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DR =a 7T, EREY 2 —A%EFE WD Python £ Y X7V XET7 7V r— a VITHEDIAALLD L
W C/Ct++ TurI=HHTES APL IZOW TR TWE T, extending-index IFLIREY 2 —L %2 EF RO
—RIRE D T2 IOV TEHABRLTWETH, API OFMETIFHEALTVARVWDT, ZOFFa XY bHF

FlEickh £95,







ONE

L ®HIC

Python O 7 7V 5 —>a>vr7/urI~<HA4 &7 2 —X (Application Programmer’s Interface, APT) I,
Python £ X 7V RIZHTBHARLNALTDT7 7R ZAFERE CR C++ o7 r o< i gL tuvnxd, =
D APLI3#E C++ 26 b2 AU LS ICHHATE 20 TTH, BRRFFEOHIZT 57012 Python/C APT &
HOFONTVET, WAWICER 2 Z2OHNA S, Python/C API SHWVWSLNE T, k. REEAZRD i
BREZ a—IL (extension module) . FT7%HH Python £ ¥ &7V Z&iiiks 2 C THEINLEY 2 — L %Z5b
T3, WO HNTT, HBUX. X hKHEAR Y 7V 7 —2 2 VAT Python 2#KEZE (component) ¥ L TH
MAT2L0W5HNTT; 2727 =y 27i&k —RINTIEZT 7V r—2 a3 A0 Python DDIAAL (embedding)
RPN E T,

JEIRE Y 2 — VOERI LN D2 D T W at 2T, 7 F5|#F (cookbook)” V727 70 —F T & { HB
TEET, FE2HAEEITHIMELTLNEY AL WL O0HD xS, —hH, 7TV r—> arAD
Python OHiAAIL, Python 23 TE T LBV HTONTEE LD, IHIREY 2 —LOIERICEENR S
LT,

%< @ API B¥&. Python OIDIAARTH 2 DILIRTH 2 0ICElH S FTHRILE FT; i3V A, Python 2%
AATVBIEEAEDT Y r—>a vid, FARICBEOINREY 2 — VBT 2 0EPET 2 Z IR 5T
L5556, Python ZEICT 7V r— a VITHDAATAHBENHIREY 2 —LOEFEZFIFHLLR-TEH
KDFENEZLZEBVET,

1.1 J—70 >V J8%

CPython IZ&® % C a—FEEVTWAHEE, PEP 7 Oh 4 Ko 4 v e HE#IiEbRIIIUT BD EFEA
COHARFA4 0, a> Y Ea— bARO Python DN—2 g VICBRESEAINET, HEDOH — Fot—
TA4—DEY 2 —LTlE, FREWVOH Python IZa>y b Pa—1+§503 0 TRIFNUI. ZOBEE IS L
Z3HDH FEEA


https://peps.python.org/pep-0007/
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1.2 4> N—FT 71

Python/C API %f#i 5 7= a8k, B ABLUS I/ B2 TOEREA V70— FT 5. ITOfT:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

Y —A2—RIZEEABR L FET, ZOITEERT % & A v X <stdio.h>, <string.h>, <errno.h>, <limits.
h>, <assert.h>, <stdlib.h> % (FIHTZHL) 1 > 7 L—FL X,

FAR: Python &, YRAT AR Ko TIEEANY XOEBERICHET L2587 oty HEREIT-o-TVWBED
T, Python.h ZW\WIFNDEHEAY XX D JAENICA V7 —F BRIEED FHA

Python.h %4 > Z)L— K3 BHIC, HIC PY_SSIZE_T_CLEAN %/EHKT 2 Z e BRI NE T, 2O~/ v
FUCOWVWTIE 5IBDBIREEDBE 2SR TSV,

Pythonh CEBENTVS, 2—FhbRA 3LHRT (Pythonh 234 ¥ 27 b— F LTV BEEEA » £ 02 i
R = F ) i BECFY Py £7203 _Py MM E$£3F, _Py THE 524013 Python EETHEMHEHT 2%
DDLHTT, IEIREY 2 — LOEFEE > TE R D TR A, BEERD X AN CETFHEADEELTINEH D
Ao

AR API 02 —H13, Py ®® Py THEA AU ERT 23— FZHNCHFWTIEIRD FEA. BrHa—F
PHONERELZE/ZD, FHED Python DN—Y a Y TRICAFIBEREIN T, 2—FDEWZa— Foal#f
MWzfEs < F5ARMRH D 5,

ANy X7 7 A NVEHTEE Python ¥ Y 2+ =& %3, Unix TIX prefiz/include/pythonversion/
B LU ezec_prefiz/include/pythonversion/ ICENPNE T, prefix & exec_prefix (& Python ZE L F
T BFED configure A7V F MITE X7 8T X ZITHIE L. version 1 '%d.%d" % sys.version_info[:2]
XS L E S, Windows Tld, N XX prefiz/include IZEPNE T, prefix 134 Y XA b—=FWIZIEEL /A
VA=A T 4L FUTT,

ANy REAL VIV —=RFTBHIE ENY XDA-7T4 L7 MY (BlaDT 4 L7 M)DBEEFHS) &2, 3284
IHBA Y IN—=RIT 7 ANERKRT 21D DRRCANET, BT 4 L7 MY Z2Y—F RRIZANT, #include
<pythonX.Y/Python.h> D X5 ICLTE BOD FHA ; prefix ND T T v F 7 4 — LITKRFEL R~ » KU,
exec_prefix B 77 v M7 4 = LMRIFONY XA V7V —FLTWEDT, DK REEELRITS LHEBOD
T b7 A —LTOEIRBTERLRZDET,

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++.

4 B1EFLHIC
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1.3 EFa<o0

Python Oy X —7 7 A MZIIMEFZ <7 0P WL OPERINTVET, 2LDOvrmld, ZOBFRIIIDOE
25 (BlZIE. Py_RETURN_NONE) DELWCEBRNBH D ET, LD —Bkfbhdrizdsfio~rrnidzhs
DAY X =T 7 A NIERSINTOVET, L. TITERFIEINTVS LIFRD TEA,

PyMODINIT_FUNC

Declare an extension module PyInit initialization function. The function return type is PyObjectx*.
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",

g

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spam_module) ;

Py_ABS(x)
x OFfHEZIR L £9

N—ar 3.3 TEM.

Py_ALWAYS_INLINE

Ask the compiler to always inline a static inline function. The compiler can ignore it and decides to

not inline the function.

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

debug mode.

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

cost /benefit analysis.

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

does nothing.

1.3. EFRlz<o0O 5



The Python/C API, ) —2X 3.13.0a5

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

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

N—a ¥ 3.11 TEN.

Py_CHARMASK (¢)

SIEESCTF D, 128, 127) 501 [0, 255] OO TRIFNER D $8A, 2o~ rnid FSHL
XF ¥y AMLZ c ZIRLET,

Py_DEPRECATED (version)

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

U&7 a 7 s sBT3:

[Py_DEPRECATED(3 .8) PyAPI_FUNC(int) Py_OldFunction(void);

A=Y ay 3.8 TEHE: MSVC ¥#— b aSEiang 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 DRAEZRLET,

N— ar 3.3 TEM.

Py_MEMBER_SIZE(type, member)

(type) HIERD member DY 4 X2 N4 FHEATRLET,
N— a v 3.6 TEM.
Py_MIN(x, y)
x &y OR/MEZERLE T,
N—a v 3.3 Tl

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).

T

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

6 £ 1EFLOIC
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N— a v 3.11 TEM.

Py_STRINGIFY (x)
x % C XFHNEHLE T, #2132, Py_STRINGIFY(123) & "123" #KEL 3,

N— g v 3.4 TEM.

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.

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.
N—a ¥ 3.7 THEM.

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; }.
N— ar 3.4 TEM.

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.

TR 7m 75 A0T3:

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

static PyMethodDef deque_methods[] = {

/ey
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
(KDR=1ki<)

1.3. EFRlz<o0O 7
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(AIDR=I 25 DfE X))
/.

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.

IVE N a=E 4 PN G

static PyMethodDef pysqlite_row_methods[] = {
{"keys", (PyCFunction)pysqlite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
3

1.4 #7720k BELUERAVV B

Python/C API PA%id. PyObjectx BD—2OL LOGIBME R EZHFS £3., ZOMIE £EED Python #+ 7
Y x2 bRRBT 2FEWH (opaque) 2T —ZBADKRA X TY, Python Sifid, £TD Python &+ 7Y =
7 MRIZE A DRI (BIZIZIRA. R a—THHI (scope rule), FIETEL) THRERICIRWE T, IZLAERT
@ Python # 7Y =7 itk —7 (heap) LICEDPNFT: D/, Pylbject MDA 7Y =7 Md, HEEIE
(automatic) ¥ L THEHVELIE (static) L LTHEETEFH A, PyObjectx BLDOKRA VR EHDAESTEE
T, ME—fIsME, BA TP 27 bTT; ATV 27 MEXEVEIK (deallocate) LTI SRNDT, @HIX
FHVELIE D PyTypeObject 7Y =2 ML E T,

2TD Python 4 7Y =2 M2 (Python BHAITT &) M (type) & BMA Y > & (reference count) 23H D %
o HE2ATI 27 PO, ZOXTI 7 VB EOHBEOLF TV 27 Mo (BB, VR M, 2—-PE
TBIBL Y ZOMZBEICTOVTIX types THHALTWET) ZIRELE T, LA TVAEIZOWTIE,
BEASITAPFELT, 247227 v BZDRPE S IS FET; fl 21X, PyList_Check(a) I&. a T
IRENIA T =27 25 Python VA MDD & (hOZD L ZIZRD) BEZRLET,

1.41 B2RAY >V ME

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

8 B1EFLHIC
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in turn, if there are no more references to them, and so on. (There’s an obvious problem with objects that

reference each other here; for now, the solution is ”don’t do that.”)

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

>= sizeof (void*)). Thus, the reference count increment is a simple operation.

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

of the call.

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

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

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

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

14, TV BEIUEBRAIVH 9
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SRAV Y FOFH

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.

Wz, HEEBMOCHL T, 247V 27 bAOSREMOE SN2 BHBUCHE TIICIE. ZoOrRetE: B
ATV 2T bANDBRE BHED (steal) HE L. ZHITRVWEAYHD £3, BREED ik, EcsEE
ELzEiZ, ZHROFMEENZOBEBICK -7z IREL., BBOMETH LITICEFTEER 2P WnwS 2k
T3,

SHRERAMBBEBIIZLAEDDERA; A L TELHLNTWS DX, PyList_SetItem() ¥
PyTuple_SetItem() T, ZNHEY—Fr Y AR ANZIBERIINTI22RErEAMDET (LrL, BEROA
DR TNV A NDBRUIIEATD AL, 2S5O, VA MR I VOHICHIMERE N AT
P P ANTOBEOHEENLREEZ N2 LT 35012, BREEANDS L5 ICRFFEINTVET; X
. (1, 2, "three") EWH XTI NZART 23— FEMUTOXS52DET (20 DHXTHMLED Z L ITRE
NTEBEET; bo JVWEEXHEZRTRLETD):

PyObject *t;

t = PyTuple_New(3);

PyTuple_SetItem(t, O, PyLong_FromLong(iL));
PyTuple_SetItem(t, 1, PyLong_FromLong(2L));
PyTuple_SetItem(t, 2, PyUnicode_FromString('"three"));

Z ZT. PyLong_FromLong () EFLWBRZIR L. F<IC PyTuple_SetItem() KHENE T, ZHRIBEH
7BdEDXTI 2 bEAALZWEEX. SRETEBCZECHIENC, Py_INCREF() ZRALTH S5 —>D
DEMEZHUF L TS0,

BRAIZ, PyTuple_SetItem() WX TNVIEEZ Ly b3 270D WE—D FIETT; X TNVIEEERRERT —X
B2 DT, PySequence_SetItem() X PyObject_SetItem() %> & LOBIEIERINTLEVET, BH
TR INVDMEEANTNL Db D45, PyTuple_SetItem() 72 LMEX R A,

L. UAMIEEANTNL 2— R PyList_New() ¥ PyList_SetItem() TEIIE T,

U LEBRICIE. 2702V A ME2ERLTEZ AN, LD LI RAKRIIFEACHEOETA, LD
DD 2B#, Py_BuildValue() BB D IZL ALY DEBRRA T =7 b7+ —~< v MXFH| format string
DIFEWRESNT C DEPSAERTEET, flZIX, LofEoa—- 7oy 7k, UTO LS CEEHZ S
NET (25— F v ZICbRELTVET):

10 B1EFILHIC
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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) ;
return -1;
}
Py_DECREF (index) ;
¥
return O;
}

BEOR Y EOHEIIE, RIEPLERD T, 3L ALOBICO VTR, SHEEELTHZOSRICHT
BZHTEMEDNEDZ ZeDRV—HT, 247V 27 PIHT2S5BERT X5 OB SRICHT 2
AR LANC S 2 £ 5, BEEBHTT: 2L0BA, BBDRTA 7Y 27 MEZDHT (on the fly)
ERENE 2D, BMUHLAPEZZRIER SN AT 27 MINT 2HE—DSRICR 202 5T3, [EoT,
PyObject_GetItem() X PySequence_GetItem() DX ST, A7 =7 MIHT 3SR %R $ILHDBEEIZ.
WK SRR L5 (HOH LEIDSROFEEICRD £7),

HERLDEZ, EEORISHROMEREZE T 2250, COMRBEMRIHIT»ETICES, tEBET L
T — B LD S8D (BB LTELLA 7 22 bR X CORBEICIIERHD FHA!
o T, PyList_GetTtem() Zffi->TY XA MNOERZ[{LHEIE, SROMEEICERD XA — 2, FL
BELREEZFEL VYR D5 PySequence_GetItem() (RIHTHZOMKIIELFELIIKEZL D ET) 2o THDH
T, BEINLATI 27 MU T 22EHBET,

DU, B 5722 ) A PN L THRERO G2 RS 2 le YD L 512 L THET 202K LEHITS; —
14, #TDxU b BEIUEBRAIVH 11
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DlE PyList_GetItem() Z{Ho>TWT, b5 —DiE PySequence_GetItem() HffioTWVWET,

long

sum_list(PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{
Py_ssize_t i, 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, bail out */
return -1;

total += value;

3
else {

Py_DECREF (item); /* Discard reference ownership */
3

(KDR=12HE <)
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HIDR— % 5D E)

¥

return total;
}
1.4.2 &

f1izd Python/C APL IZBWTEHERFE ZFOT — X AP N D2H D £35; 13 A Y3 int, long, double,
BXU charx Wiz, B3 COF—XBTT, £z, Y 2 =L TRMLTW2BBEHIZET 2BCHVYS
NBFHN T =T, FiLnA 7o =27 MIICB 27 —&2EHEZEARL7z) ., HEROEZHLEAR LD T 57
DIHEEEZ WL ODfHioTVET, ZASDIIZONTIE, ZOREZHSEHME L HICHHALTOEXET,

type Py_ssize_t

Part of the Stable ABI. A signed integral type such that sizeof (Py_ssize_t) == sizeof(size_t).
C99 doesn’t define such a thing directly (size_t is an unsigned integral type). See PEP 353 for
details. PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_t.

1.5 fI5

Python 7027 o<, REDTS —UHEBNER L T LARNEIRS DEIZH D THA; WL o 726
E. WO LA ZOFERMERHLAL 2 wozBEHI2, by FLRILDA XY XEETHENIZR
BLEST, AVEFVRBIEZ. AR 7 FL—ANy 7 EbETHNEZ Z—FITHE L F9,

ETAM, CTarI<oga, 7 —F =y ZIZEICHRINTORARZD $H¥ A, Python/C API O£ TD
BIRE. BIEOD F 3 2 X > N CHIREICERIAD 2 VIR D BN 2 SE1T 3 2 ATREMEDS D D £ 3, —RIVREEE LT, 5
BIEAMA S DL 5 — BT 5 &, BIBIIHIN ZFE L T, BBINICB I 22 ROMMAELZ 2 THEEL, =75 —
fE (error indicator) ZIRLEF, FFa XYy MIHEINLTRVWES, 207 —(HIEBORED EORIZ X 5T,
NULL 20 -1 DEHE LRI £3, W Oh DB TIE 7 —VRITH/BERL, Iz —%2RLET, THDHT
DEOBETIIHER TS —15EE2 R o7, HDVEVWRRERVEZIR LD $ 5D T, PyErr_Occurred()
THRWIZZ S =T A M 2ITORER DD £F, I DHIINIEICHRINIC FF 2 X MEah x5,

BIAHRE DIRREIEH (exception state) 1&. AL v FHANCHE X 25l B (per-thread storage) N TEH I h
9 (ZOREEEE. ALy FEfEDRWT TSV —ya yTldr7a— OV REEEEE R T ), —D2D A
Ly FIZZOoDREO S &0 FISNDBFEAE L, ERFELTORVR, 2 D %3, B¥ PyErr_Occurred()
2S5 e, ZOREZFHRLNET: ZOBIBIIBIIATEE L BRI Z 0L 72 = 7 Mz § 2SR
(borrowed reference) Zi&R L. Z 5 TRWVWE ZITIE NULL 2R L £3, BHSMREZHRE T 2BMEHEZHD %
3. PyErr_SetString() 3d o d ILHLNTWVS (25, bo e bIRAMDR W) HINEZRET 27D DB
T, PyErr_Clear () I3HISVREEEHRZH L X 2888 T 9,

TRLHIMREERIE. 3 2047227 b BISNDREL BIADIE., ZLTHRL—ZANv 7, 26RDET (ED
A7V bd NULL ZHDGE ), 206 DIEHIE. Python @ sys.exc_info() OREREFCEKREZR DS &

1.5. s 13
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T 23wz, C & Python OFIFMRREERIZEFEUCTIEH D £ A: Python BT 26544 7 = 7 MA,
Python @ try ... except X THRIAMIE L 72 7Y = 7 v 2R T —F. C LV OFIMREFRITFEHET 2 DI,
BEINF5MER T sys.exc_info() ZDMUTHRET 2 K5 DEFS 5 Python DN ba—=F A &7 2D
AL YN —=TIEET 25T, FINPBEBOBTRZIEL STV ST T,

Python 1.5 22 51%. Python TEbrh/za— R oFMIREEHRICY 72T 55 LT, #ExATHTR
Ly Kt — 7R AKE sys.exc_info() IR ->TWADTERELTL XV, ZOEEIE Python 2 — FDZEST
ENTVERAL Y FIZBI2HIMNRERRZIELE T, £/ 205 DRIMREERICNS 27 7 AFRIZ.
Fie HEBRDT (semantics) AEE I N, H2BBHSNZHIET 2 2. ZOBBEFEITLTVWE ALy FOH
SURBETE IR Z R LT IO LI OBISVREEIE I Z MR 2 K1k D E L, COXEHEICK T, EEZSIC
RZ BB BER > T 05002 LEEXT 22T ERIINS, I - FTIIBETWEATE
MIELTOETS; £72, PL—ZANYIHNDARY 7 7L —LTBREINTVWEA TV 27 DB LIELIERHEIC
FHMEKOZTWDERLLTVET,

—RHRIEE e LT, & 5B R OBBEIFOCH LT S22 Z S8 5 & &, IO LD HIs 2%
HLUTORWARFARZ LS TEZRSS, b LEH L TOIUR, 2 OBISMRREFRIZF O H LANCE S AR 3 aud7z b
FHEA, MOHLITOBMBIZA 7Y =7 P SROMAMEZ TN THREL, =7 —BEZEI R TIRD FEA
D REHTPINZRE T 2HEE BDFEA - ZARI 2 THUE, koSG SINZIEN D Dfis 2 L&
FLTLEWY, 7 —DFKZDHDICHT 2 HELIFMERD L2k D £7,

A simple example of detecting exceptions and passing them on is shown in the sum_sequence() example
above. It so happens that this example doesn’t need to clean up any owned references when it detects an
error. The following example function shows some error cleanup. First, to remind you why you like Python,

we show the equivalent Python code:

def incr_item(dict, key):
try:
item = dict[key]
except KeyError:
item = 0
dict[key] = item + 1

MTREMES2a— %2 C TREICE N DD TY:

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))
(RD<R—=2 128 <)
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(AIDR=I 25 DfE X))

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 */

error:

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

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

A ZOHlE C T goto X& S BEIDOAEEFTRLTVETR! ZOFITIE. FFEDHINZNET 2720
IZ PyErr_EzceptionMatches() BX W PyErr Clear() ZE¥SIMEIPERLTVWET, £/, FAHEZR-T
WB BT, ED NULL \CR 500 LR WD DT 2729 Py XDECREF() # ESES b RLTWVWET
(BEEAIZ "X VTV E Z 2 ITERE L TL X W, Py_DECREF() 1% NULL BIRICHI< bT s Fv>al ¥
F)o IELKEMESE 2701213, ITAMZFROZRZIRTET 5270 DL % NULL THIEHLT 5 Z A EETT,
FRRIC. Do CHRDEZERT 2BCIEEZ -1 (RK) THHHEL THW T, REOBEBIFOHL TS £<
W 723 DA 0 (M) WWRELET,
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1.6 Python DiE&HAH

Python 4 > & 7V XDMDAAEITI N (WDIRIEREY 2 — L OFE EFORM) 25T 2 FIUIR S0
HER XA 7E, Python 4 ¥ &2 7)) X OYHMEAHE (initialization). £ L TEBZ 5 < 13 T (finalization)
TTo AVRXRTVEZDIFEALEDHEER. 4 V&7V ZDEFHERLIMEZFE Ao

FARMN 2 AL % 1T 5 BI%IE Py_Initialize() TFo ZOBKIER — FEADE S 2a—A0oR2T7—7
NEER L, THEE#25EY 2 —/b builtins, __main__, BX U sys ZERL T3, T2, TV 2 — R R
(sys.path) ODFHEALBITVE 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.

FEAEDY AT L TIE (F1Z Unix & Windows (&, FEHIDSHOTHICELRDIZL ETD), Py_Initialize() IX
EHED Python £ ¥ & 7'V 2 FATHK OGN T 2 HEERMFICESWT, Python @ F 4 75 U A Python A
¥ 2TV ZRITEADP o DHNARZATHEOD 2 L VI RED TITEY 2 —MRREASRZZFHALET, DI IoD
MRTIE, Y zlavy RERBE R (BREZE PATH) Lici D257 python & W HATDEITT 7 4 LD ED
NTVEF4 L7 VDET 4 L2 b UDSDOMEXT, 1ib/pythonX. ¥ WS EHIDTF 4 L 27 U EREELE T,

Bl z21E. Python TR A /usr/local/bin/python TROM -/ T3 L, Py_Initialize() 1&F74 77V
%3 /usr/local/lib/pythonX.Y iCH Db DEREL 5, (FBITIE, TD R 7+ — "y 7 (fallback)”
D74 77 VAETHDHD, python 3 PATH hIZHEWGE LN E S, ) = —3 PYTHONHOME Z&KET 5
ETCIQEEZF =T A F L&D, PYTHONPATH Z3E L CGEMD 7 4 L7 + ) ZEHEE D 2 — UK X DRl
WHALZDTEETS,

The embedding application can steer the search by setting PyConfig.program_name before calling
Py_InitializeFromConfig (). Note that PYTHONHOME still overrides this and PYTHONPATH is still inserted in
front of the standard path. An application that requires total control has to provide its own implementation
of Py_GetPath(), Py_GetPrefiz(), Py_GetEzecPrefiz (), and Py_GetProgramFullPath() (all defined in
Modules/getpath.c).

7= %12, Python ZHIHALETOIREBICH L LW e 3Hh 5, HIXIE. 277V 75— a v TEETERY
BN RB L (start over) TH S (Py_Initialize() Zd 5 —EMFHEES) X5 Lwhrd LOaEHEA,
BBV, 7TV — a ¥ Python 2 —HFEWKZ T, Python 2SHEMR L7 XY BEMZXEL-0hd LAE
B Ao Py_FinalizeEz() 5 & 25 LIAUEAZERTEE T, F/o. B Py_IsInitialized() i¥. Python
DBEREMEE ADIREBICH 258 ICEZIRLET, ThSOBEICOVWTOX 572 2 FHIE, BROETHHL £
3o Py_FinalizeEz() 7 Python 4 ¥ & 7V ZIZHRENT2ETOXEY & BT IDITTIEEWL 22 IcER
LTLAEE W, BRI HHREY 2 — M Ko THEIRE N X E VI, BIED L ZAMRRT 2HENTEEH A,
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1.7 NNy JhREJL K (Debugging Builds)

AVRTVREILREY 2 =MW LTOEMF = v 7% T 2372000 2rD< 7 a2 fGahc LT Python %
ELILRTZIENTEET, TNHDF = v 7k, EFFRRICKERA —N—Av FEEUZHALZ DD 3, KD
T, 774V FTREAHTEINTOER A,

Python 78y ZhREL RO TOMED Y X h 23, Python Y — ABifi (source distribution) DH1 D Misc/
SpecialBuilds.txt KH D ET, BAITVVFD L=, XEV 7T —XDTFNAw I A VX TVXDRA
IN—=TDELRLVTR T 7 4 ) IR ARETT, KDDL EL FIZOWTDA, ZOHIDED DERT
ML %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 ZHET 5 &. ZH ML —ZAXHEMIIALD £F (configure --with-trace-refs F 3>
EZBLTLIEEWN), £2TD Pybbject DD 7 4 =L FERBMTZ 2T, HHFOLF TS 27+ OER
ZEHEFBY R NPEEIhE T, 2 TOE D YT (allocation) 2 L—RAXNE T, BTHIZ, 2 TOE-TW
2372 PHRRRENET, AV RFTTT 4 TE=—FTIE. A VX TV RICEBXDETOIRICRREN
9, )

X DFLWEHRIZOW T, Python @Y — ZEiAf (source distribution) DH'D Misc/SpecialBuilds.txt %
SZILTLEE W,

1.7. NNy ZIREIL K (Debugging Builds) 17
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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 #—LTEREITARNER 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.

19
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2.2 ZE ABI (Stable Appliction Binary Interface)

For simplicity, this document talks about eztensions, 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 work with multiple versions of Python. Contents of the Limited API are

listed below.

Py_LIMITED_API

ZD~v7 8% Python.h &4 ¥ 7L — FFHANIEFKT 5 Z & T, Limited API OAZHEHT 2 Z L %3
RL. Limited API X"—Y a VEERTZ 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 work without recompilation with all Python 3 releases

from the specified one onward, and can use Limited API introduced up to that version.

PY_VERSION_HEX ¥ 7 m R B S DTE &L, FRD Python DNN—=Ya > Tary {1 T3 L EDR
EMDT012, BmPhD~ A4 F == a ¥ (2, Python 3.10 72 5 0x030A0000 ) ZN— Fa—FL
9,

%7z, Py_LIMITED_API % 3 ICEE T2 2 A TEE 9, Z4UE 0x03020000 (Python 3.2, Limited API
PEAZHIA—D 2 Y) AL LS CEELE T,

2.2.2 Stable ABI

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

3.x versions.

The Stable ABI contains symbols exposed in the Limited API, but also other ones - for example, functions

necessary to support older versions of the Limited API.

Windows Tid. Stable ABI % {3 2 #LiRIEAEIZ. python39.d1l D K HBRAN=Ya YEHD I 4 77 VTl
7 <. python3.d11 IZM LTV Y752 HENHD F3,

W OPDT Ty b7 —ATiE, Python IX abi3 X 7 THMNISNHEE T A 77V 7 7 LV EHEL THiAA
AE S (fil: mymodule.abi3.so), D & 5 RIKIREY 2 —/LHY Stable ABIITHB L TWE0E I EF = v 7
ENFERA, 2=V — (FREFZED =T 7Y =) d 7zt 2iE 3.10+ Limited API TE /L F X744
REY 2—h, ZALFDOAN—Y 2 > D Python 124 Y A b — LXKV L 2R T 2HENHD £3,

20 %2 & C APl OREH
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Stable ABI IZ& £ 2 T RXTOMEIL, ~27 0 LTREIITRL, Python OHEF 4 75V 0B E LTHE
LES, 207D, CTYV Tty B 2fHLRVWSEEIOFHT2 P TEET,

2.2.3 API RO—F&NT #—I > ADHIR

Limited API ® H¥EZ, 7L C API THIEERFTRTOI L ZEHT A TITH, BZ S L HRE LoD b
x93,

Bl ZIE, PyList_GetItem() WIFIHFIRET T, Z D “unsafe” ~27 v DZEME PyList_GET ITEM() EFIFHTE
FHA, ZOXI7BIE, VAMET V27 bON=Y a VEFHOFEOHMIKTFT A2 N TE 24D, IhE
I T 22N TEET,

Py_LIMITED_API ZEFELRZWVE, W 2hD C API BEIA4 v F 4 vhah/zb, v/ nici@Ezfibokh L
%9, Py_LIMITED_API ZERT D, ZDA V74 M EMITIZD | Python O F — XENLESINTHL
TELTBIEDSATREICIR D 373, MEREDMR T 3 2 ATREMEDSH D £ 97,

Py_LIMITED_API D EF%H < Z & T, Limited API #iiRZ NN— a YEH D ABI Ta Y 4§23 Z & 3A]
HETT, ZAUTE D, 2D Python DN—Y a Y TR7 3= Y ARMALEEXEZ I RN TETITH, AEREEHIR
XN FEF, Py_LIMITED_API T Y RA LT B L, N—3 3 VIKIFE LR WILREEREDSFIH T E R 0iGE, filzx
. X Python X=2a YO 7LV Y = RIHIGLIIRREY 2 —VEREM TR N TEL X SICRDET,

2.2.4 FIFR{TE API DR R

Note that compiling with Py_LIMITED_APT is not a complete guarantee that code conforms to the Limited
API or the Stable ABI. Py_LIMITED_API only covers definitions, but an API also includes other issues, such

as expected semantics.

Py_LIMITED_API 2SPiiF72 WHIRE®D 1 D&, Python O T N— a ¥ TIXEM RSB EFOBBZ TSI 2
T3, BRI, 5180 NULL 222 EE X TAE L & 5, Python 3.9 Tik NULL 137 7 # L b DZEE)
2R L 35, Python 3.8 TIZZ 05 BUIEHEMH X, NULL OBEANEZEZI L2y > a LET, FAkD
ST, BEEIAD 7 4 — L FIZ L THHEREL 5,

b D —ODMEIX, —HBOMEIER T 4 —L KD Limited API O—¥{T®H 312 2hH 5§, Py_LIMITED_API 7%
EFEINE FWWHEERRICR>TVWARNWIETT,

INSDMHEN S, FBIIIEREY 2 — AP K-+ T3 IARTD vA F—7%4 Python X—Ya > TTR T
222, ZFLTTENIE BHEWA—Sa U TEARTAZ e RBHERL FT,

. HHT2ITRTD API O FF 2 X P 2ERL. ZHADH/RIVIC Limited API O—#TH 205 0%
Frv 35 EBEOLET, Py_LIMITED_API 2VERINTWT S, HINZIEEHT (H2WENTe LT
BENET) W oD T IAR-VEEVBRHAINZZERDHD £,

Python 3.8 'C Py_LIMITED_API 22> XA VT 52, ZODIIREY 22—/ Python 3.12 TENWEL 523, £
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F L3 Python 3.12 T AYNAIL TEZLIIROLAZVI LICHFERELTL X W, FHZ, Limited APT O—iZ.
Stable ABI HELTWAIRD ., JFHERTHIBRE L 2008 LI EA,

23 7539 b7 4—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

HEDTS vy b 74— 5 EDFTRTD Python N— a U EEMR ABI 2B L2 WHETE L RFEATWS Z
EZRAES % DI, Python OFRFERAME DHETY, T4 python.org % D¥— Fo8—TF 1 —DFLAR
Jth 5D Windows £ macOS DV Y —ZADFETT,

2.4 [REHR APl DRE

Currently, the Limited API includes the following items:
e PY VECTORCALL_ARGUMENTS OFFSET
o PyAIter_Check()
e PyArg_Parse()
o PyArg_ParseTuple()
e Pydrg_ParseTupleAndKeywords ()
e PyArg_UnpackTuple()
o PyArg_VaParse()
e PyArg_VaParseTupleAndKeywords ()
e Pydrg_ValidateKeywordArguments ()
e PyBaseObject_Type
e PyBool_FromLong ()
e PyBool_Type
e PyBuffer_ FillContiguousStrides ()
e PyBuffer_ FillInfo()

e PyBuffer_ FromContiguous ()

22 %2 & C APl OREH
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PyBuffer_GetPointer()
PyBuffer_IsContiguous ()
PyBuffer_Release()
PyBuffer_SizeFromFormat ()
PyBuffer_ToContiguous ()
PyByteArrayIlter_Type
PyByteArray_AsString ()
PyByteArray_Concat ()
PyByteArray_From0Object ()
PyByteArray_FromStringAndSize ()
PyByteArray_Resize()
PyByteArray_Size()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString ()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV()
PyBytes_FromObject ()
PyBytes_FromString ()
PyBytes_FromStringAndSize ()
PyBytes_Repr()
PyBytes_Size()

PyBytes_Type

2.4.

PREM APl DAE
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PyCFunction

PyCFunctionFast

PyCFunctionFastWithKeywords

PyCFunctionlWithKeywords
PyCFunction_GetFlags()
PyCFunction_GetFunction()
PyCFunction_GetSelf ()
PyCFunction_New()
PyCFunction_NewEz ()
PyCFunction_Type
PyCMethod_New()
PyCallIter_New()
PyCallIter_Type
PyCallable_Check()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_GetDestructor()
PyCapsule_GetName ()
PyCapsule_GetPointer()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New()
PyCapsule_SetContext ()
PyCapsule_SetDestructor()
PyCapsule_SetName ()
PyCapsule_SetPointer()

PyCapsule_Type

24
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PyClassMethodDescr_Type
PyCodec_BackslashReplaceErrors ()
PyCodec_Decode ()
PyCodec_Decoder()
PyCodec_Encode()
PyCodec_Encoder ()
PyCodec_IgnoreErrors()
PyCodec_IncrementalDecoder ()
PyCodec_IncrementalEncoder ()
PyCodec_KnownEncoding ()
PyCodec_LookupError()
PyCodec_NameReplaceErrors ()
PyCodec_Register()
PyCodec_RegisterError()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamiWriter()
PyCodec_StrictErrors ()
PyCodec_Unregister()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_FromDoubles ()
PyComplexz_ImagAsDouble()
PyComplex_RealAsDouble()
PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()

PyDescr_NewMember ()
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PyDescr_NewMethod ()
PyDictItems_Type
PyDictIterItem_Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProzy_New()
PyDictProxy_Type
PyDictRevIterItem_Type
PyDictRevIterKey_Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString ()
PyDict_GetItem()
PyDict_GetItemRef ()
PyDict_GetItemString()
PyDict_GetItemStringRef ()
PyDict_GetItemWithError()
PyDict_Items()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeq2()

PyDict_New()
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PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString ()
PyDict_Size()

PyDict_Type

PyDict_Update()
PyDict_Values()
PyEllipsis_Type

PyEnum_Type
PyErr_BadArgument ()
PyErr_BadInternalCall()
PyErr_CheckSignals ()
PyErr_Clear()
PyErr_Display()
PyErr_DisplayEzception()
PyErr_ExceptionMatches ()
PyErr_Fetch()

PyErr_Format ()
PyErr_FormatV()
PyErr_GetExcInfo ()
PyErr_GetHandledExzception ()
PyErr_GetRatisedException()
PyErr_GivenEzceptionMatches ()
PyErr_NewEzception()
PyErr_NewEzceptionWithDoc ()
PyErr_NoMemory ()

PyErr_NormaltizeException ()

2.4.
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PyErr_Occurred ()

PyErr_Print ()
PyErr_PrintEz()
PyErr_ProgramText ()
PyErr_ResourceWarning ()
PyErr_Restore()
PyErr_SetEzcFromiWindowsErr ()

PyErr_SetExcFromWindowsErriWithFilename ()

PyErr_SetExcFromWindowsErriithEFilename0bject ()

PyErr_SetExcFromiWindowsErriithFilename0bjects ()

PyErr_SetEzcInfo ()

PyErr_SetFromErrno ()
PyErr_SetFromErrnoWithFilename ()
PyErr_SetFromErrnoWithFilenameObject ()
PyErr_SetFromErrnoWithFilenameObjects ()
PyErr_SetFromWindowsErr ()
PyErr_SetFromWindowsErrWithFilename ()
PyErr_SetHandledException ()
PyErr_SetImportError()
PyErr_SetImportErrorSubclass ()
PyErr_SetInterrupt ()
PyErr_SetInterruptEz()

PyErr_SetNone()

PyErr_SetObject ()
PyErr_SetRatisedException ()
PyErr_SetString ()

PyErr_SyntazLocation()
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PyErr_SyntazLocationEz ()

PyErr_WarnEz ()
PyErr_WarnExplicit ()
PyErr_WarnFormat ()
PyErr_WriteUnraisable()
PyEval_AcquireThread()
PyEval_EvalCode()
PyEval_EvalCodeEx ()
PyEval_EvalFrame()
PyEval_EvalFrameEz ()
PyEval_GetBuiltins ()
PyEval_GetFrame ()
PyEval_GetFuncDesc ()
PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals ()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError

PyExc_BaseException

PyExc_BaseExceptionGroup

PyExc_BlockingIOError
PyExc_BrokenPipeError

PyExc_BufferError

2.4.
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PyExc_BytesWarning

PyExc_ChildProcessError

PyExc_ConnectionAbortedError

PyExc_ConnectionError

PyExc_ConnectionRefusedError

PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_IncompleteInputError
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt

PyExc_LookupError
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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
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError

PyExc_UnicodeEncodeError

2.4.
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PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError
PyExc_ZeroDivisionError
PyExceptionClass_Name ()
PyEzception_GetArgs ()
PyExzception_GetCause ()
PyEzception_GetContext ()
PyExzception_GetTraceback()
PyEzception_SetArgs ()
PyEzception_SetCause()
PyEzception_SetContext ()
PyEzception_SetTraceback()
PyFile_FromFd()
PyFile_GetLine()
PyFile_WriteObject ()
PyFile_wWriteString ()
PyFilter_Type
PyFloat_AsDouble()
PyFloat_FromDouble ()
PyFloat_FromString ()
PyFloat_GetInfo()

PyFloat_GetMaz ()
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PyFloat_GetMin ()

PyFloat_Type

PyFrameObject

PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New()
PyFrozenSet_Type

PyGC_Collect ()

PyGC_Disable()

PyGC_Enable()

PyGC_IsEnabled()
PyGILState_Ensure()
PyGILState_GetThisThreadState()
PyGILState_Release()
PyGILState_STATE

PyGetSetDef

PyGetSetDescr_Type
PyImport_AddModule ()
PyImport_AddModuleObject ()
PyImport_AddModuleRef ()
PyImport_AppendInittadb ()
PyImport_EzecCodeModule ()
PyImport_ExecCodeModuleEx ()
PyImport_ExecCodeModuleObject ()
PyImport_EzecCodeModuleWithPathnames ()
PyImport_GetImporter()

PyImport_GetMagicNumber ()

2.4.
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PyImport_GetMagicTag ()
PyImport_GetModule()
PyImport_GetModuleDict ()
PyImport_Import()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport_ImportModuleNoBlock()
PyImport_ReloadModule()
PyIndex_Check()
PyInterpreterState
PyInterpreterState_Clear()
PyInterpreterState_Delete()
PyInterpreterState_Get ()
PyInterpreterState_GetDict ()
PyInterpreterState_GetID()
PyInterpreterState_New()
PyIter_ Check()

PyIter_Nezt ()

PyIter_Send()

PyListIter_Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple()

PyList_GetItem()
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PyList_GetItemRef ()
PyList_GetSlice()
PyList_Insert()
PyList_New()
PyList_Reverse()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()

PyList_Sort ()

PyList_Type

PyLongObject
PyLongRangeIter_Type
PyLong_AsDouble()
PyLong_AsInt()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()
PyLong_AsSsize_t ()
PyLong_AsUnsignedLong ()
PyLong_AsUnsignedLongLong ()
PyLong_AsUnstignedLongLongMask ()
PyLong_AsUnstignedLongMask ()
PyLong_AsVoidPtr()
PyLong_FromDouble ()

PyLong_FromLong ()

2.4.
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e PyLong_FromLongLong ()
e PyLong_FromSize_t ()
o PyLong_FromSsize_t ()
o PyLong_FromString()

e PyLong_FromUnsignedLong ()

e PyLong_FromUnsignedLongLong ()

e PyLong_FromVoidPtr()

o PyLong_GetInfo()

e PyLong_Type

e PyMap_Type

o PyMapping_Check()

e PyMapping GetItemString ()

o PyMapping_GetOptionalItem()

o PyMapping_GetOptionalItemString()

e PyMapping_HasKey()

e PyMapping_HasKeyString ()

o PyMapping_HasKeyStringWithError()

o PyMapping_HasKeyWithError()
e PyMapping_Items()

e PyMapping Keys ()

o PyMapping_Length()

e PyMapping_ SetItemString()
e PyMapping_Size()

o PyMapping_Values()

o PyMem_Calloc()

e PyMem_Free()

e PyMem_Malloc()
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PyMem_RawCalloc()
PyMem_RawFree ()
PyMem_RawMalloc()
PyMem_RawRealloc ()
PyMem_Realloc()
PyMemberDef
PyMemberDescr_Type
PyMember_GetOne ()
PyMember_SetOne ()
PyMemoryView_FromBuffer()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_Base
PyModuleDef Init ()
PyModuleDef_Type
PyModule_Add ()
PyModule_AddFunctions ()
PyModule_AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()

PyModule_AddType ()

2.4.
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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 ()
PyNumber_And ()
PyNumber_AsSsize_t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()
PyNumber_FloorDivide ()
PyNumber_InPlaceAdd()
PyNumber_InPlaceAnd()
PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift()

PyNumber_InPlaceMatrizMultiply ()
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PyNumber_InPlaceMultiply()
PyNumber_InPlaceOr()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_InPlaceRshift ()
PyNumber_InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()
PyNumber_InPlaceXor()
PyNumber_Indez ()
PyNumber_Invert()
PyNumber_Long ()
PyNumber_Lshift ()
PyNumber_MatrizMultiply ()
PyNumber_Multiply()
PyNumber_Negative()
PyNumber_0Or ()
PyNumber_Positive()
PyNumber_Power ()
PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_Subtract ()
PyNumber_ToBase ()
PyNumber_TrueDivide ()
PyNumber_Xor()
Py0S_AfterFork()
Py0S_AfterFork_Child()

Py0S_AfterFork_Parent ()

2.4.
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e Py0S _BeforeFork()

e Py0S_CheckStack()

e Py0S_FSPath()

e PyOS_InputHook

e Py0S_InterruptOccurred()
e Py0S_double_to_string()
e Py0S_getsig()

o Py0S_mystricmp()

o Py0S_mystrnicmp()

e PyOS setsig()

e Py0S_sighandler_t

e Py0S_snprintf()

e Py0S_string_to_double()
e PyOS_strtol()

e Py0S_strtoul ()

o Py0S_vsnprintf()

e PyObject

e PyObject.ob_refcnt

e PyObject.ob_type

e PyObject_ASCII()

e PyObject_AsFileDescriptor()
e PyObject_Bytes()

e PyObject_Call()

e PyObject_CallFunction()
e PyObject_CallFunctionObjArgs()
e PyObject_CallMethod()

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

PyObject_GetItem()

2.4.
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PyObject_GetIter()
PyObject_GetOptionalAttr()
PyObject_GetOptionalAttrString ()
PyObject_GetTypeData ()
PyObject_HasAttr()
PyObject_HasAttrString ()
PyObject_HasAttrStringWithError()
PyObject_HasAttrWithError()
PyObject_Hash()
PyObject_HashNotImplemented ()
PyObject_Init ()
PyObject_InitVar()
PyObject_IsInstance()
PyObject_IsSubclass()
PyObject_IsTrue()
PyObject_Length()
PyObject_Malloc()
PyObject_Not ()
PyObject_Realloc()
PyObject_Repr()
PyObject_RichCompare ()
PyObject_RichCompareBool ()
PyObject_SelfIter()
PyObject_SetAttr()
PyObject_SetAttrString ()
PyObject_SetItem()

PyObject_Size()
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PyObject_Str()
PyObject_Type()
PyObject_Vectorcall ()
PyObject_VectorcallMethod ()
PyProperty_Type
PyRangelter_Type
PyRange_Type
PyReversed_Type
PySeqIter_New()
PySeqIter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice()
PySequence_Fast ()
PySequence_GetItem()
PySequence_GetSlice()
PySequence_In()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()

PySequence_SetItem()
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PySequence_SetSlice()
PySequence_Size()
PySequence_Tuple()
PySetIter_Type
PySet_Add ()
PySet_Clear()
PySet_Contains ()
PySet_Discard()
PySet_New()

PySet_Pop ()
PySet_Size()

PySet_Type
PySlice_AdjustIndices()
PySlice_GetIndices ()
PySlice_GetIndicesEx()
PySlice_New()
PyStiice_Type
PySlice_Unpack()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New()
PyStructSequence_NewType ()

PyStructSequence_SetItem()
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PyStructSequence_UnnamedField
PySuper_Type

PySys_Audit ()
PySys_AuditTuple()
PySys_FormatStderr()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_ResetWarnOptions ()
PySys_SetObject ()
PySys_WriteStderr()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID()
PyThreadState_GetInterpreter()
PyThreadState_New()
PyThreadState_SetAsyncEzc ()
PyThreadState_Swap ()
PyThread_GetInfo()
PyThread_ReInitTLS()
PyThread_acquire_lock()

PyThread_acquire_lock_timed()
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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()

46

% 2 E C APl OZEM



The Python/C API, ') —2X 3.13.0a5

PyTuple_GetSlice()
PyTuple_New()

PyTuple_Pack ()
PyTuple_SetItem()
PyTuple_Size()
PyTuple_Type

PyTypeObject
PyType_ClearCache ()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc()
PyType_GenericNew()
PyType_GetFlags ()
PyType_GetFullyQualifiedName ()
PyType_GetModule ()
PyType_GetModuleByDef ()
PyType_GetModuleName ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetSiot ()
PyType_GetTypeDataSize ()
PyType_IsSubtype()
PyType_Modified()

PyType_Ready ()

2.4.
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e PyType_Slot

e PyType_Spec

e PyType_Type

e PyUnicodeDecodeError_Create()

e PyUnicodeDecodeError_GetEncoding ()
e PyUnicodeDecodeError_GetEnd ()

e PyUnicodeDecodeError_GetObject ()

e PyUnicodeDecodeError_GetReason()

e PyUnicodeDecodeError_GetStart ()

e PyUnicodeDecodeError_SetEnd()

e PyUnicodeDecodeError_SetReason ()

e PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd()

e PyUnicodeEncodeError_GetObject ()

e PyUnicodeEncodeError_GetReason()

e PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd()

e PyUnicodeEncodeError_SetReason ()

e PyUnicodeEncodeError_SetStart ()

e PyUnicodelter_Type

e PyUnicodeTranslateError_GetEnd()

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

o PyUnicodeTranslateError_SetReason ()
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PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()
PyUnicode_AsASCIIString ()
PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatin1String ()
PyUnicode_AsMBCSString ()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String ()
PyUnicode_AsUTF32String ()
PyUnicode_AsUTF8AndSize ()
PyUnicode_AsUTF8String ()
PyUnicode_AsUnicodeEscapeString ()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString ()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()

PyUnicode_Contains ()
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PyUnicode_Count ()

PyUnicode_Decode ()
PyUnicode_DecodeASCII()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatini ()
PyUnicode_DecodeLocale()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()
PyUnicode_DecodeRawUnticodeEscape ()
PyUnicode_DecodeUTF16()
PyUnicode_DecodeUTF16Stateful ()
PyUnicode_DecodeUTF32()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTF8()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale()
PyUnicode_EqualToUTF8()

PyUnicode_EqualToUTF8AndSize ()
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PyUnicode_FSConverter()
PyUnicode_FSDecoder ()
PyUnicode_Find()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString ()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding()
PyUnicode_GetLength()
PyUnicode_InternFromString ()
PyUnicode_InternInPlace()
PyUnicode_IsIdentifier()
PyUnicode_Join ()
PyUnicode_Partition()
PyUnicode_RPartition()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace()
PyUnicode_Resize()
PyUnicode_RichCompare ()

PyUnicode_Split ()
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PyUnicode_Splitlines()
PyUnicode_Substring ()
PyUnicode_Tatlmatch()
PyUnicode_Translate()
PyUnicode_Type
PyUnicode_WriteChar()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call()
PyVectorcall_NARGS()
PyWeakReference
PylWeakref_GetObject ()
PyWeakref_GetRef ()
Pyleakref_NewProzy ()
PyWeakref_NewRef ()
PyWrapperDescr_Type
PylWrapper_New()
PyZip_Type
Py_AddPendingCall ()
Py AtEzit()
Py_BEGIN_ALLOW_THREADS
Py_BLOCK_THREADS
Py_ButildValue()
Py_BytesMain()
Py_CompileString ()

Py_DecRef ()
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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_GetConstant ()
Py_GetConstantBorrowed ()
Py_GetCopyright ()
Py_GetEzecPrefiz ()
Py_GetPath()
Py_GetPlatform()
Py_GetPrefiz()
Py_GetProgramFullPath()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()

Py_GetVersion()
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Py_HasFileSystemDefaultEncoding

Py_IncRef()
Py_Initialize()

Py InitializeExz()

Py Is()

Py IsFalse()

Py _IsFinalizing ()
Py_IsInitialized()
Py_IsNone()
Py_IsTrue()
Py_LeaveRecursiveCall ()
Py _Main()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter()
Py_ReprLeave()
Py_SetRecursionLimit ()
Py_UCSY
Py_UNBLOCK_THREADS
Py_UTF8Mode
Py_VaBuildValue ()
Py_Version
Py_XNewRef ()
Py_buffer
Py_intptr_t

Py_ssize_t
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Py_uintptr_t
allocfunc
binaryfunc
descrget func
descrset func
destructor
getattrfunc
getatirofunc
getbufferproc
getiterfunc
getter
hashfunc
initproc
TnquiTYy
1ternext func
lenfunc
newfunc
objobjargproc
objobjproc
releasebufferproc
reprfunc
richemp func
setattrfunc
setattrofunc
setter
ssizeargfunc

ssizeobjargproc
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e ssizessizeargfunc

e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

e vectorcallfunc

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

functions which accept them as parameters.

Note also that several of these functions take FILE* 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)

Part of the Stable ABIL. #6842 7)) ZD7=d DX L > TR0 F A, Python AR 07T LD
7D ZhEFHTEZ ESICLTVWET, arge & argv 518% C 7027 2@ main() B (2 —HFD
05—t o T wehar t WEBREINET) NEINI25D FoR L FACIIMERITNETT, 518V X
FPEFEINZAREMADH 2 L VI RICHEET A Z 2 IREETT, (L2 L, 5V AL TWEXF
FIONERBZEEINEEA), RDEERA &7V 223 (FIFH2 Tl <) Elici T L2RHZ 0 12, fFist
THRT LI ZI12& 112, 518V R M2IELW Python a~ Y R4 UBEIN Lo/ XX 212k
7,

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)
Part of the Stable ABI since version 3.8. Similar to Py_Main () but argv is an array of bytes strings.
N— a ¥ 3.8 TBEM.

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

TFED PyRun_AnyFileEzFlags () @ closeit % 012, flags % NULL I U CTH{b L7z Y R—T7 2 — R
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T

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

TRD PyRun_AnyFileEzFlags() @ closeit % 0 IZ L THAMI{LL /24 ¥ X —7 2 — A TT,

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

TELD PyRun_AnyFileEzFlags() @ flags % NULL IZ L CHf{L L 724 ¥ & —7 =2 — R T,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fp DIXEERI T NA Z (3 =R R AN H % Wid Unix R R) L BESIT N7 7 AL E 2L
TWAHEIX, PyRun_InteractiveLoop () DEZIRL £F, ZHLIDEHEIX. PyRun_SimpleFile()
DFERZIR L E T, filename 37 7 A VY AT LDITYA—TF 4 V7 (sys.getfilesystemencoding())
T7Fa— REINZFT, filename 75 NULL 2513, ZOBEIE 7 7 A %2 LT "277" 2V 3, closeit
MHEZ S, 7 74 UZ PyRun_SimpleFileExFlags () 2L Z R IRNICEHAT SN F T,

int PyRun_SimpleString(const char *command)

TELD PyRun_SimpleStringFlags () ® PyCompilerFlags* % NULL I L CTHAL LA > 27 2 —R
T,

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

__main__ Y a2 —ILDHT flags IZHE> T command IC&EN 3 Python Y —2a— FEFEFTLET,
__main__ DBELEELBRVEAIIMERINE T, EEXRTOGEE 0 2R L., FLANBFEEL LGS
3 -1 ZRLETS, TT7-0HoTh, FIMEREZEZHEEIDD XA flags DEKRIZOWTIE, #ib
LEJ,

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)
TEED PyRun_SimpleFileEzFlags () D closeit % 012, flags % NULL W L CTHAL LA V& —T = —
AT,

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

TFED PyRun_SimpleFileExFlags() ® flags % NULL IZ L CHM{L L7724 ¥ X — 7 = — AT,

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

PyRun_SimpleStringFlags () lTWEFTH, Python ¥ —RA 2 — K2 XEYNOXFEHTIERL fp »
LHAIAARE T, filename X ZFDT7 7 A VDL THRINZ LRSS, 77N ATLDIYA—=FT 4>
JEIZ—NYEFEZ TFa—RINET, closeit ICEZIEE L7 E1E, PyRun_SimpleFileExFlags ()
PR ERTRNC T 7 A VEBAU £5,

FR: Windows Tid. fp 334 FVE— FTHLIRETT (B 2L fopen(filename, "rb")), €5 L
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WA, Python 13f7HRKM LF D22 YV FFRELLFZBRVWTL & 5,

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

TELD PyRun_InteractiveOneFlags() @ flags % NULL \Z L CTHAH{LL/7z4 > X =7 = —RXTT,

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

MEEI TN A ZIZBEA T STz 7 7 4 A & —DFiAAA, flags IHE-> TFEITLE T, sys.psl &
sys.ps2 Zffio T, 2—HFIc T/ >y 2R RLET, filename ¥ 77AINVATLOIY =T 12T
EIS—N\YFZ TFa—FEhEJ,

ANDEFEICETENT 23 0 2R LET, fINIRELLSEEE -1 ZIRLES, —RATF7-0DY;
1% Python O—#2 UL TEAAEINTWS errcode.h £ Y7L — R 774 VIZHELT7—a—FERLZE
3, (Python.h IJ errcode.h 4 V7V —FLEHA, o T. RERGEZZOEEA VI N—F L&
JAUER SRV LITERLTLEIW, )

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

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

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

WEEH TN A ZCBHEM T e 7 7 A 6 EOF ICET 2 E TR HARAAEITLE T, sys.psl &
sys.ps2 Zffio T, =W/ P+ 2RRLE T, filename X T7 ANV AT LDV A—T 427
EILS—N\YFS TFa—FShgd, EOF ZET 2L 0 2RI, RWLESADBERL %7,

int (*Py0S_InputHook)(void)

Part of the Stable ABIL. int func(void) W5 70 F X4 TOMEBADRAL VX PRETEE T, ZD
BEUE. Python DA ¥ X7V 2D 7a >y T bR 74 ROUVKREBIZRD R—IF 5D —F DA ZFED
X of TS ENE T, B EEIEAINAEST, 207y 2% EEZT 5 Z LT, Python O
YV —2Za— KRDOHT Modules/_tkinter.c 28> TWA X I, A Y EZFVEDTar T hefiof R
M —TRRETEET,

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

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

char *func(FILE *stdin, FILE *stdout, char *prompt) ¥\ 5 70 b XA FTOEBADRAL ¥ &
WETE, 774V OBBE LEFEZXTEZ2TA VATV EZOTay S bADATE 1171205 D

3, ZOREBIX. SLFF prompt 53 NULL TR WEEE prompt ZH I L. SX6NEEAS 7 7 4 e

AN LATHA MROXFHNZIRT LW BERIF I TV Ed, filRIE. readline €Y 2 —lid

D7 v 7 ZFE LT, [THERKRESL X 7HeRREZ IRt L TV E T,

R D{EIX PyMem_RawMalloc () ¥ 7zl% PyMem_RawRealloc() TXEVHERLZXFH. HBVIETLT—
DR E 73BT NULL TRIUIR D FH A,
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N— 3 v 3.4 TELHE: R HEIE, PyMem_Malloc() =X PyMem_Realloc() Tld72 <. PyMem_RawMalloc()
% /21% PyMem_RawRealloc() TAEVHEMHFELIZDDTHRINIRD £X A,

N— a3 ¥ 3.12 TEH: This function is only called from the main interpreter.

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

Return value: New reference. TFaC® PyRun_StringFlags() @ flags % NULL & L CHA{L L /=4 >
57—‘7L—XVC“3—0

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. 7Y =27 b® globals ¥ locals TIREZ NSV THFA LT, a4
777 7 flags BEE L72IRBET, str 1ZH % Python ¥V — 22— FEEITLF T, globals IXFEE TR
IR D EVA; locals i~y BV 7 7abraleRELA 7Y 27 PROMTHHENER A, 515 start
3Y = 23— 2 =T 57DIfEONLREMME N —2 Y 2fEELE T,

a— FZ2ETLEAREZ Python A 79 =27 P LTRLE S, $7E IS HEAE L7451 NULL 238
LES,

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

Return value: New reference. FiC®D PyRun_FileExFlags () D closeit % 012 L. flags % NULL IZ LT
B L7 v 2 =7 = — AT,

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

int closeit)

Return value: New reference. TFaC® PyRun_FileExFlags() @ flags % NULL & L CHA{L L =4 >
&_7I_XVC\“§‘O

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

Return value: New reference. Fat® PyRun_FileExFlags() @ closeit % 0 2L CHAHLL /=4 > & —
7z ""X.’C\\j_o

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags *flags)
Return value: New reference. PyRun_StringFlags() EBITWE 323, Python Y —RXa—F&ZXEY
RNDOLFHNITIERL fp DOFAAARE T, filename 1 ZZD 7 7 A VOKFITTRIFINERS T, 774
WORTLDIYA—TA4 I ETT—N\YFS TFa—FENET, closeit ICHZIELHEI.
PyRun_FileEzFlags ) B ZRTHNIZT7 7 A V2L £55

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

Return value: New reference. Part of the Stable ABI. TFL®D Py_CompileStringFlags() D flags %
NULL IZ L CHE L 724 ¥ X —7 = — A TT,
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PyObject *Py_CompileStringFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags)

Return value: New reference. FR® Py_CompileStringExFlags () @ optimize % -1 1L CTHALL
7oA VB =T 2 —RATT,

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags
*flags, int optimize)
Return value: New reference. Parse and compile the Python source code in str, returning the resulting
code object. The start token is given by start; this can be used to constrain the code which can be
compiled and should be Py_ewval_input, Py_file_input, or Py_single_input. The filename specified
by filename is used to construct the code object and may appear in tracebacks or SyntaxError

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

B optimize 13, AV FORBLLANAVZIEELET; -1 1E. A X TVEXD -0 47> avyTHEZR
5RZD LA URELL RVEERE T, BRI L ~UE, 0 (Bt L, __debug__ (3E), 1 (assert
ELD BRA . __debug__ 1345). 2 (docstring ELD R 4L3) TI,

N— a ¥ 3.4 TEM.

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)
Return value: New reference. Py_CompileStringObject () EITWE D, filename X 77 AL R
TLOIYOA—T4 YT LT Z—N\YREZ TFa— RENANL N XFHITT,

N—a v 3.2 Tl

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

Return value: New reference. Part of the Stable ABIL. PyEval_EvalCodeEz() DY TNIA ¥ &R —
7xz—RAT, a=FNFT7Vx7 b, 70— rOVERe 0 —HNVERTETZRZTWMD £5, ho5Euid
NULL 2SN %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)

Return value: New reference. Part of the Stable ABL. 52 S /FPEDEE T, a v A LFEAD I —
A7 =7 PRFHELET. ZORBEZZ0—"VEROREL, 0 —INVERO~y 7 ATV =2
b 5B OBA), ¥F—T7—Re 7740 Mi, F—T—FEASIBOT 7 4L MEDEEE L, LD a—
Ty XTIV THREINE T,

PyObject *PyEval_EvalFrame (PyFrameQObject *f)

Return value: New reference. Part of the Stable ABI. EfT 7 L — A ZF i L 3, ZHhiZ
PyEval_EvalFrameEz () WXMNT 23 Y TN A VR =T 2 — AT, BAEEHEDDDH DT,
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PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Part of the Stable ABIL. Python A > & —7"V ZDEHE &, EEN
BT, ET7Vv—» f CEEMIONILa—FRATI2 7 P EFETLET, N ba—FEZ@BERLT, &4
ZUIIG U T LZETLE S, BN throwflag 5IBUKIFL ALK TEZ X3, - B L true 860 3
N EREZIEET, ZHUIT AL =KL T2 D throw() XV v FTHHZXNETS,

N=Tar 34 TEE: 7277 4 7PN B> TETHRWI L 2RFET 2 D@L L 5ic, Z OBIRIE
TRy T T7H =2 ayedUL5ICRDE L,

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
BEDRHMIIZ L — D7 5 7% ZBLE T, L5 true 2, KBLZS false ZIRL F5,

int Py_eval_input

B oRIHF % Python EDRGHRFL S T, Py_CompileString () ¥ —#EIfVE T,

int Py_file_input
77 ANVDZ20VEMDY = A SHARAENTXDI FIZHF 2 Python XL D B 4RFE S T,
Py_CompileString() & —fEITHVWE T, ZAREREORE D Python Y —Ra—-Fzar {1¥§
5L EIMEHFELBETT,

int Py_single_input
H—3IZxt$ % Python XIEDBILEFES T, Py_CompileString () & —fEIZHWE T, ZAUIXFERD
A VERT) ZV—=TDDDFEFTT,

struct PyCompilerFlags

AVRA T 757 %INDTHELDDOEERTT, a—F2aryf L3372 F05E, ZOMIERKD int
flags ¥ LTHEINE T, 2— FEFEITT2551C1E PyCompilerFlags *flags & L CTHEINE T, Z
D5, from __future__ import X flags DINBEEEHETZFE T,

Whenever PyCompilerFlags *flags is NULL, cf_flags is treated as equal to 0, and any modification

due to from __future__ import is discarded.

int cf_flags
AT TSI,

int cf_feature_version
cf _feature wversion is the minor Python version. It should be initialized to PY_MINOR_VERSION.
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in cf_flags.

N—=Ya Yy 3.8 TEH: Added cf feature wversion field.

int CO_FUTURE_DIVISION
ZOEY b2 flags ity bT 2 e, REHEAT /13 PEP 238 12X% THDFRE (true division)) ¥ L
THbhFT,
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The functions and macros in this section are used for managing reference counts of Python objects.

Py ssize_t Py_REFCNT (PyObject *o0)

Get the reference count of the Python object o.

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

than a value of 0 or 1.

Use the Py_SET REFCNT() function to set an object reference count.

N—a ¥ 3.10 TEH: Py REFCNT() is changed to the inline static function.
N— a3 ¥ 3.11 TZH: The parameter type is no longer const Py0bjectx.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refent)

Set the object o reference counter to refent.

On Python build with Free Threading, if refent is larger than UINT32_MAX, the object is made immortal.
This function has no effect on immortal objects.

N— a ¥ 3.9 TEM.

N— a ¥ 3.12 TZH: Immortal objects are not modified.

void Py_INCREF (PyObject *o0)

Indicate taking a new strong reference to object o, indicating it is in use and should not be destroyed.
This function has no effect on immortal objects.

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

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

When done using the object, release is by calling Py_DECREF ().
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F TP FH NILL THoTEWITFEHA, 00 NULL TREVEHENF TR VR SIE,
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.
N— 3 v 3.12 TZH: Immortal objects are not modified.

void Py_XINCREF (PyObject *o0)

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

PyObject *Py_NewRef (PyObject *o)

Part of the Stable ABI since version 8.10. Create a new strong reference to an object: call Py_INCREF ()

on o and return the object o.

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

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

Bl 213

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

can be written as:

[self—>attr = Py_NewRef (obj);

See also Py_INCREF().
N— a3 v 3.10 TEH.

PyObject *Py_XNewRef (PyObject *0)

Part of the Stable ABI since version 3.10. Similar to Py_NewRef (), but the object o can be NULL.
If the object o is NULL, the function just returns NULL.
N— a ¥ 3.10 TEN.

void Py_DECREF ( PyObject *o0)

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

This function has no effect on immortal objects.
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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.

FT7T 27 MW NULL THo TClEWVWITEHA, 20D NULL TRAEWVEHEEIFE TR WER 5IE,
Py_XDECREF () Zffio T 72& W,

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

has no effect.

g

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

temporary variable.

N— a3 ¥ 3.12 TZH: Immortal objects are not modified.

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

void Py_IncRef (PyObject *0)
Part of the 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 *0)

Part of the Stable ABI. Release a strong reference to object o. A function version of Py XDECREF ().
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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:

[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.
N— a ¥ 3.6 TEM.

N— a v 3.12 TZH: 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 ().
N— a3 v 3.6 TEM.

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

effects, these are no longer duplicated.
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IS LR

COETHAT 2B %2 M5 &, Python OIS DUHPHINDKEHATE S X 51272 D £, Python OFIFHL
HOEAEP WL S0 T 2 2 BKRUITT, FlIAE POSIX errno Z2HUC00M - MrER RA- L3 B4AEL
HTRBHILVWTS =D (ALY RED) 70 —NLRA I 7 =205 D 3, FITITRILEEZze
ACD CAPIEENB ZNE 7V 7 LERAD, KRLZE ZIKEZ I —DREEZRTZDICRELET, IFLA
YD CAPI BIBIZ TS —4 P —XBIR L, WBHIEBEBDARA VX 2BT 2 8iliko TWa 581 NULL TH
D, BBDEREZIRTGEE -1 T, (BIFh: PyArg_» BIBIIFEITICHII Lz 212 1 ZIRL., KLk =i
0 ZIKL%£7).

BARNCIE, =59 —A4 P r—&iE, ISR, FINDOME, PL—ANy I AT D3 0D T2 bR
AR THREINET, ThHDRA VRIFENTSH, BEZINLZWESIE NULL 22D 23 (7L, WD

DHAEDLREIEFZILXINTED., flzI1E, fIsois NULL O5E1E. FL—2 Ny Z713JE NULL OfEICR D %
BFA)

B B BRI O U 72 BRSNS ORI L 727912, Z DB RIL 2 e oian e &, — RN Z —
AV —RERELEEA, MO LEBEBATTITRELTWES, =720 LTHNEZ V7T 2
HB2WE (A7 =227 PBRELZBAEVEHDLETOLSR) ZADBROEALY Y — A WMD FRWARITK 2 %
DELLH—HETIEENDD $F, 72U T 2%EfHZ L TniRiFiud, HaEickily 2RETE HDF
HA, T7-DRDITRZGEIF. L7 —MPRESINTND Xﬂ%:UHjLTEL%Dfo%% EMRYITY, =7 —HL
HEIATWRWEE LR TEEAONA TV HEITIE, Python/C APLOZ SR 3O LIEBZENLAED
BRI VATREMED D D . AAELRIE TR 2008 LOLEE A,

SEIR: 15 —#AITIE sys.exc_info() DR TIEHD FRA. 5 —HATIXEEHIRSI L TLEVLEL (L
P o TEREHLET) IS LTV 2 DI L. sys.exc_info() OREFIIIIE SN BOBISEELET (L
FhioTH S EELEEA).
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51 HheoV7

void PyErr_Clear ()

Part of the Stable ABI. Z5—A Y I 5 —X% 2 U7 LET, TI7—A VI —RRREZINTOVRVER
B, REH D FEA

void PyErr_PrintEx(int set_sys_ last_ vars)

Part of the Stable ABIL. ###ED b L — ANy 7% sys.stderr KL, =7 —A VI Fr—XR%E7 V7L
%9, 7L, =7 —7 SystenExit THBRHEZMRVT TS, ZDHE. FL—Any ZZHhEhT,
Python 7B+ 21X SystemExit £ Y AR VY ATHRESINL 7 —a—FTHTLET,

II7—A VI = EPRESINTVD L ZIC EF. ZoBBZIFCH LTIV, 2hlBltosa, &
MR — 25| ZEIFTTL L D!

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

last_traceback are also set to the type, value and traceback of this exception, respectively.

N—3 3 ¥ 3.12 TEH: The setting of sys.last_exc was added.

void PyErr_Print ()

Part of the Stable ABIL. PyErr_PrintEx(1) O A Y 7 X TY,

void PyErr_WriteUnraisable (PyObject *obj)

Part of the Stable ABL. BI{EDHISL L obj 5% T sys.unraisablehook() ZWFUNH L %9,

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 obj is NULL,

only the traceback is printed.
ZOBBUEMOH T & 22X, FlIAsEy PEXRTORIFIERD FH A
N—Ya ¥ 3.4 TEH: Print a traceback. Print only traceback if obj is NULL.

N— 3 3.8 TEH: Use sys.unraisablehook().

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

Similar to PyErr_WriteUnraisable(), but the format and subsequent parameters help format
the warning message; they have the same meaning and values as in PyUnicode_FromFormat ().
PyErr_WriteUnraisable(obj) is roughtly equivalent to PyErr_FormatUnraisable("Exception
ignored in: %R", obj). If format is NULL, only the traceback is printed.
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N— a3 v 3.13 TEH.

void PyErr_DisplayException(PyObject *exc)
Part of the Stable ABI since version 3.12. Print the standard traceback display of exc to sys.stderr,

including chained exceptions and notes.

N— a ¥ 3.12 TEN.

5.2 fISDxH

TolE#E, HEDAL Y FOZI—A I Fr—ROFEXMBILET, FlEHD-D, 2 s0BEBD N>
X, return XTHHTE 23 X5 ITHIC NULL KA VX Z2RLET,

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

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

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

void PyErr_Set0bject (PyObject *type, PyObject *value)
Part of the Stable ABL. Z ®BIBUZ PyErr_SetString () WZEITWE T A, FHIAD 7 fE (value)” & LT
EE® Python 7Y =7 b RIEET DB TEF T,

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

Return value: Always NULL. Part of the Stable ABL. ZOBIZTS —4 > I —XEREL NULL %
BLUE T, exception 1X Python B4t 2 5 A THBRETT, format LLEDFEIETZI—X vt —-I%
270D b DT, PyUnicode_FromFormat () D51 R CEKEZF > TWE T, format 1¥ ASCII =¥
a— P é hf:ﬁ?ﬁuf?o

PyObject *PyErr_FormatV(PyObject *exception, const char *format, va_ list vargs)
Return value: Always NULL. Part of the Stable ABI since version 8.5. PyErr_Format() &[R LTS
M, AIERSIBORDDIC va_list 5[BEZITID £,
N— a ¥ 3.5 TEM.

void PyErr_SetNone (PyObject *type)

Part of the Stable ABI. Z#UX PyErr_SetObject (type, Py_None) Z&HMEL/=dDTI,

int PyErr_BadArgument ()
Part of the Stable ABI. Z#4l& PyErr_SetString(PyExc_TypeError, message) % &ML 72d DT,
Z 2T message (FHHAABIFERRIERG B TS SN2 WS 2 2R L TVWE T, FICHERTHM
‘j— 6 f: @ D %) @"G?o
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PyObject *PyErr_NoMemory ()

Return value: Always NULL. Part of the Stable ABI. Z#d PyErr_SetNone (PyExc_MemoryError)
AWM LIS DT, NULL IR LET, LA oT, XEVARRBIZR-oZEE, A7 7 MEID YT
¥ return PyErr_NoMemory(); £ E ZEMNTEET,

PyObject *PyErr_SetFromErrno (PyObject *type)

Return value: Always NULL. Part of the Stable ABI. This is a convenience function to raise an excep-
tion when a C library function has returned an error and set the C variable errno. It constructs a tuple
object whose first item is the integer errno value and whose second item is the corresponding error
message (gotten from strerror()), and then calls PyErr_SetObject (type, object). On Unix, 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)

Return value: Always NULL. Part of the Stable ABI. Similar to PyErr_SetFromErrno (), with the
additional behavior that if filenameObject is not NULL, it is passed to the constructor of type as a third
parameter. In the case of OSError exception, this is used to define the filename attribute of the

exception instance.

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

PyObject *filenameObject2)

Return  wvalue: Always NULL. Part of the Stable ABI  since wversion 8.7
PyErr_SetFromErrnolithFilenameObject () W TE TN, 77 A4 LVH%Z 2 DWW 2 EEI KK
L7t BihiN k3272012, 2 0HDO 7 7 AVEHA TV =7 P EZITID £5,

N—a v 3.4 Tl

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

Return value: Always NULL. Part of the Stable ABL. PyErr_SetFromErrnoWithFilenameObject ()
WHTWETH, 774081 CXFIe LTERXONET, filename & 77O RATLOITY 01—
TAVITETT—N\VFZ TFa—-FEhid,

PyObject *PyErr_SetFromWindowsErr (int ierr)

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

This function always returns NULL.
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M e]gE 2 BR15: Windows o

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

Return wvalue:  Always NULL. Part of the Stable ABI on Windows since wversion 38.7.
PyErr_SetFromiindowsErr () WZTWETH, EHT 2HIMORZHE T 251 80EMERTVET,

FIF AT BE 22 BREH: Windows o

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

Return value: Always NULL. Part of the Stable ABI on Windows since version 8.7. Similar to
PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is decoded
from the filesystem encoding (os.fsdecode()) and passed to the constructor of 0SError as a third

parameter to be used to define the filename attribute of the exception instance.
FIFATRE 2 BREE: Windows o
PyObject *PyErr_SetExcFromWindowsErrWithFilenameObject (PyObject *type, int ierr, PyObject
*filename)

Return value: Always NULL. Part of the Stable ABI on Windows since version 8.7. Similar to
PyErr_SetExzcFromiWindowsErr (), with the additional behavior that if filename is not NULL, it is
passed to the constructor of 0SError as a third parameter to be used to define the filename attribute

of the exception instance.
FIFAPTRE72 BRBE: Windows

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, PyObject

*filename, PyObject *filename2)

Return  wvalue:  Always NULL. Part of the Stable ABI on Windows since wversion 38.7.
PyErr_SetEzcFromiindowsErriithFilenameObject () WMTETH, 2 DHDO 7 7 A VEHA TV =
7 MRZUTED £7,

FIF AT BE 22 BREH: Windows o
N— 3 v 3.4 TEM.

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

Return  wvalue:  Always NULL. Part of the Stable ABI on Windows since wversion 38.7.
PyErr_SetFromWindowsErriithFilename () WM TWE T2, XM T 2H5 0B 2 H6E T 551500558
mahTwEd,

FIF AT RE 2 BRE%: Windows o

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

Return value: Always NULL. Part of the Stable ABI since version 3.7. ImportError % fEHIZiEH
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T272DDEBTT, msg BHANDR Yy L—IXFH LTy FENET, name & path 3B 5D
NULL iIZL T & <. ZR24 ImportError ® name JEMEY path @ LTy PN FET,

N— a ¥ 3.3 TEM.
PyObject *PyErr_SetImportErrorSubclass(PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)

Return value: Always NULL. Part of the Stable ABI since version 3.6. PyErr_SetImportError() &
ATV ETY, ZOBEBIIEHT 26142 LT, ImportError %727 7 R EEETEE T,

N—Ya ¥ 3.6 TENM.

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

BFEOHND 7 7 4, 1T, A7y bOIEREELY b LET, BEDOHIND SyntaxError TRWIHEH
. BISNERRT 29 72 AT L0, HISNDY SyntaxError TH2 L EZ 2 L5 IEELZEBMUET,

N—a v 3.4 Tl

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col offset)
Part of the Stable ABI since version 3.7. PyErr_SyntazLocationObject () EITWE T, filename
77N AT LOI Y A=FT 4 VI LT 5—N\Y RS TTFa— RENLNAL PXFHITT,
N—Pa v 3.2 T

void PyErr_SyntaxLocation(const char *filename, int lineno)
Part of the Stable ABI. PyErr_SyntazLocationEz() LTWE T, col offset 5IEDEREZI LTV
9,

void PyErr_BadInternalCall()

Part of the Stable ABI. PyErr_SetString(PyExc_SystemError, message) &M L72dDTT, Z
ZC message FNERIERIE (Bl 21X, Python/C API BA%) A ARIERG L L bW SHEhiztnws 2
ZRLTOVES, EICHETHEMT 220080 TY,

5.3

]34

r= =4
[=]

UToMBEMY, C a—- FTREELEELHME L 3, Python @ warnings €Y 2 — L TRINTWVWSIFE
BROBEHE I MTET, ZhosBEITEFEER v —I% sys.stderr NHHLETH, 2—IRELEET
F—ANZEETZEIOCHETL LD TE, ZOHAE, BN ZEH L £5, BHEEI S OMEDDIC
ZDBEBDHINEEET 205 2B ADFET, HISDERE IR WGEIRZRDEIZ 0 T, HlIA»EHEh
7256 -1 T3, (BEX v - EBICHNIEINE 0. BIEZDOFINDFRED A2 OWTITHNT = %
HA; STHIENNZRS OTT, ) filtsEtishnsa, O Li@E oLz iTwE 3 (Fl2E. f&®R
FLTWBBicw U Py_DECREF() 21T\, =7 —(HEEKRLET )
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int PyErr_WarnEx (PyObject *category, const char *message, Py ssize_t stack_level)

Part of the Stable ABL. B X v =Y %FITLE T, category 5IBIZEE DTV (UT2Z2R) » &%
721% NULL T. message 51801% UTF-8 =¥ a— FEIN/XFHNITT, stacklevel \FA X v 7 7L — LD
ZRTIEOBHKTYT; BHEIZDA XYy 7 7L —L0HDOFEITL TV RITHLLRITINE T, stacklevel H3
172% PyErr_WarnEz () ZWEOH LTV 2D, 2 728 2D oA Warning OFITIICHR D £3,

&5 H 7 3V IE PyExc_Warning D% 727 7 A TR I NIEKR Y ¥£4¥ A, PyExc_Warning &
PyExc_Exception D% 727 5 XT3, 77 4/ bDEE 7 3V IE PyExc_RuntimeWarning T3,
BEHED Python BE A 7V %, 2EEE AT I THEFEINLTVWS 70— VA UTHIHRA
HET 9,

ZEEZaY AT 50DFRICOVTIE, wvarnings EV 2 — LD RFaXyF—Yaryeavwry R
FAY RFaXrT—=ardD -WATTaryEBRLTIEIW, EHaritu—n1ozHd C API
EHHFEEA,

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

PyObject *module, PyObject *registry)

TRTOEEDBUEEZIIRINCHIE L 72BHE X v —Y%H L ET, ZHid Python B warnings.
warn_explicit() DEBENR T v =T, EHLIEWRZHEZICIZELE2SRLTLIZE WV, 2 ZIZFHHA
ENTVWET 7 4V DR EEB 72012, module ¥ registry 518UE NULL KERETEZ N TEE T,

N— a v 3.4 TE.

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

char *module, PyObject *registry)
Part of the Stable ABI. PyErr_WarnEzplicitObject () IZEITWETH, message ¥ module 53 UTF-8
I a—RENLFHITHD L ZADBERLD, filename & 77AIN AT LOIYA—FT 4 J LT
F—NYEFEZ TFa—FEhxd,

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

Part of the Stable ABIL. PyErr_WarnEz () WZBl7z X 5 RBTTH, BEX vt —Y% 71—~ F 53
DIZ PyUnicode_FromFormat () %L %3, format 1& ASCIT I Y a— R EINXFHITT,

N—a v 3.2 Tl

int PyErr_ResourceWarning (PyObject *source, Py ssize t stack_ level, const char *format, ...)

Part of the Stable ABI since version 3.6. Function similar to PyErr_WarnFormat (), but category is

ResourceWarning and it passes source to warnings.WarningMessage.

N— ar 3.6 TEM.

5.3.

i
R
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54 I5—A I T7r—20BVEHE

PyObject *PyErr_0Occurred ()

Return value: Borrowed reference. Part of the Stable ABI. 25 —4 Y7 —XPRESINTWVWENLT
APLET, HESINTVEHEE, HIAD B (PyErr_Setx BID—2H 2 W& PyErr_Restore() N
DEBFTLUVIERHE LI 2E—58) 2R LET, HEETNTOVRWVWEGEIE NULL 2R LET, HRRL
RV ENOZRER > TVWERTADT, £4UT Py_DECREF() 32 XH D £H A

IEOH LN GIL 28G5 2 08 035 D £5

AR: EOEZREDBISN & L LI T 230V, 2D DI FIT/RS PyErr_EzceptionMatches ()
2o TLZE WV, (HERIIMHICKMT 2 TL x5, BRERS, HIAHNIZ FATERLIA VARV AN
LA WL, H2350WE 7 7 AFNDGERIRINB000 77 5 Z20b LARWHESLTT, )

int PyErr_ExceptionMatches (PyObject *exc)

Part of the Stable ABI. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) YR U, f5H
FBRICRE SN L T, T2 UPHETRETT, SMREL TRV ERSIE XEV 7 7R R
ERDPEELTL &9

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Part of the Stable ABL. 4} given % exc OPINHE L HWE T 2HEWCEZRLE T, exc 57 T AKX T
P2l THBIHEED. given DYV TV TADA VARV RATHBLZBICEERLET, exc BRI VD
B ATV DZ (BROZDOY TR T NVICHRINCD 5) TRXTORINEDEE T 2 HhTANONE T,

PyObject *PyErr_GetRaisedException(void)

Return value: New reference. Part of the Stable ABI since version 3.12. Return the exception currently
being raised, clearing the error indicator at the same time. Return NULL if the error indicator is not

set.

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

the error indicator temporarily.

B 21X

PyObject *exc = PyErr_GetRaisedException();

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

PyErr_SetRaisedException(exc);
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PyErr_GetHandledEzception(), to save the exception currently being handled.
N—a ¥ 3.12 TEM.

void PyErr_SetRaisedException(PyObject *exc)

Part of the Stable ABI since version 3.12. Set exc as the exception currently being raised, clearing
the existing exception if one is set.

g

&,
=

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

N— a ¥ 3.12 TENM.

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABL. /N—2 a > 3.12 TIEHERE: Use PyErr_GetRaisedEzception() instead.

IT5—A VI —R%ET7 RLAZET =DODEKDOHPHAMDOBLET, T7—A VI T —EBREINT
WRWEEIEZ, =0T RTOLEET NULL IKRELET, T —A VI TFr—XBREZINTVWIHEEZY
7EN, DRIZEIMYHEIN2Z2NZNDA T =27 bADOBREROZLITRDET, AT 27 b3
NULL THRWE X TX X, ZOHE L —ANY 7 F 7T =7 ME NULL 20d LI EHA,

Bl 213

AR: This function is normally only used by legacy code that needs to catch exceptions or save and
restore the error indicator temporarily.

PyObject #*type, *value, *traceback;

PyErr_Fetch(&type, &value, &traceback);
/* ... code that might produce other errors

. *x/

PyErr_Restore(type, value, traceback);
}

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABL. /N—2 2 > 3.12 TIEHERE: 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
IS—A2Tr—20BuWwEgbt
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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.)

7EMR: 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)

Part of the Stable ABL. N— a ¥ 3.12 TIEHELE: Use PyErr_GetRaisedEzception() instead, to

avoid any possible de-normalization.

HHIRWMTIE. LT D PyErr Fetch() AHR3EIE 7 IEFLEI N TOWRW AIREMENH D 3, DF D,
*xexC 137 S AL TV 27 VD *val BRILZ S ADA VAR Y ZATERVWE WS ERTY, 20
ZOEOIBGERTZEDI TR EAL VAR Y 2L T 72D bIE T, ZOENTTIRIER LI TWEY
BB EEFL A, BREEFGIZAT7 -~ 2B RET 2-DICFEEIRTVET,

EFR:  This function does not implicitly set the __traceback__ attribute on the exception value. If

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

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

PyObject *PyErr_GetHandledException(void)

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

exception state.

AR: o BERAIN RS a—- FTREASINEEA. EHICES & ZHEHISNDREL —
RHNCRE L, DRI MENH 22— FTHEHT 22BN TEET, FINORELZTICES., 3 LLIIEY
) 73 %12l& PyErr_SetHandledEzception() %o T 72& W,

N—ar 3.11 TEM.

void PyErr_SetHandledException (PyObject *exc)

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

clear the exception state, pass NULL.

AR oM. @B ERS a - FTREHIAEEA, EHICE S &, 2B DIRE
Z—RFIZRE L. TCRIDELH 23— N THEHAT I TEET, FINOREZEIET 211
PyErr_GetHandledExzception() %o T EE W,

N—a v 3.11 TEM.

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

Part of the Stable ABI since version 3.7. Retrieve the old-style representation of the exception info, as
known from sys.exc_info(). This refers to an exception that was already caught, not to an 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_GetHandledExzception().

AR CoREE. BEEAIN RS a—- FTREHAINEEA. EHICES & ZHUEHISNDREL —
RRICIRTE L. MR T BELH 2 a— FCHAT 2N TEE T, FINOREEZTICET, s LIEY
V7§ 212i& PyErr_SetEzcInfo() ZfH-TL & W,

N— a v 3.3 TEM.

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

Part of the Stable ABI since version 3.7. Set the exception info, as known from sys.exc_info (). This
refers to an exception that was already caught, not to an exception that was freshly raised. This function
steals the references of the arguments. To clear the exception state, pass NULL for all three arguments.

This function is kept for backwards compatibility. Prefer using PyErr_SetHandledEzception().

AR CofE. AmEEEAN RS a - FTREHAINEEA, EHIZES & 2SO IREE
Z—RINCRFL, TICRIBEXDHZa—FTHATLIeBTEET, INOREBZIIFT 21213
PyErr_GetEzcInfo() %o T EE W,

N— a v 3.3 TEM.

N— a ¥ 3.11 TZH: 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.

5.4.
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55 TFINVEDVY

int PyErr_CheckSignals()

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

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

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

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

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

void PyErr_SetInterrupt()

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

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

int PyErr_SetInterruptEx (int signum)

Part of the Stable ABI since version 3.10. ¥ 7 FNVHBEZELLZMEZS I 2 —-PLET, R
PyErr_CheckSignals () DMINIt 2, EX2 6072 7 FAEFSHD Python D> 7 F Ny RS HE
CHENET,

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.
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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.

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

N— a3 ¥ 3.10 TE.

int PySignal_SetWakeupFd (int fd)

TOA—F 4 )T 4B YO IAEZIMo Tk FIEY S FAFEE AL P LTHEAL T 7 4 LT
BFEEELET. fd 13/ YTy %2V TRINEED $HA. ORI, 1007 7 4 VBT %
BLET,

i -1 ZET e, ZOWREZEMCLET; ZhPPERETST, Z0E#IE Python ® signal.
set_wakeup_fd() C[FFETTH, YARII—F v 7 dbITVERA, fdI3EMNRT 7 A VAR FTH
HNETY, ZOBBUIXA VALY F25DAFUHINERETT,

N— g > 3.5 TEH: Windows T. ZOBEBIZY 7y FAY RAEZSFR—F T2 L5k FEL,

5.6 fINISR

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

Return value: New reference. Part of the Stable ABL. 2D 2 —7 4 U 7 4 BAEUIH L WEIAN 7 5 2% 1E
LU TRLE T, name 518UIH LWHIA DT, module.classname JERD C XFHITRIFIUIR S
W, base & dict 518UEEE NULL T3, ZRUTTRTOHS DD DL — Tt fHAIAAES Exception (C
Tl PyExc_Exception & LT7 7t AAJEE) ZN— b LTIRELZIZ FAFT T =7 P ERAERL 5,

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

argument can be used to specify a dictionary of class variables and methods.
PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyObject
*dict)

Return value: New reference. Part of the Stable ABI. PyErr_NewEzception() YIXIEFE U TT, #HL
WAL 2 5 2 BAZ docstring ZEETE £ 3, doc 25 NULL TIHEWEHE, 200342 5 2D docstring
(-

N—a v 3.2 Tl
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57 INATS U b

PyObject *PyException_GetTraceback(PyObject *ex)
Return value: New reference. Part of the Stable ABI. Python T __traceback__ EMH» 57 7 AT
Z25bD LU, BISMCBIT % traceback OHLWSRZIRL $9, BfRT 5 traceback AWIGEIE,
NULL 2B L £73,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABI. ZDfI#4zB$ % traceback & th v b LEF, 7V 7F 512X Py_None %
ERLTL X,

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABI. Return the context (another exception instance
during whose handling ex was raised) associated with the exception as a new reference, as accessible
from Python through the __context__ attribute. If there is no context associated, this returns NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)

Part of the Stable ABL #iI#MZE T 22> FF A M etz 2y FLET, 7V 7§ 5121 NULL Z{#H
LTS, ctz DFIIA Y AR AN E S 02N D 2MF = v 73T ERA, UL cle ~DZ
ME2ERAET,

PyObject *PyException_GetCause (PyObject *ex)
Return value: New reference. Part of the Stable ABI. Return the cause (either an exception instance,
or 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)

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

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

PyObject *PyException_GetArgs (PyObject *ex)

Return value: New reference. Part of the Stable ABI since version 3.12. Return args of exception

ex.

void PyException_SetArgs (PyObject *ex, PyObject *args)

Part of the Stable ABI since version 3.12. Set args of exception ex to args.

PyObject *PyUnstable_Exc_PrepReraiseStar (PyObject *orig, PyObject *excs)
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This is Unstable API. It may change without warning in minor releases.

Implement part of the interpreter’s implementation of except*. orig is the original exception that was
caught, and excs is the list of the exceptions that need to be raised. This list contains the unhandled
part of orig, if any, as well as the exceptions that were raised from the except* clauses (so they have
a different traceback from orig) and those that were reraised (and have the same traceback as orig).

Return the ExceptionGroup that needs to be reraised in the end, or None if there is nothing to reraise.

N— a ¥ 3.12 TEN.

5.8 Unicode fIAAFT o

DUT OB C 57555 Unicode BN 2 Eo 72 DIBIELZD T2 7-DICHHL 3,
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py ssize t length,
Py ssize t start, Py ssize t end, const char *reason)

Return value: New reference. Part of the Stable ABI. encoding, object, length, start, end, reason J&TE
%% o7z UnicodeDecodeError # 7Y =2 b Z1EM L £ 7, encoding B XU reason 13 UTF-8§ = a3 —
F XN FFHNITT,

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding(PyObject *exc)
Return value: New reference. Part of the Stable ABI. 52 &5 7=fI5¢ 4 7Y = 7 b D encoding JBE%
BLET,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 52 6N /=fNA TP 227 + D object B %R
LEJ,

int PyUnicodeDecodeError_GetStart (PyObject *exc, Py ssize t *start)

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

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py ssize t *start)
Part of the Stable ABL X N/2HINA T =7 b2 S start BIEZHIF LT *start 1ML E 3, start
& NULL THo TR EHA. BIILES 0 2, KBLES -1 ZRLET,

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

int PyUnicodeEncodeError_SetStart (PyObject *exc, Py ssize i start)
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int PyUnicodeTranslateError_SetStart (PyObject *exc, Py _ssize t start)
Part of the Stable ABL XN FIANL T2 =7 v D start BT start ITRELET BILKS 0 %,
KL -1 ZRLET,

int PyUnicodeDecodeError_GetEnd ( PyObject *exc, Py _ssize_t *end)

int PyUnicodeEncodeError_GetEnd ( PyObject *exc, Py _ssize_t *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py _ssize_t *end)
Part of the Stable ABL. EX NN AT =2 b5 end BEZIE LT fend WML E T, end I
NULL THoTRAED FHA, BIILS 0 2, KRBLES -1 ZIRLET,

int PyUnicodeDecodeError_SetEnd(PyObject *exc, Py _ssize_t end)

int PyUnicodeEncodeError_SetEnd(PyObject *exc, Py _ssize_t end)

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py _ssize_t end)
Part of the Stable ABL. JEXINZBINF TP =27 D end BHEZE end KHRELET. IHLES 0 %,
KRL:ZS -1 ZIBLET,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason(PyObject *exc)
Return value: New reference. Part of the Stable ABL JEX N4 7Y =27 b D reason BHEEIERL
9,

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

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

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

Part of the Stable ABL. JEXN7zfI5 472 =2 b D reason % reason ITHRELE T, BIHILES 0
BoRBLES -1 BIRLUETS,

5.9 BlROEE

These two functions provide a way to perform safe recursive calls at the C level, both in the core and in
extension modules. They are needed if the recursive code does not necessarily invoke Python code (which
tracks its recursion depth automatically). They are also not needed for tp_ call implementations because the

call protocol takes care of recursion handling.

int Py_EnterRecursiveCall(const char *where)

Part of the Stable ABI since version 3.9. C L~OLOFEIFIFERNHELZL LS5 2 LTV 2 ZAIZHIZN
FE9,
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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.

Rz Z OBEBIFEIFRO LRIGEL TWiWhEF 2 v 7 LET, ERIGEL TWA5E, RecursionError
Py PLERTRWMEZRLET, 25 TRVWESEEYRERL T,

where ¥ " in instance check" ® Lk 57 UTF-8 = a— FENEXFEFNZ LT, HROFEZ DRI
ELZZ e TiEH XN B RecursionError DX vt —JICHETE S XS ICTRETT,

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

void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since wersion 3.9.  Py_EnterRecursiveCall() % # T ¥ % 7,
Py_EnterRecursiveCall () @ BEHLTc FECH LITHL 1 BIFHZZ20UIR D 2 A,

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

YT FRUIH L tp_repr ZHEYNTEET 21213, FARLEROUHEI KD LN ET, XX v 7 OF#ICMA.
tp_repr FERUHZ BT 2720124 TP 2 7 b2 TOWLBERDH D £F, KD 2 DOEBIIZ DEEEL A
ZWLET, EHNIZIX, 251X reprlib.recursive_repr() & FAER C OFEETT,
int Py_ReprEnter (PyObject *object)

Part of the Stable ABI. fERRIEEZ IR T 2 72DIT, tp_repr DFEHEDFEHETIEIHL £,

ZOATY 7 FDBOCEI NS D o756, ZOBBIIIEORBREEZRL 3, TDBEE. tp_repr

DFEEZ, BRERIXFINA TS 27 P BRI RETT, HIZIR dict A 7027 ME{...} ZIEL %
FL, list A7 =27 MI [...] ZIRLE T,

FHlREEo FRIGEL 725681, ZOBBITEOBEERLEST, ZDEE. tp_repr OEZEI—KNIC
¥ NULL ZiR§RETT,

ZNLADEER, BB R ZR L., tp_repr OFEIEILEHE B Y M EZHEIFTHLEVER A,

void Py_ReprLeave (PyObject *object)

Part of the Stable ABI. Py_ReprEnter() %# T X% %3, 0 iR L7z Py_ReprEnter() OMUYHLIC
AU 1 EFEHXZR AR D A

5.10 ZR#EHIS

PyExc_ D% A2 Python ORISR &RiZE DO/ m— LB LT, §XTOIEUE Python HI4425F] F AT
BETT . ZNHIIH Pyobjectx ZFib, IRNTIIRI TV VT, TEZHT 20T, TXRXTOLEHKE
DITWHIZEL 5
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C4 Python % AR
PyExc_BaseException BaseException i
PyExc_Exception Exception B 85, <1
PyExc_ArithmeticError ArithmeticError p- 85, *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 EQOFError
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 B & il
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError

p. 85, *1

PyExc_0SError
PyExc_0OverflowError
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError

PyExc_RuntimeError

OSError
OverflowError
PermissionError
ProcessLookupError
RecursionError
ReferenceError

RuntimeError

;Xa)’\°—:/“‘:::l:,<
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R 1-FIOR—IH5DHKESE

C# Python % AR
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
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_ValueError

PyExc_ZeroDivisionError

UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError

ZeroDivisionError

N— a ¥ 3.3 TiBfl: PyExc_BlockingIOError . PyExc_BrokenPipeError . PyExc_ChildProcessError

. PyExc_ConnectionError .

N PyExc_ConnectionResetError

. PyExc_InterruptedError

N PyExc_FileExistsError N

PyExc_IsADirectoryError .  PyExc_NotADirectoryError

PyExc_ConnectionAbortedError . PyExc_ConnectionRefusedError

PyExc_FileNotFoundError

N

PyExc_PermissionError . PyExc_ProcessLookupError . PyExc_TimeoutError (¥ PEP 3151 Z &

hEBAXNZE LT,

N— a ¥ 3.5 TiBI: PyExc_StopAsyncIteration B & U PyExc_RecursionError ,

N—3 a ¥ 3.6 TEf: PyExc_ModuleNotFoundError.

INHIXEHMEDD 5 PyExc_0SError DL A V7 A TY

N—=Ya ¥y 33 TEH: ZhHDTA V)7 RARHINOREE 7T 5 -dicfibhxs,

C# AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError 2

1 2R OEHEFIND 2D DR =227 5 2 TT,
*2 Windows TOAERINTVWET, 7V ety H+< 20 MS_WINDOWS BEHRZNTVEINTAITZI LT, hEffidsa— K%

RELTLIZX W

5.10. FEHH
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HER:

511 FE#£ESHTIY

PyExc_ D AIC Python OHINEHHKE L ZRliE DD v — A LT, IXNTOEME Python EEH 73
PRFHFRET S, NS PyObject* ZFbH, IRTIIRATV 27 b TT, BERHTZDI, $XT
DER L TITHIEL £

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

PyExc_PendingDeprecationWarning

PendingDeprecationWarning

PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

N— a v 3.2 TiBMl: PyExc_ResourceWarning.

TR
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COEOBEEIZ. C TErNEa—FE TS5y b7+ —LABTAMEDODH 2B DICT B ETEID2DBDH, C
75 Python €Y a— %25 b0, 2L THEEBOFIEEMBRLZD. C OfEd 5 Python DEEZHEET 2D
T, ARI—T 4 VT ANERRATZZITVWET,

6.1 AXRL—FT 1 VI RATLEEDI—T1 )T«

PyObject *Py0S_FSPath(PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. Return the file system
representation for path. If the object is a 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.
N—Ta ¥ 3.6 TE.

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

Return true (nonzero) if the standard 1/0 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()

Part of the Stable ABI on platforms with fork() since version 3.7. 7AX AN 7 + — 27 F BHNZ. W<
D DANERIRRE Z HE (i 5 2 7D DRI TS, fork () RBUED 71t 22 HH T 2 Z DRI O BRI
CHTRNC Z OB PO SR TUIR D /A, fork() BERSINTWVWEI AT ATOAFATE
9,
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E&: The C fork () call should only be made from the “main” thread (of the "main” interpreter).

The same is true for Py0S_BeforeFork().

N—a v 3.7 TEM.

void Py0S_AfterFork_Parent ()

Part of the Stable ABI on platforms with fork() since version 3.7. 70X AW 7 5 — 27 L7-HRICHERIR
BEFEHT 0D TT, fork() . BED T ut X2 EM T 2 2 OMOIELIOBEBUEFERH L%
W2, TR RADOEHPEII LTS DIhrrbod, B7at 206 oM S R TUEab %
Ao fork() BVERINTWVWE AT LATOAMHATEET,

E&: The Cfork() call should only be made from the “main” thread (of the "main” interpreter).

The same is true for Py0S_AfterFork_Parent ().

N—a ¥ 3.7 Tl

void Py0S_AfterFork_Child()

Part of the Stable ABI on platforms with fork() since wversion 3.7. Function to update internal
interpreter state after a process fork. This must be called from the child process after 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 defined.

E&: The Cfork() call should only be made from the “main” thread (of the “main” interpreter).

The same is true for Py0S_AfterFork_Child().

N—ar 3.7 TEM.
BE:

os.register_at_fork() % F B 3 % ¥  Py0S_BeforeFork(). PyOS_AfterFork_Parent ()
Py0S_AfterFork_Child () I & o TR E NS A AKX 4D Python B ZHRTE £ 3,

void Py0S_AfterFork()

Part of the Stable ABI on platforms with fork(). 7 vt 25 fork L7z%OWNEIRELZ EH§ 272D
T, fork # Python 4 ¥ &7V X2 H0HilT 258, Hikk7mt ANTZ OEZIFCH Q7R
DEVA, Ficih e RITHARETAEY e — F 3258, ZOBBEZTOEITHEETH D A

N—a v 3.7 TIEHESRE: ZOBRUX Py0oS AfterFork_Child() XX > CEBEMZONE L

88
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int Py0S_CheckStack()

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

your own code.

typedef void (*Py0S_sighandler_t)(int)

Part of the Stable ABI.

PyOS_sighandler_t Py0S_getsig(int i)

Part of the Stable ABI. Return the current signal handler for signal . 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)

Part of the Stable ABI. Set the signal handler for signal 7 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)

Part of the Stable ABI since version 3.7.

E&: This function should not be called directly: wuse the PyConfig API with the
PyConfig_SetBytesString () function which ensures that Python is preinitialized.

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

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

T77ANSRATLADIYA—TA YT EIT—N\NY RS BONL FFHETa—FLET, 27—V
F 2 %% surrogateescape 7 — NV FJ 86, Fa— FTERWAA MI U+DC80 2»5 U+DCFF %£T
DHEHFDOXF e LTTFa—FEN, N MY esr— b FEe LT7Fa— RFTE35H81F, 7a—-F33
DTI72 £ surrogateescape T7— Y R 7 2o TN MIBZRAFr—FENET,

LA XEBVHEREINZVA FEX vy 77 R—LFHNDRA YRR LET, TOXEY RFIRT 2DI11E
PyMem_RawFree () Z{fio T 72& W, 5l size 7% NULL TRWEHEX, null XFUHOV A REx+v 57
Z— D& *size NEXAALET,

FaA—FH L EBAEVHETIZS —HEZ3 L NULL 2R L 3, size 25 NULL THRWEEIZ. XEV T
F—Dr EIX (size_t)-1 %, 7a—FTOIZT7—DL XX (size_t)-2 % *size KKREL F T,

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

filesystem_encoding and filesystem_errors members of PyConfig.

CIATFNWINTPRVED, Fa—FTOZIFFEID X FHA,

6.1.
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Fx 77 R=XFHNENL SXFINRTITNE Py_EncodeLocale() BAEIZH > TL 72 W,
BE:

PyUnicode_DecodeFSDefaultAndSize () 3 XU PyUnicode_DecodeLocaleAndSize () BA%L,
N—=a ¥ 3.5 TE.

N—=Ta ¥y 3.7 TEE: ZoMEZ, Python UTF-8 Mode T UTF-8 =>a—74 Y7 %2FHT S L5
I hELT

N— a3 3.8 TZHE: 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)

Part of the Stable ABI since version 3.7. 74 F¥ % 37X —XXF5|% T77AIN AT LODIY O—
TAYIEII—N\YEZ Iz rya—FLEF, 7= F I35 surrogateescape L7 — N> K7 72
5, U+DC80 » & U+DCFF £ TOHiFHDY 1 s — b XFiE 0x80 205 0xFF FTDNNA MIEHIN
9,

LS XEVHRINTEAL PUFEHANDRAL VR EBRLET, TOXEVEMRNT 2 DIIT1E
PyMem_Free() Zfio TSV, Tya—FZ 70X EVHERT I —DL XX NULL 2R L £7,

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 ML ETA R v T 7 R—XFHNIRTITIE Py_DecodeLocale() BIEZE > TL 72 & W,

E&: 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.

B2E:
PyUnicode_EncodeFSDefault () 3 XU PyUnicode_EncodeLocale() BA%L
N—a v 3.5 Tl

N—=a ¥y 3.7 TEHE: ZoOMEZ, Python UTF-8 Mode T UTF-8 =>a—74 Y7 %FHT S L5
WD FE L7

N—3 a ¥ 3.8 TEZH: The function now uses the UTF-8 encoding on Windows if PyPreConfig.

legacy_windows_fs_encoding is zero.

90
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6.2

2 AT LB

sys BV 2 — R LTV AHKEEIC COa— 7567 7 X520 TT, IRNTOBMBBEDS > &7
RALy FD sys Y 2 —LVOFEIIH L TIHELET, ZOFFFIATDORL v MREMERITERS LT

£79,

PyObject *PySys_GetObject (const char *name)

Return value: Borrowed reference. Part of the Stable ABIL. sys €Y 2 —/L®D name 773 =7 h %R
Th FELRTIBISN 2 BOER 31T NULL 2R L £9,

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

Part of the Stable ABL. v 2% NULL THEWEA, sys YV 2 —L®D name I v EREL ET, v 2% NULL
BB, 8sys BEY 2a—h 5 name ZHIFRLE S, HILAESH 0%, =7—-FE -1 ZIBLE 3,

void PySys_ResetWarnOptions()

Part of the Stable ABI. Reset sys.warnoptions to an empty list. This function may be called prior
to Py_Initialize().

N— 3 ¥ 313 TIHERE, N—2 a > 3.15 THIBRTE: Clear sys.warnoptions and warnings.filters

instead.

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

Part of the Stable ABIL. format THE SN 13 FF % sys.stdout ICHII L EF, YIDEDHIE
CoGEEED, fIANI—YIREL R A (TRIR).

format V&, 7 #—<v MEDHITSCFHID b —ZLDKE X% 1000 N4 FELFICHIZ 2 E T, - 1000
NA FRAEOHIISCFINITIDEED S E T, KRS, BIROKR W "%s” 74 —< v PERFESRETEHD X
Fho "%.<N>s” DELIIZLT N IZ 10 EBDEZIEL. <N> + ZOMO 7 + —< v MEORKI A
ZAH31000 ZHEZ RV ESITHRET IRETT, AT "% dReMF20E08H D £F, FHIC
REWVEIEIHN LT, EOTFEZHIIT 20NN D D £5,

FIREDFEAE L 72D sys.stdout BRESNTWARR -GG, 74 —< vy MROX v —J3AYD (C
LALD) stdout \CHITEINET,

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

Part of the Stable ABI. PySys_WriteStdout () LR U T3 . sys.stderr L & stderr ITHIIL
S

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

Part of the Stable ABIL. PySys WriteStdout() (ZEl7zB% T3 A3, PyUnicode_FromFormatV() %Zffio
TAYvE—V% 74—y hL, Xvt—YZREEOEXICYIVFEDZDIEILEEA,

N—a v 3.2 Tl

6.2.
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void PySys_FormatStderr (const char *format, ...)

Part of the Stable ABI. PySys_FormatStdout () ¥R U T2, sys.stderr b L <& stderr IZHIIL
9,

N—a v 3.2 Tl

PyObject *PySys_GetXOptions()

Return value: Borrowed reference. Part of the Stable ABI since version 3.7. sys._xoptions & [AlE,
X AT avOBREOHEZRLET, T7—2EE 5L, NULL 28R &N, fiistrity b ENET,

N—a v 3.2 Tl

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

Part of the Stable ABI since version 3.13. Raise an auditing event with any active hooks. Return

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

If any hooks have been added, format and other arguments will be used to construct a tuple to pass.
Apart from N, the same format characters as used in Py_BuildValue () are available. If the built value

is not a tuple, it will be added into a single-element tuple.

The N format option must not be used. It consumes a reference, but since there is no way to know

whether arguments to this function will be consumed, using it may cause reference leaks.

Note that # format characters should always be treated as Py_ssize_t, regardless of whether
PY_SSIZE_T_CLEAN was defined.

sys.audit () performs the same function from Python code.
See also PySys_AuditTuple().
N— a ¥ 3.8 THEM.

N—= a ¥ 382 TEH: Require Py_ssize_t for # format characters. Previously, an unavoidable
deprecation warning was raised.

int PySys_AuditTuple (const char *event, PyObject *args)
Part of the Stable ABI since version 3.13. Similar to PySys_Audit (), but pass arguments as a Python
object. args must be a tuple. To pass no arguments, args can be NULL.

N— a ¥ 3.13 TEN.

int PySys_AddAuditHook ( Py AuditHookFunction hook, void *userData)
Append the callable hook to the list of active auditing hooks. Return zero on success and non-zero

on failure. If the runtime has been initialized, also set an error on failure. Hooks added through this

API are called for all interpreters created by the runtime.
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userData KA > 21X 7 v ZEABIZEINE T, 7y 7R V24 200U IA20d LA
WDT, DKL ¥ XIZEH Python DIREESIHINETRED D THA,

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.
SIBIEL T BEH A XV b sys.addaudithook ZEH L 3,

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

N— g r 3.8 TEM.

6.3 Ot XHIE

void Py_FatalError (const char *message)

Part of the Stable ABI. Print a fatal error message and kill the process. No cleanup is performed.
This function should only be invoked when a condition is detected that would make it dangerous to
continue using the Python interpreter; e.g., when the object administration appears to be corrupted.

On Unix, the standard C library function abort () is called which will attempt to produce a core file.

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— a ¥ 3.9 TEH: Log the function name automatically.

void Py_Exit (int status)

Part of the Stable ABL BIfED 7nt 2% T L% 3, Py FinalizeEx() ZMUIH LK. HFHEC 74
77 VD exit(status) ZFFUH L E T, Py FinalizeEz() BT =R o75H. RTRAT—X
A 120 ICREINE T,

N— gy 3.6 TEH: RTIHEOLS —13EHXA LD L

int Py_AtExit (void (*func)())

Part of the Stable ABI. Py_FinalizeEz () 7> &MU E 2 RIARUEL 21T 5 BARL (cleanup function)
BEERLE T, RIARBRESIHIEL TP SN, 2R L 8 A, AT 32 ORIAARUEBIR & i
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TEFET, BRRICEINT AL, Py AtEzit O3 0 ZRLET; KT 2L -1 ZIRLFT, RERICERRL
T AREAR MBI SO I T, FEREE A —E L2 H I ER A, Python OANERII A
KT IR IR AR MIERIR & D DIETICSE T L TWB DT, func 225107 % Python API 3L LT
372D £HA

6.4 EZa—-ILDAVER—-F

PyObject *PyImport_ImportModule (const char *name)

Return value: New reference. Part of the 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)

Return value: New reference. Part of the Stable ABI. Z OBI¥UX. PyImport_ImportModule() DJEIE
FTEDLA YT ATT,

N— 3y 33 TEH: ZoBIZ. IERIIIDZRL Y FIZkoTA Y ER—rayv 23TbhTWEEa1T
BIFEWC R TWE L7z, LA L Python 3.3 Tl&, KEDOEHNTHEY JAF—AREI 2 —LT LD
0y ZIZBTLAEDT, ZOBBORINRIRZ EFHWVIZDIEPHETEH D THA,

N—=a v 3.13 TIFHELE, N— a ¥ 3.15 THIBRT/E: Use PyImport_ImportModule() instead.

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

*fromlist)

Return value: New reference. €Y 2 —L% A Y R—bLET, TV 21D YKR—MIOWTIIHEA
AAD Python BAEL __import__ () %ZHitrr K< b2 b FT,

REOfEiZ, 1 Y KR=—FENEZED 2=ty TRy F—=IADFH LWESRL, KWL 5813654
HRGELTNULL Z5RLEF, __import__ () EFRILCXIIC, v Fr—YDH TEY a2 —PERI N
L EZ, TR fromlist ZIEEINTRLINE. by L RLDRy =TI RIRLET,

A4 VR—= bR UTIGEE. PyImport_ImportModule() & RIFRICAFERRES 2 —LDLF TP 7 b
ZHIBRL %3,

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

PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABI since version 3.7. €Y 2 —NV% A4 Y KR—FL %
To BV a2a—NDA VR— MIOWTIEHAIAAD Python BAE __import__ () 2#br2 X< oh b F
To 2WVWIDDH, EED __import__ ) I OBEBEEZETFIHLTVWENLTT,

ROMHEIE, A YR = P ENTEY 2= by LRy 5 —IADFH LWSIRD, KL 7255164
ZRELTNULL ZIRL 9, __import__() EFUXSIT, Ry r—YDHT7TEY 2 —ANERINT
L E, ZETRY fromlist ZEZINTRLINE. by LRV DAy =V RIRLET,
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N—Y a ¥ 3.3 TEM.

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

PyObject *fromlist, int level)

Return value: New reference. Part of the Stable ABI. PyImport_ImportModuleLevelObject () &1l
TWE T, name 2% Unicode 7Yz bTIER L UTF-8 Ty a— FINLXFHITH 3 HTER
D ij_o

N—Ta v 3.3 TEH: level IIEHERPEDHEIZEHTEELA,

PyObject *PyImport_Import (PyObject *name)

Return value: New reference. Part of the Stable ABL IRTED " £ ¥ R— 7 v ZEE #ECH T /25
DEKEDA R =T 2 —ZTF (level 120 ZHIRT 2, Hnf4 > R—F2ERLET), ZOBBUIEL
D7 a — rVEREFENG __builtins__ 205 __import__ () BAEEMCIHLEIT, Thbb, BHED
BREICA YA P—LENTWEA YR- 7y 7 flioTA Y R-F2ITVET,

Z OBENEICHI A VR — M REALE T,

PyObject *PyImport_ReloadModule (PyObject *m)

Return value: New reference. Part of the Stable ABL. €Y 2 — L% — K (reload) L¥3, EbD A
BHA—FLEET 2—AD by TRy F—=INOFRLBRICHRD 3, RBL 581365 %
v ML, NULL ZRL ET (ZOHETH, TV 2 —VFERINTWRHEAEDRH D £T),

PyObject *PyImport_AddModuleRef (const char *name)

Return value: New reference. Part of the Stable ABI since version 3.13. Return the module object

corresponding to a module name.

The name argument may be of the form package .module. First check the modules dictionary if there’s

one there, and if not, create a new one and insert it in the modules dictionary.
Return a strong reference to the module on success. Return NULL with an exception set on failure.
The module name name is decoded from UTF-8.

This function does not load or import the module; if the module wasn’t already loaded, you will get
an empty module object. Use PyImport_ImportModule() or one of its variants to import a module.

Package structures implied by a dotted name for name are not created if not already present.

N— a3 » 3.13 TEH.

PyObject *PyImport_AddModuleObject (PyObject *name)

Return wvalue: Borrowed reference.  Part of the Stable ABI since wversion 8.7. Similar to

PyImport_AddModuleRef (), but return a borrowed reference and name is a Python str object.

N—a v 3.3 TEM.

6.4.
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PyObject *PyImport_AddModule (const char *name)

Return value: Borrowed reference. Part of the Stable ABI. Similar to PyImport_AddModuleRef (),

but return a borrowed reference.

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

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

intents) state.

The module’s __spec__ and __loader__ will be set, if not set already, with the appropriate val-
ues. 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.

COBBIZ. TTIIA Y E—FERTVWEEY 2 —LOEHEIIIHEE— FEITVET, BRNICEY 2 -1
DET— F%1T5 7T PyImport_ReloadModule() B L TL EE W,

name %3 package.module JERXD F v MR TH o ZHE. FREEMS N TWIRV Sy F— ISR Z
DIE SNV EFITRD £7,

PyImport_EzecCodeModuleEz () ¥ PyImport_EzecCodeModuleWithPathnames() B L T L&
W,

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

for alternatives.

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

Return value: New reference. Part of the Stable ABL. PyImport_EzecCodeModule () ¥ MTWE T3,
pathname 73 NULL THWEBICEY 2 — VATV 27 bD __file__ BT pathname HFRT N5 5
DELZD FT,

PyImport_EzecCodeModulelWithPathnames () HBIRL T &\,

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

Return  value: New  reference. Part of the Stable ABI since wersion 3.7.

PyImport_EzecCodeModuleEz () ¥ Bl TWE 3 25 cpathname A3 NULL TRWHHFIZEY 2 — b
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F 7Y 27 MDD __cached__ BT cpathname DSEREZI N2 HBRBEDET, oD 3 20D S
b, ZOBBOMERIEELWVWTT,

N—Ya ¥ 3.3 TEM.

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)

Return value: New reference. Part of the Stable ABI. PyImport_EzecCodeModuleObject () &ATW
FIH, name ¥ pathname. cpathname 75 UTF-8§ TZY a— REN=XLFHTH 2 HBEZDET, B
LU pathname 73 NULL OE, cpathname 2 5. pathname ¥ D X 5 RMEIZIR 2 NEDEHI 554D 2 X
NnEI,

N— a ¥ 3.2 TEM.

N— =z 3.3 TEH: Uses imp.source_from_cache() in calculating the source path if only the

bytecode path is provided.

N— 3 v 3.12 TEH: No longer uses the removed imp module.

long PyImport_GetMagicNumber ()

Part of the Stable ABI. Python X4 sa—K 77 AV (Gl# .pyc 77 4L) DT v 7 F U N=%iRL
F9, IV IFIUN—@BANL PA—FT 7 ANVDERHID 4L MIZ, UV MLVIYT 4 7N, b A=K —
THNLZRNETT, T7-DHEEF -1 ZERLET,

N—=ar 33 TEE: RRLELGEE -1 OfEZELET,

const char *PyImport_GetMagicTag()

Part of the Stable ABIL. =¥ v 7 % 7 XX ¥5|% Python N4 ba—F 7 >4 %0 PEP 3147 7 % —
<y FTRLE T, sys.implementation.cache_tag DMEMEHTE, 22 Z OBEKORL D IHEHT
NETHEZ MWL EL & 5,

N—a v 3.2 THEM.

PyObject *PyImport_GetModuleDict ()

Return value: Borrowed reference. Part of the Stable ABL. €Y 2 —VEMD D DOEEHE (\WbW 3
sys.modules) R L 3, ZOFFIIAN X TVXILIC—DRE I HI2EHBROTERLTLIZZ W,

PyObject *PyImport_GetModule (PyObject *name)

Return value: New reference. Part of the Stable ABI since version 3.8. 52 & W /=HF1DOBIZA ¥ K —
MEADEY 22— EIBLET, BV 2—Ah4 Y E- IR TOWRL o LBHEE, NULL 2K L 325
I7—ldty PLEEA, EY 2 —VOMKRIZKKLZHEIZ, NULL Z23BL, =5—%2+ty FLET,

N—a v 3.7 TEM.

6.4.
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PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABI. Return a finder object for a sys.path/pkg.
__path__ item path, possibly by fetching it from the sys.path_importer_cache dict. If it wasn’t yet
cached, traverse sys.path_hooks until a hook is found that can handle the path item. Return None
if no hook could; this tells our caller that the path based finder could not find a finder for this path

item. Cache the result in sys.path_importer_cache. Return a new reference to the finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)

Part of the Stable ABI since version 3.7. name £\ %4H1D 7V —X (freeze) ENFEY 2 —L%k B —
FLET HBINT DL 1 %2 Y 2—ADREOP R0 57551213 0 &2, HIEHLA R U 72358123615 =
ty FLT-12BLET, B— NI LZEY 2 — W7 272 AT %121& PyImport_ImportModule ()
2o TLEE W, (Note ZOBIBIZWE S HEZIHLAATTY — ZOBBUTEY 2 — A3 TIZA ¥
A—tPENTWHYUB—-RLTLEVWETS, )

N— g v 3.3 TEM.
N—=Yay 34 TEH: __file__  BHEEDIIET 22—ty PEINFERA,

int PyImport_ImportFrozenModule (const char *name)

Part of the Stable ABI. PyImport_ImportFrozenModuleObject () ¥l TWE 3 A3 name (& UTF-8
Ty a— RINLXFFDORDDIZ, Unicode A 7Y =7 bREHT 2088 D 3,

struct _frozen
freeze 1—T A UT A DPERTZEIB IV —XMEI 2= AT A7V FXOMEREERTT,
(Python ¥ —RBAfAYID Tools/freeze/ B L TL ZX V) Z OMERDEFRIE Include/import.h
WKHH, UTFTDES IR oTVWET

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

bool is_package;

Irg

N— a3 ¥ 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

ZDRA Y RIE _frozen DL A— K2 5RD, HEEHOERD X V) NULL ¥ RIZHE - TWS & 5 R
i oMb anEzT, 7V —XENET2a—LEAf VR—FTBRLE, ZOT—TLEMRLE
To = KRX—F 4 BHOa— 25 ZDORA V RIMEHTEH# T T, BIICERINZ 7Y —X{LEY 2 —
NOEEERIEMT 2 L5 TEE T,
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int PyImport_AppendInittab(const char *name, PyObject *(*initfunc)(void))

Part of the Stable ABI. EEFDMAIAAES 2 — VT — T NVICH—DEY 2 — L ZBMLET, ZOBEK
ERMEEE BV Y Uiz PyImport_EztendInittab() T v X—HT, T— I ADEETERNE 1T
-1 BIRLET, HREY 2—LE name TA Y R— FTE, BYNCA ¥V E— b ERHALBICECH
XNBEEE UT initfunc ZFENE T, Py_Initialize() & D DRANIFFFH IR ITIUEIRD FH Ao

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_EztendInittab () 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 23 EIFIHIL XN 2856, PyImport_AppendInittab () £721& PyImport_ExtendInittab()
F. ENZNOWIUEDRNCIF NI N2 EDH D $F,

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

MTFoN—F 83, marshal €Y 2 — LV ERUBR 2o EILA 7227 2 C a— o2 L5101
LEd, BB TT — 4 2Z 2 HIBBICIA T, T2 2mARTEKLH D 5, Billkani7—%%
T A7 A NMIANLFYE— RTHLAATORITFIED £EA.

BUEIZ RT3 XD IR ENE 3,

ZDEY2—LTl 320DNN=VaryD7—XEXEY K- PFLTVET, N=Ya ¥ 0 3 ERDH DT, N—
Yary 11X intern bLEINXTFHET7 7 A VHATHEL, #wv—> v ULEDRHIZDEBFE XN XS5ICLET,
N—=Ta v 2d FE/NEBIIHLTANLF Y 7=~y P ZFHAL %3, Py_MARSHAL_VERSION (ZHITED
N—Pay (N—Yar2) BRLET,

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
long BIDEEHUE value % file NEFHILL F5, ZOBEIE value D THT 32 By M EFHEXALEITTT,

6.5. F—42E5|{t (data marshalling) D% R— bk 99
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24T 4 7D long BHY 4 XITIIBERI L £¥ Ao version 37 7 A V7 3 —<v P E2RLET,

COBBBEBRHRT LI DHD, ZOHBERI IR TFEHRELET, TR T DI
PyErr_Occurred () ZHWVE T,

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

Python 7Y =2 b value % file NBHUL L ¥ 3, version &7 7 AV 7 4 —<v bERLET,

COBBRBRRT LI DHD, ZOHERI LI —HBRTEZRELET, TR T DI
PyErr_Occurred () ZHWE T,

PyObject *PyMarshal_WriteObjectToString(PyObject *value, int version)

Return value: New reference. value DEEFLRBAD A o724 VAT =7 b ERLUE T, version 1
T7ANT +—<v PERLET,

T oz &, BINLSNEZFHARE £ T,

long PyMarshal_ReadLongFromFile (FILE *file)

Y

FiAat U2z FILEx AT =X X ) =456, C D long BT — X% HiAH L TELE T,
DOREE. A4 T 4 7D long DY A RICBFRR L. 32 By FOER I EFTHABEE T,

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

int PyMarshal_ReadShortFromFile (FILE *file)

FAH U FILEx NOF—X X+ Y —L4h 56, C D short BIF— &2 %2HAH L TGRLE T,
DOBEEUX. 24 T 4 7D short DY A4 XICERE L. 16 By FDEFZ T 2HAHEE E T,

Y

T —DWE, WY EIS (EOFError) 2 EL -1 ZRELE T,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)

Return value: New reference. it LB N7z FILE*x NDF—&X 2 Y — 24725 Python A 7Y«
7 rERLET,

T —DHE, #Y)72f5} (EOFError, ValueError, TypeError) % & L NULL iR L ¥£73,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

Return value: New reference. #iAth URICH 37z FILEx AD T — X X b Y —A4h 5, Python 47
Pzl bEHAHLUTIRL £, PyMarshal_ReadObjectFromFile() Y&\, ZOMEIEY 7 4 I
BEDA TS 2 7 PHPEELBRVEAREL, 77 ANDHREY LT 7 AT =R E—KICAEY IR —
FLT, WRINLHEMED 7 7 A V25— FOORAHTADLDIIXE) LOTF—X2RETE2 L5
WKLET, BRDT 7 A A2 M S FHAH I RN E G H o TV EHEICDA, ZOEKE[M -T2
2\,

I 7 —DE. EYIRHFIS (EOFError, ValueError, TypeError) Zi%E L NULL ZiR L 3,
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PyObject *PyMarshal_ReadObjectFromString(const char *data, Py_ssize ¢ len)

Return value: New reference. data D383 len XA P DAL FINYy 77 HOTFT =X XMV =405
Python A 7Y =27 F2iIRL £5,

I 7 —DAE. EYIRFIS (EOFError, ValueError, TypeError) Zi%iE L NULL ZiR L E73,

6.6 5|HDEERLIEDIBE

IS OBEIIHMBOINREY 2 — VHDOBEES X Y v FEERT 2BICEF TS, 7 LWIHERSHONX
extending-index {ZH H ¥ 3,

ROICHIAT 2 3 20D Pydrg ParseTuple(), PyArg ParseTupleAndKeywords(), B X O
PyArg_Parse() Z\W3hd EHXXFY (format string) BEVE T, ERXXFH)E. BRI ZITISI1ET
DB T 2 THIREEZ2DICHVWONE T, WTAOREICE T 2 FE A CFHS, RLERZE>TVE T,

6.6.1 5|¥ =93

HA TN, el Fiidznll bo 7 HXEAL (format unit)” 226D E %9, 1 DOFAHEMI 1 20
Python A 7Y =27 2R L F9; @HIZE O, HFXEMD 5725372 TH - 72 Db £95,
st e LT, FFRTHODATOWARWERBN SCFIBE—DO T F L AGBUTHIGT 2HBER VWL 20H D 3, M
TOHRHATE, SO OWIERIERBEATY; () FHINTH - 7280 i3 E BTG % Python A4 7
Yz MITT; (A FENAEE 7 FLRELTRICHS C oZBITT,

NZFH Ny T 7

AFR: On Python 3.12 and older, the macro PY_SSIZE_T_CLEAN must be defined before including Python.h
to use all # variants of formats (s#, y#, etc.) explained below. This is not necessary on Python 3.13 and

later.

UTFD7 4=y bEA Tz MTEBELEXEVF Y2 L TT7 78R T520DHDTT, BREN3
unicode X bytes D7=DICEDRA ML —YEHARTI2HEEIHD XA,

FHZERENTOVRWES, Ny 77— NUL #iHEhTOER A
There are three ways strings and buffers can be converted to C:

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

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

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

e Other formats take a str or a read-only bytes-like object, such as bytes, and provide a const char *
pointer to its buffer. In this case the buffer is "borrowed”: it is managed by the corresponding Python

object, and shares the lifetime of this object. You won’t have to release any memory yourself.

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

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

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

can mutate the data).

s (str) [const char *]
Unicode A 7Y 227 b2, Fx 5737 XXFHNEET C ORA VRIEBLLET, F¥ 7 728K X
ZHOT7 FLRAZETE, TTRIFEL TV XLFININDRA ¥ X2 2 DZEBITHIFRL £, C XFHX
NUL TR ENTWE T, Python OXFFENZ, null 23— FKRA ¥ F2SEHICHEDIAFRTOTIERD
FEA; b LEDAERTOVIUL ValueError IS4 ZEH L %3, Unicode 7Y =2 M& 'utf-8' %
ffioT C XFHNEHINF T, ZHUTKMT % £ UnicodeError XM L £7,

AR 207 x—~<v M bytes-like objects #HHR—PLEVA, 77 ANVT AT LNRRAEZIT->TC
BRBOXFINCEHLL 72 WAL, 08 7+ —~< v b%&. converter IZ PyUnicode_FSConverter() Zf&iE
LTHAET 2 RBWTT,

N—Ya ¥y 35 TEHE: DHEiE Python XFFNC null 23— FKRAL ¥ MDA EFR TV i
TypeError ZikH L TWE L7z,

s* (str F7:Id bytes-like object) [Py_buffer] Z
D7 +—<v b& Unicode 7Y =2 b+ & bytes-like object 17T, FEXH LT SE XN
Py_buffer MBRICEZEML £ 3, FRD C XFHNE NUL N1 F2E&8hd LILEE A, Unicode
7Y 27 M 'utf-8' ¥ a—7 1 7T C XFANICAEBE N E T,

s# (str, read-only 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
ATV E 2, Python 72 =2 Md None T &<, ZDHEFITIE C DFRA > Xid NULL 12t v b
ENET,
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* (str, bytes-like object F7Tcld None) [Py_buffer]
sx L L TYA., Python @ None A7 x 7 FEZIFWMB Z N TEET, ZDEHE. Py_buffer Hid
AD buf X ¥ N—{F NULL 127D %5,

z# (str, T LER® bytes-like object £7:I3 None) [const char *, Py_ssize_t]
s# IZTWETA, Python A 7Y 22 Mid None TH LK<, ZOHEIWIE C DKRA > RIiE NULL 2k v
FENET,

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

ValueError exception is raised.

N—a v 3.5 TEH: LIHNZ bytes Ny 7 7 IZXNAANA MHBHEDIAEN TV FIZ TypeError #i%EH
LTWE L7,

* (bytes-like object) [Py_buffer]
s* OZH T, Unicode 7Y =7 + EZIFH1F T, bytes-like object DAEZI(F T E T, NAFUFT—
AEZIIHITZENICIE. COTA—T Y M EFESCEHRELET,

# (A LERD bytes-like object) [const char *, Py_ssize_t]
s# OZJE T, Unicode & 7Y =27 + 22T, bytes-like object 720 22T %9,

S (bytes) [PyBytesObject *|
Python 2 72 =227 F& LT, bytes A7V =22 F2ERL, WHhRLIEMBITVELA, A 7P =7 b
D3 bytes 7Y =7 b TRIFIUL, TypeError ZEH L E 3, C ZEE PyObjectx Lt HEF L THHVE
Ao

Y (bytearray) [PyByteArrayObject *]
Python #7227 & LT bytearray A 7Y =27 b2 ERL. WORLIEMEBIRVELEA, LA
7Y 27 MW bytearray TRIFHUX. TypeError ZiXH L ¥3, C £ PyObjectx E LTEF LT
BHNEE A,

U (str) [PyObject *
Python 7Y =2 b2 LT Unicode A 737 F2ERL, WHhREIEELBITVERTA, A7 =7 b
2 Unicode & 7Y = 7 N TIIRWIEHE. TypeError MWiEHENE T, CEEIT PyObjectx t LTHEL
THHVWEEA,

wk (FiAHE EIOIRED bytes-like object) [Py_buffer] z
D7 +—~v ME, HAFEAHER buffer interface ZEE L /oA TP 2 7 b 22T ES, U LT
MHEEI N Py_buffer BERICEZEMNL 3, Ny 7 7@ null N F2EL2H LT, HOHL
JCEANY 7 7 BV D 5725 PyBuffer Release() ZFFUH XTI D FH A,

-

s (str) [const char *encoding, char **buffer] Z
UL s DZALIE T, Unicode Z2F ¥ 77 XBINy 772 va—FF3DiICHWeE T, NUL XA b

6.6. 5IBDERLIEDHER 103



The Python/C API, ) —2X 3.13.0a5

PHDAENTVWARWT — X TOAEEL $3,

COEFERCE ZODFEMPRETT, —OHREANZOAHWSH, NUL THIfE e Ty a— R T
H)% 483 const char*x B F /21X, 'utf-8' BMEHLN B Z ¥ BT NULL TRIFNERD ERA, HEEL
7> a— F4% Python DEFTERVWBEICIFIAZEHL £3, HZD518UE chars+ THRIFAUI
B FEVEA; ZO5IEPBRLTVEKRA Y XDOMEIE, 5IBUHEE LT F X MOARDBA TN 7 7
DRA VRIZKRDET, 7TFAMIRIOFIFHEE L ya—- AR TZya—-FINE T,

PyArg_ParseTuple() Zffid &, BERY A XDy 7 7 ZHRL, ZONy 7 7IZTya— FEOT—
R — LT, *buffer B2 DF7ITHERS NGB ZIET KO ICEBE L 3, FFOH LARTIER.,
RENTzNY 7 7 BEWED o 724812 PyMem_Free() TS 2EEND D 3,

et (str, bytes 7=l bytearray) [const char *encoding, char **buffer]
es LRILTE, L. N MXFINA TV 2 b2z ya—FLESTIRELET, 20obD, 53k
TREANA PXFINA TS 27 FPNRFGRARZE LTy a— FE2foT0W2EHDERELET,

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
s# OZLIZT. Unicode ZF ¥ 77 XNy 77122 a—FF2%DICHVOLNE T, es HXE
ZDZLBEANA P BEDAEFNATONTHEREVER A,

ZOERBF=E2D5 AR ETT, —2HRANCOAA WS, NUL TRIEX -2y a— FEXT
H|%$63 const char* B NULL T2 UL D £H A, NULL DEHEICIE 'utf-8' 2HVE T, fHEL
o> a— F4&4% Python DEFTERVWHEIIFINZEHL £3, F_05180E charsx TRIFIUI
B FEEA; ZOFEDBRLTVERA VXOMHEIZ, FIEBICHEELLTFAPONERAoTNy 7 7
DERA VY RIZKRDET, 7FAMIBRMOGIFIHEE Lo ya—- AR T ya—-FInET, H=05]
BUIBHAD KA Y R TRHRITNUERD FHA; KA VEPSBRLU TV EBBOEIZH I NNy 7 7 ADNAL b
Bicty hXh%d,

ZOEROMUHEIZIZZODE— FBH Y 5

*buffer 5 NULL KA X EHLTW3S . BEEEIRERY A XDy 7 7 BHERL, TDONY 77T
Ya—RFEDTFT—R%Ea¥—-LT, *buﬁer M OFIZICHERIN-REEREIET L OCERLE T,
CHUMNZIX, RNy 7 7 WD 2 721212 PyMem_Free() TR 2BELDH D £73,

*buffer H3IE NULL DR A ¥ X (TTRAEVMREADO NNy 7 7) ZIHL TW 35 A,
PyArg_ParseTuple(D ZZDXAEVMEZ NNy 7 7 ¥ LTHW, *buffer_length OWIHEZ Ny 7 >
A4 X LTHWE S, PyArg ParseTuple 3R> a— FEADT—XE Ny 7 7iI2at— LT,
NUL THImL 5, Ny 7 7 DRESHED Z2IFAUR ValueError A3y b I F T,

CELOBED. *buffer length 13D NUL NA b E2EFRVWTYO— REAT—XDEZIZEY b
INFET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
es#t LAILTY, EL. N MFHA T =27 b2 ra— FLESTIRELET, 2ofbb, 33
TREANA PXFHNA TS 27 PBRFRXRZE LTy a—FEfoT0EbDEIREL 7,
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N—a ¥ 312 TEH: u, u#, Z, and Z# are removed because they used a legacy Py_UNICODE* representation.

#

b (int) [unsigned char]
Python OIFEDER %, C @ unsigned char BIO/NXRFFEMUBBUCEL £,

B (int) [unsigned char]
Python 8%z, & —n~"7n0—F v 7 %2{7HDF12. C O unsigned char B D/NI BRI L
£75,

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

H (int) [unsigned short int]
Python O®E%, *—N"vn—F v 7%2{THFIZ, C D unsigned short int BUCEHL £7,

i (int) [int]
Python O®# %, C @ int BICEHL 3,

I (int) [unsigned int]
Python Oz, A —"70—F = v 7%21{7DFIZ. C ® unsigned int BITEHL %5,

1 (int) [long int]
Python 4%, C ® long int BUCEHEL 3,

k (int) [unsigned long]
Python O %, &—"70—F =z v 7%2{THFIZ. C D unsigned long BUIZHL %9,

L (int) [long long]
Python O®% %, C @ long long BIZEHL %3,

K (int) [unsigned long long]
Python @ int % C unsigned long long "4 —N—7 0 —OEERZETENT 2

n (int) [Py_ssize_t]
Python OF¥ % C @ Py_ssize_t BUTEELL £73,

c (RE 1 @, bytes £7Id bytearray) [char] =S
X 1 O bytes 7213 bytearray 7Y =7 b & LTREENTWS Python N4 +% C D char &
L F T,

N— a3 v 3.3 TEH: bytearray #RIHTIF 2 L5k D FE L

C (BT 1 @ str) [int] =3
X1Dstr A7z b LTREHEZNATWVWS Python ¥ 727 %% C @ int BICEHL F5,
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f (float) [float]
Python OFEI/NISTI%Z, C @ float BUCEHL 3,

d (float) [double]
Python OFEI/NIUSTI%, C @ double BUTEHIL ¥ 3,

D (complex) [Py_complex]
Python O#EZFHKIL %, C D Py_complex MERICEHL 3,

EOMMDAT I b

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 sirong reference to the object is not created (i.e. its

reference count is not increased). The pointer stored is not NULL.

0! (object) [typeobject, PyObject *]
Python # 7Y =2 +% C @ Python 7 7Y =2 MRIKRA Y RIRFLE T, 0 KPTWET2, Z20D
C o518 %r hFE5: —oHDBIHIX Python OBA TP =27 bADT FLAT, ZOHDFHEA TV =
7 MADERA VEPMEENT WS (PyObject* D) C DEKADT KL ATT, Python A 7Y =2 b3
8E LB TII VWS, TypeError ZiXH L ¥ 35,

0& (object) [converter, anything]
Python 7Y =2 b% converter B M LT C OERIWCELEST, —2D5[8Erh¥3: —DoH
GBI, ZoHIR ((EROBID) C ZBADT FLRA% void* BUCEHL/2d DTT . converter XL T
DESCLTHUHEAET:

{status = converter(object, address); }

Z ZT object 1ZEHIRD Python 4 7Y =7 b T, address & PyArg_Parsex* IZJE L7z void* B 5|
BTI, EDME status FEFUTRIILZBIC 1, RBIL725EIE 0 22 D £3, IR L 256,
converter BI¥UE address DNEZETETIHNZE L L2 TERD 8 A

% L converter 7% Py_CLEANUP_SUPPORTED %3R3 &. BIED N R—ZXRML BT, av"—&—%%
S—EMFHL, I TREDYBTEAETYERKTSZ2F v 22525, ZEHOMEUEHL T object
SI80E NULL 12 D, address 3RAIOMECH L e R CEICR D £5,

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

i

p (bool) [int]
RE2K D 512 T (a boolean predicate) IZE X NMEHZHE L. £ ORiRZE ML C D true/false
BRUEICZ L $ 3, HLADELRS int 1T 125 R4S 0 RESINET, ZOBBRBEREDHENR
Python %32} £ 35, Python 2MEDQEMZ ¥ D X 5 I12HIET 202 %2H D 721U, truth 2S8R L
TLREZEW,

\
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N—a v 3.3 Tl

(items) (tuple) [matching-items] F
TV 27 MiE dtems A - TV AERBEMOEBIZ T DR X EHD Python O —7 > RATRIFIRD
FHA. & C 5l items NDE & OERBALISHIED T TERITIUIRD TR A, >—F » ZADEAXH
AN FREICTEE T,

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

may vary).

Zofth, EXXFINCBWTEREZROXFDBNO0HD 3, 25 DXFIFFEIMNC X 2 AN FAICII R %
HA, UTEIX7FERLET:

Python 58V X T, ZOXFLUBEDSIENA TS a v THEI 2Rl ET, 7> a »yos8uH
5% C OERIIT 7 4V b OETHILL TELrRFIUIRD FRHA — 7> a Y O5HBEBEH
7%, PyArg_ParseTuple() 3MIET 2 C ZHONBZFEZMAEE A

PyArg_ParseTupleAndKeywords () TODAHEHAIRE: #HtD Python 5[8H» ¥ -V — NEHTHEZ L %
ALET, BUIE, IRTOF—7— FHEHSHEBEREDTIBTRINIRS T, 200 7+—<v MY
FHRO | 1ZEIC $ XOANCHRE SR TIZRD $EA,

N—Ya ¥ 3.3 TEM.

DODXFDH 5 . HFREMOGLBREZ ZTHROD T, an Y UBEOXXFEINE, 7 —XvE—JIKBI3
BI%# (PyArg_ParseTuple () DT 20154 D 7 (FEfE (associated value)”) & LTI E T,

DLFERDHB e, EREMOTRIZZITRODET, 3 an  MBEOXFINE, FT7+L L5 —Xy
t—V% BERZD 25— A vtb—Yr L THbhET, : & ; IHEHMOXFETT,

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)!

DUT o BIBUC T4 35 141 (additional argument) &, FRXFHNS5RES NI BAD T F LA TRIFIUIR
DEEA; MBIEIECHE LT FLRIE, AT ANENEZRET 20w ET, LoFEAHMD
YR MTHALZ K512, M58z AJEE LTHS HER WL O2H D 17, 20HE, Mcd 2 HFXHEMAO
FRETAHAHED Ko LRFudie b £ A,

ZHZIEL AT 722, arg 7Y = 7 PEELCFIC—HLRT IR 5T, 2 0FAXFHINOEREAL
WETHEPASZ X LRITNUIRD £V A, T % L. PyArg_Parsex BARIIEZRL £3, 20L&
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Wi ZR L, @RSz L Ed, FRXEMD EN»DEHLMIT L D PyArg_Parsex 23R L 72358,
KL 7oERBAITHIET 27 FLRAL ZRLIED T FLZONFRIEEEINEE A,

API| B9

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

Part of the Stable ABI. (MBI DAZLIEITE 2D T X X2 BN LT, B —HVREBITETL
¥9, BNT 2 EERLET; KT 2 e BziR L., @YIRAISZEN L £5,

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

Part of the Stable ABI. Pydrg_ParseTuple() XRIU T3 M, RIZRDFETIZR L va_list Z5IEIC L
D%E9,

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

Part of the 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 pa-
rameter names specified as null-terminated ASCII or UTF-8 encoded C strings. Empty names denote
positional-only parameters. Returns true on success; on failure, it returns false and raises the appro-

priate exception.

FMR: The keywords parameter declaration is char *const* in C and const char *const* in C++.

This can be overridden with the PY_CXX_ CONST macro.

N—T gy 3.6 TEH: UEEAFIE ZEINL -,

N—=Y a ¥ 3.13 TEHE: The keywords parameter has now type char *const* in C and const char

xconst* in C++, instead of char**. Added support for non-ASCII keyword parameter names.

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *const
*keywords, va__list vargs)
Part of the Stable ABI. Pydrg_ParseTupleAndKeywords () R UTT 2, AIERD5IETIX2 < va_list
ZHlIEIzE b £9,

int PyArg_ValidateKeywordArguments (PyObject™)

Part of the Stable ABL. ¥—7 — R[N L HEDOF —IFINTH L e 2R L F T, ZOH
X Pydrg_ParseTupleAndKeywords () ZfHERA LRV E ZTIZOARET, ZOHHIIHRE O BEEIXFEME
DF =y 7 E T 57-DTT,

N—a ¥ 3.2 TEM.
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int PyArg_Parse (PyObject *args, const char *format, ...)

Part of the Stable ABI. Parse the parameter of a function that takes a single positional parameter
into a local variable. Returns true on success; on failure, it returns false and raises the appropriate

exception.

Example:

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

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

int PyArg_UnpackTuple ( PyObject *args, const char *name, Py _ssize_t min, Py_ ssize_t max, ...)

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

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

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

for weak references:

static PyObject *
weakref_ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;
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ZDBNZBIT S PyArg_ UnpackTuple () MEOH LI, PyArg_ParseTuple() 2o 7L FTOMUHL &2
< ZEiT 3

[PyArg_ParseTuple(args, "0|0:ref", &object, &callback) ]

PY_CXX_CONST

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

Python.h.

N— 3 v 3.13 TEH.

6.6.2 fEDIEFE

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

Return value: New reference. Part of the Stable ABI. PyArg_Parsex 7 7 3 1) OB ITHLS D ¥ U]
7RO EACFHNB KMBEINCEDONT, i eflEzER L $3, AR LAEEZRELES, =7 —-058
IZ1d NULL 238 L %3 NULL ZiR355, i eRHs5TL &5,

Py_BuildValue () WZHICX TNVEERT 2 EIERD F¥A. ZOBBDBEX T VEERT 2DIE, FEAXLT
N O EOFEXBAHA o TW0WB e LT TT, HFRXLFHIHZEDOYE None &R L 3 HAHALH
I — DT Ao TW A A, EREMNTHREINTVAMLLDA TV =7 MHEARRELE T, ¥4 X
HEuR 1 DX I NERT XS IHEGT 2121&, AUERCHbNZEX Y2 #F 0 T,

FHARNL s R s#t DHED LI, ATV =7 PEMET T — 22 a3 2 72DIIXEY Ny 7 7 &
NRIARXRE LTETHEIE, HELLT—Xidav—EhET, Py_BuildValue() DVER LA T =
7 ME, O LHARE L 72Ny 77 ZIRL TR L R A, HlOE W2 34UL, malloc() ZFEUH
LTXEY ZMRL. Z0% Py _BuildValue() WK LHE. 32— FIWNT Py_BuildValue() DR o7
BT free() ZMUIHTHEHENDZ VWS ZETT,

LU FOHIATE. SOV EBRIEERIACF; (h) FEIITH - 72 853X A 5E S Python 0
7Yz VITT; (8] ISR ED C BT,

HAXTFHINTE, (s# D LS BERIFNZFRNT) A=, 27, anrBldar<i3 BRI Ed,
DX TS e, ROUEXTINEDL ko L EFHAR T TEET,

s (str F7zI& None) [const char *]
null ¥mX Nz C XFH%E, 'utf-8' =¥ a—7 4 Y72 HWT, Python str 7Y = 7 MTEH
LET, dL CTFHIRA > ZH NULL DI, None 172D £3,

s# (str or None) [const char *, Py_ssize_t] C
XEH e ZDEE % 'utf-8' T a—7 4 Y% {ioT Python str 7 7Y =7 MIE#LET, C
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XFHNIRA > 293 NULL OFE, RIFEHR I N, None 127D F7,

y (bytes) [const char *] C
X FH|% Python bytes 7Y =2 MIEMMLE T, L C LFHIKRAL ¥ &p NULL 725 BB,

None iR L ¥,

-

y# (bytes) [const char *, Py_ssize_t] z
N C XFH e Z2DEXD 5 Python A 79 =27 MZEHL 3, C XFHIRA ¥ XD NULL DI

&y RSEH XN None 12720 $9,

z (str E7zId None) [const char *] s
LR TY,

z# (str 7= None) [const char *, Py_ssize_t]

s# tlﬁjbwc\j‘o

u (str) [const wchar_t *|
null #3172 Unicode (UTF-16 %721 UCS-4) 7— & ® wchar_t Nv 7 7 % & Python Unicode
ATV 27 MTEHL £3, Unicode Ny 7 7 R4 ¥ ZHS NULL D358, None 127D £7,

u# (str) [const wchar_t *, Py_ssize_t]
Unicode (UTF-16 %7213 UCS-4) 7—& DNy 7 7 £ ZD KR EH 5 Python Unicode £ 73 =7
WAEHLL £3, Unicode Ny 7 7 RA > X H NULL DFE, KSIIMEH X4 None 122D ¥7,

U (str F7clX None) [const char *] s
LR TY,

U# (str F7zlF None) [const char *, Py_ssize_t]

s# K IﬁJDVGTO

i (int) [int] i}
WD C D int % Python OBA 7V =7 MITEHL £,

b (int) [char] i}
WD C @ char % Python OEERA 7Y = 7 MEBLL £5,

h (int) [short int] i}
H®D C D short int % Python O A TP =7 MTEWIL £,

1 (int) [long int] C
D long int % Python QXA TV = 7 MEHL 3,

B (int) [unsigned char] C
@ unsigned char % Python O A 7o 7 MIEHILE T,

C

H (int) [unsigned short int]
@ unsigned short int % Python O A 7/ MIEHIL ET,
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I (int) [unsigned int] C
® unsigned int % Python O A 7Yz MIEHL T,

k (int) [unsigned long] C
@ unsigned long % Python O A7V 27 MIEHLET,

L (int) [long long] C
@ long long % Python OEMA TP = 7 MIEHL 5,

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 7V =7 MIEHL FT,

c (RETH 1 D bytes) [char] ~
A MERTEED C D int 2, £X 1 @ Python @ bytes 7Y MIEHLET,

C(RT 1 @ str) [int] X
FERTHEHED C D int 2, EX 1 @ Python D str 7Y =7 MEHL F3,

d (float) [double] C
@ double % Python DOTFEN/NIEEICEIL F5,

f (float) [float] C
@ float % Python OIFEI/NIUSENCEEL £ 5,

D (complex) [Py_complex *] C
D Py_complez Fiititk% Python OEZHENEHL £ 7,

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

yet, SystemError is set.
S (object) [PyObject *] 0
LRLTT,

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 %% " LT Python 7Y =7 MIEML 5, ZOBEBIX anything
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(void* X HHOBITRIINIRD £8A) Z9I I L THUHE N, "HL 7227 M 2iRs
. REUZZEAIE NULL 2R XL RTER D 8 A,

(items) (tuple) [matching-items] C
Dfar 57 58 % ., [ CERHZ D Python DX T 7,

[items] (list) [matching-items] C
DAE 572 2 EH 2, [F UEREBZ > Python @Y X MIE#L £,

{items} (dict) [matching-items] C
DAE» 572 5% Python O FICERL T, —HORT 716745 C OfEN, Zhzh¥r—BX
KL 72> TRERICEBME N E S,

EAXFINCETE2 27 —H4E T % &, SystemError fil# %ty b LT NULL Zi1BL £,

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

Return value: New reference. Part of the Stable ABI. Py_BuildValue() ¥R U TTH, AIEZEF D
R DIT va_list ZZITED 5,

6.7 XFFDE#HERL

ez e . HERCTII A O 72 O BIREE

int Py0S_snprintf (char *str, size_t size, const char *format, ...)

Part of the Stable ABIL. FRXXFF format LBMDGIED B, size NA M ZEIROWFINE str 12
1L %, Unix man page @ snprintf(3) BB LTIV,

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

Part of the Stable ABL. FRA TS format L FIZERGIEBY AN va 5. size N4 b 2R IR0 FS
% str . L £F, Unix man page @ vsnprintf(3) ESRL T X0,

Py0S_snprintf() & Py0S_vsnprintf() \FEHE C 54 75V D snprintf() & vsnprintf() Bz o v 7
LES, ThooBBoENE, CHEES A 77 UMNRIEL TWERVwa—F—Fr —XATOFEEZRIET 25 2 &
T9,

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 > 0, format '= NULL
and size < INT_MAX. Note that this means there is no equivalent to the C99 n = snprintf (NULL, 0, ...)

which would determine the necessary buffer size.
INHOMBOEYE (UTTE ro 8 LET) MU TOEKREZRS £3:

e 0 <=rv < size D& F, MU NIFRINIL T, (BRED strlrv] IZH 2 '\0' ZFRW\T) ro STFH str
&:Hjjjéﬂf:o
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o v >= size DX X, FWHNIITIDFED SN TED, BN T572DIE rv + 1 N MR ESE o722

*ERLET, strlsize-1] X '\0' T,

e TV < 0 DX XWX, MDPENWIELNPRI>FKFTT, ZDLAETD strisize-1] & '\0' TI D, str

ZFNLANDHFIRER TS, =7 —DEMRFERI STy 7 4+ — AETT,

DU @ BRI locale IMKRTF 7237472 S BUENDZEH 2TV E T,

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

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

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

Leading white space and case of characters are ignored. If base is zero it looks for a leading Ob, Oo
or Ox 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).

N—a v 3.2 Tl

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

Part of the 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).

N—a v 3.2 Tl

double Py0S_string_to_double (const char *s, char **endptr, PyObject *overflow exception)

Part of the Stable ABI. XF%| s % double IZZ#L $5, KWL 7zL =ik Python DI EFE X
F9, RIANSNLFHNZ, Python @ float() I YA R F 27 XI5 3FHNTHEILL £ 525,
s DI REBICZEHX TR H > TRELRNE WS T RLD T3, ZOEHIIBED 1 7 —)LITIKTF
LEEA,

endptr A NULL O#E. ZHIISCFIN IR L TITORE F, CFEFIDIE L W/ NIUR B D RBIC
BRoTWRWEAIE -1.0 2R L T ValueError #¥AEXVE T,

endptr 2% NULL THWGE, SCFH % AIRERHIPH TE#L L T, *endptr ICHRADEHL I LD o 7 3F
DRA RN £ 5. XFIDEEITE L WIFE/NRB O RIIA D o 728585, *endptr & 55
DFTNCFE LT, ValueError 2¥AE X4, -1.0 ZIRLE T,
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s 2% float 1T LUTNRWIZE R ZWEEZRIL L T0GE, (BIZIE, "1e500" 132K DT T v b7 5 —
LTREITZEHA) overflow_exception % NULL 7% & Py_HUGE_VAL \ZH#Y)RIFS 2T TGRLU £,
D35 E 1 overflow_exception & Python Ot 4 7Y =7 FADKRA Y XTRINVELRLT. 2D
BIsEREZIET -1.0 R LET, ¥55DEATDH, *endptr ICIEERI N EOEZ ORI DT
NDKRA ¥ RPBGESNE T,

ZHUDAND T T — BB A L T5E (B 21X out-of-memory =7 —), j#Y]74 Python ORI % 3E
LT-1.0 ZIBLET,

N—a v 3.1 TEM.

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

Part of the Stable ABI. double val Z¥5E X7z format_ code, precision, flags WEDWTXFINE
L ET,

format_codeld 'e', 'E', '£' 'F' 'g' 'G', 'r' DENLTRIFIUIRD £ A, 'v' DHE. precision
Z0 TRINERS T, EEINET, 'v' Tr—<v b a— FIIEED repr() 74—~ v FEEEL
TWVWET,

flags & 0 2>, Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O, Py_DTSF_ALT 7>, Zh 56D or ZHl-72d DT
o Py_DTSF_SIGN . val AT\ ZHEICFFSXFRABICOITIL I ZEKRL T,
o Py_DTSF_ADD_DOT_O I X FHHBEEMD LS ICHABR VI L 2 RAEL 5

o Py_DTSF_ALT & 7alternate” 7 + —~ v ML — L 2@A T2 I 2ERL T3, X
Py0S_snprintf() @ '#' FEEEZSRL T LIV,

ptype 23 NULL THEWHE, val PEREK. EEK. NaN O X A& H+¥ T, Py_DIST_FINITE,
Py_DTST_INFINITE, Py_DTST_NAN OWINDICEHEINFE T,

R D AEIZ B DX FHNDEN S e buffer ~NDARA > R, ZHHRL 7285513 NULL T3, FFOH
LBNE, RSN FH % PyMem_Free() 2o TR 2 BE1H D £3,

N—ay 3.1 TEM.

int Py0S_stricmp (const char *s1, const char *s2)
Case insensitive comparison of strings. The function works almost identically to strcmp() except that
it ignores the case.

int 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.
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6.8 PyHash API

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

type Py_hash_t

Hash value type: signed integer.
N—a ¥ 3.2 TE.

type Py_uhash_t

Hash value type: unsigned integer.
N—a v 3.2 Tl

PyHASH_MODULUS

The Mersenne prime P = 2%*n -1, used for numeric hash scheme.

N— g r 3.13 TEM.

PyHASH_BITS

The exponent n of P in PyHASH_MODULUS.
N—ar 3.13 TEM.

PyHASH_INF

The hash value returned for a positive infinity.
N— a > 3.13 TEM.

PyHASH_IMAG

The multiplier used for the imaginary part of a complex number.
N— a3 ¥ 3.13 TEM.

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.

N—Y g > 3.4 CiB
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PyHash__FuncDef *PyHash_GetFuncDef (void)

Get the hash function definition.

BE:

PEP 456 ”"Secure and interchangeable hash algorithm”.
N—a v 3.4 Tl

Py hash_t Py_HashPointer (const void *ptr)

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

pointer is not dereferenced.
The function cannot fail: it cannot return -1.
N— a3 v 3.13 TEM.

Py _hash_t PyObject_GenericHash(PyObject *obj)

Generic hashing function that is meant to be put into a type object’s tp_hash slot. Its result only

depends on the object’s identity.
CPython RZEODF#: In CPython, it is equivalent to Py_HashPointer().

N— g r 3.13 TEM.

6.9 UTJLo>aY

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL. BEDFEIT 7L —LHNDEIL + £ > DOFEE
2y BLITHO 7 L — 2RI HEAL y FIREDA Y X TV XDE L M VEEEZRLET,
PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL. BEDFEIT 7 L — 2HND 1 — W ILEKDEF
F, FATPOT L —LH7F UL NULL IR L %3,
PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL. BEDFEIT 7L —2HND 70— ILEHD
FEED, FATHO 7 L — 4037033 NULL 23R L £55,
PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL BIIEQ XL v RKIKED 7L — L %2IBL 75,

HEFEITHDO 7 L — 03723 NULL ZIRL £,

See also PyThreadState_GetFrame().
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const char *PyEval_GetFuncName (PyObject *func)
Part of the Stable ABL. func BB 75 A, 4 YRRV AATY 227 P THIUIZDHLHETR. £ 5 T
AU func OTERIRL E3,

const char *PyEval_GetFuncDesc (PyObject *func)

Part of the Stable ABIL. func OBNZKTFS 5. T (description string) 2B L ¥3, E D {HEiZ, B
Be XYy FIg LTk ?()”, ” constructor”, ” instance”, ” object” T3, PyEval_GetFuncName() &
RS X NTHER, fune DEFIZZD 5,

6.10 codec L X b & HR— MR

int PyCodec_Register (PyObject *search_ function)
Part of the Stable ABIL. #1L\ codec MBI EEFHRKL 5,
As side effect, this tries to load the encodings package, if not yet done, to make sure that it is always
first in the list of search functions.

int PyCodec_Unregister (PyObject *search_ function)

Part of the Stable ABI since version 3.10. Unregister a codec search function and clear the registry’s
cache. If the search function is not registered, do nothing. Return 0 on success. Raise an exception

and return -1 on error.
N— a3 ¥ 3.10 TEH.

int PyCodec_KnownEncoding (const char *encoding)
Part of the Stable ABI. encoding D7z DEFI N7z codec BFEET 20 I PITIGTT 15 0 ZiRL
9, ZOMBEREICEILET,

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABIL. L ® codec X—Z D encode APIL
encoding WG U THROD o2y a—XBEBUIXT LT object ZELE T, T7—AY RFY YT XYy R
errors TIEEL £ T, errors I NULL T k<. ZOHAIEZD codec DT 7 AL bD XY v RHBFIFHX
NET, TV a—XDEOH»ERH o753 LookupError #FHAEX B E T,

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABIL. L ® codec XR—ZX D7 a— K APL
encoding WG L TR o727 a —XBEBITN LT object ZTELE T, TI7—NAY KUY T XY v i

errors TIHE L E T, errors X NULL TH K<, ZDHEIFZD codec DT 7 L DX Y v RHBF|HX
NET, TA—XDEDD 52D - 7E1E LookupError # A X EE T,
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6.10.1 J—7 v J1R% API

ROBIELTIX. XFH encoding \EETINLFICERT 5 Z 2T, MBI, KRXFNLFEEBEALIMRE LE
T =T v IHBROD SRS, KeyError ZFE LT NULL 2R L ¥£7,
PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABI. 5% 517z encoding DT> a— XERERL
\i \3—0
PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABI. 52 6417z encoding D7 2 — X BEZIR L £75,

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

Return value: New reference. Part of the Stable ABL. 52 517z encoding ® IncrementalEncoder
FT7T = bERIRLETD,

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

Return value: New reference. Part of the Stable ABL. 52 557z encoding ® IncrementalDecoder
F7T = bRIRLETD,

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

Return value: New reference. Part of the Stable ABI. 52 & 417z encoding ® StreamReader 7 7 7 b
VBIEERIR L 55,

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

Return value: New reference. Part of the Stable ABI. 5 2 &7z encoding ® StreamWriter 7 7 7 b
VBIEERIR L 55,

6.10.2 Unicode T5—N\>FZHLZ XK API

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

Part of the Stable ABL. T5— Y FADdDa— 1y 2B error % name TEHRLE T, 2D
=Ny ZEBE, a-T v /Py a - FTERVWYF/T I — RTERWANAL MGEB LRI, Z
DLy a—F/7Fa— FERDOIFIHE LT name PMEES N TV HIFNHENE T,

a— XNy 7k 1 o ®5 ¥ r L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ¥NpDA Y ARV A EZITHWDET, DAL VAKXV RAZMEDH
B3FHNRNA PN 2TEHE. ZDOIRDOXFAFOLA 7y FEFioTWETS, (ZOERZIUTS
% 7= DBIBUTDONWTIE Unicode FINAT DT b ZZRLTLEE WV, ) a—iA Ny Zi3ES 65
EREIE I, 2BEOXTNVZHEDO Y —r » 2ORE & encode/decode % FEHT 2 7LD FHIHD
A7y b RBIBHERHL TRELET,
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BIIL7S 0 %2, =7 —HFX -1 ZBLET,

PyObject *PyCodec_LookupError (const char *name)

Return value: New reference. Part of the Stable ABI. name THRI Nz IF7— NV )y 7a—)L
Ny ZJEBEMRLE T, RS LT, NULL I NG, Tstrict” DT — ">y FYrZa—
NNy ZEIZIR L £,

PyObject *PyCodec_StrictErrors (PyObject *exc)

Return value: Always NULL. Part of the Stable ABL. exc 24y L THREXE XTI,

PyObject *PyCodec_IgnoreErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI. unicode =5 —ZEH L, FEDANZZAF v 7
LET,

PyObject *PyCodec_ReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI. unicode =< —% ? %» U+FFFD TE XX £,

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI. unicode encode =7 —% XML X FSHRTHE =
W2 ET,

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI. unicode encode T —% NNy 7 X5 v ¥ 2L X
r—7 (\x, \u, \U) TEE#EI FI,

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI since version 3.7. unicode encode 7 —7%

\N{...} TEZHIET,

N—a v 3.5 TEM.

6.11 PyTime C API

N— a ¥ 3.13 TEM.
The clock C API provides access to system clocks. It is similar to the Python time module.

For C API related to the datetime module, see DateTime 7T k.
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6.11.1 Types

type PyTime_t

A timestamp or duration in nanoseconds, represented as a signed 64-bit integer.

The reference point for timestamps depends on the clock used. For example, PyTime_Time () returns

timestamps relative to the UNIX epoch.

The supported range is around [-292.3 years; +292.3 years]. Using the Unix epoch (January Ist,
1970) as reference, the supported date range is around [1677-09-21; 2262-04-11]. The exact limits are

exposed as constants:

PyTime ¢ PyTime_MIN

Minimum value of PyTime_t.

PyTime t PyTime_MAX

Maximum value of PyTime_t.

6.11.2 Clock Functions

The following functions take a pointer to a PyTime_t that they set to the value of a particular clock. Details

of each clock are given in the documentation of the corresponding Python function.
The functions return 0 on success, or -1 (with an exception set) on failure.

On integer overflow, they set the PyExc_OverflowError exception and set *result to the value clamped
to the [PyTime_MIN; PyTime_MAX] range. (On current systems, integer overflows are likely caused by

misconfigured system time.)
As any other C API (unless otherwise specified), the functions must be called with the GIL held.
int PyTime_Monotonic (PyTime_t *result)

Read the monotonic clock. See time.monotonic() for important details on this clock.
int PyTime_PerfCounter (PyTime t *result)

Read the performance counter. See time.perf_counter () for important details on this clock.
int PyTime_Time (PyTime_t *result)

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

double PyTime_AsSecondsDouble(PyTime 1 t)

Convert a timestamp to a number of seconds as a C double.

The function cannot fail, but note that double has limited accuracy for large values.

6.12 Support for Perf Maps

On supported platforms (as of this writing, only Linux), the runtime can take advantage of perf map files to
make Python functions visible to an external profiling tool (such as perf). A running process may create a
file in the /tmp directory, which contains entries that can map a section of executable code to a name. This

interface is described in the documentation of the Linux Perf tool.

In Python, these helper APIs can be used by libraries and features that rely on generating machine code on

the fly.
Note that holding the Global Interpreter Lock (GIL) is not required for these APIs.

int PyUnstable_PerfMapState_Init (void)

This is Unstable API. It may change without warning in minor releases.

Open the /tmp/perf-$pid.map file, unless it’s already opened, and create a lock to ensure thread-safe
writes to the file (provided the writes are done through PyUnstable_WritePerfMapEntry()). Nor-
mally, 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)

This is Unstable API. It may change without warning in minor releases.

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

example entry looks like:
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# address size name
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 0 on success, or the same error codes as PyUnstable_PerfMapState_Init ()

on failure.

void PyUnstable_PerfMapState_Fini (void)

This is Unstable API. It may change without warning in minor releases.

Close the perf map file opened by PyUnstable_PerfMapState_Init (). This is called by the runtime
itself during interpreter shut-down. In general, there shouldn’t be a reason to explicitly call this,

except to handle specific scenarios such as forking.
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e DBEEUK, PyList_New() TIERRE 72421 NULL A DEZRE XN TWARWVWY X D X 5 7%, WY
bEnTWRWA T2 7 ML THES Z I3 TEE R A

7.1 #72x- 70Ok 3JL (object protocol)

PyObject *Py_GetConstant (unsigned int constant_ id)

Part of the Stable ABI since version 3.13. Get a strong reference to a constant.
Set an exception and return NULL if constant_id is invalid.

constant__id must be one of these constant identifiers:
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Constant ldentifier Value Returned object

0 None
Py_CONSTANT_NONE

1 False
Py_CONSTANT_FALSE

2 True
Py_CONSTANT_TRUE

3 Ellipsis
Py_CONSTANT_ELLIPSIS

4 NotImplemented
Py_CONSTANT_NOT_IMPLEMENTED

5 0
Py_CONSTANT_ZERO

6 1
Py_CONSTANT_ONE

7 ]
Py_CONSTANT_EMPTY_STR

8 b'!
Py_CONSTANT_EMPTY_BYTES

9 O

Py_CONSTANT_EMPTY_TUPLE

Numeric values are only given for projects which cannot use the constant identifiers.
N— a3 ¥ 3.13 TEM.
CPython RZEDF##: In CPython, all of these constants are immortal.

PyObject *Py_GetConstantBorrowed (unsigned int constant_ id)

Part of the Stable ABI since version 3.13. Similar to Py_GetConstant (), but return a borrowed

reference.
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This function is primarily intended for backwards compatibility: using Py_GetConstant () is recom-

mended for new code.

The reference is borrowed from the interpreter, and is valid until the interpreter finalization.
versionadded:: 3.13

PyObject *Py_NotImplemented
HBRoNATT 27 e XYy FOGIBORDMEAGHOEDUENREETH 2HE LTHEDN S, KR
# (NotImplemented) ¥ > 2L b+,

Py_RETURN_NOTIMPLEMENTED

Properly handle returning Py_NotImplemented from within a C function (that is, create a new strong

reference to NotImplemented and return it).

Py_PRINT_RAW

Flag to be used with multiple functions that print the object (like PyObject_Print() and
PyFile_lriteObject()). 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_HasAttrWithError (PyObject *o, const char *attr_name)

Part of the Stable ABI since version 3.13. Returns 1 if o has the attribute attr_name, and 0 otherwise.

This is equivalent to the Python expression hasattr(o, attr_name). On failure, return -1.
N— a ¥ 3.13 TEM.

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

Part of the Stable ABI since version 3.13. This is the same as PyObject_HasAttrWithError(), but

attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx*.
N— a ¥ 3.13 TEM.

int PyObject_HasAttr (PyObject *o, PyObject *attr__name)

Part of the Stable ABI. Returns 1 if o has the attribute attr _name, and 0 otherwise. This function

always succeeds.

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

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

xR Exceptions that occur when this calls __getattr__() and __getattribute__()
methods or while creating the temporary str object are silently ignored. For proper er-
ror handling, use PyObject_HasAttrStringWithError(), PyObject_GetOptionalAttrString() or
PyObject_GetAttrString () instead.

PyObject *Py0Object_GetAttr (PyObject *o, PyObject *attr__name)

Return value: New reference. Part of the Stable ABL. #7227+ o 225, &l attr_name DFMER
WMELET, KN3T 2 BHEEZELUKRRS 5L NULL 2R L £, ZOB%IE Python D3 o.attr_name
LHELTT,

If the missing attribute should not be treated as a failure, you can use PyObject_GetOptionalAttr()
instead.

PyObject *Py0bject_GetAttrString(PyObject *o, const char *attr_name)
Return value: New reference. Part of the 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 Py0Object*.

If the missing attribute should not be treated as a failure, you «can use
PyObject_GetOptionalAttrString () instead.

int PyObject_GetOptionalAttr (PyObject *obj, PyObject *attr name, PyObject **result);
Part of the Stable ABI since version 3.13. Variant of PyObject_GetAttr() which doesn’t raise

AttributeError if the attribute is not found.

If the attribute is found, return 1 and set *result to a new strong reference to the attribute. If the
attribute is not found, return 0 and set *result to NULL; the AttributeError is silenced. If an error

other than AttributeError is raised, return -1 and set *result to NULL.
N— a ¥ 3.13 TEM.

int PyObject_GetOptionalAttrString(PyObject *obj, const char *attr_name, PyObject **result);
Part of the Stable ABI since version 3.13. This is the same as PyObject_GetOptionalAttr(), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx.

N— a ¥ 3.13 TEN.

PyObject *Py0bject_GenericGetAttr (PyObject *o, PyObject *name)

Return value: New reference. Part of the Stable ABL. B4 7Y =2 7 M@ tp_getattro A1y MIED

- SIS =F

2 C 9 '-55'.- e 9 4LLid 'y x D )& di
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WA, 72227 2D MRO WZH B0 7 ADTHEILH LT A7) FXERL F T, descriptors THEED
BARENTVWEBED, T—RDFRAZ Y FRIFIALA VAX Y ADENE L VBRI N, EF—ZF27 Y 7RI
gEILICENE T, RS2SR o7851F AttributeError XM L 3,

int PyObject_SetAttr (PyObject *o, PyObject *attr _name, PyObject *v)

Part of the Stable ABL. * 7Y =2 + o @ attr_name £\WH HZHDBEMEIC, B v ZRELE T, KKWT 2
N EERL -1 ZRLET; KT 562 0 2RL 3, 2RI Python X o.attr_name = v &
R TY,

If v is NULL, the attribute is deleted. This behaviour is deprecated in favour of using
PyObject_DelAttr(), but there are currently no plans to remove it.

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

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

v 23 NULL OBEFEEIHIFRE N E T2, ZOBREISIFHSETH D PyObject_DeldttrString() &
SDPEELVTT,
int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

Part of the Stable ABL. JBHEDFE L HIFRZAT 5 WA RBEET, BA TP 27 D tp_setattro A
Oy MIEIPNEST, 2705227 2D MRO IZHZ 7 FADHEHENLT —XT 4 A7V FXEHRL. ANt
Mo lGEEA VARV ADEFFHICH 5 BEDORERHIFRL D bEESNE T, £ TRVWEAIR, (BL
FETIUR) A 72227 bD __dict__ WEMEEZFED LFHIRL E 3, B35 L 0 pkEh, 25
TRWEEIX AttributeError 25EH XN -1 2HRXNFE T,

int PyObject_DelAttr (PyObject *o, PyObject *attr name)
Part of the Stable ABI since version 3.13. X7 =27 b o @ attr_name £ \WIHDEMEZHIFRL 5,
KT 2L -1 BIBLET, ZOBIHIE Python DX del o.attr_name ¥[RU T,

int PyObject_DelAttrString(PyObject *o, const char *attr_name)
Part of the Stable ABI since version 3.13. This is the same as PyObject_DelAttr (), but attr_name
is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict__ TRAZ VXD

getter DIEFHILERE T, BDERGEX, HERZIERL T,

This function may also be called to get the __dict__ of the object o. Pass NULL for contert 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.

N—=2 3 v 3.3 Tl
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int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)
Part of the Stable ABI since version 3.7. __dict__ 7 A7 V) XD setter DIEMNRTEETT, 2D
FLETEIFHELHRT 2 22 3FFEhTuER A
N— a ¥ 3.3 TEM.

PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there is no __dict__, return NULL without setting

an exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call

PyObject_GetAttr () when accessing an attribute on the object.

PyObject *Py0bject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABI. Compare the values of o1 and 02 using the
operation specified by opid, which must be one of Py LT, Py_LE, Py_E, Py_NE, Py_GT, or Py GE,
corresponding to <, <=, ==, I=, > 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)

Part of the Stable ABI. Compare the values of 01 and 02 using the operation specified by opid, like

PyObject_RichCompare (), but returns -1 on error, 0 if the result is false, 1 otherwise.

AM: If o and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_ER and
0 for Py_NE.

PyObject *Py0bject_Format (PyObject *obj, PyObject *format_ spec)
Part of the 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 formatted

string on success, NULL on failure.

PyObject *Py0bject_Repr (PyObject *o0)

Return value: New reference. Part of the Stable ABL. A 7Y 227 b o DXFHIRBEEFHHEHLE T, B
T3 XFHERBEIRL, KT 5L NULL #i1R L £F, Python R repr(o) XRU T, ZDOBEEIIHE
HIABBE repr ) OUHTFUIHINE T,

N=Tay 34 TEHE: 7774 THHNEERS THETROWZ L 2REET 2 DIERR L 512, 2O
TNy IT7H—arEELLIITRDELR,
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PyObject *Py0bject_ASCII(PyObject *o)

Return value: New reference. Part of the Stable ABIL. PyObject_Repr() L[tk 72 =2 b 0o DX
FHNRBHEZFE L 325, PyObject_Repr() I &k > TREINLXFINCEENSIE ASCII XF%E, TZ
F=7XF\x. \u. \UTTRF—=7LET, ZOBEEII Pythoh 2 @ PyObject_Repr() DR T XFF
CRIUXFHNEER L 3, ascii() X > THUHEINET,

PyObject *Py0bject_Str (PyObject *o0)

Return value: New reference. Part of the Stable ABI. & 7Y =2 b+ o OXFHNIRIEZETELE T, B3
T3 XFHNERRERL, RT3 NULL 2B L %3, Python R str(o) 2RLTT, ZDBEHIIMHA
ABBI str() =, print () BBOUHTIFIE SN E T,

N—Vay 34 TEHE: 7774 THRENEZERS TIETRWI L 2T 2 0IfFifZ & 512, 2O
TNy IT7H—arvEELLITRDELR,

PyObject *PyObject_Bytes (PyObject *o0)

Return value: New reference. Part of the Stable ABL. 7Y x27 + 0 DA MIRBHEZFHELE T, &
322 NULL 23R L., 1T 3L bytes A 79 =227 v 2IRBLE T, o B THRWVWE ZD, Python
bytes(o) &F L TT, bytes(o) £iE- T, o HEHD L Zi2id, EuTHILE Nk bytes F 7Y =
b 2R3 DTIF { TypeError BAEH XN E T,

int PyObject_IsSubclass (PyObject *derived, PyObject *cls)

Part of the Stable ABL. 7 5 & derived 732 7 & cls E[A—TH 20, ZIhOIRELEZIZ IR TH 2
B3 1 ZBL, Z5TRWEEIF 0 ZRLET, 57— EEXLHEE -1 ZIRLET,

cls MATNLDBE. cls DETHOHERBIINLTFzv I LET, PReD12D0F v 7T 1R
cE MREZ LR, 2ROz 01Tk ET,

cls 12 __subclasscheck__ () XY v R2RHZEEE. 77 7 ADIKED PEP 3119 IZH2@ED LS
DEHET Z72DITENE T, ZITRWVE E derived 73 cls DT 7 A3 DL, EHFEND 2 WIEHE
BT RATHEGE,. 2FD cls.__mro__ ICEENBZHETT,

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)

Part of the Stable ABIL. inst 2327 7 X cls B L X cls DF T TADA YRRV ATHBLEHIT 1 iR
L. Z9TRWEBICOZRLET, T7-MEZ2L -1 ZRLANERELET,

cls MR TINDEGE, cls DETODBEIRIIHLTF vy Z7LET, PR d1ODF v 7T 1BRoT
YE, BRI L R, ERLS O E 0 IXRD ET,

cls 12 __instancecheck__ () XY v F2RHBZL5EIE. T2 7 ADIRED PEP 3119 IZH2@ED S
DEHETZ1DITREEINE T, 2O THRVWEE st D3 cls DA VAR VR ZDIE. DT AN cls
DFIIATHBELGETT,
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An instance inst can override what is considered its class by having a __class__ attribute.

An object cls can override if it is considered a class, and what its base classes are, by having a

__bases__ attribute (which must be a tuple of base classes).

Py hash_t PyObject_Hash(PyObject *o0)

Part of the Stable ABL. #7227 b 0o DNy Y2 lEZHELTGRLET, KT 2L -1 ZRLET,
Python @3 hash(o) ¥R LT,

N—=Tar 3.2 TEHE: BYEDEIM Py _hash t &Rk DF LA, ZOBNL, Py_ssize_t EE LY A4 X%
ORI &R TT,
Py _hash_t PyObject_HashNotImplemented (PyObject *o0)

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

to the interpreter that it is not hashable.

int PyObject_IsTrue(PyObject *o)

Part of the Stable ABL. 0 EZR T AREZIHEICIT 1 2, Z5TRVEZIZIE 0 ZRLETS,
Python @3 not not o EEUTT, KT AL -1 ZRLE T,

int PyObject_Not (PyObject *o)

Part of the Stable ABIL. 0 EZR T AREZIHEICIT 0 2, Z5TRVEZIZE 1 ZRLETS,
Python @ not o ¥R T, KT 2L -1 ZRLZET,

PyObject *PyObject_Type (PyObject *0)

Return value: New reference. Part of the Stable ABI. When o is non-NULL, returns a type object
corresponding to the object type of object o. 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 *o0)

Part of the Stable ABL. 0 DRXERLE T, 1272 LATYV=I b oy —Fr 2B Fubare~y 7
7ot alombERELTWEHA -7 YA LTORIZRLET, =54 5L -1 iR
L %73, Python @ len(o) AL TT,
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Py_ssize_t PyObject_LengthHint (PyObject *o, Py _ssize_t defaultvalue)

A7t 0o ODMADODEZIZRL ET, T*ﬂk%[‘%‘z@%é% RiZ __length_hint__() %o T
WMEDORI 2, ZLTHRREIZT 74V IDERZEZS ¥ LET, ZOBEIE Python R operator.
length_hint (o, defaultvalue) &[AUTT,

N— g v 3.4 TEM.

PyObject *Py0Object_GetItem(PyObject *o, PyObject *key)
Return value: New reference. Part of the Stable ABL. 7Y =2 b key XG5 0 DEREERL F
Fo KEF S L NULL 2R L £79, Python O olkey] &R UTT,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)

Part of the Stable ABL. 7Y =7 b key ZfH v IORMHT £ 5, KT 22, S EEEL -1 ZIRL
E5, BT AL 0 RRLET, Z4UL Python DX olkey]l = v EAIFETT, ZOBEIK v ~NOZ%E
HAMD FEA

int PyObject_DelItem(PyObject *o, PyObject *key)
Part of the Stable ABL. 7Y =27 b o 5 key BT 2XMT T EHIBRL £3, KT 2L -1 BiRL
%73, Python @3 del olkey]l £FILTY,

PyObject *PyObject_Dir (PyObject *o)

Return value: New reference. Part of the Stable ABI. Z ®BH%iZ Python ®O3X dir(o) cFULT, A7
“/°:n7 FOEBBITE D BT TWBLFEINNSRZVRL (EOHBELHVET) ZRLET, =7—0%

WX NULL 23R L ¥ 3, 5180% NULL 12§ % &, Python iIZ81}3 dir() RIS, HEOR—HLief
A RLET; COHE. 72774 TRET 7L =070 0L NULL 23R U ¥ §53, PyErr_Occurred()
3AEIRLETS,

PyObject *Py0Object_GetIter (PyObject *o)
Return value: New reference. Part of the Stable ABI. Python @3\ iter(o) ¥R LTI, 5lHUcE o7
AT MW TBHTRATL =R, AT BT TRATL—XOBEFEA T =7 VEH
ZRLES, 7Y =7 MORIGEARIRETH - 73551213 TypeError ZiAH LT NULL iR L £73,
PyObject *PyObject_GetAIter (PyObject *o)

Return value: New reference. Part of the Stable ABI since version 8.10. This is the equivalent to the
Python expression aiter(o). Takes an AsyncIterable object and returns an AsyncIterator for it.
This is typically a new iterator but if the argument is an AsyncIterator, this returns itself. Raises

TypeError and returns NULL if the object cannot be iterated.
N— a3 ¥ 3.10 TE.

void *Py0Object_GetTypeData (PyObject *o, PyTypeObject *cls)

Part of the Stable ABI since version 3.12. Get a pointer to subclass-specific data reserved for cls.
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The object o must be an instance of cls, and cls must have been created using negative PyType_Spec.

basicsize. Python does not check this.
On error, set an exception and return NULL.

N— a ¥ 3.12 TEN.

Py ssize t PyType_GetTypeDataSize (PyTypeObject *cls)

Part of the Stable ABI since version 3.12. Return the size of the instance memory space reserved for

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

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

(e.g. with memset()).

The type cls must have been created using negative PyType_Spec.basicsize. Python does not check

this.

On error, set an exception and return a negative value.

N— a3 v 3.12 TEH.

void *PyObject_GetItemData(PyObject *o0)

Get a pointer to per-item data for a class with Py_TPFLAGS ITEMS_ AT END.

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

Py_TPFLAGS_ITEMS_AT END set.

N—a v 3.12 TEM.

int PyObject_VisitManagedDict (PyObject *obj, visitproc visit, void *arg)

Visit the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the

Py_TPFLAGS_MANAGED_DICT flag set.

N— a ¥ 3.13 TEN.

void PyObject_ClearManagedDict (PyObject *obj)

Clear the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the

Py_TPFLAGS_MANAGED_DICT flag set.

N— a3 v 3.13 TEH.
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7.2 Call 7O +dJL

CPython supports two different calling protocols: tp_ call and vectorcall.

7.2.1 The tp_call Protocol

Instances of classes that set tp_call are callable. The signature of the slot is:

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

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly to
callable(*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there are no

arguments) but kwargs may be NULL if there are no keyword arguments.
This convention is not only used by tp_ call: tp_new and tp_init also pass arguments this way.

To call an object, use PyObject_Call () or another call API.

7.2.2 The Vectorcall Protocol

N—a v 3.9 Tl
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:

g

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

N—=Y a ¥ 3.12 TEH: The Py_TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the
class’s __call__() method is reassigned. (This internally sets tp_call only, and thus may make it behave
differently than the vectorcall function.) In earlier Python versions, vectorcall should only be used with

immutable or static types.

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.
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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)

Part of the Stable ABI since version 3.12.
e callable is the object being called.

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

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

s1argsf is the number of positional arguments plus possibly the
PY_VECTORCALL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments from
nargsf, use PyVectorcall_NARGS().

«wnames is a tuple containing the names of the keyword arguments;
in other words, the keys of the kwargs dict. These names must be strings (instances of str or
a subclass) and they must be unique. If there are no keyword arguments, then kwnames can
instead be NULL.

PY_VECTORCALL_ARGUMENTS_OFFSET

Part of the Stable ABI since version 3.12. 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.
N— a v 3.8 TEM.

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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When using tp__call, callees do not need to worry about recursion: CPython uses Py_EnterRecursiveCall ()

and Py_LeaveRecursiveCall () for calls made using tp_ call.

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

and Py_ LeaveRecursiveCall if needed.

Vectorcall Support API

Py ssize t PyVectorcall_NARGS(size_t nargsf)

Part of the Stable ABI since version 3.12. 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.
N—Ta ¥ 3.8 TE.

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.
N—= a ¥ 3.9 TEM.

PyObject *PyVectorcall_Call(PyObject *callable, PyObject *tuple, PyObject *dict)

Part of the Stable ABI since version 3.12. 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 implementation
of tp_call. It does not check the Py TPFLAGS_HAVE_VECTORCALL flag and it does not fall back to
tp_call.

N—Y a ¥ 3.8 TENM.
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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.

E3E3d callable args kwargs
PyObject_Call() PyObject * tuple dict /NULL
PyObject_CalllNoArgs () PyObject *  --- -
PyObject_CallOneArqg () 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)

Return value: New reference. Part of the Stable ABI. FEUCH L AJBEZ: Python D4 7Y =2 b callable
. BTNV args £ LTHEZ N5 THE kwargs £ LTHEZON AT EG [ Er & IFSHL
7,

args & NULL TH-> TR 5673, 5IESBEL LEVWESIEEDO X IV E2[ > TL & W, kwargs 1%
NULL THHWEHE A,

I L7 SO L ORRZR L. KRR L ofst 2R L NULL 28 L £3,

ZAUIRD Python O & [F5FTF: callable(*args, *xkwargs) o

PyObject *PyObject_CallNoArgs (PyObject *callable)

Return value: New reference. Part of the Stable ABI since version 3.10. Call a callable Python object
callable without any arguments. It is the most efficient way to call a callable Python object without

any argument.

RN SO L ORERZIR L. KRR L ofit 2R L NULL 28 L £3,

N— 3> 3.9 CiBll
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PyObject *Py0bject_CallOneArg(PyObject *callable, PyObject *arg)

Return value: New reference. Call a callable Python object callable with exactly 1 positional argument

arg and no keyword arguments.
LT bR L OAERZIE L. KL 6IA 2k L NULL 28 L %35,

N—a v 3.9 TEM.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

Return value: New reference. Part of the Stable ABIL. FECMH LAIEEZ: Python @4 7Y =2 b callable
. BTN args L LTHZALNZ58E 2 HITFESH L E T, 5IBPRERIGEE. args & NULL TH
WEHA,

L7 6O L DORRZR L, KM LofM 2R L NULL 28U £,

ZAUIRD Python OX &R TT: callable(*args)

PyObject *Py0bject_CallFunction(PyObject *callable, const char *format, ...)

Return value: New reference. Part of the Stable ABI. FECNH, L AJHEZR Python A 7Y = 7 b callable
ZAZBED C 5l &t IO L EF, C 518U Py_BuildValue() TERD 7 » —< v P XFH%
fEoTiABR L FF, format & NULL b LT3, GBRA25/8P RV 2RLET,

RN 7 SO L ORRZIR L, KRB LM 2RH L NULL 28 L £3
ZAUFRD Python O & RIS TY: callable(xargs) o

PyObject* args 721 25 HICIE THEE, PyObject_CallFunctionObjArgs () X DHNHIETH S Z
EEHZTBOVTLEE N,

N—=Ta ¥y 34 TEHE: format DHD char * POEEINE LT,

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

Return value: New reference. Part of the Stable ABL. A7 =27 b obj ® name £ WS HRETD XY v
FZ, W20 CHELBIIMUIHBLES, CHIEIXX IV EERT 5 Py_BuildValue() TERD
74— NXFHTHRENTVET,

format 1& NULL T® X<, Gz VW 2RLET,
RN L7 HRFOH L ORERZIR L. KL 2600 25X L NULL 2B L %73,
ZAUIXD Python O & FISETY: obj.name(argl, arg2, ...) o

PyObjectx args 7213 251 8UCTETHEIX. PyObject_CallMethodObjArgs () X DHWHIETHZ Z &
EHATBWTLEE W,

N—=Y a3y 3.4 TEH: name & format DTUDS char * POEHEINE LTz,
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PyObject *Py0Object_CallFunctionObjArgs (PyObject *callable, ...)

Return value: New reference. Part of the Stable ABI. FEOXH LATHEZR Python 4 7Y =27 b callable
A ERAEAD Pyobject* 518 & HITFENI L 3, 5IBINIKEIC NULL B3OV A ZREAD 25 X
2 LTHEZET,

L7 IO L DFERZIR L. KL o6 2E M L NULL %2R L %3,
ZAUIRD Python O & [FFTF: callable(argl, arg2, ...) o

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

Return value: New reference. Part of the Stable ABI. Python A 7Y =27 b+ 0bj DXV v FEFERHL
F3. XY v FAIE Python XFEFIA T 27 b name THZE T, AIEBED PyObject* 5y iz
FEOHXNET. 5IBFNIKREIC NULL 3 OWE=nEBBED 7 X2 LTHZ T,

N L7 PO LORRZR L. KRR L it Z2RH L NULL 28 L £3,

PyObject *Py0bject_CallMethodNoArgs (PyObject *obj, PyObject *name)

Call a method of the Python object 0bj without arguments, where the name of the method is given

as a Python string object in name.

RN L7 PO L ORERZIR L, KL o0 2R L NULL 28 L %5,
N— a ¥ 3.9 TEM.

PyObject *Py0bject_CallMethodOneArg(PyObject *obj, PyObject *name, PyObject *arg)

Call a method of the Python object obj with a single positional argument arg, where the name of the

method is given as a Python string object in name.

I U7z RN L DFERZIR L. KBL 7250154 22 L NULL 2R L £73,
N—a v 3.9 Tl
PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size t nargsf, PyObject
*kwnames)

Part of the Stable ABI since version 8.12. Call a callable Python object callable. The arguments
are the same as for vectorcallfunc. If callable supports vectorcall, this directly calls the vectorcall

function stored in callable.
B L7600 ERERL, KLU0 %X L NULL 21 BLE7,
N— 3> 3.9 TEM.

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

Call callable with positional arguments passed exactly as in the vectorcall protocol, but with keyword

arguments passed as a dictionary kwdict. The args array contains only the positional arguments.
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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.
N— a ¥ 3.9 TEM.
PyObject *Py0bject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyObject

*kwnames)

Part of the Stable ABI since version 3.12. Call a method using the vectorcall calling convention.
The name of the method is given as a Python string name. The object whose method is called is
args[0], and the args array starting at args/1] represents the arguments of the call. There must be at
least one positional argument. nargsf is the number of positional arguments including args/0/, plus
PY_VECTORCALL_ARGUMENTS_OFFSET if the value of args[0] may temporarily be changed. Keyword

arguments can be passed just like in PyObject_Vectorcall ().

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

object with the full args vector as arguments.

RN L7 PO L ORIRZR L, KRR LM ZRH L NULL 280 £3,

N—3 g v 3.9 TEM.

7.2.4 Call Support API

int PyCallable_Check (PyObject *o0)

Part of the Stable ABL. #7227 b o XEUH LATREA 70 = 7 b E I DFARET, A7 =7 b3
O LATRETH S L FIC 1 ZIRL, 25 TRVEZITET 0 2R L XS, ZOBBIFORH LIZFEITEIIL
73,

7.3 HEE O )L (number protocol)

int PyNumber_Check (PyObject *o)
Part of the Stable ABL. 7Y =27 & o 238fEE v b a LB L TWBIHEAIC 1 ZRL, 25 TRV
CEZEMERLET, ZOBBIEOCH LIEEIEAIL X5,

N—Tay 38 TEH: o DA VT v 7 RABE o756, 1 ZIRLET,

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

Return value: New reference. Part of the Stable ABL. JII3 5 & o1 & 02 ZIMMELFEREZRL, &
¥ %Y NULL 2B L %3, Python ®R o1 + 02 ¥R T,
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PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. {315 % & ol 55 02 ZWHE LM REZIRL
S 2 ¥ NULL 2B L £3, Python ®R o1 - 02 ¥EIL T,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL K132 ¥ 01 ¥ 02 #RELLEREERL, &
$ 2 NULL 2IBL £F, Python ®R o1 * 02 ¥R T,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. 133 ¥ ol ¥ 02 %1753
BLUIEREZRL, KT 5L NULL 2B L £3, Python D o1 @ 02 XA TI,

N— g r 3.5 TEM.

PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI. Return the floor of o1 divided by 02, or NULL
on failure. This is the equivalent of the Python expression o1 // 02.

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

Return value: New reference. Part of the Stable ABL. I3 % &, WA 0ol D 02 1T K AREME
WA % 272348 (reasonable approximation) ZiR L. KBF % ¥ NULL ZiRL %3, ®TOFEH%E 2
ZHRHBE UTRET 2 DEAARER 2, ZHEOFB/MNIURENE 7 EBE” LARBITEZEA, 2Dk
B, ROEHALUTRD 5, p@gﬁi’z‘ﬁtb:_“)@?&‘%&%fﬁbfzﬁ% FH/NRDEZ RS ZehRHD %75,
Python @3l o1 / 02 [ LTT,

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. {13 % & ol % 02 THRELZFIREZERL. &
B(§% & NULL 23R L ¥ 7§, Python D ol % 02 LR LTI,

PyObject *PyNumber_Divmod ( PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. fHAABBEE divmod ) ZSIRL TL 2 & W, &
W3 % ¥ NULL 23R L 3, Python D divmod (o1, 02) 2R TT,

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

Return value: New reference. Part of the Stable ABI. #l&AABE pow() S L T XV, K
T % ¥ NULL #i1E L %3, Python O pow(ol, 02, 03) ¥[MUTT, 03 &4 7> a > TF, 08 M
XHT2W0W S, Py _None ZANTL7ZEW (03 I NULL 2T 2, RERXEYV 7 7R EF|ERITZ
EDHH ET),

PyObject *PyNumber_Negative (PyObject *o)

Return value: New reference. Part of the Stable ABL. 31§ % & o DFFENERIEL. KT 2 ¥
NULL %238 L %9, Python O -0 E[EUTT,
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PyObject *PyNumber_Positive (PyObject *o0)
Return value: New reference. Part of the Stable ABL. [iM13 5 ¥ o ZRL. KT % & NULL ZiRL ¥
3, Python O +0 LR UTT,

PyObject *PyNumber_Absolute (PyObject *o0)
Return value: New reference. Part of the Stable ABL K132 & o DHifEER L. KT % & NULL
%R L ¥ 3, Python O abs(o) XE LTI,

PyObject *PyNumber_Invert (PyObject *o0)
Return value: New reference. Part of the Stable ABL. J{iI1 5% & o Db v B KHEE (bitwise negation)
ZIRL. KT % & NULL %iR L %3, Python O ~o E[H L TT,

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL. fI13 5 & ol % 02 123 EY 7 + LR EIR
L. B3 % & NULL iR L £3, Python O3 o1 << 02 XE LTI,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABIL. fI13 % ¥ ol % 02 7736 7 F LR EIR
L. K3 % & NULL #iBL £3, Python @3 o1 >> 02 XE LTI,

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

Return value: New reference. Part of the Stable ABL I3 2% ol ¥ 02 @ " ¥y b HEAimEE
(bitwise and)” ZB L., KHMF % & NULL ZiRL $73, Python @ o1 & 02 LFIL T,

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

Return value: New reference. Part of the Stable ABL B33 2% 01 £ 02 ® " ¥ v :HAHEMITGHE
I (bitwise exclusive or)” ZiE L. KKF % & NULL ZEL ¥3, Python O o1 =~ 02 EFLTT,

PyObject *PyNumber_0r (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABL I3 2 % ol ¥ 02 @ " ¥ v b HEAGHEM
(bitwise or)” &R LK T % & NULL &L £3, Python D ol | 02 LFLTT,

PyObject *PyNumber _InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. fII T2 ¥ 01 ¥ 02 ZIMBELMEREEREL, K
3 2%L NULL 2R L EF, ol B in-place HEZ Y R— 5 2HE. in-place HEZITWVWE T, Python
DX ol += 02 R T,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)

Return value: New reference. Part of the Stable ABL. [{3I$ % & ol 5 02 ZEE LR TR L.
KF B NULL iR L EF, ol % in-place EHEZ VKR — 3 255, in-place HEZITWE T, Python
DX ol -= 02 LR TT,
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PyObject *PyNumber_InPlaceMultiply(PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 1T 2 ¥ 01 ¥ 02 ZRELMEEZEL, &
T 2E NULL 2iRLE T, 0l » in-place HEEZHR— T 385, in-place HE®ITWVWE$, Python
DX ol *= 02 AL T,

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

Return value: New reference. Part of the Stable ABI since version 3.7. Y1 $ 2 ¥ ol & 02 ZATH|%E
BULEEREEZEREL, KRBT 5L NULL ZIRLE T, ol & in-place THEZ ¥ R— + 5 2354, in-place HE
ZITWE T, Python D o1 @= 02 X[FIL T,

N—=a v 3.5 THEM.

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

Return value: New reference. Part of the Stable ABL. fI3 % & ol % 02 THRELUFETHEZIER L.
KT 5L NULL 23R L ¥ 3, ol 2% in-place HEZ VR — b F 554, in-place HHEZITWVWE F, Python
DX ol //= 02 EAL T,

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

Return value: New reference. Part of the Stable ABL. W13 % ¥, M 0ol @ 02 12 & 2BREfHEIC
X3 % %2723 (reasonable approximation) ZiR L. KH($ 2 & NULL ZiRL $9, ®TOFEHE 2 %
R e UTRELS 203 ATRE R 720, EORE/NMNRENZ 7 UE” LRI TETEA, TD7kD,
ROEDELICRD £F, ZOBBICZO0BBEZE LB, FHNUROHEZESZenHD 5, of
B in-place HEZ VR — M T 258, in-place HEZITWEF, Python DX ol /= 02 ERIUTT,

PyObject *PyNumber _InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 13 % & ol % 02 TRELLFIREZRL., , %
M3 2L NULL 2B L E T, ol 2% in-place {HE %V R — b T 255, in-place A Z/TW\WE 3, Python
DX ol %= 02 LA LTI,

PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABI. #lAAABE pow() SR L T XV, K
3 5L NULL ZiBL £ 3, ol 28 in-place HE LV R— b T 2855, in-place HEZITWET, Z DR
X 03 B Py_None DHEIE Python X ol *x= 02 E[H U T, ZhLHNDEHEIX pow(ol, 02, 03) D
in-place fR T3, 03 ZIMAXET WIS, Py_None Z ANLTL ZE W (03 12 NULL 23 &, FIERAE
V7 7R AEF|ERITIEDHDET),

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

Return value: New reference. Part of the Stable ABL. 13 % & ol % 02 23/ 7 b LIFERE
B, KT 2L NULL 238U £ 3, 0ol 23 in-place HE %K — b3 23854, in-place HEZITWE T,
Python DX o1 <<= 02 R LT3,

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
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BRU. KT 2L NULL IR L3, ol B3 in-place {#HHE % ¥ K — b3 2355, in-place HEZITWE T,
Python DX o1 >>= 02 ¥[F LT3,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL RIS 2% ol ¥ 02 @ ” ¥'v b HEA R
(bitwise and)” iR L. KE$ 2 & NULL iR L ¥ 73, ol 2% in-place HE TV R— b T 25E. in-place
HEZI{TWE T, Python DX ol &= 02 ¥[H LTI,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 332 % 01 £ 02 ® " ¥ v :HEAHEMIYHE
I (bitwise exclusive or)” B L. KT % & NULL %R L ¥ 3, ol A in-place HEZVR— T35
A, in-place HEZITWE S, Python DX o1 ~= 02 LU T,

PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL M3 % ¥ ol & 02 ® ” v b HEAGHHE
(bitwise or)” ZiR LK T % & NULL iR L %9, ol % in-place HEZ Y K— 3 255, in-place (i
ﬁ%?‘j‘b\ij—o PythOIl ODY ol |= 02 tlﬁjbfj—o

PyObject *PyNumber_Long (PyObject *0)

Return value: New reference. Part of the Stable ABL. 1T 3 & o BEHICEML=dDFIEL, KK
T 5% NULL #i1BL %3, Python O int(o) ¥R LTI,

PyObject *PyNumber_Float (PyObject *o0)
Return value: New reference. Part of the Stable ABL. I3 2 & o ZFE/NSEICEBR LD D%
RU, KHF 5% & NULL 2B L %9, Python O float(o) EFL T,

PyObject *PyNumber_Index (PyObject *o0)
Return value: New reference. Part of the Stable ABI. o % Python @ int BNZEHL, BHL=5ZD
EZRLET, KL% NULL 25R &4, TypeError FIAAEH ENE T,
N—=Y 2 3.10 TEE: HRITFEICHER int BTF, DN #RIE int OB 777204 v 2E Y
ADZdbHHE L7

PyObject *PyNumber_ToBase ( PyObject *n, int base)

Return value: New reference. Part of the Stable ABI. base ¥EUCEI X NIEE n 2T L TR
LET, base 518% 2, 8, 10 £7212 16 DWW I TRIFIUIR D FH A, EE 2, 8 16 12V T, K
INDBXFHNDORIEIIEZE L~ —H— '0b' | '00' F/E '0x' B, ThENEENRET, L n B
Python @ int BCH UL, F£F PyNumber_ Index() TEHINF T,

Py ssize t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)

Part of the Stable ABI. o Z%8(» U THMRAIEES o 7255, Py_ssize t BIDMEICEH L TRL F 3,
FECH USRI L 72 &5, il st &, -1 R ENE T,
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H L o Python @ int IZEMTEX7=DIT, Py_ssize_t ~NDEHLD OverflowError 12K 25EE. exc
FIETE SR (i#id IndexError %» OverflowError) OIS ZXH L $9, & L. exc »% NULL 7%
5. BIANIZ U 7 ENT, [EPEADEEEX PY_SSIZE T_MIN ., [ED¥&E PY_SSIZE T _MAX N\ ¥ #lfR
ENET,

int PyIndex_Check (PyObject *o0)

Part of the Stable ABI since version 3.8. o 34 ¥ 7 v 7 AR TH 354 (tp_as_number HEIEARD
nb_index AWy FAME o TWEHE) 1T 1 ZIEL, ZI3TRVWEEIC0 ZIELET, ZOEIIEIR
BIYILE T,

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

int PySequence_Check (PyObject *o0)

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

always succeeds.

Py ssize_t PySequence_Size (PyObject *o0)

Py ssize_t PySequence_Length(PyObject *o)
Part of the Stable ABL. 13223 —F7 YR o HDA TV 27 FOEEIRL, KT 5L -1 ZRLF
3, ZAUX, Python O3 len(o) EE LI D FT,

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL {Zh3 2 ¥ ol & 02 OHff (concatenation) %
BLU, KF 22 NULL 23R L £F, Python ®R o1 + 02 2FE LT,

PyObject *PySequence_Repeat (PyObject *o, Py _ ssize_t count)
Return value: New reference. Part of the Stable ABL. fiBI$ 22472227 0 D count BIFEDIKL
ZIRL. KT % & NULL iR L %9, Python O o * count X[ U T,

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

Return value: New reference. Part of the Stable ABIL. i{313 % & ol & 02 Dl (concatenation) %
BU, KT 2L NULL 2B L ET, ol 2% in-place HEZ Y R— b T 255, in-place HEZITWE T,
Python @3k o1 += 02 ¥R LTI,

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

Return value: New reference. Part of the Stable ABL. f{31$ 2847227 0 D count BIFEDIRL
R, KT 2L NULL 2R L%T, o2 in-place HE %I K — b T 335, in-place HEZITWVWE T,
Python @3 o *= count MU T3,
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PyObject *PySequence_GetItem(PyObject *o, Py ssize 1 1)

Return value: New reference. Part of the Stable ABL. [iB13 % & o @ { TFEHDERZIR L. KT 2
¥ NULL %R L %3, Python ®R ol[i] ¥R LTI,

PyObject *PySequence_GetSlice (PyObject *o, Py _ssize_t il, Py_ ssize_t i2)
Return value: New reference. Part of the Stable ABL. lII 325 o @ il 205 i2 FTOMDRAT A4 R
BU, KF %L NULL 2B L %9, Python O o[i1:i2] ¥F LT,

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

Part of the Stable ABIL. o @ { HHOERIZ v ZRALE T, kT2, st zEHL -1 ZRLET;
1T 58 0 RiBLET, 24Uk Python DX ol[i] = v ERIUTY ., ZOBEIE v NDBR%E BAHE
hxEtA

v 5 NULL DFERXZOBEEDHIRINETH, ZOEAEZIEHERTH D, Pyobject_Deldttr() %>
DHBEELWVWTT,

int PySequence_DelItem(PyObject *o, Py ssize t 1)
Part of the Stable ABL. 0 @ { ZHOBEZRHIFRLET, KT 2L -1 2RLEF, Python D del
o[i]l R TY,

int PySequence_SetSlice(PyObject *o, Py ssize til, Py ssize t i2, PyObject *v)
Part of the Stable ABI. o @ i1 205 i2 FTOMDAT A4 21 v ERALF T, Python DX ol[il:i2]
=V tlﬁjbfa—o

int PySequence_DelSlice(PyObject *o, Py ssize t il, Py _ssize t i2)
Part of the Stable ABL. =7 Y XA 7T 27 o D il 05 i2 ETORDR T A ZAZHIBRL £, KK
52 -1 2RLET, Python DX del ol[il:i2] ¥R U T,

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL. 0 1283 % value DHBIEEL, T72bB olkey]l == value £723 key D%

BLET, KT 2L -1 2#IBLFF, Python DX o.count(value) R L TT,
int PySequence_Contains (PyObject *o, PyObject *value)

Part of the Stable ABI. 0 1Z value A2 TWADHEL EF, 0o DD 2 ERD value & i (equal)
%51 ZIBEL, ZRUANDHEEICIZ 0 ZRELET, =7 —2FAET L -1 ZIBLET, Python ®
value in o R L T,

Py ssize t PySequence_Index(PyObject *o, PyObject *value)
Part of the Stable ABL. o[i] == value ERBIBRHUNCAODP oA VT IR i ZRLET, T7—0%
£322 -1 ZRLET, Python DR o.index(value) XEUTT,

PyObject *PySequence_List (PyObject *o0)
Return value: New reference. Part of the Stable ABI. > —Z7 Y 2b LIWEA4 7771 0o LRILANE%:R
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FoOVZAMA 727 b BRLE T, RBLZS NULL ZIRLE T, BRENZ VA MIFHLLESBN-Z
PREEX N TVET, 2 Python OR list(o) X F%ETY,

PyObject *PySequence_Tuple (PyObject *0)

Return value: New reference. Part of the Stable ABI. =45 Y XH2WEA T 7 TNV TH5B o AL
WEERORXTINATY =7 P RIRLET, KRBLS NULL ZRLE T, o BXTLDEE, HilmB]|
BRLET, TR OHE, BUIBRNEBA 72X TV EREL TGRLEF, Python DX tuple(o) &
RT3,

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

Return wvalue: New reference. Part of the Stable ABIL. ¥ — 7 Y XA EREA T 771D o %
PySequence_Fast* 7 7 I VODMBTHATEZ A7 27 P LTRLES, A7V 27 FHY—
FUYRATHAT T INTHRVGEIF X vt —Y m ZFD, TypeError i L3, KL 75 NULL
ZIRL £,

PySequence_Fast* 7 7 I VU OBEII. o 2% PyTupleObject £721% PyListObject EREL. 0 DT —
R4 —)VRIZHEET VLR T 20, ZDOX5EMTILENTVET,

CPython OFEETIZ, L o D B —F VAR TV THNE. 0 ZDBDEIRLET,

Py ssize t PySequence_Fast_GET_SIZE(PyObject *o)

0 73 NULL T/ <. PySequence_Fast() PRL7A TS 27 v THZEIREL T, 0 DEEZRLET, o
DY A & PySequence_Size() ZMUIH L THHEHNETH, PySequence_Fast_GET SIZE() DJTH
0ZVAIPETINTH 2 RELTUHT 5720, XIhEHETT,

PyObject *PySequence_Fast_GET_ITEM(PyObject *o, Py _ssize_t 1)
Return value: Borrowed reference. o %3 NULL T/ <. PySequence_Fast() DRL7:A 7V =7 b TH
D, DD i DA YT ADFHNICH B LARELT, o @ i HFHOHERZRL XTI,

PyObject **PySequence_Fast_ITEMS (PyObject *o)
PyObject R4 Y XDBERIZHH T LA ZRLET, ZOBEETIE. ol PySequence_Fast () DiRL7zA
7YxZ bTHY, NULL THRVWHDERELTVET,

VIXMDV A XPEFEINS L E, X)) BERIEROEYE2HEET 20d LKW I 2IERLT
{BEWV, ZOD, —F VADEERFRELLZVWIAYTXF AN TOAERICHEI R, VX 2FoTL
W,

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

Return wvalue: New reference. o @ i TFEHOERERZIRL, KHFT 5 & NULL iR L ¥ 73,
PySequence_GetItem() DEHEIRTH D, PySequence_Check() T o BEZIRT DL 5 H DIRIER.,
HORAFOHRBEZITOER Ao
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7.5 ¥y 7870k 3JL (mapping protocol)

PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HZIRL T X W,

int PyMapping_Check (PyObject *o)
Part of the Stable ABI. Return 1 if the object provides the mapping protocol or supports slicing, and
0 otherwise. Note that it returns 1 for Python classes with a __getitem__() method, since in general
it is impossible to determine what type of keys the class supports. This function always succeeds.
Py_ssize t PyMapping_Size (PyObject *o)
Py ssize_t PyMapping_Length (PyObject *o)
Part of the Stable ABL. 132247 =27 b o HFOF—DEERL, KT 2L -1 B BRLET, Z
UZ, Python O len(o) XL D £,
PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
Return value: New reference. Part of the Stable ABI. This is the same as PyObject_GetItem(), but
key is specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.
int PyMapping_GetOptionalItem(PyObject *obj, PyObject *key, PyObject **result)
Part of the Stable ABI since version 3.13. Variant of PyObject_GetItem() which doesn’t raise

KeyError if the key is not found.

If the key is found, return 1 and set *result to a new strong reference to the corresponding value. If
the key is not found, return 0 and set *result to NULL; the KeyError is silenced. If an error other than

KeyError is raised, return -1 and set *result to NULL.
N— a3 v 3.13 TEH.

int PyMapping_GetOptionalIltemString(PyObject *obj, const char *key, PyObject **result)
Part of the Stable ABI since version 3.13. This is the same as PyMapping_GetOptionalItem(), but
key is specified as a const charx UTF-8 encoded bytes string, rather than a PyObject*.

N— a ¥ 3.13 TEN.

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
Part of the Stable ABI. This is the same as PyObject_SetItem(), but key is specified as a const
char* UTF-8 encoded bytes string, rather than a 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*
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int PyMapping_HasKeyWithError (PyObject *o, PyObject *key)
Part of the Stable ABI since version 3.13. Return 1 if the mapping object has the key key and 0
otherwise. This is equivalent to the Python expression key in o. On failure, return -1.

N— a3 v 3.13 TE.

int PyMapping_HasKeyStringWithError (PyObject *o, const char *key)
Part of the Stable ABI since version 3.13. This is the same as PyMapping_HasKeyWithError(), but
key is specified as a const char*x UTF-8 encoded bytes string, rather than a PyObject*.

N— a ¥ 3.13 TEN.

int PyMapping_HasKey ( PyObject *o, PyObject *key)

Part of the Stable ABL. v v 7BIZ 70 2 7 y 3% — key 2FFOBEICT 1 BIRL, £ TRVE ZIZIX 0
ZIRLET, 24U, Python X key in o LT T, Z ORISR H LITEICHIIL 5,

ER: Exceptions which occur when this calls __getitem__() method are silently ignored.
For proper error handling, use PyMapping_HasKeyWithError (), PyMapping_GetOptionalIltem() or
PyObject_GetItem() instead.

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

Part of the Stable ABI. This is the same as PyMapping_HasKey (), but key is specified as a const
char* UTF-8 encoded bytes string, rather than a PyObjectx.

AMR: Exceptions that occur when this calls __getitem__() method or while creating the temporary
str object are silently ignored. For proper error handling, use PyMapping_HasKeyStringWithError(),
PyMapping_GetOptionalItemString () or PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *o)

Return value: New reference. Part of the Stable ABL. 1T 22473z b 0o DF—0575 10 R
FEELET, KE S NULL 2R L %5,

N—Pa 3.7 CEHE: DENX, BBV AP LIBETIVEZRLTWE L,

PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL. 1§24 7Y =227t o ODENSRZ VU X b
ZRLET, KKF 2L NULL ZiRL £,

Ne—Uay 3.7 CLEE: MENE. BEEY 2R P LAIRXTAERLTWE L,
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PyObject *PyMapping_Items (PyObject *o0)

Return value: New reference. Part of the Stable ABL. 13247322 b o DEEIPLHRDZ VR
FERL, BEREF—LEDRTBA- X TN >TOET, KT 5L NULL Z2BL £,

Ne—Uay 3.7 CEE: DENE. BEEY 2 P LR TAERELTWE L,

7.6 17L—470Ok1JL (iterator protocol)

ATV —2%H/S7-DDEHEOBEBIZ=2H D £3,

int PyIter_Check(PyObject *0)
Part of the Stable ABI since version 3.8. Return non-zero if the object o can be safely passed to
PyIter_ Nezt(), and O otherwise. This function always succeeds.

int PyAIter_Check (PyObject *o)
Part of the Stable ABI since version 3.10. Return non-zero if the object o provides the AsyncIterator
protocol, and 0 otherwise. This function always succeeds.

N— ar 3.10 TEN.

PyObject *PyIter_Next (PyObject *o)

Return value: New reference. Part of the Stable ABI. Return the next value from the iterator o. The
object must be an iterator according to PyIter_Check() (it is up to the caller to check this). If there
are no remaining values, returns NULL with no exception set. If an error occurs while retrieving the

item, returns NULL and passes along the exception.

ATV —RDRFTERICO o TRIBUHZIT5NV—T2EL ., COa—FREUTOXS1T2 2133 TT:

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

if (iterator == NULL) {
/% propagate error */

while ((item = PyIter_Next(iterator))) {
/% do something with item */
/* release reference when done */
Py_DECREF (item) ;

Py_DECREF (iterator) ;

(RDR=D12Hi L)

7.6. 7L —%70Ok1JL (iterator protocol) 151




The Python/C API, ) —2X 3.13.0a5

(AIDR=I 25 DfE X))
if (PyErr_Occurred()) {

/* propagate error */

}
else {

/* continue doing useful work */
}

type PySendResult

The enum value used to represent different results of PyIter Send().
N— a3 ¥ 3.10 TEH.
PySendResult PyIter_Send(PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 8.10. Sends the arg value into the iterator iter. Returns:
o PYGEN_RETURN if iterator returns. Return value is returned via presult.
e PYGEN_NEXT if iterator yields. Yielded value is returned via presult.
o PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

N— g 3.10 TEM.

7.7 Ny 7770k 23JL (buffer Protocol)

Python THIHARER WL DDA TP =7 M, TEIZH 3 XEVEHF 721 buffer NDT7 7 XML %
T ZDES5RATIV 27 b LT, HAIAAD bytes X bytearray . array.array D & 572\ D DILER
BREFOoNE T, ¥— FN—T 4 DT A 77 VITEGLHELRBAER D X 5 BRI BN OO, ZhoBS
DRZERTHIEDTEETD,

ZNZNDOIZNEHE DY T4 7 A2HRBEITH, BEOLHREBRRXEIANY 77 bR 2 W05 ED
FEzHALET, WSODrDRRTEIMNT2a %175 ZeREENY 77 X7 78R T2 I ehEE
nEg,

Python & buffer protocol DIEART C LNV DMEMHAZIRELEST, 2078 b aicZZo0flE»H D F3:

o BT ZMTIE. BRI, ZDOATI 2 FPOTRECHZ Ny 7 7 12T 2 HRZ R TE 2 "buffer A
VR=T 2= R BRI AR FTHIENTEERT, COA YR =T x2—RE Ny T 74T ME
& (buffer object structure) DEITIHHAL 355

o FMATAMTIX, ATV bOTRBIZHZET —ZANDERA VREBDIWL OPOFEPFHATEET
(Fze 218XV v F5I%0.

bytes % bytearray REDS Y INLRATY =7 ME, WEHD Ny 7 7 =% A4 OB TREL $3, A
MDA DTS FHFIGET S, B2 1L, array.array SR F 2 BRI AF N, MEZRZZEHHD FT,
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buffer £ ¥ % =7 = —ZXDFHZEDO—HIZ. 77 ANF TP 27 D write() XY v RTF: buffer £ > &% —
Tz —RAEBLT—HONS MIZRETEZYART IV 27 T 7 ANCEZADL IR TEE T,
write() &, ZO5IBE LTEINLA TP 227 FORNEERIINT 20A L LERAT7 7t X0AZHEE LE
3, readinto() DXIRMD XY v FTIX, ZD5IBMONBEIINT 2EZAART 7L ADKETT, buffer A
YR=Tz—RRZED, ATV 27 P EHAEEWSG, AN LEAANY 77 D7 7 LR ZFAT I ERLE D
ERTEMERT e TEET,

buffer 1 ¥ Z—7 =z —ZADFHFICIE, MR BEATI2 7 VDN 77 2B2 00 KENHH T
o IELWEIBIT PyObject_GetBuffer() ZMFUHT;

o PyArg_ParseTuple() ((723ZDRED VD) % y* . wx F7213 s* format codes DVFT L & b
WIS,

EELD7 —RTd, buffer WRER L 1o 72IRFIC PyBuffer Release() ZEMUHIRITNUIZD FXA, Zh
ZRLE. VY—RV =T DX BEkARMEICORB 2B/ N0H D £7,

7.7.1 buffer #&&E&

Ny 7 7 BN (F72EEMIC “buffers”) EHIOF 7Y =27 DAL F Y F—X % Python 70 27T <Icigfits
ZDIZERNTT, ZhEER, Eeabt—Xo54 >V 7B LTHHHATERS, ZOXEY TRy 7 22RT
LHRERHS Z T, YART—XTH L THEEIZ Python 7R <M T 223 TEE T, XEVIZ
CHBROREREFNERD S LNFERAL, ARV =T 4 VI RATLATIATITVRETRHIOXEY TRy 7 Hh
HLNFHAL, BEILT—ZZ2X AT 4 T7DA VRXEVERAZIETOIMEHIN22b LOATEA,

Python 4 Y X 7)) R X o THRWINZZ L DFT =X IR D, Ny 7 7% PyObject R4 ¥ X TIFi L.
SYTNIE CHERTT, 2070, fERE a—ERICHBICITRAE T, Ny 7 7 D—fRiNZRZ v =250
Bip 2 =X, memoryview 7Y = 7 M IMERINFE T,

IIAR=bENEZF TV 27 bEFELFEOROEHIZIE. Buffer Object Structures SR L T I2E W,
Ny 77 BBRT 511, PyObject_GetBuffer() Z#BILTL X W,
type Py_buffer

Part of the Stable ABI (including all members) since version 3.11.

void *buf

Ny 777 4—VEBRL TV EHHEEEDHEIE TR, VX, Ny 7723256470227 bD
TEYHEXEY 70y 7HOYOMEBEICH D 2 F T, HlZIE strides DAL, TOEEFXEY T
By ZDOREPD LNEHA,

Ei BAOGE ZOEIFAEY 7ay ZOEHEZIELET,

PyObject *obj

A new reference to the exporting object. The reference is owned by the consumer and automat-
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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:i& PyBuffer FillInfo() IZX-TT v FE&NT: —KHHR Ny
77 THIRBRT —ATIE, TD7 14—V FIENULL TF, —RINIZ, T/ AR—- 47V =2 M
CONREMEALTERD $EA.

Py ssize_t len
product (shape) * itemsize, contiguous Tk, TEOXEY 7ry 7OEXICRD ¥3, I

contiguous HIFITiX. contiguous REIZ 2 ¥ — X NG5 ICHEEN D OEXTY,

((char *)buf) [0] 75 ((char *)buf) [len-1] OHIPAND 7 7t 1%, stk (contiguity) %R
LT 2 Y 7T A M X o THIGENINY 77 ITH L TOAFEINE T, ZLDHEIR, 2D L7
Z TR M PyBUF_SIMPLE ¥7:\& PyBUF_WRITABLE TF,

int readonly
Ny 77 DitAHLHEHATH 2R LET, D7 4 —) RIiX PyBUF_WRITABLE 7 7 7" CHilfflT %
9,

Py ssize 1 itemsize
BH—D57 D byte DY A X, struct.calcsize() %IE NULL @ format fHIZH L THOH L7
fEREFELTT,
BHERBIS: HBED PyBUF_FORMAT 7 2 7 RBET DI RNy 7 7 2ERLZEGE. format
¥ NULL CRESINE T, Lo L itemsize 3TLD 7+ —< v Mo R RRFLE T,

shape DFET 255, product (shape) * itemsize == len DFEADF LN, FIFHFIX itemsize
% buffer ZFHT7=DIHHTEET,

PyBUF_SIMPLE ¥ 7z1% PyBUF_WRITABLE THR L 7z#iR. shape 73 NULL TdH i, HEEIZX
itemsize B L T itemsize == 1 ¥ RRIRIFUIERD TEA,

const char *format
BERE-OPONEEIEET 5. struct T 2 —ILARANANED, NUL X FH], ZOEA Y RD
fEAY NULL 72 &, "B" (fFBHEL N4 b) & LTHRbIE T,
D7 4 =) RIi& PyBUF_FORMAT 7 5 7 & » CHlflI X E 3,

int ndim

The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf points
to a single item representing a scalar. In this case, shape, strides and suboffsets MUST be

NULL. The maximum number of dimensions is given by PyBUF_MAX_NDIM.
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Py ssize_t *shape

AEY LD NRXTEHANDOE 2T, £ED ndim TH% Py_ssize_t DELFITT, shapel0] * ...
* shape[ndim-1] * itemsize |& len ¥ FEL L RIFNUIRD FXEA,

shape DfflL shape[n] >= 0 IZHIRX 1 F T, shapeln] == 0 DEFEICFHCFEREDILETT, il
W& complex arrays ZBIRLTLIZE W0,

shepe (JEAK) BLBFNERIAE D S 1FFHAM LEH TS,
Py ssize_t *strides

BRICICBVTH LWEEZRZ7DICAF Yy T34 MR RT, BE ndim O Py_ssize_t O
[Ig7IR

A4 FEE, EROBHEIEETEET, FEDOESITIE. A 74 NMI#EETWITXERNTT,
Ub LAHEE, strides(n] <= 0 O —RZMNE T 22 e N TEHR0EDNDH D £3, FMlicoOVWT
& complex arrays ZZBIRLUTLIEE W,

HEZHICL 52T, ZOD strides ECFNEFHAH LEHATT,

Py ssize t *suboffsets

Py_ssize_t MOBEREZFHOREX ndim DOALH|, suboffsets[n] >= 0 DFAIF. n FHDORITIC
o THRIFSN TV AEIZAR A > X T, suboffset {HIZH R A ¥ XDBRE MR L 72 RITMANA MR
ROV ERLTWE T, suboffset DEDEDBOHZEX. KA ¥ XDOSIIFRIIAE (EE L 72
XEY 70y JNCEEZERLEINNDS) LW 2R ET,

2T D suboffset HEAKDEHE (0% D BIERINE) ZHE. D7 4 —L FIZ NULL (F7 4L b
fl) THRIAUTHD ¥ A,

Z O ORISR BLE Python Imaging Library (PIL) TEbHTWE T, 2D X 5 REFSITERIZT
TR RFTBIEITONVTESIZFEL Z 8k complex arrays ZBIRLTL 72X W0,

HEFIZE o T, suboffsets FLFEFHAH LEH T,

void *internal

Ny 77 2RETIHOFTY = 7 N HNERICHIH T 2720 LTI, HlRIE, 1RBEANK Z 0Z K
WCBEERI% & v A b LT, shape, strides, suboffsets &\ o 72EE3 % Ny 7 7 2T 3 & EICFEIFRC
RINT ARNEDPEIDEEETZ 77715 8N TELTL LD, Ny 7 7 BRI AANE. 20
EZRLTEELTUIRD 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 dimensions.
Currently set to 64.
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172 NyIT77VITRANDRATS

Ny 7 7B HE., PyOvject_GetBuffer() 5> 22T, TI/RAKR—=IFTEATI27 MINy 77 YT R b
kB THELNET, XEY ORENZBEDEMIIZIICO/5720, HBEEX flags 518 EH->T, H
R Z BNy 77 OFEEZIEEL 5,

All Py_buffer fields are unambiguously defined by the request type.

DOTZXMIEKEFELBEWT 1+ —ILF

TED 7 14—V KX flags DFEEEZZITTIT, FBICIEULWETREZINE T, : obyg, buf, len, itemsize, ndim.

readonly, format

PyBUF _WRITABLE

readonly 74—V RZHIBILET, dLID7 7 I7DPREINTWVBIGEA. exporter 1%, FHZiAA
ATRER ANy 7 7 R T 220, S RITIUIKMEHE LRITINUIRD E¥A, 77 7R ESNLTHY
WA, exporter 13, BiAH LHEHA L FEZIALARERANAY 7705 L2 L THHOEE A,
EL5TRMT 22 I PERETOHBEE IS L T—HELLRTIIRD TE A,

PyBUF _FORMAT

format 74—V FEHIELET, L7 77BPRESNTVIUR. D7 4 =L FRIELEHDRIT
NERDEVA, 77 7DPRESNTOVRITIUI, D7 4 —)L F% NULL IZERE L RITUIRD %
A

PyBUF_WRITABLE 13, RDHEICHTL 28D 757 d | ZMo THEVWERA, PyBUF_SIMPLE ¥ 0 L EFRZ
NTWS DT, PyBUF_WRITABLE \FHMIRE ZIAARRER ANy 7 7 ZERTZ2HMD 7 7 7 LTHER T,

PyBUF_FORMAT &, PyBUF_SIMPLE DD Y D757t d | EMoTHEVWERA, BED 7 F7 7 B (FEk
LA R 7=y F2BUHERLTVWE T,
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shape, strides, suboffsets

ZD7 5 7%, UFTEMEDSKEVIEICHARZXEY OMENZESEERELET, Mr0 7527038, ZRkb
TREBEINEZTZ I ZTOTRTOE Y b EELILIRFERLTLEI N,

JJIX K shape  strides | suboffsets

yes yes BRI
PyBUF _INDIRECT

yes yes NULL
PyBUF _STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF _SIMPLE

BEEMDV I TR b

AT 4 FORBRA D> TH% L TH, C £7=1% Fortran O EHE HEAEICER XN BAEEMERH D 3, X
oA FIERZLIC, Ny 7713 C EBEELTVIRELDD £T,

DOIRE shape strides | suboffsets contig
yes yes NULL C
PyBUF _C_CONTIGUOUS
yes yes NULL F
PyBUF __F_CONTIGUOUS
yes yes NULL CHhF
PyBUF _ANY_CONTIGUOUS
PyBUF_ND yes NULL | NULL C
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®EVIIX b

BEHEZ2E2THOY 7T MDHEIZ, FIOFTDTY 7 7DHAEDOETHEMNICERINTWE S, @F)7Z X512,
Ny 77 —70 b aLTIEBEIHHIN3HAEOEEE D757 LTIRBELTE T,

RDOT—=TND U TEHGEPRERTHE I ERLET, FHAFIX PyBuffer IsContiguous() ZWFEUHIL

TEiEZHET 2RENHBTL £ 9,

DOITR bk shape strides | suboffsets | contig ‘ readonly ‘ format ‘

yes yes WBEREE U 0 yes
PyBUF __FULL

yes yes WBEREE 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
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7.7.3 HEMLES

NumPy X% )L: shape, strides
NumPy R & A )VOBEH| OFmEENIRGEL itemsize, ndim, shape, strides TERINF T,

ndim == 0 DFAIE. duf BT XEY DEIIE. T4 XD itemsize DRI F{HE LTHRRINE T, Z05
&, shape ¥ strides WL H NULL TI,

strides 53 NULL D&, EHNIERED n 2ot C BAl e L TRRRENE T, 25 THRWEEIE. FIAEEZRD
X312 n Zothidic 7 7 A LT HAIER D $RA:

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];

item = *((typeof(item) *)ptr);

FRDO K, buf BXEY TRy ZNO DB THIET Z L HARET T, T/ AR—&—13 2 OBKEEHT
522k o TNy 77 DY EMRERE T,

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 phystical 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 <= 0:
return ndim == O and not shape and not strides
if O in shape:

return True

imin = sum(strides[j]l*(shapel[jl-1) for j in range(ndim)
if strides[j] <= 0)

imax = sum(strides[j]l*(shape[jl-1) for j in range(ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen
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PIL XZ-JL: shape, strides, suboffsets

PIL 22 A VORI TREHOEROMIZ, HERTD ETROEREZMBFT 27-DIWB R A XERTE
T BRI, BED 3 X5t C BF char v[2] [2] [3] &, 2 KITHFIND 2 DDHKRA ¥ X5 57 BH0%] char
(xv[2])[2]1[3] L RZZ B TE T, suboffset RBITIE., ThHD 2 DDKRA XIFE buf OIEFITH DA
D, XAEVDY I THEETE 2 2 DD char x[2][3] EHIZIEL T,

RDFENZ, strides B suboffsets B NULL THRWEHED, N Rt/ VT v 7 A k> THRENTWS N RITEF
HNOBEZEADKRA VR ERTEBTT:

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**)pointer) + suboffsets[i];

}

return (voidx)pointer;

7.7.4 N\ 7 7EEDREK

int PyObject_CheckBuffer (PyObject *obj)

Part of the Stable ABI since version 8.11. obj 23 buffer £ ¥ X —7 2 — 2% HR—FLTWVWBEHEIF 1
BIRL, Z9TRWESIZ 0 BB LET, 1 ZIBL7Z2 LT3, PyObject_GetBuffer() BERIT 2 &
BREEENFERT A, ZOBBUIFEICERIIL E3,

int PyObject_GetBuffer (PyObject *exporter, Py buffer *view, int flags)

Part of the Stable ABI since version 3.11. Send a request to exporter to fill in view as specified by
flags. If the exporter cannot provide a buffer of the exact type, it MUST raise BufferError, set

view->obj to NULL and return -1.

BRI L7z 2 &iX, view B3, view->obj I exporter NOFLWBBEFREL, 0 2R LET, Fx A ¥
KON 77 AN IRV IR MNEH—DA TP 27 MIZY XA VLT M T 55 —RATiE, view—>obj
& exporter DRODICZDATI 27 V2SR LET Ny T77F TPV MEER 22U TLE
éh\)o

malloc() ¥ free() D X 5 I2, OCH LICH Y L 7= PyObject_GetBuffer() ¥ X127 %
PyBuffer_ Release() OM-UIH LB RINBRIUIRD FR A, EoT. Ny 77 DFHABFEALS
PyBuffer_Release () DB 1 BIZ TN X AL TIUIRD TH A,
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void PyBuffer_Release (Py_ buffer *view)

Part of the Stable ABI since version 3.11. Release the buffer view and release the strong reference
(i.e. decrement the reference count) to the view’s supporting object, view->obj. This function MUST

be called when the buffer is no longer being used, otherwise reference leaks may occur.
PyObject_GetBuffer() ZMLUTHEL TWARWAY 7 7128 LTI OBKEMUHT OERENT T,

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)
Part of the Stable ABI since version 3.11. Return the implied itemsize from format. On error, raise
an exception and return -1.

N— g > 3.9 TEM.

int PyBuffer_IsContiguous(const Py _buffer *view, char order)
Part of the Stable ABI since version 3.11. view TEFRINTWVWEXEY D, C AKX AL (order ==
C') D& &P, Fortran AX AV (order == 'F') Eft DL D, ZOWTND (order == 'A') TdHh
W1 ZRLES, ZhLBOBHEE 0 2IELE T, ZOBMBEFITEIIL £,

void *PyBuffer_GetPointer (const Py buffer *view, const Py_ssize_t *indices)

Part of the Stable ABI since version 3.11. 52 b7z view WIZH 3 indices DHEF X £V HHE % HUF
L3, indices 1% view->ndim HDA > 7 v 7 A 5 R 2052 L T iiFuIR b 8 A,
int PyBuffer_FromContiguous (const Py buffer *view, const void *buf, Py ssize t len, char fort)

Part of the Stable ABI since version 3.11. ##i3 2% len NA b%& buf 25 view IZAE—LFE T, fort
W 'C A P REETEET (Zh e C SRERA X AL L Fortran A XA VDIEFZRLET). BRI
RR2iX 0. =9 —FRCE -1 ZIRL 3,

int PyBuffer_ToContiguous (void *buf, const Py _ buffer *src, Py _ssize_t len, char order)

Part of the Stable ABI since version 8.11. src 705 len N4 b Z#EGERAT buf Ficav—-1L %3,
order 1% 'C' £721% 'F' F721& 'A' (C RXANVEF £ 721& Fortran A % A VAR £ 72132 ISt Hita
ETEET, BILES 0HHED, =57—456 -1 pHRD E3,

len 1= sre->len DEFE. T OBEEBIIIBL 5,

int PyObject_CopyData (PyObject *dest, PyObject *src)

Part of the Stable ABI since version 3.11. Copy data from src to dest buffer. Can convert between
C-style and or Fortran-style buffers.

BHIL78 025, =7 —KICik -1 PRI NET,

void PyBuffer_FillContiguousStrides (int ndims, Py ssize ¢ *shape, Py ssize t *strides, int itemsize,

char order)

Part of the Stable ABI since version 3.11. strides EE3% . itemsize DK E X DBERDBNA MHALO,

7.7. /Ny 7770k 3JL (buffer Protocol) 161



The Python/C API, ) —2X 3.13.0a5

shape D% L7z B4 (order 73 'C' 725 C-style . 'F' &5 Fortran-style @) ZXJthisl & L CTH
H5,

int PyBuffer_FillInfo(Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)

Part of the Stable ABI since version 3.11. %4 X5 len @ buf % readonly (ZHE - 7o ZIAHA] JAH]
DRETRHTEANY 77 V7T RA 2L ET, buf 3FSHULAAL FOFIE LTRRENE T,

flags BIEIV 7 Z A D& A TR L ET, ORI, buf PEiAH LEHEIEESNTOVT, flags I
PyBUF_WRITABLE DRREINTWRWERD, FiZ7 I IR ESINE D IT view BEODF T,

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;

Z DB E getbufferproc D—E e LTS HFEITIE, exporter Z T AR—1+ T34 7P =7 MEE
LRFIUER 63, 2512 flags IEFETICESIRITNUIR D ERA. 25 TRVIGEIX. exporter I
NULL TZFUILD £EA,
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BEfR+7S x4 b (CONCRETE OBJECT) L1+

ZDETIE. FED Python 4 7Y = 7 MIEGOBEBICOWTIBRRTWE T, TS DBEBICHEE > =R DA 7
V7 FEEITDIREVWEZITIESD FHA; Python 7077 2000560047V b EZIFM o728 &,
ZFOATI 27 PWELVWHEIZR o TV EDHERLZ S TRVODRL, $TH-F v 7 2THLRITNUIZD EEA;
BlZIE, DDA TY 22 P DBHERNTANSB I, PyDict_Check() ZfiVE T, ZDFEIX Python DA 7Y =
7 FENZBT B T R o TSN TVWE T,

&5 ZOETHERTVIHELNT. EXh7A 727 POREZFEREFESF v 7 LIETE2500D, 24D
BEBIXEINIAF 70 =7 MYEMR NULL RODPEMBRA T 27 b DhrEF v 7 LERA, 205
DORFUC NULL Z2EXETLES &, BEXTY 727 2ERERILT, 4 YR 7 REMEICK T X8
TLESEFTTI,

8.1 XA 721V bk (fundamental object)

Z DTk, Python OMA 7Y =7 b > 70 b ¥ (singleton) + 7Y =2  None IZDWTIHANE T,

8.1.1 BATIT Uk

type PyTypeObject
Part of the Limited API (as an opaque struct). lAHAABZFR T 2BICHVWSONS, £ 7V =27 b %
x5 C MEARTT,

PyTypeObject PyType_Type
Part of the Stable ABL. A7 = 7 bEHHOH A 7Y =2 7 T, Python L4 ¥IZBIT 5 type LU
F7Y 227 FTT,

int PyType_Check (PyObject *o)
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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 *o)

Return non-zero if the object o is a type object, but not a subtype of the standard type object. Return

0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()

Part of the Stable ABL. NEiOBRF » v a%2 7 V7 LET, HEON-Ya vy 7 2RLET,

unsigned long PyType_GetFlags (PyTypeObject *type)

Part of the Stable ABI. Return the tp_flags member of type. This function is primarily meant for
use with Py_LIMITED_API; 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.

N—a ¥ 3.2 TEM.

N—=Yar 3.4 TEHE: RYEDHA long TIE7 < unsigned long IR Y ¥ 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.

N—Tar 3.12 TEN.

void PyType_Modified (PyTypeObject *type)

Part of the Stable ABL. NEROBEBEFXF ¥ v > 2%, ZOD type L ITNTOH T XA AT LTI L E
T ZOREUI type DEMREIEY 7 RFN B L7 H L ICFH TR E S RITAUIRD £ 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.

N— a ¥ 3.12 TEN.
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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().
N—¥ a3 ¥ 3.12 TE.

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().
N— a3 v 3.12 TEH.

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.
N— a3 ¥ 3.12 TEI.

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)
Part of the Stable ABIL. a 53 b %744 TOHBEWCEEIRL 3,

ZOBBIIEBOY 775 R % F v 7T 5723 TS, D% D, __subclasscheck__() & b X0 LFIX
NZFHA, issubclass() M UF = v 7% T 5I21E PyObject_IsSubclass() ZMEATL 12X W,

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py _ ssize t nitems)
Return value: New reference. Part of the Stable ABL #4722 D tp_allociTWFT 2Tz 1V v
INYRFFTT, Python DF 74V FDAEY 7RI — b XAZXLEBFoTHLWA Y ZAZ Y 2% 70
=1t L, IXNTONE% NULL THIEUKL 3,
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PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)

Return value: New reference. Part of the Stable ABL. B4 7Y 2 7 V@ tp_new NT 2T =4V v o
ANYRITT, Bl tp_alloc ROy b2ffioTHLOVA VXX A EEM L EF,

int PyType_Ready (PyTypeObject *type)

Part of the Stable ABL. BIA 7Y =7 b D7 74 F 74 X&2fTWVWEd, ZOBBEEETOLF 722 T
WAL ESE T 32 72D HI N TER D 8A. ZOBEE. BES 7 2Bp LK LZA8 Y b
ERATY 27 MBS 2REBRHDET, BALEELEIIE 0 ZRL, =7 —-0HEIE -1 ZiRL
THIIMERZZREL £7,

JEMR: 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 ( Py Type Object *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s name.
Equivalent to getting the type’s __name__ attribute.

N— a ¥ 3.11 TEN.

PyObject *PyType_GetQualName (PyTypeObject *type)
Return value: New reference. Part of the Stable ABI since version 3.11. Return the type’s qualified
name. Equivalent to getting the type’s __qualname__ attribute.

N—ar 3.11 TEM.

PyObject *PyType_GetFullyQualifiedName ( PyTypeObject *type)

Part of the Stable ABI since version 3.13. Return the type’s fully qualified name. Equivalent to
f"{type.__module__}.{type.__qualname__3}", or type.__qualname__ if type.__module__ is not a

string or is equal to "builtins".
N— a3 v 3.13 TBE.

PyObject *PyType_GetModuleName ( Py TypeObject *type)

Part of the Stable ABI since version 3.13. Return the type’s module name. Equivalent to getting the
type.__module__ attribute.

N— ar 3.13 TEM.

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. 5ZHN72ABy MIHHEINTVWEEBKRA V&2 2R L %
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I, IBDHEA NULL O%&EE, ARy b2 NULL 20, BB AILERSIETEEN-Z e ZRLE T, EEH.
MOHLUARGE D EORA ~ R 2@y BRIy A LE T,

See PyType_Slot.slot for possible values of the slot argument.
N—=a ¥ 3.4 TE.

N—a ¥ 3.10 TEHE: PyType_GetSlot() can now accept all types. Previously, it was limited to
heap types.

PyObject *PyType_GetModule (PyTypeObject *type)

Part of the Stable ABI since version 3.10. 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 defined 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.

N—ar 3.9 TEM.

void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. Return the state of the module object associated 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.

N—a > 3.9 TEM.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

Part of the Stable ABI since version 3.13. 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_<nit or nb_add) and other places where a method’s defining class cannot

be passed using the PyCMethod calling convention.

N— a3 r 3.11 TEH.
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int PyUnstable_Type_AssignVersionTag(PyTypeObject *type)

This is Unstable API. It may change without warning in minor releases.

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or 0 if a new tag

could not be assigned.

N—a v 3.12 TEM.

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)

Part of the Stable ABI since version 3.12. 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 com-
patibility, 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.)

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 t¢p 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__).
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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.
N— a3 v 3.12 TEH.

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType Spec *spec, PyObject *bases)

Return wvalue: New reference.  Part of the Stable ABI since wversion 3.10. Equivalent to

PyType_FromMetaclass(NULL, module, spec, bases).
N— a ¥ 3.9 TEM.

N—=a ¥ 3.10 TZEHE: The function now accepts a single class as the bases argument and NULL as

the tp_doc slot.

N— a ¥ 3.12 TEH: The function now finds and uses a metaclass corresponding to the provided

base classes. Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating classes

whose metaclass overrides tp_new is deprecated and in Python 3.14+ it will be no longer allowed.
PyObject *PyType_FromSpecWithBases (PyType Spec *spec, PyObject *bases)

Return wvalue: New reference.  Part of the Stable ABI since wversion 3.8. Equivalent to

PyType_FromMetaclass(NULL, NULL, spec, bases).

N—T a v 3.3 TEM.

N— a ¥ 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 3.14+4 it will be no longer allowed.
PyObject *PyType_FromSpec (PyType_ Spec *spec)

Return value: New reference. Part of the Stable ABI. Equivalent to PyType_FromMetaclass (NULL,

NULL, spec, NULL).

N— a ¥ 3.12 TZH: 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 3.14+ it will be no longer allowed.

type PyType_Spec
Part of the Stable ABI (including all members). Structure defining a type’s behavior.
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const char *name

Name of the type, used to set PyTypeObject. tp_name.

int basicsize

If positive, specifies the size of the instance in bytes. It is used to set PyTypeObject.

tp_basicsize.
If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition
to the superclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory

reserved this way.
N—3 a ¥ 3.12 TEH: 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).

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

base class is known.

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

the instance’s memory directly.
o With the Py_TPFLAGS_ITEMS_ AT END flag.

unsigned int flags

Type flags, used to set PyTypeObject.tp_flags.
If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeclithBases () sets it automatically.

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

Part of the Stable ABI (including all members). Structure defining optional functionality of a type,

containing a slot ID and a value pointer
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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)
e tp_vectorcall_offset (use "__vectorcalloffset__" in PyMemberDef)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to sup-
port 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_FromSpecWithBases () instead.
N—a v 3.9 TEH: Slots in PyBufferProcs may be set in the unlimited API.

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

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

Slots other than Py_tp_doc may not be NULL.
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8.1.2 None A7 x ¥V b

Note that the PyTypeObject for None is not directly exposed in the Python/C API. Since None is a singleton,
testing for object identity (using == in C) is sufficient. There is no PyNone_Check() function for the same

reason.
PyObject *Py_None
The Python None object, denoting lack of value. This object has no methods and is immortal.
N—ar 312 TEHE: Py_None is immortal.

Py_RETURN_NONE

Return Py_None from a function.

8.2 BEEA T T k (numeric object)

8.2.1 BBEAT I 1 U I (integer object)

FTRTOEBIMEEORE 2D "ong” Bl LTHEEINLXT,

I7-DEEZY, 1L ALYD PyLlong_As* AP IX (return type)-1 ZiRL £325, ZAUIEUEE 75303t
EFHA, RO EMT 2729121 PyErr_Occurred() Z#H->TL1EE W0,
type PyLongObject

Part of the Limited API (as an opaque struct). Z® PyObject DY 7 X 4 AR ZRHAL £ 3,

PyTypeObject PyLong_Type
Part of the Stable ABI. Z® PyTypeObject D4 ¥ AR > A% Python BEA#RHE L £¥, ZhiX
Python L' A ¥IiZBF 3 int EALA TP =2 FTT,

int PyLong_Check (PyObject *p)
5180h% PyLongObject #» PyLongObject DY 7R A FTH2 L ZTWHETIRLET, ZOBEBIIFEITHIIL
£,

int PyLong_CheckExact ( PyObject *p)
518AS PyLongObject Td 503 PyLongObject DY T RA FTRVWE ZICHZRLET, ZOBEBIIEIC
BRHILES,

PyObject *PyLong_FromLong (long v)

Return value: New reference. Part of the Stable ABI. v 2 #7272 PyLongObject X 7Y =7 b %4
L TRLET, KDL 2i2id NULL 2R L £7,
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BUEDEETIE, -5 225 266 FTOETORMIIHNT 2B MA T =7 FOEANZRFF L £5. T DOHIH
DEEART 2. ERICEEHFOA 7Y 27 MIHT 220585 K 51Xk oTW0wE T,

PyObject *PyLong_FromUnsignedLong(unsigned long v)

Return value: New reference. Part of the Stable ABI. C ® unsigned long 25 ¥17z7% PyLongObject
A7 27 FRAERLTRL XS, KL NULL 28U £9,

PyObject *PyLong_FromSsize_t (Py_ssize  v)

Return value: New reference. Part of the Stable ABIL. C @ Py_ssize_t Bh S¥1727 PyLongObject
A7 27 FRAERLTRL XS, KO L ZITIE NULL ZIRL £,

PyObject *PyLong_FromSize_t (size_t v)

Return value: New reference. Part of the Stable ABI. C @ size_t B 5¥17272 PyLongObject + 7
Y7 PRAERLTELE T, KDL 23 NULL 2R L %7,

PyObject *PyLong_FromLongLong (long long v)

Return value: New reference. Part of the Stable ABI. C @ long long H2: 5#71727% PyLongObject
7Y 27 PRAERLUTELET, RBDL EIIE NULL 2R L E T,

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)

Return value: New reference. Part of the Stable ABI. C ® unsigned long long E!» & ¥i7z 7%
PyLongObject A 7Y =7 PR L TGELE S, KMO L 1T NULL 2R L E 3,

PyObject *PyLong_FromDouble (double v)

Return value: New reference. Part of the Stable ABI. v OREHERD &H17272 PyLongObject A 7 =
7 PERLTGRLEY, KMO L 221 NULL 2R L X9,

PyObject *PyLong_FromString(const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABL. Return a new PyLongObject based on the
string value in str, which is interpreted according to the radix in base, or NULL on failure. If pend
is non-NULL, *pend will point to the end of str on success or to the first character that could not be
processed on error. If base is 0, str is interpreted using the integers definition; in this case, leading
zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be between 2 and 36,
inclusive. Leading and trailing whitespace and single underscores after a base specifier and between
digits are ignored. If there are no digits or str is not NULL-terminated following the digits and trailing

whitespace, ValueError will be raised.
BE.:

Python methods int.to_bytes() and int.from_bytes() to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod().
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PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

Return value: New reference. Convert a sequence of Unicode digits in the string » to a Python integer

value.
N— a3 v 3.3 TEM.

PyObject *PyLong_FromVoidPtr (void *p)
Return value: New reference. Part of the Stable ABI. R4 & p 7»% Python BEEXAERL 5, K
4 ¥ RDfEE PyLong AsVoidPtr() %A LR, BRI NE T,

PyObject *PyLong_FromNativeBytes (const void *buffer, size_ t n_ bytes, int flags)
Create a Python integer from the value contained in the first n_bytes of buffer, interpreted as a

two’s-complement signed number.

flags are as for PyLong AsNativeBytes(). Passing -1 will select the native endian
that CPython was compiled with and assume that the most-significant bit is a sign
bit. Passing Py_ASNATIVEBYTES_UNSIGNED_BUFFER will produce the same result as calling
PyLong_FromUnsignedNativeBytes (). Other flags are ignored.

N— a ¥ 3.13 TEN.

PyObject *PyLong_FromUnsignedNativeBytes (const void *buffer, size_t n_ bytes, int flags)

Create a Python integer from the value contained in the first n_bytes of buffer, interpreted as an

unsigned number.

flags are as for PyLong_AsNativeBytes (). Passing -1 will select the native endian that CPython was
compiled with and assume that the most-significant bit is not a sign bit. Flags other than endian are

ignored.
N— a3 » 3.13 TEM.

long PyLong_AsLong (PyObject *obj)

Part of the Stable ABI. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DD long DHEIFASNTHAUR, OverflowError ZiEM L ET,

I —PEEZLEIC -1 ZRLET, ROFEMNT 272021 PyErr_Occurred() Zffi-TL 7ZE W,
N—Yay 3.8 TELHE: A[ETHIUL __index__() 25> k51D FL

N— g ¥ 3.10 TEH: This function will no longer use __int__().

int PyLong_AsInt (PyObject *obj)

Part of the Stable ABI since version 3.13. Similar to PyLong AsLong (), but store the result in a C

int instead of a C long.
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N— a3 v 3.13 TEH.

long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)

Part of the 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 0bj 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 —PEEZLEIC -1 BRLET, ROFEMT 272021 PyErr_Occurred() Zffi-TL 7ZE W,
N—Yar 3.8 TEHE: A[fEThHIUL __index__ () S LSk h Tl

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

long long PyLong_AsLongLong ( PyObject *obj)

Part of the Stable ABI. Return a C long 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 DfEA long long DHIPASTHAUI, OverflowError 2kt L 7,

Io—PEEZL ZIC -1 ZIRLET, RPUZMT 2702 PyErr_Occurred() Zffio T 72E W,
N—=Yar 3.8 TEH: AJETHIUL __index__() &5 X351k Fl/

N—Y a3 ¥ 3.10 TZH: This function will no longer use __int__Q).

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)

Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject, 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 —PEEZLEIC -1 ZRLET, ROFEMT 272021 PyErr_Occurred() Zff-TL 7ZE W,
N—a v 3.2 Tl

N—a ¥ 38 TAHE: AIETHIUL __index__() 25 X5k L7,

N— 3 ¥ 3.10 TZH: This function will no longer use __int__().

Py ssize t PyLong_AsSsize_t (PyObject *pylong)

Part of the Stable ABI. pylong #5R3 C @ Py_ssize_t R L ¥ 3, pylong 1& PyLongObject DA >
AR Y ATRIFNIZLD $HA,
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b U pylong DIED Py_ssize_t O#EPHITHAUL. OverflowError ZiEH L £,

Io—PEEZ ZIC -1 ZIRULET, ROUZNT 27D PyErr_Occurred() Zffio TL72E W,

unsigned long PyLong_AsUnsignedLong(PyObject *pylong)

Part of the Stable ABI. pylong #33 C @ unsigned long %R L %79, pylong \& PyLongObject @
A VAR Y ZATRIFIUILD FH A

b L pylong DIEA unsigned long DHIPASTHIUL, OverflowError ZiXH L X3,

I 77— XY 2T (unsigned long)-1 ZIRLE T, RO 2T 57292 PyErr_Occurred() %
fHoTIREW,

size_t PyLong_AsSize_t (PyObject *pylong)

Part of the Stable ABI. pylong #%3 C @ size_t %R L £, pylong & PyLongObject D4 ¥ A&
YRATIRFUIIED £R A

b L pylong DED size_t DHISNTHAUIX. OverflowError ZiAMH L £3,

I —PREELE 2T (size_t)-1 ZIRLE T, BAT 2T 5729121F PyErr_Occurred() ZfE->T
<f:éh\o

unsigned long long PyLong_AsUnsignedLongLong ( PyObject *pylong)

Part of the Stable ABI. pylong 33 C ® unsigned long long %iRL £, pylong & PyLongObject
DA VAR Y ZATIRIFNUILD FEA,

% L pylong DA unsigned long long DHIPFATH UL, OverflowError ZEXH L T,

I — P E~Y %I (unsigned long long)-1 B L 3, R T 22 201X
PyErr_Occurred() 2o TS W,

N—=a v 3.1 TEE: & pylong ZHEE L7ZFRIC TypeError Tid# { . OverflowError X35 &5
WD EL

unsigned long PyLong_AsUnsignedLongMask ( PyObject *obj)

Part of the Stable ABI. Return a C unsigned 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 OfE7S unsigned long DHIPAA SHANTWIHEIX, ULONG_MAX + 1 ZiEE LEFIRZEL $9,

I - E 7L ZIZ (unsigned long)-1 ZIRL %3, BT &I 5 7=012ld PyErr_Occurred () %
{%OVC < f:éb\o

N—ar 3.8 TEH: aJRETHIUX __index_ () 2S5 XS5k F L=

N— a3 3.10 TZH: This function will no longer use __int__().
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unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)

Part of the 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 DfEi%’ unsigned long long DHIFHD BN TV EIX, ULLONG_MAX + 1 Zike LFRIRZIRL
S

I T - &/t X2 (unsigned long long)-1 B L ¥ 3, RO T Z2MIF 2 icid
PyErr_Occurred () Zf-TL7Z&E W,

N— gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k L=

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

double PyLong_AsDouble ( PyObject *pylong)

Part of the Stable ABI. pylong %23 C @ double %R L £3, pylong & PyLongObject D4 ¥ AKX
YATRIFNUIZLD $HA,

b L pylong DIl double DHIFHS TH UK. OverflowError ZiEH L £7,

I —RELEZIC-1.0ZRLET, AU EMMT 2 72DI2iE PyErr_Occurred() ZffioTL 72& W,

void *PyLong_AsVoidPtr (PyObject *pylong)

Part of the Stable ABI. Python ORI E453 pylong . C @ void KA Y XITEWL £F, pylong
2T E AR, OverflowError 2k L £9, ZOBABUI PyLong FromVoidPtr() THEZAKRT
5L F2ff5 K57 void KA Y XBEENTE B2 TT,

I =R E/ZE I NULL 2R L E T, R EMNT 5720120 PyErr_Occurred() ZfE->TL7EE W,

Py_ssize_t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py ssize ¢ n_ bytes, int flags)

Copy the Python integer value pylong to a native buffer of size n_ bytes. The flags can be set to -1

to behave similarly to a C cast, or to values documented below to control the behavior.

Returns -1 with an exception raised on error. This may happen if pylong cannot be interpreted as an

integer, or if pylong was negative and the Py_ASNATIVEBYTES_REJECT_NEGATIVE flag was set.

Otherwise, returns the number of bytes required to store the value. If this is equal to or less than
n__bytes, the entire value was copied. All n_ bytes of the buffer are written: large buffers are padded

with zeroes.

If the returned value is greater than than n_ bytes, the value was truncated: as many of the lowest
bits of the value as could fit are written, and the higher bits are ignored. This matches the typical

behavior of a C-style downcast.

AFR: Overflow is not considered an error. If the returned value is larger than n_ bytes, most significant
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bits were discarded.

0 will never be returned.
Values are always copied as two’s-complement.

Usage example:

int32_t value;
Py_ssize_t bytes = PyLong_AsNativeBits(pylong, &value, sizeof(value), -1);
if (bytes < 0) {
// Failed. A Python ezception was set with the reason.
return NULL;
}
else if (bytes <= (Py_ssize_t)sizeof (value)) {
// Success!

}

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

}

Passing zero to n__bytes will return the size of a buffer that would be large enough to hold the value.

This may be larger than technically necessary, but not unreasonably so.

AEMR:  Passing n_bytes=0 to this function is not an accurate way to determine the bit length of a

value.

If n_ bytes=0, buffer may be NULL.

To get at the entire Python value of an unknown size, the function can be called twice: first to

determine the buffer size, then to fill it:

// Ask how much space we need.
Py_ssize_t expected = PyLong_AsNativeBits(pylong, NULL, 0, -1);
if (expected < 0) {
// Failed. A Python ezception was set with the reason.
return NULL;
}
assert(expected != 0); // Impossible per the API definition.
uint8_t *bignum = malloc(expected);
if (!bignum) {
PyErr_SetString(PyExc_MemoryError, "bignum malloc failed.");
return NULL;

(RDR=D1Hi L)
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(AiDR=T 025 DFE &)
// Safely get the entire value.
Py_ssize_t bytes = PyLong_AsNativeBits(pylong, bignum, expected, -1);
if (bytes < 0) { // Exception has been set.
free(bignum) ;
return NULL;
}
else if (bytes > expected) { // This should not be possible.
PyErr_SetString(PyExc_RuntimeError,
"Unexpected bignum truncation after a size check.");
free(bignum) ;
return NULL;
}
// The expected success given the above pre-check.
// ... use bignum ...

free(bignum) ;

flags is either -1 (Py_ASNATIVEBYTES_DEFAULTS) to select defaults that behave most like a C cast, or
a combintation of the other flags in the table below. Note that -1 cannot be combined with other

flags.

Currently, -1 corresponds to Py_ASNATIVEBYTES_NATIVE_ENDIAN |
Py_ASNATIVEBYTES_UNSIGNED_BUFFER.

Flag Value

Py_ASNATIVEBYTES_DEFAULTS

0
Py_ASNATIVEBYTES_BIG_ENDIAN

1
Py_ASNATIVEBYTES_LITTLE_ENDIAN

3
Py_ASNATIVEBYTES_NATIVE_ENDIAN

4
Py_ASNATIVEBYTES_UNSIGNED_BUFFER

8

Py_ASNATIVEBYTES_REJECT_NEGATIVE
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Specifying Py_ASNATIVEBYTES_NATIVE_ENDIAN will override any other endian flags. Passing 2 is re-

served.

By default, sufficient buffer will be requested to include a sign bit. For example, when converting 128

with n__bytes=1, the function will return 2 (or more) in order to store a zero sign bit.

If Py_ASNATIVEBYTES_UNSIGNED_BUFFER is specified, a zero sign bit will be omitted from size calcu-
lations. This allows, for example, 128 to fit in a single-byte buffer. If the destination buffer is later
treated as signed, a positive input value may become negative. Note that the flag does not affect

handling of negative values: for those, space for a sign bit is always requested.

Specifying Py _ASNATIVEBYTES_REJECT_NEGATIVE causes an exception to be set if pylong is negative.
Without this flag, negative values will be copied provided there is enough space for at least one sign

bit, regardless of whether Py_ASNATIVEBYTES_UNSIGNED_BUFFER was specified.

AMR: With the default flags (-1, or UNSIGNED _BUFFER without REJECT NEGATIVE), mul-
tiple Python integers can map to a single value without overflow. For example, both 255 and -1 fit a

single-byte buffer and set all its bits. This matches typical C cast behavior.

N— a ¥ 3.13 TE.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

This is Unstable API. It may change without warning in minor releases.

Return 1 if op is compact, 0 otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small inte-
gers. For compact values use PyUnstable_Long CompactValue (); for others fall back to a PyLong_As*
function or PyLong_AsNativeBytes ().

The speedup is expected to be negligible for most users.
Exactly what values are considered compact is an implementation detail and is subject to change.

Py ssize t PyUnstable_Long_CompactValue (const PyLongObject *op)

This is Unstable API. It may change without warning in minor releases.

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.
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Otherwise, the return value is undefined.

8.2.2 Boolean # 7> x ¥ b+

Python @ Bool ’F”&i%‘ﬁ@‘ﬂ'7 72 LTHREINTVWET, 77— VEOfEIX, Py_False ¥ Py True @ 2
DLDHY EEA. o T, BHOEMHIFRBEEBIE 7 — A EICIEHTIIED $H A, 2IEVZ, UTo~wraH
FHTE X3,

PyTypeObject PyBool_Type

Part of the Stable ABI. Z® PyTypeObject D4 ¥ A X ¥ Xk Python @ boolean Bl %R L F 5
Python L A4 %2835 bool ERILA T =2 M T,

int PyBool_Check (PyObject *0)
0 B PyBool_Type BIDBZEICEZRLET, ZOBBUIEICEIIL 3,
PyObject *Py_False
The Python False object. This object has no methods and is immortal.
N—a v 3.12 TEH: Py False is immortal.
PyObject *Py_True
The Python True object. This object has no methods and is immortal.

N—a v 3.12 TEHE: Py_Trueis immortal.

Py_RETURN_FALSE

Return Py_False from a function.

Py_RETURN_TRUE

Return Py_True from a function.

PyObject *PyBool_FromLong (long v)

Return value: New reference. Part of the Stable ABL. v OfEIZIGE U T Py_True £721& Py_False %iR
LET,

8.2.3 FENMREA T U b (floating point object)

type PyFloatObject
ZD PyObject DY 7 XA 7 Python ZEVNEURA 7 =7 b RIALE T,
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PyTypeObject PyFloat_Type
Part of the Stable ABI. Z® PyTypeObject DA ¥ A X ¥ A% Python FEI/NIAREZRILE ST, Z
AUE Python LA ¥IZBIF 3 float RILA 7Y =7 M TS,

int PyFloat_Check (PyObject *p)
5180hS PyFloatObject »» PyFloatObject DV TR A S ThHBH L BICEERRLE T, ZOBEBIIHEITK
MWL x9d,

int PyFloat_CheckExact (PyObject *p)
5183 PyFloatObject TH B M PyFloatObject DY T XA FTTRHRVWE ZICEEZRLET, ZOBKIX
WL ET,

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABIL. str O XXFFIEE D ¥ 12 PyFloatObject F 7
Y7 b AERLET, KT DL NULL ZRL X9,

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABI. v 228 PyFloatObject 7 7Y =7 MEERLT
BLET, KT 2 & NULL ZIBL £95

double PyFloat_AsDouble (PyObject *pyfloat)

Part of the 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__(). This

method returns -1.0 upon failure, so one should call PyErr_0Occurred() to check for errors.
N—Yar 3.8 TELH: A[RETHIUTL __index_ () ZFS XS5k FEL=

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIETMEZ. C D double BRI TRLETH, =7 —F v 7 EITVERA,

PyObject *PyFloat_GetInfo(void)

Return value: New reference. Part of the Stable ABL. float OFERE. f/IMB. RAMHEICE T 2 EHE &
{p structseq 4 Y ARV ZAZIRLET, ZHUE, float.h 7 7 A LDE VT v X—T7F,

double PyFloat_GetMax ()

Part of the Stable ABI. float ORHLT % 2 i AMREE DBL MAX % C @ double BITRL £,

double PyFloat_GetMin()

Part of the Stable ABI. float DIEF{t TN/ NDIED(E DBL_MIN % C ® double B TiRL %73,
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Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values
as byte strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce

a C double from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms,
the 2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is
identical to the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64
double precision format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t
handled correctly, and attempting to unpack a bytes string containing an IEEE INF or NaN will raise an

exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all
values can be packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values

can be unpacked. What happens in such cases is partly accidental (alas).

N—a v 3.11 TEM.

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.
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Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is
in little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,

or 0 on little endian processor.

Return value: The unpacked double. On error, this is =1.0 and PyErr_Occurred() is true (and an exception

is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2(const unsigned char *p, int le)

Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)

Unpack the IEEE 754 binary32 single precision format as a C double.

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

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

8.2.4 BEHATO TV

Python OFEHA 7P =7 MiE, CAPI ISR 2 ZOoDRIEDT y L THEEINTWES: —J7% Python
TRZ 7 AU TRAEINT WS Python A4 7Y =7 T, FIZEBROERBUEEZ R T2 C ORERT
3, API TR, Tho 2k BEREL TV E T,

C BERL L TOEER

BWERO C Rz LTZE LD, BOE LTRLAED T2k, KA Y ZELZITS DTIEARL
BEL 21750 THERELTLEEIV, 2 API 22 B LT—EBLTWVWE T,

type Py_complex

Python HEHA 7Y =27 FOEOETITHIET 2 C OERTT, HERAF 7227 FEWIIFLAY
DOREIE. ZOROBEEREGSIICUTAIIRPHNE LTHEVWE T, BEARIEZULTO X5 ICERINLTWY
EI

typedef struct {
double real;
double imag;

} Py_complex;
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Py compler _Py_c_sum(Py complex left, Py complex right)
ZODERZFEBDOMNE C D Py_complex BITRL F75,

Py _complex _Py_c_diff (Py_complex left, Py complex right)
ZODEFERDER C D Py_compler BITIRL FF,

Py__complex _Py_c_neg(Py_complex num)
BRE num ODFFEREE C O Py_complex BITIRL £,
Py complexr _Py_c_prod(Py complez left, Py complex right)
ZODRZFEBDOEE C D Py_complex BITRL ET,
Py__complexr _Py_c_quot (Py_complex dividend, Py _complex divisor)
ZODEFHDOME C D Py_compler BITRL F5,
divisor 73 null DFEIE., ZDAY v FIZER%ZIR L. 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 2 null T exp DIEDEBTHVWEHHIE, ZOXY v Fid¥e%iRL., errno IZ EDOM 2t v F L
S

Python 721U b L TOERKE

type PyComplexObject
Z D PyObject DY 7 XA 7% Python OERFAZRBIL 7,

PyTypeObject PyComplex_Type
Part of the Stable ABI. Z® PyTypeObject DA ¥ A X > A% Python ODERHA % RHE L £3, Python
LA YD complex ERILATY =2 MTT,

int PyComplex_Check (PyObject *p)
5180h3 PyComplexzObject b PyComplezObject DY T XA FTTH2 & BICHEHZRLET, ZOBKIIE
(527 R OR- 3 8

int PyComplex_CheckExact (PyObject *p)
518hS PyComplezObject THBH PyComplexObject DY T RA I TRVWE BWZEERRLET, ZDOH
BUIHIWCEIIL £,

PyObject *PyComplex_FromCComplex (Py complex v)
Return value: New reference. C @ Py_complez B2 & Python OBEEREZ LKL 5
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PyObject *PyComplex_FromDoubles (double real, double imag)

Return value: New reference. Part of the Stable ABI. #1727 PyComplezObject # 7Y =7 b % real
¥ imag P OHERLUET,

double PyComplex_RealAsDouble (PyObject *op)
Part of the Stable ABL. op ®FE# 7% C @ double B TRL £7,
If op is not a Python complex number object but has a __complex__() method, this method will first
be called to convert op to a Python complex number object. If __complex__() is not defined then it

falls back to call PyFloat_AsDouble () and returns its result. Upon failure, this method returns -1.0,

so one should call PyErr_0Occurred () to check for errors.
N—a ¥ 3.13 TELH: Use __complex__() if available.

double PyComplex_ImagAsDouble (PyObject *op)

Part of the Stable ABIL. op OEEFE7%Z C @ double B TRL %7,

If op is not a Python complex number object but has a __complex__() method, this method will first
be called to convert op to a Python complex number object. If __complex__() is not defined then it
falls back to call PyFloat_AsDouble() and returns 0.0 on success. Upon failure, this method returns

-1.0, so one should call PyErr_Occurred() to check for errors.
N—Y a ¥ 3.13 TEH: Use __complex__(Q) if available.

Py compler PyComplex_AsCComplex (PyObject *op)
BEBE op 25 Py_complex BIZEAEKL 55

op 7% Python OBEZEHA T2 =7 P TIER WA, __complex__() XV v FEFoTWRGE, ZDX
Vv RBRANIHEEN, op 5 Python DEZRA TV = 7 ME#INE T, __complex__() PEHRX

NTVRWERIE, __float__ ) X7 +—ANy Z7ENET, __float__() WERINTOVWRWVWIEEEIZ,

_index__ Q) 74— Ny 7 EINFET, MWEPEBLIZEGEE. ZOX Yy FIZERD -1.0 2RL
%9,

N—Y g 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k F L
8.3 >—7>RAFTTx ¥ b+ (sequence object)

=T AT T 27 MIRT BRI REEIC OV TERIOETT TIIBRE Lz, ZOHi T, Python
BB EiiboTWAREDY — 7 Y AT TV 27 MZOWTIHRVE T,

Ul
o
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831 XM kAT V b

TROBEEIEZ. XA P ATV 27 PR LTOAEIEUIANA, P AT Y 27 P TRV XX ZHE L THECH
XN 3y, TypeError ZiEH L £,

type PyBytesObject
2D PyObject DY 7T RA FE, Python XA v AT =27 bERLE T,

PyTypeObject PyBytes_Type

Part of the Stable ABI. Z® PyTypeObject DA ¥ A& > A&, Python N4 %R R L F75; Python
LA4YD bytes ERLA TS =22 FTT,

int PyBytes_Check (PyObject *o0)

AT 27 b o b bytes AT 7 Fd bytes BIOY T XA TDA VARV ATHEHECEZEKEL X
T ZOBRBIFEICHIILE T,

int PyBytes_CheckExact (PyObject *o0)

ATz b o bytes ATV 27 M bytes BIDH T XA TDA VARV ATRWERICEZIRL ¥
T, ZORBIZEICHIILE T,

PyObject *PyBytes_FromString(const char *v)

Return value: New reference. Part of the Stable ABL. IIFRHZ, XFF| v Dab—%fHE T2H LWL
A AT PRIRL, KRBIFIC NULL 23R L E S, 518 v I3 NULL THoTUIRD EXVA; £DF = v
73 MTbNEE A

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

Return value: New reference. Part of the Stable ABL. BRI, XFH| v Dav¥—%2{Hr T5EX len
DFLWAL b ATV 22 PEIBEL, KBIFIC NULL 238 L %9, 5180 v 28 NULL D&, N4 F ATV =
7 OB E R TVWER A,

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

Return value: New reference. Part of the Stable ABI. C BI#(® printf () R XA LD format XFF
CAIZEROG IR, #RD Python N A7V =227 bV A4 XZEEL, HE2EELLFNCLL
Do TEMLIANA P ATV 27 P2IBLE T, AIERDGIEIZ C 07 —2BTRIFIUIR ST, format
XFHHD 7 =< v MXF BB ICHEEM SN TWRINUIRD FRA, TRRD 7 +—~< v MXXFHE
Atx%79:
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| mstiEExE | B o

Wl e VFSAD % K

%e int C DB TR SN H—D N1 |,

%d int printf("%d") &M%, *!

%u unsigned int | printf("%u") X [EISE, P 188 L

%1d long printf ("%1d") kR, *!

%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 7z C DXFF,

%p const void* C A4 2D 16 #XKGL, printf (")p") LIFE AR T, 7
Fv b7 —LIZBIT S printf DERICE DD R LEHICY TV
ox BN EFT,

Wil TERWEREEX T D - 156, RO OEXALFINIZDOEIHROA 7Y 27 bizav—Sh,
L DROLTE (i TRF = 28

PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
Return value: New reference. Part of the Stable ABL. % x5 ¥ 2 DD5[#%EW 2 Z ¥ 2R\ T,
PyBytes_FromFormat () R LTI,

PyObject *PyBytes_FromObject (PyObject *o)
Return value: New reference. Part of the Stable ABI. Xy 7 7 7R ha L e2EETEZF T2 b oD
NA FRBAZIRL E5

Py ssize t PyBytes_Size(PyObject *o)
Part of the Stable ABL. XA y 47327 b 0o DA VRO EIRIRLE T,

Py ssize t PyBytes_GET_SIZE(PyObject *o)
PyBytes_Size() WBTVWETH, Z57—F v 7 2fTVEEA,

char *PyBytes_AsString (PyObject *o)
Part of the Stable ABL. 0 DHEANDEA Y EZZIRLET, KA VXX len(o) + 1 N4 I BB o
DOHERN Y 7 7 2B U5, IS null DAL FHHZ0E S ET. Ny 77 DERED AL b
W33 null 1272 D £3, PyBytes_FromStringAndSize (NULL, size) THARINIHZEZERVT, 7—
REBELTIERD ¥ A, F72RA VX2 (deallocated) L TIiEAHRD €A, b L. o D bytes &
7Y =27 PTIRIFAUE, PyBytes_AsString () \& NULL %iR L TypeError ZiXHiL %7,
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char *PyBytes_AS_STRING (PyObject *string)

PyBytes_AsString () P TWVWETH, T7—F = v 7 Z2ITVERA,

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py ssize ¢ *length)

Part of the Stable ABI. Return the null-terminated contents of the object obj through the output

variables buffer and length. Returns O on success.

length DIEDS NULL DIFE. NA + A 72227 v null N4 b EEFRVWABEEDLH D 3., ZDIHA.
BEX -1 IR L. ValueError ZiEH L 75,

buffer 1% obj ODNERANY 7 7 ZZH L TV T, ZAUSIKRED null N4 FHFATVWET (Z4HUZ length
WIFBAONERA), £ 7Y 22 b2S PyBytes_FromStringAndSize (NULL, size) THEMI N 7HE
ZEROT, AIBH o THT—XEZWEL TIWITF ERA, 7V 27 bR (deallocate) LTHWIFER
Ao 0bj B3 bytes A 7Y = 7 N TRy o 728581%. PyBytes_AsStringdndSize () 1& -1 %R L TypeError
ZRHLUE T,

N—=Ta v 3.5 TEE: AN bytes 7Y 27 MIXNUANL MDA EN TV ¥ ZIZ TypeError %
PEHLTVE L,

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

Part of the Stable ABL. newpart DNE% bytes DEBEAITHELE L 72F L WAL b ATV 27 b % Fbytes
WAEBLEST, MUOHUERIF LOWSREFAE LE T, bytes DHWEHOSRIIEENE T, dLHFTLLA
T2 MERTERWVIEE, TV bytes DBIRIIMEE XN, *bytes DIEIZ NULL ICRE XN T T B
RN ESNE T,

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

Part of the Stable ABI. Create a new bytes object in *bytes containing the contents of newpart
appended to bytes. This version releases the strong reference to newpart (i.e. decrements its reference

count).

int _PyBytes_Resize (PyObject **bytes, Py ssize t newsize)

Resize a bytes object. mewsize will be the new length of the bytes object. You can think of it as
creating a new bytes object and destroying the old one, only more efficiently. Pass the address of
an existing bytes object as an lvalue (it may be written into), and the new size desired. On success,
*bytes holds the resized bytes object and 0 is returned; the address in *bytes may differ from its input
value. If the reallocation fails, the original bytes object at *bytes is deallocated, *bytes is set to NULL,

MemoryError is set, and -1 is returned.
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8.3.2 bytearray A7z VU b+

type PyByteArrayObject
Z D PyObject DY 7 XA & Python @ bytearray #7327 F2RLE T,

PyTypeObject PyByteArray_Type
Part of the Stable ABI. Z® PyTypeObject DA > AR > A%, Python bytearray %/~ L ¥ 3, Python
LA ¥ TOD bytearray LRILA 7S =27 F T,

BFzvyovonO

int PyByteArray_Check (PyObject *o)
F 7Y 22 b o bytearray A 7Y =7 b bytearray DV T XA TDA VARV RATHBGEEICEHY
BLET, ZORBUIEFICHRIIL £7,

int PyByteArray_CheckExact (PyObject *o0)

F 7Y 27 b oD bytearray * 7Y =7 F 72 bytearray BLD Y TR A TDA VARV ATRWGEIZE
ZIRLET, ZOBBIIEICKIIL %I,

A14L 7~ API B#

PyObject *PyByteArray_FromObject (PyObject *o)
Return value: New reference. Part of the Stable ABI. buffer protocol ZFEELIAEBEDA T =7 b+ o
Mo, HLW bytearray 7Y =27 b EIEK L. BLET,

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize t len)
Return value: New reference. Part of the Stable ABI. string & % DEX len 2> 51 L\ bytearray #
727 b BRLET, KBLASLEIX NULL 2K L %7,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)

Return value: New reference. Part of the Stable ABI. bytearray a & b Z#HfELEREH LV
bytearray & LTI RL %9,

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABIL. NULL ;R4 ¥ & F = v 7 DRI bytearray D4 X &R L E T,

char *PyByteArray_AsString(PyObject *bytearray)

Part of the Stable ABI. NULL RA ¥ X F = v 7 DIRIT bytearray DA% char BiFle L TRLE T, &
SNBEHFNTIE. FITRD R null N4 FBINERE T,

int PyByteArray_Resize (PyObject *bytearray, Py ssize t len)
Part of the Stable ABL. bytearray OHNFE NN 7 7% len N H A XL E T,
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<0
UTo<zald, KA VEDF 2y 2R LBV I LZeleBic L TAY—F2ELELTVET,

char *PyByteArray_AS_STRING(PyObject *bytearray)

PyByteArray_AsString O BTV ETH, =57 —F v 7 2{TVERA,

Py _ssize_t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size () PRTWETH, T7—F v 7 2ITVEEA,

8.3.3 Unicode #7217 F ¥ codec

Unicode #7217 bk

Python3.3 @ PEP 393 EH» 5, XEVMRLHRL 2275 Unicode XFDREREMZIKRZ 2 & 512,
Unicode * 7Y = 7 MIWERICZHEARBRIERNEHWTWE T, TRXTOa— FRA > F23 128, 256 7213
65536 LT OSLFENTH UTRIANR 7y — ADEEL £ 325, ZhlUbTclda— FARA ¥ ME 1114112 BUF (2l
3R TD Unicode HiFATT) TRIFIUIRD EE A,

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

FMR: The Py UNICODE representation has been removed since Python 3.12 with deprecated APIs. See

PEP 623 for more information.

Unicode &

LITE Python @ Unicode FEEEIWZHW SN TWBHEA Unicode A 7Y =7 bRITT:

type Py_UCS4
type Py_UCS2
type Py_UCS1

Part of the Stable ABL. ZHiH0HNE, £z, 328y b, 16 By b, ZL T8 Yy FNOXFERIMREFT
DR BIEEFFONER L OBEBA D typedef TF, H—®D Unicode XF%x2W > HEE, Py_UCS, %
AwnTL7Z2Ew,

N—a v 3.3 Tl

type Py_UNICODE

ZAUX. wchar_t @ typedef T. 779 b 74 —LWKIFELTI6 Y F2 32y hORIZRD 5,
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N—=Yay 33 TEH: Ui NN—2 3 > Tld, Python Z EJL ¥ L7ZBIC "narrow” % 7213 "wide”
Unicode X"—=Ya YD E¥LELEERLENICE>T. 16 EY b2 32y bOELLLDOENIR > TWVE
L7

N—Pa ¥ 313 TIHHEE, ~N—a> 3.15 THIBRTE.

type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

ZNSD PyObject DY 7 XA 7k Python Unicode # 7Y =7 bR L £3, Unicode 7Y =7 b
iS5 2TD AP B PyObject "D ERA ¥ X%EZIFH - T PyObject NDERA Y X ERTDT, I1F
LAYDEE, INLORIREHFOINETIED D £EA,

N—a v 3.3 Tl

PyTypeObject PyUnicode_Type

Part of the Stable ABL. Z® PyTypeObject DA ¥ AR > A%, Python Unicode BE2E L %3, Th
¥, Python 22— FIZ str & LTEMHNEINE T,

The following APIs are C macros and static inlined functions for fast checks and access to internal read-only

data of Unicode objects:

int PyUnicode_Check (PyObject *obj)

F 7222 b obj & Unicode 7Y =2 + 2 Unicode BIDH TR A TDA VARV RATHBHEICER
BLET, ZOBBUIEICENILET,

int PyUnicode_CheckExact ( PyObject *obj)

F 727 b obj A Unicode X 7Y =27 WEWHTRA TDA VARV ATRWGEIZELZRLET, Z
DOEFNTEICHIIL £ T,

int PyUnicode_READY (PyObject *unicode)

Returns 0. This API is kept only for backward compatibility.
N— a ¥ 3.3 TEM.
N—3 a3 v 3.10 TIFH#ESE: This API does nothing since Python 3.12.

Py ssize t PyUnicode_GET_LENGTH(PyObject *unicode)

Unicode XFHNDa—RFRA Y FTOEXEIRLE T, unicode 1& 7 IEH” RIFR D Unicode * 7
Vs b TRIIIBD /A (RELF = v ZIELERA).

N—Ya ¥ 3.3 TEM.

Py UCS1 *PyUnicode_1BYTE_DATA (PyObject *unicode)

Py UCS2 *PyUnicode_2BYTE_DATA ( PyObject *unicode)
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Py_UCS/ *PyUnicode_4BYTE_DATA(PyObject *unicode)

XFICHEE Y 72 23 572012, UCSL, UCS2, UCS4 DWTF N DEEHAN F v X b Shi-1EfRKRFE
ANDRA VR ERLET, EMBAREADPHEIERLFEY A XICRoT0WEDLEI»DF = v 7IXLERA;
PyUnicode_KIND() %ffio TIELWEEERERATL X0,

N— ar 3.3 TEM.

PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() =27 B DiEDETT,
N— a ¥ 3.3 TEM.
N—a ¥ 3.12 TEH: PyUnicode_WCHAR_KIND (FHIPR XN E L7z,

int PyUnicode_KIND(PyObject *unicode)

Z @ Unicode 3T —RZRIET 2 DI 1 XFH 7 DAL MEioTWE 2% "3 PyUnicode FBIDEE
(EZFHATLEZW) D55 1 2%IRLE T, unicode 13 7 IEHR” REIEKD Unicode 7 7Y =7 T
BHUZRD EEA (RELF =y 2L ERA),

N—=a v 3.3 THEm.

void *PyUnicode_DATA(PyObject *unicode)
A D Unicode Ny 7 7D void KA Y XZIRUET, unicode 1 7 EfR” BHFEAD Unicode 47
P FTRIFNIRDERA (L LF =y Z7IELEEA)

N—a v 3.3 TEM.

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

EHREZHE A L5 TWb (PyUnicode DATA() THUFL72) data IZEZAAET, ZOREBIIERM
DF = v 7 %ITORN, =T THEOLNLZDDHDTT, MU LANE, BOFFUH L TEIS L kind
EE data FA Y RX%2F % v 2aFRETY, index IXFHND (0MEEDD) 4 7 v 7 AT, value 13%
DFFNCEZAENE Z IR HLwa—FRA ¥ FOETT,

N—a v 3.3 Tl

Py UCS/ PyUnicode_READ (int kind, void *data, Py ssize ¢ index)
IEREBHEA L 725 T3 (PyUnicode_DATA() THUFL7Z) data 252 — KKRA ¥ M ZFHARD £5,
F v VRERMERDO~ 7 ot LId—UTbh R A,
N— g » 3.3 TEM.

Py_UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py _ssize_t index)

Unicode * 7Y = 7 b unicode 756X FEHHAID 3, 2D Unicode A 7Y =7 Mg ” IEHR” REE
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ATRITNUIRD VA, MEDHEGL THRANRSGEICIE, 2O~ alX PyUnicode_READ() £ D b IE
R TT,

N—Ya ¥ 3.3 TEM.

Py UCS/ PyUnicode_MAX_CHAR_VALUE( PyObject *unicode)

unicode \ZFDWTHO LTI EZEZDICHE LR RKDI— RKRA Y 2R LET, 2D Unicode *+ 7
Dx 7 ME T IERR RRERATRIINERD FHA. ZOMEEIEET TS, XFHRIEREFHNS X
D HRBNTI,

N—ar 3.3 TEM.

int PyUnicode_IsIdentifier (PyObject *unicode)

Part of the Stable ABIL. SZFF7A3, identifiers HiD FFEERICB I 2 BMRFENFTHIUT 1 ZIRLET,
ZFhLMDEEZ 0 2RLE T,

N— 3 ¥ 3.9 TEHE: The function does not call Py_FatalError() anymore if the string is not ready.

Unicode XF 70O/NT+

Unicode 13#(Z DB 3 X F7r 87 1 (character property) Z#LTWE T, KL fibh s XF 7 v
T4 UTFTo~Z7aoTHHTEEY, Z2hsn~2ald Python OFREIIGL T, &4 C OBEEIIHISAT S
NTVET,
int Py_UNICODE_ISSPACE(Py UCS4 ch)

ch DEAXFNPEIPIIHCT 1 210 2RLET,

int Py_UNICODE_ISLOWER(Py UCS4 ch)
ch DNFMESPIIIECT 1L £21E 0 ZIRL F T,

int Py_UNICODE_ISUPPER(Py UCS/ ch)
ch DRILFNPEILIZIELT 1 F23 0 B RLET,

int Py_UNICODE_ISTITLE(Py UCS/ ch)
ch SZA by — ZAXF (titlecase character) 22 5225 T 1 £721F 0 ZIRL £ 3,

int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)

ch BEATXFDE SIS T 1 $723 0 ZIBRL £ T,

int Py_UNICODE_ISDECIMAL(Py UCS/ ch)
ch 7% decimal XFNEI MG T 1 £ 0 ZRLET,

int Py_UNICODE_ISDIGIT(Py UCS/ ch)

ch 3 digit LFEPE I PITIHTT 1 F21F 0 ZERLET,
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int Py_UNICODE_ISNUMERIC(Py UCS/ ch)
ch HELEF (numeric) SCFEP LI HITIELT 1 $7212 0 2B L E T,
int Py_UNICODE_ISALPHA(Py UCS) ch)

ch BT7NT 7Ry MXEPEIPIGET 1 £/ 0 ZIRLE T,

int Py_UNICODE_ISALNUM(Py UCS4 ch)
ch WHERLFLEI DTG T 1 £/2X0 2 RLET,

int Py_UNICODE_ISPRINTABLE(Py UCS/ ch)

ch DICFDENFARER TR E D HITHEDVWT 1 £720F 0 ZIR L 5, JERIFAIAEFIX, Unicode X
FFT—RXNRX—=AT "Other” £721% "Separator” ¥ EFEINTWVWBXFD, HIFAREL X5 ASCII
space (0x20) DB DTT, (BB, ZOXIRTOHFAIREL T, XFFNC repr () B E N5 &
FICIRT =T FTRETHRVLFDI L TT, 24U sys.stdout X sys.stderr IIH XA FN 5 LFF
DEFL BBGRDHD $HA, )

DUTF @ APL &, EndICERESCF 2T S 7o dicfiibh 3
Py_UCS/ Py_UNICODE_TOLOWER(Py [/CS/ ch)

ch /INLFIREB LD ZRLET,
Py UCS/ Py_UNICODE_TOUPPER(Py [/CS/ ch)

ch ZRKXFIEBLLI-bDERLET,

Py UCS/ Py_UNICODE_TOTITLE(Py UCS) ch)
ch R A MU —AXFITEBLLIZDDOZIRLET,

int Py_UNICODE_TODECIMAL(Py UCS/ ch)

Return the character ch converted to a decimal positive integer. Return -1 if this is not possible. This

function does not raise exceptions.

int Py_UNICODE_TODIGIT(Py UCS/ ch)

Return the character ch converted to a single digit integer. Return -1 if this is not possible. This

function does not raise exceptions.

double Py_UNICODE_TONUMERIC(Py UCS/ ch)

ch % double ICZ#L72dDZIRELE T, PARER LI -1.0 ZIRL 9, ZOREBIHBIINZEH L £
A,

6D APLIEY ey — Mcv R E3:

int Py_UNICODE_IS_SURROGATE(Py UCS/ ch)

ch ¥ usr— 1Y 55 (0xD800 <= ch <= O0xDFFF) #F =z v 7 L ¥,
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int Py_UNICODE_IS_HIGH_SURROGATE(Py UCS/ ch)

ch LM va s — b ¥ 5% (0xD800 <= ch <= OxDBFF) #F v 27 L ¥ 7T,

int Py_UNICODE_IS_LOW_SURROGATE(Py UCS/ ch)

ch B FHi¥ a5 — b2 ¥ 5% (0xDCO0 <= ch <= OxDFFF) #F v 7 L% T,

Py UCS/ Py_UNICODE_JOIN_SURROGATES (Py UCS/ high, Py UCS/ low)

Join two surrogate characters and return a single Py_UCS4 value. high and low are respectively the
leading and trailing surrogates in a surrogate pair. high must be in the range [0xD800; 0OxDBFF] and
low must be in the range [0xDCO00; 0xDFFF].

Unicode XZFFDERE 77X

Unicode 73 =27 24 LD, Unicode D> —4 YR LTOERNZ IO XT 2727 A LD T3
121d. LT API o TL Z&E W

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

Return value: New reference. H L\ Unicode A 7Y =27 24 L £ 5, mazchar 1EXFFNIAMR 2B
A—RFKRA Y POIELOWRKEICTRNETT, ZOEIFBIEME LT 127, 255, 65535, 1114111 O—F:ik
WEIZYTD B eongE T,

ZHEH LW Unicode 7Y =7 M EAERTIHREINI-HETT, ZOBKEMF> TEREINAT
Pzl NIV A XEHEIIARARETT,

N—a ¥ 3.3 TEM.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py _ssize_t size)

Return wvalue: New reference. 5 2 b7 kind (BUD 18 % {HiE PyUnicode_1BYTE_KIND 72 ¥ D
PyUnicode_KIND() 7R3 METF) @ Unicode A 73 =27 bZAERL ET, buffer 3. Aok
kind IZiE->T 1 XFH=D 1,2, 4 N4 POVWThrEHEME LT, BEX size DEFINDRA ¥ X Thi}
UL D FEA,

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

N—a ¥ 3.3 TENM.

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

Return value: New reference. Part of the Stable ABI. Create a Unicode object from the char buffer
str. The bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object.

The return value might be a shared object, i.e. modification of the data is not allowed.

This function raises SystemError when:
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o size < 0,

e str is NULL and size > 0

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

PyObject *PyUnicode_FromString(const char *str)

Return value: New reference. Part of the Stable ABI. UTF-8 > a— F & 417z null #&¥5dD char FN
7 7 str 5 Unicode 7 7Y =7 M 2AEKL E3,

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

Return value: New reference. Part of the Stable ABI. 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.

—ODEMIEE TR 2 $BZNULON T2 EA, ZOWMRERIIUTA L2 D £325, /RULNMICH
BRURITIUIED £ A

1.

6.

1SR T OMBE T CF U .
BT 57 (AT a>)e —HOLHUOHRIHELET,

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.

Precision (optional), givenasa '."' (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.
WERZHT (7> a>),

2,

2T 5 7T A TIORLET:

\Hag =1 ‘
0 BUERNCH L TERICE B3 87 4 V7 2ITVWE T,

The converted value is left adjusted (overrides the 0 flag if both are given).

The length modifiers for following integer conversions (d, i, o, u, x, or X) specify the type of the

argument (int by default):

8.3. = YRATT 1Y I (sequence object) 197



The Python/C API, ) —2X 3.13.0a5

T | B
1 long % 7z!% unsigned long
11 long long 7zl unsigned long long
J 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- il %

version

Specifier

% 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 (lower-
length modifier case).

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

€ int A single character.

s const char* null TR XNz C DFF,

% 7 & const
wchar_tx*
P const void* C KA &D 16 #£FK5, printf ("%p") LIFLAELRULTIH, 7
v b7 4+ —LI2BT B printf DERICED D 2RI 75
v ox BT EXT,
A PyObject* ascii() ORY{H,
Py0Object* Unicode 7Y =7 |,

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

S PyObject* PyObject_Str() DR Y fH,

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

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

module name and the qualified name.

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

PyType_GetFullyQualifiedName ().
#N PyTypeObject* Similar to N format, but use a colon (:) as separator between the

module name and the qualified name.

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

O—rYRFTT U b (sequence object)
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unit is number of bytes or wchar_t items (if the length modifier 1 is used) for "%s" and "%V" (if the
PyObject* argument is NULL), and a number of characters for "%A", "%U", "%S", "%R" and "%v" (if
the PyObject* argument is not NULL).

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

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

NPz 3.2 TEHE: "4114", "%11lu" O E— FASEMENE L,
N—P 3 v 3.3 TEHE: "Y1i", "%11i", "Y%zi" OFE— FAEIMENE LT,

)\‘__s/“a NV 34 VGQE "%S", "%A", "%U", "%V", n%sn7 "%R" f@m57j_77&£;01%§72‘—7‘7
XD AR—FEMESNE LT,

N— a ¥ 3.12 TEH: Support for conversion specifiers o and X. Support for length modifiers j and
t. Length modifiers are now applied to all integer conversions. Length modifier 1 is now applied to

conversion specifiers s and V. Support for variable width and precision *. Support for flag -.

An unrecognized format character now sets a SystemError. In previous versions it caused all the rest

of the format string to be copied as-is to the result string, and any extra arguments discarded.

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

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

Return value: New reference. Part of the Stable ABL. 5 x 5 ¥ 2 0D5| &2 W% Z & 2R\ T,
PyUnicode_FromFormat () AL T,

PyObject *PyUnicode_FromObject (PyObject *obj)

Return value: New reference. Part of the Stable ABI. Copy an instance of a Unicode subtype to a
new true Unicode object if necessary. If obj is already a true Unicode object (not a subtype), return

a new strong reference to the object.

Unicode R Z DV 7 XA TUANDA 7Y = 7 +Tld TypeError 25| ERZ XN F T,

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

Return value: New reference. Part of the Stable ABI. => a2 — KX TW3 obj % Unicode A 7Y =
Z MZFa—-FLET,

bytes X bytearray D bytes-like objects 1&. G2 SNz encoding Wit > TF a— F X4, errors
TERINILI—NY P U 7HfEbIRET, ZhoD58IdMs e d NULL IZTE, ZDHEZ D API
W77 4V MEZEWET FEL Z 2 id #HAIAP codec (built-in codec) BB L TLIZE W),

Z DD Unicode * 7Y =7 v 2 &4 7Y = 7 ME TypeError BIAN 25| EHZ L E T,
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O APTIE, =7 =AU ZITWE NULL 2R L ¥ 3, MO LRI A 7Y =7 M LR
vy 2% 1 DS T (decrel) THEMLENDH D ET,
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

Part of the Stable ABI since version 3.7. Unicode 7 7Y =27 FOREZI—-FRA Y P TELE T,
N—Y a ¥ 3.3 TEM.

Py ssize t PyUnicode_CopyCharacters(PyObject *to, Py ssize t to_start, PyObject *from, Py ssize t

from_ start, Py ssize { how_many)

» 3 Unicode #7927 b oA FEZRZa—LET, ZOBBIINER L X ITCFEEHREZITV. AJHE
BIGEE memepy ) NELRLET, KO 2123 -1 ZRL. It ERELET. £5 TRVWEAIL.
AV - L7 FHERLETS,

N—Y a ¥ 3.3 TEM.

Py ssize_t PyUnicode_Fill(PyObject *unicode, Py _ssize t start, Py ssize t length, Py UCS/
fill char)

XN X F T F 3 unicode [start:start+length] T fill char ZE®H 2 Z 222D 73,
Sill_char XFHNOBRRT LD S REVEER, X752 DL EOBMER - TRLGEIRXRML T,
FEIAATTFEER T, KDL 21213 -1 ZRULASIZEH L 5,

N—=¥ a3 ¥ 3.3 TEM.

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

Part of the Stable ABI since version 3.7. XFINIX T2 EZAAE T, XFHNE PyUnicode_New() T
TERC L7220 U372 D £8 A, Unicode XFHNIFRLEL ENTWBDT, ZOXFINFIHFEELTWRD, Z
NETIEAY Y 2LENTHTEW T EE Ao

Z ORI unicode 7 Unicode A 7322 b THBEI . A VT v ZANEBATHZ I, A7V
MOERICEETES (DENBHAYY b2 1 THE) b EF=v 7 LET,

N— ar 3.3 TEM.

Py_UCS/ PyUnicode_ReadChar ( PyObject *unicode, Py _ssize_t index)

Part of the Stable ABI since version 3.7. XFANP X F it AMD ET, TF7—F = v 7 2iTbRV
PyUnicode_READ_CHAR() ¥ IIXHRIVNIZ, Z DBIBUX unicode 7% Unicode A 7Y =7 v THBZ 2, ¥
Ty I ADPHBEANTHE 2 F v 7 LET,

N— ar 3.3 TEM.

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

Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of unicode,
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from character index start (included) to character index end (excluded). Negative indices are not

supported.

N—Ya ¥ 3.3 TEM.

Py UCS/ *PyUnicode_AsUCS4 (PyObject *unicode, Py UCS/ *buffer, Py ssize t buflen, int copy_ null)

Part of the Stable ABI since version 3.7. Copy the string unicode into a UCS4 buffer, including
a null character, if copy_null is set. Returns NULL and sets an exception on error (in particular, a

SystemError if buflen is smaller than the length of unicode). buffer is returned on success.

N—Y a ¥ 3.3 TEM.

Py UCS/ *PyUnicode_AsUCS4Copy ( PyObject *unicode)

Part of the Stable ABI since version 3.7. SLF5 unicode % PyMem_Malloc() TXEVMRINIHL
WUCSA BNy 7712a¥ =L %7, ThPKRKLZHEE. NULL 23K L MemoryError 2t v L%
T BEIN/z2ANY 7 713063 null a— RRA ¥ MABMENTHET,

N—ar 3.3 TEM.

O7—ILI>aA—74>7

FEOur—VLya—74 V73 FARV =T 4 VI RATLADTHFA 2T a—FT5DIMEZFT,

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

Return value: New reference. Part of the Stable ABI since version 3.7. Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported
error handlers are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict" error
handler if errors is NULL. str must end with a null character but cannot contain embedded null

characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and error

handler.

This function ignores the Python UTF-8 Mode.
2E:

Py_DecodeLocale () FA%K,

N—a v 3.3 Tl

N—=Yay 37 TEH: ZoBEHKIE Androd DA TEBHEDODR S — A va—-FT 4 V7
% surrogateescape TJ7 — NV RFITfi5 k5127 D F L 7%, LLATIX. Py DecodeLocale() 73
surrogateescape CTffibil, HEDR T — LTy a—F 4 V7 strict THEOOATOVE Lz,
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PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)

Return wvalue:  New reference. Part of the Stable ABI since wversion 3.7. Similar to

PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen().
N—a v 3.3 Tl

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI since version 8.7. 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 handler.
This function ignores the Python UTF-8 Mode.

BE:

Py_EncodeLocale () FA%,

N—a v 3.3 TEm.

N—=Yary 37 TEHE: ZoBEEIE. Androd DAt TRBETEDOR -V va—FT 4 7
% surrogateescape L7 — NV FI TS X512k ¥ L7 DA, Py_EncodeLocale() ¥
surrogateescape Cffibh, BEDR Iy — LTy a—F 4 ¥ 7i& strict THEDLDNLTVE Lz,

T77ANSRTFLIYA—T 42T
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)

Part of the Stable ABI. ParseTuple converter: encode str objects -- obtained directly or through the
os.PathLike interface -- to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output

as-is. result must be a PyBytesObject* which must be released when it is no longer used.
N— a ¥ 3.1 TEMm.
N— a v 3.6 TEHE: path-like object 2T AND X5k DE L,

SO T 7 A VB % str T 2 — R 5I12id, "0&" 2 ¥ N—=X =%\, PyUnicode_FSDecoder()
BB LTE SO L NTT:
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int PyUnicode_FSDecoder (PyObject *obj, void *result)

Part of the Stable ABI. ParseTuple converter: decode bytes objects -- obtained either directly or
indirectly through the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be a PyUnicodeObject* which must be released when it is

no longer used.
N—= a v 3.2 TEM.

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

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

Return value: New reference. Part of the Stable ABI. Decode a string from the filesystem encoding

and error handler.

If you need to decode a string from the current locale encoding, use

PyUnicode_DecodeLocaleAndSize ().
2E:
Py_DecodeLocale() BA%,

N— a Y 3.6 TEH: The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

Return value: New reference. Part of the 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 TEHE: The filesystem error handler is now used.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. 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().
BE:

Py_EncodeLocale() FA%K,

N—a v 3.2 Tl

N— a ¥ 3.6 TEHE: The filesystem error handler is now used.
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wchar_t H7R— bk

wchar t ZYRK—+F2377 v F 7+ —LTD wchar t R —}:

PyObject *PyUnicode_FromWideChar (const wchar t *wstr, Py ssize t size)

Return value: New reference. Part of the Stable ABI. Create a Unicode object from the wchar_t
buffer wstr of the given size. Passing -1 as the size indicates that the function must itself compute

the length, using wcslen(). Return NULL on failure.

Py_ ssize_t PyUnicode_AsWideChar (PyObject *unicode, wehar_t *wstr, Py ssize t size)

Part of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most size
wchar_t characters are copied (excluding a possibly trailing null termination character). Return the

number of wchar_t characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a

terminating null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility
of the caller to make sure that the wchar_t* string is null-terminated in case this is required by the
application. Also, note that the wchar_t* string might contain null characters, which would cause the

string to be truncated when used with most C functions.

wchar t *PyUnicode_AsWideCharString (PyObject *unicode, Py ssize t *size)

Part of the Stable ABI since version 8.7. Convert the Unicode object to a wide character string. The
output string always ends with a null character. If size is not NULL, write the number of wide characters
(excluding the trailing null termination character) into *size. Note that the resulting wchar_t string
might contain null characters, which would cause the string to be truncated when used with most C

functions. If size is NULL and the wchar_t* string contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_New (use PyMem_Free() to free it) on success. On error, returns

NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.
N—Ta ¥ 3.2 TEM.

N— a ¥ 3.7 TEHE: Raises a ValueError if size is NULL and the wchar_t* string contains null

characters.
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##3A% codec (built-in codec)

Python (2%, MUEHE %R S8 572912 C TEL N codec BPHIATHH FF, ZNHETD codec 1XAT DB
BENLUTEEMHATE X,

HIT®D API D% < 23, encoding & errors ¥ WO ZOD5| e D FET, ZhHD I X—XIE, HAAALDX
FHNAVA 77 R2THS str() KBF2AHBD T XX A UE®RERS 3,

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 CHRET 27 — L F/-, NULL 2f5ETE E 3, NULL 2f5E T % &, codec TERINTWVWET 7 #
NV MUEOEHZERL £3, 2 TOMARAA codec Ty 77 40 DL Z —ILFIZ "strict” (ValueError %X
H32) IikoTVET,

il % D codec FZETRBEDA > E—T 2 —X & FoTWVET, D codec DFHBATIZ., FHHAZEHHICT A9
WCUTORNHADA YR —7 2 — R DEVEITEHHELTVES,

AF codec

LU codec @ API T

PyObject *PyUnicode_Decode (const char *str, Py ssize 1 size, const char *encoding, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size
bytes of the encoded string str. encoding and errors have the same meaning as the parameters of the
same name in the str() built-in function. The codec to be used is looked up using the Python codec

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

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

Return value: New reference. Part of the Stable ABI. Unicode 7Y =7 b2 x> a— KL, ZDMHR
% Python @ bytes #7327 b2 L TIRLE T, encoding B LU errors 1& Unicode #D encode() X
Yy RIZEZBRZDRIA =R A UEK®REZRDE T, i35 codec DHHEIX, Python ® codec
A MY &Moo TITWE T, codec 23S 234 HE L 7255E121% NULL 2B L £5,

UTF-8 Codecs

LUTiE UTF-8 codec ® API T3

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

Return value: New reference. Part of the Stable ABL. UTF-8 TI > a— KXz size N4 +DXFF
str 7»% Unicode & 7Y =7 M EAEKR L £3, codec 23N ZIEH L72HE1C1E NULL 2B L F5,
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PyObject *PyUnicode_DecodeUTF8Stateful (const char *str, Py _ssize t size, const char *errors,

Py_ssize_t *consumed)

Return  wvalue:  New reference. Part of the Stable ABI. consumed 7 NULL O 35 &,
PyUnicode_DecodeUTF8() LR X 5 WCEIEL £ 3, consumed #% NULL TRWHE, REDO TR
7% UTF-8 N4 FNIL T -2 BRENFERFA, TNOHDNS METFTa—FEhT, Fa— FEhinNg
FUE consumed IS L E T

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. UTF-8 T Unicode A 7Y =2 2> a—F
L. #iR%Z Python NA MlA TV =27 e L TGELE T, 7 —MEIE "strict” T3, codec 35 %
P U758 NULL 23R L 5,

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py ssize t *size)

Part of the Stable ABI since version 8.10. Unicode * 72 =2 +% UTF-8 TZYa—FL7zdDAD
RAVZERL, zva— RINLEREBATOH A X (N4 ML) & size AL 3, size 5180
NULL THHEWEBA; ZOBERERY A D3I ETEA BENE Ny 77120, null 2— FKRA > A3
HBPESIPICEDLS T, EIZ null N4 PRGNS N TVET (Z0UT size KEBIEEHEEA),

On error, set an exception, set size to -1 (if it’s not NULL) and return NULL.

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.
N—a v 3.3 Tl
N—=Ta ¥ 3.7 TEHE: IRDEDED char * Tid72{ const char * I/ D F L7z,

N— a3 v 3.10 TEH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize() YARZF U TE D, F A X2EHAL £ Ao
N—a ¥ 3.3 TEM.

N—T gy 3.7 TEH: ROEDEID char * TIE7 { const char * 272D F L=,

UTF-32 Codecs

LITiX UTF-32 codec API T3

PyObject *PyUnicode_DecodeUTF32(const char *str, Py ssize ¢ size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABL. UTF-32 T > a— FEN=Ny 7 7 XFHh 5
size XA + %27 32— R L, Unicode A 73 =27 ¥ L TGRLE S, errors 1& (NULL TRWVWARSH) TT—1
YRIERIEELET, 77 40 M strict” TH,
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byteorder 7% NULL TRV, 7a—X3E52 6NN, bA—X—T7a—- NZHBLET,

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

*byteorder 25 0 T. ANT—XDE®HID 4 N4 bH byte order mark (BOM) 51X, 7a—XEZ D
NA PA=Z 12D E X, BOM 3R D Unicode XFHNZ A —ENEH A, *byteorder 2% -1 %
721 1 2 51E, £ TOD byte order mark (I a v —3h 3,

T aA— RKPET LR, AT —XOBIRMIRIZRE L TDONAL A=K —% Fbyteorder Iy b LET,
byteorder 7% NULL ® ¥ ¥, codec & native order “£— FTRHI#HL 3

codec DMfAN B FAE XL =13 NULL 23R L 93,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py _ssize t size, const char *errors, int

*byteorder, Py _ssize_t *consumed)

Return  wvalue:  New reference. Part of the Stable ABI. consumed 75 NULL O & %,
PyUnicode_DecodeUTF32() & W U & 5 IR 2 T\ E 3, consumed 2% NULL TR W& X,
PyUnicode_DecodeUTF32Stateful () 3 REBDATERL (4 THIOUNBRWREI DN, MR E D)
UTF-32 NA PR LS5 —2 LTIRVWER A, REDARTEE2EANAL MZTa—- I3, 7a—-Fah
72NA MDY consumed ITHEMINE T,

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. %A 7 4 784 b4 =& —T UTF-32 =>a—
7 4 v 7 &I Python N4 FXFHNZREL EF, XFINIHIC BOM v — 27 THEDET, =7 -V
F 213 7strict” TF, codec 23S ZFAE S E ¥ Zid NULL ZIRL %9,

UTF-16 Codecs

LT UTF-16 codec ® API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py_ssize t size, const char *errors, int *byteorder)

Return value: New reference. Part of the Stable ABIL. UTF-16 TZ>a— R33Nk v 77 s 5 size
NA FEFTFTa—FLT, R % Unicode #7227 FTIRLUE T, errors 1& (NULL TRWES) =5 —
WIETEZERLE T, 77 40 M “strict” T,

byteorder 73 NULL THRWHK, 7a—XFZE5 X 6NN, bA—Z—T7a— FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: mnative order
*byteorder == 1: big endian
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*byteorder 3 0 C. AJJT— XD 2 N4 F23NA b A —X—<—2 (BOM) ZokHaE, 7Ta—
23 BOM HRT AL A =X =12Y DR, 2D BOM Z#ERD Unicode XFHNZa—L E£H A
*byteorder 25 -1 2> 1 2o 23A. TRTO BOM iZHEIANa -3k (H1Tld \ufeff 2> \ufffe
DELELPITHRBTLE D),

TaA—RKPET LIk, ANT —RDOEEHIRKIZFFRTDONA, b4 — &K —% xbyteorder Ity b LE T,
byteorder 7% NULL ® ¥ ¥, codec & native order £— FTRHIHEL F 3
codec DAV B FAE X 72 L X NULL 23R L ¥ 55

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

*byteorder, Py _ssize_t *consumed)

Return  wvalue:  New reference. Part of the Stable ABI. consumed %5 NULL O 35 &,
PyUnicode_DecodeUTF16() W U & 5 W8 F L %X §. consumed »% NULL T 7% W335 &,
PyUnicode_DecodeUTF16Stateful () 3 REDFITERI UTF-16 N4 M| (FEED N4 MR E
NPT RT) LT ABRLETA, TNHDONS MZFTa—-FEhd, 7a— Pk
A MR consumed 1R U E T,

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

Return value: New reference. Part of the Stable ABL. %4 7 4 74 y 4+ —&—T UTF-16 => a—
7 4 v 7 &I Python N4 FXXFHIZRL EF, XFINIHIC BOM v~ — 27 THEDEF, =7 -V
R Z1% 7strict” T3, codec HBFIANZFEAE X B/ Fi NULL ZIRL £735,

UTF-7 Codecs

MU TE UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py ssize t size, const char *errors)

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes
of the UTF-7 encoded string 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)

Return  wvalue:  New reference. Part of the Stable ABI. consumed %3 NULL @ ¥ &,
PyUnicode_DecodeUTF7() LR X 5 WCEIMEL £, consumed 3 NULL TRWE ¥, RED TR
7% UTF-7 base-64 G2 L7 - LER A, RERBRETDNA FHETa—FEFIZ, Ta—FLEAN
4 ME consumed IZHHRNL F 5
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Unicode-Escape Codecs

LLTFiX "Unicode Escape” codec @ API TF:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *str, Py ssize ( size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes
of the Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)

Return value: New reference. Part of the Stable ABI. Unicode-Escape % {#\» Unicode & 7Y = 7
FTra—RL, fR%E bytes A7V =227 b2 LTGRLE S, =7 —MHIZ "strict” TF, codec 234
IR L5 EITE NULL 2R L £9

Raw-Unicode-Escape Codecs

LUF & "Raw Unicode Escape” codec @ API T3

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes
of the Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString(PyObject *unicode)

Return value: New reference. Part of the Stable ABI. Raw-Unicode-Escape % {#\ Unicode 4 7' =
JbrExTrya—FL, #E%Z bytes 70227 P L GRLET, =7 —HIZ "strict” TS, codec 23
Btk U 723581203 NULL 2R L %5,

Latin-1 Codecs

LLTFE Latin-1 codec @ API T3 Latin-1 iZ. Unicode B DEHID 256 HIcHIE L. T a— FEHZIZZ D
256 @2 2 2B L %3,

PyObject *PyUnicode_DecodeLatinl (const char *str, Py ssize t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Latin-1 T > 32— F X7z size N4 b DXFF
str > 5 Unicode & 7Y =7 M R4 L £3, codec D3I 2 XM U7z BE121E NULL 2R L E5,
PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

Return value: New reference. Part of the Stable ABI. Latin-1 T Unicode # 7Y =7 b2 x> a—F
L. #R% Python bytes 773 =27 & L TRL %9, =7 —MHIZ "strict” T3, codec H3fs %2 X H
L7238 NULL 23R L ¥5,
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ASCII Codecs

PUT& ASCII codec @ API TS, 7y D ASCIL 77— &7 2ZML £7, Zofloa— NI I7 -2k
9,

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

Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes
of the ASCII encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString(PyObject *unicode)

Return value: New reference. Part of the Stable ABI. ASCII T Unicode # 7Y =27 2L a—F
L. #&R% Python bytes # 73 =27 b L TRLE 9, TF7—MHIE "strict” T3, codec H3ls %z X H
L 7e35E21E NULL 23R L %3,

Character Map Codecs

Z D codec &, %< DA% codec ZRET BTN D &5 mTHK codec T (WK encodings
Ry —=IIWZ A2 TV BIEHE codecs DIFE ALIE. 2D codec > TWET), ZD codec iF. XFDT Y
= F7a— PG RZHVE T, BESNIHMEROA TP =7 M __getitem__() vy BV I A4 v &X—
Tz =AY R=F L TOWRIFNEIRD FRA; HEFELS—F U ABREFICHELTVWET,

LI TE mapping codec @ API T3

PyObject *PyUnicode_DecodeCharmap (const char *str, Py ssize t length, PyObject *mapping, const char

*errors)

Return value: New reference. Part of the Stable ABIL. 5.2 &7z mapping A 73 =7 b 2> T, size
NAbDOZYa—REINLXFH str Z7 a2 — K LT Unicode 2737 bRERL E T, codec 235t
BRESELE ZINULL ZIRL¥5,

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers
in the range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals)
or None. Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped

to None, OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.

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

Return value: New reference. Part of the Stable ABL. Unicode #* 7' = 2 b % mapping [ZIEE X7z
F 7Pz b EfoTmya— KL, % bytes 279 =227 b2 U TGRLET, =7 —LHIX “strict”
T9, codec DA 2R L7HEICIE NULL 2R L 95,

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range from 0
to 255 or None. Unmapped character ordinals (ones which cause a LookupError) as well as mapped

to None are treated as "undefined mapping” and cause an error.
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M T codec API i Unicode 7% Unicode NDIIMTIF 21T 5 Bk d D TI,

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

Return value: New reference. Part of the Stable ABL. XFHNI X FEMIEFR table ZWH L TEHL, &
iR % Unicode 7Y 22 P TIRLE T, codec DA EFIT L 72HE121E NULL 23R L £3,

B E#EIE. Unicode F#%2 £ 38E% Unicode FEUZ £ THEE 7213 None (Z D FZHIFRT ) 106
IR D £2 A

Mapping tables need only provide the __getitem__() interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied

as-is.

errors & codecs THEMELNZ2D LR UEKELD 3, errors I NULL I LT &L, F7x+L b
5“&&@@{%%%%“*Li?o

Windows FH®D MBCS codec

LU MBCS codec @ API T3, Z®D codec I3HIED & 25, Windows L2 THIATE, ZHo5EEIE
Win32 MBCS Z#5f% (Win32 MBCS converter) Zff > TWw% 9, MBCS (%7213 DBCS) i3> a—FiR
DM (class) ZRITFHET, H—0x Yy a—FAREZRTOI THRBRVOTHERELTLES W, FIHEZ Y
a— FA3 (target encoding) 1. codec ZEMFIETVWE v Y LOIZ—FRETERINTVET,

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

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode
object by decoding size bytes of the MBCS encoded string str. Return NULL if an exception was raised
by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *str, Py ssize t size, const char *errors,
Py_ssize__t *consumed)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. consumed
A3 NULL D & ¥, PyUnicode_DecodeMBCS() Y R CEIE%Z L% 3, consumed #5 NULL TRWE &,
PyUnicode_DecodeMBCSStateful () X FHNDREIZDH 5N FNA FXFDHIFEANA P 2TFa—Fg
3. consumed 127 23— R L7zNA MIEHNL £5

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. MBCS T
Unicode & 7Y =7 b2z >a—FRL, #E% Python N4 MA TPz b LTRLES, =7 —4L
HIZ "strict” T, codec A3BIFN 2 A H L7 HEITIE NULL 2B L 95

PyObject *PyUnicode_EncodeCodePage (int code_ page, PyObject *unicode, const char *errors)

Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the
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Unicode object using the specified code page and return a Python bytes object. Return NULL if an
exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

N—Y a3 r 3.3 TEM.
Ay reZ0Ov k

AVy FHELU ROy FEEL (slot function)

DUTF @ API & Unicode * 7Y =27 bBXUFHNZ AINTHID FHHATE, ¥55dFFeRLLTVET).
BEWIS LT Unicode 7Y = 7 b BEE IR THERER o TV E T,

IS DBEBIE ST, BINDBFELZEEICIE NULL 7201k -1 2 RLE T,

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

Return value: New reference. Part of the Stable ABI. = DD FH % §EE& L T, #H727 Unicode XF
ML £35,

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py ssize t maxsplit)
Return value: New reference. Part of the Stable ABI. Unicode XFH|D VY A k %4E| L T, Unicode X
FHD57%% Y AP ERLUET, sep 3 NULL DHE, ETOEAXT 2> To#EZ21TWET, ZhlSt
DFE. BESINLXF 2o THEIZITVWET, KT mazsplit [BFETORENZITVE T, maxsplit 53

BRI DEBICHIR 2RI FEA. DEREROV A PN AEXTFIEIEAEE Ao

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)
Return value: New reference. Part of the Stable ABI. Split a Unicode string at line breaks, returning
a list of Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break

characters are not included in the resulting strings.

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

Return value: New reference. Part of the Stable ABI. 8% L7z separator TXFHND S5 —7 v R
Z A (join) L. HFSKIHR%Z Unicode XFHITIEL £9,

Py ssize_t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py ssize_t start, Py ssize t
end, int direction)
Part of the Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end (direction
== -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return -1 if an error

occurred.
Py ssize t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py ssize t start, Py ssize t end, int
direction)

Part of the Stable ABI. unicode [start:end] H1Z substr BSRANCHIT 2 HEFEERLET, 2O X
FRE XN T 1A direction (direction == 1 ZMETARER, direction == -1 ZHTAMRE) THREL
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£9, ROMERBRINCY Y FRROD oGO, T v 7 2T, ROE -1 3~y FRRONPLR»o
el ZRL, 2 B 7 —RAE L TISMERIRESINTVWE Z 2R LET,

Py_ ssize_t PyUnicode_FindChar (PyObject *unicode, Py UCS/ ch, Py _ssize_t start, Py_ssize_t end,

int direction)

Part of the Stable ABI since version 3.7. unicode [start:end] HIZXF ch BRINCHIAT 251%
BLET, ZOk EHEINIMEBESM direction (direction == 1 ZINESTAMREK, direction == -1 1
FHIAMRER) THRRLE T, RYERERIICY Yy FRROP oGO A 7y 7 AT, ROHE -1 3~y
FRROPLRP o2 ERL, -2 3T T —DRE L THIIMERSIREINTVE I E2RLET,

N—a v 3.3 THEM.
N—Ta v 3.7 TEHE: 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)

Part of the Stable ABI. unicode [start:end] 1T substr D’EET 2 Z R BB TIEEEERL T,
I —DRELGETE -1 ZIRLE T,

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py ssize t
maxcount)

Return value: New reference. Part of the Stable ABI. unicode FIZHIRT % substr ZH KT mazcount
replstr WCEHEL, BEHERTH 5 Unicode 772 =7 M EIRLE T, mazcount == -1 12558, X
FHHICHNZETD substr ZEIELL E3,
int PyUnicode_Compare ( PyObject *left, PyObject *right)
Part of the Stable ABI. QOODS'(%@J’&?J:H'?LL'C FESIEDPETIBE D /NI WGE, A B &%
V ESEBEFIBE D REVEEITH LT, 2heih -1,0,1 ZBLET,

ZOBENE, KUz 22 -1 BB T DT, PyErr_Occurred() #MUOHL T, T —%F = v 7 FTRE
T,
int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py ssize t size)

Part of the Stable ABI since version 3.13. Compare a Unicode object with a char buffer which is
interpreted as being UTF-8 or ASCII encoded and return true (1) if they are equal, or false (0)
otherwise. If the Unicode object contains surrogate characters or the C string is not valid UTF-8,

false (0) is returned.
COBIBHIANZEE L R A
N— a ¥ 3.13 THEM.

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

Part of the Stable ABI since version 3.13. Similar to PyUnicode_EqualToUTF8AndSize (), but com-

pute string length using strlen(). If the Unicode object contains null characters, false (0) is returned.

214 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.13.0a5

N— a3 v 3.13 TEH.

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

Part of the Stable ABI. Unicode * 7Y = 7 b unicode ¥ string B LT, LE5IEPEIBR LD /NE
WA, EATIBOBEMOSE. ESlIBPATIEI D REWHEIH LT, Zheh -1,0,1 ZERL %7,
ASCII =¥ a— FENLXFARFIZETORD ROTT. ANXFHNTIE ASCIL LFAEENT
WA HEE ISO-8859-1 & L THRL £ 3

C DRBUIBIN B L A

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABI. —-2® Unicode XFHZ I LT, FDHIHD
—O%ZRLET:
o NULL %, BISADRAEL I FITRL T,
o Py True LI Py_False . IEL S HIRTELRITGEL %9,

e Py NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_E(, Py NE, Py LT, and Py_LE.

PyObject *PyUnicode_Format ( PyObject *format, PyObject *args)

Return value: New reference. Part of the Stable ABL. #7242 XFFA 7Y =7 b % format BE U args
POERLUTRELETS; 2OXY v Fid format % args DL 5 RHDTT,

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
Part of the Stable ABI. substr 7% unicode WIZ® 2% IR, ZDMERIIGCTEFZIEBERLET,

substr IZHEZE D Unicode XFIHBEHITERIINE R D A, =7 —DELHERICIE -1 2IRL
R

void PyUnicode_InternInPlace (PyObject **p_unicode)

Part of the 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 (creating a new strong reference). (Clarification: even though there
is a lot of talk about references, think of this function as reference-neutral; you own the object after

the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString(const char *str)

Return walue:  New reference. Part of the Stable ABI. PyUnicode_FromString() &
PyUnicode_InternInPlace() %A GDLEZD DT, WEBEADH IR XFHA T =27 b EiRT
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b, FCEZFOINAEFEAD Unicode XFHNA TV = 7 M 28727 (" FAEMDH %7) ZRZERL
£9,

8.3.4 7N ATZ ¥ bk (tuple object)

type PyTupleObject
2D PyObject DY T XA FE Python DX IAVA TS =7 b ERBILET,

PyTypeObject PyTuple_Type
Part of the Stable ABI. Z® PyTypeObject DA ¥ AR > A% Python ® & 71 A% KL %3 ; Python
LA XIZEBIT3 tuple L[AILA TP =7 FTT,

int PyTuple_Check (PyObject *p)
PBRINF TSI 27 MR TIABDY TRA TDA VARV ATHIHBECELZRLE T, ZOBBITE
WL £,

int PyTuple_CheckExact (PyObject *p)
PBRINFTI 27 NEBRTINABIDS TRAL TDA VAR ZATRWGECERRLET, OB
WIZHIL £ 95

PyObject *PyTuple_New(Py ssize t len)
Return value: New reference. Part of the Stable ABL. %4 X% len DF/=i X TNV A T2 b ERL
F9, KT 5L NULL 23R L E3,

PyObject *PyTuple_Pack(Py ssize tn, ...)
Return value: New reference. Part of the Stable ABL. %4 X255 n Q7R INATI =7 FEIERL
$9, KT 2L NULL ZIRL $9, X T AVDMEIEZEED n @D Python A 7Y =2 263 C 518027k
D %73, PyTuple_Pack(2, a, b) (& Py_BuildValue("(00)", a, b) RUTT,

Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL. X FNF 7Y 27 "ADKRA Y REFIBICL D, ZOXTNDY A4 XZRLUET,

Py ssize_t PyTuple_GET_SIZE(PyObject *p)
XISV p DY A XZIRLETH, pldIE NULL TR TWERLT, A7V =7 bRIELTWARITHA
D ERA; 20T —F = v 72TV ERA

PyObject *PyTuple_GetItem(PyObject *p, Py _ssize_t pos)

Return value: Borrowed reference. Part of the Stable ABL p DIE3T X INA T =27 VAD, fiid pos
WCHdA T2l bVEIRLET, pos DETH 2 pHIFZHEZ TWVWAEA. NULL %3iR L T IndexError f
Nrety FPLETD,
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PyObject *PyTuple_GET_ITEM(PyObject *p, Py_ssize_t pos)

Return value: Borrowed reference. PyTuple_GetItem() WZLTWETH, 51T 2 —F v
ZITVWER A

PyObject *PyTuple_GetSlice(PyObject *p, Py_ssize_t low, Py_ssize_t high)

Return value: New reference. Part of the Stable ABI. Return the slice of the tuple pointed to by p
between low and high, or NULL on failure. This is the equivalent of the Python expression p[low:high].
Indexing from the end of the tuple is not supported.

int PyTuple_SetItem(PyObject *p, Py ssize t pos, PyObject *o)

Part of the Stable ABL. p DI §F X INA TP 27 VD, il pos iICHZ2F TV =7 bADBEE AN
T3, T HUE 0 BIRLE T, pos DHIFEBEZ TWBHA, -1 &KL T IndexError A2ty b L
73,

AR ZOBBE o NDOBE T BAMDY £, Tl BEEDA VT 7 RTTTIAOEREI A>T
WHHE, ZOERBIINTLBMEMEL £,

void PyTuple_SET_ITEM(PyObject *p, Py_ssize_t pos, PyObject *o0)

PyTuple_SetItem() I TWETH, TI7—F=v 7 %1TbT., FilhXTNEEAND & E S
IFE->TIEABD FEA

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

AR: ZOBKIX o NOZE T IBAMD” £F, F/z. PyTuple SetlItem() LiE- T, EHDE Z#
ADPECTHEEIZIONE T TV 27 PANDZREME LEBA ; ZOKE. X TVHOAE pos TS
BEINTWA 727 B XEYV VI R5[ZREZILET,

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

RINEVH A XTEHITMEZE T, newsize 1 ZRX TINDFi7REETT, T NVIEIEERGERA TS 27
FEVWSTLICBE2TWS OT, ZOBBIZIDF 7Y 27 MIX L TRE—D LASHAR VKL
BffioTRERD A, XTI a— FHOMOERTTTTIIBRIATWEHEICE. ZoMEE Eo
TRLBDFRA . ETNVBEIEEYA XORBETHHELFT, BNLEHEITIZ 0 ZELET, 77
A7 ba—Fi& *p OEPFEHLATERICIZR 2 EHRFLTERD $H A, »p DEZRZ 50
By FVIFNLD +p FHHEINET, KT 2L -1 KL, *p & NULL IZF&E L T, MemoryError ¥
721X SystemError #iEH L 3,
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8.3.5 Struct Sequence ¥ 7V b+

struct sequence 4 7Y = 27 MZ namedtuple() A 7Y =7 b2 C AT 2/ VT, DF D, FOER
WEEEZELTT 7R TEIENTEDL Y —F Y AT, struct sequence 24T 5121k, FITRED struct
sequence BZAERR LR IFAUIR D EH A,
PyTypeObject *PyStructSequence_NewType (PyStructSequence_Desc *desc)
Return wvalue: New reference. Part of the Stable ABL. D desc FHD 7 — X5 537 L\ struct
sequence BUEAERLE T, BEINBZHDA 2RV A PyStructSequence_New() THERTEE T,
void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence Desc *desc)
struct sequence B TH % type & desc &b L ITF DG THHLL 3,

int PyStructSequence_InitType2(PyTypeObject *type, PyStructSequence Desc *desc)
PyStructSequence_InitType LRI TI D, I LAHEIIZE 0 2. RWLZ5EICIE -1 ZIRLET,

N— a ¥ 3.4 TEM.

type PyStructSequence_Desc
Part of the Stable ABI (including all members). "3 % struct sequence BD X % 7 — X 2 {rRFF L
£7,
const char *name

Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.
PyStructSequence_Field *fields

Pointer to NULL-terminated array with field names of the new type.

int n_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field

Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct
sequence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields array of

the PyStructSequence_Desc determines which field of the struct sequence is described.

const char *name

Name for the field or NULL to end the list of named fields, set to PyStructSequence_UnnamedField

to leave unnamed.
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const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField

Part of the Stable ABI since version 3.11. 7 4 —)V RAZAFIDRVE FT % 720 DR (HE,
N—=Ta v 3.9 TEHE: BI) char * POEBEINFE LT,

PyObject *PyStructSequence_New (PyTypeObject *type)

Return value: New reference. Part of the Stable ABIL. type DA Y A X Y A BEKRL FF, type I
PyStructSequence_NewType () W2 X » THANAEKR L TOARIFNIRD A,

PyObject *PyStructSequence_GetItem(PyObject *p, Py _ssize_t pos)

Return value: Borrowed reference. Part of the Stable ABI. Return the object at position pos in the

struct sequence pointed to by p.
Bounds checking is performed as an assertion if Python is built in debug mode or with assertions.

PyObject *PyStructSequence_GET_ITEM(PyObject *p, Py _ssize t pos)

Return value: Borrowed reference. Alias to PyStructSequence_GetItem().
N—Y a ¥ 3.13 TZH: Now implemented as an alias to PyStructSequence_GetItem().

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

Part of the Stable ABI. struct sequence p ® pos DM EIZHZ 7 4 =L FIZH o ZREL F T,
PyTuple SET ITEM() DX 512, W LZTDAL VAR YR L TOAEHITRETT,

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

AR OB o NOZRE T BAWD” £,

void PyStructSequence_SET_ITEM(PyObject *p, Py _ssize_t *pos, PyObject *o)

Alias to PyStructSequence_SetItem().

N—a v 3.13 TZH: Now implemented as an alias to PyStructSequence_SetItem().
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8.3.6 VXKATZ IV

type PyListObject

ZD PyObject DY 7 XA FF Python DYV R AT 27 b EeRBLET,

PyTypeObject PyList_Type

Part of the Stable ABI. Z® PyTypeObject DA ¥ AR A& Python @V R pIZRH LT, Zh

& Python LA ¥IZBIF 3 list ERLA TP =2 FTT,

int PyList_Check (PyObject *p)

pHIVRAMFT D27 bRV ZA MDY TR TDAL VARV ZATHEGEICERRELET, OBEBIE

WL E T,

int PyList_CheckExact (PyObject *p)

pWMVRANATI 27 bEBYVRA MDY TRA TDA VAR ATROWESICEERRLE T, OB

IR LET,

PyObject *PyList_New(Py_ssize_t len)

Return value: New reference. Part of the Stable ABL. %4 X5 len #7272 VA MA T2 FEIRLE
¥, KT 5L NULL 2B L £3

AR len 2P0 KD REVEE, REINZVAMEF TV 227 POERIZIE NULL 23y PERTVWET, &
DT, PyList_SetItem() TAMBIZA TV =27 vEty b T3 ETE, Python 2— RiZZDATY =27 b+
W L7=D. PySequence_SetItem() D X5 RIME API ZFHAL TTWITEE A,

Py ssize t PyList_Size (PyObject *list)

Part of the Stable ABI. YA M A7 =22 b list ORSZRLET; VAMA T 27 MZBITS
len(list) &AL T,

Py ssize t PyList_GET_SIZE(PyObject *list)

PyList_Size() WZPTWETH, T7—F =z v 72TV EHA.

PyObject *PyList_GetItemRef (PyObject *list, Py _ssize t index)

Return value: New reference. Part of the Stable ABI since version 3.13. Return the object at position
index in the list pointed to by list. The position must be non-negative; indexing from the end of
the list is not supported. If index is out of bounds (<0 or >=len(list)), return NULL and set an

IndexError exception.

N— a3 v 3.13 TEH.
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PyObject *PyList_GetItem(PyObject *list, Py ssize_t index)
Return value: Borrowed reference. Part of the Stable ABI. Like PyList_GetItemRef (), but returns
a borrowed reference instead of a strong reference.

PyObject *PyList_GET_ITEM(PyObject *list, Py _ssize t 1)

Return value: Borrowed reference. PyList_GetItem() T WETH, =7 —F =z v 7 EITVER A,

int PyList_SetItem(PyObject *list, Py ssize t index, PyObject *item)

Part of the Stable ABL. VA A 7Y =27 FNOALE index 12, A 7P =2 b item ZFHAL X T, K
L72358103 0 BB L ¥ T, index DHIFZBZ TWAEE, -1 2R L T IndexError %ty FLET,

AR OB item ~NOBIEE P BAWD Y 5, . EEEDA VT AT TRAIDEZRENA o
TWBIE, ZOEZRIINT 2BREHEL £7,

void PyList_SET_ITEM(PyObject *list, Py_ssize_t i, PyObject *o)

PyList_SetItem() ZXZ7RICXDZERET, T7—F v 7 2ITVEEA, TO~rE, HLYRXL
DELREREANLZEDROVIEIRERE AN L FICOAFEVET,

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

AR o~ ol item NOBRE T BAWMD” £F, k72, Pylist_SetItem() LiE- T, BHRDE
ZPZDPELCTHEEMIAONE T TV 27 PANOBREME LERA ; ZORRE. list POfE i TS
BEINTWEA T2 B XEYV V- R5[ZREZILET,

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
Part of the Stable ABI. B35 item %V R b list D4 7 v 7 R inder DRNICIHALE T, BT 5L 0
ZIRLEF, K75 -1 ZiRL, filstzty P L%, list.insert(index, item) (ZHBIL 7-HKAE
T,

int PyList_Append ( PyObject *list, PyObject *item)
Part of the Stable ABI. 7Y =27 b item % list DREBIGEBMLE T, 552 0 2 RLET; K
T3 -1 %RL. st ety N LET, list.append(item) (ZFEBIL 7-HREET T,

PyObject *PyList_GetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high)

Return value: New reference. Part of the Stable ABIL. list D, low 25 high FTH A7 =2 bd»
LRB2VAMEZIRUET, KT 2L NULL ZiR L., stz y P LUEF, list[low:high]l IZHHBIL %
WEET T, 7272 L. VAMDREDPOLDA VT v 7 RFHR—-FENTOVERA,

int PyList_SetSlice(PyObject *list, Py _ssize_t low, Py_ssize_t high, PyObject *itemlist)
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list[low:high] = itemlist X JHBIDHEEET S, itemlist & NULL TH k<. Y X FPORA (f8&E
274 ZDHIFR) 172D £3, BIL7GEIIE 0 2, KRLZGEIE -1 2 BLES, =ZL. VAL
DREDPBDA VT v 7 AP R—FERTVERA,

int PyList_Extend (PyObject *list, PyObject *iterable)

Extend list with the contents of iterable. This is the same as PyList_SetSlice(list,
PY_SSIZE_T_MAX, PY_SSIZE_T_MAX, iterable) and analogous to list.extend(iterable) or list

+= iterable.
Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.
N— a ¥ 3.13 TEM.

int PyList_Clear (PyObject *list)
Remove all items from list. This is the same as PyList_SetSlice(list, 0, PY_SSIZE_T_MAX, NULL)
and analogous to list.clear() or del list[:].
Raise an exception and return -1 if /st is not a 1ist object. Return 0 on success.

N— a3 v 3.13 TEH.

int PyList_Sort (PyObject *list)
Part of the Stable ABL. list DAE%2 A4 ¥ 7L —ATY—bbLET, BIHLEEEIIE 0 &, KRS
B -1 ZIRLUE S, list.sort() ¥R T,

int PyList_Reverse (PyObject *list)
Part of the Stable ABI. list DEZE* 4 > T —XATRELE T, B LEGEEIIE 0 2, RERLLES
121 -1 #IBRL¥3, list.reverse() XFIU T,

PyObject *PyList_AsTuple (PyObject *list)

Return value: New reference. Part of the Stable ABI. list DINEMW A 0 727z X I NA TP 27 v %
IBLUET; tuple(list) EFU T,

8.4 Container A7V bk

8.4.1 HEA T U k (dictionary object)

type PyDictObject
Z D PyObject DY 7 XA FiF Python OFFFEA T 27 b 2RI LET,

PyTypeObject PyDict_Type
Part of the Stable ABI. Z® PyTypeObject DA ¥ AR ¥ A% Python OFELRIHLET, 04T
Yz 7 i, Python LA YIZBIF S dict bHLATY 7 b TE,
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int PyDict_Check (PyObject *p)
P PHEEF T 27 P HIFEERDY TRA TDA VARV ATHBGECERRELET, ZOBBITEICHK
mLEd,

int PyDict_CheckExact (PyObject *p)
p DHEF T 27 VEDPHERDY T RAL TDAL VAR ATREWEESICEZRLET, ZOBEEITEIC
DRz RN 2

PyObject *PyDict_New()

Return value: New reference. Part of the Stable ABL. ZEDH /-7t ERR L £¥, KT %L NULL %
RLUETD,

PyObject *PyDictProxy_New(PyObject *mapping)
Return value: New reference. Part of the Stable ABL. 2%~y 7RG 7Y 227 MR LT, itAHLE
FICHIBR 2 #1172 types.MappingProxyType & 7> =7 b 2IRLET, @E. ZOBEBIIERITRWS 5
ZA! (non-dynamic class type) D27 7 AFENEH X NRVE I 2 — 2T 2 DIcfEbNE T,
void PyDict_Clear (PyObject *p)
Part of the Stable ABL BfEFHFZEICA > TWEETOF—HORTZRELTEICLET,

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL. & p 12 key Ao TWAEDHEL E T, p DERD key IT—BLEEE 1
ZiRL, 2SN OBHEICIZ 0 ZIRLES, T DA -1 ZIRLET, ZDEIE Python O key
in p EFHTT,

int PyDict_ContainsString (PyObject *p, const char *key)

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

N— g v 3.13 TIEM.

PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL. p 2RI U ¥ — L HDRT7MBA o 7eFilziEE %R
L%,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)

Part of the Stable ABI. #3 p 12, key & ¥—& UTIH val ZHA L E T, key 13Ny ¥ 27HE (hashable)
TRFNERD FH A, Ny ¥ aR[RETRWVIGE, TypeError ZREHLUET, BILGEIIZ 0 2, &K
BLEEIE -1 ZIRLET, ZOBEIE val N\OSREHEARD £EA.

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)

Part of the Stable ABI. This is the same as PyDict_SetItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObjectx*.
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int PyDict_DelItem(PyObject *p, PyObject *key)

Part of the Stable ABL &3 p 25 key ¥ —2 32TV MU RBRELE T, key & /Ny am]gE TR
AR D FHA; Ny ¥ a[RETRWEA, TypeError 22 L 3, key DSFFE IR T HUZ, KeyError
ZREHLUET, BILAGEIE 0 2. RRLASGEIE -1 ZRLETS,

int PyDict_DelItemString(PyObject *p, const char *key)

Part of the Stable ABI. This is the same as PyDict_DelItem(), but key is specified as a const char*
UTF-8 encoded bytes string, rather than a PyObjectx*.

int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result)

Part of the Stable ABI since version 3.13. Return a new strong reference to the object from dictionary

p which has a key key:
o If the key is present, set *result to a new strong reference to the value and return 1.
o If the key is missing, set *result to NULL and return O.
e On error, raise an exception and return -1.

N—¥ a3 ¥ 3.13 TEM.

See also the PyObject_GetItem() function.

PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

Return value: Borrowed reference. Part of the Stable ABI. Return a borrowed reference to the object
from dictionary p which has a key key. Return NULL if the key key is missing without setting an

exception.

AMR: Exceptions that occur while this calls __hash__() and __eq__() methods are silently ignored.
Prefer the PyDict_GetItemiWithError() function instead.

N—Y 3 ¥ 3.10 TEHE: Calling this API without GIL held had been allowed for historical reason. It

is no longer allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

Return value: Borrowed reference. Part of the Stable ABI. PyDict_GetItem() DZERETHIAZREL £
BA. BINPRELZHEE, fistety b LIcETNULL Z23RL 3, F—DEELRD - ZHEE. fi
SNty b B9 NULL 2RL £ 3,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

Return value: Borrowed reference. Part of the Stable ABI. This is the same as PyDict_GetItem(),
but key is specified as a const char* UTF-8 encoded bytes string, rather than a Py0Object*.
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AMR: Exceptions that occur while this calls __hash__() and __eq__() methods or while creating the
temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError() function
with your own PyUnicode_FromString () key instead.

int PyDict_GetItemStringRef (PyObject *p, const char *key, PyObject **result)
Part of the Stable ABI since version 8.13. Similar than PyDict_GetItemRef (), but key is specified
as a const char* UTF-8 encoded bytes string, rather than a PyObjectx*.

N— a3 v 3.13 TEH.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)

Return value: Borrowed reference. 23Uk Python L X)L D dict.setdefault() LA L TT, b LHN
X, FE p 2D key KWHIGT2MEZERLET, F—2FEICRIFIUE, B defaultobj ZHA L defaultobj
ZIRLE T, ZOBBII, key DNy ¥ a B2 RRBEFHAZ L IHI A IFHES 2 D T3, —ERT LA
P L E 2 A

N— a v 3.4 Tl

int PyDict_SetDefaultRef (PyObject *p, PyObject *key, PyObject *default_ value, PyObject **result)

Inserts default value into the dictionary p with a key of key if the key is not already present in the
dictionary. If result is not NULL, then *result is set to a strong reference to either default value, if the
key was not present, or the existing value, if key was already present in the dictionary. Returns 1 if the
key was present and default value was not inserted, or 0 if the key was not present and default value

was inserted. On failure, returns -1, sets an exception, and sets *result to NULL.

For clarity: if you have a strong reference to default_wvalue before calling this function, then after it
returns, you hold a strong reference to both default _wvalue and *result (if it’s not NULL). These may

refer to the same object: in that case you hold two separate references to it. .. versionadded:: 3.13

int PyDict_Pop(PyObject *p, PyObject *key, PyObject **result)

Remove key from dictionary p and optionally return the removed value. Do not raise KeyError if the

key missing.

o If the key is present, set *result to a new reference to the removed value if result is not NULL, and

return 1.
o If the key is missing, set *result to NULL if result is not NULL, and return O.
e On error, raise an exception and return -1.

This is similar to dict.pop(), but without the default value and not raising KeyError if the key

missing.

N— 3 > 313 TIBI
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int PyDict_PopString(PyObject *p, const char *key, PyObject **result)
Similar to PyDict_Pop (), but key is specified as a const charx UTF-8 encoded bytes string, rather
than a PyObjectx.

N— a3 v 3.13 TE.

PyObject *PyDict_Items (PyObject *p)

Return value: New reference. Part of the Stable ABI. F#FZENOR2TOEZEMNM A 572 PyListObject
ZIRLET,

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABI. #FZEHNDETD X —M A o7z PyListObject %
BLUET,

PyObject *PyDict_Values (PyObject *p)

Return value: New reference. Part of the Stable ABL. & p WL TDENS A -7z PyListObject %
BLUET,

Py ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL. FfENOEEORZREL T, HFCHNLT len(p) 2FETTL2DLRULTT,

int PyDict_Next (PyObject *p, Py _ssize t *ppos, PyObject **pkey, PyObject **pvalue)

Part of the Stable ABIL. §& p NOETOF—/EDRTIZb 7z 5 RIEMEZITVE T, ppos BB LT
W3 Py ssize_t I, Z ORETRIGNIEZ AT 2. RN ZIFFCH S XD HENC 0 (HIH
LLTEPRITILD FE A, ZOBBEHENDORERTZWMD EIF2 ZLICEZEREL, ETORTE
WY EFe 02 eBEBRLET, 7 X—X— pkey BEY pvalue 121X, FhFNFEDK LD
¥ — L EDHD STz PyObjectx ZEEIETRA V ZH, F12IE NULL AL T, ZOBK»HIBRIH
ZHBMITNCHERASRICAKRD 3, KEWHEFIC ppos ZEELTEARD XA, I DIEIZNEI 2EEE
BEERDOA 7y FERBFELTBD., MERIEIAN—IABRDT, F 71y FDEIC—EEN VDTS,

Bl 213

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the values... */

RIBABEAICTEE p ZZEE L TR D $8A, HE2RELMT 2B, F— 0T 2 EZZEELTY
RELRKICHED F LD, F—DREZEELRZVWI EDHHET T, UTIhlZRL £

226 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.13.0a5

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)

Part of the Stable ABL. v 7RIA 7Y =27+ b ORTOEZIIDZ> T, KEWICF—/fHORT & F&F
FH a lTBMU X3, b 13FFED. PyMapping_Keys () ¥721% PyObject_GetItem() ZHR— T 55
MDA T 27 MITTEEXT, override BERSHIE, a DF—L —HFT2F—2 b THBEIC. BIFOR
TEBEEMWMZET, ZALHAOERIE. b DF—IC—HT 25X -2 a TRV ZOABMEITVE T, K
L7285E12iE 0 iR L., BIADLEH SN HEICE -1 ZRLETS,

int PyDict_Update (PyObject *a, PyObject *b)

Part of the Stable ABI. C T#&®IX PyDict_Merge(a, b, 1) X[AUT. %7 Python ® a.update(b)
ERITWETH, PyDict_Update () WFHE 518D "keys” BHEZFR 2R VWHEIIXF—/ERT D> =57~
AeRBTHILBDHDFEA, BILEGEIIE 0 ZRL. fIAEEEINLGEIE -1 ZELET,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)

Part of the Stable ABL. seq2 WD ¥ — /fER7 2o T, #& o« ONEZEHLLDMELLD LE T,
seq2 3, F—/HDRT L HRE LIRS 2 OREAIREA 7Y = 7 + (iterable object) 24 S % RKIEAHE
FTY 27 PTRINELD £¥ A, EET 2 F DT 255, override BEL HIFFTITHBIL 7% —
2V, 25 TRWEBRRICHBIL X —2E0E T, BRAILAESEIE 0 2B L, stk sz
Baicid -1 IR L ET, (RDMEMSNE) Fli7 Python 2 — F2HEC e, LT k51 b £3:

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:
alkey] = value

int PyDict_AddWatcher (PyDict WatchCallback callback)

Register callback as a dictionary watcher. Return a non-negative integer id which must be passed to
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future calls to PyDict_Watch (). In case of error (e.g. no more watcher IDs available), return -1 and

set an exception.
N— a3 ¥ 3.12 TEM.

int PyDict_ClearWatcher (int watcher_id)
Clear watcher identified by watcher _id previously returned from PyDict_AddWatcher (). Return O on
success, -1 on error (e.g. if the given watcher id was never registered.)

N— a ¥ 3.12 TEN.

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.

N—a v 3.12 TEM.

int PyDict_Unwatch(int watcher_id, PyObject *dict)

Mark dictionary dict as no longer watched. The callback granted watcher id by
PyDict_AddWatcher() will no longer be called when dict is modified or deallocated. The dict must

previously have been watched by this watcher. Return 0 on success or -1 on error.
N— a3 v 3.12 TBEM.

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.

N— a ¥ 3.12 TEN.

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 walue 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
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as a side effect.

If event is PyDict_EVENT_DEALLOCATED, taking a new reference in the callback to the
about-to-be-destroyed dictionary will resurrect it and prevent it from being freed at this time. When

the resurrected object is destroyed later, any watcher callbacks active at that time will be called again.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can be

inspected.

If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other API
that can set an exception unless it saves and clears the exception state first, and restores it before

returning.

N— a3 » 3.12 TEH.

8.4.2 Set A7V b+

Dt ¥ arTIX set & frozenset DANH API K DOWTH LI BNET, DUETHHAL TR
WHEREIZ, MR A TP =7 M T v ba (PyObject_CallMethod(), PyObject_RichCompareBool(),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print(), PyObject_GetIter()
PEat) MR KME ST a2 (PylNumber_And(), PyNumber_Subtract(), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() % &i{r) 2o THHTEE I,

type PySetObject
Z D PyObject AL 70X, set & frozenset M A DN T —X 2 RETZ2DICHVWOLNE T,
PyDictObject LML & 512, /PEWVESE (set) TR LTE (XD X SI) EES A XTHD, 25T
BROERIHLTE (VRAMEHELCEIR)AEEDAEY 7y 2 2HVET, ZofEhkoror 4+ —
LVESH, RSN TVEEEZLZNETIIRL, EHESNZARMENDHD £F, IXRTOT77LRIE, HhE
RO DIEZ EFERIET 2D TIERL. FFaxXy bk API ZHWTITORETY,

PyTypeObject PySet_Type
Part of the Stable ABI. Z® PyTypeObject D4 ¥ A X > AlE, Python O set BEZRL F3,
PyTypeObject PyFrozenSet_Type

Part of the Stable ABIL. Z® PyTypeObject D4 > AKX > A%, Python @ frozenset B ERL 7,

PgEDORIF = v 7<= 270 $XRTD Python 7Y =7 MIHT 2R Y XIIRLUTEELEF, R, v
ALT 7 RIETRTDA 7L — bAJEEAR Python A 7Y =7 MU TEEL £3,
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int PySet_Check ( PyObject *p)

p D set MEDY T RATDATY =27 FTHZE EIT true ZIRLF T, ZOBBIIEICHINIL £7,

int PyFrozenSet_Check (PyObject *p)
p B3 frozenset MZ DV T RA TDATI 27 b THB L EIZ true ZIRLF T, ZOBEBIXECHINIL
9,

int PyAnySet_Check (PyObject *p)
p 2% set 7 frozenset . HEZWVIIZDH T XA TDAT I =7 b THIUZL, true ZTIRLE T, Z DRI
FEICHIL £ T,

int PySet_CheckExact (PyObject *p)
pset ATV MERYTRA FDAL VARV ATRWESIZELZRLET, ZOBBUIEIRIIL
\ij—o
A= a v 3.10 THE.

int PyAnySet_CheckExact (PyObject *p)
p 73 set D frozenset DELLPDA T I =27 P THB L X2 true ZIRLET, Y744 7DA TV =
I MNEIEAEEA, ZOBBIIEICEIILET,

int PyFrozenSet_CheckExact (PyObject *p)
p D frozenset A 7V =27 VEMBH T RA TDA VARV ATHRWERICEZELEY, ZOBKITEIC
L £,

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABI. iterable R34 7Y =7 b EELH L set %
BUET, dterable 3 NULL D ¥ Zld, 22D set ZiR L E T, WM LEHH LW set . KL 7= 5 NULL
ZIRUE T, iterable 34 7L — FATRETRWEEIE, TypeError ZEH L ¥ 3, ZOa YA +7 7 XX
set ZAV—F 2L XITHMRET (c=set(s))o

PyObject *PyFrozenSet_New (PyObject *iterable)

Return value: New reference. Part of the Stable ABIL. iterable 23 R34 7P =27 b2 ELH LWV
frozenset iR L £3, iterable 5% NULL @ & Zid, 2D frozenset ZiR L F 5, MIIKRIZIZH LW set
. REURICIE NULL 23R L ¥F, iterable 254 7 L — FAJBE TR WIGEIL, TypeError XL 3,

VOB~ 27 1ld, set ¥ frozenset ¥ ZDH T XA DA VY AX Y ZWHLUTHHATEZ I,

Py _ssize_t PySet_Size (PyObject *anyset)

Part of the 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)

II7—F =z v P RITHR, PySet Size() D~ afg,
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int PySet_Contains (PyObject *anyset, PyObject *key)

Part of the Stable ABI. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike
the Python __contains__() method, this function does not automatically convert unhashable sets
into temporary frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset

is not a set, frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)

Part of the Stable ABI. set DA ¥ AR Y RIT key ZBM UL £, frozenset IZX L THEEL T
(PyTuple_SetItem() D& 51T, MDA — FIZHZ 2ATOH L\ frozenset DIEZ D 2 7 DI T =
$9) BIILES 0%, KBLES -1 ZIRLE T, key 23Ny ¥ 2 A[RE TR WX, TypeError %i%
HLET, set ZREL TRV OEE X, MemoryError %A L E T, set 7Y set EDH T XA
TDA VAR Y ATHRWIEGEL, SystemError ZiEH L £ 7,

VBRI, set & 2DV T XA A1t U THFRBET S, frozenset £ #DH 7 X4 FIWZFIHTE A,

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABI. 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)

Return value: New reference. Part of the Stable ABL. set DHFDEFED NI 2H L WS EIR
L. ZDFTI 27 M % set 2HHIBRL E5, KBL7z5 NULL 2R L 3, set 23ZZDEEICIE KeyError
BEHLET, set B set EZDY T RA TDA VARV ATRWEEZ, SystemError #iEH L £,

int PySet_Clear (PyObject *set)

Part of the Stable ABI. Empty an existing set of all elements. Return 0 on success. Return -1 and

raise SystemError if set is not an instance of set or its subtype.

8.5 Function #7277 k

8.5.1 Function #7227 k

Function 4 72 = 7 FEHOBEBITO T H T,

type PyFunctionObject
B fibn s C oMk,
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PyTypeObject PyFunction_Type
PyTypeObject BdD A4 ' 22 2 X T, Python OBBIIZXK L %3, ZHUd Python 712 F AT types.
FunctionType & L TABESNTVE T,

int PyFunction_Check (PyObject *o0)
o WA 7Y =2 b (PyFunction_Type BTH3) BHEWCHZRLET, I A—XIE NULL ITTE ¥
HFA. ZOBBIXEITHIIL £5,

PyObject *PyFunction_New(PyObject *code, PyObject *globals)
Return value: New reference. 23— KA 7P =7 & code IZBEMIT SNFH L WBEEA 7Y = 7 b RIRL
E3, globals (X ZDEBDS 7 72 ATE 2 70— UVEROFFETRIFIUIRD £EA,

BBD R X a XY PXFHNEAFNEII— AT =27 v OBISENE T, __module__ & globals 7> & HX
BENET, 5IOT 7+ V MERT /7 —>ay, 78— %d NULL IZREXNE T, __qualname__
32 —FA+ 7Y =22 D co_qualname 7 4 —/L KR UfHICERE SN E T,

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

Return value: New reference. PyFunction_New() WZBITWE T2, BA 7Y =2 bD __qualname__
BHCEEYLyY P TEE T, qualname 312 =a— KA 7Y =2 5 NULL T/ < TiEk b £H A, NULL
72o7284. __qualname__ BMHIICIZa—FA 7227 bD co_qualname 7 4 —/L R H UENE Y b
SNFET,

N— a ¥ 3.3 TEM.

PyObject *PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. BEA 7Y = 7 b op WICHEMIT SN/za— A7 27 PEIRL
9,

PyObject *PyFunction_GetGlobals (PyObject *op)

Return value: Borrowed reference. B4 72 =7 b op WZBHHfTT 5407 globals BEEZIRL £3,

PyObject *PyFunction_GetModule (PyObject *op)

Return value: Borrowed reference. Return a borrowed reference to the __module__ attribute of the

function object op. It can be NULL.

This is normally a string containing the module name, but can be set to any other object by Python
code.
PyObject *PyFunction_GetDefaults(PyObject *op)

Return value: Borrowed reference. FBA 7 =27 b op O5IBDOT 7 v MEZIRLE T, 51D XTS
JL%y NULL 1272 D £55
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int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BEA 7Yz op DEIBDT 7 0 MEZFREL £3 . defaults 1Z Py_None 22X F/LTRIFIUINT
FE A
KU T-RRX, SystemError ZHAX ¥, -1 ZIRL ¥,

void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
Set the vectorcall field of a given function object func.

Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall

function!
N—Ta v 3.12 TE.

PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. A 72 =7+ op IR EI N2/ v —Y v 2IRL ¥, NULL 2
cel # 7Y =227 FDORINVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B A 727 b oplcZ7u—Y v 2FELE T, closure X, Py_None b LI cell ¥ 7= +DXRT
TRITNUIZZ D FH A
KLU 7-RFX. SystemError ZHAXH, -1 ZIRL 3,

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. A 7 227 op D7/ 7= a vy EIBL F3, RO HEIKEBIER
RE72&EE D> NULL 1272 D £3,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
BA 722 op D77 T—2arZRELET, annotations [ 3FFE . Py_None TRITAUIZRD %
A,
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_Cleariatcher (). In case of error (e.g. no more watcher IDs available), return -1 and

set an exception.
N— a3 v 3.12 TEM.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher id previously returned from PyFunction_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.)
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N— a v 3.12 TEH.

type PyFunction_WatchEvent

Enumeration of possible function watcher events: - PyFunction_EVENT_CREATE
- PyFunction_EVENT_DESTROY - PyFunction_EVENT_MODIFY_CODE -
PyFunction_EVENT_MODIFY_DEFAULTS - PyFunction_EVENT_MODIFY_KWDEFAULTS

N— a3 r 3.12 TEH.

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_walue will be NULL.
Otherwise, new_value will hold a borrowed reference to the new value that is about to be stored in

func for the attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects, in-

cluding 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.

N—a v 3.12 TEM.
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852 1VRXAVARXY Y AT 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 ¥ ARV AL Python DA VARV AXY vy ROBERHLET, Z4UX Python @
TRZZLIERHENEE A
int PyInstanceMethod_Check (PyObject *o0)
0 WA VARV ARY v KA TV 27 b (PyInstanceMethod_Type T TH 2) BHICHEIRLE T, 287
A—ZRF NULL IZTE$¥A, ZOBBIIHICHRIILET,
PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. fEEDOFENH LAIREA 7 22 b func 25 72Hi7z/z A VARV ARX Y v
RATO 27 bERULET, func i34 VARV AXY v RBPEUHEI N & 2T XN 58T T,
PyObject *PyInstanceMethod_Function(PyObject *im)
Return value: Borrowed reference. 4 Y A XY AX Y v K im IZHEEMIT SNEHA 77 v ERL
£9,
PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

Return value: Borrowed reference. PyInstanceMethod_Function() D7 BIRT, TI7—F v 7%
TOEEA,

8.5.3 XYy RrFITZxU

AV FZBEEA 7Y =7 MZHREENTVET, XAV y FEERHZ22-F—EEHDI 7 RACHEINLTNWD
DTF, FEHINTVWRNWAY y R (ZFRFATI 2l MTHMENAY v M) EFHAT2 L8 TEEHA
PyTypeObject PyMethod_Type

Z D PyTypeObject DA Y AR Y A% Python DX Y v FEIZRELET, 204 7T =2 M. types.
MethodType ¥ LT Python 7R 27 AZRHINTVET,

int PyMethod_Check (PyObject *o)
0 MYy FATT 27 b (PyMethod_Type B TH %) HEIWCEZIRLET, X7 A —&II NULL ITTZ
FHA, TOBBUIECHIIL 3,

PyObject *PyMethod_New (PyObject *func, PyObject *self)

Return value: New reference. {EEDMUH LATBELX 7V =2 b func £ XY v ROREEINBEZNE A
AR VA self BIEFo1HT2AY vy RATV27 b 2IRLET, BB func id. XYV v RARUSH T
RRCIEUHZX NS A 7Y =27 P TT, self 1E NULL IZTEFEHA,
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PyObject *PyMethod_Function(PyObject *meth)

Return value: Borrowed reference. XY v K meth WCEETII SN TWREMA 7O =27 P ERLET,

PyObject *PyMethod_GET_FUNCTION ( PyObject *meth)

Return value: Borrowed reference. PyMethod_Function() D~ Z BT, TI7—F = v 7 BITVER A,

PyObject *PyMethod_Self (PyObject *meth)
Return value: Borrowed reference. XY v ¥ meth \[CBE[IT SNz f VAR AR L ET,

PyObject *PyMethod_GET_SELF ( PyObject *meth)

Return value: Borrowed reference. PyMethod_Self() DX Z BT, TI7—F = v 7 E{TVERA,

8.5.4 ILFTZ ¥ b (cell object)

T (cell)) ATV 27 MR BEORI-THhEBREANIZ LRI FEET DO NE T, BUEEE
BUZOWTEREIN., BADEZFTIELET; COMEESRITZERAR Y 771 — LIBT3 0 —h VAT,
FDRR 7 7L —LADMMITRICEZZB L TWA LT EEBAAD T, LATERIALEICT 27
tRFTEL, EAATI 2l FABRORODICELANDERFEOLNE T, DA T s bl fHESR
(dereference) &, 4 Y& 7V R X o THERENI NS P I = FHNTHR-FENTVWEIHERDHDET; L
G727 N7 7 A LI, HEIWICHESRIGEZ D $8A, EEDAORKETIE, LA 7227 MiE
RV ST 2 S B Gl N

type PyCellObject

ATV Miflibis C GERTT,

PyTypeObject PyCell_Type
CAF T 27 MTHIET 2HATY 27 T

int PyCell_Check (PyObject *ob)
b BN AT 27 POBEICERZELET; ob I3 NULL THoTERD FRA., ZOBEBUIEICEIIL
9,

PyObject *PyCell_New(PyObject *ob)
Return value: New reference. fH ob D Ao 7=filzot A7 =7 b EER L TRLET, 5180% NULL
WKLTHDREVEE A

PyObject *PyCell_Get (PyObject *cell)

Return value: New reference. cell DNBEZIEREL ET,

PyObject *PyCell_GET (PyObject *cell)

Return value: Borrowed reference. cell DINEEIR LU F TH, cell D’IE NULL 2204 7P =27 b TH
EDEIPIIF vy I LER A
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int PyCell_Set (PyObject *cell, PyObject *value)

YAF T2 b cell DNER value WRELFE T, ZOBBMIREDELLDOE2TONEIIHT 35 %
AL £9, value 1 NULL T D FWEH A, cell 13JE NULL TRIFNERD FR AL cell BENLF T
Dzl FTRWES, -1 ZIRLET, BT 3L 0 BRLET,

void PyCell_SET (PyObject *cell, PyObject *value)

YA T2 T b cell DIEE value KREL ET, SBAIT Y MIHT 2EHE IR, B2DEDDF = v
ZEMBITVER Ao cell 13 NULL TRUIINEIR ST, oA 7o =7 P TRIFNUUERD 8 A,

855 O—FxT2xVh
a—F A7 =2 b (Code objects) 1& CPython EEDIKL NVLFHEME DTS, &4 7Y =7 MIBEBUTHME
ENTOVRWETAEEa — FOHZERI L TVE T,

type PyCodeObject

A—FAT7Y 27 b RBT2DCHHEIN S CHiER, 20D 7 1+ —0 PR THEE NG
£75,

PyTypeObject PyCode_Type

This is an instance of PyTypeObject representing the Python code object.
int PyCode_Check (PyObject *co)

Return true if co is a code object. This function always succeeds.

Py ssize t PyCode_GetNumFree (PyCodeObject *co)

Return the number of free variables in a code object.

int PyUnstable_Code_GetFirstFree (PyCodeObject *co)

This is Unstable API. It may change without warning in minor releases.

Return the position of the first free variable in a code object.

N—Y a3 ¥ 3.13 TZH: Renamed from PyCode_GetFirstFree as part of Unstable C' API. The old

name is deprecated, but will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int
flags, PyObject *code, PyObject *consts, PyObject *names,
PyObject *varnames, PyObject *freevars, PyObject *cellvars,
PyObject *filename, PyObject *name, PyObject *qualname, int
firstlineno, PyObject *linetable, PyObject *exceptiontable)
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This is Unstable API. It may change without warning in minor releases.

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 TZH: Added qualname and exceptiontable parameters.

N—=Y a ¥ 3.12 TEHE: 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)

This is Unstable API. It may change without warning in minor releases.

Similar to PyUnstable_Code_New(), but with an extra “posonlyargcount” for positional-only argu-

ments. The same caveats that apply to PyUnstable_Code_New also apply to this function.
N— a v 3.8 TiBM: as PyCode_NewWithPosOnlyArgs
N— 3 3.11 TZHE: Added qualname and exceptiontable parameters.

N—Y a3 ¥ 312 TZHE: 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)

Return value: New reference. Return a new empty code object with the specified filename, function
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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.

N— a3 ¥ 3.11 TEH.

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 excep-

tion is raised.

This PyBytes0Object may be created on-demand by the interpreter and does not necessarily represent
the bytecode actually executed by CPython. The primary use case for this function is debuggers and
profilers.

N— a3 » 3.11 TEH.

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 excep-

tion is raised.

N—a ¥ 3.11 TEN.

PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions.

On error, NULL is returned and an exception is raised.

N— a3 v 3.11 TEH.

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 ex-

8.5.
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N— a v 3.11 TEM.

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.

N— a3 r 3.12 TEH.

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.)

N—a v 3.12 TEM.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY_CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY

N— a3 v 3.12 TEH.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)

Type of a code object watcher callback function.

If event is PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized.
Otherwise, the callback is invoked before the destruction of co takes place, so the prior state of co can

be inspected.

If event is PY_CODE_EVENT_DESTROY, taking a reference in the callback to the about-to-be-destroyed
code object will resurrect it and prevent it from being freed at this time. When the resurrected object

is destroyed later, any watcher callbacks active at that time will be called again.

Users of this API should not rely on internal runtime implementation details. Such details may include,
but are not limited to, the exact order and timing of creation and destruction of code objects. While
changes in these details may result in differences observable by watchers (including whether a callback

is invoked or not), it does not change the semantics of the Python code being executed.

If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other API
that can set an exception unless it saves and clears the exception state first, and restores it before

returning.
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N— a3 » 3.12 TEH.

8.5.6 Extra information

To support low-level extensions to frame evaluation, such as external just-in-time compilers, it is possible to

attach arbitrary extra data to code objects.

These functions are part of the unstable C API tier: this functionality is a CPython implementation detail,

and the API may change without deprecation warnings.

Py ssize_t PyUnstable_Eval_RequestCodeExtralIndex(frecfunc free)

This is Unstable API. It may change without warning in minor releases.

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra and

PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored under

the new index. Use Py_DecRef () when storing Py0Object.
N— a ¥ 3.6 TiEN: as _PyEval_RequestCodeExtralndex

N— a ¥ 3.12 TEHE: Renamed to PyUnstable_Eval_RequestCodeExtraIndex. The old private

name is deprecated, but will be available until the API changes.

int PyUnstable_Code_GetExtra(PyObject *code, Py _ssize_t index, void **extra)

This is Unstable API. It may change without warning in minor releases.

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.
N—Y a ¥ 3.6 TiB: as _PyCode_GetExtra

N— 3 ¥ 3.12 TAHE: Renamed to PyUnstable_Code_GetExtra. The old private name is deprecated,
but will be available until the API changes.

8.5.
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int PyUnstable_Code_SetExtra(PyObject *code, Py _ ssize_t index, void *extra)

This is Unstable API. It may change without warning in minor releases.

Set the extra data stored under the given index to extra. Return 0 on success. Set an exception and

return -1 on failure.
N— a3 ¥ 3.6 TBM: as _PyCode_SetExtra

N— 3 ¥ 3.12 TZHE: Renamed to PyUnstable_Code_SetExtra. The old private name is deprecated,
but will be available until the API changes.

8.6 TDMDATT U+

8.6.1 J7MIATIxU

ZH D API X, Python 2 DAAAD 7 7 A NA TP 227 +D CAPI ZREMBLI 2L — 52372000
TY, TNBE, fEHEC 54 T75VTHR-PINTVWENY 7 77 & [/O (FILE*) ICHHZ =D Iffb T T,
Python 3 T, 774 VEA MY —=AEFH LV io EYV a— L EfHIN. £21C 0S DKL~y 7 7T
ZI/0 DLW OO ERSINTVET, FTHEHINTWIEEE. 20508 L API OfEfl7Z C
FoR=THYH, A VEXTVEZTONFRLZT —BHICAVWTVETS,; = FX=FT 4 —Da—-FFbbhic
io @ API Zffi5 Z e SR N E T,

PyObject *PyFile_FromFd(int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

Return value: New reference. Part of the Stable ABIL BEHZB2NTWE 774V fd D7 7 A VT 4 R
7)) I RS Python D7 7 ANVF TV =27 bRfER L EF . 518 name . encoding . errors . newline
I, 774V DY LT NULL DM X %5, buffering 121 -1 ZHELTTF 74V FOEEZFES &
PTEET, name IIASINZ2DTTH, BHFAEMOLDIERINTVWET, KKT % & NULL ZiRL
9, X DUENRTIEDREHIZ. 10.0open() BIRID FF a2 XV F2ZRL TS W,

EE: Python A MU —LEHEEDONY 7 7V Y IEEREOID. 7 7 A AFBRFD OS LDy
77V eHHT A . A LME (PHlERT—XIE) ReglEEILET,

N—Ya Y 3.2 TEHE: name BIEDIEH,

int PyObject_AsFileDescriptor (PyObject *p)

Part of the Stable ABL. p IZB#HDFBbNE 77 ANT 4 A7V T R% int E L TRLES, 779 =
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7 IERIES, ZOMEERLET, BETRHRWEG, A 7Y 22 M2 fileno() XYV v FAHIUINTL
HLET;, 2OXYy FORDEIIZ., 77 A LildFOEE U TRIN B TRIIUIRD 2 A KW
TN ERELT -1 ZIRLET,

PyObject *PyFile_GetLine (PyObject *p, int n)

Return value: New reference. Part of the Stable ABI. p.readline([n]) ¥ U T. ZOBEEIIA T
Dl b p OFTEHRAHLET, pl &7 7 ANV TP 27 b, readline() XYV v RERKOM S0
ATV PTHEOEREA n DY 0 DHFAE, TORZICEBRR CEMIC 1TRIHAELEST. n 230
IDOREFNUE n N4 PYULEDOT—XIEFAR L ERA; o T, fTO—EZINRINZGELDH D F
T, CHELDHETH, HiAHLETCIZT 7 A VORIGIZELE L 58I TH % BLET, n D30
Ebh/hEFhuE, REBEOLST 117720% SiAHLETH. 3CI7 7 A VOKEIZERE L 55121
EOFError %Xt L £,

int PyFile_SetOpenCodeHook ( Py OpenCodeHookFunction handler)

io.open_code() DEH DMLV E FHEZL T, ZONFA—X—2REINTNY FITELET,
The handler is a function of type:

typedef PyObject *(*Py_0OpenCodeHookFunction)(PyObject®; void*)
PyObject *(*) (PyObject *path, void *userData) ¥ ZEfliT. path 1& PyUnicodeObject T&H
5 EDRAEEINTVET,

userData KA > 2X7 v ZEABIZEINE T, 7y 7B RS V24 200U IA20d LAY
WDT, ZORA ¥ XIIEE Python DIREESIBINETED D £HA

ZO7 v 7BBIEA YAR- MIEDLNEZ ZEZERLTWS D, £V 22— frozen 7REY 2 — LT
H 2D sys.modules KHLZFFAJEERES 2 — L TH 2 Z B> TWVAREEERVWTIE, 7 v 7B
DETHICHLWVED 2 =B A VR—FT3DIEETTL XN,

Wo A7y ZBIBDPRESI NS, HIFRPE MR D TES. BHI DD PyFile_SetOpenCodeHook ()
DMECHELIFEKBMLUES, ZOBBPERBLZE Z2ld 4 V& —7) XL IR TWRBE, -1 2K
LThiANzEY FLET,

Z ORI Py_Initialize() K DATIFIH L THLETT,
SIEIEL T BEE A N b setopencodehook #EHI L ¥£7,
N— a ¥ 3.8 TEM.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the Stable ABL. A 7Y 227 b obj 7 7 ANET T2 7 b pllEERAALET, flags WP R—1+F
%7 7270 Py_PRINT RAW 72V TT; D777 %IEET DL, A7V 22 MZ repr() Tid%< str()
PEALLHERE 7 7 ANVICEZHLES, BILEGEIIE 0 2R L. KT 2 -1 23R L TR
N EEy b LET,
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int PyFile_WriteString(const char *s, PyObject *p)

Part of the Stable ABL. XFH s 27 7 A NVA T 27 b p I KESHLET, BUILAEHEICE 0 iR
L. K2 & -1 2R L C#EYIZANZL Y PLET,

8.6.2 EXa—IL*T Tz k (module object)

PyTypeObject PyModule_Type
Part of the Stable ABI. Z® PyTypeObject D4 ¥ A X > Ak Python DEY 2 —A 7Y Vil%
RELET, 204 7Y =7 Mid. Python 71277 AlZiE types.ModuleType & L TAMINTVWE T,
int PyModule_Check (PyObject *p)
PEI 2= NFTI 2T MPET 2 - NI TV 2T OY TR T THBELZWCEZELET, ZOBK
BHIZERIILE5,
int PyModule_CheckExact ( PyObject *p)
pWBEY 2a—NF T2 NT, »D PyModule_Type DY T XA FTiRVE ZIWCEZRLETS, O
BHEICEILET,
PyObject *PyModule_NewObject (PyObject *name)

Return value: New reference. Part of the Stable ABI since version 3.7. __name__ JEMIZ name 298¢

EEINTHLVWEY 22— A7V b 2RLET, €Y 2—/LD __name__, __doc__, __package__,
__loader__ BMICHENSA > TVWET (__name__ DIHMIET None TY); __file__ EIICEEANS D
WO LRlOBETS,

N—Ya v 3.3 TEm.
N—Ya ¥ 34 CTEHE: __package__ ¥ __loader__ | None WKiEZINF T,

PyObject *PyModule_New (const char *name)

Return value: New reference. Part of the Stable ABL. PyModule_NewObject () Il TWE 325, name
& Unicode # 7Y =7 pTE7% < UTF-8 Ty a— FENLFHITT,

PyObject *PyModule_GetDict (PyObject *module)

Return value: Borrowed reference. Part of the Stable ABL. module DGR ZEM % EET 2EHEL 7V«
ZRBRLEST, 2TV ME, BV a2 A TV D __dict_ BUHEREUBDTT, module
MEZ2a—NF 7Tt (BLRBEI2—NATT 27 POV T XA ) TRWEEIE, SystemError
DEH E A NULL AR5,

PEEREY 2 — LT, £V 2—LD __dict__ ZEFERIET 5 XD D, PyModule_* B LU PyObject_x*
BIBE S R g 3,
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PyObject *PyModule_GetNameObject (PyObject *module)

Return value: New reference. Part of the Stable ABI since version 3.7. module ® __name__ DfH%
BLET, BV 2-ADNIZ0REELZHRMEL TORVWEERXXFINE TR WSS, SystemError ZiEHI LT
NULL R L ¥,

N— g » 3.3 TEM.

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABI. PyModule_GetNameObject () I TWE T2, 'utf-8' Ty a—FIhi
name ZiRL %79,
void *PyModule_GetState (PyObject *module)
Part of the Stable ABI. €Y 22—/ ® "state”(EY 2 —VEER LT XA I VI THEEINZXEY T
0y ZANDKRA ¥ E—) 2. IRIFAULX NULL 2R L EF, PyModuleDef.m_size ZBHLTLZE W,
PyModuleDef *PyModule_GetDef ( PyObject *module)
Part of the Stable ABL. Y 2 —VHELNBIL L 12 o7z PyModuleDef MEEHRADKA VX ZIRLUET,
EY 2 APERIC I o TESN TV 5 725E1E NULL 2R L £ 3,
PyObject *PyModule_GetFilenameObject (PyObject *module)

Return value: New reference. Part of the Stable ABIL. module @ __file__ @M% % &1 module 28

—FENLDEDT 7 ANELERLET, L7 7 A VAP ERINLTVRVWEES. Unicode XF5T
3705 E, SystemError ZFAIHE T NULL 23R L £9, 2L D EIE Unicode 773 =7 FAD
SHERLET,

N—a v 3.2 THEM.

const char *PyModule_GetFilename ( PyObject *module)
Part of the Stable ABI. PyModule_GetFilenameObject () EITWE T A, "utf-8' TZra— FE N/
77 ANVHEIRLET,

N—a v 3.2 TIEHESE: PyModule_GetFilename() raises UnicodeEncodeError on unencodable file-

names, use PyModule_GetFilenameObject () instead.

C ®E2a—ILOYIHAL

HE, EYa2a—AA 7Y 27 PERINREY 2 — v (FIIMLEBZE L2 AR LTWaHES A 75 V) $i3#
BIANENTZEY 2 =)V (PyImport_AppendInittab () %o THIHAMLBEDEBIMENTVWBEEY 2 —L) 2 H1E
LNFE T, FEMICOWTIX building % 721% extending-with-embedding % BT 72X W,

VIR, B 2 —VEFRDA Y ARV R% PyModule_Create() WCE L THRED > ZEY 2 —NF T
VxZ PBRLTHEINWTT L, D LLRBERMERZDOLDZIRL” ZEREMINL” ZZR L THHWEEA,
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type PyModuleDef
Part of the Stable ABI (including all members). €3 2 —VEBMEERITIE 2 -V A7 27 V24
Y % DICRERTNTOFREZRFEL T, B@BHIF. TNENDEY 2 — L T it hi 2
DERIDZERD 1 DRI FELE T,
PyModuleDef Base m_base

Always initialize this member to PyModuleDef HEAD_INIT.

const char *m_name

HLWEY 2 — L DO4H,

const char *m_doc

EY 22—/ D docstring, 72\ TV docstring & PyDoc_STRVAR #FIFH L THEKINE T,

Py ssize_t m_size

£ 2 — VORI, B 27 B — VBT { PyModule_GetState() THUFTEZEY 2 —
NZEDAEVHBIRREEN TV ZEADHD FT, L > TEY 2 —VIZEBOY 7 - A V&
TV R—TRBMEZET,

This memory area is allocated based on m__size on module creation, and freed when the module

object is deallocated, after the m_free function has been called, if present.

m_size 1T -1 ZHRET DL, ZOEY a—NZ 70— "L RERFEOEDIIY T - 4 &2 —FY
A—"HR—PFLTVEREVEWVWS ZXIZED ET,

m_size ZIFADHEIHKET S, BV 2 —VIIFEIALTE, ZORED-DITHEL 12 581D X
BUVRBPHEETEZLWVWI ZLICRD ET, FAD n_size IZZEBEULTHEICR D £5,

S PEP 3121 #2018,

PyMethodDef *m_methods
PyMethodDef TEHZRIXNS, Y 2 — L L~LVEBODT— INAANDRA ¥ R —, BEBMBEELEVE
AlE NULL Z2RBUET 5 Z & A Al HE,

PyModuleDef Slot *m_slots
ZEFEIM LDz D 21 vy MEFRDEYIT, {0, NULLY EEIKIHE 2D $5, —BREMHHLZ
5 =X, m_slots X NULL THRIFAUIE D THA,

N—=ay 35 TEE: N—Yary 35 XDElE. TOX Y NEHEIZ NULL IKRESNTWT, XRDD
DL LTEREINTVE L=

inquiry m_reload
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travers eproc m_traverse

GCEEDEY 2 — VA TY =7 FeEET 2BICNCH S 2 EEREE, BERWGEE 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.

mquiry m_clear
GCZDEI 2 —NA TV 27 b 22 )7 —F3RIPEIHENE 7Y 7 —BE, BDERVGER
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 deallocated.
For example, when reference counting is enough to determine that an object is no longer used,

the cyclic garbage collector is not involved and m_free is called directly.
N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CGCHRZIDES2a— NI T2 P RERT 2L S WNOH IS B8, HEZR WSS 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.
—ERPEAIHATL
Y 2 - VOUIHLBEBDEZEY 2 — A 7Y = 7 P RAR L TRIGESH D £5, 3" —EREHL”

YREEN. KD 2DODEY 2 — VERBEEOYE 50 1 DR FNE T

PyObject *PyModule_Create (PyModuleDef *def)

Return value: New reference. Create a new module object, given the definition in def. This behaves

like PyModule_Create2() with module__api_version set to PYTHON_API_VERSION.
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PyObject *PyModule_Create2(PyModuleDef *def, int module_api_ version)
Return value: New reference. Part of the Stable ABI. API N—3a % module__api_version & LT
def TOERIMHE S THLWVEY 2= F TV 27 FRAERLET, dLIEESNIANA—Ta YHETLT
WBAL Y R—=TYR—DN—= a v Bz 55E51%, RuntimeWarning ZREIEF T,

AR FrAYDEE. ZOBBTIXR L PyModule_Create() ZHHTARETT, ZOBEFX Zo
BB OENZEREL TVWS & X IHMAL T X0,

Y2 — NI TV 27 DYIHHERIED 5B XN B RIS, 20T W PyModule_AddObjectRef () 72 ¥ DREIE%
FoTED2a— NI TVl PIAUNEZFIBESEET,

ZERPEAIEATL

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.modules
entry is removed and the module is re-imported, a new module object is created, and the old module is
subject to normal garbage collection -- as with Python modules. By default, multiple modules created from
the same definition should be independent: 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()).

LY 2 E o TEREINZLETOEY 2 NVE T AV ETUE— 2 R— T332 RDODONFE
FTo BHOED 2 — AT LTWAZ e RHEIETEDITE. VW TWEZOHE—- 2333 THITT,

Z BRI 2 R T 2 /-2, FIHHLRIE (PyInit__modulename) 1325 TR m_slots ZFfD PyModuleDef
BRLET, INERTHIC, PyModuleDef f ¥ AR ¥ ZIX RO T E L TEWITFEEA:

PyObject *PyModuleDef _Init (PyModuleDef *def)

Return value: Borrowed reference. Part of the Stable ABI since version 8.5. €Y 2 —IVERNH L 5
Ay Y P 2IELSRET 5. BUNCHIAL XNz Python #7927 b THBZRIEL 55,

PyObject* IZ¥ ¥ A M Iz def ZIBRL EF, 7 —2FELEGE NULL 2R L %3,
N— a ¥ 3.5 TEM.
EBY 2= VERD m_slots X > \& PyModuleDef_Slot MHE{ADELY| 2 X R IFIUIR D R A

type PyModuleDef_Slot
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int slot
Z2ay b+ ID T, T T TV FIFRTEERfED &8 IEN T 5,

void *value

ZAvy FOET, EHERay b ID IKFELET,

N—ar 3.5 TEM.

m_slots BCANZ ID 0 DR\ y P TRIGIN TV RITIIERD 8 A,

FIHARER A1y b ORUILLT TS

Py_mod_create

EI 2N TPl VEBEERTE7-DICINEREEELE T, 20Xy MO value KA >
RIIRDY T AF % BFOBBEEL TR TEWITEEA:

PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEZ X N7z ModuleSpec A Y ARV AL, EY a— VEREZITWIBHTT, ZHEHL
WEY2— A TT 27 b RIBTH, L7 —%BGELT NULL ZIRFRE T,

ZOBEIIR/NBICED TBEBLRETT, FFITEED Python a— REFEFHINETERL, FALE
JVa—NEALVRK-FLEI T ERL-TICMATL & 5,

BED Py_mod_create ARy b % 1 DDEY 2 — LERICHEELRVWAR L NTT,

Py_mod_create DFHE I N TWVWARWIEEIE., 4 ¥ KR— MEFIE PyModule_ New() Zffio GAFEDEY 2 —
NATI2 7 VEEBLET, Y 2= VOARNIERTIZR K spec 2 HHE I, ZHUT X - THLR
BV 2 AHEFNCEY 2 —VEEICE T 2 MBEZMHETELD, YRy 7V 27 2BLTH—OE
Ta—VEREHALOOHOHEITA > R— P TERLDLET,

RENBATI =7 b2 PyModule_Type DA VAR VATHIZNEIHD ERA, 4 ¥ KR— M
TEIEMOHRELHENPTELZRIIE, CARBTHMHEZ T, Lo L., PyModuleDef A5 NULL THW
m_traverse, m_clear, m_free . d L IX¥ TRV m_size. L <IX Py_mod_create DISfD R v
k2O E1E, PyModule_Type £ Y AR Y ADADRINZTL & 9,

Py_mod_exec

BV 2% BTTE L ZICMINIBEBERELET, ZhX Python €Y a—1Da— REFETT 2
DYFAETT: ZOBBEZVWTWEZ IR EHEEY 2—LICLET, TOBEBOS 72 F v 3T
T3

int exec_module (PyObject *module)

BED Py_mod_exec A1 v FDFTEZINTWAGEX. m_slots EEANCHNZEICUE I ATV E £,
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Py_mod_multiple_interpreters

Specifies one of the following values:

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main

interpreter’s GIL. (See isolating-extensions-howto.)

Py_MOD_PER_INTERPRETER_GIL_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL. (See

isolating-extensions-howto.)
This slot determines whether or not importing this module in a subinterpreter will fail.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod_multiple_interpreters is not specified, the import machinery defaults to

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED.

N— a ¥ 3.12 TEN.

ZEREIHMEIZOWT I DL & PEP 489 2R T X W,

EKEED 2 —LIERBEE

DT oBRuE. ZEBEIEMES & 2 ICEAITHOHINE T, fIZIEEY 2 -V AT7Y = 7 MEBIINCAERT
Y EIC, DB EEEMZ £9, PyModule_FromDefAndSpec ¥ & {f PyModule_ExecDef D¥5H 53,
FEOH LRI E Y 2 — AR IR TV ARITHUIZ D 8 A,

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

Return value: New reference. Create a new module object, given the definition in def and the
ModuleSpec spec. This behaves like PyModule_FromDefAndSpec2() with module__api_version set to
PYTHON_API_VERSION.

N— g > 3.5 TEM.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module__api_ version)

Return value: New reference. Part of the Stable ABI since version 3.7. API N—2 a ¥ % mod-
ule__api_version ¥ LT, def ¥ ModuleSpec 7Y =27 bD spec TERINTZEBDITHLVWEY 2 —
NATI 27 VEERLET, b LIEBEEINANA=Ia YPFEITLTVERAL VX =T VX —DNR=Ta v
H72 235813, RuntimeWarning #RAESIEE T,
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AR: FrACDEA. ZOBTIER L PyModule_FromDefAndSpec() ZFHATANETT, ZDMH
B, ZOBBOPEERZHBEL TV e ZICRFAALTIEZ W,

N— a v 3.5 Tl

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.7. def THZBNIAEREDFITABR Y + (Py_mod_ezec) & ELT
L%,
A=Y a v 3.5 THE

int PyModule_SetDocString(PyObject *module, const char *docstring)

Part of the Stable ABI since version 3.7. module ® docstring % docstring IZEEL 3, Z DK,
PyModuleDef %5 PyModule_Create % L < I¥ PyModule_FromDefAndSpec #1{#-> TEY 2 — L 24K
T5EXICHBICHOHENET,

N—a v 3.5 TEM.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

Part of the Stable ABI since version 3.7. #3353 NULL 1272 2 TW3 functions BLHNIZ B % BIEE module
WHB L %3, PyMethodDef REEMRDME 42 DL > + VIZDWTIE PyMethodDef OFifHZ SR LT 72
TV (BEY 2 - VOAFZEMPEFEZINTORVWDT, C TEEINLEY 2 -1 L 7 B 30
TVWEY 2—l% 1 DHDFI#E LTRZITED, Python 77 ADA YRRV ARXY v RIZBZEBIZL
F)o ZDOBIEUX. PyModuleDef 2*5 PyModule_Create % L < IX PyModule_FromDefAndSpec % {fi- T
EYV 2 —VEAERT S ZICHBCT ST,

N—Ya ¥ 3.5 TEM.
HR— B
EY 2= VOMHILEIR (—BFEIEEZ S 5E) . HBVIEEY 2 —ADETA Y MR oIFOH SR 2B

(BB ZME S 5E) BROBEBER-S &, £Y 2 —10 state DFILZHHRICTE X!

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI since version 8.10. module \2A 7Y =2 b% name £ LTGEMLUE S, ZD
BiIEY 2 — L OWEILEI D S FIFA X 2 (ERIBEET I,

On success, return 0. On error, raise an exception and return -1.
Return NULL if walue is NULL. It must be called with an exception raised in this case.

B
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static int
add_spam(PyObject #*module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;
return res;
}

The example can also be written without checking explicitly if obj is NULL:

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;
3

Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
N— a ¥ 3.10 TEN.

int PyModule_Add (PyObject *module, const char *name, PyObject *value)

Part of the Stable ABI since version 3.13. Similar to PyModule_AddObjectRef (), but steals” a
reference to wvalue. It can be called with a result of function that returns a new reference without

bothering to check its result or even saving it to a variable.

{5 FH 1)

if (PyModule_Add(module, "spam", PyBytes_FromString(value)) < 0) {

goto error;

N— a ¥ 3.13 TEN.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to wvalue on

success (if it returns 0).

The new PyModule_Add() or PyModule_AddObjectRef () functions are recommended, since it is easy
to introduce reference leaks by misusing the PyModule_AddObject () function.
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AMR: Unlike other functions that steal references, PyModule_AddObject () only releases the reference

to value on success.

This means that its return value must be checked, and calling code must Py_XDECREF () value manually

on error.

{1

PyObject *obj = PyBytes_FromString(value) ;
if (PyModule_AddObject(module, "spam", obj) < 0) {
// If 'obj' is mot NULL and PyModule_AddObject() failed,
// 'obj' strong reference must be deleted with Py XDECREF().
// If 'obj' is NULL, Py_XDECREF() does nothing.
Py_XDECREF (obj) ;
goto error;
}
// PyModule_AddObject () stole a reference to obj:
// Py_XDECREF(obj) is not needed here.

N— a v 3.13 TIEHESE: PyModule_AddObject () is soft deprecated.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

Part of the Stable ABL. module \[ZFEBUEE % name ¥ LTBML 3, ZOFEEREEIZEY 2 -1
LB o FHEhTVES, T7—-D XITE -1 &, WALz Z2i1Tid 0 ZRLE T,

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)
Part of the Stable ABI. module IZ3XFHER% name ¥ LTEMLET, ZOFEFBEKIZEY 2—1D
VAL SR SN TV E T, XFF value 1& NULL X TR IR D FHA, =7—-DL
FWE -1 & BILAEEEIIZ 0 ZIRLET,

PyModule_AddIntMacro (module, macro)

module 12 int EEZEBML I, HAETEMEIE macro 20 65 WM/ XN F T, il 2 1E
PyModule_AddIntMacro(module, AF_INET) & § % &, AF _INET ¥\ 5 #4ii® int B EK %
AF _INET OfET module IZBMLEF, =7 —F2iX -1 . BIIRHICIE 0 ZIRL ¥,

PyModule_AddStringMacro (module, macro)
XFHIEBE module 1ZBIMU F T,

int PyModule_AddType ( PyObject *module, PyTypeObject *type)
Part of the Stable ABI since version 3.10. 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 on error, 0 on success.

N— g v 3.9 TEIL
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ESa—IILEER

—BREIIX, BIEDA Y2 TV XDy TR A MNLOHEE LSV IAN IV DEY 2 - A BERLET, T
EoT BHPHET 2 —NVERNOBRETTES 2 - ATV 27 PRI TE LT,

LI 25 t —DEBRDP OEBDET 2 — UIMER T X 2DT. 25 DRI Z BB L2 H -
TERINEES 2 —NMIZIZHEZFE A

PyObject *PyState_FindModule ( PyModuleDef *def)

Return value: Borrowed reference. Part of the Stable ABL. TED A ¥ R 71 XD def »SIESLNTZE
Ta—NFT7T 27 bPRIRLET, TOXY vy FORIRSEME LT, #id o T PyState_AddModule() T
AYRTYRD state ICET 2 —NATTV 27 P EAELTEB ZE2ERLET, MISTHEY 2 —LF
7Y =7 PREMADSIO. B LRHEANTA ¥ X T XD state ITHEAE TN TWARWE SR, NULL 2R
LET,

int PyState_AddModule ( PyObject *module, PyModuleDef *def)

Part of the Stable ABI since version 3.3. FBICEENLES 2 -V F TV 27 b2, A VX TV XD
state IEAE L 3, ZOMBE/MS Z v T PyState FindModule() BHEY a—VF TV =27 M7
LATEL LAY XS,

—BFEFI L 2 o TIERE N EY 2 —MITDAFE I TT,

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 25 LUl b $8A,
LS 02, RLZS -1 ZIBLET,

N—a v 3.3 TEM.

int PyState_RemoveModule (PyModuleDef *def)

Part of the Stable ABI since version 3.3. def D OVEBNIZE 2 —NATI =27 b2 L YR TV X
state 2HHIRLET, BINIL7=S 0 %2, KRBRLZES -1 ZRLUET,

FEOH LANG GIL 215§ L3 iuda b $8 A,

N—Y a ¥ 3.3 TEM.
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8.6.3 1T7L—2AT2x¥ | (iterator object)

Python TR —ME oA T L —&X A7V =7 P 2RBELTVWEST, —D2HEY -/ YA 7L —& T,
__getitem__() XY v FEFR-—PFFTEZEREOS—F Y 2AEWMOFVET, ZOHEPFCHLATRELS 7Y =
2 b+ L (sentinel value) 2, ¥ —F Y ANOERZ IR LATREA 7Y =7 P2 HL T, £ F
AEIPNRE NIz FITRIEMHEER T LET,
PyTypeObject PySeqlter_Type
Part of the Stable ABI. PySeqTter New() %, fHHAAT —7 ¥ ZHNITH LT 1 5IBIEX DO A AE
Biter() ZUIH Lz ZIGREND, ATV —EF 7027 ORI T 27 M TT,
int PySeqIter_Check(PyObject *op)
op DTIH PySeqlter_Type OB EIWCEZRLE T, ZOBBIIEICHRIILET,

PyObject *PySeqIlter_New(PyObject *seq)
Return value: New reference. Part of the Stable ABI. —f&ii> —7 > 24 7T =27 b seq 2> A4
TL—RZRLET, KL, > —F Y APRFHEERIEDORIC IndexError 2K L7z FITKRT L
9,

PyTypeObject PyCalllter_Type
Part of the Stable ABL. PyCallIter_New() %, fHAAABE iter() @ 2 5IBIEHAIRT A 71— &
FTI 7 VORI T 27 N T,

int PyCallIter_Check(PyObject *op)
op DBIH PyCalllter Type MOGHICHZRLE T, ZOBEKITEICHIIL £5,

PyObject *PyCallIter_New(PyObject *callable, PyObject *sentinel)

Return value: New reference. Part of the Stable ABL #7274 7L —X B BLE T, RIDNT XX
callable 3518072 UCH-UAHE % Python OFFNI LATREA 79 = 7 FIRBIRATHDPFEWVWERA; callable
. MUOH XN 2RI ROREUENRA 7Y = 7 P 2 RERFIRD FE A ERENATL—X
&, callable B sentinel \2FE L WEZ RS & RIBIUHEZE T LE 5,

8.6.4 TRXUVTFAAT T T I (descriptor object)
P FAZ Y SR (descriptor)” 1E, HBF T T2 DOV OhDBEBHIZOVWTEHAR LA T M TT, TR
JVTRATI 27 M3RA T 27 OFENICHY £T,

PyTypeObject PyProperty_Type
Part of the Stable ABL. #l&AAT A7V FRXBOEA T 27 T,

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)

Return value: New reference. Part of the Stable ABI.
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PyObject *PyDescr_NewMember ( Py TypeObject *type, struct PyMemberDef *meth)

Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMethod ( PyTypeObject *type, struct PyMethodDef *meth)

Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)

Return value: New reference.

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)

Return value: New reference. Part of the Stable ABI.

int PyDescr_IsData(PyObject *descr)

TRV T RITI 27 b deser BT —RBWDT A7) T RXROGEIIIELeEE, XYy FTFAZY
TERDGEITIF 0 BB LET, descr TRV TFERA T2 7 FTRIFINERDEVA, TF7—F = v
TV ER A,

PyObject *PyWrapper_New (PyObject*, PyObject™)

Return value: New reference. Part of the Stable ABI.

8.6.5 XSAXFTT T Ik (slice object)

PyTypeObject PySlice_Type

Part of the Stable ABL. A5 A XA 7Y =27 VORI T 27 b TF, ZHIE. Python LA ¥YIZBIT 2
slice kAILA 7Y =27 FTT,

int PySlice_Check (PyObject *ob)

0b MAFGARAFT TV 27 FDBECERIELET; 0b 13 NULL THoTIIRD TXA. T OBEEIIE I
WLET,

PyObject *PySlice_New(PyObject *start, PyObject *stop, PyObject *step)

Return value: New reference. Part of the Stable ABL. {8E L7=EN SFHT2RATA ATV =27 &R
LET, 8T XX start, stop, BE W step ZATARA T =27 MBI 2READELREE LTHOWLNE
T, INHDOMEIFVTNS NULL ICTE, MIET 2{HICIE None 2MEONE T, HiehA 72/ 2T R
F—2ayTERVWEGEICE NULL Z2IRL £,

int PySlice_GetIndices(PyObject *slice, Py ssize t length, Py ssize t *start, Py ssize t *stop,
Py ssize t *step)
Part of the Stable ABI. A7 A XA T =7 b slice IZ8BIY 3 start, stop, BE U step DA > 7 7 A%

RELEST, 2O ES—Fr Y RAOEX% length IELE T, length KD bKERAL VT I RHRDB L
ITI7— LTHRVE T,
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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 IOEBEHENTKBZVTL &5,

N—a ¥y 3.2 TEHE: AN, slice 513 DEIE PySlicelbject* T L7,

int PySlice_GetIndicesEx(PyObject *slice, Py ssize ( length, Py ssize t *start, Py ssize t *stop,

Py ssize_t *step, Py _ssize_t *slicelength)

Part of the Stable ABI. PySlice_GetIndices () DEFZAE TS, slice 1B 5. start, stop BE K
step DA VT AMEEREE LET, =7 Y ADEZ % length . A7 4 ADEE% slicelength \ZF&HA
LET, HRHNDA VT 7 RAFBEBHEDRAIA R =B LIAIETZ Y vy 7ENET,

BorE=il2iiox, =5—0r 3N EEYy PLT -1 ZIRLET,

AFR: This function is considered not safe for resizable sequences. Its invocation should be replaced

by a combination of PySlice_Unpack() and PySlice_AdjustIndices() where

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) < 0) {

// return error

is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—ar 3.2 TEHE: AN, slice 513 DAL PySlicelbject* T L7,

N—Y a ¥ 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—=3 a3 ¥ 3.6.1 TIEHELE: 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)

Part of the Stable ABI since version 3.7. Extract the start, stop and step data members 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.

8.6.

ZOMDATZ U+ 257



The Python/C API, ) —2X 3.13.0a5

Return -1 on error, 0 on success.
N—a ¥ 3.6.1 THEM.
Py_ssize_t PySlice_AdjustIndices(Py_ssize_( length, Py ssize t *start, Py _ssize_t *stop,
Py ssize t step)
Part of the Stable ABI since version 3.7. 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.

N— a3 v 3.6.1 TEM.

Ellipsis 772z J b+

PyObject *Py_Ellipsis
The Python E11ipsis object. This object has no methods. Like Py_None, it is an immortal singleton

object.

N—Ya ¥ 3.12 TEWH: Py Ellipsis is immortal.

8.6.6 memoryview 77V k

memoryview A 7Y =7 ME, MDA T =27 PR XS/ A S Python £ 7Y =2 bOEZ L7 C FFEL

NAVD NYT7DAHZ—TT—R TT,

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABL. Xy 774 Y X =7 2 — 2% T 247022
b2 5 memoryview & 7Y =7 b EERLET, dL obj PEZIAAABERANAY 77D AR— 2V
R—=1PF5%5, ZD memoryview A 7Y =7 MIFAZFEZAFET T, Z5 TRIFNIFHLOAILK S
. TZAR—Z—DRHNCD L DV THAEENAREL D £,

PyBUF _READ

Flag to request a readonly buffer.

PyBUF _WRITE

Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py ssize ( size, int flags)

Return value: New reference. Part of the Stable ABI since version 3.7. mem ZE.F DNy 77 & LT
memoryview 4 7Y = 7 s ZIERR L %5, flags & PyBUF_READ %* PyBUF_WRITE D¥H 60D 5,

N—=2 3 v 3.3 Tl
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PyObject *PyMemoryView_FromBuffer (const Py buffer *view)
Return value: New reference. Part of the Stable ABI since version 3.11. view & L TH X bhiz
Ny 7 7#E% 7 v 735 memoryview A 7Y 27 P EERLET, BRI AL F Ny T 2 EFITE,
PyMemoryView_FromMemory () DIEFSWEELWTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

Return value: New reference. Part of the Stable ABI. buffer £ ¥ 2 —7 2 — 2% ERLTWVWE LTV
7 b5 ('C’ 2 Fortran @ order T) EfiL7= XEVU F ¥ ¥ 7D memoryview A 7Y = 7 b ZfED
F3, XEVUDEK L TVBIHEA, memoryview 7 73 =7 MITEOXEV 2SR LE T, 205 0B
B, AEVEa¥—3NT, memoryview 7Y =7 MIF LW bytes A7V =7 v ESRLE T,

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
obj % memoryview * 7Y =2 FDGEICEZRLET, BIEDL 25, memoryview DY 77 5 ADfE
BUIEFRIE N TV ER A, ZOBBITEICHRIILE T,

Py_buffer *PyMemoryView_GET_BUFFER ( PyObject *mview)
FEEXREINANY 77 =0 memoryview DS 74 RX— b+ A=, KA VX —2RLET, muiew I
memoryview 4 Y A X Y ATRIINERY FHA; 2O~/ nidflE2F 2o 7 LERVWOTHITHEF = v
ZLRINERZRLT, Zh R385y 2338 HNET,

PyObject *PyMemoryView_GET_BASE(PyObject *mview)

memoryview # L7 AR =P LTWVWEAF T I 227 PADKA VX %ZKRL % T, memoryview 753
PyMemoryView_ FromMemory () 7 PyMemoryView FromBuffer() ®¥H L TIEM I TWRIGA.
NULL ZiBL %9,

8.6.7 5BWAT> Ik

Python 1 §§88 28—t 7Y = 7 b (first-class object) ¥ LTHR—F L ET, SR EHFE T2
HOBBDOA TS =7 MR HD F T, F3HEMRBEA T2/ 2T ER3A VI FAOF TV =7 MTHt
LCHIRERIRD 7a x> e LTRES A 7Y 227 T,

int PyWeakref_Check (PyObject *ob)
Return non-zero if 0b is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return non-zero if 0b is a reference object. This function always succeeds.

int PyWeakref_CheckProxy (PyObject *ob)

Return non-zero if 0b is a proxy object. This function always succeeds.
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PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)

Return value: New reference. Part of the Stable ABI. 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 0b is not a weakly referencable

object, or if callback is not callable, None, or NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref _NewProxy (PyObject *ob, PyObject *callback)

Return value: New reference. Part of the Stable ABI. Return a weak reference proxy object for the
object 0b. This will always return a new reference, but is not guaranteed to create a new object; an
existing proxy object may be returned. The second parameter, callback, can be a callable object that
receives notification when ob is garbage collected; it should accept a single parameter, which will be
the weak reference object itself. callback may also be None or NULL. If 0b is not a weakly referencable

object, or if callback is not callable, None, or NULL, this will return NULL and raise TypeError.

int PyWeakref_GetRef (PyObject *ref, PyObject **pobj)

Part of the Stable ABI since version 3.13. Get a strong reference to the referenced object from a weak

reference, ref, into *pobj.
o On success, set *pobj to a new strong reference to the referenced object and return 1.
o If the reference is dead, set *pobj to NULL and return 0.
e On error, raise an exception and return -1.

N— a ¥ 3.13 TEM.

PyObject *PyWeakref_GetObject (PyObject *ref)

Return wvalue: Borrowed reference. Part of the Stable ABI. Return a borrowed reference to the

referenced object from a weak reference, ref. If the referent is no longer live, returns Py_None.

AMR: 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.

N—a» 313 TIFHESE, N— a > 3.15 CHIBRTE: Use Pylleakref_ GetRef () instead.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

Return value: Borrowed reference. Similar to PyWeakref_GetObject (), but does no error checking.

N—=a ¥ 313 TIHEEE, ~N—Y a3 3.15 THIBRTE: Use Pyleakref GetRef () instead.
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void PyObject_ClearWeakRefs (PyObject *object)

Part of the Stable ABI. This function is called by the tp_dealloc handler to clear weak references.

This iterates through the weak references for object and calls callbacks for those references which have

one. It returns when all callbacks have been attempted.

8.6.8 7t

using-capsules LT DX 7Y = 7 b &2A# 5 FHEIZDOWTIX using-capsules 2SR L TL 72X W,
N—ar 3.1 TEMm.

type PyCapsule

ZD PyObject DH 7T X4 FE, EEOMEEZLRL, CHIREY 2 —15 5 Python 2— FEFHL THOD

SO — FIZEREDEZ (voidx KA Y ZDIET) WIHBENHZ L ZICHHTT, H5EY 2—1N
TERINTWVWS C SiEHEBORAS V&%, MOEY 2 - VIZELTZEIDLLMUOHEZ XSICT 2720
WL fbhEd, Zhuckbh, B —RFXNBEEY 2—LDOHD C APLICHEHE D import HH 7% @
LTT7 7R TEIEHNTEET,

type PyCapsule_Destructor

Part of the Stable ABL. Z 7 VIR TE2T A7 X3 =Ny 7B, XD LS ICERINET:

[typedef void (*PyCapsule_Destructor) (PyObject *); ]

PyCapsule_Destructor 2 —\w 27 QEHEIZDOWTIX PyCapsule_New() BBHRLTL 12X,
int PyCapsule_CheckExact (PyObject *p)

G5B PyCapsule DHHICETIRLE T, ZOBBIIHEITHINIL £5,

PyObject *PyCapsule_New(void *pointer, const char *name, PyCapsule Destructor destructor)

Return value: New reference. Part of the Stable ABIL. pointer ¥ 3 % PyCapsule ZVER L F3,
pointer 518X NULL TH o> Tidi h 8 A,

KLU 756, BN EREL T NULL 2R LE T,

name XFFE NULL 20, A7 C XFHANDHKRA ¥ X TF, NULL TGS, ZOXFIEPRd
ATV EDRSAETFTIHENDH D FT, (destructor DFTRRINT 2 Z 2 IFFFAIEATVET)

destructor 73 NULL TEWES, A T EADHEIREINDZ L ZICFDH LB L THRUIHINE T,

ZDHTRABEY 2a—LDEMELE L THRESINDHE. name & modulename.attributename & 57E
ENBENRNETT, 25928, MDET 2a—DBEDA SN % PyCapsule_Import() TA VY ER—+TF 53
ZEMNTEET,
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void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

Part of the Stable ABL. 1 72 MZREEI N T WS pointer ZEXD L 3, KBL 5HE 30N HE
LT NULL ZiBL %9,

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)
Part of the Stable ABL. # 7 MIHEEIR TV ABED TR NS 7 2 2R L £F, KMLEGE. Bist
BELT NULL iR L £79,

HTEMEINUILL 2T AT 7R LTHRHOZ N TEE S, toT, ROED NULL 2327 —2H L Tk
WATREMED S D £5, PyCapsule_IsValid() 2* PyErr_Occurred() ZFIH L THEFEE L TL7Z2&E W,

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL. 1 7 /VIIRIFEN TV BEED Y TF X b (context) #IKRLF T, KEL%Z
Ba. PIseRE LT NULL ZiIR L %3

AT EMINILL 22 TF AP LTHOIEDTEES, EoT. BRDMED NULL L7 — %25 L T7%&
WATREMED S D £5, PyCapsule_IsValid() 2» PyErr_Occurred() ZFIH LU THEFE L TLZ&E W,

const char *PyCapsule_GetName ( PyObject *capsule)
Part of the Stable ABI. 1 7 VIZRIFEIN TV AIRAED name ZIRL F5, KBLGE. IV ERE
LT NULL 2B L %9,

# 7N NULL % name & LTROZ DA TER T, foT. RDED NULL AL 7 —%f5 L TRWVA]
REMEDI®D D £F, PyCapsule_IsValid() % PyErr_Occurred() ZFIH L THEFE L TL7Z2& W,
void *PyCapsule_Import (const char *name, int no_ block)

Part of the Stable ABI. Import a pointer to a C object from a capsule attribute in a module. The
name parameter should specify the full name to the attribute, as in module.attribute. The name

stored in the capsule must match this string exactly.
B LI5E. AT VOWE RA 2R ZIRL £, KRLGEE, RIS EREL T NULL 2R L £9,
N—= a3 ¥ 3.3 TEH: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)
Part of the Stable ABI. capsule DB H TRV TH 2 ESHh%2F =2 v 7 LET, HNE capsule 13,
JE NULL . PyCapsule_CheckEzact () %A L, JE NULL R4 > X EZHBML THT. NEBD name 73
513 name £~ v FLE T, (name DHEITIEICDOWTIE PyCapsule_GetPointer() %ZH)

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.
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F 7Y 27 WERT name S~ v F LGEIWCIE 0 2, 2L O5EIZ 0 2R L 35, Z ORI
SHIER L £8 A,

int PyCapsule_SetContext (PyObject *capsule, void *context)

Part of the Stable ABIL. capsule WD a > 5 F X hRA ¥ X% context ICHEL E T,
L7260 2, KELZHHBSZRELTIE O ZIRLET,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)

Part of the Stable ABL. capsule NF{DT A b5 7 &% destructor WZEEL £
N6 0 2, KMLZHHB2RELTIEO0 ZIRL £7,

int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the Stable ABI. capsule FEBD name % name IZFHEL FFo name 23IE NULL D & ¥, Zhik
capsule £ D b EVWHMEZFRFOBLENDH D FF, b LT TIT capsule IZIE NULL D name HBMRFE ST W
725 E. EUTH T 2RI TbIER A

BIL7s 0 &2, RML7=6HIAZRELTIE 0 ZIRLET,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

Part of the Stable ABI. capsule WED KA > X% pointer IR EL 3. pointer 1 NULL TH - Tidiz
DERA.

RIHL7=6 0 2. KREMLZSHMZR0ELTIE 0 ZIBRL 5,

8.6.9 7L —L (frame) 77>V b+

type PyFrameObject

Part of the Limited API (as an opaque struct). 7V —2u5% 7Y =7 bR T 2BICHWSN S, 7
Y7 MeERT CHEERTT,

There are no public members in this structure.

N— a ¥ 3.11 TEHE: The members of this structure were removed from the public C API. Refer to

the What’s New entry for details.
The PyEval_GetFrame() and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.

PyTypeObject PyFrame_Type

The type of frame objects. It is the same object as types.FrameType in the Python layer.

N— a v 3.11 TEH: Previously, this type was only available after including <frameobject.h>.
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int PyFrame_Check (PyObject *obj)

Return non-zero if obj is a frame object.
N— a ¥ 3.11 TEH: 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.
N—=a v 3.9 @M.

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)

Get the frame’s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
N—a ¥ 3.11 TEM.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)

Part of the Stable ABI since version 3.10. Get the frame code.
Return a strong reference.

The result (frame code) cannot be NULL.

N—a v 3.9 Tl

PyObject *PyFrame_GetGenerator (PyFrameQObject *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.
N—a ¥ 3.11 TEM.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)

Get the frame’s £_globals attribute.
Return a strong reference. The result cannot be NULL.
N— a3 r 3.11 TEM.
int PyFrame_GetLasti (PyFrameObject *frame)
Get the frame’s £_lasti attribute.

Returns -1 if frame.f_lasti is None.

N— 3 v 3.11 TEM.
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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.

N— a v 3.12 TEM.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)

Similar to PyFrame_GetVar (), but the variable name is a C string encoded in UTF-8.
N—=a ¥ 3.12 TEM.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)

Get the frame’s £_locals attribute (dict).
Return a strong reference.
N—¥ a3 ¥ 3.11 TEM.

int PyFrame_GetLineNumber ( PyFrameObject *frame)

Part of the Stable ABI since version 8.10. frame DBEFIT L TV AITHEEZRLET,

Internal Frames
Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame

The interpreter’s internal frame representation.
N— a3 v 3.11 TEM.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct  PylnterpreterFrame *frame);

This is Unstable API. It may change without warning in minor releases.

Return a strong reference to the code object for the frame.

N—a v 3.12 TEM.
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int PyUnstable_InterpreterFrame_GetLasti(struct _ PylnterpreterFrame *frame);

This is Unstable API. It may change without warning in minor releases.

Return the byte offset into the last executed instruction.
N—a ¥ 3.12 TEM.

int PyUnstable_InterpreterFrame_GetLine (struct _ PylnterpreterFrame *frame);

This is Unstable API. It may change without warning in minor releases.

Return the currently executing line number, or -1 if there is no line number.

N—a v 3.12 TEM.

8.6.10 oz RL—RATxU

VA=A Tzl ME Python BV 2 x L —XA4 7L =X 2ELETLE2DIMM>T0WEA T2 T,
TR —RA T =l MIEHE, PyGen_New() X PyGen_NewWithQualName () DIARIYRIENH L TIld7% <,
fli% yield TA2HBDA 7L -2 a VITEDERINE T,
type PyGenObject

VAL —RF TPl VbR TWS C &R TT,

PyTypeObject PyGen_Type
VAL —RATI 27 MTHIET28A 7Y =7 M T,
int PyGen_Check ( PyObject *ob)
b MT AV —RIA T2 FDBEICEHEEE T, ob IE NULL THoTRERD FEA. ZOBIBIIHIC
RHILE S,
int PyGen_CheckExact ( PyObject *ob)
ob 73 PyGen_Type DFHICEZIRELE T, 0 & NULL THoTERD FH A, TOBEIIHEITKIL FT,

PyObject *PyGen_New (PyFrameObject *frame)

Return value: New reference. frame 7Y =7 MZEIDWTH B 2 AL —X A TP =7 M EERL
TRLET, ZOMKIE frame ~NDOBREBAE T, 51505 NULL TH - TidiR D F8A,
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PyObject *PyGen_NewWithQualName ( PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. frame ¥ 73 =7 b ORI 2 AV =X ATV =7 P EERKL,
__name__ ¥ __qualname__ % name ¥ qualname ZFREL TGRLE T, ZOBEIE frame ~DBR%
BAET, frame 518U NULL TH - TIR D €A,

8.6.11 JIL—F>FT>xo+

N— a v 3.5 TEM.
AN—=F A TI 27 MI async F—T— F2fio TERLLBKIET ATV =27 P TT,
type PyCoroObject
AN—F A TSI 27 bDIDHD C G,
PyTypeObject PyCoro_Type
AN—FUF TV MINET AT b,
int PyCoro_CheckExact (PyObject *ob)

ob % PyCoro_Type DFEIWERIEBELE T, ob 1E NULL THo> TR D FHA. ZOBEIIHE KL
ESEa

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

Return value: New reference. frame A 73 =7 oL WVWaL—F o+ 73 =7 bEERL T,
__name__ ¢ __qualname__ % name & qualname [ZEE L TRLE T, ZOBEEIX frame ~NDZHE%
B|NE T, frame 5I8UE NULL TH o Tide b THA,

8.6.12 OVTFAMEHATD TV b+

N—a ¥ 3.7 TENM.

N—Ya Y 371 TEE:

AM: Python 3.7.1 TEZTOaY7F X MEHD C API O ¥ 7 F % X, PyContext, PyContextVar,
PyConteztToken DRHDIZ PyObject KA ¥ X%EfFS k51 BE ShF Lz flzi:

// in 3.7.0:
PyContext *PyContext_New(void) ;

// an 3.7.1+:
PyObject *PyContext_New(void) ;
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FAE bpo-34762 SRR L TL72& W,

Z DOHITIX. contextvars EY 2 —I/LDNF C API OFEHICOWTEHAL £ 3,

type PyContext
contextvars.Context X 7P 27 bR T 270D C #EEK,

type PyContextVar
contextvars.ContextVar A 7Y =7 M 2RHIT 37200 C WGk,

type PyContextToken
contextvars.Token 4 7P =7 N2 RWHT 270D C fdER,

PyTypeObject PyContext_Type

AVTFAMBEZRBT AT b,
PyTypeObject PyContextVar_Type

AVTFRAMER e RB T M 7027 b,
PyTypeObject PyContextToken_Type

AVTFAMER =2 BeRBT AT =7 b,

BF v r<rn:

int PyContext_CheckExact (PyObject *o0)
o B3 PyContext_Type DFEIWCEZIRLE T, 0 X NULL THo TIER D F¥A, ZTOBKIXFEITHKIIL
9,

int PyContextVar_CheckExact (PyObject *o)
o B PyConteztVar_ Type DHEIWCEZIEL T, 0 ld NULL THo TIRD FE A, ZDORERIIHEITHK
WL,

int PyContextToken_CheckExact (PyObject *o0)
1) iﬁ PyContemtTok;en_ Type @i%é\bzﬁ%igbiﬁ—o ] bi NULL f@of&it D i“ﬂ_ﬁo :@Egﬁ&iﬁ&:
ML E5,

AVFFRRAMNATI 7 PEED IS B

PyObject *PyContext_New (void)

Return value: New reference. iLWZEDA YT XA M T =7 P 2ERLE T, =7 -2 EL5E
(& NULL 2R L £95
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PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. N7z clz AV THFA ATV =7 POERVa—%2ERLES, =
7 =D E AR NULL 23R L £9,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. IEDAY T HFA A7V 27 bR Va—Z2ERLET, =7 -5
7 EIE NULL 2R L £ 95

int PyContext_Enter (PyObject *ctx)

ctr ZHEDRA Ly FOBREDAYTFAMIRELE T, BIIL~S 0%, KMLES -1 2IRLET,

int PyContext_Exit (PyObject *ctx)

ctr AV TFALERENIL, 1 DHIOAYTHFAMNEHEDAL Yy ROBRED Y THFAMNIIEILLE
T, WIL=8 0%, KMLES -1 ZRLET,

ay T ¥R EROREE:

PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. # L\ “ContextVar“4 7Y = 7 b2 XL BWVWLE T, name 518UIAEE
BTNy JOEWNTHEONE S, def 5l TFRAVMVERDT 7 )V MEZIEET 50, 77 44+
MR WEHEIF “NULLY TS, =7 —»REL5E1E. BB “NULL“ZIR L %73,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)

AV T XA MERDOEZEFLET, BT 0B85 -1 2, ExRN»-o T RN2 LR
CTHZIT—DRERELRDSHAIZ 0 ZIRL XTI,

VT XA NEBD RSP o 2586, value ZZNEFETRA D RICK-TVET, 2T F A MNERDIA
228 b o7 HEZ. value DTETHDIIRD XS5 oTVWET:

o (NULL TZRIFAUI) default value
o (NULL TR HUR) var DF 7 + L M
« NULL
“NULL“ZBRIFIE. COBBEH L WBRZEL £7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. BIED I > T F A MZBWT var DEZ value ity FLET, ZOEHE
WEBH LW 47927 M, T =D 5%5HEE “NULL“ZIR L E3,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AV T XA MEHDOIKEEZ VLY b L., token ®iB L7z PyContextVar Set () D3I 2 HiIDIREEIC
RLET, ZOBEBIIRBILES 0, RBLZES -1 ZIRLE T,
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8.6.13 DateTime A7 xV +

datetime EY 2 — L TIX, HALHNA 7Y =27 PRRZIA 7Y 27 P 2RELT0ET, UTIORTEEE
F55EIE. HODPUDANY X7 7 1)L datetime.h % —RIT include L (Python.h iZZ D7 74 L%
include L ¥+#A). PyDateTime_IMPORT ¥ 7 1%, MWEIXEY 2 —AAHULEIRK D &, EH L THELEHRDD
9, 2O/ uEMUTo~vraTlibh s AR PyDateTineAPI 12 C fHERADKRA ¥ X2 ANE T,
type PyDateTime_Date

Z D PyObject DY 7 XA Fi&, Python DH AT =7 bERLE T,

type PyDateTime_DateTime
Z D PyObject DY 7 XA FiE Python @ datetime A 7> =7 bERLET,

type PyDateTime_Time
Z D PyObject DY 7R A 7% Python D time 7Y =2 b ERBELET,

type PyDateTime_Delta
2D PyObject DY 7 XA FE DD datetime DIEDZETEZRLET,

PyTypeObject PyDateTime_DateType
Z®D PyTypeObject DA ¥ A& > A Python @ date B% £ L ¥£73; Python L' £ ¥IZHI) % datetime.
date L[AILA 7Y =2 FTT,

PyTypeObject PyDateTime_DateTimeType
Z D PyTypeObject DA ¥ A& > Aid Python @ datetime B%RIHI L £3; Python LA ¥IiZBIT 3
datetime.datetime E[RIUA 7S =2 FTF,

PyTypeObject PyDateTime_TimeType
Z D PyTypeObject DA ¥ AR > AiZ Python @ time #% £ L £3; Python L A ¥IZH1} 5% datetime.
time ERILA TS =27 M T,

PyTypeObject PyDateTime_DeltaType
This instance of PyTypeObject represents Python type for the difference between two datetime values;
it is the same object as datetime.timedelta in the Python layer.

PyTypeObject PyDateTime_TZInfoType
Z D PyTypeObject DA ¥ AR ¥ A Python @ XA 4V —EWAEZR L 7 Python L A ¥IizB}
% datetime.tzinfo Y[FUA 7Y =2 FTT,

UTIC Y Y IN V7 7R B DD~ 71

PyObject *PyDateTime_TimeZone_UTC

UTC A4 LY —=VITHHETE 7V b RIRLE T, ZHUX datetime. timezone.utc R A 7Y =
7 + T3,

270 F8E BRATZ Uk (concrete object) L1V



The Python/C API, JJ—2X 3.13.0a5

N— g v 3.7 TEM.
BFzvr~<rna:

int PyDate_Check (PyObject *ob)
ob 7% PyDateTime_DateType %17 PyDateTime_DateType DB T XA TDA 7T = 7 M DEHICER
BLUET; ob X NULL THo TR D F¥A, ZTOBEBIXFITKIILET,

int PyDate_CheckExact (PyObject *ob)
ob »% PyDateTime_DateType DHFEIWEZIRL £, 0b X NULL THo TR D FEA, ZOREKIIHE
WL £,

int PyDateTime_Check ( PyObject *ob)
ob 2 PyDateTime_DateTimeType 7> PyDateTime_DateTimeType DY 77X A4 DI TV =7 + D
BICHEZERLUET; ob I NULL THo TEARD A, ZOREIIHITHNIL E5,

int PyDateTime_CheckExact (PyObject *ob)
ob 3 PyDateTime_DateTimeType DJEICHZIRL £, 0b 1d NULL TH - TR D A, ZOBK
FHITHA L LT,

int PyTime_Check (PyObject *ob)
ob 7% PyDateTime_TimeType %17 PyDateTime_TimeType BDH T XA TDATY =7 F DHEICESE
BLUET; ob X NULL THoTIERD EFEA, TOBEKIXEITKINLET,

int PyTime_CheckExact (PyObject *ob)
ob »% PyDateTime_TimeType DHEICEZIRL ETF, 0b 1 NULL THo TR D FEA, ZOREKITHE
WL £ 9,

int PyDelta_Check ( PyObject *ob)
ob B3 PyDateTime_DeltaType %% PyDateTime_DeltaType HDV 7 XA TDA T =7 L DFGFHICE
ZIBRLET; 0b IE NULL TH o TIdH D FHA. ZOBBIIHEICHEIIL 5,

int PyDelta_CheckExact (PyObject *ob)
ob B PyDateTime_DeltaType DHGEIWCEZIRLE T, ob & NULL TH o TIIRD FHA. ZOBKITH
WL E T,

int PyTZInfo_Check(PyObject *ob)
ob B PyDateTime_TZInfoType %% PyDateTime_TZInfoType MDY 7T XA 7D ATV 27 h DEFEI
BHRELET; ob I3 NULL THoTE D FXA, TOBBITEICHIILET,

int PyTZInfo_CheckExact (PyObject *ob)

ob 2% PyDateTime_TZInfoType DHEWXEZIRLFE T, 0b 1& NULL THoTIIRD FHA., DRI
HIZHRLE5
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UTEA7Y =227 b 2T 27003270 TS

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. 87 L7z, A, H® datetime.date A 7Y =7 FZIRL ET,
PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int
usecond)
Return value: New reference. 85 € L7, A. H. K. 7. . 4 7 0# D datetime.datetime %
T2 FRIBRLET,
PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)
Return value: New reference. $8E &4, A, H, K. 0. B, 4 70, fold D datetime.datetime
ATV P EERLET,
N—a > 3.6 TEM.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. Y8E ZN/=HE, 7. B, =4 7 kD datetime.time A 7P =7 F %R
L i ‘3—0

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. T8 E SNz, 7. B, 4 7 vf, fold ® datetime.time 7 =7
FRIRL ET,
N—= a ¥ 3.6 TE.

PyObject *PyDelta_FromDSU(int days, int seconds, int useconds)

Return value: New reference. € SN7=H, B, w4 70D datetime.timedelta 7P =2 + %
BLET, v 27 datetime.timedelta & 7P 27 P TERBIN TV AHEFICA S LS ITIEHR

fLefr ks,

PyObject *PyTimeZone_From0ffset (PyObject *offset)
Return value: New reference. offset 5IBTHELBEEA 7€y b Z2FED, ARIOR W datetime.
timezone A 7YV FEIKRLET,
N— a ¥ 3.7 TE.

PyObject *PyTimeZone_From0ffsetAndName ( PyObject *offset, PyObject *name)

Return value: New reference. offset I8 THRELIBEEDA 7€y M. *name DX A LY — >4 h
D datetime.timezone X 7Y =V FEIRL X T,

N—a v 3.7 Tl
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UTo~wrulddate #7222 b6 7 4 =L MMEERDHT72DD DTS, 5180& PyDateTime_Date ¥7=
BZ0H 7275 R (B2 PyDateTime_DateTime) D £ ¥ AR Y A TIRFAUILD £H A, 518% NULL IZLT
o3, MF o 7TV ERA:
int PyDateTime_GET_YEAR(PyDateTime Date *0)

FRIEOBBTRLET,
int PyDateTime_GET_MONTH(PyDateTime Date *o)

H%z 17256 12 OMOEHTRL 7,

int PyDateTime_GET_DAY (PyDateTime_Date *0)

Hz 1256 31 OMOBKTEL %7,

DTFo~<=2nmid datetime & 7Y =27 267 4 =L FEZIDODH T DD DT, 518
PyDateTime_DateTime £7213FDH T2 5 ADA Y AR Y ATRINEZRD ¥ A, 515% NULL 1I2L T
B3, BF v 73TV ERA:

int PyDateTime_DATE_GET_HOUR(PyDateTime DateTime *0)
Rz 025 23 DMOBETRELET,

int PyDateTime_DATE_GET_MINUTE(PyDate Time_DateTime *o0)
D% 055 59 ODHEOBEKTEL X,

int PyDateTime_DATE_GET_SECOND ( PyDate Time__Date Time *o0)
Bz 0256 59 OO TRL XTI,

int PyDateTime_DATE_GET_MICROSECOND ( PyDateTime_ DateTime *o)
~A a0 55 999999 OO TRL 3,

int PyDateTime_DATE_GET_FOLD (PyDateTime DateTime *0)
74— F GRIE: =& A4 22X 3O ThDI L) 2 005 1 FTOBKTELET,
N—a ¥ 3.6 TBE.

PyObject *PyDateTime_DATE_GET_TZINFO(PyDateTime DateTime *o)

Return the tzinfo (which may be None).
N—=a ¥ 3.10 TEM.

PTo=2aid time A 7927 322567 4 — A FEEZWD L T72DDbDTT, 51813 PyDateTime_Time %
TEZDV T I TADA VAR Y ATRIFIUIRD $H A, 518% NULL ICLTIEARS T, BF v 71370 E
HA:
int PyDateTime_TIME_GET_HOUR(PyDateTime Time *o0)

Fi% 0 25 23 ORI TRL 3,
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int PyDateTime_TIME_GET_MINUTE(PyDateTime_Time *o0)
D% 025 59 OMOBETRLETS,
int PyDateTime_TIME_GET_SECOND (PyDateTime Time *o0)

Wz 055 59 OROBMTEL XTI,

int PyDateTime_TIME_GET_MICROSECOND ( PyDateTime Time *o)

~Az7aE 055 999999 OO TRL 3,

int PyDateTime_TIME_GET_FOLD (PyDateTime_ Time *o0)

7 x—NF @RE: ¥v—X4 2L BRHOThOI L) 2 0505 1 $TORKMTELET,
N—Y a3 3.6 TE.

PyObject *PyDateTime_TIME_GET_TZINFO(PyDateTime_ Time *o)

Return the tzinfo (which may be None).
N— a3 ¥ 3.10 T:EM.

UTowZnaidtimedelta A 79227 b0 67 4 =V MMEZ L DET7DDHDTT, 518U PyDateTime_Delta
MEDY T I FADA VAR Y ZATIRITIUIRD ¥ A, 518% NULL I LT3R s T, BF = v 73TV EEA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime_Delta *o)

HEZ -999999999 725 999999999 DEDOEEIM TR L £3,
N— a v 3.3 TEM.

int PyDateTime_DELTA_GET_SECONDS ( PyDateTime_ Delta *o)

WEE 0225 86399 DREIOBETIRL T,
N— a v 3.3 Tl

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime Delta *o0)

<A 27uf%E 025 999999 OO TR L 7,
N— 3 v 3.3 TEM.
LITo~w2nid DB APl #5332 ETCOEEHRATT:

PyObject *PyDateTime_FromTimestamp (PyObject *args)

Return value: New reference. datetime.datetime.fromtimestamp() ZIET DI L7515 & 7 uh
B#/275 datetime.datetime A7V =7 PEAER L TRLE T,
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PyObject *PyDate_FromTimestamp (PyObject *args)

Return value: New reference. datetime.date.fromtimestamp() ZIET DITHE L 7=518&X T uh o
727% datetime.date 7Y 7 FERAEKL TRLE T,

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)

Part of the Stable ABI since version 3.9. GenericAlias + 7Y =27 » 24 L %5, Python 7 7 &
types.GenericAlias ZWFONN S Z & L AT, 518 origin ¥ args & GenericAlias @ __origin__
BXU __args__ BEHEEZZIhZHFTEL £ T, origin & PyTypeObject* TRIFIUIR ST, args &
PyTupleObject* F7zIIEE D PyObject* TT, args AR SN TRWEEICIE 1 X TR EEINICAE
REAN., __args__ IZIF (args,) DRESINF T, 518F = v 7 I3mDRIRTD, 728 2 origin 23
BRI ATI 2 bTRLETHEBETIH LXK L £ 9, GenericAlias O __parameters__ &ML
__args__ D HRMEIWIG U TEBEERINE T, KM LGE. FISEH ST NULL 2R LT,

PUFRIEROB 2 S = 2 ) v 2123 5B TT,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

— 9

BE:
The data model method __class_getitem__Q).

N— ar 3.9 TEM.

PyTypeObject Py_GenericAliasType

Part of the Stable ABI since version 3.9. Py_GenericAlias() W& DiREN2 CORA I =2 +T
J. Python @ types.GenericAlias ¥ [A% T3,

N—Y a ¥ 3.9 TEM.

8.6.

ZOMDATZ I+ 275







NINE

#IHA1L (INITIALIZATION). #8740 (FINALIZATION), XL v K

Python #IEALRRE SBML T E W,

9.1 Python #IEA{LLLEI
Python 28AENT WS 7 7V o — a > Tk, fthd Python/C API BI¥ZE 5 Rl Py_Initialize() B
BozMERFUER D 8 A, ZHUTIfste LT W o200 JO0—-NILEHREZH BHD £3,
ROBIENZ Python OFIHHLOHIT B Z2IFFOHIE X3
o ARERSEL:
— PyImport_AppendInittadb ()
— PyImport_EztendInittadb ()
— PyInitFrozenExtensions ()
— PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenadAllocator()
— PySys_ResetWarnOptions ()
o [HERIUSORIEL:
— Py_IsInitialized()
— PyMem_GetAllocator()
— PyObject_GetArenadllocator()
— Py_GetBuildInfo()

— Py_GetCompiler()
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— Py_GetCopyright ()
— Py_GetPlatform()
— Py_GetVersion()
o =74 VUT 4:
— Py_DecodeLocale()
o XEVYT BT —X:
— PyMem_RawMalloc ()
— PyMem_RawRealloc()

— PyMem_RawCalloc()

PyMem_RawFree ()

xR The following functions should not be called before Py Initialize():
Py_EncodeLocale(), Py_GetPath(), Py_GetPrefiz (), Py_GetEzecPrefiz (), Py_GetProgramFullPath(),
Py_GetPythonHome (), and Py_GetProgramName ().

9.2 JO—NILEHREEH
Python 2i, #A4 RIERESCA 7> a Y 2HIHIT 2 70— NV RBEDTDDEKN DD £5, 77 4L M T,
INBLDT7Z N avr R4 ATy ay ThHIlHEh T3,

* T arTII Ny bENDE, 7 TDMEREDA TS ayiity FENLERICRD 5, BIZIE -b
Tl Py_BytesWarningFlag H% 1 IZEE 4L, -bb Tld Py_BytesharningFlag 7% 2 WiREINE T,

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used in-

stead, see Python Initialization Configuration.

bytes £7:1d bytearray % str LHIR LG, $7213. bytes & int LHE L GBI EEERAES
BET, 2L EOHEEFREL TVEHAE. =7 —2REIEET,

b A S arTHRELET,

N—Pa Y 312 TIHEE, ~N—2a> 3.14 THIBRTE.
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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.
N=P—=DT Ny ZHNZHEMILET. (EMRFHTY., av A AF T a JIRIFLET),
-d * 7> a > PYTHONDEBUG BIEAMTHEL 7,

N—=a v 3.12 CIEHERE, N— a ¥ 3.14 THIBRTE.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.write_bytecode should be used

instead, see Python Initialization Configuration.
JEE BICEE L1254, Python 13Y —RAEY 2 —L DA ¥ HE— FRIZ .pyc 7 7 A VOIERZRAZ A
-B 47> 2 >~ ¥ PYTHONDONTWRITEBYTECODE ERIEZ CTHREL 55

N—Pay 312 TIHER, ~N— 2> 3.14 THIBRTE.

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 —MRRAZZEHDHL TWE L EDL T —X v -V Z2MHIL 5,
_freeze_module R 2'F L ¥ frozemmain 7077 ARFEHAT IEN T 7 7T,

N— g v 3.12 TIEHERE, N—Y a > 3.14 CTHIRTE.

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 BREEZABMDIZE TR W FINIRE S NIHEL, 1 PRESNE T,
7 7 7 HEaTROWEE, PYTHONHASHSEED BRIEA M 2 GiAS — 7 Ly by ¥ ay— REfIbL £3,

N— g v 3.12 TIHHESRE, N—Y a > 3.14 THIRTE.

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.
EAXTSare -1 ATSTa v TRELET,

N—=a v 3.12 TIEHESE, N— a3~ 3.14 THIBRFE.

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 7 ) T IPIEESI NI T —c 7Y a VORI ERIZ, sys.stdin 3% — I F LI
HAXNBWEETHoTDH, RZ VT bpa~vry FEEFFLIERIA VEZ S T7 4 TE—RFIZAD £T,

-i 7> 3 ¥ PYTHONINSPECT BRIBZCTHEL £9,

N—=a v 3.12 CIEHEEE, N—Y 3> 3.14 THIBRFE.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig.interactive should be used instead,

see Python Initialization Configuration.
-1 AT a v TRELET,

N— a3 v 3.12 TIEHESE.

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig.isolated should be used instead, see

Python Initialization Configuration.

Python ZF@HEE— FTETLE T, BEEE— FTld sys.path ZRZ V7 bDT 4 LI MU —HFDH
A MR =074 L7 M) 2EALFTEA

-1 A S a v THRELET,
N— 3 v 3.4 CEN.

N—Pa v 312 TIHERE, ~N—Ya > 3.14 THIRTE.

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 BREZZEHIAZL TRV FHNTRRE SN HEIT, 1 ITRESNE T,
XDF LI PEP 529 2L TLZ& W,

FIFFTEEZ2 358 Windows

N— a v 3.12 TIHERE, ~N— a > 3.14 THIRTE.
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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.FileI0 instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO BIEARIDZE TR W FHNIRE EN/HEIT. 1 ITRESINE T,
EDFELLIEZ PEP 528 2L TLEX W,

FIFHPTREZ2 B Windows

N—=a ¥ 312 TIFHESE, =Y a ¥ 3.14 THIBRTIE.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_import should be used instead,

see Python Initialization Configuration.

site EY 2 —/L® import &, ZDEY 2 —ADITR o TWiz site & D sys.path NDOIFIEL HL)
WWLET, BT site ZBRMIC import LTH, ZHLDBEREIETINERA (EITLLEVWEEE
site.main() ZFEFHLTLZE W),

S AT arTHRELET,
N— a3y 3.12 TIHESE, ~N—2 a > 3.14 THIRTE.

int Py_NoUserSiteDirectory

This APT 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 7 a >, -1, PYTHONNOUSERSITE BHGEAMCHREL £,
N—Pa ¥ 312 TIHERE, ~N—2 3> 3.14 THIFRTE.

int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be used

instead, see Python Initialization Configuration.
-0 47> 3 > ¥ PYTHONOPTIMIZE BREEZBCREL £7,
N—=Pa» 312 TIFHERE, N—2 = > 3.14 THIFRTE.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig.quiet should be used instead, see

Python Initialization Configuration.
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AYRI 7T 4 7E—FTH copyright 2 NX=Ta DAyt %RRLER A
QAT arTHRELET,
N— a ¥ 3.2 TE.

N—a v 312 TIHER, ~N— 3> 3.14 THIRTE.

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used

instead, see Python Initialization Configuration.
FEND LS -2 Ny 77V LRV E S ICHEHIL $3
-u #* 7 3 » ¥ PYTHONUNBUFFERED BZAR CREL £ 7,

N—Ya v 312 TIHER, N— 3> 3.14 THIRTE.

int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig.verbose should be used instead, see

Python Initialization Configuration.

EY 2 ADHIHLEN 7RI X v =Y 2SI, ZOHET (77 ANVELRPEL M, VEY 2—)0)
PHO— REXNEDOhERRLET, ED 2 UEDOEEIE. TV 2 L2RBT I EICF2v 2L
T7ANTeRRXvE—=CHOLET, £720 RTROED 2 -2 ) =07 v ST BRI L
x93,

-v * 7’3 3 > ¢ PYTHONVERBOSE BRIEZHTHREL F7,

N—ar 312 TR, N—Ya > 3.14 THIBRTE.

9.3 1>%2—71) 2DFHAL L& T NIE

void Py_Initialize()

Part of the Stable ABI. Python 4 > % —7V X Z#H{t L %3, Python DM®DIABZITS 77V Fr—
YaryTik, oH 53 Python/C API Z{EMA S 2 X D dANCZ OB EMIH X RFAIRD 28
Ao WL DODDBIFITDOWTIE Python #FIEBELLET 2SR L TL 72X 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 the new PyConfig API of the Python Initialization Configuration 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 Configuration.
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ER: Windows Tl 0_TEXT 7% 0_BINARY NI VY —LE— FRLHEINFTH, ZHEEDOC T~
RA LEF->TWEay Y — L TO Python UADFEOHEFICHHEL MILET,

void Py_InitializeEx(int initsigs)

Part of the Stable ABI. initsigs I 1 ZIEE LG, ZOBEIE Py_Initialize() LR UT & 5 WCEIfE
L¥9, initsigs 12 0 ZIEE L7255 E. FIFLIED S ZFANY RS DOEREAF Yy 52 BTE, Z
UL Python OEDIAABTEFTL & 5,

Use the Py_InitializeFromConfig () function to customize the Python Initialization Configuration.

int Py_IsInitialized()

Part of the Stable ABI. Python 4 > &% 7'V Z3WIHHLEATHIUIE JEERr) 2, 2T (X
0) ZIRL %73, Py _FinalizeEz() ZWM-OMH L2, Py_Initialize() ZHUOMUIHTET, ZOH
BIthziRL £3,

int Py_IsFinalizing()

Part of the Stable ABI since version 3.13. Return true (non-zero) if the main Python interpreter is

shutting down. Return false (zero) otherwise.
N—Y a ¥ 3.13 TENM.

int Py_FinalizeEx()

Part of the Stable ABI since version 3.6. Py_Initialize() & ZHUH%D Python/C API BETIT-
72 TOUIMLAEZE D E L. &E%ED Py_Initialize() FEH LLIRIC Python A > & 77V RAAERK
L7e2TOH 74 & 7YX (sub-interpreter, TiL®D Py_NewInterpreter() #ZM) #HEL T, B
BRI, ZOBEIC K o T Python 4 Y &2 7V ZHWHER LA BV IEZETHREINE T, ZOH
B (Py_Initialize() ZFHITIT) BEMFIELTHMBITVEL A, BFIZEDMHEIZ 0 T, K TL
ot (N 77 V) 7SN T—EDFEHL) O T —0H o BGEE -1 RSN ET,

ORI NTOIEHEITIWL 225 D £F, Python DEDIABEITH>TNWE 7 SV I —>a T
. 7V =2 a vERAEHT S Z 2% Python ZHEH LW eRnHh T, T B —F
AJEEA 77V (H %W DLL) 25 Python 4 ¥ X FV&X%2u— K357 7V —>a>Tld, DLL 27
u— FF3H1Z Python SR L2 X BV R E TR LW EZ S22 LNERA, 77V —> 3
YATEETWS XEY Y =2 2B 2B, FXEFEIE Python PHERLIEXEVZT SV Fr—2ay
D THNCRME BV B EEH D T,

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
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initialization routine is called more than once; this can happen if an application calls Py_Initialize ()

and Py_FinalizeEz () more than once.
I8 L T BE&E A X b cpython. PySys_ClearAuditHooks ZiXHH L ¥£3,

N—a v 3.6 TEM.

void Py_Finalize()

Part of the Stable ABI. Z DU Py_FinalizeEz () DHBFTHEEN—Y 2 T, EDEID D £HA,

9.4 JOECRTARDNFA—2

wchar t *Py_GetProgramName ()

Part of the Stable ABIL. Return the program name set with PyConfig.program_name, or the default.

The returned string points into static storage; the caller should not modify its value.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N— a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

N—a ¥ 313 TR, ~N—2 a > 3.15 THIBRTE: Get sys.executable instead.

wchar_t *Py_GetPrefix()

Part of the Stable ABI. Return the prefiz for installed platform-independent files. This is derived
through a number of complicated rules from the program name set with PyConfig.program name
and some environment variables; for example, if the program name is ' /usr/local/bin/python', the
prefix is ' /usr/local'. The returned string points into static storage; the caller should not modify its
value. This corresponds to the prefix variable in the top-level Makefile and the —-prefix argument
to the configure script at build time. The value is available to Python code as sys.prefix. It is

only useful on Unix. See also the next function.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

N— a v 313 TIEHESE, ~N—Y a3 3.15 THIBRTE: Get sys.prefix instead.

wchar_t *Py_GetExecPrefix()

Part of the Stable ABI. Return the exec-prefix for installed platform-dependent files. This is derived
through a number of complicated rules from the program name set with PyConfig.program_ name
and some environment variables; for example, if the program name is '/usr/local/bin/python',
the exec-prefix is '/usr/local'. The returned string points into static storage; the caller should not

modify its value. This corresponds to the exec_prefix variable in the top-level Makefile and the
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--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.

TR 799 b7 3 —KEOT7 740 (BEAERXSCHEESA7FV) BHloFT 4127 )Y VY —-HIZ
A4 VAP =L ENTWVWBIFEA, exec-prefix 1 prefix £ B b 3, #AEWNLR A VA M—ABETIE, 7
F9 N7 x—=LIHMRIED T 7 A VD Jusr/local IKNDOLNZ—Ti, TIv M 75— LKEFEDT 7 4 VF
/usr/local/plat 7V VU —IZINDLNET,

—RINC, Iy b T A= N RV TV TN 2T T 7 IV OMAEDLEERELE T, HlZIE
Solaris 2.x ZEEXHTW3 Sparc v YWXETHL Y7y v 74 —L4TH 3 AR LETH., Solaris
2xX FEMEXHTVWS Intel v VI3ESITIv b 73— E T L. AU Intel ¥ > T Linux
EFUEIETVWERLERFDT Ty v 74 —LTF, —BNCIE, ALARL—T 4 YT RAT LT
b, AVy—VEYVarvOEIDDIRREZ TSI M 74 —LTT, I Unix DARV—FT 4 VT RT
LADGEFFEZELINTT; JE Unix DR T AT, 4 YA P—AFEKIZE THER->TWT, prefix ®
exec-prefix IIXEHERD R K, BXFHPREZINTVET, 224 LFEAD Python N4 ba— Rig7
9 b7 —LIMRELRVDOTHERLTLEIW (L, EDN=Y 3 YD Python Tay $fLZh
T PITIMEEL E9)),

A7 LEMEZ mount X automount YR T A%RMioT K77y M7+ — LMD /usr/local/plat
BRI ST 7 ANIRATLAICEE, 79y 75 —ALMBT /usr/local #HET 27D DKEHFIEE
%D‘OTL\%)VC‘LJ: 50

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().

N—=a ¥ 313 TIFHEEE N— a > 3.15 THIBRTE: Get sys.exec_prefix instead.

wchar__t *Py_GetProgramFullPath()

Part of the Stable ABI. Return the full program name of the Python executable; this is computed as
a side-effect of deriving the default module search path from the program name (set by PyConfig.
program_name). The returned string points into static storage; the caller should not modify its value.

The value is available to Python code as sys.executable.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

N—=ar 313 TIFHESE, N—a > 3.15 THIBRFE: Get sys.executable instead.

wchar_t *Py_GetPath()

Part of the Stable ABI. Return the default module search path; this is computed from the program
name (set by PyConfig.program_name) and some environment variables. The returned string consists
of a series of directory names separated by a platform dependent delimiter character. The delimiter

character is ': ' on Unix and macOS, ';' on Windows. The returned string points into static storage;

9.4.
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the caller should not modify its value. The list sys.path is initialized with this value on interpreter

startup; it can be (and usually is) modified later to change the search path for loading modules.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

N—a v 313 TIEHESE, ~N—Y a2 3.15 THIBRTE: Get sys.path instead.

const char *Py_GetVersion()

Part of the Stable ABIL. Python £ ¥ X 7V XDN=Y a VERLET, N—Y a2 ViE, RO &5 HENA
DLTFHTY

[”3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

v — R (RHOAR—ZLFET) 1&. BIED Python DA—Y 2 v TF; BROOLFE, YU+ KT
RUHNIATy—N—=Tarb A F—nN— a3 TF, BRI CFIIEA > RIGER LS %
BUET; BEEOEFH LA ZOEZEETEER A, ZOfHEIE Python 2— F2 5% sys.version &
LTHHTE XS,

See also the Py_Version constant.

const char *Py_GetPlatform()

Part of the Stable ABL. lHED 759 b 74 —2LD 7T I v b 7 4 — LA FH %K L FF, Unix TIE,
ARV =T 4 Y ITTRAT LD 7 RAD” Hfi2/NCFITER L, BAWIX Yy — VY a v ES 2T M
B2 > TWE S, 21 Solaris 2.x 1%, SunOS 5.x, £ LTHHILENTWE T, 'sunoss' I D 5,
macOS Tl 'darwin' T3, Windows TlX 'win' T, BEDNR T XFHIRA > XIXEY 72 5o R
ZIRUETS; BBOSH LA ZDEZEETCEERA, ZDfHEIE Python 2— F22 513 sys.platform
ELTRIHTE%9,

const char *Py_GetCopyright ()
Part of the Stable ABL. BIf£E® Python N—3 a I3 2 NHROBEMR I FHNER L ET, HlxiX

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BIEANR § SCFHINRA ¥ 2T E 5o HE R R L 3 BN UH LANZZ OEAZEETE R A, C
DfEl% Python 2 — KA 5% sys.copyright ¥ LTHRIHTE £5,

const char *Py_GetCompiler ()

Part of the Stable ABL B{E{f > TW3 = a2 @D Python L F I B3BUCHWEZa Y 80 T RS
XFEHN e, AT - 7o 38 2R L £ 3, Bl 2R

[”[GCC 2.7.2.2]" }

ESHAGaRbiEd ?ﬁ(%ﬁﬂ‘k%/&biaﬂﬁtﬁnﬁfﬁ IR L %5 BRBOMPTH LA ZOEZ2ZEETE EEA, 2

a—RH —%
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const char *Py_GetBuildInfo()

Part of the Stable ABIL. BifEffi5 TW% Python £ Y X TV XA VARV AD, =7 Y AFZL LR
HIFICBE S 2 HMmZR L £9, HIZE

["#67, Aug 1 1997, 22:34:28"

BRI § SCFHI R A > ZIIE AR B2 R L 3 B OH LIANZ C D2 ZEHTE A,
DfEIE Python 22— F» 51 sys.version O—#fe LTI HEE T,

wchar_t *Py_GetPythonHome ()

Part of the Stable ABIL. Return the default "home”, that is, the value set by PyConfig.home, or the
value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py_Initialize(), otherwise it returns NULL.
N— a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

N—=3 a2 ¥ 3.13 TIFHERE, N— a > 3.15 THIBRT/E: Get PyConfig. home or PYTHONHOME environment

variable instead.

9.5 XL w FIK#E (thread state) £/ O—NIL1>H2TFU20Ov 7 (global

interpreter lock)

Python 4 ¥ & 7)) ZIZFZRIZEAL Yy RE—=T7TREHD VA, ¥VF ALy RO Python 7027 L% K-
N R0, JO=NILA Y2 TVEOY Y H50E GIL EMEh3 7a—oukay ZBFEELTHT, B
FEDAL v FH Python A 7Y 22 NIRRT 7R TARNICHT Ry ZRERLZTNELLZZ->TW
F9, vy ZHERRITIUE, BMARRETI X, SAF ALy R T AOFETICHERS EE 2 T aEMs
HHET, 2exiE ZODALy RBRILA TV =227 VOSBRI Y M ERIFHIA Y27 VXY v T 52, BRB
WERAY Y MEIZETRL —EZT LA Y7V XY bERRVHE2H LILER A,

2D, GIL ¥R LI2A L v RIZ02 Python 7Y =7 bR#E(EL7zD . Python/C API BIZFEH L
2D TEZEWVINL—ADBHY ET, WTUWHEEPTZI 2L —bFT572012, 4 2 7) XEEHNIC T v 7 2RI
L7zD BB LED LET, (sys.setswitchinterval() 2ZM) Zowy 737wy ZHEID 5 5 1/0 #FD
HETHMER - G X, 1/0 ZERFTZAL v KA 1/0 BIEOT T 2HFOM, oLy FOEETE S X5
WCLTWVETD,

Python 4 X 7Y RIZA L v K Z L IR BERERE PyThreadState ¥ MEIN S F— ZIEEDOFIHEL 55
ZLTrZa—NLERE UTHIED PyThreadState ZIETHRA Y X% 1 Db ¥ T, 207 v— ULEHI
PyThreadState_Get () Zfio THIRTE %9,
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9.5.1 #i3k 01— FAT GIL Z#FKT %

GIL ZHET 213 AL Da— Fid, RO X 5 R BEMEICRD £5:

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.

Z OREEIRIEEIC— IR DT, FEAHMICT A0 200~ 7 uhpflEINTVET:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...
Py_END_ALLOW_THREADS

il

Py BEGIN ALLOW THREADS <~ 7 m g #Hi-k7my 7ML, BLuo—DZ LV EHKE2E
Py _END_ALLOW_ THREADS W& 7w v 7 %FAL 3,

L 7,

Fo7uay Z7@3R0a— FICERINET:

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/0 operation ...
PyEval_RestoreThread(_save) ;

IS DB OEEZHAL £ 9, GIL BBTEDAL v FIREBZETRA V22 RiET-01clibhsd, vy
ZRERLTAL y FIREEZIRES 28, 0y 7 2R3 2NCBEDR L v FIREER A ¥ X Z2HIG L TEH»RIF
NERD FEA (MDA L Yy RAFXEny V7 2EEL T, BODRA Ly FIREEE 70— OVEBUTRIFELTL
EIDDBLARVELTT), W2, By Z72EBLTAL Yy FIREZEFT 2T, 20— L BHICAL Y
FIREERA V22 RIET SN0y 7 Z2ER L TE2RTFAERD 8 A

AR GIL 2R 2DNFE AN AT LD [/O BEEHUCHTRTT A, XEU NNy 7 71203 3 EHHER
BED L5112, Python DA TP 22 M7 72 A LBRWERM»H 25 HAEEMECHT 2 23 GIL Z K
FTBZLIFERTT, HlZiE. z1ib % hashlib EY 2 —IIERER v & 25T ORNIC GIL #@EHRL £9,
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9.5.2 Python AN TESNIAL Y R

Python API #@L CEHN72AL v F (threading Y 2 — LR Y) TEHEICAL v FIREXIE D LTS
NC, FRoa—FRIZELLEEET, LU, (HEITRALy REBEZTINEBOIA 75V REICED)C 538
TALy REERLESE, ZOAL Y FI2id GIL 2374 <. ALy FIRET - X BEFRD RN LIERT 24
BOHD T,

ZDXOBALy B2 Python 2a— REFRUHTHEND Z25E5 MO A 770 0ba—LNy T3
API R XK H2H1TF). Python/C API ZFEHTHEIIC, ALy FIRET — &R EZERK L. GIL 218
BL, ALy RIREBRA VX EHREFTEIL2T, ALy FEA VX TY XERLAFERD FHA, ALY R
PEERKRZTZ0, ALy FIREEBRA V&% VUtLy FLT, By Z2EHRL, RERICAL v FIREEF — 2 G D
AEYZFRLUBRFRRD 8 A,

PyGILState_Ensure() & PyGILState_Release() & Z D% HEMNATVWE S, C DAL v FH 5 Python
IO H IR R BRI To e B D T3

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();

/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release(gstate) ;

PyGILState_x PRI, (Py_Initialize() XKoo THEIIIZ/ESND) 0 —2L A VR TY X 1 DT DHF
£33 L RET 2 FIZKE 2 TFEW, Python & (Py_NewInterpreter() ZffioT) BMDA > XS &%
ERTE2Z2ICEDDIEIH D THAN, BEA X7V X ¥ PyGILState_*x API ZEETH S Z 1P K-+
SNTVEEA,

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()
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(and returning to or calling into Python) may result in a deadlock by one of Python’s internal locks being
held by a thread that is defunct after the fork. Py0S_AfterFork_Child() tries to reset the necessary locks,

but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up
properly, which os.fork() does. This means finalizing all other PyThreadState objects belonging to the
current interpreter and all other PyInterpreterState objects. Due to this and the special nature of the
"main” interpreter, fork() should only be called in that interpreter’s "main” thread, where the CPython

global runtime was originally initialized. The only exception is if exec() will be called immediately after.

9.5.4 5L AXJLAPI

C iR ZEFH W 2 D Python 4 &2 7Y X 2 HbiAte ¥ &1k D — BN ELN 2 BRI RDO B Y TT:

type PyInterpreterState

Part of the Limited APT (as an opaque struct). Z D7 —XEERIE, HHFAIET 228D AL vy FHET
HAEINTOVRREZRBLET, ALA VX TVXZEBT2AL vy FIZEY 2 — VERBFHRP 2O <
OONEIRIERELA L TVET, ZOMERICIEAR (public) DX Y NEZH D £HA,

Big A 27TV RXET 2 ALy FRITE, AMAAREZRXEY, PN TWE 7 7 A VT A2 FRZYE
CWVo Fat RREZRNT, MIERETIEM HEINATVERA, GIL D FE. ALy RBEDA
YETVRZBLTO2RHEDLLTINRTORAL y FTHEIATHET,

type PyThreadState
Part of the Limited API (as an opaque struct). This data structure represents the state of a single
thread. The only public data member is:
PylnterpreterState *interp

This thread’s interpreter state.

PyThreadState *PyEval_SaveThread ()
Part of the Stable ABI. (GIL M E N TW535E) GIL 2@ LT, AL v FDIREEZ NULL L. XL
HIOAL v FIKAE (NULL I3 D F8A) ZIRLET, By V0T TIKAERINTWISHE, BIIEOAL v
Fay 7 2EBRLTORFIUIRD FEA,

void PyEval_RestoreThread (PyThreadState *tstate)

Part of the Stable ABIL. (GIL MR E N TW25E) GIL 25 LT, B{EDQ AL v NIRE% tstate 1T
AREL KT, tstate 13 NULL TH o TR D FE A, GIL PERSNTNT, ZOMBEIFCH LAY
FATTICRy 7 2EELTWASE, Ty Py 7D 3,

AMR: 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()
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to check if the interpreter is in process of being finalized before calling this function to avoid unwanted

termination.

PyThreadState *PyThreadState_Get ()

Part of the Stable ABL. BITED XL v RIREEZIRL £5, GIL ZAFEEL TWRIFIR D £ A, BIED
Z Ly RAREEDS NULL 72 &, (FECCH LIS NULL F = v 272 LA TTH &k 512) ZoMBUIB@EmIN T 7 —
ERITEICR>TVET,

See also PyThreadState_GetUnchecked().

PyThreadState *PyThreadState_GetUnchecked ()

Similar to PyThreadState_Get (), but don’t kill the process with a fatal error if it is NULL. The caller
is responsible to check if the result is NULL.

N—Y a ¥ 313 THEMM: In Python 3.5 to 3.12, the function was private and known as
_PyThreadState_UncheckedGet ().

PyThreadState *PyThreadState_Swap ( Py ThreadState *tstate)

Part of the Stable ABL. BIfED AL v FIREEZ tstate ICHE L2 AL v FIKEEY ANZEZ FT, tstate I
NULL O5E03H D $9, GIL Z2RFF L TWARITIUIL ST, BRL XA,

UTOBBIEAL Yy FR=ANVZA ML= %ZFHLTHT, ¥ 74 027 X ORISR DH D FHA:

PyGILState_ STATE PyGILState_Ensure()

Part of the Stable ABI. Python ®JREES GIL 1ICBEb 53, FEITH AL v FT Python C API ORI
LOSAIREE %2 X5 L EF, ZORMEAL Yy FATHETHHOH TN TEX I, 63TL2TO
MR LIS LT PyGILState_Release() ZWM-UHMTREND D £ 3, #¥H. PyGILState_Ensure()
MOV L & PyGILState_Release() MU LOMTIHMUAD AL v FEE API 2#H T2 2k
HT EF T A, Release() DENICA L vy FIRBIEILINTOWARTAERD £E A, HlZIE BEEOD
Py_BEGIN_ALLOW_THREADS %7 W ¥ Py_END_ ALLOW THREADS \¥{FfR$2Z W TEE I,

R Yl PyGILState_Ensure() WEUHM LEEO XL v FIREEREML Z” »~N>¥ F A7 T,
PyGILState_Release() (2% LT Python ZH UIREEICHR RN D R A, HEFTHL DA
BETID. A"V A EHETZZ1d TEFBA - 2O END PyGILState_Ensure() MEFHILTAY R
NEFE L, MIET % PyGILState_Release() MM L THE L TL 22X W,

B ro@im Lzt &, RITHD ALy FIZGIL Z2FA L TWT, fEE® Python a— FZ2ETTEX T,
WP D KBI B 78 5 — T 9

AMR: 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
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termination.

void PyGILState_Release (PyGILState_ STATE)

Part of the Stable ABL. B L7723 XTOY Y —RAZBRLET, ZOBBZITUOH ST L, Python DR
REIINIS T % PyGILState_ Ensure() ZM-UOHTHIEFEIU &b £9 (@E. ZOREEFCHLITTIE
Ehrh FRADT, GILState API ZFIH T2 X512 LTL X W),

PyGILState_Ensure() ZWM-OHFTHERF. BFTHE—AL vy FNTHIET % PyGILState Release() %
FECH LT 72E W0,

PyThreadState *PyGILState_GetThisThreadState()

Part of the Stable ABI. ZOZXL vy KOBIEDAL y FOREERBLET, INETHREDAL Y KT
GILState APT 2{# 57z Z & BEWEEIX, NULL 25R D £5, XA Y ALy RTHHEDRL v FIREICH
TAMUHLEEL LAEWVWE LTH, X4 YAy RIZEICAL Yy RIREOBRER > TW5a Z IZEEL
TLREEV, 2585 TV HEMITICALUERED U 132 WHERED 72D T T,

int PyGILState_Check()

BEDAL Y RS GIL ZRFELTW0ERLIE 1 2, Z25TRINF 0 ZRLET, ZOBKIIVWOTH
YOALy RO L THMUHTZ B TEE T, Python ALy FOKRERWHLxhTE D, BHE GIL
PRFELTVREHEICOA 1 ZIRLET, ZAUIF A= /ZBRHOMBETYT, oM. Hlzix
=Ny Z7DaAYTFAMPRXEVED Y THEETHIETL x5, RERS, GIL 2Ry Z7XhTW3
o TWAUE, FEH LTI sensitive BITEIZEITT 2 Z e TE, 23 TRIFNRZRRZLD 07T
RA2EES BN TELHDLTT,

N—Ya ¥ 3.4 TEM.
UTowrmid, @HERRBICEIan 23 I2fnwET; Python ¥ —AEAWADFERARIZ R T 7ZE0,

Py_BEGIN_ALLOW_THREADS

Part of the Stable ABL. Z @~ 27 v % EH 3 % & { PyThreadState *_save; _save =
PyEval_SaveThread(); WX D F 3, v 70 ICHEEEMPBA > T0E I LIKFRELTLEEY; &
DPFEINI%R T Py_END_ALLOW_THREADS <7 R & MEXERIFIUIRD FHA, ¥ 7 BIZOVWTDFL
W LR 2SI L TS W,

Py_END_ALLOW_THREADS

Part of the Stable ABI. 2O~ 27 a% g3 % & PyEval_RestoreThread(_save); } IZ/2D %3, ~
7 B E IR A > TV DB Z L IHER L TL XV, ZOWFEINIERTD Py BEGIN_ ALLOW THREADS
<7 MGl TWRFIUERD 8 A, 7 RIZDVWTOFELWEMIEEEEEZSBL T X0,

Py_BLOCK_THREADS

Part of the Stable ABI. 2O~ 27 v % g3 % & PyEval_RestoreThread(_save); 1272 D £3: FAUH
FHIMD 72\~ Py_END_ALLOW_THREADS ¥ [@ U T3,
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Py_UNBLOCK_THREADS

Part of the Stable ABI. 2O~ u%E3 % _save = PyEval_SaveThread(); 127D £3: B
FEILD 72\ Py_BEGIN_ ALLOW_THREADS ¥R T,

9.5.5 {EL-~NJL API

ROETOBEBUL Py_Initialize() DRICMUTHIRITIUIZRD FHA
N—=Ta ¥y 3.7 CTEHE: Py Initialize() & GIL ZHHLT 2 X511k EL

PylnterpreterState *PyInterpreterState_New()
Part of the Stable ABL. H#HiL\WA Y X FY ZIRFEEA 7V = 7 b RAERL T, GIL 2L TE L BEIX
HHFEAD, ZOBERL O THEDSD ZH5EITERFELTBVRIESI BRI VTL & 5,

5184 L T BE&E A X b cpython.PyInterpreterState_New ZiXH L 3,

void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABL. £ ¥ 2 ) ZIREEF 70 =2 7 FADLTOERE VLY FLET, GIL 2L
TWRITFUTIR D TR A

FIEHEL T B&E (XN b cpython.PyInterpreterState_Clear %Xt L 73,

void PyInterpreterState_Delete (PylnterpreterState *interp)
Part of the Stable ABL. £ ¥ 27V ZIREA 7Y = 7 b2BIRL £ 3, GIL ZREL TEBDEEXHD
HAo 4V &RT) XIKBEIX PyInterpreterState_Clear() THOHLP LDVt y M LTE2RIFNIRD
¥ A

PyThreadState *PyThreadState_New ( PylnterpreterState *interp)

Part of the Stable ABL. 8 € L7cA Y XSV XA T =27 NMZET 2R AL Yy FIREEA 7Y =7 b %
AWML ET, GIL ZIREFL TBLAREEZDH D FEAD, ZOBBERL I $TRHEND 255 1TER
FLTBOWEESIDPELWTL & 5,

void PyThreadState_Clear (PyThreadState *tstate)
Part of the Stable ABI. AL v RIREEX 7Y = 7 VANDLRTOEREZ VLY PLET, GIL ZRFLTW
RN D FH A

N—3 a3 ¥ 3.9 CTZH: This function now calls the PyThreadState.on_delete callback. Previously,
that happened in PyThreadState_Delete().
void PyThreadState_Delete (PyThreadState *tstate)

Part of the Stable ABI. ALy FIREEA 7V = 7 v ETEL E T, GIL 2R T20BEIH D FHA, R
L v RIKEEIX PyThreadState_Clear() THOHELLH VLY L TEIRIFIUIRD FHA,

9.5. XL RIKEE (thread state) &' O—/NIL1>2F)E0Ov Y (global interpreter lock) 293



The Python/C API, ) —2X 3.13.0a5

void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like
PyThreadState_Delete(), the global interpreter lock need not be held. The thread state

must have been reset with a previous call to PyThreadState_Clear().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)

Part of the Stable ABI since version 3.10. 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.

N— a ¥ 3.9 TEM.

uint64_t PyThreadState_GetID(PyThreadState *tstate)

Part of the Stable ABI since version 3.10. Get the unique thread state identifier of the Python thread

state tstate.
tstate must not be NULL.
N— a3 » 3.9 TEM.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

Part of the Stable ABI since version 3.10. Get the interpreter of the Python thread state tstate.
tstate must not be NULL.
N— a ¥ 3.9 TEM.

void PyThreadState_EnterTracing(PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state tstate.
Resume them using the PyThreadState_LeaveTracing () function.
N— a3 ¥ 3.11 TEM.

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.

N—a v 3.11 TEM.

294 5% 9 & #JHAME (initialization). ¥ THHE (finalization). XL v F



The Python/C API, JJ—2X 3.13.0a5

PylnterpreterState *PyInterpreterState_Get (void)

Part of the Stable ABI since version 3.9. Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return
NULL.

FEOH LN GIL 2S5 2 08 03 H D £5

N— g r 3.9 TEM.

int64_t PyInterpreterState_GetID(PylnterpreterState *interp)

Part of the Stable ABI since version 3.7. 4 ¥ 27V XD—Fi% ID ZRLE73, WHPIZM»ITZ S -0
BELS, -1 BRI, 27—ty FERET,

O LANG GIL 2G5 2 0 E 03 H D £5

N—a v 3.7 TEM.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Part of the Stable ABI since version 3.8. 4 ¥ X 7V XEHDT — X 2R LTV AEHELIRLE T, Z
DEIEA NULL ZiR L7235 813, 2 2 TTBNGRH S TE 5T, O LANZA > & 7 X [Ef Of
FHEAHTERVWEEZRITINIRD £H A,

Z DBEEIE PyModule_GetState() ZBEEIRZ 25D TR L, IWREY 2 — 4 > &2 7Y XEFDIR
REEREBT 2DIHEIREDBDTT,

N—a v 3.8 Tl

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _ PyInterpreterFrame *frame, int

throwflag)

Type of a frame evaluation function.

The throwflag parameter is used by the throw() method of generators: if non-zero, handle the current

exception.
N— a ¥ 3.9 TEH: The function now takes a tstate parameter.

N =Y ary 311 THZEH The frame parameter changed from PyFrameObject* to

_PyInterpreterFramex.

_ PyFrameFEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.

N— ar 3.9 TEM.
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void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _ PyFrameFEvalFunction

eval frame)

Set the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.

N—a v 3.9 TEM.

PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the Stable ABIL. EBREY 2 —L DAL v FEH OIREEIEHR
PIREFCTELIORFELRLET, B4 DIWREY 2 —ADFHHFIOREBREZRFET 2 72DIEHE—D
F—ZlORFIIRD EFRA, BIEDOR L v RIREDROWFHIZ ZOBBZEFSH L T2 EVERA, Z
DEIAHY NULL ZiR 33558, BlIAMNIE o2 K EH ST, FOH LANZBIED A L v FIREEDHIA T Z 720
EEZRFNIRD A,

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

Part of the Stable ABI. Asynchronously raise an exception in a thread. The ¢d 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 exzc is NULL, the pending exception (if any) for the thread

is cleared. This raises no exceptions.

N—=Ya v 3.7 TEH: id 5IDHED long 75 unsigned long NEHINF L7z,

void PyEval_AcquireThread ( PyThreadState *tstate)

Part of the Stable ABI. GIL 25 L. BIEDOR L v NRE%R tstate \CHREL £F, tstate 1& NULL T
HoTIERDERA, vy 7B UBIERINTOWRIFIEIRD FHA, ZOBEBEFIHLZZL Y
Fo3Ticny 72BRLTWAHE. Ty Fay 72D £79,

AFR: Calling this function from a thread when the runtime is finalizing will terminate the thread, even
if the thread was not created by Python. You can use Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted

termination.

N—Y a ¥y 38 TZ H 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 () 1ZWVWDOTH (AL vy FAFIHLI N WRWE ETY) FHRTREZR & L ~LE]
wey,
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void PyEval_ReleaseThread (PyThreadState *tstate)

Part of the Stable ABL. BIfEO R L v FiREEZ Y+ » LT NULL IZL., GIL ZHRLEF, vy 7idd
L UDIERZINTORITERS T, 2OBEDR L v ROMREEL TWRITIUIR D £8 A, tstate 1
NULL THoTERD AL, ZOMEMNBIEDRAL v FREZRILL TWE0E 5 02N 5 DIZT
FbOhET — dLEZSTRINI, Ba= 7 &G IhEzT,

PyEval_SaveThread ) 1Z X D@LV RBITHEIC (AL y FAPHILEATWIRVWE 2 T) FIATE
\i\j—o

9.6 Y7127 2YR—-F

Zr AL DHEEIREDIAL Python £ Y2 7Y XIE 1 DT TTH, W O0DHERFA—Tat AN, H20
FEE—ALy FAT, BEOMN LA YR TY ZEEN T 2RENDH D ET, ZNEAREICT 20089 74 V&
TV RTT,
PRAVTAVETYVREIE, TYRA LB ET oS EICRIIHMERSINIA VXTIV XD TT, ¥
TAVRTYREBEBN, XA VA VR TYVRIES T FANY RY IO LS4, Tab A2 THE—LREERD
DET, XA VA VETYRIZET ¥ ZA LOPHLFDEEITE WHBHESH D, BHEIZT VXA LD T
HAZENTWE 5 Y RA L THH D FT, PylnterpreterState Main() BBIZ. X4 ¥4 > & TV ZRDIREE
ANDRA VRERLUET,

PTARTY R DERD PyThreadState_Swap () BT TEE T, RO EMoTHIA V2TV &
DIERR L HIBRDATZ X5
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.
N— a3 v 3.12 TEH.
MHER T 4 — L B

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_exztensions 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.
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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 unre-

stricted.
Note that the subprocess module still works when exec is disallowed.

int allow_threads
If this is 0 then the sub-interpreter’s threading module won’t create threads. Otherwise threads
are allowed.

int allow_daemon_threads
If this is 0 then the sub-interpreter’s threading module won’t create daemon threads. Otherwise
daemon threads are allowed (as long as allow_threads is non-zero).

int check_multi_interp_extensions

If this is 0 then all extension modules may be imported, including legacy (single-phase init) mod-
ules, in any thread where the sub-interpreter is currently active. Otherwise only multi-phase init

extension modules (see PEP 489) may be imported. (Also see Py_mod_multiple_interpreters.)
This must be 1 (non-zero) if use_main_obmalloc is 0.

int gil
This determines the operation of the GIL for the sub-interpreter. It may be one of the following:

PyInterpreterConfig DEFAULT_GIL

Use the default selection (PyInterpreterConfig_SHARED GIL).

PyInterpreterConfig_SHARED_GIL

Use (share) the main interpreter’s GIL.

PyInterpreterConfig_OWN_GIL

Use the sub-interpreter’s own GIL.

If this is PyInterpreterConfig_OWN_GIL then PyInterpreterConfig.use_main_obmalloc must
be 0.

PyStatus Py_NewInterpreterFromConfig(PyThreadState **tstate_p, const PylnterpreterConfig *config)

LS 74 2T YLK (sub-interpreter) ZER L ET, ¥ 74 &7V ik, (IZE7TRI) @Al
FHEZ N7z Python 2 — FOETRETT, FiT. FHILLVI T4 & 7Y XL, import ENBEY 2 —
AETKOWTHAION— a 2L, ZAIIQEEBL R 2EY 22—/ builtins, __main__ B
sys DRENET, B— FEADEY 2 —h 5% %5 T —7) (sys.modules) BLFEY 2 —LIRE R
(sys.path) 374 &7V ZBIZHED S DT D £F, #7427 ZIREITIE sys.argy
ERBDD FHA, Tl Y TA X TY) I BERE 1/O X MY — A sys.stdin, sys.stdout
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sys.stderr ZHHFT (LIdWVWA. TAHDA M) —ARBRECHIFEL 7 7 A Vb 2SR TV
£9),

The given config controls the options with which the interpreter is initialized.

Upon success, tstate_p will be set to the first thread state created in the new sub-interpreter. This
thread state is made in the current thread state. Note that no actual thread is created; see the
discussion of thread states below. If creation of the new interpreter is unsuccessful, ¢state_p is set to
NULL; no exception is set since the exception state is stored in the current thread state and there may

not be a current thread state.

Like all other Python/C API functions, the global interpreter lock must be held before calling this
function and is still held when it returns. Likewise a current thread state must be set on entry. On
success, the returned thread state will be set as current. If the sub-interpreter is created with its
own GIL then the GIL of the calling interpreter will be released. When the function returns, the new
interpreter’s GIL will be held by the current thread and the previously interpreter’s GIL will remain

released here.
N—Tar 3.12 TEN.

Sub-interpreters are most effective when isolated from each other, with certain functionality restricted:

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,
I8
PyThreadState *tstate = Py_NewInterpreterFromConfig(&config) ;

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 mod-
ule 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 particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary

is squirreled away. When the same extension is imported by another (sub-)interpreter, a new

i
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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 interpreter
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 initialization, this

means that only C-level static and global variables are shared between these modules.

PyThreadState *Py_NewInterpreter (void)

Part of the 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)

Part of the Stable ABI. Destroy the (sub-)interpreter represented by the given thread state. The given
thread state must be the current thread state. See the discussion of thread states below. When the
call returns, the current thread state is NULL. All thread states associated with this interpreter are
destroyed. The global interpreter lock used by the target interpreter must be held before calling this

function. No GIL is held when it returns.

Py_FinalizeEz () will destroy all sub-interpreters that haven’t been explicitly destroyed at that point.

9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterEFromConfig() 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
tmmortal. In fact, this has been done for the builtin singletons, small integers, and a number of other builtin

objects.

If you preserve isolation then you will have access to proper multi-core computing without the complications

that come with free-threading. Failure to preserve isolation will expose you to the full consequences of
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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.

N—a v 3.12 TEM.

9.6.2 NJFEEIA

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them
isn’t perfect --- for example, using low-level file operations like os.close() they can (accidentally or mali-
ciously) affect each other’s open files. Because of the way extensions are shared between (sub-)interpreters,
some extensions may not work properly; this is especially likely when using single-phase initialization or
(static) global variables. It is possible to insert objects created in one sub-interpreter into a namespace of

another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between
sub-interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s
dictionary of loaded modules. It is equally important to avoid sharing objects from which the above are

reachable.

P74 RTY X% PyGILState_* APl LfHABDOLEZDHNHE LW L ICHIERLTLE IV, 25D API
¥ Python DXL v FIREEX OS LNV ALy A 1TX 1 THIGLTWS ZE ZHHRICLTWT, 74 0%
U XRDPFET 5 & EORHRDFAN S 0 HTT, MIGF 5 PyGILState_Ensure() & PyGILState_Release() @
MO LORT7 OB T, 374X TV ZOYIDEZRITORNI e R HRELE T, 51T, (ctypes D X
57) Zhbd API 2 - T Python DA TIESN/ZA L vy B2 5 Python 23— FEFETLTOVWAIREY 2 —
NEFTA R T XS LENL AR H D 5,

9.7 FERIHERE

AYRTYRDAL Y ALy FIZIERIBIZZEAIZAT 5 72D IRt S Tw B AT Y. 206 DlANIBIER
4 > & ¥ void R4 ¥ ZEIEE WS TERREZHLD £3,
int Py_AddPendingCall (int (*func)(void*), void *arg)

Part of the Stable ABL. £ Y27V XD XA ALy R oBEMBEIHIN 2 TFTEEZMEAE T, KINT
5L 0D9RD. funcl3X A ALy ROMKHELF 2 — 1D onEd, KTz, fistety F 8T
Q: _1 7375\1}50 \ij_o

WERICF 2 - FEDOND L. func iE WODNEBT A VX TV XDRAL VALY K25, arg Z518E L
T EIRES, 2o, BHEDOFETHD Python 22— Pzt LTI RN RH IR E T, X
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DOHTDRMCER L TP ENET:
o bytecode Bi5t LW 5 & &

o XA VAL w KW global interpreter lock ZRFFLTWS (F72DD5 func BETD C APl ZFEUH
#3) L&,

BIL725 func i 0 BRI QXL ST, KRLAEZS -1 ZRLAIEZ LY P LETIUSWITER AL func
. MLOIEFRELHAFIZIT S 72012, EHIREDIAENZ 23D D FHAD, Fr—rLf 2T Xy
I DRI NGB E. ALy ROUID B> THIDAENZTRENED K> TV E T,

COBBBFEITT2DIRBEDAL y FIRBZHBELE BT, 70— Af 27V xay 78 LE
TA,

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.

EE: i ERCEINREEICOAKILD, KL ~VRBETT, func 25AJEEZRIR D B < MEUH
ENBHALEB D FR A XA VALY RBT AT LI —LERITTZ2DIICLWIEEE, func 13
AT LA=NHPROTL 2ETHIHINLRWTL &5, ZORBE—BIIE. 8D C ALy R
25 Python a— FEMUOHTOWRKIE MEFEEA . 20K DT, PyGILState API ZfER LT
(AR

N—a v 3.1 Tl

N—Ya ¥ 3.9 TEHE: If this function is called in a subinterpreter, the function func is now sched-
uled to be called from the subinterpreter, rather than being called from the main interpreter. Each

subinterpreter now has its own list of scheduled calls.

9.8 7O7 71L& kL —X (profiling and tracing)

Python A4 ¥ &7V &, 717 7 A )b: 7747 (profile) RFEITD b L —R: B (trace) &\ o 7t¥REZHAAL
TeDIEKED T R— 2R L TVET, ZOFR—-1ME. Ta 77417 Ny 7 BEHHEIPHIH (coverage
analysis) Y — L2 ¥IZfibh 3,

ZDOCAYE=T7z—RF, 77741 b —REERIC, Python LUV ORERH LAJREA 7Y = 7 b3
I Z itk dF— "~y FZlkl), B C BEBITOCHLATASE5CLTVWETS, a7 r 4L
P L — ZEREDOARBEIRFFEREZE Do TVERA; A VX —T7 2 — A TR ML —RABERAL Yy RT2IZA VR
F—LTE, PL—RBBUCHRE XN D EARA X b (basic event) IFLLFTD N— 2 Y IZBWT Python L)L
DML =AM TREINTVAEDDLEFRILTT,

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
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The type of the trace function registered using PyEval_SetProfile() and PyEval_SetTrace().
The first parameter is the object passed to the registration function as obj, frame is the frame ob-
ject to which the event pertains, what is one of the constants PyTrace_ CALL, PyTrace_EXCEPTION,
PyTrace_LINE, PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what DfE arg DEK

PyTrace_CALL #IZ Py_None .

PyTrace EXCEPTION  sys.exc_info() DRI HISMEHR TS,

PyTrace_LINE HIZ Py_None ,

PyTrace_RETURN BECH LENCIR XN 2 TEDMED. S X - T Z I 5156 1E NULL
T,

PyTrace_C_CALL MO EN3E#8A 7Y =27 b,

PyTrace_C_EXCEPTION WS ZBMA T =2 b,
PyTrace_C_RETURN MOHINZE8A TS =7 b,
PyTrace_OPCODE HIZ Py_Nome o

int PyTrace_CALL
B X Y v RO IO END, P2 r L =Ry P DI Ao/ Z e 2 HET 5
BED. Py_tracefunc @ what DETT, A 7L =&Y = 2L —XEAKOERIX. WET 271 —20KH

@ Python N4 F a— FIZHlElDOZEE (control transfer) 23 Z 5BV OHE S NRVOTHEREL T
IV,

int PyTrace_EXCEPTION

Bt DSEI SN D Py _tracefunc @ what DIETT, BEETENTWE 7L —4aTHS LY b X
N, MEPDOANA b a— RPUEINZRIT, what I ZDEDE v b INTZIREET I — ANy Z7 BBHIE
UHZhET, ZOBER. fINOEEIZL > T Python MU LRAR Y 7 EHRED T2, £71—
L BIMEDRS Zeiza— Ny ZJEEDPIFEHENE T, PRI IS DA RV N 22T
WHES, 70774 730D R P b LERA,

int PyTrace_LINE

The value passed as the what parameter to a Py_tracefunc function (but not a profiling function)
when a line-number event is being reported. It may be disabled for a frame by setting £ _trace_lines

to 0 on that frame.

int PyTrace_RETURN

MEOH UAR 2 & &I Py_tracefunc BABUC what 5182 L TETETT,

int PyTrace_C_CALL
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C B MU 3 ERINIC Py_tracefunc BIED what 513y L TETMETT,

int PyTrace_C_EXCEPTION

C BEOHINZEH LTz 2 212 Py_tracefunc BAED what 518y L TEIETT,

int PyTrace_C_RETURN

CRBD»BE2 & ZIZ Py_tracefunc BAELD what 518 L TEIETT,

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 BML T Z W,

FEOH LN GIL 2SR iU b €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.
FEOCHH LN GIL Z2EE LUl b $8 A,

As PyEval_SetProfile(), this function ignores any exceptions raised while setting the profile func-

tions in all threads.

N— a ¥ 3.12 TEN.

void PyEval_SetTrace(Py tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile(), except the tracing function
does receive line-number events and per-opcode events, but does not receive any event related to C
function objects being called. Any trace function registered using PyEval_SetTrace () will not receive

PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the what parameter.
sys.settrace() BB BIL T E W,

FEOH LN GIL 2 L 20U h 8 A

304

5% 9 & #JHAME (initialization). ¥ THHE (finalization). XL v F



The Python/C API, JJ—2X 3.13.0a5

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 2B LRFhidn b €A

As PyEval_SetTrace(), this function ignores any exceptions raised while setting the trace functions

in all threads.

N—a v 3.12 TEM.

9.9 SEXRT/\vHYR—F (advanced debugger support)

UToBMIZEERT ANy 7Y — L TOHEHDOEHEITOHDTT,

PylnterpreterState *PyInterpreterState_Head ()

AVERTYRIREA T2 Vo3 VRAMNDSE, KREICHZ2BDERERLET,

PylInterpreterState *PyInterpreterState_Main()

XA VAR TYRDIREF T 227 b RIRLET,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
AVRTY)ZIREA TS 27 MBI B VA RDI B, interp DRIZHZHDERL T,

PyThreadState *PyIlnterpreterState_ThreadHead ( PylnterpreterState *interp)
A4V RTV X interp IHEMITOLNTWVWERAL Y FRHRBZ2VAIDS B, SEHICH S PyThreadState
FT7V = b RBELETD,

PyThreadState *PyThreadState_Next ( PyThreadState *tstate)

tstate £ U PyInterpreterState A 7Yz MIBLTWA ALy KRBT =27 D55, tstate
DRIZHZHDERLET,

9.10 ALy FO—AIRL—PDYR—F

Python 4 ¥ X 7V X, ALy KEr—#/L & b L — (thread-local storage, TLS) DKL~ )L¥ K — b+ %22
HLTWT, 2474 7D TLS EEENHICZ v 7L T Python LRLDZAL Yy Fr—HLRZ ML —Y API
(threading.local) Z#K— b LTWVWETF, CPython ® C L ~L API X pthreads ® Windows T5 X 6
% TLS LABETT: ALy F¥F—¥Y AL v FZ LT voidx EHZ BRI 2 B2 W3,

API TELN 2R ZRE 213, GIL ZHS T 24213 D FEA . BBESOD Yy 793 K—FShTwn
9,
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Python.h |& TLS API ®EE % include 3., AL v Fa—H LR L —Y % 51213 pythread.h % include
FTRIRENDH D ZLIWHER LTI,

FER: 20 APIBEUI YLD void*x [HORDDICREVEMAPITIZLIZLERA. XEVOMELEHIIA
AICITOREDDH D FF, voidx [HD/=E /=% PyObjectx 72 7551E. API BARIZZN 2N DEDOSR A ©
¥ OEEIZITVER A

9.10.1 XL v FEE X kL — (Thread Specific Storage, TSS) API

TSS API %, CPython 4 ¥ X 7V RIZEEN TV AEFED TLS APl # E XX 27208 AINE L, Z
D APLIZ, AL vy FEF—DRHFIC int DO D IH L WAL Py tss_t BHEVE T,

N— a ¥ 3.7 TEN.
BE:
"CPython DALy FR—HLRA ML =Y D7DDH LW C API” (PEP 539)

type Py_tss_t

ZDOF—REEEBERIZAL Yy FF—DREZRHLTVWET, ZOBEEROERIZ. HED TLS EHIzHkiz
L. F—OHHLIREERBTI2NEE 7 4+ — L FEFBE E3, ZOMEERICIZABE (public) ® X ¥ N ikdH
hEHA,

Py LIMITED API PEZRINTWARWE ElX. ZDOH®D Py tss NEEDS INIT I & 3 EHIX TV R
BTEET,
Py_tss_NEEDS_INIT

o= s Py tss_t ZHOVIMLFICEBEIhES, Zo~raid Py LIMITED APl %3%3t %
EEHINEEA,

BH X E ) MR
BN Py_tss_t DX EVREMRIZ Py LIMITED API TENL RENFAERES 2 — L TREICRD T, Z
DFEN LI FRICRBIHR 72012, ORI OEINZ X T V) HEARIEARATEET T,

Py tss t *PyThread_tss_alloc()
Part of the Stable ABI since version 3.7. 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)

Part of the Stable ABI since version 3.7. Free the given key allocated by PyThread_tss_alloc(), after
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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.

FMR: A freed key becomes a dangling pointer. You should reset the key to NULL.

XYy 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)
Part of the Stable ABI since version 3.7. 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)

Part of the Stable ABI since version 3.7. 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)

Part of the Stable ABI since version 3.7. 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)

Part of the Stable ABI since version 3.7. Return a zero value to indicate successfully associating a
void* value with a TSS key in the current thread. Each thread has a distinct mapping of the key to

a voidx* value.

void *PyThread_tss_get (Py tss t *key)

Part of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the

current thread. This returns NULL if no value is associated with the key in the current thread.
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9.10.2 XL v KA—AILZX kL — (TLS) API

N—a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

AFR: 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.

B B ORIEICE D, ZOAN—Ta D APLIEEHO 2 — FTHHITRETIED D ¥ A

int PyThread_create_key ()
Part of the Stable ABI.

void PyThread_delete_key (int key)

Part of the Stable ABI.

int PyThread_set_key_value (int key, void *value)

Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Part of the Stable ABI.

void PyThread_delete_key_value (int key)

Part of the Stable ABI.

void PyThread_ReInitTLS()

Part of the Stable ABI.

308 5% 9 & #JHAME (initialization). ¥ THHE (finalization). XL v F



TEN

PYTHON #JHA{LERRE

N—Yar 3.8 TENM.

Python i& Py_InitializeFromConfig() ¥ PyConfig Mgtk % o THIHAL TE £ 3, Py_Prelnitialize()
¢ PyPreConfig MHEMIZ & o THENHIILTE %3,

REIIEZODHEENH D £

o Python Configuration (&, #H D Python ¥ FUCIRZEF VW2 T2 H AKX~ 4 XEN7z Python ZHHET 2
FeDIHRAINE T, HlZIE, BIREKSa~ Y K74 V5808 Python 2 %E T 2 7-DIClHINE T,

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 HZIRL TL X W,
BE:

PEP 587 "Python #I{{LE%E”

10.1 fERAH

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;
(KD<R=2128i<)
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/* 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 exzit the process with

non-zero exit code */

Py_ExitStatusException(status);

*/

(AIDR=I 25 DfE X))

10.

2 PyWideStringlList

type PyWideStringList

wchar_t* XFHID Y R b,

length H3IEX 1 DEEX. items 1ZIE NULL 222§ X TOXFHNIIE NULL THRIFUIR D 8 A,

XYV v R

PyStatus PyWideStringList_Append ( Py WideStringList *list, const wchar_t *item)

item % list \BIML £3,

Python must be preinitialized to call this function.

PyStatus PyWideStringLlist_Insert (PyWideStringList *list, Py ssize t index, const wchar t

*item)

item % list O index DPIEIWCFHAL E T,

index B3 list DRIV LEDFE., item % list DERBIZEBML £,
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index must be greater than or equal to 0.
Python must be preinitialized to call this function.
WSt 7 4 =L ¥

Py ssize_t length
VA PDRE,

wchar t **items

U2 MDERE,

10.3 PyStatus

type PyStatus
PIHEBIR D R 7 — 2 2 (. =5 —. #&7T) 28T 2 MERT T,

I —FFICiE, =7 —%4ERL7 CEAROAMEENTE 3,
WER T 4 = 1

int exitcode
BTa—TF, exitO) D5l LTHEINET,
const char *err_msg
I —Xyt—,
const char *func
T —REMLIZBEBOHEIT, NULL 122D XA £,
AT —RARERT B
PyStatus PyStatus_0k (void)
DeIR
PyStatus PyStatus_Error (const char *err_ msg)
Ryt—IHlZT I —2HILL 5,
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)
AEVED L TORK (XEVTE)

10.3. PyStatus
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PyStatus PyStatus_Exit (int exitcode)

BELRKTa— FTPython 2 TL 9,

AT — R A% B

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.

AMR:

func to NULL.

Internally, Python uses macros which set PyStatus.func, whereas functions to create a status set

IV N> A=E A PN G X

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.
MHEAR 7 14—V B

int allocator

Name of the Python memory allocators:
o PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
o 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.
e PYMEM_ALLOCATOR_MIMALLOC (6): use mimalloc, a fast malloc replacement.

o PYMEM_ALLOCATOR_MIMALLOC_DEBUG (7): use mimalloc, a fast malloc replacement with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using --without-pymalloc.

PYMEM_ALLOCATOR_MIMALLOC and PYMEM_ALLOCATOR_MIMALLOC_DEBUG are not supported if
Python is configured using --without-mimalloc or if the underlying atomic support isn’t

available.
See Memory Management.

Default: PYMEM_ALLOCATOR_NOT_SET.
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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.
See the locale encoding.

Default: -1 in Python config, 0 in isolated config.

int coerce_c_locale_warn

If non-zero, emit a warning if the C locale is coerced.
Default: -1 in Python config, 0 in isolated config.

int dev_mode

Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8 mode to 0,
e Set PyConfig. filesystem_encoding to "mbcs",
e Set PyConfig.filesystem_errors to "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.

Default: 0.
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int parse_argv

If non-zero, Py_PreInitializeFromArgs () and Py_PrelInitializeFromBytesArgs () parse their
argv argument the same way the regular Python parses command line arguments: see Command

Line Arguments.
Default: 1 in Python config, O 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.
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.
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PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const *argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (wide strings) if parse_arguv of preconfig is non-zero.
preconfig must not be NULL.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusException().

For Python Configuration (PyPreConfig_InitPythonConfig()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they 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_PreInitialize() if PyPreConfig.

allocator is set to PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_RawMalloc () must not be used before the Python preini-
tialization, whereas calling directly malloc() and free() is always safe. Py DecodeLocale () must not be

called before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig(&preconfig);

preconfig.utf8_mode = 1;

status = Py_Prelnitialize(&preconfig) ;

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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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.
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.
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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 strippped from

PyConfig.argu, parsing arguments twice would parse the application options as Python options.
Preinitialize Python if needed.

N—Y a ¥ 3.10 TEHE: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.

parse_arguv equals 1.

N—Y a3 ¥ 3.11 TEH: PyConfig Read() no longer calculates all paths, and so fields listed
under 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 preinitialization
configuration (PyPreConfig) in based on the PyConfig. If configuration fields which are in common

with PyPreConfig are tuned, they must be set before calling a PyConfig method:
e PyConfig.dev_mode
e PyConfig.isolated
e PyConfig.parse_argv
e PyConfig.use_environment

Moreover, if PyConfig_SetArgu () or PyConfig_SetBytesArgu () is used, this method must be called
before other methods, since the preinitialization configuration depends on command line arguments

(if parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using

PyStatus_Exception() and Py_ExitStatusException().
MG 7 4 — L B

PyWideStringList argv

Set sys.argv command line arguments based on argv. These parameters are similar to those

passed to the program’s main() function with the difference that the first entry should refer to
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the script file to be executed rather than the executable hosting the Python interpreter. If there

isn’t a script that will be run, the first entry in argv can be an empty string.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command

line arguments and then to strip Python arguments from argwv.

If argv is empty, an empty string is added to ensure that sys.argv always exists and is never

empty.
Default: NULL.
See also the orig_argv member.

int safe_path

If equals to zero, Py_RunMain() prepends a potentially unsafe path to sys.path at startup:
e If argu[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.
N—a » 3.11 Tl

wchar t *base_exec_prefix

sys.base_exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.
See also PyConfig.ezec_prefiz.

wchar t *base_executable

Python base executable: sys._base_executable.

Set by the __PYVENV_LAUNCHER__ environment variable.
Set from PyConfig.executable if NULL.

Default: NULL.

Part of the Python Path Configuration output.
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See also PyConfig.ezecutable.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

See also PyConfig.prefiz.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout and

stderr.
Set to 0 by the -u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.

Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes

with int.
If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the -b command line option.

Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.TextI0Wrapper uses its default encoding.

See io-encoding-warning for details.
Default: 0.

N— a ¥ 3.10 TEM.

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also

disables traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges

command line option.
Default: 1.

N— a3 v 3.11 TEM.
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wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the -—check-hash-based-pycs

command line option.

Valid values:
e L"always": Hash the source file for invalidation regardless of value of the 'check source’ flag.
e L"never": Assume that hash-based pycs always are valid.
e L"default": The ’check source’ flag in hash-based pycs determines invalidation.

Default: L"default".

See also PEP 552 "Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
o 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.

Needs 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.
See also PyConfig.base_exec_prefic.

wchar t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
Default: NULL.

Part of the Python Path Configuration output.

See also PyConfig.base_exzecutable.

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: wuse "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 nl_langinfo(CODESET) announces the ASCII encoding,

whereas the mbstowcs () function decodes from a different encoding (usually Latinl).
e "utf-8" if nl1_langinfo(CODESET) returns an empty string.
e Otherwise, use the locale encoding: nl_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".
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See also the filesystem_errors member.

wchar t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors().

On Windows: use "surrogatepass" by default, or "replace" if legacy_windows_fs_encoding

of PyPreConfig is non-zero.
On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
e '"surrogateescape"
e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem_encoding member.
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.
If use_hash_seed is zero, a seed is chosen randomly at Python startup, and hash_seed is ignored.
Set by the PYTHONHASHSEED environment variable.
Default use hash__seed value: -1 in Python mode, 0 in isolated mode.

wchar t *home
Set the default Python "home” directory, that is, the location of the standard Python libraries
(see PYTHONHOME).

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.
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int inspect

Enter interactive mode after executing a script or a command.

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is used,
enter interactive mode after executing the script or the command, even when sys.stdin does not

appear to be a terminal.

Incremented by the -i command line option. Set to 1 if the PYTHONINSPECT environment variable

is non-empty.

Default: 0.

int install_signal_handlers

Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).
Incremented by the -i command line option.

Default: 0.

int int_max_str_digits

Configures the integer string conversion length limitation. An initial value of -1 means the value
will be taken from the command line or environment or otherwise default to 4300 (sys.int_info.
default_max_str_digits). A value of 0 disables the limitation. Values greater than zero but
less than 640 (sys.int_info.str_digits_check_threshold) are unsupported and will produce

an error.

Configured by the -X int_max_str_digits command line flag or the PYTHONINTMAXSTRDIGITS

environment variable.
Default: -1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated mode.

N—a ¥ 3.12 TE.

int cpu_count

If the value of cpu_count is not -1 then it will override the return values of os.cpu_count(),

os.process_cpu_count (), and multiprocessing.cpu_count().

Configured by the -X cpu_count=n/default command line flag or the PYTHON_CPU_COUNT envi-

ronment variable.

Default: -1.
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N—a v 3.13 TE.

int isolated

If greater than 0, enable isolated mode:

e Set safe_path to 1: don’t prepend a potentially unsafe path to sys.path at Python startup,

such as the current directory, the script’s directory or an empty string.
e Set use_environment to 0: ignore PYTHON environment variables.
o Set user_site_directory to 0: don’t add the user site directory to sys.path.

e Python REPL doesn’t import readline nor enable default readline configuration on interac-

tive prompts.
Set to 1 by the -I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also the Isolated Configuration and PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.stdout and

sys.stderr.

PYTHONLEGACYWINDOWSSTDIO BRIZZAHAZE TRV FHNRE SN HEIT, 1 KRESINE T,
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
Default: 0.

See also the PEP 528 (Change Windows console encoding to UTF-8).

int malloc_stats

If non-zero, dump statistics on Python pymalloc memory allocator at exit.

Set to 1 by the PYTHONMALLOCSTATS environment variable.

The option is ignored if Python is configured using the --without-pymalloc option.
Default: 0.

wchar t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib", or "DLLs" on Windows).
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Part of the Python Path Configuration input.
N—=a ¥ 3.9 TEM.

N—Y 3 ¥ 3.11 TZH: This macro is now used on Windows to locate the standard library
extension modules, typically under DLLs. However, for compatibility, note that this value is

ignored for any non-standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env

Module search paths (sys.path) as a string separated by DELIM (os.pathsep).
Set by the PYTHONPATH environment variable.
Default: NULL.
Part of the Python Path Configuration input.
PyWideStringList module_search_paths
int module_search_paths_set
Module search paths: sys.path.

If module_search_paths_set is equal to 0, Py_InitializeFromConfig() will replace

module_search_paths and sets module_search_paths_set to 1.
Default: empty list (module_search_paths) and 0 (module_search_paths_set).
Part of the Python Path Configuration output.

int optimization_level

Compilation optimization level:
e 0: Peephole optimizer, set __debug__ to True.
e 1: Level 0, remove assertions, set __debug__ to False.
o 2: Level 1, strip docstrings.

Incremented by the -0 command line option. Set to the PYTHONOPTIMIZE environment variable

value.
Default: 0.

PyWideStringList orig_argv

The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig_argv list is empty and argv is not a list only containing an empty string, PyConfig_Read ()

copies argv into orig_argu before modifying argv (if parse_argv is non-zero).
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See also the argv member and the Py_GetArgcArgv () function.
Default: empty list.
N— a ¥ 3.10 TEM.

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 argwv.

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 strippped from

PyConfig.argv, parsing arguments twice would parse the application options as Python options.
Default: 1 in Python mode, 0 in isolated mode.

N—Y a ¥ 310 TEH: 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.
Needs a debug build of Python (the Py_DEBUG macro must be defined).

Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to

0, suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.

Part of the Python Path Configuration input.

N— a3 3.11 TEH: Now also applies on Windows.

wchar t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.

prefix.
Default: NULL.

Part of the Python Path Configuration output.
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See also PyConfig.base_prefiz.

wchar__t *program_name

Program name used to initialize ezecutable and in early error messages during Python initial-

ization.
e On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER__ environment vari-
able if set.

e Use argv[0] of argv if available and non-empty.

o Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.
Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached .pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX envi-

ronment variable. The command-line option takes precedence.
If NULL, sys.pycache_prefix is set to None.
Default: NULL.

int quiet

Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in

interactive mode.
Incremented by the -q command line option.
Default: 0.

wchar_t *run_command

Value of the -¢c command line option.
Used by Py_RunMain ().
Default: NULL.

wchar t *run_filename
Filename passed on the command line: trailing command line argument without -c or -m. It is

used by the Py_RunMain () function.

For example, it is set to script.py by the python3 script.py arg command line.
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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.

wchar_t *run_presite

package.module path to module that should be imported before site.py is run.

Set by the -X presite=package.module command-line option and the PYTHON_PRESITE environ-

ment variable. The command-line option takes precedence.
Needs a debug build of Python (the Py_DEBUG macro must be defined).
Default: NULL.

int show_ref_count

Show total reference count at exit (excluding immortal objects)?

Set to 1 by -X showrefcount command line option.

Needs a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import

Import the site module at startup?

If equal to zero, disable the import of the module site and the site-dependent manipulations of

sys.path that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.main()

if you want them to be triggered).

Set to 0 by the -S command line option.

sys.flags.no_site is set to the inverted value of site_import.
Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig.run_filename source.

It allows the usage of non-Unix forms of #!cmd. This is intended for a DOS specific hack only.
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Set to 1 by the -x command line option.

Default: 0.

wchar_t *stdio_encoding

wchar t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr al-

ways uses "backslashreplace" error handler).
Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding;:
e "UTF-8" if PyPreConfig.utf8 mode is non-zero.
e Otherwise, use the locale encoding.
Default error handler:
e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8 mode is non-zero, or if the LC__CTYPE locale is
”C” or "POSIX”.

e "strict" otherwise.

See also PyConfig.legacy_ windows_stdio.

int tracemalloc

Enable tracemalloc?
If non-zero, call tracemalloc.start() at startup.

Set by -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment

variable.

Default: -1 in Python mode, 0 in isolated mode.

int perf_profiling

Enable compatibility mode with the perf profiler?

If non-zero, initialize the perf trampoline. See perf profiling for more information.

Set by -X perf command line option and by the PYTHONPERFSUPPORT environment variable.
Default: -1.

N—a v 3.12 TEM.
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int use_environment

Use environment variables?

If equals to zero, ignore the environment variables.
Set to 0 by the -E environment variable.

Default: 1 in Python config and 0 in isolated config.

int user_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the -s and -I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than O, print a message each time a module is imported, showing the

place (filename or built-in module) from which it is loaded.

If greater than or equal to 2, print a message for each file that is checked for when searching for

a module. Also provides information on module cleanup at exit.
Incremented by the -v command line option.

Set by the PYTHONVERBOSE environment variable value.

Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings.filters which is checked first (highest

priority).
The -W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple

options can be specified, separated by commas (,).
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_ExtendInittab () are used, they
must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, PyImport_AppendInittadb () 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,
(RDR=212%i<)
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(AIDR=I 25 DfE X))
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {

goto exception;

status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);

return;

exception:

PyConfig_Clear(&config);
Py_ExitStatusException(status);

More complete example modifying the default configuration, read the configuration, and then override some

parameters. Note that since 3.11, many parameters are not calculated until initialization, and so values can-

not be read from the configuration structure. Any values set before initialize is called will be left unchanged

by initialization:

PyStatus init_python(const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config);

/* Set the program name before reading the configuration

(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {

goto done;

/* Read all configuration at once */
status = PyConfig_Read(&config) ;
if (PyStatus_Exception(status)) {

goto done;

/* Specify sys.path explicitly */
(RDR=D 12K )
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(AIDR=I 5 DREE)
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject("path") */
config.module_search_paths_set = 1;
status = PyWideStringlList_Append(&config.module_search_paths,
L"/path/to/stdlib") ;
if (PyStatus_Exception(status)) {
goto done;
}
status = PyWideStringlList_Append(&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception(status)) {

goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,

L"/path/to/my_executable") ;
if (PyStatus_Exception(status)) {

goto done;

status = Py_InitializeFromConfig(&config);

done:

PyConfig_Clear(&config);

return status;

10.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig InitIsolatedConfig() functions create a configura-

tion 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 configuration
to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global config-

uration 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:

e 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 ”SoftwarePythonPythonCoreX.YPython-
Path” of HKEY CURRENT_USER and HKEY LOCAL_MACHINE (where X.Y is the Python

version).

o Path configuration output fields:

PyConfig.base_exzec_prefiz
— PyConfig.base_executable

— PyConfig.base_prefiz

PyConfig.exzec_prefiz

PyConfig.executable
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— PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefiz

If at least one “output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting ex-
plicitly all path configuration output fields listed above. A string is considered as set even if it is
non-empty. module_search_paths is considered as set if module_search_paths_set is set to 1. In this

case, module_search_paths will be used without modification.

Set pathconfig_warnings to O to suppress warnings when calculating the path configuration (Unix only,

Windows does not log any warning).

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
e ._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.
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e Set site_import to 0.
e Set safe_path to 1.

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable.

10.11 Py__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 "Core” 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;
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— 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:

o PyConfig._init_main: if set 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);
(RDR=212%i<)
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/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");

if (res < 0) {

exit(1);
}
/* ... put more configuration code here ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

(AIDR=I 5 DREE)
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PyObject *res;
char xbuf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
...Do some I/0 operation involving buf...
res = PyBytes_FromString(buf) ;
free(buf); /* malloc'ed */

return res;

ZOFITIE 1/O Ny 72T B XEVERIZ C 54 75U DA VIRIEEEEH>TVET, Python XE
VR —Yx —IEDEE LTRENS bytes 7Y = 27 + RTERT 2B 13 HETT,

LIEWVWZ I ALY ORITIE, X EY OEIEX Python ¥ — FICHEE LTS 58D 5, 28745, Python
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EBEVZy VY FORKBEHIETCE XY, ZOME. FEOKRMNTIX. Python XY =Y ¥ HIHN—
YarrzrarveXeYnararz Mu, ZoMAL O FHBEE Wo T2, HEUIREIEE VU TEZ M
HVET, LOFITRLEZEIIZC IA4 77 VDXEVIRIEEAKZMES &, I/O Ny 7 7 FICHER L X EV X
Python XEV 3= ¥ DEED SERICHNSE Z L ITHEBEL T EE W,

BE:
BRI PYTHONMALLOC %2 M LT Python 2’32 X)) 70 s —X2§lHllT 22 e TE XTI,

BRIEZ L PYTHONMALLOCSTATS 2 LT, #H7=A 70227 b7V —FBERINZRL., vy PR U
12 pymalloc XAED 707 —32 OFFHEREFRTEZ T,

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:
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o Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation
must go to the system allocator or where the allocator can operate without the GIL. The memory is

requested directly to the system.

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory
buffers where the allocation must be performed with the GIL held. The memory is taken from the

Python private heap.

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 EXEVA>H2—T1—2R

UTOBBRIEIS AT 07075 —R% 7y 7 LET, THOBBIZAL Yy FE2—T7 T, GIL ZHELTWi
STCHFRUHET IR TEE T,

The default raw memory allocator uses the following functions: malloc(), calloc(), realloc() and free();

call malloc (1) (or calloc(1l, 1)) when requesting zero bytes.
N—Y a3 v 3.4 THEM.

void *PyMem_RawMalloc (size_t n)
Part of the Stable ABI since version 3.13. n N4 FZEID YT, ZOXEV 25T voidx BDKRA V&
ZRLET, ERPKBLUSGE NULL 28 L £35

034 F2ZKRT % L. PyMem_RawMalloc(1) 230Nz Z L FIL & 512, AIRER & NULL THRWIL=—
TIRRAVEERLET, MBHREEINIZXEY IZZ0LrR20H L ITONERA,
void *PyMem_RawCalloc(size_t nelem, size_t elsize)

Part of the Stable ABI since version 3.13. & E3#DY elsize N4 b DEZE nelem 7D A EV — ZHELR
L. ZOXEY —%467 voidx BDRA Y XZRLET, 7r7— MIKRKUZEEIX NULL 28 L $35
RNz XY —fEEE L e Ttk E 3,

BREHDBEROY A XHT0 N4 FOERICH L TIE, AIEEZL & PyMem_RawCalloc(1l, 1) 23FEIN-D &
U310, 22— 2% NULL TRWAEL Y X 2R LET,

N—a v 3.5 Tl

void *PyMem_RawRealloc (void *p, size t n)

Part of the Stable ABI since version 3.13. p 48T XEV 70 v 7% n Nf MU A XL ET, Hw
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FAZXEFLWH A ZD/NE W ETONFRIEESNERA,

p »% NULL O35ERUH Lid PyMem_RawMalloc(n) L5&fiTd, 25 TR, n AL RIZFELWEE, X
BV Ty 2V A RZNETHRREINETA BRENFRA V&XIFIE NULL T,

p A NULL TR WD, p %20 XD AEID PyMem RawMalloc(), PyMem_RawRealloc(),
PyMem_RawCalloc() OFFUFHILIT X DiREARIFIUIRD FEA,

FIRMEW L 72355 PyMem_RawRealloc() & NULL %3B L. p ERIOX BV Y 72 X THMERA ¥ &
DEETT,

void PyMem_RawFree (void *p)

Part of the Stable ABI since version 8.18. p BT X €Y 70w 7 2R L £ 3, p BLEIFERE LR
PyMem_RawMalloc (), PyMem_RawRealloc (), PyMem_RawCalloc () DR L7AETRITNIHRD FXHA, Z
NP DGER PyMem_RawFree(p) ZMFOH LB o726, REROIEICLD £7,

p 3 NULL OBEMS LER A

11.4 XEVA>2—T1x—2R

LUF OBBEEDFH LT Python b — IR L TXEY ZHEFR LD LD HkE T, 2hs ofEE ANSI
CHEEINE > TETMEEINRTOVE T, 0 N4 FEERLZBOFBEICOVWTHERL TVET:

The default memory allocator uses the pymalloc memory allocator.

BE: ChooBReRE 2123, GIL 2R L THBBERDHD £7,

N=Tary 3.6 TEHE: 7741 D707 =X A7 LD malloc() 205 pymalloc 127D F L7z,

void *PyMem_Malloc(size t n)

Part of the Stable ABIL. n XA bZEID BT, ZOXEY 2T voidx BOKRA VX ZRLFT, ERD
KL 723%E NULL 23R L 5,

0 N4 PRERT 22, PyMem_Malloc(l) 2SNz Z AU & 51T, AJREAR S NULL TRV =—7
BARAVRERLET, HEINIZAEY —ZII0W R 2P ITDOREE A,

void *PyMem_Calloc(size t nelem, size t elsize)

Part of the Stable ABI since version 3.7. ZBZM elsize N4 b DEHE nelem [T DX TV —ZHER L.
ZORAEY —%ET voidx RIDKA Y RXZIRLET, 7ur— MIRMLZEEE NULL 2B L 5, fif
REhi=X ey —fEHBZY o Ot E T,

BEBDOEZDT A XD 084 FQESRITH L TIX, AJEER & PyMem_Calloc(1, 1) 2SMHEN/zDrFUT
E91Z, 2=—727 NULL THRWERA VX EZRLFE T,
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N—Ya ¥ 3.5 TEM.

void *PyMem_Realloc (void *p, size_t n)

Part of the Stable ABL. p 283 XEV 70 Y 7% n N4 MCUH A XL ET, HOF AL X2H LW A
RADPNENTETONFREESNEE A,

p »% NULL OBEFFOH LI PyMem_Malloc(n) 5FliTd, 25 TR, n BERIZFLWEE, XEY
TRy 73 )P ZENETHRREINER A, RENTZRA > XIFIE NULL T,

p B3 NULL TZRWER D, p ZZN K DETD PyMem Malloc (), PyMem_Realloc() %7z1d PyMem_Calloc()
DIFNHE LI X DIREARITIRD $8 A

BRDKM L 72355 PyMem_Realloc() W& NULL ZiB L. p ERIDOXEV U 72 X THEMERL VXD ZF
¥T9,

void PyMem_Free (void *p)

Part of the Stable ABL p 2883 X €V 70y 7 Z N L E5, p ELAIMECE L7 PyMem Malloc ()
PyMem_Realloc () %7z1& PyMem_Calloc() DR LMETRHRINELRD $HA, TRUNDOEE
PyMem_Free(p) ZFEUN L7772 o756, REROBEICR D £7,

p 3 NULL OBEMS LER A
DITFIc 0 2 8RO~ 7 0 ZAEEO DI X T0w2 5D TT, TYPE ZEED C 0RIRRL T,

PyMem_New(TYPE, n)

Same as PyMem_Malloc (), but allocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer

cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize(p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns
a pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event

of failure.

U C 7V Tty Y= ruTY, p ZEICHRAZINES, =7 —WHEFHIXEY 2K D2kl 2
WZIE p DILOEZRFEL TL 2T W,

void PyMem_Del (void *p)

PyMem_Free() R C T,

EECA T, C API B2/ 5% Z 2 7 < Python X V#EREBxERTOH T DO To~vr7uty b
PRI TVET, 2L, 2D~ vl Python N—2 3 YEITOANAL F U BEfERETT, 2wz
WWHRIREY 2 — L TIEHBEI N TV A DTHEREL TL EZXW,

o PyMem_MALLOC(size)

e PyMem_NEW(type, size)
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PyMem_REALLOC(ptr, size)

PyMem_RESIZE(ptr, type, size)

PyMem_FREE (ptr)

PyMem_DEL (ptr)

115 #7>0x o+ 70O7—4%

LT OBBEEDFIH LT Python B =710 LTXEY RHER LD LD HERE S, Zh s %I ANSI
C > TETMEEIN TV T TH, )

0N FEERLUZBOEBEICOWTHERELTVWET

Customize Memory Allocators section

7EFR: 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

The default object allocator uses the pymalloc memory allocator

Z=a,
El=]

oD ZIRE 2123, GIL 2R L THBALESIDH D £7,

void *PyObject_Malloc(size_t n)

Part of the Stable ABIL. n XA bZH|D LT, ZOXEVEIET void* BIOKRA VX ERLFT, ERD
KL 72358 NULL ZiR L 3,

0 N1 PZZEKRT % L. PyObject_Malloc(1) AMEEN7z& 2[R T & 512, AlAEXR S NULL THRWIL=
TIRRAVRERLET, MEINTZXEY) =IZiZ0hr 2298 ITbh A
void *Py0Object_Calloc(size_t nelem, size_t elsize)

Part of the Stable ABI since version 3.7. ZBZRM elsize N4 » DER nelem A7 DXEY —ZHEMRL.

ZOXEY —2IET voidx BDOKRA VX ERLET, 7usr— MK LGS
XN X EY —fEBE Y e T E R E T,

W NULL 23R L %3,
BRI BEROY A XH0 N4 FOERITH L TId. AIREZR 5 PyObject_Calloc(1
FC &9, 2=—274 NULL THRWERA VX ERLET,

, 1) BRI N-0r
N— 3 v 3.5 TEM.

void *PyObject_Realloc (void *p, size t n)

Part of the Stable ABL. p 283 XEV 7R v 7% n NAL MUH A XLET, HOF AL X2 H LW A
RADPNEVHTETONEREEINEEA,
346
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p 23 NULL O35 EFFH Lid PyObject_Malloc(n) &5fHliTF, 5T n BERIZFELVWHE, X

BV IRy 7R3V A XEINETHBRREINEL A, BSINTRA ¥ ZIFIE NULL T,

p A NULL THRWVWRD, p XFN X DHETD PyObject_Malloc(), PyObject_Realloc() % 7z 1%

PyObject_Calloc() DOFFHLIZ K DRI NRITFUIRD £EA,

FRMEM L 72358 PyObject_Realloc() 1& NULL 3B L. p ERIDX BV Y 72 X THEMERAL V&

DEXTY,

void PyObject_Free (void *p)

Part of the Stable ABL p 83 X €V 70 v 7 2R L £3, p LRI L7z PyObject_Malloc (),
PyObject_Realloc(). £7zi& PyObject_Calloc() DRLMETRIINILD $8A, ZhLUIO5E
% PyObject_Free(p) ZM-UMH LRI o 7HE. RERDEIMEICLD 5,

p 53 NULL OFEMS LER A,

11.6 Default Memory Allocators

Default memory allocators:

Configuration %Hi PyMem_ Raw- PyMem_Malloc ~ PyObject_Mal-
Malloc loc
JY—XEIF "pymalloc" malloc pymalloc pymalloc
TNy IR "pymalloc_debug malloc + debug pymalloc + de- pymalloc + de-
bug bug
pymalloc #L DY Y —2 ¥ "malloc" malloc malloc malloc

IV F
pymalloc fEL DTNy 7'
LR

"malloc_debug"

malloc + debug

malloc + debug

malloc + debug

FiHA:

o Name: value for PYTHONMALLOC environment variable.

e malloc: system allocators from the standard C library, C functions: malloc(), calloc(), realloc()

and free().

e pymalloc: pymalloc memory allocator.

e mimalloc: mimalloc memory allocator. The pymalloc allocator will be used if mimalloc support isn’t

available.

e "4 debug”: with debug hooks on the Python memory allocators.

11.6. Default Memory Allocators
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e "Debug build”: Python build in debug mode.

11.7 XEV 707 —R2%2HRXAEIA1XT S

N— a ¥ 3.4 TEM.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

TJ4—LR L

void *ctx Foglr L TEIhZ1—Farrx
Z b

void* malloc(void *ctx, size t size) XEY 7Ry 7RE DL TES

void* calloc(void *ctx, size_t nelem, size t 0 Ttz XEY Ty 728 hHY

elsize) TXx5

void* realloc(void *ctx, void *ptr, size_t XEYVTuy 72EDHETE2VH A XL

new_size) 7

void free(void *ctx, void *ptr) AEY TR Y I ERINT B

N— a3 3.5 THEHE: The PyMemAllocator structure was renamed to PyMemAllocatorEz and a new

calloc field was added.

type PyMemAllocatorDomain
TR —=RRXA4 YRFEIET 27DDFNEHTT, FX A 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()
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e PyMem_Calloc()
e PyMem Free()

PYMEM_DOMAIN_OBJ
RE¥K:

e PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()
e PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEz *allocator)
BESNZEXAL YOXEY TRy 27 Rr —RERE LT,

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

IBEINERFAL VORXEY Ty 270y —REHRELET,

FLwnwrar—XxiE, 054 PEERINI-LE2=— 27 NULL TRWKRA VR EREXZITERD %
Ao

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.

HLnwryar =017y 7 Tihwv (12807 B s — X2 X720 858, PyMem_SetupDebugHooks ()
BEEIECH LT, #ilwnwra s —X0 iZ7 Ny 77y 7 2BERE LRITIUIRD £8 A,

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

N

&: PyMem_SetAllocator() does have the following contract:

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.
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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).

The PyMem_SetupDebugHooks() function can be used 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.

FATRF = 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).

e 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+1) 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).
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p[-s]
API identifier (ASCII character):
o 'r' for PYMEM_DOMAIN_ RAW.
e 'm' for PYMEM_DOMAIN_ MEM.
e 'o' for PYMEM_DOMAIN OBJ.

pl-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. 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—= a v 3.6 TELHE: The PyMem_SetupDebugHooks () function now also works on Python compiled 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— a v 38 TZHE: Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and OxFD to use the same values than Windows
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CRT debug malloc() and free().

11.9 pymalloc 7O —%

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.

TV—F7ur—2E ROBBEHNET:
e VirtualAlloc() and VirtualFree() on Windows,
o mmap() and munmap () if available,
o ZHDS DA malloc() & free(),

This allocator is disabled if Python is configured with the --without-pymalloc option. It can also be
disabled at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc 7 —7+70O7—32DHRXRZIAX

N— g v 3.4 TEM.

type PyObjectArenaAllocator
TV—FT7Rr—REHRT 5D OMERTT, 3007 4 -V FERLET:

714K S
void *ctx Foglgr L TEshs2—Far7FX
void* alloc(void *ctx, size_t size) size X4 bDT7V—FEE DY TET

void free(void *ctx, void *ptr, size_t size) 7 VU —F %ML ET

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
7V—F7ur—XRELET,

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
7V—FT7ur—%H/RELET,
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11.10 The mimalloc allocator

N— a3 r 3.13 TEH.

Python supports the mimalloc allocator when the underlying platform support is available. mimalloc "is a
general purpose allocator with excellent performance characteristics. Initially developed by Daan Leijen for

the runtime systems of the Koka and Lean languages.”

11.11 tracemalloc C API

N—=a v 3.7 Tl

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 O.

11.12 {ERAA

RONRAR BB v F &2 o T, #E Hioflz Python b — A2 1/O Ny 77 B XEVHERT 2 &5 IcE SR
ATb DL TITRLET:

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— F2RNROBEKEy P TEVNZLOEMIIRLET:
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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;

FEDZo0FITIER, Ny 7> 2EICR LBy MBS BB THREL TWE L IHEREL TSIV, FEEE
HBEREV 7O 7T R B2 XV IRERBZIREAST 2GEMEZES 32012, AEXEY API
77 IVl TITD ZEMPRETT, UTDa— R ODLI7—=HHD, ZD55D—DICR3EL L —
FEET 200X ) HEEBEREMA LTV DT MK (Fatal) £ 5V SF %2 LTVET,

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 ().

IHSDEEICOWTIE. REBEDO CIZE3H L WA TV 27 MO EFRLELEICHE T 20RO THAL £ 3,
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%

TWELVE

F72 U FEREHYR—+ (OBJECT IMPLEMENTATION SUPPORT)

COETIE, LA TP 27 FOMZERT IHEHEONLBE. B, BLUE~70iZOoWTHAL £7,

121 #T2x 0 b2E—TLICXEVERT S

PyObject *_Py0Object_New(PyTypeObject *type)

Return value: New reference.

PyVarObject *_Py0Object_NewVar (PyTypeObject *type, Py ssize t size)

Return value: New reference.

PyObject *Py0Object_Init (PyObject *op, PyTypeObject *type)

Return value: Borrowed reference. Part of the Stable ABIL. #i721C X EVMEREIN/=A T =7 b op I
B L. B HIHIREE T DS (initial reference) Z#HMLL £3, FIlLE AT =7 P RIRL X T,
type >HEDFA T = 7 W DERSBRARN - ORAEELH T 256, MILEHEIEHANRE T4 7
VI Dty MGEMENE T, A7V bOMOT 4 —L RICITHEZRIZEL 8 A

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ ssize_t size)
Return value: Borrowed reference. Part of the Stable ABI. PyObject_Init() D2 TODMRIEZITV, 7]
EHARXATY =7 bOBEIIRSHERD I 5,

PyObject_New(TYPE, typeobj)

C OWEHFRAE TYPE ¥ Python OBA 7Y =7 & typeobj ( PyTypeObject* ) % T Python 47
Pz N OEBEFBREHRELE T, Python DA TV 227 bAy RIZERSINTWARWT 4 —)L FiZ@HAk
SNFEA, MO LILBA TV =27 P ANOHE—DZR 2R B ET (0% b, ZRAIVC MI1IZAED X
T)o XEVHDYTOREXWIHA TS 2 D tp_basicsize 74—V RIZXoTEDLNET,

PyObject_NewVar (TYPE, typeobj, size)

C OWEHRAE TYPE ¥ Python ORA 7Y =27 & typeobj ( PyTypeObject* ) % T Python # 7
Yz b OEBEFHERL 3, Python DA 7Y 27 bAy KITERSINTORWVT 4 —L RiZFHAL
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ENFEVA, RSN XEVITIX. TYPE BHEMRICIIZ. typeobj D tp_itemsize 7 4 —L FIZXk 5T
EDLNIZRKREZDT 4 =L % size (Py_ssize_t ) AN TEE T, ZAUIX TR E D, ERIFIC
RESIZRETEDZ ATV =7 M 2FEET ZBTERN TS, AU XEVEIHITT 4 —L RO S DAL
2T, XAEVEHYOEEZES L. X2 EHERE LIF5 e TEET,

void PyObject_Del (void *op)

PyObject_New E£7:1% PyObject_NewVar IZLoT, A7 =27 bDODITHREINIAE) ZRNL E
T, ZATHEEA 7Y =227 POTRUIEEINTWS tp_dealloc NY RInLEUHEINET, ZHDIE
CHLZDOXEVIZBICE? Python 7Y 27 P TlERLABoTWB D, A 7927 D7 4—L
RIZ7 7 AXNBERETIEDD THA,

PyObject _Py_NoneStruct

Python 2>51% None ICRZX 247227 T, ZODEANDT7 7L RIZ, ZDF T2 bADKAL V&
ZEHEiS %5 Py_None ~ 7 R fibilFiUuIizh 8 A,

BE.:

PyModule_Create() TN
REY 2—1D7mr— kAR,

12.2 £@BDA TP 7 MEERE (common object structure)

Python Tid, #7227 MNllEREFRT S ETHEZL DEERIFDLNE T, ZOHITII=2>0iERy ZDFH
JFEICOWTEHAL £95,

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

Part of the Limited API. (Only some members are part of the stable ABL) £ TDA 7Y =7 MIXZ
OBREPER LIz DTS, ZORIE, 24727 bRIETRA VX% A T7Y =22 & LT Python
OIS DITRBERIEBRMNA > TVET, BHED 7 VU —R" EAFTRE, IOMERICIEZA 722 b0
SAT b ATI 27 MTHIBTA2HA T 2 7 FEIDB Ao TWE T, ERRITIE PyObject TH S
ZEWEFSEINTVERTAL, £2TOD Python #7227 bADKA Y XIE PyObjectx NF ¥y A M TEE
Fo XUNIZT 72 RAT B2 Py REFCNT ~27 0¥ Py TYPE ~Z7uZffbiiyiudizh 8A.
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type PyVarObject

Part of the Limited API. (Only some members are part of the stable ABI.) This is an extension of
PyObject that adds the ob_size field. This is only used for objects that have some notion of length.
This type does not often appear in the Python/C API. Access to the members must be done by using
the macros Py_REFCNT, Py_TYPE, and Py_SIZE.

PyObject_HEAD

AAREIZRLERVWA T2 7 v ERBFATHIHLVWEZEE T2 21ffis 272 T3, PyOb-
ject. HEAD <7 BIIXD LS ICEMEh FT:

[PyObject ob_base; J

Liz®H 3 Pyovject D FF a2 XY b ESRLTLEI W,

PyObject_VAR_HEAD

AVARVAZ LB AR RFOA T2 7 b ERBETZHLWEEZES T2 2> ~rn T3,
PyObject_ VAR, HEAD <=7 13 XD X S ICB SN E 3!

[PyVarObject ob_base; }

LeH B PyvarObject D RF a2 XY P ESRL T I W,

int Py_Is(PyObject *x, PyObject *y)

Part of the Stable ABI since version 3.10. Test if the = object is the y object, the same as x is y in
Python.

N— a ¥ 3.10 TEN.

int Py_IsNone (PyObject *x)

Part of the Stable ABI since version 3.10. Test if an object is the None singleton, the same as x is

None in Python.
N— a3 » 3.10 TEH.

int Py_IsTrue(PyObject *x)

Part of the Stable ABI since version 3.10. Test if an object is the True singleton, the same as x is

True in Python.
N— a3 ¥ 3.10 TEM.

int Py_IsFalse(PyObject *x)

Part of the Stable ABI since version 3.10. Test if an object is the False singleton, the same as x is

False in Python.

N—Y a ¥ 3.10 TEMN.
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PyTypeObject *Py_TYPE(PyObject *o0)
Return value: Borrowed reference. Get the type of the Python object o.
Return a borrowed reference.
Use the Py_SET_TYPE() function to set an object type.

N—a v 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.

N— a ¥ 3.9 TEM.
void Py_SET_TYPE(PyObject *o, PyTypeObject *type)
Set the object o type to type.
N— a v 3.9 TEM.
Py_ ssize_t Py_SIZE(PyVarObject *o0)
Get the size of the Python object o.
Use the Py_SET SIZE() function to set an object size.

N—Ya ¥ 3.11 TEHE: Py SIZE() is changed to an inline static function. The parameter type is no

longer const PyVar0Objectx.

void Py_SET_SIZE(PyVarObject *o, Py _ssize_t size)

Set the object o size to size.
N—a ¥ 3.9 TEM.

PyObject_HEAD_INIT (type)
#FL\W PyObject D7D DUBMEICERT 2~ T3, ZOX7BERD XS IERINET,

_PyObject_EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVarObject type, including the

ob_size field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,
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12.2.2 Implementing functions and methods

type PyCFunction

Part of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions
of this type take two PyObject* parameters and return one such value. If the return value is NULL, an
exception shall have been set. If not NULL, the return value is interpreted as the return value of the

function as exposed in Python. The function must return a new reference.

B DS 72 F 2 I3RDEBHTT

PyObject *PyCFunction(PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

Part of the Stable ABI. Type of the functions used to implement Python callables in C with signature
METH VARARGS | METH KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords(PyObject *self,
PyObject *args,
PyObject *kwargs) ;

type PyCFunctionFast

Part of the Stable ABI since version 3.13. 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

Part of the Stable ABI since version 3.13. 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:

12.2. HBDOF TP 1Y MMEEKR (common object structure) 359



The Python/C API, ) —2X 3.13.0a5

PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining_ class,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames)

N—a v 3.9 Tl

type PyMethodDef
Part of the Stable ABI (including all members). #ERBD X Y v ¥ Z2ilid 3 2 BHICHW 2 &R TS, &
DHERIZIZ 4 DD 7 4 — L 23D D £
const char *ml_name

Name of the method.

PyCFunction m1_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 mi_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 Py0bject#*, 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 LD X v FTHBRIINEON 2O H LA TT, B Pyobjectx BO5 | HfE% —>
FRLET, BAIDFIEIEIXY Y FD self #7922 b TT; Y 2a—VEABOEHE, ZhEEY 22—
ATV P TT, HEZORITRXEK (KL args EMENET) B RTCOGIBERIT LIV A TV =
7 N TF, T ARIZEE, PyAdrg_ParseTuple() X PyArg_UnpackTuple() TUHINEFT,

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.
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METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using

PyArg_ParseTupleAndKeywords ().

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type
PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of

the array).
N— a ¥ 3.7 TEM.
N— a ¥ 3.10 TEH: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the wvec-
torcall protocol: there is an additional fourth PyObject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are
no keywords. The values of the keyword arguments are stored in the args array, after the positional

arguments.
N—a ¥ 3.7 TBEM.

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.
N—a v 3.9 TE.

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.
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The function must have 2 parameters. Since the second parameter is unused, Py_UNUSED can be used

to prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH 0 flag, instead of invoking
PyArg_ParseTuple() with a "0" argument. They have the type PyCFunction, with the self pa-

rameter, and a Py0bject* parameter representing the single argument.

UTFOZoODERE. MOHUBENEZRTDIDOTIERL, Z5ADXY vy R LTHSBOFREHERTHDT
T BV 2= ML TERINAZBEHTHOTERZD EEA, XYy RIIHLTE, RKT—D2LhZD75 7
vy PTEEHA,

METH_CLASS

Ay FORAIDGHEICE, DA YRR ZATRESMATY 27 v A EEIhET, 2D 77 73HAA
AHBIEL classmethod () Zfio THEMT 2D LR I3 AXY Y R (class method) Z £ T % =12 fdib
nx9,

METH_STATIC

AV FORPIDOFIEICE, BDOA4 Y AR ATERL NUILL BDEXIET, 2077 7
staticmethod() Zflio THEKRT 2D LR L BHXY v R (static method) ZHEKT 27D ITflibi
\ij—o

B —ODERIE, HEXAY Y FEFRADHIDRAY v NERLBEMZ 205 02HIHIL £9,

METH_COEXIST

The method will be loaded in place of existing definitions. Without METH COEXIST, the default
is to skip repeated definitions. Since slot wrappers are loaded before the method table, the existence
of a sq_contains slot, for example, would generate a wrapped method named __contains__() and
preclude the loading of a corresponding PyCFunction with the same name. With the flag defined, the
PyCFunction will be loaded in place of the wrapper object and will co-exist with the slot. This is

helpful because calls to PyCFunctions are optimized more than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

Return value: New reference. Part of the Stable ABI since version 3.9. Turn ml into a Python
callable object. The caller must ensure that 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 ml->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.
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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.
N—a > 3.9 TEM.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
Return value: New reference. Part of the Stable ABI. Equivalent to PyCMethod_New(ml, self,
module, NULL).

PyObject *PyCFunction_New(PyMethodDef *ml, PyObject *self)

Return wvalue: New reference.  Part of the Stable ABI since wversion 3.4. Equivalent to

PyCMethod_New(ml, self, NULL, NULL).

12.2.3 Accessing attributes of extension types

type PyMemberDef

Part of the Stable ABI (including all members). Structure which describes an attribute of a type
which corresponds to a C struct member. When defining a class, put a NULL-terminated array of

these structures in the tp_members slot.
Its fields are, in order:

const char *name

Name of the member. A NULL value marks the end of a PyMemberDef [] array.
The string should be static, no copy is made of it.

int type

The type of the member in the C struct. See Member types for the possible values.

Py ssize 1 offset

The offset in bytes that the member is located on the type’ s object struct.

int flags

Zero or more of the Member flags, combined using bitwise OR.

const char *doc

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is defined
using PyDoc_STR.
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By default (when flags is 0), members allow both read and write access. Use the Py READONLY flag
for read-only access. Certain types, like Py_T STRING, imply Py _READONLY. Only Py_T 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},
{NULL} /* Sentinel */

g

(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 encouraged

to use Py_TPFLAGS_MANAGED_DICT and Py_TPFLAGS_MANAGED_ WEAKREF instead.

N—=3Y a3 ¥ 312 TEHE: PyMemberDef is always available. Previously, it required including

"structmember.h".

PyObject *PyMember_Get0One (const char *obj addr, struct PyMemberDef *m)

Part of the Stable ABI. Get an attribute belonging to the object at address obj addr. The attribute
is described by PyMemberDef m. Returns NULL on error.

N—3 a3 ¥ 3.12 TEHE: PyMember_GetOne is always available. Previously, it required including

"structmember.h".

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *o)

Part of the 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 0 if successful and a negative value on

failure.

N— a ¥ 3.12 TAHE: PyMember_SetOne is always available. Previously, it required including

"structmember.h".
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Member flags
The following flags can be used with PyMemberDef. flags:

Py_READONLY

Not writable.

Py_AUDIT_READ

Emit an object.__getattr__ audit event before reading.

Py_RELATIVE_OFFSET

Indicates that the offset of this PyMemberDef entry indicates an offset from the subclass-specific
data, rather than from PyObject.

Can only be used as part of Py_tp_members slot when creating a class using negative basicsize. It

is mandatory in that case.

This flag is only used in PyType_Slot. When setting tp_members during class creation, Python clears
it and sets PyMemberDef.offset to the offset from the PyObject struct.

N—Y a3 ¥ 3.10 TZH: The RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED macros available
with #include "structmember.h" are deprecated. READ_RESTRICTED and RESTRICTED are equivalent to
Py_AUDIT READ; WRITE_RESTRICTED does nothing.

N—3 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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Y7 0% C pH! Python M

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

3%3 T Cﬁafi‘%l%‘y:gﬁrl*%%ﬂﬁ— ~ l(Si?)}ect implementation support)
const charx (*) str (RO)

Py T STRING
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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.

N— 3 ¥ 3.12 TEM: In previous versions, the macros were only available with #include "structmember.
h" and were named without the Py_ prefix (e.g. as T_INT). The header is still available and contains the old

names, along with the following deprecated types:

T_OBJECT

Like Py_T_O0BJECT_EX, but NULL is converted to None. This results in surprising behavior in Python:
deleting the attribute effectively sets it to None.

T_NONE
Always None. Must be used with Py_READONLY.

Defining Getters and Setters

type PyGetSetDef
Part of the Stable ABI (including all members). BAD 70T 4 DX I RT 7R ZERT 272D D
BERTF, PyTypeObject.tp_getset ARy FDFHHABSIML TL 12X W,

const char *name

e

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

EEDFFa Xy Tr—va ryXFs

void *closure

Optional user data pointer, providing additional data for getter and setter.

typedef PyObject *(*getter)(PyObject®, void*)

Part of the Stable ABI. The get function takes one PyObject* parameter (the instance) and a user

1 inter (1] o Y
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B E 7T R NULL &N DRI N2 ZEH LWSIRER L T,

typedef int (*setter)(PyObject*, PyObject*, void¥)

Part of the Stable ABI. set functions take two PyObject* parameters (the instance and the value to

be set) and a user data pointer (the associated closure):

BHEZHIERT 2581, 2 BHD RS A — X2 NULL Zf8ELE 3., L7561 0 2. ERLGEE

-1 Z2fste LTRL£9,

123 BAToxo +

WA XA NORZEFRT 258K PyTypeObject MiERIZ, 25 Python £ 73 =27 P A F7 LAOHTH
SEERMEARD 1 DTL x5, BA TP 22 I PyObject_* RS PyType_* ROBEBTIRZ FTH. 1ZL A
D Python 77V r—>avictoT, SLTHHADD 2HEEZIRM L FEA, BA 727 NI4T
JIBEDESIRES 02D LEBTI NS, A V& TV ZAGRPH BB EZERT SHREY 2 — LTl

IEHICHEHBERIHET T,

A 7Y 7 MIEEDR! (standard type) IZHANRZ 2R D RKRELMEERTT, FBEA TV 27 MNIZ L DfE
ZMREELTED, ZDIEL AR C BEBANDKRA Y 2T, ZhZ2hOBKIZZ DRDEEED/ NS WET 2T L
TVWET, ZOHITIE, AT 27 POET 4 =V RIZOWTEHMZHHALES, &7 4 —L Fid, #EANT

HBS 2 IEEICHH S ATV E T,

UTD7 4y 2107 7Ly RZMAT, ERA &#HiTl& PyTypedbject DEBRE H W %2 —H THRT = 2 5% &

HFTWET,

1231 24y o2UT77L >R

tp XOv b+

PyTypeObject X[ kp- 370, 1 &Y BHRAY v R /SHEMY InfoP- 370, *2
CTDI

<R> tp_name const char * ___name X X

tp_basicsize Py ssize_t X

tp_ttemsize
tp_dealloc
tp_vectorcall_offset
(tp_getattr)

(tp_setattr)

Py_ssize_t
destructor
Py ssize_t

getattrfunc

setattrfunc

>
Mo
Qo

_ getattribute_
___getattr____
_ setattr_,  delattr

@

ROR—TICHL
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R 1-RIOR—IH5DHEE

PyTypeObject @+ kr- #70. <1 & BEEX Y Y RSB Info™2
CTTDI
tp_as_async PydsyncMethods * sub-slots %
tp_repr reprfunc ___Trepr____ X X 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
tp_str reprfunc _ str_ X X
tp_getattiro getattrofunc ___getattribute___, X X G
___ getattr___
tp_setattro setattrofunc _setattr_,  delattr___ X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc___ X X
tp_traverse traverseproc X G
tp_clear INqUITY X G
tp_richcompare richemp func N le | eq , X G
_ne_, gt ., ge
(tp_weaklistoffset) Py_ssize_t X 7
tp_iter getiterfunc _ iter X
tp_tternext 1ternext func __mnext_ 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 inttproc _ init X X X
tp_alloc allocfunc X 77
tp_new newfunc ___new___ X X 7?7 ?
tp_free freefunc XX7?77
tp_1is_gc INQUITY X X
<tp_bases> PyObject * _ bases_ ~
<tp_mro> PyObject * ___mro___ ~

RDOR—TIHL
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369



The Python/C API, ) —2X 3.13.0a5

R 1-FIOR—IH5DHEE

PyTypeObject @ kp- 370 =1 & BHXAY v R /SH%EME Info*?
CTTDI

[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

sub-slots

Slot B BHAV Y R

am_awat unaryfunc __await_

am_aiter unaryfunc __aiter

am_anext unaryfunc __anext

am_send sendfunc

*I (): A slot name in parentheses indicates it is (effectively) deprecated.

;Xo)/\o_:/“‘:l:l:.<

<>: Names in angle brackets should be initially set to NULL and treated as read-only.

[]: Names in square brackets are for internal use only.

<R> (as a prefix) means the field is required (must be non-NULL).

*2 5

”0O”: set on PyBaseObject_Type

”T”: set on PyType_Type

"D default (if slot is set to NULL)

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").

”I”: inheritance

B
| |

the slots of the sub-struct are inherited individually

type slot is inherited via *PyType_Ready* if defined with a *NULL* value

G - inherited, but only in combination with other slots; see the slot's description

? - it's complicated; see the slot's description

Note 1l | fectively inharited throneh il L attribute lookun chai
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R 2-HIOR—IHS5DHEE

Slot it BFHXY Y R
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___
~rdivmod
nb_power ternaryfunc ___pow____
___rpow_
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_lshift binaryfunc _Ishift ~  1l-
shift
nb_inplace_lshift binaryfunc _ ilshift
nb_rshift binaryfunc __rshift_
_rrshift_
nb_inplace_rshift binaryfunc __irshift_
nb_and binaryfunc _and
___rand____
nb_inplace_and binaryfunc _dand
nb_zor binaryfunc ___Xor_
__rxor___
nb_inplace_zor binaryfunc _ixor
nb_or binaryfunc __or___ ___ror____
nb_inplace_or binaryfunc __ior_
nb_int unaryfunc __int
RDOR—TIH

12.3. BFJoz ok

371



The Python/C API, ' —X 3.13.0a5

R 2-HIOR—IHS5DHEE

Slot it BFHXY Y R
nb_reserved void *
nb_float unary func _ 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_ttem ssizeobjargproc __ setitem
_ delitem
sq_contains objobjproc ___contains___
sq_inplace_concat binaryfunc _ dadd__
sq_inplace_repeat ssizeargfunc __imul___
bf_getbuffer getbufferproc()
bf_releasebuffer releasebufferproc()

372 B 12E 72U bREYER— b (object implementation support)



The Python/C API, JJ—2X 3.13.0a5

A0y FDEHRE (typedef)

EHR (typedef) 583 wDER
allocfunc PyObject *
PyTypeObject *
Py _ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visttproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
oot ¥
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See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject E%&

PyTypeObject DIEEMAREFRIE Include/object.h TROFHN 23T TT, B

WFERZRDIELET:

DOFMEEEL DT, 22

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 suttes for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;
/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;

setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */

PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */

/* call function for all accessible objects */

traverseproc tp_traverse;

(RD<R—=212%i<)
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/* 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 version 2.6 */

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;

} PyTypeObject;

(AIDR=I 5 DREE)
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12.3.3 PyObject XO0vw ~

The type object structure extends the PyVar0Object 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

Part of the Stable ABI. This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (ob-
jects 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.
e

Y TRATEZDT 4 =L EFEHELEEA,

PyTypeObject *PyOb ject.ob_type

Part of the Stable ABL B EADH, BIOFWS%2T 25 & XXX 47 TF, PyObject _HEAD_INIT ¥ 1
THIHAL X ., BHEIX &PyType_Type IRV ET, LH L. (PR d) Windows THHATE 28HY —
RA[RERINIRE Y 2 — L TlE. a YA AL TR W e X2 D3 %F, 22T, Kbl
L C. PyObject_HEAD_INIT IZi NULL 2 L CT#IHHL L TH &, MMOBEEZITIANCEY 2 — D]
LREECHIRINICZ D7 4 =V REAIET 2 2 218> TVWE T, ZOFEELTO & 5 I TVWET:

[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.
M-

VTR FZZDT7 4 — NV REHEL T,

12.3.4 PyVarObject XOvw

Py_ssize_t PyVarObject.ob_size

Part of the Stable ABIL. BRICAEVBERINTVWEREA TS/ OBE. 207 4 =L RiZERIZH]
Hibxn g3, BNICAEVBREIATVWREA TV OFE. 207 4 — RIZNE#EH SN 25
W ERZRH $9,

R

Y ITRAL FIEZDT 4 — L FEHREL TR A,

376

B 12E 72U bREYER— b (object implementation support)



The Python/C API, JJ—2X 3.13.0a5

12.3.5 PyTypeObject XO0v ~

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".

FRICAEBUREFERINZBEA TSI OBE. 2074 — A FIEEICHEOLRICKRD, Y 2—14%1T
ROFENTF— '__module__' I FTA2MHY L THRINICHEEINE T,

BINICAEVRRINZBEA TSV F OEE, tp_name 7 4 — L FIZIE Ry FREERTVWRIETT
T, REDFy F&DBENTH 2HXFHERIT _ _module EHX LT, /2Ky FEXDBEACH
57 __name__ B L T77t€xTE% T,

Fy FBA o TWRWEE, tp_name 7 4 —)L NONAEETH __name__ EMICKE D, __module__ &
M (AR X 5 ICBOFENTHRINIZE Y FLARVHIED) RERICRDET, 20D, TOHEIZ
pickle fbk TERWVWZ TR D E T, X5, pydoc PHELT A ET 2— L FFa XY DY R MIHES
Db ET,

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
ik
PTRLFNEZDT 14— FEHEL EE Ao

Py_ssize_t PyTypeObject.tp_basicsize
Py ssize t PyTypeObject.tp_itemsize
INBDT 4 =V RE BA YRR ZADNL P YA XEFHETESZL51CLET,

AR o0fE DD 7 BFERA VAR ADENZ, tp_itemsize 7 4 —)L KRB0 T, AJERA
VARYADHIZ tp_itemsize 74— FDIEXODMHEICZ Y £, FHEEA AKX Y ZADOHDIGE,
TDA VAR RIFFELL tp_basicsize THA LNV A XKD ET,

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_titemsize, where N is the "length” of the object. The value
of N is typically stored in the instance’s ob_size field. There are exceptions: for example, ints use
a negative ob_size to indicate a negative number, and N is abs (ob_size) there. Also, the presence

of an ob_size field in the instance layout doesn’t mean that the instance structure is variable-length
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(for example, the structure for the list type has fixed-length instances, yet those instances have a

meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance

layout. The basic size does not include the GC header size.

774 YA MCHETIER ZROBERZRET 2BRICHEDT 74 Y XY " PRBEL R 25E,
tp_basicsize DHIZRZ DI RIFIUIR D £X¥ A, Bl: H 58D double DEFIZELELTWB L
£3, tp_itemsize \& sizeof(double) TTF, tp_basicsize M sizeof(double) (Z ZTWEIh%
double D7 74 Y XY FPHERFT 2V 4 XRET 2) DEBA OV A4 X2 E51F501d 7075
SDEMETT,

For any type with variable-length instances, this field must not be NULL.
o

INBDT 4 =N REFHTRAL TR ACHERINE T, BHIEXA TH 0 TR tp_itemsize BFFoT
WG, HEX A TOFEEKRF L ETH, —RINCEY 724 FTHlo 0 THEWER tp_itemsize IT
RETHDRIRETEDD T A,

destructor PyTypeObject.tp_dealloc

A VARYADT AT 7 RBADRA 2 TT, 2O (HET None % Ellipsis DHED & S
W) A VAR YAPRUTAEY BRI ROV TRVED LT ERLRITNERD ERA, 72 F 2
ROMEH TS

{void tp_dealloc(PyObject *self);

The destructor function is called by the Py_DECREF() and Py_XDECREF () macros when the new ref-
erence 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 Py0b ject_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.

378
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static void foo_dealloc(foo_object *self) {
PyObject_GC_UnTrack(self) ;
Py_CLEAR(self->ref);
Py_TYPE(self)->tp_free((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py _DECREF()) after calling the type deallocator. In order to avoid

dangling pointers, the recommended way to achieve this is:

static void foo_dealloc(foo_object *self) {
PyTypeObject *tp = Py_TYPE(self);
// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp) ;

-
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 vectorcallfunc pointer.

The wectorcallfunc pointer may be NULL, in which case the instance behaves as if

Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its be-
haviour is consistent with the wectorcallfunc function. This can be done by setting ¢p call to
PyVectorcall_Call().

N—Y a3 ¥ 3.8 TAH: Before version 3.8, this slot was named tp_print. In Python 2.x, it was used

for printing to a file. In Python 3.0 to 3.7, it was unused.

N—=Y 3 v 312 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.
.

This field is always inherited. However, the Py_TPFLAGS HAVE_VECTORCALL flag is not always inherited.
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If it’s not set, then the subclass won’t use vectorcall, except when PyVectorcall_Call () is explicitly

called.
getattrfunc PyTypeObject.tp_getattr
F T2 arDRA Y RT, get-attribute-string 2175 B ZEIEL £ 3

D7 4=V FEIHHERTT, ZOT7 44—V FEERT DL X, tp_getattro BIERIL & 5 1TEEL.
JEMAE Python XXFF 7Y =7 FTIEARL CXFHITHRETS 2 &5 wBfziET XL ziinl
D EEA,

e
Group: tp_getattr, tp_getattro

ZDT7 4 =KX tp_getattro Y T XA SR SINET: Thbb, 3744 7D tp_getattr
B tp_getattro BT NULL DA, ¥ 724 FIIEEX A T 5 tp_getattr & tp_getattro
ZMTE ML £T,

setattrfunc PyTypeObject.tp_setattr
AT avDREART, BEDOBIE L HIPRZAT 5 BBZIEL $5,

D7 4=V FRIHHERETT, ZOT7 44—V REERT DL X, tp_setattro BEEFIL X5 TEEL.
JEE#E Python XTI 7Y = 7 b TIER L C XFHITHRET % & 5 Rz T L oL
BHEEA

i
Group: tp_setattr, tp_setattro

ZD7 4=V RiE tp_setattro HITH T XA FITHRINET: TRDE, ¥ T7XA TD tp_setattr
BEIU tp_setattro BIIT NULL DIFE, 7 XA FIIHIER A THh S tp_setattr ¥ tp_setattro
ZHTE HMAL X5,

PyAsyncMethods *PyTypeOb ject.tp_as_async

BIMOMEKREZIETRA VX TT, ZOMERIE. C LLT awaitable 7’8 b 3Ly asynchronous
iterator 70 N ANEEETEF TV 2 FEFIRERTE 74— A FEFEBEE T, FFLWVI &IE async
FTD U MEER 2ZRLUTLIIZZ W,

N— a v 3.5 TiEM: MH{IE tp_compare % tp_reserved ¥ L THIGNTWE L7z,
e
tp_as_async 7 4 =)V RIFMRSINERAD, ZHIZEENS 7 4 — L FHBEFICHE XN E T,

reprfunc PyTypeObject.tp_repr
F T arDRA VRT, HAABBEE repr() ZFHEL TV EELE T,

The signature is the same as for PyObject Repr():
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[PyObject *tp_repr (PyObject *self); ]

ZOBEEEIXTFINA TP 227 + D Unicode 7Y =7 FERIZRITNUERD $HA, BEMIZ., 2O
BRI SCFHNE, WYIRIREET eval () WE LG E. RCERZEOA 7Y 27 M2k 3 X 5 BR3FF
TRITERD FR A, FARERBEIE, A 72027 VORI ELSEBHLZNBED Aoz <" o4
FoT '>' THROLZFHNZRSRITIUIRD THA.

HEE:
P ITRATEIDT 4 — L REREKLET,
FI7xILE

TDT 4 =L FBREINTOVRWIEEE, <%s object at %p> DERE & 2 XLFHIMRINE T, %s &
BOZENZ, p E3A T2 7 FVORAEY 7 FLRAICEEZ SN E T,

PyNumberMethods *PyTypeObject.tp_as_number
BiE7 v b a2 RE L BMOMEREZIES R V2T, o607 4 — L FizownTid HEFT
DU MEER THIHIATHWE T,

kA
tp_as_number 74—V FIZMERINFEVAD, TZOEFENE 7 14—V ROBMEGNSHARZI N E T,

PySequenceMethods *PyTypeObject.tp_as_sequence
Y=y R70 b arERELEBMOMERZIET A VX T, ThHDT7 4 =L FIZOVWTIE &—
TURATI U MEER THIHIATHE T,

o
tp_as_sequence 7 4 — )V FIZMR SN ELAN, THTETEND 7 14— FHEFICHA I E T,

PyMappingMethods *PyTypeObject.tp_as_mapping
~ybErr7n b areRELBMOMEREZIET RS XX T, ZTRHDT7 4 — A RIZOWTIE ¥
TATo U MMESE THRHIATVET,

fr:
tp_as_mapping 7 4 =)V FIZHR I N ERAD, THUTEEND 7 4+ — RBEFICHERE N E T,

hashfunc PyTypeObject.tp_hash
T arDRA Y RT, MAHAHBE hashO) Z2FEEL TV IR ERELET,

The signature is the same as for PyObject_Hash():

[Py_hash_t tp_hash(PyObject *);
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BHEICE -1 ZRDEICLTIRD EA; Ny Y 2 HOREHRICE S =AU GG, BREHIsZ
£y FLT -1 2 BRERIEED ZEA,

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().

Z D7 4=V RIXBHRNIZ PyObject_HashNotImplemented () WZEXET 5 Z & T, Bl type »HD Y
YaxXYy ROMEETOY 7 FT5Z N TEET, Z4UE Python L XL TOD __hash__ = None &[5
ICfER XA, isinstance(o, collections.Hashable) HIEL K False ZiRT X5k h T, Wb F
FAHETH 5 Z 2 ICER L TL XV - Python LN)LC __hash__ = None ##& &3 % Z £ T tp_hash
A8y M3 PyObject_HashNotImplemented() ICRESNE T,

i
Group: tp_hash, tp_richcompare

D7 14—V R tp_richcompare £ HIZH T XA FICHEAINET: Thbb, 7847
D tp_richcompare B KU tp_hash BW T & H NULL O L E, 7 X4 TEEEXA T o
tp_richcompare ¥ tp_hash ZM L bEL £5,

TI7#4IIb
PyBaseObject_Type uses PyObject_GenericHash().

ternaryfunc PyTypeObject.tp_call

AT aVDRAVET, ATV 27 VOSHLEZEE L TOAHEIELEST, A7V =7 MO
LAJRE TR WA NULL 1S LRI R D /A, ¥ 732 F v & PyObject_Call() ERILTT,

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

R
B TRAL T IZZDT7 4 — L FEHELET,

reprfunc PyTypeObject.tp_str

* T arDRA Y RT, HARABLDER str() ZFEL TVWIHHERHLET, (str BBD—DIT% -
Jole®, str() W str DAVA NI XEFIHT I IFERLTLEIV, 2OV R M7 RIFERE
DI E(TS ET PyObject_Str() W L. X 51T PyObject_Str() I DAY K7 2HUHT Z
LI ET, )

The signature is the same as for PyObject_Str():

[PyObject *tp_str(PyObject *self);

ORI FHNA 7Y = 27 +p Unicode 73 =7 F 2B RITNIRD FEA, ZREA TV =7 ¢

7 DR (friendly)” RELL 72 3FHITRITIUIED FE A, EWVWIDIE, TOXFINIE DD

:j‘ SI9=Ay
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-
Y TRATEZDT 4 — L RERELET,
FI7FIL bk

ZDT7 4 =V EBRRESNTOWERWEE, FHIRBIZIRT 0121 PyObject_Repr() BRFUHZH
\i\j—o

getattrofunc PyTypeObject.tp_getattro
F 7T arDRA VR T, get-attribute ZEEL TWLEERL 3,

The signature is the same as for PyObject_GetAttr():

[PyObject *tp_getattro(PyObject *self, PyObject *attr);

HHEOBMEMEBELFIEL TWS Pylbject_GenericGetdttr() I D7 4 =V FIZRELTEL &0 T
WOBEREHN T,

i
Group: tp_getattr, tp_getattro

ZDT7 4=V R tp_getattr Y T XA FITHEZINET: Thbb, 37X 4 TD tp_getattr
B tp_getattro BT NULL DA, 724 FIIEEX A T2 5 tp_getatir & tp_getattro
ZHTE HMAL X5,

TI7#ILE
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT arDRA VT, BEORE L HIFRZITS BRI L 3,

The signature is the same as for PyObject_SetAttr():

[int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

E 51T, value 12 NULL ZH5E L CTEMZHIBRTZ 2 X5 I LRTFNUIRD FEA, @EDA TV =7 ME
MRELERELTWD PyObject_GenericSetAttr() ZIZ D7 4 =L RIZHRELTEL L0 TVWOHE
EERT T,

ek
Group: tp_setattr, tp_setattro

ZDT 4= F& tp_setattr HITH T XA FITHRINET: $7DB. ¥ 7 X4 TD tp_setattr
B XU tp_setattro BT NULL DA, ¥ 724 FIIHEX A T 5 tp_setattr & tp_setattro
. WA LKL ET
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T7#ILE

PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs *PyTypeObject.tp_as_buffer

Ny 774 YR =T 2—A%EHELTVWEF TV 27 NCOAMET 2, —#HD 7 4 — L FEEDPA - 72
MOMERZIET KA VX TT, BERNDEZ 4 =V FE Ny T7F T2V MMEERE (buffer object
structure) TEBHL ¥ 3,

R

tp_as_buffer 74—V FAKEIMHRESINELADL, ZHICEENDS 7 4 —L FIAMERNCHEASI N E T,

unsigned long PyTypeObject.tp_flags

ZDT7 4=V REKABRT I ITDHRBEY PRRAZTT, W D207 7 7F FEDKRIICB VT
ZHINR <Y T4 JADBEHAINZ L Z2RLETS;, 207573, BA 79227 b (HH WV
tp_as_number . tp_as_sequence . tp_as_mapping . BEY tp_as_buffer MBI L TV 2 ILERIKEE
HIER) OFRED 7 4 =L FDS5 5, BEPSHIEETT o LFFEL TV DI TIERVS DIFEMITR -
TVWABZEZRTLEDIMEONET; 7577y b7V 7ERTWIUR, 77 7DBRELTNWDE T 4 —b
FiZid7 72 A LW b DI, ZOfEIFE R D NULL I8 5 TW2 e AREIRIFIUIRD $HA,

R

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?

Tk
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

DRI 2 Ly bR ZEBBEEREINTVWAEHDTT; 77270 | HEFTHREMEZE-T tp_flags
74—V EEDEZERTE%T, PyType HasFeature() 7 RiZMe 75 7l tp BXU f 2t b,
tp—>tp_flags & £ IEL a5 p#FENET,

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dy-
namically 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
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DECREF’ed when an instance is destroyed (this does not apply to instances of subtypes; only the
type referenced by the instance’s ob_type gets INCREF’ed or DECREF ed).

kR
777

Py_TPFLAGS_BASETYPE
BEHNOBIOHESX A T LTHZ 25812y PENEE Y TS, ZOEY bRZ7 V7RSI Z
DHDY 7 EA FIFERTEEEA (Java BT 2 final” 7 5 A2 7 22D £7),

v
777

Py_TPFLAGS_READY
BA 7Y 27 WD PyType_Ready () THREWXFHLEhZ ety PEaNBZE Y bTT,

v
777

Py_TPFLAGS_READYING
PyType_Ready() IC & 2MA 7Y = 7  OWLEFIcEy FENB Y Y FTT,

o
777

Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be
created using PyObject_GC_New and destroyed using Py0Object_GC_Del (). More information in
section fEIREBEAN—TUOL V> 3% 7R— k9 3. This bit also implies that the GC-related

fields tp_traverse and tp_clear are present in the type object.
.
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.

12.3.
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R

777

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(*xargs, **kwds).

This flag enables an optimization for typical method calls like obj.meth(): it avoids creating a

temporary "bound method” object for obj.meth.
N— ar 3.8 TEM.
.

This flag is never inherited by types without the Py_TPFLAGS IMMUTABLETYPE flag set. For ex-

tension types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_MANAGED_DICT

This bit indicates that instances of the class have a __dict__ attribute, and that the space for

the dictionary is managed by the VM.
If this flag is set, Py_TPFLAGS_HAVE_GC should also be set.

The type traverse function must call PyObject_VisitManagedDict () and its clear function must

call PyObject_ClearManagedDict ().
N—Pa ¥ 3.12 THEM.
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.
N— a v 3.12 T:EM.
e

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.
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Py_TPFLAGS_ITEMS_AT_END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the instance’s
memory area, at an offset of Py_TYPE(obj)->tp_basicsize (which may be different in each

subclass).

When setting this flag, be sure that all superclasses either use this memory layout, or are not

variable-sized. Python does not check this.
N— a v 3.12 TEM.

i

This flag is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

INBHDT 5 7NE PyLong_Check () D & 5 7RBAED, B e H2MARALBDYT 77 5 A 5 0%
FEHWT20EONET; COHEHDOF = v 7% PyObject_IsInstance() @ & 5 RLHNR
FryZ XD bEETT, HAAAREZHEL MEORITIE tp_flags ZHEYNIRETNET, Z
SLARVEZDORPEDZ - FTIE. CARF v Z7OFEMEONZE DIC X > TIRZFHWH R -
TLESTL& I,

Py_TPFLAGS_HAVE_FINALIZE

BIRGEMAIC tp_finalize ARy MPFELTWVWAHE XLy hENBE Y T,
N— a v 3.4 TEM.

N— a Yy 3.8 CTIEHLE: This flag isn’t necessary anymore, as the interpreter assumes the

tp_finalize slot is always present in the type structure.

12.3. BFJoz ok 387



The Python/C API, ) —2X 3.13.0a5

Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset for

details.

i

This bit is inherited if ¢p_call is also inherited.
N— a ¥ 3.9 THEM.

N— a ¥ 3.12 TEH: This flag is now removed from a class when the class’s __call__() method

is reassigned.

This flag can now be inherited by mutable classes.

Py_TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

.

This flag is not inherited.

N— a3 ¥ 3.10 TE.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new__ key
in the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before

PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or &PyBaseObject_Type and
tp_new is NULL.

R

This flag is not inherited. However, subclasses will not be instantiable unless they provide a
non-NULL ¢p_new (which is only possible via the C API).

AETR: 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.

N— g > 3.10 TIE/.
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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.

EM: Py TPFLAGS MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

i

This flag is inherited by types that do not already set Py_TPFLAGS_ SEQUENCE.
BE:

PEP 634 - &M & — <y 7 Ik

N—a ¥ 3.10 Tl

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.

AMR: Py TPFLAGS MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

.

This flag is inherited by types that do not already set Py_TPFLAGS_MAPPING.
BE.:

PEP 634 - #gH KX — <y F: {1k

N— ar 3.10 TEM.

Py_TPFLAGS_VALID_VERSION_TAG

Internal. Do not set or unset this flag.  To indicate that a class has changed call

PyType_Modified()
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4. 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

FTavDRAVET, ZOBATI =7 bD docstring 5 %% NUL #ii &7z C ODXFHIEIEL
9, ZOEEEA T2 M BIDAL YRR RAICBY S __doc__ Bl LTABIAE T,

A
B ITRAFVIZDT 4 — L FRHE LEEA

traverseproc PyTypeObject.tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the
Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

[int tp_traverse(PyObject *self, visitproc visit, void *arg);

Python DA R—=yaL 7> a yOEMHAICOVWTOFHMIE, BREBAR—OAL I aVaETR—FT
B WIZHLET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_traverse function simply calls Py_VISIT() on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse() from the

_thread extension module:

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() DERBBICEZIBADDHZ2AANIEFIRUHEIATWE I IZFEHLTLEE W,
self->key X N\dH D T T, ZHIU NULL % Python XFH|DT, JEERSRO—HICK2 Z2dd
DEEA.

—F AYAPMERZBEO—FCRDERVEH>TNTH, 7Ny ZJHWTEEI L I2WIEERH 208 L
NEVWDT, gc EY 2 —/LD get_referents() BIRIIMEIRSIRICL DGRV U ANGRL £T,

Heap types (Py_TPFLAGS_HEAPTYPE) must visit their type with:
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[Py_VISIT(Py_TYPE(self) g

It is only needed since Python 3.9. To support Python 3.8 and older, this line must be conditionnal:

#if PY_VERSION_HEX >= 0203090000
Py_VISIT(Py_TYPE(self));
#endi f

If the Py TPFLAGS_MANAGED_DICT bit is set in the tp_flags field, the traverse function must call
PyObject_VisitManagedDict () like this:

[PyObject_VisitManagedDict ((PyObject*)self, visit, arg);

g

#: When implementing tp_traverse, only the members that the instance owns (by having
strong references to them) must be visited. For instance, if an object supports weak references via
the tp_weaklist slot, the pointer supporting the linked list (what tp_ weaklist points to) must not
be visited as the instance does not directly own the weak references to itself (the weakreference
list is there to support the weak reference machinery, but the instance has no strong reference to

the elements inside it, as they are allowed to be removed even if the instance is still alive).

Note that Py_VISIT() requires the wvisit 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 there-
fore either visit Py_TYPE(self), or delegate this responsibility by calling tp_traverse of another
heap-allocated type (such as a heap-allocated superclass). If they do not, the type object may not be
garbage-collected.

N— a v 3.9 TEH: Heap-allocated types are expected to visit Py_TYPE(self) in tp_traverse. In

earlier versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.
ik
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with ¢p_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.

imquiry 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:
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[int tp_clear (PyObject *); ]

tp_clear X U NEHEUZ GC BHH LML TV I I OFEESEE2ET ZHDICHVLNE T, BER
KERTEZD L, AT LHNDETD tp_clear BEDEEEL T, 2 TOEERSREBIEL R IFNUXR
DERFA, BRIE: HATH tp_clear ZEELLRLS THLETOERSEPIFETCE 20 THIUTEE L
CTHRV) ZHEFETHBMMT, LA LTHI NIRRT D 2D THIUI, tp_clear BT
BZRETT, FIZIE, XV tp_clear BFHEL FHA, BERS, XTI THBRINIEERSR
MBHOHDZLFND TS, MoT. XTNVLHNDID tp clear BIIZIIT, XTIV EEL Y AR
RSO B ITWIETE 222D T, ZAFEFICH 2 Z 2 TIERL, tp_clear DEHELEITZ R
WHEIZD - 7212H D H A

ROFNZH 2 ED1T, tp_clear DFEEEE, £ VARV AN S Python A7V =7 b2 Bbhd X VoA
DBEHL. ZREDRX U ANDRA Y RITNULL 2ty FFRETT:

static int
local_clear(localobject *self)
{
Py_CLEAR(self->key) ;
Py_CLEAR(self->args) ;
Py_CLEAR(self->kw) ;
Py_CLEAR(self->dict);
return O;
}

The Py_CLEAR() macro should be used, because clearing references is delicate: the reference to the
contained object must not be released (via Py_DECREF()) until after the pointer to the contained
object is set to NULL. This is because releasing the reference may cause the contained object to become
trash, triggering a chain of reclamation activity that may include invoking arbitrary Python code (due
to finalizers, or weakref callbacks, associated with the contained object). If it’s possible for such code
to reference self again, it’s important that the pointer to the contained object be NULL at that time,
so that self knows the contained object can no longer be used. The Py_CLEAR() macro performs the

operations in a safe order.

If the Py TPFLAGS_MANAGED_DICT bit is set in the ¢p_flags field, the traverse function must call
PyObject_ClearManagedDict () like this:

[PyObj ect_ClearManagedDict ((PyObject*)self) ;

Note that tp_clear is not always called before an instance is deallocated. For example, when reference
counting is enough to determine that an object is no longer used, the cyclic garbage collector is not

involved and tp_dealloc is called directly.

tp_clear BAOBEMNMISEA Y ¥ M Z2H#ET 2 Z 2 R DT, Python XF4IX Python B D X 5 &, &
BBRICAEDILDOTERWA T I 27 b2V 7T 208EH Y £HA. —/. FTET 52T Python
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FTIO2 7 2V TTBEEIICL, ZOWD tp_dealloc BN tp_clear BAREEIT TR LT3
Y RENEICHRBZTL X D,

Python D RX—yaL 7> a YOAHAICOWTOFMIE, BREEAR—JOL I3 ZYR—FT
3 WZHHFET,

.
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 arDRA Y RXT, RREEEBZIELE T, 272 F v I ZXOEH T

[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 PyTypeOb ject.

OB, HERERERIRETT, (Fi@X Py_True % Py_False T, ) lHEAREROLEIZ.
Py_NotImplemented %. ZHLIHND T Z —HFHAE L IGEIIEHISNIKELZ Y b LT NULL 2RI RITN
372D ¥ A

tp_richcompare B XU PyObject_RichCompare () BIBODE =581 5 72D DEH L LTI THE
FINTVET:
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T et 34

<
Py_LT

<=
Py_LE
Py_EQ

! p—
Py_NE

>
Py_GT

>=
Py_GE

FESREEBBIEL (rich comparison functions) ZfiHICEIART 2 720D 7 uBERSINTVET

Py_RETURN_RICHCOMPARE(VAL_ A, VAL B, op)

b U 7245125 U T Py_True %> Py_False ZiRL £3, VAL A ¥ VAL B & C OB IC
Ko TIEFRMAIETRITNIERD FVA FIZIEZn ST C SREOBRFEHI/N SIS T
Lx3)e =HEHDFIBUTIE PyObject_RichCompare() ¥ RFICERINZEREEZIREL £55

The returned value is a new strong reference.
T RSB ERCE LT, BRI S NULL TY X—>Y L X,
N— a v 3.7 TEM.

e

Group: tp_hash, tp_richcompare

ZDT7 4=V RIiE tp_hash &Y T E A4 FITHARINES: TRDE, YT XA TD tp_richcompare
BLY tp_hash DT D NULL D& &, 7 X4 SEHEX A TH 5 tp_richcompare & tp_hash %
Mg e bMAL %3,

F7#ILEbE
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PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However,
if only tp_hash is defined, not even the inherited function is used and instances of the type will not

be able to participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset

While this field is still supported, Py_TPFLAGS_MANAGED_ WEAKREF should be used instead, if at all
possible.

BDA VAR AT BBATRERIGE. D7 4 =L REER LD b RERBICRD., £ VAR AR
WKEITZHZRI A MOXBEEZRTA 7Ly AN ET (GCAYXDDHI5EITIWBLET);, 2oF
7% v M#IE PyObject_ClearieakRefs () B LU PyWeakref _* BIOFIAL £3, 1 ¥ A& ¥ il
RIZIE, NULL @b X7z PyObjectx BID 7 4 =L RS A > TOWRIFIUIRD R A,

ZDT7 4= F% tp_weaklist LIREAILBRVEIIICLTLAZE W ZAIEA TV 27 FHEANDHSIR
M55 R NDIEIHTT,

It is an error to set both the Py_TPFLAGS MANAGED_WEAKREF bit and tp_weaklist.
k-

D74 =N FREYTEAL FITHREINETH, LTORHIZHATLEE W, 77X FE DA 71y
MEZA—=NFTA RFTEZEDBHHET; MoT. T T7XA T TIEHSIRY X b OEEHPEEX A T L I3 R
RABZGEDRDHY T, VA NDRIEIIFEIC tp_weaklistoffset THMNRETRDT, DI LIXRHEIC
E 57T,

F7#FILE

If the Py_TPFLAGS MANAGED_WEAKREF bit is set in the tp_dict 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 aYDERT, Z2DA T2 D ATL—F ZRTEBADKRA X T, ZOBEMNFET S Z
L, BE OB VAR VAN AT L—FAEE THEZ 2R LTVWET (LAL, =7 YR
DREEDR S THA T L — FATRET ),

ZOB#UE PyObject_GetIter() LR 72 F ¥ 2o TWET:

{PyObject *tp_iter (PyObject *self);

T
B TRALTIZZDT 4 — NV FEHELET,

iternextfunc PyTypeObject.tp_iternext
FTTaYDORALVRT, term:* A T L — X — <iterator>ODRXOEZRZIRTEKEILET, 73 F ¥
EROMD TF:
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[PyObject *tp_iternext (PyObject *self);

]

ATV —ROEHEDRL 2D . TOBIE NULL 2R X RIFAUTIR D £¥ A, StopIlteration FIFMIH
ELTHLRSTHRNVWTT, ZOMODTT —DRAELE 2, NULL 2RI RIFIUIRD ERA, 20O
T4 =V ERBHZL, ZOBDA VARV AWML TL—RTHEIERLET,

AT —=2MTI, tp_iter D ERSI N TVRITIUIL LT, ZOBEIE (Bl f 7L —& 4 VR X
YATIRBL) AT LR VAR Y ZAEFRZIRERRED FHE A

COBEBDY ZAF v & Pylter Next() R LTI,
ik

Y TRATEZDT 4 — L REHRELET,

struct PyMethodDef *PyTypeObject.tp_methods

AT avDORALVET, ZORDIEH (regular) DX Y v REEEF LTW5S PyMethodDef HiEHRD & 72
%, NULL T S 7= s 26 L £ 3

BADEERZ LT, XYy FTRZ Y T RDAo7, BEPBOEEE (TLD tp_dict ZH) [ZBMS
nEI,

k-

GTRALTBEDT 4 =L RERRLZRA (XY vy RIZAED A 5 =2 A THESHTVET),

struct PyMemberDef *PyTypeObject.tp_members

F T arDRA Y RT, BMDIER (regular) DT — XX YN (74 =V FBLUFZRBy b)) ZEFLTW
% PyMemberDef Witi{hn 572 %, NULL TR SN 7-ERET 2 L £ 3,

BHIDEHEHRZ LI, AYNTRIZ VT RDOA - EEZPOFEE (TiLD tp_dict ZR) ITBME N
9,

kR

PTRATEZDT 4 =V REHELEEA (X UANFFHED X B =X L THEIHTVET),

struct PyGetSetDef *PyTypeObject.tp_getset

FTarDRAVET, 4 VAR AOHEMEMSE (computed attribute) 2EF L TW3 PyGetSetDef
MBS 72 5. NULL TR S M7 BRIV R ECN 246 L £ 9

BCH DB EZR T L1, getter/setter T A7V T RDA o7z, BEPHOFFE (TLD tp_dict ZH) 138
mEhEd,

kR

PTRATEZDT 4 = FEMEAL FEA (BHBIHEEIED X =X A THRESHTHET),
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PyTypeObject *PyTypeObject.tp_base
AT avDRAYRXT, BT T nRT 4 ZKT 2RIKXA TZIELET, 2OT7 14— FOLA
TR, HffK (single inheritance) 723239 K — F SN TWE T ZHEHMRIEIX X X4 TONTH LICX
LENNBIA 7O 2 7 FDERELEE LET,

AFR:  Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to
be ”address constants”. Function designators like PyType_GenericNew(), 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 (gcc 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.

.
(H7=DHEITTD) 77X A AEZDT 14—V FEHEL X A,
T7#ILE

D7 4=V EFDF 7 4 MEIWE (Python 7 v 27 5 <1d object Bl L THI » TWw 3)
&PyBaseObject_Type 22D £,

PyObject *PyTypeObject.tp_dict
B OFFEE PyType_Ready() IZL>TIDT7 4 =L RIZINDLNET,

This field should normally be initialized to NULL before PyType_Ready is called; it may also be ini-
tialized 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 dictio-

nary for an arbitrary type.

N— 3 ¥ 3.12 TZHE: 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.

by 8

BTRALFEZDT7 4 =V RERERLEEA (B, ZOFENTERINTOVIEHIEIERZ XD =X LT
MRS ET),
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T7#ILE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

= =%
=-

/L/O

tp_dict IZ PyDict_SetItem() Zffio7b. #&H C-API THET 2D LLTEDD X

& IR

descrgetfunc PyTypeObject.tp_descr_get

FTTavDORALVERT, TRIZVTXD get HEERL T,

B D> 732 F 23RO BHTT

[PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type);

k-

B TRALFIZZDT7 4 — L REHEL T,

descrsetfunc PyTypeObject.tp_descr_set

AT aryDRL VRT, FTRIZV T RDEORE L HIFRZAT S BRI L $5

B DS 742 F 2 IZRDEBHTT

[int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value);

EZHIERS 5121E. value 518UZ NULL ZREL T,
k-

P TERALFZZDT7 4 — NV FEHEL T T,

Py ssize t PyTypeObject.tp_dictoffset

While this field is still supported, Py TPFLAGS_MANAGED_DICT should be used instead, if at all possible.

BDA VAR Y RZA VAR Y RAERD AN - TREED D 555, TD7 14— NI nofEIczd ., o
A VAR VAT = ZRERICBIT 24 VARV ABEBEFHENDA T2y FBADET; 204 7y MEK
PyObject_GenericGetAttr() DMHEWE T,

DT 4=V F% tp_dict LRALEZVEISIZLTLEZZY; ZhREA 7Y =27 FEHFORBEDOFE
T,

The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate memory
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for the dictionary, so it is may be more efficient to call PyObject_GetAttr() when accessing an

attribute on the object.
It is an error to set both the Py_TPFLAGS MANAGED_WEAKREF bit and tp_dictoffset.
e

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

This slot has no default. For static types, if the field is NULL then no __dict__ gets created for

instances.

If the Py_TPFLAGS_ MANAGED_DICT bit is set in the tp_flags field, then tp_dictoffset will be set to

-1, to indicate that it is unsafe to use this field.
tmitproc PyTypeObject.tp_init
FTTavDRLYRT, A VAR ZGIHLEBETEL £ 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 D> 72 F v 3RO BHTT

[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 BAEKD 7 4 — K23 NULL TRWIHE, @EOREZMETHTHEDA ¥ AKX ¥ AERITB VT,
BD tp_new BN A Y ARV RAZIBR LRI IHENE T, tp_new DITTOBDY 7 % 4 FTRVHID
RERTIBE. tp_init ZRLFFCHENTEA; tp_new BITTOBDY T XA TDA VAR A %IRRT
By BT RATD tp_init BDFECHINE T,

D 2i2id 0 &2, =7 —Kpidfstzty bLT -1 ZIRLET,
k-

PTRAANEZDT 4 =V FEMAL ET,

TI7#ILE

For static types this field does not have a default.
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allocfunc PyTypeObject.tp_alloc

FFarvDEALVRT, A VAR ZADAE ) HEMFRBEKEZIELET,

B D> 72 F 23RO BHTT

[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).
Tk

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard heap

allocation strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc(). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new

F 7 arvDEALVRT, 4 VAR Y ZERBEREPIEL E5,

B DS 732 F 23RO BHTT

[PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIAERT 247 27 bOBITT; args BX kwds 5180%,. HEFFUHT  2OMESIHEB
XUF—T— FEIETT, subtype 1 tp_new BIEMUH T L 25 B e FUTH 2HEFRNI LI
FELTLEIY; 2080 (FEEAKRTERW) 3724702 dbdbh T,

tp_new BAEUE subtype->tp_alloc(subtype, nitems) ZFFUHILTA T =7 + DX €V HEEZHR
L. #IHETHEONCRE e SN2 T 2T VWET, AL DEEDIELZD LTHRED LWL
B tp_init AY FIRREE LRI RD FRA, ZVT20OEZRE LTIE, ZEARERECIIYIH
{LIZ2T tp_new TITWV, —F. ZEABRLETIXIE AL OHIHLE tp_init WEITRNETT,

Set the Py TPFLAGS_DISALLOW_ INSTANTIATION flag to disallow creating instances of the type in
Python.

kR

BTRAFIZZDT7 4 =V FEMALET, FlFL LT, tp_base 2% NULL 2 &PyBaseObject_Type I
o T3 MR TIEMAL 8 A

F7A4ILE
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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 avDEAYRT, A VARV ADAE Y RBBEREHRLET, 72 F v ZUTO@ED TT:

[void tp_free(void *self);

DY AF ¥ L HIED B 29I T3 PyObject_Free() T3,
i

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class

statement)
777k

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc() and
the value of the Py_TPFLAGS HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

imquiry PyTypeObject.tp_is_gc
FTa Y DERAVRT, HR=TaAL 7 XpoMFHEINIBKEELET.

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); J

(LR XS BBDINZ, AT =7 FEKTT, XZ XA T PyType_Type &, D XY WERDERIY
 BH e XHlT 57D OB ERLTVET, )

.

YITRATRIIDT 4 =V KL X,

TI7#4Ib

This slot has no default. If this field is NULL, Py_TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject *PyTypeObject.tp_bases
BEM» 57252 TV TT,
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This field should be set to NULL and treated as read-only. Python will fill it in when the type is

initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of

PyType_FromSpecWithBases (). The argument form is preferred.

Z4&: Multiple inheritance does not work well for statically defined types. If you set tp_bases to

a tuple, Python will not raise an error, but some slots will only be inherited from the first base.

-
ZDT7 4= FIFMERINEE A,

PyObject *PyTypeObject.tp_mro

HEXA THEERLEEEDRA> TWERX IV TT, EEREEETIHAKRILIECE D, object THK
DO ET, XV v FERIEF (Method Resolution Order) (295 TAHA TV E T,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is

inttialized.
ek
ZDT7 4=V RIFHERINERA; 74— FOfEIX PyType_Ready () THEIFIEINET,

PyObject *PyTypeObject.tp_cache
REMD 7 4 = FTF, WBTOAMAENET,

-
ZDT 4= RiFHERIN 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__().

N—Y 3 ¥ 3.12 TZHE: For some types, this field does not hold a valid PyObject*. The type was

changed to void* to indicate this.
il
D7 4= FIFER N T Ao

PyObject *PyTypelObject.tp_weaklist
COMATY 27 NINT 2595 HP 685 VR FDREETT,
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N— 3 ¥ 3.12 TZHE: Internals detail: For the static builtin types this is always NULL, even if
weakrefs are added. Instead, the weakrefs for each are stored on PyInterpreterState. Use the

public C-API or the internal _PyObject_GET_WEAKREFS_LISTPTR() macro to avoid the distinction.
.
D7 4 =N FEMRERSNEEA,

destructor PyTypeObject.tp_del
ZDT7 4=V RIFBEIEXNE Lizs tp_finalize ZRDDICHIHL TLZE W,

unsigned int PyTypeObject.tp_version_tag
AV FFEyyTandf Y7y 72 LTHEDNET, WEMERZ T D0 OB T,

-
ZDT 4 =L RIFEREINFEA,

destructor PyTypeObject.tp_finalize
FT a2y DRA Y RT, A VAR AOKTIEBERZIEL T, > 72 F v TO@ED TY:

[void tp_finalize(PyObject *self); ]

tp_finalize WRESINTWVIHE A VARV RE T 74 FFTAXTHLEIL, A VRTVEXBZDH
¥ 1EMFCHLES, IR—aL 27X (204 YRR AP LGRSO —E7 - 255) 4
TPl FOWEINIENNICD ZOBBIMECHEINE T, YELO5ATH, BRSEEELLS
FTHRNCFOHE NS ZEARFESNTNT, RIS T =7 PBIEEBRREICH S X5 L ET,

tp_finalize ZBEDBINREZZEITRETEDD FEA; o T, BMTRVWT 74 F 74 ¥ 2 ESL
WIIROTTEPHEREE KT

static void
local_finalize(PyObject *self)
{
PyObject *error_type, *error_value, *error_traceback;
/* Save the current ezception, if any. */
PyErr_Fetch(&error_type, &error_value, &error_traceback);
VB V4
/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);
}

F7z, Python DFR—=YavL 7> a»Tid, tp_dealloc ZMUHTDOERA T 7 P EERLIZAL v
REFTIER L, AEED Python ALy F2d LAKRVWE WS HICHERLTTI WV, (A7T =7 b
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WERBHEO—HOHE, FEDOAL Y FOIR—T AL I a Lo TRREINTLEI D LAER
A)o Python API {2 & ARUE. tp_dealloc MU T AL v RidZv -4 v 27V &ay 7 (GIL:
Global Interpreter Lock) 21§32 DT, ZAUIMETE DD $H A, LLADXL, HIFREh LS L
TWEA 7227 bME2D CR CH+ FAT7VHRDA TS =7 M ZEIBRT 2858, tp_dealloc %
HOHTALy FOA 7Y 227 F2HIRT 2 28T 74 77 VOREL TV ST 50 DFFNTER L
IR EMTIZRENDHD T,

T
P ITRATEXZDT 4 =L REHKLET,
N— 3 v 3.4 TEM.

N— a v 3.8 THEHE: 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.

BE.:
YTV L ORERE T (PEP 442)

vectorcallfunc PyTypeObject.tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall
for type.__call__. If tp_vectorcall is NULL, the default call implementation using __new__() and

__init__Q) is used.

.

D7 4= FERLTHERSNEEA,

N=Pa v 3.9 TEM: (2074 =V FE38DLOFELTVETH, 3.9 UETLAFMTEREA)

unsigned char PyTypeObject.tp_watched

Internal. Do not use.

N— a3 v 3.12 TEH.

12.3.6 Static Types
Traditionally, types defined in C code are static, that is, a static PyTypeObject structure is defined directly
in code and initialized using PyType_Ready ().
This results in types that are limited relative to types defined in Python:
e Static types are limited to one base, i.e. they cannot use multiple inheritance.

 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.

404 B 12E 72U bREYER— b (object implementation support)


https://peps.python.org/pep-0442/

The Python/C API, JJ—2X 3.13.0a5

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 ().

12.4 BEF TP =0 MMEER

type PyNumberMethods

COMERIIBIERL 7 0 » a2 T 270 lbN 2 BBEFAD KA Y X 2R L TVWET, UTDZ
nzh OB BIEEL T O R JJL (number protocol) TG E T W 2 L7 AT O S AN E T,

UM 3SR OERTS:

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

unaryfunc nb_float;

binaryfunc nb_inplace_add;
(KDR=D12HiL)
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} PyNumberMethods;

binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;

binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;

binaryfunc nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;

(AIDR=I 25 DfE X))

AR K —HBRE. IRTOART VY FOREF 2 v 7 LRIFIER ST, SEREHE 523
LRFIERD A (T BRLEDBART VY FO—DEERLTVEIHDAL Y AX VY ATY). bLEZ
LT ART ¥V FITR L TIRIEDER S AR T AUR. IHBIS L =THBISIE Py_NotImplemented % iR &

RIS T, O T =T 5 7BEE. NULL 2R L THls %

RELZITIUIZZ D FE A

EFR: The nb_reserved field should always be NULL. It was previously called nb_long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_add

.nb_subtract

.nb_multiply

nb_remainder

nb_divmod

ternaryfunc PyNumberMethods.nb_power
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unaryfunc PyNumberMethods.

unaryfunc PyNumberMethods.

unaryfunc PyNumberMethods.

nb_negative

nb_positive

nb_absolute

inquiry PyNumberMethods.nb_bool

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

unaryfunc PyNumberMethods.

nb_invert

nb_lshift

nb_rshift

nb_and

nb_xor

nb_or

nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

binaryfunc PyNumberMethods

nb_float

.nb_inplace_add

.nb_inplace_subtract

.nb_inplace_multiply

.nb_inplace_remainder

ternaryfunc PyNumberMethods.nb_inplace_power

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_inplace_lshift

nb_inplace_rshift

nb_inplace_and

nb_inplace_xor

12.4. BiEATD 1o MMEEK
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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

12.5 I 7A Tz MEER

type PyMappingMethods

ZofERIE~ Yy TR0 b arBRETZ-DIHEONZEBEEANDORAS X EEELTWET, LITD
3ODXUNEF>TVWET:

lenfunc PyMappingMethods.mp_length
Z DRARUE PyMapping Size() X PyObject_Size() »HAMAEIH, ZhHEFELI 72 F ¥ Z2FioT
WET, ATV 27 MPERSNIERIZFRBVEEIR, TOARy NI NULL ICRESNE I ehdh
£,

binaryfunc PyMappingMethods.mp_subscript
Z O B X PyObject_GetItem() B X U PySequence_GetSlice() » & Kl H = f.
PySequence_GetSlice() YR 72 F v HFioTWVWET, ZDRAB Y M PyMapping_Check() 23 1
BB DITBBET, 5 TRIIUI NULL DHEBH D $3,

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice() and
PySequence_DelSlice(). It has the same signature as PyObject_SetItem(), but v can also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.
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12.6 >—T72XF T2 TV MMEER

type PySequenceMethods
OGRS — 7 Y RBT 0 b al e FEET 3 DIlbN BB R A VX2 L TVE T,

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_iten slots.

binaryfunc PySequenceMethods.sq_concat

Z DBA%IE PySequence_Concat() THIHHE N, MU 72 F ¥ 2FioTVE T, F/ + HAETTYH,
nb_add A0y M X 2BUEMAZEA L - RICHHINE T,

ssizeargfunc PySequenceMethods.sq_repeat

Z OBEE PySequence_Repeat () THIHZ N, ML 72 F ¥ 2o TWVWET, ik, * HAETYH,
nb_multiply A0y MIXA2BIEREZHK L ICHHSINET,

ssizeargfunc PySequenceMethods.sq_item

This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slot is filled, it is called and the sequence
length is used to compute a positive index which is passed to sq_item. If sq_length is NULL, the

index is passed as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item

This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem(), after trying the item assignment and deletion via the
mp_ass_subscript slot. This slot may be left to NULL if the object does not support item assignment

and deletion.

objobjproc PySequenceMethods.sq_contains

Z DOBIBUR PySequence_Contains ) HHMMHEIN, FLS 72 F ¥ 2HoTWVWET, TDARY M
NULL D8535 D, Z Df PySequence_Contains() I Y I NICv v F§ 54727 b2 RO
FTy—r v 2%KEILET,

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat () will fall back to PySequence_Concat (). It is also used by the aug-

mented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.
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ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
mented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply

slot.

12.7 Ny T 7F T2 TV MBER (buffer object structure)

type PyBufferProcs
Z OREGEARIT buffer ORI DERT ZEBEANDOKRA VX EREFLTVET, ZO7m b, =
JAR—R—=F T2 "IN LT, ZOWNET—Z %2222 a— 47927 PCEITPEERL
9,

getbufferproc PyBuf ferProcs.bf_getbuffer

OO IAF Y I T o@D T

{int (PyObject *exporter, Py_buffer *view, int flags);

flags THRE XN FIET view ZHEHDTIZLWVWE WD exporter T ZERZMWHELE T, X7 v 7 (3)
ZRROT, ZOBBROEETIIUTORT v 72{ThRIFIUIAZD 8 A:

(1) Check if the request can be met. If not, raise BufferError, set view->obj to NULL and return
-1.

(2) ERENFT7 4 =L FEMDET,

(3) =2 2K — b LIRS 2EA Y X2 AL Y2V XV FLET,

(4) view—>obj IZ exporter ZFE L. view->obj ZA Y7 VAV FLET,

(5) 0 ZELEF.

exporter 3Ny 7 7 TONL ZDF = 4 YV —D—HTHIUX, 2200 FBERFAPHHTEET:

e HIJAR—=}: V) —DEEENTZIAR-IEINEA TV 27 b2 LTRAHF V., BEANDH LW
S % view->obj Nty FLET,

¢ VXAV M N7 7BRKBYVYV—DL—=1+F T2 MIUVXRALIZ FENET, T ZTI
view->o0bj I — b AT I 27 bADFLWSIRIZKRD £,

view DEARD 7 4 =N ik N 7 7IBER OFCTHIHIATED, =7 AR—- b PREEDERIIHL ¥
SXE LRI S0 OHANK, Ny T 7ERODEZA T OHFicHH £,
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Py_buffer EEHROFNHLZHMLTVEIRTOREVEFITI/ZAKR-KXIBEL, avya—<h0ikik?
FCEMTRLSTERD FR A, format . shape . strides . suboffsets . internal Z2 ¥ 22—
o EEmiAt LEHTT,

PyBuffer_ FillInfo() &, ®TDOVIZIZAMXA FZIEL KIS BT, Bl AL F N 77 21T 5
R B R L 9,

PyObject_GetBuffer(D &, TOBBEI v F52arya—<MAIDAf YR —7 2 —ATT,

releasebufferproc PyBuf ferProcs.bf_releasebuffer

COBBDY 73 F ¥ ZULTOEY TF:

[void (PyObject *exporter, Py_buffer *view);

Ny Z77DVY —AZHRT2ERZUHLES, bLHARTZ2LEZODHZY Y — AR WVWHAE,
PyBufferProcs.bf_releasebuffer & NULL KL THMUVWEREA, £ TRVWHEARE. ZoBKD
a2 R EIE. DUT OEEONFTFIE (optional step) ZITWE T

(1) T2 2H— b LS FET 2 EA Y Y 2 F 2 ) A2 F LET,
(2) BV ED 0 DHEIE, view BT SN2 TORAEY UL T,

IIVRAR—KZ. Ny 77EEDY Y —ABERLUET 272912 internal 74— F2EbRiIFUI%
DEBA, ZOT74—NFiE, arvya—<MBview 5IBELTEHIIFIALDODNYy 77Dab—%2ELTH
ZTHASH. BbOoRWI MBI TOE T,

Z ORI, view->0bj ZT 7 VXY PLTRWITEEA. BRER S ZNUT PyBuffer_ Release() TH
NI 2056 TT (ZOHRIISHROMERZH S DITEHTT),

PyBuffer_Release() &, ZOM%E Iy 722y a—<MiD[ X -7 2 —ATT,

12.8 async 77 7 MBS

N—a v 3.5 TEM.

type PyAsyncMethods

Z OGERIE awaitable A 7Y =7 N ¥ asynchronous iterator A 7Y = 7 kB FEEET B DB IR BEEL
NDRA ¥ RERFFLTVWET,

UM I3 ERDER TS :

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
(KDR=D12HiL)
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(AIDR=I 25 DfE X))
sendfunc am_send;
} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

OO A F R LT D@D T

{PyObject *am_await (PyObject *self); }

BENZATIO2 7 3 ATL—F TRINERDERA, 2ED DA TI 7 PIIHLT
PyIter Check() 73 1 ZiRE7RIFAUIZD FH A,

F 7Y 27 MW awaitable THRWGE, ZDABy % NULL ICRELE T,

unaryfunc PyAsyncMethods.am_aiter

OO A F Y LT D@D T

{PyObject +*am_aiter (PyObject *self); J

Must return an asynchronous iterator object. See __anext__() for details.
7Y 27 FHIABIRKEAIED 7 b al e FEELTORWES, TOABy M NULL ICREL 5,

unaryfunc PyAsyncMethods.am_anext

OO IAF v I TOED 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
COBBDY 72 F v I TOED T

[PySendResult am_send(PyObject *self, PyObject *arg, PyObject *xresult); ]

See PyIter_Send() for details. This slot may be set to NULL.

N— a3 ¥ 3.10 TEH.
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12.9 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py _ssize__t nitems)

Part of the Stable ABI. The purpose of this function is to separate memory allocation from memory ini-
tialization. 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.

COMBTREMDOVDR 2 A4 Y AR Y ZAHEHE BT o TIR D FE A, BMOXEVED L TTSH/ToT
B FHEA, ZOXS R tp_new TITHONEINETT,

typedef void (*destructor)(PyObject™)
Part of the Stable ABI.

typedef void (*freefunc)(void*)
tp_free ZBML T W,

typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject™)
Part of the Stable ABI. tp_new ML TL7Z X0,

typedef int (*initproc)(PyObject™, PyObject*, PyObject™)
Part of the Stable ABL. tp_init 2B L T E W,

typedef PyObject *(*reprfunc)(PyObject™)
Part of the Stable ABL. tp_repr 2L TL X W,

typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
Part of the Stable ABL. # 7Y =27 FOEEOEZIREL £3,

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)
Part of the Stable ABL. 7Y =7 FORBMICEZHREL 23, BHEZHIFRT 21213, value () 511
NULL Z&EL ET,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
Part of the Stable ABL. 7Y =7 FOREHEOEZIRL £3,

tp_getattro ZBML T E W,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)
Part of the Stable ABL. A 7Y =7 FOEMEICEZREL 9. BHEZHIBRT 21213, value () 515802
NULL % 3%F L E 3,
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tp_setattro ZBML T E W,
typedef PyObject *(*descrgetfunc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI. tp_descr_get #ZL T X W,
typedef int (*descrsetfunc)(PyObject™, PyObject*, PyObject™)
Part of the Stable ABL. tp_descr_set ZZJLTL X W,
typedef Py hash_t (*hashfunc)(PyObject™)
Part of the Stable ABIL. tp_hash ZZ L T FX W,
typedef PyObject *(*richempfunc)(PyObject*, PyObject®, int)
Part of the Stable ABI. tp_richcompare ZBHRL T 72X\,
typedef PyObject *(*getiterfunc)(PyObject™)
Part of the Stable ABL. tp_iter 2B LT X W,
typedef PyObject *(*iternextfunc)(PyObject™)
Part of the Stable ABIL. tp_iternezt #ZMRL T 72X\,
typedef Py_ssize t (*lenfunc)(PyObject*)
Part of the Stable ABI.
typedef int (*getbufferproc)(PyObject™, Py buffer*, int)
Part of the Stable ABI since version 3.12.
typedef void (*releasebufferproc)(PyObject®, Py buffer*)
Part of the Stable ABI since version 3.12.
typedef PyObject *(*unaryfunc)(PyObject™)
Part of the Stable ABI.
typedef PyObject *(*binaryfunc)(PyObject™, PyObject™)
Part of the Stable ABI.
typedef PySendResult (*sendfunc)(PyObject™, PyObject®, PyObject™*)
am_send ZZML TLIZE W,
typedef PyObject *(*ternaryfunc)(PyObject*, PyObject®, PyObject*)
Part of the Stable ABI.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py ssize t)
Part of the Stable ABI.
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typedef int (*ssizeobjargproc)(PyObject®, Py ssize t, PyObject™)
Part of the Stable ABI.

typedef int (*objobjproc)(PyObject™, PyObject*)
Part of the Stable ABI.

typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
Part of the Stable ABI.

12.10 fERAH

T 2T Python ORIERDHELHIZ N OhET £ T, 206 DBINCIFD 72725883 2 Hadry e FI A #%
BATVET, WSORDHITIE MY vy F—7Ra—F—Fr —ZZEELTVET, X2 DORPEERIRIER,

Fa— U T7APRLERS, defining-new-types X new-types-topics S L TL 72X W,

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

i

IO AEROETERAVEEWa— F% (FRZ CPython ®a— FR—XHT) B2 2ehdb2hrdbLhZk

FA:

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)

"mymod .MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */

0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */

(RDR=21HiL)

12.10. fERA
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(reprfunc)myobj_repr, /* tp_repr */

S
*

tp_as_number */

S
*

tp_as_sequence */

S
*

tp_as_mapping */
tp_hash */
tp_call */
tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
PyDoc_STR("My objects"), /* tp_doc */

/* tp_traverse */

/* tp_clear */

NN\
* %

O O O ©O O © O © O O
NN Y DY
EIE

N
*

/* tp_richcompare */
/* tp_weaklistoffset */
/* tp_iter */

/* tp_iternexzt */

/* tp_methods */

/* tp_members */

/* tp_getset */

/* tp_base */

/* tp_dict */

/* tp_descr_get */
/* tp_descr_set */
/* tp_dictoffset */
/* tp_init */

/* tp_alloc */
myobj_new, /* tp_new */

O O O O O O O O © O © © © © o ©

g

(AIDR=I 5 DREE)

FBRRA VAR VRAFEE, Ny Y2k R—- T BEL

N

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,

(RDR=D12Hi L)
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(AIDR=I 25 DfE X))

.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.

factory func) using Py_TPFLAGS_DISALLOW INSTANTIATION flag:

uses a separate

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",

ig;

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {

(DR=21ZHEL)

12.10. fERA
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(AIDR=I 25 DfE X))
PyVarObject_HEAD_INIT(NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof(char *),
.tp_itemsize = sizeof(char x),

I3

12.11 EREBARN—2OL I a2 R—-FT3

Python BERZBHEEZEDIR—Y DM aL 7y a Y EYFR—FT21203, o+ 7o =27 Micds 7 ay
T (MDA T2 MDY T FIEAET) 2 REATI 2T MUK BV R— FBRETT, o
ATV 27 MIWNTRZRELELLRVATY 27 b, (BUESLXXFAND L 572) 7 b &% (atomic type) ~D
BREFEIET S ES5RATIE, AR—Yarrya YZBLTEIICA L Wo R — F 2245 2 BB
HHFHEA,

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 FLEHMOA T 27 NI, ZOEICHERZRANGES LR uEzh s8A. BED -
O, D757 %y VLIEROAT O VAT F AT FERULET,

ayFFEOaY A 7 XEYUTOZO0MANGHEES LRIFIUER D FHA:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2o a Yy TFFANDBRBPAZLDBLARVT 4 =L ERR2THHRALI AL L, T
PyObject_GC_Track() ZFFOH ERITIUILD £H A,

RIS, A 7227 bDOXEY) BHBEKS LT D= SORANEE LR Ui h T8 A:

1. fioary7FE2BRLTVWE 7 4 =V REE{LT 2H(IC. PyObject_GC_ UnTrack() ZFEUH X RiFH
372D F8 Ao

2. A7V 27 FDRXEVIX PyObject_GC Del () TR LTI D THA,

i34

&: 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 popu-
late the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that imple-
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ments 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)

This is Unstable API. It may change without warning in minor releases.

Analogous to PyObject_GC_New but allocates extra_size bytes at the end of the object (at offset

tp_basicsize). The allocated memory is initialized to zeros, except for the Python object header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

ZE&: The function is marked as unstable because the final mechanism for reserving extra data
after an instance is not yet decided. For allocating a variable number of fields, prefer using

PyVarObject and tp_titemsize instead.

N—a v 3.12 TEM.

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)

Part of the Stable ABL. # 7Yz 2 b op %, AL 7RIk GEBENEZ TV =7 POEAITEML
¥9, AL 7 ZEFMEHE K OALRTETELRVOT, BHINATVIHEIEA 7Y =7 MIELWIRETWR
UKD /A, tp_traverse DR L L ZETD T 4 =)L FHWIELWIREBIZR > TI T, 720TW0»
Fay 2 b7 7 ZOREMET, MEHITNETT,

int PyObject_IS_GC(PyObject *obj)

Returns non-zero if the object implements the garbage collector protocol, otherwise returns 0.
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The object cannot be tracked by the garbage collector if this function returns 0.

int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. 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().

N— g r 3.9 TEM.

int PyObject_GC_IsFinalized(PyObject *op)
Part of the Stable ABI since version 3.9. Returns 1 if the object type of op implements the GC
protocol and op has been already finalized by the garbage collector and 0 otherwise.
This is analogous to the Python function gc.is_finalized().

N—a v 3.9 TEM.

void PyObject_GC_Del (void *op)

Part of the Stable ABI. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL. #7327 bt op &, AL 7 RICE-oTEBRFEINEZ AT =27 bOEED LERE
LET, ZDOATI =P MW LT PyObject_GC_Track() ZHEMNUIHL T, BfXNh A7 27 b
DEABICRT Z L BARETT, tp_traverse NY RTDMNRL RSB 7 4 —L EDIEL  RWIKEEIZZR 2 i
2, T7RT—2& (tp_dealloc NY RZ) FA 7V =27 MW LT, ZOBEBEMIHITNETT,

N— a3 3.8 TEZH: The PyObject_GC_TRACK() and _PyObject_GC_UNTRACK() macros have been re-
moved from the public C APL

tp_traverse NY RIIEZDBRDEE AT X —REZITWMD £3:

typedef int (*visitproc)(PyObject *object, void *arg)
Part of the Stable ABI. tp_traverse N> N 21T N2 £ X —BIRL (visitor function) ORITF, T
DOBEEIE, BRTEATI 27 b% object £ LT, tp_traverse N> KT D 3 5|18% arg ¥ L TR
L3, Python Da7i3nWL o200 X —FBHZ2H->T, IR LBERZR M T 2 LHA%
FELET, 2—FDPEHBOLDIIL Y X -2 HILEPH T 52813 RWTL & 9,

tp_traverse NY FZIIROEZFF - TWRIFIUIZR D FEA:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

Part of the Stable ABL. 27 F A 7Y 27 FD7ddD b 7 N—H LB (traversal function) TF, E
T, self KEHEA->TWEEA TV =27 M LT visit BIBEIFCHIZ2FUIRD A, TOL
X, visit NDNRTRARFAYTFIA>TWVWEKEF T b, TONY RIIZEENT arg DIETT,
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visit BIEUE NULL 470 =27 b ZEFIBICELTHUOH L Tk b 8 A, visit DIEL 0 DEZIRTEHE.
II7—REL, REWEEZZOZETFRT IS CLARTNERD A,

tp_traverse N¥ F I Z2ERICE L /2DIZ, Py_VISITO) =7 upitEhTnES, Zoxruzffis ol
iE. tp_traverse DEIEEBOTIBIF. —XFHEDT visit & arg TRIFNUIRD EVA:
void Py_VISIT(PyObject *o)

0 73 NULL TZIFAUL, 0 ¥ arg 25T LT visit 2=y 2RI L E T, visit LR TRWER
BUEGE, ZOMEERLET, 2O~ u%Zffis ., tp_traverse NY FZIERD X512k 3

static int
my_traverse(Noddy #*self, visitproc visit, void *arg)
{

Py_VISIT(self->foo0);

Py_VISIT(self->bar);

return 0O;

tp_clear NY F I dnquiry BITH 20, A7V =7 FHAZE (immutable) %RFEIE NULL THRIFAUERD

FE A

typedef int (*inquiry)(PyObject *self)
Part of the Stable ABL. fEIRZREZEM L TW2 e BIZLEZSRBELHELET, EETARERL 7Y
7 MAERSREERYR T2 Z MR LTRVDT, ZOBBEERTIVEEIHD EHA, ZOXY Yy
FEFOCHLZBRTH A 7Y 27 MIBMREETRINELZLRVDOTHERELTLZE W (BRI LT
Py_DECREF() ZMERIZFICLRWVTLEE W), ARN—YaL 7 xid, A7 z7 bHPERSBEE LT
WBZEERHLEBBICZOXY v REMUHLET,

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.

Py__ssize_t PyGC_Collect (void)
Part of the 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)

Part of the Stable ABI since version 3.10. Enable the garbage collector: similar to gc.enable().

Returns the previous state, 0 for disabled and 1 for enabled.

12.11. BEREBBAR—IIAL I 3VEYR—FT3 421



The Python/C API, ) —2X 3.13.0a5

N— a3 » 3.10 TEH.

int PyGC_Disable (void)

Part of the Stable ABI since version 3.10. Disable the garbage collector: similar to gc.disable().

Returns the previous state, 0 for disabled and 1 for enabled.
N— a ¥ 3.10 TEM.

int PyGC_IsEnabled (void)

Part of the Stable ABI since version 3.10. Query the state of the garbage collector: similar to
gc.isenabled(). Returns the current state, 0 for disabled and 1 for enabled.

N— g r 3.10 TEM.

12.11.2 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)

This is Unstable API. It may change without warning in minor releases.

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of
callback.

ZEE: If new objects are (de)allocated by the callback it is undefined if they will be visited.

Garbage collection is disabled during operation. Explicitly running a collection in the callback

may lead to undefined behaviour e.g. visiting the same objects multiple times or not at all.

N— a3 v 3.12 TEH.

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.

N— 3 v 3.12 TEH.
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CPython 3 TD~27 0 TA—Ya yHFSERFALTVWET, Ihsoida—Fn EJLFShic N—2 2 i
JELTHED, T LY RITER DN EZN—T a yTIRABRVWIEIZHFERLTIZE W,

N—=a VD API & ABI OLEMIZOWTIE C API DREM 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, 7V77Tld 0xh . R—&XTlX 0xB. Y VU —ZAEMTIZ 0xC . mKIRTIZ OxF 72D
%79,

PY_RELEASE_SERIAL
3.4.1a2 D 2, RV IV —2ATIZ 0k ET,

PY_VERSION_HEX
Python O N—3 a Y HEE X H—OBBIFSL LD DTT,

TRDOEIIT3R2EY FOMEE LTH/S 28T, N—Ya VERE2H{LIeHNTEET:
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bytess Ewbk (EwIIVF47oF—4) Bk 3.4.1a2 DfE
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

L7835 T, 3.4.1a2 13 16 #EET 0x030401a2 TH D, 3.10.0 % 16 LT 0x030a00f0 T,
INEBUELEICHER L £ 3, BIZIX, #if PY_VERSION_HEX >= ...,
ZDN=Y a vIFIT VRV Py Version OO AFTEET,

const unsigned long Py_Version

Part of the Stable ABI since version 8.11. PY_VERSION HEX <7 n ¥ [RUENRT, H—oEEEt
¥ a— K X7z Python OFETRDON=Y a VFETT, ZHUIETRICHEHA XN S Python D= =
VEEZATVET,

N—a ¥ 3.11 TEN.

D~ 1id Include/patchlevelh TEHEZINTVET,

424 #® 13 E APl &£ ABl ON—2 3=


https://github.com/python/cpython/tree/main/Include/patchlevel.h
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>>> 4
VRIVT ATV INIBITST I AN D Python 7RV T MNTE, A VETVRXRTA VRS IT 47
WHEITENDa—FRITISHTEET,

K
DHDPEZLNET:

o AVERIIT4TTINCBWC, A YTy hENa—FTay 2, BT 3EADXYD XFOM
(GUEEIN. MmN, EFEIL. =ES IR oWl 7Ta 1 —X—okic, a— K2 ANTIBICRRIh
%77 4L h® Python 7m > 7 hTT,

o FHAAADER Ellipsis

abstract base class

(MREIE S F R) MREIES 7 R1% duck-typing 2553 5B DT, hasattr() REDHDT 7 =v 7T
WA TH o 72 h WDz 5 (Bl 21X magic methods DHFE) JFHEICA ¥ X —T7 =z —RAEEFRT 5 Hik
RARMELE T, ABC T (virtual) #72 2 2B EALET, SIUGEY T 20 MK L FRAD, 2
NTd isinstance() X issubclass() PRI NE T, abc TV 2 — LD RFa XV 2SR TL
7Z2& W, Python i, %< DflAiAA ABC RSN TVE T, ZOMRIE, (collections.abe E
Y2 —)LT) 7 —XHE,. (numbers €Y 22—/ T) #. (io €Y 2—/LT) A MY —24, (importlib.abc
EVa2—NLT) AV R=F 774 VXKV =K =TT, abc €Y 2a—L2FHLTHAD ABC 2K T
R

annotation
(77 T7=Yay) ZH. 77 REME. BD T X —2PRDEICEFRS 2 7T, BHANZXD type
hint £ LTEDHRTNE T,

O—HANVNEBDT ) T—a VIEETRHIE T 72 A TEERAN, Zu— OB, 75 2EM%. B0
77 T—=aYiENFENEY 2 -, 7T A, BIHOD __annotations__ FFKEBMHICHER I TV E T,

HEBEDERAD B 5 variable annotation, function annotation, PEP 484, PEP 526 # &1L T 12X
W, Fie, T/ 7= arEMHATERNRA NS F 77 4 X LT annotations-howto S LT Z&E W,


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/
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5% (argument)
(518 BRI TBIC, B (£ AV R) WETHETT, Bl 2@EsH D 3

o F—TU—F5|E: BB LOBRIZE I BORNCHEMNF 2DV D (fl: name=) o, ** IZHilF 7= &F
HEoHofEr LTEINZSE, XX, XD complex() DIMEUFHLTIE, 3 & 5 % —V— F5[HK
T3

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 51})

o MUESIE: F—U— F5IEUAND5IEL, MESIBIZEIEY X FOTHICEL T TE, T2+ 1ITHIF
7z iterable DBEZREL LTEIT BN TEET, HlZIX. ROFITIE 3 & 5 1ZMAHMAESIETT:

complex (3, 5)
complex(*(3, 5))

FEIBUIBEBOERICBWTHRI ED 0 — AL ERBICE Y Y TonE T, b Y TETIHANIOWTIX
calls BB LT 7EE WV, YV Xy 7 RAZBVWTHFIBERT-DICHoWBEREMHS Z e HKE T,
Ml X N fEE e — A AEBICEI D B ToHNET,

®51% . FAQ @ E518 K5 IBDEBNXAITTH? . PEP 362 2SR L TL7ZE W,

asynchronous context manager
FERla >y 7% A b<v A=Y %) __aenter__() ¥ __aexit__() XV v N2 EFKT 5 I & T async
with XHNOREEZEMT 547227 +TF, PEP 492 TEAINE L,

asynchronous generator
(FEEIAY = 1 L — &) asynchronous generator iterator iR TBIELT T, async def TEFRI Nz /L —
F VBB TV E A, yield REFORTERD £9, yield Rl async for V—FTHATE 3
EOW 2 ENRT 2 DIMEHENE T,

WEIIEFY = 2L — ZBBERLE T2, RICk> TR RS XL —21TL—2 2837556
BHYET, BRSNLERPH L2 THRWEGE, HBLOLD e en e fAL $75,

JERHIY = 2 L — XEAEICIE, async for XX async with X2 THL await RdHBZZHH D
E

asynchronous generator iterator
CGERIMIY = 1 L —& A4 7L — &) asynchronous generator B THRENZ AT 27 M TT,

Z U asynchronous iterator T, __anext__() XYV v N&EHoTHIN S & awaitable X 7Y =7 + %
BLET, 2D awaitable A 7Y =7 M, KD yield NFTIEMRMY = 2 L — XEBROAREEEITL
£9,

% yield TIE—HRVICUIE FHT L., ZDBOFEITRE (v — A EBHEREFO try XEED) ZilE
LEd, IEAEBAS TR L —FA4TL—2 B __anext__ () TREN-MOD awaitable TEERICHE T 5 K
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(FEFIEAA 77 7)) async for XOHTHHATE 24727 b TF, BED __aiter__() XV v K
asynchronous iterator
CGERIA 71 —%)

1. 2odlEFRAEIZNE$, PEP 492 BX U PEP 525 22 LT X\,

5 asynchronous iterator Z3RE 72 FAUIR D FHA., PEP 492 TEA XN ZE Lz,
AZNZFE L7,
B

awaitable

aiter__() ¥ __anext__ () XY v FEFEELEFTI27 FTF, __anext__()
W awaitable 7Y = 7 b ERIREIRFIULIZ D £ A, async for I3 StopAsyncIteration flfb 2 ik

(BM) A 7Y =27 MCBEM TSN, Py PRERIC K o THETTE

Vg

ITRFET, AL TL—XD __anext__() XY v FHIRT awaitable 2RIk L £33, PEP 492 T&

]

Dz b o EMW @ BEFoTWB 2 E, ZFOBMEZ 0.0 TSHINE T,
BDFL

ZRENZETT, IR A7

TR77ERATEY, bDIC getattr() 2o TWMAXLELH D T3,
T,

F 7Y =7 MiZid, identifiers TEREIN BN TF TR REWEHTOBE 25222 eM”TEE T, 2 xiF
binary file

setattr() 2V, A7V 27 PR FENZHA L TCWVWARAEEIITAET, 205 %BEMHE Ny FREIEK
HBIX T2+ TT, PEP 492 2B TL X0,

(FH&FTRE) await R CTHEHT 2 Z R Z A TS 27 M T, coroutine 2>,

_await__ () XYV v P

R Z KR EMEE (Benevolent Dictator For Life) D& T3, Python OfE#E. Guido van Rossum D Z
borrowed reference

0B

(N4 F VT2 A4N) bytes-like TS TV b DHRARABEIVEERAANTES J71LF T
Ok TFo AAFUT 7 4LOHNE. AL FVE—F ('rb', 'wb' or 'rb+') THMNTT 7 4 .

sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY A TY,

Str A7V 2V FVOMAEBEENTEL 7 7 A NATI =0 MZOWTIE, text file BBIRLTL7ZE W,
bytes-like object

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

w7770k (buffer Protocol) ¥ H—b+LTWVWT, C

=38

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong reference

[=gs=]

In
in-place, except when the object cannot be destroyed before the last usage of the borrowed reference.

AN
DEWT B L Ny 7 7 — 242 {HtA]
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AEl2 A 7Y = 7 b, bytes, bytearray, array.array ®. %< O—fH#Y72 memoryview # 7Y = 7 b3
ZHUTH D T, bytes-like A 7Y =7 NI T—XEHE, XA FVU T 7 AANORIE, Vv FEREH
L7z ERE, N F VT —RE2ERTI20VAVARBECHAT 2 Z e TEE T,

BODPOBRIETEINA F VT —XE2EETTIHENDHDET, ZOREOFF 2 XV bTIF XL " AT
A[REZL bytes-like #7227 M KEK”RLTWET, ZHAJRERANY 77 —F 7T =7 M, bytearray
¢ bytearray @ memoryview REDVEZFENET, T/l HOEODLDIMETIIAELRA T =27 PHOAN
AFVTF—& (" HAHLERHAD bytes-like A 7227 +7) ZRELET, £4HICIE bytes & bytes D
memoryview A 7 7 " EENE T,

bytecode
(N4 Fa—TF) Python &Y —2a— Fi& Python 7025 LD CPython A > &7V ZDNHEHTH
BNA FA=RALar A LENET, N1 Pa—Fid .pyc 7740 Frv>adh, AL774L
PZERHIRETEIN2 2R3 I0EHICRDET (VY—RA—=F2HNS, Fa—FAOFHED a1 Vi
X NET), 2D 7 FEE (intermediate language)” 1, %4 D N4+ a2 — RICHIGS 2 HikGE % 5
1792 RETYY CTEFT2 VWA % T, EERIFEEL LT, N4 Fa— Fid#R7% 5 Python R~ >
MICEIfET % Z 2%, Python VUV —AMTEETH S Z L IFHIRINTOERA,

NA P2 —FOME—ElZ dis ES2a—NL IZHH T,

callable 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.

callback

(T=NY 7)) FEROD B THRITEN S 7DIT5 15 e LTSN 5B

I3
(ZIR) 2—F—FRA TV 27 bRMELT 5700771 —+bTT, ZI7RAERIEH, TDV TR
DAVARYRALDEEETE2RAY v FOERZEAE T,

class variable
(79 2EH) 75 A LITERIN, 7 ALRLT (DED, 77 ADA VARV A LETERLIIR) BEX
N5 ZHNELTWBEKTY,

complex number

() &< HBNTVZERERIIE LS DT, TRTORIER L BHOM L LTEINET, &
BOLBHOAL (-1 OF/R) ICFHR I 0T, —MUCECETIE 1 b BHN. T¥TIE j L BHE
¥, Python WHERICHIAAATHIE L, BEORILEN->TWET, BRZKRIC j 2o TBg
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To BIZIE 3+1) T, math £ 2 — VOERBIREFMT 512Id, cmath ZfVWE T, ERBOHEMIZ
D72 D BB OKAET T, BEMEZ TR AUR, IZIFHEWR R L TLE>TLIWTL & 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 FF2 MVER) 2V F R MCKEFEL TR ZEEHOLH. T 55 EHOMENE L DETR
Ly FTRZVE{LIAL Yy FE—ALZA L=V IBTWET, LArLary7F A PE-TIE 1 DOET
ALy FIZWLOh0a Y7 Z AH DT, ar 7 XA PERD 3 RIS 2 IEFH 2 2 27 DZER
DIBPITT, contextvars #SRLTLZE W,

contiguous
(B, Ei#E) Ny 7 7 BRI C-8ft £721& Fortran #f: THBHEIC. ZONy 7 7 13#HELTVWDS
LAHARBREET, LuRX Ay 7 713 C#ftTH D Fortran HH TS, —XTOESITIE, ZOEFIILT
AEY LTEET 2 X5 REBEZN. BRTFEPELeLHME VEI TCWIEF T E T, 2XTD C-H#ifkE
REAITIE. XEY 7 FLRAAICERZZ K S BRICIERBEOBR A FORINIZED 5 DITH L, Fortran #ii/z
BiA TRV DR A T RINCENZ X5,

JIL—F>
(an—Fv) ar—F Y3 I7N—F DO XD —RNLIENTT, 70 —F @R 5N D S
AD. ok s Mmhr ot E s, aL—F L IEZL OkA BME» B A, 15, T2 ZeH
TEXJ, a—F VI async def XTHIETEET, PEP 492 2ZHL TS,

coroutine function
(an—F YBE) coroutine 7Y =7 MBI TY, aL—F BRI async def X THREIMN,
await, async for. B XU async with ¥—V—FZ2HFOZePHEKE T, Thsid PEP 492 TEA
SNFE L7

CPython
python.org THIAF XN TWA, Python 7m 2T 2 ¥ 7/ SFEDEMERN R EEETT, "CPython” ¥\ 5 Bk
F. ZDFEHE%E Jython % IronPython &\ o 7Sy KAIF 2 HENF 25 E WA EINE T,

decorator

(Tav—2) HoBEEUERIBEET, . Cwrapper M THMEH iy L GEREhES, 7aL—X0D
— B FIHABNX. classmethod() ¥ staticmethod() T,

FaAL—RDREFI VR VRS aH—TF, XD 2 OOEBERIIERIVICFE L DD TT:

def f(arg):
f = staticmethod(f)

@staticmethod
(KDR=1ki<)
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(AiDR=T 025 DFE &)
def f(arg):

FICHESD 2 2 ZWCDIFEELETH, HEDHDLDAFTEA, T7aL—XIOWTHLIE, BEEE BX
L IZIRERDEFF 2 A FESRBL TN,

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.

FRZYTFEDRXY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide Z& B L T 72
é L\O

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
(FrEMNTIEKRED) iterable NORTH 2 WE—HOERZUI L T, ZOMRE» SR 2THEZRT a7
FEZXJTTI, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfH n **x 2 1T}
S B EEEE AR L F 3, comprehensions 2SR L TL 72X W0,

dictionary view
(fFE L 2—) dict.keys(). dict.values(). dict.items() 2NRFTA 7V =7 b TF, HHEDIHHODH)
MR 2—Z2RMHLEST, bbb, BEPLEINZ Y a -2 RBL £3, #EFL 2 — 2ol
IIERL Y A MTT B121F list(dictview) ZH LT ZE W, dict-views 2B L TS 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 )
24727 MPRELWA VR =T 2 —2A%Fo TV EDERET Z2DICATY =7 FOME RN R
7T IVIRAZRANTT, Rbbic, BUcAH 7Y =227 bOXY v RRBEBUDSIMENZD#Ebh7z) LE
T, (ZELDEIICARAT, 7eADESRBIFIE. ZARETeATHS,1) A VX =T —RA%H KD
BT T, EFLIFHFA I a—RE, RVE—T7 4 v 7 BREZH L CXRREEZM L F
T X7 XAV type() % isinstance () W XA HIELBITIE T, (XL, XXV %
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MREEIZA THTETHILBTEEY, ) 20fb D, AR hasattr O HIES FAFP 702>
IVIRMALET,

EAFP
MRl Z L 2 X DEF L% 5 /DA% (easier to ask for forgiveness than permission, ~— 7 4 —®%EHI)
DIETT, ZD Python TIAL bR TWBEa—7 4 VT AXA LTI, BEIIENLF—CEENGFE
TE2HDOLREL. ZDRED TR TOWRGAEHNEHIRL T, COMBTFERIE I 22417
ARA M, try XB LS except XD TADLDPRHUTS, ZD77=v 2713, COLIRE
FETLLffbhTW? LBYL Z&Z A LIRS DTT,
expression

() MrDfELFHtish s, —F & F DO (a piece of syntax) T, WX 22, X2WEV 71,
Al BT 7 A, HAFCEBTCHLZY, HZ2ERTXOEROBAERTT, MOZDFiEL

. Python TIEEEOE2TOMKEZRIK L WI DI TIEH D FHA, while DL ST, K& L“C&i@x
VWX bbhEd, AABATIEIRINXTT,

extension module
(HEEREY 2 =) C ® C++ THEIPNLEY 2 — LT, Python ® C API ZF|fH LT Python 2 7%
a—F—a—FeehrbhLET,

f-string
£ 'R DSEEEICA W SEH ) T 5 U Pstring” Y FRER, ZHUE T+ —~ v MEAXXTIN T 5
N DIEEEOLMTY, PEP 498 3SR L TL X0,

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.

T7ANATO =27 MTFEBRWE 3 BEIVEST: FO NAFU—=T7AIL, Nv 7730z N1+
=74, ZLTCTFRAMFI7 74 T3 A VEZ—T7 24 R io BV 2a— L TERINTVET,
T 7 ANFTY 2 N EAEBIERERN T2 55T open () BIEE([S Z 2 T,

file-like object
file object £ [AFETI,

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.

T7ANTATLADIY A—F 4 7Tl TRTH 128 N4 PUTRIEFIZTa— FEN53 Z L REE
XN TWERDERA, 774N RATLDLYA—F 4 Y TIADBRIEFX N - 7-85E813. API
%D UnicodeError 2iEH T2 2 edHh 3,
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The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be used

to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read ()

function: see filesystem_encoding and filesystem_errors members of PyConfig.
See also the locale encoding.

finder
(774YR) A VR=PERNTWVBEY 2—1ND loader DFERZRTT 247227 bTT,

Python 3.3 YT 2 BEO 7 » 4 VX0 H D £F, sys.meta_path THEHIN B meta path finder
¢. sys.path_hooks T XN 3 path entry finder TF,

Nz DWW TIE PEP 302, PEP 420 BX U PEP 451 2B LT X W,

floor division
(I D& TRRE) —Fm VBB D 5T 2 BABREL, UIDIECREBE I // T3, BIRIE 11 // 4
F 211272 D ZREIEHRFMNCEFEV NGB OEDRRETIZ 2.75 28 BoTE %3, (-11) // 4% -2.75
ZINEWHIC A2 GREFE: BADERANDOADEITI) DT -3 18485 2L KERLTL XV, PEP
238 ZZML T L&V,

£33
(B MM LN EZ R —HO XD Z ¥ T3, BARICIZ 0 LD R5|8 2ET I e PR ET, FEK
DEITRHZSIBEFHAT 2 Z e HK T T, REI1E. AV v E, function 2B L TL 72X W,

function annotation
(B 7 ) 7—>ay) BED T X =22 DED annotation TF,

By ) 7—yayid, BEEEEYE bbbz d: flziX, oKX 2 20 int BloO5[5
PEHS IR, £/ int BORDEEE LTI TOE T,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT ) 57— a yOXEIX function DEITHRH I TVWET,

WEEDFAD D % variable annotation, PEP 484, B L T2 & W, ¥k, 7/ 7= a vy 2MHT
BZRA ST 275 4 2k LT annotations-howto S L TL 22X,

___future___
A future statement, from __future__ import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python.
The __future__ module documents the possible values of feature. By importing this module and
evaluating its variables, you can see when a new feature was first added to the language and when it

will (or did) become the default:
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>>> import __future__
>>> __future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(FR=varryay) ThUE#EbONZ Z 2 DRWAE Y 2T 20U TF, Python X, SIEA Y~
b, EERSEEMH UBE T 2ERIN=—aL 722 fioThHR=—YaL 7y a vy 2 T0ET, IR—
TarrRiFge BV a— L EMo THIETE X,

JIxlb—4&
(¥ = 2L —2&) generator iterator &R 3T, EHOBEEITEITWE T2, yield REFORTELR
D&EF, yield i, for L—FTHEHTE/2D, next() PAETHEZ 1 DFOMOH LD TE S, {HD
WrZERT 2DOMHEINET,

WEIEIY 2 AL —ZBREELE 0. WRCEK-oTE Pz RL—FATL—F ZIETHEVH D £7,
B ENERDH S 2 THRWEE, FBR(LD DI 2R B2 AL £ 9,

generator iterator
(Y= —=&ATL—2&) generator B THEREINEZ ATV =27 +TT,

yield D7z NT/FFATEITIREE (AFEERRLED try X2 ¥ EED) ZifE LT WHEIEZ Rl X
NFEF, DPxRL—FATL—F PEHEINZ L, PHILMBZIEL X3 (BFEOBEBENETORU
WZHT L WIREE D & BIAG S 2 o & IR T ),

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
(¥ =2V v 7B Bz 28N LR CHE2 3 2 BEHE D SRS N 2 BT d, MO LIFIZE OFE
HEEHWEDPIET 4 ANy F7ATV XLICEDRESNET,

single dispatch, functools.singledispatch() 7L —&, PEP 443 2SR L T Z X\,

generic type A
type that can be parameterized; typically a container class such as 1list 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 2 ZHE L TL X W,
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global interpreter lock

(Za—nn4 &7y &ay 7)) CPython 4 Y27V ZHBFALTWS, —EIZ Python @ /N1 FJ—
R Z2ETT2ALy FE—2RITHE I Z2RAET 2HMATT, ZHICED (dict REYDEELRMHEA
ABRZEEL) A7 27 METADFEIRT 7 & 210 UTHEEINICZ 21272 2 DT, CPython DN
SUTNMIHRDET, AVRTVERMEERY 7T 58T, wAF TRty ey yHEL SSED a
A2 EHZIIC, AR T ZEMBEICYAF ALy METE2 X518 D %5,

77Uy BHED 2 VIR W K DD DIERE Y 2 — U, JEMiR Y & 25t RR C O HOE W% 3
%L ZIZ GIL Z2BRY 2 L5 ICKGEI SN TWE T, T/, [/O Lz T 256 GIL 3EICHREINE T,

WEIC T HHAERALF ALy ML LA Y27V & (X 7 =2 2flirVhETe Yy 723 2%) 25
REINF LD, — ey 07 aty b DBEDNRT 3 —< V ADPEP 12O THIILEHATL
J2o TONRT7 =< Y ADMEERRL IS T2, BENIDEMICRDETFaX FBMT 2 & X
LNTVWET,

hash-based pyc

hashable

(Ny ¥ arR—=R pyc 77 A0V) IESHEHRIT 272012, WET3Y —R7 7 4 VORMKEHEL T3k
ANy Y2 fBEFHTEZAL Pa—FDF ¥ v 277 ALTT, pyc-invalidation ZSR LT 2 & 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 ARRERA T 2 7 PEIFHEOXF —PEREDRA U AN— LTHEZET, FFEPEEDT — XN
BTy ¥ 2 ffiZfloTVWEH05TY,

Python ®4 I 2 =X TAREAABFT T =27 NI IFL ANy Y 2A]HETT, (VA MRHED X
572) 32 —RITNZAYTFIEINY Y aPAIRET T, (X IR frozenset DX S72) 4 I a—&X TNz
YT BRIy Va2t RETH I L EDANY Y2 A[RETT, —Y—ERDI FADA Y ARV AT
BHEYSBRATI =7 VAT T AL P Ty S 2 ATHECT, Zh5EET (ASERVT) HlE RIS
flicsd b, Ny aflld id0) LhBESNET,

IDLE
Python O#iARFEERSE (Integrated DeveLopment Environment) & %3855 (Learning Environment)
TF, idle X Python OEEHERNZEAICFIMI N TWEEANREEED LT 4 R 4 VR 7Y RBIRTT,

immortal If
an object is immortal, its reference count is never modified, and therefore it is never deallocated.
Built-in strings and singletons are immortal objects. For example, True and None singletons are
immmortal.
See PEP 683 — Immortal Objects, Using a Fixed Refcount for more information.

immutable
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(A I2=F27N) BEDEEZF-T2A T2 bTT, A3 2—RTNRATY 7 MTF, Bl XCF
. BEURTINARERDHDET, TNO6DA TV 27 MIMEEZEZLNER A, HOEEZTEEEE BB
W FileB A 702 P RERLARTNERD ER A A 32— TNARBRITI =7 NI, BED Ny > a2
EPREL 12 2R TEERZEH R LET, HEFEOF-—BZ20HITT,

import path
path based finder 3 import 3 2EY 2 — VA MRS 25 (£721F path entry) DY R b, import H,
2DV A MIEH sys.path DORETH, 37 v r—IJDFEEP Y —ID __path__ BEH»S
HRET,

importing »
5%EY 2—)1®D Python 23— KPFIDEY 2 —LD Python a— FTHEZX 2 X 51T 30T,

importer =
a—VERLTU—-FRTEFTI I, finder & loader DEBLSHTHHEIXTI T b,

interactive
(FEEHY) Python WIENFENA > X 7V &3 D, XA EA &2V L0 T ay 7 MTAIIT 3 e Bl
WERITENTHERERZ Z 23 TEEF, python EIHEIBELG I TICETLTLEZIY, (av¥Pa—
RDAA Y X =2 =5 Python DNEENA > X7V X ZEETEX 200 LNERA, ) XWEENA VX T
2iE FILWT AT 7ERLTALED, EY 2=y F =Y DOHEINTAS (help(x) ZHZATBW
TLEZEW) DIZIFFEIERIRY — L TF,

interpreted
Python 134 ¥ 2 7V XERDFFETH D, a2 4 FEFHEOIMUMBEL £ T, (N4 Pa—Far o
DB B0, TOXFNIEHRTT D, ) TTTOA Y RTVXFFELIZ, Y—RaA—-FD7 7 L%,
FFFTARERC L THALFETSEL L Vo LRER LI, BEEFTTZLIZ2EKLES, 1 &7
VXEROEFEZEE. 2> 4 FJBRDOEF/BLID DR TNy 7OV A 7 VIR NS DD, TurJn
DFATIZ—MITENT T, WEEH BB T Z W,

interpreter shutdown
Python £ ¥ Z =7V X —iZ> % v b XY UV REFINLFIC, D 2 - FTRTOIZ VT 1 HLRHAES
MExER YD, TRTOMRLEZY Y —REBBEMICHBT 2. FlR7 2 —XWRCADET, 207 x2—X
W AR=2OL IR 2EBEFECHLES, 2RI D Z—F—ERDT A b T 7 X —% weakref 2 —)1
Ny FRRENHEINEZEDBHDET, vy bR Y72 —IXHPIFETENSa— NI ZADMRET S
YUY —ZAMWFTTIMEREL RV (KL DHBHNEF7 4771 —FY 2—/L% warning HHETT) 7Dikk4 2
IEANNT=NTTROR: S

AVER=TVEDPT %y FEY YT HERERIE __main__ Y 2 —AREFTEINTVWLRZY TS MOE
TP TLIEZETT,

iterable
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
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iterator

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.

An object representing a stream of data. Repeated calls to the iterator’s __next__() method (or
passing it to the built-in function next()) return successive items in the stream. When no more
data are available a StopIteration exception is raised instead. At this point, the iterator object is
exhausted and any further calls to its __next__() method just raise StopIteration again. Iterators
are required to have an __iter__() method that returns the iterator object itself so every iterator
is also iterable and may be used in most places where other iterables are accepted. One notable
exception is code which attempts multiple iteration passes. A container object (such as a list)
produces a fresh new iterator each time you pass it to the iter() function or use it in a for loop.
Attempting this with an iterator will just return the same exhausted iterator object used in the

previous iteration pass, making it appear like an empty container.
FMZ BRI typeiter I2H D T,

CPython EZEDF##: CPython does not consistently apply the requirement that an iterator define

__iter__Q.

key function

(F—BIE) ¥ B H2VIERERKE . V- MRIEFLRD 7D DEZ BT LATRES 7 =
2 & (callable) T9, #1213, locale.strxfrm() % F—BHEUCHZ X, vr —UKFDOY — M DIEHFEIC
Dotoly—rF—%ELET,

Python DZ L DY — % —BEEZ WD BROWIESL 7V —FLE2EHL £3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BBEER HIEIFWL 20 H D 3, HlZIE str.lower() XV v RERXF/NIXFEZRXAILIRWY —
FEITD F—BRE L THS ZeBHKRET, HBWE, lambda r: (r[0], r[2]) ® X 57 lambda
Ao F—BMEIEZ2 N TEEY, £/, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() @ 3 D2OF —BII VA M5 7 XM HHFT, F—BBDIEDHLHEWTD
filix Sorting HOW TO 2SR L TL X\,

keyword argument S

I8 22T ZEW,
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lambda

LBYL

list

(7 LK) BHDA VT4 BT, BEDIEOH N 2ICiHiidns 1 20 X 28AFET, 74K
BA%¥ % 7E 2 /213 1ambda [parameters]: expression T3,

FZ 2 3%BEDH (look before you leap) | OIETE, ZDaA—F 4 Y T AKX ANVTIE, FEUH LSRR ZTT
RN, BRINCHTTESRM: (pre-condition) FIEEITWE T, FAFP 7 7R —F 2 IRV T. if X037 <
X AfEDN D DRI TS,

~NAF ALy MEXNLEREETIE, LBYL 770 -5 7 A37 @i 7 R SIEOBEIKER 5| Zii
ZTVRIBHDET, HlZIE, if key in mapping: return mappinglkey]l ¥\ 5 a— Rk, HED
%, DAL v FROEERDEINC mapping 2»5 key ZW DR ERBLET, ZORMEIZ. vy 27550
EAFP 7 70 —F %25 Z L TIRIRTE X T,

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

loader

(VATMAUKRE) =7 Y AFDORTH L WIE—HOERZUHM LT, ZORRP522 VR M 2RT,
aVRY MRIFTIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2 == 0]
358,005 255 ETOMEE 16 EEEKEL (0x..) LEeXFI»642 Y A M2ERLET, if fild
F T arTY, if HinmWEGE, range(256) DL TOEEIPH I N E T,

£
Ya—N%ku—KFE5F7Y 7 b, load_module() EWVWIHIEKHATDORAY v REERL TOVARITIUIRD E
HA, B—X—IE—RINC finder > HIRINE T, #F#MllE PEP 302 %, abstract base class 1IZ2WTI&
importlib.abc.Loader #ZM L TLZ&E W,

Oy—ILT>a—5Fa1 >4

magic m

mapping

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.

ethod
special method D < 7213 7=[FAFKFETI,

Ty YD) FEOXF —HFEREYR—F LTWT, collections.abc.Mapping »* collections.abc.
( pping
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MutableMapping @ fIREK S 7 X THESINLAY v FEEELTWE a7+ 7Y =7 PTT,
il 21X, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 7% ¥
T,

meta path finder
sys.meta_path ZMEK L TIHE SNz finder. meta path finder & path entry finder ¥ BfRIZH D F£F
. AT,

meta path finder HELEFT 2 XYV v FIZDOWTIX importlib.abc.MetaPathFinder &ML TL 72
éL\O

metaclass

(RRIFR) VITADY FTATT, 7 TAERIE. 77 A%, 77RA0FEL, BEZ 72DV A MEED
F5, XXIIRF. FNS 3O BE LTRITMD, 77X 2f2BEZEVE T, ZLAYDET
Y7 MEAEFEE FRIEX XTI FAD) 77 4L OFEEZRMEL TWE T, Python 23%K5IZRDIEH R
BRUDRARY FARMERTELRTT, IZLALDI—H—IZMoT, XX7FRAIRBEDZVHDT
T LoL. —HEOBETIE. XK 7 FRFBHTZVLH Y WV RAFEZEBELES, 2 23BN 7t X
OuIZERoD, ALy Re—=IWEEBMLED, 77927 FOEREBI LD, VIV MY EHE
T2y, ZLoBETHHAINE T,

FEMIIE metaclasses 2L TL 72X,

XYy R
(XY v R) 77 ARROPTERINLE, TD7F7ADA VAR ZADEMEE L THUH I HA,
AV REA VAR YAA T 27 M etE— 518 L LTRITWD £5 (ZOHE—5IRULEE self WX
NET), B & RAFINRAO—-T SWMLTLZEW,

method resolution order
(XY v FRRIEF) FRRPICEIE Y 7 APBRERTMRINZIERTT, 2.3 DIED Python 1 ¥ & —
TV EBHEHTE 703 Y X LDFMIZOWTIE The Python 2.3 Method Resolution Order ZZHR LT
TEZEW,

module
(¥ 2—)V) Python a— FOMMBEN E LTEEHLATI =7 F T, €Y 2—WIMEED Python
FTO 27 FEECAREMERB T, TY 2 —ILX importing DILFRIZ K - T Python IZFHiAAE
9,

INT— BBILTLEEWN,

module spec +
Va—%Zu—FF501Xbhd 4 R EEOERE SLAATZEMTF, inportlib.machinery.
ModuleSpec DA Y AKXV ATT,

MRO
method resolution order ZBML T EW,
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mutable
(32—FTN) 32—RTNVRATIc7 MI, id() 2ERX DI REEEETEES, 1Sa2—427
L) BB TLEZZ W,

b2

named tuple
ZHIMZ XTI WS HEEL, ATV ERHEALTWT, 4Ty Z AN BEZRICHLEERZ{HsTO7
LA TEZLEEDOEDRLI I RIIGHEINTVWE T, ZORPT 7 A3MOKED R -TWwd 2 b d
B3

time.localtime() % os.stat() DRV EZEL VL O DHAAARIIHFIT E R TLTT, ol
¥ sys.float_info TJ:

>>> sys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from 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

(BATZER]) BRPEMENDIHBM T, HETEMEETHFEL L TEEINET, ARITEBIIEA TV =
D (XYY FD) AT R o7bDRRIF TR, RFAWARD D, KENLS D, 2L THAAA
DHOHHET, BETEMEIIHAOHERELZHC I LIRE>TEY 2 EEZ Y K- 1T 2, HIZIXH
# builtins.open ¥ os.open() FHHTZEMTXAIENTVWE T, /o EDEY 2 — 0B EELE
LTWE RS % 2 i ko THRTZREE A& e RTFHEZ233E L £, HlZIE. random.seed() %
itertools.islice() &L ¥, ZNFNEY 22—/l random X itertools THEEXN TS Z & HHH
5 TT,

namespace package
(BFIZER Ry =) TR r—=YDar 7+ LTOAREEIN S PEP 420 TERI N package
T, HRIZEMA Sy &F =3B ARRAEL R 2R W I e BN TE, __init__.py 7 7 A VERRWE9H,
reqular package L1352 D ¥ 3,

module ZBHRLTL7IZE W,

nested scope
(AR FENFRa—=T) IMIITERS N TV L E-EZZRT 2HKEET T, BlZIE. H2BEBDHIOREBD
PTERIN TV 25E, NHOBEEEZNMIOBEKBHOZHEZSHTE LS, 2 XA PSR a—-T3E7
7 4V P TCREBOSRZIDTE, ZHORAFTERVOTERL T IV, B—AVEBIE &b
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WD 2 a— FTCEREHAEE L E T, FRIC. 70— NAVEBHEES 7o — LG HIZER OE % Gt A
E£XL %9, nonlocal THMUDERICEEZIAD T,

new-style class
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,

pa—

__getattribute__(), class methods, and static methods.

object
(A7 M) RE (BHEPHE) LERSINLRZFFD (XYY R) 23208 TOTF—%, dLLIE 22T
DHAZAINTZ A OFRMMDEIKS FADZ &,

package
(R =) B TEY 2= ALHEHRNCYH TSy r =280 OHK 2 module DZ 2 TT, EFH
12, Sy =2 __path__ BYEEF;D Python &+ 7Y =2 T3,
reqular package £ namespace package B L TL 72X\,

parameter

(IR518%) ZHEIMTOFEMART B (2 AV YR ) OERICEVWTHEEDNRZIT 2 R5|18 2HEL 9, KIIE
Wik 5 EED D F5:

o MEBEFRLEF—T—F: B THEIWE F—T—F5|H L LTEIT N TEI5BZHEELET,
ZAUIT2 8 ZIELLT D foo R bar DX 512, 77 40 N DIREIOREIHETS:

[def func(foo, bar=None): ...

o NEHEM: MEIXX-TOAGRALNZ5IBEEELES, MEHFHOLIEIL BEERDTIHED Y X
FOHTENLDHRAIC / BEDDLILTERTEET, BIZIETELD posonlyl & posonly2 1EAiE
HRHSIBICKRD 5

def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—TU—FEHR: ¥—V—-FZIoTOAGZOLNIE|BERELET. F—UV— FEHOF I EER
TE3EANE. FIZIELITD kw_onlyl % kw_only2 @ & 512, BEERDIRGIE Y X Miz&DH=A]
ZREMBESIBEZEHD x D% TT:

[def func(arg, *, kw_onlyl, kw_only2): ...

o AIERMWUE: (ORI TEIIRT SNLEREOMET BUTNAT) EEOEKDMES IBHEZ 5
NZZEZRIBELE T, TOEIRRGIEE. LT D args D X5 IR IR ORI x 221725 28T
ERTEET:

[def func(*args, **kwargs): ...
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o FAIERF—T—F: (OFEFIETEICR I ONZEEDOF -V — FEIEIMAT) EEOEKD *—
UV— R EZoNB I EEELET, 2D X5 REFIEIE. EDBID kwargs D & 5125184
DHGIZ % DI B L TERTEZE T,

REIBEA TS a Yy e HDGIBOEDL HHIFETE, 7> a YO5HITIET 7 4V MEBIEETZ
£7,

RE1E . FAQ @ FE5IEARTIEDE NI TFTH? | inspect.Parameter 7 7 X, function £27 ¥ =
¥, PEP 362 22 L T EEW,

path entry
path based finder 73 import 3 €Y 2 —LZET import path £D 1 DDEGFITT,

path entry finder
sys.path_hooks IZ® % callable (D% D path entry hook) 23R U7z finder TS o 52 b4 7z path entry
KHBEY 2—LERDT2HEEH > TVET,

NRRALY M) =T 74 VEPFEET B RV v FIZDOWTIX importlib.abc.PathEntryFinder &M L
TLEE W,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules

on a specific path entry.

path based finder 7
7 4V D meta path finder @ 1DW&, €Y 2—AD import path ZHREL F T,

path-like object
(path-like ¥ 7Y =227 b) 77 A NI AT LR %R LT T, path-like 7 7Y 22 Md, (X% ET str
FT7I 27 bR bytes A7V 27 b, 721X os.PathLike YR AL ERE LA TV 27 PO hd
T3, os.PathLike 7B F AL ZHR—FLTWVEA 7T =7 M os.fspath() ZIFUHT Z & T str
%7213 bytes D7 7 A VT AT LSRICEHTE F 9, os.fsdecode() ¥ os.fsencode() FZHZh
str 2V bytes ICRD2DEHFRAET 2DIMH X ET, PEP 519 TEAIhZ Lz,

PEP
Python Enhancement Proposal, PEP (&, Python 2 3 2 =7 4 X L THEMEZIRET 2. 20k
Python OFHEHES Z OBBERLEREIC OV TR T 23 LETT, PEP &, #BEIC DWW T OB Hiff
IR 1R 5 T 2 HRE DRl (BHAR) ZIm R 2 NETT,
PEP X, FiSREDIRBICH DD, 23 2 =7 4 I L 2MEIREOER L Python 1272 XN 2 FHANT O
Fo7dDH LAOEKEL 22 22BN L TWET, PEP O0FEICIZaI 2 =7 4 NOEEEEET
52, RMERZXNFENTZ2ZLOEHVHD 3,
PEP 1 22 LT ZE W,

portion
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PEP 420 TEZ XN TV %, namespace package IZJBS 5. D7 7 4 D3 (zip 7 7 4 MITHEE 1
TW2HEHH2) 1207 4 L7 P VIS D,

fiIE51% (positional argument) =
18 2BRL TN,

provisional API
(BE API) %S 4 7 2V O %7 HEMEREED S EMNICRA SN DTT, ZDXH5R%4 v X —
72— ANDRELZEZ, WETH L L EINTVHHIIHIF SN TOREAD, a7HAFEEICL > THE
LAREINIUR, BAIEAIRETE (L VX —7 2 —XDHIBRETEEND) DMTONIET, ZOLKI7R
ZBEEFORAITONEBDTIEDHD FEA - ZHUE API ZHAATLENTIIRE L SATWRERERK
M BE L 2ICOATONET,

BE APTIZOWT, BHMEDLRWET X TR TFB) AhINT0ET, BMERHHL 55
THRT IR BIRRE R T RETT,

Zo7at Ak, BES A TSV EIMEL R T VI IEVWHEETAD SN Z L, FHML
PEZTELERTONE T, 3l PEP 411 2B LT X W,

provisional package
provisional API ZZIRLTLIZE W,

Python 3000
Python 3.x VUV —=RAF4 D=y 73— LT3, (Python 3 BEVFFRDFE o LEIES N FHET
T, ) "Py3k” XN BZZrdHH FT,

Pythonic ft
BT —RIREZFTEINIza— FTIIR . Python OFHZ—BHVRA T4 F 22 7B Z TR
a—Fh, BlZX, Python O—f7% A 7 4 F LT for XEMF->TAT I TNDIRTOERIZE >
TA—7FLET, oZ L DFHEIZZDOEHAZZ VWO T, Python IZEATOWARWAIZDH D ICEED

AV R=THIhb LILEREA:

for i in range(len(food)):
print (food[il)

ZAUIH L. Z2hWi Pythonic A ER:

for piece in food:

print(piece)

qualified name
(Bffith) €Y 22— D7 =L RA=T 0o, ZOEI 2L TERINLT TR BB XY v FA
D, 7 RR” BRT Ky MK TT, PEP 3155 TERINTVET, My TLNLOBKP Y 7 AT
Z. Bi%EA 7Y 22 bOARTE LTS
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>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth’

EYV 2 —AANDOBRTHDLNS &, REMB (fully qualified name) X T XTORR Y & —=I %k BT 2K
DKy +EREL, HlZ1F email .mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text._ _name _

'email.mime.text'

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 CPython implementation. Programmers can call the

sys.getrefcount () function to return the reference count for a particular object.

regular package =
M7, __init__.py 77 A VEELT 4 L2 MY 2 LTD package,

namespace package FSBBLTL EE W,

slots, 4
FANTDEET, A VARV RAEROHEBEDHOPUDERLTEE, A YRRV AFHELHRT L2
T, XEVEHIHLET, G I EDNET 7=y 7 TTH, ELLIFLIKFPL MY v F—RDT,
Fater— 2, BIZIEXREVDHEREE B2 7 V75— a v T VARV ADKREBRZFET S, Lol
LERRE, FDRVOMNRZ MTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__() special
method and defines a __len__() method that returns the length of the sequence. Some built-in
sequence types are list, str, tuple, and bytes. Note that dict also supports __getitem__() and

__len__(), but is considered a mapping rather than a sequence because the lookups use arbitrary

immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
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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 Opera-

tions.

set comprehension
(BRANTER) iterable NORTH 2 WE—HOEBLZUH L T, ZOMRPOL2EERRT a0
FN2E XS T, results = {c for ¢ in 'abracadabra' if c not in 'abc'} ¥ ¥ 3 &, {'r',
'd'} W FEHORFEELER L £, comprehensions SR L TL 72 & W,

single dispatch
generic function D—FETEEZI—DOD5| OBz L DFERXNET,

slice
(RAFAR) —RIZ =TV D—WrELA T2 b, A4 R, BRERL [1 THEALNERD
BoMicaary2HEL e TESNET, B2, variable_name[1:3:5] T3, AFEIMN (HF) LBk
slice # 7Y =27 FE2NERTHALTVE T,

soft deprecated A

soft deprecation can be used when using an API which should no longer be used to write new code,
but it remains safe to continue using it in existing code. The API remains documented and tested,

but will not be developed further (no enhancement).

The main difference between a ”soft” and a (regular) "hard” deprecation is that the soft deprecation

does not imply scheduling the removal of the deprecated API.
Another difference is that a soft deprecation does not issue a warning.
See PEP 387: Soft Deprecation.

special method
(FRRX Y v F) B 2 BURE DRIE. BIZIZNE % § 272912 Python 7 HIFEICHUTHEINE XY v F,
COMEDORY v Flid, XV y FEORFIERRICT VX =227 2 D9800 TVET, [k Y v FiC
DWW TIX specialnames THEH SN TVET,

statement
(30) XWEAAL =+ (Z—=FD” 70y 7") KAARBERTT, X X 2F—V—-—FroBlENsd0D
DEL HHNTT, HBEITIT if. while, for 23HH F75,

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
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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

text file

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”.

(TEXFRAVNZ7A4N) st AT I 27 b 2HAFEZTED file object TS, LIELIE, 7FA M7 7400
EEBICAL MEAIO T =X A MY —ARZT7 72 AL, THFRALIYO—T 1 V7 ZHBNCITVE T,
TX¥ A M7 74 0DHX, sys.stdin, sys.stdout, i0.Stringl0 f Y ARV AR EEZTFAME—F
('r'or 'w') THWEZ 74 L TT,

bytes-like 7T T b ZHAEETELZ 77 ANF T2 7 MZOoWVWTE, N1 FUT71)L SEL
TLEE W,

triple-quoted string

(ZEZ 4 — bFF)) 3 00EkE Lz +— bids (") 27 RA v 7 4 — () THENIFS, BEO
(—H) 7 4 — PXFHNLHARTEIATZ 2 3CFINTENED D FEAD, BOrOHMETHEHTY, 1o
2008 L/l 4 — BRI RS —THUICEL B TEET L. TH6CE (\) 2EDRLTHHE
BATICE 2D Z e N TEBZDT, FFaXyr—a ryX7EHESE RICRHICERNTT,

type
(B) Python 7 7Y =27 bOMRIEIA TS 27 I DBED XS RO EZRDET, HHWE AT 27 NI
BEFioTWET, 27927 bOBIE __class__ BYET7Z 72X L7720, type(obj) THURL D H
k%3,

type alias

M4V 7 R) MORFT, HEHEFIRA L THERL T,

M4y 723 Ber b 2HMLT2DICHEHTY, flZI:
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def remove_gray_shades(
colors: list([tuple[int, int, int]]) -> list[tuple[int, int, int]]:

pass

CHERDESITEDFHAR TS TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEEEDFHIHD H % typing ¥ PEP 484 2L T F X\,

type hint
(Bler b)) 28 7 7A@ BT XA —2R0B DEOHIGF SN B Z4EE T 5 annotation TF,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

ra—rOVER, 77 A, BT, =V EE TRV DDAk ¥ M typing.get_type_hints()
THR/TEET,

HEEEDFIIHD D % typing ¥ PEP 484 2SI L TL 22X\,

universal newlines a
FRAMRA MY = LDERFGED—DT, LTOITARTEITREFHL £3: Unix DITRHE '\n'. Windows
DFUE '\r\n'. H\ Macintosh OFE '\r's FAHEIIOWTHL {IE PEP 278 ¥ PEP 3116 , &
512 bytes.splitlines() HSML T ZX W,

variable annotation
(BT ) T7—>aY) BEDD0NE7 7 REED annotation .

ZRDH 207 7 ARMEICHERZH 722 i3, AARDRERTT:

class C:

field: 'annotation'

BT 55— ayid@EEZEE R o0 EbhET: 2 ZOEHI int OEEPIRB 2 H
HFEXNTVWET:

[count: int = 0

BT 77— a YOI OWTIE annassign SiCHEH L TWE T,

FEBEDFADI D % function annotation, PEP 484 , PEP 526 2SR L T X\, £z, 7/ 7— 3
VEMATENRAN ST 27 4 X2 LT annotations-howto SR L TL 72 E 0,
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virtual environment
(ABTREE) WA 0) D BES NS TBECF, ZAIC XD Python 2—HFE 7 7V 5 — a VERALS
25 A ETENTWBMOD Python 7 7V 7 —3 a YOEEITHT 3 Z 272 < Python Xy 7 —2 DA
YA NVEEFETI ENTEET,

venv ZZHAL TL Z& W,

virtual machine
(R~ V) BRIZY 7 b 2 7ICK DERSINZa VP a—&, Python DIRFEE~> ViE, N4 ba—F

avRASHHEALE NM FO—F 2EFLET,

Zen of Python
(Python ®1& D) Python 2 LFA T 2 L TOEZ 725, Python OFFRA L TEH %2V A ML
HDTY, Mah7 1> 7 M T Yimport this” ¥ 2L DV AL E2HDET,
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CORFaAXYHMIDOWVT

COFFaxXy M Python D FFa Xy b2FREREHNE L TESLN F¥aXy 7 rtyHd Sphinx
ZHRIFA LT, reStructuredText TERD Y — 2 H4EMRINFE L=,

FFaxXybrZzoy—LHOKEIX, Python BH EFIRICEEICR T VT 4 7OENTT, b LHIVWEEK
L7zwWis, EOX5TRIEXI VIO WT reporting-bugs R—=S 2 ZETE WV, FHILWRT VT 4 7idWo
THEHNTI! GRiF: HARGEROMEICOWTIE, GitHub _E® Issue Tracker THEZ BBV £3,)

LRI EH &

e Fred L. Drake, Jr., AU I F L@ Python FFaX > by =ty FOERET., F¥aXrbrD0Ei%
HEF L

e Docutils 7B =2 b reStructuredText ¥ Docutils vV —1+t v b Z2/ERL F L7,

e Fredrik Lundh @ Alternative Python Reference 71 =2 b & Sphinx X2 D74 77 %15 %
L7z

B.1 Python F¥ a2 XY~ St

%< DFj & Python 78, Python #5475V ZL T Python F¥aXy7—>a ITHBLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBMML TS WAL EHACTEDDETHIRA Ty TL
THH %,

Python a3 2= 4 25 DEHEM L B R FTEZDOEBSL LW FFa Xy F—ya YiddEFAFEBATL
7o - DAL D!
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C.1 Python DFESE
Python & 1990 FFR DD, F 5 ¥ XiZH % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC LN 2 SFEOHRMEEL L TEARINE L, ZOHRELD
A% 2 Python IZEHBAL TWE T2, Guido &5 HTH Python BEE DT> TVET,

1995 £, Guido 3 KEY 7 =Y =7 ML X b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

2000 £ 3 H. Guido ¥ Python ® 2 7 Bi%F — 413 BeOpen.com (2 D . BeOpen PythonLabs 5 — 4 ##EA L
¥ L7z, [A4E 10 A, PythonLabs 9 — 4% Digital Creations (BIf£®D Zope Corporation, https://www.zope.org/
ZH) 1D £ L7z, £ LT 2001 £, Python 1ZBEF 2 HINWMEZRE T % 7= DIEE A Python Software
Foundation (PSF. https://www.python.org/psf/ Z8) #iLb LIFE L7, ZDr F Zope Corporation i
PSF oBRBIZZRD $ L7

Python DV V=R IR TA =TV Y =R (=7 >V —RDEFEKIZ https://opensource.org/ #BLTL 2 &
W) TF, BRINICAT, T —#FERIZEA YD Python VY —21% GPL BUCK>TWET; £V IV —X
KOWTRTRICEEDTHD £5,
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D=2 N—2X ii)i23:3 HEF) GPL E#
09.0-1.2 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 no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.14+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DI 2.1.1 2001-Bift PSF yes

AR TGPL B#y w5 RHIX, Python 25 GPL TEAAINTWVWE L WS EKTIEH D £ A, Python ©F
A2y RFET, GPL LBV, ZHELIANA=Y a v 2EMTIBRICEEZ S — T VY — R LB THHhFEVE
‘Ao, GPL B¥iD 74 ADTTIE, GPL TV VY —XINTWAMHDOY 7 bv =7 & Python ZiHAGHE
LNFETH, FNLHNDIA LV ATIEZEITEDY VA

Guido DIERDO T, TNHEDV Y —RZHHEICL T EEoZL DRI VT 4 TDARIAEH L ET,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under

the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code falling
under that license. See Licenses and Acknowledgements for Incorporated Software for an incomplete list of

these licenses.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.13.0a5

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.13.0ab software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.13.0ab alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.0ab5 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.13.0a5 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python
3.13.0a5.

4. PSF is making Python 3.13.0ab5 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 3.13.0ab5 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.0a5
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0a5, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
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.

C.2. Terms and conditions for accessing or otherwise using Python
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8. By copying, installing or otherwise using Python 3.13.0ab5, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
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 provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
(KDR=12HE <)
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under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.13.0a5 DOC-
UMENTATION

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,
(D=2 12Hi)
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INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

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
(KDR=D12HiL)
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A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
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 Y7wvhk

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.
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. 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
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
(RDR=D12Hi <)
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WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
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.

C.3.6 UUencode and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
(RDR=D12Hi <)
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Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
(RDR=D12Hi <)
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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 TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 — Ui kqueue £ ¥ R —7 2 — ROV TDRDEHEEATVET:

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
(RDR=D12Hi <)
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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.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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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:

/KoK ok ok ok ok ok koK ok ok ok ok o ok Kok ok ok ok ok o ok koK ok ok ok ok o ok sk ok ok ok ok ok ok kK ok ok ok ok ok ok koK ok ok ok ok kK K

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ssl use the OpenSSL library for added performance if made available by

the operating system. Additionally, the Windows and macOS installers for Python may include a copy of

the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and

later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

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
(KDR=D12HiL)
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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 (507%) 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 modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,

and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but

excluding communication that is conspicuously marked or otherwise

(KDR=D12Hi)
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designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
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

(KDR=D12Hi)
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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 ome
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 modificatiomns, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditioms.
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,

(KDR=D12Hi)
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whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
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
(KD<R=2 1285 <)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi sources

unless the build is configured --with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
“"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
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.
(KDR=D12HiL)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc TEHL TWE Ny ¥ 25— 7 LDFEEIF,
cfuhash 72 =27 bOBDICEDOZ T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
(KD<R=2124i<)

470 1 C & B >1E> X



The Python/C API, JJ—2X 3.13.0a5

HIDR— % 5D E)
"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.3.17 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.
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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-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT License
Copyright (c¢) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the "Software”), to deal in the Software without restriction, including without limitation
the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and

to permit persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
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of the Software.

THE SOFTWARE IS PROVIDED ”AS 1IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FIT-
NESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LI-
ABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditionms:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s ”"Global Unbounded Sequences” safe memory reclamation

scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions
(KDR=D12HiL)
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are met:
1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ~“AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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abstract base class, 425
allocfunc (C type), 413
annotation, 425
argv (in module sys), 318
ascii

HHAIAHREL, 131
asynchronous context manager, 426
asynchronous generator, 426
asynchronous generator iterator, 426
asynchronous iterable, 427
asynchronous iterator, 427
awaitable, 427

B

BDFL, 427
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binary file, 427
binaryfunc (C type), 414
borrowed reference, 427
buffer interface

(see buffer protocol), 152
buffer object

(see buffer protocol), 152
buffer protocol, 152
builtins

module, 16, 282, 298, 300
bytearray

object, 190
bytecode, 428
bytes

object, 187

fHAHAHREE, 131
bytes-like object, 427

C

callable, 428
callback, 428
calloc (C function), 341
Capsule

object, 261
C-contiguous, 157, 429
class variable, 428
cleanup functions, 93
close (in module os), 300
CO_FUTURE_DIVISION (C war), 62
complex number, 428

object, 184
context manager, 429
context variable, 429
contiguous, 157, 429
copyright (in module sys), 286
coroutine function, 429
CPython, 429

D

decorator, 429
descrgetfunc (C type), 414
descriptor, 430
descrsetfunc (C type), 414
destructor (C type), 413
dictionary, 430

object, 222
dictionary comprehension, 430
dictionary view, 430
divmod

#HAAFHBIR, 142
docstring, 430
duck-typing, 430

E

EAFP, 431

EOFError ($#&AHBISN), 243
exc_info (sys €Y a—Jl), 14
executable (in module sys), 285
exit (C function), 93
expression, 431

extension module, 431

F

f-string, 431
file object, 431

file-like object, 431
filesystem encoding and error

handler, 431
finder, 432
floor division, 432
Fortran contiguous, 157, 429
free (C function), 341
freefunc (C type), 413
frozenset

object, 229

function annotation, 432

G

garbage collection, 433
gcvisitobjects_t (C type), 422
generator expression, 433
generator iterator, 433
generic function, 433
generic type, 433
getattrfunc (C type), 413
getattrofunc (C type), 413
getbufferproc (C type), 414
getiterfunc (C type), 414
getter (C type), 367

GIL, 433

global interpreter lock, 287, 434

H

hash

HAAAHEE, 132, 381
hash-based pyc, 434
hashable, 434
hashfunc (C type), 414

IDLE, 434
immortal, 434
immutable, 434
import path, 435
importer, 435
importing, 435
incr_item(), 14, 15
initproc (C type), 413
inquiry (C type), 421
instancemethod

object, 235
int

HAHAHER, 145
interactive, 435
interpreted, 435
interpreter lock, 287
interpreter shutdown, 435
iterable, 435
iterator, 436
iternextfunc (C type), 414

K

key function, 436

KeyboardInterrupt (##&AAFN), 78

keyword argument, 436

L

lambda, 437
LBYL, 437

len
HAHAAHBEE, 132, 146, 149, 220, 226,
230
lenfunc (C type), 414
list, 437
object, 220

list comprehension, 437
loader, 437
lock, interpreter, 287
long integer

object, 172
LONG_MAX (C macro), 174

M
magic

XYWk, 437
magic method, 437
main(), 318
malloc (C function), 341
mapping, 437

object, 222
memoryview

object, 258
meta path finder, 438
metaclass, 438
METH_CLASS (C macro), 362
METH_COEXIST (C macro), 362
METH_FASTCALL (C macro), 361
METH_KEYWORDS (C macro), 360
METH_METHOD (C macro), 361
METH_NOARGS (C macro), 361
METH_0 (C macro), 362
METH_STATIC (C macro), 362
METH_VARARGS (C macro), 360
method resolution order, 438

MethodType (in module types), 232, 235

module, 438
__main__, 16, 282, 298, 300
builtins, 16, 282, 298, 300
object, 244
signal, 78
sys, 16, 282, 298, 300
®E N, 16, 282, 285
module spec, 438
modules (in module sys), 94, 282
ModuleType (in module types), 244
MRO, 438
mutable, 439

N

named tuple, 439
namespace, 439
namespace package, 439
nested scope, 439
new-style class, 440
newfunc (C type), 413
None

object, 172

O

object, 440
bytearray, 190
bytes, 187
Capsule, 261
complex number, 184
dictionary, 222
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frozenset, 229

instancemethod, 235

list, 220

long integer, 172

mapping, 222

memoryview, 258

module, 244

None, 172

sequence, 186

tuple, 216

type, 8, 163

ad—F, 237

T, 242

XY w k235

1, 172

B, 172

FEEEH, 181

BA%K, 231

&4, 229
objobjargproc (C type), 415
objobjproc (C type), 415
OverflowError (MARAABIN), 174176

P

package, 440
package variable

__,all__, 94
parameter, 440
PATH, 16

path (sys €2 a—JL), 16, 282, 285
path based finder, 441
path entry, 441
path entry finder, 441
path entry hook, 441
path-like object, 441
PEP, 441
platform (in module sys), 286
portion, 441
pow

HHAHAHRR, 142, 144
provisional API, 442
provisional package, 442
Py_ABS (C macro), 5
Py_AddPendingCall (C function), 301
Py_ALWAYS_INLINE (C macro), 5
Py_AtExit (C function), 93
Py_AUDIT_READ (C macro), 365
Py_AuditHookFunction (C type), 93
Py_BEGIN_ALLOW_THREADS (C macro), 288,

292

Py_BLOCK_THREADS (C macro), 292
Py_buffer (C type), 153
Py_buffer.buf (C member), 153
Py_buffer.format (C member), 154
Py_buffer.internal (C member), 155
Py_buffer.itemsize (C member), 154
Py_buffer.len (C member), 154
Py_buffer.ndim (C member), 154
Py_buffer.obj (C member), 153
Py_buffer.readonly (C member), 154
Py_buffer.shape (C member), 154
Py_buffer.strides (C member), 155
Py_buffer.suboffsets (C member), 155
Py_BuildValue (C function), 110
Py_BytesMain (C function), 57
Py_BytesWarningFlag (C var), 278
Py_CHARMASK (C macro), 6

Py_CLEAR (C function), 65

Py_CompileString (C function), 60, 62

Py_CompileStringExFlags (C function),
61

Py_CompileStringFlags (C function), 60

Py_CompileStringObject (C function), 61

Py_complex (C type), 184

Py_CONSTANT_ELLIPSIS (C macro), 126

Py_CONSTANT_EMPTY_BYTES (C macro), 126

Py_CONSTANT_EMPTY_STR (C macro), 126

Py_CONSTANT_EMPTY_TUPLE (C macro), 126

Py_CONSTANT_FALSE (C macro), 126

Py_CONSTANT_NONE (C macro), 126

Py_CONSTANT_NOT_IMPLEMENTED (C'
macro), 126

Py_CONSTANT_ONE (C macro), 126

Py_CONSTANT_TRUE (C macro), 126

Py_CONSTANT_ZERO (C macro), 126

PY_CXX_CONST (C macro), 110

Py_DEBUG (C macro), 17

Py_DebugFlag (C var), 278

Py_DecodeLocale (C function), 89

Py_DECREF (C function), 9, 64

Py_DecRef (C function), 65

Py_DEPRECATED (C macro), 6

Py_DontWriteBytecodeFlag (C var), 279

Py_Ellipsis (C var), 258

Py_EncodeLocale (C function), 90

Py_END_ALLOW_THREADS (C macro), 288,
292

Py_EndInterpreter (C function), 300

Py_EnterRecursiveCall (C function), 82

Py_EQ (C macro), 394

Py_eval_input (C var), 62

Py_Exit (C function), 93

Py_ExitStatusException (C function),
312

Py_False (C wvar), 181

Py_FatalError (C function), 93

Py_FdIsInteractive (C function), 87

Py_file_input (C var), 62

Py_Finalize (C function), 284

Py_FinalizeEx (C function), 93, 282, 283,
299, 300

Py_FrozenFlag (C var), 279

Py_GE (C macro), 394

Py_GenericAlias (C function), 275

Py_GenericAliasType (C var), 275

Py_GetArgcArgv (C function), 337

Py_GetBuildInfo (C function), 287

Py_GetCompiler (C function), 286

Py_GetConstant (C function), 125

Py_GetConstantBorrowed (C function),
126

Py_GetCopyright (C function), 286

Py_GETENV (C macro), 6

Py_GetExecPrefix (C function), 16, 284

Py_GetPath (C function), 16, 285

Py_GetPlatform (C function), 286

Py_GetPrefix (C function), 16, 284

Py_GetProgramFullPath (C function), 16,
285

Py_GetProgramName (C function), 284

Py_GetPythonHome (C' function), 287

Py_GetVersion (C function), 286

Py_GT (C macro), 394

Py_hash_t (C type), 116

Py_HashPointer (C function), 117

Py_HashRandomizationFlag (C var), 279
Py_IgnoreEnvironmentFlag (C var), 279
Py_INCREF (C function), 9, 63
Py_IncRef (C function), 65
Py_Initialize (C function), 16, 282, 299
Py_InitializeEx (C function), 283
Py_InitializeFromConfig (C function),
332
Py_InspectFlag (C var), 279
Py_InteractiveFlag (C var), 280
Py_Is (C function), 357
Py_IS_TYPE (C function), 358
Py_IsFalse (C function), 357
Py_IsFinalizing (C function), 283
Py_IsInitialized (C function), 16, 283
Py_IsNone (C function), 357
Py_IsolatedFlag (C var), 280
Py_IsTrue (C function), 357
Py_LE (C macro), 394
Py_LeaveRecursiveCall (C function), 83
Py_LegacyWindowsFSEncodingFlag (C
var), 280
Py_LegacyWindowsStdioFlag (C wvar), 280
Py_LIMITED_API (C macro), 20
Py_LT (C macro), 394
Py_Main (C function), 57
PY_MAJOR_VERSION (C macro), 423
Py_MAX (C macro), 6
Py_MEMBER_SIZE (C macro), 6
PY_MICRO_VERSION (C macro), 423
Py_MIN (C macro), 6
PY_MINOR_VERSION (C macro), 423
Py_mod_create (C macro), 249
Py_mod_exec (C macro), 249
Py_mod_multiple_interpreters (C
macro), 249

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

(C macro), 250
Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED
(C macro), 250
Py_MOD_PER_INTERPRETER_GIL_SUPPORTED
(C macro), 250
Py_NE (C macro), 394
Py_NewInterpreter (C function), 300
Py_NewInterpreterFromConfig (C'
function), 298
Py_NewRef (C function), 64
Py_NO_INLINE (C macro), 6
Py_None (C var), 172
Py_NoSiteFlag (C var), 281
Py_NotImplemented (C wvar), 127
Py_NoUserSiteDirectory (C var), 281
Py_OpenCodeHookFunction (C type), 243
Py_OptimizeFlag (C wvar), 281
Py_PreInitialize (C function), 315
Py_PrelnitializeFromArgs (C function),
315
Py_PreInitializeFromBytesArgs (C
function), 315
Py_PRINT_RAW (C macro), 127
Py_PRINT_RAW (C DY ¥ 0), 243
Py_QuietFlag (C var), 281
Py_READONLY (C macro), 365
Py_REFCNT (C function), 63
Py_RELATIVE_OFFSET (C macro), 365
PY_RELEASE_LEVEL (C macro), 423
PY_RELEASE_SERIAL (C macro), 423
Py_ReprEnter (C function), 83
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Py_ReprLeave (C function), 83

Py_RETURN_FALSE (C macro), 181

Py_RETURN_NONE (C macro), 172

Py_RETURN_NOTIMPLEMENTED (C macro),
127

Py_RETURN_RICHCOMPARE (C macro), 394

Py_RETURN_TRUE (C macro), 181

Py_RunMain (C function), 337

Py_SET_REFCNT (C function), 63

Py_SET_SIZE (C function), 358

Py_SET_TYPE (C function), 358

Py_SETREF (C macro), 66

Py_single_input (C var), 62

Py_SIZE (C function), 358

Py_ssize_t (C type), 13

PY_SSIZE_T_MAX (C macro), 175

Py_STRINGIFY (C macro), 7

Py_T_BOOL (C macro), 366

Py_T_BYTE (C macro), 366

Py_T_CHAR (C macro), 366

Py_T_DOUBLE (C macro), 366

Py_T_FLOAT (C macro), 366

Py_T_INT (C macro), 366

Py_T_LONG (C macro), 366

Py_T_LONGLONG (C macro), 366

Py_T_OBJECT_EX (C macro), 366

Py_T_PYSSIZET (C macro), 366

Py_T_SHORT (C macro), 366

Py_T_STRING (C macro), 366

Py_T_STRING_INPLACE (C macro), 366

Py_T_UBYTE (C macro), 366

Py_T_UINT (C macro), 366

Py_T_ULONG (C macro), 366

Py_T_ULONGLONG (C macro), 366

Py_T_USHORT (C macro), 366

Py_TPFLAGS_BASE_EXC_SUBCLASS (C'
macro), 387

Py_TPFLAGS_BASETYPE (C 7”/1,(7,07‘0)7 385

Py_TPFLAGS_BYTES_SUBCLASS (C macro),
387

Py_TPFLAGS_DEFAULT (C macro), 385

Py_TPFLAGS_DICT_SUBCLASS (C macro),
387

Py_TPFLAGS_DISALLOW_INSTANTIATION (O
macro), 388

Py_TPFLAGS_HAVE_FINALIZE (C macro),
387

Py_TPFLAGS_HAVE_GC (C macro), 385

Py_TPFLAGS_HAVE_VECTORCALL (C macro),
387

Py_TPFLAGS_HEAPTYPE (C macro), 384

Py_TPFLAGS_IMMUTABLETYPE (C macro),
388

Py_TPFLAGS_ITEMS_AT_END (C macro), 386

Py_TPFLAGS_LIST_SUBCLASS (C macro),
387

Py_TPFLAGS_LONG_SUBCLASS (C macro),
387

Py_TPFLAGS_MANAGED_DICT (C 7”!716107“0)7 386

Py_TPFLAGS_MANAGED_WEAKREF (C macro),
386

Py_TPFLAGS_MAPPING (C macro), 388

Py_TPFLAGS_METHOD_DESCRIPTOR (C
macro), 386

Py_TPFLAGS_READY (C macro), 385

Py_TPFLAGS_READYING (C ’m,LlCT‘O)7 385

Py_TPFLAGS_SEQUENCE (C macro), 389

Py_TPFLAGS_TUPLE_SUBCLASS (C macro),
387
Py_TPFLAGS_TYPE_SUBCLASS (C macro),
387
Py_TPFLAGS_UNICODE_SUBCLASS (C
macro), 387
Py_TPFLAGS_VALID_VERSION_TAG (C'
macro), 389
Py_tracefunc (C type), 302
Py_True (C var), 181
Py_tss_NEEDS_INIT (C macro), 306
Py_tss_t (C type), 306
Py_TYPE (C function), 357
Py_ucs1 (C type), 191
Py_ucs2 (C type), 191
Py_UCS4 (C type), 191
Py_uhash_t (C type), 116
Py_UNBLOCK_THREADS (C macro), 292
Py_UnbufferedStdioFlag (C var), 282
Py_UNICODE (C type), 191
Py_UNICODE_IS_HIGH_SURROGATE (C
Sfunction), 195
Py_UNICODE_IS_LOW_SURROGATE (C
Sfunction), 196
Py_UNICODE_IS_SURROGATE (C function),
195
Py_UNICODE_ISALNUM (C function), 195
Py_UNICODE_ISALPHA (C function), 195
Py_UNICODE_ISDECIMAL (C function), 194
Py_UNICODE_ISDIGIT (C function), 194
Py_UNICODE_ISLINEBREAK (C function),
194
Py_UNICODE_ISLOWER (C function), 194
Py_UNICODE_ISNUMERIC (C function), 194
Py_UNICODE_ISPRINTABLE (C function),
195
Py_UNICODE_ISSPACE (C function), 194
Py_UNICODE_ISTITLE (C function), 194
Py_UNICODE_ISUPPER (C function), 194
Py_UNICODE_JOIN_SURROGATES (C'
function), 196
Py_UNICODE_TODECIMAL (C function), 195
Py_UNICODE_TODIGIT (C function), 195
Py_UNICODE_TOLOWER (C function), 195
Py_UNICODE_TONUMERIC (C function), 195
Py_UNICODE_TOTITLE (C function), 195
Py_UNICODE_TOUPPER (C function), 195
Py_UNREACHABLE (C macro), 7
Py_UNUSED (C macro), 7
Py_VaBuildValue (C function), 113
PY_VECTORCALL_ARGUMENTS_OFFSET (C
macro), 136
Py_VerboseFlag (C var), 282
Py_Version (C var), 424
PY_VERSION_HEX (C macro), 423
Py_VISIT (C function), 421
Py_XDECREF (C function), 15, 65
Py_XINCREF (C function), 64
Py_XNewRef (C function), 64
Py_XSETREF (C macro), 66
PyAIter_Check (C function), 151
PyAnySet_Check (C function), 230
PyAnySet_CheckExact (C function), 230
PyArg_Parse (C function), 108
PyArg_ParseTuple (C function), 108
PyArg_ParseTupleAndKeywords (C
Sfunction), 108
PyArg_UnpackTuple (C function), 109

PyArg_ValidateKeywordArguments (C
function), 108
PyArg_VaParse (C function), 108
PyArg_VaParseTupleAndKeywords (C
function), 108
PyASCIIObject (C type), 192
PyAsyncMethods (C type), 411
PyAsyncMethods.am_aiter (C member),
412
PyAsyncMethods.am_anext (C member),
412
PyAsyncMethods.am_await (C member),
412
PyAsyncMethods.am_send (C member),
412
PyBool_Check (C function), 181
PyBool_FromLong (C function), 181
PyBool_Type (C var), 181
PyBUF_ANY_CONTIGUQUS (C macro), 157
PyBUF_C_CONTIGUOUS (C macro), 157
PyBUF_CONTIG (C macro), 158
PyBUF_CONTIG_RO (C macro), 158
PyBUF_F_CONTIGUOUS (C macro), 157
PyBUF_FORMAT (C macro), 156
PyBUF_FULL (C macro), 158
PyBUF_FULL_RO (C macro), 158
PyBUF_INDIRECT (C macro), 157
PyBUF_MAX_NDIM (C macro), 155
PyBUF_ND (C macro), 157
PyBUF_READ (C macro), 258
PyBUF_RECORDS (C macro), 158
PyBUF_RECORDS_RO (C macro), 158
PyBUF_SIMPLE (C macro), 157
PyBUF_STRIDED (C macro), 158
PyBUF_STRIDED_RO (C macro), 158
PyBUF_STRIDES (C macro), 157
PyBUF_WRITABLE (C macro), 156
PyBUF_WRITE (C macro), 258
PyBuffer_FillContiguousStrides (C
function), 161
PyBuffer_FilllInfo (C function), 162
PyBuffer_FromContiguous (C function),
161
PyBuffer_GetPointer (C function), 161
PyBuffer_IsContiguous (C function), 161
PyBuffer_Release (C function), 160
PyBuffer_SizeFromFormat (C function),
161
PyBuffer_ToContiguous (C function), 161
PyBufferProcs (C type), 152, 410
PyBufferProcs.bf_getbuffer (C
member), 410
PyBufferProcs.bf_releasebuffer (C
member), 411
PyByteArray_AS_STRING (C' function), 191
PyByteArray_AsString (C function), 190
PyByteArray_Check (C function), 190
PyByteArray_CheckExact (C function),
190
PyByteArray_Concat (C function), 190
PyByteArray_FromObject (C function),
190
PyByteArray_FromStringAndSize (C
function), 190
PyByteArray_GET_SIZE (C function), 191
PyByteArray_Resize (C function), 190
PyByteArray_Size (C function), 190
PyByteArray_Type (C var), 190
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PyByteArrayObject (C type), 190
PyBytes_AS_STRING (C function), 189
PyBytes_AsString (C function), 188
PyBytes_AsStringAndSize (C function),
189
PyBytes_Check (C function), 187
PyBytes_CheckExact (C function), 187
PyBytes_Concat (C function), 189
PyBytes_ConcatAndDel (C function), 189
PyBytes_FromFormat (C function), 187
PyBytes_FromFormatV (C function), 188
PyBytes_FromObject (C function), 188
PyBytes_FromString (C function), 187
PyBytes_FromStringAndSize (C
function), 187
PyBytes_GET_SIZE (C function), 188
PyBytes_Size (C function), 188
PyBytes_Type (C var), 187
PyBytesObject (C type), 187
PyCallable_Check (C function), 14
PyCallIter_Check (C function), 25
PyCallIter_New (C function), 255
PyCallIter_Type (C var), 255
PyCapsule (C type), 261
PyCapsule_CheckExact (C function), 261
PyCapsule_Destructor (C type), 261
PyCapsule_GetContext (C function), 262
PyCapsule_GetDestructor (C function),
262
PyCapsule_GetName (C function), 262
PyCapsule_GetPointer (C function), 261
PyCapsule_Import (C function), 262
PyCapsule_IsValid (C function), 262
PyCapsule_New (C function), 261
PyCapsule_SetContext (C function), 263
PyCapsule_SetDestructor (C function),
263
PyCapsule_SetName (C function), 263
PyCapsule_SetPointer (C function), 263
PyCell_Check (C function), 236
PyCell_GET (C function), 236
PyCell_Get (C function), 236
PyCell_New (C function), 236
PyCell_SET (C function), 237
PyCell_Set (C function), 236
PyCell_Type (C var), 236
PyCellObject (C type), 236
PyCFunction (C type), 359
PyCFunction_New (C function), 363
PyCFunction_NewEx (C function), 363
PyCFunctionFast (C type), 359
PyCFunctionFastWithKeywords (C type),
359
PyCFunctionWithKeywords (C type), 359
PyCMethod (C type), 359
PyCMethod_New (C function), 362
PyCode_Addr2Line (C function), 239
PyCode_Addr2Location (C function), 239
PyCode_AddWatcher (C function), 240
PyCode_Check (C function), 237
PyCode_ClearWatcher (C function), 240
PyCode_GetCellvars (C function), 239
PyCode_GetCode (C function), 239
PyCode_GetFreevars (C function), 239
PyCode_GetNumFree (C function), 237
PyCode_GetVarnames (C function), 239
PyCode_New (C function), 238
PyCode_NewEmpty (C function), 238

1
5

PyCode_NewWithPosOnlyArgs (C
Sfunction), 238

PyCode_Type (C var), 237

PyCode_WatchCallback (C type), 240

PyCodec_BackslashReplaceErrors (C
Sfunction), 120

PyCodec_Decode (C function), 118

PyCodec_Decoder (C function), 119

PyCodec_Encode (C function), 118

PyCodec_Encoder (C function), 119

PyCodec_IgnoreErrors (C function), 120

PyCodec_IncrementalDecoder (C
Sfunction), 119

PyCodec_IncrementalEncoder (C
Sfunction), 119

PyCodec_KnownEncoding (C function), 118

PyCodec_LookupError (C function), 120

PyCodec_NameReplaceErrors (C
function), 120

PyCodec_Register (C function), 118

PyCodec_RegisterError (C function), 119

PyCodec_ReplaceErrors (C function), 120

PyCodec_StreamReader (C function), 119

PyCodec_StreamWriter (C function), 119

PyCodec_StrictErrors (C function), 120

PyCodec_Unregister (C function), 118

PyCodec_XMLCharRefReplaceErrors (C'
Sfunction), 120

PyCodeEvent (C type), 240

PyCodeObject (C type), 237

PyCompactUnicodeObject (C type), 192

PyCompilerFlags (C struct), 62

PyCompilerFlags.cf_feature_version (C'
member), 62

PyCompilerFlags.cf_flags (C member),
62

PyComplex_AsCComplex (C function), 186

PyComplex_Check (C function), 185

PyComplex_CheckExact (C function), 185

PyComplex_FromCComplex (C function),
185

PyComplex_FromDoubles (C function), 185

PyComplex_ImagAsDouble (C function),
186

PyComplex_RealAsDouble (C function),
186

PyComplex_Type (C war), 185

PyComplexObject (C type), 185

PyConfig (C type), 317

PyConfig_Clear (C function), 318

PyConfig_InitIsolatedConfig (C
Sfunction), 317

PyConfig_InitPythonConfig (C
Sfunction), 317

PyConfig_Read (C function), 317

PyConfig_SetArgv (C function), 317

PyConfig_SetBytesArgv (C function), 317

PyConfig_SetBytesString (C function),
317

PyConfig_SetString (C function), 317

PyConfig_SetWideStringList (C'
Sfunction), 317

PyConfig.argv (C member), 318

PyConfig.base_exec_prefix (C member),
319

PyConfig.base_executable (C member),
319

PyConfig.base_prefix (C member), 320

PyConfig.buffered_stdio (C member),
320
PyConfig.bytes_warning (C member),
320
PyConfig.check_hash_pycs_mode ( C
member), 320
PyConfig.code_debug_ranges (C
member), 320
PyConfig.configure_c_stdio (C
member), 321
PyConfig.cpu_count (C member), 324
PyConfig.dev_mode (C member), 321
PyConfig.dump_refs (C member), 321
PyConfig.exec_prefix (C member), 321
PyConfig.executable (C member), 322
PyConfig.faulthandler (C member), 322
PyConfig.filesystem_encoding (C
member), 322
PyConfig.filesystem_errors (C
member), 323
PyConfig.hash_seed (C member), 323
PyConfig.home (C member), 323
PyConfig.import_time (C member), 323
PyConfig.inspect (C member), 323
PyConfig.install_signal_handlers (C
member), 324
PyConfig.int_max_str_digits (C
member), 324
PyConfig.interactive (C member), 324
PyConfig.isolated (C member), 325
PyConfig.legacy_windows_stdio (C'
member), 325
PyConfig.malloc_stats (C member), 325
PyConfig.module_search_paths (C
member), 326
PyConfig.module_search_paths_set (C’
member), 326
PyConfig.optimization_level (C'
member), 326
PyConfig.orig_argv (C member), 326
PyConfig.parse_argv (C member), 327
PyConfig.parser_debug (C member), 327
PyConfig.pathconfig_warnings (C
member), 327
PyConfig.perf_profiling (C member),
330
PyConfig.platlibdir (C member), 325
PyConfig.prefix (C member), 327
PyConfig.program_name (C member), 328
PyConfig.pycache_prefix (C member),
328
PyConfig.pythonpath_env (C member),
326
PyConfig.quiet (C member), 328
PyConfig.run_command (C member), 328
PyConfig.run_filename (C member), 328
PyConfig.run_module (C member), 329
PyConfig.run_presite (C member), 329
PyConfig.safe_path (C member), 319
PyConfig.show_ref_count (C member),
329
PyConfig.site_import (C member), 329
PyConfig.skip_source_first_line (C
member), 329
PyConfig.stdio_encoding (C member),
330
PyConfig.stdio_errors (C member), 330
PyConfig.tracemalloc (C member), 330
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PyConfig.use_environment (C member),
330
PyConfig.use_hash_seed (C member),
323
PyConfig.user_site_directory (C
member), 331
PyConfig.verbose (C member), 331
PyConfig.warn_default_encoding (C
member), 320
PyConfig.warnoptions (C member), 331
PyConfig.write_bytecode (C member),
331
PyConfig.xoptions (C member), 332
PyContext (C type), 268
PyContext_CheckExact (C function), 268
PyContext_Copy (C function), 268
PyContext_CopyCurrent (C function), 269
PyContext_Enter (C function), 269
PyContext_Exit (C function), 269
PyContext_New (C function), 268
PyContext_Type (C var), 268
PyContextToken (C type), 268
PyContextToken_CheckExact (C
function), 268
PyContextToken_Type (C var), 268
PyContextVar (C type), 268
PyContextVar_CheckExact (C function),
268
PyContextVar_Get (C function), 269
PyContextVar_New (C function), 269
PyContextVar_Reset (C function), 269
PyContextVar_Set (C function), 269
PyContextVar_Type (C var), 268
PyCoro_CheckExact (C function), 267
PyCoro_New (C function), 267
PyCoro_Type (C var), 267
PyCoroObject (C type), 267
PyDate_Check (C function), 271
PyDate_CheckExact (C function), 271
PyDate_FromDate (C function), 272
PyDate_FromTimestamp (C function), 274
PyDateTime_Check (C function), 271
PyDateTime_CheckExact (C function), 271
PyDateTime_Date (C' type), 270
PyDateTime _DATE_GET_FOLD (C function),
273
PyDateTime_DATE_GET_HOUR (C function),
273
PyDateTime_DATE_GET_MICROSECOND (C'
function), 273
PyDateTime_DATE_GET_MINUTE (C
function), 273
PyDateTime_DATE_GET_SECOND (C
function), 273
PyDateTime_DATE_GET_TZINFO (C
function), 273
PyDateTime_DateTime (C type), 270
PyDateTime_DateTimeType (C war), 270
PyDateTime_DateType (C var), 270
PyDateTime_Delta (C type), 270
PyDateTime _DELTA_GET_DAYS (C
function), 274
PyDateTime_DELTA_GET_MICROSECONDS (C'
function), 274
PyDateTime_DELTA_GET_SECONDS (C'
function), 274
PyDateTime_DeltaType (C wvar), 270

PyDateTime_FromDateAndTime (C
Sfunction), 272
PyDateTime_FromDateAndTimeAndFold (C
Sfunction), 272
PyDateTime_FromTimestamp (C function),
274
PyDateTime_GET_DAY (C function), 273
PyDateTime_GET_MONTH (C function), 273
PyDateTime_GET_YEAR (C function), 273
PyDateTime_Time (C type), 270
PyDateTime_TIME_GET_FOLD (C function),
274
PyDateTime_TIME_GET_HOUR (C function),
273
PyDateTime_TIME_GET_MICROSECOND (C
function), 274
PyDateTime_TIME_GET_MINUTE (C'
Sfunction), 273
PyDateTime_TIME_GET_SECOND (C'
Sfunction), 274
PyDateTime_TIME_GET_TZINFO (C'
Sfunction), 274
PyDateTime_TimeType (C wvar), 270
PyDateTime_TimeZone_UTC (C war), 270
PyDateTime_TZInfoType (C wvar), 270
PyDelta_Check (C function), 271
PyDelta_CheckExact (C function), 271
PyDelta_FromDSU (C function), 272
PyDescr_IsData (C function), 256
PyDescr_NewClassMethod (C function),
256
PyDescr_NewGetSet (C function), 2
PyDescr_NewMember (C' function), 255
PyDescr_NewMethod (C function), 256
PyDescr_NewWrapper (C function), 256
PyDict_AddWatcher (C function), 227
PyDict_Check (C function), 223
PyDict_CheckExact (C function), 223
PyDict_Clear (C function), 223
PyDict_ClearWatcher (C function), 228
PyDict_Contains (C function), 223
PyDict_ContainsString (C function), 223
PyDict_Copy (C function), 223
PyDict_Delltem (C function), 223
PyDict_DelItemString (C function), 224
PyDict_GetItem (C function), 224
PyDict_GetItemRef (C function), 224
PyDict_GetItemString (C function), 224
PyDict_GetItemStringRef (C function),
225
PyDict_GetItemWithError (C function),
224
PyDict_Items (C function), 226
PyDict_Keys (C function), 226
PyDict_Merge (C function), 227
PyDict_MergeFromSeq2 (C function), 227
PyDict_New (C function), 223
PyDict_Next (C function), 226
PyDict_Pop (C function), 225
PyDict_PopString (C function), 226
PyDict_SetDefault (C function), 225
PyDict_SetDefaultRef (C function), 225
PyDict_SetItem (C function), 223
PyDict_SetItemString (C function), 223
PyDict_Size (C function), 226
PyDict_Type (C var), 222
PyDict_Unwatch (C function), 228
PyDict_Update (C function), 227
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PyDict_Values (C function), 226
PyDict_Watch (C function), 228
PyDict_WatchCallback (C type), 228
PyDict_WatchEvent (C type), 228
PyDictObject (C type), 222
PyDictProxy_New (C function), 223
PyDoc_STR (C macro), 8
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 69
PyErr_BadInternalCall (C function), 72
PyErr_CheckSignals (C function), 78
PyErr_Clear (C function), 13, 15, 68
PyErr_DisplayException (C function), 69
PyErr_ExceptionMatches (C function),
15, 74
PyErr_Fetch (C function), 75
PyErr_Format (C function), 69
PyErr_FormatUnraisable (C function), 68
PyErr_FormatV (C function), 69
PyErr_GetExcInfo (C function), 77
PyErr_GetHandledException (C
function), 76
PyErr_GetRaisedException (C function),
74
PyErr_GivenExceptionMatches (C'
function), 74
PyErr_NewException (C function), 79
PyErr_NewExceptionWithDoc (C
function), 79
PyErr_NoMemory (C function), 69
PyErr_NormalizeException (C function),
76
PyErr_Occurred (C function), 13, 74
PyErr_Print (C function), 68
PyErr_PrintEx (C function), 68
PyErr_ResourceWarning (C function), 73
PyErr_Restore (C function), 75
PyErr_SetExcFromWindowsErr (C
function), 71
PyErr_SetExcFromWindowsErrWithFilename
(C function), 71

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 71

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 71
PyErr_SetExcInfo (C function), 77
PyErr_SetFromErrno (C function), 70
PyErr_SetFromErrnoWithFilename (C

function), 70
PyErr_SetFromErrnoWithFilenameObject

(C function), 70
PyErr_SetFromErrnoWithFilenameObjects

(C function), 70
PyErr_SetFromWindowsErr (C function),

70
PyErr_SetFromWindowsErrWithFilename

(C function), 71
PyErr_SetHandledException (C

function), 76
PyErr_SetImportError (C function), 71
PyErr_SetImportErrorSubclass (C

function), 72
PyErr_SetInterrupt (C function), 78
PyErr_SetInterruptEx (C function), 78
PyErr_SetNone (C function), 69
PyErr_SetObject (C function), 69
PyErr_SetRaisedException (C function),

75
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PyErr_SetString (C function), 13, 69
PyErr_SyntaxLocation (C function), 72
PyErr_SyntaxLocationEx (C function), 72
PyErr_SyntaxLocationObject (C
function), 72
PyErr_WarnEx (C function), 72
PyErr_WarnExplicit (C function), 73
PyErr_WarnExplicitObject (C function),
73
PyErr_WarnFormat (C function), 73
PyErr_WriteUnraisable (C function), 68
PyEval_AcquireThread (C function), 296
PyEval_EvalCode (C function), 61
PyEval_EvalCodeEx (C function), 61
PyEval_EvalFrame (C function), 61
PyEval_EvalFrameEx (C function), 61
PyEval_GetBuiltins (C function), 117
PyEval_GetFrame (C function), 117
PyEval_GetFuncDesc (C function), 118
PyEval_GetFuncName (C function), 117
PyEval_GetGlobals (C function), 117
PyEval_GetLocals (C function), 117
PyEval_MergeCompilerFlags (C'
function), 62
PyEval_ReleaseThread (C function), 296
PyEval_RestoreThread (C function), 288,
290
PyEval_SaveThread (C function), 288, 290
PyEval_SetProfile (C function), 304
PyEval_SetProfileAllThreads (C
function), 304
PyEval_SetTrace (C function), 304
PyEval_SetTraceAllThreads (C
function), 304
PyExc_ArithmeticError (C var), 83
PyExc_AssertionError (C wvar), 83
PyExc_AttributeError (C var), 83
PyExc_BaseException (C var), 83
PyExc_BlockingIOError (C wvar), 83
PyExc_BrokenPipeError (C var), 83
PyExc_BufferError (C var), 83
PyExc_BytesWarning (C var), 86
PyExc_ChildProcessError (C var), 83
PyExc_ConnectionAbortedError (C var),
83
PyExc_ConnectionError (C var), 83
PyExc_ConnectionRefusedError (C var),
83
PyExc_ConnectionResetError (C var), 83
PyExc_DeprecationWarning (C var), 86
PyExc_EnvironmentError (C wvar), 85
PyExc_EOFError (C var), 83
PyExc_Exception (C var), 83
PyExc_FileExistsError (C var), 83
PyExc_FileNotFoundError (C var), 83
PyExc_FloatingPointError (C var), 83
PyExc_FutureWarning (C var), 86
PyExc_GeneratorExit (C var), 83
PyExc_ImportError (C var), 83
PyExc_ImportWarning (C var), 86
PyExc_IndentationError (C wvar), 83
PyExc_IndexError (C var), 83
PyExc_InterruptedError (C var), 83
PyExc_IOError (C var), 85
PyExc_IsADirectoryError (C var), 83
PyExc_KeyboardInterrupt (C var), 83
PyExc_KeyError (C var), 83
PyExc_LookupError (C var), 83

PyExc_MemoryError (C var), 83
PyExc_ModuleNotFoundError (C var), 83
PyExc_NameError (C var), 83
PyExc_NotADirectoryError (C var), 83
PyExc_NotImplementedError (C var), 83
PyExc_0SError (C wvar), 83
PyExc_0OverflowError (C var), 83
PyExc_PendingDeprecationWarning (C
var), 86
PyExc_PermissionError (C wvar), 83
PyExc_ProcessLookupError (C var), 83
PyExc_RecursionError (C var), 83
PyExc_ReferenceError (C var), 83
PyExc_ResourceWarning (C var), 86
PyExc_RuntimeError (C var), 83
PyExc_RuntimeWarning (C var), 86
PyExc_StopAsyncIteration (C var), 83
PyExc_StopIteration (C var), 83
PyExc_SyntaxError (C var), 83
PyExc_SyntaxWarning (C var), 86
PyExc_SystemError (C var), 83
PyExc_SystemExit (C var), 83
PyExc_TabError (C var), 83
PyExc_TimeoutError (C var), 83
PyExc_TypeError (C var), 83
PyExc_UnboundLocalError (C var), 83
PyExc_UnicodeDecodeError (C var), 83
PyExc_UnicodeEncodeError (C var), 83
PyExc_UnicodeError (C var), 83
PyExc_UnicodeTranslateError (C var),
83
PyExc_UnicodeWarning (C var), 86
PyExc_UserWarning (C var), 86
PyExc_ValueError (C var), 83
PyExc_Warning (C var), 86
PyExc_WindowsError (C var), 85
PyExc_ZeroDivisionError (C var), 83
PyException_GetArgs (C function), 80
PyException_GetCause (C function), 80
PyException_GetContext (C function), 80
PyException_GetTraceback (C function),
80
PyException_SetArgs (C function), 80
PyException_SetCause (C function), 80
PyException_SetContext (C function), 80
PyException_SetTraceback (C function),
80
PyFile_FromFd (C function), 242
PyFile_GetLine (C function), 243
PyFile_SetOpenCodeHook (C function),
243
PyFile_WriteObject (C function), 243
PyFile_WriteString (C function), 243
PyFloat_AS_DOUBLE (C function), 182
PyFloat_AsDouble (C function), 182
PyFloat_Check (C function), 182
PyFloat_CheckExact (C function), 182
PyFloat_FromDouble (C' function), 182
PyFloat_FromString (C function), 182
PyFloat_GetInfo (C function), 182
PyFloat_GetMax (C function), 182
PyFloat_GetMin (C function), 182
PyFloat_Pack2 (C function), 183
PyFloat_Pack4 (C function), 183
PyFloat_Pack8 (C function), 183
PyFloat_Type (C var), 181
PyFloat_Unpack2 (C function), 184
PyFloat_Unpack4 (C function), 184

PyFloat_Unpack8 (C function), 184
PyFloatObject (C type), 181
PyFrame_Check (C function), 263
PyFrame_GetBack (C function), 264
PyFrame_GetBuiltins (C function), 264
PyFrame_GetCode (C function), 264
PyFrame_GetGenerator (C function), 264
PyFrame_GetGlobals (C function), 264
PyFrame_GetLasti (C function), 264
PyFrame_GetLineNumber (C function), 265
PyFrame_GetLocals (C function), 265
PyFrame_GetVar (C function), 264
PyFrame_GetVarString (C function), 265
PyFrame_Type (C var), 263
PyFrameObject (C type), 263
PyFrozenSet_Check (C function), 230
PyFrozenSet_CheckExact (C function),
230
PyFrozenSet_New (C function), 230
PyFrozenSet_Type (C var), 229
PyFunction_AddWatcher (C function), 233
PyFunction_Check (C function), 232
PyFunction_ClearWatcher (C function),
233
PyFunction_GetAnnotations (C
function), 233
PyFunction_GetClosure (C function), 233
PyFunction_GetCode (C function), 232
PyFunction_GetDefaults (C function),
232
PyFunction_GetGlobals (C function), 232
PyFunction_GetModule (C function), 232
PyFunction_New (C function), 232
PyFunction_NewWithQualName (C'
function), 232
PyFunction_SetAnnotations (C
function), 233
PyFunction_SetClosure (C function), 233
PyFunction_SetDefaults (C function),
232
PyFunction_SetVectorcall (C function),
233
PyFunction_Type (C var), 231
PyFunction_WatchCallback (C type), 234
PyFunction_WatchEvent (C type), 234
PyFunctionObject (C type), 231
PyGC_Collect (C function), 421
PyGC_Disable (C function), 422
PyGC_Enable (C function), 421
PyGC_IsEnabled (C function), 422
PyGen_Check (C function), 266
PyGen_CheckExact (C function), 266
PyGen_New (C function), 266
PyGen_NewWithQualName (C function), 266
PyGen_Type (C var), 266
PyGenObject (C type), 266
PyGetSetDef (C type), 367
PyGetSetDef . closure (C member), 367
PyGetSetDef.doc (C member), 367
PyGetSetDef .get (C' member), 367
PyGetSetDef .name (C member), 367
PyGetSetDef.set (C member), 367
PyGILState_Check (C function), 292
PyGILState_Ensure (C function), 291
PyGILState_GetThisThreadState (C’
function), 292
PyGILState_Release (C function), 292
PyHASH_BITS (C macro), 116
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PyHash_FuncDef (C type), 116 PyInterpreterConfig.allow_threads (C PyLong_AsNativeBytes.Py_ASNATIVEBYTES_NATIVE_
PyHash_FuncDef .hash_bits (C member), member), 298 (C macro), 179
116 PyInterpreterConfig.check_multi_interp_pxPodsngndsNativeBytes.Py_ASNATIVEBYTES_REJECT_
PyHash_FuncDef .name (C member), 116 (C member), 298 (C macro), 179
PyHash_FuncDef .seed_bits (C member), PyInterpreterConfig.gil (C' member), PyLong_AsNativeBytes.Py_ASNATIVEBYTES_UNSIGNE
116 298 (C macro), 179
PyHash_GetFuncDef (C function), 117 PyInterpreterConfig.use_main_obmalloc PyLong_AsSize_t (C function), 176
PyHASH_IMAG (C macro), 116 (C member), 297 PyLong_AsSsize_t (C function), 175
PyHASH_INF (C macro), 116 PyInterpreterState (C type), 290 PyLong_AsUnsignedLong (C function), 176
PyHASH_MODULUS (C macro), 116 PyInterpreterState_Clear (C function), PyLong_AsUnsignedLongLong (C
PyImport_AddModule (C function), 95 293 function), 176
PyImport_AddModuleObject (C function), PyInterpreterState_Delete (C PyLong_AsUnsignedLongLongMask (C
95 function), 293 function), 176
PyImport_AddModuleRef (C function), 95 PyInterpreterState_Get (C function), PyLong_AsUnsignedLongMask (C
PyImport_AppendInittab (C function), 98 294 function), 176
PyImport_ExecCodeModule (C function), PyInterpreterState_GetDict (C' PyLong_AsVoidPtr (C function), 177
96 function), 295 PyLong_Check (C function), 172
PyImport_ExecCodeModuleEx (C PyInterpreterState_GetID (C function), PyLong_CheckExact (C function), 172
function), 96 295 PyLong_FromDouble (C function), 173
PyImport_ExecCodeModuleObject (C PyInterpreterState_Head (C function), PyLong_FromLong (C function), 172
function), 96 305 PyLong_FromLongLong (C function), 173
PyImport_ExecCodeModuleWithPathnames PyInterpreterState_Main (C function), PyLong_FromNativeBytes (C function),
(C function), 97 305 174
PyImport_ExtendInittab (C function), 99 PyInterpreterState_New (C function), PyLong_FromSize_t (C function), 173
PyImport_FrozenModules (C var), 98 293 PyLong_FromSsize_t (C function), 173
PyImport_GetImporter (C function), 97 PyInterpreterState_Next (C function), PyLong_FromString (C function), 173
PyImport_GetMagicNumber (C function), 305 PyLong_FromUnicodeObject (C function),
97 PyInterpreterState_ThreadHead (C 173
PyImport_GetMagicTag (C function), 97 Sfunction), 305 PyLong_FromUnsignedLong (C function),
PyImport_GetModule (C function), 97 PyIter_Check (C function), 151 173
PyImport_GetModuleDict (C function), 97 PyIter_Next (C function), 151 PyLong_FromUnsignedLongLong (C'
PyImport_Import (C function), 95 PyIter_Send (C function), 152 function), 173
PyImport_ImportFrozenModule (C' PyList_Append (C function), 221 PyLong_FromUnsignedNativeBytes (C
function), 98 PyList_AsTuple (C function), 222 function), 174
PyImport_ImportFrozenModuleObject (C' PyList_Check (C function), 220 PyLong_FromVoidPtr (C function), 174
function), 98 PyList_CheckExact (C function), 220 PyLong_Type (C var), 172
PyImport_ImportModule (C function), 94 PyList_Clear (C function), 222 PyLongObject (C type), 172
PyImport_ImportModuleEx (C function), PyList_Extend (C function), 222 PyMapping_Check (C function), 149
94 PyList_GET_ITEM (C function), 221 PyMapping_DelItem (C function), 149
PyImport_ImportModuleLevel (C PyList_GET_SIZE (C function), 220 PyMapping_DelItemString (C function),
function), 95 PyList_GetItem (C function), 11, 220 149
PyImport_ImportModuleLevelObject (C PyList_GetItemRef (C function), 220 PyMapping_GetItemString (C function),
function), 94 PyList_GetSlice (C function), 221 149
PyImport_ImportModuleNoBlock (C PyList_Insert (C function), 221 PyMapping_GetOptionalltem (C
function), 94 PyList_New (C function), 220 function), 149
PyImport_ReloadModule (C function), 95 PyList_Reverse (C function), 222 PyMapping_GetOptionalltemString (C
PyIndex_Check (C function), 146 PyList_SET_ITEM (C function), 221 function), 149
PyInstanceMethod_Check (C function), PyList_SetItem (C function), 10, 221 PyMapping_HasKey (C' function), 150
235 PyList_SetSlice (C function), 221 PyMapping_HasKeyString (C function),
PyInstanceMethod_Function (C' PyList_Size (C function), 220 150
function), 235 PyList_Sort (C function), 222 PyMapping_HasKeyStringWithError (C
PyInstanceMethod _GET_FUNCTION (C PyList_Type (C var), 220 function), 150
function), 235 PyListObject (C type), 220 PyMapping_HasKeyWithError (C
PyInstanceMethod_New (C function), 235 PyLong_AsDouble (C function), 177 function), 150
PyInstanceMethod_Type (C var), 235 PyLong_AsInt (C function), 174 PyMapping_Items (C function), 150
PyInterpreterConfig (C type), 297 PyLong_AsLong (C function), 174 PyMapping_Keys (C' function), 150
PyInterpreterConfig DEFAULT_GIL (C PyLong_AsLongAndOverflow (C function), PyMapping_Length (C function), 149
macro), 298 175 PyMapping_SetItemString (C function),
PyInterpreterConfig OWN_GIL (C' PyLong_AsLongLong (C function), 175 149
macro), 298 PyLong_AsLongLongAndOverflow (C PyMapping_Size (C function), 149
PyInterpreterConfig SHARED_GIL (C Sfunction), 175 PyMapping_Values (C function), 150
macro), 298 PyLong_AsNativeBytes (C function), 177 PyMappingMethods (C type), 408
PyInterpreterConfig.allow_daemon_threads PyLong_AsNativeBytes.Py_ASNATIVEBYTES_B[IGPENRPHingMethods.mp_ass_subscript (C
(C member), 298 (C macro), 179 member), 408
PyInterpreterConfig.allow_exec (C PyLong_AsNativeBytes.Py_ASNATIVEBYTES_DEFHjMEppingMethods.mp_length (C
member), 298 (C macro), 179 member), 408
PyInterpreterConfig.allow_fork (C PyLong_AsNativeBytes.Py_ASNATIVEBYTES_L[TPyRapitplethods.mp_subscript (C
member), 297 (C macro), 179 member), 408
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PyMarshal_ReadLastObjectFromFile (C
function), 100
PyMarshal_ReadLongFromFile (C
function), 100
PyMarshal_ReadObjectFromFile (C'
function), 100
PyMarshal_ReadObjectFromString (C
function), 100
PyMarshal_ReadShortFromFile (C
function), 100
PyMarshal_WriteLongToFile (C
Sunction), 99
PyMarshal_WriteObjectToFile (C'
function), 100
PyMarshal_WriteObjectToString (C
function), 100
PyMem_Calloc (C function), 344
PyMem_Del (C function), 345
PYMEM_DOMAIN_MEM (C macro), 348
PYMEM_DOMAIN_0BJ (C macro), 349
PYMEM_DOMAIN_RAW (C macro), 348
PyMem_Free (C function), 345
PyMem_GetAllocator (C function), 349
PyMem_Malloc (C function), 344
PyMem_New (C macro), 345
PyMem_RawCalloc (C function), 343
PyMem_RawFree (C function), 344
PyMem_RawMalloc (C function), 343
PyMem_RawRealloc (C function), 343
PyMem_Realloc (C function), 345
PyMem_Resize (C macro), 345
PyMem_SetAllocator (C function), 349
PyMem_SetupDebugHooks (C' function), 350
PyMemAllocatorDomain (C type), 348
PyMemAllocatorEx (C type), 348
PyMember_GetOne (C function), 364
PyMember_SetOne (C function), 364
PyMemberDef (C type), 363
PyMemberDef .doc (C member), 363
PyMemberDef . flags (C member), 363
PyMemberDef .name (C' member), 363
PyMemberDef .offset (C' member), 363
PyMemberDef .type (C member), 363
PyMemoryView_Check (C function), 259
PyMemoryView_FromBuffer (C function),
259
PyMemoryView_FromMemory (C function),
258
PyMemoryView_FromObject (C function),
258
PyMemoryView_GET_BASE (C function), 259
PyMemoryView_GET_BUFFER (C function),
259
PyMemoryView_GetContiguous (C
Sunction), 259
PyMethod_Check (C' function), 235
PyMethod_Function (C function), 235
PyMethod_GET_FUNCTION (C' function), 236
PyMethod_GET_SELF (C function), 236
PyMethod_New (C function), 235
PyMethod_Self (C function), 236
PyMethod_Type (C var), 235
PyMethodDef (C type), 360
PyMethodDef .m1_doc (C member), 360
PyMethodDef .ml1_flags (C member), 360
PyMethodDef .m1_meth (C member), 360
PyMethodDef .m1_name (C member), 360
PyMODINIT_FUNC (C macro), 5

PyModule_Add (C function), 252
PyModule_AddFunctions (C function), 251
PyModule_AddIntConstant (C function),
253
PyModule_AddIntMacro (C macro), 253
PyModule_AddObject (C function), 252
PyModule_AddObjectRef (C function), 251
PyModule_AddStringConstant (C'
Sfunction), 253
PyModule_AddStringMacro (C macro), 253
PyModule_AddType (C function), 253
PyModule_Check (C function), 244
PyModule_CheckExact (C function), 244
PyModule_Create (C function), 247
PyModule_Create2 (C function), 247
PyModule_ExecDef (C function), 251
PyModule_FromDefAndSpec (C function),

PyModule_FromDefAndSpec2 (C function),
250
PyModule_GetDef (C function), 245
PyModule_GetDict (C function), 244
PyModule_GetFilename (C function), 245
PyModule_GetFilenameObject (C'
Sfunction), 245
PyModule_GetName (C function), 245
PyModule_GetNameObject (C function),
244
PyModule_GetState (C function), 245
PyModule_New (C function), 244
PyModule_NewObject (C function), 244
PyModule_SetDocString (C function), 251
PyModule_Type (C var), 244
PyModuleDef (C type), 245
PyModuleDef_Init (C function), 248
PyModuleDef_Slot (C type), 248
PyModuleDef_Slot.slot (C member), 248
PyModuleDef_Slot.value (C member),
249
PyModuleDef .m_base (C member), 246
PyModuleDef .m_clear (C member), 247
PyModuleDef .m_doc (C' member), 246
PyModuleDef .m_free (C member), 247
PyModuleDef .m_methods (C member), 246
PyModuleDef .m_name (C member), 246
PyModuleDef .m_size (C member), 246
PyModuleDef .m_slots (C member), 246
PyModuleDef.m_slots.m_reload (C'
member), 246
PyModuleDef .m_traverse (C member),
246
PyNumber_Absolute (C function), 143
PyNumber_Add (C function), 141
PyNumber_And (C function), 143
PyNumber_AsSsize_t (C function), 145
PyNumber_Check (C function), 141
PyNumber_Divmod (C' function), 142
PyNumber_Float (C function), 145
PyNumber_FloorDivide (C function), 142
PyNumber_Index (C function), 145
PyNumber_InPlaceAdd (C function), 143
PyNumber_InPlaceAnd (C function), 145
PyNumber_InPlaceFloorDivide (C
Sfunction), 144
PyNumber_InPlaceLshift (C function),
144
PyNumber_InPlaceMatrixMultiply (C
Sfunction), 144

PyNumber_InPlaceMultiply (C function),
143
PyNumber_InPlaceOr (C function), 145
PyNumber_InPlacePower (C function), 144
PyNumber_InPlaceRemainder (C'
function), 144
PyNumber_InPlaceRshift (C function),
144
PyNumber_InPlaceSubtract (C function),
143
PyNumber_InPlaceTrueDivide (C
function), 144
PyNumber_InPlaceXor (C function), 145
PyNumber_Invert (C function), 143
PyNumber_Long (C function), 145
PyNumber_Lshift (C function), 143
PyNumber_MatrixMultiply (C function),
142
PyNumber_Multiply (C function), 142
PyNumber_Negative (C function), 142
PyNumber_0Or (C function), 143
PyNumber_Positive (C function), 142
PyNumber_Power (C function), 142
PyNumber_Remainder (C function), 142
PyNumber_Rshift (C function), 143
PyNumber_Subtract (C function), 141
PyNumber_ToBase (C function), 145
PyNumber_TrueDivide (C function), 142
PyNumber_Xor (C function), 143
PyNumberMethods (C type), 405
PyNumberMethods.nb_absolute (C
member), 407
PyNumberMethods.nb_add (C' member),
406
PyNumberMethods.nb_and (C' member),
407
PyNumberMethods.nb_bool (C' member),
407
PyNumberMethods.nb_divmod (C member),
406
PyNumberMethods.nb_float (C member),
407
PyNumberMethods.nb_floor_divide (C
member), 408
PyNumberMethods.nb_index (C member),
408
PyNumberMethods.nb_inplace_add (C
member), 407
PyNumberMethods.nb_inplace_and (C
member), 407
PyNumberMethods.nb_inplace_floor_divide
(C member), 408
PyNumberMethods.nb_inplace_lshift (C
member), 407
PyNumberMethods.nb_inplace_matrix_multiply
(C member), 408
PyNumberMethods.nb_inplace_multiply
(C member), 407
PyNumberMethods.nb_inplace_or ( C
member), 407
PyNumberMethods.nb_inplace_power (C'
member), 407
PyNumberMethods.nb_inplace_remainder
(C member), 407
PyNumberMethods.nb_inplace_rshift (C
member), 407
PyNumberMethods.nb_inplace_subtract
(C member), 407
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PyNumberMethods.nb_inplace_true_divide
(C member), 408
PyNumberMethods.nb_inplace_xor ( C
member), 407
PyNumberMethods.nb_int (C' member),
407
PyNumberMethods .nb_invert (C member),
407
PyNumberMethods.nb_lshift (C' member),
407
PyNumberMethods.nb_matrix_multiply (C
member), 408
PyNumberMethods.nb_multiply (C'
member), 406
PyNumberMethods.nb_negative (C'
member), 406
PyNumberMethods.nb_or (C member), 407
PyNumberMethods.nb_positive (C
member), 407
PyNumberMethods.nb_power (C member),
406
PyNumberMethods.nb_remainder (C'
member), 406
PyNumberMethods.nb_reserved (C
member), 407
PyNumberMethods.nb_rshift (C member),
407
PyNumberMethods.nb_subtract (C
member), 406
PyNumberMethods.nb_true_divide ( C
member), 408
PyNumberMethods.nb_xor (C member),
407
PyObject (C type), 356
PyObject_ASCII (C function), 130
PyObject_AsFileDescriptor (C
function), 242
PyObject_Bytes (C function), 131
PyObject_Call (C function), 138
PyObject_CallFunction (C function), 139
PyObject_CallFunctionObjArgs (C
function), 139
PyObject_CallMethod (C function), 139
PyObject_CallMethodNoArgs (C
function), 140
PyObject_CallMethodObjArgs (C
function), 140
PyObject_CallMethodOneArg (C
function), 140
PyObject_CallNoArgs (C function), 138
PyObject_CallObject (C function), 139
PyObject_Calloc (C function), 346
PyObject_CallOneArg (C function), 139
PyObject_CheckBuffer (C function), 160
PyObject_ClearManagedDict (C'
function), 134
PyObject_ClearWeakRefs (C function),
260
PyObject_CopyData (C function), 161
PyObject_Del (C function), 356
PyObject_DelAttr (C function), 129
PyObject_DelAttrString (C function),
129
PyObject_DellItem (C function), 133
PyObject_Dir (C function), 133
PyObject_Format (C function), 130
PyObject_Free (C function), 347
PyObject_GC_Del (C function), 420

PyObject_GC_IsFinalized (C function),
420
PyObject_GC_IsTracked (C function), 420
PyObject_GC_New (C macro), 419
PyObject_GC_NewVar (C macro), 419
PyObject_GC_Resize (C macro), 419
PyObject_GC_Track (C function), 419
PyObject_GC_UnTrack (C function), 420
PyObject_GenericGetAttr (C function),
128
PyObject_GenericGetDict (C function),
129
PyObject_GenericHash (C function), 117
PyObject_GenericSetAttr (C function),
129
PyObject_GenericSetDict (C function),
130
PyObject_GetAIter (C function), 133
PyObject_GetArenaAllocator (C
Sfunction), 352
PyObject_GetAttr (C function), 128
PyObject_GetAttrString (C function),
128
PyObject_GetBuffer (C function), 160
PyObject_GetItem (C function), 133
PyObject_GetItemData (C function), 134
PyObject_GetIter (C function), 133
PyObject_GetOptionalAttr (C function),
128
PyObject_GetOptionalAttrString (C
Sfunction), 128
PyObject_GetTypeData (C function), 133
PyObject_HasAttr (C function), 127
PyObject_HasAttrString (C function),
127
PyObject_HasAttrStringWithError (C
function), 127
PyObject_HasAttrWithError (C
Sfunction), 127
PyObject_Hash (C function), 132
PyObject_HashNotImplemented (C
Sfunction), 132
PyObject_HEAD (C macro), 357
PyObject_HEAD_INIT (C macro), 358
PyObject_Init (C function), 355
PyObject_InitVar (C function), 355
PyObject_IS_GC (C function), 419
PyObject_IsInstance (C function), 131
PyObject_IsSubclass (C function), 131
PyObject_IsTrue (C function), 132
PyObject_Length (C function), 132
PyObject_LengthHint (C function), 132
PyObject_Malloc (C function), 346
PyObject_New (C macro), 355
PyObject_NewVar (C macro), 355
PyObject_Not (C function), 132
PyObject_Print (C function), 127
PyObject_Realloc (C function), 346
PyObject_Repr (C function), 130
PyObject_RichCompare (C function), 130
PyObject_RichCompareBool (C function),
130
PyObject_SetArenaAllocator (C'
Sfunction), 352
PyObject_SetAttr (C function), 129
PyObject_SetAttrString (C function),
129
PyObject_SetItem (C function), 133

PyObject_Size (C function), 132
PyObject_Str (C function), 131
PyObject_Type (C function), 132
PyObject_TypeCheck (C function), 132
PyObject_VAR_HEAD (C macro), 357
PyObject_Vectorcall (C function), 140
PyObject_VectorcallDict (C function),
140
PyObject_VectorcallMethod (C
function), 141
PyObject_VisitManagedDict (C
function), 134
PyObjectArenaAllocator (C type), 352
PyObject.ob_refcnt (C member), 376
PyObject.ob_type (C member), 376
Py0S_AfterFork (C function), 88
Py0S_AfterFork_Child (C function), 838
Py0S_AfterFork_Parent (C function), 83
Py0S_BeforeFork (C function), 87
Py0S_CheckStack (C function), 83
Py0S_double_to_string (C function), 115
Py0S_FSPath (C function), 87
Py0S_getsig (C function), 89
Py0S_InputHook (C var), 59
Py0S_ReadlineFunctionPointer (C var),
59
Py0S_setsig (C function), 89
Py0S_sighandler_t (C type), 89
Py0S_snprintf (C function), 113
Py0S_stricmp (C function), 115
Py0S_string_to_double (C function), 114
Py0S_strnicmp (C function), 115
Py0S_strtol (C function), 114
Py0S_strtoul (C function), 114
Py0S_vsnprintf (C function), 113
PyPreConfig (C type), 313
PyPreConfig_InitIsolatedConfig (C
function), 313
PyPreConfig_InitPythonConfig (C'
function), 313
PyPreConfig.allocator (C member), 313
PyPreConfig.coerce_c_locale (C
member), 314
PyPreConfig.coerce_c_locale_warn (C
member), 314
PyPreConfig.configure_locale (C
member), 313
PyPreConfig.dev_mode (C' member), 314
PyPreConfig.isolated (C member), 314
PyPreConfig.legacy_windows_fs_encoding
(C member), 314
PyPreConfig.parse_argv (C member),
314
PyPreConfig.use_environment (C'
member), 315
PyPreConfig.utf8_mode (C member), 315
PyProperty_Type (C var), 255
PyRun_AnyFile (C function), 57
PyRun_AnyFileEx (C function), 58
PyRun_AnyFileExFlags (C function), 58
PyRun_AnyFileFlags (C function), 58
PyRun_File (C function), 60
PyRun_FileEx (C function), 60
PyRun_FileExFlags (C function), 60
PyRun_FileFlags (C function), 60
PyRun_InteractiveLoop (C function), 59
PyRun_InteractiveLoopFlags (C'
function), 59
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PyRun_InteractiveOne (C function), 59
PyRun_InteractiveOneFlags (C
function), 59
PyRun_SimpleFile (C function), 58
PyRun_SimpleFileEx (C function), 58
PyRun_SimpleFileExFlags (C function),
58
PyRun_SimpleString (C function), 58
PyRun_SimpleStringFlags (C function),
58
PyRun_String (C function), 60
PyRun_StringFlags (C function), 60
PySendResult (C type), 152
PySeqIter_Check (C function), 255
PySeqIter_New (C function), 255
PySeqlter_Type (C var), 255
PySequence_Check (C function), 146
PySequence_Concat (C function), 146
PySequence_Contains (C function), 147
PySequence_Count (C function), 147
PySequence_Delltem (C function), 147
PySequence_DelSlice (C function), 147
PySequence_Fast (C function), 148
PySequence_Fast_GET_ITEM (C function),
148
PySequence_Fast_GET_SIZE (C function),
148
PySequence_Fast_ITEMS (C function), 148
PySequence_GetItem (C function), 11, 146
PySequence_GetSlice (C function), 147
PySequence_Index (C function), 147
PySequence_InPlaceConcat (C function),
146
PySequence_InPlaceRepeat (C function),
146
PySequence_ITEM (C function), 148
PySequence_Length (C function), 146
PySequence_List (C function), 147
PySequence_Repeat (C function), 146
PySequence_SetItem (C function), 147
PySequence_SetSlice (C function), 147
PySequence_Size (C function), 146
PySequence_Tuple (C function), 148
PySequencelMethods (C type), 409
PySequenceMethods.sq_ass_item (C'
member), 409
PySequenceMethods.sq_concat (C'
member), 409
PySequenceMethods.sq_contains (C
member), 409
PySequenceMethods.sq_inplace_concat
(C member), 409
PySequenceMethods.sq_inplace_repeat
(C member), 409
PySequenceMethods.sq_item (C member),
409
PySequenceMethods.sq_length (C
member), 409
PySequenceMethods.sq_repeat (C
member), 409
PySet_Add (C function), 231
PySet_Check (C function), 229
PySet_CheckExact (C function), 230
PySet_Clear (C function), 231
PySet_Contains (C function), 231
PySet_Discard (C function), 231
PySet_GET_SIZE (C function), 230
PySet_New (C function), 230

PySet_Pop (C function), 231
PySet_Size (C function), 230
PySet_Type (C var), 229
PySetObject (C type), 229
PySignal_SetWakeupFd (C function), 79
PySlice_AdjustIndices (C function), 258
PySlice_Check (C function), 256
PySlice_GetIndices (C function), 256
PySlice_GetIndicesEx (C function), 257
PySlice_New (C function), 256
PySlice_Type (C var), 256
PySlice_Unpack (C function), 257
PyState_AddModule (C function), 254
PyState_FindModule (C function), 254
PyState_RemoveModule (C function), 254
PyStatus (C type), 311
PyStatus_Error (C function), 311
PyStatus_Exception (C function), 312
PyStatus_Exit (C function), 311
PyStatus_IsError (C function), 312
PyStatus_IsExit (C function), 312
PyStatus_NoMemory (C function), 311
PyStatus_0k (C function), 311
PyStatus.err_msg (C member), 311
PyStatus.exitcode (C member), 311
PyStatus.func (C member), 311
PyStructSequence_Desc (C type), 218
PyStructSequence_Desc.doc (C member),
218
PyStructSequence_Desc.fields (C'
member), 218
PyStructSequence_Desc.n_in_sequence
(C member), 218
PyStructSequence_Desc.name (C
member), 218
PyStructSequence_Field (C type), 218
PyStructSequence_Field.doc (C'
member), 218
PyStructSequence_Field.name (C
member), 218
PyStructSequence_GET_ITEM (C
Sfunction), 219
PyStructSequence_GetItem (C function),
219
PyStructSequence_InitType (C
Sfunction), 218
PyStructSequence_InitType2 (C'
Sfunction), 218
PyStructSequence_New (C function), 219
PyStructSequence_NewType (C function),
218
PyStructSequence_SET_ITEM (C
Sfunction), 219
PyStructSequence_SetItem (C function),
219
PyStructSequence_UnnamedField (C var),
219
PySys_AddAuditHook (C function), 92
PySys_Audit (C function), 92
PySys_AuditTuple (C function), 92
PySys_FormatStderr (C function), 91
PySys_FormatStdout (C function), 91
PySys_GetObject (C function), 91
PySys_GetX0Options (C function), 92
PySys_ResetWarnOptions (C function), 91
PySys_SetObject (C function), 91
PySys_WriteStderr (C function), 91
PySys_WriteStdout (C function), 91
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PYTHONNODEBUGRANGES, 320
PYTHONNOUSERSITE, 281, 331
PYTHONOPTIMIZE, 281, 326
PYTHONPATH, 16, 279, 326
PYTHONPERFSUPPORT, 330
PYTHONPLATLIBDIR, 325
PYTHONPROFILEIMPORTTIME, 323
PYTHONPYCACHEPREFIX, 328
PYTHONSAFEPATH, 319
PYTHONTRACEMALLOC, 330
PYTHONUNBUFFERED, 282, 320
PYTHONUTFS, 315, 335
PYTHONVERBOSE, 282, 331
PYTHONWARNINGS, 331
PyThread_create_key (C function), 308
PyThread_delete_key (C function), 308
PyThread_delete_key_value (C
function), 308
PyThread_get_key_value (C function),
308
PyThread_ReInitTLS (C function), 308
PyThread_set_key_value (C function),
308
PyThread_tss_alloc (C function), 306
PyThread_tss_create (C function), 307
PyThread_tss_delete (C function), 307
PyThread_tss_free (C function), 306
PyThread_tss_get (C function), 307
PyThread_tss_is_created (C function),
307
PyThread_tss_set (C function), 307
PyThreadState (C type), 287, 290
PyThreadState_Clear (C function), 293
PyThreadState_Delete (C function), 293
PyThreadState_DeleteCurrent (C
function), 293
PyThreadState_EnterTracing (C
function), 294
PyThreadState_Get (C function), 291
PyThreadState_GetDict (C function), 296
PyThreadState_GetFrame (C function),
294
PyThreadState_GetID (C function), 294
PyThreadState_GetInterpreter (C
function), 294
PyThreadState_GetUnchecked (C
function), 291
PyThreadState_LeaveTracing (C
function), 294
PyThreadState_New (C function), 293
PyThreadState_Next (C function), 305
PyThreadState_SetAsyncExc (C
function), 296
PyThreadState_Swap (C function), 291
PyThreadState.interp (C member), 290
PyTime_AsSecondsDouble (C' function),
122
PyTime_Check (C function), 271
PyTime_CheckExact (C function), 271
PyTime_FromTime (C function), 272
PyTime_FromTimeAndFold (C function),
272
PyTime_MAX (C wvar), 121
PyTime_MIN (C var), 121
PyTime_Monotonic (C function), 121
PyTime_PerfCounter (C function), 121
PyTime_t (C type), 121
PyTime_Time (C function), 121

PyTimeZone_FromOffset (C function), 272
PyTimeZone_FromOffsetAndName (C’
Sfunction), 272
PyTrace_C_CALL (C wvar), 303
PyTrace_C_EXCEPTION (C var), 304
PyTrace_C_RETURN (C var), 304
PyTrace_CALL (C var), 303
PyTrace_EXCEPTION (C war), 303
PyTrace_LINE (C var), 303
PyTrace_0OPCODE (C wvar), 304
PyTrace_RETURN (C var), 303
PyTraceMalloc_Track (C function), 353
PyTraceMalloc_Untrack (C function), 353
PyTuple_Check (C function), 216
PyTuple_CheckExact (C function), 216
PyTuple_GET_ITEM (C function), 216
PyTuple_GET_SIZE (C function), 216
PyTuple_GetItem (C function), 216
PyTuple_GetSlice (C function), 217
PyTuple_New (C function), 216
PyTuple_Pack (C function), 216
PyTuple_SET_ITEM (C function), 217
PyTuple_SetItem (C function), 10, 217
PyTuple_Size (C function), 216
PyTuple_Type (C var), 216
PyTupleObject (C type), 216
PyType_AddWatcher (C function), 164
PyType_Check (C function), 163
PyType_CheckExact (C function), 164
PyType_ClearCache (C function), 164
PyType_ClearWatcher (C function), 164
PyType_FromMetaclass (C function), 168
PyType_FromModuleAndSpec (C function),
169
PyType_FromSpec (C function), 169
PyType_FromSpecWithBases (C function),
169
PyType_GenericAlloc (C function), 165
PyType_GenericNew (C function), 166
PyType_GetDict (C function), 164
PyType_GetFlags (C function), 164
PyType_GetFullyQualifiedName (C'
Sunction), 166
PyType_GetModule (C function), 167
PyType_GetModuleByDef (C function), 167
PyType_GetModuleName (C' function), 166
PyType_GetModuleState (C function), 167
PyType_GetName (C' function), 166
PyType_GetQualName (C' function), 166
PyType_GetSlot (C function), 166
PyType_GetTypeDataSize (C function),
134
PyType_HasFeature (C function), 165
PyType_IS_GC (C function), 165
PyType_IsSubtype (C function), 165
PyType_Modified (C function), 164
PyType_Ready (C function), 166
PyType_Slot (C type), 170

PyType_WatchCallback (C type), 165
PyTypeObject (C type), 163
PyTypeObject.tp_alloc (C member), 399
PyTypeObject.tp_as_async (C member),

380
PyTypeObject.

384
PyTypeObject.

tp_as_buffer (C member),

tp_as_mapping (C

member), 381

PyTypeObject.
381
PyTypeObject.

tp_as_number (C member),

tp_as_sequence (C

member), 381

PyTypeObject
PyTypeObject.
PyTypeObject
377
PyTypeObject.
PyTypeObject.
PyTypeObject.
PyTypeObject.
378
PyTypeObject.
PyTypeObject.
398
PyTypeObject.
398
PyTypeObject.
PyTypeObject

.tp_base (C' member), 396

tp_bases (C member), 401

.tp_basicsize (C member),

tp_cache (C member), 402
tp_call (C member), 382
tp_clear (C member), 391
tp_dealloc (C member),

tp_del (C member), 403
tp_descr_get (C member),

tp_descr_set (C member),

tp_dict (C member), 397

.tp_dictoffset (C

member), 398

PyTypeObject.
PyTypeObject.
403
PyTypeObject.
PyTypeObject.
PyTypeObject.
380
PyTypeObject.
383
PyTypeObject.
396
PyTypeObject
PyTypeObject.
PyTypeObject
PyTypeObject.
377
PyTypeObject.
PyTypeObject.
395
PyTypeObject.
396
PyTypeObject.
396
PyTypeObject.
PyTypeObject
PyTypeObject.
PyTypeObject
PyTypeObject.

tp_doc (C member), 390
tp_finalize (C member),

tp_flags (C member), 384
tp_free (C member), 401
tp_getattr (C member),

tp_getattro (C member),

tp_getset (C member),

.tp_hash (C member), 381

tp_init (C member), 399

.tp_is_gc (C member), 401

tp_itemsize (C member),

tp_iter (C member), 395
tp_iternext (C member),

tp_members (C member),
tp_methods (C member),

tp_mro (C member), 402

.tp_name (C member), 377

tp_new (C member), 400

.tp_repr (C member), 380

tp_richcompare (C

PyType_Slot.
PyType_Slot.
PyType_Spec
PyType_Spec
PyType_Spec.
PyType_Spec.
PyType_Spec
PyType_Spec.
PyType_Type

pfunc (C member), 171
slot (C member), 170

(C type), 169
.basicsize (C member), 170

flags (C member), 170
itemsize (C member), 170

.name (C member), 169

slots (C member), 170

(C var), 163

PyType_Watch (C function), 165

member), 393
PyTypeObject.tp_setattr (C member),
380
PyTypeObject.tp_setattro (C member),
383
PyTypeObject.tp_str (C member), 382
PyTypeObject.tp_subclasses (C
member), 402
PyTypeObject.tp_traverse (C member),
390

488

%5l



The Python/C API, JJ—2X 3.13.0a5

PyTypeObject.tp_vectorcall (C
member), 404
PyTypeObject.tp_vectorcall_offset (C
member), 379
PyTypeObject.tp_version_tag (C
member), 403
PyTypeObject.tp_watched (C member),
404
PyTypeObject.tp_weaklist (C member),
402
PyTypeObject.tp_weaklistoffset (C
member), 395
PyTZInfo_Check (C function), 271
PyTZInfo_CheckExact (C function), 271
PyUnicode_1BYTE_DATA (C function), 192
PyUnicode_1BYTE_KIND (C macro), 193
PyUnicode_2BYTE_DATA (C function), 192
PyUnicode_2BYTE_KIND (C macro), 193
PyUnicode_4BYTE_DATA (C function), 192
PyUnicode_4BYTE_KIND (C macro), 193
PyUnicode_AsASCIIString (C function),
211
PyUnicode_AsCharmapString (C'
function), 211
PyUnicode_AsEncodedString (C'
function), 206
PyUnicode_AsLatiniString (C function),
210
PyUnicode_AsMBCSString (C function),
212
PyUnicode_AsRawUnicodeEscapeString (C
function), 210
PyUnicode_AsUCS4 (C function), 202
PyUnicode_AsUCS4Copy (C function), 202
PyUnicode_AsUnicodeEscapeString (C
function), 210
PyUnicode_AsUTF8 (C function), 207
PyUnicode_AsUTF8AndSize (C function),
207
PyUnicode_AsUTF8String (C function),
207
PyUnicode_AsUTF16String (C function),
209
PyUnicode_AsUTF32String (C function),
208
PyUnicode_AsWideChar (C function), 205
PyUnicode_AsWideCharString (C
function), 205
PyUnicode_Check (C function), 192
PyUnicode_CheckExact (C function), 192
PyUnicode_Compare (C function), 214
PyUnicode_CompareWithASCIIString (C
function), 215
PyUnicode_Concat (C function), 213
PyUnicode_Contains (C function), 215
PyUnicode_CopyCharacters (C function),
201
PyUnicode_Count (C function), 214
PyUnicode_DATA (C function), 193
PyUnicode_Decode (C function), 206
PyUnicode_DecodeASCII (C function), 211
PyUnicode_DecodeCharmap (C function),
211
PyUnicode_DecodeFSDefault (C
function), 204
PyUnicode_DecodeFSDefaultAndSize (C
function), 204

PyUnicode_DecodeLatinl (C function),
210
PyUnicode_DecodeLocale (C function),
202
PyUnicode_DecodelocaleAndSize (C’
Sfunction), 202
PyUnicode_DecodeMBCS (C' function), 212
PyUnicode_DecodeMBCSStateful (C
Sfunction), 212
PyUnicode_DecodeRawUnicodeEscape (C'
Sfunction), 210
PyUnicode_DecodeUnicodeEscape (C
Sfunction), 210
PyUnicode_DecodeUTF7 (C function), 209
PyUnicode_DecodeUTF7Stateful (C'
Sfunction), 209
PyUnicode_DecodeUTF8 (C' function), 206
PyUnicode_DecodeUTF8Stateful (C’
Sfunction), 206
PyUnicode_DecodeUTF16 (C' function), 208
PyUnicode_DecodeUTF16Stateful (C
Sfunction), 209
PyUnicode_DecodeUTF32 (C function), 207
PyUnicode_DecodeUTF32Stateful (C
Sfunction), 208
PyUnicode_EncodeCodePage (C function),
212
PyUnicode_EncodeFSDefault (C
Sfunction), 204
PyUnicode_EncodeLocale (C function),
203
PyUnicode_EqualToUTF8 (C function), 214
PyUnicode_EqualToUTF8AndSize (C
Sfunction), 214
PyUnicode_Fill (C function), 201
PyUnicode_Find (C function), 213
PyUnicode_FindChar (C function), 214
PyUnicode_Format (C function), 215
PyUnicode_FromEncodedObject (C
Sfunction), 200
PyUnicode_FromFormat (C function), 197
PyUnicode_FromFormatV (C function), 200
PyUnicode_FromKindAndData (C'
Sfunction), 196
PyUnicode_FromObject (C function), 200
PyUnicode_FromString (C function), 197
PyUnicode_FromStringAndSize (C
Sfunction), 196
PyUnicode_FromWideChar (C function),
205
PyUnicode_FSConverter (C function), 203
PyUnicode_FSDecoder (C function), 203
PyUnicode_GET_LENGTH (C function), 192
PyUnicode_GetLength (C function), 201
PyUnicode_InternFromString (C'
Sfunction), 215
PyUnicode_InternInPlace (C function),
215
PyUnicode_IsIdentifier (C function),
194
PyUnicode_Join (C function), 213
PyUnicode_KIND (C function), 193
PyUnicode_MAX_CHAR_VALUE (C function),
194
PyUnicode_New (C function), 196
PyUnicode_READ (C function), 193
PyUnicode_READ_CHAR (C function), 193
PyUnicode_ReadChar (C' function), 201

PyUnicode_READY (C function), 192
PyUnicode_Replace (C function), 214
PyUnicode_RichCompare (C function), 215
PyUnicode_Split (C function), 213
PyUnicode_Splitlines (C function), 213
PyUnicode_Substring (C function), 201
PyUnicode_Tailmatch (C function), 213
PyUnicode_Translate (C function), 212
PyUnicode_Type (C var), 192
PyUnicode_WRITE (C function), 193
PyUnicode_WriteChar (C function), 201
PyUnicodeDecodeError_Create (C'
function), 81
PyUnicodeDecodeError_GetEncoding (C
function), 81
PyUnicodeDecodeError_GetEnd (C'
function), 82
PyUnicodeDecodeError_GetObject (C
function), 81
PyUnicodeDecodeError_GetReason (C
function), 82
PyUnicodeDecodeError_GetStart (C
function), 81
PyUnicodeDecodeError_SetEnd (C'
function), 82
PyUnicodeDecodeError_SetReason (C
function), 82
PyUnicodeDecodeError_SetStart (C
function), 81
PyUnicodeEncodeError_GetEncoding (C
function), 81
PyUnicodeEncodeError_GetEnd (C'
function), 82
PyUnicodeEncodeError_GetObject (C
function), 81
PyUnicodeEncodeError_GetReason (C
function), 82
PyUnicodeEncodeError_GetStart (C'
function), 81
PyUnicodeEncodeError_SetEnd (C'
function), 82
PyUnicodeEncodeError_SetReason (C
function), 82
PyUnicodeEncodeError_SetStart (C
function), 81
PyUnicodeObject (C type), 192
PyUnicodeTranslateError_GetEnd (C
function), 82
PyUnicodeTranslateError_GetObject (C
function), 81
PyUnicodeTranslateError_GetReason (C
function), 82
PyUnicodeTranslateError_GetStart (C’
function), 81
PyUnicodeTranslateError_SetEnd (C
function), 82
PyUnicodeTranslateError_SetReason (C
function), 82
PyUnicodeTranslateError_SetStart (C’
function), 81
PyUnstable, 19
PyUnstable_Code_GetExtra (C function),
241
PyUnstable_Code_GetFirstFree (C
function), 237
PyUnstable_Code_New (C function), 237
PyUnstable_Code_NewWithPosOnlyArgs (C'
function), 238
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PyUnstable_Code_SetExtra (C function),
241
PyUnstable_Eval_RequestCodeExtralndex
(C function), 241
PyUnstable_Exc_PrepReraiseStar (C
function), 80
PyUnstable_GC_VisitObjects (C
function), 422
PyUnstable_InterpreterFrame_GetCode
(C function), 265
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