABL This is the same as PyObject_GetItem(), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx*.

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
RICEL F9: 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 PyObjectx.

int PyMapping_DelItem(PyObject *o, PyObject *key)

This is an alias of PyObject_DelItem().

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

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

int PyMapping_HasKey (PyObject *o, PyObject *key)
RICBLEFT: Stable ABL. =y FRIF 7Y =2 7 bAF— key ZFOHHIT 1 ZIRL., 25 TRV
2 0 BIRLE T, ZHiE, Python OX key in o ¥ FffliTd, ZDBEIEUH LIXEIZKRINL
9,
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0 R
Exceptions which occur when this calls __getitem__() method are silently ignored. For proper

error handling, use PyObject_GetItem() instead.

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

RICEBL F9: 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 R
Exceptions that occur when this calls __getitem__() method or while creating the temporary

str object are silently ignored. For proper error handling, use PyMapping GetItemString ()

instead.

PyObject *PyMapping_Keys (PyObject *o)

EO@ FLWEHE, RICBLET: Stable ABL. 1§28 479227 b 0o DF -2V %
BRUET, KT 2L NULL 2RL %9,

N—=a ¥y 3.7 CLHE: DENE, BV AP LARBETIVEZRLTWE L,

PyObject *PyMapping_Values (PyObject *o)

BOME: FTLWEE, RICEBL X Stable ABL. i35 2479227t o DELSZZ Y X MEIR
LEd, RFTZL NULL #IRL 3,

N—=a ¥y 3.7 CLHE: DHENE, BV AP LB TIVEZRLTWE L,

PyObject *PyMapping_Items (PyObject *o)

&Oﬁ FLWEE, RICBLZET: Stable ABL. 133247522 0o DEENLRLZYX S
KU, BEBFF—HORTBA-LZ TN > TWET, KT 2L NULL 2K L T,

N—=a ¥y 3.7 CLHE: DENE, BV AP LABETIVEZRLTWE L,

7.6 1 7L—%70k1JL (iterator protocol)
ATV —REW5 D OEFOBEIZ—2H D X5,

int PyIter_Check(PyObject *o)

RICBLEY: Stable ABI (IN—=2 3> 3.8 &D ). Return non-zero if the object o can be safely

passed to PyIter_Nexzt (), and O otherwise. This function always succeeds.
int PyAIter_Check (PyObject *o0)
RICBLETY: Stable ABI (IN—23 > 3.10 & ). Return non-zero if the object o provides the

AsyncIterator protocol, and 0 otherwise. This function always succeeds.

Added in version 3.10.
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PyObject *PyIter_Next (PyObject *o)

RBOfE: FiLWLWBE, RIZEBL X7 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.

AT L —RXDBRTHRICHO > TRBIEZITIL—T2EL L, COa—FREUTDXSICR2EZTTT:

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) ;

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)
MICBLZEFF: Stable ABI (IN\—23 > 3.10 &b ). Sends the arg value into the iterator iter.

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

Added in version 3.10.
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7.7 N\v 7770k 3JL (buffer Protocol)

Python THIAMRER WL 20D A4 7Y 2 7 MME. FEIZH 2 X EVEHIE 2T buffer ~NDT7 7R ZHHEL
E9, ZOEIRATI I P LT, HAIAAD bytes R bytearray . array.array @ X 5720 < DD
DILRMDZET HNE T, F— FAN=T 4 DT A 77 VIZEGLHESBUERNT D X 5 2Fl72 HR D 7912,
ZNOHEDOMEFERT LI ENTEET,

ZNENORBZNHBDOE< Y T4 7 AZFRBETN, BELIKRERXEYANY 77057505 05 HdE
OREERELE T, W OPDRRTIEIMNT2a %175 e RAEHENY 7717 78R TEI LD
2Ehxd,

Python & buffer protocol DEIRT C LRV DMHAAAZRBELES, o7 v baricid=ooflE» % b
EJc

o BT IMTIE, HEZENI ZDATI 2 VO TNBIZDH BNy 7 7 1T 2 HREEMHETE 5 "buffer
AVR=—T2—RA" BLIRAR=—IFTEIIEDNTEET, TOA VX =T =2—RE Ny T 74Ty
MEEER (buffer object structure) DEITEHAL £3,

e FMATZMTIE, A7V =7 POTFEREHZET—XADRL Y RE2[FLIVLOD0OFEBPFAHATE X
T (e ZEXY v 50,

bytes ¥ bytearray RED Y INANRA T =27 NI, WEHDO Ny 7 7 =% 4 MIIDEAXA TR L $7,
NA PN DA D FIHAIRE TS, Bl 21X, array.array DT 2 EHRBII VL F AN, MEIZKRS Z &3
HHET,

buffer 1 ¥ % =7 =z —XOHHED—HIEZ. 77 ANF T2 2D write() XYV v RTF: buffer 4 ~
R—=T 2 —REBLTEHDONS MIZRETEZEART TV 27 b TH 7 7 ANKEZAL N TEE
T, write) k. TOFIBE LTHEINLA TV 27 FOWNBERIH T 25AH LEH 7 72 2D A%
Y LEID. readinto() DEIRMDRAY v FTIE, ZD5IHOHNBIINT 2EZIAAT 72 ADBNBET
3, buffer 4 Y X =7z —RICX D, ATV 27 MITMAEEMSG, AU LEHNY 7 7 \D7 72 R %FF
AT 202N bELRTE20ERTZ D TEE T,

buffer 1 ¥ % —7 = —ZADFHF I, WReBEATI2 7 VDN 77 %2132 00 HFENHH T
o IELWEIBT PyObject_GetBuffer() ZMUHT;

o PyArg_ParseTuple() (R73ZDEBED VD) & y* . wk £721d s* format codes DWFThh L &
HITHUHIT,

EEL5D 7 —ATdH, buffer WL L 7o 72RFIC PyBuffer Release() ZMUH X IFIUER D A,
INERBE, VY =RV =7 DK BIERA R ORB BN HD 3,

7.7.1 buffer #&&&

Ny 7 7 REER (F 72 B0 "buffers”) EBIDOA 7Y =7 DAL F U F—&% Python 7’1 77 < Iz
3 2 DIERTT, ZAhEE, Erab—25 4>V e LTHHATEZY, ZOXEY 7ny >
ELMIETAMEEERMS 2T, YART—XTH L THEHI Python 7R 7 o<t T 22 TE %
o XEVIE CHBROREREIERD»D LUERAL, ARV =T 4 VIS RATLTA4 7T VIETHIO
AEVTO Y IS LNEVAL, BT —XE22 AT 4 704 Y XAEVERAZTETOIBHINE 2D
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LALEE A,

Python 4 ¥ X 7V X2 ko TIRHEINZZ L DT XL IZER D, Ny 7 7% PyObject R4 ¥ X TIIiR
e U TN CHEBIRTY, 207k, FE a -0 ICHBICITAES. Ny 770~ fRNZZ v
PR—RE I ¥ E X memoryview TP =7 FBEREINE T,

IV AR=IENZATI =27 P EFELHEOROIHICIE, Buffer Object Structures ZZIRLTL 723\,
Ny 77 BEIFT 2121E, PyObject_GetBuffer() ZBIRL T W,

type Py_buffer
RICBLET: Stable ABL (TRTDOXAYN=%FEL) (IN—= 3> 5.11 &D).

void *buf

Ny 777 4=V ERRLTOWIHREMEDLHEIET R, VR, N 7723647027
FPOTREBYHEHXE) 70y JHOYOMEIZD D ZFET, BRI strides BEZZ L, ZOEIZ
XEY) 7Oy Z7DREID LNLEEA,

EE BAIOBE ZOEIEAEY Tuy ZOLEEEZIELET,

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.

PyMemoryView_FromBuffer() ¥7:1& PyBuffer Filllnfo() IZ&X»>To v 7 ENiz —RKM%
Ny 77 THBIRBr —ATIE. ZD7 44—V FIE NULL T3, — i, =27 AR—-+47
V7 PIZOFREMHL IR A,

Py ssize_t len
product (shape) * itemsize, contiguous Ft#ITIE. TEDXEY 70y 7 ORIWKED FT,
JE contiguous ARFITIZ. contiguous RIEUZ 2 ¥ — I NG EICHEMEN O ORX T,

((char *)buf) [0] 2°5 ((char *)buf) [len-1] DHEPHAND 7 7 A&, @itk (contiguity)
PRAET DBV 7T A ML THIG NNy 7 7 kﬂbf@&aﬁiéhi?o ZLDHEHEI. 2D
£ 57V A ME PyBUF_SIMPLE ¥7:1% PyBUF_WRITABLE T3,

int readonly
Ny 7 7 inAH LERTH 20 RLET, 2D 74—V R PyBUF_WRITABLE 7 7 27" CHlfHIT
ERE3

Py ssize_t itemsize
ER—D5 D byte BLD Y A X, struct.calcsize() %#3IE NULL @ format fEICH L CTHEUH
L7AGR e U TT,

EHERFIA: EBEE D PyBUF_FORMAT 7 7 7R RET DI iR Ny 7 7 RZERLEHA.
format | NULL ICEREENE T, L L itemsize lZITED T #—~< v M- EHEZRIFLE T,

sha,pe MEET 254, product(shape) * itemsize == len DERMBFHN., FlIHF X
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PyBUF_SIMPLE %7213 PyBUF_WRITABLE TEK U 7-fE3R. shape #% NULL THAUI, HEEZIZ
itemsize BHEHR LT itemsize == 1 ¥ R XRTHUIRD FXEA,

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 —) K& PyBUF_FORMAT 7 Z 7\ X - THIIZI N E T,

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 X OEERT. BEEH ndim TH S Py_ssize_t DEHITT, shapel[0] *
. * shapel[ndim-1] * itemsize |& len YL { RIFIUIRKRD FE A,

shape Df#{% shape[n] >= 0 ICHIR XN ¥ T, shapeln] == 0 DHEEICFHTEREIBETT,
FAE complex arrays EBIRLTLIEE W,

shepe (JEAR) BEHNIFIFHE 22 & 135 A M LERATY,

Py ssize t *strides

Py

BRICICBOWTH LWVEEZR272DICAFy T 54 VERT, BE ndim @ Py_ssize_t
DB,

A NI A4 M, FROBEEZIEETE LS, HEDESITIE, XA b4 FIZ@EETWHIFNT
9o L LFIHHEIX, stridesn] <= 0 Dy — AR NE T2 Z e BN TEIZRLENHD T3, M
IZOWTIE complex arrays BB LU TLIZE W,

HEZIZL 5T, 2D strides EiFNEFHAH LEHATT,

ssize_t *suboffsets

Py _ssize_t MOBEREFFOEX ndim OHLH, suboffsets[n] >= 0 DEFEHIX. n FEHDOXC
> THRIFIN TV B EIZERA ¥ X T, suboffset fHIZFRA > X DBIRE MR L F2RIfT N A
MIZAUT WD ZIRL TWE T, suboffset DEBEDHDIGEIR. A ¥ X DB RIBRIIAE
(HfE L7 XEY 70y JNCEERLEBEINND) LWV Zeilih %7,

2TD suboflset ZVEMDIGE (0% W SRBRDPATE) BRIGE. 2D 74—V FIE NULL (77 *
U ME) TRIFIUIRD R A,

Z OREORFIZRBE Python Imaging Library (PIL) TfELHRTWE T, D X 5 REFITHERIC
7 7R T BHFECOVWTESIIZEFHL Z 2 compler arrays B LT X W,

HEEIZ L o T, suboffsets EHliZFi A LEHTY,

void *internal

Ny 77 2T 2 MOA T 2 7 PHANTINCHHAT 2720 0ZE T, HlRiE. Bz o
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ERUTERN % X v X + LT, shape, strides, suboffsets £\ o 72H5E NNy 7 7> R T 5 & =
KRR S ARENPE I D EEHTZ2 77 7S 2N TEBRTLE D, Ny 7 7 B22ZITH
BENE, ZOMEERLTEHELTERD £H8 A,

Constants:

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit,
consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimen-

sions. Currently set to 64.

172 NyIT7VITRANDRALTS

Ny 7 73, PyObject_GetBuffer() Zffi5 22T, TZAR—-PbTEHATV 2/ PNy 777
AL EEDZZTHONET, ATV ORMENRMEOEMIEIIZBICO 27D, HEEX flags 518 %
HoT, HEMMRZ BNy 7 7 OBEEREL 3,

Py _buffer DET7 4 =L FiZ, VZ/Z A MOBEICK > TERIZERIFTICERINE T,

DOTZAMIEEFELBEWT 1 —ILR
TFED 7 4 — U RiX flags DEEEZITTIC, HICIELWETHREINE 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, DL FIVDPRESINTVIUL, TDT7 14—V FZIELLED
BRI XA, 77 7DPREINTORITIUL, 2D 7 4 —I)L F% NULL IZERE LR
hERA

PyBUF_WRITABLE ¥, ROFIIHTL 28D 7578 d | ZWMoTrFEWEY A, PyBUF_SIMPLE 13 0 &€
FEINTWB DT, PyBUF_WRITABLE \ZHM7FH ZIAARFRER ANy 7 7 ZERT2HMO 7 5 7 LTER
i‘j—o

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.
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shape, strides, suboffsets
D77 70F, R THEMED K ZVIEICIEAR X2 ) OFRENLZEEEZHEL 3, Hro7 7273 2h
IO TREHEINZT777DTRTOL Y b Z2EL I 2 ICERELTLEX WV,

DIIRbE shape  strides | suboffsets
yes yes WIS

PyBUF _INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF _SIMPLE

BHEMDOU I T+
ANT4 FOERYE D> THIRTH, C /213 Fortran O EifilE DHMEICERS NS AIREEDLH D £5,
A+ T4 MERZLIC, Ny 77— C EBEL TV ARENDHD X7,

JJIZX Kk shape ‘ strides ‘ suboffsets | contig

yes yes NULL C
PyBUF_C_CONTIGUOUS

yes yes NULL F
PyBUF_F_CONTIGUOUS

yes yes NULL C»F
PyBUF _ANY_CONTIGUOUS

PyBUF_ND yes NULL | NULL C

BEVIIRF
BHHEZ2ETOY 7T X FOfEIZ. RIOEITDT 5 7DMAROETHEBINCERINTVE T, FfkE>S
2. Ny 77—=70 b alTIIEEICER SN HAEDODEER—D 75 7' LTIREEILTE T,

RDOT—=TND U TH#EBGEDPRERTHE 2R LET, FMAFIX PyBuffer IsContiguous() ZWEL
H LU CEBME 2 HET 2 0ENHETL & D,
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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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7.8 LWy TZ7F7ORIIL
N—3 a ¥ 3.0 TIEHELE.

Z 5 DBENE. Python 2 @ Iy 7 7> 7o ran) API O—ET3, Python 3 Tid. 52D 71 b
IVIFFELEEAD, 2x Da—FZRBELT VIS BB AEIATHOES, iLuwiy 7770k
J)L b HEEEDH 27 v S—BBO LS ITIRZBANETH, Ny 77 BT 7 AR—- I ZICHEZH
VY —20LEFHMEEE T2 L IXTEEHA,

WoT, H2F 727 bDNY 772 —2BUET 572012, PyObject_GetBuffer() (b LT yx B&
O wx 74—<w bO—F T Pydrg_ParseTuple () RZ D) ZMIHL, Ny 77 a— 2T 2L
=|21& PyBuffer_Release() ZFFUH L £,

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py ssize ¢ *buffer_len)

RICBLET: Stable ABL. XFR—ZADAN e LTHZ 25t AH LEHARAEY LOMBEANDKRA ¥ &
ZIRLET, obf SIBUIHE—L TRV IR ORBNLFNY 774 VR =T 2 =A% P K=+ LTVWRIT
WD FERA, BINT AL 0 iR, buffer & XEVDNBEIZ, buffer len Z Ny 7 7 DRI IZEHK
ELET, T7—DFIZIE -1 iR L. TypeError #t v ML ¥,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py ssize ¢ *buffer_len)

RICBLET: Stable ABL. RO 7 =22 IND i AE LEHADXEY EOMENDKRA ¥ X ZiK
F5, obj 5IBUIHE—E T XV Mo RBFGAHLAIGENY 774 VX =T 2 =R %P K- LTWVER
FAUXR D FHA. BIIT 2L 0 ZIRU. buffer Z XE Y DMEIZ, buffer len 2Ny 7 7 DEXIZ
BELET, T7—0DKIIE -1 ZIRL. TypeError Ztv bLET,

int PyObject_CheckReadBuffer (PyObject *o)

RICBLET: Stable ABL o 28—t 7 X Y b H B R 2HALELATRENY 774 VX —T7 2 =R %Y
R—FLTWIHEIC 1 ZIRLE T, ZRLSNDEHEICIE 0 ZRLET, ZOBBIIEICTHIIL£3,

ZOMEUIRA LiIcNy 7 7 OEUS & EBCEITV. 202G 2 BB OMECH LAk 2 3 filshd
PRS2 ZWHERLTLEE Y, 5 —2WE S 5123, PyObject_GetBuffer() Zb DI
fEoTL7Z&Ww,

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py ssize_t *buffer_len)

RICBLFTY: Stable ABL. FZAALATRER X EY LDOMBADKRA Y X 2IRLET, obj 515ITH—
C TR IO RBENFANY T 74 VR =T 22— %P R—F L TORIFTIUIRD A, KINT 2L
0 ZiRL. buffer Z XEV DMBEIZ, buffer len ZNy 77 DEIICHELET, T7 DI -1
ZiR L. TypeError Zt v L%,
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EIGHT

B%+7S x4 b (CONCRETE OBJECT) L1+

ZDETIE, FFED Python 7Y = 7 MIEFOBEBIZOWTIERTVWE T, 206 OBEFICRHLE > 7280
FTO 27 VEETDIIRWEZTIEH D FX¥A; Python 7077 Ao shDF TV =27 M EZITE -
eE, ZOFXATI 2 PHBELVHIZR > TV E2HELZ D TRVDORS, 38T = v 7 2{TORITN
BRDFEA; FIZR 2479 =7 FPHEEERDPFAXRSZITIE, PyDict_Check() ZHVWET, ZOERI
Python A4 7Y =27 MIzEIT 2 7 et 12> THER SN TVE T,

A

ZOETHERTOVWAHEENE. EXh7AT7I 27 POREFERFESF v 7 LIET5500, £ OB
WEINE T2 27 VOERR NULL RODPEMBA T 27 VD EFzv 7 LERA, 205D
BAEUC NULL 22X TLES b, BBEBATY 7272 REBRERILT, 4 VX7 ZEHIFRICKT X
BFETLESETTT,

DR

==}
=

8.1 EAXF 72 1Y bk (fundamental object)

ZDOHiITIE, Python OMA 7Y 27 b > 70 b ¥ (singleton) + 7Y =2 b None IZDWTIANE T,

8.1.1 BTz

type PyTypeObject
RICBELET: Limited API (RBERALBBERLE LT). HAAARZERT 2BICHVWONS, 7
Yl MRS C HEILTT,

PyTypeObject PyType_Type
RICELET: Stable ABL. BA 7Y =27 VHBOMA 7Y =27 FTF, Python L4 ¥iZEBI} 3 type
ERLCATT =7 T,

int PyType_Check (PyObject *o)
Return non-zero if the object o is a type object, including instances of types derived from the
standard type object. Return 0 in all other cases. This function always succeeds.

int PyType_CheckExact (PyObject *o0)

Return non-zero if the object o is a type object, but not a subtype of the standard type object.
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Return 0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()
RICBLFT: Stable ABL. NHlOMERF v v > 2227 V7 LET, BUEON—=Y a v X7 RIRLET,

unsigned long PyType_GetFlags (PyTypeObject *type)

RICE L £ 9 Stable ABL Return the tp_flags member of ¢type. This function is primarily meant
for use with Py_LIMITED_APTI; the individual flag bits are guaranteed to be stable across Python
releases, but access to tp_flags itself is not part of the limited API.

Added in version 3.2.
N—=Yar 3.4 TEHE: RYEDTA long T/ < unsigned long I H ¥ L7z,

PyObject *PyType_GetDict (PyTypeObject *type)

Return the type object’s internal namespace, which is otherwise only exposed via a read-only proxy
(cls.__dict__). This is a replacement for accessing tp_dict directly. The returned dictionary

must be treated as read-only.

This function is meant for specific embedding and language-binding cases, where direct access
to the dict is necessary and indirect access (e.g. via the proxy or PyObject_GetAttr()) isn’t

adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their

own types.
Added in version 3.12.

void PyType_Modified (PyTypeObject *type)
RICBLET: Stable ABL. WEHOMREBEF ¥ v > 2%, Z0 type L FTRTOY 7 X A4 A2 L THEL)
WCLET, ZOBBUI type DBMERRIKS 7 RS2 ZB L 75 L ICFHTHEH S RFERD
A

int PyType_AddWatcher (PyType  WatchCallback callback)

Register callback as a type watcher. Return a non-negative integer ID which must be passed to
future calls to PyType_Watch (). In case of error (e.g. no more watcher IDs available), return -1

and set an exception.
Added in version 3.12.

int PyType_ClearWatcher (int watcher_id)

Clear watcher identified by watcher_id (previously returned from PyType_AddWatcher()). Return

0 on success, -1 on error (e.g. if watcher_id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher id that was not returned

to it by a previous call to PyType_AddWatcher().

Added in version 3.12.
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int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by PyType_AddWatcher () will be called
whenever PyType_Modified () reports a change to type. (The callback may be called only once for
a series of consecutive modifications to type, if _PyType_Lookup() is not called on type between

the modifications; this is an implementation detail and subject to change.)

An extension should never call PyType_Watch with a watcher id that was not returned to it by a

previous call to PyType_AddWatcher().
Added in version 3.12.

typedef int (*PyType_WatchCallback)(PyObject *type)
Type of a type-watcher callback function.

The callback must not modify type or cause PyType_Modified() to be called on type or any type

in its MRO; violating this rule could cause infinite recursion.
Added in version 3.12.

int PyType_HasFeature (PyTypeObject *o, int feature)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single
bit flags.

int PyType_IS_GC(PyTypeObject *0)

Return true if the type object includes support for the cycle detector; this tests the type flag
Py_TPFLAGS_HAVE_GC.

int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
RICBELET: Stable ABL a 28 b D% 7 XA TOHBECEZRLETD,

This function only checks for actual subtypes, which means that __subclasscheck__() is not

called on b. Call PyObject_IsSubclass() to do the same check that issubclass() would do.

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py ssize t nitems)
RBhfE: FTLWBE, RIZBLXY: Stable ABL. B4 72227 +D tp_alloc TNFTE =V v
NV RSTF, Python DF 7+ L FDRXEY 77— b RAHZZLEF 5> TH LWL YRRV A% T
nr—kL. IXNTONEZ NULL THHHEL £5,

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)

RBOfE: HiLWBE, RIZBLZFJ: Stable ABL. B4 72227 bD tp_new IZNT BT =1V v I
YRITE, BD tp_alloc Aay P Mo THLWA VAKXV AZERL 7,

int PyType_Ready (PyTypeObject *type)

RICBLET: Stable ABL. A 7Y =27 bDT7 74 F 74 XETVET, ZOBKIEETOA TV =
7 N CHIIEZSE T T2 DU R Tdk b 8A. ZOMEIX. K2 5 280 51k L
JeAay zERATY 27 MBS 2%EPDHD £3, KN LEGEIE 0 ZRL, =7 —-D5&
i3 -1 2R U THSMERZREL $9
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0 R
If some of the base classes implements the GC protocol and the provided type does not include
the Py TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented

from its parents. On the contrary, if the type being created does include Py_TPFLAGS_HAVE_GC
in its flags then it must implement the GC protocol itself by at least implementing the

tp_traverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
ROfli: FiLWBER, RICEL £7: Stable ABI (/A—=23> 3.11 &D ). Return the type’s name.
Equivalent to getting the type’s __name__ attribute.

Added in version 3.11.

PyObject *PyType_GetQualName (PyTypeObject *type)
RDME: FHILWEBE, RICBLZX T Stable ABI (N—23> 3.11 & ). Return the type’s qualified
name. Equivalent to getting the type’s __qualname__ attribute.

Added in version 3.11.

void *PyType_GetSlot (PyTypeObject *type, int slot)

RICBLET: Stable ABL (IN—=23> 3.4 &D). Grohizray MIEHEINTOLBBRA >~
2R LFET, IRD{ED NULL OB&1E. X g v 23 NULL 2o, BB ARIELRS I ETIEN- 2 L 2R
LET, @F. MEHELUANBEDEDRA ¥ 2 2T AEEACF» 2 LET,

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

N—=Yar 3.10 TEH: PyType_GetSlot () can now accept all types. Previously, it was limited
to heap types.

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-
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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)

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)

ZHUZ Unstable API T%, %A F—V V) —ATTERLKERINDZZ DD FT,

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or 0 if a new tag

could not be assigned.

Added in version 3.12.

Creating Heap-Allocated Types

The following functions and structs are used to create heap types.

PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType Spec *spec,

PyObject *bases)

RICELEFT: 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 3.144 such metaclasses

will not be supported.)
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The bases argument can be used to specify base classes; it can either be only one class or a tuple of
classes. If bases is NULL, the Py_tp bases slot is used instead. If that also is NULL, the Py_tp_base

slot is used instead. If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must
be a module object or NULL. If not NULL, the module is associated with the new type and can later
be retrieved with PyType_GetModule (). The associated module is not inherited by subclasses; it

must be specified for each class individually.
This function calls PyType_Ready () on the new type.

Note that this function does not fully match the behavior of calling type() or using the class
statement. With user-provided base types or metaclasses, prefer calling type (or the metaclass)

over PyType_From* functions. Specifically:
o __new__() is not called on the new class (and it must be set to type.__new__).
e __init__() is not called on the new class.
e __init_subclass__() is not called on any bases.
e __set_name__() is not called on new descriptors.
Added in version 3.12.
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType Spec *spec, PyObject *bases)

BRbhfE: HiLWER, RICELZFTJ: Stable ABl (IN—2 3> 310 &£D). Equivalent to
PyType_FromMetaclass(NULL, module, spec, bases).

Added in version 3.9.

N— a ¥ 3.10 TZEH: The function now accepts a single class as the bases argument and NULL

as the tp_doc slot.

N— 3 ¥ 3.12 TZH: The function now finds and uses a metaclass corresponding to the provided

base classes. Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating
classes whose metaclass overrides tp_new is deprecated and in Python 3.144 it will be no longer

allowed.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

RDhE: #HFLLWEBHE, RICBLET: Stable ABI (IN—3 > 3.3 &D). Equivalent to
PyType_FromMetaclass(NULL, NULL, spec, bases).

Added in version 3.3.

N— 3 ¥ 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
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allowed.

PyObject *PyType_FromSpec (PyType Spec *spec)
RBbOflE: iLWEE, 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
RICBLET: Stable ABI (TARTDAYN—%ZBT). 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— a ¥ 3.12 TZH: Previously, this field could not be negative.

int itemsize
Size of one element of a variable-size type, in bytes. Used to set PyTypeObject. tp_itemsize.

See tp_itemsize documentation for caveats.

If zero, tp_itemsize is inherited. Extending arbitrary variable-sized classes is dangerous,
since some types use a fixed offset for variable-sized memory, which can then overlap fixed-sized
memory used by a subclass. To help prevent mistakes, inheriting itemsize is only possible in

the following situations:
o The base is not variable-sized (its tp_itemsize).

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

of the base class is known.

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

access the instance’s memory directly.

o With the Py_TPFLAGS_ITEMS_AT END flag.
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unsigned int flags

Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeclithBases () 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
RICBLEY: Stable ABI (FRTOXYN—%FEL ). Structure defining optional functionality of

a type, containing a slot ID and a value pointer.

int slot

A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods and PyAsyncMethods with an added Py_ prefix. For

example, use:
e Py_tp_dealloc to set PyTypeObject.tp_dealloc
e Py_nb_add to set PyNumberMethods.nb_add
e Py_sq_length to set PySequenceMethods.sq_length
The following “offset” fields cannot be set using PyType_Slot:
e tp_weaklistoffset (use Py_TPFLAGS_ MANAGED_ WEAKREF instead if possible)
e tp_dictoffset (use Py TPFLAGS_MANAGED_DICT instead if possible)
o tp_vectorcall_offset (use "__vectorcalloffset__" in PyMemberDef)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to support Python
older than 3.12), specify the offset in Py_tp_members. See PyMemberDef documentation for
details.

The following fields cannot be set at all when creating a heap type:
e 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_FromSpeclithBases () instead.
N— a3 ¥ 3.9 TEH: Slots in PyBufferProcs may be set in the unlimited API.

N—= a ¥y 3.11 TEHE: bf_getbuffer and bf_releasebuffer are now available under the
limited API
158 %8 EZE BRATZ 1Y b+ (concrete object) L1




The Python/C API, U1 —2X 3.12.9

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 ¥ bk

None X5 % PyTypeObject i, Python/C API TIFEHEABMENTWRVWOTHEE L TL/ZE W, None
FHET (singleton) DT, 7Y 227 FOFE—HET X (C TlE =) 252 THAEH»LTT, FL
M2 &, PyNone_Check() BAXIIH D £ A,

PyObject *Py_None

The Python None object, denoting lack of value. This object has no methods and is immortal.
N—Ya v 3.12 TEMH: Py_None is immortal.

Py_RETURN_NONE

BAE & Py_None ZIBL F3,

8.2 HEEA T ¥ k (numeric object)

8.2.1 BBEA T x U I (integer object)
FTRTOEBIMEEDOREZH D long” B L L THEEINET,

II7—EEE5 L, [FLA LD Pylong_As* API i (return type)-1 ZiRL £32, ZHEEUEE Rooir

PTEFRA, RO EMT 272D121& PyErr_Occurred() Z{fi-TL 72X W,

type PyLongObject
RICBLEFT: Limited APT (RBEALBEER L LT). 2D Pylbject DY 7 XA FIFEBA 2RI L
i\j—o

PyTypeObject PyLong_Type
RICBL £9: Stable ABL. Z® PyTypeObject DA ¥ A& > A& Python BHEM2RH L £5, =
NUE Python L4 ¥IZBF S int LELA 7Y 27 M T,

int PyLong_Check (PyObject *p)
5180h% PyLongObject /> PyLongObject DY T XA T THB L ZTWCEHZIRLET, Z OBEIBUIHEIZHK
WL x9d,

int PyLong_CheckExact (PyObject *p)
518 PyLongObject TH 5H PyLongObject DY T XA T TRVWE ZICEZRLET, ORI
WL £ 3

PyObject *PyLong_FromLong (long v)

RBDE: iLWBH, RICBL X7 Stable ABL v 225#17272 PyLongObject 7Y =2 M EAERL
TRLEF, KBD L 21213 NULL 2R L £3,
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HEDREETIE, -5 75 256 TTOLTOERITTI2E A 7Y 227 FOEFERFELEST, 20
FHFOBPERT 2. EBRICEBEOA 7Y 27 M T23BIBINEE X512 >TVWET,

PyObject *PyLong_FromUnsignedLong(unsigned long v)

RD{E: HILWER, RICEL XTI Stable ABL. C ® unsigned long % #7278 PyLongObject F
7Y FPRERLTELE T, KMUAEKCIE NULL 218 L £97,

PyObject *PyLong_FromSsize_t (Py_ssize  v)

RBROfE: TLWBE, RICEL XY : Stable ABL. C ® Py_ssize_t Bh SHi7272 PyLongObject F
7Yx 7 PEERLTELE Y, KDL 1213 NULL 2B L 55

PyObject *PyLong_FromSize_t (size_t v)

RBbOME: :iLWBER, XIZEL £7: Stable ABL. C @ size_t Bh #7272 PyLongObject A 7Y =
7 PRERLTGRLEY, KDL EITIE NULL 2R L EF,

PyObject *PyLong_FromLongLong (long long v)

RBhE: rLWBE, RICEL £ 7 Stable ABL. C ® long long H» 5¥i727% PyLongObject 7
Y7 hAERLTRELET, KDL ZITE NULL 23R L 7,

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)

EOfl: HiLWEBHKR, XICBLZET: Stable ABI. C ® unsigned long long Hl» &5 ¥/ 72
PyLongObject A 7Y =7 MR L TGELE S, KMO Y Z1TIE NULL 2R L E 3,

PyObject *PyLong_FromDouble (double v)

RDE: $iLWBER, RICEL X7 Stable ABL. v QIR & #7272 PyLongObject A 7Y =7 b
ZAERLTGRELES, KDL 2I121d NULL 2L %9,

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

RbhME: $iLLWBIE, RICEL X9 Stable ABI. Return a new PyLongObject based on the string
value in str, which is interpreted according to the radix in base, or NULL on failure. If pend is
non-NULL, *pend will point to the end of str on success or to the first character that could not be
processed on error. If base is 0, str is interpreted using the integers definition; in this case, leading
zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be between 2
and 36, inclusive. Leading and trailing whitespace and single underscores after a base specifier
and between digits are ignored. If there are no digits or str is not NULL-terminated following the

digits and trailing whitespace, ValueError will be raised.

& 2E

Python methods int.to_bytes() and int.from_bytes() to convert a PyLongObject to/from
an array of bytes in base 266. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

RbhflE: #HLWEBHE, Convert a sequence of Unicode digits in the string u to a Python integer

value.
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Added in version 3.3.

PyObject *PyLong_FromVoidPtr (void *p)

ROfE: iLWEE, RICEL X7 Stable ABL. K4 & p 25 Python BEEZAERKL 3, KA
¥ R DfEIE PyLong_AsVoidPtr() %l L 7R HHUG SN E T,

long PyLong_AsLong (PyObject *obj)

RICEL X9 Stable ABIL. 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 DfEDS long OHEIFASNTHAUR, OverflowError ik L 3,

I —DEELEZIC -1 ZRLET, RATEMT27%2D121& PyErr_Occurred() %ffioTL 72
X,

N—Yar 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k E L
N— 3 ¥ 3.10 TZEH: This function will no longer use __int__Q).
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— g > 3.14 TIEHESE: The function is soft deprecated.

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 TEHE: A[fEThHIUL __index_ () ZMFS> kS h Tl
N— a3 ¥ 3.10 TZH: This function will no longer use __int__().

long long PyLong_AsLongLong ( PyObject *obj)

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 DIEDS double DHIPASTHAUL, OverflowError ZXH L 3,

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,

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)

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

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 calling int.to_bytes().

The speedup is expected to be negligible for most users.

Exactly what values are considered compact is an implementation detail and is subject to change.
Added in version 3.12.

Py ssize t PyUnstable_Long_CompactValue (const PyLongObject *op)

ZHUZ Unstable API T%, A F—VV—ATTERIEEINZZNHY ET,

If op is compact, as determined by PyUnstable_Long_ IsCompact (), return its value.
Otherwise, the return value is undefined.

Added in version 3.12.

8.2.2 Boolean # 7 x7 k

Python @ Bool BIFEEH DY 77 52 LTHEEINTVWET, 7—NVEBIOfEIX, Py False & Py_True ®
22OL2HDERA (o T, WEDOEMHIFRBEIEIE 7 - A ENZEHTEED ER A, LTV R, UTo=
ZupFHTEET,
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PyTypeObject PyBool_Type
RICBLET: Stable ABI. 20 PyTypeObject DA > A& ¥ A& Python @ boolean % RKIE L %
9; Python LA ¥IZBIJ 3 bool LR LATY o FTT,
int PyBool_Check (PyObject *o)
0 7 PyBool_Type BIDBEICEZRLET, ZOBBUIEICEIIL £3,
PyObject *Py_False
The Python False object. This object has no methods and is immortal.
N—a ¥ 3.12 TEH: Py False is immortal.

PyObject *Py_True

The Python True object. This object has no methods and is immortal.
N—Y a ¥ 3.12 TEH: Py_True is immortal.

Py_RETURN_FALSE

BE & Py _False ZIRL E 3,

Py_RETURN_TRUE
B 5 Py_True ZIBL £

PyObject *PyBool_FromLong (long v)

RBhfE: FiLWBH, RIZBL X9 Stable ABL. v O EEEIZIG U T Py_True ¥721% Py_False %
ELET,

8.2.3 Floating-Point Objects

type PyFloatObject

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

PyTypeObject PyFloat_Type

RICEB L £9: Stable ABI. This instance of PyType0bject represents the Python floating-point
type. This is the same object as float in the Python layer.

int PyFloat_Check (PyObject *p)
5Ih% PyFloatObject H* PyFloatObject DY T RA T TH2 L ZICHEKRLET, ZOBEIIHEIC
BRI F5

int PyFloat_CheckExact (PyObject *p)
51803 PyFloatObject TH 3D PyFloatObject DY T RA FTRVWE ZICEERLE T, OB
FHICEIILET,

PyObject *PyFloat_FromString(PyObject *str)

RODfE: FHiLWBE, RICEL £ Stable ABL str OXFFE% D LT PyFloatObject 7 73 =
7 P EERLET., KT 2L NULL 2B L £5,
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PyObject *PyFloat_FromDouble (double v)

RDME: :TLWEBE, RICEL£7: Stable ABL v 55 PyFloatObject 7Y =7 M RAEMRL TR
LE¥Ed, K3 5L NULL ZIRL £73,

double PyFloat_AsDouble (PyObject *pyfloat)

RICE L £9: Stable ABI. Return a C double representation of the contents of pyfloat. If pyfloat is
not a Python floating-point object but has a __float__() method, this method will first be called
to convert pyfloat into a float. If __float__() is not defined then it falls back to __index__Q).

This method returns -1.0 upon failure, so one should call PyErr_0Occurred () to check for errors.
N— gy 3.8 TEH: AJRETHIUX __index__ () 2S5 XS5k L=

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIETIEZ., C @ double BRI TRLETH, T7—F v 7 ETVERA,

PyObject *PyFloat_GetInfo (void)

RBDME: HTLWBE, XRICEL X7 Stable ABIL. float DEE., &/IME. mAXMEICET 2EREET
structseq £ YA XV RAERLET, ZHUE, float.h 7 7 A LDENT v =TT,

double PyFloat_GetMax ()

RICBL £79: Stable ABI. float ORIRT= 3 KRME DBL MAX % C @ double BITIRL
3,

double PyFloat_GetMin()

RICBL X9 Stable ABI. float ®IEM{b XN 725/ NDIEDME DBL_MIN % C @ double BITiRL
9,

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
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.
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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 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)

Unpack the IEEE 754 binary32 single precision format as a C double.

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

Unpack the IEEE 754 binary64 double precision format as a C double.
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8.24 BEHAT>C Ik

Python OEZEHA 70 =7 Mid. CAPIL ISR 2 Zo0FEOM Yy L THEEINTVET: —AIX
Python 70 2'Z 22 L TRXNTWS Python DA 7Y =7 b T, MFEEBOEEREEZRE T2 C
DHERTT, API TR, Tho W25 B L TnE 7,

C BERL L TORER

BERD C MERZ5 e LTRIELZED, ROfEE LTELZD 328803, R4 Y XELZITS>DTIE
%< fEEL 2175 DTHEREL TSV, THUd APT 22 @ 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 compler _Py_c_sum(Py complex left, Py complex right)
ZODERZFEBDOIE C D Py_complex BITRL E35,

Py__complex _Py_c_diff (Py_complex left, Py complex right)
ZODEFEBDER C D Py_compler BITRL FT,

Py__complex _Py_c_neg(Py_complex num)

BEE num OFSRHEE C D Py_complez BITIRLE T,

Py complexr _Py_c_prod(Py complez left, Py complex right)
ZODERZEBDOEE C D Py_complex BITRL ET,

Py__compler _Py_c_quot (Py_complex dividend, Py _complex divisor)
ZODEFHDOME C D Py_compler BITIRL F5,

divisor 73 null DFEF. TDAY v FiF¥a %KL, errno IZ EDOM 2t v b LE T,

Py complexr _Py_c_pow(Py_complexr num, Py complex exp)

88 exp D num Tk C D Py_complex BITIRL 3,

num % null T exp DIEDEHTRVWBEIZ, ZDXAY v RiZ¥r%ERL. errno IZ EDOM 2t v k
L%,
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Python #7721V b L TOERKE
type PyComplexObject

Z®D PyObject DY 7 XA 7% Python OERFIERBIL 7,

PyTypeObject PyComplex_Type
RICELZE T Stable ABI. 2O PyTypeObject DA ¥ AKX ¥ A% Python ODEBFEZRHAL £ 3,
Python L' 4 ¥ ® complex LRI LA 7Y =2 FTT,

int PyComplex_Check (PyObject *p)
51823 PyComplezObject %» PyComplexObject DY T RA T ThHb L ZWHEZRLET, ZOMHEK
FHIZHRIIL L5,

int PyComplex_CheckExact (PyObject *p)
51823 PyComplezObject Td 50 PyComplexzObject DY T RA T TRV ZIZHEZRLET, Z
DRI FEIWCHII L £ 3

PyObject *PyComplex_FromCComplex (Py complex v)
RD{E: $LWBHE, 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)
RDh1ME: $FiLWBHE, RICEBL X7 Stable ABIL. Return a new PyComplex0bject object from real
and imag. Return NULL with an exception set on error.

double PyComplex_RealAsDouble (PyObject *op)
RICEL £7: Stable ABL. op DEEFERD% C @ double B TIRL £7,
Upon failure, this method returns -1 .0 with an exception set, so one should call PyErr_0Occurred ()
to check for errors.

double PyComplex_ImagAsDouble (PyObject *op)
RICBLZE T Stable ABIL. op DEHEE/T% C @ double B TRL ¥7,

Py __compler PyComplex_AsCComplex (PyObject *op)
BEBUE op 5 Py_complex BIZAEWM L F£5,

If op is not a Python complex number object but has a __complex__() method, this method will
first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to __float__ (). If __float__() is not defined then it falls back to __index__().

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

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

N— gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k L=
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8.3 >—72RAFTTx VU b (sequence object)

S VRF TV 27 T B RIS OWTIIRTOE T TR E L7z ZDOHEITid. Python
SEBICHLB Do TWVARREDY — T V2L TV 27 MZOWTIRWE T,

831 NI bATDxoh

TROBHEE, N A7V 27 PRIIFLTOWS5BUINA P A TP 27 P TRV AT X ZZHEE L TG
HiX# 3 &, TypeError ZiEH L ¥ 35,

type PyBytesObject
Z D PyObject DY 7R A Fi&, Python X4 b AT =7 b 2RLET,

PyTypeObject PyBytes_Type

RICBELFET: Stable ABI. 2@ PyTypeObject D4 ¥ AR ¥ A%, Python N4 FUERL FF;
Python L 4 ¥ ® bytes LR LA TS =2 M T,

int PyBytes_Check (PyObject *o0)

F7I 27 b oM bytes X TY =7 bh bytes BIDY T RA TDA VARV RATHBEEICERIRL
3, ZOBEBIIEICRILETD,

int PyBytes_CheckExact (PyObject *0)

FT7I 27 b oM bytes X T Y =T FED bytes BIDY T RA TDA VARV ATROVWGEICERIR
LET, ZOBEBUIFEICERIILE T,

PyObject *PyBytes_FromString(const char *v)

BOME: :iL WBE, KRICEL X9 Stable ABL RINKHZ, SZFH v Oav—%2Ee T3H L LA
ANAT 27 b EIBL, KRMEFIC NULL 258 L ¥ 5, 518 v & NULL TH-oTiER D FHA; 20D
F v 213 TbFERA,

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

RBOfE: iLWEE, RICEL 9 Stable ABL. BIRFIC, XFH v DaV¥—%2Hr T2EX len ®
HLWAAL M T 27 FERL, RBEFIC NULL 238U %9, 515 v 23 NULL OBE&. N4 M+ 7
7 bOHRERIHH IR TOERA,

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

EDh{E: :iLLWBE, RICBL XY Stable ABL C BI#® printf () R XA LD format XFH| ¥
AIAROGIEZERD ., #RD Python N4 +A TP =27 PO A X%HHEL, HEfEELLERCL
oo TEMUIANA P ATV 27 P 2IRLE T, AIERDTIEIE C 07 —&BTRIFNIZR ST
format XFHNHD T + —< v P XF L BEBEEEMT LN TORIFNUERD £FA, TRRD T 4 —
<y PXEPFHTEET:
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BRISEXT | B 5%

Wk e VFSAD % K

%C int C OBEIHI TR SN H—D N1 |,

%d int printf("%d") & [[%, *!

%u unsigned int | printf("%u") ¥R, !

%1d long printf ("%1d") ¥R, *!

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

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

%zu size_t printf ("%zu") ¥[F%, *!

%1 int printf ("%i") ¥ [[%, *!

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

%s const char* null TG X 7z C DXFF,

%p const void* C RA Y &ZD 16 #ERFL, printf ("Yp") 2IFLAYRILTY
MW, TT7v M7 —LIZBIT S printf DEFRICED D 72 { FLiH
WU T 70 0x B EET,

AT EROERIBEL TV D o 7256, B OFAXXTFINEIZOEERHROA TV =27 Mzar—&
N, B o5 IEIEH N E T,

PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
EbhfE: FTLLWEBE, RICBLZXT: Stable ABL. 5 x5 220058 EW2 22 ZFRWVWT,
PyBytes_FromFormat () FE U T,

PyObject *PyBytes_FromObject (PyObject *o)

RO{E: LW, XICEBLZXT: Stable ABL. Xy 7> 7a barr2FEEFTEZA TSIz b 0 DA
A FREERLET,

Py_ssize_t PyBytes_Size (PyObject *0)
RICBELZET: Stable ABL. X4 ATV =22 b 0 DA VRAOEXZRLET,

Py_ssize_t PyBytes_GET_SIZE(PyObject *o)

PyBytes_Size() WBTVWETH, Z57—F v 7 2fTVEEA,

char *PyBytes_AsString (PyObject *o)

RICELEFT: Stable ABL. 0 DHFEADKA Y RERLET, KA VXL, len(o) + 1 A 25
% 0 DNy 77 B E T, U null DAL IRHEZNE I D22 HLOLT,. Ny 77 D
#HDOANAL MEAT null 12D FF, PyBytes_FromStringAndSize(NULL, size) THMIN/HE
ZEROT, 7—XE2BIELTIRD A, £2RA VX2 (deallocated) LTIERD FHA, b
L. o2 bytes 7Y =27 b TRIFIUR, PyBytes_AsString () & NULL %3 L TypeError %##EH L
S
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char *PyBytes_AS_STRING (PyObject *string)
PyBytes_AsString ) ERITTWETH, T7—F v 7 2ITVEE A,

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

RICEL £79: Stable ABI. Return the null-terminated contents of the object o0bj through the

output variables buffer and length. Returns 0 on success.

length DfED NULL DFE. N4 A TP 27 b null N4 b E2EFROVATGEESHD ET, 205
. B%UZ -1 2R L. ValueError ZEH L 75,

buffer 1& obj DN Y 7 7 ZZHL TWT, ZHUTIEIRED null N1 FHEFATVET (THiF
length WX Z 5N EVA), A7 =7 b PyBytes_FromStringAndSize (NULL, size) THHK
ENGEERCT, MHoTHT—XEREL TUIWITERA, A7V 27 b EMR (deallocate)
LTHWITFERA. 0obj 53 bytes 73 =7 M ThhoBE1E. PyBytes_AsStringdndSize () 1%
-1 %R L TypeError ZiEH L £,

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

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
RICBLZE T Stable ABL newpart DNE% bytes DBRAIGHFELZH LN, VA TP =7 b
*bytes IHEM L E T, FHEHLENIFH LWSHBREFIE L E T, bytes DHWHOSRIZBENE T, D
LHFLWATY 27 bBERTERWVGS, W bytes DSIRITEE SN, *bytes DIEIX NULL IZFRE
SNF T WYRPIAIRESNE T,

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 | newsize)
A way to resize a bytes object even though it is "immutable”. Only use this to build up a brand
new bytes object; don’t use this if the bytes may already be known in other parts of the code. It is
an error to call this function if the refcount on the input bytes object is not one. Pass the address
of an existing bytes object as an lvalue (it may be written into), and the new size desired. On
success, *bytes holds the resized bytes object and 0 is returned; the address in *bytes may differ
from its input value. If the reallocation fails, the original bytes object at *bytes is deallocated,

*bytes is set to NULL, MemoryError is set, and -1 is returned.

8.3.2 bytearray A7V b+

type PyByteArrayObject
ZD PyObject DY 7 X A4 7% Python @ bytearray 7Y =27 bERLET,

PyTypeObject PyByteArray_Type
RIZCBLEJ: Stable ABL. Z® PyTypeObject DA > AR ¥ A%, Python bytearray %/~ L ¥
9. Python LA YT bytearray *[HILAT7Y = 7 FTH,
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BFrryovonO

int PyByteArray_Check (PyObject *0)
F 7Pz b oD bytearray & 7Y = 7+ bytearray BOY T RA TDA VARV ATH BIFEIT
HERLET, ZORBUIHICEIIL %5,

int PyByteArray_CheckExact (PyObject *o0)

F TPz b oD bytearray & 7Y =7 F72H bytearray BOY TR A TDA VAR Y ATRWEGES
WEZRLEST, ZOBBIIEICRILET,

A4 LY+ APl BE#
PyObject *PyByteArray_FromObject (PyObject *0)

RDME: #i LWBE, XICBL £ 9 : Stable ABL buffer protocol #FEELIEEDF T =7 b o H
5. H LW bytearray A 7Y = 7 FERIER L, BRL T,

On failure, return NULL with an exception set.

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize t len)
RBbh{E: i LWEBH, XIZEL 9 Stable ABIL. 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)
RDflE: FHILWVWBHE, RICBL X7 Stable ABIL. bytearray a & b %8 L72#RZH L bytearray
ELTERLET,

On failure, return NULL with an exception set.

Py ssize t PyByteArray_Size (PyObject *bytearray)
RICELE 9 Stable ABL. NULL KA Y& F = v 7 DRRIC bytearray DI A4 X%ERLF T,

char *PyByteArray_AsString(PyObject *bytearray)
RICEL F7: Stable ABIL. NULL RA ¥ X F = v 7 DIRIT bytearray DNAE% char BiFl L TGRL %
T BENBEHNTIE. FHITRDZ null N1 FHABMENET,

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
RICEBLE 9 Stable ABI. bytearray OGN 7 7% len NV H A4 XL ET,

Y70
Nroxrnid, K4Y20F 2y 72 LAV EICEDREH2HREICL TRAY - F2EELTVE T,
char *PyByteArray_AS_STRING(PyObject *bytearray)
PyByteArray_AsString () WHTWETD, TF7—-F v 7 2TVER A
Py _ssize_t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size () ICPUTWVWETH, TI7—F = v 7 Z2TVERA,
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8.3.3 Unicode #7217 F ¥ codec

Unicode A7 x¥ +

Python3.3 @ PEP 393 FE¥» 5, X T VUIMEREHEREL 72275 Unicode XFDOTRERHEHFELINZ 5 X 512,
Unicode * 7Y = 7 MEIPRRINCZ AR 2 HOTWE T, TRTOa— FEA > A 128, 256 £7=
1% 65536 LR DSLFINTH U TR R o — ADFEL £ 35, 2 Tlda— FRA > M 1114112 BUR
(ZHUETRTD Unicode HiFATT) TRIFIUILD £H A

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

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

PEP 623 for more information.

Unicode 2!
LI NiE Python @ Unicode FEEIWZHW SN TWBHEA Unicode A 7Y = 7 ITT:

type Py_UCS4
type Py_UCS2
type Py_UCS1

RICBLFY: Stable ABL. Zho0fE, 2z, 328y b, 16y M, ZLT8E Y FOXF
PRS2 DI RIEZFFOFER L OBKE D typedef TF, H—0D Unicode XF %K 5 HAE L.
Py_UCS4 ZFHWT L EE W,

Added in version 3.3.

type Py_UNICODE
ZAUZ. wchar_t @ typedef T, 799 F 74 —AMFELTI6EY F52 32y AR 5,
N—=YaYr 3.3 TEH: LETONN— 3 > TlE, Python ZE L F L7z "narrow” F721% "wide”
Unicode XN—=2 a YO EELZERLEPICL T, 16 By b2 328y FOEYB L2DOHIZKR > TV
i Lf:o

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject

B D PyObject ¥ 7 XA Fi& Python Unicode 7Y =7 FERHIL %3, Unicode 7Y =
7 bS5 2TOD API B PyObject ~NDKRA ¥ X %32 3B > T PyObject NDKRA ¥ X %ZiRT D
T, B ALDHBE, ThODREPEREHES NETIEHD EVA,

Added in version 3.3.
PyTypeObject PyUnicode_Type

RICBLZFT: Stable ABL. 2@ PyTypeObject DA ¥ A& > XlE, Python Unicode %X L £73,

_ ZhUX, Python 2—RFiZ str ¥ U THH XA ET,
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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 7Y =2 b obj 5 Unicode 7Y =2 b2 Unicode BUDOH TR A TDA VARV R THBHGEIC
HzRLET, ZOBBEHICEIILET,
int PyUnicode_CheckExact (PyObject *obj)
F 7Y =7 b obj B Unicode 7Y =7 bEBHTRA TDA VAR A TRWESICEEZRLET,
C ORI EICHRIIL £ 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 THEHESE: This API does nothing since Python 3.12.

Py_ssize_t PyUnicode_GET_LENGTH(PyObject *unicode)
Unicode XFHNDaA—RKRA ¥ P TORIZIRLET, unicode 1F 7 IR RIJER D Unicode F
T2 PTRITNUIZRD ERA (RELFzv 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)

T 2 2T B iz, UCS1, UCS2, UCSA OWFAAQBEEIZ % ¢ 2 b S EfnE
BHERANDRA Y EZE2RLET, EMAREDPBEELRLFEY A XWZROTVEDLESPDF v Z7IEL
FHA; PyUnicode KIND() %Mo TIELWEEZEA T Z&E W0,

Added in version 3.3.

PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() =7 B DR D{ETT,
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 ZRIFET 2 DIT 1 XFH 7 DaNA4 Mo TWB %R PyUnicode FAID
R (LZFTHATLEZIWV) D55 129%KRLET, unicode 1 7 1IEFZL” REER D Unicode F 7
P FTRIFNUIRDEVA (EELFzv Z7IELERA),

Added in version 3.3.
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void *PyUnicode_DATA(PyObject *unicode)
A @ Unicode Ny 7 7 AD void KA ¥ X %Z2R L £F, unicode 13 7 IEM7L” RIAERD Unicode +
T2 FTRITNUIZRD FRA (RELF v Z7IELEEA),
Added in version 3.3.

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

IEMERBRER 2o TW\Wd (PyUnicode DATA() THUFLz) data \ICEZAAE T, ZOBEBIIIE
WEDF = v 727DV, V—FTHONETDDHDTT, MOH LARE, ool L TG L
7o kind {6 data FA Y B%2F X v P2 FRNETT, index IIXFHND (0IED D) 4 ¥ F v 7 AT,
value 1IZFDHFNTEZIAFNZ 2R3 FHLVwa—FRL Y FOETT,

Added in version 3.3.

Py_UCS/ PyUnicode_READ(int kind, void *data, Py_ ssize_t index)
IEMRBRRER 2o TWb (PyUnicode DATA() THUFL72) data 53— FARA ¥ b Z2HAHD
£, F v VHRERO~ 7 a LU LIZ—YIThNER A,
Added in version 3.3.

Py_UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py _ssize ¢ index)

Unicode 7Y =2 b unicode 7 HXF%ZHAMD £5, 2@ Unicode 7Y =2 MI 7 IEFR” R
BERTRIIIRD F8 A MIEDHEG L THANRDHEIIE. D2 0id PyUnicode_ READ()
XD HIERNEWTT,

Added in version 3.3.

Py_UCS/ PyUnicode_MAX_CHAR_VALUE ( PyObject *unicode)

unicode IZEIDWVTHDOXFHNEELDIHL 2R ADI—FRA Y bE2RLET, ZD Unicode A
TV ME T IEHR? BREATRIUEAED R A. ZOHEZEICHEM[TTRS, XFH ez
N3 & D HEEETT,

Added in version 3.3.

int PyUnicode_IsIdentifier (PyObject *unicode)
RICEL 7 Stable ABL 35323, identifiers HiDOFFHERICB I 2 FRRFIFTHIUL 1 2R
LEd, 205 EE 0 ZIRL $7,

N—Ya ¥ 3.9 TEAHE: The function does not call Py_FatalError() anymore if the string is not

ready.
Unicode XF70O/N7T+

Unicode 38(% < DHI2 2 F 7 0,87 4 (character property) 2L TWE T, X fHbh 3 FE7n
A7 40 UTFo~27aTHETEEY, 2hbD~ 7 2l Python OFEIISE T, &4 C OBEBIHIE
FTFsnTVETS,
int Py_UNICODE_ISSPACE(Py UCS4 ch)

ch BDZEAXFHIPESPITIECT 1 FF 0 ZRLE T,
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int Py_UNICODE_ISLOWER(Py UCS/ ch)

ch BINFHRE S PITIECT 1 F723 0 ZRL T,

int Py_UNICODE_ISUPPER(FPy UCS4 ch)
ch WRIXFHESIPITIELT 1 £/ 0 ZRLET,

int Py_UNICODE_ISTITLE(Py UCS4 ch)
ch R A bV —ZALF (titlecase character) 2225 TG LT 1 £721% 0 2R L E T,

int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)
ch BBATFRE S PITIELT 1 £7213 0 ZIBL X9,

int Py_UNICODE_ISDECIMAL(ny UCS/ ch)
ch 73 decimal XFENEIPZIELT 1L £-3 0 ZRLET,

int Py_UNICODE_ISDIGIT(Py UCS/ ch)
ch 7% digit SXFPE S PIEUT 1 $7213 0 ZELE T,

int Py_UNICODE_ISNUMERIC(Py U/CS/ ch)
ch BF (numeric) XFPEIPIIGUT 1 £/21F 0 ZIBRL £,

int Py_UNICODE_ISALPHA(Py UCS/ ch)

ch 37N T 7Ry XFENPEDIPITIHLET 1 F21F 0 BRLET,

int Py_UNICODE_ISALNUM(Py UCS/ ch)
ch DEELFPESIPIIGCT 1 £213 0 BIRLE 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().
DUFo APL &, @#ICEEFER 2T bbb k3.

Py_UCS/ Py_UNICODE_TOLOWER(Py UCS/ ch)
ch /L FIZEBL LD ERLET,

N— a ¥ 3.3 TIEHELE: This function uses simple case mappings.

Py UCS/ Py_UNICODE_TQUPPER(Py UCS/ ch)
ch B RXFIZEBLIZDDERLET,

N— a3 v 3.3 TIEHESE: This function uses simple case mappings.

Py UCS/ Py_UNICODE_TOTITLE(Py UCS/ ch)
ch 224 MV —ALFIZEBLLIEZDOERLET,

N— a v 3.3 TIEHESE: This function uses simple case mappings.
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int Py_UNICODE_TODECIMAL(Py UCS/ ch)
Return the character ch converted to a decimal positive integer. Return -1 if this is not possible.
This function does not raise exceptions.

int Py_UNICODE_TODIGIT(Py UCS/ ch)
Return the character ch converted to a single digit integer. Return -1 if this is not possible. This
function does not raise exceptions.

double Py_UNICODE_TONUMERIC(Py UCS/ ch)
ch % double IZZEHAL 72 b DZIRLET, TARERBHIX -1.0 ZIRL £3, ZOBEEIFINZEN L %
A

B APL 3V n s — MdhHx F 3

int Py_UNICODE_IS_SURROGATE(Py UCS/ ch)

ch 3% — kY 5h (0xD800 <= ch <= OxDFFF) #F = v 27 L %7,
int Py_UNICODE_IS_HIGH_SURROGATE(Py UCS/ ch)

ch B EMiH a5 — b ¥ 5% (0xD800 <= ch <= OxDBFF) #F v 7 L% 7T,
int Py_UNICODE_IS_LOW_SURROGATE(Py UCS/ ch)

ch WROY s — F ¥ 5% (0xDCOO <= ch <= OxDFFF) #F v 7 LET,
Py _UCS/ Py_UNICODE_JOIN_SURROGATES(Py_UCS/ high, Py UCS/ low)

Join two surrogate characters 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 XFFDERE 77X

Unicode # 7Y =27 b &4 LD, Unicode D> —7 > 22 LTOEARANLRTORT 4 IZT7 7R LD
T 21213, LR API Z2ffioTL 72X
PyObject *PyUnicode_New(Py_ssize_t size, Py UCS/ maxchar)

RBOfE: LW, #H L\ Unicode 7Y =27 b EAEKRL £F, mazchar IXXXFHNAWAR2Z a—F
FA Y FOELWRABICTRETT, ZOMEIMEMY LT 127, 255, 65535, 1114111 O —FTW
fEicHIh FiFesh s,

ZAUIH LW Unicode & 7Y =27 P 2AERT 2R INTHIETT, ZOBMEME > TER I A
727 NIV A XEHIAARETT,

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)

BRDfE: FTLWEBR, G260k kind (XD 18 % ME1Z PyUnicode 1BYTE KIND 7% & @
PyUnicode_KIND() AR FETT) @ Unicode A 7Y =7 FEERL FF, buffer 3. GAHhH
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72 kind 12> T 1 XFH72D 1,2, 4 X4 FOWTIArZEA L LT, R size DEFINDRA V&
TRITIUIED FE8A,

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

Added in version 3.3.

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

RbO{E: :ILWEHE, XICEL X9 Stable ABIL. 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 stris NULL and size > 0
N— 3 ¥ 3.12 TEH: str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString(const char *str)
BDE: 1LWEE, RICBL X9 Stable ABL. UTF-8 =¥ a— F&XA /= null KD char Ny
7 7 str 5*5 Unicode #7922 + 24K L E 7,

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

ROE: FILWEBHE, XRICBL 7 Stable ABL Take a C printf ()-style format string and
a variable number of arguments, calculate the size of the resulting Python Unicode string and
return a string with the values formatted into it. The variable arguments must be C types and

must correspond exactly to the format characters in the format ASCII-encoded string.

—ODZEPHEEFIL 2 TR ZENU LD TR ES. ZOMRERIIU T2 572D £905, RLULIEIC
HHR L7237 D 8 A:

1. fEEFORMBERTT %' -
2. BT ST (AT ay), ~HOLIMBDHRICEEL XY,

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. MERZWT (X 7> av),

6. 24,
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2T 5 7T A MORLET:

Flag ‘ =153 ‘

0 BEAIH L TERIREZ 7 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 %7zi% unsigned long

11 long long ¥ 7/:id unsigned long long
intmax_t or uintmax_t

Z size_t or ssize_t

t ptrdiff_t

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

const wchar_tx*.

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,

0 IR

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

unit is number of bytes or wchar_t items (if the length modifier 1 is used) for "%s" and "%V"
(if the PyObject* argument is NULL), and a number of characters for "%A", "%U", "%S", "%R"
and "%V" (if the PyObject* argument is not NULL).

0 R

Unlike to C printf () the 0 flag has effect even when a precision is given for integer conversions
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(4, i, u, o, x, or X).

N—=Ta ¥ 3.2 TEHE: "411d", "%11lu" OV K— bBMEINE Lz,
N—=Ta Yy 3.3 TEHE: "%1i", "%11i", "%zi" O R— +2EMXNE L,

N—3gy 34 -fcfgﬁé . "%S", "%A", "%U", "%V", n%su’ nYR" T@m577}"—7\7&£;@%£7ﬂ'_
XY ROFR— FHEBMENE L,

N—=3 a3 ¥ 3.12 TEHE: Support for conversion specifiers o and X. Support for length modifiers
j and t. Length modifiers are now applied to all integer conversions. Length modifier 1 is now
applied to conversion specifiers s and V. Support for variable width and precision *. Support for

flag -.

An unrecognized format character now sets a SystemError. In previous versions it caused all the

rest of the format string to be copied as-is to the result string, and any extra arguments discarded.

PyObject *PyUnicode_FromFormatV (const char *format, va_ list vargs)
RBO{E: FTLWBE, RICBLFEFJ: Stable ABL. 5B x5 220D58EW3 Z L E2RVWT,
PyUnicode_FromFormat () &R T3,

PyObject *PyUnicode_FromObject (PyObject *obj)

BbhfE: ILWEBHE, RICBL X7 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¥ T XA FUSNDA 7Y = 7 b TIX TypeError 2355|ZEZ SN E T,

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

ROME: :iLVLWEER, RICELZFT: Stable ABL. 2> a— FEHTW3 obj % Unicode 7> =2
]\ &:“7‘::’ e F I./ i‘j_o

bytes X bytearray D bytes-like objects &, 52 b7z encoding W > TF a— KX, errors
TERINLT— AV FY U rpfibgd, ThSD5IIMG ¥ S NULL IZTE, ZDHAET
APLBE 77 4V MEZEWNE T (FEL 2 &1& #AHIAH codec (built-in codec) ZBHLTLZE W),

ZDAid Unicode 7Y =7 b2 &L A 7Y =7 MiE TypeError FIAZE IS L E T,

ZDAPL I, =7 =T/ Z2IE NULL 2R L 3, MUH LRI N=A 7Y =27 ML
SAY X% 1 DOW5T (decref) THEMENDHD 3,

const char *PyUnicode_GetDefaultEncoding (void)

RIZEBL £ 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.
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Py_ ssize_t PyUnicode_GetLength (PyObject *unicode)
RICBLFY: Stable ABI (IN—23> 8.7 4&D). Unicode #7327 ORI %Za— KL T
BLET,

On error, set an exception and return -1.
Added in version 3.3.

Py ssize t PyUnicode_CopyCharacters (PyObject *to, Py ssize t to_start, PyObject *from,

Py ssize 1 from_ start, Py ssize t how__many)

»% Unicode A7V 27 " oMIALFEa—L T, ZOBABIIMER L I XFEBLEITV,
ATHE 233 81E memepy O ~AELREL T, LMD L 2101 -1 2BL, FISEZELET, 25 THRY
Bk, av— LCr e B L£5,

Added in version 3.3.

Py ssize_t PyUnicode_Fill(PyObject *unicode, Py _ssize t start, Py ssize t length, Py UCS/
fill char)

X% FTHD EF: unicode [start:start+length] T fill char 2221k D T,

fill_char WXFHNDBRALT LD DBREVEER, X752 DU LEDOBRZR > TEHBEIERKL
\ij—o

EBEXIAALENTR R T ., KRO L 21213 -1 ZRLAANEZER L 5,
Added in version 3.3.

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

RICELET: Stable ABI (IN—=2 3> 3.7 &D). XFEINILFEEHEZRAAET, XFEIZ
PyUnicode_New() TER LRIFAUEL D £ A, Unicode XFHNNIFAEL ENTWVWEIDT, ZD
XFHFEEEIRTOED, ZRETIAY Y2l TV TIEVWT A,

Z OB unicode A3 Unicode 7 73 27 vV THBI ., A VT v 7 ADHBANTHZZ L, 7
VU WNPEBIIEBETEDL (DFEDBRAIVU I 1THD) 2k Fzv I LET,

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)

RICBELFT: Stable ABI (IN—=23Yy 3.7&D). XFHrOXF2HARDET, T7—F v
ZATH\N PyUnicode READ_CHAR() X EIXTHRENIC, Z DT unicode 5 Unicode 7Y = 7 b
THbZ, ATy IADPHBENTHS 2 F v 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)
ROfE: FiLLWBE, RICBLETJ: Stable ABI (N—=23> 8.7 &£D ). Return a substring of
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unicode, from character index start (included) to character index end (excluded). Negative indices

are not supported. On error, set an exception and return NULL.

Added in version 3.3.

Py UCS/ *PyUnicode_AsUCS4 (PyObject *unicode, Py UCS/ *buffer, Py ssize t buflen, int

copy_ null)
RICBEL &9 Stable ABI (IN—23> 3.7 &b ). Copy the string unicode into a UCS4 buffer,

including a null character, if copy_null is set. Returns NULL and sets an exception on error (in
particular, a SystemError if buflen is smaller than the length of unicode). buffer is returned on

success.

Added in version 3.3.

Py _UCS/ *PyUnicode_AsUCS4Copy (PyObject *unicode)

RICBLET: Stable ABI (IN—23 > 8.7 &D ). XFF unicode % PyMem_Malloc() TXE MR
SNTFH LW UCHA BD ANy 7 7i2ab—LEd, ThpKRMLZ5HEIE. NULL 23K L MemoryError
Ty bLET, BEN/TANY 7 713463 null 23— FRA ¥ bAEMENTVET,

Added in version 3.3.

Oy—J)IT>ya—5Fa1 >4

BfEon sy — Ly a—F 4 Y73 FRL—T 4 VIV AT LADTF AT a—R352D1fE2 %75,

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

Rhfl: HLWBHE, RICEBL X7 Stable ABI (IN—23> 3.7 & D). Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported
error handlers are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict"
error handler if errors is NULL. str must end with a null character but cannot contain embedded

null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and

error handler.

This function ignores the Python UTF-8 Mode.

& 2E

Py_DecodeLocale() FA%,

Added in version 3.3.

N—=Ya v 3.7 TEHE: ZoBMKIZ. Android DA TREEDOR Sy — Ly a—FT 4 v 7%
surrogateescape L7 — Y R Z TS5 k512D ¥ L7, MUATIE. Py_DecodelLocale() 73
surrogateescape Tffibil, BHEDRFr—L Ty a—F 4 ¥ 7 strict THEbLATHE L,
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PyObject *PyUnicode_DecodeLocale(const char *str, const char *errors)

RDfE: HIiLWBR, XRICBLZFXJ: Stable ABl (IN—=2 3> 37 &£D).  Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen().

Added in version 3.3.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

ROflE: FILWBHE, RIZBLZET: Stable ABI (N\—3 > 3.7 &D). Encode a Unicode object
to UTF-8 on Android and VxWorks, or to the current locale encoding on other platforms. The
supported error handlers are "strict" and "surrogateescape" (PEP 383). The encoder uses
"strict" error handler if errors is NULL. Return a bytes object. unicode cannot contain embedded

null characters.

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error han-
dler.

This function ignores the Python UTF-8 Mode.

& BE

Py_EncodeLocale() FA%K,

Added in version 3.3.

N—Yay 3.7 TEHE: ZoBKIE. Android MATEBREORr— VT ya—-T 4 V7%
surrogateescape T 7 — Y R 7 TS X512 D % L%k, DUETIE. Py EncodelLocale() ¥
surrogateescape Tffibil, BEOR T —LT Y a—F 4 ¥ 27 strict THDATVWE L7,

T7AINS AT LI A—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:

int PyUnicode_FSConverter ( PyObject *obj, void *result)

RICBLZE 9. Stable ABIL. 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
PyBytesObject*). 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.
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N—= a ¥ 3.6 TEH: path-like object BT AND K DIZi D F LTz,

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)

RICE 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 ZZIFAND K51k E LT,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py ssize ¢ size)
RBOfE: :rLLWBE, XRIZBL XY Stable ABI. Decode a string from the filesystem encoding and

error handler.

If you mneed to decode a string from the current locale encoding, use

PyUnicode_DecodeLocaleAndSize ().

& 2E

Py_DecodeLocale () FA%,

N—= a3 ¥ 3.6 TEH: The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

ROME: HILWEH, RIZEL £9: Stable ABI. Decode a null-terminated string from the filesystem

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

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

BDhME: iILWLWBIE, RIZBL £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().
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& 2E

Py_EncodeLocale () FA%,

Added in version 3.2.

N—=a ¥ 3.6 TEHE: The filesystem error handler is now used.

wchar_t H7R—

wchar_t ZH%R—1+5577 v b7+ —LTOD wchar_t $H—}:

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

RBOE: HLWLWBHE, XIZBL X7 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 ABL (IN—23> 3.7 &D ). Convert the Unicode object to a wide character
string. The output string always ends with a null character. If size is not NULL, write the number
of wide characters (excluding the trailing null termination character) into *size. Note that the re-
sulting wchar_t string might contain null characters, which would cause the string to be truncated
when used with most C functions. If size is NULL and the wchar_t* string contains null characters

a ValueError is raised.

Returns a buffer allocated by PyMem New (use PyMem_Free() to free it) on success. On error,

returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.
Added in version 3.2.

N— 3 ¥ 3.7 TEH: Raises a ValueError if size is NULL and the wchar_t* string contains null

characters.
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#8AiA# codec (built-in codec)
Python 1%, IEHEZ & 5 72912 C TEDP N codec DPRIZATHHY EFT, ZhHLTD codec 1T
DR EN L TEENHATE X5,

LIRD API O£ L 25, encoding & errors W05 ZOD5| & DET, TAHDNRT X —&iX, HAAAL
DXFHNAVRA NI IR THD strO) ITBFLEHADNTXA-REFEUEREFDLET,

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 CIEET 2T —MMH b F7-, NULL ZEETEZEJ, NULL Z{6E T % &. codec TEZEI N TV
57730V MUBOFERAEZEKRKLET, 2 TDHARAA codec T, 77 4L b DT T LT "strict”
(ValueError 2k § %) IZkoTWVWET,

il % D codec IZBTRMDA VR —T 2 — A% H->TWVWET, D codec DIAHTIX. FHEHZEEHICT 2
DI TORNHADA VX —7 2 — R DEWE T ZRHBELTWET,

A codec
LUTIEILA codec @ API T

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

*errors)

RBbh{E: i LWBE, XIZEL £ Stable ABIL. Create a Unicode object by decoding size bytes of
the encoded string str. encoding and errors have the same meaning as the parameters of the same
name in the str() built-in function. The codec to be used is looked up using the Python codec

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

PyObject *PyUnicode_AsEncodedString(PyObject *unicode, const char *encoding, const char *errors)
RBOME: FiLWBE, XRICEBL X Stable ABIL. Unicode A 7Yz 27 b2z ra—FL, ZOHER
Python @ bytes & 7Y =27 b LTGRLUE T, encoding B XU errors 1% Unicode 2 ® encode () X
Yy RIZHEZBABDNRI AR A ULE®RERDE T, T2 codec DKL, Python @ codec
LYRA MY 2o TITWE T, codec DSV EIEM L 7285E1CIE NULL 2R L £3,

UTF-8 Codecs

LURiE UTF-8 codec ® API T3

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

RD{E: HILLWEBE, RICBL XY Stable ABL. UTF-8 T a— KNz size N4 +DXXFEH| str
525 Unicode #7222 FEAEMLET, codec D3FIAZ A LZ5GEICIE NULL 2R L9,

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

Py_ssize__t *consumed)

BRbf: HLWBE, RXRICEL 9 Stable ABI. consumed 7 NULL O 35 &,
PyUnicode_DecodeUTF8() LU X S ICEIEL £9, consumed »° NULL TRWHE, REDT
52 UTF-8 N MlllZz o7 - AREINFEFRHA, ZNHDANAL MZTa—FET, 7a—F&
=4 PRI consumed ITHEIAX N E T

188 %8 EZE BRATZ 1Y b+ (concrete object) L1




The Python/C API, U1 —2X 3.12.9

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

BDhfE: LW, XRICEL F7: Stable ABL. UTF-8 T Unicode # 7Y xzZ b >a—F L,
fiR%Z Python NA MllA 7Y =27 b LTRLE T, 7 —HIX "strict” T3, codec 23144 % 3%
H U581 NULL 23R L £5,

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py ssize 1t *size)

RICBLFT: Stable ABI (IN—23 > 3.10 &D ). Unicode # 7Y =2 +% UTF-8 TZ>a—FL
b DANDRA Y EZIRL, Trya— FEINLRBPTOY A X (N4 ML) & size ITHEIAL %
F, size 51 NULL THHWEEA; ZOHEREVI A XM EEA, BEINZ Y 7 7123
null 23— RFKRA Y bRH 2050 L T, EIZ null N4 MBI Eh TR T (Zhid
size WIIBIESNELEA).

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls
will return a pointer to the same buffer. The caller is not responsible for deallocating the buffer.
The buffer is deallocated and pointers to it become invalid when the Unicode object is garbage

collected.
Added in version 3.3.
N—T gy 3.7 TEH: RDEDEID char * TIX7 { const char * X% D F L=,

N— a v 3.10 TZEH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize () LIFIZF LU TTH, 4 XML A,

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—T gy 3.7 TEH: ROEDEID char * TIE7 { const char * XD F L=,

UTF-32 Codecs

LURIE UTF-32 codec API T3

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py _ssize t size, const char *errors, int

*byteorder)

RBRhfE: $iLWBE, XRICEL X9 Stable ABL. UTF-32 Ty a— RENNy 7 7 XFEHH» S
size NA F 27 a—F L, Unicode X 7Y =27 e LTRLET, errors & (NULL TRWARSH) LT —
N RIRIEELEST, 77 4L M "strict” TF,
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byteorder 7% NULL TRV, 73 —X352 6NN, bA—X—T7a—- NZHBLET,

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

*byteorder 25 0 T, ANT—XDERAID 4 N4 bH byte order mark (BOM) 72 51F, 7a—XKik
ZDONA A =Z=1ZYIhF . BOM 135EHRD Unicode XFF|I2a ¥ — XN FH A, *byteorder
M -1 T3 1 251E. 2T byte order mark i Hicar—axh 3,

Fa— FPET Lk, ANTF —ROBRICHKEZBETDONAL b — & —% *byteorder 12y b L
£7,

byteorder 7% NULL ® ¥ ¥, codec & native order £— FTRHI#HL F 3

codec DMfiAN & FAE X B/ Z1d NULL 2R L 3,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py ssize t size, const char *errors, int

*byteorder, Py _ssize_t *consumed)

BRbfa: HLWBE RXRICEL FF9: Stable ABI. consumed %% NULL D & ¥,
PyUnicode_DecodeUTF32() & R U X 5 IR % |\ ¥ 3, consumed 25 NULL TR WV & X,
PyUnicode_DecodeUTF32Stateful () 3 REBDATEL (4 TEHDODUAZRVWREI DAL MY
D) UTF-32 XA P25 — L LTIHWE R A, REORZERLEAL MlETFa—rFEhd, 7a—
R XIS VDY consumed WTHEA S NLE T,

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

RDME: HILLWEBE, RICELZXT: Stable ABL. A4 7 4 7N b4 —&—T UTF-32 =>a—7 4
¥ 7 &Nz Python N4 P XXFHNEIRLET, XFINEFEIC BOM ~— 2 THEDET, =T -1V
K 1% 7strict” T3, codec D3N EFAEX R/ 21X NULL 2R L F3,

UTF-16 Codecs

LUR& UTF-16 codec @ API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py ssize ¢ size, const char *errors, int

*byteorder)

RBDOE: iLWEHE, RICBLE 9 Stable ABL. UTF-16 TZ>a— KXy 77 s 5 size
NA MRFFTa— LT, #iR%Z Unicode #7322 FTIELE T, errors 13 (NULL TRWEE) T
A EEERLET, T 7 4L MEX "strict” TF,

byteorder 7% NULL THRWK, Ta—X3H5Z1 6NN, b A —X—T7a—FEHBLET,

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

*byteorder 7% 0 T. ANNT—XDKEH 2 NA F2INA b A —KX—<—2 (BOM) IEo7HE. 7a—
K& BOM 2R3N b A=K —=1ZYID X, 2D BOM Z#iRD Unicode XFINZa—L F¥
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Ao *byteorder 2% -1 20 1 /2o 7BE. TRTO BOM 3 A~Nav—EhEd (HTIE \ufeft
2 \ufffe DEHELITRBTL X ),

TaA— KPR T Lk, ANT — X OISR ZFRTDONA M+ —&X —% *byteorder 2ty b L
£9,

byteorder »% NULL D ¥ %, codec & native order £— FTHIHBL 3
codec 2MFIANZ FAE X B2 & i NULL 2R L £3,
PyObject *PyUnicode_DecodeUTF16Stateful (const char *str, Py ssize t size, const char *errors, int

*byteorder, Py _ssize t *consumed)

BEbDf{E: #HLLWEBEB, XICB L F F: Stable ABL consumed 73 NULL O 3 &,
PyUnicode_DecodeUTF16() Y [ U X 5 ICEIE L %X 9, consumed %% NULL T 7% W&,
PyUnicode_DecodeUTF16Stateful () 3 REDRTELK UTF-16 N4 M| (FEED N4 FFIL
BEEINZY B Tr— b RT7) ZL T BRLETA, TNH6DNAL MZTFa—-FEhd, 7a—F
NN VR consumed WRL F T

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

REDfE: FiLWBH, RICBL X9 Stable ABL. XA 74 734 4+ —&—7T UTF-16 =>a—7 4
¥ 7 &z Python N4 FXFHIRIRL 9, LFHNIHEIC BOM ~—2THEDET, =7— 1>
FZ1& 7strict” T3, codec 2hIs 2 AL i NULL 2B L %3,

UTF-7 Codecs
LURIE UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py _ssize t size, const char *errors)

RhE: FHTLLWBE, RIZBL X9 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 25 NULL TRW\WE &, REDOF
56427 UTF-7 base-64 2T 7 -t LEH A, RERRERTDONA MIETa—FEFIT, 7a—
R L7 A % consumed ITHSAL F 35

Unicode-Escape Codecs
DURI& ?Unicode Escape” codec @ API TF:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py ssize t size, const char *errors)
RBD{E: i LWBE, XIZEL £ Stable ABIL. 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)

RDE: FHILWEH, RICEL X9 Stable ABI. Unicode-Escape % {#\» Unicode # 7>z + &
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Ya—FRL., #R%E bytes #7927 b L TGRLE T, =7 —MUHIE "strict” T3, codec 234t %
P L7258 NULL 23R L 5,

Raw-Unicode-Escape Codecs
LI Ri& "Raw Unicode Escape” codec @ API T3

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

RD1ME: 1 LLWBE, XIZEBL £9: 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)

RD{E: FiLWBH, XICBL £ Stable ABL. Raw-Unicode-Escape #ffi\y Unicode & 7Y = 7
FEZ>a—FL, #E% bytes A 7Y =227 b2 L TGRLE T, 77— "strict” TF, codec 73
Bils 2k L7235 E8101E NULL 23R L ¥5,

Latin-1 Codecs

PURIZ Latin-1 codec @ API T3 : Latin-1 . Unicode BFEODHEFID 256 EICHIH L, T a— FFIIZIX
O 256 A EZELUET,

PyObject *PyUnicode_DecodeLatinl (const char *str, Py ssize ( size, const char *errors)
BbhE: :ILWLWEHE, RICBL X7 Stable ABL. Latin-1 T > a— K&/ size N4 b DXFF
str > 5 Unicode & 7Y =7 M R4 L £3, codec D3I ZIEH U 72BE121E NULL 2R L E5,
PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

RBhfE: HTLWEE, XRICBL X7 Stable ABIL. Latin-1 T Unicode # 7¥ =27 +2x>a—FL,
#iR% Python bytes # 73 =27 e L TRL T, 77— strict” T3, codec 23512k H
L7=23538121 NULL 2R L £9,

ASCII Codecs

PUFIZ ASCII codec @ APIT3, 7€y FD ASCIH 77— &7 %2ZMLET, 2offioa— Iz 77—
ZhE9,

PyObject *PyUnicode_DecodeASCII (const char *str, Py ssize t size, const char *errors)
RBD{E: #iLWBE, XIZEL £ 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 :TLWEE, ICBL X7 Stable ABI. ASCII T Unicode # 7 ¥ =27 F 2T ra—FL,
f&R % Python bytes A 7Y =27 P& L TRLE T, =7 —MHII "strict” T3, codec 2352 X H
L7285812id NULL 2R L £3,

192 %8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, U1 —2X 3.12.9

Character Map Codecs

T D codec &, Z < DEkL 7% codec &34 T ZBICHDN D L1 5 HTHRFRZR codec T (SR, encodings
X =T Ao TV BIEHE codecs DIFEALIE. TD codec 2o TV T), ZTD codec lF. XFDLT
Ya— R R7Fa— PR eHOE T, BESINIMHIEROA 7Y =27 Md __getitem__ () vy YA
VR—=T 2 —R%HPR—F L TWRTIUIRD FHA; HERPY—F VABZUTEL TWE T,

LI mapping codec @ APIT7T:

PyObject *PyUnicode_DecodeCharmap (const char *str, Py ssize t length, PyObject *mapping, const

char *errors)

RBOE: FHiLWBE, RIZBL X7 Stable ABL. 52X &7z mapping & 73 =27 F &5 T, size N
ArDZTYa—RFEINEXFS str 57 a— K LT Unicode A 72 =2 b EERL ET, codec 53
M FE X7z 21X NULL 2R L ¥ 55

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)
Eb{lE: FiLWBHE, XICBLZX Y Stable ABIL. Unicode & 7Y =2 b % mapping \ZHEE SNz A

A/ I\’E’ﬁ’)fl/ﬂ— FL., fR% bytes 279227 b2 L GRLET, =7 =N "strict”
T9, codec DI ZIXH L 735E12I1E NULL 238 L %9,

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.
LR ® codec API ik Unicode %*5 Unicode NDXEAF I} 21T 5 Kokt b DT,

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

RBOE: :iLWBE, RICBL £9: Stable ABL. XFHNIXFITIGFE table Z#H L TEH L, £
&8 % Unicode 7Y =227 FTIRL¥3, codec 2MllFN 2 FIT L 7235E121% NULL 238 L 3,

TG IE, Unicode Pz KT8 % Unicode P2 R TEEM % 7213 None (ZDXFZHIRT ) 1T
RIS 22 ud7z b £8 Ao

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 TEEHONZDEEIUEKERF B 3, errors I NULL IZLTH KL, T 741+
7O ERZERL F5,
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Windows FH®D MBCS codec

LU MBCS codec @ API TF, 2@ codec 3HIED Y Z A, Windows E721FTHIHTE, L5
1% Win32 MBCS Z#u### (Win32 MBCS converter) Z{#-> TW& 3, MBCS (%721% DBCS) (x> a—
FARORE (class) R T FET, HF—Ox vy a—FAREZRTDITRRVOTERLTLEZZ W, FIH
Ehdxzra— FAK (target encoding) &, codec ZEMEI B TWVWE I Y FOI—FRETEREIN T
E

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

ROfE: iLWBE, RICEBLEXT: Stable ABI on Windows (IN\—2 3> 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: HiLWBER, XRICEL FJ: Stable ABI on Windows (IN—23> 3.7 &D). consumed
M3 NULL D ¥ &, PyUnicode_DecodeMBCS() L[ UENFEZ L £F, consumed 73 NULL TR\ ¥ &,
PyUnicode_DecodeMBCSStateful () X FHDBRRICH 5NV FNA P XFORIENS M 2T a—
FE3. consumed 173 — F LA MEBHL X3,

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

const char *errors, Py ssize t *consumed)

RBDfE: $iLLWBER, RICBL X Stable ABI on Windows (IN—23> 3.7 &D ). Similar to
PyUnicode_DecodeMBCSStateful (), except uses the code page specified by code page.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

RBDME: :iLWEE, RICELFJ: Stable ABI on Windows (IN—23> 3.7 &b ). MBCS T
Unicode A 7Y =2 b2y a—FL, #iR% Python X4 MllA T =7 b L TGRLES, =5 —
JUEZ Tstrict” TE, codec D3BISN 2 X U 735E1213 NULL 2B L %9,

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

RBOfE: ILLWEBR, RICBLFT: Stable ABI on Windows (IN\—3> 3.7 &D ). Encode the
Unicode object using the specified code page and return a Python bytes object. Return NULL if
an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

Added in version 3.3.
XYy krZROv bk
AVy RFEXIV ROy MR (slot function)

PUF@ API & Unicode A 7Y =27 b B X OXFHNZ2 AINCHD (BT, EB 5 FIHeRILLTVE
3. BEIISUT Unicode 7Y = 7 s BB RITHERER o TV E T,

IS DB ET, BISHRAELHEITIE NULL $72013 -1 ZIRL $9,

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
RBROME: FLWBHE, RICBL XY : Stable ABL. Z 2D XFH%HES LT, #7272 Unicode XF5%
AERR L ET,
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PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py _ ssize_t maxsplit)

RBOfE: FiLWBE, XRIZBL XY Stable ABIL. Unicode XFFID VY & + %43E| LT, Unicode X
FHI»HIRB VA MEIRLET, sep 2 NULL DFA. ETOEAXFE2H > THEEZTVET, %
NUNDOEGE, IBEINLNF R THEZTVE T, HAT mazsplit [E TOREEZITVET,
mazsplit YER SIXTERNCHIBZ T EEA. THIERDO Y X PAICEHEICFIZEAET A

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

PyObject *PyUnicode_RSplit (PyObject *unicode, PyObject *sep, Py _ssize_t maxsplit)
RBOhfE: HLWLWBE, XIZEL 9 Stable ABIL. 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: :ILWBE, RICEBL £ 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)

RDfE: F1LWBE, RICEL X7 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.
Equivalent to str.partition().

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

BDE: HrLWEBHE, RICEL X7 Stable ABI. 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: :rLWBE, RICEL X9 Stable ABL. #8E L7z separator TXFHNDP OB —7 Y R%
A (join) L. EA5H#EHR % Unicode XFHITRL £,
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Py_ ssize_t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py _ssize_ 1 start,
Py ssize_t end, int direction)
RICEBL X9 Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end
(direction == -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return

-1 if an error occurred.

Py ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py _ssize t start, Py ssize_t end,
int direction)
RICBL £7: Stable ABI. unicode [start:end] HIZ substr BPRANCHER T 2G5 EERELET, Z
D & BHREINTMK I direction (direction == 1 W FNEA AR, direction == -1 13 HFTARER)
THERLET, RDEIRRINICT Yy FRROP oGO A > 7y 72T RYE -1 3~y FHRE
DOMERMPoIzZeERL, -2 FT T —DRELTHNMERPREZINTVWEI L 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] HIIXF ch HAEANTHIB
TGN IRLET, 2D ZIEESINIMMESM direction (direction == 1 \INEA AR, direction
== -1 IFHAHARR) TRRLE T, ROEERIICY Y FHRROD oGO A VT v 7 ATT; R
DI -1 13~y FOROP SR 07 2R L, -2 13T 7 —2FEAEL THIMERIFRES N TS
TEERLET,

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
end)
RICEL £ 9 Stable ABI. unicode[start:end] T substr DEHT S Z ik { HET2EEZRL
¥95, TI-RELLGEIE -1 ZRLET,

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py ssize i
maxcount)
RBbhE: :ILLWEHE, RICEL X Stable ABI. unicode FICHIRT % substr &K T mazcount
replstr I2EIAL, BIERTH S Unicode A 72227 P RIBLE T, mazcount == -1 1233 ¥,
XFHNHFCEHN B ETOD substr ZHEIEL T,

int PyUnicode_Compare ( PyObject *left, PyObject *right)
RICBLET: Stable ABL. Z2oDXFHN R LT, EIBDHTIE I DN WGEE, EA5I180%
fioGa. ESlIBBETIEEID REWGEEIIML T, Zhzth -1,0,1 ZIELFT,

ZOBEBUK, KRBL7ZE 2T -1 BIBT DT, PyErr_Occurred() ZMUHLT, =53—%F=zv 7§
NETT,
int PyUnicode_CompareWithASCIIString(PyObject *unicode, const char *string)

RICEL £9: Stable ABIL. Unicode & 7Y =2 b unicode ¥ string ZHB L T, E5I8PEFIE X
DS WIBE, EASIEDEMOGE. ElBA5I8 XD REVGEIIH LT, Zhzh -1,0,1 %
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BLET, ASCII > a— FENLXFHNRET 2T DHRS RNT T, ASCFHNCIE ASCIL X
FPEENTVB25E1E ISO-8859-1 & LTHERL £9,

Z OBEBIIFIAN R L EE A

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

ROl :TLWBER, XICEL X7 Stable ABL. —2® Unicode XFH| 2L T, FTDOS3HD—>D
PIRLE T

o NULL %, BSD3FAE L ISR F T,
o Py _True L <& Py_False . IEL S HEXTELIHITIEL 3,
e Py NotImplemented in case the type combination is unknown

Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject *PyUnicode_Format ( PyObject *format, PyObject *args)

RD{E: $iLWBER, RICEL X7 Stable ABL #1722 XFHNA 7Y =2 b format B XL args »
LAMLTRLET; Z2OXY v Nk format % args DL HRDDTT,

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

RICEB L F9: Stable ABIL. substr 73 unicode WIZH 2 TR, ZOBRICIHGUTEEZIIMBEZIEL
3,

substr IZBEZE D Unicode X FIIHREHITERITNERD VA, =7 —DPEUEEEICZE -1 2R
LEd,

void PyUnicode_InternInPlace (PyObject **p_ unicode)

RICEBL X9 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_unicode 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.
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PyObject *PyUnicode_InternFromString(const char *str)
ROfE: TLLWBE, RICEL £7: Stable ABI. A combination of PyUnicode_FromString() and

PyUnicode_InternInPlace(), meant for statically allocated strings.

Return a new ("owned”) reference to either a new Unicode string object that has been interned,

or an earlier interned string object with the same value.

Python may keep a reference to the result, or prevent 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.

8.3.4 7N ATV b (tuple object)

type PyTupleObject
Z D PyObject DY 7 XA FE Python DX TINVA TS =7 b ERBILET,

PyTypeObject PyTuple_Type
RICBLFY: Stable ABL. 20D PyTypeObject DA ¥ A& ¥ A& Python DX AR ERE L £F;
Python L' A ¥IiZEBF 3 tuple ERLA T =2 T,

int PyTuple_Check (PyObject *p)
PWEINF T2 "R INANDY TR TDA VAR ATHEGECERRLET, OB
FHIZHRIIL L5,

int PyTuple_CheckExact (PyObject *p)
PIMRINI T2 NEBERINDY TRA TDAL VAR A TRWESICHEERLES, ZDOH
BIF TR L L5,

PyObject *PyTuple_New(Py ssize ( len)
RBDhME: ;i LLWBE, XRICEBL X9 Stable ABL Return a new tuple object of size len, or NULL with
an exception set on failure.

PyObject *PyTuple_Pack(Py ssize tn, ...)

RBOfE: :iLLWBE, XICBL 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_8ize(PyObject *p)
RICEB L F 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)
'g. (- ,—ggg
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TP VR LET, pos BETH 2 »#ifHl X TW\W5E. NULL %R LT IndexError 5t %
ty FLET,

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() BTV E T, 5IEICHT 2T —F = v 7 BTV ER A,

PyObject *PyTuple_GetSlice(PyObject *p, Py_ssize_t low, Py_ssize 1 high)
RBhfE: :rLLWEBE, RICEBL X7 Stable ABL 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)

RICBELZET: Stable ABL p DT XN A T =27 FAD, (il pos THBEATI =7 bADBIR
ZANE T, BITHUE 0 IR L ET, pos DI ZEZ TWVW5H5. -1 B L T IndexError {4t
By PLET,

0 IR

ZOBBIE 0o NDBEE T IBAWD” FF, T/, BEEDAL VT AT TRINDOEZRNSA T
WAGE, TOBERBIINTISBEBREL T,

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

PyTuple_SetTtem() WBTVWE T, TI7—F = v 7 %I{TOT., FilhXIVicfiz Ahs e = UH
ICIFE->TIEARD FEA

0 IR

ZOBEBIE 0o NDZHEE " IRABD” £F, ¥z, PyTuple SetItem() &i#E - T, EHERDE X
ADVECTHEEMIONI A T PANDOBRENE LERA ; ZOKR. XA ofiE
pos TBRINTWEAT Iz PBXEVY =7 %25|ZRILET,

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

RINE)HA T BBMEZ E T newsize 1ZX TNVDOHTREZXTT, XRTVEEEREERA T
Vb EVWSTEIZLHE->TWS OT, ZOBEBIZZDOATI 7 MR L ThE—2 LSRR
WRELMZIIE > TR D EH A, 27U a— FHOMOEEATI TIRBEIN TV RHEICIE. 2
DRI E o TIRED XA . T NVEEIIEET A XORBETHRIL £3. MIILALEIZIE 0
ZIRLET, 7947 Fa—FRiE »p OEXIHEFHUATERTIZR S EHIFFL TIERD £8 A *p
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DNEEMMZONTGE. A VI FNLO +p BRI E T, KT 2L -1 ZIKL. »p & NULL IZRE
L. MemoryError ¥7:zi% SystemError %M L ¥ 73,

8.3.5 Struct Sequence 7 x¥ k

struct sequence 4 7Y = 7 M& namedtuple) A 7Y =7 b2 &Effit C A 7P =227 b TF, DFEDH, 2D
BRICBUERBL T 7R TEIENTESLY— 7 Y AT, struct sequence ZAEMT 31213, T IRE
D struct sequence B2 AR L 721 4UTTR D £ A,
PyTypeObject *PyStructSequence_NewType ( PyStructSequence Desc *desc)
REDfl: FiLWBE, RICEL X7 Stable ABL %iRD desc HD T — &2 HH1 L\ struct sequence
BMEERLET, BEINBZBDA VA& R PyStructSequence_New() THEBRTEET,

Return NULL with an exception set on failure.

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
struct sequence B CTH % type & desc &b L ITZ DG 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
RICEBLET: Stable ABI (FRTDAYN=ZFT). £l T % struct sequence DX & 7 — X 2
FLET,
const char *name
Fully qualified name of the type; null-terminated UTF-8 encoded. The name must contain
the module name.
const char *doc

Pointer to docstring for the type or NULL to omit.

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

RICBLET: Stable ABI (TRTDAYN—%ZFEL). 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.
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const char *name
Name for the field or NULL to end the list of mnamed fields, set to
PyStructSequence_UnnamedField to leave unnamed.

const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField

RICBLET: Stable ABL (IN—=23> 3.11 &D). 74 =V FEZRAFDBRNE XT3 72D ORHK
A3 18

N—Yar 3.9 TEH: I char * "HZEBEXNE LT,

PyObject *PyStructSequence_New (PyTypeObject *type)
ROE: FTLVWEBE, RICELFT: Stable ABL type D4 Y ZA X ¥ ZZ24ER L £F, type 1
PyStructSequence_NewType () 1 & o THANIER L TOWRITIUIRD £ A,

Return NULL with an exception set on failure.

PyObject *PyStructSequence_GetItem(PyObject *p, Py _ssize_t pos)
Rb{E: EHASE, XICEL XY Stable ABIL. Return the object at position pos in the struct
sequence pointed to by p. No bounds checking is performed.

PyObject *PyStructSequence_GET_ITEM(PyObject *p, Py_ssize_t pos)

ROl EHEBME, Macro equivalent of PyStructSequence_GetItem().

void PyStructSequence_SetItem(PyObject *p, Py _ssize t pos, PyObject *o0)

RICBL £ Stable ABI. struct sequence p @ pos DNMEICH S 7 4 —L RIZMH 0 ZEREL F T,
PyTuple_SET_ITEM() DX 512, ERLZTDA Y ARV AR LTOAFHTRETT,

O IR

OB o NDBE T BAMD T £5,

void PyStructSequence_SET_ITEM(PyObject *p, Py_ssize_t *pos, PyObject *o)

Similar to PyStructSequence_SetItem(), but implemented as a static inlined function.

0 IR
OB o NDBE T BAMD T £5,
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8.3.6 UXrATTxVU b

type PyListObject
ZD PyOvject DY 7T RA X Python DV R AT =27 EREFLET,

PyTypeObject PyList_Type
RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ AR > A% Python @Y R MUEREL 7,
ZHUX Python LA ¥IZEBIF 3 list EALA T =7 M T,

int PyList_Check (PyObject *p)
pBUVANE T2 bV RA VDY TRAL TDA VARV ATHIGEECERRLET, 2O
FEICHIIL £7,

int PyList_CheckExact (PyObject *p)
pBRVANETT 27 PEPVRA MDY T XA TDA VAR ATIHRWERICHZIRL LS, Z0OHM
BIH L %5,
PyObject *PyList_New(Py ssize i len)

BDE: FHILWBE, XRICBLFJ: Stable ABL. ¥4 X% len FilzBVAMA TV 27 P BELET,
LH$ 3 NULL 23R L %7,

O 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().

Py _ssize t PyList_Size(PyObject *list)
RICBELET: Stable ABL. VA MATI 22 b list DREXZRLET; VAMA T2 MZBIT S
len(list) 2[ELTT,

Py ssize t PyList_GET_SIZE(PyObject *list)
PyList_Size() WWHTWETH, T7—F v 7 ETVERA,

PyObject *PyList_GetItem(PyObject *list, Py _ssize_t index)
Rbfl: §ASE, XICBL £7: Stable ABL 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.

PyObject *PyList_GET_ITEM(PyObject *list, Py ssize 1)
RO ME: fBAE®R, PyList_GetItem() WKBPTWVWE I, TI7—F v 7 Z2ITVEEA,

int PyList_SetItem(PyObject *list, Py _ssize t index, PyObject *item)

RICBELET: Stable ABL. YA b4 7Y =27 MADHE index 12, A 7T =7 b item ZHALE T,
R L7235E0203 0 ZIRL 9, index D3I ZBZ TWA5HE. -1 ZIK LT IndexError 2t v b
LEd.
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0 IR

Z OB item NDBIRE T IRAD T £3, 2.

LHEELDA VF 7 R T TIRBOEZEBA -
TW3HE, ZOBRCNITLZSRBEMELE T,

void PyList_SET_ITEM(PyObject *list, Py _ssize t i, PyObject *o)

PyList_SetItem() <27 BIZXBFELET, T5—-Fzv 7 Z2iTVELA, ZO~rvid, #HiirY
ATDERERE AN Z L DRWVBICERZ AL L ZIZDOAENE T,

O IR

ZDx 7 aid item NOBRE V BWAWMD " £F, Fio. PyLlist_SetItem() LiEoT. EHEOD
XWZDPECTCHEEIMIONIZ ATV 27 bADSRBERE LERA ; ZORR. list Fofi

B
&
i TBRANTWEA TV 27 bR XEY Y — I 5[ ERILET,

int PyList_Insert (PyObject *list, Py _ssize_t index, PyObject *item)

RICELFET: Stable ABL B2 jtem 2V A b list DA T v 7 R index DRNHAL 3, M3

5 0 BIBLET, KT 5L -1 ZIRL., filAtEty P LE T, 1list.insert(index, item) IZJH
{ubf:%ﬁb“@j—o

int PyList_Append (PyObject *list, PyObject *item)
RICBLET: Stable ABL. A 7222 b dtem % list OREBICEMLET, K52 0 2K

T KT B -1 ZRL, Bty PLET, list.append(item) WZHHBIL 72H&RET T,

PyObject *PyList_GetSlice (PyObject *list, Py ssize t low, Py _ssize ¢ high)
RDME: FILWEBHE, XRICBL X9 Stable ABL list D, low 75 high £8TD A7V =27 b9 5

%BVAMIRLET, KT 2L NULL ZiBL., fISbzty b LEF, list[low:high] IZHHBIL /=

WEETT, 7272 L. VAMDREDPSLDA VT v 7 RAFHR—-PEINTVERA,

int PyList_SetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high, PyObject *itemlist)

RICEL F9: Stable ABL low 55 high £ T®D list DR 4 A%, itemlist DNEFEIZL E3,
1mﬂhmmgm==nmmmttﬁw@%%610#mmnuNmLf%;< Z22Y 2 FORA (FEE

AT A4 ZADHIR) WD ET, RBHLEEEI 0 2, KMLAEGEIE -1 ZIRLET, &2l VY

ATFDOREPHDA Ty 7 AFYR— SN TVEEA,

int PyList_Sort (PyObject *list)

RICELZET: Stable ABL list ONEE A FTL—XATY—FLET, BLEHEEICIX 0 2. KK
L7235 E81iE -1 ZIRLE S, list.sort() XELC T,

int PyList_Reverse(PyObject *list)

RICBLZET: Stable ABL. list DEZE% 4 > P —ATKEELET, BRI LGEICE 0 2. KL
725 EiE -1 ZIRL %9, list.reverse() 2R U T,
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PyObject *PyList_AsTuple (PyObject *list)

BOE: HFTLWLWERE, RICBL X Stable ABIL. list ONBB A 22X TIN5 T 27 b RIR
L¥7; tuple(list) &AL T,

8.4 Container 77TV k

8.4.1 HEAXF T2 ¥ b (dictionary object)

type PyDictObject
ZD PyObject DY 7R A FE Python DFEEFEA T 27 P EREL F T,

PyTypeObject PyDict_Type
RICBLZFY: Stable ABI. 20D PyTypeObject DA ¥ AR A% Python OFFELZRILET, Z
DA T =7 P&, Python LA VIZBIF 3 dict ERULA T =7 T,

int PyDict_Check (PyObject *p)
p BEEF T 27 P OEHEUOY TRXA TDA VARV ATHIGEICERRLET, ZOBBILE
WL £ 9,

int PyDict_CheckExact (PyObject *p)
p DEEBRA T 2 7 VEDPEFFROY T XA TDA Y AZ Y ATROWEEICERZKRLET, ZOBIT
(1527 R 0)- 3 28

PyObject *PyDict_New()
ROE: HFILWBE, XICBLET: Stable ABL. ZZOHi 2 4FHERZKLE3, RKT 5L NULL %K
l./ ij—o

PyObject *PyDictProxy_New(PyObject *mapping)
BhfE: ILWEBHE, RICELET: Stable ABL. 2~y 7BA 7Y =7 MIRL T, Siiat LEH
WZHIBR X 172 types.MappingProxyType 4 7Y =7 b 2RL E3, @H. Z OB TRVWY
7 A (non-dynamic class type) D27 7 AFFENEBE I NR VKWL 2 —2ERT % =DIcflibi
9,

void PyDict_Clear (PyObject *p)

RICBLUET: Stable ABL BAEHZFIZA> TVWEETOF—HORTEZRELTEICLE T,

int PyDict_Contains (PyObject *p, PyObject *key)

RICEBLE9: Stable ABL &&E p 1T key fJi\]\o“CL\Zpﬁﬁ:'UﬁL?To p DBEEM key T—H L5
Hld 1 2R, 2B oBECE 0 ZBRLET, =7 —DHE -1 ZIBRLET, ZDEIZ Python
DR key in p EFEMTI,

PyObject *PyDict_Copy (PyObject *p)

RBOE: FrLWBE, RICBLEJ: Stable ABL p E[HIUF—LHORT B Ao Hil-EEELIRL
ij—o
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int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)
RICBLET: Stable ABL &3 p 12, key ZX¥— U TH val ZFHAL X T, key 13Ny > 2 AHE
(hashable) TRFAUILD R A, Ny > 2 A[RETRWIEA, TypeError ZXH L %3, ML %5
:rb\.éi 0 % %Eﬁ(bt ﬁ[:l i -1 ;2 L%, ;_O)Egﬁlbi val "\@%Fﬁ%&z;"ﬁlb i't":/bo

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*.

int PyDict_DelItem(PyObject *p, PyObject *key)

/KL_ BLZEY: Stable ABL §& p 225 key ¥ —2 3222 PV ZBRELE T, key & Ny ad]
ETRUINIRD FEBA; Ny ¥ 2A[RETRWEE, TypeError ZiXH L X9, key DFFEHIZRITIN

¥, KeyError XML E T, MIILABEEICE 0 2, KRB LALGEEIE -1 ZIRLET,

int PyDict_DelIltemString(PyObject *p, const char *key)
RICE L F9: 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 Py0bjectx.

PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

RO E: ERABE, RIZELET: Stable ABIL. Return the object from dictionary p which has a key
key. Return NULL if the key key is not present, but without setting an exception.

0 IR
Exceptions that occur while this calls __hash__() and __eq__() methods are silently ignored.

Prefer the PyDict_GetItemiWithError () function instead.

N— a ¥ 3.10 TZH: Calling this API without GIL held had been allowed for historical reason.

It is no longer allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

Rbh{#E: ERABR, XICBL X Stable ABL PyDict_GetItem() DERTHINEZRL A, st
DBRELEGEEZ. 2Ly b LIEETNILL 2IRLE T, F—DEELREDL - 56813, iz
+v b #9IC NULL 23R L 7,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

ROfl: EHABE, RICEL 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 Py0Object*.

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.
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PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
RbfE: BESE, ZHid Python L N1 dict.setdefault() R LTI, b LHIE &HEp
D5 key ICXIET AEEZIRL 5, F—0FFEICRITIUL, {H defaultobj AL defaultobj %R L
3, ZOBBUL. key DNy P 2 fHEERR A Z LI A WCFHE S 2 D TIdR L, —EE T LHRE
flilFHA,

Added in version 3.4.

PyObject *PyDict_Items (PyObject *p)
ROfE: :iLWLWEBER, RICBL X T Stable ABL #ENDOETOERNMNMNA o7z PyListObject ZiK
LET,

PyObject *PyDict_Keys (PyObject *p)
RDME: HTLWLWEBR, RICBLFT: Stable ABL #H#EHNDLTOF —H A o7 PyListObject ZiKL
9,

PyObject *PyDict_Values (PyObject *p)
RBOfE: HiLLWEE, RICEBL XY Stable ABL #&F p NOETOMEN A o7z PyListObject &k
L%,

Py ssize_t PyDict_Size (PyObject *p)
RICBLET: Stable ABL BFENOEZOHERL T, FHECH LT len(p) 2ETTZ2DERT
T,

int PyDict_Next (PyObject *p, Py _ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

RICBLET: Stable ABL & p NOE2TOF —/EDORTICHT 5 KIEUBEITVE T, ppos B
ZIRLTW5 Py _ssize_t BIZ, Z ORTREIEZBG S 2, ONCBEBEZROHT LD D
A 0 WHIHE L T2 RINER D $H A, ZOBBUIFHENDOER7EIRD EIF5 Z 2 ICEER
L. 2TCORT7ZWMD EF7e30h 5 ez R L ET, T X —&— pkey B XU pualue 1IZI1E, %
NZNEFEDK 2 DF — L {HLHD N7z PyObject* BEEIETRA X h, £7/21& NULL A D %
T, ZOBEPHRENZZRIITIANTEHASRITRD £5, RIFLHAIZ ppos ZZEE L TIERD %
FA. ZOMIINIRNRFHEBESRDOA 7y PERBLTED., FERIIZAS—ZARDT, X7ty
F Dl —BMHEL RN DTT,

Bl 213

PyObject *key, *value;
Py_ssize_t pos = O;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the wvalues... */

RIGBAEFACEREE p 2ERB L TE7RD A, BEZRELHET 2B, F—1CMIS 2H2EEL
THRLRICARD T L0, F—DREZEHE LRV EDHHET S, UTIChlZRL £
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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) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
RICBLFT: Stable ABL. v v FHIA T2 b b DLTOEKRIZDL - T, RIENIZF—/EDR
7hREEE o WTBMUE T, b idEFEDL, PyMapping Keys () F7z1% PyObject_GetItem() % HHR—
FERMOEDPDF T 27 MTTEET, override PERHIE, a DF——BIT2F =D b IZHBE
2. BFORTZEBEERZ T, 2hAo5EIE. b 0)3?*—&\_*’:5(?6:\" M a lRWVWE EDAHBN
ZITWET, BIILGEIIE 0 IR L., BRI S 7581 -1 ZIRLE T,

int PyDict_Update (PyObject *a, PyObject *b)
RICEL X7 Stable ABI. C THREIX PyDict_Merge(a, b, 1) 2[F U T. %7 Python @ a.
update (b) EITWE I, PyDict_Update () B _BID "keys” BUE R WGE ;3?——/{
RT7DY = Y AZRETZ 3D FHEA. RIILTHEIIE 0 ZIRL. fistoEt Ehic5
12 -1 mIRL 9,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)
RICEBLFT: Stable ABL seq2 NOF —/fERT7 Zffio T, #FH o« ONEZEHLLDHEALLED L
9, seq2 1E. F—/[HORT7 L ARELREE 2 ORIEAIREL 7 = 2 b (iterable object) &4 T
BRIEAIREA 72 = 7 P TRIFNIRD S8 A, BET 2 F —DFET 25E. override BETL 5135
WHBHLZF -2, 25 TRVLWHERRBRICHBELF—2fuE 3, fIILAEHECE 0 ZiRL
PSR E NG EIE -1 ZIRL 3, (RDEMINI) FifiZ Python a— FZ2&EL &, MT@&
ST D 3

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkey] = value
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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 mno 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 wvalue will
be NULL. If event is PyDict_EVENT_ADDED or PyDict_EVENT_MODIFIED, new_value will be the new
value for key. If event is PyDict_EVENT_DELETED, key is being deleted from the dictionary and

new__value will be NULL.

PyDict_EVENT_CLONED occurs when dict was previously empty and another dict is merged into
it. To 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.
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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+

D7 arTiE set ¥ frozenset DN API KOV TFH LS ABRRE T, UBTHHL TV
ORI, HRA TP 2 M T v Fajl (PyObject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print (), PyObject_GetIter()
AL PHMARKME I e b al (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 kA L 78X, set & frozenset MFTDONERT — X EZRET 2 DICHVWLNE T,
PyDictObject XRIL & 512, NEWVESR (set) IS L TE (X FLD XS Z) BES A XTHD, 25
TRVESIIH LTI (VA PERLCEIR) AIEROXEY 70y 72T, ZOMERKDOLED
74— RH, REHENTVEEEZBZRETIERL, EEINZARENHDET, INTOT77E
AE. WEROHOEZEFRET 20TIERL, FFaxXy bEhi API ZHWTITORETT,

PyTypeObject PySet_Type
RICELET: Stable ABI. Z® PyTypeObject DA ¥ AKX > A%, Python @ set BERLET,

PyTypeObject PyFrozenSet_Type

RICBELZET: Stable ABI. 2D PyTypeObject DA ¥ A X > AlE, Python ® frozenset B%Z &L
£9,

PgEDRIF = v 7= 7 X TRTD Python 7Y 227 MIRT2RA RIS LUTEMEL £ 5, Rk, =
VANZZREITRTDA T L— bAJREX Python 4+ 7Y =2 MWL TEMEL 3,

int PySet_Check ( PyObject *p)

p B set MEDYTRATDAT 27 VTHBE B true ZIRLET, ZOBBIIEICHKILET,
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int PyFrozenSet_Check (PyObject *p)
p 23 frozenset MZDH T XA TDA T 27 b THBE ZIT true ZIRLET, ZOREBUIFEITHK
mLETd,

int PyAnySet_Check (PyObject *p)
p 23 set M frozenset . HAWVWIWEZFDV T XA TDATI =27 P THIUX, true ZBIRLET, ZD
BEBUIH I L £5,

int PySet_CheckExact (PyObject *p)
p D set AT MNENYTRAL TDA VAR ZATRWERICERZRLET, ZOBEBUIEITHK
mLETd,
Added in version 3.10.

int PyAnySet_CheckExact (PyObject *p)
p 73 set »» frozenset DEHLHLNPDA TV 2 b THBH L X2 true ®IRLET, 77X TDL T
Jxl MIEAFEEA. ZOBEBUIEICHRINILET,

int PyFrozenSet_CheckExact (PyObject *p)
p D frozenset A 7V =V NEWH T RA TDA VARV ATHRWEEICEZRLET, ZOBEE
WL £ 9

PyObject *PySet_New (PyObject *iterable)
RBOfE: L WBH, XRICEL £ Stable ABI. dterable DR $A 7T =27 b EELH LW set iR
L ¥, iterable 3 NULL D & ZliE, 22D set ZIRLE T, BIIL7HH LW set &, KL 725 NULL
TR U E T, iterable 254 7L — PAJRE TR WIEEIE, TypeError ##EHL 3, ZOaYA M5/ X
Eset AV —F 2L ZTHHRFET (c=set(s))o

PyObject *PyFrozenSet_New (PyObject *iterable)

RBDOME: 1LWESEE, SRICB L X Stable ABI. iterable DR 54 7Y = 7 b &L L\ frozenset
IR L FF, dterable 53 NULL D ¥ &1, 28D frozenset #IR L F 3§, BIIRAIZIZH LW set &=, FREL
RFICIE NULL 23R U £, iterable 34 7 L — MATRE TR WAL, TypeError X L £73,

VOB~ 27 1ld. set ¥ frozenset ¥ ZDH T XA DA VY AX Y ZWHLUTHHATEE T,

Py_ ssize_t PySet_Size (PyObject *anyset)
RICE L £9: Stable ABI. Return the length of a set or frozenset object. Equivalent to
len(anyset). Raises a SystemError if anyset is not a set, frozenset, or an instance of a
subtype.

Py ssize t PySet_GET_SIZE(PyObject *anyset)

I —Fx v BTV, PySet_Size() O~ afgx,

int PySet_Contains (PyObject *anyset, PyObject *key)

RICEB L ZE 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
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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)

RICELEJ: Stable ABIL set DA Y AR Y RIT key B L ¥£3, frozenset IZF L THEE
L% (PyTuple_SetItem() DX S1T, D a— FIZHAZ ZHTOH L\ frozenset DEZ D 3728
WHEHTEET), MLz 0 2, KKLAED -1 ZIRLET, key Iy ¥ 2 A[EETRWVWIHEIX,
TypeError A L E T, set ZRE LT 2RBPIBLVEEIF,. MemoryError ZEH L E T, set A3
set DZEDV T RATDA VAR Y ATHROWEAIL, SystemError ZiEH L E 3,

DI DBIRUZ, set & Z2DY 7 XA FITH L THHATEET S, frozenset £ ZDH 7 XA FITIAMTE X

Ao

int PySet_Discard (PyObject *set, PyObject *key)
RICBLFY: Stable ABIL. Return 1 if found and removed, 0 if not found (no action taken), and
-1 if an error is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the
key is unhashable. Unlike the Python discard() method, this function does not automatically
convert unhashable sets into temporary frozensets. Raise SystemError if set is not an instance of
set or its subtype.

PyObject *PySet_Pop (PyObject *set)
ROfE: HILWBE, RICBLET: Stable ABL set OHOERD ENHIIHT 28 LWSIREZR L.
ZOFTT 27 M set OHIRL E 5, KL 7S NULL 2R L 9, set DZEDHE I KeyError
TEMLUET, set B set EEDVTRA TDA VAR Y ATRVWEEIE, SystemError kM L
9,

int PySet_Clear (PyObject *set)

RICB L9 Stable ABL. Empty an existing set of all elements. Return 0 on success. Return -1

and raise SystemError if set is not an instance of set or its subtype.

8.5 Function 77>z 7 k

8.5.1 Function #7>x7 bk
Function # 7Y = 7 +EAH OO T H» T,

type PyFunctionObject
BEucfEbh 2 C ORiEE,

PyTypeObject PyFunction_Type
PyTypeObject B1D 4 ¥ A X ¥ X T, Python BB ZXRL £3, ZHiE Python a2 J Al
types.FunctionType & L TARAETNTVE T,

int PyFunction_Check ( PyObject *o0)

o WA T =7 b (PyFunction_Type BTH2) JBHICEZRLE T, 287 X —&Iid NULL 1T
FEHA, ZOBBIEEIEIIL X,
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PyObject *PyFunction_New(PyObject *code, PyObject *globals)
RDME: TLWBR, 2—FF 7T =7 b code ITHEMT HNTFHLOWEBA 7Y =27 P Z2IBLE T,
globals X Z DB S 7 72 A TE 2 70— " IUVEHOEETRIINUIRD XA,

D RF 2 XY P XFHNLFNEa—-FA TP 27 b oBIEEINE T, __module__ & globals

HOLEFINET, 5 DOT 74V MESRT /T —>ay, 7B =Y v d NULL KHESINE T,

__qualname__ {J2—FA 7P =27 +D co_qualname 7 4 —/L N R UIHICEREZINE T,
PyObject *PyFunction_NewWithQualName ( PyObject *code, PyObject *globals, PyObject *qualname)

RDME: 1L WBH, PyFunction New() WZMTWETH, A7 =227 FD __qualname__ B
W%ty PTEFE T, qualname 2 =a— KA+ 7P =7 b5 NULL THL TERD ¥ A, NULL
7207358, __qualname__ JEMEIZIZa—FA 7Y =22 bD co_qualname 7 4 —/)L K[ U{ED L v
FENET,

Added in version 3.3.
PyObject *PyFunction_GetCode (PyObject *op)

ROE: BAEsR, A7 =2t op CHENT SNz - FAT7Y 227 P 2IBELE T,
PyObject *PyFunction_GetGlobals (PyObject *op)

RDE: BABR, A7 =7 b op WCBHE Shi globals H#EE 2R L £3,

PyObject *PyFunction_GetModule (PyObject *op)

ROl BERAEBE, 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)

ROE: BASE, A 727 op DEIEOTFT 7 50 MEEIRL E 3, 515D X 7 LH NULL I
BhET,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)

BBA T2 b op DEIBDT 7 4V MEERELF T, defaults 1 Py_None »&X 7 ILTRRIFIUX
WITEHA,

KL 7-Ff&, SystemError ZFAEXH, -1 ZIRLE I,

void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)

Set the vectorcall field of a given function object func.

Warning: extensions using this APT must preserve the behavior of the unaltered (default) vectorcall

function!

Added in version 3.12.
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PyObject *PyFunction_GetClosure (PyObject *op)

ROE: BASR, BBA 727 b op KREENT27 B8 —-U ¥y ZIRLET, NULL D> cell 7Y =
7 DRINVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)

BA 727 b opl2Zu—I v BELE T, closure &, Py_None d LIk cel 792 bOD
R TIVTRITINUIRD F8 A,

KU 7-RRX, SystemError ZHAX ¥, -1 ZIRL ¥,

PyObject *PyFunction_GetAnnotations (PyObject *op)

ROE: BREBE, BA T2 b op D7/ 7 —2ar%RLET, R DEIZEEREREEED
NULL 2% D ¥£73,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)

BBA T2 op D7/ T—2ayERELET, annotations FFEF D, Py_None TRIFIUIR
D i;@,—%l/o

KU 7-RRX, SystemError ZHAEXH, -1 ZRLET,

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
« PyFunction_ EVENT_MODIFY_CODE
e PyFunction_EVENT_MODIFY_DEFAULTS
e PyFunction_EVENT_MODIFY_KWDEFAULTS

Added in version 3.12.
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typedef int (*PyFunction_WatchCallback)(PyFunction WatchEvent event, PyFunctionObject *func,

PyObject *new_ value)

Type of a function watcher callback function.

If event is PyFunction_EVENT_CREATE or PyFunction_EVENT_DESTROY then new_wvalue will be
NULL. Otherwise, new_wvalue will hold a borrowed reference to the new value that is about to be

stored in func for the attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects,

including infinite recursion.

If event is PyFunction_EVENT_CREATE, then the callback is invoked after func has been fully
initialized. Otherwise, the callback is invoked before the modification to func takes place, so the
prior state of func can be inspected. The runtime is permitted to optimize away the creation of
function objects when possible. In such cases no event will be emitted. Although this creates the
possibility of an observable difference of runtime behavior depending on optimization decisions, it

does not change the semantics of the Python code being executed.

If event is PyFunction_EVENT_DESTROY, Taking a reference in the callback to the
about-to-be-destroyed function will resurrect it, preventing it from being freed at this time. When
the resurrected object is destroyed later, any watcher callbacks active at that time will be called

again.

If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other
API that can set an exception unless it saves and clears the exception state first, and restores it

before returning.

Added in version 3.12.

852 A1VRAVAXY Y RAT T TV b (Instance Method Objects)

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunction to a class
object. It replaces the former call PyMethod_New(func, NULL, class).
PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ AR ¥ A% Python DA Y ARV AXY v FOREREL £F, Z4Ud Python
DT T T LI RHENEE Ao
int PyInstanceMethod_Check ( PyObject *o0)
0 MAVARYARXY v RATI 27 b (PyInstanceMethod_Type BTH 3) [PHICEERL E T,
NIRX—RFNULL ICTEEHA, TORBEFEICHRINIL £7,
PyObject *PyInstanceMethod_New (PyObject *func)

RDfE: FILWBHE, TEOFFUHLAREL 7Y =7 b func BFEo7H7RA VARV AXY v A
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7Y bRIBLE T, func 134 VAR YARXY v FRROH SN ZITHTH S 3BT,
PyObject *PyInstanceMethod_Function(PyObject *im)

ROfE: BABHE, 1 Y AXYAXY v F im KHENT N4 7Y =7 FERLET,
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

RD{E: BABEB, PyInstanceMethod_Function() DX Z BIRT, T7—F v 7 E{TVERA,

853 XYy RrRATDxU b

XYy RIEBEBA 7Y = 7 MITRMENTWET, XYy FIEICH22—F—ERDZ 7 ACHMEhT»

2DTT, FMENTOVWRWAY Y R (FIRF TV 27 MTHREENTZ XYy R)3MAT2Z N TEE

A,

PyTypeObject PyMethod_Type
Z D PyTypeObject DA ¥ AKX ¥ Al Python D XY v FRIZRFLEST, 204 7Y x7 M,
types.MethodType & LT Python 7B 7' J LRI NTVWET,

int PyMethod_Check (PyObject *o)
0MRXYw FATY = b (PyMethod_Type BITH %) HAICHZIRL $7, /5 X —&XE NULL 12T
TEEA, ZOBBIEEIEIIL X,

PyObject *PyMethod_New (PyObject *func, PyObject *self)
RDE: HiLVWBE, EOMUHLATREA 7P =27 b func 8 XY vy RPHEINIZINEL VAKX Y
R self Z#EoTHTle XY v FATI 27 MR UE T, B func & XY v RREOH X R
MOHENEA 727 FTF, self Id NULL IZTE 8 A,

PyObject *PyMethod_Function(PyObject *meth)

ROfE: FRAZR. XV v N meth REEMNT LA THLEMA 727 P2IELET,

PyObject ¥*PyMethod_GET_FUNCTION (PyObject *meth)

Rb{#E: EAB8R, PyMethod_Function() D7 VKT, TI7—F v 7 E{TVERA,

PyObject *PyMethod_Self (PyObject *meth)

ROE: BEESE, XV v F meth KEEFT SR VY REZVZABBRLET,

PyObject *PyMethod_GET_SELF ( PyObject *meth)

RbD{#E: BRABME, PyMethod_Self() DY HIRT, TI7—F v 7 RITVERA,

8.5.4 LILATZ U b+ (cell object)

7Rl (cell)” ATV 27 MR, BRORa-ThoBRIN AR IR T 20 EbhE T,
BEBIZOWTIER SN, F40MEEZRLELET;, COEESHBIZIBEAR Y 7 7L —AIBIT 20— LA
B2z, 20RA Xy 7 7L —20HNMITRLEEZSEL TV VHT 22BHBAD £3, AL TREIA
A7 78 RFT 28, w4 TP 27 FEEDORD D ICELADEBFEONET, ZORLA TV b2
o 72 [BHESHR (dereference) &, 4 ¥ X7V Rk > TERINTNA ba— FHNTHR—- IR TWEH
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EDHVET; ATz M7 7 A LRI, BEIICHEZIRIGEZ D £8 A, LSO T
F. B ATY 27 NI T2 VIETTE,
type PyCellObject

LI TY s MiZfibhd CHEERTT,

PyTypeObject PyCell_Type
tAF T 27 MRS AT =27 FTT,

int PyCell_Check (PyObject *ob)
0b BENA T 27 FDHEEWCEZRLET; ob X NULL THo TERD FVA, ZDBEEIIFEITK
mLETd,

PyObject *PyCell_New (PyObject *ob)
RDME: FiLWBER, i ob D Ao 7Hilzen+ 7Y =7 bEARL TGRLE T, 5180% NULL 12 L
THDPFEVEEA,

PyObject *PyCell_Get (PyObject *cell)
REDf#E: #tLWEHE, 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)
ROE: ERBE. cell DNEZIELE T, cell BIENULL 220N AT =27 M THEHE I 2
Fzv 7 LERA,

int PyCell_Set (PyObject *cell, PyObject *value)
Set the contents of the cell object cell to value. This releases the reference to any current content
of the cell. value may be NULL. cell must be non-NULL.

On success, return 0. If cell is not a cell object, set an exception and return -1.

void PyCell_SET(PyObject *cell, PyObject *value)

YA F T 2T b cell DIEE value ITRELET, BRIV MW TI2EH IR, BEDDHOD
F v ZI3MMHITVER A, cell 13IE NULL TRITFIUER ST, 2okl A 7P 27 FTRITNUIRD
XA,

8.5.6 A—FATDxUh

a—FA7Y =27 b (Code objects) 1& CPython DKL NAZLFHME DTS, &4 7Y =27 MBI
FESNTORWETAREa — FOHZRB L TV T,
type PyCodeObject
A-FATV 27 bPERETZDIHAENL CRHEER, ZORDT 4 — NI THOEHS
(SN
PyTypeObject PyCode_Type

This is an instance of PyTypeObject representing the Python code object.
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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 variables in a code object.

int PyCode_GetFirstFree (PyCodeObject *co)

Return the position of the first free variable in a code object.

PyCodeObject *PyUnstable_Code_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int
flags, PyObject *code, PyObject *consts, PyObject *names,
PyObject *varnames, PyObject *freevars, PyObject *cellvars,
PyObject *filename, PyObject *name, PyObject *qualname, int
firstlineno, PyObject *linetable, PyObject *exceptiontable)

ZAUE Unstable API T3, %A F—V ) —RATFERLKEBFINZ Z DY FT,

Return a new code object. If you need a dummy code object to create a frame, use
PyCode_NewEmpty () instead.

Since the definition of the bytecode changes often, calling PyUnstable_Code_New() directly can

bind you to a precise Python version.

The many arguments of this function are inter-dependent in complex ways, meaning that subtle
changes to values are likely to result in incorrect execution or VM crashes. Use this function only

with extreme care.
N— a3 3.11 TZEH: Added qualname and exceptiontable parameters.

N—=Ya ¥ 3.12 TAHE: Renamed from PyCode_New as part of Unstable C' API. The old name is

deprecated, but will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int
kwonlyargcount, int nlocals, int stacksize, int
flags, PyObject *code, PyObject *consts,
PyObject *names, PyObject *varnames,
PyObject *freevars, PyObject *cellvars,
PyObject *filename, PyObject *name,
PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

e

ZHUZ Unstable API T%, %A F—V V) —ATTERLIEHINDZZ DD FT,
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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— a v 3.11 TEH: Added qualname and exceptiontable parameters.

N—Y a ¥ 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)
RO fE: $ L WEHE, Return a new empty code object with the specified filename, function name,
and first line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line ( PyCodeObject *co, int byte_ offset)
Return the line number of the instruction that occurs on or before byte_offset and ends after

it. If you just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP
626.

int PyCode_Addr2Location(PyObject *co, int byte_ offset, int *start_ line, int *start_ column, int
*end_line, int *end column)

Sets the passed int pointers to the source code line and column numbers for the instruction at

byte_offset. Sets the value to 0 when information is not available for any particular element.
Returns 1 if the function succeeds and 0 otherwise.
Added in version 3.11.

PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an

exception is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily rep-
resent the bytecode actually executed by CPython. The primary use case for this function is

debuggers and profilers.
Added in version 3.11.

PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an

exception is raised.
Added in version 3.11.

PyObject *PyCode_GetCellvars (PyCodeObject *co)
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PyTupleObject containing the names of the local variables that are referenced by nested functions.

On error, NULL is returned and an exception is raised.

Added in version 3.11.

PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an

exception is raised.

Added in version 3.11.

int PyCode_AddWatcher (PyCode WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be
passed to PyCode_Cleariatcher (). In case of error (e.g. no more watcher IDs available), return

-1 and set an exception.

Added in version 3.12.

int PyCode_ClearWatcher (int watcher id)

Clear watcher identified by watcher id previously returned from PyCode_AddWatcher() for the
current interpreter. Return O on success, or -1 and set an exception on error (e.g. if the given

watcher_ _id was never registered.)

Added in version 3.12.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY_CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY

Added in version 3.12.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)

Type of a code object watcher callback function.

If event is PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized.
Otherwise, the callback is invoked before the destruction of co takes place, so the prior state of co

can be inspected.

If event is PY_CODE_EVENT_DESTROY, taking a reference in the callback to the about-to-be-destroyed
code object will resurrect it and prevent it from being freed at this time. When the resurrected

object is destroyed later, any watcher callbacks active at that time will be called again.

Users of this API should not rely on internal runtime implementation details. Such details may
include, but are not limited to, the exact order and timing of creation and destruction of code
objects. While changes in these details may result in differences observable by watchers (including
whether a callback is invoked or not), it does not change the semantics of the Python code being

executed.
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If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other
API that can set an exception unless it saves and clears the exception state first, and restores it

before returning.

Added in version 3.12.

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_RequestCodeExtraIndex (frecfunc free)

ZHUZ Unstable API T%, %A F—V V) —ATTERLIEHINDZZ DD T,

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra

and PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored
under the new index. Use Py_DecRef () when storing PyObject.

Added in version 3.6: as _PyEval_RequestCodeExtralndex

N— 3 ¥ 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)

iU Unstable API TF, %A FT =DV —RTTEHLKEEINLZ DD ¥T,

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.
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Added in version 3.6: as _PyCode_GetExtra

N—Ya ¥ 3.12 TEZH: 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%o %A F—V V) —ATTERLKEHINZZ 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—Y a ¥ 3.12 TZHE: Renamed to PyUnstable_Code_SetExtra. The old private name is

deprecated, but will be available until the API changes.

8.6 FATT U+

8.6.1 J7AILATIxU

IS5 D API &, Python 2 DfiARAAD 7 7 A NVA 7Y =227 b®D C APl ZRIEBLI 21— bF57200
DT, o3, EHEC 54 75V THE- FEINTWBENY 7 71 E 1/O (FILEx) I8 2 7= 12D
NFEF, Python 3 TIX, 77 ANV ER MY —2EFFH LW io BV a— L EFHIN, £212 0S DKL~
BNy 7 74E I/O D LWL ODDBRERINTVET, RTHRAIN TV, ZhsoHLwv
API Offf]72 C v 8—=THH, A VXTIV XTONTHHRT T —BHANIFTAOWTVWET; ¥ — =T 4 —
Da—FiFRODIZ io ® API 25 Z e I 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)

ROfE: HILLWEBHE, RICBL XY Stable ABL BECHDPNTWE 7740 fd DT 7 A VTF 4 A2
V7 ZH 5 Python D7 7 ANVATY =2 b 2AERL %3, 518 name . encoding . errors . newline
W, 774V FOfEE LT NULL 2MEX F 5, buffering 1I21& -1 2IELTT 7 4L b OMEERFES Z
ENTEET, name ZER SN2 DTIH, BITHIRED DI SN THE T, KT 2 & NULL
BRLUET, &b ORI OMEIE, io.open) BIOD FX 2 XY FEBRBL T XN,

A

Python 2 PV —2ZB3HEDO Ny 77V Y IR DOD., 77 A LGB FD OS LRILD ANy
77V T eHHT 5. MAREE (FHERT —XIH) Zrzesl g LET,

g

==}
[=]

N—P 2 3.2 TEHE: name BIEDEER,
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int PyObject_AsFileDescriptor (PyObject *p)

RICBLETJ: Stable ABL p IZB#HDSII NS 77 ANVT 4 A7) T X% int E L GRLET, &
Tz WIS, FOMEERLET, BETRWES, £ 7Y 22 M2 filenoO) XYV v F2H
MUIFESHLET; 2OX Yy FOREDHEIZ, 77 A VLR FOHEE L TRENZBETRIINUIRD
FHA, RT 2PN ZHRELT -1 ZIBLE T,

PyObject *PyFile_GetLine (PyObject *p, int n)
BRDME: FHILWEHE, XICEBL XY Stable ABIL p.readline([n]) *FU T, ZOBKEATY =
7 b p DBITEHRAHLES, pl&7 7 AL TP =7 bd, readline() XV v REROM 50D F
T2 P THREVERA, n D0 DHE. TORIICEFRZR CIEMIC 1 T20HAMNLET, n 270
IhREFHE n N FUEDTF =R E3FHAL L ERA; o T, [TO—HLEIPIRENZGENDH
DET, EBHLDELAETH, siAHLERTOIIT 7 A VORKEICEIE L HEII3 2T 9z B %

Ton D0 Xh/hXFuE, BXCEDLLT 1 17720% SiAHLETE, 37127 7 4 L DOREEICE
FE L7285 81213 EOFError Z%EH L (9,

int PyFile_SetOpenCodeHook (Py OpenCodeHookFunction handler)
io.open_code() DHEDIRZFHVWE FEXLT, ZORIRX—Z—%2RFEININVFITEL
9,
NV R —3ERDEDOBITT,
typedef PyObject *(*Py_0OpenCodeHookFunction)(PyObject®, void*)
PyObject *(*) (PyObject *path, void *userData) & Z&fliT. path i& PyUnicodeObject T

HBEPRFEESN TV T,

userData KA > X7 v Z7BEBICEINET, 7y Z7BBENES V24 ahoUOHEN2 00 L
NBVDT, ZORA ¥ RIZEHE Python DREE BB IRETIEDHD ¥ A,

ZD7 vy 7BIEA Y AR—- MO E Z e EZERILTWS 2D, EY 2 —A2 frozen REY 2 —
NTH5H sys.modules IHAFHAMEERES 2 —LTH B ZLHBTh > TWBEEERVTI,
T ZJHEBOETHICH LVEY 2 — %4 Y E— FFTA3DITEIFTL X0,

Wo A7y ZEBDREENZ O, HIFRPE SR S TEX T, B2 5D PyFile_SetOpenCodeHook ()
DIFNHUIFKB L ET, ZOBBMIKRR LI 21X, 4 &2 —=7) 2l EhTniGE, -1 &
BLUTHNEEY FLET,

ZOBBUX Py_Initialize() X DETIMOHLTHLEETT,
SR LT BEE A X b setopencodehook ZEHIL 73,
Added in version 3.8.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

RICBLET: Stable ABL. A7 Y227 b 0bj 27 7 ANVATI 27 b p IZHEZAARET, flags D3V
R—=1+F2 75270 Py_PRINT RAW 72\ T3, CO7 5 7% EET R, A 7Y =2 MZ repr() T

372K str() Z#EHALRRE 7 7 A MTEESHLET, BIILAEEEICZ 0 ZRL, kT 5L -1
ZIRLUTHEYIZHs Y P LET,
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int PyFile_WriteString(const char *s, PyObject *p)

RICBELET: Stable ABL. XFH| s 27 7 ANZA TV b plZEESHLET, RINLEEEICIZO0
PRL. RT3 -1 ZRLUCEYIZEN LY P LET,

8.6.2 EXa—ILAT2 ¥ k (module object)

PyTypeObject PyModule_Type
RICBLFY: Stable ABI. 20D PyTypeObject DA ¥ AR ¥ A% Python DEY 2 — L+ 7V =2
MUPRBLES, 204 7Y =2 Mid, Python v 25 AZIX types.ModuleType & LT X
NTVET,

int PyModule_Check (PyObject *p)
PBED 2= NFA T2 MPEI 2 —NF T2 VDY TEA S THIE ZICHEZRLET, 2D
BRI E I L £9,

int PyModule_CheckExact ( PyObject *p)
pMWES 2a—VA TP xY MT, 5D PyModule_Type DY 7 XA T TRVWE ZICERRLET, Z0D
BRI E I L £9,

PyObject *PyModule_NewObject (PyObject *name)

EOfE: iLLWBHE, RICBLFT: 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.

N—Y a3 34 CTEH: __package__ and __loader__ are now set to None.

PyObject *PyModule_New (const char *name)
Rbh{#E: iLWBE, XICEBL £7: Stable ABIL. PyModule_NewObject () I TWE T2, name 1
Unicode * 7Y 22 + T3 < UTF-8 Ty a— FENEXFHTT,

PyObject *PyModule_GetDict (PyObject *module)

RO E: EREBE, RICEBL XT: Stable ABL module DHRTZEMERET 2HEF 727 FEIRL
9, DA TV ME BV a2 ATV bD __dict__ BHELELDBDTT, module 23E
Ta— ATVl b (BLIFEY 2 ATI 2T b DI T XA ) THROWEEE, SystemError
DR XA NULL 2SR S E 3,

PEREY 2 — LTI BV 22— D __dict__ ZEHERIET 2 LD B, PyModule_* B K PyObject_x*
BB S IR g 3,

PyObject *PyModule_GetNameObject (PyObject *module)

REOfE: FILWBE, RIBLET: Stable ABI (N—=23> 8.7 &D ). Return module’s __name__
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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 £ 9 Stable ABI. PyModule_GetNameObject () IZBITWE T, 'utf-8' TZ>a— K&
N7z name 2R L F 7,

void *PyModule_GetState (PyObject *module)

MICBLET: Stable ABL. €Y 2 —1® state”(EY 2 —VEER LKA IV I THEINS XE
V7 0y ZANDRA Y E=) I, KRIFHUX NULL 2R L £, PyModuleDef.m_size ZZMRL T %
ISAAN

PyModuleDef *PyModule_GetDef ( PyObject *module)

RICBLZEFT: Stable ABL €Y 2 —ADELNBITL L 1R 57z PyModuleDef HHERANDKRA > X %K
LET, EV2—ADERICE o TESNTWARD - 72HAEE NULL 2R L 75,

PyObject *PyModule_GetFilenameObject (PyObject *module)

RBOE: FiLWa, XICEL £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 T a—F
ENTT 7 ANHEIELET,

N—ay 3.2 TIHLE: PyModule_GetFilename() IF LY A —RTERVWT 7 £ AL L T
UnicodeEncodeError ZiAH L ¥ 3, ZHDORD D IZ PyModule_GetFilenameObject () ZMHH LT
TZEW,

C €2 a—I/LOHHAL

BE, BV a2 A TV =7 MIEREY 22—V (FILBEZ =27 AR LTWEAH_ESI 4 75V) %
T3 AIAENTZEY 22—V (PyImport_AppendInittab () %o CHIHHLEAED EBMENTVWEEY 2 —
) pofEsNET, FC OV TIE building %7213 extending-with-embedding % RT 72X W,

AR, TP 2 —NVEBEDA Y ARV A% PyModule_Create() WZELTHK EN oY 2 —L F
TPz bPRRLTHEVTT L, b LR ERBERZODOZRL” ZEREUIIL 2ERLTHHOE
Ao

type PyModuleDef
RICBLZET: Stable ABI (TARTORAUYN—ZEL). EY 2 — VERMERIES 2 -1 ATV =
7 PRS2 DITREL TR TOERERFEL T, B TAZADEY 2 - T L IZEINCH]
IbE N7 ZORDERD 1 DR TFELE T,
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PyModuleDef Base m_base

T DR Y N—FHIZ PyModuleDef HEAD_INIT THIHLL TL X\,

const char *m_name

HLWVED 2 —LDEHT,

const char *m_doc

EY 2 =D docstring, 72T W docstring 1& PyDoc_ STRVAR % FIFH L TEMINE T,

Py ssize_ 1t m_size
EY 2 —LOIKREIE, BRI m — L REETIE R { PyModule_GetState() THUSFTE 3E
Ja— N TrDXEVEBICHERINATWAZ DD ET, TSk TEY 2 —MFEEOY
T AVERTYR—THERIMHZIET,
ZDXEVHEBUE m_size IZEDWTEY 2 —MERIFICHER SN, T2 —1A 7V 7 P
FEIND L ZIT, m_free BB DIV ZNDIEN 2R TR NE T,

m_size IZ -1 BRET L. ZOEY 2 — I 70—\ VRIRERFEODIZHT - L V&2 —T
YE—ZHR=FLTOVRNVEWVNS Z2IZRD XT,

m_size ZIFADMEICHET 2. EY 2 —VIZHELTE, ZOREDOLDITHEL 2 5H
MOXEVEZIFETE LWV D ET, JEAD n_size BIZREMHULTRHEICLD
£9,

ZHE PEP 3121 2208,

PyMethodDef *m_methods
PyMethodDef TEFKEINS, TV a— L L NAERD T — T NAANDKRA ¥ & —, BABHFIEL &
WIHEX NULL Z280ES % Z L D3 ATHE,

PyModuleDef Slot *m_slots
ZEBEIALDzDDAn v N EROEHIT, {0, NULL} EZES¥KiHr 2D £3, —EREIIAL
2S5 L =X, m_slots X NULL THRITHUEED A,

N—=V gy 35 TEH: N—Tar 35 XDEHE. TDOX U NEHEIZ NULL IKEREXNTWT, X
DHDE LTERINTVWE L=

inquiry m_reload
traverseproc m_traverse
GCEENEY 2 -7V 27 P EET BT CH I N2 EERE, LERWIEEIX 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—=Ya ¥ 3.9 TEH: No longer called before the module state is allocated.
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inquiry m_clear
GCHIDEY2—NFAT7Yx27 b2V 7 —F 3RS 71 7 -, BEZNE
A&, 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— a ¥y 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CCHRZIDEI2a—NATI27 FRBRT 2 IO 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

EY 2 —NVOYHLBEBDEREY 2 -4 7Y 27 b Z2ER LU GRIGENDH D £3, 2" —EFEIH
L7 2MENR, KD 2 D0DEY 2 —VERBEOYE L0 1 DR fHVET:
PyObject *PyModule_Create (PyModuleDef *def)
RD{E: #iLWEHMHE, Create a new module object, given the definition in def. This behaves like
PyModule_Create2() with module api_version set to PYTHON_API_VERSION.
PyObject *PyModule_Create2(PyModuleDef *def, int module_api_ version)

RBDhfE: HiLWBH, RICBL X7 Stable ABL. API N—3 2 % module_api_version ¥ LT def
TOERIESTHLOVWEY 2a— VATV bERERLET, b LIBEINEZAN—Va UDFETLT
WEA Y R=TYR—=DN= a v B2 585513, RuntimeWarning ZRAESI B E T,

Return NULL with an exception set on error.

0 IR
Fe AT DGE., ZOBETIER L PyModule Create() ZFIHT Z2RETT, ZOBKIE. 20
B OERZEREL TWE & X FFAL T X0,

EDa—NFTY =7 PHBPHEBEE D SR EN B RIS, T2\ T W& PyModule_AddObjectRef () 75 ¥ DB
B oTE a—NA TV PIAUNNEFAEEEE T,
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ZERPEVIRATE

An alternate way to specify extensions is to request "multi-phase initialization”. Extension modules
created this way behave more like Python modules: the initialization is split between the creation phase,
when the module object is created, and the execution phase, when it is populated. The distinction is

similar to the __new__() and __init__() methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.mod-
ules entry is removed and the module is re-imported, a new module object is created, and the old module
is subject to normal garbage collection -- as with Python modules. By default, multiple modules created
from the same definition should be independent: changes to one should not affect the others. This means
that all state should be specific to the module object (using e.g. using PyModule_GetState()), or its

contents (such as the module’s __dict__ or individual classes created with PyType_FromSpec()).

ZERMEIIHILEH > TERINBZETOET a—NME BT A2 TVA— Z2HE—F+ TR RDHN
9, BEOES 2 —ADPHVT L TWE I Z2RIAETZ2DIZIE. 20 TWEZDOYR—+ 2535720 C+H5a
VC“\?-O

ZEBOI bR ERT 22012, PR (Pylnit_modulename) 1XZE TR\ m slots & D
PyModuleDef #BL FF, THEETHIIZ, PyModuleDef £ ¥ A X ¥ ZIF KD THIH LNz T
TV EEA:

PyObject *PyModuleDef _Init (PyModuleDef *def)

RO ME: RS, RICBLET: Stable ABL (IN—=23> 3.5 &D). £V 2 —NVERPHESHA Y
YIMERIELLSHET 5. EUNCHIfkE iz Python 779227 FTH2d Z EIRFEL £ 7,

PyObject* IZF ¥ A b &N/ def ZIRL %3, =7 —2FELRIGE NULL 2R L 9,
Added in version 3.5.
EY 2 —VEED m_slots X > \i& PyModuleDef_Slot BHERDEA R X T UI D FHA:
type PyModuleDef_Slot
int slot
Zuy b ID T, MRTHAZA T 2FHARERED 5B IEZNE T,

void *value

2\ y +OMET, BEHIZRE Y b ID IKIKEL ET,
Added in version 3.5.
m_slots BCFNE ID 0 D21 vy P TRIEX R TWARITIUER D $HA.
FIHATREZR R &y b OBIILLRTT:

Py_mod_create

FEJa—nNFA 7P VEEERERTE-DCMEIN BB EREELE T, 2Dy O value KA
VRIERDY AT v BROBBER L TR TV ERA:
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PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEF X7z ModuleSpec f Y ARV Ay, EY 2 — VEREZUIWZHEKTT, Zhix
MLVWEY 2a— ATV 27 beiRTh, =5 —%FELTNULL ZIBRIRETT,

Z OB RNRICED TE L RETT, FHTERD Python 22— F2IFFHINEZTIERL, FLE
Ta—nNEAYKR-PLEI LT D LERL-TICHMETL x5,

BHD Py_mod_create A0 v + 2 1 DDEY 2 — VERIKERELZWVWIDLWVTT,

Py_mod_create DX EINTWVWRWEAIX, £ ¥ R— MEMIX PyModule_New() %o THE DE
Va—NFA TV bEERLET, EYa—LOLRNIERTIIRL spec HIBE I, Zhic
Ko THIREY 2 —ADEINCEY 2 —VEBICBY 2MELZFALTERD, VRV 7Y Y7kl
LCH—DEY 2 —VEHREHLG L ODORIOHARITTA Y R—-bTELDLET,

BENDZATY =7 MDY PyModule_Type DA VARV ATHZREZDHD ¥ A, 4 ¥KR— MR
TREEORE L BESTE LR IE, YARETHMZ F3, Li L., PyModuleDef %% NULL T
W m_traverse, m_clear, m_free . $ LI B TRV m_size. b L <X Py_mod_create DIFD
Zn vy hEFEOEEIX, PyModule_Type 4 Y AR Y ZADHMEENZTL & 5,

Py_mod_exec

EVa—% RBTTS L EXMINABBERELET, 24 Python £ 2 —LdDa— FEFEST
FTEZOLMAFTT: ZOBBEEZVTWE I IR EREEY 2 —NMICLET, ZOBBDOY 72 F %
FLLR T

int exec_module (PyObject *module)

BED Py_mod_exec AWy FPWWEINTWIHEE. m_slots BLANCH N IHICUHE I TV E
i \j—o

Py_mod_multiple_interpreters

Specifies one of the following values:

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main

interpreter’s GIL. (See isolating-extensions-howto.)

Py_MOD_PER_INTERPRETER_GIL_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL.

(See isolating-extensions-howto.)
This slot determines whether or not importing this module in a subinterpreter will fail.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod_multiple_interpreters is mnot specified, the import machinery defaults to

Py MOD MULTIPLE INTERPRETERS SUPPORTED.
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Added in version 3.12.
ZEPEHIHALIC oW T X DEHEL K1 PEP 489 ZRATL/Z& W,
EKFEED 2 —)LIERBIEL

T o, ZEREMIEZES & 2B AT SN E T, FIZIFEY 2 -1 A TY =7 P 2BIICAE
K5 2, 2o OMrERME X £9, PyModule_FromDefAndSpec 3 & {f PyModule_ExecDef D ¥
H58, WU LZRICIFEY 2 —ADERIHHE SN TORITIUIZAD $E A

PyObject *PyModule_FromDefAndSpec ( PyModuleDef *def, PyObject *spec)

RbDflE: L WEHE, Create a new module object, given the definition in def and the Mod-
uleSpec spec. This behaves like PyModule_FromDefAndSpec2() with module__api_version set to
PYTHON_API_VERSION.

Added in version 3.5.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module_ api_ version)
RD{E: HFILLWBER, RICBLZXJ: Stable ABI (IN—=23Y 8.7 &D). API N— 3 % mod-
ule__api_version ¥ LT, def £ ModuleSpec 72 =2 +®D spec TEFRSINZBHITH LWVE
a—NATI T PEERLET, DLIBEINIANA=Y a UDBEITLTVEAL VX =TV X—D
N=Ta vy B 25513, RuntineWarning ZRAE I E T,

Return NULL with an exception set on error.

0 R
ErAYDBE. ZOBETIZR L PyModule_FromDefAndSpec() ZHRIHT 2 RNETYT, ZDM
Bk, ZOMBOBEEEEFEL TV L L FAHAL T EE W,

Added in version 3.5.

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)
RICBLFT: Stable ABL (IN—=23Y 3.7 &D). def THEZONMLEBDFEITA Y b
(Py_mod_ezec) FATLE T,
Added in version 3.5.

int PyModule_SetDocString(PyObject *module, const char *docstring)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). module ® docstring % docstring Wi EL £ 7,
Z OBBUL. PyModuleDef %5 PyModule_Create % L < i PyModule_FromDefAndSpec % f{# - T
BV 2V EERT B JITHEBMIPOHENE T,

Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

RICBLET: Stable ABI (IN—23> 8.7 & D). #¥¥fihS NULL I/ > TW5 functions AN H %
BA% % module IZIBIIL £, PyMethodDef WHERDH 4 DT> F VIZDWTIE PyMethodDef O
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MAZSRL TSIV (BEY 2 - VOEHIERBAEF IR TORVWOT, C THEEINLEY 2 —
ALV B BV TWEY 2a— % 1 DHDO5IYE LTZIFHD, Python 7 5 ZADA >~ R
RYAAY y FIZBIBICLET). Z OB, PyModuleDef 2*5 PyModule _Create d L <&
PyModule_FromDefAndSpec Zffio TEY 2 — 24N T 2 & ZITHBIIHFOH SN E T,

Added in version 3.5.

HiR— R

EY 2 — VORI (—BEOIIEZ S5 5E) . HE2VWEEY 2 - LORITRAT Y P2 LHUHENS
BR (ZBRBEIIHLZ 5 5E) BROBEZE/-S &, £Y 2 —1 0 state DFILZBHFICTE %3

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

RICBLET: Stable ABL (IN—23> 3.10 &D ). module \2* 7Y =2 % name & LTEIML %
To ZOBBIIEY 2 — L OYIHLEIE, S M & 02 BT,

BId2e 0 BKEL, =5 —12Rk2 e eE2HLT -1 ZIRLE T,

{1

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 wvalue with an exception set. In this case, return -1

and just leave the raised exception unchanged.

ZOHNIE. BRI obj 3 NULL TH 2 Z L RHERETICEL L TEET:

static int

add_spam(PyObject *module, int value)

{
PyObject *obj = PyLong_FromLong(value) ;
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;

return res;

DA, obj S NULL TH D 5 %728, Py_DECREF() DU DIC Py_XDECREF() % PN 3 HE
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HHdZEITEFRLTLREW,

The number of different name strings passed to this function should be kept small, usually by
only using statically allocated strings as mame. For names that aren’t known at compile time,
prefer calling PyUnicode_FromString () and PyObject_SetAttr () directly. For more details, see

PyUnicode_InternFromString (), which may be used internally to create a key object.
Added in version 3.10.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
RICE L £ : Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value

on success (if it returns 0).

The new PyModule_AddObjectRef () function is recommended, since it is easy to introduce refer-

ence 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_DECREF () wvalue

manually on error.

A

{5 1)
static int
add_spam(PyObject #*module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
¥
if (PyModule_AddObject(module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF(obj) is not needed here
return O;
}

ZOFNE. BRENC obj 23 NULL TH 2 Z L RHERETICEL 2 TEFE T

static int
(RDR—D1THE L)
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(FiDR— 25 D %)
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (PyModule_AddObject(module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_AddObject() stole a Teference to obj:
// Py_DECREF(obj) is mot needed here

return O;

ZDEEX. obj S NULL TH D 5 %728, Py_DECREF() Dt DIC Py_XDECREF() % WM 3 E
DHBHILITERLTLIZEW,
int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

RICEBLZE 7 Stable ABI. Add an integer constant to module as name. This convenience function
can be used from the module’s initialization function. Return -1 with an exception set on error,

0 on success.

This is a convenience function that calls PyLong FromLong () and PyModule_AddObjectRef (); see
their documentation for details.
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

RICEBLE 9 : Stable ABI. Add a string constant to module as name. This convenience function
can be used from the module’s initialization function. The string value must be NULL-terminated.

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

This is a convenience function that calls PyUnicode_InternFromString() and
PyModule_AddObjectRef (); see their documentation for details.

PyModule_AddIntMacro (module, macro)
Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro(module, AF_INET) adds the int constant AF INET with the value of
AF _INET to module. Return -1 with an exception set on error, O on success.

PyModule_AddStringMacro (module, macro)

WFEHEEE module WZBIML E3,

int PyModule_AddType ( PyObject *module, PyTypeObject *type)

RICBLEY: 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, 0 on success.

Added in version 3.9.
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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
The Python Ellipsis object. This object has no methods. Like Py_None, it is an immortal.

singleton object.

N—=Y a ¥y 3.12 TEH: Py_Ellipsis t& immortal T,

8.6.6 memoryview #7xJ +

memoryview 7Y =2 M, MOF 7Y =7 FEFRU LSIZHA S Python 77 =27 +DEZE L7 C &
FRLARLD Ny T7DAE—=TT—A T,

PyObject *PyMemoryView_FromObject (PyObject *obj)

ROl HILWEBR, RICBLET: Stable ABL. Ny 774 ¥ X —7 2 —2%HT 247922 b
26 memoryview A 7V = 7 b AR LET, L obj DEZIALFRERNY 77 DT AR—1+ 7%
PR=bFTE2%5. ZOD memoryview 7Y =7 MIBAEZTHET T, €5 TRIFIUIFTH L DA
KRB0, TV AR=Z—DHHNCH L DN THABTEDAREL D 3

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)

RDME: iLLWBHE, RICBLZE Y Stable ABI (IN—=23> 3.7&D). mem ZELCRONy 772 L
T memoryview A 7Y =7 M EEK L %3, flags |& PyBUF_READ 7 PyBUF_WRITE D ¥ % 50272
DE¥ET,

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 HE% T v 7 ¥ 3 memoryview A 7Y =2 7 P EERL T, HRBZ AL F Ny T 7 ETIZIE,
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 true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref _CheckProxy(PyObject *ob)

Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
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.
PyObject *PyWeakref_GetObject (PyObject *ref)

RbD{#E: BRASE, RICEL £9: Stable ABIL Return the referenced object from a weak reference,

ref. If the referent is no longer live, returns Py_None.

O 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.

PyObject *PyWeakref _GET_OBJECT (PyObject *ref)

RD{E: EABE, Similar to Pyleakref_ GetObject (), but does no error checking.

void PyObject_ClearWeakRefs (PyObject *object)
RICBL £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.

8.6.8 7t
using-capsules AND L 7Y = 7 b %5 FIEIZDOWTIX using-capsules ZZHE L TL 72X W0,
Added in version 3.1.

type PyCapsule
2D PyObject DY 7 XA FF, EEOEZELEL. CHIREY 2 -5 5 Python 2— FZFEHL T
flid C FFED 3 — FITEEDEE (voidx KA Y XOET) BIRLEXHZ L XICHFHATT, %€
Ta—VNTERINTWS C SlBEBORL V&%, MOES 2 —NIZELTZILLHUHES
5T 2D fibhEd, JAUCED, BICe—FENBEY 2 —1DHD C APL ITHEHE
@ import EEEZEL TT7 7 LRTHIENTEET,

type PyCapsule_Destructor

RICBLET: Stable ABL A7 AT BAFRA I ZXa—nANy 28 ROESICERINET:

typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor 2 —/ Ny 7 DEIEIZDWTIX PyCapsule_New() ZHBIRLTL 1ZE W,

int PyCapsule_CheckExact (PyObject *p)
518D PyCapsule DFHICHTIRLE T, ZOBBITEITHKIIL 75,
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PyObject *PyCapsule_New(void *pointer, const char *name, PyCapsule_ Destructor destructor)

RBbO{E: :rLWBE, RICBL X Stable ABL pointer #18#13 % PyCapsule ZIERL F T,
pointer 51%UZ NULL TH - Tid# b £HA,

KL 7256, Bl ERE LT NULL 2B L 3,

name XFH|Z NULL 22, B C XFHIANDKRA R TF, NULL TEWGEE, ZOXFINEH#% L
LT ENVEDRIERTIHENDD T, (destructor DTG 2 Z L FFFAISNTVWET)

destructor 7% NULL TEWEE, 7 7 ABHIBREINZ L 2220 h L Z25e LTHRUEEH
*9,

COHTEABEY 2a—LDEME L TRIFENL25E . name 1 modulename . attributename & #5
EENBZNETT, 29F%, MOEY 2 —ADBZEDH SN % PyCapsule_Import() TA VR—
FFBRZENTEETD,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

JKL:E L £9: Stable ABL 1 7 VIZRFEIN TV S pointer ZEXH H L F3, KL 25813615
BELTNULL ZIBL ¥ 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)

RICBLET: Stable ABL. # 7B NVIREINTVAHEDTA S 7 X 2R LT, RKBLZES.
B4 ZEFE LT NULL 23R L £,

BT RVENULL 27 A7 X LTHOIENTEET, o T, RDED NULL Az F — %25
LTCRWATREMDH D %3, PyCapsule_IsValid() B> PyErr_Occurred() ZHH L CTHEZEL T2
SV,

void *PyCapsule_GetContext (PyObject *capsule)

RICBLET: Stable ABL A 7R MFEIN TV ARHED Y TF A b (context) ZRLE T, K
MU5E. BIA 23 E LT NULL 2R L ¥ 7,

ATENVENULL 22> 7F AP LTHOIENTEET, toT. RDED NULL 23T 7 — &5
L TCTRWATREMED S D £F, PyCapsule_IsValid() % PyErr_Occurred() ZHF L CTHEFZELTL 2
ISAAN

const char *PyCapsule_GetName ( PyObject *capsule)

JXL:EL&? Stable ABL. 1 72 NVMICRIFEEINTWBIHED name IR L 3, KWL =56, Hilot
FELTNULL 23R L E9,

7 72 E NULL % name & L TROZENTEET, fEo T, RDED NULL 2325 — 25 L Thwn
AJBEMEDY D D 3, PyCapsule_IsValid() 2 PyErr_Occurred() ZFH LU THEREL TLZ&E W,

void *PyCapsule_Import (const char *name, int no_ block)
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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.

B L7GE. TR VONE RAVR 2 RLES, KRLZHE. FIA2REL T NULL 2K
£75,

N—Ta v 3.3 TEH: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)

RICBLF 9 Stable ABL. capsule DXEM I TN THR LI %2 F v 7 LET, BIK
capsule 1%, IE NULL T, PyCapsule_CheckEzact() % %A L. JE NULL 2R A ¥ X EHEHL TVT,
MNEBD name 2354 name &< v F L E 3, (name DL HEIZDOWTIE PyCapsule_GetPointer()
SR

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 7227 FHBERT name 37 v FLEGEIIE 0 2, ZALANDGEEIC 0 2IRLE T, Z OB
TR L 2R/ A

int PyCapsule_SetContext (PyObject *capsule, void *context)

RICBL X9 Stable ABIL capsule NERD 3> 7% A bRA ¥ &% context IZEREL F T
W L726 0 &2, KL ZoHA 2 E LTI 0 ZIRLET,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)
RICBLZET: Stable ABIL. capsule NED T A b 7 7 X% destructor WCE&ELF T,

RIIL75 0 20 RL 7B ZRELTIE 0 ZIRL X9,

int PyCapsule_SetName (PyObject *capsule, const char *name)

RICEBL £ Stable ABIL. capsule D name % name WKEEL 3. name H3IE NULL D & =,
ZHUZ capsule £ D DRVWEMEFHOLELNDH D £F, b LT TIC capsule IZIE NULL D name 23F
FENTOGE, Z2AUSNT 2 FIIITONER A

BIIL75 0 &2, RML 72BN ZRELTIE 0 ZIRL X,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

RICEBLF T Stable ABIL. capsule NERD KA >~ X% pointer IZ8E L E T, pointer & NULL TH -
TR D FEA

L5 0 &2, RML 72BN ZRELTIE 0 ZIRL T,

8.6.9 7L —L (frame) A7z k

type PyFrameObject

RICBLFT: Limited APl (RBERALBEBERFLLT) 7L —2A4 7Y 27 bR T 2BICHVSR
5, A7V =2 b KT CHERTT,

There are no public members in this structure
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N— a ¥ 3.11 TEHE: The members of this structure were removed from the public C API. Refer

to the What’s New entry for details.
The PyEval_GetFrame () and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.

PyTypeObject PyFrame_Type

The type of frame objects. It is the same object as types.FrameType in the Python layer.
N— a ¥ 3.11 TEH: Previously, this type was only available after including <frameobject.h>.

int PyFrame_Check ( PyObject *obj)

Return non-zero if 0bj is a frame object.

N— 3 v 3.11 TEHE: Previously, this function was only available after including <frameobject.

h>.

PyFrameQObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
Added in version 3.9.

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)

Get the frame’s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
Added in version 3.11.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)

RICBLEFT: Stable ABL (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)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not

owned by a generator. Does not raise an exception, even if the return value is NULL.
Return a strong reference, or NULL.
Added in version 3.11.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)

Get the frame’s £_globals attribute.
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Return a strong reference. The result cannot be NULL.
Added in version 3.11.

int PyFrame_GetLasti (PyFrameObject *frame)

Get the frame’s £_lasti attribute.
Returns -1 if frame.f_lasti is None.
Added in version 3.11.

PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

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)

Similar to PyFrame_GetVar (), but the variable name is a C string encoded in UTF-8.
Added in version 3.12.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)

Get the frame’s £_locals attribute (dict).
Return a strong reference.
Added in version 3.11.

int PyFrame_GetLineNumber ( PyFrameObject *frame)

RICBLET: Stable ABL (IN—=23 Y 3.10 &D). frame DPEEETL TV AITEBERLE T,
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);
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ZHUZE Unstable API T3, YA F—V Y —RATTERLEBEINZ DD %7,

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 T%, %A F—V V) —ATTERIEHINDZZ DY 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 T%, A F—VV—ATTERKEEINDZZ DY FT,

Return the currently executing line number, or -1 if there is no line number.

Added in version 3.12.

8.6.10 oz RL—RATxU

VA=A T2 NI, Python B 232V —RA T 1L —RE2HETIDIfH>TVWEATI =T T
T VxR —RATI =7 NI, PyGen_New() ° PyGen_NewWithQuallame () DRIRAVRFEH LT
372K, % yield $3HBDOA T L —2a I ERINE T,
type PyGenObject

VAL —RF TV =T ML TWS C EIRT T,

PyTypeObject PyGen_Type
VAL —=RATT =7 MITHIBT AT =27 F T,

int PyGen_Check ( PyObject *ob)

b MI 2 AL —RATP 27 FOGAIWCEEZRET, ob i NULL THhoTERD XA, ZOBEEIX
IR LET,
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int PyGen_CheckExact (PyObject *ob)
ob B3 PyGen_Type DIFAICHEHEZERELET, 0l NULL THoTERD TH A, ZOREBIIHEIHIIL
9,

PyObject *PyGen_New (PyFrameObject *frame)
RBOfE: FTLWEBHE, frame A 7Y =7 MIESWTH RIS 22— AT 27 VERERLTRL
F5, ZOBEII frame NOBREEAE T, 518D NULL TH-oTEIRD £¥ A,

PyObject *PyGen_NewWithQualName (PyFrameObject *frame, PyObject *name, PyObject *qualname)

RBOfl: LW, frame 7 70 =7 b oy =247 227 M4 L. __name__
¢ __qualname__ % name & qualname WKEELTRLFET, ZOBEKIX frame ~\DSREEAF
F. frame 5130E NULL TH-> T3 b 28 A,

8.6.11 JI—F>ATxoF
Added in version 3.5.

AN—F U ATY 27 I async F—7— N2 TERLLBEENET A 7Y =7 T,

type PyCoroObject
AN—F I T 27 DD C HEER,

PyTypeObject PyCoro_Type
IN—F XTI =2 MITHIETBRA T 2T b,

int PyCoro_CheckExact (PyObject *ob)

ob 25 PyCoro_Type DFEIWCEZIRLE T, 0b 1& NULL THoTIIR D FXA, ZOBEBUXEITKI
LY,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
BROME: iLWEBE, frame A 7 =7 b 2oLVl —F 470227 b EERLT, _
¥ __qualname__ % name & qualname WKEELTRLET, ZOMEKIX frame NDSREEWF
b;—o f?”ame gl%ﬁ(bi NULL “G?A"Dofbiz{: D i‘%fuo

_name_ _

8.6.12 AT RAMEHKAT U+
Added in version 3.7.

N—Yar 371 CTEH:

0 IR
Python 3.7.1 T2 TDa Y7 %A MEHD C APl O 7+ F v &, PyContext, PyContextVar,
PyConteztToken DD DIT PyObject RA ¥ R%&S X512 BE EhE L, flzRiL:

// in 3.7.0:
PyContext *PyContext_New(void) ;
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// in 3.7.1+:
PyObject *PyContext_New(void) ;

FEHNZ bpo-34762 BB L TL X,

Z DOHITIX, contextvars Y 2 —/LDNF C API OFEHICOWTEHAL £ 3,

type PyContext
contextvars.Context A 7Y 2 F 2R T 27200 C Mgk,

type PyContextVar
contextvars.ContextVar A 7Y =7 FERET 2700 C &K,

type PyContextToken
contextvars.Token * 7Y =7 N 2RIT 27200 C HEK,

PyTypeObject PyContext_Type
AVTHFAM MZRET2MA T 227 b,

PyTypeObject PyContextVar_Type
AVTFAMEH BERBT 28727 1,

PyTypeObject PyContextToken_Type
AVTHRAMER =Y BRRBT A7 =7 b,

BFrzyr<rn:

int PyContext_CheckExact (PyObject *o0)
0 2% PyContezt_Type DHEIWCEZIKRLET, 013 NULL THoTIRD FEA. I DBIRIXHE T
HLEd,

int PyContextVar_CheckExact (PyObject *o)
o B PyContextVar_Type DFEIWCHZIRLET, 01X NULL THoTIdRD $HA, ZOBIRBITEIC
RN F5,

int PyContextToken_CheckExact (PyObject *o0)
o B3 PyContextToken_Type DFAEICEHZIRLE T, 0l NULL THoTIRD F¥A, ZOBEZ
HIZHRIILE 5,

AVFFRAMNATY =7 MRS B

PyObject *PyContext_New (void)

RBOE: HILLEBR, HLVWEOAYTXFA ML TV =27 FRIERL T, =7 —MEE5E13 NULL
ZIRLEY,

246 %8 EZE BRATZ 1Y b+ (concrete object) L1


https://bugs.python.org/issue?@action=redirect&bpo=34762

The Python/C API, U1 —2X 3.12.9

PyObject *PyContext_Copy (PyObject *ctx)
RDME: HILVLWBER, HIhi iz 2V TFA ATV 27 PRIV —Z2ERL T, =72k
X755 NULL 2R L £3,

PyObject *PyContext_CopyCurrent (void)
RBOfE: FILWBE, BIED0ary 73 A A 7Y 27 FORVat—2ERLE T, =7 —»EEEkY;
A NULL 2R L %5,

int PyContext_Enter (PyObject *ctx)
ctr ZBAEDAL Y FOBREDI Y 7TF A MIHELEY., BILES 0 2, KMLES -1 Z&L
9,

int PyContext_Exit (PyObject *ctx)
ctx AV T XA LRI, 1 DOHIOIYTFRAMRBEDOAL y FOBIEDa Y T F R MIETTL
F9, ML S 02, KRELZES -1 ZRLET,

a7 F A RO

PyObject *PyContextVar_New (const char *name, PyObject *def)

BDME: FiLWEBHE, H LW ContextVar A7V =2 FE1EM L E3, name 5IEIHEEET L 7N
ZOEMTHEDNE T, def BIEIE2 Y FF 2 NERDF 7 4 4 MERIEET 25, 77 44 M50
LA NULL TF, L7 -2 X580, BELE NULL 2R L £55,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)

AT FRRAMEROERZIIRL S, BUFHICZ 7 - ERGEE -1 2. [ER RN - T R
LR THII—DRERPo7HET 0 ZIRLET,

aYTFANERDBRMAD» 01255, value 3TN EIFTRA Y RICK->TWET, aY7F A MEK
DR S B oT HEIX. value BIETHDEFRD LS IR ->TVET:

o (NULL TZIFHUI) default _value
o (NULL TRUIFIUI) var DT 7 + /L M
 NULL

NULL ZFRi3E. ZORBUIH LWBRZIRL 7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
ROfE: FILWBER, HEDa Y7 F X MZBWT var DfE% value 12y PLET, ZOEHEICK
BHLNWA—=2 A TT 7 v 7D oGEE “NULL“ZIRL £3,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AT FAMERDIREZ Vv L. token %R L7z PyConteztVar_Set () MFHIN ZRIDIR
BICKLES, COBBBEIILES 0, RILAS -1 ZIRLE T,
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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 24 5V —VITHETZ 7L U BIBLET, 21U datetime.timezone.utc ¥R LA
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,

8.6. ZoftDATZ U+ 249



The Python/C API, U1 —2X 3.12.9

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)

REDfE: iLVLWEE, fsExhH,. B, ~4 70D datetime.timedelta A7 =7 FZIRL F
T, ¥4 7D datetime.timedelta 7 7Y = 7 P TERINTWAHIFICA S X 5 ITIERHL
PITWE T,

PyObject *PyTimeZone_FromOffset (PyObject *offset)

ROME: FLWBE, offset 5IBTIHRELEBEEA 7 v 2D, ZAHIDLW datetime. timezone
F T2 beIRLET,

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
WLTWERHT, BFzy 73 TVERA:
int PyDateTime_GET_YEAR(PyDateTime_Date *o0)

EZEOEBTRLET,
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.

8.6. ZoftDATZ U+ 253






NINE

#HA1L (INITIALIZATION). #&T4LE (FINALIZATION). XL K

See also Python Initialization Configuration.

9.1 Python #JHA1LLLAI

Python 23 ®AENTWE 7 7Y — a > Tl fhd Python/C API BI$% i 5§ Py_Initialize()
BIECZ X AU D ] A, ZAidFIFt e LT W o» oy JO—-NILEBEREEHR DD £7,

RDOEAENE Python OFIFALDRITT D REICFECHE E 3

o BUEREEL:

PyImport_AppendInittab ()
— PyImport_ExtendInittab()
— PyInitFrozenExtensions ()
— PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator()
— Py_SetPath()
— Py_SetProgramName ()
— Py_SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption()
— PySys_ResetWarnOptions ()
o THHRIUG OB

— Py _IsInitialized()

255
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PyMem_GetAllocator()

PyObject_GetArenadllocator()
— Py_GetBuildInfo()

— Py_GetCompiler()

Py_GetCopyright ()

Py_GetPlatform()
— Py_GetVersion()
o I—T 4 UT 4:

— Py_DecodeLocale()

° )‘%U?D&"‘&

PyMem_RawMalloc()
— PyMem_RawRealloc()

— PyMem_RawCalloc ()

PyMem_RawFree ()

0 IR
The following functions should not be called before Py_Initialize(): Py_EncodeLocale(),

Py _GetPath(), Py_GetPrefiz(), Py _GetEzecPrefiz(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads().

9.2 JO—NILGREEHK

Python 121%, kA RHERESCA 7> a V2T 2 70— NURBREDT-DDEBLH D EF, 77 4L T
F D75 7F avr R4 ATy ay THIEIRNE S,

FTarT7I TNy bENDE, VI VDMEIZEDF T a vhity bENLERITED 5, BIZER
-b Tl& Py_BytesharningFlag »* 1 IZ&E S 4. -bb Tld Py_BytesWarningFlag 7% 2 WCRESINE T,

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used

instead, see Python Initialization Configuration.

bytes %71 bytearray % str LB L7Z5E, £7213, bytes % int LB LG5 ICEL 25
EXEET, 2 U LOHEERELTWRHER, =7 - 2REIEET,

b A S avTHELET,

N— a v 3.12 TIFHELE
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int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used

instead, see Python Initialization Configuration.
ReHF—DF Ny N EEMCLET, (FMREATT, 34T a2 ickELET),
-d # 7 a > r PYTHONDEBUG SREEAMTHREL £,

N—a v 3.12 TIEHELE,

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.uwrite_bytecode should be used

instead, see Python Initialization Configuration.

FEXRICERE L 725, Python &Y —REY 2 —1DA YKR— MEZ .pyc 7 7 A VDIESEAAF
A

-B 4+ 7> 3 > ¥ PYTHONDONTWRITEBYTECODE BRIBZM TR EL £ 7,

N— 3 v 3.12 TIHHEE.

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 EDL T —RX v —YZ2MHIL 75,
_freeze module R LY frozenmain 7R 77 AWEHT 2IERNBH T 7 TF,

N—=Pa ¥ 312 TIHHER.

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 BRIEZAMADIZE TR W FINIRE S NIIH AT, 1 PRESNE T,

72 7B e TR WSS, PYTHONHASHSEED IRIFAEK 2 HiAS — 27 Ly by oy — REHEL
9,

N— a v 3.12 TIEHESE.

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.
EAXTvarvi -1 A7 a v TRELET,

N— a v 3.12 TIEHESE.

9.2.
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int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead,

see Python Initialization Configuration.

BHIDSIEICRA I VT I BEESI N B —c A 7Y a VORI NBIZ, sys.stdin X —3I F
NMIHHERBWE ETHoThH, A7 YT rha~vy REEFTLEBIA VRS54 7TE—FICA
D i‘j—o

-i } 73 a > ¥ PYTHONINSPECT BRIBZAHTHREL T3,

N—3 a3 v 3.12 TIEHESE.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig.interactive should be used

instead, see Python Initialization Configuration.
i AT a v THELET,

N— a v 3.12 TIEHELE.

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig.isolated should be used instead,

see Python Initialization Configuration.

Python Z[RHEE— R THEITLE T, REEE— FTIX sys.path ZRAZ VD74 L7 b URZ—F
DUA MR Tr=IDT 4 L7 P EEAERA

I AT a Y TRELET,
Added in version 3.4.

N—= a v 3.12 TIEHELE.

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 BRIBZEBMLETH WX FINCHESINIZIGEIC. 1 KHRESH
%9,

EDFELLIE PEP 529 28 LT X0,
Availability: Windows.

N—a v 3.12 TIEHELE,
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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 BIEARDZE TR W FHNIRE I NG, 1 KRESINE T,
EDFELLIE PEP 528 2L TLZX W,

Availability: Windows.

N—3 a3 v 3.12 TIFHESE.

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 —JL® import £, ZDEY 22— TRK > TW 2 site T8 D sys.path NOEREIEE L)
WLET, BT site ZB/RMNIC import LTH, L OBEEFFETEINERA (EITLELVEEIE.
site.main() ZFEFH LTI E W),

S A ST arTHRELET,

N— a v 3.12 TIEHELE,

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 CNYT—SDT 1LY b)) % sys.path ITEML EH A
-s A 7> 3>, -I. PYTHONNOUSERSITE BRIEA CTHEL 3,

N—3 g v 3.12 TIEHELE.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be

used instead, see Python Initialization Configuration.
-0 4+ 7% a >~ ¥ PYTHONOPTIMIZE BHEZAMCREL £73,

N—3 3 v 3.12 TIEHESE.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig. quiet should be used instead, see

Python Initialization Configuration.
AYRT 7T 4 7TE—FTH copyright £ NXN—TarDAXvE—I%2FRRLERA,

-q AT arTHRELET,

9.2.
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Added in version 3.2.
N—= a3 v 3.12 TIEHESE,
int Py_UnbufferedStdioFlag
This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used
instead, see Python Initialization Configuration.
BN LS — 2Ny 7 7 V7 LRV K S ITEH L 5,
-u 7% a >~ ¥ PYTHONUNBUFFERED BREZARTREL £3,
N—Ya ¥ 3.12 TIHHELE.
int Py_VerboseFlag
This API is kept for backward compatibility: setting PyConfig.verbose should be used instead,
see Python Initialization Configuration.

V2 AP N BN R v L= VR B L. ZADE D (77 A VHREA M Y ES 2
V) poa— RENZZDOLERRLET, B2 2 M EOHAEIE. EV2— L E2RRBTILECF v
L7 7ANTER Ry =Y%M LET, o0 BRTROEY 2 =127 V=27 v FICHT 216
SR LE T,

-v * 7’3 3 > ¥ PYTHONVERBOSE BRIBEZHCHREL T3,

N— a3 v 3.12 TIEHELE.

9.3 1 >2—71) XDOWEAL L #& T IR

void Py_Initialize()

RIZEBL 9 : Stable ABL. Python 4 ¥ & — 7V X Z#IH{L L ¥F, Python OEDAAZEITS 7S
V7 —3aryTidk, iodows Python/C APTI 23 2 & D dAiic 2 R HIH X il
7D EEA WL ORI OWTIE Python FEIELET 2B L TL 2 X W,

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does
not set sys.argv; use PySys_SetArguEz () 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 the Py_InitializeFromConfig() function to customize the Python Initialization Configura-

tion.

0 IR

Windows TlX O_TEXT 25 0_BINARY N2 ¥ Y —LE— RBPEHINFTH, ZHUIZ2D C 7~
RA LBffoTWbayyY —)LTD Python A DHEWEFICHHEELRIFLET,
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void Py_InitializeEx (int initsigs)

RICEBLZFT: Stable ABI. This function works like Py_TInitialize() if initsigs is 1. If initsigs
is 0, it skips initialization registration of signal handlers, which might be useful when Python is
embedded.

Use the Py_InitializeFromConfig () function to customize the Python Initialization Configura-

tion.

int Py_IsInitialized()

RICEB L FT: Stable ABL Python A ¥ &2 7V ZH3HIHHLFEATHIUIE GkEn) 2. TdRTHN
3 (Er) ZIRLET, Py_FinalizeEz () ZMFOH L7B&IX, Py_Initialize() ZHOMOHT X
T, ZOMBIIMHBERLET,

int Py_FinalizeEx()

RICBLET: Stable ABI (N—=23 > 86 &bD). 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.

Normally the return value is 0. If there were errors during finalization (flushing buffered data), -1

is returned.

Z OB REIN TV LHEHIINW 225D £5, Python DEDAALZToTVWE T SV —> =3
YT, 7V = a YEREHT S Z 2 Python ZEEHL/-WZ A bFT, £ BN
00— RA[REA 7Y (H5 Wi DLL) 25 Python 4 ¥ X 7Y X%ku— K357 71— arTlid,
DLL #7 > u— FJ 3H0IC Python BHER LAV EZETHRRLEZVWEEZ 22 LOAEEA. 7
TV r—=2ayNTRETWS XEY Y —7 ZBH3 22, BFEE Python DHERLIEXEY 27
TV —2a O THNCERSE W ESHE DD ET,

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.
518 L T BE&E A X b cpython._PySys_ClearAuditHooks ZiXHI L ¥£3,

Added in version 3.6.

9.3.
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void Py_Finalize()

RICEBLE9: Stable ABL. Z OB¥UE Py_FinalizeEx () DBITHEMEAN—Y a > T, BOESED D

A

9.4 7OERXTARFDNFA—&

int Py_SetStandardStreamEncoding(const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.

stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py Initialize(), if it is called at all. It specifies which

encoding and error handling to use with standard IO, with the same meanings as in str.encode().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when

the environment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending

on other settings).

Note that sys.stderr always uses the "backslashreplace” error handler, regardless of this (or any

other) setting.

If Py_FinalizeEz () is called, this function will need to be called again in order to affect subsequent

calls to Py_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been

initialized).
Added in version 3.4.

N— a v 3.11 TIEHESE.

void Py_SetProgramName (const wchar t *name)

RICEBL 9 Stable ABI. This API is kept for backward compatibility: setting PyConfig.

program_name should be used instead, see Python Initialization Configuration.

ZOBBEMOHT RS, BRYNC Py_Initialize() MO T XD dANCHEIH X RIFERD F
BFA. ZOBBIIA 27 227025 4D nain() BEICIEE L 7z argv[0] 5IDELZHZ T
(VA4 R¥x v 77 RIEBINET), ZO5I8HEIE. Py_GetPath() . UTIRT Z DthdBIED,
A VR TY) ZOFEFTR[HEIE D & Python 52 &2 A 554 75 UANDHEMN AR ZEE T 3 7212 ffbi
%5, 774 FDfEIF 'python' T, 5EFL OIS N7 A F ¥ ¥ 527 2 XFHIT, BHRL
BEHEBICA > TWARITIUER ST, ZOARRE T Z 5 LOFETHICEE L TIERD £H A, Python
AVRTYEZADIA—FT, ZOLEHEBONEZZET2HDE—YHD £HA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.

N—a v 3.11 TIEHELE.

262

% 9 & #JHAML (initialization). 7R (finalization). XL v K



The Python/C API, U1 —2X 3.12.9

wchar_t *Py_GetProgramName ()

RICELZEY: Stable ABL. Return the program name set with Py_SetProgramiame(), or the

default. The returned string points into static storage; the caller should not modify its value.
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().

wchar _t *Py_GetPrefix()

RICEB L £¢: Stable ABIL. Return the prefir for installed platform-independent files.
This is derived through a number of complicated rules from the program name set with
Py_SetProgramlName () and some environment variables; for example, if the program name is
'/usr/local/bin/python', the prefix is '/usr/local'. The returned string points into static
storage; the caller should not modify its value. This corresponds to the prefix variable in the
top-level Makefile and the --prefix argument to the configure script at build time. The value

is available to Python code as sys.prefix. It is only useful on Unix. See also the next function.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N— 2 3.10 TEHE: It now returns NULL if called before Py_Initialize().

wchar_t *Py_GetExecPrefix()

RICB L £79: 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
Py_SetProgramlame () 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.exec_prefix. It is only useful on Unix.

ER: P99 M 74— bKBEOT7 7 AN (ETERASLHEI A 75V) BHlOFT4 L7 MUY U —RHIZ
A VAF—LENTWVWBIBE, exec-prefix & prefix ¥ B b 3, HAML 4 > 2 b —LBRETII,
TI9 N7 = LIERFD T 7 A VD Jusr/local KD ENZ—TF, TI7v b7+ — s KIFDT7 7
A W& /usr/local/plat ¥ 7YV —ZINDLNET,

—BNS, I F T A —LE ARV 2TV 7 2T 77 IV DOMARDEEELE T, f
ZI2, Solaris 2.x ZEMEXETWS Sparc ¥ VIERTHUE T 7Y b7+ —LTHBARLETI
Solaris 2.x #EMEXH TV Intel v VIKES TI7 v b7+ —21ZkDEFTL, AL Intel v > T
b Linux ZEEE BTV ERLERFNDOT Ty b7+ —L4TF, —RINE ALARL—T 4 27
VRATLTH, AV —VETVaryOEIDDIIERSETT7Y b7+ —LTT, I Unix DARL —
T4 YT RATLADEEFFFEELATT; JE Unix O AT LT, A VA= HEZETHE
7% o TWT, prefix % exec-prefix IZIFEHRDIR L BXFIINREZINTVET, TV NLFEAD
Python N4 Fa—=FEZ7 7y P74 —AIRKFLRVOTHERELTLLEI WV (EL, EDN—=TV 3
¥ ® Python T3 Y A L ENTeIIIKFEL 3!,

P27 AEMEZ. mount *® automount YR I Ao T,. &Iy b7+ —LHD /usr/local/
plat ZRR ST 7 ANV AT AREE, 77 v b7+ —LMT /usr/local ZHET 2 7-DDHRE

9.4.
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FEEHI>TWETL & D,
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—3a ¥ 3.10 TEHE: It now returns NULL if called before Py_Initialize().

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 Py_SetProgramName () above). The returned string points into static storage; the caller

should not modify its value. The value is available to Python code as sys.executable.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

wchar_t *Py_GetPath()

RICEB L E£9: Stable ABI. Return the default module search path; this is computed from the
program name (set by Py_SetProgramName () above) and some environment variables. The re-
turned 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 ini-
tialized 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 TEH: It now returns NULL if called before Py_Initialize().

void Py_SetPath(const wchar_ t*)

RICBLZE Y Stable ABI (IN—23 > 3.7 & D ). This API is kept for backward compatibility: set-
ting PyConfig.module_search_paths and PyConfig.module_search_paths_set should be used

instead, see Python Initialization Configuration.

Set the default module search path. If this function is called before Py_Initialize(), then
Py_GetPath () won'’t attempt to compute a default search path but uses the one provided instead.
This is useful if Python is embedded by an application that has full knowledge of the location
of all modules. The path components should be separated by the platform dependent delimiter

character, which is ':' on Unix and macOS, ';' on Windows.

This also causes sys.executable to be set to the program full path (see
Py_GetProgramFullPath()) and for sys.prefix and sys.exec_prefix to be empty. It is
up to the caller to modify these if required after calling Py_Initialize().

Use Py_DecodeLocale() to decode a bytes string to get a wchar_x* string.
The path argument is copied internally, so the caller may free it after the call completes.

N—Y 3 ¥ 3.8 TZH: The program full path is now used for sys.executable, instead of the

program name.
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N— a v 3.11 TIEHESE.

const char *Py_GetVersion()

RICBLEFTY: Stable ABL. Python £ Y27V XDAN=a Y RIRLET, N—=Ta vk, RDELD
RIEROXFHTT

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

BT —F (BRAIDAR=ANFET) & BIED Python DNN—=a Y TF; BRAIDOFIE, BV A
FTRYILNIZA T ¥ = N=Var <A F ==V a3 »TT, EEIERETLFIIRA ¥ ZI3HN 72
R R L £, BBOMOHLIMIZZDEZZEETE LA, ZDfEIE Python 2— F2 5613
sys.version & LTHIATE ¥,

See also the Py_Version constant.

const char *Py_GetPlatform()

RICBLET: Stable ABL BIED T Z7 v b7 4 —LDTF v + 7+ — LI FF %K L 3, Unix
TR ARV =T 4 YT TRT LD 7 RAD” ZHli2/ NFICER L, BAIIA D »— VY a VHFSE
P 7MERRIC i > TV E T, Bl 21X Solaris 2.x 1, SunOS 5.x, £ L THHISNTWE T2, 'sunos5'
127D %3, macOS TiX 'darwin' T3, Windows Tl 'win' TF, BEDNRETXFFHIRA ¥ Xk
FI R R R L 7 O OH LENX Z 0EEZEETEEFR A, ZDOfEIE Python 22— K
5% sys.platform & L THIHTE ¥£3,

const char *Py_GetCopyright ()

RICEBL £ : Stable ABL HRfED Python N— a VI T 3 NROBIEEZRLTZHN B L T,
Bz

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BRI AR A &~ 23RBS 2 B L 9, RO OH LR Z E2ZEETE £
Ao ZDfEIZ Python 22— FH 5% sys.copyright £ L THIATE £7,

const char *Py_GetCompiler ()

RICELE T Stable ABL HEMH > TWAN—=Y 2 D Python Z ¥V KT REICHW a4 5
RSN E, AEILTCH - 72 XXFAIERIR L ET, Hilzi:

"[GCC 2.7.2.2]" }

BIEDYIR 3 S FHNR A ¥ ZIHH R EERZ IR L £3; BBOMIHLANZ Z OEZZEETE ¢
Ao ZDfEIZ Python 22— FH 513 sys.version O—#f& LTI tHE £ 3,

const char *Py_GetBuildInfo()

RICBELZE T Stable ABL BEM# > T3 Python f Y X TV RA VARV AD, =7 Y AEKFL
vor FHRHCES 2 1EHEEL £9. HIZE

"#67, Aug 1 1997, 22:34:28"
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BIRNR AR A >~ 23R LR B2 B L £, BROMIHLANZ Z 0E2Z2EETE 8
Ao ZDfEIZ Python 2— FH 5% sys.version O—#f& LTI ¥ £ 3,

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

RICEL £9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv,
PyConfig.parse_arguv and PyConfig.safe_path should be used instead, see Python Initialization

Configuration.

arge BEL argu IZESWT sys.argv ZRELE T, D583 7 027 40 main() ZHEL
7B TOE T, REIDERD Python 4 ¥ R 7V XDEE L o> TV BETEROLATTIE
B, EITEINZR IV IHESBLRTNUIR O RVEDEVWE T, FTT25RX7 0 R0V
AL argy DERFAIOBRIZELTFINCLTIDLEVERA, ZOBKA sys.argy DFALICRKL 7=
BE. M@ —% Py_FatalError() THIGHEE T,

updatepath 25 0 DFE. ZZETOEFEN Z OB T2 Z L DETTT, updatepath 73 0 TRV
. ZOBIE sys.path ZUATO7 LTV XAREDSOTEIELET:

o HIETH A2V 7+ DAHIH argv 0] IS NHE. TDRAT V) T 235 2 GO <R %
sys.path OEBITEML $3,

o ZHDANDEGE (arge 23 0 7207 D argvl0] BHEET 27 7 A VEZBEZHEL TVRWVER).
sys.path OEFICEDOXFHNEEMLE T, ZAIBEDERET 4 L2 bY (") ZIEEICEM
TH5DLFLTT,

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 R
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 X DEID = a ¥ Tld. PySys_Setdrgu() OM-UIH UMSET L72RIC sys.path DIEEH
DHEFREWMOHT I T, FALHRPIFONET, FIZIXID LS VRS

PyRun_SimpleString("import sys; sys.path.pop(0)\n"); ]

Added in version 3.1.3.
N—a v 311 TIEHERE.

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_argv should be used instead, see Python Initialization Configuration.
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ZOBBIX python £ YR TYU RN -1 72 a f{FETEMFINTVWIHEEZRE
PySys_SetArguEz () @ updatepath 12 1 ZFRE LD LR XS ICEIEL £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—=¥ 3 v 3.4 TEE: updatepath DIEIZ -1 7> a VITKEFEL T,
N— 3 v 3.11 TIFHESE.

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
ERICOW T PYTHONHOME #Z B L TL X W,

FIBUIFF A P L —DICEIPNT T 07 5 AETHICEZRZ oW K 5 R a RGO SLFEHTH
BZNRETY, Python 1 VX FVXIZZDA ML —YONEEZEEL ZHA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.
N— a v 3.11 TIFHELE.

wchar t *Py_GetPythonHome ()

RICBL X9 Stable ABI. Return the default "home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py_Initialize(), otherwise it returns NULL.

N— a2 3.10 TEHE: It now returns NULL if called before Py_Initialize().

9.5 XL w KRR (thread state) £ O—/NIL1>&2 71U H0v T (global
interpreter lock)

Python 4 ¥ &7V ZIIFE2IIIEA LY RE—T7TEH D FHA, vLF XLy FD Python 70 7F L%k
R=+F2372012, JO-NILA22TVEOYT H3W0VIE GIL eMEh 2 270 —oukna vy 7 B1FEEL T
WT, HWEDAL v R3S Python 7Y =27 MIEBIZT 7R AT AHICHT Oy 7 2EBERLARFER S 7%
(o TWVWET, By 7SR, BMARETIZ, SAVFALy R0 T LOEFICHERT| %
TS DD T, 7222, ZOoDALy RRRAILA TV 22 OSBRI T Y P EFERICA 7 U R
YET e, BRINCBRA Y Y MEZETR—EZFULIA Y7V X a0 LOLER A,

ZDD, GIL B LA L v FI2TH Python 7Y =7 b 2#EL/= D, Python/C API B U0
HLZDTELZLWIL—ADHD FF, WITWHEZLZI 2L — FF 27012, 4 Y27 ZIEHCE »
I RIBIRLI-DIEHL72D LETF, (sys.setswitchinterval() ZZM) Zov vy 277wy 7RI D S
3% I/O BEDIHETH RN - IEXN, 1/0 2ERTBZ AL v K23 1/0 #EOR T 5o, fioxL v K
DPEETEZ K51TLTVET,
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Python £ & 7Y ZII AL v R Z L ICRHERIFEREY PyThreadState EWMHIN 2 T — XEDOHIREL £
T, ZLTZu— Y UTHIED PyThreadState RIETHA VX% 1 DFbE T, ZOZn— L%
B PyThreadState_Get () Zffio THUFTE X3,

9.5.1 #i3kI— KAT GIL ZfKI S

GIL ZBET 213 AL Da— P&, RO XS R BHMEEICRD 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.

C OREIRIFE IS —RAVR DT, MEEZHEMICT 27012 00~ 7 uapfEIhTVES:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...

Py_END_ALLOW_THREADS

Py_BEGIN_ALLOW THREADS ~ 27 m ¥l 7uvy 7 2L, BlLe -2 L1 EHEEH
Py_END_ALLOW_THREADS 37w v 7 %ZEAU %73,

i)
—
9
ok

Foogay Z2i3koa— RicERINET:

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save);

NSO OBEBOEEZFHAL £9, GIL 3HEDAL v NIREBZIETRA Y 22 RET 2-DIfbhET,
0y 7 ZBRLTALy MREEZBET 268, vy 7 2@l 2NCBED AL v FIRERA X Z2HUG LT
BRRIFUILD FEA (RO Ly TS Fuy 7 2B G LT, HOoDRA Ly NREZ 70— V2R
WKHREFELTLEI S LAV STT), #i, vy 7 2BELTALy FREZERST BT, Z7u—
PNVERIZ ALy FIREERA ¥ X Z2RIFT BHIIC 0 v 772G L TE2RITNERD $EA.

0 iR

GIL ZfRIT 2 DIXFL AED T AT LD 1/0 EEEROCHETRTS 2. XEY Ny 7 7120 T 3 EHEe
HEE{LD X 512, Python DA TP =7 M7 72 A LRWERE 22 25t BB ZIEOH T 2% GIL
PRRINE A Z 2 13EI T, HlZ1E, z1ib % hashlib B 2 —VIFEMER Y & 251E ORI GIL %
L 3,
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9.5.2 Python UATHESNIAL Y R

Python API %L TES#72 AL v K (threading €Y 2 —A 72 Y) TIEXHEIMNICAL v FIREMREI D Y
THNT, FELDa—FRIELLEEET, L2rL, (HRITRAL Y FEHZITIIEDZ 4 7708 EITX
D)CEETRAL Y FEERLEGE, ZOAL Y FIZi& GIL 23% <, AL vy RIREF — 2SRk b kv e
WHERT2RERHD T,

ZDX5RKRAL Y K25 Python 2— FEMIHTREND 255G MBOIFA 77V hba—ANy 7T 5
API 203k K 2 01TF). Python/C API ZFFONHFRHIIC, AL v NIRRT — X&KL 4K L. GIL %
BEL, ALy FIREERA VX BHETAIE T, ALy REALA VZ ) XIEFLRFUIRD FHA, R
Ly RBEREZR R0, ALy FIREBRA V2%V Ey PLT, By Z7%2BHRL. RFBEICRAL Yy RIREET—
ZERD X TV 2R LRI D 8 A,

PyGILState_Ensure() ¥ PyGILState Release() & Z DM % HEIWIZITWE T, CORXL v FH 5
Python % MO 3 BV 2 57 RO e B D T

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_x BAEIE. (Py_Initialize() XX > THEINIIESLND) B —0LAf V2T Y X 1D/
PIFET 5 e RET 2FICKE DT TREW, Python & (Py_NewInterpreter() %{fi-T) BIMDA ¥ &
TV REETES ZLIXEDDIED D FHAN, HEA &7V XL PyGILState_x API Z{EE TS Z
LV R— PSR TVEEA,

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.
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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

RICBLET: Limited API (RBEBABEERLE LT). 07— XWERIE. HHEIET 228D R
Ly FHTHAZIA TV RREZRB LT, LA VX TV RIET 2 ALy FIZEY 2 —VEHIE
ez DN OrONERREREZHEAL TVET, ZOMERICIZAF (public) DX > NEH D
A

BR2ZAVRTYVRIETEAL Yy FIETIE. FAFRERZX TV, BEPOATVWE T 7 A LTAI Y TR
Rrwnolz7 b IREERNT, FIHRETIMEEXNRTOERA, GIL /2. ALy KA
YDA YR TYVRIZBLTOARICEHALLTINRTORL Yy RTHEXIATVWET,

type PyThreadState

RICBLFT: Limited APT (RiEALMEEERE 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()

RICEL £79: Stable ABI. Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.
N— a3 ¥ 3.9 TEH: The function now does nothing.

N—=Yay 3.7 TEHE: ZOBEIX Py_Initialize() PHIFRHEINE X2 D, DIbIMEUH
TREES SWM D FELL,

N—Yar 32 TEH: OB Py_Initialize() XVFNCMECHT I TERLZDE LT
N—=Ta ¥ 3.9 TIEHELE.
int PyEval_ThreadsInitialized()

RICEBL £7: Stable ABIL. Returns a non-zero value if PyEval_InitThreads () has been called.
This function can be called without holding the GIL, and therefore can be used to avoid calls to

the locking API when running single-threaded.

N— a ¥ 3.7 TEH: The GIL is now initialized by Py_Initialize().
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ReP 3y 3.9 THIER.

PyThreadState *PyEval_SaveThread ()
RICBLET: Stable ABL (GIL 2ER XN TW3H5E) GIL 2L T, AL v FOIRRER NULL
WL, DETOA L v FIRRE (NULL 12372 D FEA) ZIRLET, By 70T TIRAERIN TV SIHE,
BEDAVy Fhiny 7 2EE L TOWRITIUIZRD £E A

void PyEval_RestoreThread (PyThreadState *tstate)

RICBLEJ: Stable ABL (GIL BAEREINTWBIHESE) GIL 2BE LT, HEDOXL v NREL
tstate ICRE L E T, tstate 1 NULL TH o TER D FHA, GIL 2ERINTWT, ZOBEEEFEN
HLU7ZZAL Yy FTTICRy 72EELTWREGEA, Ty Fay 2l 3,

0 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.

PyThreadState *PyThreadState_Get ()

RICBLEY: Stable ABL BIfEO AL v FIREEZIEL 3, GIL ZRFE L TLRINERD £ A,
BED AL v RIKEEAY NULL & 6, (FECCH LAY NULL F = v 72 LA TTFH L 512) Z OBEEIEE
ML —ZEITEICRsTVET,

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

RICELEJ: Stable ABL. BHHED AL v FIREER tstate ICIEE LA L v FIREEY ANZEZX ET,
tstate X NULL DA HH £3, GIL ZHRFFL TR ER ST, BRL 8 A

MUToOBBIEAL Yy FR—A LA L=V ZFHLTWT, Y74 Y27V X OHHBERD Y THA:

PyGILState_ STATE PyGILState_Ensure()

RICEL F9: Stable ABIL. Python OJREESR GIL I2fb 53, FEITH AL v R T Python C API
O LR 22 LKL ET, ZOBBUIAL Yy FNTHETHIFIHT I N TEE
TH, BT ETONERH LIRS LT PyGILState_Release() ZMUHTHEND D ¥, EH.
PyGILState_Ensure() WEUNH L ¥ PyGILState_Release() MEUH L OB TZ AN D Z L v REE
EAPL REH 55 2 LT EE T2, Release() DN AL v MR XM TWARIFIUSR D $8
Ao BIZIX, BED Py_BEGIN ALLOW_ THREADS ~ % W ¥ Py END_ALLOW THREADS 3{Ef$2Z ¥
NTEET,

R Yl PyGILState Ensure() WU LEED XL v RIREEREML 727 N> F A7 T,
PyGILState_Release() IZ{E L T Python Z [ UIREEICHR 2R T NIER D ¥ A, BEMIHL
SARETID, NV RAZHFETZ01E TEERHA - ZNLZEND PyGILState_Ensure() MUH L
TAY FVZRIEL. MBS % PyGILState_Release() MU L TEL T ZE W,

Bf»SER L & FTHORAL Yy FIZGIL 2 L TWT, fEED Python 2— FZ2HETTE
3., WO RBIIH @R T Z7 —TF,
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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.

void PyGILState_Release (PyGILState_ STATE)

RICBLEFT: Stable ABL R LT XTOV Y —REZ@RLET, ZOBBENCHT L, Python
DIRFEIX ST 5 PyGILState_Ensure() ZFFMIFTRIEF L &b 53 (@E. ZOKREIIFOHT
LILTIZEbh2 h FEBADT, GILState APT ZFIH T2 X 51 TLEXW),

PyGILState_Ensure() ZM-UHTHEE. HIFE—X Ly FNTHIET % PyGILState_Release()
ZIFOHLTLEZE W,

PyThreadState *PyGILState_GetThisThreadState ()

RICBLZEJ: Stable ABL. 2ZOAXL vy FOBREDAL vy FOREEIERELES, INETHEDR
L v FT GILState APl 2#ffio7- Z 2 DM BEWHEIE, NULL 2R D 3, XA YAy RTHHEDX
Ly FIREBICBT 2O L ZR2 LARVELTH, XM VAL y FIREIRAL y FIREOEHRZF -
TR ZZIERLTLEEY, T3%-oTW02HIMEIFIIALHERED U  ITEZHIRRED 72D T,

int PyGILState_Check()

BAEDAL Y P GIL ZRFELTVE R 5131 2, Z5TRINUI 0 ZRLET, ZOBKIZWDT
DALy PO THMUHT I N TEET, Python AL v FOIRERFHALENTE D, BHE
GIL ZIREELTWAHEIIDA 1 ZIRLET, ZAEERAAA—/ZHHOBEK TS, ZoBEEIE.
PIZIEa—n Ny Z70ar7X A MPXEVEID G THRETHIETL & 5, BELSL, GIL 2ay 7 &
NTW3 e H > TWIUER, FEOH LTI sensitive ZTEIZ TS 52 Z e 3T, £ 5 TRIFIUIER
ZRDMITIREZES Ze DB TEEZNSHTT,

Added in version 3.4.

o<z, @EARECEIan 2331 WE T, Python ¥ — REAAYIADEMAHIZ KT 72

2\,

Py_BEGIN_ALLOW_THREADS

RICEL F9: Stable ABIL. 2D~ 27 v %ERM T % { PyThreadState *_save; _save =
PyEval_SaveThread(); KD ¥3F, w7 R ZREMP A > TWVE I IHFERLTLEE W,
Z DPFFEINIZ% T Py_END_ALLOW_THREADS <27 B X IEXBRIFNIAZD THA, 7 1IZDONTD
FLVLEGEmE 22 LT ZE W,

Py_END_ALLOW_THREADS

RICBL X Stable ABI. 2O~ 27 u%kEB 3 % & PyEval_RestoreThread(_save); } I
BODET, /7B RHAEEENL/A > TVWE I RFERL TLEIW; 2O EEINEER O
Py_BEGIN_ALLOW_THREADS <7 R eXEL TWARIFIERD FH A, v 7 BIRDOVTOFF LWV
Al ERLZ B LT E W,

272

% 9 & #JHAML (initialization). 7R (finalization). XL v K



The Python/C API, U1 —2X 3.12.9

Py_BLOCK_THREADS
RICBLET: Stable ABL. 2O~ 27 n%EB3 % & PyEval_RestoreThread(_save); IZ D 7
B RGN 72\ Py_END_ALLOW_THREADS ¥ [ U T,

Py_UNBLOCK_THREADS

RICELZET: Stable ABL. 2O~ 27 v % JET % £ _save = PyEval_SaveThread(); IR D £73:
B & I AEIND 72\ Py_BEGIN ALLOW THREADS Y[Rl LT,

9.5.5 {ELRJL API
ROETOEEIX Py_Initialize() DRIIMFUOHIRITIUIRD FH A
N—ay 3.7 CTEHE: Py Initialize() & GIL ZWHHLT 2 X 512xb x L7,

PylnterpreterState *PyInterpreterState_New()

RICELE T Stable ABL HTLWA YR T Y XREF TP 27 bEAERLET, GIL 2L TH
CRHBEWEDHD FEAD, ZOBBERLIIFEOHTHEDND 255 IR L TBVWRIEI DIV T
Lx9,

S51¥UEL T Bi& A XY b cpython.PyInterpreterState_New T L ¥,

void PyInterpreterState_Clear (PylnterpreterState *interp)
RICBLET: Stable ABL. 4 ¥ 2 7)) XA TP 2 7 PHOETOBEHRE VY FLET, GIL %
REFLTORITFERD T A

IR LT BB A N> b cpython.PyInterpreterState_Clear %A L ¥£73,

void PyInterpreterState_Delete (PylnterpreterState *interp)

RICBELZET: Stable ABL. £ Y X7V XREA T =7 b2EL £3, GIL 2 F L T BEIZ
HHFERA, A VXTV RIREIX PyInterpreterState_Clear() THHLPUH VLY P LTEIR
FUIIR D FEA

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
RICBLET: Stable ABL8E LA YR TV EF T 27 NETAH72 ALy RIRKEEX 7Y =
2 2ERLE T, GIL ZRFELTHBBERZD D FEADN, ZOBBERL IO TLEDLND S
BECIIMAFHF L TBOWRES B LWTL & 5,

void PyThreadState_Clear (PyThreadState *tstate)
RICBELZET: Stable ABL. AL vy FIREX 7Y 27 FAOETOFERE Y £y P LET, GIL 215
LTWRITFNUIZRD 28 A

N— 3 ¥ 3.9 TAHE: This function now calls the PyThreadState.on_delete callback. Previ-
ously, that happened in PyThreadState_Delete().
void PyThreadState_Delete (PyThreadState *tstate)

RICBELET: Stable ABL. AL vy RIREEA 7P 27 P 2BEL 3, GIL 2RET208IH D 1
Ao AL v RIREEIX PyThreadState_Clear() THHLPUH Uty L TELPRINUILRD A,
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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().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)

RICBLFT: 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)

MICBLET: 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)

RICBLFT: 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.

PylnterpreterState *PyInterpreterState_Get (void)

RICBLFT: Stable ABL (IN—23> 3.9 &D ). Get the current interpreter.
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Issue a fatal error if there no current Python thread state or no current interpreter. It cannot
return NULL.

FEOCH LN GIL 21583 20828 H D £3
Added in version 3.9.

int64_t PyInterpreterState_GetID(PylnterpreterState *interp)

RICBLET: Stable ABI (IN—=23> 3.7&D). A 27V 20—k ID %iRL %3, WHAFIC
LTS —MEESH, -1 RSN, =7ty bEhET,

FEOCH LN GIL 2183 2088 HH £
Added in version 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

RICBLET: Stable ABI (IN—=23> 3.8&D). 4 VR TV XEHEDOTF — X ERFL TV EER
BLET, ZOBED NULL 2R LHEIE. 22 ETTHAMIEH SR TES S, MOH LANZA >
27 ZEGOFHBEIFAATERVEEZRIFIUIRD FR A,

Z OB PyModule_GetState() #BEIZ 2 b DTIIR L, WIREY 2 — D4 VX7 X[EH
DIRBEHRMESNT 2DIHEIREH DT,

Added in version 3.8.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, PylnterpreterFrame *frame, int
throwflag)

Type of a frame evaluation function.

The throwflag parameter is used by the throw() method of generators: if non-zero, handle the

current exception.
N—3a v 3.9 TEH: The function now takes a tstate parameter.

N—3Y a ¥ 311 TZH: The frame parameter changed from PyFrameObject* to

_PyInterpreterFramex*.

_ PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
Added in version 3.9.

void _PyInterpreterState_SetEvalFrameFunc(PylnterpreterState *interp, —PyFrameEvalFunction

eval frame)

Set the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.

Added in version 3.9.
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PyObject *PyThreadState_GetDict ()

RO fE: BRASE, RICBLET: Stable ABL JLHREY 2 — A AL v FEHOREBHEREZREFTZ
2XOBFHELRLET, A DIREY 2 —UHFHFIIREER L RET 2 72DIITHE—D F — 2 fiff
LRFNIRD FRA, BEDAL vy RIRERL VRIS ZOBEEENCHL T 2 E0WERA, ZOH
BH NULL 2R 33558, fsHNI S o SR g, MO LANZBRED R Ly FIRESFIHTE LR
EEZRTNIRD FE A

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

RIZCBL 9 Stable ABI. Asynchronously raise an exception in a thread. The id argument is
the thread id of the target thread; exc is the exception object to be raised. This function does
not steal any references to exc. To prevent naive misuse, you must write your own C extension to
call this. Must be called with the GIL held. Returns the number of thread states modified; this is
normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending exception

(if any) for the thread is cleared. This raises no exceptions.

N—=Ta v 3.7 TEH: id 518 D% long 75 unsigned long "NEHEXNE L7z,

void PyEval_AcquireThread (PyThreadState *tstate)

FICBLFEJ: Stable ABL. GIL 215 L. HED XL v RIREE%R tstate ICREL F 3, tstate 1
NULL THoTiE D FHA, By 7 @IS UDIER IR TVARITUIL D FHA, ZOBEBEREY
HUZALy RBTTIcay Z72EELTVWAREE, Ty Fay ZIZEh 27,

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.

N—=Y a vy 38 TZHEHE: 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 () FWVWDTH (AL v FBFHHLEIhizwinwe ET) FAHAREREL N
WBIETS,

void PyEval_ReleaseThread (PyThreadState *tstate)

RICBLEFT: Stable ABL BIfEORA L v FIKEEZ Vv PLTNULLIZL. GIL 2L ET, v v
ZEHOEPUDERENTORITINUIR ST, DPOBREDORL v RPREFL TWRIFAUEZRZRD 8 A,
tstate & NULL TH o TER D FHAD, ZOMEPBIEDRL v FIREZERH L TV 508 5 haiix
572D ELNET - B LESTRIFNE, BN —PREINE T,

PyEval_SaveThread () X X D@L ~VRBTHIZ (AL y FAWEHLEhTwWianwe ET) FH
TEET,
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void PyEval_AcquireLock()
RICEL £79: Stable ABI. Acquire the global interpreter lock. The lock must have been created

earlier. If this thread already has the lock, a deadlock ensues.

N— a v 3.2 TIEHESRE: This function does not update the current thread state. Please use

PyEval_RestoreThread() or PyEval_AcquireThread() instead.

0 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—3Y a ¥ 38 THZHE: 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.
void PyEval_ReleaseLock()
RICE L 9 Stable ABI. Release the global interpreter lock. The lock must have been created

earlier.

N— a v 3.2 TIEHESRE: This function does not update the current thread state. Please use

PyEval_SaveThread() or PyEval_ReleaseThread () instead.

9.6 72T RYR—F

F A Y DEEIIIDIAT Python 4 Y2 7Y ZIZ 1 D723 TER, W D0DHEFA—7rE AN, 3%
WERI—ZA Ly RNT, BEOMNL LA V2T REERT 2 BENH D ET, ZNEAIREICT 20039 7
AVRTYERTT,

PRAV? AV RTVREE, TR AP ERIT o7 e FICERINHEREINIA VR TV XD T,
BITAVERTVREE N, XL VA VRT)RIES TFANY RV Y TDE S5k, Tt A8 THE—RE
BHDET, ALV AVRTYRINET VEA LOFEEHOUIEET L W > BEHDDH D, @EEFT & A4
LD TIEAZENNT WS T VXA L TH DD EF, PylnterpreterState_Main() BAEIE. XA >4 ¥
2T XDIREADRA » ZERLET,

P74 R TV ZEYDEZD PyThreadState_Swap () BT TEE T, ROBEKEF->THTA4 &2 TY
K DOIER L HIFRDMTA L5
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.

MER 7 4 — L F
9.6. Y71 aT)atR—F 277




The Python/C API, U1 —2X 3.12.9

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 g7l
must not be PyInterpreterConfig_ OWN_GIL.

int allow_fork
If this is 0 then the runtime will not support forking the process in any thread where the
sub-interpreter is currently active. Otherwise fork is unrestricted.

Note that the subprocess module still works when fork is disallowed.

int allow_exec

If this is 0 then the runtime will not support replacing the current process via exec (e.g.
os.execv()) in any thread where the sub-interpreter is currently active. Otherwise exec is

unrestricted.
Note that the subprocess module still works when exec is disallowed.

int allow_threads
If this is 0 then the sub-interpreter’s threading module won'’t create threads. Otherwise
threads are allowed.

int allow_daemon_threads
If this is 0 then the sub-interpreter’s threading module won’t create daemon threads. Oth-
erwise daemon threads are allowed (as long as allow_threads is non-zero).

int check_multi_interp_extensions

If this is O then all extension modules may be imported, including legacy (single-phase
init) modules, in any thread where the sub-interpreter is currently active. Otherwise
only multi-phase init extension modules (see PEP 489) may be imported. (Also see

Py_mod_multiple_interpreters.)
This must be 1 (non-zero) if use_main_obmalloc is 0.
int gil

This determines the operation of the GIL for the sub-interpreter. It may be one of the

following:

PyInterpreterConfig DEFAULT_GIL

Use the default selection (PyInterpreterConfig_SHARED_ GIL).

PyInterpreterConfig_SHARED_GIL

Use (share) the main interpreter’s GIL.

PyInterpreterConfig_OWN_GIL
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If this is PyInterpreterConfig_OWN_GIL then PyInterpreterConfig.use_main_obmalloc

must be 0.

PyStatus Py_NewInterpreterFromConfig(PyThreadState **tstate_p, const PylnterpreterConfig

*config)

LW 74 &2 FY & (sub-interpreter) ZAEML FF, 74 &2 TFV & eE (IEX7ER) M5l
WHElX N7z Python 2 — FOFEFTERETY, Rz, L w74 &2 7Y Xid, import Eh3E
Va2 B TRDOVWTUAND AN a Y 2fb, ZARIBERE R 5EY 22—/ builtins, _
BEU sys bEENE T, B — FEADEY 2 —AHh 57K 57T —7 ) (sys.modules) BLXUEY 2 —
IRER VR (sys.path) VT4 X7 ZBIZHED S DI DT, ikt 74 027V X35
1213 sys.argy ZBDIH D FHA, Fio. 74 VX TV XIIFBREHET/O A MY — 4 sys.stdin,
sys.stdout, sys.stderr ZFHHET (LI3VA. ZNODRA MY —LIFIMREIICH ZFE T 7 7 £ Vit
FEZRLTVET),

_main__

The given config controls the options with which the interpreter is initialized.

Upon success, tstate p will be set to the first thread state created in the new sub-interpreter. This
thread state is made in the current thread state. Note that no actual thread is created; see the
discussion of thread states below. If creation of the new interpreter is unsuccessful, tstate p is
set to NULL; no exception is set since the exception state is stored in the current thread state and

there may not be a current thread state.

Like all other Python/C API functions, the global interpreter lock must be held before calling this
function and is still held when it returns. Likewise a current thread state must be set on entry.
On success, the returned thread state will be set as current. If the sub-interpreter is created with
its own GIL then the GIL of the calling interpreter will be released. When the function returns,
the new interpreter’s GIL will be held by the current thread and the previously interpreter’s GIL

will remain released here.
Added in version 3.12.

Sub-interpreters are most effective when isolated from each other, with certain functionality re-

stricted:

PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = O,
.allow_exec = 0,
.allow_threads = 1,
.allow_daemon_threads = O,
.check_multi_interp_extensions = 1,
.gil = PyInterpreterConfig OWN_GIL,

+5

PyThreadState *tstate = NULL;

PyStatus status = Py_NewInterpreterFromConfig(&tstate, &config);

if (PyStatus_Exception(status)) {
(RDOR=V1Fil)

9.6.
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(FiDR— 25 D %)

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:

o For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec(), a separate
module object is created and initialized for each interpreter. Only C-level static and global

variables are shared between these module objects.

o For modules using single-phase initialization, e.g. PyModule_Create (), the first time a partic-
ular extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictio-
nary is squirreled away. When the same extension is imported by another (sub-)interpreter, a
new module is initialized and filled with the contents of this copy; the extension’s init function
is not called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters,

which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the inter-
preter has been completely re-initialized by calling Py_FinalizeEz () and Py_Initialize();
in that case, the extension’s initmodule function is called again. As with multi-phase ini-
tialization, this means that only C-level static and global variables are shared between these

modules.

PyThreadState *Py_NewInterpreter (void)

RICB L 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 F7: Stable ABL 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.
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9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig() you can create a sub-interpreter that is completely isolated
from other interpreters, including having its own GIL. The most important benefit of this isolation is
that such an interpreter can execute Python code without being blocked by other interpreters or blocking
any others. Thus a single Python process can truly take advantage of multiple CPU cores when running
Python code. The isolation also encourages a different approach to concurrency than that of just using
threads. (See PEP 554.)

Using an isolated interpreter requires vigilance in preserving that isolation. That especially means not
sharing any objects or mutable state without guarantees about thread-safety. Even objects that are
otherwise immutable (e.g. None, (1, 5)) can’t normally be shared because of the refcount. One simple
but less-efficient approach around this is to use a global lock around all use of some state (or object).
Alternately, effectively immutable objects (like integers or strings) can be made safe in spite of their
refcounts by making them ”“immortal”. In fact, this has been done for the builtin singletons, small

integers, and a number of other builtin objects.

If you preserve isolation then you will have access to proper multi-core computing without the complica-
tions that come with free-threading. Failure to preserve isolation will expose you to the full consequences

of free-threading, including races and hard-to-debug crashes.

Aside from that, one of the main challenges of using multiple isolated interpreters is how to communicate
between them safely (not break isolation) and efficiently. The runtime and stdlib do not provide any
standard approach to this yet. A future stdlib module would help mitigate the effort of preserving

isolation and expose effective tools for communicating (and sharing) data between interpreters.

Added in version 3.12.

9.6.2 NJ L IEFE

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.

¥ 74 R TY X% PyGILState_*x APl LHHAGDLELZDPHE L VWI L IRBERLTLLEE W, Th
5@ API iZ Python ® AL v FIREEX OS LA ALy FA 10 1 THELTWS Z ¥ ZRZICL T
WTC, $T7A4YX TV EBEFELET S ZOREPHNSE 5T, NGS5 PyGILState_Ensure() &
PyGILState_Release() DMEUHLORT7ZDMETIX, 74 X FYRXDYIDFEZZTHRVWI & 25l H#
BLET, HIT, (ctypes DL IH7R) ZThod API Z{fi o T Python DA TESN AL v R 5 Python
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A—RZFETLTWVBIERES 2 —NdY T4 VX PV XS5 e EAAReRH D 5,

9.7 FEEJHAEA]

AYRTYVRDRAA ALy FIZIEAZREMZAT S 72D E N TW B AT, Zhs o@EAIE
RA &L void KA Y ZEIEE WS TEEZED 3

int Py_AddPendingCall (int (*func)(void*), void *arg)

RICBLET: Stable ABL. A Y2 FVRDAA Y ALy FALEBARIHEINE T ELZHAET,
BINT 22 05ED, func l3XA4 Y ALy FOREUH L Fa— 2w ohxd, KRBTz, Hilsz
“k/]\‘t}.—j_cu _1 i)) bij—o

HRICF 2 - KFED LN . func iE WODNIBT A Y EZ TV RDRAAL ALy R b, arg 25|
LTI ES, 2o, @FEDETHD Python 22— R LTI I E T
. RO DEMHICHER LTz 2T xhET:

o bytecode S FITWVWB & &,

o XA VAL KM global interpreter lock ZIRFFLTWS (T2bB func HIRTD C API 2
HE3) %,

L7250 func X 0 ZREQEXR ST, KR LS -1 ZRUEAMEZ LY M LRIV ER A,
func &, MOIEFIBAZITS 72Dz, THWKEHIDAENZ ZLIEH D FEAN, Fa— g &
TV E&ay ZPRRENTHEEE. ALy FOUIDERICE o TEHIDAE S ATREMD TR > TV T,

ZOBBIIFEITTZ2DIBEDAL Yy FIREEZXE YT, Zo—oLf YR 7Y Zay 708y L
XA,

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

TR, FERICERIRIE BT DARILD, KL NVREETE, func HTATRERZIR D B MU X h
BZHREEEH D FH A, XA VALY FRT AT L=V EETT2DIICLWESIE. func 13 R
TLA—DRSTL B2 ETHUIHINBEWTL & 5, ZOBET—MIziE, 80 C ALy K
25 Python 2 — FEMUHTOWKIE AEFEA . Zhaoffb bz, PyGILState API ZER L
TLEZE W,

g

==}
=

Added in version 3.1.

N— a ¥ 3.9 TZMHE: If this function is called in a subinterpreter, the function func is now
scheduled to be called from the subinterpreter, rather than being called from the main interpreter.

Each subinterpreter now has its own list of scheduled calls.
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9.8 7O7 7ML kL —X (profiling and tracing)

Python 4 ¥ & 7V X%, 707 7 4 )L: 7H7 (profile) RFEITD b L —R: B (trace) ¥\ o 7=HEREE A
AL DIKEDY K= P 2RELTVET, COFR-MEI Ta 77407 Ny 7 EH#FE S
(coverage analysis) ¥ — LR E b E T,

ZDCAYE=Tz—RIF, 07 740% L —REERIC, Python LX)LORFOH LATREA 79 = 2
PHERHENDZ Z 2k 24—y FE2BT, B C BEEIHLITA2E5CLTVWES, ury
AR b L —ABBEEOAREN ZBMIIZED o TVWERA; A VX — 72— ATRE ML —REEEZAL Y FTE
WA YA P=ATE, FL—RBBICHE SN DHAAL X2 b (basic event) IZBHTDN— a L IZBNT
Python L~\L®D b L — 2B THE XN TV DD LR LT,

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval_SetProfile() and PyEval_SetTrace().
The first parameter is the object passed to the registration function as obj, frame is the frame object
to which the event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION,
PyTrace_LINE, PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN,
or PyTrace_OPCODE, and arg depends on the value of what:

what D& arg DEIK

PyTrace_CALL HIZ Py_None

PyTrace_EXCEPTION  sys.exc_info() DiRSHISMEHR TS,

PyTrace_LINE HIZ Py_None

PyTrace_RETURN FECCH LINTIR & 2 TE DD BIFNC & o TREZ 1k 2 58 1E NULL
T,

PyTrace_C_CALL FFOH SN B 7> = 7 b,

PyTrace_C_EXCEPTION WU N A A T =7 b,
PyTrace_C_RETURN MOHXNZEH8A 7 =7 b,
PyTrace_OPCODE HIZ Py_Nome ,

int PyTrace_CALL
B X Y v FOFIC R END. P22 L =20 Rz Y PYOMHIZA o7 Z L ZHET
BBED, Py_tracefunc ® what DETT, 4 7L —&XT 2 AL —XBEBOERT. T2 71—
LN®D Python NA b a— RIZHIfHIDOZEE (control transfer) 235 Z 658V DIME S NR VD THER
LTLZEW,

int PyTrace_EXCEPTION

BIADEH S NTBRD Py_tracefunc @ what DIETT, BEFEITEINA TS 7 L —ATHISNI L v
FEAL FMISDANA b a— RPN NRIZ, what 122 DENE Y P ENTRETI ANy F
B XNE T, ZORRE. BISNDEIHEIC K 5T Python BRI L AKX v 72 HRED § 2
2. B7 L — L0 EARS ZeiZa— Ny ZEEMAIF N ENE T, LR TR IS
DARY P EZUTWMDET; 7RI 74 FEZOBDARY FERBEY LEEA,

int PyTrace_LINE
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The value passed as the what parameter to a Py_tracefunc function (but not a profiling func-
tion) when a line-number event is being reported. It may be disabled for a frame by setting
f_trace_lines to 0 on that frame.

int PyTrace_RETURN

MM UA%R 2 & 212 Py_tracefunc BAEIC what 518 LTHESETT,

int PyTrace_C_CALL

C B MU 3 ERINIC Py_tracefunc BIED what 513y L TETMETT,

int PyTrace_C_EXCEPTION

C BB 2 R LTz & =12 Py_tracefunc BIEOD what 518y L CTESTMETT,

int PyTrace_C_RETURN

CRBEED» SRS & =2IT Py_tracefunc BIEID what 518 LTESTETT,

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when
a new opcode is about to be executed. This event is not emitted by default: it must be explicitly
requested by setting f_trace_opcodes to 1 on the frame.

void PyEval_SetProfile(Py_ tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter,
and may be any Python object, or NULL. If the profile function needs to maintain state, using a
different value for obj for each thread provides a convenient and thread-safe place to store it.
The profile function is called for all monitored events except PyTrace_LINE PyTrace_OPCODE and
PyTrace_EXCEPTION.

sys.setprofile() BB B T ZE W,
RO LENE GIL 2R L2072 D £ A,

void PyEval_SetProfileAllThreads(Py tracefunc func, PyObject *obj)

Like PyEval_SetProfile() but sets the profile function in all running threads belonging to the

current interpreter instead of the setting it only on the current thread.
FEOH LANE GIL Z2HE/ LR U h 8 A,

As PyEval_SetProfile(), this function ignores any exceptions raised while setting the profile

functions in all threads.
Added in version 3.12.

void PyEval_SetTrace(Py_tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile(), except the tracing
function does receive line-number events and per-opcode events, but does not receive any event

related to C function objects being called. Any trace function registered using PyEval_SetTrace ()
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will not receive PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_ RETURN as a value for the

what parameter.
sys.settrace() BIRB B L T & W,
MO LN GIL Z2E5 LUl $2A,.

void PyEval_SetTraceAllThreads(Py tracefunc func, PyObject *obj)

Like PyEval_SetTrace() but sets the tracing function in all running threads belonging to the

current interpreter instead of the setting it only on the current thread.
MEOH LENE GIL 28R LRFhiudz b 8 A

As PyEval_SetTrace (), this function ignores any exceptions raised while setting the trace func-

tions in all threads.

Added in version 3.12.

9.9 SELZT/N\vHHYR—F (advanced debugger support)
DT OBREEERT Ny 7Y — L TOFEHD 72D bDTT,

PylnterpreterState *PyInterpreterState_Head ()

AVERTYVZIREL TS 27 b0 VAIDIB, KBHIIHLHDEELET,

PylnterpreterState *PyInterpreterState_Main()
AA YA RTY)RDREF TS =7 P 2IBELET,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

AVRTYRIREF T 27 bR 2ZVA DI B, interp DRIZHZ2DDERLFT,

PyThreadState *PyInterpreterState_ThreadHead ( PylnterpreterState *interp)
4 YRFY R interp THEMNITLATWVWEAL Y FRLKRBZ3YRAIDS L, LEHIIH 3B
PyThreadState A 7Y 7 FRIRLE T,

PyThreadState *PyThreadState_Next ( PyThreadState *tstate)

tstate ¥ WU PyInterpreterState A 7Y =7 MZJBLTWARALy FIREF TV =227 FD 5B,
tstate DRICH 2 HDZIEL ET,

9.10 ALy FAO—AILR L —PDYR—F

Python 4 > &2 7)) 213, AL vy Fa—AL X L — (thread-local storage, TLS) DKL AL R —+ %
FBHELTOT, X474 70D TLS EEEZANEICT v 7L T Python LRXAVDAL Yy FR—AJLA ML=
API (threading.local) ZH¥K—bFLTWE T, CPython ® C L)L API IJ pthreads % Windows T
Hzo6h3 TLS AT ALy R¥F—L AL vy FZLIZ void* % BRI 2 BRIV £ 3,

API TEDN 2B 2R Zid, GIL 2HUS T 248X HDFEA . HEESGDOR Yy 73 F— SN T
WEJ,
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Python.h X TLS API ODHEE % include 3. AL vy R =NV A L =% 5121% pythread.h %
include 32 MHENH % Z LITTER L TLEE W,

O IR
ZO APl B3 D voidx HORDDITAEVEHZITS ZLIZLERA, X EY QMR L EIZH

MITHF 5 BEAD D £F, voids AT E7F PyObjects 72 o788, APl B3 2 2hOEDS
B > b DIBIERITOEE A,

9.10.1 XL v FEIE X kL — (Thread Specific Storage, TSS) API

TSS API 1%, CPython 4 ¥ X 7V RIEENTVWBEHFD TLS API # B &1 2 7-DICEAINE Lz,
2D APILE, ALy FF—DRHIZ int DO IH L WAL Py_tss_t BHFNE T,

Added in version 3.7.

o B

"CPython DALy FR—A)L A ML =Y DdDH LW C API” (PEP 539)

type Py_tss_t

ZOF—ZEERIZAL Yy FXF—DREZRFELTVET, ZOEEROERIZ. HED TLS 52
REL. F—OWHILIREZ R T 2NE 7 4 — L FEFB £3, 2 OMEIRICIZAR (public) @ X
NEHHFEE A,

Py LIMITED API DPEZEINTWARWE ZiZ, ZOROD Py tss_NEEDS INIT IZX2HFHNAEY
REPTE LT,

Py_tss_NEEDS_INIT

ZD~ruld Py_tss_t ZROWIILFIEHENE S, 2D~ vld Py LIMITED _API 3% %
LEIIERSNEE A

BRI X E R
BIf7e Py _tss_t DX EVHERIE Py LIMITED API TENL FENTIEREY 2 — LV TREIZHR D T35,
ZDFEP LIV RRHCARBER R 72012, 20RO X € V) HERIEAATRET T,

Py tss t *PyThread_tss_alloc()
RICBLZEFT: 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.
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0 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)

RICBLETY: 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 t *key)

RICBELET: Stable ABI (/NA—23 > 3.7 &D ). Return a zero value on successful initialization of
a TSS key. The behavior is undefined if the value pointed to by the key argument is not initialized
by Py_tss_NEEDS_INIT. This function can be called repeatedly on the same key -- calling it on

an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete(Py_ tss ¢ *key)

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 ABL (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.

9.10.2 XL RO—AILZX kL — (TLS) API

N— a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

0 R
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.
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ATRD HIMEDOREIC LD, ZON=Ya > D APLEHH O — FTHHIRETEDHD H¥A,

int PyThread_create_key ()
FICBL X9 Stable ABI.

void PyThread_delete_key (int key)
RICELZF 9 Stable ABL

int PyThread_set_key_value (int key, void *value)

TICBLZE 9 Stable ABI.

void *PyThread_get_key_value (int key)
RICEBLET: Stable ABL

void PyThread_delete_key_value (int key)
RICEL 9 Stable ABL

void PyThread_ReInitTLS()

TICBLZE 9 Stable ABI.
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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 <)
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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 291



The Python/C API, U1 —2X 3.12.9

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.
MHEIR 7 14—V B

int allocator

Name of the Python memory allocators:
e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
o PYMEM_ALLOCATOR_MALLOC (3): use malloc() of the C library.
o PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using --without-pymalloc.
See Memory Management.
Default: PYMEM_ALLOCATOR_NOT_SET.

int configure_locale

Set the LC__CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_locale and coerce_c_locale_warn members to O.
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.
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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,
o 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 PrelnitializeFromBytesArgs () 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.

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.
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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_argv 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_EzitStatusEzception().

For Python Configuration (PyPreConfig_InitPythonConfig()), if Python is initialized with command
line arguments, the command line arguments must also be passed to preinitialize Python, since they
have an effect on the pre-configuration like encodings. For example, the -X 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
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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_Prelnitialize(&preconfig);

if (PyStatus_Exception(status)) {

Py_ExitStatusException(status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

V4

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)

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.
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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.argv, parsing arguments twice would parse the application options as Python

options.
Preinitialize Python if needed.

N— a3 v 3.10 TEH: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argu is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.

parse_argu 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.

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
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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().
REIR 7 4 — L 1

PyWideStringList argv

Command line arguments: sys.argv.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command

line arguments and then to strip Python arguments from 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:
e 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.
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.
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wchar t *base_executable

Python base executable: sys._base_executable.

Set by the __PYVENV_LAUNCHER__ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout

and stderr.

Set to 0 by the -u command line option and the PYTHONUNBUFFERED environment variable.
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.

Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.TextI0OWrapper 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.
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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.
o If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on
Windows).

Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
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.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure

--with-trace-refs option.

Default: 0.
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wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed:

sys.exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
Default: NULL.
Part of the Python Path Configuration output.

int faulthandler

Enable faulthandler?

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:
e "utf-8" if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo(CODESET) announces the ASCII encoding,

whereas the mbstowcs () function decodes from a different encoding (usually Latinl).
e "utf-8" if nl1_langinfo(CODESET) returns an empty string.
o Otherwise, use the locale encoding: n1_langinfo(CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,

"ANSI_X3.4-1968" 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.
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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

Python home directory.

If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.

Default: NULL.

Part of the Python Path Configuration input.

int import_time

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.
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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 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.
o Set use_environment to 0: ignore PYTHON environment variables.
e 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.FileI0 instead of io._WindowsConsoleIO for sys.stdin, sys.stdout

and sys.stderr.
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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.

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 TEH: 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).
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Part of the Python Path Configuration output.

int optimization_level

Compilation optimization level:
e 0: Peephole optimizer, set __debug__ to True.
o 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

nON-Zero).
See also the argv member and the Py_GetArgcArgv () function.
Default: empty list.
Added in version 3.10.
int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments,

and strip Python arguments from arguv.

The PyConfig_Read() function only parses PyConfig.argv 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_argv equals to 1.

int parser_debug
Parser debug mode. If greater than 0, turn on parser debugging output (for expert only,

depending on compilation options).

Incremented by the -d command line option. Set to the PYTHONDEBUG environment variable

value

10.6. PyConfig 305



The Python/C API, U1 —2X 3.12.9

Need a debug build of Python (the Py_DEBUG macro must be defined).

Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals

to 0, suppress these warnings.
Default: 1 in Python mode, 0 in isolated mode.
Part of the Python Path Configuration input.

N— a ¥ 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.

wchar__t *program_name

Program name used to initialize ezecutable and in early error messages during Python ini-

tialization.
e If Py_SetProgramName () has been called, use its argument.
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.
If NULL, sys.pycache_prefix is set to None.

Default: NULL.
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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.

wchar t *run_module

Value of the -m command line option.
Used by Py_RunMain().
Default: NULL.

int show_ref_count

Show total reference count at exit (excluding immortal objects)?

Set to 1 by -X showrefcount command line option.

Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import

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.

1 _sitei he i | val feite s
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Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig.run_filename source.
It allows the usage of non-Unix forms of #!cmd. This is intended for a DOS specific hack only.
Set to 1 by the -x command line option.
Default: 0.
wchar_t *stdio_encoding

wchar t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr

always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if

they are not NULL.
Use the 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 7C” or "POSIX".

e "strict" otherwise.

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 PYTHONPERFSUPPORT environment variable.
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Default: -1.
Added in version 3.12.

int use_environment

Use environment variables?

If equals to zero, ignore the environment variables.
Set to 0 by the -E environment variable.

Default: 1 in Python config and 0 in isolated config.

int user_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the -s and -I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing

the place (filename or built-in module) from which it is loaded.

If greater than or equal to 2, print a message for each file that is checked for when searching

for a module. Also provides information on module cleanup at exit.
Incremented by the -v command line option.

Set by the PYTHONVERBOSE environment variable value.

Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.

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.
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Set to 0 by the -B command line option and the PYTHONDONTWRITEBYTECODE environment

variable.
sys.dont_write_bytecode is initialized to the inverted value of write_bytecode.
Default: 1.

PyWideStringList xoptions

Values of the -X command line options: sys._xoptions.
Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command

line arguments, and Python arguments are stripped from argv.
The zoptions options are parsed to set other options: see the -X command line option.

N— g 3.9 TZH: The show_alloc_count field has been removed.

10.7 Initialization with PyConfig
Function to initialize Python:

PyStatus Py_InitializeFromConfig(const PyConfig *config)

Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusException().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittadb () 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_ExtendInittab () 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)) {
(RDOR=V1Fil)
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goto exception;

status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config) ;

return;

exception:
PyConfig_Clear (&config) ;
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override
some parameters. Note that since 3.11, many parameters are not calculated until initialization, and so
values cannot be read from the configuration structure. Any values set before initialize is called will be

left unchanged by initialization:

PyStatus init_python(const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Set the program name before reading the configuration

(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {

goto done;

/* Read all configuration at once */
status = PyConfig Read(&config);
if (PyStatus_Exception(status)) {

goto done;

(RDR=V 1K)
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/* Specify sys.path ezplicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject("path") */
config.module_search_paths_set = 1;
status = PyWideStringlList_Append(&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringlList_Append(&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {

goto done;

/* Override exzecutable 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.
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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.

10.10 Python

Path Configuration

PyConfig contains multiple fields for the path configuration:

o Path configuration inputs:

— PyConfig.home

— PyConfig.platlibdir

— 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.
— PyConfig.
— PyConfig.
— PyConfig.

— PyConfzg.

PyConfig.

PyConfig.

base_ezec_prefiz
base_exzecutable
base_prefizc
exzec_prefic
executable

module_search_paths_set, PyConfig.module_search_paths

prefic
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If at least one "output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting
explicitly all path configuration output fields listed above. A string is considered as set even if it is
non-empty. module_search_paths is considered as set if module_search_paths_set is set to 1. In this

case, module_search_paths will be used without modification.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only,

Windows does not log any warning).

If base_prefiz or base_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.
o Set site_import to 0.
e Set safe_path to 1.

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable
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10.11 Py__RunMain()

int Py_RunMain (void)

Execute the command (PyConfig.run_command), the script (PyConfig.run_filename) or the

module (PyConfig.run_module) specified on the command line or in the configuration.
By default and when if -i option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using

Py_RunMain().

10.12 Py_GetArgcArgv()
void Py_GetArgcArgv (int *argc, wchar t ***argv)
Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.

10.13 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:
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e PyConfig._init_main: ifset to 0, Py_InitializeFromConfig () stops at the "Core” initialization

phase.
PyStatus _Py_InitializeMain (void)

Move to the "Main” initialization phase, finish the Python initialization.
No module is imported during the "Core” phase and the importlib module is not configured: the Path
Configuration is only applied during the "Main” phase. It may allow to customize Python in Python to

override or tune the Path Configuration, maybe install a custom sys.meta_path importer or an import

hook, etc.

It may become possible to calculate the Path Configuration in Python, after the Core phase and before
the Main phase, which is one of the PEP 432 motivation.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase
is not specified yet. The API is marked as private and provisional: the API can be modified or even be

removed anytime until a proper public API is designed.

Example running Python code between ”"Core” and "Main” initialization phases:

void init_python(void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

config._init_main = O;

/* ... 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(

n

"import sys;

"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");

if (res < 0) {

exit(1);

(RDR=V1ZHiEL)
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/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
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PyObject *res;
char *buf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
(RDR=V1Hi <)
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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
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PHERNICHWSN 2 DL LTH, BTOXEVRIEEKRZ Python X BV v —Y 2 IZEFET UL, 1~
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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
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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.
There is no hard requirement to use the memory returned by the allocation functions belonging to a
given domain for only the purposes hinted by that domain (although this is the recommended practice).
For example, one could use the memory returned by PyMem_RawMalloc () for allocating Python objects

or the memory returned by PyObject_Malloc() for allocating memory for buffers.
The three allocation domains are:

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 to the system.

b

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory
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buffers where the allocation must be performed with the GIL held. The memory is taken from the
Python private heap.

e Object domain: intended for allocating memory belonging to Python objects. The memory is

taken from the Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the
matching specific deallocating functions must be used. For example, PyMem_Free () must be used to free

memory allocated using PyMem Malloc().

11.3 EXEVAVH—TI—2XR

UROBBREISRT070 5 —2%5y T LET, ZNLOBBIEIRAL Yy KE—7 T, GIL 2HFFL TV
BATHMUIHIT e N TEE T,

The default raw memory allocator uses the following functions: malloc(), calloc(), realloc() and

free(); call malloc(1) (or calloc(l, 1)) when requesting zero bytes.
Added in version 3.4.

void *PyMem_RawMalloc (size_t n)

nANA PEEDYT, ZOXEY 25T voidx BDKRA Y XE2RL £F, ERPERBL 75 E NULL
ZIRLE T,

0 N4 FZ2EKT 5L, PyMem_RawMalloc (1) 2SIz & ZLEL & 512, AJREAR 6 NULL TRV
=TI RRAVEREIRLET, BEINIZXAEY IV rR20HHEDITOAEEA,

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

BEED elsize XA L DEZE nelem H7DRXEY) —%ZMEAEL., ZOXEY —%2FET voidx BLDKRA
VRERLET, 70— MIRBRLUEEAIE NULL 2R L %3, EINZXTY —ERZEn Ty
Hbxnx 3,

BEEDBEROY A XD 084 POERISH LTIk, TIEEX 5 PyMem_RawCalloc(l, 1) 2SMEEh 7
DEFEL &SI, 2=—27% NULL TRWEKRA Y XERLET,

Added in version 3.5.

void *PyMem_RawRealloc (void *p, size_t n)
p PHEFTAEYV 70w 2% n NAL MU AXLET, HOHAXEHFH LY A XD/PNZNWFTETD
NERZEHEINEEA,

p 5 NULL DBEMOH LiE PyMem_RawMalloc(n) Y 5liTT, 25 TR, n BERIZFLWEE,
XY 70y 73 P4 RASNETHRMSINERA, RSN KR A »&IFIE NULL T,

p A NULL THRWR D, p EZ2H XD HTD PyMem RawMalloc(), PyMem_RawRealloc(),
PyMem_RawCalloc() OO LI X DIRENRITIUIZD £E A,

BRDK L 72856 PyMem_RawRealloc() & NULL iR L. p XRIOXEV TV 7% X THMBRARA
VEDEETT,
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void PyMem_RawFree (void *p)

p WIIT XYV 70y 7 %2MBMRLET, p FLUEIMUIH L% PyMem RawMalloc(),
PyMem_RawRealloc (), PyMem_RawCalloc() DR LETRINERD $HA. ZhSHNOGE
%° PyMem_RawFree(p) ZWM UM LR o 7HE. RERDIMEICLD 5,

p 53 NULL OEEMS LER A,

11.4 XEVA>2—T1x—2R

LT OBBEDFH LT Python B — AR L TXEY ZHER L DBEBL-DHFEEST, chsoBE
ANSI C fEHEIZHE > TETFIMELEINTVETH, 0 N1 FZERLIZBOBEICOVWTHERL TVET:

The default memory allocator uses the pymalloc memory allocator.

A
INODOBEBEMRL FiTiE, GIL 2L TEBEYD D £T,

DR

==}
=

N—=Tay 36 TEH: F740 D705 —ZHMRT A7 LD malloc() 25 pymalloc 127D F L7,

void *PyMem_Malloc(size t n)

RICBLEY: Stable ABL. n NA F2E[DU T, ZOXEY BT voidx BlORA VA ZRLFT,
TRDIFE L 72354 NULL 2K L £5,

0 N4 FZERT 2 L. PyMem_Malloc(1) HMEENzr LU L5112, AIRER & NULL TRV
Z— O RERAVEERLET, WAEINIZXTY) =30 5FHEBITONER A

void *PyMem_Calloc(size t nelem, size t elsize)

RICBLET: Stable ABI (IN—=2a X 8.7 &0 ). BEED elsize N4 b DEFR nelem 877D X E
U—%MRL, ZDOXEY —%4T voidx HMDKRA VX %2R LET, 70— MIRERLAEGER
NULL 2R L £, RSN XE) -t e cfiftah s,

BERRDEZRDT A X030 84 POERIIH L TIE. TIRER & PyMem_Calloc(l, 1) DWEINzDE
FUC &9, 2=—27% NULL TRWRA VY EE2IRLET,

Added in version 3.5.

void *PyMem_Realloc (void *p, size_t n)
RICBLUET: Stable ABL p BT XEV 70w 7% n N MU A XL ET, HOHF A XEHL
WA ZDNENTETONFIEEINEE A

p A% NULL DGEM-UH LIX PyMem_Malloc(n) &%EfiTF, 25T n EBIZFELWVHA, X
BV TRy 23V A RENETPRRENERA, BENTRA ¥ ZIFIE NULL TF,

p A NULL TRV D, p ZN XD FD PyMem_ Malloc(), PyMem_ Realloc() % 7z1%
PyMem_Calloc() OM-UHLIC K DR AR TFIUIRD FH A,
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BRI L 72358 PyMem_Realloc() 1& NULL #iB L. p EHIOAEV ) 72 X THMARKA V&
DEEXETT,

void PyMem_Free (void *p)

RICBELZEJ: Stable ABL p DI XEV Iny 7 2B LUET, p FMURIFIHL &
PyMem_Malloc (). PyMem Realloc(). ¥7z1% PyMem_Calloc() DR L7ETRIFNIEHRD £
Ao ENLIHDEES PyMen_Free(p) MU LB o 58, REROENEIZRD 5,

p 23 NULL O5E1Md L EH Ao
DI 2888 0~ 7 0 3FEEO - DI I Tn 2 D TT, TYPE IHMEED C ORERL 7,

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 A Tetyd=wruTT, p IEWXCHRAINE T, =7 —IHEKHICXEY 255 D%k
J212iE p OITEDEERFL TLEE W,

void PyMem_Del (void *p)

PyMem_Free() &R LTS,

FEEwciz T, C API B2 N3 % Z &< Python XEVEEBAKrEERERUIHEIT /2D TO~ 70
Ty MEEEEIRTVE T, 2L, 25D~ I ik Python N— a YETONNA F ) BfEERE TS,
ZRDZIHIREY 2 — A TCIRHESN TV LD THEREL T ES W,

e PyMem_MALLOC(size)

e PyMem_NEW(type, size)

e PyMem_REALLOC(ptr, size)

o PyMem_RESIZE(ptr, type, size)
o PyMem_FREE(ptr)

e PyMem_DEL(ptr)

115 A7 xo 70O —4

LT OBEBEDFAL T Python B — AR LTXEY 2R L DB LD HFEES, chsofE
ANSI C IR > TETIMEENTVWE T, 0 N4 FEERLZBOBHEICOVWTHERL TVWET
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O 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

g

==
[=]

DRI ZIER L ZiTld, GIL ZRFEL TBLENDHD £3,

void *PyObject_Malloc(size t n)

RICBLZET: Stable ABL. n NA FEE[D YT, ZOXEY BT voidx MOKRA V2 EIRLF T,
FRMEW L 7235E NULL 23R L F 5,

04 FZ2ERT S L, PyObject_Malloc(l) AFHIN L ZFLFU &K 51T, AIAE/R S NULL TR\
Z—ORERAVEERLET, MRINIXTY =30 2FHEBITbNER A

void *PyObject_Calloc(size t nelem, size t elsize)

RICBLET: Stable ABI (IN—23> 8.7 &D ). BEED elsize N4 + DEZR nelem H7 DX E
V—ZMRL, ZDOXEY —%Z45T void* MDKRA VX ZRLET, 70F7— MIERERLAEGER
NULL 23R L 7, ffREhiXe) —@HdLuecyiiftahid,

BREHDOBERDOV A XD 0 N4 bOERITH L Tid, AIRER 5 PyObject_Calloc(1, 1) 2HIh7:
DEFEL &SI, 2=—272 NULL TRWEKRAL Y XERLET,

Added in version 3.5.

void *PyObject_Realloc (void *p, size_t n)

RICBELUET: Stable ABL p BT XEV 70 v 7% n N MUV A XLET, HOHF A XEHL
WH A ZDNEWHEFTONFIIEEINEE A

p A% NULL OBEM-UH LI PyObject_Malloc(n) E%FliT3, £ 5 TR n 2L IZFEL WY
AEV 7Oy 73V YA RENETDVERENFEEA, BENTRA > &I13IE NULL T,

p 3 NULL THRWER D, p EZN X DHEID PyObject_Malloc(), PyObject_Realloc() % 7zii
PyObject_Calloc() OFFHLIC X DRI NRITFIUIRD £HA,

FIRDR L 72385 E PyObject_Realloc() i& NULL 2R L. p IEHIOX TV Y 7% XTHMNERA
VEDEETT,

void PyObject_Free (void *p)

RICEL X Stable ABL p DT XEV T v 72 MBLE T, p FUFMEIHL &
PyObject_Malloc(). PyObject_Realloc(). ¥ 7zl PyObject_Calloc() DR LMEHTRIT I
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ZhERA, TRLANDEGER PyObject_Free(p) ZMUMH LR o756, RERDOEEICKLD

£,

p 3 NULL OBEMS LER A

11.6 Default Memory Allocators

Default memory allocators:

Configuration %Hi PyMem_ Raw- PyMem_Malloc  PyObject_Mal-
Malloc loc

JY—XEILF "pymalloc" malloc pymalloc pymalloc

TNy IR "pymalloc_debug malloc + debug pymalloc 4+ de- pymalloc + de-
bug bug

pymalloc #E L ® VUV — & "malloc" malloc malloc malloc

Bl R

pymalloc L ® 7Ny 27 "malloc_debug" malloc + debug malloc + de- malloc + de-

eIl R bug bug

At

o Name: value for PYTHONMALLOC environment variable.

e malloc:

realloc() and free().

e pymalloc: pymalloc memory allocator.

system allocators from the standard C library, C functions:

e "4 debug”: with debug hooks on the Python memory allocators.

e "Debug build”: Python build in debug mode.

11.7 XEV7OQT7—R%ZHARZIAXTS
Added in version 3.4.

type PyMemAllocatorEx

malloc(), calloc(),

Structure used to describe a memory block allocator. The structure has the following fields:

11.6. Default Memory Allocators
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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()

326 F11E XEVUEE



The Python/C API, U1 —2X 3.12.9

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).

11.8. Debug hooks on the Python memory allocators 327
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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 7U—+70O5—2DHREZIA X
Added in version 3.4.

type PyObjectArenaAllocator
7V —=F7ur—RERT 7D OMIERT T, 320D7 4 — L FEFLET:

Z14—ILF =173

void *ctx FBlEr L TEIhZ2—FarrFx
Z b

void* alloc(void *ctx, size_t size) size N4 D7V —FEH DY TET

void free(void *ctx, void *ptr, size_t 7)) —F R ET

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
TV—FT7asr—X2HE L £7,

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

TV—=FT7ur—REFRELET,

11.10 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.

Return -2 if tracemalloc is disabled, otherwise return 0.
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11.11 fERAH

RAONZRAR TR v b &R o T, HE Hiofl% Python b =712 1/0 Ny 7 7 ZXEVHERT 3 X5 IcHE
MR- DELINITRLE S

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— 2R RoKty P TEVLSDZNIIRLET:

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;

FEOZofITIE, Ny 772 EICHECEREY MIBT 2B THRIEL TV ZITERLTLEE W, 5
B, 2 XEV 78y 7120F 2%FE. Bis XV MERELIEA ST 2EMEHS 3791, ATXEY
APl 77 3V ZfioTITS 2 RETT, UTFDaA—-RFRZWEBZODZF7=MHH, Z2D5HD—DITIFH
75 —TRBET 2RO X TV EEREEEZIREMAL TV DT MMM (Fatal) £ 7LD 3 %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 ().

INHDEBICOVWTIE. RED CIE2HL WA TV 27 FRIOERPLEEICHE T 20 ROPTHAL
%9,
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%

TWELVE

*7o 1o bREYR— (OBJECT IMPLEMENTATION
SUPPORT)

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)

Get 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

RICB L £ : Stable ABI. Type of the functions used to implement most Python callables in C.
Functions of this type take two Py0Object* parameters and return one such value. If the return
value is NULL, an exception shall have been set. If not NULL, the return value is interpreted as the

return value of the function as exposed in Python. The function must return a new reference.

B D> 72 F v 3RO BHTT

PyObject *PyCFunction(PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

RICEBL XY Stable ABI. Type of the functions used to implement Python callables in C with
signature METH VARARGS | METH KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords(PyObject *self,
PyObject *args,
PyObject *kwargs) ;

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH FASTCALL.

The function signature is:

PyObject *_PyCFunctionFast(PyObject *self,
PyObject *const *args,

Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL
| METH KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords(PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD
| METH FASTCALL | METH KEYWORDS. The function signature is:

PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining class,
(RDOR=V1FiL)
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(RIDR=I D5 DR E)
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames)

Added in version 3.9.

type PyMethodDef
RICBLET: Stable ABI (TRTDAYN—%ZFEL). LERD XY v REEART IV 2HiE
BT, ZORERIZIZ 4207 4 =L DD F5:
const char *ml_name

Name of the method.

PyCFunction ml_meth

Pointer to the C implementation.

int m1_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 FCTHAINHEHLN MR LN TS, BIE Pyobjectx B 5[ EfEL
TOERLET, BAIOFIEIIRXY v FD self A7V =27 b TT; Y2 — VEBOBE, ke
Va—NATI I FTT, BHB_DRITRAE (XL args EFHINET) &, RTO58ERBT 47
NATI 2P bTT, T XRITEH, Pydrg_ParseTuple() R PyArg_UnpackTuple() THULHXH
9,

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH VARARGS | METH KEY-
WORDS, METH FASTCALL | METH KEYWORDS and METH METHOD | METH FAST-
CALL | METH KEYWORDS.

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
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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 TZEH: 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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PyArg ParseTuple() with a "0" argument. They have the type PyCFunction, with the self

parameter, and a PyObject* parameter representing the single argument.

UToZo0@HE. MUK LRWERTSDTIERL, Z77ADXY v R LTS BoREFNERT D
DT, EYa— MW L TERESINZEBTHOTIE D THA. AV Y FIZRHLTIK, BRKT—2LhZ
DTS5 kEy FTEZHA,

METH_CLASS

XYy ROEMDOGHEIIE, MDA Y RARX VY ATRBRAEA TV =7 bR ESNET, 2077 713M
HIAHBAEL classmethod () o THKT 2D LT VT ARXY W K (class method) 4K T 5 72
DIZHEbNLE T,

METH_STATIC

XYy FORPOIEICE, BDA Y AX Y ZATIERL NILL XL ET, 2077 7%
staticmethod() Zffio THAMT 2D LR EHXY v K (static method) KT % 7= DIff
bhxd,

B —ODERII, HEXY Y FEFEHADHDAY v NERLBEEMZ 20 502HIHIL £3,

METH_COEXIST

The method will be loaded in place of existing definitions. Without METH COEXIST, the default
is to skip repeated definitions. Since slot wrappers are loaded before the method table, the existence
of a sq_contains slot, for example, would generate a wrapped method named __contains__(Q)
and preclude the loading of a corresponding PyCFunction with the same name. With the flag
defined, the PyCFunction will be loaded in place of the wrapper object and will co-exist with the

slot. This is helpful because calls to PyCFunctions are optimized more than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

ROE: FiLLWBE, RICBLXT: Stable ABI (IN—=23 > 3.9 &D ). Turn ml into a Python
callable object. The caller must ensure that ml outlives the callable. Typically, ml is defined as a

static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when

invoked. self can be NULL.

The callable object’s __module__ attribute can be set from the given module argument. module
should be a Python string, which will be used as name of the module the function is defined in. If

unavailable, it can be set to None or NULL.

& BE

function.__module__

The cls parameter will be passed as the defining class argument to the C function. Must be set

if METH_METHOD is set on m1->ml_flags.

Added in version 3.9.
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PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

BRhfE: hLWBEB, XICEL XY Stable ABL. Equivalent to PyCMethod_New(ml, self,
module, NULL).

PyObject *PyCFunction_New(PyMethodDef *ml, PyObject *self)

RBROfE: HLVWEBR, RICEBLFF: Stable ABI (IN—2 3> 34 &bD). Equivalent to
PyCMethod_New(ml, self, NULL, NULL).

12.2.3 Accessing attributes of extension types

type PyMemberDef

RICELFF: Stable ABI (FARTODRXY/N—ZFEL). 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_ t offset

The offset in bytes that the member is located on the type’ s object struct.

int flags

Zero or more of the Member flags, combined using bitwise OR.

const char *doc

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is
defined using PyDoc_STR.

By default (when flagsis 0), members allow both read and write access. Use the Py_READONLY flag
for read-only access. Certain types, like Py_T STRING, imply Py_READONLY.Only Py_T_ OBJECT_EX
(and legacy T OBJECT) members can be deleted.

For heap-allocated types (created using PyType_FromSpec() or similar), PyMemberDef may
contain a definition for the special member "__vectorcalloffset__", corresponding to

tp_vectorcall_offset in type objects. These must be defined with Py_T_PYSSIZET and
Py_READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset__", Py_T_PYSSIZET,

offsetof (Spam_object, vectorcall), Py_READONLY},
(RDOR=V1Fil)
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(RiDR=T 226 DfE X))
{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— a ¥ 3.12 TZH: PyMemberDef is always available. Previously, it required including

"structmember.h".

PyObject *PyMember_Get0One (const char *obj_ addr, struct PyMemberDef *m)

RICEL £9: Stable ABIL. Get an attribute belonging to the object at address obj addr. The
attribute is described by PyMemberDef m. Returns NULL on error.

N—=Y a3 ¥ 3.12 TEH: PyMember_GetOne is always available. Previously, it required including

"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *o)

RICB L F 9 Stable ABI. Set an attribute belonging to the object at address obj addr to object
o. The attribute to set is described by PyMemberDef m. Returns O if successful and a negative

value on failure.

N— a3 3.12 TEHE: PyMember_SetOne is always available. Previously, it required including

"structmember.h".

Member flags

The following flags can be used with PyMemberDef. flags:

Py_READONLY

Not writable.

Py_AUDIT_READ

Emit an object.__getattr__ audit event before reading.

Py_RELATIVE_OFFSET

Indicates that the offset of this PyMemberDef entry indicates an offset from the subclass-specific
data, rather than from PyObject.

Can only be used as part of Py_tp_members slot when creating a class using negative basicsize.

It is mandatory in that case.

This flag is only used in PyType_Stlot. When setting tp_members during class creation, Python
clears it and sets PyMemberDef.offset to the offset from the PyObject struct.

342

%F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, U1 —2X 3.12.9

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

3fl§_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: 348, *2
w kP 34T CTCI
<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- 348, *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
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sub-slots
Slot = /XYy R
am_awat unaryfunc _await_
am_aiter unaryfunc _aiter
am_anezxt unaryfunc ___anext
am_send sendfunc
nb_add binaryfunc __add___
__radd
nb_inplace_add binaryfunc _dadd___
nb_subtract binaryfunc ___sub_
__rsub_
nb_inplace_subtract binaryfunc _isub_
nb_multiply binaryfunc _ mul_
~ rmul
nb_inplace_multiply binaryfunc __imul
nb_remainder binaryfunc _ mod__
~__rmod____
nb_inplace_remainder binaryfunc __imod_
nb_divmod binaryfunc __divmod____
__rdivimod
nb_power ternaryfunc ___pow__
___TpoOw____
nb_inplace_power ternaryfunc __ipow____
nb_negative unary func ___neg
nb_positive unaryfunc ___pos____
nb_absolute unaryfunc ___abs_
nb_bool INQUITY ~_bool
nb_invert unaryfunc __invert_
nb_ ZSM 7IL\Tames in angle brackets should be initially seé7 %(;n’ Wﬁf%f treated as read-only. _ Ishift 1l
[]: Names in square brackets are for internal use only. shift
- %7) llia?c a;slaé E{Leﬁl%{) means the field is required (muslt) Eg G{l”?él}N’IETLL'%) ik
nb_ 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,

PyObject *PyObject._ob_next
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PyObject *PyObject._ob_prev

These fields are only present when the macro Py_TRACE_REFS is defined (see the configure

--with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically
allocated objects, these fields always remain NULL. For dynamically allocated objects, these two

fields are used to link the object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys.
getobjects() function and to print the objects that are still alive at the end of a run when

the environment variable PYTHONDUMPREFS is set.
k-

These fields are not inherited by subtypes.

12.3.4 PyVarObject XOv b+

Py _ssize_t PyVarObject.ob_size

RICBLET: Stable ABL B#HICAEVERINTWVWREA TSI OFE. 2074 —L Y
It E N E T, BMNICATUBRINTUVWRE A TSI b OFE. 207 14— RIZNERE
AN 2R ERERHEb %3,

This field should be accessed using the Py_SIZE() and Py_SET_SIZE() macros.
ik

Y TRATEXZDT 4 =L FEBELEEA,

12.3.5 PyTypeObject XOw k

Each slot has a section describing inheritance. If PyType_Ready () may set a value when the field is set

to NULL then there will also be a "Default” section. (Note that many fields set on PyBaseObject_Type

and PyType_Type effectively act as defaults.)

const char *PyTypeObject.tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible
as module globals, the string should be the full module name, followed by a dot, followed by the
type name; for built-in types, it should be just the type name. If the module is a submodule of
a package, the full package name is part of the full module name. For example, a type named T

defined in module M in subpackage Q in package P should have the tp_name initializer "P.Q.M.T".

FHICATVEERSNZIEA TSI OBE, 207 4 — L RIFHEICBOARNICKR D, £V a—L
LI OFEENTHF — ' _module_ ' I T3HE U THRINIZIRESINE 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.
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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).
HEA:
YT RAAIZDT7 4 =L FEREL EHE A,

Py ssize_t PyTypeObject.tp_basicsize
Py ssize t PyTypeObject.tp_itemsize
INBDT 4 =V RE BA YRR RADNAL P A XZFHETESZLS5ICLET,

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 acessed using PyLong_Export ().

0 IR

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
Py0Object HEAD or PyObject_ VAR_HEAD, respectively.
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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).
i

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

AVRARYADT A Z 7 ZBANDRA 2 TF, OB (HET None % Ellipsis D&
X)) A VAR YZAPRLUTA BV BRI ARV TROVRDBTERLZITNUIRD ERA, V7
I F X IERD\EH 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 Py0bject_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);
(RDOR=V1Fil)
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(RiDR=T 226 DfE X))
Py_CLEAR(self->ref);
Py_TYPE(self)->tp_free((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the
owned reference to its type object (via Py_DECREF()) after calling the type deallocator. In order

to avoid dangling pointers, the recommended way to achieve this is:

static void foo_dealloc(foo_object *self) {
PyTypeObject *tp = Py_TYPE(self);
// free references and buffers here
tp—>tp_free(self);
Py_DECREF (tp) ;

A ES

In a garbage collected Python, tp_dealloc may be called from any Python thread, not just
the thread which created the object (if the object becomes part of a refcount cycle, that cycle
might be collected by a garbage collection on any thread). This is not a problem for Python
API calls, since the thread on which tp_dealloc is called will own the Global Interpreter Lock
(GIL). However, if the object being destroyed in turn destroys objects from some other C or
C++ library, care should be taken to ensure that destroying those objects on the thread which

called tp_dealloc will not violate any assumptions of the library.

by
Y TRATEZDT 4 — L REHELET,

Py_ssize_t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the vectorcall

protocol, a more efficient alternative of the simpler tp_call.

This field is only used if the flag Py_TPFLAGS HAVE_VECTORCALL is set. If so, this must be a

positive integer containing the offset in the instance of a vectorcall func pointer.

The wectorcallfunc pointer may be NULL, in which case the instance behaves as if

Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its be-
haviour is consistent with the wvectorcallfunc function. This can be done by setting ¢p_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
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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.
ik

This field is always inherited. However, the Py_TPFLAGS HAVE_VECTORCALL flag is not always
inherited. Ifit’s not set, then the subclass won’t use vectorcall, except when PyVectorcall_Call ()

is explicitly called.

getattrfunc PyTypeObject.tp_getattr

F T avYDRA VR T, get-attribute-string 2175 BBEIE L £ 7,

CDT7 4=V FIRBIFHERETT, ZOT7 4 — NV FEERT DL XL, tp_getattro BAEFU L 512
EL. JBIE#IE Python SUFH| 7Y = 7 b TiER < C XFEHITIEET 2 & 5 RBEBEET LS5 CL
AT D FH A

i
Group: tp_getattr, tp_getattro

ZDT7 4 =R tp_getattro LHICY T XA TIHEINET: Thbb, $7X4 70D
tp_getattr BXU tp_getattro HIIZ NULL DG, ¥ 7 X4 FIIEEX A TH 5 tp_getattr
¢ tp_getattro ZMTE WAL 5,

setattrfunc PyTypeObject.tp_setattr

AT arDRA 2T, JBEDORE LHIBRZIT S BBZIEL 75

ZDT7 4=V FRBIFHERETT, ZOT7 4 — NV FEERT DL XL, tp_setattro BIEFUT L 512H)
fEL. BYEAIE Python XF5I A 7Y =7 bTIRHR L C XFHITEET % & 5 Rz T L1l
BRI EE A

.72 8
Group: tp_setattr, tp_setattro

ZDT 4 =L R tp_setattro EIHITH T RA FICHAINET: Thbb, ¥ 7X4 70D
tp_setattr BXU tp_setattro BT NULL DFE. ¥ 7 X4 FIIEEX A TH 5 tp_setattr
¢ tp_setattro ZMTE WAL X5,

PyAsyncMethods *PyTypeObject.tp_as_async

EBMOMERZIET KA &2 T, ZOWEKRIE. C LLT awaitable 71 ¥ asynchronous
iterator 7R P ANERETIF T2 7 MV EFREBRTE 74— AR EELET, LW IE
async A7 TV MEEE 2SR L TLZE W,

Added in version 3.5: {H{l% tp_compare % tp_reserved ¥ L THIGNTWVWE L7z,
fE:

tp_as_async 7 4 =)V RIFRINFERAD, ZHIZEENS 7 1 —L ROEBICHEA XN E T,

358

%F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, U1 —2X 3.12.9

reprfunc PyTypeObject.tp_repr
F T arDRAERT, HAABBEE repr() ZEEL TV IHEKEREL 3,

The signature is the same as for PyObject_Repr():

PyObject *tp_repr (PyObject *self); ]

COBRESFINA 7Y = 7 b Unicode & 7Y =7 P RIRBRIRTINIRD $H A, BERIE,
DRIRDNE SN, EYIREIET eval O W LHE, FICEZFOF 727 MIRD L5 %
XFHNTRIFIUIIED S/ A, FARERGEICE, A7V =27 PR AL HEHLIENEDA -7
<" PBIRE ST > TROZIXFHNZIR S LFNIRD FHA,

R
P ITRATEIDT 4 — L REHKLET,
FI7FILE

ZDT 4 = ERFREINTORWVEGS, <%s object at %p> DER%E & 2 XFHIMEEINE T, %s
FRIDLENT, %p 3A TV =27 POXEY 7 FLRACEEBRIONET,

PyNumberMethods *PyTypeObject.tp_as_number

BE7a ralzRELZBINOMBEREIET R VX TY, IRHD T 4 —L FIZOWTIE BIEA
T MESER THIHEhTWET,

kR
tp_as_number 7 4 —)L RIGERINFRAD, ZZDEEND 7 4 =L FBEBNIEAEINE T,

PySequenceMethods *PyTypeOb ject.tp_as_sequence

= ATu b arERELZEBMOMEREZIET R VX TS, ZThoD7 4 =L FIZOVWTIX
= VZAF T U MESEKR THHIATHET,

i
tp_as_sequence 7 4 — )V FIZMR SN ELAN, THTEEND 7 14— FHAFICHA SN E T,

PyMappingMethods *PyTypeObject.tp_as_mapping

<~y rr7a balERELZBINOBEREZIET RS VX TS, ZNH6DT7 4 =L FIZOWTIE
Ry TFATD U MEER THHINTVWET,

i
tp_as_mapping 7 4 =)V FIFMAINETAD, ZHUTEENDS 7 4 —V REGNCHER SN E T,

hashfunc PyTypeObject.tp_hash
T arDRA Y RT, MAHAHBE hashO) Z2FEELTWIRKERELET.

The signature is the same as for PyObject_Hash():
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Py_hash_t tp_hash(PyObject *);

WHERICE -1 ZRVEICLTERD $HA; Ny Y2 HOFERICT I —HEUBE, BEEuIHIs
Zty PLT -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().

D7 4 =)V RIEBHRIINC PyObject_HashNotImplemented () WCEEET 5 Z & T, #l type 25D
Ny T aXYy ROMALZTay 7322 ePTEET, Z4UE Python L X)L TOD __hash__ =
None ¥ [FZFICHEFR XM, isinstance(o, collections.Hashable) A3IEL { False BT X HIZ
BDET, MBELARETH D Z L ICHERELTLZE W - Python L XLC __hash__ = None #&TE
35 Z YT tp_hash A0 v M PyObject_HashNotImplemented() WiXEZNE T,

i
Group: tp_hash, tp_richcompare

ZDT 4=V RiE tp_richcompare L HITH T XA FITHAERINET: b, ¥ T7Xx4 TS
D tp_richcompare B XU tp_hash MG LD NULL DY & 7 XA FTEEEXA THh 5
tp_richcompare & tp_hash ZWHF L DAL ET,

ternaryfunc PyTypeObject.tp_call
AT alDRAVRT, ATV =27 OO L ZFEL TOW LB LES, A 7Y =7 FHIF
CH LATRE TR WHEIZE NULL i LRI D $8 A, 73 F v id PyObject_Call() E[FT
‘/6\3—0

PyObject *tp_call(PyObject *self, PyObject *args, PyObject xkwargs);

W
P TERALFZZDT7 4 — NV REHELFT,

reprfunc PyTypeObject.tp_str

FTayDRAVRT, HAAADHRF str() ZFHEL TV LIEBERELET, (str HRD—DIZ
Holz7z®, str) W str DAVARA NIV X EMUHTILIERLTLEIY, ZOIaYR+o7 7
ZIFEBEOWUIZ1TS BT PyObject_Str() ZM-UH L. & HIT PyObject_Str() I DNV K
EROCHT IR ET, )

The signature is the same as for PyObject_Str():

PyObject *tp_str(PyObject *self);

ZOBBUIIFINA TP =7 b Unicode A 7Y =7 b E2RIBFNERD FHA, ZHREA TV =
7 M7 hed < (friendly)” RELLZXXFHTRITUIRD FEA, LWV DIE. ZOXXFINZ
DD print() BB THEDLNZ Z L IZRBRILEH BT,

k-
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VTR IZZDT7 4 =V REHEL T,
FI7#ILEbE

D7 4 =V EBRESINTOVRWEGE, FEHIRBRZ RS 72DI2IE PyObject_Repr () BIFUHE A
S

getattrofunc PyTypeObject.tp_getattro
F 7T a DKL VXT, get-attribute ZFEEL TV ERELE T,

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

HEOBMEMRELFEEL TWD Pylbject_GenericGetAttr() I D7 4 =LV RICRELTEL X
WTWOBEREAN T,

k.
Group: tp_getattr, tp_getattro

TDT 4= FIE tp_getattr EHIH T XL FICHMARSINET: TRODE ¥ 7X4 70
tp_getattr BXY tp_getatiro T NULL DIFE. 744 TREEX A T2 5 tp_getattr
¢ tp_getattro ZMIT L DAL X5,

TI7#ILbE
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT arDRA VRT, JBEORE LHIFRZ1T S B EIEL 3,

The signature is the same as for PyObject_SetAttr():

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

X 51T, wvalue W NULL Z45E L CTEBUHEZHIRTE 2 X5 LRFNUIRD /A, BEOA TV 2
MEMERRERFEEE L TWB PyObject_GenericSetAttr() Z#IZ DT 4 — L RIZHRELTEL 2720 T
WO EIXER T,

W
Group: tp_setattr, tp_setattro

D7 4=V FIE tp_setattr LY T XL FITHRSINFET: TRhbb, 77X L4700
tp_setattr BLU tp_setattro HHIZ NULL DFE. ¥ 7 X4 FIIREX A T2 5 tp_setattr
¥ tp_setattro ZM & DMAL F3,

F7A4ILE

PyBaseObject_Type uses PyObject_GenericSetAttr().
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PyBufferProcs *PyTypeObject.tp_as_buffer

N T 7 AV R=T 2= RERELTVWELF T 27 MZODABEET 5, —#HD 7 4 — L RN Ao
7Bl OEREIRETRA VX TT, MEBRNDOET7 4 =V RE Ny T 7F T 0 MBS (buffer
object structure) TatAHL 3,

il ”7?(:

tp_as_buffer 7 4 =)L FERIIHAINEVTAD., ZHCEENDE 7 4 — L RIFERNIHEE X L
EJa

unsigned long PyTypeObject.tp_flags

D7 4=V FEALRT Z 7Ry PRRAZTT, WSO0D 77 7E, FEDKRIICENT
ZHINZ L~ T 4 ZADWHEINE L 2R LET; 2OMD 7 7703, BAT7Y =27 b (B0
tp_as_number . tp_as_sequence . tp_as_mapping . B X tp_as_buffer BHML TV 2Lk
KRERER) OFRED 7 4 — L FDH B, @EPSLBEETT o LIFEL TV DI TIERVWDH DO2H
2o TWVWB I e ZRTbIbNET;, 7778y A7V T7ERT0VIRE, 75 7BMREL T
W57 4 =N RIIE7 72 AL BRWRODIZ, ZDEIFE TS NULL 12725 TW5 & AR S RITIUER
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?

T7#ILE

PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

DRy PRAZRBAEERINTVEIHDOTT; 77703 | HEFTHEMZEZR-T
tp_flags 7 4 =)V RODEZIERKTE %£9, PyType_HasFeature() %27 vidMy 75 7, tp BLU
fZr b, tp—>tp_flags & £ DIEEL 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.
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R
777

Py_TPFLAGS_BASETYPE
BREROROREERXA T LTHEZZH5EICEY hENBZEY FTT, Oy b2 Y TR
HIE, 2ROV TR A4 FTIIERTEERA (Java BT 2 "inal” 7 7 AWz 2 T R127% D
£75)o
.
777
Py_TPFLAGS_READY
AT 27 bW PyType_Ready () TRERXWIEHLIN 2Ly PEhdEy FTT,
.
777
Py_TPFLAGS_READYING
PyType_Ready () WX 284 7Y =7 b oLy X5y T,

k-

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 EEREBBANR—I AL 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.

kR

777
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Py_TPFLAGS_METHOD_DESCRIPTOR

This bit indicates that objects behave like unbound methods.
If this flag is set for type (meth), then:

e meth.__get__(obj, cls)(*args, **kwds) (with obj not None) must be equivalent to
meth(obj, *args, *xkwds).

e meth.__get__(None, cls)(xargs, **kwds) must be equivalent to meth(*args,
*xkwds) .

This flag enables an optimization for typical method calls like obj.meth(): it avoids creating

a temporary "bound method” object for obj.meth.
Added in version 3.8.
.

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.
Added in version 3.12.
i

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.
e

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
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ik
This flag is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

INBD T F & PyLong Check () O X 5 74BN, B e B 2MBABRDY 727 7 AL S
hEZRIHMT201fbhES; COHEADF = v 71F PyObject_IsInstance() DX S
MWHNRF v 7 XD bEETT, HAAABEZHALIZME DT TIE tp_flags ZHYNIEE
FTRET, 25 LRV ZOHDPEDZ - FTE CARF v 7 DOHEPIELNEZNITE T
REZFODPEZ->TLESTL & D,

Py_TPFLAGS_HAVE_FINALIZE

BIRGERIC tp_finalize AV Y MPFELTWVWAE Xy hENBE Y T,
Added in version 3.4.

N— a ¥ 3.8 TIHELE: 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.

A

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.
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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.

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.

¥ 3
HEAE:

This flag is not inherited. However, subclasses will not be instantiable unless they provide a
non-NULL ¢p_new (which is only possible via the C API).

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 R
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.
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& BE

PEP 634 -- s 2 — >~ v F: {5k

Added in version 3.10.
Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the
subject of a match block. It is automatically set when registering or subclassing collections.

abc.Sequence, and unset when registering collections.abc.Mapping.

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.

o B

PEP 634 -- FHGER R &Z — < v F: Ik

Added in version 3.10.

Py_TPFLAGS_VALID_VERSION_TAG

Internal. Do not set or unset this flag.

PyType_Modified()

To indicate that a class has changed call

A

nig

=3
[=]

This flag is present in header files, but is an internal feature and should not be used. It
will be removed in a future version of CPython

const char *PyTypeObject.tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This

is exposed as the __doc__ attribute on the type and instances of the type.
; UE(:

B ITRALAZZDT7 4 — L FEHE LEEA
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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 DA R—=YaL 7y a YDA OWTOFMIEK, BREBARN—OL I3 v zHR—
Fg3 IHbET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typ-
ical implementation of a tp_traverse function simply calls Py_VISIT() on each of the in-
stance’s members that are Python objects that the instance owns. For example, this is function

local_traverse() from the _thread extension module:

static int

local_traverse(localobject *self, visitproc visit, void *arg)

{
Py_VISIT(self->args);
Py_VISIT(self->kw);
Py_VISIT(self->dict);
return O;

}

Py_VISIT() PEBRBIRICHRZBNDH 2 XAV ANZEFMUHIN TS Z 2 IZFERLTLEX W,
self->key X N\ HH FFH, Z4UT NULL 7 Python XFH DT, FRBEO—HICHZ L
3HD EFEA.

—F. AUAPERZRO—EICR DGRV EHoTWTH, 7Ny FHITKE L2WHERDH 2 H
b LNIRNDT, gc EY 2—/LD get_referents() PARIIIERSIRICL DRIV U NBIEL 9,

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).

Note that Py_VISIT() requires the wisit and arg parameters to local_traverse() to have these

specific names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must
therefore either visit Py TYPE(self), or delegate this responsibility by calling tp_traverse of
another heap-allocated type (such as a heap-allocated superclass). If they do not, the type object
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may not be garbage-collected.

N— 3 v 3.9 TEHE: Heap-allocated types are expected to visit Py_TYPE(self) in tp_traverse.

In earlier versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.
.
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero
in the subtype.

inquiry PyTypeObject.tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the

Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_clear(PyObject *); }

tp_clear X Y NEBUE GC P L7ZEERLTVW2 3 I DEESBREEIT-HDICHVLNE T, &
BHBERTEZSL ., AT LHNDETD tp_clear BABDEEE L T, 2 TOMERSIREHEL 21
IR D FERA. GRIFE: H2HD tp_clear ZEEL B THRTOBERSROWETX 20 THN
WBEELZSCTHRY) I THHAIT. & LD L THNEDRERTH D 2 DTHIUI, tp_clear
BRI T 2 RETT, BRI, ZFIX tp_clear ZFHEELF A, BRERS, X NIZTTH
MENLERZRDHBO0E 23NN S TT, o T XTALANDAED tp_clear BRI
T, ZATNVEGOCARBRSBOLITETET 222122 D F3, ZAFMEEICH 2 Z e Tidkl,
tp_clear DEIEZHIT 2 BRVHEHIZD - 7212H D FH A,

ROFNZH 2 X512, tp_clear DFEEIX, A VARV AP S Python 7Y =7 b Bbihd X v
NADBBENL, ZREDRA Y ANADRA Y RIZNULL By N FRETT

static int
local_clear(localobject *self)
{
Py_CLEAR (self->key);
Py_CLEAR(self->args) ;
Py_CLEAR(self->kw);
Py_CLEAR(self->dict);
return O;
}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the
contained object must not be released (via Py_DECREF()) until after the pointer to the contained
object is set to NULL. This is because releasing the reference may cause the contained object
to become trash, triggering a chain of reclamation activity that may include invoking arbitrary
Python code (due to finalizers, or weakref callbacks, associated with the contained object). If it’s

possible for such code to reference self again, it’s important that the pointer to the contained
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object be NULL at that time, so that self knows the contained object can no longer be used. The

Py_CLEAR () macro performs the operations in a safe order.

Note that tp_clear is not always called before an instance is deallocated. For example, when
reference counting is enough to determine that an object is no longer used, the cyclic garbage

collector is not involved and tp_dealloc is called directly.

tp_clear FABDOEHMISIB A Y > b E2E T 2 Z 2 KD T, Python XF%|% Python Z# oD X 5
B, EERBRICBCILDTERWA TV =27 v 22 )V 7T 2R0EZIDHY E¥A. —77. FTETIET
@D Python A7 =227 b2 V7355510, ZOTID tp_dealloc FARD tp_clear BEUEFAT
TBEIICT 2 EHENFITIEDLTL & Do

Python D R—Tal 27 a yOEHAICOWT ORI, BESEARN—JIOLIS g vEYR—
FTB3IZHY ET,

o
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.

richecmpfunc PyTypeObject.tp_richcompare

AT aryDRAYRT, JRRHEBEHZIREL XS, 272 F v I3XDOED TT:

PyObject *tp_richcompare(PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by PyTypeObject.

ZOBBIE. LR IR I ANETY, (FiBiX Py_True % Py_False T3, ) LB RERDGE
3. Py_NotImplemented %. ZHND LTI —13F4 L7HEICIIHISMREZ Y b LT NULL %K
SRTIRD X A

tp_richcompare 3 XU PyObject_RichCompare() BARIDE =58> 7= DEK L L TIEMT
PEBRINTVET:
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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 i . .
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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 ayDEAYRT, BRI 2707 4 2K HEEXA TZELET, TOT7 4 =L FD
LAULTIE, HffK (single inheritance) 72133 R — PSR TVE T ZEMRIEIX XX A TOFEN
HULICKZEINRBIA 7Y = 7 bOERELEL 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_dict 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)

{
PyObject *error_type, *error_value, *error_traceback;
/* Save the current exzception, if any. */
PyErr_Fetch(&error_type, &error_value, &error_traceback);
V4 B V4
/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

}

.

Y TRATEIZDT 4 — L REHEL T,

Added in version 3.4.

N— a ¥ 3.8 TEHE: Before version 3.8 it was necessary to set the Py_TPFLAGS_HAVE_FINALIZE
flags bit in order for this field to be used. This is no longer required.

& 2E

PFA TV 27 b ORERAETILHE” (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.

MR
D7 4=V FRIRIRLTHEKINERA,

Added in version 3.9: (ZD7 4 =)L RE38LOFEELTVWETH, 39 LEFETLLFHTEZEHA)

unsigned char PyTypeObject.tp_watched

Internal. Do not use.
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Added in version 3.12.

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static PyTypeObject structure is defined
directly in code and initialized using PyType_Ready ().

This results in types that are limited relative to types defined in Python:
o Static types are limited to one base, i.e. they cannot use multiple inheritance.

« 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 MEA T U MEER

type PyNumberMethods
Z DRERIZEYER 70 b a2 RAET 5 7= DIfib N 5 BEEIAND R A VX2 REFL TR S, T
DOZFNFHOBEET BYER 7O L3IV (number protocol) TR X LT 2 7= &1 O BIED & FIH
SNFET,

DU I3 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;

(RDOR=V1Fil)
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(FiDR— 25 D %)

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;

nb_or;

unaryfunc nb_int;

void *nb_reserved;

unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc

binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;

nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc
binaryfunc
binaryfunc

binaryfunc

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;

nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;

nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc

binaryfunc

nb_matrix_multiply;

nb_inplace_matrix_multiply;

} PyNumberMethods;

0 IR

TR ZHBERIE, SRTOART UV NOEEF 2 v 7 LRI RS T, DELREE
RELRINERDFEA (T BLEDBARTIVFDO—DOREFERLTVLREDA V2KV R
TY). dLEZLALART VPN U THRENPERS AR T, ZIHEAK  =ZHEZ
Py_NotImplemented %R X2 F UK BT, MO T =2 Z - 7235E 1k, NULL %R L THIls %
BELRIFIRD £H A
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0 IR

The nb_reserved field should always be NULL. It was previously called nb_long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods.nb_add
binaryfunc PyNumberMethods.nb_subtract
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 >“Py]\/'u,mb erMethods.nb_reserved
unaryfunc PyNumberMethods.nb_float
binaryfunc PyNumberMethods.nb_inplace_add

binaryfunc PyNumberMethods.nb_inplace_subtract
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binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
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 vy FF T2z MEER

type PyMappingMethods

ZOfEERIE~ Yy TR T b aL B RET DI ABEEFHADORA Y AEERLTOET, DL
T3 2R AN"ZFHESTVWET:

lenfunc PyMappingMethods.mp_length
Z OBIBUL PyMapping_Size() X PyObject_Size() HAHEN, ZNH LT 7+ F v 2o
TVET, ATV =7 PHERSINLRIRZRLZVEAE, 20Xy M NULL IKRESNZ L
BHHET,

binaryfunc PyMappingMethods.mp_subscript

Z D MBI PyObject_GetItem() B & U8 PySequence_GetSlice() » & Fl A & h,
PyObject_GetItem() Y[RAU 7 A F ¥ 2o TWVWET, ZDAB Y M PyMapping_Check() 75 1
ZIRT I DITIIRBET, Z 5 TRIFIUX NULL DBENDH D 75,
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objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice()
and PySequence_DelSlice(). It has the same signature as PyObject_SetItem(), but v can also
be set to NULL to delete an item. If this slot is NULL, the object does not support item assignment

and deletion.

12.3.10 >—7 > RFATT U MEER

type PySequenceMethods

COMEERIEY - 2R a r al BEET 3D IELNIBEBEANDOEAL VA BPEFELTYL
%9,

lenfunc PySequenceMethods.sq_length

This function is used by PySequence_Size () and PyObject_Size (), and has the same signature.

It is also used for handling negative indices via the sq_item and the sq_ass_item slots.

binaryfunc PySequenceMethods.sq_concat

Z OB PySequence_Concat() THIAZN, ML 72 F v 2FoTVET, £/l + HEFT
b, nb_add ARy MTXZEEMF 2R L RICHHA ST,

ssizeargfunc PySequenceMethods.sq_repeat

Z OBIBUIX PySequence_Repeat () THIH S, RIS 73 F v 2o TVE T, £/, *x HETYH,
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_ztem. If sq_length is NULL, the

index is passed as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item

This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_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() BRI, ALY 72 F v 2FoTVWES, 20Xy b
X NULL OFEDH D, Z DI PySequence_Contains() XY I NI v F§T24 7027 ViR
DIFBETY—r 22 KEIL %3,

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence InPlaceConcat() and has the same signature. It
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should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat() will fall back to PySequence_Concat (). It is also used by the

augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat() and has the same signature. It
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 T 7# T2 ¥ MEER (buffer object structure)

type PyBufferProcs
Z OREERE buffer 70O R )L DERT ZEBEANDRS VR EHFFLTVWET, 2071 bk ailid,
IIVAR=R=ATI =27 FHUNCL T, ZONT—X%Z2a>r> a2 -7 =7 MZETHIEE
#LET,

getbufferproc PyBuf ferProcs.bf_getbuffer
COBBKOS 7 A F v IZUTOED T

int (PyObject *exporter, Py_buffer *view, int flags); }

flags THEEEINT=/TET view ZHDTIELWVWE WD exporter I T2 ERZUHLEST, ZT5v 7
(3) ZFRWT, ZOBMOEETEIMLTORT v F2ITORFIUIERD £ A:

(1) Check if the request can be met. If not, raise BufferError, set view->obj to NULL and return

-1.
(2) Bk W7 4 —L FEHDET,

(3) =7 AH— b LEEZHRET2NEAI T X242 U X Y FLET,
(4) view->obj T exporter ZaE L. view->obj 24 ¥ 7 U XY FLE T,
(5) 0 BELET,

exporter 3Ny 7 7 TUNRA XDF =24 HrY ) —D—FTHIZ, 200 FELRAFAPEHTE
3

e HIIAR—1: VY —DRHERPLZ I AR—PENDA TV 27 b LTRZ O, HEANDOH
LWEHE% view—>o0bj Nt v b LET,

e VEALZ b Ny T 7BRBYY—DL—F A TI27 MZVEA L7 FPENET, T 2Tl
view->obj N —FF TV 2T FAOFH LW D £3,

view DERD 7 4 =L FiZ /Ny 7 7I8ER OFITHMINTE D, =7 ZK— FHREEDERITH L
ESMIR LTI S0 0RANE, Ny T 7ERDZAT OHEICH D £3,
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Py_buffer MEKRDOHLLBML TVWELETOXEVEZZIZZAR—RXIZEL, avya—<hWnil
RBETHMTRLSTIIRD £¥ A, format . shape . strides . suboffsets . internal {Z3a ¥
Ya—=holdFHAH LEHTY,

PyBuffer FillInfo() &, ®TDY I TR MXA TEIELLTLS BRI, Bilizg A4 by 7 7 206
AR ERRAL £ 9

PyObject_GetBuffer(D &, TOBBEI v 752 arya—<MAIDA YR =7 2 —ATT,

releasebufferproc PyBuf ferProcs.bf_releasebuffer

OO IAF v LR OED T

void (PyObject *exporter, Py_buffer *view);

Ny 77DV Y AR T2ERZUELEST, bLHART2LEDODH 2V Y — AW WEE,
PyBufferProcs.bf_releasebuffer i& NULL IZL THHWEEA, £5 TRVWHEEE. ZOBKD
EHE 72 52283, DUN OER OMITFNE (optional step) ZITWVWE T

(1) =7 2AR— b LEERERET 2 NEA Y 252 F 27U A2 FLET,
(2) B> &H 0 DA, view KT AR TDORAE Y ZRKL T,

IITAR—RIF. Ny 7 7EHDV Y —REEMHUET 272912 internal 7 4 — FEELRITIX
BOERA, TOT74—NLKRE. arvya—<dB view 5B LTHIIFILONYy 7 7Da—%E
LTWBTHA M. BHoRNWI EMFEEIhTVWET,

Z OB, view->obj BT 7 U XY P LTEIWITFEA. BRELR S ZNIE PyBuffer_ Release() T
HEIIZITON 206 TT (ZONREISBROMERZH < DIZHEHTT),

PyBuffer_Release() &, ZOMK%E I v 73520y a—<AIDA YR —T7 2 —RA T,

12.3.12 async 77T x7 FMBEK
Added in version 3.5.

type PyAsyncMethods

Z DREERE awaitable 7Y =7 b ¥ asynchronous iterator 7Y = 7 N BEET 2 DICHE L
BANDRA V2R LTVET,

DUN ISR DER TS :

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;
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unaryfunc PyAsyncMethods.am_await

ZOBBDOY 7 F v ZLITO@ED T

PyObject *am_await(PyObject *self);

BENDZF 7927 I ATL—F TRINERDERA, 2FD DX T ML T
PyIter_Check() 7% 1 ZiRZRITAUILD FH A,

F 7Y 27 M awaitable TRWIES, TDATy b% NULL IZEREL T,

unaryfunc PyAsyncMethods.am_aiter

COBBEDY 7 HF % ZLL T D@D T

PyObject *am_aiter(PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.

F7Y 27 NOERPANKELEO e FalEHEELTWRWES, 2Oy b NULL IZEE L
i\j—o

unaryfunc PyAsyncMethods.am_anext

OO IAF ¥ L 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
COBBDT 74 F v I 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 t nitems)

RICEL £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.
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OB TIIMD W E A4 VAR Y ZPHIESIT o TIE R D ER A, BMOXEVEDETTS Y
fToTERDERA, 2D XS HRIUIT tp_new TITHONBNETT,

typedef void (*destructor)(PyObject*)
RICBLFT: Stable ABI.
typedef void (*freefunc)(void*)
tp_free ZBML TS W,
typedef PyObject *(*newfunc)(PyTypeObject®, PyObject*, PyObject™®)
RICEBLZE 9 Stable ABL tp_new #BRLTL XV,
typedef int (*initproc)(PyObject™, PyObject®, PyObject™)
RICEBLET: Stable ABL tp_dnit #BHLTLZE W,
typedef PyObject *(*reprfunc)(PyObject™)
RICBLET: Stable ABL tp_repr 2L TL X0,
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)

RICBLET: Stable ABL. 7Y =2 FOBEMNOEZEKEL 75,

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

RICBLET: Stable ABL. A 7Y =7 FORBHEEZREL £3. BIEZHIBRT 2121, value (5)
5180 NULL 23 ELE 7,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)

RICBLET: Stable ABL. A7 =2 FOREEOEZIEL 3,
tp_getattro ZBML T E W,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

RICBELEFT: Stable ABL. A7V =7 FORBBICEZHREL £5, BEZHIFRT 21213, value (5)
S0 NULL #RELE T,

tp_setattro ZBZML T IV,
typedef PyObject *(*descrgetfunc)(PyObject®, PyObject™, PyObject*)
RICEBLE9: Stable ABL. tp_descr_get ZZBHLTLE&E W,
typedef int (*descrsetfunc)(PyObject™, PyObject*, PyObject™)
RICBLET: Stable ABL tp_descr_set 2B LT X0,
typedef Py_hash_t (*hashfunc)(PyObject™)
RICBEL X9 Stable ABIL. tp_hash ZHHRLTL 20,
typedef PyObject *(*richempfunc)(PyObject®, PyObject™®, int)
RICEBL £ 9 Stable ABL. tp_richcompare #SIRL TL 72X W,
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typedef PyObject *(*getiterfunc)(PyObject™)
RICBLZET: Stable ABL tp_iter ZBIRL T X W,

typedef PyObject *(*iternextfunc)(PyObject™)
RICBLET: Stable ABL. tp_iternext ZBHL T X W,

typedef Py_ssize_t (*lenfunc)(PyObject*)

RICBLFT: Stable ABIL.

typedef int (*getbufferproc)(PyObject™, Py buffer*, int)
RICELZET: Stable ABI (IN—=23> 3.12 &D).

typedef void (*releasebufferproc)(PyObject*, Py _buffer*)
RICBELET: Stable ABI (IN—23> 3.12 &D).

typedef PyObject *(*unaryfunc)(PyObject™)
RICBLZE 9 Stable ABI.

typedef PyObject *(*binaryfunc)(PyObject™, PyObject™)
RICELE T Stable ABI.

typedef PySendResult (*sendfunc)(PyObject®, PyObject*, PyObject™*)

am_send ZBRLTLEE W,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject®, PyObject™)
RICBELZE 9 Stable ABI.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py ssize t)
RICELZE T Stable ABI.

typedef int (*ssizeobjargproc)(PyObject*, Py _ssize_t, PyObject*)
RICBLF: Stable ABL.

typedef int (*objobjproc)(PyObject™, PyObject*)
RICBELZE 9 Stable ABI.

typedef int (*objobjargproc)(PyObject™, PyObject®, PyObject™)
RICBLET: Stable ABI.

12.3.14 fEFAH

Z ZTCiX Python ORERDHHELZFZ WL OB ET, 05 OFNTIEH 75588 3 2 Had@ay 22 A 5
EEATOVET, WSODHITRE MY v F—a—F—r—R2EHELTVWET, LDZ L OHIRLEERNL
B, F2— bV 7B ER S, defining-new-types % new-types-topics SR L TL 72X W,

A basic static type:
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typedef struct {
PyObject _HEAD
const char *data;

} MyObject;

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",

.tp_basicsize

{

sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,

.tp_repr = (reprfunc)myobj_repr,

};

IO ERGMETEHAWEEVWa— FE (B2 CPython ®a— FR—ZXHT) RPI3 220352505 L

NEHA:

static PyTypeObject MyObject_Type
PyVarObject_HEAD_INIT(NULL, 0)
"mymod.MyObject",
sizeof (MyObject),
0,
(destructor)myobj_dealloc,

(reprfunc)myobj_repr,

0
0
0
0
0
0
0
0
0
0

B

PyDoc_STR("My objects"),

{

tp_name */
tp_basicsize */
tp_ttemsize */
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 */
(RDOR=V1Fil)
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(FiDR— 25 D %)
0, /* tp_weaklistoffset */
0, /* tp_iter */
0, /* tp_iternext */
0, /* tp_methods */
0, /* tp_members */
0, /* tp_getset */
0, /* tp_base */
0, /* tp_dict */
0, /* tp_descr_get */
0, /* tp_descr_set */
0, /* tp_dictoffset */
0, /* tp_init */
0, /* tp_alloc */
myobj_new, /* tp_new */

55

W

HBof VAR RAFFE, Ny T akPR— T3

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.
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12.4.2 Querying Garbage Collector State
The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gcuisitobjects t callback, void *arg)

ZHUZ Unstable API T%, A F—V V) —ATTERIEEINDZZ DD FT,

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of
callback.

A

If new objects are (de)allocated by the callback it is undefined if they will be visited.

g

==}
[=]

Garbage collection is disabled during operation. Explicitly running a collection in the callback

may lead to undefined behaviour e.g. visiting the same objects multiple times or not at all.

Added in version 3.12.

typedef int (*gcvisitobjects_t)(PyObject *object, void *arg)

Type of the visitor function to be passed to PyUnstable_GC_VisitObjects (). arg is the same
as the arg passed to PyUnstable_GC_VisitObjects. Return O to continue iteration, return 1 to
stop iteration. Other return values are reserved for now so behavior on returning anything else is

undefined.

Added in version 3.12.
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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,

399
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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,

400 % 13 E APl & ABl ON—> 3=V


https://github.com/python/cpython/tree/3.12/Include/patchlevel.h

401

8%

>>>

The default Python prompt of the interactive shell. Often seen for code examples which can be

executed interactively in the interpreter.

/N

DHLDPEZONET:

e The default Python prompt of the interactive shell when entering the code for an indented
code block, when within a pair of matching left and right delimiters (parentheses, square
brackets, curly braces or triple quotes), or after specifying a decorator.

o HHAAADER Ellipsis

2to3

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the

incompatibilities which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as

Tools/scripts/2to3. See 2to3-reference.

abstract base class

(HIREE S 5 R) HIREE Y 7 21 duck-typing Zf5EF 5 S DT, hasattr() REDHDT 7 =
I TEMNBHFTH o 72 D Wb izii 2 (1213 magic methods DEHE) HEICA Y X —7 2 — A% ER
THHEZRMEL £, ABC 1K (virtual) 727 S RZEALE T, ZHIFE T 7206/ kK L
FHAN, ZNTH isinstance() X issubclass() IKFRMINFET; abc EP a2 —1D KF 2 X
Y FEZLUTLEZE W, Python 123, £ OflAIAA ABC RRIME A TWE T, ORI,
(collections.abc EY 2 —)LT) 7— X HMi&E, (numbers €3 2 —/LT) #. (io €Y 2—/LT) X}
U —2A, (importlib.abc EY¥ a2 —T) A Y K- 774 Y E/FET—K—T7F, abc EZ 2 —)L%
FIHLTHBED ABC Z/ERTZ %7,

annotation
(77 7—=2ay) BB 77 R BEDNRTX—-22RDEIEGFRT 2 7L TT, BlickD
type hint £ L THEDONTWET,

O—ANEBDOT ) F— a VIZETRICE 7 72 ATEZIEAN, 20— AEH, 75 ek B
Bo7/7—yayidtEhzhEe®da—, 75 R, BD __annotations__ RFFEMICHREFEINT
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WEY,

FEBRE DRBADI D 2 variable annotation, function annotation, PEP 484, PEP 526 &L T 72
WV, . 7/ T7=2avEMATEIRANTTS 77 4 A LT annotations-howto S L TK
7EE W,

5|% (argument)
(F25180) BIRCZ PO TRRIC, BAE (F/1d AV Y F) ICETHETY, ERE2EEH D $3

o F—TU— 5% BEEMECH L OBICEIBORNIHEB T2 D02 b D (fl: name=) R, *x ITHil}
J2EEOHFDEE L THEINZEE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —

7 — 58T
complex(real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o IBSIE: ¥—7U— FEIELIANDFIEL MEFIBUXSIEY X b DETICEL 22 TE, /2 %12
Wit 7z iterable DEFEL LTETIENTEET, MIZIE ROFITIE 3 & 5 XMWAHEAESIE
T

complex (3, 5)
complex(*(3, 5))

FHIRFBIBDOEBIC B THEIT E D —AAVZRICHID I TohE g, D HTZTSHANTON
Tid calls ZBRLTLEE VN, YV Xy Z7RRZBVTEFFERTLDICHL0 M5 Z el
RET, FHBiEhfEIe - VZERICE DL THNET,

RE1% . FAQ D FEEIEEARGIBDENMIMTTH? . PEP 362 2SR L TL W,

asynchronous context manager
(EEHa > 77X A b~ —Y v) __aenter__() & __aexit__() XY v FEEFET S I LT async
with XNOREZEM T 2470227 T, PEP 492 TEAXNLE L7,

asynchronous generator
(FERIY = % L — &) asynchronous generator iterator iR 3B TY . async def TEFEI Nz
N—F VBB TV E A, yield ReHORTRLD £, yield R async for /— 7T
TEZHOMIZERT 2DIMHHINE T,

BEHFIBIEFEHY = 2 L — 2B L 95, XRICK > TE RS zRL—R21TL—% 25T
GEhd 0 £, BREINTERIHS 2 THRWES, FBRLD 7012 R B2 EA L £ 9,

FEFMY = 2 L — XU, async for XX async with X2 THL avait RdDH 222D
D i?o

asynchronous generator iterator
(GERIY = 2L —& 4 7L — &) asynchronous generator B THERENZ LTS 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& THIXN 3 & awaitable 7Y = 7
FEIRLET, 20D awaitable A 7Y =27 MI, KD yield RETIEFAY = 1 L — XEBMDOAREKE
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FATLET.

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.

asynchronous iterable
(GEFIBAA 7 Z 7)) async for XOHPTHHTES2A 7227 M TT, BHD __aiter__() XV v
B2 & asynchronous iterator R ERIFIUIZ D $¥ A, PEP 492 TEAINE L7,

asynchronous iterator
GERAA 7L — &) __aiter__() & __anext__ () XY v FR2EELLATI=2I +T
3, __anext__ (O & awaitable & 7Y =27 bPERIRIFNIERD £8 A, async for 1
StopAsyncIteration 4t Z X T 2 £ T, EFRMAA T L —XD __anext__ () XV v KR
3 awaitable Zf#R L 5, PEP 492 TEAXNZF L/,

(Bt) A 7> =7 MCEEMITHN. Fy FRERIC KX - THATTEESHREINSETT, HlE
Tz b o EN 0 B oTWBEE, ZOEMNE 0.0 TSHREINE T,

F 7Y =7 MZIE, identifiers TEZREIN I T TREBRVWHBTOBELEE5ZX 2 2N TEET, 2k
ZE setattr () 2V, A7 27 bR ENEFALTVWEIHEIATAES. ZOX52BMHIE Y
FREARTE 77 ERATET, RODIC getattr() 2o TWEZLENDH D 3,

awaitable
(FFH&PTRE) await N CHAT 2 2 AR Z AT I = 7 M TF, coroutine H __await__() XV v
RBHAEATI 27 FTT, PEP 492 2L TL 72X W,

BDFL EXA
AR Z KR EMIE (Benevolent Dictator For Life) OIS T 3, Python OfE#E. Guido van Rossum @
ZeTY,

binary file
(NAF VT 740 bytes-like 7TV TV b OFARAALBLIOEZRALNTES J7MILF T
Ik TS, "AFVT77AN0DHNE, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 1 L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKX Y AT,

Str A7V 2 POBABEINTELZ 77 AN0FTY 27 MTOWTIR, 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.
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bytes-like object N

bytecode

callable

callback

32

w7778 3L (buffer Protocol) ¥ R—1+ LTWT, C SFEQEKT EHiLE Ny 7 7 — 21
AJEE7 A 7Y = 7 b, bytes, bytearray, array.array . % { O—fH7% memoryview 7 7Y = 7
FAIZAUTHE 2D £F, bytes-like 77T =7 M, T—XFEH, NAFV T 7 A ANDIRTE, Yy
FERELERERE, N FV TR 2ERTI20WSVWARBECHHT 2 2 e N TEF T,

ROPDRIETIEINAFT VT —REZLET2RUENDHD ET, ZOREDONFa XY FTIELL 7
HE ZATRER bytes-like £ 7Y =27 b IKERLTOWES, EHARERAY 77 —F 7Y =7 M,
bytearray ¢ bytearray @ memoryview REDEZENF T, T/, MOEOPOBRIETIINELRA
T2 FVHNDOAAL F Y TF—& (7 HAHLEHD bytes-like A 7Y =7 b)) ZRELE T, U
bytes ¥ bytes @ memoryview A 7P =7 MEENE T,

("4 Fa—F) Python ®Y =23 — Rl Python 7023 4®D CPython £ ¥ &% 7)) X DNERFEH
THLIANA Fa—FAeary 3 LENEd, N1 ba—Fi& .pyc 774 MZF vy adh, AL
77 ANADZEHICFEITINZ L ZR LD ERICRDET (Y—RA—=FhrHNf Fa— FAOHED
AVRAVIERENET), 20 " HHEEFEE (intermediate language)” 1&. & & D NA b a— R
IS AR TS 2 RAEYS Y TEET 2 WA %Y, HELRERL LT, N ba—FidER
% Python (R~ > VB THEIfET 2 Z £, Python V) —XMTRETH 2 Z L3RI T0E
Ao

N Pa—FomES—Elddis EV2a—L ZHHET,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

callable(argumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(TN y 7) RO B BEEETIIT A DI LTS 2 B

(ZIR) =P —ERA T2 7 " EMERT 27007 T L=+ TT, 7 7AERIEE, 20T 7
ADA YRR A LDBERTHAY v FOEREZEALE T,

class variable

(27 2AER) 77 A RICERSIN, 2T ALNLT (DFD, Z5ADA VY RARX YA ETERLIR) &
FXNZZe2HME LTWAREHTT,

complex number

(BEH) L<HLNTOAEBREZIIRLZH DT, TRTOKIIFERH L EHoM e LTRINET,
RSB (-1 OFHR) CFEBEHIT 20T, —ICBETIE 1 eFEhN, T¥TIE ) e
HIEd, Python I3EFBHITHAAATHIEL, BEDOKILZWM> TVWET, BHEIREIC j 20
THEEFET, HZIX3+1j TF, math Y 2 —VOEEBIREFIH T 21213, cmath 2#FWE T, &
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FROFEHIE» ) BELRBFEOKETS, HDEEZERCZITUL, ZIFHEVRIEHRLTLEST
LWVWTL &9,

context manager
An object which controls the environment seen in a with statement by defining __enter__() and
__exit__() methods. See PEP 343.

context variable A
variable which can have different values depending on its context. This is similar to Thread-Local
Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for

context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous
(B, 8ft) Ny 7 7 DRI C8Bft F£721% Fortran #Bf: THREAIIC, TONy 7 7 EEKE LT
WBEAREET, LuXe Ay 7 711 C L%"’C“Zﬁ D Fortran ##HTF, —XKILOEHITIE. ZDE
REIVLTAEY FCHHES 2 X5 CEES N, BFEXIEa2rOME DI TOIHF TS ET, 2X
TLOD C-H#i Rl TId, XEV 7 F L RAMICEZR 2K 5 BRCIZRR DI A FDRANTED B DITH L.
Fortran @i R CIEEA OB A FORRINCE 2 £ 5,

JL—F>
(AN—F ) AN F Y EF TA—F YDk D RIBIRT T, F 7 F 3T ALK
PHAD. BlORD s ismdh S ET, aL—F L idZ Ok BHMis»r S A5, 2, BT
B5ZEMTEET, IV —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W0,

coroutine function
(aAN—F VB coroutine A7 =7 b EIRTEAKTT, 2/ —F VBEEIT async def X THEE
., await, async for. BXU async with ¥F—TV—F2EFOZ L BHKRET, Zhdid PEP 492
THAZINFE L,

CPython
python.org THEHA ENTWS, Python B2 7 I V7 FiEDIEHERNRFEETT, "CPython” £\ 5
HEEE, Z0F%E% Jython % IronPython &\ o 7 FE%E v XilF 2 RENE 255 FH I
9,

decorator

(FTav—x) HloBEKZIRTEET, @Y, ewrapper M CHIBZEH i L CGHEHAINE T, 7aL—
2 ORI 72 M AHRFNZ. classmethod() ¥ staticmethod() TI,

FAL—RDIREZI VR VAT ah—TF, XD 2 ODOEBERIIERICHEL DT

def f(arg):

f = staticmethod(f)

@staticmethod
def f(arg):

(RDR—DIHE<)
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(FiDR— 25 D %)

FUHEED 2 ZRACBHFELETH, HDEDEDLNEFLA, 7AL—RIZOWTH LI BBER B
FEIZIRER ODRFa XY FE2BRLTIEE 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.

FRZVTFEDRAY v FIZBE L TOFEMIZE. descriptors % Descriptor How To Guide 2SR L TL 72
WY,

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 WE—HBOERZ MM L T, ZOMRP SR 2FELIR T 3 >3
7 M3 EETT, results = {n: n ** 2 for n in range(10)} &35 &, F—n Zflin *x 2
WS B EEE 2 AR L £ 9, comprehensions 2B L TL X W,

dictionary view
(fFEY 2 —) dict.keys(). dict.values(). dict.items() 2NRTA T =7 b TT, HEHEDIHEHE
DEZE 2 — 2R L $ 9, bbb, HENLEEINLZ b a—RBZhEKMLEF, HELa—
ZERHINCSERIR Y A MCF 3121F 1list (dictview) AL TL 2 XV, dict-views 2L T
7ZE 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= R%FfoTWADERETZDICATI 27 FORE RN
Ry IIVIRARANTT, Kbz, BHUZA T 27 DX Y v RRBEMELFHINZ Db D
LES, (ZEALDESICHRZT, TEAD IS TEIHE, 2RI TEATH2,1) A VR —Tx2—2R
EREDERTZLT. EFRFVPA v ana— R, RVE—7 4 v 7 RREBE2H L CRIER
MEXEET, Xv 7 RXALEY20E type() % isinstance() KX BHIEEBITE T, (2L, Kv
IRAVY Tk MREEV SR THETA2IdTEET, ) Tofb b, MAIMIC hasattr O
ER EAFP 7ur o2 7%2MALET,
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EAFP
MRl Z L 2 X DEFLZF 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
AN OWETF, Z@ Python TIAL fbhTwda—74 Y F7AXAALTIE, BEFENEF R
WDFIET 2 HDEMREL. ZDRED > TORGEIHINEMIEL £F. ZORTFRIET
=T 4 YT ARXANMITIE, try XB LU except XD TADZDPRE TS, ZDT77=v 7
F. COLIRBHETEILIMMONTWS LBYL AXA L MIBIZSDTT,

expression

(R) AIroEriHiizhsd, —FrFH DML (a piece of syntax) TF, Wz 22, XV 7
Fov, 4 BT 7R, HEFPEEMUCH LAY, HERTROEROEAERELRTT, thoZ<

Sif L EWV, Python TREFHEOETOMMERENK L VI DI TIEHD FHA, while DX 51,
ReLTHERA R X dHDFT, RABATIEIRLIXTT,

extension module
(FEREY 2—1) C R C++ THIPNZEY 2—L T, Python ® C API %F|f L T Python 27
RP1—Y—a—FKePhebLET,

f-string
YU TF DRI W SCFEAN Y T I MR PEestring” 2RI, 2T T 4 —~ v MEAXTFAY
F I OEMEEOEM TS, PEP 498 3B LTLF X\,

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 MFERCE SHEEIDEI T A0 N1FU—=T71)L. Ny T77&0/= NA
F)=T7A4)l, LT TFALT 7ML TT, A VR =724 AF i0o EY 22—V TEHEINTWL
ET, 77 ANATI 27 b EEIIEERNRAEL open() BIEEMES Z ¥ T,

file-like object
file object ¥ [AFETT,

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T77ANY AT ADTYA=T 4 Y7 TR TRTH 128 N PUTRERRZTa—-FEhz Zed
RAEX N TEBRD ER A, 77 AV RTLADIY A =T 4 ¥ 7T IHBRIES NI o 156
%, API B%4?% UnicodeError ZiEM T2 03B D £75,

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
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PyConfig.
See also the locale encoding.

finder
(774 R) A VR=PEINTVDEI 2 —VD loader DERZFITT 24722 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
(T D #BTHRE) —FE VB DIE T2 8ANRE. U BTHREEE AT // T3, flzIR 11
/] 40F 227D, TR NSRRI NIEBOEDORAETIX 2.75 AV RoTE 3, (-11) // 4
X -2.75 2 INEWAIC D D GRIFE: ADERARADOADEITI) DT -3 12485 IFERELTK
72ZW, PEP 238 #ZRL T ZX W,

3k
(BE%) PR LENCEZ RS —E oD Z T3, BRICIZ 0 U ko 318 23 2 e hHkRET,
FEDEITRHI T Bz RS2 Z e ik E 5, R5IE. XYV v F. function ZBL T X,

function annotation
(B 7 /77— aYy) DT X—=ZRIRDED annotation TT,

BT 77— ayid, @HIZEEYF oDifbRET: AR ZoOBEZ 2 2D int BD5|
Brelis e fffE ., £7 int MORDEEZFO LHfFE ATV T,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 77— a v OXER function O TSI TVWE T,

KEBEDFAD B % variable annotation, PEP 484, #ZML T XV, /2, 7/ 57— a v &F|
32279275 4 A% LT annotations-howto 3 SR L TL 72X W,

future
from __future__ import <feature> ¥\ 3 future X i, 2 ¥ 84 F —IZFKD Python V VU —X
TIEEY R BYPEREEH L CHREDE Y 2a— A1 2a A VT2 X5ERLET, __future__
EY 2—ILTIE, feature DED S 3EZ FF a2 XY MELTWES, TOEI2—L%EAVKR—F L,
ZOERETNT 23 2 2T, FSEELRUICSEISBMENZZDIZWVone, WOF 7 4L MZkbh
(2720378 0720) ZRZ Z e TEE T

>>> import __future__
>>> __future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(IR=yavrryay) ZRLBEEDNS 2 DRV EY T 20U TS, Python X, S
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vy b, EERSEEMRE UBET 2ERIN—YalL 7 X 2o ThHR—YaL sy ar2iT0g
To HR=VaAL I RF gc BV 2 %flio THRIFTE X3,

Jrxl—%&
(¥ =1L —2&) generator iterator ZiR TR T T, BE ORI TNE D, yield XEFORT
B D %9, yield R, for ' —FTHHATELD, next() BITHEZ 1 DFOWMOHLADTE
5, HOWM P 24K T 2 DIHHEINET,

BHEEY AV —FBEBZRHRLET. Rk T P RL—RATL—F 2T HELHD X
T BRISNLEE®RPHS L TRVWEGE, AL DI B2 AL 5,

generator iterator

(Yzrx =&AL TVL—25) generator BIETHERZINZ A TV =7 M TT,

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
(=3 V vy 7B Rz 2800 LECREZ T 2 B> SRS 2 BT, MO LY
DFEREZHNDEPET 4 ANy FTAITVXLCEDPESNET,

single dispatch, functools.singledispatch() 7L —X, PEP 443 ZZML T 12X W,

generic type A
type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock B LT IZ&E W,

global interpreter lock
(Za—nnAfrx7FY)xay 7)) CPython 4 ¥ X7V ZPFHALTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—273TH2 2 RAET2HAMATT, ZHUTED (dict &Y
DEBERMAAATEEL) 7Y 27 N EFADFEKET 71 2120 U THRBRIICLRITR 5 DT,
CPython OEENS Y INICRDET, A VX TVXERERY 75528 T, wLF Tty
SYDPELZMHULD AR M eHEHZIC, A X T) XEMBICTALF ALy METE2 X512k
9,
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7272 L. BHED 20D WL O DILERE Y 2 —Uid, iR Y & 23R R Y OFFHE OB WLE
3 5e EIZGIL ZERT 2 KO WCHREFENTVET, E£io. [/O WiHE T 258 GIL 135 IR
ShET,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.

hash-based pyc

hashable

IDLE

(Ny ¥ axR—=X pyc 7 7 AN) ESEERHRIT 272012, WET B Y =R 7 7 4 VOREEHRZIT
RNy Y2 BEHEHT 2L ba—FDF vy v a7 74T, pycinvalidation ZZHE L TK
72E W,

An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

Ny Y AA[RERF T 27 NAFEDF —REEDA A LTHZE T, HERPELGDT— &S
WEHERTAY ¥ 2 fliZ2FH > TWE 15T,

Python DA 2 2 =X TNVRMHABIALF TS 27 NI IZLAERNY P 2R[RETT, (VR MREHEFED
E97R) 32X ITNRAYTFENY T2 RARETT, (XTI N% frozenset DX S72) 4 I2—&7
N a Y THE BREBNy S aflETHLLEDHNYy Y affETT, 2—YF—ERDZ 7 ADA ¥
ARVATHZEIBRA TS 2V MET 74V P TAY Y adlETT, ZABIEET (HHZRWT)
HEBHERIBIEEMTH D, Ny > 2l idO) L EehE T,

Python OFERAFEREE (Integrated DeveLopment Environment) & U# R E5E (Learning Environ-
ment) TF, idle & Python OFEERLREMICFAMI ATV EARNLEREDO LT 1 2 4 V2TV
REREETT,

KA TSIk (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

(A22—270N) BEDEER 2724 T I bTFT A2 —RTNRATI 2l MTIE. Bl X
FH, BEORTIARBREDBHVET, INoDA 7V =7 MIMEEZEZONER A, HOEEZEESE
BHEICIE, FiiBA T 2 7 PV EERLRTNERDERA, A 32 —XT7ARE T NI BEE
DNy S 2 @PRE L 2 2 RN TEEREHZR-LET, HEOF—2ZOHITT,

import path

path based finder 3 import 3 %€ 2 —VEWMET 25 (£7213 path entry) DV X b, import
H, ZOVY R MIEH sys.path D SRFTH, 37 v F—IDFEEFH vy r—2 D __path__

410

18} A = F5E


https://peps.python.org/pep-0683/

The Python/C API, U1 —2X 3.12.9

B BRET,

importing )

importer

5%EY 2—)1®D Python 23— K2FIDEY 2 —LD Python 2— FTHEZX 2 X 51CT 20T,

Ja—ERLTR=FTEF T b, finder & loader DEBLBLTHHBLTI =7 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)).

interpreted

Python 134 ¥ &2 7V ABADFFETHD., 3> 4 I FFBOMUHAEL FF, (N4 ba—Far
A IDBH BT, ZOXFNIEHRTTH, ) 2ZTOA YR TYXFiELIZ, V—Ra—FD7 74
N, FTEFARERRICL T ETIEI2 e Vo EER LIS, BHEETTEZIL2EKLE
To A VX TV XEROFEIEE., 2284 FIBROFFELD DK/ TNy 7OV A 7 UFH D
DD, TaZ T ADEFIEF—BITBENT T, WEEH S TN,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v bR Y REFHINLFFI, Y 2RI XRTOI VT 4 AR
NEEZ 2D, TRXTOMRLZZY Y — 22 BRBERNCHIS 52, Fil7 = —XICAD 9, 20
72 —RF AR—=J LI F 2B BEFCHLES, TAREIDZI—F—ERDT AT 7 X—%
weakref 23— Ny IWIEPHEINZZBHDET, v v b EU Y7 2 —XHFZEfTEINEa—F
. ZNPMKET BV Y —ADBTTIEREL BV (KL HBHIE T4 77 ) —FY 2 — /L% warning
WTT) 7-DITkkc RBISMCER L ¥ 3,

AVR—TYVENT vy AT ZEREHIZ _ main_ TPV a2 —RETENRTWERAZY T+
DEITHET L2 TS,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.

FROFNEEBTEA TV 22 FTF, 4 FL—&D __next__() AV v FEEDELUILEHT
(Z 713 AAABE next O ITHET) ¥, HhOHOBEHEE—DOFTHELET, F—EDRBB L,
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R DT StopIteration FIAfEEH L ET, ZORET, A 7L —XA T =7 MIRETEBY, %
LI __next__ () ZfIEMA TS StopIteration ZEHLET, A 7L —XiX, ZDATL—
ATz VAKREIRET __iter__() XY v FEERELZTNUIRLZVDT, 471 —&IiEMoD
iterable ZZM T 2IF L AL DEFATHATEE T, 3o X2 e LAMNIERORIEZITS K57
a—RTT, (List DEOR) av7F+A72 =27 MI. BHEZ iterO) BICA TV =7 MICELL
D for V—TFHNTHS X2, FBREHADA T LR AR LET, ZNEATL—XTITES
E3ae, HiHOA 7L —>a YTHABEADRLA 7L -4 7Y 27 b 2HMITET 20, 22D a
YTFDESTIRoTLELET,

MBI typeiter I2H D T,

CPython RZEODF#: CPython does not consistently apply the requirement that an iterator
define __iter__().

key function

keyword

lambda

LBYL

(F—BE) *—BI%. 2 WAL IE. V- MRIEFLB DD OfEZR SR LATREA 7
Yz 7 b (callable) T3, HlZIE, locale.strxfrm() % F—BIUCEZIE. v 7 —KFDY — b D
BEICDo oY — b F—ZIEL T,

Python ®Z < OV — i3 F —BEZIITRD BZRZOWM SIERS 7L — A2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BBEELZHEFVLO2DHD £9, Bl str.lower() XY v FZ2RXF/NFZXAIL
BWY — b RT5F BB LTS ZeHkET, HBWVIX, lambda r: (r[0], r[2]) ® X
5 7% lambda HH 6 ¥ —PBAZIESL Z LA TE £ 9, F7/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF—HMa A+ 572 HD % T, F—BK
DIED 75 2 0T ORI Sorting HOW TO 2ZHE L TL 72X W,

argument =S
FlE 2SR T &,

(7 LK) BHDA > T4 VBT, PO iz 2iciHiixns 120 X 2E8AFF, 724
XEEBUE VE 2 0X lambda [parameters]: expression TF,

FZ 21305EDH (look before you leap)) DIFTSE, ZDaA—F 4 Y7 AXANLTIE, FFOHLPBRK
AT D HNC. BARINCHTIRSEM (pre-condition) ¥IEZITWE T, FAFP 77 a—F L 5T, if
X3z S AMDND DHFHEHI TS,

TILF ALy FEXhZRE T, LBYL 7 7 —F13 7 R37 @fE e " R BREOBAIREELS &
EZFTVRIZBEHDET, HlZIE if key in mapping: return mappinglkey]l ¥\ 5 22— Fii,
HEDZ. DAL v ROBRLBDHNC mapping 5 key DR EERLET, ZOMEIEZ, vy
7325 EAFP 7 7/u—F %25 Z L TIRTZ X7,

lexical analyzer

Formal name for the tokenizer; see token.
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list A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension
(VAMAEER) =7 YAHFOETH 2 WE—EHOERZUFL T, ZO/R»257%2V X P&k
T, AV T PRGIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £32¥.0m5 255 FTOMBE 16 #EHEEREL (0x..) LEXXFI»HK2 Y R PRERL ¥
To if HildA 7> a2 2T, if HiBL WA, range(256) DR TOERSUH SN E T,

loader
An object that loads a module. It must define the exec_module() and create_module () methods

to implement the Loader interface. A loader is typically returned by a finder. See also:
o finders-and-loaders

e importlib.abc.Loader

« PEP 302

mly e e Bt P2/
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method @ 721) 72[RZZFET T,

mapping
(R EVY) EROF—HFEE Y R— b LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ MIREEK S 7 X THESI N LAY v F2EELTWwWsary 7+ 4
7Y 227 b TF, Bl 21X dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R ¥ T3,

meta path finder
sys.meta_path ZMK L TE SNz finder. meta path finder & path entry finder £ BfRIZH D F
/AN 117 G

meta path finder 255255 % XY v FIZDWTIE importlib.abc.MetaPathFinder #ZMR L TL 72
é L\O

metaclass
(RRIFR) IV FTADY FATT, VIRAERIEZ. 77 A%, 77 RADFEL, HEIFADY R+ %
EDET, XAZI7RZ, ZN5 3 20%5[e LTRIFED, 79 REE2ETEEEWVWET, ITLAY
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DATY x 27 MEAISIEEX GRIE: X X277 AD) 77 4L b OEERFRMEL TV E T, Python 23FE5
BROFGHAARLDARY FARMERTELZRTT, FLAEDI—F—ICH->T, XX 7 7RI
EORVWDHBDTT, LrL, —HOGETIE. XX 77 RFENITZLH Y MRAGEEZRELET, &
LZRBBYE T 7 2on R0, ALy Re—THRBIMLED, 7927 FOEREBHIL
72h, SUINN U EEETRRY, ZLOBHETHHEINED,

FEANE metaclasses 2SR L TL 72 & W0,

XYy R
(XY v R) 7 IAREROHFTERSINTEL, 2D F7ADA VAR ADEELE L THUH iz
B AYY FBA VAR YAATY =27 bE— B L LTRITMD £F (Z0HE—518ILER self
CIENET), B ¥ RAMSINRO—T 3B LTLIZX W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_2.3_mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

module
(£ 2—) Python I— FOMMEN YL LTREBATT 227 FTF, £V 2 — LIFEED
Python 7Y =7 v 2 &8LAREMERE 3. €Y 2 —Lid importing DILEIZ X - T Python
WCHAAENE T,

INT— BB LTLEEWN,

module spec £
Pa—nEu—FT30fEbhd 4 R—-rEHEOEHREZLHATZMTT, importlib.
machinery.ModuleSpec DA YA X VA TT,

See also module-specs.

MRO
method resolution order ML T Z&E W,

mutable
(R2—=RTN) 32—RTNEF TV NI, id) ZERZ DI BREEZERETEE T, 12—
A7) BBRLTLIZE W,

”

named tuple
RN E 2T LW HEEE. AT VML TWT, A V7 v 7 A K BRI LEMNZ - T
D7 7 EAHTEZEREOBP T 7 AZSHAINTVET, 208 7 AIMOEHED K> TWnW5a Z
EHHHET,

time.localtime() % os.stat() DR D EZELWV L O DHAALIIHLHIN & X TV TF, i
DL sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024
>>> gys.float_info.max_exp # named field access

(RDOR=V1Fil)
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(FiDR— 25 D %)
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace

(HRTZEM) BRSNS N2 G TT, ARIZERITFE Y L TEEIAE T, BiZEMiciEt 7Y 2
FD (XYY FO) ANTFIZKRo7b DT TR, RFRS O, KNS D, 2L THAAALD
bOVDHD ET, HHEMEIAHTOWEEENC I LICLoTEY a— MRS K-+ T 5, HIZIFBER
builtins.open ¥ os.open() WFHHTZEM TSN TVET, /. EOEY 2 — O K EELE
LTCWADHRT 2 28I X o CHARTZEMIE AT HlE & R Z SR L £ 3, il 21X, random.seed()
X itertools.islice() ¥&FEL k. ZNZNEY 22—/l random ® itertools TEEINTWVEZ
LD S TY,

namespace package

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 ZZRLTL W,

nested scope

(AR PSRRI —=T) SMITERS N TV L EHE ST SHKEET T, BRI D2 BRI DB
DR TERIN TV L HE. NOBBISMIOBh oL 2B TEEd, A A PShkRa—7
377 40 P TREBOZRZINTE, ZHRORABTELVOTERELTLESI WV, B—AVER
3 ROBAMDR a—FTERHAEE LET, FIC, e — SVERE/S & 7o — o 4%
MOE%HAEZLE T, nonlocal TIMUDZERIZEZIADE T,

new-style class

object

Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like __slots__, descriptors,

properties, __getattribute__(), class methods, and static methods.

(A7 z7 b)) REE (BIERMH) L ERINLIRZBVL (XYY R) 2322 TOTF—X, LI
BTD FFHARZAILI SR ODFMOEES S ADZ ¥,
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package
(R T =) ¥ TEY 2= VPLHRNH Ty r =2 8L L DHEKD module DZ T, &
FIRNICIE, Sy 7 —20& __path__ JEMEZFiD Python #7922 F T3,

reqular package ¥ namespace package SR L TL EE W,

parameter
(IR51%0) ARMTOEET BEE (R AV YR ) OEBICBOVTHEENZIT 2 E5|8 2T LET, K
SIEIIE S EH D £

o UBXIEF—T—F: (i[E THEIWE F—T—FE|H 2 LTEST N TER5I8EHEELE
T, ZHUEZ 2 ZIELLRD foo ° bar DX H12, F7 40 s DIRFIFOEETT:

def func(foo, bar=None): ...

o NEHH: MBIZL->TOAEGRONZGIBEIHREL T, MEHFHDOTIET BEERDTIEDOV
APMDHTEZENLDHRAIC / #EDDIIETERTEET, HIZIE D posonlyl ¥ posonly?
B EERTIEICRD £7:

def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—U—FER ¥—Y-FlLoTOALEAONZFIBEEELET., F—V— FEHDG X%
ERTEBEANE. BIZIELITD kw_onlyl S kw_only2 ® X 512, BABEZEDREIEY R Mz
BN EEMES B E TR x DB T

def func(arg, *, kw_onlyl, kw_only2): ...

o AERME: (RORGITEIIRT S5 NIAERDOAMES IRUINZ T) EREOEBDMES G Z
LNB I BEELET, OIS RRGIEIL. LUTD args D X 5 REIEALDHIC * 221F %
CETERTEET:

def func(*args, *+kwargs): ...

o HAERF—TU—F: (MORGIBTHICZT ONLEREDOF—V — FEEICMAT) EEOEED
F—U—FEIEBDBEZ5ND e EBEELET, 20X RE5IEE. LOBID kwargs D X 51
IRB B DR **x 2DF 5 TERTEE T,

WA TS a Ve RADGIBDELLBIETE, A7 a vO5lBUciZT 7 + L MEDIEETE
iTO

R51% . FAQ @ FE5 | R5IEDE WX T 2? . inspect.Parameter 7 7 A, function 2
“av, PEP 362 22 LT ZEW,

path entry
path based finder H5 import § 3 €Y 2 — BT import path £D 1 DDIFFFTT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) DR U7z finder T3, 52 B4z path
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entry IWHBEY 2—E BT B HEEH > TVWET,

RAZY ) —=T 7 A Y EDPEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
RLTLZE 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 VA
7 # )V kD meta path finder @ 1 D&, €Y 2—LD import path KL T,

path-like object
(path-like F 79 =227 V) 77 A VT AT LNAZRLE T, path-like 72 =7 Mid, RR%EFR
T str A7 27 MR bytes A 7Y 27 b, 721X os.PathLike R a2 HEL ATV =
7 FDENDTT, os.PathLike 7B Fa P R—F+FLTWVWE A 7P 7 M os.fspath() %
MOH$ Z 2T str £721% bytes D7 7 A VI R T LANRICEITE £F, os.fsdecode() &
os.fsencode() IXFNFN str H2WVIX bytes WKRDZDEHAT 2DIEZET, PEP 519 T&

AZNZFE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 I 2 =7 4 I8 L THEMZIRIET 2. H 2V
Python OHFHERER Z DBERLIRIFICOW TR T 23EHLFHTT, PEP &, #EEIZOWTOERR
Ffifteg © 1223 2 e iRl (HER) 2 B2 2NETT,
PEP &, #FiSREDORRBICH DB, 33 2 =7 4 Ik 2HREREDOER . Python 127 X 2 ZEFTHTET
DNED-D DR LM OB 22 I 2EXLTWET, PEP 0FF I I 2 =7 1 NOAE
FEHZEIT5> 2, RNERZNFHMNT LI OBEBELHD £73,
PEP 1 2ZL T T W,

portion
PEP 420 TE&RXNTW5%, namespace package ICET 5. HED 7 7 4 DS (zip 7 7 A4 VKN
ENTWEHEDDHD) 1 D2DT 4 L7 MU IISHE N D,

fiI&E35 % (positional argument) %

I8 2ZML T ZEW,

provisional API
(&7 API) #7465 4 75V 0% BARVEREED S FHHANICERIN S N D DT, 2D X 5754 ¥ X —
72— ANDORKEREE I, BETH2 L INTVIMIIARFINTOERAD, a7HHEEICE-T
WEEARINIR, BAEABLREE (v 2—T7 2 —RADHIRETEENS) PITONAET, Z
DESBREFIZDLRAIITONE DDTIEDH D FHA - 20U API 2HAADENIERAE L T
TERBRRMEABE LI ZICOATOIET,

BE APT IZoWThH, BABHMOLWERZ TRIEFER LARINTHET, MERDHIL
e T RITEMRB IR ZR T RNETT,

Zo7atRAickh, EES A TSVEIMEERZTYA V27— ICEVWHEBELADONE Z 2L,
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Rz CELZi) o E 3. #lllld PEP 411 22 L TS0,

provisional package
provisional API 2B L TLZE W,

Python 3000
Python 3.x VUV —X74 D=y 7% —LT7T, (Python 3 DEWRERDFEK o LEHIESNE
T9, ) "Py3k” x5 dHh T,

Pythonic tt
DEEBTMRNRE Z A TEINIza— FTIER L, Python OFHC RN A T 4 A 2o 12E 2
Jiea— KA, FlziX. Python O—&RA 7 4 4 LTI for XEHoTA T I TNDITNTDER
WKE->TL—TLET, OZLDEEICFZOMEMEAITRND T, Python IZEHRTWRWAFD
DICBHED A Y v 2 =25 0d LILERA:

‘for i in range(len(food)):

print (food[il)

ZAUTH L. Ehwiz Pythonic 72 Ak

for piece in food:

print(piece)

qualified name
(Bffith) £ 2 —lDIZB— ULRA=T N6, ZOEY 2 —LTERINIZ TR, BB XV v R
AD, "R ERT Ry MEELTT, PEP 3155 TERSNTVWET, My FLNLOBEKSZ 5
2 TlE, BHitEA 7Y 27 FOAHTERILTT:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

ICI

>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

EYV 2 AANDOBETEDLND b, TREMB (fully qualified name) EFTXTOHAR Yy F —I % &L
2D ¥y K. HlZIE email .mime.text ZEIRL £ 5

>>> import email.mime.text
>>> email .mime.text. name _

'email .mime.text'
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reference count
The number of references to an object. When the reference count of an object drops to zero, it
is deallocated. Some objects are "immortal” and have reference counts that are never modified,
and therefore the objects are never deallocated. Reference counting is generally not visible to
Python code, but it is a key element of the C'Python implementation. Programmers can call the

sys.getrefcount () function to return the reference count for a particular object.

regular package =
M, __init__.py 7 7 A VEZELT 4 L2 MY LTD packages

namespace package ZBRRLTLIZE W,

slots z
FANTDEST, A YRAX Y ZAEROHEBED SN ULDERLTBE, A VARV AFELYRT 3
2T, ABVZHNLES, ZhUI L EbNE T 7=y 7 TIP, ELLFESIEFHPLIY v F—
BOT, Wk —A, PIZIEAEBVDHEMEL 257 SV r—>a v TA VARV ABRKEIFET
5, LWVokt FRIRE. DOLRVDIBRR T,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__()
special method and defines a __len__() method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__() and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

) ——
__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(BB ELEED) iterable NORTH B2 VI —HOEZLZWIH L T, ZOHREIrORIZEFZRTa Y
R W EEFTT, results = {c for c in 'abracadabra' if c not in 'abc'} T 5 &,
{'r', 'd'} 2WVWHIXFHOEHEFEELEMRL 3, comprehensions ZZH L TL 72X W,

single dispatch
generic function O—FETERIETZ—OD5IBOENC X DBEIREINE T,

slice
(RTAR) —fIZ =T V2 O—WEELATI 27 by AT74RF BFEREL [1 THALNE
BoBoicanyzEL ZeTESNET, BIZIL, variable_name[1:3:5] T3, AHFEIMN (FF)
LB slice A7V =27 PEAETHHL TVWE 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.
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Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit

warnings.
See PEP 387: Soft Deprecation.

special method
(R X Y » F) & 28NREDHIE. BIZIXME % T 272912 Python 7 HIFEIZIF U H 5 X
Vv R, ZOREDAY v RiZ, XV Y FEORHIERZRICT VX —Ra7 208220 TVWET, Kk
XYV v RIZOWTIE specialnames TREFH I N TVWE T,

statement
() XWEAAL—=1F (A=FD” 78y 77" TAARKRERTT, X kX 2xF—v—-FhroEEznd
HODEH L TT, %BEICIT 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
(THXFARAINZ7A4N) str ATV 27 M 2HmAEETES file object TF, LIFLIE. 7F A7 74
JNIEBRZAAL MERAIO T =X A M) — A7 72 AL, TFALIYI—T 1 25 ZHBTY
F5, 7TFAMT7 74 LDFE, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AR EET ¥ X
FE—F ('r' or 'w') THWAEZ 74 1T,

bytes-like Z T T I b BHRABETEDL I 7 ANLT T 227 MZOWTIE. NMFUT 71 35
HRLTLEEW,

k—o > A

small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names,
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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
(ZEZ +— MXFH)) 300K L2 +— FEE (") T RRA a7 4 — () THENL LT, @
WD (—H) 74— FXFINIHARTRIT Z 3 XFINTENID D FHAD, EOorOMBTHAT
T, 1O0200E KR Ll A —  MIBEEZ IR —THLICEL N TEF T L, TETE () 2
HORSTHEBITICE D2 8D TELZDT, FF a2 X YT — a T S IR R
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type (obj).

type alias
(x4 )7 R) WOPILT, HERIITFICRA LTHERL £,

M4y 7R3 Ber b 2HMLT 2DICHEHTTY, HlZIE:

def remove_gray_shades(

colors: list[tuplel[int, int, int]]) -> list[tuple[int, int, int]]:

pass

CHERDESITEDFHARTSTEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEEEDFIHD D % typing ¥ PEP 484 2B L TL X\,

type hint
(Bler b)) Z8 7 7 REME BB D5 X=X 2BE D EOWIGF 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.

Ja—NVEKR 77RAEME BERT. a—F LV EBHTRVWIDDE b ¥ M typing.
get_type_hints() THUFTZ %7,

WEEDFAD H % typing & PEP 484 ZZML T 72X\,

universal newlines a
FAPRAM) —LDRREDO—2T, UTFOITRTEITRLRML £ 5 Unix OITRBE "\n',
Windows OFE '\r\n'. i\ Macintosh OFE '\r's FIHEICOVWTHLLIE PEP 278 &
PEP 3116 . 51T bytes.splitlines() S L T2 &\,
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variable annotation
(BBT7 ) T—>ay) ZRDH0NEZ 7 RBEED annotation .

BB B WNE 7 7 ZABMITERZ NI 72 & 21k, KA IMERTT:

class C:

field: 'annotation'

BT T—aidBEE EEY L OdifEbRET: flZIE. ZOZKL int OEEZEHSZ Ik
XA TOVE T

count: int = O

ZRT 7 T — a2 Y ORIZOWTIE annassign HiCHEH L TWE T,

HREDFBHDIH 5 function annotation, PEP 484 , PEP 526 2R LT & W, ¥/ 7/ 7 —
avERHTAERANTSTF 277 4 A2 LT annotations-howto HSHR L T L 72X,

virtual environment
(IRAEEHS) WY D B M 72 FAFBEC S, ZAUCE D Python 2—HF &7 7Y 7 —2 1 VIEIA
UL AT 5 ETEHINTWSMD Python 7 7V 7 — 2 YOBEHNCFH T2 Z 2742 < Python Sy
=Y DA VAN N ETEHEIT) LD TEET,

venv ZZHAL TL 72& W,

virtual machine
(i~ >) ERICY 7 Py 2 72 E D EHS N3 Y ¥ a— &, Python DA< i3, ~A b
a—FarX4 BRI L XM FO—F 2T LES,

Zen of Python
(Python ®1&D) Python #HfELFIHS 2 L TOEZ 725, Python OFETREIE HFH¥E%Z U A MC
L72bD T3, im0 > 7 b T "import this” ¥ $2L DY R MEHDET,
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8%

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,
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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 © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby

agrees to include in any such work a brief summary of the changes made to Python.
(RDR—=1ZHE <)
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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 module 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, ssl, crypt use the OpenSSL library for added performance if made
available by the operating system. Additionally, the Windows and macOS installers for Python may
include a copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the
o 0 . . .
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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)
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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 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/
projects/sox/files/sox/12.17.7/sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use.

Users may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR
TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
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FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-
WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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buffer interface
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file object, 407 list, 413 type, 8, 151

file-like object, 407 object, 202 271, 221

filesystem encoding and error list comprehension, 413 XYy R, 215
handler, 407 loader, 413 &, 159

finder, 408 lock, interpreter, 267 B, 159

floor division, 408 long integer FEVME, 165
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BA%L, 211

&8, 209
objobjargproc (C type), 390
objobjproc (C type), 390
OverflowError (¥#AAHHIS), 161, 162

P

package, 416
package variable

__all__, 90
parameter, 416
PATH, 15

path (sys €EZa—JL), 15, 260, 264
path based finder, 417
path entry, 416
path entry finder, 416
path entry hook, 417
path-like object, 417
PEP, 417
platform (in module sys), 265
portion, 417
pow
HAAHEEE, 131, 133
provisional API, 417
provisional package, 418
Py_ABS (C macro), 5
Py_AddPendingCall (C function), 282
Py_ALWAYS_INLINE (C macro), 5
Py_AtExit (C function), 90
Py_AUDIT_READ (C macro), 342
Py_AuditHookFunction (C type), 89
Py_BEGIN_ALLOW_THREADS (C macro),
268, 272
Py_BLOCK_THREADS (C macro), 272
Py_buffer (C type), 141
Py_buffer.buf (C member), 141
Py_buffer.format (C member), 142
Py_buffer.internal (C member), 142
Py_buffer.itemsize (C member), 141
Py_buffer.len (C member), 141
Py_buffer.ndim (C member), 142
Py_buffer.obj (C member), 141
Py_buffer.readonly (C member), 141
Py_buffer.shape (C member), 142
Py_buffer.strides (C member), 142
Py_buffer.suboffsets (C member), 142
Py_BuildValue (C function), 105
Py_BytesMain (C function), 53
Py_BytesWarningFlag (C var), 256
Py_CHARMASK (C macro), 5
Py_CLEANUP_SUPPORTED (C macro), 102
Py_CLEAR (C function), 61
Py_CompileString (C function), 56, 58
Py_CompileStringExFlags (C function),
57
Py_CompileStringFlags (C function),
56
Py_CompileStringObject (C function),
56
Py_complex (C type), 168
Py_complex.imag (C member), 168
Py_complex.real (C member), 168
Py_DEBUG (C macro), 16
Py_DebugFlag (C var), 256
Py_DecodeLocale (C function), 85
Py_DECREF (C function), 8, 60
Py_DecRef (C function), 61
Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (C war), 257
Py_Ellipsis (C var), 237
Py_EncodeLocale (C function), 86

Py_END_ALLOW_THREADS (C macro), 268,
272

Py_EndInterpreter (C function), 280

Py_EnterRecursiveCall (C function),
78

Py_EQ (C macro), 371

Py_eval_input (C var), 58

Py_Exit (C function), 90

Py_ExitStatusException (C function),
292

Py_False (C var), 165

Py_FatalError (C function), 90

Py_FatalError(), 266

Py_FdIsInteractive (C function), 83

Py_file_input (C var), 58

Py_Finalize (C function), 261

Py_FinalizeEx (C function), 90, 260,
261, 280

Py_FrozenFlag (C var), 257

Py_GE (C macro), 371

Py_GenericAlias (C function), 252

Py_GenericAliasType (C var), 253

Py_GetArgcArgv (C function), 315

Py_GetBuildInfo (C function), 265

Py_GetCompiler (C function), 265

Py_GetCopyright (C function), 265

Py_GETENV (C macro), 6

Py_GetExecPrefix (C function), 16, 263

Py_GetPath (C function), 16, 264

Py_GetPath(), 262, 264

Py_GetPlatform (C function), 265

Py_GetPrefix (C function), 16, 263

Py_GetProgramFullPath (C function),
16, 264

Py_GetProgramName (C function), 262

Py_GetPythonHome (C' function), 267

Py_GetVersion (C function), 265

Py_GT (C macro), 371

Py_hash_t (C type), 110

Py_HashRandomizationFlag (C var), 257

Py_IgnoreEnvironmentFlag (C var), 257

Py_INCREF (C function), 8, 59

Py_IncRef (C function), 61

Py_Initialize (C function), 15, 260,
280

Py_Initialize(), 262

Py_InitializeEx (C function), 260

Py_InitializeFromConfig (C function),
310

Py_InspectFlag (C var), 257

Py_InteractiveFlag (C var), 258

Py_Is (C function), 335

Py_IS_TYPE (C function), 336

Py_IsFalse (C function), 335

Py_IsInitialized (C function), 16, 261

Py_IsNone (C function), 335

Py_IsolatedFlag (C var), 258

Py_IsTrue (C function), 335

Py_LE (C macro), 371

Py_LeaveRecursiveCall (C function),
78

Py_LegacyWindowsFSEncodingFlag (C
var), 258

Py_LegacyWindowsStdioFlag (C var),
258

Py_LIMITED_API (C macro), 18

Py_LT (C macro), 371

Py_Main (C function), 53

PY_MAJOR_VERSION (C macro), 399

Py_MAX (C macro), 6

Py_MEMBER_SIZE (C macro), 6

PY_MICRO_VERSION (C macro), 399

Py_MIN (C macro), 6

PY_MINOR_VERSION (C macro), 399
Py_mod_create (C macro), 227
Py_mod_exec (C macro), 228
Py_mod_multiple_interpreters (C
macro), 228
Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED
(C macro), 228
Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED
(C macro), 228
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED
(C macro), 228
Py_NE (C macro), 371
Py_NewInterpreter (C function), 280
Py_NewInterpreterFromConfig (C
Sfunction), 279
Py_NewRef (C function), 60
Py_NO_INLINE (C macro), 6
Py_None (C wvar), 159
Py_NoSiteFlag (C var), 259
Py_NotImplemented (C var), 117
Py_NoUserSiteDirectory (C var), 259
Py_OpenCodeHookFunction (C type), 222
Py_OptimizeFlag (C wvar), 259
Py_PreInitialize (C function), 295
Py_PrelnitializeFromArgs (C
function), 295
Py_PreInitializeFromBytesArgs (C
Sfunction), 295
Py_PRINT_RAW (C macro), 117
Py_PRINT_RAW (C DX 0O), 222
Py_QuietFlag (C var), 259
Py_READONLY (C macro), 342
Py_REFCNT (C function), 59
Py_RELATIVE_OFFSET (C macro), 342
PY_RELEASE_LEVEL (C macro), 399
PY_RELEASE_SERIAL (C macro), 399
Py_ReprEnter (C function), 78
Py_ReprLeave (C function), 78
Py_RETURN_FALSE (C macro), 165
Py_RETURN_NONE (C macro), 159
Py_RETURN_NOTIMPLEMENTED (C macro),
117
Py_RETURN_RICHCOMPARE (C macro), 371
Py_RETURN_TRUE (C macro), 165
Py_RunMain (C function), 315
Py_SET_REFCNT (C function), 59
Py_SET_SIZE (C function), 336
Py_SET_TYPE (C function), 336
Py_SetPath (C function), 264
Py_SetPath(), 264
Py_SetProgramName (C function), 16,
262
Py_SetProgramName (), 260, 263, 264
Py_SetPythonHome (C' function), 267
Py_SETREF (C macro), 61
Py_SetStandardStreamEncoding (C'
Sfunction), 262
Py_single_input (C wvar), 58
Py_SIZE (C function), 336
Py_ssize_t (C type), 12
PY_SSIZE_T_MAX (C macro), 162
Py_STRINGIFY (C macro), 6
Py_T_BOOL (C macro), 344
Py_T_BYTE (C macro), 344
Py_T_CHAR (C macro), 344
Py_T_DOUBLE (C macro), 344
Py_T_FLOAT (C macro), 344
Py_T_INT (C macro), 344
Py_T_LONG (C macro), 344
Py_T_LONGLONG (C macro), 344
Py_T_OBJECT_EX (C macro), 344
Py_T_PYSSIZET (C macro), 344
Py_T_SHORT (C macro), 344
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Py_T_STRING (C macro), 344

Py_T_STRING_INPLACE (C macro), 344

Py_T_UBYTE (C macro), 344

Py_T_UINT (C macro), 344

Py_T_ULONG (C macro), 344

Py_T_ULONGLONG (C macro), 344

Py_T_USHORT (C macro), 344

Py_TPFLAGS_BASE_EXC_SUBCLASS (C'
macro), 365

Py_TPFLAGS_BASETYPE (C macro), 363

Py_TPFLAGS_BYTES_SUBCLASS (C macro),
365

Py_TPFLAGS_DEFAULT (C macro), 363

Py_TPFLAGS_DICT_SUBCLASS (C macro),
365

Py_TPFLAGS_DISALLOW_INSTANTIATION
(C macro), 366

Py_TPFLAGS_HAVE_FINALIZE (C macro),
365

Py_TPFLAGS_HAVE_GC (C macro), 363

Py _TPFLAGS_HAVE_VECTORCALL (C
macro), 365

Py_TPFLAGS_HEAPTYPE (C macro), 362

Py_TPFLAGS_IMMUTABLETYPE (C macro),
365

Py_TPFLAGS_ITEMS_AT_END (C macro),
364

Py_TPFLAGS_LIST_SUBCLASS (C macro),
365

Py_TPFLAGS_LONG_SUBCLASS (C macro),
365

Py_TPFLAGS_MANAGED_DICT (C macro),
364

Py_TPFLAGS_MANAGED_WEAKREF (C
macro), 364

Py_TPFLAGS_MAPPING (C macro), 366

Py_TPFLAGS_METHOD_DESCRIPTOR (C'
macro), 363

Py_TPFLAGS_READY (C macro), 363

Py_TPFLAGS_READYING (C macro), 363

Py_TPFLAGS_SEQUENCE (C macro), 367

Py_TPFLAGS_TUPLE_SUBCLASS (C macro),
365

Py_TPFLAGS_TYPE_SUBCLASS (C macro),
365

Py_TPFLAGS_UNICODE_SUBCLASS (C'
macro), 365

Py_TPFLAGS_VALID_VERSION_TAG (C'
macro), 367

Py_tracefunc (C type), 283

Py_True (C var), 165

Py_tss_NEEDS_INIT (C macro), 286

Py_tss_t (C type), 286

Py_TYPE (C function), 335

Py_UCS1 (C type), 174

Py_ucs2 (C type), 174

Py_UCS4 (C type), 174

Py_uhash_t (C type), 110

Py_UNBLOCK_THREADS (C macro), 273

Py_UnbufferedStdioFlag (C var), 260

Py_UNICODE (C type), 174

Py_UNICODE_IS_HIGH_SURROGATE (C
function), 178

Py_UNICODE_IS_LOW_SURROGATE (C
function), 178

Py_UNICODE_IS_SURROGATE (C function),
178

Py_UNICODE_ISALNUM (C function), 177

Py_UNICODE_ISALPHA (C function), 177

Py_UNICODE_ISDECIMAL (C function),

Py_UNICODE_ISLINEBREAK (C function),
177
Py_UNICODE_ISLOWER (C function), 176
Py_UNICODE_ISNUMERIC (C function),
177
Py_UNICODE_ISPRINTABLE (C function),
177
Py_UNICODE_ISSPACE (C function), 176
Py_UNICODE_ISTITLE (C function), 177
Py_UNICODE_ISUPPER (C function), 177
Py_UNICODE_JOIN_SURROGATES (C
function), 178
Py_UNICODE_TODECIMAL (C function),
177
Py_UNICODE_TODIGIT (C function), 178
Py_UNICODE_TOLOWER (C function), 177
Py_UNICODE_TONUMERIC (C function),
178
Py_UNICODE_TOTITLE (C function), 177
Py_UNICODE_TOUPPER (C function), 177
Py_UNREACHABLE (C macro), 6
Py_UNUSED (C macro), 7
Py_VaBuildValue (C function), 107
PY_VECTORCALL_ARGUMENTS_OFFSET (C
macro), 125
Py_VerboseFlag (C var), 260
Py_Version (C wvar), 400
PY_VERSION_HEX (C macro), 399
Py_VISIT (C function), 396
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), 138
PyAnySet_Check (C function), 210
PyAnySet_CheckExact (C function), 210
PyArg_Parse (C function), 104
PyArg_ParseTuple (C function), 103
PyArg_ParseTupleAndKeywords (C'
function), 103
PyArg_UnpackTuple (C function), 104
PyArg_ValidateKeywordArguments (C
function), 103
PyArg_VaParse (C function), 103
PyArg_VaParseTupleAndKeywords (C'
function), 103
PyASCIIObject (C type), 174
PyAsyncMethods (C type), 387
PyAsyncMethods.am_aiter (C member),
388
PyAsyncMethods.am_anext (C member),
388
PyAsyncMethods.am_await (C member),
387
PyAsyncMethods.am_send (C member),
388
PyBaseObject_Type (C war), 335
PyBool_Check (C function), 165
PyBool_FromLong (C function), 165
PyBool_Type (C var), 164
PyBUF_ANY_CONTIGUOUS (C macro), 144
PyBUF_C_CONTIGUOUS (C macro), 144
PyBUF_CONTIG (C macro), 145
PyBUF_CONTIG_RO (C macro), 145
PyBUF_F_CONTIGUOUS (C macro), 144
PyBUF_FORMAT (C macro), 143
PyBUF_FULL (C macro), 145
PyBUF_FULL_RO (C macro), 145
PyBUF_INDIRECT (C macro), 144
PyBUF_MAX_NDIM (C macro), 143
PyBUF_ND (C macro), 144

PyBUF_RECORDS_RO (C macro), 145
PyBUF_SIMPLE (C macro), 144
PyBUF_STRIDED (C macro), 145
PyBUF_STRIDED_RO (C macro), 145
PyBUF_STRIDES (C macro), 144
PyBUF_WRITABLE (C macro), 143
PyBUF_WRITE (C macro), 237
PyBuffer_FillContiguousStrides (C
Sfunction), 148
PyBuffer_FilllInfo (C function), 148
PyBuffer_FromContiguous (C function),
148
PyBuffer_GetPointer (C function), 147
PyBuffer_IsContiguous (C function),
147
PyBuffer_Release (C function), 147
PyBuffer_SizeFromFormat (C function),
147
PyBuffer_ToContiguous (C function),
148
PyBufferProcs (C type), 140, 386
PyBufferProcs.bf_getbuffer (C
member), 386
PyBufferProcs.bf_releasebuffer (C
member), 387
PyByteArray_AS_STRING (C function),
173
PyByteArray_AsString (C function),
173
PyByteArray_Check (C function), 173
PyByteArray_CheckExact (C function),
173
PyByteArray_Concat (C function), 173
PyByteArray_FromObject (C function),
173
PyByteArray_FromStringAndSize (C
function), 173
PyByteArray_GET_SIZE (C function),
173
PyByteArray_Resize (C function), 173
PyByteArray_Size (C function), 173
PyByteArray_Type (C var), 172
PyByteArrayObject (C type), 172
PyBytes_AS_STRING (C function), 171
PyBytes_AsString (C function), 171
PyBytes_AsStringAndSize (C function),
172
PyBytes_Check (C function), 170
PyBytes_CheckExact (C function), 170
PyBytes_Concat (C function), 172
PyBytes_ConcatAndDel (C function),
172
PyBytes_FromFormat (C' function), 170
PyBytes_FromFormatV (C function), 171
PyBytes_FromObject (C function), 171
PyBytes_FromString (C function), 170
PyBytes_FromStringAndSize (C
Sfunction), 170
PyBytes_GET_SIZE (C function), 171
PyBytes_Size (C function), 171
PyBytes_Type (C var), 170
PyBytesObject (C type), 170
PyCallable_Check (C function), 130
PyCallIter_Check (C function), 234
PyCallIter_New (C function), 234
PyCallIter_Type (C var), 234
PyCapsule (C type), 239
PyCapsule_CheckExact (C function),
239
PyCapsule_Destructor (C type), 239

177 PyBUF_READ (C macro), 237 PyCapsule_GetContext (C function),
Py_UNICODE_ISDIGIT (C function), 177 PyBUF_RECORDS (C macro), 145 240
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PyCapsule_GetDestructor (C function),
240
PyCapsule_GetName (C function), 240
PyCapsule_GetPointer (C function),
240
PyCapsule_Import (C function), 240
PyCapsule_IsValid (C function), 241
PyCapsule_New (C function), 239
PyCapsule_SetContext (C function),
241
PyCapsule_SetDestructor (C function),
241
PyCapsule_SetName (C function), 241
PyCapsule_SetPointer (C function),
241
PyCell_Check (C function), 216
PyCell_GET (C function), 216
PyCell_Get (C function), 216
PyCell_New (C function), 216
PyCell_SET (C function), 216
PyCell_Set (C function), 216
PyCell_Type (C war), 216
PyCellObject (C type), 216
PyCFunction (C type), 337
PyCFunction_New (C function), 341
PyCFunction_NewEx (C function), 340
PyCFunctionWithKeywords (C type), 337
PyCMethod (C type), 337
PyCMethod_New (C function), 340
PyCode_Addr2Line (C function), 218
PyCode_Addr2Location (C function),
218
PyCode_AddWatcher (C function), 219
PyCode_Check (C function), 216
PyCode_ClearWatcher (C function), 219
PyCode_GetCellvars (C function), 218
PyCode_GetCode (C function), 218
PyCode_GetFirstFree (C function), 217
PyCode_GetFreevars (C function), 219
PyCode_GetNumFree (C function), 217
PyCode_GetVarnames (C function), 218
PyCode_New (C B#X), 217
PyCode_NewEmpty (C function), 218
PyCode_NewWithPosOnlyArgs (C BE%)),
218
PyCode_Type (C war), 216
PyCode_WatchCallback (C type), 219
PyCodec_BackslashReplaceErrors (C
function), 113
PyCodec_Decode (C function), 112
PyCodec_Decoder (C function), 112
PyCodec_Encode (C function), 112
PyCodec_Encoder (C function), 112
PyCodec_IgnoreErrors (C function),
113
PyCodec_IncrementalDecoder (C
function), 112
PyCodec_IncrementalEncoder (C
function), 112
PyCodec_KnownEncoding (C function),
112
PyCodec_LookupError (C function), 113
PyCodec_NameReplaceErrors (C'
function), 113
PyCodec_Register (C function), 111
PyCodec_RegisterError (C function),
113
PyCodec_ReplaceErrors (C function),
113
PyCodec_StreamReader (C function),
112
PyCodec_StreamWriter (C function),
112

PyCodec_StrictErrors (C function),
113
PyCodec_Unregister (C function), 111
PyCodec_XMLCharRefReplaceErrors (C
function), 113
PyCodeEvent (C type), 219
PyCodeObject (C type), 216
PyCompactUnicodeObject (C type), 174
PyCompilerFlags (C struct), 58
PyCompilerFlags.cf_feature_version
(C member), 58
PyCompilerFlags.cf_flags (C
member), 58
PyComplex_AsCComplex (C function),
169
PyComplex_Check (C function), 169
PyComplex_CheckExact (C function),
169
PyComplex_FromCComplex (C function),
169
PyComplex_FromDoubles (C' function),
169
PyComplex_ImagAsDouble (C function),
169
PyComplex_RealAsDouble (C' function),
169
PyComplex_Type (C var), 169
PyComplexObject (C type), 169
PyConfig (C type), 296
PyConfig_Clear (C function), 297
PyConfig_InitIsolatedConfig (C'
function), 296
PyConfig_InitPythonConfig (C
function), 296
PyConfig Read (C function), 297
PyConfig_SetArgv (C function), 297
PyConfig_SetBytesArgv (C function),
297
PyConfig_SetBytesString (C function),
296
PyConfig_SetString (C function), 296
PyConfig_SetWideStringList (C
function), 297
PyConfig.argv (C member), 298
PyConfig.base_exec_prefix (C
member), 298
PyConfig.base_executable (C
member), 298
PyConfig.base_prefix (C member), 299
PyConfig.buffered_stdio (C member),
299
PyConfig.bytes_warning (C member),
299
PyConfig.check_hash_pycs_mode (C
member), 300
PyConfig.code_debug_ranges (C
member), 299
PyConfig.configure_c_stdio (C
member), 300
PyConfig.dev_mode (C member), 300
PyConfig.dump_refs (C member), 300
PyConfig.exec_prefix (C member), 300
PyConfig.executable (C member), 301
PyConfig.faulthandler (C member),
301
PyConfig.filesystem_encoding (C
member), 301
PyConfig.filesystem_errors (C
member), 301
PyConfig.hash_seed (C member), 302
PyConfig.home (C member), 302
PyConfig.import_time (C member), 302
PyConfig.inspect (C member), 302

PyConfig.install_signal_handlers (C
member), 303
PyConfig.int_max_str_digits (C
member), 303
PyConfig.interactive (C member), 303
PyConfig.isolated (C member), 303
PyConfig.legacy_windows_stdio (C
member), 303
PyConfig.malloc_stats (C member),
304
PyConfig.module_search_paths (C'
member), 304
PyConfig.module_search_paths_set (C
member), 304
PyConfig.optimization_level (C
member), 305
PyConfig.orig_argv (C member), 305
PyConfig.parse_argv (C member), 305
PyConfig.parser_debug (C member),
305
PyConfig.pathconfig_warnings (C
member), 306
PyConfig.perf_profiling (C member),
308
PyConfig.platlibdir (C member), 304
PyConfig.prefix (C member), 306
PyConfig.program_name (C member),
306
PyConfig.pycache_prefix (C member),
306
PyConfig.pythonpath_env (C member),
304
PyConfig.quiet (C member), 306
PyConfig.run_command (C member), 307
PyConfig.run_filename (C member),
307
PyConfig.run_module (C member), 307
PyConfig.safe_path (C member), 298
PyConfig.show_ref_count (C member),
307
PyConfig.site_import (C member), 307
PyConfig.skip_source_first_line (C
member), 308
PyConfig.stdio_encoding (C member),
308
PyConfig.stdio_errors (C member),
308
PyConfig.tracemalloc (C member), 308
PyConfig.use_environment (C
member), 309
PyConfig.use_hash_seed (C member),
302
PyConfig.user_site_directory (C
member), 309
PyConfig.verbose (C member), 309
PyConfig.warn_default_encoding (C
member), 299
PyConfig.warnoptions (C member), 309
PyConfig.write_bytecode (C member),
309
PyConfig.xoptions (C member), 310
PyContext (C type), 246
PyContext_CheckExact (C function),
246
PyContext_Copy (C function), 246
PyContext_CopyCurrent (C function),
247
PyContext_Enter (C function), 247
PyContext_Exit (C function), 247
PyContext_New (C function), 246
PyContext_Type (C var), 246
PyContextToken (C type), 246
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PyContextToken_CheckExact (C'
function), 246
PyContextToken_Type (C var), 246
PyContextVar (C type), 246
PyContextVar_CheckExact (C function),
246
PyContextVar_Get (C function), 247
PyContextVar_New (C function), 247
PyContextVar_Reset (C function), 247
PyContextVar_Set (C function), 247
PyContextVar_Type (C var), 246
PyCoro_CheckExact (C function), 245
PyCoro_New (C function), 245
PyCoro_Type (C var), 245
PyCoroObject (C type), 245
PyDate_Check (C function), 249
PyDate_CheckExact (C function), 249
PyDate_FromDate (C function), 249
PyDate_FromTimestamp (C function),
252
PyDateTime_Check (C function), 249
PyDateTime_CheckExact (C function),
249
PyDateTime_Date (C type), 248
PyDateTime_DATE_GET_FOLD (C
function), 251
PyDateTime_DATE_GET_HOUR (C
function), 251
PyDateTime_DATE_GET_MICROSECOND (C
function), 251
PyDateTime_DATE_GET_MINUTE (C
function), 251
PyDateTime_DATE_GET_SECOND (C
function), 251
PyDateTime_DATE_GET_TZINFO (C
function), 251
PyDateTime_DateTime (C type), 248
PyDateTime_DateTimeType (C var), 248
PyDateTime_DateType (C var), 248
PyDateTime_Delta (C type), 248
PyDateTime_DELTA_GET_DAYS (C
function), 252
PyDateTime_DELTA_GET_MICROSECONDS
(C function), 252
PyDateTime_DELTA_GET_SECONDS (C
function), 252
PyDateTime_DeltaType (C var), 248
PyDateTime_FromDateAndTime (C'
function), 249
PyDateTime_FromDateAndTimeAndFold
(C function), 250
PyDateTime_FromTimestamp (C
function), 252
PyDateTime_GET_DAY (C function), 250
PyDateTime_GET_MONTH (C function),
250
PyDateTime_GET_YEAR (C function), 250
PyDateTime_Time (C type), 248
PyDateTime_TIME_GET_FOLD (C
function), 251
PyDateTime_TIME_GET_HOUR (C
function), 251
PyDateTime_TIME_GET_MICROSECOND (C
function), 251
PyDateTime_TIME_GET_MINUTE (C
function), 251
PyDateTime_TIME_GET_SECOND (C
function), 251
PyDateTime_TIME_GET_TZINFO (C
function), 251
PyDateTime_TimeType (C var), 248
PyDateTime_TimeZone _UTC (C wvar), 248
PyDateTime_TZInfoType (C wvar), 248

PyDelta_Check (C function), 249
PyDelta_CheckExact (C function), 249
PyDelta_FromDSU (C function), 250
PyDescr_IsData (C function), 235
PyDescr_NewClassMethod (C' function),
234
PyDescr_NewGetSet (C function), 234
PyDescr_NewMember (C function), 234
PyDescr_NewMethod (C function), 234
PyDescr_NewWrapper (C function), 234
PyDict_AddWatcher (C function), 207
PyDict_Check (C function), 204
PyDict_CheckExact (C function), 204
PyDict_Clear (C function), 204
PyDict_ClearWatcher (C function), 208
PyDict_Contains (C function), 204
PyDict_Copy (C function), 204
PyDict_Delltem (C function), 205
PyDict_DelItemString (C function),
205
PyDict_GetItem (C function), 205
PyDict_GetItemString (C function),
205
PyDict_GetItemWithError (C function),
205
PyDict_Items (C function), 206
PyDict_Keys (C function), 206
PyDict_Merge (C function), 207
PyDict_MergeFromSeq2 (C function),
207
PyDict_New (C function), 204
PyDict_Next (C function), 206
PyDict_SetDefault (C function), 205
PyDict_SetItem (C function), 204
PyDict_SetItemString (C function),
205
PyDict_Size (C function), 206
PyDict_Type (C var), 204
PyDict_Unwatch (C function), 208
PyDict_Update (C function), 207
PyDict_Values (C function), 206
PyDict_Watch (C function), 208
PyDict_WatchCallback (C type), 208
PyDict_WatchEvent (C type), 208
PyDictObject (C type), 204
PyDictProxy_New (C function), 204
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyEllipsis_Type (C wvar), 237
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_FormatV (C function), 65
PyErr_GetExcInfo (C function), 72
PyErr_GetHandledException (C'
function), 72
PyErr_GetRaisedException (C
function), 69
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'
Sfunction), 66

PyErr_SetExcFromWindowsErrWithFilename
(C function), 67

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 66

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 67
PyErr_SetExcInfo (C function), 73
PyErr_SetFromErrno (C function), 65
PyErr_SetFromErrnoWithFilename (C

Sfunction), 66
PyErr_SetFromErrnoWithFilenameObject

(C function), 65
PyErr_SetFromErrnoWithFilenameObjects

(C function), 66
PyErr_SetFromWindowsErr (C function),

66
PyErr_SetFromWindowsErrWithFilename

(C function), 66
PyErr_SetHandledException (C

Sfunction), 72
PyErr_SetImportError (C function), 67
PyErr_SetImportErrorSubclass (C

Sfunction), 67
PyErr_SetInterrupt (C function), 74
PyErr_SetInterruptEx (C function), 74
PyErr_SetNone (C function), 65
PyErr_SetObject (C function), 65
PyErr_SetRaisedException (C

Sfunction), 70
PyErr_SetString (C function), 13, 64
PyErr_SyntaxLocation (C function), 67
PyErr_SyntaxLocationEx (C function),

67
PyErr_SyntaxLocationObject (C'

Sfunction), 67
PyErr_WarnEx (C function), 68
PyErr_WarnExplicit (C function), 68
PyErr_WarnExplicitObject (C

function), 68
PyErr_WarnFormat (C function), 69
PyErr_WriteUnraisable (C function),

64
PyEval_AcquireLock (C function), 276
PyEval_AcquireThread (C function),

276
PyEval_AcquireThread(), 270
PyEval_EvalCode (C function), 57
PyEval_EvalCodeEx (C function), 57
PyEval_EvalFrame (C function), 57
PyEval_EvalFrameEx (C function), 57
PyEval_GetBuiltins (C function), 111
PyEval_GetFrame (C function), 111
PyEval_GetFuncDesc (C function), 111
PyEval_GetFuncName (C' function), 111
PyEval_GetGlobals (C function), 111
PyEval_GetLocals (C function), 111
PyEval_InitThreads (C function), 270
PyEval_InitThreads(), 260
PyEval_MergeCompilerFlags (C

Sfunction), 57
PyEval_ReleaseLock (C function), 277
PyEval_ReleaseThread (C function),

276
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PyEval_ReleaseThread(), 270
PyEval_RestoreThread (C function),
268, 271
PyEval_RestoreThread(), 270
PyEval_SaveThread (C function), 268,
271
PyEval_SaveThread(), 270
PyEval_SetProfile (C function), 284
PyEval_SetProfileAllThreads (C'
function), 284
PyEval_SetTrace (C function), 284
PyEval_SetTraceAllThreads (C
function), 285
PyEval_ThreadsInitialized (C
function), 270
PyExc_ArithmeticError (C var), 79
PyExc_AssertionError (C wvar), 79
PyExc_AttributeError (C var), 79
PyExc_BaseException (C wvar), 79
PyExc_BlockingIOError (C wvar), 79
PyExc_BrokenPipeError (C wvar), 79
PyExc_BufferError (C var), 79
PyExc_BytesWarning (C var), 81
PyExc_ChildProcessError (C var), 79
PyExc_ConnectionAbortedError (C
var), 79
PyExc_ConnectionError (C war), 79
PyExc_ConnectionRefusedError (C’
var), 79
PyExc_ConnectionResetError (C var),
79
PyExc_DeprecationWarning (C wvar), 81
PyExc_EnvironmentError (C wvar), 80
PyExc_EOFError (C wvar), 79
PyExc_Exception (C var), 79
PyExc_FileExistsError (C var), 79
PyExc_FileNotFoundError (C var), 79
PyExc_FloatingPointError (C var), 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 wvar), 80
PyExc_IsADirectoryError (C var), 79
PyExc_KeyboardInterrupt (C var), 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 var), 79
PyExc_0OverflowError (C var), 79
PyExc_PendingDeprecationWarning (C
var), 81
PyExc_PermissionError (C var), 79
PyExc_ProcessLookupError (C var), 79
PyExc_RecursionError (C var), 79
PyExc_ReferenceError (C var), 79
PyExc_ResourceWarning (C wvar), 81
PyExc_RuntimeError (C var), 79
PyExc_RuntimeWarning (C var), 81
PyExc_StopAsyncIteration (C var), 79
PyExc_StopIteration (C var), 79
PyExc_SyntaxError (C var), 79
PyExc_SyntaxWarning (C var), 81
PyExc_SystemError (C var), 79
PyExc_SystemExit (C war), 79
PyExc_TabError (C var), 79

PyExc_TimeoutError (C var), 79
PyExc_TypeError (C var), 79
PyExc_UnboundLocalError (C var), 79
PyExc_UnicodeDecodeError (C var), 79
PyExc_UnicodeEncodeError (C var), 79
PyExc_UnicodeError (C var), 79
PyExc_UnicodeTranslateError (C var),
79
PyExc_UnicodeWarning (C var), 81
PyExc_UserWarning (C var), 81
PyExc_ValueError (C wvar), 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
function), 75
PyException_SetArgs (C function), 76
PyException_SetCause (C function), 76
PyException_SetContext (C function),
75
PyException_SetTraceback (C
function), 75
PyFile_FromFd (C function), 221
PyFile_GetLine (C function), 222
PyFile_SetOpenCodeHook (C function),
222
PyFile_WriteObject (C function), 222
PyFile_WriteString (C function), 222
PyFloat_AS_DOUBLE (C function), 166
PyFloat_AsDouble (C function), 166
PyFloat_Check (C function), 165
PyFloat_CheckExact (C function), 165
PyFloat_FromDouble (C function), 165
PyFloat_FromString (C function), 165
PyFloat_GetInfo (C function), 166
PyFloat_GetMax (C function), 166
PyFloat_GetMin (C function), 166
PyFloat_Pack2 (C function), 167
PyFloat_Pack4 (C function), 167
PyFloat_Pack8 (C function), 167
PyFloat_Type (C var), 165
PyFloat_Unpack2 (C function), 167
PyFloat_Unpack4 (C function), 167
PyFloat_Unpack8 (C function), 167
PyFloatObject (C type), 165
PyFrame_Check (C function), 242
PyFrame_GetBack (C function), 242
PyFrame_GetBuiltins (C function), 242
PyFrame_GetCode (C function), 242
PyFrame_GetGenerator (C function),
242
PyFrame_GetGlobals (C function), 242
PyFrame_GetLasti (C function), 243
PyFrame_GetLineNumber (C function),
243
PyFrame_GetLocals (C function), 243
PyFrame_GetVar (C function), 243
PyFrame_GetVarString (C function),
243
PyFrame_Type (C var), 242
PyFrameObject (C type), 241
PyFrozenSet_Check (C function), 209
PyFrozenSet_CheckExact (C function),
210
PyFrozenSet_New (C function), 210
PyFrozenSet_Type (C var), 209
PyFunction_AddWatcher (C function),
213
PyFunction_Check (C function), 211

PyFunction_ClearWatcher (C function),
213
PyFunction_GetAnnotations (C
function), 213
PyFunction_GetClosure (C function),
212
PyFunction_GetCode (C function), 212
PyFunction_GetDefaults (C function),
212
PyFunction_GetGlobals (C function),
212
PyFunction_GetModule (C function),
212
PyFunction_New (C function), 211
PyFunction_NewWithQualName (C'
Sfunction), 212
PyFunction_SetAnnotations (C
function), 213
PyFunction_SetClosure (C function),
213
PyFunction_SetDefaults (C function),
212
PyFunction_SetVectorcall (C
Sfunction), 212
PyFunction_Type (C var), 211
PyFunction_WatchCallback (C type),
213
PyFunction_WatchEvent (C type), 213
PyFunctionObject (C type), 211
PyGC_Collect (C function), 397
PyGC_Disable (C function), 397
PyGC_Enable (C function), 397
PyGC_IsEnabled (C function), 397
PyGen_Check (C function), 244
PyGen_CheckExact (C function), 244
PyGen_New (C function), 245
PyGen_NewWithQualName (C function),
245
PyGen_Type (C var), 244
PyGenObject (C type), 244
PyGetSetDef (C type), 345
PyGetSetDef.closure (C member), 345
PyGetSetDef.doc (C member), 345
PyGetSetDef .get (C member), 345
PyGetSetDef .name (C' member), 345
PyGetSetDef.set (C member), 345
PyGILState_Check (C function), 272
PyGILState_Ensure (C function), 271
PyGILState_GetThisThreadState (C
function), 272
PyGILState_Release (C function), 272
PyHash_FuncDef (C type), 110
PyHash_FuncDef .hash_bits (C
member), 110
PyHash_FuncDef .name (C' member), 110
PyHash_FuncDef .seed_bits (C
member), 110
PyHash_GetFuncDef (C function), 110
PyImport_AddModule (C function), 92
PyImport_AddModuleObject (C
Sfunction), 91
PyImport_AppendInittab (C function),
94
PyImport_ExecCodeModule (C function),
92
PyImport_ExecCodeModuleEx (C
Sfunction), 92
PyImport_ExecCodeModuleObject (C
function), 92
PyImport_ExecCodeModuleWithPathnames
(C function), 93
PyImport_ExtendInittab (C function),
95
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PyImport_FrozenModules (C wvar), 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), 94
PyImport_ImportModule (C function),
90

PyImport_ImportModuleEx (C function),
90
PyImport_ImportModuleLevel (C
function), 91
PyImport_ImportModuleLevelObject (C
function), 91
PyImport_ImportModuleNoBlock (C
function), 90
PyImport_ReloadModule (C function),
91
PyIndex_Check (C function), 134
PyInstanceMethod_Check (C function),
214
PyInstanceMethod_Function (C’
function), 215
PyInstanceMethod _GET_FUNCTION (C
function), 215
PyInstanceMethod_New (C function),
214
PyInstanceMethod_Type (C var), 214
PyInterpreterConfig (C type), 277
PyInterpreterConfig DEFAULT_GIL (C
macro), 278
PyInterpreterConfig_OWN_GIL (C
macro), 278
PyInterpreterConfig SHARED_GIL (C
macro), 278

PyInterpreterConfig.allow_daemon_threg

(C member), 278
PyInterpreterConfig.allow_exec (C
member), 278
PyInterpreterConfig.allow_fork (C
member), 278
PyInterpreterConfig.allow_threads
(C member), 278

PyInterpreterConfig.check_multi_interp

(C member), 278
PyInterpreterConfig.gil (C member),
278

PyInterpreterConfig.use_main_obmalloc

(C member), 277
PyInterpreterState (C type), 270
PyInterpreterState_Clear (C

function), 273
PyInterpreterState_Delete (C

function), 273
PyInterpreterState_Get (C function),

274
PyInterpreterState_GetDict (C

function), 275
PyInterpreterState_GetID (C

function), 275
PyInterpreterState_Head (C function),

PyInterpreterState_Next (C function),
285
PyInterpreterState_ThreadHead (C
function), 285
PyIter_Check (C function), 138
PyIter_Next (C function), 138
PyIter_Send (C function), 139
PyList_Append (C function), 203
PyList_AsTuple (C function), 203
PyList_Check (C function), 202
PyList_CheckExact (C function), 202
PyList_GET_ITEM (C function), 202
PyList_GET_SIZE (C function), 202
PyList_GetItem (C function), 11, 202
PyList_GetSlice (C function), 203
PyList_Insert (C function), 203
PyList_New (C function), 202
PyList_Reverse (C function), 203
PyList_SET_ITEM (C function), 203
PyList_SetItem (C function), 9, 202
PyList_SetSlice (C function), 203
PyList_Size (C function), 202
PyList_Sort (C function), 203
PyList_Type (C var), 202
PyListObject (C type), 202
PyLong_AS_LONG (C function), 161
PyLong_AsDouble (C function), 163
PyLong_AsLong (C function), 161
PyLong_AsLongAndOverflow (C
function), 161
PyLong_AsLongLong (C function), 161
PyLong_AsLongLongAndOverflow (C
function), 162
PyLong_AsSize_t (C function), 162
PyLong_AsSsize_t (C function), 162
PyLong_AsUnsignedLong (C function),
162
PyLong_AsUnsignedLongLong (C
function), 162
PyLong_AsUnsignedLongLongMask (C'
function), 163
PyLong_AsUnsignedLongMask (C'
ds function), 163
PyLong_AsVoidPtr (C function), 163
PyLong_Check (C function), 159
PyLong_CheckExact (C function), 159
PyLong_FromDouble (C function), 160
PyLong_FromLong (C function), 159
PyLong_FromLongLong (C function), 160
PyLong_FromSize_t (C function), 160
_eRybnrgolisomSsize_t (C function), 160
PyLong_FromString (C function), 160
PyLong_FromUnicodeObject (C
function), 160
PyLong_FromUnsignedLong (C function),
160
PyLong_FromUnsignedLongLong (C'
function), 160
PyLong_FromVoidPtr (C function), 161
PyLong_GetInfo (C function), 164
PyLong_Type (C var), 159
PyLongObject (C type), 159
PyMapping_Check (C function), 137
PyMapping_DelItem (C function), 137
PyMapping_DelItemString (C function),
137
PyMapping_GetItemString (C function),
137

PyMapping_Length (C' function), 137
PyMapping_SetItemString (C function),
137
PyMapping_Size (C function), 137
PyMapping_Values (C function), 138
PyMappingMethods (C type), 384
PyMappingMethods.mp_ass_subscript
(C member), 384
PyMappingMethods.mp_length (C'
member), 384
PyMappingMethods.mp_subscript (C
member), 384
PyMarshal_ReadLastObjectFromFile (C'
function), 96
PyMarshal_ReadLongFromFile (C'
function), 96
PyMarshal_ReadObjectFromFile (C
Sfunction), 96
PyMarshal_ReadObjectFromString (C
function), 96
PyMarshal_ReadShortFromFile (C
Sfunction), 96
PyMarshal_WriteLongToFile (C
Sfunction), 95
PyMarshal_WriteObjectToFile (C
Sfunction), 95
PyMarshal_WriteObjectToString (C
function), 96
PyMem_Calloc (C function), 322
PyMem_Del (C' function), 323
PYMEM_DOMAIN_MEM (C macro), 326
PYMEM_DOMAIN_OBJ (C macro), 326
PYMEM_DOMAIN_RAW (C macro), 326
PyMem_Free (C function), 323
PyMem_GetAllocator (C function), 326
PyMem_Malloc (C function), 322
PyMem_New (C macro), 323
PyMem_RawCalloc (C' function), 321
PyMem_RawFree (C function), 321
PyMem_RawMalloc (C function), 321
PyMem_RawRealloc (C function), 321
PyMem_Realloc (C function), 322
PyMem_Resize (C macro), 323
PyMem_SetAllocator (C function), 327
PyMem_SetupDebugHooks (C' function),
327
PyMemAllocatorDomain (C' type), 326
PyMemAllocatorEx (C type), 325
PyMember_GetOne (C function), 342
PyMember_SetOne (C' function), 342
PyMemberDef (C type), 341
PyMemberDef .doc (C' member), 341
PyMemberDef .flags (C member), 341
PyMemberDef .name (C' member), 341
PyMemberDef .offset (C member), 341
PyMemberDef . type (C member), 341
PyMemoryView_Check (C function), 238
PyMemoryView_FromBuffer (C function),
237
PyMemoryView_FromMemory (C' function),
237
PyMemoryView_FromObject (C function),
237
PyMemoryView_GET_BASE (C function),
238
PyMemoryView_GET_BUFFER (C function),
238
PyMemoryView_GetContiguous (C'

285 PyMapping_HasKey (C function), 137 function), 237
PyInterpreterState_Main (C function), PyMapping_HasKeyString (C function), PyMethod_Check (C function), 215
285 138 PyMethod_Function (C function), 215
PyInterpreterState_New (C function), PyMapping_Items (C function), 138 PyMethod_GET_FUNCTION (C function),
273 PyMapping_Keys (C function), 138 215
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PyMethod_GET_SELF (C function), 215
PyMethod_New (C function), 215
PyMethod_Self (C function), 215
PyMethod_Type (C var), 215
PyMethodDef (C type), 338
PyMethodDef .m1_doc (C member), 338
PyMethodDef .m1_flags (C member), 338
PyMethodDef .m1_meth (C member), 338
PyMethodDef .m1_name (C member), 338
PyMODINIT_FUNC (C macro), 4
PyModule_AddFunctions (C function),
229
PyModule_AddIntConstant (C function),
232
PyModule_AddIntMacro (C macro), 232
PyModule_AddObject (C function), 231
PyModule_AddObjectRef (C function),
230
PyModule_AddStringConstant (C
function), 232
PyModule_AddStringMacro (C macro),
232
PyModule_AddType (C function), 232
PyModule_Check (C function), 223
PyModule_CheckExact (C function), 223
PyModule_Create (C function), 226
PyModule_Create2 (C function), 226
PyModule_ExecDef (C function), 229
PyModule_FromDefAndSpec (C function),
229
PyModule_FromDefAndSpec2 (C
Sunction), 229
PyModule_GetDef (C function), 224
PyModule_GetDict (C function), 223
PyModule_GetFilename (C function),
224
PyModule_GetFilenameObject (C
function), 224
PyModule_GetName (C function), 224
PyModule_GetNameObject (C function),
223
PyModule_GetState (C function), 224
PyModule_New (C function), 223
PyModule_NewObject (C function), 223
PyModule_SetDocString (C function),
229
PyModule_Type (C var), 223
PyModuleDef (C type), 224
PyModuleDef_Init (C function), 227
PyModuleDef_Slot (C type), 227
PyModuleDef_Slot.slot (C member),
227
PyModuleDef_Slot.value (C member),
227
PyModuleDef .m_base (C member), 224
PyModuleDef .m_clear (C member), 225
PyModuleDef .m_doc (C member), 225
PyModuleDef .m_free (C member), 226
PyModuleDef .m_methods (C' member),
225
PyModuleDef .m_name (C' member), 225
PyModuleDef.m_size (C member), 225
PyModuleDef .m_slots (C member), 225
PyModuleDef.m_slots.m_reload (C'
member), 225
PyModuleDef .m_traverse (C member),
225
PyNumber_Absolute (C function), 131
PyNumber_Add (C function), 130
PyNumber_And (C function), 132
PyNumber_AsSsize_t (C function), 134
PyNumber_Check (C function), 130
PyNumber_Divmod (C function), 131

PyNumber_Float (C function), 133
PyNumber_FloorDivide (C function),
130
PyNumber_Index (C function), 134
PyNumber_InPlaceAdd (C function), 132
PyNumber_InPlaceAnd (C function), 133
PyNumber_InPlaceFloorDivide (C'
function), 132
PyNumber_InPlaceLshift (C function),
133
PyNumber_InPlaceMatrixMultiply (C
function), 132
PyNumber_InPlaceMultiply (C
function), 132
PyNumber_InPlaceOr (C function), 133
PyNumber_InPlacePower (C function),
133
PyNumber_InPlaceRemainder (C'
function), 133
PyNumber_InPlaceRshift (C function),
133
PyNumber_InPlaceSubtract (C
function), 132
PyNumber_InPlaceTrueDivide (C
function), 132
PyNumber_InPlaceXor (C function), 133
PyNumber_Invert (C function), 131
PyNumber_Long (C function), 133
PyNumber_Lshift (C function), 131
PyNumber_MatrixMultiply (C function),
130
PyNumber_Multiply (C function), 130
PyNumber_Negative (C function), 131
PyNumber_0Or (C function), 132
PyNumber_Positive (C function), 131
PyNumber_Power (C function), 131
PyNumber_Remainder (C function), 131
PyNumber_Rshift (C function), 131
PyNumber_Subtract (C function), 130
PyNumber_ToBase (C' function), 134
PyNumber_TrueDivide (C function), 131
PyNumber_Xor (C function), 132
PyNumberMethods (C' type), 381
PyNumberMethods.nb_absolute (C’
member), 383
PyNumberMethods.nb_add (C member),
383
PyNumberMethods.nb_and (C' member),
383
PyNumberMethods .nb_bool (C member),
383
PyNumberMethods.nb_divmod (C'
member), 383
PyNumberMethods.nb_float (C
member), 383
PyNumberMethods.nb_floor_divide (C
member), 384
PyNumberMethods.nb_index (C'
member), 384
PyNumberMethods.nb_inplace_add (C
member), 383
PyNumberMethods.nb_inplace_and (C
member), 384

PyNumberMethods.nb_inplace_floor_divid

(C member), 384
PyNumberMethods.nb_inplace_lshift
(C member), 384

PyNumberMethods.nb_inplace_matrix_muly

(C member), 384
PyNumberMethods.nb_inplace_multiply
(C member), 383
PyNumberMethods.nb_inplace_or (C
member), 384

e

PyNumberMethods.nb_inplace_power (C’
member), 384
PyNumberMethods.nb_inplace_remainder
(C member), 384
PyNumberMethods.nb_inplace_rshift
(C member), 384
PyNumberMethods.nb_inplace_subtract
(C member), 383

PyNumberMethods.nb_inplace_true_divide

(C member), 384
PyNumberMethods.nb_inplace_xor (C
member), 384
PyNumberMethods.nb_int (C' member),
383
PyNumberMethods.nb_invert (C
member), 383
PyNumberMethods.nb_lshift (C
member), 383
PyNumberMethods.nb_matrix_multiply
(C member), 384
PyNumberMethods.nb_multiply (C
member), 383
PyNumberMethods.nb_negative (C
member), 383
PyNumberMethods.nb_or (C member),
383
PyNumberMethods.nb_positive (C
member), 383
PyNumberMethods.nb_power (C
member), 383
PyNumberMethods.nb_remainder ( C
member), 383
PyNumberMethods.nb_reserved (C
member), 383
PyNumberMethods.nb_rshift (C
member), 383
PyNumberMethods.nb_subtract (C
member), 383
PyNumberMethods.nb_true_divide (C
member), 384
PyNumberMethods.nb_xor (C member),
383
PyObject (C type), 334
PyObject_AsCharBuffer (C function),
149
PyObject_ASCII (C function), 120
PyObject_AsFileDescriptor (C
Sfunction), 221
PyObject_AsReadBuffer (C function),
149
PyObject_AsWriteBuffer (C function),
149
PyObject_Bytes (C function), 121
PyObject_Call (C function), 127
PyObject_CallFunction (C function),
128
PyObject_CallFunctionObjArgs (C
function), 128
PyObject_CallMethod (C function), 128
PyObject_CallMethodNoArgs (C
function), 129
PyObject_CallMethodObjArgs (C
Sfunction), 129
PyObject_CallMethodOneArg (C
Sfunction), 129
PyObject_CallNoArgs (C function), 127
PyObject_CallObject (C function), 128

ipRyObject_Calloc (C function), 324

PyObject_CallOneArg (C function), 127

PyObject_CheckBuffer (C function),
147

PyObject_CheckReadBuffer (C
Sfunction), 149
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PyObject_ClearWeakRefs (C function),
239
PyObject_CopyData (C function), 148
PyObject_Del (C function), 334
PyObject_DelAttr (C function), 119
PyObject_DelAttrString (C function),
119
PyObject_DelItem (C function), 122
PyObject_DelItemString (C function),
123
PyObject_Dir (C function), 123
PyObject_Format (C function), 120
PyObject_Free (C function), 324
PyObject_GC_Del (C function), 396
PyObject_GC_IsFinalized (C function),
395
PyObject_GC_IsTracked (C function),
395
PyObject_GC_New (C macro), 394
PyObject_GC_NewVar (C macro), 394
PyObject_GC_Resize (C macro), 395
PyObject_GC_Track (C function), 395
PyObject_GC_UnTrack (C function), 396
PyObject_GenericGetAttr (C function),
118
PyObject_GenericGetDict (C function),
119
PyObject_GenericSetAttr (C function),
119
PyObject_GenericSetDict (C function),
119
PyObject_GetAIter (C function), 123
PyObject_GetArenaAllocator (C
function), 330
PyObject_GetAttr (C function), 118
PyObject_GetAttrString (C function),
118
PyObject_GetBuffer (C function), 147
PyObject_GetItem (C function), 122
PyObject_GetItemData (C function),
124
PyObject_GetIter (C function), 123
PyObject_GetTypeData (C function),
123
PyObject_HasAttr (C function), 117
PyObject_HasAttrString (C function),
118
PyObject_Hash (C function), 121
PyObject_HashNotImplemented (C'
function), 121
PyObject_HEAD (C macro), 335
PyObject_HEAD_INIT (C macro), 336
PyObject_Init (C function), 333
PyObject_InitVar (C function), 333
PyObject_IS_GC (C function), 395
PyObject_IsInstance (C function), 121
PyObject_IsSubclass (C function), 121
PyObject_IsTrue (C function), 122
PyObject_Length (C function), 122
PyObject_LengthHint (C function), 122
PyObject_Malloc (C function), 324
PyObject_New (C macro), 333
PyObject_NewVar (C macro), 333
PyObject_Not (C function), 122
PyObject._ob_next (C member), 353
PyObject._ob_prev (C member), 353
PyObject_Print (C function), 117
PyObject_Realloc (C function), 324
PyObject_Repr (C function), 120
PyObject_RichCompare (C function),
120
PyObject_RichCompareBool (C
function), 120

PyObject_SelfIter (C function), 123
PyObject_SetArenaAllocator (C
function), 330
PyObject_SetAttr (C function), 118
PyObject_SetAttrString (C function),
118
PyObject_SetItem (C function), 122
PyObject_Size (C function), 122
PyObject_Str (C function), 120
PyObject_Type (C function), 122
PyObject_TypeCheck (C function), 122
PyObject_VAR_HEAD (C macro), 335
PyObject_Vectorcall (C function), 129
PyObject_VectorcallDict (C function),
129
PyObject_VectorcallMethod (C
function), 129
PyObjectArenaAllocator (C type), 330
PyObject.ob_refcnt (C member), 353
PyObject.ob_type (C member), 353
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),
109
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), 108
Py0S_strtoul (C function), 108
Py0S_vsnprintf (C function), 108
PyPreConfig (C type), 293
PyPreConfig_InitIsolatedConfig (C
function), 293
PyPreConfig_InitPythonConfig (C
function), 293
PyPreConfig.allocator (C member),
293
PyPreConfig.coerce_c_locale (C
member), 293
PyPreConfig.coerce_c_locale_warn (C
member), 294
PyPreConfig.configure_locale (C
member), 293
PyPreConfig.dev_mode (C member), 294
PyPreConfig.isolated (C member), 294
PyPreConfig.legacy_windows_fs_encoding
(C member), 294
PyPreConfig.parse_argv (C member),
294
PyPreConfig.use_environment (C
member), 294
PyPreConfig.utf8_mode (C member),
294
PyProperty_Type (C var), 234
PyRun_AnyFile (C function), 53
PyRun_AnyFileEx (C function), 54
PyRun_AnyFileExFlags (C function), 54
PyRun_AnyFileFlags (C function), 53
PyRun_File (C function), 56
PyRun_FileEx (C function), 56

PyRun_FileExFlags (C function), 56
PyRun_FileFlags (C function), 56
PyRun_InteractiveLoop (C function),
55
PyRun_InteractiveLoopFlags (C'
function), 55
PyRun_InteractiveOne (C function), 54
PyRun_InteractiveOneFlags (C
Sfunction), 55
PyRun_SimpleFile (C function), 54
PyRun_SimpleFileEx (C function), 54
PyRun_SimpleFileExFlags (C function),
54
PyRun_SimpleString (C function), 54
PyRun_SimpleStringFlags (C function),
54
PyRun_String (C function), 55
PyRun_StringFlags (C function), 56
PySendResult (C type), 139
PySeqIter_Check (C function), 234
PySeqIter_New (C function), 234
PySeqIter_Type (C wvar), 233
PySequence_Check (C function), 134
PySequence_Concat (C function), 134
PySequence_Contains (C function), 136
PySequence_Count (C function), 135
PySequence_DelItem (C function), 135
PySequence_DelSlice (C function), 135
PySequence_Fast (C function), 136
PySequence_Fast_GET_ITEM (C
function), 136
PySequence_Fast_GET_SIZE (C
function), 136
PySequence_Fast_ITEMS (C function),
136
PySequence_GetItem (C function), 11,
135
PySequence_GetSlice (C function), 135
PySequence_Index (C function), 136
PySequence_InPlaceConcat (C
function), 135
PySequence_InPlaceRepeat (C
function), 135
PySequence_ITEM (C function), 137
PySequence_Length (C function), 134
PySequence_List (C function), 136
PySequence_Repeat (C' function), 135
PySequence_SetItem (C function), 135
PySequence_SetSlice (C function), 135
PySequence_Size (C function), 134
PySequence_Tuple (C function), 136
PySequenceMethods (C type), 385
PySequenceMethods.sq_ass_item (C
member), 385
PySequenceMethods.sq_concat (C
member), 385
PySequenceMethods.sq_contains (C
member), 385
PySequenceMethods.sq_inplace_concat
(C member), 385
PySequencelMethods.sq_inplace_repeat
(C member), 386
PySequenceMethods.sq_item (C
member), 385
PySequenceMethods.sq_length (C
member), 385
PySequenceMethods.sq_repeat (C
member), 385
PySet_Add (C function), 211
PySet_Check (C function), 209
PySet_CheckExact (C function), 210
PySet_Clear (C function), 211
PySet_Contains (C function), 210
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PySet_Discard (C function), 211
PySet_GET_SIZE (C function), 210
PySet_New (C function), 210
PySet_Pop (C function), 211
PySet_Size (C function), 210
PySet_Type (C var), 209
PySetObject (C type), 209
PySignal_SetWakeupFd (C function), 74
PySlice_AdjustIndices (C function),
236
PySlice_Check (C function), 235
PySlice_GetIndices (C function), 235
PySlice_GetIndicesEx (C function),
235
PySlice_New (C function), 235
PySlice_Type (C var), 235
PySlice_Unpack (C function), 236
PyState_AddModule (C function), 233
PyState_FindModule (C function), 233
PyState_RemoveModule (C function),
233
PyStatus (C type), 291
PyStatus_Error (C function), 291
PyStatus_Exception (C function), 291
PyStatus_Exit (C function), 291
PyStatus_IsError (C function), 292
PyStatus_IsExit (C function), 292
PyStatus_NoMemory (C function), 291
PyStatus_0k (C function), 291
PyStatus.err_msg (C member), 291
PyStatus.exitcode (C member), 291
PyStatus.func (C member), 291
PyStructSequence_Desc (C type), 200
PyStructSequence_Desc.doc (C
member), 200
PyStructSequence_Desc.fields (C
member), 200
PyStructSequence_Desc.n_in_sequence
(C member), 200
PyStructSequence_Desc.name (C
member), 200
PyStructSequence_Field (C type), 200
PyStructSequence_Field.doc (C
member), 201
PyStructSequence_Field.name (C'
member), 200
PyStructSequence_GET_ITEM (C
function), 201
PyStructSequence_GetItem (C
function), 201
PyStructSequence_InitType (C
function), 200
PyStructSequence_InitType2 (C
function), 200
PyStructSequence_New (C function),
201
PyStructSequence_NewType (C
function), 200
PyStructSequence_SET_ITEM (C
function), 201
PyStructSequence_SetItem (C
function), 201
PyStructSequence_UnnamedField (C
var), 201
PySys_AddAuditHook (C function), 89
PySys_AddWarnOption (C function), 87
PySys_AddWarnOptionUnicode (C
function), 87
PySys_AddXOption (C function), 838
PySys_Audit (C function), 88
PySys_FormatStderr (C function), 88
PySys_FormatStdout (C function), 88
PySys_GetObject (C function), 87

PySys_GetXOptions (C function), 88
PySys_ResetWarnOptions (C function),
87

PySys_SetArgv (C function), 260, 266
PySys_SetArgvEx (C function), 260, 266
PySys_SetObject (C function), 87
PySys_SetPath (C function), 87
PySys_WriteStderr (C function), 838
PySys_WriteStdout (C function), 88
Python 3000, 418
Python Enhancement Proposals

PEP 1, 417

PEP 7,3, 7

PEP 238, 58, 408

PEP 278, 421

PEP 302, 413

PEP 343, 405

PEP 353, 12

PEP 362, 402, 416

PEP 383, 184, 185

PEP 387, 17, 18

PEP 393, 174

PEP 411, 418

PEP 420, 415, 417

PEP 432, 315, 316

PEP 442, 380

PEP 443, 409

PEP 451, 228

PEP 456, 111

PEP 483, 409

PEP 484, 402, 408, 409, 421, 422

PEP 489, 229, 278

PEP 492, 402, 403, 405

PEP 498, 407

PEP 519, 417

PEP 523, 243, 275

PEP 525, 403

PEP 526, 402, 422

PEP 528, 259, 304

PEP 529, 185, 258

PEP 538, 313

PEP 539, 286

PEP 540, 313

PEP 552, 300

PEP 554, 281

PEP 578, 89

PEP 585, 409

PEP 587, 289

PEP 590, 124

PEP 623, 174

PEP
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PEP 634, 367

PEP 0683, 59, 60, 410

PEP 3116, 421

PEP 3119, 121

PEP 3121, 225

PEP 3147, 93

PEP 3151, 80

PEP 3155, 418
PYTHONCOERCECLOCALE, 313
PYTHONDEBUG, 257, 305
PYTHONDEVMODE, 300
PYTHONDONTWRITEBYTECODE, 257, 310
PYTHONDUMPREFS, 300, 354
PYTHONEXECUTABLE, 306
PYTHONFAULTHANDLER, 301
PYTHONHASHSEED, 257, 302
PYTHONHOME, 15, 16, 257, 267, 302
Pythonic, 418
PYTHONINSPECT, 258, 302
PYTHONINTMAXSTRDIGITS, 303

PYTHONIOENCODING, 262, 308
PYTHONLEGACYWINDOWSFSENCODING, 258,
294
PYTHONLEGACYWINDOWSSTDIO, 259, 303
PYTHONMALLOC, 320, 325, 327, 330
PYTHONMALLOCSTATS, 304, 320
PYTHONNODEBUGRANGES, 299
PYTHONNOUSERSITE, 259, 309
PYTHONOPTIMIZE, 259, 305
PYTHONPATH, 15, 16, 257, 304
PYTHONPERFSUPPORT, 308
PYTHONPLATLIBDIR, 304
PYTHONPROFILEIMPORTTIME, 302
PYTHONPYCACHEPREFIX, 306
PYTHONSAFEPATH, 298
PYTHONTRACEMALLOC, 308
PYTHONUNBUFFERED, 260, 299
PYTHONUTFS, 294, 313
PYTHONVERBOSE, 260, 309
PYTHONWARNINGS, 309
PyThread_create_key (C function), 288
PyThread_delete_key (C function), 288
PyThread_delete_key_value (C
Sfunction), 288
PyThread_get_key_value (C function),
288
PyThread_ReInitTLS (C function), 288
PyThread_set_key_value (C function),
288
PyThread_tss_alloc (C function), 286
PyThread_tss_create (C function), 287
PyThread_tss_delete (C function), 287
PyThread_tss_free (C function), 286
PyThread_tss_get (C function), 287
PyThread_tss_is_created (C function),
287
PyThread_tss_set (C function), 287
PyThreadState (C type), 267, 270
PyThreadState_Clear (C function), 273
PyThreadState_Delete (C function),
273
PyThreadState_DeleteCurrent (C
Sfunction), 273
PyThreadState_EnterTracing (C'
function), 274
PyThreadState_Get (C function), 271
PyThreadState_GetDict (C function),
275
PyThreadState_GetFrame (C function),
274
PyThreadState_GetID (C function), 274

ndPpFhféad®sate_GetInterpreter (C

Sfunction), 274
PyThreadState_LeaveTracing (C'
Sfunction), 274
PyThreadState_New (C function), 273
PyThreadState_Next (C function), 285
PyThreadState_SetAsyncExc (C
Sfunction), 276
PyThreadState_Swap (C function), 271
PyThreadState. interp (C member), 270
PyTime_Check (C function), 249
PyTime_CheckExact (C function), 249
PyTime_FromTime (C function), 250
PyTime_FromTimeAndFold (C function),
250
PyTimeZone_FromOffset (C function),
250
PyTimeZone_From0OffsetAndName (C'
Sfunction), 250
PyTrace_C_CALL (C wvar), 284
PyTrace_C_EXCEPTION (C war), 284
PyTrace_C_RETURN (C var), 284
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PyTrace_CALL (C var), 283
PyTrace_EXCEPTION (C var), 283
PyTrace_LINE (C var), 283
PyTrace_OPCODE (C var), 284
PyTrace_RETURN (C var), 284
PyTraceMalloc_Track (C function), 330
PyTraceMalloc_Untrack (C function),
330
PyTuple_Check (C function), 198
PyTuple_CheckExact (C function), 198
PyTuple_GET_ITEM (C function), 199
PyTuple_GET_SIZE (C function), 198
PyTuple_GetItem (C function), 198
PyTuple_GetSlice (C function), 199
PyTuple_New (C function), 198
PyTuple_Pack (C function), 198
PyTuple_SET_ITEM (C function), 199
PyTuple_SetItem (C function), 9, 199
PyTuple_Size (C function), 198
PyTuple_Type (C var), 198
PyTupleObject (C type), 198
PyType_AddWatcher (C function), 152
PyType_Check (C function), 151
PyType_CheckExact (C function), 151
PyType_ClearCache (C function), 152
PyType_ClearWatcher (C function), 152
PyType_FromMetaclass (C function),
155
PyType_FromModuleAndSpec (C
function), 156
PyType_FromSpec (C function), 157
PyType_FromSpecWithBases (C
function), 156
PyType_GenericAlloc (C function), 153
PyType_GenericNew (C function), 153
PyType_GetDict (C function), 152
PyType_GetFlags (C function), 152
PyType_GetModule (C function), 154
PyType_GetModuleByDef (C' function),
155
PyType_GetModuleState (C function),
154
PyType_GetName (C function), 154
PyType_GetQualName (C function), 154
PyType_GetSlot (C function), 154
PyType_GetTypeDataSize (C function),
123
PyType_HasFeature (C function), 153
PyType_IS_GC (C function), 153
PyType_IsSubtype (C function), 153
PyType_Modified (C function), 152
PyType_Ready (C function), 153
PyType_Slot (C type), 158
PyType_Slot.pfunc (C member), 158
PyType_Slot.slot (C member), 158
PyType_Spec (C type), 157
PyType_Spec.basicsize (C member),
157
PyType_Spec.flags (C member), 157
PyType_Spec.itemsize (C member), 157
PyType_Spec.name (C member), 157
PyType_Spec.slots (C member), 158
PyType_Type (C var), 151
PyType_Watch (C function), 152
PyType_WatchCallback (C type), 153
PyTypeObject (C type), 151
PyTypeObject.tp_alloc (C member),
376
PyTypeObject.tp_as_async (C
member), 358
PyTypeObject.tp_as_buffer (C
member), 361

PyTypeObject.tp_as_mapping (C
member), 359
PyTypeObject.tp_as_number (C
member), 359
PyTypeObject.tp_as_sequence (C
member), 359
PyTypeObject.tp_base (C member), 373
PyTypeObject.tp_bases (C member),
378
PyTypeObject.tp_basicsize (C
member), 355
PyTypeObject.tp_cache (C member),
379
PyTypeObject.tp_call (C member), 360
PyTypeObject.tp_clear (C member),
369
PyTypeObject.tp_dealloc (C member),
356
PyTypeObject.tp_del (C member), 379
PyTypeObject.tp_descr_get (C
member), 374
PyTypeObject.tp_descr_set (C
member), 375
PyTypeObject.tp_dict (C member), 374
PyTypeObject.tp_dictoffset (C
member), 375
PyTypeObject.tp_doc (C member), 367
PyTypeObject.tp_finalize (C
member), 379
PyTypeObject.tp_flags (C member),
362
PyTypeObject.tp_free (C member), 377
PyTypeObject.tp_getattr (C member),
358
PyTypeObject.tp_getattro (C
member), 361
PyTypeObject.tp_getset (C member),
373
PyTypeObject.tp_hash (C member), 359
PyTypeObject.tp_init (C member), 376
PyTypeObject.tp_is_gc (C member),
378
PyTypeObject.tp_itemsize (C
member), 355
PyTypeObject.tp_iter (C member), 372
PyTypeObject.tp_iternext (C
member), 372
PyTypeObject.tp_members (C member),
373
PyTypeObject.tp_methods (C member),
373
PyTypeObject.tp_mro (C member), 378
PyTypeObject.tp_name (C member), 354
PyTypeObject.tp_new (C member), 377
PyTypeObject.tp_repr (C member), 358
PyTypeObject.tp_richcompare (C'
member), 370
PyTypeObject.tp_setattr (C member),
358
PyTypeObject.tp_setattro (C
member), 361
PyTypeObject.tp_str (C member), 360
PyTypeObject.tp_subclasses (C
member), 379
PyTypeObject.tp_traverse (C
member), 367
PyTypeObject.tp_vectorcall (C
member), 380
PyTypeObject.tp_vectorcall_offset
(C member), 357
PyTypeObject.tp_version_tag (C
member), 379

PyTypeObject.tp_watched (C member),
380
PyTypeObject.tp_weaklist (C
member), 379
PyTypeObject.tp_weaklistoffset (C
member), 372
PyTZInfo_Check (C function), 249
PyTZInfo_CheckExact (C function), 249
PyUnicode_1BYTE_DATA (C function),
175
PyUnicode_1BYTE_KIND (C macro), 175
PyUnicode_2BYTE_DATA (C function),
175
PyUnicode_2BYTE_KIND (C macro), 175
PyUnicode_4BYTE_DATA (C function),
175
PyUnicode_4BYTE_KIND (C macro), 175
PyUnicode_AsASCIIString (C function),
192
PyUnicode_AsCharmapString (C
Sfunction), 193
PyUnicode_AsEncodedString (C
function), 188
PyUnicode_AsLatiniString (C
Sfunction), 192
PyUnicode_AsMBCSString (C function),
194
PyUnicode_AsRawUnicodeEscapeString
(C function), 192
PyUnicode_AsUCS4 (C' function), 184
PyUnicode_AsUCS4Copy (C function),
184
PyUnicode_AsUnicodeEscapeString (C
function), 191
PyUnicode_AsUTF8 (C' function), 189
PyUnicode_AsUTF8AndSize (C function),
189
PyUnicode_AsUTF8String (C function),
189
PyUnicode_AsUTF16String (C function),
191
PyUnicode_AsUTF32String (C function),
190
PyUnicode_AsWideChar (C function),
187
PyUnicode_AsWideCharString (C'
function), 187
PyUnicode_Check (C' function), 175
PyUnicode_CheckExact (C function),
175
PyUnicode_Compare (C function), 196
PyUnicode_CompareWithASCIIString (C'
Sfunction), 196
PyUnicode_Concat (C function), 194
PyUnicode_Contains (C function), 197
PyUnicode_CopyCharacters (C
function), 183
PyUnicode_Count (C function), 196
PyUnicode_DATA (C function), 175
PyUnicode_Decode (C' function), 188
PyUnicode_DecodeASCII (C function),
192
PyUnicode_DecodeCharmap (C function),
193
PyUnicode_DecodeCodePageStateful (C
Sfunction), 194
PyUnicode_DecodeFSDefault (C
function), 186
PyUnicode_DecodeFSDefaultAndSize (C
Sfunction), 186
PyUnicode_DecodeLatinl (C function),
192
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PyUnicode_DecodeLocale (C' function),
184
PyUnicode_DecodeLocaleAndSize (C
function), 184
PyUnicode_DecodeMBCS (C function),
194
PyUnicode_DecodeMBCSStateful (C’
Sunction), 194
PyUnicode_DecodeRawUnicodeEscape (C
function), 192
PyUnicode_DecodeUnicodeEscape (C
function), 191
PyUnicode_DecodeUTF7 (C function),
191
PyUnicode_DecodeUTF7Stateful (C'
function), 191
PyUnicode_DecodeUTF8 (C function),
188
PyUnicode_DecodeUTF8Stateful (C
function), 188
PyUnicode_DecodeUTF16 (C' function),
190
PyUnicode_DecodeUTF16Stateful (C
function), 191
PyUnicode_DecodeUTF32 (C function),
189
PyUnicode_DecodeUTF32Stateful (C
function), 190
PyUnicode_EncodeCodePage (C
function), 194
PyUnicode_EncodeFSDefault (C
function), 186
PyUnicode_EncodeLocale (C' function),
185
PyUnicode_Fill (C function), 183
PyUnicode_Find (C function), 196
PyUnicode_FindChar (C function), 196
PyUnicode_Format (C function), 197
PyUnicode_FromEncodedObject (C'
function), 182
PyUnicode_FromFormat (C function),
179
PyUnicode_FromFormatV (C function),
182
PyUnicode_FromKindAndData (C'
function), 178
PyUnicode_FromObject (C function),
182
PyUnicode_FromString (C function),
179
PyUnicode_FromStringAndSize (C'
function), 179
PyUnicode_FromWideChar (C function),
187
PyUnicode_FSConverter (C function),
185
PyUnicode_FSDecoder (C function), 186
PyUnicode_GET_LENGTH (C function),
175
PyUnicode_GetDefaultEncoding (C
function), 182
PyUnicode_GetLength (C function), 182
PyUnicode_InternFromString (C
function), 197
PyUnicode_InternInPlace (C function),
197
PyUnicode_IsIdentifier (C function),
176
PyUnicode_Join (C function), 195
PyUnicode_KIND (C function), 175
PyUnicode_MAX_CHAR_VALUE (C
function), 176
PyUnicode_New (C function), 178

PyUnicode_Partition (C function), 195
PyUnicode_READ (C function), 176
PyUnicode_READ_CHAR (C function), 176
PyUnicode_ReadChar (C function), 183
PyUnicode_READY (C function), 175
PyUnicode_Replace (C function), 196
PyUnicode_RichCompare (C function),
197
PyUnicode_RPartition (C function),
195
PyUnicode_RSplit (C function), 195
PyUnicode_Split (C function), 195
PyUnicode_Splitlines (C function),
195
PyUnicode_Substring (C function), 183
PyUnicode_Tailmatch (C function), 195
PyUnicode_Translate (C function), 193
PyUnicode_Type (C var), 174
PyUnicode_WRITE (C function), 176
PyUnicode_WriteChar (C function), 183
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), 174
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_Code_GetExtra (C
function), 220
PyUnstable_Code_New (C function), 217

PyUnstable_Code_NewWithPosOnlyArgs
(C function), 217
PyUnstable_Code_SetExtra (C
Sfunction), 221
PyUnstable_Eval_RequestCodeExtralndex
(C function), 220
PyUnstable_Exc_PrepReraiseStar (C
function), 76
PyUnstable_GC_VisitObjects (C'
Sfunction), 398
PyUnstable_InterpreterFrame_GetCode
(C function), 243
PyUnstable_InterpreterFrame_GetLasti
(C function), 244
PyUnstable_InterpreterFrame_GetLine
(C function), 244
PyUnstable_Long_CompactValue (C
function), 164
PyUnstable_Long_IsCompact (C
function), 164
PyUnstable_Object_GC_NewWithExtraData
(C function), 394
PyUnstable_PerfMapState_Fini (C'
Sfunction), 114
PyUnstable_PerfMapState_Init (C'
Sfunction), 114
PyUnstable_Type_AssignVersionTag (C
Sfunction), 155
PyUnstable_WritePerfMapEntry (C
function), 114
PyVarObject (C type), 334
PyVarObject_HEAD_INIT (C macro), 336
PyVarObject.ob_size (C member), 354
PyVectorcall_Call (C function), 126
PyVectorcall_Function (C function),
126
PyVectorcall_NARGS (C function), 126
PyWeakref_Check (C function), 238
PyWeakref_CheckProxy (C function),
238
PyWeakref_CheckRef (C function), 238
PyWeakref GET_OBJECT (C function),
239
PyWeakref_GetObject (C function), 239
PyWeakref _NewProxy (C function), 238
PyWeakref_NewRef (C function), 238
PyWideStringList (C type), 290
PyWideStringList_Append (C function),
290
PyWideStringList_Insert (C function),
290
PyWideStringList.items (C member),
291
PyWideStringList.length (C member),
291
PyWrapper_New (C function), 235

Q

qualified name, 418

R

READ_RESTRICTED (C macro), 343
READONLY (C macro), 343
realloc (C function), 319
reference count, 419
regular package, 419
releasebufferproc (C type), 390
repr

fHAAHRIRR, 120, 359
reprfunc (C type), 389
RESTRICTED (C macro), 343
richempfunc (C type), 389
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S

sdterr

stdin stdout, 262
sendfunc (C type), 390
sequence, 419

object, 170
set comprehension, 419
set_all(), 11
setattrfunc (C type), 389
setattrofunc (C type), 389
setswitchinterval (in module sys), 267
setter (C type), 345
SIGINT (C macro), 73, 74
signal

module, 73, 74
single dispatch, 419
SIZE_MAX (C macro), 162
slice, 419
soft deprecated, 419
special method, 420
ssizeargfunc (C type), 390
ssizeobjargproc (C type), 390
statement, 420
static type checker, 420
stderr (sys €EZa—Jl), 279, 280
stdin

stdout sdterr, 262
stdin (sys €Y a—JL), 279, 280
stdout

sdterr, stdin, 262
stdout (sys € a—JL), 279, 280
strerror (C function), 65
string

PyObject_Str (C B#), 120
strong reference, 420
structmember.h, 345
sum_list (), 12
sum_sequence(), 12, 13

sys
module, 15, 260, 279, 280
SystemError (fH&HAHFISN), 223, 224

T

T_BOOL (C macro), 34
T_BYTE (C macro), 34
T_CHAR (C macro), 34
T_DOUBLE (C macro), 345
T_FLOAT (C macro), 345
T_INT (C macro), 345
T_LONG (C macro), 345
T_LONGLONG (C macro), 345
T_NONE (C macro), 345
T_OBJECT (C macro), 345
T_OBJECT_EX (C macro), 345
T_PYSSIZET (C macro), 345
T_SHORT (C macro), 345
T_STRING (C macro), 345
T_STRING_INPLACE (C macro), 345
T_UBYTE (C macro), 345
T_UINT (C macro), 345
T_ULONG (C macro), 345
T_ULONGULONG (C macro), 345
T_USHORT (C macro), 345
ternaryfunc (C type), 390
text encoding, 420
text file, 420
traverseproc (C type), 396
triple-quoted string, 421
tuple

object, 198

AR, 136, 204
type, 421

object, 8, 151

HAHIAHEE, 122
type alias, 421

ot Ot

(@38

type hint, 421

U

ULONG_MAX (C macro), 162
unaryfunc (C type), 390
universal newlines, 421
USE_STACKCHECK (C macro), 85

\%

variable annotation, 422
BEI—-T1 )T, 94
vectorcallfunc (C type), 125
version (in module sys), 265, 266
virtual environment, 422
virtual machine, 422

visitproc (C type), 396

B, 403

31# (argument), 402

W
B

object, 159
BH

object, 159
(=¥

JNZR, module, 15, 260, 264
KA TSIk (immortal), 410
FEER

object, 165
e lE ot

HAHAHEE, 134
WRITE_RESTRICTED (C macro), 343

Z

Zen of Python, 422
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