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ONE

L ®HIC

Python 7 7V —>arrFur7<HA &7 = — X (Application Programmer’s Interface, API) 1.
Python 4 ¥ & 7V RIZIT BHEAZLANATD7 72 2AFEE C 2 C++ 0 7a <Mt L TnE g,
2D APLIZ#EE C++ »H 2K FAU LI CHHTE 2D TTH, f@RRTESRHICTT %7912 Python/C
API & Db TVET, WAKICEL 2 —~DDHM2 5, Python/C API BHWHNF T, B K
ERBERD HRERES 2 —I)b (eatension module) . 372bH5 Python 4 ¥ &7V X2Hiiks 2 C TEPNL
EY 2B T S WS HNTT, HE. KOKEERT? 7Y r—> a3 AT Python ZHKER
(component) & LTHIHFT 2 L WS HITS; 20727 =y Z7id. —INZIEZY 7Y 7 —2 a3 D Python
DHDIAA (embedding) LWFNE T,

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

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

1.1 Language version compatibility
Python’s C API is compatible with C11 and C++11 versions of C and C++.

This is a lower limit: the C API does not require features from later C/C++ versions. You do not need

to enable your compiler’s "c11 mode”.

1.2 -7+ Y JB%

CPython I2&®H 2% C a— FZEVWTWEHEER,. PEP 7 OF A K4 v e REEEDRITE BD £H
o TOHFARTA N, a2 PUE 2— FRRD Python DAA—Y a VICHRELEHINE T, BHHOD
P—F=F 4 —DEI 2 — LT, ZHLEWVDOH Python Ia ¥ P a—1+bF5208 D TRIFIUI. 20
BEEWES REEIDD £E A,


https://peps.python.org/pep-0007/
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1.3 4>UVNL—FT71)L

Python/C API %#{#5 /2012087, B, BB I P77 00LRTOEHEEA 7 L— KT 5123, LLFOfT:

#define PY_SSIZE T CLEAN
#include <Python.h>

Y —RAa—RIEARLET, 20Tl d 5. FEHEAY X <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h>, <stdlib.h> % (FIHTZHE) 1 ¥ 71— FLET,

O IR

Python (. AT AKX o TIEHEAN Yy XDOERICHET L L5487 Fak vy B ERET-oTWVWED
T, Python.h ZWVWTNDIEENY XX D HHNICTA 71— F BREBRDEFEA

Python.h %4 ¥ Z/L— F§ BRI, #IC PY_SSIZE_T_CLEAN 2EFKT 2 Z e R xhE T, Zo~”
B OREFUTONWTIE 5| BOBIREEDEE 22 LTI &,

Python.h TERINTWVWS, 2—H»5RZ 24T (Python.h 234 > 27— F LTV AIEEAN Y XDH
HNEPRE £ 97) 1T, #HECFHI Py $721% _Py A Z £9, _Py Thi% 24013 Python FERCTHNEREM ¥
57D DHFIT, JHREY 2 —VOEEIIME - TR D FHA, BHERD X NI THIE A DOREEESCFHN
HYHFEEA

0 iR

APl D2 —#1%, Py ® _Py CHE2A4HIEERT 22— FERENIcE IR D F-A, 2 Ha—F
PHPARREE XD, KD Python D A= a3 Y CRICARIAER SN T, 2—FDENWEa—F
DORMEZRES < T 2AREMD D D £5,

ANy X7 7 A4 AFHITEE Python ¥ iz YA =1 & % F, Unix TIE prefiz/include/
pythonversion/ B X U exec_prefiz/include/pythonversion/ IZED X T, prefix & exec_prefix
X Python Z ¥V K3 58D configure A7V 7 MIE X 72,87 X ZITHIG L., version & '%d.%d" % sys.
version_info[:2] IZMIGL £9, Windows Tld. v Xld prefiz/include ICEDPNF T, prefix 134
YAM—FIHEELIA YA P =LT 4 LT FUTT,

Ny REA VI N—FFT I, BNy XDA-TT4 L2 MY (HlaD7 4 L2 M) OEERET) 2, 2
VRATGWAYIN—RIT 7 ANERRTZ0DDRRCANET, BT+ L7 P EF—FRARZANT,
#include <pythonX.Y/Python.h> DEXS WL T BDFXREA ; prefix N T 7 v b 7 4 — LITRFL R
WAy Hd, exec_prefix 677y b7 3 —MMEFDANY X2 A Y7V —RFLTWEDT, ZDXD L
ERITO LMD T T 9 P74 —LTOEL R TERLIARD T,

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 F1EFILDHIC



The Python/C API, JJ—2X 3.14.0a7

1.4 ERa<o0

Python DNy X—7 7 A NI EF 2~ 7 0B WL OPERINTVE T, ZLO~vr ik, Z2hhRIcar
D¥r A (2. Py_RETURN_NONE) DELITERVH D £F, kO~ Ebhrizzd sftio~r 0
FINHDANY X—=T 7 A MITEBINTVET, L2 L. TITRE/IFNBEINTVWS LIFED £8A,

PyMODINIT_FUNC

Declare an extension module PyInit initialization function. The function return type is
PyObject*. The macro declares any special linkage declarations required by the platform, and for

C-++ declares the function as extern "C".

The initialization function must be named PyInit_name, where name is the name of the module,

and should be the only non-static item defined in the module file. Example:

static struct PyModuleDef spam_module = {
PyModuleDef HEAD_INIT,

.m_name = "spam",

};

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spam_module) ;

Py_ABS (x)

x OHEHMEEIR L F3,
Added in version 3.3.

Py_ALWAYS_INLINE

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

to not inline the function.

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

in debug mode.

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

developer for the cost/benefit analysis.

If Python is built in debug mode (if the Py DEBUG macro is defined), the Py_ALWAYS INLINE

macro does nothing.

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

1.4. ERlx<o0O 5
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static inline Py_ALWAYS_INLINE int random(void) { return 4; }

Added in version 3.11.

Py_CHARMASK (¢)

BIBUESCE D, 128, 127] $ 5% [0, 255] ORFOBHCRIIIIZRD E-A, O/ I B2
BLXF ICFvy AP LI c BRLET,

Py_DEPRECATED (version)

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

VN7 8=57 0 N /MG

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

N—Tar 38 TZEHE: MSVC #R—rpEIMEhE 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 ORKNEZERLET,

Added in version 3.3.

Py_MEMBER_SIZE(type, member)

(type) MEEKD member DH¥ A X% NA PEAITRLET,
Added in version 3.6.

Py_MIN(x, y)

xy OR/MEZIRLET,
Added in version 3.3.

Py_NO_INLINE

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

T

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

Added in version 3.11.

Py_STRINGIFY(x)

x % C XFHIANEHLE T, 212, Py_STRINGIFY(123) & "123" #KEL 3,

6 F1E LIS
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Added in version 3.4.

Py_UNREACHABLE ()

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

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

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

GCC in release mode.

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

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

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

Py_UNUSED (arg)

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

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

PyDoc_STRVAR (name, str)

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

docstrings, the value will be empty.

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

VN> S78=57 0 N /MG

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

static PyMethodDef deque_methods[] = {
/T
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_docl,
/YT

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
1.4. ERlx<o0O 7
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VN7 i=87 0 N /G

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

};

1.5 #7720 k. BELUERAVV B

Python/C API B#$id. PyObjectx BO—2L L5 R EZFH 3, Z08UI. FED Python A
7Y =7 RT3 AREH (opaque) 2T — XBIAND KA X TF, Python Fifild. £TD Python * 7
Tz MIRIZE AEDRN (B R a— Al (scope rule). 51EIE L) TRV E S, 1FE
AEYERTOD Python A 7Y =7 Mak—7 (heap) RICEIPNET: D/, Pylbject BOF 7 =7 b+
. BEIELE (automatic) ¥ L THENFLE (static) X LTHEFTEER A, Pylbjectx DKL VR
BOAESTEET, ME—lISNE, AT bTT; BA TP 27 MEXEVEK (deallocate) LTI
BRHRNDT, BEISENEEED PyTypedbject A 72 =27 MZLET,

2T Python 4 7Y =2 MZIE (Python BEAIT S &) B (type) L ZWA T > b (reference count) 3
DET, 547227 VORI, 2047 27 v REOBEDOA 7Y =7 b (FIZIXEER. VA, 2—
PERBI 2L ZOMBEITOVTIE types THIAL TWET) ZIREL F7, K<HBATVWEHIZOWN
T, BASZODBBFELT, 237V 27 v BZORDY S ARG ET; Hl X213, PyList_Check(a)
i, o TRENLA TV =27 123 Python VR MDY & (D ZD e ZIZRD) EEZIRLET,

1.5.1 2RAU > &

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

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

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

operation.

8 F1E LIS
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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.

SEBHY Y O

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

for a borrowed reference.

W, HEEBFFOHLT, 547927 bADOSREZILOH XN 2 BEEICE TEICE. Zo0rlReM:: B
B4 7027 bAOBRE BHEB (steal) AL, ZHITRVWEEDHD £5, BRBZERL ik, B

WKSBEELEL X212, BBOMEENZOBEICR - IHE L. BBOMNEH LITICZFTE#ENR2L 73
YWVWH T,

SMERAWMBBERIIIFILAEDD EXA; fINA LTELHMBENT WS DX, PyList_SetItem() ¥
PyTuple_SetItem() T, TAHEI—r Y RIZANDEHRIINT 2 S WEBAWMD £F (LAH L, HEOA
BHEDRXTNARY XM DBIIIBAMD FEA), THoHDBEEIZ. VA MRX TADOHICHZIERE i
AT 27 bR ATV BOHRENREZAZ LT 5501, ZREBAMS X5 ITRFFEINTVE
35 B2, (1, 2, "three") WO X TAZAERT 23— FEUTOLS R EF (& h DR THSLHE
DZLIFENTBEET,; bob IWEXHEERTRLETD):

1.5. #T7VxU k. BEIUEBEAIVH 9
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PyObject *t;

t = PyTuple_New(3);

PyTuple_SetItem(t, O, PyLong FromLong(1L));
PyTuple_SetItem(t, 1, PyLong_FromLong(2L));
PyTuple_SetItem(t, 2, PyUnicode_FromString("three"));

Z Z°T. PyLong_FromLong () IIFH LWSIREZR L, T I PyTuple_Setltem() WHEEFNF T, SRIEF
NeBbZz0A 7Y =27 P AR LZWEER. Z2RECEEZ O SR, Py_INCREF() ZFHLTH
5 —=DODBMMEEF LTSI W,

HIRAIZ, PyTuple_SetItem() ZX T NICEE LY M T 27200 W—D HIETT; X T VIIEEARER T —
2B DT, PySequence_SetItem() X PyObject_SetItem() %ffi5 & LOEFESTINTLEVE T,
HOTRXILVDMHEEANTNL DB D4 S, PyTuple_SetItem() 72 LRI 8 A

MUK, VA MIEEANTOL 3 — Ri& PyList_New() ¥ PyList_SetItem() THIET,

L2 LEBRIE, 20V R b2AERL TEZ ARSI, LD XS RAERIFLACHFVERA,
O PHAED D 2. Py_BuildValue() BH D, IFLALCDEERATI 27 b7 =< v FXFH|
format string DIFEIWLEHEDINT C DEISHAEKTEZET, AKX, LoZEHoa—-F7uy 27k, UT0O
FOCEEHAONET (7 —F v ZICHEELTVET):

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 (1 = 0; i < m; i++) {
PyObject *index = PyLong_FromSsize_t(i);

if (!index)

(RDR—=V1HiL)

10 F1E LIS
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(FiDR— 25 D %)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;

return -1;

}

Py_DECREF (index) ;
}
return O;

BBOREEDOBZE I, KIIEPLELRD £33, ZL A0 VTR, SREZELTH ZoSiicxH
FTEMAENEDD Z DR V—FT, 2437227 MINT 2SR EIRT L5 %% OE. SR
TROEMEZHOCH LGS Z £ 3, HHBEETY: 2056, BRI A 7Y =27 MIZDHT (on
the fly) & E N 572D, MOH LHIMBER 2 ZITERSNLA T =2 M 2E—DZ %2056 T
3o Wo T, PyObject_GetItem() X PySequence_GetItem() DL ST, A7 ¥ =7 MR T 2BM%EK
TINHOBRIE, WL ZREZRELET (O LADSROMEEICZD £75),

HERDIZ., BEDRTSROMEHELZR T2 5013, COBBERIH TR k3, CHBETSZ
ETY — BRMECH LR 8D BIIC5IRe LTELLA 7Y =7 o) 13 CORMEICIZEZRSHD %
BA! o T, PyList_GetItem() Zffio TV R MNOERZZGELHEIIE. ZROMEF IR EEA
— B, FAUEZZFETCY R b5 PySequence_GetItem() (MHTH ZOMKITLLFELIIEEZE D ET)
ZEoTWMOHT L, BINA 7V =7 MITHT 2BRE2HEET,

UTE, BED» S22V A MW L THREROAHZHAETHBZ D X5 LTHEIT 202 RLEHIT
9, —DIX PyList_GetItem() ZfE->TWT, &5 —DIX PySequence_GetItem() ZfHo>TWET,

long

sum_list(PyObject *list)

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

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

(RDR=V 1K)
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total += value;

(FiDR— 25 D %)

}
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 < mn; i++) {
item = PySequence_GetItem(sequence, 1i);
if (item == NULL)
return -1; /* Not a sequence, or other fatlure */
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;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}
return total;
}
1.5.2 &

fic d Python/C APl WBWTEEREH2FOTFT—XBP WL 220H D £7; 1T ALF int, long,
double, BL U charx Y \Woiz, B3 C D7 =TT, £/, EP2a— L TRALTWAEKEFIZET
ZECHWS N ENIZ T — T, HilnwA 7Y =27 MBI 27— & @EtEEidil Lz, HEROER
AR L7 D F 3 D IcERE N 0o TWET, TASDRNCOWTIE, ZORZ S B E & I

HLTwExT,

type Py_ssize_t

12
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RICE L £9: Stable ABI. A signed integral type such that sizeof(Py_ssize_t) ==
sizeof (size_t). C99 doesn’t define such a thing directly (size_t is an unsigned integral type).
See PEP 353 for details. PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_t.

1.6 FI5

Python 7025 <id, REDT I —MEBRKREL L 2T LN LIRS BDEEDD XA, WHEL L2 -
72HNE, WEOMECHLEL ZOEMHCHLAL 2 Wo/zBEIZ, Py FLRIALDA VX TY REETH
FCEIELE T, A VX FVEEBIE ARy 7 FPL—ZARNy 7 EbETHNEZ—FIZHEL 7,

LZAM, CIurr<vofa,. 27 —F v ZIXEICHRMITORIER D £ A, Python/C API 04
TOREUZ, BB F ¥ 2 X > M THIEICHID R WIR D IS 2 71T 3 2 alietidid b £5, —kiVLE e L
T, BB rDL S —1TEBT 5 &, BREHINZREL T, BBNICE T 22 ROFTAMEZ TR
FEL. =7 —f# (error indicator) ZIRLE T, FFa XY MIHEINLTRVWEE, 2O I —HIZBEBDRE
DIEDOHNC K 5T, NULL 2° -1 OEBHNIZARD 5, W OO TIEZ 7 —VRTH/BZ2RL. Hidx
F—%RL %Y, EOLOTHHROBETIIMAMR LS —f8E 2R R oD, DVWEFVWIREDEZIR LD
35D T, PyErr_Occurred() THRINICZ I —T XA M 2IT5BENH D ET, Zh b OFISIEICIHRI
WRFa2 Xy MeEhxd,

IR DIRBENEER (exception state) 1. AL v NHAICHE XN 725CEHEE (per-thread storage) N THEH
SINFET (ZOREHEBIZ. ALy RE#FDRWTZ TV r—2a Tl 7 e — OV RGEREREFE LTI ),
—DODALy FZZODREDESL o0 FISBFAE L7, FREBELTOHRVD, 2D ET, B
PyErr_Occurred() %5 &, ZOREBEFANSNET: ZOBBUIHINIFE LBIEZ oA 4 7
Yx 7 NI BEHSI (borrowed reference) 2R L, Z 5 ThRWE Z121% NULL 23K L £3, SRR
TRETAEBIIBZ S H Y £9: PyErr_SetString() iEdb ot d I{HLNTVS (5, b o dIAME
D) BN EFET %720 DBEET. PyErr_Clear () IZBIIMREEEHRZ M L £ 2 BT,

SERBHIVREERIZ. 3 204 TV 27 b FINOEL HINDfE, ZLThL =Ny T, 56RDET
(EDA7Y =2 % NULL ZHDFET), 2o DEHIE. Python @ sys.exc_info() DFER L[ LEK
ZRHET; idWR, C & Python OSMREERIZESFE L TIEH D £ A: Python 1B 2f1544 7
¥z 7 Md. Python O try ... except X TR LA 7Y =2 b 2RT 7. C LLVOBISHREENE
WMOTFRET 2 DL, EEINHIMERZ sys.exc_info() ZDMICHXET 2 X 5EDEFS 5 Python D N A
FA—=FAYRTVEDRAL V=T ZEET 2 £T. NP EBOMTZIELINTWBREZITTT,

Python 1.5 22 51&. Python THE» N7 a— FhoHREERICY 7 XA F 54Kk LT, #HEIRRIATH
TAL v FE—T7%5EE sys.exc_info() IZHR-> TVWADTHEELTLEIW, ZOBEIE Python 22—
FOEFTEINTVE ALy FIZBT2HIMREHBRZELET, £ 205 DIMREEBRICNST 27 7+
AFEIE. W7 HEKROT (semantics) PEHE SN, H 5 EEDBISN 2R T 2 L. ZOBBEFEITLTY
AL v FOFSHREERZRE L T, MO H LIoBISMREEERZ T2 X5 $ L, ZOEHEIC
Xo T, WMEZSICHRZ ZBBDBIEHR > TV EHIME LEEZT e ThlERRI NS, FIFMLEa— F
TELBETOVREATZIMMELTOE T, $2, PL—ZANY IHDRAZ Y 7 7L —LATEREINATVWEET
Vx7 AL UIETRELCHEGEZKOZTVWZDER LTVWET,

—RAVRFEIH E LT, & 2B OB ZIFOH L TRIS 2 OEEZ S8 5 & &, MO LAeDBEmsHIst
ZEHLTORVPFHANL S TERS T, b LEE L TWiUE, ZoBFVREIEEIEMECH LANCE X AT
D F8A. HOHLITOBEIIA 7Y = 7 VBROFMEME TN THEL, =7 —HIEE2ERE 2T

1.6. #H5 13
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D FERAN, FEHHINERET IDLEIT HDEBA - ZARIETHRR o8B aEn=Enb
O E EEEZLTCLEY, T5—DFRERAZODDICHET2EEREREES 22D T,

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

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

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

Python, we show the equivalent Python code:

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

dict[key] = item + 1

R3S s 4 a— Rz C TREICE VDD TT:

int
incr_item(PyObject *dict, PyObject *key)
{
/* Objects all initialized to NULL for Py_XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;

int rv = -1; /* Return value initialized to -1 (failure) */

item = PyObject_GetItem(dict, key);
if (item == NULL) {
/* Handle KeyError only: */
if (!PyErr_ExceptionMatches(PyExc_KeyError))

goto error;

/% Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong(OL) ;
if (item == NULL)
goto error;
}
const_one = PyLong_FromLong(1L);
if (const_one == NULL)

goto error;

incremented_item = PyNumber_Add(item, const_one);
if (incremented_item == NULL)

goto error;

(RDR=V ki)

14

F1E LIS




The Python/C API, JJ—2X 3.14.0a7

(RIDR=I D5 DR E)
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 */

A2 2O C T goto XEMI BEIDOHFIEZFTRLTVWETAR! ZoflTix. FEDFIsZLES 2
729IZ PyErr_EzceptionMatches () B XN PyErr_Clear() ZE SIS DERLTVWET, £/, FrEHE
ERoTWS ST, HAS NULL I272202% LKW DEIE TS 72DIC Py_XDECREF() % ¥ 55 2 %R
LTWES (B "X 20T Wwa Z e IciER L TL ZE W, Py_DECREF() & NULL ZRICHHi< bF &
27v¥al%d), ELLEESE27012E FiE#HEZROSRZRET 57002 % NULL Tk
5 EHNEETT; AR, Do LORVEERERT 2BICEEE -1 (KK THHEL THWT, &%
DEBTUOHLE T FL Vo BEITDA 0 (M) IEREL T,

1.7 Python DE&HIAH

Python £ ¥ 27V ZOMDAHZEITI N (WHDIRILIREY 2 — L OFEZFO0HE) HRUSH T R ITIUER
LIRVEEIRZ X 71X, Python 4 ¥ &% 7V X OHHA{LILIE (initialization), & L TEZ 5 I3 TN
(finalization) T3, 4 Y X TV XDIZL AL DIRREIX. 4 > X 7Y XDEENIR LI EZ 8 A

BN 2O 217 5 BB Py_Initialize() TF, ZOBBIEO— RBEADED 2 — b 5T —
TVEERL, TREKREEY 2—)b builtins, __main__, BEX UL sys ZERL T, Fo. BV 22—
FR (sys.path) OFIHULBITVE 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.

FEAEY DY AT ATIE (FHIC Unix & Windows (&, FlD3DF0ICEL DI L EFH), Py_Initialize()
FHEHED Python 4 ¥ &2 7V X EZITRAK OGN T 2 #HERRICE DO WT, Python D74 75 U H
Python 4 >~ & 7V ZFETHRD S DHMNASRZATHODRBZ L VWSRED FIZEY 2 — AR AAREFHEL %
T LD DI IOMBRTIE, Yxlavy FREASR (BREZH PATH) LIZR D% - 7 python & W5 £
DETT7 7 ANDEINTVWEZT 4 L7 PUVDET 4 L7 MU 25DOMHENT, 1ib/pythonX. Y &\ 5 KD
TA4LZ bUERERLET,

1.7. Python DIE®HAH 15
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il 213, Python EITERD /usr/local/bin/python THROM o/t F2L., 7477 VD /usr/local/
1lib/pythonX. Y IZH2bDEMREL T, (FEBICIE. DRI 7 74—y 7 (fallback)” DI 4 75
VA TH H D, python 2% PATH RICEWIGE b E T, ) 2 —HId PYTHONHOME 23 ETH I L T
DEfE%Z F —N—F 4 N L7 D, PYTHONPATH Z&E L TEMD T 4 L2 + ) ZIFHEE D 2 — VRSS2 D
WHALZDTEX T,

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

72 F12, Python Z¥WHHLATOIRREICD L L72WZ e 3b D 23, FIZIEX B2 77V —> a vy TIEFEITER
Mo DB L (start over) I¥ 3 (Py_Initialize() Bd 5 —EMUIHIEZ) LocLizwhd LLE
BhAo HBWVIE, 77V 7 —2 a3 ) Python & — B W& 2 T, Python 2R L7z X €V 2RIRE B0
b LNFEHA, Py FinalizeEz() 25 & 25 LM ZEHCTEE T, £/, B Py_IsInitialized()
1. Python DEEFILEADIKRBICH 2IGEICEZRLET, 5D OVWTOX SR 2 1FHIL.
BOETHIEL £3, Py_FinalizeEz () 73 Python £ ¥ X 7)) RICHERINIETORXEY % BRI S0
TIFHBW Z2IFERELTLZX W, HlZIR, REY 2 — ik o TR A X TV L, BHED L Z A1#
BT 2ENTEZERA,

1.8 7/\wvZJhREIL R (Debugging Builds)

AVETYREIIREY 2= VI L TOEMF =y 72T 572000 L D00~ 27 a2 G312 LT Python
ZELRTHIEDNTEES, THHDF v 73, ETRICRER: —N—Av FEEUZEHALD D %
o DT, T74NFTREMTINTVERA,

Python 7Ny ZHE L FOLTOREED Y R b2, Python Y — RHiAf (source distribution) OH D Misc/
SpecialBuilds.txt KH D E T, BRIV FPD ML —Z, XFY 7T —XDTNAv I, L VR TYRD
XA VN=TDIRL RNV T T 74 ) Y IHRHARETT, KDDL FIZONTDA, ZOHIDED
Mo CEMHL 7,

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 ZHE3 5. ZH ML —X2EMMITKED £F (configure --with-trace-refs /3
Y EZBHLTLIEIWV), £2TD Pylbject DD 74—V REBMT ST, #FHFOLF T =7+
OIFBR—EEMGE Y 2 s EEINE T, 2 ToOE D YT (allocation) 2 b L—2 XN FE T, KTHIZ, &2TOD
BoTWdA 7T PRRREINET, A VXTI T 4 TE=—FTIE A VX TV RIZKDIXDFEITD
KR RSNET, )
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X DFELWEHRIZOWTIE, Python @Y — Rfiffi (source distribution) ®H® Misc/SpecialBuilds.txt
ZEIL TS W,

1.8. FNYJHRREILE (Debugging Builds) 17






TWO

C APl & EM

Unless documented otherwise, Python’s C API is covered by the Backwards Compatibility Policy, PEP
387. Most changes to it are source-compatible (typically by only adding new API). Changing existing

API or removing API is only done after a deprecation period or to fix serious issues.

CPython’s Application Binary Interface (ABI) is forward- and backwards-compatible across a minor
release (if these are compiled the same way; see 72 v b7 #—LTEREITANER below). So, code
compiled for Python 3.10.0 will work on 3.10.8 and vice versa, but will need to be compiled separately
for 3.9.x and 3.11.x.

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

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

PyUnstable prefix in names.

e Limited API, is compatible across several minor releases. When Py_LIMITED APT is defined, only
this subset is exposed from Python.h.

These are discussed in more detail below.

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

to discuss adding public API for your use case.

2.1 Unstable C API

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

change in a bugfix release (e.g. from 3.10.0 to 3.10.1).
It is generally intended for specialized, low-level tools like debuggers.

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

to changes.
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2.2 Z7E ABI (Stable Appliction Binary Interface)

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

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

2.2.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python’s C API. Extensions that only use the Limited
API can be compiled once and be loaded on multiple versions of Python. Contents of the Limited API

are listed below.

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

Define Py_LIMITED_API to the value of PY_VERSION_HEX corresponding to the lowest Python
version your extension supports. The extension will be ABI-compatible with all Python 3 releases

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

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

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

2.2.2 Stable ABI

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

Python 3.x versions.

0 IR
The Stable ABI prevents ABI issues, like linker errors due to missing symbols or data corruption due

to changes in structure layouts or function signatures. However, other changes in Python can change

the behavior of extensions. See Python’s Backwards Compatibility Policy (PEP 387) for details.

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

necessary to support older versions of the Limited API.

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

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

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

2.2.3 API RO—=7eNT #— > ADHIR

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

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

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

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

2.2.4 HIR{TE API DFER

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

such as expected semantics.

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

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

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

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

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

2.2. R ABI (Stable Appliction Binary Interface) 21
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23 TS5y bTx—LTERINER

ABI stability depends not only on Python, but also on the compiler used, lower-level libraries and
compiler options. For the purposes of the Stable ABI, these details define a “platform” . They usually

depend on the OS type and processor architecture

FEDT Ty M7 4 =5 EDFTRTOD Python N—2 a YOLEM ABI ZBIE LR WHIETEL REh T
% Z L Z2REET % DI, Python OERERMEDREMETT, ZHid python.org L DI — Fo%—F 1 —
DELAR T H D Windows ¥ macOS DV J —ZADHFAET T,

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

o PyByteArrayIter_Type

22 % 2 E C APl D&EEM
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e PyBytedrray_AsString ()

e PyByteArray_Concat ()

o PyByteArray_FromObject ()

e PyByteArray_FromStringAndSize ()
e PyByteArray_Resize()

e PyByteArray_Size()

e PyByteArray_Type

e PyBytesIter_Type

e PyBytes_AsString()

e PyBytes_AsStringAndSize()
e PyBytes_Concat ()

e PyBytes_ConcatAndDel ()

o PyBytes_DecodeEscape()

e PyBytes_FromFormat ()

e PyBytes_FromFormatV()

e PyBytes_FromObject ()

o PyBytes_FromString ()

e PyBytes_FromStringAndSize ()
o PyBytes_Repr()

e PyBytes_Size()

e PyBytes_Type

e PyCFunction

e PyCFunctionFast

e PyCFunctionFastWithKeywords
e PyCFunctionWithKeywords

o PyCFunction_GetFlags()

e PyCFunction_GetFunction()

e PyCFunction_GetSelf ()

e PyCFunction_New()

2.4. BREER APl DRE 23
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PyCFunction_NewEz ()
PyCFunction_Type
PyCMethod_New()
PyCallIter_New()
PyCallIter_Type
PyCallable_Check()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_GetDestructor()
PyCapsule_GetName ()
PyCapsule_GetPointer()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New()
PyCapsule_SetContext ()
PyCapsule_SetDestructor()
PyCapsule_SetName ()
PyCapsule_SetPointer()
PyCapsule_Type

PyClassMethodDescr_Type

PyCodec_BackslashReplaceErrors ()

PyCodec_Decode ()
PyCodec_Decoder()
PyCodec_Encode()
PyCodec_Encoder()

PyCodec_IgnoreErrors()

PyCodec_IncrementalDecoder()

PyCodec_IncrementalEncoder ()

PyCodec_KnownEncoding ()
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e PyCodec_LookupError()

e PyCodec_NameReplaceErrors ()
e PyCodec_Register()

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

e PyCodec_StreamiWriter()

e PyCodec_StrictErrors()

e PyCodec_Unregister()

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

e PyDescr_NewClassMethod ()
e PyDescr_NewGetSet ()

e PyDescr_NewMember ()

e PyDescr_NewMethod ()

e PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

e PyDictProzy_New()

e PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type

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

PyErr_Display()
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e PyErr_DisplayEzception()

o PyErr_EzceptionMatches ()

e PyErr_Fetch()

e PyErr_Format ()

e PyErr_FormatV()

e PyErr_GetEzcInfo()

e PyErr_GetHandledExzception()

e PyErr_GetRaisedException ()

e PyErr_GivenEzceptionMatches ()

e PyErr_NewEzception()

o PyErr_NewEzceptionWithDoc ()

e PyErr_NoMemory ()

e PyErr_NormalizeEzception()

o PyErr_Occurred()

o PyErr_Print()

e PyErr_PrintEz()

e PyErr_ProgramText ()

o PyErr_ResourceWarning ()

o PyErr_Restore()

e PyErr_SetEzcFromWindowsErr ()

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

o PyErr_SetFromErrno ()

o PyErr_SetFromErrnoWithFilename ()

e PyErr_SetFromErrnoWithFilenameObject ()

e PyErr_SetFromErrnoWithFilenameObjects ()

o PyErr_SetFromWindowsErr()
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PyErr_SetFromWindowsErriWithFilename ()

PyErr_SetHandledException ()

PyErr_SetImportError()

PyErr_SetImportErrorSubclass ()

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

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

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

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError

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

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

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

PyImport_ExecCodeModuleEx ()
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e PyImport_EzecCodeModuleObject ()

e PyImport_EzecCodeModulelithPathnames ()
e PyImport_GetImporter()

e PyImport_GetMagicNumber ()

o PyImport_GetMagicTag ()

e PyImport_GetModule()

e PyImport_GetModuleDict ()

e PyImport_Import()

e PyImport_ImportFrozenModule()

o PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule()

e PyImport_ImportModuleLevel ()

o PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock()

e PyImport_ReloadModule()

e PyIndez_Check()

e PyInterpreterState

o PyInterpreterState_Clear()

o PyInterpreterState_Delete()

e PyInterpreterState_Get()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New()

o PyIter_Check()

o PyIter_Next()

e PyIter NextItem()

o Pylter_Send()

e PyListIter_Type

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

PyLong_AsLongLong ()

PyLong_AsLongLongAndOverflow()

PyLong_AsNativeBytes ()
PyLong_AsSize_t ()
PyLong_AsSsize_t()
PyLong_AsUInt32()
PyLong_AsUInt64 ()

PyLong_AsUnsignedLong ()
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e PyLong_AsUnsignedLongLong ()

o PyLong_AsUnsignedLongLongMask ()
e PyLong_AsUnsignedLongMask ()

e PyLong AsVoidPtr()

o PyLong_FromDouble ()

e PyLong FromInt32()

e PyLong FromInt64()

e PyLong FromLong ()

e PyLong_FromLongLong ()

e PyLong_FromNativeBytes ()

o PyLong_FromSize_t()

e PyLong FromSsize_t()

e PyLong_FromString ()

e PyLong_FromUInt32()

o PyLong_FromUInt64 ()

e PyLong_FromUnsignedLong ()

e PyLong_FromUnsignedLongLong ()
e PyLong_FromUnsignedNativeBytes ()
e PyLong_FromVoidPtr()

e PyLong_GetInfo()

e PyLong_Type

e PyMap_Type

o PyMapping_Check()

e PyMapping GetItemString ()

e PyMapping_GetOptionalItem()

o PyMapping_GetOptionalltemString ()
o PyMapping_HasKey()

e PyMapping_HasKeyString ()

o PyMapping_HasKeyStringWithError()
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PyMapping_HasKeyWithError ()
PyMapping_Items ()
PyMapping_Keys ()
PyMapping_Length()
PyMapping_SetItemString ()
PyMapping_Size()
PyMapping_Values ()
PyMem_Calloc()

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

PyModuleDef_Init()
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e PyModuleDef_Type

e PyModule_Add()

e PyModule_AddFunctions ()

e PyModule_AddIntConstant ()
e PyModule_AddObject ()

e PyModule_AddObjectRef ()

e PyModule_AddStringConstant ()
e PyModule_AddType ()

e PyModule_Create2()

e PyModule_EzecDef ()

e PyModule_FromDefAndSpec2()
e PyModule_GetDef ()

o PyModule_GetDict ()

e PyModule_GetFilename ()

e PyModule_GetFilenameObject ()
o PyModule_GetName ()

e PyModule_GetNameObject ()

o PyModule_GetState()

o PyModule_New()

e PyModule_NewObject ()

e PyModule_SetDocString ()

e PyModule_Type

e PyNumber_Absolute()

e PyNumber_Add()

o PyNumber_And ()

o PyNumber_AsSsize_t ()

e PyNumber_Check()

e PyNumber_Divmod ()

o PyNumber_Float ()
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PyNumber_FloorDivide ()
PyNumber_InPlaceAdd()
PyNumber_InPlaceAnd ()
PyNumber_InPlaceFloorDivide ()

PyNumber_InPlaceLshift()

PyNumber_InPlaceMatrizMultiply ()

PyNumber_InPlaceMultiply ()
PyNumber_InPlaceOr()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_InPlaceRshift ()
PyNumber_InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()
PyNumber_InPlaceXor()
PyNumber_Index ()
PyNumber_Invert()
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 ()
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e PyNumber_Xor()

o PyOS_AfterFork()

e Py0S_AfterFork_Child()
e Py0S_AfterFork_Parent ()
e Py0S_BeforeFork()

e Py0S_CheckStack()

e Py0S_FSPath()

e PyO0S_ ImputHook

o Py0S_InterruptOccurred()
e Py0S _double_to_string()
e Py0S_getsig()

e Py0S_mystricmp()

« PyOS_mystrnicmp()

o PyOS_setsig()

e PyOS_sighandler_t

e PyoS_snprintf()

e Py0S_string_to_double()
e Py0S_strtol()

e Py0S_strtoul ()

e 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()

o PyObject_CallFunctionObjArgs ()
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PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckBuffer()
PyObject_CleariWeakRefs ()
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()
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e PyObject_GetIter()

e PyObject_GetOptionaldttr()

e PyObject_GetOptionalAttrString()
e PyObject_GetTypeData ()

e PyObject_HasAttr()

e PyObject_HasAttrString()

e PyObject_HasAttrStringWithError()
e PyObject_HasAttrWithError()

e PyObject_Hash()

e PyObject_HashNotImplemented ()
o PyObject_Init()

e PyObject_InitVar()

o PyObject_IsInstance()

e PyObject_IsSubclass()

e PyObject_IsTrue()

o PyObject_Length()

e PyObject_Malloc()

e PyObject_Not()

o PyObject_Realloc()

o PyObject_Repr()

o PyObject_RichCompare ()

e PyObject_RichCompareBool ()

o PyObject_SelfIter()

e PyObject_SetAttr()

o PyObject_SetAttrString()

o PyObject_SetItem()

e PyObject_Size()

e PyObject_Str()

o PyObject_Type()
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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()
PySequence_SetSlice()
PySequence_Size()
PySequence_Tuple()

PySetIter_Type
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e PySet_Add()

o PySet_Clear()

e PySet_Contains ()

e PySet_Discard()

o PySet_New()

o PySet_Pop ()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices()

e PySlice_GetIndicesEz()

e PySlice_New()

e PySlice_Type

e PySlice_Unpack()

e PyState_AddModule()

e PyState_FindModule ()

e PyState_RemoveModule()

e PyStructSequence_Desc

e PyStructSequence_Field

e PyStructSequence_GetItem()
o PyStructSequence_New()

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

o PySys_Audit ()

e PySys_AuditTuple()

o PySys_FormatStderr()

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

PyThreadState_GetID()

PyThreadState_GetInterpreter()

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

PyThread_free_lock()
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e PyThread_get_key_value()

o PyThread_get_stacksize()

e PyThread_get_thread_ident ()
e PyThread_get_thread_native_id()
e PyThread_init_thread()

e PyThread_release_lock()

e PyThread_set_key_value()

o PyThread_set_stacksize()

e PyThread_start_new_thread()
e PyThread_tss_alloc()

e PyThread_tss_create()

e PyThread_tss_delete()

o PyThread_tss_free()

e PyThread_tss_get ()

e PyThread_tss_tis_created()

o PyThread_tss_set()

e PyTraceBack_Here()

e PyTraceBack_Print ()

e PyTraceBack_Type

e PyTuplelter_Type

o PyTuple_GetItem()

o PyTuple_GetSlice()

e PyTuple_New()

e PyTuple_Pack()

e PyTuple_SetItem()

o PyTuple_Size()

e PyTuple_Type

e PyTypeObject

o PyType_ClearCache()
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PyType_Freeze()
PyType_FromMetaclass ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc()
PyType_GenericNew()
PyType_GetBaseByToken ()
PyType_GetFlags ()
PyType_GetFullyQualifiedName ()
PyType_GetModule ()
PyType_GetModuleByDef ()
PyType_GetModuleName ()
PyType_GetModuleState()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetSlot ()
PyType_GetTypeDataSize ()
PyType_IsSubtype()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd ()
PyUnicodeDecodeError_GetObject ()

PyUnicodeDecodeError_GetReason ()
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e PyUnicodeDecodeError_GetStart ()

e PyUnicodeDecodeError_SetEnd()

. PyUnicodeDecodeE%ror_SetReason()

e PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd()

e PyUnicodeEncodeError_GetObject ()

e PyUnicodeEncodeError_GetReason()

e PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd()

. PyUnicodeEﬂcodeE%ror_SetReason()

e PyUnicodeEncodeError_SetStart ()

e PyUnicodeIter_Type

e PyUnicodeTranslateError_GetEnd()

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

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

o PyUnicode_AppendAndDel ()

e PyUnicode_AsASCIIString()

o PyUnicode_AsCharmapString ()

o PyUnicode_AsDecodedObject ()

e PyUnicode_AsDecodedUnicode ()

o PyUnicode_AsEncodedObject ()

e PyUnicode_AsEncodedString ()

e PyUnicode_AsEncodedUnicode ()
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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 ()
PyUnicode_Count ()

PyUnicode_Decode ()
PyUnicode_DecodeASCII()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()

PyUnicode_DecodeMBCSStateful ()
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e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16()

e PyUnicode_DecodeUTF16Stateful ()
e PyUnicode_DecodeUTF32()

e PyUnicode_DecodeUTF32Stateful ()
e PyUnicode_DecodeUTF7()

e PyUnicode_DecodeUTF7Stateful ()
e PyUnicode_DecodeUTF8()

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

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale()

e PyUnicode_Equal ()

e PyUnicode_EqualToUTF8()

e PyUnicode_EqualToUTF8AndSize ()
e PyUnicode_FSConverter()

e PyUnicode_FSDecoder()

e PyUnicode_Find()

e PyUnicode_FindChar()

o PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()
e PyUnicode_FromFormat ()

e PyUnicode_FromFormatV()

e PyUnicode_FromObject ()

e PyUnicode_FromOrdinal ()

e PyUnicode_FromString ()

e PyUnicode_FromStringAndSize ()

e PyUnicode_FromiWideChar ()
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PyUnicode_GetDefaultEncoding ()

PyUnicode_GetLength()

PyUnicode_InternFromString ()
PyUnicode_InternInPlace()

PyUnicode_IsIdentifier()

PyUnicode_Join ()
PyUnicode_Partition()
PyUnicode_RPartition()
PyUnicode_RSplit ()
PyUnicode_ReadChar ()
PyUnicode_Replace()

PyUnicode_Resize()

PyUnicode_RichCompare ()

PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring ()
PyUnicode_Tatlmatch()
PyUnicode_Translate()
PyUnicode_Type
PyUnicode_WriteChar()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyVectorcall_Call()
PyVectorcall_NARGS()
PyWeakReference
PyWeakref_GetObject ()
Pyleakref_GetRef ()

PyWeakref_NewProzy ()
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o PylWeakref_NewRef ()

e PyWrapperDescr_Type

e Pylirapper_New()

e PyZip_Type

e Py AddPendingCall ()

e Py AtEzit()

e Py BEGIN_ALLOW_THREADS
e Py_BLOCK_THREADS

e Py _BuildValue()

e Py _BytesMain()

e Py CompileString()

e Py DecRef()

e Py DecodeLocale()

e Py END ALLOW_THREADS

e Py _EncodeLocale()

e Py EndInterpreter()

e Py EnterRecursiveCall()
e Py Ezit()

e Py_FatalError()

e Py_FileSystemDefaultEncodeErrors
e Py_FileSystemDefaultEncoding
o Py_Finalize()

e Py FinalizeEz()

e Py_GenericAlias()

e Py_GenericAliasType

e Py_GetBuildInfo()

e Py_GetCompiler()

e Py GetConstant ()

e Py _GetConstantBorrowed()
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Py_GetCopyright ()
Py_GetEzecPrefiz()
Py_GetPath()
Py_GetPlatform()
Py_GetPrefiz()
Py_GetProgramFullPath ()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()
Py_GetVersion()
Py_HasFileSystemDefaultEncoding
Py_IncRef()

Py _Initialize()
Py_InitializeEx()

Py Is()

Py_IsFalse()

Py IsFinalizing ()

Py IsInitialized()
Py_IsNone()

Py _IsTrue()
Py_LeaveRecursiveCall ()
Py_Main()
Py_MakePendingCalls()
Py_NewInterpreter()
Py_NewRef ()
Py_PACK_FULL_VERSION()
Py_PACK_VERSION()
Py_REFCNT()

Py_ReprEnter()
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e Py _ReprLeave()

e Py_SetProgramName ()
e Py_SetPythonHome ()
e Py_SetRecursionLimit ()
e Py TYPE()

o Py_UCS4

e Py_UNBLOCK_THREADS
e Py_UTF8Mode

e Py_VaBuildValue()
e Py_Version

e Py_XNewRef ()

e Py_buffer

e Py_intptr_t

e Py _ssize_t

e Py_uintptr_t

e allocfunc

e binaryfunc

e descrgetfunc

e descrsetfunc

e destructor

e getattrfunc

e getattrofunc

e getbufferproc

e getiterfunc

e getter

e hashfunc

e initproc

e INQUITY

e tternextfunc

2.4. [RERR APl DRE
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lenfunc

newfunc
objobjargproc
objobjproc
releasebufferproc
reprfunc

richcmp func
setattrfunc
setattrofunc
setter
ssizeargfunc
sstzeobjargproc
ssizessizeargfunc
ssizessizeobjargproc
symtable
ternaryfunc
traverseproc
unaryfunc
vectorcall func

visitproc
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BEKELTY

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

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

functions which accept them as parameters.

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

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

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

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

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

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

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

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

int PyRun_SimpleString(const char *command)

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

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

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

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

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

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

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

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

0 IR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

*locals, int closeit, PyCompilerFlags *flags)

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

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

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

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

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

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

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

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

Added in version 3.4.

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

PyCompilerFlags *flags, int optimize)

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

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

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

PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const
*args, int argcount, PyObject *const *kws, int kwcount, PyObject
*const *defs, int defcount, PyObject *kwdefs, PyObject *closure)
ROfE: HILWEBE, RICBLET: Stable ABL 52 SNLRFEDREET, a v AFEADa—F
A7V bEFHEILE T, ZORRIE I — IVEROFFEL, O—INVEBOR vy AT
7 b\ SIROBES], ¥—T— R T 740 MA, F—T—FFA SO T 7 4L MEDFEE L, 1D
7a—Yx X T VTHRINET,

PyObject *PyEval_EvalFrame (PyFrameObject *f)

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

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

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

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

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

struct PyCompilerFlags

AVRA T T 7 WNDTBLDOWENR TS, a—F2ary {33720 0856. ZOWHEEKRD
int flags ¥ LTHEINE T, a— F2FETT 25E1213 PyCompilerFlags *flags & LTI
3, ZO%E. from __future__ import X flags DINEBEEZEHETEE T,
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Whenever PyCompilerFlags *flags is NULL, cf_flags is treated as equal to 0, and any modifi-
cation due to from __future__ import is discarded.
int cf_flags
aAVRATT757,
int cf_feature_version

cf _feature wversion is the minor Python version. It should be initialized to PY_MINOR_VERSION.
The field is ignored by default, it is used if and only if PyCF_ONLY_AST flag is set in cf_flags.
N—=Ya Yy 3.8 TEH: Added cf feature wversion field.
The available compiler flags are accessible as macros:

PyCF_ALLOW_TOP_LEVEL_AWAIT

PyCF_ONLY_AST

PyCF_OPTIMIZED_AST

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

int CO_FUTURE_DIVISION

ZOEy b flags 1Ty M T2 e, BREBERET /13 PEP 238 1T X % TEOFREA (true division) )
L THbhx T,

60

B3R BRKELTY


https://peps.python.org/pep-0238/

Oty arii®rBEBe~rnid, Python A7 =27 VOB AY v FOBHICHFHINE S,

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

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

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

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

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

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

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

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

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

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

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

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

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

void Py_XINCREF (PyObject *o0)

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

PyObject *Py_NewRef (PyObject *o)

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

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

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

Bl 213

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

can be written as:

self->attr = Py_NewRef (obj);

See also Py_INCREF().
Added in version 3.10.

PyObject *Py_XNewRef (PyObject *o)

RICBELZFT: Stable ABI (IN—23> 3.10 &£D ). Similar to Py_NewRef (), but the object o can
be NULL.

If the object o is NULL, the function just returns NULL.
Added in version 3.10.

void Py_DECREF (PyObject *0)

Release a strong reference to object o, indicating the reference is no longer used.
Z DRARUIIK®E (immortal) 7Y =27 MIZEH LEE A,

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

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

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

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

function has no effect.

A

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

g

==}
[=]

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

then call Py_DECREF () for the temporary variable.

N—ay 312 TEHE: KA 7Y =7 MIEBESNEL A,

void Py_XDECREF ( PyObject *o)

Similar to Py_DECREF (), but the object o can be NULL, in which case this has no effect. The same
warning from Py DECREF () applies here as well.

void Py_CLEAR(PyObject *o)

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

reference.

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

traversed during garbage collection.

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

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

void Py_DecRef (PyObject *o0)

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

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

Py_DECREF (dst) ;

dst = src;

The safe way is:

Py_SETREF(dst, src);

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

object.
Added in version 3.6.

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

side effects, these are no longer duplicated.

Py_XSETREF (dst, src)

Variant of Py_SETREF macro that uses Py_XDECREF () instead of Py_DECREF ().
Added in version 3.6.

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

side effects, these are no longer duplicated.
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s anE

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

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

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

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

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

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

it is caught (and has therefore stopped propagating).

51 HAheoI7

void PyErr_Clear()

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

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

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

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

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

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

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

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

an exception occurs in an __del__() method.

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

NULL, only the traceback is printed.

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

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

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

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

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

sys.stderr, including chained exceptions and notes.

Added in version 3.12.
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5.2 FISDxt

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

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

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

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

void PyErr_Set0bject (PyObject *type, PyObject *value)

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

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

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

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

Added in version 3.5.

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

int PyErr_BadArgument ()

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

PyObject *PyErr_NoMemory ()

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

PyObject *PyErr_SetFromErrno (PyObject *type)

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

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

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

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

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

of the exception instance.

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

PyObject *filenameObject2)

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

Added in version 3.4.

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

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

PyObject *PyErr_SetFromWindowsErr (int ierr)

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

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

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

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

Availability: Windows.

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

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

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

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

*filename)

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

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

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

Availability: Windows.
Added in version 3.4.

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

*filename)

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

Availability: Windows.

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

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

Added in version 3.3.

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

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

Added in version 3.6.

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

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

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

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

Added in version 3.2.

void PyErr_SyntaxLocation(const char *filename, int lineno)

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

void PyErr_BadInternalCall()

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

&
5.3 &

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

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

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

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

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

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

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

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

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

Added in version 3.2.

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

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

Added in version 3.6.

54 I5—12—20BVWaht

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

The caller must have an attached thread state.

0 iR

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

int PyErr_ExceptionMatches (PyObject *exc)

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

PyObject *PyErr_GetRaisedException (void)

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

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

Bl 213

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

PyErr_SetRaisedException(exc);

& BE

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

Added in version 3.12.

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

clearing the existing exception if one is set.

A wt

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

Added in version 3.12.

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

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

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

= N iEl AN

WRWESE, ZOFARTOE = T4 D — AN »

5 5 & fIsuE
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B2 7EN, BREEZRYHBEINEFENETNOA TS 27 FADSRBEROZ IR T, AT
P P NUILL THRWEETXZ, FOMEL FL—ZANw 747322 MINILL b LAERA,

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

restore the error indicator temporarily.

Bl 213
{

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

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

PyErr_Restore(type, value, traceback);

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

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

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

function. I warned you.)

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

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

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

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

to avoid any possible de-normalization.

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

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

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

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

modify the interpreter’s exception state.

O IR

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

Added in version 3.11.

void PyErr_SetHandledException(PyObject *exc)

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

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

0 IR

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

Added in version 3.11.

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

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

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

Added in version 3.3.

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

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

PyErr_SetHandledEzception().

0 IR

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

Added in version 3.3.

N— a ¥ 3.11 TEHE: The type and traceback arguments are no longer used and can be NULL.
The interpreter now derives them from the exception instance (the value argument). The function

still steals references of all three arguments.

55 STFINVRUDYT

int PyErr_CheckSignals ()

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

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

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

The function attempts to handle all pending signals, and then returns 0. However, if a Python
signal handler raises an exception, the error indicator is set and the function returns -1 immedi-
ately (such that other pending signals may not have been handled yet: they will be on the next
PyErr_CheckSignals () invocation).

If the function is called from a non-main thread, or under a non-main Python interpreter, it does

nothing and returns 0.

This function can be called by long-running C code that wants to be interruptible by user requests

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

O IR

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

void PyErr_SetInterrupt()

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

0 R
This function is async-signal-safe. It can be called without an attached thread state and from

a C signal handler.

int PyErr_SetInterruptEx(int signum)

RICBLZETY: Stable ABI (IN=23> 3.10 &D ). 7 FAREGEL MR ZS I 21— FLET,
RIZ PyErr_CheckSignals () DWMHINz &, BEZ oM/ 7 FABERHD Python D> 7 Finy
FoIPMHOHINET,

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

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

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

it will be ignored.

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

The error indicator is never changed by this function.

0 IR
This function is async-signal-safe. It can be called without an attached thread state and from

a C signal handler.

Added in version 3.10.

int PySignal_SetWakeupFd (int fd)

ZDA—T 4 VT BEE. YT FNAEZIFIRoT BT FNAFESEANL P LTEEAL 7 7 4
NERFEIEELES, fd3/ 70y Ry 2 TRINUIRD TXRA. ZOBEIZ. 12D 7 741
e FEIRLE T,

-1 2T, COMBZRMCLET,; ZAXWEIRETS, ZOBEUZ Python @ signal.
set_wakeup_fd() LRIFETITH, YARII—F v 7 diTVERA, fd 13EMRT 7 A AR TT
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HEREXTT, ZOEHIIAAL VALY RRALDARTHINEZNEZTT,

N—Tar 3.5 TEH: Windows T, ZOBEEBIIY 7y AV EAESR—IT B L5 DELE,

5.6 fISNTI S

PyObject *PyErr_NewException(const char *name, PyObject *base, PyObject *dict)
RBOfE: TLWBE, RICELXT: Stable ABL. 202 —7 1 V7 4 BEIEIH LWEIFL Y 5 X% ERL
LCRLE 3, name 51503H L WHISDFH]T, module. classname FERD C XFFHITRIFIUIR 5 72
W, base ¥ dict 51313 E NULL TY, ZHEITXRTOFNDD DL — |+, fHAAAK Exception
(C TlX PyExc_Exception & L T7 7 AARE) ZN— b LTIRELRI FRFT TV =7 b Z2ERR
LET,

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)

RBDME: $FiLWBE, RICEBL X9 Stable ABIL. PyErr_NewEzception() Y IZIEF U TTH, #
LWHlAL 7 5 R B docstring ZFRETE £ 9, doc % NULL THRWIEE, Zhnfists 72 20
docstring 1272 D £3,

Added in version 3.2.

5.7 fIAFTT I+

PyObject *PyException_GetTraceback (PyObject *ex)
RBOE: FiLWBE, XRICEBL X7 Stable ABIL. Python T __traceback__ BME»S67 72X TE
250U, BIFHZEET % traceback DFTLWESIREZIR L E T, BIfRS % traceback 23EWIGE I,
NULL ZiRL £9,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
RICEL 9 Stable ABL. ZDHI#IZBI S % traceback 1IZ th vy FLET, 7V 7T 3121
Py_None ZfHH LT\,

PyObject *PyException_GetContext (PyObject *ex)

RO HLWBER, RICBL X7 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)

TICBULZEF: Stable ABL iz T 2 a2y 7% XA M2 etz vy b LE T, 7V 7331213 NULL
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AL TLIZE W, ctx DHIIA YRR A D D aiErD 2 F 2 v 2 3TbhERA, ZHUT
ctx NOBREBAET,

PyObject *PyException_GetCause (PyObject *ex)
EOfE: :iLLWBE, XIZEL £9: 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)

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

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

PyObject *PyException_GetArgs (PyObject *ex)
ROfE: HILWBER, RICBLZXT: Stable ABI (N\—=23Y 3.12 &D ). Return args of exception
er.

void PyException_SetArgs (PyObject *ex, PyObject *args)

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

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

ZHUZ Unstable API T%, A F—V V) —ATTERKEEINZZ DY FT,

Implement part of the interpreter’s implementation of except*. orig is the original exception that
was caught, and excs is the list of the exceptions that need to be raised. This list contains the
unhandled part of orig, if any, as well as the exceptions that were raised from the except* clauses
(so they have a different traceback from orig) and those that were reraised (and have the same
traceback as orig). Return the ExceptionGroup that needs to be reraised in the end, or None if

there is nothing to reraise.

Added in version 3.12.

5.8 Unicode fI#AA T o bk
DUITNoBEE C 57855 Unicode HlANEEo 72D EIEL 72D 32 72DICHHL 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)

RBhfE: FiLWBHE, XICEBL £ Stable ABL encoding, object, length, start, end, reason JEIE%
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% o 7z UnicodeDecodeError 7 ¥ =27 b ZEM L %3, encoding 3 XU reason 1& UTF-8 L~
2— K ENELFHITT.

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
RBOfE: TLVLWEBE, RICBL XY Stable ABL. 52 60BN A 7P 22 D encoding JEVE %K
LEd,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
RBDOME: FiLWBE, XICEL XY Stable ABL. 52X o024 472 =2 bD object JEHEZIR L
9,

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

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

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py _ssize_t *start)
RICBLEFT: Stable ABL EXNZLFNA T =7 b5 start BIERZEIE LT *start I L £
Fo start (X NULL THoTERD FLA, BIAILES 0 &2, KLz -1 ZRBLET,

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

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

> B

UnicodeError.start

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

RICB L X9 Stable ABI. Set the start attribute of the given exception object to start. Return 0

on success, -1 on failure.

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

consider it as a relative offset.

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

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py ssize t *end)
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int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py _ssize_t *end)
RICELET: Stable ABL EXWFIHNA T2 b6 end BHEZEIE LT *end ITHHIL £3,
end I3 NULL THoTIRD FHA. IILES 0 2. KL% -1 ZRLET,

If the UnicodeError.object is an empty sequence, the resulting end is 0. Otherwise, it is clipped
to [1, len(object)].

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)

RICBELZET: Stable ABL BXNEHNA T2 VD end BYER end IZRELET, K LES
0%, KLZES -1 ZIRLET,

> 2E

UnicodeError.end

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason(PyObject *exc)
RbOflE: iLWEHE, RICEL £ Stable ABL XN ZHIMNA TS =27 b D reason EHEZIRL
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)

TICBULE: Stable ABL EXNHMNA T 22 F D reason BIE%E reason WCEREL 3T, K
L7260 %, KLES -1 ZIRLE T,

5.9 BlROEE

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

because the call protocol takes care of recursion handling.

int Py_EnterRecursiveCall (const char *where)

RICBLET: Stable ABL (NA—S3Y 2.9 &D). C LRAOHRFOHLELES L LTWEE
HICHE I ET,

The function then checks if the stack limit is reached. If this is the case, a RecursionError is set

and a nonzero value is returned. Otherwise, zero is returned.
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where 1 " in instance check" D k57 UTF-8 Ty a— FEN=XFINI LT, BIROEZ DR
FUZE L2 2 TEHE NS RecursionError DX vt —J I CHETEZBZ XS ICTRETT,

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

void Py_LeaveRecursiveCall (void)

RICBLET: Stable ABI (IN\—23> 3.9 &D). Py EnterRecursiveCall() Zf T EE X7,
Py_EnterRecursiveCall () @ BEBLTc PR LITXHL 1 BIFFZZRT0UIR D 28 A,

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

ayFFHENIHR L tp_repr ZWYNTEET 21213, FERRHROUWEIRD N ET, R& v 7 OF#EICH
Z. tp_repr FERUHZ BT 272D TV 27 P Rillo TS REDBDH D ET, XD 2 2OBEBIFZD
BREZ B I L E T, FEMICIX, I 5iX reprlib.recursive_repr() Y FI%ER C DEETT,
int Py_ReprEnter (PyObject *object)
RICELZET: Stable ABIL. BRI Z AT 2 72DIT, tp_repr OFEEDEHTHEI L 3,
ZFOATI 27 PRI INTZ S DIE o756, ZOBBBEDEREZRLET, Z0HA.

tp_repr DEEX, FRERTXFINA TS 27 PERITRETT, HlXiE, dict A7V =7 MiE
{...}ZRLETL. list A7V =z ME [...] ZIRLET,

HIREE O LBRICGE L 25813, COBBIAOBEEZRLET, ZOHE. tp_repr OFEREIT—KHN
1Z1& NULL 2R3 RETY,

ZHRLADEER, BB R ZR L., tp_repr DFEFEILAHE B Y M EZHEIFTHLEVER A,

void Py_ReprLeave (PyObject *object)

RICBL XY Stable ABL. Py_ReprEnter() T E¥ %5, 0 23R L7 Py ReprEnter() OFELS
LIS U 1 FIFHEZR R D 22 A,

5.10 1ZEHI5

PyExc_ D% A1 Python OIS0 ARl D07 v — VAR E LT, TRTOERE Python fi15425F]
FRIRET T, I BT PyObjectx b, TRNTIIRLFTTI 27 M TT, FTEERIHT /DI, §XT
DER L TICHIEL £3:

C# Python % AR
PyExc_BaseException BaseException “
PyExc_Exception Exception 19 EE} <l
PyExc_ArithmeticError ArithmeticError p- 83, *1
PyExc_AssertionError AssertionError

PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError

PyExc_BufferError BufferError

RDAR— <
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R 1-RIOR—IH5DHKE

C# Python ER
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 p- 83, x1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError
PyExc_NameError NameError
PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError

OSError p- 83, *1

PyExc_0SError
PyExc_0OverflowError
PyExc_PermissionError

PyExc_ProcessLookupError

PyExc_PythonFinalizationErrc

PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsyncIlteration
PyExc_StopIlteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError

PyExc_UnboundLocalError

OverflowError
PermissionError

ProcessLookupError

PythonFinalizationError

RecursionError
ReferenceError
RuntimeError
StopAsyncIteration
StopIlteration
SyntaxError
SystemError
SystemExit
TabError
TimeoutError
TypeError

UnboundLocalError

ROR—=JIHEL
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R 1-RIOR—IH5DHKE

C%& Python % AR
PyExc_UnicodeDecodeError UnicodeDecodeError
PyExc_UnicodeEncodeError UnicodeEncodeError
PyExc_UnicodeError UnicodeError

PyExc_UnicodeTranslateError UnicodeTranslateError
PyExc_ValueError ValueError

PyExc_ZeroDivisionError ZeroDivisionError

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

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

INBHIFHEEED D % PyExc_0SError DA Y 7 XT3

C#% AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError =

N—Tay 3.3 TELH: ZhoDn A Y 7 RBFINORESEE T30 bt T,

HER:

5.11 EEBENTTY

PyExc_ D% A1Z Python O HE #iik b0 a— IV ERE LT, TXNTOEE Python B4 7
TYDHAFET T, 2N B8 PyObjectx ZHH, TRNTIIAF TV 27 bTT, SEEZAT 2701,
FTRTOERZLINICHIEL T

1 Z B DREEGISN D= b DR— R 7 5 A TT,
*2 Windows TOAEREINTWET, 7V FrtyH+= 20 MS_WINDOWS BERSINTWEINT A I FEI LT, RS a—
FREH# LTI

5.11. FEEEAHTIV 83
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C#% Python % AR
PyExc_Warning Warning w
PyExc_BytesWarning BytesWarning
PyExc_DeprecationWarning DeprecationWarning
PyExc_FutureWarning FutureWarning
PyExc_ImportWarning ImportWarning

PyExc_PendingDeprecationWarning
PyExc_ResourceWarning
PyExc_RuntimeWarning
PyExc_SyntaxWarning
PyExc_UnicodeWarning

PyExc_UserWarning

PendingDeprecationWarning
ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning

UserWarning

Added in version 3.2: PyExc_ResourceWarning.

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

6.1 ARL—FT4 VI RATLEEDIA—FT1 )T o

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

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

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

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

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

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

void Py0S_BeforeFork()

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

A

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

g

==}
=

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

void Py0S_AfterFork_Parent ()

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

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

Added in version 3.7.

void Py0S_AfterFork_Child()

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

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

A

g

==}
[=]

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

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

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

Added in version 3.7.

& 2E

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

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

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

N—a v 3.7 TIEHESE: Z DBIBUI PyoS_AfterFork_Child() I2& > TEEMIONE L,
86
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int Py0S_CheckStack()

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

the definition in your own code.

typedef void (*Py0S_sighandler_t)(int)

RICBL 9 Stable ABI.

PyOS__sighandler t Py0S_getsig(int i)

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

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

PyOS_sighandler _t Py0S_setsig(int i, PyOS__sighandler_t h)

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

directly!

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

RICBLET: Stable ABI (IN—3> 8.7 &D).

A

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

g

==
[=]

PyConfig_SetBytesString () function which ensures that Python is preinitialized.

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

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

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

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

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

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

filesystem_encoding and filesystem_errors members of PyConfig.

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

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

& BE

PyUnicode_DecodeFSDefaultAndSize () 3 XU PyUnicode_DecodeLocaleAndSize () BIEL

Added in version 3.5.

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

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

legacy_windows_fs_encoding is zero;

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

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

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

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

invalid character on encoding error.

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

filesystem_encoding and filesystem_errors members of PyConfig.

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

A S

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

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

& BE

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

Added in version 3.5.

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

legacy_windows_fs_encoding is zero.

FILE *Py_fopen(PyObject *path, const char *mode)

Similar to fopen(), but path is a Python object and an exception is set on error.
path must be a str object, a bytes object, or a path-like object.

On success, return the new file pointer. On error, set an exception and return NULL.
The file must be closed by Py_fclose () rather than calling directly fclose().

The file descriptor is created non-inheritable (PEP 446).

The caller must have an attached thread state.

Added in version 3.14.

int Py_fclose(FILE *file)
Close a file that was opened by Py_fopen().
On success, return 0. On error, return EOF and errno is set to indicate the error. In either case,

any further access (including another call to Py_fclose()) to the stream results in undefined

behavior.

Added in version 3.14.

6.2 > X7 LA

sys BV 2 — DR L TV AEEEICC Da—F2o7 7 AT 28T, IXRTOBEBUIIRED A > &
TYVEAL Y KD sys EY 2a—NVOFHEIIHLTEELET, ZOFFIEIATDO AL v FIRERS AN
INTVET,

PyObject *PySys_GetObject (const char *name)
Rh{E: ERBE, RICBLZXT: Stable ABL sys TV 2 —1®D name 7Y =7 F BRTH, 1FHE
L2 AUEBIN 2 BOER 312 NULL 2R L £9,
int PySys_SetObject (const char *name, PyObject *v)
RICBLEFT: Stable ABL. v 2% NULL THEWEE, sys £V 2 —LD name I v EHELE T, v 2
NULL 75, sys B 2 —A0 5 name ZHIRLES, L7256 0%, 50T -1 2 RLET,
void PySys_ResetWarnOptions()
RICEBL X9 Stable ABI. Reset sys.warnoptions to an empty list. This function may be called

prior to Py_Initialize().

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

warnings.filters instead.
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void PySys_WriteStdout (const char *format, ...)
RICBLET: Stable ABL. format THRE SN IX 3% sys.stdout ICHH L E T, YIDaE
MR o 7Hmazan. fIFNI—REL $8A (1BRIR),

format 1Z, 7+ —~<v FMEOHITLFHND F —ZALDKE X% 1000 N4 PRI ZBZXRNETT, -
1000 A SO ISCFINIYID FED SN FE T, Bz, FlRDZW "%s” 74 —< v P 2ES RE
TREDPDERA. "%.<N>s" DX SICLT NIZ 10 #EBRDEEIEEL. <N> 4+ ZOfD 7 +—< v
FMEDERKRY A X5 1000 BB EVWE S ICHRETERETT, FL &I "% bR EMT B 0H
BHHET, IFFECRKEVEIECH LT, HEOKFEH T 200EERD D £ 5,

MEMNFEAE L2 D, sys.stdout DREZINTWARLSTGE, 74 —< v MROX v £ —=J3AYD
(C LRLD) stdout ITHIIEHNET,

void PySys_WriteStderr (const char *format, ...)
RICEB L F9: Stable ABI. PySys_WriteStdout () £FIUTI D, sys.stderr & L {1 stderr I
HALET.

void PySys_FormatStdout (const char *format, ...)
RICEBLE7: Stable ABIL. PySys_ WriteStdout() {7z BT 343, PyUnicode_FromFormatV()
EHoTRvE—Y%74—<v b, XAvt—YRTREOEXIYIDFFHDEDIZL XA,
Added in version 3.2.

void PySys_FormatStderr (const char *format, ...)
RICEBLE T Stable ABI. PySys_FormatStdout () X[R LT TI D, sys.stderr b L <& stderr IZ
HAOLEd,
Added in version 3.2.

PyObject *PySys_GetXOptions ()
RbD{E: ER8B, RBL XTI Stable ABI (IN—3> 3.7 &D ). sys._xoptions &R -X &
7 a v OBEEOHERZERLE T, =7 -2EE 5L, NULL 2RE N, fistrty bEhxd,
Added in version 3.2.

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

RICBLFT: Stable ABI (IN—23 > 3.13 &D ). Raise an auditing event with any active hooks.

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

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

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

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

whether arguments to this function will be consumed, using it may cause reference leaks.
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Note that # format characters should always be treated as Py_ssize_t, regardless of whether

PY_SSIZE_T_CLEAN was defined.

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

Added in version 3.8.

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

deprecation warning was raised.

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

RICBELZET: Stable ABI (IN—=23 > 3.18 &D ). Similar to PySys_Audit (), but pass arguments

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

Added in version 3.13.

int PySys_AddAuditHook ( Py  AuditHookFunction hook, void *userData)

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

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

userData KA X7 v 7BBICEINEST, 7y 7B V24 26U EINE2H L
NHEVDT, TDRA ¥ RIZEHE Python DIREE BB IRETIEHD T A,

This function is safe to call before Py_Initialize(). When called after runtime initialization,
existing audit hooks are notified and may silently abort the operation by raising an error subclassed

from Exception (other errors will not be silenced).

The hook function is always called with an attached thread state by the Python interpreter that

raised the event.

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

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

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

been added unless they control all existing hooks.

typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)

The type of the hook function. event is the C string event argument passed to PySys_Audit ()
or PySys_AuditTuple (). argsis guaranteed to be a PyTupleObject. userData is the argument
passed to PySys_ AddAuditHook().

Added in version 3.8.
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6.3 7Ot XHFIE

void Py_FatalError (const char *message)

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

produce a core file.

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

the current function, unless the Py_LIMITED_API macro is defined.
N— a ¥ 3.9 TEH: Log the function name automatically.

void Py_Exit (int status)

RICBLFY: Stable ABL BIfEO a2 %2 T LES, Py FinalizeEz() ZW-UH Ltk 1HHE
C o477 VKD exit(status) MM L E T, Py_FinalizeEz() DL T —IZiR o156, #
TRT—=RAF 120 TRESINET,

N—Tay 3.6 CTLHE: RTUMOL S —I3MEI 2B EL,

int Py_AtExit (void (*func)())

RICBLEY: Stable ABL. Py_FinalizeEz() 5 5 MO S0 5 BIARLIE 217 5 BARL (cleanup
function) 28 L £ 3, BRARBEBIIGIBEL THOH SN, H2ELEE A, AT 32 DRIAR
IRRAR e BFRTE T, BRI T 2 L, Py AtEzit () 13 0 ZRRLE§; KT 2L -1 2L

BRI L 7RI AR D S I O Sk 5, BB E 4 —E L oS h g
Ao Python ORNERIIARHE T LI RAARMIERIEL & D LIFETIZSE T L TWA DT, func 22 HIXWVWHR 5
Python APT MO LT3 D 8 Ao

& B2E

PyUnstable_AtEzit () for passing a void *data argument.

6.4 EZa—-ILOAVER—-F

PyObject *PyImport_ImportModule (const char *name)
EDfE: :iLLWBHE, XICBL £ Stable ABI. This is a wrapper around PyImport_Import ()

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

PyObject *PyImport_ImportModuleNoBlock(const char *name)

RBOE: HLLWBE, XRIZBL XY Stable ABIL. Z DML, PyImport_ImportModule() DFEILT
EDITAYTATT,

N—Y 3y 3.3 TEE: ZOBKE. 1ERIIFDRAL Y FizkoTA v E—1ruavy 22Tbh T8
ALiEﬂWﬂ%E&LTL\iLKO Lo L Python33f¢i j(“ﬂﬁ@ﬁﬂ’]fﬂ/?xf\' LBEY 22—
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Deprecated since version 3.13, will be removed in version 3.15: Use PyImport_ImportModule()

instead.

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

BOE: FiLWLWBE, EV2—- %2 A VE—FLET, EPV 21D Y K— FZOWVWTIEFHAAAD
Python BIE __import__ (O %Z®Fiirr X< bhh FT,

EDfElZ. AV B—FENEZET 2Dy LRy F—IADH LWSES, R LSS
s 23 E LC NULL 23R L ¥, __import__() EEL & DT, Rv s —Y DY TEY 2 —ADEK

TNz FlX, ZETR fromlist ZIEXNRELINI. Py TLRALDRy 5=V %R LET,

A VR =IRBUT5EE. PyImport_ImportModule () E[RRICTTERRES 2 —LDF TV =
7 FRHIBRL £9,

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

RODME: FiLLWBE, RICBLEXT: Stable ABI (IN\—=23> 3.7&D ). €V a—L% A Y R-FLE
Fo BV 2—NDA VE— MIOWTIZHAAAD Python BIE __import__ () ZFHitrr XL H» D
9, WO DY, HEHED __import__ () WX IOMKEEHEMIHELTVWE25TT,

ROEIZ. AV R—FENEET2—Ah by TRy —IAOH LWBRD, LR L5581
BIs 2 E LT NULL 2R L ¥ F, __import__() MU LS. Nv =Y DB TEY 2 —LHEK

SN ZlE TR fromlist ZIESNRLINE. by TL LDy =Y ZIRLET,
Added in version 3.3.
PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

ROfE: FTLWBE, RIZEL XY Stable ABL. PyImport_ImportModuleLevelObject () &fHT
WE T, name A% Unicode A 7Y =27 FTlER<{ UTF-8 Ty a— FENLLFINTH 2R TH
ZhEd,

N—a v 3.3 TEH: level IIZDIIRPEHDHEIIFEHTEEEA,

PyObject *PyImport_Import (PyObject *name)
ROfE: LW, RICELXT: Stable ABL BED 7 4 Y HK—+ 7 v 7B 2UOHT20H0
FKEDA VX =T 2 —ATT (level 12 0 ZHIRT 2 &, #Htf4 O R—TFZ2EKRLFT). ORI
BIED 70 — " OVEREEENG __builtins__ 5 __import__ () BAEMUOHLE T, Thbb,
BIEDBIIICA YA P =L ENTWE A Y R—= 7 v 7 ffioTA VR— P EITVET,

Z OB E K 4 VR — N RFHLE T,

PyObject *PyImport_ReloadModule (PyObject *m)

RBROfE: iLWBE, RICEL XY Stable ABL. €Y 2 —/L%ZFH B — F (reload) Li@"o R D EE
O—FRLZET 2a=AD by T LRy F—=INOFRBIRICRD £3, KBLHEI3HIMNE
vy bL. NULL ZIRLET (ZDHETH, Y 2 —MFERINTWI5E50H D i?‘)o
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PyObject *PyImport_AddModuleRef (const char *name)

EDfE: FiLLWBHE, RICELZXJ: Stable ABI (N\—=23 > 5.13 &£D ). Return the module object

corresponding to a module name.

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

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

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

present.
Added in version 3.13.

PyObject *PyImport_AddModuleObject (PyObject *name)

BEDfE: EAER. XRICBLFF: Stable ABl IN—2 3> 37 &) Similar to
PyImport_AddModuleRef (), but return a borrowed reference and name is a Python str object.

Added in version 3.3.

PyObject *PyImport_AddModule (const char *name)

RDE: ER8R, RIZEL £ Stable ABI. Similar to PyImport_AddModuleRef (), but return a

borrowed reference.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
ROfE: FiLLWEHE, XRICELF: Stable ABL Given a module name (possibly of the form

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

the module author’s intents) state.

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

SourceFileLoader otherwise.

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

__cached__ will also be set.

COMBIE TTRAYE-FIATVEZEY 2 —LOBFEREHR— FETVET, BRMICE
Y a—VOER— RE(T5 A PyImport_ReloadModule () B L TL12& W,
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name 7% package.module JERD ¥ v MERFELTH o L35G, ELRMEREI TRV ARy F— IS
I ZDIERENRVEEICRD ET,

PyImport_EzecCodeModuleEz() ¥ PyImport_EzecCodeModuleWithPathnames() ZRL T
ISR

N— 3 ¥ 3.12 TEHE: The setting of __cached__ and __loader__ is deprecated. See ModuleSpec
for alternatives.

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
BRbhfE: FTLWEBHE, XRICEL £7: Stable ABI. Like PyImport_EzecCodeModule(), but the
__file__ attribute of the module object is set to pathname if it is non-NULL.
PyImport_EzecCodeModuleliithPathnames () B L T 72X\,

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

PyObject *cpathname)

BEhfE: #HLWEBER, RICELFJ: Stable ABL IN—=2 3> 3.7 &) Like
PyImport_EzecCodeModuleEz (), but the __cached__ attribute of the module object is set to

cpathname if it is non-NULL. Of the three functions, this is the preferred one to use.
Added in version 3.3.
N— 3 v 3.12 TEH: Setting __cached__ is deprecated. See ModuleSpec for alternatives.

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

*pathname, const char *cpathname)

RBhfl: HiLWBE, RICEBL X7 Stable ABL. PyImport_EzecCodeModuleObject () LAl TWE
TH., name ¥ pathname, cpathname 725 UTF-8 TZYa— FEINLXFITH 2 bR D F5,
b L pathname 73 NULL D5, cpathname 2 5. pathname ¥ D X 5 72{HIZT 2 RN E D EH 25 A4
bRIANET,

Added in version 3.2.

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

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

long PyImport_GetMagicNumber ()

RICBLET: Stable ABL Python N4 Fa—FZ7 74 (% .pyc 77 40) DI v 7 F 2 N—
BIBRLET, YOI FIN=EINL FIA—F 774 VDEHID 484 MIZ, UV FLZYT 4 784
MA—X—THENEZRNETT, T7—DHAIE -1 ZIRLET,

N—Yary 33 TEHE: RELESEEE -1 DEZEREL T,

const char *PyImport_GetMagicTag()
RICBLET: Stable ABL. ¥ v 7 X 7 XXF45|% Python N4 ha— K7 7> 4 %0 PEP 3147
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74 —<v NTIRL%7J, sys.implementation.cache_tag DEMEHETE. 7D Z KO DD
WHATRNETHL e 2FCmEL £ 9,

Added in version 3.2.

PyObject *PyImport_GetModuleDict ()

RDl: BESR, RICBEL X7 Stable ABL. €Y 2 —VEHEO D OFE (WbW 5 sys.modules)
ZRLET, ZOREREFA VX TV R —DORIDIERLOTHERELTILEZ W,

PyObject *PyImport_GetModule (PyObject *name)

ROf#E: HLLWEBE, RICEBLZT: Stable ABI (IN—=23Y 3.8 &D). 52 6h7=4RT0OBICA ¥
K= MEADET 2 —LZIRLET, BV 2—hAL VR—FINTWRDo285E81E. NULL 2R L
FIH, 73ty P LEVA, TV 2— LOMBRIZERLZEGEE. NULL 21RL, =5—%t v
FLET,

Added in version 3.7.

PyObject *PyImport_GetImporter (PyObject *path)

RBROE: iLWBHE, RICEL X7 Stable ABL. Return a finder object for a sys.path/pkg.
__path__ item path, possibly by fetching it from the sys.path_importer_cache dict. If it wasn’t
yet cached, traverse sys.path_hooks until a hook is found that can handle the path item. Return
None if no hook could; this tells our caller that the path based finder could not find a finder for
this path item. Cache the result in sys.path_importer_cache. Return a new reference to the

finder object.

int PyImport_ImportFrozenModuleObject (PyObject *name)
RICBLFT: Stable ABIL (IN—=23> 3.7 &D). name LWS KD 7 ) — X (freeze) ThizE
Va—rru—RLET, BHT2L 1 %2, BV 2—AHROPLRI-IBEITE 0 &, WL
KMLGECEANEEY PLT -1 ZIRLET, B— FIRBNLALEY 2 -7 78R T 5121
PyImport_ImportModule() ZffioTL72&E W, (Note ZDBIEUINX X RRBELIBL AR TS — Z
DEBIFEY 2 =D T TRA VAR— A TVWELYVE—FLTLEVE T, )

Added in version 3.3.
N—Y gy 34 TEH: file EHEEDHIEI 22—ty FEhFEVRA,

int PyImport_ImportFrozenModule (const char *name)

RICEBL F9: Stable ABIL. PyImport_ImportFrozenModuleObject () &ITWE T A, name &
UTF-8 Ty a— FEINXFHDOMRbDIZ, Unicode 77 =7 M 2T 2H082D X7,

struct _frozen
freeze 21— T A VT ADPERTE2EI5B 7V —XMEY 2 - VT RXI VY TXROMEREERT
3, (Python ¥ —RBLAYID Tools/freeze/ ZZMML TL L E V) ZOMEKRDEFRIZ Include/
import.h IZHH, LFRD XS oTVWET:

struct _frozen {
const char *name;

(RDOR=V1Fil)
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(FiDR— 25 D %)
const unsigned char *code;
int size;
bool is_package;

};

N—Ya ¥ 3.11 TEHE: 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

ZDKRA Y RIE _frozen DL A— FnBHR D, KIGDHEIRD X 2898 NULL 22 RIZK->TWd &5
LA EET IOt EnE T, 7V —XENED2—NES VR—FTHEE, ZOT—T %
BMRLET, Y= FRX—7 4 8-Oa— 25 ZORA Y RIA#HTE#H T T, BicERIz7 Y —
MY 2 —NVOEEERMTZ2 X5 TEET,

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

RICBELF T Stable ABL BIFEOMARAAEY 2 =T —TVICH—DEY 2 —LEEBMLET,
DRI FIEEZ B & Lz PyImport_ExtendInittab() D F v X—FET, 77— 7 UDHLRTE
BVE EIZE -1 BRLET, HilzBREY 2 =& name TA Y R— M TE, |RINSA VR — b ERA
T2BRICFE O X N B B8 Y U C initfunc BFWE T, Py_Initialize() XD dENTHEOH X RIFIUL
ZHEEA,

struct _inittab
Structure describing a single entry in the list of built-in modules. Programs which embed Python
may use an array of these structures in conjunction with PyImport_EztendInittadb () to provide
additional built-in modules. The structure consists of two members:
const char *name
The module name, as an ASCII encoded string.
PyObject *(*initfunc)(void)
Initialization function for a module built into the interpreter.
int PyImport_ExtendInittab(struct inittab *newtab)

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

must be called before Py_Initialize().

Python 2% # % B #1 ¥l b = ©L 2 ¥ A. PylImport_AppendInittab() F 7= &
PyImport_EztendInittab() 1Z. ZHNLNOFIHLOFNIEUH N2 HENDH D 5,

PyObject *PyImport_ImportModuleAttr (PyObject *mod_name, PyObject *attr__name)

RBDfE: # LWEE, Import the module mod_name and get its attribute attr_name.
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Names must be Python str objects.

Helper function combining PyImport_Import() and PyObject_GetAttr(). For example, it can

raise ImportError if the module is not found, and AttributeError if the attribute doesn’t exist.
Added in version 3.14.

PyObject *PyImport_ImportModuleAttrString(const char *mod_name, const char *attr_name)

RO f#E: HLWEBHE, Similar to PyImport_ImportModuledttr(), but names are UTF-8 encoded
strings instead of Python str objects.

Added in version 3.14.

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

MIRDNL—F VX, marshal Y 2 — LR UEREFH o 2BFIbA T 27 b% C a— 2oz 3 X
S1LET, BINLER T — 2 2E2HIBBICINA T, T—X2HARTEB DD 3, BIHbans:
F—REILFET D7 7 A NEAALF VY E— RTHIPATWARITIUIRZD 8 A,

BUEIZ R IMIDEICK B XD il E Lk 3,

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

The current format version. See marshal.version.

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

long B DEHKUE value & file NEEFUL L F, ZOBEUZ value D FHT 32 ¥y M EEBZALEIT
T R A T4 7D long B A ZITIFBIHIL £ ¥ A, version 37 7 A V7 3 —< v bR L% T,

COBBRERTZZDHD. ZOHERERZ IR TERELET, T2 T 5701
PyErr_Occurred () ZHWE T,

void PyMarshal_WriteObjectToFile(PyObject *value, FILE *file, int version)
Python 7Y =27 b value % file NBHUL L £ 3, version &7 74V 7 x—~<v bERLET,
COBBRBEMTZ2Ze2HD. ZOHERZI—HBRTERELE T, ZN2ERT 52701
PyErr_Occurred () ZfHWVE T,

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
RDME: i LWBR, value DEFTULRBDA o 7eN A MIIA TS 27 b RIBLE T, version &7 7
ANT x+—<v F2RLET,

DT oz &, BIbE N8z GiARE £ 9,

long PyMarshal_ReadLongFromFile (FILE *file)

seAH LB FILEx ADF— X ZA bV —ah 5, C D long MF—2EHAH L TELE T,
ORI, R AT 4 7D long DY A RICHFRR L. 32 By FOERL T ETRAHEE T,
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T 7 —DE. EYIRHIS (EOFError) #REL -1 IR LT,

int PyMarshal_ReadShortFromFile (FILE *file)

A UAICH2N FILEx NOTFT—X A MY —245, C D short BF— & 2HAH LU TGRL F
T, ZOBEIX. 24T 4 7D short DY A4 XKL, 16 By FOEFZ T Z2HAEEE T,

T —D%E, #Y)RHIS (EOFError) ZFEL -1 ZIRL ET,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)

ROfE: HILWEE, st LHICH»N FILEx HOF—&X 2 b ) — A5 5 Python #7327 b
BRLET,

T —DHE, #7215} (EOFError, ValueError, TypeError) % a4 L NULL iR L ¥£73,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

ROfE: 1LWEE, Al LB Nz FILEx ANOT—X A Y =246, Python A7 =2 b

At U GRLE T, PyMarshal_ReadObjectFromFile() LiEW, ZOEEIE T 7 4 AHITHEHED
AT MHPFHELBOVEREL, 77 AADLXEY) LIZT7 74V T =R E—KUTAEVIZR—F
LC. HEFEED 7 7 A VD=4 FOOHmARTRDDIIXEY LOT -2 2ETE 2 X5
WKLET, HRDTZ 7 A Do MITMBFHAH RV E Do TWEIHEITDAE, ZORE{->TL
72E W0,

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

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

RBRDE: iLWBHE, data 6T len N4 b DA FINY 77 ADF =KX A b Y — L4755 Python
FT7T = bRIBRLET,

5 —D%E, #Y)RHIS (EOFError, ValueError, TypeError) %% & L NULL %R L ¥73,

6.6 5IEDAEREDIEF

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

mation and examples are available in extending-index.

BROIWCHHEAT 2 3 DDBEE. Pydrg_ParseTuple(), PyArg ParseTupleAndKeywords(), B & 8
PyArg_Parse() 1 ZWIhd EXNXFY (format string) ZHEVE T, HFRXFHNE, BEEPZITES &
TOFBICET 2 HREZERAZ2DICHVENE T, WThoBEICB T 2EFE A FHH. RLFELZfE> T
£7,

6.6.1 5|BZ#FINI S

HEAFHNE, CafExiidehll bo ” FXEAL (format unit)” 25D LE FF, 1 DOFAHEAMII 1
DO Python A 7Y =27 F2RLET; @EIZHE—OXFr, FREND S5 XTI 2N TH 572 d DIz
7hEF, Piste LT FEINCTHON TWRWEREASCFIAE—D 7 F L ZAGIBITHIS T 25800 D
2HDFT, UFoHATE, 5IHFOOWHREERBATY; (AL) F5INTH o 72880 1EE AL
3% Python 04 7Y =2 MITE; [f] #Hl3MEZ 7 FLAE LT 2S5 C oZEBATT,
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NFEH Ny T 7

0 IR

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

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

RICE

FEnTOWiWEE, Ny 77 —1& NUL X h ToERA,

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).

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).

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

yourself.

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

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

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

thread can mutate the data).

s (str) [const char *]

Unicode #7327 o, ¥v 77 XLFHNEET C ORA VRICEHLLET, ¥+ 77 XBIKRA v
RERDT FLAZET L, TTIHFEL TV D XFHINDRA ¥ R Z DRI L E T, C T
FE NUL TGS N TWE S, Python OXXFHANL, null 2 — FARA ¥ FARHICHDIATATY
TWERDERA; b LEDATATOIUL ValueError flhE%EH L% 3, Unicode A7V =2 Mid
'utf-8' o T C FHNIEMENE T, ZHUTKRIKNT % & UnicodeError ZiX M L %9,

AR

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

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

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

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

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

z (str E7=Id None) [const char *]
Like s, but the Python object may also be None, in which case the C pointer is set to NULL. It is

the same as s? with the C pointer was initialized to NULL.

z* (str, bytes-like object &7zI& None) [Py_buffer]
Like s*, but the Python object may also be None, in which case the buf member of the Py_buffer
structure is set to NULL. It is the same as s*? with the buf member of the Py_buffer structure

was initialized to NULL.

z# (str, A LERAD bytes-like object F71=Id None) [const char *, Py_ssize_t]
Like s#, but the Python object may also be None, in which case the C pointer is set to NULL. It is

the same as s#7 with the C pointer was initialized to NULL.

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

ValueError exception is raised.

N—Ta v 3.5 TEHE: DENX bytes Ny 7 7 IZ XA BEBDAEN TV L ZIZ TypeError %
EHLTOE L,

y* (bytes-like object) [Py_buffer]
sx OZJY T, Unicode * 7Y =7 +ZZIFHT T, bytes-like object DA EZIITIFE T, /N1 FV
T—RZZIHITREMICIE. COTA—T Y M EFES T EHERLFT,

y# (FiHH LER®D bytes-like object) [const char *, Py_ssize_t]
s# OZJE T, Unicode * 7Y =27 M ZZIITIF T, bytes-like object 720 22T £ 3,

S (bytes) [PyBytesObject *]
Python 7 7Y =227 F2 LT, bytes A7z 7 b2ERL, WRRAZLHMBITVERA, TV =S
I3 bytes 7Y = 7 b TR, TypeError ZAM L ¥ 3, C UL PyObjectx tEFLTD
MoEEA,
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Y (bytearray) [PyByteArrayObject *]

Python 7Y =2 b2 LT bytearray A 73 =7 bZERL, WHRIEBELIBBIRVELA, D
LA 7Y =2 bW bytearray TRIFHUR, TypeError ZiAMH L £3, C BRI PyOvjectx ¥ LTE
ELTHHOEE A,

U (str) [PyObject *|

Python 7Y =2 b2 LT Unicode 7 73 =227 F2ERL, WHRIEHMBITVERA, F 7V
27 + 23 Unicode & 7Y = 7 F TIERWEE, TypeError DI Ed, CEHBIX PyObject* ¥ L
TEELTHHOETA,

EuEER bytes—//'ke object) [Py_buffer] z
D7 F—<v M, #AEZRER buffer interface 2REL 1247V 27 F EZUIMT T, BMUH
Lyt XN Py_buffer MEERIMEEZHAL E T, Ny 7 7k null XA R E2EDLHL D LT, W
CHLITIEANY 7 7 20D o725 PyBuffer Release() ZMUHIRITIUIZD FHA,

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

et (str,

U s DELFE T, Unicode ZF v 77 XBINy 771 ya— 35 7=0ICHWSNE T, NUL AN
A MDPHEHDAFNTOERWTFT—XTOAEEL 3,

COFRCE D5 B ETT, —DHIRANCOAH WS, NUL TRy a— 4
XFHN%HET const charx B F 2k, 'utf-8' HMFbHiI b 2 %BET NULL TRIFIIRD A,
fBE LTy a— N% Python DR TERWEEIIEFINZE N L T, FZD5181X char**x T
RINERD FRA; ZOFIEDPSRLTVWERA Y EZDEZ, 5IBIHEELEZTF XA NONBEDRA -
ey 77 NDRA YRR ET, THFAMIRMOGTIBAEE L ez a— P T ya—F&
nE9,

PyArg_ParseTuple() ZfES &, BERY A XDy 77 ZMHRL., ZONy 771y a— RO
T—XREaA—LT. *buffer B2 DF7IHER I N -RRBEREZET LSO IREELE S, MOH LA
12iE, BERE NNy 7 7 BV D o 72181 PyMem_Free() TS 2E8ENDH D 3,

bytes F7cld bytearray) [const char *encoding, char **buffer]
es LALTY, ZHEL. A MXFHNATY =27 bz ra—FLE JELET, 2ofbb,
KE f@n4bi%ﬂ%7/;7b#n7x&kﬁbt:/:—b%@ofm5%®tﬁibiio

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

s# OZ{LFE T, Unicode ZF ¥ 77 ZAINy 77122 a— R3320V NE T, es EXE-
T, ZOEIEIAL FPHDATN TV TILTVERA,

ZOFERNCE =005 ETT, —2HIERANZOAH VWS, NUL Tz a— R4
FH|% 483 const char* fl% NULL THRIFIUIRD ¥ A, NULL DFEITIE 'utf-8' ZVE T,
fRE L7y a— R4 % Python 2T S WIHE BN Z AL L E 3, BB 0551 charxx T
RINUERD FHA; ZOFIEPBRLTVWERSL Y XOMEIE. FIBICHRELZTF A MONENA -
TeNy 77 ANDRA YRIZRDET, 7FRAMIBRWOGIBIHEE L ya—- AT ya—r&
NET, BZOFIEFBBADRAL YR THRINERD THA; KA Y EZHBRL TV 2BMOMEIEH
TN 77 HNONAL FUCE Y FENFET,

ZOERONUHEIZIZZODE— FBH Y 3
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*buffer 23 NULL /R4 ¥ Z 245 LTV 235G, BBEBBELRY A XDy 7 7 ZHERL. ZONy 7 7
Wy a— REOF—&%Eab— LT, *buffer 2 OF 7= IHERI N EERERE T IS ICEEL
F5, POH UERZIE, RS NNy 7 7 WD o 721212 PyMem_Free() TS 2BELDH
D%9,

*buffer HIE NULL DK A ¥ X (TTRAEVHRFEAD NNy 7 7) L TV 35A,
PyArg_ParseTuple() &2 DX EVNEZ NNy 77 & LTHW, *buffer _length OFIHEZ N v
7734 X LTHWE T, PyArg ParseTuple I3RSy 3 — READT —XENY 7 72ab—
LT, NUL THILET, Ny 7 7DREZIHNEDRITFIUL ValueError 25y FENE T,

CELDEGED. fbuffer length 3D NUL N4 b Z2EF VI a— REAT—XDRZICE Y
FENET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]
es# LRILTT, L. N IFHNATY 27 b2 rya— FLESTIZELET, 20oRbD,
FETEIANA PFINA T 27 IPARTRARZE Ly a— F 2o T0abDEREL X7,

N—= a3 3.12 TEHE: u, u#, Z, and Z# are removed because they used a legacy Py_UNICODE* represen-

tation.

E4d
These formats allow representing Python numbers or single characters as C numbers. Formats that re-
quire int, float or complex can also use the corresponding special methods __index__(), __float__()

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

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

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

b (int) [unsigned char]

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

B (int) [unsigned char]
Convert a Python integer to a tiny integer without overflow checking, stored in a C unsigned
char.
h (int) [short int]
Python %%, C @ short int BUIEHL 3,
H (int) [unsigned short int]
Python Oz, A —"70—F = v 7%1{7DFIZ. C ® unsigned short int BUTEML £7,
i (int) [int]
Python O %, C @ int BICEHL 3,
I (int) [unsigned int]
Python O %, A —N"7v—-F v 7 %2{THTIZ. C D unsigned int BITEHL 7,

1 (int) [long int]
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Python OF¥%, C @ long int BNCEHL %3,

k (int) [unsigned long]
Python O¥#x, &—~"70—F =z v 7%{THFIZ. C D unsigned long BUIEHL %9,

N— a3 ¥ 3.14.0a7 (unreleased) TZEH: Use __index__() if available.

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

K (int) [unsigned long long]
Python @ int # C unsigned long long "4 —N—7 0 —DHREETEEET 3

N— a ¥ 3.14.0a7 (unreleased) TZH: Use __index__() if available.

n (int) [Py_ssize_t]
Python O®¥ % C @ Py_ssize_t BUIEEL 5,

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

N—a ¥ 3.3 TEH: bytearray #2IHTIF2 L5k D F L7

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

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

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

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

ZOMDAT I+

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

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

0! (object) [typeobject, PyObject *]
Python 7Y =2 b% C ® Python 7Y =7 MUIKRA Y RIHEFELET, 0 KPTWETH, =
S0 C DO58EEY T —OHD5IHUZ Python DA TV 227 bADT FL AT, ZOHDEIH
B3ATI 27 PADRA Y EPRIEENT WS (PyObjectx D) C DEBANDT FL A TT, Python
F 7Y 27 PDHEE LIBITIER WA, TypeError 5 L3,

0& (object) [converter, address]
Python * 7Y =27 b % converter BE8UE N LT C OERICEWL 3, —2D51 8 bhEd: —>
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B3R T, 2R (FEDH®D) C ZEADT FL A% voidx BNCZEHL 72 d DTF, converter
BRI L THUHEnES:

status = converter(object, address);

Z 2T object IZEHMNED Python 7Y = 27 MT. address i% PyArg_Parsex IZJE L7z void* Y
DEBTT, RDE status FEHUTHEI LIS 1, KL ZZHE12E 0 122 b £5, ZHITKRK
L7258, converter BA¥IZ address DNEZEBEFTICHNZE L LR TR D £V A, If the
converter returns Py_CLEANUP_SUPPORTED, it may get called a second time if the argument parsing
eventually fails, giving the converter a chance to release any memory that it had already allocated.
In this second call, the object parameter will be NULL; address will have the same value as in the

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

N— a3 ¥ 3.1 TEH: Py_CLEANUP_SUPPORTED was added.

it

p (bool) [int]
RfEDS R 8 54 5 & (a boolean predicate) 12 S NAHZHIE L, Z DFFIRZ 7 C O true/false
BRUEICZEHLE 3, 8 LADPERS int 1213 1 25, B725 0 RESNE T, ZOBKIEEDHN
7% Python fE%Z3ZII 1 £5, Python BMEDQEMZ ©¥D Xk 5 I12HET 202 H D 7217 UE, truth %
ZIRLTLZEW,

!

Added in version 3.3.

(items) (sequence) [matching-items]
The object must be a Python sequence (except str, bytes or bytearray) whose length is the
number of format units in items. The C arguments must correspond to the individual format

units in étems. Format units for sequences may be nested.

If items contains format units which store a borrowed buffer (s, s#, z, z#, y, or y#) or a borrowed
reference (S, Y, U, 0, or 0!), the object must be a Python tuple. The converter for the 0& format

unit in ¢tems must not store a borrowed buffer or a borrowed reference.

N—3 =z ¥ 3.14.0a7 (unreleased) TZH: str and bytearray objects no longer accepted as a

sequence.

N—3 3 ¥ 3.14.0a7 (unreleased) TIEHELE: Non-tuple sequences are deprecated if items contains

format units which store a borrowed buffer or a borrowed reference.

unit? (anything or None) [matching-variable(s)]
? modifies the behavior of the preceding format unit. The C variable(s) corresponding to
that parameter should be initialized to their default value --- when the argument is None,
PyArg_ParseTuple() does not touch the contents of the corresponding C variable(s). If the

argument is not None, it is parsed according to the specified format unit.
Added in version 3.14.0a7 (unreleased).

Zofth, FEXXFINTBNWTERZFOXXFEBPWLSDO0H D $3, 0 OFIIHHEIMC X 2 AN FIIIfE
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ZFEA, LN FRRLET:

Python 5%V X T, ZOXFLEDSIENA TS a v THBE2RLET, 72 a D5
ST 5 C OZBIEZT 740 FOETHILL TEPR IR R FRA — F 7> 3 Y O5 5D
B XN E. Pydrg ParseTuple () IIMIGT 23 C BHONBICFEMA 8 A

PyArg_ParseTupleAndKeywords () TOAMEMAIAE: #KtD Python 51» ¥ -7 — FEHTH S Z
EERRLET, BfE. IRTOF—v— FEHGIBRMEREOSIBTRINILS S, 2Dk 74—
<y FXFHIHRO | EFEIC $ X DENCHEE S RITIUIRD F8 A

Added in version 3.3.

DXFHNH 2, ERBMOTLRIIZZTHRDODET,; an MBEOXFINE, =7 —RvE—IIC
B 2B (Pydrg_ParseTuple ) 23RS 2 B4t D 7 (FJEMH (associated value)”) & L TfEbi
i\j—o

DXFNH B, EREMNOLREZZ RO ET, I an MBOXFINE, 77+ 25—
Xyt —V%k BEFZZ L5 —Avtk—Ir L THLAET, : & ; FHAECHbOSXFETT,

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)!

PUR o BABUC I8 3185 14X (additional argument) &, FERXXFHNHLRESNLZTAD T F LA TRIFHUIX
RO ERA; MBSIBICHEELRET FL R, RIADRLANINER2EET -0V ET, LoER
BAIoY R PTHIALE LS, fEgBE AMELE LTES BEDBW20H D 3, 2055, MIET 5
FABAMOIEET 2 HRUTHES T LRITFIUIRD FH A,

EZIEL AT 72012id, arg A7V = 7 PEEALFI—HRLRITINIR 5T, »roFEXFINOENX
B TEDSA S K5I LRFIUIR D FEA, T % . PyArg_Parsex BIIIEZRL $£3, Zhld
NOGEIIMBEIR L, BYZRFINZEE L 5, HFXHEAMO ENHL DKM X D PyArg_Parsex 23k
BUSE. KB ERBASHIET 27 RLRL ZAED 7 RL ZAONFIZEEINEE A,

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

RICBLZEY: Stable ABL MBS DA ZFIBIZ L 2D T X X EHR LT, a—hLRERIC
EHLET, RNTREPRLET; KRT 3 eBE2R L, @EURENEEHL 3,

int PyArg_VaParse (PyObject *args, const char *format, va_ list vargs)
RICEBLZET: Stable ABL. Pydrg ParseTuple() Y[R UTEM, AIEROGIETIIRL va_list &
Fl¥uce b %9,
int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char *const
*keywords, ...)
RICBL £9: Stable ABI. Parse the parameters of a function that takes both positional and
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keyword parameters into local variables. The keywords argument is a NULL-terminated array of
keyword parameter names specified as null-terminated ASCII or UTF-8 encoded C strings. Empty
names denote positional-only parameters. Returns true on success; on failure, it returns false and

raises the appropriate exception.

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

This can be overridden with the PY_CXX_ CONST macro.

N—T gy 3.6 TEH: UBEAF|E ZEMNL -,

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

names.

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

*keywords, va,__list vargs)

RICEBL X7 Stable ABL. Pydrg_ParseTupleAndKeywords () LR T2, AIZREDFHTIER
< wa_list Z518Uc D ¥ET,

int PyArg_ValidateKeywordArguments (PyObject™)

RICBLET: Stable ABL. ¥—V— FEIBZRMA L HEOF —DXFITH L e 2R L ET,
Z DRARUZ Pydrg_ParseTupleAndKeywords () ZfHA LR VWY ZIZDAKET, ZDOHHIIERE DM
BIIFARRDF = v 7 2 EMT 2720 TT,

Added in version 3.2.

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

RICBL £9: Stable ABI. Parse the parameter of a function that takes a single positional pa-
rameter into a local variable. Returns true on success; on failure, it returns false and raises the

appropriate exception.

URE a7 A0IT3:

// 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 ...
}

6.6.
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int PyArg_UnpackTuple (PyObject *args, const char *name, Py _ssize_t min, Py_ ssize_t max, ...)

RICE L 9 : Stable ABI. A simpler form of parameter retrieval which does not use a format string
to specify the types of the arguments. Functions which use this method to retrieve their parameters
should be declared as METH_VARARGS in function or method tables. The tuple containing the actual
parameters should be passed as args; it must actually be a tuple. The length of the tuple must
be at least min and no more than maz; min and max may be equal. Additional arguments must
be passed to the function, each of which should be a pointer to a Py0bject* variable; these will
be filled in with the values from args; they will contain borrowed references. The variables which
correspond to optional parameters not given by args will not be filled in; these should be initialized
by the caller. This function returns true on success and false if args is not a tuple or contains the

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

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

module for weak references:

static PyObject *
weakref ref (PyObject *self, PyObject *args)
{

PyObject *object;

PyObject *callback = NULL;

PyObject *result = NULL;

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

return result;

ZDENZBIY B Pydrg UnpackTuple () MEUCHI UIE, Pydrg ParseTuple() Zffo 7z TOMERH L
e EMTT

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

PY_CXX_CONST

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

including Python.h.

Added in version 3.13.
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6.6.2 {EDEFE

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

ROfE: :iLVLWBE, RICBL X7 Stable ABIL. PyArg_Parsex 7 7 IV OBIBDRZITELS D ¥ M7
ERDOEA LTINS L MEFNCEEDSWT, FirekBEz2ER L FT, ERLELZELET, =5—0D%
BICIE NULL 238 L %9 NULL 283458, IS EE32TL x5,

Py_BuildValue () WEEICX I NEERT 2 L3R $H A, OB K TV EERT 201F, FX
XFHINCZOL EDERBADBA - TWB E XL TT, ERLFINHNEDLE None ZiRL 35, F
APV EBIC =D TFA-oT0EHE, ERABEMTHEEINTVAMLE2DF 7Y =7 M HKER
LET, ¥4 X038 1 OXTNEIRT K5 IHEES 2123, AEINTHD iz FH X ST 2 v
£9,

ERHM s R s#t DBEDEIWL, ATV 27 v EBETIZHRECTFT X2 MfET22DICXTY
Ny 7757 X2 LTETHECE. BELETF—XZav—3hE$, Py BuildValue() 73
ERLA TV =27 ME, MUHLAIDPRELZNYy 772 RLTSRLERA, HIOEWVWEETH
i3, malloc() ZMEHLTXEY MR L. ZN% Py_BuildValue() WKELEHE, a—FAT
Py _BuildValue() iR - 74T free() ZMUHTEENHZ WS Z 2 T,

WU BT, 3OOV ERIXEA A TF; (A1) FEILCHH - 72 501 B B A5EF Python
DA T 2 VETT; (] FEINSEEC I EO C TR,

HAXTFHIATIE,. (s# D& BREFREMZIRVT) AR—R, 27, anrBldaridEHsh
F5, INHONFRMES . RVWERNTFINED £ o L RETFFHAR T TEET,

s (str F7cl& None) [const char *]
null IHE iz C XFHN %, 'utf-8' =y a—7 4 Y7 EHAWT, Python str A 7Y 27 MZ
ZHLET, L C XFHIARA > XD NULL DA, None 12740 3,

s# (str or None) [const char *, Py_ssize_t] C
XFHe ZDRE % 'utf-8' T aA—7 4 ¥ %ffioT Python str A 7Y =7 MZEHL %
Fo CXFHIRA ¥ ZH3 NULL D55, RSIIHEH SN, None 1272 D £3

y (bytes) [const char *] C
XFH|% Python bytes A7 = 7 MIEHILE T, d L C XFHIKRA > &P NULL 72 72358
None ZiEL %73,

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

W C XFHe Z2DRED 5 Python 7Y 227 MIEMLE T, C XFHIRA > XD NULL D
56, EXIEHR XN None 121D £,

z (str E7zI& None) [const char *] S
ERLTY,
z# (str 7ol None) [const char *, Py_ssize_t]

s# LRI T,

u (str) [const wchar_t *]
null #4i & 4172 Unicode (UTF-16 %7z1& UCS-4) 7— X ® wchar_t /Xv 7 7 55 Python

6.6. SIBDEREDIEE 109



The Python/C API, ) —2X 3.14.0a7

Unicode 7Y =7 MIZE#: L £3, Unicode Ny 7 7 KA > XD NULL D&, None IZ7 D
F9,

u# (str) [const wchar_t *, Py_ssize_t]
Unicode (UTF-16 £71& UCS4) 7—&Z Dy 7 7 £ ZDE X5 Python Unicode + 72 = 7
MZZH L %9, Unicode Ny 7 7 K4 XA NULL O5E, RSIIEH SN None 122D £3

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

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

s# t Iﬁjbfj‘o

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

b (int) [char] i}
#HD C D char % Python OB A 7Y =7 MEHL 7,

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

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

B (int) [unsigned char] C
@ unsigned char % Python O A7 27 MIEHLET,

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

I (int) [unsigned int] C
@ unsigned int % Python O A 7Y =7 MIEHL T,

k (int) [unsigned long] C
@ unsigned long % Python O A 7Y =7 MIEHL ET,

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

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

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

p (bool) [int]
Convert a C int to a Python bool object. .. versionadded:: 3.14

c (REH 1 D bytes) [char] N

A FERTEED C D int 2, £X 1 @ Python @ bytes #7377 MIEHLET,
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C(RT 1O str) [int] X
FERITBEED C D int 2, EX 1 @ Python @ str 77V =7 MIEHBLE T,

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

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

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

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

has been raised yet, SystemError is set.

S (object) [PyObject *] 0
ERLTY,

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

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

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

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

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

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

EAXFINCET 227 —H4ET % &, SystemError A%ty b LT NULL Z1BL 3,

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

ROME: :iLVWEE, RICBLFT: Stable ABL. Py_BuildValue() Y [F U T, AIEEFBOR
D DIT va_list ZZIFED 55,
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6.7 XFF DXL ERL
HUEZS R Y BRACSTFIIIH O 722D O BIAREE.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

RICELF 7 : Stable ABI. Convert the initial part of the string in str to an long value according

to the given base, which must be between 2 and 36 inclusive, or be the special value 0.
Same as Py0S_strtoul (), but return a long value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).

Added in version 3.2.

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

RICBL X9 Stable ABL. XF5 s % double ICEfL 3, KWL= ZiX Python OHIH % FH
EXEFET, ZIFANSLNDZXFFHNE, Python @ float() 2T ¥ R b T 7 XM 3 XFFHNIcHE
ML E TP, s DEBHERBICEAXFLRDH o TIROLBVE WS TR D £3, ZOEHIIHRTE
Dy —HKFL R A,

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

endptr 23 NULL CTHWGE, XFF 2 Al RE/R#i TEH#L L T, *endptr IKHRHM DL I N 272X
FADRA Y REMEAL FT, XFHNDFBICIE L WIFBI/ NSO RIAD D 5 723535, *endptr &
WFEHDFFEICRE LT, ValueError Z2H4A X8, -1.0 ZFRL %7,

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

first character after the converted value.

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

Added in version 3.1.

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

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

format_code & 'e', 'E', '£', 'F', 'g', 'G', 'r' DXNHTRHRINIZRD FHA, 'v' DHA.
precision 1& 0 TRIFNIR ST, BMHEINET, 'v' 7+—<v bI3— FIIHEED repr() 74—
<~y FRIEELTVET,

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

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

o Py_DTSF_ADD_DOT_O0 EZXFHMBEED XS ICHABR W L 2 RAEL 5
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e Py_DTSF_ALT ¥ 7alternate” 7 # —~ v ML — L2 HEHA T2 2EBHKL T3, M
Py0S_snprintf() @ '#' fEEZSRL TSV,

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

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

Added in version 3.1.

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

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

that it ignores the case.

int Py0S_strnicmp (const char *s1, const char *s2, Py ssize t size)

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

that it ignores the case.

6.8 PyHash API

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

type Py_hash_t

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

type Py_uhash_t

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

PyHASH_MODULUS

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

PyHASH_BITS

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

PyHASH_MULTIPLIER

Prime multiplier used in string and various other hashes.

Added in version 3.13.
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PyHASH_INF

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

PyHASH_IMAG

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

type PyHash_FuncDef

Hash function definition used by PyHash_GetFuncDef ().

const char *name

Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

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

PyHash_ FuncDef *PyHash_GetFuncDef (void)

Get the hash function definition.

& BE

PEP 456 ”Secure and interchangeable hash algorithm”.

Added in version 3.4.

Py hash_t Py_HashPointer (const void *ptr)
Hash a pointer value: process the pointer value as an integer (cast it to uintptr_t internally).
The pointer is not dereferenced.
The function cannot fail: it cannot return -1.

Added in version 3.13.

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

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

buffer protocol.

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

compares to another object’s buffer.
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len must be greater than or equal to 0.
This function always succeeds.
Added in version 3.14.

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

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

Added in version 3.13.

6.9 UoJLo>aY

PyObject *PyEval_GetBuiltins (void)

ROfE: RSB RICBLFTI: Stable ABL. N— 3 ¥ 313 TIHESE  Use
PyEval_GetFrameBuiltins () instead.

FEOFEITI7L—LHNOEIL M4 YOFEEE)N, b LETHFO 7 L —202FUEAL v FIREBD A > &
TYRDOEIL ML VEFERIRLE T,

PyObject *PyEval_GetLocals (void)
BEbhfE: BHEEBRE, RICBLXJ: Stable ABI. NX—Y 3 ¥ 3.13 TIEH#HER: Use either
PyEval_GetFrameLocals () to obtain the same behaviour as calling locals() in Python code,
or else call PyFrame_GetLocals () on the result of PyEval_GetFrame() to access the f_locals

attribute of the currently executing frame.

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

if no frame is currently executing.
Refer to locals() for details of the mapping returned at different scopes.

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

ables rather than returning a new snapshot.

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

PyObject *PyEval_GetGlobals (void)
EbE: ®‘FHBE, RICELX9: Stable ABL. NX— Y 3 ¥~ 313 TIEHLE: Use

PyEval_GetFrameGlobals () instead.

HEDFEIT 7L —2AND 70— VEBOEEED, EITHFD 7 L — 20372031 NULL 218 L £3,
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PyFrameQObject *PyEval_GetFrame (void)

Rbh{E: EAER, RICEL 7 Stable ABI. Return the attached thread state’s frame, which is

NULL if no frame is currently executing.

See also PyThreadState_GetFrame().

PyObject *PyEval_GetFrameBuiltins (void)

RODfE: FILLWEBE, RICELXT: Stable ABl (IN—23Y 3.18 &D). BIHEOFEIT 7L —oHNOL
N A VOEEED, DLETHFO7 L -8R TNEAL Yy FIREDA VX TV XD M VEEER
ELET,

Added in version 3.13.

PyObject *PyEval_GetFrameLocals (void)

ROfli: HILLWEBE, RICBL XY Stable ABI (N—=23 Y 3.18 &D). Return a dictionary
of the local variables in the current execution frame, or NULL if no frame is currently executing.

Equivalent to calling locals() in Python code.

To access f_locals on the current frame without making an independent snapshot in optimized

scopes, call PyFrame_GetLocals () on the result of PyEval_GetFrame().

Added in version 3.13.

PyObject *PyEval_GetFrameGlobals (void)

RhfE: FiLWBE, RICEBLET: Stable ABI (IN—=23 Y 8.13 & D). Return a dictionary of
the global variables in the current execution frame, or NULL if no frame is currently executing.

Equivalent to calling globals() in Python code.

Added in version 3.13.

const char *PyEval_GetFuncName (PyObject *func)

RICEBLF7: Stable ABL func B, 75 A, A VAR VAF TV 27 P THNIZ DX TR, *
5 TRITIUR func OREIRL 75,

const char *PyEval_GetFuncDesc (PyObject *func)

RICBLEY: Stable ABL func OBITHKIFT 5. & X545 (description string) %K L %
T, BEDMEIE. Bz XY v Rz LTiX ”()”, ” constructor”, ” instance”, ” object” T3,
PyEval_GetFuncName () &3E#4E S IR, func DEFHITED 5,

6.10 codec L X b &HR— MR

int PyCodec_Register (PyObject *search_ function)

FICBLZEJ: Stable ABIL. # L\ codec MZRBEZ &R L £ 5,

BIWEAH E LT, ZOBEIE encodings Sy 7 —I WHEICHRBREMOILH IR S X512, gXn—FX
NTOEVEEEe—-RFLE T,

6.10.

codec LR b EHR— A 117



The Python/C API, ) —2X 3.14.0a7

int PyCodec_Unregister (PyObject *search_ function)

RICELEFT: Stable ABI (IN—=23> 8.10 &D ). Unregister a codec search function and clear
the registry’s cache. If the search function is not registered, do nothing. Return 0 on success.

Raise an exception and return -1 on error.
Added in version 3.10.

int PyCodec_KnownEncoding (const char *encoding)
RICEBLFT: Stable ABIL. encoding D7z DBEFRE N7z codec DFEET 205 0IECT 1 2 0
ZIRLET, ZOBBUIEICHEIIL $7,

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

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

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

6.10.1 J—7 v V&% API

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

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

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

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

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

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

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

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

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

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

6.10.2 Unicode T5—N\>FSHL X KY API

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

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

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

Bl 0%, =7 —KiX -1 2IBRL 3,

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

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

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

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

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

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

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

RBOf#E: :ILWBE, RICBLZFY: Stable ABI (N\—23> 3.7 &£D ). unicode encode =7 —%
\N{...} TEZH]I T,
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Added in version 3.5.

6.11 PyTime C API
Added in version 3.13.

The clock C API provides access to system clocks. It is similar to the Python time module.

For C API related to the datetime module, see DateTime 7TV k.

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

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

returns timestamps relative to the UNIX epoch.

The supported range is around [-292.3 years; +292.3 years]. Using the Unix epoch (January 1st,
1970) as reference, the supported date range is around [1677-09-21; 2262-04-11]. The exact limits

are exposed as constants:
PyTime_t PyTime_MIN
Minimum value of PyTime_t.

PyTime_t PyTime_MAX

Maximum value of PyTime_t.

6.11.2 Clock Functions

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

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

On integer overflow, they set the PyExc_0verflowError exception and set *result to the value clamped
to the [PyTime_MIN; PyTime_MAX] range. (On current systems, integer overflows are likely caused by

misconfigured system time.)

As any other C API (unless otherwise specified), the functions must be called with an attached thread

state.

int PyTime_Monotonic (PyTime_t *result)

Read the monotonic clock. See time.monotonic() for important details on this clock.

int PyTime_PerfCounter (PyTime ¢ *result)

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

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

6.11.3 Raw Clock Functions

Similar to clock functions, but don’t set an exception on error and don’t require the caller to have an

attached thread state.
On success, the functions return 0.

On failure, they set *result to 0 and return -1, without setting an exception. To get the cause of the
error, attach a thread state, and call the regular (non-Raw) function. Note that the regular function may

succeed after the Raw one failed.

int PyTime_MonotonicRaw(PyTime t *result)

Similar to PyTime_Monotonic (), but don’t set an exception on error and don’t require an attached

thread state.

int PyTime_PerfCounterRaw (PyTime_t *result)

Similar to PyTime_PerfCounter(), but don’t set an exception on error and don’t require an

attached thread state.

int PyTime_TimeRaw(PyTime_t *result)

Similar to PyTime_Time (), but don’t set an exception on error and don’t require an attached thread
state.
6.11.4 Conversion functions

double PyTime_AsSecondsDouble (PyTime t 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 an attached thread state is not required for these APIs.

int PyUnstable_PerfMapState_Init (void)
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i J
AU Unstable API TFo A F =V ) —RATFERKERBINS DB T,

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

Returns 0 on success, -1 on failure to create/open the perf map file, or -2 on failure to create a

lock. Check errno for more information about the cause of a failure.

int PyUnstable_WritePerfMapEntry (const void *code addr, unsigned int code_ size, const char

*entry__name)

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

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

an example entry looks like:

# address size mname

7£3529fcf759 b py::bar:/run/t.py

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

PyUnstable_PerfMapState_Init () on failure.

void PyUnstable_PerfMapState_Fini (void)

(i ]
Z AU Unstable API T3, YA F—V ) —RATFERLKEBEINZ Z DY FT,

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

call this, except to handle specific scenarios such as forking.
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COETHET I, 7927 POBUKIFE LRV E 57 Python 7Y = 7 + O#fER, (BUEE 2
T, =7y 2METrWwo k) KEDPERMOF 7Y =7 M T 2ERITRVE T, BEEEEANR TR
WA Y 27 M LT - 72358, Python OB EHEIND Z 2D ET,

IS DBEEIE, PyList_New() THER X N72141C NULL A DEZFRE I N TWARWY 2 bD X 5742, #Y)
KL IR TOWRWAT Y 2 7 ML THES 22X TE R A

7.1 772 xz- +70OK3JL (object protocol)

PyObject *Py_GetConstant (unsigned int constant_ id)

RICBLEFT: Stable ABI (IN—=23 > 3.13 &D ). Get a strong reference to a constant.
Set an exception and return NULL if constant id is invalid.

constant__id must be one of these constant identifiers:



The Python/C API, ) —2X 3.14.0a7

Constant ldentifier & Returned object

0 None
Py_CONSTANT_NONE

1 False
Py_CONSTANT_FALSE

2 True
Py_CONSTANT_TRUE

3 Ellipsis
Py_CONSTANT_ELLIPSIS

4 NotImplemented
Py_CONSTANT_NOT_IMPLEMENTE

5 0
Py_CONSTANT_ZERO

6 1
Py_CONSTANT_ONE

7 (]
Py_CONSTANT_EMPTY_STR

8 bII
Py_CONSTANT_EMPTY_BYTES

9 O

Py_CONSTANT_EMPTY_TUPLE

Numeric values are only given for projects which cannot use the constant identifiers.
Added in version 3.13.

CPython EZEDF#: In CPython, all of these constants are immortal.

PyObject *Py_GetConstantBorrowed (unsigned int constant_ id)

RICBELF 9 Stable ABI (IN—23> 3818 &D ). Similar to Py_GetConstant (), but return a

borrowed reference.

This function is primarily intended for backwards compatibility: using Py_GetConstant () is rec-

ommended for new code.
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The reference is borrowed from the interpreter, and is valid until the interpreter finalization.
Added in version 3.13.

PyObject *Py_NotImplemented
BRONIATY 27 FeXYy FOFIBOMOMAEDEDNHNRIZLTH 2HIE L TEDN S,
kRE (NotImplemented) > 2L bk,

Py_RETURN_NOTIMPLEMENTED
Properly handle returning Py_NotImplemented from within a C function (that is, create a new
strong reference to NotImplemented and return it).

Py_PRINT_RAW
Flag to be used with multiple functions that print the object (like PyObject_Print() and
PyFile_lriteObject (D). If passed, these function would use the str() of the object instead
of the repr().

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

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

RICBLET: Stable ABI (IN—23> 5.13 &D ). Returns 1 if o has the attribute attr name, and
0 otherwise. This is equivalent to the Python expression hasattr(o, attr_name). On failure,

return -1.
Added in version 3.13.

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

WICEB L £9: Stable ABIl (IN—2 3> 3818 &D) This is the same as
PyObject_HasAttriWithError(), but attr_name is specified as a const charx UTF-8 encoded
bytes string, rather than a PyObjectx*.

Added in version 3.13.

int PyObject_HasAttr (PyObject *o, PyObject *attr name)

RICBL X9 Stable ABI. Returns 1 if o has the attribute attr name, and 0 otherwise. This

function always succeeds.

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

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

use PyObject_HasAttriWithError(), PyObject_GetOptionalAttr() or PyObject_GetAttr()

instead.
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int PyObject_HasAttrString(PyObject *o, const char *attr_name)

RICE L F7: Stable ABI. This is the same as PyObject_HasAttr(), but attr_name is specified
as a const char* UTF-8 encoded bytes string, rather than a PyObjectx.

0 IR
Exceptions that occur when this calls __getattr__() and __getattribute__() methods
or while creating the temporary str object are silently ignored. For proper error han-

dling, use PyObject_HasAttrStringWithError(), PyObject_GetOptionalAttrString() or
PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr name)

RBOfE: FILWEHE, RICBL XTI : Stable ABL. A 7Y =2 b o 25, i attr_name OJE % B
LES, s 5 EEEZRLURRS %L NULL 2R L %3, ZDREIE Python D3 o.attr_name
ERTLTY,

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

PyObject *Py0bject_GetAttrString(PyObject *o, const char *attr_name)

RBOME: :iLWBE, XRICEBL XY Stable ABIL. This is the same as PyObject_GetAttr(), but

attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx*.

If the missing attribute should not be treated as a failure, you can use

PyObject_GetOptionalAttrString () instead.

int PyObject_GetOptionalAttr (PyObject *obj, PyObject *attr_name, PyObject **result);

RICELFT: Stable ABI (IN—23> 8.18 &D ). Variant of PyObject_GetAttr() which doesn’t

raise AttributeError if the attribute is not found.

If the attribute is found, return 1 and set *result to a new strong reference to the attribute. If
the attribute is not found, return 0 and set *result to NULL; the AttributeError is silenced. If an

error other than AttributeError is raised, return -1 and set *result to NULL.

Added in version 3.13.

t**

int PyObject_GetOptionalAttrString (PyObject *obj, const char *attr name, PyObject **result);

WICEB L EX9: Stable ABIl (IN—2 3> 318 &D) This is the same as
PyObject_GetOptionalAttr(), but attr_name is specified as a const char* UTF-8 encoded
bytes string, rather than a PyObjectx*.

Added in version 3.13.

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

ROE: HILWEE, RICELET: Stable ABL B4 7Y =2 bD tp_getattro AR v MIEDN
5. JBYEZEUS S 2R TS, ZoBE. (JLEETIL) A7 =2 FoBEM __dict__
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KA, #7922 +D MRO 25527 7 ADHECHZT AV T REHRL £F, descriptors THE
EPBROENTVWEED, T—RDTAZ Y FRIFIAVAZVADRBM L BRI h, EF—RFTR
Y7 RFBEILICENE T, RS0 7285E1% AttributeError ZEH L 3,

int PyObject_SetAttr (PyObject *o, PyObject *attr _name, PyObject *v)

RICBLET: Stable ABL. #7227 b 0o D attr_name £ WO HZDEHIZ, B v ZREL T3, R
T2eHMeERL -1 ZIRLES; B35 0 ZBLET, 2O Python D3 o.attr_name
=V XIEJDVG?O

v NULL O &, 7 FYba— MIAIRRENE T, ZOEERX PyObject_Deldttir() D=, FEHE
RWrRoTVETH, HIFREN 2 TEEDHD £E A

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

RICE L F7J: Stable ABI. This is the same as PyObject_SetAttr(), but attr_name is specified
as a const char* UTF-8 encoded bytes string, rather than a PyObjectx*.

v 73 NULL OBEEHEDHIBRE N E T2, Z OEERIIIFHESETH D PyObject_DeldttrString () %
S OPEE L VT,

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

object.

int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

RICEBLET: Stable ABL EBHORE L HIFRZ1T 5 INARRBEET, A7 227 D tp_setattro
20y MEINET, ATz D MRO KH207 5 RADFHENPOT—XT 4 A7) FR2EZHL,
FfID o 7B E3A VARV RADHFZD 2 BHEOFRECHIFRE D bBEBRINET, 25 TRVWES
F. (B LFETUER) A 70227 b __dict__ WEMZHRED LZHIRLE T, B3 2L 0H
BEN, Z5THRVWESIE AttributeError 2EH X -1 PRI FE T,

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

RICBLFT: Stable ABI (IN—23> 3.13&D ). #7227 F o D attr_name £V 5%DEME%E
HIFRLEF, KT 2L -1 ZRLET, ZOBEBIX Python DX del o.attr_name R U T,

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

RICBLZFT: Stable ABI (IN—23> 8.18 &D ). This is the same as PyObject_DelAttr(), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx.

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

object for lookup.
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PyObject *Py0bject_GenericGetDict (PyObject *o, void *context)
REOfE: HFLWBHE, RICBLZT: Stable ABI (IN—=3> 3.10 &D ). __dict__ TRZVTRD
getter DFSIMAYRELETT, BDERGZEIX, HEZ/FERL X5,

This function may also be called to get the __dict__ of the object 0. Pass NULL for context when
calling it. Since this function may need to allocate memory for the dictionary, it may be more

efficient to call PyObject_GetAttr() when accessing an attribute on the object.
On failure, returns NULL with an exception set.
Added in version 3.3.

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

RICBLEFT: Stable ABI (IN—=23> 3.7&D). __dict__ TAZ U T XD setter DFBFIITIRFELE
TY, ZOERETIHHEZHIRT 2 Z L EFFENTVEEA,

Added in version 3.3.

PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there is no __dict return NULL without

—_—

setting an exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call

PyObject_GetAttr() when accessing an attribute on the object.

PyObject *Py0bject_RichCompare (PyObject *ol, PyObject *02, int opid)
EDfE: iLWBHER, RICEBL XY Stable ABI. Compare the values of ol and 02 using the
operation specified by opid, which must be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE,
corresponding to <, <=, ==, !=> or >=respectively. This is the equivalent of the Python expression
ol op 02, where op is the operator corresponding to opid. Returns the value of the comparison

on success, or NULL on failure.

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

RICE L F 9 Stable ABI. Compare the values of 0 and 02 using the operation specified by opid,

like PyObject_RichCompare (), but returns -1 on error, 0 if the result is false, 1 otherwise.

0O IR
If o1 and 02 are the same object, PyObject_RichCompareBool () will always return 1 for Py_E@ and
0 for Py_NE.

PyObject *Py0bject_Format (PyObject *obj, PyObject *format_ spec)
RICE L F£9: Stable ABI. Format obj using format_spec. This is equivalent to the Python

expression format (obj, format_spec).

format__spec may be NULL. In this case the call is equivalent to format (obj). Returns the format-

ted string on success, NULL on failure.
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PyObject *Py0bject_Repr (PyObject *o0)
RBhE: FiLWBE, RICEL XY : Stable ABL. 7Y x7 b o DXFHRHEFHAL T, BT
3 XFEHNIRBEZIR L, KT %L NULL %2R L £9, Python 3 repr(o) EFUTT, ZDRE%IZ
FHAIABBEE repr ) OMHTHUIHINE T,

N—Vay 34 TEH: 727574 THHNZRSTE TRV 2T 2012F Mz X512, 20l
BUIF ANy 7= arv280 L5120 E L,

PyObject *Py0Object_ASCII(PyObject *o)
EDfli: FILWBHEE, RICEL £9: Stable ABL. PyObject_Repr() 2R, 7Y =27t o DXF
FIRBZEE L E 3D, PyOvject_Repr() 1T &> TRENLXFINCEENSIE ASCII XF%, =
A7 —=7XF \x . \u, \U TZRr—7L%73, ZOBEII Pythoh 2 ® PyObject_Repr() HiRF
XFEHN R U FINZER L 5, ascii() KXo THEHEINE T,

PyObject *PyObject_Str (PyObject *o)

ROfE: FHILWEBEE, XICBLET: Stable ABL. 7Y =2+ o DXFHRHEZHELE T, J3h
5 XTFHNRBZRL, KT 5 & NULL 23R L %3, Python R str(o) EIUTY, Z DKM
HIAABR str() %, print () BAKOUETHIH XN E T,

N—=ay 3.4 TEHE: 7774 THHEANEBRSTEHE TRV L 2 HREET 2 D@2 XS5, Z0E
BETFANY 77— arZ280 L5128 E L,

PyObject *Py0bject_Bytes (PyObject *0)
RBDfE: tLWEER, RICELET: Stable ABL. 7Y =27 b 0 DA WNIIRBEFHAELET, &
22 NULL Z3B L., BT 2L bytes 7Y =27 bRIBLE T, o VTR VL 2D, Python
R bytes(o) ¥FIL T, bytes(o) ¥i#E- T, o BEHD L 12X, ¥u Tkl bytes 7
Pz FERTDTIER L TypeError 23X h 3,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)
RICBELET: Stable ABL. 75 R derived 257 5 R cls ¥ [A—TH2h., TIrLIREL]ZI F AT
HBGEF 1L ZBREL, 25 TRVESIZ 0 ZELET, =7 -2EELGEEE -1 ZRLUET,

cls MR TIVDGE, cls DETORRICHLTF v I LET, PR 120F v 7T 1HE-
7z, BRIEL D, FRLStorZ 0k ET,

If cls has a __subclasscheck__() method, it will be called to determine the subclass status as
described in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass,

i.e. contained in cls.__mro__

Normally only class objects, i.e. instances of type or a derived class, are considered classes.
However, objects can override this by having a __bases__ attribute (which must be a tuple of

base classes).

int PyObject_IsInstance(PyObject *inst, PyObject *cls)

RICBLEJ: Stable ABL inst 37 5 R cls b LWL cls DFTTADA VARV ATHEH5EIT 1
BZIRL. ZIOTRVERICOZRLET, =7-2EE2L -1 ZRLANEFRELET,
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cls MR TNVDIGE, cls DETOERIIHLTF v I LET, PR 12DF 2w 7T 12E-
&, HRIZ1L ek, 2RO E 0D FT,

If cls has a __instancecheck__ () method, it will be called to determine the subclass status as

described in PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cls.
An instance inst can override what is considered its class by having a __class__ attribute.

An object cls can override if it is considered a class, and what its base classes are, by having a

__bases__ attribute (which must be a tuple of base classes).

Py _hash__t PyObject_Hash(PyObject *o0)

RICBLET: Stable ABL. A 7Y =27 b o DNy ¥ afli%2stHLTRLES, K3 dL -1 2K
%3, Python @R hash(o) ¥FU T,

N—=Yay 32 TEH: BOEDREA Py hash t 12D F Lz, TOBRUX, Py ssize_t ERILCHA
X% OFFS EBITT,
Py hash_t PyObject_HashNotImplemented(PyObject *o)

RICBLZET: Stable ABI. Set a TypeError indicating that type (o) is not hashable and return
-1. This function receives special treatment when stored in a tp_hash slot, allowing a type to

explicitly indicate to the interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *o0)

RICBLEFT: Stable ABL 0 PEZRFTLARELZHAICET 1 2, Z5TRVEEKIZ 0 ZIRLE
3, Python O3 not not o YU TT, KT 2L -1 ZIRLET,

int PyObject_Not (PyObject *o)

RICBELZET: Stable ABIL. 0 BEZRTLAREZHEICNT 0 B, Z5TRVEEIKIT 1L ZIELE
3, Python DX not o AU TT, KT 2L -1 ZIRLET,

PyObject *PyObject_Type (PyObject *0)
ED{E: FiLWBHE, XICBL £ Stable ABI. When o is non-NULL, returns a type object

corresponding to the object type of object 0. On failure, raises SystemError and returns NULL.
This is equivalent to the Python expression type (o). This function creates a new strong reference
to the return value. There’s really no reason to use this function instead of the Py_TYPE() function,

which returns a pointer of type PyTypeObject*, except when a new strong reference is needed.
int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of type, and 0 otherwise. Both
parameters must be non-NULL.
Py ssize_t PyObject_Size (PyObject *o)
Py ssize t PyObject_Length(PyObject *o)

RICBELET: Stable ABL 0 DEX®RLE T, 27 LA TP b oy —Fr 20 Farare
<~y 7RITa FalOmAERELTWRHE, O—F VR LTORIERLET, =743
¢ -1 ZRL%FF, Python DK len(o) XRUL T,
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Py_ssize_t PyObject_LengthHint (PyObject *o, Py _ssize_t defaultvalue)

FT7P27 1 0o DMHEDODEZXZRLET, RYICEBOEZ %, XIZ __length_hint__() Z{fioT
WMREORSZ, ZLTRRERIZT 74V FDEZEZS L LET, ZOEIE Python O operator.
length_hint (o, defaultvalue) Z[AUTT,

Added in version 3.4.

PyObject *Py0Object_GetItem(PyObject *o, PyObject *key)
RBOfE: ILLWBE, RICBLET: Stable ABL. A7 22 b key 12T 23 0 DERERLET,
KEL$ 2 NULL 23R L £75, Python O ol[key] EFH LTI,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)

RICBELET: Stable ABL. A7 =2 b key 28 v IS ET, KT 2. BIAZEHNL -1
BRLUET, T2 0 ZRLET, Z4UX Python DX olkey]l = v 2[HFE TS, ZOBEEIT v
NDOZRE BHDFEA

int PyObject_DelItem(PyObject *o, PyObject *key)

RICBLET: Stable ABL. A 7Y =2 b 055 key BT 2 2HIBRLE T, KT 2L -1
ZiRL £7, Python D3 del olkey]l &R LT,

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

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

PyObject *Py0bject_Dir (PyObject *o)
ROfE: FiLLWEE, RICEL X9 Stable ABL. Z ®B¥Z Python = dir(o) RULT, &7
Tz T\O)i“a&%&i HDETTWEIXFINNLREZ VAL (ZDLEDHVET) ®IRLET, =T5—
DEFFEITIE NULL BB L E T, élééﬁl% NULL 2§ % &, Python iZB1F % dir() rFAEIC, BHED
" — ﬁ;u?;%ﬁu%;ébia‘ DB, 77T 4 TIRET 7L — LT NULL %R L 355,
PyErr_Occurred () XB%ERLE T,

PyObject *Py0Object_GetIter (PyObject *o)

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

PyObject *Py0bject_SelfIter (PyObject *obj)

RBbhME: FILWLWBIE, XRIZEL £7: Stable ABIL This is equivalent to the Python __iter__(self):
return self method. It is intended for iterator types, to be used in the PyTypeObject. tp_iter

slot.

PyObject *PyObject_GetAIter (PyObject *o)
ROfE: HTLLWBE, RBLXT: Stable ABI (/N\—23 > 5.10 &b ). This is the equivalent to

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

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

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

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

for cls.

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

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

Py _ssize t PyType_GetTypeDataSize (PyTypeObject *cls)

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

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

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

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

The type cls must have been created using negative PyType_Spec.basicsize. Python does not
check this.

On error, set an exception and return a negative value.
Added in version 3.12.

void *PyObject_GetItemData(PyObject *o)

Get a pointer to per-item data for a class with Py_TPFLAGS ITEMS_AT_END.

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

Added in version 3.12.

int PyObject_VisitManagedDict (PyObject *obj, visitproc visit, void *arg)

Visit the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py_TPFLAGS_MANAGED_DICT flag set.

Added in version 3.13.

void PyObject_ClearManagedDict (PyObject *obj)

Clear the managed dictionary of obj.

This function must only be called in a traverse function of the type which has the
Py_TPFLAGS_MANAGED_DICT flag set.
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Added in version 3.13.

int PyUnstable_Object_EnableDeferredRefcount ( PyObject *obj)

ZHUZ Unstable API T%, %A F—V V) —ATTERLKEHINDZZ DD T,

Enable deferred reference counting on obj, if supported by the runtime. In the free-threaded
build, this allows the interpreter to avoid reference count adjustments to obj, which may improve
multi-threaded performance. The tradeoff is that obj will only be deallocated by the tracing

garbage collector.

This function returns 1 if deferred reference counting is enabled on obj (including when it was
enabled before the call), and 0 if deferred reference counting is not supported or if the hint was

ignored by the runtime. This function is thread-safe, and cannot fail.

This function does nothing on builds with the GIL enabled, which do not support deferred reference
counting. This also does nothing if 0bj is not an object tracked by the garbage collector (see gc.

is_tracked() and PyObject_GC_IsTracked()).
This function is intended to be used soon after obj is created, by the code that creates it.
Added in version 3.14.

int PyUnstable_IsImmortal (PyObject *obj)

ZHUZ Unstable API T%, A F—V V) —ATTERKEEINDZZ DD FT,

This function returns non-zero if 0bj is immortal, and zero otherwise. This function cannot fail.

0 IR
Objects that are immortal in one CPython version are not guaranteed to be immortal in

another.

Added in version 3.14.

int PyUnstable_TryIncRef (PyObject *obj)

ZHUZ Unstable API T3, YA F—V Y —RATTERLKEBEINZ DD X7,
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Increments the reference count of obj if it is not zero. Returns 1 if the object’s reference count

was successfully incremented. Otherwise, this function returns 0.

PyUnstable_EnableTryIncRef () must have been called earlier on obj or this function may spu-

riously return O in the free threading build.

This function is logically equivalent to the following C code, except that it behaves atomically in
the free threading build:

if (Py_REFCNT(op) > 0) {
Py_INCREF (op);
return 1;

}

return O;

This is intended as a building block for managing weak references without the overhead of a Python

weak reference object.

Typically, correct use of this function requires support from obj’s deallocator (tp_dealloc). For
example, the following sketch could be adapted to implement a ”"weakmap” that works like a

WeakValueDictionary for a specific type:

PyMutex mutex;

PyObject *

add_entry(weakmap_key_type *key, PyObject *value)

{
PyUnstable_EnableTryIncRef (value);
weakmap_type weakmap = ...;
PyMutex_Lock (&mutex) ;
weakmap_add_entry(weakmap, key, value);
PyMutex_Unlock(&mutex) ;
Py_RETURN_NONE;

}

PyObject *

get_value(weakmap_key_type *key)
{
weakmap_type weakmap = ...;
PyMutex_Lock (&mutex) ;
PyObject *result = weakmap_find(weakmap, key);
if (PyUnstable_TryIncRef (result)) {
// “result’ is safe to use

PyMutex_Unlock(&mutex) ;

return result;
(RDR=V ki)
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(RIDR=I D5 DR E)
I
// if we get here, “result” is starting to be garbage-collected,
// but has not been removed from the weakmap yet
PyMutex_Unlock(&mutex) ;
return NULL;

// tp_dealloc function for weakmap values
void

value_dealloc(PyObject *value)

{
weakmap_type weakmap = ...;
PyMutex_Lock (&mutex) ;
weakmap_remove_value(weakmap, value);
PyMutex_Unlock(&mutex) ;

}

Added in version 3.14.

void PyUnstable_EnableTryIncRef (PyObject *obj)

(i ]
Z AU Unstable API T3 o YA F—V ) —RATTFERLKEBINZ Z DY FT,

Enables subsequent uses of PyUnstable_TryIncRef() on obj. The caller must hold a strong

reference to obj when calling this.

Added in version 3.14.

7.2 Call 7O +dJL

CPython supports two different calling protocols: tp_ call and vectorcall.

7.2.1 The tp_call Protocol

Instances of classes that set tp_call are callable. The signature of the slot is:

PyObject *tp_call(PyObject *callable, PyObject *args, PyObject xkwargs);

A call is made using a tuple for the positional arguments and a dict for the keyword arguments, similarly

to callable(*args, **kwargs) in Python code. args must be non-NULL (use an empty tuple if there
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are no arguments) but kwargs may be NULL if there are no keyword arguments.
This convention is not only used by tp_ call: tp_new and tp_init also pass arguments this way.

To call an object, use PyObject_Call () or another call API.

7.2.2 The Vectorcall Protocol
Added in version 3.9.

The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more

efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However,
this is not a hard rule. Additionally, some third-party extensions use tp_ call directly (rather than using
PyObject_Call()). Therefore, a class supporting vectorcall must also implement tp_call. Moreover,
the callable must behave the same regardless of which protocol is used. The recommended way to achieve

this is by setting tp_call to PyVectorcall_Call(). This bears repeating:

A w5

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

N— a3 ¥ 3.12 TEHE: The Py_TPFLAGS_HAVE_VECTORCALL flag is now removed from a class when the
class’s __call__() method is reassigned. (This internally sets tp_call only, and thus may make it
behave differently than the vectorcall function.) In earlier Python versions, vectorcall should only be

used with ‘mmutable or static types.

A class should not implement vectorcall if that would be slower than ¢p call. For example, if the callee
needs to convert the arguments to an args tuple and kwargs dict anyway, then there is no point in

implementing vectorcall.

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

This is a pointer to a function with the following signature:

typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf,
PyObject *kwnames)

RICBLEFT: Stable ABI (IN—=23> 3.12 &D).
e callable is the object being called.

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

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

siargsf is the number of positional arguments plus possibly the
PY_VECTORCALL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments
from nargsf, use PyVectorcall_NARGS().
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«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

RICBLZEY: Stable ABI (IN—23 > 3.12 & D ). If this flag is set in a vectorcall nargsf argument,
the callee is allowed to temporarily change args[-1]. In other words, args points to argument 1

(not 0) in the allocated vector. The callee must restore the value of args[-1] before returning.
For PyObject_VectorcallMethod (), this flag means instead that args[0] may be changed.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make

their onward calls (which include a prepended self argument) very efficiently.
Added in version 3.8.

To call an object that implements vectorcall, use a call API function as with any other callable.

PyObject_Vectorcall () will usually be most efficient.

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

Py_EnterRecursiveCall () and Py_LeaveRecursiveCall () for calls made using tp_call.

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

stweCall and Py LeaveRecursiveCall if needed.

Vectorcall Support API
Py ssize t PyVectorcall_NARGS (size_t nargsf)
RICBLET: Stable ABI (IN—23 > 3.12 &D ). Given a vectorcall nargsf argument, return the

actual number of arguments. Currently equivalent to:

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

However, the function PyVectorcall NARGS should be used to allow for future extensions.
Added in version 3.8.

vectorcallfunc PyVectorcall_Function(PyObject *op)

If op does not support the vectorcall protocol (either because the type does not or because the
specific instance does not), return NULL. Otherwise, return the vectorcall function pointer stored

in op. This function never raises an exception.

This is mostly useful to check whether or not op supports vectorcall, which can be done by checking

PyVectorcall_Function(op) != NULL.

Added in version 3.9.
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PyObject *PyVectorcall_Call(PyObject *callable, PyObject *tuple, PyObject *dict)

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

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

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

Added in version 3.8.

7.2.3 Object Calling API

Various functions are available for calling a Python object. Each converts its arguments to a convention

supported by the called object —either ¢p_ call or vectorcall. In order to do as little conversion as possible,

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

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

£33 callable args kwargs
PyObject_Call() PyObject * tuple dict /NULL
PyObject_CallNoArgs() PyObject *  --- -
PyObject_CallOneArg () PyObject * 1 object -—-
PyObject_CallObject () PyObject *  tuple/NULL ---
PyObject_CallFunction() PyObject * format -—-
PyObject_CallMethod() obj + charx 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 *Py0bject_Call(PyObject *callable, PyObject *args, PyObject *kwargs)

BDhfE: L WBHE, RICBL XY Stable ABL. M-OVH LA[REZ: Python A4 7Y =2 + callable
. BTN args £ LTEZONB518E&HE kwargs £ LTE X SN2 AR 518 ¥ &I H
LES,

args ¥ NULL TH-> TR 5673, 5I8ELEL LERWERIIED X TV eo TL1ZE W, kwargs
¥ NULL THHEVWEE A,

RN L7 SO LORERZR L, KRB L S22 L NULL 28 L £3

ZAUIRD Python O & [F5FTF: callable(*args, *xkwargs) o
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PyObject *Py0Object_CallNoArgs (PyObject *callable)

REh{E: FILLWBE, RIZEBL X Stable ABI (IN—=3 > 3.10 &b ). Call a callable Python
object callable without any arguments. It is the most efficient way to call a callable Python object

without any argument.
U7 IO L OAERZIR L. KL o6 2k L NULL %2R L %3,

Added in version 3.9.

PyObject *PyObject_CallOneArg(PyObject *callable, PyObject *arg)

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

and no keyword arguments.
AL L OfERZIE L. KL oHA 22X L NULL 28 L %5,

Added in version 3.9.

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

RBRDfE: L WBHE, RICEL X Stable ABL. M:OVH LATEEZR Python A4 7Y =2 + callable
BRI args ¥ LTEZOLNZ518E e DICFFUCHL T, 5I8PHERGEIX. args & NULL
THEWEE A

R L7 SO L ORRZR L, KRB LS 2xRH L NULL 28 L £3,

ZAUIRD Python O & [FFTF: callable(*args) o

PyObject *Py0bject_CallFunction(PyObject *callable, const char *format, ...)

ROE: FTLLWBE, RICBL X7 Stable ABL. FEUH LAJBEZ Python A 7Y =7 b callable %
AARMED C 5l e BICMTH L E S, C 5180 Py_BuildValue() TERD 7 x —~< v b XFF| %
fioTRR L 3, format 1& NULL 22d LS, 523583z x2RLET,

R L7 HREOH L OAERZIR L. KL o6 2% L NULL 28 L %3,
ZAUIRD Python DX & [FASFTF: callable(*args) o

PyObject* args 7213 Z5|BUCHE THEE. PyObject_CallFunctionObjArgs () & DHEWHIETH
5ZEREATBVTLEEWY,

N—=a ¥ 3.4 TEHE: format DB char * DOEEINFE L,

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

BOfl: LWBHE, XRICBLZET: Stable ABL. 7Y =2 b obj ® name WS EZRATDRA Y v K
Z. W OHhD C ol e DIIFUOHLES, CHlEIIE T VEENRT 5 Py_BuildValue() TERD
74— MXFHTHRENTVET,

format & NULL TH k<. 5IMBEZ bR 2R LET,
BRI L7z RENH L DFERZIR L. KRBL 750154 2 £ L NULL 2R L £73,

ZAUIRD Python DX & [F5FTF: obj.name(argl, arg2, ...) o
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PyObject* args 72\ 25| BUCTETIHEIX. PyObject_CallMethodObjArgs () X DHWHIETH %
TEEHATBWTLEE N,

N—=Ta v 34 TEHE: name & format DBIDS char * POEEINFE Lz,

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

RBOE: FHLWBHE, RICELF T Stable ABL FEU'H UAJEE/R Python A 7Y =2 b callable %]
ZBED PyObject* 518 & I L E T, 5I8FNEIREIZ NULL 3DV ZFHEAD < F X
2y LTHEZ2ET,

R L7 HREOH L OAERZIE L. KL o6 2k L NULL 28 L %35,
ZAUIRD Python DX & [FSFTT: callable(argl, arg2, ...) o

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

RBDOfE: FiLWEBH, XICEL £ Stable ABL Python #7227 b obj DXY v REMOHLE
. XYV v FE Python XFHIA 7Y 22 b name TH X E T, AIERIE®D Pyobject* 518 ¥ iz
MOHXNET. 5IBFINIREIC NULL BOWERAIEBED A5 X2 LTEZ£5,

L7 SO L ORRZR L, KRR LofM 2R L NULL 28U £9,

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

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

given as a Python string object in name.
R L7 SO L ORERZR L, KR L oS 2RH L NULL 238 L £3
Added in version 3.9.

PyObject *Py0Object_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.

L7 SO L ORRZR L. KR LofM 22X L NULL 28 L £9,

Added in version 3.9.

PyObject *Py0bject_Vectorcall (PyObject *callable, PyObject *const *args, size_ t nargsf, PyObject

*kwnames)

RICBLZET: Stable ABI (IN—23> 5.12 &b ). 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.

RN L7 PO L ORERZIR L, KL 502Xt L NULL 28 L %5,

Added in version 3.9.

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

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

arguments.

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

the keyword arguments, but not a tuple for the positional arguments.
Added in version 3.9.
PyObject *Py0Object_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf,
PyObject *kwnames)
RICBLZEY: Stable ABI (IN—23 > 3.12 &b ). 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.

R L7 SO L ORERZIR L. KR Lofit 2R L NULL 28 L £3,

Added in version 3.9.

7.2.4 Call Support API

int PyCallable_Check (PyObject *o0)

RICBLET: Stable ABL. #7222 bt o MUY LAIREA 72 2 27 b E S DRRET, A7V =
PO LATRETH 2 ZI2 1 IR L. £ TRVWE ZITZ 0 ZRLET, ZOMBMTOH LI
I L E 9

7.3 #EE 70O 3JL (number protocol)

int PyNumber_Check (PyObject *o)
RICBLFTY: Stable ABL. A 7Yz 2 b o PEIER 70 b a L ZHRHLTWIGEEIC 1L ZRL, £
ITRVE XA TRLET, ZOBBEORH LITEICHRIIL £7,
N—=Tay 38 TERE: o A VT v 7 ABBIZTGE. 1 ZIBLE T,

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
RBDfE: :iLLWBER, RICEBLFT: Stable ABL. I3 2 ¥ ol & 02 ZIAELLAERZIEL, KT
% ¥ NULL 2B L %73, Python D o1l + 02 XFILU T,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)

RDME: FILLWEBE, RICEL XY Stable ABL I3 2L of 225 02 ZIMAE LR ZIR L, Kl
T3 NULL 238 L %9, Python O ol - 02 ERILTT,
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PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)

ROfE: 1LWEBHR, RICELET: Stable ABL B $5 L o1 & 02 ZRELMERERL, KT
% ¥ NULL 23R L %73, Python D ol * 02 XRL T,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)

EDfE: FILWBHE, RICBLE T Stable ABI (IN—=3Y 8.7&D). liiT2L o1 & 02 %175
FEHELUIEREZRL, KT 2L NULL ZiBL £3, Python @ o1 @ 02 X[H LTI,

Added in version 3.5.

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

RBROME: FiLWEHE, XICBL 9 Stable ABIL. Return the floor of oI divided by 02, or NULL on
failure. This is the equivalent of the Python expression o1 // o02.

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

RBbhfE: :iLWEBE, XRICBL X9 Stable ABL. Return a reasonable approximation for the
mathematical value of of divided by 02, or NULL on failure. The return value is "approximate”
because binary floating-point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating-point value when passed two integers.

This is the equivalent of the Python expression ol / 02.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)

BOE: HILWEBHE, RICBLE T Stable ABL M52 % 01 % 02 THRELLF&ZRL, KT
% ¥ NULL #iBL %3, Python @3 o1 % 02 X[ LTI,

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)

R :TLWBE, XRIZEL X7 Stable ABL. fiAAABEE divmod () B L TLZ& W, KK
35 ¢ NULL 23R L %3, Python O3 divmod (o1, 02) ¥F LTI,

PyObject *PyNumber_Power ( PyObject *ol, PyObject *02, PyObject *03)
RDME: TLWLWEBR, RICBLFT: Stable ABL #AAHBEE pow() ZZRL TSV, KT 2
¥ NULL %#3RL £3, Python D3 pow(ol, 02, 03) XM LTI, 03134 7> 2> TT, 08 ZHMH
XV S, Py_None ZANLTL I W (08 IZ NULL 2T &, RERXEY 7 7R %5 &L
TIEBDHDET),

PyObject *PyNumber_Negative (PyObject *o)
ROE: iLWBER, RICELE T Stable ABL liIIT2 L o OREKRIEEEL. KT % & NULL
%#RLEF, Python DX -0 LRI T,

PyObject *PyNumber_Positive (PyObject *o)
ROE: FiLVWEBE, RICBLET: Stable ABL B35 % o ZIEL, KMT 5L NULL 2BL £,
Python @3 +o ¥ H LTI,

PyObject *PyNumber_Absolute (PyObject *0)

ROfE: HLLWEE, RICBLZXT: Stable ABL BH$ 2 ¥ o OffihiEZIE L, kS % & NULL %
BL %3, Python O abs(o) [T,
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PyObject *PyNumber_Invert (PyObject *o0)
Ebfg' FLWEBHER, RICELET: Stable ABL #2135 o Ot v FHEAIHL (bitwise negation)
BU. KF %L NULL 23R L £3, Python DR ~o R U TT,
PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
RBRbOfE: iLWBER, RICBLFJ: Stable ABL. 1322 ol & 02 W ES 7 P LIMEREZIRL
KE % 2 NULL 2B L £F, Python OR o1 << 02 ¥R T,
PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
RDfE: FTLWBEK, RICELFXT: Stable ABL I3 2% ol & 02 7204> 7 b LIMERZIRL
KT 5 & NULL #iBL £3, Python O3 o1 >> 02 EE LTI,
PyObject *PyNumber_And (PyObject *ol, PyObject *02)
RDME: HILWEE, RICBLEXT: Stable ABL I3 2L ol & 02 D7 ¥y MHEAGHHE (bitwise
and)” ZiX L. KT % & NULL 2B L %9, Python DX o1 & 02 EFLTT,
PyObject *PyNumber_Xor (PyObject *ol, PyObject *02)
ROME: HiLLWRER, leELﬂE?" Stable ABL. BRI 2 & 01 & 02 ® 7 ¥ v b BT BEMAGHER
(bitwise exclusive or)” ZiE L. KT % & NULL ZiEL $9, Python DX o1l ~ 02 XU TT,
PyObject *PyNumber_0r (PyObject *ol, PyObject *02)

Ebﬁ' FLWEBER, RICBELEY: Stable ABL B 5 L ol & 020 7 &y bHAGERHEM (bitwise
or)” ZIRULKMS % & NULL 218 L £3, Python X o1 | 02 &R T,

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

BDOE: TLWEE, RICBL X Stable ABL K528 0l & 02 ZIMELFEREZIRL, K
T3 NULL 23R LEF, ol A in-place HE LV R— b F 255G, in-place HEZITWE T, Python
DX ol += 02 LRI T,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)

RBOfE: FiLWBHE, RICBLET: Stable ABL. B2 & ol 205 02 WA LERERL, KK
T 3L NULL iR LE T, ol 2% in-place {HE %V R— » 354, in-place HEZITWE T, Python
DX ol -= 02 LR TT,

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

EbhfE: HILLWBHE, RICBLET: Stable ABL BI1$2% 0l & 02 ZRALEREERL, KK
T5& NULL 23R LEF, ol A in-place HE LV R— b 255, in-place HEZ{TWE T, Python
DX ol *= 02 X[FILTT,

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

REOfE: FILLWBE, RICBLE T Stable ABI (IN—=23Y 3.7&D). BT 2L ol & 02 %175
FELUIBEREZEL, KT 5 NULL 23R L ¥ 3, ol A in-place {HE%Z ¥ K— 5 35E. in-place
HAEZITWE T, Python D o1l @= 02 E[F LT,

Added in version 3.5.

7.3. ¥EZRTOFIJL (number protocol) 143



The Python/C API, ) —2X 3.14.0a7

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

ROfE: :TLWLWEBE, RICEL 79 Stable ABL 135t ol % 02 TRE LB THEEZIEL
KT 5L NULL ZiR L E T, ol 2% in-place HEZ VKR — T 25E. in-place HEZTVWET,
Python @3 ol //= 02 ¥[A LT3,

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

RDfE: HTLWEBE, RICEL 7 Stable ABL. Return a reasonable approximation for the
mathematical value of of divided by 02, or NULL on failure. The return value is "approximate”
because binary floating-point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating-point value when passed two integers.
The operation is done in-place when o1 supports it. This is the equivalent of the Python statement
ol /= o2.

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)

RBOfE: iLWEBHE, RICEL X Stable ABL BiMIT5% 0l % 02 THRELZFIREZERL, , KK
T5L NULL 23R L ¥ T, ol 2% in-place {HEZ ¥ KR— b F 5355, in-place HEZITWVWE T, Python
DX ol %= 02 LHELTT,

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

ROME: FiLLWBE, RICBL X Stable ABL fAAABEE pow() 2B LT ZX W, KT 3
¥ NULL 3B L E T, ol 2 in-place EEZ Y R— » T 354, in-place HEZITWE T, ZOBEEIZ
03 8 Py_None DFAEIE Python X ol **= 02 XA LT, ZNUNDEHEIE pow(ol, 02, 03) D
in-place fRTT o 08 BIMHE I BN 5, Py_None # ANTL 72X W (03 12 NULL 2T 2, FIER
XEYT7RAZRG|IERIT DD FT),

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

RBbhE: FLWEHE, RICELF 9 Stable ABL M358 0l % 02 72 ES 7 b L7tER%ZIR
L. K35 & NULL 23R L ¥, ol 2 in-place HE%Z ¥ R— b3 255, in-place HEEZITVWE T,
Python O o1 <<= 02 AL TT,

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

BDhE: FTLWEHE, RICEL X9 Stable ABL 32 & ol 2 02 AT 7 P LIERZIR
L. K§ %2 NULL 23R L¥9, ol 28 in-place HE RV R— 3 255, in-place HEZITWE T,
Python DX o1 >>= 02 ¥R LT3,

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

RDME: :ILWEBR, RICBLFT: Stable ABL 3 2L ol & 02 D 7 ¥y MM (bitwise
and)” ZiR L. KT 5 NULL 2R L E3, ol 2 in-place {HEZVR— FF3235FA. in-place HE
2fTWVWE T, Python DX ol &= 02 2[R U T,

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

ROE: HILLWBER, RICBLET: Stable ABL iIT2L ol & 02 ® 7 'y M HAHBAGHELR
(bitwise exclusive or)” ZiR L. KMF % & NULL 2R L ¥3, ol 2% in-place HEZ Y R— 3 54
A+ in-place HEZITWEF, Python DX ol "= 02 R LT,
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PyObject *PyNumber_InPlaceOr (PyObject *ol, PyObject *02)

Emﬁ- FLWEBE, RICELFT: Stable ABL 1§25 & ol & 02 ® 7 By bEAGEREF (bitwise
or)” ZIRLKKT %L NULL ZIRL ¥ T, ol 2 in-place HEZ ¥ K— b T 2HE, in-place HEZ1T
WE$, Python DX ol |= 02 ERILTT,

PyObject *PyNumber_Long (PyObject *0)

RDOfE: HILWBE, RIZBLET: Stable ABL iIIT2 L o BEHICEH L DERL, KRWT
% ¥ NULL %R L %3, Python O int(o) ¥H LTI,

PyObject *PyNumber_Float (PyObject *o0)

EbhfE: :iLLWBE, XICBL XY Stable ABL RT3 ¥ o 2FE/NESBRICERLZDDEIR
L. K§ %L NULL 2iBRL 5, Python O3 float(o) EF LTI,

PyObject *PyNumber_Index (PyObject *o0)

ROfE: FHiLWEHE, XICBLE: Stable ABL o % Python @ int BUICEH L, I =5 ZDHE
BRLUET, KBL7-5 NULL AR XL, TypeError flAtpEH X g 5,

N—Ya v 3.10 TEH: FRIIFIHEERZ int BTF, LENT. BRI int DY 7753 2DA4 VR X
VADZEedHHFELE,

PyObject *PyNumber_ToBase ( PyObject *n, int base)
ROME: FiLLWBE, RICBLET: Stable ABIL. base #ERBICEIX N 72BH n & CFFH & LTER
F3, base 51EUE 2, 8, 10 £/21F 16 DVWT AL TRIFIUIRD A, B 2. 8. 16122V T, KX
N2 XFHORIIIE~—H— '0b' . '00' F7id '0x' B, ZOEFNUSESNET, BL n B
Python O int ZTRIFIUX, F£3 PyNumber_Indez() TEHINF T,

Py ssize t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
RICELET: Stable ABL. o 288 U THINAIEES o /235 E. Py_ssize_t BIDMEICEEL TRL
F9, M ULPKRKL S, fIAEH S, -1 PRSI ET,

H L o 2% Python @ int IZEMITE/=DIT, Py_ssize_t ~NDEHLD OverflowError 1272 2 HE I,
exc ITCHE I N8 (Fi#lX IndexError »» OverflowError) OFIMN XML ET, L. exc B3
NULL %5, flAHE 27 U 7 SH T, E8ADHEIL PY_SSIZE_T_MIN ~\, IEDIGAEE PY_SSIZE_T_MAX
AtHlfREh T,

int PyIndex_Check (PyObject *o)

RICBLET: Stable ABL (IN—=23> 3.8&D ). 0 B4 7 v 7 ABETH 255 (tp_as_number
WHERD nb_index AV vy FPMEFE S TWVBEHE) 1T 1 ZIBL, Z3TRVWEEIZ 0 ZRLET, Z
DEIBUTF I L £5,

7.4 >—7r> 870k 10JL (sequence protocol)

int PySequence_Check (PyObject *o0)

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

function always succeeds.

Py_ssize_t PySequence_Size (PyObject *o0)
Py_ssize_t PySequence_Length (PyObject *0)

RICBLZET: Stable ABL. T2 —F YR 0o DI TV 27 FOEERL, RT3 -1 %
BLUET, ZHud. Python O3 len(o) ERUTIZKRD £,

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)

RDME: FiLVLWBER, RICBLFT: Stable ABL 32 L ol & 02 Oif (concatenation) iR
L. K35 & NULL iR L £3, Python D3 o1 + 02 X[H LTI,

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

RBOflE: FiLWBHR, RICELET: Stable ABL. 1§28 A4A72 227 0D count HIFEDIRL 21K
L. K52 NULL #i1BL ¥F, Python D o * count ¥ [ALTT,

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

RBOfE: HILLWEE, RICBLEJ: Stable ABL I35 & ol & 02 O (concatenation) %K
L. KF 2L NULL 2R L £ 5, ol 2 in-place HEZ ¥ K— b3 255, in-place HEZITWE T,
Python O3 o1 += 02 X[ LT,

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

RBDE: FiLWEE, RICBL X Stable ABL 13224722 0 D count BIFEDIRL %R
L. K%L NULL ZiBL E3, o 2 in-place HEZV K— 3 255, in-place HEZITVWET,
Python @3k o *= count X[FIUTT,

PyObject *PySequence_GetItem(PyObject *o, Py _ssize 1 1)
ROflE: FILWBE, RIZBL XY Stable ABL. 135 0o @ i HFHOEZEEZRL, KT 3L
NULL 23R L %9, Python O o[i] ¥R U TT,

PyObject *PySequence_GetSlice (PyObject *o, Py _ssize_t il, Py _ssize_t i2)
ROfE: FILVWBER, RICEBLFY: Stable ABL [RIIT2L 0 D il »5 i2 $TOMDRA T 4 A%iK
L. B35 & NULL #iBL £3, Python O3 o[i1:i2] 2 E LTI,

int PySequence_SetItem(PyObject *o, Py ssize t i, PyObject *v)

RICBELZET: Stable ABL. 0 @ i JHEDEFZIZ v BRALET, KT 2, FIAEEHL -1 2R
LET; 322 0%RLET, Zhid Python DX o[i] = v AL TS, ZOBEEIX v ADZ
Wz BAMODFEA

v 73 NULL DEEZZOERMHIRINE T, ZOHAEIIEHERETH D, PyObject_Deldttr() %
S DOPEELVTT,
int PySequence_DelItem(PyObject *o, Py _ ssize t 1)

RICBLFT: Stable ABL 0 @ i HHOERZHIFRLE3, KT 2L -1 ZIRL F3F, Python O
X del o[i] AU TY,
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int PySequence_SetSlice(PyObject *o, Py _ssize_t il, Py _ssize_t i2, PyObject *v)

RICELF 9 Stable ABL 0 @ il 25 i2 ETOMDRT A RIZ v ZIRAL T, Python DX
o[i1:i2] = v ¥R T,

int PySequence_DelSlice(PyObject *o, Py _ssize_t il, Py _ssize_t i2)

RICBLZET: Stable ABL. =7 Y 2F 7Yt oD il 205 i2 ETOMDRT A4 ZA%HIFRL F
T, KT 2L -1 2BLZET, Python DX del o[il:i2] ¥R LTI,

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

RICBLET: Stable ABIL 0 128 % value DHBFEIEL T7b5 olkey]l == value £ key D
EERLET, KKT2L -1 ZIRL T, Python DR o.count (value) ¥R LT,

int PySequence_Contains (PyObject *o, PyObject *value)

RICBLET: Stable ABL 0 1C value A>TV EDHELE T, 0o DD 2EED value & Fiff
(equal) 251X 1 ZRL, ZHLHDBECIT 0 ZIBRLET, T -RETI L -1 ZRLET,
Python @3 value in o XM LT3,

int PySequence_In(PyObject *o, PyObject *value)

RICEL £79: Stable ABI. Alias for PySequence_Contains ().

N— a ¥ 3.14 TIEHELE: The function is soft deprecated and should no longer be used to write

new code.

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

RICBLZE 9 Stable ABIL. o[i] == value ¥R 2®MICEOP o/ VT 7R { B RLET, =
F—DFHETHL -1 #IBRL T, Python DX o.index(value) R LTI,

PyObject *PySequence_List (PyObject *o0)

BDE: FTLWEE, RICELEJ: Stable ABL. > —47 2B L WEAT IV 0o EFEILHNAREZED
VAMATO 27 b RBELET, BRLZS NULL Z2IRL %S, BRXNB3 VX MEFHLAEbNZC
PRAEXNATVET, 2 Python R 1list(o) R TY,

PyObject *PySequence_Tuple (PyObject *0)

ED{E: 1LWEE, RICBLEFT: Stable ABL. >— 4 Z2AHB3WNIA T3 TNV TH5 o L[RICHAE
PEHOXTINA T2 bR LE T, RRLZS NULL 2IRL 3, o X TILDGEE. #il-kSR
ZIRUET, ZhDNOHE, BYIBNEBA 572X TV EHEL TRL £ 3, Python 3 tuple (o)
YRI%ETT,

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

BOfE: FTLLWBHE, RICBLFEFT: Stable ABL. =% Y RFE2EAT771D o %
PySequence_Fast* 7 7 I VDMK THHATESZ2 A7 27 P LTRLES, A 7Y 7 bA
=T VRATHATIINTHRVEEIEX. XAvt—Y m 2FD, TypeError #EH L 3, KL
725 NULL ZiRL %9,

PySequence_Fast* 7 7 I U DBEIE. o 2% PyTupleObject ¥£721% PyListObject EREL. o D
T—RT7 4=V FCEET 7 ERT 57D, ZD X5 HMTFLRATVET,
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CPython OFEETIEZ, L o W B =7 U AR TV THNUE, 0 ZDDDEIRLET,

Py ssize t PySequence_Fast_GET_SIZE(PyObject *o0)
0 S NULL T/ <. PySequence_Fast() PBRL7A T2V b THBERELT, o DEZIZIRLET,
o DY A4 XZ PySequence_Size() ZMUH L THH/HNE TV, PySequence_Fast_GET_SIZE() D
Fihd o BV A MLRTINTH 2 LAREL TUET 279, KDhEHETT,

PyObject *PySequence_Fast_GET_ITEM(PyObject *o, Py _ssize_t 1)
ROE: EHAB8E, o 2 NULL T4 <. PySequence_Fast() DNRL1zA T =2 b THDH, D i 8
AT ZAOHEHNIZH 2 LIREL T, 0o D i HFHOEREZERL XTI,

PyObject **PySequence_Fast_ITEMS (PyObject *o)
PyObject KA Y XDERIZHZ 7L A4 ZIRELE T, ZORETIE. o1& PySequence_Fast () DKL
7oA77 bTHD, NULL TRVWDBDEREL TVET,

VR MDY A XDEEEIND & Z, AEYHERPERONIIZHEES 220d LARWI LITHERL
TSV, 20D, ¥—F VADEENREELZNAY TFA I TOABRICDH LR, 2 2fiio
TLREZE W,

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

ROfl: HILWBE, o © i HFHOEZRZIR L., KT 2 & NULL 2R L ¥ 3, PySequence_GetItem()
DEHRTH D, PySequence_Check() T o BEZIRT N E S D OMGERL, ADIRIFOHEZITV
FEA

7.5 vv 7870k 3JL (mapping protocol)
PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HHHRL T 72 &\,

int PyMapping_Check (PyObject *o)

RICEL £9: Stable ABI. Return 1 if the object provides the mapping protocol or supports
slicing, and 0 otherwise. Note that it returns 1 for Python classes with a __getitem__() method,
since in general it is impossible to determine what type of keys the class supports. This function

always succeeds.

Py ssize t PyMapping_Size (PyObject *o)

Py ssize t PyMapping_Length (PyObject *0)
RICBLET: Stable ABL. M35 47Yx2 b o HOF—DHZIRL, KT 2L -1 ZIRL F
3, ZHUE. Python O len(o) &R UTIZAD 7,

PyObject *PyMapping_GetItemString(PyObject *o, const char *key)
RBROME: FILWEBE, RIZEL X7 Stable ABI. This is the same as PyObject_GetItem(), but key
is specified as a const char* UTF-8 encoded bytes string, rather than a Py0bjectx*.

int PyMapping_GetOptionalItem(PyObject *obj, PyObject *key, PyObject **result)

RICBLET: Stable ABI (IN—23> 8.18 &D ). Variant of PyObject_GetItem() which doesn’t

raise KeyError if the key is not found.
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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.
Added in version 3.13.

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

RICB L FFJ: Stable ABI (W= 3 Y 315 &) This is the same as
PyMapping_GetOptionalItem(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a Py0Objectx.

Added in version 3.13.

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
RICE L 9 Stable ABIL. This is the same as PyObject_SetItem(), but key is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObjectx.

int PyMapping_DelItem(PyObject *o, PyObject *key)

This is an alias of PyObject_DelItem().

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

int PyMapping_HasKeyWithError (PyObject *o, PyObject *key)
RICBELZET: Stable ABI (IN—23> 8.1 &D ). Return 1 if the mapping object has the key key
and 0 otherwise. This is equivalent to the Python expression key in o. On failure, return -1.

Added in version 3.13.

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

WICEB L £9: Stable ABI (WN—2 3 Y 818 & D) This is the same as
PyMapping_HasKeyWithError(), but key is specified as a const char* UTF-8 encoded bytes
string, rather than a PyObjectx.

Added in version 3.13.

int PyMapping_HasKey (PyObject *o, PyObject *key)
RICBLEFT: Stable ABL. v~y 7RIA TV 27 b3 Fx— key ZFOHEIT 1 ZIRL. 25 TR0V
X12F 0 ZIRLET, 24U, Python D key in o EFEMTT, Z DRAEFEH LIZFEITHRIIL
9,

0 IR
Exceptions which occur when this calls __getitem__() method are silently ignored. For

proper error handling, use PyMapping_HasKeyWithError (), PyMapping_ GetOptionalItem()
or PyObject_GetItem() instead.
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int PyMapping_HasKeyString(PyObject *o, const char *key)

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

0 IR
Exceptions that occur when this calls __getitem__() method or while creat-
ing the temporary str object are silently ignored. For proper error han-

dling, use PyMapping_HasKeyStringWithError(), PyMapping GetOptionalItemString() or

PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *o0)

EOG HFLWEE, RICBLXT: Stable ABL. 328475227t 0 DF—00R2VA %
BLUET, KRBT 3L NULL 2B L %7,

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

PyObject *PyMapping_Values (PyObject *o)

BOE: HILWEBEE, RICBLZET: Stable ABL. i34 79227 o D622 0 R %K
LEd, KRBT 2L NULL ZRLE T,

N—=Ta Yy 3.7 TEH: DIgnd, EEEV A IS LRIV ERLTWE L,

PyObject *PyMapping_Items (PyObject *o0)

1-5 FILWEHE, RICBLZET: Stable ABL. ({31322 47527 b 0o DEENSRDZYV A+ E
BBEZRIXF—LEHORTBAS X IV oTOVET, KT 2L NULL Z2IRL £9,

N—=Pa Yy 3.7 TEHE: DIEnE, EEEZV A IS LRI VERLTWE L,

7.6 17L—470Ok1JL (iterator protocol)
ATV =R ZW/S 1D DEHEDOREKIE=2HD L7,

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

int PyAIter_Check (PyObject *o0)
RICBLEY: Stable ABI (IN—23 > 3.10 & ). Return non-zero if the object o provides the
AsyncIterator protocol, and 0 otherwise. This function always succeeds.

Added in version 3.10.

int PyIter_NextItem(PyObject *iter, PyObject **item)

RICBLEFY: Stable ABI (IN—23 > 3.1/ &D ). Return 1 and set item to a strong reference
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of the next value of the iterator ¢ter on success. Return 0 and set item to NULL if there are no

remaining values. Return -1, set item to NULL and set an exception on error.
Added in version 3.14.

PyObject *PyIter_Next (PyObject *0)
RBDh{E: :iILWBHE, XIZBL E9: Stable ABIL. This is an older version of PyIter_NextItem(),

which is retained for backwards compatibility. Prefer PyIter NeztItem().

Return the next value from the iterator o. The object must be an iterator according to
PyIter_Check() (it is up to the caller to check this). If there are no remaining values, returns
NULL with no exception set. If an error occurs while retrieving the item, returns NULL and passes
along the exception.

type PySendResult

The enum value used to represent different results of PyIter Send().
Added in version 3.10.

PySendResult PyIter_Send(PyObject *iter, PyObject *arg, PyObject **presult)

RICBLET: Stable ABI (IN\—23> 3.10 &D ). Sends the arg value into the iterator iter.

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

Added in version 3.10.

7.7 N\ 7770k )L (buffer Protocol)

Python THIARTEEIRN LK DDA 7Y = 7 Md. TEIZH 2 X EVEHE7X buffer NDT7 7 R 2L
FT, ZDEIRATI2Z b LT, HAAAD bytes ® bytearray . array.array ® & 52\ < DOh
DILEMDZET ONET, = FN=FT 4 DI A 77 VIFEGLHESBUERNT D X 5 RFl7Z BN D 7912,
ZNOHEDMEERT LI ENTEET,

ZNETNORBZNHEOL< Y T4 VA2 FHETH, BEOLKREBAEYANY 77005705 &5 HdE
ORHERLELE T, W OPDKRRTIEMNT2aA8—%1T5 e REHENY 7717 78R THI LD
2EhEd,

Python provides such a facility at the C and Python level in the form of the buffer protocol. This protocol

has two sides:

e on the producer side, a type can export a "buffer interface” which allows objects of that type to
expose information about their underlying buffer. This interface is described in the section /\

T7F TV MEEE (buffer object structure); for Python see python-buffer-protocol.
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e on the consumer side, several means are available to obtain a pointer to the raw underlying data

of an object (for example a method parameter). For Python see memoryview.

bytes X bytearray REDI Y INRATI =7 M, WDy 77 =% N4 OB TRHL £3,
NA MDA DA D FIHTEET T, Bl XX, array.array 2B T 2 BRI~ A F AL MEICKR S Z 253
HYET,

buffer £ ¥ % —7 =z —XDFHEDO—HIE, 77 ANFTI =27 +D write() XYV v RTF: buffer 4 ~
R—T7 2 —REBLT—HDONA MIETMETE R YART T2/ P TH 7 7 A NMCEEAL D TEE
T, write) &, ZO5Ie LTEINEL TV =27 PONHERIINT2HAHLER T 720 A %F L
Y LETD readinto() DX I RMD XY v FTIE, ZOFIHONFIINT 2EZIAART 7 2 ADMBET
F, buffer 4 Y X =72 =12k D, AT VIRAEEWMG. HAHLERANY 77 D7 7R EFF
A T2 2N bERTI20EIRTE2I P TEET,

buffer 4 ¥ % —7 = —ZXDOFAEZEIE. WNRELE2FTI 27 bONYy 77 %2155 - D0HENHD £73:
o IELWE|HT PyObject_GetBuffer() ZM-UHT;
o PyArg_ParseTuple() ((7B3ZDFEEDV D) & y* . wx F7/2ld s format codes DWThdt &
BT,
EELDT —ATH, buffer BWRAEA L o 7RI PyBuffer Release() ZM-UH X RITIUIR D £E A,
ChzeRde, VY =RV =7 DX AGRBIZOLB2BNNHD £7,

Added in version 3.12: The buffer protocol is now accessible in Python, see python-buffer-protocol and

memoryview.

7.7.1 buffer #&&EE

Ny 7 7 HEER (72 HH0C "buffers”) ZHIDA TP 22 DAL F Y F—&% Python 71275 <242
I 2 DIERTT, ZHUIFER, Puab—R7 47 LTHHHATEE S, ZOXEYV 7Ruy
EHIRTAMEERES 2T, YART—XTH & THEHIC Python 7027 < it 2 2 e TE
o XEVIE, CIBROKREREIIERD»D LNFRAL, ARV—T 4 VIS RATLTA 7T VIZETHIO
AEVTOY I0b LNEVAL, BELT 222474 7DA4 Y AXAEBVEAZITETOIMFHZNE 2D
LhEHA

Python 4 ¥ X2 7V X2 Ko TIRFEENZZ DT AR IZRR D, Ny 7 71d PyObject RA ¥ X TIER
U INie CHEEIRTS, 207, fFRE ab—pIFRIBRICITA LS. Ny 770~ RNL T v
N3 E e ¥ ZlX, memoryview * 7T = 7 FIMERINF T,

IV AR=PMENZATI 27 M 2EFELAEOFOIHICIE, Buffer Object Structures ZZHRLTL 72X W0,
Ny 77 ZEET 5121E. PyObject_GetBuffer() ZHBIRL TL 72X W,

type Py_buffer
RICBLET: Stable ABI (TRTDAYN—EFL) (IN—23> 3.11 &b).
void *buf

Ny 777 4=V ERRLTWIHAMEDLHEIET R V&R, N 772t 2647027
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FORBYHEXEY 70y 7HOYDMNBEIZD LD 2 F T, HIZIE strides AL, ZOHI
XEY) 7Oy Z7DOREID LNLEEA,

Eif DS E ZOHEIFAEY 7ay ZOEHEEZIEL 5,
PyObject *obj

A new reference to the exporting object. The reference is owned by the consumer and automat-
ically released (i.e. reference count decremented) and set to NULL by PyBuffer Release().
The field is the equivalent of the return value of any standard C-API function.

PyMemoryView FromBuffer() F7z1& PyBuffer_Filllnfo() Ik ->To v &Nz —RHE
Ny 77 THBIRHRr—ATIE. ZD7 44— FIZ NULL T3, —BMic, =27 AR—-+47
V7 MIZoAXEHEHLTIERD T8 A,

Py ssize_t len
product (shape) * itemsize, contiguous BLAITIZ. FTEOXEY 70y Z7DRIIWIRD 7,
JE contiguous ELH|Tld. contiguous BRI a ¥ — X N5 E5IHBEEEN D DR XTI,

((char *)buf)[0] 75 ((char *)buf) [len-1] DOHPND 7 7+ 2%, EHiM (contiguity)
PRIET AV A Mo THIEENEZAY 77 2L TOATFINET, ZLDHEIC, 2D
L9572V A ME PyBUF_SIMPLE ¥7:1% PyBUF_WRITABLE T3,

int readonly
Ny 7 7t AH LERTHZ2RLET, ZDT 4 —I)L R PyBUF_WRITABLE 7 < 2 CHIfHIT
=FET,

Py ssize t itemsize
R D7D byte IiID¥ A4 X, struct.calcsize() #3E NULL @ format fHIZXT L TRENH
LfEREFUE TS,

HERGISN: HEED PyBUF_FORMAT 7 5 V%R i&ET 2 IR Ny 77 ZERLEGA.
format | NULL ICEREESNFE T, L L itemsize lZITED T #—< v M- EHEZRIFLE T,

shape DFTET %354, product (shape) * itemsize == len DFXMFH N, FHEZF X
itemsize % buffer ZFHL7=DIHHATEETS,

PyBUF_SIMPLE % 7213 PyBUF_WRITABLE TER U 7:4&5HR. shape ¥ NULL ThiUL, HEHIZ
itemsize B L T itemsize == 1 L AR IR FNELD THA,

char *format

A NULL terminated string in struct module style syntax describing the contents of a single

item. If this is NULL, "B" (unsigned bytes) is assumed.
D7 4 —) & PyBUF_FORMAT 7 5 702 & » CHII XN 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
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Py_ssize_t *shape

XEY LD N XD R RS, BED ndim TH S Py_ssize_t DBLHITT, shapel[0] *
. * shape[ndim-1] * itemsize |¥ len EFEL K RIFNUIRD EHA,

shape DfEZ shape[n] >= 0 IZHIR X % F, shapeln] == 0 DHFEIFHITEELILETT,
FEIE complex arrays BB L TL EE W0,

shepe (JEAK) BLFNERIAE D 5 1FFHAM LEH TS,

Py ssize_t *strides
BRITTZBOTHLWEZG272DICAF Yy T34 MZERT, BE ndim @ Py_ssize_t
DB,

A T4 MAZ, FEOBKELEETEE T, FHIEDEHITIZ. A 74 MZ@EETWHIEMT
. Lo L&, strides[n] <= 0 D7 — AT 2 e A TE20ERDH D T3, #HH
WZDWTIE complex arrays BT X0,

HEZICL 5T, ZOD strides ECFNEFAH LEHATT,

Py ssize t *suboffsets
Py _ssize_t MOBREZFFOREZ ndim OHLF, suboffsets[n] >= 0 DELEHIE. n FEHDOXC
IR THRIFEESN TV BEIZRA > X T, suboffset fHIZHRA > X DSBIE R L /2RI {a N A
MIZAUT VW 2R LTV S, suboffset DIEDEDDIGEIX. KA ¥ X DBIBEIIIFE
(ERL7=XEY 70y JNREHEBESNLWS) WS 22 $9,

2 TD suboffset BEKDHZE (D F D BRBANAHE) LHE. D7 14—V FIENULL (77 *
L ME) TRIFIUZRD 8 A,

Z ORORFIZRBE Python Imaging Library (PIL) TfEbHATWE T, 2D X 5 RESITHEREIC
7R ART BHFEIZOWTEBIIZEFHL Z 2i& complex arrays 2SR LTL W,

HEFIZE o T, suboffsets FLFEFHAH LEH T,

void *internal
Ny 7 7 BB B3O F T 2 7 FANEBINCHIH ST 27200 TT, HlZE Bz o
BRI % X v X + LT, shape, strides, suboffsets £ W o 72H5E NNy 7 > BB T 5 & =
ARG ARENPE I D EEH T2 75 7S 2N TEBTL LD, Ny 7 7 B2ZITH
ZENE, ZOMEZRLTCEELTCERD THA,

Constants:

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit,
consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimen-

sions. Currently set to 64.
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172 NyIT77VITRANDRALTS

Ny 7 7I3@E, PyObject_GetBuffer() 5> Zr T, TZAR—1+$3F7V227 bInv 77 )7
A bEEZZETHELNET, XEY ORENZHEEOEMMEIZIHCHL 270, HEH X flags 5IEE
HoT, BEDPRZ BNy 7 7> OFMEEEEL 7,

Py_buffer D7 4 =L Rk, V7 TR ORI K > TEKRI ZERIFTITERSINET,

DOTRAMIEKELBWI 1 —ILE
TRD 7 4 =N Fi& flags DFBEEZIFTIT, HIKELWETHREZINE T, : obj, buf, len, itemsize,

ndim.

readonly, format

PyBUF_WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else re-
port failure. Otherwise, the exporter MAY provide either a read-only or writable buffer,
but the choice MUST be consistent for all consumers. For example, PyBUF_SIMPLE |
PyBUF_WRITABLE can be used to request a simple writable buffer.

PyBUF _FORMAT

format 74— FZHIEILET, DL FIVDPRESINTVIUL, TD7 41—V FZIELLED
BRINERDERA, 77 7BPREINTORIFIUL, TD7 4 —/L F% NULL WZEE LR ITIUR
ThERA.

PyBUF_WRITABLE ¥, ROFIIHTL 28D 7578 d | ZHMoTrFWEY A, PyBUF_SIMPLE 13 0 &JE
FEINTWB DT, PyBUF_WRITABLE \ZHM72FH ZIAARFRER ANy 7 7 2 BERT2HMO 7 5 7 LTER
S

PyBUF_FORMAT must be |’d to any of the flags except PyBUF_SIMPLE, because the latter already implies
format B (unsigned bytes). PyBUF_FORMAT cannot be used on its own.

shape, strides, suboffsets
D77 70E, U THEHEEDS K EVIFICHEANT X £V OB LEEEHEL L3, Hr07 72703, 2h
IO FREBEINZT7F7DOTRTOL Y bEEL I LIFERELTL I,

7.7. /Ny 7770k 3JL (buffer Protocol) 155



The Python/C API, ) —2X 3.14.0a7

DOITR bk shape  strides | suboffsets

yes yes B GE
PyBUF _INDIRECT

yes yes NULL
PyBUF_STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF _SIMPLE

BEMoU I T X+
AbT7A4 FOBHRDP D> T ThH, C £721F Fortran @ EFGIE 2EHMEICESR XN 2 [REMERH D 3,
ZAFTA4 FERZLIC, Ny 77— C eBHEL TV ARERHD F3,

DIIRbE 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

ERVIITRE
BOEZLETOY 7L MO, BIOETDT 5 7DHAEDLE THENCERINTVET, LS
2. Ny 77— Fa )l TREECHEHINIHAGLERZE—~D 757 LTIRIELTE T,

ROT—=TND U IZEGEPRERTHL e 2R LET, FMAEE PyBuffer_IsContiguous() &MU
WL CHlME R HIEST 208X HSTL & S,
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UEs/any & shape strides | suboffsets | contig ‘ readonly ‘ format ‘

yes yes PEREGE U 0 yes
PyBUF_FULL

yes yes BEREE U 120 yes
PyBUF_FULL_RO

yes yes NULL U 0 yes
PyBUF_RECORDS

yes yes NULL U 120 yes
PyBUF_RECORDS_RO

yes yes NULL U 0 NULL
PyBUF _STRIDED

yes yes NULL U 120 NULL
PyBUF _STRIDED_RO

yes NULL | NULL C 0 NULL
PyBUF _CONTIG

yes NULL | NULL C 120 NULL
PyBUF _CONTIG_RO

7.7.3 #EMLET

NumPy X&' )L: shape, strides
NumPy R & A )VOREH| OFEERINGEL itemsize, ndim, shape, strides TERINFE T,

ndim == 0 DAL, buf DHET ATV OB, YA XD itemsize DAL F{HE LTHENENET, Z
DFE. shape ¥ strides DM 5 d NULL T,

strides %% NULL O¥E1E, EANIIEED n X0t C Al LTSN E T, 25 TrWEER. FIHER
RD XS n KTEHNC 7 72 A LR FHUER D R A

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];

item = *((typeof (item) *)ptr);

FREDOEIIZ, buf BAEY TRy JND DG THIET ZEMBAETT, =7 AR—X =132 OBEE#
H32z2ic&ko TNy 77 D&Y EHRHRE T,
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def verify_structure(memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a wvalid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
if offset 7 itemsize:
return False
if offset < O or offset+itemsize > memlen:
return False
if any(v 7 itemsize for v in strides):

return False

if ndim <= O:
return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[jl*(shape[j]l-1) for j in range(ndim)

if strides[j] <= 0)
imax = sum(strides[jl*(shape[jl-1) for j in range(ndim)

if strides[j]l > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL X2 JL: shape, strides, suboffsets

PIL A & A LV OEHTIZ@EE OEZOMIZ, HEIXITTD L TROBEREZTUG T 27-DITWB R V22 RFTE
T, BIZIR @ED 3 X5 C Bl char v[2] [2] [3] &, 2 KITEHIND 2 DDKRA ¥ Zp 575 505 char
(xv[2)[2]1[3] ¥ R2ZrdTEZET, suboffset R TIE. ZNEHD 2 DDKRA > XX buf DOIEIHICHED
AD, XFEYVDY I THAEETE S 2 DD char x[2] [3] FEHIEIEL T,

ROFNZ, strides B suboffsets B NULL TRWIHED, N JUTA ¥ F v 7 A Lo TIHHEINTWS N JOThL
FINDEZEADKA » & &R TERTT:

void *get_item_pointer(int ndim, void *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {
char *pointer = (char*)buf;
int i;
for (i = 0; i < ndim; i++) {
pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {

pointer = *((char*x)pointer) + suboffsets[i];
(RDOR=V1Fil)
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(RIDR=I D5 DR E)

}

return (void*)pointer;

7.7.4 \v7 7EEEDREH

int PyObject_CheckBuffer (PyObject *obj)
RICBLZFET: Stable ABI (IN—=23> 8.11 &D ). obj B buffer 4 > X—7 = —XZH K-+ LTV
25EE 1 ZIEL, Z53TRWVWEEIZ 0 ZIBLET, 1 ZIBLAY LTH, PyObject_GetBuffer()
DINT 2 Z RAEENER A, TORBRBITEICHRIIL £,

int PyObject_GetBuffer (PyObject *exporter, Py buffer *view, int flags)

RICBLET: Stable ABI (IN—=23 Y 3.11 &D). exporter & flags TIHE I NZJIET view
FHDLZEIICHERKLET, b L exporter PIEEZINZLBHIIANY 7 7 ZRETERVEE.
BufferError %#iAH L. view->obj % NULL IZEE L7z LT, -1 ZRIRIFIIRD £HA,

I L7z 8 ElX, view B, view->obj IT exporter NOFLWSBEFREL, 0 2RLET, F=
AVIRONY 77 TONL ZNYV A MR R—DA T2 NIZYXRA LY T 57 —RATI,
view—>obj & exporter DRODICZ DA T =7 v 2SR LET (Nw I 7472V MEER %
BRLTIEEW),

malloc() & free() D K 512 MU LI L = PyObject_GetBuffer() & MIT7% 3
PyBuffer_Release() DM LRI NBZNIZRD FHA, oT, Ny 77 DMHABEAR
5 PyBuffer_ Release() D3EFIC 1 M2 WFIFNH SR ITIUIRD £8 A,

void PyBuffer_Release (Py_buffer *view)
RICBLET: Stable ABI (IN\—=23 > 3.11 &D ). Release the buffer view and release the strong

reference (i.e. decrement the reference count) to the view’s supporting object, view->obj. This
function MUST be called when the buffer is no longer being used, otherwise reference leaks may

occur.

PyObject_GetBuffer() %@L THUF L TWRW A Y 7 7120 LT Z OBEUZ WO 5 DIZHEY
T,
Py ssize t PyBuffer_SizeFromFormat (const char *format)

RICBLET: Stable ABI (/N\—23 > 8.11 &D ). Return the implied itemsize from format. On

error, raise an exception and return -1.
Added in version 3.9.

int PyBuffer_IsContiguous(const Py _buffer *view, char order)
RICBLETY: Stable ABI (IN—23 Y 3.11 &D). view TERINTWVWEXEUMN, C AX AL
(order == 'C') D& Z», Fortran A XA )L (order == 'F') Bt DL &5, ZDOWThd (order
=="A") THII 1 ZRLET, ZHLHOHEIZ 0 ZIELE T, ZOBKIIEICHIL T,
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void *PyBuffer_GetPointer (const Py buffer *view, const Py _ssize_t *indices)

RICBLET: Stable ABI (IN—23> 311 &D ). BZ 607z view WIZH B indices HHET X EY
T EEF U E T, indices ¥ view->ndim DA ¥ 7 v 7 A SR 2EHEIEL TWRITFIUIRD £
Ao

int PyBuffer_FromContiguous (const Py buffer *view, const void *buf, Py ssize t len, char fort)
RICBLFT: Stable ABI (IN—23> 3.11 &D ). #Hi T 2 len N4 b2 buf 55 view IZa¥—1

5, fort 1IZ1F 'C' B 'F RIEEETEEXT (Eheh CFFERAX AL Fortran A X A LV OJEF %
KLUET), BIKHITIZ 0. =5 —FHZIE -1 ZIBL %5,

int PyBuffer_ToContiguous (void *buf, const Py _ buffer *src, Py_ssize_t len, char order)

RICBLET: Stable ABI (IN—=23> 8.11 &D ). sre 205 len N4 b Z2@HRE T buf hizay—
L3, order 1% 'C' 721 'F' 7213 'A' (C AR ANVIEF % 721% Fortran 2 X A VIERF £ 7213 %
NP BHEETEE T, ML S 0 HRD, =7 —745 -1 pHRD £7,

len 1= sre->len OEFE. T OBEEBIIFRL 5,

int PyObject_CopyData(PyObject *dest, PyObject *src)

RICBELZET: Stable ABI (IN—23 > 3.11 &b ). Copy data from src to dest buffer. Can convert

between C-style and or Fortran-style buffers.
U726 0 53, =5 —FZid -1 PHRENET,

void PyBuffer_FillContiguousStrides (int ndims, Py ssize ¢ *shape, Py _ssize t *strides, int

itemsize, char order)

RICBLFY: Stable ABI (IN—=23> 3.11 &D ). strides BtH%. itemsize DR E X DERINA
MEALD, shape DIE%E L7z &/ (order 23 'C' 725 C-style . 'F' 75 Fortran-style @) ZX7T
Bisle LTHE® 3,

int PyBuffer_FilllInfo(Py buffer *view, PyObject *exporter, void *buf, Py ssize t len, int readonly,
int flags)

RICBLZET: Stable ABL (IN—23Y 3.11 &D ). %4 XD len @ buf % readonly WZHE - 7=F XA
BA /AR OFRETRHTE2 ANy 77 VIR MR L E T, buf IIFSELAAL FOFIE LTHER
IhET,

flags BIBUI Y 72X v DX A THERLET, ZOBBUL. buf FAM LEHLIEE I TOVT, flags
\Z PyBUF_WRITABLE D&E SN TWIRWIRD, HIZT7 7 7ITHRE S NED T view ZHD 3,

On success, set view->obj to a new reference to exporter and return 0. Otherwise, raise

BufferError, set view->obj to NULL and return -1;

ZDBEE getbufferproc D—ERE L TH S EEITIX, exporter E T AR—1+ 3254727 MK
ELRTUIZR ST, 51T flags BEFRFTIEIRIFIUIRD £ A, Z5 TRWIEEX, exporter
& NULL TZRIFUIRD FE A
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B%+7S x4 b (CONCRETE OBJECT) L1+

ZDETIE, FFED Python 7Y = 7 MIEFOBEBIZOWTIERTVWE T, 206 OBEFICRHLE > 7280
FTO 27 VEETDIIRWEZTIEH D FX¥A; Python 7077 Ao shDF TV =27 M EZITE -
eE, ZOFXATI 2 PHBELVHIZR > TV E2HELZ D TRVDORS, 38T = v 7 2{TORITN
BRDFEA; FIZR 2479 =7 FPHEEERDPFAXRSZITIE, PyDict_Check() ZHVWET, ZOERI
Python A4 7Y =27 MIzEIT 2 7 et 12> THER SN TVE T,

A

ZOETHERTOVWAHEENE. EXh7AT7I 27 POREFERFESF v 7 LIET5500, £ OB
WEINE T2 27 VOERR NULL RODPEMBA T 27 VD EFzv 7 LERA, 205D
BAEUC NULL 22X TLES b, BBEBATY 7272 REBRERILT, 4 VX7 ZEHIFRICKT X
BFETLESETTT,

DR

==}
=

8.1 EAXF 72 1Y bk (fundamental object)

ZDOHiITIE, Python OMA 7Y 27 b > 70 b ¥ (singleton) + 7Y =2 b None IZDWTIANE T,

8.1.1 BTz

type PyTypeObject
RICBELET: Limited API (RBERALBBERLE LT). HAAARZERT 2BICHVWONS, 7
Yl MRS C HEILTT,

PyTypeObject PyType_Type
RICELET: Stable ABL. BA 7Y =27 VHBOMA 7Y =27 FTF, Python L4 ¥iZEBI} 3 type
ERLCATT =7 T,

int PyType_Check (PyObject *o)
Return non-zero if the object o is a type object, including instances of types derived from the
standard type object. Return 0 in all other cases. This function always succeeds.

int PyType_CheckExact (PyObject *o0)

Return non-zero if the object o is a type object, but not a subtype of the standard type object.
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Return 0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()
RICBLFT: Stable ABL. NHlOMERF v v > 2227 V7 LET, BUEON—=Y a v X7 RIRLET,

unsigned long PyType_GetFlags (PyTypeObject *type)

RICE L £ 9 Stable ABL Return the tp_flags member of ¢type. This function is primarily meant
for use with Py_LIMITED_APTI; the individual flag bits are guaranteed to be stable across Python
releases, but access to tp_flags itself is not part of the limited API.

Added in version 3.2.
N—=Yar 3.4 TEHE: RYEDTA long T/ < unsigned long I H ¥ L7z,

PyObject *PyType_GetDict (PyTypeObject *type)

Return the type object’s internal namespace, which is otherwise only exposed via a read-only proxy
(cls.__dict__). This is a replacement for accessing tp_dict directly. The returned dictionary

must be treated as read-only.

This function is meant for specific embedding and language-binding cases, where direct access
to the dict is necessary and indirect access (e.g. via the proxy or PyObject_GetAttr()) isn’t

adequate.

Extension modules should continue to use tp_dict, directly or indirectly, when setting up their

own types.
Added in version 3.12.

void PyType_Modified (PyTypeObject *type)
RICBLET: Stable ABL. WEHOMREBEF ¥ v > 2%, Z0 type L FTRTOY 7 X A4 A2 L THEL)
WCLET, ZOBBUI type DBMERRIKS 7 RS2 ZB L 75 L ICFHTHEH S RFERD
A

int PyType_AddWatcher (PyType  WatchCallback callback)

Register callback as a type watcher. Return a non-negative integer ID which must be passed to
future calls to PyType_Watch (). In case of error (e.g. no more watcher IDs available), return -1

and set an exception.

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

Added in version 3.12.

int PyType_ClearWatcher (int watcher_id)
Clear watcher identified by watcher_id (previously returned from PyType_AddWatcher()). Return

0 on success, -1 on error (e.g. if watcher id was never registered.)

An extension should never call PyType_ClearWatcher with a watcher id that was not returned

to it by a previous call to PyType_AddWatcher().
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Added in version 3.12.

int PyType_Watch (int watcher_id, PyObject *type)

Mark type as watched. The callback granted watcher_id by PyType_AddWatcher () will be called
whenever PyType_Modified () reports a change to type. (The callback may be called only once for
a series of consecutive modifications to type, if _PyType_Lookup() is not called on type between

the modifications; this is an implementation detail and subject to change.)

An extension should never call PyType_Watch with a watcher_id that was not returned to it by a

previous call to PyType_AddWatcher().
Added in version 3.12.

typedef int (*PyType_WatchCallback)(PyObject *type)
Type of a type-watcher callback function.

The callback must not modify type or cause PyType_Modified() to be called on type or any type

in its MRO; violating this rule could cause infinite recursion.
Added in version 3.12.

int PyType_HasFeature (PyTypeObject *o, int feature)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single
bit flags.
int PyType_IS_GC(PyTypeObject *o)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py_TPFLAGS_HAVE_GC.
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
RICELZET: Stable ABL. a 28 b OV 7 XA TOHBHICEEZRLE T,
This function only checks for actual subtypes, which means that __subclasscheck__() is not
called on b. Call PyObject_IsSubclass() to do the same check that issubclass() would do.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py ssize © nitems)

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

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

int PyType_Ready (PyTypeObject *type)

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

0 R

If some of the base classes implements the GC protocol and the provided type does not include
the Py TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented
from its parents. On the contrary, if the type being created does include Py_TPFLAGS_HAVE_GC
in its flags then it must implement the GC protocol itself by at least implementing the

tp_traverse handle.

PyObject *PyType_GetName (PyTypeObject *type)
ROfli: FILWBER, RICEL £7: Stable ABI (/A—=23> 3.11 &D ). Return the type’s name.
Equivalent to getting the type’s __name__ attribute.

Added in version 3.11.

PyObject *PyType_GetQualName (PyTypeObject *type)
RODME: HTLVWBER, RICBLEY: Stable ABI (/N\—23 > 3.11 &£D ). Return the type’s qualified
name. Equivalent to getting the type’s __qualname__ attribute.

Added in version 3.11.

PyObject *PyType_GetFullyQualifiedName ( PyTypeObject *type)

RICBLFY: Stable ABI (IN—2 3> 3.13 &D ). Return the type’s fully qualified name.
Equivalent to £"{type.__module__}.{type.__qualname__3}", or type.__qualname__ if type.

__module__ is not a string or is equal to "builtins".
Added in version 3.13.

PyObject *PyType_GetModuleName ( Py TypeObject *type)

RICBLZEY: Stable ABI (/A—23> 3.13 &D ). Return the type’s module name. Equivalent to
getting the type.__module__ attribute.

Added in version 3.13.

void *PyType_GetSlot (PyTypeObject *type, int slot)

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

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

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

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

If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that
in such a method, PyType_GetModule(Py_TYPE(self)) may not return the intended result.
Py_TYPE(self) may be a subclass of the intended class, and subclasses are not necessarily de-
fined in the same module as their superclass. See PyCMethod to get the class that defines the
method. See PyType_GetModuleByDef () for cases when PyCMethod cannot be used.

Added in version 3.9.

void *PyType_GetModuleState (PyTypeObject *type)

RICBLEY: Stable ABI (IN—23 > 3.10 &D ). Return the state of the module object asso-
ciated with the given type. This is a shortcut for calling PyModule_GetState() on the result of
PyType_GetModule().

If no module is associated with the given type, sets TypeError and returns NULL.
If the type has an associated module but its state is NULL, returns NULL without setting an exception.

Added in version 3.9.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)

RICBLF T Stable ABI (IN—23> 3.13 & D). Find the first superclass whose module was
created from the given PyModuleDef def, and return that module.

If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule_GetState() to get module state
from slot methods (such as tp_init or nb_add) and other places where a method’s defining class

cannot be passed using the PyCMethod calling convention.

Added in version 3.11.

int PyType_GetBaseByToken (PyTypeObject *type, void *token, PyTypeObject **result)

RICBLET: Stable ABI (N\—2 3> 3.14 &D). Find the first superclass in type’s method

resolution order whose Py_tp_token token is equal to the given one.
o If found, set *result to a new strong reference to it and return 1.
e If not found, set *result to NULL and return O.
e On error, set *result to NULL and return -1 with an exception set.

The result argument may be NULL, in which case *result is not set. Use this if you need only the

return value.

The token argument may not be NULL.
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Added in version 3.14.

int PyUnstable_Type_AssignVersionTag(PyTypeObject *type)

ZHUZ Unstable API T%, %A F—V V) —ATTERLKEHINDZZ DD T,

Attempt to assign a version tag to the given type.

Returns 1 if the type already had a valid version tag or a new one was assigned, or 0 if a new tag

could not be assigned.

Added in version 3.12.

Creating Heap-Allocated Types

The following functions and structs are used to create heap types.
PyObject *PyType_FromMetaclass (PyTypeObject *metaclass, PyObject *module, PyType Spec *spec,
PyObject *bases)

RICBLZET: Stable ABI (IN\—23 > 3.12 &b ). Create and return a heap type from the spec
(see Py_TPFLAGS_HEAPTYPE).

The metaclass metaclass is used to construct the resulting type object. When metaclass is NULL,

the metaclass is derived from bases (or Py_tp_ base[s] slots if bases is NULL, see below).
Metaclasses that override tp_new are not supported, except if tp_new is NULL.

The bases argument can be used to specify base classes; it can either be only one class or a tuple of
classes. If bases is NULL, the Py_tp bases slot is used instead. If that also is NULL, the Py_tp_base

slot is used instead. If that also is NULL, the new type derives from object.

The module argument can be used to record the module in which the new class is defined. It must
be a module object or NULL. If not NULL, the module is associated with the new type and can later
be retrieved with PyType_GetModule (). The associated module is not inherited by subclasses; it

must be specified for each class individually.
This function calls PyType_Ready () on the new type.

Note that this function does not fully match the behavior of calling type() or using the class
statement. With user-provided base types or metaclasses, prefer calling type (or the metaclass)

over PyType_From* functions. Specifically:
o __new__() is not called on the new class (and it must be set to type.__new__).
e __init__() is not called on the new class.

e __init_subclass__() is not called on any bases.

e __set_name__() is not called on new descriptors.
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Added in version 3.12.

PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType Spec *spec, PyObject *bases)

RBRDfE: HILLWEER, RICEBLFT: Stable ABI (N—=23 Y 3.10 &D). Equivalent to
PyType_FromMetaclass(NULL, module, spec, bases).

Added in version 3.9.

N— 3 ¥ 3.10 TZEH: The function now accepts a single class as the bases argument and NULL

as the tp_doc slot.

N— 3 ¥ 3.12 TZH: The function now finds and uses a metaclass corresponding to the provided

base classes. Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating

classes whose metaclass overrides tp_new is deprecated.
N— a3 3.14 TEH: Creating classes whose metaclass overrides tp_new is no longer allowed.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

ROfE: HFLWLWBE, RICBLET: Stable ABl (IN—=23 > 3.3 &D). Equivalent to
PyType_FromMetaclass(NULL, NULL, spec, bases).

Added in version 3.3.

N— 3 ¥ 3.12 TEHE: The function now finds and uses a metaclass corresponding to the provided

base classes. Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating

classes whose metaclass overrides tp_new is deprecated.
N— a ¥ 3.14 TEH: Creating classes whose metaclass overrides tp_new is no longer allowed.

PyObject *PyType_FromSpec (PyType_ Spec *spec)

RBhflE: HiLWEE, RIZEL £9: Stable ABIL. Equivalent to PyType_FromMetaclass (NULL,
NULL, spec, NULL).

N— g ¥ 3.12 TZEHE: The function now finds and uses a metaclass corresponding to the base

classes provided in Py_ tp_ base[s] slots. Previously, only type instances were returned.

The tp_new of the metaclass is ignored. which may result in incomplete initialization. Creating

classes whose metaclass overrides tp_new is deprecated.
N—a v 3.14 TEH: Creating classes whose metaclass overrides tp_new is no longer allowed.

int PyType_Freeze (PyTypeObject *type)

RICBLEFT: Stable ABI (IN—=2 3> 314 &bD). Make a type immutable: set the
Py_TPFLAGS_IMMUTABLETYPE flag.

All base classes of type must be immutable.

__ On success, return 0. On error, set an exception and retyrn-4,. ...
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The type must not be used before it’s made immutable. For example, type instances must not be

created before the type is made immutable.

Added in version 3.14.

type PyType_Spec
RICBLET: Stable ABI (TRTDAYN—%ZFL). Structure defining a type’s behavior.
const char *name

Name of the type, used to set PyTypeObject. tp_name.

int basicsize
If positive, specifies the size of the instance in bytes. It is used to set PyTypeObject.
tp_basicsize.

If zero, specifies that tp_basicsize should be inherited.

If negative, the absolute value specifies how much space instances of the class need in addition
to the superclass. Use PyObject_GetTypeData () to get a pointer to subclass-specific memory
reserved this way. For negative basicsize, Python will insert padding when needed to meet

tp_basicsize’s alignment requirements.
N—3 a ¥ 3.12 TEH: Previously, this field could not be negative.

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_FromSpeclWithBases () sets it automati-
cally.
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PyType__Slot *slots

Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.
Each slot ID should be specified at most once.

type PyType_Slot

RICBLETY: Stable ABI (FARNTDOXAYN—%ZFYE). Structure defining optional functionality of

a type, containing a slot ID and a value pointer.

int slot

A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods and PyAsyncMethods with an added Py_ prefix. For

example, use:
e Py_tp_dealloc to set PyTypeObject.tp_dealloc
e Py _nb_add to set PyNumberMethods.nb_add
e Py_sq_length to set PySequenceMethods.sq_length
An additional slot is supported that does not correspond to a PyTypeObject struct field:
e Py tp_token
The following “offset” fields cannot be set using PyType_Slot:
o tp_weaklistoffset (use Py_TPFLAGS_MANAGED_WEAKREF instead if possible)
e tp_dictoffset (use Py TPFLAGS_MANAGED_DICT instead if possible)
o tp_vectorcall_offset (use "__vectorcalloffset__" in PyMemberDef)

If it is not possible to switch to a MANAGED flag (for example, for vectorcall or to support Python
older than 3.12), specify the offset in Py_tp_members. See PyMemberDef documentation for
details.

The following internal fields cannot be set at all when creating a heap type:
e tp_dict, tp_mro, tp_cache, tp_subclasses, and tp_weaklist.

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid issues,

use the bases argument of PyType_FromSpecWithBases () instead.
N—Ya ¥ 3.9 TEHE: Slots in PyBufferProcs may be set in the unlimited API.

N—=Y a ¥ 3.11 TEHE: bf getbuffer and bf_releasebuffer are now available under the
limited API.

N— a ¥ 3.14 TEHE: The field tp_vectorcall can now set using Py_tp_vectorcall. See

the field’s documentation for details.
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void *pfunc

The desired value of the slot. In most cases, this is a pointer to a function.
pfunc values may not be NULL, except for the following slots:

e Py_tp_doc

e Py_tp_token (for clarity, prefer Py_TP_USE_SPEC rather than NULL)

Py_tp_token

A slot that records a static memory layout ID for a class.

If the PyType_Spec of the class is statically allocated, the token can be set to the spec using the
special value Py_TP_USE_SPEC:

static PyType_Slot foo_slots[] = {
{Py_tp_token, Py_TP_USE_SPEC},

It can also be set to an arbitrary pointer, but you must ensure that:
e The pointer outlives the class, so it’s not reused for something else while the class exists.

e It "belongs” to the extension module where the class lives, so it will not clash with other

extensions.

Use PyType_GetBaseByToken () to check if a class’s superclass has a given token -- that is, check

whether the memory layout is compatible.

To get the token for a given class (without considering superclasses), use PyType_GetSlot () with
Py_tp_token.

Added in version 3.14.

Py_TP_USE_SPEC

Used as a value with Py_tp_token to set the token to the class’s PyType_Spec. Expands to
NULL.

Added in version 3.14.

8.1.2 None #7>xV bk

None IZX1§ % PyTypeObject i&. Python/C API TIXEHAMINTWRVWOTEREL TL X W, None
FHETF (singleton) ROT, 7Yz FOFE—H T X (C TlE ==) M5 2T TTHHEH»HTY, FL
HH 2 5., PyNone_Check() BAEIEH D FH A,
PyObject *Py_None
fEDRA%ZRT, Python @ None A 7Y 2 by ZDATI 2l MIXY v REFRFZT. immortal
T3,

N—a v 3.12 TEHE: Py None i& immortal T3,
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Py_RETURN_NONE

BAE & Py_None ZIBL F3,

8.2 HEEA T ¥ k (numeric object)

8.2.1 BBEA T 1V I (integer object)
FTRTOEBIMEEDOREZH D long” B L L THEESINET,

Io—DEEZL. LAY D PyLlong_As* API i (return type)-1 ZiRL X35, ZAUIEMHEE Hoid

PTEFRA, RO EMT 272D121& PyErr_Occurred() Z{fioTL 72X W,

type PyLongObject
RICBLEFT: Limited APT (RiBEALBEBER L LT). 2D PyObject DY 7 XA FIFEHA 2RI L
i\j—o

PyTypeObject PyLong_Type
RICBL £9: Stable ABL. Z® PyTypeObject DA ¥ A& > A& Python BHEM 2 RHF L £5, =
UZ Python L4 ¥IZBF S int LEALA 7Y =27 M T,

int PyLong_Check (PyObject *p)
5180h% PyLongObject /> PyLongObject DY T XA T TH2 L ZTWCHZIRLET, Z OBEIBUIHEIZHK
WL x9d,

int PyLong_CheckExact (PyObject *p)
518 PyLongObject TH 5H PyLongObject DY T XA T TRVWE ZICEZRLET, ORI
WL £95

PyObject *PyLong_FromLong (long v)
RBOE: iLWBH, RICBL X7 Stable ABL v 22 5#17272 PyLongObject 7Y =2 M EAERL
TRLET, KDL 213 NULL 2R L £,

REDRIETIE, -5 55 256 TTOETOEBBITT 2B A 7Y 227 oS ZRFELET, 2O
HEHOBMAEERT 2 . FERICEBFEOA 7Y 27 MTHTA2BHMER X512 TVWET,

PyObject *PyLong_FromUnsignedLong(unsigned long v)
RD{#E: FLWEBE, RICELF7J: Stable ABL. C ® unsigned long % #7278 PyLongObject #
7Y PERERLTRLE T, KRILZZFRE NULL 2R L 9,

PyObject *PyLong_FromSsize_t (Py ssize t v)
RDfE: $iLLWBER, RICBELZF Y Stable ABL. C @ Py_ssize_t b HH1727% PyLongObject F
7Yx7 PRERLTELE T, RO L 21 NULL 2B L X35

PyObject *PyLong_FromSize_t (size_t v)

RBDME: HiLLWBE, RIIBLET: Stable ABL. C ® size_t b 5#i7:7% PyLongObject A 7Y =
7 PEAERLTRLET, RO L EIIE NULL 2R L E T,
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PyObject *PyLong_FromLongLong (long long v)
RDE: $iLLWBR, RICEL F7: Stable ABL. C ® long long M 687278 PyLongObject * 7
P PERLTRELEY, KBDL 1213 NULL 2L £55

PyObject *PyLong_FromInt32(int32_t value)

PyObject *PyLong_FromInt64 (int64_t value)
RICBELZF T Stable ABI (IN\—2 3> 3.14 &D). Return a new PyLongObject object from a
signed C int32_t or int64_t, or NULL with an exception set on failure.

Added in version 3.14.

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
RBRbOfE: #HTLWEBE, RIZEL £7: Stable ABL. C @ unsigned long long B & Hiiz 7
PyLongObject A 7Y =27 b EERL TELET, KDL =12 NULL 2B L F3,

PyObject *PyLong_FromUInt32(uint32_t value)

PyObject *PyLong_FromUInt64 (uint64_t value)

RICBLFT: Stable ABI (IN—23> 8.14 &D ). Return a new PyLongObject object from an

unsigned C uint32_t or uint64_t, or NULL with an exception set on failure.
Added in version 3.14.

PyObject *PyLong_FromDouble (double v)

EDfl: HiLWLWBHE, RICBLE T Stable ABL v OFEE D S¥i72%4 PyLongObject X 7Y =7 +
PEBMLTRLET, KMD L 2121 NULL 2R L ¥,

PyObject *PyLong_FromString(const char *str, char **pend, int base)

Rbh1ME: #HiLLWBIE, RICEL X9 Stable ABI. Return a new PyLongObject based on the string
value in str, which is interpreted according to the radix in base, or NULL on failure. If pend is
non-NULL, *pend will point to the end of str on success or to the first character that could not be
processed on error. If base is 0, str is interpreted using the integers definition; in this case, leading
zeros in a non-zero decimal number raises a ValueError. If base is not 0, it must be between 2
and 36, inclusive. Leading and trailing whitespace and single underscores after a base specifier
and between digits are ignored. If there are no digits or str is not NULL-terminated following the

digits and trailing whitespace, ValueError will be raised.

& 2E

PyLong_AsNativeBytes () and PyLong_FromNativeBytes () functions can be used to convert
a PyLongObject to/from an array of bytes in base 256.

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

RBD{E: #LWBHE, Convert a sequence of Unicode digits in the string u to a Python integer

value.
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Added in version 3.3.

PyObject *PyLong_FromVoidPtr (void *p)
ROl $iLWBER, RICEL X7 Stable ABL. KA & p 55 Python BEIELZ LKL £F, KA
¥ XDl PyLong_AsVoidPtr() %A L7zFER» BB I E T,

PyObject *PyLong_FromNativeBytes (const void *buffer, size_ t n_ bytes, int flags)
RICBLEFT: Stable ABI (IN—23 > 3.14 &D). Create a Python integer from the value

contained in the first n_ bytes of buffer, interpreted as a two’s-complement signed number.

flags are as for PyLong_AsNativeBytes(). Passing -1 will select the native endian
that CPython was compiled with and assume that the most-significant bit is a sign
bit. Passing Py_ASNATIVEBYTES_UNSIGNED_BUFFER will produce the same result as calling
PyLong_FromUnsignedNativeBytes (). Other flags are ignored.

Added in version 3.13.

PyObject *PyLong_FromUnsignedNativeBytes (const void *buffer, size_t n_ bytes, int flags)

RICBEL £9: Stable ABI (/N\—2 3> 8.1 &D). Create a Python integer from the value

contained in the first n_ bytes of buffer, interpreted as an unsigned number.

flags are as for PyLong_AsNativeBytes (). Passing -1 will select the native endian that CPython
was compiled with and assume that the most-significant bit is not a sign bit. Flags other than

endian are ignored.
Added in version 3.13.

long PyLong_AsLong (PyObject *obj)

RICEL 9 Stable ABI. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DAY long DHEIFASNTHAUR, OverflowError ZiEMH L ET,

II—PEZFLLEIC -1 ZRLET, AT 2T 27%9D121& PyErr_Occurred() Z{fioTL 72
S\,

N—Y g 3.8 TEH: AJRETHIUX __index_ () 2S5 kS5 ckb L
N— a3 3.10 TZH: This function will no longer use __int__().

long PyLong_AS_LONG ( PyObject *obj)

A soft deprecated alias. Exactly equivalent to the preferred PyLong_AsLong. In particular, it

can fail with OverflowError or another exception.
N—3 a v 3.14 TIFHELE: The function is soft deprecated.

int PyLong_AsInt (PyObject *obj)

RICBELZF T Stable ABI (IN\—2 3> 3.18 & D). Similar to PyLong_AsLong(), but store the

result in a C int instead of a C long.
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Added in version 3.13.

long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)

RICEL F£7: Stable ABI. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or -1,
respectively, and return -1; otherwise, set *overflow to 0. If any other exception occurs set

*overflow to 0 and return -1 as usual.

II—PEERLLEIC -1 ZRLET, AT 22749121 PyErr_Occurred() ZffioTL 2
éL\O

N—=Y a3y 3.8 TEHE: AR THIUL __index__() 25 X351k H Lz,
N— a3 ¥ 3.10 TZEH: This function will no longer use __int__().

long long PyLong_AsLongLong ( PyObject *obj)

RICBLET: Stable ABI. Return a C long long representation of obj. If 0bj is not an instance
of PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DfED long long DHEIPHINTHAUL, OverflowError ZXH L £7,

Io—DREELEEWC -1 ZIRLET, RAOTZMNT 2 7DI121E PyErr_Occurred () ZffoTL 72
W,

N—Yar 3.8 TEHE: AJRETHIUL __index__() S X5k b E L7
N— 3 ¥ 3.10 TZH: This function will no longer use __int__().

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)

RICEL 7 Stable ABIL. Return a C long long representation of obj. If 0bj is not an instance
of PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or -1,
respectively, and return -1; otherwise, set *overflow to 0. If any other exception occurs set

*overflow to 0 and return -1 as usual.

ITI—PEELLEIC -1 ZRLET, AT 2T 2729D121& PyErr_Occurred() %o TL 72
SV,

Added in version 3.2.
N—ar 3.8 TEH: AJRETHIUX __index__ () 2S5 X5k L
N—3 a ¥ 3.10 TZEH: This function will no longer use __int__().

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
RICBLZF Y Stable ABI. pylong 253 C @ Py_ssize_t IR L FE T, pylong \& PyLongObject
DA VAR Y ZATIRIFUILD FEA,

ong DED P Qve 0 0 % % 3
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II—PEZFRLLEIZ -1 ZRLET, AT 22749121 PyErr_Occurred() ZffioTL 2
IS

unsigned long PyLong_AsUnsignedLong(PyObject *pylong)
RICEBLZE Y : Stable ABI. pylong %33 C @ unsigned long %R L %73, pylong & PyLongObject
DA VAR Y ZATRITUIIZD /A
b L pylong DA unsigned long DH#IMHATH AU, OverflowError ZiAMH L £3,

I7 - E 72 212 (unsigned long)-1 ZIRL %9, BTV 21T % 729121& PyErr_Occurred ()
%{%OVC < f:éb\o

size_t PyLong_AsSize_t (PyObject *pylong)

RICELFT: Stable ABIL. pylong #%£3 C @ size_t IR L E 7, pylong & PyLongObject DA
VARV ATRFINRLD FHA,

b L pylong DIED size_t OHIPFASTHIUL. OverflowError XML £,

I —PEEEE ZF (size_t)-1 ZIRL T, BT 2MIT 2720121 PyErr_Occurred() %o
e < 7}: é (AN

unsigned long long PyLong_AsUnsignedLongLong ( PyObject *pylong)
RICBL 9 Stable ABI. pylong %% 3 C D unsigned long long %R L ¥ 3. pylong &
PyLongObject DA Y AR Y ATRIFIUIRD £¥ A,

b L pylong DfEA unsigned long long DHIFATH UK, OverflowError ZiXH L 9,

I 7 —M# E 7/ ¥ 212 (unsigned long long)-1 B L ¥ 73, RO 27kDHIiid
PyErr_Occurred() o> TL7Z&E W,

N—arv 3.1 TEHE: & pylong ZIE L72FRIC TypeError Tl {. OverflowError ZiEH§ %
XoWZbEL%,
unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)

RICEBL F£9: Stable ABI. Return a C unsigned long representation of obj. If obj is not

an instance of PyLongObject, first call its __index__() method (if present) to convert it to a

PyLongObject.

obj DfEA’ unsigned long DHEIFHD HAN T W2 EIX, ULONG_MAX + 1 Z2iEke LEBIREZIRL
9,

I7 - E 72 212 (unsigned long)-1 ZIRL %9, BTV 21T % 729121 PyErr_Occurred ()
ZfioTRE W,

N—a v 3.8 TEH: AfRETHIUL __index_ () ZHS XS5k XL
N—3 a3 ¥ 3.10 TZEH: This function will no longer use __int__().

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)

RICEL F7: Stable ABI. Return a C unsigned long long representation of obj. If obj is not
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an instance of PyLongObject, first call its __index__() method (if present) to convert it to a

PyLongObject.

obj DfE7* unsigned long long DHIPHL HANTW/HEIE, ULLONG_MAX + 1 ZiEY LAFIRE
BLUET,

I 5 —A# E /¥ 212 (unsigned long long)-1 R L ¥ 73, ATz skDHizid
PyErr_Occurred () %o TL7Z&E W,

N—Y gy 3.8 TEH: aJRETHIUX __index_ () 2S5 XS5k L

N— 3> 3.10 TZH: This function will no longer use __int__().

int PyLong_AsInt32(PyObject *obj, int32_t *value)

int PyLong_AsInt64(PyObject *obj, int64 t *value)

RICBLETY: Stable ABL (IN—2a > 3.14 &D ). Set *value to a signed C int32_t or int64_t

representation of o0bj.

If the obj value is out of range, raise an OverflowError.

Set *value and return 0 on success. Set an exception and return -1 on error.
value must not be NULL.

Added in version 3.14.

int PyLong_AsUInt32(PyObject *obj, uint32_t *value)

int PyLong_AsUInt64 (PyObject *obj, uint64_t *value)

RICELET: Stable ABI (IN\—2 3> 3.14 &D ). Set *value to an unsigned C uint32_t or

uint64_t representation of obj.

If 0bj is not an instance of PyLong0b ject, first call its __index__ () method (if present) to convert

it to a PyLongObject.

o If obj is negative, raise a ValueError.

o If the obj value is out of range, raise an OverflowError.
Set *value and return 0 on success. Set an exception and return -1 on error.
value must not be NULL.

Added in version 3.14.

double PyLong_AsDouble ( PyObject *pylong)

RICBLZFY: Stable ABIL. pylong &3 C @ double %i&R L %73, pylong i& PyLongObject DA
VARV ATRIFNUILD $HA,

b LU pylong DA double DH#IFHSNTH UK. OverflowError ZiAMH L £3,

Io—PEELLEZIC-1.0 BB LET, Aoz 2720121 PyErr_Occurred() ZffioTL 72
éL\O

176

%8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, JJ—2X 3.14.0a7

void *PyLong_AsVoidPtr (PyObject *pylong)

RICEBLEFT: Stable ABL Python OBHBAIZHET pylong Z. C D void KA ¥ XITEML %7,
pylong % ZHT Z2FHUE, OverflowError ##EH L ¥3, ZDRRUL PyLong FromVoidPtr() T
EZERT 2 e 212D X574 void RA Y ZBUERAEKTE 57205 TI,

I —MEE/E ZIZ NULL 23R LE T, BT EMT 5729121% PyErr_Occurred() - TL 72
W,

Py ssize t PyLong_AsNativeBytes (PyObject *pylong, void *buffer, Py ssize t n_ bytes, int flags)

RICBLET: Stable ABI (IN—2 3> 3.1/ & D). Copy the Python integer value pylong to a
native buffer of size n_bytes. The flags can be set to -1 to behave similarly to a C cast, or to

values documented below to control the behavior.

Returns -1 with an exception raised on error. This may happen if pylong cannot be interpreted as

an integer, or if pylong was negative and the Py_ASNATIVEBYTES_REJECT_NEGATIVE flag was set.

Otherwise, returns the number of bytes required to store the value. If this is equal to or less
than n_ bytes, the entire value was copied. All n_ bytes of the buffer are written: large buffers are

padded with zeroes.

If the returned value is greater than than n_ bytes, the value was truncated: as many of the lowest
bits of the value as could fit are written, and the higher bits are ignored. This matches the typical

behavior of a C-style downcast.

0 IR
Overflow is not considered an error. If the returned value is larger than n__bytes, most significant

bits were discarded.

0 will never be returned.
Values are always copied as two’s-complement.

Usage example:

int32_t value;
Py_ssize_t bytes = PyLong_AsNativeBytes(pylong, &value, sizeof(value), -1);
if (bytes < 0) {
// Fatiled. A Python exception was set with the reason.
return NULL;
}
else if (bytes <= (Py_ssize_t)sizeof(value)) {
// Success!
}
else {

// Overflow occurred, but 'value' contains the truncated
(RoR=D1kiL)
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(RIDR=I D5 DR E)

// lowest bits of pylong.

Passing zero to m_ bytes will return the size of a buffer that would be large enough to hold the
value. This may be larger than technically necessary, but not unreasonably so. If n_ bytes=0,
buffer may be NULL.

0 IR
Passing n_ bytes=0 to this function is not an accurate way to determine the bit length of the

value.

To get at the entire Python value of an unknown size, the function can be called twice: first to

determine the buffer size, then to fill it:

// Ask how much space we need.
Py_ssize_t expected = PyLong_AsNativeBytes(pylong, NULL, 0, -1);
if (expected < 0) {
// Fatiled. A Python exzception was set with the reason.
return NULL;
}
assert(expected != 0); // Impossible per the API definition.
uint8_t *bignum = malloc(expected);
if (!bignum) {
PyErr_SetString(PyExc_MemoryError, "bignum malloc failed.");
return NULL;
}
// Safely get the entire value.
Py_ssize_t bytes = PyLong_AsNativeBytes(pylong, bignum, expected, -1);
if (bytes < 0) { // Ezception has been set.
free(bignum);
return NULL;
}
else if (bytes > expected) { // This should not be possible.
PyErr_SetString(PyExc_RuntimeError,
"Unexpected bignum truncation after a size check.");
free(bignum) ;
return NULL;
}
// The ezpected success given the above pre-check.

// ... use bignum ...

free(bignum) ;
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flags is either -1 (Py_ASNATIVEBYTES_DEFAULTS) to select defaults that behave most like a C cast,
or a combination of the other flags in the table below. Note that -1 cannot be combined with

other flags.

Currently, -1 corresponds to Py_ASNATIVEBYTES_NATIVE_ENDIAN |
Py_ASNATIVEBYTES_UNSIGNED_BUFFER.

Tt

Flag 1

Py_ASNATIVEBYTES_DEFAULTS

0
Py_ASNATIVEBYTES_BIG_ENDIAN

1
Py_ASNATIVEBYTES_LITTLE_ENDIAN

3
Py_ASNATIVEBYTES_NATIVE_ENDIAN

4
Py_ASNATIVEBYTES_UNSIGNED_BUFFER

8
Py_ASNATIVEBYTES_REJECT_NEGATIVE

16

Py_ASNATIVEBYTES_ALLOW_INDEX

Specifying Py_ASNATIVEBYTES_NATIVE_ENDIAN will override any other endian flags. Passing 2 is

reserved.

By default, sufficient buffer will be requested to include a sign bit. For example, when converting

128 with n_ bytes=1, the function will return 2 (or more) in order to store a zero sign bit.

If Py_ASNATIVEBYTES_UNSIGNED_BUFFER is specified, a zero sign bit will be omitted from size
calculations. This allows, for example, 128 to fit in a single-byte buffer. If the destination buffer
is later treated as signed, a positive input value may become negative. Note that the flag does not

affect handling of negative values: for those, space for a sign bit is always requested.

Specifying Py_ASNATIVEBYTES_REJECT_NEGATIVE causes an exception to be set if pylong is nega-
tive. Without this flag, negative values will be copied provided there is enough space for at least

one sign bit, regardless of whether Py_ASNATIVEBYTES_UNSIGNED_BUFFER was specified.
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If Py_ASNATIVEBYTES_ALLOW_INDEX is specified and a non-integer value is passed, its __index__Q)
method will be called first. This may result in Python code executing and other threads being
allowed to run, which could cause changes to other objects or values in use. When flags is -1, this

option is not set, and non-integer values will raise TypeError.

0 IR
With the default flags (-1, or UNSIGNED _BUFFER without REJECT NEGATIVE), mul-

tiple Python integers can map to a single value without overflow. For example, both 255 and

-1 fit a single-byte buffer and set all its bits. This matches typical C cast behavior.

Added in version 3.13.

int PyLong_GetSign (PyObject *obj, int *sign)

Get the sign of the integer object 0bj.

On success, set *sign to the integer sign (0, -1 or +1 for zero, negative or positive integer, respec-

tively) and return 0.

On failure, return -1 with an exception set. This function always succeeds if 0bj is a PyLong0b ject

or its subtype.
Added in version 3.14.

int PyLong_IsPositive(PyObject *obj)

Check if the integer object obj is positive (obj > 0).

If obj is an instance of PyLongObject or its subtype, return 1 when it’s positive and 0 otherwise.

Else set an exception and return -1.
Added in version 3.14.

int PyLong_IsNegative (PyObject *obj)

Check if the integer object 0bj is negative (obj < 0).

If obj is an instance of PyLongObject or its subtype, return 1 when it’s negative and 0 otherwise.

Else set an exception and return -1.
Added in version 3.14.

int PyLong_IsZero (PyObject *obj)

Check if the integer object obj is zero.

If obj is an instance of PyLongObject or its subtype, return 1 when it’s zero and 0 otherwise. Else

set an exception and return -1.

Added in version 3.14.
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PyObject *PyLong_GetInfo (void)

RICEL £9: Stable ABI. On success, return a read only named tuple, that holds information
about Python’s internal representation of integers. See sys.int_info for description of individual
fields.

On failure, return NULL with an exception set.
Added in version 3.1.

int PyUnstable_Long_IsCompact (const PyLongObject *op)

Z3UZ Unstable API T3, YA F—V Y —RATTERLKEBEINZ DD X7,

Return 1 if op is compact, 0 otherwise.

This function makes it possible for performance-critical code to implement a “fast path” for small
integers. For compact values use PyUnstable_Long_CompactValue(); for others fall back to a

PyLong_As* function or PyLong AsNativeBytes().

The speedup is expected to be negligible for most users.

Exactly what values are considered compact is an implementation detail and is subject to change.
Added in version 3.12.

Py _ssize_t PyUnstable_Long_CompactValue (const PyLongObject *op)

ZHUZ Unstable API TS, A F—VV—ATTERKEEINDZZ DY FT,

If op is compact, as determined by PyUnstable_Long_IsCompact (), return its value.
Otherwise, the return value is undefined.
Added in version 3.12.

Export API

Added in version 3.14.

struct PyLongLayout
Layout of an array of "digits” (”limbs” in the GMP terminology), used to represent absolute value

for arbitrary precision integers.

Use PyLong_GetNativeLayout () to get the native layout of Python int objects, used internally

for integers with "big enough” absolute value.
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See also sys.int_info which exposes similar information in Python.

uint8_t bits_per_digit

Bits per digit. For example, a 15 bit digit means that bits 0-14 contain meaningful information.

uint8_t digit_size

Digit size in bytes. For example, a 15 bit digit will require at least 2 bytes.

int8_t digits_order

Digits order:
e 1 for most significant digit first
o -1 for least significant digit first

int8 t digit_endianness

Digit endianness:
o 1 for most significant byte first (big endian)

e -1 for least significant byte first (little endian)

const PyLongLayout *PyLong_GetNativeLayout (void)

Get the native layout of Python int objects.
See the PyLongLayout structure.

The function must not be called before Python initialization nor after Python finalization.
The returned layout is valid until Python is finalized. The layout is the same for all Python

sub-interpreters in a process, and so it can be cached.

struct PyLongExport

Export of a Python int object.
There are two cases:
e If digits is NULL, only use the value member.
o If digits is not NULL, use negative, ndigits and digits members.

int64_ t value

The native integer value of the exported int object. Only valid if digits is NULL.
uint8_t negative

1 if the number is negative, 0 otherwise. Only valid if digits is not NULL.
Py _ssize_t ndigits

Number of digits in digits array. Only valid if dig<ts is not NULL.
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const void *digits

Read-only array of unsigned digits. Can be NULL.

int PyLong_Export (PyObject *obj, PyLongExport *export_ long)

Export a Python int object.

export_long must point to a PyLongEzport structure allocated by the caller. It must not be NULL.
On success, fill in *export_long and return 0. On error, set an exception and return -1.
PyLong_FreeEzport () must be called when the export is no longer needed.

CPython EZEDFFM: This function always succeeds if obj is a Python int object or a

subclass.

void PyLong_FreeExport (PyLongEzport *export_long)

Release the export export_long created by PyLong Ezport ().

CPython REODF#: Calling PyLong_FreeEzport () is optional if export long->digits is NULL.
PyLongWriter API
The PyLongWriter API can be used to import an integer.
Added in version 3.14.

struct PyLongWriter

A Python int writer instance.
The instance must be destroyed by PyLongWriter_ Finish() or PyLongiWriter_Discard().

PyLongWriter *PyLongWriter_Create (int negative, Py ssize t ndigits, void **digits)

Create a PyLonghriter.

On success, allocate *digits and return a writer. On error, set an exception and return NULL.
negative is 1 if the number is negative, or 0 otherwise.

ndigits is the number of digits in the digits array. It must be greater than 0.

digits must not be NULL.

After a successful call to this function, the caller should fill in the array of digits digits and
then call PyLongWriter_Finish() to get a Python int. The layout of digits is described by
PyLong_GetNativeLayout ().

Digits must be in the range [0; (1 << bits_per_digit) - 1] (where the bits_per_digit is the

number of bits per digit). Any unused most significant digits must be set to 0.

Alternately, call PyLonghriter_Discard() to destroy the writer instance without creating an int

object.
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PyObject *PyLongWriter_Finish(PyLongWriter *writer)

RD{E: 1L WBH, Finish a PyLonghriter created by PyLongliriter_Create().
On success, return a Python int object. On error, set an exception and return NULL.

The function takes care of normalizing the digits and converts the object to a compact integer if

needed.
The writer instance and the digits array are invalid after the call.

void PyLongWriter_Discard(PyLongWriter *writer)

Discard a PyLongWriter created by PyLongWriter_ Create().
If writer is NULL, no operation is performed.

The writer instance and the digits array are invalid after the call.

8.2.2 Boolean #7>xV +

Python @ Bool IOV 77 52 LTHEEINTVWET, 7—NVEIOfEIX. Py False & Py_True ®
2OLHHD FEA, o T, BHOAEMHIBRBEIEIE 7 — A BNEHTIEE D FEA. LidWVWZ, UTo~<
zuahHHTEET,
PyTypeObject PyBool_Type
RICBLEFT: Stable ABL. Z® PyTypeObject DA ¥ A& ¥ A% Python @ boolean B2 KRB L F
9; Python LA ¥IZBIF 3 bool LRLATY =7 FTT,
int PyBool_Check (PyObject *o)
0 73 PyBool_Type BOBZAEICEHZIREL $3, ZOBBIIEICHINIL £7,
PyObject *Py_False
Python @ False # 7Yz by ZDOX TV 27 MIXY v F&FLT, immortal TS,

N—=a ¥ 3.12 TEH: Py False & immortal T3,
PyObject *Py_True
Python @ True A 7Y =2 v, ZDFTT 7 MIXY v RFERF . immortal TF,
N—a v 312 TEH: Py_True l& immortal TF,
Py_RETURN_FALSE
B S Py_False ZiRL ¥ 3,
Py_RETURN_TRUE

BEED S Py_True RiIBL E 5,

PyObject *PyBool_FromLong (long v)

RBhfE: FiLWBH, RIZBL X9 Stable ABL. v O EHHICIGE U T Py_True £721% Py_False %
BELET,
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8.2.3 Floating-Point Objects

type PyFloatObject

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

PyTypeObject PyFloat_Type
RICEBL £9: Stable ABI. This instance of PyTypeObject represents the Python floating-point
type. This is the same object as float in the Python layer.

int PyFloat_Check (PyObject *p)
51855 PyFloatObject % PyFloatObject DY T XA T ThH3 L ZICHERLET, ZOBEIIHEIC
RHIL £,

int PyFloat_CheckExact (PyObject *p)
51855 PyFloatObject T&H BH PyFloatObject DY T RA TTHRVWE ZICEZRIRLET, ZOBEK
EHICEIILET,

PyObject *PyFloat_FromString(PyObject *str)
Bhfl: HiLWBE, RICBL T Stable ABL str OXFHIE%R S 21T PyFloatObject 7Y =
2 RERLET, KT DL NULL ZRL 9,

PyObject *PyFloat_FromDouble (double v)
BhfE: FILWEBHE, RICBL X Stable ABL v & PyFloatObject A 7Y =7 M EERL TR
LEd, RS2 NULL Z2IRL %73,

double PyFloat_AsDouble (PyObject *pyfloat)

RICEL Y : Stable ABI. Return a C double representation of the contents of pyfloat. If pyfloat is
not a Python floating-point object but has a __float__() method, this method will first be called
to convert pyfloat into a float. If __float__() is not defined then it falls back to __index__Q).

This method returns -1.0 upon failure, so one should call PyErr_0Occurred () to check for errors.
N—=Y a3y 38 TAHE: AIETHIUL __index__() %S k51D L,

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIEFTE%Z. C @ double BRI TIRLETH, T7—F v 7 ETVER A,

PyObject *PyFloat_GetInfo (void)
RBDhME: HTLWBE, XRICEL X7 Stable ABIL. float DEE., &/IME. mKAMEICET 2EHRE ST
structseq £ YA XV RAERLET, ZHUE, float.h 7 7 A LDENT v =TT,

double PyFloat_GetMax ()

RICBL £79: Stable ABI. float ORI T 3K KRME DBL MAX % C @ double BITiRL
£3,

double PyFloat_GetMin()

RICBELF9: Stable ABI. float DIEFL X N/=R/NDIEDE DBL MIN % C ® double B TIRL
E I
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Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point
values as byte strings. The Pack routines produce a bytes string from a C double, and the Unpack
routines produce a C double from such a bytes string. The suffix (2, 4 or 8) specifies the number of

bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other
platforms, the 2-byte format is identical to the IEEE 754 binaryl6 half-precision format, the 4-byte
format (32-bit) is identical to the IEEE 754 binary32 single precision format, and the 8-byte format to
the IEEE 754 binary64 double precision format, although the packing of INFs and NaNs (if such things
exist on the platform) isn’t handled correctly, and attempting to unpack a bytes string containing an

IEEE INF or NaN will raise an exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not
all values can be packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all

values can be unpacked. What happens in such cases is partly accidental (alas).
Added in version 3.11.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the
bytes string in little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian
format (exponent first, at p). The PY_BIG_ENDIAN constant can be used to use the native endian: it is

equal to 1 on big endian processor, or 0 on little endian processor.
Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if z is a NaN or infinity.

e -0.0 and +0.0 produce the same bytes string.

int PyFloat_Pack2(double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8(double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes
string is in little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent
first, at p). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big

endian processor, or 0 on little endian processor.
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Return value: The unpacked double. On error, this is =1.0 and PyErr_Occurred() is true (and an

exception is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or
infinity.
double PyFloat_Unpack2(const unsigned char *p, int le)

Unpack the IEEE 754 binaryl6 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)

Unpack the IEEE 754 binary32 single precision format as a C double.

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 Uk

Python OEZEHA 7Y =7 M. CAPI 26 H 2 Z0o0fHDAy L TEEINRTVWET: —HiE
Python 702" 212X L TR XA T W2 Python 4 7Y =2 T, AIXEROEREEERE TS C
DHEIATT . API Tk, TR %25 BEZRMEL TwE T,

C BEKR L LTOERY

EERBD CEhzs e LTRELED, ROEE LTRLAED T2, R4 Y XELZITO>DTE
%< EEL 275D THERL TSIV, Zhid APT 2 2@ L T—HLTWET,

type Py_complex

The C structure which corresponds to the value portion of a Python complex number object. Most
of the functions for dealing with complex number objects use structures of this type as input or

output values, as appropriate.

double real

double imag

The structure is defined as:

typedef struct {
double real;
double imag;

} Py_complex;

Py _complex _Py_c_sum(Py_complex left, Py_complexr right)

ZODEEHDME C D Py_compler BITIRL £,

Py compler _Py_c_diff (Py complez left, Py complex right)
ZODRFEBDEE C D Py_complex BITRL FT,
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Py compler _Py_c_neg(Py compler num)

BHRE num ODFFEREE C O Py_complezx BITIRL £,

Py _complex _Py_c_prod(Py_complex left, Py complex right)
ZOoDBEEKODOEE C D Py_complex BTIRL £7,

Py__complex _Py_c_quot (Py_complex dividend, Py_ complex divisor)
ZODEFEHDOMEE C D Py_compler BITIRL £,

divisor 2% null DEFEZ, ZDXY v Rig¥r %R L., errno |2 EDOM 2t v b LE T,
Py __complexr _Py_c_pow(Py_compler num, Py_complex exp)
68 exp D num Fex C D Py_complez BITRL £F,

num 7 null T exp DIEDEHTRWIEGIZ. ZDAY v FiZ¥nr %KL, errno IZ EDOM 2+t v
LET,

Set errno to ERANGE on overflows.

Python #7210 b & L TOERHE
type PyComplexObject

ZD PyObject DY 7 XA 7% Python DEEEFLZREL 7,

PyTypeObject PyComplex_Type
RICBLET: Stable ABL. 20 PyTypeObject DA ¥ AKX ¥ A% Python OEFEBEREL £3,
Python L' 4 ¥ ® complex LRI LA 7Y =2 FTT,

int PyComplex_Check (PyObject *p)
518003 PyComplezObject »» PyComplezObject DY T XA T TH3 & ZICEZRLET, ZOMK
EHICEIILET,

int PyComplex_CheckExact (PyObject *p)
5180hY PyComplexObject TH 3D PyComplezObject DV 7T XA T TRHRVWE ZICHZIRLET, Z
DRIBUTEICHIIL £3,

PyObject *PyComplex_FromCComplex (Py complex v)
RDOflE: $iLWEBH, Create a new Python complex number object from a C Py_complez value.
Return NULL with an exception set on error.

PyObject *PyComplex_FromDoubles (double real, double imag)
REDfl: :TLWBE, XRICEL £7: Stable ABIL. Return a new PyComplexz0bject object from real
and imag. Return NULL with an exception set on error.

double PyComplex_RealAsDouble (PyObject *op)
RICBLFT: Stable ABL op OEEERT % C ® double BTIRL %9,
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If op is not a Python complex number object but has a __complex__() method, this method will
first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to call PyFloat_AsDouble() and returns its result.

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

to check for errors.
N— a3 3.13 TEH: Use __complex__() if available.

double PyComplex_ImagAsDouble (PyObject *op)
RICEBL E£7: Stable ABL. op DEEER7% C @ double B TIRL £,
If op is not a Python complex number object but has a __complex__() method, this method will

first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to call PyFloat_AsDouble() and returns 0.0 on success.

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

to check for errors.
N—Y a ¥ 3.13 TEH: Use __complex__() if available.

Py compler PyComplex_AsCComplex (PyObject *op)
HEBUE op 5 Py_complex BIZAEWML £,

If op is not a Python complex number object but has a __complex__() method, this method will
first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to __float__ (). If __float__() is not defined then it falls back to __index__().

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

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

N— gy 3.8 TEH: aJRE THIUX __index_ () 2S5 XS5k L7

co

3 =T 2RFTZ U+ (sequence object)

S URXATY 2 MR BRI EREICOVWTIRHTIOETT TIZBRF L, 20T, Python
SHEICH DL TWVWBREDS — 4 VAF TV 27 MZOWTIRVE T,

83.1 N1 rATZxUF

TREOBEIZ, NA A TT 27 PR LTWS GBI, b AT T 27 P TRWAT AR ZIEE L THY
H&X# 3 e, TypeError ZiEH L ¥ 3,
type PyBytesObject

2D PyObject DYV 7 XA Fi&, Python XA v ATV 27 b ERLET,

PyTypeObject PyBytes_Type

RICBEL F9: Stable ABI. Z® PyTypeObject D4 ¥ A& > A&, Python N4 MEZFRL £,
Python L' 4 ¥ D bytes LML AT =2 F T,
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int PyBytes_Check (PyObject *o0)

FTIx b o bytes A TT =7 bH bytes BIDY T XA TDA VARV RATH BHEICEEIRL
9, ZOBBEEICHRIILET,

int PyBytes_CheckExact (PyObject *o0)

FT7I 27 b o bytes FTY =7 bEM bytes BIDY T RA TDA VARV ATROVWGEICERIR
LET, ZOBBITEICEINILET,

PyObject *PyBytes_FromString (const char *v)

BOfE: iLWEHE, XICEB L X Stable ABL I, XFH v Dav—%2HL T3H LWL
A AT 2T bEIRBL, KRMEFIC NULL 23R LE T, 518 v & NULL TH - TER D VA, Z0D
F v 73 Tbh A,

PyObject *PyBytes_FromStringAndSize (const char *v, Py ssize t len)

RDME: :HILWBE, XRICBLZXJ: Stable ABL RIS, XFH v Dav¥—2HL T3EX len D
HLWAAL P AT 27 FRIRL, KMEFIC NULL 238 L $9, 515 v 25 NULL OBEE&. N b4 7
Dz FOFHEUHHLEINTVWERA,

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

RBOflE: FILWLWBE, RICBL X7 Stable ABL. C BI#(® printf () A XA LD format LFFH| &
AIEREORIEEED ., #HRD Python N b ATV =27 bOH A X%FHEL, EERfEELFAICL
TR o TEMLINA FA TV 7 b 2IRLET, AIZRDTIEIE C 07 —2BTRIFAE RS T,
format XFFHNHD T + —< v P XFrEEFIE#EMST SN TORIFNUERD $HA, TREDO T +—
<y PXEBIEHTEET:

| EtigExE | B 5%

hoo n/a VT I5LD % XF

%e int C OEBIITREINEH—D N1 b,

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

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

%1d long printf ("%1d") ¥ [[%, *!

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

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

%zu size_t printf ("%zu") ¥ [[%, !

%i int printf("%i") &A%, *!

%x int printf ("%x") FEZ%, !

%s const char* null THE X N7z C DXFH,

%p const void* C RA Y &ZD 16 #RFL, printf ("%p") IFLAYFRILTY
M, TT7v M7+ — A8 S printf OEFHRICED D 42 { JEH
WU T I 0x B EET,
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WA T ERVWERIEEX TR D o 7255, RO OELCFINIZDFEHROA 7Y =7 Miar—&
L RD o5 ER IR E T,

PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
ROfE: HLWLWBEB, RICBELET: Stable ABL. 5 x5 22005 8EMW53 2 2RV T,
PyBytes_FromFormat () £[R LT3,

PyObject *PyBytes_FromObject (PyObject *o)
ROME: HiLWBHE, RICBLET: Stable ABL. Ny 77>/ balz2EET2E 79227 0 DA
4 FRBZERLET,

Py_ssize_t PyBytes_Size (PyObject *0)
RICBELZET: Stable ABL. X4 bF 7Pz b 0 DA PHRUDEXZRLET,

Py _ssize_t PyBytes_GET_SIZE(PyObject *o)
PyBytes_Size() WBTWETH, Z57—F v 7 2fTVEEA,

char *PyBytes_AsString (PyObject *o0)
RICBLZFY: Stable ABL. 0 ODHHADKRA Y XERLET, KA U XIE len(o) + 1 N4 b
7% 0 DNy 77 2B MU E T, I null DAL FBIHZHE I D2 2bLOT, Ny 77 Dl
DA MIAST null 12D FF, PyBytes_FromStringAndSize(NULL, size) THMIN/HE
ZRROT, 7—XE2BIELTIRD A, £/2RA VX2 (deallocated) LTIERD FHA, b
L. o %3 bytes 7Y =27 MTRIFIUL. PyBytes_AsString () 1& NULL %3R L TypeError %iZHIL
£9,

char *PyBytes_AS_STRING (PyObject *string)

PyBytes_AsString ) RITWETH, T7—F v 7 2ITVEE A,

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

RICEL £79: Stable ABI. Return the null-terminated contents of the object obj through the

output variables buffer and length. Returns 0 on success.

length DIED NULL DS, N4 ATV 27 b5 null N4 b EEFTROVATREEDSH D 5, 20D
. BAEUE -1 Z3B L. ValueError ##H L E 5,

buffer 1 obj ODNFEANY 7 7 2B L TVT, ZAUSEKRED null N1 PHEFEATVET (ZhE
length 232 6N FEXA), A7V =2 bD PyBytes_FromStringAndSize (NULL, size) THR
ENGEZRNT, MDD THT—Z2HEL TUIWITFEA, A7V =2 + 2K (deallocate)
LTHWIFERA, obj B bytes 7T =7 M ThdyoBEIX. PyBytes_AsStringAndSize() &
-1 %R L TypeError ZiEH L £7,

N— 3 v 3.5 TEE: DA bytes & 7Y =7 MZXAANA DA EN TV L ZIZ TypeError
ZEHLTVE L,
void PyBytes_Concat (PyObject **bytes, PyObject *newpart)

RICEBL XY Stable ABL. newpart DA% bytes DHBEAITHEFE L/ L WAL b EF TP =7 b
*bytes ICHEM L £, MEHLINIFHF LSRR EZFIE L 9, bytes DEHWHOSRIIBENE T, b
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LHTLWA T 227 bBERTERWEA, W bytes DBIIIME XN, *bytes DIEIX NULL IZRE
SNF T WY RPISNAIREESNET,

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)
RICE L F 9 Stable ABI. Create a new bytes object in *bytes containing the contents of newpart
appended to bytes. This version releases the strong reference to newpart (i.e. decrements its
reference count).

PyObject *PyBytes_Join(PyObject *sep, PyObject *iterable)
Similar to sep.join(iterable) in Python.

sep must be Python bytes object. (Note that PyUnicode_Join() accepts NULL separator and

treats it as a space, whereas PyBytes_Join () doesn’t accept NULL separator.)

iterable must be an iterable object yielding objects that implement the buffer protocol.
On success, return a new bytes object. On error, set an exception and return NULL.
Added in version 3.14.

int _PyBytes_Resize (PyObject **bytes, Py _ssize_t newsize)

Resize a bytes object. newsize will be the new length of the bytes object. You can think of it as
creating a new bytes object and destroying the old one, only more efficiently. Pass the address
of an existing bytes object as an lvalue (it may be written into), and the new size desired. On
success, *bytes holds the resized bytes object and 0 is returned; the address in *bytes may differ
from its input value. If the reallocation fails, the original bytes object at *bytes is deallocated,

*bytes is set to NULL, MemoryError is set, and -1 is returned.

8.3.2 bytearray 77>V k

type PyByteArrayObject
Z D PyObject DY 7R A 7i& Python @ bytearray #7327 F2RLE T,

PyTypeObject PyByteArray_Type

RICBLET: Stable ABL. Z® PyTypeObject DA > A X ¥ A%, Python bytearray % /R L %
3, Python L 4 ¥ TD bytearray AL A 7Y =7 b TT,

BFrvyozonO

int PyByteArray_Check (PyObject *0)
F 7P 27 b oD bytearray & 7Y =7t bytearray BOYB T RA TDA VAR Y ATH BIHFEIT
HERLET, ZORBUIEICEIIL %5,

int PyByteArray_CheckExact (PyObject *o0)

F 7Tz b oD bytearray 4 7Y =7 F 72 bytearray BOY TR A TDA VAR Y ATRWEGEE
WHZRLES, ZOBKEFEICHEIL XTI,
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A4 L2+ APl BE#

PyObject *PyByteArray_FromObject (PyObject *o)
RBDE: FiLWBH, RICBL X9 Stable ABL. buffer protocol #HELIZEEDA T =7 b o H
5. #H LW bytearray A 72 =27 P RER L., BLF T,

On failure, return NULL with an exception set.

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize (¢ len)
RBOME: tLWEEE, XICBL X7 Stable ABI. Create a new bytearray object from string and its
length, len.

On failure, return NULL with an exception set.

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
RhflE: i LWBHE, XRICBL £7: Stable ABIL bytearray a ¥ b %HfE L2558 % H L\ bytearray
ELTERLET,

On failure, return NULL with an exception set.

Py ssize t PyByteArray_Size (PyObject *bytearray)
RICBLZE: Stable ABL NULL RA Y& F = v 7 DRRIC bytearray DI A4 X %R L E T,

char *PyByteArray_AsString(PyObject *bytearray)
RICEL£9: Stable ABIL. NULL R4 Y& F = v 7 DRI bytearray DA% char BiFle L TRL %
T, IBEINBEINCIE, FITRDZ null N4 FAEMNENE T,

int PyByteArray_Resize (PyObject *bytearray, Py ssize t len)
RICEL £9: Stable ABI. Resize the internal buffer of bytearray to len. Failure is a -1 return

with an exception set.

N—= a3 ¥ 3.14 TEH: A negative len will now result in an exception being set and -1 returned.

E¢Z4n!
DFo<rzaid, B4 Y E20F v 72 LBV I DRI L TR - FEBELTVE T,
char *PyByteArray_AS_STRING(PyObject *bytearray)

PyBytedArray AsString () WM TWETH, TI7—F v 7 2ITVERA,

Py ssize t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size ) WP TVWETH, T57—F =z v 7 2ITVEHA,

8.3.3 Unicode #7217 b ¥ codec

Unicode #7727 k

Python3.3 ® PEP 393 HE&2 6. X E VMR ZHMFR L72oI 5 Unicode XFDOTERRHPAZNZ 5 X 512,
Unicode & 7Y = 7 MINFANIZREARBFAFEALTHOTVEST, IRTOa—FKRA ¥ 23128, 256 £7=
(& 65536 LR OSLFHNTH UTHRAL 7 — ZADFIEL $905, 20U TClda— FRA >~ P& 1114112 IR

(ZAUTF AT D Unicode HiFHTE) ThRIFIIIL N FHAL
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UTF-8 representation is created on demand and cached in the Unicode object.

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

PEP 623 for more information.

Unicode #!
PUFiX Python @ Unicode EZEIZHW SN TWAEAR Unicode 7Y =2 MITT:

PyTypeObject PyUnicode_Type
RICBLZET: Stable ABI. This instance of PyTypeObject represents the Python Unicode type.
It is exposed to Python code as str.

type Py_UCS4

type Py_UCS2

type Py_UCS1

RICELZFT: Stable ABL. 2hi60fE, #hzh, 328y b, 16 By b, ZL T8 EY POXF
PRS2 DICTHDRIBEFRFE OS2 L OBEA D typedef TF, H—D Unicode XF %W 5 HE X,
Py _UCS4 ZFWTL &,

Added in version 3.3.

type PyASCIIObject
type PyCompactUnicodeObject
type PyUnicodeObject

INSD Pyobject DY 7 XA 7% Python Unicode A 7Y =7 PRI L £3, Unicode A 7Y =
7 M5 2TO API BI$IE PyObject "D KA ¥ X %2321 HL - T PyObject NDHRA ¥ X %ZiRT D
T, IFEALOHE, ThOOREZEEESNETIEHD EA,

Added in version 3.3.

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)
F7Y =7 b obj A Unicode 7Y =27 b Unicode OB T RA TDA VARV RATHBIHAIC
HZ2RLET, ZOBREHEICRILET,

int PyUnicode_CheckExact (PyObject *obj)

F 7Y =2 b obj 3 Unicode 7Y =7 MEWH TR TDA VAR ATRWEEICERZIRLET,
COBIBUIFEICHIIL £ 5,
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Py_ ssize_t PyUnicode_GET_LENGTH(PyObject *unicode)
Unicode XFHNDaA—FKRA ¥ I TOREZIRLET, unicode & 7 IEHR” RHJED Unicode *
T2 FTRITNUIZRD FRA (RELF v Z7IELEEA),
Added in version 3.3.

Py UCS1 *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py UCS2 *PyUnicode_2BYTE_DATA(PyObject *unicode)
Py UCS/ *PyUnicode_4BYTE_DATA (PyObject *unicode)

NFIWEET 72 AT 57912, UCS1, UCS2, UCS4 OWI N DEHANC v X b INTIEFRE
BEAANDRA Y R ERLET, EMBRRIADPHEERLTFH A ZIZRoT0EIREI DT = v ZIiFL
FHA; PyUnicode KIND() "o TIE LW ZEATLIZE W,

Added in version 3.3.

PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() =7 B DR DIETT,
Added in version 3.3.
N—Y a ¥ 3.12 TZHE: PyUnicode WCHAR_KIND IZHIFRX N E Lz,

int PyUnicode_KIND(PyObject *unicode)

Z @ Unicode 57 =X ZRIEFET 2 DIT 1 XFEH 7= DINA Mo TWB2%ERT PyUnicode fERID
ER (EZFTHATLRZEIWV) @55 12%IKRLF T, unicode 13 7 1IEHZ” RIAEHA D Unicode A 7
Pl FPTRIFNIRDERA (R LF =y Z7IELEEA)

Added in version 3.3.

void *PyUnicode_DATA(PyObject *unicode)

£® Unicode Ny 7 7 AD void KA VX EIRL F T, unicode 1& "7 IEHi#” R A D Unicode F
TV PTRINERD ERA (R LF v ZIELERA)

Added in version 3.3.

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

Write the code point value to the given zero-based index in a string.

The kind value and data pointer must have been obtained from a string using PyUnicode_KIND()
and PyUnicode_DATA() respectively. You must hold a reference to that string while calling
PyUnicode_WRITE(). All requirements of PyUnicode_WriteChar () also apply.

The function performs no checks for any of its requirements, and is intended for usage in loops.

Added in version 3.3.
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Py_UCS/ PyUnicode_READ(int kind, void *data, Py_ ssize (¢ index)
IEM7ZRRBIER E 2o TWd (PyUnicode DATA() THUFL72) data 53— FHRA ¥ b ZHARD
F5, Fxv ZRHAERO~Z vEUH LId—UiThbh g8 A,
Added in version 3.3.

Py UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py ssize 1 index)
Unicode & 7Y = 7 b unicode 25 XF%5tAMD £F, Z® Unicode 7Y =7 M " IEFR” R

R TRINUIRD 8 A MRS EN L THANDHEITIE. 2D~ 2 1l PyUnicode READ()
£ D BIFNERTE,

Added in version 3.3.

Py UCS/ PyUnicode_MAX_CHAR_VALUE ( PyObject *unicode)
unicode WIZEEDNTHDXFFNEEZDITH L 2HRADI— FRA Vb ERLET, 2D Unicode F

7Y =7 ME 7 IEB? REFRTRITNILD $8A, ZOEIZEICHEET T, XFIIek %
N2 & D BRRETY,

iy

Added in version 3.3.

int PyUnicode_IsIdentifier (PyObject *unicode)
RICEBLFT: Stable ABL SFH23, identifiers HiDSEERICE T 2 AT THIUT 1 2K
LET, ZhLIANDEEIZ 0 ZRLET,

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

ready.

unsigned int PyUnicode_IS_ASCII(PyObject *unicode)
Return true if the string only contains ASCII characters. Equivalent to str.isascii().
Added in version 3.2.

Unicode XF70O0/N7T+

Unicode (3% O R72 2XF 7187 1 (character property) ZEL TV T, K fHbh i FSn
N7 4 UIRo~wr7nTchfTEES, ZhoD w2 rik Python OFEIIGL T, &4 C ORAEIIXTIG
FTFsnTVETS,
int Py_UNICODE_ISSPACE(Py UCS4 ch)

ch PDEAXFPEIPIIGUT 1 £213 0 ZIBRLET,
int Py_UNICODE_ISLOWER(Py UCS/ ch)

ch B/INLEPEIPITECT 1 £ 0 I RLET,
int, Py_UNICODE_ISUPPER(Py_[/CS/ ch)

ch BRLFDPE S MIELT 1 E721% 0 #ELET,

int Py_UNICODE_ISTITLE(Py UCS4 ch)
ch A bLy — AXF (titlecase character) ¥ 325 T 1 F4E 0 BIRLE T,
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int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)
ch DBATLF DL E I PTG T 1 £/ 0 ZRLET,

int Py_UNICODE_ISDECIMAL(ny UCS4 ch)
ch 7% decimal XFENEI MG T 1 £ 0 ZRLET,

int Py_UNICODE_ISDIGIT(Py UCS/ ch)
ch ZP dlglt Y?‘i))t 7%7’0\_’_‘[:\1/{ 1 if\_bi 0 % Lij‘o

int Py_UNICODE_ISNUMERIC(Py UCS/ ch)
ch T (numeric) XFPEIPTIGCT 1 £ 0 ZRLE T,
int Py_UNICODE_ISALPHA(Py UCS4 ch)

ch 7N T7 7Ry NXENPESIPIIHET 1 F2130 2RLET,

int Py_UNICODE_ISALNUM(Py UCS4 ch)
ch DEELFPESIPIIGCT 1L £213 0 BIBLE T,

int Py_UNICODE_ISPRINTABLE(Py UCS/ ch)

Return 1 or 0 depending on whether ch is a printable character, in the sense of str.isprintable().
DUR D APT I3, @I EHEX TR 2T S Db £ 7

Py UCS/ Py_UNICODE_TOLOWER(Py UCS/ ch)
ch B/NFICEB L5 DERL T,

Py UCS/ Py_UNICODE_TQUPPER(Py UCS/ ch)
ch ZRXFIEBL= DR LET,

Py UCS/ Py_UNICODE_TOTITLE(Py UCS/ ch)
ch #RA VT —AXFIEBR LD DERLET,

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 IZZHAL 72 DZBELFE T, TAIBERHIX -1.0 ZIRL £, ZORBEEEINZEL L %
A

oD APL ¥ us — MR 3

int Py_UNICODE_IS_SURROGATE(Py UCS/ ch)
ch ¥ as — ¥ 5% (0xD800 <= ch <= OxDFFF) #F =z v 7 LE7T,
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int Py_UNICODE_IS_HIGH_SURROGATE(Py UCS/ ch)

ch 5L vy — b ¥ 5% (0xD800 <= ch <= OxDBFF) #F v 27 L ¥ T,

int Py_UNICODE_IS_LOW_SURROGATE(Py UCS/ ch)

ch B RAi¥ s — b2 ¥ 5% (0xDCO0 <= ch <= OxDFFF) #F v 7 L% 7T,

Py UCS/ Py_UNICODE_JOIN_SURROGATES (Py UCS/ high, Py UCS/ low)

Join two surrogate code points and return a single Py_UCS/ value. high and low are respectively the
leading and trailing surrogates in a surrogate pair. high must be in the range [0xD800; 0xDBFF]
and low must be in the range [0xDC00; 0xDFFF].

Unicode XFFDERE 7 IR

Unicode # 7Y =27 b EAER LD, Unicode D —4r 22 LTORERN LR T T 417 7R LED
FT2120E. LURD API 2o TL 2 & W

PyObject *PyUnicode_New(Py ssize t size, Py UCS/ maxchar)

ROE: FILWEEE, # LW Unicode 7Y =7 b 24 L £3, mazchar 1ZXXFHNCHARZ a— R
HEA Y FOELWEABEIC TR ECT, ZOBIHEE YL LT 127, 255, 65535, 1114111 O —&F\
B2 EiFesingd,

On error, set an exception and return NULL.

After creation, the string can be filled by PyUnicode_WriteChar(),
PyUnicode_CopyCharacters(), PyUnicode_Fill(), PyUnicode_WRITE() or similar. Since
strings are supposed to be immutable, take care to not “use” the result while it is being modified.

In particular, before it’s filled with its final contents, a string:
e must not be hashed,
e must not be converted to UTF-8, or another non-"canonical” representation,
e must not have its reference count changed,
e must not be shared with code that might do one of the above.

This list is not exhaustive. Avoiding these uses is your responsibility; Python does not always

check these requirements.

To avoid accidentally exposing a partially-written string object, prefer using the PyUnicodelriter

API, or one of the PyUnicode_From#* functions below.

Added in version 3.3.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py ssize t size)

ROfE: HFLWBER, 550/ kind (BUD1F % E1E PyUnicode 1BYTE KIND 7% ¥ O
PyUnicode_KIND() AR $METT) @ Unicode A 7Y =7 FEAERL FF, buffer 3. GAHhH
72 kind 12> T 1 XFH7zD 1,2, 4 N4 bOWTIhrEHEA L LT, BX size DEFIADKRA V&
TRITIUIRD A,
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If necessary, the input buffer is copied and transformed into the canonical representation. For
example, if the buffer is a UCS4 string (PyUnicode_4BYTE_KIND) and it consists only of codepoints
in the UCS1 range, it will be transformed into UCS1 (PyUnicode_1BYTE_KIND).

Added in version 3.3.

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

RbO{E: :ILWEH, XICEL X9 Stable ABI. Create a Unicode object from the char buffer str.
The bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object.

The return value might be a shared object, i.e. modification of the data is not allowed.
This function raises SystemError when:

o size < 0,

e str is NULL and size > 0
N—Y a Yy 3.12 TEH: str == NULL with size > 0 is not allowed anymore.

PyObject *PyUnicode_FromString(const char *str)
ROfE: FrtLWBE, RICEL XY Stable ABI. UTF-8 =¥ a— F X7 null #4#dD char BNy
7 7 str 5 Unicode 7Y =7 M EEMRLET,

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

ROE: FLWBHE, RICEBL 7 Stable ABL Take a C printf ()-style format string and
a variable number of arguments, calculate the size of the resulting Python Unicode string and
return a string with the values formatted into it. The variable arguments must be C types and

must correspond exactly to the format characters in the format ASCII-encoded string.

—ODEHHEEFIZ 2 $ B ZNUA LD F 2 EA, ZOMBERIUATH S 35, RLEIEIC
HER L7237 b 8 A

L. fEEFDORMBERTT %' -
2. BT 27 (AT ay), ~HMOREHORRIHEL XY,

3. Minimum field width (optional). If specified as an '*' (asterisk), the actual width is given
in the next argument, which must be of type int, and the object to convert comes after the

minimum field width and optional precision.

4. Precision (optional), given as a '.' (dot) followed by the precision. If specified as '*' (an
asterisk), the actual precision is given in the next argument, which must be of type int, and

the value to convert comes after the precision.
5. MERAEHT (X 7> av),
6. 2R,

2T 5 7 F A MORLET:
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Flag

B |

0 BERNICH L TERITX B 87 4 Y7 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):

fetny | B |
1 long % 7zl% unsigned long
11 long long 7zl unsigned long long
intmax_t or uintmax_t
Z size_t or ssize_t
ptrdiff t

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

const wchar_tx*.

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

version

Speci-

fier

% n/a The literal % character.

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

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

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

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

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

c int A single character.

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

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

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

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

S PyObjectx PyObject_Str() DR D fHE,

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

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

the module name and the qualified name.

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

PyType_GetFullyQualtfiedName ().

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

the module name and the qualified name.

0 R

The width formatter unit is number of characters rather than bytes. The precision formatter
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unit is number of bytes or wchar_t items (if the length modifier 1 is used) for "%s" and "%V"
(if the PyObject* argument is NULL), and a number of characters for "%A", "%U", "%S", "%R"
and "%V" (if the PyObject* argument is not NULL).

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

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

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

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

N— a ¥ 3.12 TEHE: Support for conversion specifiers o and X. Support for length modifiers
j and t. Length modifiers are now applied to all integer conversions. Length modifier 1 is now
applied to conversion specifiers s and V. Support for variable width and precision *. Support for

flag -.

An unrecognized format character now sets a SystemError. In previous versions it caused all the

rest of the format string to be copied as-is to the result string, and any extra arguments discarded.
N— a3 3.13 TZEH: Support for %T, %#T, %N and %#N formats added.

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

PyObject *PyUnicode_FromObject (PyObject *obj)

RDh1{E: FHiLLWBE, XICEL X9 Stable ABL Copy an instance of a Unicode subtype to a new
true Unicode object if necessary. If obj is already a true Unicode object (not a subtype), return a

new strong reference to the object.
Unicode R ZDH 7 X4 TLIANDA 7Y = 7 +Tld TypeError 25| EilZ SN F T,

PyObject *PyUnicode_FromOrdinal (int ordinal)

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

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

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

RBhfl: HiLWBE, RICBLET: Stable ABL. T>a—RFXNLTW3 obj % Unicode 7Y =2
MeFa—KLET,
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bytes X bytearray °MiD bytes-like objects X, 52 b7z encoding W > TF a— KX 4L, errors
TERSNIZL T =AY RV Y IHREDRET, TAOoDFBUIMT L d NULL IZTE, ZD5EC

A=

API 377 4V MEZENE T FEL 2 &id $8FHAH codec (built-in codec) ZZRLTLZE W),
Z DD Unicode 7Y =7 + 2 &G A 7Y = 7 M TypeError A28 &I L E 5,

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

\

void PyUnicode_Append ( PyObject **p_left, PyObject *right)

RICEL £ ¢ Stable ABI. Append the string right to the end of p_left. p_left must point to a

strong reference to a Unicode object; PyUnicode_Append () releases ("steals”) this reference.

On error, set *p_left to NULL and set an exception.
On success, set *p_left to a new strong reference to the result.

void PyUnicode_AppendAndDel (PyObject **p_left, PyObject *right)

RICEBL X Stable ABI. The function is similar to PyUnicode_Append (), with the only difference

being that it decrements the reference count of right by one.

const char *PyUnicode_GetDefaultEncoding (void)

RIZEBL %7 Stable ABI. Return the name of the default string encoding, "utf-8". See sys.
getdefaultencoding().

The returned string does not need to be freed, and is valid until interpreter shutdown.
Py_ssize_t PyUnicode_GetLength (PyObject *unicode)

RICBLFT: Stable ABI (IN—=23> 3.7&D ). Unicode #7922 FOEX%2a—FRA Y T
RLUET,

On error, set an exception and return -1.
Added in version 3.3.

Py ssize t PyUnicode_CopyCharacters (PyObject *to, Py ssize t to_start, PyObject *from,

Py ssize_t from_ start, Py ssize t how__many)

%% Unicode 79 =2 oA TFEAE—LET, ZOMMIRER L 3 ICCFERETO,
AR A memepy O NELRLE T, KO L F12ix -1 2EL. IS ERELET, 25 ThL
BEE, A LEXFREEL T,

The string must not have been “used” yet. See PyUnicode_New() for details.

Added in version 3.3.

int PyUnicode_Resize (PyObject **unicode, Py _ssize t length);

RICEL £9: Stable ABI. Resize a Unicode object *unicode to the new length in code points.

Try to resize the string in place (which is usually faster than allocating a new string and copying

characters), or create a new string.
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*unicode is modified to point to the new (resized) object and 0 is returned on success. Otherwise,

-1 is returned and an exception is set, and *unicode is left untouched.

The function doesn’t check string content, the result may not be a string in canonical representa-

tion.

Py_ssize_t PyUnicode_Fill(PyObject *unicode, Py _ssize t start, Py _ssize_t length, Py UCS/
fill char)

XFHN %X FTHD EF: unicode[start:start+length] T fill char D2 I LIk D FT,

fill_char 3SCFHNDRALT LD S REVGER. X7 2 DU EOBRER - TRESIZRKL
£9,

The string must not have been “used” yet. See PyUnicode_New() for details.
FEIAATFR RS, KD 212 -1 2R LA ZEHR L £,
Added in version 3.3.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py UCS/ character)
RICBLZET: Stable ABL (IN—2a > 3.7 &D ). Write a character to the string unicode at the

zero-based index. Return 0 on success, -1 on error with an exception set.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and
that the object’s reference count is one). See PyUnicode_WRITE() for a version that skips these

checks, making them your responsibility.
The string must not have been “used” yet. See PyUnicode_New() for details.
Added in version 3.3.

Py_UCS/ PyUnicode_ReadChar ( PyObject *unicode, Py ssize t index)

RICBLET: Stable ABI (IN—=23Y 3.7 &D). XFHI»LXFEHAMDET, T7—F v
ZATH R\ PyUnicode READ_CHAR() Y IXHEENIZ. Z DRI unicode % Unicode 7Y = 7 b
TH2Z, ATy IADPHBNTHS 2 F v 7 LET,

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

Added in version 3.3.

PyObject *PyUnicode_Substring (PyObject *unicode, Py ssize t start, Py ssize ¢ end)
RDME: FiLLWBHE, RICBLET: Stable ABI (IN\—23 > 3.7 £D). Return a substring of

unicode, from character index start (included) to character index end (excluded). Negative indices

are not supported. On error, set an exception and return NULL.
Added in version 3.3.

Py UCS/ *PyUnicode_AsUCS4 (PyObject *unicode, Py UCS/ *buffer, Py ssize t buflen, int
copy_ null)

RICBEL 9 Stable ABI (IN—23> 3.7 &b ). Copy the string unicode into a UCS4 buffer,
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including a null character, if copy_null is set. Returns NULL and sets an exception on error (in
particular, a SystemError if buflen is smaller than the length of unicode). buffer is returned on

success.
Added in version 3.3.

Py UCS/ *PyUnicode_AsUCS4Copy ( PyObject *unicode)

RICBLET: Stable ABI (IN—=23> 3.7 & D). SUFH| unicode % PylMem_Malloc() TXEV HELR
ENTH LW UCHA BD Ny 7 712ab—L g3, ThpKRBLZHEIE. NULL 23R L MemoryError
Zty PLET, BENANY 7 713863 null a— FKRA > bHABEMENATVET,

Added in version 3.3.
O4y—JIT>dA—5Fa >y
REOR Sy — VLo a—F 4 VB3 ARV —T 4 VI VATLADTFA M2 Ta—F323DIELET,

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

RODME: HTLWEBE, RICEL X7 Stable ABI (/N\—23> 3.7&D ). Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported
error handlers are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict"
error handler if errors is NULL. str must end with a null character but cannot contain embedded

null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from the filesystem encoding and

error handler.

This function ignores the Python UTF-8 Mode.

& BE

Py_DecodeLocale() FA%K,

Added in version 3.3.

N—=Ya v 3.7 TEH: ZoMEIE. Android MATREBREDOR Sy — Lz ya—FT 4 v 7%

surrogateescape T 7 — Y R I TS X5 D % L%k, MLETIE. Py _DecodelLocale() 73

surrogateescape Tffibil, HEDOOr— LTy a—F 4 ¥ 23 strict THbATVE LT,
PyObject *PyUnicode_DecodeLocale(const char *str, const char *errors)

EhfE: HTLWEBR, XRICELZXY: Stable ABI (IN—=2 3> 3.7 &bD).  Similar to

PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen().

Added in version 3.3.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

ROfE: FiLWBE, RIZBL XY Stable ABI (/N\—23> 3.7 &b ). Encode a Unicode object
to UTF-8 on Android and VxWorks, or to the current locale encoding on other platforms. The

8.3. =T YRATT IV I (sequence object) 205


https://peps.python.org/pep-0383/

The Python/C API, ) —2X 3.14.0a7

supported error handlers are "strict" and "surrogateescape" (PEP 383). The encoder uses
"strict" error handler if errors is NULL. Return a bytes object. unicode cannot contain embedded

null characters.

Use PyUnicode_EncodeFSDefault () to encode a string to the filesystem encoding and error han-
dler.

This function ignores the Python UTF-8 Mode.

& 2E

Py_EncodeLocale() FA%,

Added in version 3.3.

N—=Ya v 3.7 TEHE: ZoBMKIE. Android DA TREEDOR Sy — Ly a—FT 4 v 7%
surrogateescape L7 — Y K7 TS5 k512D ¥ L%, MUATIE. Py_EncodelLocale() 73
surrogateescape Tffibi, HWEDRFr — LTy a—F 4 ¥ 7 strict THELATHE L,

T77AIWNORTFLIYA=FT4 >

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)

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

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

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

returns 1.
Added in version 3.1.
N—=Ya Yy 3.6 TEHE: path-like object 2T AND LI F L=

To decode file names to str during argument parsing, the "0&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:
int PyUnicode_FSDecoder (PyObject *obj, void *result)

RICEB L £9: Stable ABI. PyArg Parse* converter: decode bytes objects -- ob-

tained either directly or indirectly through the os.PathLike interface -- to str using
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PyUnicode_DecodeFSDefaultAndSize(); str objects are output as-is. result must be an ad-
dress of a C variable of type PyObject* (or PyUnicodeObject*). On success, set the variable to
a new strong reference to a Unicode object which must be released when it is no longer used and
return a non-zero value (Py_CLEANUP_SUPPORTED). Embedded null characters are not allowed in

the result. On failure, return 0 with an exception set.

If obj is NULL, release the strong reference to the object referred to by result and return 1.
Added in version 3.2.

N— a v 3.6 TEHE: path-like object BT AND X5k bE LI,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *str, Py ssize ¢ size)
RBROE: :iLWBE, XIZEL 9 : Stable ABI. Decode a string from the filesystem encoding and

error handler.

If you mneed to decode a string from the current locale encoding, use

PyUnicode_DecodeLocaleAndSize ().

& 2E

Py_DecodeLocale() BA%,

N— a ¥ 3.6 TEHE: The filesystem error handler is now used.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

BDhME: HILWBHE, XRICEL £7: Stable ABIL. Decode a null-terminated string from the filesystem

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

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

RBOflE: HFTILWEBE, XRICBL X7 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().

& 2E

Py_EncodeLocale() FA%,

Added in version 3.2.

N—=Ta ¥ 3.6 TEHE: The filesystem error handler is now used.
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wchar_t H7R— bk
wchar t ZYRK—+F2377 v b 75 —LTD wchar t K-}

PyObject *PyUnicode_FromWideChar (const wchar t *wstr, Py ssize ( size)

RBOE: HiLWBHE, XIZBL £9: Stable ABI. Create a Unicode object from the wchar_t buffer
wstr of the given size. Passing -1 as the size indicates that the function must itself compute the

length, using wcslen(). Return NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wehar_t *wstr, Py ssize t size)

RICEBL £9: Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At
most size wchar_t characters are copied (excluding a possibly trailing null termination character).

Return the number of wchar_t characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including

a terminating null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility
of the caller to make sure that the wchar_t* string is null-terminated in case this is required by
the application. Also, note that the wchar_t* string might contain null characters, which would

cause the string to be truncated when used with most C functions.

wchar _t *PyUnicode_AsWideCharString (PyObject *unicode, Py ssize t *size)

RICELET: Stable ABL (IN—23> 3.7 &D ). Convert the Unicode object to a wide character
string. The output string always ends with a null character. If size is not NULL, write the number
of wide characters (excluding the trailing null termination character) into *size. Note that the re-
sulting wchar_t string might contain null characters, which would cause the string to be truncated
when used with most C functions. If size is NULL and the wchar_t* string contains null characters

a ValueError is raised.

Returns a buffer allocated by PyMem New (use PyMem_Free() to free it) on success. On error,

returns NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.
Added in version 3.2.

N— a ¥ 3.7 TEH: Raises a ValueError if size is NULL and the wchar_t* string contains null

characters.

#0#A% codec (built-in codec)
Python 1%, IEHEZE D 5 72912 C TEDP N codec PHIZTHH EFFT, ZhHLELTD codec 1T
DOREE N L CEZAMHATE £,

YIRD API ©Z L 25, encoding & errors W05 ZOD5| & DET, TAHDNRT X —XiX, HAAAL
DXFHNAVRA NI IR THD str) ITBFEEHADNTXA =R EFEUE®KEFDLE T,

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file system calls
should use PyUnicode_FSConverter() for encoding file names. This uses the filesystem encoding and

error handler internally.
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errors CIEET 5L —MM S F7-, NULL ZEETEZEJ, NULL Z#{6E T % &. codec TEZEI LTV
2773V MUBOFERAEEKRLET, 2 TDHARAA codec T, 77 4L b DT T —MLIET "strict”
(ValueError ZiAH 3 3) I/ TWVE T,

il % D codec IZR2TREMDA VR —T 2 — A% o TWVWET, D codec DIAATIX. FHEHZEEIZT 2
DI TORNHADA X —7 2 — R DEFEWE T ERHBLTWET,

A codec
The following macro is provided:

Py_UNICODE_REPLACEMENT_CHARACTER

The Unicode code point U+FFFD (replacement character).

This Unicode character is used as the replacement character during decoding if the errors argument

is set to "replace”.
LUREINA codec @ API T3

PyObject *PyUnicode_Decode (const char *str, Py _ssize t size, const char *encoding, const char
*errors)
RBOME: i LWBHE, XRIZBL £ 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)
BOfE: :rLWLWBE, RICBL XY Stable ABIL Unicode # 7Yz b2 a— KL, ZOERE
Python @ bytes # 7Y =27 h ¥ L TTIRL £, encoding B & errors 1% Unicode D encode () X
Yy RICEZBEEDNRIRA—XELEKEZRD T, AT % codec DFiFRIZ. Python @ codec
VIR MY 2o TITWE T, codec DMIF 2 X L7258 121E NULL 23R L £5,

UTF-8 Codecs

MU NZ UTF-8 codec ® API T3

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

RBDOfE: FTLWEE, XICBLEJ: Stable ABL. UTF-8 T a— FXN/= size N4 b DSLFEH| str
728 Unicode 7Y =2 b 24 L %5, codec D3FIAZ2EH LZ5GEICIE NULL 28K L %3,

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

Py _ssize_t *consumed)

BEbD{E: #HLLWEBEB, XICB L F F: Stable ABL consumed 73 NULL O 3 &,
PyUnicode_DecodeUTF8() YR U X 5 WCEIEL $3, consumed 75 NULL TRWEHE, REDF
58427 UTF-8 N4 MNZL S - ARINERA, THEHDNAL MIZTa—-RFEAT, Ta—-FX
Nz A MBUL consumed ITHGAZILE T,

PyObject *PyUnicode_AsUTF8String(PyObject *unicode)
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fif % Python NA MA T 27 b LTRLUES, 7 —MHIX "strict” TI, codec 235 %%
H U 723538121 NULL 23R L ¥5,

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

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py ssize t *size)

RICBLET: Stable ABI (IN—=23> 3.10 &D ). Unicode A 7Y =2 +% UTF-8 TZYa—FKL
T2 DANDRA Y EERL, Tra— RFEINLRRBATOY A4 X (N4 ML) & size TN L %
Fo size 518UT NULL THIHOVEBA; ZOEEET A ZIBHENETHA, BENZ NNy 7 7121,
null I—FKRA Y I2BH20E 2L T, HIZ null N4 FBREICHMEATHET (2
size WIIBIESNEEA).

On error, set an exception, set size to -1 (if it’s not NULL) and return NULL.
The function fails if the string contains surrogate code points (U+D800 - U+DFFF).

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls
will return a pointer to the same buffer. The caller is not responsible for deallocating the buffer.
The buffer is deallocated and pointers to it become invalid when the Unicode object is garbage

collected.

Added in version 3.3.

N—=a v 3.7 TEHE: IRDEDHD char * TlX#2 { const char * I D F L7,
N— 3z 3.10 TZH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize () LIFIZF LU TTH, 4 XML A,

A B:

This function does not have any special behavior for null characters embedded within unicode.
As a result, strings containing null characters will remain in the returned string, which some
C functions might interpret as the end of the string, leading to truncation. If truncation is an

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

Added in version 3.3.

N— gy 3.7 TEHE: IRDEDHD char * TlE7 < const char * Ik H F L7
UTF-32 Codecs
DIRiE UTF-32 codec API TF:

PyObject *PyUnicode_DecodeUTF32 (const char *str, Py _ssize t size, const char *errors, int

*byteorder)
BOE: HILWEBE, XICBLET: Stable ABL. UTF-32 T > a— XNy 7 7 LFEHH 5
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size N F 27 3a—F L, Unicode #7227 b2 L TGRELE T, errors & (NULL TRWES) LT —
ANYRIRIFELET, 77 4L NI Tstrict” T,

byteorder 73 NULL TRV, Ta—XZG5Z oA b A —X—T7a—FZHBLET,

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

*byteorder 25 0 T, ANT—XDERAID 4 X4 ;A byte order mark (BOM) 72 51F, 7a—Xik
DN bPA=Z=1ZYIhF . BOM 1Z#ERD Unicode XFFI2a ¥ — XN FH A, *byteorder
M -1 T3 1 251E. &2 TOD byte order mark i Hicar—xh 3,

FaA— FRET LKk ANTF—ROEIRIIKRIZFEETDOANAL b+ — & —% *byteorder 12 v b L
S

byteorder 7% NULL ® ¥ ¥, codec & native order £— FTRHIIHL F 3

codec DA B FAE X B/ ZIE NULL 2R L 3,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py ssize t size, const char *errors, int

t *

*byteorder, Py _ssize_t *consumed)

EbfE: #HmMLLWBE, XRICBL X J: Stable ABIL consumed 7% NULL O ¥ &,
PyUnicode_DecodeUTF32() Y R U X 51Tk 2 # W F 3, consumed 75 NULL THRWVE X,
PyUnicode_DecodeUTF32Stateful () EREBDATERL (4 THDODUNAZRVWREI DAL MY
D) UTF-32 N4 MR 7= LTIRVWER A, REDARTEEBAL METFTa—- a3, 7a—
K&z MDY consumed ITHEINSI N E T,

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

ROME: HFILLWEE, RICEL X Stable ABL. x4 7 4 7NA b4 —&—T UTF-32 =>a—5 4
¥ 7 &Nz Python N4 P XFHNEIRLET, XFINEFEIC BOM ~— 2 THEDFET, =TT -1V
K 1% 7strict” T3, codec D3N EFAEXE/- L EiX NULL 2R L £3,

UTF-16 Codecs

MU NZ UTF-16 codec ® API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py ssize ¢ size, const char *errors, int

*byteorder)

RBDOE: 1LWEHE, RICBLE 7 Stable ABL. UTF-16 TZ>a— KXy 77 s 5 size
NA MR Ta—-FLT, fR % Unicode # 79227 FTIRLE T, errors 13 (NULL TRWSE) =
T —BAFEEERLET, T 7 40 MEZ "strict” TF,

byteorder 7% NULL THRWK, 7a—X3Z5 26NN, b A —K—T7a— FEHBLET,

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: big endian
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xbyteorder 25 0 CT. ANIT—XRDKEH2 N4 I 23INA bA—K—<—2 (BOM) Zo/GE, 73—
ZiE BOM 27" 3N, b A=K =12 E X, 2D BOM ZHRD Unicode XFHNcar—L 8
Ao *byteorder 2% -1 20 1 2o HE. TRTO BOM EH~Nav—EhEd (HTIE \ufefsf
2 \ufffe DEBHHPITRBTL &9 )o

TaA—RFPRET L. ANT—XOMERITRLFFRTDONA M4 —&X —% *byteorder 2ty b L
iTO

byteorder 7% NULL ® ¥ &, codec & native order *£— FTRHI#HEL £ 3
codec 23IAN & R X B7- & =i NULL 2R L £3,

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

*byteorder, Py _ssize_t *consumed)

BEODfE: HLWBEE, RICEL FJ: Stable ABL consumed %% NULL O 35 &,
PyUnicode_DecodeUTF16() & [l U & 5 W E1E L £ F. consumed 7 NULL T 7Z& W&,
PyUnicode_DecodeUTF16Stateful () 3 RED AR UTF-16 ~NA Ml (FHEDONA MlS
DEENY A Tr =t RT7) BT BRLETA, TNHDNAL MZTFa—-FEhd, 7a—F
Nz VR consumed WRL E T

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

RBOE: FHILWEE, RICEL X Stable ABL. %4 57 4 7L b+ —&X—T UTF-16 =>a—F 4
v 7 &N 7z Python N4 FXFEFNEIRLUE T, XFEINIHEIC BOM v — 27 THEDET, =7 -V
K & 7strict” T3, codec MFINEFEX T 21X NULL 2R L E3,

UTF-7 Codecs
MUNZ UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py ssize t size, const char *errors)

RBD{E: i LWBE, XIZBL X7 Stable ABIL. Create a Unicode object by decoding size bytes of
the UTF-7 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py ssize t size, const char *errors,

Py_ssize__t *consumed)

BRbfa: HLWBE RXRICEL FF9: Stable ABI. consumed %% NULL O & ¥,
PyUnicode_DecodeUTF7() YR & 5 WCEIEL £3, consumed %3 NULL TR\ £, REODOFR
5e427% UTF-7 base-64 {7 - LERHA, FEERITITDOAL METa—-FEFIZ, Ta—
R L7z A % consumed IHHAL F 355

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

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

RBOE: i LWBE, XIZBL X7 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.
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PyObject *PyUnicode_AsUnicodeEscapeString(PyObject *unicode)

RBOfE: #iLWBE, RICEL £9: Stable ABI. Unicode-Escape % {#\ Unicode # 7' Y= + & T
Ya—FL., #R% bytes £ 79227 b LTRLE Y, =7 —WUHIE "strict” T3, codec H3lst%
P U 7235E8121E NULL 23R L ¥ 3,

Raw-Unicode-Escape Codecs

LURZ "Raw Unicode Escape” codec ® API T3

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

RBD{E: i LWBEE, RIZEL X7 Stable ABIL. Create a Unicode object by decoding size bytes of

the Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

RBbhfl: HiLWBE, RICEBL X7 Stable ABIL. Raw-Unicode-Escape % f#\» Unicode + 7Y = 2
FEZra—FL, #R%Z bytes #7227 b LTRLE T, =5 —MUHIE "strict” T3, codec 3
stk U 7235851203 NULL 23R L %5,

Latin-1 Codecs

LURiZ Latin-1 codec ® API T3 Latin-1 1%, Unicode BEOBEHD 256 ICHIH L. T a— FRFIZIE
ZD 256 HZ e LUES,

PyObject *PyUnicode_DecodeLatinl (const char *str, Py ssize ( size, const char *errors)
RBDfE: :BTLWEE, XRICEL X7 Stable ABIL Latin-1 TZ>a— FXN7z size N4 b DXXFH
str 725 Unicode 7Y =7 M EAEKL T, codec DA EEH L7=HEICIE NULL 2R LE T,
PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

RBOfE: il LWEEE, XICBLZE$: Stable ABL Latin-1 T Unicode & 7¥ =2 F2 x>y a— KL,
#ER % Python bytes #7327 b L TGRLE T, =7 —WUHIE "strict” T3, codec 23IF 2k H
L7288 12id NULL 2R L £3,

ASCII Codecs

LU ASCII codec @ APIT3, 7y FD ASCIL 77— 2ZML %3, 2ofloa—FEzs -1
ZhET,

PyObject *PyUnicode_DecodeASCII (const char *str, Py ssize t size, const char *errors)
RBO{E: i LWBE, XRIZBL X7 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)

ROE: FTILLWBE, RICBL X7 Stable ABI. ASCIT T Unicode *# 7Y xZ b2 a—FL,
#iR% Python bytes A 72 =27 P L TRL % T, =7 —MHIZ "strict” T3, codec 2365 %k H
L7258 NULL 2B L E5,
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Character Map Codecs

T D codec &, Z < DEkL 7% codec &34 T ZBICHDN D L1 5 HTHRFRZR codec T (SR, encodings
X =T Ao TV BIEHE codecs DIFEALIE. TD codec 2o TV T), ZTD codec lF. XFDLT
Ya— R R7Fa— PR eHOE T, BESINIMHIEROA 7Y =27 Md __getitem__ () vy YA
VR—=T 2 —R%HPR—F L TWRTIUIRD FHA; HERPY—F VABZUTEL TWE T,

LI mapping codec @ APIT7T:

PyObject *PyUnicode_DecodeCharmap (const char *str, Py ssize t length, PyObject *mapping, const

char *errors)

RBOE: FHiLWBE, RIZBL X7 Stable ABL. 52X &7z mapping & 73 =27 F &5 T, size N
ArDZTYa—RFEINEXFS str 57 a— K LT Unicode A 72 =2 b EERL ET, codec 53
M FE X7z 21X NULL 2R L ¥ 55

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals
(integers in the range from 0 to 255) to Unicode strings, integers (which are then interpreted as
Unicode ordinals) or None. Unmapped data bytes -- ones which cause a LookupError, as well
as ones which get mapped to None, OxFFFE or '\ufffe', are treated as undefined mappings and

cause an error.

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

Eb{lE: FiLWBHE, XICBLZX Y Stable ABIL. Unicode & 7Y =2 b % mapping \ZHEE SNz A
A/ I\’E’ﬁ’)fl/ﬂ— FL., fR% bytes 279227 b2 L GRLET, =7 =N "strict”
T9, codec 2352k H L 72358121% NULL 2B L £9

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range
from 0 to 255 or None. Unmapped character ordinals (ones which cause a LookupError) as well

as mapped to None are treated as "undefined mapping” and cause an error.

MIR®D codec API 1% Unicode 7% Unicode NDOXHATIT 247 5 555k d DT I,

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

RBOE: :iLWBE, RICBL £9: Stable ABL. XFHNIXFITIGFE table Z#H L TEH L, £
&8 % Unicode 7Y =227 FTIRL¥3, codec 2MllFN 2 FIT L 7235E121% NULL 238 L 3,

TG IE, Unicode Pz KT8 % Unicode P2 R TEEM % 7213 None (ZDXFZHIRT ) 1T
RIS 22 ud7z b £8 Ao

Mapping tables need only provide the __getitem__() interface; dictionaries and sequences work
well. Unmapped character ordinals (ones which cause a LookupError) are left untouched and are

copied as-is.

errors 1% codecs TEEHONZDEEIUEKERF B 3, errors I NULL IZLTH KL, T 741+
7O ERZERL F5,
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Windows FH®D MBCS codec

LU MBCS codec @ API TF, 2@ codec 3HIED Y Z A, Windows E721FTHIHTE, L5
1% Win32 MBCS Z#u### (Win32 MBCS converter) Z{#-> TW& 3, MBCS (%721% DBCS) (x> a—
FARORE (class) R T FET, HF—Ox vy a—FAREZRTDITRRVOTERLTLEZZ W, FIH
Ehdxzra— FAK (target encoding) &, codec ZEMEI B TWVWE I Y FOI—FRETEREIN T
E

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

ROfE: iLWBE, RICEBLEXT: Stable ABI on Windows (IN\—2 3> 3.7 &D). Create
a Unicode object by decoding size bytes of the MBCS encoded string str. Return NULL if an

exception was raised by the codec.

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

Py _ssize_t *consumed)

RhflE: HiLWBER, XRICEL FJ: Stable ABI on Windows (IN—23> 3.7 &D). consumed
M3 NULL D ¥ &, PyUnicode_DecodeMBCS() L[ UENFEZ L £F, consumed 73 NULL TR\ ¥ &,
PyUnicode_DecodeMBCSStateful () X FHDBRRICH 5NV FNA P XFORIENS M 2T a—
FE3. consumed 173 — F LA MEBHL X3,

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

const char *errors, Py ssize t *consumed)

RBDfE: $iLLWBER, RICBL X Stable ABI on Windows (IN—23> 3.7 &D ). Similar to
PyUnicode_DecodeMBCSStateful (), except uses the code page specified by code page.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

RBDME: :iLWEE, RICELFJ: Stable ABI on Windows (IN—23> 3.7 &b ). MBCS T
Unicode A 7Y =2 b2y a—FL, #iR% Python X4 MllA T =7 b L TGRLES, =5 —
JUEZ Tstrict” TE, codec D3BISN 2 X U 735E1213 NULL 2B L %9,

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

RBOfE: ILLWEBR, RICBLFT: Stable ABI on Windows (IN\—3> 3.7 &D ). Encode the
Unicode object using the specified code page and return a Python bytes object. Return NULL if
an exception was raised by the codec. Use CP_ACP code page to get the MBCS encoder.

Added in version 3.3.
XYy krZROv bk
AVy RFEXIV ROy MR (slot function)

PUF@ API & Unicode A 7Y =27 b B X OXFHNZ2 AINCHD (BT, EB 5 FIHeRILLTVE
3. BEIISUT Unicode 7Y = 7 s BB RITHERER o TV E T,

IS DB ET, BISHRAELHEITIE NULL $72013 -1 ZIRL $9,

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
RBROME: FLWBHE, RICBL XY : Stable ABL. Z 2D XFH%HES LT, #7272 Unicode XF5%
AERR L ET,
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PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py _ ssize_t maxsplit)

RBOfE: FiLWBE, XRIZBL XY Stable ABIL. Unicode XFFID VY & + %43E| LT, Unicode X
FHI»HIRB VA MEIRLET, sep 2 NULL DFA. ETOEAXFE2H > THEEZTVET, %
NUNDOEGE, IBEINLNF R THEZTVE T, HAT mazsplit [E TOREEZITVET,
mazsplit YER SIXTERNCHIBZ T EEA. THIERDO Y X PAICEHEICFIZEAET A

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

PyObject *PyUnicode_RSplit (PyObject *unicode, PyObject *sep, Py _ssize_t maxsplit)
RBOhfE: HLWLWBE, XIZEL 9 Stable ABIL. Similar to PyUnicode_Split (), but splitting will
be done beginning at the end of the string.
On error, return NULL with an exception set.

Equivalent to str.rsplit().

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

RBOfE: :ILWBE, RICEBL £ Stable ABL. Split a Unicode string at line breaks, returning a
list of Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break

characters are not included in the resulting strings.

PyObject *PyUnicode_Partition(PyObject *unicode, PyObject *sep)

RDfE: F1LWBE, RICEL X7 Stable ABIL. Split a Unicode string at the first occurrence of
sep, and return a 3-tuple containing the part before the separator, the separator itself, and the
part after the separator. If the separator is not found, return a 3-tuple containing the string itself,

followed by two empty strings.

sep must not be empty.

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

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

BDE: HrLWEBHE, RICEL X7 Stable ABI. Similar to PyUnicode_Partition(), but split
a Unicode string at the last occurrence of sep. If the separator is not found, return a 3-tuple

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

On error, return NULL with an exception set.

Equivalent to str.rpartition().

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

ROfE: :rLWBE, RICEL X9 Stable ABL. #8E L7z separator TXFHNDP OB —7 Y R%
A (join) L. EA5H#EHR % Unicode XFHITRL £,
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Py_ ssize_t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py _ssize_ 1 start,
Py ssize_t end, int direction)
RICEBL X9 Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end

(direction == -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return

-1 if an error occurred.

Py ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py _ssize t start, Py ssize_t end,
int direction)
RICBL £7: Stable ABI. unicode [start:end] HIZ substr BPRANCHER T 2G5 EERELET, Z
D & BHREINTMK I direction (direction == 1 W FNEA AR, direction == -1 13 HFTARER)
THRLET, RVERRIICT Yy FRROD s G047y 7 2TE; BOE -1 13~y FH5E
DOMERMPoIzZeERL, -2 FT T —DRELTHNMERPREZINTVWEI L EZRLET,

Py_ssize_t PyUnicode_FindChar (PyObject *unicode, Py UCS/ ch, Py _ssize_t start, Py _ssize_ 1

end, int direction)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). unicode[start:end] HIIXF ch HAEANTHIB

TGN IRLET, 2D ZIEESINIMMESM direction (direction == 1 \INEA AR, direction
== -1 IFHAHARR) TRRLE T, ROEERIICY Y FHRROD oGO A VT v 7 ATT; R
DI -1 13~y FOROP SR 07 2R L, -2 13T 7 —2FEAEL THIMERIFRES N TS
TeERLET,

Added in version 3.3.
N— a ¥ 3.7 TEH: start and end are now adjusted to behave like unicode [start:end].
Py_ssize_t PyUnicode_Count ( PyObject *unicode, PyObject *substr, Py _ssize_t start, Py_ssize
end)
RICEL £ 9 Stable ABI. unicode[start:end] T substr DEHT S Z ik { HET2EEZRL
¥95, TI-RELLGEIE -1 ZRLET,

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py ssize i
maxcount)
RBbhE: :ILLWEHE, RICEL X Stable ABI. unicode FICHIRT % substr &K T mazcount
replstr I2EIAL, BIERTH S Unicode A 72227 P RIBLE T, mazcount == -1 1233 ¥,
XFHNHFCEHN B ETOD substr ZHEIEL T,

int PyUnicode_Compare ( PyObject *left, PyObject *right)
RICBLET: Stable ABL. Z2oDXFHN R LT, EIBDHTIE I DN WGEE, EA5I180%
fioGa. ESlIBBETIEEID REWGEEIIML T, Zhzth -1,0,1 ZIELFT,

ZOBEBUK, KRBL7ZE 2T -1 BIBT DT, PyErr_Occurred() ZMUHLT, =53—%F=zv 7§
NETT,

o Bz

The PyUnicode_Equal () function.
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int PyUnicode_Equal (PyObject *a, PyObject *b)
RICBLFT: Stable ABL (IN—23 > 3.14 &D ). Test if two strings are equal:
e Return 1 if a is equal to b.
e Return 0 if a is not equal to b.

e Set a TypeError exception and return -1 if a or b is not a str object.
The function always succeeds if a and b are str objects.

The function works for str subclasses, but does not honor custom __eq__() method.

o sz

The PyUnicode_Compare () function.

Added in version 3.14.

int PyUnicode_EqualToUTF8AndSize (PyObject *unicode, const char *string, Py ssize t size)

RICBLZY: Stable ABI (IN—23 > 38.18 &D ). Compare a Unicode object with a char buffer
which is interpreted as being UTF-8 or ASCII encoded and return true (1) if they are equal, or
false (0) otherwise. If the Unicode object contains surrogate code points (U+D800 - U+DFFF) or the
C string is not valid UTF-8, false (0) is returned.

Z DBIBIIHIAN 2R L EE A
Added in version 3.13.

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

RICBLZET: Stable ABI (IN—23> 3.13 & ). Similar to PyUnicode_EqualToUTF8AndSize (),

but compute string length using strlen(). If the Unicode object contains null characters, false

(0) is returned.
Added in version 3.13.

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

RICEBLET: Stable ABL. Unicode * 7Y =2 b unicode ¥ string B LT, K583 EFIE X
/NS WIBE, EA5IEDEMOGE. ElBpa518 XD REVWHEEIIH LT, Zhzh -1,0,1 %
BUEF, ASCII =r a— FENLXFINRTZ2ETOBRES ROTTH, ANFHNTIE ASCIT X
FPEENTVAEEIE ISO-8859-1 ¥ LTHRL £7,

COBBERINZE L EE A,

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
RODE: HLLEBE, RICBL XY Stable ABL. ~2® Unicode XFHIZHEKE LT, FDI3BD—>
ZIRLUES:
o NULL %, BISADFAE L7z ZITRL 9,
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o Py True  L<IE Py_False Z, IEL S HIRTELRITGRL £,
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject *PyUnicode_Format (PyObject *format, PyObject *args)

RBOfE: :iLLWEE, RICBLFT: Stable ABL $iekXFHNA TP =7 b format B XL args H
LAEMRLUTELET; 2OXY v Nid format % args DEHRDBDTT,

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

RICE L F9: Stable ABIL. substr 7 unicode WIZH 2 TR, ZOBRICIGUTEEZIIMBZIEL
N

substr I3IBEZED Unicode XFIZHREHITERITNERD VA, =7 —PEUREEEIZE -1 2R
LET,

void PyUnicode_InternInPlace (PyObject **p_ unicode)

RICEBLE 9 Stable ABI. Intern the argument *p_unicode in place. The argument must be the
address of a pointer variable pointing to a Python Unicode string object. If there is an existing
interned string that is the same as *p_unicode, it sets *p_unicode to it (releasing the reference to
the old string object and creating a new strong reference to the interned string object), otherwise

it leaves *p_unicode alone and interns it.

(Clarification: even though there is a lot of talk about references, think of this function as
reference-neutral. You must own the object you pass in; after the call you no longer own the

passed-in reference, but you newly own the result.)

This function never raises an exception. On error, it leaves its argument unchanged without

interning it.

Instances of subclasses of str may not be interned, that is, PyUnicode_CheckEzact(*p_unicode)

must be true. If it is not, then -- as with any other error -- the argument is left unchanged.

Note that interned strings are not “immortal” . You must keep a reference to the result to benefit

from interning.

PyObject *PyUnicode_InternFromString(const char *str)

RbDfE: FILWLWBE, RICBL %Y Stable ABI. A combination of PyUnicode_FromString() and

PyUnicode_InternInPlace (), meant for statically allocated strings.

Return a new ("owned”) reference to either a new Unicode string object that has been interned,

or an earlier interned string object with the same value.

Python may keep a reference to the result, or make it immortal, preventing it from
being garbage-collected promptly. For interning an unbounded number of different
strings, such as ones coming from user input, prefer calling PyUnicode_FromString() and

PyUnicode_InternInPlace() directly.

dx
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unsigned int PyUnicode_CHECK_INTERNED ( PyObject *str)

Return a non-zero value if str is interned, zero if not. The str argument must be a string; this is

not checked. This function always succeeds.

CPython RZEDFHM: A non-zero return value may carry additional information about how
the string is interned. The meaning of such non-zero values, as well as each specific string’s

intern-related details, may change between CPython versions.
PyUnicodeWriter
The PyUnicodelriter API can be used to create a Python str object.
Added in version 3.14.

type PyUnicodeWriter

A Unicode writer instance.

The instance must be destroyed by PyUnicodeWriter Finish() on success, oOr

PyUnicodelWriter_Discard() on error.

PyUnicode Writer *PyUnicodeWriter_Create(Py_ssize_t length)

Create a Unicode writer instance.

length must be greater than or equal to 0.

If length is greater than O, preallocate an internal buffer of length characters.
Set an exception and return NULL on error.

PyObject *PyUnicodeWriter_Finish (PyUnicode Writer *writer)

Return the final Python str object and destroy the writer instance.
Set an exception and return NULL on error.
The writer instance is invalid after this call.

void PyUnicodeWriter_Discard (PyUnicode Writer *writer)

Discard the internal Unicode buffer and destroy the writer instance.
If writer is NULL, no operation is performed.
The writer instance is invalid after this call.

int PyUnicodeWriter_WriteChar ( PyUnicode Writer *writer, Py UCS/ ch)

Write the single Unicode character ch into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteUTF8(PyUnicode Writer *writer, const char *str, Py ssize t size)
Decode the string str from UTF-8 in strict mode and write the output into writer.

size is the string length in bytes. If size is equal to -1, call strlen(str) to get the string length.
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On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.
See also PyUnicodelWriter_ DecodeUTF8Stateful ().

int PyUnicodeWriter_WriteWideChar ( PyUnicode Writer *writer, const wchar_t *str, Py ssize t size)

Writer the wide string str into writer.

size is a number of wide characters. If size is equal to -1, call weslen(str) to get the string
length.

On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteUCS4 (PyUnicode Writer *writer, Py UCS/ *str, Py _ssize t size)

Writer the UCS4 string str into writer.
size is a number of UCS4 characters.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteStr (PyUnicode Writer *writer, PyObject *obj)

Call PyObject_Str() on obj and write the output into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteRepr (PyUnicode Writer *writer, PyObject *obj)

Call PyObject_Repr() on obj and write the output into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_WriteSubstring(PyUnicode Writer *writer, PyObject *str, Py _ ssize_t start,
Py ssize_t end)

Write the substring str[start:end] into writer.

str must be Python str object. start must be greater than or equal to 0, and less than or equal

to end. end must be less than or equal to str length.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_Format ( PyUnicode Writer *writer, const char *format, ...)

Similar to PyUnicode_FromFormat (), but write the output directly into writer.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

int PyUnicodeWriter_DecodeUTF8Stateful (PyUnicode Writer *writer, const char *string, Py ssize_t

length, const char *errors, Py _ssize_t *consumed)

Decode the string str from UTF-8 with errors error handler and write the output into writer.
size is the string length in bytes. If size is equal to -1, call strlen(str) to get the string length.

errors is an error handler name, such as "replace". If errors is NULL, use the strict error handler.
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If consumed is not NULL, set *consumed to the number of decoded bytes on success. If consumed

is NULL, treat trailing incomplete UTF-8 byte sequences as an error.
On success, return 0. On error, set an exception, leave the writer unchanged, and return -1.

See also PyUnicodelWriter WriteUTF8().

Deprecated API
The following API is deprecated.

type Py_UNICODE

This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

Please use wchar_t directly instead.

N—=T a ¥ 3.3 TEHE: DIFidN—Y 3 ¥ Tld, Python Z EJL K L7ZFIC "narrow” 7213 "wide”
Unicode N—=a YD ELLEENLZDICE->T, 16 Ey b2 32y FOYE L00RITHZ 5TV
E L7

Deprecated since version 3.13, will be removed in version 3.15.

int PyUnicode_READY (PyObject *unicode)

Do nothing and return 0. This API is kept only for backward compatibility, but there are no plans

to remove it.
Added in version 3.3.

N—3 a ¥ 3.10 TIEHESE: This API does nothing since Python 3.12. Previously, this needed to be

called for each string created using the old API (PyUnicode_FromUnicode() or similar).

unsigned int PyUnicode_IS_READY (PyObject *unicode)

Do nothing and return 1. This API is kept only for backward compatibility, but there are no plans

to remove it.
Added in version 3.3.
N— a ¥ 3.14 TIEHELE: This API does nothing since Python 3.12. Previously, this could be

called to check if PyUnicode_READY () is necessary.

8.3.4 7N ATV b (tuple object)
type PyTupleObject

Z D PyObject DY 7 XA FE Python DX INVA TS =7 b ERBILET,
PyTypeObject PyTuple_Type

RICELFT: Stable ABL. Z® PyTypeObject DA ¥ A X > Al Python DX FNEEREL £,
Python L' A ¥IiZEBF 3 tuple ERLA TSI =2 T,

222 %8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, JJ—2X 3.14.0a7

int PyTuple_Check (PyObject *p)
PWEINT T2 "R INAVBDY TR TDA VAR ATHHGECERERELET, OB
FEICHII L £7,

int PyTuple_CheckExact (PyObject *p)
PpIMRINI T2 NEBRINDY TRA TDAL VAR A TRWVESICEERLES, ZDH
BUIHICHRIIL 9,

PyObject *PyTuple_New (Py_ ssize_t len)
ROl #HLWEHE, XICBL £7: Stable ABL Return a new tuple object of size len, or NULL with
an exception set on failure.

PyObject *PyTuple_Pack(Py_ssize_tn, ...)
RBhfE: rLLWEBE, RICBL XY Stable ABL. Return a new tuple object of size n, or NULL
with an exception set on failure. The tuple values are initialized to the subsequent n C arguments
pointing to Python objects. PyTuple_Pack(2, a, b) is equivalent to Py_BuildValue("(00)",
a, b).

Py_ssize_t PyTuple_Size (PyObject *p)
RICBL %9 Stable ABI. Take a pointer to a tuple object, and return the size of that tuple. On
error, return -1 and with an exception set.

Py_ssize_t PyTuple_GET_SIZE(PyObject *p)

Like PyTuple_Stze (), but without error checking.

PyObject *PyTuple_GetItem(PyObject *p, Py ssize 1 pos)

Rbh1E: {EABE, RICELF: Stable ABL p DT X INA TV =227 FAD, (B pos \ZH 34
TP VEIRLET, pos BETH 2 »#iHZEZI TWAEA. NULL %R LT IndexError 4%
ty PLET,

The returned reference is borrowed from the tuple p (that is: it is only valid as long as you
hold a reference to p). To get a strong reference, use Py_NewRef (PyTuple_GetItem(...)) or
PySequence_GetItem().
PyObject *PyTuple_GET_ITEM(PyObject *p, Py _ssize ¢ pos)
RBDME: BGRB8, PyTuple_GetTtem() W TVWE T, 51BN T I LI —F = v 7 EITVERA,
PyObject *PyTuple_GetSlice (PyObject *p, Py ssize t low, Py ssize t high)
RBOfE: :iLLWBE, XICBL X9 Stable ABIL. Return the slice of the tuple pointed to by p

between low and high, or NULL with an exception set on failure.

This is the equivalent of the Python expression p[low:high]. Indexing from the end of the tuple

is not supported.

int PyTuple_SetItem(PyObject *p, Py ssize t pos, PyObject *o)
RICBELZET: Stable ABL p DT X INA T 27 FAD, il pos THB A TP =7 bADBH

8.3. =T YRATT IV I (sequence object) 223



The Python/C API, ) —2X 3.14.0a7

TANET, RITHUE 0 ZRLUE T, pos B#EIHZEZ TWVWEHE. -1 IR L T IndexError filst
Xy PLET,

0 IR
OB 0o NDBIRE T IBARD T £, /. BHEEDA VT RARTTIRADERN A>T
WBIGE, TOERIHTIBMEMEL 7,

void PyTuple_SET_ITEM(PyObject *p, Py _ssize t pos, PyObject *o0)
PyTuple_SetItem() W TWETE, =7 —F = v 72T T, il X INZEE AN s e & UH
ICRE->TIRAEDFHEA

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

assertions.

0 IR

ZDREBIE 0o NOBE V BAMD” £9, ¥z, PyTuple SetItem() LiE- T, BERDE X
APECTHEEIMIONDEI AT 27 FADSBHRENE LERA ; Z0MR. XL HofiiE
pos THBRMENTWEATI 27 PR RAEV YT RF|ERILET,

A E=

This macro should only be used on tuples that are newly created. Using this macro on a tuple

that is already in use (or in other words, has a refcount > 1) could lead to undefined behavior.

int _PyTuple_Resize (PyObject **p, Py ssize t newsize)

RINENH A XTEBIMHEZ E T, newsize ZX TVOFHBEZITT, RINVEIEERRERL T
Pz b WS ZEIKHEHS>TWVWS OT, ZOMKIIZOATY =7 ML TRE—D2 LSRRIk
WRELMZII > TE R D EH A, 2 a— FHOMOTEATI TIRBHIN TV EIHEITIE. 2
DRI E EoTIRED EEA . ETNVEEIIEEY A XORBETHRIL £3. BMIILAEHEIZIEZ 0
ZRLET, 7747 Fa—FRid, »p OENIFRHLETERCICR2 EHIRFLTIERD $H A *p
DEBEEZ ONGE. FV TN +p IIEINET, KT 2L -1 ZIRL., *p & NULL 123
LT, MemoryError %7zl SystemError AL £7,

8.3.5 Struct Sequence 7Y k

struct sequence * 7Y = 7 M & namedtuple() 7Y =7 b &Effik C A7 =27 T, DFED, 20D
BRCBEBUEBL T 7R TEIENTESLY— 7 Y AT, struct sequence #AEMT 3121E. T IRE
D struct sequence B2 AR L7211 AUTR D 8 A,

PyTypeObject *PyStructSequence_NewType (PyStructSequence Desc *desc)
R VR - Stable R
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BAEERLET, BEINBZBDA VALK R PyStructSequence_New() THEBRTEE T,
Return NULL with an exception set on failure.

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
struct sequence B TH % type & desc &b L ICF DG THHLL 3,

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

Added in version 3.4.

type PyStructSequence_Desc
RICBLET: Stable ABI (FRTDAYN=ZFT). £ T % struct sequence BD X & 7 — X 2 ¢
FLET,
const char *name
Fully qualified name of the type; null-terminated UTF-8 encoded. The name must contain
the module name.
const char *doc

Pointer to docstring for the type or NULL to omit.

PyStructSequence__Field *£ields

Pointer to NULL-terminated array with field names of the new type.

int n_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
RICBLZE Y Stable ABI (TRTDRAY/N—ZFT). Describes a field of a struct sequence. As a
struct sequence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields
array of the PyStructSequence_Desc determines which field of the struct sequence is described.
const char *name
Name for the field or NULL to end the list of named fields, set to
PyStructSequence_UnnamedField to leave unnamed.
const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField

RICBLET: Stable ABI (IN—=23> 3.11 &D). 74—V FHRZHHIHRRNE FT 572D DRk
72 fHo

N—Tar 3.9 TEHE: B char * "HEEBEINE LT,
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PyObject *PyStructSequence_New (PyTypeObject *type)
RDfE: fiLWER, XRICBL F7: Stable ABL type D4 Y AEZ Y A ZER L E T, type 1
PyStructSequence_NewType () IZ Xk o THAENTAEK L TWARIFIUIR D £H A

Return NULL with an exception set on failure.

PyObject *PyStructSequence_GetItem(PyObject *p, Py ssize t pos)
RBDOfE: A8, RICEBL X Stable ABL. Return the object at position pos in the struct
sequence pointed to by p.

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

assertions.
PyObject *PyStructSequence_GET_ITEM(PyObject *p, Py ssize ¢ pos)
RbD{#E: EAB8R, Alias to PyStructSequence_GetItem().
N— a ¥ 3.13 TZH: Now implemented as an alias to PyStructSequence_GetItem().

void PyStructSequence_SetItem(PyObject *p, Py _ssize_t pos, PyObject *0)

RICBL £9: Stable ABI. struct sequence p @ pos DNEICH 27 4 —L FIZMH o ZRELF T,
PyTuple_SET ITEM() DX 51T, R LITDA VAR Y AL TOAMEHTNETT,

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

assertions.

O R

:@Fﬁﬁui 0 /\O)éx,sﬂﬁ% ” %éﬁx b ” i_g_o

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

Alias to PyStructSequence_SetItem().

N— a3 v 3.13 TEAH: Now implemented as an alias to PyStructSequence_SetItem().

8.3.6 URrATDxU

type PyListObject
Z D PyObject DH 7 XA Fi& Python DV A A7 =27 b 2RHLET,

PyTypeObject PyList_Type
RICBLEY: Stable ABL. 20 PyTypeObject DA ¥ ZAX ¥ A& Python ®V R MUZRBL $3,
ZHUZ Python L4 YBT3 list LRAILA TV =27 M T,

int PyList_Check (PyObject *p)

pHRUVRANT TV 27 b DRYRA VDY TR TDAL VARV ATHEBGEICELZRLET, DMK
WEEIWCBI LT,

226 % 8 E BRATZ 1Y b+ (concrete object) L1



The Python/C API, JJ—2X 3.14.0a7

int PyList_CheckExact (PyObject *p)
pWIVRANET T2 FERYVAMNIDY TR TDAL VAR ATRWEBICERZRLET, Z0H
BIIEITHINIL 9,

PyObject *PyList_New(Py_ssize_t len)

EDfE: FTLWEBE, RICBL X Stable ABL. 4 XMW len iR VA ATz b EIRLET,
BKF % 2 NULL 2B L £

0 R

If len is greater than zero, the returned list object’s items are set to NULL. Thus you cannot
use abstract API functions such as PySequence_SetItem() or expose the object to Python
code before setting all items to a real object with PyList_SetItem() or PyList_SET ITEM().

The following APIs are safe APIs before the list is fully initialized: PyList_SetItem() and
PyList_SET ITEM().

Py_ssize_t PyList_Size(PyObject *list)
RICBELET: Stable ABL. VR MA 7V =7 b list DREZIEZRLET; VRAMNET IO =27 MITBITS
len(list) &R TY,

Py_ssize_t PyList_GET_SIZE(PyObject *list)

PyList_Size() WEITWETH, TI7—F v 7 2ITVEE A,

PyObject *PyList_GetItemRef (PyObject *list, Py ssize t index)

ROfE: :iLLWBHE, RIZBEL X7 Stable ABI (/N—23 Y 5.13 £D). Return the object at
position indez in the list pointed to by list. The position must be non-negative; indexing from the
end of the list is not supported. If index is out of bounds (<0 or >=len(1list)), return NULL and

set an IndexError exception.
Added in version 3.13.

PyObject *PyList_GetItem(PyObject *list, Py ssize ¢ index)
RO E: BAB8E, RICBL XY Stable ABI. Like PyList_GetItemRef (), but returns a borrowed
reference instead of a strong reference.

PyObject *PyList_GET_ITEM(PyObject ¥list, Py ssize 1)

RO ME: fEAEMRB, PyList_GetItem() WKBPTWVWE I, TI7—F v 7 2ITVEEA,

int PyList_SetItem(PyObject *list, Py _ssize t index, PyObject *item)
RICBELET: Stable ABL. YA A 7Y =27 MADHE index 12, A 7T =7 b item ZHALE T,

B L5810 0 IR L 3, inder DPHEIFH 2B TW2H45, -1 23RL T IndexError -t v b
LET,
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0 IR

Z ORI item NDBIRE T IBRAWMD” £5, o, BEEDA VT 7 AT TRAIOEEN A -
TW3HE, ZOBRCNITLZSRBEMELE T,

void PyList_SET_ITEM(PyObject *list, Py _ssize t i, PyObject *o)
PyList_SetItem() <27 BIZXBFELET, T5—-Fzv 7 Z2iTVELA, ZO~rvid, #HiirY
A PDEREREZ AN L DBVIEICERE ANDS L EZDAENET,

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

assertions.

O IR
Zo~wruik item NOSRE T BARD” £F, Tz, PyList_SetItem() &> T, BRDE

XWZPECTHEBEEMIONI ATV 27 FADBREHE LERA ; ZOME. list FOMiE
i TBRANTWEA TV 27 bR XEY Y — I 5[ ERILET,

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
RICBLUET: Stable ABL B3R item 2V R+ list DA VT v 7 R index DRNIHEAL T, HINT
2 0%RLET, KT5L -1 ZBL., flA %€y FLET, list.insert(index, item) IZ#H
BIL 7= HBET 3

int PyList_Append (PyObject *list, PyObject *item)

RICBLET: Stable ABL. 772 =2 b item % list ORBIEMUET, I35 0 %RLE
T, KT B -1 ZRL, Bty PLET, list.append(item) WZHHBIL 72H&RET T,

PyObject *PyList_GetSlice (PyObject *list, Py ssize t low, Py ssize t high)

RDhME: :iLWBHE, XRIZBL £9: Stable ABL list ND. low 25 high $FTD F 7V =27 v 55
%BVAMEIRLET, KT 2L NULL ZiBL., fISbzty b LE T, list[low:high] IZHHBIL /=
WEETT, 727 L. VAMDREDPHLDA VT v 7 RAFHR—-PENTVERA,

int PyList_SetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high, PyObject *itemlist)

RICEBL X Stable ABL low 2*5 high £TD list DA T A4 A%, itemlist DNEIZL 3,
list[low:high] = itemlist & FHBIOMEARETT ., itemlist 13 NULL TH k<. 2V X FORA ($E5E
AT A4 ZADHIR) 1D ET, RBLEEEIX 0 2, KMLEGEIE -1 ZIRLET, &2l VY
ANDREPSDA VT v 7 RAFHR—-PEINTVERA,

int PyList_Extend (PyObject *list, PyObject *iterable)

Extend list with the contents of iterable. This is the same as PyList_SetSlice(list,
PY_SSIZE_T_MAX, PY_SSIZE_T_MAX, iterable) and analogous to list.extend(iterable) or

list += iterable.

Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.
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Added in version 3.13.

int PyList_Clear (PyObject *list)
Remove all items from list. This is the same as PyList_SetSlice(list, 0, PY_SSIZE_T_MAX,
NULL) and analogous to list.clear() or del list[:].
Raise an exception and return -1 if list is not a 1ist object. Return 0 on success.

Added in version 3.13.

int PyList_Sort (PyObject *list)
RICBLET: Stable ABL list DNEEA YT —ATY = LET, BIILEGEIIE 0 2. KK
L7=58E -1 2 RL ¥ 3, list.sort() R LT,

int PyList_Reverse(PyObject *list)
RICELZE T Stable ABIL. list DEFE® A VTV —ATRIELE T, I LEESIE 0 2, KKL
72581 -1 ZIRLE T, list.reverse() ¥R LTI,

PyObject *PyList_AsTuple (PyObject *list)

BOE: FTLWEEE, XRICBL X T Stable ABL list DNAEDB Ao XINF TSI 27 %R
L¥7; tuple(list) ¥[FLTT,

8.4 Container 77TV k
8.4.1 HEA T U k (dictionary object)

type PyDictObject
Z D PyObject DY 7R A 7i& Python DEFEA 7V =27 bV ERFHLF I,

PyTypeObject PyDict_Type
RICBLZFY: Stable ABI. 20D PyTypeObject DA ARV A% Python OFFELRIALET, Z
DA 7Y =7 &, Python LA VIZBIF S dict LRLAT7Y 227 MTT,

int PyDict_Check (PyObject *p)
p BEEEFT TV 27 " HEROY TRAL TDAL VARV ATHBIGHCERBELEY, ZOMBIE
WL £9,

int PyDict_CheckExact (PyObject *p)
p BEEL T 2 7 VEDFEROV T XA TDA Y AX VA TRWGECEEZRLET, OB
G527 R 0Y- 3 8

PyObject *PyDict_New()
ROE: FHLWBER, RICELE T Stable ABL ZOH 7 AiFEELRLET, KT 3 & NULL ZiK
bi‘ﬁ—o

PyObject *PyDictProxy_New(PyObject *mapping)
RDME: HILWEBER, RICELEY: Stable ABL 5~y 7HA 7Y =27 MR LT, #iat LEH
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IZHIR & #1172 types.MappingProxyType # 7Y =2 M 2R L¥3, @, ZOBAKEEHN TRV
Z A8 (non-dynamic class type) @27 7 AFFENEEINRVE DI 2 —2FRT 270 1ibh
£7,
void PyDict_Clear (PyObject *p)
RICBLZET: Stable ABL BHEHFBICA - TVWEILETOF—HORTERELTEIZLET,

int PyDict_Contains (PyObject *p, PyObject *key)
RICBLET: Stable ABL & p 1T key 75U\0“CL‘Z>7D¢UEL&T° p DEED key \C—H L1
Alx 1 BRL, 2R LSOBEIE 0 2RLET, =7 —DHE -1 ZIRLET, ZOMEIE Python
DR key in p EFEMTT,

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

Added in version 3.13.

PyObject *PyDict_Copy (PyObject *p)
RBOME: HFILLWEBR, RICBL Y Stable ABL p ERILF— 2 HORTBA - =725 EER2RL
9,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)
RICBLET: Stable ABL &&F p 12, key 2F — & UTIH val ZFAL 3, key 13y & 2 AlRE
(hashable) TRHRIFAER D FHA, Ny ¥ 2 A[BETRVWES, TypeError #EM L3, KU1 L 725
AIZ 0 2, KBLZEHEICE -1 ZIRLE T, ZORBEIR val NOZRERAID FEA.

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)
RICE L F 9 Stable ABI. This is the same as PyDict_SetItem(), but key is specified as a const
charx UTF-8 encoded bytes string, rather than a PyObjectx.

int PyDict_DelItem(PyObject *p, PyObject *key)
RCCELi'Q"' Stable ABI. #&F p 20 key ¥ —2 35T MU ERRELE T, key 1 /\w > ad]

ETRUINEIRD ¥ A; Ny ¥ aA[RETRWEA, TypeError *a:iiﬂj LET, key BFEFICRITIN

i3, KeyError ZiEHM L FF, I LAEAICIE 0 2, KMLAEGAKIE -1 2 RLET,

int PyDict_DelItemString(PyObject *p, const char *key)
RICEBL X9 Stable ABI. This is the same as PyDict_DelItem(), but key is specified as a const
char*x UTF-8 encoded bytes string, rather than a PyObjectx*.

int PyDict_GetItemRef (PyObject *p, PyObject *key, PyObject **result)
RICBLFY: Stable ABI (IN\—23> 3.13 &D ). Return a new strong reference to the object
from dictionary p which has a key key:

o If the key is present, set *result to a new strong reference to the value and return 1.

o If the key is missing, set *result to NULL and return O.
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o T —DHEPINEEEL -1 ZIRLE T,
Added in version 3.13.
See also the PyObject_GetItem() function.

PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

RBbOE: BRBE, RICBL X7 Stable ABIL. Return a borrowed reference to the object from
dictionary p which has a key key. Return NULL if the key key is missing without setting an

exception.

0 IR
Exceptions that occur while this calls __hash__() and __eq__() methods are silently ignored.

Prefer the PyDict_GetItemiithError() function instead.

N—Y a ¥ 3.10 TEHE: Calling this API without an attached thread state had been allowed for

historical reason. It is no longer allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

ROE: BABE, RICBLZEXT: Stable ABL. PyDict_GetItem() OEMTHIANZFEL 8 A, HlH
MRELRGEEZ. ket y b LIcETNULL ZIRLE5, F—2EFEELEDP - 258X, 652
ty b I NULL 2R L 7,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

Rbh{E: RSB, RICEL F9: Stable ABI. This is the same as PyDict_GetItem(), but key is
specified as a const charx UTF-8 encoded bytes string, rather than a PyObjectx.

0 IR

Exceptions that occur while this calls __hash__() and __eq__() methods or while creating

the temporary str object are silently ignored. Prefer using the PyDict_GetItemWithError()

function with your own PyUnicode_FromString () key instead.

int PyDict_GetItemStringRef (PyObject *p, const char *key, PyObject **result)

RICBELZET: Stable ABI (IN\—23> 3.13 &b ). Similar to PyDict_GetItemRef (), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a PyObjectx*.

Added in version 3.13.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)

ROME: EAB8E, ZHud Python L N)L®D dict.setdefault() AL TT, b LHAIE &E p
D5 key WICXIGT BEZIRLE T, F—2FFWCRIFIUI, H defaultobj ZFEAL defaultobj ZiRL
E3, ZOBRUL, key DNy T 2 fHEEBR A Z 2L WCFHES 2 DTIER . —ERT LA
flit £¥ A
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Added in version 3.4.

int PyDict_SetDefaultRef (PyObject *p, PyObject *key, PyObject *default_ value, PyObject **result)

Inserts default value into the dictionary p with a key of key if the key is not already present in the
dictionary. If result is not NULL, then *result is set to a strong reference to either default_value, if
the key was not present, or the existing value, if key was already present in the dictionary. Returns
1 if the key was present and default wvalue was not inserted, or 0 if the key was not present and

default _value was inserted. On failure, returns -1, sets an exception, and sets *result to NULL.

For clarity: if you have a strong reference to default wvalue before calling this function, then after
it returns, you hold a strong reference to both default value and *result (if it’s not NULL). These

may refer to the same object: in that case you hold two separate references to it.
Added in version 3.13.

int PyDict_Pop(PyObject *p, PyObject *key, PyObject **result)

Remove key from dictionary p and optionally return the removed value. Do not raise KeyError if

the key missing.

o If the key is present, set *result to a new reference to the removed value if result is not NULL,

and return 1.
o If the key is missing, set *result to NULL if result is not NULL, and return 0.
o T —DEEHINEERL -1 ZIRLET,
Similar to dict.pop(), but without the default value and not raising KeyError if the key missing.
Added in version 3.13.

int PyDict_PopString (PyObject *p, const char *key, PyObject **result)
Similar to PyDict_Pop (), but key is specified as a const char* UTF-8 encoded bytes string,
rather than a PyObject*.

Added in version 3.13.

PyObject *PyDict_Items (PyObject *p)
RDE: $iLWBER, RICELF7: Stable ABL #ENOLTOESZNIM A o7z PyListObject &k
L%,

PyObject *PyDict_Keys (PyObject *p)
RDf#E: iLWBER, RICELF7: Stable ABL #ENOLTOX -2 A o7z PyListObject Tk L
9,

PyObject *PyDict_Values (PyObject *p)

RBOfE: HiLWBE, RICEL XY Stable ABL. & p NOETOMEDN A o7 PyListObject %R
LEd,
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Py_ssize_t PyDict_Size (PyObject *p)
RICBLZET: Stable ABL SFENOEZOHZIRL £3, FHFIIHLT len(p) ZETTZ2DLHT
T,

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

RICELZFT: Stable ABL #F p NOLTOF—/fEHORTIZD T 3 KIGMEZITVWE T, ppos 3
ZHLTW3 Py_ssize_t BId, ZOBEMTKIENE 2 AT 2, BRICHEKEFOCHT I D
ANC O WHIHIL L TE2 R ER D T8 A, ZOBBEFHENOZERT 2D EIF2 v IcERR
L. 2TORTERD LT e b eBERLULET, 8T X —X— pkey BEXU pvalue 121E, Z
NEFNFHEDOE A DF— v EPHED SNz PyObject* B EIETRA > X, T/ NULL BAD £
T, ZOBEDLBREINZZRIITARNTEASRICRD £5, RIFMIHEHIZ ppos ZEBELTIERD %
HFho TOMIZNEBNARFEMGEARDA 7€y 2RI L TBD, MEKIZAAR—ZRDT, 71y
t D BRI DT T,

Bl Z13:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the wvalues... */

RIGALEACEREES p 2ZBE LTI D A, BEZRELMT 2B, F—1CMSS 2EZ2ZEEL
THRLRITARD E L, F—DREZLEHE LRV EDHHET S, UTIhlZRL £

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 &% PyErr_Occurred()) {
return -1;
3
PyObject *o = PyLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
¥
Py_DECREF (o) ;

8.4. Container 77>z b+ 233



The Python/C API, ) —2X 3.14.0a7

The function is not thread-safe in the free-threaded build without external synchronization. You

can use Py_BEGIN_CRITICAL_SECTION to lock the dictionary while iterating over it:

Py_BEGIN_CRITICAL_SECTION(self->dict);
while (PyDict_Next(self->dict, &pos, &key, &value)) {

}
Py_END_CRITICAL_SECTION();

int PyDict_Merge (PyObject *a, PyObject *b, int override)
RICBLFT: Stable ABL. vy FBIA 727 b b DLTOERIID - T, RENIZF—/EDR
7 EFE o WBMLUET, b IZEE,, PyMapping_Keys () F721& PyObject_GetItem() % ¥ KR—
FFRMOEDPDF T 27 MTTEET, override PERHIE, a DF——HIT2F =D b IZHBE
2, BIFOR7ZEEMZIE T, ZhLADOEEIE. b DX —I—HT 2 F -7 o IRV E ZDAHB
EATVWET, ML EIIE 0 2R L, FIADPREHESNEEITE -1 ZIBLE T,

int PyDict_Update (PyObject *a, PyObject *b)
RICELE . Stable ABI. C THREIX PyDict_Merge(a, b, 1) 2[R U T, %7 Python @ a.
update(b) U TWETA, PyDict_Update() & 518D "keys” JBIEZ Rz WG qu—/{
RT7DY = Y AZRETZI@3DHDFHA. MIILEHEIIE 0 ZIRL. fistoxEt Ehich
i -1 2IRLE TS,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)
RICBLET: Stable ABL seg2 NOF —/fART 2o T, #&EH o ONEZEHLDHELLD L
FF, seq2 1k, ¥F—/HORT L AREIEX 2 ORIEAREL 7Y = 7 b (iterable object) 24K T
BRAEAIREA 70 = 7 N TRIFIUIRD £ A, BERT 2 X —DFET 25E. override DEIR HIX5E
WHELZF =20, 25 TRVWEERBRICHEBE L —20E 3, BIILEHEIE 0 ZRL
PISAE E NG EIE -1 ZIRL 9, (RDEMII) FfiZ Python a— FZ2&HFL &, L(—FODJ:

22D E9:

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkey] = value

int PyDict_AddWatcher (PyDict WatchCallback callback)

Register callback as a dictionary watcher. Return a non-negative integer id which must be passed

to future calls to PyDict_Watch(). In case of error (e.g. no more watcher IDs available), return

-1 and set an exception.
Added in version 3.12.

int PyDict_ClearWatcher (int watcher_id)
Clear watcher identified by watcher _id previously returned from PyDict_AddWatcher (). Return

0 on success, -1 on error (e.g. if the given watcher_id was never registered.)
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Added in version 3.12.

int PyDict_Watch(int watcher id, PyObject *dict)

Mark dictionary dict as watched. The callback granted watcher_id by PyDict_AddWatcher () will

be called when dict is modified or deallocated. Return 0 on success or -1 on error.

Added in version 3.12.

int PyDict_Unwatch(int watcher id, PyObject *dict)

Mark dictionary dict as no longer watched. The callback granted watcher id by
PyDict_AddWatcher () will no longer be called when dict is modified or deallocated. The dict

must previously have been watched by this watcher. Return 0 on success or -1 on error.

Added in version 3.12.

type PyDict_WatchEvent

Enumeration of  possible dictionary watcher events: PyDict_EVENT_ADDED,
PyDict_EVENT_MODIFIED, PyDict_EVENT_DELETED, PyDict_EVENT_CLONED,
PyDict_EVENT_CLEARED, or PyDict_EVENT_DEALLOCATED.

Added in version 3.12.

typedef int (*PyDict_WatchCallback)(PyDict WatchFEvent event, PyObject *dict, PyObject *key,

PyObject *new__value)

Type of a dict watcher callback function.

If event is PyDict_EVENT_CLEARED or PyDict_EVENT_DEALLOCATED, both key and new_value will
be NULL. If event is PyDict_EVENT_ADDED or PyDict_EVENT_MODIFIED, new wvalue will be the new
value for key. If event is PyDict_EVENT_DELETED, key is being deleted from the dictionary and

new_value will be NULL.

PyDict_EVENT_CLONED occurs when dict was previously empty and another dict is merged into
it. To maintain efficiency of this operation, per-key PyDict_EVENT_ADDED events are not issued in
this case; instead a single PyDict_EVENT_CLONED is issued, and key will be the source dictionary.

The callback may inspect but must not modify dict; doing so could have unpredictable effects,
including infinite recursion. Do not trigger Python code execution in the callback, as it could

modify the dict as a side effect.

If event is PyDict_EVENT_DEALLOCATED, taking a new reference in the callback to the
about-to-be-destroyed dictionary will resurrect it and prevent it from being freed at this time.
When the resurrected object is destroyed later, any watcher callbacks active at that time will be

called again.

Callbacks occur before the notified modification to dict takes place, so the prior state of dict can

be inspected.

If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.

8.4.
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There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other
API that can set an exception unless it saves and clears the exception state first, and restores it

before returning.

Added in version 3.12.

8.4.2 Set 77>z b+

ZDET > a YTIX set & frozenset DN API DWW TH LI ANE T, MIETHHAL TL
BROVKREX, MR A 7P 22 v bt an (PyObject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print (), PyObject_GetIter()
AL PHMAKME I e b a (PyNumber_And(), PyNumber Subtract(), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() Zaty) 2o THIHTE %Y,

type PySetObject

Z D PyObject kAL 78I, set & frozenset MFTDONERT — X ERET 2 DICHVWLNE T,

PyDictObject LA U &k 512, /NEWES (set) I L TUE (X FVD L) EES A XTHD., £5

TRVESIIH LTI (VA PERLC LI R) AEROXEY 70y 72 HVWE T, ZOMERDOLED

74— RH, REHENTVEEEZBZRETERL, EHEINZAREENHDET, INTOT77E

AE. WEROHOEZEHIRET 20TIERL, FFaXy bEhk API ZHWTITORETT,
PyTypeObject PySet_Type

RICBLET: Stable ABL. 20 PyTypeObject DA ¥ AX ¥ Ri%, Python @ set BERL £3,

PyTypeObject PyFrozenSet_Type
RICELE T Stable ABI. 2D PyTypeObject DA ¥ A X > AlE, Python ® frozenset B% &L
9,

DgEDRIF = v 7= 27 33T RXTD Python 7Y =7 MIMT 2K XU TEMEL £35, FMkic, =
VAN RIFTRTDA 7L — MA[AEAR Python A 7Y =2 M LTHEIEL £3,
int PySet_Check (PyObject *p)

p B set MEDYTRATDAT 27 FTHBE B true ZIRLET, ZOBBIIEICHKILET,

int PyFrozenSet_Check (PyObject *p)
p B3 frozenset PEDH TR A TDA T 27 b TH B & 2 true ZIRLET, I DBEIBUIFITHK
WL x9d,

int PyAnySet_Check (PyObject *p)
p B3 set B frozenset . HIZWVIEZEDY T XA TDA TP 27 b THIUR, true TIRLET, 20D
BRI E I L £9,

int PySet_CheckExact (PyObject *p)
p M set AT MNENYTRAL TDA VAR ZATRWERICERZRLET, ZOBEBUIEITHK
WL %9,
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Added in version 3.10.

int PyAnySet_CheckExact ( PyObject *p)

p W3 set » frozenset DELHLLPDA TV 27 b THB L X true ZIRLET, 77X T7DA T
Pzl MNIEAERA, ZOBEEITEICHIILET,

int PyFrozenSet_CheckExact (PyObject *p)

p B frozenset A TV 27 M ENY T EA TDA VARV ATRWESICEZRLEY, OB
WL £ 95

PyObject *PySet_New (PyObject *iterable)

RBh{E: :TLWBHE, RICBLF 9 Stable ABL iterable 25347V 227 hEEGH LW set &K
L%, iterable 3 NULL D & ZiE, 220D set ZIRLE T, B L76H LW set &, KL 725 NULL
ZIRLUE9, iterable B34 7 L — FATRE TR WAL, TypeError ZAH L ¥ 3, ZOaAVYRA I/ X
3 set AV —F 5L F bR ET (c=set(s)).

PyObject *PyFrozenSet_New (PyObject *iterable)

RBOE: FiLWBE, RICEB L E 7 Stable ABI. iterable 2R3 4 7Y = 7 b2 &L L\ frozenset
IR L E3, iterable 5 NULL D ¥ =13, 22D frozenset ZiR L ¥ ¥, WINEHIZH LW set B, KK
RFIZIE NULL 23R U ¥ 3, iterable 254 7L — FAJRE TR WG AL, TypeError XM L £3,

DD~ 1ld, set & frozenset E ZDH T XA TDA VARV A L THEHTE £,

Py ssize t PySet_Size (PyObject *anyset)

RICE L 9 Stable ABI. Return the length of a set or frozenset object. Equivalent to
len(anyset). Raises a SystemError if anyset is not a set, frozenset, or an instance of a

subtype.

Py_ssize_t PySet_GET_SIZE(PyObject *anyset)

I —F xv 7 RI{TDR, PySet_Size() D~ vk,

int PySet_Contains (PyObject *anyset, PyObject *key)
RICEBLZE 9 Stable ABI Return 1 if found, 0 if not found, and -1 if an error is encountered. Un-
like the Python __contains__ () method, this function does not automatically convert unhashable

sets into temporary frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if

anyset is not a set, frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)

RICBLETJ: Stable ABL set DA YA X Y R key ZBIML F3, frozenset XL TdHENME
L%EF (PyTuple_SetItem() DX ST, DI — FIZTRZX ZHTOH L\ frozenset DEZ D % 7=
WHEHATEET), BILEs 02, KBLES -1 ZIRLE T, key 23y & 2 AJRETR WA,
TypeError ZiAMH L ¥ 3, set ZREL T 2RBILVEEX, MemoryError ZiAH L ¥ 3, set A3
set MEDY T RA TDA VAR Y ZATRWEEAIX, SystemError ZiEH L 3,

VDR ENZ, set E 2DV 7R A T2 L THIHRIGE TS, frozenset £ ZDH 7 XA FIWEFHTE F
Ao
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int PySet_Discard (PyObject *set, PyObject *key)
RICBLZFY: Stable ABIL. Return 1 if found and removed, 0 if not found (no action taken), and
-1 if an error is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the
key is unhashable. Unlike the Python discard() method, this function does not automatically
convert unhashable sets into temporary frozensets. Raise SystemError if set is not an instance of
set or its subtype.

PyObject *PySet_Pop (PyObject *set)
ROfE: HILWBER, RICBLET: Stable ABL set OHOERED E AT 28 LWBREE L,
FOATI 2l M set HHIBRLE T, KILZS NULL 23R L £5, set BZEDIFEICIE KeyError
TEHMUET, set 23 set L ZDHTXA TDA VARV ATRWVWE G, SystemError ZiEH L
£9,

int PySet_Clear ( PyObject *set)

RICEBLE 9 Stable ABL. Empty an existing set of all elements. Return 0 on success. Return -1

and raise SystemError if set is not an instance of set or its subtype.

8.5 Function 77> x7 b+

8.5.1 Function #7>x 7
Function 4 72 = 7 FEHOBEBITO T H T,

type PyFunctionObject
BEucfiibins C OfEER,

PyTypeObject PyFunction_Type
PyTypeObject BID A4 ¥ XA 2 > AT, Python OB 2R L £3, Zhid Python v 7 412
types.FunctionType & LTI TWE T,

int PyFunction_Check (PyObject *o0)
o BREA 7> =7 b (PyFunction_Type BITH 2 ) HEICHEZIRL T, /85 X —&(3 NULL ITT
TEHA, ZOBBIEICEIIL X,

PyObject *PyFunction_New(PyObject *code, PyObject *globals)
RDME: iLWBR, a—FF 7T 7 b code BT N LOWBERA 7Y =7 F2IBRLE T,
globals 13 Z DB S 7 7R A TE 70— " IUVEHOEETRIINUIRD XA,

B DR F 2 XY P XFHNLFNEa—FA TP =27 b2 oBIEEINE T, __module__ & globals

HPOWMBEINET, 5IBOT 74V MEST /7 —>a >y, 78— % NULL KRESINET,
__qualname__ {J2Z—FA 7P =22 +D co_qualname 7 4 —/L KR UIHICERESINE T,

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

RBOE: :LWBIE, PyFunction New() WIZEITWE T, A 7P 22 D __qualname__ B
WKiEZEy PTEX T, qualname 32 =3 — A7 =2 b NULL T TR D £¥ A, NULL
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72 o755, __qualname__ BMEICIZZ— A TP 27 M D co_qualname 7 4 —/L K E[F U{ED - v
FENFET,

Added in version 3.3.

PyObject *PyFunction_GetCode (PyObject *op)
ROfE: BEBR, A7 =7 op KEEfIIONza—FA T 27 PERLET,

PyObject *PyFunction_GetGlobals (PyObject *op)
RDOE: BEBR, A 7Y 7 b op ICBET 57 globals BFE#IRL 3,

PyObject *PyFunction_GetModule (PyObject *op)
ROl RSB, Return a borrowed reference to the __module__ attribute of the function object
op. It can be NULL.

This is normally a string containing the module name, but can be set to any other object by
Python code.

PyObject *PyFunction_GetDefaults(PyObject *op)
ROME: BESR, A7 =27t op DEIBOT 7 4V MEZEL E 3, 518D & 7 s NULL 12
ASII- S IS

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
BEA 7227 b op DFIEDT 7 4V MEZFRE L ET. defaults & Py_None 2> & LTI AUL
WIEE A
KLU 7-FEX, SystemError ZRAEXH, -1 ZIRL 3,

void PyFunction_SetVectorcall (PyFunctionObject *func, vectorcallfunc vectorcall)
Set the vectorcall field of a given function object func.

Warning: extensions using this API must preserve the behavior of the unaltered (default) vectorcall

function!
Added in version 3.12.

PyObject *PyFunction_GetClosure (PyObject *op)
RBOfE: BABR, AT =27 b op KEREIN27 08—V % ERLET, NULL 2 cell 7P =
7 DRTNVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
B A 727 b opllZB—Y v ZRELE T, closure &, Py_None d L<lXcell 7Y =7 b
XTNTIRFIZRD FH A
KB U7z FlE, SystemError #FAEXE, -1 ZIRL ET,

PyObject *PyFunction_GetAnnotations (PyObject *op)

RBOE: ERABE, BA 727 b op D7/ 7 —2ar%RLET, R DEIREEREREEED
NULL 2% D ¥£3,
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int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)

A 727 b op D7) 7= a v eBRELE T, annotations 13EFF D, Py_None TRIFIUIR
DEE A

KU 7-REX, SystemError ZHAX ¥, -1 ZIRL 3,

int PyFunction_AddWatcher ( PyFunction_ WatchCallback callback)

Register callback as a function watcher for the current interpreter. Return an ID which may be
passed to PyFunction_CleariWatcher(). In case of error (e.g. no more watcher IDs available),

return -1 and set an exception.

Added in version 3.12.

int PyFunction_ClearWatcher (int watcher_id)

Clear watcher identified by watcher _id previously returned from PyFunction_AddWatcher() for
the current interpreter. Return 0 on success, or -1 and set an exception on error (e.g. if the given

watcher_ _id was never registered.)

Added in version 3.12.

type PyFunction_WatchEvent

Enumeration of possible function watcher events:
e PyFunction_EVENT_CREATE
e PyFunction_EVENT_DESTROY
e PyFunction_EVENT_MODIFY_CODE
e PyFunction_EVENT_MODIFY_DEFAULTS
e PyFunction_EVENT_MODIFY_KWDEFAULTS

Added in version 3.12.

typedef int (*PyFunction_WatchCallback)(PyFunction_ WatchFEvent event, PyFunctionObject *func,

PyObject *new__value)

Type of a function watcher callback function.

If event is PyFunction_EVENT_CREATE or PyFunction_EVENT_DESTROY then new_wvalue will be
NULL. Otherwise, new_walue will hold a borrowed reference to the new value that is about to be

stored in func for the attribute that is being modified.

The callback may inspect but must not modify func; doing so could have unpredictable effects,

including infinite recursion.

If event is PyFunction_EVENT_CREATE, then the callback is invoked after func has been fully
initialized. Otherwise, the callback is invoked before the modification to func takes place, so the
prior state of func can be inspected. The runtime is permitted to optimize away the creation of

function objects when possible. In such cases no event will be emitted. Although this creates the
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possibility of an observable difference of runtime behavior depending on optimization decisions, it

does not change the semantics of the Python code being executed.

If event is PyFunction_EVENT_DESTROY, Taking a reference in the callback to the
about-to-be-destroyed function will resurrect it, preventing it from being freed at this time. When
the resurrected object is destroyed later, any watcher callbacks active at that time will be called

again.

If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other
API that can set an exception unless it saves and clears the exception state first, and restores it

before returning.

Added in version 3.12.

852 1YRXAYARXY W KA T U b (Instance Method Objects)

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunction to a class
object. It replaces the former call PyMethod_New(func, NULL, class).
PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ AR ¥ A% Python DA Y ARV ARXY v FOREREL £F, Z4Ud Python
DTV T T MIFRFASNEEA,
int PyInstanceMethod_Check ( PyObject *o0)
0 MA VARV AR v RATI =7 b (PyInstanceMethod_Type B TH 3) [HICEEZRLE T,
NIA—RIF NULL IS TEFHA, ZOBEIIHICEIILET,
PyObject *PyInstanceMethod_New(PyObject *func)
ROfE: HiILWEBR, REONUH LATREA 72 =7 b func 2o T2#ilci A VAR VAR v FF
7Yl bPRIBLE T, func 134 VAR YARXY v FRFOH SN 2T S 3BT,
PyObject *PyInstanceMethod_Function(PyObject *im)
RDfE: BABE, 1 Y AXYAXY v K im KBEEMNT SNBBE 7Y =7 PERIRLE T,

PyObject *PyInstanceMethod_GET_FUNCTION(PyObject *im)

RD{E: EBRABEB, PyInstanceMethod_Function() D7 BIRT, T7—F v 7 E{TVERA,

853 XYy kRrFITZxo

XYy FEBBA 7O 227 FCHEBENATVET, AV y FRERDPLZL—F—EHFEDZ 5 AHFEXATH
DT, FMEINTVRVWAY Y F (FI7RAF Tz 7 MTREEINIXY v F) FAHT 2 TE%
A,
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PyTypeObject PyMethod_Type
Z @D PyTypeObject DA ¥ AR > AE Python DX Y vy FREIZRELEST, 204 7T 7 M,
types.MethodType & LT Python 702 J LAMIRABENTVET,

int PyMethod_Check (PyObject *o)
0MWRAYw RATI 27 b (PyMethod_Type B TH2) FHICEERLE T, 287 X —&XIX NULL IZT
TEHA, ZOBBEICEIIL X,

PyObject *PyMethod_New (PyObject *func, PyObject *self)
RBDE: FTILWEBE, TEOFFUHLAJREA 72 27 b func E XYV vy FRRBININRNELS VAR Y
R self ZfEoTHTIaAY v FATY 27 bRIBELE T, B func 3. XY v PO SRS
MOHENEZA TSI 27 FTF, self 13 NULL ICTEFHA,

PyObject *PyMethod_Function(PyObject *meth)
ROME: BAZE. XV v ¥ meth KEENT N TOEHEKA 7Y =27 P 2IRLE T,

PyObject *PyMethod_GET_FUNCTION (PyObject *meth)

RbE: BABEB, PyMethod Function() D7 BIRT, TI7—F v 7 BITVERA,

PyObject *PyMethod_Self (PyObject *meth)
ROME: BRAER. XV v ¥ meth ITHEN T oM VARV ZZIRELET,

PyObject *PyMethod_GET_SELF ( PyObject *meth)

ROD{E: BABR, PyMethod Self() D7 BT, T7—F v 7 &I TVEHA,

8.5.4 ILFTZ ¥ b (cell object)

Tl (cell)” ATV Y MiE, HRORT—TH BRSNS LRBEFET 2 b DN ET, B
BEBICOWTERIN., F2DOMEEZTIELET; COMEEBHEITEZERAZ Yy 7 7L — 2 CBIF30—HILE
BiCE, ZORZy 7 7L —LDHIITHRCHEESBL TV 2T 22BRAD 3, AL TREIH
A7 72 RAT 2, AT 27 PEKORD D T LVHADELFEOLONE T, ZORLA Tz b
ffio 7S (dereference) &, 4 ¥ X7V R X > TEREININA ba— FRTHR—-FZhTWBEH
BERHDET;, v ATV M7 7 AL, BENCHEESREEZ D A, FEEbSoRkiiT
I, BAA TV 27 NIRRT BRWIET T,

type PyCellObject

A TY =7 MiTfEbhs C HIERTT,
PyTypeObject PyCell_Type

LA T 27 MBS 2BA TV =27 M T,
int PyCell_Check(PyObject *ob)

b BENF TV 27 FDFAWCEEERELET; ob 13 NULL THoTIIRD XA, ZDBBITFITK
WLET,
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PyObject *PyCell_New (PyObject *ob)
ROfE: ILWBE, {E ob DAkt A7 =27 P2ERUTGRLES, 5180% NULL 2L
THDPFEVEEA,

PyObject *PyCell_Get (PyObject *cell)
Bb{E: HLWEH, Return the contents of the cell cell, which can be NULL. If cell is not a cell
object, returns NULL with an exception set.

PyObject *PyCell_GET (PyObject *cell)
RDE: EEBR, cell DNBEZIRLE T, cell D3JE NULL D20k F 7T 27 M THEI0E 503
Fzv I LEEA.

int PyCell_Set (PyObject *cell, PyObject *value)
Set the contents of the cell object cell to value. This releases the reference to any current content
of the cell. value may be NULL. cell must be non-NULL.

On success, return 0. If cell is not a cell object, set an exception and return -1.

void PyCell_SET(PyObject *cell, PyObject *value)

YA T 2T b cell DIE%E value WICERELE T, BRIV Y MINT2EH TR, BEDZDHD
F v 73 HITVER A, cell 13IE NULL TRITFIUUER ST, 2okl A 7Y 27 FTRITNUIRD
XA,

8.5.56 A—FATTxU

a—FA7Yx 7 b (Code objects) & CPython EEDKL ~VRFMERDTT, &4 7Y =7 MIBEIC
FHENTOWRWETAREa — FOMZERB L TWE T,

type PyCodeObject

A-FATV 27 PERATELDHMSN S CRER, CORDT 4 —L FRIIFTHEES A
(S

PyTypeObject PyCode_Type
This is an instance of PyTypeObject representing the Python code object.

int PyCode_Check (PyObject *co)
Return true if co is a code object. This function always succeeds.
Py ssize t PyCode_GetNumFree (PyCodeObject *co)

Return the number of free (closure) variables in a code object.

int PyUnstable_Code_GetFirstFree (PyCodeObject *co)

ZHUZ Unstable API T%, A F—V V) —ATTERKEEINDZZ DY FT,
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Return the position of the first free (closure) 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)

ZHUZ Unstable API T%, A F—V V) —ATTERIEEINDZZ DY FT,

Return a new code object. If you need a dummy code object to create a frame, use

PyCode_NewEmpty () instead.

Since the definition of the bytecode changes often, calling PyUnstable_Code_New() directly can

bind you to a precise Python version.

The many arguments of this function are inter-dependent in complex ways, meaning that subtle
changes to values are likely to result in incorrect execution or VM crashes. Use this function only

with extreme care.
N— 3 3.11 TEHE: Added qualname and exceptiontable parameters.

N— a ¥ 3.12 TZH: Renamed from PyCode_New as part of Unstable C' API. The old name is

deprecated, but will remain available until the signature changes again.

PyCodeObject *PyUnstable_Code_NewWithPosOnlyArgs (int argcount, int posonlyargcount, int
kwonlyargcount, int nlocals, int stacksize, int
flags, PyObject *code, PyObject *consts,
PyObject *names, PyObject *varnames,
PyObject *freevars, PyObject *cellvars,
PyObject *filename, PyObject *name,
PyObject *qualname, int firstlineno, PyObject
*linetable, PyObject *exceptiontable)

ZHUZ Unstable API TS, YA F—VV—RATTERSEEINDZZRHD FT,

Similar to PyUnstable_Code_New(), but with an extra ”posonlyargcount” for positional-only ar-

guments. The same caveats that apply to PyUnstable_Code_New also apply to this function.
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Added in version 3.8: as PyCode_NewWithPosOnlyArgs
N— a3 3.11 TZH: Added qualname and exceptiontable parameters.

N—Y a ¥ 3.12 TAHE: Renamed to PyUnstable_Code_NewWithPosOnlyArgs. The old name is
deprecated, but will remain available until the signature changes again.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
RO fE: L UWEHE, Return a new empty code object with the specified filename, function name,
and first line number. The resulting code object will raise an Exception if executed.

int PyCode_Addr2Line ( PyCodeObject *co, int byte_ offset)
Return the line number of the instruction that occurs on or before byte_offset and ends after

it. If you just need the line number of a frame, use PyFrame_GetLineNumber () instead.

For efficiently iterating over the line numbers in a code object, use the API described in PEP
626.

int PyCode_Addr2Location(PyObject *co, int byte offset, int *start_line, int *start_ column, int
*end_ line, int *end_ column)
Sets the passed int pointers to the source code line and column numbers for the instruction at
byte_offset. Sets the value to 0 when information is not available for any particular element.
Returns 1 if the function succeeds and 0 otherwise.

Added in version 3.11.

PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an

exception is raised.

This PyBytesObject may be created on-demand by the interpreter and does not necessarily rep-
resent the bytecode actually executed by CPython. The primary use case for this function is

debuggers and profilers.
Added in version 3.11.

PyObject *PyCode_GetVarnames (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_varnames'). Returns a new reference to a
PyTupleObject containing the names of the local variables. On error, NULL is returned and an

exception is raised.
Added in version 3.11.

PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions.

On error, NULL is returned and an exception is raised.
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Added in version 3.11.

PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free (closure) variables. On error, NULL is returned

and an exception is raised.

Added in version 3.11.

int PyCode_AddWatcher (PyCode  WatchCallback callback)

Register callback as a code object watcher for the current interpreter. Return an ID which may be
passed to PyCode_Cleariatcher (). In case of error (e.g. no more watcher IDs available), return

-1 and set an exception.

Added in version 3.12.

int PyCode_ClearWatcher (int watcher id)

Clear watcher identified by watcher id previously returned from PyCode_AddWatcher () for the
current interpreter. Return O on success, or -1 and set an exception on error (e.g. if the given

watcher__id was never registered.)

Added in version 3.12.

type PyCodeEvent

Enumeration of possible code object watcher events: - PY_CODE_EVENT_CREATE -
PY_CODE_EVENT_DESTROY

Added in version 3.12.

typedef int (*PyCode_WatchCallback)(PyCodeEvent event, PyCodeObject *co)

Type of a code object watcher callback function.

If event is PY_CODE_EVENT_CREATE, then the callback is invoked after co has been fully initialized.
Otherwise, the callback is invoked before the destruction of co takes place, so the prior state of co

can be inspected.

If event is PY_CODE_EVENT_DESTROY, taking a reference in the callback to the about-to-be-destroyed
code object will resurrect it and prevent it from being freed at this time. When the resurrected

object is destroyed later, any watcher callbacks active at that time will be called again.

Users of this API should not rely on internal runtime implementation details. Such details may
include, but are not limited to, the exact order and timing of creation and destruction of code
objects. While changes in these details may result in differences observable by watchers (including
whether a callback is invoked or not), it does not change the semantics of the Python code being

executed.

If the callback sets an exception, it must return -1; this exception will be printed as an unraisable

exception using PyErr_WriteUnraisable (). Otherwise it should return 0.
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There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other
API that can set an exception unless it saves and clears the exception state first, and restores it

before returning.

Added in version 3.12.

8.5.6 Extra information

To support low-level extensions to frame evaluation, such as external just-in-time compilers, it is possible

to attach arbitrary extra data to code objects.

These functions are part of the unstable C API tier: this functionality is a CPython implementation

detail, and the API may change without deprecation warnings.

Py _ssize_t PyUnstable_Eval_RequestCodeExtraIndex (frecfunc free)

ZHUZ Unstable API T%, %A F—V V) —ATTERLIEHINDZZ DD T,

Return a new an opaque index value used to adding data to code objects.

You generally call this function once (per interpreter) and use the result with PyCode_GetExtra

and PyCode_SetExtra to manipulate data on individual code objects.

If free is not NULL: when a code object is deallocated, free will be called on non-NULL data stored
under the new index. Use Py_DecRef () when storing PyObject.

Added in version 3.6: as _PyEval_RequestCodeExtralndex

N—Y 3 ¥ 3.12 TZAH: Renamed to PyUnstable_Eval_RequestCodeExtraIndex. The old private

name is deprecated, but will be available until the API changes.

int PyUnstable_Code_GetExtra(PyObject *code, Py ssize t index, void **extra)

iU Unstable API TF, %A FT =DV —RTTEHLKEEINLZ DD ¥T,

Set extra to the extra data stored under the given index. Return 0 on success. Set an exception

and return -1 on failure.
If no data was set under the index, set extra to NULL and return 0 without setting an exception.

Added in version 3.6: as _PyCode_GetExtra
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N—Y a ¥ 3.12 TZHE: Renamed to PyUnstable_Code_GetExtra. The old private name is

deprecated, but will be available until the API changes.

int PyUnstable_Code_SetExtra(PyObject *code, Py _ ssize_t index, void *extra)

ZHUZ Unstable API TS, YA F—VV—RATTERLKEEINDZZRHD FT,

Set the extra data stored under the given index to eztra. Return 0 on success. Set an exception

and return -1 on failure.
Added in version 3.6: as _PyCode_SetExtra

N—Y a ¥ 3.12 TZHE: Renamed to PyUnstable_Code_SetExtra. The old private name is

deprecated, but will be available until the API changes.

8.6 TOMDATT I b

8.6.1 ZJ7AIATS U+

e D API IZ, Python 2 DARAAD 7 7 ANA T2 D CAPI ZRERZI 2L -1+ 357200
BDTT, ZNoid, BEC 74 77V THR- PSR TWENY 7 7 & [/O (FILEx) ITHH 5 72D I2fliD
NFF, Python 3 TlX, 77 A LA M) —L@3H LV io EY 2 — L EFHIN, 7212 0S DKL ~NIL
BNy 7 7EI/O DEICWL OPDENERINTVET, FTHRHINTWIEKII. zhsoHL v
API o172 C 59 —=THH, A ¥YEZ TV XTONFTNRL 7 —@BHNCFANTVWET; — K R—F 1 —
Da—RNHMCHDIZT io D API 2S5 Z e SHERINE 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)

BRDME: HiLWEHE, RICEL XY Stable ABL BECBHIANTWE 77 AL fd DT 7 4 NVTF 4 22
YT &8 Python D7 7 A VA7 27 b R{ERL ¥ 3, 518 name . encoding . errors . newline
123, F7 40 FOfEE LT NULL 2Mf 2 £, buffering 121% -1 ZIEELTTF 7 4L FOfERFS 2
EHRTEET, name AT NZ2DTIDN, BAFEEEDOLDITEEINATVWET, KKT 5 & NULL
BRLUET, XD EfENREIBOMHIZ, io.openO) BABD FFa XU FESRL T ZE W,

7'\

Python R PV —2RBBEBD Ny 757V Y IEZEFEDO, 77 A LVGEABFD OS LDy
77V eHAT S . RALREE (PHERT—XIH) Res I LET,

g

==}
=

N— g v 3.2 TEH: name BIEDEMH,

int PyObject_AsFileDescriptor (PyObject *p)
RICEBLZET: Stable ABL p IKB#HSII N2 77 AVTFT 4 A7) FR% int L LTRLE T, &
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7Yl WS, FOMEEERLET, BETRWEE, #7327 M2 fileno() XY v FHdH
NI THLES; ZOX Yy FORDEEZ. 77 A Vb FOEE L CRENZBETRITIZRD
FHA, RUT2LHINZRELT -1 ZIRLE T,

PyObject *PyFile_GetLine (PyObject *p, int n)

BRDME: FHILWEHE, XICEL XY Stable ABIL p.readline([n]) *FU T, ZOBKEA TS =
7 b p OBITEHRAHLES, pl&7 7 A LF TP =7 bd, readline() XV v REROMA 50D F
7Y PTREVERA, n B0 DHFE. [TORSICERLR CIEMIC 1ATRIHRAELE T, n H3 0
IDREFNE n N PUEDTF—XBEHAL L FEA; o T, TO—HEIERINIHEND
DET, EBE0D0HETH, AN LETICT 7 A VOKIFICERE LG8 I =T % R E
Ton A0 Xh/phiFUL, BREREDLLT 1177250 % A LETH, 3127 7 4 L ORKIRITE
2 L 72355121 EOFError Z3AH L ¥ 9,

int PyFile_SetOpenCodeHook (Py OpenCodeHookFunction handler)
io.open_code() DEFEDIRLZFNWE LEEXL T, ZORIRXA—X -2ty FITHEL
9,
ANV R —IEROBE DT,

typedef PyObject *(*Py_0OpenCodeHookFunction)(PyObject*, void*)

PyObject *(*) (PyObject *path, void *userData) & Z&ffiT. path i& PyUnicodeObject T
H5ZEDPRIEEN TV T,

userData RA X7 v 7BENCEENRE T, 7y 7B V24 26O 2B L
NBVDT, ZORA ¥ RIZEHE Python DREE BB IARETIEDHD ¥ A,

ZD7 v 7EEIEA VR IREDLNE I EEKLTWA 7D, Y 22— frozen BEY 22—
NTH % sys.modules IXHBFHAREREY 2 — NV TH B Z 0> TWVWBHEERVTIE,
Ty ZEBOETHICH LWEY 2a— L% 4 Y E— F T 3DIFBIFTL X0,

Wo A7y ZEBDEREENZ O, HIFRPEZHEZ S TEX I, B2 5D PyFile_SetOpenCodeHook ()
DIFNHUIFKB L ET, ZOBBMIKR LIz 2iX, 4 &2 —=7) 2l EhTniGE, -1 &
BLUTHMN Y FLET,

ZOBEE Py_Initialize() K DANCFESIH L THEETT,
SR LT BEE A X b setopencodehook ZEHIL E3,
Added in version 3.8.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)
RICBELZET: Stable ABL. 727 b obj Z7 7 ANFTI 2T b p I TEZIAAET, flags DY
R—=+F2%7 7270 Py_PRINT RAW 723 TT; COT7 IV RIBET S, A7V =2 MZ repr() T
372K str() ZHEALZHERZ 7 7 A VICEEHLE S, LG EIIZ 0 ZIBL, KT 3L -1
ZIRLUTHEYIZHASN Ry P LET,

int PyFile_WriteString(const char *s, PyObject *p)
RICBLET: Stable ABL. XFH s 7 7 ANF TV b plZEBEHLET, BIILEEAICEZO

X - R S ERr) AR )
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8.6.2 EXa—I/ILAT2x ¥ k (module object)

PyTypeObject PyModule_Type
RICEL FJ: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ Al Python DEY 2a—NF 7T =2
MUERRHLES, 204727 ME. Python 7B 27'J L12id types.ModuleType ¥ L CAF &
NTVET,

int PyModule_Check (PyObject *p)
PPEI2—NFTI I IDPED 2 NATI 2T bOYTEA T THEILEWZELZRLET, 2D
BRI E I L £9,

int PyModule_CheckExact (PyObject *p)
pBEI2—NF TPy MNT, 2D PyModule_Type DY T XA TTRVE ZICHERLET, 2D
BIBUIH I L £5,

PyObject *PyModule_NewObject (PyObject *name)

RDOfE: FiLLWBE, RICBLET: Stable ABI (IN\—23 Y 3.7 &D ). Return a new module
object with module.__name__ set to name. The module’s __name__, __doc__, __package__ and
__loader__ attributes are filled in (all but __name__ are set to None). The caller is responsible

for setting a __file__ attribute.

Return NULL with an exception set on error.

Added in version 3.3.

N—Y a ¥ 3.4 TEH: __package__ and __loader__ are now set to None.

PyObject *PyModule_New (const char *name)
RBOE: FILWBHE, RICEL X9 Stable ABIL. PyModule_NewObject () Il TWE T2, name &
Unicode 7Y =7 FTld7# { UTF-8 TLYa— FINEXFEH|TT,

PyObject *PyModule_GetDict (PyObject *module)

EDfE: GRS, RICBL E7: Stable ABL. module DAFIZEMERETI2HEA T2 7 FERL
9, DA TV ME, BV 2 F T2 D __dict__ JBHEEFEILDDTT, module 3E
Ta—nNAT7I=27 b (BLKRBEY2—NATI =7 FOF T XA T) Tl EIE, SystemError
DIEH &4 NULL AR5,

PEREY 2 — A TR EY 2 =10 __dict__ ZEHEREFET 2 LD b, PyModule_* 3 X X PyObject_x*
B2 S iR x g 7,
PyObject *PyModule_GetNameObject (PyObject *module)

RODME: HILWBEB, RBLET: Stable ABI (N—23> 8.7 &D ). Return module’s __name__
value. If the module does not provide one, or if it is not a string, SystemError is raised and NULL

is returned.

Added in version 3.3.
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const char *PyModule_GetName ( PyObject *module)

RICEL £79: Stable ABL. PyModule_GetNameObject () WZHITWE T A, 'utf-8' Ty a—F&
N7z name ZIEL %9,

void *PyModule_GetState (PyObject *module)

RICBLET: Stable ABL. €Y 22— D state”(EY 2 —VEER LKA IV I THHEINS XE
U7y ZANDRA ¥ R—=) 2, RIFHUE NULL ZiIB L %9, PyModuleDef.m_size MWL T X
W,

PyModuleDef *PyModule_GetDef ( PyObject *module)

RICBLFT: Stable ABL. €Y 2 —AMESNBILE 7R o7z PyModuleDef WHEERANDKRA ¥ 2 %K
LET, BV 2 —ADERICL > TESNTOWRD - 2851 NULL 2B L 55

PyObject *PyModule_GetFilenameObject (PyObject *module)
RBbhfE: :iLWEE, XRICEL £9: Stable ABL Return the name of the file from which module

was loaded using module’s __file__ attribute. If this is not defined, or if it is not a string, raise

SystemError and return NULL; otherwise return a reference to a Unicode object.
Added in version 3.2.

const char *PyModule_GetFilename ( PyObject *module)

RICEL £79: Stable ABI. PyModule_GetFilenameObject () EBTWETH, "utf-8 Ty a—F
ENTT 7 ANHEIRELET,

N— a ¥ 3.2 TIHELE: PyModule_GetFilename() Z ¥ A — R TERWVWT 7 4 LZITH LTI
UnicodeEncodeError 2L 3, ZADRD DIZ PyModule_GetFilenameObject () ZHH LT
{TEEW,

CEZa—ILO#HHEAL

B, EYa—AF 7Y =27 MRILREY 2 — (LB Z =7 AK—- L TWaHES A T75Y) &
J2EHARENTEY 2 — v (PyImport_AppendInittadb () ZAf o THHMLBIEDEMENTVWEEY 2 —
) oS E T, FIC OV T building F721% extending-with-embedding % RTL 72X W,

YIHEBEEIE. Y 2 —VERDA VAKXV A% PyModule_Create() WCIEL THR EN572EY 2 —F
727 PRBELTHIVTT L, b LIRERMERZDDDZIR L ZEREIL” ZERL THHNE
Ao

type PyModuleDef
RICBLZET: Stable ABI (TARTDORAUYN—ZEYL). EY 2 — VERMERZES 2 -1 ATV =
7 PRS2 DITREL TN TOHERERFEL T, B TAZADEY 2 - T L IZEHICH]
WS N7 ZORIDERD 1 DR TFELE T,
PyModuleDef Base m_base

DX N—XHIZ PyModuleDef HEAD_INIT CHIHALL TL 72X\,

const char *m_name
HLWEY 2 — )L DL,
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const char *m_doc

EY 2 =D docstring, 72T docstring 1& PyDoc_STRVAR ZFIFH L TEMINE T,

Py ssize t m_size

Y 2 —LORBEE, #NR 70— LR FERTlE 72 { PyModule_GetState() THUSTE %€
Ja— LT DAEVHEBIFEREINTVWAZ DD ET, CHCEoTEY 2 —IFEROY
T AR TYR—TERMEZET,

ZDXEVMHEBIE m size ICEOWTEY 2 — MEMFHCHERIN, TP 2 -1 4TV 27 MY
FEIND L ZIZ, m_free BB DI ZENDMENT-BRTHRRINE T,

m_size IZ -1 ZRET DL, ZOEY 2a— N30 — NV RIREERODICY T - LA V&2 —T
VE=ZHFR=—PLTVRVEVNS ZEIZKRDET,

m_size ZIFADEICHKET 5L, Y 2 — VIIHEWPLTE, ZORED-DICHEL 358
TOXEVBRERETEZ WS 2 IZZDET, FAD n_size ZZEEIHILTHEIICRD
N

T PEP 3121 2208,

PyMethodDef *m_methods
PyMethodDef TEFREIND, TV 2 — L LNIVBEBD T — INANDRA ¥ & —, BIEDIEIE L7
WIGEE NULL 2% ET 5 Z & HAlHE,

PyModuleDef Slot *m_slots
LBt -HD 20y M EROEHIT, {0, NULL} BEMNKHr b 3, —BEEMHHL
S L %3, m slots 13 NULL TRITAUIR D FHA,

N—=Pay 3.5 TEHE: N=Yar 35 LDRld, TOX NI NULL KRESATWT, X
DHDELTERINTVE L

inquiry m_reload

traverseproc m_traverse
GCEBDPEY 2—NA TV M eERT RIS SN2 EEBE. BERWEEIX NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.
N— a Yy 3.9 TZH: No longer called before the module state is allocated.

inquiry m_clear

CCHZDEIa—NA TP 27 V7 —F33RICMHUCHEINE 7Y 7B, BERWS
£13. NULL.

This function is not called if the module state was requested but is not allocated yet. This is the

case immediately after the module is created and before the module is executed (Py_mod_ezec
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function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.

Like PyTypeObject. tp_clear, this function is not always called before a module is deallo-
cated. For example, when reference counting is enough to determine that an object is no

longer used, the cyclic garbage collector is not involved and m_free is called directly.
N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CGCHRZIDES2a— NI T2 M RBERT 2L W MOH IS8, HEZRWGET NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.
N— a ¥ 3.9 TAH: No longer called before the module state is allocated.
—ERPEATHA(L

EV 2 - VOWIBEBPEHEEY 2 -1 ATV 27 P EER LU TRIGESH D £35, ZUx” —BETH
£” REH, RD2O0DEY 2 — VAEBRBEBOYE L0 1 D2 FNET:
PyObject *PyModule_Create (PyModuleDef *def)
RD{E: i LWEHMH, Create a new module object, given the definition in def. This behaves like
PyModule_Create2() with module api_version set to PYTHON_API_VERSION.
PyObject *PyModule_Create2(PyModuleDef *def, int module_api_ version)

RBDhfE: #iLWBH, RICBL X9 Stable ABL. API N—3 a2 > % module_api_version ¥ LT def
TOEBRIESTHLOVWEY 2a— VATV 27 b EERLET, b LIBEINEZAN—Y 3 UPFETLT
WEA Y R=TYR=DN= a v B2 555X RuntimeWarning ZRAEI B E T,

Return NULL with an exception set on error.

0 IR

FL AY DS, ZOBTIZRL PyModule_Create() ZFIHTZNETYT, OB, 20
BB OREEZIREL TWd & ZWZFFHLTLZE W,

BV a—NFTY 7 PHBPHMEBEE D SR EINBHIIC, 72T W& PyModule_AddObjectRef () 75 ¥ DB
Mo TEIa— LI T2 PIXUANEAIEIEET,
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ZERPEVIRATE

An alternate way to specify extensions is to request "multi-phase initialization”. Extension modules
created this way behave more like Python modules: the initialization is split between the creation phase,
when the module object is created, and the execution phase, when it is populated. The distinction is

similar to the __new__() and __init__() methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.mod-
ules entry is removed and the module is re-imported, a new module object is created, and the old module
is subject to normal garbage collection -- as with Python modules. By default, multiple modules created
from the same definition should be independent: changes to one should not affect the others. This means
that all state should be specific to the module object (using e.g. using PyModule_GetState()), or its

contents (such as the module’s __dict__ or individual classes created with PyType_FromSpec()).

ZERMEIIHILEH > TERINBZETOET a—NME BT A2 TVA— Z2HE—F+ TR RDHN
9, BEOES 2 —ADPHVT L TWE I Z2RIAETZ2DIZIE. 20 TWEZDOYR—+ 2535720 C+H5a
VC“\?-O

ZEBOI bR ERT 22012, PR (Pylnit_modulename) 1XZE TR\ m slots & D
PyModuleDef #BL FF, THEETHIIZ, PyModuleDef £ ¥ A X ¥ ZIF KD THIH LNz T
TV EEA:

PyObject *PyModuleDef _Init (PyModuleDef *def)

RO ME: RS, RICBLET: Stable ABL (IN—=23> 3.5 &D). £V 2 —NVERPHESHA Y
YIMERIELLSHET 5. EUNCHIfkE iz Python 779227 FTH2d Z EIRFEL £ 7,

PyObject* IZF ¥ A b &N/ def ZIRL %3, =7 —2FELRIGE NULL 2R L 9,
Added in version 3.5.
EY 2 —VEED m_slots X > \i& PyModuleDef_Slot BHERDEA R X T UI D FHA:
type PyModuleDef_Slot
int slot
Zuy b ID T, MRTHAZA T 2FHARERED 5B IEZNE T,

void *value

2\ y +OMET, BEHIZRE Y b ID IKIKEL ET,
Added in version 3.5.
m_slots BCFNE ID 0 D21 vy P TRIEX R TWARITIUER D $HA.
FIHATREZR R &y b OBIILLRTT:

Py_mod_create

FEJa—nNFA 7P VEEERERTE-DCMEIN BB EREELE T, 2Dy O value KA
VRIERDY AT v BROBBER L TR TV ERA:
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PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEF X7z ModuleSpec f Y ARV Ay, EY 2 — VEREZUIWZHEKTT, Zhix
MLVWEY 2a— ATV 27 beiRTh, =5 —%FELTNULL ZIBRIRETT,

Z OB RNRICED TE L RETT, FHTERD Python 22— F2IFFHINEZTIERL, FLE
Ta—nNEAYKR-PLEI LT D LERL-TICHMETL x5,

BHD Py_mod_create A0 v + 2 1 DDEY 2 — VERIKERELZWVWIDLWVTT,

Py_mod_create DX EINTWVWRWEAIX, £ ¥ R— MEMIX PyModule_New() %o THE DE
Va—NFA TV bEERLET, EYa—LOLRNIERTIIRL spec HIBE I, Zhic
Ko THIREY 2 —ADEINCEY 2 —VEBICBY 2MELZFALTERD, VRV 7Y Y7kl
LCH—DEY 2 —VEHREHLG L ODORIOHARITTA Y R—-bTELDLET,

BENDZATY =7 MDY PyModule_Type DA VARV ATHZREZDHD ¥ A, 4 ¥KR— MR
TREEORE L BESTE LR IE, YARETHMZ F3, Li L., PyModuleDef %% NULL T
W m_traverse, m_clear, m_free . $ LI B TRV m_size. b L <X Py_mod_create DIFD
Zn vy hEFEOEEIX, PyModule_Type 4 Y AR Y ZADHMEENZTL & 5,

Py_mod_exec

EVa—% RBTTS L EXMINABBERELET, 24 Python £ 2 —LdDa— FEFEST
FTEZOLMAFTT: ZOBBEEZVTWE I IR EREEY 2 —NMICLET, ZOBBDOY 72 F %
FLLR T

int exec_module (PyObject *module)

BED Py_mod_exec AWy FPWWEINTWIHEE. m_slots BLANCH N IHICUHE I TV E
i \j—o

Py_mod_multiple_interpreters

Specifies one of the following values:

Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED

The module does not support being imported in subinterpreters.

Py_MOD_MULTIPLE_INTERPRETERS_SUPPORTED

The module supports being imported in subinterpreters, but only when they share the main

interpreter’s GIL. (See isolating-extensions-howto.)

Py_MOD_PER_INTERPRETER_GIL_SUPPORTED

The module supports being imported in subinterpreters, even when they have their own GIL.

(See isolating-extensions-howto.)
This slot determines whether or not importing this module in a subinterpreter will fail.
Multiple Py_mod_multiple_interpreters slots may not be specified in one module definition.

If Py_mod_multiple_interpreters is mnot specified, the import machinery defaults to

Py MOD_MULTIPLE_INTERPRETERS SUPPORTED. ===
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Added in version 3.12.
Py_mod_gil
Specifies one of the following values:

Py_MOD_GIL_USED

The module depends on the presence of the global interpreter lock (GIL), and may access

global state without synchronization.

Py_MOD_GIL_NOT_USED

The module is safe to run without an active GIL.

This slot is ignored by Python builds not configured with --disable-gil. Otherwise, it deter-
mines whether or not importing this module will cause the GIL to be automatically enabled. See

whatsnew313-free-threaded-cpython for more detail.
Multiple Py_mod_gil slots may not be specified in one module definition.
If Py_mod_gil is not specified, the import machinery defaults to Py_MOD_GIL_USED.
Added in version 3.13.
ZEFEOIMEIZOVWT X DFEL <1& PEP 489 2R T E W,
BEKEED 2 —LIERBEE

DUFoBEE. ZBEVHLZES & 2B MTHFOHEnE S, FIRIEEY 2 -4 7Y =7 P 2BIINCE
B s EIC, Zhs DK EZERMSZ 3, PyModule_FromDefAndSpec 35 X U PyModule_ExecDef D ¥
H5b, MO LAERIITEY 2 —APZERIOHL IR TWRITNRZRD 28 A,

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

RBbhfE: L WEBH, Create a new module object, given the definition in def and the Mod-
uleSpec spec. This behaves like PyModule_FromDefAndSpec2() with module api_version set to
PYTHON_API_VERSION.

Added in version 3.5.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module_api_ version)

ROE: FILLWBER, RIZBLZFJ: Stable ABI (IN\—23Y 3.7 &D). API N— 3 % mod-
ule__api_version £ LT, def ¥ ModuleSpec 7Y =2 D spec TEBESINTEBHIHLWVE
Ta—nNF IOz v EERLET, b LIEBEIN AN a UPE[TLTVWEAL VY R—=TVEX—-0D
N— a v Bz 258513, RuntimeWarning ZRAEXHFE T,

Return NULL with an exception set on error.

0 IR
Fr ACDOHE. ZOBBTIER PyModule_FromDefAndSpec() ZFIHT 2NETT, ZOH
B, COBBOPEERZHBEL TV e ZICRIAMALTIZE W,
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Added in version 3.5.

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)
RICBLZET: Stable ABI (IN—23Y 3.7 &D). def THEZAOLNLERBOETAR Y b
(Py_mod_ezec) ZEITLET,
Added in version 3.5.

int PyModule_SetDocString (PyObject *module, const char *docstring)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). module @ docstring % docstring Wi EL £ 7,
Z OB, PyModuleDef 2°5 PyModule_Create % L < i PyModule_FromDefAndSpec % {# > T
BV 2R ERT B ZITHEMIEOHENE T,

Added in version 3.5.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

RICBLET: Stable ABL (IN—=23> 8.7 &b ). #¥idd NULL 1278 2 TW5 functions AN H %
BA% % module IZIBINL £, PyMethodDef HHEKDH 42 DT> k VIZDWTIE PyMethodDef O
MAZSRL T LIV (BY 2 — LOERIERBBPEE I TORVWOT, C THEEINLEY 2 —
AL 7B B VWTWEY 2 =% 1 DHOGE LTRZIFED, Python 75201 ¥ X
RYAXYy FITURBICLET), ZDOBBUL. PyModuleDef %5 PyModule_Create d L <3
PyModule_FromDefAndSpec #{f > TEY 2 — L BERT 2 & T ICHEWZFIH IR E T,

Added in version 3.5.
HR— FEIEL

EY 2= VOWHHLEIE (—BBEWIHHLZES55E) . HD2VIEEY 2 —LOF TRy F2rLUHENS
B (ZEBREOIAL 2 H 5 58) I ROBEEEMS &, Y 2 -0 state DAL EEHICTE E T

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

RICBLFT: Stable ABL (IN—=23> 3.10 &D ). module \2* 7Y =7 +% name ¥ L TEMU %
T ZOBBIIEY 2 — L OHIHILEE: & M S 2 EHEE TS,

BT 5L 0 2Bl 27122 e ZEHLT -1 2 BLET,

RV

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) ;

(RDR=V1Hi <)
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(RIDR=I D5 DR E)

return res;

To be convenient, the function accepts NULL wvalue with an exception set. In this case, return -1

and just leave the raised exception unchanged.

Z WX, BRI obj A3 NULL TH 2B Z L RHERETICEL LB TEEZT:

static int

add_spam(PyObject *module, int value)

{
PyObject *obj = PyLong_FromLong(value) ;
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;
return res;

}

Z DA, obj A5 NULL THD 5 %728, Py_DECREF() DftH D IC Py_XDECREF() % FECNH &4
DD LITHFERELTLEE W,

The number of different name strings passed to this function should be kept small, usually by
only using statically allocated strings as mame. For names that aren’t known at compile time,
prefer calling PyUnicode_FromString () and PyObject_SetAttr() directly. For more details, see

PyUnicode_InternFromString (), which may be used internally to create a key object.
Added in version 3.10.

int PyModule_Add (PyObject *module, const char *name, PyObject *value)
RICBLET: Stable ABI (IN—23 > 3.13 & ). Similar to PyModule_AddObjectRef (), but

"steals” a reference to value. It can be called with a result of function that returns a new reference

without bothering to check its result or even saving it to a variable.

{5 B

if (PyModule_Add(module, "spam'", PyBytes_FromString(value)) < 0) {

goto error;

Added in version 3.13.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
RIZEBL £7: Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value

on success (if it returns 0).

The new PyModule_Add() or PyModule_AddObjectRef () functions are recommended, since it is

easy to introduce reference leaks by misusing the PyModule_AddObject () function.
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0 IR
Unlike other functions that steal references, PyModule_AddObject () only releases the reference

to value on success.

This means that its return value must be checked, and calling code must Py_XDECREF () value

manually on error.

{1

PyObject *obj = PyBytes_FromString(value);
if (PyModule_AddObject(module, "spam", obj) < 0) {
// If 'obj' is mot NULL and PyModule_AddObject() failed,
// 'obj' strong reference must be deleted with Py XDECREF().
// If 'obj' 4s NULL, Py XDECREF() does mnothing.
Py_XDECREF (obj) ;
goto error;
}
// PyModule_AddObject() stole a reference to obj:
// Py_XDECREF(obj) %s not needed here.

N— a v 3.13 TIEHESE: PyModule_AddObject () is soft deprecated.

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)

RICBLZE 7 Stable ABI. Add an integer constant to module as name. This convenience function
can be used from the module’s initialization function. Return -1 with an exception set on error,

0 on success.

This is a convenience function that calls PyLong FromLong () and PyModule_AddObjectRef (); see
their documentation for details.
int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

RICEBLE 9 Stable ABI. Add a string constant to module as name. This convenience function
can be used from the module’s initialization function. The string value must be NULL-terminated.

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

This is a convenience function that calls PyUnicode_InternFromString() and
PyModule_AddObjectRef (); see their documentation for details.
PyModule_AddIntMacro (module, macro)

Add an int constant to module. The name and the value are taken from macro. For example
PyModule_AddIntMacro(module, AF_INET) adds the int constant AF INET with the value of

AF _INET to module. Return -1 with an exception set on error, O on success.

PyModule_AddStringMacro (module, macro)

NFHNERE module WZBIL £3,
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int PyModule_AddType ( PyObject *module, PyTypeObject *type)

RICELFT: Stable ABI (IN\—23 > 3.10 &D ). Add a type object to module. The type object
is finalized by calling internally PyType_Ready (). The name of the type object is taken from the

last component of tp_name after dot. Return -1 with an exception set on error, O on success.

Added in version 3.9.

int PyUnstable_Module_SetGIL (PyObject *module, void *gil)

(i ]
ZHUZ Unstable API TS, YA F—VV—ATTERIEEINDZZNDHY FT,

Indicate that module does or does not support running without the global interpreter lock (GIL),
using one of the values from Py_mod_g41. It must be called during module’s initialization function.
If this function is not called during module initialization, the import machinery assumes the
module does not support running without the GIL. This function is only available in Python

builds configured with --disable-gil. Return -1 with an exception set on error, 0 on success.

Added in version 3.13.

EDa—-IILBE
—EEVIHEMLIE, BEDA VYR TV ZDaAYTEFRA Y LOHEEZS VY IA NV DEY 2 —AEERLET, &
Ko T, BPOLEV2—INVEBNDODSHEIZ I TEI 2 — NI TV 27 bPPIETEZ T,

ZEBEVIHL S L BE—DER P SBEBOEY 2 —ADMERTE 5D T, Zh 6 OBEBIIZ BRI
o TEREINIZEY 2 —MIIMEZ FE A

PyObject *PyState_FindModule (PyModuleDef *def)

RO E: GRS, RICELET: Stable ABL BUEDA ¥ X TV XD def »HAELNIEY 2 —)LF
TV beRLET, TDOXY v FORTHESRMA L LT, Hid o T PyState_AddModule() TA ¥ &
TV ROD state IKEY 2 —AA 7D 7 bEEELTEBL I R2ERLET, WET2EY 22— AT
Pz IDBREMAL SRV, B LLIEERNCA YR T Y XD state IHEHAE XN TWARWIEGEE, NULL %
BLET,

int PyState_AddModule (PyObject *module, PyModuleDef *def)

RICBLETY: Stable ABL (IN—=23> 3.3 &D). BBICHEINLES 2 -1 F T2 b2, 4V
XTY XD state ICHIELE T, ZOBKE[ES Z 2 T PyState_FindModule() DSHEY a— AT
VI M7V RATERXSIIRDET,

—BRFEFIHL 2 o TIERENEY 2 —MITDAETT,

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary
(but harmless) to call it from module initialization code. An explicit call is needed only if the

module’s own init code subsequently calls PyState_FindModule. The function is mainly intended
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for implementing alternative import mechanisms (either by calling it directly, or by referring to

its implementation for details of the required state updates).
The caller must have an attached thread state.

Return -1 with an exception set on error, O on success.
Added in version 3.3.

int PyState_RemoveModule ( PyModuleDef *def)
RICBELFT: Stable ABI (IN—=23> 8.8 £D ). Removes the module object created from def
from the interpreter state. Return -1 with an exception set on error, 0 on success.

The caller must have an attached thread state.

Added in version 3.3.

8.6.3 1T7L—2AT2x ¥ |k (iterator object)

Python TR ZFBEOA 7L & A7V 27 b2EBLTVES, —D2HEY -7 Y X4 7L —XT,
__getitem__ () XAV FEVR-PFFTEEEDS—F Y RAEMHPVET, ZOHEMIH LATREA 7Y =
7+ %L (sentinel value) ZH/WV\. ¥ —F YV ANDERI L IKNUH LATRELS 7Y = 7 P2 LT, +
YFIOVEMR I NI L TR R T LE T,
PyTypeObject PySeqlter_Type
RICEL F7: Stable ABIL. PySeqIter_New() X, #AAAS —5 ¥ ZBNTH LT 1 51BIER DA
ABBE iter O ZMUIH L ZITRENE, A TL—XF 7Y 227 bOMF T 22 T,
int PySeqIter_Check(PyObject *op)
op DI PySeqlter_Type MDGEICEZIRL 5, ZORBIIEITHIIL 5,
PyObject *PySeqIlter_New(PyObject *seq)
RBROfE: F1LWBE, RICBELXT: Stable ABL. =R =7 XA T b seq B|_HA T
L—XERLUET, RIFMIEIL, > — 7 Y ADIRTHEERIEDOBIC IndexError IR L7 & ZITHKT
LEd,
PyTypeObject PyCalllter_Type
RICEBLE T Stable ABL PyCallIter New() %, #AAHPEE iter() @ 2 5IBIEXIE T A 7
L—=ZRATI2 7 VORA T 2 MTT,
int PyCallIter_Check(PyObject *op)

op DBIH PyCalllter Type MOGHICHTRLET, ZOBKITEICHIIL 5,

PyObject *PyCallIter_New(PyObject *callable, PyObject *sentinel)

RbDfE: rLWBE, RICEL X9 Stable ABL #7247 L —2%RLET, RIIDNRT XX
callable 1518072 U CTH-U ¥ % Python OFFUH LATEELX 72 =2 7 PR SRBRATHIDPEVERA;
callable 1%, PFEHEN 2712 RICRORKBUENRA 72 = 7 b RIRIRIFUIRD A, ERIN
724 7L —21&. callable 3 sentinel IZFE LWEERIRT & RIEMEEZHETLETS,
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8.6.4 TRUVTAAT T I (descriptor object)

IR TR (descriptor)” &, HBA T 27 POV ODEHICOVWTEHR LA T 27 T,
TRZVIRATY 27 M3BATY 227 OHENICH D £,
PyTypeObject PyProperty_Type

RICBLFT: Stable ABL #lAIABT A2 ) FRBQRA 72 = 7 M T,

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
ROfE: FILVLBE, RICBL XY Stable ABL

PyObject *PyDescr_NewMember ( Py TypeObject *type, struct PyMemberDef *meth)
ED{E *ﬁbb\%lﬂﬁﬁ ’kt&- L/ij_ Stable ABI.

PyObject *PyDescr_NewMethod ( PyTypeObject *type, struct PyMethodDef *meth)
ROfE: FLVLBER, RICBLET: Stable ABL

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
RO1E: HLLWEE,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
ROfE: #ILVLBE, RICBL XY Stable ABL

int PyDescr_IsData(PyObject *descr)

FRAZYTFRITI 27 b descr BF—RBHED TR 2V FROFEIFIEEXfE, XYy FFR
VY TERDEGEITE 0 BRLET, descr 37 A7V S RATI =27 b TRIFINIRD EVA, TT7—
F v ZI¥MTVERA

PyObject *PyWrapper_New (PyObject*, PyObject™)
ED{E %ﬁbb\/: Rno ’KL— L/ij_ Stable ABI.

8.6.5 R XAT ¥ bk (slice object)

PyTypeObject PySlice_Type

RICBLET: Stable ABL. 254 24 7Y 227 bORIA 7Y 22 b TF, Z4UZ, Python LA ¥
B3 slice LALA TV =7 b T,

int PySlice_Check (PyObject *ob)

ob MATARFTI 27 FOBEWCERRLET; ob I NULL THo> TiER D XA, ZOBEKITE
WL E3,

PyObject *PySlice_New(PyObject *start, PyObject *stop, PyObject *step)
RDOME: HiLWLWBHE, RICBL £7: Stable ABL. Return a new slice object with the given values.
The start, stop, and step parameters are used as the values of the slice object attributes of the same

names. Any of the values may be NULL, in which case the None will be used for the corresponding

attribute.

R NULL swit] : £ 1] bi 1d 1ot he all |
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int PySlice_GetIndices(PyObject *slice, Py _ssize_t length, Py ssize_t *start, Py_ssize_t *stop,

Py_ssize_t *step)

RICBLZET: Stable ABIL. 54 XA T2 b slice 1281} % start, stop, BLU step DA T2
ZEZBIFLET. ZDLEI—F Y RADRX% length YIRELE T, length KO dKRERA VTV
AW BeLT7— LTIRVET,

Returns 0 on success and -1 on error with no exception set (unless one of the indices was not None

and failed to be converted to an integer, in which case -1 is returned with an exception set).
BELHL, BRI IOEBEHNZZVTL & I,

N—Tay 3.2 TEHE: AN, slice 513 DEIE PySlicelbject* T L7,

int PySlice_GetIndicesEx(PyObject *slice, Py _ssize_t length, Py _ssize t *start, Py _ssize_t *stop,

Py ssize_t *step, Py _ssize_ 1 *slicelength)

RICEBLE9: Stable ABL. PySlice_GetIndices () DEFIMREZETT, slice \ICBIY 3. start, stop B
XU step DA VT2 RAEEREELET, O—F Y ADEEX% length . 274 ADEX% slicelength
WML T, BARNDOAL O F 27 2AZWBEDRATA A —BH LEFETZ Y y 730 % T,

Return 0 on success and -1 on error with an exception set.

0 IR

This function is considered not safe for resizable sequences. Its invocation should be replaced

by a combination of PySlice_Unpack() and PySlice_AdjustIndices () where

if (PySlice_GetIndicesEx(slice, length, &start, &stop, &step, &slicelength) <
=0) {
// return error

}

is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error

X
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—=Tar 32 TEHE: AN, slice 513 DANI PySlicelbject* TL 7,

N—Y a ¥ 3.6.1 TZHE: If Py_LIMITED_API is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx() is implemented
as a macro using PySlice_Unpack() and PySlice_AdjustIndices(). Arguments start, stop and

step are evaluated more than once.

N— a v 3.6.1 TIHERE: If Py_LIMITED_API is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx() is a deprecated function.

8.6.
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int PySlice_Unpack(PyObject *slice, Py _ssize ¢ *start, Py_ ssize_t *stop, Py_ssize_t *step)

RICELZET: Stable ABI (IN—2 3> 3.7 &D). Extract the start, stop and step data mem-
bers from a slice object as C integers. Silently reduce values larger than PY_SSIZE_T_MAX
to PY_SSIZE_T_MAX, silently boost the start and stop values less than PY_SSIZE_T_MIN
to PY_SSIZE_T_MIN, and silently boost the step values less than -PY_SSIZE_T_MAX to
-PY_SSIZE_T_MAX.

Return -1 with an exception set on error, O on success.
Added in version 3.6.1.
Py ssize t PySlice_AdjustIndices(Py ssize t length, Py ssize t *start, Py ssize t *stop,

Py ssize_t step)
RICBLFT: Stable ABI (IN—2 3> 3.7 &D). Adjust start/end slice indices assuming a

sequence of the specified length. Out of bounds indices are clipped in a manner consistent with

the handling of normal slices.
Return the length of the slice. Always successful. Doesn’t call Python code.

Added in version 3.6.1.

Ellipsis 772 xJ k

PyTypeObject PyEllipsis_Type
RICBL 9 : Stable ABI. The type of Python Ellipsis object. Same as types.EllipsisType
in the Python layer.

PyObject *Py_Ellipsis
Python ® Ellipsis # 7Y x2 b, ZDA TV 27 MIEAY v FWHD 8 A, Py_None ¥ [FIEE,
ZAUX immortal TV IN NI RATI 2T VT,

N—a ¥ 312 TEH: Py Ellipsis I immortal T3,

8.6.6 memoryview #7xJ +

memoryview 7Y =2 M, MOF 7Y =7 FEFRU LS I1ZHA S Python 77 =27 +OEZE L7 CE
RLNLD Ny T 7DA 22 —=TT—2A TS,

PyObject *PyMemoryView_FromObject (PyObject *obj)

ROl HILWEBR, RICBLET: Stable ABL. Ny 774 ¥ & —7 2 —2 %I 247922 b
26 memoryview A7V =7 bR LET, L obj DEHEZIALFRERANY 77 DT AR—1+ 7%
PR=bFT 245, ZOD memoryview 7Y =7 MIBAEZEEZAHET T, £ TRIFIUIFTH L DA
KB, TIZRAR=Z—=DDHICH L DOV TitAHEEMNAREL 2D F3,

PyBUF _READ

Flag to request a readonly buffer.
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PyBUF_WRITE

Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py ssize t size, int flags)

REOfE: FHILWBHE, RICBLET: Stable ABI (IN—=23> 3.7&D). mem 2B ROy 772 L
T memoryview 4 7Y = 7 N ZAEK L £, flags & PyBUF_READ % PyBUF_WRITE D¥H BT
hDET,

Added in version 3.3.

PyObject *PyMemoryView_FromBuffer (const Py buffer *view)

RDE: FiLWBE, RICBLET: Stable ABI (IN=23Y 8.11 &D). view 2 LTHZ 6N
Ny 7 7 8% T v 7T 5 memoryview X 7Y =7 MEERLET, BREZ AL My 7 AT,
PyMemoryView_FromMemory () DIE 5 HBEE LWTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)

RBOE: :rLWEBHE, RICEL X7 Stable ABL buffer f Y X —7 2 —RAZERLTWEA T xS
F22 5 (CC 2 Fortran @ order T) EfiL7c X €V F ¥ > 7D memoryview A 7Y = 7 + ZfE
&3, XAEVYPEHLTWEEE, memoryview + 7V =22 MITTOXEV ESRLE T, 2hll
NDGZE, XEVIZI ¥ —EN T, memoryview 7 =7 MIFTL W bytes A 70 =27 b EBIRL
ESa

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check ( PyObject *obj)
obj 3 memoryview A 7Y =7 FOBEWXEEZRLE T, FHAED YL Z A, memoryview DH 77 5 R
DIFREFFA SN TVEE A, ZORBIHICHIIL $3

Py buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
EXREINTANY 7 7 —D memoryview DS T A N— bk a—IZ, KAV X—=FRLET, muiew
¥ memoryview £ YA X Y ATRIFIUERD FX¥A; 2O~/ vidBleF v 7 LRWVWDTHETTE
FryZ LRIINUIRST, TNER2L 779> a3 280»HDET,

PyObject *PyMemoryView_GET_BASE(PyObject *mview)

memoryview 2 ZZ7 AR — b L TWVWEATI 27 bADKA ¥ X %IRL FET, memoryview 53
PyMemoryView_ FromMemory() %> PyMemoryView_FromBuffer() ®¥H LM TIER I N T W
&\ NULL ZIBL %35

8.6.7 /FEWA T I/ b

Python 1 $988 25 —A+ 72 =7 b (first-class object) ¥ LTHR— L ET, HSWEEHEEET S
“HEOBEEOA 7Y 22 MRHD £F, WoREMASRA 7Y 27 M T BEBAVIINOF TV 2
7 MU THEERIRD uF >y LTIRES A 7Y =7 T,

int PyWeakref_Check (PyObject *ob)

Return non-zero if 0b is either a reference or proxy object. This function always succeeds.
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int PyWeakref_CheckRef (PyObject *ob)

Return non-zero if 0b is a reference object. This function always succeeds.

int PyWeakref _CheckProxy (PyObject *ob)

Return non-zero if 0b is a proxy object. This function always succeeds.

PyObject *PyWeakref _NewRef (PyObject *ob, PyObject *callback)
EOfE: HILWEBER, RICEL X Stable ABIL. Return a weak reference object for the object ob.

This will always return a new reference, but is not guaranteed to create a new object; an existing
reference object may be returned. The second parameter, callback, can be a callable object that
receives notification when ob is garbage collected; it should accept a single parameter, which will
be the weak reference object itself. callback may also be None or NULL. If ob is not a weakly
referenceable object, or if callback is not callable, None, or NULL, this will return NULL and raise

TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
EDfE: iLLWBHE, XICEL F7: Stable ABL Return a weak reference proxy object for the

object ob. This will always return a new reference, but is not guaranteed to create a new object;
an existing proxy object may be returned. The second parameter, callback, can be a callable object
that receives notification when o0b is garbage collected; it should accept a single parameter, which
will be the weak reference object itself. callback may also be None or NULL. If 0b is not a weakly
referenceable object, or if callback is not callable, None, or NULL, this will return NULL and raise

TypeError.

int PyWeakref_GetRef (PyObject *ref, PyObject **pobj)
RICBELZET: Stable ABI (IN—=23 > 8.13 &£D ). Get a strong reference to the referenced object

from a weak reference, ref, into *pobj.
e On success, set *pobj to a new strong reference to the referenced object and return 1.
o If the reference is dead, set *pobj to NULL and return 0.
e On error, raise an exception and return -1.

Added in version 3.13.

PyObject *PyWeakref_GetObject (PyObject *ref)
Rh#: RS8R, RICEBL XY Stable ABIL. Return a borrowed reference to the referenced object

from a weak reference, ref. If the referent is no longer live, returns Py_None.

0 R
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.

D s on 3,13, will | T o 3.15: U 3 oy 1
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PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

ROl A8, Similar to Pyleakref GetObject (), but does no error checking.

Deprecated since version 3.13, will be removed in version 3.15: Use PylWeakref_ GetRef () instead.

int PyWeakref_IsDead(PyObject *ref)

Test if the weak reference ref is dead. Returns 1 if the reference is dead, 0 if it is alive, and -1

with an error set if ref is not a weak reference object.

Added in version 3.14.

void PyObject_ClearWeakRefs (PyObject *object)

RICEBL £7: Stable ABI. This function is called by the tp_dealloc handler to clear weak

references.

This iterates through the weak references for object and calls callbacks for those references which

have one. It returns when all callbacks have been attempted.

void PyUnstable_Object_ClearWeakRefsNoCallbacks (PyObject *object)

ZHUZ Unstable API TS, YA F—VV—ATTERLSEREINDZZNHD FT,

Clears the weakrefs for object without calling the callbacks.

This function is called by the tp_dealloc handler for types with finalizers (i.e., __del__()). The
handler for those objects first calls PyObject_CleariWeakRefs () to clear weakrefs and call their
callbacks, then the finalizer, and finally this function to clear any weakrefs that may have been

created by the finalizer.

In most circumstances, it’s more appropriate to use PyObject_CleariWeakRefs () to clear weakrefs

instead of this function.

Added in version 3.13.

8.6.8 A7t

using-capsules LRDA 7' = 7+ &2 5 J7IRIZD W T using-capsules ZZR L TL 20,

Added in version 3.1.

type PyCapsule

2D PyObject DY 72 A4 3, EEOEZELL, CHIREY 2 —H 5 Python 2 — FE2FEHL T
fho C FFEDa— FIZEEDOHEE (void* KA VXD T) BIRLELHZ L 2ICEHATY., 5 E
T2 VNTERINTVWS C SHEEBOEA V&2 %, MDEY 2 —VIZELTZ I SMUHE S
k21T 2Dz fbhET, UKD, B —-FENZET 2—-1DOHD C AP ITHEE
@ import EEELT7 7R TR TEET,
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type PyCapsule_Destructor

RICBLET: Stable ABL A7 RMIHFT TR T 7 Xa—A Ny 7B RO XS ITERS LT

typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_ Destructor 2 — Ny 7 DEIEIZDOWTIE PyCapsule_New() B L TL & W,

int PyCapsule_CheckExact (PyObject *p)

518 PyCapsule DFHICHTIRLE T, ZOBBITEICHKIIL £,

PyObject *PyCapsule_New(void *pointer, const char *name, PyCapsule Destructor destructor)

RBOfE: iLLWEBE, RICBL XY Stable ABL. pointer Z#M 3 % PyCapsule ZEK L ¥ 5,
pointer 518UZ NULL TH - Tidi b £HA,

KB U5GE, PV EEE LT NULL 2R L E T,

name SCFEFNE NULL 2, A7 C XFFINDKRA ¥ X TF, NULL TEOWHE, ZOXFFNIA L
YW TNV DELERETIRENDD £F, (destructor O TIRINT 2 Z 2 IFFHFT XN TVET)

destructor 73 NULL TEWEE, 7 DHIRENZ L 2I2Z20h T e85 LTRUE R
x99,

DI TR EY 2 —LDEMEE UTREINSSHE. name 1F modulename. attributename & 15
EEINBZNETT, 29T%, MOEY 2 —ADBZEDH SN % PyCapsule_Import() TA VKR—
PRI ENTEET,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

kL_E L& 9 Stable ABL. & 7R NMIIRFEENT WS pointer ZHD L 5, KL 55136154
FELTNULL 2R L ¥ 5,

The name parameter must compare exactly to the name stored in the capsule. If the name stored
in the capsule is NULL, the name passed in must also be NULL. Python uses the C function strcmp ()

to compare capsule names.

PyCapsule__Destructor PyCapsule_GetDestructor (PyObject *capsule)

RICBLZET: Stable ABL. # 7B NVIREINTVWAHEDTRA M2 7 X 2R LT, KBMLZGE.
B4k 2 3% E LT NULL 2R L 73,

HTEMENULL 27 A7 R LTROZENTEET, {EoT. RDED NULL AT 5 — %245
L THRWATREMED D D 5, PyCapsule_IsValid() B> PyErr_Occurred() ZFIFA L CTHEZRLTL 2
W,

void *PyCapsule_GetContext (PyObject *capsule)

RICBLET: Stable ABL 7 7 VMITRFESINTOVARBED Y TF X b (context) KL E T, &
ML7-5a. Bl VERE LT NULL 2R L 9,

HTEMENULL 22T FRA P LTHROIEDTEET, oT. RDHED NULL AT J— %
LTRWATEESED S D 3, PyCapsule_IsValid() B> PyErr_Occurred() ZHA L THEZRLTL 2
X\
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const char *PyCapsule_GetName ( PyObject *capsule)
mt:E LZ£79: Stable ABL. 7 2 MRFESINTWBHAED name 2R L E3, KMLEGE, G5
BELTNULL ZiIRL %5,

7 72VE NULL % name & L TROZENTEET, Eo T, RDED NULL 2325 — 25 L Thw
AJBEMEDYH D £F, PyCapsule_IsValid() 2 PyErr_Occurred() ZFH LU THEREL TLZ&E W,
void *PyCapsule_Import (const char *name, int no_block)

RICEL £9: Stable ABI. Import a pointer to a C object from a capsule attribute in a module.
The name parameter should specify the full name to the attribute, as in module.attribute. The

name stored in the capsule must match this string exactly.

BIHU7=5E6. A7 rORE R4 2IRLE T, KBLEHE. HISE2RE LT NULL %R
%9,

N— a ¥ 3.3 TEH: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)

RICBLE9: Stable ABL capsule BB TN THE2hES50EF v 7 LET, B5K
capsule 1%, IE NULL T, PyCapsule_CheckEzact() %A L. JF NULL RRA ¥ X EHEMHL TVT,
ANERD name A58 name ¥ < v F L E T, (name DHILFTFEIDWTIX PyCapsule_GetPointer()
ZZH)

In other words, if PyCapsule_IsValid() returns a true value, calls to any of the accessors (any

function starting with PyCapsule_Get) are guaranteed to succeed.

A7 27 FPERT name A v F LEGEEICIE 0 2, TALNDEEIC 0 ZRLET, 2O
WEAERHT R L 8 A
int PyCapsule_SetContext (PyObject *capsule, void *context)

RICEBLE T Stable ABI. capsule AIEiD a2 7F A M RA VX% context WCERELE T,
M L726 0 &2, KRMLZoHA 23 E LTI 0 ZRLET,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)
RICEL £ 9 Stable ABI. capsule DT R b7 7 X% destructor IZHEL F 3,

L5 0 &2, RML7=6H8I0ZRELTIE 0 ZIRLET,

int PyCapsule_SetName ( PyObject *capsule, const char *name)

RICBL £ Stable ABIL. capsule NE8D name % name IZREL FF, name 2IE NULL D & &,
ZHUX capsule I D DEVWEMEFFODBENDHH T, LI TIC capsule IZIE NULL @ name D%
FEINTOEBE, 20U T 2 BRIIITONER A,

L5 0 &2, RML 7B ZRELTIE 0 ZIRL X5,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

RICEBLF T Stable ABI. capsule NERD KA >~ X% pointer IZ8E L E T, pointer & NULL TH -
T D FEA,
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BIIL75 0 &2, RML7=6RIAZRELTIE 0 ZIRL X,

8.6.9 7L —L (frame) 77>V b+

type PyFrameObject

RICBLFT: Limited APl (RERALBGEERLCLT). 7L —2A 7Y =7 M2 T 2BICHVWON
5, A7V b EERT CHEKTT,

There are no public members in this structure.

N— a ¥ 3.11 TEHE: The members of this structure were removed from the public C API. Refer

to the What’s New entry for details.
The PyEval_GetFrame() and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.

PyTypeObject PyFrame_Type

The type of frame objects. It is the same object as types.FrameType in the Python layer.
N— a3 ¥ 3.11 TEH: Previously, this type was only available after including <frameobject.h>.

int PyFrame_Check ( PyObject *obj)

Return non-zero if 0bj is a frame object.

N— a ¥ 3.11 TEH: Previously, this function was only available after including <frameobject.

h>.

PyFrameQObject *PyFrame_GetBack (PyFrameObject *frame)

RO fE: #1LWEHE, Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
Added in version 3.9.

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)

RO fE: #iLWBHE, Get the frame’s f_builtins attribute.
Return a strong reference. The result cannot be NULL.
Added in version 3.11.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)

RBOE: FiLWBHE, RICELZXT: Stable ABI (IN—=23 > 3.10 &D ). Get the frame code.
Return a strong reference.
The result (frame code) cannot be NULL.

Added in version 3.9.
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PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

RDOflE: $1LWBHE, Get the generator, coroutine, or async generator that owns this frame, or
NULL if this frame is not owned by a generator. Does not raise an exception, even if the return
value is NULL.

Return a strong reference, or NULL.
Added in version 3.11.

PyObject *PyFrame_GetGlobals ( PyFrameQObject *frame)

RBDE: #iLWEH, Get the frame’s £_globals attribute.
Return a strong reference. The result cannot be NULL.
Added in version 3.11.

int PyFrame_GetLasti (PyFrameObject *frame)

Get the frame’s £_lasti attribute.
Returns -1 if frame.f_lasti is None.
Added in version 3.11.

PyObject *PyFrame_GetVar (PyFrameObject *frame, PyObject *name)

RD1ME: FiLWEBE, Get the variable name of frame.
e Return a strong reference to the variable value on success.
e Raise NameError and return NULL if the variable does not exist.
e Raise an exception and return NULL on error.

name type must be a str.

Added in version 3.12.

PyObject *PyFrame_GetVarString (PyFrameObject *frame, const char *name)
RD1ME: $iLWAH, Similar to PyFrame_GetVar(), but the variable name is a C string encoded
in UTF-8.
Added in version 3.12.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)

RO fE: $1LWEBH, Get the frame’s f_locals attribute. If the frame refers to an optimized scope,
this returns a write-through proxy object that allows modifying the locals. In all other cases
(classes, modules, exec(), eval()) it returns the mapping representing the frame locals directly

(as described for locals()).
Return a strong reference.

Added in version 3.11.
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N—T a3 v 3.13 TEH: As part of PEP 667, return an instance of PyFrameLocalsProzy_Type.

int PyFrame_GetLineNumber ( PyFrameObject *frame)
RICBLEFT: Stable ABL (IN—=23> 3.10 &D). frame DBAEFITL TV EITHESZIKELET,

Frame Locals Proxies
Added in version 3.13.

The f_locals attribute on a frame object is an instance of a ”frame-locals proxy”. The proxy object
exposes a write-through view of the underlying locals dictionary for the frame. This ensures that the

variables exposed by f_locals are always up to date with the live local variables in the frame itself.
See PEP 667 for more information.

PyTypeObject PyFrameLocalsProxy_Type

The type of frame locals() proxy objects.

int PyFrameLocalsProxy_Check (PyObject *obj)

Return non-zero if 0bj is a frame locals() proxy.
Internal Frames
Unless using PEP 523, you will not need this.

struct _PyInterpreterFrame

The interpreter’s internal frame representation.
Added in version 3.11.

PyObject *PyUnstable_InterpreterFrame_GetCode (struct _ PylnterpreterFrame *frame);

ZHUZ Unstable API TS, A F—V V) —ATTERIEEINDZZ DY FT,

Return a strong reference to the code object for the frame.

Added in version 3.12.

int PyUnstable_InterpreterFrame_GetLasti(struct _ PylnterpreterFrame *frame);

ZHUZ Unstable API T%o %A F—V V) —ATTERLKEHINDZZ LD FT,

Return the byte offset into the last executed instruction.

Added in version 3.12
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int PyUnstable_InterpreterFrame_GetLine (struct _ PylnterpreterFrame *frame);

ZHUZ Unstable API T%, A F—V V) —ATTERLIEHINZZ DD FT,

Return the currently executing line number, or -1 if there is no line number.

Added in version 3.12.

8.6.10 XL —RATxU

VxR —=EF 7Yz ME Python BV 230 =X A T L —XZ2EETIDIMoTNELXF T2 MT
T VAL —&XFTT 2 MIEH., PyGen_New() X PyGen_NewWithQuallName () OHRAJIZFENH LT
372 <, fH% yield T2 T L -y a MITEDEREIET,
type PyGenObject

VI —RATY 27 MfibhTwg C HERTY,

PyTypeObject PyGen_Type
VAL —=RATI =7 MIIMIBT 3BA T =27 F T,

int PyGen_Check ( PyObject *ob)
b WY 2 AL —ZATY 227 FOGEICHZEE T, 0b X NULL THo TR D FHA, ORI
I L £ 95

int PyGen_CheckExact (PyObject *ob)
ob 75 PyGen_Type DFHIWICEEIELE T, 0l NULL TH->TiER D THA. ZOBEBIIFEITHIIL
9,

PyObject *PyGen_New (PyFrameObject *frame)
RBDOfE: iLWBWE, frame A 7027 NIESWTHZRI 2 XL —2 A7V =27 P EERLTRL
E5, ZOBEIT frame NOBREEAE T, 518D NULL TH-TIRD £¥A,

PyObject *PyGen_NewWithQualName ( PyFrameQObject *frame, PyObject *name, PyObject *qualname)

RBOME: iLWBE, frame A 70 =7 b o¥ilzid =22V =247 27 PEAEM L, __name__
¢ __qualname__ % name & qualname WKERELTERLFET, ZOMEKIX frame ~\DSREEAF
J. frame 5130E NULL TH > T3 b 8 A,

8.6.11 JI—F>FATxo bk
Added in version 3.5.

AN—=F A TY Y I async F—TV— F2fo TERLLBEBIET AT =27 FTT,

type PyCoroObject

AN—F I T2+ DI=DD C HEEK,
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PyTypeObject PyCoro_Type
AN—F U F TV MIRIGT RRA T 27 b,
int PyCoro_CheckExact (PyObject *ob)

ob 25 PyCoro_Type DIFHIWCEZIRLE T, 0b IX NULL THoTIFR D FXHA, ZOBEBUXEICHKI
L%,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)
RBOE: FiLWEBHE, frame A 7P =27 b 2oHLWVaAL—F o 479227 P EERL T, __name__
¥ __qualname__ % name & qualname WKEHELTRLET, ZOBKIX frame NOSZHEEVE
F o frame 51¥UE NULL TH o TERD ¥ Ao

8.6.12 OAYTXANERAT Uk

Added in version 3.7.

N—Yar 371 TEH:

0 IR

Python 3.7.1 TEZTDa Y7 F A MEFHD C API O > 7 X F v X, PyContext, PyContextVar,
PyConteztToken DD DIT PyObject RA Y R%ES X511 BE INE L, flzid:

// in 3.7.0:
PyContext *PyContext_New(void) ;

// in 3.7.1+:
PyObject *PyContext_New(void);

FHHIE bpo-34762 2SR L TL 72X W,

Z OHITIX. contextvars Y 2 —/LDNF C API OFEHICOWTEHAL £ 3,
type PyContext

contextvars.Context A 7Yz 2 F 2RI T 27200 C MGk,

type PyContextVar
contextvars.ContextVar A 7Y =7 N 2RI 37200 C MGk,

type PyContextToken
contextvars.Token A 7Y =7 M2 RHT 570D C WIE(A,
PyTypeObject PyContext_Type
AVTHFAM MZRBRT2MA T2 b,
PyTypeObject PyContextVar_Type
AVTHFANER LRI AT 7 b,
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PyTypeObject PyContextToken_Type
AVTHERAMER -2 B RBT2HA 722 b,

BFzvr~rna:

int PyContext_CheckExact (PyObject *o0)
o B PyContezt_Type DGEIWHEZIRLE T, 0 lZ NULL TH-oTIIRD FHA, ZOBEKIIHEITK
HLET,

int PyContextVar_CheckExact (PyObject *o)
0 B3 PyConteztVar_Type DHFEFIWCEZIRLET, 0l NULL TH-o> TIR D EXA, ZOBITEIC
YL E3,

int PyContextToken_CheckExact (PyObject *o0)
o 3 PyContextToken_Type DFHEICEHZIRELE T, 0l NULL TH-oTIRD F¥A, ZOBEZ
WL £ 9

AVFFANE TV 27 RIS B

PyObject *PyContext_New (void)
EDOfE: ILLWER, HILWVWZEDa Y TFA A7V bEERLE T, =7 —0EE 5413 NULL
PIRLUET,

PyObject *PyContext_Copy (PyObject *ctx)
RDME: FiLLWBEK, EXNh/ ciz AV T7FA A7V 27 FOERVa—2ERLET, =7k
X 7-5A1E NULL 23R L5,

PyObject *PyContext_CopyCurrent (void)
RDO{E: ILLWEBE, HEDaYFFA ATV 27 bRV a—2ERLET, =5 —2R&E 5
Al NULL 23R L 55

int PyContext_Enter (PyObject *ctx)
ctx ZREDAL Yy FOBED AV THFAPMIHRELET, WL 0 2, KMLES -1 ZRL
x93,

int PyContext_Exit (PyObject *ctx)
ctr AVTHFRAFEENMCL, 1 OOV TFAMEBRAEDRAL y FOBREDa Y THF R MZEILL
3, LS 0%, RELES -1 2IRLET,

int PyContext_AddWatcher (PyContext WatchCallback callback)

Register callback as a context object watcher for the current interpreter. Return an ID which may
be passed to PyContezt_CleariWatcher(). In case of error (e.g. no more watcher IDs available),

return -1 and set an exception.

Added in version 3.14.

8.6. ZoftDATZ U+ 275



The Python/C API, ) —2X 3.14.0a7

int PyContext_ClearWatcher (int watcher id)

Clear watcher identified by watcher__id previously returned from PyContext_AddWatcher() for
the current interpreter. Return 0 on success, or -1 and set an exception on error (e.g. if the given

watcher_ _id was never registered.)
Added in version 3.14.

type PyContextEvent

Enumeration of possible context object watcher events:

e Py_CONTEXT_SWITCHED: The current context has switched to a different context. The object
passed to the watch callback is the now-current contextvars.Context object, or None if no

context is current.
Added in version 3.14.

typedef int (*PyContext_WatchCallback)(PyContextEvent event, PyObject *obj)

Context object watcher callback function. The object passed to the callback is event-specific; see

PyContextEvent for details.

If the callback returns with an exception set, it must return -1; this exception will be printed as

an unraisable exception using PyErr_FormatUnraisable (). Otherwise it should return 0.

There may already be a pending exception set on entry to the callback. In this case, the callback
should return 0 with the same exception still set. This means the callback may not call any other
API that can set an exception unless it saves and clears the exception state first, and restores it

before returning.
Added in version 3.14.
VT HRRNEROBE:
PyObject *PyContextVar_New(const char *name, PyObject *def)

Bh{E: FILWEH, H LV ContextVar A7V =7 FE{ER L E£3, name 5IEIIHEER L TNy
JOEMTHELNE T, def 518> TFRXAMERDT 7 2V MEERFEET 20, 77 0 F23RWD
BEIE NULL TF, =7 —2REA551E, BEE NULL 2R L E 3,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)

AT FRAMEROERZIIRL 5, B 7 - EGEE -1 2. [EX RN T RAH
LR THIIT—DEERP-oHEIF 0 ZIELE T,

VT FRANEBBRMND 07255, value ZZFNEIETRA VR ->TVWEST, aVTF A MEK
DR S B o1z HEIX. value DIETHDEIRD LS5 IR ->TVWET:

o (NULL TZ&IFHUI) default value
o (NULL TRIFHUIX) var DT 7 L MHA

e NULL
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NULL ZBRINE., ZoBEEH L VWSRERL 7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
ROfl: FILWBE, BEDa Y FF X MIBWT var OIE% value 12y FLET, ZOEHICK
BHILNWr =2 FA TV 27 v 7RI o5 EE “NULL“ZIRL 35,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AY T XA MNEBOREE VLY b L. token %I L7z PyContextVar Set () MFHIN 2 HIDIK
BICRLET, ZoMBIIRILES 0, KRLZES -1 ZIRLET,

8.6.13 DateTime # 7> x 7 k

datetime EY 2 — L TIE, HARENA TV 227 FRRLIA 7Y 27 F2RHEL TWE T, UTITRITEER
ZESHBEICIE. DL UDANY X T 7 4 )L datetime.h % Y —RIZ include L (Python.h 2D 7 7 A )L
% include L £t A). PyDateTime_IMPORT ¥ 2 %, #HIZEY 2 — LAIHILEIED &, EEI L TH KB
BHDFET, TOTI7 I TO~ 7 v THlDN 2 EFHIZL PyDateTimeAPI 12 C MEAANDKA > 2% A
nNxE9,

type PyDateTime_Date

2D PyObject DY 7R A FE, Python OHN A7 =7 b ERLET,

type PyDateTime_DateTime

2D PyObject ¥ 7 %A Fid Python @ datetime 73 =7 F2RLE T,

type PyDateTime_Time
Z D PyObject DH 7 XA 7% Python @ time 7Y =7 P E2RHL F T,

type PyDateTime_Delta

2D PyObject DY TR A FE DD datetime DIEDZEDTERLFT,

PyTypeObject PyDateTime_DateType
Z D PyTypeObject DA ¥ AR ¥ A& Python @ date Bz KX L £7; Python L' 4 ¥IZETF 3
datetime.date L[AIUA 7Y =2 F T,

PyTypeObject PyDateTime_DateTimeType
Z D PyTypeObject DA ¥ AR ¥ AE Python @ datetime %2 RW L £7; Python L A ¥iZEI} 3
datetime.datetime YFRIUA 7Y 27 FTT,

PyTypeObject PyDateTime_TimeType
Z D PyTypeObject DA ¥ AR ¥ ZiZ Python ® time B %ZF£ L ¥£73; Python L A YIiZBIF 3
datetime.time XA UA 7P =7 F T,

PyTypeObject PyDateTime_DeltaType

This instance of PyTypeObject represents Python type for the difference between two datetime

values; it is the same object as datetime.timedelta in the Python layer.
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PyTypeObject PyDateTime_TZInfoType
Z D PyTypeObject DA ¥ A& ¥ Rl Python D &4 5V —VEHAEI%ZE L £3; Python L 1 ¥iZ
BIF % datetime.tzinfo E[FUA 7Y 27 FTT,

UTC >IN b YICT7 7R RS H0D~70:

PyObject *PyDateTime_TimeZone_UTC
UTC ZA LY —VITHET 227V 2R L %Y, ZHUX datetime.timezone.utc & [F U A
T2 FTT,
Added in version 3.7.

MFzyr<on:

int PyDate_Check (PyObject *ob)
ob 7% PyDateTime_DateType %% PyDateTime_DateType D% 7 XA 7DA 7Y =7 b DA
BERELET; ob X NULL THoTWE D FHA, TOBEITFEITRIILET,

int PyDate_CheckExact (PyObject *ob)
ob 73 PyDateTime_DateType DFEICHZIRL £7, 0b l& NULL THoTIERD FHA. DB
527 R 0N 3 a8

int PyDateTime_Check ( PyObject *ob)
ob 3 PyDateTime_DateTimeType %% PyDateTime_DateTimeType DV 744 DA 7T = 7 b
DBFECEEZKLET; 0b 1 NULL THo TR D EHA, ZOBBEHICEILET,

int PyDateTime_CheckExact (PyObject *ob)
ob %% PyDateTime_DateTimeType DHGEIWCEZIEL £, 0b IE NULL THoTIRD FHA. 2D
BEBUIH I L £5,

int PyTime_Check (PyObject *ob)
ob 73 PyDateTime_TimeType M7} PyDateTime_TimeType MDH 7 X 4 FDF 7Y =7 FDFEI
HZRLET; 0b 1d NULL THo TR D FH¥A, ZOBBIEICRILET,

int PyTime_CheckExact (PyObject *ob)
ob B3 PyDateTime_TimeType DFEICEHZIRL $7, 0b ld NULL THoTIERD FH A, OB
HIZHII L L9

int PyDelta_Check (PyObject *ob)
ob 73 PyDateTime_DeltaType 7> PyDateTime_DeltaType BUDY 7 X A4 FDA TP =7 + DFE
WCEZBLET; ob X NULL THoTiERD F¥A. TOBEBIXFICTKRINIL 3,

int PyDelta_CheckExact (PyObject *ob)

ob »% PyDateTime_DeltaType DHEICEZIEL $9, 0b & NULL TH o TIIRD FHA. ZOREEK
IR L LT,

278 %8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, JJ—2X 3.14.0a7

int PyTZInfo_Check(PyObject *ob)
ob b PyDateTime_TZInfoType %% PyDateTime_TZInfoType MDY 724 FDA TP =7 + D
BIWCHZELET; 0b & NULL THo TR D FHA, ZOBKIEICHIL 7,

int PyTZInfo_CheckExact (PyObject *ob)
ob B3 PyDateTime_TZInfoType DHAIWCEZIR L ET, 0b 1& NULL THoTER D FEA, ZDH
BUIHIWCHIIL £,

PTREA T2 v 2E T 570D~ 70T

PyObject *PyDate_FromDate (int year, int month, int day)
ROl iLWBR, {5ELFE. A. HD datetime.date #7327 bZIRLE T,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int

second, int usecond)

RBOflE: LW, s L=F,. A. H. K. 7. B, 4 780D datetime.datetime 7Y =
7 MEIRLET,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,

int second, int usecond, int fold)

RBOE: FTLWBHE, fiEanzE, A, H. R 7. B, 4278, fold D datetime.datetime
FT7T 27 VERLET,

Added in version 3.6.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

RBO{E: FiLWBH, 53Nk 7. B, ~A4 70D datetime.time A 7P 7 b ERLET,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
RBO{E: FiLWBE, XNk 7. B, w47, fold ® datetime.time 72 =7 b %R
LE7,
Added in version 3.6.

PyObject *PyDelta_FromDSU(int days, int seconds, int useconds)
RBDflE: :iLWBER, #EESIN/H, B, ¥4 78MD datetime.timedelta A7V 7 F2IRL E
T, ¥4 7 datetime.timedelta 7P 27 P TEREINTWBHFICA S X 5 ITIERHE
ZITVWE T,

PyObject *PyTimeZone_From0ffset (PyObject *offset)
RBOfE: iLWEBH, offset 5IBTIRELZBEEA 7ty M 2D, HHIDR datetime.timezone
F7T = PRBLET,
Added in version 3.7.

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
RDfE: FTLWBE, offset BIMTIRELEBEEDA 7Y F&. *name DX A LY — 2% %D
datetime.timezone A 7Y =7 b 2R FF,
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Added in version 3.7.

MFoxrnid date #7522 5567 4 = MEZWD B3 720D b DTY, 518U PyDateTime_Date
723 2DY 72 7 A (Bl ZIE PyDateTime_DateTime) D A ¥ AR ¥ A TRIFIUIR D ¥ A, 580% NULL
WKLTREST, BF =y ZIHTVERA:
int PyDateTime_GET_YEAR(PyDateTime Date *0)

FERIEOBBTEL 7,
int PyDateTime_GET_MONTH(PyDateTime_Date *0)

H%z 1556 12 OO TEL £3,
int PyDateTime_GET_DAY (PyDateTime Date *o0)

Hz 125 31 OMOEBITRL X7,
PLFo~<27nmid datetime £ 73 227 b 67 4 — L FEZROET DO DT, 518
PyDateTime_DateTime ¥ Z DV 727 7 ADA Y AR Y ATRIFIUER D ¥ A, 518% NULL 1L
TRERLT, BF =y 73TV REA:
int PyDateTime_DATE_GET_HOUR(PyDateTime DateTime *0)

Rz 0595 23 O OBETRLET,
int PyDateTime_DATE_GET_MINUTE(PyDateTime_DateTime *o0)

7% 005 59 OMOEHTRL 7,
int PyDateTime_DATE_GET_SECOND( PyDate Time DateTime *o)

Wz 055 59 OROBMTEL XTI,
int PyDateTime_DATE_GET_MICROSECOND ( PyDateTime DateTime *0)

~A a0 55 999999 O DOEEI TR L 3,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o0)
74— F GRIE: =& 4 22X 30T ADOIL) 2 005 1 FTOBKTELET,
Added in version 3.6.

PyObject *PyDateTime_DATE_GET_TZINFO(PyDateTime DateTime *o)

Return the tzinfo (which may be None).
Added in version 3.10.

UTFowrnd time #7922 P67 4 =V MEZIO 720D DTS, 518U PyDateTime_Time
TR EDY T TADA Y AR ATRIFINIIED A, 5I8%Z NULL IZLTRZ%RS6F, BF = v 73T
WEEA:

int PyDateTime_TIME_GET_HOUR(PyDateTime_ Time *o0)

Kz 0 225 23 OO TEL %7,
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int PyDateTime_TIME_GET_MINUTE(PyDateTime_ Time *o0)
T 025 59 OMOBETRLETS,
int PyDateTime_TIME_GET_SECOND (PyDateTime Time *o0)

Wz 055 59 OROBMTEL XTI,

int PyDateTime_TIME_GET_MICROSECOND ( PyDateTime Time *o)

~Az7aE 055 999999 O DOEITRL 3,

int PyDateTime_TIME_GET_FOLD (PyDateTime_ Time *o0)

Zx—NF @RI ¥v—X4 2L BHOThOI L) 2 0505 1 $TORKMTELET,
Added in version 3.6.

PyObject *PyDateTime_TIME_GET_TZINFO(PyDateTime_ Time *o)

Return the tzinfo (which may be None).
Added in version 3.10.

MUTD~<27n8ld time delta A 79 =227 v 2867 4 — L KEZLEDETEDODBDTT, 518X
PyDateTime_Delta MZ DY T 7 5 ADA Y AR Y ATRIFINIEZD £HA, 518% NULL I L TR
53, BT v 7370 EHA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime_Delta *o)
HEUZ 999999999 2° & 999999999 DI DELTIRL £73,
Added in version 3.3.

int PyDateTime_DELTA_GET_SECONDS ( PyDateTime__ Delta *o)

WEE 0225 86399 DRIOBETIRLET,
Added in version 3.3.
int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime Delta *o0)
~AzaE 055 999999 O DI TRL 3,
Added in version 3.3.

BIRo~27nmid DB APl #5332 ETOEEHRATT:

PyObject *PyDateTime_FromTimestamp (PyObject *args)
RD{E: $1LLWBE, Create and return a new datetime.datetime object given an argument tuple
suitable for passing to datetime.datetime.fromtimestamp().

PyObject *PyDate_FromTimestamp ( PyObject *args)

RBDOfE: $1LWEH, Create and return a new datetime.date object given an argument tuple

suitable for passing to datetime.date.fromtimestamp().
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8.6.14 B> bDHDOFXTI Ik

Various built-in types for type hinting are provided. Currently, two types exist -- GenericAlias and

Union. Only GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

RICBLFT: Stable ABI (IN—23> 3.9 &D ). GenericAlias A 7Y =7 24K L 3, Python
7 5 A types.GenericAlias ZMUH T Z & L FAIFTT, 518 origin & args & GenericAlias @
__origin__ BXU __args__ BHEEZNZIHEL 9. origin 1& PyTypeObject*x TRIFIUI
%53, args & PyTupleObject* ¥7213MEE D PyObject* TF o args DX SN TRWVWHEIZIE 1
XTIV HEINCAER SN, __args__ KX (args,) BPRESINE T, 518F = v 7 3R/DBRZ 2
B, 72t Z origin BEIERTA T 27 b TR THEBILTHLIIKYIL 3, GenericAlias @
__parameters__ JBMEIE __args__ D OREICIG U OGEBEAK SN E T, KBL GBS, HISrEH

INT NULL ZiBRL 3,

PUNIZRROBZ Y = 2V v 27123 26T,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

& 2E

The data model method __class_getitem__Q).

Added in version 3.9.

PyTypeObject Py_GenericAliasType

RICELET: Stable ABI (IN—23> 8.9 &D ). Py GenericAlias() 1Tk DiBEN 3 C DBIA T
Yz FTF, Python @ types.GenericAlias ¥ [FHFTT,

Added in version 3.9.
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See Python Initialization Configuration for details on how to configure the interpreter prior to initializa-

tion.

9.1 Python #JHA{LLAR]

Python 23#®AEFNT WS 7 7V & — a ¥ Tl D Python/C APT BI¥UE {5 #iiC Py_Initialize()
BIECRPRE R U D £/ A, Zhidfiste LT W 020 JO0—-NILEEEZER H D £5,

ROEEIZ Python OFIHHLORTT S LTI HEF 3

e Functions that initialize the interpreter:

Py Initialize()
— Py_InitializeEz()
— Py_InitializeFromConfig ()

— Py_BytesMain ()

Py_Main ()

the runtime pre-initialization functions covered in Python #EA{LEZE
o ARERSEL:
— PyImport_AppendInittab ()

— PyImport_ExtendInittab()

PyInitFrozenExtensions()

PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()

— PyObject_SetArenadllocator()

Py_SetProgramlame ()

Py_SetPythonHome ()
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— PySys_ResetWarnOptions ()

— the configuration functions covered in Python #JER{LERTE
o [EHIIT DRI

— Py_IsInitialized()

— PyMem_GetAllocator()

— PyObject_GetArenaAllocator()

— Py_GetBuildInfo()

— Py_GetCompiler()

— Py_GetCopyright ()

— Py_GetPlatform()

— Py_GetVersion()

— Py_IsInitialized()
e I—T 4 UT 4:

— Py_DecodeLocale()

— the status reporting and utility functions covered in Python #EB{LERTE
o XEYTHT—XK:

— PyMem_RawMalloc()

— PyMem_RawRealloc ()

PyMem_RawCalloc()

PyMem_RawFree ()
e Synchronization:
— PyMutez_Lock()

— PyMutez_Unlock()

g B\
0 IR
Despite their apparent similarity to some of the functions listed above, the following functions should
not be called before the interpreter has been initialized: Py_EncodeLocale(), Py_GetPath(),
Py _GetPrefiz(), Py_GetEzecPrefixz(), Py_GetProgramFullPath(), Py_GetPythonHome(),
Py_GetProgramName (), PyEval_InitThreads (), and Py_RunMain().
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9.2 JO—NILERBRELTH

Python 121&. #A4 BEERESRCA 7> a Y &HllIT 2 70— VBB EDDDERNBHVET, 774/ T
i, D75 70F avr R4 AT ay ThHIEENE S,

FTarTII 7Ry bENDE, TIVDMEZIZEDF T a vhity bENLEBUSED 5, BIZEF
-b Tl Py_BytesWarningFlag 23 1 \Z&E X, -bb Tld Py_BytesWarningFlag 7% 2 IZRESNE T,

int Py_BytesWarningFlag

This API is kept for backward compatibility: setting PyConfig.bytes_warning should be used

instead, see Python Initialization Configuration.

bytes L7213 bytearray % str HIL75E. £7213, bytes % int L7258 ICES 23
AXEFET, 2 LEOMEEREL TWREEER, =7 —2REXEET,

b AT a yTHELET,
Deprecated since version 3.12, will be removed in version 3.15.

int Py_DebugFlag

This API is kept for backward compatibility: setting PyConfig.parser_debug should be used

instead, see Python Initialization Configuration.

N=H—DF Ny FHNZHEMILE T, (FMREHTT, av I AF Ty a VIKEFELET),
-d * 7' a > PYTHONDEBUG BRIEABTHEL £3,

Deprecated since version 3.12, will be removed in version 3.15.

int Py_DontWriteBytecodeFlag

This API is kept for backward compatibility: setting PyConfig.uwrite_bytecode should be used

instead, see Python Initialization Configuration.

JEL R IIZEE L7235 E. Python I3V —RAEI 2 =1 DA VR— MRFIZ .pyc 7 7 A VOERERAAE
A

-B #+ 7> 3 » ¥ PYTHONDONTWRITEBYTECODE BRIFZAM CTHRE L £ 3,
Deprecated since version 3.12, will be removed in version 3.15.

int Py_FrozenFlag

This API is kept for backward compatibility: setting PyConfig.pathconfig_warnings should be

used instead, see Python Initialization Configuration.
Py_GetPath() O TEY 2 —URBARZAZEIDHL TVWE L EDT T — Ry =Y ZMHIL 75,
_freeze_module 17 J LY frozenmain 7R 7T AWEHT 2IERNBE Y 7 TF,

Deprecated since version 3.12, will be removed in version 3.15.
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int Py_HashRandomizationFlag

This API is kept for backward compatibility: setting PyConfig.hash_seed and PyConfig.

use_hash_seed should be used instead, see Python Initialization Configuration.
PYTHONHASHSEED BRIEAMMZE TR W FINIRE S NIIHEIT, 1 PRESNE T,

7 2 7 ¥a Th\WEE, PYTHONHASHSEED BRIEZ K ZHiAS — T Ly b > ay— REHHEL
*9,

Deprecated since version 3.12, will be removed in version 3.15.

int Py_IgnoreEnvironmentFlag

This API is kept for backward compatibility: setting PyConfig.use_environment should be used

instead, see Python Initialization Configuration.
Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
EFXTari -1 AT a TRELET,

Deprecated since version 3.12, will be removed in version 3.15.

int Py_InspectFlag

This API is kept for backward compatibility: setting PyConfig. inspect should be used instead,

see Python Initialization Configuration.
Y g

BROIDBIEICRZ ) T PIEI NIz & —c A 7Y a YHFIHEINZBRIC, sys.stdin IR — 3 F
NMIHHENRVE X THoThH, AZVFIpa~wy FEFEITLEBIA VRS 75 4 TE—RIZA
D%ET,

-i * 73 a ¥ PYTHONINSPECT BIEZ M TREL F75,

Deprecated since version 3.12, will be removed in version 3.15.

int Py_InteractiveFlag

This API is kept for backward compatibility: setting PyConfig.interactive should be used

instead, see Python Initialization Configuration.
-1 AT a v THRELET,

N— a3y 312 TR,

int Py_IsolatedFlag

This API is kept for backward compatibility: setting PyConfig.isolated should be used instead,

see Python Initialization Configuration.

Python ZRHEE— FTHITL 7, REEE— FTIE sys.path AV DT 4 L7 b URLI—H
DHA MR T =IDT 4 L7 P EEAEEA,

I F S aryTCHRELET,

Added in version 3.4.
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Deprecated since version 3.12, will be removed in version 3.15.

int Py_LegacyWindowsFSEncodingFlag

This API is  kept for  backward  compatibility: setting ~ PyPreConfig.

legacy_windows_ fs_encoding should be used instead, see Python Initialization Configuration.

If the flag is non-zero, use the mbcs encoding with replace error handler, instead of the UTF-8

encoding with surrogatepass error handler, for the filesystem encoding and error handler.

PYTHONLEGACYWINDOWSFSENCODING BREEMMLETHR W FINIHEINIZHEIT, 1 KHREXh
N

EDFFL I PEP 529 2L T2 W0,
Availability: Windows.
Deprecated since version 3.12, will be removed in version 3.15.

int Py_LegacyWindowsStdioFlag

This API is kept for backward compatibility: setting PyConfig.legacy windows_stdio should

be used instead, see Python Initialization Configuration.

If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO BIEZAMAZE TR W FINRE S NHEIC, 1 ICRESNE T,
EDFH LI PEP 528 28 L T2,

Availability: Windows.

Deprecated since version 3.12, will be removed in version 3.15.

int Py_NoSiteFlag

This API is kept for backward compatibility: setting PyConfig.site_import should be used

instead, see Python Initialization Configuration.

site EY 2 —/L®D import &, ZDEY 2 =D TR o TV site T & D sys.path NORIEZ LX)
WCLET, T site ZBI/RINIC import LThH, IO DFIEIIFEITINEVA (FITLILWEAEIL.
site.main() ZMFUFH L TLZZ W),

-SATTarTHRELET,
Deprecated since version 3.12, will be removed in version 3.15.

int Py_NoUserSiteDirectory

This API is kept for backward compatibility: setting PyConfig.user_site_directory should be

used instead, see Python Initialization Configuration.
A—HOHA Ny T—SDFT14 LI k) % sys.path IZEML EHA,

-s #7> a>., -I . PYTHONNOUSERSITE BEZLHCHREL F9,

D | i ion 3.12. will 1 1] ion 3,15
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int Py_OptimizeFlag

This API is kept for backward compatibility: setting PyConfig.optimization_level should be

used instead, see Python Initialization Configuration.
-0 47> 3 » ¥ PYTHONOPTIMIZE BREEZHECREL £,
Deprecated since version 3.12, will be removed in version 3.15.

int Py_QuietFlag

This API is kept for backward compatibility: setting PyConfig. quiet should be used instead, see

Python Initialization Configuration.

AYRT 7T 4 TE—FTH copyright ¥NXN—Ta DA vtE—V%FRRLERA,
QA7 aTRELET,

Added in version 3.2.

Deprecated since version 3.12, will be removed in version 3.15.

int Py_UnbufferedStdioFlag

This API is kept for backward compatibility: setting PyConfig.buffered_stdio should be used

instead, see Python Initialization Configuration.

BHER N EHEL S — 2Ny 77 Y LRV E S ITHEIL 5,
-u 47 3 >~ ¥ PYTHONUNBUFFERED BREAMCTHREL £,
Deprecated since version 3.12, will be removed in version 3.15.

int Py_VerboseFlag

This API is kept for backward compatibility: setting PyConfig.verbose should be used instead,

see Python Initialization Configuration.

EYV 2PN NI v =Y 2L, ZANE T (77 A NVAREL A VEY 2 —
V) o —RFENLDODPERRLET, B2 2 L EOHEIE, EYV 2 -V 2BRRBITILEXF v s
L7 74N Ay =2 MALET, $/ BRTROEY 2 -2 V=7 v 1T 2 15R
LIMEL E9,

-v * 73 a >~ ¥ PYTHONVERBOSE BEEZETHREL £,

Deprecated since version 3.12, will be removed in version 3.15.

9.3 1>%2—71) XDOYHAL L #& T I

void Py_Initialize()

RICBLF Y : Stable ABIL. Python 4 ¥ &% =7V 2 Z##. L %3, Python OEDALEITS T 7
Vr—2ayTld, b ow2 Python/C API 2 H T 2 X b H#iic 2 OBEUE U X T ud
7Y EEA WL ORDRIGHIONTIE Python FIHALLART 2SI L T 72 &0,
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This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does not
set sys.argv; use the Python Initialization Configuration API for that. This is a no-op when
called for a second time (without calling Py_FinalizeEz () first). There is no return value; it is a

fatal error if the initialization fails.

Use Py_InitializeFromConfig() to customize the Python Initialization Configuration.

O IR
Windows Tl& 0_TEXT 2*5 0_BINARY N2 VY —)LE— RHRLHINFTH, ZHEZFD C T~
RA LEF->TWEar Y — L TO Python DB OHEFICHHEELMIEL T,

void Py_InitializeEx(int initsigs)

RICBLZET: Stable ABI. This function works like Py_Initialize() if initsigs is 1. If initsigs
is 0, it skips initialization registration of signal handlers, which may be useful when CPython is

embedded as part of a larger application.
Use Py_InitializeFromConfig() to customize the Python Initialization Configuration.

PyStatus Py_InitializeFromConfig(const PyConfig *config)

Initialize Python from config configuration, as described in Initialization with PyConfig.

See the Python #1HA{LE%E section for details on pre-initializing the interpreter, populating the

runtime configuration structure, and querying the returned status structure.

int Py_IsInitialized()
RICEBL EF7: Stable ABL Python £ ¥ &% 7V ZMIHHLFEATHIUIE kEn) 2. TdRrTHN
B (En) ZIRUL XS, Py_FinalizeEz() ZREOH LRI Py_Initialize() ZHUMOHT X
T, ZOBRIIMEIRL £,

int Py_IsFinalizing()
RICBLZET: Stable ABI (IN—23 > 3.13 & D). Return true (non-zero) if the main Python

interpreter is shutting down. Return false (zero) otherwise.
Added in version 3.13.

int Py_FinalizeEx()

RICBLZEY: Stable ABI IN—2 3> 36 &D). Undo all initializations made by
Py_Initialize() and subsequent use of Python/C API functions, and destroy all sub-interpreters
(see Py_NewInterpreter() below) that were created and not yet destroyed since the last
call to Py_Initialize(). This is a no-op when called for a second time (without calling

Py_Initialize() again first).

Since this is the reverse of Py_Initialize(), it should be called in the same thread with the same
interpreter active. That means the main thread and the main interpreter. This should never be
called while Py_RunMain () is running

9.3. 12—V 2O KT NIE 289




The Python/C API, ) —2X 3.14.0a7

Normally the return value is 0. If there were errors during finalization (flushing buffered data), -1

is returned.

Note that Python will do a best effort at freeing all memory allocated by the Python interpreter.
Therefore, any C-Extension should make sure to correctly clean up all of the preveiously allo-
cated PyObjects before using them in subsequent calls to Py_Initialize(). Otherwise it could

introduce vulnerabilities and incorrect behavior.

ZOBBPREIN TV AHEHIINW 225D £F, Python DEDAALZIToTVWET SV =3
VT, 7V = a YEREHT S Z 2 < Python ZEEHL-WIeAHbFT, . BN
00— RA[REA 75V (H2WiE DLL) 225 Python £ Y27V & %2ua— K357 7V 5 —>a » Tl
DLL #7 > u— FJ 3H0IC Python BHER LAV RZETHRMLEZVWEEZ 22 LOAEEA. 7
TV r—=2ayNTRETVWS XEY Y —7 Z2BH3 22, BFE Python D HERLIEXEV 27
TV = a OB THICHEREBEVWERS 586 HD 7,

Bugs and caveats: The destruction of modules and objects in modules is done in random order;
this may cause destructors (__del__() methods) to fail when they depend on other objects (even
functions) or modules. Dynamically loaded extension modules loaded by Python are not unloaded.
Small amounts of memory allocated by the Python interpreter may not be freed (if you find a leak,
please report it). Memory tied up in circular references between objects is not freed. Interned
strings will all be deallocated regardless of their reference count. Some memory allocated by
extension modules may not be freed. Some extensions may not work properly if their initialization
routine is called more than once; this can happen if an application calls Py_Initialize() and
Py _FinalizeEz () more than once. Py FinalizeEz () must not be called recursively from within
itself. Therefore, it must not be called by any code that may be run as part of the interpreter
shutdown process, such as atexit handlers, object finalizers, or any code that may be run while

flushing the stdout and stderr files.
SI¥UEL T Bi&E A XY b cpython._PySys_ClearAuditHooks %M L ¥,
Added in version 3.6.

void Py_Finalize()

RICBLE9: Stable ABL. Z OB¥UE Py_FinalizeEx () DBITHEMEAN—Y a > T, BDERDD
F¥A.

int Py_BytesMain (int arge, char **argv)

RICBLEY: Stable ABI (IN—2 3> 8.8 &D). Similar to Py_Main() but argv is an array of
bytes strings, allowing the calling application to delegate the text decoding step to the CPython

runtime.
Added in version 3.8.

int Py_Main(int argc, wchar_t **argv)

RICEL £7: Stable ABI. The main program for the standard interpreter, encapsulating a full
initialization/finalization cycle, as well as additional behaviour to implement reading configurations

settings from the environment and command line, and then executing __main__ in accordance with
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using-on-cmdline.

This is made available for programs which wish to support the full CPython command line inter-

face, rather than just embedding a Python runtime in a larger application.

The argc and argv parameters are similar to those which are passed to a C program’s main()
function, except that the argv entries are first converted to wchar_t using Py_DecodeLocale(). It
is also important to note that the argument list entries may be modified to point to strings other
than those passed in (however, the contents of the strings pointed to by the argument list are not
modified).

The return value will be 0 if the interpreter exits normally (i.e., without an exception), 1 if the
interpreter exits due to an exception, or 2 if the argument list does not represent a valid Python

command line.

Note that if an otherwise unhandled SystemExit is raised, this function will not return 1, but exit
the process, as long as Py_InspectFlag is not set. If Py_InspectFlag is set, execution will drop
into the interactive Python prompt, at which point a second otherwise unhandled SystemExit will

still exit the process, while any other means of exiting will set the return value as described above.

In terms of the CPython runtime configuration APIs documented in the runtime configuration

section (and without accounting for error handling), Py_Main is approximately equivalent to:

PyConfig config;
PyConfig_InitPythonConfig(&config) ;
PyConfig_SetArgv(&config, argc, argv);
Py_InitializeFromConfig(&config);
PyConfig_Clear(&config);

Py_RunMain();

In normal usage, an embedding application will call this function instead of calling
Py Initialize(), Py _InitializeEx() or Py_InitializeFromConfig () directly, and all settings
will be applied as described elsewhere in this documentation. If this function is instead called af-
ter a preceding runtime initialization API call, then exactly which environmental and command
line configuration settings will be updated is version dependent (as it depends on which settings
correctly support being modified after they have already been set once when the runtime was first
initialized).
int Py_RunMain (void)

Executes the main module in a fully configured CPython runtime.

Executes the command (PyConfig.run_command), the script (PyConfig.run_filename) or the
module (PyConfig.run_module) specified on the command line or in the configuration. If none

of these values are set, runs the interactive Python prompt (REPL) using the __main__ module’s

global namespace.

If PuConfia. i . (the default). t} | 11 be 0 if the i .
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normally (that is, without raising an exception), or 1 if the interpreter exits due to an exception.
If an otherwise unhandled SystemExit is raised, the function will immediately exit the process

instead of returning 1.

If PyConfig.inspect is set (such as when the -i option is used), rather than returning when
the interpreter exits, execution will instead resume in an interactive Python prompt (REPL)
using the __main__ module’s global namespace. If the interpreter exited with an exception, it
is immediately raised in the REPL session. The function return value is then determined by
the way the REPL session terminates: returning O if the session terminates without raising an
unhandled exception, exiting immediately for an unhandled SystemExit, and returning 1 for any

other unhandled exception.

This function always finalizes the Python interpreter regardless of whether it returns a value or

immediately exits the process due to an unhandled SystemExit exception.

See Python Configuration for an example of a customized Python that always runs in isolated

mode using Py_RunMain().

int PyUnstable_AtExit (PylnterpreterState *interp, void (*func)(void*), void *data)

ZHUZ Unstable API T%o %A F—V V) —ATTERLKEEINDZZ DD FT,

Register an atexit callback for the target interpreter interp. This is similar to Py_AtEzit (), but

takes an explicit interpreter and data pointer for the callback.
There must be an attached thread state for interp.

Added in version 3.13.

9.4 7OERXTALRFDNFA—%

void Py_SetProgramName (const wchar t *name)

RICBL Z9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

program_name should be used instead, see Python Initialization Configuration.

COBBEMOHTRS, BREUIC Py_Initialize() ZMOHT D BANCHOH S RITERD £
‘A, ZOBIIA Y27 2705 4D nain() BEICHEE Lz argv[0] 5IBDEZHZ £F
(VA4 R¥x vy 77 RIEBEINET), ZO5I8MHEIE. Py_GetPath() . UTIIRT Z Dthd B,
A VR ZOFEFTA[REIE R & Python 52 A4 554 75 UANDHMN AR ZHET 3 722 ffbi
9, 77 4L FOfHIZ 'python' TT, 5IEIEYriIHI N7 A F¥ v F 7 ZCFFHT, #RIRED
BB A > TORITIUER ST, 2O T 7T LAOFETHICEE L TIER D $H A, Python
AV RTYVEANOI— T, ZOLEEHRONELZLEE T 2HDIE—UH D A,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.

292

% 9 & #JHAML (initialization). & 7R (finalization). XL v K



The Python/C API, JJ—2X 3.14.0a7

Deprecated since version 3.11, will be removed in version 3.15.

wchar_t *Py_GetProgramName ()

RICBLF7: Stable ABIL. Return the program name set with PyConfig.program_name, or the

default. The returned string points into static storage; the caller should not modify its value.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig_Get ("ezecutable”)

(sys.executable) instead.

wchar_t *Py_GetPrefix()

RICEL £ : Stable ABI. Return the prefiz for installed platform-independent files. This is
derived through a number of complicated rules from the program name set with PyConfig.
program_name and some environment variables; for example, if the program name is '/usr/
local/bin/python', the prefix is '/usr/local'. The returned string points into static storage;
the caller should not modify its value. This corresponds to the prefix variable in the top-level
Makefile and the --prefix argument to the configure script at build time. The value is available

to Python code as sys.base_prefix. It is only useful on Unix. See also the next function.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

Deprecated  since  version  3.13, will be removed in  version 3.15: Use
PyConfig Get("base_prefiz") (sys.base_prefix) instead. Use PyConfig Get("prefiz")

(sys.prefix) if virtual environments need to be handled.

wchar_t *Py_GetExecPrefix()

RICEL 7 : Stable ABI. Return the ezec-prefiz for installed platform-dependent files. This
is derived through a number of complicated rules from the program name set with PyConfig.
program_name and some environment variables; for example, if the program name is ' /usr/local/
bin/python', the exec-prefix is ' /usr/local'. The returned string points into static storage; the
caller should not modify its value. This corresponds to the exec_prefix variable in the top-level
Makefile and the --exec-prefix argument to the configure script at build time. The value is

available to Python code as sys.base_exec_prefix. It is only useful on Unix.

B 729 P74 —bMKEFDT7 7 AV (FITEASLEEGI A4 77 0) 25lo74 L7 UV Y —HIZ
A VAP =L ENTVBEE, exec-prefix 1% prefix ¥ Bz b 3, HARR A > 2 b — LTI,
7T 7= LIMKIFD T 7 A VA Jusr/local KINDBNDZ—T, TF7v b7+ —2KIFD T 7
A UZ /usr/local/plat 7V VU —IZNDLNET,

—NS, I b T A —LlE N RV 2TV 7 2T 77 I DOMARDEERELE T, fi
ZI2. Solaris 2.x ZEEXETWS Sparc ¥ VIEETHL T 7Y b7+ —LTHBARLETI
Solaris 2.x ZEMEXH T2 Intel v VIXES TI7 v b 74—k DEFTL, FAL Intel v > T
% Linux ZEMESBTVWARLERLFND Ty b7 4 —LTF, —MINCIE, RACARL—T 14 V7
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VATATH, ATV —VETarvOEIDDIIERSLE TSIy b7+ —LTT, I Unix DARL—
T4 YTV RATADERFFEFERINTT; JE Unix DS RAF LTI, A YA M= HERZETHE
7o TWT, prefix % exec-prefix IZIFERD IR BLFIINFRESNTVET, TV NLFELD
Python N4 a2 —=RIEZ7 7 v b 74— L IMEFLRVOTHEELTLIZE W (LZZL, EOnN=Y 3
> ® Python T2 ¥ XA NENPIEIMKEL E T,

V27 LEHE L, mount X automount YT AERMFoT, 7Ty b7 x—2LHD /usr/local/
plat ZER 577 7 ANVT AT AICEE, 77 v b7 +—LART /usr/local HHT 27D DFRE
HEEH>TWBETL & 9,

This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

Deprecated  since  version  3.13, will  be removed in  version 3.15: Use
PyConfig_Get("base_exec_prefiz") (sys.base_exec_prefix) instead. Use

PyConfig Get("exec_prefiz") (sys.exec_prefix) if virtual environments need to be handled.

wchar t *Py_GetProgramFullPath()

RICB L 9 Stable ABIL. Return the full program name of the Python executable; this is
computed as a side-effect of deriving the default module search path from the program name (set
by PyConfig.program_name). The returned string points into static storage; the caller should not

modify its value. The value is available to Python code as sys.executable.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig_Get ("ezecutable”)

(sys.executable) instead.

wchar_t *Py_GetPath()

RICBL E£9: Stable ABL. Return the default module search path; this is computed from the
program name (set by PyConfig.program_name) and some environment variables. The returned
string consists of a series of directory names separated by a platform dependent delimiter character.
The delimiter character is ':' on Unix and macOS, ';"' on Windows. The returned string points
into static storage; the caller should not modify its value. The list sys.path is initialized with
this value on interpreter startup; it can be (and usually is) modified later to change the search

path for loading modules.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N— a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

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

PyConfig_Get("module_search_paths") (sys.path) instead.

const char *Py_GetVersion()

RICEL XY Stable ABL. Python £ Y X XV XDAN=Ya Y ZRLET, XN—Yaid, KDL
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BIRRDOTFHITT

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

BT — K (RYIDAR=ALFEET) E. BED Python D= a2 »TT; |MYIOLFIE, BV F
RTRYUILNIZAT ¥y —=N=Tar 3L F == a v TT, BFBDPRTFEINREA ¥ R2ITFHNR
LS Z R L £ 3 BBOMSH LAIZCOE2ZEETE EE A, ZOfHEIE Python 2 — FA2 51
sys.version & LTHIATE %3,

See also the Py_Version constant.

const char *Py_GetPlatform()

RICBLET: Stable ABL BIUED T Z7 v b7 4 —LDTF v + 7+ — LI FH%E L $F, Unix
TR ARV =T 4 YT RT LD RAD” ZHi2/NFICER L, BAIIA D »— VY a VEFESE
P 7 RIS 22 5 TV E T, Bl 21X Solaris 2.x 1, SunOS 5.x, £ LTHHSNTWETAH, 'sunosh'
1272 D £¥, macOS TlE 'darwin' TF, Windows TiX 'win' TT, BRI XFIIRA > XX
R AR RC IR R R U 29 B O OCH LN Z o2 EFETE FH A, ZDfHEIX Python 23— K
51d sys.platform & L THIHTE¥3,

const char *Py_GetCopyright ()

RICEBL £ : Stable ABL IRfED Python N— 3 VI T 2 NROBIEEERLTZHNEIEL T,
Bz

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BRI AR A &~ 23R EER 2 E L 5, RO OH LR E2ZEETE 8
Ao ZDfEIZ Python 22— FH51% sys.copyright & L THIATE £7,

const char *Py_GetCompiler ()

RICEL 7 : Stable ABL BfEMM > T3 N—=Y 3 D Python Z LRI 3BICHVWEZaY 45
RSN, AFEILTCTH o 7o XXFAIERIR L E T, Hl R

"[GCC 2.7.2.2]" ]

BIEUAYIR TS FHNAR A ¥ ZIIFFR LRI 2R LU £ 5 BT LANZ Z OEZZEETE 58
Ao ZDfEIZ Python 2— FH 513 sys.version O—#f e LTI D B £ 3,
const char *Py_GetBuildInfo()

RICELZE T Stable ABL BEM# > T3 Python f Y X TV XA VARV AD, =7 Y AEKFL
Eor FHRHICE S 2 1EHREE L £9. HIZRE

"#67, Aug 1 1997, 22:34:28"

BEELATIR 3 XX FHIARA ¥ ZIFERR 2GR 2R U E 3 B O CHE LA Z ofizZETE ¢
Ao ZODfHIZ Python 2 — K251 sys.version O—#ie L THD HEE T,
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void PySys_SetArgvEx (int arge, wchar_t **argv, int updatepath)

RICEL £7: Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv,
PyConfig.parse_arguv and PyConfig.safe_path should be used instead, see Python Initialization
Configuration.

arge BEL argu IZESWT sys.argyv ZRELE T, TNHD583 70277 20 main() ZHEL
BB TV TH, RAIOERD Python 4 ¥ & 7V XOMEE Lo T3 ETHAOLHITIE
B, EITEINZR IV S IEESBLRTNUIROROVEDEVWE TS, FTT5RX7 0 73RV
AL argy DRFAIOBRIZELTINCLTIDLEVERLA, ZOBKA sys.argy DFIALICRKL 7=
BE. M@ —% Py_FatalError() THIGEE T,

updatepath 25 0 DFE. ZZETOEEN Z OB T2 Z L DETTT, updatepath 53 0 TRV
A ZOBBIE sys.path LU FO7 AT Y X LZESOWTEBIEL 3

o HIET A2V 7+ DAHIH argv 0] IS NLHE. TDRAT VT 23D 2 BT O <R %
sys.path OJEBICEML $3,

o TNUUNDEE (arge 25 0 120720, argv[0] BFEETE7 7 A VHEEL TOVRWVWEAR).
sys.path OEFICZEDOXFAHNEEMLE T, ZAUIBEDERET 4 L2 bY (") ZIEEICEM
TH5DLRLTT,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.

See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.

0 IR
It is recommended that applications embedding the Python interpreter for purposes other than

executing a single script pass 0 as updatepath, and update sys.path themselves if desired. See
CVE 2008-5983.

3.1.3 X DEIDN— a ¥ Tld. PySys_Setdrgu() OMUIH UMSET L7RIC sys.path DSLEEE
DEZZMOH T LT, FALHEBBFONE T, HIZITZD XS TfENET:

PyRun_SimpleString("import sys; sys.path.pop(0)\n"); ]

Added in version 3.1.3.
Deprecated since version 3.11, will be removed in version 3.15.

void PySys_SetArgv (int arge, wchar_t **argv)

RICE L FJ: Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv

and PyConfig.parse_argv should be used instead, see Python Initialization Configuration.

ZOBBIX, python £ YR TVURME -1 £ 72 a {FETEFINTVWIHEEZRE
PySys_SetArguEz () @ updatepath 12 1 ZFE LD LR L X ICEIEL £9,

Py D Loca rin wchar_ t* string.
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See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.
N— g 3.4 TEH: updatepath DEIZ -1 & 7> a YITKEFEL E T,
Deprecated since version 3.11, will be removed in version 3.15.

void Py_SetPythonHome (const wchar_t *home)
RICEBLF9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.home

should be used instead, see Python Initialization Configuration.

Python DIEHES £ 75 UHH B, 74/ bD "home” T4 L7 PV EHREL T, 51O FFD
EBRIZOWTIZ PYTHONHOME 2B L TL X\,

SIBUIERII R R P L =D WEIPNT IR T LETHICEERZ o0& 5 R ek X FHTH
ZRETT, Python 1 VX7V RIEZDA ML —YONEEZEHLEHA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_t* string.
Deprecated since version 3.11, will be removed in version 3.15.

wchar_t *Py_GetPythonHome ()

RICBL %9 : 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—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

Deprecated since version 3.13, will be removed in version 3.15: Use PyConfig_Get ("home") or the

PYTHONHOME environment variable instead.

9.5 XL v FIREE (thread state) &/ O—NIL1>&2FU%0Ov 7 (global
interpreter lock)

Unless on a free-threaded build of C'Python, the Python interpreter is not fully thread-safe. In order to
support multi-threaded Python programs, there’s a global lock, called the global interpreter lock or GIL,
that must be held by the current thread before it can safely access Python objects. Without the lock,
even the simplest operations could cause problems in a multi-threaded program: for example, when two
threads simultaneously increment the reference count of the same object, the reference count could end

up being incremented only once instead of twice.

ZDld, GIL MR LAV vy R2TH Python 7Y =7 bE#ELZD . Python/C API B¥UE M
HLZDTEZL WIS L—ADRHDET, WITUEZZI 2L -T2, A 27D ZTEHNIZa v
IERIBIRLI-DIERL72D LE T, (sys.setswitchinterval() #Z) Zonrv Zid7vy Z7HBEID S
% I/O BEDIHETH N - IS, 1/O ZERT 2 AL v R 1/0 #EDQRT 2o/, thoxr v ¥
DPEETE S X5ICLTVE T,

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure called
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PyThreadState, known as a thread state. Each OS thread has a thread-local pointer to a PyThreadState;

a thread state referenced by this pointer is considered to be attached.

A thread can only have one attached thread state at a time. An attached thread state is typically analogous
with holding the GIL, except on free-threaded builds. On builds with the GIL enabled, attaching a thread
state will block until the GIL can be acquired. However, even on builds with the GIL disabled, it is still
required to have an attached thread state to call most of the C API.

In general, there will always be an attached thread state when using Python’s C API. Only in some
specific cases (such as in a Py_BEGIN_ALLOW_THREADS block) will the thread not have an attached thread
state. If uncertain, check if PyThreadState_GetUnchecked () returns NULL.

9.5.1 Detaching the thread state from extension code

Most extension code manipulating the thread state has the following simple structure:

Save the thread state in a local variable.
. Do some blocking I/0 operation ...

Restore the thread state from the local variable.

Z OREEIRIEE IR DT, FEAHMICTA2DIC 200~ 7 uhflEINTVWET:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...

Py_END_ALLOW_THREADS

Py BEGIN_ALLOW THREADS ~ 7 mlii#ilz7my 7 2MiAL. BLre— 2 L E¥HEESL 7,
Py_END_ALLOW_THREADS 37w v 7 %ZEAU %3,

togvy 73RO a— FIZEEINE T

PyThreadState *_save;

_save = PyEval_SaveThread() ;
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save);

Here is how these functions work:

The attached thread state holds the GIL for the entire interpreter. When detaching the attached thread
state, the GIL is released, allowing other threads to attach a thread state to their own thread, thus
getting the GIL and can start executing. The pointer to the prior attached thread state is stored as a
local variable. Upon reaching Py_END_ALLOW_THREADS, the thread state that was previously attached
is passed to PyEval_RestoreThread (). This function will block until another releases its thread state,

thus allowing the old thread state to get re-attached and the C API can be called again.

For free-threaded builds, the GIL is normally out of the question, but detaching the thread state is still
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required for blocking I/O and long operations. The difference is that threads don’t have to wait for the

GIL to be released to attach their thread state, allowing true multi-core parallelism.

0 IR
Calling system I/O functions is the most common use case for detaching the thread state, but it can

also be useful before calling long-running computations which don’t need access to Python objects,

such as compression or cryptographic functions operating over memory buffers. For example, the

standard z1ib and hashlib modules detach the thread state when compressing or hashing data.

9.5.2 Python A TIESNIAL W R

When threads are created using the dedicated Python APIs (such as the threading module), a thread
state is automatically associated to them and the code showed above is therefore correct. However, when
threads are created from C (for example by a third-party library with its own thread management), they
don’t hold the GIL, because they don’t have an attached thread state.

If you need to call Python code from these threads (often this will be part of a callback API provided
by the aforementioned third-party library), you must first register these threads with the interpreter by
creating an attached thread state before you can start using the Python/C API. When you are done, you
should detach the thread state, and finally free it.

PyGILState_Ensure() ¥ PyGILState Release() & Z DM % HEIWIZITVWE T, CORXL v FH 5
Python % MO0 3 B2 7RI RO e 8D 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_* PA¥UZ. (Py_Initialize() WX Xo THEMIIESNDS) Zu—oLAf Y 2T Y & 1 D720
PEET 2 ERET 2 HICKRE DT T FE W, Python 1 (Py_NewInterpreter() Z{fioT) BDA > &
TV REERTELZEIREDDEDD FEAN, BEA &7V XL PyGILState_x API Z{EE TS &
LY RPN TVEEA,
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9.5.3 Cautions about fork()

Another important thing to note about threads is their behaviour in the face of the C fork() call. On
most systems with fork(), after a process forks only the thread that issued the fork will exist. This has

a concrete impact both on how locks must be handled and on all stored state in CPython’s runtime.

The fact that only the "current” thread remains means any locks held by other threads will never be
released. Python solves this for os.fork() by acquiring the locks it uses internally before the fork,
and releasing them afterwards. In addition, it resets any lock-objects in the child. When extending or
embedding Python, there is no way to inform Python of additional (non-Python) locks that need to be
acquired before or reset after a fork. OS facilities such as pthread_atfork() would need to be used to
accomplish the same thing. Additionally, when extending or embedding Python, calling fork() directly
rather than through os.fork() (and returning to or calling into Python) may result in a deadlock by one
of Python’s internal locks being held by a thread that is defunct after the fork. Py0S_AfterFork_Child ()

tries to reset the necessary locks, but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned
up properly, which os.fork() does. This means finalizing all other PyThreadState objects belonging to
the current interpreter and all other PyInterpreterState objects. Due to this and the special nature
of the "main” interpreter, fork() should only be called in that interpreter’s "main” thread, where
the CPython global runtime was originally initialized. The only exception is if exec() will be called

immediately after.

9.5.4 Cautions regarding runtime finalization

In the late stage of interpreter shutdown, after attempting to wait for non-daemon threads to exit
(though this can be interrupted by KeyboardInterrupt) and running the atexit functions, the runtime
is marked as finalizing: _Py_IsFinalizing() and sys.is_finalizing() return true. At this point,
only the finalization thread that initiated finalization (typically the main thread) is allowed to acquire
the GIL.

If any thread, other than the finalization thread, attempts to attach a thread state during finalization,
either explicitly or implicitly, the thread enters a permanently blocked state where it remains until
the program exits. In most cases this is harmless, but this can result in deadlock if a later stage of
finalization attempts to acquire a lock owned by the blocked thread, or otherwise waits on the blocked

thread.

Gross? Yes. This prevents random crashes and/or unexpectedly skipped C++ finalizations further up
the call stack when such threads were forcibly exited here in CPython 3.13 and earlier. The CPython
runtime thread state C APIs have never had any error reporting or handling expectations at thread state
attachment time that would’ve allowed for graceful exit from this situation. Changing that would require
new stable C APIs and rewriting the majority of C code in the CPython ecosystem to use those with

error handling.
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9.5.5 5L AXJL API
CHERZZE W=D Python 4 ¥ & 7Y XAt ¥ 2R D —RINICHEDLNZRSLEBII RO B D TT:

type PyInterpreterState

RICBLEFT: Limited APl (REBABRBERL LT) 207 —2E K. HAEET 22802
Ly FREITHAEZNTOWRREZRBLET, LA YXFVRIBETZAL Y RIZTEY 2 — LVEME
HeZz DN OO EHRELA L TOVE T, ZOBERICIZAR (public) DX ¥\ EH D
XA,

BR2ZAVRTYVRIETEAL Yy FIETIE. FAFRERX TV, BEPATVWE 7 7 A LTAI Y TR
R Wwolz7nt ZREERNT, WHPRETEMIEEINTVWERA, GIL 3 F/=, ALy K9
YDA YR TYVRIZBLTOARICEHALLTINRTORL Yy RTHEXIATVWET,

type PyThreadState

RICBLFT: Limited APT (RiEALMEERE L T). This data structure represents the state of a
single thread. The only public data member is:

PylnterpreterState *interp
This thread’s interpreter state.

void PyEval_InitThreads()

RICEL £7: Stable ABI. Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.
N—Y a ¥ 3.9 TEH: The function now does nothing.

N—=Yary 37 TEHE: ZOBKIX Py_Initialize() DOHFFIHEINZ X312k D, bXbIFELH
TEIEDH S LD F L

N—Yar 32 TEHE: OB Py_Initialize() KVFICMECHT I TERLRDE LT
N— a ¥ 3.9 TIHELE.

PyThreadState *PyEval_SaveThread ()
RICEBL X9 : Stable ABI. Detach the attached thread state and return it. The thread will have
no thread state upon returning.

void PyEval_RestoreThread ( PyThreadState *tstate)

RICB L E 9 Stable ABIL. Set the attached thread state to tstate. The passed thread state should

not be attached, otherwise deadlock ensues. tstate will be attached upon returning.

0 IR
Calling this function from a thread when the runtime is finalizing will hang the thread until

the program exits, even if the thread was not created by Python. Refer to Cautions regarding

runtime finalization for more details.
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N—Ya ¥ 3.14 TEH: Hangs the current thread, rather than terminating it, if called while the

interpreter is finalizing.

PyThreadState *PyThreadState_Get ()

RICEL £7: Stable ABL. Return the attached thread state. If the thread has no attached thread
state, (such as when inside of Py_BEGIN_ALLOW_THREADS block), then this issues a fatal error (so
that the caller needn’t check for NULL).

See also PyThreadState_GetUnchecked().

PyThreadState *PyThreadState_GetUnchecked ()

Similar to PyThreadState_Get (), but don’t kill the process with a fatal error if it is NULL. The
caller is responsible to check if the result is NULL.

Added in version 3.13: In Python 3.5 to 3.12, the function was private and known as
_PyThreadState_UncheckedGet ().

PyThreadState *PyThreadState_Swap (PyThreadState *tstate)

RICEB L F 9 Stable ABI. Set the attached thread state to tstate, and return the thread state that

was attached prior to calling.

This function is safe to call without an attached thread state; it will simply return NULL indicating

that there was no prior thread state.
DTOBEEAL Yy FR—ALRA L =Y 2FHALTVT, ¥ 74 Y27V RXEOHHEMELNDH D £ A

PyGILState_ STATE PyGILState_Ensure()

RICEB L F9: Stable ABI. Ensure that the current thread is ready to call the Python
C API regardless of the current state of Python, or of the attached thread state. This
may be called as many times as desired by a thread as long as each call is matched with
a call to PyGILState_Release(). In general, other thread-related APIs may be used be-
tween PyGILState_Ensure() and PyGILState_Release() calls as long as the thread state
is restored to its previous state before the Release(). For example, normal usage of the
Py_BEGIN_ALLOW_THREADS and Py_END_ALLOW_THREADS macros is acceptable.

The return value is an opaque "handle” to the attached thread state when PyGILState_Ensure()
was called, and must be passed to PyGILState_Release() to ensure Python is left in the same
state. Even though recursive calls are allowed, these handles cannot be shared - each unique call

to PyGILState_Ensure() must save the handle for its call to PyGILState_Release().

When the function returns, there will be an attached thread state and the thread will be able to

call arbitrary Python code. Failure is a fatal error.

0 IR
Calling this function from a thread when the runtime is finalizing will hang the thread until

the program exits, even if the thread was not created by Python. Refer to Cautions regarding
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runtime finalization for more details.

N—a ¥ 3.14 TEH: Hangs the current thread, rather than terminating it, if called while the

interpreter is finalizing.

void PyGILState_Release (PyGILState STATE)

RICBLEFT: Stable ABL R LT XTOV Y —REZMRLET, ZOBBENCHT 2, Python
DIRFEIIXET 5 PyGILState_Ensure() ZFFMIFRIEF L &b 53 (@E. ZOKREIIFOHT
LILTIZEbh2 h FEADT, GILState APT ZFIH T2 X 51 TLEXW),

PyGILState_Ensure() ZWM-UHTHEE. HIFE—X Ly FNTHIET % PyGILState_Release()
ZIFOHLTLEZE W,

PyThreadState *PyGILState_GetThisThreadState ()

RICEBL XY Stable ABIL. Get the attached thread state for this thread. May return NULL if no
GILState API has been used on the current thread. Note that the main thread always has such a
thread-state, even if no auto-thread-state call has been made on the main thread. This is mainly

a helper/diagnostic function.

int PyGILState_Check()

Return 1 if the current thread is holding the GIL and O otherwise. This function can be called
from any thread at any time. Only if it has had its Python thread state initialized and currently
is holding the GIL will it return 1. This is mainly a helper/diagnostic function. It can be useful
for example in callback contexts or memory allocation functions when knowing that the GIL is

locked can allow the caller to perform sensitive actions or otherwise behave differently.
Added in version 3.4.

DPFo~w7ruix, @ERRBICEI a2 3V ES; Python Y —XEEAWHNOMERABIZ R T2
W,

Py_BEGIN_ALLOW_THREADS
RICBLFY: Stable ABI. 2O~ 27 u%EBR 3 % ¥ { PyThreadState *_save; _save =
PyEval_SaveThread(); 272D ¥£3, 7 B EZEFIMMBA o TVE Z L ITHERE LTI,
Z DHHEINEL T Py_END_ALLOW_ THREADS <7 R Y MIEXERFIUIRD THA, 71OV TD
FLLiEamd Litz SR L T2,

Py_END_ALLOW_THREADS

RICBL X9 Stable ABI. 2O~ 27 u%k @B 3 % & PyEval_RestoreThread(_save); } I
BYDEFT, 7B RHERENAA> TWVR I RERLTLAEZI Y, ZOREMIZERD
Py_BEGIN_ALLOW_THREADS =27 B EMIELTWARIFINIERZD FHA, 27 BIZDOWVWTOFEL VK
il ERL 2B L TS W,

Py_BLOCK_THREADS

RICBELET: Stable ABL. 2O~ 27 n%EB3 % & PyEval_RestoreThread(_save); IZ D £7:
B G 72\ Py_END_ALLOW_THREADS ¥ [F U T,
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Py_UNBLOCK_THREADS

RICBELET: Stable ABL. 2O~ 27 n%2 B35 _save = PyEval_SaveThread(); XD ¥£7:
B E I EIND 72\ Py_BEGIN ALLOW THREADS Y[Rl UT,

9.5.6 (EL-~NJL API
ROETOBEENX Py_Initialize() DRIIMFTHIRITIUIRD FH8 A
N—Yay 3.7 TEM: Py _Initialize() now initializes the GIL and sets an atlached thread state.

PyInterpreterState *PyInterpreterState_New()
RICBL £7: Stable ABI. Create a new interpreter state object. An attached thread state is not
needed, but may optionally exist if it is necessary to serialize calls to this function.

SR LT BEE A X b cpython.PyInterpreterState_New % iEHI L ¥£9,

void PyInterpreterState_Clear (PylnterpreterState *interp)
RICEB L F 7 Stable ABI. Reset all information in an interpreter state object. There must be an
attached thread state for the the interpreter.

I8 LT BE&E A X b cpython.PyInterpreterState_Clear ZiXH L £,

void PyInterpreterState_Delete ( PylnterpreterState *interp)
RICEL £ 9 Stable ABI. Destroy an interpreter state object. There should not be an attached
thread state for the target interpreter. The interpreter state must have been reset with a previous
call to PyInterpreterState_Clear().

PyThreadState *PyThreadState_New (PylnterpreterState *interp)
RICEL £¢: Stable ABI. Create a new thread state object belonging to the given interpreter
object. An attached thread state is not needed.

void PyThreadState_Clear (PyThreadState *tstate)
RICEBL £ 9 Stable ABIL. Reset all information in a thread state object. tstate must be attached

N—=3Ya ¥ 3.9 TEH: This function now calls the PyThreadState.on_delete callback. Previ-
ously, that happened in PyThreadState_Delete().

N—3 a3 v 3.13 TEH: The PyThreadState.on_delete callback was removed.

void PyThreadState_Delete ( PyThreadState *tstate)
RICBL 9 Stable ABI. Destroy a thread state object. tstate should not be attached to any
thread. tstate must have been reset with a previous call to PyThreadState_Clear().

void PyThreadState_DeleteCurrent (void)
Detach the attached thread state (which must have been reset with a previous call to

PyThreadState_Clear()) and then destroy it.

No thread state will be attached upon returning.
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PyFrameQObject *PyThreadState_GetFrame (PyThreadState *tstate)

RICBLET: Stable ABI ()IN—23 Y 3.10 £D ). Get the current frame of the Python thread

state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_GetFrame().

tstate must not be NULL, and must be attached.

Added in version 3.9.

uint64 t PyThreadState_GetID(PyThreadState *tstate)

RICBLEY: Stable ABI (IN—23> 3.10 &D ). Get the unique thread state identifier of the

Python thread state tstate.
tstate must not be NULL, and must be attached.
Added in version 3.9.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

RICBLFT: Stable ABL (IN—23> 3.10 &D ). Get the interpreter of the Python thread state

tstate.
tstate must not be NULL, and must be attached.
Added in version 3.9.

void PyThreadState_EnterTracing(PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state t¢state.
Resume them using the PyThreadState_LeaveTracing () function.
Added in version 3.11.

void PyThreadState_LeaveTracing(PyThreadState *tstate)

Resume tracing and profiling in the Python thread state tstate suspended by the

PyThreadState_EnterTracing () function.
See also PyEval_SetTrace() and PyEval_SetProfile() functions.
Added in version 3.11.

PylnterpreterState *PyInterpreterState_Get (void)

RICELE7: Stable ABI (IN—23 > 3.9 &D ). Get the current interpreter.
Issue a fatal error if there no attached thread state. It cannot return NULL.

Added in version 3.9.
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int64_t PyInterpreterState_GetID(PylnterpreterState *interp)

RICBLF T : Stable ABI (IN—=23> 3.7&D). A V2TV ED—ERID #iRLET, MHEHIC
P2 ESH, -1 AHRENh, =5—=2ky FENLET,

The caller must have an attached thread state.
Added in version 3.7.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

RICBLFY: Stable ABI (IN—=23> 3.84&D). A V2T VXERDOT -2 REFLTWEEHEY
RKUEF, ZOBED NULL 23R L7=BE1E. 2 22Tl I TE S 3., Ol LENKA >~
27 XEHOFHZEINHETERVWEEZRITNERD FHA,

Z DU PyModule_GetState() Z#BEZ 2 b DT L, IREY 2 — 24 VX7 X[EH
DIRFEEREFNT 2 DIHIREDB DT,

Added in version 3.8.

PyObject *PyUnstable_InterpreterState_GetMainModule ( PylnterpreterState *interp)

ZHUZ Unstable API T%, A F—V V) —ATTERLKEHINDZZ DY FT,

Return a strong reference to the __main__ module object for the given interpreter.

The caller must have an attached thread state.

Added in version 3.13.

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, PylnterpreterFrame *frame, int
throwflag)

Type of a frame evaluation function.

The throwflag parameter is used by the throw() method of generators: if non-zero, handle the

current exception.
N— 3 v 3.9 TEHE: The function now takes a tstate parameter.

N—Y a v 311 TZEHE: The frame parameter changed from PyFrameObject* to

_PyInterpreterFramex.

_ PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.

Added in version 3.9.
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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”.

Added in version 3.9.

PyObject *PyThreadState_GetDict ()

Rb{E: EABE, RICEL 7 Stable ABIL. Return a dictionary in which extensions can store
thread-specific state information. Each extension should use a unique key to use to store state in
the dictionary. It is okay to call this function when no thread state is attached. If this function

returns NULL, no exception has been raised and the caller should assume no thread state is attached.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

RICEBL 9 Stable ABI. Asynchronously raise an exception in a thread. The id argument is
the thread id of the target thread; exc is the exception object to be raised. This function does
not steal any references to exc. To prevent naive misuse, you must write your own C extension
to call this. Must be called with an attached thread state. Returns the number of thread states
modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the

pending exception (if any) for the thread is cleared. This raises no exceptions.

N—=a v 3.7 TEHE: id 518 DHD long 75 unsigned long "NEHEINZE L7z,

void PyEval_AcquireThread ( PyThreadState *tstate)

RICB L E 9 Stable ABI. Attach tstate to the current thread, which must not be NULL or already

attached.

The calling thread must not already have an attached thread state.

0O IR
Calling this function from a thread when the runtime is finalizing will hang the thread until

the program exits, even if the thread was not created by Python. Refer to Cautions regarding

runtime finalization for more details.

N—3Y a ¥ 38 THZHE: Updated to be consistent with PyEval_RestoreThread(),
Py END_ALLOW_THREADS (), and PyGILState_Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

N—3 a3 3.14 TZEHE: Hangs the current thread, rather than terminating it, if called while the

interpreter is finalizing.

PyEval_RestoreThread () FWVWD2TH (AL vy FBFIHLEI Nz winwe 2 T) FHAREZRE LN
WBHET Y,
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void PyEval_ReleaseThread (PyThreadState *tstate)

RICE L &9 Stable ABI. Detach the attached thread state. The tstate argument, which must
not be NULL, is only used to check that it represents the attached thread state --- if it isn’t, a fatal

error is reported.

PyEval_SaveThread () 13 X D &L VZBITHEIZ (AL y FaWllltEAThianwe 2 T) FlH
TE%97,

9.6 Y712 T)ZY K-+

Fr A Y DEEIIYDIAT Python 4 YR 7Y R 1D TER, W OrDBEREA—Trt AR, 5%
WIEA—Z2 Ly RNT, BEROMN LA VX ) RN T2 0ERD D 3, THEARRICTZ200Y 7
A RS RTT,

TRXAVTAVRTVREF TR LI ERIT o T ¥ BITRANHER S NI A VX TV EZDZ LT,
BITAVETVREEBE N, X[ VA VR TY)RZESTFIANY RV TDES7R, o A2 THE—RE
BHRHDET, XL AR TVRIET V&4 LOPIUEH OUBETE WS BHEb H D @EIEXT VX4
LD THHIZEINT WS 7 XA A THH D %9, PylnterpreterState_Main() BAEUIZ. XA A4 ¥
RT Y ZDIREEANDKRA ¥ ZERLET,

BTA R TYZEYDEZD PyThreadState_Swap ) BT TEE T, ROBEKEF->THTA X7
R DIERR E HIRRAT A £ 97
type PyInterpreterConfig
Structure containing most parameters to configure a sub-interpreter. Its values are used only in
Py_NewInterpreterFromConfig() and never modified by the runtime.
Added in version 3.12.

&R 7 4 — L F

int use_main_obmalloc
If this is 0 then the sub-interpreter will use its own “object” allocator state. Otherwise it will

use (share) the main interpreter’s.

If this is 0 then check_multi_interp_eztensions must be 1 (non-zero). If this is 1 then gil
must not be PyInterpreterConfig_OWN_GIL.

int allow_fork
If this is 0 then the runtime will not support forking the process in any thread where the
sub-interpreter is currently active. Otherwise fork is unrestricted.

Note that the subprocess module still works when fork is disallowed.

int allow_exec

If this is 0 then the runtime will not support replacing the current process via exec (e.g.
os.execv()) in any thread where the sub-interpreter is currently active. Otherwise exec is

unrestricted.
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Note that the subprocess module still works when exec is disallowed.

int allow_threads
If this is O then the sub-interpreter’s threading module won’t create threads. Otherwise
threads are allowed.

int allow_daemon_threads
If this is 0 then the sub-interpreter’s threading module won’t create daemon threads. Oth-
erwise daemon threads are allowed (as long as allow_threads is non-zero).

int check_multi_interp_extensions

If this is O then all extension modules may be imported, including legacy (single-phase
init) modules, in any thread where the sub-interpreter is currently active. Otherwise
only multi-phase init extension modules (see PEP 489) may be imported. (Also see

Py_mod_multiple_interpreters.)
This must be 1 (non-zero) if use_main_obmalloc is 0.
int gil

This determines the operation of the GIL for the sub-interpreter. It may be one of the

following:

PyInterpreterConfig DEFAULT_GIL

Use the default selection (PyInterpreterConfig SHARED_ GIL).

PyInterpreterConfig_SHARED_GIL

Use (share) the main interpreter’s GIL.

PyInterpreterConfig_OWN_GIL

Use the sub-interpreter’s own GIL.

If this is PyInterpreterConfig_OWN_GIL then PyInterpreterConfig.use_main_obmalloc

must be 0.

PyStatus Py_NewInterpreterFromConfig(PyThreadState **tstate p, const PylnterpreterConfig

*config)

HLWwH 74 & 7Y & (sub-interpreter) ZEML 5, 74 &7V 2eid (IRF5E2Q) 5
IZ7E X7z Python 2 — FOETRETT, FIC. HTILWVWH 74 &7V Xi&, import SN 3 E
Y a— A ETREZOWTERION—Y a Y 2fib, JAUCEEMEE L2 EY 2 —)b builtins, __main__
BIU sys bBENE T, - FEADET 2 -0 56R5T— 7/ (sys.modules) BLIEY 2—
NWRER SR (sys.path) H 7 A VX TV XBIHWEO S D2 D 3, Firehd 74 27V XI5
I2iX sys.argy DD D FV A, ol 374 X7V ZIW72 B T/0 A MY — 4 sys.stdin,
sys.stdout, sys.stderr ZHHET (LI3VA. ZNHDRA MY —2IIREIICH ZF T 7 7 £ Al
FEZRLTVET),

The given config controls the options with which the interpreter is initialized.
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Upon success, tstate p will be set to the first thread state created in the new sub-interpreter. This
thread state is attached. Note that no actual thread is created; see the discussion of thread states
below. If creation of the new interpreter is unsuccessful, tstate p is set to NULL; no exception is

set since the exception state is stored in the attached thread state, which might not exist.

Like all other Python/C API functions, an attached thread state must be present before calling
this function, but it might be detached upon returning. On success, the returned thread state will
be attached. If the sub-interpreter is created with its own GIL then the attached thread state of
the calling interpreter will be detached. When the function returns, the new interpreter’s thread
state will be attached to the current thread and the previous interpreter’s attached thread state

will remain detached.
Added in version 3.12.

Sub-interpreters are most effective when isolated from each other, with certain functionality re-

stricted:

PyInterpreterConfig config = {
.use_main_obmalloc = O,
.allow_fork = O,
.allow_exec = 0,
.allow_threads = 1,
.allow_daemon_threads = O,
.check_multi_interp_extensions = 1,
.gil = PyInterpreterConfig OWN_GIL,
};
PyThreadState *tstate = NULL;
PyStatus status = Py_NewInterpreterFromConfig(&tstate, &config);
if (PyStatus_Exception(status)) {
Py_ExitStatusException(status) ;

Note that the config is used only briefly and does not get modified. During initialization the
config’s values are converted into various PyInterpreterState values. A read-only copy of the

config may be stored internally on the PyInterpreterState.
Extension modules are shared between (sub-)interpreters as follows:

o For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec(), a separate
module object is created and initialized for each interpreter. Only C-level static and global

variables are shared between these module objects.

o For modules using single-phase initialization, e.g. PyModule_Create (), the first time a partic-
ular extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictio-
nary is squirreled away. When the same extension is imported by another (sub-)interpreter, a
new module is initialized and filled with the contents of this copy; the extension’s init function

is not called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters,
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which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the inter-
preter has been completely re-initialized by calling Py_FinalizeEz () and Py_Initialize();
in that case, the extension’s initmodule function 4s called again. As with multi-phase ini-
tialization, this means that only C-level static and global variables are shared between these

modules.

PyThreadState *Py_NewInterpreter (void)

RICE L9 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)

RICEL XY : Stable ABI. Destroy the (sub-)interpreter represented by the given thread state.
The given thread state must be attached. When the call returns, there will be no attached thread

state. All thread states associated with this interpreter are destroyed.

Py_FinalizeEz () will destroy all sub-interpreters that haven’t been explicitly destroyed at that

point.

9.6.1 A Per-Interpreter GIL

Using Py_NewInterpreterFromConfig() you can create a sub-interpreter that is completely isolated
from other interpreters, including having its own GIL. The most important benefit of this isolation is
that such an interpreter can execute Python code without being blocked by other interpreters or blocking
any others. Thus a single Python process can truly take advantage of multiple CPU cores when running
Python code. The isolation also encourages a different approach to concurrency than that of just using
threads. (See PEP 554.)

Using an isolated interpreter requires vigilance in preserving that isolation. That especially means
not sharing any objects or mutable state without guarantees about thread-safety. Even objects that
are otherwise immutable (e.g. Nomne, (1, 5)) can’t normally be shared because of the refcount. One
simple but less-efficient approach around this is to use a global lock around all use of some state (or
object). Alternately, effectively immutable objects (like integers or strings) can be made safe in spite of
their refcounts by making them immortal. In fact, this has been done for the builtin singletons, small

integers, and a number of other builtin objects.

If you preserve isolation then you will have access to proper multi-core computing without the complica-
tions that come with free-threading. Failure to preserve isolation will expose you to the full consequences

of free-threading, including races and hard-to-debug crashes.

Aside from that, one of the main challenges of using multiple isolated interpreters is how to communicate
between them safely (not break isolation) and efficiently. The runtime and stdlib do not provide any
standard approach to this yet. A future stdlib module would help mitigate the effort of preserving

isolation and expose effective tools for communicating (and sharing) data between interpreters.
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Added in version 3.12.

9.6.2 NJLIXEFE

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation be-
tween them isn’t perfect - for example, using low-level file operations like os.close() they can (ac-
cidentally or maliciously) affect each other’s open files. Because of the way extensions are shared be-
tween (sub-)interpreters, some extensions may not work properly; this is especially likely when using
single-phase initialization or (static) global variables. It is possible to insert objects created in one

sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes
between sub-interpreters, since import operations executed by such objects may affect the wrong
(sub-)interpreter’s dictionary of loaded modules. It is equally important to avoid sharing objects from

which the above are reachable.

P74 &Y X% PyGILState_x APl Y HABDOE 2D L VI LIHTELTLILEEI WV, ThH
5@ API iZ Python ® AL v FIREELX OS LRA ALy R 1 X 1 THELTWS Z 2 ZRTZICL T
WT, ¥ 7 AV RTVEIPEET 2 ZOHIEDPHANSE DS TT, MG T % PyGILState_Ensure() &
PyGILState_Release() DFENH L DORT7DETIX, + 74 Y Z 7V XDOUIDBEZ E{ThRVWI ¥ 2R HE
TLET, SHIC. (ctypes DL D7) THHD API 2o T Python DA TIEL N/ AL v F225 Python
aA— REFITLTOVBRREY 2 —VEV 74 Y X7 ) X%HS v Bh 2 06EELR D D £ 3,

9.7 FEFEHREN

AVRTYVRDRAAL ALy FICIEAIHZEHZAT S 7= DI E N T0 B LA TY, Zhs 0@ B
RA Y& E void KA ¥ REIEE WS TEREZID £3,

int Py_AddPendingCall(int (*func)(void*), void *arg)

RICBLET: Stable ABL. £ Y2V RDAAL ALy FaLEBANRIHEINE T EZHAE T,
BT 22 025R D, func XA Y ALy ROFFUH L ¥ o —ZiGdoh i3, K322, sz
ty FEFIZ -1 DED 3,

WHEIZFX 2 ZFEDOLNZ L, func i WODNEIHT A VX TVEXDXAL VALY R b, arg 258
LTI E T, ZOBEE. @EDFETHD Python 22— N LTI RIS I E T
B, ROWMFOFMFICER LIt 2PN HEINET:

o bytecode R FITWB & &,
o with the main thread holding an attached thread state (func can therefore use the full C API).

func must return 0 on success, or -1 on failure with an exception set. func won’t be interrupted
to perform another asynchronous notification recursively, but it can still be interrupted to switch

threads if the thread state is detached.

This function doesn’t need an attached thread state. However, to call this function in a subin-
terpreter, the caller must have an attached thread state. Otherwise, the function func can be

scheduled to be called from the wrong interpreter.

312 5% 9 Z IHAML (initialization). & THLIE (finalization). XL v K



The Python/C API, JJ—2X 3.14.0a7

A

T, JEFICERIIIEE I D AR O, KL NAURBEBTT, fune BATEERIR D B E A
BHEEHD D FB A XA VALY EAT AT La—LEETTZDIMELWEER. func 132 R
TLA—NADRH T B ETHIHEINZWTL x5, ZOBKIT—BIIcIE, £8D C ALy K
75 Python 2— RZOHFTORRIEE AEELRA . 2hofRb bz, PyGILState API ZfEAL
TLEE W,

g

==}
=

Added in version 3.1.

N—a ¥ 3.9 TEHE: If this function is called in a subinterpreter, the function func is now
scheduled to be called from the subinterpreter, rather than being called from the main interpreter.

Each subinterpreter now has its own list of scheduled calls.

9.8 7O771J)L¥ kL —X (profiling and tracing)

Python 4 & 7V &%, 707 7 A4 )L: 7347 (profile) REITD b L — R: B (trace) &\ - 72H%RE% A
AL DIEKEDY R— P Z2HRELTVE T, ZOHKR=-TMEI TaT7 7 A7 Ny 7 T
(coverage analysis) ¥V — 72 L IfbI £,

ZDOCAVYE=Tx—RiF, Tu7 740 —REERZ, Python LNLVOMEUH LATREA 7Y = 7 b
DIFHEN D 282K — "Ny P2, Ei% C BAETCHLAMTAS X5l TwET, Yury
AR L —RABEREDOREN BRI ED > TVERA; A VX —T7 2 — AT ML —REfERL Yy KT E
WA YA F=LTE, FL—ABBUCHE SN EARA X b (basic event) EMATD =2 a Y Ii2BWT
Python L ~\)L® b L —ZRBTHEZIN TV DR LT T,

typedef int (*Py_tracefunc)(PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)

The type of the trace function registered using PyEval_SetProfile() and PyEval_SetTrace().
The first parameter is the object passed to the registration function as obj, frame is the frame object
to which the event pertains, what is one of the constants PyTrace_CALL, PyTrace_ EXCEPTION,
PyTrace_LINE, PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN,
or PyTrace_OPCODE, and arg depends on the value of what:

what DfE arg DELK

PyTrace_CALL HIZ Py_None ,

PyTrace_EXCEPTION  sys.exc_info() DRI HISMEHR TS,

PyTrace_LINE HIZ Py_None

PyTrace_RETURN FEOCH LIENSIR S 2 TREDMED . HIFNC X o TRz k1T 2 5%5E 13 NULL
T,

PyTrace_C_CALL MOS8 A7 =2 b,

PyTrace_C_EXCEPTION WU ZN A AT =2 b,
PyTrace_C_RETURN  MUHINZBHATI =7 b,
PyTrace_OPCODE HIZ Py_Nome
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int PyTrace_CALL
B X Y v B END . Y22 L=z P YOI A o7 Z L 2 HET
BIED. Py_tracefunc ® what DIETT, 4 7L =XV = 2L —XEKDERE. HETE 71—
LAND Python A b a— RICHIFIOZE (control transfer) 25 Z 6 R W DG I NR VD THEER
LTLEEW,

int PyTrace_EXCEPTION

FINDIEL E NTBRD Py_tracefunc D what DIETT, FEETINATVWE 7L — A THSIDE v
FEA, FMISDNA b a— RPN RIT, what 122 DENE Y P ENTRETa ANy F
BB O EhE T, ZOMRR, BINDEREICEK 5T Python U LR X v 7 2R D 3 25
2. B7 L — L0 UEHARS Zeiza— Ny ZEEMAIF S ENE T, LR TR IS
DARY FEZIWMYET; TR7 74 73 ZOFDANY F2REE LEE Ao

int PyTrace_LINE

The value passed as the what parameter to a Py_tracefunc function (but not a profiling func-
tion) when a line-number event is being reported. It may be disabled for a frame by setting

f_trace_lines to 0 on that frame.

int PyTrace_RETURN

MM ULANR B & 212 Py_tracefunc BAEUIC what 518y L THESTHETT,

int PyTrace_C_CALL

C B MU 3 ERINIC Py_tracefunc BIED what 513y L TETMETT,

int PyTrace_C_EXCEPTION

C BIEOHINZEH LTz 2 21T Py_tracefunc BAED what 518y L TEIETT,

int PyTrace_C_RETURN

CRH»PBRS & 21T Py_tracefunc BID what 5182 L TETHETT,

int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when
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 I 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() BIHBML T2 & W,

The caller must have an attached thread state.
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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.
The caller must have an attached thread state.

As PyEval_SetProfile(), this function ignores any exceptions raised while setting the profile

functions in all threads.
Added in version 3.12.

void PyEval_SetTrace(Py tracefunc func, PyObject *obj)

Set the tracing function to func. This is similar to PyEval_SetProfile(), except the tracing
function does receive line-number events and per-opcode events, but does not receive any event
related to C function objects being called. Any trace function registered using PyEval_SetTrace ()
will not receive PyTrace_C_CALL, PyTrace_C_EXCEPTION or PyTrace_C_RETURN as a value for the

what parameter.
sys.settrace() BB ZMML T LZZ W,
The caller must have an attached thread state.

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.
The caller must have an attached thread state.

As PyEval_SetTrace(), this function ignores any exceptions raised while setting the trace func-

tions in all threads.

Added in version 3.12.

9.9 Reference tracing
Added in version 3.13.

typedef int (*PyRefTracer)(PyObject®, int event, void *data)

The type of the trace function registered using PyRefTracer_SetTracer (). The first parameter is
a Python object that has been just created (when event is set to PyRefTracer_CREATE) or about
to be destroyed (when event is set to PyRefTracer DESTROY). The data argument is the opaque

pointer that was provided when PyRefTracer_SetTracer() was called.
Added in version 3.13.

int PyRefTracer_CREATE

The value for the event parameter to PyRefTracer functions when a Python object has been

created.
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int PyRefTracer_DESTROY
The value for the event parameter to PyRefTracer functions when a Python object has been
destroyed.

int PyRefTracer_SetTracer (PyRefTracer tracer, void *data)

Register a reference tracer function. The function will be called when a new Python has been
created or when an object is going to be destroyed. If data is provided it must be an opaque
pointer that will be provided when the tracer function is called. Return O on success. Set an

exception and return -1 on error.

Not that tracer functions must not create Python objects inside or otherwise the call will be
re-entrant. The tracer also must not clear any existing exception or set an exception. A thread

state will be active every time the tracer function is called.
There must be an attached thread state when calling this function.
Added in version 3.13.

PyRefTracer PyRefTracer_GetTracer (void **data)

Get the registered reference tracer function and the value of the opaque data pointer that was
registered when PyRefTracer_SetTracer() was called. If no tracer was registered this function
will return NULL and will set the data pointer to NULL.

There must be an attached thread state when calling this function.

Added in version 3.13.

9.10 &E%7/\vHHR—bk (advanced debugger support)
DR OB REER T Ny 7Y — L TOMHD 707230 b DTT,

PylnterpreterState *PyInterpreterState_Head ()

AVRTY)RIREA T 27 I BIRBVAIDI B, FHICHL2HDEIRLET,

PylnterpreterState *PyInterpreterState_Main()

XA VA VERT)RDOREF TP 27 P EIBLE T,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

AVERT)RIREFA T2 "o BVRMNDIE, interp DRIZHBDDEERELET,

PyThreadState *PyInterpreterState_ThreadHead ( PylnterpreterState *interp)
A Y RTY R interp CHEMNITLATVWEAL Yy FRLRZYRAIDI L, REHIIH S
PyThreadState A 73 =7 b 2R L %3,

PyThreadState *PyThreadState_Next ( Py ThreadState *tstate)

tstate L WU PyInterpreterState A 73 =7 ML TWAR ALy FIKEEA TP =27 bD S5,
tstate DRIZHBHDDERLET,
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9.11 ALy FAO—AILRL—PDYR—F

Python 4 & 7Y &%, AL vy FRr—H4/LRX L —3 (thread-local storage, TLS) DKL ~)LHK— k%
FBHRLTOT, 2474 7D TLS EEEZNERCT » 7L T Python LRXILVDAL Yy FRE—HLA ML —Y
API (threading.local) ZH¥HR—FLTWET, CPython @ C L~XJL API id pthreads % Windows T
Hzohs TLS LTS ALy F¥F—Y AL v FZ LT voidx [HZ RN 2 B W5,

A thread state does not need to be attached when calling these functions; they suppl their own locking.

Python.h (& TLS API ®EE % include €3, AL vy KR—Hh)L X b L —Y % 5121 pythread.h %
include 2 MEDH 2 Z LITHERLTLEE W,

O IR

ZD APT B3NS void* fHORODITXEVERHZITS ZLIZLEEA. X EV DR MEHRIZA
HICITOREDDH D £F, void* D/ E72F PyObject* 12o75E1d. API BIIZh 2h ofED
{Aw >+ OBERITOEEA,

9.11.1 XL v REIE X L — (Thread Specific Storage, TSS) API

TSS API &, CPython 4 ¥ 2 7V ZICEENTWVSHEFD TLS APl X EEZ 27-DICHEAINE LTz,
2D APLIE, ALy FF—DORHZ int DD D IZH L WA Py tss_t ZHEVET,

Added in version 3.7.

& BE

"CPython DALy FR—ALRA ML =Y D7DDFH LW C API” (PEP 539)

type Py_tss_t
ZOF—ZREBERIZAL Yy RXF—DREZRFLTVWET, ZoEEROERIZ. HED TLS 5312
WEFEL, F—OHIREERB T 2N 7 4+ — L FEFL ET, ZOMEKICIZAR (public) d X
INEHY FRA

Py LIMITED API PEZEINTOVWRWE ZiX, ZOBOD Py tss_NEEDS INIT IZ X 2HHNAEY
HAEPTE LT,

Py_tss_NEEDS_INIT

D~ nik Py tss_t ZROUIEHLTFICEMEINE T, o~k Py LIMITED API 3% %
LEEFEINEEA,
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B X EURER
N7 Py_tss_t DX EVHERIE Py LIMITED API TENL RINFLPEREY 2 — NV THEITHR D £,
ZDRENLI FIRHCTERL DI, 2 ORI DR X E VU HERIEAATRET T,

Py tss t *PyThread_tss_alloc()
RICBLZET: Stable ABI (IN—23> 3.7 &D ). Return a value which is the same state as a value
initialized with Py_tss_NEEDS_INIT, or NULL in the case of dynamic allocation failure.

void PyThread_tss_free(Py tss t *key)

RICBELF9: Stable ABI IN—2 3> 8.7 &D).  TFree the given key allocated by
PyThread_tss_alloc(), after first calling PyThread_tss_delete() to ensure any associated

thread locals have been unassigned. This is a no-op if the key argument is NULL.

0 IR

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)

RICBLE Y Stable ABI (IXN—23> 8.7 &£D ). Return a non-zero value if the given Py_tss_t
has been initialized by PyThread_tss_create().

int PyThread_tss_create(Py_tss i *key)

RICELET: Stable ABI (IN—23> 3.7 &D ). Return a zero value on successful initialization of
a T'SS key. The behavior is undefined if the value pointed to by the key argument is not initialized
by Py_tss_NEEDS_INIT. This function can be called repeatedly on the same key -- calling it on

an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete(Py tss ¢ *key)

RICBELE T : Stable ABI (IN—23 > 3.7 &D ). Destroy a TSS key to forget the values associated
with the key across all threads, and change the key’s initialization state to uninitialized. A
destroyed key is able to be initialized again by PyThread_tss_create(). This function can be

called repeatedly on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_iss t *key, void *value)
RICBLEY: Stable ABI (IN—=23>» 8.7 &D). Return a zero value to indicate successfully
associating a void* value with a TSS key in the current thread. Each thread has a distinct
mapping of the key to a voidx* value.

void *PyThread_tss_get (Py (ss t *key)
RICBLZEY: Stable ABI (IN—23> 3.7 &D ). Return the voidx value associated with a TSS
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key in the current thread. This returns NULL if no value is associated with the key in the current

thread.

9.11.2 XL v FAO—ALZ FL— (TLS) API

N—= a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

0 R
This version of the API does not support platforms where the native TLS key is defined in a way that

cannot be safely cast to int. On such platforms, PyThread_create_key () will return immediately

with a failure status, and the other TLS functions will all be no-ops on such platforms.

AR B ORIEIC LD, ZDOAN—Ta > D APIIIEHHO a— FTHHAIRETIED D T8 A

int PyThread_create_key ()
TICBLZE 9 Stable ABIL.

void PyThread_delete_key (int key)
RICBLE7: Stable ABI.

int PyThread_set_key_value (int key, void *value)

RICBL X Stable ABIL.

void *PyThread_get_key_value (int key)
RICELZE T Stable ABI.

void PyThread_delete_key_value (int key)
RICEBL 9 Stable ABI.

void PyThread_ReInitTLS()

FICBLZE: Stable ABIL.

9.12 AHATVZFT«7
The C-API provides a basic mutual exclusion lock.

type PyMutex

A mutual exclusion lock. The PyMutex should be initialized to zero to represent the unlocked

state. For example:

PyMutex mutex = {03};

Instances of PyMutex should not be copied or moved. Both the contents and address of a PyMutex

are meaningful, and it must remain at a fixed, writable location in memory.
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0 R
A PyMutex currently occupies one byte, but the size should be considered unstable. The size

may change in future Python releases without a deprecation period.

Added in version 3.13.

void PyMutex_Lock(PyMuter *m)
Lock mutex m. If another thread has already locked it, the calling thread will block until the mutex
is unlocked. While blocked, the thread will temporarily detach the thread state if one exists.

Added in version 3.13.

void PyMutex_Unlock (PyMutexr *m)

Unlock mutex m. The mutex must be locked --- otherwise, the function will issue a fatal error.

Added in version 3.13.

9.12.1 Python Critical Section API

The critical section API provides a deadlock avoidance layer on top of per-object locks for free-threaded
CPython. They are intended to replace reliance on the global interpreter lock, and are no-ops in versions

of Python with the global interpreter lock.

Critical sections avoid deadlocks by implicitly suspending active critical sections and releasing the locks
during calls to PyEval_SaveThread (). When PyEval_RestoreThread() is called, the most recent crit-
ical section is resumed, and its locks reacquired. This means the critical section API provides weaker

guarantees than traditional locks -- they are useful because their behavior is similar to the GIL.

The functions and structs used by the macros are exposed for cases where C macros are not available.
They should only be used as in the given macro expansions. Note that the sizes and contents of the

structures may change in future Python versions.

0 IR
Operations that need to lock two objects at once must use Py BEGIN CRITICAL_SECTIONZ2. You

cannot use nested critical sections to lock more than one object at once, because the inner critical

section may suspend the outer critical sections. This API does not provide a way to lock more than

two objects at once.

B

static PyObject *
set_field(MyObject *self, PyObject *value)

{
(RDR—IHE<)

320 % 9 & #HAML (initialization). & THIE (finalization). AL v R



The Python/C API, JJ—2X 3.14.0a7

(FiDR— 25 D %)
Py_BEGIN_CRITICAL_SECTION(self);
Py_SETREF (self->field, Py_XNewRef (value));
Py_END_CRITICAL_SECTION();
Py_RETURN_NONE;

In the above example, Py SETREF calls Py_DECREF, which can call arbitrary code through an object’s
deallocation function. The critical section API avoids potential deadlocks due to reentrancy and lock
ordering by allowing the runtime to temporarily suspend the critical section if the code triggered by the
finalizer blocks and calls PyEval_SaveThread().

Py_BEGIN_CRITICAL_SECTION (op)

Acquires the per-object lock for the object op and begins a critical section.

In the free-threaded build, this macro expands to:

PyCriticalSection _py_cs;
PyCriticalSection_Begin(&_py_cs, (PyObject*) (op))

In the default build, this macro expands to {.
Added in version 3.13.

Py_END_CRITICAL_SECTION()

Ends the critical section and releases the per-object lock.

In the free-threaded build, this macro expands to:

PyCriticalSection_End(&_py_cs);

In the default build, this macro expands to }.
Added in version 3.13.

Py_BEGIN_CRITICAL_SECTION2(a, b)

Acquires the per-objects locks for the objects a and b and begins a critical section. The locks are

acquired in a consistent order (lowest address first) to avoid lock ordering deadlocks.

In the free-threaded build, this macro expands to:

PyCriticalSection2 _py_cs2;
PyCriticalSection2_Begin(&_py_cs2, (PyObject*) (a), (PyObjectx*) (b))
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In the default build, this macro expands to {.
Added in version 3.13.

Py_END_CRITICAL_SECTION2()

Ends the critical section and releases the per-object locks.

In the free-threaded build, this macro expands to:

PyCriticalSection2_End(&_py_cs2);

In the default build, this macro expands to }.

Added in version 3.13.
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10.1 PylnitConfig C API

Added in version 3.14.

Python can be initialized with Py_InitializeFromInttConfig ()

The Py_RunMain () function can be used to write a customized Python program.

Initialization, Finalization, and Threads S L TL 72 & W,

& 2E

PEP 741 "Python Configuration C APT".

10.1.1 ERH

Example of customized Python always running with the Python Development Mode enabled; return -1

on error:

int init_python(void)
{
PyInitConfig *config = PyInitConfig_Create();
if (config == NULL) {
printf ("PYTHON INIT ERROR: memory allocation failed\n");

return -1;

// Enable the Python Development Mode
if (PyInitConfig_SetInt(config, "dev_mode", 1) < 0) {

goto error;

// Initialize Python with the configuration

if (Py_InitializeFromInitConfig(config) < 0) {
(RDR=V1Hi <)
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(FDR=I 5 D X)
goto error;
}
PyInitConfig Free(config);

return O;

error:

// Display the error message.

//

// This uncommon braces style ts used, because you cannot make
// goto targets point to wvariable declarations.

const char *err_msg;

(void)PyInitConfig_GetError(config, &err_msg);

printf ("PYTHON INIT ERROR: %s\n", err_msg);
PyInitConfig_Free(config) ;

return -1;

10.1.2 Create Config

struct PyInitConfig

Opaque structure to configure the Python initialization.

PyInitConfig *PyInitConfig_Create (void)

Create a new initialization configuration using Isolated Configuration default values.
It must be freed by PyInitConfig Free().
Return NULL on memory allocation failure.

void PyInitConfig_Free (PylnitConfig *config)

Free memory of the initialization configuration config.

If config is NULL, no operation is performed.

10.1.3 Error Handling

int PyInitConfig_GetError (PylnitConfig *config, const char **err_ msg)

Get the config error message.
e Set *err_msg and return 1 if an error is set.
e Set *err_msg to NULL and return O otherwise.

An error message is an UTF-8 encoded string.
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If config has an exit code, format the exit code as an error message.

The error message remains valid until another PyInitConfig function is called with config. The

caller doesn’t have to free the error message.

int PyInitConfig_GetExitCode (PylnitConfig *config, int *exitcode)

Get the config exit code.
e Set *eritcode and return 1 if config has an exit code set.
e Return 0 if config has no exit code set.

Only the Py_InitializeFromInitConfig() function can set an exit code if the parse_argv option

is non-zero.

An exit code can be set when parsing the command line failed (exit code 2) or when a command

line option asks to display the command line help (exit code 0).

10.1.4 Get Options

The configuration option name parameter must be a non-NULL null-terminated UTF-8 encoded string.

See Configuration Options.

int PyInitConfig_HasOption(PylnitConfig *config, const char *name)

Test if the configuration has an option called name.
Return 1 if the option exists, or return 0 otherwise.

int PyInitConfig_GetInt (PylnitConfig *config, const char *name, int64_t *value)

Get an integer configuration option.
e Set *value, and return 0 on success.
e Set an error in config and return -1 on error.

int PyInitConfig_GetStr (PylnitConfig *config, const char *name, char **value)

Get a string configuration option as a null-terminated UTF-8 encoded string.

e Set *value, and return O on success.

e Set an error in config and return -1 on error.
*value can be set to NULL if the option is an optional string and the option is unset.
On success, the string must be released with free(value) if it’s not NULL.

int PyInitConfig_GetStrList (PylnitConfig *config, const char *name, size_t *length, char ***items)

Get a string list configuration option as an array of null-terminated UTF-8 encoded strings.
o Set *length and *value, and return 0 on success.

e Set an error in config and return -1 on error.
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On success, the string list must be released with PyInitConfig FreeStrList(length, items).

void PyInitConfig_FreeStrList (size_t length, char **items)

Free memory of a string list created by PyInitConfig_GetStrList().

10.1.5 Set Options

The configuration option name parameter must be a non-NULL null-terminated UTF-8 encoded string.

See Configuration Options.

Some configuration options have side effects on other options. This logic is only implemented when
Py_InitializeFromInitConfig() is called, not by the ”Set” functions below. For example, setting

dev_mode to 1 does not set faulthandler to 1.

int PyInitConfig_SetInt (PylnitConfig *config, const char *name, int64_t value)

Set an integer configuration option.
e Return 0 on success.
e Set an error in config and return -1 on error.

int PyInitConfig_SetStr (PylnitConfig *config, const char *name, const char *value)

Set a string configuration option from a null-terminated UTF-8 encoded string. The string is

copied.
e Return 0 on success.
e Set an error in config and return -1 on error.

int PyInitConfig_SetStrList (PylnitConfig *config, const char *name, size_t length, char *const

*items)

Set a string list configuration option from an array of null-terminated UTF-8 encoded strings. The

string list is copied.
¢ Return 0 on success.

e Set an error in config and return -1 on error.

10.1.6 Module

int PyInitConfig_AddModule ( PylnitConfig *config, const char *name, PyObject *(*initfunc)(void))

Add a built-in extension module to the table of built-in modules.

The new module can be imported by the name name, and uses the function initfunc as the

initialization function called on the first attempted import.
e Return 0 on success.

e Set an error in config and return -1 on error.
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If Python is initialized multiple times, PyInitConfig_AddModule () must be called at each Python

initialization.

Similar to the PyImport_AppendInittadb () function.

10.1.7 Initialize Python

int Py_InitializeFromInitConfig(PylnitConfig *config)

Initialize Python from the initialization configuration.
e Return 0 on success.
e Set an error in config and return -1 on error.
e Set an exit code in config and return -1 if Python wants to exit.

See PyInitConfig_GetExitcode() for the exit code case.

10.2 Configuration Options

Option PyConfig/PyPreConfig member  Type Visibility
"allocator" allocator int Read-only
"argv" argu list[str] Public
"base_exec_prefix" base_ezxec_prefiz str Public
"base_executable" base_ezecutable str Public
"base_prefix" base_prefiz str Public
"buffered_stdio" buffered_stdio bool Read-only
"bytes_warning" bytes_warning int Public
"check_hash_pycs_mode" check_hash_pycs_mode str Read-only
"code_debug_ranges" code_debug_ranges bool Read-only
"coerce_c_locale" coerce_c_locale bool Read-only
"coerce_c_locale_warn" coerce_c_locale_warn bool Read-only
"configure_c_stdio" configure_c_stdio bool Read-only
"configure_locale" configure_locale bool Read-only
"cpu_count" cpu_count int Public
"dev_mode" dev_mode bool Read-only
"dump_refs" dump_refs bool Read-only
"dump_refs_file" dump_refs_file str Read-only
"exec_prefix" ezec_prefiz str Public
"executable" ezecutable str Public
"faulthandler" faulthandler bool Read-only
"filesystem_encoding" filesystem_encoding str Read-only
"filesystem_errors" filesystem_errors str Read-only
"hash_seed" hash_seed int Read-only

RDAR—TITH<
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Option PyConfig/PyPreConfig member  Type Visibility
"home" home str Read-only
"import_time" import_time bool Read-only
"inspect" inspect bool Public
"install_signal_handlers" install_signal_handlers bool Read-only
"int_max_str_digits" int_maz_str_digits int Public
"interactive" interactive bool Public
"isolated" isolated bool Read-only
"legacy_windows_fs_encoding" legacy_windows_fs_encoding bool Read-only
"legacy_windows_stdio" legacy_windows_stdio bool Read-only
"malloc_stats" malloc_stats bool Read-only
"module_search_paths" module_search_paths list[str] Public
"optimization_level" optimization_level int Public
"orig_argv" orig_argu list[str] Read-only
"parse_argv" parse_argu bool Read-only
"parser_debug" parser_debug bool Public
"pathconfig_warnings" pathconfig_warnings bool Read-only
"perf_profiling" perf_profiling bool Read-only
"platlibdir" platlibdir str Public
"prefix" prefiz str Public
"program_name" program_name str Read-only
"pycache_prefix" pycache_prefiz str Public
"quiet" quiet bool Public
"run_command" run_command str Read-only
"run_filename" run_filename str Read-only
"run_module" run_module str Read-only
"run_presite" run_presite str Read-only
"safe_path" safe_path bool Read-only
"show_ref_count" show_ref_count bool Read-only
"site_import" site_import bool Read-only
"skip_source_first_line" skip_source_first_line bool Read-only
"stdio_encoding" stdio_encoding str Read-only
"stdio_errors" stdio_errors str Read-only
"stdlib_dir" stdlib_dir str Public
"tracemalloc" tracemalloc int Read-only
"use_environment" use_environment bool Public
"use_frozen_modules" use_frozen_modules bool Read-only
"use_hash_seed" use_hash_seed bool Read-only
"use_system_logger" use_system_logger bool Read-only

"user_site_directory user_stite_directory bool Read-only

"utf8_mode" utf8 mode bool Read-only

ROR—=JIHEL

328 % 10 = Python #IHAMLERE



The Python/C API,

J1)—2X 3.14.0a7

R 1-RIOR—IH5DHKE

Option PyConfig/PyPreConfig member  Type Visibility
"verbose" verbose int Public
"warn_default_encoding" warn_default_encoding bool Read-only
"warnoptions" warnoptions list[str] Public
"write_bytecode" write_bytecode bool Public
"xoptions" zoptions dict[str, str] Public

" _pystats" _pystats bool Read-only

Visibility:

e Public: Can by get by PyConfig_Get () and set by PyConfig_Set ().

e Read-only: Can by get by PyConfig Get (), but cannot be set by PyConfig_Set ().

10.3 Runtime Python configuration API

At runtime, it’s possible to get and set configuration options using PyConfig_Get () and PyConfig_Set ()

functions.

The configuration option name parameter must be a non-NULL null-terminated UTF-8 encoded string.

See Configuration Options.

Some options are read from the sys attributes. For example, the option "argv" is read from sys.argv.

PyObject *PyConfig_Get (const char *name)

Get the current runtime value of a configuration option as a Python object.

e Return a new reference on success.

e Set an exception and return NULL on error.

The object type depends on the configuration option. It can be:

e bool

e int

e sStr

e list[str]

e dict[str, str]

The caller must have an attached thread state.

initialization nor after Python finalization.

Added in version 3.14.

int PyConfig_GetInt (const char *name, int *value)

Simil tonfig Get(). | Le val O

10.3. Runtime Python configuration API

The function cannot be called before Python

329



The Python/C API, ) —2X 3.14.0a7

e Return 0 on success.
e Set an exception and return -1 on error.
Added in version 3.14.

PyObject *PyConfig_Names (void)

Get all configuration option names as a frozenset.
e Return a new reference on success.
e Set an exception and return NULL on error.

The caller must have an attached thread state. The function cannot be called before Python

initialization nor after Python finalization.
Added in version 3.14.

int PyConfig_Set (const char *name, PyObject *value)

Set the current runtime value of a configuration option.
e Raise a ValueError if there is no option name.
o Raise a ValueError if value is an invalid value.
 Raise a ValueError if the option is read-only (cannot be set).
e Raise a TypeError if value has not the proper type.

The caller must have an attached thread state. The function cannot be called before Python

initialization nor after Python finalization.
Raises an auditing event cpython.PyConfig_Set with arguments name, value.

Added in version 3.14.

10.4 PyConfig C API
Added in version 3.8.

Python & Py_InitializeFromConfig() ¥ PyConfig M@K Z i o TH ML T % £ 3,
Py_Prelnitialize() & PyPreConfig MRz X o THANCHIILTE £,

BB oOEN D H 3

o Python Configuration &, @ Python LRI CIRZFHNE T 5 H AKX ~< A4 X &N/ Python % R
TR-ORHHINE T, Hl2i1E. BRREEBSLa~Y K4 V5805 Python Z&E T 5 79I i X
NEI,

e The Isolated Configuration can be used to embed Python into an application. It isolates Python
from the system. For example, environment variables are ignored, the LC__CTYPE locale is left

unchanged and no signal handler is registered.
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The Py_RunMain () function can be used to write a customized Python program.

Initialization, Finalization, and Threads S LTL ZE W,

> B

PEP 587 "Python #IHLEE”

10.4.1 EAH

Example of customized Python always running in isolated mode:

int main(int argc, char *xargv)

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;
config.isolated = 1;
/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode).
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) {

goto exception;
}
status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config) ;
return Py_RunMain() ;
exception:
PyConfig_Clear(&config) ;
if (PyStatus_IsExit(status)) {
return status.exitcode;
}
/* Display the error message and exit the process with
non-zero exit code */
Py_ExitStatusException(status);
}

10.4. PyConfig C API
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10.4.2 PyWideStringList

type PyWideStringList

wchar_t* XFHID Y R b,

length D3IEX 0 DFEIZ. items 1ZIE NULL 220 TR TOXFHNIIE NULL TRIFAUIHZD T8 A

XY v R

PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar t *item)

item % list \ZIBIIL F3,

Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py _ssize_t index, const wchar_t

*item)

item % list O index DHABITFHEAL £7,
index 23 list DREILLDGE. item % list OREITEMUE S,
index must be greater than or equal to 0.
Python must be preinitialized to call this function.
SR 4 — L 1

Py ssize_t length
VX FDEZ,

wchar t **items

U2 hDERH,

10.4.3 PyStatus

type PyStatus
PIHEBIR D R 7 — 2 2 (. =5 —. #&7T) 28T 2 MERT T,

o —FRClk, =5 —24H L CEBOLHIZNTE 5,
iR 7 4 — 1 R

int exitcode

BTa—TF, exit() o5l LTHEINET,

const char *err_msg

I‘?“"){ ‘Y‘Jz_yo

const char *func

I —ZHR LB O&HETT, NULL I D 2 £9,

AT =R AN % BEL
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PyStatus PyStatus_0k (void)
e

PyStatus PyStatus_Error (const char *err_ msg)
Ryt—IylZ I —Z2HIULL 5,
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)
AEVED L TORK (XEVRE),

PyStatus PyStatus_Exit (int exitcode)
BELETa— FT Python 2T LT,

AT — X 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_EzitStatusException() for example.

int PyStatus_IsError (PyStatus status)

Is the result an error?

int PyStatus_IsExit (PyStatus status)

Is the result an exit?

void Py_ExitStatusException(PyStatus status)

Call exit (exitcode) if status is an exit. Print the error message and exit with a non-zero exit

code if status is an error. Must only be called if PyStatus_Exception(status) is non-zero.

0 R
Internally, Python uses macros which set PyStatus.func, whereas functions to create a status set

func to NULL.

VN> S7i= 870 N/ MO

PyStatus alloc(void #**ptr, size_t size)

{
*ptr = PyMem_RawMalloc(size);
if (*¥ptr == NULL) {
return PyStatus_NoMemory() ;
by
return PyStatus_0k();
}

(RDR=VIZHiL)
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(FiDR— 25 D %)

int main(int argc, char *xargv)

{
void *ptr;
PyStatus status = alloc(&ptr, 16);
if (PyStatus_Exception(status)) {

Py_ExitStatusException(status);

}
PyMem_Free(ptr) ;
return O;

}

10.4.4 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.
REIR 7 4 — L B

int allocator

Name of the Python memory allocators:
e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
. PYMEM_ALLOCATOR_MALLOC(3% use malloc () of the C library.
e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

o PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug

hooks.

o PYMEM_ALLOCATOR_MIMALLOC (6): use mimalloc, a fast malloc replacement.
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e PYMEM_ALLOCATOR_MIMALLOC_DEBUG (7): use mimalloc, a fast malloc replacement with
debug hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using --without-pymalloc.

PYMEM_ALLOCATOR_MIMALLOC and PYMEM_ALLOCATOR_MIMALLOC_DEBUG are not supported if
Python is configured using --without-mimalloc or if the underlying atomic support isn’t

available.
See Memory Management.
Default: PYMEM_ALLOCATOR_NOT_SET.

int configure_locale

Set the LC__CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_locale and coerce_c_locale_warn members to 0.
See the locale encoding.

Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.

If equals to 1, read the LC__CTYPE locale to decide if it should be coerced.
See the locale encoding.

Default: -1 in Python config, 0 in isolated config.

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 O,
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e Set PyConfig. filesystem_errors to "replace".
Initialized from the PYTHONLEGACYWINDOWSFSENCODING environment variable value.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific

code.
Default: 0.

int parse_argv

If non-zero, Py_PreInitializeFromArgs() and Py PrelnitializeFromBytesArgs () parse
their argv argument the same way the regular Python parses command line arguments: see

Command Line Arguments.
Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.

int ut£8_mode

If non-zero, enable the Python UTF-8 Mode.
Set to 0 or 1 by the -X utf8 command line option and the PYTHONUTF8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.4.5 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.
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Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar t *const *argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and
Py_EzitStatusEzception().

For Python Configuration (PyPreConfig_InitPythonConfig()), if Python is initialized with command
line arguments, the command line arguments must also be passed to preinitialize Python, since they
have an effect on the pre-configuration like encodings. For example, the -X utf8 command line option
enables the Python UTF-8 Mode.

PyMem_SetAllocator() can be called after Py_PreInitialize() and before
Py_InitializeFromConfig() to install a custom memory allocator. It can be called before

Py _Prelnitialize() if PyPreConfig.allocator is set to PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem RawMalloc () must not be used before the Python preini-
tialization, whereas calling directly malloc() and free() is always safe. Py_DecodeLocale () must not

be called before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig(&preconfig) ;

preconfig.utf8_mode = 1;

status = Py_PreInitialize(&preconfig) ;

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();
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10.4.6 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.

Fields which are already initialized are left unchanged.
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Fields for path configuration are no longer calculated or modified when calling this function,
as of Python 3.11.

The PyConfig Read() function only parses PyConfig.argv arguments once: PyConfig.
parse_argu is set to 2 after arguments are parsed. Since Python arguments are stripped
from PyConfig.argv, parsing arguments twice would parse the application options as Python
options.

Preinitialize Python if needed.

N— 3 ¥ 3.10 TEH: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_arguv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.

parse_argv equals 1.

N—a ¥ 3.11 TEHE: PyConfig_Read() no longer calculates all paths, and so fields listed un-
der Python Path Configuration may no longer be updated until Py_InitializeFromConfig()

is called.
void PyConfig_Clear (PyConfig *config)
Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitializa-
tion configuration (PyPreConfig) in based on the PyConfig. If configuration fields which are in
common with PyPreConfig are tuned, they must be set before calling a PyConfig method:

e PyConfig.dev_mode

e PyConfig.isolated

e PyConfig.parse_argv

e PyConfig.use_environment

Moreover, if PyConfig SetArgv() 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().
OB 7 4 — L B

PyWideStringList argv

Set sys.argv command line arguments based on argv. These parameters are similar to those
passed to the program’s main() function with the difference that the first entry should refer
to the script file to be executed rather than the executable hosting the Python interpreter. If

there isn’t a script that will be run, the first entry in argv can be an empty string.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command

line arguments and then to strip Python arguments from argwv.
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If argv is empty, an empty string is added to ensure that sys.argv always exists and is never

empty.
Default: NULL.
See also the orig_argv member.

int safe_path

If equals to zero, Py_RunMain() prepends a potentially unsafe path to sys.path at startup:

o If argv[0] is equal to L"-m" (python -m module), prepend the current working directory.

e If running a script (python script.py), prepend the script’s directory. If it’s a symbolic

link, resolve symbolic links.

e Otherwise (python -c code and python), prepend an empty string, which means the

current working directory.

Set to 1 by the -P command line option and the PYTHONSAFEPATH environment variable.

Default: 0 in Python config, 1 in isolated config.
Added in version 3.11.

wchar_t *base_exec_prefix

sys.base_exec_prefix.

Default: NULL.

Part of the Python Path Configuration output.
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.
See also PyConfig.ezecutable.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

See also PyConfig.prefiz.
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int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout

and stderr.

Set to 0 by the -u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.

Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing

bytes with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the -b command line option.

Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.TextI0OWrapper uses its default en-

coding. See io-encoding-warning for details.
Default: 0.
Added in version 3.10.

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects.

Also disables traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges

command line option.
Default: 1.
Added in version 3.11.

wchar t >'%heck_hash_pyc:s_mode

Control the wvalidation behavior of hash-based .pyc files: value of the

--check-hash-based-pycs command line option.
Valid values:

o 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.
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Default: L"default".
See also PEP 552 "Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
e On Windows, set the binary mode (0_BINARY) on stdin, stdout and stderr.
o If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

e 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.

wchar_t *dump_refs_file

Filename where to dump Python references.

Set by the PYTHONDUMPREFSFILE environment variable.
Default: NULL.

Added in version 3.11.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed:

sys.exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

See also PyConfig.base_ezec_prefiz.
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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: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of

PyPreConfig is non-zero.
Default encoding on other platforms:
e "utf-8" if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,

whereas the mbstowcs () function decodes from a different encoding (usually Latinl).
e "utf-8" if nl1_langinfo(CODESET) returns an empty string.
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".
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:

o "strict"
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e '"surrogateescape"
e "surrogatepass" (only supported with the UTF-8 encoding)

See also the filesystem_encoding member.

int use_frozen_modules

If non-zero, use frozen modules.
Set by the PYTHON_FROZEN_MODULES environment variable.

Default: 1 in a release build, or 0 in a debug build.

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.

int inspect

Enter interactive mode after executing a script or a command.

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is
used, enter interactive mode after executing the script or the command, even when sys.stdin

does not appear to be a terminal.

Incremented by the -i command line option. Set to 1 if the PYTHONINSPECT environment

variable is non-empty.
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Default: 0.

int install_signal_handlers

Install Python signal handlers?
Default: 1 in Python mode, 0 in isolated mode.

int interactive

If greater than 0, enable the interactive mode (REPL).
Incremented by the -i command line option.
Default: 0.

int int_max_str_digits

Configures the integer string conversion length limitation. An initial value of -1 means the
value will be taken from the command line or environment or otherwise default to 4300 (sys.
int_info.default_max_str_digits). A value of O disables the limitation. Values greater
than zero but less than 640 (sys.int_info.str_digits_check_threshold) are unsupported

and will produce an error.

Configured by the -X int_max_str_digits command line flag or the
PYTHONINTMAXSTRDIGITS environment variable.

Default: -1 in Python mode. 4300 (sys.int_info.default_max_str_digits) in isolated

mode.
Added in version 3.12.

int 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

environment variable.
Default: -1.
Added in version 3.13.

int isolated

If greater than 0, enable isolated mode:

e Set safe_path to 1: don’t prepend a potentially unsafe path to sys.path at Python

startup, such as the current directory, the script’s directory or an empty string.
e Set use_environment to 0: ignore PYTHON environment variables.
o Set user_site_directory to 0: don’t add the user site directory to sys.path.

e Python REPL doesn’t import readline nor enable default readline configuration on in-

teractive prompts

10.4. PyConfig C API 345



The Python/C API, ) —2X 3.14.0a7

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.FileIO0 instead of io._WindowsConsoleIO for sys.stdin, sys.stdout

and sys.stderr.
PYTHONLEGACYWINDOWSSTDIO FRIEZA D ZE TR W FANIEHREINZIHEEIC, 1 ITEREINE 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).

Part of the Python Path Configuration input.
Added in version 3.9.

N— =z 3.11 TEH: This macro is now used on Windows to locate the standard library
extension modules, typically under DLLs. However, for compatibility, note that this value is

ignored for any non-standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env

Module search paths (sys.path) as a string separated by DELIM (os.pathsep).
Set by the PYTHONPATH environment variable.
Default: NULL.

Part of the Python Path Configuration input.
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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.
o 1: Level 0, remove assertions, set __debug__ to False.
e 2: Level 1, strip docstrings.

Incremented by the -0 command line option. Set to the PYTHONOPTIMIZE environment variable

value.
Default: 0.

PyWideStringList orig_argv

The list of the original command line arguments passed to the Python executable: sys.

orig_argv.

If orig_argv list is empty and argv is not a list only containing an empty string,
PyConfig_Read() copies argv into orig_argv before modifying argv (if parse_argv is

non-zero).
See also the argv member and the Py_GetArgcArguv () function.
Default: empty list.
Added in version 3.10.
int parse_argv
Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments,

and strip Python arguments from argv.

The PyConfig Read() function only parses PyConfig.argu arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are stripped
from PyConfig.argv, parsing arguments twice would parse the application options as Python

options.

Default: 1 in Python mode, 0 in isolated mode.
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N—Y a ¥ 3.10 TEHE: The PyConfig.argv arguments are now only parsed if PyConfig.

parse_argv equals to 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only,

depending on compilation options).

Incremented by the -d command line option. Set to the PYTHONDEBUG environment variable

value.
Needs a debug build of Python (the Py_DEBUG macro must be defined).
Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals

to 0, suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.

Part of the Python Path Configuration input.

N— a v 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.
See also PyConfig.base_prefiz.

wchar_t *program_name

Program name used to initialize ezecutable and in early error messages during Python ini-

tialization.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER__ environment

variable if set.
e Use argv[0] of argv if available and non-empty.
e Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.

Part of the Python Path Configuration input.
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wchar_t *pycache_prefix

Directory where cached .pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX

environment variable. The command-line option takes precedence.
If NULL, sys.pycache_prefix is set to None.
Default: NULL.

int quiet

Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in

interactive mode.
Incremented by the -q command line option.
Default: 0.

wchar t *run_command

Value of the -c command line option.
Used by Py_RunMain ().
Default: NULL.

wchar t *run_filename

Filename passed on the command line: trailing command line argument without -c or -m. It

is used by the Py_RunMain () function.

For example, it is set to script.py by the python3 script.py arg command line.
See also the PyConfig.skip_source_first_line option.

Default: NULL.

wchar _t *run_module

Value of the -m command line option.
Used by Py_RunMain ().
Default: NULL.

wchar_t *run_presite

package.module path to module that should be imported before site.py is run.

Set by the -X presite=package.module command-line option and the PYTHON_PRESITE en-

vironment variable. The command-line option takes precedence.
Needs a debug build of Python (the Py_DEBUG macro must be defined).

Default: NULL.
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int show_ref_count

Show total reference count at exit (excluding immortal objects)?
Set to 1 by -X showrefcount command line option.
Needs a debug build of Python (the Py_REF_DEBUG macro must be defined).

Default: 0.

int site_import

Import the site module at startup?

If equal to zero, disable the import of the module site and the site-dependent manipulations

of sys.path that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.

main() if you want them to be triggered).
Set to 0 by the -S command line option.
sys.flags.no_site is set to the inverted value of site_import.

Default: 1.

int skip_source_first_line

If non-zero, skip the first line of the PyConfig.run_filename source.
It allows the usage of non-Unix forms of #!cmd. This is intended for a DOS specific hack only.
Set to 1 by the -x command line option.

Default: 0.

wchar_t *stdio_encoding

wchar t *stdio_errors

Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr

always uses "backslashreplace" error handler).
Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding;:
o "UTF-8" if PyPreConfig.utf8_mode is non-zero.
e Otherwise, use the locale encoding.
Default error handler:
e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8_mode is non-zero, or if the LC__CTYPE locale
is 7C” or "POSIX”.
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e "strict" otherwise.
See also PyConfig.legacy windows_stdio.

int tracemalloc

Enable tracemalloc?
If non-zero, call tracemalloc.start() at startup.

Set by -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment

variable.
Default: -1 in Python mode, 0 in isolated mode.

int perf_profiling

Enable the Linux perf profiler support?

If equals to 1, enable support for the Linux perf profiler.

If equals to 2, enable support for the Linux perf profiler with DWARF JIT support.

Set to 1 by -X perf command-line option and the PYTHONPERFSUPPORT environment variable.

Set to 2 by the -X perf_jit command-line option and the PYTHON_PERF_JIT_SUPPORT envi-

ronment variable.

Default: -1.

& BE

See perf profiling for more information.

Added in version 3.12.

wchar t *stdlib_dir

Directory of the Python standard library.
Default: NULL.
Added in version 3.11.

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.
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int use_system_logger

If non-zero, stdout and stderr will be redirected to the system log.

Only available on macOS 10.12 and later, and on iOS.

Default: 0 (don’t use the system log) on macOS; 1 on i0S (use the system log).
Added in version 3.14.

int user_site_directory

If non-zero, add the user site directory to sys.path.

Set to 0 by the -s and -I command line options.

Set to 0 by the PYTHONNOUSERSITE environment variable.
Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing

the place (filename or built-in module) from which it is loaded.

If greater than or equal to 2, print a message for each file that is checked for when searching

for a module. Also provides information on module cleanup at exit.
Incremented by the -v command line option.

Set by the PYTHONVERBOSE environment variable value.

Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings.filters which is checked first (highest

priority).
The -W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple

options can be specified, separated by commas ().
Default: empty list.

int write_bytecode

If equal to 0, Python won’t try to write .pyc files on the import of source modules.

Set to 0 by the -B command line option and the PYTHONDONTWRITEBYTECODE environment

variable.
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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.

int _pystats

If non-zero, write performance statistics at Python exit.
Need a special build with the Py_STATS macro: see -—enable-pystats.
Default: 0.

If parse_argwv 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 TZHE: The show_alloc_count field has been removed.

10.4.7 Initialization with PyConfig

Initializing the interpreter from a populated configuration struct is handled by calling

Py_InitializeFromConfig().

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusExzception().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittadb () are used,
they must be set or called after Python preinitialization and before the Python initialization. If Python
is initialized multiple times, PyImport_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 preinttialize Python. */
status = PyConfig_SetString(&config, &config.program_name,

L"/path/to/my_program") ;
(RDOR=V1Fil)
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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);

(FiDR— 25 D %)

More complete example modifying the default configuration, read the configuration, and then override

some parameters. Note that since 3.11, many parameters are not calculated until initialization, and so

values cannot be read from the configuration structure. Any values set before initialize is called will be

left unchanged by initialization:

PyStatus init_python(const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Set the program name before reading the configuration

(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {

goto done;

/* Read all configuration at once */
status = PyConfig_Read(&config);
if (PyStatus_Exception(status)) {

goto done;

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

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception(status)) {
goto done;
X
status = PyWideStringList_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;

10.4.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig_InitIsolatedConfig() functions create a config-

uration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure

PyConfig.home is specified to avoid computing the default path configuration.
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10.4.9 Python Configuration

PyPreConfig_InitPythonConfig() and PyConfig InitPythonConfig() functions create a configura-

tion to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global

configuration variables are ignored.
This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending
on the LC__CTYPE locale, PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.
10.4.10 Python Path Configuration
PyConfig contains multiple fields for the path configuration:
e Path configuration inputs:
— PyConfig.home
— PyConfig.platlibdair
— PyConfig.pathconfig_warnings
— PyConfig.program_name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths
— PATH environment variable to get the program full path (from PyConfig.program_name)
— __PYVENV_LAUNCHER__ environment variable

— (Windows only) Application paths in the registry under ”SoftwarePythonPython-
CoreX.YPythonPath” of HKEY_ CURRENT_ USER and HKEY_ LOCAL_MACHINE
(where XY is the Python version).

e Path configuration output fields:

PyConfig.base_exzec_prefix

PyConfig.base_exzecutadble

PyConfig.base_prefiz
— PyConfig.exec_prefix

— PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefiz
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If at least one "output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting
explicitly all path configuration output fields listed above. A string is considered as set even if it is
non-empty. module_search_paths is considered as set if module_search_paths_set is set to 1. In this

case, module_search_paths will be used without modification.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only,

Windows does not log any warning).

If base_prefiz or base_exec_prefiz fields are not set, they inherit their value from prefiz and

ezec_prefiz respectively.
Py_RunMain () and Py_Main () modify sys.path:

o If run_filename is set and is a directory which contains a __main__.py script, prepend

run_filename to sys.path.
o If isolated is zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current

directory cannot be read.
— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sys.path.

If site_import is non-zero, sys.path can be modified by the site module. If user_site_directory is
non-zero and the user’s site-package directory exists, the site module appends the user’s site-package

directory to sys.path.
The following configuration files are used by the path configuration:
e pyvenv.cfg
o ._pth file (ex: python._pth)
o pybuilddir.txt (Unix only)
If a . _pth file is present:
e Set isolated to 1.
e Set use_environment to 0.
o Set site_import to 0.
e Set safe_path to 1.

If home is not set and a pyvenv.cfg file is present in the same directory as executable,

or its parent, prefiz and ezec_prefiz are set that location. When this happens,
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base_prefiz and base_exec_prefiz still keep their value, pointing to the base installation. See

sys-path-init-virtual-environments for more information.
The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable.

N—=Y a ¥ 3.14 TEHE: prefiz, and ezec_prefiz, are now set to the pyvenv.cfg directory. This was

previously done by site, therefore affected by -S.

10.5 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.

10.6 Delaying main module execution

In some embedding use cases, it may be desirable to separate interpreter initialization from the execution

of the main module.

This separation can be achieved by setting PyConfig.run_command to the empty string during initial-
ization (to prevent the interpreter from dropping into the interactive prompt), and then subsequently

executing the desired main module code using __main__.__dict__ as the global namespace.
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X EVEHOFELZ R 2720, HREY 2 — LVOEFIZIRL T Python 772 =227 v%2 C 74 75 UHBR
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PyObject *res;
char *buf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
(RDR=V1Hi <)
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(FiDR— 25 D %)
return PyErr_NoMemory() ;
...Do some I/0 operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */

return res;

COBITIE, I/O Ny 7 71T 2 XEVERIEZC 7477V DAEYEABZM>TWE T, Python
AEYTX =T v —3RVELE L TREENS bytes 7Y =7 + 2R T 2RHC/ZITHETT,

YIRVE, L AEDRMTIE, AEY OEMEZ Python b — FACHEELTITS K58D X, BERS,
Python & — 71X Python X BV ATy DEETICHE205TT, FlZRX. A2 TV X% C THEIN
WA 70 =7 PEICHRR T 3 BRI213. £ — 7 TOXE Y EEBINETY, Python b —F %o 7270 &
W I —DODHHY LT, REY 2 — R EL LTWE X EVIZDOWT Python X BV 3 —Y v IZ 1F
MERME LTELLEWVS 2D D T, 2L AMERXEYDNERN»DIFFE IR L 72 e LT
PHERNICHWSN 2 DL LTH, BTOXEVRIEEKRZ Python X BV v —Y 2 IZEFET UL, 1~
RTYVRGZEDEMRAEY 7y V7V Y FORKRGEETE E3, Z0MEE. FFEDRWTIX, Python
AEBYIA = BAR=TaL 7T arReXEYDaAY Y M, ZOMA 50D FHERE Y V-7, #HY)
REWEE NS TEZZDHDET, LORITRLIZESICC 7477V DX EVREBEEEMES . 1/0
Ny 77 FICHER L2 X EV1E Python X BY 32— vy DEHDNSER2IIHNDE ZEITHERLTLEX W,

o BE
BRIFZHL PYTHONMALLOC % L C Python 253 2 X €V 70/ =2 2H#HIT 2 2 LB TEET,
BREEK

PYTHONMALLOCSTATS Z L C. #zA 7P =227 b7V —FERINERE, v v b X
v VRIIZ pymalloc XED 7OT—4 OFEHEREZERTEET,

11.2 Allocator Domains

All allocating functions belong to one of three different ”domains” (see also PyMemAllocatorDomain).
These domains represent different allocation strategies and are optimized for different purposes. The
specific details on how every domain allocates memory or what internal functions each domain calls is
considered an implementation detail, but for debugging purposes a simplified table can be found at here.
The APIs used to allocate and free a block of memory must be from the same domain. For example,

PyMem_Free () must be used to free memory allocated using PyMem_Malloc ().
The three allocation domains are:

e Raw domain: intended for allocating memory for general-purpose memory buffers where the al-
location must go to the system allocator or where the allocator can operate without an attached

thread state. The memory is requested directly from the system. See Raw Memory Interface.

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory
buffers where the allocation must be performed with an attached thread state. The memory is
taken from the Python private heap. See Memory Interface.

360 F11E XEVUEE




The Python/C API, JJ—2X 3.14.0a7

e Object domain: intended for allocating memory for Python objects. The memory is taken from

the Python private heap. See Object allocators.

0 IR
The free-threaded build requires that only Python objects are allocated using the ”object” domain

and that all Python objects are allocated using that domain. This differs from the prior Python

versions, where this was only a best practice and not a hard requirement.

For example, buffers (non-Python objects) should be allocated using PyMem Malloc(),
PyMem_RawMalloc (), or malloc(), but not PyObject_Malloc().

See Memory Allocation APIs.

11.3 EXEVAVH—TI—X

The following function sets are wrappers to the system allocator. These functions are thread-safe, so a

thread state does not need to be attached.

The default raw memory allocator uses the following functions: malloc(), calloc(), realloc() and

free(); call malloc(1) (or calloc(1l, 1)) when requesting zero bytes.
Added in version 3.4.

void *PyMem_RawMalloc(size_t n)

RICBLET: Stable ABI (IN—=23> 813 &D ). n N4 F2EIDHT, ZOXEY 25T voids
BORA v 2E2RLET, ERPKBLGE NULL 2R L 95,

04 PZERT S L., PyMem_RawMalloc (1) 2iFFENz & ZL[FU & 51T, AJEE/R & NULL TRV
S— I RRAVEREIRLET, BEINIZXAEY IRV rR20HHEDITOAEEA,

void *PyMem_RawCalloc(size t nelem, size_t elsize)

RICBLET: Stable ABI (IN—=23Y 3.18 &D ). BEED elsize N4+ DEZR nelem 57D X
FY—FHRL, TOXEY —%$ET voidx OKRA VX EIRLET, 7r7— MIERBLEGEEIE
NULL 2R L £3, MREINXE) —F#EI L Tt E 3,

BRBDPERDY A X030 34 P OERITH L Tid. AIREZL 5 PyMem_RawCalloc (1, 1) AFHIN 7
DEFIL &SI, == NULL TRWARA Y XZRLET,

Added in version 3.5.

void *PyMem_RawRealloc (void *p, size_t n)

RICBLET: Stable ABI (IN—23> 3.13&D ). p BIEFTAEYV 70y 7% n N PIZUFAX
LEd, VI A XEH LT A ZD/NZWTETONERREESINTEA,

p 2% NULL OBEM-UH LIk PyMem_RawMalloc(n) T3, 5 TR n 2L RIZFELWVWIHE,
AV 7Oy ZIFV A ZENETHBRENERA, BRENTRA ¥ &I1FIE NULL T,
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p A NULL THRWERD, p EZ2Hh XD HTD PyMem RawMalloc(), PyMem_RawRealloc(),
PyMem_RawCalloc() DM LIZX DiBEINRIFIUIRD FH A,

YEDEEXTT,

BRDRM L 7235E PyMem_RawRealloc() V& NULL 2R L. p IZHIOX TV LY 7% XTHINRRA
void PyMem_RawFree (void *p)

RICBLZFT: Stable ABI (IN—=23> 3.13&D). p HET ATV 70y V7 ZBRLE T, p 3LLET
WMEONH U7z PyMem_RawMalloc (), PyMem_ RawRealloc (), PyMem_RawCalloc() DR L7fETHITH
DET,

Bhh FEA, ZNLNDEES PyMen_RavwFree(p) ZFEUH L7272 - 72358, REZRDEIEICK
p 75 NULL Q5D LEE A,

11.4 XEVA>2—T1x—2R

DIF o BRI LT Python B —FICR LT XEY ZHEME L DR LD HkE S, Zhs B
ANSI C BEHEIZHE> TET M LEINTWETH, 0 N FEERLUEZBOEEICOVWTHERLTWET

The default memory allocator uses the pymalloc memory allocator.

A

g

==
[=]

There must be an attached thread state when using these functions.

N—=Tary 36 TEHE: 77410 D705—ZNRY AT LD malloc() 25 pymalloc 127D F L7,
void *PyMem_Malloc (size_t n)

RICELZET: Stable ABL. n N4 F2EID YT, ZOXEYZIET voidx MOKRA VX ERLF T,
BIRMER L 72355 NULL 2R L £5,

0 N4 PZEERT S L, PyMem_Malloc(1) ZSMENzL F2FU X512, AJHER & NULL TRV

Z— U RRAVERIBRLE T, BRENIZXAED =30 288t iThbh TR A,
void *PyMem_Calloc(size_t nelem, size_t elsize)

RICBLET: Stable ABI (IN—=23> 8.7 &D ). BEED elsize XA b DEZR nelem fH7 DX E

Y—%HEHRL, ZOXEY —%IET voidx BORA VA ERLET, 77— MIEMLZGERZ
NULL 2R L %3, HEFREEINEZXEY —@EHBZ Yo coiifbanE 3,

U510, 22— 2% NULL ThRWAEL Y X E2KLET,

e
BREHDOERDY A X050 N4 QBRI L TIE, FIRER S PyMem_Calloc(l, 1) 2SFEINZzDE
Added in version 3.5.

void *PyMem_Realloc (void *p, size_t n)

RICBELZET: Stable ABL p BT XEV 7Ry 7% n N MIUHFA XL ET, HOH A XeHL
WA ZD/NEWHFETONREFIEEINTE A,
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p 23 NULL OGO UiE PyMem_Malloc(n) LTI, 25 TR, n BERIFELWHE, X
BV TR 23V A RENETHVRIREINERA, BRENTRA ¥ ZIFIE NULL TF,

p 2 NULL THRWRD, p X2 X DHEID PyMem Malloc(), PyMem Realloc() ¥ 721X
PyMem_Calloc() OFFH LIZ X DIRENRITIUIRD 8 A,

FRDKM L 72355 PyMem_Realloc() 1X NULL #iB L. p EHIOA TV ) 7R X THMARKRA V&
DEZETI,

void PyMem_Free (void *p)

RICBLET: Stable ABL p PHETXEV 70y 7 2RI LET, p BUHEIFFIH L Z
PyMem_Malloc (). PyMem Realloc(). ¥7z1% PyMem_Calloc() DR L7ETRIFNIEHRD £
Ao ENLIHDEER PyMem_Free(p) ZMEUN LR o 56, REBRDEEICRD £7,

p 53 NULL OFEMS LER A,
DITRwcZ I 285650~ 7 0 i ZFEE DO 72D I XN TV 2 D TT, TYPE IXMTED C R ERLF T,

PyMem_New(TYPE, n)

Same as PyMem_Malloc (), but allocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer

cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize(p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Re-
turns a pointer cast to TYPEx. On return, p will be a pointer to the new memory area, or NULL in

the event of failure.

I C Ty Takyd~vruTY, p WEICHRAZINE T, =7 —WUHERHICXEY 255 D%t
J212iE p DITEDEERIFL TL EE W,

void PyMem_Del (void *p)

PyMem_Free() R T T,

FEWA T, C API % N3 % Z &7 < Python X & VIR(ERBZEREITUCH T DO Fo~ 70
Ty bREIRTVES, 2L, Zhbsd~ 2 rid Python N—Y 2 YETONA F U B#EE2£ETT,
ZRDZIHREY 2 — LV TRBFEINTVWEZIDTHEREL TLEEW,

e PyMem_MALLOC(size)

o PyMem_NEW(type, size)

e PyMem_REALLOC(ptr, size)

e PyMem_RESIZE(ptr, type, size)
e PyMem_FREE(ptr)

e PyMem_DEL(ptr)
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115 A7 xo 70O —4%

LT OBBEDFH LT Python B — AR L TXEY ZHERLZDBEBLZDHFEES, 2hs ol
ANSI C fEHEIZHE > TETIMELEINTVETH, 0 N4 FZERLZBOBEICOVWTHERL TVET:

0 IR
There is no guarantee that the memory returned by these allocators can be successfully cast to a

Python object when intercepting the allocating functions in this domain by the methods described

in the Customize Memory Allocators section.

The default object allocator uses the pymalloc memory allocator.

A we

There must be an attached thread state when using these functions.

void *PyObject_Malloc(size t n)

RICBLET: Stable ABL. n XA FERE[D YT, ZOXEY) ZIET voidx MDOKA V2 &KL F T,
FORDKE L 7235E NULL IR L E35,

0 N4 F%2%KT % ¥, PyObject_Malloc(1) HWHIN/-L L FU & 512, AIHEAR & NULL TR\
S RERAVRERLET, MHREINIZXEY =TV R 2L IThIAEE A,

void *Py0Object_Calloc(size_t nelem, size_t elsize)

RICBLZET: Stable ABI (IN—=23> 8.7 &D ). BEED elsize XA b DEZR nelem H7 DX E
V—%ZMERL. ZOXEY =% voidx RIOKRA VX 2RLET, 70— MIKRBRLIZGEZ
NULL %R L 3, Rz XE) -t e Tyt g3,

BREHDOBERDOY A X0 N4 b OERISH L Tid. AlaER 5 PyObject_Calloc(1, 1) 2MRIh7:
DT ESI1IZ, 2=—272 NULL TRWEKRA Y X ZIRLET,

Added in version 3.5.

void *PyObject_Realloc (void *p, size_t n)

RICBLET: Stable ABL p 8T XEY 70y 7% n NA MZVHAXLET, A4 XeHL
WY A ZDO/NSWHETONBRIEEINEE A,

p A3 NULL OBEM-UH LI PyObject_Malloc(n) &%iTd, 25 TR n AL RIZFEL WS
AEY TRy 73V I A XENETOHRBRESINERA, BRENTZRA ¥ XIFIE NULL T,

p 25 NULL THWVWER D, p EZNh X DATD PyObject_Malloc(), PyObject_Realloc() % 7=1%
PyObject_Calloc() DFFHLIC K DIRSNRITINELD 22 A,

HORMIKE U 72358 PyObject_Realloc() & NULL 2B L. p IZRTOXEV V) 7 2 X THMZAA
VERDEEXETT,
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void PyObject_Free (void *p)
RICBELZEXJ: Stable ABL p PHEIT XEV IJny 7 2MBRLUET, p FUURIFIHL &
PyObject_Malloc(). PyObject_Realloc(). ¥7zl& PyObject_Calloc() DR L MHTRIT I
7D FEREA, TNLSDEES PyObject_Free(p) ZM-UH LR o 7 HE. RERDOEEITKRD

\i\j—o

p 3 NULL OEMS LER A

11.6 Default Memory Allocators

Default memory allocators:

Configuration %Hi PyMem_ Raw- PyMem_Malloc  PyObject_Mal-
Malloc loc

VY —XEILF "pymalloc" malloc pymalloc pymalloc

TNy IR "pymalloc_debug malloc + debug pymalloc 4+ de- pymalloc + de-
bug bug

pymalloc #E L ® 1V UV — & "malloc" malloc malloc malloc

EIL R

pymalloc L ® 7Ny 2 "malloc_debug" malloc + debug malloc + de- malloc + de-

B R bug bug

At

e Name: value for PYTHONMALLOC environment variable.

e malloc: system allocators from the standard C library, C functions: malloc(), calloc(),

realloc() and free().
e pymalloc: pymalloc memory allocator.

e mimalloc: mimalloc memory allocator. The pymalloc allocator will be used if mimalloc support

isn’t available.
e "+ debug”: with debug hooks on the Python memory allocators.

e "Debug build”: Python build in debug mode.

11.7 XED7A75—3%ZHAZIIA1XTD
Added in version 3.4.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:
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Z4—ILF IS

void *ctx Bl LTHEshsa—¥Farrx
Z b

void* malloc(void *ctx, size_t size) XEY) 7Ry 7 %E DYDY TES

void* calloc(void *ctx, size_t nelem, 0 CHIEfbEIN=XEY Juy 7 2% D

size t elsize) MTET

void* realloc(void *ctx, void *ptr, size_t XEY 7Ry 7EEDLETELVHA X

new_size) LET

void free(void *ctx, void *ptr) XEY IO 7 EMBKT 5

N—Y a ¥ 3.5 TAH: The PyMemAllocator structure was renamed to PyMemAllocatorEz and a

new calloc field was added.

type PyMemAllocatorDomain

TR =R XL VRREET 57DOFERTT, FX 4 Ui

PYMEM_DOMAIN_RAW
RE%K:

e PyMem_RawMalloc()
e PyMem_RawRealloc ()
e PyMem_RawCalloc()
e PyMem_RawFree ()
PYMEM_DOMAIN_MEM
%L
e PyMem_Malloc(),
e PyMem_Realloc()
e PyMem_Calloc()
o PyMem_Free()
PYMEM_DOMAIN_0BJ
%L
e PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()

e PyObject_Free()
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void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
BESNIZRXAL YOXEY TRy 77 0r—RERGL T,

void PyMem_SetAllocator ( PyMemAllocatorDomain domain, PyMemAllocatorEz *allocator)
BESN XA YDORXEY TRy 7 7R —REeRELET,

mLwryar—X&id, 034 PrERINALE E2=—27 NULL TRWARA Y R ZRSRITUI7RD
A

For the PYMEM_DOMAIN RAW domain, the allocator must be thread-safe: a thread state is not

attached when the allocator is called.

For the remaining domains, the allocator must also be thread-safe: the allocator may be called in

different interpreters that do not share a GIL.

rLwraer—a®87yrsTchy 1 28io7ar =222V A,
PyMem_SetupDebugHooks () BARZIFOIH LT, HrLwrusr—2D TNy 77 v 7 2 BER
BLRIFIUIRD £2A,

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

A

PyMem_SetAllocator() does have the following contract:

g

=3
[=]

e It can be called after Py_PreInitialize() and before Py_InitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator
other than the ones imposed by the domain (for instance, the Raw Domain allows the
allocator to be called without an attached thread state). See the section on allocator

domains for more information.

o If called after Python has finish initializing (after Py_InitializeFromConfig () has been
called) the allocator must wrap the existing allocator. Substituting the current allocator

for some other arbitrary one is not supported.

N— g v 3.12 TZHE: All allocators must be thread-safe.

void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators

When Python is built in debug mode, the PyMem_SetupDebugHooks () function is called at the Python

preinitialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in
release mode (ex: PYTHONMALLOC=debug).
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The PyMem_SetupDebugHooks() function can be wused to set debug hooks after calling
PyMem_SetAllocator().

These debug hooks fill dynamically allocated memory blocks with special, recognizable bit patterns.
Newly allocated memory is filled with the byte 0xCD (PYMEM_CLEANBYTE), freed memory is filled with the
byte 0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by "forbidden bytes” filled with the byte
0xFD (PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII

strings.
EITRF = v 7.

e Detect API violations. For example, detect if PyObject_Free() is called on a memory block
allocated by PyMem Malloc().

o Detect write before the start of the buffer (buffer underflow).
o Detect write after the end of the buffer (buffer overflow).

o Check that there is an attached thread state when allocator functions of PYMEM_DOMAIN_OBJ (ex:
PyObject_Malloc()) and PYMEM_DOMAIN_MEM (ex: PyMem_Malloc()) domains are called.

On error, the debug hooks use the tracemalloc module to get the traceback where a memory block was
allocated. The traceback is only displayed if tracemalloc is tracing Python memory allocations and the

memory block was traced.

Let S = sizeof(size_t). 2*S bytes are added at each end of each block of N bytes requested. The
memory layout is like so, where p represents the address returned by a malloc-like or realloc-like function
(p[i:j] means the slice of bytes from *(p+i) inclusive up to *(p+j) exclusive; note that the treatment

of negative indices differs from a Python slice):

p[-2%S:-8]
Number of bytes originally asked for. This is a size t, big-endian (easier to read in a memory
dump).
p[-8]
API identifier (ASCII character):
o 'r' for PYMEM_DOMAIN RAW.
e 'm' for PYMEM DOMAIN MEM.
e 'o!' for PYMEM_DOMAIN OBJ.
p[-S+1:0]
Copies of PYMEM_FORBIDDENBYTE. Used to catch under- writes and reads.
pl0:N]

The requested memory, filled with copies of PYMEM_CLEANBYTE, used to catch reference to
uninitialized memory. When a realloc-like function is called requesting a larger memory block,
the new excess bytes are also filled with PYMEM_CLEANBYTE. When a free-like function is
called, these are overwritten with PYMEM_DEADBYTE, to catch reference to freed memory.
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When a realloc- like function is called requesting a smaller memory block, the excess old bytes
are also filled with PYMEM__DEADBYTE.

p[N:N+S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

p [N+S: N+2x%5]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian

)

size_t. If "bad memory” is detected later, the serial number gives an excellent way to set a
breakpoint on the next run, to capture the instant at which this block was passed out. The static
function bumpserialno() in obmalloc.c is the only place the serial number is incremented, and

exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end
are intact. If they’ve been altered, diagnostic output is written to stderr, and the program is aborted via
Py_ FatalError(). The other main failure mode is provoking a memory error when a program reads up
one of the special bit patterns and tries to use it as an address. If you get in a debugger then and look
at the object, you're likely to see that it’s entirely filled with PYMEM_DEADBYTE (meaning freed
memory is getting used) or PYMEM__CLEANBYTE (meaning uninitialized memory is getting used).

N—a ¥ 3.6 TEH: 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 there is an attached thread state when functions

of PYMEM_DOMAIN_OBJ and PYMEM_DOMAIN_ MEM domains are called.

N—3 3 38 TLHE: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and OxFD to use the same values than
Windows CRT debug malloc() and free().

11.9 pymalloc 7O —%4

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a
short lifetime. It uses memory mappings called "arenas” with a fixed size of either 256 KiB on 32-bit
platforms or 1 MiB on 64-bit platforms. It falls back to PyMem_RawMalloc () and PyMem_RawRealloc ()
for allocations larger than 512 bytes.

pymalloc is the default allocator of the PYMEM DOMAIN MEM (ex: PyMem_Malloc()) and
PYMEM_DOMAIN_OBJ (ex: PyObject_Malloc()) domains.

7V —F7ur—xi3 ROBEBEEZHVET:
e VirtualAlloc() and VirtualFree() on Windows,

o mmap() and munmap () if available,

o FNLHADIGEIX malloc() ¥ free(),
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This allocator is disabled if Python is configured with the —-without-pymalloc option. It can also be
disabled at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc 7V —7+7O7—2DHAXEZIALX
Added in version 3.4.

type PyObjectArenaAllocator
7V —FT7ar =Rk 57D DMERTT, 30D7 4 — L FeHbET:

14—k =k

void *ctx Foglr L TEINIZ2—FarTFx
Z bk

void* alloc(void *ctx, size_t size) size N FDOT7 ) —FEEHDYTET

void free(void *ctx, void *ptr, size_t 7V —FR@EHRLET

size)

void PyObject_GetArenaAllocator (PyObject ArenaAllocator *allocator)
7V—F7ur—2xRELET,

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)

TV—FT7Rr—RERELET,

11.10 The mimalloc allocator
Added in version 3.13.

Python supports the mimalloc allocator when the underlying platform support is available. mimalloc
”is a general purpose allocator with excellent performance characteristics. Initially developed by Daan

Leijen for the runtime systems of the Koka and Lean languages.”

11.11 tracemalloc C API
Added in version 3.7.

int PyTraceMalloc_Track(unsigned int domain, uintptr_t ptr, size_t size)
Track an allocated memory block in the tracemalloc module.

Return 0 on success, return -1 on error (failed to allocate memory to store the trace). Return -2

if tracemalloc is disabled.
If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack(unsigned int domain, uintptr_t ptr)

Untrack an allocated memory block in the tracemalloc module. Do nothing if the block was not
tracked
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Return -2 if tracemalloc is disabled, otherwise return O.

11.12 {ERAHI

BANIIBRZ-BE L v b 2o T, BE HoOFl%Z Python =12 1/O Ny 7 7 2 XE VRT3 L5 FE
EZ DR NMIRLE T

PyObject *res;
char *buf = (char *) PyMem_Malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf);
PyMem_Free(buf); /* allocated with PyMem Malloc */

return res;

FLa— F2RNROEKE Yy P TENZLOEUNMIRL %

PyObject *res;
char *buf = PyMem_New(char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf) ;
PyMem_Free(buf); /* allocated with PyMem New */

return res;

FOZofITIE, Ny 7y 2EICEUCHAEEY MIBET BB THREL TVE Z L IERLTIEI WV, *#E
B, H2ZAEY 70y 20T 2 EER. B2 X ) REEEEER T 2EREES 7201, AEXAEY
API 77 S VR TID T BRETT, UFROI—RIIEZ2DT7—=2HD, ZD5HD—DIZIFR
725 —T2ET 2HI0 X T VIREEEZIREAL T2 DT MW (Fatal) £ 7LD F 2 LTWET,

char *bufl = PyMem_New(char, BUFSIZ);
char *buf2 = (char *) malloc(BUFSIZ);
char *buf3 (char *) PyMem_Malloc(BUFSIZ) ;

PyMem_Del (buf3); /* Wrong —- should be PyMem Free() */
free(buf2); /* Right -- allocated via malloc() */
free(bufl); /* Fatal -- should be PyMem Free() */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in

Python are allocated and released with PyObject_New, PyObject_NewVar and PyObject_Free()
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INHDOBEBUCOVWTIE, RED CIZE2HL WA T =27 FRIDEFRPLEEICHE T 20RO THAL
%9,
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*7o 1o bREYR— (OBJECT IMPLEMENTATION
SUPPORT)

ZOETIE, FILWATD 27 FOREERERT IBRICHEOLAZEK,. B, BLXU~27 0l o0WTHBELET,

121 A7z bZe—TLICXEVHERTS

PyObject *_Py0Object_New(PyTypeObject *type)
ROfE: HILLWEE,

PyVarObject *_Py0Object_NewVar (PyTypeObject *type, Py ssize t size)
ROfE: HLLEEK,

PyObject *Py0bject_Init (PyObject *op, PyTypeObject *type)
RD{E: EABE, XICEL £ Stable ABI. Initialize a newly allocated object op with its type

and initial reference. Returns the initialized object. Other fields of the object are not affected.

PyVarObject *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py_ ssize_t size)

RDE: BRAB8R, RICEL £ Stable ABL. PyObject_Init() OETOUIEITN, AJEY 4 X
A7V bOGEIIRSHERDBMIMLL 5,

PyObject_New(TYPE, typeobj)
C ofERA TYPE ¥ Python ORA 7Y = 7 b typeobj ( PyTypeObject* ) % F\T Python 7
TV 27 b OMHEEEFRERAL 3, Python DA TV 27 b Ay ZICEREINTVWARWVWT 4 —IL RiZ
bt Eh R A, MUHLITAA 7P 227 bAOHE—DOSIRBRERLET (0 b, BRIV NI
WCRDET), AEVEIDYTOREXIFHA T2V D tp_basicsize 74 —LRICX>oTEDS
nxd,

Note that this function is unsuitable if typeobj has Py_TPFLAGS HAVE_GC set. For such objects,
use PyObject_GC New() instead.

PyObject_NewVar (TYPE, typeobj, size)

C ofEERE TYPE ¥ Python OWA 72 = 7 b typeobj ( PyTypeObject* ) %\ T Python #
TP 27 N OEBEFRERLE T, Python D47V 27 Ay RICERINTOVERNVT 4 —L i
AL X N E R A, HEEREINTZX TV I, TYPE #ESERITZ. typeobj D tp_itemsize 7 4 —Jb
FICXoTEDONIKEZZDT 4 —)L N % size ( Py_ssize_t ) A TEET, ZHEIE TR
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EO, ERRFICRESZRETE LA 7Y 27 F2EET LM TS, RLXEVEHICT 4 —L
FOEA S DAL Z & T, XAEVEHOEEZES L. ATV EHMRE LTS5 e TEXT,

Note that this function is unsuitable if typeobj has Py TPFLAGS_HAVE_GC set. For such objects,
use PyObject_GC_NewVar() instead.
void PyObject_Del (void *op)

Same as PyObject_Free().

PyObject _Py_NoneStruct

Python 72513 None IZRZ 25473227 F T3, ZOEANDT7 7 ELRIE, ZOATI =2 bADKRA
VR EFHliT 5 Py_None ¥ 7 B ZELLRIFIUILD TH A

> Bz

PyModule_Create() EiiN
REY 2—1D78T— b AR,

12.2 £BDA TP 7 MEEF (common object structure)

Python Tik. 7Y =7 MR ERT 2 L TEZL oERBHEORE T, ZOHTRER=2>0ERYE 20
FIFHAECOWTEHIAL 5,

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

RICBLEY: Limited APL. (WK DHDDRAYN—DANRE ABI TY, ) BTOATY =7 M
ECOBEIRL DT, ORI, H24 7Yz PRIETRA VR4 TV 27 b LT
Python 7 5% 5 DITRHEIREHMBA > TVWET, BHD ” VY —R7 LA FTIE, ZOMERKIZIZ
AT POBRAV P AT 27 MITHET AL T 27 PRETIB Ao TVET, EE
IZI& PyObject TH2ZLWEFINTVLEEAD, £TD Python A 7Y =7 FADKA ¥ X
PyObjectx NF¥F ¥ A FTEEX T, XU NIZT 7 RAT 22 Py_REFCNT ¥7 & Py TYPE X7 0%
ELLTFIUIRD TH A

type PyVarObject
RICBLEY: Limited APL. (WK DD DAY N—DIHNRE ABI TY, ) 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.
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PyObject_HEAD

AERESIZFRRNA TS 2 7 MV eRATIH LWV EZET T 215~ a0 T, PyOb-
ject. HEAD <7 RIIXD LS ICEMEh FT:

PyObject ob_base;

FiZdH B Pyobject D R F 2 XY bEZRL T XN,

PyObject_VAR_HEAD

AVARVAZ LICE R ZEIR/OA TV 2 7 M EREATAHLWARESE T2 IS5~/ 0T
3, PyObject_ VAR, HEAD ~ 727 23 XD X > ICEEENE !

PyVarObject ob_base;

F2H B PyVarObject D RF 2 XY P 2ZRLTIEE W,
PyTypeObject PyBaseObject_Type
RICEBL £ 9 Stable ABI. The base class of all other objects, the same as object in Python.
int Py_Is(PyObject *x, PyObject *y)
RICELET: Stable ABI (IN—23> 3.10 & D ). Test if the z object is the y object, the same as
x is y in Python.
Added in version 3.10.
int Py_IsNone (PyObject *x)

RICBULZET: Stable ABL (IN—=23 > 3.10 & D ). Test if an object is the None singleton, the same

as x is None in Python.
Added in version 3.10.

int Py_IsTrue(PyObject *x)

RICBLZET: Stable ABI (IN—23 > 3.10 & D ). Test if an object is the True singleton, the same

as x is True in Python.
Added in version 3.10.

int Py_IsFalse(PyObject *x)

RICBLEFY: Stable ABI (/\—23 > 3.10 &D ). Test if an object is the False singleton, the

same as x is False in Python.
Added in version 3.10.

PyTypeObject *Py_TYPE(PyObject *o0)
REOfE: EABR, RICBLZXJ: Stable ABI (IN—=23> 3.1/ &D ). Get the type of the Python

object o.

Return a borrowed reference.
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Use the Py_SET_TYPE() function to set an object type.

N—Y a ¥ 3.11 TEHE: Py TYPE() is changed to an inline static function. The parameter type is

no longer const Py0bjectx.

int Py_IS_TYPE(PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE(o)
== type.

Added in version 3.9.
void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to type.
Added in version 3.9.
Py ssize_t Py_SIZE(PyVarObject *o)
Get the size of the Python object o.
Use the Py_SET_SIZE() function to set an object size.

N— a ¥ 3.11 TEHE: Py_SIZE() is changed to an inline static function. The parameter type is

no longer const PyVarObjectx.
void Py_SET_SIZE(PyVarObject *o, Py _ ssize_t size)
Set the object o size to size.

Added in version 3.9.

PyObject_HEAD_INIT (type)

LW PyOvject D72 DDHIEICERMT 2~ 278 TT, 207 al3RD LS ICEHENET,

_PyObject _EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVar0Object type, including the

ob_size field. This macro expands to:

_PyObject_EXTRA_INIT

1, type, size,

12.2.2 Implementing functions and methods

type PyCFunction

RICEBL £7: Stable ABI. Type of the functions used to implement most Python callables in C.

Functions of this type take two PyObject* parameters and return one such value. If the return
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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 3RDEBHTT

PyObject *PyCFunction(PyObject *self,
PyObject *args) ;

type PyCFunctionWithKeywords

RICEBL X7 Stable ABIL. Type of the functions used to implement Python callables in C with
signature METH VARARGS | METH KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords(PyObject *self,
PyObject *args,
PyObject *kwargs) ;

type PyCFunctionFast

RICBLZE T Stable ABI (IN—=23 > 8.18 &D ). Type of the functions used to implement Python
callables in C with signature METH_FASTCALL. The function signature is:

PyObject *PyCFunctionFast(PyObject *self,
PyObject *const *args,

Py_ssize_t nargs);

type PyCFunctionFastWithKeywords

RICBLET: Stable ABI (/N—2 3> 3.13 & D). Type of the functions used to implement
Python callables in C with signature METH FASTCALL | METH KEYWORDS. The function

signature is:

PyObject *PyCFunctionFastWithKeywords(PyObject *self,
PyObject *comnst *args,
Py_ssize_t nargs,

PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD
| METH FASTCALL | METH KEYWORDS. The function signature is:

PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining_ class,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames)

Added in version 3.9
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type PyMethodDef

RICBLZET: Stable ABI (TRTORXYN—ZFE). RO X YV v FEilAT 2 BICH W 2 MG
KT, ZOBEKIZIZ 4207 4 — L 2D T

const char *ml_name
Name of the method.
PyCFunction m1_meth
Pointer to the C implementation.
int ml1_flags
Flags bits indicating how the call should be constructed.

const char *ml_doc

Points to the contents of the docstring.

The ml_meth is a C function pointer. The functions may be of different types, but they always return

PyObject*. If the function is not of the PyCFunction, the compiler will require a cast in the method

table. Even though PyCFunction defines the first parameter as PyOb ject*, it is common that the method

implementation uses the specific C type of the self object.

The ml_flags field is a bitfield which can include the following flags. The individual flags indicate either

a calling convention or a binding convention.

There are these calling conventions:

METH_VARARGS

PyCFunction 1D X Y v FTHARNZHE LN LM H LHRFITY, BBUX Pyobjectx B o5 BfE%E
ZOBERLET, MUDFIBIZAY Y RD self 7P 227 bTF; £V 2a—LBEHMOES, e
Ja— A TI 2T P TT, BIDORI AKX (KL args EMEEINET) 1T, RTO5EEzRIT 247
NATI 27 W TFo X7 XRLEH. Pydrg_ParseTuple() X PyArg_UnpackTuple() THUHXh
£7,

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH VARARGS | METH KEY-
WORDS, METH FASTCALL | METH KEYWORDS and METH METHOD | METH FAST-
CALL | METH KEYWORDS.

METH_VARARGS | METH_KEYWORDS

Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using

PyArg_ParseTupleAndKeywords ().

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type

PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
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values indicating the arguments and the third parameter is the number of arguments (the length

of the array).
Added in version 3.7.

N— 3 ¥ 3.10 TZH: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS

Extension of METH FASTCALL supporting also keyword arguments, with methods of type
PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth Py0Object* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there
are no keywords. The values of the keyword arguments are stored in the args array, after the

positional arguments.

Added in version 3.7.

METH_METHOD

Can only be used in the combination with other flags: METH METHOD | METH FASTCALL
| METH _KEYWORDS.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS

Extension of METH FASTCALL | METH KEYWORDS supporting the defining class, that
is, the class that contains the method in question. The defining class might be a superclass of

Py_TYPE(self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS

with defining_class argument added after self.

Added in version 3.9.

METH_NOARGS

Methods without parameters don’t need to check whether arguments are given if they are listed
with the METH_NOARGS flag. They need to be of type PyCFunction. The first parameter is typically
named self and will hold a reference to the module or object instance. In all cases the second

parameter will be NULL.

The function must have 2 parameters. Since the second parameter is unused, Py_UNUSED can be

used to prevent a compiler warning.

METH_O

Methods with a single object argument can be listed with the METH 0 flag, instead of invoking
PyArg_ParseTuple() with a "0" argument. They have the type PyCFunction, with the self

parameter, and a PyObject* parameter representing the single argument.

R0 Zo0Eid, MOH LENZRT SO TR, 77 ZADXY v R LTHES BORMARZRT b
DTFo TV 2 — ML TERSNAEBEETHWTIIRD $EA, XYy FIIHL T, RKT—2LiZ
D77 7%ty FTEEEA,
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METH_CLASS

XYy FORAIDOSIEIZIE, B4 Y RAXVATRBRAEA TV =7 s ET, 20757134
HIAHBIRL classmethod () 2o THERT 2D ERL I FAAXY YR (class method) KT %72
DIEDNET,

METH_STATIC

XYy FOBRPIOFIBITIE, MDA Y AKX A TE7%L NULL BEIRET, 2077 73,
staticmethod() Zfio TAHMT 2D LR FMAXYV v F (static method) 24K T % 7= D12 fE
bhE T,

B —ODERIE, HEXAY Y FEFADHDRY v NERLBEMZ 20502 L £3,

METH_COEXIST

The method will be loaded in place of existing definitions. Without METH COEXIST, the default
is to skip repeated definitions. Since slot wrappers are loaded before the method table, the existence
of a sq_contains slot, for example, would generate a wrapped method named __contains__()
and preclude the loading of a corresponding PyCFunction with the same name. With the flag
defined, the PyCFunction will be loaded in place of the wrapper object and will co-exist with the

slot. This is helpful because calls to PyCFunctions are optimized more than wrapper object calls.

PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)

ROE: FiLLWBE, RICBL XY Stable ABI (/N—23 > 3.9 &D). Turn ml into a Python
callable object. The caller must ensure that ml outlives the callable. Typically, ml is defined as a

static variable.

The self parameter will be passed as the self argument to the C function in m1->ml_meth when

invoked. self can be NULL.

The callable object’s __module__ attribute can be set from the given module argument. module
should be a Python string, which will be used as name of the module the function is defined in. If

unavailable, it can be set to None or NULL.

o B

function.__module__

The cls parameter will be passed as the defining class argument to the C function. Must be set
if METH_METHOD is set on m1->ml_flags.

Added in version 3.9.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)

RDO{E: :LWEBHE, XICEBLFJ: Stable ABL. Equivalent to PyCMethod_New(ml, self,
module, NULL).
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PyObject *PyCFunction_New(PyMethodDef *ml, PyObject *self)

BROfE: FTLWEBE, RICELFTJ: Stable ABI ()IN—2 3> 3.4 &D). Equivalent to
PyCMethod_New(ml, self, NULL, NULL).

12.2.3 Accessing attributes of extension types

type PyMemberDef
RICBLEY: Stable ABI (TRTDOAYN—%ZFL). Structure which describes an attribute of

a type which corresponds to a C struct member. When defining a class, put a NULL-terminated

array of these structures in the tp_members slot.
Its fields are, in order:

const char *name

Name of the member. A NULL value marks the end of a PyMemberDef [] array.
The string should be static, no copy is made of it.

int type

The type of the member in the C struct. See Member types for the possible values.

Py ssize_t offset

The offset in bytes that the member is located on the type’ s object struct.

int flags

Zero or more of the Member flags, combined using bitwise OR.

const char *doc

The docstring, or NULL. The string should be static, no copy is made of it. Typically, it is
defined using PyDoc_STR.

By default (when flagsis 0), members allow both read and write access. Use the Py_READONLY flag
for read-only access. Certain types, like Py_T_STRING, imply Py_READONLY. Only Py_T OBJECT EX
(and legacy T_OBJECT) members can be deleted.

For heap-allocated types (created using PyType_FromSpec() or similar), PyMemberDef may
contain a definition for the special member "__vectorcalloffset__", corresponding to
tp_vectorcall_offset in type objects. This member must be defined with Py_T_PYSSIZET,
and either Py_READONLY or Py_READONLY | Py_RELATIVE_OFFSET. For example:

static PyMemberDef spam_type_members[] = {
{"__vectorcalloffset__", Py_T_PYSSIZET,
offsetof (Spam_object, vectorcall), Py_READONLY},
{NULL} /* Sentinel */

};

(You may need to #include <stddef.h> for offsetof().)
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The legacy offsets tp_dictoffset and tp_weaklistoffset can be defined similarly using
"__dictoffset__" and "__weaklistoffset__" members, but extensions are strongly encour-

aged to use Py_TPFLAGS_MANAGED_DICT and Py_TPFLAGS_MANAGED_ WEAKREF instead.

N—Y a ¥ 3.12 TEH: PyMemberDef is always available. Previously, it required including

"structmember.h".

N—3 a ¥ 3.14 TEWH: Py RELATIVE_OFFSET is now allowed for "__vectorcalloffset__",
" dictoffset__" and "__weaklistoffset__".

PyObject *PyMember_GetOne (const char *obj_ addr, struct PyMemberDef *m)
RICBL X9 Stable ABIL. Get an attribute belonging to the object at address obj addr. The

attribute is described by PyMemberDef m. Returns NULL on error.

N— a ¥ 3.12 TEHE: PyMember_GetOne is always available. Previously, it required including
"structmember.h".
int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *o0)

RICB L E 9 Stable ABI. Set an attribute belonging to the object at address obj addr to object
o. The attribute to set is described by PyMemberDef m. Returns O if successful and a negative

value on failure.

N— a ¥ 3.12 TEH: PyMember_SetOne is always available. Previously, it required including

"structmember.h".

Member flags
The following flags can be used with PyMemberDef. flags:
Py_READONLY

Not writable.

Py_AUDIT_READ

Emit an object.__getattr__ audit event before reading.

Py_RELATIVE_OFFSET

Indicates that the offset of this PyMemberDef entry indicates an offset from the subclass-specific
data, rather than from PyObject.

Can only be used as part of Py_tp_members slot when creating a class using negative basicsize.

It is mandatory in that case.

This flag is only used in PyType_Slot. When setting tp_members during class creation, Python
clears it and sets PyMemberDef.offset to the offset from the PyObject struct.

N—3 3 ¥ 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.
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N— 3 3.12 TZH: The READONLY macro was renamed to Py_READONLY. The PY_AUDIT_READ macro
was renamed with the Py_ prefix. The new names are now always available. Previously, these required

#include "structmember.h". The header is still available and it provides the old names.

Member types

PyMemberDef. type can be one of the following macros corresponding to various C types. When the
member is accessed in Python, it will be converted to the equivalent Python type. When it is set from
Python, it will be converted back to the C type. If that is not possible, an exception such as TypeError

or ValueError is raised.

Unless marked (D), attributes defined this way cannot be deleted using e.g. del or delattr().
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Y 0% C p® Python Y

char int
Py_T_BYTE

short int
Py_T_SHORT

int int
Py_T_INT

long int
Py_T_LONG

long long int

Py_T_LONGLONG

unsigned char int
Py_T_UBYTE

unsigned int int
Py_T_UINT

unsigned short int
Py_T_USHORT

unsigned long int
Py_T_ULONG

unsigned long long int
Py_T_ULONGLONG

Py _ssize_t int
Py_T_PYSSIZET

float float
Py_T_FLOAT

double float
Py_T_DOUBLE

char (written as 0 or 1) bool
Py_T_BOOL

const charx* (* ) str (RO

3§§_T_STRING % 12 % 7.1'7r°/:(1:)7 FREHR—F (objeS:t in)”nplementation support)
const char[] (*) str (RO)

Py_T_STRING_INPLACE
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(*): Zero-terminated, UTF8-encoded C string. With Py_T_STRING the C representation is a
pointer; with Py_T_STRING_INPLACE the string is stored directly in the structure.

(**): String of length 1. Only ASCII is accepted.
(RO): Implies Py_READONLY .

(D): Can be deleted, in which case the pointer is set to NULL. Reading a NULL pointer raises
AttributeError.

Added in version 3.12: In previous versions, the macros were only available with #include
"structmember.h" and were named without the Py_ prefix (e.g. as T_INT). The header is still available
and contains the old names, along with the following deprecated types:
T_0BJECT
Like Py_T_OBJECT_EX, but NULL is converted to None. This results in surprising behavior in
Python: deleting the attribute effectively sets it to None.
T_NONE

Always None. Must be used with Py_READONLY.

Defining Getters and Setters

type PyGetSetDef
RICBLET: Stable ABI (TRTDRAUYN=ZFEL). BMOTORT 4 DEIRT VL RAZERT S
7= D DREEIRT T, PyTypeObject.tp_getset ARy FDFASSBHL T 72X,

const char *name

RS
getter get
C function to get the attribute.

setter set

Optional C function to set or delete the attribute. If NULL, the attribute is read-only.
const char *doc
RO RF 2 Xy T —a v
void *closure
Optional user data pointer, providing additional data for getter and setter.
typedef PyObject *(*getter)(PyObject*, void*)

RICEL £79: Stable ABI. The get function takes one PyObject* parameter (the instance) and a

user data pointer (the associated closure):

RITF 72 ISR NULL IS DEFICEIN e ZEH LVWSRBRERLE T,

12.2. HBEDA T2 U MMEER (common object structure) 385



The Python/C API, ) —2X 3.14.0a7

typedef int (*setter)(PyObject®, PyObject™, void*)

RICEB L FTJ: Stable ABI. set functions take two PyObject* parameters (the instance and the

value to be set) and a user data pointer (the associated closure):

JEMEZHIFRS 25813, 2 HEHD NI A —KIZ NULL ZHEL £ 5. BINLEHEIZ 0 2. KRWL
Al -1 2R LTELE S,

12.3 Type Object Structures

HARXANDRZ ERT ZMEIK: PyTypeObject MiiEAIZ, BZ 5 < Python #7927 M X7 LDHT
ROEELRMEEERD 1 DTL x5, BA 7Y 27 M3 PyObject_* %= PyType_* RO TIKRZ £ 325,
IFEAED Python 7 7V 7 —>a it o>T, SLTHHADD ZHREZIREL FEA, ATV M
ATz PREDEISCRES 2RO IEMTI O, A VX TY XAKRSCH IR 2 ERT 2HIRE
Va2 VTIRIEHICEERFETT,

Bk 7Y =7 MIBEDH (standard type) \ZHANRZ 27 D KEREEERTT, FHA TP =27 MIZL D
EEREELTED, ZOIFL A C BEANDERA ¥ 2T, ZhThOBBIZZ ORIOBEED/ NS WD %
FELTVET, ZOHITIE BATY27 POBET 4 — L FIZOVTHMZHIL £ 3., &7 14— P,
MERNTHIEL T 2 IBEICHIIE TV T,

YUTRDIA4 92707 7Ly RIMAT, ERAF HiTld PyTypeObject DEE L VG %—H THET X 24|
ZEWETVET,

1231 94y UT77L 2R

tp XAwv bk
PyTypeObject 2O B B¥HRAY v R /ASHREY InfoP: 388, *2
w kP 387, 1 CTELCI
<R> tp_name const char * ___name X X
tp_basicsize Py_ssize_t X X X
tp_itemsize Py ssize_t X X
tp_dealloc destructor X X X
tp_vectorcall_offset Py ssize_t X X
(tp_getattr) getattrfunc ___getattribute___| G

__ getattr_

(tp_setattr) setattrfunc _ setattr ,  delattr G
tp_as_async PydsyncMethods * sub-slots %
tp_repr reprfunc __repr___ XX X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
tp_hash hashfunc ~_hash X G
tp_call ternaryfunc __call X X

;Ka)/\o_yk_.::}*l.(
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R 1-AIOR—IH5DHEE

PyTypeObject A k*! it ¥EHRAY Y R /SHREN InfoP- 388, *2
CTTEOCI
tp_str reprfunc _str X X
tp_getattro getattrofunc ___getattribute___, X X G
__ getattr_
tp_setattro setattrofunc _setattr,  delattr = X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long XX 7
tp_doc const char * __doc___ X X
tp_traverse traverseproc X G
tp_clear INQUITY X G
tp_richcompare richemp func _ Wt . le . eq X G
__ne gt
__ge
(tp_weaklistoffset) Py _ssize_t X ?
tp_iter getiterfunc _ iter X
tp_titernext i1ternext func ~ next X
tp_methods PyMethodDef || X X
tp_members PyMemberDef || X
tp_getset PyGetSetDef || X X
tp_base PyTypeObject * ___base X
tp_dict PyObject * _dict_ ?
tp_descr_get descrget func _get_ X
tp_descr_set descrset func __set_,  delete X
(tp_dictoffset) Py_ssize_t X 7
tp_init initproc ___init___ X X X
tp_alloc allocfunc X 77
tp_new newfunc ___new___ XX7?77
tp_free freefunc XX7?77?
tp_is_gc INQUITY X X
<tp_bases> PyObject * ___bases ~
<tp_mro> PyObject * __mro___ ~
[tp_cache] PyObject *
[tp_subclasses] void * ___subclasses
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor ~del X
tp_vectorcall vectorcall func
[tp_watched] unsigned char
*1_(): A slot name in parentheses indicates it. is (effectively) deprecated
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sub-slots
Slot = /XYy R
am_awat unaryfunc _await_
am_aiter unaryfunc _aiter
am_anezxt unaryfunc ___anext
am_send sendfunc
nb_add binaryfunc __add___
__radd
nb_inplace_add binaryfunc _dadd___
nb_subtract binaryfunc ___sub_
__rsub_
nb_inplace_subtract binaryfunc _isub_
nb_multiply binaryfunc _ mul_
~ rmul
nb_inplace_multiply binaryfunc __imul
nb_remainder binaryfunc _ mod__
~__rmod____
nb_inplace_remainder binaryfunc __imod_
nb_divmod binaryfunc __divmod____
__rdivimod
nb_power ternaryfunc ___pow__
___TpoOw____
nb_inplace_power ternaryfunc __ipow____
nb_negative unary func ___neg
nb_positive unaryfunc ___pos____
nb_absolute unaryfunc ___abs_
nb_bool INQUITY ~_bool
nb_invert unaryfunc __invert_
nb_ ZSM 7IL\Tames in angle brackets should be initially seé7 %(;n’ Wﬁf%f treated as read-only. _ Ishift 1l
[]: Names in square brackets are for internal use only. shift
- %7) llia?c a;slaé E{Leﬁl%{) means the field is required (muslt) Eg G{l”?él}N’IETLL'%) ik
nb_ 7MY tset on PyBaselbject_Type binaryfunc _ rshift
.
s it
X - PyType_Ready sets this value if it is NULL
~ - PyType_Ready always sets this value (it should be NULL)
? - PyType_Ready may set this value depending on other slots
Also see the inheritance column ("I").
nb_xd®”: inheritance binaryfunc ___XOr___

X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

% - the slots of the sub-struct are inherited individually

G - inherited, but only in combination with other slots; see the slot's description
? - it's complicated; see the slot's description

Note t] | fectively inherited throueh | attribute lookun chai
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xR 2-RIOR—IHS5DHEE

Slot B BEEXY v I
nb_inplace_zor binaryfunc __ixor
nb_or binaryfunc ~_or___ ___ror
nb_inplace_or binaryfunc _dor
nb_int unaryfunc __int_
nb_reserved void *
nb_float unaryfunc ~ float_
nb_floor_divide binaryfunc _ floordiv____
nb_inplace_floor_divide binaryfunc __ifloordiv___
nb_true_divide binaryfunc __truediv____
nb_inplace_true_divide binaryfunc _ itruediv___
nb_index unaryfunc ~ index
nb_matriz_multiply binaryfunc _ matmul
_ rmatmul
nb_inplace_matriz_multiply binaryfunc ___imatmul
mp_length lenfunc _ len_
mp_subscript binaryfunc _ getitem
mp_ass_subscript objobjargproc ___setitem |
_ delitem_
sq_length lenfunc _len
sq_concat binaryfunc _add_
sq_repeat ssizeargfunc ~ mul
sq_item ssizeargfunc _ getitem_
sq_ass_titem ssizeobjargproc ___setitem
~ delitem_
sq_contains objobjproc ___contains
sq_inplace_concat binaryfunc _dadd___
sq_inplace_repeat ssizeargfunc _imul
bf_getbuffer getbufferproc()

bf_releasebuffer

releasebufferproc()
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Z20v FDERE (typedef)

EEE (typedef) 5| $E pIAo ] 1-Fid]

allocfunc PyObject *

PyTypeObject *

Py _ssize_t

destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visttproc
void *
newfunc PyObject *

PyTypeObject *
PyObject *
PyObject *

initproc int

PyObject *
PyObject *
PyObject *

reprfunc PyObject * PyObject *
getattrfunc PyObject *

PyObject *

const char *

setattrfunc int

PyObject *

const char *

PyObject *

getattrofunc PyObject *
PyObject *
PyObject *

Qctwttl Ufl‘llll(- lllt
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See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject &

The structure definition for PyTypeOb ject can be found in Include/cpython/object.h. For convenience

of reference, this repeats the definition found there:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method sutites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;

setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */

PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

PyMethodDef *tp_methods;

PyMemberDef *tp_members;

PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
PyTypeObject *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; /* no longer used */

void *tp_subclasses; /* for static builtin types this is an index */
PyObject *tp_weaklist; /* not used for static butiltin types */
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6.

* If zero, the cache ts invalid and must be initialized.
(RDOR=VIFiL)
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(RIDR=I D5 DR E)
*/

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */

unsigned char tp_watched;

/* Number of tp_version_tag values used.

* Set to _Py_ATTR_CACHE_UNUSED +f the attribute cache s

* disabled for this type (e.g. due to custom MRO entries).

* Otherwise, limited to MAX_VERSIONS_PER_CLASS (defined elsewhere).
*/

uintl6_t tp_versions_used;

} PyTypeObject;

12.3.3 PyObject XOv ~

The type object structure extends the PyVarObject structure. The ob_size field is used for dynamic
types (created by type_new(), usually called from a class statement). Note that PyType_Type (the
metatype) initializes tp_itemsize, which means that its instances (i.e. type objects) must have the
ob_size field.

Py_ssize_t PyObject.ob_refcnt

RICEB L 9 Stable ABI. This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances
(objects whose ob_type points back to the type) do not count as references. But for dynamically

allocated type objects, the instances do count as references.
e
PTRAFIZDT 4 =L FEHEAL EE A,

PyTypeObject *PyObject.ob_type

RICBLZFT: Stable ABL BUEEDH, FIOFWH%ET 5L XXX AT TF, PyObject _HEAD_INIT
~ 7 aTHHEfbEh, @EIE &PyType_Type WD E3F, Lh L. (<t d) Windows THIHT
X 20— FATRERIAIRE S 2 — L Tld. 2281 JI3ENBIEE TR X2 %5, 2
ZT. %5bL¥E LT, PyObject _HEAD_INIT IZ!X NULL 2L THHI{L L TE =, hoBRERITS
HNCESY 2 — VOB CTIRINC Z D 7 4 — LV F WL T 2 2 L2 TWVWE S, ZOHRER
DIFD X5 2ffvwgEd:

Foo_Type.ob_type = &PyType_Type;
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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.
i

B TRALFZZDT7 4 — NV FEHEALFT,

12.3.4 PyVarObject XOvw

Py ssize t PyVarObject.ob_size

RICELZET: Stable ABL FEHICAXEBURBRINTWVWREA TSI~ OFE. 2D7 4 —L ¥
b E N E T, BNICATBVRBFERINTVWAREA TSI b OFE. 207 4 —L FIZAER
N 2R BERERFL 3,

This field should be accessed using the Py_SIZE() and Py_SET SIZE() macros.
ik

Y TRATEZDT 4 =L EFEHELEEA,

12.3.5 PyTypeObject XOw k

Each slot has a section describing inheritance. If PyType_Ready () may set a value when the field is set

to NULL then there will also be a "Default” section. (Note that many fields set on PyBaseObject_Type

and PyType_Type effectively act as defaults.)

const char *PyTypeObject.tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible
as module globals, the string should be the full module name, followed by a dot, followed by the
type name; for built-in types, it should be just the type name. If the module is a submodule of
a package, the full package name is part of the full module name. For example, a type named T

defined in module M in subpackage Q in package P should have the ¢p_name initializer "P.Q.M.T".

BHICAEVERSNZEA T b OBE. 207 14—V FIZEBOAHNCRD, Y2 -0
HFTOREENTH — ' __module__' 1T F 2MHE L THIRKNICIRIF SN E T,

For statically allocated type objects, the tp_name field should contain a dot. Everything before
the last dot is made accessible as the __module__ attribute, and everything after the last dot is

made accessible as the __name__ attribute.

If no dot is present, the entire tp_name field is made accessible as the __name__ attribute, and
the __module__ attribute is undefined (unless explicitly set in the dictionary, as explained above).
This means your type will be impossible to pickle. Additionally, it will not be listed in module

documentations created with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
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-
Y TRATIEIDT 4 =L FEHELZEA,

Py_ssize_t PyTypeObject.tp_basicsize
Py_ssize_t PyTypeObject.tp_itemsize
INBDT 4 =N RIE WA VARV ADNL M A X%FHETEL LSICLET,

There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types
with variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length
instances, all instances have the same size, given in tp_basicsize. (Exceptions to this rule can

be made using PyUnstable_0Object_GC_NewWithEztraData().)

For a type with variable-length instances, the instances must have an ob_size field, and the

instance size is tp_basicsize plus N times tp_itemsize, where N is the ”length” of the object.

Functions like PyObject_NewVar() will take the value of N as an argument, and store in the
instance’s ob_size field. Note that the ob_size field may later be used for other purposes. For
example, int instances use the bits of ob_size in an implementation-defined way; the underlying

storage and its size should be accessed using PyLong_Ezport ().

0 IR

The ob_size field should be accessed using the Py_SIZE() and Py_SET_SIZE() macros.

Also, the presence of an ob_size field in the instance layout doesn’t mean that the instance struc-
ture is variable-length. For example, the 1ist type has fixed-length instances, yet those instances
have a ob_size field. (As with int, avoid reading lists’ ob_size directly. Call PyList_Size ()

instead.)

The tp_basicsize includes size needed for data of the type’s tp_base, plus any extra data needed

by each instance.

The correct way to set tp_basicsize is to use the sizeof operator on the struct used to declare
the instance layout. This struct must include the struct used to declare the base type. In other

words, tp_basicsize must be greater than or equal to the base’s tp_basicsize.

Since every type is a subtype of object, this struct must include PyObject or PyVarObject
(depending on whether ob_size should be included). These are usually defined by the macro
PyObject_HEAD or PyObject_VAR_HEAD, respectively.

The basic size does not include the GC header size, as that header is not part of PyObject_HEAD.

For cases where struct used to declare the base type is unknown, see PyType_Spec.basicsize

and PyType_FromMetaclass().

Notes about alignment:
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e tp_basicsize must be a multiple of _Alignof (PyObject). When using sizeof on a struct
that includes PyObject_HEAD, as recommended, the compiler ensures this. When not using a

C struct, or when using compiler extensions like __attribute__ ((packed)), it is up to you.

o If the variable items require a particular alignment, tp_basicsize and tp_itemsize must
each be a multiple of that alignment. For example, if a type’s variable part stores a double,

it is your responsibility that both fields are a multiple of _Alignof (double).
ik

These fields are inherited separately by subtypes. (That is, if the field is set to zero,
PyType_Ready () will copy the value from the base type, indicating that the instances do not

need additional storage.)

If the base type has a non-zero tp_itemsize, it is generally not safe to set tp_itemsize to a

different non-zero value in a subtype (though this depends on the implementation of the base

type).

destructor PyTypeObject.tp_dealloc

AVRARYADT A Z 7 ZBADRA 2 TF, OB (BET None % Ellipsis O5&E
X)) A VARV ZAPRLUTA BRSOV TROVREDBTERLZITNUIR D ERA, ¥
IF X IEROBEHTT:

void tp_dealloc(PyObject *self);

The destructor function is called by the Py DECREF() and Py_XDECREF () macros when the new
reference count is zero. At this point, the instance is still in existence, but there are no references
to it. The destructor function should free all references which the instance owns, free all memory
buffers owned by the instance (using the freeing function corresponding to the allocation function
used to allocate the buffer), and call the type’s tp_free function. If the type is not subtypable
(doesn’t have the Py_TPFLAGS_BASETYPE flag bit set), it is permissible to call the object deallocator
directly instead of via tp_free. The object deallocator should be the one used to allocate the
instance; this is normally PyObject_Free() if the instance was allocated using PyObject_New or
PyObject_NewVar, or PyObject_GC_Del () if the instance was allocated using PyObject_GC New
or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py_TPFLAGS_HAVE_GC flag bit set), the destructor
should call PyObject_GC_UnTrack() before clearing any member fields.

static void
foo_dealloc(PyObject *op)
{
foo_object *self = (foo_object *) op;
PyObject_GC_UnTrack(self);
Py_CLEAR(self->ref);
Py_TYPE(self)->tp_free(self);
(KDR=V1ZHiEL)
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(RIDR=I D5 DR E)

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(PyObject *op)

{
PyTypeObject *tp = Py_TYPE(op);
// free references and buffers here
tp—>tp_free(op);
Py_DECREF (tp) ;

}

A =

In a garbage collected Python, tp_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might
be collected by a garbage collection on any thread). This is not a problem for Python API
calls, since the thread on which tp_dealloc is called with an attached thread state. However,
if the object being destroyed in turn destroys objects from some other C or C++ library, care
should be taken to ensure that destroying those objects on the thread which called tp_dealloc

will not violate any assumptions of the library.

TR
B ITRAL FEZDT 4 — L FBRELF T,

Py ssize t PyTypeObject.tp_vectorcall_offset
An optional offset to a per-instance function that implements calling the object using the vectorcall

protocol, a more efficient alternative of the simpler tp_call.

This field is only used if the flag Py_TPFLAGS HAVE_VECTORCALL is set. If so, this must be a

positive integer containing the offset in the instance of a vectorcall func pointer.

The wectorcallfunc pointer may be NULL, in which case the instance behaves as if

Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its be-
haviour is consistent with the wvectorcallfunc function. This can be done by setting ¢p_call to

PyVectorcall_Call().

N— a ¥ 3.8 TAH: Before version 3.8, this slot was named tp_print. In Python 2.x, it was

used for printing to a file. In Python 3.0 to 3.7, it was unused
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N—=3Ya ¥ 3.12 TEH: Before version 3.12, it was not recommended for mutable heap types to
implement the vectorcall protocol. When a user sets __call__ in Python code, only tp call is
updated, likely making it inconsistent with the vectorcall function. Since 3.12, setting __call__

will disable vectorcall optimization by clearing the Py_TPFLAGS_ HAVE_VECTORCALL flag.
ik

This field is always inherited. However, the Py_TPFLAGS HAVE_VECTORCALL flag is not always
inherited. Ifit’s not set, then the subclass won’t use vectorcall, except when PyVectorcall_Call ()

is explicitly called.

getattrfunc PyTypeObject.tp_getattr

F T avYDRA VR T, get-attribute-string 2175 BBEIE L £ 7,

CDT7 4=V FIRBIFHERETT, ZOT7 4 — NV FEERT DL XL, tp_getattro BAEFU L 512
EL. JBIE#IE Python SUFH| 7Y = 7 b TiER < C XFEHITIEET 2 & 5 RBEBEET LS5 CL
AT D FH A

i
Group: tp_getattr, tp_getattro

ZDT7 4 =R tp_getattro LHICY T XA TIHEINET: Thbb, $7X4 70D
tp_getattr BXU tp_getattro HIIZ NULL DG, ¥ 7 X4 FIIEEX A TH 5 tp_getattr
¢ tp_getattro ZMTE WAL 5,

setattrfunc PyTypeObject.tp_setattr

AT arDRA 2T, JBEDORE LHIBRZIT S BBZIEL 75

ZDT7 4=V FRBIFHERETT, ZOT7 4 — NV FEERT DL XL, tp_setattro BIEFUT L 512H)
fEL. BYEAIE Python XF5I A 7Y =7 bTIRHR L C XFHITEET % & 5 Rz T L1l
BRI EE A

.72 8
Group: tp_setattr, tp_setattro

ZDT 4 =L R tp_setattro EIHITH T RA FICHAINET: Thbb, ¥ 7X4 70D
tp_setattr BXU tp_setattro BT NULL DFE. ¥ 7 X4 FIIEEX A TH 5 tp_setattr
¢ tp_setattro ZMTE WAL X5,

PyAsyncMethods *PyTypeObject.tp_as_async

EBMOMERZIET KA &2 T, ZOWEKRIE. C LLT awaitable 71 ¥ asynchronous
iterator 7R P ANERETIF T2 7 MV EFREBRTE 74— AR EELET, LW IE
async A7 TV MEEE 2SR L TLZE W,

Added in version 3.5: {H{l% tp_compare % tp_reserved ¥ L THIGNTWVWE L7z,
fE:

tp_as_async 7 4 =)V RIFRINFERAD, ZHIZEENS 7 1 —L ROEBICHEA XN E T,
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reprfunc PyTypeObject.tp_repr
F T arDRAERT, HAABBEE repr() ZEEL TV IHEKEREL 3,

The signature is the same as for PyObject_Repr():

PyObject *tp_repr (PyObject *self); ]

COBRESFINA 7Y = 7 b Unicode & 7Y =7 P RIRBRIRTINIRD $H A, BERIE,
DRIRDNE SN, EYIREIET eval O W LHE, FICEZFOF 727 MIRD L5 %
XFHNTRIFIUIIED S/ A, FARERGEICE, A7V =27 PR AL HEHLIENEDA -7
<" PBIRE ST > TROZIXFHNZIR S LFNIRD FHA,

R
P ITRATEIDT 4 — L REHKLET,
FI7FILE

ZDT 4 = ERFREINTORWVEGS, <%s object at %p> DER%E & 2 XFHIMEEINE T, %s
FRIDLENT, %p 3A TV =27 POXEY 7 FLRACEEBRIONET,

PyNumberMethods *PyTypeObject.tp_as_number

BE7a ralzRELZBINOMBEREIET R VX TY, IRHD T 4 —L FIZOWTIE BIEA
T MESER THIHEhTWET,

kR
tp_as_number 7 4 —)L RIGERINFRAD, ZZDEEND 7 4 =L FBEBNIEAEINE T,

PySequenceMethods *PyTypeOb ject.tp_as_sequence

= ATu b arERELZEBMOMEREZIET R VX TS, ZThoD7 4 =L FIZOVWTIX
= VZAF T U MESEKR THHIATHET,

i
tp_as_sequence 7 4 — )V FIZMR SN ELAN, THTEEND 7 14— FHAFICHA SN E T,

PyMappingMethods *PyTypeObject.tp_as_mapping

<~y rr7a balERELZBINOBEREZIET RS VX TS, ZNH6DT7 4 =L FIZOWTIE
Ry TFATD U MEER THHINTVWET,

i
tp_as_mapping 7 4 =)V FIFMAINETAD, ZHUTEENDS 7 4 —V REGNCHER SN E T,

hashfunc PyTypeObject.tp_hash
T arDRA Y RT, MAHAHBE hashO) Z2FEELTWIRKERELET.

The signature is the same as for PyObject_Hash():
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Py_hash_t tp_hash(PyObject *);

WHERICE -1 ZRVEICLTERD $HA; Ny Y2 HOFERICT I —HEUBE, BEEuIHIs
Zty PLT -1 ZRSRIIRD THA,

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the
object raises TypeError. This is the same as setting it to PyObject_HashNotImplemented().

D7 4 —IL FIZHHRIIC PyObject_HashNotImplemented () WZiXET 5 Z ¥ T, i type 256D
Ny T aXYy ROMALZTay 7322 ePTEET, Z4UE Python L X)L TOD __hash__ =
None ¥ [FZFICHEFR XM, isinstance(o, collections.Hashable) A3IEL { False BT X HIZ
BDET, MBELARETH D Z L ICHERELTLZE W - Python L XLC __hash__ = None #&TE
35 Z YT tp_hash A0 v M PyObject_HashNotImplemented() WiXEZNE T,

Hk:
Group: tp_hash, tp_richcompare

ZDT 4=V RiE tp_richcompare L HITH T XA FITHAERINET: b, ¥ T7Xx4 TS
D tp_richcompare B X tp_hash DM dH NULL D& &, 7 XA FRIEEX A T 5
tp_richcompare & tp_hash ZWHF L DAL ET,

T7#LEb
PyBaseObject_Type uses PyObject_GenericHash().

ternaryfunc PyTypeObject.tp_call
AT aYDRAVERT, A7V 27 FOMUHLEZFEEL TV IEBERLES, A7 =7 M0
G UATRE TR WS EICIE NULL i LRI R D £8 A, 273 F v & PyObject_Call() L
T,

PyObject *tp_call(PyObject *self, PyObject *args, PyObject *kwargs);

R
B TRALFZZDT7 4 — NV FEHELFT,

reprfunc PyTypeObject.tp_str

AT ayDRAVRT, HAAADHE str() ZFEEL TV IEBEIHELET, (str D —DIZ
Bolizd, str() E str DAVA NIV XEMUHT I IIFERLTLAZE Y, ZOarYX+57
ZIFEBEOWUH 21T 5 ET PyObject_Str() ZMUH L. & 51T PyObject_Str() BWIDNY FZ
EMUOHT IR ET, )

The signature is the same as for PyObject_Str():

PyObject *tp_str(PyObject *self);

ZOBEICFANA 7Y = 7 b Unicode A 7Y =7 R BRITNUITRD FHA, £ TV

P GrIp i Y B - EHITH 7 v - == 5|
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b} print ) BATHDLNS ZLITRBRELETEDLHTT,
.
P TERALFZZDT7 4 — NV FEHEL T T,

T7#4ILE

DT 4 =L FEDBRESINTOVRWEGEE, LFHIRBRZ RS 72DI12IE PyObject_Repr () B E A
9,

getattrofunc PyTypeObject.tp_getattro

F T arDRA VR T, get-attribute ZEEL TWBEEERL £3,

The signature is the same as for PyObject_GetAttr():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

WEEOBEMBREFE L TWS Pylbject_GenericGetAttr() Z#Z D7 4 — L FIZHELTEL &1z
WTWOBGEEER TS,

fkE:
Group: tp_getattr, tp_getattro

D7 4=V FIE tp_getattr LY T XL FITHERSINFET: TRhbb, 72470
tp_getattr B tp_getattiro BT NULL DE., 744 TREEX A T2 5 tp_getattr
¥ tp_getattro ZM & DAL F3,

Tk
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro

AT arDRA4YRT, BIEDORE LHIFRZIT S BBZIREL £3

The signature is the same as for PyObject_Setdttr():

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

X 512, value IZ NULL ZFE L CTEEZHIFRTZ 2 X5 LRFER D 8 A, BEDOLT T =
MEMRERFEE L TWS Pylbject_GenericSetdttr() I D7 4 =L FIZHRELTEL 2720 T
VDG EIIERTT,

ek
Group: tp_setattr, tp_setattro

DT 4 =)V RiX tp_setattr IV TR FTICHAINET: ThDE, 7% 70D
tp_setattr BX U tp_setattro MBI NULL DA, ¥ 744 TIIREEX A T0 5 tp_setattr
¢ tp_setattro ZMF L bRAL T,
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T7#ILE

PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs *PyTypeObject.tp_as_buffer

Ny T 7 AV R =T 2= RERELTVEA TV 27 NCOAEET 2, —HD 7 4 — )V REBA -
T OREERZIE T RA V2T, BEERNOE 7 4 =V FE Ny T 74T MMEER (buffer
object structure) TatAAL 3,

k.

tp_as_buffer 7 4 — /)L FARIIHRZINELAD, ZHRICEFENS 7 4 —L FIIMAGNCHER X H
£7,

unsigned long PyTypeObject.tp_flags

D74 =NV RRART Z 702y PRAZTT, WS DO0D7 7 7E, FHEDRIICHENT
ZAIMNZ b= T4 ZADWHESN L L 2R LET,; 2007 72703, BA 70227+ (HH50WIE
tp_as_number . tp_as_sequence . tp_as_mapping . B XL tp_as_buffer BHIEL TV B HLR
KRERGER) ORED 7 4 — L FD S B, @EPOHEETT o EIFEL TV DI TIERVWD D2H
2o TWVWBZ e ZRTDIMHONET; 7778y A7V TERATVIR, 75 7BMREL T
W57 4 = RIZIET 72 ALBWRDDIC, ZDfEIZERD NULL I8 - TW 5 & AR SR FIUIR
DERA.

k.

Inheritance of this field is complicated. Most flag bits are inherited individually, i.e. if the base
type has a flag bit set, the subtype inherits this flag bit. The flag bits that pertain to extension
structures are strictly inherited if the extension structure is inherited, i.e. the base type’s value
of the flag bit is copied into the subtype together with a pointer to the extension structure. The
Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverse and tp_clear fields, i.e.
if the Py_TPFLAGS_HAVE_GC flag bit is clear in the subtype and the tp_traverse and tp_clear
fields in the subtype exist and have NULL values.

T4
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

DRIZETAE Yy b~AZBBHEERINTVWEHDTT; 77 270F | HEFCTHEMZE->T
tp_flags 7 4 —)V RDEEIERTE 3, PyType_HasFeature() ~ 7 nidBly 75 7, tp BLU
fZr b, tp—>tp_flags & £ DIEL Y S p#FANET,

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types cre-
ated dynamically using PyType_FromSpec (). In this case, the ob_type field of its instances
is considered a reference to the type, and the type object is INCREF’ed when a new instance

is created, and DECREF’ed when an instance is destroyed (this does not apply to instances

402

%F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, JJ—2X 3.14.0a7

of subtypes; only the type referenced by the instance’s ob_ type gets INCREF’ed or DE-
CREF’ed). Heap types should also support garbage collection as they can form a reference

cycle with their own module object.
A
777

Py_TPFLAGS_BASETYPE
RZRORDEERA T LTHABLEAICEYy FERBEY FTT, TOE Y b2 Y 77
I, ZOBOY TR A4 FIIERTEERA (Java IZBIT 2 "final” 7 7 Rz 2 7 A2 D
7).

k-
777

Py_TPFLAGS_READY
BIA 7Y x 7 WA PyType_ Ready() THE2CHHHLINZ -ty FXRBE Y FTTH,
ki
777

Py_TPFLAGS_READYING
PyType_Ready () WX X 28A 7Y =7 + oIt F Iz y PEhdEy T,
ki
777

Py_TPFLAGS_HAVE_GC

This bit is set when the object supports garbage collection. If this bit is set, instances must be
created using PyObject_GC_New and destroyed using PyObject_GC Del (). More information
in section FEEREBBAR—IOAL V> 3>z R—FF 3. This bit also implies that the
GC-related fields tp_traverse and tp_clear are present in the type object.

i
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py_TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverse and tp_clear
fields, i.e. if the Py_TPFLAGS HAVE_GC flag bit is clear in the subtype and the tp_traverse
and tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in
the type object and its extension structures. Currently, it includes the following bits:
Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.

k-
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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(*args,

*xkwds).

This flag enables an optimization for typical method calls like obj.meth(): it avoids creating

a temporary "bound method” object for obj.meth.
Added in version 3.8.
n‘ g(:

This flag is never inherited by types without the Py_TPFLAGS IMMUTABLETYPE flag set. For

extension types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_MANAGED_DICT

This bit indicates that instances of the class have a ~object._ dict __ attribute, and that the

space for the dictionary is managed by the VM.
If this flag is set, Py_TPFLAGS_HAVE_GC should also be set.

The type traverse function must call PyObject_VisitManagedDict () and its clear function

must call PyObject_ClearManagedDict ().
Added in version 3.12.
R

This flag is inherited unless the tp_dictoffset field is set in a superclass.

Py_TPFLAGS_MANAGED_WEAKREF

This bit indicates that instances of the class should be weakly referenceable.
Added in version 3.12.
i

This flag is inherited unless the tp_weaklistoffset field is set in a superclass.

Py_TPFLAGS_ITEMS_AT_END

Only usable with variable-size types, i.e. ones with non-zero tp_itemsize.

Indicates that the variable-sized portion of an instance of this type is at the end of the
instance’s memory area, at an offset of Py_TYPE (obj)->tp_basicsize (which may be different

in each subclass)
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When setting this flag, be sure that all superclasses either use this memory layout, or are not

variable-sized. Python does not check this.
Added in version 3.12.

k-

This flag is inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS

INBD T F & PyLong_Check() O & 5 74BED. B L B 2MBIABBRIDY 727 5 AL S
PEZRIHMT 20N E T, COFEHDF = v 7% Pyobject_IsInstance() DX S
WHZRF =y 7 XD dEHRTT, HAALREHA L ZMBE DR TIE tp_flags ZBYNTHE
FTNRET, Z5 LRV ZORIPEOZ2a— RTlX, PART = v Z7OHFERFELNEPITE-T
RE2FOPELZ->TLESTL & D,

Py_TPFLAGS_HAVE_FINALIZE
BIRGEIRIZ tp_finalize ARy MPFEIELTWVWAH E X2y hENBE Y T,
Added in version 3.4.

N— a ¥ 3.8 TIEHLE: This flag isn’t necessary anymore, as the interpreter assumes the

tp_finalize slot is always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset

for details.

ik

This bit is inherited if ¢p_call is also inherited.
Added in version 3.9.

N— a ¥ 3.12 TZH: This flag is now removed from a class when the class’s __call__()

method is reassigned.
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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.

Added in version 3.10.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new__

key in the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before

PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or &PyBaseObject_Type and
tp_new is NULL.

kR

This flag is not inherited. However, subclasses will not be instantiable unless they provide a
non-NULL ¢p_new (which is only possible via the C API).

0 R
To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for an

abstract base class), do not use this flag. Instead, make tp_new only succeed for subclasses.

Added in version 3.10.

Py_TPFLAGS_MAPPING

This bit indicates that instances of the class may match mapping patterns when used as the
subject of a match block. It is automatically set when registering or subclassing collections.

abc.Mapping, and unset when registering collections.abc.Sequence.

0 iR
Py _TPFLAGS_MAPPING and Py_TPFLAGS_SEQRUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

¥ .
b8

This flag is inherited by types that do not already set Py_TPFLAGS_ SEQUENCE.
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& BE

PEP 634 -- s 2 — >~ v F: {5k

Added in version 3.10.
Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the
subject of a match block. It is automatically set when registering or subclassing collections.

abc.Sequence, and unset when registering collections.abc.Mapping.

O IR

Py_TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

k-

This flag is inherited by types that do not already set Py_TPFLAGS_MAPPING.

o B

PEP 634 -- FHGER R &Z — < v F: Ik

Added in version 3.10.

Py_TPFLAGS_VALID_VERSION_TAG

Internal. Do not set or unset this flag.

PyType_Modified()

To indicate that a class has changed call

A

nig

=3
[=]

This flag is present in header files, but is not be used. It will be removed in a future version
of CPython

const char *PyTypeObject.tp_doc

An optional pointer to a NUL-terminated C string giving the docstring for this type object. This

is exposed as the __doc__ attribute on the type and instances of the type.
; UE(:

B ITRALAZZDT7 4 — L FEHE LEEA
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traverseproc PyTypeObject.tp_traverse

An optional pointer to a traversal function for the garbage collector. This is only used if the

Py_TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_traverse(PyObject #*self, visitproc visit, void *arg);

Python DA R—=YaL 7y a YDA OWTOFMIEK, BREBARN—OL I3 v zHR—
Fg3 IHbET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typ-
ical implementation of a tp_traverse function simply calls Py_VISIT() on each of the in-
stance’s members that are Python objects that the instance owns. For example, this is function

local_traverse() from the _thread extension module:

static int
local_traverse(PyObject *op, visitproc visit, void *arg)
{
localobject *self = (localobject *) op;
Py_VISIT(self->args);
Py_VISIT(self->kw);
Py_VISIT(self->dict);
return O;
}

Py_VISIT(O) PERBIBICEZBADODH B A AZEFRENHE IR TWS ZIEHLTLEE W,
self->key X Y N\bH D FFH, Z4UZ NULL 7 Python XFH DT, BRSBEO—HIcRZ L
DD EEA.

—T7 XUABERZRO—FCRDELRVEH > TWTSH, TNy ZTHWTKRE L7Z2WEEDH % 5
b LNIRNDT, gc EY 2—/LD get_referents() FIFIITERSIICLR DGRV A Y NBIRL 9,

Heap types (Py_TPFLAGS_HEAPTYPE) must visit their type with:

Py _VISIT(Py_TYPE(self));

It is only needed since Python 3.9. To support Python 3.8 and older, this line must be conditional:

#if PY_VERSION HEX >= 0z03090000
Py_VISIT(Py_TYPE(self));
#endz f

If the Py_TPFLAGS_ MANAGED_DICT bit is set in the tp_flags field, the traverse function must call
PyObject_VisttManagedDict () like this:

PyObject_VisitManagedDict ((PyObject*)self, visit, arg);
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A

When implementing tp_traverse, only the members that the instance owns (by having strong

g

==}
=

references to them) must be visited. For instance, if an object supports weak references via the
tp_weaklist slot, the pointer supporting the linked list (what ¢p_weaklist points to) must not
be visited as the instance does not directly own the weak references to itself (the weakreference
list is there to support the weak reference machinery, but the instance has no strong reference

to the elements inside it, as they are allowed to be removed even if the instance is still alive).

Note that Py_VISIT() requires the visit and arg parameters to local_traverse() to have these

specific names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must
therefore either visit Py_TYPE(self), or delegate this responsibility by calling tp_traverse of
another heap-allocated type (such as a heap-allocated superclass). If they do not, the type object

may not be garbage-collected.

N— a v 3.9 TEHE: Heap-allocated types are expected to visit Py_TYPE(self) in tp_traverse.

In earlier versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.
.
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero

in the subtype.

inquiry PyTypeObject.tp_clear

An optional pointer to a clear function for the garbage collector. This is only used if the

Py TPFLAGS_HAVE_GC flag bit is set. The signature is:

int tp_clear(PyObject *);

tp_clear X U NEBUE GC P L7ZEERL TV 3 I DEESBEEIT -HDICHVLNE T, &
BHRHERTEZS ., AT LHADETD tp_clear BHEIHEEL T, 2 TOMRSRERIEL 2T
R FERA, GRIFE: H2HD tp_clear ZFEEL RS THRTOBERSRIWETX 20 THN
WFEHELLRCTHRY) ZHEFETHEMT. d LD L THOREIRIIDH 2D THIUR, tp_clear
BEEIRE T A2RETT, BlZIE. RIUX tp_clear ZEELEIVA, BERL, X TFALETTH
BENTBERSBIEBAHON D Z L IZENNLTT, o T, XITNVDANDED tp_clear BIEIZLF
T, RINVEBGDEABRERSEOBTHETE S LTk b 5, JAUIMIBICH 2 2 e Tidk <,
tp_clear OEEZ#ITZ2BVEHIED -72I2H D 8 A,

ROFNZH 2 X512, tp_clear DFEEIX, 4 VARV AP S Python 7Y =7 bR Bbhd X v
NADBIEN L, ZRHDRX U ANADRA Y RIZNULL 2ty hTRETE:
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static int

local_clear(PyObject *op)

{
localobject *self = (localobject *) op;
Py_CLEAR (self->key) ;
Py_CLEAR(self->args);
Py_CLEAR (self->kw) ;
Py_CLEAR(self->dict);
return O;

}

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the
contained object must not be released (via Py_DECREF()) until after the pointer to the contained
object is set to NULL. This is because releasing the reference may cause the contained object
to become trash, triggering a chain of reclamation activity that may include invoking arbitrary
Python code (due to finalizers, or weakref callbacks, associated with the contained object). If it’s
possible for such code to reference self again, it’s important that the pointer to the contained
object be NULL at that time, so that self knows the contained object can no longer be used. The

Py_CLEAR() macro performs the operations in a safe order.

If the Py_TPFLAGS MANAGED_DICT bit is set in the tp_flags field, the traverse function must call
PyObject_ClearManagedDict () like this:

PyObject_ClearManagedDict ((PyObject*)self);

Note that tp_clear is not always called before an instance is deallocated. For example, when
reference counting is enough to determine that an object is no longer used, the cyclic garbage

collector is not involved and tp_dealloc is called directly.

tp_clear BAEDHMNEISRA Y > M 2HEST 2 Z 2 2D T, Python XF%|% Python D & 5
R, ERZICEDIEDTERVWA TV 27 V22 U 7S50 BIEHD FRA, —H. FTETHET
D Python #7222 22V 735X51CL., ZDHD tp_dealloc FAEDY tp_clear BIEUE T
T2EIICTBEENIITREZTL &,

Python DHFRX—YalL 2 ¥ a DA OWTORM, BEREBEAR—JOL IS avETR—
2 XHh T,
ik

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
A7 a v DRA L RT, PERHEEBAPIE L 3, /32 F 2 3RO N T
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PyObject *tp_richcompare(PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by PyTypeObject.

Z OB, LR IR T ANETY, (FiBiX Py_True % Py_False T3, ) LLIRDPRERDGE
\¥. Py_NotImplemented %. ZHLUND I Z —334: L7 E 3B EZ £ » + LT NULL Zi&
ZRFNIRD FE A

tp_richcompare 3 XU PyObject_RichCompare() BARIDE =58> 7= DEHK L LTIIMT

DERINTVET:

B i3

<
Py_LT

<=
Py_LE
Py_EQ

I=
Py_NE

>
Py_GT

>=
Py_GE

JEFREEEBAL (rich comparison functions) ZfiHICEART 272D 7 apERINTVES:

Py_RETURN_RICHCOMPARE(VAL_A, VAL_B, op)

EE#e U 7245 5RI2IE U T Py_True 5> Py_False ZiRL %3, VAL A ¥ VAL B & C OLH
HIZX o TIERAFURRETRIFUERD £8A (FlZXZ 5k C FiE0BE» ZEI/ NI
BBTL D). ZHHDFIEUZIX PyObject_RichCompare() & [RFRICERINI-HEZEE L
9,

The returned value is a new strong reference.
T —RHCRBINERCE L T, BRr S NULL TY X—>Y L X,
Added in version 3.7.

kA
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Group: tp_hash, tp_richcompare

D7 4=V FIE tp_hash ERERICHY T EAL FICHERINET: ThRODE 7470
tp_richcompare B X U tp_hash DM & H NULL D &, ¥ 744 FTRIERXAL THh b
tp_richcompare ¥ tp_hash R AL £5,

F7A4ILE

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. How-
ever, if only tp_hash is defined, not even the inherited function is used and instances of the type

will not be able to participate in any comparisons.

Py_ssize_t PyTypeObject.tp_weaklistoffset

While this field is still supported, Py_TPFLAGS_MANAGED_WEAKREF should be used instead, if at all

possible.

MDA VAR ADFBWARERGE. 207 4 =L FEEa X b RERBHED, A VRAX VR
HERICBIT 255U X FOEHEERTA 7y FBADET (GC Ny ZDH 255 ITIIEHL
F); TOF 7€y MEIX PyObject_ClearWeakRefs () B X Uf PyWeakref * BAKOHAL £3, 4
VAR Y ZAREERICIZ, NULL ICOI{b X iz PyObject* BID 7 4 —L R A o TORIFIUIR D £
A

ZDT 4=V F% tp_weaklist LIRFAILBVEIICLTL XV, ZHERA 7Y 7 N HHANDF
SI»572% 1) A DETT,

It is an error to set both the Py_TPFLAGS MANAGED_ WEAKREF bit and tp_weaklistoffset.
R

DT 4 =N FREYTRA TR ENETH, LUFORAIZFHATLZE W, 7R TEZDF 7
Y MEEA—NTAFFTRIRBHDET; o T, 7 XA FTIEIHSRY X+ DRI FEEX A
TR EBRIZGEDPDHD T, VR FDOEHIIEIC tp_weaklistoffset THDBHIETRDT, TDZ
LIEMEIE RS RWIET T,

T7#ILE

If the Py_TPFLAGS MANAGED_WEAKREF bit is set in the tp_flags field, then tp_weaklistoffset

will be set to a negative value, to indicate that it is unsafe to use this field.

getiterfunc PyTypeObject.tp_iter

AT a OBERT, ZOXA TV bD AT7L—4 RIRTHEBADOKRA VX TT, ZOMEBEFELET
5l BHIOMDA VAR VAP AT L— A THEZILZRLTVWET (Ll ¥—7
YAFZDBEEA R THA T L — FAJRET T ),

ZOB#IE PyObject_GetIter() ERULS 72 F ¥ 2o TWET:

PyObject *tp_iter(PyObject *self);

R

412

%F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, JJ—2X 3.14.0a7

VTR IZZDT7 4 =V REHEL T,

iternextfunc PyTypeObject.tp_iternext
AT avDRAVRT AT L—2— OROERZRTEBZHL T, >/ 2 F v ZRO@D TY:

PyObject *tp_iternext(PyObject *self);

ATV—ROBEENKL KD, ZOBEUE NULL 2iIRX 2137 b £8¥ A, Stoplteration fFl5f
BRELTHLRLSTHRERWTY, 2O —MFEL-L &%, NULL ZRE 2R h 48
Ao TDT4—ILEBHBZE, ZOBDA VAR VAP TL—RTHBIEZRLET,

4 FL—RBITIE, tp_iter BB ERINTOARTNILS T, ZOBBIE #HilzmfTL—&A >
AR VATIERL) AT L—RA Y RAX Y ZAAKRERIRIEZRD 2 A,

ZOBEBDY I AF viE Pylter Next() LRI TS,
i
PTRAFFZDT 4 = PR L £T,

struct PyMethodDef *PyTypeObject.tp_methods
A7 avORAET, ZORDIEH (regular) DAY v FEEF LT3 PyMethodDef REiE{A7n
57% %, NULL CH#i S N EH RS 246 L 3
A DBERZ LI, XYYy RTRZ VT RDAoTe, BENPUOFE (LD tp_dict ZH) 1B
INET,

o
PTRAAEZDT 4 =V REMEKLELA (XY v RIZIMEDO X = X A THRESIATOET),

struct PyMemberDef *PyTypeObject.tp_members
AT arDRAYRT, BMOIEH (regular) DT =X XN (74 =V FBXURaY M) 2EH
T\W5 PyMemberDef Wi&{KD 572 %, NULL THR S N7z RECHIZHE L F 55

il

L

MADEERZ LT, X UNTRZ Y T RD Ao 7HEHNBIOFE (FLD tp_dict ZH) 1BMEh
S

o

YT RAFEZDT7 4 = REMRL LA (X ANFFHED X H =X LA THRESNTOET),

struct PyGetSetDef *PyTypeObject.tp_getset
AT aryDRAVERT, A VAX Y Z2AOBMEMN (computed attribute) ZEF L TW 3
PyGetSetDef WA 572 %, NULL TR X - FHI LB 2L £ 5,

BLHI DB EEZHEZ 21T, getter/setter T A7 V) FRDA o7, BENMOEEE (LD tp_dict ZH)
WEBMENE T,

k-
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PyTypeObject *PyTypeObject.tp_base

T ayDRART, BT 2707 1 ZMRT 2REXA TZ2IELET, TOT7 4 —LFOD
LAULTIE, HffK (single inheritance) 7213 A3 R — P STV T, ZHMRIEIX XX A TOFEN
HULICKZEINREIA 7Y 2 7 bOERELEL LET,

O IR
Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be

”address constants”. Function designators like PyType_Genericlew(), with implicit conversion

to a pointer, are valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type is
not required to produce an address constant. Compilers may support this (gec does), MSVC

does not. Both compilers are strictly standard conforming in this particular behavior.

Consequently, tp_base should be set in the extension module’s init function.

o
(47=DHITTD) TR AL FWEZDT 14— REHEL 8 A,
T7A4ILE

D74 —=NFDF 7+ MEE (Python 8B 2 J <X object B ¥ L THI > TV 3)
&PyBaseObject_Type 1272 D £73,

PyObject *PyTypeObject.tp_dict

BOFEIX PyType_Ready() X >TIZID7 4 =L FIZINDLNET,

This field should normally be initialized to NULL before Py Type_Ready is called; it may also be
initialized to a dictionary containing initial attributes for the type. Once PyType_Ready () has
initialized the type, extra attributes for the type may be added to this dictionary only if they
don’t correspond to overloaded operations (like __add__()). Once initialization for the type has
finished, this field should be treated as read-only.

Some types may not store their dictionary in this slot. Use PyType_GetDict () to retrieve the

dictionary for an arbitrary type.

N— a ¥ 3.12 TZH: Internals detail: For static builtin types, this is always NULL. Instead, the
dict for such types is stored on PyInterpreterState. Use PyType_GetDict () to get the dict for
an arbitrary type.

IR

BT RAAIZDT 4 =L REMELERTA (D ZOFENTERIN TV IEMEIIRELZ X=X
LTHAINET).

F7#ILEbE
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If this field is NULL, PyType_Ready () will assign a new dictionary to it.

A

g

==}
[=]

tp_dict \Z PyDict_SetItem() Zffio7-h. #F C-API THRET 2DIILLTIEH D ¥ A,

descrgetfunc PyTypeObject.tp_descr_get
F T avDRAVRT, TRV TRD get BBZIEL 3,

B D> 73 F 23RO BHTT

PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type) ;

R
YBITRXAL FEZDT 4 — LR BRELE T,

descrsetfunc PyTypeObject.tp_descr_set
FTTavDEAYRT, FTRAZ Y FROEDRE L HIFRZAT S BEHEL X3,

B D> 72 F 2 3RO BHTY

int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value); }

fEZHIBRS 21201, value 5IEUC NULL ZRELE T,
.
P TERALTIZZDT7 4 — NV REHEL 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.

DA VARV RZA VARV AEBD A TEEDR D 235G, 207 4 — L FIRIELaDfEIZRD,
DA VAR VAT —RBERIIBII B4 VAR AERFEEANDT 72y bBADET, ZOX 7
v MEX PyObject_GenericGetAttr() DMEWVE T,

IDT7 4=V F% tp dict LIRFEALZVEICLTLEIY; ZHEHA TV 27 N HEDORBMEDEE
HTT,

The value specifies the offset of the dictionary from the start of the instance structure.

The tp_dictoffset should be regarded as write-only. To get the pointer to the dictionary call
PyObject_GenericGetDict (). Calling PyObject_GenericGetDict () may need to allocate mem-
ory for the dictionary, so it is may be more efficient to call PyObject_GetAttr () when accessing

an attribute on the object.

It is an error to set both the Py_TPFLAGS MANAGED DICT bit and tp_dictoffset.
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R

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.

F7A4ILE

This slot has no default. For static types, if the field is NULL then no __dict__ gets created for

instances.

If the Py_TPFLAGS_MANAGED_DICT bit is set in the tp_flags field, then tp_dictoffset will be set

to -1, to indicate that it is unsafe to use this field.
initproc PyTypeObject.tp_init
AT avDEAVERT, 4 VAR Y ZHLEEEIR L £ 5,

This function corresponds to the __init__() method of classes. Like __init__(), it is possible
to create an instance without calling __init__(), and it is possible to reinitialize an instance by

calling its __init__() method again.

BT 72 F v 3 ROEBHTT

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 BAD 7 4 —L F23 NULL TRWHE., @HEOMEZIEIN T HEDA ¥ A XV ZERITB WY
T, WD tp_new BB A Y AR VAR LIRS ENE T, tp_new DITTOROY 7 % 4 7T
BROWHIOBIZRTIGE. tp_init 3ELKMEFHINERA; tp_new DITOBDY 7 XA TDA VALK
VRAERTEE, BT RATD tp_init BDFETHINE T,

DL 2k 0 &2, 7RI ELy NLT -1 ZIBLE T,
i

PITRATEIDT7 4 =V FERELET,

TI7#ILE

For static types this field does not have a default.

allocfunc PyTypeObject.tp_alloc
FTTaYDERAYRT, A YRR ZADAEV RBEZIEL X3,

B DY 72 F v 3 ROEBHTT

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

R
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This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement).
T4k

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard

heap allocation strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new
T a v DRV RT, 4 VAR AERBEBREL $5,

B D> 732 F 2 3RDEBHTT

PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIERT 247 =227 FDOBTT: args B kwds 5180E, BEIEIHIT L 2OMES]
BBIUF—U— R5I8TT, subtype 1& tp_new BEZEMUOH T ZIHS5R LR UTH 2L IIR
WZEIERL TS, 208 (BEKRTRERV) 724 oz b dHh £9,

tp_new FAEIII subtype->tp_alloc(subtype, nitems) ZMUH L TAT7 I =7 bDX TV HEE
MECR L. #WIEHETHEONC R E e SN M 21TV E T, HIBLADEDIELAD LTHRED LRV
PIEALALEE tp_dnit ~NY RZNIRELE LRI RD T8 A, P02V oEZe LTI, ZETEE
HRAITIPIEHEIZ 2T tp_new TITW, —F. ZHEARGELHTIXIZL ALY OUIMALE tp_dinit 1Z[EF
NETY,

Set the Py_TPFLAGS_ DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

k-

PTRATIZDT 4 =V FZ#MALET, HlIFte LT, tp_base ¥ NULL 2> &PyBaseObject_Type
W20 T\ FIVEE TIIHARL S8 A,

F7A4ILE

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
FTaYDRAVRT, A VARV ADRX T BB ZEELE T, 7 4F v I FO@ED TY:

void tp_free(void *self);

DT ATF % e D H 2 9L PyOvject_Free() T,

R
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This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement)
T7#I b

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc()
and the value of the Py_TPFLAGS_HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Free().

inquiry PyTypeObject.tp_is_gc
FTavDRAYRT, IR=IAL I EXLSFUHINIEHEEL I,

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);

(FRto k5 Mo fld, BA TP 27 FEKRTT, XX XA T PyType_Type IF. BD X TV FELRH
D B8 R XBIT 272D ZOBBEERL TVET, )

R
B TRALFZZDT7 4 — NV FEHELET,
FI7#ILE

This slot has no default. If this field is NULL, Py_TPFLAGS HAVE_GC is used as the functional

equivalent.

PyObject *PyTypeObject.tp_bases
BRI 5725 X TNVTT,
This field should be set to NULL and treated as read-only. Python will fill it in when the type is
tnitialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument

of PyType_FromSpecWithBases (). The argument form is preferred.

A

g

==}
[=]

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.

k-

D7 4 =)V FIAMER XN EHFA,
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PyObject *PyTypeObject.tp_mro

BIEX A THERMLEZEEP A>TV EXTILTT, BEFZELTI2HAKDLSIZ U E D, object
THRODET, XV v FERIEF (Method Resolution Order) (- TliATWE T,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is

initialized.
k-

ZDT 4= FIFMERINEEA; 74 —)L FOEIE PyType_Ready () THEFIHEINE T,

PyObject *PyTypeObject.tp_cache

KEFADT7 4 =NV FTF, NEFTOAFIHINET,
-

ZDT 4 =L RIFEREI 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— a3 ¥ 3.12 TZHE: For some types, this field does not hold a valid PyOb ject*. The type was

changed to void* to indicate this.
i

ZDT 4= RIEMERINEE A,

PyObject *PyTypeObject.tp_weaklist

ZOMA T 27 MIWT 25920850 X MDOEEHTT,

N—Y a Yy 3.12 TZH: Internals detail: For the static builtin types this is always NULL, even if
weakrefs are added. Instead, the weakrefs for each are stored on PyInterpreterState. Use the

public C-API or the internal _PyObject_GET_WEAKREFS_LISTPTR () macro to avoid the distinction.
ik

ZDT 4= RiFHERIN TR A,

destructor PyTypeObject.tp_del

ZDT7 4=V RFEILXNE LT, tp_finalize 2ROV ICFIHL T EX W,

unsigned int PyTypeObject.tp_version_tag

XV FFxFxo>andA Ty 7R LTEbONE T, WEMHEHZZ T DD DB TT,
IUE(:

ZDT 4= RIFMERINEE A

12.3.
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destructor PyTypeObject.tp_finalize
AT aVDRAYRT, A VAR AOK TIHBIZIEL T, ¥ 72 F v BUTO@ED TY:

void tp_finalize(PyObject *self);

tp_finalize DREZINTVBEHE, A VARV AR T 74 F T4 XTRLEI, A VRTVEMBZ
OBEEE 1RIFCHLET, IRN=—YaL 7R (204 Y AR AP LIRS O—H72 - 1235
B) AT FHWESNZERNCD ZOMBETOHEINE T, E556058ThH, HERSRE
BIEL XS 2T ARNCFFUHEINSE Z e DMRIEINTVT, HHICA T =7 PHBIEFERIREICH % X
L ET,

tp_finalize W ZHREDHIINREBEZLEEITNETIEDD FRA; (o T, BMiTHRWVWI 7 4 F 549 %
FLLZRBROTTEP RSN E T

static void

local_finalize(PyObject *self)

{
/* Save the current exception, if any. */
PyObject *exc = PyErr_GetRaisedException();
VR 4
/* Restore the saved exception. */
PyErr_SetRaisedException(exc) ;

}

fkE:

Y ITRATEZDT7 4 =V REHALFET,
Added in version 3.4.

N—3 a3 v 3.8 TEHE: Before version 3.8 it was necessary to set the Py_TPFLAGS_HAVE_FINALIZE
flags bit in order for this field to be used. This is no longer required.

& 2E

P ATV 2y L ORERET I (PEP 442)

vectorcallfunc PyTypeObject.tp_vectorcall

A wectorcall function to use for calls of this type object (rather than instances). In other words,

tp_vectorcall can be used to optimize type.__call__, which typically returns a new instance

pa—

of type.

As with any vectorcall function, if tp_vectorcall is NULL, the ¢p_call protocol
(Py_TYPE(type)->tp_call) is used instead.
420 %12 E A7 U bREHYR— b (object implementation support)
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0 R
The wvectorcall protocol requires that the vectorcall function has the same behavior as the

corresponding tp_call. This means that type->tp_vectorcall must match the behavior of
Py_TYPE(type)->tp_call.

Specifically, if type uses the default metaclass, type->tp_vectorcall must behave the same

as PyType_Type->tp_call, which:
e calls type->tp_new,
o if the result is a subclass of type, calls type->tp_init on the result of tp_new, and
e returns the result of tp_new.

Typically, tp_vectorcall is overridden to optimize this process for specific tp_new and
tp_init. When doing this for user-subclassable types, note that both can be overridden

(using __new__() and __init__(), respectively).

Hik
ZDT7 4=V RIFRLUTHEREINEREA,
Added in version 3.9: (ZD7 4 — L RIE 38 LOHFHELTVWETH, 39LETLIFIHTEZEA)

unsigned char PyTypeObject.tp_watched

Internal. Do not use.

Added in version 3.12.

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static PyTypeObject structure is defined
directly in code and initialized using PyType_Ready ().

This results in types that are limited relative to types defined in Python:

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.

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.
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12.3.7 Heap Types

An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to

classes created by Python’s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filling a PyType_Spec structure and calling PyType FromSpec(),
PyType_FromSpecWithBases (), PyType_FromModuleAndSpec (), or PyType_FromMetaclass().

12.3.8 MEA T U MEER

type PyNumberMethods
Z OMERIZEYER 70 b a2 RAET 5 7= DIfib N 5 BEEEIAND R A VX2 REFL TR S, UF
DZFNFTH OB BYER 7O L3IV (number protocol) TR XL T W 2 7= & HT D BED & FIH
SINET,

DU I3 ERDEFR TS

typedef struct {
binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;
inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;

binaryfunc nb_inplace_lshift;

binaryfunc nb_inplace_rshift;
(RDOR=V1Fil)
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binaryfunc
binaryfunc

binaryfunc

binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc

binaryfunc

(RiDR=T 226 DfE X))
nb_inplace_and;
nb_inplace_xor;

nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;

nb_inplace_true_divide;

unaryfunc nb_index;

nb_matrix_multiply;

nb_inplace_matrix_multiply;

} PyNumberMethods;

0 IR

CIHBR  SHBEEE, IRTOART VPO EF 2 v 7 LRTNAER ST, HEREH:E
FEHELRFNERZRD TRA (T AL EBART VY FO—DRFERLTWBRHDA v 22V R
TY). bLEASGNTLART Y PN L THREMERS AR TNE, ZIHBEK e =THERUX
Py_NotImplemented ZiRIZIFNUIL BT MO T —23EZ o 7235E 1. NULL ZiR L THls %=
RELRITFIUIRD $H]A,

0 IR

The nb_reserved field should always be NULL. It was previously called nb_long, and was

renamed in Python 3.0.1.

binaryfunc PyNumberMethods.nb_add

binaryfunc PyNumberMethods.nb_subtract

binaryfunc PyNumberMethods.nb_multiply

binaryfunc PyNumberMethods.nb_remainder

binaryfunc PyNumberMethods.nb_divmod

ternaryfunc PyNumberMethods.nb_power

unaryfunc PyNumberMethods.nb_negative
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unaryfunc PyNumberMethods.

unaryfunc PyNumberMethods.

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.
binaryfunc PyNumberMethods.
binaryfunc PyNumberMethods.

binaryfunc PyNumberMethods.

nb_inplace_lshift

.nb_inplace_rshift

nb_inplace_and

nb_inplace_xor

nb_inplace_or

nb_floor_divide

nb_true_divide

424
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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

123.9 Iy 7FH T2 U MEERK

type PyMappingMethods

ZOEREZ~y TR0 F al B RET 2 -DIHEONZBEBEEANDRAL VA BHEELTOE T, ML
TD 32D A\ZHSTVWET

lenfunc PyMappingMethods.mp_length
Z DRAEUE PyMapping_Size() X PyObject_Size() HHAFAIN. ZHH U 72 F » 2o
TVET, ATV =7 PHERSNLRIRRLAZVEEE, 20Xy ME NULL KRESNZ L
BHHET,

binaryfunc PyMappingMethods.mp_subscript

Z DB PyObject_GetItem() B & U8 PySequence_GetSlice() » & Fl A & h,
PyObject_GetItem() U 72 F v o TWVWET, ZDRT vy M PyMapping_Check() 75 1
BB 72DITIFBET, £ 5 TRIFIUX NULL DEEHRHD £,

objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice()
and PySequence_DelSlice (). It has the same signature as PyObject_SetItem(), but v can also
be set to NULL to delete an item. If this slot is NULL, the object does not support item assignment

and deletion.

12.3.10 =7 > RA T U MEER

type PySequenceMethods
COMERIEY = Y2 Ta b al e FEET 201D BEBBAND KRS ¥V X BREL T
9,
lenfunc PySequenceMethods.sq_length
This function is used by PySequence_Size () and PyObject_Size (), and has the same signature.
It is also used for handling negative indices via the sq_ttem and the sq_ass_iten slots.
binaryfunc PySequenceMethods.sq_concat

Z DRAFUZ PySequence_Concat () THIHE M, ML 72 F v 2RioTWVWE T, F/ + HETFT
b, nb_add A0y MZXAEEMELZH L 2RICHHI N E S,
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ssizeargfunc PySequenceMethods.sq_repeat

Z OBRUE PySequence_Repeat () THIHZ N, RIS 72 F ¥ Z2HioTWVWET, F/ x HETDH,
nb_multiply Ay MIXA2BUEREZHK L ICHHSTNET,

ssizeargfunc PySequenceMethods.sq_item
This function is used by PySequence_GetItem() and has the same signature. It is also used by

PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slot is filled, it is called and the sequence
length is used to compute a positive index which is passed to sq_ztem. If sq_length is NULL, the

index is passed as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item

This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_Delltem(), after trying the item assignment and deletion
via the mp_ass_subscript slot. This slot may be left to NULL if the object does not support item

assignment and deletion.

objobjproc PySequenceMethods.sq_contains
Z DPREIE PySequence_Contains() P HAMAEH, ALY 72 F vy 2o TWEd, DA\ Y b
& NULL D5 EDH D Z DI PySequence_Contains() I3 Y NIy F T 5479 =27 b2l
DI ETY—Fr v 2EREIL %3,

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat() will fall back to PySequence_Concat (). It is also used by the

augmented assignment +=, after trying numeric in-place addition via the nb_<nplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
This function is used by PySequence_InPlaceRepeat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
mented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply

slot.

12.3.11 Ny I 7* T2 ¥ MEEK (buffer object structure)

type PyBufferProcs
Z OREERIT buffer 7O LIV DERT ZEBEEANDRA Y X ERFELTVWET, 20780 b ald,
IIVAR=R—=FTT =27 FHPIUNCL T, ZONMT —L%2ar>a—<F 7 =7 MIETHIZE
#LET,

getbufferproc PyBuf ferProcs.bf_getbuffer
ZOBBDY T2 F 2 IZL O N T
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int (PyObject *exporter, Py_buffer *view, int flags);

flags THEE SN HET view ZHEDTIFLWVWE WD exporter IHTAERZMEL T, XTFv 7
(3) ZEBRWVWT, ZOBBOFEETIILIRORT v T2ITbRIFIIR D 8 A:

(1) Check if the request can be met. If not, raise BufferError, set view—>obj to NULL and return

-1
(2) ERXIN/7 4 =V FREDET,

(3) TZAK— b LEBBERET2HEA T X B L 27UV P LET,
(4) view—>obj IZ exporter ZFE L. view->obj A Y7 UX Y FLE T,
(5) 0 RLEF,

exporter B3N 7 7 TANA XDF 24 Y ) —D—HFHTHIUI, 2200 FELAXPMEHTE
SN

o HXZJRAR—1: VY —DREHEDPTZIAR-PENEF TV =7 M LTRDHEHW, BHEAOH
LWSHE% view->0bj Ntv FLE T,

e VEALZ M Ny Z7BRKBVY—DL—F 3Tz MIVEXA LY FENET, 2Tl
view->0bj (I — bA T I 27 bADF LWSIRIZRD £75,

view DEARD 7 1+ =N Fix N 7 7igiElE O CHASNATED, 27 AR — FREDERITH L
ESHIBLRITIUIZR B2V HORHNE, Ny T 7ERDEZAT OHiCH D £,

Py _buffer BOEEDOF L SLBHE L TVWEETOAETVIZIIAR-RIBL, arya—<hnil
RBZETHM TR TIIRD £¥ A, format . shape . strides . suboffsets . internal {Z2a ¥
Ya—=holdFHAt LEHTY,

PyBuffer FillInfo() &, 2 TDY I TR M XA FERIEL LSBT, B AL M Ny 7 7 %206
AR EE R L £5,

PyObject_GetBuffer(D 1. TOBBEI v F52arya—<MA}DAf VX —7 2 —ATT,

releasebufferproc PyBufferProcs.bf_releasebuffer

OO A F P IZLIROED T

void (PyObject *exporter, Py_buffer *view);

Ny 77DV Y —AZHRT2ERZNELEST, bLHART2HLEDODH 2V Y — AN WEE,
PyBufferProcs.bf_releasebuffer & NULL IZL THMWERA, 25 TRVWHEER. ZOBEED
EHE 72 522803, DUN OER OMIETFNE (optional step) ZITWVWE T

(1) =2 2K—+ LR RRET 2 NEA Y Y 2 EF 27U A2 P LET,

(2) AT &2 0 DHEE. view ZHEMNIT BN TOXEY ZEHRLET,
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ITAR=RIF. Ny 7 7EHDV Y —REEMHUET 572DIC internal 7 4 — REELRITIX
BDERA, TOT74—LRE aria—<h view 51 LTHIIFALONYy 7 7Dab—%E
LTWBTHASM. BOORNWI BRI TVETS,

Z OBIIE. view->obj 2T 7 U XY P LTEIWITFHA. BREL DS ZNIE PyBuffer_ Release() T
HERNCATHON 20256 TT (ZOHREFBROMWERZ < DITHHTY),

PyBuffer_Release(D &, ZOB%E Iy 7Fdarya—<MAlIDOAL X -7 —ATT,

12.3.12 async #72 xU MEEK

Added in version 3.5.

type PyAsyncMethods

Z OREERE awaitable 7Y =7 b ¥ asynchronous iterator 7Y = 7 N BEET 5 DICHELE
BANDRA V2 2RFFL TV T,

DR 3MERDOERTS:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

OO IAF v LR OED T

PyObject *am_await(PyObject *self);

ENZFA TV 27 E ATL—4 TRINERDERA, 2FDZDOF TV 27 PITRLT

PyIter_Check() 2% 1 ZiRERITAUIR D FH A,

F 7Y 27 MW awaitable THRWGE, ZDAB Y % NULL ICRELFE T,

unaryfunc PyAsyncMethods.am_aiter

ZOBBDOY 72 F v D@D T3

PyObject *am_aiter(PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.

F 7Y 27 MOERPARKELE O Fa r a L 2HELTOWRWEES, 20Xy M NULL IZ8E L
9,

unaryfunc PyAsyncMethods.am_anext

COBBDY 7 H3F % ZUL T D@ T
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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

COBBEDY 73 F % ZULTDED T

PySendResult am_send(PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send() for details. This slot may be set to NULL.

Added in version 3.10.

12.3.13 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py _ssize ¢ nitems)

RICEL £9: Stable ABI. The purpose of this function is to separate memory allocation from
memory initialization. It should return a pointer to a block of memory of adequate length for the
instance, suitably aligned, and initialized to zeros, but with ob_refcnt set to 1 and ob_type set
to the type argument. If the type’s tp_itemsize is non-zero, the object’s ob_size field should
be initialized to nitems and the length of the allocated memory block should be tp_basicsize +
nitems*tp_itemsize, rounded up to a multiple of sizeof (void*); otherwise, nitems is not used

and the length of the block should be tp_basicsize.

OB T WD E A4 VAR Y ZPIESIToTER D ERA. BMOXEVEDETTS D
fToTERDERA, 2D XS HRIUIT tp_new TITHONBNETT,

typedef void (*destructor)(PyObject*)
RICBL F7: Stable ABI.
typedef void (*freefunc)(void*)
tp_free ZBRL TSIV,
typedef PyObject *(*newfunc)(PyTypeObject®, PyObject*, PyObject™®)
RICBLET: Stable ABL. tp_new 2B LT 72X\,
typedef int (*initproc)(PyObject™, PyObject®, PyObject™)
RICEBLET: Stable ABL tp_dnit #BHLTL I W,
typedef PyObject *(*reprfunc)(PyObject™)
RICBLET: Stable ABL tp_repr 2B LTLE X0,
typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)

RICBELET: Stable ABL. #7727 +OBEMHOEERL £5,
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typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

RICBLET: Stable ABL. A7V =27 FOEMICEEZHREL T, BUEZHIERT 2121&, value ()
180z NULL 2B EL 5,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
RICBELET: Stable ABL. 7Y =2 FORHEHEOEZIEL 3,

tp_getattro ZBML T E W,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

RICBLET: Stable ABL. A7V =27 FOBHIEZREL £3. BEZHIFRT 21213, value (5)
5180 NULL 2% E L ¥ 3,

tp_setattro ZBML T IV,
typedef PyObject *(*descrgetfunc)(PyObject®, PyObject™, PyObject*)
RICEBLE9: Stable ABL. tp_descr_get ZBELTLE&X W,
typedef int (*descrsetfunc)(PyObject™, PyObject*, PyObject™)
RICEBL E9: Stable ABL. tp_descr_set 2B LT X W,
typedef Py _hash_t (*hashfunc)(PyObject™)
RICEBLZE 9 Stable ABL tp_hash 2SR L T X W,
typedef PyObject *(*richempfunc)(PyObject*, PyObject™®, int)
RICEBLE9: Stable ABL. tp_richcompare ZSIRL TL 72 & W,
typedef PyObject *(*getiterfunc)(PyObject*)
RICBLET: Stable ABL tp_iter #BHLTL X0,
typedef PyObject *(*iternextfunc)(PyObject™)
RICEBLZE 9 Stable ABL tp_iternezt ZSRLTL XV,
typedef Py ssize t (*lenfunc)(PyObject™)
RICBLFT: Stable ABI.
typedef int (*getbufferproc)(PyObject*, Py _buffer®, int)
RICBELET: Stable ABI (IN—23 > 3.12 &D).
typedef void (*releasebufferproc)(PyObject®, Py _buffer*)
RICELFT: Stable ABL (IN—23> 3.12 &D).
typedef PyObject *(*unaryfunc)(PyObject™)
RICBLFT: Stable ABI.
typedef PyObject *(*binaryfunc)(PyObject™, PyObject™®)
RICEBLFT: Stable ABI.
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typedef PySendResult (*sendfunc)(PyObject™, PyObject®, PyObject™*)

am_send ZZHLTLZE W,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject*, PyObject*)
RICEL 9 Stable ABI.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py ssize t)
RICBLZE 9 Stable ABI.

typedef int (*ssizeobjargproc)(PyObject®, Py ssize t, PyObject™)
RICEL X9 Stable ABI.

typedef int (*objobjproc)(PyObject*, PyObject™)
RICBLZF 9 Stable ABL

typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
RICEBL X9 Stable ABI.

12.3.14 fEFAH

Z ZTlX Python OMEROHLHNZ N OHZEFE T, 06 DHNITD 7722588 3 2 @ 22
EFAEATVET, WO TRE M) v F—Ra—F—F—2AFFHLTVET, &HZL OFIREEMNL
B, F2— MU 7B RBER S, defining-new-types = new-types-topics 2SR L T L 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 REROHETERVEEWa— FE (FiZ CPython D3 — FRRX—ZHT) ERnF3IehndHs0dbL
NFEHA:

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
(RDOR=V1Fil)
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};

"mymod.MyObject",
sizeof (MyObject),
0,

(destructor)myobj_dealloc,

0,
0,
0,
0,
(reprfunc)myobj_repr,

0
0
0
0
0
0
0
0
0
0

B

PyDoc_STR("My objects"),

- - - - - - -

-

- - - - - -

O O O O O O O O O O O o o o o o

-

myobj_new,

tp_name */
tp_basicsize */
tp_itemsize */
tp_dealloc */
tp_vectorcall_offset */
tp_getattr */
tp_setattr */
tp_as_async */
tp_repr */
tp_as_number */
tp_as_sequence */
tp_as_mapping */
tp_hash */
tp_call */

tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
tp_doc */
tp_traverse */
tp_clear */
tp_richcompare */
tp_weaklistoffset */
tp_iter */
tp_iternext */
tp_methods */
tp_members */
tp_getset */
tp_base */
tp_dict */
tp_descr_get */
tp_descr_set */
tp_dictoffset */
tp_init */
tp_alloc */
tp_new */

(FiDR— 25 D %)

FIBEERA VAR Y REE,

Ny ¥artR—1+F R

typedef struct {

[CRENIN XS
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(FiDR— 25 D %)
PyObject_HEAD
const char *data;

} MyObject;

static PyTypeObject MyObject_Type = {

PyVarObject_HEAD_INIT(NULL, 0)

.tp_name = "mymod.MyObject",

.tp_basicsize = sizeof (MyObject),

.tp_doc = PyDoc_STR("My objects"),

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE |
Py_TPFLAGS_HAVE_GC | Py_TPFLAGS_MANAGED_DICT |
Py_TPFLAGS_MANAGED_WEAKREF,

.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,

.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,

.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,
.tp_richcompare = PyBaseObject_Type.tp_richcompare,
};

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate

factory func) using Py_TPFLAGS_DISALLOW_ INSTANTIATION flag

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:
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typedef struct {
PyObject _HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",

};

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datal[1];

} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

};

12.4 BREBAN—2OL V23 Y R—+T3

Python BMEERSEZ ELIN—YOMELral 7y a vEHR—F 52312 o727 ricss ”
avyF MOF T NEMO Y TFIEARET) L REF TV 27 MWK B YR — FHALET
T DA 7V 27 M T EBRERLBLAEVA TV 227 b, (BUERSXFHID & 57%) 7 b 28 (atomic
type) NOBRZFEEET 2 X O RBTIE, ARN—YarrraYiBELTRIIZAz Wo ey R— b &l
BT 20EIH D FH A,

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 ¢p_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 bLERMOLF TV 27 ME. ZOHICRRZZHANSES Ll bh 84, HED
2, TO75 0y NUEROFA T2 v eay T F AT PN E TS,

ay7FFEOary A7 7 ZFLU RO OOHANHEE LR FuIkh 8 A:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2. M ayFFADSHEPALIZ LD LARVT s — A e THHtanEL, T
PyObject_GC_Track() ZMFUNMH S RITAUIRD 8 A,
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FIRRIC, A 72227 PDOXEY BB UL TOZo0HANGEE LT Uil h 8 A:

1. fioay 7 2SR LTW3 7 4 — L R2EM{LT 2102, PyObject_GC UnTrack() ZFEUH X 220t
IR H T A

2. ATV 27 FDRAEVIZ PyObject_GC Del () TR LEFNIRYD $HA,

A

If a type adds the Py_ TPFLAGS_HAVE_ GC, then it must implement at least a tp_traverse

g

==}
[=]

handler or explicitly use one from its subclass or subclasses.

When calling PyType Ready() or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically pop-
ulate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class
that implements the garbage collector protocol and the child class does not include the
Py_TPFLAGS_HAVE_GC flag

PyObject_GC_New(TYPE, typeobj)

Analogous to PyObject_New but for container objects with the Py_TPFLAGS_HAVE_GC flag set.

PyObject_GC_NewVar (TYPE, typeobj, size)

Analogous to PyObject_NewVar but for container objects with the Py_TPFLAGS HAVE_GC flag set.

PyObject *PyUnstable_0bject_GC_NewWithExtraData(PyTypeObject *type, size_t extra_ size)

ZHUZ Unstable API T3, YA F—V Y —RATTERLKEBEINZ DD X7,

Analogous to PyObject_GC_New but allocates extra_size bytes at the end of the object (at offset
tp_basicsize). The allocated memory is initialized to zeros, except for the Python object

header.

The extra data will be deallocated with the object, but otherwise it is not managed by Python.

A s

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.

Added in version 3.12.
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PyObject_GC_Resize (TYPE, op, newsize)
Resize an object allocated by PyObject_NewVar. Returns the resized object of type TYPE* (refers

to any C type) or NULL on failure.

op must be of type PyVar0bject* and must not be tracked by the collector yet. newsize must be
of type Py_ssize_t.

void PyObject_GC_Track(PyObject *op)
RICBLEFT: Stable ABL. A7V x7 b op &, L7 RICEX-oTERFENZ AT 27 FOEEIT
BIMLEST, 2L 7 XEEEI OPETETERVDT, BIHEIATHWEEEA 7Y =2 MIEELWL
RETOWRITNUIZD ¥ A, tp_traverse DIMRELZETDT 4 — /L EPIELWIRERBIZR 5 TF
QI 2V TWRa YR P77 ZOREMET, MOHTRETT,

int PyObject_IS_GC(PyObject *obj)

Returns non-zero if the object implements the garbage collector protocol, otherwise returns 0.
The object cannot be tracked by the garbage collector if this function returns 0.

int PyObject_GC_IsTracked (PyObject *op)
RICBLET: Stable ABI (IN—23> 3.9 &D ). Returns 1 if the object type of op implements
the GC protocol and op is being currently tracked by the garbage collector and 0 otherwise.
This is analogous to the Python function gc.is_tracked().

Added in version 3.9.

int PyObject_GC_IsFinalized(PyObject *op)
RICBLET: Stable ABI (IN—23 > 3.9 &D ). Returns 1 if the object type of op implements
the GC protocol and op has been already finalized by the garbage collector and 0 otherwise.
This is analogous to the Python function gc.is_finalized().

Added in version 3.9.

void PyObject_GC_Del (void *op)

RICEL F7: Stable ABI. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)
RICBLEFT: Stable ABL. A7V =27 b op &, AL 7RI TEBIFENZ AT =7 FOEED
LERRELET, ZOA TV =27 MK LT PyObject_GC Track() ZHEFENH LT, BHXNS A
T2 POEGICRT I DAEET T, tp_traverse NY RTDWHREe 27 4 — L RDPIELL &
WIRRBIZRZ B RIS, T 7B 7 —& (tp_dealloc NV RZ) EA 7V M LT, ZOBEKEMNN
HIRNETT,

N—Y a3 3.8 TAHE: The _PyObject_GC_TRACK() and _PyObject_GC_UNTRACK() macros have been
removed from the public C API.

tp_traverse NY RIIEZDBRIDEBNT X —REZITWD £3:
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typedef int (*visitproc)(PyObject *object, void *arg)

RICEBLET: Stable ABL. tp_traverse N¥ F 7 I I3 Y X —BEL (visitor function) O
TS, ZOBBIE. HBRITEF 7V 22 bE object ¥ LT, tp_traverse N> KD 3 518% arg
LTI L E S, Python Da7idnwL 200X —BEEH- T, I ko lERSEEM
M2 MtHAZERKLET; 2—PPHHDLDIC Y X —FKEZHE I LEIH T 2283 RVWT
Lo,

tp_traverse NY F ZIIROFZFEF-> TWRIFIUIR D £HA:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

RICBLEFT: Stable ABL. aY7FF 7Y 227 D7D+ 7 8—H)LEEE (traversal function) T
T, FETIE., self WEBRA-TVEEATI 27 ML T visit ARERCHIRIFAERD 8
Ao TDEE, visit NDNFTRXRFAYTFIZA>TVEEAT V=27 e, TONY FIRZESH
7z arg DIET T, wvisit BEIE NULL A 7Y = 7 b 251 BUCE L THEEH L TR D £ A, visit IE
YroEzZRTHE L7 —MREL, ROEZZOEFRT LS ICLARTUIRD $EA,

tp_traverse ™Y R 7 BMRICEL 2dIZ, Py _VISITO v 7 udiixhTtnEd, Zo~vruzf#is 7
DIZIE, tp_traverse DHEEEMBDFIEIZ., —XFDEDT visit ¥ arg TRINUIRD FEA:

void Py_VISIT(PyObject *o)

o 28 NULL TRIFIUZ. o & arg 25T LT visit a— "y ZEMUOH L 3, visit L TR
fERR L7256, TOEZRLET, 2O~ u%i{lid L, tp_traverse N FZIERD X 51Tk D
£

static int

my_traverse (Noddy *self, visitproc visit, void *arg)

{
Py_VISIT(self->foo);
Py_VISIT(self->bar);
return 0O;

}

tp_clear "Y' F 13 inquiry BTH 230, A 7Y =7 F2AZ (immutable) 72355 1& NULL T2 3 U7z
D i‘&%{/o

typedef int (*inquiry)(PyObject *self)

RICBLET: Stable ABL fEERZBEZR L TWE L BIFL X BWEHLHEL T, ZEAAGER A
T2 MAERSBEEBEMT A AR LTRVDT, ZOMBEERTAHEIDD FHA,
ZOXYy REMUH LB THA 7Y 227 MIBNREZTRIINELZLBRVDTHEREL T EZE WY
(BRI LT Py_DECREF() ZWMERIZFIZLARWVWTLZE W), AIR=YaAL IR A7 =7 bW
ERZEEHER L TWE I ZMHLIZBICZOX Y v REROHL T,
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12.4.1 Controlling the Garbage Collector State
The C-API provides the following functions for controlling garbage collection runs.

Py ssize_t PyGC_Collect (void)

RICEBLZET: Stable ABI. Perform a full garbage collection, if the garbage collector is enabled.
(Note that gc.collect () runs it unconditionally.)

Returns the number of collected 4+ unreachable objects which cannot be collected. If the garbage
collector is disabled or already collecting, returns 0 immediately. Errors during garbage collection

are passed to sys.unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

RICBLF9: Stable ABI (IN—2 3> 3.10 &b ). Enable the garbage collector: similar to
gc.enable(). Returns the previous state, 0 for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_Disable (void)

RICBLEY: Stable ABI (IN—23 > 3.10 &b ). Disable the garbage collector: similar to
gc.disable(). Returns the previous state, 0 for disabled and 1 for enabled.

Added in version 3.10.

int PyGC_IsEnabled (void)

RICBLZF Y : Stable ABI (IN—23 > 8.10 &b ). Query the state of the garbage collector: similar

to gc.isenabled (). Returns the current state, 0 for disabled and 1 for enabled.

Added in version 3.10.

12.4.2 Querying Garbage Collector State
The C-API provides the following interface for querying information about the garbage collector.

void PyUnstable_GC_VisitObjects (gcvisitobjects t callback, void *arg)

ZHUZ Unstable API T%, A F—V V) —ATTERLKEHINDZZ DD FT,

Run supplied callback on all live GC-capable objects. arg is passed through to all invocations of
callback.

A

If new objects are (de)allocated by the callback it is undefined if they will be visited.

g

==
=

438 %F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, JJ—2X 3.14.0a7

Garbage collection is disabled during operation. Explicitly running a collection in the callback

may lead to undefined behaviour e.g. visiting the same objects multiple times or not at all.

Added in version 3.12.

typedef int (*gevisitobjects_t)(PyObject *object, void *arg)

Type of the visitor function to be passed to PyUnstable_GC_VisitObjects(). arg is the same
as the arg passed to PyUnstable_GC_VisitObjects. Return 1 to continue iteration, return O to
stop iteration. Other return values are reserved for now so behavior on returning anything else is

undefined.

Added in version 3.12.

12.4.
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13.1 Build-time version constants

CPython exposes its version number in the following macros. Note that these correspond to the version

code is built with. See Py_Version for the version used at run time.
N—=Y 3 vl API & ABI OREWICOWTIE C API DREM 2B LTIV,

PY_MAJOR_VERSION

3.4.1a2 ® 3,

PY_MINOR_VERSION

3.4.1a2 ® 4,

PY_MICRO_VERSION

3.4.1a2 D 1,

PY_RELEASE_LEVEL
3.4.1a2 D a, 777 TlZ 0xA . R—& Tl 0xB. VU U —REMTIZ 0xC . K TIZ OxF ¥ 72
h %9,

PY_RELEASE_SERIAL

3.4.1a2 D 2, MRV IV —ZATIZ 0 kb ET,

PY_VERSION_HEX
The Python version number encoded in a single integer. See Py PACK_ FULL_VERSION() for the

encoding details.

Use this for numeric comparisons, for example, #if PY_VERSION_HEX >= ....

13.2 Run-time version

const unsigned long Py_Version

RICBLFY: Stable ABI (IN—23 Y 3.11 &D ). The Python runtime version number encoded
in a single constant integer. See Py_PACK_FULL_VERSION() for the encoding details. This contains

the Python version used at run time.
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Use this for numeric comparisons, for example, if (Py_Version >= ...).

Added in version 3.11.

13.3 Bit-packing macros

uint32_t Py_PACK_FULL_VERSION (int major, int minor, int micro, int release_level, int release_serial)

RICBLEFY: Stable ABI (IN—23 > 3.1/ &£ D). Return the given version, encoded as a single

32-bit integer with the following structure:

Argument No. of bits Bit mask Bit shift =~ Example values
3.4.1a2 3.10.0

magjor 8 0xFF000000 24 0x03 0x03
minor 8 0x00FF0000 16 0x04 0x0A
micro 8 0x0000FFO0O 8 0x01 0x00
release_level 4 0x000000F0 4 OxA OxF
release__serial 4 0x0000000F O 0x2 0x0

For example:

Version Py_PACK_FULL_VERSION arguments Encoded version

3.4.1a2 (3, 4, 1, 0xA, 2) 0x030401a2
3.10.0 (3, 10, 0, OxF, 0) 0x030a00£0

Out-of range bits in the arguments are ignored. That is, the macro can be defined as:

#ifndef Py_PACK_FULL_VERSION
#define Py_PACK_FULL_VERSION(X, Y, Z, LEVEL, SERIAL) ( \

(((X) & 0zff) << 24) | \
(((Y) & 0zff) << 16) | \
(((Z) & ozff) << 8) | \
(((LEVEL) & Ozf) << 4) | \

(((SERIAL) & 0zf) << 0))
#enda f

Py_PACK_FULL_VERSION is primarily a macro, intended for use in #if directives, but it is also

available as an exported function.

Added in version 3.14.

uint32__t Py_PACK_VERSION (int major, int minor)

RICBLET: Stable ABI (IN—23 > 3.1/ &D ). Equivalent to Py_PACK_FULL_VERSION(major,
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minor, 0, 0, 0). The result does not correspond to any Python release, but is useful in numeric

comparisons.

Added in version 3.14.
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MONITORING C API

Added in version 3.13.

An extension may need to interact with the event monitoring system. Subscribing to events and regis-

tering callbacks can be done via the Python API exposed in sys.monitoring.






%

FIFTEEN

GENERATING EXECUTION EVENTS

The functions below make it possible for an extension to fire monitoring events as it emulates the
execution of Python code. Each of these functions accepts a PyMonitoringState struct which contains
concise information about the activation state of events, as well as the event arguments, which include a
PyObject* representing the code object, the instruction offset and sometimes additional, event-specific
arguments (see sys.monitoring for details about the signatures of the different event callbacks). The

codelike argument should be an instance of types.CodeType or of a type that emulates it.
The VM disables tracing when firing an event, so there is no need for user code to do that.

Monitoring functions should not be called with an exception set, except those listed below as working
with the current exception.
type PyMonitoringState
Representation of the state of an event type. It is allocated by the user while its contents are
maintained by the monitoring API functions described below.
All of the functions below return 0 on success and -1 (with an exception set) on error.

See sys.monitoring for descriptions of the events.

int PyMonitoring_FirePyStartEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a PY_START event.

int PyMonitoring_FirePyResumeEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_RESUME event.

int PyMonitoring_FirePyReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,

PyObject *retval)

Fire a PY_RETURN event.

int PyMonitoring_FirePyYieldEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset,

PyObject *retval)

Fire a PY_YIELD event.

int PyMonitoring_FireCallEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *callable, PyObject *arg0)
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Fire a CALL event.
int PyMonitoring_FireLineEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset, int
lineno)
Fire a LINE event.
int PyMonitoring_FireJumpEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *target_ offset)
Fire a JUMP event.
int PyMonitoring_FireBranchLeftEvent (PyMonitoringState *state, PyObject *codelike, int32_t
offset, PyObject *target_ offset)
Fire a BRANCH_LEFT event.
int PyMonitoring_FireBranchRightEvent (PyMonitoringState *state, PyObject *codelike, int32_t
offset, PyObject *target_ offset)
Fire a BRANCH_RIGHT event.
int PyMonitoring_FireCReturnEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset,
PyObject *retval)

Fire a C_RETURN event.

int PyMonitoring_FirePyThrowEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a PY_THROW event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a RAISE event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireCRaiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)

Fire a C_RAISE event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireReraiseEvent (PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a RERAISE event with the current exception (as returned by PyErr_GetRaisedEzception()).

int PyMonitoring_FireExceptionHandledEvent ( PyMonitoringState *state, PyObject *codelike,

int32_t offset)

Fire an EXCEPTION_HANDLED event with the current exception (as returned by
PyErr_GetRaisedEzception()).

int PyMonitoring_FirePyUnwindEvent ( PyMonitoringState *state, PyObject *codelike, int32_t offset)
Fire a PY_UNWIND event with the current exception (as returned by

PyErr_GetRaisedEzception()).

int PyMonitoring_FireStopIterationEvent (PyMonitoringState *state, PyObject *codelike, int32_ t
offset, PyObject *value)
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Fire a STOP_ITERATION event. If value is an instance of StopIteration, it is used. Otherwise, a

new StopIlteration instance is created with value as its argument.

15.1 Managing the Monitoring State

Monitoring states can be managed with the help of monitoring scopes. A scope would typically corre-

spond to a python function.

int PyMonitoring_EnterScope (PyMonitoringState *state_array, uint64_t *version, const uint8_t

*event_ types, Py_ssize_t length)

Enter a monitored scope. event_types is an array of the event IDs for events that
may be fired from the scope. For example, the ID of a PY_START event is the value
PY_MONITORING_EVENT_PY_START, which is numerically equal to the base-2 logarithm of sys.
monitoring.events.PY_START. state_array is an array with a monitoring state entry for each
event in event_types, it is allocated by the user but populated by PyMonitoring_EnterScope ()
with information about the activation state of the event. The size of event_types (and hence also

of state_array) is given in length.

The version argument is a pointer to a value which should be allocated by the user together with
state_array and initialized to 0, and then set only by PyMonitoring_EnterScope() itself. It
allows this function to determine whether event states have changed since the previous call, and

to return quickly if they have not.

The scopes referred to here are lexical scopes: a function, class or method.
PyMonitoring_EnterScope() should be called whenever the lexical scope is entered. Scopes
can be reentered, reusing the same state__array and version, in situations like when emulating a
recursive Python function. When a code-like’s execution is paused, such as when emulating a

generator, the scope needs to be exited and re-entered.

The macros for event_types are:
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Macro

Event

PY_MONITORING_EVENT BRANCH_LEFT

PY_MONITORING_EVENT_BRANCH_RIGHT

PY_MONITORING_EVENT_ CALL

PY_MONITORING_EVENT_C_RAISE

PY_MONITORING_EVENT_C_RETURN

PY_MONITORING_EVENT_EXCEPTION_HANDLED

PY_MONITORING_EVENT_INSTRUCTION

PY_MONITORING_EVENT_JUMP

PY_MONITORING_EVENT_LINE

PY_MONITORING_EVENT_PY_RESUME

PY_MONITORING_EVENT_PY_RETURN

PY_MONITORING_EVENT_PY_START

PY_MONITORING_EVENT_PY_THROW

PY_MONITORING_EVENT PY_UNWIND

BRANCH_LEFT

BRANCH_RIGHT

CALL

C_RAISE

C_RETURN

EXCEPTION_HANDLED

INSTRUCTION

JUMP

LINE

PY_RESUME

PY_RETURN

PY_START

PY_THROW

PY_UNWIND
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int PyMonitoring_ExitScope (void)

Exit the last scope that was entered with PyMonitoring_EnterScope().

int PY_MONITORING_IS_INSTRUMENTED_EVENT (uint8_t ev)

Return true if the event corresponding to the event ID ev is a local event.
Added in version 3.13.

N— a ¥ 3.14 TIEHELE: This function is soft deprecated.

15.1. Managing the Monitoring State
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8%

>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
CEfFENZa—-FHITEIL AT T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XEOR AR, AR BEEIN. =ZFHSHF) oA, Far—x—ofRic, a—-Fz2 AN
BERICFRENS T 7 4L+ D Python 7> 7+ T,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK Y 7 21F duck-typing 25T T 2 d DT, hasattr() REDHDT 7 =v
7 TENBHFTH - 72 W Wb I1cid 2 (1213 magic methods DIFH) JHICA ¥ X —T = — A% ER
THHEZRMEL 3, ABC IXMEAE (virtual) 3727 9 RZEALE T, ZHhEHEZ 7 206/ EKL
FHAD, ZNTD isinstance() X issubclass() IR ENFET; abc T 2 —ILD FF 2 X
YR ESHBLTLZE W, Python 1k, £ OflARAA ABC BRI TVWE T, DRI,
(collections.abc EY 2 —/LTC) 7 — X, (numbers £ 2 —/LTC) . (io EY2—1LT) A b
Y —24, (importlib.abc E¥ 2 —JLT) 4 Y K— b7 74 Y Z/PFB—X—T7F, abc EL 2 —L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotate function A
function that can be called to retrieve the annotations of an object. This function is accessible as
the __annotate__ attribute of functions, classes, and modules. Annotate functions are a subset

of evaluate functions.

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RDEICEFRT 2 70T, EilickD
type hint £ LTHEONTVET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,
class attributes, and functions can be retrieved by calling annotationlib.get_annotations() on

modules, classes, and functions, respectively.
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See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe

this functionality. Also see annotations-howto for best practices on working with annotations.

51# (argument)
(518 BRI, B (£ AV R) KETHETT, EEuc 2@EH D 3

o F—TU—FR5%: BEMECH L OBICEIEBDORNIHEBI T2 oWz b D (fl: name=) R, *x IZHil}
J-EEOHOEE L THEINZGE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —
7 — F5lETs:

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 5})

o fIBSI: ¥—v— F5lELU D58, METIBIITIEY 2+ OFFICHELS Z A TE, $h* 12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX ROBITIX 3 & 5 M FHAES
T3

complex (3, 5)
complex(*(3, 5))

FEIBUIBBOFRICBWTHRIN EDOn — AV ERICHID B Toh £, HDHTE2TSHANCOW
Tid calls ZBRLTLEE VN, VX ZRARBOVTEFFERTLDIZHL0 IS5 Z el
kRET, FHBiEhfHIe - VZERICE DL THNET,

RE1% . FAQ @ FHEEIEEARGIBDENMIMTTH? . PEP 362 2SR L TLEEW,

asynchronous context manager
(JEEa > 7 X A b~ —Y v) __aenter__() & __aexit__() XY v FEEFT S I LT async
with XNORBEZEM T 247922 TF, PEP 492 TEAXNLE L7,

asynchronous generator
(FERIY = % L — &) asynchronous generator iterator iR 3B TF . async def TEFEI Nz
N—F VEBIZBI TV E A, yield ReHDORTRLD £, yield i async for /— 7T
TEZHEOMIZERT 2DIMHHINE T,

EFIBIEFEH Y = 2 L — 2B L 35, XRICK > T RS zRL—R21TL—&% 25T
GEhd 3, BRENTERPH S THRWEE, BRLD 7012 R B2 AL £ 9,

FEFMY = 2 L — X BB, async for XX async with X2 THL avait RdDH 220D
D ij‘o

asynchronous generator iterator
GERIY = 2L —& A4 7L — &) asynchronous generator B THEREN2 LTS 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& THIXN 3 & awaitable 7Y = 7
FERIRLE T, 2D awaitable 7 7Y =27 NI, KD yield RETIEFAMAY = x L —XEKOARK %
FEITLET,

Each yield temporarily suspends processing, remembering the execution state (including local
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variables and pending try-statements). When the asynchronous generator iterator effectively re-
sumes with another awaitable returned by __anext__(), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable

(GEFIBAA 7 Z 7)) async for XOHPHTHHTES2A 72227 M TT, BHD __aiter__() XV v
R 5 asynchronous iterator R ERFIUIR D E¥ A, PEP 492 TEAZXIhE L,

asynchronous iterator

GEFR A 7L — &) __aiter__() & __anext__ () XY v 2 EELLATI2r }+T
3, __anext__ (O & awaitable & 7Y £ 7 bPERIRIFNIERD £E A, async for I
StopAsyncIteration 4t 2 X F 2 £ T, IEMEMA 7L —2D __anext__() XV v FHIKR
3 awaitable ZfER L 5, PEP 492 TEAXNZE L/,

attached thread state A

thread state that is active for the current OS thread.

When a thread state is attached, the OS thread has access to the full Python C API and can safely

invoke the bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached
thread state will result in a fatal error or undefined behavior. A thread state can be attached and
detached explicitly by the user through the C API, or implicitly by the runtime, including during
blocking C calls and by the bytecode interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL
for the current interpreter, so only one OS thread can have an attached thread state at a given
moment. In free-threaded builds of Python, threads can concurrently hold an attached thread

state, allowing for true parallelism of the bytecode interpreter.

B
(Bt) A7y =7 McBEEM TN, Fy FRERC X - THATTEESZREINSETT, X
Tz b o DEMY 0 EFRoTWEEE, ZOREMIX 0.0 TERINET,
F 7Y =7 2L, identifiers TEZRIN LA T TREBRVWHITOELEEZX 2 2N TEET, 2k
ZIE setattr () Zffiv, A7V 27 PAENEFFAIL TV AHEIITAE T, ZOLIRBEHIEF Y
FRERXTE 7 722 TES, Kb DI getattr () 2#H > TWHEZDERDH D F5,
awaitable
(FFH&FTRE) await N CHAT 2 Z PR Z AT = 7 M TF, coroutine D __await__() XV v
KRHBEA T2V b TT, PEP 492 2SR L T X W,
BDFL b3
R EALH ML (Benevolent Dictator For Life) OB T3, Python OfF#H. Guido van Rossum d
t 3—0
binary file

(NAF VT 74N bytes-like 7T TI b OiFRARABLIOEZRAALNTES J7MILF T
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Ik TS, "AFVT77A4N0DHNZ, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 1L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKXV AT,

Str ATV 2 FORMAEFEENTEZ 77 A NF TV 27 MTOWTI, text file BBRLU TS W,

borrowed reference In

Python’s C API, a borrowed reference is a reference to an object, where the code using the object
does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,

a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong refer-
ence in-place, except when the object cannot be destroyed before the last usage of the borrowed

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

bytes-like object N

w7778 3L (buffer Protocol) ¥ R—+ L TWT, C SFEQEKT EHiLE Ny 77 — 21
AJEE7 A 7Y = 7 b, bytes, bytearray, array.array . % <{ O—fH7% memoryview 7 7Y = 7
FAIZAUTH 2D £F, bytes-like 77T =7 M, T—XFEH, NAFV T 7 A ANDIRE, Vv
FERELRERE, N FV TR 2ERTIVAVWARBECHET 2 2 e N TEX T,

BODPDBRIETEINA F VT —RELBETZ2RENDD ET, ZOBEOF X2 XY PTIREL 7
HEZTRER bytes-like £ 7Y =227 b7 WEKRLTWES, EHEAFEERNY 77— 7Y =27 T,
bytearray ¢ bytearray @ memoryview REDPEZENF T, T/, OO OBRIETIINELRA
TV VDAL F Y TF—& (7 HAHLEHOD bytes-like A 7Y =27 b)) ZRELE T, U
bytes ¥ bytes @ memoryview A 7P =7 MEENE T,

bytecode

callable

callback

("4 Fa—F) Python ®Y =23 — Rl Python 70235 4®D CPython £ ¥ &% 7 ) X DNERFEH
THEIAN, Fa—FAeary3fLENFd, Nf ba—Fi& .pyc 774 MZF vy adh, AL
77 AN ZEHICFEITINZ L 2R LD ERICRDET (Y—RA—=FhH N, Fa— FAOHED
AVRAVIERENET), 2D " HHEEFEE (intermediate language)” 1&. & & D NA b3 — R
JI5T AHEMEEE FATT 2 RV Y TEfET 2 0WAE 3, EEAERL LT, N Fa—FiEER
% Python (R~ VB THEIfET 2 Z £, Python V) —RMTRETH 2 Z L3P/ T0E
Ao

N bPa—FomE—Elddis EVa—L ZHHET,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

callable(argumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(TN y 7) RO B BIEETIIT A DI L LT 2 B

456

18} A = F5E



The Python/C API, JJ—2X 3.14.0a7

32

(ZIR) A=Y —ERA T =7 " 2MERT 270D T T L — 1+ TY, 77 RAERIIEMH, DY F
ADA VARV A LDOBER T HRAY v ROEREZAET,

class variable

(75 2AZH) 75 A LICERESN, Z7FALRLT (DFD, 753ADA VARV A ETERELIZ) &
BFXN2Ze2HME LTWAREHTT,

closure variable A

complex

context

free variable referenced from a nested scope that is defined in an outer scope rather than being

resolved at runtime from the globals or builtin namespaces. May be explicitly defined with the

nonlocal keyword to allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but

only x is a closure variable:

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)

return inner

Due to the codeobject.co_freevars attribute (which, despite its name, only includes the names
of closure variables rather than listing all referenced free variables), the more general free variable

term is sometimes used even when the intended meaning is to refer specifically to closure variables.

number

(BEH) L<HONTOEEBREZIIRLZ2 DT, IRTORIFEH e oM LTRINF T,
IR (-1 OFHR) CEBEHT D 0T, —ICEETIE i e Erh, T¥T1E j v &
HIEF, Python I3EFELBITHAAATHIEL, BEDKILZM > TVWET, BHEREIC j 20
TEZFT, XX 3+1j TT, math Y 2 — VOEIBERREFH T 2121, cmath ZHEVET, &
FHOMAEID D SERBFOMEETT, SHEMZE TR, EIFEEVWRIEHLTLE-T
FWwTlL ko,

This term has different meanings depending on where and how it is used. Some common

meanings:
e The temporary state or environment established by a context manager via a with statement.

e The collection of keyvalue bindings associated with a particular contextvars.Context object

and accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

A7 MEEZONIIL
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The __enter__() and __exit__() methods called by the with statement. See PEP 343.

context manager

in a with statement. See PEP 343.

context variable A
variable whose value depends on which context is the current contexrt. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between

concurrent asynchronous tasks.

contiguous
(BE#Z. i) Ny 7 7 DSEEIC C-8ft £ 7213 Fortran Bt TH2HEIT. ZDNy 7 7 138k LT
W3 EARBREET, ¥rRXITNy 7 71% C @i TdH D Fortran #fETT, —RKITOESITIE, ZDH
RIEFIMBTAEY LTHHET 2 X5 CHEI N, BRFEXIELE2OHEDHIATOHF TS E T, 2X
TLD C-HERLEAITIE, XEVY T FLRNACER 2K 2 BITIZRBE DI A FHBRANTLED 5 DITH L,
Fortran #i#i & FLA TLERAI DI A FORANCH = £ 5,

JL—F>
(anN—F) ar—F @3 I IN—F DI D —fRNLIFKXTT, 71 —F VITIERD SN MR
PHAD, BlokD SN MErHMET, aL—FLFZL s Miar O A5, tha, BT
B2IEMTEET, IV —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W0,

coroutine function
(Aan—F YR coroutine 7Y =7 bR TETT, a1—F YEIL async def L THIELX
4., await. async for, BX U async with ¥F—V—FEROZ e PHKE T, Zh 5 PEP 492
TEAZNE L,

CPython
python.org TR I N TWS, Python 7u 7o 3 v I FiEOEMERNLRELETT, "CPython” £\ 5
HZEIX, ZDFEER Jython % IronPython &\ o =Ml ¥ XHIF 2 HEH B FEICHHIH
£9,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to
access (get or set) the values of context variables. Each thread has its own current context.
Frameworks for executing asynchronous tasks (see asyncio) associate each task with a context

which becomes the current context whenever the task starts or resumes execution.

decorator
(7Tav—=x) oK EIR TR T, @, cwrapper M CRIBA i L CHEHHINE S, 7aL—
&2 D— A7 A HABIZ. classmethod() ¥ staticmethod() TI,

FaAL—RDFREFI VR VRS aH—TF, XD 2 OOBEBERIIEHRNCHE L DD TT:

def f(arg):

f = staticmethod(f)
(RDOR=V1Fil)
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(FiDR— 25 D %)

@staticmethod
def f(arg):

FUHERD 2 ZRACBFELETH, HDEDEDLDNELA, 7L —RIZOWTHL IE, BIBGER B
FOIVIRERE ODRF 2 X P EBRLUTIEZ W,

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.

FRZYFEDXY v FIZB L TOFEMIX, descriptors % Descriptor How To Guide & LT 72
20,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object
with __hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FFENTIKELD) iterable NORTH 2 WIE—HOERZ UL T, ZOMRP SR 2FFELIR T I > %
7 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ 35&, F¥—n ZfH n ** 2
RS 2EFE R AR L 5, comprehensions 2SR L TL 72X W,

dictionary view
(fF#H L 2—) dict.keys(). dict.values(). dict.items() 25RTA 7P =7 +TT, FHEHEDIEH
DEWRE 2 — 2B LT, T2bE, HEPLEINL a2 -3z 2L £7, HEL 2 —
ZREINC TR ) A T 2121E list (dictview) ZHH LT ZE W, dict-views 2SI L T
72E W,

docstring A
string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical

place for documentation of the object.

duck-typing )
2TV MHPELVA VR =T 2 —REFoTWEPERETZDICA TV 27 FORE RN
R7TIVIRAXANTT, bz, BHICA TS 27 DX Y v RRBEULSFRIN Dbz D
LET, (ZELDESICARAT, 7TEAD IS TBIFIE, ZAUITEATHS,1) A VR —Tx2—2
EFRIFDEMRTZLT. EFL T A v a3nza— Rk, RVE—7 4 v 7 RREEZHF L TRIER
MELXEET, v 7XL Y7 type() % isinstance () ICXBHERBITE T, (7z75L. Xy
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IRAVCY IR MREREVSA THETHILdTEET, ) 2oRb b, HANNC hasattr O H
ER FAFP 7uZ’o 2 v 7 %HMELET,

EAFP
MR Z L 2 X DEFLZFE 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
Hl)) OB&TS, Z® Python TR b TWEa—7T 4 YT AXA LTI, #EFTENLZF—RE
PWDFIET 2 HDEMRE L. ZDRED > TORGEIHINEMIEL £F. ZOBRTFRIET
=T 4 YT AXANMITIE, try XB LU except XD TADHZDPRE TS, ZDT77=v 7
. COXIRBEBTILIMEDLONTWS LBYL AZXA LML DT,

evaluate function A
function that can be called to evaluate a lazily evaluated attribute of an object, such as the value
of type aliases created with the type statement.

expression

(R) 2oL iHiiznsd, —FrFHOMYL (a piece of syntax) TF, Sz 2, AV 7
Fv, 4l BT 7R, HEFPEBMEOH LAY, EERERITROBEROBAERTT, o<
DEFFBLEV, Python TIISEOE2TOMBRERLIR L VI DI TIEHD FHA, while DX S 1IC,
AR LTIERRN X dHDEFT, RADBRXTIERIXTT,

extension module
(JEBREY 2—) C % C++ TELNZEY 2 —L T, Python ® C API #FIf LT Python 27
PL—HF—a—-—FeLhrHLET,

f-string
£ R BRI WX FES] ) 75U Mfostring” EFEEA. ZHUE 74—~y MEAXTHIY
7 7V OREMFEOLMTT, PEP 498 3SR L TL 2 &0,

file object
An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANF T2 MREBZE 3SEEIDE T L0 NA1FU—=T71)L, Ny T77&hl= NA
FU=T7A, ZLTTHFALT77A4IL T, A VX—T7 24 A& io EY 2 — L TERINLTWV
E5, 77ANVATY =0 b RAESEHERIRTEE open() BB S 2T,

file-like object
file object ¥ [HF"TT,

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T AN AT ADIY A—F 4 VI TlE, TRTH 128 N FYURIREFICTa—FIhdZen
FREEXNBLTERDERA 77 AN AT LADIYA—F 4 Y TINADRI I N2 25E
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1%, API B2 UnicodeError ZEH T2 b %3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig_Read() function: see filesystem_encoding and filesystem_errors members of

PyConfig.
See also the locale encoding.

finder
(77 4V R) A YR=PEINTVBEI 2—1LD loader DFERERITTEA TV 227 b T,

There are two types of finder: meta path finders for use with sys.meta_path, and path entry

finders for use with sys.path_hooks.
See finders-and-loaders and importlib for much more detail.

floor division
(I D B THRE) —FLWEBECYI DT 2 BAIBRE, YD BTREHEE T // T3, flRIX 11
/] 40F 227D ZRE ENFMCFE NI OBEDORETIX 2.75 BV R-oTE T, (-11) // 4
F -2.75 Z INEWVWAHIC D2 FRE: BORBRADOIDEITS) DT -3 127485 Z L IHERELTK
72& W, PEP 238 ZZHEL T &\,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the
same interpreter. This is in contrast to the global interpreter lock which allows only one thread

to execute Python bytecode at a time. See PEP 703.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a
namespace which is not a local variable in that namespace. See closure variable for an example.
Pragmatically, due to the name of the codeobject.co_freevars attribute, the term is also

sometimes used as a synonym for closure variable.

E3E5
(BEE) PPN LANCEZIR S —EHDO XD Z T, BRI 0 U Ed 35|18 2T Z e HkE 3,
FEDRITRHI 5 B2 RS2 Z e iR E 5, R5IEL. XYV v B, function 2B L T X W,

function annotation
(B% T/ 7—=>ay) B DT XA —=XRIBDED annotation TS,

Bt 7—>ayid @HIR EEY F oditfbhEd: IR 2o 2 2D int BD5|
Beiis e WifFE . £ int MORD EEFO L HiffSh T g,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a v OXER function OFI TG INTVWE T,
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WEEDFHAD H % variable annotation, PEP 484, ZZML T &\, £/, 7/ 7—> a3 V& Fl
HA53_X+7525 4+ A% LT annotations-howto 3SR L TL 72 & W,

future
from __future__ import <feature> ¥\ future X (&, 2 >4 7 —IZFRD Python V1) —2
THE R I2EXPEREZFHA L THEDE Y 2 -2 a {35 X5 ERLET, __future__
EY 2—ILTIE, feature DD S B3EE FFa2X Y MELTWES, ZOEI2—L%EA VKR—-1F L,
ZOEBETHET 5 Z & T, FRREDRANC T FEICEMINZDIXVDO0R, WO T 7 4L MRS
(FFld e o7h) #HA LA TEET

>>> import __future__
>>>  future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(IR=yarryay) IhHBEEONE 2 DRV T Y 2T 20 T3, Python X, Y
vy b, ERSEEBE UBET 2RI R—YalL 7 & zffioThHR—YalL s> aryzifung
To AR=TVaL 7R gc B a—N%2Fo TRIETE T,

Jrxl—4
(¥ =1L —2&) generator iterator ZiR TR T T, BE ORI TNE TV, yield XEFORT
R D £5, yield id, for L —FTHHTERLD, next() B THZ 1 DFOWMODHLAEDTE
5, HOWM P 24K T 2 DI ET,

BHEEY AL —FBEBZRLET. Rk T P RL—R1TL—F 2T HELHD X
T BRISNLEBE®RPHS L TRWEGE, HBLO DI BEE2 L 5,

generator iterator

(YA —=&ATVL—2&) generator BAEITHERZINZ A TP =7 FTT,

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it

left off (in contrast to functions which start fresh on every invocation).

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
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generic function
(=3 V vy 7B Bz 2800 LR CRIEZ T 2 B> SRS N 2 BT, MO LY
DFEEZHNDEPET 4 ANy FT7AITVXLCEDPIESNET,

single dispatch, functools.singledispatch() 7L —&, PEP 443 2L T 72X W,

462 {13 A & FIEE


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0443/

The Python/C API, JJ—2X 3.14.0a7

generic type A
type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock B L TL IZE W,

global interpreter lock
(Fa—=rA ¥R FY Ry ) CPython £ X7V XBFHALTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—2F3THE 2 RAET2HMATT, ZHUTED (dict & ¥
ODEERMAAAEZL) A7 27 FETADFEE 7 7 & 2120 L TIEBRINICZ R 5 DT,
CPython OEENRS Y INICRDET, A VR TVRXEERKERY V7 TEZ2T, wLF kv~
SUMPEL ZUMHINLD AR M EFIEHZI, 4 VR T ) REHHRICSILF ALy FLTE2 X512k D
%7,

7272 L. BEED 2 VIO WL ODDIEIEE Y 2 — UL, Efie Ny ¥ 238 Yo EpE VLIS
3 5L EICGIL 2T 5 XD ICREFENATVET, Fiz. /O WA T 255 GIL &% IR
INET,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
After building Python with this option, code must be run with -X gil=0 or after set-
ting the PYTHON_GIL=0 environment variable. This feature enables improved performance for

multi-threaded applications and makes it easier to use multi-core CPUs efficiently. For more
details, see PEP 703.

In prior versions of Python’s C API, a function might declare that it requires the GIL to be held

in order to use it. This refers to having an attached thread state.

hash-based pyc
(N ¥ arR—=R pyc 7 7 A) IENWEHFIT 27012, MIET Y —R7 7 4 VORKEFRLT
BNy Y22 EHT 2, ba—FDF vy v a7 7410 T, pycinvalidation ZZHE L TK
72EW,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

Ny T AARERA T 2 7 PEIRHEOXF —REEDA A L TR T, HEPESDT — 2 HE
WEARERTAY ¥ 2 fliZ2FH > TWE 25T,

Python O A I 2 =X TV RMAABABLA TSI 27 NI IZEAEBAY Y2 A[RETT, (VR FHED
E97) I2a—RITNKRAYTFENY T2 AARETT, (ZINR frozenset DL I7R) 4 I2—&7
NRaAYTHE BRINY Y aFRETH L L EDANY Y aA[RETT, I—F—ERDI T ADA ¥
ARVATHDZEIRATI 27 MEF 74V M TAY Y ald[ETT, TAHEET (HEHEZRVT)
HEFERIGIEFMTH D, Ny > 21X id) XDELNET,

463


https://peps.python.org/pep-0483/
https://peps.python.org/pep-0484/
https://peps.python.org/pep-0585/
https://peps.python.org/pep-0703/

The Python/C API, ) —2X 3.14.0a7

IDLE
Python Ofi&EHFEEREE (Integrated DeveLopment Environment) & U7# 85358 (Learning Environ-
ment) TF, idle & Python OFEERLZEAMICFEMI N TV EANLEREDO LT 1 2 A 2T Y

KA T T bk (immortal)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated

while the interpreter is running. For example, True and None are immortal in CPython.

Immortal objects can be identified via sys._is_immortal(), or via PyUnstable_IsImmortal ()
in the C APL

immutable
(A32—2T7N) BEDEER->TAT I 27 bTT A2 —RTNRA T 7 MTIE, BiE, X
FH, BERORXRTAREDRHYET, ThoD4 7Yz MIMEREZONER A, HlOEELESE
BHITIE, FiBA T2 7 P ERERLRTNERD ERA, A I 2—FT7ARI T NI BEIE
DNy 2 A PR E L B NN TEEREHZR-LET, HEOF—DZOHITT,

import path
path based finder % import %€ 2 —VEMBRT 25 (X721& path entry) DV X T, import
i, ZOVU R MIEE sys.path DORETH, 37 v F—IDFEFHE Yy 7 —ID __path__
BHED S bR ET,

importing H
%5%EY 2—1® Python 2 — RPBFIDEY 2 —LD Python a— FTHEZX 2 X 5T 2UHETT,

importer €
Va—NERLTO—FRTB3F T2 b, finder ¥ loader DEBL LTI HEA T2 b,

interactive
Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with
no arguments (possibly by selecting it from your computer’s main menu). It is a very powerful
way to test out new ideas or inspect modules and packages (remember help(x)). For more on

interactive mode, see tut-interac.

interpreted
Python 134 ¥ &2 7V XKD FFETHD., 3> 4 FFFBOMBUHAEL FF, (N4 ba—Far
A IWH2B7-DIT. ZOXFNIEHR T2, ) TITOA Y2 TYXFiELIFE, Y—RIa—FD7 7 A
N, FTEFAREFRICL T ETIEI e Vo BER LIS, BHEETTEZIL2EKLE
To A VX TV XEROFEIEE., a4 FBRAOFFELD DK/ TNy 7OV A 7 UFFH D
DD, TaZILDFFATE B NT T, WEEHN DS T W,

interpreter shutdown
Python £ Y& =7V X —d> v v bR Y REFHINLFFI, Y 2RI XRTOI VT 4 AR
WEIEZ 728D, TRTOMRLIZY Y — 22 BRERICHKT 5. k7 2 —XICAD 9, 20
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iterable

iterator

72— AN—J AL I% 2HEBEMFTHLET, TAREID2—F—ERDTAFF7 7K —%
weakref I— Ny IDBPPHINZZEDRDHDET, v v PXU YTz —AFUCETENLa—-F
. ZNPMKET BV Y — AR T TIMEREL BV (KL DB BHIE T4 75 ) —FY 2 — /L% warning
WTT) 7-DITkkc RBISMCER L ¥ 3,

AVR—TYVENT vy AT T ZEREHIZ _ main_ TPV a2 —IRETENTWERAZY T+
DEITHET LI TS,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.

FT—RXDOMNERHTE2A T2 P T, A 7L —KD __next__ () XV vy FEEDIRLIFUCHT
(E723HHAABRIE next ) I2ET) &, MOOFTOEREZ —DOFTORLE T, TR Rd L,
R DT StopIteration FIAfEEH L ET, ZORET, A 7L —&XA TP =27 MIRETEBY, %
L __next__ () RMIEFFA TS Stoplteration #EHLET, 41 7L —XiX, ZDATL—
ATz FEAKREIRT __iter__() XY v FEEELRITNUIRLZRVDT, 4 7L —&IiEMhoD
iterable ZZH T 2L AL DHATHATEE T, BoZ D & LAHSNIEROKEZITS L 574
a—FTF, (List D&IR) av7F437Y =27 M. HE%Z iter) BICA TV =7 MITEL
D for V—TFATHS 2N, FieBREADA T L —XE2ERLET, Zhx 471 —XTITES
532, BiEOA TL— a YTHERABADRIUA 7L —&XA TP =7 P EBEMIGRT 20, ZEDa
YTFDESTHoTLELETS,

2GR typeiter I2H D 5,

CPython RZEODF#: CPython does not consistently apply the requirement that an iterator
define __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

(F—BI%) *—BIEL H2VIIRERMEEIE. V- MRIEFHED 7D OfEZ RSO LATREL 7
¥ =2 b (callable) TY, HIZIZ, locale.strxfrm() Z ¥ —PBRUICHZIE, v —UKEFDY — b D
BEIZDo oY =+ F—%RLET,

Python D% < @Y — it —HAHEZ IO EROW NIER 7L — b2 E R L F9, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () E2H D 75,
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keyword

lambda

LBYL

F—BBEEZ HEETOL OB D £F, Bl str.lower() XY v FERXF/NLFERXHAIL
BNY — AT F B LTS SR KT, 20, lambda r: (r[0], r[2]) &
572 lambda 26 F —PBIREIEL Z LN TE %9, £/, operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDX -V A M5 7 &M HD EF, ¥ B
DIED e NG DRIE Sorting HOW TO ZSEL TL &0,

argument S
518 2B T IZE W,

(7 LR) HDA VT4 VBT, AU Ihz 2 ICiHiixns 120 X 2E5AFT, 724
R Z1E B lambda [parameters]: expression T3,

FZ2130REDH (look before you leap)) DIEFTT, ZDaA—7 1 Y7 AXANVTIE, FFOHLPBRR
21T 5N, BIRINCHTTRSM (pre-condition) HIEZITWE S, FAFP 77 a—F  XfBEYT, if
X7z SAMDON S DO TS,

< F ALy MEESHRE T, LBYL 77 —F13 7 B27 @ft e " RN @REOHSIREL G &
BZFTVRIBHD EF, BlZIX. if key in mapping: return mappinglkey] &\5 a— Fid,
HEDE. DAL v RPELRDHIIC mapping 7»5 key FEDRLS EEMLE T, ZOMEIX, vy
2355 EAFP 7 7 —F %25 Z & THIRTZ £7,

lexical analyzer

list

Formal name for the tokenizer; see token.

A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension

loader

(VAMAEER) >—Fr Y AHDETH L2 WIE—EORBLLH LT, ZOMR,1 54225 Y X P 2R
L aAYRT FRAETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
0] ¥ 2k, 0025 255 FTOMEE 16 EHEL (0x..) LAEXXFINH»B7225 ) R M 2ERL F
§o if fildA > a3 T, if HiINRWHA, range(256) DR TOERMIUH N E T,

o

An object that loads a module. It must define the exec_module() and create_module () methods

to implement the Loader interface. A loader is typically returned by a finder. See also:
¢ finders-and-loaders
e importlib.abc.Loader

« PEP 302

Oy—=JIT>aA—F14 >4

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).
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On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method @D < 721} 7=FIFHIET T,

mapping
(oY) FEOF—HKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ MR HEEK I 7 X THEINLXAY v FEEELTVWEary 7+ F
7Y 27 FTF, il 21E, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R ¥ T3,

meta path finder
sys.meta_path BB L TH SNz finder. meta path finder i path entry finder £ BRIZH D F
o AT,

meta path finder 255255 % XY v FIZDOWTIE importlib.abc.MetaPathFinder # &R L T 7
ISR

metaclass

(RRTFGR) VTADT FATT, VIRERIEZF, 77 RA%, 7 7ADFHEL, HEIFADYV R+ %
EDET, XXI7I7RE, #ho 30%51 8 LTRUIMD, 727 RA2EZEMLZEVET, IZLAY
DATY =7 MEAISIEE GRIE: X X277 AD) 77 4L b OERERFRMHEL TVWE T, Python 23KE5
BDFHARZRLDRARY T AR TEZHTT, FLALDI—F—IZHWM-T, XXTF7RAFELL
BEORWHDTT, LrL. —HDBETIE, XX 7 7 RFEHTTVLA Y "V RAEZRELES, =
YZRBEMT 7 20on B oD, ALy RE—7WEBMLED, £ 70227 FOAEREBIL
Teb, YN REETLIRY, ZLOGHETHHINE T,

FEMIIE metaclasses 2SR L TL & W,

XYy R
(XY R) ZIAKRKDHTERINIEE, 207 F7ADA VARV ADREELE LTI N5
B AV Y PBA VARV ZAATY =27 PE— 58 L LTRIMD £F (Z0HE—58IIEH self
CIENET), BE ¥ RA SN O—T dBHLTLIEZE W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_ 2.3 mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

module
(8¥ 2—)V) Python 2 — FOMBENE LTRELHLATI =2 FTF, EV2—-NLVEEED
Python * 7Y = 7 b 2 EOEFZEMZRS £ 3, €Y 2 —Id importing DIFRIZ X 5T Python
W AAENE T,
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NYT—=2 ZBRLTLIEZZWY,

module spec £
Ya—rEu—F330fbhi Ay R—- FHEOEHRE ZLHATZEMTT, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

See also module-specs.

MRO
method resolution order ML T ZE W,

mutable
(32—RTN) 32—RTNRF TV M, id) ZEZ LI R EEZELETEET, 12—
2TI) BBRRLTLIZZ W,

named tuple ?

ZRITZE X I L WS HEBIR, R TAEBRELTWT, 4 2 F v 7 AN EREIIH Lo T
D77 LA TEBZEEDOAR Y S AITBHINTVWET, Z0RIR Y S5 3o o TWa 2
EHHHET,

time.localtime() % os.stat() DRDEZEL WV O DHAAARIILHIMNE X I LTT, fib
DL sys.float_info TI:

>>> 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

(HHi2EM) 2RI N 25T, HaTZEEEFHEL L TERINE T, BTZEICEA 7Y =2
FD (XYY FO) ANFIZHRo7b DT TR, RFRS O, KENZ D, 2L THAAALD
OB FT, LRIERIEERIOHEREEZS I TEY 2 — RS R— T3, il XK
builtins.open ¥ os.open() WFHHTZEM TSN TWET, /. YOEY 2 —UH K ZELE
LTWA2IART 2 Z 80k o THAMZERIZATZE L RTEEZE L E T, flXiE. random.seed()
X itertools.islice() & &, ZNZFNEY 22—/l random R itertools THEIN TS Z
LS TE,

namespace package

A package which serves only as a container for subpackages. Namespace packages may have
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no physical representation, and specifically are not like a regular package because they have no

__init__.py file.

Namespace packages allow several individually installable packages to have a common parent

package. Otherwise, it is recommended to use a regular package.
For more information, see PEP 420 and reference-namespace-package.
module ZZIUTLIZE W,

nested scope
(AR PSR a=F)HSMITERIN TV LK 2SI T 2AET T, BRI D 2B ORI
DOHFTERSI N TV EHE. NHIOBBIZSMIOBIBt oKz S RTE% T, A A PSR a—T
377 4V P TREROSIRIEZI B TE, ZRORAFTERVOTERL T EE WV, B - VEHK
F. ROAMDR a—FTCEBEGAEE LET, A, 70— "VEHZMES &7 — L%
RIDOEEFEAEE L ET, nonlocal TIHMUDERICEZIAD T 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, __getattribute__(), class methods, and static methods.

object
(A7 =7 b)) RE (BERHE) LEBRINLRLZEFE N (XYY F) 2528 TOT—%, b LI
ETD FAEZAINT TR DFBOEK T 72D ¥,

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is
compiled, allowing optimization of read and write access to these names. The local namespaces
for functions, generators, coroutines, comprehensions, and generator expressions are optimized in
this fashion. Note: most interpreter optimizations are applied to all scopes, only those relying on

a known set of local and nonlocal variable names are restricted to optimized scopes.

package
(R T =) ¥ TEY 2= VPLHRH TRy r =2 8L L OHEKS module DZ T, &
FICIE, Sy =2 __path__ BHZEFFD Python A 7Y =27 + T3,

reqular package € mamespace package B LT 720,

parameter
(K5 1%) AR OFEART R (2 XAV Y F ) OERICBVWTHEBDRZT 2 518 2HEE L E3, K
BN S DD 3

o MBELIFF—T—F: (B THIVWE F—T—F5|H b LTET LD TEL5MEEELF
o T2 ZIEBLRD foo % bar DL DI, T 7 40 hDIRGIEOBEEHTT:

def func(foo, bar=None):

o MEHM: NEICL-oTDAEZXLNL5IZREL 3. MEEHDFIEIL BBERDT KDY
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APDHTEZENLDRAIC / REDDLIETERTEET, HIZIETRED posonlyl ¥ posonly?
EAEEAS IR D £3

def func(posonlyl, posonly2, /, positional_or_keyword):

o ¥F—U—FREH: ¥F—V-RNIIoTOAEZONBFIHERELET, ¥F—V—FEHDOFIH%
ERTE L5, BIZIELLTD kw_onlyl R kw_only2 @ X 512, BBIERDIRGIEY X M
B ERMESIBEZIEFHD x DB TT:

def func(arg, *, kw_onlyl, kw_only2):

o AIERME: (OR5IE TR S NTREDMES BUIMZ T) (EEOEKOAES 15 2
BB RIEELET. OIS RIRGIEIZ. LITD args @ X 5 1RG BB DRI * 2D 5
ETERTEET:

def func(*args, **kwargs):

o AIERF—7—F: (MOR5IHETHCRI SNLMERDO X —V — F5IEICMAT) EEOFEKD
F—U—F5BBE5Z5N2 e RIEELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRNC %% D35 Z L TERTEE T,

RBIEUEA 7> a vy e NEDSIBOEEHHIEETE, 72 a vO5IICIZFT 74+ MEBIEETE
%9,

RE1% . FAQ @ E5 82 RG B DEWIZIMTFT? . inspect.Parameter 7 7 A, function 2
Ya¥, PEP 362 #ZRL T ZX W,

path entry
path based finder 73 import § 2 €Y 2 —)VE2EET import path LD 1 DDEFITT,

path entry finder
sys.path_hooks IZ®H % callable (D% D path entry hook) 23R L7z finder TS, 5 Z BTz path
entry WHBEI 2 —NERBOIFEHEEH>TVWET,

NRALY M) =T 74 YRWFEEFT S XY v FIZDOWTIE importlib.abc.PathEntryFinder %%
LTI,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €Y 2—D import path ZFREL F 3,

path-like object
(path-like #7227 b)) 77 A NS AT LRRAZRLF T, pathlike 72 =7 Mid, RRX%2RK
T str A7V 27 bR bytes 7Y =7 b, ¥£713 os.PathLike R ba A ZFELE LA TV =
ZbDENDTT, os.Pathlike YR Fa %P K= L TWVWELF TP =r M os.fspath() %
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MOH$Z 2T str £721% bytes D7 7 A VT R T LA NRICEWTE £F, os.fsdecode() &
os.fsencode() IZFNFN str H2WVII bytes WKRDZDEHRAT Z2DIMEZ LT, PEP 519 THE

ASNE Lz,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 I 2 =7 4 128 L THEMERIET 2. H 2V
Python OHFHAER 2 DBIERFRIFICOW TR T 2K XEHFTT, PEP &, HEEICDOWTOMER
BirAR L 1R R T 2 HEE Damill (FlEw) 2152 2 RE T,
PEP &, FHEREDRREICHh D5, 33 2 =7 1 I X 2 MEIGEDOEM L Python 1272 X415 B%ETH TR
DLEND7=DDR MO 22 Z e ZERILTVWE T, PEP OFHICEII 22T 1 NOAE
Rz 75 2. RMERZXENLTSZLO0BEBNDHD 7,
PEP 1 Z2ZRLTLEE W,

portion
PEP 420 TE&RZ N TW5, namespace package ICET 5, D7 7 4 DS (zip 7 7 4 VKN
SNTWVWEHEDDHD)1DDT 4 L7 PV KGNSS D,

fiI&35 % (positional argument) %

518 2B TIZE W,

provisional API
(B APL) BEHES £ 75 ) 0% 5 FHHEARAE A & RN IR SN b DTF, ZDESRA ¥R —
72— ANDORKEREH I, BETHZ L INTOEMIIHHFEINTOEEAL, a7HREECE->T
WY ARINIUR, BAFEIREE ([ 2 =7 2 —RDHIFRETEEND) DMTONARAET, Z
DI RBREFIIDLRAIITONE DDTIEDH D FHA - 20U API 2HAADENCIERE L 2T
TERBRRMHPBE L2 2ICOATHOIET,

E APL 12O\ TH, RATABMEDOBRWEE R TRRFE cARIATVET, MERIHHLZ
Ga T R HIRB IR ZR T RNETT,

o7k, BHES A TSVREBEL R 7T A Y s—ICEVWHB LA 6L Z L,
FREEB X TELLZHIT SN FE T, FHllk PEP 411 23 LT 723 W,

provisional package
provisional API 2B L TLZ&E W,

Python 3000
Python 3.x YV =254 D=y 73 —,LT73, (Python 3 2SRWRRDFE - HEI/ESNSHE
T3, ) "Py3k” tgEhzZdHDHET,

Pythonic i
DEEBT—RNRE Z A TEINIza— FTIER L, Python OFHC—RINZA 7 4 A 2o 72E 2
7R a— R, B2 Python O—fk7%4 74 F LT for XEME-oTA T 77 NDTNTOEZR
WKE->TL—TLET, OZLDEFEIFZOMEMEAITRND T, Python IZERTVRWAFD
DICBHED A Y v 2 =25 0d LILERA:
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for i in range(len(food)):

print (food[i])

ZAUTH L. Ehwik Pythonic & AiE:

for piece in food:

print(piece)

qualified name
(Bffith) €Y 2 —Dra— LR A—=T b, ZOEY 22—V TERSNLEZ 7R, B XYV v ¥
AD, "R ERT Ry MEKRFLTY, PEP 3155 TERSINTVWET, by TLNLOBEKR Y F
2 TlE, BHi%EA T 227 bOAFIEFRILTT:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

BV 2 AADOBRBTHEDLNS 2, TREE (fully qualified name) IZTXTORASy r =IO % &
2RO Ry 43K, B2 email .mime.text ZEBKLE T

>>> import email.mime.text
>>> email .mime.text. name _

'email .mime.text'

reference count
BRIV H2F TV VI TE2SHROB ZRAVV DB 0K E 20X T
Pl MIEINET, kit THH., SRAV Y FRL TEEINR VD IZE D Y THMER
EhBRWATV 227 bbb ET, BRI Y MEIEHEIZ Python @ a— F R3O FEAD,
CPython FEDOEERERTT, uro~v—d EEOX T =7 bOBBAID Y MR 572912
sys.getrefcount () BABZIFUNH 3 2 IR E 3,

regular package =
M7, __init__.py 77 A VEELT 4 L7 MY 2 LTD packages,

namespace package EZBBLTL EE W,

REPL
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"read — eval - print loop” DFBHFFE T, WFEE 1 ¥ X -7V X - = L Djl%,

slots 7
FANTODEET, A VARV ABUDOHEBEDH LN UDERLTEBE, 4 VAR AFELHIRT 2
ZrT, AEVZEHHLET, ZUIELHELNET 7=y 7 TITH, ELLFEIREFHALIY v F—
BROT, Mk —A, BIZIZXEYDWERELRE7 TV —>a Y TA VAR Y AR KEICTHFLET
b, LWVolk ERRE, FDRVDIRZ 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__(Q) and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just __getitem__() and __len__(), adding count(), index(), __contains__(), and
__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(BEEWNTLKRELD) iterable NORTH 2 WIE—EHOERZWUH L T, ZOMREI LR 2EERRTa Y
R+ EE)TT, results = {c for c in 'abracadabra' if c not in 'abc'} T B &,
{'r', 'd'} LWISXFHOFEEELER L FF, comprehensions 2SR L TL 72X W,

single dispatch
generic function O—FETHEEI—2DFIHOAUC L D FERENE T,

slice
(RFZAR) =T =T 2R =gt 7Yz by AT74RIE REREL [1 THEZONHE
BooMican ry2EL Z e TEbNE T, HlZIE, variable_name[1:3:5] T3, AN (RF)
B slice A7 Y =7 b ENETHAHL TV E T,

soft deprecated A

soft deprecated API should not be used in new code, but it is safe for already existing code to use

it. The API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit

warnings.
See PEP 387: Soft Deprecation.

special method
(FHEX Y v F) & 2BNREDEME. BIZIXME % 3 272912 Python » SIFEICIE I X5 X
Yy R, ZOEDXY v FliE, XYy FADBRWEBRRIZT Y X—R3a7 2 DDV TWE T, Kk
XY v RIZDOWTIE specialnames TSR XN TVWE T,

statement
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(0 XWEAAL=1b (A=FD”" 78y 77" TAARKRERTT, X kX 2xF—v—-FhroEEand
HDODEHLBMTT, BFICIE if. while. for 23HH £3,

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In

Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.

See also borrowed reference.

text encoding A

text file

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”.

(THXFARAINZ74N) str ATV 27 M 2HmAEETES file object TF, LIFLIE. 7F A7 74
NIEBIAAL MERAIO T =X A M) =27 72 AL, TFALIYI—T 1 25 ZHBTY
F5, 7TFAMT7 7 A LDFE, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AR EET F
FE—F ('r' or 'w') THWAEZ 741 T,

bytes-like Z T TV b BHAZEETELZ 77403 TV 27 MZOVWTIE, NA1FUT 71 35
LTSRS W,

thread state

The information used by the CPython runtime to run in an OS thread. For example, this includes

the current exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states

available. At most, one of them may be aftached at once.

An attached thread state is required to call most of Python’s C API, unless a function explicitly

documents otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread
states, including multiple for the same OS thread. Thread states from multiple interpreters may

be bound to the same thread, but only one can be attached in that thread at any given moment.
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See Thread State and the Global Interpreter Lock for more information.

k=2 > A
small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names,

numbers, strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’s lexical analyzer. The token module contains information

on the various types of tokens.

triple-quoted string
(ZHEZ = MFH) 30D L2 +— FELF (7)) 27 ARRA PR T 4 — () THENXFH, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAD, EOoroMBITHAHT
T 1202008 L7l 4+ — bIEBEEXT IR —TMLICEL N TEET L, TiCE () &
HORL THOHEEITICE DB 2D TELZDT, FFaXrT—a Y FHEE RICRICER]
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias
(B4 ) 7R) BORIZT, BE2#RlFIcRALTERL £3,

By 723 Ber b 2HMET20ICEHTY. IR

def remove_gray_shades(
colors: list[tuplelint, int, int]]) -> list[tuple[int, int, int]]:

pass

CHRRDES I D FHAR TS TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

PEREDFAAD ® % typing ¥ PEP 484 2L TL 2 & W,

type hint
(Bler b)) 28 7 7 RAEME BRBD AR5 X =22 B EOHIF SN TEIEE T 5 annotation TT,

Type hints are 