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

L ®HIC

Python 7 7V —>arrFur7<HA &7 = — X (Application Programmer’s Interface, API) 1.
Python 4 ¥ & 7V RIZIT BHEAZLANATD7 72 2AFEE C 2 C++ 0 7a <Mt L TnE g,
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 J—7+« > J8B%

CPython IZ&®H 2% C a— FEZFWVWTWBEAIEZ, PEP 7 OF A Fo 4 v e BEEICELRITIUT BD FE
Ao ZDHTARIALE, a¥ b Y Ea— bRRD Python D= 2 VICHEFRELEHAINE T, BHOD
P—FR=T 4 —DEI 2 - Tl ZNZ2WVOH Python IZa Y MY B2 — 3505 D TRIFIUI. 20O
BEEWIES REIIDD $H A,


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

Python/C API % 5 /=0 1c 0Bz, BIEL. BB X~ 0 DR TOEREA ¥ 70— FT512E. LLFOAT:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

Y —RAa—RICEABLET, ZOT2ERT 52, fHlEAy X <stdio.h>, <string.h>, <errno.h>,
<limits.h>, <assert.h>, <stdlib.h> % (FIHTE4U) 1 > 2L — KL E T,

AMR: Python &, AT AR KXo TUIMEEANY XOERICHE T2 L5877V Faty HERZT-o T3
DT, Python.h ZWVWINDOEFHEAY XX D JHENICA V71— F HRIEED FHEA

Python.h # A4 ¥ Z7)L— R¥ BRI, #IC PY_SSIZE_T_CLEAN #EHKT 3 Z e BRI NE T, Zo~vrn
DIEFNZOVWTIX 5| BOBIREMEDIBE 2SI L TLZX W,

Python.h TEHEXN TS, T—FhbHZ 3HATET (Pythonh 254 ¥ Zl— F LT3 EEHEA y D%,
ANERR = £ 37) wid, BT Py £721F _Py DM X EF, _Py T E 2%4HNE Python FEZETHEMER 3
372D DHHTT, JHREY 2 — LOEFIIE o TER D E/ A, BEEERD X ¥ NITIE TR AOEE XTI
HHEHA

ARR: API O —H13, Py ® Py TIAE 2 4FIZERKT 23— FERHENICEVTIIRD $HA, BrHa—
FEHDANZREL X820, D Python D A=Y a Y CRICAHIBERIN T, 2—FDEWza—FD
AR S < T2 AMREMED D D £ 37,

ANy X7 7 AV EIFEE Python ¥ HigfA Y X =1 &% 3, Unix TIE prefiz/include/
pythonversion/ B X U ezec_prefiz/include/pythonversion/ IZEDILE T, prefix & exec_prefix
% Python % )L R § 28D configure 227V 7 MIE5 X 7235 X ZIZHIG L., version 1& '%d.%d" % sys.
version_info[:2] ZXGL %3, Windows Tld, ~v Xid prefiz/include WCEDPNE T, prefix A4
VAP=FIHELIA VAL =ALT 4 LT FYTT,

Ny REA I N—FFT 2, BNy XDA-LT4 L2 Y (leDT 4 L2 ) OEERRT) 2, 2
VRATGWAYIN—=RIT 7 ANERRT 27D DRICANET, BT 4 L7 MY —F RRITANT,
#include <pythonX.Y/Python.h> D KSWZLTE BOFREA ; prefix ND T T v + 74— AIIRF LR
WAy X3, exec_prefix 677 v b7 4 — LMRFONY XEA V7N —FLTWEDT, ZDX5 Ltk
EEITS LEBDTZ7 9 b7+ —LTOELFHTERILRD FT,

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 F1E LIS
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1.3 Efla~o0O

Python O~y & —7 7 A MZIFERZ~ 7 a0 OPERINTVET, 2LO~ 7 uld, 2RI
D¥ 25 (BlZE. Py_RETURN_NONE) DELITERDVH D £F, X O~z Ebrz2d 5o~ 0
BINEDAY X =T 7 A NVMZERINTVET, 7L, TITERIFNIEINTVWE ZIERD $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",

g

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spam_module) ;

Py_ABS(x)
x ORfHEZIR L £9

N— g r 3.3 TEM.

Py_ALWAYS_INLINE

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

to not inline the function.

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

in debug mode.

Marking blindly a static inline function with Py_ALWAYS_INLINE can result in worse 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:

1.3. EFlz<o0O 5
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[static inline Py_ALWAYS_INLINE int random(void) { return 4; } }

N— a3 v 3.11 TEH.

Py_CHARMASK (¢)

GBI, 128, 127] H B W [0, 255] DHIPHDE TR IR D $H8A, 2O~ 7 nld {5
BLXF ZFv AL c BERLET,

Py_DEPRECATED (version)

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

IVEN>A=E A PN G

{Py_DEPRECATED(B .8) PyAPI_FUNC(int) Py_OldFunction(void); ]

N—=ar 38 TEHE: MSVC ¥KR— rHEMEINE LT,

Py_GETENV (s)

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

Py_IgnoreEnvironmentFlag is set).

Py_MAX (X, y)
x ¥y DRAEZERLET,

N— ar 3.3 TEM.

Py_MEMBER_SIZE (type, member)
(type) MEKD member ¥ A X% NA PHEAITRLET,

N—a ¥ 3.6 TENM.

Py_MIN(x, y)
x by OR/MEREL 2,

N— a v 3.3 TEM.

Py_NO_INLINE

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

(FARVE

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

N— a3 » 3.11 TEH.

Py_STRINGIFY (x)
x % C XFHINEHL T, 212, Py_STRINGIFY(123) & "123" #REL 3,

N—Y 3 v 3.4 TN
6 B 1EFLHIC
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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(Q) is following a call a function that never returns but that is not
declared _Py_NO_RETURN.

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

be reported to caller, Py_FatalError() can be used.
N—=a ¥ 3.7 THE.

Py_UNUSED (arg)

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

func(int a, int Py_UNUSED(b)) { return a; }.
N—a ¥ 3.4 TE.

PyDoc_STRVAR (name, str)

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

docstrings, the value will be empty.

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

URE a7 A0IT3:

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

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

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.

IVENCa=E 4 PN G

1.3. EFlz<o0O 7
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static PyMethodDef pysqlite_row_methods[] = {
{"keys", (PyCFunction)pysqlite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
};

1.4 7720 k. BELUERAVV B

Python/C API B%Z. PyObjectx D—DP EDGIME RV EZFD £5, ZORUX, £ED Python #
7Y M ERBET 2FRERH (opaque) 2T — XEIADEA X TF, Python Sifld. £TD Python * 7
V7 MIRIZE AL DRI (BRI R a—TFHHHI (scope rule), 51EIEL) TRMRICRVWE S, 1F¥
AYETO Python #7227 Mdk—7 (heap) LICEDIPNET: ZD/®, PyObject BlOA T =7 b
iE. BHEELE (automatic) & L THEGLE (static) & LTHES TEE R A, PyObjectx BDKRA ¥ 228
BOAEETEET, M—fSMI, BA 7227 b T ATV 27 MEXE VMR (deallocate) LTl

REBRVDT, BHEITHNGEED PyTypelbject A 7Y =7 MIZLET,

2T®D Python # 7Y =7 +iZid (Python BHBAITY &) M (type) £ BMA T > b (reference count) 3%
DET, H2AT7P 27 PORNK, 20TV 27 M OBEOA T 27 o (FIZIEEEE, VA, 22—
PERBLK, 7Y ZOMZBEICOVWTIE types THHALTVWET) ZIELE T, K<ALATVARIZON
TE. A7 ODFEL T, H2F 7227 IBZOHRE I pFARLNET; Hl 21X, PyList_Check(a)
F. a0 TRENEATT =2 b2 Python ) X MEDOY & (020 Y FI2B D) HEZEL £,

1.41 BRAY >V ME

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

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

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

operation.

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.

SRAU 2 ~OFH

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, HLBBIFOHLT, 25479 27 bAOZREIFOH S 2 BBUCETEICIX. oo Rel: B
BHRA T 27 b \OBlE BHES (steal) HE L. ZI5THRWEERH D T, BRZHET . B
WSBREE L 212, ZROMEENZDBIBICR o LARE L. BI OO LITICIE A 72 72 %
W52 TY,

SHREBRAWMIBEBIZIFILAEDD ERA; HINE LTELHMOATVR DL, PyList_Setltem() ¥
PyTuple_SetItem() T, THHIFY—r Y RAICANDZBERIINT 2ZREBAMD £3 (LHrL. BEEOA
BHEDETNPRY XN OBRIIBAID $EA, ZOAHDBKIE. VR MK T ILOHITH 7 IlE E 7z
ATz bEANTOLKBORENREZAZLL T T30, ZREBANS LS ICHFFINTVE
35 FlZE. (1, 2, "three") EWH XUV EANRT 22— RIELTO LSRR D ET (¥ b H 2 3HISMLE
DILBENTEEZT; bob FVEXHERTORLET):

14, #7200 BEIUVEBEAIVH 9
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PyObject *t;

t = PyTuple_New(3);

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

Z ZTC. PyLong_FromLong () \3H L WBIEEZIR L, FIC PyTuple_SetItem() ICHWENFE T, BHIE X
NBI 20X 7Y 27 bEFHLZWEEE. SRECEKZ MO IRIC, Py_INCREF() ZFHALTD
S —ODBMERIR L TLZE W,

BRAIZ, PyTuple_SetItem() X TNVIMEZ Y VT 57200 ME—D FIETT; X TVIIEETRERT —
XTI DT, PySequence_SetItem() X PyObject_SetItem() %#{f5 & LOBWEIIERINTLEVET,
HOTRILDMEEANTNL DB D4 S, PyTuple_SetItem() 72 LR EH Ao

ML, VA MIEEZANTWL a— Fi& PyList_New() ¥ PyList_SetItem() TEIFE T,

UL LEBRICE. RIARPYRMEERL TEZ ANZRICE, LRI RAERKIZFEACHFVERA,
O PHMED D 2B, Py_BuildValue() 3B D, FLAYDEERA T =27 b7 3 —< v FXXFH]
format string DIFEIZFHEDNT C DEISAEKTEET, X, LOoTHEOa—-F7uy 27id T
ESBEMZSGNET (27 —F = v 2 ICORELTVET):

PyObject *tuple, *1list;

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

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

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

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

Py_ssize_t i, n;

n = PyObject_Length(target);
if (n < 0)
return -1;
for (i = 0; i < n; i++) {
PyObject *index = PyLong_FromSsize_t(i);
if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;

return -1;

(RDR=V1ZHiL)

10 F1E LIS
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(FiDR— 25 D %)
Py_DECREF (index) ;
}

return O;

BBOR DV EDHE I, REDLERD 3, 13 ACOBEBIIOWTIE, ZRZEL T 2SI
TREMNED D ZEDIRV—T, 2547327 MIHT 22 eiRT & 522 ORI, SR
THAEMHEZECH UANCG 2 £3, BAREETT: 2L 056, BRI A 7Y 27 MEZDET (on
the fly) £ E N 272D, PO ULAIDG 2 SRIIERE WA T 27 MTHT 2HE—DZRICLR 5056 T
3, o T, PyObject_GetItem() R PySequence_GetItem() DX DI, 7T =7 MIXT 3B %iR
TINHOBEIE, WL ZREZRELET (O LD SROMEEICRD £73),

HERDIZ, BEEDRTSROMBEHELZR T2 5013, COBMBEMRIH TR k3, LHBFETSZ
ETY — BRMECH LR 8D BIIC5IBe LTELLA 7Y =7 o) 13 CORMEICIFEZRHD %
BA! - T, PyList_GetItem() o> TV A MNADEZEEZIGEICE. ZBIROMEEFICERD EFEA
— B, FAUCEZZFETCY R M5 PySequence_GetItem() (M6 T H ZOMEITELFELIIEEE D ET)
ZoTWOHT L, RSN A TV =7 MITHT 2BREH T,

UTE, BED» S22V A MW L TREROAFHZHAETHBZ DX 51 LTHEIT 202 RLHIT
T —DIX PyList_GetItem() ZfE->TWT, &5 —DIX PySequence_GetItem() ZfH->TWET,

long

sum_list(PyObject *1list)

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

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

return total;

long
sum_sequence (PyObject *sequence)
{

Py_ssize_t i, n;

long total = 0, value;

PyObject *item;
(RDOR=V1Fil)

14, #7207 BELUEBRAYVF 11
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(FiDR— 25 D %)
n = PySequence_Length(sequence);
if (n < 0)
return -1; /* Has no length */
for (i = 0; i < n; i++) {
item = PySequence_GetItem(sequence, i);
if (item == NULL)
return -1; /* Not a sequence, or other failure */
if (PyLong_Check(item)) {
value = PyLong_AsLong(item) ;
Py_DECREF (item);
if (value == -1 && PyErr_Occurred())
/* Integer too big to fit im a C long, bail out */
return -1;

total += value;

}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}
return total;
}
1.42 &

f1ic b Python/C AP WBWTEHEREH2FHOT—XBB WL O20H D £7; 1F2 AL int, long,
double, BL U charx t\Woi, B3 C 07 —&2BTT, £/, Y 2a— L TREALTWAHEESZET
ZEWCHWONEHNIR T — 7%, FiLWnA 7Y =27 MBI 27— 2@ EIA LD, HEKROEE
G U720 F 2 7DIEERZ WO o TVE T, THHDRIZOVTIE, ZORIZHS5 B L & 128
BFHLTWZ %7,

type Py_ssize_t

RICB L X9 Stable ABI. A signed integral type such that sizeof(Py_ssize_t) ==
sizeof (size_t). C99 doesn’t define such a thing directly (size_t is an unsigned integral type).
See PEP 353 for details. PY_SSIZE_T_MAX is the largest positive value of type Py_ssize_t.

1.5 FIs

Python v/ o<k, HEDZ I —UHMNKER Y 72T ULIFINERS BEEZHD FEA; WH LKL -
72ANE, B ORERH LEL, ZOFEEFECHLEL 2 WozBEI2, Py TLRILDAL YR TY XEETH
FNEE L E T, A VX TFTUEREIE. AXy 7 FL—ZANy Z e &b THINE 2 —FICHE L5,

LZAM, CTurI<voga. 27 —F v ZIXEICHRMTORER D £ A, Python/C APT 042
TOREZ, BIBOD F ¥ 2 X > M THIEICHAD R WIR D IS 2 7175 2 alietinid b £ 5, —kiVLEEe L
T, 2B 0rDL S —1THEBT 5 &, BREHINZEREL T, BBNICE T 22 ROFTA#ELZ 2 TR
FEL., =7 —f# (error indicator) ZIRLE T, FFa XY MIHEINLTRVWEE, 2O I —fHIZEBDRE

12 F1E LIS
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DIEDOTNZ K 5T, NULL % -1 DEBELHRICRD 5, W OO TIE 7 - VETH/fBERL. Hidx
F—%mL %7, EODTHOHOBEBTIIAMLR LTS —HBIELIRI B 57D, HDVEVWREDEZELRD
32D T. PyErr_Occurred() THRINICZ I =T XA M 2{T5RBERH D £3, 2o OFISIEICIHRI
WREXaxXy M kg,

ISR DIRBEIETR (exception state) 1. AL v FHAMICHEIW-FEEEE (per-thread storage) N THEM
ENET (ZORBEHEBIZ. ALy FREDRVWT SV —>a Tl e— L RGEREHEFA T TT),
—ODALy FRZODREBDOES S FINBFEEL D, FERELTVRVS, 2D %3, B
PyErr_Occurred() 25 &, ZOREZFANSNET: ZOBEKIEIHINIFE LIZBIEZ oA 4 7
Pz MTHT 2SR (borrowed reference) 23R L. Z 9 TRWVWE 2121 NULL iR L 3, flShIKEE
ZRETHEBIIBEZ S H D ET: PyErr_SetString() i3d o b I<HONTWS (A, b o bILAMK
DRV BINERET 572D DT, PyErr_Clear ) EHIFVREEEHRZTHE L E 2 B8TI,

TRLHISVRERRIZ. 3 204 7Y =2 b fISLOEL, FINDME. ZLTRL—ANy 7, 26KV ET
(A7 =27 bd NULL ZHUDFET), Zh 6 DIFHIZ. Python @ sys.exc_info() DFER & [F UE
ZRBHET; idWwRA, C & Python OFIFHRERHIZEFE L TED D ¥ A: Python BT 561444 7
¥z 7 Md. Python O try ... except X THRITMWH LA 7Y =2 b 2RT 7. C LILDOBISHREENE
WHBTEHET 2 DI, EXNBIIMERZ sys.exc_info() ZDOMICHERET 2 X SHUDEFS 5 Python DA
Fa—=FAYETVEDRAL N —=TZEET 2 T, NP EBOMTZIFEL SN TWBREEZITTT,

Python 1.5 %51, Python TH N 7/za— Ko HEMREBIERICT 72X 24k LT, #ERRXATH
TAL vy RE—T7 KA sys.exc_info() KHR->TWADTHEREL T XV, ZOBEIX Python 2 —
FOFTENTVE AL v FIZBIT 2 HIAMKEBHEREZEL T, £/, ZhsofiFREERICN T2 7 7 +¢
AFBUE. W7 L SEKRDT (semantics) BEE XN, H 2BBHFIS 2HIET 2 . ZOBBEFEITLTYL
ALy FOFSMREERZ RFEL T, O LAIOBISREBHERZ MR T2 X5k D L, ZOEHEIC
XoT, BEZIICAZBBIBENR > T b hlz EEEZT Tl SIS, fSLIEEa—F
TELBETWEAZEIMELTVWETS: £ FL—XNY ZHDRAX Y 7 7L —ATERINTNE AT
V7 AL UIETRELCHEGZKOZATVW0ZKR LTVWET,

—MRA7ZFEHE e LT, D28 R OBBENOH LT o 20FEz2 S8 5 & &, IO LA BEEHIS
ZEHLTOROVHAFARL S TR ST, d LEH L TOIUR. 2 OBISMREEEHIEFE O H LHNCE S 72
I D A, WOHLITTOBBIIA 7Y =7 VBROMEME TN THREL, =7 —HBIE2ERE 2T
B ERADN, RPN EZRET 2LEX BODFHA - TARI 2 TIUE, o FREHEINZEND
Df e EHEELTLENY, =57 —DFERZDS DI T 2EERBEREZKS ZLiZ2D 5,

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

Python, we show the equivalent Python code:

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

1.5. % 13
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MTREIGS %a—Fz C CREICHF WS DTT:

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

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

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

goto error;

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

goto error;

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

goto error;

if (PyObject_SetItem(dict, key, incremented_item) < 0)
goto error;
rv = 0; /* Success */

/* Continue with cleanup code */

/* 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, 0 for success */

AL ZORIE C T goto XEMS BEIDDHEZFTRLTVWE TR ZoflTik. FEDFINENET 2
729IZ PyErr_EzceptionMatches () B XU PyErr_Clear() ZE¥ S50 RLTWET, T/, FraM
R TWS ST, A5 NULL 12725028 LRV DRI TS 72HIC Py_XDECREF() % ¥ 55 2 %R
LTWES (BBAII "X MW TWw3 Z 8 IR L TL &\, Py_DECREF() 13 NULL ZRUCHI< bT &
2992 al¥d), ELLEESE 27013 G2 OSREZREET 27904 % %% NULL THIHHE
TEHIEHEETT; MRS, D2 UDRDEEZERT ZHFICIMEL -1 (R THEHLL TBWT, &%
ORIBTFUOH L E TS FL VS BB DH 0 () KHELET,

14 F1E FCHIC
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1.6 Python DiE&HIAH

Python £ ¥ & 7V ZDEDAAZITI N (WODIRILREY 2 — L OFZFOMR) AU T &I UE7%
LIRVEERZ X ZIE, Python 4 ¥ &2 7V X2 OHA{LILIE (initialization), & L TEZ 5 I3 T0LHE
(finalization) T3 4 Y X TV XDIZL AL DKREIX. A4 VX T XDEEHRLHIEZ EH A

AR CALIE 21T 5 BIEIE Py_Initialize() T3, ZOBKIIT— FEADEY 2 — A0 525 T —
TVEERL, TREKRSZEY 2—/b builtins, __main__, BEX UL sys ZERL T, T, TV 2—M
FRR (sys.path) OFIEHLBITVE 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.arguv and PyConfig.parse_arguv must be

set: see Python Initialization Configuration.

FEAEDT AT AT (FHT Unix & Windows &, Ffll2SHTHLICERRZDIELETHY), Py_Initialize()
FHEHED Python 4 ¥ &2 7V X EZITIHAK DG T 2 #HERRICE SOWT, Python D74 75 U H
Python 4 ¥ & 7V REFHRADL S DHHM AR TROD 2 L WIRED FICEY 2 —VRBAREFHEALZ
T DD IOMRTIE, = ravxy FREASR (BREZA PATH) FiTH D% 57 python &\ 5 il
DETT7 7 ANDEINTVEZT 4 L7 PUVDET 4 L7 MU 25 DOMHENT, 1ib/pythonX. Y &\ 5 KD
TALZMUERLETD,

il 21X, Python FfTHEAD /usr/local/bin/python TROM -7z F 58, 54775 VUD /usr/local/
1lib/pythonX. Y IZH2bDEMREL 5, (FBICIE. DRI 7 74—y 7 (fallback)” DI 4 75
VAIETH DD, python A PATH RV H IO E S, ) 2 —IX PYTHONHOME Z&ET S Z & T
DENEE A —N—F 4 F L7 D, PYTHONPATH Z&E L CEMD T 1 L2 + V) ZHEE D 2 — VR SR OH]
WAL DTEE T,

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

72 F12, Python Z¥WHLATORREICD L L72WZ e 3D D 23, FIZIEX B2 77V 75— a v TIEETER
W B D 7B L (start over) X¥ 3 (Py_Initialize() b5 —EMUEHIE3) X5 Lwhd L E
BhAo HBWVIE, 77V 7 —2 a ») Python & — B W& 2 T, Python MR L7z X €V 2RIKE B0
b LNFERA, Py FinalizeEx() 252 25 LTZUMEZEBTE 3, £/, B Py_IsInitialized()
1%, Python DETEMILEADIKRBICH 2IGEICEZRLET, ZA5DMEKICONTOX SR 2RI,
BOETHIEL £3, Py_FinalizeEz () 23 Python £ ¥ X 7)) ZICHERINI-LETDORAEY % BRI ST
TIRBV ZICHEELTLZEW, fIRIE HHBREY 2 — ML o THERS WX EV R, BIfEDO L Z51#
R 2ENTEER A

1.6. Python DIE®HAH 15
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1.7 NNy JhREJL K (Debugging Builds)

AVERTYREIIREY 2 = VIR L TOEMF = v 72T 572000 L D00~ 27 B2 G312 LT Python
ZELRTHIEDNTEET, TNHDF v 7k, EfTRICKRER: —N—~vy FEREUZEHALD D %
o DT, T74NFTREEMTINTVERA,

Python 7Ny ZHREIL RO TORED Y X + 23, Python ¥ — AFLAi (source distribution) ®H® Misc/
SpecialBuilds.txt CH D EF, BEAIT U FDIL—R, XEVT7RT—XDTNw T, L VRTYEXD
XA N=TDELNVTR T 74 ) Y IBMARRETT, DN ENL FIZOVWTDA, ZOHIDKD
DETTHAL 5,

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 * HE3 5 &, ZM ML —ZAHEMIR D £F (configure —-with-trace-refs />3
Y EZBHBLTLIIEIWV), £2TD Pylbject IK=DD7 4 —LREBMT ST, #FHFOLF T =7+
OB EESE) 2 P SEHENE T, 2TOH D 4T (allocation) 73 b L — 2 XNEF, KTHIZ, 2T
Ko TWbF T2l bPRRENET, A VEXIFIT A TE=—FTIE, A VXTVRIZXEZXDFEITD
KR RSINET, )

X DFHLWIEHRIZOWTIE, Python @Y — Rl (source distribution) ®H1® Misc/SpecialBuilds.txt
EBRBLTLEZZWV,

16 F1E LIS
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Python’s C API is covered by the Backwards Compatibility Policy, PEP 387. While the C API will
change with every minor release (e.g. from 3.9 to 3.10), most changes will be 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 # —LTERTANE L 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.

Names prefixed by an underscore, such as _Py_InternalState, are private API that can change without

notice even in patch releases.

2.1 &% 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.

2.1.1 Limited C API

Python 3.2 introduced the Limited API, a subset of Python’s C API. Extensions that only use the
Limited API can be compiled once and work with multiple versions of Python. Contents of the Limited
API are listed below.

Py_LIMITED_API
ZD~¥Zu% Python.h &4 ¥ 7 /)L— FT BHNIERT % Z & T, Limited API DAZEHT 22 &
iR U, Limited API N—2 a2 VEERT 2 2 TEE T,

Define Py_LIMITED_API to the value of PY_VERSION HEX corresponding to the lowest Python
version your extension supports. The extension will work without recompilation with all Python

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

PY_VERSION_HEX ¥~ 7 R 2 EEHE S O T2, FRD Python ODNN—Y 3 > Tary s/ 153 %

17
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DEEMDTDIT, HND< A F— "= 3 ¥ (fIZIE, Python 3.10 7 5 0x030A0000 ) Z/N— K
a— F L/ij—o

%7z, Py_LIMITED_API % 3 WZEFKT A I LA TEET, ZHd 0x03020000 (Python 3.2, Limited
API A X NN —D a2 Y) EEU XS KEELE T,

2.1.2 Stable ABI

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

3.x versions.

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

necessary to support older versions of the Limited APIL.

Windows TlX. Stable ABI %3 2 JLEMHEEIX. python39.d11 DX S N—Ya YEHDFAL 75V T
137 <, python3.d11 I LTV 728D D £75,

W OPDTF v b7+ —A5TiE, Python I abi3 X 7 THMFONIHEI A TV 77 A VEEL THE
HIAAHET (Bl mymodule.abild.so), ZD &I RILRES 2 — L8 Stable ABI ITHEE LTV L 52
FryZEINFRA, 2T — (FREBFEDORy r =Y 7Y =)L) id, & 21F 3.10+ Limited API TtV
FENEREY 2 — U, ZRLLRDAN— 2 @ Python IZ4 Y A b — L RN L 2ERT 2 0EH
HHET,

Stable ABI IZ& N2 TXNTOBEEIK, ~7 vt LTI THRL, Python DEE I A4 75 VD% E LT
FIELES, 2070, CFYV a3 2HHLRWEEIOEHT L TEET,

2.1.3 API RO—F&NT =X > ADHIR

Limited API ® H¥EZ, 7L C APl THIBERITARTDO I #FEHT 22 TT. BZ 5 LKA
HHEI,

Bz, PyList_GetItem() IFIFARIAET A, £ D “unsafe” ~2Z7 v DEM PyList_GET ITEM() \XF|H
TEFHA, ZO~7F, VA MATI 27 vON=D a VEIFOEEDFHMIKET SN TE S/
O, XOEHICUET 2 Z e TEET,

Py_LIMITED_API ZEELRWVWE., W D2»D C API BED 4 > 74 vbXhizh, v/ nic@Ez#fb-o7
DL%F, Py_LIMITED_API #EHKT 2L, ZDA ¥ F74 LT D, Python OF — X fEEH el X
NTHLRELEEIFBEICR D £ 355, HREME R T 2 A[REMEDH D £5,

Py_LIMITED_API OEFE%HE K Z ¥ T, Limited API JEiREN—Y 2 YEHD ABl Ta ¥ AL T35 2 2H
AJRETS, ZAICE D, ZD Python DNN—=Y a3 VTR T 43—V A%ZFALIEEIeNTEETH, B
BHIR XM FF, Py_LIMITED_API Ta Y RXA LF 3L, N— 3 VIR LR WIERIEEEDFIH T = 25
&, BlzE, KA Python A=Y a > DLV Y —RIHELEIRREY 2 — L R2EAT2 I N TES XS
I E5,

18 % 2 E C APl D&EEM
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2.1.4 FIFR{TE APl DFER

Note that compiling with Py_LIMITED_API 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 @ R N— a ¥ TN 425 1 $0E RO BIECR FEONH S
22 T3, BIZIR, BRI NULL 22 ITEAHB%E X TAEL & 5, Python 3.9 TlX NULL &7 7 4L b
DZEF TR L 355, Python 3.8 TIXZ DFIBIIEREMEH XN, NULL oSt eziRI L7 7y > a2l
T, FAOFIEUX. FEARD 7 4 — L RIS L THEREL £

b5 —ODMEIX, —FOHIEKR T 4+ —L KA Limited API O—#TH 31222 53, Py_LIMITED_API
PEBRINZ ZTICHAIERRICHE > TVRNWI 2T,

INHOEMD S, BEINREY 2 — 8P R—-bT 25 IRTOD v A F—7% Python X"—Y 3 ¥ TT R
F 228, ZLTTENER BHEWVW A—Ya Y TEALRTA I 2HERLE T,

7, EHT2IRTO API O FFa X ¥ 2R L. ZADHRANC Limited API O—#TH 20 5
DPEFrvITBIEBEOLET, Py_LIMITED_API BAERIN TV TH, FMWARHEET (52 0iEN
JELTENET) W OO T F7A4R=-IEEDPRFMENZZLDHD XF,

Python 3.8 C Py_LIMITED_API Z# I > XA L$ 3 ¥, ZDHIREY 2 —/Lid Python 3.12 TEIEL £ 525,
#3F L b Python 3.12 T AVNAIL TEZLERLRWI LITHERLTLZE W, K2, Limited API @
—HBi&, Stable ABI YZE L TWAR D, IEHERETHIERX N 20 LA EE A,

22 7539 bhI74—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

HEDTTy b7+ — A EDTRTO Python N— a U EEMR ABL ZBHE LR WHETE L RERTW
% Z L Z2RAET 5 DI, Python OFRERMEDHEIETT, ZHUT python.org % DH— F8—F 1 —
DB 5D Windows £ macOS DV V —2ADHFETT,

2.3 [REhR APl DRE

Currently, the Limited API includes the following items:
e PyAIter_Check()
o PyArg_Parse()
e Pydrg ParseTuple()

e PyArg_ParseTupleAndKeywords ()

22. FSYNITA—LTEEINEE 19
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PyArg_UnpackTuple()
PyArg_VaParse()
PyArg_VaParseTupleAndKeywords ()
PyArg_ValidateKeywordArguments ()
PyBaseObject_Type
PyBool_FromLong ()

PyBool_Type

PyBuffer FillContiguousStrides ()
PyBuffer FillInfo()

PyBuf fer_ FromContiguous ()
PyBuffer_GetPointer()

PyBuffer_ IsContiguous ()
PyBuffer_Release()
PyBuffer_StizeFromFormat ()
PyBuffer_ToContiguous ()
PyByteArrayIter_Type
PyByteArray_AsString ()
PyByteArray_Concat ()
PyByteArray_FromObject ()
PyByteArray_FromStringAndSize ()
PyByteArray_Resize()
PyByteArray_Size()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString ()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()

PyBytes_DecodeEscape ()

20
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e PyBytes_FromFormat ()

e PyBytes_FromFormatV()

e PyBytes_FromObject ()

o PyBytes_FromString()

o PyBytes_FromStringAndSize ()
o PyBytes_Repr()

o PyBytes_Size()

e PyBytes_Type

e PyCFunction

e PyCFunctionlWithKeywords
e PyCFunction_Call()

e PyCFunction_GetFlags()

e PyCFunction_GetFunction()
e PyCFunction_GetSelf ()

e PyCFunction_New()

e PyCFunction_NewEz ()

¢ PyCFunction_Type

e PyCMethod_New()

e PyCallIter_New()

e PyCallIter_Type

e PyCallable_Check()

e PyCapsule_Destructor

o PyCapsule_GetContext ()

o PyCapsule_GetDestructor()
e PyCapsule_GetlName ()

o PyCapsule_GetPointer()

e PyCapsule_Import()

e PyCapsule_IsValid()

o PyCapsule_New()

2.3. [RERR APl ODRE 21
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PyCapsule_SetContext ()
PyCapsule_SetDestructor()
PyCapsule_SetName ()
PyCapsule_SetPointer()
PyCapsule_Type

PyClassMethodDescr_Type

PyCodec_BackslashReplaceErrors ()

PyCodec_Decode ()
PyCodec_Decoder()
PyCodec_Encode()
PyCodec_Encoder()
PyCodec_IgnoreErrors()
PyCodec_IncrementalDecoder()
PyCodec_IncrementalEncoder()
PyCodec_KnownEncoding ()
PyCodec_LookupError()
PyCodec_NameReplaceErrors ()
PyCodec_Register()
PyCodec_RegisterError()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_Streamiriter()
PyCodec_StrictErrors ()

PyCodec_Unregister()

PyCodec_XMLCharRefReplaceErrors ()

PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble()

PyComplex_Type

22
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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

o PyDictRevIterItem_Type
e PyDictRevIterKey_Type

e PyDictRevIterValue_Type
e PyDictValues_Type

e PyDict_Clear()

e PyDict_Contains()

e PyDict_Copy()

e PyDict_DelItem()

e PyDict_DelItemString()
o PyDict_GetItem()

e PyDict_GetItemString()
o PyDict_GetItemWithError()
e PyDict_Items()

e PyDict_Keys()

e PyDict_Merge()

e PyDict_MergeFromSeq2()
e PyDict_New()

o PyDict_Next ()

2.3. FRERR APl DRE 23
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PyDict_SetItem()
PyDict_SetItemString()
PyDict_Size()

PyDict_Type

PyDict_Update()
PyDict_Values()
PyEllipsis_Type

PyEnum_Type
PyErr_BadArgument ()
PyErr_BadInternalCall ()
PyErr_CheckSignals ()
PyErr_Clear()
PyErr_Display()
PyErr_EzceptionMatches ()
PyErr_Fetch()

PyErr_Format ()
PyErr_FormatV()
PyErr_GetExcInfo ()
PyErr_GetHandledExzception()
PyErr_GivenEzceptionMatches ()
PyErr_NewEzception()
PyErr_NewEzceptionWithDoc ()
PyErr_NoMemory ()
PyErr_NormalizeEzception ()
PyErr_Occurred ()
PyErr_Print ()
PyErr_PrintEz()
PyErr_ProgramText ()

PyErr_ResourceWarning ()
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e PyErr_Restore()

e PyErr_SetEzcFromWindowsErr ()

e PyErr_SetExcFromWindowsErrWithFilename ()
e PyErr_SetExcFromWindowsErriWithFilenameObject ()
e PyErr_SetEzcFromWindowsErrWithFilenameObjects ()
e PyErr_SetEzcInfo()

o PyErr_SetFromErrno ()

e PyErr_SetFromErrnoWithFilename ()

e PyErr_SetFromErrnoWithFilenameObject ()

e PyErr_SetFromErrnoWithFilenameObjects ()
e PyErr_SetFromWindowsErr ()

e PyErr_SetFromWindowsErriWithFilename ()

e PyErr_SetHandledEzception()

e PyErr_SetImportError()

e PyErr_SetImportErrorSubclass()

o PyErr_SetInterrupt()

e PyErr_SetInterruptEz()

e PyErr_SetNone()

o PyErr_SetObject ()

e PyErr_SetString ()

e PyErr_SyntazLocation()

e PyErr_SyntazLocationEz ()

e PyErr_WarnEz()

o PyErr_WarnEzplicit ()

e PyErr_WarnFormat ()

o PyErr_WriteUnraisable()

o PyEval_AcquireLock()

e PyEval_AcquireThread()

e PyEval_CallFunction()
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e PyEval_CallMethod()

e PyEval_CallObjectWithKeywords()
e PyEval_EvalCode()

e PyEval_EvalCodeEz ()

o PyEval_EvalFrame()

e PyEval_EvalFrameEz()

e PyEval_GetButltins ()

e PyEval_GetFrame()

e PyEval_GetFuncDesc()

o PyEval_GetFuncName ()

o PyEwval_GetGlobals()

e PyEval_GetLocals()

o PyEval_IntitThreads ()

e PyEwval_ReleaseLock()

e PyEval_ReleaseThread()

e PyEval_RestoreThread()

e PyEval_SaveThread()

e PyEval_ThreadsInitialized()
e PyExc_ArithmeticError

e PyExc_AssertionError

e PyExc_AttributeError

e PyExc_BaseException

o PyExc_BaseExceptionGroup
e PyExc_BlockingIOError

e PyExc_BrokenPipeError

e PyExc_BufferError

e PyExc_BytesWarning

e PyExc_ChildProcessError

e PyExc_ConnectionAbortedError
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PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_ImportError
PyExc_ImportWarning
PyExc_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
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PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsyncIteration
PyExc_StopIteration
PyExc_SyntaxError
PyExc_SyntaxWarning
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_UnicodeWarning
PyExc_UserWarning
PyExc_ValueError
PyExc_Warning
PyExc_WindowsError

PyExc_ZeroDivisionError
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o PyExceptionClass_Name ()
o PyExzception_GetCause()

e PyEzception_GetContexzt ()
e PyEzception_GetTraceback()
o PyEzception_SetCause()

e PyEzception_SetContext ()
e PyEzception_SetTraceback ()
e PyFile_FromFd()

o PyFile_GetLine()

e PyFile_WriteObject ()

e PyFile_WriteString()

e PyFilter_Type

e PyFloat_AsDouble()

e PyFloat_FromDouble()

e PyFloat_FromString()

o PyFloat_GetInfo()

o PyFloat_GetMaz ()

e PyFloat_GetMin()

e PyFloat_Type

e PyFrameObject

e PyFrame_GetCode ()

e PyFrame_GetLineNumber ()
o PyFrozenSet_New()

e PyFrozenSet_Type

o PyGC_Collect()

o PyGC_Disable()

e PyGC_Enable()

e PyGC IsEnabled()

e PyGILState_Ensure()
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PyGILState_GetThisThreadState ()
PyGILState_Release()
PyGILState_STATE

PyGetSetDef

PyGetSetDescr_Type
PyImport_AddModule ()
PyImport_AddModuleObject ()
PyImport_AppendInittab()
PyImport_EzecCodeModule ()
PyImport_ExecCodeModuleEx ()
PyImport_EzecCodeModuleObject ()
PyImport_EzecCodeModuleWithPathnames ()
PyImport_GetImporter()
PyImport_GetMagicNumber ()
PyImport_GetMagicTag ()
PyImport_GetModule()
PyImport_GetModuleDict ()
PyImport_Import()
PyImport_ImportFrozenModule ()
PyImport_ImportFrozenModuleObject ()
PyImport_ImportModule()
PyImport_ImportModuleLevel ()
PyImport_ImportModuleLevelObject ()
PyImport_ImportModuleNoBlock ()
PyImport_ReloadModule()
PyIndex_Check()

PyInterpreterState
PyInterpreterState_Clear()

PyInterpreterState_Delete()
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e PyInterpreterState_Get ()
e PyInterpreterState_GetDict ()
o PyInterpreterState_GetID()
e PyInterpreterState_New()
o PyIter_Check()

o PyIter_Next()

e PyIter_ Send()

e PyListIter_Type

e PyListRevIter_Type

e PyList_Append()

o PyList_AsTuple()

o PyList_GetItem()

e PyList_GetSlice()

e PyList_Insert()

e PyList_New()

o PyList_Reverse()

o PyList_SetItem()

o PyList_SetSlice()

o PyList_Size()

o PyList_Sort()

e PyList_Type

e PyLongObject

e PyLongRangelter_Type

o PyLong_AsDouble()

e PyLong_AsLong()

e PyLong_AsLongAndOverflow()
e PyLong_AsLongLong ()

e PyLong_AsLongLongAndOverflow()

e PyLong_AsSize_t()
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PyLong_AsSsize_t ()

PyLong_AsUnsignedLong ()

PyLong_AsUnsignedLongLong ()
PyLong_AsUnstignedLongLongMask ()

PyLong_AsUnstignedLongMask ()

PyLong_AsVoidPtr()
PyLong_FromDouble ()
PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong_FromSize_t ()
PyLong_FromSsize_t ()
PyLong_FromString ()

PyLong_FromUnsignedLong ()

PyLong_FromUnsignedLongLong ()

PyLong_FromVoidPtr()
PyLong_GetInfo()
PyLong_Type

PyMap_Type
PyMapping_Check()
PyMapping_GetItemString()
PyMapping_HasKey ()
PyMapping_HasKeyString ()
PyMapping_Items ()
PyMapping_Keys ()
PyMapping_Length()
PyMapping_SetItemString ()
PyMapping_Size()
PyMapping_Values ()

PyMem_Calloc()
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e PyMem_Free()

o PyMem_Malloc()

e PyMem_Realloc()

e PyMemberDef

e PyMemberDescr_Type

e PyMemoryView FromBuffer()
o PyMemoryView_FromMemory ()
o PyMemoryView_FromObject ()
o PyMemoryView_GetContiguous ()
e PyMemoryView_Type

e PyMethodDef

e PyMethodDescr_Type

e PyModuleDef

¢ PyModuleDef_Base

o PyModuleDef_ Init()

e PyModuleDef_Type

e PyModule_AddFunctions ()

e PyModule_AddIntConstant ()
o PyModule_AddObject ()

o PyModule_AddObjectRef ()

e PyModule_AddStringConstant ()
e PyModule_AddType ()

e PyModule_Create2()

o PyModule_EzecDef ()

e PyModule_FromDefAndSpec2()
e PyModule_GetDef ()

o PyModule_GetDict ()

e PyModule_GetFilename()

e PyModule_GetFilenameObject ()
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PyModule_GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New()
PyModule_NewObject ()
PyModule_SetDocString ()
PyModule_Type
PyNumber_Absolute()
PyNumber_Add ()

PyNumber_And ()
PyNumber_AsSsize_t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()
PyNumber_FloorDivide ()
PyNumber_InPlaceAdd()
PyNumber_InPlaceAnd()
PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift ()
PyNumber_InPlaceMatrizMultiply ()
PyNumber_InPlaceMultiply()
PyNumber_InPlaceOr()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_InPlaceRshift()
PyNumber_InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()
PyNumber_InPlaceXor()

PyNumber_Index ()
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e PyNumber_ Invert()

e PyNumber_Long ()

e PyNumber_Lshift()

e PyNumber_ MatrizMultiply()
o PyNumber_ Multiply()

e PyNumber_Negative()

e PyNumber_0Or()

o PyNumber_Positive()

o PyNumber_Power ()

e PyNumber_Remainder()

e PyNumber_Rshift ()

e PyNumber_Subtract ()

o PyNumber_ToBase ()

e PyNumber_TrueDivide ()

e PyNumber_Xor()

e Py0S_AfterFork()

e PyOS_AfterFork_Child()
e Py0S_AfterFork_Parent ()
e Py0S_BeforeFork()

e Py0S_CheckStack()

o Py0S_FSPath()

e Py0S_ImputHook

e Py0S_InterruptOccurred()
e Py0S_double_to_string()
e PyOS_getsig()

o Py0S_mystricmp()

e Py0S_mystrnicmp()

e PyOS _setsig()

e PyOS_sighandler_t
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Py0S_snprintf ()
Py0S_string_to_double()
Py0S_strtol ()
Py0S_strtoul ()
Py0S_vsnprintf()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
PyObject_AsCharBuffer()
PyObject_AsFileDescriptor()
PyObject_AsReadBuffer()
PyObject_AsWriteBuffer()
PyObject_Bytes ()
PyObject_Call()

PyObject_CallFunction()

PyObject_CallFunctionObjArgs ()

PyObject_CallMethod ()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckBuffer()
PyObject_CheckReadBuf fer()
PyObject_ClearWeakRefs ()
PyObject_CopyData ()
PyObject_DelItem()
PyObject_DelItemString()

PyObject_Dir()
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e PyObject_Format ()

o PyObject_Free()

o PyObject_GC_Del ()

e PyObject_GC_IsFinalized()
e PyObject_GC_ IsTracked()

e PyObject_GC_Track()

o PyObject_GC_UnTrack()

e PyObject_GenericGetAttr()
e PyObject_GenericGetDict ()
e PyObject_GenericSetAttr()
e PyObject_GenericSetDict ()
o PyObject_GetAIter()

e PyObject_GetAttr()

o PyObject_GetAttrString()
e PyObject_GetBuffer()

o PyObject_GetItem()

o PyObject_GetIter()

o PyObject_HasAttr()

e PyObject_HasAttrString()
e PyObject_Hash()

e PyObject_HashNotImplemented ()
e PyObject_Init()

o PyObject_InitVar()

o PyObject_IsInstance()

e PyObject_IsSubclass()

e PyObject_IsTrue()

e PyObject_Length()

e PyObject_Malloc()

e PyObject_Not()
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PyObject_Realloc()
PyObject_Repr()
PyObject_RichCompare()
PyObject_RichCompareBool ()
PyObject_SelfIter()
PyObject_SetAttr()
PyObject_SetAttrString ()
PyObject_SetItem()
PyObject_Size()
PyObject_Str()
PyObject_Type()
PyProperty_Type
PyRangeIter_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 ()
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e PySequence_Indez()

o PySequence_Length()

o PySequence_List()

e PySequence_Repeat ()

o PySequence_SetItem()

e PySequence_SetSlice()
o PySequence_Size()

e PySequence_Tuple()

e PySetIter_Type

e PySet_Add()

o PySet_Clear()

o PySet_Contains()

o PySet_Discard()

o PySet_New()

e PySet_Pop()

e PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()
o PySlice_GetIndices()
e PySlice_GetIndicesEz()
o PySlice_New()

e PySlice_Type

e PySlice_Unpack()

e PyState_AddModule()

e PyState_FindModule()
e PyState_RemoveModule ()
e PyStructSequence_Desc
e PyStructSequence_Field

o PyStructSequence_GetItem()
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PyStructSequence_New()

PyStructSequence_NewType ()
PyStructSequence_SetItem()

PyStructSequence_UnnamedField

PySuper_Type

PySys_AddWarnOption ()

PySys_AddWarnOptionUnicode ()

PySys_AddXOption()
PySys_FormatStderr()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions ()
PySys_ResetWarnOptions ()
PySys_SetArgv()
PySys_SetArguEz ()
PySys_SetObject ()
PySys_SetPath()
PySys_WriteStderr()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()

PyThreadState_GetID()

PyThreadState_GetInterpreter()

PyThreadState_New()
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PyThreadState_SetAsyncEzc ()
PyThreadState_Swap ()
PyThread_GetInfo()
PyThread_ReInitTLS()
PyThread_acquire_lock()
PyThread_acquire_lock_timed()
PyThread_allocate_lock()
PyThread_create_key()
PyThread_delete_key()
PyThread_delete_key_value()
PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value()
PyThread_get_stacksize ()
PyThread_get_thread_ident ()
PyThread_get_thread_native_id()
PyThread_init_thread()
PyThread_release_lock()
PyThread_set_key_value()
PyThread_set_stacksize()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create()
PyThread_tss_delete()
PyThread_tss_free()
PyThread_tss_get ()
PyThread_tss_is_created()
PyThread_tss_set ()

PyTraceBack_Here()

2.3.

FRERR APl DRE

41



The Python/C API, U —X 3.11.14

PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type
PyTuple_GetItem()
PyTuple_GetSlice()
PyTuple_New()
PyTuple_Pack()
PyTuple_SetItem()
PyTuple_Size()
PyTuple_Type
PyTypeObject
PyType_ClearCache()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc()
PyType_GenericNew()
PyType_GetFlags ()
PyType_GetModule ()
PyType_GetModuleState ()
PyType_GetName ()
PyType_GetQualName ()
PyType_GetStlot ()
PyType_IsSubtype()
PyType_Modified()
PyType_Ready ()
PyType_Slot
PyType_Spec

PyType_Type
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e PyUnicodeDecodeError_Create()

e PyUnicodeDecodeError_GetEncoding ()
e PyUnicodeDecodeError_GetEnd ()

e PyUnicodeDecodeError_GetObject ()

e PyUnicodeDecodeError_GetReason ()

e PyUnicodeDecodeError_GetStart ()

e PyUnicodeDecodeError_SetEnd()

e PyUnicodeDecodeError_SetReason()

e PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd ()

e PyUnicodeEncodeError_GetObject ()

e PyUnicodeEncodeError_GetReason ()

e PyUnicodeEncodeError_GetStart ()

e PyUnicodeEncodeError_SetEnd()

e PyUnicodeEncodeError_SetReason()

e PyUnicodeEncodeError_SetStart ()

e PyUnicodelter_Type

e PyUnicodeTranslateError_GetEnd()

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

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

e PyUnicode_AppendAndDel ()

e PyUnicode_AsASCIIString()

e PyUnicode_AsCharmapString ()

2.3. [RERR APl ODRE 43



The Python/C API, U —X 3.11.14

PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatin1String ()
PyUnicode_AsMBCSString ()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()
PyUnicode_AsUTF16String ()
PyUnicode_AsUTF32String ()
PyUnicode_AsUTF8AndSize ()
PyUnicode_AsUTF8String ()
PyUnicode_AsUnicodeEscapeString ()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString ()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()

PyUnicode_DecodeFSDefaultAndSize ()
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e PyUnicode_DecodeLatinl ()

e PyUnicode_DecodeLocale()

e PyUnicode_DecodeLocaleAndSize()
e PyUnicode_DecodeMBCS ()

e PyUnicode_DecodeMBCSStateful ()
e PyUnicode_DecodeRawUnicodeEscape ()
e PyUnicode_DecodeUTF16()

e PyUnicode_DecodeUTF16Stateful ()
e PyUnicode_DecodeUTF32()

e PyUnicode_DecodeUTF32Stateful ()
e PyUnicode_DecodeUTF7()

e PyUnicode_DecodeUTF7Stateful ()
o PyUnicode_DecodeUTF8()

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

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale()

e PyUnicode_FSConverter()

e PyUnicode_FSDecoder()

e PyUnicode_Find()

e PyUnicode_FindChar()

e PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()
e PyUnicode_FromFormat ()

e PyUnicode_FromFormatV()

e PyUnicode_FromObject ()

e PyUnicode_FromOrdinal ()

e PyUnicode_FromString ()
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PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding()
PyUnicode_GetLength()
PyUnicode_GetSize()
PyUnicode_InternFromString ()
PyUnicode_InternImmortal ()
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
PyWeakReference

PylWeakref_GetObject ()
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e Pyleakref NewProzy()

e PylWeakref_ NewRef ()

e PyWrapperDescr_Type

e Pylirapper_ New()

e PyZip_Type

e Py_AddPendingCall()

« 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()
o Py Exit()

e Py FatalError()

e Py_FileSystemDefaultEncodeErrors
e Py_FileSystemDefaultEncoding
o Py_Finalize()

o Py_FinalizeEz()

e Py GenericAlias()

e Py_GenericAliasType

e Py_GetBuildInfo()

e Py_GetCompiler()

e Py_GetCopyright ()
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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 IsInitialized()
Py_TIsNone()
Py_IsTrue()
Py_LeaveRecursiveCall ()
Py _Main()
Py_MakePendingCalls ()
Py_NewInterpreter()
Py_NewRef ()
Py_ReprEnter()
Py_ReprLeave ()
Py_SetPath()
Py_SetProgramName ()
Py_SetPythonHome ()

Py_SetRecursionLimit ()
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o Py_UCS4

e Py_UNBLOCK_THREADS
e Py _UTF8Mode

e Py_VaBuildValue()
e Py_Version

o Py_XNewRef ()
e Py_buffer

e Py_intptr_t

e Py ssize_t

e Py_uintptr_t
e allocfunc

e binaryfunc

e descrgetfunc
e descrsetfunc
e destructor

e getatirfunc

e getattrofunc
e getiterfunc

e getter

e hashfunc

e Initproc

e INQUITY

e tternextfunc
e lenfunc

e newfunc

e objobjargproc
e objobjproc

e reprfunc

e 7richcmpfunc

2.3. [RERR APl ODRE 49



The Python/C API, U —2X 3.11.14

e setattrfunc

e setattrofunc

e setter

e ssizeargfunc

e ssizeobjargproc

e ssizessizeargfunc
e ssizessizeobjargproc
e symtable

e ternaryfunc

e traverseproc

e unaryfunc

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

functions which accept them as parameters.

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

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

int Py_Main(int argc, wchar_t **argv)

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

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

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

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.

N—Ya ¥ 3.8 TENM.

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

D PyRun_AnyFileEzFlags () D closeit % 012, flags % NULL \C L CHAL L 724 VR —T = —
AT,
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int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
REED PyRun_AnyFileEzFlags() @ closeit & 0 IZ L CTHAL LA ¥ X =7 2 — AT,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
RELD PyRun_AnyFileEzFlags() @ flags % NULL IZ L CHffi{b L 724 ¥ & —7 =2 — R T,

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fo BUFERTANAL R (Y = ARWHERAT D % WViE Unix KREHR) cEESTohT 7
ANESRL TWB5EE. PyRun_InteractiveLoop() DEZR L ET, ZHNUANDIEE I,
PyRun_SimpleFile() DFEREZIR L E T, filename 137 7 ANV AT LDy A =T 4 V7 (sys.
getfilesystemencoding()) T7 2 — FENZE T, filename 23 NULL 251X, ZOBEII T 7 A 14
LT "7 ZENET, closeit BERS, 7 7 AW PyRun_SimpleFileExFlags() 2V % &
THNCEHC SR E T,

int PyRun_SimpleString(const char *command)

TEED PyRun_SimpleStringFlags () @ PyCompilerFlags® % NULL I L CHHM{L L7724 > X7 = —
ATT,

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

__main__ BV 2 —LDHT flags IZHE> T command IZ&EN 2 Python Y —2a— FEETLZE
T, __main__ BEFHFELBRVEAIIMERINE T, EFERTOSEEIE 0 ZIRL. E6IABFAEL
7HEE -1 ZIRLE T, T7—0HoTH, FIMEREFE25EED D TH A, flags DEKIZOWT
F. B L E T,

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.

int PyRun_SimpleFile (FILE *fp, const char *filename)
RELD PyRun_SimpleFileEzFlags() @ closeit % 0 12, flags % NULL I L CHfb L7z A > & —
7z —ARATT,

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

NFED PyRun_SimpleFileExFlags() @ flags % NULL IZ L CHAM{L L7724 ¥ X —T7 = — AT,

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

PyRun_SimpleStringFlags () L ITWEFH, Python ¥ — X3 — K% X E VY RNDXFHTIER
 fp OFAAAZE T, filename ZZDT7 7 A VOHFMTRITINERST, 771 AT
LOTYA=T4YJEIF—N\YFT TFa—FENET, closeit CEZIEEL LG,
PyRun_SimpleFileExFlags () MU EITHIZT 7 A L ZFHL £35,

FR: Windows T, fp 134 FVE— FTHIRETT (BIZ1X fopen(filename, "rb")), %
5 L7aWHEE, Python 137K LF O 27V F P EZELKIRARVTL £ 9,

int PyRun_InteractiveOne (FILE *{p, const char *filename)
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int PyRun_InteractiveOneFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
RIEEHTNA ZZBEMN T N7 7 4 M 6% —DaisiA A, flags 1ITHE> TFEITL £, sys.psl
¢ sys.ps2 Zffio T, 2—HF vy M 2RRLE T, filename & 77 A AT LOIYO—
TAVIEIFT—NYET TFa—FEhET,

ATIIPIEEICFTENI e i3 0 ZRL XS, BSDRELLEGIE -1 ZIRLET, =X 57—0
%&0% Python O—E8 L TEMAF XN T WA errcode.h f YNV — R 774 NV HB LT —a—F%
IRL%¥F, (Python.h IX errcode.h 24 ¥ 7 L— R LEH A, o T, DERIGEIZOHEAL >
N—RLARFNEZRLRVI EIERLTLEIW, )

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

TELD PyRun_InteractiveLoopFlags() ® flags % NULL \Z U CTHALL /24 ¥ X —T7 = — AT,

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

MEEI T NA ZCEET 5Nz 7 7 A A2 S EOF ICET 2 TLEHAAAFEITLE T, sys.psl
¢ sys.ps2 Zffio T, 22— Tar T 2RRLET, filename 3 77 AN AT LOIY -
TAVJEIF—NYRET TFa—FEhET, EOFIGET 2L 0 2RI H, KL ADEER
Lij—o

int (*Py0S_InputHook)(void)

RICBLZET: Stable ABL int func(void) W5 7R h XA TOBEBADKRA YV XDPRETEF
T, ZOMKIX, Python DA Y X TV ZDTa Yy B 74 RAKRBIZRD R—=IFhrbD1—F
DANZRED X IR ol e TP EINE T, BOHEHIZEHINET, CO7vy 72 EHEEZTEC
T, Python ®Y —22— FOH T Modules/_tkinter.c 2> TWVW3 L3I, A ¥YX SV XD
a7 o4 XY PL—TEHETEET,

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

char *func(FILE *stdin, FILE *stdout, char *prompt) &\ 5 7B b X A TOREKAND KA
VEADRETE, T7ANMOMEE LEEZTEZITA VXTIV RZDOT 0y T MAD AN % 117720
FOET, ZOBIE. XFF prompt B3 NULL TRWIGEEX prompt ZH L. 52 SNTEEEA H
7 7 ANPS AN T 1LITHiA FROXFHNZIRT & W EEDRFXI N TVE S, flZIX, readline
BV 2-MIZDT7 v 7 REL T, ITIRERESC X THiTEREZ L TVuE T,

R D {EIE PyMem_RawMalloc() %721 PyMem_RawRealloc() TXEVFEMRLXFH. HBW0iFxT
7 =D E 725 E121E NULL TRITFIUER D 8 A

N—=Yav 34 TEHE: RDYEIE PyMem_Malloc() X PyMem_Realloc() TIX 7 <.
PyMem_RawMalloc() £721% PyMem_RawRealloc() TXEVEMR LD DTHRIFIUIRD FHA,
PyObject *PyRun_String(const char *str, int start, PyObject *globals, PyObject *locals)
RDflE: i LWBHE, TitdD PyRun_StringFlags() ® flags % NULL 12 L CHHLL7=4 > X —
7 X "‘XVG?—O
PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)

BDfE: HTILWBHE, X 7Y =27 b D globals ¥ locals TIEXINZ2AYTFANT, av 45775
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72 flags ZRE LTZIREET, str 1IZH % Python Y —Ra— FZFEITLE T, globals 1XFEEFE TR
WERDFEBA; locals I~y ¥ 7a balzRELA 7927 P ROMTHHNERA, 518
start &Y — A2 — RENR—RFT3DIfEONIREFH -7 Y E2HELE T,

a— FEFTLEARZ Python A7 =27 b LTRLE S, & PS4 L7751 NULL
ZIRLE T,

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

RDME: TLWBHEB, TiD PyRun_FileEzFlags() @ closeit % 012 L. flags % NULL IZ L CHifl
fbtL7f v X —7 2 —R T,

PyObject *PyRun_FileEx (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit)
RBDME: $iLWBE, TiddD PyRun_FileExFlags() @ flags % NULL IZ L CHHLL7zA4 > & —
7 I ""X.’C\‘j—o

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

RBOE: :ILWBE, Fild PyRun_FileEzFlags () @ closeit & 0 WZ U THAMLL /A ¥ X —T7 = —
AT,

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

*locals, int closeit, PyCompilerFlags *flags)

RO fE: ;iLWBR, PyRun_StringFlags() L TWEFAH, Python Y —RX3a—F%XEVHND
XFHNTERL fp OFAAAET, filename ZZ D7 7 A VOARITTRIINIERS T, 71
DRATLOIYA—TA VT ETT—NYEFET TTa—RFINET, closeit CEZIEE L1HEIX
PyRun_FileEzFlags () DU ZRTHIIC 7 7 A VZPAL 5

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

BDE: iLWBE, RICBL XY Stable ABL. Fid® Py_CompileStringFlags() @ flags %
NULL 2 L CHM{L LA ¥ X =7 =2 — R T,

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

REDME: :iILWBE, FiLd Py_CompileStringEzFlags () @ optimize % -1 I L THHEL L 724 >
&”71"}"6?0

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags
*flags, int optimize)
RBD{E: #LWEH, 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.

R optimize 1X, T2, TORBEILL NIV EEELET; -1 1, A VX TVED -0 4> 3> T
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G220 RURELLXVERERFET, FRIZLVE, 0 (RiE(kZ L. __debug__ 13H),
1 (assert {ZHUD B2 4L, __debug__ 134%). 2 (docstring HELD RN 5) TT,

N— a v 3.4 Tl

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

PyCompilerFlags *flags, int optimize)
RBhflE: iLWBEB, Py CompileStringObject () ¥ TWE T, filename 1& 771 AT L
DIVIA—TA YT EIF—N\YRET TTa—REINLAA PXFFNITT,

N— a v 3.2 Tl

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

RDfE: HLWEBHB, RICEBL X Stable ABL. PyEval_EvalCodeEx() DY FlLiaAf ¥ R—
T2 —RT, A—=—FATV 7 b, Za—rOUVERE v —INVERIZ T 22D £3, o515
& NULL 2SS E T,

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)
RDME: FTLWEBE, RICELET: Stable ABL. 52X 5N EDRE T, a v A AFEADI—F
A7V 22 M eFHIiLE T, ZOBRBIZZ R IVEROREL, 0 - ANVEROT v Y AT 2
7 M 5IROES, ¥—T—ReTF 73V ME F-T—FER IO T 7 0 MADEE L, LD
7ua—Yy XTIV THEENET,

PyObject *PyEval_EvalFrame ( PyFrameObject *f)
RbhfE: FTLWEBER, XICBLXFY: Stable ABL. Ef7 7LV —2%25FfliL £33, ZhiX
PyEval_EvalFrameEz () XMN$ 2> Y TNigA ¥ R =7 2 — AT, B EENEDI2DDHDTT,
PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

ROflE: iLWBHE, RIZEL X7 Stable ABIL. Python @4 > & —7V XD F 4, EENLEKT
T EfT7LV—L4 fIEEMNTIONTza—-FF T 7 PEEITLET, N1 ba— FE2RIRLT, &
BIWLCTMOHLEERITLE T, BIND throwflag 5IEIXIZL AYEHETEE T, - H L true 25,
FTRRFINEFEZIRET, ZHEY 2 RX L —XATI 27 PO throw() XY v FTHHINE T,

N—=Uay 34 TEHE: 7774 THBHEANEBRSTEHE TRV L 2HREET 2 D@ XS5, Z0E
BIT Ny 77— arz2Ed k5 bEL

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)

BEOFM 7L — 2D 7 5 72 EBLET, ML true &, KM LS false ZIRL £35,
int Py_eval_input

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

int Py_file_input

T7ANDHZVEMDY — 2D SFAAEN XD KK F 2 Python Xk D BtRFL B T,
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Py _CompileString() & —#ITMHVET, ZHAIFEEDEZXD Python Y —Xa— Kz ar,A
TR ERMSFEETT,

int Py_single_input
B—DZN$ % Python XIED B4R S T, Py_CompileString () ¥ —#IC@HWE T, ZAUINEE
KDALY 2TV ZNV—-TDIDDFETT,

struct PyCompilerFlags

AVNA T T 7 NDTBLDDOWENRTT, a—F2ary {33720 0856, ZOWHEEKR
int flags & L THEINET, a— F2ETT 2551213 PyCompilerFlags *flags & LTI
3, ZO%E. from __future__ import X flags DNEEZEETEE T,

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

cation due to from __future__ import is discarded.
int cf_flags
AVRAT TS50,
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 c¢f_flags.
N—Y a Y 3.8 TEH: Added cf feature_wversion field.

int CO_FUTURE_DIVISION

ZOEy b% flags 1Tty FF e, FRAHEHAET /13 PEP 238 12X % THORE (true division)]
ELTRbRE T,
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The macros in this section are used for managing reference counts of Python objects.

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

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

Py_NeuwRef () function can be used to create a new strong reference.
When done using the object, release it by calling Py_DECREF ().

F 7P 27 M NULL THoTIEWITERA, 20D NULL TRAEWVWEHEENIF TRV 51F,
Py_XINCREF() ZffioTL &,

Do not expect this function to actually modify o in any way.

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 > 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.

Bz

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

can be written as:

[sel:f—>attr = Py_NewRef (obj) ;
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See also Py_INCREF().
N— a ¥ 3.10 TEN.

PyObject *Py_XNewRef (PyObject *o0)

RICBLFY: 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.
N—¥ a3 ¥ 3.10 TEM.

void Py_DECREF ( PyObject *0)

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

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

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

F 7P R NULL THoTIEWITERA, 20D NULL TRAEWVWEHEEIFTRVWER 51E,
Py_XDECREF () %Zffio T &\,

Do not expect this function to actually modify o in any way.

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

then call Py_DECREF () for the temporary variable.

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.
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void Py_IncRef (PyObject *0)
RICEBL XY Stable ABI. Indicate taking a new strong reference to object o. A function version
of Py_XINCREF(). It can be used for runtime dynamic embedding of Python.

void Py_DecRef (PyObject *0)
RICE L £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.

The following functions or macros are only for use within the interpreter core: _Py_Dealloc(),

_Py_ForgetReference(), _Py_NewReference(), as well as the global variable _Py_RefTotal.
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s anE

COETHIAT 2B ZMS £, Python OHIFOIPHIADEHHATE 2 X 512D 3, Python Of
NUIRDEEARZ WL S0 T 2 2 e HARYIT T, FilsHE POSIX errno ZHUT R BI7RELZ R L £ 5
FELEFTROFLVIS—D (RLy FED) 70— oLk oI —ZHRHD £5, TSI LS5
BIIFZFEACD CAPI DR ZhE 7V 7 LERAD, KB LIz 2237 —DRKEZRT72DICHRE
LET, IZEAEYD CAPIBEIIZ S —A I —& bR, @I RA V2 2RI &Ik o>TW
B5EE NULL TH D, BBDGEBERERTHA X -1 T, (Bl4h: PyArg_* BABUIETICHIN Lz 12 1
ZIRL. RBLI-E 2120 ZRLET).

BRI, =7 —A4 7 =&, fINOBL, FINOME, bL—ANY 7T +D3DDATI =S
FRA VR THERINE T, ZNHDRAL Y RIFZENTDH, HEINRWIEAIE NULL 122D 2 F35 (271,
W O2DOMAEDOREEILIATE D, HIZE, BISLORIA NULL O%EIE. P L —A Ny Z713JE NULL @
iz b £€A)

B 2 BRI U 7B W ORI L 727212, Z OB K L 2 e oisne &, —RINICT
T A VI —RERELEEA, MO LEBEEDA T TICRELTVE S, =7 —2LHELTHNZZ V7
TEh VR (AT 27 MBRELBAEVEIDIATDOL I %R) ZNDBFROEAKZY Y —ZABWD R
TFRICRZ22PDED 2T BERD D £5, =7 —20HT 2% iz L O HuE, Hlichid 5
NETE HDERA, T7-DEDIEIHER, TI7—DPRESNTVL EFFHLITICHISE S Z b
KUITF, T7—UHEINTORWEE LRI TEIEZ SN TV A Python/C APIDE 57«
IO LIFEM L 728 DB E» R WATREMED D D AARRTETRIT 200 LALEE Ao

AM: 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).
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51 HAheoV7

void PyErr_Clear ()
RICBLEY: Stable ABL. T5—A Y5 —X%227V7LET, T7—A VI r—ZPRESINTN
BWIiE B, MREDD FE A

void PyErr_PrintEx(int set_ sys_ last_ vars)

RICBLET: Stable ABL D L — ANy 7% sys.stderr KL, =73 —A VP Fr—&%7
V7 L%Ed, 2L, =77 SystemExit THBIHEZERVWT T, ZDHE. FL—ANy 7 &
X9, Python 7o+ 21X SystemExit 4 Y AX VA TIRESINZ T —a—FTKRTLET,

LI =AY —RPRESNTVD X T, COMBENGHLTIZZ W, 2RO E,
Bz — 25| ZIFTTL & D!

If set sys last wars is nonzero, the variables sys.last_type, sys.last_value and sys.

last_traceback will be set to the type, value and traceback of the printed exception, respectively.

void PyErr_Print ()
RICELE 9 Stable ABIL. PyErr_PrintEx(1) O A UV 7 XT3,

void PyErr_WriteUnraisable (PyObject *obj)
RICBLET: Stable ABL BIEDHIF & 0bj 54T sys.unraisablehook() ZF-UHIL %9,

This utility function prints a warning message to sys.stderr when an exception has been set but
it is impossible for the interpreter to actually raise the exception. It is used, for example, when

an exception occurs in an __del__() method.

The function is called with a single argument o0bj that identifies the context in which the unraisable

exception occurred. If possible, the repr of 0bj will be printed in the warning message.

OB ENCH T = 12iE. fidsity FERTWRITRIERD A,

5.2 FISDEt

UToBEZ, EDAL Y ROZI—A VI —ROFEEMBILE T, FAEEDZ=D, Zhs BN
OMX, return XTHIFHTE S X SICHEIC NULL KA VX EIBLET,

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_SetObject (PyObject *type, PyObject *value)
RICBLET: Stable ABL. ZOBIBUX PyErr_SetString () IMTWETH, Fl4D 7 fE (value)”
¢ LTHEED Python 7Y =7 b 2{EET 2B TEET,
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PyObject *PyErr_Format (PyObject *exception, const char *format, ...)

RD{E: BIC NULL . RICBLZET: Stable ABL. ZOBBIIT T —4 ¥ 7 — X ZHEL NULL ZiK
L %3, exception & Python 47 5 A THZRETT, format ELBEDFIEIEIZI—RXvt—-D%
E2 70D b DT, PyUnicode_FromFormat () D5 FECEMKZR > TWE T, format 1& ASCII
Ira— FENEXFITT,

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

RD{#E: 8IC NULL . RICBEL £ 7 : Stable ABI (IN—23> 8.5 &D ). PyErr_Format() £[E LT
T, AIERSIBORDDIZ va_list 5[EZZITWD £9,

N—ar 3.5 TEM.

void PyErr_SetNone (PyObject *type)

RICEL £7: Stable ABL. Z4UZ PyErr_SetObject (type, Py_None) ZHMEL b DTT,

int PyErr_BadArgument ()

RICBLEFT: Stable ABL. Z4% PyErr_SetString (PyExc_TypeError, message) *&HMEL7zd
DT, T IZT message IZMBHALREDRIERG B TR E I NI WS 2R LTVET, FIZ
NESCHEHT 2720Db DT,

PyObject *PyErr_NoMemory ()

RD{E: &I NULL . RICEL %9 : Stable ABI. Z#ld PyErr_SetNone (PyExc_MemoryError) %*
Al L72b DT, NULL % BLE T, LihoT, AEYVRNBIRRoLE 7Y =7 bEIDYTH
X return PyErr_NoMemory(); EL Z &N TEE T,

PyObject *PyErr_SetFromErrno (PyObject *type)
RBRDE: ®IC NULL . RICEL £9: Stable ABI. This is a convenience function to raise an

exception when a C library function has returned an error and set the C variable errno. It con-
structs a tuple object whose first item is the integer errno value and whose second item is the
corresponding error message (gotten from strerror()), and then calls PyErr_SetObject (type,
object). On Unix, when the errno value is EINTR, indicating an interrupted system call, this
calls PyErr_CheckSignals(), and if that set the error indicator, leaves it set to that. The
function always returns NULL, so a wrapper function around a system call can write return

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

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

RDOflE: &IZ NULL - RICBL 9 : Stable ABI. Similar to PyErr_SetFromErrno (), with the
additional behavior that if filenameObject is not NULL, it is passed to the constructor of type as a
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)

RbfE: ®IC NULL - RICE L FJ: Stable ABI IN—2 3> 3.7 &Db)

PyErr_SetFromErrnolithFilenameObject () WITE T, 77 4 V%% 2 DHLZ B KRK

- i = - Z ) yIZ  x
5.2. GISDEE 63
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N—a v 3.4 Tl

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

BRDME: ®IC NULL » RICBEL £ : Stable ABL. PyErr_SetFromErrnolithFilenameObject () 1T
PTVETH, 77408 CXFHe LTEZBNE T, filename & 771 AT LOITY 01—
TAYIEIZ—N\YFT TFa—FEhixd,

PyObject *PyErr_SetFromWindowsErr (int ierr)

RDME: &IZ NULL . RICEL &9 : Stable ABI on Windows (I\—>3 > 3.7 &D ). This is a
convenience function to raise WindowsError. If called with err 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 constructs a tuple
object whose first item is the ierr value and whose second item is the corresponding error mes-
sage (gotten from FormatMessage()), and then calls PyErr_SetObject (PyExc_WindowsError,
object). This function always returns NULL.

Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)

RD{E: &IZ NULL - RIZBL £7: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetFromWindowsErr() WM TWE T, EHT 20N 0T EEET 2513 EME T
WE T,

Availability: Windows.

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

RDfE: BIZ NULL . RICEL &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.

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

*filename)

RDfE: EIZ NULL . RICEL T : Stable ABI on Windows (IN\N— 3> 8.7 &D ). Similar
to PyErr_SetEzcFromWindowsErr (), 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)

RD{E: &IZ NULL - RIZBL £7: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetEzcFromiindowsErriithFilenameObject () WM TETH, 2 DHD 7 7 A VHA T
?\/\‘Iy }\ %%U’E‘XD ij_o
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Availability: Windows.
N— a ¥ 3.4 TE.
PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char

*filename)

RDfE: ®BIC NULL - RICEULET: Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetFromWindowsErriithFilename () WZBTWE T2, EH T 2000 ZHEET %515
MEMEINTNET,

Availability: Windows.

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

RDf#: 8IZ NULL - RICELZE Y Stable ABI (N\—23> 3.7 &D ). ImportError % fifiHiici%k
H3 27200 TT, msg lZFIADX vy —IXFHE LTy bEINFET, name & path 35
5% NULL IZL Tk, ZNZN ImportError ® name JEME Y path B LTEy FEhET,

N— a ¥ 3.3 TEM.
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
RDE: BIZ NULL . RIZBEULZ T : Stable ABI (IN\—23> 3.6 &D ). PyErr_SetImportError()
CELABTVETY, ZOBBUIEH T A4 LT, InportError %7V I AEEETEZE T,

N— ar 3.6 TEM.

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_ offset)
BREDHIND 7 7 4 0, 17, A7y bOEREZ LY P LE T, BEDHISD SyntaxError TRV
B, BN ERRT 29 7> 27 45, 44D SyntaxError TH 2 L EBZ 2 kS5 IEMEEZBML 3,

N—a v 3.4 Tl

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)

RICBLEFY: Stable ABI (IN—23> 8.7 &D ). PyErr_SyntazLocationObject() Ll TWVWET
W, filename & Z77AINDATLOIYA—T 4 VT LT T—NYRT TFa— a3 PXFE
HT3,

N—a v 3.2 @M.

void PyErr_SyntaxLocation(const char *filename, int lineno)

RICELFT: Stable ABIL. PyErr_SyntazLocationEz() LALTWE T2, col offset 5IBDIRE &
NTVET,

void PyErr_BadInternalCall()

RICEL 9 Stable ABI. PyErr_SetString(PyExc_SystemError, message) Z&MKL7=d DT
T, 2 ZT message EPHRIE (Bl 212, Python/C API B 23R IERG 8L & bty hiz e
WHZeERLTVWET, FICHETHEHT 27005 D T,
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5.3

g

V= =
=

UToM#zMw, C a—-FTREEZALEL2HE L %9, Python @ warnings €Y 2 — LTS TWS
FAREOBEE XS UTET, 2o OBEITEHRESE X v —I% sys.stderr NHI L ETH, 2 —IF»EH
BLT—ANEETLEIHEET S dTE. 205G, BRIANZEL L $9, BEEMEN S OME
D7=DITZ DBEBHBHINZEH T 220D Ze b ADHFET, HIAIEESARWIGEIREDEEZ 0 T, f
ADBEHEINHER -1 T, (BEX vy YRR T2 0. BXEZOHISOEK D A2ZD
WTIFHMTE R A; SHIERNZD DT, ) fiSksEchZgEa, O Lt ofIs ez
T Bz, REEL TSIt U Py_DECREF() %fT\W, =7 —HERLET).

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

RICBLETY: Stable ABL BHX v =Y 2FITLE T, category 51 ES ATV (MUITF%2Z
M) 22 %721 NULL T. message 5180 UTF-8 =¥ a— R AN FEHITT, stacklevel 1Z AR v 7
T —LORERTEOEKTT, BERZLZDRAX Yy 7 7L —L0HDFETL TV AITHLREITINE
Fo stacklevel 73 1 72& PyErr_WarnEz () ZFFOH L TW BB, 2 722 2@ EoBI#A Warning
DFIITITITIED £5,

& S 7 2 VI3 PyExc_Warning O% 7 7 5 A TRIFNIER D £ A, PyExc_Warning 3
PyExc_Exception D% 727 5 A T3, 77 4/ bDEEH T3V IE PyExc_RuntimeWarning T
§, fFHED Python BH A 72 Vi3, BEEZHT I THADFIEINLTVWE 70— VAL L
THHATRET 3

BErarytu—13300EMICOVWTIE, wvarnings TV 2 — LD FFa Xy 7—>aryraw
YEIA Y RFaXyT—vard -WATTarESRLTILEEN, EHEar br—107do
CAPLIZH D £EA,

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int
lineno, PyObject *module, PyObject *registry)
TRTOEEDQREZIRINCHIEI L 285X v —Y 2 LT T, 28U Python B warnings.
warn_explicit() OEHEMZR T v =T, SHLIEWMEFRZICEBZELEBHLTILIV, £
FHHXNTWAE T 7 40 DR EE 2 72DIZ, module & registry 518UE NULL \ICRET 2 Z 22T
XET,

N— g v 3.4 TEM.

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

const char *module, PyObject *registry)

RICBLZE 9 Stable ABIL. PyErr_WarnEzplicitObject () WZITWETH, message & module 73
UTF-8 =Y a— RINLXFHTH B ZADERY. filename 1 77N AT LOITYA—T 4
DJEIZ—NYET TFa—FEhxd,

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

RICEBL X9 Stable ABL. PyErr_WarnEx () W27z X 5 REAMTIT D, BEEX vt -k 7+ —<7v
b $ % DIZ PyUnicode_FromFormat () Z{HHA L %3, format 1& ASCII iIZT > a— K I h/=3FF
‘t\\\j—o

N—Y g v 3.2 TiBi
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int PyErr_ResourceWarning (PyObject *source, Py _ssize_t stack_level, const char *format, ...)

RICEBLZE T Stable ABI (/\—2 3> 3.6 &D ). Function similar to PyErr_WarnFormat (), but

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

N—Y a ¥ 3.6 TENM.

54 I5—A2J7—2DEVEaDHE

PyObject *PyErr_0Occurred()

ROflE: BRABR, RBLZEXY: Stable ABL. 7 —A4 YO 7r =R EINTVWELTAMLET,

BWEEINTVBIHEE. FI5tD B (PyErr_Set* BIID—2H 2\ PyErr_Restore() ~Di b H
LWIECH LT3 258 —580) ZIBL E3, RESNTOWRWEEE NULL 2R LE T, HRLIEFERE
DIEANDSBER > TWERADT, AU Py_DECREF() T 2RXEEH D THA,

The caller must hold the GIL.

F R EhfazREoHMEBR LIZVWTKEEI W, ZOoRbDHIZ., FIIRT
PyErr_EzceptionMatches() Z{fio T 72 &V, (LEBIXHHICKKT A2 TL & 95, RER S,
NI T FRATRIZLA VARV ADRD LRV L, HEWIE,. 7 5 AN OGETHRFE N 215D
T 7 ADPH LNV HTT, )

int PyErr_ExceptionMatches (PyObject *exc)

RICEBL E9: Stable ABI. PyErr_GivenExceptionMatches (PyErr_Occurred(), exc) X[A U, #l
ADEBBICERE N 22T, THEMRUHETRETT, FIADLFEEL TORVWELIE, XEY
7R ZERDPEESLTL &9,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

RICEBLFT: Stable ABL 4} given 2% exc ORIV HEET 2HEWCEELIRLE T, exc 37 7 R
FTO2 T VN THBGEED. given BV T I F7RADA VARV RATHB L EZICEERLET, exc BIX
TLDEHEE, ATV HE (BLUZOH TR INVICHRNCDH 2) TXTOFINIDEE T 2 08
NHNFET,

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

KL_ BLZETY: Stable ABL. T35 —A Y 7r—X%7 RLRAEZET=Z20EHOP MO HLET, =

—A VI =EADPREZINTOVRVWEEIR, Z2TRXTOLEE NULL KRELET, =714 VY
T=EAPBEINTVWBEHEEE IV 7 &N, DRLZEWMOBEINENEZNDLA TV 27 " ANDODBIR%E
FoZeieibEd, BMAT7I 27 A NULL THRVWE ETIXZ, ZOEE FL—ANy I 4TI
M&E NULL 22d LILEHE A,

FMR: This function is normally only used by code that needs to catch exceptions or by code that

needs to save and restore the error indicator temporarily, e.g.:

5.4.
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{
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)

RICBL £ 9 Stable ABI. Set the error indicator from the three objects. If the error indicator is
already set, it is cleared first. 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.)

3EMR: This function is normally only used by code that needs to save and restore the error

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

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

RICBLZET: Stable ABL. % 2K Tld. LURD PyErr_Fetch() 25HRTEIE 7 EF{bE TR
W HREMEDS B D T, DFE D, *exc EZ T RA TV 27 MED *val BRILT T ADA VARV R
TIRABEVEVWSIEKRTY, ZOBBMRBZDOLSBIGEICZDI F A %24 v AR Y 2{LT 2701 libh
¥9, TOMEPTTIREFEINTW2HEEIXMIHEE FEA, BEERMEZ 73— 22WET
57DITFEEINTVET,

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

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

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

PyObject *PyErr_GetHandledException (void)

RICELZE T Stable ABI (IN\—2 3> 3.11 &D ). Retrieve the active exception instance, as would
be returned by sys.exception(). This refers to an exception that was already caught, not to an
exception that was freshly raised. Returns a new reference to the exception or NULL. Does not

modify the interpreter’s exception state.

68
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AR ZoBBIE. BERGS RS a - FTREHIhEEA, ERICE S &, 2Rt RER
—IRANCRF L, TR S BEDH B2 — FTHEHT 2 e TEET, fSOIREEZITICKES, L
W& 27 V73 %12id PyErr_SetHandledEzception() & ffio T IZE W,

N—a v 3.11 TEM.

void PyErr_SetHandledException(PyObject *exc)

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

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

AR CoBBE. BFEEAISNEES a - FTIRFEHIERA. EMEICE S &, ZHEBISoIREE
Z—RANCRIFE L. MRS REDRDH S22 — FTHHT 22 TEF T, FISOREZIIGT 5121
PyErr_GetHandledEzception() o T /7Z& W,

N—a ¥ 3.11 TEN.

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

RICBLET: Stable ABL (IN\—2 3> 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 ().

AR ZoBRE. BEEANERS - FTREHEIhEEA, EHEICE S &, ZhdfstoiREz
—RHNCRIFE L. TCRRTBEN D 23— FTHAT LN TEXT, HINDOREZITTIIEST, v L
W27V 73 512 PyErr_SetExcInfo() ZffioTL7ZE W,

N—a v 3.3 TE.

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().

AR OB @ERANERS a- FTREHSAEEA, ERICES &, ZHUIHISOIRE
ERANCREFEL, TRRITBEND 22— FTHEHT 2 ZenTEE T, IS OREZIITT 5121F
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PyErr_GetEzcInfo() 2o TLZE W,

N—Ya ¥ 3.3 TEM.

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 U FNNVEVVT

int PyErr_CheckSignals()

RICBL £ 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 O.

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

(such as by pressing Ctrl-C).

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

void PyErr_SetInterrupt ()

RICEL 7 Stable ABI. Simulate the effect of a SIGINT signal arriving. This is equivalent to
PyErr_SetInterruptEx (SIGINT).

3ER: This function is async-signal-safe. It can be called without the GIL and from a C signal
handler.

int PyErr_SetInterruptEx(int signum)
RICBLET: Stable ABL (IN—=23> 3,10 &D ). T FANEZELEHREZS I 21— FLET,
RIZ PyErr_CheckSignals () HFHINT- &, A bN> 7 FAESHD Python D> 7 F Ay
PR E T,
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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.

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

N— ar 3.10 TEM.

int PySignal_SetWakeupFd (int fd)

ZDA—T 4 VT 4 BEE. YT FAERZIFRoT BT FINFESENL P LTEZRAL 7 7 4
NIRRT EIBELE T, fd X/ 70y X 7 ThriINEIRD 28A, ZOBEI. 1 DORiO7 741
FEFERIRLE T,

i -1 2T, ZOWEEZEMCLET; ZhADPFIKRETT, ZoBEEIE Python ® signal.
set_wakeup_fd() YFIFTIN, YARIZI—F v 7 dITVEVA, fd3EMRT 7 A ViR FT
HEIRETT, ZOBBIEIXA VALY FRLDAREIHINZRETT,

N—Yar 3.5 TEHE: Windows T. ZOBBIZY 7y AV AR R—FFTB LI DELS,

5.6 NI S

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

ROME: HLWBER, RICELET: Stable ABL. 203—7 1 U 7 4 BBIEH LWEIS 2 5 2% A1ERK
L TRLE T, name 51803H L WHISLO AT, module. classname JEARD C SFEFITRITIUIE S
W, base & dict 5IUTEE NULL T3, ZHUITRTOHNDI-DDIL— b, #AIAHF Exception
(C Tl PyExc_Exception ¥ LT7 7 XWHE) 2L — b LTIRELLZ FRATI = 7 M EIEK
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)

RBDE: F1LWBHE, XRICEL X9 Stable ABIL. PyErr_NewEzception() Y IZIEFE U TTH, #
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LWiHilsk 2 5 R 2B docstring Z3ETE X9, doc ¥ NULL THWIGE, Zhnfist s 7 2D
docstring 1272 ) 5,

N—a v 3.2 Tl

5.7 fIAFTZ o+

PyObject *PyException_GetTraceback (PyObject *ex)

RBhfE: FHiLLWBHE, XRIZBL X7 Stable ABIL. Python T __traceback__ BMH» 57 7€ T&
2bDRUC, FIFCBEIT % traceback DHFTLWSIREZR L £3, MRS % traceback WG EIE.
NULL Zi R L %9,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)

FICBLZET: Stable ABL. ZDOHI# BT 2% traceback 2 th vy bLET, Z7U 7T 3I12F
Py_None ZfHHA LT X\,

PyObject *PyException_GetContext (PyObject *ex)

REDfE: $ILLWBE, RICEL £7: Stable ABIL. Return the context (another exception instance
during whose handling ex was raised) associated with the exception as a new reference, as accessible
from Python through the __context__ attribute. If there is no context associated, this returns
NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)

RICBLET: Stable ABL flAMcBET2a>yFF A M etz 2y FLET, 7V 73 5121 NULL
PERHLTLEZEW, ctz BHINA VAR ALY S RiEND ZHIF 2 v 213 TbhEH A, 24U
ctr "NDODSBHEERAE T,

PyObject *PyException_GetCause (PyObject *ex)

RBDfE: $iLVWBE, RICEL 7 Stable ABL. 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.
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5.8 Unicode fIAAFT U

MITFoEEE C FiEd & Unicode FIAZEo 72D IBIEL72D T2 7-DIHHL %35,

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

*reason)

RBOfE: FiLWEBH, XICEBL £ Stable ABL encoding, object, length, start, end, reason JEE%
% 57z UnicodeDecodeError A 7Y =7 M ZfE L £ 3, encoding B X reason 1& UTF-8 T~
a— R ENLXFHTT,

PyObject *PyUnicodeDecodeError_GetEncoding ( PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
RBOME: FiLWB, RICBLET: Stable ABL. 52X 51 =HM 472 22 + D encoding J& M %R
LET,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
ROME: iLWBE, XICEL XY Stable ABL 526024472 =27 b D object JEMHEZIR L
3

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

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

int PyUnicodeTranslateError_GetStart (PyObject *exc, Py _ssize_t *start)
RICBLEFT: Stable ABL EXNZFNA T =7 b5 start BIEZEIG LT *start 1AL £
§o start (¥ NULL THoTERD THA, BIALES 0 2, KL -1 ZELET,

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

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

int PyUnicodeTranslateError_SetStart (PyObject *exc, Py _ssize_t start)
RICEBL F 9 Stable ABI. Set the start attribute of the given exception object to start. Return 0
on success, -1 on failure.

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

int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py _ssize 1 *end)

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py ssize t *end)
RICELET: Stable ABL EXWFIANA T2 b5 end BHEEZEIE LT *end ITHHIL £ 3,
end 13 NULL THoTRED FHA, BIILES 0 2, KWLES -1 ZELET,

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

int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py ssize t end)
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int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py _ssize_t end)
RICELET: Stable ABL EXNFIN AT =27 D end BMEE end ITHRELET, WIILES
0%, KBL7z6 -1 ZiRLE T,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason(PyObject *exc)
ROfE: LWL, RIZBL X Stable ABL EXNFIMN AT 22 b D reason BIEEIEL
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)

RICBLET: Stable ABL BEXNHNA TS 227 M D reason BIEER reason IZHRELE T, K
L7256 0%, KBLES -1 2 RLET,

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)

RICBLEFT: Stable ABI (IN—=23>Y 3.9&D). CLLOHRFFHLEZLES S ELTWVWSE D
HICHZNT £9,

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

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

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

set and a nonzero value is returned. Otherwise, zero is returned.

where 1& " in instance check" DXk 57 UTF-8 =Y a— FINEXEFNIZL T, HIFOFEX DR
FUZZE L2 ¥ TEH &N B RecursionError DX vt —JICEETE 2L X ITITRETT,

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

void Py_LeaveRecursiveCall (void)

RICBLZET: Stable ABI (IN—23> 3.9 &D). Py EnterRecursiveCall() ZfT SV X7,
Py_EnterRecursiveCall() @ FEHILTc FEOHI LIZH L 1 FIFHERTAUTR D £8 A

N— g 3.9 TZEH: This function is now also available in the limited API.
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Ay 7 FRICNU tp_repr ZWUNCHEET 21213, FRLBFROUMSARD HNE T, A&Z vy 7 OFFEN
A tp_repr FERMIEZ BT 27-:DICA T 2 7 b Rlo T BEDNDH D ET, XD 2 2O ZD
BT AEZICLET, FHEINE, 2Nl reprlib.recursive_repr () &AL C OFEETT,
int Py_ReprEnter (PyObject *object)
RICBLFT: Stable ABL EBRUHEZ AT 2729012, tp_repr DREDFIHTIFIHE L F7,
ZOFTY =2 "M HE I N DR s GE. COBBIIEOBEREZRL LT, ZD5E.

tp_repr DEHIL, FRERIXFINA T 27 P ERIRETT, flZIE, dict A 7P =7 ME
{...}BRLETL, list A7V =27 MI [...] ZRLZFI,

HIREED ERIGELHEIE. ZOBMBIIEOREZELET, ZOHE. tp_repr DERIT ML
I21& NULL 2B TXRETT,

ZNLANDEE X, BRI e ZR L, tp_repr OFEEILFEF B HIE 2RI THrEFVER A,

void Py_ReprLeave ( PyObject *object)

RICEL £9: Stable ABI. Py_ReprEnter() T X¥FEF, 0 258 L7z Py_ReprEnter() DWER
ML L 1 BRI U D $2 A,

5.10 1REHI5

PyExc_ D% A1 Python O Al D07 v — VAR E LT, TRTOERE Python fi15425F]
FRIRET T, I BT PyObjectx b, TRNTIIRLFTI 27 M TT, TEEIHT /2012, §XT
DERELLICHIZEL 7

C# Python % AR
PyExc_BaseException BaseException 1
PyExc_Exception Exception p- 76, *1
PyExc_ArithmeticError ArithmeticError p. 76, *1
PyExc_AssertionError AssertionError

PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError

PyExc_BufferError BufferError
PyExc_ChildProcessError ChildProcessError

PyExc_ConnectionAbortedError ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedError ConnectionRefusedError

PyExc_ConnectionResetError ConnectionResetError

PyExc_EOFError EOFError
PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError

RDOR—TICHEL
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R 1-RIOR—IH5DHKE

C#%

Python % ER

PyExc_FloatingPointError
PyExc_GeneratorExit
PyExc_ImportError
PyExc_IndentationError
PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_0SError
PyExc_0OverflowError
PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError
PyExc_RuntimeError
PyExc_StopAsyncIteration
PyExc_StopIlteration
PyExc_SyntaxError
PyExc_SystemError
PyExc_SystemExit
PyExc_TabError
PyExc_TimeoutError
PyExc_TypeError
PyExc_UnboundLocalError
PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_ValueError

PyExc_ZeroDivisionError

FloatingPointError
GeneratorExit
ImportError
IndentationError
IndexError
InterruptedError
IsADirectoryError
KeyError
KeyboardInterrupt
LookupError
MemoryError
ModuleNotFoundError
NameError
NotADirectoryError
NotImplementedError
0SError “l
OverflowError

PermissionError
ProcessLookupError
RecursionError

ReferenceError

RuntimeError
StopAsyncIteration
StopIteration

SyntaxError

SystemError

SystemExit

TabError

TimeoutError

TypeError

UnboundLocalError
UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError

ZeroDivisionError

p. 76, *1

PyExc_BlockingIOError .

1l CHBRAOBERN DO D=7 5 ZATE

PyExc_BrokenPipeError .

76
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PyExc_ChildProcessError .
PyExc_ConnectionRefusedError .
. PyExc_FileNotFoundError .
PyExc_NotADirectoryError .

PyExc_ConnectionError .
PyExc_ConnectionResetError .
PyExc_InterruptedError .

PyExc_PermissionError .

PyExc_TimeoutError (& PEP 3151 iICX hEAINF LTz,

N— a v 3.5 TiBM: PyExc_StopAsyncIteration 3 & Uf PyExc_RecursionError ,

N—a v 3.6 TiBMl: PyExc_ModuleNotFoundError.

INBIZHEHEDH 5 PyExc_0SError DA 7 XT3

C#%

AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError

*2

N—=Pay 33 TELH: INo5DTA Y 7 RIFNOEEEZ T30 ffbhE T,

HER:

5.11 FE£EESHT IV

PyExc_ConnectionAbortedError

PyExc_IsADirectoryError

PyExc_ProcessLookupError

N

PyExc_FileExistsError

N

N

PyExc_ D& AIZ Python OFIsN &3 &l o7 a— VAR E LT, $XTOEYEE Python B A 7
TUDFHARET S, TNBIEA PyObjectx ZHib, TRTIIRAAT7Y =2 b TT, TEERIT 572012,
FTRTOERZLLPICHIEL T

C% Python % AR
PyExc_Warning Warning 3
PyExc_BytesWarning BytesWarning

PyExc_DeprecationWarning
PyExc_FutureWarning
PyExc_ImportWarning
PyExc_PendingDeprecationWarning
PyExc_ResourceWarning
PyExc_RuntimeWarning
PyExc_SyntaxWarning
PyExc_UnicodeWarning

PyExc_UserWarning

DeprecationWarning
FutureWarning
ImportWarning
PendingDeprecationWarning
ResourceWarning
RuntimeWarning
SyntaxWarning
UnicodeWarning

UserWarning

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

*3

-

|

B ) 7T ) OEDON—R2 T ZTE

5.11. REESHTIY
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N— a ¥ 3.2 TiEJN: PyExc_ResourceWarning.

TR
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SIX

A—FT«14 V7«

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

6.1 AXRL—FT 1 VI RATLEEDI—T1 )T«

PyObject *Py0S_FSPath(PyObject *path)

REOfE: LWBER, RICBLET: Stable ABI (IN—3> 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.
N—a v 3.6 Tl

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

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

of the strings '<stdin>' or '?77'.

void Py0S_BeforeFork()

RICE L £79: Stable ABI on platforms with fork() (IN—23> 3.7&D ). Tav A7 x—253
AT, WL O ONERIEZ Hfii 3 2 7D DBIET S, fork() RBIED T mt 22 EHT 2 Z DD
B OBEZ O S ENC Z OB Z PO E 2RI D S8 Ao fork() BERSNTWVWES AT
LTOANMHATEL T,

E&:  The C fork() call should only be made from the “main” thread (of the "main”

interpreter). The same is true for Py0S_BeforeFork().

N—ar 3.7 TE.
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void Py0S_AfterFork_Parent ()

RICE L F7: Stable ABI on platforms with fork() (IN—23> 3.7&D ). TavxXB 7+ -2 L%
BRICNERIREEZ T3 2 72D DBIET T, fork() R, BED T m -t A2 EE T 5 Z DR LIOBEEL
ZIFOH LIS, 70t ROBERDBEI LT 85 hihrrb b, Blat 200 2 0Bz Fe
HERTFIUIZD R A, fork() DERSNTVE I AT LTOANHATEXT,

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

N— a ¥ 3.7 TENM.

void Py0S_AfterFork_Child()

RICEB L 9 Stable ABI on platforms with fork() (IN\—2 3> 3.7 &P ). Function to update

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

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

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

==
=

g

The C fork() call should only be made from the “main” thread (of the “main”
interpreter). The same is true for Py0S_AfterFork_Child().

N—a ¥ 3.7 Tl

BE:

os.register_at_fork() % Kl H 9 % & Py0S BeforeFork(). PyOS_AfterFork_Parent()

Py0S_AfterFork_Child () I & o TR E NS A AKX 4D Python B ZHRTE £ 7,

void Py0S_AfterFork()

RICBLZE Y : Stable ABI on platforms with fork(). 7at 225 fork L7=BRONEIREEL FH T 2
72D DT T fork £ Python 4 ¥ X 7V X EMHWEIT 2356, #Hi7z/k 7 vt XNTZ OBIEEFEN
HEREELD A, il 7a RITH L RETARY Z 0 — N3 5558, ZORBEFOH§ %3
DD EEA.

N—a v 3.7 TIEHERE: Z DBIBUI PyoS_AfterFork_Child() &> TEEHMIONE LT,

int Py0S_CheckStack()

80

RICEB L E9: 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.

BOEI-—T1VT
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typedef void (*Py0S_sighandler_t)(int)

RICBLZE Y Stable ABIL.

PyOS__sighandler _t Py0S_getsig(int i)

RIZEBL £ Stable ABIL. Return the current signal handler for signal 4. 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)

RICEBL X9 Stable ABI. Set the signal handler for signal 7 to be k; 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)

RICBELZET: Stable ABI (IN—=23> 8.7&D).

= F This function should not be called directly: use the PyConfig API with the
PyConfig SetBytesString () function which ensures that Python is preinitialized.

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

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

T7ANATLDIY A—T A VJEIT—NYET 2N, M FHETa—-FLET, 25—~
¥ K 728 surrogateescape L7 — Y 7 56, 7a— FTELRWVWAA M U+DC80 225 U+DCFF
EFTOHFDOF L LTTa—FEN, N MBI asr— bt XFe LT7Fa—-FTEI35HEE. 7
I— FF2DTIER < surrogateescape LT — Y R I 2 fioTANL MIBRZRAFr—TENET,

L ABVIERINZTVAL FFR Y T 7 R—LFHANDRA Y REIBRLET, ZOXEYRBERT2D
I21& PyMem_RawFree() %Zffio T 72& W, 514 size % NULL THRWEHEZ, null XFLANDT A4 K
F v 77 XR—DF%E *size NEEZIAAE T,

FaA—FH LB XEVHRETT I -2 E 2 2 NULL 2K L £3, size 25 NULL THROVBFEIE, X
EFVIZT7—DE EZ (size t)-1 %, TaA—FTDIZI7—D L ZlI (size_t)-2 % *size IIKEL
£79,

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

filesystem_encoding and filesystem errors members of PyConfig.
CIAT7ZV—NATDBRVRD, Fa—FToz7-R@iEIDZFEA,

Fx 77 R=XFHNENL FXFINTRTITNE Py_EncodeLocale() BAEIZH > T 72 W,
BE:

PyUnicode_DecodeFSDefaultAndSize () 3B XU PyUnicode_DecodeLocaleAndSize () B,

N—a v 3.5 Tl

6.1.

ARL—Fo T RFLEEOI—FT0 VT o 81



The Python/C API, U —2X 3.11.14

N—Yay 3.7 TEHE: ZOBBIL. Python UTF-8 Mode TIX UTF-8 > a—7 4 Y7 %2FHT 3
X2k bxl,

N—=3Y 3 v 38 THEHE: The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero;

char *Py_EncodeLocale (const wchar_t *text, size_t *error_ pos)

RICBLET: Stable ABI (IN—=23> 3.7&D). VA X% 537X —XFH|%E T7AI AT LD
IVA—T4VJCIS—N\YRZ I rya—RFLET, =7 =Y KI5 surrogateescape L7 —
NV FZ %5, U+DC80 226 U+DCFF £ ToO#HiPIOH 15— b 3ZFE 0x80 225 0xFF £ TON
A4 PREBmEINE T,

LS XEVIHRESNTAAL PXFHANDKRA VX ZRL ET,

COXEY ZMIT 2 DITiF
PyMem_Free() Zfio T /EE WV, ZVaA—FZI7—2RXEVHRT 7 —D L =X NULL &KL £73,
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
filesystem_encoding and filesystem_ errors members of PyConfig.

selected by PyConfig_Read():

&4,
EN=K

see
NA MXFHNETA R v T 7 X—XFHNIRTITIE Py_DecodeLocale() BIEZH > TL 2 &\,

BE,

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.

PyUnicode_EncodeFSDefault () 8 XU PyUnicode_EncodeLocale() BA%L,
N—a v 3.5 TE.

N—=Ta ¥y 3.7 TEHE: ZoOBE#IX, Python UTF-8 Mode TIX UTF-8 > a—7 4 Y 7% FHT 3
Xo1hhEL7%

N—3Y a3 ¥ 38 TZEHE: The function now uses the UTF-8 encoding on Windows if
Py_LegacyWindowsFSEncodingFlag is zero.

6.2 T LEAYK

sys EYV a— LR LTV AHEREIC C Da— R 567 7 XA T508TT, INTOBBIIBED A v &
ENTVET,

TVERAL Y FD sys Y 2a— LOFHEIHNLTEELE T, ZOFHFEINTLDORAL v FIREREKR I
PyObject *PySys_GetObject (const char *name)

Rbh{E: BRBE, RICBLZET: Stable ABL sys TV 2—1®D name 7Y =7 M 2R TH, 1F1E
4 S . N
82
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int PySys_Set0Object (const char *name, PyObject *v)
RICBLZET: Stable ABL. v 25 NULL TEWESS, sys TV 2 —LD name 2 v ZHRELET, v 2
NULL 2 5, sys €Y 2 —A0 5 name ZHIFRLE S, MLz 0 2, =7 —Fd -1 ZRLET,

void PySys_ResetWarnOptions ()

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

void PySys_AddWarnOption(const wchar_t *s)

RICBL F9J: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

warnoptions should be used instead, see Python Initialization Configuration.

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

to affect the warnings filter list.
N— a ¥ 3.11 TIEHERE.

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

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

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

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

void PySys_SetPath (const wchar_t *path)
RICEL 9 Stable ABI. This API is kept for backward compatibility: setting PyConfig.
module_search_paths and PyConfig.module_search_paths_set should be used instead, see

Python Initialization Configuration.

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

the platform’s search path delimiter (: on Unix, ; on Windows).
N—Tar 311 TIHELE.

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

RICEBL T Stable ABIL. format THRE X NHIISFF % sys.stdout ICHALET, UIDEE
MR o 7Hmaran. fIFNI—UREL S8 A (1BD),

format 13, 7+ —~<v FEOHIXFHD b —ZALDKE X% 1000 N4 PRI ZBZRETT, -
1000 N4 FRAEOHSISCFANEYI D EED o T, FHT, BIRDZRW "%s” 74 —< v P RESINE
TEHD EFRA. "%.<N>s” DEHICLT NI 10 #EROEEIEEL. <N> + 20D 7 +—< v
MEDERKY A X235 1000 2RI BRVE S ICHKETEINETT, AL LI "% 12K E(T 5 HH
HHDFET, IFFICRKEVEHEIIH LT, BEOKFZENT LA REESH D $9,
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ML LD, sys.stdout DRESNTWVRDLoLIGE., 74 —7 v MEDX v =AY D
(C LRV D) stdout WZHITENET,

void PySys_WriteStderr (const char *format, ...)
RICELE T Stable ABI. PySys_wWriteStdout () ¥R UTF 23, sys.stderr L 1 stderr IZ
HALET,

void PySys_FormatStdout (const char *format, ...)
RICEL 9 Stable ABIL. PySys_ WriteStdout() 7z BT 3 A3, PyUnicode_FromFormatV()
PHoTAv—Y% 74—y bL, Xvtbt—YZ2FEEORIIUIVEDLZDITILERA,

N—a v 3.2 Tl

void PySys_FormatStderr (const char *format, ...)
RICEBLE 9 Stable ABI. PySys_FormatStdout () X[H LTI, sys.stderr b L & stderr IZ
AL %3,

N—a v 3.2 TEM.

void PySys_AddXOption(const wchar_t *s)
RICBLZET: Stable ABI (IN—23> 3.7 &P ). This API is kept for backward compatibility:

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

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

PySys_GetXOptions (). This function may be called prior to Py_Initialize().
N—=a v 3.2 Tl
N—P a ¥ 311 TIEHERE.

PyObject *PySys_GetX0Options ()

Rbh{E: ER8E, RBLET: Stable ABI (IN—3> 3.7 &D ). sys._xoptions &I -X &
T aryDBEDORHERZRLEY, T - E 5 &, NULL 25 E ., flstaty bEhxd,

N—a v 3.2 Tl

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

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

exception set on failure.

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

be consumed, using it may cause reference leaks.)

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

PY_SSIZE_T_CLEAN was defined.

50 verfors i ietion from Pethon cod
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N—Y a ¥ 3.8 TENM.

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

deprecation warning was raised.

int PySys_AddAuditHook ( Py AuditHookFunction hook, void *userData)

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

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

userData RA X7 v 7BBICEINEST, 7y 7B V24 26U EINE b L
NHVDT, TDRA ¥ RIFEHE 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 the GIL held by the Python interpreter that raised the

event.

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

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

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

been added unless they control all existing hooks.

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

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

N—Ya ¥ 3.8 TENM.

6.3 70Ot X

void Py_FatalError (const char *message)

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

produce a core file.

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

the current function, unless the Py_LIMITED_API macro is defined.

6.3.

70t Z 85
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N—a v 3.9 TEH: Log the function name automatically.

void Py_Exit (int status)

RICBLETY: Stable ABL BIEQ 70t A2 T LEF, Py FinalizeEz () ZM-UNM L7212, 14
C o477 VEED exit(status) FMFUEH L 3, Py _FinalizeEx () DL T — 2> 7258, #&
TARAT—ZAE 120 ITREINET,

N—Tar 3.6 TEHE: RTUHOL S —I3MHEI LD L,

int Py_AtExit (void (*func)())

RICBL &Y Stable ABL. Py_FinalizeEz() 5 6 M- S0 5 BRI 217 5 BA%L (cleanup
function) ZE#R L £ 3, RIBREBIIFIEEL THOHEN, BHEZRLER A, AT 32 DRIAR
BB SR TEE T, BRICKINT 2, Py AtEzit(O 12 0 ZIBRLXT; KT 2L -1 ZIKL
9, BRIRICERR L RIGRLHRE D SR O s 7§, SR E A —E L PSS sE
Ao Python OMFRAVAAE T MENIBRAARMIERIR X D IETICZET L TWA DT, func 25130175
Python API $FEH L TIER D 8 Ao

6.4 EZa—-ILDOAVER—-F

PyObject *PyImport_ImportModule (const char *name)

RBROfl: FTLWBHE, RICBL £9: Stable ABIL. This is a wrapper around PyImport_Import()

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

PyObject *PyImport_ImportModuleNoBlock (const char *name)

ROfE: iLWBE, XRICEL £7: Stable ABIL. Z OBEIX. PyImport_ImportModule() DFEIETF
EDLTAYTRATT,

N—= a3y 3.3 TEE: ZOBKE. 1ERIIHDZAL Y FIckoTA v E =ty 22 Tbh T\
BB L TWE L7z, LA L Python 3.3 Tid. KT OHK TR Y 7 AF—AMNEY 2—)L
Zrouy BT LDT, ZOBBORAIZIRZFENIDIZPCHBETIEDH D 8 A,

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

RBOfE: HLWLWBE, V2 -2 A VER—-—IPLET, EV2—1DA Y K— MIOWTIFHAAAD
Python B3t __import__() %Z&itre KL< b2 b FT,

EDfEF. A Y E—FEINEET2a—AD by TLANNY T —=IADHF LWVSEEL, LR LEEEIE
BIAL 2 EEE LT NULL 2R L E 3, __import__() LU XD Ry T =Y DY TEY 2 —LDEK

TNz ZlX, BTR fromlist ZIEINIRELIINE. Yy TLRALDR 5 =D %R LET,

A4 Y R—= DR 75EE. PyImport_ImportModule() ¥ RFRICRERREY 2 —LDF TPV =
7 FRHIBRL £7,

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

86 H6Z1-F1UT(
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FTo BV 2—1DA YE— MZOWTIZHAAAD Python BI% __import__ () ZHitrr XD
T3, tWVHDH, FEHED __import__ ) X I OBKEEEMIHELTVWE25TT,

ROEIZ. A VER—FENEET 2= by TLRALSY F—IADH LWEERL, KRR LSS
B2 FEE LT NULL 2R L E 3, __import__() LU XD, Ry T =Y DY TEY 2 — LOEK

SNz ZiX, TR fromlist ZIEEINTZRELINE. Py LRV DARy F =T ZIRLET,
N— a v 3.3 TEM.

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)

ROflE: tLWBHE, RICEL X9 Stable ABIL. PyImport_ImportModuleLevelObject () & {ELlT
WE T, name A’ Unicode A 7Y =7 FTldR<{ UTF-8 Ty a— FENLLFINTH 2R TH
7D ET,

N— gy 3.3 TEHE: level IIEDIFIPCADEIXFHTEEEA,

PyObject *PyImport_Import (PyObject *name)
ROl HFILWEBE, RICBLET: Stable ABL BED ” 4 ¥ R— b 7 v 7B 2RCHT 200
EKEDA VR =T 2 =TT (level 120 ZIRT 22, X4 O R—-FZ2EKRLET), Z OB
BHED v — rIVERFFEND __builtins__ 205 __import__ () BAKEMUIHLET, T48b5,
BEDQBRFICA YA =L ENTWE A YR=FT7 v 7 ffioTA VR-PE2TVET,

Z OB E K 4 Vo R— FRFHLE T,

PyObject *PyImport_ReloadModule (PyObject *m)
EDfE: FiLLWBHE, RICELFJ: Stable ABL. €Y 22— %2Hu—F (reload) L¥T, REDHEIZH
O—RLEET 2a—Ah by FLNSy =IO RSIRITZ D $5, KBLGE I35 2
£y FL, NULL 2IRL ¥ T (ZOHATDH, BV 2 —MWIERINTVWRIEERDH D 7).

PyObject *PyImport_AddModuleObject (PyObject *name)
RhfE: EASR, RICBLZET: Stable ABI (IN—23> 3.7 &D). Return the module object

corresponding to a module name. The name argument may be of the form package.module. First
check the modules dictionary if there’s one there, and if not, create a new one and insert it in the

modules dictionary. Return NULL with an exception set on failure.

7EMR: This function does not load or import the module; if the module wasn’t already loaded,
you will get an empty module object. Use PyImport_ImportModule() or one of its variants to
import a module. Package structures implied by a dotted name for name are not created if not

already present.

N—ar 3.3 TEM.

PyObject *PyImport_AddModule (const char *name)

RbhfE: BRABR, XRICEL X7 Stable ABI. Similar to PyImport_AddModuleObject (), but the

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

6.4. EZa—-ILO1YER—F 87
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PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)

RBDhflE: :iLWBER, RICEL ZF7: 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.

OB, TTIAVE—TEIATVREY 2—LDOBEICEEe— F2TVET, EXNWICE
Y a—VDER— REITS IR PyImport_ReloadModule () B#BIRLTL1Z& W,

name 753 package.module JEXD F v MK TH o 2 HE. LRI TORV Sy 7 —IHiE
BZOERENRVEFICRD $T,

PyImport_EzecCodeModuleEz () ¥ PyImport_EzecCodeModuleWithPathnames() HBRL T X
ISR

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

BRbhfE: FHTiLWEBHE, RICEL £7: Stable ABI. Like PyImport_EzecCodeModule(), but the

__file__ attribute of the module object is set to pathname if it is non-NULL.

PyImport_EzecCodeModulelsithPathnames() B L TLZE W,

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

PyObject *cpathname)

ROfE: #HLWBE XRICBLZFT: Stable ABl (W= 3> 37 &0D).  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.

N—a v 3.3 Tl

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

*pathname, const char *cpathname)
RDME: FTLWBHE, RICBL %Y Stable ABL. PyImport_EzecCodeModuleObject () L lTWE
IP, name ¥ pathname. cpathname 75 UTF-8 TLYa— FINLXFHTH 250 ERLD 3,
% L pathname 7% NULL DIFE. cpathname 2 5. pathname ¥ D K 5 BEICH 2N E D EHI 554
bRINET,

N—a v 3.2 Tl
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N—a v 3.3 TAHE: Uses imp.source_from_cache() in calculating the source path if only the

bytecode path is provided.

long PyImport_GetMagicNumber ()

RICBLET: Stable ABL Python NA ba—F 774V (A% .pyc 77 4) DTy 7 F 2 N—
ZRLET, IV 7 F N3N, PIA—F 77 A VOERYID 4 N4 M2, U LIV T 4 7284
M=K —THNZRETT, T7-DHREFIF -1 ZIBELET,

N—Ya 33 TEH: KULEGEIR -1 OEZELET,

const char *PyImport_GetMagicTag()

RICELEFT: Stable ABL. ¥ v 7 X 7 F3% Python N4 +a—F7 7 4 140 PEP 3147
74—~<v FTIRLE T, sys.implementation.cache_tag DEMEETZ, 2D ZOBEKORD D
WHATANETHE e EFICHEEL & 5,

N—a ¥ 3.2 TEM.

PyObject *PyImport_GetModuleDict ()

REDE: ERABE, RICBLET: Stable ABL. €Y 2 — LVEHO D DFE (WHW3 sys.modules)
ZIRLET, ZOFEFFA VXTIV R =D FDHLERILOTERLTLIEE W,

PyObject *PyImport_GetModule (PyObject *name)

RDME: FiLLWBE, RICBLZXT: Stable ABI (IN—=23Y 3.8 &D). G2 oh7z4iioBIcA >~
R—FMEADEI 2a—ILERLET, TV a—hA VR—FINTWRLo5E81F, NULL 2R L
FIN, 73ty FLEVA, TV 2 —LDORBIZEKRLEEEIZ, NULL 21RL, =5—%t vy
FPLET,

N—ar 3.7 TEM.

PyObject *PyImport_GetImporter (PyObject *path)

ROE: 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 ABL (IN—=23> 3.7&D). name L WS KD 7Y —X (freeze) ShizE
Ya—nEua—FLET, BT 12, Y2 ADRORLR2oGEIE 0 2. I
KL 7583 ety PLT -1 ZIBLE S, B— NI LAEEY 2 -7 7R T 5120
PyImport_ImportModule() %ffio T &\, (Note Z DBIEUI VWX XA ZHITS — 2
DEIBIFEY 2 =D T TRA VR=— STV EBYVB—-—FLTLEVE T, )

N— a v 3.3 Tl

N—=Yar 34 TEHE: __file.  BHEEDIIEI 2Lty PENFERA,

6.4.
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int PyImport_ImportFrozenModule (const char *name)

RICEL E9: Stable ABI. PyImport_ImportFrozenModuleObject () & ITWE T A, name iF
UTF-8 Ty a— FEINXFHDMRbDIZ, Unicode 77 =7 M 2T 28082 %75,

struct _frozen
freeze 21— 7 4 VT ADPERTE2 L5877V —MLEY 2 - VTRV FXOMEERIERT
$o (Python ¥ — XAV D Tools/freeze/ ZHZML T ZE V) ZDWEKRDEFIE Include/
import.h IZHH. UFD XS R-oTVWET:

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

I3

N— a¥ 3.11 TEH: The new is_package field indicates whether the module is a package or
not. This replaces setting the size field to a negative value.

const struct _ frozen *PyImport_FrozenModules
ZDRA VRIE _frozen DL A— R 572D, MIGDOERD A %3 NULL 22 BIZZ>TW5 XS
REF T X5V ENE ST, 7V —RENLEY 2 -V EA VR THLE, ZOT—-T L%
MRLET, = F =7 4 HOa—F»dIDRA V2RI Z# U T, BIfcER S0 7 Y —
REET 2 —NDOEEZRMT L ESICTEET,

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

RICBLET: Stable ABL. BIFOMAAAEY 2 =T =T NVICH—DEI 2 — L2 BMLET, Z
DRI FEEEZ B L7z PyImport_ExtendInittab() D F v X—FEET, 7 —7UDHLRTE
VY EIE -1 BRLET, HieBEY 2 =& name TA Y KR— M TE, RINTA VR — b ERA
TR 2 N 2 BEE e LT indtfunc ZVWE T, Py_Initialize() kD SHNTERH ER1FUL
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_EztendInittab () to provide

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

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

int PyImport_ExtendInittab(struct _ inittab *newtab)

Add a collection of modules to the table of built-in modules. The newtab array must end with

a sentinel entry which contains NULL for the name field; failure to provide the sentinel value can
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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% & % [ #1 ] b < L % ¥ &. PyImport_AppendInittab() F 7= &
PyImport_EztendInittab() 1Z. ZNZLNOFIHULDOFNIFOH SN ZRBENDH D 7,

6.5 7—2%5%|{t (data marshalling) OH7KR—k

MIRoL—F VX, marshal Y 2 — LR UEREZ#H - 2BFIbA T 27 b%2 C a— 2oz &
SILET, BINLER T — 2 2E 2 HTBBIIIMA T, T—X25ARTEB DD 3, BIHbanr:
F—RELERT BT 7 A NMEIANAL FVE— RTHIPATORITNIERD A,

BAEIZ R IMIDEITK B KD il E Lk 3,

The module supports two versions of the data format: version 0 is the historical version, version 1 shares
interned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating point

numbers. Py_MARSHAL_VERSION indicates the current file format (currently 2).

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

long BIDOBEEUHE value % file NBHUL L F5, ZOBEBUZ value D FHT 32 ¥y b RFH XA T
§ A4 T 4 7D long BV A XIIFBFIL LR Ao version 37 7 A VT x—<v bERLET,

ZOBBIXERT A D), ZOBARE I —1BERTERELET, TNE2HMET 272012
PyErr_Occurred () ZfHWVE T,

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

Python 7Y =27 b value % file NBEHFUL L £ 3, version &7 7 AV 7+ —~<v bERLET,

COBBIIERT 2D, ZOHART I RTFERELE T, TR T 272D
PyErr_Occurred() ZHWET,

PyObject *PyMarshal_WriteObjectToString(PyObject *value, int version)

RBDE: FILWEE, value DEFMERIEMA 072 VAT 27 FERLE T, version 137 7
ANTH—<v bERLETD,

N oB#zf> &, BIL SN EZFHARE LT,

long PyMarshal_ReadLongFromFile (FILE *file)

AR LRI FILEx NOTF—X A Y —2ah56, C D long MF—XEHAH L TRELET,
ZOREIZ. A4 T 4 7D long DY A4 RIZBIRIRL. 32 By FOEZF ZHALEE T,

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

int PyMarshal_ReadShortFromFile (FILE *file)

A LA 2N FILEx NOT—X A MY —2ah 5, C D short BT —X2HABLTRL F
T, ZOBEEIE. A T4 7D short DI A IR, 16 ¥y FOEL T Z2HAHEEE T,

T 7 —DFAE. EYILHIS (EOFError) #FEL -1 ZIRL E T,

6.5. F—4X %5t (data marshalling) OHHR—k 91
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PyObject *PyMarshal_ReadObjectFromFile (FILE *file)

RDME: FiLWBHE, A L2 FILEx NDTF—X A+ Y —2455 Python 7Y =7 b
ZRLUET,

7 —0%E, #Y)HI5 (EOFError, ValueError, TypeError) Z#%E L NULL %R L %7,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)

Rbh{E: #LWBE, HiiahH LHICH 2N FILEx NOF—X A Y —24ah 5, Python £ 7Y =27 b
ZitAH LU TR L %5, PyMarshal_ReadObjectFromFile() ¥3EW, ORI T » A LAICHED
AT bHPFELBOVEREL, 77 A4A0HXEY LIZT7 74T =X E—KUTAEVIZR—F
LT, WRFHUEED 7 7 A A — A P D05 AHTRODICRAEY LOTF—XEHETEZ X5
WLET. MRO T 7 A U M A Z RN D> TV BEFICDA, ZOMEE[->TL
7EE W,

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

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

RBROfl: 1iLWBE, data 24873 len N4 b DAL RNy 7 s ADT—X A MU — L5 Python
ATV bERLET,

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

6.6 5IEDAEIREDIEF

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

mation and examples are available in extending-index.

BRUIWCHHET 2 3 DDBEE. Pydrg_ParseTuple(), PyArg ParseTupleAndKeywords(), B Xk Of
PyArg_Parse() i &WIhd ERXNXFES (format string) ZHFEVE T, HRXFHNE, BEEPZITES &
TOFET 2 W EEA2DICHVLNE T, WINOBBICET 2 E A THN S, FLEXZMHE-> T
£7,

6.6.1 5|BZMRITT S

BALFING, PO EREZN LD 7 BRE (format unit)” A SM D TH EF, 1 DOBREMIE 1
50 Python 7Y =2 FRUET; BHIEH—-OXTFr, BREMH 5% 5 X7 2 HICH -7 b 01
%D EF, HIs e LT, HIRTHD R TWARWERBASTTFINH D7 K L 25 RIS 2585500 < D
BHDEF, UFOBITE, ﬁﬁﬁ@omk%ﬁw%ﬁ$MT?}HU%%Tlot%ﬁiif$MKﬁm
+3 Python ®F 7Y =7 MUTT; (] FEINEE 7 F LR LT3BICHES C OEHIT
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NFEH Ny T 7

URD7 4 ==y MEIATI 27 MTEFBILIZXEVF 2278 LTT7 7R TE2DDbDTT, RENS
unicode % bytes D7zDIEDRA ML —YEHAET 2RI D A,

FRZEM SN TORWEE, Ny 77— NUL #IiHS N TOUEEA,

There are three ways strings and buffers can be converted to C:

e Formats such as y* and sx fill a Py_buffer structure. This locks the underlying buffer so

that the caller can subsequently use the buffer even inside a Py_BEGIN_ ALLOW_THREADS block
without the risk of mutable data being resized or destroyed. As a result, you have to call

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

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).

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

including Python.h. On Python 3.9 and older, the type of the length argument is Py_ssize_t if the
PY_SSIZE_T_CLEAN macro is defined, or int otherwise.

s (str) [const char *]

Unicode A 73 =2 b2, ¥x 77 XLFHN%EHT C OKRA Y RIEWMLET, F¥ 77 XURAL
RERDT FLRAZET . TTIRAFEL TV EIXTFIINDRA ¥ X2 2 DEBITER L FT, C XF
HliZ NUL TG STV EF, Python OXFHIENL, null 22— FKRA ¥ PARHICHDIATHLTHY
TERDERA; b LHEDIATATHIUL ValueError Flk2%H L%, Unicode A 7Y =2 Mid
'utf-8' o T C FHNIEMSNE T, ZHUTKIKT % & UnicodeError ZiXHH L %3,

AR: D7 x—~v M bytes-like objects B R—=F LERA 77 A NI AT LR EZITE - T
SO FINCER L T2 0HEIE. 08 7+ —< v b &, converter 2 PyUnicode_FSConverter()
ZIELTHHT 2 L RVWTT,

6.6.

S B DER L BEDIEE 93



The Python/C API, U —2X 3.11.14

N—=Ya v 35 TEHE: LHENZ Python 3XFFNZ null 2— FHEA ¥ MPEDAFR TV T2
TypeError ZXH L TWE L7,

s* (str F7cld bytes-like object) [Py_buffer] Z
D7 +—<v M Unicode 7Y =27 b+ & bytes-like object I T, MK Ltk XN
Py_buffer BEEHICEZIENL £ 3, HRO C XFFE NUL N1 b Z2ELH S LALEH Ao Unicode
F7T 27 ME 'utf-8' Ta—74 V7T C XEINCEBLEINET,

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

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

z (str E7zId None) [const char *]

Like s, but the Python object may also be None, in which case the C pointer is set to NULL.

z* (str, bytes-like object &7=I& 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.

z# (str, St LB bytes-like object F7cld 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.

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

ValueError exception is raised.

N— a2 3.5 TEHE: LIATE bytes Ny 7 7 IZXANA FHDIATR TV 8 %IC TypeError %
EHELTVWE L,

y* (bytes-like object) [Py_buffer]
sx OZJE T, Unicode A 7Y =7 b ZZIHFT 3. bytes-like object DAZZIFMIFE T, N1FU
F—=R2%EZIHNTZBEMICIF. COTA—IV FEFES T EHRELET,

y# (FiH LER®D bytes-like object) [const char *, Py_ssize_t]
s# OZ T, Unicode & 7Y =7 M EZIF{T T, bytes-like object 72 2 Z (T £ 5,

S (bytes) [PyBytesObject *|
Python 7Y =27 P& LT, bytes A 7Y =27 F2ERL, WRRLIEMBITVELEA, £ 7=
I 23 bytes 7Y = 7 M TRIFAUR, TypeError ZiXH L3, C ZHd PyObjectx tHEELTH
HBoEEA.

Y (bytearray) [PyByteArrayObject *|
Python 7Y =2 b2 LT bytearray 7 73 =7 bZERL, WHRIEHMBBIRVELA, D
LA 7Yz b bytearray T/RIFHUX, TypeError ZiEH L EF, C ZBUX PyObjectx & LTH
ELTHMOUEEA,

u (str) [const Py_UNICODE *
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Convert a Python Unicode object to a C pointer to a NUL-terminated buffer of Unicode
characters. You must pass the address of a Py_UNICODE pointer variable, which will be filled with
the pointer to an existing Unicode buffer. Please note that the width of a Py UNICODE character
depends on compilation options (it is either 16 or 32 bits). The Python string must not contain

embedded null code points; if it does, a ValueError exception is raised.

A=Y ay 35 TEE: LIE Python XIS null 23— FEA Y FAEHAZNTWEL Fi
TypeError ZiXHHLTWE L7,

N—= 3 ¥ 3.3 TIFHELE, N— a2 > 3.12 THIFRTE: Part of the old-style Py_UNICODE APIT; please
migrate to using PyUnicode_AsWideCharString ().

u# (str) [const Py_UNICODE *, Py_ssize_t]
This variant on u stores into two C variables, the first one a pointer to a Unicode data buffer, the

second one its length. This variant allows null code points.

N—= a v 3.3 TR, N—I 3> 3.12 THIFRFE: Part of the old-style Py_UNICODE API; please
migrate to using PyUnicode_AsWideCharString().

Z (str or None) [const Py__UNICODE *]
Like u, but the Python object may also be None, in which case the Py_UNICODE pointer is set to
NULL.

N— 3 v 3.3 TIEHELE, N— a3 > 3.12 THIFRTE: Part of the old-style Py_UNICODE APIT; please
migrate to using PyUnicode_AsWideCharString ().

Z# (str or None) [const Py_UNICODE *, Py_ssize_t]
Like u#, but the Python object may also be None, in which case the Py_UNICODE pointer is set to
NULL.

N—=a ¥ 3.3 TR, N—2 3> 3.12 THIFRFE: Part of the old-style Py_UNICODE API; please
migrate to using PyUnicode_AsWideCharString().

U (str) [PyObject *|
Python 7Y =2 b2 LT Unicode 7 73 =27 FZ2ERL, WHRIEHBITVERA, 77V
27 + 23 Unicode & 7Y = 7 F TIER WG, TypeError DI Ed, CEHBIX PyObjectx ¥ L
THS L THHMOUERA,

wk (FTABEITIEER bytes-like object) [Py_buffer] z
D7 F—=<v MI., HiAEEZAHEL buffer interface ZFEEL/-F 7P =27 E2ZIIMTF T, FBOH
Lth 5Nz Py_buffer MEERICEEZIEMLE T, Ny 77 null X1 2B LT, B
CHLITIEANY 7 7 2 Wb o725 PyBuffer Release() ZMUH I RITNEZD FHA,

es (str) [const char *encoding, char **buffer] z
UL s OZALIF T, Unicode ZF v 77 XNy 7712 va—FF37%DICHWLNE T, NUL N
A4 MDA ENTOWRWT =X TOLEEL T,

ZOERIWE =005 BBV ETT, —2oHRERANCOAHAWSHA, NUL TRinaNn /- a— K%
XFH|%IET const charx Bl =1, 'utf-8' AN B Z ¥ HF T NULL TRINIRD A,
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BE Ly a— F4% Python 2T Z R WHEIIFIANZEH L EF, H0D5/180E charxx T
RINERD FRA; ZOFIBDPSRLTVWERA Y EZDEIZ, 5IBIHEELEZTF A NONBEDRA -
7oy 77 ADKRA VRIZHEDET, 7TFAMIBRVDOFIBIIHEEL L >ya— FARTZya— KX
NEJ,

PyArg_ParseTuple() S &, DERY A XDy 77 ZMRL., ZONy 7712y a—FED
T—=R%aAE—LT, *buffer BT O ICHERINELEEBEZIRT LS ICEBE L E S, FFOH LHI
1ZiE, RS NNy 7 7 2D o 721RIC PyMem Free() THRIRT 2BEDNH D £ 5,

et (str, bytes 7=l bytearray) [const char *encoding, char **buffer]

es ELRILUTT, HEL. AN MFHATY 227 bexrya—FLESTIRELET, 2oRbD,
FIETREINA MFINA T 27 IPRIRRE Ly a—F 2o T0d D ERELET,

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

s# ODZ{LFE T, Unicode ZF v 77 X BNy 77122 a—F$3-0ICHVWOENE T, es EXE-
Ty ZOZLFIEIANAL P DBEDIATN TV TELFTVERA,

ZOFERCEZ0D5 PR ETT, —2HIERANZOAH VWS, NUL THIidh /o>y a— R4
FH| %16 F const char* Bl NULL TRUIFIUIR D FH A, NULL OHEICIE 'utf-8' ZHEVET,
BB L7zt a— F4% Python VEFCERVWEAICEIFINEZRE L T, H 058U charx* T
RINUERD FHA; ZOFIEPBRLTVWE RS Y XOMEIE. FIBICRELZTF A MONENA -
TeNy 77 ANDRA Y RIZRDET, 7FAMIBRWOGIBIHEE Ly a—- AT ya—r&
NET, FEOFIEIBBADRA VX TRIFNUIRD R A; KA VEXPSEB L TV BEBOMEIXH
TN 7 7 HNONAL FUCE Y FENFET,

ZOERONUHEIZIZZODE— FBH D) 3

*huffer 5 NULL KA ¥ X2 L TWE5HE, BEIEIDLERY A ZONy 7 7 2R L, 2O Ny 7 >
WXy a— REOF—&Z%Ea— LT, *buffer 23 OF 2 ICHER S NG RERERE T LS ICEHEL
9, FFOH LMNCIE, RSN Ny 7 7 20D o 7881 PyMem Free () TR 2 HIED H
hDET,

*buffer I NULL DR A ¥ X (T TRXEVHEEADOANY 7 7) BIELTWV 354,
PyArg_ParseTuple() & T DX EVNEZ NNy 7 7 & LTHW, *buffer length OFIIEZ N v
77 AR UTHOWE S, PyArg ParseTuple 1ZRIZT Y a— FEADT—X 2NNy 7 7IIZat—
LT, NUL THIGLET, Ny 7 7DREZIHNED RITFIUL ValueError 25y FENE T,

CELDEGED. fbuffer _length 3D NUL N4 b Z2EF RV Ya— REAT—XDRIICE Y
FENET,

et# (str, bytes F7cld bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length]

es# YRILTT, 7277L. XA MFHNATIV 27 b e ya— FLESIRKELEST, 200D,
HETEIANA NLFANA T2 7 "R TRXRIIZFE Ly a—FEHoTWE2HDEIRELE T,
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#

b (int) [unsigned char]

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

B (int) [unsigned char]

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

Python O %, C @ short int BUIEML £,
H (int) [unsigned short int]

Python 0¥z, A —"70—F z v 7 %2{TDOFIZ. C ® unsigned short int BUIEHL 7,
i (int) [int]

Python %, C @ int BUIEHL £,
I (int) [unsigned int]

Python 0¥z, A —"70—F zv 7 %2{TDOFIZ. C D unsigned int BICEHL %75,
1 (int) [long int]

Python O®¥%, C @ long int BUIEHL 3,

k (int) [unsigned long]
Python 0¥z, A —"7n0—F =z v 7 %2{7DFIZ. C D unsigned long BITZEHL %7,

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

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

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

c (RT 1 D, bytes £7clF bytearray) [char] 53
X 1 D bytes £7:13 bytearray 7Y =7 b & LTRHIHENTWS Python N1 b% C D char &Y
WAL LT,

N—a v 3.3 TEH: bytearray Z2IHTITI2 L5k D F L7

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

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

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

D (complex) [Py_complex]
Python O#HEZFHA %, C D Py_complex MEERICEL 3,
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ZoMtDA I o b

0 (object) [PyObject *|
Store a Python object (without any conversion) in a C object pointer. The C program thus
receives the actual object that was passed. A new 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 #7227 +% C @ Python 7Y =7 MRS VU RIREFELET, 0 IKHMTHETH, =
20 C D5z HET: —oHDFIHE Python DI 7Y 27 b ADT FL AT, ZoHDBIH
EA 7Y 27 bADKRA Y EPREINTWS (PyObjectx D) C DEBADT KL A TT, Python
FT7Y 27 MHEE LEITIE R WSS, TypeError Zi%EH L 3,

0& (object) [converter, anything]
Python #7322 + % converter BIEE N LT C OERICERL LT, 2051 8E 2 bEd: —>
Bz T, Z2HIZ ((FEOHD) C BHADT7 FL A% voidx BUCEWL 72 d DTF, converter
BUTDO XL THUHEINET:

{status = converter(object, address); J

Z Z T object I3EHINGRD Python * 7Y =27 FT. address \& PyArg_Parsex (ZJE L7z void* &
DEIFT T, BDE status IZEHUTRIN L 7ZBRIC 1, RLZEEIE 0 12k £5, Bkl 7-
Bia. converter BRI address DNEZZEBERFIHN ZEH LR TIRD H 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.

N— a3 ¥ 3.1 TZH: Py_CLEANUP_SUPPORTED was added.

it

p (bool) [int] L
RED R D 54 5 & (a boolean predicate) I SN HZHIE L, Z DFFRZ 2 C D true/false
BBUHICERL T, BLADELS int 1213 125, RS 0 PREINET, ZOMBIXERDER
7% Python fE%ZZII 1} £35, Python MEOEMHRZ ¥D Xk 5 I1IZHET 202K D 7217 Ud, truth %
ZILTLZEW,

!

N— ar 3.3 TEM.

(items) (tuple) [matching-items]
The object must be a Python sequence whose length is the number of format units in items. The
C arguments must correspond to the individual format units in items. Format units for sequences

may be nested.

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

mileage may vary).
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The Python/C API, U —2X 3.11.14

Zoft, EXXFINZBOTEREFOLFERNL O0dH D £3F, 205 DXFIFEIMC & 2 ANFHICIEf#
ZFEBA. UPICXFERLET:

Python 518V 2 T, ZOXFLUEDFIEMN AT 2> THEIERLET, £ 7> 2 D5
WAIGS % C OZEFIEZT 7 40 b OETHHL L TE»RITFIER D FRA — 7> a YO58
B X NG5G, PyArg_ParseTuple () \30ET 2 C ZBONBECF L MR EHE Ao

PyArg_ParseTupledndKeywords () TOAERTIEE: %D Python 5[0 F—V —FEHATH S Z
LR LET, BfE, IRTOF -7 — FEAFIBIIEREDOTIETRINEI RS T, 20k 77—
<y PXFHFD | IFEIC $ K ORNCHEE SR ITIRD $8 A

N—ar 3.3 TE.

DXFHRH 2, ERBMOEL BRI Z I TERDLD £5; an Y DBEOXFIIE, =7 —Xvt—IJI
B 2B (PyArg_ParseTuple () 23RS 261580 7 fH&fH (associated value)”) & L Tfibh
S

DXFERH 5L, ifiﬁ®%ﬁﬁ%:f%bbi?~k=:uyuﬁmi?Wu\?71»%:5—
Xwt—U% BEBZRS 27— A vtb—IJ L THLAET, : s WWHAEICHHiO X F T,

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)!

PUN o BIRIC I 31BN 5 1 £ (additional argument) (X, FXXFFINHRESINSUADT FLATRIFIUT
B FEEA; MEIEIHRE LT FLREE ETIADLS AN SN RTET 270100 Ed, Lo#FEK
BAoY R PTHALE LS, Mgz AJMEE LTS HER WL 0hH D $3; 2055, MET 5
FHREMOIFEET 2RSS X5 LRTUIRD FHE A

EERIEL AT 720120d, arg 7Y = 7 PEEAFI—EHLRFER 5T, »oFERXXFEINOEFER
BAACETHEPIASZ L2 LRFIIR D E8A, INT % L. PyArg_Parsex BIIEZRLET, 2l
NOGETIE 2R L. WYRAsZXE L £, FRHEMD END»DEHERKIZ X D PyArg_Parsex H3%%
WMUZGE, RRLAERBMCHET S 7 FLRAL ZNLED 7 KL RONFIZIEE XN EH A,

API| Ba%

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

RICBLET: Stable ABL (5D AZGIRICE 2BHHD T X X 2R L T, v — A V2RI
ZLET, BNT2EZRLET KNI 2 e BB L. @Y fIs e XL %5,

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

RICEBLZET: Stable ABL. Pydrg_ParseTuple() Y[AUTE D, AIEROGIETIIRL va_list %
FlEuce b £9,

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

*keywords([], ...)
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RICB L £9: Stable ABI. Parse the parameters of a function that takes both positional and
keyword parameters into local variables. The keywords argument is a NULL-terminated array of
keyword parameter names. Empty names denote positional-only parameters. Returns true on

success; on failure, it returns false and raises the appropriate exception.

NePay 3.6 CEE: HESEEIN 2B,

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

*keywords[], va_ list vargs)

RICEBL £ : Stable ABL. Pydrg ParseTupleAndKeywords () R LTI 2, AIZRED5ETIER
< wa_list Z518UcE D ET,

int PyArg_ValidateKeywordArguments (PyObject™)

RICBLET: Stable ABL. ¥—V— FEIBZRALHEOF —DXFINTH 2 e 2R L 7,
Z OBIBUE Pydrg_ ParseTupleAndKeywords () ZfHH LR WVWE ZTIZDAKET, ZOHHIIEBRE O
BIIFERDF = v 7 2 EMS 2720TT,

N—a v 3.2 Tl

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

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

for that purpose.

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

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

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

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

module for weak references:

static PyObject *
weakref_ref (PyObject *self, PyObject *args)
{
(RDR—=V ki)
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(FiDR— 25 D %)
PyObject *object;
PyObject *callback = NULL;
PyObject *result = NULL;

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

return result;

ZOHNCBIF B Pydrg UnpackTuple () WEUFH Uik, Pydrg ParseTuple() Zffio7DIRDMEUH L
L2 HETT:

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

6.6.2 fEDEFE

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

RDh1ME: $iLWVWBH, XICBEL £7: Stable ABL. PyArg_Parsex 7 7 I U OB ZITE S D & U7
BROEFH LTI B L EINIEDONT, Fil@zEmRL 3, ERLEEZELET, ©7—-08;
A& NULL 23R L 3 NULL 2R354, I eEH T2 TL x5,

Py _BuildValue () WZHEICX INVEENKT 2 IERBD FRA, ZOBBDBEZ IV EEKT 2D, FER
XFINCZ O EDERBMNDBA o TWB 2 XRITTT, ERXLFINNEDEE None IRL T &
REMDHE =D T A>T HE, FRPMTHEIN TV RS20 F 7Y = 7 FHEEIK
LET, ¥4 X0 ee 1 X T %IRRT X 5I5EHI3 212id, AEslc b 72 Fsex 5 % v
£9,

EXHN s R s#t ODBPADIIWC, A7V 27 bV EHETIRICT X2 MET2DITXEY
Ny 7 7% XX LTETHEIE, f8ELLT—Xidav—3nEd, Py_Buildlalue() B3
ERRL7A 727 MiE, MOH LA L 72Ny 772 LU TBRBLERA, HlOBWVWHEETH
i, malloc() ML TAXEY ZHERL., 2% Py _BuildlValue() WIKELIHEE. 23— FAT
Py_BuildValue() DR o 72T free() ZMUHITEEDLNH 2L 105 2L TT,

T oHATE 5IHFOOWRREERBEA TS, (ML) FELCH o 728503 E RHEAL2%R $ Python
DA 7Y =27 MITY; (] FENIBERICE T ED C 2T T,

HLFHIANTIE. (s# DI RERHMZRNT) A=, &7, anryBiUar<idEHIN
$9, INoOXF2MS . RWEXNFINED £ o L RTHARL T TEFT,

s (str 7zl None) [const char *]
null X hiz C XFH %, 'utf-8' > a—7 4 ¥ ZEHAWT, Python str A 7Y =2 MiZ
ZHLET, dL C XFHIERA &P NULL DFE. None 124D £,

s# (str or None) [const char *, Py_ssize_t] C
XFHe ZDRE% 'utf-8' T aA—7 4 ¥ 7% ffioT Python str A7V =7 MIEHL F
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T, C XFHNRA ¥ &2 NULL D55, ESIXEH XN, None 1272 D FF,

y (bytes) [const char *]

C

XF4% Python bytes A 7Y = 7 MIEWL 3, b L C XFFHIRA > &M NULL /2o 7358,

None iR L ¥,

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

-
—

NI CXXFHN e 2RI S Python A 7Y 227 MIEHHLET, C XFHIKRA > XM NULL D

i7/%!/:1\\ %é 03:%*%%21 None bx_.?t;: D ij—o

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

z# (str 7= None) [const char *, Py_ssize_t]
s# t Iﬁj D"C\\j‘o

u (str) [const wchar_t *|

null #¥i X 17 Unicode (UTF-16 % 7z1& UCS4) 7 — X D wchar_t /Ny 7 7 5 5 Python
Unicode 7' =7 MZE#HL 3, Unicode Ny 7 7 KA ¥ X P NULL DA, None 1272 D

£7,

u# (str) [const wchar_t *, Py_ssize_t]

Unicode (UTF-16 £7:1% UCS-4) 7—&X DNy 7 7 £ ZDEXH 5 Python Unicode 4 7Y = 7
T L £9, Unicode Ny 7 78B4 >~ &M NULL DIFE. EXIZHEHR XN None 122D £3,

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

U# (str F7cld None) [const char *, Py_ssize_t]
s# & IEI DVGTO

i (int) [int]
WD C D int % Python OBHA 7V = 7 MTEHL £5,

b (int) [char]
WD C @ char % Python DA TP = 7 MTEBL £5,

h (int) [short int]
WD C @ short int % Python O AT =/ MIEMIL F5,

1 (int) [long int]
® long int % Python QXA TV = 7 MIEHL %9,

B (int) [unsigned char]
@ unsigned char % Python O A7 7 MIEHLET,

H (int) [unsigned short int]
@ unsigned short int % Python DA 7YV =7 MIEWL T,

I (int) [unsigned int]
@ unsigned int % Python QA7 =7 MIEHLET,

B

B
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k (int) [unsigned long] C
@ unsigned long % Python O A 7Yz MIEHLE T,

L (int) [long long] C
® long long % Python OB A 7Y =7 MTEML £7,

K (int) [unsigned long long] C
unsigned long long % Python @ int A 7Y = 7 bALHT 5,

n (int) [Py_ssize_t] C
D Py _ssize_t % Python OBEA 7V = 7 MTEHL FT,

c (RETH 1 O bytes) [char] N
A MERTEED C D int 2, £X 1 @ Python @ bytes A7 7 MIEHLE T,

C (B 1 0 str) [ing 7
FERTEHED C D int 2, BX 1 @ Python D str 7Y =7 MIEBL 3,

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

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

D (complex) [Py_complex *] C
D Py_complez Wi&EK% Python OEREINIEL 5,

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

has been raised yet, SystemError is set.

S (object) [PyObject *] 0
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 BN LT Python A 7Y =7 MIE#L 5, ZOBEEUT anything
(void* & HIIOBITRIFIUILD FHA) Z5IRIC LTI N, "Hik” A 7927 2R
Th KRS8 NULL 2383 &SI LR Hu3a b 8 A,

(items) (tuple) [matching-items] C
DfED 572 2 EH %, [F U EREZ FD Python O X FIVICEBL £ T,
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[items] (1ist) [matching-items] C
DIED 572 B ELH % [ UEFELZ D Python ©V X MTEBRL 5,

{items} (dict) [matching-items] C
DIED 572 2B05)% Python OFFFICEHMLE T, —HORT 15K 5 C OfE, ZhzhF—
BELMEL 2o TRHFICEMSNE T,

EXXFINCET 22724 % &, SystemError 4t %t v + LT NULL 2BL £5,

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

RBOME: FiLWEBHE, RICEL XY Stable ABL. Py_BuildValue() 2R LT TT A, AJEESIBOK
H DI va_list ZZITED £9,

6.7 XFIDE#HEERL

ezt e . HRCTII A O 72 O BRI,

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

RICBLET: Stable ABL FEXSCFH format LBMDSIED S, size N4 M EBZ IRV FHNE str
WHH L9, Unix man page @ snprintf(3) 2SR LT EI W,

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

RICE L FJ: Stable ABL. FXXFF format L AIEETIEY A b va 225, size N4 FZERIRWV
XFHN% str 121U £ F, Unix man page ® vsnprintf(3) 2SR LTIV,

Py0S_snprintf() & PyO0S_vsnprintf () 3FHEC 54 77V D snprintf() & vsnprintf() Bf%E 7 v
TLET. ZhoOBBOBENEZ, CEES A 77 UBRIEL TWina—F—r — X TOERRIES % 2
£TY,

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

snprintf (NULL, 0, ...) which would determine the necessary buffer size.
INHOBBOEDE (LFTE o 8 LET) M TOEKRZRS 3

¢ 0 <= rv < size D& X, ZMHNIHIIL T, (BED strlrv] ZH2 '\0' ZFR\T) ro XF0
strcHiiEhiz,

e TV >= size DX &, B NIIUIDED SLNTE D, HINT 272D v + 1 N4 "R EE 57
ZeZERLET, strlsize-1] X '\0' TT,

e TV < 0 DY EZ, ADPENZ NI 5> /-HTT, ZDLHETH strisize-1]1 & '\0' TI . str
DENLANDEFIIRERTT, T7—DIEMRFERIEZTZ v b7 4 — LMRFTT,

DUN @ BRI locale JMKRTIF 7237572 S BUENDZEHR 2TV E T,
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unsigned long Py0S_strtoul (const char *str, char **ptr, int base)

RICE L £7: Stable ABL 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).

N— a3 v 3.2 TEM.

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

RICE L F 9 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 O.
Same as Py0S_strtoul (), but return a long value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).

N—a v 3.2 Tl

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

RICBL FJ: Stable ABL. XXF%| s % double IZA#L F3, KWL 7L =iZ Python OflF% 3
EXEET, RIFANRSNEXFFNZ. Python @ float() I ¥ R+ T 7 XI5 XFH NI HE
WL FEITH, s DEHE RKBICEAXFRD > TEBRLRVE WO E R D £5, ZOEHIIEE
Dur—VIKEFELEE A

endptr 7% NULL DA, U XFH RIS L TITbE T, XFFIDIE LW IFE/NEUS D £ B
IZH o TWVWRWEEIZ -1.0 218 L T ValueError ZHEIEF T,

endptr % NULL TEWEE, XFF 2 A RELR#FITEHL L T, *endptr ICRAIOEFI N D 272X
FADKRA U REMHL ET, XFHNDIETHICIE L WEFEB/ NI ORI D - 72355, *endptr %
NFEFH|DFEEIZEE LT, ValueError #R#4 &4, -1.0 ZIBL 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_HUGE_VAL (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.

FHHND T 5 —HEHHNCTEAE L 5E (B 21F out-of-memory T 5 —), &Y% Python Oflst%
RELT-1.0 ZIERLET,

N— 3 v 3.1 TEM.

6.7.
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char *Py0S_double_to_string(double val, char format_ code, int precision, int flags, int *ptype)

RICBLF Y : Stable ABIL. double val Z¥§E M7z format_code, precision, flags IZED W T F

FNCZEHL %5,

format_code & 'e', 'E', '£' 'F', 'g', 'G', 'v' OEXNHLTRINIEIRDERA, 'v' D

precision 1% 0 TRIFNEIR ST, BHEINET, 'v' 74+—<v ba— FIIEED repr() 74—

<y FEEELTVWET,

flags 1% 0 2>, Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O, Py_DTSF_ALT »», ZNLH6D or ZM-o72d D

T3
o Py_DTSF_SIGN X, val ’E TN ZHFICTEXTFEAHEICOIZ L ZEKLE T,

e Py_DTSF_ADD_DOT_O (I XFHIDBBED XS ICHZAR VI e ZREEL E5,

o Py_DTSF_ALT (% 7alternate” 7 +# —~< v ML — L2 HA T2 2EBHKL T3, M

Py0S_snprintf() O '#' FEEEZSML TLIZE W,

ptype B3 NULL THEWIGE, val 3G RE. #EREE. NaN o ¥hh»ic& b+ T, Py_DTST_FINITE,

Py_DTST_INFINITE, Py_DTST_NAN OWINDIZEHEZINE T,

RO I Z IR O SLFHNHHEE N7 buffer ~NDRA > Ry, BRI 7235813 NULL T3, I

CH U, SBX N7 % PyMem_Free() %o TRIRT 2 EEDH D £3,
N— a v 3.1 TEM.

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

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

that it ignores the case.

int Py0OS_strnicmp (const char *s1, const char *s2, Py ssize ¢ size)

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

that it ignores the case.

6.8 PyHash API

See also the PyTypeObject. tp_hash member.
type Py_hash_t
Hash value type: signed integer.

N— g v 3.2 TEM.

type Py_uhash_t

Hash value type: unsigned integer.

N—a v 3.2 TEM.
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type PyHash_FuncDef

Hash function definition used by PyHash_GetFuncDef ().

const char *name

Hash function name (UTF-8 encoded string).

const int hash_bits

Internal size of the hash value in bits.

const int seed_bits

Size of seed input in bits.
N—a ¥ 3.4 TEM.
PyHash__FuncDef *PyHash_GetFuncDef (void)
Get the hash function definition.
BE,
PEP 456 ”Secure and interchangeable hash algorithm”.

N— a v 3.4 Tl

6.9 VJLOY>ar

PyObject *PyEval_GetBuiltins (void)
RDE: BHASR, RICBLFTJ: Stable ABL BIfEOET 7L —24HNOE L M Y OFFED, b LE
THDO 7 L= 20 FAUEA L v FIREED A Y 2TV XD M VEEEERRLE T,

PyObject *PyEval_GetLocals (void)
RBb{E: EHEBR, RICEL £9: Stable ABL Return a dictionary of the local variables in the
current execution frame, or NULL if no frame is currently executing.

PyObject *PyEval_GetGlobals (void)
RbhE: BHASR, RICBELFT: Stable ABL BIfEDOET7 L —2HND 70— NVEROEFEN,
D 7 L — 4237213 AUL NULL 23R L £9,

PyFrameObject *PyEval_GetFrame (void)
RbOE: BHASE, RICEBL X9 : Stable ABI. Return the current thread state’s frame, which is
NULL if no frame is currently executing.

See also PyThreadState_GetFrame().

const char *PyEval_GetFuncName (PyObject *func)

RICEL F7: Stable ABL func B, 75 A, A VAR VAX TV 27 P THNIZ DK TR, *
5 TRIFIUR func OREIRL 75,

6.9. UIJLo> 3> 107


https://peps.python.org/pep-0456/

The Python/C API, U —2X 3.11.14

const char *PyEval_GetFuncDesc (PyObject *func)

RICBLFJ: Stable ABL func OBNZKTES 5. fE# X F | (description string) %K L %
T, REDMEIE. Bz XY v RiZRLTiX ”()”, ” constructor”, ” instance”, ” object” T3,
PyEval_GetFuncName () &3E#4E S IR, func DEHIZED 5,

6.10 codec L2 R k1) & HR— MBI

int PyCodec_Register (PyObject *search_ function)
TICBLZET: Stable ABIL # L\ codec MZRBEBZ &R L £ 5,
BIfEH E LT, ZODOM#E encodings Sy 7 — I WHEICHRBEMDSLH IR X512, Fhr—F&
NTVRWEEREr—FLET,

int PyCodec_Unregister (PyObject *search_ function)

RICBLEY: Stable ABI (N—=23> 3.10 &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.
N— a2 > 3.10 TEM.

int PyCodec_KnownEncoding (const char *encoding)
RICEBLE9: Stable ABIL. encoding D=0 DEFRI N7z codec DIFET R E I 0IIGLT 1 2 0
PRLUET, ZOBBIIEICHRINILET,

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
RDE: FiLWEEE, RICEL F9: Stable ABL. ILH® codec X—Z D encode API.
encoding WIS CTHOP o /o2y a— KB LT object ZITELET, TT7 =NV FYIITRXY Y
Rl errors THEEL £, errors 1 NULL T &K<, ZDEHFEIEXZD codec DF 7NV FDXY v F
PRHEINE T, TVa—XBRO05R%0-75E1E LookupError ZHAEXEE T,

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
RBDfE: L WS, RICEBL 9 Stable ABL. LH® codec R—ZDFa— K APIL
encoding W25 CTHRDP o727 a — XA LT object #ELE T, TI7—NYRYY I XY R

X errors THELE T, errors X NULL T &K<, ZDEEIEZD codec DT 7 4L FDXY v K3
FHINET, Ta—FBRO»5RD - 2851 LookupError 2HAEXHE T,
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6.10.1 J—7 v J1R% API

ROBFTIX, XXFH encoding 1R TNCFIZERT 5 Z 2T, BT, KXFNLFZ2 /AL BRE
LEd, a—7 v 72RO 5RWEE, KeyError ZiE LT NULL ZiRL £7,

PyObject *PyCodec_Encoder (const char *encoding)
RBDfE: iLWEBE, RICEBL X9 Stable ABL. 52 5417 encoding DT> a—XBEEERLET,

PyObject *PyCodec_Decoder (const char *encoding)
RBOfE: FiLWBH, RICBL £ Stable ABL. 52 517z encoding D7 a—XBEERLE T,

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

RBhflE: iLWBE, RICEL X7 Stable ABL. 5.2 5417z encoding ® IncrementalEncoder 7%
TV M RRLET,

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

RBOfl: L WBE, XRICEBL X Stable ABL. 5% 5117 encoding ® IncrementalDecoder 7%
T NERLUET,

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

RBOfE: HiLWBHE, XICBL £9: Stable ABIL. 5% &h172 encoding @ StreamReader 7 7 7 b J
BBZIR L £3,

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

RBROE: HTLWBE, RIZBL £7: Stable ABIL. 5% 5417z encoding @ StreamWriter 7 7 7 bV
BBZIRL £,

6.10.2 Unicode T>—/\>RKRSHL XK API

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

RICELZET: Stable ABL. =5 — Y RADEHDa—L Ny 7B error & name TERL 3,
ZOaA—ANy ZEEBE, a-FT v I/HPTra— R TEROF/FTIa—FTERO AL MSEBL
Rz, 2Oy a—F/7a— FEBOMKIH LT name BMEE SN TV LR ENE T,

a2 — Ny ZiE 1 2?5 & v L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ¥ N DDA YA XY A EZITWMD £3, ZDA4 ¥ REX Y RIEME
DB B LFFNRNA M T 218l E. ZOTLOXLFHFHDOA 7y bEFF-oTVET, (ZDOHEH
2RSS % 72D ORI OWTIE Unicode INA T O F 2B ULTLEZWV, ) =Ny 7
EIhPINEFREZE L0, 2HBZOXRTNVICHED S — 7 v 2AORE & encode/decode % T
BILDXFHIFHDL 71y b i 2EBENL TGRLE T,

BILE6 0%, =5—WiE -1 BIBLE T,

PyObject *PyCodec_LookupError (const char *name)
RDME: FTLWEBE, RICEL £ : Stable ABL name TERINIZZ I =NV RV YT a—l\y
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BB LE T, FlRHEE L LT, NULL 23S N5 E, strict” DLF— Y FY 7 a—
NNy ZEIZIR L £,
PyObject *PyCodec_StrictErrors(PyObject *exc)

RDfE: BIC NULL . RICBL T Stable ABI. ezc 24t L THRAEZIEE T,

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
BDE: :1LWEBE, XICELF 9 Stable ABL unicode =5 —%2®H L. MEDODANTZZAFy L
x93,

PyObject *PyCodec_ReplaceErrors (PyObject *exc)
RDOfE: L WS, RICEBL F9: Stable ABI. unicode =5 —% ? % U+FFFD Tl =12 3,

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
RBDME: #iLWBER, XIZEL £9: Stable ABIL. unicode encode =5 —% XML XFSRTE XX
9,

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
ROl FILWEHE, XRIZBL £ 7 Stable ABIL unicode encode =5 —% Xy 7 AT v ¥ a2 T A7 —
7 (\x, \u, \U) TEZ#MIET,

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
ROfE: FTLWBHE, RICBL X Stable ABI (/N\—23 > 8.7 &D ). unicode encode =7 —%
\N{...} TEZ#IEI,

N— ar 3.5 TE.
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COETHHT B, A 7227 FOBITKIEL RV K 574 Python 4 7Y =7 b O#fER, (BER 2
T, =7y 2METrWwo k) KEDPERMOF 7Y =7 M T 2ERITRVE T, BEEEEANR TR
WA TP 27 ML Tlio 728558, Python OfIAAREHEINZ Z gD £5,

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

PyObject *Py_NotImplemented
EZoNedA 7927 28XV y ROGIBOBOMPAEDOEDMINREETH B LTHEDNS,
KRR (NotImplemented) > ¥ 7L k¥,

Py_RETURN_NOTIMPLEMENTED

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

strong reference to NotImplemented and return it).

Py_PRINT_RAW

Flag to be used with multiple functions that print the object (like PyObject_Print() and
PyFile_WriteObject (D). If passed, these function would use the str() of the object instead
of the repr().

int PyObject_Print (PyObject *o, FILE *fp, int flags)

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

object is written instead of the repr().

int PyObject_HasAttr (PyObject *o, PyObject *attr__name)

RICEL £9: Stable ABI. Returns 1 if o has the attribute attr_name, and 0 otherwise. This is

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

AMR: Exceptions that occur when this calls __getattr__() and __getattribute__() methods
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are silently ignored. For proper error handling, use PyObject_GetAttr() instead.

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

RICEL £7: Stable ABI. This is the same as Py0Object_HasAttr(), but attr_name is specified
as a const char*x UTF-8 encoded bytes string, rather than a PyObjectx*.

AMR: Exceptions that occur when this calls __getattr__() and __getattribute__() methods
or while creating the temporary str object are silently ignored. For proper error handling, use

PyObject_GetAttrString () instead.

PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr _name)
RhflE: HiLWBHE, RICBLET: Stable ABL. 7Y x 2 b o 556, &l attr_name OEM: % BUS
LET, B35 eMHEZ R LUAERT 5 & NULL 23R L ET, ZDEEIE Python @R o.attr_name
ERLTY,

PyObject *Py0bject_GetAttrString(PyObject *o, const char *attr_name)

RBROfE: :iLWBHE, RICBL £7: Stable ABI. This is the same as PyObject_GetAttr(), but
attr_name is specified as a const char* UTF-8 encoded bytes string, rather than a PyObjectx*.

PyObject *Py0bject_GenericGetAttr (PyObject *o, PyObject *name)

RDE: FiLWBR, RICELZET: Stable ABL. A 7Y =7 D tp_getattro A1 v MIEDN
5, BHEEZIVES 2HMNZERTT, ZoBEE. (B LEFEETIR) A 7027 bOEME __dict__
KA, #7922 +D MRO 5227 7 ADHECHZTAI ) FREZEHRL £F, descriptors THE
BRBROENTWBHED, T—ZDTRAIZ VT RIZL YRR ADEIEX D EREN, ET—X TR
VI REBRELICENE T, RfEH 5% -7581% AttributeError ZiEMH L £,

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

RICBLET: Stable ABL. 77227 b 0o @ attr_name £\ ZDOBEMHIZ, [H v ZREL T3, KK
FTHEHMNEERL -1 BIRLET; T2 0 ZBRLET, ZORIE Python O o.attr_name
=V tlﬁlufj—o

v NULL O &, 7P ba— MIHIRRENE T, ZOEERX PyObject_Deldtir() D7z,
o TWETH, HIFRESNE TERZDD $H A,

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
RICE L FJ: 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 A3 NULL D5 ERIBIENHIFRES N E 25, CORRIBIHERTH D PyObject_DeldtirString() %
5O EFELVTT,
int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

RICEBLET: Stable ABL BHOHE L HIFR 21T 5 WHAKREEET, B4 7Y =7 O tp_setatiro
21y MZEIPNET, A7V =227 D MRO H27 7 ADHENLT =X T 1 A7) T REHL,
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Ao BB 34 Y AZ D ZAOBF D 5 BEORERHIRE D bBLEENE T, 25 ThrWEE
(B LUIFETNR) A7V 227 D __dict__ WEEZHRED LIFHIRLES, BiThds L 0 A
BREN, Z5THRVWESIE AttributeError 2RI -1 PRI N FE T,

int PyObject_DelAttr (PyObject *o, PyObject *attr name)
AT b oD attr_name LWVWHHOBEWERHIBRLE T, KT 2L -1 ZIELET, ZOBKI
Python ®X del o.attr_name X[ U T3,

int PyObject_DelAttrString(PyObject *o, const char *attr name)
This is the same as PyObject_DelAttr(), but attr_name is specified as a const charx UTF-8
encoded bytes string, rather than a PyObjectx*.

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
RODME: FILWBER, RBLZXT: Stable ABI (IN—=23Y 3.10 &D ). __dict__ TAZVTXRD
getter DISMATLEE T, BDERGEX, HEZERL T,

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.
N—a v 3.3 Tl

int PyObject_GenericSetDict (PyObject *o, PyObject *value, void *context)

RICBLFT: Stable ABI (IN—=23> 3.7&D). __dict__ TAZ U T XD setter DFBFIHTIRFELE
TS, ZORETEHELHIRT 2 ZIFFENTVEREA,

N— ar 3.3 TEM.

PyObject **_PyObject_GetDictPtr (PyObject *obj)

Return a pointer to __dict__ of the object obj. If there is no __dict__, return NULL without

setting an exception.

This function may need to allocate memory for the dictionary, so it may be more efficient to call

PyObject_GetAttr() when accessing an attribute on the object.

PyObject *Py0bject_RichCompare (PyObject *ol, PyObject *02, int opid)
RBDE: FILWLWBE, RICEBL 7. 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)

RICEB 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, O if the result is false, 1 otherwise.
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AR:

If 01 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 £9: Stable ABI. Format obj using format_spec. This is equivalent to the Python

expression format (obj, format_spec).

format__spec may be NULL. In this case the call is equivalent to format (obj). Returns the format-

ted string on success, NULL on failure.

PyObject *Py0bject_Repr (PyObject *o0)

RBhE: FrLWBE, RICEL XY : Stable ABL. 7Y 27 b o DXFHRHEFHAL I, T
% e XFHNRBZIR L, KT %L NULL 2B L %3, Python I repr(o) EFU T, ZOBIZ
HAABBEE repr O OMETIFUHINE T,

N—Tay 34 TEH: 77574 THRENEZBRSTHETRWZ L 2R 3 DIER R XS, 20
BIT AN 77— arz2a8 X5k b E L,

PyObject *PyObject_ASCII(PyObject *o0)

EOfli: FILWBHER, RICEL £7: Stable ABL. PyObject_Repr() YR, 7T =27 0o DXF
FIRBZEHE L E 3D, PyOvject_Repr() Ik o> TRENLXFINCEENSIE ASCIT XF%, =
A7 —=7XF\x . \u. \U TZRr—=7L%7, ZOREUI Pythoh 2 @ PyObject_Repr() »iRT
XFEHN R U FINZER L 5, ascii() KXo THEHEINE T,

PyObject *PyObject_Str (PyObject *o)

RBDOE: HiLWBHE, XICBL XY : Stable ABL. 7Yz 2 b 0 OXFHRBEFAEL T, KINT
5 XTFHNRBZRL, KT 5 & NULL 2R L %3, Python R str(o) EIUTY, Z DKM
HIAABER str() %, print () BAKOUETHIH INE T,

N—=Tay 34 TEB: 72774 TN RS THRTHRWI L 2REIET 20 E/MR L 51, 2D
BETF AN 77— arZ280 L5128 E L,

PyObject *Py0bject_Bytes (PyObject *0)

RBOfl: FrLWBHE, RICBLXT: Stable ABL. A 7Yz 27 b 0 DA MIREZFHEL T, &
522 NULL Z23BL., MII$ 2% bytes 79 =227 b 2IBLE T, o BEETHRVWE ZdD, Python
R bytes(o) ¥FIL T, bytes(o) ¥i#E- T, o BEHD L 12X, ¥u Tt hs bytes 7
Pz FEIRTDTIER L TypeError 23X h 3,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)

TICBLZET: Stable ABL. 7 5 & derived 257 5 X cls E[Rl—TH 2, ZIhBIRELEZ AT
HBHEGEE 1L EBRL, 25 THRWEARIZ 00 ZBRLES, =7 —PEEGEE -1 2IRLET,

cls MR TNVDGE, cls DETOBRRICHLTF v I LET, Db 120F v 7T 1HE-
7z, BRIEL D, FRStorZ 0tk ET,
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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)
RICELFT: Stable ABL inst 237 7 X cls LI cls DF I FADA Y ARV ATH25HEIT
ZBRL, Z5TRWERIZ0 ZIRLEY, 7 —DlEEsL -1 ZRLANEZREL 7,

cls MR TIVDLGE, cls DETOBRRBIIHLTFzv I LET, PR b 1 20F v 7T 1R
&, HRIZ1L e, 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)
RICBLUET: Stable ABL. #7227 b 0 DNy Y2 BRHELTGRLET, KT 2L -1 &K
%3, Python O3 hash(o) XRU T,

N—=Tay 32 TEH: BDEOMD Py_hash_ t 122D % L, ZOBII, Py ssize t LR UV A
R b OS2 BT,
Py _hash_t PyObject_HashNotImplemented(PyObject *o0)

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 *o)
RICBLF T : Stable ABL. 0 EZRT LAREIHHICE 1 2. 25 TRVEEZIRIT 0 ZIRLE
3, Python O3 not not o XML TT, KT 2L -1 ZIRLE T,
int PyObject_Not (PyObject *0)
RICBLZ Y : Stable ABIL. 0 EZRT L AREIHEICIE 0 2. £ TRVE ZIZIE 1 2R
3, Python D not o AU TT, KT 2L -1 ZIRLET,
PyObject *PyObject_Type (PyObject *0)

RBbD{E: #HiLWBHE, RICBL XY Stable ABL. 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
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to the return value. There’s really no reason to use this function instead of the Py_TYPE () function,

which returns a pointer of type PyTypeObject*, except when a new strong reference is needed.
int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of type, and 0 otherwise. Both
parameters must be non-NULL.
Py_ssize_t PyObject_Size (PyObject *o0)
Py_ssize_t PyObject_Length (PyObject *o0)
RICBELZET: Stable ABL. 0 DEXZRLET, X LA TV b o B —r Y REFubare
<y T a b arolifERELTWESEA. Y-S VAL LTORSZELET, =7 —-24EL 3
¥ -1 #iEL %3, Python O len(o) 2FE LTI,
Py ssize t PyObject_LengthHint (PyObject *o, Py ssize t defaultvalue)

FT7Pz27 b 0o DMEDOREIEZRLET, RUNICEBOEX %, XIZ __length_hint__() Zff-T
MEOEE %2, ZLTRRERIZT 74V MOEZEZS L LET, ZOBEUE Python D3 operator.
length_hint (o, defaultvalue) Z[AUTT,

N— a v 3.4 TE.

PyObject *PyObject_GetItem(PyObject *o, PyObject *key)

ROME: ILLWEBE, RICBLET: Stable ABL. #7227 b key IZMIET 23 0 DEEEZRLET,
K F 2 NULL 2R L £, Python O olkey]l EH LT,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)

RICBLET: Stable ABL A 7Y 227 b key ZfH v WS E 3, KRBT 2L, fiIstzEHL -1
BRLET, BIT22 0 2BLET, Z4UE Python DX olkey] = v EAI%ETT, ZOREEIZ v
OB BHBD EFHA

int PyObject_DelItem(PyObject *o, PyObject *key)

RICBELET: Stable ABL. A7 xz2 b o5 key AT 2SI ZHEIBRLES, KT se -1
ZiBL %9, Python DX del olkey]l &R L T,

PyObject *PyObject_Dir (PyObject *o)

RD{E: FLWBHE, RICEBL £ Stable ABL. Z 0B Python R dir(o) ¥*EUL T, *7
Pl bOEBACE DY TTOELFINIORBVRAL (ZOGEEDDHDET) #IRLET, TT7—

BEIE NULL 238 LT, 5180% NULL 129 % &, Python B3 dir() Rk, BHED
O—ANVRAHZIRLES;, COHE. 7277 4 7IRET 7L — L0724 NULL 2R U E 355,
PyErr_Occurred() 3% B L %7,

PyObject *PyObject_GetIter (PyObject *o)

RBOfE: iLWBHE, RICBL 79 : Stable ABIL. Python O3 iter(o) ¥R UTT, FlEUICY o724
T2 MW T 27 A T L =20, 7927 T TRATL—ROGHIEA T2 b E
BERLET, 77927 P RENEARRRETH - 72551213 TypeError %% LT NULL %R L
%9,
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PyObject *Py0bject_GetAIter (PyObject *o0)

EOfli: :iLWBE, RICEL £9: Stable ABI (/N\—=23> 3.10 &b ). This is the equivalent to
the Python expression aiter (o). Takes an AsyncIterable object and returns an AsyncIterator
for it. This is typically a new iterator but if the argument is an AsyncIterator, this returns itself.

Raises TypeError and returns NULL if the object cannot be iterated.

N— a3 v 3.10 TEH.

7.2 Call 7O k2L

CPython supports two different calling protocols: #p_ call and vectorcall.

7.2.1 The tp_call Protocol

Instances of classes that set tp_call are callable. The signature of the slot is:

[PyObject *tp_call(PyObject *callable, PyObject *args, PyObject *kwargs);

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

are no arguments) but kwargs may be NULL if there are no keyword arguments.
This convention is not only used by tp_ call: tp_new and tp_init also pass arguments this way.

To call an object, use PyObject_Call () or another call API.

7.2.2 The Vectorcall Protocol

N—a ¥ 3.9 TEM.

The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more

efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However,
this is not a hard rule. Additionally, some third-party extensions use tp_ call directly (rather than using
PyObject_Call()). Therefore, a class supporting vectorcall must also implement tp_call. Moreover,
the callable must behave the same regardless of which protocol is used. The recommended way to achieve

this is by setting tp_call to PyVectorcall_Call (). This bears repeating:

g

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

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
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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)

e callable is the object being called.

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

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

s1argsf is the number of positional arguments plus possibly the
PY_VECTORCALL_ARGUMENTS_OFFSET flag. To get the actual number of positional arguments
from nargsf, use PyVectorcall_NARGS().

«wnames is a tuple containing the names of the keyword arguments; in
other words, the keys of the kwargs dict. These names must be strings (instances of str or
a subclass) and they must be unique. If there are no keyword arguments, then kwnames can
instead be NULL.

PY_VECTORCALL_ARGUMENTS_OFFSET

If this flag is set in a vectorcall nargsf argument, the callee is allowed to temporarily change
args[-1]. In other words, args points to argument 1 (not 0) in the allocated vector. The callee

must restore the value of args[-1] before returning.
For PyObject_VectorcallMethod (), this flag means instead that args[0] may be changed.

Whenever they can do so cheaply (without additional allocation), callers are encouraged to use
PY_VECTORCALL_ARGUMENTS_OFFSET. Doing so will allow callables such as bound methods to make

their onward calls (which include a prepended self argument) very efficiently.
N— a v 3.8 TEM.

To call an object that implements vectorcall, use a call API function as with any other callable.

PyObject_Vectorcall () will usually be most efficient.

i R In CPython 3.8, the vectorcall API and related functions were avail-
able provisionally under names with a leading underscore: _PyObject_Vectorcall,
_Py_TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod, _PyVectorcall_Function,

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

still defined as aliases of the new, non-underscored names.
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When wusing tp_call, callees do mnot need to worry about recursion: CPython uses

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

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

siveCall and Py_ LeaveRecursiveCall if needed.

Vectorcall Support API

Py ssize t PyVectorcall_NARGS(size_t nargsf)

Given a vectorcall nargsf argument, return the actual number of arguments. Currently equivalent

to:

[(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

However, the function PyVectorcall _NARGS should be used to allow for future extensions.
N—Ta ¥ 3.8 TE.

vectorcallfunc PyVectorcall_Function(PyObject *op)

If op does not support the vectorcall protocol (either because the type does not or because the
specific instance does not), return NULL. Otherwise, return the vectorcall function pointer stored

in op. This function never raises an exception.

This is mostly useful to check whether or not op supports vectorcall, which can be done by checking

PyVectorcall_Function(op) != NULL.
N—= a ¥ 3.9 TEM.

PyObject *PyVectorcall_Call(PyObject *callable, PyObject *tuple, PyObject *dict)

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.

N—Y a ¥ 3.8 TENM.
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7.2.3 Object Calling API

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

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

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

£ callable args kwargs
PyObject_Call() PyObject * tuple dict/NULL
PyObject_CallNoArgs () PyObject *  --- -
PyObject_CallOneArg () PyObject * 1 object -
PyObject_CallObject () PyObject *  tuple/NULL -
PyObject_CallFunction() PyObject * format ---
PyObject_CallMethod() obj + char* format -

PyObject_CallFunctionObjArgs() PyObject * variadic -
PyObject_CallMethodObjArgs () obj + name  variadic -

PyObject_CallMethodNoArgs () obj + name  --- -
PyObject_CallMethodOneArg () obj + name 1 object -
PyObject_Vectorcall () PyObject *  vectorcall vectorcall
PyObject_VectorcallDict () PyObject *  vectorcall  dict/NULL
PyObject_VectorcallMethod() arg + name  vectorcall vectorcall

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

RDOfl: F1LWBE, XICBL X Stable ABL FECNH LATHEZR Python DA 7Y =7 b callable
B, XTI args ¥ LTE X ONB5|18&E kwargs £ LTE X 5N 2401 E5 8L & HICFEUH
LET,

args & NULL TH-> TR 5673, 5IEBEL LBRWERIRIZED X IV ffio TL1ZE W, kwargs
¥ NULL THHEWEE A,

R L7 bR L OAERZIE L. KL o6 2% L NULL 28 L %35,
ZAUIRD Python DXL [FSFTT: callable(*args, *xkwargs) o

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

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

without any argument.
AL L OfERZIE L. KL ofA 2k L NULL 28 L %5,
N—=a v 3.9 THE.

PyObject *Py0Object_CallOneArg(PyObject *callable, PyObject *arg)
RD{E: 3 LUWLWEHE, Call a callable Python object callable with exactly 1 positional argument arg
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and no keyword arguments.

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

N—a > 3.9 TEM.

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

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

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

ZAUIRD Python D& FIFETT: callable(xargs)

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

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

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

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

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

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

RBROfl: iLWBE, XRICBELZEXY: Stable ABL. 7Y =2 b obj ® name WS HAETDAY v K
. WLOHhD CHlEe e bIMUHMLET, CHIEIEEX I VELERT S Py_BuildValue() TERD
74—y MXFH TR ENTVET,

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

PyObjectx args 72 25 EUCTETH AL, PyObject_CallMethodObjArgs () & DHNHIETH %
CEEHEZTBOVTLEI W,

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

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

ROfE: iLWBHE, RICEL X7 Stable ABL FEU'H UAJBEZR Python 472 =2 b+ callable % 7]
IBIAD PyObjectx B L & bICMUH L E T, BIBGIEKRIC NULL 250\ AR HD <5 2
2 LTHERET,

R L7 SO L ORERZR L, KRB LS 2RH L NULL 28 L £3,

7.2.

Call 7Okl 121



The Python/C API, U —2X 3.11.14

ZAUIRD Python D& FIFETT: callable(argl, arg2, ...) o

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

RBDE: FILWBHE, RICBL XY Stable ABL. Python 7Y =2 F obj DX Y v FEFRUHELF
ENP A F%Gi Python XFFA 7Y =2 b name TH5 XA ¥ T, AIEEBMED PyObject* 518 ¥ iz
MUOHXNET. 5IBFINIKREIC NULL B3OWEaEHED A XX LTEZ T,

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

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

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

given as a Python string object in name.

R L7 SO LORERZIR L, KRB LS 2xRH L NULL 28 L £3
N—a v 3.9 TEM.

PyObject *PyObject_CallMethodOneArg(PyObject *obj, PyObject *name, PyObject *arg)

Call a method of the Python object 0bj with a single positional argument arg, where the name of

the method is given as a Python string object in name.

BRI L7z RN L DRSS ER L. RBL 7z 6015 22 L NULL 23R U 5,
N—a ¥ 3.9 TEM.
PyObject *Py0bject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

Call a callable Python object callable. The arguments are the same as for vectorcall func. If

callable supports vectorcall, this directly calls the vectorcall function stored in callable.

BRI U7z SRR L DFERZIR L. KBL 725015 2 £ L NULL 2R L £73,
N—a v 3.9 Tl
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_ t nargsf,
PyObject *kwdict)

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

arguments.

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

the keyword arguments, but not a tuple for the positional arguments.
N—a ¥ 3.9 TEM.

PyObject *Py0Object_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf,
PyObject *kwnames)

Call a method using the vectorcall calling convention. The name of the method is given as a Python
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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.
L7 L ORGSR ZIE L, KL ofI 22X L NULL 28 L %35,

N— 3 v 3.9 TEM.

7.2.4 Call Support API

int PyCallable_Check ( PyObject *o0)

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

7.3 #ER O 3JL (number protocol)

int PyNumber_Check (PyObject *o)
RICBLEY: Stable ABL. A7 Y =27 b o fER 0 b a Lzt L TWaHEIC 1 ZIBL, 2
ITHRVE ZIIIMBERLES, ZOBBITFCHUIXEIKRIILET,
N—=Uay 38 TEHE: o A VT v 7 ABEIZ 756 1 ZIRLET,

PyObject *PyNumber _Add (PyObject *ol, PyObject *02)
RDME: F1LWBE, RIZBEL £ Stable ABL 155 ol & 02 ZMELIERERL, KRBT
% ¥ NULL ZiBL %73, Python D3 ol + 02 XFIL T,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
REDfE: :1LWBE, RICBELZXY: Stable ABL 3135 & of 5 02 BELIAEREZIR L. KK
3 5% NULL #iBL %3, Python @ o1 - 02 XF LTI,

PyObject *PyNumber_Multiply(PyObject *ol, PyObject *02)
ROl FTLWBE, RIBL XY Stable ABL I3 5L ol & 02 ZRELHEREZIRL, KRBT
% ¥ NULL #i1BL %73, Python @3 o1 * 02 X[ LTI,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
ROl FILWBE, RICBLZJ: Stable ABI (IN—23> 3.7&D). Biid 3L ol & 02 %175
RELUEREEL, KRBT 52 NULL #iKL %9, Python @3 ol @ 02 AL TY,

N— a v 3.5 TEM.
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PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)

RDhfE: :HiLWBE, RIZBLET: Stable ABIL. Return the floor of 0! divided by 02, or NULL on
failure. This is the equivalent of the Python expression o1 // 02.

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

RBDME: :rLWEBE, XRICEBL X F: Stable ABL. Return a reasonable approximation for the
mathematical value of ol 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)

RDME: FiLVWBE, RICBLET: Stable ABL T2 & ol % 02 TRELLFIREZRL, KRBT
% ¥ NULL #iBL %9, Python @3 o1 % 02 X[ LTI,

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
R :TLWBE, RIZEL X7 Stable ABL. fiAAABEE divmod () 2B L TL2& W, KK
35 ¥ NULL #i1BL 3, Python ®3\ divmod (o1, 02) 2E LTI,

PyObject *PyNumber_Power ( PyObject *ol, PyObject *02, PyObject *03)
RDME: FiLWBE, XRIZBL X7 Stable ABL. flAAABEE pow() 2L T XV, KT 3
¢ NULL %R L %3, Python ®F pow(ol, 02, 03) E[FUTT, 03 IZA T a > TT, 03 M
XV S, Py_None ZANTL IV (08 I NULL 2T &, RERXEY 7 7R %5 &L
TIEDBDHDET),

PyObject *PyNumber_Negative (PyObject *o)
ROE: HLWBER, RICBLF T Stable ABL M1 T2 L o ORERIEZIEL. KT % & NULL
%#RLEF, Python DX -0 2RI T,

PyObject *PyNumber_Positive (PyObject *o)
ROfE: HILWBE, RICBLET: Stable ABL 152 o &KL, KT 5L NULL ZIEL £3,
Python @3 +o ¥ FH LTI,

PyObject *PyNumber_Absolute (PyObject *o)
ROfE: FLVLBER, RICBLET: Stable ABL T2 o OIfiHEZRIEL, KT 2L NULL %
BL %3, Python X abs(o) ¥R UTT,

PyObject *PyNumber_Invert (PyObject *o0)
RBOfE: HILWEBR, RICELZXT: Stable ABL 35 L o Dby MEAKEL (bitwise negation)
ZIRL. KT 5L NULL iR L %9, Python O3 ~o XA LTI,

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)

BOE: HLVWEBE, KICEBLZEY: Stable ABL I T 2% 0l % 02 PUIES 7 F LEERRIEL
K$ % ¥ NULL 23R L £5, Python DR o1 << 02 ¥R T,
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PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
ROfE: iLWBER, RICELFJ: Stable ABL. 132 % ol & 02 AT 7 P LIMREZIRL
KMF %L NULL 2R L 3, Python O3 o1 >> 02 XRIU T,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)

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

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

RBOfE: HILLWEE, RICBLET: Stable ABL 152 L of & 02 @ 7 &y M HEAHEAYEHEF
(bitwise exclusive or)” Zi& L. K3 % & NULL iR L %5, Python ®X o1 ~ 02 ¥R U TY,

PyObject *PyNumber_0r (PyObject *ol, PyObject *02)
ROME: HILWEE, RICBLEXT: Stable ABL I3 2L ol & 02 D7 ¥y MHEAGHEHA (bitwise
or)” ZIRLKMT % & NULL 28R L %3, Python O ol | 02 ¥R LT,

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

RDME: HILWEHE, RICBLZXT: Stable ABL 3T 2L of & 02 ZMBEL-EREEZIREL, KK
T3 NULL 23R L EF, ol A in-place {HEZ ¥ R— b T 255, in-place HEZ{TWE F, Python
DX ol += 02 AL T,

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)

ROME: FiLLWBE, RICBLET: Stable ABL T2 & ol 205 02 ZIHBE LIAEREZR L, KK
T 5L NULL ZIRLE T, ol 2% in-place {HE %V R— b+ F 354, in-place HEZITWE T, Python
DX ol -= 02 LA LTI,

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

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

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

N— g v 3.5 TE.

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

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

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

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

mathematical value of o1 divided by 02, or NULL on failure. The return value is "approximate”
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because binary floating point numbers are approximate; it is not possible to represent all real
numbers in base two. This function can return a floating point value when passed two integers.
The operation is done in-place when o1 supports it. This is the equivalent of the Python statement
ol /= o2.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

PyObject *PyNumber_Long (PyObject *o0)

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

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

PyObject *PyNumber_Index (PyObject *0)

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

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

PyObject *PyNumber_ToBase ( PyObject *n, int base)

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

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

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

int PyIndex_Check (PyObject *o0)

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

7.4 >—4 22870 K 3JL (sequence protocol)

int PySequence_Check (PyObject *o0)

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

function always succeeds.
Py_ssize_t PySequence_Size (PyObject *o0)
Py _ssize_t PySequence_Length (PyObject *o0)

RICBLET: Stable ABL fiI1T2 > =0 >R o HDA TV 27 bOEERL, KT 5L -1 %
BLET, 2k, Python O3 len(o) R ULICHD FF,
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PyObject *PySequence_Concat (PyObject *ol, PyObject *02)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

int PySequence_Contains (PyObject *o, PyObject *value)

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

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

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

PyObject *PySequence_List (PyObject *o)
ROfE: FiILLBE, RICBLET: Stable ABL. =42 Y23 LLIEA 777 o LA LNEEFED
VAMATO 27 bRIBLET, KBLUZZS NULL 23R LET, BENZ VA MIFHLIE 2L
PRIEXNTWE T, ZhiE Python OR 1list(o) 2RFTT,

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

PyObject *PySequence_Fast (PyObject *o, const char *m)
RBRbDfE: FTLWLWEBE, RICELZXY: Stable ABL. > =7 YR FREATI771LD o %
PySequence_Fast* 7 7 I VOB THHTEZSZ A7 =27 e LTELEST, A7 =7 A
=T VRATHAT I INTHERVEEIF. Xvt—Y m 2FD, TypeError X L E3, KL
726 NULL iR L ¥£73,

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

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

Py _ssize_t PySequence_Fast_GET_SIZE(PyObject *o0)

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

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

PyObject **PySequence_Fast_ITEMS (PyObject *o)

PyObject KA ¥ XDERIZHZ 7L A4 ZIRLE T, ZORETIE. o1& PySequence_Fast () DIRL
A7 27 b THH, NULL TRVWHBDEARFELTVET
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VR TDY A XDLEBEEIND L E, XA HERNPEROIIIZHEES 220d LARVWI LIERL
TRZEV, ZD/D, =T Y ADEERFELRVAYTHFA I TOABERICHZ KA VX eflio
TLEE W,

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

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

7.5 vv 7870 k3JL (mapping protocol)

PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HZIRL T ZE W,

int PyMapping_Check (PyObject *o)
RICEL X9 Stable ABL. Return 1 if the object provides the mapping protocol or supports
slicing, and O otherwise. Note that it returns 1 for Python classes with a __getitem__() method,
since in general it is impossible to determine what type of keys the class supports. This function
always succeeds.

Py ssize t PyMapping_Size (PyObject *o0)

Py ssize t PyMapping_Length(PyObject *0)
RICBELET: Stable ABL. i35 43727 o HOF—DEZRL, KT 2L -1 2R
3, ZHUE. Python O3 len(o) EFUTIZRD ET,

PyObject *PyMapping_GetItemString(PyObject *o, const char *key)
EDfE: #HiLWBH, XRICBL E9: 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 PyObjectx*.

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
RICEBL XY Stable ABL. This is the same as PyObject_SetItem(), but key is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_DelItem(PyObject *o, PyObject *key)

This is an alias of PyObject_DelItem().

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

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

int PyMapping_HasKey (PyObject *o, PyObject *key)
RICBLFY: Stable ABL. =y FRIF 7Y 27 b AF— key ZROHHIC 1 ZIRL. Z25 TR0

212X 0 ZRLET, 24Uk, Python DR key in o EFMHTT, ZOBEMEH LIXEIWCEIIL
i\j—o
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AFR: Exceptions which occur when this calls __getitem__() method are silently ignored. For

proper error handling, use Py0bject_GetItem() instead.

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

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

7AFR: Exceptions that occur when this calls __getitem__() method or while creating the tempo-
rary str object are silently ignored. For proper error handling, use PyMapping GetItemString ()

instead.

PyObject *PyMapping_Keys (PyObject *o0)

BDE: FTLWEE, RICELZET: Stable ABL. [T 232 4727 0 DF—00KR2V A+ %
BRLUET, KT 2L NULL 23R L ¥,

N—Pa 3.7 CEHE: DENX, BBV AP LABEIVEZRLTWE L,

PyObject *PyMapping_Values (PyObject *0)

EDfE: iLVWEHE, RICBLXY: Stable ABL 1247227 b o DfERSR2 U X &R
LET, KT 2L NULL 2R L E 3,

N—ay 3.7 TZEHE: DENE. BBV AR LABEXTIAVERLTVE L,

PyObject *PyMapping_Items (PyObject *o0)

ROE: HiLWLWEBE, KRICBLFET: Stable ABL 15232470227 0 DEENSLLZBZVRA MR
BL, BEZBIXF—LHEHORTB AR TINMTHE->TWET, KT 3L NULL ZRL £7,

N—Pa Y 37 CTEE: LI, BMEY R P LR IARELTOE L,

7.6 17L—%270kF21JL (iterator protocol)

ATV —XEW/S 7-DOBEFOEEIEI > D 3,

int PyIter_Check(PyObject *o)
RICELFY: Stable ABI (IN—23> 3.8 &P ). Return non-zero if the object o can be safely
passed to PyIter_Nezt (), and O otherwise. This function always succeeds.

int PyAIter_Check (PyObject *o0)
MICBLET: Stable ABI (/A—23 > 58.10 &D ). Return non-zero if the object o provides the

AsyncIterator protocol, and 0 otherwise. This function always succeeds.

N— a3 ¥ 3.10 TEH.
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PyObject *PyIter_Next (PyObject *o)

RD{E: FiLWEBH, XRICEL £7: Stable ABIL. Return the next value from the iterator o. The
object must be an iterator according to PyIter_ Check() (it is up to the caller to check this).
If there are no remaining values, returns NULL with no exception set. If an error occurs while

retrieving the item, returns NULL and passes along the exception.

To write a loop which iterates over an iterator, the C code should look something like this:

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

if (iterator == NULL) {
/% propagate error */

while ((item = PyIter_Next(iterator))) {
/* do something with item */
/* release reference when done */
Py_DECREF (item) ;

Py_DECREF (iterator) ;

if (PyErr_Occurred()) {

/* propagate error */

}
else {

/* continue doing useful work */
}

type PySendResult

The enum value used to represent different results of PyIter Send().
N— a ¥ 3.10 TEN.

PySendResult PyIter_Send(PyObject *iter, PyObject *arg, PyObject **presult)

RICBLFT: Stable ABI (/N—2 3> 3.10 £D ). Sends the arg value into the iterator iter.

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

N— a3 ¥ 3.10 TEH.
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7.7 N\v 7770k 3JL (buffer Protocol)

Python THIARIEER WL DDA 7Y = 27 MI, NEIZH 2 XEVEHI LT buffer NOT7 7 A2 HEL
FT, ZDEIRATI2Z b LT, HAAAD bytes % bytearray . array.array &£ 52\ < Oh
DR ZETF o NE T, = FN=FT 4 DT A 77 VIFEGUEPLAERT D X 5 AR B D 72912,
ZhoHEDMEERTHI LD TEET,

ZNENORBZNHHD LY T4 7 RA2FRHETH, BEOHLKREBAEYANY 77005755 w5 HdE
ORERBELE T, W OLDRRTIEMNT2a8—%175 e REHENY 7717 78 RT B
HEhFd,

Python provides such a facility at the C 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 TSV MEEE (buffer object structure);

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).

bytes % bytearray REDI Y INRATI =7 ME WEHDNNY 77 —% N4 OB TRBL £3,
NA MDA DR B FIFAFEET T, fl XX, array.array 2T 2 BRIV ILF NS MEICKR S Z & H
HHET,

buffer 4 ¥ % —7 2 —XDFHAZEO—HlZ. 77 ANVF TP 27 bD write() XV v FTF: buffer 4 &
R—T 2 —REBELT—HDONS MIZRETEZEART T 27 b TR 7 ANKCEZAL N TEZE
o write() &, 25|18 LTEINLA T 27 PORNTERIIWN T 25AHLERTY 7 ADAE L
Er LEID, readinto() DEIRMDRAY v RTIE. ZDFHONEIITT 2EXIAART 7L APMET
3, buffer 4 Y X =7z —RZED, ATV =27 VEAFHAFEWMA, AL LEHANNY 7707 72X %ZFF
A T20Zhe bIERTEIMERTL N TEET,

buffer £ ¥ % —7 2 —ZADOFHEFICIZ, MR BEF T2 DNy 775282 - 00HENDD £3:
e IELWEIHT PyObject_GetBuffer() EFEUHIT;

e Pydrg ParseTuple() ((7213ZDEIBED VD) % y* . wx 72X s* format codes DT &
BT,

Eh 507 —AThH, buffer 23N E 4 < 72 o 72 PyBuffer Release() ZMUH IR IFTAIXLD TR A,
INERDE. VY =RV =D XD BIRABREICORB2EBNDBHD 3,

7.7. /Ny 7770k 3JL (buffer Protocol) 133



The Python/C API, U —2X 3.11.14

7.7.1 buffer #&&K

Ny 7 7GR (720 3602 “buffers”™) EBIOA 7Y =7 DA F Y F— &% Python 7R 27T <2
B3 2 DIERTT, ZHUEER, ¥rab—2 74> U 7Bl LTHEHTEET, ZOXEY TRy Y
EHRBTAMEEERM S 2T, YART—XTH L THHIC Python 7R 7 < ICMET2 e N TE F
To XEVIZ, CHIROKEREINIERD»D LOLFRTAL, ARV—=T 4 VIV RTLTA T I VIZETHIO
XEVTOY IS LNEVAL, BELT X224 T4 704 Y XEVERAZITETOIMFEHZINE 2D
LI EH Ao

Python 4 ¥ X2 7Y X2 ko TIRMFEENZZ L DT 2T IZRAR D, Nv 7 7% PyObject RA ¥ X TER
e Ui CHEEIR TS, 2070, B a—2IEFIHRIIITAE ST, Ny 7 70— ZT v
PRI EIR Y ZX memoryview 7Y = 7 IMEREINE T,

IV AR=PENZATI =27 W eFELHEOTOIHICIE, Buffer Object Structures ZZIRLTL 7230,
Ny 77 BB 51U, PyObject_GetBuffer() Z#BIML T X W,

type Py_buffer
RICBLZEFT: Stable ABL (TRTDAYN—=ZFEL) (IN—23> 3.11 &D).

void *buf

N 7774 =N ERRLTOWEREMEEDLHEZIET RS V&2, N 77 2Rt 64727
FORBYHEEXEY 70y 7HDOEYOMNBIZD D 2 F T, HIZIX strides AL, ZOfHI
XEBY TR JOREDILS LOFEHA,

i IV OHE ZOMEEXEY 70y 7 DEHEHELET,

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() %7zi& PyBuffer_Filllnfo() X ->TZ v I Nz —RHR
Ny 77 THIRMNBT — AT, D7 4 —/LFIE NULL TF, —&INIC, =7 AR-1+ 47
T MIZOLREMHLTIZRD $EA,

Py ssize 1 len
product (shape) * itemsize, contiguous Ft#|TiE, TEOXEY 70y 7ORITHED XTI,

JE contiguous ARFITiX. contiguous RIFCa ¥ — I NGS5 ICHEBEN b ORI T,

((char *)buf) [0] %5 ((char *)buf) [len-1] DHIFAND 7 7+ R E, #Efitk (contiguity)
PHAET 2V AN E o THUFEI NN Y 77 ICH L TOAFHFEINE T, ZLOEHIC. 2D
X574V 7R MX PyBUF_SIMPLE ¥ 7z\% PyBUF_WRITABLE TJ,

int readonly

Ny 77 HiAH LERTH 2R LET, 2D 4 — K& PyBUF_WRITABLE 7 5 2" CHlfIT
xFET,
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Py ssize 1 itemsize
BRE—DO7D byte By DY {4 X, struct.calcsize() %I NULL @ format HIZXT L THFEONH
L7AGR R LT,
BHERGISN: HEED PyBUF_FORMAT 7 7 7% BET DI RNy 77 2EHRLEEGA.
format |& NULL ICREINE T, L2 L itemsize IZTED 7 4+ —< v Mo EERIFL £3,

shape WIFTE T % % 4&. product (shape) * itemsize == len DFER2IF LN, FHHF X
itemsize % buffer ZHLDICHHTE LT,

PyBUF_SIMPLE %7213 PyBUF_WRITABLE THR U 7-fE3R. shape #% NULL THAUL, HEEZIZ
itemsize B L T itemsize == 1 L RARIRIFNIRD A,

const char *format
A NUL terminated string in struct module style syntax describing the contents of a single
item. If this is NULL, "B" (unsigned bytes) is assumed.
D7 4 =) K& PyBUF_FORMAT 7 7 &k » Tl S E 3,

int ndim

The number of dimensions the memory represents as an n-dimensional array. If it is 0, buf
points to a single item representing a scalar. In this case, shape, strides and suboffsets

MUST be NULL. The maximum number of dimensions is given by PyBUF MAX_NDIM.

Py _ssize_t *shape

AXEY LD N XL O ERT, BED ndim TH S Py_ssize_t OEHITT, shapel[0] *
. * shapel[ndim-1] * itemsize |& len XL RIFIUIRKRD £E A,

shape OfHIZ shapel[n] >= 0 IZHIRE N % T, shapeln] == 0 DHEFITFRHITTEEILETT,
FAZ complex arrays B LTI E W,

shepe (JEAR) ECHNEHIHE 2 5 1 3FiA L LHEHATT,

Py ssize t *strides

BRICICBOTH LWVEEZR272DICAFy T 54 VERT. BE ndim @ Py_ssize_t
DB,

A +74 MEZ, EEOBRELIEETE ST, FEDEIITIZ. X774 FIZ@EE TWHIAMT
o L LAHEL, stridesln] <= 0 D7y —RAZUHTZ N TELIRNELD D F5, #HM
IZDWTIE compler arrays 2L TL 720,

HEZHIZL 5T, 20D strides EiFEFHAH LEHATT,

Py_ssize_t *suboffsets

Py _ssize_t BIOEREZFORX ndim DHELY, suboffsets[n] >= 0 DFEHIX. n FHOXT
IR TIRIFE N TV B EIZR A > X T, suboffset HIZFRA > X DSIRE MR L 7RI~ 4
MIIZAUT WD ZIRL TWE T, suboffset DEBE DK DIGEIR. RA ¥ X DSRBRIIAE
(HfE L7 XEY 7Ry JNCEEEBEINNS) W0 Z2icikh 5,
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2T D suboffset ZVEMDIGE (0% W SRBRDPAE) BRIGE. 2D 74—/ FIE NULL (77 *
L ME) TRIFIUIRD R A,

Z ORORFIZREE Python Imaging Library (PIL) TfEDRTWE T, D & 5 REFITERIC
7 7R T BHFECOVWTESIIZEFHL Z 2 compler arrays B LT X W,

HEEZEIZ L o T, suboffsets EHZFiAaH LEHTY,

void *internal

Ny 7 72T DA TY 27 FBWNEBINCHIF T 2 2D DOETT, HlzE, @iz o
ERUTIEN % X % 2 + LT, shape, strides, suboffsets £\ o 72Hi8E NNy 7 7> BT 5 & =
WHERHCHET DREPEIDEEBT 277 7S 2B TEBTL &5, Ny 7 7 22T
2N, COMEERLTERELTIRD $HA,

Constants:

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit,
consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimen-

sions. Currently set to 64.

172 NyIT7VI9IRDEALT

Ny 7 7B, PyObject_GetBuffer() {5 2T, TI/RAR—I TELF T2 MInNv 77T
AL 2EDZZETHONET, XEY OMBNREEDEMERZZRKICD 272D, HEEIX flags 518z
fHioT, HEPRZZ NNy 77 OFHEEEEL T,

Py_buffer D7 4 =L Fid, VI TR FOFHIC K o TEKRI 2RI TITERSINET,

DOIZRMIEKELBEWVWT =LK

TFED 7 4 — U RiX flags DEEEZITTIC, HICIELWETHREINE T, : obj, buf, len, itemsize,

ndim.

readonly, format

PyBUF _WRITABLE

Controls the readonly field. If set, the exporter MUST provide a writable buffer or else report
failure. Otherwise, the exporter MAY provide either a read-only or writable buffer, but the

choice MUST be consistent for all consumers.

PyBUF _FORMAT

format 74— FZHIEILET, dLI7FIVDPRESINTVIUL, D74 =L FZIELLED
BRI D EHA, 77 7DPREINTORITIUL, ZD7 4 —I)L F% NULL IZERE LR
hERA
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PyBUF_WRITABLE (¥, RO T 2 D757 s | WMo ThEVWERA, PyBUF_SIMPLE 13 0 L&
TINTWB DT, PyBUF_WRITABLE \ZHfli72FH ZIABLAIRE RNy 7 7 ZERT 2 MO 7 5 7 LTER
S

PyBUF_FORMAT can be |’d to any of the flags except PyBUF_SIMPLE. The latter already implies format B
(unsigned bytes).

shape, strides, suboffsets

ZD7 5 27F. LUFTEEEZ R ZWIEICHARZ XY ORPNLEE2ZHIEL T, Hr07 5203, Fh
IO FRCEHBEINSZT7 9 7DITRTOE Y F2EL I LICEBLTLEE W,

DOITZX shape  strides | suboffsets
yes yes WEIRIGE

PyBUF __INDIRECT

yes yes NULL
PyBUF _STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF_SIMPLE

BEEMDV I TR b

AbTA4 FOBHRDP D> TdH%LThH, C £721F Fortran @ EiFGlE 2EHMEICE R XN 2 [REMERH D 3,
ZbTA4 FEHRZLIC, Ny 7713 C BHEL TCWARERD D £5,

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
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BEVIIR+

EHEZETOY 7T FDEIZ. BIOFITDT7 5 7 DMAEHLE THBINICERINTVWET, HflLLS
2. Ny 77— P alTIEBICHEH I NS HASDEEE—D 7S 7 LTIREELTE T,

RDT—=TND U TEGEDPRERTHE 2R LET, MBI PyBuffer IsContiguous() WM
H UG 2 HIET 2 BN HZTL & D,

URsany & shape strides | suboffsets | contig ‘ readonly ‘ format ‘

yes yes WBEREE U 0 yes
PyBUF _FULL

yes yes WBERGE 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 &M BET

NumPy X% )L: shape, strides
NumPy R & A )V OEH| DOFRIEAINEEIX temsize, ndim, shape, strides TEFHRINE T,

ndim == 0 DEFEIX. buf BT X EY DH/FANE. B A XD itemsize DAL FHE LTHREINET, &
DG, shape ¥ strides DM & b NULL T,

strides %% NULL D&, BLANIERED n KXot C i LTRE M E S, 25 TRV FIAER
RD XS n KTEAHNC 7 72 A LRTERD FHA
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ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];

item = *((typeof(item) *)ptr);

ERED LI, buf BAEY TRy ZAD DG THIET ZEBAETT, T7 AR—KR—13Z DRIRE(#
FAT2Z2ko TRy 770 Y M 2MRERE T,

def verify_structure(memlen, itemsize, ndim, shape, strides, offset):
"""Verify that the parameters represent a wvalid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the phystical memory block
offset: (char *)buf - mem
if offset 7, itemsize:
return False
if offset < O or offset+itemsize > memlen:
return False
if any(v 7 itemsize for v in strides):

return False

if ndim <= 0:
return ndim == 0 and not shape and not strides
if O in shape:

return True

imin = sum(strides[j]*(shape[jl-1) for j in range(ndim)
if strides[j] <= 0)

imax = sum(strides[j]*(shape[jl-1) for j in range(ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imaxt+itemsize <= memlen

PIL X%+ JL: shape, strides, suboffsets

PIL A & A4 )L OEH| Tl OBEZOMIC, H KD L TROBEREEUF T 272DIUB R, Y REFFTE
T, BIZE, WED 35T C Bl char v[2] [2] [3] &, 2 KICEHIAND 2 DDKRA ¥ X675 55 char
(xv[2])[2]1[3] R 2 Z b TZFE T, suboffset RIITIZ., ZTNOHD 2 DDHKRA ¥ XX vuf DFLTHITHED
AD, AFYVDEYZICTHAEBETE S 2 DD char x[2] [3] BAIEIEL 7,

ROFNZ, strides B suboffsets B NULL TRWIHED, N JUTA ¥ F v 7 A Lo TIHRENTWS N ZOThL
HINOHEBZEADKEA ¥ & E2RTEETT:

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 ) {

(KDR=V1ZHiEL)
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(RIDR=I D5 DR E)

pointer = *((charx*)pointer) + suboffsets[i];

}

return (void*)pointer;

7.7.4 \v 7 7EEDREK

int PyObject_CheckBuffer (PyObject *obj)

RICBLEFT: Stable ABI (IN—=23> 3.11 &D ). obj 3 buffer £ ¥ X —7 = —Z%H¥K—FL TV
DEAEIF 1L RIBRL, ZOTRVWEAIZ 0 ZIBLET, 1 2IBLZE LT, PyObject_GetBuffer()
DT 2 Z 2 I3RFEENERA, ZOBBIIEICRIIL £9,

int PyObject_GetBuffer (PyObject *exporter, Py _ buffer *view, int flags)

RICELFT: Stable ABI (IN—2 3> 8.11 &D). exporter 12 flags THEE X N7 HFIET view
PO ES5ICERLET, b L exporter BIFEI N BTNy 7 7 2RETERWEGS
BufferError %5 L. view->obj % NULL IZFE L7z LT, -1 2RI RIFNUIR D FHA,

I L7z 8 Zid, view 2D, view->obj IT exporter NDFLWSREFREL, 0 ZRLET, F=
AVIRONY 77 70NA XY 7T A2 H—DA TP 27 PZVXA LI b 27 —ATE,
view—>obj & ezporter DRODICZDA TV 27 V2B LET (N T 7F T2 MEER %
BILTL 72200,

malloc() & free() @D Xk 912, OUH LICH Y U7z PyObject_GetBuffer() & X273
PyBuffer_Release() DU LRI NBZNZERD TEA. WoT. Ny 77 DRHABFEAR
5 PyBuffer_Release() D3EIC 1 2 FIFH SR ITIUIRD £8 A,

void PyBuffer_Release (Py buffer *view)

RICBLEY: Stable ABI (IN—23 > 3.11 & ). Release the buffer view and release the strong
reference (i.e. decrement the reference count) to the view’s supporting object, view->obj. This
function MUST be called when the buffer is no longer being used, otherwise reference leaks may

occur.

PyObject_GetBuffer() %@L THB L TWARWAY 7 7128 LT Z OEEE MR T OIZREEND
T

Py ssize t PyBuffer_SizeFromFormat (const char *format)

RICBLZEFT: Stable ABI (IN\—23 > 3.11 &D ). Return the implied itemsize from format. On

error, raise an exception and return -1.
N— a ¥ 3.9 TEM.

int PyBuffer_IsContiguous(const Py buffer *view, char order)

RICBLEY: Stable ABL (IN—=23Y 3.11 &D). view TERINTWVWEXEY D, C AKX AL
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(order == 'C') ® ¥ &, Fortran A X AL (order == 'F') &t DL T, ZOWFTD (order
=="'A") THNIX 1 ZIRLFT, ZRALUIDEEZ 0 2 ELET, ZOBBUIEICHIIL £3

void *PyBuffer_GetPointer (const Py buffer *view, const Py_ssize_t *indices)

RICBLFT: Stable ABI (IN—=23> 3.11 &D ). BEX 607z view MITH 3 indices BIET X E Y
TEIREBUGF L E T, indices 1X view->ndim DA ¥ F v 7 A 67 2H5| 2B L TR D %
Ao

int PyBuffer_FromContiguous (const Py buffer *view, const void *buf, Py ssize t len, char fort)
RICBLET: Stable ABI (IN—=23 > 3.11 &D ). #fii§ 5 len N4 b & buf 75 view IZa—L

F9, fort 11X 'C' B 'F' ZIEETEET (22 C FFERA X AL L& Fortran A X 4 )V D|EF %
KLET), BIIRHITIZ 0, =5 —FHZIE -1 ZIBL %5,

int PyBuffer_ToContiguous (void *buf, const Py _ buffer *src, Py_ssize_t len, char order)

RICEBLEFT: Stable ABI (IN—=23> 3.11 &D ). sre 75 len N4 2@ BT buf Ricay—
L3, order 1% 'C' 721 'F' 721 'A' (C RAXANVIERF % 721% Fortran 2 X A VIEF £ 7213 %
NP BHEETEE T, ML S 0 HRD, =7 —745 -1 2NRD £79,

len 1= sre->len OEFE. T OBEBUIIRL 5,

int PyObject_CopyData (PyObject *dest, PyObject *src)

RICBULET: Stable ABI (IN—23 > 3.11 &b ). Copy data from sre to dest buffer. Can convert

between C-style and or Fortran-style buffers.
I L726 0 53, =5 —FHZid -1 PHRENET,

void PyBuffer_FillContiguousStrides (int ndims, Py ssize ¢ *shape, Py _ssize t *strides, int

itemsize, char order)

RICBLEY: Stable ABI (IN—=2a > 8.11 &D). strides BtH %, itemsize DR E X DEHEDNA
NEAID, shape DIE%E L7z &% (order 73 'C' 728 C-style . 'F' 725 Fortran-style @) 2T
fitgl e LCHED %,

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 Z5A
BA /AU DOFRETRHTE2 Ny 77 VI X ML E T, buf IIFSELAAL FOFIE UTHRR
IhET,

flags 5IEUZ YV 7 A D XA TR LET, ZOBIE. buf pFHAH LEHEFESNTNT, flags
12 PyBUF_WRITABLE DS@ESNTWIRWED, HiZ7 7 ZIHEE S N@E D IT view ZHD F T,

On success, set view->obj to a new reference to exporter and return 0. Otherwise, raise

BufferError, set view->obj to NULL and return -1;

ZOBEE getbufferproc D—ERE LTH I LEEITIX, exporter E T 7 AR—1+ 324727 MK
ELRITIUIIR ST, EHIT flags FEBETIKEIRITIUIRD R A, £ 5 TRWVWIEEIX. exporter
& NULL TZRIFUIRD ' A
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7.8 Wy Z7OR3)L

N— a v 3.0 TIEHEIE.

IS DORFNZ, Python 2 @ WAy 77 7 v bk ai ) API O—#TF, Python 3 Ti&, 52071 b
IVIIFELERAD, 2x DI —FEBHELL TV LS BB AREATVWES, filLLwiy 7770k
JL e EHEDH 25 v R—BRD XS CRAFBOETD, Ny 77y B/ AR—- T2 L ZICHFEEH
20 Y — 204 EZERT 22 L3 TEE A,

WoT., HB2ATT 27 bDONy 77 a—%EIFT 27D, PyObject_GetBuffer() (b L IE yx B&
Qwx 74— v bIO—F T Pydrg_ParseTuple() RZDMHME) ZMHUOH L, Ny 772 —Z2@RT5L
%|21X PyBuffer_Release() ZFFUH L 75,

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py ssize { *buffer_len)

RICBELZET: Stable ABL. XFR—=—RADAN & LTHEZS7AH LEAXEY LOMBEANDKA VX
BIRUET, obf SIBIEHE—E T XV I DBREBLFANAY I 74 VX =T 2 —R %P K= LTWERI
NER D EVA, BIIT2L 0 ZIRL. buffer XEYDMMEI, buffer_len 2Ny 7 7 DEXIIHK
ELET, =7—0DFITIE -1 2R, TypeError Zt v P LE T,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py ssize ¢ *buffer_len)

RICBLZET: Stable ABL. RO 7T =22 IND/z5A N LEHD X EY LOMBADKAL X ER

F9, obf SIBIIHE—E XV bR EH5AHLAGENAY 774 VX =T 2 —REH K- LTVR

FAUXR D FHA. BIIT 2L 0 ZIRU. buffer ZXE ) DAEIZ, buffer_len 21Ny 7 7 DR XIZ
BELET, T7—DIZIE -1 2R L. TypeError Zt v bLET,

int PyObject_CheckReadBuffer (PyObject *o0)

RICBLET: Stable ABL o BH—t2 7 X v o 25AHLUAJRENY 774 VX —T 2 — %Y
AR—FLTWAREHEIC 1L ZRLET, ZNLNOEEICIZ 0 ZIRLET, ZOBBIIEICHRIILES,

ORI LTy 7 7 OHUS L RBZ ATV, 22 UGS 2 BB LA 2 2 BilsHE
PRS2 Z L WHERLTLEE Y, =7 —2WEXE 51213, PyObject_GetBuffer() b DI
fEoTLZEW,

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py ssize_{ *buffer_ len)

RICBELFT: Stable ABL. HFXIAATRER A E Y LOMNBEANDERAL X EIRLET, obj 518IFHE—
B TR IO RELFNY 774 VR =T 2 =A% P R—-— b LTORITINILD FHA, BT 3L
0 ZiRL. buffer ZXEV DMNBEIZ, buffer len TNy 77 DEIICHELET, T7—-DEIKIX -1
%3B L., TypeError %t v b LZEF,
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EIGHT

B%+7S x4 b (CONCRETE OBJECT) L1+

ZDETIE, FFED Python 7Y = 7 MIEFOBEBIZOWTIERTVWE T, 206 OBEFICRHLE > 7280
FTO 27 VEETDIIRWEZTIEH D FX¥A; Python 7077 Ao shDF TV =27 M EZITE -
eE, ZOFXATI 2 PHBELVHIZR > TV E2HELZ D TRVDORS, 38T = v 7 2{TORITN
BRDFEA; FIZR 2479 =7 FPHEEERDPFAXRSZITIE, PyDict_Check() ZHVWET, ZOERI
Python O 7Y = 27 FUTHEIT 2 7 K" 1o TR S TVE T,

g,

28 ZOETHRRTOVIEKE, EIN/A 7227 bOREZEFERERESF v 7 LIETE2H00, £
COBBUIEINT-F TP 27 B ERR NULL RO ENRA TSI 27 VDb Fv 7 LERA,
NSO NULL #EXETLES &, BEX TV 772 RENRERI LT, 4 X 7Y XERIE
R TEETLES XTI TS,

8.1 EXAF 72 1Y bk (fundamental object)

Z DTk, Python OMA 7Y =7 b > > b ¥ (singleton) 7Y =2  None IZDWTIANE T,

8.1.1 BAT Uk

type PyTypeObject

RICBLEY: Limited APl (RBEBAREER L LT). HAABRZEET 2BICHWsNS, 47
Y7 MEKT C HERTT,

PyTypeObject PyType_Type

RICBLET: Stable ABL. B4 7Y =227 VHBOMA 7Y =227 T, Python L4 ¥iZBIF 2 type
CRCATS =2 F TS,

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.
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int PyType_CheckExact (PyObject *0)
Return non-zero if the object o is a type object, but not a subtype of the standard type object.
Return 0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()
RICBELZET: Stable ABL. A OB R FxF v v > 222 VT LET, HEDODN—=Y a VX7 ZRLET,

unsigned long PyType_GetFlags (PyTypeObject *type)

RICEBL X9 : Stable ABI. Return the tp_flags member of type. This function is primarily meant
for use with Py_LIMITED_API; the individual flag bits are guaranteed to be stable across Python
releases, but access to tp_flags itself is not part of the limited API.

N—a ¥ 3.2 TEM.
N—=Yay 3.4 TEHE: RDHEDEA long T4 < unsigned long IZ4H F L7z,

void PyType_Modified (PyTypeObject *type)
RICBLET: Stable ABL PIEOMRB X v v > 2%, ZD type £ ITRTDY 7T XA A0 L TER)
CLET. OB type ORIPEES 5 A2 EE LD L ICFHCILUH S B D £
A
int PyType_HasFeature (PyTypeObject *o, int feature)
Return non-zero if the type object o sets the feature feature. Type features are denoted by single
bit flags.
int PyType_IS_GC(PyTypeObject *0)
Return true if the type object includes support for the cycle detector; this tests the type flag
Py_TPFLAGS_HAVE_GC.
int PyType_IsSubtype (PyTypeObject *a, PyTypeObject *b)
RICBELZET: Stable ABL a 28 b ¥ 724 TOGEEICEEZRLET,
This function only checks for actual subtypes, which means that __subclasscheck__() is not
called on b. Call PyObject_IsSubclass() to do the same check that issubclass() would do.
PyObject *PyType_GenericAlloc (PyTypeObject *type, Py _ssize t nitems)
RBOE: HiLWEBE, XICBL 9 Stable ABL. Generic handler for the tp_alloc slot of a

type object. Use Python’s default memory allocation mechanism to allocate a new instance and

initialize all its contents to NULL.

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)
RBbh{E: FiL LW, XICEBL £ Stable ABL Generic handler for the tp_new slot of a type
object. Create a new instance using the type’s tp_alloc slot.

int PyType_Ready (PyTypeObject *type)

RICBLET: Stable ABL. I 7Y 27 bDT7 74 F 574 X&TVWET, ZOBEREETOLT TV =
2 N THIHHLRSE T T 372D IR L TIER D ERA. ZOMBIE. BEEZ 5 2B HE L
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72Avy R TO 27 MBEMT A2RENDD 3, BB LGEIE 0 2R, =7 —DES
12iE -1 BR LU THIAMEREZREL 3,

EMR:  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 automati-
cally 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 im-

plementing the tp_traverse handle.

PyObject *PyType_GetName ( Py TypeObject *type)

RDE: HLWBHE, RICBL X7 Stable ABI (IN\—2 3> 3.11 &P ). Return the type’s name.
Equivalent to getting the type’s __name__ attribute.

N—a v 3.11 TEM.

PyObject *PyType_GetQualName (PyTypeObject *type)

RDflE: FHILLWBHE, RIZBLZT: Stable ABI (/N\—23> 3.11 &b ). Return the type’s qualified

name. Equivalent to getting the type’s __qualname__ attribute.

N— a3 v 3.11 TEH.

void *PyType_GetSlot (PyTypeObject *type, int slot)

RICBLET: Stable ABI (IN=3> 8.4 &b ). Gxohizzay MRS TS EBKRA ~
2R E T, IRD{EA NULL D5&I1E. X1 v b3S NULL 2o, BB ARERG B CHEN- 2 L 2R
LET, @E. FUOHE LENGE Y EO R A > & 2B EEACF » X P LET,

See PyType_Slot.slot for possible values of the slot argument.
N— a ¥ 3.4 TEM.

N— a ¥ 3.10 TEH: PyType_GetSlot() can now accept all types. Previously, it was limited
to heap types.

PyObject *PyType_GetModule (PyTypeObject *type)

RICBLFT: Stable ABI (IN—23 > 3.10 &b ). 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.

N—ar 3.9 TEM.

8.1.
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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.
N— ar 3.9 TE.

PyObject *PyType_GetModuleByDef (PyTypeObject *type, struct PyModuleDef *def)
Find the first superclass whose module was created from the given PyModuleDef def, and return
that module.

If no module is found, raises a TypeError and returns NULL.

This function is intended to be used together with PyModule_GetState() to get module state
from slot methods (such as tp_init or nb_add) and other places where a method’s defining class

cannot be passed using the PyCMethod calling convention.

N— a3 v 3.11 TEH.

Creating Heap-Allocated Types
The following functions and structs are used to create heap types.

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

RbOME: ;i LLWBER, RICELFX 7 Stable ABI (IN—23 > 3.10 &P ). Creates and returns a heap
type from the spec (Py_TPFLAGS_HEAPTYPE).

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.
N—a v 3.9 Tl

N—3a ¥ 3.10 TZHE: The function now accepts a single class as the bases argument and NULL

as the tp_doc slot.

PyObject *PyType_FromSpecWithBases (PyType Spec *spec, PyObject *bases)
RDOE: #HFLLWEBE, RICBLET: Stable ABI IN—23> 3.3 &D). Equivalent to

___ PyType_ FromModuleAndSpec(NULL, spec, bases).
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The Python/C API, U —2X 3.11.14

N—Y a ¥ 3.3 TEM.

PyObject *PyType_FromSpec (PyType Spec *spec)

RDflE: 1 LWBHE, RICEBL £7: Stable ABI. Equivalent to PyType_FromSpecWithBases (spec,
NULL).

type PyType_Spec
RICBLET: Stable ABI (TRTDAYN—%ZFL). Structure defining a type’s behavior.

const char *PyType_Spec.name

Name of the type, used to set PyTypeObject. tp_name.
int PyType_Spec.basicsize

int PyType_Spec.itemsize

Size of the instance in bytes, used to set PyTypeObject.tp_basicsize and PyTypelbject.

tp_titemsize.

int PyType_Spec.flags

Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeclWithBases () sets it automati-
cally.

PyType Slot *PyType_Spec.slots

Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.

type PyType_Slot
RICBLEY: Stable ABI (FRTDOXYN—%ZZFYE ). Structure defining optional functionality of

a type, containing a slot ID and a value pointer.

int PyType_Slot.slot

A slot ID.

Slot IDs are named like the field names of the structures PyTypeObject,
PyNumberMethods, PySequenceMethods, PyMappingMethods and PyAsyncMethods with

an added Py_ prefix. For example, use:
e Py_tp_dealloc to set PyTypeObject.tp_dealloc
e Py_nb_add to set PyNumberMethods.nb_add
e Py_sq_length to set PySequenceMethods.sq_length
The following fields cannot be set at all using PyType_Spec and PyType_Slot:
e tp_dict

e tp_mro
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e tp_cache

e tp_subclasses

o tp_weaklist

e tp_vectorcall

o tp_weaklistoffset (see PyMemberDef)

e tp_dictoffset (see PyMemberDef)

e tp_vectorcall_offset (see PyMemberDef)

Setting Py_tp_bases or Py_tp_base may be problematic on some platforms. To avoid

issues, use the bases argument of PyType_FromSpeclWithBases () instead.
N— a3 ¥ 3.9 TEH: Slots in PyBufferProcs may be set in the unlimited API.

N—= a v 3.11 TEHE: bf_getbuffer and bf_releasebuffer are now available under the
limited API.

void *PyType_Slot.pfunc

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

Slots other than Py_tp_doc may not be NULL.

8.1.2 None A7 x ¥V b

None X5 % PyTypeObject i, Python/C API TIREHEABMEINTWARVWDTHERELTL 72XV, None
WFHEF (singleton) 2DT, 7Y =2 PORI—ET X+ (C TR ==) 252 THIERLHTT, FL
M2 5. PyNone_Check() BIfIH H 8 A,
PyObject *Py_None
The Python None object, denoting lack of value. This object has no methods. It needs to be
treated just like any other object with respect to reference counts.
Py_RETURN_NONE

Properly handle returning Py_None from within a C function (that is, increment the reference

count of None and return it.)
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8.2 BERA T U b (numeric object)

8.2.1 BHEA T2 U b (integer object)

ITRTOBBIIEREOREZHD "long” B LTEEINETS,

I —MEEZ L, ZL AL D PylLong_Asx API 13 (return type)-1 ZiRL $92, ZAHUIEMEL R
MMIEFERA, ROTEMT 272D121& PyErr_Occurred() Z{fioTL 72E W,

type PyLongObject
RICELFT: Limited APT (FERLEERE L T). 2D PyObject DY 7 X A FIEHA 2RI
9,

PyTypeObject PyLong_Type
RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ A X ¥ A% Python BERARB L3, Z
UZ Python L4 ¥IZBIF % int E[ELA T =7 M T,

int PyLong_Check (PyObject *p)
518 PyLongObject > PyLongObject DY T XA T THB L ZICEHZIRLET, ZDOEBIIHEITHK
WLExT,

int PyLong_CheckExact (PyObject *p)
518055 PyLongObject T 5D PyLongObject DH T RA FTRHRVE ZICEEZRLE T, ZOMKIX
WL LT,

PyObject *PyLong_FromLong (long v)
RDE: $iLWBE, RICEL X7 Stable ABL v 225 #7272 PyLongObject A 7Y =7 bRAEML
TRLET, KDL ZiTd NULL 2R L %73

BIEDEETIX, -5 225 256 FTORTOEICHTI2BE A 7227 PO ZHEELEST, 2O
FFOMPERT 2. EBRICEBEOA 7Y 27 MIHTA23BIMNEE X512 TVWET,

PyObject *PyLong_FromUnsignedLong (unsigned long v)

RD{#E: LWEBE, RICELFJ: Stable ABL. C ® unsigned long % H#1727% PyLongObject #
7Y PERERLTRLE T, KRIL P& NULL 2R L 9,

PyObject *PyLong_FromSsize_t (Py_ssize t v)

RBOfE: HILWEE, RICBLET: Stable ABL. C @ Py_ssize_t B &¥i7272 PyLongObject #
7Yz PRERLTELET, KK L EITE NULL 2R L EF,

PyObject *PyLong_FromSize_t (size_t v)
ROME: :iLWBER, RIZEL £7: Stable ABL. C @ size_t B» #7272 PyLongObject A 7Y =
7 PEERUTRLE T, KDL FiZiE NULL 2B L £,

PyObject *PyLong_FromLongLong (long long v)

REOE: :iLLWBHER, XICEL XY Stable ABL. C @ long long ! 5#i/272 PyLongObject * 7
Y 5 z i
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PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
BRhfE: iLWEBR, RICEL XY Stable ABI. C ® unsigned long long B2 & #1724
PyLongObject A 7Y =27 bRAER L TRLET, KDL 213 NULL ZIRL £73,

PyObject *PyLong_FromDouble (double v)
ROfE: iLWBHE, RICEL X7 Stable ABL. v OB ERD #7272 PyLongObject 3 7Y =7 b
ZAERLTRLET, KDL ZiTIE NULL 2R L £3,

PyObject *PyLong_FromString(const char *str, char **pend, int base)

RbhfE: $HiLLWBE, RICBL XY Stable ABL. Return a new PyLongObject based on the string
value in str, which is interpreted according to the radix in base. If pend is non-NULL, *pend will
point to the first character in str which follows the representation of the number. 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
spaces and single underscores after a base specifier and between digits are ignored. If there are no

digits, ValueError will be raised.
BE:

Python methods int.to_bytes() and int.from_bytes() to convert a PyLongObject to/from an
array of bytes in base 256. You can call those from C using PyObject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

RO flE: #HLWEBHE, Convert a sequence of Unicode digits in the string u to a Python integer

value.
N— a3 v 3.3 TEM.

PyObject *PyLong_FromVoidPtr (void *p)

ROl $iLWBER, RICEL X7 Stable ABL. KA & p 55 Python BBEIELZ LKL £, KA
> RDIEIE PyLong AsVoidPtr() % L7 fER» BRI N E T,

long PyLong_AsLong (PyObject *obj)

RICEL X9 Stable ABIL. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DffEDS long OHEIFASNTHAUR, OverflowError ZiEH L £ 3,

I —DEEZLLZIC -1 ZRLET, ARDTEMT 2 7%DI121& PyErr_Occurred() %ffioTL 72
X,

N—=Yar 3.8 TEHE: AJfETHIUL __index__() &5 k51D Fl/
N—3 3 v 3.10 TZH: This function will no longer use __int__Q).

long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)

RICEL £9: Stable ABIL. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.
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If the value of obj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or -1,
respectively, and return -1; otherwise, set *overflow to 0. If any other exception occurs set

*overflow to 0 and return -1 as usual.

I —DEELEZIC -1 ZRLET, AROTEMT 2 7%DI21& PyErr_Occurred() %ffioTL 72
W,

N—Y gy 3.8 TEH: AJRETHIUL __index_ () 2S5 X5k E L
N—3 a3 ¥ 3.10 TZH: This function will no longer use __int__().

long long PyLong_AsLongLong ( PyObject *obj)

RICEBL £ 9 Stable ABIL. Return a C long long representation of obj. If obj is not an instance
of PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

b L obj DffEiDS long long DHIFN THIUX, OverflowError X L F7,

I —DEELEZIC -1 ZRLET, ARDTEMT 2 7%DI121& PyErr_Occurred() %o TL 72
W,

N—Yar 3.8 TEH: AJRETHIUL __index_ () ZfS5 XS5k E L
N— a3 v 3.10 TZH: This function will no longer use __int__Q).

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)

RICEBL £ 7 Stable ABIL. Return a C long long representation of obj. If obj is not an instance
of PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

If the value of obj is greater than LLONG_MAX or less than LLONG_MIN, set *overflow to 1 or -1,
respectively, and return -1; otherwise, set *overflow to 0. If any other exception occurs set

*overflow to 0 and return -1 as usual.

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

N—Y a ¥ 3.2 TBM.
N—=Y a3y 3.8 TEE: AR THIUL __index__() 25 X351 D Lz,
N—3 a ¥ 3.10 TZEH: This function will no longer use __int__().

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

RICBLZET: Stable ABI. pylong 23K 3 C @ Py_ssize_t BIR L FE T, pylong \& PyLongObject
DA VARV ZATRIFIIUIZED T Ao

b U pylong DED Py_ssize_t OHIPASNTH UL, OverflowError ZEH L E T,

II—PEERLLEIC -1 ZRLET, AT 2279121 PyErr_Occurred() Z{fioTL 2
éL\O
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unsigned long PyLong_AsUnsignedLong(PyObject *pylong)
RICEBLE T Stable ABIL. pylong %33 C ® unsigned long ZiEL %73, pylong i& PyLongObject
DA YRR Y ZATRIFIIUILD T8 Ao
b L pylong DA unsigned long DH#IMHASTH AU, OverflowError ZiEMH L £3,

I7 - E 72 22 (unsigned long)-1 ZIRL %9, BTV 2 5729121 PyErr_Occurred ()
ZfioTEE W,
size_t PyLong_AsSize_t (PyObject *pylong)
RICBLET: Stable ABIL. pylong #%3 C @ size_t &R L %73, pylong i& PyLongObject DA
VAR VATRIINIRD $X A
b L pylong DIED size_t DHFPFAITHIUL, OverflowError ZEH L 3,

LT —MEEE ZFIT (size_t)-1 ZIRL X T, ROFZMT 5 70I120% PyErr_Occurred() Zflio
T < 7}: é W,

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 DfEAL unsigned long long DEIFATH UK, OverflowError ZiXH L 9,

T 77—k X7t X2IZ (unsigned long long)-1 R L E T, Ao T Z2M1F3LdiciX
PyErr_Occurred () ZfE-TL7Z&E W,

N—ar 3.1 TEHE: & pylong ZIE L72FRIC TypeError Tl {. OverflowError ZiEH§ %
X5 FEL%,

unsigned long PyLong_AsUnsignedLongMask ( PyObject *obj)

RICEBL 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 DHIFH D HANTW2HE1E, ULONG_MAX + 1 23K LAFIREZRL
9,

I7 - E 7z 212 (unsigned long)-1 ZIRL %3, BTV 2 5729121 PyErr_Occurred ()
z&'fﬁ’)f < f:éb\o

N—a v 3.8 TAH: JRETHIUL __index_ () 25 XS5k XL
N—3 a ¥ 3.10 TZEH: This function will no longer use __int__().

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)

RICEL F£7: Stable ABI. Return a C unsigned long long representation of obj. If obj is not
an instance of PyLongObject, first call its __index__() method (if present) to convert it to a

PyLongObject.
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obj OfE7S unsigned long long DHIFHD HHANTWHEIX, ULLONG_MAX + 1 ZiEE LRIR%E
RLET,

I 5 —A# E /¥ 21T (unsigned long long)-1 Z R L ¥ 73, Aoz skdizid
PyErr_Occurred () - TL7Z& W,

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

double PyLong_AsDouble ( PyObject *pylong)
RICBLE T Stable ABL pylong 233 C O double %R L %3, pylong & PyLongObject DA
VARV ATRINZED FHA,
% L pylong DIEDS double DHIFASTHIUX, OverflowError ZEH L 3,

Io—PEELLZIC-1.0 ZRLET, AT 2T 5729121& PyErr_Occurred() %ffioTL 72
ISAAN
void *PyLong_AsVoidPtr (PyObject *pylong)

RICEL £7: Stable ABIL. Python OBEHI 253 pylong . C D void KA Y RITEHL X7,
pylong & ZEHT ZRF UL, OverflowError ZAH L £F, ZDBI%IE PyLong_FromVoidPtr() T
EEERT 2L EIMH S X572 void BA Y XARERTE 2723 TI,

I —MEE/ L ZIZ NULL 23 RLE T, BT &M 5729121% PyErr_Occurred() - TL 72
W,

8.2.2 Boolean #7>x7 b

Booleans in Python are implemented as a subclass of integers. There are only two booleans, Py_False
and Py_True. As such, the normal creation and deletion functions don’t apply to booleans. The following

macros are available, however.

PyTypeObject PyBool_Type

RICBLET: Stable ABI. 20 PyTypeObject DA > A& > A% Python @ boolean B % LI L F
3; Python L4 ¥IZBIF % bool EFILATY =7 FTT,

int PyBool_Check (PyObject *0)
0 5 PyBool_Type BIDBEICEZRLET, ZOBBUIEITEIIL £3,
PyObject *Py_False

The Python False object. This object has no methods. It needs to be treated just like any other

object with respect to reference counts.

PyObject *Py_True

The Python True object. This object has no methods. It needs to be treated just like any other

object with respect to reference counts.
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Py_RETURN_FALSE

Return Py_False from a function, properly incrementing its reference count.

Py_RETURN_TRUE

Return Py_True from a function, properly incrementing its reference count.

PyObject *PyBool_FromLong (long v)

RDh1{E: FILWEHE, XICEL X Stable ABI. Return a new reference to Py_True or Py_False

depending on the truth value of w.

8.2.3 Floating Point Objects

type PyFloatObject

This subtype of Py0bject represents a Python floating point object.

PyTypeObject PyFloat_Type
RICBL £ 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)
518D PyFloatObject H» PyFloatObject DY 7 XA FTH2 L ZIWCHERLE T, ZOBKIIHEIC
BRI F5,

int PyFloat_CheckExact (PyObject *p)
518D PyFloatObject TH 3D PyFloatObject DY T RA T TRVWE BICEERLE T, ZOBE
FHIZHRIIL L5,

PyObject *PyFloat_FromString(PyObject *str)
RBhfl: FHiLWEBE, XRICEBL X7 : Stable ABIL str OXFFE% b T PyFloatObject 7Y =
7 MEERLET, KT 2L NULL ZIBRL £7,

PyObject *PyFloat_FromDouble (double v)
RBROfE: $ILWBE, RICEL X7 Stable ABL. v 225 PyFloatObject A 7Y =27 M ZAEKL TR
LEd, KBS 2L NULL ZIRL %73,

double PyFloat_AsDouble (PyObject *pyfloat)

RICE L 9 : Stable ABI. Return a C double representation of the contents of pyfloat. If pyfloat is
not a Python floating point object but has a __float__() method, this method will first be called
to convert pyfloat into a float. If __float__() is not defined then it falls back to __index__Q).

This method returns -1.0 upon failure, so one should call PyErr_0Occurred() to check for errors.
N—Yar 3.8 TEHE: a[fEThHIUL __index__ () ZHS> XSk h Tl

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIETEZR. C @ double BRI TRLETH, =7 —F =z v 7 RITVERA,
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PyObject *PyFloat_GetInfo (void)

RBDfE: iLWEHE, RICBL X7 Stable ABIL float OFEE, H/ME, mAMEICET 2ERE S
structseq £ YA XV AERLET, Z4UE, float.h 7 7 A LDHNT v =TT,

double PyFloat_GetMax ()
RICEBLFT: Stable ABL float ORILT = 2 KRMEE DBL_MAX % C @ double BITIRL
S

double PyFloat_GetMin()

RICEBL X9 Stable ABI. float ®IEH{b XN 7zf/NDIEDIE DBL__MIN % C @ double BITiRL
£79,

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).

N—a v 3.11 TEM.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the
bytes string in little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian
format (exponent first, at p). The PY_BIG_ENDIAN constant can be used to use the native endian: it is

equal to 1 on big endian processor, or 0 on little endian processor.
Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

o What this does is undefined if z is a NaN or infinity.

e -0.0 and +0.0 produce the same bytes string.
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int PyFloat_Pack2(double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8(double x, unsigned char *p, int le)

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

Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes
string is in little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent
first, at p). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big

endian processor, or 0 on little endian processor.

Return value: The unpacked double. On error, this is =1.0 and PyErr_Occurred() is true (and an

exception is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or
infinity.

double PyFloat_Unpack2(const unsigned char *p, int le)

Unpack the IEEE 754 binaryl6 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)

Unpack the IEEE 754 binary32 single precision format as a C double.

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

Unpack the IEEE 754 binary64 double precision format as a C double.
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8.24 BEHAT>C Ik

Python OEZBHA 7 =27 Mid, C API 5 R2 e o0l M e LTHEIRTVET: —HAIX
Python 71275 2 L TR ENTWS Python 4 7Y =7 b T, FIEEBOEELEEZRITS C
DREEARTS, API TR, THhoX5 25 BREREL TWET,

C BE&ke L TOEER

HHFE-BD C MERZI e LTRMLAED, EDMEE LTRLZED T2883. R4 Y ZELZITSDTIE
%S EBL 275D THERLTLLEE WV, AU API 2z@ L T—HL TV T,

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. It is defined as:

typedef struct {
double real;
double imag;

} Py_complex;

Py compler _Py_c_sum(Py complex left, Py complex right)
ZOoDEFEBDOME C O Py_compler BITIRL ET,

Py _complex _Py_c_diff (Py_complex left, Py complex right)
ZODEFERDER C D Py_compler BITIRL FF,

Py _compler _Py_c_neg(Py_compler num)

BHRE num OFFEREE C O Py_complex BITIRL £,

Py complexr _Py_c_prod(Py complex left, Py complex right)
ZOoDEFEBDEE C D Py_compler B TIRLE T,

Py__compler _Py_c_quot (Py_compler dividend, Py_complex divisor)
ZOoDBEEK DT C D Py_compler BTIRL £75,

divisor B3 null DIFEIE. TDX Y v Fidt¥aZIK L., errno I EDOM v F L E 3,

Py complexr _Py_c_pow(Py_complexr num, Py complex exp)
88 exp D num Tk C D Py_complex BITIRL 3,

num % null T exp DIEDEHTRVWBEIZ, ZDXY v RiZ¥r%ZIRL. errno IZ EDOM 2t v +
LET,
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Python #7721V b L TOERKE

type PyComplexObject
Z D PyObject DH 7 XA 7i& Python ODEHREI 2 RIAL £7,

PyTypeObject PyComplex_Type
RICBLET: Stable ABL. 20D PyTypeObject DA > AR ¥ A% Python DEEBAIZRFAL 3,
Python L' 4 ¥ ® complex L[RIULA 7Y =2 FTT,

int PyComplex_Check (PyObject *p)
5180h% PyComplezObject »» PyComplezObject DY T XA T TH3 & ZICEZRLET, ZOMK
FHITHAI L LT,

int PyComplex_CheckExact (PyObject *p)
51823 PyComplezObject Td B0 PyComplexzObject DY T RA T TRVE ZIZHZRLET, Z
DB I L £ 5,

PyObject *PyComplex_FromCComplex (Py complex v)

RBDfE: 1L UWEH, Create a new Python complex number object from a C Py_complez value.

PyObject *PyComplex_FromDoubles (double real, double imag)
RD1fE: FILWBHE, RICEL X7 Stable ABIL. Return a new PyComplex0bject object from real
and imayg.

double PyComplex_RealAsDouble (PyObject *op)

RICBLZE T Stable ABIL. op OFEEE7T% C D double B TRL ¥7,

double PyComplex_ImagAsDouble (PyObject *op)
RICELZE T Stable ABIL. op OBEE/7% C @ double B TRL 73,
Py complex PyComplex_AsCComplex (PyObject *op)
BHEEUE op 25 Py_complex BUZRAERL F 3,
If op is not a Python complex number object but has a __complex__() method, this method will
first be called to convert op to a Python complex number object. If __complex__() is not defined

then it falls back to __float__(). If __float__() is not defined then it falls back to __index__().

Upon failure, this method returns -1.0 as a real value.

N—Yar 3.8 TLH: AlRETHIUE __index_ () ZFIS XS5k FEL=
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8.3 >—72RAFTTx VU b (sequence object)

S VRFT T 27 MY B R RBREIC O WTIIRTDE T TR E L=, ZDHEITI. Python
SBICb DL TVWARREDY — 7 VA4 TV 27 MZOWVWTIRHVE T,

831 NATbATDxU

TEOBEIE. N MA TV 27 PEHFLTOR5IEUIANA, b TP 27 P TRV XX EIEE L THY
H&X# 3, TypeError ZiEH L 3,

type PyBytesObject
2D PyObject DY 7 XA Fi&, Python XA v AT 27 b ERLET,

PyTypeObject PyBytes_Type

RICEL 9 Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ A&, Python N4 FNIZRL ET;
Python L' £ ¥ bytes E[RLA 7Y =2 FTT,

int PyBytes_Check (PyObject *o0)

FTP27 b oD bytes ATV 27 b bytes BIDV T XA TDA VARV ATHBGECEERL
¥, ZOBBITEICRIIL T,

int PyBytes_CheckExact (PyObject *o0)

FT7I 27 b oW bytes X TY =7 MEM bytes BIDY T RA TDA VARV ATHROVWEEICERIR
LET, ZOBBUIHEICHEIILET,

PyObject *PyBytes_FromString(const char *v)

EDOE: rtLVLWEBHE, RICEL X7 Stable ABL. fIIERIC, XFH v Dav—%2EHL T23H LWL
AMNATO 27 bEIRL, KERFIC NULL 2B L F 3, 518 v & NULL THoTERD FHA; 20D
F v 2 ThbNER A

PyObject *PyBytes_FromStringAndSize (const char *v, Py ssize t len)

BOE: FiLWEE, RICB L £9: Stable ABIL. BIIFIC, XFFH| v Dab’—2EHX $T23EX len ®
FHLOWAL MATT 27 PRKRL, RWEIC NULL 23R U %9, 915 v 23 NULL O5E. N4 R+ T
D7 FOFHEUEHLEINTVERA,

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

RBOflE: FTLWLWBE, RICBL X Stable ABL. C BI#(® printf () A XA LD format LFH| &
AIZEEDSIBEED ., FERD Python NA b4 7P 27 bod A XEFHEL, fEEfEELZERICL
Tl o TEMLINA MA TV 27 b 2IRLET, AIZERDTIEIE C 07 —2BTRIFAER ST,
format SLFHHD 7 + —< v P XF B CEEMT ONTOWRITNUERD ¥ A, RiLD 7 4 —
<~y NXFEMERATEE S
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| mstEExE | B 5%

Wk e VFSAD % K

%C int C OBEIHI TR SN H—D N1 |,

%d int printf("%d") & [[%, *!

%u unsigned int | printf("%u") X[, P 1601

%1d long printf ("%1d") ¥R, *!

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

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

%zu size_t printf ("%zu") ¥[F%, *!

%1 int printf ("%i") ¥ [[%, *!

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

%s const char* null TG X 7z C DXFF,

%p const void* C RA Y &ZD 16 #ERFL, printf ("Yp") 2IFLAYRILTY
MW, TT7v M7 —LIZBIT S printf DEFRICED D 72 { FLiH
WU T 70 0x B EET,

AT EROERIBEL TV D o 7256, B OFAXXTFINEIZOEERHROA TV =27 Mzar—&
N, B o5 IEIEH N E T,

PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
EbhfE: FTLLWEBE, RICBLZXT: Stable ABL. 5 x5 220058 EW2 22 ZFRWVWT,
PyBytes_FromFormat () FE U T,

PyObject *PyBytes_FromObject (PyObject *o)

RO{E: LW, XICEBLZXT: Stable ABL. Xy 7> 7a barr2FEEFTEZA TSIz b 0 DA
A FREERLET,

Py_ssize_t PyBytes_Size (PyObject *0)
RICBELZET: Stable ABL. X4 ATV =22 b 0 DA VRAOEXZRLET,

Py_ssize_t PyBytes_GET_SIZE(PyObject *o)

PyBytes_Size() WBTVWETH, Z57—F v 7 2fTVEEA,

char *PyBytes_AsString (PyObject *o)

RICELEFT: Stable ABL. 0 DHFEADKA Y RERLET, KA VXL, len(o) + 1 A 25
% 0 DNy 77 B E T, U null DAL IRHEZNE I D22 HLOLT,. Ny 77 D
#HDOANAL MEAT null 12D FF, PyBytes_FromStringAndSize(NULL, size) THMIN/HE
ZEROT, 7—XE2BIELTIRD A, £2RA VX2 (deallocated) LTIERD FHA, b
L. o2 bytes 7Y =27 b TRIFIUR, PyBytes_AsString () & NULL %3 L TypeError %##EH L
S
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char *PyBytes_AS_STRING (PyObject *string)

PyBytes_AsString () P TWVWETH, TI7—F = v 7 Z2ITVEEA,

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py ssize ¢ *length)

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

output variables buffer and length. Returns 0 on success.

length OEAS NULL DEE, NA ATV 27 58 null N FE2EFRWATREELR DD T, 205
&, BET -1 2R L. ValueError #EH L 3,

buffer 13 obj OWENY 7 7 2B L TWT, ZHRIEKED null N4 FHEFATVET (ZHiT
length IZI3MA OGN EVA) 7Y =2 b PyBytes_FromStringAndSize (NULL, size) THHK
ENHEERNT, MAHoTHT—E2REL TUIWITEEA, A7V 27 b 2R (deallocate)
LTHWITER A, 0obj 5 bytes A7 =7 M ThhoXiiid, PyBytes_AsStringdndSize () 13
-1 2R L TypeError ZiEH L £,

N—=a v 3.5 TEHE: DIHINE bytes 7Y =27 MZXAUANA MBEDAENT W/ L ZIZ TypeError
EREHLTOE L,

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

RICBLZET: Stable ABL. newpart DA% bytes DBRAITEFE LI LWAL bV FTI 27 b2
*bytes IERL T, MO LHEHLWSRERAE L $T, bytes DEWVHEOSIRIZE I ET,
LHLWA T 227 PR TERWIES, HW bytes DBRIIMEE XN, *bytes DIEIZ NULL IZ3E
SNF T WYIRPISNAIRESNE T,

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

RICE L E 7 Stable ABI. Create a new bytes object in *bytes containing the contents of newpart
appended to bytes. This version releases the strong reference to newpart (i.e. decrements its

reference count).

int _PyBytes_Resize (PyObject **bytes, Py ssize t newsize)

A way to resize a bytes object even though it is ”immutable”. Only use this to build up a brand
new bytes object; don’t use this if the bytes may already be known in other parts of the code. It is
an error to call this function if the refcount on the input bytes object is not one. Pass the address
of an existing bytes object as an lvalue (it may be written into), and the new size desired. On
success, *bytes holds the resized bytes object and 0 is returned; the address in *bytes may differ
from its input value. If the reallocation fails, the original bytes object at *bytes is deallocated,

*bytes is set to NULL, MemoryError is set, and -1 is returned.
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8.3.2 bytearray A7V b+

type PyByteArrayObject
ZD PyObject DY 7 XA & Python @ bytearray 7Y =2 b E2RLET,
PyTypeObject PyByteArray_Type

RICBLEFT: Stable ABL. Z® PyTypeObject DA > A X ¥ A%, Python bytearray %/~ L %
3, Python L 4 ¥ TD bytearray AL A 7Y =7 b TT,

BFrrzvyovonO

int PyByteArray_Check (PyObject *0)
FT7T 27 b oW bytearray 7Y =2 b+ D bytearray BDY T XA TDA VAR ATHBGEI
HriRLET, ZORBIEICHEIILET,

int PyByteArray_CheckExact (PyObject *o0)

F TP =7 b o bytearray A 7Y = 7 b7EA bytearray BOY TR A TDA VR E Y ATIRWEE
WEZRLET, ZOBRBIIECRILET,

A1 Lo~ APl B9

PyObject *PyByteArray_FromObject (PyObject *0)
RBDME: FILWBH, RICBL X Stable ABL buffer protocol #EELIEBEDF T =7 b o »
5. # LW bytearray A 7 =7 P EIER L. BLET,

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize (¢ len)
RBOfE: HTLWEHE, XRIZBL £ 7 Stable ABIL Create a new bytearray object from string and its
length, len. On failure, NULL is returned.

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
RDO{E: FiILWLWBHE, RICBL 9 : Stable ABL. bytearray a & b %3S L7255 R 237 L\ bytearray
ELTERLET,

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

char *PyByteArray_AsString(PyObject *bytearray)

RICEBLE T Stable ABIL. NULL R4 Y& F = v 7 DRI bytearray DNE% char BiFle L TRL %
j‘o éﬂ%@ﬂﬁ”@di n%kﬁ? \7’;; null XA }‘ﬁlj_j]uéhij_o

int PyByteArray_Resize (PyObject *bytearray, Py ssize t len)
RICEL £7: Stable ABI. Resize the internal buffer of bytearray to len.
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<0
UFo~7ald, RAVEDF 2y 7R LBV I D ZelteBtic L TAY—F2ELELTVET,

char *PyByteArray_AS_STRING(PyObject *bytearray)

PyByteArray_AsString O BTV ETH, =57 —F v 7 2{TVERA,

Py _ssize_t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size () IPTWETH, T7—F v 7 2ITVEEA,

8.3.3 Unicode #7217 F ¥ codec

Unicode #7217 bk

Python3.3 @ PEP 393 FE¥E» 6, X EURMREHER L7225 Unicode XFD7RERFMZIRZ 5 Xk 512,
Unicode 7Y = 7 MIPIFRNCZRAERTERZHVTWE T, IXRXTOa— KRS > 25128, 256 7=
1% 65536 A ROXFFNTH U TR —ADTEEL T2, 20O Tida— FARA ¥ Md 1114112 IR
(ZAUZFTRTD Unicode HiPHTF) TRIFNUUIRD FEA,

Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and ineflicient.

Due to the transition between the old APIs and the new APIs, Unicode objects can internally be in two

states depending on how they were created:

e ”canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use

the most efficient representation allowed by the implementation.

o "legacy” Unicode objects have been created through one of the deprecated APIs (typically
PyUnicode_FromUnicode()) and only bear the Py_UNICODE#* representation; you will have to
call PyUnicode_READY() on them before calling any other API.

3EFR: The "legacy” Unicode object will be removed in Python 3.12 with deprecated APIs. All Unicode

objects will be ”canonical” since then. See PEP 623 for more information.

Unicode &

LI NiE Python @ Unicode FHEIWZHW SN TWBHEA Unicode A 7Y =7 FITS:

type Py_UCS4
type Py_UCS2
type Py_UCS1

RICBLETY: Stable ABL. Zh o0z, 2z, 328y b, 16y b, ZLT8E Y FPOXNF
ZRFET 2 DICHD BRI ER OS2 L ORI O typedef TF, H—d Unicode XF%2K 5 HER.
Py_UCS % BLAT {35\,
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N—a v 3.3 Tl

type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.
N—=Tar 3.3 TEH: LHETONN— 3 > TlE, Python 2 EJL F L7z "narrow” F721% "wide”
Unicode X— a YD EELEBERLPICL->T, 16 By b2 32y FOEYBE LTI > TV
F L7

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject

B D PyObject OV 7 XA Fi& Python Unicode 7Y =7 F 2RI L %3, Unicode 7Y =
7+ EW/HETO API BIEIE PyObject ~DKRA ¥ R %EZIFHL - T PyObject NDKRA ¥ XEERTD
T, B ALDHE, ThoOREPEREFES NETIEHD ERA,

N— ar 3.3 TEM.

PyTypeObject PyUnicode_Type
RICEBLZET: Stable ABI. This instance of PyTypeObject represents the Python Unicode type.

It is exposed to Python code as str.

The following APIs are C macros and static inlined functions for fast checks and access to internal
read-only data of Unicode objects:
int PyUnicode_Check (PyObject *obj)
F 7Y b obj B Unicode & 7Y =2 k% Unicode MDY T 24 DA VARV RATHB5HEIT
HZ2RELET, ZOBBEEICHRILET,
int PyUnicode_CheckExact (PyObject *obj)
A7 2 b obj A Unicode A7V 27 WIEBY T XA TDA VARV ATRWHEIZEZRLET,
COBBIEHEICHRIIL £ T,
int PyUnicode_READY (PyObject *unicode)
Ensure the string object o is in the ”canonical” representation. This is required before using any

of the access macros described below.

Returns O on success and -1 with an exception set on failure, which in particular happens if

memory allocation fails.
N— a ¥ 3.3 TEM.

N—Ya ¥ 3.10 TIHRE, ~N—Y 3> 312 THIBRFE: This API will be removed with
PyUnicode_FromUnicode().
Py ssize_t PyUnicode_GET_LENGTH(PyObject *unicode)

Unicode XFH|Da— RKRA > P TOEIZRLF T, unicode 13 7 IEHR” IR D Unicode F
TV FPTRINERD ERA (B LF v Z7IELERA)
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N—Y a ¥ 3.3 TEM.

Py UCS1 *PyUnicode_1BYTE_DATA (PyObject *unicode)
Py UCS2 *PyUnicode_2BYTE_DATA ( PyObject *unicode)
Py UCS/ *PyUnicode_4BYTE_DATA (PyObject *unicode)

Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for
direct character access. No checks are performed if the canonical representation has the correct
character size; use PyUnicode_KIND() to select the right macro. Make sure PyUnicode_READY ()

has been called before accessing this.
N—a v 3.3 Tl

PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND

PyUnicode_KIND() =7 B DR DIETT,
N— a3 »v 3.3 TEM.
N— a v 3.10 TIEHELE, N— a3 > 3.12 THIBRFE: PyUnicode WCHAR_KIND is deprecated.

int PyUnicode_KIND(PyObject *unicode)

Z @ Unicode 87 =X ZRIFET 2 DIT 1 XFEH 7 DAL Mo TWB %R PyUnicode FAID
R (LZTATLEZIWV) D55 1 2% LET, unicode 13 7 1IEFLR” REJER D Unicode F 7
Sx s b TRIIERD $EA (FRELF = v ZIELERA),

N— a v 3.3 Tl

void *PyUnicode_DATA (PyObject *unicode)
4@ Unicode Ny 7 7 AD void K4 ¥ X ZIRL £, unicode 1¥ 7 IEHLR” £BHHA D Unicode F
TV FPTRIFINERD EFRA (R LF 2y Z7IELERA)

N—a v 3.3 Tl

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

Write into a canonical representation data (as obtained with PyUnicode_DATA()). This function
performs no sanity checks, and is intended for usage in loops. The caller should cache the kind
value and data pointer as obtained from other calls. index is the index in the string (starts at 0)

and value is the new code point value which should be written to that location.
N—a ¥ 3.3 THE.

Py UCS/ PyUnicode_READ (int kind, void *data, Py ssize ¢ index)
IEMERBRER 8o TWd (PyUnicode DATA() THUFL7z) data 7253 — FARA >+ Z2HiAHD
FT, Fxv ZRHEAMEO~ I v IOH LIE—UTbh A,

N—= 3 > 3.3 TiB
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Py_UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py _ssize ¢ index)

Unicode 7Y =7 b unicode 75X FoHHAIMD £3, 2D Unicode A 7Y =7 ME ” IEFR” &
BUERTRIIIRD F8 A MIE DG L THARDHEIIE. D2 1k PyUnicode_ READ()
XD BIERERMTT,

N— ar 3.3 TEM.

Py_UCS/ PyUnicode_MAX_CHAR_VALUE ( PyObject *unicode)

unicode DNV THOXFHNEEZDICHE LR KDaA— FERL Y FEIRLET, ZD Unicode #
TV ME T IEHR? BREATRIUEED XA, ZOHEZEICHEMTTN, FH k%
N3 &b BEEHTT,

N— g v 3.3 TEM.

Py_ssize_t PyUnicode_GET_SIZE(PyObject *unicode)

Return the size of the deprecated Py_UNICODE representation, in code units (this includes surrogate

pairs as 2 units). unicode has to be a Unicode object (not checked).

N—= a ¥ 3.3 TIEHLE, N— 3> 3.12 THIBRTE: Part of the old-style Unicode API, please
migrate to using PyUnicode_GET_LENGTH().

Py ssize t PyUnicode_GET_DATA_SIZE(PyObject *unicode)

Return the size of the deprecated Py_UNICODE representation in bytes. unicode has to be a Unicode
object (not checked).

N—= a ¥ 3.3 TIEHLE, ~N— 3> 3.12 THIBRTE: Part of the old-style Unicode API, please
migrate to using PyUnicode_GET_LENGTH().

Py UNICODE *PyUnicode_AS_UNICODE (PyObject *unicode)
const char *PyUnicode_AS_DATA (PyObject *unicode)

Return a pointer to a Py_UNICODE representation of the object. The returned buffer is always
terminated with an extra null code point. It may also contain embedded null code points, which
would cause the string to be truncated when used in most C functions. The AS_DATA form casts

the pointer to const char*. The unicode argument has to be a Unicode object (not checked).

N—Y a ¥ 3.3 TAHE: This function is now inefficient -- because in many cases the Py_UNICODE
representation does not exist and needs to be created -- and can fail (return NULL with an ex-
ception set). Try to port the code to use the new PyUnicode_nBYTE_DATA() macros or use
PyUnicode_WRITE() or PyUnicode_READ().

N—= a v 3.3 TIEHLE, ~N—Y 3> 3.12 THIBRTE: Part of the old-style Unicode API, please
migrate to using the PyUnicode_nBYTE_DATA() family of macros.

int PyUnicode_IsIdentifier (PyObject *unicode)

RICEL F9: Stable ABL. X423, identifiers fiDOFiEERICBIF 2 B+ THIUL 1 iR
LET, 2L OHEEEX 0 BIRLE T,
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N—=Ya ¥ 3.9 TEHE: The function does not call Py_FatalError() anymore if the string is not

ready.

Unicode XF70O/NT+

Unicode 3% DR 2 XF 70,87 4 (character property) ZHELTWE T, Kb XFT v
R 43 MFO= 2o CHETEES, cb0< 2 1iE Python OREIE LT, &4 C OB
FreshTtngEd,
int Py_UNICODE_ISSPACE(Py UCS/ ch)

ch BDEAXFNPEIPIIHCT 1 210 2RLET,

int Py_UNICODE_ISLOWER(Py UCS4 ch)
ch D/INFEPESIPITIETT 1 £21E 0 ZRLET,

int Py_UNICODE_ISUPPER(Py UCS/ ch)
ch BRIXFHESPIIGLT 1 72130 ZIEL XS,

int Py_UNICODE_ISTITLE(Py UCS/ ch)
ch R A bV —ZAF (titlecase character) 2225 IZIGLCT 1 £721% 0 2R L E T,

int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)
ch BATLFDEI DI T 1 £k 0 2 RLET,

int Py_UNICODE_ISDECIMAL(Py UCS/ ch)
ch 73 decimal XFEMNESNIELT L ¥ 02 RLETS,

int Py_UNICODE_ISDIGIT(ny UCS4 ch)
ch 7 digit XFPEIPIIELT 1 $712 0 ZELET,

int Py_UNICODE_ISNUMERIC(Py_UCS/ ch)
ch F (numeric) XFPEIPIZIECT 1 £7213 0 ZIRL X T,

int Py_UNICODE_ISALPHA(Py UCSY ch)
ch DTN T 7Ry MXFENPEIPIIHET 1 F213 0 BRLET,

int Py_UNICODE_ISALNUM(Py UCS/ ch)
ch DERSLFNE ST CT 1 E/213 0 ZRLE T,

int Py_UNICODE_ISPRINTABLE(Py UCS/ ch)

Return 1 or 0 depending on whether ch is a printable character. Nonprintable characters are
those characters defined in the Unicode character database as ”Other” or ”"Separator”, excepting
the ASCII space (0x20) which is considered printable. (Note that printable characters in this
context are those which should not be escaped when repr() is invoked on a string. It has no

bearing on the handling of strings written to sys.stdout or sys.stderr.)

DUR D APT &, @I EE T EIR 2T S Db x 7

8.3. =T YRATT IV I (sequence object) 167



The Python/C API, U —2X 3.11.14

Py _UCS/ Py_UNICODE_TOLOWER(Py UCS/ ch)
ch Z/NCFIEMR L7 DKL ET,

N— a v 3.3 TIEHESE: This function uses simple case mappings.

Py UCS/ Py_UNICODE_TOUPPER(Py [UCS/ ch)
ch B RXFIEBRLI2DDERLET,

N— a ¥ 3.3 TIEHESRE: This function uses simple case mappings.

Py UCS/ Py_UNICODE_TOTITLE(Py UCS/ ch)
ch 224 MV —ALFIRZEBRLIZDOERLET,
N— a v 3.3 TIEHESE: This function uses simple case mappings.

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 macro 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

macro does not raise exceptions.

double Py_UNICODE_TONUMERIC(Py UCS/ ch)

Return the character ch converted to a double. Return -1.0 if this is not possible. This macro

does not raise exceptions.
oD APLiZ¥asr — M F 3
Py_UNICODE_IS_SURROGATE(ch)

ch 3% — kHh Y 5h (0xD800 <= ch <= OxDFFF) #F = v 7 L %7,
Py_UNICODE_IS_HIGH_SURROGATE(ch)

ch B E¥ a5 — b ¥ 5% (0xD800 <= ch <= 0xDBFF) #F = v 7 L% 7T,
Py_UNICODE_IS_LOW_SURROGATE (ch)

ch RO Bs — k2 55 (0xDCO0 <= ch <= OxDFFF) #F v 7 LE7T,

Py_UNICODE_JOIN_SURROGATES (high, low)

Join two surrogate characters and return a single Py_ UCS4 value. high and low are respectively

the leading and trailing surrogates in a surrogate pair.
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Unicode XFFDERE 77X

Unicode A 72 =27 24K L7720, Unicode D —4 YR L TORARN LTI F 4127 27X LD
F 3121, LURD API Z2{fioTL 72XV

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

BhE: FiLWBHE, #H LW Unicode A 72 =7 M 2EML T, mazchar 1 XXXFHNIWNRZ a3 —F
ALY FOELWRAMIC TR ECY, ZOMIEHEEYE LT 127, 255, 65535, 1114111 O—FFL
fEHiIcHIb EiFsh 3,

This is the recommended way to allocate a new Unicode object. Objects created using this function

are not resizable.

N— g v 3.3 TEM.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py _ssize_t size)

BRbhfE: HiLLWER G250k kind DT % EIE PyUnicode IBYTE KIND 7% ¥ O
PyUnicode_KIND() AR ETT) @ Unicode A 7Y =7 b ZAERL T, buffer X, A bh
7z kind 1205 T 1 XFHD 1,2, 4 XA POVWTHpRHEAE LT, £ size DEFIANDERA V&
TRIFNUIZRD £E A

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

N— a ¥ 3.3 TEM.

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

BDhE: HiLWLWBE, XIZEL 79 Stable ABIL. Create a Unicode object from the char buffer str.
The bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object.
If the buffer is not NULL, the return value might be a shared object, i.e. modification of the data

is not allowed.

If str is NULL, this function behaves like PyUnicode_FromUnicode () with the buffer set to NULL.
This usage is deprecated in favor of PyUnicode_New(), and will be removed in Python 3.12.

PyObject *PyUnicode_FromString(const char *str)

RBDOE: FiLWEEE, XICEBL X Stable ABI. UTF-8 > a— FXN7 null KIFD char BNy
7 7 str 7*5 Unicode 7P =2 b AR L E T,

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

RBDE: FLWBHE, RICBL X7 Stable ABIL. Take a C printf ()-style format string and
a variable number of arguments, calculate the size of the resulting Python Unicode string and
return a string with the values formatted into it. The variable arguments must be C types and must
correspond exactly to the format characters in the format ASCII-encoded string. The following

format characters are allowed:
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‘ Format Characters B! %

Dot n/a The literal % character.

%e int A single character, represented as a C int.

%d int Equivalent to printf ("%d")."!

%u unsigned int Equivalent to printf ("%u").P- 170 *!

%1d long Equivalent to printf ("%1d").*!

%li long Equivalent to printf ("%1i").*!

%lu unsigned long Equivalent to printf ("%1u").*!

%11d long long Equivalent to printf ("%11d").*!

%114 long long Equivalent to printf ("%11i").*!

%11lu unsigned long long Equivalent to printf ("%11u").*!

%zd Py ssize_t Equivalent to printf ("%zd").*!

%hzi Py_ssize_t Equivalent to printf ("%zi").*!

%hzu size_t Equivalent to printf ("%zu")."!

%i int Equivalent to printf ("%i").*!

%x int Equivalent to printf ("%x")."!

%s const char* null TS N7z C DIFF,

%p const void* The hex representation of a C pointer. Mostly
equivalent to printf ("%p") except that it is
guaranteed to start with the literal 0x
regardless of what the platform’s printf
yields.

%A PyObject™* ascii() DR fHE,

%U PyObject™ Unicode 7> =7 b,

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

%S PyObject* PyObject_Str() DR fE,

%R PyObject* PyObject_Repr() DR fH,

An unrecognized format character causes all the rest of the format string to be copied as-is to the

result string, and any extra arguments discarded.

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

N—=a ¥ 3.2 TEHE: "411d", "%11lu" OV K— b2BMEINE Lz,

*1 For integer specifiers (d, u, Id, li, lu, 11d, 1li, llu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision

is given
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N— g 3.3 TEH: "1i", "%11i", "%zi" OV R— BB MXhF L,

}§__y aY 3.4 \/GB?":E "%S", "%A", "%U", |I%VI|7 ll%sn7 "%R" -fc\\@rl]g‘j F— v &HJ: U:ﬁ{?’éﬁj * —
<y XAOYR—-FPBIMENE L,

PyObject *PyUnicode_FromFormatV(const char *format, va_ list vargs)
RODfE: FiLWBEB, RICBLZXT: Stable ABL. 5 x5 ¥ 22005 8%MW5 & EZRVT,
PyUnicode_FromFormat () RT3,

PyObject *PyUnicode_FromObject (PyObject *obj)

ROfE: FiLWEBHE, XICEBL 9 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 Z D% 7 XA TDNDA TP =7 b TIE TypeError 25| EfZINF T,

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

Bhfl: HiLWBE, RICBLET: Stable ABL. =>a—RFXNLTW3 obj % Unicode £ 7Y =2
MZFa—FLET,

bytes % bytearray D bytes-like objects %, 5 Z &7z encoding 1IZHE->TF a— K X4, errors
TERINLZ T =AY R U 7WfEbhEd, U605 8IER L b NULL ICTE, ZOHEID
APL 37 7 4V MEZENE S (FEL 2 21X #AHIAH codec (built-in codec) Z#BILTLZE W),

Z DD Unicode 7Y =7 + 2 &G A 7Y = 7 M TypeError fIAN 25| &I L £ 5,

ZDAPLIE, =7 =T/ ZIE NULL 2R L E T, MUH LIRS NA 7Y =7 ML
ZAY X% 1 DS T (decref) TE2EMENDD 7,

\

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
RICBLFT: Stable ABI (IN—23> 8.7 4&D). Unicode #7927 +OEEZa— KL VT
KL%,
N— a v 3.3 TEM.
Py ssize_t PyUnicode_CopyCharacters (PyObject *to, Py _ssize t to_start, PyObject *from,
Py ssize_t from_ start, Py ssize ¢ how__many)

» 3 Unicode #7227 b oHMAXFEaV—LET, ZOBEBITIHNER L ZITXFEHEEITVL,
AIRER A memepy O NELRLE 3, KDL =12id -1 2BL, fINEHRELE T, £5 TRV
BEEZ, av—LUEXFEERLET,

N— g v 3.3 TEM.

Py_ssize_t PyUnicode_Fill(PyObject *unicode, Py _ssize t start, Py _ssize_t length, Py UCS/
fill char)
XFHN %X FTHD ET: unicode [start:start+length] T fill_char Z¥D 2 Z IR D T,

fill_char H3CFHNDRART LD S REVWHER. X7 2 DU EOBRER - TREEIZRKL
9,
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EBEAALEYFRERT ), KO =12 -1 ZRULHANEZEHL T,
N— a v 3.3 TEM.

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

RICBELFJ: Stable ABI (/N\—2 3> 8.7 &D). Write a character to a string. The string
must have been created through PyUnicode_New(). Since Unicode strings are supposed to be

immutable, the string must not be shared, or have been hashed yet.

This function checks that unicode is a Unicode object, that the index is not out of bounds, and

that the object can be modified safely (i.e. that it its reference count is one).
N—a ¥ 3.3 THE.

Py UCS/ PyUnicode_ReadChar ( PyObject *unicode, Py ssize t index)

RICBLET: Stable ABL (IN—=23Y 3.7 &D). XFH»pOXFRHAMD ET, T7—F v
T IR\ PyUnicode  READ_CHAR() &IIXXHEMNIC, Z DRI unicode 73 Unicode A 7Y =7 b
ThdZe. ATy 7 ADHMENTHZ 2 F =y 7 LET,

N—a v 3.3 Tl

PyObject *PyUnicode_Substring (PyObject *unicode, Py ssize t start, Py ssize ¢ end)
RDME: FiLLWBHE, RICBLEXT: 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.
N— a v 3.3 TEM.
Py UCS/ *PyUnicode_AsUCS4 (PyObject *unicode, Py UCS/ *buffer, Py ssize ¢ buflen, int
copy__null)
RICBELEFT: Stable ABL (IN—=23> 3.7 &D ). Copy the string unicode into a UCS4 buffer,

including a null character, if copy_null is set. Returns NULL and sets an exception on error (in
particular, a SystemError if buflen is smaller than the length of unicode). buffer is returned on

SucCcess.
N—3 g v 3.3 TEM.

Py_UCS/ *PyUnicode_AsUCS4Copy (PyObject *unicode)

RICBLFT: Stable ABL (IN=23 > 3.7 & D). SLFH| unicode % PyMem_Malloc() TXEVHELR
ENTZHLVWUCSA DNy 7 712a¥— LT, TAHKRML725E1E, NULL %3R8 L MemoryError
Zty PLET, BENNY 770387 null 23— FKRA4 ¥ bAENEATVET,

N—Y a ¥ 3.3 TEM.
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Deprecated Py__UNICODE APIs

N—a v 3.3 CIHERE, ~N—2 a3 3.12 CHIRTE.

These API functions are deprecated with the implementation of PEP 393. Extension modules can
continue using them, as they will not be removed in Python 3.x, but need to be aware that their use can

now cause performance and memory hits.

PyObject *PyUnicode_FromUnicode (const Py UNICODE *u, Py _ssize_t size)

RBDfE: :1ILWLWBE, Create a Unicode object from the Py UNICODE buffer v of the given size.
u may be NULL which causes the contents to be undefined. It is the user’s responsibility to fill in

the needed data. The buffer is copied into the new object.

If the buffer is not NULL, the return value might be a shared object. Therefore, modification of the

resulting Unicode object is only allowed when u is NULL.

If the buffer is NULL, PyUnicode_READY() must be called once the string content has been filled

before using any of the access macros such as PyUnicode_KIND().

N—=Yarv 33 TIHER ~N—Ya>r 312 THIBRTE: Part of the old-style Unicode
API, please migrate to using PyUnicode_FromKindAndData (), PyUnicode_FromiWideChar(), or
PyUnicode_New().

Py_UNICODE *PyUnicode_AsUnicode ( PyObject *unicode)

Return a read-only pointer to the Unicode object’s internal Py_UNICODE buffer, or NULL on error.
This will create the Py_UNICODE* representation of the object if it is not yet available. The buffer
is always terminated with an extra null code point. Note that the resulting Py UNICODE string
may also contain embedded null code points, which would cause the string to be truncated when

used in most C functions.

N—a v 3.3 TIHRE, N— 3 3.12 THIBRTZE: Part of the old-style Unicode API, please
migrate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar(), PyUnicode_ReadChar() or

similar new APIs.

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py _ ssize t *size)

Like PyUnicode_AsUnicode (), but also saves the Py_UNICODE() array length (excluding the extra
null terminator) in size. Note that the resulting Py_UNICODE* string may contain embedded null

code points, which would cause the string to be truncated when used in most C functions.
N— a ¥ 3.3 TE.

N—= a ¥ 3.3 TIEHESE, ~N— 3> 3.12 THIBRTIE: Part of the old-style Unicode API, please
migrate to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar() or

similar new APIs.

Py ssize t PyUnicode_GetSize (PyObject *unicode)

RICEBLF Y Stable ABI. Return the size of the deprecated Py_UNICODE representation, in code

units (this includes surrogate pairs as 2 units).
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N— a v 3.3 TIEHLE, N—Y 3 > 3.12 THIBRTE: Part of the old-style Unicode API, please
migrate to using PyUnicode_GET_LENGTH().

O4y—JIT>d—5Fa >y

HiEon sy — N2y a—F4 Y3 FRL—FT 4 VIV RATLADTFRA N e Fa— R T30z 75,

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

RBDE: HILWEBER, RICELFT: Stable ABI (IN\—23 > 3.7 &D ). Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported
error handlers are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict"
error handler if errors is NULL. str must end with a null character but cannot contain embedded

null characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
BE:

Py_DecodeLocale () FA%,

N— a v 3.3 Tl

N—=Ya v 3.7 TEHE: ZoBIE. Android MATRBEOR S — VT va—F 4 v 7%
surrogateescape L7 — Y F I Tfi5 X512k D ¥ L7k, LLATIE. Py DecodelLocale() 73
surrogateescape Cffibh, BEDR I — LTy a—F 4 ¥ Z7i& strict TELDNLTVE Lz,

PyObject *PyUnicode_DecodeLocale(const char *str, const char *errors)

BRDfE: HiLWBR, XRICBLZFXJ: Stable ABl (IN—2 3> 37 &D).  Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen().

N— ar 3.3 TEM.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

REOflE: FILWBHER, RIZBLE T Stable ABI (N—3 > 3.7 &D). Encode a Unicode object
to UTF-8 on Android and VxWorks, or to the current locale encoding on other platforms. The
supported error handlers are "strict" and "surrogateescape" (PEP 383). The encoder uses
"strict" error handler if errors is NULL. Return a bytes object. unicode cannot contain embedded

null characters.

Use PyUnicode_EncodeFSDefault () to encode a string to Py_FileSystemDefaultEncoding (the

locale encoding read at Python startup).
This function ignores the Python UTF-8 Mode.
BE:

Py_EncodeLocale () FA%L,
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N—Y a ¥ 3.3 TEM.

N—=Yay 37 TEE: ZoOBHBE. Android MU TRBEEOR S — Vv a—-F 1 v 7%
surrogateescape L7 —NY R I TS5 k5127 D % L%, MUATIE. Py_EncodelLocale() ¥
surrogateescape Tffibil, HEDOR Sy — LTy a—F 4 ¥ 2 strict TbATVE L,

T7AINSRFLIYA—T1 Y

To encode and decode file names and other environment strings, Py_FileSystemDefaultEncoding should

be used as the encoding, and Py_FileSystemDefaultEncodeErrors should be used as the error handler

(PEP 383 and PEP 529). To encode file names to bytes during argument parsing, the "0&" converter

should be used, passing PyUnicode_FSConverter() as the conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)

RICEB L £9: Stable ABI. ParseTuple converter: encode str objects -- obtained directly or
through the os.PathLike interface -- to bytes using PyUnicode_EncodeFSDefault (); bytes ob-
jects are output as-is. result must be a PyBytesObject* which must be released when it is no

longer used.
N—a v 3.1 TEm.

N—=Ya ¥y 3.6 TEHE: path-like object 2T AND L1 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)

RICE L £ 9: Stable ABI. ParseTuple converter: decode bytes objects -- ob-
tained either directly or indirectly through the os.PathLike interface -- to str using
PyUnicode_DecodeFSDefaultAndSize(); str objects are output as-is. result must be a

PyUnicodeObject* which must be released when it is no longer used.
N—Pa ¥ 3.2 TEMM.

N—= a ¥ 3.6 TEH: path-like object BT AND X DHITiDFE L=,

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

RDME: iLWEHE, XIZEL 9 Stable ABL Decode a string from the filesystem encoding and

error handler.
If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to decode a string from the current locale encoding, use

PyUnicode_DecodeLocaleAndSize ().
BE:

Py_DecodeLocale () FA%,
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N—a ¥ 3.6 TEH: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

RD1ME: FiILWLWBHE, XICE L £ 9 Stable ABIL. Decode a null-terminated string from the filesystem

encoding and error handler.
If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.

N—Ta v 3.6 TEH: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

BRbDfE: HLLWBE, RICEBLFXTY: Stable ABI. Encode a Unicode object to
Py_FileSystemDefaultEncoding with the Py_FileSystemDefaultEncodeErrors error handler,
and return bytes. Note that the resulting bytes object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-
not be modified later. If you need to encode a string to the current locale encoding, use

PyUnicode_EncodeLocale().
BE:

Py_EncodeLocale() FA%K,
N—P a ¥ 3.2 TEM.

N—a v 3.6 TEH: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t H7R—hk

wchar_t Z¥R—FF 2577y M7+ —LTOD wchar t HH— b

PyObject *PyUnicode_FromWideChar (const wchar t *wstr, Py ssize t size)

RDME: iLWBH, XICEBL £ Stable ABIL 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)

RICEB L F9: 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

176

%8 EZE BRATZ 1Y b+ (concrete object) L1



The Python/C API, U —2X 3.11.14

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)

RICBELEFT: 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.
N—a v 3.2 Tl

N— a ¥ 3.7 TAEH: Raises a ValueError if size is NULL and the wchar_t* string contains null

characters.

#0737 % codec (built-in codec)

Python 12i&, IEHEZ & 572912 C TEDP N codec BRIZTHHY £F, ZNBHLTD codec 1ZUAT
DN L TEENHTE T,

LITF®D API D% W, encoding & errors £\WH ZOD5IE L D FT, ZThHD T X—&i%, HAAA
DXFHNAYRA NI IR THD str) ITBIFEEZADAAT AR EFELEREFRD £,

Setting encoding to NULL causes the default encoding to be used which is UTF-8. The file sys-
tem calls should use PyUnicode_FSConverter() for encoding file names. This uses the variable
Py_FileSystemDefaultEncoding internally. This variable should be treated as read-only: on some
systems, it will be a pointer to a static string, on others, it will change at run-time (such as when the

application invokes setlocale).

errors TIHET 27 —LH b F/-, NULL Zf5ETEFE T, NULL 2$65ET S &, codec TEEINTWL
57730V MUBOFERAEZEKRLET, 2 TDHARAA codec T, 77 4L b DT T LT "strict”
(ValueError 2k § %) ko TWVWET,

il %2 D codec IZBTHEMDA VR —T 2 —A %o TWVET, D codec DFAATIX. FHEHZEEICT 2
DI TORNHADA VX =7 2 — R DEWEITERHBLTWET,
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A codec

MIRIXINHA codec @ API TF:

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

*errors)

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

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

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

BOfE: HrLWLWBE, RICBL XY Stable ABL Unicode # 7Yz 7 b2 >a— KL, ZOERE
Python @ bytes # 7Y =27 h & L TTIRL £, encoding B & errors 1% Unicode D encode () X
Vv FIZEZBABDRIA—REFALEKRZRBET, HHT 2 codec DIZRIZ. Python ® codec
LIZA MY 2o TITWET, codec IS ZEN L7HEICIE NULL 23R L £3,

UTF-8 Codecs

MU NZ UTF-8 codec ® API T3

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

RD{E: HrILWEBE, RICBL XY Stable ABL. UTF-8 T a— KXz size N4 +DXXFEH| str
525 Unicode #7222 b AR LET, codec D3FISZ A LZ5GEICIE NULL 2R L9,

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

Py_ssize__t *consumed)

EbfE: #HmMLLWBE, XRICBL X J: Stable ABL consumed 7% NULL O 35 &,
PyUnicode_DecodeUTF8() LU & 5 WCHEIfEL ¥ 5. consumed 7% NULL THRWHE, KEDOR
5E27% UTF-8 N4 FMEL I - BRENFEA, THHDNAL METFTa—-RFEhT, 7a—-FE
N4 MUK consumed WHSHX N E T,

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

EDE: FiLWVWEE, XICBL X7 Stable ABIL. UTF-8 T Unicode 7> xz2 bExT>a— KR L.
FER % Python N4 MIF 727 b2 LTGRLULE S, =7 I "strict” T, codec 2365 % %
H U 72358021 NULL 2R L ¥5,

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py ssize t *size)

RICBLFT: Stable ABI (IN—23> 3.10 &D ). Unicode # 7Y =2 +% UTF-8 TZya—FL
b DANDRA Y EZIRL, Trya— FEINERBBTOY A X (N4 ML) & size ITHIAL %
Fo size 51HUT NULL THIHOVEBA; ZOEEEFT A ZIBHENEEA, BENZ NNy 7 7121,
null 23— RRA VI H 20502 O 6T, FIZ null N4 PGSR THETS (Zhi
size WITRIEZNELEA),

In the case of an error, NULL is returned with an exception set and no size is stored.
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This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls
will return a pointer to the same buffer. The caller is not responsible for deallocating the buffer.
The buffer is deallocated and pointers to it become invalid when the Unicode object is garbage

collected.

N—a ¥ 3.3 THE.

N—=a ¥y 3.7 TEHE: IRDEDED char * Tid7#{ const char * 7D F L7z,
N—3 a ¥ 3.10 TZH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize() LIXIZF U TTH, + A4 XML XE A
N— a ¥ 3.3 TEM.

N—Tay 3.7 TEH: RDEDEID char * TlX7 { const char * I D L=,

UTF-32 Codecs

L& UTF-32 codec API T3
PyObject *PyUnicode_DecodeUTF32 (const char *str, Py _ssize t size, const char *errors, int
*byteorder)

RBOfE: HiLWEBEB, RICELET: Stable ABL. UTF-32 Ty a— RENENy 7 7 TFHH 5
size X b7 2—F L, Unicode ¥ 7Y =27 b L TRLUE T, errors i& (NULL TZRWAESH) TT—
ANYRIRIEELET, 7740 M Tstrict” T,

byteorder 7% NULL THRWK, 7a—XF5 X560, b A =X —TT7a— FEHBLET,

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

*byteorder 25 0 T, ANT—XDERAID 4 XA bH byte order mark (BOM) 7 51F, 7a—XKik
DN bPA=Z=1ZYIh B X, BOM 1Z5ERD Unicode XFF|I2a ¥ — XN FH A, *byteorder
M -1 23 1 251X, £ TD byte order mark [ FHIcav—3h %3,

FaA— FRET LKk ANTF—ROEIRIKZFEETDOANL b+ — & —% *byteorder 12 v b L
7,

byteorder 7% NULL ® ¥ ¥, codec & native order £— R TR L F 3
codec DMIF 2 FAE X BT ¢ i NULL 2R L £,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py ssize t size, const char *errors, int

*byteorder, Py _ssize_t *consumed)

EDMHE: HLWEsEE, XICB L FXFTJ: Stable ABIL consumed 75 NULL O ¥ |
PyUnicode_DecodeUTF32() R U X 5 IR 2 |\ ¥ 3, consumed 75 NULL TRV & X,
RE= A 7 S| b Yl iz n 23 [ 7z &
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D) UTF-32 N4 Mz - LTHWERA, REDORFTELR2ZANAL MlETFa—- s, 7a—
R XNz NA N consumed WSS NE T,
PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

RBOfE: iLWBHE, RICBL X7 : Stable ABL. x4 7 4 74 b+ —X—T UTF-32 =>a—7 4
¥ 7 &Nz Python N4 P XXFHNEIRLET, XFINEFEIC BOM ~— 2 THEDFET, =7 -1V
K 21 "strict” T3, codec SN EFAEX T2 ZIX NULL 2IBL 75,

UTF-16 Codecs

LURIE UTF-16 codec ® API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py _ssize t size, const char *errors, int
*byteorder)
RDE: HLWBE, RICBL X Stable ABL UTF-16 TZYa— KXN/Ny 77 s 25 size
NAMRFFTa—FLT, fR%Z Unicode A 7Y =2 FTIRLE T, errors i& (NULL TRWEE) T
7 —WHTTERERL KT, T 7 40 MER Tstrict” T3,

byteorder 7% NULL THRWK, 7a—XF5 26NN, bA—X—T7a— FEHBLET,

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

xbyteorder 25 0 T, ANIT—XRDFKEH2 N4 F23INA bA—K—<—2 (BOM) Zo/5E, 73—
& BOM D7RT A bA =X —izhIh B x. ZdD BOM %2FEHED Unicode XFHNZa—L 4
Ao *byteorder 25 -1 20 1 o /2E. TRTO BOM G hinav—3h g3 (1T \ufeff
» \ufffe DEHBHNITIRLETL &),

TaA—RPRET L. ANT—XOMEITRLFFRTDONA A —&X —% *byteorder 2ty b L
i\j—o

byteorder 7% NULL ® ¥ &, codec & native order “£— FTRHI#HEL £ 3
codec 2MIFN % A 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)

EDODME: HLWwWEsE, XICBLFXFTJ: Stable ABL consumed 75 NULL O 35 &.
PyUnicode_DecodeUTF16() Y [ U & 5 ICEI/E L ¥ 3, consumed %% NULL T 7% WV A,
PyUnicode_DecodeUTF16Stateful () 3 RED AT R UTF-16 N A M| (FHED N4 oIS
FEENY BT —bRT) 2T AR LETA, ZTNHDNA METa—-FEAT, 7a—F
NN A M EE consumed 1TRL F5,

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

RBDhE: HiLWBH, RICELZX Y Stable ABL. 24 7 4 74 b4 —&—T UTF-16 =>a—7 4
¥ 7 &z Python N4 FXFHIRIRL 3, LFHNIHEIC BOM v~ —2THEDET, =7— 1V
= 9 PRT N .. R
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UTF-7 Codecs

MUNZ UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py ssize { size, const char *errors)

RBROME: 1 LWBE, XIZEL X7 Stable ABI. Create a Unicode object by decoding size bytes of
the UTF-7 encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *str, Py ssize t size, const char *errors,
Py_ssize__t *consumed)

BRbfa: #HLWBE RXRICEL F9: Stable ABIL. consumed »% NULL D & ¥,
PyUnicode_DecodeUTF7() Y RIT &K S WCEIEL £3, consumed 73 NULL TRW\WE E, REDOFR
5e427% UTF-7 base-64 #7027 —t LEH A, FERRETDONA MIETFa—FEFIT, 7a—
R U724 % consumed WAL 355

Unicode-Escape Codecs

BURE "Unicode Escape” codec @ API T3

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

RBD{E: i LWBEE, XRIZEL £ Stable ABI. Create a Unicode object by decoding size bytes of

the Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString(PyObject *unicode)

RBOE: FiLWBH, RICBL X7 Stable ABIL. Unicode-Escape % {#\> Unicode # 7Y =2 & T
Ya—FL., fR%E bytes A 720227 e LTRLETS, =7 — X "strict” T3, codec 25 %
P U551 NULL 2R L 5,

Raw-Unicode-Escape Codecs

LURE "Raw Unicode Escape” codec @ APITF:

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

Rh{E: FrLWLWBE, RIZBL X9 Stable ABI. Create a Unicode object by decoding size bytes of

the Raw-Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)

RBDhME: FiLWLWEBE, XZICBL £ Stable ABI. Raw-Unicode-Escape % {#\» Unicode *+ 7Y = 7
Fex>ya—FL., #R%Z bytes A 70227 P LTRLES, =7 —MHIX "strict” TT, codec B3
BilAs 2 26 H U 72355121& NULL 238 L £5,
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Latin-1 Codecs

MRiZ Latin-1 codec @ API T3 Latin-1 1%, Unicode FEDOEFID 256 EICHIG L., T2 a— FEHZIE
D 256 EZ U EZELET,

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

RBDO{E: #iLWEEE, XICEBL X Stable ABIL. Latin-1 TZ > a— KXz size N4 F DLFF|
str 7»5 Unicode 7Y =27 F 24K L 3, codec A ZEH L-5E121E NULL 2R L9,

PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

BD{E: FTLLWERE, RICBL X9 Stable ABI. Latin-1 C Unicode # 7Yz +r2x>a— R L.
#5R% Python bytes #7327 b2 LTGRLUE S, 7 —WUHIE "strict” T3, codec 2354 % 2% H
L7258 NULL 23R L E3,

ASCII Codecs

LU ASCII codec @ APIT3, 7y FD ASCIL 77— 720 2RML %3, 2ofloa—FEzs -1
ZhET,

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

RBD{E: i LWBEE, XRIZEL £ Stable ABI. Create a Unicode object by decoding size bytes of
the ASCII encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)

RBbhfE: iLWEHE, RICEL 9 Stable ABL. ASCII € Unicode # 7Y xz27 b2 ra—F L,
ftR% Python bytes A 7Y =227 b LTGRLET, =7 —HIZ "strict” TF, codec 235 & £ H
L7=23538121 NULL 2R L £9,

Character Map Codecs

Z D codec F, %< DEkA 7% codec & FEET ZBICHbN S L\ 5 HTRFR codec T (R, encodings
Ry =2 A5 TV BIEHE codecs DIFL A YIE, ZD codec Zffio TWET), ZD codec ¥, XFDT
VA= FRRTa— RITHIEREFNE T, BEINZMEROAF TP 27 M __getitem__() vy E¥ 74
YR—=T7 2= A% KR— P LTORFNUIRD TEA; BHEPY —F Y ABZIUTHL TVWET,

LI NE mapping codec @ API T3
PyObject *PyUnicode_DecodeCharmap (const char *str, Py_ssize t length, PyObject *mapping, const

char *errors)

ROME: HiILWEE, RICBLET: Stable ABL. 52 507 mapping A7 =27 b %ffio T, size N\
4 DT ra— RFEINXFF str 72— F LT Unicode A 7Y =27 hEERL E T, codec HMl
NeFE X7 213 NULL 2R L £5,

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals

(integers in the range from 0 to 255) to Unicode strings, integers (which are then interpreted as
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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)
RBD{E: :ILWBE, XICEL £ Stable ABIL Unicode & 7Y =2 b % mapping ([T SNz 4
Tz heffioTzrya—FL, HR%EZ bytes #7027 e LTRLES, =7 —0UHIX "strict”
T, codec I EEH L7HEICIE NULL 2R L £3,

The mapping object must map Unicode ordinal integers to bytes objects, integers in the range
from 0 to 255 or None. Unmapped character ordinals (ones which cause a LookupError) as well

as mapped to None are treated as "undefined mapping” and cause an error.
LR ®D codec API & Unicode %* 5 Unicode NDXIEAF I} 21T 5 Kokt d DT,

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

RO{#E: FiLWEHE, RICBL XY Stable ABL XFINILFNIGE table ZHH L TEHRL, Zf:
fE5E % Unicode 7Y 227 P TIRL %73, codec D3I ZFIT L /2355121 NULL 23R L £73,

HI5FIE, Unicode FEZ £ 38E(% Unicode F#%2 R T EE £ 7213 None (ZDNFZHIFRT 2) 12
ST 2 F U7 D £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 THEMFONZ2DEFUEKERE I, errors I NULL IZLTd LKL, F7 4L+
o —NEOMERAEEKRLEI,

Windows FH®D MBCS codec

LU MBCS codec @ API TF, 2D codec 3HED L Z A, Windows L2 THHTE, Zip5dEic
1% Win32 MBCS Z#u### (Win32 MBCS converter) Z{#-> TW& 3, MBCS (%721% DBCS) id=>a—
FARORE (class) R TFET, H—Ox vy a—FAREZRTDOITRRVOTERLTLEZZ W, FIH
Sz ra— K (target encoding) 1&. codec ZEIFSE TV R < Y EOA—PRETERSNTW
E

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

ROfE: iLWBE, RICEL XY Stable ABI on Windows (IN\—23> 3.7 &D). Create
a Unicode object by decoding size bytes of the MBCS encoded string str. Return NULL if an

exception was raised by the codec.

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

Py _ssize_t *consumed)

RDE: iLWEBER, RICELZF7: Stable ABI on Windows (IN—2 3> 3.7 &D ). consumed
A3 NULL D ¥ &, PyUnicode_DecodeMBCS() LM UEIE%R L £ F, consumed 3 NULL TR\ & &,
PyUnicode_DecodeMBCSStateful () 3 XFHDERRIZD 5 <N FNA P XFORIFANAL P 2T a—
FE3. consumed I27 23— K L7724 MIUERIL £5,
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PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

RhflE: HiLWEER, RICEL £ Stable ABI on Windows (IN\—2 3> 3.7 &b ). MBCS T
Unicode A 7Y =2 vz >ra—FL, fR% Python N4 MlA TP =27 b L TGRLET, =5 —
JLENZ 7strict” TS codec 3PS A L 755121 NULL 258 L %9

PyObject *PyUnicode_EncodeCodePage (int code_ page, PyObject *unicode, const char *errors)

ROfl: HILWBE, RICBL X 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.

N—a » 3.3 TEM.
Ay reZ0Ov k

AVy FHELU ROy B (slot function)

UF@ API & Unicode 4 7Y =7 b BXOXXFHNZ AN (HATIE, EH5dXFHeRILLTVE
F). BAEWISL T Unicode 7Y = 7 b hBEE IR THERER o TV E T,

IS DRI e T, BINBFAELZGEICIE NULL 7201k -1 2 RLE T,

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

ROl FiLWEBE, XICEBL XY Stable ABL. —2DXFH 254G LT, H7z7 Unicode XF4%
ERLET,

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py ssize  t maxsplit)
RBOfE: FiLWBE, XICBLEY: Stable ABIL. Unicode XFFID VY & + % 47#| L T, Unicode X
FH» 250 A MR LET, sep A3 NULL OHE. R TCOEAXTFZ2E > THEIZITVWET, £
NN DGE., FBEINXF Mo THEZITVE T, ®mAT mazsplit [HETOREEZITVE T,
mazsplit DYER S DEBICHIRZR T ER A, DERERDO VY A PRI EIXFIIEAEE A

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

RBOfE: FILLWBE, RICEBL £7: Stable ABL. Split a Unicode string at line breaks, returning a
list of Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break

characters are not included in the resulting strings.

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

RDfE: $1LWBHE, RICEBL X7 Stable ABL $§E L7z separator TLXFHNP SR B =7 v A%
HfE (join) L. #EHER % Unicode XFHI TR L E T,

Py_ssize_t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py ssize_t start,
Py ssize_t end, int direction)
RICEBLE 9 Stable ABI. Return 1 if substr matches unicode [start:end] at the given tail end

(direction == -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return

-1 if an error occurred.
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Py_ssize_t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py _ssize_t start, Py _ssize_ 1t end,
int direction)
RICBL F£7: Stable ABI. unicode[start:end] HZ substr BPRANCHER T 2G5 EERELET, Z
D& ZFREINTME 1A direction (direction == 1 W ZNEAAIMREK, direction == -1 13 TAIRER)
THRLET, RYERRVICT Y FRROD s G047y 7 2TE; BOE -1 13~y FH 5
DOMOERMPoIZZeERL, -2 FT T —DBRELTHMNMERPREZINTVWEI I EZRLET,

Py ssize t PyUnicode_FindChar (PyObject *unicode, Py UCS/ ch, Py ssize t start, Py ssize t

end, int direction)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). unicode[start:end] HIIXXTF ch HRANTHIB
TGN RLET, 2D ZHESINLMESM direction (direction == 1 \ZNEA AR, direction
== -1 B AREK) TMRLET, RVOERZEICY Y FRROD-LBHIDOA T v 7 ATT,; R
DM -1 13~y FOROPSRD 07 Z 2R L, -2 137 —2FAEL THIMERIFES N TS
TEERLET,

N— a ¥ 3.3 THEM.
N—=Ya ¥ 3.7 TEH: start and end are now adjusted to behave like unicode [start:end].
Py ssize t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py ssize t start, Py ssize t
end)
RICEL X9 Stable ABI. unicode[start:end] IC substr DEHT 2 Z ik { HET2MEEZRL
ij—o 15“_755%5_:.1/7‘:1}%/!3\ \:Li -1 %i’zbij—o

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py _ssize i

maxcount)

RBOfE: FTLWBE, XICEBL XY Stable ABL unicode FICHBIT 2 substr KT mazcount
&l replstr ICEBLL ., BEESFERTH S Unicode A 7P =7 P ERLET, mazcount == -1 1255 &,
NN B ETD substr ZEEL T,

int PyUnicode_Compare ( PyObject *left, PyObject *right)
RICBLET: Stable ABL. Z2oDXFHN BB LT, EIBDHTIE I DN WEE, EA5I80E
fliDHE. BB EIRE I D REFVGEICHL T, #hth -1,0,1 ZIRLET,

ZOBENE. RRL-L 2 -1 BIBS DT, PyErr_Occurred() #MUOH LT, T5—%F v
NETT,
int PyUnicode_CompareWithASCIIString(PyObject *unicode, const char *string)

RICBLET: Stable ABI. Unicode 7Y =2 b+ unicode ¥ string IR L T, E5IEB»PEFIE &
DN WIBE, EA5IEDEMOGE. ElBA51 8 XD REVGEEIIH LT, Zhzh -1,0,1 %
BUET, ASCII =¥ a— FENLXLFHRTZET O RDS ROTTH, ASFHNTIE ASCIT X
FOEENTVBREEIE ISO-8859-1 ¥ LTHRL £3,

Z OBEEIIEN L L R A

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
ROfE: HILLEBME, RICEL £ Stable ABI. Z=2® Unicode XFFZHE LT, FOIH5D—>
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ZIRLET:
o NULL %Z. BISADFREL 2 2ITRL T,
o Py True b L<IX Py_False . IEL S HIRTELIFIGRL £,

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)

RDE: $iLWBER, RICELXT: Stable ABL $72XFHNA 7Y =2 b format B XL args »
SERLTRLET; 2OXY v FiX format % args DX 52 DHDTI,

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)

RICE L F9: Stable ABIL. substr 2% unicode NIZH 2 TR, ZOFBRICIHGUTEEZIIMBZIEL
9,

substr B EZE D Unicode XFIHEHITERITINERD VA, =7 —DELEEICE -1 2R
LEd,

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 (creating a new strong reference). (Clarification: even
though there is a lot of talk about references, think of this function as reference-neutral; you own

the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString(const char *str)

RBDO{E: :iLLWBE, XICBL X7 Stable ABI. A combination of PyUnicode_FromString()
and PyUnicode_InternInPlace(), returning either a new Unicode string object that has been

interned, or a new (owned”) reference to an earlier interned string object with the same value.

8.3.4 7N ATZ ¥ bk (tuple object)

type PyTupleObject
Z D PyObject DH 7T XA 71E Python DX TINA T =7 b eRHALET,

PyTypeObject PyTuple_Type

RICBELET: Stable ABI. Z® PyTypeObject DA ¥ AKX > Al Python DX FNEERE L £,
Python L' £ ¥iZ81} % tuple ERALA T =7 FTT,

int PyTuple_Check (PyObject *p)

PWBERINT T 27 "R INVNDY TR TDA VARV ATHIGEECERERLET, ZOK
FHEICHII L E T,
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int PyTuple_CheckExact (PyObject *p)
pMBRINATI 27 VMR TINANDY TR TDA VAR ATHRWEEICERZELE T, Z0M
BIIEITHINIL 9,

PyObject *PyTuple_New (Py_ ssize_t len)
RbD{E: FILWEH, XRICEL 9 Stable ABL. Return a new tuple object of size len, or NULL on
failure.

PyObject *PyTuple_Pack(Py_ssize_t n, ...)
RO{E: :LWBHE, RICBLZEY: Stable ABIL. Return a new tuple object of size n, or NULL
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 X9 Stable ABIL. Take a pointer to a tuple object, and return the size of that tuple.

Py ssize t PyTuple_GET_SIZE(PyObject *p)
Return the size of the tuple p, which must be non-NULL and point to a tuple; no error checking is
performed.

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

ROE: EHABE, RICBELZETY: Stable ABL p DIFT XA 7T =7 FAD, (il pos IZH B A
TV VERLET, pos BETH 2 HFHZEBEZ TWEEE, NULL #2318 LT IndexError {44 %
ty FLET,

PyObject *PyTuple_GET_ITEM(PyObject *p, Py_ssize ¢ pos)
RBD{E: BRABE, PyTuple_GetITtem() WM TWVWE T, 51BN T I LI —F 2 v 7 EITVERA,

PyObject *PyTuple_GetSlice (PyObject *p, Py ssize tlow, Py ssize t high)

RbDfE: FiLWBR, XICBL X9 Stable ABL. Return the slice of the tuple pointed to by
p between low and high, or NULL on failure. This is the equivalent of the Python expression
p[low:high]. Indexing from the end of the list is not supported.

int PyTuple_SetItem(PyObject *p, Py_ssize t pos, PyObject *o0)
RICELET: Stable ABL p DI TR IAFTI 27 VD, Ml pos TH B4 TP =7 hADSH
EANET, RITIUL 0 ZRUE T, pos BHEIFHEZBZ TWBHE, -1 iR L T IndexError filst
zty PLET,

AR COBBIE 0o NDBRE T BAMD” £F, e, BEELEDA VT RTT TIHIOEED
A2 TWBHE, ZOHEBIINT2ZMENEEL £3,

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

PyTuple_SetTtem() WBITWE T, TI7—F = v 7 2{TOT. FilhX INicflir Ahsd e = s
ICIFE->TEARD FEA
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AR ZOBKIE o NDOZRE T BAMD” £F, T/l PyTuple_SetItem() Lo T, EHED
FWZIPELTCHDBEMIONDIF TV 227 bADSIERE LERA ; TORBRE. 2 7ol
pos THRMENTWEATI 27 "V BRAEV Y =T R5|ERILET,

(=S
[=A

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

RTINE)HARXT BBMERE T, newsize 1ZX TNVDH I REXTT, X TVIEERRERA T
P b VWS ZEICHED2TWVWS OT, ZOBKIIZDOATI =27 MWL THRE—D LIS
WIRELAMIEE - TR D £ 8 A, XTI Ada— FHOMOERSTITIBHRIATWAHEITE.
DR E FE-oTIEABDEEA . X NVITHIHREY A XOREBETHEL 3, MIILGEAEIIXO0
ZBRLET, 7747 Fa— TR, »p OEPIMFERHLATERICIZR 2 EHIRFLTIER D A *p
HEZHZ ONTGE. TV FL0 «p BEEINE T, KT5L -1 ZIRL. *p & NULL IZE&E
LT, MemoryError ¥7zl% SystemError ik L £7,

8.3.5 Struct Sequence ¥ 7 U b+

struct sequence 4 7Y = 7 Mi& namedtuple) A 7Y =7 b2 &Effils C A 7P =22 b TF, DFEDH, 20D
FERCEUEZBL T Z7RRATEIENTESLY —7 VAT, struct sequence Z4EM T 51213, TFRE
D struct sequence B2 AR L7211 0UTR D £ A,
PyTypeObject *PyStructSequence_NewType (PyStructSequence Desc *desc)
RBROfE: HTLWBHE, RIZEL X7 Stable ABL %D desc H DT — X H 5H1 L\ struct sequence
BE2AERLET, BENDZBDA VALK RIE PyStructSequence_New() THERTE X,
void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence Desc *desc)
struct sequence BICTH % type % desc &b L ITF DG THHLL T,

int PyStructSequence_InitType2(PyTypeObject *type, PyStructSequence_Desc *desc)

The same as PyStructSequence_InitType, but returns 0 on success and -1 on failure.
N—=a v 3.4 THE.

type PyStructSequence_Desc

RICBLET: Stable ABI (FRTDAYN=ZZT). LT % struct sequence BD X &7 — X {3
FLET,

const char *name

Name of the struct sequence type.

const char *doc
Pointer to docstring for the type or NULL to omit.
PyStructSequence Field *fields

Pointer to NULL-terminated array with field names of the new type.
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int n_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field

RICBLEY: Stable ABI (FARTDORAY/N—%ZZE). Describes a field of a struct sequence. As a

struct sequence is modeled as a tuple, all fields are typed as Py0bject*. The index in the fields

array of the PyStructSequence_Desc determines which field of the struct sequence is described.

const char *name

Name for the field or NULL to end the

list of mnamed fields,
PyStructSequence_UnnamedField to leave unnamed.

set  to
const char *doc

Field docstring or NULL to omit.

const char *const PyStructSequence_UnnamedField

RICBLEFT: Stable ABL (IN—=23> 3.11 &D). 74 =V FEHZAFDBRVE T 272D ORHK
A8

N—a ¥ 3.9 TEHE: S char * HOLEHEINF Lz,

PyObject *PyStructSequence_New (PyTypeObject *type)
RD{E: :riLWBHE, RICELEJ: Stable ABL type DA > 2 X Y 2 Z24EM L £F, type 1
PyStructSequence_NewType () 1T & o THEHANIER L TOWARITIUIRD £ A

PyObject *PyStructSequence_GetItem(PyObject *p, Py ssize t pos)

RDOfE: EAB8, RICEL X Stable ABL. Return the object at position pos in the struct
sequence pointed to by p. No bounds checking is performed.

PyObject *PyStructSequence_GET_ITEM(PyObject *p, Py _ssize t pos)
RO{E: EASR

=" Nnno

Macro equivalent of PyStructSequence_GetItem().

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

RICEBL £9: Stable ABI. struct sequence p @ pos ODNMEIZH 2T 4 —L FIZHE o ZIHRELE T,
PyTuple SET ITEM() DX 512, R LZ=TDA VARV R L TOAEHITRETT,

ER:

ZOBEIX 0o NOBIRE T BAID” £F,

void PyStructSequence_SET_ITEM(PyObject *p, Py ssize_t *pos, PyObject *o)

Similar to PyStructSequence_SetItem(), but implemented as a static inlined function.

AR:

ZOBEIX 0o NOBIRE T BAD” FF,
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8.3.6 UXrATTxVU b

type PyListObject
Z D PyObject DH 7T XA 7i& Python DV A A7 =27 b 2RHALET,

PyTypeObject PyList_Type
RICBLET: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ A% Python @V A MIERRBL 7,
ZHUZ Python LA ¥IZBIT 3 list LRAILA TP =27 M T,

int PyList_Check (PyObject *p)
pBIURANT T2 bV R VDY TR TDA VARV ATHEGECERERELET, O
WFECHIILET,

int PyList_CheckExact (PyObject *p)
pWVAMNET TS 27 MEBVRANEDY TRA TDA VARZRVATRWVGEICEZRLES, ZOHM
BIEEITHIIL 9,

PyObject *PyList_New(Py_ssize_t len)

EDfE: FTLWEBE, RICBLZXT: Stable ABL. 4 XMW len iR VA ATz b EIRLET,
KF % 2 NULL 2B L £

FEMR: If len is greater than zero, the returned list object’s items are set to NULL. Thus you cannot
use abstract API functions such as PySequence_SetItem() or expose the object to Python code
before setting all items to a real object with PyList_SetItem().

Py ssize t PyList_Size (PyObject *list)
RICBELET: Stable ABL. YR A TPz b list DRIERLET; VAMET TV 27 MBI 3
len(list) &AL T,

Py ssize t PyList_GET_SIZE(PyObject *list)
PyList_Size() WZPTWETH, T7—F =z v 7 Z2TVEHA.

PyObject *PyList_GetItem(PyObject *list, Py _ssize_{ index)
Rbh1E: AR, RICBL XY Stable ABIL. Return the object at position indez in the list pointed
to by list. The position must be non-negative; indexing from the end of the list is not supported.
If indez is out of bounds (<0 or >=len(list)), return NULL and set an IndexError exception.
PyObject *PyList_GET_ITEM(PyObject *list, Py ssize t 1)

RDME: BABE, PyList_GetItem() WP TWE T, TI7—F = v 72TV EEA,

int PyList_SetItem(PyObject *list, Py ssize t index, PyObject *item)

RICBLZET: Stable ABL. YA ATV 27 FADHLE index 12 7T =2 b item BHALZE T,
BIIL75E81201E 0 IR L 3, inder DPHEIFZ B X TW3H4E, -1 #BRL T IndexError %t v b
LT,
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AR ZoBBUT item NOBIRE T IBAWMD T 5, T2, BHEILEDA VT T RITTTIAIOERN
AoTWBIBE, ZOBERICHTIZHEBEL T,

void PyList_SET_ITEM(PyObject *list, Py _ssize t i, PyObject *o)

PyList_SetItem() <7 BIZKBERET, TI7—Fzv 7 Z2TVERHA, ZO~rald, FHikY
ANDERLEBZEZANTZZEDRWEICERZEEZ AND & ZICOAFVET,

AR Zo~raid item NOZRE T BAHMD” £F, £, Pylist_SetItem() Lo T, EHK
DBEWMAMECTCHEEMIONZ T TV 27 FANDOSBERE LERA ; ZORRE, list FOME
i TBREANTVWEA T2 bPBREV Y =T 25| ERILET,

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
RICBULET: Stable ABL 3R item 2V R+ list DA VT v 7 R index ODRNHAL T, HINT
2 0%BLET, KT 5L -1 ZRL., fIA%ZLy PLET, list.insert(index, item) IZHH
LU 7-t&BET T,

int PyList_Append ( PyObject *list, PyObject *item)

RICBLET: Stable ABL. #7227 b item % list ORBIEMUET, BT 5L 0 2RLZE
T KT B -1 BRL, ISty PLET, list.append(item) WML 72H&EET T,

PyObject *PyList_GetSlice (PyObject *list, Py _ssize t low, Py _ssize ¢ high)

ROME: FiLWBHE, XICBL X9 Stable ABL list WD, low 25 high £TD 79227 v 55
RBVAMRRLET, KT 2L NULL 23R L. filstZty P LET, list[low:high] IZHEMBIL
WEET T, 727 L. VAMDREDPLDA VT v 7 RAFH K- PEINTVERA,

int PyList_SetSlice (PyObject *list, Py _ssize_t low, Py_ssize_t high, PyObject *itemlist)

RICEL F£9: Stable ABL low 55 high £TD list DA F 4 A%, itemlist DNFEIZL F 3,
list[low:high] = itemlist XJALIOMBET T, itemlist ¥ NULL T LK<, 22U 2 PORA (57
AT A4 ZADHIR) kD F5, KNLEEEICE 0 2, RRLEEEICE -1 BRLET, 72720, VY
ANDREPSLDA VT v 7 RAFHR—-PEINTVERA,

int PyList_Sort (PyObject *list)
RICBEL X9 Stable ABL list DNE%.2 A Y L —ATY = LET, BIILEGEICIE 0 2, K
L7HmEITid -1 ZIRLE 3, list.sort() EFLTT,

int PyList_Reverse(PyObject *list)
RICBELZET: Stable ABL list DEZER A VL —ATRELE T, WLEEEICIE 0 2, KKL
7S EWE -1 IBL £9, list.reverse() 2RI LTI,

PyObject *PyList_AsTuple (PyObject *list)

EBDE: HILWLWEE, RICEL X7 Stable ABIL. list ONBEMWA o2l Z T AA TP 27 b &R
L¥7; tuple(list) ¥R TT,
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8.4 Container 77>z 7 k
8.4.1 #EA T2 ¥ b (dictionary object)

type PyDictObject
Z®D PyObject DY 7 XA FiE Python OFFEFEA TP 27 b2RILET,

PyTypeObject PyDict_Type
RICEL FJ: Stable ABL. 2@ PyTypeObject DA ¥ AR ¥ Al Python OFFEZRIHLET, Z
DA 7Y =7 &, Python LA VIZBIF S dict LRILATY 27 TS,

int PyDict_Check (PyObject *p)
p DHEA T2 "V OHEMOY T RZA TDA VARV ATHAHHGECERRLET, ZOBBITE
WAL E T,

int PyDict_CheckExact (PyObject *p)
p BHEL T 27 VEPHBROY TR A4 TDAL VARV ATRWEBIELZRLES, ZOBEEIX
WL E5

PyObject *PyDict_New()
RBDE: FTLWBE, RICELET: Stable ABL. ZZD#i7zkfFEEEZRLE T, KWT % & NULL %R
L%,

PyObject *PyDictProxy_New(PyObject *mapping)

RDfE: $iLLWBIE, RICBLZETJ: Stable ABL. 2~y 784 7Y =7 Mz LT, A LEH
IZHIBR X 1172 types.MappingProxyType A 7Y =7 b ERL E T, @HE. OB TRV
Z 28 (non-dynamic class type) @27 7 AFFHENEEINZVE I 2 —2FRT 270 1ibh
S

void PyDict_Clear (PyObject *p)

RICELZET: Stable ABL HEHFIIA > TVWEILETOF—HORTERELTEIZLET,
int PyDict_Contains (PyObject *p, PyObject *key)

RICBLET: Stable ABL &F p 1 key A2 TWADHELE T, p DERD key IT—HL 75
BHlx 1 Z2RL, ZLADBEEIIE 0 ZIRLET, T7—DFE -1 I RLET, Z OB Python
DR key in p LTI,

PyObject *PyDict_Copy (PyObject *p)
RBOME: HILWEE, KRICBLET: Stable ABL p YR F—LHORT WA o FFirz bt w2k L
£9,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)

RICBLZET: Stable ABL & p 12, key 2% —¥2 U TfH val ZIALE T, key v > 2 AJEE
(hashable) TRFAUILD A, Ny > 2A[RETR WA, TypeError ZiXH L %3, ML
FIFE 0 2, KRMLZGEEICIE -1 ZIRLEXT, ZOBBUX val ~NOZRZHARD A
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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
char* UTF-8 encoded bytes string, rather than a PyObjectx.

int PyDict_DelItem(PyObject *p, PyObject *key)
RICBLFT: Stable ABL §&F p 225 key 2% —2 32TV FPVERELET, key & Ny ad]
BE TRUINIZRD £RA; Ny T af[BETRWEGE. TypeError ZiXH L £9, key DFFEICR TN
¥, KeyError #EH LT, MM L7HAICIE 0 2. KBLEHAEICE -1 ZRLET,

int PyDict_DelItemString(PyObject *p, const char *key)
RICE L F9: Stable ABI. This is the same as PyDict_DelItem(), but key is specified as a const
char* UTF-8 encoded bytes string, rather than a Py0bjectx.

PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

RBbh{E: GRA8R, RICEL X7 Stable ABIL. Return the object from dictionary p which has a key
key. Return NULL if the key key is not present, but without setting an exception.

AM:  Exceptions that occur while this calls __hash__() and __eq__() methods are silently
ignored. Prefer the PyDict_GetItemiWithError () function instead.

N— a ¥ 3.10 TZH: Calling this API without GIL held had been allowed for historical reason.

It is no longer allowed.

PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

RO{E: BASE, RICBLET: Stable ABL PyDict_GetItem() DEMTHINZFEL X8 A, HIFH
DHELEZEGEEE N E2Ly b LIELETNULL 23RLET, F—BEFELEDI - ZEEX. stz
v b B NULL 2R L E75,

PyObject *PyDict_GetItemString(PyObject *p, const char *key)

RbD{E: ERBE. RIZBL X Stable ABIL. This is the same as PyDict_GetItem(), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

7AMR: 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.

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
RbE: BEBE, ZHd Python L N)L®D dict.setdefault() R UL TT, b LHIE &HHEp
D5 key ICXIET AMEZIRL £F, F—2FEICRITIUL, 8 defaultobj 1AL defaultobj %R L
F3, ZOBEUZ, key Dy 2 fHEEBRR A Z 224 WCFHES 2 D TR, —ERT LT
it E£€Ao

N—a v 3.4 Tl
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PyObject *PyDict_Items (PyObject *p)
RBOfE: :iLLWEE, RICELF T Stable ABL #ENOETOERENMNA o7 PyListObject &k
LET,

PyObject *PyDict_Keys (PyObject *p)
ROl iLWBER, RICELF7: Stable ABL #ENOLTOXF -2 A o7z PyListObject &L
9,

PyObject *PyDict_Values (PyObject *p)
RDME: HiLWBR, XRICEL FT: Stable ABL #F p NOETOMED A o7 PyListObject %&ik
LE7,

Py_ssize_t PyDict_Size (PyObject *p)
RICEBLET: Stable ABL HENOEROHMZIEL £, FHHICHNL T len(p) ZETT2DLFL
‘/C\\\j—o

int PyDict_Next (PyObject *p, Py _ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

RICBLZET: Stable ABL #F p NOL2TOF—/EDORT DT 2 RIGWBEZITVE T, ppos B
L TW5 Py _ssize_t BIE, Z OBTRIBIEZBGS 21, RcBEBZEUOH T LD D
AIC O WAL L T2 R NER D 8 A, ZOBBITHENOER7ZWD LiF2 ZIcERR
L. 2TCOR7EWD EF72 e 3002 BERLET, 287 X—&X— pkey BX U pvalue 1I21&, #
NZENEEEDE A2 DF — L {HMHD N7z PyObject* R EIETRA > X H, £7213 NULL A D %
T, ZOBEB»HIRINZSRITTNTUERASRICRD 3, KELEAIZ ppos ZEE L TERD %
HFA, ZOMIINERNRFHEBEARDOA 7y PE2RILTED, FEEKIIZA—ZXRDT, X7ty
t D =B RN DT T,

I Z 4

PyObject *key, *value;

Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the values... */

RIGALERACEREE p 2ZBE L TR D $H¥A, BEZRELMT 2B, F—1CMS 2HZ2EEL
THRLRITARD F 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;
}
PyObject *o = PyLong_FromLong(i + 1);

(RDOR=V1Fil)
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(RIDR=I D5 DR E)

if (o == NULL)
return -1;

if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;

}

Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
RICBLET: Stable ABL. v 7HA T 27 b b ORTOERIIOL o T, KIEMIZF —/fEDR
7EFEE o WBMLET, b IZFED, PyMapping_Keys () F721& PyObject_GetItem() % ¥ R—
FFRMOEDPDFTI 27 MTTEET, override PERSHIE, a DF——HIT52F—D b IZHBE
12, BFOR7EZBEEMZ T, ZHLANOHEIE. b OF—I—KT2F =2 a ITRVE ZDABM
ZITVWE T, BIILGEIIE 0 2R L., BISEH SN HEITE -1 ZIRLE T,

int PyDict_Update (PyObject *a, PyObject *b)
RICELZE Y. Stable ABI. C THREIX PyDict_Merge(a, b, 1) 2[R U T, %7 Python @ a.
update (b) EBITWETH, PyDict_Update() FHE_ %Iﬁ# ”keys” BHERE-RVWEEICF— /{
RT7DY = Y ARETHI 3D FEA BILAEGEIIE 0 ZBEL, SR S0y
Kﬂi _1 %i&bij—o

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)
RICEBLFT: Stable ABL seq2 NOF —/fERT7 Zffio T, #FH o« ONEZEHLILDHEALLED L
9, seq2 1k, F—/fEORT L ARELEX 2 ORIEAIREL 7 = 27 b (iterable object) &4 T
BZRIAIREA 7 = 7 FTRIFNIRD S8 A, BET 2F —DFET 258, override BEL 5135
WHBRLZF—2n, 25 TRWEERBICER L X —2EnEd, fIILEHEICIE 0 ZIKL
BISAEL E NG EIE -1 ZIRL 9, (RDMEMII) FifiZ Python 2—FZ2HEL &, LT X
ST D 5

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkey] = value

8.4.2 Set #7xVU b+

DT> arTid set & frozenset DN APT IZDOWTH LA ABRF T, DIFETHHAL TV
ZOHEEEIX, fiRA 7Y 27 b Fa bk a (PyObject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print(), PyObject_GetIter()
TEYL) 2HMERKME ST e b 3 (PyNumber_And(), Pylumber_Subtract(), PyNumber_ Or(),
PyNumber_Xor (), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() &%) 2o THHTE 7,
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type PySetObject

Z D PyObject ZHA LML, set & frozenset T DNERT — X ZRET 2 DICHVWLNE T,

PyDictObject ERIL & 512, NEWVWESE (set) IR L TR (X T LD XS 2) EEY A XTHD, £5

THRVWESIIHLTE (VA MERIL LS R) AIEROXEY 70y 7 2HVET, ZOMERDOLED

74— b, RS TVREEEZLNRETIERL, BESNLAREMELHD £, IXTOT7 7+

Ad, WEROTDOEZEZRET 2D TERL, FFaxXybahk API ZHVWTITIRETT,
PyTypeObject PySet_Type

RICBELZE T Stable ABI. 2D PyTypeObject DA ¥ AX > XlE, Python O set BERLET,

PyTypeObject PyFrozenSet_Type
RICEBLET: Stable ABL. Z® PyTypeObject DA ¥ A&X > A&, Python @ frozenset M%ZHEL
ESa

DO F = v 7<= 27 BiZ$RTOD Python 7Y =7 MIWNT 2R, XL TEMEL £5, FEfkic, 2
VANT 7 RETNRTDA 7L — MAJEEAR Python A 7Y =2 MM LUTEEL £3,
int PySet_Check ( PyObject *p)

P set DEDYTRATDATI 27 b TH2 L X true ZIBRLE T, ZOBEBITFITHEIILET,

int PyFrozenSet_Check (PyObject *p)
p 23 frozenset MZDH T RXA TDA T 27 b THBE ZIT true BIRLET, ZDOREABUIEITHK
MWL,

int PyAnySet_Check (PyObject *p)
p 23 set M frozenset . HAIWVWWEFDV T XA TDATI =27 P THIUX, true ZIRLET, ZD
BRI H IR L £ 9,

int PySet_CheckExact (PyObject *p)
p D set AT 2T MNENYTRAL TDA VAR ATRWERICERRLET, ZOBEBUIEITK
MWL %9,

N— g » 3.10 TEM.

int PyAnySet_CheckExact (PyObject *p)

p W3 set » frozenset DELHLLDA TV 27 M THB L X true ®IRLET, 77X AL T4 T
Jxl MIEAERA. ZOBEBUIEICHRINIL ET,

int PyFrozenSet_CheckExact (PyObject *p)

p M frozenset A TV 27 VN EBY T EA TDAL VARV ATRWESICEZRLE Y, OB
WL £ 95

PyObject *PySet_New (PyObject *iterable)

RBOE: iLWEE, XRICEBLEJ: Stable ABL iterable 2R T A7 27 b2 ETLH L set BiR
L%, iterable 75 NULL D ¥ =X, ZZD set ZIBLFE T, I LE6H LW set &, KB L5 NULL
IR U E T, iterable 254 7L — FAJRE TR WIEEIL, TypeError ##EHMLET, ZOaAYA I X

>

.
ap— z =
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PyObject *PyFrozenSet_New (PyObject *iterable)

RBDOME: 1LWEEE, RICB L E T Stable ABIL. dterable DR 54 7Y = 7 M 2 &L L\ frozenset
ZIRLU %9, dterable 5 NULL D ¥ =X, 22D frozenset ZiIR L F 3, WINRFICITHT LW set 2. LB
REZIX NULL 2R U ¥79, dterable 254 7 L — FAJRE TR WAL, TypeError X L £9,

DIBEOBEP~ 7 1ld. set & frozenset 8 ZDH T XA TDA LV RAEX VAW L THEATE %7,

Py_ssize_t PySet_Size (PyObject *anyset)

RICEBL F7J: 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 v ZBITORWV, PySet_Size() D~ g,

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)

RICELEJ: Stable ABL set DA Y A X RIT key ZBIML 3, frozenset X L THEE
LEF (PyTuple_SetItem() DX S1T, D a— FIZTHAZ ZHTOH L\ frozenset DEZ D 3728
WHEATEES ), LD 02, KBMLEDS -1 ZIRLET, key By ¥ 2 AJRETRVIGH I,
TypeError A L E T, set ZREL T H2RMBIBIBLVEEIX. MemoryError ZEH L E3, set A3
set DEDH T RA TDA VAR Y ATRWEEIZ, SystemError ZiE M L %3,

DD BRI, set ©ZDV TR A It L THHAIBE TS, frozenset ¥ ZDV 7 X4 FIZWIFIHTE &
A,

int PySet_Discard (PyObject *set, PyObject *key)

RICBLF Y 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)

RO{E: HLWLWBE, RICELET: Stable ABL set DFOERZD DI T 28 L WS ZIR
ZOFTT 27 Mo set BOHIRLE T, KL 7S NULL Z2IR L £ 9, set DIZEDHEITIE KeyError
EEHLE T, set D set EFDYTRA TDA VAR Y ATRWEEIX, SystemError #%H L
S

int PySet_Clear ( PyObject *set)

RICBLZE 9 Stable ABL. Empty an existing set of all elements. Return 0 on success. Return -1
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and raise SystemError if set is not an instance of set or its subtype.

8.5 Function 77> ¥ ~

8.5.1 Function #7727 ~

Function 4 72 = 7 FEHOBEBIZOITHTI,

type PyFunctionObject
BIRucfEibh s C OREEA,

PyTypeObject PyFunction_Type
PyTypeObject BID A4 ¥ A 2 > AT, Python OB 2R L £3, Zhid Python v 7 412
types.FunctionType & LTI TWE T,

int PyFunction_Check (PyObject *o0)
o WEBA 7Y =7 b (PyFunction_Type BTH2) JBHIKEZIRLE T, 287 X —&IiF NULL I T
TEHA, ZOBBIIHICEIILET,

PyObject *PyFunction_New(PyObject *code, PyObject *globals)
RDME: iLWBR, a—FF 7T 27 b code ICHEMT N LOWBERA 7Y =7 P 2IBLE T,
globals 13 Z DB S 7 72 A TE S 70— " UVEHORETRIINUIRD XA,

D RF 2 XY P XFHN LT - FA 7027 b2 OBIEEINE T, __module__ & globals

HOIBENET, 5IBOT 7 AL MESRT /T —Yay, 7u—Y v 3 NULL ICRESNET,
__qualname__ {F2— A7 =22 +D co_qualname 7 4 —/L KR UIHICEREINE T,
PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject *qualname)

RBOE: :LWBEB, PyFunction New() IZBITWE T, A 7P 22 b __qualname__ B
WZEZ+ty PTEE T, qualname 31 =3 — FF 7Y =2 bD NULL TR TEARD £ A, NULL
7207358, __qualname__ JEHIZIZa—FA 7Y =22 bD co_qualname 7 4 —/L R [EUEDE v
FENET,

N—=Y a3 ¥ 3.3 TEM.
PyObject *PyFunction_GetCode (PyObject *op)

ROfE: BEBE, A7 27 op KEEIIONza—FA TP 27 PERLET,
PyObject *PyFunction_GetGlobals (PyObject *op)

RDME: BRBE, A7 27 op ICHEAIT 57 globals FFEZIKL £3,
PyObject *PyFunction_GetModule (PyObject *op)

ROl {EABE, Return a borrowed reference to the __module__ attribute of the function object
op. It can be NULL.
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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)
RDME: BASR, A7 =27t op DEIROT 7 4V MEZEL E3, 518D & 7 s NULL 12
%D ET,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
B 7o =227 b op DIIEDT 7 4V MEZFREL £F, defaults & Py_None 2> & 7 LTialF Ut
W EHE A
KLU 7-REX, SystemError ZHAXH, -1 ZIRL 3,

PyObject *PyFunction_GetClosure (PyObject *op)
ROE: EABE, BBA 7 27 b op TREINZZ70—Y v ERLET, NULL 72 cell 7Y =
7 DRTINVTY,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BBA T2 oplZ/a—Y vy ZRELET, closure X, Py_None L cell #7222 bD
R TNTIRFNZIED £HA,
KU 7-REX, SystemError ZHAEXH, -1 ZIRL ¥,

PyObject *PyFunction_GetAnnotations (PyObject *op)
RDfE: @AB8R, BBA 77 b op D7 /77— arykiRLET, B EITBIERREREEES D
NULL 272D £3,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
AT b op D7 /)T —>avERELET, annotations 13EEEF D, Py_None THRIFIUIA
DEHA.

KRB UZ-RHX, SystemError #HAEXHE, -1 ZRLET,

852 A1VRAVAXY Y RAT T TV b (Instance Method Objects)

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunction to a class
object. It replaces the former call PyMethod_New(func, NULL, class).
PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ AR ¥ Al Python D4 Y ARV ZAXY v ROMERIL EF, ZHiX Python
DT T LI RHENEE Ao
int PyInstanceMethod_Check ( PyObject *o0)

0MWAVARYARXY v FA TP =2 b (PyInstanceMethod_Type B TH2) JEHIWCEZRLE T,
NIA—=RIF NULL I TE EH A, ZOBBIIHICHIILET,
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PyObject *PyInstanceMethod_New (PyObject *func)
RDfE: FTLWEBE, TEOFFUIH LAJEEA 72 =7 b fune ZF o 7287zl A VARV AXY v B4
TPz VERLUET, func i34 VARV AXY v RBFFUHI N & ZIECH X 58T,
PyObject *PyInstanceMethod_Function(PyObject *im)

ROflE: BREBE, {1 VAKX AXY v F im KEEMFONEZEBA 7Y 7 RIRLE TS,

PyObject *PyInstanceMethod_GET_FUNCTION ( PyObject *im)

ROE: BRABE, PylnstanceMethod_Function() D27 BIRT, T7—F =z v 7 EITVERA,

8.5.3 XYy RFITZxU

Ay FIZBASA 7927 MCHBEINTVWET, XYy FZBERHZ21—F—ERDI 7 AICHMI AT
2DTT, FMENTOVWRWAY Y R (FIRF TV 27 MTHREENTXAY vy F) 3MAT2Z N TEE
Ao
PyTypeObject PyMethod_Type
Z @D PyTypeObject DA ¥ AR > AL Python DX Yy FEIZRELEST, 204 7T =7 M,
types.MethodType & LT Python B 7' J AIRAINTVWET,
int PyMethod_Check (PyObject *o)
0MRAYw RATY = b (PyMethod_Type BITH %) JAICHERLE T, /7 X — &I NULL IZT
XFEHA, ZOBBIIEITHINL 5,
PyObject *PyMethod_New (PyObject *func, PyObject *self)

RBDE: HFILLWEBE, TEOFFUH LAREA 7P 27 b func ¥ XYV v FRARBINIRNES VAR Y
A self B#fEST2H7272 XY v RATID 27 b EIRLE T, B func 1Z. XV v FORMOH INZRRC
MOHENEF 7Y 27 M T, self I3 NULL IZTE EHA,

PyObject *PyMethod_Function(PyObject *meth)

RDME: GRS, XV v N meth KBEMNTI SN TV IEBA 7Y 27 F2RLET,
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)

RDME: BRABE, PyMethod Function() D<YZBIRT, =7 —F v 7 Z2fTVERA,
PyObject *PyMethod_Self (PyObject *meth)

RDE: BAEB, XY v N meth KBEMNIT N VAR AZIBELET,
PyObject *PyMethod_GET_SELF ( PyObject *meth)

RO E: EABM, PyMethod Self() DY ZBRT, T7—F v 7 E2TVEEA,
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8.5.4 LILATZ U b+ (cell object)

TR (cell)” ATY 27 M BBORa-T oS REN LB KET 20 HbNE T, i
BEBCOWTHER IR, BL2OEZLBLET;, COMHEBRIZRAXRy 7 7L -2 BT 30 —HLE
Bcid, 20 %y 771 —LDIMAICHRCEZ SR L TV 22T 2 SAAD $5, BALTREEN
JAEIZ7 72 RXF 22, ATV ARORODITELADENRFEONET, ZO0ELFTV=I M 2
fifio 722 (dereference) 1&. £ ¥ X 7Y 2 X > TEBINIzNA ba— RHNTHR—FINTVIL
ERHDET, kA ATVl M7 7R LB, BENCHESRIEEZ D A, SO RIT
. AT Y =7 MRS WIE T,

type PyCellObject
ATy VDN C BT,

PyTypeObject PyCell_Type
AT 27 MITHINT AT =27 M T,

int PyCell_Check (PyObject *ob)
0b NI TV 27 FDOGEWCEHEZRLET; 0ob 1& NULL THoTIRD E¥A., Z DBIEIXHE T
WLET,

PyObject *PyCell_New (PyObject *ob)
ROfE: iLWBR, H ob DA-7Hilchtrd 7Y« P2AERLTELET, 5180% NULL 1L
THDPEVERA,

PyObject *PyCell_Get (PyObject *cell)

RDfE: #1L WS, Return the contents of the cell cell.

PyObject *PyCell_GET (PyObject *cell)

RO1ME: BASR, cell DNEZERLET25 cell 2IE NULL 220 NFA 7222 FTHE0E I 0
Fzv 7 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; if it is not a cell object, =1 will be returned.

On success, 0 will be returned.

void PyCell_SET (PyObject *cell, PyObject *value)

I T2 b cell DIEE value ITRELET, ZHRAITV Y MW TIEH IR, BED]ZHOD
F v 73N BITVER A, cell 13IE NULL TRIFNIXZ ST, 2ot 7 =7 P TRITUIRD
FH A,
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8.5.5 I—FATZxV b

a—FA7Y =27 b (Code objects) 1& CPython DKL NAZLEHME DTS, %472 =27 MIBERIC
RSN TORWETAREa — FOBZERBI L TV,

type PyCodeObject

A—FAT7Y 22 P RBTL-DICHHEINS CHER, COMDT7 4 — L PR THEES N
CEXR

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.

int PyCode_GetNumFree (PyCodeObject *co)

Return the number of free variables in co.

PyCodeObject *PyCode_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)

RDfE: HLWEHE, Return a new code object. If you need a dummy code object to create a
frame, use PyCode_NewEmpty () instead. Calling PyCode_New() directly will bind you to a precise
Python version since the definition of the bytecode changes often. The many arguments of this
function are inter-dependent in complex ways, meaning that subtle changes to values are likely to

result in incorrect execution or VM crashes. Use this function only with extreme care.
N— a3 ¥ 3.11 TEH: Added qualname and exceptiontable parameters.

PyCodeObject *PyCode_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)

RBRDOfE: FHLWBHE, Similar to PyCode_New(), but with an extra “posonlyargcount” for

positional-only arguments. The same caveats that apply to PyCode_New also apply to this function.
N— a v 3.8 THEM.

N— a v 3.11 TEH: Added qualname and exceptiontable parameters.
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PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)

RBbh{E: L UWEBH, 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.

N— a3 » 3.11 TEH.

PyObject *PyCode_GetCode (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_code'). Returns a strong reference to a
PyBytesObject representing the bytecode in a code object. On error, NULL is returned and an

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.

N—ar 3.11 TEM.

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.

N—a ¥ 3.11 TEN.

PyObject *PyCode_GetCellvars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_cellvars'). Returns a new reference to a
PyTupleObject containing the names of the local variables that are referenced by nested functions.

On error, NULL is returned and an exception is raised.

N—a ¥ 3.11 TEN.

PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an

exception is raised.

8.5.
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N— a3 r 3.11 TEH.

8.6 FDDAT U b+

8.6.1 J7MILATIxU

IhHD API IZ, Python 2 DARAD 77 ANF TV =227 +D C APl ZHREBRLZI 2L — b T57-0HD
HDTT, ZIHlE, BHEC FA4A 77V THR-PESNTWVBE Ny 7 7% [/O (FILE*) IZfH 2 7= i12ffib
NEF, Python 3 T, 77 ALER MY —=LFH LV io EV 2 —E2HHIN, 2212 OS Dk~
BNy 7 74E /O D LWL ODDBRERINTVET, RTHEMAINTHEEZ. Zhs0HLw
API OfEf7: C Z v =TH D, 4 27V XTONEHIRT 7 —@BANIAINTWE T F— F8—F 4 —
Da—FERbHIZ io D API 25 Z e BSHERINF 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)

RDhME: HiLWEHE, RICEBL XY Stable ABL BECBHIANTWE 774 fd DT 7 A NVTF 4 A2
VTR 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 FOfEZRFS 2
EHRTEET, name BRHAINZ2DTID, BAEEEDOLDITEEINATVWET, KKT 5 & NULL
BRLUET, XD aiENRGIBOMHIE, io.open) BABD FFa XY v ESIRLTLZE W,

2=,
El=K

Python A PV =2 B3BHD Ny 7 7 U Y IREEFEOD, 77 4 LFEAFD OS LRLD
Ny 77 V7T 5, PRARME (TFHERT—&XH) RZ25 SR LET,

N—ay 3.2 TEHE: name BIEDES,

int PyObject_AsFileDescriptor (PyObject *p)

RICELFT: Stable ABL p ZB#HDOF NS 77 ANT 4 A2 YT X% int ¥ LTRLUET, 4
TV bR, TOMEEIRLET, BRTHRWES, A 7Y 22 MZ fileno() XY v F23H
AWEEFHLET; 2OXY v FORDEIX. 77 A LGERFOMEE U TGREINZELHTRITIUIRD
FHA, RT 2PN ZHRELT -1 ZIRLE T,

PyObject *PyFile_GetLine (PyObject *p, int n)

RBDOME: FiLWEBHE, RICEL X7 Stable ABIL p.readline([n]) ¥R U T, ZOBEIXATY =
7 p OBTEFHAHLET, p &7 7 ANFA T 27+, readline() XY v KEFOASHDF
TV PTOREVEREA, n B0 DHE, ITORIICHEMFRR CIEMI 1 ITRTHALBLEST. n 230
IhREFE n AN MUEDTF—-REFFHAL L ERA; o T, [TO—HIEZIWRENIZGENDH
DEST, EBbHD0HETH, tAHLET ST 7 A VORKIGIZERE L 72581032 FH) % B L %
Fon A0 XD/hXIFUR, BIREDLLT 117720% SiAaHLETHE, 327 7 4 L OMKIRHITE
L7 458121% EOFError ik L £3,

int PyFile_SetOpenCodeHook ( Py OpenCodeHookFunction handler)
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io.open_code() DEFE DXL NWE LEEZL T, ZORIRX—X -2V FITHEL
9,
ANV R —IEROBE DB TT,
typedef PyObject *(*Py_0OpenCodeHookFunction)(PyObject®, void*)
PyObject *(*) (PyObject *path, void *userData) ¥ 5FliT. path l& PyUnicodeObject T

HBEPRILEN TV T,

userData RA X7 v 7BBICEINEST, 7y 7B V24 26U EINE b L
NHVDT, TDRA ¥ RIFEHE Python DIREE BB IRETIEHD T A,

ZD7 v 7BBIEA YR—- M IELNE ZEZERILTWS 729, Y 2 —A72 frozen REY 22—
NTH 5D sys.modules IHAZFHMEERES 2 — L TH B ZEDBTh > TWBEEERVTI,
T ZBROFEITHICH LVWES 2 =% 4 Y E— FTE3DIEIT T X0,

Wo A7y ZEBDEREEINZ S, HIFRPE I S TE T, Bh 5D PyFile_SetOpenCodeHook ()
DOEFHLIFRKBLET, ZOBEBDBEM LI XX, 4 2= 23t ah T GE. -1 %
BLTHSNZEY P LETS,

ZOBRIE Py_Initialize() K DATCIFIH L THLETT,
S L T B&E S N b setopencodehook #EHL F3,
N— a ¥ 3.8 TE.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

RICBLEFT: Stable ABL. A7V 27 b 0bj Z7 7 ANA T2 b p ITHEZIAALE T, flags Y
R—=+F2%77270& Py_PRINT RAW 723 TT; COT7 I 7 RIBET S, A7V =2 MZ repr() T
37 str () REHLHERE 7 7 A MCESHLET, BILEEIZ 0 ZRL, ElFs L -1
ZIRLUTHEYZASN 2y P LET,

int PyFile_WriteString(const char *s, PyObject *p)

RICBLET: Stable ABL. XFH s 27 7 ANA Tzt pZEEHLET, LG AEICIZ O
ZIRL. RT3 -1 ZRLUCEYIZEN LY P LET,

8.6.2 EXa—I/LAT2 ¥ k (module object)

PyTypeObject PyModule_Type

RICBLZFY: Stable ABI. 20D PyTypeObject DA ¥ AR Y A& Python DEY 2=+ 7V =2
MUZRHLET, 2OF 7Y 2 &, Python v 2 F L4121 types.ModuleType & L TR X
NTVET,

int PyModule_Check (PyObject *p)

pBEID 2= NFATI 2 MPEI 2 NI T I VDY TEA T THIL ZICHERLET, 20D
BB E ISR L 3,
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int PyModule_CheckExact (PyObject *p)
pMWES 2a—VA TP xT T, 5D PyModule_Type DY 7T XA T TRVWE ZICEZRLET, Z0D
BRI E I L £9,

PyObject *PyModule_NewObject (PyObject *name)

EDE: HLWEBE, RICEBLZT: Stable ABI (/N\—3> 3.7 &D ). Return a new module object
with the __name__ attribute 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

providing a __file__ attribute.
N—a ¥ 3.3 TEM.
N—Ya ¥ 3.4 TEHE: __package__ and __loader__ are set to None.

PyObject *PyModule_New (const char *name)
RO{E: HILWBE, XICBL £7: Stable ABL. PyModule_NewObject () 12TV 355, name &
Unicode &7 =7 b TlER < UTF-8 TZYa— KRENLXFH|TI,

PyObject *PyModule_GetDict (PyObject *module)

RbO{E: BRABE, RIZELE T Stable ABL. module DARIZER %2 RET 2HHEA 77 VERL
9 DA T2 MNE EV 2 ATV D __dict__ BHEEFELDDTT, module 23E
Ta—nFI7Iz I (BLKIEFEY 2 AATI 2T POV T XA TS) TROVEEIX, SystemError
DEH E A NULL AR5,

PIRES 2 — VT BV 2— VD __dict__ ZEERIET S LD D, PyModule_* B L PyObject_x*
BERR S it g 3,
PyObject *PyModule_GetNameObject (PyObject *module)

RhE: FILWBHE, RIZBLET: Stable ABI (N—3> 8.7 &D ). Return module’s __name__
value. If the module does not provide one, or if it is not a string, SystemError is raised and NULL

is returned.
N— a v 3.3 TEM.

const char *PyModule_GetName (PyObject *module)
RICEL £79: Stable ABL. PyModule_GetNameObject () WZBITWE T A, 'utf-8' Ty a—FX
N7z name ZIEL %3,

void *PyModule_GetState (PyObject *module)

RICBLET: Stable ABL £Y 2—1D "state”(EY 2 — AV EER LR A IV I THREINZ X E
V7 8y ZANDRA Y R—=) . RIFHUE NULL 2B L %9, PyModuleDef.m_size ZZBHRUL T X
éL\O

PyModuleDef *PyModule_GetDef ( PyObject *module)

RICBLET: Stable ABL €3 a—AMESNBIT L 7R o7z PyModuleDef MHEERNDKRA ¥ X 2K
LET, EVa—AERICL > TESNTOWARD 5 7235813 NULL 2R L £73,
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PyObject *PyModule_GetFilenameObject (PyObject *module)

BROME: :ILWEE, RICEL X7 Stable ABI. Return the name of the file from which module was
loaded using module’s __file__ attribute. If this is not defined, or if it is not a unicode string,

raise SystemError and return NULL; otherwise return a reference to a Unicode object.
N— a ¥y 3.2 TE.

const char *PyModule_GetFilename ( PyObject *module)

RICEBLF 9 Stable ABI. PyModule_GetFilenameObject () Ll TWEFTH, 'utf-8 TZ>a—FK
ENT7 7 ANEBEIBELET,

N—T a ¥ 3.2 TIHLE: PyModule_GetFilename() WF > aA— FTERWVWT 7 4 AZITH L T
UnicodeEncodeError Z#EH L £3, ZHDbDIT PyModule_GetFilenameObject () ZHEHL T
{IZ&E W,

C ®EZa—ILOWEAL

HE, EYa— ATV =7 MIEREY 22— (FIHLBEEZ =7 AR LTWEAH_EZI 4 T75V) %
T3 AAENTZEY 2 —)b (PyImport_AppendInittab () %o CHIHHLEEDEBMENTVWEEY 2 —
) pofESNET, FC OV T building ¥ 721% extending-with-embedding % RT 72X W,

FIHMEBEIRNX, B 2 —VERDA VARV X% PyModule_Create() WIE L THR EN-7ZET 2 —F
7Y PEBELTHEINTT L, dLIEERMERZDSDZIRL” ZEMEMIL” ZZRL TN E
A,

type PyModuleDef
RICBLET: Stable ABI (TRTOAYN—ZFEL). Y 2 — VEBBERIEY 2 -4 TV =
7 P EERT 2 DICREL TR TOERERFELE T, @EIE. TRZRDEY 2 -1 T LIZHINH]
bE N7 ZORDERD 1 DRI FELE T,
PyModuleDef Base m_base

Z DX N—ZHIZ PyModuleDef HEAD_INIT CTHIHILL TL 72X\,

const char *m_name

FLWEY 2 —ILD&Hi.

const char *m_doc

EY 2 —AD docstring, 72T docstring 1& PyDoc_ STRVAR % FIFH L TEMINE T,

Py ssize 1 m_size
EY 2 —LOIRREIE, B m — LR EETlE R { PyModule_GetState() THUSTE 3
Va— NI DXEVHEBICEREINTWR DD ET, ZhICXko TEY 2 —IERDY
T AR R—TERMHEZE T,

ZDRAEYMHEBIE m_size ICEEDOWTEY 2 —MERFHCHERIN, P2 —1F 7P =7 b2
FEAND L EIZ, m_free BB DI ENDMENT-BRTHRBRINE T,
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m_size I -1 ZRET B L. ZOEYa—NdZu— A RREZE DI T - L &2 —F
VE—%PR—PFLTVREVEWVWS ZRIZRD FT,

m_size RIFADMEICRTT 2., BV a— L ZHEOYLTE, ZORED-DITHEL 2258
MOXEVEERETEZEWVWS 221D FET, IEFAED n_size FZEMEUMALTRHE IR D
%79,

ZEHZ PEP 3121 234,

PyMethodDef *m_methods
PyMethodDef TEFRIND, T 2 — L L NLEBDT — T AANDEAL ¥ R —, BBBELELR
WIS B NULL Z3ET % Z L 3l hE,

PyModuleDef _Slot *m_slots
LRVt D 20 vy MEROESIT, {0, NULLY ZEREI1HKIHL 2D £33, —BRETEHIt
25 & ZiE m_slots 13 NULL TRIFIUIRD T A,

N—ar 35 TEH: N—T a3 3.5 XDENE. TDRX U NTHEIC NULL IKEREXNTWVWT, X
DHDY L TERSINTVWE L=

inquiry m_reload

traverseproc m_traverse
GCAEBNEY 2 —NF TV =7 P 2EET BT SN2 ERR, HERWIEEIX NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.
N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

tnquiry m_clear

CGCHZDEI2a—NA TP 27 V7 —F 3RO EINE 7Y 77—, BERWYG
&1%. NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.

Like PyTypeObject.tp_clear, this function is not always called before a module is deallo-
cated. For example, when reference counting is enough to determine that an object is no

longer used, the cyclic garbage collector is not involved and m_free is called directly.
N— a Y 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CCHRZIDEI2a— ATl N RERT 2L S MOH SN2 B, PERWEEIZ NULL.
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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—=Yar 3.9 TEH: No longer called before the module state is allocated.

—ERPEAIHA{E

ED 2 —LVOUIIEBEBPEZEY 2 — 1A TP = 7 b EERLTRIGESH D £3, ZUd” —EREWIHA
&7 2EH, KD 2O0DEY 2 — VERBEROEE S50 1 D& HFVET:
PyObject *PyModule_Create (PyModuleDef *def)
RBDfE: $LWEHE, 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)

RDE: FHILWEHE, RICEBL X9 Stable ABL. API N—3 a > % module_api_version ¥ LT def
TOERIE>THLWEY 2a— ATV 27 b2ERLET, b LIEESINIAN—a YPFTLT
WEAYR—=T VR =DN=Y a2 > Bz 25513, RuntineWarning ZHAEXHE T,

AR: FrAYOHE. ZOBTIER L PyModule_Create() ZRHTEZRETT, ZOBEEL.
COBBORENEEIEL TW2 e ZICZFRALTLLE W,

BV 2 A TV 27 MHIPIHILEIED IR XN B RIS, oW T W& PyModule_AddObjectRef () 72 ¥ DR
BefioTEY a— ATV MIXUAZFIBIEET,

ZERFEANHATL

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()).

ZERBETIHI L2 > TERINEZETOET 2a—NME T ATV E— 2HE-1IFTE3ZeaRKDLN
F9, BEOED 2 — APV LTWE I ZHET DI, 720 TWEZ DY R—- 2T 53T+
T,
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ZEBOIb R ERT 2 2012, #IH{LEE (Pylnit_modulename) 1XZ2 T\ m slots & FiD
PyModuleDef %KL £F, ZNEETHIIC, PyModuleDef 4 ¥ 2R ¥ ZIZR DB TR L X iz T
W EEA:

PyObject *PyModuleDef _Init (PyModuleDef *def)

Dif: BRABR, RIBLET: Stable ABI (IN—=23> 3.5 &D). EV 2 - VEBRDPE BRI Y
N F’EIEL(%E’(%:T%\ YN &7z Python 7Y =27 b THBZ I RIFL 3,

PyObject* IZF ¥ A b ANz def IR L E T, TI7—DHAELEHE NULL ZRL £7,
N— a ¥ 3.5 TE.
EY 2 —VEED m_slots X > \i& PyModuleDef_Slot BHERDEA# X T UI D THA:
type PyModuleDef_Slot
int slot
2wy b ID T, URTHAIN T2 FFTRERED & FIFNh F T,

void *value

2Zuy hOET, BHRERay b ID IKFELE T,
N—a ¥ 3.5 TBE.
m__slots BEEFNZ ID 0 DXy b TEEXATWRITIUIRD T8 A.
FIHAIRER A1y b ORUILLR TS

Py_mod_create

EV2—NF TV VEHEEERT 27-DICMENIBEBEIEELES, 20Xy D value RA
VRERDY TAF v BFOBEBEIEL TR TRV ERA:

PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 T/E#H SN 7- ModuleSpec f Y AR VY R, Y 2 —VEHREZIIWMBHEKTT, Zhid
FLOEY 2a— A7V 27 b2iRTH, T7—%FELTNULL ZRINETT,

Z OBEBUIR/NRICE D TEBLRNETT, FHIEED Python 2 — FEMUHITRETIERZL, FALE
Ja—EALVR=PLEI T B EREL—-TIZHBZTL & 5,

BED Py_mod_create A0 Y Fx2 1 DDEY 2 —VERICRELRVWANLWVTT,

Py_mod_create DX EINTWVARWEEIE., 4 ¥ R— MEWIX PyModule_ New() %o THEHEDE
Pa—AF TV EERLET, EY 2 LOLENIERTIERL spec OWB IR, Zhic
o THRREY 2 —ADFHNCEY 2 —ABEEICB T S MEZRETELD, SRV 7V I 28
LTR—DEY 2 —VEREZHA L OOBIOHETTA Y R—-FTELD LET,

BEND AT =7 B PyModule_Type DA VARV RATHINHEIHD FHA, 4 K- bicHE
TREEORE L BENTELZRDIZ, CARETHMZ E3, Ui L, PyModuleDef %% NULL T#
W m_traverse, m_clear, m_free ., $ L IE¥RTH WV m_size . b L <X Py_mod_create DIFD
20y b ERFEOHEIE, PyModule Type 4 YRRV ADAHAIKRENLZTL YD
210 % 8 B EKRATITI U b (concrete object) L1¥
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Py_mod_exec

EV 2% RITTB & JWMEEN BB EEEL 9, Z4Ud Python €Y 2 — @ a— F2HEfT
TERDLEFTT: COBBIET-VTWEIZ IR EREEY 22—V LET, ZOBEBDOY 72 F ¥
ELLR T

int exec_module (PyObject *module)

BHD Py_mod_exec A0 vy FPHFEZINTWIEEIX. m_slots FEHNCHNZZIEICRUE X T &
7,

ZEREMEHEIZ OV T I DELIE PEP 489 2R T XV,

RKEED 2—)LIERREH

DT o, ZEEOIILZM# S & 2B AT EE T, FIZIEFEY 2 -1 ATV =7 b ZERNCA
M 5e &I, 2o DO EEEMZ £3, PyModule_FromDefAndSpec 3 & Uf PyModule_ExecDef O ¥
5568, MUH LZRITIZEY 2 — AP ERTORIFIER D 8 A

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)

RBbDfE: #LWVWBHE, 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.

N—ar 3.5 TEM.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module__api_ version)

RDME: iLWBE, RICELZXT: Stable ABI (IN—2 3> 3.7&D). API X—=Y a »% mod-
ule__api_version ¥ LT, def £ ModuleSpec * 72 =7 +®D spec TERI Nz BHIZH LWVE
Va—NATI 2l bRERLET, b LIBEINIANA=Ta YHRFEITLTVESL VX —=TY X—D
N—=T a v B 25E1%, RuntimeWarning Z A X E T,

FR: FrAYOEE, ZOBMETIERL PyModule_FromDefAndSpec() ZFIHT 2 RETT, ZD
BB, ZOBBOBEEEZHEL TWD & ZICZFFHL T ZE N,

N—a v 3.5 Tl

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)

RICBLZET: Stable ABI (IN—=2 3> 3.7 &D). def THRZAOMLEEDEITAR Y b
(Py_mod_ezec) ZFATLE T,

N— ar 3.5 TEM.

int PyModule_SetDocString (PyObject *module, const char *docstring)

RICELET: Stable ABI (IN—=23 > 3.7 &D ). module @ docstring % docstring IZREL E 3,
Z OBBUE. PyModuleDef %5 PyModule_Create % L < i PyModule_FromDefAndSpec % f{# o T
T 2 —VRAERT 5 ¢ XICHEINIE S X E T,
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N—a v 3.5 Tl

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

RICBLETY: Stable ABL (IN—=23> 3.7 &b ). #¥idd NULL IZ78 2 TW5 functions AN H %
B¥ %z module \ZIBIL %$3, PyMethodDef MEERDE 4 DT> + Y IZDWTIX PyMethodDef @
BMAZ SR L TSIV (BY 2 — VORI P EE IR TOARVWOT, C THEEINLEY 2 —
AL 7 B 3w TWEY 2a—% 1 DHOG#E LTI D, Python 772D A ¥ X
RYAXYy RITBIZBICLET), ZDR%IE. PyModuleDef 2°5 PyModule_Create L < &

PyModule_FromDefAndSpec Zffi-> TEY 2 — L EEMT % & T ICHEWIIHFOIH IR E T,

N—ar 3.5 TE.

R — B

EY 2 — N OYHILEER (—BEFIIEZ S5 55) . H2VIEEY 2 - 1DFETRay bhoUHENS

BIR (ZBRBEIIHLZ 5 5E) BROBEZE/-S &, €Y 2 —1 0 state DFILZBHFICTE %3

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

RICBLET: Stable ABI (IN—23> 3.10 &D ). module \C* 7Y =2 +%& name & L TEIML %

T ZOBBIZEY 2 — DU LR & FIH S 5 R T,
S HE 0 ZIEL, 712725 e fIAEEHLT -1 ZIBRLET,
Return NULL if value is NULL. It must be called with an exception raised in this case.

15 151

static int
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;

return res;

ZOFNE. BRANC obj 3 NULL TH 2 Z e RHERETICHEL 2 TEET:

static int

add_spam(PyObject *module, int value)

{
PyObject *obj = PyLong_FromLong(value) ;
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (obj) ;

return res;
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ZDHAEE, obj A NULL TH D 5 %728, Py_DECREF() Dftb DIZ Py_XDECREF() % MECNH 3 HEE
HHdZEITERLTIREW,

N— a3 ¥ 3.10 TEH.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
RICEBLF Y Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value

on success (if it returns 0).

The new PyModule_AddObjectRef () function is recommended, since it is easy to introduce refer-

ence leaks by misusing the PyModule_AddObject () function.

EM:  Unlike other functions that steal references, PyModule_AddObject () only releases the

reference to value on success.

This means that its return value must be checked, and calling code must Py_DECREF() wvalue

manually on error.

A :
static int
add_spam(PyObject #*module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject(module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_AddObject() stole a reference to obj:
// Py_DECREF(obj) is mot needed here
return 0O;
}

ZOFNE. BARANC obj 3 NULL TH 2 Z e R TICHEL 2 TEET:

static int
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (PyModule_AddObject(module, "spam", obj) < 0) {
Py _XDECREF (obj) ;
return -1;
}
// PyModule_AddObject() stole a rTeference to obj:
// Py_DECREF(obj) is not needed here

(RDR—T12HE L)
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(FiDR— 25 D %)

return 0O;

DA, obj S NULL TH D 5 %728, Py_DECREF() Dt DIC Py_XDECREF() % WECNH 3 HE
DD LITEFERELTLEE W,

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
RICEL X9 : Stable ABI. Add an integer constant to module as name. This convenience function
can be used from the module’s initialization function. Return -1 on error, O on success.

int PyModule_AddStringConstant (PyObject *module, const char *name, const char *value)

RICEBL 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 on error, O on success.

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 on error, O on success.

PyModule_AddStringMacro (module, macro)

NFEHERE module [ZBIML ET,

int PyModule_AddType ( PyObject *module, PyTypeObject *type)

RICBLEFY: 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 on error, 0 on success.

N—a v 3.9 Tl

ESa—-ILEER

—B I LIE, BEDA Y Z TV RDAVTIRA YL ORI VAN DEY 2a— A EBEFBLET, &
LT, BOESLEI 2 —VEBNDSWHIZITED 2 - A TP =27 bR TE F T,

LRI 25 L E—DERDP LEBDOEY 2 — UPMERTE 20T, 25 DOBEITZ B L%
o TIERENEES 2 — MR FH A,

PyObject *PyState_FindModule (PyModuleDef *def)

ROE: BABE, RIBLET: Stable ABL BEDA Y X TV XD def D HlEBNTZEY 2 —LF
T2 bEBLET, ZDXY vy FORESMFL LT, #id o T PyState_AddModule() TA ¥ &
TVRD state ICES 2a— ATV bEEELTBL I EERLET, WETZES2a—1F T
V7 MDBRMALSRV, b LEERNCA X T Y XD state I[THFE X N TWRWIEEX, NULL %
BRLET,
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int PyState_AddModule ( PyObject *module, PyModuleDef *def)

RICBLZFY: Stable ABI (IN—=23> 3.3 &D). BRI NAEEY 2 NI TV b2, 4V
X7V XD state 1IEAE L FT, ZOBKEMS Z & T PyState_FindModule () D HEY 2 —)LA 7
Pz MIT I EATERXSICRDET,

—BBEFIL 2 o TIERE N EY 2 —MICDAFEITT,

Python calls PyState_AddModule automatically after importing a module, so it is unnecessary
(but harmless) to call it from module initialization code. An explicit call is needed only if the
module’s own init code subsequently calls PyState_FindModule. The function is mainly intended
for implementing alternative import mechanisms (either by calling it directly, or by referring to

its implementation for details of the required state updates).
The caller must hold the GIL.

Return 0 on success or -1 on failure.

N—Ya v 3.3 TEM.

int PyState_RemoveModule ( PyModuleDef *def)
RICELFT: Stable ABI (IN—23> 3.8 £D ). Removes the module object created from def
from the interpreter state. Return 0 on success or -1 on failure.

The caller must hold the GIL.

N—a v 3.3 Tl

8.6.3 1T7L—24T2 x4/ |k (iterator object)

Python TR ZFBEOA 71— A7V =27 b2EBLTVEST, —D2HEY -7 Y X4 7L —XT,
__getitem__ () AV FEVR-PFFTE2EBEDODS—F Y RAEWMHTVET, ZOHEMIH LATREA 7Y =
27 b 2% (sentinel value) 2\, =7 Y ANOERZ L IO LAJRELS 7Y = 7 P 2O LT, &
YFFOVEMNRE N b BB ER T LE T,

PyTypeObject PySeqlter_Type
RICBLFT: Stable ABL. PySeqIter_New() X, #AAAS —5 ¥ ZBNTH LT 1 51BIEAR DA
ABBAE iter ) ZMUH L 2ITREINE, ATV =X AT 27 VORI T 22 T,

int PySeqIter_Check(PyObject *op)
op DAY PySeqlter_Type MOLGHICEZIR L £, ZOBBIIEICHINL ET,

PyObject *PySeqlter_New(PyObject *seq)
RBDME: :TLWBHE, RICBL X7 Stable ABL. —f&kfi> —r Y 24T 27 b seq /WS4 T
L—RZIRLET, RIGLHIZ, > — 7 ¥ APRFHERIEDORRIC IndexError ZiR L7z & EITKT
L%,
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PyTypeObject PyCalllter_Type
RICELFT: Stable ABI. PyCalllter New() <. #lAAABE iter O D 2 5IBIEAIERT A 7
L—RFAT79 27 bORIKA T 7 M T,

int PyCallIter_Check(PyObject *op)

op DM PyCalllter Type DGEHICEZRLET, ZOBBIXEICHKIILET,
D Y yp

PyObject *PyCallIlter_New(PyObject *callable, PyObject *sentinel)

ROfE: HiLWEBE, RICBLZEY: Stable ABL H=kATL—X2RLET, BRIIDRT AR
callable 13518072 LT € % Python OFERI LAIREL 79 =2 7 PR OBRATHDLEVERA;
callable 13, WM 7 MICROREILENRA 72 = 7 P 2RSLTFUILD $/A, ElREHh
7oA 7L —=21&. callable 3 sentinel IZFE LU WEZRIRT & RIEMEZHETLUES,

8.6.4 TRXUVTFTAAT T I (descriptor object)

" FR Y TR (descriptor)” X, HBA T 27 POV OpDEMICOVWTHR LA T 2 T,
TAIVTRATY 27 MEIWMA T =7 POFHENIIHD 15,
PyTypeObject PyProperty_Type
RICBLEFT: Stable ABL filAAAT R 7V FAROMA 7Y =7 T,
PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
RDME: #HLLWER, RICEBLFT: Stable ABL

PyObject *PyDescr_NewMember ( PyTypeObject *type, struct PyMemberDef *meth)

ROE: FiLWEE, RICEBL X9 Stable ABI.

PyObject *PyDescr_NewMethod ( Py TypeObject *type, struct PyMethodDef *meth)
&Drﬁ %ﬁbb\/: Ro «kl‘_EbiT Stable ABI.

PyObject *PyDescr_NewWrapper ( Py TiypeObject *type, struct wrapperbase *wrapper, void *wrapped)
ROfE: HLLEE,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
ROfE: FLVLBER, RICBLET: Stable ABL

int PyDescr_IsData(PyObject *descr)
TAIZVTRATI 27 b deser BT — XD T A7) FXDGEIFELafiz. XV vy FTFX
2V TEDGEITIE 0 ZIRLE T, descr 3T A7V T RATY 27 PTRIFNILD $HA, 57—
F v ZIETVEE A
PyObject *PyWrapper_New (PyObject™, PyObject*)
ROfE: #ILVLBR, RICBL XY Stable ABL
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8.6.5 XSA XX TV Ik (slice object)

PyTypeObject PySlice_Type

RICBLFT: Stable ABL. RZA XA T 27 FOMA T 27 3 TF, ZHud. Python L 4 ¥iZ
BT S slice LA LATY =27 FTY,

int PySlice_Check (PyObject *ob)

0b MRATARXTY 27 FOBFAICEHEIRLET; ob 1 NULL THo> TIR D FHA, ZOBEEITHE
R L E T,

PyObject *PySlice_New(PyObject *start, PyObject *stop, PyObject *step)

RBbh{E: :iLWLWBHE, RICEL E7: Stable ABI. Return a new slice object with the given values.
The start, stop, and step parameters are used as the values of the slice object attributes of the same
names. Any of the values may be NULL, in which case the None will be used for the corresponding

attribute. Return NULL if the new object could not be allocated.

int PySlice_GetIndices(PyObject *slice, Py _ssize_t length, Py _ssize_t *start, Py_ssize_t *stop,

Py ssize_t *step)

RICBLET: Stable ABL. R4 XA T =27 b slice \ICBF 3 start, stop, BEXUL step DA VT
ZMEZERLEST, TOLES—Fr Y RAOEE % length LARELE T, length KD bRERA VT
2B L7 —2 LTIROVET,

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).
BESHL, HRLFIOEBEH NIV TL & I,

N—=Ta ¥y 3.2 TEHE: ENE. slice 518 DBI PySliceObject* 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 t *slicelength)

RICEBLE9: Stable ABL. PySlice_GetIndices () DEFZMRZFTT, slice I2BIY 5. start, stop B
XU step DA VT2 AEEREELET, O—F Y ADEE% length . 2574 ADEX% slicelength
WKHHLE T, HANDA VF 7 AGBEDA T4 R —B LEHETIZ Yy 73hET,

Returns 0 on success and -1 on error with exception set.

FAMR: 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

8.6.
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if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—=Yar 3.2 TEHE: AN, slice 515 DAIE PySlicelbject* TL 7,

N—Y a ¥ 3.6.1 TEHE: If Py_LIMITED_API is not set or set to the value between 0x03050400 and
0x03060000 (not including) or 0x03060100 or higher PySlice_GetIndicesEx() is implemented
as a macro using PySlice_Unpack() and PySlice_AdjustIndices(). Arguments start, stop and

step are evaluated more than once.

N— a ¥ 3.6.1 TIEHESE: If Py_LIMITED_API is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx() is a deprecated function.
int PySlice_Unpack(PyObject *slice, Py ssize t *start, Py _ssize t *stop, Py _ssize ¢ *step)

RICELEXT: 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 on error, 0 on success.
N—a ¥ 3.6.1 THEM.

Py ssize t PySlice_AdjustIndices(Py ssize t length, Py ssize ¢ *start, Py ssize t *stop,
Py ssize_t step)

RICBLET: Stable ABI (IN—=2a > 3.7 &b ). Adjust start/end slice indices assuming a
sequence of the specified length. Out of bounds indices are clipped in a manner consistent with

the handling of normal slices.
Return the length of the slice. Always successful. Doesn’t call Python code.

N—a v 3.6.1 TEM.

Ellipsis 772z o b+

PyObject *Py_Ellipsis

The Python Ellipsis object. This object has no methods. It needs to be treated just like any

other object with respect to reference counts. Like Py_None it is a singleton object.
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8.6.6 memoryview 77V b

memoryview A 7Y =7 M, MDA T =2/ P EFEL X S1ITKZ S Python A 7Y =27 DO E L CE

FBLALD Ny T7DA VA —TT—R TY,

PyObject *PyMemoryView_FromObject (PyObject *obj)
ROfE: FiLWBE, RIBLFT: Stable ABL. Ny 774 X —T 22552547022 b
6 memoryview A 7V 27 b ERERLET, L obj PEXAATRERNY 77 DT AR—1+%
PR—bFTER5, 2D memoryview 7 7Y =7 MIFAEZAFETT, £ TRIIUIFHL DA
W20, T AR=Z=DFHNCb L OVWTHRAEZHAREL R D FT,

PyBUF _READ

Flag to request a readonly buffer.

PyBUF_WRITE

Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py _ssize_t size, int flags)
RbOfE: iLWBE, XRIZBL X : Stable ABI (IN—23Y 8.7&D). mem ZEETFONy 77 & L
T memoryview 4 7Y = 7 b EER L £ 3, flags \& PyBUF_READ % PyBUF_WRITE D¥'H &7
D ij‘o

N—a ¥ 3.3 TEM.

PyObject *PyMemoryView_FromBuffer (const Py buffer *view)

RDE: FiLLWBE, RICBELET: Stable ABI (IN=23> 811 &D). view ¥ LTHEZ BN
Ny 7 7HE%R T v 7T 5 memoryview A 7Y =27 FEERLET, BRI AL F Ny 7 7 AT
PyMemoryView_ FromMemory () DIEFSHEE L WTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
ROfE: FiLWBE, RICBLEJ: Stable ABL buffer f ¥ X —7 2 —AZEHRLTVWEA TV
FH» 5 (CC A Fortran @ order T) EHiL7z XE VU F ¥ ¥ 7D memoryview * 7 =7 b &{E
hEFT, XEVYDPEH L TWEIHE, memoryview 7 79 =7 MITTDXEV 2SR LE T, 2hll
NADGE, XEVIZI ¥ —3IN T, memoryview 7 =7 MIFIL W bytes A 7Y =27 b ESIRL
3

buffertype can be one of PyBUF_READ or PyBUF_WRITE.

int PyMemoryView_Check (PyObject *obj)
obj % memoryview 7Y =7 bOBFICHEZIRLE T, BED L Z A, memoryview DV TV 7 R
DIERIFFFAI SN TV R A, ZOBBUIEICHIIL £9,

Py buffer *PyMemoryView_GET_BUFFER(PyObject *mview)

HxEEINIZNY 77 —D memoryview DS T4 RX— b abB—IZ, KA VX —%RLET, mview
¥ memoryview £ Y A X Y ATRIFIUIRD EVA; 20703 %r2F v 7 LRVWOTHRITHE
FryZ LRINIRST, TRER2L 7793252800 HD %3,
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PyObject *PyMemoryView_GET_BASE(PyObject *mview)

memoryview Z L7 AR —=FLTWVWEF 7T 27 PADKA Y E %R L ET, memoryview 53
PyMemoryView_FromMemory () 7 PyMemoryView FromBuffer() D5 L TER I AT WIS
&, NULL 23R L 9

8.6.7 /FEWATI I b

Python 1% $§8R 25—l A 7 =7 b (first-class object) ¥ LTHR— LT, HSHMEEZFET
THEEOEAOAF 7Y 27 VIRH D FF, B3HEMRSIRA 7Y 27 M T BB AV ADA TV 2
7 MK UTAREZRR D 7 ¥ 2 LTIRES A 7Y 27 b TT,

int PyWeakref_Check (PyObject *ob)

Return true if ob is either a reference or proxy object. This function always succeeds.

int PyWeakref_CheckRef (PyObject *ob)

Return true if ob is a reference object. This function always succeeds.

int PyWeakref _CheckProxy(PyObject *ob)

Return true if ob is a proxy object. This function always succeeds.

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)

RBOfE: :ILLWBE, XICBL X Stable ABL Return a weak reference object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing
reference object may be returned. The second parameter, callback, can be a callable object that
receives notification when ob is garbage collected; it should accept a single parameter, which will
be the weak reference object itself. callback may also be None or NULL. If 0b is not a weakly
referencable object, or if callback is not callable, None, or NULL, this will return NULL and raise

TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)

RBOE: :rLWBE, XICEL X7 Stable ABI. Return a weak reference proxy object for the
object ob. This will always return a new reference, but is not guaranteed to create a new object;
an existing proxy object may be returned. The second parameter, callback, can be a callable object
that receives notification when ob is garbage collected; it should accept a single parameter, which
will be the weak reference object itself. callback may also be None or NULL. If 0b is not a weakly
referencable object, or if callback is not callable, None, or NULL, this will return NULL and raise

TypeError.

PyObject *PyWeakref_GetObject (PyObject *ref)

EDfEi: EABHE, RIZBL XY Stable ABL Return the referenced object from a weak reference,

ref. If the referent is no longer live, returns Py_None.

FAFR: 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
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usage of the borrowed reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)
RO {E: A58, Similar to Pyeakref_ GetObject (), but does no error checking.
void PyObject_ClearWeakRefs (PyObject *object)

RICEBL £79: Stable ABI. This function is called by the tp_dealloc handler to clear weak

references.

This iterates through the weak references for object and calls callbacks for those references which

have one. It returns when all callbacks have been attempted.

8.6.8 7t

using-capsules LURD I 7Y = 7 b % 5 HIEIZDWTIX using-capsules SR L TL 72X W0,
N—a v 3.1 TEM.

type PyCapsule

Z D PyObject DY 7XA FiF, EEDMEERL, CHIREY 2 —N 5 Python 2— FEZEHLT
o C EFED I — NIEEDEL (voidx A VX DU T) BEIRLELDH DL ZIWCHEHTT, H5%E
Va—VNTERINTWS CSEBEBORS V&%, MOES 2 —NIZELTZILLHUHES
2T DI fEbhEd, ZAICLD, BRI - FENEEY 2 — LD C APLIZ#H
@ import HEEETHEL T 7R THI N TEET,

type PyCapsule_Destructor

RICBLET: Stable ABL. 7 7T B3TFTA NI 72X a—nAnNy 78 RO LS ICERINET:

[typedef void (*PyCapsule_Destructor) (PyObject *); ]

PyCapsule_ Destructor 2 —/L Ny 7 QEIEIZDOWTIX PyCapsule_New() B L TL 12X W,
int PyCapsule_CheckExact (PyObject *p)

518D PyCapsule DLGHEICHTIRLE T, ZOBBIIEITHINIL 5,

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)

BbO{E: :rLWEBE, RICBL XY Stable ABL pointer #i8#13 % PyCapsule ZIERL F T,
pointer 518UZ NULL TH - Tid# b £HA,

KL 723556, FlAVERE LT NULL 2B L3,

name SCEFNE NULL 2, B C XFFINDKRA ¥ X TF, NULL TEOWHE, ZOXFFNIA L
Y H TNV IDELERETIRENDD £F, (destructor O TIRINT 2 Z 2 IFFHF AT XN TVET)

destructor 75 NULL TEWGE, A 7R ADBHIREINZ L EZICZ20h L2858 L THRUEHER
%9,
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DA TN EY 2 —NLDEMELE UL TREZINS5E. name ¥ modulename . attributename ¥ 5
EENBZIRETT, 29F58, MDEI 2—ABEDH FEIL% PyCapsule_Import() TA ¥KR—
M BZENTEET,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)

rﬂkﬁbi?’ Stable ABI. # 7 MIRIEI N TV S pointer XD H L 3, KWL =55 H54
BELTNULL ZIRL ¥75,

The name parameter must compare exactly to the name stored in the capsule. If the name stored
in the capsule is NULL, the name passed in must also be NULL. Python uses the C function strcmp ()

to compare capsule names.

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

RICBLET: Stable ABL # MBI TVWAHEDFRA NS 72 2R L%, R LEA.
42 3% E LT NULL 2R L £,

A TEMENULL 2T A 727X LTHRHOIENTEET, iEoT. RDED NULL 2L 7 — &5
LTRWATREMD D D 5, PyCapsule_IsValid() 7> PyErr_Occurred() ZFIHL CHERL T
W,

void *PyCapsule_GetContext (PyObject *capsule)
RICBLET: Stable ABL # 7 MITRESNTOABED I Y7 F A b (context) ZIRL F3, &
L5 E, P ZEREL T NULL 2R L %3,

AT EVFENULL 23 7F AP LTHROIEBTEXT, [>T, RDED NULL Az F— %15
L CTRWATREMED S D £3, PyCapsule_IsValid() % PyErr_Occurred() ZHH L THEFZEL T2
IS

const char *PyCapsule_GetName ( PyObject *capsule)
;XLCE L/ i 3- Stdbl( ABI j] 7 “b/l/kf%ﬁé ﬂfh\ Z)IE{_‘O) name %:]g L/ i ‘j—o 9&5& L?L 7#7 =~ W’M‘
BELT NULL ZiR L £9

71 7V NULL % name & LTRDOZ A TEXT, fE-> T, RDED NULL 2825 — %25 L TRV
AJBEMED D D £ 3, 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.

BITLUGE. A7 rORE R4 2IRLE T, KBLEGE, HIS 2T L T NULL %R
%9,

N—=Ya ¥ 3.3 TEH: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)

RICBL E£9: Stable ABL capsule BE# D TN THE2hES50EF v 7 LET, 5K
capsule 1%, FE NULL T, PyCapsule_CheckEzact() %#,%A L., JE NULL 2R A ¥ X EEHL TN T,
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ANEBD name 235 4 name &< v F L E 3, (name DL HEICDOWTIE PyCapsule_GetPointer()
B

EZPIN

In other words, if PyCapsule_IsValid() returns a true value, calls to any of the accessors (any

function starting with PyCapsule_Get) are guaranteed to succeed.

F 7227 HBERT name 37 v F LEGEIIE0 2, ZNLANDGEEIC 0 2IRLE T, Z OB
WA RI L £ 8 A

int PyCapsule_SetContext (PyObject *capsule, void *context)

RICBLZET: Stable ABIL. capsule NERD 2> T F A MRA ¥ &% context IZEREL F T
RIL7s 0 %, RLZ6HIMNZERELTIE O ZIRLET,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)

RICEBLE9: Stable ABI. capsule NSO TR b5 7 X% destructor IZHEL F 35
LT 0 2, RBLESHINZRELTIEO ZIRL XTI,

int PyCapsule_SetName ( PyObject *capsule, const char *name)

RICBL £ : Stable ABIL. capsule NED name % name IZRKEL T, name 2IE NULL D & &,
ZHUX capsule I D D EVWEMEFFOLENDH D EF, LI TIC capsule IZIE NULL @ name D%
FENTOBE, 20U 2 FRIIITONER A,

BIIL75 0 &2, RML7=6HI4ZRELTIE 0 ZIRL T,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

RICEL X9 Stable ABIL. capsule WD KR A > X% pointer \ZE&EL F T, pointer 1& NULL TH -
TR D FEA

L5 0 &2, RRL7Z25BIAZRELTIE 0 ZIRL T,

8.6.9 7L —L (frame) 77>V b+

type PyFrameObject

RICELET: Limited APT (FERALBEBERLLT) 7L —247Y 27 b3 2BICHVWL R
5, A7V =7y eRT CHEKRTT,

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.
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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 TZH: Previously, this function was only available after including <frameobject.

h>.

PyFrameQObject *PyFrame_GetBack (PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
N—a > 3.9 TEM.

PyObject *PyFrame_GetBuiltins (PyFrameObject *frame)

Get the frame’s £_builtins attribute.
Return a strong reference. The result cannot be NULL.
N— a3 > 3.11 TEM.

PyCodeObject *PyFrame_GetCode (PyFrameObject *frame)

RICEBLFT: Stable ABI (IN—=23 > 3.10 &D ). Get the frame code.
Return a strong reference.

The result (frame code) cannot be NULL.

N—=Y a3 ¥ 3.9 TEM.

PyObject *PyFrame_GetGenerator (PyFrameObject *frame)

Get the generator, coroutine, or async generator that owns this frame, or NULL if this frame is not

owned by a generator. Does not raise an exception, even if the return value is NULL.
Return a strong reference, or NULL.
N—ar 3.11 TEM.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)

Get the frame’s £_globals attribute.
Return a strong reference. The result cannot be NULL.
N— a3 v 3.11 T:EM.

int PyFrame_GetLasti (PyFrameObject *frame)

Get the frame’s £_lasti attribute.
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Returns -1 if frame.f_lasti is None.
N— a ¥ 3.11 TEM.

PyObject *PyFrame_GetLocals (PyFrameObject *frame)

Get the frame’s £_locals attribute (dict).
Return a strong reference.
N—Y a ¥ 3.11 TBh.

int PyFrame_GetLineNumber ( PyFrameObject *frame)

RICBLET: Stable ABI (IN—=23 Y 3.10 &D). frame DEEETL TV AITEBEERLE T,

8.6.10 oz RL—RATxU

VAL —=EF 7Yz ME Python BV 28— XA T LK Z2EETIDIM>TNEAF TV bT
Fo VA —&XF TV MIEH., PyGen_New() X PyGen_NewWithQuallName () OHRAJIZFENH LT
372 L, fH% yield $2#DA 7L -y a MITEDEREhET,
type PyGenObject

VAL —EA T 7 PO TWS C HEEIRTT,

PyTypeObject PyGen_Type
VAL —=RATT 7 MBS 3BA T 27 F T,

int PyGen_Check ( PyObject *ob)
0b BT 2 AL —EA T 27 FDGEICEZRE T, 0b X NULL TH o> T4 D FHA, ORI
(527 R OY- 3 a8

int PyGen_CheckExact ( PyObject *ob)
ob 75 PyGen_Type DFHIWICEEIBELE T, 0l NULL TH o> TiER D THA. ZOBEBIIFEITHINL
9,

PyObject *PyGen_New (PyFrameObject *frame)

ROfE: FTLWBE, frame 7 70 =7 MIEDSWTH 7RI =L =X AT 27 PERERLTRL
3, ZOBBUX frame NDOSBREBAE T, 518D NULL TH->TIIRD ¥ A,

PyObject *PyGen_NewWithQualName ( PyFrameObject *frame, PyObject *name, PyObject *qualname)
RBOME: iLWBE, frame A 79 =7 b oWz =22V =247 27 bEAERL, __name__
¢ __qualname__ % name & qualname WKEELTERLET, ZOMEKIX frame NDSREEAF
F. frame 5130 NULL TH > T3 b 28 A,
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8.6.11 JIL—F>FATTxo+

N— a v 3.5 THEM.
AN—=F A TI 27 MI async F—T— F2ffio TERLBEKIET ATV =7 P TT,
type PyCoroObject
AN—F A TSI bDIDD C HIER,
PyTypeObject PyCoro_Type
AN—F XTI MINET AT 22 b,
int PyCoro_CheckExact (PyObject *ob)

0b B3 PyCoro_Type DIFEIWCEEIRLE T, 0b IE NULL THo TIRD FHA, ZOEIIFE I
L%,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

ROfl: ILWBEB, frame A 72 =7 v oHLVaL—F A7 =7 PEAER LT, __name__
¢ __qualname__ % name ¥ qualname ZHEL TGRLE T, ZOBEKIE frame ~NDBREBVFE
Fo frame 5180& NULL TH - Tldih 8 A,

8.6.12 OVTFAMEHATD TV b+

N—a ¥ 3.7 TENM.

N—Ya v 371 TEE:

AMR: Python 3.71 TE2TOaY 7 XA MEHD C API O > 7% F ¥, PyContext, PyContextVar,
PyConteztToken DD DIT PyObject RA ¥ R%EMD X5 BE INE L, Hlzid:

// in 3.7.0:
PyContext *PyContext_New(void) ;

// in 3.7.1+:
PyObject *PyContext_New(void) ;

FEAE bpo-34762 SRR L TL72& W,

Z OHITIX, contextvars EY 2 —I/LDNF C API OFEHICOWTEHAL £ 3,

type PyContext
contextvars.Context A 7Y x 2 F2RHT 272D C MGk,

type PyContextVar
contextvars.ContextVar A 7Y =7 FERET 27200 C &K,

226 %8 EZE BRATZ 1Y b+ (concrete object) L1


https://bugs.python.org/issue?@action=redirect&bpo=34762

The Python/C API, U —2X 3.11.14

type PyContextToken
contextvars.Token A 7Y =7 M 2R T 272DD C HEK,

PyTypeObject PyContext_Type
AVTHFRIAS BERBT A7 =7 b,

PyTypeObject PyContextVar_Type
AVTHFANER e RBT2RA 792 b,

PyTypeObject PyContextToken_Type
AVTHRAMER =Y BERBT A7 =0 b,

BFrzyr<rn:

int PyContext_CheckExact (PyObject *o0)
o B PyContext_Type DFEIWCEERLE T, 0 & NULL THo TR D A, ZOBEBITHEITK
hLEd,

int PyContextVar_CheckExact (PyObject *o)
o 2% PyContextVar_ Type DFHEICHEZIRLE T, 0 1Z NULL THo TR D FHA, ZOBEITHEIC
BRI F5,

int PyContextToken_CheckExact (PyObject *o0)
o B3 PyContextToken_Type DFHEICHZIRELE T, 0l NULL TH-oTIRD F¥A., ZOBEZ
HIZHII L LT

AVFFRAMATY 2 M RE) RS B

PyObject *PyContext_New (void)
ROl HLLBE, HILVWEDaYTXFA ATV PEERLE T, =7 -2l & 72551 NULL
ZIRL £,

PyObject *PyContext_Copy (PyObject *ctx)
RDOME: HILVLWBE, BIhi iz 2V TFA ATV =27 bRV ab—2ERLET, =72
X755 NULL 2R L £3,

PyObject *PyContext_CopyCurrent (void)
RO FILWBE, HEDaYTHFRAMA TV 27 bORVaAY—2ERLET, =7 -2 E5
A NULL 2R L %5,

int PyContext_Enter (PyObject *ctx)
ctr ZBAEDAL Y FOBREDI Y 7TF A MIHELEY., BILES 0 2, KBLES -1 &L
£9,

int PyContext_Exit (PyObject *ctx)

ctr AV THFAMEZEMIL, 1 OOV TFA N EREDAL Yy FORED Y FTF A METTL
T3, KIL=6 0%, KMLAES -1 ZIRLE T,
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I YT F R NEBOBEE:

PyObject *PyContextVar_New (const char *name, PyObject *def)
RBDE: FLWEBHE, # LW ContextVar A 7Y =7 bZEKL £, name 5IEIEHFEEZ L 7Ny
ZOEWTHEDONE TS, def 518>V TFAVMVERBDT 7 4V MERIGET 20, 7 7 4L M 2720

AE NULL TY, 7= E75513, BBIE NULL 2L £,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)
AVTFRANEROEEZEELET, BEHICT 7 —PEELIGET -1 2. BEXREMD» - TS AT
LRLATHIT—DRERDP-IGEIE 0 ZRLUFE T,

IV T FANERBDBREMN D - T25E. value 3TN EI/TRA Y RICK->TVWET, aV7F A MEK
DR S B o1z HEX. value DT DHIDREIRD LS5 TR >TVWET:

o (NULL TRIFAUI) default value
o (NULL THRIFIUR) var DT 7 + L MHA
« NULL
NULL ZBRiFiE. ZoBIBUIH L WERZEL $7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
ROME: FiLLWBE, BED2 Y 7TF A MIBWT var OE%E value 12ty FLET, TOEHEICK
BHILNWE =20 A TVl v 7RI oG EE “NULL“ZIRL 3,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AY T XA MEBOREE VLY b L. token %R L7z PyContextVar_ Set () MPFHIN 2 HIDIK
BICELES, ZOBEBUIMIILES 0, KILZS -1 ZIRLET,

8.6.13 DateTime #7>x 7 k

datetime E¥ 2 — L Tid, HARHNA 7Y =7 FRRZIA 7Y =7 P 2R LTV E T, DIFITRSTBIK
PSS HECE. HOPUDANY X T 7 4 )L datetime.h % — AT include L (Python.h lZZ D7 7 A )L
% include L ¥+¥ A). PyDateTime_IMPORT ¥ 7 B %, EEIFEY 2 — VAHALEEED &, BEIL T HE
BHDET, ZOv7 LT~ v TlEbN 2 EHHIZE PyDateTimeAPI 12 C HHEARANDKR A & %2 A
nEI,

type PyDateTime_Date
2D PyObject DY 7 XA Fi&, Python DH AT =7 bERLE T,

type PyDateTime_DateTime

2D PyObject DY 7 XA & Python @ datetime A 7Y =7 b ERLFT,

type PyDateTime_Time
2D PyObject DY 7 XA 7% Python D time 7Y =27 2R LFET,
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type PyDateTime_Delta
ZD PyObject DY 7R A FE DD datetime DIEDZENERLE T,

PyTypeObject PyDateTime_DateType
Z D PyTypeObject DA ¥ A X ¥ A% Python ® date Bl %K L £3; Python L £ ¥YIZBI} 3
datetime.date E[AIUA 7Y =2 F T,

PyTypeObject PyDateTime_DateTimeType
Z D PyTypeObject DA ¥ AR ¥ A% Python @ datetime 2% RIL L £3; Python L £ ¥icBIr 3
datetime.datetime ¥[RIUA 7Y =2 FTT,

PyTypeObject PyDateTime_TimeType
Z D PyTypeObject DA ¥ A& ¥ Rk Python @ time Bl% X L £3; Python L 4 YBT3
datetime.time E[AIUA 7T =2 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.

PyTypeObject PyDateTime_TZInfoType
Z D PyTypeObject DA ¥ AKX ¥ Al Python @ &4 4V —VEHAZEX L £3; Python L £ ¥
BT % datetime.tzinfo X[RILA 7Y =2 FTT,

UTC >IN 7 72 AT H70D< 70

PyObject *PyDateTime_TimeZone_UTC
UTC &4 LY =Y TE2 7V by 2IBELET, ZHUd datetime.timezone.utc L [F U A
T2 F T,
N— a ¥ 3.7 TE.

MFzyr<rn:

int PyDate_Check (PyObject *ob)
ob % PyDateTime_DateType 1% PyDateTime_DateType DY 74 A4 FDA TP =7 F DHEIC
HZRLET; 0b 1d NULL THo TR D F¥A, ZOBBBEICHRIILET,

int PyDate_CheckExact (PyObject *ob)
ob 3 PyDateTime_DateType DHBEICEHZIRL $7, 0b 13 NULL THoTIERD FH A, ORI
G527 R UR- 3 8

int PyDateTime_Check ( PyObject *ob)
ob 23 PyDateTime_DateTimeType %% PyDateTime_DateTimeType DY 74 4 DA 7Y =7 b
DEEWCEZIRLET; ob 1 NULL THoTiIRk D FHA, ZOBBITEICHILET,

int PyDateTime_CheckExact (PyObject *ob)

ob »% PyDateTime_DateTimeType DHGEIWCEZIEL ET, 0b IE NULL THoTIRD FHA. 2D
BAEOIENC RN L ¥
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int PyTime_Check (PyObject *ob)
ob 73 PyDateTime_TimeType %> PyDateTime_TimeType B DV T XA DA TP =27 FDFEI
BERIELET; ob X NULL THoTlE D FHA, TOBEITFEITRIILET,

int PyTime_CheckExact (PyObject *ob)
ob 3 PyDateTime_TimeType DHEICHEZIR L E T, 0b I& NULL THoTIERD F¥ A, ZDBIKIE
HWIZHALE T

int PyDelta_Check (PyObject *ob)
ob 7% PyDateTime_DeltaType M7 PyDateTime_DeltaType BlDW 7 XA TOA T =2 DEE
WHEZELET; ob & NULL THo TR FHA. ZOREIEITKINL 3,

int PyDelta_CheckExact (PyObject *ob)
ob 3 PyDateTime_DeltaType DBEICEZIKR L E 3, 0b 1 NULL THoTIRD F¥A., ZDOBK
FHEICENL %3,

int PyTZInfo_Check(PyObject *ob)
ob 2% PyDateTime_TZInfoType 7> PyDateTime_TZInfoType ROV 7 XA DA 7T = 7 + DI
BICHZRLUET; ob I3 NULL THo TR D A, ZOBEIIFICHIIL £5,

int PyTZInfo_CheckExact (PyObject *ob)
ob »% PyDateTime_TZInfoType D¥HEICEHZIE L E T, 0b 1& NULL THo TIRD FEA, ZOH
BIIEICHIIL %3,

MTFEATY =7 b 2ENT 270D~ 70T

PyObject *PyDate_FromDate (int year, int month, int day)
ROl HFTLWBE, {5EL7F,. A, HOD datetime.date # 7= 7 bRIRLFT,
PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int
second, int usecond)
RDME: iLWBR, fHELLE. A, H. K 2. B, v1 278080 datetime.datetime 7Y =
7 MR LET,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute,

int second, int usecond, int fold)

RBOfE: FiLWBHE, fsExh=4E, A, H. K 2. B, 1 7 8af, fold D datetime.datetime
FIT 2 M ERLET,

N— a v 3.6 TEM.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

EDfE: FTLWBE, e ez 7. . ~4 278D datetime.time A 7V =7 b EIRLE T,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

BDME: HILWEBE, f5E3hzR, 7. B, <4 27af, fold ® datetime.time F 73 =27 + %R
LET,
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N—Ta ¥ 3.6 TEM.

PyObject *PyDelta_FromDSU(int days, int seconds, int useconds)
RBOfE: :TLWEHE, fFEXN=H. . ~1 70D datetime.timedelta A 7Y =27 FEIRLZE
T, ¥4 7 ue i) datetime.timedelta 7V =7 P TERIN TV SHFICA S X 5 ICIEHL
ZITVWE Y,

PyObject *PyTimeZone_From0ffset (PyObject *offset)
RBOE: iLWBE, offset 51 THEELLEELS 7ty M 2RO, HEIDKR\ datetime.timezone
F T MERLET,
N—a ¥ 3.7 TEM.

PyObject *PyTimeZone_From0ffsetAndName ( PyObject *offset, PyObject *name)
RBROfl: FTILWBHE, offset BIMTEELEEEDA 7y b¥. *name DX A LV — %% HFHD
datetime.timezone A 7Y 7 FRIRLE T,

N— g v 3.7 TEM.

UPFowx7rnld date #7927 b6 74—V MEZRD HT72DDHDTY, 518U PyDateTime_Date
FRFZD0Y T2 5 R (BlZIE PyDateTime_DateTime) D A ¥ AR ¥ A TRIFIUIIZD £8 A, 518% NULL
LTRSS, BF oy 7IdfT0ERA:
int PyDateTime_GET_YEAR(PyDateTime_Date *o0)

FrEOBBTELET,
int PyDateTime_GET_MONTH(PyDateTime_Date *0)

A%z 1556 12 OMOEKTEL £,
int PyDateTime_GET_DAY (PyDateTime_ Date *o0)

Hz 1256 31 OBOEETEL %3,

UTFo~7vid datetime £ 72 =27 b6 7 4 — LV FEZROHEITZDDH DT, 518X
PyDateTime_DateTime %721 F DY 727 5 ADA Y AR Y ATHRIFINIERD $X A, 518% NULL i L
TWERLT, BF v 7I3fTVETA:

int PyDateTime_DATE_GET_HOUR(PyDateTime DateTime *0)

Rz 055 23 OMOBEETRLET,

int PyDateTime_DATE_GET_MINUTE(PyDate Time_DateTime *o0)
B 025 59 OMOBETRLETS,
int PyDateTime_DATE_GET_SECOND ( PyDate Time DateTime *o0)

¥z 025 59 OMOBEHTEL %7,

int PyDateTime_DATE_GET_MICROSECOND ( PyDateTime DateTime *0)

~Az7aE 055 999999 OO TRL 3,
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int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o0)
74— F fRE: ¥~ —FA4 LXK EOTADIL) % 005 1 FTORETELET,
N—a v 3.6 TEM.

PyObject *PyDateTime_DATE_GET_TZINFO(PyDateTime_DateTime *o)

Return the tzinfo (which may be None).
N— a3 ¥ 3.10 TEM.

UTFow7rnd time #7322 P67 4 =V MEZIO 720D DTS, 518U PyDateTime_Time
FRBEDODY T I FADA VAR ATRIFIUIRD £¥ A, 518% NULL 2 LT3R 63, MF = v 7317
WEEA:

int PyDateTime_TIME_GET_HOUR(PyDateTime_ Time *o0)

Kz 0 225 23 OB TEL %7,

int PyDateTime_TIME_GET_MINUTE(PyDateTime Time *o0)

7% 055 59 OO TEL £,

int PyDateTime_TIME_GET_SECOND (PyDateTime Time *o)

% 025 59 OBOEBTELET,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_ Time *o)

~A4 a0 55 999999 O DELTEL £3,

int PyDateTime_TIME_GET_FOLD (PyDateTime Time *o0)
7=V F GERE: Y~v—&24 2K BRHOThOZ L) %2 005 1 STOBKMTELET,
N—a v 3.6 THEM.

PyObject *PyDateTime_TIME_GET_TZINFO(PyDateTime_ Time *o0)

Return the tzinfo (which may be None).
N—=a ¥ 3.10 TEM.

DFRo<=27nml time delta A 7Y 227 v 267 4 — L FEEZL2DETEDHDODDDTT, 518X
PyDateTime_Delta ZDH TV 7 ADA Y AR Y ZATHRIINERD ¥ A, 518% NULL 12 L Tldk
53, BF v ZIHMTVERA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime Delta *o)
HEUE -999999999 7° 5 999999999 DEIDEMTIRL 7,
N—ar 3.3 TEM.

int PyDateTime_DELTA_GET_SECONDS ( PyDate Time_Delta *o0)

W% 0 225 86399 ORIDEITIEL £7,

N— 3 v 3.3 TEM.
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int PyDateTime_DELTA_GET_MICROSECONDS ( PyDateTime__Delta *o)

<A 7z 055 999999 DO TIREL £3,
N— g v 3.3 TEM.
MTo~2naix DB API #5432 FTCoEEHATT:

PyObject *PyDateTime_FromTimestamp(PyObject *args)

Rh{#E: #LWVWBH, Create and return a new datetime.datetime object given an argument tuple

suitable for passing to datetime.datetime.fromtimestamp().

PyObject *PyDate_FromTimestamp (PyObject *args)

RO {lE: #FHLWEBHE, Create and return a new datetime.date object given an argument tuple

suitable for passing to datetime.date.fromtimestamp().

8.6.14 B> hDHOFXTI Uk

Various built-in types for type hinting are provided. Currently, two types exist -- GenericAlias and

Union. Only GenericAlias is exposed to C.

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

RICEBLFT: Stable ABI (IN—23> 3.9 &D ). GenericAlias A 7Y =27 24K L £3, Python
7 5 R types.GenericAlias ZMUH T Z & ¥ FAIFETT, 518 origin & args ¥ GenericAlias @
__origin__ B&LU __args__ BEEZNZTNFEL 3, origin & PyTypelbject* TRIFIX
%53, args & PyTupleObjectx F7IIEE D PyObject* TF, args BX T TRHRVEHEEICIE 1
RTIVHHEIINCAER X, __args__ 1T (args,) PRESNE T, 518F = v 7 3HR/DERE
B, 722z origin PEIZERT ATV 27 b THEL THEBITLORH LTI L £ 3, GenericAlias @
__parameters__ JBMEIE __args__ D ORBEICIC U TGBEAR S NE T, KRBLEHE. FISrEH
SN T NULL 2R L %95

DR RIEROB 2 Y = 2 ) v 7123 51T F,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}

BE:
The data model method __class_getitem__().
N—a > 3.9 TEM.

PyTypeObject Py_GenericAliasType
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RICBLEFT: Stable ABI (IN—=23> 3.9 &D ). Py_GenericAlias() WC & DiRENSZ C ORA T
Y x2 N T, Python @ types.GenericAlias ¥ RS T3,

N— g 3.9 TEM.
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NINE

#HA1L (INITIALIZATION). #&T4LE (FINALIZATION). XL K

See also Python Initialization Configuration.

9.1 Python #JHA1LLLRI
Python 23#®AEFNT WS 7 7V & — a ¥ Tl D Python/C APT BI¥UE {5 #iiC Py_Initialize()
BB MR AU D /A, ZHZIFFISE LT W o0 oBEE JO0-NILGBREEH HdHD £7,
ROBIENE Python OFIHHLDHIT B Z2IFFOHIE X3
o ARERIEL:
— PyImport_AppendInittadb ()
— PyImport_EztendInittadb ()
— PyInitFrozenExtensions ()
— PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetdArenadllocator()
— Py_SetPath()
— Py_SetProgramName ()
— Py_SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption()
— PySys_ResetWarnOptions ()
o [HHREUSORIEL:

— Py_IsInitialized()
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PyMem_GetAllocator()

PyObject_GetArenadllocator()
— Py_GetBuildInfo()

— Py_GetCompiler()

Py_GetCopyright ()

Py_GetPlatform()
— Py_GetVersion()

o I—T 4 UT 4:
— Py_DecodeLocale()

° )‘%U?D&"“ﬁ

PyMem_RawMalloc()
— PyMem_RawRealloc()

— PyMem_RawCalloc ()

PyMem_RawFree ()

ATR: The following functions should not be called before Py_Initialize(): Py_EncodeLocale(),
Py_GetPath(), Py GetPrefiz(), Py_GetEzecPrefiz(), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads().

9.2 JO—NILRREEE
Python 121%. #&c RIHEERLA 7> a V2 HlHT 2 270 — N BRBEDDDERDH Y ET, T7 4L T
F D75 7F avy R4 VAT ay THIEIRNE S,

AT arvTII ey bENDE, VI TDMEIZDA TS a vhity bEINEBICRD 5, B
-b Tl& Py_BytesWarningFlag A% 1 IZFE X, -bb Tld Py_BytesWarningFlag 7% 2 WICFREINE T,

int Py_BytesWarningFlag

bytes X723 bytearray % str L HEL725E, £, bytes & int L7258 ICES 23
AXEFET, 2 UEOHEZREL TWEIHEER. =7 —2REIEET,

b AT a vTHRELET,

int Py_DebugFlag
N=H—DF Ny ZHNZHMILE T, (HMIRKFEHTT, av M AF Ty a NIKEFELET),

-d * 73 3~ ¥ PYTHONDEBUG BRIEZCTHEL £7,
236 % 9 & #HAML (initialization). & THIE (finalization). AL v R
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int Py_DontWriteBytecodeFlag

JEX BICRE L4, Python 13V —REY 2 — DA VKE— MHIT .pyc 7 7 4 VOIERRZ A %
A,

-B + 7> a > ¥ PYTHONDONTWRITEBYTECODE FRIHZHCHREL 9,

int Py_FrozenFlag
Py_GetPath() O TEY 2 —MRBARZAZEIDHL TVWE L EDL T — X v =Y ZMHIL 5,

_freeze_module R 7 LY frozenmain IR 77 AWEHT 2IERNBH T 77 TF,

int Py_HashRandomizationFlag

PYTHONHASHSEED BRIEAEMZE TR W FHNIRE I NG EIT. 1 PEREINE T,

72 7B u TR WSS, PYTHONHASHSEED BRIRER 2 HiAS —27 Ly by oy — REMHEL
%9,

int Py_IgnoreEnvironmentFlag

Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
EATSare -1 ATSTa v TRELET,

int Py_InspectFlag

BHIDGIEICRA I VT I BEESI N B -c A 7Y a YOI NERIZ, sys.stdin X —3I F
MBI ENRNE X THoTH, RAZ VT I avwy REETLERBIZA YEZ S 7T 4 TE— FICA
hEJ,

-i +7°3 3 > ¢ PYTHONINSPECT BIEZHTHREL ET,

int Py_InteractiveFlag

-1 A S arTHRELET,

int Py_IsolatedFlag

Python %Wl — FCETL £ ¥, FBEE— FTIE sys.path 322V FFDF 4 L2 b Uoa—%
DYA PRy =Y DT 4 L7 PV 2ELEEA

-1 F S aryTHRELET,
N—3 a3 v 3.4 TEM.

int Py_LegacyWindowsFSEncodingFlag

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 IREEMMETHR W FINIHEINIZHEIT. 1 KHREXh
3

EDE LI PEP 529 22 LT X0,

Availability: Windows.
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int Py_LegacyWindowsStdioFlag

If the flag is non-zero, use io.FileIO instead of io._WindowsConsoleIO for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO BIEARIDZE TR W FHNIRE ENTHEIT. 1 TRESINE T,
EDFFLLIE PEP 528 28 L T2,

Availability: Windows.

int Py_NoSiteFlag

site Y 2 —/L® import &, ZDEY 2 —LHTR > TWz site Z& D sys.path NOERIEZ TR
WCLET, % T site ZIRINIC import LTH, N5 DFIFIFFITINEFRA (FATLIZVWEAIL.
site.main() ZMEUSCH L TLZE W),

SATTa v THRELET,

int Py_NoUserSiteDirectory
A—HOHA Ny T—SDT4 LY b % sys.path IZEML FHA,
-s *7¥ a ¥, -1, PYTHONNOUSERSITE BRIEZAMCREL £5,

int Py_OptimizeFlag

-0 + 7 a > ¥ PYTHONOPTIMIZE BREFZEMCHREL 7.
int Py_QuietFlag
AYERIT 7T 4 TE—FTH copyright £NXN—=2a YDAy tE—YZRRLERA,
QAT arTHRELET,
N—a v 3.2 TEM.
int Py_UnbufferedStdioFlag
BHEH N LS — %2 Ny 77 D Y LRV K S ITHHI L £ 5,
-u % 7> 2 >~ PYTHONUNBUFFERED BRIRZECREL £,

int Py_VerboseFlag
EY 2 APHIHLENZ IR v =Y 2B AL, ZADEZ (T 7 ANVBREL AL VEY 2 —
V) BB —RFEINDOrZERRLET, E) 2 U EDEEE. EY 212K TILETF v
L7 740Xy =Y%M LET, £os RTRDES 2 -2 ) =27 v IS 5 HM
BRMLE T,

-v % 7> a ¥ PYTHONVERBOSE BIEZRCHREL 7,

238 % 9 & #HAML (initialization). & THIE (finalization). AL v R


https://peps.python.org/pep-0528/

The Python/C API, U —2X 3.11.14

9.3 1>2—71) XDOYHAL L #& T HIE

void Py_Initialize()

RICEBL 9 : Stable ABL. Python 4 ¥ & —7V X Z#H{L L £3, Python OEDAALZITS 7S
V7 —aryTidk, odows Python/C APT 23 2 & D dAlic Z ORI H X il
BDFEEA, WL ODDOHIAITOWTIE Python FIEHEUET 2SR L TL Z&E W,

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does
not set sys.argv; use PySys_SetArguEz () for that. This is a no-op when called for a second
time (without calling Py_FinalizeEz () first). There is no return value; it is a fatal error if the

initialization fails.

ER: Windows TlX 0_TEXT 725 0_BINARY NIV Y —LE— RBLBEINETH., 2D C
SR LBFoTNWEayY —TO Python BADFEVBETICHHEEERIZFLE T,

void Py_InitializeEx(int initsigs)

RICEL £7: Stable ABI. This function works like Py_Initialize() if initsigs is 1. If initsigs
is 0, it skips initialization registration of signal handlers, which might be useful when Python is
embedded.

int Py_IsInitialized()

RICEL E9: Stable ABIL. Python A4 ¥ & 7V ZBPIHALEATHIUTE GEER) 2, TdRith
3 (Ea) ZIBLES, Py_FinalizeEzx () ZMOH L2IE. Py_Initialize() ZBHUOMOHT %
T, ZOBBIIAEIRL 5,

int Py_FinalizeEx()

RICBELZET: Stable ABI (IN—2 3> 36 &D). Undo all initializations made by
Py_Initialize() and subsequent use of Python/C API functions, and destroy all sub-interpreters
(see Py_NewInterpreter() below) that were created and not yet destroyed since the last call to
Py_Initialize(). Ideally, this frees all memory allocated by the Python interpreter. This is a
no-op when called for a second time (without calling Py_Initialize () again first). Normally the

return value is 0. If there were errors during finalization (flushing buffered data), -1 is returned.

OB RBEIN TV AIHAITW L O2H D £F, Python DEDIAAZToTWE T TV r—a
YT, TV = a YEEEHT S Z < Python ZEEHL-WI RS ET, £ BN
o— FAJRE4 75V (H5WE DLL) 225 Python 4 ¥ X FV X %E0— K537 7V — a > Tld,
DLL #7 > u— F¥ 302 Python BHERL7=X BV ZLTHRRLIZWEEZ 20 LAEEA, 7
TV r—=2ayNTRETWS XEY Y — 27 ZBH3 22, BFEE Python DHERLIEXEY 27
TV = a OB THNCHRRE BV A HBEbHD 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

9.3.
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unloaded. Small amounts of memory allocated by the Python interpreter may not be freed (if you
find a leak, please report it). Memory tied up in circular references between objects is not freed.
Some memory allocated by extension modules may not be freed. Some extensions may not work
properly if their initialization routine is called more than once; this can happen if an application

calls Py_Initialize() and Py_FinalizeEz () more than once.
S L T BEE A X b cpython._PySys_ClearAuditHooks %#i#EH L %73,

N—3a v 3.6 TEM.

void Py_Finalize()

RICELE 9 Stable ABI. ZDB#UE Py_FinalizeEz () DBRITHEEN—Y 2 > T, ROEFHD
F¥A

9.4 7OEXTARFDNFA—&

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)

This API is kept for backward compatibility: setting PyConfig.stdio_encoding and PyConfig.

stdio_errors should be used instead, see Python Initialization Configuration.

This function should be called before Py Initialize(), if it is called at all. It specifies which

encoding and error handling to use with standard IO, with the same meanings as in str.encode().

It overrides PYTHONIOENCODING values, and allows embedding code to control IO encoding when

the environment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending

on other settings).

Note that sys.stderr always uses the "backslashreplace” error handler, regardless of this (or any

other) setting.

If Py _FinalizeEz () is called, this function will need to be called again in order to affect subsequent

calls to Py_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been

initialized).
N—a v 3.4 THE.

N— a v 3.11 TIEHESE.

void Py_SetProgramName (const wchar t *name)

RICEL £9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

program_name should be used instead, see Python Initialization Configuration.

ZOBBEMOHT RS, BRHUNC Py_Initialize() MO T XD dANCHEIH X RIFERD F
‘A, ZOBIIA 27 270l LD nain() BEICIEE L7z argv[0] 5IDELZHZ T

240

% 9 & #JHAML (initialization). 7R (finalization). XL v K



The Python/C API, U —2X 3.11.14

(V4 Py o727 XICEBINET), ZO5HUEIE, Py_GetPath() . LIRIT/RT Z DD B,
4 YR TV ROFATATREE A & Python 7 ¥ XA 554 757 UADHMN AR ZERIGFT 2 2012 ffibh
%9, 774 FDfHIZ 'python' TT, 5IEEERIHEINEZT A Ry 527 ZCFH|T, %R
BEREBICA > TWRITUIR ST, ZOARIZTO Y5 LDFEFTHICEELTIZAED $H A, Python
AR TYVEANDI— T, ZOLEHEHBONEZEETL2bDIE—VHD FEA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_* string.

N—a v 3.11 TIEHEEE.

wchar t *Py_GetProgramName ()

RICEL X9 Stable ABL. Return the program name set with Py_SetProgramlame(), or the

default. The returned string points into static storage; the caller should not modify its value.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

wchar_t *Py_GetPrefix()

RICEB L £9: 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
Py_SetProgramlame () and some environment variables; for example, if the program name is
'/usr/local/bin/python', the prefix is '/usr/local'. The returned string points into static
storage; the caller should not modify its value. This corresponds to the prefix variable in the
top-level Makefile and the --prefix argument to the configure script at build time. The value

is available to Python code as sys.prefix. It is only useful on Unix. See also the next function.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N— a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

wchar_t *Py_GetExecPrefix()

RICEB L £9: Stable ABI. Return the exec-prefiz for installed platform-dependent files.
This is derived through a number of complicated rules from the program name set with
Py_SetProgramlName () and some environment variables; for example, if the program name is '/
usr/local/bin/python', the exec-prefix is '/usr/local'. The returned string points into static
storage; the caller should not modify its value. This corresponds to the exec_prefix variable in
the top-level Makefile and the -—exec-prefix argument to the configure script at build time.

The value is available to Python code as sys.exec_prefix. It is only useful on Unix.

B 7799 b7+ —bMKEFDT7 7 AV (FITRASREEST A 75 0) 235loT7T4 L7 F U YU —AIZ
A4 YR P =LEINTVBEHE, exec-prefix 1 prefix ¥ Bz b F3, HARR A >R b —ILERETIE,
T79 b7 —LIFRTFED T 7 A VB Jusr/local KINDLNZ—F, TT7v M7+ —sKEFEDT »
A WE /usr/local/plat 7V VU =D LN E T,

—RINC, TIV P T A —LLIE N—F Y27V T 777 IVOHAEDEERIELET, Hi
Z X, Solaris 2.x ZEEXHTWS Sparc ¥ VIEETRALE TSy b 74 —LTHB AR LETH,
Solaris 2.x ZEIEXHTW2 Intel v VIEES 7y b 74— 21D EFT L, U Intel v 2T
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b Linux ZEEE BTV ERLERFNDOT Ty b7+ —L4TT, —RINE ALARL—T 4 27
VAT LTH, AV —VEYVarvOEIDDIIERSETT7Y b7+ —LTT, I Unix DARL —
T4 YT RATADEEFFEEELATT; JE Unix O ZAF LT, A VA= HEIZETHE
7o TWT, prefix % exec-prefix IZIFEHRDIR L BXFIINFREZINTVET, TV M LFEALD
Python N4 Fa—=FEZ7I7 9 P74 —AIRKFLRVOTHERELTLLEI WV (EL, EDN=TV 3
¥ ® Python T3 Y A L EINTPIIIKFEL 3!,

P27 AEMEZ. mount *® automount YR T Ao T,. &7 Iy b7+ —LHD /usr/local/
plat ZRR o7 7 ANV AT AREE, 7 v b7+ —LMT /usr/local ZHET 2 7-DDHRE
ﬁ&%%ﬂﬁfh‘%f‘b& 50

This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

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 Py_SetProgramName () above). The returned string points into static storage; the caller

should not modify its value. The value is available to Python code as sys.executable.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—a ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

wchar t *Py_GetPath()

RICBL E£9: Stable ABL. Return the default module search path; this is computed from the
program name (set by Py_SetProgramlame () above) and some environment variables. The re-
turned string consists of a series of directory names separated by a platform dependent delimiter
character. The delimiter character is ':' on Unix and macOS, ';' on Windows. The returned
string points into static storage; the caller should not modify its value. The list sys.path is ini-
tialized with this value on interpreter startup; it can be (and usually is) modified later to change

the search path for loading modules.
This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

void Py_SetPath(const wchar_ t*)

RICEBLZET: Stable ABI (IN—23 > 3.7 & D ). This AP is kept for backward compatibility: set-
ting PyConfig.module_search_paths and PyConfig.module_search_paths_set should be used

instead, see Python Initialization Configuration.

Set the default module search path. If this function is called before Py_Initialize(), then
Py_GetPath() won’t attempt to compute a default search path but uses the one provided instead.
This is useful if Python is embedded by an application that has full knowledge of the location
of all modules. The path components should be separated by the platform dependent delimiter

character, which is ':' on Unix and macOS, ';' on Windows.

242

% 9 & #JHAML (initialization). 7R (finalization). XL v K



The Python/C API, U —2X 3.11.14

This also causes sys.executable to be set to the program full path (see
Py_GetProgramFullPath()) and for sys.prefix and sys.exec_prefix to be empty. It is
up to the caller to modify these if required after calling Py _Initialize().

Use Py_DecodeLocale() to decode a bytes string to get a wchar_x* string.
The path argument is copied internally, so the caller may free it after the call completes.

N—Ya ¥ 3.8 TEH: The program full path is now used for sys.executable, instead of the

program name.
N—a v 3.11 TIEHELE.

const char *Py_GetVersion()

RIZELF7: Stable ABIL. Python £ Y X XV XDAN=Ya VERLET, XN—=Yavid, KDL
RIERDOXFHNTT

[”3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

T —F (BYIDAR=ALFET) &, BED Python D= a2 ¥ TF; REIOLFIE, ¥V A
FTRUILGNIXA T ¥y —N=Tar A4 F == a3 TTF, BBDPETFINRA ¥ RITFI R
LR ZR L £ 3 BB OM O LAIZCDE2ZEETE £E A, ZOMEIE Python 2 — F 51
sys.version & L THIHTE %7,

See also the Py_Version constant.

const char *Py_GetPlatform()
RICBLET: Stable ABL BHED T v b7 4 —2DF T v + 7+ — LA FHN %R L £3, Unix
T ARV =T 4 YT RAT LD " RRD” ZRi 2/ NCFIERL, AT vy =V Y a vV HSE
T 7= MR 72 > TV E T, HIl 21X Solaris 2.x 1X, SunOS 5.x, £ LTHHISNTWE T, 'sunos5’
127D 5, macOS TlX 'darwin' TF, Windows Ti& 'win' TF, BEINRTXFAIRA ¥ Xk
E R R R L 3 O CH LEANX Z 0EEEETEEH A, ZDfEIX Python 22— K
51X sys.platform & LTHIATE ¥,

const char *Py_GetCopyright ()
RICEL £ Stable ABIL. BED Python N—3 3 2§ 3 RNROBEMEMER R LT ERL T,
Bz

'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BRI IR S FHR A~ 23 FHRREEERZ B L 9, RO OHLANZ Z OEZ2ZEETE £
Ao ZODfHEIZ Python 2 — K251 sys.copyright ¥ LTHIHTZE £3,

const char *Py_GetCompiler ()

RICEBLZE: Stable ABL BEMf > T3 N—Y 3 > ® Python ¥V RF3BICHW Y34 5
BRI XFANE, AEILTH - XX FHEIR L ET, filzid:

[”[GCC 2.7.2.2]"
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BIRNR AR A >~ 23R LR B2 B L £, BROMIHLANZ Z 0E2Z2EETE 8
Ao ZDfEIZ Python 2— FH 5% sys.version O—#f& LTI ¥ £ 3,

const char *Py_GetBuildInfo()

MICBLET: Stable ABL BEffi>TW3 Python £ Y X F VXL VARV AD, ¥—F Y RAEBL
eIV R HIHCBE T 2 HzIR L £, B2

["#67, Aug 1 1997, 22:34:28"

BIRSIE S FHR A >~ 23RBS 2 B L £, BBOPOHLANZ Z E2ZEETE £
Ao ZDfEIZ Python 22— FH 5% sys.version O—#fe LTI tHEF T,

void PySys_SetArgvEx (int arge, wchar t **argv, int updatepath)

RICEB L F7: 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 BE argu IZESWT sys.argyv ZRELE T, THHD5 837027 40 main() ZHEL
725U TR T, PO ERD Python 4 ¥ R 7V RDIEE L 72 - TV B ETHROLRTTIE
BAL FITINBRZ V)T MEEBRULRTNEROBRVEINEVE T, FTT2R7 0 7 Mavian
A argy ORAIOBERIIELFINC L TN FVERA, ZOBKD sys.argy OFIIAMKICIKL 7=
Ba. M@ —% Py_FatalError() THIGEE T,

updatepath 25 0 DHBE. T ETOENED Z OBIBDT 5 Z L DL TTT, updatepath 25 0 TRV
Ay ZOBIX sys.path ZLLFO 703 ) X AICEOWTEIEL 3

o IESTBAZ VT NOAHID argv 0] KEENLGE, ZORT V) T 235 257 Ot R %
sys.path OFEFIZEML 3,

o THLADHZE (arge 3 0 2o 7D, argvl0] DBFEET 27 7 A VALZIEL TVWIRWVEE),
sys.path OFEHICZEDXFHNZBMLE T, TAUIBEDIEET 4+ L7 MY (") ZFESEICEM
TE2DOLHEULTT,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_x* string.

See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.

JEMR: 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 DHEIDN—Y a ¥ Tl PySys_Setdrgv() OMEFH LDTET L72#IC sys.path OFEEHDE
HEWO T ZeT, ACHRMIELNET, FIZIXIDX S VK T:

[PyRun_SimpleString(" import sys; sys.path.pop(0)\n"); ]
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N—a v 3.1.3 THEM.
N—a ¥ 3.11 TIHELE.

void PySys_SetArgv(int arge, wchar_t **argv)

RICEBL F 9 Stable ABI. This APT is kept for backward compatibility: setting PyConfig.argu

and PyConfig.parse_argv should be used instead, see Python Initialization Configuration.

COBEIE, python £ Y X TV RN -1 7> a v ETEFTINRTVWEIHARZRE
PySys_SetArguEz () @ updatepath 12 1 ZFHE LD ERET XS WCEIEL £3,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_* string.

See also PyConfig.orig_argv and PyConfig.argv members of the Python Initialization Config-

uration.
N— a ¥ 3.4 TEH: updatepath DEIZ -1 F 7> a YITKEFEL T,
N—a v 3.11 TIEHERE.

void Py_SetPythonHome (const wchar_t *home)

RICEBLFJ: Stable ABI. This APT is kept for backward compatibility: setting PyConfig.home

should be used instead, see Python Initialization Configuration.

Python DIEES 4 75 UMB 3, T 74 +D "home” T4 L7 MY EFRELE T, 5IHOXFY D
EBRIZ DWW T PYTHONHOME 2B L TL X0,

SIBUIERII R R P L =D WICEIPNT TR S LETHICEERZ o0& 5 R ek X FHTH
ZRETT, Python 1 Y X7V RIEZDA ML —YONEEZEHLEHA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_* string.
N— 3 v 3.11 TIFH#ESE,

wchar_t *Py_GetPythonHome ()

RICELE 9 Stable ABIL. Return the default "home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py_Initialize(), otherwise it returns NULL.

N—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

9.5 XL v RIKEE (thread state) & O—/NIL1>&2FU 20Oy (global

interpreter lock)

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
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reference count of the same object, the reference count could end up being incremented only once instead

of twice.

Dz, GIL R LRV vy RIETH Python 7Y =7 b EEIELZ D, Python/C API B¥CE M
HLUZDTEZ WS L—ADBHDET, WITUEZZI 2L -T2, A 27 ZTEHNIze v
IR LD R LD LET, (sys.setswitchinterval() ZZ8) Zouy 7 id7ay 70EID S
% 1/O BEDIHETH RN - IFZ N, 1/O ZERT 2 AL v K2 1/0 #EDQRT 2o/, oxL v K
DEETZ2 K51ZLTVET,

The Python interpreter keeps some thread-specific bookkeeping information inside a data structure
called PyThreadState. There’s also one global variable pointing to the current PyThreadState: it can
be retrieved using PyThreadState_Get ().

9.5.1 Releasing the GIL from extension code

Most extension code manipulating the GIL has the following simple structure:

Save the thread state in a local variable.
Release the global interpreter lock.

. Do some blocking I/0 operation ...
Reacquire the global interpreter lock.

Restore the thread state from the local variable.

ZOREEIIIEFEIC RN DT, FEZBEMICT 3012007 updHEINTVET:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...
Py_END_ALLOW_THREADS

Py_BEGIN_ALLOW THREADS ~ 27 m ¥z 7 vy 7 2B L. BlLe -2l ZHEES LTI,
Py_END_ALLOW_THREADS 37w v 7 %ZEAU %3,

toguy ZE3R0a— FICERXINET:

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/0 operation ...

PyEval_RestoreThread(_save) ;

Here is how these functions work: the global interpreter lock is used to protect the pointer to the current
thread state. When releasing the lock and saving the thread state, the current thread state pointer must
be retrieved before the lock is released (since another thread could immediately acquire the lock and
store its own thread state in the global variable). Conversely, when acquiring the lock and restoring the

thread state, the lock must be acquired before storing the thread state pointer.

FAM:  Calling system I/0 functions is the most common use case for releasing the GIL, but it can also
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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 release the GIL when compressing or hashing data.

9.5.2 Python AATIESNIAL Y 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, nor is there a thread state structure for them.

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 a thread state data structure, then acquiring the GIL, and finally storing their thread state
pointer, before you can start using the Python/C API. When you are done, you should reset the thread

state pointer, release the GIL, and finally free the thread state data structure.

PyGILState_Ensure() ¥ PyGILState Release() & Z DMUE* HEMIZITVWE T, CORXL vy Fd b
Python %M 3 BB Z2 KA T O e BT

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) ;

Note that the PyGILState_* functions assume there is only one global interpreter (created auto-
matically by Py_Initialize()). Python supports the creation of additional interpreters (using
Py_NewInterpreter()), but mixing multiple interpreters and the PyGILState_* API is unsupported.

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
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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 FLAJL API

CHRRZFH WD Python 4 ¥ 2 7)) X Z28oAT & TR S —RINCH LN 2 TPEBIIRD LB D TT:

type PyInterpreterState

RICBLFT: Limited APl (REBALBBEFRLELT) o7 —2fEkiE. HiRBIET 22802
Ly FETHEIRTWRIREERHALE T, MLA VX TV RIETZ AL vy RIFEY 2 —VERE
Wz DN OO EHRE LB L TOE T, ZOERICIEAR (public) DX ¥\ EH D
¥ A

BR2AVR2TVRIETEAL Yy FIETIE. FHAFRERZXEY, BEPATVWE 7 7 A LTAZ Y TR
Ko7 ot ZREEZRNT, FHRETEMIEEINTVERA, GIL D F/=, ALy K
YDA VR TYVRIZBLTWANICEDOLTIRTORAL y FTHEINTVET,

type PyThreadState

RICBLFT: Limited API (FEBHLRMEIEEA L L T). This data structure represents the state of a
single thread. The only public data member is:

PylnterpreterState *interp

This thread’s interpreter state.

void PyEval_InitThreads()

RICBLZE9: Stable ABI. Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.
N—T a3 v 3.9 TEHE: The function now does nothing.

N—=Pay 3.7 TEHE: ZOMUX Py_Initialize() POHMERHEINE X512k D., DXbOIMEUH
TREZS SR ELR,

N—Yar 32 TEH: OB Py_Initialize() EVFNCFECHT I TERLRDE LT

N—Y a ¥ 3.9 TIEHEEE.
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int PyEval_ThreadsInitialized()

RICEBLFT: Stable ABI. Returns a non-zero value if PyEval_InitThreads () has been called.
This function can be called without holding the GIL, and therefore can be used to avoid calls to

the locking API when running single-threaded.
N—a ¥ 3.7 TEHE: The GIL is now initialized by Py_Initialize().

N—=Y a3 ¥ 3.9 TIEHELE.

PyThreadState *PyEval_SaveThread ()

RICEBLFY: Stable ABI. Release the global interpreter lock (if it has been created) and reset
the thread state to NULL, returning the previous thread state (which is not NULL). If the lock has

been created, the current thread must have acquired it.

void PyEval_RestoreThread (PyThreadState *tstate)

RICEBLE 9 Stable ABI. Acquire the global interpreter lock (if it has been created) and set the
thread state to tstate, which must not be NULL. If the lock has been created, the current thread

must not have acquired it, otherwise deadlock ensues.

AM:  Calling this function from a thread when the runtime is finalizing will terminate the
thread, even if the thread was not created by Python. You can use _Py_IsFinalizing() or
sys.is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

PyThreadState *PyThreadState_Get ()

RICEL £9: Stable ABI. Return the current thread state. The global interpreter lock must be
held. When the current thread state is NULL, this issues a fatal error (so that the caller needn’t
check for NULL).

PyThreadState *PyThreadState_Swap ( Py ThreadState *tstate)

RICEL 7 Stable ABI. Swap the current thread state with the thread state given by the
argument tstate, which may be NULL. The global interpreter lock must be held and is not released.

UTRoOBIZAL Yy Fa—AA XA FL—YFFHLTWT, 374 02 VR DE#HERD D - A:

PyGILState STATE PyGILState_Ensure()

RICBL 9. Stable ABL. Ensure that the current thread is ready to call the Python
C API regardless of the current state of Python, or of the global interpreter lock. 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 thread state when PyGILState_Ensure() was

9.5.
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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, the current thread will hold the GIL and be able to call arbitrary

Python code. Failure is a fatal error.

FFMR:  Calling this function from a thread when the runtime is finalizing will terminate the
thread, even if the thread was not created by Python. You can use _Py_IsFinalizing() or
sys.is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

void PyGILState_Release (PyGILState STATE)
RICBLEFT: Stable ABL EELTXTOV Y —REZ@RLET, ZOBBENRCHT 2, Python
DIRFEEXE T 5 PyGILState_Ensure() ZFFMFTRIEFE L & D 53 (@E. ZOREIIFOH
LItTIEH2 D 2 AD T, GILState API ZRHT 2 X512 TL7ZE W),

PyGILState_Ensure() ZM-UHTHEIE. HIFE—X Ly FNTHIET % PyGILState_Release()
EMEOCHLTLEX W,

PyThreadState *PyGILState_GetThisThreadState ()

RICEBLEJ: Stable ABI. Get the current 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 0 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.
N— a3 3.4 TEM.

DFRowrmigx, @EREBICEIan Y Z2M 3 #vE$; Python YV — REEAWHNOFERFIZ R TL 72
2\,

Py_BEGIN_ALLOW_THREADS

RICELFT: Stable ABL. 2D~ 27 v %ERM T % { PyThreadState *_save; _save =
PyEval_SaveThread(); KD ¥3F, 7 B ZREIMP A > TWVE I IZHERELTLEE W,
Z DPFEINIZ% T Py_END_ALLOW_THREADS <27 T X IMEXBRIFNIAZD THA, 7 1IZDONTD
ALV ERCZ B L TR E W,

Py_END_ALLOW_THREADS

)4 u EE 3 P al RestoreThread ave) : Z
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BODET, 70 EREENAPA->TWVE I RERLTLEI Y ZOREEMEERO
Py_BEGIN_ALLOW_THREADS =7 B X5 L TCWRITNIER D FRA, ¥ 7 BIZOWVWTOFLWVE
AE LR EZRL T ZE W,

Py_BLOCK_THREADS
RICBLFT: Stable ABL. 2O~ 27 v % /@3 % & PyEval_RestoreThread(_save); (272D £3:
B CIAEIR D 72\ Py_END_ALLOW_ THREADS ¥ [AUT93,

Py_UNBLOCK_THREADS

RICELET: Stable ABI. 2O~ 27 v % EB T % 2 _save = PyEval_SaveThread(); I h £3:
B Z M AEIND 72\ Py_BEGIN ALLOW THREADS Y[R LT,

9.5.5 {EL-~NJL API

ROETOEEI Py_Initialize() DRIIFTH I RITIUIRD £ A
N—Yay 3.7 TEWH: Py Initialize() now initializes the GIL.

PylnterpreterState *PyInterpreterState_New ()
RICE L F 9 Stable ABI. Create a new interpreter state object. The global interpreter lock need
not be held, but may be held if it is necessary to serialize calls to this function.

S L T BEE A X b cpython.PyInterpreterState_New Z#EH L %73,

void PyInterpreterState_Clear (PylnterpreterState *interp)
RICEBL £9: Stable ABI. Reset all information in an interpreter state object. The global inter-
preter lock must be held.

I8 LT BE&E A X b cpython.PyInterpreterState_Clear ZiXH L £3,

void PyInterpreterState_Delete (PylnterpreterState *interp)

RICEB L £9: Stable ABI. Destroy an interpreter state object. The global interpreter
lock need not be held. The interpreter state must have been reset with a previous call to

PyInterpreterState_Clear().

PyThreadState *PyThreadState_New (PylnterpreterState *interp)

RICEL 9 Stable ABI. Create a new thread state object belonging to the given interpreter
object. The global interpreter lock need not be held, but may be held if it is necessary to serialize

calls to this function.

void PyThreadState_Clear (PyThreadState *tstate)
RICEBL £9: Stable ABI. Reset all information in a thread state object. The global interpreter
lock must be held.

N—=Y a ¥ 3.9 TZH: This function now calls the PyThreadState.on_delete callback. Previ-
ously, that happened in PyThreadState_Delete().
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void PyThreadState_Delete (PyThreadState *tstate)

RICB L F9: Stable ABIL. Destroy a thread state object. The global interpreter lock need not be
held. The thread state must have been reset with a previous call to PyThreadState_Clear().

void PyThreadState_DeleteCurrent (void)

Destroy the current thread state and release the global interpreter lock. Like
PyThreadState_Delete(), the global interpreter lock need not be held. The thread state must

have been reset with a previous call to PyThreadState_Clear().

PyFrameQObject *PyThreadState_GetFrame (PyThreadState *tstate)
RICELFT: Stable ABI (IN—23> 5.10 &£ D). Get the current frame of the Python thread

state tstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_GetFrame().

tstate must not be NULL.

N—=a ¥ 3.9 TEm.

uint64 t PyThreadState_GetID(PyThreadState *tstate)

RICBLFT: Stable ABI (IN—23 > 3.10 &D ). Get the unique thread state identifier of the
Python thread state tstate.

tstate must not be NULL.
N— a3 v 3.9 TEM.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

RICBLFT: Stable ABI (IN—=23 > 3.10 &D ). Get the interpreter of the Python thread state
tstate.

tstate must not be NULL.
N— 3 ¥ 3.9 TEM.

void PyThreadState_EnterTracing(PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state tstate.
Resume them using the PyThreadState_LeaveTracing () function.
N— a3 ¥ 3.11 TEM.

void PyThreadState_LeaveTracing(PyThreadState *tstate)

Resume tracing and profiling in the Python thread state tstate suspended by the
PyThreadState_EnterTracing () function.

See also PyEval_SetTrace() and PyEval_SetProfile() functions.

N— a3 r 3.11 TEH.
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PylnterpreterState *PyInterpreterState_Get (void)

RICBELFT: Stable ABL (IN—23> 3.9 &£D ). Get the current interpreter.

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot

return NULL.
The caller must hold the GIL.
N— a3 r 3.9 TEM.

int64_t PyInterpreterState_GetID(PylnterpreterState *interp)

RICBLEY: Stable ABL (IN—=23> 3.7&D). A 027 2D—E7% ID ZiRL 9, LA
LT =D E6, -1 B, =TIty FEET,

The caller must hold the GIL.
N—a v 3.7 TEM.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

RICBLET: Stable ABI (IN—=23Y 38&D). AVRTVXEHOT —XE2RFHLTWBEEY
RKUEF, ZOBED NULL 23R L=RE1E. 2 22Tl I TE 3, Ol LERKA >~
27 ZEHOFZEIANHTERWEEZRITNIRD FHA,

Z OB PyModule_GetState() B EZ 2 b DT L, IREY 2 — 24 VX7 X[EH
DIRFETEMENT 2 DIHIREH DT,

N— a v 3.8 Tl

typedef PyObject *(*_PyFrameEvalFunction)(PyThreadState *tstate, _PyInterpreterFrame *frame,
int throwflag)

Type of a frame evaluation function.

The throwflag parameter is used by the throw() method of generators: if non-zero, handle the

current exception.
N— a ¥ 3.9 TEH: The function now takes a tstate parameter.

N—=3Y a v 311 THEH: The frame parameter changed from PyFrameObject* to

_PyInterpreterFramex.

_ PyFrameFEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
N—Ta v 3.9 TEM.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _ PyFrameFEvalFunction

eval frame)

Set the frame evaluation function.
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See the PEP 523 ”Adding a frame evaluation API to CPython”.

N—a v 3.9 TEM.

PyObject *PyThreadState_GetDict ()

RDE: ERA8E, RIZBL X7 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 current thread state is available. If
this function returns NULL, no exception has been raised and the caller should assume no current

thread state is available.

int PyThreadState_SetAsyncExc (unsigned long id, PyObject *exc)

RICEB L 9 Stable ABI. Asynchronously raise an exception in a thread. The id argument is
the thread id of the target thread; exc is the exception object to be raised. This function does
not steal any references to exc. To prevent naive misuse, you must write your own C extension to
call this. Must be called with the GIL held. Returns the number of thread states modified; this is
normally one, but will be zero if the thread id isn’t found. If exc is NULL, the pending exception

(if any) for the thread is cleared. This raises no exceptions.

N—=Ta ¥y 3.7 TEH: id 518D long 75 unsigned long "NEHEINZE L7z,

void PyEval_AcquireThread ( PyThreadState *tstate)

RICEBLF 9 Stable ABIL. Acquire the global interpreter lock and set the current thread state to
tstate, which must not be NULL. The lock must have been created earlier. If this thread already

has the lock, deadlock ensues.

AM:  Calling this function from a thread when the runtime is finalizing will terminate the
thread, even if the thread was not created by Python. You can use _Py_IsFinalizing() or
sys.is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

N—3Y a ¥ 38 TZHE: Updated to be consistent with PyEval_RestoreThread(),
Py_END_ALLOW_THREADS (), and PyGILState_Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

PyEval_RestoreThread () 32 TH (AL vy FBFHHLEIhzwiznwe 2 T) FHAREZRE L X
WBIETS,

void PyEval_ReleaseThread (PyThreadState *tstate)

RICB L 9 : Stable ABI. Reset the current thread state to NULL and release the global interpreter
lock. The lock must have been created earlier and must be held by the current thread. The tstate
argument, which must not be NULL, is only used to check that it represents the current thread

state --- if it isn’t, a fatal error is reported.

PyEval_SaveThread () 13 X D &L LZBITHEIZ (AL y FaWlHltEATniawne 2 T) FlAH
TX%d,
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void PyEval_AcquireLock()

RICEL £79: Stable ABI. Acquire the global interpreter lock. The lock must have been created

earlier. If this thread already has the lock, a deadlock ensues.

N— a v 3.2 TIEHESRE: This function does not update the current thread state. Please use
PyEval_RestoreThread() or PyEval_AcquireThread() instead.

EMR:  Calling this function from a thread when the runtime is finalizing will terminate the
thread, even if the thread was not created by Python. You can use _Py_IsFinalizing() or
sys.is_finalizing() to check if the interpreter is in process of being finalized before calling this

function to avoid unwanted termination.

N—=Y a vy 38 THEHE: Updated to be consistent with PyEval_RestoreThread(),
Py END_ALLOW_THREADS (), and PyGILState_Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

void PyEval_ReleaseLock()

RICE L 9 : Stable ABI. Release the global interpreter lock. The lock must have been created

earlier.

N— a v 3.2 TIEHESRE: This function does not update the current thread state. Please use

PyEval_SaveThread() or PyEval_ReleaseThread() instead.

9.6 YT >R2T) XY K-+

F2 AYDEEIFEDIAL Python 4 Y X 7D ZIZ 1 D23 TER, W DrDGEIA—TrE AN, 35
WER—A Ly FNT, BROMNL LA Y27 X2 El S 20 ERHD T, ZNERAEEICT 2009 7
AVRTYERTT,

TRXAVT A VRTVREF TR LWL EIT o T ¥ FITRANHER S NIA VR TV EDZ LTS,
PTAVRTYREEBN, XA VA VRTYVRIZES T FANY RY) 7D XS5k, ot A THE—1 &
BHRDHDET, AL A Y XTVRIET v E2 A4 20U OUBEITE WS BEHDH D, WEIEZ T > X4
LD TIHAZENNT WD 7 VXA L THDHD EF, PylnterpreterState_Main() BAEIE. XA VA ¥
2TV XDIREBADKRA Y EXERLET,

P74 R TV EXEYINEZD PyThreadState_Swap () BT TEE T, ROBEKZHF->TH T4 &2 7Y
R DIERR L HIBRAMT A £ 97

PyThreadState *Py_NewInterpreter ()

RICELFT: Stable ABL HiL W 74 > & 7Y & (sub-interpreter) ZERLET, 714 &7
V&, (FEEeR) Milica#ElXhiz Python 2 — FOEFRE TS, R, il 74 o &
7V ZiE, import ENBET 2 — AL ETIZOVWTHEBIDOAN=Y a VEFL, ZhAiEEgrizzE
,__main__ BE UL sys EFENFET, B — FEADEI 2 - bRET—T)
(sys.modules) BLFEY 2 —VRFE SR (sys.path) Y 74 V&7V XBIZHIEO S DI D %

Y a2—/L builtins
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o FiicirY 74 2T ZBREICE sys.argy ZEDBDHD EXV A, . T4 V& TV R
2FEHE 1/O A MY — 4 sys.stdin, sys.stdout, sys.stderr 25 F T (2IFVWZR. ThSDR b
V—ZR3MECHZFE T 7 7 A VR TF 2SR L TWET),

The return value points to the first thread state created in the new sub-interpreter. This thread
state is made in the current thread state. Note that no actual thread is created; see the discussion
of thread states below. If creation of the new interpreter is unsuccessful, NULL is returned; no
exception is set since the exception state is stored in the current thread state and there may not
be a current thread state. (Like all other Python/C API functions, the global interpreter lock
must be held before calling this function and is still held when it returns; however, unlike most

other Python/C API functions, there needn’t be a current thread state on entry.)
Extension modules are shared between (sub-)interpreters as follows:

e For modules using multi-phase initialization, e.g. PyModule_FromDefAndSpec(), a separate
module object is created and initialized for each interpreter. Only C-level static and global

variables are shared between these module objects.

o For modules using single-phase initialization, e.g. PyModule_Create (), the first time a partic-
ular extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictio-
nary is squirreled away. When the same extension is imported by another (sub-)interpreter, a
new module is initialized and filled with the contents of this copy; the extension’s init function
is not called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters,

which might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the inter-
preter has been completely re-initialized by calling Py_FinalizeEz () and Py_Initialize();
in that case, the extension’s initmodule function is called again. As with multi-phase ini-
tialization, this means that only C-level static and global variables are shared between these

modules.

void Py_EndInterpreter (PyThreadState *tstate)

RICE L F9: Stable ABIL. Destroy the (sub-)interpreter represented by the given thread state.
The given thread state must be the current thread state. See the discussion of thread states
below. When the call returns, the current thread state is NULL. All thread states associated with
this interpreter are destroyed. (The global interpreter lock must be held before calling this function
and is still held when it returns.) Py_FinalizeEz () will destroy all sub-interpreters that haven’t

been explicitly destroyed at that point.
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9.6.1 NJIEFE

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation be-
tween them isn’t perfect --- for example, using low-level file operations like os.close() they can (ac-
cidentally or maliciously) affect each other’s open files. Because of the way extensions are shared be-
tween (sub-)interpreters, some extensions may not work properly; this is especially likely when using
single-phase initialization or (static) global variables. It is possible to insert objects created in one

sub-interpreter into a namespace of another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes
between sub-interpreters, since import operations executed by such objects may affect the wrong
(sub-)interpreter’s dictionary of loaded modules. It is equally important to avoid sharing objects from

which the above are reachable.

P74 &Y X% PyGILState_x APl Y fHHABDOE 20D L VI LICHTELTLILEE WV, T
5 ® API X Python DAL v FIKAEEYL OS LR R Ly R 1 X 1 THIELTWS Z & 2HZICL T
WT, 7 A VYRTVEIPFET 2 ZOHEDPHNSZ DS TT, MG T % PyGILState_Ensure() &
PyGILState_Release() DWUIHLDXRTDMETIE, ¥ 74 2TV ZDYIVEZZITORNWZ 2R
TWLES, EHIT, (ctypes DL S7RR) Zh oD API 2o T Python DATIESL N2 AL v K25 Python
a— RFEFTLTOVRIIREY 2 — UV T4 V2T ) 2 %5 e B 2R H D 3,

9.7 FEEHREN

AVRTYVEDRA Y ALy FIZIEABIZREMZAT S 72D E N Th B LA TY, Zhs D@ E
RA &L void KA Y ZEHE WS TEEZED 3

int Py_AddPendingCall(int (*func)(void*), void *arg)

RICBLET: Stable ABL. £ Y X T UVEXDXA ALy RO LEBMNPECHEINE TELZHAETT,
B35 005D, func Z3XA ALy FOMUFHELF 2 —IZFEDonET, KT, fiszE
£y bEFIT -1 IRD F T,

MHIZF 2 —WFHEDOLNB L. func iZ WODNEIRT A VX TVRDAAL ALy R0 5, arg 25K
LTI ES, 2o, @FEDOETHD Python 22— R LTI E T
M. ROWMHDEFICER L7z ERXFOH IR ET:

o bytecode TR FITWVWB ¥ &

o with the main thread holding the global interpreter lock (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 global interpreter lock is released.

This function doesn’t need a current thread state to run, and it doesn’t need the global interpreter
lock.
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To call this function in a subinterpreter, the caller must hold the GIL. Otherwise, the function

func can be scheduled to be called from the wrong interpreter.

EE: . IEEIRINRIGEEICDAKEIL D, KL~V T T, func BSATHERIR D B
MO ENBRAEED D FHA. XA YAy FRT AT La—NZ2EITT 2D LWEEIR.
Junc ZY AT LA =R oTL 2 ETHIHEINRNTL &5, ZOBKIE—BINCIZ. EE
D C ALy F»5 Python 2— FE2MEUHFTOIIE MEEFEA . Zhofbbic, PyGILState
API 2L TLZE W,

N—a v 3.1 Tl

N— a ¥ 3.9 TZHE: 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 7O771I)LE kL —X (profiling and tracing)

Python 4 & 7V &%, 707 7 A4 )L: 7347 (profile) RELTD b L — Z: B (trace) &\ - 72AERE% FHA
AL DITEAKED Y R — P EREELTVET, ZOFR—ME TRT7 7 AR T Ny 7 EHEHE SN
(coverage analysis) ¥V — L7z PIZfEbIE T,

ZOCAYE=Tx—RiE, Ta7741% L —REERFZ, Python LNLVOMEUH LATREA 7Y = 7 b
PIERHENSE Z IT k24— "Ny Rz, B C BEMTOELTRASX5CLTwEd, Yury
AN ML — ABREOREMNBRFHEIED o TVERA; A VX =7 2 —ATR ML —RBE ALY FZ L
WA YA P=ATE, FL—RBBUCHRE SN D HA A XY b (basic event) IZBAFTDN—T 3 LIZBWT
Python L ~NL®D b L — B THEIN TV 2D LR T 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:
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what DfE arg DELK

PyTrace_CALL HIZ Py_Nome ,

PyTrace_EXCEPTION  sys.exc_info() DiRFHISMEHR TS,

PyTrace_LINE HIZ Py_None

PyTrace_RETURN RN LIENSIR S 2 TREDfED HIFNC X o TREZ k1T 2 5E 13 NULL
T,

PyTrace_C_CALL MOS8 A7 =2 b,

PyTrace_C_EXCEPTION WU ZN BB AT =2 b,
PyTrace_C_RETURN  MUHINZBHATI =7 b,
PyTrace_OPCODE HIZ Py_Nome

int PyTrace_CALL
BB X Y v PO END. P22 =0z P YOI A o7 Z L 2 HET
BIED. Py_tracefunc ® what DIETT, 4 7L =XV = 2L —XEBDERE. HETE 71—
LMD Python N4 + a— RIZHIBIOZRFE (control transfer) 252 Z 52 W HWE I NR VO THEE
LTLEEW,

int PyTrace_EXCEPTION

BN EH X NTBED Py_tracefunc @ what DIETT, WEFITENTVWSE 7L — L THIAND L Y
FEA, FMISDNA b a— RPN, what 122 DENE Y P ENRETa ANy F
BB EINET, ZOME, FISNDEREIC X > T Python 25FFRH LA X v 7 2 HED T 25
2. B7 L — L0 UEARS ZeiZa— Ny ZEBMAIF S ENE T, LR TR IS
DANY PEZIWMDET; 70774 73 ZOHDA XY b 2LEE LEEA,

int PyTrace_LINE

The value passed as the what parameter to a Py_tracefunc function (but not a profiling func-
tion) when a line-number event is being reported. It may be disabled for a frame by setting

f_trace_lines to 0 on that frame.

int PyTrace_RETURN
FEH LA%R 2 & &I Py_tracefunc BABUC what 518 L TETHETT,
int PyTrace_C_CALL
C BEE WU STIERTIC Py_tracefunc B what 518 L THETHETT,
int PyTrace_C_EXCEPTION
C B AN &5 U7z & =02 Py_tracefunc BAED what 5% L CHETETT,
int PyTrace_C_RETURN
CRH»PBRS & 21T Py_tracefunc BID what 5182 L TETHETT,

int PyTrace_OPCODE

The value for the what parameter to Py_tracefunc functions (but not profiling functions) when
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a new opcode is about to be executed. This event is not emitted by default: it must be explicitly
requested by setting f_trace_opcodes to 1 on the frame.
void PyEval_SetProfile(Py_ tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter,
and may be any Python object, or NULL. If the profile function needs to maintain state, using a
different value for obj for each thread provides a convenient and thread-safe place to store it.
The profile function is called for all monitored events except PyTrace_LINE PyTrace_OPCODE and
PyTrace_EXCEPTION.

sys.setprofile() FABBZIL T2 & W,
The caller must hold the GIL.

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 ZHML T ZE W,

The caller must hold the GIL.

9.9 BEXRT/\vHHYR—F (advanced debugger support)

UToOBBIEEELR TNy 7Y — L TOMHDEDEITO S DTT,

PylnterpreterState *PyInterpreterState_Head ()
AVERTYVZREL TS 27 b0 VA IDSB, KBHIIHL2HDEERELET,

PylnterpreterState *PyInterpreterState_Main()

XA VA VR T)RDRELF TP 27 P EIRLE T,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)

AVRTYRIREF T 27 bR 2Z2VANDI B, interp DRIZHZ2DDERLFT,

PyThreadState *PyInterpreterState_ThreadHead ( PylnterpreterState *interp)
£ YRFY R interp THEMNITLATWVWEAL Yy FRLRBZ3YRAMDS L, LEHIIH 3B
PyThreadState A 73 =2 FZIRL %9,

PyThreadState *PyThreadState_Next ( Py ThreadState *tstate)

tstate ¥ B U PyInterpreterState A 73 =7 MZJBLTWA ALy FIREF TV =227 FD 55,
tstate DRICH 2 HDZIEL X,
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9.10 ALy FO—AILAFL—PDHHR—F

Python 4 ¥ &2 7V &k, AL vy FR—A/ X b L — (thread-local storage, TLS) DKL~ L4 K — b %
FTHELTOT, 2474 7D TLS EEEZNEFICT v 7L T Python LNILVDAL Yy FR—AJLA ML=
API (threading.local) Z¥#K—FLTWVWE T, CPython ® C L)L API I1J pthreads % Windows T
Hzond TLS LRMRTT: ALy FF—2 AL v FZLIC void* EZBIGRMT 2 BIEE g3,

The GIL does not need to be held when calling these functions; they supply their own locking.

Python.h & TLS API ®EE % include €3, AL v Fu—#L 2+ L —Y %5121 pythread.h %
include §2MENH 2 Z LITERELTLEE W,

SER: 20 API B ND voidx [HORD D IZA BV EHEZITS Z 23 LERHA. XE VU OFER & EIK
FEHETTITODEDD D £3, void* HI /- E72F Pylbject* 2o 7235E1%. API B Zzh Z2hofios
MAhY Y bOBEIITOEE A

9.10.1 XL v FEEBX kL —2 (Thread Specific Storage, TSS) API

TSS API 1%, CPython 4 ¥ X 7Y RIZEETNTWBEFE®D TLS API 2B 12 27-DICEAINE LTz,
ZD APLIZ, ALy RF—DRHIC int DRDHIZH LWV Py tss_t BFENET,

N— g v 3.7 TEM.
BE.
"CPython ®ZL v KE—HAZ } L—YDpHOH L1 C API” (PEP 539)

type Py_tss_t

DT —XBERIEAL Yy FF—DREBEZERBHLTVET, ZOMERDOERIL, HED TLS FEi
FAFEL. F—OWHHLIREZ KRBT 2HNE 7 4+ — L F2RH T, 2 OMEAICIEAE (public) @ X
YNEHH EH A,

Py LIMITED API PERINTOVRVE ZlZ, ZOBID Py_tss_NEEDS_INIT 2K 2EHIX €V
MR TE XS,

Py_tss_NEEDS_INIT

D7 ald Py tss_t ZROVIEULFICEHENE S, To~rwild Py LIMITED API 2% %
LEFERINEE A
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BRI X £V MR

BIR72 Py _tss_t DX EVHERIE Py LIMITED API TENL FENFIEREY 2 — LV TRHREIZHR D T35,
ZORENE N RN ERZ D12, ZOBIOHN R X €V HERIITATEET S,
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 (¢ *key)

RICBLETF: Stable ABI IN—2 3> 8.7 &D).  TFree the given key allocated by
PyThread_tss_alloc(), after first calling PyThread_tss_delete() to ensure any associated

thread locals have been unassigned. This is a no-op if the key argument is NULL.

FMR: A freed key becomes a dangling pointer. You should reset the key to NULL.

XYy R

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread_tss_set ()
and PyThread_tss_get() are undefined if the given Py_tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created(Py_tss 1 *key)

RICBLF Y Stable ABI (IN—23> 3.7 & D). Return a non-zero value if the given Py_tss_t
has been initialized by PyThread_tss_create().

int PyThread_tss_create(Py tss t *key)

RICELZET: Stable ABI (IN—23> 3.7 &D ). Return a zero value on successful initialization of
a T'SS key. The behavior is undefined if the value pointed to by the key argument is not initialized
by Py_tss_NEEDS_INIT. This function can be called repeatedly on the same key -- calling it on

an already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete(Py tss ( *key)

RICBLEF Y : Stable ABI (IN—23 > 8.7 &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_1ss t *key, void *value)

RICBLFTY: Stable ABI (IN—23> 3.7 &D ). Return a zero value to indicate successfully
associating a void* value with a TSS key in the current thread. Each thread has a distinct

mapping of the key to a void* value.
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void *PyThread_tss_get (Py_tss t *key)

RICBLEFTY: Stable ABI (IN—=23> 8.7 &D ). Return the void* value associated with a TSS
key in the current thread. This returns NULL if no value is associated with the key in the current
thread.

9.10.2 XL v KAO—AILZX kL — (TLS) API

N—=a v 3.7 TIEHESE: This API is superseded by Thread Specific Storage (TSS) API.

EFR:  This version of the API does not support platforms where the native TLS key is defined in a way
that cannot be safely cast to int. On such platforms, PyThread_create_key () will return immediately

with a failure status, and the other TLS functions will all be no-ops on such platforms.

B B oRIEICE D, ZOAN—Ta D APIIEEHO 2 — FTRHITARETIED D ¥ A

int PyThread_create_key ()
RICEBL 7 Stable ABI.
void PyThread_delete_key (int key)

RICBL 9 Stable ABI.

int PyThread_set_key_value (int key, void *value)

RICBLZET: Stable ABI.

void *PyThread_get_key_value (int key)
RICEL 7 Stable ABI.

void PyThread_delete_key_value (int key)
RICELZE 9 Stable ABI.

void PyThread_ReInitTLS()

FICBLZEJ: Stable ABI.
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TEN

PYTHON #JHA{ta&7E

N—Yar 3.8 TEM.

Python & Py_InitializeFromConfig() ¥ PyConfig M@K % ff o TH M T & F 3,
Py_Prelnitialize() ¥ PyPreConfig MHifRiz X » THANCHIIULTE 5,

REIEZODHEENDH D £75:

o Python Configuration &, #E O Python LR UIRZ N2 T 2 H AKX~ A X &/ Python % R
FTEEDIHHINET, 2R, BELZHa~ Y BS54 U550 Python 23 ET 3 7= X
NEI,

e The Isolated Configuration can be used to embed Python into an application. It isolates Python
from the system. For example, environment variables are ignored, the LC__CTYPE locale is left

unchanged and no signal handler is registered.
The Py_RunMain () function can be used to write a customized Python program.
Initialization, Finalization, and Threads SR LTL ZE W,
BE:

PEP 587 "Python #JH{tE%E”

10.1 fEFRAH

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 preintitialize Python (in tisolated mode). */

(KDR=V1ZHiEL)
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(FiDR— 25 D %)
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);

10.2 PyWideStringList

type PyWideStringList

wchar_t* XFHID Y R b,
length H3IE¥ B DEEX, items ZIE NULL 22D TN TOXFHNIIE NULL TRIFIUIRD FHA,
XYy R
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar t *item)
item % list 1ZBMUE T,
Python must be preinitialized to call this function.

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py ssize t index, const wchar t

*item)

item % list @ index OHMEICHALE TS,

index 73 list DRI LDOHE. item % list ORBIEML $7,
index must be greater than or equal to 0.

Python must be preinitialized to call this function.

FhEK 7 4 — L 1!
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Py ssize_t length
VA PDRE,

wchar t **items

U2 hOEE,

10.3 PyStatus

type PyStatus
LB D R 7 — X 2 (P, =7 —, #&7T) 20T 2 MER T,

I —FFICiE, =7 %KL CEROAM BN TE T,
MHER 7 4 = F

int exitcode
BT a—FK, exit() D5 LTEINET,
const char *err_msg
Io7—Avtk—-3,
const char *func
T —REMLZBEBOHET, NULL 122D X £,
AT — R ARERT 5B
PyStatus PyStatus_0k (void)
ko
PyStatus PyStatus_Error (const char *err_msg)
Ay=—yedlczo—2HHLLET,
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)

XEVED L TORK (XEVRE),
PyStatus PyStatus_Exit (int exitcode)
BELRKTa— FTPython 2T L3,
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_EzitStatusEzception() for example.
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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.

EFR:  Internally, Python uses macros which set PyStatus.func, whereas functions to create a status

set func to NULL.

URE a7 A0 T3:

PyStatus alloc(void **ptr, size_t size)

{
*ptr = PyMem_RawMalloc(size);
if (*ptr == NULL) {
return PyStatus_NoMemory();
}
return PyStatus_0k();
}

int main(int argc, char *xargv)

{
void *ptr;
PyStatus status = alloc(&ptr, 16);
if (PyStatus_Exception(status)) {

Py_ExitStatusException(status);

}
PyMem_Free(ptr) ;
return O;

}

10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.
Function to initialize a preconfiguration:

void PyPreConfig_InitPythonConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Python Configuration.

268 % 10 = Python #IHAMLERE




The Python/C API, U —2X 3.11.14

void PyPreConfig_InitIsolatedConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Isolated Configuration.
HEEIR 7 4 — L R

int allocator

Name of the Python memory allocators:
e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).
e PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.
e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
o PYMEM_ALLOCATOR_MALLOC (3): use malloc() of the C library.
o PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

e PYMEM_ALLOCATOR_PYMALLOC_DEBUG (6): Python pymalloc memory allocator with debug
hooks.

PYMEM_ALLOCATOR_PYMALLOC and PYMEM_ALLOCATOR_PYMALLOC_DEBUG are not supported if

Python is configured using --without-pymalloc.
See Memory Management.
Default: PYMEM_ALLOCATOR_NOT_SET.

int configure_locale

Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_locale and coerce_c_locale_warn members to O.
See the locale encoding.

Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale

If equals to 2, coerce the C locale.

If equals to 1, read the LC__CTYPE locale to decide if it should be coerced.
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.
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int dev_mode

Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8 mode to 0,
e Set PyConfig.filesystem_encoding to "mbcs",
e Set PyConfig.filesystem_errors to "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific

code.
Default: 0.

int parse_argv

If non-zero, Py_PreInitializeFromArgs() and Py_PrelInitializeFromBytesArgs () parse
their argv argument the same way the regular Python parses command line arguments: see

Command Line Arguments.
Default: 1 in Python config, 0 in isolated config.

int use_environment

Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.

int utf8_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.
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10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:

o Set the Python memory allocators (PyPreConfig.allocator)

o Configure the LC_CTYPE locale (locale encoding)

o Set the Python UTF-8 Mode (PyPreConfig.utf8 mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)

Preinitialize Python from preconfig preconfiguration.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const

*argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wehar 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_EzitStatusExzception().

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:
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PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig(&preconfig);

preconfig.utf8 _mode = 1;

status = Py_Prelnitialize(&preconfig);

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig

Structure containing most parameters to configure Python.
When done, the PyConfig_Clear() function must be used to release the configuration memory.
Structure methods:

void PyConfig_InitPythonConfig(PyConfig *config)
Initialize configuration with the Python Configuration.
void PyConfig_InitIsolatedConfig(PyConfig *config)

Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString(PyConfig *config, wchar_t *const *config str, const wchar_t

*str)
Copy the wide character string str into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar t *const *config_ str, const char

*str)

Decode str using Py_DecodeLocale() and set the result into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int arge, wchar_t *const *argv)

Set command line arguments (argv member of config) from the argv list of wide character

strings.
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Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv(PyConfig *config, int arge, char *const *argv)

Set command line arguments (argv member of config) from the argv list of bytes strings.

Decode bytes using Py_DecodeLocale().
Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list, Py ssize t

length, wchar_t **items)

Set the list of wide strings list to length and items.
Preinitialize Python if needed.

PyStatus PyConfig_Read (PyConfig *config)

Read all Python configuration.
Fields which are already initialized are left unchanged.

Fields for path configuration are no longer calculated or modified when calling this function,
as of Python 3.11.

The PyConfig_Read() function only parses PyConfig.argv arguments once: PyConfig.
parse_arguv is set to 2 after arguments are parsed. Since Python arguments are strippped
from PyConfig.argv, parsing arguments twice would parse the application options as Python

options.
Preinitialize Python if needed.

N— a3 v 3.10 TEH: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argu is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.

parse_argu equals 1.

N— a3 ¥ 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
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Moreover, if PyConfig_SetArgu() or PyConfig_SetBytesArgu() is used, this method must be
called before other methods, since the preinitialization configuration depends on command line

arguments (if parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using

PyStatus_Exception() and Py_ExitStatusException().
WHER T 4 — L B

PyWideStringList argv

Command line arguments: sys.argv.

Set parse_argv to 1 to parse argv the same way the regular Python parses Python command

line arguments and then to strip Python arguments from argwv.

If argv is empty, an empty string is added to ensure that sys.argv always exists and is never

empty.
Default: NULL.
See also the orig_argv member.

int safe_path

If equals to zero, Py_RunMain() prepends a potentially unsafe path to sys.path at startup:
e If argv/[0] is equal to L"-m" (python -m module), prepend the current working directory.

 If running a script (python script.py), prepend the script’s directory. If it’s a symbolic

link, resolve symbolic links.

o Otherwise (python -c code and python), prepend an empty string, which means the

current working directory.
Set to 1 by the -P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
N— a ¥ 3.11 T:EM.

wchar_t *base_exec_prefix

sys.base_exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar t *base_executable

Python base executable: sys._base_executable.
Set by the __PYVENV_LAUNCHER__ environment variable.

Set from PyConfig.ezecutable if NULL.
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Default: NULL.
Part of the Python Path Configuration output.

wchar_t *base_prefix

sys.base_prefix.
Default: NULL.
Part of the Python Path Configuration output.

int buffered_stdio

If equals to 0 and configure_c_stdio is non-zero, disable buffering on the C streams stdout

and stderr.

Set to 0 by the -u command line option and the PYTHONUNBUFFERED environment variable.
stdin is always opened in buffered mode.

Default: 1.

int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing

bytes with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the -b command line option.

Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.TextIOWrapper uses its default en-

coding. See io-encoding-warning for details.
Default: 0.
N— a ¥ 3.10 T:EM.

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects.

Also disables traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges

command line option.
Default: 1.

N—a v 3.11 TE.
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wchar_t *check_hash_pycs_mode

Control the validation behavior of hash-based .pyc files: value of the

--check-hash-based-pycs command line option.
Valid values:

e L"always": Hash the source file for invalidation regardless of value of the ’check source’

flag.
e L'"never": Assume that hash-based pycs always are valid.
e L"default": The 'check source’ flag in hash-based pycs determines invalidation.
Default: L"default".
See also PEP 552 "Deterministic pycs”.

int configure_c_stdio

If non-zero, configure C standard streams:
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.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure

--with-trace-refs option.
Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed:

sys.exec_prefix.

Default: NULL.
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Part of the Python Path Configuration output.

wchar t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
Default: NULL.
Part of the Python Path Configuration output.

int faulthandler

Enable faulthandler?

If non-zero, call faulthandler.enable() at startup.

Set to 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: -1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding().
On macOS, Android and VxWorks: use "utf-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of

PyPreConfig is non-zero.
Default encoding on other platforms:
e "utf-8" if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that n1_langinfo (CODESET) announces the ASCII encoding,

whereas the mbstowcs () function decodes from a different encoding (usually Latinl).
e "utf-8" if nl1_langinfo(CODESET) returns an empty string.
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.
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.

If use_hash_seed is zero, a seed is chosen randomly at Python startup, and hash_seed is

ignored.
Set by the PYTHONHASHSEED environment variable.
Default use hash__seed value: -1 in Python mode, 0 in isolated mode.

wchar t *home

Python home directory.

If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.

Default: NULL.

Part of the Python Path Configuration input.

int import_time

If non-zero, profile import time.

Set the 1 by the -X importtime option and the PYTHONPROFILEIMPORTTIME environment

variable.
Default: 0.
int inspect
Enter interactive mode after executing a script or a command.

If greater than 0, enable inspect: when a script is passed as first argument or the -c option is
used, enter interactive mode after executing the script or the command, even when sys.stdin

does not appear to be a terminal.

Incremented by the -i command line option. Set to 1 if the PYTHONINSPECT environment

variable is non-empty.
Default: 0.

int install_signal_handlers

Install Python signal handlers?

Default: 1 in Python mode, 0 in isolated mode
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int interactive

If greater than 0, enable the interactive mode (REPL).
Incremented by the -i command line option.
Default: 0.

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.
e Set use_environment to 0.
e Set user_site_directory to 0: don’t add the user site directory to sys.path.

e Python REPL doesn’t import readline nor enable default readline configuration on in-

teractive prompts.
Set to 1 by the -I command line option.
Default: 0 in Python mode, 1 in isolated mode.
See also PyPreConfig.isolated.

int legacy_windows_stdio

If non-zero, use io.FileI0 instead of io._WindowsConsoleIO for sys.stdin, sys.stdout

and sys.stderr.
PYTHONLEGACYWINDOWSSTDIO BB DL TR W FAINIEHESINZGEIC, 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.
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Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
N—a ¥ 3.9 TE.

N— a ¥ 3.11 TZHE: This macro is now used on Windows to locate the standard library
extension modules, typically under DLLs. However, for compatibility, note that this value is

ignored for any non-standard layouts, including in-tree builds and virtual environments.

wchar_t *pythonpath_env

Module search paths (sys.path) as a string separated by DELIM (os.pathsep).
Set by the PYTHONPATH environment variable.
Default: NULL.

Part of the Python Path Configuration input.

PyWideStringList module_search_paths

int module_search_paths_set

Module search paths: sys.path.

If module_search_paths_set is equal to 0, Py_InitializeFromConfig() will replace

module_search_paths and sets module_search_paths_set to 1.
Default: empty list (module_search_paths) and 0 (module_search_paths_set).

Part of the Python Path Configuration output.

int optimization_level

Compilation optimization level:
e 0: Peephole optimizer, set __debug__ to True.
e 1: Level 0, remove assertions, set __debug__ to False.
e 2: Level 1, strip docstrings.

Incremented by the -0 command line option. Set to the PYTHONOPTIMIZE environment variable

value.

Default: 0.

PyWideStringList orig_argv

The list of the original command line arguments passed to the Python executable: sys.

orig_argv.

If orig_argv list is empty and argv is not a list only containing an empty string,

PyConfig_Read() copies argv into orig_argv before modifying argv (if parse_argv is

280

% 10 = Python #IHALRTE



The Python/C API, U —2X 3.11.14

non-zero).

See also the argv member and the Py_GetArgcArgu () function.
Default: empty list.

N—a ¥ 3.10 Tl

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_arguv is set to 2 after arguments are parsed. Since Python arguments are strippped
from PyConfig.argv, parsing arguments twice would parse the application options as Python

options.
Default: 1 in Python mode, 0 in isolated mode.

N—a ¥ 3.10 TEHE: The PyConfig.argv arguments are now only parsed if PyConfig.

parse_argu equals to 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only,

depending on compilation options).

Incremented by the -d command line option. Set to the PYTHONDEBUG environment variable

value.
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.
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wchar__t *program_name

Program name used to initialize ezecutable and in early error messages during Python ini-

tialization.
o If Py_SetProgramName () has been called, use its argument.
e On macOS, use PYTHONEXECUTABLE environment variable if set.

o If the WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER__ environment

variable if set.
e Use argv[0] of argv if available and non-empty.
e Otherwise, use L"python" on Windows, or L"python3" on other platforms.
Default: NULL.

Part of the Python Path Configuration input.

wchar_t *pycache_prefix

Directory where cached .pyc files are written: sys.pycache_prefix.

Set by the -X pycache_prefix=PATH command line option and the PYTHONPYCACHEPREFIX

environment variable.
If NULL, sys.pycache_prefix is set to None.

Default: NULL.

int quiet

Quiet mode. If greater than 0, don’t display the copyright and version at Python startup in

interactive mode.
Incremented by the -q command line option.

Default: 0.

wchar_t *run_command

Value of the -¢c command line option.
Used by Py_RunMain ().

Default: NULL.

wchar_t *run_filename

Filename passed on the command line: trailing command line argument without -c or -m. It

is used by the Py_RunMain () function.
For example, it is set to script.py by the python3 script.py arg command line.
See also the PyConfig.skip_source_first_line option.

Default: NULL.
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wchar t *run_module

Value of the -m command line option.
Used by Py_RunMain ().
Default: NULL.

int show_ref_count

Show total reference count at exit?

Set to 1 by -X showrefcount command line option.

Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
Default: 0.

int site_import

Import the site module at startup?

If equal to zero, disable the import of the module site and the site-dependent manipulations

of sys.path that it entails.

Also disable these manipulations if the site module is explicitly imported later (call site.

main() if you want them to be triggered).

Set to 0 by the -S command line option.

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).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if

they are not NULL.
Use the PYTHONIOENCODING environment variable if it is non-empty.

Default encoding;:

10.6. PyConfig 283



The Python/C API, U —2X 3.11.14

e "UTF-8" if PyPreConfig.utf8 mode is non-zero.
e Otherwise, use the locale encoding.

Default error handler:
e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8_mode is non-zero, or if the LC__CTYPE locale
is 7C” or "POSIX™.

e "strict" otherwise.

int tracemalloc

Enable tracemalloc?
If non-zero, call tracemalloc.start() at startup.

Set by -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment

variable.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment

Use environment variables?
If equals to zero, ignore the environment variables.
Set to 0 by the -E environment variable.

Default: 1 in Python config and 0 in isolated config.

int user_site_directory

If non-zero, add the user site directory to sys.path.
Set to 0 by the -s and -I command line options.
Set to 0 by the PYTHONNOUSERSITE environment variable.

Default: 1 in Python mode, 0 in isolated mode.

int verbose

Verbose mode. If greater than 0, print a message each time a module is imported, showing

the place (filename or built-in module) from which it is loaded.

If greater 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 to the PYTHONVERBOSE environment variable value.

Default: 0.
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PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings.filters which is checked first (highest

priority).
The -W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple

options can be specified, separated by commas ().
Default: empty list.

int write_bytecode

If equal to 0, Python won’t try to write .pyc files on the import of source modules.

Set to 0 by the -B command line option and the PYTHONDONTWRITEBYTECODE environment

variable.
sys.dont_write_bytecode is initialized to the inverted value of write_bytecode.
Default: 1.
PyWideStringList xoptions
Values of the -X command line options: sys._xoptions.

Default: empty list.

If parse_argv is non-zero, argv arguments are parsed the same way the regular Python parses command

line arguments, and Python arguments are stripped from argv.
The zoptions options are parsed to set other options: see the -X command line option.

N— g 3.9 TZH: The show_alloc_count field has been removed.

10.7 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig(const PyConfig *config)

Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusEzception().

If PyImport_FrozenModules (), PyImport_AppendInittab() or PyImport_EztendInittab () are used,
they must be set or called after Python preinitialization and before the Python initialization. If Python
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is initialized multiple times, PyImport_AppendInittab () or PyImport_EztendInittab () must be called

before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

void init_python(void)

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;
/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {
goto exception;
}
status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&config);
return;
exception:
PyConfig_Clear(&config);
Py_ExitStatusException(status);
}

More complete example modifying the default configuration, read the configuration, and then override

some parameters. Note that since 3.11, many parameters are not calculated until initialization, and so

values cannot be read from the configuration structure. Any values set before initialize is called will be

left unchanged by initialization:

PyStatus init_python(const char *program_name)

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;
/* Set the program name before reading the configuration
(decode byte string from the locale encoding).
Implicitly preintitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {
(RDOR=V1Fil)
286 %5 10 Z Python #IHALERTE



The Python/C API, U —2X 3.11.14

(RIDR=I D5 DR E)

goto done;

/* Read all configuration at once */
status = PyConfig_Read(&config) ;
if (PyStatus_Exception(status)) {

goto done;

/* Specify sys.path explicitly */
/* If you want to modify the default set of paths, finish
initialization first and then use PySys_GetObject("path") */
config.module_search_paths_set = 1;
status = PyWideStringList_Append(&config.module_search_paths,
L"/path/to/stdlib");
if (PyStatus_Exception(status)) {
goto done;
}
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;

10.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig InitIsolatedConfig() functions create a config-

uration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure

PyConfig.home is specified to avoid computing the default path configuration.
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10.9 Python Configuration
PyPreConfig_InitPythonConfig() and PyConfig_InitPythonConfig() functions create a configura-
tion to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global

configuration variables are ignored.

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending
on the LC__CTYPE locale, PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

PyConfig contains multiple fields for the path configuration:

o Path configuration inputs:

PyConfig.home

— PyConfig.platlibdir

— PyConfig.pathconfig_warnings

— PyConfig.program_name

— PyConfig.pythonpath_env

— current working directory: to get absolute paths

— PATH environment variable to get the program full path (from PyConfig.program_name)
— __PYVENV_LAUNCHER__ environment variable

— (Windows only) Application paths in the registry under ”SoftwarePythonPython-
CoreX.YPythonPath” of HKEY CURRENT_ USER and HKEY LOCAL_MACHINE
(where X.Y is the Python version).

o Path configuration output fields:

PyConfig.base_exzec_prefiz
— PyConfig.base_executable

— PyConfig.base_prefiz

PyConfig.exzec_prefiz

PyConfig.executable

PyConfig.module_search_paths_set, PyConfig.module_search_paths

— PyConfig.prefic
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If at least one "output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting
explicitly all path configuration output fields listed above. A string is considered as set even if it is
non-empty. module_search_paths is considered as set if module_search_paths_set is set to 1. In this

case, module_search_paths will be used without modification.

Set pathconfig_warnings to 0 to suppress warnings when calculating the path configuration (Unix only,

Windows does not log any warning).

If base_prefiz or base_ezec_prefiz fields are not set, they inherit their value from prefiz and

ezec_prefiz respectively.
Py_RunMain () and Py_Main () modify sys.path:

o If run_filename is set and is a directory which contains a __main__.py script, prepend

run_filename to sys.path.
o If isolated is zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current

directory cannot be read.
— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sys.path.

If site_import is non-zero, sys.path can be modified by the site module. If user_site_directory is
non-zero and the user’s site-package directory exists, the site module appends the user’s site-package

directory to sys.path.
The following configuration files are used by the path configuration:
e pyvenv.cfg
o ._pth file (ex: python._pth)
o pybuilddir.txt (Unix only)
If a . _pth file is present:
e Set isolated to 1.
e Set use_environment to 0.
o Set site_import to 0.
e Set safe_path to 1.

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_ezecutable
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10.11 Py__RunMain()

int Py_RunMain (void)

Execute the command (PyConfig.run_command), the script (PyConfig.run_filename) or the

module (PyConfig.run_module) specified on the command line or in the configuration.
By default and when if -i option is used, run the REPL.
Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using

Py_RunMain ().

10.12 Py_GetArgcArgv()

t K3k

void Py_GetArgcArgv (int *argc, wchar argv)

Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argu member.

10.13 Multi-Phase Initialization Private Provisional API
This section is a private provisional API introducing multi-phase initialization, the core feature of PEP
432:
e 7Core” initialization phase, "bare minimum Python”:
— Builtin types;
— Builtin exceptions;
— Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).
e "Main” initialization phase, Python is fully initialized:
— Install and configure importlib;
— Apply the Path Configuration;
— Install signal handlers;
— Finish sys module initialization (ex: create sys.stdout and sys.path);
— Enable optional features like faulthandler and tracemalloc;
— Import the site module;

— etc
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Private provisional API:

e PyConfig._init_main: ifset to 0, Py_InitializeFromConfig () stops at the ”Core” initialization

phase.
e PyConfig._isolated_interpreter: if non-zero, disallow threads, subprocesses and fork.

PyStatus _Py_InitializeMain(void)

Move to the "Main” initialization phase, finish the Python initialization.

No module is imported during the "Core” phase and the importlib module is not configured: the Path
Configuration is only applied during the "Main” phase. It may allow to customize Python in Python to
override or tune the Path Configuration, maybe install a custom sys.meta_path importer or an import

hook, etc.

It may become possible to calculatin the Path Configuration in Python, after the Core phase and before

the Main phase, which is one of the PEP 432 motivation.

The ”Core” phase is not properly defined: what should be and what should not be available at this phase
is not specified yet. The API is marked as private and provisional: the API can be modified or even be

removed anytime until a proper public API is designed.

Example running Python code between "Core” and "Main” initialization phases:

void init_python(void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

config._init_main = O;

/* ... customize 'config' configuration ... */

status = Py_InitializeFromConfig(&config);

PyConfig_Clear(&config) ;

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* Use sys.stderr because sys.stdout is only created
by _Py_InitializeMain() */
int res = PyRun_SimpleString(
"import sys; "
"print ('Run Python code before _Py_InitializeMain', "
"file=sys.stderr)");
if (res < 0) {

exit(1);

/* ... put more configuration code here ... */

(RDOR=V1Fil)
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(FiDR— 25 D %)
status = _Py_InitializeMain();
if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
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W32 LTH, Python He—7OEHIIA X7V ZBRDTS DT, 2—FBZzHli#lld 2 /374
WIS 2 Z 2 T3, Python A 7Y =7 PeHAHHHINEZ Ny 772 AN27-0D —THEHDXEY
L, BEISIE U T, Python X BV A=Y v DI D F¥F 2 X ¥ FHNTHIZEL T3 Python/C API B
BEEN L TITVWE T,

XEVEHOFEZET 2720, HREY 2 —VOIEEIZRL T Python 779 =22 1t+%2 C 54 75 UHMRAR
f L T 5B malloc() « calloc() . realloc() BLY free() THIEL XS L LTWERD FHEA,
5LEEEMES &, C DX EVREBBYE Python XEV 32— v L ORI CTREEIEOCH LA L T,
C DX EVEIEBE Y Python X BV A=Y Y ZERZ 7NV XL TEREINTVT, Bz — 7%
E3 270, MUH L OREIBEHNREREZEEE T, t3vi, HHloBNOLDRS,. C 74 77V0
X E VIRERE o TR X EY ZHER L DM LD TE T, HlRE. UF2D X5 %HITT:

PyObject *res;
char xbuf = (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;

ZORFITIE, I/O Ny 7 71T 2 XEVERIIC 74771V DXV EEHZMH>TWEd, Python
AEVIA=IY % —I3EDEL LTIEEND bytes 7 7Y =7 + MRS 2RICZTRHETT,

LIEWVWE, IFEAY DRI TR, XEY OEE/ER Python E —FAICEELTITS X580 %3, Rk,
Python & — 71X Python X BV A2y DEHTNICHE205TT, BRI, A2V &%E C THEIrNE
Wizt A 7Y =7 MEICHRR T 3 BRI213. b — 7 TOX Y EBEPNETY, Python b —F 2o 7270 &
WHH—ODHHE LT, IHREY 2 —ADREL L TWBEXEVIZOWT Python XEV A —I %I 1B
WZRE LTUWILVEVS DD ET, 72t ZBERXEYPRFI»DIFE L LRI LT
PHRNCH WS N2 DD LT, 2 TOXEVERIEERE Python X BV X =Y ¥ IZEFETIUL, 1~
TV RIFEDIEHERRAEYV 7y 7V Y FORKBRRIERETE T, ZOMR. FEDKI TIX. Python
ABYIA =T PHAR=TaL 7y arRXEYDaAY T M, ZOMA 50D FHEE L Vo 7z, Y]
BREMEZ PUATELZZ DD ET, LOBFITRLEZEIIWCC I4 77V DXEVIREEEEMES 2. 1/0
Ny 77 FICHER L7 A E VI Python X BV 32— v DEEP OFERICHND ZEITEREL TLEZ W,

BE:
BRIRZA M PYTHONMALLOC %2/ LT Python FIHT 2 X2V 70— X 2HllT 2 Z e B TEE 5,

BRI PYTHONMALLOCSTATS 2 L C., #4727 b7V —FDBEREINZFE, v v b XY
VHFIZ pymalloc XDV 7O7—32 OFGHERE R RTE 3,

11.2 Allocator Domains

All allocating functions belong to one of three different "domains” (see also PyMemAllocatorDomain).
These domains represent different allocation strategies and are optimized for different purposes. The
specific details on how every domain allocates memory or what internal functions each domain calls is
considered an implementation detail, but for debugging purposes a simplified table can be found at here.
There is no hard requirement to use the memory returned by the allocation functions belonging to a
given domain for only the purposes hinted by that domain (although this is the recommended practice).
For example, one could use the memory returned by PyMem_RawMalloc () for allocating Python objects

or the memory returned by PyObject_Malloc() for allocating memory for buffers.
The three allocation domains are:

¢ Raw domain: intended for allocating memory for general-purpose memory buffers where the allo-
cation must go to the system allocator or where the allocator can operate without the GIL. The

memory is requested directly to the system.

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory

buffers where the allocation must be performed with the GIL held. The memory is taken from the
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Python private heap.

e Object domain: intended for allocating memory belonging to Python objects. The memory is

taken from the Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the
matching specific deallocating functions must be used. For example, PyMem_Free () must be used to free

memory allocated using PyMem Malloc().

11.3 EXEVA>H—TI—XR

The following function sets are wrappers to the system allocator. These functions are thread-safe, the
GIL does not need to be held.

The default raw memory allocator uses the following functions: malloc(), calloc(), realloc() and

free(); call malloc(1) (or calloc(l, 1)) when requesting zero bytes.
N—ar 3.4 TEM.

void *PyMem_RawMalloc (size_t n)
n AL FPEREDET, ZOXEYERIET voidx DKL V2 ERLF T, ERIPIEML 2855 NULL
PIRLUET,

0 N4 FZ2EKT 5L, PyMem_RawMalloc (1) 2SIz & ZLEL & 512, AJREAR 6 NULL TRV
=TI RRAVEREIRLET, BEINIZXAEY IV rR20HHEDITOAEEA,

void *PyMem_RawCalloc (size_t nelem, size_t elsize)

BEED elsize XA L DEZE nelem H7DRXEY) —%ZMEAEL., ZOXEY —%2FET voidx BLDKRA
VRERLET, 70— MIRBRLUEEAIE NULL 2R L %3, EINZXTY —ERZEn Ty
Hbxnx 3,

BEEDBEROY A XD 084 POERISH LTIk, TIEEX 5 PyMem_RawCalloc(l, 1) 2SMEEh 7
DEFEL &SI, 2=—27% NULL TRWEKRA Y XERLET,

N— g v 3.5 TEM.

void *PyMem_RawRealloc (void *p, size_t n)
p PHEFTAEYV 70w 2% n NAL MU AXLET, HOHAXEHFH LY A XD/PNZNWFTETD
NERZEHEINEEA,

p 5 NULL DBEMOH LiE PyMem_RawMalloc(n) Y 5liTT, 25 TR, n BERIZFLWEE,
XY 70y 73 P4 RASNETHRMSINERA, RSN KR A »&IFIE NULL T,

p A NULL THRWR D, p EZ2H XD HTD PyMem RawMalloc(), PyMem_RawRealloc(),
PyMem_RawCalloc() OO LI X DIRENRITIUIZD £E A,

BRDK L 72856 PyMem_RawRealloc() & NULL iR L. p XRIOXEV TV 7% X THMBRARA
VEDEETT,
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void PyMem_RawFree (void *p)

p WIIT XYV 70y 7 %2MBMRLET, p FLUEIMUIH L% PyMem RawMalloc(),
PyMem_RawRealloc (), PyMem_RawCalloc() DR LETRINERD $HA. ZhSHNOGE
X° PyMem_RawFree(p) ZWM-UHI L721R72 o 258, REROEFMEIZRD 5,

p 53 NULL OEEMS LER A,

11.4 XEVA>R2—T1x—2R

LUR o BEEEEAFIH LT Python B —FICH LT XY ZREMALZ DR LD RS, Zhs ol
ANSI C > TETMESNTVETH, 0 N1 P ZERLZBROFFICOVWTHERL TVET:

The default memory allocator uses the pymalloc memory allocator.

E&: The GIL must be held when using these functions.

N=Tary 36 TEHE: 77401 D707 —XHBT AT LD malloc() 25 pymalloc 12D F L7z,

void *PyMem_Malloc(size_t n)

RICELET: Stable ABL. n N4 FE2EID YT, ZDOXEY ZIET void*x HOKRA VX ERLET,
TR L 72358 NULL 2R L 9,

0 N4 PZERT S L, PyMem_Malloc(1) ZSMEENzL T FEU X512, AIRER & NULL TR\
S— I RRAVEREIRLET, BEINIZXAEY IR0V r 220 ITOAEEA,

void *PyMem_Calloc(size_t nelem, size_t elsize)

RICBLET: Stable ABI (IN—=23> 8.7 &D ). BEED elsize N4~ DEZR nelem 7 DX E
V%R L. ZDOXEY —ZIET voidx HOKRA Y XERLET, 7rr— MTKRRLEEAR
NULL ZiRL 3, RSN X €Y -t e THEHLE N E 3,

BERPDEZRDT A X050 84 POERIH L TIE, TIHER & PyMem_Calloc(l, 1) DSWMEHINzDE
FIC X912, 2=—277% NULL THRWARA VX EBRLET,

N—ar 3.5 TEM.

void *PyMem_Realloc (void *p, size_t n)

RICBLET: Stable ABL p BIEITXEV 70y 7% n N MIUHFAXLET, HOH A XHL
WA ZDO/NEWFHETONFIFEBEINEE A

p 23 NULL O5EFFOH LIX PyMem_Malloc(n) &5EfiTd, 295 TR, n L RIZFELWEHE, X
BV TR 23V A RENETHRIRENERA, BRENTRA ¥ ZIFIE NULL TF,

p 25 NULL THRWRD, p E 2N X DAEITD PyMem Malloc(), PyMem Realloc() ¥ 721X
PyMem_Calloc() OFFHLIZX DRI NRITIUIRD 8 A,
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BRI L 72358 PyMem_Realloc() 1& NULL #iB L. p EHIOAEV ) 72 X THMARKA V&
DEEXETT,

void PyMem_Free (void *p)

RICBELZEJ: Stable ABL p DI XEV Iny 7 2B LUET, p FMURIFIHL &
PyMem_Malloc (). PyMem Realloc(). ¥7z1% PyMem_Calloc() DR L7ETRIFNIEHRD £
Ao ENLIHDEES PyMen_Free(p) MU LB o 58, REROENEIZRD 5,

p 23 NULL O5E1Md L EH Ao
DI 2888 0~ 7 0 3FEEO - DI I Tn 2 D TT, TYPE IHMEED C ORERL 7,

PyMem_New(TYPE, n)

Same as PyMem_Malloc (), but allocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer

cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize(p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Re-
turns a pointer cast to TYPEx. On return, p will be a pointer to the new memory area, or NULL in

the event of failure.

I C A Tetyd=wruTT, p IEWXCHRAINE T, =7 —IHEKHICXEY 255 D%k
J212iE p OITEDEERFL TLEE W,

void PyMem_Del (void *p)

PyMem_Free() &R LTS,

FEEwciz T, C API B2 N3 % Z &< Python XEVEEBAKrEERERUIHEIT /2D TO~ 70
Ty MEEEEIRTVE T, 2L, 25D~ I ik Python N— a YETONNA F ) BfEERE TS,
ZRDZIHIREY 2 — A TCIRHESN TV LD THEREL T ES W,

e PyMem_MALLOC(size)

e PyMem_NEW(type, size)

e PyMem_REALLOC(ptr, size)

o PyMem_RESIZE(ptr, type, size)
o PyMem_FREE(ptr)

e PyMem_DEL(ptr)

11.4. XEVAMR—T1—2R 297



The Python/C API, U —2X 3.11.14

11.5 #72xo 70T —%

DT OBBEEMSF LT Python £ —7IC0 LTXEY ZREMR LD LD HkES, Zhs Bt
ANSI C I > TETMEEINTVE T, 0 N4 FEERLZBOBEICOWTHERL TVET:

the Customize Memory Allocators section.

7AFR: 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 default object allocator uses the pymalloc memory allocator.

&,
=K9-

The GIL must be held when using these functions.

void *PyObject_Malloc(size t n)

RICELZET: Stable ABL. n N4 F2EID YT, ZOXEY ZIET voidx HOKRA VX ERLF T,
BRI L7258 NULL %R L E3,

0 N4 FZ2EKT 5 L, PyObject_Malloc(l) DFHIN F LR U K 51T, AIAE/R S NULL TR\
Z—URRAVERIBRLET, BRENIZXAEY =30 R29HtsIThbh TR A,
void *Py0Object_Calloc(size_t nelem, size_t elsize)

RICBLET: Stable ABI (IN—=23> 8.7 &D ). BEED elsize XA b DEZR nelem fH7 DX E

V—%HERL. ZDOXEY —%4ET voidx MDOKRA VX Z2RLET, 7ur— MIKRBRLEGEIR
NULL 2B L ¥3, MRENLXE) It Tyt g s,

ke
BEEBDBERDT A XM 084 P DERICH LTI, AJHE’Z 5 PyObject_Calloc(l, 1) HMEEN 7=
DL ESI1C, 2=—2% NULL TRWEL Y R EELET,

N— a v 3.5 TEM.

void *PyObject_Realloc (void *p, size t n)
RICELET: Stable ABL p 28T XEV 709 7% n N MUV AXLET, HOHF A XEHL
WA ZDO/NIWHFETONFIEEINEE A,

p 25 NULL OBEM-UH LIk PyObject_Malloc(n) &5FffiT3, €5 TR, n ¥ RIZFELWVWEE
AEY TRy 73V I A XENETPVRBRESNERA, RENTRA > XIFIE NULL T,

p A NULL THRWED, p ZZN X DEID PyObject_Malloc(), PyObject_Realloc() % 721%
PyObject_Calloc() OFFHLIC K DRI NRITFIUIRD £HA,

FORDKM L 72356 PyObject_Realloc() & NULL Z3iK L. p IZRIOXEY TV 72 X THMRRA
VERDEEXTT,
void PyObject_Free (void *p)

RICBLZET:
298
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PyObject_Malloc(). PyObject_Realloc(). %(7zi& PyObject_Calloc() DR L 7{ETRIF AL
D ERA, TN DEER PyObject_Free(p) MU L7712 57256, REROBEEICRD

£75,

p 5 NULL OFEMS LER A

11.6 Default Memory Allocators

Default memory allocators:

Configuration S2:] 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 # L ® 1V U — R "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 "+ debug”: with debug hooks on the Python memory allocators.

e "Debug build”: Python build in debug mode.

11.7 XEV7OQ7— 2% HhRAEAIALXTS

N— a ¥ 3.4 THEM.

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

11.6. Default Memory Allocators
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Z4—ILF IS

void *ctx Bl LTHEshsa—¥Farrx
Z b

void* malloc(void *ctx, size_t size) XEY) 7Ry 7 %E DYDY TES

void* calloc(void *ctx, size_t nelem, 0 CHIEfbEIN=XEY Juy 7 2% D

size t elsize) MTET

void* realloc(void *ctx, void *ptr, size_t XEY 7Ry 7EEDLETELVHA X

new_size) LET

void free(void *ctx, void *ptr) XEY IO 7 EMBKT 5

N—Y a ¥ 3.5 TAH: The PyMemAllocator structure was renamed to PyMemAllocatorEz and a

new calloc field was added.

type PyMemAllocatorDomain

TR =R XL VRREET 57DOFERTT, FX 4 Ui

PYMEM_DOMAIN_RAW
RE%K:

e PyMem_RawMalloc()
e PyMem_RawRealloc ()
e PyMem_RawCalloc()
e PyMem_RawFree ()
PYMEM_DOMAIN_MEM
%L
e PyMem_Malloc(),
e PyMem_Realloc()
e PyMem_Calloc()
o PyMem_Free()
PYMEM_DOMAIN_0BJ
%L
e PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()

e PyObject_Free()
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void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
BESNIZRXAL YOXEY TRy 77 0r—RERGL T,

void PyMem_SetAllocator ( PyMemAllocatorDomain domain, PyMemAllocatorEz *allocator)
BESN XA YDORXEY TRy 7 7R —REeRELET,

mLwryar—X&id, 034 PrERINALE E2=—27 NULL TRWARA Y R ZRSRITUI7RD
A

For the PYMEM_DOMAIN_RAW domain, the allocator must be thread-safe: the GIL is not held when

the allocator is called.

BlLwrasr—2Rn7y 272 Thy (1 2807807 —X%2REHI RV HA
PyMem_SetupDebugHooks () BARZIFOH LT, HrLwrusr—2D TNy 77 v 7 2 BER
BLRIFUIRD FEA

See also PyPreConfig.allocator and Preinitialize Python with PyPreConfig.

g

&: PyMem_SetAllocator() does have the following contract:

e It can be called after Py_PreInitialize() and before Py_InitializeFromConfig() to
install a custom memory allocator. There are no restrictions over the installed allocator
other than the ones imposed by the domain (for instance, the Raw Domain allows the
allocator to be called without the GIL held). See the section on allocator domains for

more information.

o If called after Python has finish initializing (after Py_InitializeFromConfig() has
been called) the allocator must wrap the existing allocator. Substituting the current

allocator for some other arbitrary one is not supported.

void PyMem_SetupDebugHooks (void)

Setup debug hooks in the Python memory allocators to detect memory errors.

11.8 Debug hooks on the Python memory allocators
When Python is built in debug mode, the PyMem_ SetupDebugHooks () function is called at the Python
preinitialization to setup debug hooks on Python memory allocators to detect memory errors.

The PYTHONMALLOC environment variable can be used to install debug hooks on a Python compiled in
release mode (ex: PYTHONMALLOC=debug).

The PyMem_SetupDebugHooks() function can be 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
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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.
FilF = v 7

o Detect API violations. For example, detect if PyObject_Free() is called on a memory block
allocated by PyMem_Malloc().

o Detect write before the start of the buffer (buffer underflow).
o Detect write after the end of the buffer (buffer overflow).

o Check that the GIL is held when allocator functions of PYMEM_DOMAIN_OBJ (ex:
PyObject_Malloc()) and PYMEM_DOMAIN_MEM (ex: PyMem_Malloc()) domains are called.

On error, the debug hooks use the tracemalloc module to get the traceback where a memory block was
allocated. The traceback is only displayed if tracemalloc is tracing Python memory allocations and the

memory block was traced.

Let S = sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The
memory layout is like so, where p represents the address returned by a malloc-like or realloc-like function
(p[i:j] means the slice of bytes from *(p+i) inclusive up to *(p+j) exclusive; note that the treatment

of negative indices differs from a Python slice):

pl[-2%S:-8]
Number of bytes originally asked for. This is a size_t, big-endian (easier to read in a memory
dump).

p[-s]
API identifier (ASCII character):
e '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.
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.
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p [N+S: N+2x%S]
Only used if the PYMEM_DEBUG_SERIALNO macro is defined (not defined by default).

A serial number, incremented by 1 on each call to a malloc-like or realloc-like function. Big-endian
size_t. If "bad memory” is detected later, the serial number gives an excellent way to set a
breakpoint on the next run, to capture the instant at which this block was passed out. The static
function bumpserialno() in obmalloc.c is the only place the serial number is incremented, and

exists so you can set such a breakpoint easily.

A realloc-like or free-like function first checks that the PYMEM_FORBIDDENBYTE bytes at each end
are intact. If they’ve been altered, diagnostic output is written to stderr, and the program is aborted via
Py_ FatalError(). The other main failure mode is provoking a memory error when a program reads up
one of the special bit patterns and tries to use it as an address. If you get in a debugger then and look
at the object, you're likely to see that it’s entirely filled with PYMEM_DEADBYTE (meaning freed
memory is getting used) or PYMEM__CLEANBYTE (meaning uninitialized memory is getting used).

N—Y a v 36 TEH: The PyMem_SetupDebugHooks () function now also works on Python com-
piled in release mode. On error, the debug hooks now use tracemalloc to get the traceback where
a memory block was allocated. The debug hooks now also check if the GIL is held when functions of

PYMEM_DOMAIN_OBJ and PYMEM_DOMAIN_MEM domains are called.

N— a3 v 3.8 TEHE: Byte patterns 0xCB (PYMEM_CLEANBYTE), 0xDB (PYMEM_DEADBYTE) and O0xFB
(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 —F78ur =i, ROBEBEHNET:
e VirtualAlloc() and VirtualFree() on Windows,
e mmap() and munmap() if available,
o ZNLANDHEIE malloc() & free(),

This allocator is disabled if Python is configured with the ——without-pymalloc option. It can also be
disabled at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).
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11.9.1 pymalloc 7 —7+707—32DHRAZIAX

N—a v 3.4 Tl

type PyObjectArenaAllocator
7V —F7ar—Reiih T 57 DOMERTT., 3007 4 — L FERDLET:

14—k =k

void *ctx Foglr L TEINZ2—FarTx
Z b

void* alloc(void *ctx, size_t size) size XA D7V —FZEH DL TET

void free(void *ctx, void *ptr, size_t 7V —FER@ERLET

size)

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

7V—F7ur—XEHELET,

void PyObject_SetArenaAllocator (PyObject ArenaAllocator *allocator)

TV—FTRr—RERELET,

11.10 tracemalloc C API

N— a ¥ 3.7 TEM.

int PyTraceMalloc_Track(unsigned int domain, uintptr_t ptr, size_t size)

Track an allocated memory block in the tracemalloc module.

Return 0 on success, return -1 on error (failed to allocate memory to store the trace). Return -2

if tracemalloc is disabled.
If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack(unsigned int domain, uintptr_t ptr)

Untrack an allocated memory block in the tracemalloc module. Do nothing if the block was not

tracked.

Return -2 if tracemalloc is disabled, otherwise return O.
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11.11 fERAH

BANZIBRZFEE v b 2o T, BIE HioflZ Python =12 I/O Ny 7 7 ZXE VMRS 2 L 510F
RO 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;

FCa— FERENROBEZEEY P TEVWEDLDZLNIORLET:

PyObject *res;
char xbuf = PyMem_New(char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf);
PyMem_Del(buf); /* allocated with PyMem New */

return res;

FOZoDfITIE, Ny 772 EICHECEREY MIET BB THREL TV ZITERL T EE W, 5
B, 2 XEV 70y 20T 2HEE. B2 XEVRMERMEIER T 2G2S 201, AEXEY
API 77 SV R[5> THTS ZEBRBETT, UFRDa—RIRIEZ2DL5—2HD, ZDS5HD—DIZIFR
75 —TRBET 2RO X TV EEREEEZIRAL TN 20T MMM (Fatal) £ 7LD 3 %2 L TWET,

char *bufl = PyMem_New(char, BUFSIZ);
char *buf2 = (char *) malloc(BUFSIZ);
char *buf3 = (char *) PyMem_Malloc(BUFSIZ);

PyMem_Del(buf3); /* Wrong -- should be PyMem_Free() */
free(buf2); /* Right —- allocated via malloc() */
free(bufl); /* Fatal -- should be PyMem_Del() */

In addition to the functions aimed at handling raw memory blocks from the Python heap, objects in
Python are allocated and released with PyObject_New, PyObject_NewVar and PyObject_Del ().

INHDOBEBICOVWTIE. RED CIE2HL WA T =27 FRIDEFRLEEICHE T 20 ROPTHAL
%9,
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TWELVE

*7o 1o bREYR— (OBJECT IMPLEMENTATION
SUPPORT)

ZOETIE, FILWATD 27 FOREERERT IBRICHEOLAZEK,. B, BLXU~27 0l o0WTHBELET,

121 #T72x 0 b2be—TFLEICXEVREERT S

PyObject *_Py0Object_New(PyTypeObject *type)
RO 1E: HLLWEE,

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py _ssize t size)
ROfE: HLLEE,

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
RbhE: fEREE, RICEBL £ Stable ABI. Initialize a newly allocated object op with its type
and initial reference. Returns the initialized object. If type indicates that the object participates
in the cyclic garbage detector, it is added to the detector’s set of observed objects. Other fields of

the object are not affected.

PyVarObject *Py0Object_InitVar (PyVarObject *op, PyTypeObject *type, Py ssize t size)

Rbh{E: ERBE. RIZEBL £7: Stable ABL. PyObject_Init() OE2TOUEEITV, AIEH A X
ATV bOGEIIRSBRBMIMEL 5,

PyObject_New(TYPE, typeobj)

Allocate a new Python object using the C structure type TYPFE and the Python type object
typeobj (PyTypeObject*). Fields not defined by the Python object header are not initialized. The
caller will own the only reference to the object (i.e. its reference count will be one). The size of

the memory allocation is determined from the tp_basicsize field of the type object.

PyObject_NewVar (TYPE, typeobj, size)

Allocate a new Python object using the C structure type TYPE and the Python type object
typeobj (PyTypeObject*). Fields not defined by the Python object header are not initialized. The
allocated memory allows for the TYPFE structure plus size (Py_ssize_t) fields of the size given

by the tp_itemsize field of typeobj. This is useful for implementing objects like tuples, which are
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able to determine their size at construction time. Embedding the array of fields into the same

allocation decreases the number of allocations, improving the memory management efficiency.

void PyObject_Del (void *op)
Releases memory allocated to an object using PyObject_New or PyObject_NewVar. This is nor-

mally called from the tp_dealloc handler specified in the object’s type. The fields of the object

should not be accessed after this call as the memory is no longer a valid Python object.

PyObject _Py_NoneStruct

Python %> 51% None ICRZ 247327 bTF, ZOEANDT7 7 ERF, ZDOFTI 27 bADKRA
Y REFHIES % Py_None %7 BZfHbRIFIIIERD £E A,

BE:

PyModule_Create() EiIN
REY 2—1D7ar— kAR,

12.2 £EDA TS U MEEE (common object structure)

Python Tld, A 7Y =7 MUZERT 2 L THZ S OMERBEDNET, ZOHITIEI=>DMiEKRL 2D
FIRAABEICOWTHHAL 73,

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.

type PyObject

KICBLET: Limited APL (WS DDDAIYN—DHDBEE ABI TG, ) B THOA TV =7 M
WWZOMENIRL72HS DTS, ZORIE, 24727 bRIETRA VX ELX TV =27 b2 LT
Python 22545 DIHERBERSA > TVWET, BED 7 VY -7 LTI, ZOMERIE
AT NOBRAVY I T2 VIR T BRA T 2 METIB Ao TVET, EE
I21E PyObject THB ZLIFEHEEINTVWERAN, £TD Python 7V =7 bADKRA ¥ &I
PyObjectx NF ¥ A MTEEXT, X N7 78R T 5ITIE Py_REFCNT ¥2-a & Py TYPE X7 A%
EbRFIIR D A,

type PyVarObject
RICBLEY: Limited APL. (WS DD DAY N—DHMNEE ABI TT, ) This is an extension
of PyObject that adds the ob_size field. This is only used for objects that have some notion of
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

AERESZFRNA TS 2 7 MV eRBRATI2H LVWEEZEST T2 215~ aTd, PyOb-
ject. HEAD <7 BIIXD &S ICEMEIh ET:

[PyObj ect ob_base;

\

Lic®H B Pyovject D FF a2 XY bESBLTL IV,

PyObject_VAR_HEAD

AVARVAZ CICEB R ZEZIRFEOA 7V 27 b ERBFETIHLWAERES T2 & Iflids~raT
7, PyObject VAR HEAD <2 mid3Xo & 5 ICEE S F 3

[PyVarObj ect ob_base;

FizdH B PyVvarObject D FF 2 XY b EZILTLZE W,

int Py_Is(PyObject *x, PyObject *y)

RICBLEFT: Stable ABI (IN—23> 3.10 &D ). Test if the z object is the y object, the same as
x is y in Python.

N— g r 3.10 TEN.

int Py_IsNone (PyObject *x)

RICBLZET: Stable ABL (IN—23 > 3.10 & D ). Test if an object is the None singleton, the same

as x is None in Python.
N— a3 v 3.10 TEH.

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.
N— a ¥ 3.10 TEN.

int Py_IsFalse(PyObject *x)

RICBELFY: Stable ABI (/N\—23 > 5.10 &D ). Test if an object is the False singleton, the

same as x is False in Python.
N— a ¥ 3.10 TEM.

PyTypeObject *Py_TYPE(PyObject *0)

Get the type of the Python object o.
Return a borrowed reference.
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 Py0Objectx.
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int Py_IS_TYPE(PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is type. Return zero otherwise. Equivalent to: Py_TYPE(o)
== type.

N— a ¥ 3.9 TEM.

void Py_SET_TYPE(PyObject *o, PyTypeObject *type)

Set the object o type to type.
N— a ¥ 3.9 TEM.

Py_ssize_t Py_REFCNT (PyObject *o)

Get the reference count of the Python object o.

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

N— 3 ¥ 3.11 TEH: The parameter type is no longer const Py0bjectx*.
N—a ¥ 3.10 TEH: Py REFCNT() is changed to the inline static function.

void Py_SET_REFCNT (PyObject *o, Py _ssize t refent)

Set the object o reference counter to refent.
N— a v 3.9 TEM.

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 ¥y 311 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.
N— a ¥ 3.9 TEM.

PyObject_HEAD_INIT (type)

LW PyObject D7D OPIHIMEIICENT 2~ Td, 2O RERO LS ICERINET,

_PyObject _EXTRA_INIT
1, type,

PyVarObject_HEAD_INIT (type, size)

This is a macro which expands to initialization values for a new PyVarObject type, including the

ob_size field. This macro expands to:

_PyObject_EXTRA_INIT
1, type, size,
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12.2.2 Implementing functions and methods

type PyCFunction

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
value is NULL, an exception shall have been set. If not NULL, the return value is interpreted as the

return value of the function as exposed in Python. The function must return a new reference.

B DS 72 F 2 I3RDEBHTT

PyObject *PyCFunction(PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

RICBL E9: Stable ABI. Type of the functions used to implement Python callables in C with
signature METH VARARGS | METH KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords(PyObject *self,
PyObject *args,
PyObject *kwargs) ;

type _PyCFunctionFast

Type of the functions used to implement Python callables in C with signature METH_FASTCALL.

The function signature is:

PyObject *_PyCFunctionFast(PyObject *self,
PyObject *const *args,

Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords

Type of the functions used to implement Python callables in C with signature METH FASTCALL
| METH KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords(PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames) ;

type PyCMethod

Type of the functions used to implement Python callables in C with signature METH METHOD
| METH FASTCALL | METH KEYWORDS. The function signature is:

PyObject *PyCMethod(PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,

PyObject *kwnames)
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N—Ta ¥ 3.9 TEM.

type PyMethodDef
RICBLET: Stable ABI (TRTDRAYN—=ZFQ). RO A Y v F 2B 2 BIHW 2 M8
KT, ZOMEKRICIZ4DD7 4 —LERBY T
const char *ml_name

Name of the method.

PyCFunction m1_meth

Pointer to the C implementation.

int m1_flags

Flags bits indicating how the call should be constructed.

const char *ml_doc

Points to the contents of the docstring.

The ml_meth is a C function pointer. The functions may be of different types, but they always return
PyObject*. If the function is not of the PyCFunction, the compiler will require a cast in the method
table. Even though PyCFunction defines the first parameter as PyOb ject*, it is common that the method
implementation uses the specific C type of the self object.

The ml_flags field is a bitfield which can include the following flags. The individual flags indicate either

a calling convention or a binding convention.
There are these calling conventions:

METH_VARARGS

PyCFunction B4 XY v R THAINHEHLN M LN TS, BEIE Pyobjectx B 5| EfEL
ZOERLET, RYIDFIEIEAY v RD self #7227 b TF; Y 2a—VEOBE, ZhiEE
Ja— AT T, DRI AKX (KL args EMENET) &, 2 TO5HERBTE RS
NATI 2l b TT, 8T XRRIGEH . Pydrg_ParseTuple() R PyArg_UnpackTuple() THE X
£9,

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH VARARGS | METH KEY-
WORDS, METH FASTCALL | METH KEYWORDS and METH METHOD | METH FAST-
CALL | METH KEYWORDS.

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using

PyArg_ParseTupleAndKeywords ().

METH_FASTCALL
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_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObjectx*
values indicating the arguments and the third parameter is the number of arguments (the length

of the array).
N— g 3.7 TEM.
N— a3 ¥ 3.10 TZH: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyObject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there
are no keywords. The values of the keyword arguments are stored in the args array, after the

positional arguments.
N—a ¥ 3.7 Tl

METH_METHOD

Can only be used in the combination with other flags: METH METHOD | METH FASTCALL
| METH KEYWORDS.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL | METH KEYWORDS supporting the defining class, that
is, the class that contains the method in question. The defining class might be a superclass of

Py_TYPE(self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS

with defining class argument added after self.
N—a v 3.9 TEm.

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.

MUTOZo0EE. MOHLBENERTHDOTIERL, Z27ADAYV vy R LTHIBOFELFRNERTD
DTF, TV 2a—NIH L TEBINLBERTHOWTIERD ER-A, XYy FIZRLTIE. ZRT—2LHZ
D77 %y hTEZFHA,
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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.
BE:
function.__module__

The cls parameter will be passed as the defining class argument to the C function. Must be set

if METH_METHOD is set on m1->ml_flags.
N—a v 3.9 TEMM.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
BRhfE: :tLWEBEB, XIZCBEL XY Stable ABL. Equivalent to PyCMethod_New(ml, self,
module, NULL).

PyObject *PyCFunction_New (PyMethodDef *ml, PyObject *self)

BEDhE: #HFLLWEBE, RICBLEFT: Stable ABI (IN—2 3> 3.4 & D). Equivalent to
PyCMethod_New(ml, self, NULL, NULL).
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12.2.3 Accessing attributes of extension types

type PyMemberDef
RICBLETY: Stable ABI (TRTDRAN—%ZFE). Structure which describes an attribute of a

type which corresponds to a C struct member. Its fields are:

Field C Type Meaning

name const char *  name of the member

type int the type of the member in the C struct

offset Py_ssize t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char *  points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is

accessed in Python, it will be converted to the equivalent Python type.

Yo 0% C nf!

T SHORT short

T INT int

T_LONG long

T FLOAT float
T_DOUBLE double

T STRING const char *
T_OBJECT PyObject *
T_OBJECT_EX  PyObject *
T CHAR char

T BYTE char

T UBYTE unsigned char
T_UINT unsigned int
T_USHORT unsigned short
T_ULONG unsigned long
T BOOL char

T LONGLONG long long
T ULONGLONG unsigned long long
T PYSSIZET Py_ ssize_t

T_0BJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_0BJECT.

flags can be 0 for write and read access or READONLY for read-only access. Using T_STRING for

pe implies REA STRING data is interpreted as
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members can be deleted. (They are set to NULL).

Heap allocated types (created using PyType_FromSpec() or similar), PyMemberDef may
contain definitions for the special members __dictoffset__, __weaklistoffset__ and
__vectorcalloffset__, corresponding to tp_dictoffset, tp_weaklistoffset and
tp_vectorcall_offset in type objects.  These must be defined with T_PYSSIZET and
READONLY, for example:

static PyMemberDef spam_type_members[] = {
{"__dictoffset__", T_PYSSIZET, offsetof(Spam_object, dict), READONLY},
{NULL} /* Sentinel */

3

PyObject *PyMember_GetOne (const char *obj_ addr, struct PyMemberDef *m)

Get an attribute belonging to the object at address obj_addr. The attribute is described by
PyMemberDef m. Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *o)

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.

type PyGetSetDef

RICBLET: Stable ABI (TRTDXUN—ZBEL). HMOTu T4 DESBT7 7L AZERT S
72D DRGEIR TS, PyTypeObject.tp_getset Ay MDD B T X W,

Field C Type Meaning

name const char B
%

get getter C function to get the attribute
set setter optional C function to set or delete the attribute, if omitted the attribute

is readonly

doc const char EED FFa XV TF— a3 v XFH|
*

clo- void * optional user data pointer, providing additional data for getter and setter

sure

The get function takes one PyObject* parameter (the instance) and a user data pointer (the

associated closure):

[typedef PyObject *(*getter) (PyObject *, void *);

B E TR NULL & IS DOEESICEI N2 ZEHLWBIRERL 3,

set functions take two PyObject* parameters (the instance and the value to be set) and a user

data pointer (the associated closure):
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[typedef int (xsetter) (PyObject *, PyObject *, void *);

J

BHEHIET 25813, 2 BEHD S A —KIZ NULL ZIEELET, W LEGEEX 0 2. KKL=5
Hi -1 2HAL e LTREL 9,

12.3 Type Objects

A ZANORIZEFRT MG PyTypeObject fHEAIE. BZ5< Python A 73 =227 P X7 0% T
ROEBELRMEEERD 1 DOTL x5, BA 7Y 7 M3 PyObject_* Z%° PyType_* ROBBTIRZ F 325,
IZF2AYD Python 77V 75— a it > T, L THHADD AHERECTRE L EEA, MA TP 27 M
ATz bR EDXSITRES DERDLIEBETT IS, A V2TV XARSH LR ELERT SHLRE
Y a— VTRIEEICEERFETT,

BA 7Yz 7 MIFHEDH (standard type) IR 2 & 22 D KRERMERTT, ATV 27 MIZL D
HZRRELTED, ZOIRLALIE CBBADKRL Y X T, ZhZhOBBITZ OROHIED NS W) %
FRELTVET, ZOHITE, BA T2/ DK T 4 — AL FIZOWTEHMZHHALE S, &7 14— N,
MOERANTHB S 2 IHEFICHA S THE T,

TRDZ4 w2797 7L 22MAT, EA Tl PyTypeObject DEIR L H W% —H THMET Z 24

PHETVET,

1231 214y o2UT77L >R

tp RO bk

PyTypeObject 2O it} B¥HRAY v R /ASHREY InfoP: 319, *2
w kP 318, %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 PyAsyncMethods * 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
RDR—IITHE<
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R 1-AIOR—IH5DHEE

PyTypeObject 2O il ¥EHRAY Y R /SHREN InfoP: 319, *2
w P 318, %1 CTECI
tp_call ternaryfunc __call X X
tp_str reprfunc __str_ X X
tp_getattiro getattrofunc ___ getattribute__, X X G
_ getattr
tp_setattro setattrofunc _setattr_,  delattr = X X G
tp_as_buffer PyBufferProcs * %
tp_flags unsigned long X X ?
tp_doc const char * __doc___ X X
tp_traverse traverseproc X G
tp_clear INQUITY X G
tp_richcompare richemp func It le , eq , X G
ne_ _ gt
__ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc _ iter X
tp_tternext iternext 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 ?
tp_init initproc _init X X X
tp_alloc allocfunc X 77
tp_new newfunc ___new___ X X 7?7 ?
tp_free freefunc XX?77
tp_is_gc 1nQuULTY X X
<tp_bases> PyObject * _ bases ~
<tp_mro> PyObject * __mro___ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * ___subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor del X

tp_vectorcall

vectorcall func

*1 (). A slot name in parentheses indicates it is (effectively) deprecated

318

%F 12 E 72U bREHYR— b (object implementation support)



The Python/C API, U —2X 3.11.14

sub-slots
Slot i) HTHRAY Y R
am_await unaryfunc __await_
am_aiter unaryfunc _aiter_
am_anext 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____
__rdivmod___
nb_power ternaryfunc ___pow____
___TIpow____
nb_inplace_power ternaryfunc ___ipow___
nb_negative unaryfunc __neg
nb_positive unaryfunc ___pos____
nb_absolute unaryfunc ___abs
nb_bool INQUITY ___bool
. <>: Names in angle brackets should be initially set to NULL and treated as read-only. .
nb_ zmy%ames in square brackets are for internal use onijﬂl”.m'ryf unc _ IR
nb_ 1R B (as a prefix) means the field is required (musb beaoyNULE). _ Ishift ~  rl-
*2 7.
ﬁlj’.o”: set on PyBaseObject_Type slifity,
nb_inmbacet balyfipe_Type binaryfunc _ ilshift
nb_ Ts” ,L’-;o'tdefault (if slot is set to NULL) binary func  rshift
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_ i %o ohevitahce binaryfunc _ dand

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

Noge tf ] fectively inherited through & T attribite To e s
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xR 2-RIOR—IHS5DHEE

Slot B BBEAY W R
nb_zor binaryfunc __XOor_

_ IXOr
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 unary func _ 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 sstzeobjargproc __ setitem_

_ delitem_
sq_contains objobjproc ___contains
sq_inplace_concat binaryfunc __djadd___
sq_inplace_repeat ssizeargfunc __imul_
bf_getbuffer getbufferproc()

bf_releasebuffer

releasebuf ferproc()
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Z20v FDERE (typedef)

EHRE (typedef) 5|82 RO EE
allocfunc PyObject *
PyTypeObject *
Py _ssize_t
destructor PyObject * void
freefunc void * void
traverseproc int
PyObject *
visttproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
3ggtattrofunc FBI2EB ATV FREYR—- (loIBGject implementation support)

PyObject *
PyObject *
Py0Object *
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See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject E%

The structure definition for PyTypeObject can be found in Include/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 suttes for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;
/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */

PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak rTeference enabler */

Py_ssize_t tp_weaklistoffset;

/% Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

12.3.3 PyObject XO0vw ~

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

RICEL F9J: Stable ABI. This is the type object’s reference count, initialized to 1 by the
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PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances
(objects whose ob_type points back to the type) do not count as references. But for dynamically

allocated type objects, the instances do count as references.
i
PTRALTEZDT 4 = FEMAL XA

PyTypeObject *PyObject.ob_type

RICBLET: Stable ABL BIEEDHR, RO WHIE2T 2L XXX 47 TF, PyObject _HEAD_INIT
~ 7 a Tk Eh, @EEIL &PyType_Type W& D ¥3, LA L. (PRR< ¥ d) Windows THIHT
20— FAJRERIEIREY 2 — LTl I Y84 JIFEMBRIEHE TR R VW e X E DT E T, Z
ZT. %5bHL¥E LT, PyObject HEAD_INIT |2!X NULL 2L CTHHI{L L TE =, hoFRERITS
HNCEY 2 — L OHHHLBIB CTHIRINCZ O 7 4 — A FE2AIUET 2 Z i8> TWE T, ZO#HR(EIL
RO XS5 7wgEd:

[Foo_Type .ob_type = &PyType_Type; ]

This should be done before any instances of the type are created. PyType_Ready() checks if
ob_type is NULL, and if so, initializes it to the ob_type field of the base class. PyType_Ready ()

will not change this field if it is non-zero.

fer g

PITRATEZDT7 4 =V FERELET,
PyObject *PyObject._ob_next

PyObject *PyObject._ob_prev

These fields are only present when the macro Py_TRACE_REFS is defined (see the configure

--with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically
allocated objects, these fields always remain NULL. For dynamically allocated objects, these two

fields are used to link the object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys.
getobjects() function and to print the objects that are still alive at the end of a run when

the environment variable PYTHONDUMPREFS is set.
ik

These fields are not inherited by subtypes.
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12.3.4 PyVarObject XOvw

Py ssize t PyVarObject.ob_size

RICBLET: Stable ABL E#MICAEURBRINTWAEA TSIk OFE. 2074 —L Flidt
b ENE T, BNICATVRBFRINTVWAREA TSI~ OFE. 207 4 —L FIZAER
XN 2R ER 2D 5,

k.

P TRATNEXZDT 4 =L FEHELEEA,

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".
FNICATVERSNZEATO O O5E. 207 4 =V FRRCHEOLANCRD, £V 2 -0
ZLFROFFENTF — '__module__' 0T 2L L THRIMICIRIESINE T,

For statically allocated type objects, the tp_name field should contain a dot. Everything before

the last dot is made accessible as the __module__ attribute, and everything after the last dot is

made accessible as the __name__ attribute.

If no dot is present, the entire tp_name field is made accessible as the __name__ attribute, and
the __module__ attribute is undefined (unless explicitly set in the dictionary, as explained above).
This means your type will be impossible to pickle. Additionally, it will not be listed in module

documentations created with pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
i

P TRALAZZDT 4 =NV FEHELEHEA,

Py ssizet PyTypeObject.tp_basicsize

Py ssize_t PyTypeObject.tp_itemsize

IHREDT 44— R, AV RARADANL P YA XEFHETESE51CLET,
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There are two kinds of types: types with fixed-length instances have a zero tp_itemsize field, types
with variable-length instances have a non-zero tp_itemsize field. For a type with fixed-length

instances, all instances have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the
instance size is tp_basicsize plus N times tp_itemsize, where N is the ”length” of the object.
The value of N is typically stored in the instance’s ob_size field. There are exceptions: for
example, ints use a negative ob_size to indicate a negative number, and N is abs(ob_size)
there. Also, the presence of an ob_size field in the instance layout doesn’t mean that the instance
structure is variable-length (for example, the structure for the list type has fixed-length instances,

yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_ HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes
the _ob_prev and _ob_next fields if they are present. This means that the only correct way to
get an initializer for the tp_basicsize is to use the sizeof operator on the struct used to declare

the instance layout. The basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken
care of by the value of tp_basicsize. Example: suppose a type implements an array of double.
tp_itemsize is sizeof (double). It is the programmer’s responsibility that tp_basicsize is a

multiple of sizeof (double) (assuming this is the alignment requirement for double).
For any type with variable-length instances, this field must not be NULL.
i

These fields are inherited separately by subtypes. If the base type has a non-zero tp_itemsize,
it is generally not safe to set tp_itemsize to a different non-zero value in a subtype (though this

depends on the implementation of the base type).

destructor PyTypeObject.tp_dealloc

A pointer to the instance destructor function. This function must be defined unless the type
guarantees that its instances will never be deallocated (as is the case for the singletons None and

Ellipsis). The function signature is:

[void tp_dealloc(PyObject *self);

The destructor function is called by the Py_DECREF() and Py_XDECREF () macros when the new
reference count is zero. At this point, the instance is still in existence, but there are no references
to it. The destructor function should free all references which the instance owns, free all memory
buffers owned by the instance (using the freeing function corresponding to the allocation function
used to allocate the buffer), and call the type’s tp_free function. If the type is not subtypable
(doesn’t have the Py_TPFLAGS_BASETYPE flag bit set), it is permissible to call the object deallocator
directly instead of via tp_free. The object deallocator should be the one used to allocate the
instance; this is normally PyObject_Del () if the instance was allocated using Py0bject_New or

PyObject_NewVar, or PyObject_GC_Del () if the instance was allocated using PyObject_GC_New

12.3. Type Objects 327



The Python/C API, U —2X 3.11.14

or PyObject_GC_NewVar.

If the type supports garbage collection (has the Py_TPFLAGS_HAVE_GC flag bit set), the destructor
should call PyObject_GC_UnTrack() before clearing any member fields.

static void foo_dealloc(foo_object *self) {
PyObject_GC_UnTrack(self) ;
Py_CLEAR(self->ref);
Py_TYPE(self)->tp_free((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the
owned reference to its type object (via Py_DECREF()) after calling the type deallocator. In order

to avoid dangling pointers, the recommended way to achieve this is:

static void foo_dealloc(foo_object *self) {
PyTypeObject *tp = Py_TYPE(self);
// free references and buffers here
tp->tp_free(self) ;
Py_DECREF (tp) ;

by S

Y TRATIEZDT 4 — L REHEL 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 comnsistent with the wvectorcallfunc function. This can be done by setting ¢p_ call to

PyVectorcall_Call().

E4&: It is not recommended for mutable heap types to implement the vectorcall proto-

col. When a user sets __call__ in Python code, only tp_ call is updated, likely making it

inconsistent with the vectorcall function.

N— a v 3.8 TEH: 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.

R
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This field is always inherited. However, the Py_TPFLAGS HAVE_VECTORCALL flag is not always
inherited. If it’s not, then the subclass won’t use vectorcall, except when PyVectorcall_Call() is
explicitly called. This is in particular the case for types without the Py_TPFLAGS_ IMMUTABLETYPE
flag set (including subclasses defined in Python).

getattrfunc PyTypeObject.tp_getattr
F T arDKRA Y RT, get-attribute-string 217 5 B ZEIBL £ 3

CDT7 4=V FIRBIFHERETT, ZOT7 4 — NV NEERT DL XL, tp_getattro BIEFUT X 512H)
fEL. BHEAIE Python XFF A 7Y 227 b TR C XFHITHET 2 L5 REBERT LI 1CL
RFAUER D FE A

.72 8
Group: tp_getattr, tp_getattro

ZDT7 4=V RIX tp_getattro LHICY T XA TIHERINET: Thbb, 3 7X4 70
tp_getattr BRI tp_getattro BT NULL DG, +7 X4 FIIEEX A TH 5 tp_getattr
¥ tp_getattro XML bRAL T,

setattrfunc PyTypeObject.tp_setattr
AT arDRAVRT, BIEORE LHIFRZIT S BB EIHL £3

ZDT7 4=V RIZIHHERETT, 2074 =L FRERT B L XL, tp_setattro AKEFAL X5 ICH)
EL. JBIEAIE Python XFH| 7Y 227 FTide C XFHITIRET 2 L5 REKEIRET XS5 CL
RFHUEE D R A

ek
Group: tp_setattr, tp_setattro

ZDT 4 =L R tp_setattro LI TR FICHAINET: Thbb, ¥ 7X4 70D
tp_setattr B tp_setattro MBI NULL DIFE., V744 TIIREEX A T0 5 tp_setattr
¢ tp_setattro ZMTE WAL X5,

PyAsyncMethods *PyTypeObject.tp_as_async

BIOERETIETRA VX TS, ZofERIE. C LRIVT awaitable 78 bk asynchronous
iterator 70 b ANVERETEA T 27 MEFIEABRTEZ 74—V FERBEET, HFLWLIZ X
async 7T TV MEEE 2SR L TLIZE W,

N— a v 3.5 TBi: MEiE tp_compare % tp_reserved & L THIGNTWE L7z,
i
tp_as_async 7 4 =)V RIFMRINFERAD, ZHIZEENS 7 14 — L RHBEBICHEE XN E T,

reprfunc PyTypeObject.tp_repr
FTTavDORA VET, HAAABEE repr() ZEELTOWLEMEREL T,

The signature is the same as for PyObject_Repr():
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[PyObject *tp_repr (PyObject *self); }

COBRESCFINA 7Y = 7 b Unicode & 7Y =7 2B IRTIIRD $H A, BERIE,
DRIRDNR SN, EYIREIET eval O W LGE, RICEZFOF 727 MIRE L5 %
XFHNTRIFIUIIRD T/ A, FARERGEICE, A7V =27 PR AL HEH LIENEDA -7
<" PBIRE ST > TRODIXFHNZIRS R FIRD FH/A,

T
P ITRATEXZDT 4 — L REREKLET,
FI7FILE

ZDT 4 =V RPREINTVERWVWIGE, <%s object at %p> DIFR%E & 2 XFHIIHRINE T, %s
BHIDZRNS, %p 13F TV 27 FDXEY 7 FLRARZEESBZONE T,

PyNumberMethods *PyTypeObject.tp_as_number

BETa ralzRELZBINOMEREET RS VX TT, IRHD T 14— FIZOWTIE BIEA
T MESER THIHENTWET,

ik
tp_as_number 7 4 =)L RIZRINFRAD, ZZDEENZ 7 4 —L FBMEBNIEINE T,

PySequenceMethods *PyTypeOb ject.tp_as_sequence

= vATu b arERELZEBMOMEREZIET R VX TS, ZThoD7 4 =L FIZOVWTIX
= VZAF T U MESER THHIATHET,

i
tp_as_sequence 7 4 — )V FIZMR SN ELAN, THTETEND 7 14— FHEFICHEK I E T,

PyMappingMethods *PyTypeObject.tp_as_mapping

~v¥rr7u balERELLBINOEBEEREZIET RS VX TS, ZNHDT7 4 —L FIZOWTIE
Ry TFATD U MEER THHINLTVWET,

fE:
tp_as_mapping 74—V FIZHR I N ERAD, THTEEND 7 4 — L RBEFICHERE N E T,

hashfunc PyTypeObject.tp_hash
T arDRA Y RT, MAHAHBE hashO) Z2FEEL TV IRKEIELET,

The signature is the same as for PyObject_Hash():

[Py_hash_t tp_hash(PyObject *);

BRI -1 ZREDEICLTIRD FEA; Ny Y aflHEOFERICT 7 -4 U RGE. BEBuIAIs
Zty LT -1 ZRSRIIRD THA,
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When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the
object raises TypeError. This is the same as setting it to PyObject_HashNotImplemented ().

ZD 74—V RIZBHRMIZ PyObject_HashNotImplemented () WIRET 5 Z & T, Bl type 26D
Ny TaRXYy ROMAETIT Yy T3P TEET, Z4UE Python L X)L T®D __hash__ =
None ¥ [ASFICfEM X4, isinstance(o, collections.Hashable) ASIEL £ False ZiRT LS 1IZ
BODET, HDELARETH S Z L IWHERELTLEX W - Python L X)L C __hash__ = None %#&E
352 & T tp_hash A0 v M PyObject_HashlNotImplemented () Wi ESINE T,

E:
Group: tp_hash, tp_richcompare

ZD7 4=V R tp_richcompare EHICH T XA FICHEINET: Thbb, ¥y 7%4 S
D tp_richcompare B XU tp_hash DMF LB NULL DY &, 7 XA FRFERERXA TH 5
tp_richcompare ¥ tp_hash ZMiF Y AL 5

ternaryfunc PyTypeObject.tp_call
AT alDRAYRT, A7V 227 FOFOCHLZFEELTWLHRZIELE T, A7 27 MHIF
O LATRE TR WS EICIE NULL I LRI R D £8 A, 72 F ¥ & PyObject_Call() [T
T,

{PyObject *tp_call(PyObject *self, PyObject *args, PyObject *kwargs); }

.
B TRALFIZZDT7 4 — NV FEHEALET,

reprfunc PyTypeObject.tp_str

F T ayDRART, HAAADHER str() ZFEEL TV IEBERLET, (str HRD—DIZ
Bolele®, str() Estr DAVAI I 7 REMUHT I EIKFRELTEI WV, ZOAYAR 77
ZITEBEOWUIZA1TS BT PyObject_Str() ZM-UH L. & HIT PyObject_Str() I DNV K
EROCHT IR ET, )

The signature is the same as for PyObject_Str():

[PyObject *tp_str(PyObject *self);

ORI TN A 7Y =7 F A Unicode 79 227 MERIRIFIRD XA, ZREF TV =
7 &7 hRT L (friendly)” RELLZXFHTRINUIRD EHA. WVWIDIE. ZOXFHNE
¥ b print ) BBTHEDONS Z 2 IR BRI, ST,

T
P ITRATEIDT 4 — L REREKLET,
FI7FILE

DT 4 =L DR ESINTORWEGE, CFHIRBZ RS 72DI12IE PyObject_Repr () BIFUHEH
£79,
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getattrofunc PyTypeObject.tp_getattro
F T arDRA Y RT, get-attribute ZEEL TWBEEEIRL 3,

The signature is the same as for PyObject_GetAttr():

[PyObject *tp_getattro(PyObject *self, PyObject *attr);

WBHEOBMMEEFEE L TWD PyObject_GenericGetAttr() I D7 4 =L RIZRELTBL 7z
WTWOEEIERTY,

HkE:
Group: tp_getattr, tp_getattro

D7 4=V FIE tp_getattr LY T XL FITHERSINFET: TRbb, 72470
tp_getattr BXU tp_getattiro I NULL DIE., 744 TREEX A T2 5 tp_getattr
¥ tp_getattro ZM & DMAL F3,

T4
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT arDRART, BEOBGE L HIRZAT 5 B ZIEL £5,

The signature is the same as for PyObject_Setdttr():

[int tp_setattro(PyObject #*self, PyObject *attr, PyObject *value);

X512, value IZ NULL ZFE L TBEZHIFRTEZ 2 X512 LRFAEZR D T8 A, BHOLA TV =
MEMEREELFEEL TWS PyObject_GenericSetdttr() I D7 4 =V RIZRELTEL 70T
WOGEIXERT T,

fE:
Group: tp_setattr, tp_setattro

TD7 4= FIX tp_setattr LHIH T XL FICHMARSINET: TRDE ¥ 7%4 70
tp_setattr BX U tp_setattro BT NULL DEE, V724 FTIEIEEX AL TS tp_setattr
¢ tp_setattro ZMfT L DAL X5,

T4
PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs *PyTypeObject.tp_as_buffer

Ny T 7 AR =T 2 —RAZFELTVEA TV 27 MZDOABEET 5, —HD 7 4 — L FHBA-
T DORGEREZIETHRA Y X TT, MBRNDOET7 4 =V RIE Ny T 74T T MEEER (buffer
object structure) TEtAAL 3,

IR
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tp_as_buffer 7 4 =)L FERIIMARINERTAD., THACEENDS 7 4 — L FIIERNICHEER X L
£9,

unsigned long PyTypeObject.tp_flags

D74 =NV REREARBR T ZTHERZEY hRRATTT, W20D7F7F, FEDRIITENT
ZHMNR <Y T4 ZADBHINL L 2R LET; 2007 7703, BA 70227 (H50WIE
tp_as_number . tp_as_sequence . tp_as_mapping . B XL tp_as_buffer BHML TV 3 HL5R
KRERER) OFRED 7 4 — A FD I B, @EPSLHEETT o LIFEL TV DI TIERVWD D2H
2o TWB I e ZRTRbMHONET;, 7778y A7V T7ERT0VIR, 75 7BMREL T
W57 4 = FIZIE7 72 AL BWRDDIZ, ZDHEIFE TS NULL 12725 TW5 & AR S RITIUTR
DEHE A

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.

F7FILE
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

DTRIEFS2E Yy b AZBHREERINTVWEHDTT; 77703 | HAEFCTHENMZE->T
tp_flags 7 4 —)V RDEZIERKTE ¥£3, PyType_HasFeature() ¥ 7 03By 75 7, tp BLU
fRE D, tp—>tp_flags & £ ML S 2FANET,

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 in-
stance is created, and DECREF’ed when an instance is destroyed (this does not apply to
instances of subtypes; only the type referenced by the instance’s ob_ type gets INCREF’ed or
DECREF’ed).

kR
777

Py_TPFLAGS_BASETYPE

RMEPHMOBOEERX A P LTHZBZEEICEY FEABZLE Y FTF, 2Oy FB32Z V74
HIE. 2OV T4 FTIIERTEERA (Java 1B 2 "inal” 7 7 AWz 2 T A1274 D
F9),
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frE:
777
Py_TPFLAGS_READY
B 7Y 22 S PyType_Ready() THRACHMMLENZ vty FEABE Y F T,
k-
777
Py_TPFLAGS_READYING
PyType_Ready () WX 28A 7Y = 7 b OFIFLAEFICEy FEIhBE Y T,
R
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 FEERBBAR—OL 923 >% % 7R—F9 3. This bit also implies that the
GC-related fields tp_traverse and tp_clear are present in the type object.
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.

i
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).
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This flag enables an optimization for typical method calls like obj.meth(): it avoids creating

a temporary "bound method” object for obj.meth.
N— a v 3.8 THEM.
k-

This flag is never inherited by types without the Py_TPFLAGS IMMUTABLETYPE flag set. For

extension types, it is inherited whenever tp_descr_get is inherited.

Py_TPFLAGS_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
INBDT Z & PyLong_Check() O X 5 7%BED. B L B 2MBABBDY 727 7 AL S
PEZRIHMT201fbhES; COHEHADF = v 71X PyObject_IsInstance() DX S
MWHRF =y 7 XD EETT, HARAALBZHALMBE ORI TIE tp_flags ZEYNIRE
FTRET, 25 LRV ZOHDPEDZ 3 —FTE CARF v 7 OHEREDLNEPITE-T
REFODPEZ->TLESTL & D,

Py_TPFLAGS_HAVE_FINALIZE

BIRGEIRIC tp_finalize AV Y BFELTWVWA E Xy PENBE Y T,
N— g v 3.4 TEM.

N— a ¥ 3.8 TIHELE: This flag isn’t necessary anymore, as the interpreter assumes the

tp_finalize slot is always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset

for details.
MR

This bit is inherited for types with the Py_TPFLAGS IMMUTABLETYPE flag set, if tp_call is

also inherited.

N— g > 3.9 TEM.
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Py_TPFLAGS_IMMUTABLETYPE

This bit is set for type objects that are immutable: type attributes cannot be set nor deleted.
PyType_Ready () automatically applies this flag to static types.

ik

This flag is not inherited.

N—a ¥ 3.10 TEM.

Py_TPFLAGS_DISALLOW_INSTANTIATION

Disallow creating instances of the type: set tp_new to NULL and don’t create the __new__

key in the type dictionary.

The flag must be set before creating the type, not after. For example, it must be set before

PyType_Ready () is called on the type.

The flag is set automatically on static types if tp_base is NULL or &PyBaseObject_Type and
tp_new is NULL.

k-

This flag is not inherited. However, subclasses will not be instantiable unless they provide a
non-NULL ¢p_new (which is only possible via the C API).

MR To disallow instantiating a class directly but allow instantiating its subclasses (e.g. for

an abstract base class), do not use this flag. Instead, make tp_new only succeed for subclasses.

N—a ¥ 3.10 TEH.

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.

AMR: Py _TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error

to enable both flags simultaneously.

R

This flag is inherited by types that do not already set Py_TPFLAGS SEQUENCE.
BE:

PEP 634 - #EH X — >~ v 7 kR

N— g > 3.10 TIE.
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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.

JEMR: Py TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE 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_MAPPING.
BE:

PEP 634 - Mgl & — <y 5 fLEk

N—a ¥ 3.10 TEH.

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.
978
PTRALAIZDT7 4 =L REHME LERA

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); J

Python DHFR—Yal 2 ¥ a v OLHACOWTORME, BERERESEAR—JOL IS 3 vEHR—
Fe3IZHHET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typ-
ical implementation of a tp_traverse function simply calls Py_VISIT() on each of the in-
stance’s members that are Python objects that the instance owns. For example, this is function

local_traverse() from the _thread extension module:

static int
local_traverse(localobject *self, visitproc visit, void *arg)
{
Py_VISIT(self->args);
Py_VISIT(self->kw);
Py_VISIT(self->dict);
return 0O;
}
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Py_VISIT() PRSI ZBNDH 2 AV ANZEFIMUHIN TS Z 2 IFEALTLEX W,
self->key X U N\bH D FIH, Z4UL NULL % Python XFEHIRDT, ERSEBO—HIcHRs
EHDEEA.

—F AUAERSRO—FRRDELRVEH>TWTSH, TNy ZTHNTKE L72WEESH %5
b LARWVDT, gc EY 2—1D get_referents() BIIITERSIITR DGR VA U ANBELE T,

g

&: When implementing tp_traverse, only the members that the instance owns (by
having strong references to them) must be visited. For instance, if an object supports weak
references via the tp_weaklist slot, the pointer supporting the linked list (what ¢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— ar 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.
ek
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 *); }

The tp_clear member function is used to break reference cycles in cyclic garbage detected by the
garbage collector. Taken together, all tp_clear functions in the system must combine to break
all reference cycles. This is subtle, and if in any doubt supply a tp_clear function. For example,
the tuple type does not implement a tp_clear function, because it’s possible to prove that no

reference cycle can be composed entirely of tuples. Therefore the tp_clear functions of other
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types must be sufficient to break any cycle containing a tuple. This isn’t immediately obvious,

and there’s rarely a good reason to avoid implementing tp_clear.

ROPNZH B X ST, tp_clear DFEEIEZ, £ Y RAX VA5 Python 77V =7 hZeBbid XY
NADBHEN L, ZRHDRX U ANAANDKRA Y RIZNULL Bty hTRETT

static int
local_clear(localobject *self)
{
Py_CLEAR(self->key) ;
Py_CLEAR(self->args) ;
Py_CLEAR(self->kw) ;
Py_CLEAR(self->dict);
return 0O;
}

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.

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 ¢p_dealloc is called directly.

Because the goal of tp_clear functions is to break reference cycles, it’s not necessary to clear
contained objects like Python strings or Python integers, which can’t participate in reference
cycles. On the other hand, it may be convenient to clear all contained Python objects, and write

the type’s tp_dealloc function to invoke tp_clear.

Python DFRX—YalL 2 ¥ a YDA OWTORMZ, BEREBEAR—JOL IS avEHR—
2 XHHET,

A
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
F Ty arDRA Y ZT, JRRHEBEKZIELE T, 2732 F v I3RO@ED TT:
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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.

ZOBBUE, HEBREREZIRTANETT, (Fi#lE Py_True » Py_False TT, ) LI KRERDGE
3. Py_NotImplemented %. ZHLND L F —13F4 LHEICIZHIIMREZ Y b LT NULL %K
TRFNIRD FH A

tp_richcompare B LU PyObject_RichCompare () BB DE =518BUE S 72D DEF Y L TEIMT

PEBRBINTVET:

EH et 3"

<
Py_LT

<=
Py_LE
Py_EQ

1=
Py_NE

>
Py_GT

>=
Py_GE

FRSRHEERBARL (rich comparison functions) ZfHICEAT 270D~ 7 apERSNTVET:

Py_RETURN_RICHCOMPARE(VAL_A, VAL B, op)

b U745 R U T Py_True %> Py_False ZiRL ¥ 3, VAL _A ¢ VAL_B & C O H#H
HIZK o TEFRANITEETRIFAUIR D F8HA (BFIZIX 2N 6iE C FREOERBE»FHEI/NISEIC
BTL &), ZHKHDFIBUZIX PyObject_RichCompare() ¥ [FFRICER X N7=EREHE L
9,

The returned value is a new strong reference.
7 —kcEBIs e LT, B 5 NULL TY X —> LT,
N—= a ¥ 3.7 TE.

R
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Group: tp_hash, tp_richcompare

D7 4=V FIE tp_hash ERERICHY T EAL FICHERINET: ThRODE 7470
tp_richcompare B K U tp_hash DM & H NULL D &, 7 & A4 TREEKXA THh 5
tp_richcompare ¥ tp_hash EW L DYEL FT,

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

BDA VAR APFBATEERG S, 2074 — L REEr XD b RERBICHED, A VARV R
FHERICBI 292U X FOEEERTA 72y PBADET (GC Ny XD H25EITITEHAL F
T); ZOF 7+t v Ml PyObject_ClearieakRefs () B XU PyWeakref_* BARDFIAL £3, 4
VAR Y AREERICIE, NULL (KW b X 7z PyObject* BID 7 4 — L RS A o TORIFIUER D F
A,

ZDT7 4=V F% tp_weaklist LIRFAILBRVEIICLTLAEE W ZHERA 7Y =7 YEBHANDE
ZHM LB Y R FDIEHTT,

R

D7 4 =V RiZH 7 XA FITHRE T T, LITORAIZFHA TSV, ¥ 7 XA T3 ZDF 7
Y MEEA—NTAFFTEZDBHDET; o T, 37 XA FTIEFHSRY X+ DETHEIFEEX A
TEREBRIZGEPDHD T, VR FOEHIIHEIC tp_weaklistoffset THDBIETRDT, TDZ
LM RS RWET T,

When a type defined by a class statement has no __slots__ declaration, and none of its base
types are weakly referenceable, the type is made weakly referenceable by adding a weak reference

list head slot to the instance layout and setting the tp_weaklistoffset of that slot’s offset.

When a type’s __slots__ declaration contains a slot named __weakref__, that slot becomes the
weak reference list head for instances of the type, and the slot’s offset is stored in the type’s

tp_weaklistoffset.

When a type’s __slots__ declaration does not contain a slot named __weakref the type

—_—)

inherits its tp_weaklistoffset from its base type.

getiterfunc PyTypeObject.tp_iter
AT avOERT, ZDATI 27 D ATL—8 ZIRTEBANDRA VX T, ZOENFET
5Z8lF BHEIOMDA VAR VAN AT L— AR THEZZZRLTVWET (LrL, ¥—7F
YAFZ OB R THA T L — MAEET T )

OB PyObject_GetIter() LML Y73 F ¥ 2FioTVE !

[PyObject *tp_iter(PyObject *self);

o
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VTR IZZDT7 4 =V REHEL T,

iternextfunc PyTypeObject.tp_iternext
AT alDRAVET, ATL—4— OROERZBETHBZIELE T, 72 F v ZROM@D TT:

[PyObject *tp_iternext (PyObject *self);

AT V—ROEENRL KD, TOMMIE NULL 2REZIFUIR D £H A, StopIteration 5t
WBERELTHLRITHRVWTS, Z2OMOT 7 —23RE Loy b, NULL 2R RIFAUE7R D 58
Ao TDT7 4=V EDBHDE, ZORDA VARV ANRAL TL—RTHDHIEZRLET,

ATV =BT, tp_iter BB ERINLTOVRINILS T, ZOBBUE ki TLr—&4 >
ARVATREZL) ATV —RA Y RAZ Y ZARZIR S QLD $H A

ZOBBDY A F vi& Pylter Next() ERUTT,
.
YT RALTEZDT 4 — L FEELET,

struct PyMethodDef *PyTypeObject.tp_methods

A7 avDRAET, ZORDIEH (regular) DAY v FEEF L TW3 PyMethodDef REiE{A7
5725, NULL T X N7 BRI 2BIA 26 L £ 3

BADBEERZ LT, AV y RTRZ VTS RD Ao, BERPOFFE (Nl tp_dict ZI) 1B
ENET,

o
PTRAAEZDT 4 =V REMEKLELA (XY v RIZIEDO X =X A THREIATOET),

struct PyMemberDef *PyTypeObject.tp_members
F T arDRA Y XT, BOIEER (regular) DF — XA N (74— FBXUORvy ) ZHESL
TW3 PyMemberDef WHgiAD 572 %, NULL TS h7-F s 28 L £ 3,

A DBBERZ LI, RAYNTRIZ Y TRDA - BEZIUOEEE (T tp_dict BIR) BN
9,

ik
PTRAAEZDT 4 =V REHELZEA (X UANEFHED X B =X L THEINTVET),

struct PyGetSetDef *PyTypeObject.tp_getset
AT aryDRAVET, A VAX Y Z2OBMEMN (computed attribute) ZEF L TW 3
PyGetSetDef WA 572 %, NULL TR X N -F LB 26 L £ 5,

BLHI DB EEZHE T 21T, getter/setter TRAZ V) FRDA o7, BENMOEEE (LD tp_dict )
WEBMENE T,

k-

K L EH A (BE
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PyTypeObject *PyTypeObject.tp_base
AT arDRAYRT, RUTHT 5 7087 4 2R T 2RIEXA T2IELE T, TOT7 4= FD
LAULTIE, HffK (single inheritance) 7213 A3 R — P STV T, ZHMRIEIX XX A TOFEN
HUICKX2EREA 7O =7 VOB ELEE LET,

M Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to
be ”"address constants”. Function designators like PyType_GenericNew (), with implicit conversion

to a pointer, are valid C99 address constants.

However, the unary '&’ operator applied to a non-static variable like PyBaseObject_Type is not
required to produce an address constant. Compilers may support this (gce 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.

R
(M7= DEITTA) 7 XA TEZD 7 4 — L FEMEL FE A,
F7A4ILE

D7 4 =N FDFT 7 4 MEX (Python 8B 27 <% object B2 L THI»-> TV 3)
&PyBaseObject_Type 22D £,

PyObject *PyTypeObject.tp_dict

B OFFEE PyType_Ready() IZL>TIDT7 4 =L RIZINDLNET,

This field should normally be initialized to NULL before PyType_Ready is called; it may also be
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__Q)).
o

BT RATIZDT 4 =L REMELERA (D, ZOFENTERIN TV IEMEIIRLLZ X=X
LTHERENET),

T7#ILE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

& tp_dict 1T PyDict_SetItem() Zffio7zb., #&H C-API THET 2DIILLTIIHD ¥
/Uo

& g

descrgetfunc PyTypeObject.tp_descr_get

FTTavDORAVERT, TRIZVTXD get AL T,
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BT 72 F v 3RO BHTT

[PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type);

IR

P ITRATEZDT 4 — L REHKLET,

descrsetfunc PyTypeObject.tp_descr_set

F T arDRAVERT, TAZ YT XDEOHKE L HIRZITS B2 L 3,

B D> 712 F v 3RO BHTT

[int tp_descr_set(PyObject *self, PyObject *obj, PyObject *value);

fE% HIBRS 2 12id. value 51802 NULL 2 EL 5,
-

Y TRATEZDT 4 — L REHELET,

Py_ssize_t PyTypeObject.tp_dictoffset

BDA VAR Y RIZA VAR Y RABEBD AN T EEDR D 256, D7 4 = FIZIELRDEIZLD,
BOA VAR VAT —XBERICBII 24 VAR ABBEFEANDA 72y bBADET;, 20X 7
v MHX PyObject_GenericGetAttr() HENET,

IDT 4=V E%® tp_dict EIRFALZVEIICLTLEX Y, ZHEEAT 7Y =27 NEHEDBEIEDOERE
%‘/C\‘ j—o

If the value of this field is greater than zero, it specifies the offset from the start of the instance
structure. If the value is less than zero, it specifies the offset from the end of the instance structure.
A negative offset is more expensive to use, and should only be used when the instance structure
contains a variable-length part. This is used for example to add an instance variable dictionary
to subtypes of str or tuple. Note that the tp_basicsize field should account for the dictionary
added to the end in that case, even though the dictionary is not included in the basic object layout.
On a system with a pointer size of 4 bytes, tp_dictoffset should be set to -4 to indicate that

the dictionary is at the very end of the 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.
e

This field is inherited by subtypes, but see the rules listed below. A subtype may override this
offset; this means that the subtype instances store the dictionary at a difference offset than the

base type. Since the dictionary is always found via tp_dictoffset, this should not be a problem.
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When a type defined by a class statement has no __slots__ declaration, and none of its base
types has an instance variable dictionary, a dictionary slot is added to the instance layout and the

tp_dictoffset is set to that slot’s offset.

When a type defined by a class statement has a __slots__ declaration, the type inherits its
tp_dictoffset from its base type.

(Adding a slot named __dict__ to the __slots__ declaration does not have the expected effect,

it just causes confusion. Maybe this should be added as a feature just like __weakref__ though.)
TI7#ILbE

This slot has no default. For static types, if the field is NULL then no __dict__ gets created for

instances.
initproc PyTypeObject.tp_init
F T avDEAYRT, 4 YRR ZGHMEBIEETE 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.

BB DS 732 F 2 IZRDEBHTT

[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, @HEOMEZIENH T HEDA v A XV ZEFRITB WY
T, BD tp_new BEDPA VARV AR LERBRICHFHEINE T, tp_new DILOTIDY 7 X4 T
BRVHIDOBIZRTIGE. tp_init 3ELKIMEFHINERA; tp_new DITOBDY 77X A4 TDA VAL
VRAERTGE, YT RATD tp_dnit BPEFHINET,

DL Eiid 0 &2, =7 RN ELy FLT -1 ZIRLE T,
i

PITRATEIDT7 4 =V RERELET,

TI7#ILbE

For static types this field does not have a default.

allocfunc PyTypeObject.tp_alloc
FTTavDEAYRT, A YRR ZADAEV ARBMEZIEL $T,

D> 72 F 2 13RO BHTT

[PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems); ]
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R

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement).
T7#ILbE

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard

heap allocation strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new
F T avDRAVRT, A VAR RERBERERL T,

B DS 72 F 2 3RDEBHTT

[PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIERT 24 TP 227 FDORTT: args B kwds 518UE, BEESH T L 2OMES]
BBLUEF—U—F5I8TT, subtype I& tp_new BAFZEIMUOH T ZIESR LR U TH 24083k
WZEIHERL TSI, 2080 (HEGRTIEZW) 3724 T70ZedHD FT,

tp_new BEEIE subtype->tp_alloc(subtype, nitems) ZMYMHLTAH I =7 DX E Y HE%
MR L. WAL CHENIC R e SN U 2TV ET, B LADEDRLAED LTHHED RV
HIHHEALERIE tp_init N> FICHEBE LR FIUIRD FBA, ZVRVWOBHZE LTI, ZE R
RIETIIAHAEIZE T tp_new TITW, —f. EEAMRBARTIXIZE AL OWIHLE tp_init ICET
NETT,

Set the Py_TPFLAGS DISALLOW_ INSTANTIATION flag to disallow creating instances of the type in
Python.

k.

BT FEZDT7 4 =V REHALET, Flsbe LT, tp_base #% NULL > &PyBaseObject_Type
2o TWd FIEE TR L ¥ A

F7AILE

For static types this field has no default. This means if the slot is defined as NULL, the type cannot
be called to create new instances; presumably there is some other way to create instances, like a

factory function.

freefunc PyTypeObject.tp_free
AT avDEAYRT, A VARV ADXE Y RBBEREHRLE T, 72 F v ZUTO@ED TT:

[void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free().
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R

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a

class statement)
TIAILE

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_GenericAlloc()
and the value of the Py_TPFLAGS HAVE_GC flag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del ().

inquiry PyTypeObject.tp_is_gc
FTTayDEAYRT, HARN=Y AL Xho SN B-EHELET,

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);

(LD X5 RBOFIE, BA TV =2 FEAKTT, AZXA T PyType_Type 1&. BID X E Y [EfRAS
B> B AEXAIT 272010 COMBEERLTVET, )

-
Y TRATEZDT 4 — L REHELET,
FI7FILE

This slot has no default. If this field is NULL, Py_TPFLAGS HAVE_GC is used as the functional

equivalent.

PyObject *PyTypeObject.tp_bases
KD 57352 T VT,
This field should be set to NULL and treated as read-only. Python will fill it in when the type is
tnittalized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument

of PyType_FromSpeclithBases (). The argument form is preferred.

E&: 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.
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D7 4= I3RS EE A,
PyObject *PyTypeObject.tp_mro

HEXA THEBHLZEEDP Ao TVEXTLTT, REFZYTIHAKR,»LIZTE D, object
THEDD EF, XY v FERIERF (Method Resolution Order) 125€-> THATVWE T,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is

initialized

ik

ZD7 4 =N FEMEINEEA; 74— FOMEIZ PyType_Ready () THEFHEINE T,
PyObject *PyTypeObject.tp_cache

REHDT7 4 =V F T, NETOAREINET,

kR

D7 4=V FE#MEINTEA,

PyObject *PyTypeObject.tp_subclasses
List of weak references to subclasses. Internal use only.
i
D7 4 =)L FIFHRES N EE A,
PyObject *PyTypeObject.tp_weaklist
CORIF T 27 NI 29BN 6725 VA DT,
o
D7 4 =)L FIFHERESNEE A
destructor PyTypeObject.tp_del
ZDT7 4 =N RIEBEIEXNE L, tp_finalize 2ROV ITFIHL TLZ W,
unsigned int PyTypeObject.tp_version_tag
AV FFrydanddry7Fy 7R LTEbRET, WEMEHZ T DD DB TT,
.
D7 4 =L FIFHR SN EE A,

destructor PyTypeObject.tp_finalize

An optional pointer to an instance finalization function. Its signature is:

[void tp_finalize(PyObject *self); J

If tp_finalize is set, the interpreter calls it once when finalizing an instance. It is called either

from the garbage collector (if the instance is part of an isolated reference cycle) or just before
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the object is deallocated. Either way, it is guaranteed to be called before attempting to break

reference cycles, ensuring that it finds the object in a sane state.

tp_finalize should not mutate the current exception status; therefore, a recommended way to

write a non-trivial finalizer is:

static void
local_finalize(PyObject *self)
{
PyObject *error_type, *error_value, *error_traceback;
/* Save the current ezception, if any. */
PyErr_Fetch(&error_type, &error_value, &error_traceback);
VB V4
/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);
}

Also, note that, 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
APIT calls, since the thread on which tp_ dealloc is called will own the Global Interpreter Lock
(GIL). However, if the object being destroyed in turn destroys objects from some other C or C++
library, care should be taken to ensure that destroying those objects on the thread which called

tp__dealloc will not violate any assumptions of the library.
.72 8

PITRATEIDT7 4 =V FEfELET,

N— a v 3.4 TE.

N— a v 3.8 TEH: Before version 3.8 it was necessary to set the Py_TPFLAGS_HAVE_FINALIZE
flags bit in order for this field to be used. This is no longer required.

2E:
"Safe object finalization” (PEP 442)

vectorcallfunc PyTypeObject.tp_vectorcall

Vectorcall function to use for calls of this type object. In other words, it is used to implement
vectorcall for type.__call__. If tp_vectorcall is NULL, the default call implementation using

new__() and __init__() is used.

R
ZDT7 4=V FRIKIRLTHEKINTERA,

N=Uary 39 TEM (ZO7 14—V FE38DLFELTVET, 39U TLLAHATEEEA)
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12.3.6 Static Types
Traditionally, types defined in C code are static, that is, a static PyTypeObject structure is defined
directly in code and initialized using PyType_Ready ().
This results in types that are limited relative to types defined in Python:
o Static types are limited to one base, i.e. they cannot use multiple inheritance.

 Static type objects (but not necessarily their instances) are immutable. It is not possible to add

or modify the type object’s attributes from Python.

e Static type objects are shared across sub-interpreters, so they should not include any

subinterpreter-specific state.

Also, since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules

using static types must be compiled for a specific Python minor version.

12.3.7 Heap Types
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to
classes created by Python’s class statement. Heap types have the Py TPFLAGS_ HEAPTYPE flag set.

This is done by filling a PyType_Spec structure and calling PyType FromSpec(),
PyType_FromSpecWithBases (), or PyType_FromModuleAndSpec ().

12.4 BEA T2 =0 MMEER

type PyNumberMethods

C OMERIZEIER 7 1 » a2 3T 5701 lDN S BIBEIANDKRA VX 2R L TVE T, UH
DZzhZh OB BER O R )L (number protocol) TG E LT W 2 Bl7= 2 HT OB D & FIH
ST,

TR 3EROERTS:

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;
(RDX— 12k <)
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binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc
binaryfunc
binaryfunc

binaryfunc

binaryfunc

binaryfunc

nb_lshift;
nb_rshift;
nb_and;
nb_xor;

nb_or;

unaryfunc nb_int;
void *nb_reserved;

unaryfunc nb_float;

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;

nb_inplace_remainder;

ternaryfunc nb_inplace_power;

nb_inplace_lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;

nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;

nb_inplace_true_divide;

unaryfunc nb_index;

nb_matrix_multiply;

nb_inplace_matrix_multiply;

} PyNumberMethods;

(FiDR— 25 D %)

AR CIHBR Y SHHBRIE. IRTOART VY RO ZF = v 7 LRITIUIR ST BEREHZE
FELRTNERD EFRA (TBEBART VDD ERLTVIHDOA VARV ZATT). dL
BZ oA RT ¥ RIS UTRENERINZITIUL, ZIHB  =IHBI%II Py_NotImplemented
ZIRSBRTNIZS T, MO T =2 Z 5 7B EE. NULL 23R U THIs 2 aE LR Uiz b £

A,

AMR: 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

12.4. BEA T2 U MEER
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binaryfunc PyNumberMethods.nb_remainder
binaryfunc PyNumberMethods.nb_divmod
ternaryfunc PyNumberMethods.nb_power

unaryfunc PyNumberMethods.nb_negative
unaryfunc PyNumberMethods.nb_positive
unaryfunc PyNumberMethods.nb_absolute

inquiry PyNumberMethods.nb_bool

unaryfunc PyNumberMethods.nb_invert

binaryfunc PyNumberMethods.nb_lshift

binaryfunc PyNumberMethods.nb_rshift

binaryfunc PyNumberMethods.nb_and

binaryfunc PyNumberMethods.nb_xor

binaryfunc PyNumberMethods.nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift

binaryfunc PyNumberMethods.nb_inplace_and
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binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods.nb_inplace_or

binaryfunc PyNumberMethods.nb_floor_divide
binaryfunc PyNumberMethods.nb_true_divide
binaryfunc PyNumberMethods.nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

125 Ry TFTH T x U MEER

type PyMappingMethods

ZOERIZ Y TR0 al B REET 30O ZEBEAORLS VX EEHEL TR T, M
TDIODAANEBFH>TVWET

lenfunc PyMappingMethods.mp_length
Z DRARUZ PyMapping_Size() X PyObject_Size() M HAHIN, ZRH R 71 F ¥ 2Fio
TVWET, A7V 27 PPERINLREZFLZVWEEE, 2Oy MINULL IKRESNS L
BHHET,

binaryfunc PyMappingMethods.mp_subscript

0B & PyOvject_GetItem() B & U8 PySequence_GetSlice() 7 & F H & .
PyObject_GetItem() ¥ [RMUY 7 A F v 2o TWET, ZDAB v MI PyMapping_ Check() 75 1
ZIRT T DIIFMET, £ 5 TRIFIUI NULL DEERD D £3,

objobjargproc PyMappingMethods.mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice()
and PySequence_DelSlice(). It has the same signature as PyObject_SetItem(), but v can also

be set to NULL to delete an item. If this slot is NULL, the object does not support item assignment

and deletion.
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12.6 =72 ZAF T2 T MEEIR

type PySequenceMethods

OMERIEY — 2R r al BEET 3D IELNLBEBEANDOERAS VEZEEFLTY
9,

lenfunc PySequenceMethods.sq_length

This function is used by PySequence_Size () and PyObject_Size (), and has the same signature.

It is also used for handling negative indices via the sq_item and the sq_ass_iten slots.

binaryfunc PySequenceMethods.sq_concat

Z OB PySequence_Concat() THIAZN, ML 72 F v 2FoTVET, Fil + HETFT
b, nb_add A0y MZXAEEMEZHA L 72RICHHI N E S,

ssizeargfunc PySequenceMethods.sq_repeat

Z DBIUE PySequence_Repeat () THIHEN, ML 7 A F ¥ 2fioTWVWET, ik, * HAETDH,
nb_multiply A0y MIX2BEREZK L ICHHINET,

ssizeargfunc PySequenceMethods.sq_item

This function is used by PySequence_GetItem() and has the same signature. It is also used by
PyObject_GetItem(), after trying the subscription via the mp_subscript slot. This slot must be
filled for the PySequence_Check () function to return 1, it can be NULL otherwise.

Negative indexes are handled as follows: if the sq_length slot is filled, it is called and the sequence
length is used to compute a positive index which is passed to sq_item. If sq_length is NULL, the

index is passed as is to the function.

ssizeobjargproc PySequenceMethods.sq_ass_item

This function is used by PySequence_SetItem() and has the same signature. It is also used by
PyObject_SetItem() and PyObject_DelItem(), after trying the item assignment and deletion
via the mp_ass_subscript slot. This slot may be left to NULL if the object does not support item

assignment and deletion.

objobjproc PySequenceMethods.sq_contains
Z DOBIBUZ PySequence_Contains() HAHIH, ALY 72 F ¥ 2RoTWVWES, 20Xy b
X NULL OFEDRH D, Z DR PySequence_Contains() XY FNMICY vy F T34 7V 27 2R
DFEETY—r v RAEKEILET,

binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat () will fall back to PySequence_Concat (). It is also used by the

augmented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
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should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
mented assignment *=, after trying numeric in-place multiplication via the nb_<nplace_multiply

slot.

12.7 Ny 7 7F T 10 MEER (buffer object structure)

type PyBufferProcs
Z ORISR buffer 7O LIV DERT ZEBEEANDRA Y X 2RFELTVET, 2078 b alid,
IVAR=R—=F T2 227 bPHUNIL T, ZOWNIT —RE2a>vya—FA 79227 MIETLEE
#LET,

getbufferproc PyBuf ferProcs.bf_getbuffer
CORBD Y 72 F 2 I ZL RO D TS

[int (PyObject *exporter, Py_buffer *view, int flags); ]

flags THEE S NTHET view ZHEDTIZLWVE WD exporter I T2EREZMIL £, AT v 7
(3) ZBRWVWT., ZOBBOFEETIILIROR T 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) EREIN/7 4 =V FREDET,

(3) =& AK— b LEEBERET2NEAY Y 224 Y7 )RV P LET,
(4) view—>obj IZ exporter ZFIE L. view->obj A Y7 UX Y PLE T,
(5) 0 BELE T,

exporter B3N 7 7 FANA XDF =2 4 Y ) —D—HFHTHII, 2200 FELARXPMEHTE
9

e HIJRAR—=1: VIV —DRBERPZIAR-PEINEATI =27 b LTRSZHEN, HHANOH
LWEH% view->o0bj Nty FLET,

e VEALZ M Ny Z7BREVY—DL—+ ATz MIVEA LY FENET, T 2Tl
view->o0bj (I —bA T I 27 PADFLWSIRIZRD £5,

view DEBID 7 4 —L Fid Ny 7 7iEERE O CHIENTED., =7 AR — FBRFEDERIZH L
YOS LRTIUI R S0 OHRENE, Ny 7 7EROAZA4 T OFIcHD 3,

Py buffer BEEEROF L LBE L TVWEIETOAETV R IIZAR-RIBL, arya—<hnin
RBETHMTRLSTIIRD £¥ A, format . shape . strides . suboffsets . internal {Z3a ¥
Y a5 FHAH LEMTTY,

PyBuffer_ FillInfo() &, 2TDV I T A XA TEIEL LTI BIC, BfliZz A v Ny 7 7 %26
VAN L VA AR ek 2l D I
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PyObject_GetBuffer() 3. ZOBEZ I v /523y a—<MiFdA v X =7 2—A T,

releasebufferproc PyBuf ferProcs.bf_releasebuffer
COMBDT AT v ZUTOED T

[void (PyObject *exporter, Py_buffer *view);

Ny 77DV Y AR T2ERZUEL LT, bLHART2LEZEDODH 2V Y — AN WEE,
PyBufferProcs.bf_releasebuffer & NULL IZL THMWERA, Z5 TRWVWIHEER., ZOBEED
EHE 72 52483, IR OER OMIRTFNE (optional step) ZITWVWE T

(1) =7 2K— b LRSS WA 22T 27U XY P LET,
(2) AT D0 DHER, view KBEMNIT N2 TOXEY ZRHMLET,

IITAR—RIF. Ny 7 7EHDV Y —REEMHUET 272912 internal 7 4 — FEELRITIX
BYODEBA, TO74 =K, ara—<PBview 5IE LTHIDF LDy 77Dav—%E
LTWBTHAS5M. BboRNWI EMFIEEIhTVWETS,

ZOBIEIE. view->obj BT 7 U XY P LTEIWITEEA. BRER S ZNIE PyBuffer_ Release() T
HEIIZITON 206 TT (ZOHREISROMERZH < DIZHEHTT),

PyBuffer_ Release() &, ZOM%E I v 73520y a—<AIDA YR =72 —RATT,

12.8 async # 72 x U MEEK

N— g > 3.5 TEML

type PyAsyncMethods

Z DOREERIL awaitable 72 =2 b ¥ asynchronous iterator 7Y = 7 R RET 5 DITHE L
BANDEA 2 ZE2RFEFL TV,

DUNIRIEARDER TS :

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

ZOBBDY 7 X F v AT O@EY T

[PyObject +am_await (PyObject *self); }

BEINZA T2 I AT7L—2 TRINERDEFRA, 2FD DA TV 27 PIIXFLT
PyIter_ Check() 73 1 ZiRE72IFAUIZD FH A,
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FTT 27 b awaitable TRWGE., ZOATy % NULL ICEREL T,

unaryfunc PyAsyncMethods.am_aiter

ZOBBDY 7 xF v AT O@ED T

{PyObject *am_aiter(PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.

F 7Y 27 bOERPARKELE D Fr b a L E2EELTOWRWEES, ZOXr Yy M NULL IZEE L
%9,

unaryfunc PyAsyncMethods.am_anext

OO IAF Y LI FOMED T

[PyObject +am_anext (PyObject *self);

Must return an awaitable object. See __anext__() for details. This slot may be set to NULL.

sendfunc PyAsyncMethods.am_send

OO IAF P T FDMED T

{PySendResult am_send(PyObject *self, PyObject *arg, PyObject **result);

See PyIter_Send() for details. This slot may be set to NULL.

N— a3 ¥ 3.10 TEH.

12.9 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 W B A VAR ZPHE ST o TE R D ER A, BMOXEVEDETTS S
fToTERDERA, 2D XS HRIUIT tp_new TITHONBNETT,

typedef void (*destructor)(PyObject*)

TICBL X Stable ABIL.

typedef void (*freefunc)(void*)

tp_free ZHBHEL TL XN
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typedef PyObject *(*newfunc)(PyObject™, PyObject®, PyObject™)
RICEBLET: Stable ABL tp_new ZZLTLFE W,

typedef int (*initproc)(PyObject*, PyObject*, PyObject*)
RICBLET: Stable ABL tp_init BB LTLEEW,

typedef PyObject *(*reprfunc)(PyObject™®)
RICBLZE T Stable ABL tp_repr 2SR LT XV,

typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
RICBLET: Stable ABL. # 7Y =2 FORHOEZIEL 3,

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)

RICBLET: Stable ABL. A7V =7 FORBMHICEZHREL £3. BEZHIFRT 21213, value (5)
FI8UC NULL ZREL 5,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
RICELZET: Stable ABL. #7227 FOEMDEERLET,

tp_getattro ZBML T E W,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)

RICBLET: Stable ABL. A 7Y =7 FORBHEEZREL £3. BIEZHIBRT 2121, value (5)
5180 NULL 23 ELE 7,

tp_setattro ZBML T E W,
typedef PyObject *(*descrgetfunc)(PyObject*, PyObject*, PyObject™)
RICELZE 9 Stable ABI. tp_descr_get ZBHL T X\,

typedef int (*descrsetfunc)(PyObject™, PyObject*, PyObject™)

RICBEL X9 Stable ABL tp_descr_set ZZIRL T X W,
typedef Py hash_t (*hashfunc)(PyObject™)

RICBLZET: Stable ABIL. tp_hash ZHHLTL 72X\,
typedef PyObject *(*richempfunc)(PyObject*, PyObject®, int)

RICBLE9: Stable ABL. tp_richcompare 2BIRL TL X W,
typedef PyObject *(*getiterfunc)(PyObject*)

RICBULET: Stable ABL. tp_iter BHIRLTLZX W,
typedef PyObject *(*iternextfunc)(PyObject™)

RICBLET: Stable ABL. tp_iternext 2B L TLFX W,
typedef Py_ssize t (*lenfunc)(PyObject™)

RICEBLE7: Stable ABI.
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typedef int (*getbufferproc)(PyObject™, Py buffer*, int)
typedef void (*releasebufferproc)(PyObject*, Py _ buffer*)

typedef PyObject *(*unaryfunc)(PyObject™)

RICBL X Stable ABIL.

typedef PyObject *(*binaryfunc)(PyObject™, PyObject™)

RICBLZET: Stable ABL

typedef PySendResult (*sendfunc)(PyObject™, PyObject®, PyObject™*)

am_send ZZML TLIZE W,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject®, PyObject™)

TICBLZE 9 Stable ABI.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py _ssize t)

RICEL T Stable ABI.

typedef int (*ssizeobjargproc)(PyObject*, Py _ssize_t, PyObject™)

FICBL X Stable ABI.

typedef int (*objobjproc)(PyObject™, PyObject*)

RICBLZE T Stable ABI.

typedef int (*objobjargproc)(PyObject™, PyObject*, PyObject™)

RICBLFT: Stable ABIL.

12.10 ERAH

Z 2Tl Python OBIERDHEHELHZ WL OB T E T, NS DHNCIEH 42725808 $ 2 Hd Y 2 | 51
EEATVET, WS ODDRITE M) v F—Ra—F—r—XEFEHELTVET, &DEZL OHIRLEKNZ
1HH, F2— MY 7APRBERS, defining-new-types X new-types-topics 2SR L TL 7ZX 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,

(RDOR=V1Fil)

12.10. fERA)
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(RIDR=I D5 DR E)
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

g

IO EROMETEHAWEEVWa— FE (BRZ CPython ®a— FR—ZXHT) BRPI23 220352508 L
NEHA:

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, O)

"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /% tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */

0, /* tp_call */

0, /* tp_str */

0, /* tp_getattro */

0, /* tp_setattro */

0, /% tp_as_buffer */
0, /* tp_flags */

PyDoc_STR("My objects"), /* tp_doc */
/* tp_traverse */

/* tp_clear */

/* tp_richcompare */
/* tp_weaklistoffset */
tp_iter */

RS

tp_iternext */
tp_methods */

tp_members */

R

tp_getset */
tp_base */
tp_dict */
tp_descr_get */

NN YN N
* X X %

tp_descr_set */
tp_dictoffset */
tp_init */
tp_alloc */
myobj_new, /* tp_new */

S
*

O O O O O O O O © © © © © © O o
S NS
* *

NS
*

9B Y RX VY RAFEE, Ny T akYR— b
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typedef struct {
Py0Object_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof(MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.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, O0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
};

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, O)
(RDR=21Z#i< )
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(RIDR=I D5 DR E)

.tp_name = "mymod.MyObject",
ig;

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *data[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 *),

g

12.11 EREBAR—OL V23V R—+T3

Python MERSREELIR-—IDMH L aL 7> a B2 R—-bFT23IZE, o472 M3 3 7
AVFF (OF TV MDY FF B EAET) LRAF TV =y IS LB Y K FABET
T, AT =27 M TABRBEREBELRVA T 27 b, (BUESXEID XS5 7%) 7 b o8 (atomic
type) NOBII FIHET 5 & 5 RWHUTIE, HR—YaL 2 Y 2 VICBL TR AL Lo 79K | B 1R
3 2 EIXH D £V 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
D757y bLERMOLF TV 27 NI, ZOHICBRREZHANSGEES L ulizb T84, HED
2., TO75 0%y NLUEEIOFA T2 v eav T AT P e E T,

A7 FRHOa YA 77 ZFLNOZOOMANGEE LRIFIUIR D £ A:
1. The memory for the object must be allocated using Py0Object_GC New or PyObject_GC_ NewVar.

2. MDY TFIFANDBRBPALZDB LR VT 4 =L P2 THHEIALL, T
PyObject_GC_Track() ZM-OH 23 UTR D FE A,

FIRRIC, A 72227 P OXE ) MBS IO ZO0HANGHEE LT iudizh 8 A:

1. foay 7+ 2SR LTW3 7 4 — K2t 280, PyObject_GC_UnTrack() ZMEOH X 20}
ERh A

2. F 7Y 27 FDRXEVIX PyObject_GC Del () TR LTI THA,
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E&: If a type adds the Py TPFLAGS_ HAVE_GC, then it must implement at least a

tp_traverse handler or explicitly use one from its subclass or subclasses.

When calling PyType_Ready() or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec () the interpreter will automatically pop-
ulate the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class
that implements the garbage collector protocol and the child class does not include the

Py_TPFLAGS_HAVE_GC flag.

PyObject_GC_New(TYPE, typeobj)

Analogous to PyObject_New but for container objects with the Py TPFLAGS_HAVE_GC flag set.
PyObject_GC_NewVar (TYPE, typeobj, size)
Analogous to PyObject_NewVar but for container objects with the Py_TPFLAGS HAVE_GC flag set.

PyObject_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 PyVar0Object* and must not be tracked by the collector yet. newsize must be
of type Py_ssize_t.
void PyObject_GC_Track (PyObject *op)

RIZBELET: Stable ABL. 7Y x27 b op &, L7 RICX-oTEBINDE ATV 27 POESIZ
BMUES, a2 ZMAEH O FETERVDOT, BIFEATWIHEA 7Y =27 MIELW
RETOWRITNUIRD E¥ A, tp_traverse DMRLZZETD T 4 =L EPIELWIRERBIZR 5T
QT 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)

RICBLZET: 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().
N— a v 3.9 TEM.

int PyObject_GC_IsFinalized(PyObject *op)

RICBLET: Stable ABI (N—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().
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N—Ta ¥ 3.9 TEM.

void PyObject_GC_Del (void *op)

RICEL £7: Stable ABI. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

RICBLET: Stable ABL. A 7Yz b op 2. AL 7 XICEoTEIFEINDIZ AT =7 bOEEH
LBRRELET, ZOATI =27 MIINLT PyObject_GC_Track() ZHEMUIHL T, BIfXh 24
TV POERBICRT I DAEET T, tp_traverse NY RTDWRE B Z7 4 =L RDPIELL R
WIRRBIZRZ B RIS, T7 a7 —& (tp_dealloc NV RZ) EA 7V =27 M LT, ZOBEEKENN
HIRETT,

N—Yar 3.8 TAHE: The _PyObject_GC_TRACK() and _PyObject_GC_UNTRACK() macros have been
removed from the public C API.

tp_traverse NY RIIEZ DD T X —XEZITWMD £73:

typedef int (*visitproc)(PyObject *object, void *arg)
RICEBLET: Stable ABL. tp_traverse NY K 7 XI5 LY X —BEL (visitor function) O
TS, ZOBBUI. BBEBT 247 =2 b% object £ LT, tp_traverse NY K I DH 3 518 % arg
ELTHUHLUE S, Python Da7idWL 200X —BBEZMHoT, I3 ho LERSREM
I 2HHAZEELET,;, - DPEHBOLDIILY X —BAREEILEPHTL 222 3RV T
L&,

tp_traverse NY K ZIEIROAZFF- TWRIFIIZRD FEA:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)

RICBLET: Stable ABL. aY 75479227 bDdD 7 =P LB (traversal function) T
T, FETIE, self WEREA->TVWEREA T 27 MM LT visit AREZROHIRIFAIIRD 8
Ao TDEZE, visit NDNRFZRXRRFAYTFIZA2TWEELF T2 b, TONYFIIZESH
7z arg DIETF . visit BEUE NULL A 72 =27 b 2glBUCiE LT LT3R D $8A. visit H3IE
troEzETGE. L7 —MREL, ROEZZOEFRET LS CLATUIRD $8A,

tp_traverse NY R 7 R fERICE L D2, Py _VISITO 7 upiEHtEhTnwES, Zo~ruzfis’
DITIE. tp_traverse DELEMDIIBUZ. —XFHEDT visit £ arg TRITFUIRD FHA:
void Py_VISIT(PyObject *o)

If 0 is not NULL, call the wvisit callback, with arguments o and arg. If visit returns a non-zero value,

then return it. Using this macro, tp_traverse handlers look like:

static int
my_traverse(Noddy #*self, visitproc visit, void *arg)
{

Py_VISIT(self->foo);

Py_VISIT(self->bar);

return 0O;

J
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tp_clear "Y' F 13 inquiry BTH 20, A 7Y =7 F2AZ (immutable) 72355 1& NULL T3 Uiz
DEE A

typedef int (*inquiry)(PyObject *self)
RICELFT: Stable ABL fEIRZREZEH L T2 e BIZLESRHELHEL 9, EEARER A
TV MIERSREEZERLT 2R LTRVDT, ZOBEBEERTI2HEEIDHD €A,
DAYy RO LB THA 7Y 27 MIBREEFTRITNERSLRVDOTERLTLZE W
(BIRITX LT Py_DECREF() ZWERIZINCLARWTLZE W), AR=YaL 7R, A7 =7 b
RSB ZER L TVWA e 2B LAERICZDORX Y vy RO L 5,

12.11.1 Controlling the Garbage Collector State

The C-API provides the following functions for controlling garbage collection runs.

Py__ssize_t PyGC_Collect (void)

RICEL £9: 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)

RICBELFT: Stable ABI (N—23> 3810 &D). Enable the garbage collector: similar to
gc.enable(). Returns the previous state, 0 for disabled and 1 for enabled.

N— a3 v 3.10 TEH.

int PyGC_Disable (void)

RICBLEF Y Stable ABI (N—=23 > 510 &b ). Disable the garbage collector: similar to
gc.disable(). Returns the previous state, 0 for disabled and 1 for enabled.

N— a ¥ 3.10 TEN.

int PyGC_IsEnabled (void)
RICBLZE Y : Stable ABI (/N—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.

N— g r 3.10 TEM.
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CPython exposes its version number in the following macros. Note that these correspond to the version

code is built with, not necessarily the version used at run time.
N—= a D API & ABI OZEMICOWTIE C API ORZEM 2SR LT 7ZE W,
PY_MAJOR_VERSION
3.4.1a2 D 3,
PY_MINOR_VERSION

3.4.1a2 D 4,

PY_MICRO_VERSION

3.4.1a2 D 1,

PY_RELEASE_LEVEL
3.4.1a2 D a, 777 Tld 0xA, R—XTIZ 0xB. VUV —REFMTIX 0xC . WK TIE 0xF 72
bij—o

PY_RELEASE_SERIAL

3.4.1a2 D 2, RV IV —2ATIZ 0k ET,

PY_VERSION_HEX

The Python version number encoded in a single integer.

The underlying version information can be found by treating it as a 32 bit number in the following

manner:

Bytes Bits (big endian order) Meaning Value for 3.4.1a2
1 1-8 PY_MAJOR_VERSION 0x03

2 9-16 PY MINOR_VERSION  0x04

3 17-24 PY_MICRO_VERSION 0x01

4 25-28 PY RELEASE_LEVEL  OxA

29-32 PY_RELEASE_SERIAL 0x2
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Thus 3.4.1a2 is hexversion 0x030401a2 and 3.10.0 is hexversion 0x030a00£0.
Use this for numeric comparisons, e.g. #if PY_VERSION_HEX >= ....
This version is also available via the symbol Py_Version.

const unsigned long Py_Version

RICBLEF Y : Stable ABI (IN—=23> 3.11 &b ). The Python runtime version number encoded
in a single constant integer, with the same format as the PY_VERSION HEX macro. This contains

the Python version used at run time.
N—a ¥ 3.11 TEM.

All the given macros are defined in Include/patchlevel.h.
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https://github.com/python/cpython/tree/3.11/Include/patchlevel.h
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8%

>>>
The default Python prompt of the interactive shell. Often seen for code examples which can be
executed interactively in the interpreter.
/N

DHLDPEZONET:

e The default Python prompt of the interactive shell when entering the code for an indented
code block, when within a pair of matching left and right delimiters (parentheses, square
brackets, curly braces or triple quotes), or after specifying a decorator.

o HHAAADER Ellipsis

2to3

A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the

incompatibilities which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as

Tools/scripts/2to3. See 2to3-reference.

abstract base class

(HIREE S 5 R) HIREE Y 7 21 duck-typing Zf5EF 5 S DT, hasattr() REDHDT 7 =
I TEMNBHFTH o 72 D Wb izii 2 (1213 magic methods DEHE) HEICA Y X —7 2 — A% ER
THHEZRMEL £, ABC 1K (virtual) 727 S RZEALE T, ZHIFE T 7206/ kK L
FHAN, ZNTH isinstance() X issubclass() IKFRMINFET; abc EP a2 —1D KF 2 X
Y FEZLUTLEZE W, Python 123, £ OflAIAA ABC RRIME A TWE T, ORI,
(collections.abc EY 2 —)LT) 7— X HMi&E, (numbers €3 2 —/LT) #. (io €Y 2—/LT) X}
U —2A, (importlib.abc EY¥ a2 —T) A Y K- 774 Y E/FET—K—T7F, abc EZ 2 —)L%
FIHLTHBED ABC Z/ERTZ %7,

annotation
(77 7—=2ay) BB 77 R BEDNRTX—-22RDEIEGFRT 2 7L TT, BlickD
type hint £ L THEDONTWET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,

class attributes, and functions are stored in the __annotations__ special attribute of modules,
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classes, and functions, respectively.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this func-

tionality. Also see annotations-howto for best practices on working with annotations.

5% (argument)
(FEB18) BIRCERF O FRIC, BAE (F/20d AV Y F) ICETHETT, ECEX 288D D $3:

o F—TU—F5I¥: BEIFOH L OB IBORNEHA T O WD D (Fl: name=) Ko, ** IZHEF
TiFEOROEE LTHEINLIE, HIZIE. KD complex() DMFUIHI LTI, 3 & 5 2% —

v — R5I¥TT:
complex(real=3, imag=5)
complex (**{'real': 3, 'imag': 53})

o MUESIE: F—v— F5IBLUANDTIE, MEFIEIX5IEY A FDETHICEL Z8 BN TE, F2 %12
eI 7z iterable DERL LTET I TEE T, HlZIE. XROFITIX 3 & 5 &M /5H0ES 4
T3

complex(3, 5)
complex(*(3, 5))

FH BB DORKIC B W THEMT E D — A AVZHICHID HTon T g, &#DHTZTSHANTOW
Tid calls ZBRLTLEE WV, VX Z7RARZBVWTEGFEERTLDIZHo0 225 Z el
KEd, MBI — AV ERCEH D Y THRE T,

&51% . FAQ @ FEFIERGIEDENIATTT2? . PEP 362 2B L TS,

asynchronous context manager
GEFfa >y 7F A b= %) __aenter__() & __aexit__() XY v REEHRTS I LT async
with XAOEREZEH T 2479 =2 FTF, PEP 492 THAIRE L,

asynchronous generator
GERIMIY = % L — &) asynchronous generator iterator % iR 3BT T, async def TEFEI N/
N—F VEIBUZBI TV E A, yield XeHORTRLD £, yield i async for /— 7 TEH
TELHDW S ZAERLT 2DIFHEINET,

HEFIERIAY = 2 L — 2R L £ 30, WRICK - TE IEREAS T RL—2 1T L—% 25T
Gandh £, BRSNLERPIHS 2 THRWGE, RO een iz AL £,

FEMBAY = 2 L — ZBEICTIE, async for XX async with X2 TR await RdDHB2Z 2D
h%d,

asynchronous generator iterator
CGEFRIIY = 1L —& A4 7L — &) asynchronous generator B THERENZ AT 27 M TT,

Z X asynchronous iterator T, __anext__() XYV v FE#H o THEIN 2 & awaitable 7Y = 7
FERIRLET, 2D awaitable 7 7Y =27 NI, KD yield RETIFAMAY = + L —XEKOARK %
FEITLET,
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Each yield temporarily suspends processing, remembering the location execution state (including
local variables and pending try-statements). When the asynchronous generator iterator effectively
resumes with another awaitable returned by __anext__(), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable
(JEFEAA 77 7)) async for XOHTHATES A7V 27 M TT, HED __aiter__() XV v
B2 & asynchronous iterator ZRERITIUL7Z D $¥ A, PEP 492 TEAINE L7,

asynchronous iterator
GERIA 7L — &) __aiter__() & __anext__ () XY v RERELLATI I +T
9, __anext__() & awaitable & 7Y =7 PRI RITINIERD £ A, async for &
StopAsynclteration B4t Z XM F 2 £ T, JFEFRMA 7L —FD __anext__() XYV v PR
3 awaitable ZfER L 5, PEP 492 TEAINF L/,

M
[

(B) A7y McBEfMfF o, Fy PRERICE > THATTHEEZSHRINAETT, FlRIX +
T2 b o DEMN 0 BEoTWR 2 E, ZOEMIE 0.a THHINE T,

F 7Y 7 MiZid, identifiers TER XN ZMAlFTCREBRVWARTOBEEER2 5 X2 Z B TEET, 128
ZIE setattr() 2V, ATV 27 M ZENEFAIL TV AEEIITAE T, 0L EMEF Y
FRERTRE 72722 TEF, Kb HIC getattr() 2> THALELRH D T3,

awaitable
(1FH%PTEE) avait R THAHT 2 2Bk E2 A 72 =2 S TH, coroutine 2>, __await__() XV v
RBH2Z2ATI 27 FTT, PEP 492 2L TL ZX W,

BDFL %=

R E B MHEE (Benevolent Dictator For Life) OIE T3, Python OfF#. Guido van Rossum D
Z&T9,

binary file
(XA F VT 7 A4N) bytes-like TP TV b DHARABIVEZRAANTES J71ILATox
Ik TT X FVT774006F N4 FVE—=TF ('rb', 'wb' or 'rb+') THPNLT 7 A L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY XA TY,

Str ATV FORMAEFEENTEZ 774 NF TV 27 MZOWTIU, text file BBRMLUTLIIEE 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
w77 7083 (buffer Protocol) ZHHR—1+ L TWT, C SFEOEKT EHRLE Ny 7 7 — 221t
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AJEE7 A 7Y = 7 b, bytes, bytearray, array.array . % <{ O—fH7% memoryview 7Y = 7
FAIZAUTH D £, bytes-like 77T =7 M, T—XEHE, NAFV T 7 A ANDIRTE, YTy
FEREHLZERERE N FUT—RE2ERTI2VASWALMECHHT 2 e TEET,

BODPDRETREINAF VT —R2EETIHENDD ET, ZOREOFF 2 X FTIREL 7 H
AHEEAEER bytes-like 77V =227 " KERLTWET, BHEAGERANAY 77 —F TP =7 MZIE,
bytearray ¢ bytearray @ memoryview REDEFENF T, F/. MDD OBRIETIIANELA
TV VDAL F ) F—& (7 HAHLEHD bytes-like £ 7Y =27 b)) ZRELE T, U
bytes ¥ bytes D memoryview A 7Y =7 MOEFENE T,

bytecode

callable

callback

U932

("4 Fa—F) Python ®Y —2a— & Python 70235 4® CPython £ ¥ &7 ) X DNEERH
THBINA FPA— ANy RANVEINET, N Fa—Fid .pyc 774 VIF vy adh, AL
77 AN ERHRETINZ L 2R EDERCRDET (V—RI=F2H N, ba— FANOHED
aYARAOVFEEEINET), 20 7 HEEEE (intermediate language)” (&, % & D N4 ka2 — Rkt
6T SHEMEEEFETT 2 REYS Y TEMET 2 VWA E T, HEERERLE LT, N ba— FIERER
% Python {RI~> Y BITHIEST 2 Z &%, Python VY —XBTRHRETH 2 Z 3TV
H A

NA ra—Foma—ElX dis EV2—1 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)

1

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(TN y 2) RO B BREMCIIT SN2 DI IR Y LT 2 B

(VFR) =P —ERA TV bRERT 272007 L —bTT, V7 RERIIEHE, 2DV 7
ADA VAR ALOBERETEIRXY v FOEREEAET,

class variable

(75 2AZH) 77 A LICEREIN, Z7FALRLT (DFD, Z753ADA VAR YA ETRERLIR) &
BHXN3ZeZHME LTVWREKTT,

complex number

(EEH) EHLN TV R ERREIE LD DT, TRTOMIER L EHOM L LTHRINE T,
ERE RGN (-1 OFHR) KEBEHTZ 0T, —RICEFETIZ i b Erh, T¥TIR j v &
PRET, Python IZEERHIARAATHIEL, BEOKLEZM->TVWET, EHIIZREIC j 20U
TEZFF, fl21Z 3+1) TF, math EY 2 — LOEZEHIE AT 21213, cmath ZFVWEF, &
FEROEHED R D BEREEOMIETT, DEERZEUATIUE, RSHEVAREHLTLE ST
FWwTL x5,
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context manager
An object which controls the environment seen in a with statement by defining __enter__() and
__exit__() methods. See PEP 343.

context variable A
variable which can have different values depending on its context. This is similar to Thread-Local
Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for

context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous
(B, 8f) Ny 7 7 DI C8Bft $£721% Fortran #Bf: THREAIIC, TONy 7 7 EEKE LT
WBEAREET, LuXRe Ny 7 71k C #HiThHD Fortran #iE T3, —RLOESITIX, ZDHE
RN TREY LTHET 2 L5 CREIN, RFEPLRrOHE DI T EF T E S, 2X
TLOD C-H#i Rl TId, XEV 7 F L RAMICERZ K 5 BRIIRER DI A FHRANTLED 5 DITH L,
Fortran @i R CIIEA OB A FORRINCE 2 F 5,

JL—=F>
(A=) ar—F 37N —F DL RNZIEXTT, 71 —F I RD SRR
PHAD. Blokd s S, o HE T, aL—F L ICFZ L OfkL RHIEPH A, 1B, HIT
B2IEMTEET, TN —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W,

coroutine function
(AN—F VB coroutine A 7Y =7 b RIRTEAKTT, 21— VBRI async def X THEX
., await, async for. BLY async with ¥F—TV—F2FOZ PR ET, Zh il PEP 492
TEAINE L,

CPython
python.org THIAF XN TWA, Python R 7 F 3 ¥ 7 SiEOEERNLEETT, "CPython” W5
HEEIX, ZDFEE® Jython % IronPython ¥\ o =Ml ¥ XFI§ 2 HEHE LS ICHH I
S

decorator
(Fav—=x) HloBEK IR TS T, @E, ewrapper M CHIBEH L L CGHEHAINE T, 7aL—
2 DO—RH 72 M ARFNZ. classmethod() ¥ staticmethod() TI,

TAL—RONIRET YRy 7 A2 aH—TF, RD 2 OOBBERIFRMICFATL DT

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FICHERD 7 7 ACDFEELETH, HENFONEFRA, TaAL—XITOWTFHLL X BEBRER B
B 75 RERDORFaX U F2BRLTLIEZI N,

373


https://peps.python.org/pep-0343/
https://peps.python.org/pep-0492/
https://peps.python.org/pep-0492/
https://www.python.org

The Python/C API, U —2X 3.11.14

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.

FRZ7YFEDRY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide &ML TL 72
W,

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
(FFEMNTIKRED) iterable NORTH 2 WE—HBOERZMMH L T, ZORRP 52 2FELIR ST 3 > %
7 N3EEZH TS, results = {n: n ** 2 for n in range(10)} £ T3¢, F—n Zflin *x 2
XM B EFE R AR L 3, comprehensions 2SR L TL 72X W,

dictionary view
(fFE L 2 —) dict.keys(). dict.values(), dict.items() 2HRTA TP =7 b TT, FEHDIHHE
DERE 2 — 2L FT, TbbE, HEILEINLI L a— 322 KML $7, &L 2—
ZIRHIFNICSER Y 2 M 311E list (dictview) ZHHA L TL 72XV, dict-views 2ZE L TL
7EE 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 )
23727 IPELWVWA YR =T 2= 2o TWEPERETIDICA TV =7 FORMERZNT
077 IVIRARANLTT, bbbz, Bt 7Y =227 b XY v RRBEEDMENZ D Hbhizh
LET, (FELDEIIKAZT, 7EADEIRKEITIE, FHUIT L THB,)) A VYR —Tx—2R
FRIIDEHTZ T, EFELFTHA v Ehza—RiE RVE—T7 4 v 7 BREERFF L CHRIMEE
MLXEET, Xy 7 XLV 7E type() X isinstance() WKL AHEZBITE T, (2L, XV
IRAVY 7% HREEV SR THETA2IdTEET, ) 2ofb b, MAMIC hasattr O
Ee BAFP 7u27 oI v 7% FHALET,

EAFP
MERA % L 2 X DEFL%ZF 5 DA (easier to ask for forgiveness than permission, ~—7 4 — Dk
AN DIETF, Z® Python TIAL b TWwda—74 Y FRAXAL LTI, BEFTENRF—E
WDTEET 2D EREL. ZDRED > TORGE N ERHIEL £ T, ZOMBRTFRIFI3
=T 4 YT RARA MR, try XB XL except XD TADHZDOPRHTS, 2077 =v 7
. CDEIREHETILLMMORTNS LBYL ZAX AN EXRINIZ S DT,
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expression

(R) 2O FHiicn s, —FLFH ORI (a piece of syntax) TF, Sz 2L, AWV 7
Fo, Al BT 2R HETFREBTCH LAY, HZRTROEROBAENRTT, Ho%<

SiErE WV, Python TREEDOETOHMBRERNIA L WVWI DI TIEHD FHA, while D & 512,
RELTRERARW X DD FT, RKABATIERLIXTT,

extension module

f-string

(EREY 2—1) C R C++ TEIPNZEY 2—L T, Python ® C API %F|f L T Python 227
RaL—F—a—-FeRhEHLET,

£ B AREEICA WA XCFEN Y 7 TR Vestring” 2 FEZAL. ZAUE 74—~ v MIEAFAIY
F I DREFEIEDZI TS, PEP 498 3 ZH L TL X\,

file object

An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANATY =27 MICRERCE 3 EEDDET: A0 N1 F V=T 710, Ny T 7Shi NA
FUV=T74I. ZLTC TFALT 7ML T, A VX =T 24 RiF io EY a— LV TERINATY
XY, 77ANATY 27 +RAESEHENLTTIRIE open () BABZfES 2 & T,

file-like object

file object E[EF"TT,

filesystem encoding and error handler

finder

Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T7ANYATLADIYA—T 4 Y7 TE, TRTH 128 N4 PYUTREFIZTa—- I3 e
RAEFXNBLTWEBDERA Z77ANVATLDIY A—F 4 VP TIOABRIEI N - - 5E
1Z. API BH%¢%% UnicodeError 2T 22 23HH £9,

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.

(774 YR) A VR=PZNTVEBEY 2—1ND loader DFERZRTT 247227 bTT,

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path,
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and path entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division
(TID B THRE) —FL VBRI D T 2 BAIRE, U THREHEEFIE // T3, flRIX 11
/] 40F 22D TR EINFMNCFE NI OBEDORETIX 2.75 BV IR-oTE T, (-11) // 4
& -2.75 Z INEWAIC D B GRITFE: BOERARADADZITS) DT -3 12745 e IFERELTK
72&W, PEP 238 2L TL 72X\,

5k
(BEE) MM LANCEZIR S —EHDO XD Z & T, BRUCIZ 0 LD R 25 Z e HikE g,
FEEDEITRH T Bz RS2 Z e R E 5, R5IE. AV v F. function ZBML TLZE W,

function annotation
(BB 7 ) 7—>ay) DT X —=ZRVED annotation TF,

BT 7 7—>avid, @HEZEEYF oo d: fIZE. ZoEE 2 2D int BD5|
Bz e fifrs i, £7 int BoRDEZFHO L fFchTux s,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a OXEE function O TR INATVWE T,

WREDFAD D % variable annotation, PEP 484, #ZM LT 7Z& W, ¥/, 7/ 7= a v &F|
A3 2R 75277 4 A& LT annotations-howto S L TL 12X W,

future
from __future__ import <feature> ¥\ future X &, 2> % 7 —IZFRD Python V1) —2
THEHE L R AR EEREFH L THREDES 2 — A2 a4 LT3 X545 RLEF, _ future
EY 22—V T, feature DD I ZEE RFF a2 XY MELTVWET, ZOEIT2—A%EAf VKR-FL,
T OERETMET 2 Z 2T, FEEDSRINCSHEISEMENZDE0DO2R, WOF T 4L MR 550
(FFeld e o7h) #HAH L ATEET

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(AR=yarryay) ThBEEONSE 2 DRV EY 2T 20 T3, Python X, &%
vy b, ERSHEEBE UBES 2R IRy aL 7o ThHR=—YaL s> aryz2ifug
Fo AN=VaL 7 &Egc B a—NEHoTHRIETEE T,

JIxrlb—%&
(¥ =H L —2&) generator iterator ZiRTBITT, @H OB TNE T, yield REHFOHT
B D ¥T, yield R, for b—FTHATERD, next() BIMTMEE 1 >FOMD LAY TE
5, EHOWM O ZERT 2 DITHEHENET,
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BHEEY AV —FBEBZHRLET. Rk T P RL—R1TL—F 2T HEVHD X
T BRISNLEE®RSHS L TRVWEGE, FHBRLO DI BEE2 AL 5,

generator iterator
(YzxV—=&ATL—25) generator B THEKRZINZ A T =7 M T,

Each yield temporarily suspends processing, remembering the location execution state (including
local variables and pending try-statements). When the generator iterator resumes, it picks up

where it left off (in contrast to functions which start fresh on every invocation).

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function
(=3 V vy 7B Rz 280 LECREEZ T 2 B> SR XN 28T, MO LKIICY
DEEEZHANDEPET 4 ANy FT7AITVXLCEDPIESINET,

single dispatch, functools.singledispatch() 7L —x, PEP 443 ZZML T 72X W,

generic type A
type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

GIL
global interpreter lock 2B L T IZ&E W,

global interpreter lock
(ZFa—=2A & FY &y ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F0TH2 2 RAETH2HMHATT, ZUTKD (dict &Y
DEELMAAAREZEL) 7Y 27 N EFADFEKET 71 2120 U THRBRIICERITHKR 5 DT,
CPython OFEENS Y VIRV ET, A VX TVEL2KERY 7T BT, ?AF7aty ¥~
UL BMIULD TR T R EHRIT, 4 Y X TV XEMBICTLF ALy FETES L51272D
3

27 BEHED 2 VIO WL D DIRRE Y 2 — i, BNy & 2582 Y OFH O E WL
32 EICGIL ZERT 2 X KIS TOET, /2. 1/0 W %E 3 254 GIL &# IR
ENET,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.
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hash-based pyc
(Ny¥anr—Zpyc 77 A) IESWERHEIT 27012, MIGT DY —RT7 7 4 VOB EFRLIT
BNy Y2 fli2EHT 2L Fa—-FDF vy v a7 741 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 AR A T 27 PEHEDF —REEDA AN L TR ST, HEPEEGD T — X MG
BEHNETA Y > afizfl>Tn2256TT,

Python D4 I 2 — X ZTARMAABA TV 227 ME AZL ALY ¥ 20[RETH, (VA FREED
EO5R) I2—&TNRAVTFENY T2 FARET T, (X T NAR frozenset DEIR) £ I2—%&7
NRaAYTHE BRPINY Y aFRETH L L EDANY Y aA[RETT, I—F—FRDI TADA ¥
ARVATHDBEIRATI 27 METFT 74V M TAY Y al[ETT, TAHIEET (HHEZRVT)
PEBSEEFIIEFMTH D, Ny > afliF idO) LhFen T,

IDLE
Python Ofit&EHFEEREE (Integrated DeveLopment Environment) & U E 558 (Learning Environ-
ment) T3, idle & Python OEHERNREAMICFEMI N T2 EANLEEDO LT 1 X L 2TV
BT,

immutable
(A32—2T7N) BEDEER->TA T2 bTF A 32 —RTNRA T 7 MTIE, BiE. X
FH, BERORXRTAREDRHYET, ThoDF 727 MIMEREZONER A, HlOEEESE
BHIIE, FiBA T2 7 PV ERER L RTNERD ERA, A I 2—FT7ARIT T 7 NI BEIE
DAY Y 2 @R 72 2 RN CTEHERFE 2R LT, HEOXF—BZOHITT,

import path
path based finder 3 import %€ 2 —VEMBRT 25T (X721& path entry) DV X T, import
. ZOVU R MIEE sys.path D ORETH, 37 v F—IDFEFHE Y 7 —ID __path__
JEHED S R ET,

importing H
%5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X5 T 2UHETT,

importer €
Ja—VERLTR—-FTEE TV b, finder ¥ loader DEBLLTHHEA T =7 b,

interactive
Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with
no arguments (possibly by selecting it from your computer’s main menu). It is a very powerful

way to test out new ideas or inspect modules and packages (remember help(x)).

interpreted
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Python 134 ¥ & 7V XERDOEFETH D, a2 84 FEFHEOMMMEL 5, (N4 ba—Fars
AIDBBH B2, ZOXKFNIEBHETTH, ) TITOA YRV REFiELIZ, V—Ra—FD7 74
N, FFEAUEFERICL T LETIE I L Vo BER LIS, BEETTEL2Z22EKLE
T A VX TVRXERDFEIETE. 2281 FBAOFFEID ST TNy 7OV 4 7 V30D
DD, F0Z 5 ADFITIEF—MITEBENTT, WEH BBWL T IV,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFEINLFHI, EY 2T XRXTOI VT 4 AR
NEREZ 2 8D, TRTOMRLIY Y — R BFEINCHEKT 2. FilR 7 2 —XICAD &5, 20
7= AR=J ALV F 2HEBEMFCHLEST, CTARREDZI—F—ERDT AT 7 X —%
weakref 2 — LNy IBIEUHEINZZeBHDET, v v FEU Y7 2 —XHIZEfTENEa—F
F ENPMEETZ VY — AP TTIHERE LR (KL< DB 2RI T A 75V —FY 2 — /L% warning 1
HTT) 2ok & 2 fIAMCER L £ 3,

AVER—TVERRT vy PR T2 ERERIE  main | BV a2 —AREfTEINTWSEZAZ U T
DFEATHET LIz 2T,

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.

Iterables 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.

T=ROMNERBTEATI2 I P T, ATV =KD __next__() XV v FEHEDRLFFEUHT
(£7213HAAABIE next ) 1ITHET) &, MWOFTDERZ —DFTDORLET, 7—X»0 KDL,
Kb DIZ StopIteration fISNZEH L E T, FORET, /1 TL—XATV =27 VIRETEY, *
NLEE __next__() ZAJEMATD StopIteration ZEH L ET, /1 7L —XiEX, 2471 —
EAT7Y =27 PARZIET __iter__O) XYy F2EELLTNUILSLVDT, 4 7L —XEMoD
iterable ZZM T 21Z L AL OHFITHHTE R T, 3o & D & LABINZEROREZITS 5%
A—=FTF, List D&kS5R) ary7FA7Y =27 ME BEZ iter(Q BABUCA T Y =7 MITE L L
D for V=TS T, B REHDA TL -2 2ERLET, ThiedA 7L —XTITES
E55e, HiEDA TV —2a Y THERFEADRICA 7L -4 7Y 27 b ZHMISRS 720, ZEDa
VTFTDESITHHoTLELET,

FE 7 BRI typeiter I2H D T,

CPython I D& #: CPython does not consistently apply the requirement that an iterator
define __iter__(Q).
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key function

keyword

lambda

LBYL

list

(F—BI%) *—BI%L H2VIIREREEIE. YV — PRIEFLED 7D OEZ RSO LATREL 7
¥ =7 b (callable) T9, B2, locale.strxfrm() & F—BRICHZIE. v —UKFDY — b D
BEICDo oY —FF—ZIELET,

Python DZ < OV — M3 F —BHEZIIM D ZZOWM SIER 7V — A2 EH L £ 3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £7,

F—BEEZ HIEEVL 2D H D £3, Bl str.lower() XY v RERFE/NLFERXHIL
WY — 75X B LTS ZepikEd, »5WE lambda r: (r[0], r[2]) O X
5 7% lambda HH 6 ¥ —PBABZIES Z LA TE %9, K7, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DOF—Fa > A 57 23Hh £3, F—BIK
DIED 77 2 0T OfE Sorting HOW TO S L TL 72X W,

argument =4
58 2SR T &,

(Z %) H{LDA V54 VBT, BBDUOHShize 2iICiHiicns 1 20 I 284F7, 74
X EEBUE E B #1E lambda [parameters]: expression T3,

FZ21305EDH (look before you leap)) DMFTE, ZDaA—7F 1 Y7 AXANVLTIE, FFOHLPBRRK
2475 RN, BRINCHTIRZAMF (pre-condition) HIEZ1TWE F, EAFP 770 —F L 0l T, if
MWK X AMDIN DS DA T T,

<ILF ALy FMEEhZBRE T, LBYL 7 7 —F13 7 37 @fE e " Ry @BREOBAREELS &
BZTVRIBDHD ET, HlZIX, if key in mapping: return mappinglkeyl ¥\ 5 22— FiZ,
HEDE, HlDRL v RHBERDEIC mapping 705 key ZFEDR ML T, ZOMEEZ, v
73 2%h EAFP 7 7a—F %5 Z L THIRTZ £73,

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

(VA MANEER) =7 Y 2AFDETH VR —HMOERZUEL T, ZORR,26L2 V) R P2k
T, AV T PRAFETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2
== 0] £35¥.0H5 255 FTOMBE 16 EHEERL (0x..) LEXXFI»HL2 YA MRERL %
To if HildA T a2 T, if @i WEA, range(256) DR TOERPUH SN E T,

An object that loads a module. It must define a method named load_module(). A loader is
typically returned by a finder. See PEP 302 for details and importlib.abc.Loader for an

abstract base class.

Oy—ILT>a—-51 >4
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On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method D < 721} 7z[AFKEET T

mapping
(YY) FREOF—HEKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ HRHEIE I 7 X THEINLAY v FEFEELTWEary7F 4
7Yz FT9, Bl 11X, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % ¥ T3,

meta path finder
sys.meta_path ZMEK L TE SNz finder. meta path finder & path entry finder & BRIZH D F
o AT,

meta path finder 255255 % XV v FIZDOWTIX importlib.abc.MetaPathFinder 2SR L T 7
ISAAN

metaclass

(RRTFGR) VTADI FATT, VIRAERIEF, 7I7RA%, 77ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RE, £ 30%51 8 LTRIIMD, 27 AREZ2EMLEZEVET, IZLAY
DATY =7 MEAIGEE GRIE: X X7 7 AD) 77 4L b OERERFRMEL TV E T, Python 23KE5
BROWFHAARZLDART FRAEERTEBRTT, FEAEDI—F—IZWo T, X X7 F7RIELL
BEORWHDTT, L2L. —EDBETIE, XX 7 7RFBEHTZVLA Y " RAEZRELES,
YZEBET 7200 2 BN o720, ALy Re—ZWERBMLED, A7V 22 OEREBIL
Tebh, SN URRETRRY, ZLoBETHAINE T,

FEANE metaclasses ZZR L TL &0,

XYy R
(XY R) ZIAKRKDHTERINIEE, 207 F7ADA VAR ADREELE L TR EN5
B AV Y PBA VAR YZAATY 27 bE— 58 L LTRIMD £F (Z0HE—58IIEH self
CIENET ), BE ¥ RA SN —T 3B LTLIEZE W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by the

Python interpreter since the 2.3 release.

module

(£ 2—l) Python 2— FOMBEM Y LTEEL ATV 22 b TF, BV 2 —LIEEED
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Python * 7Y =7 b 2 EOHFEBMEZRD £ 3, €Y 2 —LId importing OUEIZ X - T Python
Wi AAENE T,

NYT—=2 ZBRLTLIEZZWY,

module spec £
Ya—nEu—F330fbhi AR —- FHEOEHRE ZLHLATZEMTT, importlib.
machinery.ModuleSpec D14 Y AKX Y A TT,

MRO
method resolution order ML TL 72 & W,

mutable
(32—FTN) 32— TARBF TV 7 ME, id) 2ER B R HEEETEE T, 1Sa—
2T7)) BBELTLEE W,

»

named tuple
ZHITE RS L WS HEEE. R TABRELTWT, 4V Fy Z AN BEREIIH LB 2T
D7 7R TELAEREOIPL Y S RIEHEINTVWET, ZOHPr 5 IMOMEED > TW\Wa &
EHHHET,

time.localtime() % os.stat() DRV EZZLWV L O DIHAAARNIHAFIfT E X LT, fill
D% 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
(FATZEM) BB E N 25T, ARIZEEITEFHEr L TEEINE T, LiZEMIcEA 7Y 22
FD (XYY FD) ANFICHEo7b DT TR, RFRS O, KENZ D, 2L THAAALD
SONRHH FT, AREMIZATOERE S ZLICE > TEY 2 — RS R— T3, HlZIZBEE
builtins.open & os.open() IFHHATEMTXAMEINTVET, Flo. EDOEY 2 —HEE R FE
LTWR2IRT 2 Z 8 ic ko THAMZEMIZATZE L RTEZ T L E3, flZIE. random.seed()
X itertools.islice() ¢FE L v, ZAFNEY 2 —)l random X itertools THEEINTWVWS Z
LD S TF,

namespace package A
PEP 420 package which serves only as a container for subpackages. Namespace packages may

have no physical representation, and specifically are not like a regular package because they have
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no __init__.py file.
module SR L TLFE W,

nested scope
(AR PSR T=T) SMUTERSN TV E LR SRS SAET T, BRI, D 2 BEEDRIDBEI%
DHRTERINTWLHE. NOBEBIIMIOBEBT OZE 2SR TEET, A A PSR a—7
377 4V b TRERDBRIEZTINTE, ZHORANRTERVDOTERLTLEZS W, B— VAR
F ROWRDR a—FTERZHAEE L XS, RIS, 70— VEREMES & 7o — ILHETZE
RIDOEZRFIAEE L ET, nonlocal THMIUDERICEZIADF 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 (BESLHE) LERINLRLZFE N (XYY F) 228 TDT—%, b LI
ETD FAEZAINI FR OFRMOEKS 72D L,

package
(R Fr =) FTEY 2= VPLHRFNH TRy r =280 L OHEKS module DZ & TT, &
FIRICIZ, Sy o —2% __path__ @M% D Python # 7Y =2 T,
reqular package £ mnamespace package B L TL 72 &0,

parameter

(R51%) AT ORIET B (2 XV Y F ) OERCBWTHEART 2 R318H 2HHEL %7, K
FlENCIZ S MEED D 5

o MWEFRLIFF—T—F: {UE THLIWIE F—T—F5|IH L LTET L TEL5EEELE
o T ZIBLIRD foo R bar DL I, T 7+~ DIRGIEOEETS:

{def func(foo, bar=None): ... J

MESH: fEICX-oTOAGZONIEIMEEEL 3, MEBHFHOL T BEERDFIBOV
AMDHTEZENSLDHRAI / ZEDDEI L TERTEET, BIZIXTELD posonlyl ¥ posonly2
A EHEHT IR D £3:

[def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—U—FER: F—U-FRIoTOAGEZLNZ5HEIRELET, F—V—FEHDFIEE
EFRTE L5, BIZIELLRD kw_onlyl ° kw_only2 @ X 512, BBUERDIRGIEY X M2
B ERMES B EZIETHD x B TT:

[def func(arg, *, kw_onlyl, kw_only2): ... ]

o AERME: (hORGIATEICRT SNAERDOMES IR Z T) EEOEBOMES G Z
LNB I BEELE T, OIS RRGIEIZ. LUTD args D X 5 ZRGIEAH DRI * 201F 5
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Y TERTEET:

[def func(*args, **kwargs): ...

o AIERF—7—F: (fOR5IBTHCRZI SNLERD X —V — F5IEICMA ) EEOEKD
F—U—F5BBE5Z5N2 e REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRI ** 2235 Z e TERTEE T,

REIEIEA 7> a Ve HDGIBOEDL HBIEETE, 47> a yOglIET 7 4V MEBDIEETZ
£75,

RE1% . FAQ @ E5 8 KG B DEWIZMTFT? . inspect.Parameter 7 7 A, function 2
va¥, PEP 362 #ZRL T ZX W,

path entry
path based finder 73 import § 2 €Y 2 —)VE2IET import path LD 1 DDEFITT,

path entry finder
sys.path_hooks IZ®H % callable (D% D path entry hook) 23R L7z finder TS, 5 A BTz path
entry IWHBEI 2 —NE BT B HEEH>TVWET,

NRAZY P =T 74 YEPRETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
LTS W,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €Y 2—IvD import path ZREL F 3,

path-like object
(path-like #7227 b)) 77 A NS AT LRRA%ZRKLF T, pathlike 72 =7 Mid, %2R
T str A7 Y27 MR bytes A 7Y = b, 713 os.PathLike YR P AN ZRHE LA TV =
ZbDENDTT, os.Pathlike YR Fa %P K- L TWVWELF TP =7 M os.fspath() %
MUOHST 2T str £7213F bytes D7 7 A VT AT ARRICEBTEE9, os.fsdecode() &
os.fsencode() IZFNFN str H2WVII bytes KRDZDEHRAT 2DIMEZ LT, PEP 519 T&E
ASNFE L7,

PEP
Python Enhancement Proposal, PEP &, Python 2 I 2 =7 4 18 L THERZREET 2. H 2V
Python OHFHERER Z DBERLIRIFICOW TN T 23ELFHT T, PEP &, HEEICOWTOER
Btk L 1R85 3 2 RE Dl (Biam) ZBZ 2 NE T,

PEP &, #EREDIREIC»H 5, 23 2 =7 1 I X ZMEREDHEME Python 1272 SN 28GR
DXENDTD DR LM OMIKE 22t ZBKLTWE S, PEP OFZHICEII 2 =T+ NDEE
Bl ziT5 2. RNEREXELT 2 DEBERDD £5,

PEP 1 Z2ZRL T ZEW,
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portion
PEP 420 TEF XN TV, namespace package IZJBT 5. D7 7 4 VH (zip 7 7 4 VK&
TNTVEHEDDHZ) 1 D2DT 4 L7 MV ITHNE b D,

{iIB5 % (positional argument) S

I8 ZZML T EW,

provisional API
(E7E API) Y5 4 75V 0% HIREREED O FHHENCERAA SN D DTS, 20X 5% 4 v X —
T —ANDOKEREHEZ, ETHALINTVAMBPFIRTOERAN., a7HEECE-T
ME Y AU, BAIEERREE (L X —7 2 —ADHIRETEEN D) MTbIZET, Z
D ESBEFRRIFOLRAITONEDDTIED D FHA - ZHUX API ZHHAALENCIEREZ  STw»
J2ERKBRMMPBRE L2 Z2ICOBATONET,

PE APT IZOWThH, BAAHM DR WER R REFER LARINTHET, MERHIL L
Ga TR AR R T RETT,

o7tk EES A TSVEIMEr R TFYEAL VLT —ICRVWEH LA NS Z L,
FRRZEX CELER SN FE T, 5l PEP 411 2R LT EEW,

provisional package
provisional API Z#ZRLTLEE W,

Python 3000
Python 3.x VUV —ZX74 D=y 73— LT3, (Python 3 BEWRRDFER o LHIESNT-F
T3, ) "Py3k” x5 ddHh x7,

Pythonic fth

ST MR E 2 THErNIza— F TR, Python DRHT IR A 74 2o & 2

Fea— KRk, #HlziX. Python O— kA4 7 4 F LTk for XEH>TA T 7 7NLDITRNRTOER

WRKE-oTL—=7LET, DZLDFFEBICIZOMHMEAITRND T, Python IZEHRTWZRWARAD
DICBIED A Y > R—2 5 0d L ERA:

for i in range(len(food)):
print (food[i])

ZAUTH L. Ehwiz Pythonic 72 41K

for piece in food:

print(piece)

qualified name
(EBffi%h) €Y 2 =N DI B—NVRAA=TD0, ZOEI 2—LVTERINLZ TR, B XY v F
AD, T RRT BRT Ky PAKGLTT, PEP 3155 TERINTVET, by TLLOBEKR Y Z
AT, BHi%EA T2 POARIEEL TS

>>> class C:

class D:

(RDR—IHi<)
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(FiDR— 25 D %)
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D'

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 AANOBRTHDLNZ 2, TREM® (fully qualified name) IZTXRTOE Y =% BT
2RO Ky AR, HlZ1T email.mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text._ _name _

'email .mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. Programmers can call the sys.getrefcount() function to return

the reference count for a particular object.

regular package =
M, __init__.py 7 7 ANVEELT 4 L7 MY 2 LTD packages,

namespace package BZHLTL 72X,

slots 4
FANTODEET, A YAXVABUOHEBEDH LN UDERLTEBE, 4 VARV AFELHIRT 2
ZrT, ABVZEHNLES, 2T L HELNET 7=y 7 TIH, ELLFESIRKEFHPLIY v F—
BROT, Mk —A, BIZIZXEYDHERELRE7 TV —2a Y TA VAR Y ANKEICTHET
5, LWVokt FRIRE. FDLLRVDIBRZ FTT,

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 immutable 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
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(BEAMNTIEKED) iterable NOLTH 2 WVWIE—HOBERZMUHE L T, ZORErOLRIZEETRTa Y
XY M EEZ T, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ 33 &,
{'r', 'd'} WS XFHNOFELAEM L £F, comprehensions ZZHE L TL 72X W0,

single dispatch
generic function D—FETRIEITZ—DOD5IBOENT X DFEIRINE T,

slice
(R4 R) I =T VR D—FWEELATI 22 b, RA54 A, TFEER [ Tz ohE
Booican y2HEL e TEbNE T, HlRIE, variable_name[1:3:5] T3, AN (RF)
FLEE slice A7V =27 FENERTHIHL TVWETS,

special method
(RHEX Y » F) & 28N2REO#HE. BIZIXMEZ T 272912 Python 7 SBFEICIF O H S5 X
Yy Fo TOBEDXY v Fid, XYy FEORHIERRIZT VX =237 2 008200 TWET, Kk
XV v FIZOWTIX specialnames TSN TWE T,

statement
(%) CEAL — b (T—KD” 70y 27) KFARBEETT, L & pF—7— Fo RN
HODEHLBLMTT, B&FICIE if. while. for 23H D T3,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In
Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

The Py NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.
See also borrowed reference.

text encoding A
string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To store or

transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as ”encoding”, and recreating the string from

the sequence of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as "text

encodings”.

text file
(THFRAPI7A4N) str AT 27 VeF@iAEEXTES file object TT, LIFLIEX, 7FA M7 74
JFEBITAAL MEAIOF—ZZA M) — A7 78R L, TEAMIYO—FT 4 >4 ZHHNITV
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3, 7¥A L7 74 VDA, sys.stdin, sys.stdout, io.Stringl0 4 Y AKX Y AR EE T ¥ A
FE—F (Ir| or 'W') THHWZ7 74 LT,

bytes-like 7T TV b BRAZEETEBZ 77 ANVF T2 MZOWTIE, NAMFUT 71l 35
JRL T,

triple-quoted string
(ZHEZ7 4+ — MXF) 300fE Lz 2 +—Piads () 27 KA a7 4 — () THENL T, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAN, ZOorOMBITHAT
T 1002008 L7l 4+ — bMIBEELT IR —TMLICEL N TEET L, TiCE () &
HHORLS THEBITICE D2 28D TELZDT, FFa Xy T — a rXFH% S RHCRICEF]
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias
(B4 ) 7R) BORIAT, BE2#FICRALTERL £5,

B4y 7R3 Ber b 2HEMLT2DICHHTY, flZI:

def remove_gray_shades(
colors: list([tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

CHEBRDESITEDFHHARTSTEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEEEDFIHD H % typing ¥ PEP 484 2L T 7F X\,

type hint
(Ble b)) 28, 77 RElE BRD RS X -2 E D EOMRF SN2 B2 H8ET % annotation TS,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

T —NLVEHR 7I7REMN BAET, - AZHTRVDIODOE L ¥ M typing.
get_type_hints() THUFTZ %7,

FEEEDFIHD D % typing ¥ PEP 484 2B L TL 72X\,

universal newlines a
FRAPRAPY —LOFFRED—D2T, UTFOITRTEZITREFH#L £F: Unix OITARBE '"\n'\
Windows OFUE '\r\n'. &\ Macintosh OFE '\r's FIHEICOWTFL IE. PEP 278 &
PEP 3116 , X 51T bytes.splitlines() HSMRL T Z W,
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variable annotation
(BBT7 ) T—>ay) ZRDH0NEZ 7 RBEED annotation .

BB B WNE 7 7 ZABMITERZ NI 72 & 21k, KA IMERTT:

class C: }

field: 'annotation'

BT/ 7—a @B BEEY L odifibiET: flZIE. ZOEEII int DEZINSLZ
PRI TVE T

{cou.nt: int = 0 J

BT 7T — a YOI DOWTIE annassign i CHH L TWE T,

KEEEDFBADS D B function annotation, PEP 484 | PEP 526 ML T &\, £/, 7./ 7 —
avEFHTAEINR N SF 277 4 A LT annotations-howto SR L TL 2 &,

virtual environment
(IRARERES) Wi Y D B X - EATEECF . SAUCE D Python 2—¥ 2 771 7 —2 2 VI3
UL AT 5 ETEHHWTWAMO Python 7 7V 7 —> 2 YOBEENCFH T2 Z 242 < Python Sy
T=YDA YA —IVEERHEITI I ENTEXT,

venv ZZIRL TL ZX W,

virtual machine
(R~ ) BRIIY 7Py = 7K DERS N3 VB a—&, Python DM~ »id, N4 b

aA—Far A4 IHBMN L N FO—F 2ETLET,

Zen of Python
(Python @1&D ) Python ZEEfELFIHS 2 LTOEZ Y725, Python OFEHRRIE E¥%2 VA MZ
L72dDTT, Wi 7m > 7 MT 7import this” ¥ $22 2DV R MEFRDE T,
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ABOUT THESE DOCUMENTS

These documents are generated from reStructured Text sources by Sphinx, a document processor specif-

ically written for the Python documentation.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much

of the content;
e Docutils B Y =2 M, reStructuredText ¥ Docutils WV —1t v b ZEMRL E L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Contributors to the Python Documentation

%< DF 4 M Python §if. Python H#Z 4 751U Z LT Python F¥axX>7—a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEANCTIEH D ETHBVY X b
7y 7L THHET,

Python a3 2 =7 4 26 OFRIZM  EEALTUIZORBEL LV R F 2 X Y MVIEEFNEFHEATLE -
HHrtsl

391


https://docutils.sourceforge.io/rst.html
https://www.sphinx-doc.org/
https://github.com/python-doc-ja/python-doc-ja/issues
https://docutils.sourceforge.io/
https://github.com/python/cpython/tree/3.11/Misc/ACKS




8%

BRr>1t>2X

C.1 Python DFESE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI,
see https://www.cwinl/) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives
(CNRI, see https://www.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the

software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations
(now Zope Corporation; see https://www.zope.org/). In 2001, the Python Software Foundation (PSF,
see https://www.python.org/psf/) was formed, a non-profit organization created specifically to own

Python-related Intellectual Property. Zope Corporation is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 R=2 i) 232 MR GPL compatible?
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 LIk 2.1.1 2001-3ifE PSF yes
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7AMR: GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python licenses,
unlike the GPL, let you distribute a modified version without making your changes open source. The

GPL-compatible licenses make it possible to combine Python with other software that is released under
the GPL; the others don’t.

Guido RO T, TNHDV V—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed

under the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code
falling under that license. See Licenses and Acknowledgements for Incorporated Software for an incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.11.14 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.14 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.11.14 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.14 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python

3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any relationship

of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

. By copying, installing or otherwise using Python 3.11.14, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

. BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(RDOR=V1Fil)
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(FiDR— 25 D %)
5. This License Agreement will automatically terminate upon a material breach of
its terms and conditioms.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
(RDR—=V ki)
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5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/
~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original

code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote

products derived from this software without specific prior written
(RDR=V ki)
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permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VYT7wvhk

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

(RDR=V 1K)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR

(RDR—=V1Hi <)
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ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
(RDR=12Hi)
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both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 —E kqueue f Y Z— 7 2 — ROV TDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(RDR—T12HE L)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK K
*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*
*
*
*
* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

(RDR=V ki)
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or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made
available by the operating system. Additionally, the Windows and macOS installers for Python may
include a copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the
OpenSSL 3.0 release, and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but

not limited to compiled object code, generated documentation,
(RDOR=V ki)
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and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a

cross—-claim or counterclaim in a lawsuit) alleging that the Work

(RDOR=VIFiL)
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or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditionms:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.

Notwithstanding the above, nothing herein shall supersede or modify

(RDOR=VIFiL)
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
““Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
(RDOR=V1Fil)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictionms:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THH L TW3 Ny ¥ aF— 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright
(RDOR=V1FiL)
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notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR=V 1K)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project.

projects/sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

https://sourceforge.net/

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use.

Users may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR

TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-

WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(RDR—IHi<)

C.3. Licenses and Acknowledgements for Incorporated Software

413



https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://sourceforge.net/projects/sox/files/sox/12.17.7/sox-12.17.7.tar.gz
https://github.com/MagicStack/uvloop/tree/v0.16.0

The Python/C API, U —2X 3.11.14

(FiDR— 25 D %)
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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PyArg_ParseTupleAndKeywords (C'
function), 99
PyArg_UnpackTuple (C function), 100
PyArg_ValidateKeywordArguments (C
function), 100
PyArg_VaParse (C function), 99
PyArg_VaParseTupleAndKeywords (C
function), 100
PyASCIIObject (C type), 164
PyAsyncMethods (C type), 356
PyAsyncMethods.am_aiter (C member),
357
PyAsyncMethods.am_anext (C member),
357
PyAsyncMethods.am_await (C member),
356
PyAsyncMethods.am_send (C member),
357
PyBool_Check (C function), 153
PyBool_FromLong (C function), 154
PyBool_Type (C war), 153
PyBUF_ANY_CONTIGUOUS (C macro), 137
PyBUF_C_CONTIGUOUS (C macro), 137

PyBUF_CONTIG (C macro), 138
PyBUF_CONTIG_RO (C macro), 138
PyBUF _F_CONTIGUOUS (C macro), 137
PyBUF_FORMAT (C macro), 136
PyBUF_FULL (C macro), 138
PyBUF_FULL_RO (C macro), 138
PyBUF_INDIRECT (C macro), 137
PyBUF_MAX_NDIM (C macro), 136
PyBUF_ND (C macro), 137
PyBUF_READ (C macro), 219
PyBUF_RECORDS (C macro), 138
PyBUF_RECORDS_RO (C macro), 138
PyBUF_SIMPLE (C macro), 137
PyBUF_STRIDED (C macro), 138
PyBUF_STRIDED_RO (C macro), 138
PyBUF_STRIDES (C macro), 137
PyBUF_WRITABLE (C macro), 136
PyBUF_WRITE (C macro), 219
PyBuffer_FillContiguousStrides (C
function), 141
PyBuffer_FillInfo (C function), 141
PyBuffer_FromContiguous (C function),
141
PyBuffer_GetPointer (C function), 141
PyBuffer_IsContiguous (C function),
140
PyBuffer_Release (C function), 140
PyBuffer_SizeFromFormat (C function),
140
PyBuffer_ToContiguous (C function),
141
PyBufferProcs (C type), 133, 355
PyBufferProcs.bf_getbuffer (C
member), 355
PyBufferProcs.bf_releasebuffer (C
member), 356
PyByteArray_AS_STRING (C function),
163
PyByteArray_AsString (C function),
162
PyByteArray_Check (C function), 162
PyByteArray_CheckExact (C function),
162
PyByteArray_Concat (C function), 162
PyByteArray_FromObject (C function),
162
PyByteArray_FromStringAndSize (C'
function), 162
PyByteArray_GET_SIZE (C function),
163
PyByteArray_Resize (C function), 162
PyByteArray_Size (C function), 162
PyByteArray_Type (C wvar), 162
PyByteArrayObject (C type), 162
PyBytes_AS_STRING (C function), 160
PyBytes_AsString (C function), 160
PyBytes_AsStringAndSize (C function),
161
PyBytes_Check (C function), 159
PyBytes_CheckExact (C function), 159
PyBytes_Concat (C function), 161
PyBytes_ConcatAndDel (C function),
161
PyBytes_FromFormat (C function), 159
PyBytes_FromFormatV (C function), 160
PyBytes_FromObject (C function), 160
PyBytes_FromString (C function), 159
PyBytes_FromStringAndSize (C
function), 159
PyBytes_GET_SIZE (C function), 160
PyBytes_Size (C function), 160
PyBytes_Type (C var), 159
PyBytesObject (C type), 159

PyCallable_Check (C function), 123
PyCallIter_Check (C function), 216
PyCallIter_New (C function), 216
PyCallIter_Type (C var), 215
PyCapsule (C type), 221
PyCapsule_CheckExact (C function),
221
PyCapsule_Destructor (C type), 221
PyCapsule_GetContext (C function),
222
PyCapsule_GetDestructor (C function),
222
PyCapsule_GetName (C function), 222
PyCapsule_GetPointer (C function),
222
PyCapsule_Import (C function), 222
PyCapsule_IsValid (C function), 222
PyCapsule_New (C function), 221
PyCapsule_SetContext (C function),
223
PyCapsule_SetDestructor (C function),
223
PyCapsule_SetName (C function), 223
PyCapsule_SetPointer (C function),
223
PyCell_Check (C function), 201
PyCell_GET (C function), 201
PyCell_Get (C function), 201
PyCell_New (C function), 201
PyCell_SET (C function), 201
PyCell_Set (C function), 201
PyCell_Type (C var), 201
PyCellObject (C type), 201
PyCFunction (C type), 311
PyCFunction_New (C function), 314
PyCFunction_NewEx (C function), 314
PyCFunctionWithKeywords (C type), 311
PyCMethod (C' type), 311
PyCMethod_New (C function), 314
PyCode_Addr2Line (C function), 203
PyCode_Addr2Location (C function),
203
PyCode_Check (C function), 202
PyCode_GetCellvars (C function), 203
PyCode_GetCode (C function), 203
PyCode_GetFreevars (C function), 203
PyCode_GetNumFree (C function), 202
PyCode_GetVarnames (C function), 203
PyCode_New (C function), 202
PyCode_NewEmpty (C' function), 202
PyCode_NewWithPosOnlyArgs (C
Sfunction), 202
PyCode_Type (C var), 202
PyCodec_BackslashReplaceErrors (C
Sfunction), 110
PyCodec_Decode (C function), 108
PyCodec_Decoder (C' function), 109
PyCodec_Encode (C function), 108
PyCodec_Encoder (C function), 109
PyCodec_IgnoreErrors (C function),
110
PyCodec_IncrementalDecoder (C'
Sfunction), 109
PyCodec_IncrementalEncoder (C
Sfunction), 109
PyCodec_KnownEncoding (C function),
108
PyCodec_LookupError (C function), 109
PyCodec_NameReplaceErrors (C
Sfunction), 110
PyCodec_Register (C function), 108
PyCodec_RegisterError (C function),
109
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PyCodec_ReplaceErrors (C function),
110

PyCodec_StreamReader (C function),
109

PyCodec_StreamWriter (C function),
109

PyCodec_StrictErrors (C function),
110

PyCodec_Unregister (C function), 108

PyCodec_XMLCharRefReplaceErrors (C
function), 110

PyCodeObject (C type), 202

PyCompactUnicodeObject (C type), 164

PyCompilerFlags (C struct), 56

PyCompilerFlags.cf_feature_version
(C member), 56

PyCompilerFlags.cf_flags (C
member), 56

PyComplex_AsCComplex (C function),
158

PyComplex_Check (C function), 158

PyComplex_CheckExact (C function),
158

PyComplex_FromCComplex (C function),
158

PyComplex_FromDoubles (C function),
158

PyComplex_ImagAsDouble (C function),
158

PyComplex_RealAsDouble (C function),
158

PyComplex_Type (C var), 158

PyComplexObject (C type), 158

PyConfig (C type), 272

PyConfig_Clear (C function), 273

PyConfig_InitIsolatedConfig (C'
function), 272

PyConfig_InitPythonConfig (C
function), 272

PyConfig Read (C function), 273

PyConfig_SetArgv (C function), 272

PyConfig_SetBytesArgv (C function),
273

PyConfig_SetBytesString (C function),
272

PyConfig_SetString (C function), 272

PyConfig_SetWideStringList (C
function), 273

PyConfig.argv (C member), 274

PyConfig.base_exec_prefix (C
member), 274

PyConfig.base_executable (C
member), 274

PyConfig.base_prefix (C member), 275

PyConfig.buffered_stdio (C member),
275

PyConfig.bytes_warning (C member),
275

PyConfig.check_hash_pycs_mode (C
member), 275

PyConfig.code_debug_ranges (C
member), 275

PyConfig.configure_c_stdio (C
member), 276

PyConfig.dev_mode (C member), 276

PyConfig.dump_refs (C member), 276

PyConfig.exec_prefix (C member), 276

PyConfig.executable (C member), 277

PyConfig.faulthandler (C member),
277

PyConfig.filesystem_encoding (C'
member), 277

PyConfig.filesystem_errors (C
member), 277
PyConfig.hash_seed (C member), 278
PyConfig.home (C member), 278
PyConfig.import_time (C member), 278
PyConfig.inspect (C member), 278
PyConfig.install_signal_handlers (C
member), 278
PyConfig.interactive (C member), 279
PyConfig.isolated (C member), 279
PyConfig.legacy_windows_stdio (C
member), 279
PyConfig.malloc_stats (C member),
279
PyConfig.module_search_paths (C
member), 280
PyConfig.module_search_paths_set (C’
member), 280
PyConfig.optimization_level (C'
member), 280
PyConfig.orig_argv (C member), 280
PyConfig.parse_argv (C member), 281
PyConfig.parser_debug (C member),
281
PyConfig.pathconfig warnings (C
member), 281
PyConfig.platlibdir (C member), 279
PyConfig.prefix (C member), 281
PyConfig.program_name (C member),
281
PyConfig.pycache_prefix (C member),
282
PyConfig.pythonpath_env (C member),
280
PyConfig.quiet (C member), 282
PyConfig.run_command (C member), 282
PyConfig.run_filename (C member),
282
PyConfig.run_module (C member), 282
PyConfig.safe_path (C member), 274
PyConfig.show_ref_count (C member),
283
PyConfig.site_import (C member), 283
PyConfig.skip_source_first_line (C
member), 283
PyConfig.stdio_encoding (C member),
283
PyConfig.stdio_errors (C member),
283
PyConfig.tracemalloc (C member), 284
PyConfig.use_environment (C
member), 284
PyConfig.use_hash_seed (C member),
278
PyConfig.user_site_directory (C
member), 284
PyConfig.verbose (C member), 284
PyConfig.warn_default_encoding (C
member), 275
PyConfig.warnoptions (C member), 284
PyConfig.write_bytecode (C member),
285
PyConfig.xoptions (C member), 285
PyContext (C type), 226
PyContext_CheckExact (C function),
227
PyContext_Copy (C function), 227
PyContext_CopyCurrent (C function),
227
PyContext_Enter (C function), 227
PyContext_Exit (C function), 227
PyContext_New (C function), 227
PyContext_Type (C var), 227

PyContextToken (C type), 226
PyContextToken_CheckExact (C
function), 227
PyContextToken_Type (C var), 227
PyContextVar (C type), 226
PyContextVar_CheckExact (C function),
227
PyContextVar_Get (C function), 228
PyContextVar_New (C function), 228
PyContextVar_Reset (C function), 228
PyContextVar_Set (C function), 228
PyContextVar_Type (C var), 227
PyCoro_CheckExact (C function), 226
PyCoro_New (C function), 226
PyCoro_Type (C var), 226
PyCoroObject (C type), 226
PyDate_Check (C function), 229
PyDate_CheckExact (C function), 229
PyDate_FromDate (C' function), 230
PyDate_FromTimestamp (C function),
233
PyDateTime_Check (C' function), 229
PyDateTime_CheckExact (C function),
229
PyDateTime_Date (C' type), 228
PyDateTime_DATE_GET_FOLD (C
Sfunction), 231
PyDateTime_DATE_GET_HOUR (C
Sfunction), 231
PyDateTime_DATE_GET_MICROSECOND (C
Sfunction), 231
PyDateTime_DATE_GET_MINUTE (C
function), 231
PyDateTime_DATE_GET_SECOND (C
Sfunction), 231
PyDateTime_DATE_GET_TZINFO (C'
Sfunction), 232
PyDateTime_DateTime (C type), 228
PyDateTime_DateTimeType (C var), 229
PyDateTime_DateType (C wvar), 229
PyDateTime_Delta (C type), 228
PyDateTime_DELTA_GET_DAYS (C
function), 232
PyDateTime_DELTA_GET_MICROSECONDS
(C function), 232
PyDateTime_DELTA_GET_SECONDS (C
function), 232
PyDateTime_DeltaType (C wvar), 229
PyDateTime_FromDateAndTime (C
function), 230
PyDateTime_FromDateAndTimeAndFold
(C function), 230
PyDateTime_FromTimestamp (C
Sfunction), 233
PyDateTime_GET_DAY (C function), 231
PyDateTime_GET_MONTH (C function),
231
PyDateTime_GET_YEAR (C function), 231
PyDateTime_Time (C type), 228
PyDateTime_TIME_GET_FOLD (C
function), 232
PyDateTime_TIME_GET_HOUR (C
function), 232
PyDateTime_TIME_GET_MICROSECOND (C'
Sfunction), 232
PyDateTime_TIME_GET_MINUTE (C'
Sfunction), 232
PyDateTime_TIME_GET_SECOND (C'
Sfunction), 232
PyDateTime_TIME_GET_TZINFO (C
Sfunction), 232
PyDateTime_TimeType (C var), 229
PyDateTime_TimeZone_UTC (C war), 229
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PyDateTime_TZInfoType (C var), 229
PyDelta_Check (C function), 230
PyDelta_CheckExact (C function), 230
PyDelta_FromDSU (C function), 231
PyDescr_IsData (C function), 216
PyDescr_NewClassMethod (C' function),
216
PyDescr_NewGetSet (C function), 216
PyDescr_NewMember (C function), 216
PyDescr_NewMethod (C function), 216
PyDescr_NewlWrapper (C function), 216
PyDict_Check (C function), 192
PyDict_CheckExact (C function), 192
PyDict_Clear (C function), 192
PyDict_Contains (C function), 192
PyDict_Copy (C function), 192
PyDict_DelItem (C function), 193
PyDict_DelltemString (C function),
193
PyDict_GetItem (C function), 193
PyDict_GetItemString (C function),
193
PyDict_GetItemWithError (C function),
193
PyDict_Items (C function), 193
PyDict_Keys (C function), 194
PyDict_Merge (C function), 195
PyDict_MergeFromSeq2 (C function),
195
PyDict_New (C function), 192
PyDict_Next (C function), 194
PyDict_SetDefault (C function), 193
PyDict_SetItem (C function), 192
PyDict_SetItemString (C function),
192
PyDict_Size (C function), 194
PyDict_Type (C var), 192
PyDict_Update (C function), 195
PyDict_Values (C function), 194
PyDictObject (C type), 192
PyDictProxy_New (C function), 192
PyDoc_STR (C macro), 7
PyDoc_STRVAR (C macro), 7
PyErr_BadArgument (C function), 63
PyErr_BadInternalCall (C function),
65
PyErr_CheckSignals (C function), 70
PyErr_Clear (C function), 13, 14, 62
PyErr_ExceptionMatches (C function),
14, 67
PyErr_Fetch (C function), 67
PyErr_Format (C function), 62
PyErr_FormatV (C function), 63
PyErr_GetExcInfo (C function), 69
PyErr_GetHandledException (C
function), 68
PyErr_GivenExceptionMatches (C'
function), 67
PyErr_NewException (C function), 71
PyErr_NewExceptionWithDoc (C
function), 71
PyErr_NoMemory (C function), 63
PyErr_NormalizeException (C
function), 68
PyErr_Occurred (C function), 12, 67
PyErr_Print (C function), 62
PyErr_PrintEx (C function), 62
PyErr_ResourceWarning (C function),
67
PyErr_Restore (C function), 68
PyErr_SetExcFromWindowsErr (C
function), 64

PyErr_SetExcFromWindowsErrWithFilenamg

(C function), 65

PyErr_SetExcFromWindowsErrWithFilename

(C function), 64

PyErr_SetExcFromWindowsErrWithFilenameg

(C function), 64
PyErr_SetExcInfo (C function), 69
PyErr_SetFromErrno (C function), 63
PyErr_SetFromErrnoWithFilename (C

function), 64
PyErr_SetFromErrnoWithFilenameObject

(C function), 63

PyErr_SetFromErrnoWithFilenameObjects

(C function), 63
PyErr_SetFromWindowsErr (C function),
64
PyErr_SetFromWindowsErrWithFilename
(C function), 64
PyErr_SetHandledException (C
function), 69
PyErr_SetImportError (C function), 65
PyErr_SetImportErrorSubclass (C
function), 65
PyErr_SetInterrupt (C function), 70
PyErr_SetInterruptEx (C function), 70
PyErr_SetNone (C function), 63
PyErr_SetObject (C function), 62
PyErr_SetString (C function), 13, 62
PyErr_SyntaxLocation (C function), 65
PyErr_SyntaxLocationEx (C function),
65
PyErr_SyntaxLocationObject (C
function), 65
PyErr_WarnEx (C function), 66
PyErr_WarnExplicit (C function), 66
PyErr_WarnExplicitObject (C
function), 66
PyErr_WarnFormat (C function), 66
PyErr_WriteUnraisable (C function),
62
PyEval_AcquireLock (C function), 255
PyEval_AcquireThread (C function),
254
PyEval_AcquireThread (), 248
PyEval_EvalCode (C function), 55
PyEval_EvalCodeEx (C function), 55
PyEval_EvalFrame (C function), 55
PyEval_EvalFrameEx (C function), 55
PyEval_GetBuiltins (C function), 107
PyEval_GetFrame (C function), 107
PyEval_GetFuncDesc (C function), 107
PyEval_GetFuncName (C function), 107
PyEval_GetGlobals (C function), 107
PyEval_GetLocals (C function), 107
PyEval_InitThreads (C function), 248
PyEval_InitThreads(), 239
PyEval_MergeCompilerFlags (C
function), 55
PyEval_ReleaseLock (C function), 255
PyEval_ReleaseThread (C function),
254
PyEval_ReleaseThread(), 248
PyEval_RestoreThread (C function),
246, 249
PyEval_RestoreThread(), 248
PyEval_SaveThread (C function), 246,
249
PyEval_SaveThread(), 248
PyEval_SetProfile (C function), 260
PyEval_SetTrace (C function), 260
PyEval_ThreadsInitialized (C
function), 248
PyExc_ArithmeticError (C var), 75

PyExc_AssertionError (C var), 75
PyExc_AttributeError (C var), 75

ObBgExc_BaseException (C var), 75

PyExc_BlockingIOError (C var), 75

ObBgE%8_BrokenPipeError (C var), 75

PyExc_BufferError (C var), 75
PyExc_BytesWarning (C var), 77
PyExc_ChildProcessError (C var), 75
PyExc_ConnectionAbortedError (C
var), 75
PyExc_ConnectionError (C var), 75
PyExc_ConnectionRefusedError (C
var), 75
PyExc_ConnectionResetError (C var),
75
PyExc_DeprecationWarning (C var), 77
PyExc_EnvironmentError (C var), 77
PyExc_EOFError (C var), 75
PyExc_Exception (C var), 75
PyExc_FileExistsError (C wvar), 75
PyExc_FileNotFoundError (C var), 75
PyExc_FloatingPointError (C var), 75
PyExc_FutureWarning (C wvar), 77
PyExc_GeneratorExit (C var), 75
PyExc_ImportError (C var), 75
PyExc_ImportWarning (C wvar), 77
PyExc_IndentationError (C var), 75
PyExc_IndexError (C war), 75
PyExc_InterruptedError (C var), 75
PyExc_IOError (C wvar), 77
PyExc_IsADirectoryError (C var), 75
PyExc_KeyboardInterrupt (C var), 75
PyExc_KeyError (C var), 75
PyExc_LookupError (C var), 75
PyExc_MemoryError (C var), 75
PyExc_ModuleNotFoundError (C var), 75
PyExc_NameError (C wvar), 75
PyExc_NotADirectoryError (C var), 75
PyExc_NotImplementedError (C var), 75
PyExc_0SError (C var), 75
PyExc_0OverflowError (C var), 75
PyExc_PendingDeprecationWarning (C'
var), 77
PyExc_PermissionError (C var), 75
PyExc_ProcessLookupError (C var), 75
PyExc_RecursionError (C var), 75
PyExc_ReferenceError (C var), 75
PyExc_ResourceWarning (C var), 77
PyExc_RuntimeError (C var), 75
PyExc_RuntimeWarning (C var), 77
PyExc_StopAsyncIteration (C var), 75
PyExc_StopIteration (C var), 75
PyExc_SyntaxError (C var), 75
PyExc_SyntaxWarning (C var), 77
PyExc_SystemError (C var), 75
PyExc_SystemExit (C war), 75
PyExc_TabError (C var), 75
PyExc_TimeoutError (C var), 75
PyExc_TypeError (C var), 75
PyExc_UnboundLocalError (C var), 75
PyExc_UnicodeDecodeError (C var), 75
PyExc_UnicodeEncodeError (C var), 75
PyExc_UnicodeError (C var), 75
PyExc_UnicodeTranslateError (C var),
75
PyExc_UnicodeWarning (C wvar), 77
PyExc_UserWarning (C var), 77
PyExc_ValueError (C var), 75
PyExc_Warning (C var), 77
PyExc_WindowsError (C wvar), 77
PyExc_ZeroDivisionError (C var), 75
PyException_GetCause (C function), 72

422

]



The Python/C API, U —2X 3.11.14

PyException_GetContext (C function),
72
PyException_GetTraceback (C
function), 72
PyException_SetCause (C function), 72
PyException_SetContext (C function),
72
PyException_SetTraceback (C
function), 72
PyFile_FromFd (C function), 204
PyFile_GetLine (C function), 204
PyFile_SetOpenCodeHook (C function),
204
PyFile_WriteObject (C function), 205
PyFile_WriteString (C function), 205
PyFloat_AS_DOUBLE (C function), 154
PyFloat_AsDouble (C function), 154
PyFloat_Check (C function), 154
PyFloat_CheckExact (C function), 154
PyFloat_FromDouble (C function), 154
PyFloat_FromString (C function), 154
PyFloat_GetInfo (C function), 154
PyFloat_GetMax (C function), 155
PyFloat_GetMin (C function), 155
PyFloat_Pack2 (C function), 155
PyFloat_Pack4 (C function), 156
PyFloat_Pack8 (C function), 156
PyFloat_Type (C var), 154
PyFloat_Unpack2 (C function), 156
PyFloat_Unpack4 (C function), 156
PyFloat_Unpack8 (C function), 156
PyFloatObject (C type), 154
PyFrame_Check (C function), 224
PyFrame_GetBack (C function), 224
PyFrame_GetBuiltins (C function), 224
PyFrame_GetCode (C function), 224
PyFrame_GetGenerator (C function),
224
PyFrame_GetGlobals (C function), 224
PyFrame_GetLasti (C function), 224
PyFrame_GetLineNumber (C function),
225
PyFrame_GetLocals (C function), 225
PyFrame_Type (C var), 223
PyFrameObject (C type), 223
PyFrozenSet_Check (C function), 196
PyFrozenSet_CheckExact (C' function),
196
PyFrozenSet_New (C function), 197
PyFrozenSet_Type (C var), 196
PyFunction_Check (C function), 198
PyFunction_GetAnnotations (C
function), 199
PyFunction_GetClosure (C function),
199
PyFunction_GetCode (C function), 198
PyFunction_GetDefaults (C function),
199
PyFunction_GetGlobals (C function),
198
PyFunction_GetModule (C function),
198
PyFunction_New (C function), 198
PyFunction_NewWithQualName (C
function), 198
PyFunction_SetAnnotations (C’
function), 199
PyFunction_SetClosure (C function),
199
PyFunction_SetDefaults (C function),
199
PyFunction_Type (C var), 198
PyFunctionObject (C type), 198

PyGC_Collect (C function), 365
PyGC_Disable (C function), 365
PyGC_Enable (C function), 365
PyGC_IsEnabled (C function), 365
PyGen_Check (C function), 225
PyGen_CheckExact (C function), 225
PyGen_New (C function), 225
PyGen_NewWithQualName (C function),
225
PyGen_Type (C wvar), 225
PyGenObject (C type), 225
PyGetSetDef (C type), 316
PyGILState_Check (C function), 250
PyGILState_Ensure (C function), 249
PyGILState_GetThisThreadState (C'
function), 250
PyGILState_Release (C function), 250
PyHash_FuncDef (C type), 106
PyHash_FuncDef .hash_bits (C
member), 107
PyHash_FuncDef .name (C member), 107
PyHash_FuncDef .seed_bits (C
member), 107
PyHash_GetFuncDef (C function), 107
PyImport_AddModule (C function), 87
PyImport_AddModuleObject (C
function), 87
PyImport_AppendInittab (C function),
90
PyImport_ExecCodeModule (C function),
87
PyImport_ExecCodeModuleEx (C
function), 88
PyImport_ExecCodeModuleObject (C'
function), 88
PyImport_ExecCodeModuleWithPathnames
(C function), 88
PyImport_ExtendInittab (C function),
90
PyImport_FrozenModules (C var), 90
PyImport_GetImporter (C function), 89
PyImport_GetMagicNumber (C function),
89
PyImport_GetMagicTag (C function), 89
PyImport_GetModule (C function), 89
PyImport_GetModuleDict (C function),
89
PyImport_Import (C function), 87
PyImport_ImportFrozenModule (C'
function), 89
PyImport_ImportFrozenModuleObject
(C function), 89
PyImport_ImportModule (C function),
86
PyImport_ImportModuleEx (C function),
86
PyImport_ImportModuleLevel (C
function), 87
PyImport_ImportModuleLevelObject (C
function), 86
PyImport_ImportModuleNoBlock (C
function), 86
PyImport_ReloadModule (C function),
87
PyIndex_Check (C function), 127
PyInstanceMethod_Check (C function),
199
PyInstanceMethod_Function (C
function), 200
PyInstanceMethod_GET_FUNCTION (C'
function), 200
PyInstanceMethod_New (C function),
199

PyInstanceMethod_Type (C wvar), 199
PyInterpreterState (C type), 248
PyInterpreterState_Clear (C
Sfunction), 251
PyInterpreterState_Delete (C
Sfunction), 251
PyInterpreterState_Get (C function),
252
PyInterpreterState_GetDict (C
function), 253
PyInterpreterState_GetID (C
function), 253
PyInterpreterState_Head (C function),
260
PyInterpreterState_Main (C function),
260
PyInterpreterState_New (C function),
251
PyInterpreterState_Next (C function),
260
PyInterpreterState_ThreadHead (C
Sfunction), 260
PyIter_Check (C function), 131
PyIter_Next (C function), 131
PyIter_Send (C function), 132
PyList_Append (C function), 191
PyList_AsTuple (C function), 191
PyList_Check (C function), 190
PyList_CheckExact (C function), 190
PyList_GET_ITEM (C function), 190
PyList_GET_SIZE (C function), 190
PyList_GetItem (C function), 11, 190
PyList_GetSlice (C function), 191
PyList_Insert (C function), 191
PyList_New (C function), 190
PyList_Reverse (C function), 191
PyList_SET_ITEM (C function), 191
PyList_SetItem (C function), 9, 190
PyList_SetSlice (C function), 191
PyList_Size (C function), 190
PyList_Sort (C function), 191
PyList_Type (C var), 190
PyListObject (C type), 190
PyLong_AsDouble (C function), 153
PyLong_AsLong (C function), 150
PyLong_AsLongAndOverflow (C
function), 150
PyLong_AsLongLong (C function), 151
PyLong_AsLongLongAndOverflow (C'
Sfunction), 151
PyLong_AsSize_t (C function), 152
PyLong_AsSsize_t (C function), 151
PyLong_AsUnsignedLong (C function),
151
PyLong_AsUnsignedLongLong (C
Sfunction), 152
PyLong_AsUnsignedLongLongMask (C
Sfunction), 152
PyLong_AsUnsignedLongMask (C
Sfunction), 152
PyLong_AsVoidPtr (C function), 153
PyLong_Check (C function), 149
PyLong_CheckExact (C function), 149
PyLong_FromDouble (C function), 150
PyLong_FromLong (C function), 149
PyLong_FromLongLong (C function), 149
PyLong_FromSize_t (C function), 149
PyLong_FromSsize_t (C function), 149
PyLong_FromString (C function), 150
PyLong_FromUnicodeObject (C
Sfunction), 150
PyLong_FromUnsignedLong (C function),
149
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PyLong_FromUnsignedLongLong (C'
function), 150
PyLong_FromVoidPtr (C function), 150
PyLong_Type (C var), 149
PyLongObject (C type), 149
PyMapping_Check (C function), 130
PyMapping_DelItem (C function), 130
PyMapping_DelItemString (C function),
130
PyMapping_GetItemString (C function),
130
PyMapping_HasKey (C function), 130
PyMapping_HasKeyString (C function),
131
PyMapping_Items (C function), 131
PyMapping_Keys (C function), 131
PyMapping_Length (C function), 130
PyMapping_SetItemString (C function),
130
PyMapping_Size (C function), 130
PyMapping_Values (C function), 131
PyMappingMethods (C type), 353
PyMappingMethods.mp_ass_subscript
(C member), 353
PyMappingMethods.mp_length (C
member), 353
PyMappingMethods.mp_subscript (C
member), 353
PyMarshal_ReadLastObjectFromFile (C
function), 92
PyMarshal_ReadLongFromFile (C
function), 91
PyMarshal_ReadObjectFromFile (C
function), 91
PyMarshal_ReadObjectFromString (C
function), 92
PyMarshal_ReadShortFromFile (C'
function), 91
PyMarshal_WriteLongToFile (C'
function), 91
PyMarshal_WriteObjectToFile (C'
function), 91
PyMarshal_WriteObjectToString (C
function), 91
PyMem_Calloc (C function), 296
PyMem_Del (C function), 297
PYMEM_DOMAIN_MEM (C macro), 300
PYMEM_DOMAIN_0BJ (C macro), 300
PYMEM_DOMAIN_RAW (C macro), 300
PyMem_Free (C function), 297
PyMem_GetAllocator (C function), 300
PyMem_Malloc (C function), 296
PyMem_New (C macro), 297
PyMem_RawCalloc (C function), 295
PyMem_RawFree (C function), 295
PyMem_RawMalloc (C function), 295
PyMem_RawRealloc (C function), 295
PyMem_Realloc (C function), 296
PyMem_Resize (C macro), 297
PyMem_SetAllocator (C function), 301
PyMem_SetupDebugHooks (C' function),
301
PyMemAllocatorDomain (C type), 300
PyMemAllocatorEx (C type), 299
PyMember_GetOne (C function), 316
PyMember_SetOne (C function), 316
PyMemberDef (C type), 315
PyMemoryView_Check (C function), 219
PyMemoryView_FromBuffer (C function),

PyMemoryView_FromObject (C function),
219
PyMemoryView_GET_BASE (C function),
219
PyMemoryView_GET_BUFFER (C function),
219
PyMemoryView_GetContiguous (C
function), 219
PyMethod_Check (C function), 200
PyMethod_Function (C function), 200
PyMethod_GET_FUNCTION (C function),
200
PyMethod_GET_SELF (C function), 200
PyMethod_New (C function), 200
PyMethod_Self (C function), 200
PyMethod_Type (C var), 200
PyMethodDef (C type), 312
PyMethodDef .m1_doc (C member), 312
PyMethodDef .ml_flags (C member), 312
PyMethodDef .m1_meth (C member), 312
PyMethodDef .m1_name (C member), 312
PyMODINIT_FUNC (C macro), 5
PyModule_AddFunctions (C function),
212
PyModule_AddIntConstant (C function),
214
PyModule_AddIntMacro (C macro), 214
PyModule_AddObject (C function), 213
PyModule_AddObjectRef (C function),
212
PyModule_AddStringConstant (C
function), 214
PyModule_AddStringMacro (C macro),
214
PyModule_AddType (C function), 214
PyModule_Check (C function), 205
PyModule_CheckExact (C function), 205
PyModule_Create (C function), 209
PyModule_Create2 (C function), 209
PyModule_ExecDef (C' function), 211
PyModule_FromDefAndSpec (C function),
211
PyModule_FromDefAndSpec2 (C'
function), 211
PyModule_GetDef (C function), 206
PyModule_GetDict (C function), 206
PyModule_GetFilename (C function),
207
PyModule_GetFilenameObject (C
function), 206
PyModule_GetName (C function), 206
PyModule_GetNameObject (C function),
206
PyModule_GetState (C function), 206
PyModule_New (C function), 206
PyModule_NewObject (C function), 206
PyModule_SetDocString (C function),
211
PyModule_Type (C var), 205
PyModuleDef (C type), 207
PyModuleDef_Init (C function), 210
PyModuleDef_Slot (C type), 210
PyModuleDef_Slot.slot (C member),
210
PyModuleDef_Slot.value (C member),
210
PyModuleDef .m_base (C member), 207
PyModuleDef .m_clear (C member), 208
PyModuleDef .m_doc (C member), 207
PyModuleDef .m_free (C member), 208

PyModuleDef .m_size (C member), 207
PyModuleDef.m_slots (C member), 208
PyModuleDef .m_slots.m_reload (C
member), 208
PyModuleDef .m_traverse (C member),
208
PyNumber_Absolute (C function), 124
PyNumber_Add (C function), 123
PyNumber_And (C function), 125
PyNumber_AsSsize_t (C function), 127
PyNumber_Check (C function), 123
PyNumber_Divmod (C function), 124
PyNumber_Float (C function), 126
PyNumber_FloorDivide (C function),
123
PyNumber_Index (C function), 127
PyNumber_InPlaceAdd (C function), 125
PyNumber_InPlaceAnd (C function), 126
PyNumber_InPlaceFloorDivide (C
Sfunction), 125
PyNumber_InPlaceLshift (C function),
126
PyNumber_InPlaceMatrixMultiply (C
Sfunction), 125
PyNumber_InPlaceMultiply (C
function), 125
PyNumber_InPlaceOr (C function), 126
PyNumber_InPlacePower (C function),
126
PyNumber_InPlaceRemainder (C
function), 126
PyNumber_InPlaceRshift (C function),
126
PyNumber_InPlaceSubtract (C
Sfunction), 125
PyNumber_InPlaceTrueDivide (C
Sfunction), 125
PyNumber_InPlaceXor (C function), 126
PyNumber_Invert (C function), 124
PyNumber_Long (C function), 126
PyNumber_Lshift (C function), 124
PyNumber_MatrixMultiply (C function),
123
PyNumber_Multiply (C function), 123
PyNumber_Negative (C function), 124
PyNumber_Or (C function), 125
PyNumber_Positive (C function), 124
PyNumber_Power (C' function), 124
PyNumber_Remainder (C function), 124
PyNumber_Rshift (C function), 124
PyNumber_Subtract (C function), 123
PyNumber_ToBase (C' function), 127
PyNumber_TrueDivide (C function), 124
PyNumber_Xor (C function), 125
PyNumberMethods (C' type), 350
PyNumberMethods.nb_absolute (C
member), 352
PyNumberMethods.nb_add (C member),
351
PyNumberMethods.nb_and (C member),
352
PyNumberMethods.nb_bool (C member),
352
PyNumberMethods.nb_divmod (C'
member), 352
PyNumberMethods.nb_float (C
member), 352
PyNumberMethods.nb_floor_divide (C
member), 353
PyNumberMethods.nb_index (C

219 PyModuleDef .m_methods (C member), member), 353
PyMemoryView_FromMemory (C function), 208 PyNumberMethods.nb_inplace_add (C
219 PyModuleDef .m_name (C member), 207 member), 352
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PyNumberMethods.nb_inplace_and ( C
member), 352
PyNumberMethods.nb_inplace_floor_divid
(C member), 353
PyNumberMethods.nb_inplace_lshift
(C member), 352
PyNumberMethods.nb_inplace_matrix_mult
(C member), 353
PyNumberMethods.nb_inplace_multiply
(C member), 352
PyNumberMethods.nb_inplace_or (C
member), 353
PyNumberMethods.nb_inplace_power (C
member), 352
PyNumberMethods .nb_inplace_remainder
(C member), 352
PyNumberMethods.nb_inplace_rshift
(C member), 352
PyNumberMethods.nb_inplace_subtract
(C member), 352
PyNumberMethods.nb_inplace_true_divide
(C member), 353
PyNumberMethods.nb_inplace_xor (C
member), 352
PyNumberMethods.nb_int (C' member),
352
PyNumberMethods.nb_invert (C
member), 352
PyNumberMethods.nb_lshift (C
member), 352
PyNumberMethods.nb_matrix_multiply
(C member), 353
PyNumberMethods.nb_multiply (C
member), 351
PyNumberMethods.nb_negative (C'
member), 352
PyNumberMethods.nb_or (C member),
352
PyNumberMethods.nb_positive (C
member), 352
PyNumberMethods.nb_power (C
member), 352
PyNumberMethods .nb_remainder (C
member), 351
PyNumberMethods .nb_reserved (C'
member), 352
PyNumberMethods.nb_rshift (C
member), 352
PyNumberMethods.nb_subtract (C
member), 351
PyNumberMethods.nb_true_divide (C
member), 353
PyNumberMethods.nb_xor (C member),
352
PyObject (C type), 308
PyObject_AsCharBuffer (C function),
142
PyObject_ASCII (C function), 114
PyObject_AsFileDescriptor (C
function), 204
PyObject_AsReadBuffer (C function),
142
PyObject_AsWriteBuffer (C function),
142
PyObject_Bytes (C function), 114
PyObject_Call (C function), 120
PyObject_CallFunction (C function),
121
PyObject_CallFunctionObjArgs (C
function), 121
PyObject_CallMethod (C function), 121
PyObject_CallMethodNoArgs (C
function), 122

PyObject_CallMethodObjArgs (C
function), 122
e PyObject_CallMethodOneArg (C
function), 122
PyObject_CallNoArgs (C function), 120
PyObject_CallObject (C function), 121
ipRyObject_Calloc (C function), 298
PyObject_CallOneArg (C function), 120
PyObject_CheckBuffer (C function),
140
PyObject_CheckReadBuffer (C
function), 142
PyObject_ClearWeakRefs (C function),
221
PyObject_CopyData (C function), 141
PyObject_Del (C function), 308
PyObject_DelAttr (C function), 113
PyObject_DelAttrString (C function),
113
PyObject_Delltem (C function), 116
PyObject_Dir (C function), 116
PyObject_Format (C function), 114
PyObject_Free (C function), 298
PyObject_GC_Del (C function), 364
PyObject_GC_IsFinalized (C function),
363
PyObject_GC_IsTracked (C function),
363
PyObject_GC_New (C macro), 363
PyObject_GC_NewVar (C macro), 363
PyObject_GC_Resize (C macro), 363
PyObject_GC_Track (C function), 363
PyObject_GC_UnTrack (C function), 364
PyObject_GenericGetAttr (C function),
112
PyObject_GenericGetDict (C function),
113
PyObject_GenericSetAttr (C function),
112
PyObject_GenericSetDict (C function),
113
PyObject_GetAIter (C function), 116
PyObject_GetArenaAllocator (C
function), 304
PyObject_GetAttr (C function), 112
PyObject_GetAttrString (C function),
112
PyObject_GetBuffer (C function), 140
PyObject_GetItem (C function), 116
PyObject_GetIter (C function), 116
PyObject_HasAttr (C function), 111
PyObject_HasAttrString (C function),
112
PyObject_Hash (C function), 115
PyObject_HashNotImplemented (C'
function), 115
PyObject_HEAD (C macro), 308
PyObject_HEAD_INIT (C macro), 310
PyObject_Init (C function), 307
PyObject_InitVar (C function), 307
PyObject_IS_GC (C function), 363
PyObject_IsInstance (C function), 115
PyObject_IsSubclass (C function), 114
PyObject_IsTrue (C function), 115
PyObject_Length (C function), 116
PyObject_LengthHint (C function), 116
PyObject_Malloc (C function), 298
PyObject_New (C macro), 307
PyObject_NewVar (C macro), 307
PyObject_Not (C function), 115
PyObject._ob_next (C member), 325
PyObject._ob_prev (C member), 325
PyObject_Print (C function), 111

PyObject_Realloc (C function), 298
PyObject_Repr (C function), 114
PyObject_RichCompare (C function),
113
PyObject_RichCompareBool (C
function), 113
PyObject_SetArenaAllocator (C'
function), 304
PyObject_SetAttr (C function), 112
PyObject_SetAttrString (C function),
112
PyObject_SetItem (C function), 116
PyObject_Size (C function), 116
PyObject_Str (C function), 114
PyObject_Type (C function), 115
PyObject_TypeCheck (C function), 116
PyObject_VAR_HEAD (C macro), 309
PyObject_Vectorcall (C function), 122
PyObject_VectorcallDict (C function),
122
PyObject_VectorcallMethod (C
function), 122
PyObjectArenaAllocator (C type), 304
PyObject.ob_refcnt (C member), 324
PyObject.ob_type (C member), 325
Py0S_AfterFork (C function), 80
Py0S_AfterFork_Child (C function), 80
Py0S_AfterFork_Parent (C function),
79
Py0S_BeforeFork (C function), 79
Py0S_CheckStack (C' function), 80
Py0S_double_to_string (C function),
105
Py0S_FSPath (C function), 79
Py0S_getsig (C function), 81
Py0S_InputHook (C wvar), 53
Py0S_ReadlineFunctionPointer (C
var), 53
Py0S_setsig (C function), 81
Py0S_sighandler_t (C type), 80
Py0S_snprintf (C function), 104
Py0S_stricmp (C function), 106
Py0S_string_to_double (C function),
105
Py0S_strnicmp (C function), 106
Py0S_strtol (C function), 105
Py0S_strtoul (C function), 104
Py0S_vsnprintf (C function), 104
PyPreConfig (C type), 268
PyPreConfig_InitIsolatedConfig (C
function), 268
PyPreConfig_InitPythonConfig (C
function), 268
PyPreConfig.allocator (C member),
269
PyPreConfig.coerce_c_locale (C
member), 269
PyPreConfig.coerce_c_locale_warn (C
member), 269
PyPreConfig.configure_locale (C
member), 269
PyPreConfig.dev_mode (C member), 269
PyPreConfig.isolated (C member), 270
PyPreConfig.legacy_windows_fs_encoding
(C member), 270
PyPreConfig.parse_argv (C member),
270
PyPreConfig.use_environment (C
member), 270
PyPreConfig.utf8_mode (C member),
270
PyProperty_Type (C var), 216
PyRun_AnyFile (C function), 51
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PyRun_AnyFileEx (C function), 52
PyRun_AnyFileExFlags (C function), 52
PyRun_AnyFileFlags (C function), 51
PyRun_File (C function), 54
PyRun_FileEx (C function), 54
PyRun_FileExFlags (C function), 54
PyRun_FileFlags (C function), 54
PyRun_InteractiveLoop (C function),
53
PyRun_InteractiveLoopFlags (C
function), 53
PyRun_InteractiveOne (C function), 52
PyRun_InteractiveOneFlags (C'
function), 53
PyRun_SimpleFile (C function), 52
PyRun_SimpleFileEx (C function), 52
PyRun_SimpleFileExFlags (C function),
52
PyRun_SimpleString (C function), 52
PyRun_SimpleStringFlags (C function),
52
PyRun_String (C function), 53
PyRun_StringFlags (C function), 53
PySendResult (C type), 132
PySeqIter_Check (C function), 215
PySeqlter_New (C function), 215
PySeqlter_Type (C var), 215
PySequence_Check (C function), 127
PySequence_Concat (C function), 127
PySequence_Contains (C function), 129
PySequence_Count (C function), 128
PySequence_Delltem (C function), 128
PySequence_DelSlice (C function), 128
PySequence_Fast (C function), 129
PySequence_Fast_GET_ITEM (C
function), 129
PySequence_Fast_GET_SIZE (C
function), 129
PySequence_Fast_ITEMS (C function),
129
PySequence_GetItem (C function), 11,
128
PySequence_GetSlice (C function), 128
PySequence_Index (C function), 129
PySequence_InPlaceConcat (C
function), 128
PySequence_InPlaceRepeat (C
function), 128
PySequence_ITEM (C function), 130
PySequence_Length (C function), 127
PySequence_List (C function), 129
PySequence_Repeat (C function), 128
PySequence_SetItem (C function), 128
PySequence_SetSlice (C function), 128
PySequence_Size (C function), 127
PySequence_Tuple (C function), 129
PySequenceMethods (C type), 354
PySequenceMethods.sq_ass_item (C
member), 354
PySequenceMethods.sq_concat (C
member), 354
PySequenceMethods.sq_contains (C
member), 354
PySequenceMethods.sq_inplace_concat
(C member), 354
PySequenceMethods.sq_inplace_repeat
(C member), 354
PySequenceMethods.sq_item (C'
member), 354
PySequenceMethods.sq_length (C'
member), 354
PySequenceMethods.sq_repeat (C
member), 354

PySet_Add (C function), 197
PySet_Check (C function), 196
PySet_CheckExact (C function), 196
PySet_Clear (C function), 197
PySet_Contains (C function), 197
PySet_Discard (C function), 197
PySet_GET_SIZE (C function), 197
PySet_New (C function), 196
PySet_Pop (C function), 197
PySet_Size (C function), 197
PySet_Type (C var), 196
PySetObject (C type), 195
PySignal_SetWakeupFd (C function), 71
PySlice_AdjustIndices (C function),
218
PySlice_Check (C function), 217
PySlice_GetIndices (C function), 217
PySlice_GetIndicesEx (C function),
217
PySlice_New (C function), 217
PySlice_Type (C var), 217
PySlice_Unpack (C function), 218
PyState_AddModule (C function), 214
PyState_FindModule (C function), 214
PyState_RemoveModule (C function),
215
PyStatus (C type), 267
PyStatus_Error (C function), 267
PyStatus_Exception (C function), 267
PyStatus_Exit (C function), 267
PyStatus_IsError (C function), 267
PyStatus_IsExit (C function), 268
PyStatus_NoMemory (C function), 267
PyStatus_0k (C function), 267
PyStatus.err_msg (C member), 267
PyStatus.exitcode (C member), 267
PyStatus.func (C member), 267
PyStructSequence_Desc (C type), 188
PyStructSequence_Desc.doc (C
member), 188
PyStructSequence_Desc.fields (C
member), 188
PyStructSequence_Desc.n_in_sequence
(C member), 188
PyStructSequence_Desc.name (C
member), 188
PyStructSequence_Field (C type), 189
PyStructSequence_Field.doc (C
member), 189
PyStructSequence_Field.name (C'
member), 189
PyStructSequence_GET_ITEM (C
function), 189
PyStructSequence_GetItem (C
function), 189
PyStructSequence_InitType (C
function), 188
PyStructSequence_InitType2 (C
function), 188
PyStructSequence_New (C function),
189
PyStructSequence_NewType (C
function), 188
PyStructSequence_SET_ITEM (C
function), 189
PyStructSequence_SetItem (C
function), 189
PyStructSequence_UnnamedField (C'
var), 189
PySys_AddAuditHook (C function), 85
PySys_AddWarnOption (C function), 83
PySys_AddWarnOptionUnicode (C
function), 83

PySys_AddX0Option (C function), 84
PySys_Audit (C function), 84
PySys_FormatStderr (C function), 84
PySys_FormatStdout (C function), 84
PySys_GetObject (C function), 82
PySys_GetXOptions (C function), 84
PySys_ResetWarnOptions (C function),
83

PySys_SetArgv (C function), 239, 245
PySys_SetArgvEx (C function), 239, 244
PySys_SetObject (C function), 83
PySys_SetPath (C function), 83
PySys_WriteStderr (C function), 84
PySys_WriteStdout (C function), 83
Python 3000, 385
Python Enhancement Proposals

PEP 1, 384

PEP 7, 3,7

PEP 238, 56, 376

PEP 278, 388

PEP 302, 376, 380

PEP 343, 373

PEP 353, 12

PEP 362, 370, 384

PEP 383, 174, 175

PEP 387, 17

PEP 393, 163, 173

PEP 411, 385

PEP 420, 376, 382, 385

PEP 432, 290, 291

PEP 442, 349

PEP 443, 377

PEP 451, 210, 376

PEP 456, 107

PEP 483, 377

PEP 484, 370, 376, 377, 388, 389

PEP 489, 211

PEP 492, 370, 371, 373

PEP 498, 375

PEP 519, 384

PEP 523, 253, 254

PEP 525, 371

PEP 526, 370, 380

PEP 528, 238, 279

PEP 529, 175, 237

PEP 538, 288

PEP 539, 261

PEP 540, 288

PEP 552, 276

PEP 578, 85

PEP 585, 377

PEP 587, 265

PEP 590, 117

PEP 623, 163

PEP 634, 336, 337

PEP 3116, 388

PEP 3119, 115

PEP 3121, 208

PEP 3147, 89

PEP 3151, 77

PEP 3155, 385
PYTHONCOERCECLOCALE, 288
PYTHONDEBUG, 236, 281
PYTHONDEVMODE, 276
PYTHONDONTWRITEBYTECODE, 237, 285
PYTHONDUMPREFS, 276, 325
PYTHONEXECUTABLE, 282
PYTHONFAULTHANDLER, 277
PYTHONHASHSEED, 237, 278
PYTHONHOME, 15, 237, 245, 278
Pythonic, 385
PYTHONINSPECT, 237, 278
PYTHONIOENCODING, 240, 283
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PYTHONLEGACYWINDOWSFSENCODING, 237,
270
PYTHONLEGACYWINDOWSSTDIO, 238, 279
PYTHONMALLOC, 294, 299, 301, 303
PYTHONMALLOCSTATS, 279, 294
PYTHONNODEBUGRANGES, 275
PYTHONNOUSERSITE, 238, 284
PYTHONOPTIMIZE, 238, 280
PYTHONPATH, 15, 237, 280
PYTHONPLATLIBDIR, 279
PYTHONPROFILEIMPORTTIME, 278
PYTHONPYCACHEPREFIX, 282
PYTHONSAFEPATH, 274
PYTHONTRACEMALLOC, 284
PYTHONUNBUFFERED, 238, 275
PYTHONUTFS, 270, 288
PYTHONVERBOSE, 238, 284
PYTHONWARNINGS, 285
PyThread_create_key (C function), 263
PyThread_delete_key (C function), 263
PyThread_delete_key_value (C
function), 263
PyThread_get_key_value (C function),
263
PyThread_ReInitTLS (C function), 263
PyThread_set_key_value (C function),
263
PyThread_tss_alloc (C function), 262
PyThread_tss_create (C function), 262
PyThread_tss_delete (C function), 262
PyThread_tss_free (C function), 262
PyThread_tss_get (C function), 262
PyThread_tss_is_created (C function),
262
PyThread_tss_set (C function), 262
PyThreadState (C type), 246, 248
PyThreadState_Clear (C function), 251
PyThreadState_Delete (C function),
251
PyThreadState_DeleteCurrent (C
function), 252
PyThreadState_EnterTracing (C
function), 252
PyThreadState_Get (C function), 249
PyThreadState_GetDict (C function),
254
PyThreadState_GetFrame (C function),
252
PyThreadState_GetID (C function), 252
PyThreadState_GetInterpreter (C
function), 252
PyThreadState_LeaveTracing (C
function), 252
PyThreadState_New (C function), 251
PyThreadState_Next (C function), 260
PyThreadState_SetAsyncExc (C
function), 254
PyThreadState_Swap (C function), 249
PyThreadState.interp (C member), 248
PyTime_Check (C function), 230
PyTime_CheckExact (C function), 230
PyTime_FromTime (C function), 230
PyTime_FromTimeAndFold (C function),
230
PyTimeZone_FromOffset (C function),
231
PyTimeZone_FromOffsetAndName (C
function), 231
PyTrace_C_CALL (C var), 259
PyTrace_C_EXCEPTION (C wvar), 259
PyTrace_C_RETURN (C var), 259
PyTrace_CALL (C var), 259
PyTrace_EXCEPTION (C var), 259

PyTrace_LINE (C var), 259
PyTrace_OPCODE (C var), 259
PyTrace_RETURN (C var), 259
PyTraceMalloc_Track (C function), 304
PyTraceMalloc_Untrack (C function),
304
PyTuple_Check (C function), 186
PyTuple_CheckExact (C function), 186
PyTuple_GET_ITEM (C function), 187
PyTuple_GET_SIZE (C function), 187
PyTuple_GetItem (C function), 187
PyTuple_GetSlice (C function), 187
PyTuple_New (C function), 187
PyTuple_Pack (C function), 187
PyTuple_SET_ITEM (C function), 187
PyTuple_SetItem (C function), 9, 187
PyTuple_Size (C function), 187
PyTuple_Type (C var), 186
PyTupleObject (C type), 186
PyType_Check (C function), 143
PyType_CheckExact (C function), 143
PyType_ClearCache (C function), 144
PyType_FromModuleAndSpec (C
function), 146
PyType_FromSpec (C function), 147
PyType_FromSpecWithBases (C
function), 146
PyType_GenericAlloc (C function), 144
PyType_GenericNew (C function), 144
PyType_GetFlags (C function), 144
PyType_GetModule (C function), 145
PyType_GetModuleByDef (C function),
146
PyType_GetModuleState (C function),
145
PyType_GetName (C function), 145
PyType_GetQualName (C function), 145
PyType_GetSlot (C function), 145
PyType_HasFeature (C function), 144
PyType_IS_GC (C function), 144
PyType_IsSubtype (C function), 144
PyType_Modified (C function), 144
PyType_Ready (C function), 144
PyType_Slot (C type), 147
PyType_Slot.PyType_Slot.pfunc (C
member), 148
PyType_Slot.PyType_Slot.slot (C
member), 147
PyType_Spec (C type), 147
PyType_Spec.PyType_Spec.basicsize
(C member), 147
PyType_Spec.PyType_Spec.flags (C
member), 147
PyType_Spec.PyType_Spec.itemsize (C
member), 147
PyType_Spec.PyType_Spec.name (C
member), 147
PyType_Spec.PyType_Spec.slots (C
member), 147
PyType_Type (C var), 143
PyTypeObject (C type), 143
PyTypeObject.tp_alloc (C member),
345
PyTypeObject.tp_as_async (C
member), 329
PyTypeObject.tp_as_buffer (C
member), 332
PyTypeObject.tp_as_mapping (C
member), 330
PyTypeObject.tp_as_number (C
member), 330
PyTypeObject.tp_as_sequence (C'
member), 330

PyTypeObject.tp_base (C member), 343
PyTypeObject.tp_bases (C member),
347
PyTypeObject.tp_basicsize (C
member), 326
PyTypeObject.tp_cache (C member),
348
PyTypeObject.tp_call (C member), 331
PyTypeObject.tp_clear (C member),
338
PyTypeObject.tp_dealloc (C member),
327
PyTypeObject.tp_del (C member), 348
PyTypeObject.tp_descr_get (C
member), 343
PyTypeObject.tp_descr_set (C
member), 344
PyTypeObject.tp_dict (C member), 343
PyTypeObject.tp_dictoffset (C
member), 344
PyTypeObject.tp_doc (C member), 337
PyTypeObject.tp_finalize (C
member), 348
PyTypeObject.tp_flags (C member),
333
PyTypeObject.tp_free (C member), 346
PyTypeObject.tp_getattr (C member),
329
PyTypeObject.tp_getattro (C
member), 331
PyTypeObject.tp_getset (C member),
342
PyTypeObject.tp_hash (C member), 330
PyTypeObject.tp_init (C member), 345
PyTypeObject.tp_is_gc (C member),
347
PyTypeObject.tp_itemsize (C
member), 326
PyTypeObject.tp_iter (C member), 341
PyTypeObject.tp_iternext (C
member), 342
PyTypeObject.tp_members (C member),
342
PyTypeObject.tp_methods (C member),
342
PyTypeObject.tp_mro (C member), 348
PyTypeObject.tp_name (C member), 326
PyTypeObject.tp_new (C member), 346
PyTypeObject.tp_repr (C member), 329
PyTypeObject.tp_richcompare (C
member), 339
PyTypeObject.tp_setattr (C member),
329
PyTypeObject.tp_setattro (C
member), 332
PyTypeObject.tp_str (C member), 331
PyTypeObject.tp_subclasses (C
member), 348
PyTypeObject.tp_traverse (C
member), 337
PyTypeObject.tp_vectorcall (C'
member), 349
PyTypeObject.tp_vectorcall_offset
(C member), 328
PyTypeObject.tp_version_tag (C
member), 348
PyTypeObject.tp_weaklist (C
member), 348
PyTypeObject.tp_weaklistoffset (C
member), 341
PyTZInfo_Check (C function), 230
PyTZInfo_CheckExact (C function), 230
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PyUnicode_1BYTE_DATA (C function),
165
PyUnicode_1BYTE_KIND (C macro), 165
PyUnicode_2BYTE_DATA (C function),
165
PyUnicode_2BYTE_KIND (C macro), 165
PyUnicode_4BYTE_DATA (C function),
165
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178
PyUnicode_AsUTF8String (C function),
178
PyUnicode_AsUTF16String (C function),
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PyUnicode_AsWideCharString (C
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182
PyUnicode_DecodeFSDefault (C
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PyUnicode_FromObject (C function),
171
PyUnicode_FromString (C function),
169
PyUnicode_FromStringAndSize (C'
function), 169
PyUnicode_FromUnicode (C function),
173
PyUnicode_FromWideChar (C function),
176
PyUnicode_FSConverter (C function),
175
PyUnicode_FSDecoder (C function), 175
PyUnicode_GET_DATA_SIZE (C function),
166
PyUnicode_GET_LENGTH (C function),
164
PyUnicode_GET_SIZE (C function), 166
PyUnicode_GetLength (C function), 171
PyUnicode_GetSize (C function), 173
PyUnicode_InternFromString (C
function), 186
PyUnicode_InternInPlace (C function),
186
PyUnicode_IsIdentifier (C function),
166
PyUnicode_Join (C function), 184
PyUnicode_KIND (C function), 165
PyUnicode_MAX_CHAR_VALUE (C
function), 166
PyUnicode_New (C function), 169

PyUnicode_READ (C function), 165
PyUnicode_READ_CHAR (C function), 166
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PyWeakref_Check (C function), 220

PyWeakref_CheckProxy (C function),
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PyWeakref_CheckRef (C function), 220
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