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DR =a 7T, EREY 2 —A%EFE WD Python A Y X FVXET7 7V r— a VITHEDIAALED L
W C/CH+ TaZ 7 <HHATE S APL IZOWTIRRNTWE $, extending-index IHEEREY 2 — L %2 FH L BOD
—RRIRE D T2 IOV TEHBRLTWETH, API OFMETIFHEARLTOVARVWDT, ZORFFa XY bHF

FlEickh £95,







ONE

I ®HIC

Python @7 7V 5 —>a>vr7/urI~<HA4 &7 2 —X (Application Programmer’s Interface, APT) &,
Python 4 ¥ &Z 7V R T 2EARLANALTDT7 7 ZAFESR C % C++ O Fu o< i #tLTunE g,
D APL3#E C++ 256 b2 AU LS ICHHATE 20 TTH, BRRFFEOHAIZT 57012 Python/C APT &
HOFONTVET, WARMCEZRZ2 Z2DOHMN S, Python/C API BSHWVWSLNE T, k. FEAERD ik
BREZ a—IL (extension module) . FT7%bH Python £ ¥ &7V Z&iiiks 2 C THEINLEY 2 — %5k
T3, WO HMNTT, HBUX. KO KHEAR Y 7V 7 —2 2 VAT Python 2#KEE (component) ¥ L TH
MAT2L0W5HWTY; 2727 =y 27i&k —BINCIEZT 7V 7 —2 a3 O Python ODIAAL (embedding)
RN E T,

Y

JREY 2 =V OERZIEEN D2 DT VW IrE 2T, ” F5[#F (cookbook)” &7 Fu—FTH % FEH
TEET, FE2HAEEITHIMELTLNEY A WL O0Hh xS, —hH, o7 TV r—>arAD
Python OHiAAIL, Python 23 TE T LRV HTONTEE LD, IHIREY 2 —LOIERICEENR S
LR fET T,

%< @ API B¥&. Python OIDIAARTH 2 DILIRTH 2 0ICEH S FTHRILE FT; i3V A, Python ZH#H®
AATVBIEEAEDT Y r—>a it FARICBEOIREY 2 — VBT 2 0EPE T 2 2L IR 5T
L& 5556, Python ZERICT 7V r— a VITHDAATAHBENHIREY 2 —LOEFEEZFIFHLLR-TEH
KDFENEZLEBVET,

1.1 J—7+a > J8B%

CPython IZ&®» % C a—FEEFVTWVWAHEE, PEP 7 Oh 4 K4 v e EH#IciEbRiIIUT B EFEA
TDOHARFA4 0, a> Y Ea— bARO Python DN— g VICBRESEHINET, HHFDOH — Fot—
TA4—DEY 2=V T, FREWVOH Python IZa> b a— 155030 TRIFNUI. ZOBEE IS &
Z3HD FEEA


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

Python/C API %f#i 5 7= a8, B ABIUS I/ 002 TOEREA V70— FT 5. IFOfT:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

Y —A3—RIZEBR L FET, ZOITEERT % & A Y X <stdio.h>, <string.h>, <errno.h>, <limits.
h>, <assert.h>, <stdlib.h> % (FIHTZHL) 1 ¥ 7 L—FL X9,

F: Python &, YRT AR Ko TIEEANY XOEBERICHET L2587 Fub vy HEREIT-o-TVWBED
T, Python.h ZW\WIFNDEFHEAY XX D HHENICA V7 —F BRIEED FHA

Python.h %4 > Z/)L— K3 BHIC, HIZ PY_SSIZE_T_CLEAN %/EHKT 2 Z e BRI NE T, 2O~/ v
FUZDONWTII FIBDEREEDHEE 22 L TS,

Python.h TEEINTWS, 2—¥h5HRZ 24H142T (Python.h 234 > 71— K L TWAIFEEN v X DA
R = F ) i, BT Py £7203 _Py MM E$£3F, _Py THE 524013 Python EETHEMHEHT 2%
DDELATT, IEIREY 2 — LOEFEE > TE R D TR A, BERD X AN ICETFHEADEEXTINEH D %
Ao

AR: APl a2 —HF13, Py ®° Py THE2H4HIZERET 23— F2EMNICENTERD FEA, BrHa—F
PHONERELZEZD, FHED Python DAN—Y a Y TRICAFIBEREIN T, 2—FDEW=Za— FOal#f
MWzfs < F5ARMERD D 5,

ANy X7 7 A NVEHEEE Python ¥z Y 2+ =& % 3, Unix TlX prefiz/include/pythonversion/
B LU ezec_prefiz/include/pythonversion/ ICENPNE T, prefix & exec_prefix {& Python ZEI/LF
T BFED configure A7V F MITEHE X7 8T X ZITHIE L. version 1 '%d.%d" % sys.version_info[:2]
XS L EF, Windows Tld, ~v X prefiz/include IZEPNE T, prefix 134 Y XA b—=FWIZIEEL /A
VA=A T 4L FUTT,

ANy REAL VTN —=RFTBIE ENY XDA-7T 4L 27 MY (BlaDT 4 L7 M)DBEFWS) &2, 3284
TIHAYIN—= R T 7 ANERRT 212DDNRARZANE T, BT 4 L2 Y EY—F RTANT, #include
<pythonX.Y/Python.h> D XS5 LTE GO FHA ; prefix ND T T v + 7 1 — AITKEFEL R VA v HIE,
exec_prefix B 77 v M7 4 = LMRIFONY XA V7V —FLTWEDT, DK REEELRITS LHEBOD
Ty 74— LTOENLRNTERLRD XS,

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 £ 1EBILHIC
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1.3 Efla~o0O

Python O~y X —7 7 A JVIZEER R~ 7 a0 OPERINTOVET, LD~ nik, Zhdiciioe
25 (BlZIE. Py_RETURN_NONE) DEL WCEBRNBH D ET, LD — Bk EbArE2 T 2o~ rnidzhs
DAY X =T 7 A VIERSINTOVET, LEL. TITERIIEINTVS LIFRD FEA,

PyMODINIT_FUNC

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

the function as extern "C".

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

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

static struct PyModuleDef spam_module = {
PyModuleDef HEAD_INIT,

.m_name = "spam",

g

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spam_module) ;

Py_ABS(x)
x 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 performances
(due to increased code size for example). The compiler is usually smarter than the developer for the

cost /benefit analysis.

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

does nothing.

1.3. ERlx<o0O 5
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It must be specified before the function return type. Usage:

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

N— a3 r 3.11 TEH.

Py_CHARMASK (¢)

FIEEISLF D, 128, 127]) 501 [0, 255] OO TRIFNERD $8A, 2o~ r/rid F5HEL

XFIZFr AL c ZBLET,

Py_DEPRECATED (version)

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

VAN A=E/a PN G

[Py_DEPRECATED(s.s) PyAPI_FUNC(int) Py_OldFunction(void);

A=Y ay 3.8 TEHE: MSVC ¥#— b aSEiahg L,

Py_GETENV (s)

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

Py_IgnoreEnvironmentFlag is set).

Py_MAX (X, y)
x &y ODRAEZRLET,

N—ar 3.3 TEM.

Py_MEMBER_SIZE(type, member)

(type) MEiEIAD member OH A4 X% N4 MM TIRLUE T,
N— a ¥ 3.6 TE.

Py_MIN(x, y)

x &y ORMEZELET,
N— a v 3.3 TEM.

Py_NO_INLINE

if

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; }

6 £ 1E LI
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N— a v 3.11 TEM.

Py_STRINGIFY (x)
x % C XFHANEHLE T, Hlx13, Py_STRINGIFY(123) & "123" #KEL 3,

N— g v 3.4 TEM.

Py_UNREACHABLE ()

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

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

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

in release mode.

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

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

caller, Py_FatalError() can be used.
N—a ¥ 3.7 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— g r 3.4 TEM.

PyDoc_STRVAR (name, str)

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

the value will be empty.

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

URE a7 A0T3:

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

static PyMethodDef deque_methods[] = {

/ey
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
(KDR=21ki<)

1.3. ERlx<o0O 7
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(FIDR=I 5 DfEE)
/)

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.

VAN a=E/ 4 PN G

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

1.4 #7720k BELUERAVV B

Python/C API PA¥id. PyObjectx BD—2OL LOGIB e RYEZHFS £3, ZOMIE EED Python 7
V= FRRBT 2FEWH (opaque) 2T — ZBADKRA X TY, Python Fifid, £TD Python £ 7Y =
7 MRIZE AL DRI (BIZIZIRA. R a—THHI (scope rule), FIETEL) THERICIRWE T, IZLAYRT
@ Python # 7Y =2 ik —7 (heap) LICEDPNFT: D/, Pylbject MDA 7Y =7 M, HEEIE
(automatic) & L THHEFAYELIE (static) & LTHEETE LR A, Pylbjectxs DR, VX ERDAESTEX
T, ME—fIsME, BA TP 27 bTT; ATV 27 MIXE VK (deallocate) LTI SRNDT, @HFIX
FIELIE D PyTypeObject £ 7Y =2 ML E T,

2TD Python 4 7Y =2 M2 (Python BHAITT &) M (type) & BMA Y >+ (reference count) 23H D %
o HE2ATI2 7 PO, ZOXTI 7 W HBEOHEOLF TV 27 Mo (BB, VR M, 2—-PE
TBIBL Y ZOMZBEICTOVTIX types THHALTWET) ZIRELE T, LALLM TOVAEIZOWTIE,
BEASIAPFELT, 247227 " BZORPE S IS FET; Hl 21X, PyList_Check(a) i&. a T
IRENIZA T =27 25 Python VA MDD & (hOZD L ZICRD) BEEZRLET,

1.41 B2RAY >V &

The reference count is important because today’s computers have a finite (and often severely limited) memory
size; it counts how many different places there are that have a strong reference to an object. Such a place
could be another object, or a global (or static) C variable, or a local variable in some C function. When the
last strong reference to an object is released (i.e. its reference count becomes zero), the object is deallocated.

If it contains references to other objects, those references are released. Those other objects may be deallocated

8 £ 1EBILHIC
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in turn, if there are no more references to them, and so on. (There’s an obvious problem with objects that

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

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

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

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

of the call.

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

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

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

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

14, #TTxU b BEIUEBRBAIVH 9
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SRAV Y ~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.

Wz, HEEBMOCH LT, 247V 27 bAOSREMOE SN2 BHBUCHE TIICE. ZoOrReEME: B
ATV 2T FANDOBRE BHED (steal) HE L. ZHITRVWEAYHD £3, BREED ik, EcsEE
ELz &I, ZHROMEENZOBEBICK -7z IREL., BBOMETH LITICEZFTEER 2 KE2WnwS 2k
T3,

SHRERAMBBEBIIZLAEDDERA; A L TELHALNTWS DX, PyList_SetItem() ¥
PyTuple_SetItem() T, ZNHWEY—Fr Y RARXANZIBERIINT IR EAMDET (LrL, BEROA
DR TNV A NDBUIIEARD A, 2S5O, VA MR I VOHICHIMERE N AT
Pz P ANTOBEOHRENLREEZ T2 LT 35012, BREBARD L5 ICFTEINTVET; X
. (1, 2, "three") YWHXFUEART 22— FEUTFOES1CRDET (2 DX THIUHED Z 13
NTEBEET; bo JVWEEXHEZRTRLETD):

PyObject *t;

t = PyTuple_New(3);

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

Z 2T, PyLong_FromLong () I3FHLWEHZIR L. F I PyTuple_SetItem() WHEENFE T, ZHRMLEFH
7BdEDAXTI 2 bEAALZWEEX. SRETEBCZMECH 3RS, Py_INCREF() ZRALTH S5 —>
DBERR L TLZE W,

BRAIZ, PyTuple_SetItem() WEX TNVIEEZ Ly b T 270D W—D FIETT; X TNVIEEERRERT —X
Rl D T, PySequence_SetItem() X PyObject_SetItem() %> & LOBIEIERINTLEVET, BH
TR IVDMEEANTNL Db D45, PyTuple_SetItem() 72 LMEX R A,

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

U LEBICIE, 2702V A ME2ERLTEZ AN, ERRO LI RAKIIFEACHEOERTA, XD
FED®H 2B#, Py_BuildValue() BB D IZL ALY DEBRRA T =27 b7+ —~< v MCFH| format string
DIFEWRESNT C DEPSAERTEET, flZiX, LofEoa—- 7oy 7k, UFO LS CEEHZ S
NET (25— F v 7 bRELTVET):

10 £ 1EBILHIC
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PyObject *tuple, *list;

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

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

sequence) to a given item:

int

set_all(PyObject *target, PyObject *item)

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

BEOR Y EOHEIIE, RIEPLERD T, FLALOBHICO VTR, SHEELTHZOSIRICHT
BZHTEMEDNEDZ ZeDPRV—HT, 247V 227 PIHT25BERT X5 OB SRICHT 2
FiaEEFECH LANC S 2 £ 5, BEEBHTT: 2L0BE, BBDRTA 7Y 27 MEZDHT (on the fly)
ERENE 2D, MUH LG 2 ZRIER SN AT 27 MINT 2HE—DSRICR 2025 T3, [EoT,
PyObject_GetItem() X PySequence_GetItem() DX ST, A7 =7 MIHT 3SR %E R ILHDEEI.
WK SRR L5 (HOH LEIDSROFEEICZD £7),

HERLDZ., EEORISHROMEAEREZRE T 2050, COMBKEMIHIT»ETICES, tBET L
T — B LD S8iD (BB LTELLA 7 227 OB X COREICIIERHD FHA!
o T, PyList_GetItem() Zffi->TY XA MNOERZ[(LHEIIE, SROMAEEICERD XA — 2, FL
BELEZFEL VYR D5 PySequence_GetItem() (RIHTH ZOMKIIELFELIIKEZL D ET) 2ffioTHDH
T, BEINLATI 27 MW T 22EBET,

W B8 5725 ) 2 MSH L CABRO AT BT 2 BB YO £ 510 L TEE 2 hER LT —
1.4, 2TV R, BELUBBHAYY - 11
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D% PyList_GetItem() Z{Ho>TWT, b5 —Did PySequence_GetItem() o TWVWET,

long

sum_list(PyObject *1list)

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

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

return total;

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

total += value;

3
else {

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

(RDR=12HEL)
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(FIDR=I 5 DfEE)

¥

return total;
}
1.4.2 &

fizd Python/C APL IZBWTEHERFE ZFOT — X AP N D2H D £35; 13 A Y3 int, long, double,
BXU charx Wiz, B3 COF—2BTT, £z, Y 2 =L TRMLTW2HBEFIZET 2BCHYS
NBF T =T, FiLwA 7o =27 MIICB 27 —&2EHE2idRL7z), HEKOEZHEAR LD T 57
DIHEEERZ WL ODfHioTVET, ZASDHIZONTIE, ZOREHSHEME L HICHHLTOEET,

type Py_ssize_t

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

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

1.5 FIs

Python 7027 o<, RHEDTS —UEBNER L T LARNEIHRS DEIZH D THA; WL - 726
ME, WO LA ZOEMCHLAL 2WoZzBEHI, by FLRALDA V&2 7Y REETHINIE
BLEST, AVEFVRBIEZ. AR 7 FL—ANy 7 &b THNZ Z—FITHE L F9,

EIAN. CIurI<oya. L7 —F =y ZEEICHRINIITHRAIRED $H A, Python/C API & TD
B, BB ¥ 2 X > N CHIREICEHBAA R WIR D BN 2 F1T 3 2 ATREMEDS B D £, —fRIVLEEE LT, 5
BB S DL 5 — BT 5 &, BBIIHIN ZFRE L T, BBNICB I 22 ROMAELZ 2 THEEL, =75 —
fili (error indicator) ZIRL ¥ 3., FF¥a Xy MIEPNLTRVWIGE. 2O 7 —(HIBEKORE D HORIC L - T,
NULL 20 -1 DEEHPIHRD £3, W OD DB TIE 7 —VBITH/BER L, Iz —%2RLET, THDHT
DEOBEETIIHER S —15EE2 R B o72D, DVEVWRRERVEZIR LD $ 5D T, PyErr_Occurred()
THRICZ S =T A M 2ITOREN DD £F, ZHHDHINIFEICHRINC FF 2 X MEah x5,

BIAHR DIRREIEHE (exception state) 1&. AL v FHEANCHE X -5l B (per-thread storage) N TEM I h
9 (ZOREEEE. ALy FEEDRWT TV —ya ryTldr/a— OV REEER R T T ), —D2D A
Ly RIZZODRED S S0 FINSFE L0, EEREL TRV, B D F5, B PyErr_Occurred ()
S . ZOREBEZRHANONET: ZORBUIRISDFAE L BRI Z DBINEA 7 = 7 Mights 2 EHZR
(borrowed reference) Zi& L. Z 5 TRWVWE ZITIE NULL 2R L £3, BSMREZHRE T 2BMEHEZHD %
3. PyErr_SetString() 3d o d IKHILNTWVS (25, bo & bIRAMDR W) HINEZRET 27D DR
T, PyErr_Clear () IZHIAKEEHEIRZ I LA 2 BT,

FERLHIHVRERRIE. 3 2047 =22 b FINOE, HIADE, ZLTHFL—ANy 7, HBRDET (D
A7 bd NULL ZHIDBRET), 205 DERIE. Python @ sys.exc_info() DR FUEKREZHS F

1.5. #H% 13
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T 23wz, C & Python ORIFMREERIZEFEUCTIEH D £ A: Python BT 26544 7 = 7 MA,
Python @ try ... except X THRIAMIHE L 72 7Y = 7 v 2R FT—F. C LV OFIMREFRITFHET 2 DI,
EENF5MERT sys.exc_info() ZDMUTHRET 2 K 5HDEFS 5 Python DN ba—=F A Y& TFY 2D
AL YN —=TIEET 5 5T, FINPBEBOBTRZIEL STV BT T,

Python 1.5 2 51%. Python TErh/za— P oFIMREERICY 78X F 255 LT, #RExATHTR
Ly Kt —T7 R AKE sys.exc_info() IR ->TWADTERELTL XV, ZOEIE Python 2 — FDZEST
ENTWVERAL Y FIZBI2HIRERRZIELE T, £/ 205 DRIMREEBRICN S 27 7 AFRIZ,
Fie HEBRDT (semantics) EE I N, HIBBHSNZHIRT 2 2. ZOBBEFEITLTVWE ALy RO
SURBETE IR Z R LT IEOCH LI OBISVREEIE I Z MR 32 K5Ik D E L, COXEHEICK-T, EEZSIC
RZ BB BHER > T 5002 LEEXT 22T ERIINS, I - FTIIBETWEANT R
MIELTOETS; £72, PL—ZARNYIHNDARY 7 7L —LTBREINTVWELF TV 27 b LIXLIERRHEIC
FHMEKOZTWDERLLTVET,

—RARIEIE E LT, & 2B A OBBEIFOCH L TR S22 DO1FEZ X85 & &, IO LD HIs 2%
HLUTORWARFARZ LS TR SS, b LEH LTV, Z2OFSMRIEFRIZIF O H LANCE S R 3 Ul b
FHEA, MOHMLITOBBIZA 7Y =7 P BROFMAMELZ TN THEL, 7 —BEZREI R TIRD FEA
D REHTPINZRRE T 2HEE BDFEBA — ZARI 2 THUE koSG SINZIEL D Db 2 &
FLTLEW, 7 —DFKZDHDICHT 2 EHELIFEMERD L2k D £7,

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

we show the equivalent Python code:

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

MTREMEs2a— 2 C TREICE VDD TY:

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

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

item = PyObject_GetItem(dict, key);
if (item == NULL) {
/* Handle KeyError only: */
if (!PyErr_ExceptionMatches(PyExc_KeyError))
(RD<R—D 1285 <)
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goto error;

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

goto error;

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

goto error;

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

/* Continue with cleanup code */

error:

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

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

Py_XDECREF (const_one) ;

Py_XDECREF (incremented_item) ;

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

A ZOHlE C T goto X&E S BEIDOAEEFTRLTVETR! ZOFITIE. FFEDHINZNET 2 7=
IZ PyErr_EzceptionMatches() BX W PyErr Clear() ZE¥SIMEIPERLTVET, £/, FrAHEZR-T
WB BT, E2 NULL \Ck 500 LR WD DT 2729 Py XDECREF() # ESES bR LTWVWET
(BEEABIZ "X P VTVWE Z 2 ItFERE L TL X W, Py DECREF() 1% NULL BIRICHI< bTrrFv>al &
F)o IELKEMESE 2701213, ITAMZROZRZIRFET 570 DL % NULL THIEHLT 52 Z L AEETT,
FRRIC. Do CHRDEZERT 2BCIEE -1 (R THHHEL THWT, REOBEBIFOHL TS £<
Vo 7BEICDAH 0 () ITREL X3,
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1.6 Python DiE&HIAH

Python 4 > & 7V XDMDAAEITI N (WDIRIREY 2 — L OEEZFORM) 25T 2 FIUIR S0
HER XA ZE, Python 4 ¥ &2 7)) X OWHHEALE (initialization). £ L TEZ & < 13K T (finalization)
T, A YXTYVRDIFL ALY DHEREER, A 27V 2OEEBERELIMEZEEA,

FARM 72 AL % 1T 5 BIEIE Py_Initialize() TFo ZOBKIER — FEADE S 2a—A0oR2T7—7
NEERL, TR Y% 2EY 2—)l builtins, __main__, BX U sys ZERLET, /2. TV 2 —LRFE AR
(sys.path) ODFHEALBITVE T,

) =

Py_Initialize() does not set the "script argument list” (sys.argv). If this variable is needed by Python
code that will be executed later, setting PyConfig.argv and PyConfig.parse_arguv must be set: see Python

Initialization Configuration.

FEAEDY AT L TIE (12 Unix & Windows (&, FEHIDS O TR DIZL ETDY), Py_Initialize() IX
EHED Python 4 ¥ &% 7V X ETEROGFTTN T 2HEERRICE D WT, Python @5 4 77 U A3 Python 4
VR RFEATIEAD & OIS ZA TR 2 L WS RED MITEY 2 —MRBARZFHALET, tDDIFZD
MBETIE, Y zra~vy FIREAZ (BREEAH PATH) LICH D2 572 python £ WH ARIDEITT 7 A LD EH
NTVEF4 L7 VDET 4 L2 b UD5DOMEXT, 1ib/pythonX. ¥ L WS ZHIDF 4 L 27 U EREELE T,

B Z1F. Python AT /usr/local/bin/python THROM o722 T3, 5477 VD /usr/local/lib/
pythonX.Y 252 b D LIEL FF., (EBITIE. TDRIE 7 74—y 7 (fallback)” D54 75 VAT
HH Y. python »* PATH RIZEWGE IO E T, ) 2 —H1d PYTHONHOME 23 ET 5 Z & T OEEL 4 —
N—F4 KL7D, PYTHONPATH 2FE L TEMDT 4 L7 M) BZFEHEE Y 2 — LIRS ADFNCHA LD TS
N

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

7= %12, Python Z@IHALETOIRBICH L LW e 3Hh T3, HIXIE. 277V 75— a v TEETER
Mo DIRBL (start over) €2 (Py_Initialize() 2% 5 —EIFOHEIE2) Ko Lwrd LakEA,
HBWE, 77— a3 >d Python Z—HHEWK X T, Python 2SR L7 XE Y E2BRIEZ00rd LAZE
B Ao Py_FinalizeEz() {5 & 25 LIAUEAZERTEE T, F/o. B Py_IsInitialized() i&. Python
DBTERIEHEE ADIRBICH 258 ICEZR L ET, ThASOBEICOVWTOX 52 2 FHIE, BOETHHL £
3o Py_FinalizeEz() 7% Python 4 ¥ & 7V ZIZHRENT2ETOXEY & BT IDITTIEERWL 2L IcER
LTLAEE W, BIZIE OREY 2 — M Ko THEIRE N X E VI, BIED L ZAMRRT 2HENTEEHE A,
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1.7 NNy JhREJL K (Debugging Builds)

AVRTVREIREY 2 =MW LTOEMF = v 7% T 2572000 2007 a2 {30 LT Python %
ELILRTZIENTEET, TUHDF = v 7k, EFFRRICKERA —N—Av REAEUZHAL DD £, KD
T, 774V FTRAHTEINTOER A,

Python 7Ny ZHRE L FOETOREED Y X b3, Python Y — AR (source distribution) ®H1 D Misc/
SpecialBuilds.txt KH D ET, BATVV FD L=, XEV 7T —XDTFNAv I, L VX TVXDRA
IN—=TOELRLTB T 7 4 Y IPHHARETT, LRSI FIZOVWTDA, ZOHIORED O T
ML £9,

Py_DEBUG

Compiling the interpreter with the Py_DEBUG macro defined produces what is generally meant by a debug
build of Python. Py_DEBUG is enabled in the Unix build by adding --with-pydebug to the ./configure
command. It is also implied by the presence of the not-Python-specific _DEBUG macro. When Py_DEBUG is

enabled in the Unix build, compiler optimization is disabled.

In addition to the reference count debugging described below, extra checks are performed, see Python Debug
Build.

Py_TRACE_REFS ZHET 5 &. ZH ML —ZADHEMILD £F (configure --with-trace-refs F 3>
EZBLTLIZEWN), £2TD Pybbject DD 7 4 =L FERBMTZ 2T, FHFOLF T 27+ OER
ZEHEBY R MEEIhE T, 2 TOE D YT (allocation) 2 L—RAXNE T, BTHIZ, 2 TOE-TW
2372 PHRRRENET, AV RFTTT 4 TE=—FTIE. A VX TV RICEBXDETOIRICRREN
£9, )

X DFLWEHRIZOWTIE, Python @Y — ZEiAf (source distribution) DH1d Misc/SpecialBuilds.txt %
ZRLTLREEW,

1.7. NNy ZIREIL K (Debugging Builds) 17
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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 77w b T #—LTERTANER 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 &FE ABI (Stable Appliction Binary Interface)

For simplicity, this document talks about eztensions, but the Limited API and Stable ABI work the same
way for all uses of the API - for example, embedding Python.

2.1.1 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
ZO<¥Zu% Python.h 24 ¥ 7 /)L— F¥5HICEFRT 5 Z & T, Limited API DAZMH T2 Z & 2%
WL, Limited API XN—Ya Y REIRTAZ e 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.

19
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PY_VERSION_HEX ~ 7 mZE#EMH 5 DTIid# <. FRD Python DNN—=Y a3y Tarvf LT3 L E DL
EEDT-D12, MDD~ A4 F ==Y a ¥ (flZiE. Python 3.10 72 & 0x030A0000 ) ZN—Fa—FKL
£7,

%7z, Py_LIMITED_API % 3 IZEFT 2 Z N TEE T, ZHlk 0x03020000 (Python 3.2, Limited API
DEASINANA=Tay) LA LS REEL £,

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 API.

Windows T, Stable ABI % {#H 3 2 JLIRMEAEIX. python39.d1l D L5 BN—Ya YEHD I 4 75 VU Tk
7% <, python3.d11 &ML TY ¥ 7T 2RENDHD T,

W OPDF Ty 75— LTI, Python & abid3 X 7 THMNILNLHEI AL 75V 7 7 A V2L THiHA
AZF T (fl: mymodule.abi3.so)e D& 5 RILIREY 2 — LA Stable ABL ITHE L TWA0E I 0IEF = v 7
ThERA, 2—F— (FREFZDv 5= 7Y =) iE 72t 21X 3.10+ Limited APT TE L K I 74k
REY 2=, FRUTON=Y 3 »® Python 124 Y A b= 3NNV ZHERT 2LEDH D 5,

Stable ABI I2&EN 3T RXTOMEIZ, 270k LTEIITHRL, Python DHEEF S A4 75V OB Y L THERE
LES, #2072, CHV oty b E2HEHLEVWSEILSFHHTEZ N TEE T,

2.1.3 API RO—F&NT #—I > ADHIR

Limited API ® HiElZ., 7L C API THIBERFTARTDI e 2EHT A TTH., BZ 5 L HRELOH#IHH b
%9,

Bl 21X, PyList_GetItem() XFIFHRIRET T, Zd “unsafe” ~27 v DEM PyList_GET_ITEM() EFIHT &
FHA, 2O E, VANFT T2 b=V a VEFEOHEEDFHNMKFET AN TELD, LI E
BB T2 MNTEET,

Py_LIMITED_API ZEFLRWVE, W 20D C API B4 > 54 MfbEibh, w7 i@ zxifibo7zh L
%9, Py_LIMITED_API ZERT 2. ZDA V74 MBHMNITIZD | Python O F — XENLESINTHL
EUTEMEDATREICR D 3700, MHREDMR N3 2 AlREMED D D £ 97,

Py_LIMITED_API D EF%*H < Z & T. Limited API #iiR%Z N— a Y[EH D ABI Ta Y 4§25 Z & A]
BETT, ZAUZED, Z® Python DN—Y 3 Y TRT7 4 —< Y RAZMLEXH2 B TEE 50, EIRMIEHIR
INFET, Py_LIMITED_API T Y XA LT 3L, N— 3 VIHKIF LR WIREEREDSFIHA T 2 R 0iga, filzx
2. G Python X—=Y a7 LY Y —RIHIG LR EY 2 — LV EEMT 22 e ATES LS5 DFET,
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2.1.4 HIRGE API DERR

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 23F5iF WD 1 DI, Python O N NN— a ¥ TIIES 25182 FHOBBENFOH T Z
LT3, BRI, IS NULL 22U EEZ TAEZ L & 5, Python 3.9 Tl NULL &7 7 4 /L b DZEE)
ZEIR L £ 325 Python 3.8 T ZOFIFUIEREMH N, NULL OSSN EZER I L7 T v > 2 LET, RO
S, REEIRD 7 4 — L FIZR L THREL 29,

b D —ODMEIX, —IBOMEIER T 4 —)L KA Limited API O—T®H 212d »»H 53, Py_LIMITED_API 73
ERINT 2 JICHAEERRICR > TOWARNWI LT,

IS DHHA S, FFBIIBREY 2 — AP R— T2 IRTD ¥4 F—7% Python X—2 5 Y TT7 A M
528, ZLTTENE RBBEWVWANA—Ia YT RTEZE2HREL ET,

Fh. HHT2ITRTD API O FF 2 X ¥ F2ERL. ZHA0H/RANC Limited API O—#TH 2050 %
Frv 35T 2BEOLET, Py_LIMITED_API ZVERINTWTH, HINZHEHT (H20WENT7e LT
BRET) W 2D TS FAR—- MEEWPRHENZZ DD F5,

Python 3.8 C Py_LIMITED_API > XA LT 5 &, ZODIIREY 2 —id Python 3.12 TENEL £ 525, £
3 LD Python 3.12 T AVNAI TEZLIFROLRWI LICERLTLZE W, FHZ, Limited APT O—#&.
Stable ABI B ZELTWAR D, IEHERETHIBRZ W 20d L ER A,

22 TS5 R IA—LTEEBINER

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

OS type and processor architecture

HEDTS v b7+ —5 EDFTRTD Python N— a U %EMR ABI 2B L2 WHETEL RFEATWS Z
EZ2IRAES %5 DI, Python OFRERAME DHETY, 4 python.org % D¥— Fo8—TF 1 —DFLAH
Tt 5D Windows & macOS DV U —RADFETT,

22. 753y bIT7x—LTERIANER 21
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2.3 [REhR API DB

Currently, the Limited API includes the following items:

PyAIter_Check()

PyArg_Parse()
PyArg_ParseTuple()
PyArg_ParseTupleAndKeywords ()
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()

22
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o PyByteArray_Size()

e PyByteArray_Type

e PyBytesIter_Type

e PyBytes_AsString()

e PyBytes_AsStringAndSize()
e PyBytes_Concat ()

e PyBytes_ConcatAndDel ()

e PyBytes_DecodeEscape()

e PyBytes_FromFormat ()

e PyBytes_FromFormatV()

e PyBytes_FromObject ()

e PyBytes_FromString()

e 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 ()

o PyCFunction_New()

e PyCFunction_NewEz ()

¢ PyCFunction_Type

e PyCMethod_New()

e PyCalllter_New()

2.3. FREHR API DRE 23
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PyCallIter_Type
PyCallable_Check()
PyCapsule_Destructor
PyCapsule_GetContext ()
PyCapsule_GetDestructor()
PyCapsule_GetName ()
PyCapsule_GetPointer()
PyCapsule_Import ()
PyCapsule_IsValid()
PyCapsule_New()
PyCapsule_SetContext ()
PyCapsule_SetDestructor()
PyCapsule_SetName ()
PyCapsule_SetPointer()
PyCapsule_Type
PyClassMethodDescr_Type
PyCodec_BackslashReplaceErrors ()
PyCodec_Decode ()
PyCodec_Decoder()
PyCodec_Encode()
PyCodec_Encoder()
PyCodec_IgnoreErrors()
PyCodec_IncrementalDecoder()
PyCodec_IncrementalEncoder()
PyCodec_KnownEncoding ()
PyCodec_LookupError()

PyCodec_NameReplaceErrors ()

24
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e PyCodec_Register()

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

o PyCodec_Streamiriter()

o PyCodec_StrictErrors()

o PyCodec_Unregister()

e PyCodec_XMLCharRefReplaceErrors ()
e PyComplez_FromDoubles ()
e PyComplex_ImagAsDouble()
e PyComplexz_RealAsDouble()
e PyComplex_Type

e PyDescr_NewClassMethod ()
e PyDescr_NewGetSet ()

e PyDescr_NewMember ()

e PyDescr_NewMethod ()

e PyDictItems_Type

e PyDictIterItem_Type

e PyDictIterKey_Type

e PyDictIterValue_Type

e PyDictKeys_Type

e PyDictProzy_New()

e PyDictProxy_Type

e PyDictRevIterItem_Type

e PyDictRevIterKey_Type

e PyDictRevIterValue_Type

e PyDictValues_Type

2.3. FREHR API DRE 25
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PyDict_Clear()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString()
PyDict_GetItem()

PyDict_GetItemString()

PyDict_GetItemWithError()

PyDict_Items()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeq2()
PyDict_New()
PyDict_Nezt ()
PyDict_SetItem()
PyDict_SetItemString()
PyDict_Size()
PyDict_Type
PyDict_Update()
PyDict_Values()
PyEllipsis_Type
PyEnum_Type
PyErr_BadArgument ()
PyErr_BadInternalCall()
PyErr_CheckSignals ()
PyErr_Clear()

PyErr_Display()
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e PyErr_EzceptionMatches ()

e PyErr_Fetch()

e PyErr_Format ()

e PyErr_FormatV()

o PyErr_GetExcInfo()

e PyErr_GetHandledEzception ()

e PyErr_GivenEzceptionMatches ()

o PyErr_NewEzception()

o PyErr_NewEzceptionWithDoc ()

e PyErr_NoMemory ()

o PyErr_NormalizeEzception()

e PyErr_Occurred()

e PyErr_Print()

e PyErr_PrintEz()

o PyErr_ProgramText ()

e PyErr_ResourceWarning ()

o PyErr_Restore()

e PyErr_SetEzcFromWindowsErr ()

o PyErr_SetExcFromWindowsErriWithFilename ()
e PyErr_SetExcFromWindowsErriWithFilenameObject ()
e PyErr_SetEzcFromWindowsErrWithFilenameObjects ()
e PyErr_SetEzcInfo()

e PyErr_SetFromErrno ()

e PyErr_SetFromErrnoWithFilename ()

e PyErr_SetFromErrnoWithFilenameObject ()

e PyErr_SetFromErrnoWithFilenameObjects ()

o PyErr_SetFromWindowsErr()
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PyErr_SetFromWindowsErrWithFilename ()

PyErr_SetHandledException ()

PyErr_SetImportError()

PyErr_SetImportErrorSubclass ()

PyErr_SetInterrupt ()
PyErr_SetInterruptEz()
PyErr_SetNone()
PyErr_SetObject ()
PyErr_SetString ()
PyErr_SyntazLocation ()
PyErr_SyntaxLocationEz ()
PyErr_WarnEz ()
PyErr_WarnEzplicit ()
PyErr_WarnFormat ()
PyErr_WriteUnraisable ()
PyEval_AcquireLock()
PyEval_AcquireThread()
PyEval_CallFunction()

PyEval_CallMethod ()

PyEval_CallObjectWithKeywords ()

PyEval_EvalCode()
PyEval_EvalCodeEx ()
PyEval_EvalFrame ()
PyEval_EvalFrameEz ()
PyEval_GetButltins ()
PyEval_GetFrame ()

PyEval_GetFuncDesc ()
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PyEval_GetFuncName ()
PyEval_GetGlobals ()
PyEval_GetLocals()
PyEval_InitThreads ()
PyEval_ReleaseLock()
PyEval_ReleaseThread()
PyEval_RestoreThread()
PyEval_SaveThread()
PyEval_ThreadsInitialized()
PyExc_ArithmeticError
PyExc_AssertionError
PyExc_AttributeError
PyExc_BaseException
PyExc_BaseExceptionGroup
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning

PyExc_EnvironmentError

2.3.
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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
PyExc_OverflowError
PyExc_PendingDeprecationWarning
PyExc_PermissionError
PyExc_ProcessLookupError

PyExc_RecursionError
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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
PyExceptionClass_Name ()
PyExzception_GetCause ()

PyExzception_GetContext ()
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PyEzception_GetTraceback()
PyEzception_SetCause()
PyEzception_SetContext ()
PyEzception_SetTraceback()
PyFile_FromFd()
PyFile_GetLine()
PyFile_WriteObject ()
PyFile_WriteString ()
PyFilter_Type
PyFloat_AsDouble()
PyFloat_FromDouble ()
PyFloat_FromString ()
PyFloat_GetInfo()
PyFloat_GetMaz ()
PyFloat_GetMin ()
PyFloat_Type
PyFrameObject
PyFrame_GetCode ()
PyFrame_GetLineNumber ()
PyFrozenSet_New()
PyFrozenSet_Type
PyGC_Collect ()

PyGC _Disable()
PyGC_Enable()
PyGC_IsEnabled()
PyGILState_Ensure()

PyGILState_GetThisThreadState()
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e PyGILState_Release()

e PyGILState_STATE

e PyGetSetDef

e PyGetSetDescr_Type

e PyImport_AddModule()

e PyImport_AddModuleObject ()

e PyImport_AppendInittab()

o PyImport_EzecCodeModule()

e PyImport_EzecCodeModuleEz ()

o PyImport_EzecCodeModulelbject ()

e PyImport_ExzecCodeModulelWithPathnames ()
e PyImport_GetImporter()

o PyImport_GetMagicNumber ()

e PyImport_GetMagicTag()

e PyImport_GetModule()

o PyImport_GetModuleDict ()

o PyImport_Import()

o PyImport_ImportFrozenModule()

o PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule()

o PyImport_ImportModuleLevel ()

e PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock()

o PyImport_ReloadModule()

e PyIndex_Check()

e PyInterpreterState

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

PyIter Nezt()
PyIter_Send()
PyListIter_Type
PyListRevIter_Type
PyList_Append()
PyList_AsTuple()
PyList_GetItem()
PyList_GetSlice()
PyList_Insert()
PyList_New()
PyList_Reverse()
PyList_SetItem()
PyList_SetSlice()
PyList_Size()
PyList_Sort()

PyList_Type

PyLongObject
PyLongRangeIter_Type
PyLong_AsDouble()
PyLong_AsLong ()

PyLong_AsLongAndOverflow()
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e PyLong_AsLongLong ()

e PyLong_AsLongLongAndOverflow()
o PyLong_AsSize_t()

e PyLong AsSsize_t()

e PyLong_AsUnsignedLong ()

e PyLong_AsUnsignedLongLong ()

e PyLong_AsUnsignedLongLongMask ()
e PyLong_AsUnsignedLongMask ()

e PyLong_AsVoidPtr()

e PyLong_FromDouble()

e PyLong_FromLong ()

e PyLong_FromLongLong ()

e PyLong_FromSize_t ()

e PyLong_FromSsize_t ()

e PyLong_FromString ()

e PyLong_FromUnsignedLong ()

e PyLong_FromUnsignedLongLong ()
o PyLong_FromVoidPtr()

o PyLong_GetInfo()

e PyLong_Type

e PyMap_Type

e PyMapping_ Check()

e PyMapping GetItemString ()

o PyMapping_HasKey ()

e PyMapping_HasKeyString ()

e PyMapping_Items()

e PyMapping_Keys ()
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PyMapping_Length()
PyMapping_SetItemString()
PyMapping_Size()
PyMapping_Values ()
PyMem_Calloc()

PyMem_Free ()
PyMem_Malloc()
PyMem_Realloc()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_ FromBuffer()
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_Base
PyModuleDef Init()
PyModuleDef_Type
PyModule_AddFunctions ()
PyModule_AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_AddStringConstant ()

PyModule_AddType ()
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e PyModule_Create2()

e PyModule_EzecDef ()

e PyModule_FromDefAndSpec2()
e PyModule_GetDef ()

e PyModule_GetDict ()

e PyModule_GetFilename ()

e PyModule_GetFilenameObject ()
o PyModule_GetName ()

e PyModule_GetNameObject ()

o PyModule_GetState()

o PyModule_New()

e PyModule_NewObject ()

e PyModule_SetDocString ()

e PyModule_Type

e PyNumber_Absolute()

e PyNumber_Add()

o PyNumber_And ()

o PyNumber_AsSsize_t ()

e PyNumber_Check()

e PyNumber_Divmod ()

o PyNumber_Float ()

e PyNumber_FloorDivide ()

e PyNumber_InPlaceAdd()

e PyNumber_InPlaceAnd()

e PyNumber_InPlaceFloorDivide ()
e PyNumber_InPlaceLshift()

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

Py0S_AfterFork_Parent ()
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e Py0S _BeforeFork()

e Py0S_CheckStack()

e Py0S_FSPath()

e PyOS_InputHook

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

o Py0S_mystricmp()

o Py0S_mystrnicmp()

e PyOS setsig()

e Py0S_sighandler_t

e Py0S_snprintf()

e Py0S_string_to_double()
e PyOS_strtol()

e Py0S_strtoul ()

o Py0S_vsnprintf()

e PyObject

e PyObject.ob_refcnt

e PyObject.ob_type

e PyObject_ASCII()

e PyObject_AsCharBuffer()
e PyObject_AsFileDescriptor()
e PyObject_AsReadBuffer()
e PyObject_AsWriteBuffer()
e PyObject_Bytes()

e PyObject_Call()

e PyObject_CallFunction()
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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()
PyObject_Format ()
PyObject_Free()
PyObject_GC_Del ()
PyObject_GC_IsFinalized()
PyObject_GC_IsTracked()
PyObject_GC_Track()
PyObject_GC UnTrack()
PyObject_GenericGetAttr()
PyObject_GenericGetDict ()
PyObject_GenericSetAttr()
PyObject_GenericSetDict ()
PyObject_GetAIter()
PyObject_GetAttr()

PyObject_GetAttrString ()
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e PyObject_GetBuffer()

o PyObject_GetItem()

o PyObject_GetIter()

e PyObject_HasAttr()

e PyObject_HasAttrString()
e PyObject_Hash()

e PyObject_HashNotImplemented()
o PyObject_Init()

e PyObject_InitVar()

o PyObject_IsInstance()

o PyObject_IsSubclass()

e PyObject_IsTrue()

o PyObject_Length()

e PyObject_Malloc()

e PyObject_Not()

o PyObject_Realloc()

e PyObject_Repr()

o PyObject_RichCompare()

e PyObject_RichCompareBool ()
o PyObject_SelfIter()

e PyObject_SetAttr()

e PyObject_SetAttrString()
o PyObject_SetItem()

o PyObject_Size()

e PyObject_Str()

e PyObject_Type()

e PyProperty_Type
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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 ()

PySequence_Index ()
PySequence_Length()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice()
PySequence_Size()
PySequence_Tuple()
PySetIter_Type

PySet_Add ()
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o PySet_Clear()

e PySet_Contains()

e PySet_Discard()

e PySet_New()

o PySet_Pop ()

o PySet_Size()

e PySet_Type

e PySlice_AdjustIndices()

e PySlice_GetIndices()

o 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()
e PyStructSequence_New()

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

e PySys_AddWarnOption ()

o PySys_AddWarnOptionUnicode ()

e PySys_AddXOption()
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PySys_FormatStderr ()
PySys_FormatStdout ()
PySys_GetObject ()
PySys_GetXOptions ()
PySys_HasWarnOptions()
PySys_ResetWarnOptions ()
PySys_SetArgu ()
PySys_SetArguEz ()
PySys_Set0Object ()
PySys_SetPath()
PySys_WriteStderr()
PySys_WriteStdout ()
PyThreadState
PyThreadState_Clear()
PyThreadState_Delete()
PyThreadState_Get ()
PyThreadState_GetDict ()
PyThreadState_GetFrame ()
PyThreadState_GetID()
PyThreadState_GetInterpreter()
PyThreadState_New()
PyThreadState_SetAsyncEzc ()
PyThreadState_Swap ()
PyThread_GetInfo()
PyThread_ReInitTLS()
PyThread_acquire_lock()

PyThread_acquire_lock_timed()
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PyThread_allocate_lock()
PyThread_create_key ()
PyThread_delete_key ()
PyThread_delete_key_value()
PyThread_exit_thread()
PyThread_free_lock()
PyThread_get_key_value()
PyThread_get_stacksize()
PyThread_get_thread_ident ()
PyThread_get_thread_native_id()
PyThread_init_thread()
PyThread_release_lock()
PyThread_set_key_value()
PyThread_set_stacksize ()
PyThread_start_new_thread()
PyThread_tss_alloc()
PyThread_tss_create()
PyThread_tss_delete()
PyThread_tss_free()
PyThread_tss_get ()
PyThread_tss_is_created()
PyThread_tss_set ()
PyTraceBack_Here()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelter_Type

PyTuple_GetItem()
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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_GetSlot ()
PyType_IsSubtype()
PyType_Modified()
PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create()

PyUnicodeDecodeError_GetEncoding ()
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e PyUnicodeDecodeError_GetEnd ()

e PyUnicodeDecodeError_GetObject ()

e PyUnicodeDecodeError_GetReason ()

e PyUnicodeDecodeError_GetStart ()

o PyUnicodeDecodeError_SetEnd()

e PyUnicodeDecodeError_SetReason ()

e PyUnicodeDecodeError_SetStart ()

e PyUnicodeEncodeError_GetEncoding ()
e PyUnicodeEncodeError_GetEnd()

e PyUnicodeEncodeError_GetObject ()

e PyUnicodeEncodeError_GetReason ()

e PyUnicodeEncodeError_GetStart ()

o PyUnicodeEncodeError_SetEnd()

e PyUnicodeEncodeError_SetReason ()

e PyUnicodeEncodeError_SetStart ()

e PyUnicodelter_Type

e PyUnicodeTranslateError_GetEnd()

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

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

e PyUnicode_AppendAndDel ()

e PyUnicode_AsASCIIString ()

o PyUnicode_AsCharmapString ()
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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_CompareiWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contatins ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII()
PyUnicode_DecodeCharmap ()

PyUnicode_DecodeCodePageStateful ()
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e PyUnicode_DecodeFSDefault ()

e PyUnicode_DecodeFSDefaultAndSize ()
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 ()
o PyUnicode_DecodeUTF7()

e PyUnicode_DecodeUTF7Stateful ()
e PyUnicode_DecodeUTF8()

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

e PyUnicode_EncodeFSDefault ()

e PyUnicode_EncodeLocale()

o PyUnicode_FSConverter()

e PyUnicode_FSDecoder()

e PyUnicode_Find()

o PyUnicode_FindChar()

e PyUnicode_Format ()

e PyUnicode_FromEncodedObject ()

e PyUnicode_FromFormat ()
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PyUnicode_FromFormatV()
PyUnicode_FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString ()
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
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e PyUnicode_WriteChar()
e PyVarObject

e PyVarObject.ob_base

e PyVarObject.ob_size

e PyWeakReference

e PylWeakref GetObject ()
o Pyleakref NewProzy()
e PyWeakref NewRef ()

¢ PyWrapperDescr_Type

e Pylirapper_ New()

e PyZip_Type

e Py AddPendingCall ()

o 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()

o Py_EnterRecursiveCall()
e Py_Ezit()

e Py FatalError()

¢ Py_FileSystemDefaultEncodeErrors
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Py_FileSystemDefaultEncoding

Py _Finalize()
Py_FinalizeEz()

Py _GenericAlias()
Py_GenericAliasType
Py_GetBuildInfo()
Py_GetCompiler()
Py_GetCopyright ()
Py_GetEzecPrefiz()
Py_GetPath()
Py_GetPlatform()

Py _GetPrefiz()
Py_GetProgramFullPath()
Py_GetProgramName ()
Py_GetPythonHome ()
Py_GetRecursionLimit ()

Py _GetVersion()

Py_HasFileSystemDefaultEncoding

Py_IncRef()
Py_Initialize()
Py InitializeEx()
Py_Is()

Py IsFalse()

Py IsInitialized()
Py_TIsNone()
Py_IsTrue()

Py_LeaveRecursiveCall ()
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e Py Main()

o Py_MakePendingCalls()
e Py_NewInterpreter()
e Py NewRef()

e Py_ReprEnter()

e Py _ReprLeave()

e Py_SetPath()

e Py_SetProgramName ()
e Py_SetPythonHome ()
e Py_SetRecursionLimit ()
e 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 getattrfunc

e getattrofunc

2.3. [REhR APl DRAE

53



The Python/C API,

JJ—2X 3.11.14

getiterfunc
getter
hashfunc
initproc
TnquiTy
tternext func
lenfunc
newfunc
objobjargproc
objobjproc
reprfunc
richcmp func
setattrfunc
setattrofunc
setter
ssizeargfunc
ssizeobjargproc

ssizessizeargfunc

ssizessizeobjargproc

symtable
ternaryfunc
traverseproc
unaryfunc

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

functions which accept them as parameters.

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

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

int Py_Main(int argc, wchar_t **argv)
RICEB 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)

RICELFT: Stable ABI (IN—2 3> 3.8 &D ). Similar to Py_Main() but argv is an array of bytes

strings.

N—Ya ¥ 3.8 TENM.
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int PyRun_AnyFile (FILE *fp, const char *filename)

TELD PyRun_AnyFileEzFlags () @ closeit % 012, flags % NULL I L CHAbL L7z A ¥ X —T7 2 — R
T,

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

TEED PyRun_AnyFileEzFlags() @ closeit & 0 XL CTHALL7f ¥ X =7 2 — AT,

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

int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
fp DINEERTANA R (2> Y =R A ST B 50 Unix /AR KR) B#EST N7 7 AL ESRL
TW3YH1E. PyRun_InteractiveLoop () DEZIRL 3, ZHLINDEEIE. PyRun_SimpleFile()
DFERZIREUE T, filename 137 7 ANVZ AT LDLYA—TF 14 V7 (sys.getfilesystemencoding())
T7a—RFESNET, filename 53 NULL 72513, ZOBIKE 7 7 A %L LT 727" VKT, closeit
MEL S, 7 74U PyRun_SimpleFileExFlags () 2V Z R IANCHT SN E T,

int PyRun_SimpleString(const char *command)

TRED PyRun_SimpleStringFlags () @ PyCompilerFlags® % NULL IZ L TCTHAL LA V2T 2 —X
T,

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
_main__ BV 2—ILDHT flags IZHE-> T command & EN S Python YV —2a—FEFEITLET,
__main__ AELRFELRVHEREREAE T, EFKTOHEE 0 R, I000RELBE
3 -1 ZIRLET, 27 -2HoTH, BISMERZE277EEZH D $H AL flags DERICOVWTIE, &Kilb
L%,

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)
RFED PyRun_SimpleFileEzFlags () @ closeit % 012, flags % NULL WZ L CHfi{b L/zAf V& —T7 = —
A TY,

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

RELD PyRun_SimpleFileEzFlags() @ flags % NULL IZ L CHffifb L 724 V& —7 =2 — R T,

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

PyRun_SimpleStringFlags () LITWEF25, Python Y —R2— FEXEYADXFEFNTIERL fp 2
LIAAABRE T, filename 1ZZ D7 7 A VOAFTRIFNUIRS T, T77MINSRATLOIYA—FT 1 >
JEIZ—N\YEZ TFa—RINET, closeit ICHEIEE L72HAEIX. PyRun_SimpleFileExFlags ()
P2 RITHNC7 > A V2T 5,
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FRR: Windows Tid. fp 34 FVE— FTHIXRETT (Bl Z1F fopen(filename, "rb")), €5 L
WAL, Python 137K LF D22V T RELLFZRVTL & 5,

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

TFED PyRun_InteractiveOneFlags() @ flags % NULL IC L CHH{L L7z A > 2 —T7 2 —RATT,

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

REERT T NA ZBHEMN T SN 7 7 A D B X —DFiAAA. flags 1ITHE->TEITLE T, sys.psl &
sys.ps2 Zffio T, 2—HFIX B T ERRLET, filename ¥ 77 ANV AT LOITY A—FT 4>
EIZ—N\YEREZ TFa—-FEhET,

ANDIEFICFATSIN e ZZ 0 ZIRLET, BIABREELLGEIE -1 ZIRLE T, X—RXLF7—-0D%
£13 Python O—#y L TEAH XN TWS errcode.h £ Y7L — K77 A NIHEZLT7—a—FEERLZE
9, (Python.h I¥ errcode.h # 1 V7L —FLEHA, o T. BELRGEZZDOHEA VI N—FL7&
FAUTIR SRV T BITHERLTLEE W, )

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

TEED PyRun_InteractiveLoopFlags() @ flags % NULL IC L CTHALL /24 > X —7 2 —RATT,

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

PR 7 A R BB &7 7 7 4 A EOF G 5 £ T YA RMAREITLE T, sys.psl &
sys.ps2 Zffio T, =W Tv T+ 2RRLE T, filename X 77 ANV AT LOIY =T 12T
EIZ—N\YRZ TFa—FEhET, EOFIZET S L 0 ZRTH, KRLELEDEERLET,

int (*Py0S_InputHook)(void)

RICEL 9 : Stable ABI. int func(void) W5 70 b X A4 TOEBADKA Y EADPRETEET, Z
DORAFUZ. Python DA Y X7V XD TRy T IR 74 RAREIZRD R—I F A 5D —FDANEFR
DRI o FWTPIEEINE T, BYEEZEHEINES, 207y 7% FEZ$T 5 Z 2T, Python
DY —2Za— KDHT Modules/_tkinter.c 3R> TWVWB X IIZ, A X TV EZDTar 7 h iDL X
VM- ERATEET,

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

char *func(FILE *stdin, FILE *stdout, char *prompt) ¥\5 7B X4 TOEBADKA > &
MRETE, T74NV OB E EEEZTEZ2ILTAYRTVROTIA Yy T ADAN%E 1T THD
T, ZOEBIK. SXFF prompt 53 NULL TR WEHEE prompt ZHII L., 52X ONEHEA ST 7 7 4 U
AN Z 1T A fEROXFIN 2R T e n S EERIIRfF I Tk F, flZI3, readline €Y 2 — /L
DT v I RE 'ﬁEL“C ITHRSERRE X 7 HiseRE 2 R B L TV 5,

D % PyMem_RawMalloc() ¥7:1% PyMem_RawRealloc() TXEVHEMRLIZXFIH., HEWELT—
73)%_%7; SEIIE NULL TRIFAUIR D £8 A,
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N— 3 v 3.4 TEHE: R HEIE, PyMem_Malloc() =X PyMem_Realloc() Tld72 <. PyMem_RawMalloc()
% /21% PyMem_RawRealloc() TAEVHEMHELIZDDTHRINIRD £X A,

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

RDME: TLWBR, T D PyRun_StringFlags() @ flags % NULL I U CHAHL L 724 v X —7 = —
A TT,

PyObject *PyRun_StringFlags (const char *str, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
RDME: FiLWBB, + 7Y =2 bD globals ¥ locals TIHREEINZ AV THFALT, aV 45757
flags ZFE LIZIREET, str ICH % Python Y —Ra— FEFEITLE T, globals IZFFETRINIRD £
BA; locals i~y By 7a balBEE LA T 27 P RLMTHHMOER A, 518 start 12V — X
A= FER—RFTHDIELNEIRNEFB N7 Y RIEELE T,

I— REEFTLE®ERE Python A 79227 b2 LTTGRLUE T, F720&, FIAMBEE L2742 51F NULL %K
LEd,

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

RDfE: iLWBR, Fild PyRun_FileEzFlags() @ closeit % 0 12 L. flags % NULL i L CHf{L L
7:/]) :/&"—71"—X¢C‘:h3—o

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

RDME: TLWBER, T D PyRun_FileEzFlags() @ flags % NULL IZ U CHAHL L 724 v X —7 = —
ATT,

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

RDME: iLWEE, TNilD PyRun_FileEzFlags() @ closeit %2 0 IZLTHAM{LLzA Y& —T7 = —2
T3,

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags *flags)
RBDfE: $1LWEBR, PyRun_StringFlags() ITWEF2, Python Y —RA3a—RFZXEVHNDX
FHTWERL fp O AAALET, filename ZTDT7 7 A VDA TRINERLT, T71IL>
ATLDIYA—=TA YT EIT—NYEZ TTFa—FENET, closeit THZIEELLSLEIR
PyRun_FileEzFlags () DM ZRTHIICZ 7 A VZPAL 5

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

RDflE: FTLLWBHE, RICBL T Stable ABL. FFt®D Py_CompileStringFlags() ® flags % NULL IZ
LTHHb L7 v &2 —7 2 — R TF,

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

*tlags)
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RhflE: HiLWBHE, TilD Py_CompileStringEzFlags () ® optimize % -1 IZ L THML LA > & —
7 l_xfj_o

PyObject *Py_CompileStringObject (const char *str, PyObject *filename, int start, PyCompilerFlags
*flags, int optimize)
RBD{E: $1LWEBHE, 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 filename specified by
filename is used to construct the code object and may appear in tracebacks or SyntaxError exception

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

B optimize 1, IV TORBILL NV ERELET; -1 1k, A YEXTVXD -0 AT avTHEZ
5NBD LR CRELL NV EREE T, BFRIZ LWL, 0 (Rt L, __debug__ IXE). 1 (assert
WELD BRA A, __debug__ 134%). 2 (docstring BELD R %) TT,

N— a v 3.4 Tl

PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompilerFlags
*flags, int optimize)
RDfE: 1 LWBE, Py CompileStringObject() LBITWETH, filename & 77 AI AT LDOT
YA—TA T EIT—N\YET TTFa— FSRlA A FXFHITT,

N— 3 ¥ 3.2 TEM.

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

RDfE: :iLVWEE, RICBL T Stable ABIL. PyEval_EvalCodeEx() DY FNIKEA VR —T =2 — R
T, =R F7V =27 b, Z0—oULZEBE a—hVEBRE T 22D £3, o51502iE NULL 23
INET,

PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args,
int argcount, PyObject *const *kws, int kwcount, PyObject *const *defs,
int defcount, PyObject *kwdefs, PyObject *closure)

ROfE: HLWBE, RICBLF T Stable ABL. 5ASNIREDIRET, a v A LFLDI— AT
Pl bEFHELET, TORREIEZ 0 —NAEROFHFL, n—INERO~Y oY TIA T2 M, 5l
Bois, ¥—v—F 774V Mi, F—T7—FEH 5O T 74V MEDREL, ErDrn—T %
XTIV ENET,

PyObject *PyEval_EvalFrame (PyFrameObject *f)

EbhfE: $FLWEBER, XICELZFY: Stable ABL. 771V -2 %2FiL £3, ZTHhiX
PyEval_EvalFrameEz () WTMNT 23 Y TN A VR =7 2 — AT, BAAEHEDLDDHDTT,

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)

BB,
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HT7L— b f BRI ST — KA 7Y 2 FEEFLET, 4 b a— KRBT, BEICS
CTMUOHELEZEITLET, BIMD throwflag 5IEIKIZE AVEERTEE T, - L true 25, FIHS
PREREAXEET, ThEYV 2321 —XA 70227 D throw() XV v FTHHEXRET,

N=Pay 34 TEHE: 7774 THRHINEBR S TIHETHRWZ L 2REET 2 DR X 512, 2o
TN ZT7H =2 arEELLICKD FE L,

int PyEval_MergeCompilerFlags (PyCompilerFlags *cf)
BREEOFHE 7 L — 207 7 72ZELET, BIILES true 2, KB LES false ZIRL £7,

int Py_eval_input

DU T % Python KIEDBI4REE S T, Py_CompileString () & —HEITHENE T,

int Py_file_input
T7ANDZ2VEMDY =X oHARAENTZ XD KN T 2 Python XiED IG5 T,
Py_CompileString () & —#EITVWE T, ZHIIMEREDREZ D Python Y —Ra—F2a vy fL§
5 XIfESHETI,

int Py_single_input
B—D3IZxf3 % Python SUEDRRFEE T, Py_CompileString() & —#EICfiVE T, ZAUuInEEoD
AYRTY RN—TDIDDILFT TS,

struct PyCompilerFlags
AL T 7T 7ENDTEL DOMERTT, a—F2ar AT 220056, ZOMERD int

-

flags ¥ LTHEINET, 2— FEFETT2HE11E PyCompilerFlags *flags & L THEINE T, Z
D5, from __future__ import X flags DNEEEHETZE T,

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

due to from __future__ import is discarded.
int cf_flags
aAvRA5757,

int cf_feature_version

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

int CO_FUTURE_DIVISION
ZOEy bx flags Ity T B, REEET /13 PEP 238 10Xk % THDRE (true division)] & L
Tkbh £7,
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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 LV ESE ZHIBL, ZABEAFCHEINTIEIROBRVWIEEZRLET,

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 TP FH NILL THoTEWITFEHA, 0D NULL TREVEHENF TR VR SIE,
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)
RICBLEFT: 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:
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[self—>attr = Py_NewRef (obj); ]

See also Py_INCREF().
N— a ¥ 3.10 TEN.

PyObject *Py_XNewRef (PyObject *o0)

RICBELZF 9 Stable ABI (IN\—23 > 38.10 &b ). Similar to Py_NewRef (), but the object o can be
NULL.

If the object o is NULL, the function just returns NULL.
N— a3 r 3.10 TEH.

void Py_DECREF ( PyObject *0)

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

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

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

F TP 27 P NUILL THoTIEWIFEHA, 00 NULL TREVEHENFTRVER SIE,
Py_XDECREF() %o TL72& W,

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

g

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

temporary variable.

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 *o0)

Release a strong reference for object o. The object may be NULL, in which case the macro has no effect;

otherwise the effect is the same as for Py_DECREF(), except that the argument is also set to NULL.

62 BA4EBRAVVE
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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.

void Py_IncRef (PyObject *0)
RICEL 9 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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FIVE

st

ZOETHAT 2EH S . Python OB DML FIN DXL TE S X 51272 D £35, Python OfSHL
FOEAREZ N SPHET 2 Z e NARYITT, T POSIX errno ZRICRRL/-MERER B2 L3 FAEL
HTERHBFILVWII—D (AL y NED) 0 —NLRA VI 5 —=20HD 75, FATRHILHEIIXIZE
ACD CAPI BB ZNZ2 27U 7 LERAD, RBRLLL 2RI —DRREZTRTDICHELET, IFLA
E0 CAPI BRI S —4 ¥ — & BIRL, @HEBBEBDRA > X 2BT ik oTWSHEIE NULL TH
D, BEBOEREZRTGEE -1 T3, (BISh: PyArg_* BIRUIEITITHIN L2 212 1 Z3RL. KBL7zk =iz
0 ZIKL%£7).

BARINCIE, =29 —4 P75 —RiE, FBINOR, FIADE, PL—ANy I7F T2 7 bD3 DDA TT 27 bR
A VR THEREINET, IRHDORA VREFENTSH, RESNBLWIEEIE NULL IR X FET (277l WD
POMAEHLRREIEXATED., Hl21E, FINOEID NULL OE&E. FL—Z "y Z13JE NULL OfEIZR D %
BA)

B 5 BEDIE O U 72 BEE W K ORI L 72 72012, Z DB R L 2 U e b7 vk & —RAINICT 7 —
AV —RERELEEA, MO LB T TIRELTVWET, 72U L THINEZ 2 Y 75 20,
HHEZWE (A7 27 PZRELZBAEVEDYTOLSR) ZADBROEARY Y —ZABWD FROWFRITRE 2 %
DELLP—HEIS>BEENDD 5, =7 -2 F 2% fHZ L T0iRTIUE, Elcklr 22Tl HDF
A, TT—D1DITRZIGAEIE. T —DPRESINTVS EHUHLITICHSE 2 Z e BKYITT, =7 =540
HENTOWRWESELFTEIERZONA TV RHEITIE. Python/C APIOE 62 2O H LIZER L 72D
WCREID R VATREED D D . RAIRIRIETRIT 20 LOLER A

AMR: 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 ()

RICBELET: Stable ABL. 95— Y5 —XEI7V7LET, 57— VIF—ZPFREINTVARN
oI, $REH Y FHA,

void PyErr_PrintEx(int set_sys_ last_ vars)

RICBELZFY: Stable ABL ##H#D b L —2XNv 7% sys.stderr KA L, =257 —A VT r—4%% Y
7LEF, L. =T —2 SystemExit THBIHEZEMRVWT TI, ZDHAE. PL—2ANy ZIFHN X
N3, Python v+ R SystemExit 4 Y AX YA TIREINT I —a—FTKRTLET,

II7—AYIT—EPRESIN TV ZIZ EF. ZOBBZIFRHL TSV, 2hlBltona, &
i —%25[ERIFTL & 5!

If set sys last _wvars 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 ()

RICBL %9 Stable ABI. PyErr_PrintEx(1) O A U7 A T3,

void PyErr_WriteUnraisable (PyObject *obj)

RICBLET: Stable ABL BIEDHIF & 0bj 5140 T sys.unraisablehook() ZM-UHIL %95,

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

exception occurs in an __del__ () method.

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

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

OB ENOCH T =12, fidsity FERTWRITRIERD F8A,

5.2 FINDEH

TRoBEEE, HEDAL Y FOZI—A VI —ROFEEMMBILET, FlEHD-D, 2 d0BEBD WL >
X, return XTHHTE 3 X5 ITHIC NULL KA VX Z2RLET,

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

RICE 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'.
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void PyErr_SetObject (PyObject *type, PyObject *value)

RICELET: Stable ABL. Z DB PyErr_SetString () WZBTWE T, HIFtD 7 fE (value)” & L
THEED Python A 79 =7 FR4EET 2 Z e TEET,

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

RBDO{E: 8IC NULL . RICBEL X9 : Stable ABL. ZOBBIZIZI—4 VI —X%EFREL NULL Zi&L
E3, exception 1% Python Bl 7 7 A THBNETT, format LLIEDFIBIZL I —X vt -V %S
72D H DT, PyUnicode_FromFormat () D5l FUEK®ZFF > TWE T, format & ASCII =¥ a—
R X N7XFHITT,

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

RDf#: BIC NULL . RIZBLFT: Stable ABI (IN—23> 3.5 &D). PyErr_Format() LRILUTY
D, AIZRGIBONRD DI va_list 5IEZZITID 5,

N—Ya ¥ 3.5 TEM.

void PyErr_SetNone (PyObject *type)
RICELZE T Stable ABI. ZhU& PyErr_SetObject(type, Py_None) Z&ME L7z DT,

int PyErr_BadArgument ()

RICEBL 9 Stable ABI. Z4U& PyErr_SetString(PyExc_TypeError, message) ZEM L7 D
T. ZZT message \FMHBABBREPRELRFIBTHOE SN WS 2 2R L TVWET, EIZHET
HHT27200bDTT,

PyObject *PyErr_NoMemory ()

RBDOfl: EIZ NULL . RIZBL %9 Stable ABI. Z#U& PyErr_SetNone (PyExc_MemoryError) %%&
BEL7=d DT, NULL ZIBLE T, L7z oT, XEVARBRKR-722E, F 7Y 7 MEID HTRBUZ
return PyErr_NoMemory(); £ &HL ZE¥MNTEE T,

PyObject *PyErr_SetFromErrno (PyObject *type)

RDflE: IC NULL . RICEL £79: Stable ABI. This is a convenience function to raise an exception
when a C library function has returned an error and set the C variable errno. It constructs a tuple
object whose first item is the integer errno value and whose second item is the corresponding error
message (gotten from strerror()), and then calls PyErr_SetObject (type, object). On Unix, when
the errno value is EINTR, indicating an interrupted system call, this calls PyErr_ CheckSignals (),
and if that set the error indicator, leaves it set to that. The function always returns NULL, so a wrapper
function around a system call can write return PyErr_SetFromErrno(type); when the system call

returns an error.

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

RD{E: BIC NULL . RIZBL £7: Stable ABI. Similar to PyErr_SetFromErrno (), with the addi-
tional behavior that if filenameObject is not NULL, it is passed to the constructor of type as a third

5.2. fISox 67
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parameter. In the case of OSError exception, this is used to define the filename attribute of the

exception instance.

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject *filenameObject2)

EbfE: ®IC NULL o RICEBL Z¥: Stable ABI IN—=S 3 ¥ 37 &b)
PyErr_SetFromErrnol/ithFilenameObject () I TETH, 77 A VH%E 2 DWMBHBM LKL 72
Y EWHINEER T 27201, 2D0HD 7 7 A VHA TV 27 P EZITID 5,

N—3 3 v 3.4 TEM.

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

RDfE: EIC NULL . RIZBL Z9: Stable ABI. PyErr_SetFromErrnolithFilename0bject () 1218
TVETH, 774041 CXFHe LTHERONE T, filename & 77 AN ATLOITY O—F 4
YJCLIS—N\YEZ TFa—FEhET,

PyObject *PyErr_SetFromWindowsErr (int ierr)

RD{E: BIZ NULL « RIZBL 7 : Stable ABI on Windows (IN—23 > 8.7 &b ). This is a
convenience function to raise WindowsError. If called with ierr of O, the error code returned by a
call to GetLastError() is used instead. It calls the Win32 function FormatMessage() to retrieve
the Windows description of error code given by ierr or GetLastError (), then it constructs a tuple
object whose first item is the ierr value and whose second item is the corresponding error message
(gotten from FormatMessage()), and then calls PyErr_SetObject (PyExc_WindowsError, object).

This function always returns NULL.
Availability: Windows.

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
RDfE: ®IC NULL « RICEL EX9: Stable ABI on Windows (IN—2 3> 3.7 &b).
PyErr_SetFromWindowsErr () WITWE T, EH T 2HIAMDREZHET 2518 EBMENTVET,

Availability: Windows.

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

RD{lE: BIC NULL . RICEL X9 Stable ABI on Windows (IN\—23> 3.7 &D ). Similar to
PyErr_SetFromWindowsErr (), with the additional behavior that if filename is not NULL, it is decoded
from the filesystem encoding (os.fsdecode()) and passed to the constructor of 0SError as a third

parameter to be used to define the filename attribute of the exception instance.
Availability: Windows.

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

*filename)

RDfE: &IZ NULL . RICEL £9: Stable ABI on Windows (IN\—23> 3.7 &D). Similar to
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PyErr_SetExcFromiWindowsErr (), with the additional behavior that if filename is not NULL, it is
passed to the constructor of OSError 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)

RbfE: BIC NULL - RIZCBL £79: Stable ABI on Windows (IN\—< 3> 3.7 &b).
PyErr_SetEzcFromWindowsErriithFilenameObject () WCHTETH, 2 ODHD 7 7 A VKA T =
7 PRI £,

Availability: Windows.
N— a v 3.4 Tl

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

RBRDfE: %®IC NULL « RICEBL XY Stable ABI on Windows (IN—2 3> 3.7 &D).
PyErr_SetFromWindowsErriithFilename () WML TWE T2, XM T 2P 0B 2 H6E T 5518058
mETWES,

Availability: Windows.

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

ROf#: BIZ NULL o RICBLET: Stable ABI (IN—23 > 3.7 &D). ImportError %* ffiHlIizikH
T57DDETT, msg EHIHNDX v L—=IXFFe LTy PENFET, name & path 1Z¥H 5B
NULL i2L T &<, ZR#N ImportError @ name JEM Y path BHEE LTy FEN T,

N— a ¥ 3.3 TEM.
PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name,
PyObject *path)
RDfE: BIC NULL o RICEL & : Stable ABL (IN—23> 3.6 &D ). PyErr_SetImportError() &
AT ETH, ZoBEITEH T 2654 LT, ImportError D% 77 5 X EfHETE T,

N— 3 v 3.6 TEM.

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

BEDHND 7 7 4, 170 A7y bOfEHREZEy FLET, BEDHISND SyntaxError TRWGE
. BINERRT 29 72 X7 40, filHH SyntaxError TH 2 X 5 X5 IEEEZEML E3,

N— a ¥ 3.4 TEM.

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

RICBLET: Stable ABI (IN\—23Y 3.7 &D ). PyErr_SyntazLocationObject () L EITWE T2

A

S T5—/\> 5 CTra— A
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N—a v 3.2 Tl

void PyErr_SyntaxLocation (const char *filename, int lineno)
RICEL £9: Stable ABIL. PyErr_SyntazLocationEx() LITWE T D, col offset 5IEDPEREZINT
WE 9,

void PyErr_BadInternalCall()

RICBLE T Stable ABIL. PyErr_SetString(PyExc_SystemError, message) Z &M L7=d DT,
Z 2T message WFNEHRIE (B 212, Python/C API B%X) AR ERBIEE & b ICMOIH IRz WS 2
EERLTVEY, EICHETHERT 272005 DTY,

5.3

34

r= =
[=]

MUTFoEfzMn, C a— FTEEAEEZME L £, Python ® warnings €Y 2 — L TAREA TV S
FROBE Y XU TET, 2o 0BBIGEEEEX v —% sys.stderr NN LETH, 2—I0EEE2T
EEFTDZIOIHEET 5 b TE, 20HEIR. BBUIHINZER L $5, BEHEMEI S OREDDIC
%@E@?ﬁ(?ﬂﬂﬁ*%%ﬁ?% VWS ZHEHEET, FIAERINRNGEEIIREDEIZ 0 T, fIstaEH
75BN -1 T, (BEX y‘t'—y#%[@‘k&ﬁéﬂé . BEOEZ ORI DIREDE IOV TIEHIMIC & %
Ay TRRENNZL S DTT, ) fsBEH S hGE, HOH Litid@E ofIsLE 21T wg 3 (B2, R
FELTWRBRITH U Py_DECREF () ZAT\, 17—@% LET),

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

RICBLFTY: Stable ABL. BHE X v —I%FITUE T, category 5IEUTEEL 7V (UTE2ZR) 2
F 721X NULL T, message 5/80% UTF-8 = a— R 3N/ FHNTY, stacklevel (3R R 7 7L —20D
BERTIEOBMTY, BHIZZDRAX Yy 7 7L —LADHFDETLTWBITHLLIITEINET, stacklevel
A1 728 PyErr_WarnEz () ZW-OH LTV, 2 728 20 LoOBEDY Warning OFEITITICRD
S

EHE 7 3V 1% PyExc_Warning O% 727 5 X THRITNIXR DY £¥ A, PyExc_Warning &

PyExc_Exception 0% 727 5 XT3, 77 4/ FDEE %73V I3 PyExc_RuntimeWarning T,

D Python BE A 73V, BEESH T THHEIMFIESINTVWE e — IV ZEK e UTHIAA]
E"GTO

BEZaY MR- LT 50D BERICOVTIE, wvarnings EYV 2 — LD RFaXryF—Yaryeavwy R
FAY FFaXryr—2aryd -WATTaryeBRLTIEZV, BEEar bo—1D7kHd C API
BEHDFEEA

int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
TRTOBEEORELZIHARIMNCHBE LI ESE X v - 2L ET, ZHiE Python B%L warnings
warn_explicit() DEKEWNIRT v X—T, S HRIEWRERZICBZELEZZHMLTILI WV, Z ZIZHMA
ENTVBFT 7 4V b DFNRER 212012, module ¥ registry 5180E NULL ICRET 2 e B TEE T,
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N—= a ¥ 3.4 TEM.

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

char *module, PyObject *registry)

RICBL ET: Stable ABL. PyErr_WarnEzplicitObject () WL TWE T, message £ module 73
UTF-8 Y a— FENLXFINTHZ L ZANBRERRY. filename X T77AIN AT LOIYA—T 1 >
JEIZ—N\YFZ TFa—FaEhEd,

int PyErr_WarnFormat ( PyObject *category, Py ssize ¢ stack_level, const char *format, ...)
RICEBLZET: Stable ABL. PyErr_WarnEz () W27 K5 2BBTID, EEA v -2 71 —< v b
T BDIT PyUnicode_FromFormat () AL £, format & ASCII iI2t > a— K XN FHITT,
N—=a ¥ 3.2 TEM.

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

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

N—a v 3.6 TEM.

54 I5—A I T7r—20BVEDHE

PyObject *PyErr_Occurred ()
ROE: BGASR. RICBLET: Stable ABL. 57 —A4 VI —XPRESINTVEINT AP LET, &
EZINTWRHEE. fiIStD B (PyErr_Set* BIOD—D2H %\ & PyErr_Restore() ~DibH L LI
CHUIHT 25 —515) 2IRLE T, HEINTORVEAIX NULL 2R LET, HRLFEDHEADS
IERH->TOWEBLADT, AU Py_DECREF() T3REIXH D FHA,

The caller must hold the GIL.

AR: EOEZREDBISN & LB LinNT 23 W, 2D DI NIZ/RS PyErr_EzceptionMatches ()
2o T ZE WV, (HERIIMHEICKMT 2 TL x5, BRERSL, HIAHNIZ FATRERLIA VARV AN
LhnLl, H20E. 7 7 A OGEFHREEIN26I0DY 727 5 2 LAKRWHRHTT, )

int PyErr_ExceptionMatches (PyObject *exc)
RICBL %Y Stable ABI. PyErr_GivenExceptionMatches(PyErr_Occurred(), exc) [ U, il

WEBICEREINZ 22T, TUEMUOHESTARETT, fIAPRELTOWERVWESLIR, XEV T 7E
AENPEEZTL & D,

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)

Al
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Pz bTHIGEED. given BV T T TRADA VARV ATHD L ZIZERRLET, exc BRI LD
Bl EINEDHZ (BIOZDY 7 X TNVICHRIICH %) TRXTORINEBEE S 2 0FHRONE T,

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

RICBELET: Stable ABL. 25 —A4 P75 —2%7 FLAZET=D2DZHOP DB LET, =7—
A I = RPEREINTVRWERIE, Z DT RTOEE NULL KHRELET, 25— VI Fr—&»
WEINTVEIHEXZ ) 7EN, DRILEMODHENZhZhO4TI 27 bAOBREFOZ Itk
DEF, AT =27 FHNULL THRVWEETEZ, ZOMHE FPL—ANy 74 7P =27 MENULL 26 L
NEHA

7AMR: 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.:

{
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)

RICEB L E9J: Stable ABIL. 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.)

7FR: 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)

RICEL 7 : Stable ABL. & 2RWTIE, UAND PyErr_Fetch() 25HRFEIF 7 EFLZ TRV 7]
REMEDS DD E 5, DFED,| *exc BT FAA TV 27 M ED #val BAIL Y 7 ADA Y AR Y ATRBEVE
WIOEKTY, ZOBBIEZDEIBRBERCEDI FREA VAR 2T 2701 fib kT, ZDED
FTTWRERMLEIA TV IHERMBES F A, BIEEFRLIEZ ST - Y RAZ2HET 27DICELEINT
WEF,
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JFFR: 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)

RICBELZEFT: Stable ABI (IN—23 > 3.11 &b ). Retrieve the active exception instance, as would
be returned by sys.exception(). This refers to an exception that was already caught, not to an
exception that was freshly raised. Returns a new reference to the exception or NULL. Does not modify

the interpreter’s exception state.

AR o BERAN RS a - FTREHSNEEA. EMHIZES & ZHUIHISNDREE —
RRENCIRFE L. TR I REDH S a— FTHEAT 2 2 TE %9, fIADREZITICEST, $LEY
) 7§ %121& PyErr_SetHandledEzception() %o T 7ZE W,

N— a3 v 3.11 TEH.

void PyErr_SetHandledException(PyObject *exc)

RICBLZFT: Stable ABI (IN—23> 8.11 &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 oM BEEASERS a - FTREHIAEEA, EHEICED &, ZRRHIS O IREE
ZoRRNICRFEL. LRI BENDH 23— FTHHAT 2 A TEET, FISOREEZEIES 212
PyErr_GetHandledEzception() Zffo T Z& W,

N— a ¥ 3.11 TEN.

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

RICBLZE Y : Stable ABI (/N—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 ().

5.4.
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AR o BERAIN RS a—- FTREHASNEEA. EHICES & ZHUIHISDREL —
FHNCREE L, TR I MNENDH 22— FTHHT 2N TEET, AINORELZTTICES., LIRS
V) 79 %121k PyErr_SetEzcInfo() ZffioTL72& W,

N—ar 3.3 TEM.

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

RICBLET: Stable ABI (IN—=23 > 3.7 &D). Set the exception info, as known from sys.
exc_info(). This refers to an exception that was already caught, not to an exception that was
freshly raised. This function steals the references of the arguments. To clear the exception state,
pass NULL for all three arguments. This function is kept for backwards compatibility. Prefer using

PyErr_SetHandledEzception().

AR oK. @FEEAINERS a - FTREHIAEEA, ERICE S &, ZHEHS0IRE
—FRNCRTE L, TREITRVEPH 23— FTHEHAT I TEE T, FINDOKREZEGT 2121
PyErr_GetEzcInfo() &{foTL1Z& W,

N— 3 v 3.3 TEM.

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

still steals references of all three arguments.

55 TFINVEIVT

int PyErr_CheckSignals()

RICE L E 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.

74
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This function can be called by long-running C code that wants to be interruptible by user requests

(such as by pressing Ctrl-C).

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

void PyErr_SetInterrupt()

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

7AMR: This function is async-signal-safe. It can be called without the GIL and from a C signal handler.

int PyErr_SetInterruptEx (int signum)

RICBELZET: Stable ABI (IN—23> 3.10&D ). ST FADPEELLMREZS I 2L —PLET, RIZ
PyErr_CheckSignals () BMEINIz &, 5X 607> 7 FAFEESHO Python D> 7 F N> B 5 HEE
CHENhET,

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— a ¥ 3.10 TEN.

int PySignal_SetWakeupFd (int fd)
ZDA—T 4 VT 4 BIIE. ST FNERTMoTc BT T FNESEZANL P LTEZIAL T 7 A Vil
RFRIEELET, fdl3/ r7may Xy 7 TRINIRD S8 A, ZOBIE. 1 DD 7 7 A4 LT %
BLUET,

-1 2T, COMEZEMCLET; ChALPIHIRETT, Z OB Python @ signal.
set_wakeup_fd() E[FFHETTH, YARII—F v 7 dbiTVERA, A IFEMNRT 7 A LVREABFTH
ZRNETY, ZOMBEAAL VALY FRLDAFUIHEINENETT,

N—Yar 3.5 TEH: Windows T, ZOBEIEY vy AV ERAETR—bPF T35 DF L,
55. YTOFILNVRUDYT 75
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5.6 BINI S

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

RDE: HILWBR, RICELET: Stable ABL. 202 —7 1 V7 4 BEEH LWHISL Y 7 2 E/ER L
TR L ¥ 9. name 518UIH L WHIS DI, module.classname FEAD C SCFEFITRITIUIR SR,
base ¥ dict 518U E NULL T35, ZHUITARTOFNDIDDNL— b, #AHAA% Exception (C T
PyExc_Exception & LT7 7R AHRE) N — b LTIRELZLZ FRA TV 27 PEIEL £F,

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)

RBOfE: HILWBE, RICELFY: Stable ABI. PyErr_NewEzception() LIEIEZE U TTH, #H LW
Mo T ZHHEIZ docstring ZERETE 5, doc 28 NULL THWIGE, ZNMFIS 2 5 2D docstring 12
ZhET,

N— a3 v 3.2 TEM.

5.7 fINFTZ ok

PyObject *PyException_GetTraceback (PyObject *ex)

RBOE: LW, RICBL X7 Stable ABL. Python T __traceback__ BMYE»L7 7R TE 3D
DrFEIT. HISZEET % traceback DFTLWSIRERL 3, BIfRT % traceback WA IE, NULL %
BRLUET,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)

RICBLET: Stable ABL. ZOfIFMEIT % traceback 12 th v FLET, 7V 73 %2l Py_None
ZERH LT EE 0,

PyObject *PyException_GetContext (PyObject *ex)

RDME: ILWBHE, RICEBL X7 Stable ABL. Return the context (another exception instance during
whose handling ex was raised) associated with the exception as a new reference, as accessible from

Python through the __context__ attribute. If there is no context associated, this returns NULL.

void PyException_SetContext (PyObject *ex, PyObject *ctx)

RICEBLE: Stable ABL BlSMCBET 22> 7 F A M etz By FLET, 27V 73 5I121& NULL Z{#
ALTLIZE, ctx BRI YRR ADE D D EiEPDZTF 2 v 713 TONERA, TR clz ~D
SHREBAHET,

76 % 5 & ISR




The Python/C API, U —2X 3.11.14

PyObject *PyException_GetCause (PyObject *ex)
RBDfE: FILLWBR, RICELFJ: Stable ABIL. 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)

RICBL 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.

5.8 Unicode fIAA T o

Mo C 535225 Unicode B 207 DIBIELD T2 7-DICHHL %7,
PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py _ssize t length,
Py ssize_t start, Py _ssize_t end, const char *reason)

RO{E: :ILWLWBE, XICBL £ 9 Stable ABIL. encoding, object, length, start, end, reason &M% b -
7z UnicodeDecodeError * 72 =2 b Z{EM L £9 . encoding 3B & reason 1¥ UTF-8 =>a—F&h
T X FHITY,

PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
RBOfE: FiLWBHE, RICEL X7 Stable ABL. 5260764472 22 b D encoding B %K
9,

PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)

RBRDfE: FiLWBE, RICEL XY Stable ABL. B2 6NN AT =2 bD object JBMEZIRL 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)
RICBLET: Stable ABL BINZHINA T 227 b5 5 start BIEERBIRE LT *start 1N L F55
start ¥ NULL THoTIER D ERA, BMLAS 0 2. KBLZH -1 ZRLET,

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

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

5.8. Unicode fINA TS k 77
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int PyUnicodeTranslateError_SetStart (PyObject *exc, Py _ssize t start)
RICEBL XY 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_t *end)

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

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

RICBLET: Stable ABL EXN N A T 227 b 225 end BHZEIS LT *end ML 3, end
X NULL THoTER D FHA, IS 0%, KBLES -1 BRLET,

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

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

int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py ssize t end)
RICBLET: Stable ABL EXNZFINA TSI 227 MDD end EMEE end ITHELET, BB L7S 0
T, KMLES -1 ZRLET,

PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)

PyObject *PyUnicodeTranslateError_GetReason(PyObject *exc)
RDfE: $iLWBR, RICELFT: Stable ABL X NfF 472 =2 + D reason BHEZIRL 5,

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

FICBULE T Stable ABL [EXN=HMNA T 27 D reason BH%E reason WCRELE T, KL
50%, KRBLZES -1 ZIRLET,

5.9 BIrDEE

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

call protocol takes care of recursion handling.

int Py_EnterRecursiveCall(const char *where)

RICBLET: Stable ABI (IN—=23> 3.94&D). CLLOHBFIECHLELEIS ELTWVWEE ZAIC
Iz £9,

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

5 : ) 1f this is £ . ] |
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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 X " in instance check" ® Lk 57 UTF-8 = a— FENEXXFEFNZ LT, HROEZ ORI
FELEZ e TEHREMN B RecursionError DX vt —JIEHETE R XS ICTRETT,

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

void Py_LeaveRecursiveCall (void)

RICBLETY: Stable ABI (IN—23 > 3.9 &D). Py EnterRecursiveCall() Zf T S H %7,
Py_EnterRecursiveCall () @ BEHLTc PR LITHIL 1 BIFHZZ20UIR D 28 A,

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

YT FRUIH L tp_repr ZHEYNTEET 21213, FARLBROUMEIRDLNET, XX v 7 OFF#IZMA.
tp_repr FERUHZET 2720124 TP 2 7 b2 TWLBERDH D FF, RD 2 DOEBUIIZ DEEEL A
WU ET, FEMIZIEX, T 5 reprlib.recursive_repr() F%FR C DFEET
int Py_ReprEnter (PyObject *object)
RICELET: Stable ABIL. BRI Z AT 2 72DIZ. tp_repr OFEZEDEHTIEIH L £3,
ZOATY 7 FDBOCMEI NS D o756, ZOBBIIIEORBEEZRL 3, TDBE. tp_repr

DFEEZ, BRERIIFINA TS 27 P BRI RNETT, BIZIR dict A7 27 M {...} ZIEL %
FL, list A7V =27 MI [...] ZIBRLE T,

FHlREEo ERIGEL 2581, ZOBBITEOBEERLES, ZDEE. tp_repr OFEZEZ—FKINC
X NULL 2R ITRETI,

ZHRLA DA, BB R ZR L., tp_repr OEFEILAFE B HMHEZHEIFTHLEVER A,

void Py_ReprLeave ( PyObject *object)

RICEBLET: Stable ABIL. Py_ReprEnter() % TX¥EF, 0 Zi& L7z Py_ReprEnter() OFEUHIL
WHL 1 EEXZR T UER D 8/ A

5.10 1ZEHI5

PyExc_ D& AIZ Python OIS H e BFTE DD B— rLERE LT, $XTOEYE Python FlA 235K F ]
HETT . TNBIFAE! PyObject* 2FH, INRNTIIRFT TV 27 v TF, EEBEEZHT 12012, TXNTOEEE
DIRIZHIZEL £5:

C# Python % AR

PyExc_BaseException BaseException <

ROR—=ZITHE<
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R 1-AIOR—IHS5DHE

C# Python % JERR
PyExc_Exception Exception B Sy <1
PyExc_ArithmeticError ArithmeticError p- 81, *1
PyExc_AssertionError AssertionError

PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError

PyExc_BufferError BufferError

PyExc_ChildProcessError ChildProcessError
PyExc_ConnectionAbortedError ConnectionAbortedError
PyExc_ConnectionError ConnectionError
PyExc_ConnectionRefusedError ConnectionRefusedError
PyExc_ConnectionResetError ConnectionResetError

PyExc_EOFError EQOFError

PyExc_FileExistsError FileExistsError
PyExc_FileNotFoundError FileNotFoundError
PyExc_FloatingPointError FloatingPointError
PyExc_GeneratorExit GeneratorExit

PyExc_ImportError ImportError

PyExc_IndentationError IndentationError

PyExc_IndexError IndexError

PyExc_InterruptedError InterruptedError
PyExc_IsADirectoryError IsADirectoryError

PyExc_KeyError KeyError

PyExc_KeyboardInterrupt KeyboardInterrupt

PyExc_LookupError LookupError B &l 1
PyExc_MemoryError MemoryError
PyExc_ModuleNotFoundError ModuleNotFoundError

PyExc_NameError NameError

PyExc_NotADirectoryError NotADirectoryError
PyExc_NotImplementedError NotImplementedError

PyExc_0OSError OSError Do & =1
PyExc_0OverflowError OverflowError

PyExc_PermissionError PermissionError

PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferenceError

PyExc_RuntimeError

ProcessLookupError
RecursionError
ReferenceError

RuntimeError

RDOR—=JITHL
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R 1-AIOR—IHS5DHE

C% Python % AR
PyExc_StopAsyncIteration StopAsyncIteration
PyExc_StopIteration StopIteration

PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

PyExc_TimeoutError TimeoutError

PyExc_TypeError TypeError

PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError
PyExc_UnicodeEncodeError
PyExc_UnicodeError
PyExc_UnicodeTranslateError
PyExc_ValueError

PyExc_ZeroDivisionError

UnicodeDecodeError
UnicodeEncodeError
UnicodeError
UnicodeTranslateError
ValueError

ZeroDivisionError

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

. PyExc_ConnectionError .

N PyExc_ConnectionResetError

. PyExc_InterruptedError

PyExc_ConnectionAbortedError . PyExc_ConnectionRefusedError

N PyExc_FileExistsError N PyExc_FileNotFoundError

PyExc_IsADirectoryError .  PyExc_NotADirectoryError

N

PyExc_PermissionError . PyExc_ProcessLookupError . PyExc_TimeoutError (¥ PEP 3151 Z &

hEBAXNZE LT,

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

N—3 a ¥ 3.6 TEf: PyExc_ModuleNotFoundError.

INHIEXHEEEDD 5 PyExc_0SError DL A V7 A TY

C#% AR

PyExc_EnvironmentError

PyExc_IOError

PyExc_WindowsError 2

N—=Ya ¥y 33 TEH: ZhHDTA4 V)7 RARHINOREL 7T 5 -icfibhxs,

1 2R OEEFIND 2D D=2 27 5 2 TT,
*2 Windows TOAEREINTVWET, 7V ety H+< 0 MS_WINDOWS BEHRZINTVEINT A TR I LT, hEffid>a— %

RELTLIZX W

5.10. FEHS
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HER:

5.11 B#£ZEEHTIY

PyExc_ D AIC Python ORI ZRlE DD v — A LT, IXTOEME Python EEH 73
DPHRFHFRET S, NS PyObject* ZFH, IRTIZIRATV 27 b TT, BEERHT 01, $XT
DER L TITHIEL £3:

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

PyExc_PendingDeprecationWarning

PendingDeprecationWarning

PyExc_ResourceWarning ResourceWarning
PyExc_RuntimeWarning RuntimeWarning
PyExc_SyntaxWarning SyntaxWarning
PyExc_UnicodeWarning UnicodeWarning
PyExc_UserWarning UserWarning

N— a v 3.2 TiBMl: PyExc_ResourceWarning.

TR
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COEOBEIZ. C TErNEZa—FE TS5y b7+ —LARBTAIMEDODH 2B DICT S ETEY2DBD2H, C
5 Python €Y a— %25 b, Z L THEHEDOFIEEMERLZD. C OfEd 5 Python DEEZHEET 2 H D
FT, BARI—T 4 VT A WERTEZITVET,

6.1 AXRL—FT 1 VI RATLEEDI—T1 )T«

PyObject *Py0S_FSPath(PyObject *path)
REDE: #HLWBR, RICBLZETJ: Stable ABI (IN—=23 > 3.6 &£D). Return the file system
representation for path. If the object is a str or bytes object, then a new strong reference is returned.
If the object implements the os.PathLike interface, then __fspath__() is returned as long as it is a

str or bytes object. Otherwise TypeError is raised and NULL is returned.
N—Ta v 3.6 TE.

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

Return true (nonzero) if the standard 1/0 file fp with name filename is deemed interactive. This is
the case for files for which isatty(fileno(£fp)) is true. If the 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 '?777'.

void Py0S_BeforeFork()
RICBLFY: Stable ABI on platforms with fork() (IN—2 3> 3.7 &D). TR AN T +— 275 50
e WO ONIIREZ /{2 72D DBIRT T, fork() RBIED T 0t 2 2HRT 2 Z Dfth M D
B2 OV T RIIC C OB MO SR AUIR D £E Ao fork() HERINTVE T AT ATDAF
HTEZET,

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

The same is true for Py0S_BeforeFork().
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N—a v 3.7 Tl

void Py0S_AfterFork_Parent ()

RICEBLE T Stable ABI on platforms with fork() (IN—=23> 3.7 &D). 7aw AN 7 +—2 Ltk
WCNERIREER BT 2 72D DRI T, fork() . BED T nt 22 HHMT 2 Z D OEL OB E
HLZRIC, TR R0EERBIN L2 30 hrbb T, Sl7nt2hs ZoEBERUH X ZITN
72D FX8 A, fork() DERINTVWEY AT LATOAMHATEET,

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

The same is true for Py0S_AfterFork_Parent ().

N—Ya ¥ 3.7 TENM.

void Py0S_AfterFork_Child()
RICEB L FT: Stable ABI on platforms with fork() (IN—3 > 3.7 &b ). 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.

ZE&: 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— 3 v 3.7 TEM.
BE,

os.register_at_fork() % F| F ¥ % ¥  Py0S BeforeFork(). PyOS_AfterFork_Parent()
PyO0S_AfterFork_Child() I & o TR E NS A AKX 4D Python B ZEFHRTE £7,

void Py0S_AfterFork()

RICEBLFY: Stable ABI on platforms with fork(). 7at 223 fork L7z DONFIREEZ EHT 2720
DT fork % Python A ¥ & 7)) ZEHEWET 258, Filek7ntANTZOBEBERUH IR
72D ERA, FilR e RICHELRFETRE 20— F T 558, ZOMBENOHTHEEXDD %
Ao

N— a ¥ 3.7 TIEHESRE: Z OBEEUX Py0oS AfterFork_Child() XX > CTEERI LN E LT,

int Py0S_CheckStack()
RICEBLET: Stable ABI on platforms with USE_STACKCHECK (IN\—2 3> 3.7 &D). Return

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

your own code.

typedef void (*Py0S_sighandler_t)(int)

RICBLZET: Stable ABI.

PyOS __sighandler t Py0S_getsig(int i)

RICEL £9: Stable ABL. Return the current signal handler for signal 7. 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)

RICEL £ 9 Stable ABI. Set the signal handler for signal 7 to be h; return the old signal handler.

This is a thin wrapper around either sigaction() or signal(). Do not call those functions directly!

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

RICBLET: Stable ABI (IN—=S3> 3.7&D).

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

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

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

T7ANDRATLDIYA—TA VI ETIT—N\YRZ BN, PXFHNETa—FLET, T7—1V
R 723 surrogateescape 7 — NV FJ 26, 72— FTERWV A ME U+DC80 225 U+DCFF (T
OWFHDOLFE LTFa— FEA, 4 MIAFRr— b LFE LTFa— FTE 23581, 73— FT3
DT { surrogateescape L7 — Y K7 %o TANA MIBWZRr—FEINFET,

LS AEBVIERSINZ VA FFx 77 X —FHNNDRA VR ZIBRLE T, TOXEY ZRRT 2DITIE
PyMem_RawFree() ZffioTL72& W, 58 size #% NULL TZRWEEE, null XFUNADT A FF x5
R — D% *size "NEEZAALE T,

Fa—FHLIEIAETVHHETZS X3 L NULL 258 L E 7, size 23 NULL THWESIZ, AEVU T
F—Dr EIX (size_t)-1 %, 7A—FTOIZI7—DL XX (size_t)-2 % *size WHREL F T,

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

filesystem_encoding and filesystem_errors members of PyConfig.
CIA4T77V—RATDPREVIRD, 7a—FTOLI7—@FEIDIEEA.

F ¥ 77 R=XFHN N4 XFFNTRFTIE Py_EncodeLocale () BFAEZf-> T 72X W,

6.1.
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BE:
PyUnicode_DecodeFSDefaultAndSize () 3B XU PyUnicode_DecodeLocaleAndSize() B,
N— 3 v 3.5 TEM.

N—=a ¥y 3.7 TEHE: ZoOM#Z, Python UTF-8 Mode TiX UTF-8 =>a—7 4 Y7 %FHT 2 LS
WD FEL7

N—Y a v 38 TZHE: 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 ABL IN—23> 3.7&D ). VA FF 25782 —FH% T7MILATLOIY
A—TAVJEI5—NYEFZ Zzra—FLEd, T7—, > F I surrogateescape T7 — N> K5
%5, U+DC80 %5 U+DCFF £ TOHHDY 1n s — F3XFIF 0x80 525 0xFF ETD N MTEHX
nxEg,

FLAXEVHEREINIEA, PXFIHANDERAL VEEZRLET, TOXEYEMBNT 2 DITIX
PyMem_Free() o> T EE WV, TVaA—FZI7—DAEVHERELI—D L XX NULL 2R L 7,

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

character on encoding error.

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

filesystem_encoding and filesystem_errors members of PyConfig.

NAMFHNETA R r 77 X2 —XFINIRTITIE Py_DecodeLocale() BAEIZH > TL 72X\,

Z&:  This function must not be called before Python is preinitialized and so that the LC__CTYPE

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

BE:
PyUnicode_EncodeFSDefault () 3B XU PyUnicode_EncodeLocale () BAEL
N— a ¥ 3.5 TENM.

N—=a v 3.7 TEHE: ZoOBMEZ. Python UTF-8 Mode T UTF-8 =>a—7 4 Y7 %FHT 3 L5
127 b E Lz,

N—=3Y ayv 38 TZHE: The function now uses the UTF-8 encoding on Windows if

Py_LegacyWindowsFSEncodingFlag is zero.
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6.2 > X7 LA

sys BV 2 —ADRELTVAHEICCODa—-Fr o7 27X T2 TT, IRXTOBBIIHED A > 2T
RAL Y FD sys EY 2a—LOFFICH LU TEEL £3, ZOFHFIEINIMDOAL v FIREEEK IR AT
9,
PyObject *PySys_GetObject (const char *name)
RDE: EHABR, RICEBLZXT: Stable ABL sys €Y 22— D name 77 =7 s &iRTHh, FIELR
FAURBIS 2 BOER 3T NULL 2B L £,
int PySys_SetObject (const char *name, PyObject *v)
RICEBLEY: Stable ABIL. v 2% NULL THWEE, sys €Y 2 —LD name I v ZRELE T, v A
NULL %2 5. sys EY 2 —AH 5 name ZHIFRL £5, BPIL725 0 2, =7kl -1 ZIELET,
void PySys_ResetWarnOptions()
RICEL £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)
RICEL £79: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

warnoptions should be used instead, see Python Initialization Configuration.

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

affect the warnings filter list.
N=Pa 311 TIHERE.

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 ¥ 3.11 TIEHERE.

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.
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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— 3 3.11 TIEHELR.

void PySys_WriteStdout (const char *format, ...)
RICE L&Y : Stable ABL. format THE S NN XFH% sys.stdout WCHN L3, YIDEDHE
ColGEEED. NI —YIAEL $8A (i),

format 1&, 7+ —~v MEOHIXFHID b —ZXILDRKE X% 1000 N4 FLRICHIZ B2XE TS, - 1000
NA MO HIISCFINITIDEED S E T, KRS, HIROR W "%s” 74 —< v PERFESNRETEHD F
Fho "%.<N>s” DEIICLT N IZ 10 EBOEZIEL. <N> + ZOMO 7 + —< v MEORKI A
ZAH31000 ZERZBRVESICHRET DIRETT, AL "% dReMF20EBH D £F, IFHIC
REWEIEICHN LT, MEOTFEZHIIT 2NN D D £5,

MENFEAEL 7D, sys.stdout DRESNTVWRPoLGE, 74 —< v MEOX v - 3ARY O (C
LALD) stdout \CHITINET,

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

RICEL F9: Stable ABIL. PySys_WriteStdout () R U TI D, sys.stderr d L X stderr 1)1
LET,

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

RICBL F9: Stable ABI. PySys_ WriteStdout() 27 BT 325, PyUnicode_FromFormatV() %
FHoTRXyE—T%T7r—<v L, Xvt—V2EEOREIYINEDEDIZLEEA,

N— 3 v 3.2 TEM.

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

RICELE 7 Stable ABI. PySys_FormatStdout () ¥R UTE 2, sys.stderr L <X stderr 1)1
l./ ij—o

N—=a ¥ 3.2 Tl

void PySys_AddXOption(const wchar_t *s)
RICBLZET: Stable ABI (/N\—23> 3.7 &D ). This APT 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 ¥ 3.2 TEM.

N—a v 3.11 TIEHEE.
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PyObject *PySys_GetX0Options ()

RbhE: BRAER. RICELET: Stable ABI (IN—23> 3.7 &D ). sys._xoptions & [k, -X 7
arOBEOHEZRELEY, =7 —2NEE 5 &, NULL AR EN, fftaity bahxd,

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.

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

N—= a v 382 TEH: Require Py_ssize_t for # format characters. Previously, an unavoidable

deprecation warning was raised.

int PySys_AddAuditHook (Py AuditHookFunction hook, void *userData)

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

APT are called for all interpreters created by the runtime.

userData RA Y REZ7 v ZVEARKICEINE S, 7 v 7BEHNKRS V24 a6 UEHEN 205 LR
WDT, DKL ¥ XIZEH Python DIREEZSIHINETED D THA,

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

Exception (other errors will not be silenced).
The hook function is always called with the GIL held by the Python interpreter that raised the event.

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

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

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

6.2.
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be added and the exception is cleared. As a result, callers cannot assume that their hook has been
added unless they control all existing hooks.
typedef int (*Py_AuditHookFunction)(const char *event, PyObject *args, void *userData)

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

N— 3 v 3.8 TEM.

6.3 7Ot XFIE

void Py_FatalError (const char *message)

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

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

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

current function, unless the Py_LIMITED_API macro is defined.

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

void Py_Exit (int status)

RICBELZFT: Stable ABL HHED 0t A2 T LET, Py _FinalizeEx() ZMUH L7=1%, 12 C 5
477 VEBD exit(status) ZFFOH L £ T, Py FinalizeEz () WL =l o 356, BT AT —
22013 120 ICERESINE T,

N—=a ¥y 3.6 CLHE: RTUHOLS —I3MEI 2B EL,

int Py_AtExit (void (*func)())

RICELFT: Stable ABL. Py_FinalizeEz() H O & 2 BRIGRLIE %2 1T 5 BAEX (cleanup func-
tion) 2B L F 5, BRAERBEBIITIEIMLCIPFIHEN, EZIRLEEA, AT 32 DBRIBRUFEREE
ZEBRTEET, BRCHINT DL, Py AtEzit ()13 0 IRLET; KT 2L -1 ZIRL T, wEIC
BER U I RAGRILEBE R D SR I O I N E §, BBIEE A —E L 2O H I A, Python OA
TR 748 T LB IR AR AR IR BIEL & D DIATICSE T L TWA DT, fune 2> 51EW0WAH 7% % Python API I
HLTIERD EEA,
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6.4 EZa—-ILDAVER—-F

PyObject *PyImport_ImportModule (const char *name)
RbOfE: iLWBE, RIZEL 9 : Stable ABI. 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)

BDE: HiLWEH, RICEL X9 Stable ABL. ZDBEUZ. PyImport_ImportModule () DEEIETED
IA VT AT,

N—a v 33 TEE: ZoBEIZ. IEREIDZAL Y FiIckoTA Y R—btay 223 7bhTWi54a1k
BNEEC KL TWE L7z, LA L Python 3.3 Tld. KD OHM TR Y J XX —LNET 2 —-LT LD
0y ZIBITLDT, ZOBEBORNRIRSE FHVIZ D IEPHETIEH D THA,

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

*fromlist)

ROE: HILLWEE, V2124V R—IPLET, EVa2—1DA VK- FZOVWTIEHAAAD
Python BIE( __import__ () %&Fiirr X< bhh FT,

ROEIZ. A VR—FENEET 2Dy TRy & —INDOFH L WEHED, L =581 65¢
ZRELTNULL Z2IBLEF, __import__() ERUL LI, Ry T =YD TEY 2 —ANERI NI
L EE, ZBTRY fromlist ZEZI NN, by LDy r—IRIRLET,

4 Y R—= b BRBUIEEE. Pylmport_ImportModule () L ARRICARERRES 2 — VDL TV 27 b
ZHIFRL 97

PyObject *PyImport_ImportModuleLevelObject (PyObject *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)
ROl :TLWBER, RICELZFY: Stable ABI (IN—23> 3.7&D). £V 2—-1%A4 VKR-PLET,
EV2—NDA A= FZOWTIFHAAAD Python BI%X __import__ () 2L X</ bET, &
WHDH, D __import__ () WX ZOBBRERTUCHLTWE ST,

ROEE. A VE—FENEET 2=y LRy T —IADF LWSBD, LB L 72581365
HRGELTNULL Z5RLEF, __import__ () R XS, v Fr—YDH TEY a2 —APERI T
L& ZETRY fromlist ZTESNTRELDINE, by TLRLDRy F—I%IKELET,

N— ar 3.3 TEM.

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals,
PyObject *fromlist, int level)
RBbfE: FrLWBHER, RICEL 9 Stable ABL. PyImport_ImportModuleLevelObject () ¥ TWE
23, name 7% Unicode 7Y =2 T3 UTF-8 Ty a— FINEXFHTHZETERLZD T,

N—Tay 3.3 TEH: level ITEHRRADHEIZEHTEEEA,
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PyObject *PyImport_Import (PyObject *name)

RBOE: FILWEBE, RICBLEX T Stable ABL BfED 7 4 Y HR— 7 v 7B 27D DEK
DAY R—=T 2 =TT (level 120 ZIHRT 2L, M4V R—1+ZEKRLET). ZOBBIIBIED S
0 — OLVEEHEND __builtins__ 25 __import__ () BAZMUOHLET, 3xbb, BEDIREKIC
AVAF=AENTVEAL Y R— 7y 7ffioTA VR— PRITVET,

Z OB E K 4 R— M 2FHLE T,

PyObject *PyImport_ReloadModule (PyObject *m)

ROfl: :iLWEBHE, RICBL X Stable ABL. €Y 2 —L%Hu—F (reload) L3, R HEIZHR—
FLZEI 2a=Ad by TRy F—=INOF7RBRICZD $93, RRLGE 1B EZE Y b
L. NULL 2} BL ZF (ZOHATH, Y 2—MIERINTOWREELR DD £7),

PyObject *PyImport_AddModuleObject (PyObject *name)

RbhfE: EHABB, RICBLFT: Stable ABI (IN—2 3> 3.7 &D ). Return the module object
corresponding to a module name. The name argument may be of the form package.module. First
check the modules dictionary if there’s one there, and if not, create a new one and insert it in the

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

AFR: 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—Y a ¥ 3.3 TEM.

PyObject *PyImport_AddModule (const char *name)

Rbfl: BGRB8, RICBL X7 Stable ABI. Similar to PyImport_AddModuleObject (), but the name
is a UTF-8 encoded string instead of a Unicode object.

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

ROE: FHTLLWBE, XRIZBL X7 Stable ABI. Given a module name (possibly of the form package.
module) and a code object read from a Python bytecode file or obtained from the built-in function
compile(), load the module. Return a new reference to the module object, or NULL with an exception
set if an error occurred. name is removed from sys.modules in error cases, even if name was already
in sys.modules on entry to PyImport_EzecCodeModule (). Leaving incompletely initialized modules
in sys.modules is dangerous, as imports of such modules have no way to know that the module object

is an unknown (and probably damaged with respect to the module author’s intents) state.

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

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

__cached__ will also be set.

ZOBBUE. TTIAVE-FEIATVAREY 2 —LDOBEIIEHT— FRITVWES, BRIICEY 2—11
DFE T — %2175 HEZ PyImport_ReloadModule() ZBML T EE W,

name 5’ package.module JER D F v "ERFETH - 2HE. ERMERINTWIRVW Sy & — IS Z
DIERE N WEFICRD T,

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

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

RBOflE: F1LWBHE, RICEL X9 Stable ABI. Like PyImport_EzecCodeModule(), but the __file__

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

PyImport_EzecCodeModulelWithPathnames () HBIRL T Z& W,

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

PyObject *cpathname)

EDhfE: HLLWEER RICEBLFI: Stable ABI IN—2 3> 37 &b) Like
PyImport_EzecCodeModuleEz (), but the __cached__ attribute of the module object is set to cpath-

name 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)
BOE: :iLWBHE, RICBL XY Stable ABIL. PyImport_EzecCodeModuleObject() LT WE T
M. name ¥ pathname. cpathname 75 UTF-8§ T a— RN FHTH B HBELZDFT, dL
pathname 7% NULL DIFE. cpathname 55, pathname ¥ D X 5 RIAWC R ZNE»pEHIZRAD R EIN
S

N—a v 3.2 Tl

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

bytecode path is provided.

long PyImport_GetMagicNumber ()

RICEBLZFY: Stable ABL. Python XA ba—RKZ7 741 (Gl .pyc 77 4L) DRI v 7 F U N—%
RUET, v v 72 FoN—1E3ANAL FA—R T2 A NLDEHID 454 M2, U MLIZYF 47N b I —
R—THNBZNETT, T7—-DHFAEIE -1 ZRLET,

N—ar 33 TEHE: RMLESGER -1 OfEZELET,

6.4.
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const char *PyImport_GetMagicTag()
RICBLF T Stable ABL. v v 7 X 7 XXFH|% Python N4 b a—F7 7 A LD PEP 3147 7 4 —
<y FTRLE T, sys.implementation.cache_tag DEMEHTE, 220 Z OBKORO D IHEHT
NETHHZ MM EL 29,

N— ar 3.2 TEM.

PyObject *PyImport_GetModuleDict ()

RbDfE: BAEBR, RICELET: Stable ABL. £ 2 —VEHD-DOHHE (WbW5 sys.modules) %
BLET, TOFERIA VX TV R —DRTDIERZOTHEREL TSV,

PyObject *PyImport_GetModule (PyObject *name)
RDfE: iLWBR, XRICELET: Stable ABI (IN—U 3> 3.8 &D). R onEHTOBIICA ¥ R—
FEADEY 2 —LERLET, BV 2—hBA YR—FEINTWEDP-ZEEIE, NULL 23R L 35,
II—idty FLEEA, Y 2 LOMRITKRL5EE, NULL ZRL, =5—%+ty PLE T,

N—a v 3.7 TEM.

PyObject *PyImport_GetImporter (PyObject *path)
Rh{E: $rLWBEE, RICEBL £7: Stable ABIL. Return a finder object for a sys.path/pkg.__path__
item path, possibly by fetching it from the sys.path_importer_cache dict. If it wasn’t yet cached,
traverse sys.path_hooks until a hook is found that can handle the path item. Return None if no hook
could; this tells our caller that the path based finder could not find a finder for this path item. Cache

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

int PyImport_ImportFrozenModuleObject (PyObject *name)
RICBLET: Stable ABI (IN—=23> 3.7 &D). name £ WS AHETD 7Y —X (freeze) TiizE
Ya—Zu—FLET, KITdL 1%, EV2-—ABROLLRP-oLGEEICE 0 2. P
KM L7HEC@3NZEy PLT -1 Z2IBLET, B—FHNLEEY 2 -7 78 RF 212
PyImport_ImportModule() %o T 7Z&E W, (Note ZDEAIIWE X IR EZIBLLAHITT — 2D
BIBUIEY 2 = AT TRA Y R—rEATWEHYa—RFLTLEVWET, )

N— a v 3.3 Tl

N—=Tarv 34 TEHE: __file.  BHEIEDIIEI 2Lty PENFHA,

int PyImport_ImportFrozenModule (const char *name)

RICEBLZE Y : Stable ABIL. PyImport_ImportFrozenModuleObject () ¥ TWE 325 name I& UTF-8
Ty a— RINLXFFDORDDIZ, Unicode A 7Y =7 bEMEHT 2008 ZD 5,

struct _frozen
freeze 1— 7 4 VT ADPERTE2EIBR 7V —XMLEY 2 - VT RA27 ) T XOHERBERTT,
(Python Y —RBAYID Tools/freeze/ Z LML TL ZE V) Z OMEEIRDEFIT Include/import.h
WKHH, UTDES B ->THET
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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

CDRAVRIE _frozen DL A— M5 HIGOEED X 2 o8H8 NULL 22E I 2T K 5 721
T Ot ENE T, 7V —XENT'TY2a— LB VR—bFTBLE, ZOT—TLERELZE
To V= FR=TFT 4 ®HOI—FHhH 5 IDOKRA VXITHBNT ZHEC T, BRNCEREINT7 ) —XLEY 2 —
NOEERRMT 2 X 51ICTEET,

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

RICEBLZET: Stable ABL BIFOMHARAAEY 2 — LT — I NMICH—DET 2 — A ZBIMLET, ZDHE
BUIREEZ B L PyImport_EztendInittab() DT v X—BET, 7 —7ADBRTERVE &
K -1 ZIRLE S, HiemE®Y 2—E name TA Y R— M TE, BUNZA VR— b ERABIZHENR
HXN 2B LT indtfunc 2fVWE T, Py_Initialize() XD BRNCFECH X ZITNIERD THA,

struct _inittab

Structure describing a single entry in the list of built-in modules. Programs which embed Python may
use an array of these structures in conjunction with PyImport_EztendInittadb () to provide additional

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

const char *name
The module name, as an ASCII encoded string.
PyObject *(*initfunc)(void)

Initialization function for a module built into the interpreter.

int PyImport_ExtendInittab(struct inittab *newtab)

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

before Py_Initialize().

Python 23EE A WAL X N 2358, PyImport_AppendInittab() F7zi& PyImport_ExtendInittab ()
. ENZENOWIHEDRNICF N X N2 BESH D $5,
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6.5 7—42%E%{t (data marshalling) O R— k

MTRoL—F UL, marshal €Y a— Ve REILERZH BB A 7 27 b2 Ca—Fh oz k51
LET, BINLERTTF—R2E£2HITBEBICINA T, 7—22HARTEBI O 5, BIHLIN =T —%%
R T B 7 7 A NEANAL FVE— RTHIPATOWRTFERD TR A,

BUEIZ BT B X5 I E £ 7,

The module supports two versions of the data format: version 0 is the historical version, version 1 shares
interned strings in the file, and upon unmarshalling. Version 2 uses a binary format for floating point
numbers. Py_MARSHAL_VERSION indicates the current file format (currently 2).
void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
long BIDEEHUE value % file NEFILL £5, ZDOBAEIZ value D THT 32 By F2F AL T,
24T 47D long B A RITIFBIRHI L £V A, version &7 7 AV 7 x—<v bERLET,

COBMBBERERTZ2INDHY, TOHRARI I —HERTFERELE T, THEMRAT D1
PyErr_Occurred () ZHWVE T,

void PyMarshal_WriteObjectToFile(PyObject *value, FILE *file, int version)
Python #7227 b value % file NBHUL L ¥ 3, version &7 7 AV 7 4 —<v bERLET,

ZOBBIEEM TR DD, ZOHAER T —fERTERELET, ThEMETLIZHIC
PyErr_Occurred() ZHEVWET,

PyObject *PyMarshal_WriteObjectToString(PyObject *value, int version)
RBOfE: FHILWEE, value OBILRBDB A o TenA MIA T =7 FRIRLE T, version 137 7 4 v
74 =<y FERLET,

UToBgz[s . BILEhE@riiAiREET,

long PyMarshal_ReadLongFromFile (FILE *file)

FeAH U7z FILEx ADTF—X 2 Y —2ap5, C @ long BF— X EHAH L TGRELE T,
DORFE. A4 T 4 7D long DY A RICBHFRR L. 32 By FOER I EFHANEE T,

Y

T 7 —DAE. EYIRHIS (EOFError) #REL -1 IR L E T,

int PyMarshal_ReadShortFromFile (FILE *file)

FAH U FILEx NOF—X X+ Y —A4h56, C D short BF—&2%2HAH L TGRLE T,
DOEENZ. A4 T 4 7D short D¥ A XIZHFKREL, 16 By FDESZ T AT TS,

Y

I 7 —DE. EYIRHAIS (EOFError) #RREL -1 IR LT,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
REDfl: iLWBER, Hial LAIHE» N FILEx NOT—X A MY —L425 Python 4 7Y =7 b %R
LEd,
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I 7 —DE. EYIRFIS (EOFError, ValueError, TypeError) #i%E L NULL ZiR L E3,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
RDME: FiLLWBE, FiAal LHH 2N FILEx NOT—X A b)Y =245 56, Python # 7Y =27 b %
FtAHLUTIR L E9, PyMarshal_ReadObjectFromFile() LW, ZDREEII Y 7 £ VDA T
VT PHPFELBRVEREL, 77 AMHERXEY BIZT7 7 A VT —RE—KUTAEVIZR—FLT, #
BONHEREDS 7 7 A VD5 — A P OOEAHTRDODIIXEY LOF—2Z2#FTE 52X 512U % T, Xt
ROT 7 AN AT S HAHE RN E D0 TV BHEICDOA, ZOBEE[H > TLLI W,

I 7 —DE. EYIRFIS (EOFError, ValueError, TypeError) Z i E L NULL ZiR L £3,

PyObject *PyMarshal_ReadObjectFromString(const char *data, Py ssize t len)
RDfl: iLWBER, data 2546F len N4 S DAL NN 7 7 NOTF—X R MY — 2455 Python 7
P MeRLET,

T —DHE, #Y)72F5} (EOFError, ValueError, TypeError) % &% L NULL %R L 73,

6.6 5|HDERIREIEDIBRE

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

and examples are available in extending-index.

RAYICHHET 2 3 DM Pydrg ParseTuple(), Pydrg_ParseTupleAndKeywords(), B X O
PyArg_Parse() Z\WFh s ERXEY (format string) ZHWE T, EXAXFINZ. BEEPZ IS T
DB T 2 THMERZA2DICHVWSLNT T, WTORBICE T 2 FH XD, RLEXZE > TV T,

6.6.1 5|BZMITT S

HALFINE, FufEzizzhll o ” HXRENA (format unit)” 25K DB F T, 1 DOEFEXENMIZ 1 2D
Python # 7Y =27 F2RLET; @HEEHE—OXFH. EREAH) 5722 XFHN2IENTH - 72b DT 75,
st e LT, FETHDLATOWRWERBASCFIDE—D 7 F L AGBUSHIGT 25805000 H D 9, ML
ToHATIE, SIHFOOWZERIGEXEATE,; () FHINCH - 72573 F BTG T % Python DA 7
Y7 MITT; [A] FHINXEE 7 FLRELT B> C BRI TT,
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NXFEH Ny T 7

URD7 4 ==y MEA TPz MTEB LAV F ¥ 27 LTT7 7R TE20DDDDTT, RENSD
unicode % bytes D7zDIEDRA ML —YEHAET 2RI D A,

LS

ERENTVRWEE, Ny 77 —1d NUL i E L TWEEA,

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).

FER:

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 7Yz b2, Fx 537 XXFHNEET C ORA VRZEBLLET, F¥ 7 728K U X
EBD7 FLRAZETE, TTRFEEL TV I XFINNDKRA ¥ X e ZOEBICFHFEL 5, C XFIN
NUL TSN TV E T, Python OXFFNIENZE, null 2 — KKRA ¥ bAEHICHEDAZFATHTIERD
FEA; b LEDAERTOVIUL ValueError St 25 L £ 3, Unicode 7Y =7 M& 'utf-8' %
fifioT C XFANCEHINE T, BHUCKINT 2 £ UnicodeError ZiEH L £,

AR: 2O 7 F—~<v M byles-like objects Y R— b LERA, 77 ANV AT LNRAEZITE->T C
BEDXFINCES L 72 WEEE, 08 7+ —~< v M| converter IZ PyUnicode_FSConverter() %18iE
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LTHHT 2 ERWTY,

N—a ¥ 35 TEHE: DT Python XFFC null 23— FARA ¥ FAHDAFTFA TV 212
TypeError ZXHH LT\ L7,

s* (str E7cld bytes-like object) [Py_buffer] Z
D7 +—<v bl& Unicode + 7Y =7 b+ & bytes-like object 2 F 17T, FEUAH LT SHE XN
Py_buffer MHERICEZHBML 3, FRD C XFHNE NUL N1 b2 &S LILER A, Unicode
7Y ME 'utf-8' Tra—7 4 ¥ 7T CXTINCEREINE T,

s# (str, A D ER®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 7zl 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, et 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—a v 3.5 TEHE: LiE bytes Ny 7 7 IZX A4 MDEBDIAEN TV L BIZ TypeError % i%H
LTWE L%,

y* (bytes-like object) [Py_buffer]
sx OZJZ T, Unicode * 7Y = 7 b &ZIF T T, bytes-like object DAZZI(TITE T, NAFUFT—
AEZIHITRIEMICIF. COTA—I v EESCEHELET,

y# (5 LER®D bytes-like object) [const char *, Py_ssize_t]
s# OZJE T, Unicode 7Y =7 M Z2ZIFTT T, bytes-like object 721 2T £ 3,

S (bytes) [PyBytesObject *|
Python A 72227 P& LT, bytes A7 =27 F2ERL, WOARLIZEBRGITVWELEA, 7V =T
B3 bytes * 7Y = 7 b TRIFAUR, TypeError ZEH L 73, C ZUI PyObjectx L HEFLTHHOE
A,
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Y (bytearray) [PyByteArrayObject *]
Python #7227 & LT bytearray A 7Y =2 b2ERL. WORLIEMEBIRVEEA, LA
7Y =7 MW bytearray THRIFHUL, TypeError ZiXH L ¥ 3, C A3 PyObjectx E LTEF LT
BHEVEEA,

u (str) [const Py_UNICODE ¥
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.

N—=Ya v 35 TEHE: DHiIE Python XFHNC null 23— FKRAL ¥ FHPEDAEFh TV 2
TypeError ZiXHi L T\ L7,

N—a v 3.3 TR, N— a ¥ 3.12 THIFRTIE: Part of the old-style Py_UNICODE API; 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— a3 v 3.3 TIHESE, N— a ¥ 3.12 THIFRTIE: 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—= a v 3.3 TR, ~N—I a > 3.12 THIERTE: 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 TIHLE, ~N— 23> 3.12 THIFRTE: Part of the old-style Py_UNICODE API; please
migrate to using PyUnicode_AsWideCharString ().

U (str) [PyObject *|
Python 7Y =22 b2 LT Unicode A 7327 FZERL, WHREIEHELBITVERA, A7 z7 b
%3 Unicode * 7Y = 7 M TR WIGE. TypeError BEHMINE T, C LML PyObjectx L LTEE L
THHVEEA,

wk (

g

i IAIREMR bytes-like object) [Py_buffer] Z
D7 x—=v ME, FiAEEZARER buffer interface 2HEL 74 7Y = 7 2RI T, U LT
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s (str) [const char *encoding, char **buffer] Z

et (str,

MHoESI N Py_buffer HHEAKIMEZRML X3, Ny 773 null N1 F2E02S LAT, FOHL
TEENY 7 7 B WD o725 PyBuffer_ Release() R IFIUIR D FH A,

-

E s DZELE T, Unicode 2F v 7 7 XBUNy 77122y a—F§372DIHVWLNE T, NUL SA b
PHDIAEFN TR WTFT— X TOAIHIEL T,

COFERRB 005DV ETT, —2HIERANCOAAWSN, NUL TSI iy a— REFE
H)%$53 const char* M FE/zIX, 'utf-8' BMELN S Z L BT NULL TRIFNIEZD EEA, HEEL
7o ¥ a— F4&4% Python DEFTERVWBEICIFIAZEHL £, HZD518E charsx THRIFIUI
B FEEA; ZOFIEHBSBRLTVERA Y EZDHEIZ, 5IBITHEELTF A PONEDBAoTNy 7 7N
DRAYRZHEDET, TFAMIBYIOFIRAFEL ey a— ATz ra—-FahET,

Pydrg ParseTuple() S &, BERYVA XDy 77 ZERL, ZONy 77Ty a—FEDT—
R — LT, *buffer 532 DF7ITHERS NGB ZIE T KO ICEBE L 3, O LARZIE,
RENTzNY 7 7 ZfEVED o 724812 PyMem_Free() TS 2EBEND D 3,

bytes F7fcld bytearray) [const char *encoding, char **buffer]
es LAILTY, L, N MFIATY =27 b2z ya—FLESTIKELET, ZoRbb, 52
TREANA PXFINA TS 27 PRI RXRZE LIy a—FEfoT0abDEEL T,

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

s# ODZ{LIE T, Unicode 2F ¥ 527 XN 771222 a—FF23DICHVOLNE T, es EFXE ST,
ZOBBIEIANL FBEDATFRTOTHLTVERA,

ZOERICE =205 BARETYT, —OHBZANCOAH WL, NUL THRFIhzo >y a— RELFE
5 %35F const char* &% NULL TRIFIUIRZD ¥ A, NULL DFAICIE 'utf-8' 2HEWET, fEEL
o> a— F4&% Python DEFETERWHEIIFINZEHL £3, FZ05180E charsx TRIFHI
BROFERA; ZOFEDPSRLTVE RS Y XOMEIE, SIEIIEELZTFAMDABB ATz Ny 7 7
DRA Y RIZKRDET, 7FAMIBRWMOGIFIHEE Lz ya—- AR T ya—-FENET, F=05]
BUIBHADAR A VX TRIFIIRD FRA; A YEADPSRLU TV 2EBOMEIIH I Ny 7 7 AD A b
Bizty hEhET,

ZOERONUHEIZIZZODE— FBH D 3

*buffer 5 NULL KA ¥ REHFLTWBEHE, BREDELRY A XDy 7 7 ZHEL, 2Oy 7 71T
YaA—REDT—2%a— LT, *buffer 252 D7 ITHER I NIRRT X OCEELE S, W
CHUANRZIE, RNy 7 7 WD - 721212 PyMem_Free() TS 2BIENH D £,

*buffer H3IE NULL DR A ¥ X (TTRAEVMREADONY 7 7) ZIELTWVWLIHA
PyArg_ParseTuple(D \ZZDRXEVMEZ NNy 7 7 ¥ LTHW, *buffer_length ODWIHIEZ Ny 7 7
A4 X LTHWE T, PyArg ParseTuple 1ZRICZ Y a— RFEADTF—RENY 7 712ab— LT,
NUL THIGLEF, Ny 77 DRZFZIHED RITNUL ValueError ity FENF T,

CELOHBED. *buffer length 13D NUL N4 b2 EFERVWTYa— FEAT—XDOEZIZEY b
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ENET,

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

es# LAILTY, 2L, N MXFINA TV 27 b 22 ya—-FLESTRELES, 20RbD, FEE

TREANAL PXFHNA TS 27 PBRFRARZE LIy a—FEfoT0E D EIREL T,

2

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 %%, C @ short int BUIEHL 3,

H (int) [unsigned short int]
Python Oz, A —"70—F = v 7%2{7DFIZ. C ® unsigned short int BUTEML £7,

i (int) [int]
Python O %, C @ int AL 3,

I (int) [unsigned int]
Python O %, A —N"7v—-F v 7 %2{THTIZ. C O unsigned int BITEHL 7,

1 (int) [long int]
Python OE#%. C @ long int BUIEHIL £ 3,

k (int) [unsigned long]
Python 0%, & —"70—F =z v 7%{THTIZ, C D unsigned long BUIZHL %3,

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

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

n (int) [Py_ssize_t]
Python O®¥ % C @ Py_ssize_t BUIEELL £73,

c (BT 1 D, bytes E£7=Id bytearray) [char]

R

X 1 O bytes 721 bytearray A 7Y =7 b & LTRIEENTWS Python N4 +% C D char iz

EHBRLET,

N— 2 3.3 TLHE: bytearray 2232 L 51ck b EL,
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C(RT 1O str) [int] R
X1Dstr A7V=27 b LTREXATWS Python ¥ ¥ 727 &% C @ int ANCEBL F 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 OEFHKIL %, C D Py_complex MERICEHL 3,

ZOMtDFA T 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 # 7Y =2 +% C @ Python # 7Y =2 MRIKRA Y RIRFLE T, 0 KPTWET2, Z20D
C O5|18%r hE35: —oHODBIEIE Python OBA TP 27 bADT FLAT, ZOHDFHEA TV =
7 MADERA VEPMREENT WS (PyObject* D) C DEHADT KL RATT, Python A 7Y =2 b3
F8E LB TI3 VWS, TypeError ZiEH L ¥ 3,

0& (object) [converter, anything]
Python 7Y =7 b % converter BIfE N LT C OERICEH LTS, —205| 8% b 3. —0H
GBI T, ZoHIR ((EROBID) C ZBADT FL A% voidx BICEHL/2d DTT, converter XL R
DESWCLTHOHEAET:

[status = converter (object, address); }

Z Z T object 1ZEHIRD Python 4 7Y =7 b T, address & PyArg_Parse* IZJE L7z void* B 5|
BTd, EDME status FEFUTRII U BT 1, RL 725 EIE 0 22 D £3, ZBHUTERKRL 255,
converter BI¥UE address DNEZETEETIHNZE L L2 TERD 8 A

If the converter returns Py_CLEANUP_SUPPORTED, it may get called a second time if the argument
parsing eventually fails, giving the converter a chance to release any memory that it had already
allocated. In this second call, the object parameter will be NULL; address will have the same value as

in the original call.

N— a3 3.1 TZH: Py_CLEANUP_SUPPORTED was added.

it

p (bool) [int]
HIEH KD 5N 2 T (a boolean predicate) ICIEXN/EEHE L, ZDREREZEM7Z C O true/false
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BREUEICZR L E 3, D LADELRS int 1T 125 BLs 0 RESNET, ZOBBRIEREDEMR
Python %I} £ 5, Python MEDQEMZ & D X 5 I1THIET 20 %2 H D 721 AUE, truth 2S8R L
TLEE W,

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).

Zofth, EXXFINCBWTEREZFROX TN D05 D 9, 26 DOXXFIEHINC X 2 AN FPICIIE R %
HA, LFECXFERLET:

Python 58V XA T, ZOXFLUEDFIEMN AT a > THEIERLET, 7> a3 yO518ITH
535 C OERBIZT 7 40 FDETHHIE L TEPRIFIUIR D VA - AT a vO5[HpERS
72358, PyArg_ParseTuple () 13MIG3 2 C ZRONBICFEZMRAEE A

PyArg_ParseTupleAndKeywords () TODAMHTHE: #%#D Python 5|83 -V —FEHATHZ %
MLET, BIE, IRTOF—V— FERAGIEIMEREDOFIBTRINIR ST, 20k 7+—<v M X
FHIRD | 1IFFEIC $ IhENCiEESARTNEIRD ¥ A,

N— g v 3.3 TEM.

DXFWRH 3, EXBEMNOFRIEZZTERDODET,; an DBEOXTFINX, =7 —Xvt—JWIZBIT3
REB (Pydrg_ParseTuple () D3EH T 26144 @ 7 (F)EfE (associated value)”) & L CTfib T 5,

DXFHRH5 e, EREMOTRIZITRODET,; I3 an  BoXFINE, F74L L5 —Xy
t—V% BEFMRRAD 57— Xvb—Ir L THEbIAET, : & ; FHARHMOXFTT,

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)!

DU o B0 3 w514 (additional argument) (&, FHHXXXFHND» HRE SN RAND T F L A TRIF UL
DERA; MBIIBICHEE L7 FLRIR, ZTIADLS ANSNIAEZIREFET 27201V E T, LoFEXHEALD
VR MTHALEE S, MBI e AJHMEE LTHSGEP WL 205D £5; 2055, Mivs 2 EXEBAD
FHETAHRHES Ko LRFIuEid £ A,
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ZHRIEL T2 720123 arg A 7Y = 7 PEFFEALFI—HLARTER ST, hoEAFHANOEAHLL
WRTHEPSAS XS5 LRTIUSRD £/ A, BIIT 2 L. PyArg_Parsex BISIIEZIRL 3, ZhS0HE
WIEBER L, BURFANEEBE LT, FREMO ENrOEHRBUC X D PyArg_Parsex MR L 725E.
KU 2B ARBMICHIGT 27 FLRAE ZNLIEDO T L ZAONFRIEE I N ERA,

API B9

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

RICBLZET: Stable ABL (V5| BOAESIBICE 2D T X ZEZER LT, 09— bR BRI
LET, BIIT2LERRLET; KMIT 2 BERL, BYIRHINEEZHL 3,

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

RICEL F7: Stable ABIL. Pydrg_ParseTuple() R UTTH, AIEEDFIETIZR L va_list 5|8
e hEd,

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

RICEB L E 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 pa-
rameter names. Empty names denote positional-only parameters. Returns true on success; on failure,

it returns false and raises the appropriate exception.
N—=Yar 36 TEHE: (UEFRFIH 2EML 7,

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

*keywords|[], va_ list vargs)

RICBL £9: Stable ABI. PyArg_ParseTupleAndKeywords() LR U TT 2, AIERDF [ TIEAk <
va_list 258U D ¥£5,

int PyArg_ValidateKeywordArguments (PyObject™)
RICBLEY: Stable ABL. ¥—V — F5ZRMLHEDF BT THL L 2MRLET, O
RA%E Pydrg_ParseTupleAndKeywords () ZfH LRV E ZIZOAMBET, £ OHHIIHEE OB
HDF = v 7 2R 57-DTT,

N—a v 3.2 Tl

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

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

RICBL £7: 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)
{
PyObject *object;
PyObject *callback = NULL;
PyObject *result = NULL;
if (PyArg_UnpackTuple(args, "ref", 1, 2, &object, &callback)) {
result = PyWeakref_ NewRef (object, callback);
}
return result;
}

Z DN B Pydrg_UnpackTuple () PR LI, Pydrg_ParseTuple() 2o 72RO L 42
AT

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

6.6.2 {EDEFE

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

RBDfE: L WBHE, RICEL £7: Stable ABL. PyArg_Parsex 7 7 I U OBIKDZITE 2 D & Bl7z 3
DEAFIN B X METNCEDWT, HlREZAERLE T, ARLAEEZELET, =7 -D5EICE
NULL ZiBL %£3; NULL ZiR$H5E. fIst 2R3 2TL & 5.

Py_BuildValue () WEHICX TNVEERT 2 LIIRD A, ZOBEBBE I VEERT 2D1%, HEXF
FN O EOEBXHBAAA > TWB L ERFTT, HFRLFEIIHNZEDEE None %R L F3; FHAHALA
BB =D Ao TWAIEA, ERBMNTIREZI N TWAAo2rDA TV =27 VKR RLE T, ¥4 X
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AEBR 1 DX T NERT XS IHEHIT 2 12id AR b ZH R 2 Vx5,

HEXHN s R s#t ODHEDEIIC, ATV 27 PEWBETIRCT - X2 MG T 27DITAE YNy 7 7 %
NRIXZ LTETHEIX, BELET—XiZav—3nEd, Py BuildlValue() BERLE T =
7 ME. MO UBIDREE L 72Ny 7 7 ZIRUTSR L ER A, HIOFWHETIUL, malloc() ZMEUH
LTXEYZHRL., Z0% Py_BuildValue() WIKEL72HE. 23— FAT Py_BuildValue() HiR- 7z
BT free() ZMUHIHELDHZ L WVWS ZE T,

LROHEPCE. SIHROOWEHRIEERIATT; (1) FEICH - 72 8513 B R E 98T Python O
F7Yxy MTT; (] FENEERCE T D C AT,

BRSTFHINTUEL (st 0 &5 REREMERNT) AR—2, X7, a0YBL0a V<A ET,
THEDOTFRMS L. ROBRLTIIES k- L EHADT TEET,

s (str F7cld None) [const char *]
null ¥mE Nz C XFEH%E, 'utf-8' =¥ a—7 4 Y72 HWT, Python str 7Y =7 MIEH
LEF, dL CXFFIRA ¥ &ZH NULL O, None 127D ¥75,

s# (str or None) [const char *, Py_ssize_t] C
XFHN e ZDEZ % 'utf-8' :F—I/ZJ-—?% V7 %5 T Python str A7 =27 MZEWLES, C
FHIARA ¥ 28 NULL DFE, REFHEMR X4, None 1272 D £35

y (bytes) [const char *] C
X% Python bytes 73 =27 MIEMLEF, b L C XFHKA ¥ ZH NULL 72 o 7HE
None ZiEL %7,

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

NE C XFH e ZDEXH»S Python #7227 MIE#LE T, C XFHIRA > &ZH NULL DI
&, BEX A XN None 12720 3,

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

z# (str £7clX None) [const char *, Py_ssize_t]
s# LRICLTT,

u (str) [const wchar_t *]
null #4fi X7z Unicode (UTF-16 £7:1d& UCS-4) 7— X D wchar_t »Nv 7 7 55 Python Unicode
7Y =y MEML ET, Unicode Ny 7 7 KA ¥ ZH NULL D&, None 1272 D £35

u# (str) [const wchar_t *, Py_ssize_t]
Unicode (UTF-16 £7:21% UCS4) 7—& DNy 77 & %0)3',%?5 725 Python Unicode # 7% =27 bk
WCEHL £F, Unicode Ny 7 7 RA ¥ XH NULL DIFE, BEXITEHA XN None 124D F75,

U (str £7IX None) [const char *] s
ERLTY,

6.6. 5IBDMERLIEDIER 107



The Python/C API, U —2X 3.11.14

U# (str F7cld None) [const char *, Py_ssize_t]

s# & IEIEVGTO

i (int) [int] 8T}
WD C D int % Python OBHA 7P = 7 MTEHL £5,

b (int) [char] B
WD C @ char % Python QA 7Y = 7 MTEBL £5,

h (int) [short int] i
#H®D C @ short int % Python O A 7Y 7 MIEBLE T,

1 (int) [long int] C
@ long int % Python O A TV = 7 MZEHL £7,

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

H (int) [unsigned short int] C
@ unsigned short int % Python QA 7Y =7 MIEWL 3,

I (int) [unsigned int] C
@ unsigned int % Python QAT =7 MZEHLE T,

k (int) [unsigned long] C
@ unsigned long % Python O AT =7 MIEHLET,

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

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

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

c (REH 1 D bytes) [char] »
A MERTEHED C D int 2, EX 1 @ Python @ bytes 77 =7 MIEHLET,

C (BT 1 @ str) [int] X

FERTHEED C D int 2, £X 1 @ Python @ str £ 7Y =7 MIEML 5,

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

f (float) [float]
Convert a C float to a Python floating point number.
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D (complex) [Py_complex *] C
D Py_complez &M% Python OEFRBIANEML 75,

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 A% /L T Python & 7Y =7 MICEBL £F, ZOBEIE anything
(void* L HHEOMTRIFNUIZR D EX¥A) 25T L THUH SN, "#FHir” A7 =7 b &iRT
Dy REL 72358120 NULL 2385 K512 L iudiz b $8 A,

(items) (tuple) [matching-items] C
DIl &7 5%, R UEZEHEFFD Python DX FVICEHRL 3,

[items] (list) [matching-items] C
DIED & 7% B %, [ CEREZFD Python OV R MZEHL £5,

{items} (dict) [matching-items] C
DAED 5 72 2 H5% Python OFFEICEIR LT, —HORT2 545 C OEN,. ThthF—B&
HMEE 72> TREFIBMENE T,

EAXFINCETE2 7 —H4ET % &, SystemError fil# %ty b LT NULL Zi1BL £,

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

REOfE: HILWEE, RICEL £ Stable ABIL. Py_BuildValue() ¥R L TTH, AIEESFIHONRDLD
12 va_list Z3ZED 55,
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6.7 XFDEHLEENL

izt e . FERXSCTHIH T D 7= 0 DREEET

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

RICEBL 7 : Stable ABL FXXFH format LBMDTIED S, size XA b RBRIRNFHE str 12
H51 L %3, Unix man page @ snprintf(3) 2B T EX W,

int Py0OS_vsnprintf (char *str, size_t size, const char *format, va_ list va)
RICEB L F9: Stable ABL FXFAH format EIERSIEY Xt va 225, size N4 M ZBRROWF
HI% str 1273 L E ¥, Unix man page @ vsnprintf(3) 2L TLEE W,

Py0S_snprintf() & Py0S_vsnprintf() (3FHE C 5475V @ snprintf() & vsnprintf() Bz v 7
LES, ZNoDBEBOEMNIE, CEES A 77 UNMREL TCWRVWA—F—F —XTOEEZRIET 2 2 &
T,

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 C99n = snprintf (NULL, 0, ...)

which would determine the necessary buffer size.
INHDBBOEDE (UTTE o e LED) IUTOEKZREH 3!

e 0 <=1rv < size D& F, ZMHNIHIIL T, (BED strlrv] iIZH 2 '\0' ZFRNT) rv KFD str
W En T,

o TV >= size D X, ZHHANRBYUIDFHED LN TEY, HINT27DITE rv + 1 NA FBRBEE 722
ERLET, strlsize-1] X '\0' TT,

e TV < 0 DY XX, [IHENZ DRI FFTT, ZOHBAETH strisize-1] X '\0' TIT . str D
ZFHLNDOEFIEIRERTT, =7 —DFHERFEREZ TS v b7+ — AKIETT,

BUN o BA%E locale JRRTF 23740 & BIEN D ZHRZAT IRV K T

unsigned long Py0S_strtoul (const char *str, char **ptr, int base)
RICEB L FJ: Stable ABIL 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 0Ob, Oo
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).
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N— g v 3.2 TEM.

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

RICEL £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 0.
Same as Py0S_strtoul (), but return a long value instead and LONG_MAX on overflows.
See also the Unix man page strtol (3).

N— 3 v 3.2 TEM.

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

RICBLETJ: Stable ABL. ¥4 s % double IZAHL F3, KWL 7/7=¥ =X Python OfSf 2 FA X
BET, RIFANLNZXFHNE, Python @ float() A YR T 7 XT3 CFHNCHEI L £ 5
2. s DR RRBICEAXTDHH > TRERLBVEVWIHENELD 5, ZOZRBZBEOT T —1I
TEFELEE A

endptr 2% NULL DE, ZHUIXFHN M L TITONE T, XFHDIE LWIEEI/NIUSE DRI
o TWHRWEEIE -1.0 1R LT ValueError ZH A XH %3,

endptr 2% NULL THWSGE, SCFY % ATRERHIP TE#L L T, *endptr ICHRADEHL I LD o 7 3FAN
DARA V RZ2RL £5, XFHIDOFRBICIE L WEE/ NS B ORI D - 7858, *endptr % X FF
DFTICFE LT, ValueError 2¥AE X4, -1.0 ZIRLE T,

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.

ZHUDHND T T — DA HAE L T5E (B 21F out-of-memory T F —), j#Y)7 Python ORI 3E
LT-1.0 ZIBLET,

N—a v 3.1 TEM.

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

RICEL £7: Stable ABI. double val ZH&E X417z format_code, precision, flags \ZFD W TLFFHNIC
EHLET,

format_codeld 'e', 'E', '£' 'F' 'g' 'G', 'r' DN TRIFIUIRD £ A, 'v' DHE. precision
Z0 TRIINERS T, EEINET, 'v' Tr—< v Fa3— FIIEED repr() 74—~y FEEEL
TWVWET,

flags 1% 0 2>, Py_DTSF_SIGN, Py_DTSF_ADD_DOT_O, Py_DTSF_ALT 2». 26D or ZH-7bDTT:

e Py DTSF_SIGN X, wval DETEWVWE X HIHEXFEILEICDITZ I EEKLET,
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e Py_DTSF_ADD_DOT_O I XFHIDBEHED XS ICHZR VI E ZIREEL E5,

e Py_DTSF_ALT X 7alternate” 7 + —~ v bl — A 2EAT 2 2EHKL T, FEMIX
Py0S_snprintf() O '#' FEEZSRL T E W,

ptype B3 NULL TIWEH A, val DERE. EEH. NaN o & iz & bH 8T, Py_DTST_FINITE,
Py_DTST_INFINITE, Py_DTST_NAN OWIFNICEHEINE T,

R EIZZE RS DX FHN DM S Nz buffer NDEAL ¥ Xp, BEPERL75E1E NULL T3, FFUH
UNE, 3B &N FF % PyMem_Free() %o TS 2 BERH D 5,

N—a v 3.1 Tl

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—a v 3.2 Tl

type Py_uhash_t

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

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.
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const int seed_bits

Size of seed input in bits.
N—=a ¥ 3.4 THE.

PyHash__FuncDef *PyHash_GetFuncDef (void)

Get the hash function definition.
BE:
PEP 456 ”Secure and interchangeable hash algorithm”.

N— a v 3.4 TE.

6.9 VJLO>3Yy

PyObject *PyEval_GetBuiltins (void)
RDE: EABE, XIZBL XY : Stable ABL BEEQFEIT 7L —2HNDOEIL b4 Y OFED, b LETH
D7 L—LPRTHIAL v FIREBOA Y 2T XD M VEFERZRLET,

PyObject *PyEval_GetLocals (void)
ROl fGREEE, XICEBLEY: Stable ABI. Return a dictionary of the local variables in the current
execution frame, or NULL if no frame is currently executing.

PyObject *PyEval_GetGlobals (void)
RO{E: BASR. RCBLET: Stable ABL BEQFT7 L — AND 70— NVEROERFE D, FETH
D7 L — LHR72ITHUT NULL 2B L X5,

PyFrameObject *PyEval_GetFrame (void)
RBbh{E: EREE, RICBLEJ: 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)

RICBLF Y : Stable ABL func 258, 25 R A VARV RA TV 27 P THNIZDOKHFIZ. Z5
TRIFNUZL func DTIERL 3,

const char *PyEval_GetFuncDesc (PyObject *func)
RICBLET: Stable ABIL. func ORIKFT 5. MEECF S (description string) 218 L £, & D HIZ,

BE e XY v Rizxf LTk 7()”, ” constructor”, ” instance”, ” object” T3, PyEval_GetFuncName ()
LRSI NTAER, fune DFEIICED F5,
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6.10 codec L X b &HR— MR

int PyCodec_Register (PyObject *search_ function)
RICELE T Stable ABIL $T L\ codec MERBEBZEHIRL £3,

BIEH 2 LT, ZOBBIX encodings Sy 7 — I WV ICHERBEBODEIHICKE 2 X512, ¥ —Fa3NT
WEWEEIEZe—-FLET,
int PyCodec_Unregister (PyObject *search_ function)

RICBLZET: Stable ABI (/N—23 Y 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— a > 3.10 TEM.

int PyCodec_KnownEncoding (const char *encoding)
RICEL 9 : Stable ABIL. encoding D7 DEBERE N7z codec BFET A0 IS LT 12 0 %
BLET, ZOBBUIEICHRIIL £7,

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)

BO{E: FILWEE, XICBL X Stable ABIL. ILWH®D codec X— 2D encode API.

encoding WG U TROD o722y a—XBBUCXT LT object ZELEF T, 73—V RY YT XYV v i
errors TIEEL ¥ 3, errors I3 NULL T X<, ZDHFAEIEZD codec DT 7 4L b D XY v RO
NEd, TVa—XHREOP SR o7 EE LookupError ZRAEZ X T,

PyObject *PyCodec_Decode ( PyObject *object, const char *encoding, const char *errors)
REDflE: 3L WBEE, RICBL X9 Stable ABL. WH® codec "R—Z2D 5 a— K APL

encoding WG L TROD o727 a—XBBITH LT object ZELE T, TI7 =AY RY YT XYy ik
errors THEEL 3, errors 1 NULL T3 k<. ZDIHFEEZFD codec DF T 4L FD XY v FHFFH X
NET, Ta—XDREOD 5D - 72E1E LookupError # RAEXEE T,

6.10.1 O—7 v 713k API
ROBAFTIE. XTI encoding (32 T/INCFICERT 2 2 8 T RIS, RKXCF/INLTFRBALIMREZ LE
T A—T v I WEOPHIRVEE, KeyError Za%E LT NULL 2R L £,

PyObject *PyCodec_Encoder (const char *encoding)
RBOE: HiLWBH, RICEL XY Stable ABL. 5 X 5072 encoding DY a—XEBERLFT,

PyObject *PyCodec_Decoder (const char *encoding)
RBRDE: FiLWBHE, RICEL X9 Stable ABL. 52 507z encoding 7 2 —XEAKEZRL 3,
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PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)

RDflE: HiLWBEK, RICEL £7: Stable ABL. 52 64172 encoding ® IncrementalEncoder 7Y =
7 MR LET,

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

RDME: F1LWBE, RICEL XY : Stable ABL. 5% 517z encoding ® IncrementalDecoder 7Y =
7 RLET,

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

RBROE: FILWBHE, RICEL XY Stable ABL. 52 5417z encoding ® StreamReader 7 7 77 + V) BA%K
ZIRLET,

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

RD1ME: i LWBE, XICBL X9 Stable ABL. 5% 577= encoding @ StreamWriter 7 7 2 bV B4
ZIRLET,

6.10.2 Unicode T>—N\>RSHL A RU API

int PyCodec_RegisterError (const char *name, PyObject *error)
RICBELFT: Stable ABL. T5 =Y RLDdDa— "y 7B error % name TEHFLET, T
A=Ay ZEBEZE, a—-F v /ALy a—-FTELRVNF /T — FTERVANA MIEBE LRI,
ZOxrya—F/7a— FEKOMETIH LT name DHEESIN TV OMUIHINE T,

a— 1Ny 7 1 o ®53 ¥ ¥ L T, UnicodeEncodeError, UnicodeDecodeError,
UnicodeTranslateError D ¥ NpDA VARV AEZZITWMD T, ZOA4 VYRR AZMED D
B3FHNRNA PHNCBT 2TEE . ZOIRDOXFAFOL 7Ry FRF o TWETS, (ZOEHREZIUTS
% 7= DB DNWTIX Unicode FINA T b #ZRLTLEE WV, ) a—iA Ny Zi3ES A5
EREXEZD, 2BEROZX INVICHED Y — 4 > 2D L encode/decode % FBT 2 7LD FHHF D
A7ty P RIZEHERHL TELET,

BIL7=6 0%, =5 —Ki -1 2IBRLE T,

PyObject *PyCodec_LookupError (const char *name)
RDhME: :iLWVWEHE, RICEBL F9: Stable ABL name THEERIN/IZZIF— NV R Ta—iNy 7B
BemRL 3, FlRsGa L LT, NULL 2SR5 E, Tstrict” DT — Y FY Y Za—inNy s
B ZIR L %9,

PyObject *PyCodec_StrictErrors (PyObject *exc)
RD{#E: BIC NULL . RICEBL £9: Stable ABL. exc 24t U TRESIEET,

PyObject *PyCodec_IgnoreErrors (PyObject *exc)
Rh{lE: FTLLWBIE, RIZBL XTI Stable ABL unicode =7 — %ML, BEDANEZ R Xy 7L E T,
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PyObject *PyCodec_ReplaceErrors (PyObject *exc)
RBDOfE: #iLWEE, RICEL 9 Stable ABI. unicode =5 —% 7 7 U+FFFD TEZ{#X 7,
PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)

RBD{E: FLWEE, XICEB L F9: Stable ABIL. unicode encode L5 —% XML XFHBTE XX
3

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)

RBDhfE: HILWEE, RICBL X Stable ABL. unicode encode TS5 —%2 NNy 7 A5 v aLAr—7
(\x, \u, \U) TEZ#IET,

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)

RBDOfli: HILWBE, RICBLEJ: Stable ABI (/N—23 > 3.7 &D ). unicode encode =7 —%
\N{...} TEZHIET,

N—a v 3.5 Tl

116 E6EI-F1UT1



SEVEN

WRATS TV LY (ABSTRACT OBJECTS LAYER)

COETHATZHEBUI, A7V 27 FORKIFL IR WL 57 Python 7Y =7 b O#fEP, (BER 2T,
=T AT Vo T) REPRBOF 7Y = 7 MIHT 2IEETRVE T, BEEEANRTRNA T
Pz MZH LT - 7235E. Python OFIASEHENZ Z Ik %3,

I o DBEEUK, PyList_New() TIERRE 724212 NULL A DEZRE XN TWARWVWY X D X5 7%, WY
b TRV A T2 7 ML THES Z I3 TEE R A

7.1 A7 xz- +70OK3JL (object protocol)

PyObject *Py_NotImplemented
HBZoN7A 7T 27 b eXYy FOGIBOBDHAGHE DU RELTH LHE LTHEDN S, KR

# (NotImplemented) > 2L b+,

Py_RETURN_NOTIMPLEMENTED

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

reference to NotImplemented and return it).

Py_PRINT_RAW

Flag to be used with multiple functions that print the object (like PyObject_Print() and
PyFile_lWriteObject()). 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)
RICBLET: 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.
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AMR: Exceptions that occur when this calls __getattr__() and __getattribute__() methods are
silently ignored. For proper error handling, use PyObject_GetAttr() instead.

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

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

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 *Py0bject_GetAttr (PyObject *o, PyObject *attr__name)
RBROE: HiLWBE, XRIZBL X : Stable ABL. 7Y =2 + o 205, Wi attr_name D@EMEEZEIE L
F5, MT A EEEERLUERT S NULL 23R L3, ZDBE#HIE Python DR o.attr_name ¥ [d]
LT,

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr name)
ROfE: iLVWBE, RICEBL 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 Py0bjectx.

PyObject *Py0bject_GenericGetAttr (PyObject *o, PyObject *name)
RDfE: iLWBHE, RICBLET: Stable ABL. B4 727 + D tp_getattro AR v MBI S,
JEMEZ RIS S 2 KRBT S, ZoBBLE. (B LIFETAR) A7V =2 POl __dict__ ITMA.
FTI27 D MRO IZH27 7 RADFEEIIHZTAZ Y T REHEL FF, descriptors THEER RN S 1
TW3ED, T—ZDTFTRAI Y T RIFA VARV ADEEE D ESEEh, JEF—2F A7) FRIZRKRE LI
ENET, AT 57007 581F AttributeError ZXH L E T,

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

RICBULET: Stable ABL. 7Y 22 b 0 @ attr_name W5 ZD@EHIC, H v ZERELE T, KK
THeEHNEENL -1 ZIRLET; KI5 0 ZIRLET, ZOMEUX Python O o.attr_name =
v ZIEJDVGTO

v SNULL O &, 7 bVY Ea— bMIHIREINE T, ZOEEIX PyObject_Deldttr() D7z, JEHELEY
BRoTWVWETH, HIFRENZ TEREDH D FEA,
int PyObject_SetAttrString(PyObject *o, const char *attr_name, PyObject *v)

RICEBL £ 9 Stable ABI. This is the same as PyObject_SetAttr(), but attr_name is specified as a
const char* UTF-8 encoded bytes string, rather than a PyObject*.
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v 2 NULL O EEEIHIFRINE T2, ZOBREISIEHESRETH D PyObject_DeldttrString() % {H
SONEFLWVWTT,
int PyObject_GenericSetAttr (PyObject *o, PyObject *name, PyObject *value)

RICEL F7: Stable ABL JBHORE L HIFRZAT 5 AR T, AT 227 bD tp_setattro A
0y MIEIPNET, A7V DO MRO ZH 27 FRADHEENLT —XT 4 A7V TXEZHL, At
oG EREA VARV ADEERICH B BIEDRERHIFRL D SN E T, £ TRVWEEIR, (bL
FIETHR) A7 =227 bD __dict__ WEMEZRED LIHIRL XS, B2 0 RSN, Z£5
THRVWEEIX AttributeError 23EH I N -1 2RI NE T,

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

F 727 b oD attr_name EWVWHHDOBEHEEHIRLE ST, KRNI 2L -1 ZRLET, ZOBEEKIZX
Python DX del o.attr_name ¥[H U T3,

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

PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
RDfE: HrLLWBE, RICBLET: Stable ABI (IN—=S3 > 3.10 &D). __dict__ TRAZVFXD
getter DRSFIRELET T, BERGEIX, HEZIFERL X5,

This function may also be called to get the __dict__ of the object o. Pass NULL for contexrt 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 ¥ 3.3 TBE.

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

RICBLET: Stable ABL (IN—=23> 3.7&D). __dict__ TRZ VU FRD setter DFFRATIRELL
T TOFETEHEZHIRT 2 2 LIFFFEIATVELEA,

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)
REO1E: FiLWEE, RICEBLFE T Stable ABL. Compare the values of 01 and 02 using the operation
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specified by opid, which must be one of Py_LT, Py_LE, Py_EQ, Py_NE, Py_GT, or Py_GE, corresponding
to <, <=, ==, 1=, > or >= respectively. This is the equivalent of the Python expression o1 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)

RICEL £9: Stable ABI. Compare the values of ol and 02 using the operation specified by opid,

like PyObject_RichCompare (), but returns -1 on error, 0 if the result is false, 1 otherwise.

AMR: If o 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)

RICEB L ZF 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 formatted

string on success, NULL on failure.

PyObject *Py0bject_Repr (PyObject *o0)
EDfE: $ILWEBH, RICBLXT: Stable ABL. 7Y x2 b 0o DXFHIRBEEZHELE S, 358
XFHIRBEEIR L, KT 2L NULL 2B L £F, Python 3 repr(o) YA TT, Z DBEEBIIHAAA
BE% repr ) QMU THUOHINE T,

N—=ay 34 TEE: 7277 4 770V B o TIHETRWZ L 2RAET 2 DITERZ X 51T, Z B
TNy IT7H—=2areBL X5 ¥ L,

PyObject *Py0Object_ASCII(PyObject *o)
RBh{E: :iILWBE, XRICEBLZEJ: Stable ABL. PyObject_Repr() YRk A 7Y =227+ o DXFHIFR
BZEHELETH, PyObject_Repr() WK > TRINLXFINCEENBIE ASCII XF%2, TAF—7

XFZE\x . \u. \UTITRFr—7LET, ZDOBEHIX Pythoh 2 @ PyObject_Repr() HRTXFH LR
XFHNEER L ET, ascii() KL o THUHINET,

PyObject *PyObject_Str (PyObject *o)

RBDME: HILWEBE, RICBLET: Stable ABL. #7222 b 0o OXFHIRBRZHELE S, lBhT2L
XFEHNREZERE L, RT3 & NULL #iEL £5, Python R str(o) EUTT, ZDREEIIHHAAAE
B str() . print () EROMECTHOIH IR ET,

N=ay 34 TEHE: 7774 THRHNEBRS TIHTROWZ & BRIET 2 DIfEif R X 512, 2oL
FRy 7Y —arRPaEdICRDELE,
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PyObject *Py0bject_Bytes (PyObject *0)

ROl HTLWLWBE, RICBLET: Stable ABL. #7227 b o DA MIRBEEZFHELE T, KWT 3
¥ NULL Z3R L, 33 % & bytes #7327 bRIRLE T, o BB TRV E 2D, Python I bytes(o)
LELTTT, bytes(o) Li#E- T, o BPEHD L Z12WE, ¥ TUHALI NIz bytes 7 7P =27 FEIRTD
Tl37 { TypeError 25X h 3,

int PyObject_IsSubclass(PyObject *derived, PyObject *cls)
JKL:EL&?- Stable ABI. 7 5 R derived 737 5 R cls L[@—TH 30, ZI0OIRELZI FRATH 5
BlE 1 ZEL, Z5TRVWERIEZ 0 ZRLET, =7 -EELGEAIE -1 ZIRLE T,

cls METNLDIFE., cls DETODEBIINLTFzv I LET, DD 12O0F v 7T 1HERoT
LE, BRI LeRY, 2RO E 0 ICRD ET,

If cls has a __subclasscheck__() method, it will be called to determine the subclass status as
described in PEP 3119. Otherwise, derived is a subclass of cls if it is a direct or indirect subclass,

i.e. contained in cls.__mro

Normally only class objects, i.e. instances of type or a derived class, are considered classes. However,

objects can override this by having a __bases__ attribute (which must be a tuple of base classes).
int PyObject_IsInstance (PyObject *inst, PyObject *cls)

RICBLETY: Stable ABL inst 837 7 & cls LK cls DF I TADA VARV ATHEHEIT 1 &

BLU, Z9TRHRWEEIZ0 ZRLET, =7 —2EEsL -1 ZRLINZHREL T,

cls METNDFE, cls DETODBEBIINLTF v 7 LET, PRed120F 2y 7T 1HRo
MR LR, 2o E 0k T,

If cls has a __instancecheck__() method, it will be called to determine the subclass status as

described in PEP 3119. Otherwise, inst is an instance of cls if its class is a subclass of cls.
An instance inst can override what is considered its class by having a __class__ attribute.

An object cls can override if it is considered a class, and what its base classes are, by having a
__bases__ attribute (which must be a tuple of base classes).

Py hash_t PyObject_Hash(PyObject *o0)
RICBLET: Stable ABL. 7P x227 b 0o DNy P aflZHELTRELE T, KT L -1 2RLZE
3, Python ®R hash(o) &E LT,

N—=Ta v 3.2 TEE: BYEDEN Py _hash_ t IR DFE L, ZOBNE, Py_ssize_t LA LY A4 X%
b OFFES EBELTT,

Py _hash_t PyObject_HashNotImplemented (PyObject *0)

RICBLZET: Stable ABI. Set a TypeError indicating that type(o) is not hashable and return -1.

7.1. #72xo 7Okl (object protocol) 121


https://peps.python.org/pep-3119/
https://peps.python.org/pep-3119/

The Python/C API, U —2X 3.11.14

This function receives special treatment when stored in a tp_hash slot, allowing a type to explicitly

indicate to the interpreter that it is not hashable.

int PyObject_IsTrue (PyObject *0)

RICBLZET: Stable ABL 0 ’ERR T AREIHARICIE 1 2, ZI3THRVEEIZIZ 0 BRLET,
Python @3 not not o XML TT, KT B -1 ZRLET,

int PyObject_Not (PyObject *o)

RICBLZET: Stable ABL 0 PE%2EK T ARBIZLHEICITZ0 2, FOTRVEERIZ 1 ZRLET,
Python ®X not o ¥FUTY, Kk¥TsL -1 ZIRL T,

PyObject *Py0bject_Type (PyObject *o0)

RBbh{E: $iLWBE, XRICBL X9 Stable ABI. When o is non-NULL, returns a type object corre-
sponding to the object type of object 0. On failure, raises SystemError and returns NULL. This is
equivalent to the Python expression type(o). This function creates a new strong reference to the
return value. There’s really no reason to use this function instead of the Py_TYPE() function, which

returns a pointer of type PyTypeObject*, except when a new strong reference is needed.

int PyObject_TypeCheck (PyObject *o, PyTypeObject *type)
Return non-zero if the object o is of type type or a subtype of type, and 0 otherwise. Both parameters
must be non-NULL.

Py ssize t PyObject_Size (PyObject *o)

Py ssize t PyObject_Length(PyObject *o0)

RICBELET: Stable ABL. 0o DEZXZRLET, 2R LA TV b oy —F 2B Fotrare~y
TR a oML TWAESEE, 7 YR LTORIFELEY, =540 2L -1 %
BRL FF, Python D3 len(o) ER U T,

Py_ssize_t PyObject_LengthHint (PyObject *o, Py _ssize_t defaultvalue)

727t 0o OMADEIZRLET, RINCEBOREZ%Z, XIZ __length_hint__() ZfioT
WMEOEI 2, ZLTHRREIIT 74V IOERZEZS ¥ LET, ZOBEIE Python @R operator.
length_hint (o, defaultvalue) &[AUTT,

N— a ¥ 3.4 TEM.

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

RBOfE: FiLWBE, RICBLZEX: Stable ABL. 7Y =27 b key WNIET 2 0o DEREZRLET, &
B3 % & NULL %R L £3, Python D olkey]l R LT,

int PyObject_SetItem(PyObject *o, PyObject *key, PyObject *v)
RICBELFT: Stable ABL. #7227 b key M8 v IS E T, KRBT 2., fsteEHEL -1 %
BLET, B35 0%2RLET, 24Uk Python DX olkeyl = v E[AFETT, ZOBKIE v ~DH
e ZAWMD FLEA
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int PyObject_DelItem(PyObject *o, PyObject *key)
RICBELET: Stable ABL. #7222 b 0o 55 key BT A2MNIGMFEAIBRLES, KT 2L -1 %
BL %3, Python DX del olkey]l ¥R LT3,

PyObject *Py0bject_Dir (PyObject *o)
ROl HTLLWBE, RICEL £7: Stable ABL. Z®B%E Python O dir(o) ERUT, 7Yz
FOERBIZEI D YT WAL FHNNORZVRL (BOEE HNET) ZRLET, T7 DA
NULL ZiE L %3, 5150% NULL 123 % &, Python IZBIF 3 dir() RARRIC, HED O — B L LRAH &K
LET; 2OGE. 7277 4 TREFTT7 L — 2257203 4UE NULL 2R L £ 325, PyErr_Occurred() 3%
RLUETD,

PyObject *PyObject_GetIter (PyObject *o)

RBOfl: iLWBHE, RICEL £ Stable ABIL Python O iter(o) ¥E LT, 5l#uck o747
VP PIHT BB AT L=, AT 2 PRI TRATL—ROHEIIA TV =7 FEHEZIR
LET, 7Y =7 FHBRIBIHEARTRET & o 725 E 1213 TypeError ZiAH LT NULL 2R L %3,

PyObject *Py0bject_GetAIter (PyObject *o0)

ROfE: $iLWEBER, RICBL XY Stable ABI (IN—23> 3.10 &D ). 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— a ¥ 3.10 TEN.

7.2 Call 7O +dJL

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.
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7.2.2 The Vectorcall Protocol

N—a v 3.9 Tl
The vectorcall protocol was introduced in PEP 590 as an additional protocol for making calls more efficient.

As rule of thumb, CPython will prefer the vectorcall for internal calls if the callable supports it. However,
this is not a hard rule. Additionally, some third-party extensions use tp_ call directly (rather than using
PyObject_Call()). Therefore, a class supporting vectorcall must also implement tp_call. Moreover, the
callable must behave the same regardless of which protocol is used. The recommended way to achieve this

is by setting tp_call to PyVectorcall_Call(). This bears repeating:

g

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

A class should not implement vectorcall if that would be slower than ¢p call. For example, if the callee needs
to convert the arguments to an args tuple and kwargs dict anyway, then there is no point in implementing

vectorcall.

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

pointer to a function with the following signature:

typedef PyObject *(*vectorcallfunc)(PyObject *callable, PyObject *const *args, size_t nargsf, PyObject

*kwnames)

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.
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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 Tl

To call an object that implements vectorcall, use a call API function as with any other callable.

PyObject_Vectorcall () will usually be most efficient.

xR In CPython 3.8, the vectorcall API and related functions were avail-
able  provisionally under names with a leading underscore: _Py0Object_Vectorcall,
_Py_TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod, _PyVectorcall_Function,

_PyObject_CallOneArg, _PyObject_CallMethodNoArgs, _PyObject_CallMethodOneArg. Addition-
ally, PyObject_VectorcallDict was available as _PyObject_FastCallDict. The old names are still

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

BROERE

When using tp__call, callees do not need to worry about recursion: CPython uses Py_EnterRecursiveCall ()

and Py_LeaveRecursiveCall () for calls made using tp_ call.

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

and Py_ LeaveRecursiveCall if needed.

Vectorcall Support API

Py_ssize_t PyVectorcall_NARGS(size_t nargsf)

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— a v 3.8 Tl

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.
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This is mostly useful to check whether or not op supports vectorcall, which can be done by checking

PyVectorcall_Function(op) != NULL.
N—Ta ¥ 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 implementation
of tp_call. It does not check the Py TPFLAGS_HAVE_VECTORCALL flag and it does not fall back to
tp_call.

N—Y a ¥ 3.8 TENM.

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 tp_ 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.

E3E callable args kwargs
PyObject_Call() PyObject * tuple dict/NULL
PyObject_CallNoArgs() PyObject *  --- -
PyObject_CallOneArg() PyObject * 1 object -
PyObject_CallObject () PyObject *  tuple/NULL ---
PyObject_CallFunction() PyObject * format -
PyObject_CallMethod () obj + charx format -

PyObject_CallFunctionObjArgs() PyObject *  variadic -
PyObject_CallMethodObjArgs () obj + name  variadic -—

PyObject_CallMethodNoArgs () obj + name  --- -—-
PyObject_CallMethodOneArg () obj + name 1 object -—-
PyObject_Vectorcall () PyObject * vectorcall  vectorcall
PyObject_VectorcallDict () PyObject *  vectorcall dict /NULL
PyObject_VectorcallMethod () arg + name  vectorcall  vectorcall

PyObject *Py0bject_Call(PyObject *callable, PyObject *args, PyObject *kwargs)

RBRDME: ;1LWBE, RICEL Y : Stable ABL MU LAJEEZR Python @4 7Y =7 b callable %, X
T oargs £ LTHEZ 6N 2518 #E kwargs £ LTHEZON2HAFMTESI1HE & IIFTHL FT,
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args & NULL TH-> TR 56T, 5l EREL LRWEEIRZEDOXR TV 2o TL 72X W, kwargs &
NULL THHWER A,

RN L7 PO L ORERZIR L, KL 602X L NULL 28 L %5,

ZAUIRD Python DX & [FSFTT: callable(*args, *xkwargs) o

PyObject *PyObject_CallNoArgs (PyObject *callable)

RDfE: $TLWBER, RICEL 7 Stable ABI (/N\—23> 3.10 &D ). Call a callable Python object
callable without any arguments. It is the most efficient way to call a callable Python object without

any argument.
L7 6O L ORRZR L, KM Lo 2R L NULL 238U £9,

N— ar 3.9 TEM.

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

RD{#E: 3 LVWSH, Call a callable Python object callable with exactly 1 positional argument arg and

no keyword arguments.

R L7 PO L ORERZIR L. KR L ofib 2R L NULL 28 L £3,

N—a v 3.9 Tl

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)

RDfE: $iLWBER, RICEL £7: Stable ABL FECMH LATEEZ Python DA 7Y = 7 b callable . &
T oargs L LTEZONZ5| 8 e b UHLET, 5IBPDEREEIE. args & NULL THWZ
A,

L7 SO L ORERZR L. KM Lo 22X L NULL 2B L £,

ZHUIRD Python DR & [FFF TS : callable(*args) .

PyObject *Py0bject_CallFunction(PyObject *callable, const char *format, ...)

RDME: FLWBE, XRICEBL 9 : Stable ABL MEUH LAJEEZR Python * 7Y = 7 b callable % AIAEL
D C 5% e e BITHECHLE T, C5180X Py_BuildValue() TERD 7 + —~ v »XFH % ff - Ttk
L%3, format 1d NULL 22 LhF, BRAB58DP VI 2RLET,

R U7 IO L OFERZIR L. KL 6 2 E M L NULL %2R L %3,
ZAUIRD Python O & [FFTF: callable(*args) o

PyObject* args 721 &5 8UCIE T AL, PyObject_CallFunctionObjArgs () & DHENTIETH B Z
EEHATBOTLEEW,

N—=ay 34 TEHE: format DHD char * POEBEINE LTz,
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PyObject *Py0bject_CallMethod ( PyObject *obj, const char *name, const char *format, ...)

RDME: TLWBE, RICBLZFJ: Stable ABL. A7 I 227 b obj @D name EWVWHHRIDRXY v Fa,
oD CHlEE 2 BIMUHLET, CHIEIEXINEEKT S Py BuildValue() WD 7 3 —~< v
b FHITRABINTVET,

format & NULL T3 X<, 518035 20hRnwZ e 2RLET,
BT bR L AR ZIE L. KL o B 2k L NULL 28 L %35,
ZAUIRD Python DX & [FSFTF: obj.name(argl, arg2, ...) o

PyObject* args 72 518U THE . PyObject_CallMethodObjArgs () & DHWHIETH B Z ¥
EHZITBOLTLERW,

N—=Y a Y 3.4 TEH: name ¥ format DTN char * 2OEHEINFE LTz,

PyObject *Py0Object_CallFunctionObjArgs (PyObject *callable, ...)

RBDE: FiLWBH, RZBL XTI Stable ABL FEUH LAJRE/ Python A 7Y =7 b callable % R]ZA$
D Pyobject* 5L & IO L EF, 5IBFNIKEIC NULL B3 OWIAIEBREDRF X2 LT
H52%7,

I L7250 H L OFEREZIR L, KRELZSFINEZE B L NULL 23 BL ¥3,
ZAUIRD Python O & [FFTF: callable(argl, arg2, ...) o

PyObject *Py0Object_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)

ROfE: FHiLWEBE, RICELEJ: Stable ABIL. Python 7Y =2 k obj DXY v FERFHL T,
XY v FAIE Python XFHNA 7Y 22 + name TEXET, AIERED Pyobject* 55 x I H
XNFET. FIEFNEREIC NULL B3OW/rEBED AT X2 LTHEZE T,

R L7 PO L ORERZIR L. KR Lofit 2R L NULL 28 L £3,

PyObject *Py0bject_CallMethodNoArgs (PyObject *obj, PyObject *name)

Call a method of the Python object 0bj without arguments, where the name of the method is given

as a Python string object in name.
B L T PO L OfERZIE L. KL o6 2k L NULL 28 L %5,
N—Ya ¥ 3.9 TEM.

PyObject *Py0bject_CallMethodOneArg(PyObject *obj, PyObject *name, PyObject *arg)

Call a method of the Python object obj with a single positional argument arg, where the name of the

method is given as a Python string object in name.

RN L7 PO L ORERZIR L. KRR L ofit 2R L NULL 28 L £3

N— a3 > 3.9 TEM.
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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.

RN L7 HIFOH L ORERZIR L. KL 725050 2k L NULL 28 L %5,
N—a v 3.9 TE.
PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwdict)
Call callable with positional arguments passed exactly as in the vectorcall protocol, but with keyword

arguments passed as a dictionary kwdict. The args array contains only the positional arguments.

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 *PyObject_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
string name. The object whose method is called is args/0], and the args array starting at args/1]
represents the arguments of the call. There must be at least one positional argument. nargsf is
the number of positional arguments including args/0], plus PY_VECTORCALL_ARGUMENTS_OFFSET if
the value of args[0] may temporarily be changed. Keyword arguments can be passed just like in

PyObject_Vectorcall ().

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

object with the full args vector as arguments.

RN L7 SO LORERZR L, KRB Lo 2R L NULL 28 L £3

N—Ya ¥ 3.9 TEM.

7.2.4 Call Support API

int PyCallable_Check (PyObject *o0)
RICBLET: Stable ABL. 7Y =27 b o MIFUHLATREA 7S 2 7 bR E I HRE T, A 7P =7
FAFEOH LATRETH 2 L EIC 1 BIRL, 2 TRVE EIIZ 0 ZRLET, ZOREBIEOH LIZHEICHK
WL x9d,
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7.3 #HEE 7O F3JL (number protocol)

int PyNumber_Check (PyObject *o)
RICBELET: Stable ABL. 7Y 2 b o PEUEEI T m ba L ERELTWEEEIC 1 ZIRL, 25T
BVEZWZIIMBERLEST, ZOBBTERH UIXEIZRILET,
N—=Vay 38 TEHE: o A VT v 7 ABEIZ-7856. 1 ZIRLET,

PyObject *PyNumber_Add (PyObject *ol, PyObject *02)
RDfE: FiLLWBR, RICELZET: Stable ABL 35t of & 02 ZIMAELMERZEL. KKT 3
¥ NULL 23R L %3, Python DX o1l + 02 2RI UTT,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
RDfE: FiLWBR, RICELZET: Stable ABL 132 of 26 02 ZWALHEREZEL, KWT
% ¥ NULL 2B L %73, Python D o1l - 02 XRILU T,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
RDfE: FiLWBR, RICELET: Stable ABL I35t of & 02 ZRELLMERZEL. KKT 2
¥ NULL 2;RL %3, Python DX ol * 02 2RI U T,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject *02)
ROfE: FiLVWBE, RICEBLZT: Stable ABI (IN—=23> 3.7 &D). BT 5L ol & 02 Z1TFRE
LR z2iIR L. KT % & NULL ZiRL %9, Python @ o1 @ 02 XL TT,

N— a v 3.5 TEM.

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

BDE: FiLWBHE, RICBL X7 Stable ABIL. Return the floor of o1 divided by 02, or NULL on
failure. This is the equivalent of the Python expression ol // o02.

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *02)
RBDhME: FiLLWBE, RICEL X9 Stable ABL Return a reasonable approximation for the mathemat-
ical value of o1 divided by 02, or NULL on failure. The return value is "approximate” because binary
floating point numbers are approximate; it is not possible to represent all real numbers in base two.
This function can return a floating point value when passed two integers. This is the equivalent of the

Python expression ol / 02.

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)

RDfE: :iLWBR, RICELXT: Stable ABL i35t of & 02 THRELLZERZREL., KKT 2
¥ NULL ZRL %3, Python DX o1 % 02 2R TI,

130 BTERMRFTIZTY LAV (Abstract Objects Layer)



The Python/C API, U —2X 3.11.14

PyObject *PyNumber_Divmod ( PyObject *ol, PyObject *02)
RDME: iLWBHE, RICEL X7 Stable ABL #lAAABE divmod ) #BME L TLZ& W, KT 3
¥ NULL %R L £3, Python O3 divmod (o1, 02) ¥R LTI,

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject *03)
RBROfE: HiLWBE, XRICBLFXT: Stable ABL. flAAALBEE pow() 2SR LTI EE W, KT 2L
NULL %#iB L ¥ 3, Python O pow(ol, 02, 03) U TT, 03 1A 7> a>»TF, 03 REMHAIET
W2 B, Py None Z ANLTLZEW (08 I NULL 2T &, RIERXAEV 7 7L RZG|ZEIT DD
DET)

PyObject *PyNumber_Negative (PyObject *o0)
ROfE: iLWBHE, RICEL X Stable ABL. I35 & 0o DIFERIEZIRL. KT % & NULL %R
L %3, Python DX -0 X[H LTI,

PyObject *PyNumber_Positive (PyObject *o0)
ROME: FILVLWEER, RICBLET: Stable ABL I 52 L o ZIBL. KT 5L NULL ZBL £,
Python @ +o X H LT,

PyObject *PyNumber_Absolute (PyObject *o0)
RDME: iLWBR, RICELFT: Stable ABL I3 2L o Dfftif{E%iR L, KT 5 NULL ZiEL
¥ 5, Python O3 abs(o) LR LTI,

PyObject *PyNumber_Invert (PyObject *o0)
EDTE' FLWEBE, RICELZET: Stable ABL {135 o O v MEKEE (bitwise negation) %

RL, KW$ 5 & NULL 238 L %3, Python O3 ~o LRI LTI,

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
RDfE: :iLWBR, RICELZXT: Stable ABL. i35 L of & 02 72 ES 7 LR EZIRL, K
B(§ % & NULL #i5B L EF, Python D3 ol << 02 X[ LTI,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
ROfE: HILWEBR, RICBLEY: Stable ABL T2 o & 02 ZUHES 7 P LERMREZEL, &
B§ % & NULL 2i5BL £F, Python D3 ol >> 02 X[H LTI,

PyObject *PyNumber _And (PyObject *ol, PyObject *02)
RO E: ¥ﬁbb\ﬁﬁﬁo RICBLET: Stable ABL 135 L ol & 02 @ 7 By b BN (bitwise
and)” ZiR L. KF 5% & NULL 2B L %9, Python DX o1 & 02 EFLTT,

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

ROfE: :iLLWBE, »XL_ BLZY: Stable ABL. 1328 ol & 02 @ 7 ¥y tHEMHEMAIGHEEF
(bitwise exclusive or)” Zi& L. K3 % & NULL iR L %3, Python ®X o1 ~ 02 XU T,
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PyObject *PyNumber_0r (PyObject *ol, PyObject *02)

Emﬁ' FLOLWEE, RICBLFT: Stable ABL 35 ol ¥ 02 ® 7y MENGHEM (bitwise
or)” R LKMT % & NULL ZiRL £3, Python X o1 | 02 LRI T,

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
RDfE: FiLWBR, RICELET: Stable ABL I35t of & 02 ZIMAELLMERZEL. KKT 2

¥ NULL %2R UL ¥, ol A in-place EEZ YK — 3 255, in-place HEZITWE T, Python DX ol
+= 02 tlﬁjbfj—o

PyObject *PyNumber _InPlaceSubtract (PyObject *ol, PyObject *02)
RDflE: FTLWBHE, RICBELZXY: Stable ABL. 155 & ol 25 02 ZRELIAREZRL, KRBT

%Y NULL ZIRL %9, ol ? in-place HEE %V KR— b T 385, in-place HEZITWE T, Python DX
0ol -= 02 X[FILTT,

PyObject *PyNumber_InPlaceMultiply(PyObject *ol, PyObject *02)
RDfE: FiLLWBR, RICELZET: Stable ABL I35t of & 02 ZRELLMERZEL., KKT 3

¥ NULL 2R L E3, ol 2 in-place EHEZ YK — 3 255, in-place HEZITWE T, Python D ol
*= 02 ZIEJD"G?—O

PyObject *PyNumber _InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
RDME: HTLWLWEBE, RICBLFT: Stable ABL (IN=23> 3.7&D). lhT2L ol & 02 Z1TFIREA

L7-FERZ2R L, RT3 NULL 2R L %3, o 2 in-place HEZ V¥ K— b T 354, in-place HE®
fTVWE 3, Python DX o1 @= 02 XFHUTT,

N—Ta ¥ 3.5 TEM.

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

RDME: iLWBER, RCBLXT: Stable ABL 135 & ol & 02 THRELLUMETHEEZE L., KK
T5¥ NULL ZBL ¥3, ol » in-place HEZ VP R— 554, in-place HEZITWE T, Python @
X ol //= 02 ¥RILTT,

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

RBO{E: FHiLWEE, XICB L 9 Stable ABI. Return a reasonable approximation for the math-
ematical 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. The operation is done

in-place when ol supports it. This is the equivalent of the Python statement ol /= 02.

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

RDE: HILLWBER, RICBLZXT: Stable ABL 32 ol % 02 THRELLBEIREERL., , KWT 2
& NULL 2B L ¥, ol 2 in-place {HEZVK— b3 255, in-place HEZITWVWEF, Python DX ol
%= 02 LFEILTT,
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PyObject *PyNumber_InPlacePower (PyObject *ol, PyObject *02, PyObject *03)
ROfE: LW, RICEL XY Stable ABL fAAABEE pow() 2RI LT ZE WV, KT 32
NULL %3iR L& T, ol 2% in-place HHE %V R— b T 255, in-place HEZITVWE T, ZOEEUL 03 H°
Py_None D¥E1E Python X o1 **= 02 EF LT, ZHALIDHEE pow(ol, 02, 03) D in-place i
T9, 08 I EINLR S, Py_None Z AT TEE W (08 IT NULL 2T &, RIERXEV 77 £ R
ZHlFEZITIENDHDET),

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

RD{E: FTLWBE, RICEL XY Stable ABL. 1358 0l % 02 FHEY 7 P LERERL, &
2L NULL Z3B L E T, ol B in-place HEZHR— M T 2HE. in-place HEZITWVWE 3T, Python
DX ol <<= 02 L[ LTI,

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

RDME: FTLWEBE, RICEL £ : Stable ABL 322 0l 2 02 7200E> 7 P LEMREEZIRL, &
B35 NULL 2B L E3, ol 2 in-place HE TV K— T 284G, in-place HEZITWE T, Python
DX ol >>= 02 EELTT,

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

RDME: HILWEE, RICBLZET: Stable ABL JiII$2 ¢ of & 02 ® 7 &y MEAERMEME (bitwise
and)” 2R L. KT 5 & NULL 2R L ¥F, ol A in-place HE %I R— b T 254, in-place HEZIT
WE T, Python DX ol &= 02 LRI LTI,

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

RBDME: FHILWEE, RICBLET: Stable ABL P32 ol & 02 @ 7 ¥y +HEAHMBAT I
(bitwise exclusive or)” ZiR L. K F 2 ¥ NULL ZIBL £, ol 2% in-place A Z IR — b T 254,
in-place {HEZITWVWEF, Python DX o1 ~= 02 &R LTI,

PyObject *PyNumber _InPlaceOr (PyObject *ol, PyObject *02)
ROfE: :iLVWBR, RIBLEXT: Stable ABL. I3 2% ol & 02 @ 7 v FHAGHIEM (bitwise
or)” BRLKMT 5 & NULL 2B L £F, ol A3 in-place HEZ ¥ R— +F 255, in-place HEZITWE
3, Python DX o1 |= 02 XHUL T,

PyObject *PyNumber_Long (PyObject *o0)

RBDE: FHILWBHK, RICBL XY Stable ABL ilIIT2 L o ZEBICEBLEDDOEIRL, KT 2L
NULL %R L %3, Python O int(o) ¥R LTI,

PyObject *PyNumber_Float (PyObject *o0)

REDfE: FiILWBEB, RICEBLE T Stable ABL BT 23 & o BIFEV/NEUSECER L 725D FIR L, &K
¥ %E NULL 23BL £F, Python O float(o) ¥R LT,

PyObject *PyNumber_Index (PyObject *o0)
RBOfE: :TLWEHE, RIZBLXT: Stable ABL. 0 % Python @ int BUZH L., RIIL 725 % DEEIR
. S Sy
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N—=a ¥ 310 TEHE: FBRIZFICHKER int BT3, MENE FHRE int OB 777201 Y RAE Y
ADZedbHHFE L,
PyObject *PyNumber_ToBase (PyObject *n, int base)

RBROfE: iLWBHE, RICELFX T Stable ABIL. base #EEICEMX NAEER n 2 XXFFN e LTRLET,
base 5180 2, 8, 10 721X 16 DWW T TRIFNIIZD F¥ A EE 2. 8. 16 IZOWVWT, BENDZXF
FIDFEEEIIEFHF~—F— '0b' | '00' F/=iE '0x' B, ThFhftE5EENET, L n B Python ®
int TR TR, T PyNumber Index() TEHINE T,

Py_ ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
RICBLZET: Stable ABL. o 2B Y U THIRNATRES o 72356, Py_ssize_t BUDMEIZEH L TRL E
T MO LKL, SRS, -1 ARENET,

H L o 2 Python O int IZEMITEX7=DIT, Py_ssize_t ~NDEHLD OverflowError 12K 25EE. exc
FIETE SN (i@l IndexError %» OverflowError) DI ZXH L ¥9, & L. exc »% NULL 7%
5. BIANIZ U 7 ENT, [EBADEEIEX PY_SSIZE T_MIN ., [ED¥&X PY_SSIZE T _MAX ¥ #lfR
ENET,

int PyIndex_Check (PyObject *o0)

RICBLEFY: Stable ABL (IN—=23> 3.8&D). 0o B34 7 v 7 ABETH 255 (tp_as_number
JERD nb_index ATy "M ESTWVWEHE) IZ 1 ZRL. 5 THRWVWEHIZ 0 ZRLET, ZOBEK
FHIZHRIIL L5,

7.4 >—/r> 2870 k1)L (sequence protocol)

int PySequence_Check (PyObject *o0)

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

always succeeds.

Py ssize_t PySequence_Size (PyObject *o)

Py ssize_t PySequence_Length (PyObject *o)
RICBLET: Stable ABL 1T 2 =7 YR o DA 7V =7 FOREIKL, KRBT 2L -1 KL
3, ZH. Python O len(o) EFLIZZRD £,

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)

RBOflE: FTLWEBE, RICEL X Stable ABL M35 & ol & 02 Di#fE (concatenation) ZiK L.
K % ¥ NULL 23BL £F, Python DR o1 + 02 ¥R T,
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PyObject *PySequence_Repeat (PyObject *o, Py _ ssize_t count)

REDfE: rLVWEHE, RICBL X Stable ABL. li1$2 8472227 b 0 @D count H#EDIRLZIR L
KMF %L NULL 2B L 3, Python O o * count ¥R LTI,

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

RBOflE: FTLWBE, RIZEL X Stable ABL M1 3 5 & ol & 02 DAl (concatenation) ZiK L.
KE$ B NULL iR L ¥3, ol % in-place EEZ VKR — 3 255, in-place HEZITWVWE T, Python
DX ol += 02 ELF LT,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py ssize ¢ count)
RDME: FHTILWBHE, RICELET: Stable ABL 313224722 b 0o D count Al DIRL %R
K3 5L NULL 23R L £9, o 2% in-place A Z Y R— M T 555, in-place HEZITWE T, Python
DR o *= count X[ LTI,

PyObject *PySequence_GetItem(PyObject *o, Py ssize 1 1)
ROE: iLWBE, RICBLZJ: Stable ABL. 132, o @ { HFEHOERZIR L., KI5 & NULL
IRL %3, Python ®3 o[i] ¥R LTI,

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

RBOfE: TLWEBE, RICBLET: Stable ABL. liZI$2 L 0 @D il 225 i2 $TOMDRAT A ZA%IEL,
KT % & NULL #iEL %3, Python O o[i1:i2] ¥ FE LTI,

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

RICELET: Stable ABL o @ i ZHHOERIC v BRALE T, KT 22, fHilAEEHL -1 2IRL F
T EITAE 0 BRLET, Z4UE Python DX o[i] = v 2RI TS, ZOBEEIX v NOSB% &EH
BbhxtHA

v B NULL DEHIEZFDBEZEIPHIRINE TH, ZOMKEERIEHIETH D, PyObject_Deldttr() %>
DHBEELWVWTT,

int PySequence_DelItem(PyObject *o, Py ssize t 1)
RICBLEFT: Stable ABL. 0 ® i HHOEZRZHIFRL £, KT 2L -1 ZIRL ¥ 3, Python DL
del o[i] ¥R LT,

int PySequence_SetSlice(PyObject *o, Py ssize til, Py ssize_t i2, PyObject *v)
RICBELZE T : Stable ABL o @ il 205 i2 ETORIDRF A4 A2 v ZRALFF, Python DX o[i1:i2]
=V }:IEJDVG‘?Q

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

RICBLET: Stable ABL. =45 Y 2F 7P xz7 b oD il 226 i2 ETOBDRS A4 X Z2HIBRL £5,
KT 2L -1 #IBLE T, Python DX del ol[il:i2] ¥R L TT,
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Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)

RICBLE Y Stable ABL 0 1281 % value DHBIEEL, T725D5 olkey]l == value 725 key DfF
BERLET, KT 2L -1 2IRL F3, Python ®3 o.count(value) ¥RLU T,

int PySequence_Contains (PyObject *o, PyObject *value)

RICBLET: Stable ABL 012 value A TWAPHELE T, 0 DD BERD value ¥ Fffli (equal)
BHIE 1 ERL, ZRDAOHEICF 0 BIRLET, =7 —FET S -1 IRLET, Python DX
value in o 2[R U TY,

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

RICBLET: Stable ABIL o[i] == value X RBZBHUNCAODoTA VT IR i ZRLET, TT7—5
BETEE -1 ZIRLET, Python DR o.index(value) ¥R TT,

PyObject *PySequence_List (PyObject *0)

ROfE: FiLLWBE, RICBLET: Stable ABL. =42 Y2 LEA T I 7L o LRILNEERFOY X
AT 27 PR LE T, KR L7S NULL ZIBL 3, IREN2 VA MIFLLESN Z & BMRFEE
NTVET, ZHUE Python D 1ist (o) X FRIETT,

PyObject *PySequence_Tuple (PyObject *0)

BDlE: FHiLWEBE, RICELZXT: Stable ABL. =4 Y ZXHBZ3WVEA TS TLTHS 0o LRILNERR
DRINFA T 27 bV ERELET, KBLZS NULL ZIRLE T, 0o R FLADIFE., Hil-RSBEEREL %
T TN DG G, BYIRNEBA -7 X 7NV HELTEL £9, Python O tuple(o) &[FFTT,

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

RBDfE: FILWBE, RICBL XY Stable ABL. ¥ =7 Y X E7%dA4 77 71D o % PySequence_Fast*
77 IVOBBTHHATEZA 727 e LTRLES, ATV M —F VATHATTITINLTDH
BRWEEIER. Xyt —Y m 2FD, TypeError AN L E3, KL/ NULL 2R L £3,

PySequence_Fastx 7 7 I U OBEEIZ. o 2% PyTupleObject ¥£7z1% PyListObject EREL. 0 DT —
X7 4 —)VRIHEET 7R T 20, ZOX5GMITIENTVET,

CPython DFEETIZ., DL o BB —F Y ANRRTALTHNIZ, 0 ZDDDEIELET,

Py ssize_t PySequence_Fast_GET_SIZE(PyObject *o)

o 73 NULL T7# <. PySequence_Fast() PRL7A TS =27 v THBZERELT, 0 DEIEZRLET, o
DY A4 XX PySequence_Size() ZMUIH L THELNETH, PySequence_Fast_GET _SIZE() DITH
0 RVAMNPRTINTHBREL TUET 270, XhE#HTT,

PyObject *PySequence_Fast_GET_ITEM(PyObject *o, Py _ssize_t 1)

ROE: BABME, o0 5 NULL T4 <. PySequence_Fast() PEL7=A T 227 b THH., 2D i Hi4 >
T2 ZADHFAMNIZH 2 LREL T, 0o D i HEHOEREZRLET,
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PyObject **PySequence_Fast_ITEMS (PyObject *o)
PyObject R4 Y ZDBEHRIZHZ T LA ZIBRLET, ZOBTIE o 1% PySequence_Fast () DiRL7=F
7Y FTHD, NULL TRVHDLREL TVET,

VA PDIAZXDPEEIND L& XEY) BRI EROEIZHILET 5006 LKW LIHERELT
{IEEV, 2D, ¥—=r Y AOEEPFEELRNAYTI AN TOABERICDZRA Y 2 %effio TR
2V,

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

ROME: HILWEBE, o © i HFHOEREZIRL., KT 5L NULL ZiIEL $7, PySequence_GetItem()
DEHRTH D, PySequence_Check() T o BEZIRT Y D DPDIRIERL, BORITFOMELITVE
A

7.5 v 7870k 3JL (mapping protocol)

PyObject_GetItem(), PyObject_SetItem(), PyObject_Delltem() HHBHL T &\,

int PyMapping_Check (PyObject *o)
RICBL £9: Stable ABI. Return 1 if the object provides the mapping protocol or supports slicing,
and 0 otherwise. Note that it returns 1 for Python classes with a __getitem__() method, since
in general it is impossible to determine what type of keys the class supports. This function always
succeeds.

Py ssize t PyMapping_Size (PyObject *o)

Py _ssize t PyMapping_Length (PyObject *0)
RICELET: Stable ABL. JiII T2 2 A7 =27 b o HFOF—DEEIRL, KT 5L -1 ZRLE T,
Z#uZ, Python @O len(o) EFLCIZRD FF,

PyObject *PyMapping_GetItemString (PyObject *o, const char *key)
ROfE: HILWBER, RICEL XY Stable ABL. This is the same as PyObject_GetItem(), but key is
specified as a const char* UTF-8 encoded bytes string, rather than a PyObject*.

int PyMapping_SetItemString(PyObject *o, const char *key, PyObject *v)
RICBLET: Stable ABI. This is the same as PyObject_SetItem(), but key is specified as a const
charx UTF-8 encoded bytes string, rather than a PyObjectx.

int PyMapping_DelItem(PyObject *o, PyObject *key)

This is an alias of PyObject_DelItem().

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

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

RICELETY: Stable ABL =y FHA 70 =27 v D3F— key ZFOHEEIC 1 2R L, £33 ThRUVE X
X0 ZIBLET, 2, Python R key in o 2 ZHliTT, Z DB OH LIZEICHKIIL 5,

AMR: Exceptions which occur when this calls __getitem__() method are silently ignored. For proper

error handling, use PyObject_GetItem() instead.

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

RICEL F7: 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 Py0bjectx.

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

str object are silently ignored. For proper error handling, use PyMapping_GetItemString () instead.

PyObject *PyMapping_Keys (PyObject *o)

RDME: FILVWEE, RICBLET: Stable ABL fIJT2E 4727 b 0 DF—H57825Y R P2iR
$9, KT 2L NULL 2 RL %7,

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

PyObject *PyMapping_Values (PyObject *o)

RBOE: FILWE, RICELZXT: Stable ABL. i34 79227 0o DEISZB VA NERLE
3, KT 2L NULL #IRL 9,

N— gy 3.7 TEHE: LHENZ. BEEIEZFVAFBLBZRILERLTWE L,

PyObject *PyMapping_Items (PyObject *o0)

BDE: FTLWEBEB, RICBLFEJ: Stable ABL [KIIT232 47522+ 0o DEZENLSKZBZY X 2R
L. BEZEIF—LHEORTBAEX I NICHRoTWET, KT 2L NULL 2RL 75,

N—ay 3.7 TEE: DENE. BBV AR LIBEXTIAVEZRLTVE L,

7.6 17L—%270k21JL (iterator protocol)

ATV —REW/S 7-DOBEFOBEEIEI > D 3,

int PyIter_Check(PyObject *o)

RICELE T Stable ABI (/NA—23 > 3.8 &D ). Return non-zero if the object o can be safely passed

to PyIter Nezt (), and O otherwise. This function always succeeds.
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int PyAIter_Check (PyObject *o0)
RICBLEY: Stable ABI (IN—=23 > 8.10 &D). Return non-zero if the object o provides the

AsyncIterator protocol, and 0 otherwise. This function always succeeds.
N— a ¥ 3.10 TEN.

PyObject *PyIter_Next (PyObject *o)

RBD{E: i LWBEE, RIZEL £ Stable ABL 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 (IN—23 > 3.10 & D ). Sends the arg value into the iterator iter. Returns:

e PYGEN_RETURN if iterator returns. Return value is returned via presult.

. PYGEN_ £ elds. Yielded value i L yi Z
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e PYGEN_ERROR if iterator has raised and exception. presult is set to NULL.

N— a ¥ 3.10 TEN.

7.7 N\ 7770k )L (buffer Protocol)

Python THIAFHER WL DDA TP 227 ME. FEICH 3 X EVEH E721% buffer ND7 7 2 %ML F
T ZDXIRATI s b2 LT, HlAIAAD bytes X bytearray . array.array D & 572\ < D DILR
A FoNE T, = FN—T 1 DT A 77 VITEHFLHELBERT O X 5 BRI BN OO, ZhoBE
DRZERTHIEDNTEET,

FNEFTNORIIZNHBED SV T4 VAR FRBETH, BELLKERXFTUNYy 7705220\ HED
FHEzHELE T, WS ODDRHTIEINT2a—2IT5 Z e BAEBEANAY 7 7 X778 AT3 2 e %
NET,

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 /\w 7 7 F 7o =
U MEER (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 RED Y INRFATI =7 ME, WED Ny 77 =% A MIDERTRHAL £3, A
ML DT B FIAFTRET S, Bl RIE. array.array 23RS 2 BRI ALF AL MEIZRZZ D HD £F,

buffer £ ¥ % —7 2 —RADFHZFD—HZ, 77 ANATP 27 D write() XY v RTF: buffer £ > &% —
Tz —RAEBLT—HONAS MIZRBETEZZEART IV 27 T 7 7 ANKEZADL I DB TEE T,
write() &, ZO5IE LTEINA TP 27 PORNFERIINT20AN LERA7 7t RDATRELE LE
I, readinto() DL RMD XY v FTIE, ZOFIMONEIIHNT 2HZIAAT 7 ADBMETT, buffer 4
VER—=T =Rk, ATV VIHAZFEWMA, AR LERAANY 77 A\DT7 VLR BT T ENENL D
HEET20EINT 2N TEET,

buffer £ ¥ &2 —7 = — ZADFAHICIZ, WREBZAFTI2 7 DNy 77282 _ODHERDD T3
o IELWEIHT PyObject_GetBuffer() ZM-UHT;

o Pydrg ParseTuple() ((£73ZDRIBED VD) & y* . wk 721 s* format codes DWTNhrE LD
[ RoN S

EELDT7 —RATdH, buffer WRER K 1o 72RfIC PyBuffer Release() ZEMUHIRITIUIZD FHA, Th
RS, VYRV =D XD IkkARMEICORN 2B/ DH D $7,
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7.7.1 buffer &&(K

Ny 7 7 HER (F 28I "buffers”) @EHIOA 7Y 27 DAL F U F—X% Python 7'u 2T <2t s
ZDIZEMTT, ZHEER, Erabt -4V /Bl LTHHATEES, ZOXEY TRy 72 BRT
HIEEERMES Z 2T, YART—XRTH L THHIC Python 707 o<ty 22 enTcE g3, XEVIX,
CIRROKREREIERD»S LNERAL, ARV—=T 4 YIS RATLIATIVICETHOXEY 70y 7 H
bLNELAL, BELT —ZEFA T4 7DA4 Y AEVERZFESTOIMFEHINZ 2 LOLEEA,

Python 4 ¥ 2 7V Rk o THRMENZZL DT —XBIZER LD, Ny 7 7% PyOvject R4 > XTIk L.
SYTNIE CHEIKRTT, 200, fERE a =2 3ERICHBICITAE T, Ny 7 7 D— IR T v =20
B Zi&, memoryview X 7Y =7 P BMERINE T,

IIVAR=bPENZFTI 27 b EFELFEOEOTHINICIE. Buffer Object Structures 2SR LT 72 &0,
Ny 77 ZBUST 5121, PyObject_GetBuffer() #HHL TL 2\,

type Py_buffer
RICBLET: Stable ABI (TRTDAYN—EFL) (IN—23> 5.11 &b).

void *buf

Ny 75774 =L EBRLTOIREHEDLEZIET R, VR, Ny 77252470227+
TEYEXEY 70y 7RO EDOMBIZD D X ET, BRI strides AL, ZOHEIIXEY T
2y 7DOREPD LNERA,

EE B DBE ZDOEIZAEY Try ZDEHEEZIEL T,

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() ¥721& PyBuffer Filllnfo() IZX>TT v ¥ Nz —Rl%A Ny
77 THIRBRT —ATIE, TD7 14—V FIENULL TF, —fRINIC, T/ AR—-+AT7V =7 M
CONREMEALTERD $EA.

Py ssize_t len
product (shape) * itemsize, contiguous FCH| T, FEDXEY 7ry 7OEXICRDET, I

contiguous BCFITIX. contiguous BRI I ¥ — I N=GE CHEMEN D OEX T,

((char *)buf) [0] 2*& ((char *)buf) [len-1] DHPAND 7 7t 2%, il (contiguity) % &
FAES 2V 7 ZAMIE o THIFENTNY 77 IR L TOAFSINET, ZLDHEIT, ZOX57RY
2 T i PyBUF_SIMPLE ¥7-\&% PyBUF_WRITABLE T,

int readonly

Ny 77 DitAHLEHTH20RLET, D7 4 —)V RIiX PyBUF_WRITABLE 7 7 7" CiilffliCc %
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£7,

Py ssize t itemsize

FE D7D byte Bt DY { X, struct.calcsize() #IE NULL @ format fHIZH L CTRENH L7
fREFLTT,

HERHBISN: BB E DS PyBUF_FORMAT 7 7 V%R ET 2 Z iR Ny 7 7 2 ER L 725G, format
1 NULL ICRESINET, LU ditemsize lZTCDT7 +—~< v Mo 7B FL T,

shape W1FEIET 5454, product (shape) * itemsize == len OFXDF o, FIFHEIX itemsize
% buffer Z#HLe7-DIHATEET,

PyBUF_SIMPLE % 7:1% PyBUF_WRITABLE THX L 7:#iR, shape 2 NULL THHIX, HEEZ
itemsize HHEM L T itemsize == 1 L RAIRTNIRD THA,

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 — & PyBUF_FORMAT 7 5 702 & » CHlfISh £ 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

AEY LD NRXTEHANDOE 2R, £ED ndim TH % Py_ssize_t DELFITT, shapel0] * ...
% shape[ndim-1] * itemsize |& len ¥ FEL L RIFNUIRD FXEA,

shape OfiiZ shape[n] >= 0 IZHIFRX N FJ, shape[n] == 0 DIFHIFHTIEELIDETT, 7l
1% complex arrays ZZIRLTLIEE W0,

shepe (JZIR) ECHNEHFIHIE 22 & 137 A H LEHTS,

Py ssize_t *strides

BRI BOTH LWVEEZBZ72DICRAF Yy 7T 54 MUETRT, BE ndim ® Py_ssize_ t O
[T 71 8

A4 FEE, FROBHMEIEETEET, FEDOESITIE. A 74 NMI#EETWITEERNTT,
L2 LAAEIE. strides[n] <= 0 D7 —RZMWEFT 22 e B TE24EPH D F5, FHliconT
& complex arrays ZZBHRLTLEE W,

HEZICL 2T, ZOD strides ECFNEFAH LEHATT,
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Py ssize t *suboffsets
Py ssize_t TMOBEEZFOR X ndim DB, suboffsets[n] >= 0 DIFHIE. n FHDXITIZ
Ho TRIFEIN TV BEIZEA ¥ X T, suboffset {HIZERA ¥ X DBIRE MR LRI NA M IR
VWD ERLTWE T, suboffset DIENEDDGEIZ. R4 ¥ XOSRERIFFE (#HEL 72
XEY 70y JNICEERBE I QWD) L WS 22l ET,

2 TD suboffset BEMDILGE (0% D BRBRIIAE) LG, TO7 4 — AV FIENULL (77 4Lk
) THRIIERD TR A,

Z O DRELY|ERBLE Python Imaging Library (PIL) TEbhTWE T, 20D X 5 REFHITERICT
T RAFTBFHEICOVTESIZFHL Z & compler arrays SR LT EE W,

HEEIZY o T, suboffsets BidFiAH LEH TS,

void *internal

Ny 77 2@t MDA T 2 7 b INERNCHIF T 2 72D DZERT T, BRI, RN Z 0Z#
WCEEHR% 3 v 2 b LT, shape, strides, suboffsets &\ o 72BC5%E Ny 7 7 RBT % & EICFARFIC
fRIRT 2NENESDEEHET 277705 28N TESZTL LI, Ny 77 ZRUTWMBANE. D
EERLTEELTUIRD A,

Constants:

PyBUF_MAX_NDIM

The maximum number of dimensions the memory represents. Exporters MUST respect this limit,
consumers of multi-dimensional buffers SHOULD be able to handle up to PyBUF_MAX_NDIM dimensions.
Currently set to 64.

172 N\yI77VIOITRANDRATS

Ny 7 7 IXEE, PyObject_GetBuffer() 5> 22T, TIZAR=I T34 T2 MRy 77V I T b
ZELZETHRONE T, X BV OMMAZHEEOEMIEIIZIICO 270, HEEZ flags 518 z2E->T, H
WA BN 7 7 OFEEREL 3,

Py_buffer D7 4 =L Fid, VI TR FOFHIC K o TERI 2RI TITERSINET,
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DOIZXAMIEKEFELBWIT s —ILE

TEED 7 14—V FiE flags DFEEZITITIC, FIKIELWETREINE T, 1 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—V FZHIELET, dLI7 7 I7PRESNTVIUI, TDT 4 =L FZIELLHDRIT
NEBDFEA, 77 7DPRESNTVRIFIUE TD7 4 =)L F% NULL IZRE LRTIIRD X
A

PyBUF_WRITABLE 3. RDEICHTL 28D 757 d | ZMo THEVWERA, PyBUF_SIMPLE 1% 0 LEFRX
NTWB DT, PyBUF_WRITABLE \ZBMIZE ZIAATRER ANy 7 7 2 ERTHEMO 7 S 7 LTHER T,

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 7%, IR TEMEDSKEVIEICHARZ X EY OB ESEEREL T, Mr07 5203, ZRkb
TREBEINEZTIT I ZTOTRTOE Y b EEL I LIRFERELTLEE N,

YOIk shape  strides | suboffsets

yes yes WEIRIGE
PyBUF _INDIRECT

yes yes NULL
PyBUF _STRIDES

yes NULL | NULL
PyBUF_ND

NULL NULL | NULL
PyBUF _SIMPLE
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BEEMDV I TR b

A4 FOWERDPH o THRLTH, C £71d Fortran @ EFlE HIHMEICER SN ATREMED D D £ 3, R
P74 MERZ LIS, Ny 7713 C EBHEL TWARERDH D $9,

DIIRE 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

#EVIIR+

BHOE3E2THOY 72X DfEIZ, RIOEHTOT 7 7DHAGHLE THBINCERINTVWE T, Bl XS,
Ny Z77—70 bV TRBEBIHERHINIHAEDEERE—D 75 77 LTHRHELTE T,

RDT—=TND U FHEHGEDPRERTHS 2R LE T, FHAFIE PyBuffer IsContiguous() ZFFHL

THERMEZHEST 2BEPHLTL & D,
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DOITR b shape = strides | suboffsets | contig ‘ readonly ‘ format ‘

yes yes PEREGSE U 0 yes
PyBUF_FULL

yes yes WERYE 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 EMBET

NumPy X4 )L: shape, strides
NumPy R & A )V OEH| OaH GG itemsize, ndim, shape, strides TERINE T,

ndim == 0 DHFEIX. buf DIET XY DHFFTE. H A4 XD itemsize DAA FHE LTHRIRENE T, 20
AL shape ¥ strides DM/F& % NULL T,

strides 7% NULL OHEE, BFNIEED n Xt C BFl e L THREINE T, 25 ThVWHEIE, FIAEIERRD
X5 n IOt 7 7 2 Ll b 8 A

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];

item = *((typeof (item) *)ptr);
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ERED LS, buf BXEV 7By JHNDOEDGAITHIET ZEDARETT, L7 AR—X -3 ZDBMEHMY

5L &o TNy 77 DA R MERRERE 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 physical memory block
offset: (char *)buf - mem
i
if offset 7, itemsize:
return False
if offset < O or offset+itemsize > memlen:
return False
if any(v 7 itemsize for v in strides):

return False

if ndim <= O:
return ndim == 0 and not shape and not strides
if O in shape:

return True

imin = sum(strides[j]l*(shape[j]l-1) for j in range(ndim)
if strides[j] <= 0)

imax = sum(strides[jl*(shape[j]l-1) for j in range(ndim)
if strides[j] > 0)

return 0 <= offset+imin and offset+imax+itemsize <= memlen

PIL X%+ JL: shape, strides, suboffsets

PIL R X A )V OELHTI3EHE DELZOMIC, HERTO L TROERZIFT 572Dl B KA V2 2RTX
T PR @ED 3 X7t C BEH char v[2] [2][3] &, 2 KITACHIND 2 DDHRA ¥ XH 572 5L char
(xv[21)[21[3] 25 Z &b TEET, suboffset RFLTIX, THHD 2 DDKRA ¥ &XIZ buf DIEFHICHDIA

D, XEBYDEZWRTHEETE S 2 DD char x[2][3] BAlZfL £9,

RDFENZ, strides b suboffsets B NULL THRWEHED, N XL VT v 7 Ak > THREATW3 N RItES

NOEBEANDRA ¥ X 2R T TS

void *get_item_pointer(int ndim, void *buf, Py_ssize_t *strides,

Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (charx*)buf;

int i;

for (i = 0; i < ndim; i++) {
pointer += strides[i] * indices[il;
if (suboffsets[i] >=0 ) {

(TDR=21ZHEL)

7.7. Ny 7 770Ok3JL (buffer Protocol)
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(FIDR=I 5 DfEE)

pointer = *((charx*)pointer) + suboffsets[i];

}

return (void*)pointer;

7.7.4 \v 7 7EEEDREH

int PyObject_CheckBuffer (PyObject *obj)

3TICEL¥'§" Stable ABI (IN—=23 Y 3.11 &D ). obj 23 buffer f ¥ X =7 2 —XEZHR—-FL T3
AlE 1L ERL, 25 THRVEAIZ 0 BRLET, 1 ZIRLAE LTH, PyObject_GetBuffer() DY
3‘6&_}:@1%&‘511&%&0 Z OBEBUTE I L £5,

int PyObject_GetBuffer (PyObject *exporter, Py _ buffer *view, int flags)

RICBULET: Stable ABI (IN—=23 > 8.11 &D ). exporter 2 flags THE ZNT=/IET view ZHED 3
EFOWERLE T, dL exporter BIEEX NIz BTNy 7 7 BT E WS, BufferError %
EH L. view—>obj % NULL IZEE L7z LT, -1 2RI RIFNUIR D R A,

I L7z & Zid. view 2D, view->obj I exporter NDFLWEBREFREL, 0 ZRLET, F2 1~
KONy 77 T0NA XN TR VER—DF TV 27 MUV XA LY M T 55 —RTlE, view->obj
& exporter DRODICZDATI 27 V2SR LET Ny T77F TP MEER 2L TR
W),

malloc() ¥ free() ® X 5 IZ, O LI I L7z PyObject_GetBuffer() & X127 3
PyBuffer_Release() DFEUH LA RITNLZNIEIRD TR A, Mo T, Ny 77 DFANFEALS
PyBuffer_Release () DB 1 BIZ TN AR TIUIRD TH A,

void PyBuffer_Release (Py buffer *view)
RICBLE Y Stable ABI (IN—=23 > 8.11 &D ). Release the buffer view and release the strong

reference (i.e. decrement the reference count) to the view’s supporting object, view->obj. This
function MUST be called when the buffer is no longer being used, otherwise reference leaks may

occur.
PyObject_GetBuffer() %ML THIREL TWRW Ny 7 7120 LT Z OB T OIFREWT T,

Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

RICBELFT: Stable ABI (IN\—23> 5.11 &D ). Return the implied itemsize from format. On

error, raise an exception and return -1.

N—ar 3.9 TEM.
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int PyBuffer_IsContiguous(const Py_buffer *view, char order)
RICBLZEFT: Stable ABI (IN—=23> 8.11 &D ). view TERSIN TR XEY D, C AKX A (order
== 'C') D& &, Fortran R XA )L (order == 'F') &t DL Zh, £OWITNID (order == 'A') T
HF 1 ZIBLET, ZhDANOHEE 0 ZIRLET, ZOBBUIFEICHRIIL 7,

void *PyBuffer_GetPointer (const Py buffer *view, const Py ssize t *indices)

RICBLFT: Stable ABL (IN—=23> 3.11 &b ). B2 N7z view WIZH % indices DIFET X E U I
ZHIF L XS, indices | view—>ndim 0D A 7 v 7 AH 672 2BH 724G L TWRITAEZRD $8 A,

int PyBuffer_FromContiguous (const Py buffer *view, const void *buf, Py ssize t len, char fort)
RICBLET: Stable ABL (IN—=23> 3.11 &D ). #Hi T2 len N4 b2 buf D5 view IZAE—LF
T fort IZIX 'C' B 'F' RIEETEEY (ZENZNC FFEARAX AL L Fortran AX A VOIEFEZERL
T)o BUIRHICIE 0. =T —FRICE -1 ZIRL T,

int PyBuffer_ToContiguous (void *buf, const Py _ buffer *src, Py_ssize_t len, char order)
RICBLET: Stable ABI (IN—=23> 5.11 &D ). src 55 len A b EREHRERIT buf Fi2av—LF
T, order 1% 'C' F7E 'F' F72E 'A' (C AR AVIEF F721& Fortran A X A )VIERF & 721 2 Ut
PHETEET, ML 0HHRD, =5—-16 -1 MRV FT,

len 1= sre->len OFE. T OBEBUIIRL 5,

int PyObject_CopyData(PyObject *dest, PyObject *src)
RICBELFT: Stable ABI (IN—2 3> 3.11 &D ). Copy data from src to dest buffer. Can convert

between C-style and or Fortran-style buffers.
I L726 0 53, =7 —FZiE -1 PHRENET,

void PyBuffer_FillContiguousStrides (int ndims, Py ssize ¢ *shape, Py _ssize ¢ *strides, int itemsize,
char order)
RICBLET: Stable ABI (IN—=23 > 3.11 &D ). strides EtH%. itemsize DR E X DERHNA M
LD, shape D% Lz &/ (order 75 'C' 725 C-style . 'F' 75 Fortran-style @) ZX7Thi% & L
THD 35,

int PyBuffer_FillInfo(Py buffer *view, PyObject *exporter, void *buf, Py ssize t len, int readonly, int
flags)
RICBLET: Stable ABI (IN—=23 > 8.11 &D ). 34 X3 len @ buf % readonly 1ZHE- 72E EiAHAH
A/ AAIORETRHATEZ2 ANy 77 V7T A 2L 9, buf BTFESEL AL FOSlE LTSN
9,

flags BIENIV 7 TR D& A TR LET, OB, buf PHiAH LEHEIEEZNTOVT, flags I
PyBUF_WRITABLE DRREZINTOVWRWIRD, W7 7 ZITHEE SN2 D I view ZHEDHE 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;
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Z DOBEE getbufferproc d—ERE L THE S J{EIZIE. ezporter X7 AR— b T 2472 27 MIEE
LTRSS, X51C flags BEBERTICEIRZINERD FRA. 25 TRWVWESIX. exporter 1
NULL TRIFUIZD TEA,

7.8 Wy 7OR3)L

N— g v 3.0 TIEHER.

NS DOBELE, Python 2 @ IfuwNy 777w haji) AP O—# T3, Python 3 Tix, 352D 7m o
MEIFELFEAN, 2x DA —FEBHELL TV LS ICHBEABIATOEST, HILWANy 770K &
DD 27 v XR—FBDO IS TREIFVE TN, Ny 7y NPTV AR—- SN ZJZHIEENZY Y —R
DA Z BT 2 Z I ETE EH A,

WoT, HE2A T2 bDNy 77 2a—%2BIGT 572012, PyObject_GetBuffer() (b LI yx BX U
wk J#—< v bO—F T PyAdrg_ParseTuple() RZ D) ZIEFH L, Ny 77 ¥ a—%@RIRT 5 & 22k
PyBuffer_Release() ZW-UHIL %9,

int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py ssize ¢ *buffer_len)

RICELET: Stable ABL. XFAR—ZADAN LTHZ2FHAB LERAXEY LOMNBEANDRA ¥ X %R
LET, obf 5IBUSH—E T XV I DBRELFENY 774 VR =T 2 =R %P K= LTWRITNUIRD
FHA, BINT B2 0 FIBL. buffer #XEYDAMEIC. buffer len Ny 77 DRICHELE T, =
7 —0DFRIZIE -1 Zi& L. TypeError Zt v L E3,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py ssize t *buffer_len)

RICBLZET: Stable ABL fFEDO T — &2 2D i AH LEHDXEY LOMEBEADKRS VX Z2RL %
T obf GIBIIH— I AV Mo BHAMLARENY 774 VX —7 2 —XZHK— b LTWRITUT
RO ERA, BINT B 0 %KL, buffer & XEY DMMBEIZ. buffer_len Ny 7 7 DRIIHRELE T,
7 —DFRIZE -1 IR L. TypeError Zt v F L%,

int PyObject_CheckReadBuffer (PyObject *o)

RICBLET: Stable ABL 0 28—t 7 XY b o R 2HAMLAIRENY 774 ¥ X —T 2 — X% ¥ K—
FLTWRHEIC 1 ZBRLET, ZhLUOBEITIZ 0 2IRL T, ZOBBIIEICKIIL £,

ZOBBIEIR LicNy 7 > ORUS L fRCE TV, 2Rz it s 2 B o LAicHE 2 2 FilAh i &
NBZZLWRHEBLTLIEEIN, 75—, X¥5I120&, PyObject_GetBuffer() BRbDIH-TLE
2\,

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py ssize ¢ *buffer_len)

RICBLFT: Stable ABL HFZIAAARER X EY FOMBENDRA Y EZ2IBELET, obj 518ITH—L
FRYINIRBRBILTNY 774 R =7 2 =R %P R—FLTOWRFNUUIZD $EA, BINTDL 0%
BLU. buffer & XEV DMEIZ, buffer len ZNv 7 7 DRIXCHFEELET, =7 DI -1 ZRL
TypeError 2ty F LEJ,
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B&RA72 x4V bk (CONCRETE OBJECT) L1V

ZDETIE, FED Python 4 7Y = 7 MIEGOBEBICOWTIBRRTWE T, TS DBEBICHEE > =R DA 7
V7 FPEREITDIRREVWEZITIESD ¥ A; Python 7077 200056004720 b EZIFM o728 &,
ZFOATI 27 PBELVWHEIZR o TV EDHERLZ S TRVODRL, $THF v 7 Z2THLRITNUIZD EEA;
BlZIE, HBATY 22 P DHERDNTANSB I, PyDict_Check() ZfVE T, ZDOFEIX Python DA 7Y =
7 FENZBT B T R o TS N TVWE T,

BE: COETHBRNTOLIEBE. EINAA 7027 bOREZEREL Fz v 7 LIZT2H0D, 24D
BEBIXE XN 70 =7 FYEMR NULL RODPEMRA T 27 b eDhEF v 7 LERA, 205
DORFNC NULL 2EXETLES &, BEXTY 727 2ERERILT, 4 YR 7Y REHFEICK T X8
TLESFTTI,

8.1 XA T2 1Y bk (fundamental object)

Z DTk, Python OMA 7Y =7 b > 70 b ¥ (singleton) 7Y =2  None IZDWTIHANE T,

8.1.1 BATIS Uk

type PyTypeObject
RICBLET: Limited AP (FBBLIBERERYL LT). MAAANERRT 2BV OIS, A7V
FEERT C HEK T,

PyTypeObject PyType_Type
RICBLFT: Stable ABL. A7 =27 VEHEORIA 7Y 27 FTF, Python LA ¥IZBIF 5 type &
RCAT7S =2 FTT,

int PyType_Check (PyObject *o)
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Return non-zero if the object o is a type object, including instances of types derived from the standard
type object. Return 0 in all other cases. This function always succeeds.

int PyType_CheckExact (PyObject *o)
Return non-zero if the object o is a type object, but not a subtype of the standard type object. Return
0 in all other cases. This function always succeeds.

unsigned int PyType_ClearCache ()
RICBLETY: Stable ABL NEOBREKRF ¥ v 2227 V7 LET, BIEON—Ya v X7 E2ERLET,

unsigned long PyType_GetFlags (PyTypeObject *type)

RICEBLF 9 : 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 TE.
N—=Yar 3.4 TEHE: RYEDTH long T/ < unsigned long 272 Y ¥ L7z,

void PyType_Modified (PyTypeObject *type)
RICBELZET: Stable ABL. NHOBRR X ¥ v > 2%k, ZD type & T XNTOY 7T XA FIT0f L THEIZL
9, OB type DRBIERIIES 7 RFNZZH L H E ICFHTHOH S RIFIUIRD £ 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)
RICBELET: Stable ABL a 28 b D% 7 XA TOBEICEZRLETS,
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)

ROfl: HILWBE, RICEL %9 Stable ABI. 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.
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PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject ¥*kwds)
RbhfE: FTLWBHE, RIZBL X7 Stable ABI. 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. BA 727 bDT 74 F 74 XZ2TVET, ZOBBIELTOA T2 b
THIHLZE T 272D HE L TR D £ A, ZOMBIE, BEKY 72N oMK L-20 v
FRIA T 27 MBS 2REBHD T, RIHLEGEIIZ 0 Z2EL. =7 —DHEIE -1 iR
L CHISMERZ & E L 7,

JEMR: If some of the base classes implements the GC protocol and the provided type does not include
the Py_TPFLAGS_HAVE_GC in its flags, then the GC protocol will be automatically implemented from
its parents. On the contrary, if the type being created does include Py_TPFLAGS HAVE_GC in its flags

then it must implement the GC protocol itself by at least implementing the tp_traverse handle.

PyObject *PyType_GetName ( Py Type Object *type)

ROfE: FiLLWBHE, RICBELXT: Stable ABI (IN—23 > 3.11 &D ). Return the type’s name.
Equivalent to getting the type’s __name__ attribute.

N—ar 3.11 TEN.

PyObject *PyType_GetQualName (PyTypeObject *type)
ROfE: HTLWBE, RICBLEXT: Stable ABI (N\—23> 3.11 &D ). Return the type’s qualified
name. Equivalent to getting the type’s __qualname__ attribute.

N— g v 3.11 TEM.

void *PyType_GetSlot (PyTypeObject *type, int slot)

RICBLET: Stable ABI (IN—=23> 3./ &D). GZohkAny MRS NTWSBBRA > 2%
EL&TO R D EAY NULL DEE1E. A1y b2 NULL 26, BB AR ERSIBTHEN-Z e 2RLET,
HWHE. FECH LEANZE D DR A > 2 2 2E8iicx v A P LET,

See PyType_Slot.slot for possible values of the slot argument.
N— a v 3.4 TE.

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

RICBLZET: Stable ABI (IN—23 > 3.10 & D ). Return the module object associated with the given
type when the type was created using PyType_FromModuleAndSpec ().
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If no module is associated with the given type, sets TypeError and returns NULL.

This function is usually used to get the module in which a method is defined. Note that in such a
method, PyType_GetModule (Py_TYPE(self)) may not return the intended result. Py_TYPE(self)
may be a subclass of the intended class, and subclasses are not necessarily defined in the same
module as their superclass. See PyCMethod to get the class that defines the method. See
PyType_GetModuleByDef () for cases when PyCMethod cannot be used.

N—3 g v 3.9 TEM.

void *PyType_GetModuleState (PyTypeObject *type)

RICEBLEY: Stable ABI (IN—2 3> 310 &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 TEM.

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)

ROflE: :HILWBER, RICBELXT: Stable ABI (/N\—23 > 3.10 &b ). 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.
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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 TE.

N—= =z 3.10 TZEHE: 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)
RDfE: FHILWBER, XRICBLEJ: Stable ABl (N—2 3> 3.3 &bD).  Equivalent to
PyType_FromModuleAndSpec (NULL, spec, bases).

N— g v 3.3 TEM.

PyObject *PyType_FromSpec (PyType_ Spec *spec)
EDfl: HiLWBHE, XIZBL XY Stable ABL. 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 PyTypeObject.

tp_itemsize.
int PyType_Spec.flags

Type flags, used to set PyTypeObject.tp_flags.

If the Py_TPFLAGS_HEAPTYPE flag is not set, PyType_FromSpeciithBases () sets it automatically.
PyType Slot *PyType_Spec.slots

Array of PyType_Slot structures. Terminated by the special slot value {0, NULL}.

type PyType_Slot
RICBLEFY: Stable ABI (§RTDRXYN—%ZFYE). Structure defining optional functionality of a

type, containing a slot ID and a value pointer.
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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

e tp_cache

e tp_subclasses

o tp_weaklist

e tp_vectorcall

o tp_weaklistoffset (see PyMemberDef)

o tp_dictoffset (see PyMemberDef)

o 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_FromSpecWithBases () instead.
N— a3 ¥ 3.9 TEH: Slots in PyBufferProcs may be set in the unlimited API.

N—=a ¥ 311 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.
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8.1.2 None #7>x7 b

None 12X % PyTypeObject &, Python/C API TIXEEAMEINTOWRVOTERLTL X W, None I&H
HF (singleton) RDT, A 7Y =27 bPOF—HET A+ (C T ==) 25723 THH7E»56TT, FAUHEHD
5. PyNone_Check() BAEUIH D £H 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.)

8.2 HEEA T ¥ k (numeric object)

8.2.1 BEEA T x U I (integer object)

FTARTOEBIMEEDOREZ R DD "long” By L THEREXNT T,

Io7—DEEZ¥r, 1L A YD Pylong_As* AP IX (return type)-1 ZiRL E52. ZAUIBUEE B33+
XFHA, APTEMI 20121 PyErr_Occurred() %o TLEE W,

type PyLongObject
RICELFT: Limited APT (FERLGEERCLT). 20D Pylbject DY 7 X 4 FI3RKU 2RI L
£,

PyTypeObject PyLong_Type
RICEBLET: Stable ABL. 20 PyTypeObject DA ¥ A X ¥ AlF Python BEEHZRH L $9, Zhld
Python L' 4 ¥iZ8IF% int LA LCA T =7 M T,

int PyLong_Check (PyObject *p)
518h% PyLongObject %> PyLongObject DY 7 XA FTH2 L ZICHZEKRL T, ZOBBITEITHIIL
9,

int PyLong_CheckExact (PyObject *p)
518 PyLongObject T®H %75 PyLongObject DV 7T XA T TRV ZIZEZIRLE T, ZOBKIIHEIC
BRI F5,

PyObject *PyLong_FromLong (long v)

RDflE: iLWBER, RICEL XY Stable ABL v 225 #7272 PyLongObject 3 7Y =7 M RARKL TR
LET, KDL 21213 NULL 2K L £3,
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BEDFETIE, -5 25 266 ETORTORBIINT2BEA T =7 b OBSIZRIFL LT, ZOHiH
DREERT B . EBRIIBIREOLF 7Y 2 7 NI T 22ANKE2 X 51k TWET,

PyObject *PyLong_FromUnsignedLong(unsigned long v)
RDE: FHTILWBE, XICBL X Stable ABL. C ® unsigned long 7 5¥1727% PyLongObject &7
Px 7 P RERLTRLET, RLZFITIE NULL 28 L 55

PyObject *PyLong_FromSsize_t (Py ssize t v)
RBDE: $1LWBE, RICEL XY Stable ABL. C ® Py_ssize_t B H#1727 PyLongObject 47
a7 PRERLTELET, KDL 1T NULL 2B L E9

PyObject *PyLong_FromSize_t (size_t v)

RDME: #iLLWBE, XRICEL X9 Stable ABL. C @ size_t H» 57272 PyLongObject ¥ 7 =2
FEAERLUTRLES, KKO L 2123 NULL Z2EL £9,

PyObject *PyLong_FromLongLong (long long v)
RBRDME: ;1 LWBE, XRIZEBL F£7: Stable ABL. C @ long long &b &Hi727 PyLongObject 77 =
7 PRERLTGRLEY, KDL IZIE NULL 2R L X9,

PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)
RBhfli: HILWEBE, RICEL £9: Stable ABIL. C @ unsigned long long H7 & §i727% PyLongObject
ATV 27 FAERLTRLE T, KDL ZITIE NULL Z2IRL £,

PyObject *PyLong_FromDouble (double v)
RBOfE: :iLWEBE, RICELFT: Stable ABL v OB #7278 PyLongObject 773 =7 + &4
MU TRLET, KRO L Ei2iE NULL 2R L £5,

PyObject *PyLong_FromString (const char *str, char **pend, int base)
ROflE: FHLWLWBHE, RICBL X7 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)

RD1{E: i LWEE, Convert a sequence of Unicode digits in the string u to a Python integer value.

N—Ya ¥ 3.3 TEM.
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PyObject *PyLong_FromVoidPtr (void *p)
ROfE: $iLWEsE, RICEL 7 Stable ABL. K4 ¥ & p 25 Python BHEUEZ AR L £5, KL &
DfEIX PyLong_AsVoidPtr() %2 LRI OHIGE N T T,

long PyLong_AsLong (PyObject *obj)
RICBL £9: Stable ABL. 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 O long OHIPFHHTHIUR. OverflowError XXM L £7,

I —PEEZL ZIC -1 ZRLET, RPUZMNT 27021 PyErr_Occurred() Zffio T 72E W,
N—=Yar 3.8 TEH: AJfETHIUL __index__() &5 X351 Fl/

N—Y a3 ¥ 3.10 TZH: This function will no longer use __int__Q).

long PyLong_AsLongAndOverflow(PyObject *obj, int *overflow)

RICEL £9: Stable ABL. Return a C long representation of obj. If obj is not an instance of
PyLongObject, first call its __index__() method (if present) to convert it to a PyLongObject.

If the value of 0bj is greater than LONG_MAX or less than LONG_MIN, set *overflow to 1 or -1, respectively,

and return -1; otherwise, set *overflow to 0. If any other exception occurs set *overflow to 0 and

return -1 as usual.

Io—DREZE ZIC -1 ZRLET, RO EMMT 272D121& PyErr_Occurred() Z{fi-TL 72E W,
N—Yar 3.8 TEHE: A[fEThHIUL __index__ () ZFS> kS5 h Tl
N— a ¥ 3.10 TZH: This function will no longer use __int__().

long long PyLong_AsLongLong ( PyObject *obj)

RICE L %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 DfEA long long DHIPASTHAUI, OverflowError ZiXH L 7,

Io—PEEZL ZIC -1 ZIRLET, RPUZMNT 2702 PyErr_Occurred() ZffioTL72E W,
N—=Yar 3.8 TEH: AJfETHIUL __index__() &5 k51D Fl/

N—Y a ¥ 3.10 TZHE: This function will no longer use __int__Q).

long long PyLong_AsLongLongAndOverflow(PyObject *obj, int *overflow)

RICEBL 9 Stable ABL. 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.
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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.

II—MEELLEZIC -1 BRLET, AU EMT 2720121F PyErr_Occurred() 2o T X W,
N—a v 3.2 Tl

N—a v 3.8 TAH: ARETHIUL __index__ () ZFS XS5k E LT

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

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)

RICELZE T Stable ABIL. pylong #3K3 C @ Py_ssize_t iR L ¥, pylong & PyLongObject DA
VAR YATRIINUIZRD $X A

b U pylong DIED Py_ssize_t O#EPAITHAUL. OverflowError ZiEH L £,
Io—PEEL 2 -1 ZIRLET, RAUZMNT 27021 PyErr_Occurred() Zffio T 72E W,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)

RICBLE Y Stable ABIL. pylong %3 C O unsigned long #iBL £3, pylong 1& PyLongObject
DA VAR Y ZATIRFNUILD FEA,

b L pylong DIEA unsigned long DHIPASTH UL, OverflowError ZiXH L X3,

I7—HHE X/ 2T (unsigned long)-1 ZRL ¥ 3, RO 2T 27014 PyErr_Occurred() %
o TLRE W,

size_t PyLong_AsSize_t (PyObject *pylong)

RICELFT: Stable ABIL. pylong 5K 3 C @ size_t IR L ¥ 73, pylong 1& PyLongObject DA > R
RYATRINZRD £EA,

b L pylong DIED size_t DHFHITHIUL, OverflowError ZEH L 35,

I —PREELL 2T (size_t)-1 ZIRLE T, ARAT 2T 5729121F PyErr_Occurred() ZfE->T
<7‘Céh\o

unsigned long long PyLong_AsUnsignedLongLong ( PyObject *pylong)

RICB L £9: Stable ABIL. pylong %% 3 C D unsigned long long *3R L ¥ 3, pylong &
PyLongObject DA Y AR Y ATRIFIIRD FH A,

% L pylong DA unsigned long long DHIFATH UL, OverflowError ZiXH L 7,

I - &L % (unsigned long long)-1 B L E 3, R T 22 201X
PyErr_Occurred() 2o TL I W,
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N—a ¥y 3.1 TEHE: & pylong ZHEE L /2FEIZ TypeError Tid7 <. OverflowError XM 3 5 L5
&:z’oc D i l./f:o

unsigned long PyLong_AsUnsignedLongMask ( PyObject *obj)

RICEL E 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 DHIFHD HANT WG, ULONG_MAX + 1 ZikE LERIRZIRL X3,

I7 - X/ ZIZ (unsigned long)-1 ZIRLE5, RO 2T 57292 PyErr_Occurred() %
{%OVC < f:éh\o

N—a v 3.8 TAH: ARETHIUL __index__ () ZFS XS5k XL
N— a3 ¥ 3.10 TZH: This function will no longer use __int__().

unsigned long long PyLong_AsUnsignedLongLongMask ( PyObject *obj)

RICEL F7: Stable ABI. Return a C unsigned long long representation of obj. If obj is not an in-
stance of PyLong0Ob ject, first call its __index__() method (if present) to convert it to a PyLong0Ob ject.

obj DfE% unsigned long long DHIFHD HHN TV E X, ULLONG_MAX + 1 Zike LFRIRZIRL
S

T — X/ XIT (unsigned long long)-1 R L E¥F, RT3 kDX
PyErr_Occurred () ZfioTL7Z&E W,

N—Y gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k L
N— 3> 3.10 TZH: This function will no longer use __int__().

double PyLong_AsDouble ( PyObject *pylong)

RICELF T Stable ABIL pylong 2583 C @ double ZRL ¥ 3, pylong i& PyLongObject DA >R
XY RATIRFIZRD FH A

b L pylong DIl double DHIFHSN TH UK. OverflowError ZiEH L £7,
I —RELLZIC-1.0ZRLET, AU EMT 2 72DI2iE PyErr_Occurred() ZffioTL 72& W,

void *PyLong_AsVoidPtr (PyObject *pylong)

RICBLFT: Stable ABIL. Python OFEIZHET pylong . C D void KA ¥ XITEHL £F, pylong
BT 20U, OverflowError A LE S, ZOBEUX PyLong FromVoidPtr () TIEZAMK T
XS X572 void KA Y EAHBAERTE 2720 TT,

I =R E/ZY ZIZNULL iR L E T, A& % 729I2id PyErr_Occurred() ZffioTL 72& W,
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8.2.2 Boolean #7x7 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
RICBLZET: Stable ABL. 20 PyTypeObject D4 ¥ AR ¥ AiF Python @ boolean #%Z KRB L % 7;
Python L A4 ¥iZHIF % bool ERILA TP =2 M T,
int PyBool_Check (PyObject *o)

0 B3 PyBool_Type BOBLZAEICEHZIREL $3, ZOBBIIEICHINIL $7,

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.

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)

ROfE: HiLWBER, RICBLZXT: Stable ABL. Return a new reference to Py_True or Py_False

depending on the truth value of v.

8.2.3 Floating Point Objects

type PyFloatObject

This subtype of PyObject represents a Python floating point object.

PyTypeObject PyFloat_Type

RICE L F 7 Stable ABI. This instance of PyType0Object represents the Python floating point type.
This is the same object as float in the Python layer.
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int PyFloat_Check (PyObject *p)
518h3 PyFloatObject h PyFloatObject DV 7 XA T TH2 L ZIWCHEZIRLET, ZOBBIIHITHK
WL %9,

int PyFloat_CheckExact (PyObject *p)
5I8hS PyFloatObject TH 5D PyFloatObject DY TR A FTTHRVWE ZICERKRLES, ZOBEBIX
527 R OY- 3 a8

PyObject *PyFloat_FromString (PyObject *str)
RBROfE: $1LWBE, RICEL X7 Stable ABL str OXFFE%Z D £ I1Z PyFloatObject X 7Y =7 b
BAERLET, KT 5L NULL ZIEL %7,

PyObject *PyFloat_FromDouble (double v)
ROE: :iLVWBE, RIZBL %Y Stable ABL v 25 PyFloatObject 273 =7 b RAER L TRL %
T KT B L NULL Z2IBL £95

double PyFloat_AsDouble (PyObject *pyfloat)

RICEL £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__(). This

method returns -1.0 upon failure, so one should call PyErr_0Occurred() to check for errors.
N—Y gy 3.8 TEH: AJRETHIUX __index_ () 2S5 XS5k L

double PyFloat_AS_DOUBLE(PyObject *pyfloat)
pyfloat DIETEZ. C D double HRHTRLETH, T7—F =z v 72TV ERA,

PyObject *PyFloat_GetInfo(void)
RBROfE: FTLWBE, RICEL £9: Stable ABL float OFFE, &/IME. RAMEICET 2HERE ST
structseq £ Y ARV RAERLET, ZHUE, float.h 7 7 A LDENT v =TT,

double PyFloat_GetMax ()

RICBLZE 9 Stable ABI. float ORI T = 2/ ARMEE DBL MAX % C @ double B TIRL £,

double PyFloat_GetMin()

RICEL £9: Stable ABI. float O IEH{L X N/=2f/NDIEDIE DBL_MIN % C @ double BUTRL
£79,
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Pack and Unpack functions

The pack and unpack functions provide an efficient platform-independent way to store floating-point values
as byte strings. The Pack routines produce a bytes string from a C double, and the Unpack routines produce

a C double from such a bytes string. The suffix (2, 4 or 8) specifies the number of bytes in the bytes string.

On platforms that appear to use IEEE 754 formats these functions work by copying bits. On other platforms,
the 2-byte format is identical to the IEEE 754 binary16 half-precision format, the 4-byte format (32-bit) is
identical to the IEEE 754 binary32 single precision format, and the 8-byte format to the IEEE 754 binary64
double precision format, although the packing of INFs and NaNs (if such things exist on the platform) isn’t
handled correctly, and attempting to unpack a bytes string containing an IEEE INF or NaN will raise an

exception.

On non-IEEE platforms with more precision, or larger dynamic range, than IEEE 754 supports, not all
values can be packed; on non-IEEE platforms with less precision, or smaller dynamic range, not all values

can be unpacked. What happens in such cases is partly accidental (alas).

N— 3 v 3.11 TEM.

Pack functions

The pack routines write 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if you want the bytes
string in little-endian format (exponent last, at p+1, p+3, or p+6 p+7), zero if you want big-endian format
(exponent first, at p). The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1

on big endian processor, or 0 on little endian processor.
Return value: 0 if all is OK, -1 if error (and an exception is set, most likely OverflowError).
There are two problems on non-IEEE platforms:

e What this does is undefined if z is a NaN or infinity.

e -0.0 and +0.0 produce the same bytes string.

int PyFloat_Pack2(double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary16 half-precision format.

int PyFloat_Pack4 (double x, unsigned char *p, int le)

Pack a C double as the IEEE 754 binary32 single precision format.

int PyFloat_Pack8(double x, unsigned char *p, int le)
Pack a C double as the IEEE 754 binary64 double precision format.
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Unpack functions

The unpack routines read 2, 4 or 8 bytes, starting at p. le is an int argument, non-zero if the bytes string is
in little-endian format (exponent last, at p+1, p+3 or p+6 and p+7), zero if big-endian (exponent first, at p).
The PY_BIG_ENDIAN constant can be used to use the native endian: it is equal to 1 on big endian processor,

or 0 on little endian processor.

Return value: The unpacked double. On error, this is =1.0 and PyErr_Occurred() is true (and an exception

is set, most likely OverflowError).

Note that on a non-IEEE platform this will refuse to unpack a bytes string that represents a NaN or infinity.

double PyFloat_Unpack2(const unsigned char *p, int le)

Unpack the IEEE 754 binary16 half-precision format as a C double.

double PyFloat_Unpack4 (const unsigned char *p, int le)

Unpack the IEEE 754 binary32 single precision format as a C double.

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

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

8.2.4 BEHATO Uk

Python O#FEHA 7P =7 MiE, CAPI IS5 R 2 ZODRIEOT y L THEEINTWES: —771% Python
T LI LTI TWS Python 04 7Y =2 T, AIXEBOEZEIELZRAT 2 C ORERT
3, API TR, Tho 2k BBEREL TV E T,

C iBEke L TO'EH

BERO C BERz2515e LTZE LY, BOE LTGRLAED T2, KA Y ZELZITS DTIEARL
BEEL 21750 THERELTLEEI VL, ZHF API 2K 2B LT—EBLTWVWET,

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;
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Py compler _Py_c_sum(Py complex left, Py complex right)
ZODHRZFEBOIE C D Py_complex BITRL FT,
Py _complex _Py_c_diff (Py_complex left, Py complex right)
ZODEFRDER C D Py_compler B TRL FF,
Py__complex _Py_c_neg(Py_complex num)
BEE num OFSRHEE C O Py_complez BITIRLET,
Py complexr _Py_c_prod(Py complez left, Py complex right)
ZODERZFEBDOEE C D Py_complex BITRL ET,

Py__complexr _Py_c_quot (Py_complex dividend, Py _complex divisor)
ZOoDEERODEE C D Py_complex BTIRL £,

divisor 3 null DFEE. ZDAY v FIZER%ZIR L. errno IZ EDOM Zt» b LE T,
Py complexr _Py_c_pow(Py_complexr num, Py complex exp)
68 exp D num % C @ Py_complez B TIRL 3,

num 7 null T exp PIEDEHTHRVWIESIEX, ZOXY v RiZ¥e %R, errno IZ EDOM #t v b L
£9,

Python 721U b L TOERKE

type PyComplexObject
Z D PyObject DY 7 XA 7% Python OEREIZRBIL 5,

PyTypeObject PyComplex_Type
RICBLZET: Stable ABI. Z® PyTypeObject DA ¥ A& ¥ Al¥ Python DR EZ R L £,
Python L' 4 ¥ complex ¢[AILA 7T =2 M T,

int PyComplex_Check (PyObject *p)
5180h3 PyComplexzObject b PyComplezObject DY T XA FTTH3 & BICHEZRLET, ZOBKITE
WL 9,

int PyComplex_CheckExact (PyObject *p)
51825 PyComplexObject TH 3 PyComplexObject DY TR A T TRV ZICERRLEST, ZOH
BIF T L E5,

PyObject *PyComplex_FromCComplex (Py complex v)

RD{#E: $tLWBE, Create a new Python complex number object from a C Py_complez value.

166 FE8E BRATZ U I (concrete object) LY



The Python/C API, U —2X 3.11.14

PyObject *PyComplex_FromDoubles (double real, double imag)
RbhfE: iLWBHE, RICEL X7 : Stable ABIL. Return a new PyComplez0bject object from real and
imag.

double PyComplex_RealAsDouble (PyObject *op)

RICEL F7: Stable ABL op DEHERD%Z C O double B TIRL %73
double PyComplex_ImagAsDouble (PyObject *op)

RICBLFT: Stable ABL. op DEEERT % C O double BTIRL %7,
Py complex PyComplex_AsCComplex (PyObject *op)

BEEBE op 25 Py_complex BIEAEKL 55

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— gy 3.8 TEH: AJRETHIUX __index__ () 2S5 XS5k L=

8.3 =7 2RXFTT TV b (sequence object)

Tl
o

=T UAF T 27 MR BRIV TIRRIOETT TR E Lz 20T, Python
CHEHEMboTVWARREDY —F v AF TV 27 FIZOWTIRVET,

831 NAbATDxo

TRROBBIZ. N P ATY 27 FERBITFLTWSEIBIIANA, AT Y27 FTRVWAI XX Z2HEL THUH
XN3 Yy, TypeError ZiEH L £,
type PyBytesObject

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

PyTypeObject PyBytes_Type
RICEBLET: Stable ABL. Z® PyTypeObject D4 > A&X > A%, Python N4 pI%EFRL %3 Python
LAYD bytes LRLATY =7 FTT,

int PyBytes_Check (PyObject *o0)

FTI 2T b o bytes A7 27 b bytes OV T XA TDA VARV RATHIGEICEERRLF
T, ZOBBITECHKIILE T,
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int PyBytes_CheckExact (PyObject *o0)

ATV b o b bytes A7 =7 12D bytes MDY T XA TDA Y RAX Y RATRWGEICEZKEL %
To ZOBBIIEITHRINL T,

PyObject *PyBytes_FromString(const char *v)

RDME: TLLWBE, RICELZXT: Stable ABL EIIFHC, XFF) v Da b —%2EE T2H LWL b A
TV bEIRL, KMERC NULL 2B L %3, 518 v & NULL TH-oTiER D F8A; ZOF = v 77T
LDNFEH A,

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)

RBDfE: :iLLWBER, RICELF T Stable ABL IR, XFH v 0¥ —%2EL T55KEE len DFL
WAL PAT Y27 bRIEL, RBIFHC NULL 2R L £5, 518 v 23 NULL D&, N4 b A TP =27 b
DOHHIHLE N TOEE Ao

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

RBROfE: F1LWBHE, RICEL XY : Stable ABIL. C D printf () XX AN D format XFH e ALK
DFIEERD ., FERO Python N4 v 47927 bDOI A XEFEL, BEEHEELEZERC LD TE
PaLIeNA M AT 27 b EIRLE T, AIERDOGIEIE C 07 —2BTRIFUIR ST, format XFHH
D7 =<y PXFEEHHEEEMNT SN TVWRITNIRD FHA, T 74—~y FXFBEHTE

£

BRisEXT | & 5%

T n/a V7T LD % XF

e int C OBERITHRIHAINLH—D NS |,

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

%u unsigned int | printf("%u") X[FE%%, !

%1d long printf ("%1d") ¥ [[%, *!

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

%zd Py_ssize_t printf ("%zd") ¥R, *!

%zu size_t printf ("%zu") ¥[A%, !

%i int printf("%i") &M%, *!

%x int printf ("%x") FEE, "

%s const char* null THE X N7z C DXFH,

%p const void* C HRA »&D 16 #EXRGC, printf("jp") CIFLALRLTTID, 7
Zv M7 —AIZBY S printf OERICBEHDL Y R ILTV T I
ox BT EFF,

WA T ERWERIBELTH D - G, R OEAXFIRZDOEEMROA 7Y 27 Micav—&h,
RO o5 I E T,
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PyObject *PyBytes_FromFormatV (const char *format, va_ list vargs)
EhfE: #FHiLLWEBE, RICBLET: Stable ABL. 5 x5 Y2005 %2 22 2RV,
PyBytes_FromFormat () £[R LT3,

PyObject *PyBytes_FromObject (PyObject *o)
ROE: HILWBEB, RICBLET: Stable ABL. Xy 77 7R bal®FEFT 24727 b 0 DNA b
KHZIRLET,

Py_ssize_t PyBytes_Size (PyObject *0)

RICBLEFT: Stable ABL. N 37T 22 b 0o DA FMHEADRIZELFT,

Py _ssize_t PyBytes_GET_SIZE(PyObject *o)

PyBytes_Size() WBTWVWETH, Z57—F v 7 2fTVEEA,

char *PyBytes_AsString (PyObject *o)

RICELET: Stable ABL. 0 DHHANDRA VX EZIRLET, KA X len(o) + 1 NA 2B R
% 0 DNEINY 7 7 2B LE T, UC null DAL b DBHZ0E I DRHhrDOT. Ny 7 7 DERFEDN
A M T null 127D £F, PyBytes_FromStringAndSize (NULL, size) THERINIGZAERVT,
T=REBIELTERD FHA, R A v X2l (deallocated) LTIERD FHA., B L. o A bytes
F 7Y 27 bTRIFAUR, PyBytes_AsString () i& NULL %iR L TypeError ZiXHi L ¥3,

char *PyBytes_AS_STRING ( PyObject *string)

PyBytes_AsString () P TWVWETH, TI7—F v 72TV ERA,

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py ssize ¢ *length)

RICBL £9: Stable ABI. Return the null-terminated contents of the object 0bj through the output

variables buffer and length. Returns O on success.

length DIED NULL DIFHE, N4 b4 7P =227 b5 null N4 M EEFRVABEEDL DD 3, ZDIFA.
BEUE -1 &R L. ValueError #EH L3,

buffer I& obj DWEB Ny 7 7 B L TWT, ZHUUIKRED null N4 FHEFATVET (24U length
WA ONEREA), A 7Y =7 bD PyBytes_FromStringAndSize (NULL, size) THEMINGH
ZEROT, AIRH o THhT—XEZWEL TIWITFERA, 7Y 27 M EFEK (deallocate) L THWITHER
Ao 0bj B3 bytes & 7Y = 7 N T o 7581, PyBytes_AsStringAndSize () 1% -1 %38 L TypeError
ZRHLUE T,

N—a v 3.5 TEH: LIHNE bytes 7 7Y 227 MZXAANA SDBEDAEN TV L EIZ TypeError %
EHLTVE L,
void PyBytes_Concat ( PyObject **bytes, PyObject *newpart)

RICEL X7 : Stable ABIL. newpart DINE % bytes D% A I Lt%ﬁbbvvf METY 2T b Fhytes
WARRLE S, MOE LA LWSIRZFE L X3, bytes OHWMHEOZRIEZB TN E T, dLHILVA
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Tz MPERTERVWGE, W bytes DSRRIIBEEEI L. Fbytes DIEIX NULL IZBE I E T #Y)
RN ESNE T,
void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

RICEL Z9: Stable ABI. Create a new bytes object in *bytes containing the contents of newpart
appended to bytes. This version releases the strong reference to newpart (i.e. decrements its reference

count).

int _PyBytes_Resize (PyObject **bytes, Py ssize { newsize)

A way to resize a bytes object even though it is "immutable”. Only use this to build up a brand new
bytes object; don’t use this if the bytes may already be known in other parts of the code. It is an
error to call this function if the refcount on the input bytes object is not one. Pass the address of
an existing bytes object as an lvalue (it may be written into), and the new size desired. On success,
*bytes holds the resized bytes object and 0 is returned; the address in *bytes may differ from its input
value. If the reallocation fails, the original bytes object at *bytes is deallocated, *bytes is set to NULL,

MemoryError is set, and -1 is returned.

8.3.2 bytearray 77>V k

type PyByteArrayObject
ZD PyObject DY 7 X A 7% Python @ bytearray 73 =27 bERLET,
PyTypeObject PyByteArray_Type

RICBL F9: Stable ABI. Z® PyTypeObject DA ¥ A& > A, Python bytearray B %R L £ 3,
Python L' A4 ¥ T bytearray LRILA 7Y =2 FTT,

BFrvyoxonO

int PyByteArray_Check (PyObject *o)
F 7Y 22 b o bytearray A 7Y =7 b bytearray DY T XA TDA VARV RATHBGEEICEE
BLUET, ZORBUIFICHRIIL £7,

int PyByteArray_CheckExact (PyObject *o0)

F TP 27 b oD bytearray * 7Y =7 F 72 bytearray BLD YT RA TDA VARV ATRWGEIZE
ZIRLE T, ZOBBIIEICKIIL %I,
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A1L 2~ API B

PyObject *PyByteArray_FromObject (PyObject *o)
RDfE: F1LWBHE, RICEL X7 Stable ABL buffer protocol ZREELIALEDOA TS =7 b o h b,
B L\ bytearray 7Y =2 P EIER L. BLET,

PyObject *PyByteArray_FromStringAndSize (const char *string, Py ssize t len)
RBDE: :iLWBE, RICBL £ 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)
RD{E: FHILWEH, RICBLZX 9 Stable ABL. bytearray a & b ZH#E L2F R 2H L\ bytearray &
LTRLET,

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
RICELZE T Stable ABL. NULL RA Y& F = v 7 DIRIC bytearray DI A4 X %R L ET,

char *PyByteArray_AsString(PyObject *bytearray)

RICEBLE7: Stable ABL NULL R4 Y& F = v 7 DRIT bylearray DA% char Bidle L TRLUE T,
RENBEFNCIX, EITHRTZ null N4 S2BIIXNE T,

int PyByteArray_Resize (PyObject *bytearray, Py ssize t len)
RICBL X9 Stable ABI. Resize the internal buffer of bytearray to len.

E¢Z4=|
MFo=r7aid, R4V Z20F 2y 72 LEWI LK D REMEHEICL TRAY - FEELELTLET,
char *PyByteArray_AS_STRING(PyObject *bytearray)
PyByteArray AsString ) W TVWETH, TI7—-F v 72TV ERA,
Py _ssize t PyByteArray_GET_SIZE(PyObject *bytearray)

PyByteArray_Size ) WP TVWETH, T57—F =z v 7 2ITVERA,

8.3.3 Unicode #7721 F ¥ codec

Unicode #7727 k

Python3.3 ® PEP 393 #3056, X E VM ZHME LD S Unicode XFDORERLHF LKA 25 & 512,
Unicode A 7Y = 7 MEIWEHNCZHERRBAL X EHOWTWE T, IXRTOa— FRA > FA3 128, 256 F/-1%
65536 AN DOSCFFNH U TRANR 7 —ADMFEL £ T2, ZhSTlda— FARA > M 1114112 BUF (28
¥ XTD Unicode #FATT) TRIFIUIRD 8 Ao
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Py_UNICODE* and UTF-8 representations are created on demand and cached in the Unicode object. The
Py_UNICODE* representation is deprecated and inefficient.

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 7canonical” Unicode objects are all objects created by a non-deprecated Unicode API. They use the

most efficient representation allowed by the implementation.

e "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.

F#:  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 &

LR Python @ Unicode SEZEICHW SN T WS EA Unicode 7Y =7 FITF:

type Py_UCS4
type Py_UCS2
type Py_UCS1

RICBELFT: Stable ABL. Zhs0iE, #HZ2h, 328y b, 16 By b, ZL T8y hDOXFEHFSF
T2DRARDREEFOFE R LOERH D typedef TF, H—® Unicode XF %5 HEE. Py_UCS4
ZHWTLZE W,

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—=Yarv 3.3 TEHE: EION—Y a > Tid, Python % €V K L72FXIC "narrow” F 7213 "wide”
Unicode X"=2a YDEBELEHEIRLIPICE-oT, I6EY 232y FOELE LTI > TVE
L7z

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
INBD PyObject DY 7 XA 7% Python Unicode 7Y =7 + KL £F, Unicode A7 = 7 +
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25> & TD API BIBUZ PyObject NDKRA ¥ X %Z232IFH - T PyObject NDKRA ¥ X %IRRT DT, 1F
EAEDEE, TNODMEEEEINETEIDD TEA,

N—Ya ¥ 3.3 TEM.

PyTypeObject PyUnicode_Type
RIZEBL £7: 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 72227 b obj & Unicode 7Y =2 + 2 Unicode BIDH T XA TDA VARV RATHIGEICER
BLET, ZOBBUIEEIL%T.
int PyUnicode_CheckExact (PyObject *obj)
A 7Y 22 b obj B Unicode A 7T 27 bEWH T RA TDA VARV ATRWEARICELZRLES, Z
DBEBUXFITHRII L 3,
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 0 on success and -1 with an exception set on failure, which in particular happens if memory

allocation fails.
N— 3 v 3.3 TEM.

N—a v 310 TIHEMHRE N—Y a3 312 CTHIRFTE: This API will be removed with
PyUnicode_FromUnicode().

Py ssize_t PyUnicode_GET_LENGTH(PyObject *unicode)
Unicode XFF|Da—FRA ¥ P TORIERLFET, unicode & 7 IEHA” REFEAD Unicode * 7
P FTRIFNUIRDEVA (EELFzv Z7IELERA),
N—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
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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—a v 3.3 TEM.
N—= a v 3.10 TR, =Y a» 3.12 THIFRTE: PyUnicode_WCHAR_KIND is deprecated.

int PyUnicode_KIND(PyObject *unicode)

Z @ Unicode 237 — X EREFET 5 DIT 1 XFEHT= DAL MEioTWBH%7F PyUnicode FERIDEL
(EZFHATLEZEWN) D55 1D2%IKELET, unicode 13 7 IEH7R” £IHFHKD Unicode #7222 +T
BUIUBHRD FRA (RELF =9 2 IELERA),

N—Y a ¥ 3.3 TENM.

void *PyUnicode_DATA(PyObject *unicode)
£ D Unicode Ny 7 7D void KA VX &R L FET, unicode & 7 1EHI7” RIFF XD Unicode * 7
P FTRIFNUIRDEVA (EELFzv 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 TEM.

Py_UCS/ PyUnicode_READ(int kind, void *data, Py_ ssize ¢ index)
EHRRFEAE o TW5 (PyUnicode DATA() THEURL7%) data 5»5 3 —FRA ¥ M Z2HARD £73,
F v ZRHAMRO~ 7 e UH LIE—YiThbh 8 A,

N— a v 3.3 Tl

Py UCS/ PyUnicode_READ_CHAR(PyObject *unicode, Py ssize t index)

Unicode &7 =2 b+ unicode 7 & X FxEHAWMD £, Zd Unicode 7 =2 M 7 IEfi%R” RHE
A TRIFUIZD £XA, MEDHER L THANZHEICIE. 2D 0ld PyUnicode_ READ() XD dIE
SR T,

N—Y a v 3.3 TEM.
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Py_UCS/ PyUnicode_MAX_CHAR_VALUE ( PyObject *unicode)

unicode IZFED NV THOXFHN ZEZDICHELEHRRKOIA—FRA V2R LET, 2D Unicode * 7
Y7 ME T IENR BREEATRINUIRD FEA. ZOEITEICHEMET TS, XFHREEFAND X
D BRITT,

N— a 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— 3 v 3.3 TIHELE, N— 3 > 3.12 THIFRTE: 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 v 3.3 TIHELE, N— 3 > 3.12 THIFRTE: 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 ter-
minated 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—a ¥ 3.3 TZH: 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 exception
set). Try to port the code to use the new PyUnicode_nBYTE_DATA() macros or use PyUnicode_WRITE()
or PyUnicode_READ().

N— 3 v 3.3 TIHELE, N— 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)

RICB L X : Stable ABL. XXFHA3, identifiers SiOSBERICBII 2 EMREATTHANI 1 ZRLF
T, TNLADEEIF 0 BRLET,

N— 3 v 3.9 TEHE: The function does not call Py_FatalError() anymore if the string is not ready.

8.3. =T YRATT IV I (sequence object) 175



The Python/C API, U —2X 3.11.14

Unicode XZF 70O/NT+

Unicode 13#(Z DB 3 XF 7 r 87 1 (character property) Z#LTWE T, KL fibhzXFF v
T4 UTFo~Z7o0THHTEEY, Zhsn~2ald Python OFEIIGE T, &4 C OBEEIIHISAT S
NTVET,
int Py_UNICODE_ISSPACE(Py_UCS4 ch)

ch PEAXFEPEIPIIGUT 1 £21F 0 ZIRLETD,

int Py_UNICODE_ISLOWER(Py UCS/ ch)
ch ZVINLFIPESPIIGTT 1 0% 0 ZIBL X,

int Py_UNICODE_ISUPPER(Py UCS/ ch)
ch PDRIXEPEIDITELCT 1 £ 0 ZRLET,

int Py_UNICODE_ISTITLE(Py UCS4 ch)
ch R A bV —ZAF (titlecase character) 2285 TG LT T 1 £721% 0 2R L T,

int Py_UNICODE_ISLINEBREAK(Py UCS/ ch)
ch AT FDE S DPITIELT 1 $723 0 ZIRLE T,

int Py_UNICODE_ISDECIMAL(Py UCS/ ch)
ch 7% decimal XFNEI MG T 1 F2X 0 ZRLET,

int Py_UNICODE_ISDIGIT(Py UCS/ ch)
ch 73 digit XFPES LIS CT 1 E/2F 0 ZRLET,

int Py_UNICODE_ISNUMERIC(Py UCS/ ch)
ch DEF (numeric) XFNPEIPTIECT 1 F7213 0 ZIBL X3,

int Py_UNICODE_ISALPHA(Py UCS/ ch)
Ch DTN T 7Ry bXENPEIPIIHET 1 £21F 0 2RLET,

int Py_UNICODE_ISALNUM(Py UCS/ ch)
ch DPHRCTFRE S PITIBLT 1 £ 0 ZELET,

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 I3, @I EHEX TR 2T S Db £ 7
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Py _UCS/ Py_UNICODE_TOLOWER(Py UCS/ ch)
ch Z/NCFIIEM L7 DR L 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 —ALFIZEBLIZDOERLET,
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 APL i3V a s — M F 3
Py_UNICODE_IS_SURROGATE(ch)

ch 3% — kY 5h (0xD800 <= ch <= OxDFFF) #F = v 7 L %7,
Py_UNICODE_IS_HIGH_SURROGATE(ch)

ch B EMIH a5 — b ¥ 5% (0xD800 <= ch <= O0xDBFF) #F v 7 L% 7T,
Py_UNICODE_IS_LOW_SURROGATE (ch)

ch RO Bs — k2 55 (0xDCOO <= ch <= 0xDFFF) #F v 7 LET,

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 73 =27 24 LD, Unicode D3 —4 v R LTOERNZ IO T4 I 77 A LD T3
ik, LR API 2o TL Z &\

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

EDfE: 1L WBE, #H L\ Unicode A 7> =7 M EERL £3, mazchar \I3CFHNAENR B a— FRA
YRFOELWRABEIZTRNETT, ZOMHEIIMEME LT 127, 255, 65535, 1114111 O—&FILWEIZYID
EFehnEd,

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)

EDE: HLWBE, 5% 517z kind (WD 132 EIX PyUnicode_1BYTE_KIND 72 ¥ @ PyUnicode_KIND()
AR FAETS) @ Unicode 7 7Y =27 PRAERLE T, buffer 3. 5 R 5N/ kind IZE>T 1 XFdH7%
D 1,2,4 "4 POVWTIEHR L LT, BX size DEFINDKRA ¥ X TRIFUIRD FH 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—Y a ¥ 3.3 TEM.

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

RBD{E: $iLWBE, XRICEL X9 Stable ABIL Create a Unicode object from the char buffer str.
The bytes will be interpreted as being UTF-8 encoded. The buffer is copied into the new object. 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)
RBRDfE: FiLWBHE, RICBL %Y Stable ABL. UTF-8 T a— FX A7 null ¥ char BNy 7 7
str 2»5 Unicode A 7Y =27 b AR LET,

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

RBDfE: tLWEH, RICBL XY Stable ABI. Take a C printf ()-style format string and a variable
number of arguments, calculate the size of the resulting Python Unicode string and return a string

with the values formatted into it. The variable arguments must be C types and must correspond
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exactly to the format characters in the format ASCII-encoded string. The following format characters

are allowed:

Format Characters B! fw%&

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").*!

%1d long Equivalent to printf ("%1d").*!

yAR] 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").*!

%hzd Py ssize_t Equivalent to printf ("%zd").*!

%hzi Py _ssize_t Equivalent to printf ("%zi") N

%hzu size_t Equivalent to printf ("%zu")."!

hi int Equivalent to printf ("%i").*!

%x int Equivalent to printf ("%x")."!

%s const char* null TR X 7z C DXFF,

%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 DHE,

yAl) PyObject* Unicode 7Y =2 k,

YAl 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 fH,

%R PyObject* PyObject_Repr() DR Y 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.

7FFR: The width formatter unit is number of characters rather than bytes. The precision formatter

*1 For integer specifiers (d, u, 1d, li, lu, 11d, 1li, 1lu, zd, zi, zu, i, x): the O-conversion flag has effect even when a precision is

given
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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" O KR— bBME N E Lz,
N—=Ta Yy 3.3 TEHE: "§1i", "%11i", "%zi" O R— +2EMXNE L,

N—=a ¥ 3.4 TEHE: "Ys", "%A", "4U", "%V", "%S", "WR" TOE7 + —~ v XBIUEE7 +—~< v
ZDYR—FIEMENE L=,

PyObject *PyUnicode_FromFormatV (const char *format, va_ list vargs)
BRDhiE: FTLWEHEB, RICBLEXJ: Stable ABL. 5 x5 ¥ 220058235 ZE2ERWVWT,
PyUnicode_FromFormat () £R U T3,

PyObject *PyUnicode_FromObject (PyObject *obj)

RBDE: HrLWBH, RICEL X7 Stable ABIL. 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 DY 7 %A FLUNDA 7Y = 7 FTid TypeError M5 ZFR I XNET,

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char *errors)
RBOE: :rLWBE, RICBLEJ: Stable ABL. =>a— FE#LTW3 obj & Unicode A 7Y =7 MiZ
T a— F l./ i j—o
bytes X bytearray D bytes-like objects 13, 5 2 b encoding \ZHt->TT a— KX, errors

TERSNIL T =AY R Y IZMEONE T, ZHHD5HUIMT L H NULL IZTE, 2DHEID API
B7 7 40 MEZENE T FEL 2 2id #HAH codec (built-in codec) ZZHLTLZE W),

Z DD Unicode 7Y =7 + 2 &G A 7Y = 7 M TypeError A5 &I L5,

ZD APLE, =5 —PEU/Z2 FIE NULL 2R L FF, MOH LENGRX N4 7Y = 7 M LSIR
Ay 2% 1 D@5 T (decref) THEMLENDH D ET,

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
RICELFT: Stable ABI (IN—23> 3.7 &D ). Unicode # 7Y =7 bOEXI%Za— KRS ¥ P TIRL
£9,
N— a ¥ 3.3 THEM.
Py ssize_t PyUnicode_CopyCharacters (PyObject *to, Py _ssize t to_start, PyObject *from, Py _ ssize t
from_ start, Py_ssize { how__many)

» 2% Unicode 7322 oA ERaVY—LET, ZOBEMIINER Y X 12XFEHE2ITV, AJEE
BHEE memepy O NELRLE T, KMO L 12id -1 ZIRL, BINERELET, 25 TRUEAR.
AV LAXFEERLET,
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N—a v 3.3 Tl
Py ssize t PyUnicode_Fill(PyObject *unicode, Py ssize t start, Py ssize t length, Py UCSY
fill_char)
X CFE T S unicode [start:start+length] T fill char ZE®H 2 Z 222D £3,

fill_char DXFHNDORRKLF LD D RE2VEHEP, XFF 2 DD EOSBRBER - TRESIFKML 5,
EBXAALEFER IR T, RO 21213 -1 ZIRLAMN AR LT,
N—3 g v 3.3 TEM.

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

RICBLFT: Stable ABI (IN—=23 > 3.7 &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 THEM.

Py UCS/ PyUnicode_ReadChar ( PyObject *unicode, Py ssize ¢ index)

RICBLET: Stable ABL (IN—2 3> 8.7 &D ). XFHPOXFEHAMDET, T7—F = v 7 %17
D7\ PyUnicode_ READ_CHAR() ¥ EXHERNC. Z DBIRUZ unicode 75 Unicode # 7Y =2 b TH 5 T
L AVT Y I ADRFHENTHE 2 F v/ LET,

N—Y a ¥ 3.3 TEM.

PyObject *PyUnicode_Substring (PyObject *unicode, Py ssize_t start, Py ssize t end)
RDfE: FTLWBHE, RICBL XY Stable ABI (/A—23 Y 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 ¥ 3.3 TEM.

Py_UCS/ *PyUnicode_AsUCS4 (PyObject *unicode, Py UCS/ *buffer, Py _ssize t buflen, int copy_ null)

RICBELEF T : Stable ABI (IN—23 > 3.7 & D ). Copy the string unicode into a UCS4 buffer, including
a null character, if copy_null is set. Returns NULL and sets an exception on error (in particular, a

SystemError if buflen is smaller than the length of unicode). buffer is returned on success.
N— a ¥ 3.3 TE.

Py_UCS/ *PyUnicode_AsUCS4Copy ( PyObject *unicode)
RICBLET: Stable ABL (IN—=23> 8.7 &D ). X5 unicode % PyMem_Malloc() TXEVHELRE
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NZFH LW UCSEL BNy 77i2a—1L % T, TAHNKRBLLSGEE NULL %238 L MemoryError %
Yy FLET, BENZAY 7 713073 null 2— REAL ¥ FBEMEIATVET,

N—Ya ¥ 3.3 TEM.

Deprecated Py__UNICODE APIs

N— g v 3.3 CIEHER, N—Ya v 3.12 CHIBRTE.

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)

RDfE: $1LWBHE, Create a Unicode object from the Py UNICODE buffer u 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—= 3 v 3.3 TIHLE, ~N—2 3 >~ 3.12 THIBRFZE: Part of the old-style Unicode API, please migrate
to using PyUnicode_FromKindAndData (), PyUnicode_FromWideChar (), 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 TIHERE, ~N—Y =z 3.12 THIFRTE: 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  *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 v 3.3 Tl
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N—= a3 v 3.3 TIEHRE, ~N—Yar 312 THIBRFE: 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)

RICEBL X9 : Stable ABI. Return the size of the deprecated Py_UNICODE representation, in code units

(this includes surrogate pairs as 2 units).

N—= 3 v 3.3 TIMLE, ~N—Y 3 >~ 3.12 THIBRFZE: Part of the old-style Unicode API, please migrate
to using PyUnicode_GET_LENGTH().

Oy—JIT>aA—F4 >4

BfEOR sy — ALy a—F 4 YB3 FRL—FT 4 VIV AT LADTFA M T a— R3320 f2 %75,

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

ROfE: F1LWBHE, RICBLEXT: Stable ABI (/N\—23> 3.7 &D ). Decode a string from UTF-8
on Android and VxWorks, or from the current locale encoding on other platforms. The supported
error handlers are "strict" and "surrogateescape" (PEP 383). The decoder uses "strict" error
handler if errors is NULL. str must end with a null character but cannot contain embedded null

characters.

Use PyUnicode_DecodeFSDefaultAndSize () to decode a string from
Py_FileSystemDefaultEncoding (the locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
BE&:

Py_DecodeLocale() FA%K,

N—=Y a3 ¥ 3.3 TEM.

N—=Ya¥y 37 TEHE: ZoMKE Android UHATEEHEOR Y — Vv ya—F 4 ¥ 7
% surrogateescape L7 — NV FZ TS X512 % L7, BUETE. Py_DecodeLocale() 3
surrogateescape Cffibtl, HEDRIFr— LTy a—7 4 ¥ 7id strict TEDLDATVE L,

PyObject *PyUnicode_DecodeLocale(const char *str, const char *errors)

EbhfE: HiLWBEB, RICEBLXFT: Stable ABI (W= 3> 87 &D).  Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen().

N—a v 3.3 Tl

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)

ROfE: rLWBE, XRICBL XY Stable ABI (/N\—=23Y 3.7 &D ). Encode a Unicode object to
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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 lo-

cale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
BE:

Py_EncodeLocale() FA%K,

N—a v 3.3 THEM.

N—=Yay 37 TEH: ZoBEEIX Androidd UATERHEDOR Fr—NV T Ya—FT 4 V7
% surrogateescape L7 — NV FI TS5 X512 D £ L%, AT Py_EncodeLocale() %%
surrogateescape Cffibil, FEOR T — LTy a—7F 4 Y73 strict THEOOATWVWE L7z,

T77AIWNORTFLIYA—FTa4 >0

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 objects are output

as-is. result must be a PyBytesObject* which must be released when it is no longer used.
N—a v 3.1 Tl

N—=Ta ¥y 3.6 TEHE: path-like object 2T AND LT 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)

RIZEL £7: Stable ABI. ParseTuple converter: decode bytes objects - obtained either directly or
indirectly through the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize ();
str objects are output as-is. result must be a PyUnicode0bject* which must be released when it is

no longer used.

N—a v 3.2 TEM.
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N—= a3 ¥ 3.6 TEH: path-like object BT AND K DITiDFE LTz,

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

RDME: FiLWBE, RICEL £ 9 Stable ABIL. 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 cannot
be modified later. If you need to decode a string from the current locale encoding, use

PyUnicode_DecodeLocaleAndSize().
BE:
Py_DecodeLocale () FA%,

N—=Y 3 3.6 TELH: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *str)

RBDE: :iLWBE, XICBL X9 Stable ABI. 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—Y a3 3.6 TEH: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)

BRbDfE: HFLWBE, XRICEBLXY: 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().
2E:

Py_EncodeLocale() FA%K,
N—=Y a3 v 3.2 THE.

N—Yar 3.6 TZHE: Use Py_FileSystemDefaultEncodeErrors error handler.
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wchar_t H7R— bk

wchar t ZYRK—1+F2377 v F 7+ —LTD wchar t 7 R— 1

PyObject *PyUnicode_FromWideChar (const wchar t *wstr, Py ssize t size)

RBOE: HiLWEBE, RIZBL 7 Stable ABI. Create a Unicode object from the wchar_t buffer wstr
of the given size. Passing -1 as the size indicates that the function must itself compute the length,

using wcslen(). Return NULL on failure.

Py_ ssize_t PyUnicode_AsWideChar (PyObject *unicode, wehar_t *wstr, Py ssize t size)

RICEL £79: Stable ABI. Copy the Unicode object contents into the wchar_t buffer wstr. At most
size wchar_t characters are copied (excluding a possibly trailing null termination character). Return

the number of wchar_t characters copied or -1 in case of an error.

When wstr is NULL, instead return the size that would be required to store all of unicode including a

terminating null.

Note that the resulting wchar_t* string may or may not be null-terminated. It is the responsibility
of the caller to make sure that the wchar_t* string is null-terminated in case this is required by the
application. Also, note that the wchar_t* string might contain null characters, which would cause the

string to be truncated when used with most C functions.

wchar t *PyUnicode_AsWideCharString (PyObject *unicode, Py ssize t *size)

RICBLZET: Stable ABI (N\—=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 resulting
wchar_t string might contain null characters, which would cause the string to be truncated when used
with most C functions. If size is NULL and the wchar_t* string contains null characters a ValueError

is raised.

Returns a buffer allocated by PyMem_New (use PyMem_Free() to free it) on success. On error, returns

NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.
N—Pa ¥ 3.2 TEM.

N—Ya v 3.7 TEH: Raises a ValueError if size is NULL and the wchar_t* string contains null

characters.
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#A3iA# codec (built-in codec)

Python (2%, MUIEHE % S8 572912 C TELN codec BPHIATHH FF, ZNHETD codec IXATDE
BENLUTEEMHATE X,

LIRD API D% < 23, encoding & errors Y WO ZOD5|8EL D FET, ZhHD I X—XE, fAAALD
FHAVANI I RTHS str() WBILIFALDNRTIXA—XFAIUEKEZHES 3,

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 THEE Y 5 L7 —JLBLH F 7z, NULL Z45E CTE X3, NULL Z45E T % &, codec TERSINTWVWDT 7 +
VMO ZEKRL 23, RTOMARAA codec T, 77 4L MO T —ILHIZ "strict” (ValueError %iX
H32) IckoTVET,

il % D codec FR2TRBEDA >V EZ—T 2 —XZFoTWVET, HBD codec DFHBATIZ. FAZEHICT A9
WM TFONHDA VX =T 2 — R DEWETEZHHEL TWET,

;AF codec

LUTRIEILA codec @ API T

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

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

Return NULL if an exception was raised by the codec.

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

RBbh{E: FiLWEBHE, RICEBL XY : Stable ABL. Unicode A 7Yzt 2T a—FL, ZOR%E
Python @ bytes #7327 b L TRLUE T, encoding 3B XU errors & Unicode D encode() X
Yy RIZEZBRABADRIA-X R UEKREZRDE T, i35 codec DHEIX, Python ® codec
VAPV S TITWES, codec 23S 2IEH L7235 E12IE NULL 2R L £,
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UTF-8 Codecs

M NZ UTF-8 codec ® API T3

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

RBOE: FrLLWEB, XRICBLZE T Stable ABL. UTF-8 T a— K&z size N4 b DXXFEH| str B
% Unicode #7227 F 24 LE T, codec DA ZEH L7-5EICIE NULL 2R L £,

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

Py_ssize__t *consumed)

RBRDfE: 1LWBHE, RICEL %7 Stable ABI. consumed 2% NULL D¥3& . PyUnicode_DecodeUTFS()
EFET XS WCEEL 3, consumed 23 NULL TRWHE., REDOARTERKZ UTF-8 N4 Mg F—t
BRENFEREA, TNHDNA MNEZTa—RENT, 73— NI MU consumed ITHEAE H
3

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)

ROfE: :tLWVWEBE, XRIZELET: Stable ABI. UTF-8 T Unicode A 7Y =7 vz >a—FL, R
% Python NA MlA T 227 P LTGRLES, =7 —UHIE "strict” T3, codec D3HIF 2k H L 7
7’4‘]‘[:[ \.Ci NULL % Lij—o

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py ssize t *size)

RICBLZET: Stable ABI (IN—23> 3.10 &D ). Unicode # 72 =2 b% UTF-8 TZ>a—RFL7%
BDOANDKRA Y RERL, LY a— FENLRIEATOI A X (N4 ML) & size ITHEAIL $5. size
518U% NULL THHWERA; ZOHEET A4 ZISHEINERE A, BENEZ ANy 7 712iE, null 23— FR
AV EREDHZHE D PIEDS T FHIZ null N4 PAEERTMMI A TOET (ZAUT size ITIEFBIES N
EFHA),

In the case of an error, NULL is returned with an exception set and no size is stored.

This caches the UTF-8 representation of the string in the Unicode object, and subsequent calls will
return a pointer to the same buffer. The caller is not responsible for deallocating the buffer. The

buffer is deallocated and pointers to it become invalid when the Unicode object is garbage collected.
N— a ¥ 3.3 TEM.
N—Yar 3.7 TEHE: RDEDHA char * TIZ# < const char * I D FE L7,

N— a3 ¥ 3.10 TZH: This function is a part of the limited API.

const char *PyUnicode_AsUTF8(PyObject *unicode)

PyUnicode_AsUTF8AndSize () YIFIER U TTH, ¥4 XEHML T8 A,
N— 3 v 3.3 TEM.

N—T gy 3.7 TEH: ROEDEID char * TIX7 { const char * &% D F L=,
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UTF-32 Codecs

MU NZ UTF-32 codec API T3

PyObject *PyUnicode_DecodeUTF32(const char *str, Py ssize t size, const char *errors, int *byteorder)

ROl FiLWEHE, RICBLE: Stable ABL. UTF-32 TZ>a— KIN7=Ny 7 7 XFH0 5 size
NA M7 a—FL, Unicode # 72 =2 b2 L TRELE T, errors 1& (NULL TRWEDS) T =Y F
FSEREBELET, T 74 M strict” T,

byteorder 73 NULL TRV, Ta—XIZG5Z 6NN, b A —X—T7a—FZHBLET,

*byteorder == -1: little endian
*byteorder == 0: mnative order

*byteorder == 1: big endian

*byteorder 25 0 T. ANT—XDERHID 4 N4 b byte order mark (BOM) 51X, 7a—XKEZ D
NA P A=Z =12 DB X, BOM 13FERD Unicode XFHNCa¥—ENEH A, *byteorder 2% -1 %
721 1 2 51E, £ TD byte order mark (FHICar—Xh 3,

TaA— RPET Lk, AT — XD RKIZFRTDONAL b —X—% *byteorder 12ty P LET,
byteorder 7% NULL ® ¥ %, codec i& native order £ — K TBItAL £
codec DI ZFEAE X BTz L ZiX NULL 2R L £,

PyObject *PyUnicode_DecodeUTF32Stateful (const char *str, Py _ssize t size, const char *errors, int

*byteorder, Py _ssize_t *consumed)

EDfE: FTLWEE, XIZE L FJ: Stable ABL. consumed %3 NULL D ¥ ¥, PyUnicode_DecodeUTF32()
EFRIC &SRB EENE T, consumed 23 NULL THRWYE Z,| PyUnicode_DecodeUTF32Stateful () 1FK
RBOARTERR (4 TEDYNRWEZD NS MR D) UTF-32 N1 M2 —r LTHRVERA, K
BOTRTEEANL METa— RENT, Ta— REIng VDS consumed WIS N E T,

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)

ROfE: HILLWEBHE, RICBLE Y Stable ABL. %4 7 4 7N b+ —X—T UTF-32 =>a—5 4 ~
7 & NT2 Python N4 P XFHNERLFE T, XFFNIHEIC BOM ~—27ThHEHEFT, =73V Rk
"strict” TF, codec D3I %EFEXE/- L &l NULL 2R L 75,
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UTF-16 Codecs

MU NZ UTF-16 codec ® API T3

PyObject *PyUnicode_DecodeUTF16 (const char *str, Py ssize t size, const char *errors, int *byteorder)

ROl :TLWLWERE, RICEBL XY Stable ABL. UTF-16 TZ>a— FXN/=Ny 77 s 5 size N4
MW TFa—RFLT, R%Z Unicode 7Y 22 P TIRLUET, errors 1& (NULL TRWHE) =7 — L
HEEERLET, T 7 4L MEK "strict” T,

byteorder 73 NULL TRV, Ta—XIZG5Z 6NN, b A —X—T7a—FZHBLET,

*byteorder == -1: little endian
*byteorder == 0: mnative order

*byteorder == 1: big endian

*byteorder 73 0 T, ANNT —XDEFEH2 NA F BN b —K—<—27 (BOM) Zo7BHE, 7a—
K% BOM D7R3T AN b A =X = 12D X, £ BOM 25RO Unicode XFFNCaA—L 8 A,
*byteorder 7% -1 » 1 oA, TRTO BOM i i~Nav -3 Ed (1T \ufeff » \ufffe
DEBSIMBEBTLED).

T a— FRET L. AT — X OBTRIZRRTDONA b —& —% sbyteorder Ity b LET,
byteorder 7% NULL D ¥ ¥, codec & native order £— FTHIHL F 3
codec DA 2 FE4 X7z & 21X NULL 2R L £ 5,

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

*byteorder, Py ssize t *consumed)

RDME: $TLLWBER, RIZEL F£9: Stable ABIL. consumed ° NULL O35&. PyUnicode_DecodeUTF16()
ERU KD ICEIEL £3, consumed ¥ NULL TZRWHE. PyUnicode_DecodeUTF16Stateful () IR
DAERTIR UTF-16 N A M| (FBEDO AL MiSgEEhzdn sy —bR7) 2257 - AR LEEA.
INBHDOANA METFa— FEShd, Fa— FEShik 4 Mk consumed 1TIEL %3,

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)

BDOflE: FiLWEH, RICEL £ Stable ABL. %4 74 7L v+ —&—7T UTF-16 =>a—5 4 ~
7' & N7z Python NA MXFEHIZIRLE T, XFHNIFEIC BOM ~— 7 THEDET, =T7—"Y 7&K
"strict” TF . codec DIH % FAE X E/- & Z1E NULL 2R LET,
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UTF-7 Codecs

MU NZ UTF-7 codec ® API T3

PyObject *PyUnicode_DecodeUTF7 (const char *str, Py ssize { size, const char *errors)

RBOE: 7t LWBE, XRIZEL £ 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)
RBRDfE: 1LWBHE, RICEL %9 Stable ABI. consumed 2% NULL ® ¥ ¥, PyUnicode_DecodeUTF7()
CHECXSICEELEF, consumed 23 NULL TRWE Z, KREDATELK UTF-7 base-64 #5n %L 7—

CLERA, AEEREDDNAL PNETa— FEFIZ, Ta— RLEANA VR consumed IR L
£7,

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, RIZEL X7 Stable ABI. Create a Unicode object by decoding size bytes of the

Unicode-Escape encoded string str. Return NULL if an exception was raised by the codec.
PyObject *PyUnicode_AsUnicodeEscapeString(PyObject *unicode)
RDME: iLLWER

=" I

o RICBL X9 Stable ABI. Unicode-Escape % f#i\ Unicode # 7Y =2 + 2TV

a—FL., fR% bytes 7Yz b LTRLETS, TF7—UHIX "strict” T3, codec DA% % H
L7858 121E NULL 23R L ¥,

Raw-Unicode-Escape Codecs

LURE "Raw Unicode Escape” codec @ APITF:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *str, Py_ssize t size, const char *errors)

RBOfE: $iLWBE, RIZEL 7 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)

RBO{E: :rLWLWEE, XICBL £ Stable ABI. Raw-Unicode-Escape % ffitvy Unicode A 7Y =7 b %

T>a—FL., #R% bytes #7227 P LTGRLES, =7 —MHEIZ "strict” T3, codec 235 %
HEH U758 NULL 2R L 5,
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Latin-1 Codecs

LIRiZ Latin-1 codec @ API T Latin-1 (%, Unicode BB OTEFD 256 fEICHIE L. T a— FEIZIZZ D
256 @2 2 2B L %3,

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

BOE: HILWEBEB, RICBLEJ: Stable ABL Latin-1 T a— FXNT= size A FDXFH str B
% Unicode 7P =7 F 24 L £9, codec DA ZEH UZEEI121E NULL 238U 9,

PyObject *PyUnicode_AsLatiniString(PyObject *unicode)

RDfE: FILWEEE, RICEL F9: Stable ABIL. Latin-1 T Unicode # 7Yz 27 b2z a—FL., R
% Python bytes A 7Y =227 b2 LTGRLE T, =7 —UEIX "strict” T, codec 2SN 2% L25HE
121 NULL 23R L 35

ASCII Codecs

LU ASCII codec @ API T3, 7By +D ASCIL 7 — &2 2ZM L Ed, Z2ofioa—FiEzs—icikb
\i\é_o

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

RBD{E: i LWBEE, RIZEL X7 Stable ABI. Create a Unicode object by decoding size bytes of the
ASCII encoded string str. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)

BOE: iLWEEE, RICBL 7 Stable ABL. ASCII T Unicode # 7Yz b Ex>ra— KL, R
% Python bytes A7 =27 b LTRLET, 7 "strict” T3, codec BFIFZEH U745
BT NULL 2B L 9,

Character Map Codecs

Z D codec 1F. %< DFA 72 codec ZEET FRICHbDN S L 05 HTRHKAR codec TT (EBX. encodings
Ry =W A2 TWBIEHEE codecs DIFL A EIE, D codec 2H->TVET), D codec F, XFDLY
I—FR7a— RIIEREMFHNE T, IBIEXNZMERDOA TV 27 M __getitem__() v BV I A4 V& —
Tz =Y R=F LTORIFNIRD FRA; HEFEPLS T U ABRZICHELTVWET,

LI NiE mapping codec @ API T3

PyObject *PyUnicode_DecodeCharmap (const char *str, Py _ssize t length, PyObject *mapping, const char

*errors)

RDE: FTLWEBE, RIZEL X7 Stable ABL. 5.2 547z mapping & 73 =7 b %o T, size N4
FOTLYa— RFENEXXFH str #7573 — F LT Unicode A 7Y =2 F2ERL £3, codec 2352 F
AXE/r ZIENULL 23R L E T,
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If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers
in the range from 0 to 255) to Unicode strings, integers (which are then interpreted as Unicode ordinals)
or None. Unmapped data bytes -- ones which cause a LookupError, as well as ones which get mapped

to None, OxFFFE or '\ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString(PyObject *unicode, PyObject *mapping)
RBOE: FiLWEHE, XRICEBL £ Stable ABI. Unicode * 7Y =7 b % mapping IZIEESIhi=A4 T

Pz M effioTzya—RL, #E% bytes A7z P LTGRLET, 7 — UL "strict” TI,
codec DA 2 EH U7 5E121E NULL 2R L £ 5

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.
LUR® codec API & Unicode %% Unicode N\DSEAIT #2175 Kk d DTS,

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

RDhME: TLWVWBH, XRICEBL FT: Stable ABL. XXFFNLFIIGE table ZHAH L TEH L, THER
% Unicode #7222 FTIRLET, codec 2MIA%2F1TL7=5HE101E NULL 23R L £,

FIGFRIE. Unicode P2 K388 % Unicode #8172 R 3TEEE F 7213 None (Z DX FZHIFRT %) 1THS
FFRFER D £R A

Mapping tables need only provide the __getitem__() interface; dictionaries and sequences work well.
Unmapped character ordinals (ones which cause a LookupError) are left untouched and are copied

as-is.

errors & codecs THEMEOLN 2D LR UEKZEZRFB T, errors I NULL I LT L, F74+1 b
T —EOFERAEEKRL I,

Windows FH®D MBCS codec

PUFIEZ MBCS codec @ API TF, Z® codec IZHED & Z A, Windows L2 THIHTE, D FEEIZIE
Win32 MBCS ZE#attE (Win32 MBCS converter) Zffio Tk 3, MBCS (%7213 DBCS) i3> a—F7iF=K
DM (class) ZRITEET, H—0x Y a—FAREZRTOI THRBRVOTHERELTLES W, AIHEAS Y
a— FA3 (target encoding) (3. codec ZEIFIETVE Y Y LD —FRETERINTVET,

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

RhfE: FTLWBHE, RIZBL £ 7 Stable ABI on Windows (IN\—23 > 3.7 &bD ). 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)
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ROE: #HLWBE, RICBLXT: Stable ABI on Windows (IN\—23> 8.7 &D). consumed
A3 NULL D & ¥, PyUnicode_DecodeMBCS() Y R CEIE%R L% 3, consumed #3 NULL TRWE X,
PyUnicode_DecodeMBCSStateful () X FHNDREIZDH 5 <N FNA PXFDHIFEANAL P 2T a—FE
3. consumed 27 A — R L7z N4 MREBHILE T,

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)

RDE: :iLVWBE, RICBLFT: Stable ABI on Windows (I\—23> 3.7 &D ). MBCS T Unicode
A7z bexzra—FL, #R%Z Python X4 MA T2 27 e LTERLES, =7 —0HEIIZ
"strict” T3, codec IS EH L 7235E12I1E NULL 2B L £5,

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

RDfE: iILVWEBR, RICELZF T Stable ABI on Windows (IN\—23> 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—ar 3.3 TEM.

XYy RrReZXOv k

XYy RELTROY FEE (slot function)

L}ﬂ:O) API 1& Unicode A 7Y = 7 b BXOXFH% AINCED FATIE. ¥555LFFN e R LTVET),
AU T Unicode 7Y =7 F BB IR THEER o T WVWE T,

IS OBEIZET, FIANPIFEELEEICIE NULL 7201 -1 2IBRL T,

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

RBDfE: :ILWEHE, XRICEL X7 Stable ABL. 2D XFHE5EE LT, #7272 Unicode XFEH %24
BLET,

PyObject *PyUnicode_Split (PyObject *unicode, PyObject *sep, Py ssize  t maxsplit)
RBOE: FiLWBHE, RICEL X9 Stable ABI. Unicode XFF|D VY A b % 77E|L T, Unicode XF5|5
55 VAMEIBELET, sep 25 NULL DIFE. ETOEANTF 2 F > THEIRITVWE T, 2R DEE.
BEINENF2M > THEZRITVWE T, BKT mazsplit [E TOREZITWE T, mazsplit HEZ51E
TEBICHIRZR T EH A, TERRDO Y X PMIEDECFIEIEAEE A,

PyObject *PyUnicode_Splitlines (PyObject *unicode, int keepends)

RBOfE: :LWEE, XRIZBL X7 Stable ABI. Split a Unicode string at line breaks, returning a list of
Unicode strings. CRLF is considered to be one line break. If keepends is 0, the Line break characters

are not included in the resulting strings.
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PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)

RBROfE: HiLWBE, RIZBL £9: Stable ABL. 8% L7z separator TXFHD &7 % > — o ¥ A% i
(join) U. ##E#ER%Z Unicode XFHITIRL 3,

Py ssize t PyUnicode_Tailmatch(PyObject *unicode, PyObject *substr, Py ssize t start, Py ssize {
end, int direction)
RICEL £9: Stable ABIL. Return 1 if substr matches unicode[start:end] at the given tail end
(direction == -1 means to do a prefix match, direction == 1 a suffix match), 0 otherwise. Return -1

if an error occurred.

Py ssize t PyUnicode_Find (PyObject *unicode, PyObject *substr, Py ssize t start, Py ssize t end, int
direction)
RICELF9: Stable ABI. unicode[start:end] HIZ substr DERFNCHB T 25MEZRLET, 2D
L EHRE SN A direction (direction == 1 FNEAFRER, direction == -1 [3FFAMER) TH
BLET, BEVHEEIEICS vy FBEEOD oGO YTy 7 2T, RVl -1 13~y FRROP LR
MofeltBRL, -2 B 7 —2FAEL THMERIRESNTVWE 2R LET,

Py_ ssize_t PyUnicode_FindChar (PyObject *unicode, Py UCS/ ch, Py _ssize_t start, Py_ssize_t end,

int direction)

RICBLET: Stable ABI (IN—23> 3.7 &D ). unicode[start:end] HIIXF ch HERANIHIBLT 2
BRERLET, 20k EHEINIMBITIA direction (direction == 1 W FNES AR, direction == -1
A ARER) TRRLET, RVHEZRIICY Y FRRO 5 G047y 7 2 TF; BO#E -1 &
RO FPEOPORP oI R, -2 BT —RE L THAMERIZESNTVE I ZRLET,

N—Ya v 3.3 TEM.
N—= a ¥y 3.7 TEZH: start and end are now adjusted to behave like unicode [start:end].

Py_ ssize_t PyUnicode_Count (PyObject *unicode, PyObject *substr, Py ssize_t start, Py _ssize ¢ end)

RICBLZET: Stable ABIL. unicode[start:end] 2 substr HEHET 2 Z 2 HRT3MEEERL %
T, T —RELEGEICE -1 ZIRLE T,

PyObject *PyUnicode_Replace (PyObject *unicode, PyObject *substr, PyObject *replstr, Py_ssize i

maxcount)
BO{E: FiLWEBE, XICEL X3 Stable ABIL. unicode TIZHIRT 3 substr ZH KT mazcount fH
replstr IWE L, BEfFERTH S Unicode A 70 =7 b EIBL E T, mazcount == -1 12T %, XF

FIHFZEHN S 2 TD substr ZEIELE T,

int PyUnicode_Compare ( PyObject *left, PyObject *right)

mclﬁbi?- Stable ABI. ZODXFHZ B L T, E5IBPATIE L D /NI WEE, EE5IBDETD
. EBIEBAESIE L D REWEEITH LT, #2hFh -1,0,1 ZRLE T,

ZOBEBUK, KLz ZiZ -1 ZIRT DT, PyErr_Occurred() ZMUHLT, T7—%F v 7 TNE
<¥
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int PyUnicode_CompareWithASCIIString(PyObject *unicode, const char *string)

RICBLET: Stable ABIL. Unicode * 7Y =2 & unicode & string %L T, E5IBDHETIE X D/
WA, EATIEDEMOBE. ESlBBETIHI D REFVEEIIN LT, 2hth -1,0,1 ZIRL X
$o ASCII =¥ a— N ENXFINRET 2 ET OB HRE BT A, ANXFINSIE ASCIL FhE sh
TW35E1E ISO-8859-1 & LTHRL £5,

Z OBBIBIAN R L EE A,
PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
RO{E: HLWBE, XICELET: Stable ABL. Z=-2® Unicode XFF% LT, FDS>HD—2%iK
LEJ:
o NULL %, filSA03%4 L 2R L £ 9
e Py True d L IX Py_False &, IEL LK TELITGRL 3,

e Py NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_EQ, Py_NE, Py_LT, and Py_LE.

PyObject *PyUnicode_Format ( PyObject *format, PyObject *args)

RDME: TLWBR, XRICELFT: Stable ABL. iR XFHNA 7Y =22 % format BLY args 225
ERLTRLETS; 2DXY v Rl format % args DX 5K DTT,

int PyUnicode_Contains (PyObject *unicode, PyObject *substr)
RICEBLZE T Stable ABI. substr 2% unicode PIZ® % 2 FA, ZOFERIIIGC TEEZIIMBERL ET,

substr ZHEZR D Unicode X FIHIHEFITERITNERD FHA, =7 —DPELEEEICIE -1 2RL
i\j—o

void PyUnicode_InternInPlace (PyObject **p_unicode)

RICEBL £7: 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)

RBbhfE: $1LWBHE, XICEL 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.
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8.3.4 27N ATT U I (tuple object)

type PyTupleObject
Z D PyObject DV 7R A Fi& Python DX INA T =27 b RRHLET,

PyTypeObject PyTuple_Type
RICBELFTJ: Stable ABIL. Z® PyTypeObject DA ¥ XX > A& Python DX I 2 RE L £ 7
Python L' A ¥iZ8BIF % tuple LRALA TP =7 b T,

int PyTuple_Check (PyObject *p)
PR TINF TS 27 bR TAIDY TR TDA VARV ZATHEGEICERRELET, OBEBIE
WL £9

int PyTuple_CheckExact (PyObject *p)
PR INA T 27 VEMRINEIDY T RA TDA VAR ATROWESICEEZRLET, ZOBEHIZ
527 R OY- 3 a8

PyObject *PyTuple_New (P _ ssize_t len)

ROfl: FiLWSHE, XICEBL £ Stable ABL Return a new tuple object of size len, or NULL on

failure.

PyObject *PyTuple_Pack(Py_ssize_t n, ...)

RO{E: FHLWLWEHE, XICEL X7 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)

RICBLZE9: 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)

RDME: EABE, RICBELET: Stable ABL p DIEETXINA T =27 bAD, fiE pos IZHBFT
P27 ERLET, pos BETH 2 0HEPHAZEBEZ TV3HA, NULL %238 LT IndexError 4%t v b
LET,

PyObject *PyTuple_GET_ITEM(PyObject *p, Py_ssize ¢ pos)

RBOE: BRBE, PyTuple_GetItem() WM TWETH, 5IBICHT I LI —F =2 v 7 BITVERA,

PyObject *PyTuple_GetSlice (PyObject *p, Py ssize tlow, Py ssize t high)

B LR EE
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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)
RICBELZET: Stable ABL p DIET XTIV A TSI =7 FPAD, ﬁ% B pos IZH2A T 7 bAOBRE A
NFEFT, WATIUL 0 ZIRLF T, pos DHEHIFHAZEITVWEHE, -1 ZiRL T IndexError St v b
LEJ,

AW COBEZ o NOBE T BAMDY £, Tl BEEXDA VT AT TIHIOERD A>T
WBIGE. TOERIINTLBMENEL £T,

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

PyTuple_SetItem() BT WETH, T3 —F v 7 %{TbhT., FilhXIIVIEEZANS & E MSIC
[IfE->TIERD FHA

AR OB 0o NOBHE T BAMD” £F, ¥/, PyTuple_SetItem() LiE-o T, EHERDE X
ADECTHEEIMA NI AT 27 bADBHENE LEFRA ; ZORE. X T LHOAE pos TS
AN TWEA T2 b BREY Y -2 25| ERILET,

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

RINENY A XTBIMHEZE T, newsize \ZX T NDHHEXITT, RINVBEERERA TV 22
FEWSTEIZAES>TWS OT, ZOMBIZZOF 7Y 27 ML TRE—2 LS AR VKIS
BE-TIERD FRA, ZTABa— FHOMOESTT TISBRINTVWAEEICIE. ZoBBE Fo
TRLBDFEA . ETNVBEIEEYA XORBETHHELET, BINLEHEITIZ 0 ZELET, 77
A7 ba—Fi& *p OEPFCHLATERICIZR 2 EHFRFLTERD T8 A, »p DEZRZ 5015
By FVIFNLD +p BHEINET, KT 5L -1 ZIRL, *p & NULL IZF&E L T, MemoryError ¥
721X SystemError Zi#EH L 3,

8.3.5 Struct Sequence 7 x¥ k

struct sequence 7Y = 7 M namedtuple() A 727 b &Eflin C AT/ FTF, DED, ZOEE
WEMZEL T 28R TBIENTESLY—F 2 ATT, struct sequence 24T 2121E,. FFRED struct
sequence & ERL LR IFAUER D FH A,

PyTypeObject *PyStructSequence_NewType (PyStructSequence Desc *desc)

RBDE: FiLWBE, RICBL 7 Stable ABL. %D desc D F— X 5 5 L\ struct sequence Y
PEBLET, BENZEDA VALK A& PyStructSequence_New() THEKTEF T,
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void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
struct sequence B TH % type & desc D L ITZDFTUHULL £3

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 Tl

type PyStructSequence_Desc
RICBLZET: Stable ABI (TRTDAYN—ZFT). T 5 struct sequence BdD X % 7 — & 2 {REF
L%,
const char *name

Name of the struct sequence type.

const char *doc

Pointer to docstring for the type or NULL to omit.

PyStructSequence__Field *£ields

Pointer to NULL-terminated array with field names of the new type.

int n_in_sequence

Number of fields visible to the Python side (if used as tuple).

type PyStructSequence_Field
RICBLET: Stable ABI (§RTDOAXY/N—%FYEL). Describes a field of a struct sequence. As a
struct sequence is modeled as a tuple, all fields are typed as PyObject*. The index in the fields
array of the PyStructSequence_Desc determines which field of the struct sequence is described.
const char *name
Name for the field or NULL to end the list of named fields, set to PyStructSequence_UnnamedField
to leave unnamed.
const char *doc

Field docstring or NULL to omit.
const char *const PyStructSequence_UnnamedField
RICBLEFT: Stable ABL (IN—=23> 3.11 &D ). 74—V FEHZAFEDRVE £ T 5 720 DRRZE,
N—Tar 39 TLHE: B char * PHLEHEINF L,

PyObject *PyStructSequence_New (PyTypeObject *type)

BDOfE: HFiLWEHE, XICEL XJ: Stable ABL type DA Y ZA X A E4ER L T, type &
PyStructSequence_NewType () W2 X » THANAER L TORIFNIRD A,
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PyObject *PyStructSequence_GetItem(PyObject *p, Py _ssize_t pos)
RBbh{E: ERBE, RIZEL X7 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)

ROl BHABME, Macro equivalent of PyStructSequence_GetItem().

void PyStructSequence_SetItem(PyObject *p, Py ssize t pos, PyObject *o0)

RICEL £ Stable ABIL. struct sequence p @ pos DNEICH 2 7 4 —/L FIZH o ZRELF T,
PyTuple_SET ITEM() DX 512, ERL7TDA Y AR AR L TOAMEHTNETT,

AR ZoBEE o NOZRE T BAWD” £7,

void PyStructSequence_SET_ITEM(PyObject *p, Py_ssize_t *pos, PyObject *o)

Similar to PyStructSequence_SetItem(), but implemented as a static inlined function.

AR ZoOBEE o NOZRE 7 BAMD” £7,

8.3.6 URrATTxU K

type PyListObject
Z D PyObject DH 7R A Fi& Python DV A A7 =27 b 2RHALET,

PyTypeObject PyList_Type
RICBLZEY: Stable ABL. Z® PyTypeObject DA ¥ AR A% Python @V R MUEREL 3, Z
UZ Python L4 YBT3 list LRILA T =27 b TT,

int PyList_Check (PyObject *p)

pBUVRMNETI 27 bV R MDY THA TDA VARV RATHZHECEEZRLET, ZOBBEE

WL %9,

int PyList_CheckExact (PyObject *p)
pBMVRANE T2 bEBYVRA MDY TEA TDAL VAR ATHRWESICEEZRLET, OB
WL £9

PyObject *PyList_New(Py_ssize_t len)

REDfE: iLVWEBH, XRICBL X Stable ABL ¥4 X len FilzR VA MA T2 b RIRLET, &
M3 3L NULL ZIRL £,
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FFMR: 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)
RICBLET: Stable ABL. VA7 =27 b list DRIEBLET; VAN TV 27 b ZBIT2
len(list) R U T,

Py ssize t PyList_GET_SIZE(PyObject *list)
PyList_Size() WU TVWETH, TI7—F v 72TV ERA,

PyObject *PyList_GetItem(PyObject *list, Py ssize ¢ index)
RBbhfl: BREE, RIZEL X7 Stable ABIL. Return the object at position index in the list pointed

to by list. The position must be non-negative; indexing from the end of the list is not supported. If

index is out of bounds (<0 or >=len(list)), return NULL and set an IndexError exception.

PyObject *PyList_GET_ITEM(PyObject *list, Py_ ssize_t 1)
RO ME: 8RB, PyList_GetItem() WKBPTWVWE I, TI7—F v 7 Z2ITVEHA,

int PyList_SetItem(PyObject *list, Py _ssize t index, PyObject *item)

RICBELET: Stable ABL. VA A 7Y 27 bADALE index 12, 77 b item AL ET, K
WLEGEIIX 0 ZIRL 3, index DHHZBZ TWAHA. -1 2R L T IndexError v b L%,

AR ZOBBUZ item NOSBE T IBAWD” £3, . BELEDA VT AT TRBIOEREIA -
TWBIGE, ZOBRIINTI2SRBEMELE T,

void PyList_SET_ITEM(PyObject *list, Py ssize t i, PyObject *o)

PyList_SetItem() 27 BMIZKBZRET, TI7—F v 7 2{TVERA, TOT7mE, #HRKV R
DERBEREREANIZZ L DROVBICERE AND L X ICOAHCET,

AR Zo~rnild item NOBIRE T IBAMD” £F, £z, Pylist_SetItem() LiE->T, HEDE
EZPECTCHEEIMIONE AT =27 PANOSBEBE LEEA ; ZOMER. list POfIE | TS
BXNTWeA T2 PBXEYVY -5 ERILET,

int PyList_Insert (PyObject *list, Py ssize_t index, PyObject *item)
RICBLEJ: Stable ABL. B item 2V R b list DA VT v 7 A index DFRNIIHEALE T, HNT 3
L OoRRLET, RT3 -1 #iRL., sty b LET, list.insert(index, item) IZFEMBIL 7
HEET T,
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int PyList_Append ( PyObject *list, PyObject *item)

RICELZET: Stable ABL. 7= 7 b item % list DRBIGEMLUE T, I35 0 ZRLET; &
W3 de -1 ZRL, FSfEEy PLET, list.append(item) IZFHLIL 724KBET T,

PyObject *PyList_GetSlice (PyObject *list, Py ssize ¢ low, Py ssize t high)
RBOfE: FILWBE, RICELFXT: Stable ABL. list ND. low 2 & high FTD 737 v 155
VA MZIRLET, KT 2L NULL 2R L. stz >y M LEF, list[low:high] IZHEMIL 7-H%AE
T 7212l VAMDKRENPSLDA VT v 7 REHR—FEINTVWERA,

int PyList_SetSlice (PyObject *list, Py ssize t low, Py _ssize t high, PyObject *itemlist)
RICEBL &9 Stable ABL low 55 high £ TOD list DA T A4 A%, itemlist DREIZL FE T,
list[low:high] = itemlist & JHBIOMEAET T, dtemlist 1& NULL TH X<, &V XA rORA (HE
A5 A ZADHIFR) IR ET, BBLEGEIIE 0 2, KRLEGEIIE -1 ZRLES, 2L, VXD
DREDSDA VT v 7 RAFYR— PSR TVERA,

int PyList_Sort (PyObject *list)
kl:Ebi?’ Stable ABIL. list DNE%Z A YT L —ATY =L ET, BALEEIE 0 2, KL

FHiZE -1 ZIRLUE T, list.sort() XML T,

int PyList_Reverse(PyObject *list)
RICBLET: Stable ABL list DEH#EEA VTV —ATRELE T, B LIZHECIEZ 0 2, KBLES
FWE -1 ZIBL EF, list.reverse() R LTI,

PyObject *PyList_AsTuple (PyObject *list)

REDfE: :TLWEHE, RICBL X Stable ABIL list DNBEDB A 7=HR A TAA T2 7 bR E
7; tuple(list) &R T,

8.4 Container 7727 k
8.4.1 H#EA T2 ¥ b (dictionary object)

type PyDictObject
Z D PyObject DH 7R A 7i& Python OFFEA 7T =7 V2RI LET,

PyTypeObject PyDict_Type

RICBLFT: Stable ABL. 2@ PyTypeObject D4 ¥ A X A% Python OFFEZRHLET, 204
7Y =27 M&. Python LA ¥IZBIF 2 dict E[ALAT7Y =2 FTT,

int PyDict_Check (PyObject *p)

pHBHEATY 2 7 MPFHBFUDOY T XA TDA VARV ATHIGERERZRLE T, ZOBBIIHICK
NLES,
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int PyDict_CheckExact (PyObject *p)
p DHEF T2 VEPHENDY T RAL TDA VAR ATHRWEEIZEZRLET, ZOBBITEIC
BRI L E 3,

PyObject *PyDict_New()

RBDfE: HILLWEE, RICBLZEY: Stable ABL 22O EZRL T, KT 2L NULL Zi&L
£75,

PyObject *PyDictProxy_New(PyObject *mapping)

RDfE: iLVWBR, RICELET: Stable ABL. 2~y 7HA 7T =27 MM LT, FAHLERIC
HIfR X 417z types.MappingProxyType * 7Y =27 F&2RL ¥ 3, BH. ZOBBIIENTRWS 5 AF
(non-dynamic class type) @27 7 AFHEPEBEINRVE ST 2 —2ERT 2 Db E T,

void PyDict_Clear (PyObject *p)
RICBLET: Stable ABL BEFHEIIA-o TVWEIRTOF—LHORT ZRELTHIILET,

int PyDict_Contains (PyObject *p, PyObject *key)

RICELET: Stable ABL & p 1T key ﬁif\ofb\éﬁiﬂﬁbi?'o p DERD key IT—HLGEIE
1 ZBL, ZhHNOHBEICE 0 ZRLET, =7 —0HE -1 ZRLET, ORI Python O key
in p L FHTT,

PyObject *PyDict_Copy (PyObject *p)
RDE: HILWBER, RICBLFEY: Stable ABL p EFRIU ¥ — S HDORT WA o 7ol B E LR L £ 3,

int PyDict_SetItem(PyObject *p, PyObject *key, PyObject *val)

RICBL £9: Stable ABL. &F p I, key #F — 2 UTHH val ZFHA L F T, key lE Ny > 2T]HE
(hashable) TZRIFAUIIRD £E A, Ny ¥ aA[RETRWVWEGE, TypeError EEHLES, LG EI
0 2. RMLAESGEIE -1 2 RLET, ZOBBIE val ~NOZREZAIWD FHA

int PyDict_SetItemString(PyObject *p, const char *key, PyObject *val)
RICEBL £9: Stable ABIL. 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)

Jkt:El,i?- Stable ABL. & p 25 key 2% —2 33 MUV ERRELE T, key & /Ny ad]
E TRIINERD ERA; Ny /:LTFJ::“C&CL\ i, TypeError ZiAH L3, key AIEFZITRIT AU
KeyError ##EHM L 3, I LEAIIE 0 . KBLGEAICIE -1 ZIRLET,

int PyDict_DelItemString(PyObject *p, const char *key)

RICBL £9: Stable ABI. This is the same as PyDict_DelItem(), but key is specified as a const
char*x UTF-8 encoded bytes string, rather than a PyObjectx*.
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PyObject *PyDict_GetItem(PyObject *p, PyObject *key)

RbOfE: EHEBE, RIZBL 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.

AMR: Exceptions that occur while this calls __hash__() and __eq__() methods are silently ignored.
Prefer the PyDict_GetItemiWithError() function instead.

N—Y 3 ¥ 3.10 TEH: Calling this API without GIL held had been allowed for historical reason. It
is no longer allowed.
PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)

ROE: RS, RICBLZET: Stable ABL PyDict_GetItem() DEMTHINEFRL 8 A, BISHFH
ELGEE. B2y b LIEETNULL 2 RL 3, F=DMFELEL LB fliSteLy + &
FIC NULL 2R L %9,

PyObject *PyDict_GetItemString (PyObject *p, const char *key)

ROfE: ERABE, RICEBL X9 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 PyObjectx*.

FFMR: 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)

RDOE: EESE, Zhid Python LNJLOD dict.setdefault() ¥[FHUTT, dLIIUL, &FE p 25
key ITMIGT 2MEEZRLET, F—0FFICRITIUL, E defaultobj ZIEA L defaultobj IRLET, T
DOBEENZ. key DNy ¥ 2 fHEEMRB LA Z LRI 2 WCFHiT 2 D TIE R, —ER G LML 8 A,

N— g v 3.4 TEM.

PyObject *PyDict_Items (PyObject *p)
RDME: iLWBE, RICBLZXJ: Stable ABL FEFENORTOEENDI A o7 PyListObject %Zik
£,
PyObject *PyDict_Keys (PyObject *p)
RBDME: FILLWEBR, RICBLEXJ: Stable ABL. HEHENDOETOF—M A o7 PyListObject ZiRL
9,
PyObject *PyDict_Values (PyObject *p)
RO{E: iLWBE, RICEL X9 Stable ABL &% p NOETDIEMN A o7z PyListObject 2R L
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9,
Py ssize t PyDict_Size (PyObject *p)
RICBLZET: Stable ABL. FH#ENOBELZDOBEZIRL 5, FHHEIHNL T len(p) ZFETTHDEHELTT,

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)

RICELET: Stable ABL #F p NOLTOX—/fEHORTIZOT 2RI ZITWE T, ppos BB L
TW3 Py _ssize_t B3, ZOBBTRIENE 2GS 2B, RANCBEBZMTE S XD BHE1C 0 12w
BHELL THB2RTNERD $2 A, ZOBBUIHENDOZERTZWMD EIF2 ZICHEZRL, ETORT %
D BT ahrd e BB LET, 7 X—K— pkey BXU pvalue 121E. FRENHEDK 2D
X — L HHD ST PyObjectx BREIETRA ¥ Zh, FRIENULL BADET, ZOBBILIESH
BZHBETNCHEASRICKED 3, KEWHEFIC ppos ZEELTIEARD FHA, Z DIEIKNEH 2 EE
BiEkor 7€y F2RELTBD., BEEKEZXS—XEDT, 7ty FOEIZ—EER WD TT,

Bl 213

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {

/* do something interesting with the values... */

KENEERCEE p ZEBFLCERD F¥A, FEERELET I, F—IHIGT2HEEEFELTD
RERICHEDFELEDN, F—OEESEEHLLZWVWI ERFHETT, UTRHERLET:

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next(self->dict, &pos, &key, &value)) {
long i = PyLong_AsLong(value);
if (i == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PyLong_FromLong(i + 1);
if (o == NULL)
return -1;
if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (o) ;
return -1;
}
Py_DECREF (o) ;

int PyDict_Merge (PyObject *a, PyObject *b, int override)
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MICBLET: Stable ABL. v v 7RIF 7Y 227 b b OETOHERIIDOE->T, KEMNZF—/EDORT %
TEE o IBMUF 9, b I3EED. PyMapping Keys() £7z1d PyObject_GetItem() %Z¥R— +3 51
SPDATI 2 MITTEET, override PERHIX, a DF——HIT2F—0 b 1ZH 2. BFD
R7EZPEEBRZFET, ZULHOEEE, b DF—IT—HT 2F =2 0 TRV ZOABIMEITVET, K
WU75ECE 0 2R L, FISABEH I NHGEIE -1 ZIRLE T,

int PyDict_Update (PyObject *a, PyObject *b)

RICELZ Y : Stable ABI. C TFHRE1X PyDict_Merge(a, b, 1) [E U T. %7z Python @ a.update(b)
EITWE T, PyDict_Update () VX5 58D "keys” BIEE R R WEHICF —/fERT7 D> — 7 >
AERETZ2Z2E3HDDFERA, B LEGEICE 0 2R L. HIABSERINEEEICE -1 ZRLE T,

int PyDict_MergeFromSeq2(PyObject *a, PyObject *seq2, int override)
RICBLET: Stable ABL seq2 WD ¥ —/{ER7 Z2ffio T, & o« ONBEZEHLLDHELLDLE
T seq2 3. X —/HORT L AREIZEE 2 ORKEFREA 7Y = 7 b (iterable object) 24K T 2 K18
AREA 7P 27 P TRINIRD /A, BEET 22X —DEET Z5E. override DSEZ HIXFEITHBIL
TeF—Z v, 25 TRVWHEIFBRICHBR L F—2H0Ed, HILABEICIE 0 2R L., BIstaET
ENHEE -1 2R L E T, (RDEMINIL) FifiZ Python 2 — F2FH & LT X512k h %9

def PyDict_MergeFromSeq2(a, seq2, override):
for key, value in seq2:
if override or key not in a:

alkey]l = value

8.4.2 Set #7>xVU b+

Dt 272 aryTid set & frozenset ONH API COWTHH LA AXRE T, UBRTHMHL TVR
WHEREWX, R A 7Y 22 b7 u bk ai (PyObject_CallMethod(), PyObject_RichCompareBool (),
PyObject_Hash(), PyObject_Repr(), PyObject_IsTrue(), PyObject_Print(), PyObject_GetIter()
PEY) rPWMAREKME ST a b a (Pylumber_And(), PyNumber_Subtract(), PyNumber_ Or(),
PyNumber_Xor(), PyNumber_InPlaceAnd(), PyNumber_InPlaceSubtract(), PyNumber_InPlaceOr(),
PyNumber_InPlaceXor() &%) Zffio THRHTE 3,

type PySetObject
Z D PyObject AL 728X, set ¥ frozenset M ADNIHT —XERETZ2DICHVWLNE T,
PyDictObject LT & 51T, /MEWVES (set) I LTE (XD ES) BES A XTHD, £5T
BROESIHLTEZ (VRAMERILEI Q) AIERDOAEY) Ty 2 2HVE T, ZOMEKROErD 7 4 —
LED, RSN TVREEEZDIRNETIIRL, ZHEHSNSARENDD $F, IXRTOT7 7L RIT, Wi
Ko DEZ EEBEET 20 TR, FFa Xy Sk API ZHWTITORETT,

PyTypeObject PySet_Type
RICELET: Stable ABI. Z® PyTypeObject DA ¥ A&X > A%, Python @ set BERLET,
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PyTypeObject PyFrozenSet_Type

RICBLET: Stable ABL. 20 PyTypeObject DA > A& ¥ A&, Python @ frozenset A XL £73,
PgEDRIF = v 7<= 270 $XTD Python 7Y =7 MIWHT2RA Y XIIRLUTEELEF, R, av
ZAFNZ 7 RIETXNTDA 7L — FAJHEZR Python A 7Y =7 ML TEMEL £ 3,
int PySet_Check(PyObject *p)

p W set DEDY T RATDATI 2 P THBE ZIT true ZIRLET, ZOBBIIEICHIIL 27,

int PyFrozenSet_Check (PyObject *p)
p B3 frozenset MZ DV T RA TDAT 27 bV THBE B true ZIRLF T, ZOBEBIXEICHIIL
£9,

int PyAnySet_Check (PyObject *p)
p B set B frozenset . HAVEZDY T XA DA T 27 v THIUZ, true ZRLET, ZOMEK
EHICEIILET,

int PySet_CheckExact ( PyObject *p)
pset ATV VNEBYTRATDA VARV ATRWEBIZEZRLET, ZOBBIXECHEIIL
£9,
N—a > 3.10 TEM.

int PyAnySet_CheckExact (PyObject *p)
p 2 set D frozenset DELLPDA T =27 P THBLE EZIWZ true BIRLET, ¥ 744 7DOA TV =
7 MIBAERA, ZOBBITEICHRIILET,

int PyFrozenSet_CheckExact (PyObject *p)
p M frozenset A 7V =7 FENH T EA TDA VARV ATHRWESICEZRLES, ZOBBIIEIC
L %5,

PyObject *PySet_New (PyObject *iterable)

RBOE: HTLWBHK, XRICELE 7 Stable ABL dterable 2R3 7V 227 b E2ELH LW set BIRL F
¥ iterable 73 NULL D & Zl&, 22D set ZIRL FT, MIIL7ZoH LW set 2, KKL7Z5 NULL 2K L
F5, iterable B4 7L — FAJBE TR WAL, TypeError ZiEHM LT, ZOaYRA 77 Xid set &
AT BL BICHMAET (cmset(s))

PyObject *PyFrozenSet_New (PyObject *iterable)

BOE: :iLWEBE, XICEL £ Stable ABL. iterable 2554 7Y 27 F 2 &LH L\ frozenset
IR %9, iterable 75 NULL D ¥ X, Z2D frozenset ZiR L 3, MINIFICIEHT L\ set &, BURRIC
& NULL 23R L £7, iterable 254 7 L — FAIBETIRWGEZ. TypeError ZiXHH L %9,

DIBDOBEP~ 27 1ld, set ¥ frozenset ¥ ZDY T RA TDA VARV AWK L THHETEE S,
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Py_ssize_t PySet_Size (PyObject *anyset)
RICBL 9 Stable ABL. Return the length of a set or frozemset object. Equivalent to
len(anyset). Raises a SystemError if anyset is not a set, frozenset, or an instance of a sub-

type.
Py ssize t PySet_GET_SIZE(PyObject *anyset)

I7—Fx v BTV, PySet_Size() O~ afgx,

int PySet_Contains (PyObject *anyset, PyObject *key)

RICEB L F 9 Stable ABI. Return 1 if found, 0 if not found, and -1 if an error is encountered. Unlike
the Python __contains__() method, this function does not automatically convert unhashable sets
into temporary frozensets. Raise a TypeError if the key is unhashable. Raise SystemError if anyset

is not a set, frozenset, or an instance of a subtype.

int PySet_Add (PyObject *set, PyObject *key)
RICBELZET: Stable ABIL. set D4 Y ARV AT key RBMUE T, frozenset WXL THEMEL £
(PyTuple_SetItem() DX 51T, MDA — FIZHZ 2HTDH L\ frozenset DIEZ D 2 7 DI T =
F9) LD 0 %2, KBLZS -1 ZIBLE T, key 5y ¥ 2 A[RETRWEEIX, TypeError %iX
HLET, set B RELTEIRBPBLOVEEIE, MemoryError ZiEH L E 3, set 2 set 2FDY T XA
TDA VAR Y ATHRWEGEL, SystemError ZiEH L £ 7,

Lo BRI, set EZDH T XA I U THHRIEE TS, frozenset £ ZDHV 7 X4 FIZFFHTE FHA,

int PySet_Discard (PyObject *set, PyObject *key)
RICELF T Stable ABL Return 1 if found and removed, 0 if not found (no action taken), and -1
if an error is encountered. Does not raise KeyError for missing keys. Raise a TypeError if the key
is unhashable. Unlike the Python discard() method, this function does not automatically convert
unhashable sets into temporary frozensets. Raise SystemError if set is not an instance of set or its

subtype.

PyObject *PySet_Pop(PyObject *set)

EOhfE: HILWLWEBE, RICBLEJ: Stable ABL set OFDEZD YNNI TIHLVWSERERL, £
DFATI 27 b set OHHIRLE T, KRR LZS NULL 2IBL £, set BEDHEITIX KeyError %%
HLUET, set 2 set LEDYTXA TDA VARV ZATRWEEIE, SystemError ZiAMH L £3,

int PySet_Clear ( PyObject *set)

RICEL £ 9 : Stable ABI. Empty an existing set of all elements. Return 0 on success. Return -1 and

raise SystemError if set is not an instance of set or its subtype.
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8.5 Function 77> 7k

8.5.1 Function #7227 +

Function 7Y = 7 FEHOBEBIZOTH T,

type PyFunctionObject
Bz fEbin s C DffEk,

PyTypeObject PyFunction_Type
PyTypeObject BID A > A& > AT, Python ORI R L £9, Z4Ud Python 71 7'F AT types.
FunctionType & L TABEHTVWET,

int PyFunction_Check ( PyObject *o0)
o BBAEA 7Y = 7 & (PyFunction_Type B TH2) HAIWCHEZIRLF T, I A —XII NULL IZTEX
BFA., ZOBEBITEICHILET,

PyObject *PyFunction_New (PyObject *code, PyObject *globals)
ROfE: iLVWBER, a—FF 7Y =27 b code WHEEMTIOLNTHLOVEBA 7Y 27 P 2IRLE T,
globals 13 Z DEED 7 72 A TE 3 70— \UEHORETRIINUIRD XA,

BBODO R X a XY PXFHNEARNEI— AT =27 v SIS EINE T, __module__ & globals 7> & HL

BENET, 5IOT 74NV MERT /T —Ya v, 78— %X NULL IKERESNE T, __qualname__
X3 —FA7Y =22 bD co_qualname 7 4 —/)L FERICEICRESINE T,
PyObject *PyFunction_NewWithQualName ( PyObject *code, PyObject *globals, PyObject *qualname)

ROfE: $1LWBE, PyFunction_New() IZITWETH, BA TP 22 bD __qualname__ JEMEICH
Pty bTEET, qualname 2= — KA 7P =7 b2 NULL T/ Tk h ¥ A, NULL 2o 7235
&, __qualname__ EBHICIZa—FA 7Y =7 D co_qualname 7 4 —/L R EFEICED LY bXh T,

N—=a v 3.3 THEM.
PyObject *PyFunction_GetCode (PyObject *op)

ROE: BAER, A7 =27t op KHENI SNz —-FA 7Y 227 P 2IBELE T,
PyObject *PyFunction_GetGlobals (PyObject *op)

RDME: BRBE, A 727 op ICHEAT 547 globals FFEZIKL £3,
PyObject *PyFunction_GetModule (PyObject *op)

ROl ERAEBE, Return a borrowed reference to the __module__ attribute of the function object op.
It can be NULL.

This is normally a string containing the module name, but can be set to any other object by Python

code.
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PyObject *PyFunction_GetDefaults(PyObject *op)
ROfE: ERBE, M4 7 =27 op D5IBDT 7+ W MEZIRL 5, 518D X 7L NULL 127D
9,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
A7t op DEIRDT 7 N MEEZHREL ET, defaults & Py_None 2> X 7 VTRIFIUIWIT
EFE A
KU 7-RRX, SystemError ZHAX ¥, -1 ZIRL ¥,

PyObject *PyFunction_GetClosure (PyObject *op)
ROE: BESHE, A 79227 b op CREXIN/Z270 -V % %R LET, NULL B2 cell A 79 =22 b
DRINVTT,

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
BBA T2 oplaZua—Y v BFELE T, closure 1%, Py_None H L lE cell A 7Y 227 bDXT
TRIFIIIRD FR A,
KLU T-REX, SystemError ZHAEXH, -1 ZIRL ¥,

PyObject *PyFunction_GetAnnotations (PyObject *op)
RO{#E: BEASE, MBA 7027 b op D7/ 57— arEIELET, KB DHEIMEIERBEREEE D NULL
IZRDET,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
AT b op D7 77— a v ERELET, annotations 13EFEF D, Py_None TRIFIUIRD F
A

KEL LU 72HFlX, SystemError #FAEXH, -1 ZIRL ET,

852 A1YRXAYARXY W KA T U I (Instance Method Objects)

An instance method is a wrapper for a PyCFunction and the new way to bind a PyCFunction to a class
object. It replaces the former call PyMethod_New(func, NULL, class).
PyTypeObject PyInstanceMethod_Type
PyTypeObject DA ¥ A XY A& Python DA Y RAX Y ZAXY v FORIERFLEF, Z4Ud Python ®
a2l g 23 NHENER A
int PyInstanceMethod_Check ( PyObject *o0)

0OMAVARYARXY v RAT I = b+ (PyInstancelethod_Type B TH 2) JEWXEZRLE T, 85
A —ZIZ NULL ICTE LR A, ZOBBIIHEICHEIL LT,
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PyObject *PyInstanceMethod_New (PyObject *func)
ROflE: FiTLWEBE, EEOMUIHLAREA 7Y 27 b func ZFoTBilzBRA VARV AXY v BE T
Pz FERLET, func i34 VAR VAXY v RBFEUHEI N & 2 UH XN 5EETT,
PyObject *PyInstanceMethod_Function(PyObject *im)

RD{E: BRABR. A Y AXVAAY v ¥ im KHEEMTONBARA 77 F2IRLETS,

PyObject *PyInstanceMethod_GET_FUNCTION ( PyObject *im)

ROE: BRABE, PylnstanceMethod_Function() D27 BIRT, T7—F =z v 7 EITVERA,

8.5.3 XYy RFITZxU

Ay FIZBHA 7Y =27 MZHREENTVET, XAV y FEERHEZL2—F—ERDI 7 RACHEINTVWD
DTT, FEEINTVWRNWAY Y R (FFRFATI 2l MTHMEENTAY y R EFHAT2 e TEERA
PyTypeObject PyMethod_Type
Z D PyTypeObject DA Y ARV A% Python DX Y v FEIZRELET, 204 7T =2 M. types.
MethodType ¥ LT Python 7R 27 LRI TVET,
int PyMethod_Check (PyObject *o)
0 MRy AT 22+ (PyMethod_Type TTH %) BECEHZEL £F, 87 X —&X(X NULL I TZ
FtA. ZORBUIIEICHIIL £,
PyObject *PyMethod_New (PyObject *func, PyObject *self)
ROflE: fiLWBER, EEOMUFHLAGEEA 7T =227 b func £ XYy RPFMEINIREAL VXX VR
self RMESTH72e XY 9 RA T2 7 FRIBRLUET, B func &, XYV v ROEH E 7R FE O
ENBFTY 27 T, self I3 NULL ITTEEH A,
PyObject *PyMethod_Function(PyObject *meth)

RO ME: BAEB, XY v F meth ZBEMNITONTOWEEBA 7Y =7 P 2IRLE T,
PyObject *PyMethod_GET_FUNCTION ( PyObject *meth)

RBbh{E: BREBR, PyMethod Function() D7 BT, T7—F v 72TV EEA,
PyObject *PyMethod_Self (PyObject *meth)

ROME: BAER. XV v ¥ meth ITHEMNIT 6N VAR ZZIRELET,
PyObject *PyMethod_GET_SELF ( PyObject *meth)

RO E: f8AE8’, PyMethod Self() D27 BRT. T7—F v 7 Z2ITVEHEA,
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8.5.4 LILATZ U b+ (cell object)

TR (cell)) AT 27 ME BBORA-ThoZREIN LI EBM IR T 0D ET, ELERE
BUZOWTER S, B4DEZKELET; COEZERTLB/RAX Yy 7 7L —AIZBIT 20— A NVEBITE,
ZDRRY 7 7L —LOMMUTHUEZSEL TV ELICNTE2BEPAD £, LA TREINLMITT 2
252, kA TI 27 FEHEDORD D IZEVADENIFEONE T, ZOALF T =7 2o LEESR
(dereference) &, £ ¥ &7V R X o THERSININA PA—=FATHR=-FSNTVIRENDHD 75 &L
ATV M7 7R ALRERIC, BEFNICHEZRIGEZ D $8 A, FEMAHDIRITE, 1A TP =27 ME
BT 0E T T,
type PyCellObject
AT Mibhs CRERTT,
PyTypeObject PyCell_Type
EAATI 2 MIIHIGT 28A T 27 P T,
int PyCell_Check (PyObject *ob)
b BN AT 27 POBHICERELET; ob 13 NULL THoTIERD FRA, ZOBEBUIEICERIL
9,
PyObject *PyCell_New(PyObject *ob)
ROfE: HILLWBE, H ob DAos#ilehb A 7Y =7 F2ERLTRLES, 5180% NULL IZLTH
PEVEEA,
PyObject *PyCell_Get (PyObject *cell)

RDfE: #1L WS, Return the contents of the cell cell.

PyObject *PyCell_GET (PyObject *cell)
ROl BRBE, cel ONAEZRLETH, cell I NULL 20N F 7P =7 b THE0E S
Fzv 7 LERA,

int PyCell_Set (PyObject *cell, PyObject *value)

Set the contents of the cell object cell to value. This releases the reference to any current content of
the cell. value may be NULL. cell must be non-NULL; if it is not a cell object, -1 will be returned. On

success, 0 will be returned.

void PyCell_SET (PyObject *cell, PyObject *value)

CNATI 27 b cell DIE%E value TRTELE T, BRIV MW T2EE IR, BEDEDDF = v
23 HITVER Ao cell 13IE NULL TRITINIER ST, 2okl A 7P 27 P TRIINIERD 8 A,

212 FE8E BRATZ U I (concrete object) LY



The Python/C API, U —2X 3.11.14

8.5.5 I—FAT>xV b

a—F A7 =2 b (Code objects) 1& CPython EEDIKL NVLFEME DTS, &4 7Y =7 MIBEBUTHME
ENTVWRWIITARED — FORZRIL TV T,

type PyCodeObject
A—RFATY 27 FRRBTLDICHHSNS CHER, OO 7 4 —)L IR THEE X G
£3,

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)

RBbOfE: $ LWEH, 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— 3 ¥ 3.11 TEHE: 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)
ROl L WEEE, 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— =z > 3.8 TE.

N— a3 ¥ 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: 3 LUWEE, 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 excep-

tion is raised.

This PyBytes0Object may be created on-demand by the interpreter and does not necessarily represent
the bytecode actually executed by CPython. The primary use case for this function is debuggers and

profilers.
N—a ¥ 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 excep-

tion is raised.
N—ar 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.
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PyObject *PyCode_GetFreevars (PyCodeObject *co)

Equivalent to the Python code getattr(co, 'co_freevars'). Returns a new reference to a
PyTupleObject containing the names of the free variables. On error, NULL is returned and an ex-

ception is raised.

N— a3y 3.11 TEM.

8.6 ZOMDATT I b

8.6.1 ZJ7AINATxUF

6D APL X, Python 2 DMAAARD 7 7 ANVA TP 27 @D C APl 2REBZI 21—+ 525720050
TT, TNHE, fEHEC S4 77V THR-PINTVWBENY 7 7{7& [/O (FILE*) X2 72D Ifb T T,
Python 3 Tl&, 774 VA MY —AR@GH LV io BV a—AEFHEIN., 2212 0S DIELAAEANY 7 717
Z1/0 D LEICW O DENERINTVE T, FTHHIATWIEBIE. 2o L API offifl7z C
FuRX=THH, A YEZ TV XRTOAFNRT I —@BHZANTVWET; ¥ —F =7 4 —Da—-FiIfbbhic
io ® API Z2ffi5 Z b R E ¥ 3,

PyObject *PyFile_FromFd(int fd, const char *name, const char *mode, int buffering, const char *encoding,

const char *errors, const char *newline, int closefd)

ROfE: HILWEBE, RICBLZXT: Stable ABL BECHEDPNTWE 7740 fd DT 7 ANT 4 A7 VT
X255 Python D7 7 ANVA T =2 M 2ERL £ 3, 518 name . encoding . errors . newline 1213,
F7 4V DAY LT NULL DMEX £F, buffering 121 -1 ZF8ELTTF 7+ VL FDEEMHS e TE
9, name IXEHINZDTITD, BAEHMEDDIFRINTVET, KRBT 5L NULL ZKL 5,
& D EHER 5 B DESIE. 10.0open() BFAID FF 2 XV P2 L TS W,

Z%: Python A MV —AEHBO Ny 77 ) V7@ FORD. 7 7 A LB FD OS LNLDN Y
77V ZeHAT A, HARME (PHERT—XE) R 5 ERILET,

N—=T a3y 3.2 TEHE: name JBEDHEM,

int PyObject_AsFileDescriptor (PyObject *p)

RICBLFT: Stable ABL p KEEDSITH6NS 77 AVT 4 A2 Y F X% int ELTELET, A7
7 MEELL, FOEEZIRUET, BRTRWES, A7V 27 MZ fileno() XV v FAHAUT
FECHE L E 9 SOX Y vy FOIR DA, 774»;:3:&‘?@@2 LTRENDZEHTRITIUIRD TEA,
Ky 5 e PINERELT -1 ZIBRLE T,

PyObject *PyFile_GetLine (PyObject *p, int n)

RBOE: FiLWBE, RICEL X7 Stable ABL. p.readline([n]) 2FEUT, ZOBEEIZA T =2 p
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DEATEHARLET, plE7 7 AV 7T =2 b, readline() XV v REFOMLILDA T 27
TOEVERA. n 20 DEE, [TORXICHEFER CIERIC 1 IT720HALLET, n 230 XD REFIIN
Fon AN MU EDF—=2EBHALLEEA; o T, ITO—HEIIREINZIGHERDHDET, £ELHD
BETH, AHLBET ST 7 A VOKICEE L HEICEELFHN % BLET, n 250 X/
R, RICEDLST 11720 % AL LETH, 317 7 4 VORKEHICENE L 7251213 EOFError
EHLUETS,

int PyFile_SetOpenCodeHook ( Py OpenCodeHookFunction handler)
io.open_code() DEHDIRLHVWZ LHEZ LT, ZORIX—X -2 NTNV FITELET,
NY P —BROBDEETT,
typedef PyObject *(*Py_OpenCodeHookFunction)(PyObject®; void*)
PyObject *(*) (PyObject *path, void *userData) ¥ ZEfliT. path |& PyUnicodeObject T&H

5 PRREENRTVWE T,

userData KA > 2X7 v ZEABIZEINE T, 7y 7R V24 200U XA 0d LA
WDT, ZDRA ¥ RIZEE Python DREESBINETIED D VA

D7y 7BBIEA YR IHEDNS Z e ZEN L TWE D, Y 2— 7 frozen BEY 2 — LT
H 57D sys.modules IZHBZFFARIREREY 2 — AL TH B BN o TWREEERVTIEZ. 7 v 7B
DEATFICH LVWED 2 — L% A Y R—FFT2DIEHEIFTLIZX 0,

Wo A7y ZBBDPHRESI NS, HIFRPESHMZ D TEF. BRI DD PyFile_SetOpenCodeHook ()
DMEFHELIFEKBMLUET, ZOBBPER LIz Z2ld, 4 Y& —7) ZH3PHHLERTWRGE, -1 28
LThIiANzEY FLET,

ZDOREIE Py_Initialize() K DATMFIH L THLEETT,
51#4E L T BE&E A N b setopencodehook ZiEH L F5,
N— a ¥ 3.8 TEM.

int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

RICBELET: Stable ABL. A7 Y22 b obj 27 7 AN TI 22 b pITEZIALET, flags DBV KR—
N3 %7 72N Py_PRINT RAW 7203 TT; CO7 7 7%IEETDL. 7Y =2 MZ repr() TlE#& L
str() ZEALLEHREZ 7 7 A MCEESHLET, RIHLGEICZ 0 2IRL, KT 2L -1 Z2KLT
EYRAMN LY P LUES,

int PyFile_WriteString(const char *s, PyObject *p)

RICBELET: Stable ABL. XFH) s 77 ANF TV b pllEEHLET, WHILEBEICE 0 2
BL, BT 22 -1 2RLCHEYIZANELEY P LET,
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8.6.2 EXa—ILAT2x ¥ bk (module object)

PyTypeObject PyModule_Type

RICBLEFTJ: Stable ABL. Z® PyTypeObject DA ¥ AR ¥ A% Python DET 2 =47 =7 b
BERHLET, 204 7Y =2 Md, Python v J A2l types.ModuleType ¥ L TABENLTWY
9,

int PyModule_Check (PyObject *p)
pVEI 2= NATI 2T PRV 2—NA T2 bDHTRAL T THLEZICHRRLET, TOBKK
FHEIZHIIL £ T,

int PyModule_CheckExact ( PyObject *p)
pBEI 2 =LA T Y2 T, D PyModule_Type DV T XA T TRHRVE ZWCEZRLET, ZOBK
EHICEIILET,

PyObject *PyModule_NewObject (PyObject *name)
ROl FiLWBH, RICEL XY Stable ABI (IN—=23 > 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 respounsible for

providing a __file__ attribute.
N—a ¥ 3.3 THEM.
N—a ¥ 3.4 TEHE: __package__ and __loader__ are set to None.

PyObject *PyModule_New (const char *name)

RBROflE: L WBE, RICEL 7 Stable ABL. PyModule_NewObject () IZlTWE 345, name &
Unicode 7Y =7 FTld7% { UTF-8 TxYa— KXW FEHTT,

PyObject *PyModule_GetDict (PyObject *module)
ROl ERABE, XICEBL X9 Stable ABL module DARIZERMZFEETIHELF TV 7 VIR LE
T ZOF TV ME, BV a2 ATV D __dict__ BHELRELDBDTT, module BEY 2 —
NATI2 7t (BLEET 2 —AATI 27 POV T XA ) TROVEAEIX, SystemError 2ViEH &
U NULL 28R X5,

WREY 2— L Tid, EY2—1D _ dict_
B E S AR E s,

_ REHEEREET S XD D, PyModule_* B X U PyObject_x*
PyObject *PyModule_GetNameObject (PyObject *module)

RDME: FILWEBER, RICEL XY Stable ABI (IN\—23> 3.7 &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— g v 3.3 TIEIL
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const char *PyModule_GetName ( PyObject *module)
RICEL £ 9 Stable ABI. PyModule_GetNameObject () WITWE T2, 'utf-8' T a— KXhik
name ZIRL £73,
void *PyModule_GetState (PyObject *module)
RICBLET: Stable ABL. £Y 2 —L® "state”(EY 2 —VEERLX A IV 7 THIEINZAEY 7
Oy 7ADKRA ¥ &R—) 2, 72FHUE NULL 238 L %3, PyModuleDef.m_size ZBMRL T ZE W,
PyModuleDef *PyModule_GetDef (PyObject *module)
RICELEFT: Stable ABL £ 2 —WHELN BT IR o7z PyModuleDef BEERNDRA ¥ XKL %
Fo BV a—IHERICE o TESN TV 5 5 EIE NULL 2K L £ 3,
PyObject *PyModule_GetFilenameObject (PyObject *module)

RBOME: :LWBE, XRICBL £ 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 ¥ 3.2 TE.

const char *PyModule_GetFilename ( PyObject *module)
RICEBL X9 Stable ABL. PyModule_GetFilenameObject () ETWE T2, 'utf-8 TZ¥a— KX
N7 7 A NHBERLET,

N—= a v 3.2 TIHLE: PyModule_GetFilename() IF LY A — RTERWVWT 7 £ LZHITH LTI
UnicodeEncodeError ZiXH L EF, ZHDRb DIT PyModule_GetFilenameObject () % i L TK
72E W,

CE®EZa—ILO#EAL

BE, EYa2a—NA 7Yl MEINREY 2 — v (LB ZE =2 AR -1 LTWaHES A 75 V) £
HIAENTEY 2 —)V (PyImport_AppendInittab () %o THIHULBIBABMEIATVWEEY 2 —) 22 61F
LNFE T, FEMICOWVTIX building %7213 extending-with-embedding % R T 72& W,

FIHLRIRE, Y 2 —LERDA Y ARV A% PyModule_Create() WL THR EDN -T2 -1 F T
Pz FRRLTHEVTI L, LA REREERZD D ZIR L ZEBUHNL” 2EZRLTHHEOER A,
type PyModuleDef
RICBELFF: Stable ABI (TRTDAYN—ZBE). TV 2 — VEBMERITIE 2 -4 7Pz b
BAERT 2 DICBER TN TOHERERFFLE T, @BFIZ, ZRZRDOEY 2 -V T L ITHINCIEIEE
72 ZOBDOERMN 1 O FELE T,
PyModuleDef Base m_base

T DX N—FTHIZ PyModuleDef HEAD_INIT CHIHALL TL 72X\,
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const char *m_name

HLWVEY 2 — L D4R,

const char *m_doc

EY 22— D docstring, 72T docstring & PyDoc_STRVAR % FIFH L TEMINE T,

Py ssize t m_size

EY 2 — VOIREEIL, FHY7R 70— L ZREEETI37 { PyModule_GetState() THUSTEZEY 2 —
NZEDREVHEBICRHEINTVS I eAHD ET, X o TEY 2 —VIZE-DY 7 - £ v &
TV R—THBIMERAET,

ZDOXEYMHEBIE m_size ICEDWTEY 2 —UERFFICHEE SN, T2 -1 F TV =7 NI
ENB e X, m_free EEDHIUIZNDFEIN B THRNINE T,

m_size IC -1 ZRETE L., FOEY 2 —NE 70— "L BRERFEODICH T - L v &2—TF1
=P R—FLTVRVEWVWS Z2IZRDET,

m_size ZIFEDMHEIHKET D . TV 2 —LiXFEUHLTE, ZOREDO-DITHEL 722810 X
FVEZEETEZ22 VWS 22D ET, IFAD n_size IZEMEUIHHLTHEICZKR D 5,

ZHE PEP 3121 2208,

PyMethodDef *m_methods

PyMethodDef TEREINS, TV 2 — L L IVEBODT — T AANDRA ¥ X —, BEDPFEELRWE
Bl NULL Z3ET 5 Z L 23A] e,

PyModuleDef Slot *m_slots

ZEMOHLDZD DRy MERDOELSIT, {0, NULL} BRI b £3, —BEEWIALZH
5 =X, m_slots X NULL THRIFAUIRD TR A,

N—Tay 3.5 TEE: N—Yar 35 XDENE. ZDOXNZHFIZ NULL KREXNTWT, RDD
DL LTERINTVE L=

inquiry m_reload

travers eproc m_traverse

GCEADEY 2 — VA TY =7 FeERT BT S 2 EERE, BHERWGEE 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.
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inquiry m_clear

GCMHIDEY2a—NATT =27 27 V)7 —F5RIHIHEINE 27 ) 7 -, HELWEGER
NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.

Like PyTypeObject. tp_clear, this function is not always called before a module is deallocated.
For example, when reference counting is enough to determine that an object is no longer used,

the cyclic garbage collector is not involved and m_free is called directly.

N— a ¥y 3.9 TZH: No longer called before the module state is allocated.

freefunc m_free

CCHRZIDEI2a—NATI27 FRBRT 2 IO IS8, HEZRWIGET NULL.

This function is not called if the module state was requested but is not allocated yet. This is the
case immediately after the module is created and before the module is executed (Py_mod_ezec
function). More precisely, this function is not called if m_size is greater than 0 and the module

state (as returned by PyModule_GetState()) is NULL.

N— a ¥ 3.9 TZH: No longer called before the module state is allocated.

—ERREANHATL

EY 2 — VOPILBEBDPEREEY 2 — A3 7027 F2AER L TRIHELH D £T, i —EEOHL”
LRHEI, KD 2DODEY 2 —NVERBEROYE 5 1 o FnE T

PyObject *PyModule_Create (PyModuleDef *def)

RBDE: H:LWBHE, 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)

RDME: iLWBE, XICBL 9 Stable ABL. API X— 3 ¥ % module_api_version ¥ LT def T
DEBIE>THILVWES 2= VA7 027 b RAERLET, b LIEEINIANA=T a2 VDFITLTWVWE A
VER=TYVR—DN=Y a e B 55E513, RuntineWarning ZFHAIH X T,

AR: B AYOHE. ZOBETIER L PyModule_Create() ZFAT 2RNETT, ZOBEEZ. 2o
B D B Z B L T2 & 2RI AAL T2 &,
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EYa2a—NF 7Y S HHEBEIED HIRENBENT, 720 TWIE PyModule_AddObjectRef () 7% ¥ DR %
FoTEY2a—NF TVl PIAUANEFIBEIEET,

ZERPEAIEATL

An alternate way to specify extensions is to request "multi-phase initialization”. Extension modules created
this way behave more like Python modules: the initialization is split between the creation phase, when the
module object is created, and the execution phase, when it is populated. The distinction is similar to the

new__() and __init__ () methods of classes.

Unlike modules created using single-phase initialization, these modules are not singletons: if the sys.modules
entry is removed and the module is re-imported, a new module object is created, and the old module is
subject to normal garbage collection -- as with Python modules. By default, multiple modules created from
the same definition should be independent: changes to one should not affect the others. This means that all
state should be specific to the module object (using e.g. using PyModule_GetState()), or its contents (such

as the module’s __dict__ or individual classes created with PyType_FromSpec()).

ZEENIHL 2o TERINZRTOEY 2 —NVE BT AV ETUE— 2B R—+FTBZ e RDODLNFE
T, BEOED 2 —PHV L TVWARZ 2 HFETE2DI2E. 20V TWEZOHE— 2T 383 THOTYT,

LBV 2R T 2 72912, FIHILRIE (PyInit_ modulename) 1% TR m_slots ZFfD PyModuleDef
ZRLET, ThEIRTHIC, PyModuleDef £ ¥ A X ¥ ZIZRDETHHAL XNz TEWIT EHA:

PyObject *PyModuleDef_Init (PyModuleDef *def)

RbhfE: BRABE, RICELFT: Stable ABI (IN—23Y 3.5 &D). V2 - VERIHESRI TV
FRIELSHET 5. HWYNCHIEAb X 7z Python 772227 M TH B ZLRIEL £55,

PyObject* IZ¥ ¥ A M SNz def ZIRL £F, =7 —FAELREGE NULL 2R L %75,
N—=Y a ¥ 3.5 TEBM.
EY 2 —VERD m_slots X > \& PyModuleDef_Slot FHE{ADALY|Z e X R IFHUER D TH A
type PyModuleDef_Slot
int slot
2Zuy b ID T, UFTHEIN T2 FATRERED SBIENF T,

void *value

20y FOET, BEiZZey b ID ITRELET,
N— g v 3.5 TEM.
m__slots BEEFNZ ID 0 DX vy b TREXATWRITIUIRD T8 A.

M EERZ vy P ORIELIRTF:
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Py_mod_create

EIa2—NF T2l VEBEERT E7DICMEINBEBEEELE T, 20Xy MO value KA >
RIEIRDY T3 F v 2R OBBEIE L TR TIEWITF R AL

PyObject *create_module (PyObject *spec, PyModuleDef *def)

PEP 451 TEF X N7z ModuleSpec f Y ARV AL, EY a— VEREZITWNBEETT, ZHEHL
WET2— ATV 27 PRBTH, 7 —ZRELTNULL ZEIRETT,

ZOBEEIER/NBICED TBLRETT, FHIICEE®D Python a— REFEFHIANETERL, FALE
Ja—EALVR—IPLEI T EREL—-TIZHHZTL £ 5,

BED Py_mod_create ARy b % 1 DDEY 2 — LERICHELRVWARLNTT,

Py_mod_create DEXE I N TVARWEGEEIE, 4 ¥R — MEMIZ PyModule_New() Zffio GEEDEY 22—
NATI 7 VAR LET, Y 2= VOAFNIERTIZR K spec 22 HEIG XN, ZHUT X » TR
BV 2 AHHINCEY 2 -V EEICET 2 MEZFHETELD, YRV v 27V 27 2BLTH—OE
Va2 VEREHBLOOMOKEITA Y R—-FTELDLET,

RENBATI 27 bd3 PyModule_Type DA VAR VATHIZHEEIHD ERA, 4 ¥ R— MHHE
TRBEMOBRELEENTEZMRDIE, TARBTHMZE T, Li L, PyModuleDef %% NULL T/

m_traverse, m_clear, m_free . » L IX¥ TRV m_size. L {IX Py_mod_create LIStD R v
k2R OH A, PyModule_Type £ Y AX Y ZADADIBRINZTL & I,

Py_mod_exec

EVa—% RTTD L XRXTHINIBEEEREELE T, ZHE Python EY 2 — 1 Da— FEETTS
DYREETT: ZOBBEEZVTWEIZ IR EREEY 2—LILET, ZOBBDOY 742 F v IZDIR
T3

int exec_module (PyObject *module)

BHD Py_mod_exec AT v FHPREINTWIGEIX. m_slots FLFNICEHNHICLE I N TOVEE T,

ZEFEUIHMEIZOWT X DEEL X PEP 489 2R TL 72X\,

BEKEEES 2 — ILIERBIEK

DT oBBIE. 2L EZES & 2ICE M TR ENE T, fIZIZEY 2 —1F 7 =7 FZBIINCERS
2 EI, ZhoOBBEEREFEX £9, PyModule_FromDefAndSpec 3 & Uf PyModule_ExecDef D Y5 53,
RO L2 BRICIEE Y 2 — A BRI SR Tu R E R D ¥ A,

PyObject *PyModule_FromDefAndSpec ( PyModuleDef *def, PyObject *spec)

BDflE: #HLWEHRE, 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_APT_VERSIQON.
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N—Ya ¥ 3.5 TEM.

PyObject *PyModule_FromDefAndSpec2(PyModuleDef *def, PyObject *spec, int module_ api_ version)

RDOflE: FiLWBE, RICBLET: Stable ABI (IN—=23> 3.7 &D). API N—Y 3 ¥ % mod-
ule__api_version £ LC. def & ModuleSpec 7Y =2 b® spec TEZRINIZEBHITHLVEY 2 —
NATI2 7 bEERLET, dLIBEINZANA—Ia UDPFEITLTVEA Y EX =TV R—DNN=Ta vl
B 25813, RuntimeWarning #HAEXEE T,

AR: ZrAYODEGAE. ZOBETIER L PyModule_FromDefAndSpec() ZFIHTZNETT, ZDH
Bz, ZOBEBOBEREREAEL TWS L ZZEFAHAL T ZE W,

N— a» 3.5 TEM.

int PyModule_ExecDef ( PyObject *module, PyModuleDef *def)

RICBELET: Stable ABI (IN—=23> 8.7&D). def THERZONIEREDFETRAT Y b (Py_mod_ezec)
ZFEITLET,

N—Y a ¥ 3.5 TEM.

int PyModule_SetDocString(PyObject *module, const char *docstring)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). module D docstring % docstring ICEHELET, ZD
BA%E. PyModuleDef 7°5 PyModule_Create % L < |& PyModule_FromDefAndSpec ZffioTEY 2 —
NVEERT 5 L EWXHBNCHFEH SN TS,

N— g r 3.5 TEM.

int PyModule_AddFunctions (PyObject *module, PyMethodDef *functions)

RICBLEY: Stable ABI (IN—=23 > 3.7 &bD ). ¥iihs NULL 12725 TW 2 functions BLAIC B % BARL
% module BN U £ T, PyMethodDef MERDME A DT> » VIZDWTIE PyMethodDef OFiRH% S
LT3N (B2 2 — LOAFZEMPIHEEINTOARVWDT, C TEEINLEY 2L L~ 7 B
W20 TWEY 2 =% 1 DHDO5HE LTRIFEWD, Python 79 XAD A4 Y AR ZAXY v RIZUTE
WCLET), ZOB%IE. PyModuleDef »*5 PyModule_Create % L < i PyModule_FromDefAndSpec %
HoTEY 2 — AV 2ERT 2 L 2ITABNCFTHENE T,

N—a ¥ 3.5 TEM.
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R — I
TV 2 — LOYIHLBE (—BISIIILEESHE) . HHVETD 2 —AOEFRT Y kb SIEUH S5 B
(ZEBAIEILE 5 558) BROBERES £, T2 —10 state DPIILEZMHICTE £

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)

RICELET: Stable ABI (IN—=23 > 3.10 &D ). module 12+ 7Y =7 b% name &€ L TEMUE T,
ZORBUTEY 2 — L OWILBIEA & FIH & 2 EFIBEET 3,

55 0 ZKEL, 71225 fAERHLT -1 IELET,
Return NULL if walue is NULL. It must be called with an exception raised in this case.

EER IR

static int
add_spam(PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (obj == NULL) {
return -1;
}
int res = PyModule_AddObjectRef (module, "spam", obj);
Py_DECREF (obj) ;

return res;

ZOHNIX, BRI obj 3 NULL TH 2B Z L RHERETICEL LB TEELT:

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;

ZDEAEE. obj 25 NULL TH bH 5 %728, Py_DECREF() DfX:b D IZ Py_XDECREF() 2 M-UHITHENDH
%2 EWERLTLEE N,
N— a ¥ 3.10 TEM.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)

RICE L 9 Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value on

success (if it returns 0).
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The new PyModule_AddObjectRef () function is recommended, since it is easy to introduce reference

leaks by misusing the PyModule_AddObject () function.

AMR: Unlike other functions that steal references, PyModule_AddObject () only releases the reference

to value on success.

This means that its return value must be checked, and calling code must Py_DECREF () value manually

on error.

{1

static int
add_spam(PyObject #*module, int value)
{
PyObject *obj = PyLong_FromLong(value) ;
if (obj == NULL) {
return -1;
}
if (PyModule_AddObject(module, "spam", obj) < 0) {
Py_DECREF (obj) ;
return -1;
}
// PyModule_AddObject() stole a rTeference to obj:
// Py_DECREF(obj) is not needed here

return 0;

ZOFNE. BHRINC obj 23 NULL TH 2 Z L RHERETICEL 2 TEE T

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 reference to obj:
// Py_DECREF(obj) is not needed here
return O;
}

ZD®EIE. obj Y NULL THH 5 %728, Py_DECREF() ®f{ DIZ Py_XDECREF() ZM-UHTHEDDH
5 ITHERLTLZEW,

int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
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RICBL F9: 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)

RICEL F9: 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, 0 on success.

PyModule_AddIntMacro (module, macro)

Add an int constant to module. The name and the value are taken from macro. For exam-
ple 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)

SCFEHER R module 1ZBIML £7,

int PyModule_AddType ( PyObject *module, PyTypeObject *type)

RICBLET: Stable ABI (N\—23 Y 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—Ya ¥ 3.9 TEM.

ESa—IILEER

—EBEVIHLIE, BREDA V2TV EZDaYTHF AN HEZS Y IN VDRV 2 -V EERLET, U
FoT, BhOEYV 2 —VEBNOBREITEY 2a—NA TV 7 "B TEZT,

ZEPEPIAEEMES L H—DERD» SEBOED 2 —UBERTE 2D T, ZhsOBBITZBEIHtE# -
TERINZEY 2 —MIIEZ 8 A

PyObject *PyState_FindModule (PyModuleDef *def)
RD{E: B8, RICELET: Stable ABL BHIEDA Y X TV XD def OIESNIED 2 -t T
VxZ MEIRLET, TDXY v ROHHESM Y LT, Bid > T PyState_AddModule() TA ¥ XTI &
D state ICEY 2= A TV 27 bREELTEL ZLR2ERLET, WETE2EY 2 -1 ATV 27 bDS
Aok, & LWREHEFNCTS Y2 7Y X0 state ICHAE XN TWARWIEEE, NULL 2R L 3,

int PyState_AddModule ( PyObject *module, PyModuleDef *def)

RICBLETY: Stable ABI (IN—=23> 3.3 &D). BICEINEY 2 - A T2 0 v, A V&S
V2D state ICHAE LT, ZOBKEMS 2T PyState_FindModule() 2HEY 2 —NFA TV =7+
W7 7RATES 21T DET,

—BREETI L2 > TIERE N EY 2 —MITDAETT,
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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— 3 ¥ 3.3 THE.

int PyState_RemoveModule ( PyModuleDef *def)
RICBL 9 : Stable ABI (IN—2 3> 3.3 &b ). 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 1 TL—2ATx¥ I (iterator object)

Python TR -EBEOIA T L -2 A7V =27 b2EHLTVET, —2HE -7 Y X4 7L —XT,
__getitem__() XV v FEVIR—-PFTEIEEREDI—F Y AZWMOPVET, ZOBHEMEHLAEL 7Y =
2 b & &I (sentinel value) 2K\, > — 7 Y ANDOERI CICHTH LATREA 72 = 7 b2 UHL T, £ F
FIVEDIR I N & BRI 2T LE T,
PyTypeObject PySeqlter_Type
RICBLFT: Stable ABL. PySeqTlter_ New() . fARAAS —& ¥ ZHNTH LT 1 5IBIEK O AIA A
RIS iter ) 2P L ZITRENE, ATV —XFA TP =27 FORIF T =27 T,
int PySeqIter_Check (PyObject *op)

op DM PySeqlter_Type MOLEICEHZIRL 3, ZORBEIIHEICHIIL 5,

PyObject *PySeqlter_New(PyObject *seq)
RDME: FILLWEER, RICEBL X Stable ABL. — RS —F Y RAF TV =27 b seq ZWHIATL—&
PIRLET, RIELHIZ, >—F7 Y APRFIRETEHRIEDBRIC IndexError ZiIR L7z BT T LE T,
PyTypeObject PyCallIter_Type
RICBLET: Stable ABIL. PyCalllter_New() %, #HAAABE iter ) @ 2 5IBIBADETA 71—
RATY 27 VORA T 227 b TE,
int PyCallIter_Check(PyObject *op)

op OBIAY PyCalllter Type MOLZHEICEZRL $ 3, ZOBBIIFEITHINL 7,
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PyObject *PyCallIter_New(PyObject *callable, PyObject *sentinel)

RBROfE: TILLWBE, RICELXT: Stable ABL $ieA 7 L —XZRLET, BAID8F XX callable
X518 LT E % Python O LATEEA 79 = 7 PR OBRATHDPEWVERA; callable 1X, M
CHEINE 1R RO RENENGEA T2 2 7 P RREIRTNERD FRA, BRI NI4T X
callable 23 sentinel W25 LWMEZ RS & KB ZE T LT,

8.6.4 TRXUVTFAATZ TV I (descriptor object)

" FRZ Y TR (descriptor)” 1. HEF T 27 POV ODBEICOVWTRHR LA TV 27 P TT, TR
JVTERATI 2 M3 ATY 27 POFENCHD £9,
PyTypeObject PyProperty_Type

RICELET: Stable ABL. fiAAAT A7V FABORA TS = 7 M TT,

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
&Drﬁ %ﬁbb\/: No fkl‘_EbiT Stable ABI.

PyObject *PyDescr_NewMember ( Py TypeObject *type, struct PyMemberDef *meth)
RBOfE: FiILLWEE, RICELZXY: Stable ABL

PyObject *PyDescr_NewMethod ( PyTypeObject *type, struct PyMethodDef *meth)
ROfE: FLLBER, RICBLET: Stable ABL

PyObject *PyDescr_NewWrapper (PyTypeObject *type, struct wrapperbase *wrapper, void *wrapped)
RBOE: :ILLWEE,

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
REDfl: HILLWBE, RICEL £7: Stable ABI.

int PyDescr_IsData(PyObject *descr)
FRAIZVTRFITI 27 b descr W7 —RBHEDT A7) FTRXOGEIZIELalEE, XYy FFAZY
TEDBEIE 0 BIBLET, deser 3T RZVTRATI 27 bTRITINERDERA, TF7—F = v
TV ER A,

PyObject *PyWrapper_New (PyObject®, PyObject™®)
ED{E %ﬁbb\/: no ’kt&-Ebi? Stable ABI
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8.6.5 XSA XX TV I (slice object)

PyTypeObject PySlice_Type

RICBELET: Stable ABL. A9AAF 727 "OBRA TP 27 v TF, UL, Python LA ¥iZBUF
% slice E[MLATY =7 T,

int PySlice_Check(PyObject *ob)

0b MAFGARA T 27 FOBAICEHZKELET; 0b 13 NULL TH o TR D FHA, ZOBIBIIHITHK
HLEd,

PyObject *PySlice_New (PyObject *start, PyObject *stop, PyObject *step)

RBOE: HILLWBE, XIZBL 9 : Stable ABIL. 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)

RICELZET: Stable ABL. R4 A4 7Y =7 b slice \ZBIF S start, stop, BL L step DA > 727 A
FRELET, ZOLEY—F Y ADREI% length LIRELE T, length XD dbRERA VT IR ?
X — LTHRVETD,

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)

RICBLZE T Stable ABIL. PySlice_GetIndices () DEFIRARE TS, slice ICBIY 3. start, stop B &
K step DA VT 2AMEERGE LET, —F Y ADEZ%® length . A 74 ADEX% slicelength (2%
MLET, HRNOA VT 7 RAFBHEDAFTA R —HLIEAETZ )y TINET,

Returns 0 on success and -1 on error with exception set.

FFR: 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

8.6.
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is replaced by

if (PySlice_Unpack(slice, &start, &stop, &step) < 0) {
// return error
}
slicelength = PySlice_AdjustIndices(length, &start, &stop, step);

N—=Tar 3.2 TEHE: AN, slice 513 DANI PySlicelbject* TL 7,

N—=Yar 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 TIEHELE: If Py_LIMITED_API is set to the value less than 0x03050400 or between
0x03060000 and 0x03060100 (not including) PySlice_GetIndicesEx() is a deprecated function.

int PySlice_Unpack(PyObject *slice, Py ssize ¢ *start, Py _ssize t *stop, Py ssize ¢ *step)

RICBLFT: Stable ABI (IN—23> 3.7 &D ). Extract the start, stop and step data members from
a slice object as C integers. Silently reduce values larger than PY_SSIZE_T_MAX to PY_SSIZE_T_MAX,
silently boost the start and stop values less than PY_SSIZE_T_MIN to PY_SSIZE_T_MIN, and silently
boost the step values less than -PY_SSIZE_T_MAX to -PY_SSIZE_T_MAX.

Return -1 on error, 0 on success.
N—a ¥ 3.6.1 THEM.

Py _ssize_t PySlice_AdjustIndices(Py ssize t length, Py ssize t *start, Py ssize_t *stop,
Py ssize_t step)
RICBLFY: Stable ABI (IN—23> 3.7 &D ). Adjust start/end slice indices assuming a sequence
of the specified length. Out of bounds indices are clipped in a manner consistent with the handling of

normal slices.
Return the length of the slice. Always successful. Doesn’t call Python code.

N—a v 3.6.1 TEM.
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Ellipsis 77> xo 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.

8.6.6 memoryview # 7

memoryview A 7Y =7 NI, OA 7Y =2 P ERIL LS/ A S Python # 72 =2 +Ofgz L C EibL

NAVD NYT7DABHZ—TT—R TT,

PyObject *PyMemoryView_FromObject (PyObject *obj)
ROfE: FILWBE, KCBLET: Stable ABL. Ny 774 ¥ X —7 2 — 2% RET 247227 b5
memoryview 7Y =7 "V EERLET, DL ob] BDEZIAAARBELANY 77 DT AR— B R—1
T2 5. ZD memoryview 7Y 7 MIFABZARET T, £ TRITNUIFHHLDOAIZRZ D, T
I AKE—Z =D L OV THAZEIAREL 2D 5,

PyBUF _READ

Flag to request a readonly buffer.

PyBUF _WRITE

Flag to request a writable buffer.

PyObject *PyMemoryView_FromMemory (char *mem, Py ssize t size, int flags)

ROfE: FiLLWEBE, RICBLZXT: Stable ABI (IN—=23> 8.7&D). mem ZEHFONy 772 LT
memoryview A 7Y = 7 b BIER L %5, flags & PyBUF_READ %» PyBUF_WRITE D¥%H 5024 D £,

N—a ¥ 3.3 TEM.

PyObject *PyMemoryView_FromBuffer (const Py buffer *view)

RDflE: :iLWBER, RICBLZFT: Stable ABI (IN—23> 3.11 &D). view & LTEHEZX BN
Ny 7 7#E% 7 v 73 memoryview A 7Y 27 P EERLE T, BRI L F Ny 7 7 AEIFITE,
PyMemoryView_ FromMemory () DIEFSHEELWTT,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
RDE: iLWEE, XICBL FJ: Stable ABL buffer f ¥ X —7 2 —RZERLTWEA T 27 v
5 (°C’ % 'Flortran @ order T) &#EfiLic XEV F ¥ > 7D memoryview 7Y =27 b Z2{ED £7,
X E ) HHEHE L TWBBE, memoryview 7Y 27 MITTOXEVESHRLET, 2L DHE, X
EVFa¥—3N T, memoryview 7Y =7 MIFT LW bytes A7V =7 FEZIRLE T,

buffertype can be one of PyBUF_READ or PyBUF_WRITE.
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int PyMemoryView_Check (PyObject *obj)
obj ¥ memoryview ¥ 7Y =2 FDEGEICEZERLET, BEDL 25, memoryview DY 77 7 ADIE
BUSEFRAI ENTVER A, ZOBEBUIEICHIIL £5,

Py buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
HxEEINZANY 77— memoryview DT T A RXR—+ A=, KAV EX—%RLET, muiew IZ
memoryview £ Y AKX Y ATRIINEIRD FHA;, 2O~ 7/nld3BlEF v 7 LERVWOTHRTREF = v
ZLRFNERLT, ZhERZE 7T 92T 3BNNHY T,

PyObject *PyMemoryView_GET_BASE (PyObject *mview)

memoryview Z T AR =P L TWVWELFT T 7 bADKRA Y &Z%ZIEKLE T, memoryview 753
PyMemoryView_ FromMemory () 7 PyMemoryView FromBuffer() ®¥H L TIEM I TWRIGA.
NULL ZiBL %7,

8.6.7 /FEWATT I b+

Python 1% 888 %2H A 7Y = 7 b (first-class object) ¥ LTHE—- ML ET, PHBWEEEZFEET 2
HOBEBEOA 7Y 27 VEPRHDEF, BR@3HMLZRA 727 T ER3A VI FLOF TS =7 MITH
LCHIRERR D 7a X e LTIRES A 7V =227+ TF,

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)

RBDE: LWBHE, RICEL X7 Stable ABI. Return a weak reference object for the object ob.
This will always return a new reference, but is not guaranteed to create a new object; an existing
reference object may be returned. The second parameter, callback, can be a callable object that
receives notification when ob is garbage collected; it should accept a single parameter, which will be
the weak reference object itself. callback may also be None or NULL. If 0b is not a weakly referencable

object, or if callback is not callable, None, or NULL, this will return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
RBhfl: HTLWEBE, RICBL X9 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

d a epL a ngie paramete WI1CN W DE the weak
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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)
Rh#E: ERS8E, RICEL X Stable ABIL. Return the referenced object from a weak reference, ref.

If the referent is no longer live, returns Py_None.

7AFR: This function returns a borrowed reference to the referenced object. This means that you should
always call Py_INCREF() on the object except when it cannot be destroyed before the last usage of

the borrowed reference.

PyObject *PyWeakref_GET_OBJECT (PyObject *ref)

RD{#E: EABR, Similar to Pyeakref_ GetObject (), but does no error checking.

void PyObject_ClearWeakRefs (PyObject *object)
RICE L F7: 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 h7EIL

using-capsules LLRDA 7' = 7 v &2 {# 5 J7HRIZD W T using-capsules ZZ L TL 2 & W,
N— g > 3.1 TEM.

type PyCapsule
2D PyObject DY 7R A4 Fid, EBOMEERL. CHIREY 2 —0 5 Python 2 — RERHL THO
BEDA— FIZEEDER (voidx KA Y ZDIET) WIRBENDHZ L ZICHHTT, H5EY 2—1N
TERINTWVWS C SFBHEBORS v 2E, MOED 2 —NIZELTEIPLFUHES LT 5720
WELHbNET, ZAUTED, BIce - FSNZ3EY 2—1DHD C APLITHEE D import HHE % i
LC7 7R THIENTEET,

type PyCapsule_Destructor
RICELET: Stable ABL. A7 NMIWTETA M 77X A=A Ny ZH RO XS ITERSINET:

[typedef void (*PyCapsule_Destructor) (PyObject *);

PyCapsule_Destructor 2 — Ny 7 QEIEIZ DWW TIX PyCapsule_New() ZHBIRLTL1ZE W,

int PyCapsule_CheckExact (PyObject *p)

B H R R
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PyObject *PyCapsule_New(void *pointer, const char *name, PyCapsule_ Destructor destructor)
RDME: FTLWEBE, XICEL £9: Stable ABL. pointer ¥ 5 % PyCapsule BIER L ¥ 3, pointer
51803 NULL TH o TiE# b 8 A,
KL 72356, Bt 2RE LT NULL 2B L £,

name XFHNX NULL 2o, 7 C XFHADKRA ¥ R TF, NULL TEWES, ZOXFIE D
ATV EDRIETFTIHENDHD £T, (destructor DR THENT 2 Z L IFFFRIEN TV ET)

destructor 75 NULL TEWEE., 7 ABHIBREN 2 L 2I2Z20h T 2515 LTHROE IR TS,

ZDHTEABET 2a—LDEMELE L THREZNDHE. name X modulename.attributename & {§7E
ENBNRNETT, 25928, MOED 2a—BEDA SN % PyCapsule_Import() TA VHE—+ T3
YW TEET,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
RICBLZET: Stable ABL I 7R IVITRTFEINTWS pointer ELD H L 3, KL 55136400 % 3%
JE LT NULL 2B L £73,

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 7 7R VIREIN TV RBEDT AN 7 X &R LET, KRBLEGE.
S eFRE LT NULL 23K L 5,

AT ENMINILL ZT AP 7R2E LTHROIENTEET, o T, KDED NULL LT —%ZH L TR
WATREMED D D £5, PyCapsule_IsValid() 2* PyErr_Occurred() ZFIH L THEFEL TL72&E W,
void *PyCapsule_GetContext (PyObject *capsule)
JIL:El,iT Stable ABL. 72 MRESNTWBBED I Y 7 F X+ (context) ZIRL E3, KL
e, PISeROE LT NULL 2R L %3,

AT EMINUILL 2V TFRAPELTHROIENTEET, [oT. RDED NULL LT —%H L TR
WATREMED S D £5, PyCapsule_IsValid() 2» PyErr_Occurred() ZHIH L THEEE L TL72&E W,

const char *PyCapsule_GetName (PyObject *capsule)
RICBLET: Stable ABL 7 7 VIHRF SN TV BIRED name IR L 3, KR LGS, IS 2K
JEL T NULL 23R L %9,

7172 NME NULL % name & LTHROZENTEET, o T, EDMED NULL AL 7 — 2 L THRWA]
REMED D D £3, PyCapsule_IsValid() » PyErr_Occurred() ZHH LU THEFEL T 72X W,
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void *PyCapsule_Import (const char *name, int no_ block)

RICBL %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.
R LT5E. A7 VOWE RA VR ZIRL £, KRLGE, RIS 2&EL T NULL Z2EL £7,

N—a ¥ 3.3 TEHE: no_block has no effect anymore.

int PyCapsule_IsValid(PyObject *capsule, const char *name)

RICBL X : Stable ABL capsule EMeh TN THEI 0S5 0%F =v 7 LET, BRI capsule
%, JE NULL T, PyCapsule_CheckEzact () %7SA L. JE NULL REA ¥ ZEMEHL TWT, NFD name
DG name < FLE T, (name DHBITIEIZOWTIE PyCapsule_GetPointer() ZZH)

In other words, if PyCapsule_IsValid() returns a true value, calls to any of the accessors (any

function starting with PyCapsule_Get) are guaranteed to succeed.

F 7T 27 AT name B v FLEEEICIE 0 2. ZRLANDEEIC 0 BIRL T, ZoBEEIIH
FHZERB U EE A

int PyCapsule_SetContext (PyObject *capsule, void *context)

RICEBLE T Stable ABI. capsule D a2 7F XA M RA VX% context WCERELE T,

BIIL75 0 &2, RML 76BN ZRELTIE 0 ZIRL X,

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule Destructor destructor)

RICEL £ Stable ABI. capsule WD TR b5 7 X% destructor IZEEL F T,

L5 0 &2, RML7=6HIAZFRELTIE 0 ZIRL T,

int PyCapsule_SetName ( PyObject *capsule, const char *name)

RICBLZE T Stable ABL capsule NEID name % name IZE&EL E 3o name IE NULL D 2, Zh
i capsule XD D EVWEMEROLEL DD EF, b LI TIC capsule IZIE NULL D name DIRIFE T
WG E. ZUSXT 2B TbIER A

RIIL75 0 &2, RML 7B ZRELTIE 0 ZIRLET,

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)

RICBL £7: Stable ABI. capsule NEID R A > X% pointer IZEE L FT o pointer 1& NULL TH > T
372D FHA.

BIIL75 0 &2, RML7=6HIAZRELTIE 0 ZIRLET,

8.6.
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8.6.9 7L—L (frame) 77214 k

type PyFrameObject

RICBLFY: Limited API (RBEABEERCLT). 71— 4727 b 2EBRTIHEICHNON S,
A7V =7 beERT CHEEKRTT,

There are no public members in this structure.

N— a ¥ 3.11 TEHE: The members of this structure were removed from the public C API. Refer to

the What’s New entry for details.
The PyEval_GetFrame() and PyThreadState_GetFrame () functions can be used to get a frame object.
See also Reflection.

PyTypeObject PyFrame_Type

The type of frame objects. It is the same object as types.FrameType in the Python layer.
N— a ¥ 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— a3 ¥ 3.11 TEHE: Previously, this function was only available after including <frameobject.h>.

PyFrameQObject *PyFrame_GetBack ( PyFrameObject *frame)

Get the frame next outer frame.
Return a strong reference, or NULL if frame has no outer frame.
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—Y a3 ¥ 3.11 TEm.

PyCodeObject *PyFrame_GetCode ( PyFrameObject *frame)
RICBLET: Stable ABI (IN—23> 3.10 &D ). Get the frame code.

Return a strong reference.
The result (frame code) cannot be NULL.

N— ar 3.9 TEM.
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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— a3 ¥ 3.11 TE.

PyObject *PyFrame_GetGlobals (PyFrameObject *frame)

Get the frame’s £_globals attribute.
Return a strong reference. The result cannot be NULL.
N— a3 ¥ 3.11 TEM.

int PyFrame_GetLasti(PyFrameObject *frame)

Get the frame’s £_lasti attribute.
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—¥ a3 ¥ 3.11 TEM.

int PyFrame_GetLineNumber ( PyFrameObject *frame)

RICBLUET: Stable ABL (IN—=23 Y 3.10 &D). frame DEEERTL TV AITEBERLE T,

8.6.10 oz RL—RATxU

VAL —RFATY =7 M, Python BY 2L —XA TV —X2RETL20fE>T0ELA TP =7 FTT,
PRV —RA TV MIEHE, PyGen_New() R PyGen_NewWithQualName () DH/RIYIZIFEN L Tid7Z <,
fli% yield $2HBDOA TL—>a iICE D ERINET,
type PyGenObject

TV pL—=RATY =7 MfEb TS C HERTT,

PyTypeObject PyGen_Type
VIRV —=RATI 27 MR T REA T 7 T,
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int PyGen_Check ( PyObject *ob)
b WY 2 AL —RATI 27 FPOBEWCEHZIRET, 0ob 1d NULL THo TR D FHA, ZOBRIIEIC
L £ S,

int PyGen_CheckExact (PyObject *ob)

ob 3 PyGen_Type DFHIWCEHZIRLE T, 0l X NULL TH-oTIIR D FEHA, ZOBBIXEICHRILET,

PyObject *PyGen_New ( PyFrameQObject *frame)
RBOME: HILWEH, frame A 7Y 27 MZESWTH 2R 2 XL —RF TV 27 VEERLTRLZE
T, ORI frame NDBRREBAE T, 515 NULL TH - TIRD FH A

PyObject *PyGen_NewWithQualName ( PyFrameObject *frame, PyObject *name, PyObject *qualname)

RBDOE: FiLWBE, frame 7 70 2 7 v » ol 221 —2 4722 b E4ERL, __name__ ¥
__qualname__ % name & qualname IZFREL TGRLE T, ZOBEBUX frame NDBREEAE T, frame
510 NULL TH > Tidk b 8 A,

8.6.11 JI—F>AT>z I+

N—=Y a ¥ 3.5 TEM.
AN—F U ATY 27 I async F—T7— N2> TERLEBEBNET A 7Y 22 M T,

type PyCoroObject
AN—F A TI 27 bDIDD C HEERK,

PyTypeObject PyCoro_Type
AN—F I Tl MIHIETERA T =7 b,

int PyCoro_CheckExact (PyObject *ob)

ob 2% PyCoro_Type DGHIWXEEIRLET, ob 1& NULL THo Tidia h FHA, ZOBEBIXEITHKIIL
£9,

PyObject *PyCoro_New (PyFrameObject *frame, PyObject *name, PyObject *qualname)

RBOfE: FILWBHE, frame A 7P 27 b oHLVal—F o477 b EEK LT, __name__ ¥
__qualname__ % name & qualname ICEEL TRLE T, OB frame NDSREBNE T, frame
510X NULL TH o> Tk h FHA,
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8.6.12 OAVTFRAEHATO U+

N—a ¥ 3.7 Tl

N— g 3.7.1 TEH:

EM]: Python 3.7.1 T2 TOaYy7FAMEHD C APl O 7+ F v &, PyContext, PyContextVar,
PyConteztToken DRDDIT PyObject KA Y REMES X512 BE INF L, Hlzid:

// in 3.7.0:
PyContext *PyContext_New(void);

// in 3.7.1+:
PyObject *PyContext_New(void) ;

FEIZ bpo-34762 BB L TL &V,

Z DHEITIX, contextvars EY 2 — DA C API O IO OWTEHBAL 3,

type PyContext
contextvars.Context & 7P x 7 b ERIHT 27200 C HEiEIK,

type PyContextVar
contextvars.ContextVar A 7> =7 F2RHET 27200 C HHEK,

type PyContextToken
contextvars.Token 4 7P x 7 F BRI T 27200 C HEHK,

PyTypeObject PyContext_Type
AVTHRANRERBT2HF T2 b,
PyTypeObject PyContextVar_Type
AVTFAMEH HERBT A 7027 1,
PyTypeObject PyContextToken_Type
AVTFAMEH =2 BeRBT2MA T2 b,
M=y r~<rn:
int PyContext_CheckExact (PyObject *o0)

0 73 PyContext_Type DFEIWCHEEZERLE T, 0 X NULL THoTERD ¥ A, ZOBBUIHICHIIL
£79,
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int PyContextVar_CheckExact (PyObject *o)
o B PyContextVar_Type DHHICEZIRLE T, 0lZ NULL THo TIIRD F¥ A, ZOBBUIEITHK
MLET,

int PyContextToken_CheckExact (PyObject *o0)
o B3 PyContextToken_Type DHZFEHIWCEZIRLE T, 0 ld NULL THo TIR D EFVA, ZOBEEITIFEIC
RN F5,

AVFTFRAMATY =7 RIS R

PyObject *PyContext_New (void)
ROfE: HLVEBR, HILLWEQOAYTIRA ATV =7 FREKRLET, =7 —-HRE5EIF NULL %
L I/ i j—o

PyObject *PyContext_Copy (PyObject *ctx)
Ebﬁ" FLLWBE, EXhi ctr 3V TFRA ATV 27 bOERVA—EERLET, =7 -7

Al NULL 2R L £7,

PyObject *PyContext_CopyCurrent (void)
RDE: HiLLWBR, BEOaY7FA A7V 27 FORVaAY—2ERLE T, =7 —REGE1T
NULL ZiRL £,

int PyContext_Enter (PyObject *ctx)

ctr ZHEDRAL Yy FOBRED IV THFAMIRELET, LS 0%, KMLES -1 ZRLET,

int PyContext_Exit (PyObject *ctx)
ctr AT FATEENIL, 1 OHIOaAY T F A 2BREDOAL y FOBEDI Y 7T F X MIHEICL ¥
T BIILES 0 &2, KMLES -1 ZIRLET,

a YT ¥R NEROREE:

PyObject *PyContextVar_New(const char *name, PyObject *def)

RBOfE: HILWBE, LV ContextVar 7Y =7 bEMEMRL £3 . name 5IEIEATERZ L 7Ny 7
DOHITHEDLNE T, def 518UFa > THFRAMERDT 7 4V MEZIEE T 50, 77 4V bR WBER
NULL T¥, 77— E785513, BB NULL 2R L %7,

int PyContextVar_Get (PyObject *var, PyObject *default_ value, PyObject **value)
AVTFRAMNEBOBERBLET, BHICZ I —RELGEE -1 2, HIRM2-oTHRAM»HR
ATHZIT—DRERDPoTIGEIX 0 ZRLET,

VT XA NERD RSP o 12586, value ZFENEITHRA YV RICKR-oTVET, VT F A MNERDPA
F2 5 BhoTc HEZ, value DPIETHDIEIRD LS I TWVWET:

o (NULL TZRIFHUI) default _value
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o (NULL THRIFIUR) var DT 7 4L MH
 NULL
NULL ZFRi3E. ZORBUIH L WBRZIRL 7,

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
RD{E: HILWBE, HEDa Y 7F XA MIBWT var DIE%E value 12Ey FLET, ZOLEEIZLBH
LWh=2 4727 bp, 7 —DPRIZ 575G “NULL“ZRLET,

int PyContextVar_Reset (PyObject *var, PyObject *token)

var AV 7T X¥ A MEROKEZ VY £y + L. token %R L7z PyConteztVar_Set () HMHIN 2 HDIREEIZ
RLET, ZOBBIIHEYILES 0. KLZS -1 ZIRLET,

8.6.13 DateTime # 7> x 7 ~

datetime EY 2 — LT, HRARHMNA 7Y =27 bRRLAA 7Y 27 b 2RBELTHES, INTRTEEE
F55EIE. HODPULDANY X7 7 1)L datetime.h % — RIZ include L (Python.h iZZ D7 74 L%
include L%¥+#A). PyDateTime_IMPORT ¥ 7 1%, #EIZEY 2 —AAHULEIR &, EH L THLEHRDD
9, 2O niEM RO~ 7 nTfibh 28R PyDateTimeAPI & C #HBANDRA > 2 E ANE T,

type PyDateTime_Date
Z D PyObject DY 7 XA Fid, Python DHN ATV =7 b 2RLE T,

type PyDateTime_DateTime
2D PyObject DY 7 XA 7iE Python @ datetime A 72 =7 b ERLF T,

type PyDateTime_Time
Z D PyObject DY T XA 7% Python D time 7Y =2 b ERBELET,

type PyDateTime_Delta
2D PyObject DYV 7 XA F I DD datetime DIEDERZRL T,

PyTypeObject PyDateTime_DateType

Z D PyTypeObject DA ¥ A& ¥ A Python @ date B%ZE L ¥£73; Python L' £ ¥IZHI} 5 datetime.
date LRILA 7Y =7 FTT,

PyTypeObject PyDateTime_DateTimeType

Z D PyTypeObject DA ¥ A& > A% Python @ datetime BRI L £3; Python L A ¥YIiZBIT 3
datetime.datetime YRIUA TP 27 FTT,

PyTypeObject PyDateTime_TimeType
Z®D PyTypeObject DA ¥ AR ¥ A% Python @ time B%E L £3; Python L' 4 ¥IZEI} % datetime.
time *EILA TV =27 b T,
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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 ¥ A& A Python @ &4 4V — VIR EZR L £73; Python L 4 ¥IiZBIF
% datetime.tzinfo Y[RUA 7Y =2 FTT,

UTC >IN b YIZT7 7R RT B 0Dv7n0:

PyObject *PyDateTime_TimeZone_UTC
UTC &4 LY = ZHE T2 70y ZIRLET, 23 datetime. timezone.utc E[MUA 7Y =
7 FTY,
N— a ¥ 3.7 TEM.

MFzyr~<rnm:

int PyDate_Check (PyObject *ob)
ob % PyDateTime_DateType %7 PyDateTime_DateType DY 724 T7DA T =7 P ODHBEHITESL
BLUET; ob X NULL THoTIERD FRA, ZOBEBIIFEITHKIILET,

int PyDate_CheckExact (PyObject *ob)
ob B PyDateTime_DateType DHFEIWCEZIEL £, 0b 1Z NULL TH-o TR D £EA. ZOREKITHE
WAL E T,

int PyDateTime_Check ( PyObject *ob)
ob 23 PyDateTime_DateTimeType B> PyDateTime_DateTimeType BUD Y 7 XA FDA 7V =7 + DI
BIZEZEBELET; ob lZ NULL THoTERD F¥A, ZOMBIIEICEIILET,

int PyDateTime_CheckExact (PyObject *ob)
ob 3 PyDateTime_DateTimeType DFEICHEZIR L LT, ob 1d NULL TH - TIEZARD A, ZOBKK
FHIZHRIIL L5,

int PyTime_Check (PyObject *ob)
ob % PyDateTime_TimeType Zi7> PyDateTime_TimeType DY 724 7D A7 = 7 P DFHICEER
BUET; 0b & NULL THoTIRD F¥A. ZOREITEIEILET,

int PyTime_CheckExact (PyObject *ob)

ob »% PyDateTime_TimeType DHFEIWCEZIRL ET, 0b 1 NULL THo TR D FEA, ZOREKIIHE
WKL E S,
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int PyDelta_Check (PyObject *ob)
ob A5 PyDateTime_DeltaType %% PyDateTime_DeltaType DV 7T XA TDA TV =7 F DFEHICE
BIRLET:; ob X NULL THoTE D FHA. ZOBEBIIEICHRNILET,

int PyDelta_CheckExact (PyObject *ob)
ob 2% PyDateTime_DeltaType DFEICEER L E T, ob 1& NULL THo> TIR D FHA, ZOBKITHE
WL 9

int PyTZInfo_Check(PyObject *ob)
ob 2% PyDateTime_TZInfoType B PyDateTime_TZInfoType BDY 7 XA TDA TV =27 b DEFAEIC
HZRLET; 0b 13 NULL THo TR D FHA, ZOBBEIEICHIL 3,

int PyTZInfo_CheckExact (PyObject *ob)
ob W% PyDateTime_TZInfoType DFEFIWCEZIRL F T, 0b l& NULL THo TR D A, ZOREEIZ
ISR L £5,

DREA 7227 V2B T 270D~ 70 TY:

PyObject *PyDate_FromDate (int year, int month, int day)
ROl TLWBE, {5ELF,. A, HOD datetime.date # 7= 7 bRIRLET,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)

RBOflE: iLWEBHE, IBEL-E, A, H, F 7. B, <4 270D datetime.datetime 7P =7 b
PIRLET,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int

second, int usecond, int fold)

RBOflE: FiLWBHE, {EEXn=®E, A, H. K 2. #, 4 7 vf), fold ® datetime.datetime * 7
V2 ERLET,

N— 3 v 3.6 TEM.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)

ROE: FILLWEBEB, IsExhz. 9. B, 4 70D datetime.time A 7P =7 F 2R L 9,

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)

RBOE: FTILWER, {53l 2. B, 4 27af, fold ® datetime.time A7 =27 FZIKL
E

N—a v 3.6 Tl

PyObject *PyDelta_FromDSU(int days, int seconds, int useconds)
RDME: HILLWEBE, fHEShH. B, ¥4 700D datetime.timedelta A 7P =7 FZRL 7,
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<A 7 datetime.timedelta A 7P =7 FTERINTWAHFHIZA S X S ITEHILEITV
%3,

PyObject *PyTimeZone_From0ffset (PyObject *offset)

ROfE: :iLWEBHE, offset 5IBTIEE LZEEA 7Ly b EFD, BETDR W datetime.timezone
T MERLET,

N—Ya ¥ 3.7 TENM.

PyObject *PyTimeZone_FromOffsetAndName (PyObject *offset, PyObject *name)
RDfE: TLWEBR, ofsetBIMTEELEBEEDF 7Y &, *name DX A LY =V H%EFD
datetime.timezone A 7 =7 &R L E T,

N— a v 3.7 TE.

Uro~vxzraid date #7922 bpo 7 4 — LV MEZID S0 DbDTY, 518U PyDateTime_Date %7z
FZZEDY 7275 R (BRI PyDateTime_DateTime) D A ¥ AR ¥ ATRHRIIIUIL D £¥ A, 518% NULL iI2LT
FReF, By 7IHTVERA:
int PyDateTime_GET_YEAR(PyDateTime_Date *0)

FRIEOBIMTEL T,
int PyDateTime_GET_MONTH(PyDateTime Date *0)

Hz 1725 12 OB OEBHTEL£T,
int PyDateTime_GET_DAY (PyDateTime_Date *0)

Hz 1256 31 OBMOEETEL %3,

UTRo~27 vk datetime # 73 =27 b6 7 4 =LV FEEZWROHE TS DO TT, 5I#IE
PyDateTime_DateTime ¥7213FDH T2 5 ADA Y AR Y ATRINZED $¥ A, 515% NULL 12L T
Fasd, MFzv 713 fTuERA:

int PyDateTime_DATE_GET_HOUR(PyDateTime DateTime *0)

K% 0225 23 OEOEHTEL £,

int PyDateTime_DATE_GET_MINUTE(PyDate Time_DateTime *o0)
7% 0 D5 59 OBOBETIEL 7,

int PyDateTime_DATE_GET_SECOND ( PyDate Time DateTime *o0)

Wz 025 59 OMOBEHTEL £,

int PyDateTime_DATE_GET_MICROSECOND ( PyDateTime_ DateTime *o)

~A a0 55 999999 DD TEL £3,
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int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *o0)
74— F fRE: ¥~ —FA4 LXK EOTADI L) % 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 T:EM.

UTRo=7aid time A 73227 b 567 4 =V MEZWD HT 7200 HDTT, 51803 PyDateTime_Time %
7REEFDY T FADA VAR ATRIFNUUIZD $H A, 5I18% NULL KL TEARLT, BF = v 2idfTuE
HA:

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 OEOBTELET,

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.

PFo<2aldtimedelta #7322 67 4 =V REZE DIZT720DH DT, 583 PyDateTime_Delta
MEDYT I FADA Y AR Y ATRIFUIRD $8 A, 518% NULL 1L TR 63, BF 2 v 73TV EEA:

int PyDateTime_DELTA_GET_DAYS(PyDateTime Delta *o)

HEz -999999999 225 999999999 DI DXL TIEL ¥3,

N—ar 3.3 TEM.
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int PyDateTime_DELTA_GET_SECONDS ( PyDate Time__Delta *o)

WEE 0 25 86399 DEDEEETIRL £3,
N— g v 3.3 TEM.

int PyDateTime_DELTA_GET_MICROSECONDS ( PyDateTime__Delta *o)

<A 7z 055 999999 DB DOEIMTIEL £3,
N— g v 3.3 T
MIRo~27 vk DB APl #5353 % ETOEERATT:

PyObject *PyDateTime_FromTimestamp(PyObject *args)

RBOfE: :iLWLWBHE, 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 fE: $1LUWEBH, Create and return a new datetime.date object given an argument tuple suitable

for passing to datetime.date.fromtimestamp().

8.6.14 B> hDHDOFTI 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)
RICBLEY: Stable ABI (IN—2 3> 3.9 &D ). GenericAlias A 7Y =7 b 24K L £3, Python
7 J A types.GenericAlias #FFUH T Z & 2 [A%ETT, 518 origin ¥ args ¥ GenericAlias @
__origin__ BXU __args__ BHEZNETNEREL F T, origin & PyTypeldbject* TRIFIUIR ST,
args 1% PyTupleObjectx ¥£71IEED Pylbject* TI, args BR TNV TRWIHEIZIT 1 X 7V EE)
PN E N, __args__ 12X (args,) DREINET, 518F = v ZIZENMERD, 72 2 origin B3

BERTA T2 7 PTRLTHBEBEOH LI L £ 3, GenericAlias @ __parameters__ &M
__args__ D HRENIG U TEBIEERINE T, KM LIIEE. FIS»EH ST NULL 2R L ET,

DURREROB 2 Y = 2 ) v 7123 51 TT,

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", Py_GenericAlias, METH_O|METH_CLASS, "See PEP 585"}
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BE:
The data model method __class_getitem__Q).
N—a > 3.9 TEM.

PyTypeObject Py_GenericAliasType

RICBLZEFT: Stable ABL (IN—23> 3.9 &D ). Py_GenericAlias() 2L DiRENZ COMA T =
7 F T3, Python @ types.GenericAlias & [F¥ T,

N—3 g v 3.9 TEM.
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#IHA1L. (INITIALIZATION). #&T4LE (FINALIZATION), XL v K

See also Python Initialization Configuration.

9.1 Python #JHA1LLLRI
Python 28AENTWSE 7 7V r— a > Tk, fthd Python/C API BI¥E # 5 Rl Py_Initialize() B
BozMERFUIR D 8 A, ZHUTIfbte LT W o200l JO0—-NILEHREZH »HD £3,
ROBIENE Python OFIHHLDHIT B Z2IFFOHIE X3
o ARERIEL:
— PyImport_AppendInittadb ()
— PyImport_EztendInittadb ()
— PyInitFrozenExtensions ()
— PyMem_SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenadAllocator()
— Py_SetPath()
— Py_SetProgramName ()
— Py_SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption()

— PySys_ResetWarnOptions ()
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o THHEG OB
— Py_IsInitialized()
— PyMem_GetAllocator()

— PyObject_GetArenaAllocator()

Py_GetBuildInfo()

Py _GetCompiler()

Py_GetCopyright ()

— Py_GetPlatform()

Py_GetVersion()
o I—T 4 VT 14

— Py _DecodeLocale()
e XEYT BT —X:

— PyMem_RawMalloc ()

PyMem_RawRealloc()

PyMem_RawCalloc ()

PyMem_RawFree ()

xR The following functions should not be called before Py Initialize():
Py _EncodeLocale(), Py_GetPath(), Py GetPrefiz(), Py_GetEzecPrefixz (), Py_GetProgramFullPath(),
Py_GetPythonHome (), Py_GetProgramName () and PyEval_InitThreads().

9.2 JO—NILERREEE
Python (Zid, BR&x RHERER A 7> a Y 2 Ml 2 70— NARBRFEDLDDERBDBDH D £F, 7 7 41 T,
INSD77 7N a~x Y RNo4 ATy ay THIEENE T,

F T avTII UMy bEND L, 77 7DEREDA TS a vty FENLERICRD 5, BIZIE -b
Tl Py_BytesWarningFlag 75 1 ICEXE X 4L, -bb Tl Py_BytesWarningFlag 25 2 ICREINET,
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int Py_BytesWarningFlag

bytes ¥£7/z1X bytearray % str LB L72HE. 7213 bytes % int LR LG EICESH 2 REX
HEF, 2 M EDOEEZRELTVWEHEIR, =7 —2RESEET,

b AT a v THRELET,

int Py_DebugFlag
N=P—DF Ny FHN AL ET, (EFIREMTT, a2 A I T> a VITRIFLE D).
-d 47> 3 > ¥ PYTHONDEBUG BRIEZARCHEL T,

int Py_DontWriteBytecodeFlag
JEE BICHRE L7254, Python 13Y —RAEY 2 —L DA ¥ HE— FRIZ .pyc 7 7 A VOERZRAZ A,

-B % 7> a » ¥ PYTHONDONTWRITEBYTECODE FRIEZECTHREL £7,

int Py_FrozenFlag
Py_GetPath() OHFTEY 2 — UEBEARZEDHLTWE L EDT I — X vE—I %L 3,

_freeze_module R J LY frozemmain 7R 77 AWEHT BIERNH T 72 TF,

int Py_HashRandomizationFlag

PYTHONHASHSEED FRIEAEMZE TR W FHNIRE I NGB, 1 PREINE T,
7 7ME¥ T WS, PYTHONHASHSEED BRIFAMEH AT —27 Ly by v ay— REOHHEL 5,

int Py_IgnoreEnvironmentFlag

Ignore all PYTHON* environment variables, e.g. PYTHONPATH and PYTHONHOME, that might be set.
-EATar - I AT arvTHRELET,

int Py_InspectFlag

BHIDSIEICRA 7 ) T I PIEESI NI T —c 7Y a YHBRAH I ERIZ, sys.stdin 3% — I F LI
HAXNBWEETHoTDH, RZV T bpa~vr FEEFTFLIERIA VE S 57 4 TE— FIZAD X T,

-i 73 3 > ¥ PYTHONINSPECT BREEZHTCHREL FT,

int Py_InteractiveFlag
i AT a v THELET,
int Py_IsolatedFlag

Python Z[REtE— FTHEITLE T, REEE— FTlE sys.path BRZ VT FDTF 4 L7 PURI—HF DY
A MR =074 L7 M) EBAEEA,

I A S ayTHRELET,

N—Ya v 3.4 TEM.
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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 BREEAMAZE TR WIIFINCEHE SN HEIT, 1 ICRESNE T,
EDFFL L& PEP 529 2L T2,

Availability: Windows.

int Py_LegacyWindowsStdioFlag

If the flag is non-zero, use io.FileIO instead of io._WindowsConsolelID for sys standard streams.
PYTHONLEGACYWINDOWSSTDIO BIFARIDZE TR W FHNIRE I NI HEIT. 1 IKRESINE T,
EDFH LI PEP 528 2L TLE& W,

Availability: Windows.

int Py_NoSiteFlag

site EY 2 —/LD import ¥, ZDEY 2 — AT o Tz site & D sys.path ~NDIFIEL KR
WWLET, BT site ZBA/RINIC import LTH., THLDBEEFETINERA (EITLLEVEER
site.main() ZMEUSFH L TLZE W),

S AT arvTHELET,
int Py_NoUserSiteDirectory
A—HOHA Ny T—SDFT14 LI M) % sys.path IZEML £HA,

-s #7733, -I . PYTHONNOUSERSITE BRIEZLHCHREL F9,

int Py_OptimizeFlag

-0 * 7> a > ¥ PYTHONOPTIMIZE BRIEZAHCHEL F9,

int Py_QuietFlag

AYERI 7T 4 TE—FTH copyright £NX=2a > DXvtE—YZRRLERA,
qF 7T aTRELET,
N—ar 3.2 TEM.

int Py_UnbufferedStdioFlag
BHEMN BRI -2 Ny 77 D 7 LRV K ITHREIL £3,

-u 7Y 3 > ¥ PYTHONUNBUFFERED FRIBZHCHEL F9,
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int Py_VerboseFlag

9.3

EV 2 — AL EN B TR v — PR IA L, ZADBL I (77 A NEREL ML VEY 2—1)
Poa— RENZO0ERRLET, EE 2 U EDBEIEF. T2 L EMRTILECFzv I L)L
T7ANT A=V LET, £ BTROEI 2 -2 ) -7y FICET3ERBIBML

i\j—o

-v * 73 a >y PYTHONVERBOSE BIEZMTHREL F5,

12 E—=T) 2D iR T 0E

void Py_Initialize()

RICEBL £ Stable ABL Python 4 > & =7V 2 %2t L ¥£F, Python OHEDAAZITS 77V
r—aryTid, ModH 5w 3 Python/C API 2T 2 X b b1 Z OB E IR X RFIR D £
HAo WL D2DFEIFMTDOWTIX Python #FIERELET 2B L T 72X W,

This initializes the table of loaded modules (sys.modules), and creates the fundamental modules
builtins, __main__ and sys. It also initializes the module search path (sys.path). It does not set
sys.argv; use 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.

EMR: Windows Tl 0_TEXT 725 0_BINARY NI VY —)LE— FATHINETTH, ZHIEFDOC S~
XA LBffoTW3aryyY —)LTD Python AN DHEWEFICHHEERIFLET,

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()

RICEBLZET: Stable ABL Python £ ¥ & 7V ZAMHIHHLEATHIUIE (JEErw) 2. IR TFIME
(o) 2 BRL %S, Py _FinalizeEx() ZWOH L7RIZ, Py_Initialize() ZHUOMNIHTET, 20
B mzERL 5,

int Py_FinalizeEx()

RICBLZEXT: Stable ABI IN—2 3> 36 &) 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.

9.3.
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ZOBBPIRERINTOIHEIZWL 225D £F, Python DEDABEIFoTWE 7 Y —2 2T
. 77V =Y a yEHERHT S Z < Python ZHEFH LW BB T, T2 B0 —F
AlREA 77V (H B W& DLL) 225 Python 4 ¥ X 7Y X%2wa—F¥3557 7V r—>a»yTid, DLL 27
B — KT 3HNIC Python BHER LA BV EZE TR LW EZ 20 LTMLERA, 7V —>a
YATEETWVWS XEY Y =2 2T 2B, BREEIE Python R LIXEVZ T TV r—2a Y
DR THNCRME B0 B 5EEbH D T,

Bugs and caveats: The destruction of modules and objects in modules is done in random order;
this may cause destructors (__del__() methods) to fail when they depend on other objects (even
functions) or modules. Dynamically loaded extension modules loaded by Python are not unloaded.
Small amounts of memory allocated by the Python interpreter may not be freed (if you find a leak,
please report it). Memory tied up in circular references between objects is not freed. Some memory
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.
Sl L T BEE A N> b cpython._PySys_ClearAuditHooks %##EH L %73,

N—a v 3.6 Tl

void Py_Finalize()

RICEL 9 Stable ABL. Z0BEX Py_FinalizeEx () DB HEMEN—-Y a2 > T, RYEXRHD F
A

9.4 7OERXRTARDINTA—AR

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_TInitialize()
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Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been

initialized).
N—= a ¥ 3.4 TEM.
N—Pa v 311 TIEHEE,

void Py_SetProgramName (const wchar_t *name)

RICEB L £9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.

program_name should be used instead, see Python Initialization Configuration.

COBBENOH TS, RYNC Py_Initialize() RMUHT LD DENCFFCHIZTERD 8 A
COBEBA &Y X Te S5 LD nain() BBITIEE L 7z argv[0] 5IBOEZHZ XS (VA F
¥y 77 RICEREINET). ZO5IEMHEIE, Py_GetPath() X, LLRIIRT ZOMOBEED, 4 > X7
X DFEITAREE KD S Python 7V XA LT A4 T VADHMASAZEUGT 2720 ffbhEs, 77+
U b OfEE 'python' TF, 5L KIS NZT A FF v T 7 XFFHT, ERGEEEBICA > TW»
RIINERST., ZONEEI IO 7 LDETHICEE L TIER D FH8 A, Python £ X7V XNDa—
FT, ZOREHEBONELZEET2d0IE—UHD FHA,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_x* string.
N— a v 3.11 TIEHESE.
wchar_t *Py_GetProgramName ()
RICBL £79: Stable ABIL. 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—Y a ¥ 3.10 TZHE: It now returns NULL if called before Py_Initialize().

wchar_t *Py_GetPrefix()

RICEL £7: Stable ABI. Return the prefiz for installed platform-independent files. This is derived
through a number of complicated rules from the program name set with 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()

RICE L 9 Stable ABI. Return the exec-prefix for installed platform-dependent files. This is derived
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through a number of complicated rules from the program name set with Py_SetProgramName () 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.

TR 779 b 74— KFO7 740 (RITERASRPHEAEIAT75V) 2iloT 4127 Uy U—HIZ
A VA=A EINTWVWBEEE, exec-prefix & prefix ¥ B b F3, #HEPNK A VA =L BETIK, 7
Zv 74— LIKFDT 7 A DS Jusr/local KINDENDZ—TT. TT7v 74— 2KFDT 7 4 V&
/usr/local/plat 7V VU —ZIND LN F T,

—BHNS, IV b T A= E N— R T YT 2T 7 7 IV DMAEDEEIRLE T, HlXIE
Solaris 2.x ZEMEXETW2 Sparc ¥ YWEETHU TSy b7+ —LTH 5L AR LETH, Solaris
2x ZEMEXETWVWS Intel v VIEES Ty b7+ —2kDEFTL, U Intel v Td Linux
PEEXETVWERLERFDTT Y v 74— TF, —RINCIE. ALARL—T 4 VS AT LT
b, AV —VETarvOEIDDIIRREZ TSIy M7+ —LTT, ¥ Unix DARLV—T 4 VIV RT
LDGAFFEIELHTT; JE Unix D RATFATIE, 4 YA P—AFERZETHERZ > TWT, prefix ®
exec-prefix IZIEERD R, BXFHIDPREZINTVET, a1 VEAD Python N4 Fa—Rix7
T9 M7 —LIKELBRVDTERLTLZEY (EL, EDON=Y 3 YD Python Ta ¥y (4 LEh
TeIERELE T,

A7 LEHEF L, mount X automount S0V ARfFo T, KT T v b7+ —LHD /usr/local/plat
BRL 0T 7 AN AT LICHEE, 77 v b7+ —ALMT /usr/local ZHET 2D DRE L%
%Dofh\éfl./i 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()

RICEL £9: Stable ABIL. Return the full program name of the Python executable; this is com-
puted as a side-effect of deriving the default module search path from the program name (set by
Py_SetProgramlame () 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()

RICE L £9: Stable ABI. Return the default module search path; this is computed from the program
name (set by Py_SetProgramName () above) and some environment variables. The returned string

consists of a series of directory names separated by a platform dependent delimiter character. The
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delimiter character is ':' on Unix and macOS, ';' on Windows. The returned string points into
static storage; the caller should not modify its value. The list sys.path is initialized with this value
on interpreter startup; it can be (and usually is) modified later to change the search path for loading

modules.
This function should not be called before Py_Initialize(), otherwise it returns NULL.
N— a3 ¥ 3.10 TEH: It now returns NULL if called before Py_Initialize().

void Py_SetPath(const wchar_ t*)

RICBLET: Stable ABI (IN—23 > 3.7 & D). This AP 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 the default module search path. If this function is called before Py Initialize(), then
Py _GetPath() won’t attempt to compute a default search path but uses the one provided instead.
This is useful if Python is embedded by an application that has full knowledge of the location of all
modules. The path components should be separated by the platform dependent delimiter character,

which is ':' on Unix and macOS, ';' on Windows.

This also causes sys.executable to be set to the program full path (see Py_GetProgramFullPath())
and for sys.prefix and sys.exec_prefix to be empty. It is up to the caller to modify these if

required after calling Py Initialize().
Use Py_DecodeLocale() to decode a bytes string to get a wchar_x string.
The path argument is copied internally, so the caller may free it after the call completes.

N— a v 3.8 TEHE: The program full path is now used for sys.executable, instead of the program

name.
N— 3 v 3.11 TIHHEE.

const char *Py_GetVersion()

RICELZEY: Stable ABIL Python f ¥ X 7V ZDAN=Ya Y ERLET, N—TYa vk, RO LS LE
ROXFH|TT

{"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]" }

B—TU—F (BRAIDAR=AFET) &, BFED Python D=2 a Y TF; ‘mAIOXFIE, VA FT
RUBNTAT Yy —N—=Tar A F—nN— a3y TF, BRI XFIEA > RIGE 2L S E %
BUET; BOFH LA ZDEZEETCEER A, ZOfHEIE Python 2— F2251% sys.version &
LTHHTE%,

See also the Py_Version constant.
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const char *Py_GetPlatform()

RICBELZFT: Stable ABL. HED 799 b 74 —2 DT T v b7 4 — LB FHN%ER L FF, Unix
TlE ARV =T 4 YT Y RAT LD " RAD” HEIZ2/NCTFICERL, BHOXATy— VY a v B&E%
T 7= MRk 72 o TV E T, il 21X Solaris 2.x &, SunOS 5.x, & LTHHI SN TWVWETAH, 'sunoss’
12D 3, macOS Tl 'darwin' TF, Windows TWX 'win' TF, BIEDURTXFIIRA > XI3Ek
72T IR U 7 B LM Z OEEZEETEEEA, ZOfEIE Python 2— F2 51
sys.platform & L THIATZE %9,

const char *Py_GetCopyright ()

RICEBL X T : Stable ABIL. B7ED Python N— g VRT3 AROBMEHER R T 2R L £5, #l
2
'Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

BEBODNIR T XXCFFNARA ¥ ZIFFE RIS ZIR U 3 BABOMOH LEZ Z OEZZEETE EEA, Z
DfEIX Python 22— F2 51X sys.copyright ¥ LTHIHTE 7,

const char *Py_GetCompiler ()

RICBLE T Stable ABL BEM# o TWAN—Y 3 D Python % L KT 3ICHWZa 81 %R
TXFHN e, AREINCH - 2 XFHZRLET, flzi:

[”[GCC 2.7.2.2]" ]

BEENIR 3 SCFRNARA ¥ ZIFFR R LR Z IR U3 BBOTOH LAZ ZOEZEETEEEA,
DAl Python 22— F» 5% sys.version O—#ix LTI HE 3,

const char *Py_GetBuildInfo()

RICEBLF9: Stable ABL BEM > TW3 Python 4 Y X VXA VARV AD, ¥—r Y ARSI
FHFHCBE T 2 EHzEL 3, L

[”#67, Aug 1 1997, 22:34:28" J

BIEANR 3 SCFHIRA ¥ ZIIHH R FL 2 R L 3 B LANZZ 02 AETEEHA,
DfflX Python 2— F» 51% sys.version O— & LTI HEF T,

void PySys_SetArgvEx (int argc, wchar_t **argv, int updatepath)

RICE L 9 Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv,
PyConfig.parse_argu and PyConfig.safe_path should be used instead, see Python Initialization
Configuration.

argc BEY argy IZHEDWT sys.argy ZRELE T, TAHD58E 7027 2D main() T L 75|

BB TOE 305, BRHIDEED Python 4 ¥ X 7V XRDIEF L 2o T B ETEAOHEI TR, FE
TENZRZ VT HEZRLBRTNEBROBRVEDPENE T, FEITT2R27 0 7 b3RWEE, argv D
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RA)DBERIFZEXLFINC L THDPFEVER A, ZDOREED sys.argy ODFIILICRL 35 E. B
7 —% Py_FatalError() THIGHE T,

updatepath 78 0 DFE, ZZETOEENR Z OB T2 Z & DETTT, updatepath 75 0 TR WIHFE,
ZDOBEEIE sys.path ZLLRDO 7 LTV ZLIESOTEELET:

o« FIETZRAZ YT b DOAHID argv[0] KEXNLHZE. ZDRT VY T 235 2 5 Ot S A %
sys.path OFEFIZEML 3,

o ZTHLSDGE (arge 230 72572 argv[0] BFET 2 7 7 A V4 ZFE L TWIRWEE), sys.path
DIFEFICZEDOLFHNZBMLE T, ZRRBEOEET 4+ L2 bY (") ZEFIEMT 2D LRL
T3,

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 Configura-

tion.

JEM: 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 DHiDN— a »Tld. PySys_Setdrgu() OFFNH LDTET L74RIC sys.path OFEEHDOER %
WhHF T, FALMRBBFONET, FIZIEZD XS IfEnET:

[PyRun_SimpleString(" import sys; sys.path.pop(0)\n");

N—a v 3.1.3 TEM.

N— a v 3.11 TIEHEEE.

void PySys_SetArgv(int arge, wchar_t **argv)

RICEL £7: Stable ABI. This API is kept for backward compatibility: setting PyConfig.argv and

PyConfig.parse_argv should be used instead, see Python Initialization Configuration.

Z ORBUE, python 4 Y X TV X -1 A 7> a U ETEITSN TV S EZIRE PySys_SetArguEz ()
D updatepath 12 1 ZFELZDLEU LS CEIELET,

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 Configura-

tion.
N—=¥ a v 3.4 TEH: updatepath DIEIX -1 7> a VITKEFEL 5,

N—a v 3.11 TIEHELE.

9.4.
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void Py_SetPythonHome (const wchar_t *home)

RICE L £9: Stable ABI. This API is kept for backward compatibility: setting PyConfig.home

should be used instead, see Python Initialization Configuration.

Python DEH#ES A 75U DH S, 77 4L +D "home” T4 L7 bV ERELE T, 5O FHDEK
IZOW Tk PYTHONHOME S L TL 72X W,

SIEUIFNR R P L=V IREPNT TR T T AFEFTHICEERZ 5NV L S RE KGO XTI TH 5
NETY, Python 4 Y X FVRIZZDA ML —YONERZZEELEH A,

Use Py_DecodeLocale() to decode a bytes string to get a wchar_* string.
N— a v 3.11 TIEHELE.

wchar t *Py_GetPythonHome ()

RICEL 7 Stable ABI. Return the default "home”, that is, the value set by a previous call to
Py_SetPythonHome (), or the value of the PYTHONHOME environment variable if it is set.

This function should not be called before Py_Initialize(), otherwise it returns NULL.

N— a2 3.10 TEHE: It now returns NULL if called before Py_Initialize().

9.5 XL w FIKRE (thread state) £/ O—NIL1>H2TFU20Ov 7 (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 reference count of

the same object, the reference count could end up being incremented only once instead of twice.

ZDD, GIL ZH¥EL72AL vy RIZUD Python 7Y =7 b R#EL72D . Python/C API BIEZRECNH L
72D TEZEVWINL—ADBHYET, MTUEE LI 21— T 572012, 4 VX7 XIEMNICE v 7 Z R
L7z2D BB LD LET, (sys.setswitchinterval () ZZM8) 20wy 737wy 70D 55 1/0 #ED
T HEM - RS h, I/O 2ERT2AL v R [/O #BIEOZET Z2fFoM. ALy ROBEETES X5
WKLTWET,

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 ().
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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.

Z OREEIRIEE IR DT, FEAHMICT 32D 200~ 7 uhpflEINTVET:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/0 operation ...
Py_END_ALLOW_THREADS

Py BEGIN_ALLOW THREADS ~ 7 un ¥k 7avy 7ML, RLue -2V EKEZTES L ¥ 3,
Py _END_ALLOW_THREADS W& 7w v 7 %FAL 3,

Fo7uy Z2@3R0a— FICERASINET:

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.

AMR:  Calling system I/O functions is the most common use case for releasing the GIL, but it can also
be useful before calling long-running computations which don’t need access to Python objects, such as
compression or cryptographic functions operating over memory buffers. For example, the standard z1ib and

hashlib modules release the GIL when compressing or hashing data.
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9.5.2 Python UATHESNIAL 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 DML % HEINIITVWE S, C DAL v FH 5 Python
2Ol IR R BRI RO e B D T3

PyGILState_STATE gstate;
gstate = PyGILState_Ensure();

/* Perform Python actions here. */
result = CallSomeFunction();

/* evaluate result or handle exception */

/* Release the thread. No Python API allowed beyond this point. */
PyGILState_Release(gstate) ;

Note that the PyGILState_* functions assume there is only one global interpreter (created automatically 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 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
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held by a thread that is defunct after the fork. Py0S AfterFork_Child() tries to reset the necessary locks,

but is not always able to.

The fact that all other threads go away also means that CPython’s runtime state there must be cleaned up
properly, which os.fork() does. This means finalizing all other PyThreadState objects belonging to the
current interpreter and all other PyInterpreterState objects. Due to this and the special nature of the
“main” interpreter, fork() should only be called in that interpreter’s "main” thread, where the CPython

global runtime was originally initialized. The only exception is if exec() will be called immediately after.

9.5.4 5L AJL API

CHrkZE N/ D Python 4 X 7'V X 2MDiAL & 21THR S —fRANTEDN 2P RD L B D TT:
type PyInterpreterState

RICBLET: Limited AP (REALREBERL LT). 207 —XEERE. HFEEET 228021 v R
MITHEINTOWARIREEZRILET, FAILA VX FVRIJET S ALy FITEY 2 — )VEHERSCZ O
WL OLDONEHRRERELE L TVET, ZOMEERIZIENE (public) DX Y NEH D XA,

Bhr AR FYVRETBHA Ly FIEITE, FIHAEERXEY, PN TWE 77 A VT RZ ) TREY
Vol ut ZREERWT, WHIRETERMEEINTVWERA, GIL b 72, ALy RBEDA
VATV RIZBLTWENPICEHDODLTIRTOAL Yy RTHEIRTWVWET,

type PyThreadState

RICEBLEY: Limited API (RZEBR#EER L LT). This data structure represents the state of a
single thread. The only public data member is:

PylnterpreterState *interp

This thread’s interpreter state.

void PyEval_InitThreads()

RICEBLE 9 Stable ABI. Deprecated function which does nothing.
In Python 3.6 and older, this function created the GIL if it didn’t exist.
N— 3 v 3.9 TEHE: The function now does nothing.

N—=Tay 37 TEE: ZOBEIE Py_Initialize) POMUHEINZ X512k D, bXOIFUIHT
BN SR F L

N—Yar 32 TEHE: ZOBBIX Py_Initialize) XVFNCENHE TN TERLI D E L
N—= 3 ¥ 3.9 TIEHELE.
int PyEval_ThreadsInitialized()

FICEBLZETJ: Stable ABI. Returns a non-zero value if PyEval_InitThreads () has been called. This
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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 TZH: The GIL is now initialized by Py_Initialize().

N—=Ta ¥ 3.9 TIEHELE.

PyThreadState *PyEval_SaveThread()

RICE L £7: 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)

RICEL £ 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 ()

RICE L E7: 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 (PyThreadState *tstate)

RICB L ZF 9 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.

UTOREIEAL Yy Fa—=AL AL =Y ZFHALTWT, ¥ 74 &YX eOEHMDRD D 8 A:

PyGILState_ STATE PyGILState_Ensure ()

RICE L 9 Stable ABI. Ensure that the current thread is ready to call the Python C API regardless
of the current state of Python, or of the 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 between 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 called,
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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.

FFR: 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)

RICELET: Stable ABL. R LI RTOV Y —RAZMRRLET, ZOEKEZFIHIT L, Python @
RHEEMIGT 2 PyGILState_Ensure() ZFFMTHIEFE L 2D 3 (EBE, ZOREBEFOIHLIITT
FiEHo D FEADT, GILState API #FHT 2 X512 LTLZ&E W),

PyGILState_Ensure() ZWMOHFTHEF. BT HE—AL vy FNTHIET % PyGILState Release() %
FECH LT 7230,

PyThreadState *PyGILState_GetThisThreadState ()

RICEBL £9: 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— g v 3.4 TEM.

PTRo~=zmid, BEKRBICE I aa Y2312V 3 Python Y — AEAAYINOEMREIZ R TLEZ X W,

Py_BEGIN_ALLOW_THREADS

RIZCBLEFTJ: Stable ABL. 2D~ un%2EMH 3 % & { PyThreadState *_save; _save =
PyEval_SaveThread(); IZ& D E 3, 7 BICH EFEIFE MBI Ao TWVWE I L KEFEREL T I W; &
DFAEINIIERT Py_END_ALLOW THREADS =7 B MBS ERIFTNIBR D FRA, v7 02DV TOFEL
Wik ERR S L TR E W,
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Py_END_ALLOW_THREADS
RICBELZET: Stable ABL. 2O~ 27 u%EB3 % ¥ PyEval_RestoreThread(_save); } XD FEJ, ¥
7 IR E IR A > TV Z IHERE L TL XV, ZOWFEINEHERTD Py _BEGIN_ ALLOW THREADS
<7 ELTWRITFIUERD EHA, 7 BIOVWTOFEHLVERIZ LT ZSHL TRV,
Py_BLOCK_THREADS
RICBELZE 9 : Stable ABIL. 2O~ 27 n% &3 % & PyEval_RestoreThread(_save); 27D ¥3: [
CEFEIRD 72\ Py_END_ALLOW_THREADS ¥ [ U T3,
Py_UNBLOCK_THREADS

RICBLET: Stable ABL. 2O~ 7% g T % & _save = PyEval_SaveThread(); &/ D ¥£3: B
ERFEIND 22\ Py_BEGIN_ ALLOW_THREADS ¥R U T7¥,

9.5.5 {EL-~NJL API

ROETOBEEI Py_Initialize() DRIIMFTHIRITIUIRD F8 A
N—Yar 3.7 TEMH: 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 BE&E A N> b cpython.PyInterpreterState_New #i#EH L %79,

void PyInterpreterState_Clear (PylnterpreterState *interp)
RICEBL E7: Stable ABI. Reset all information in an interpreter state object. The global interpreter
lock must be held.

SIUEL T Bi&E A XY b cpython.PyInterpreterState_Clear ZiEH L ¥£35,

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)

RICE L F 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)
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RICEBLF 9 Stable ABI. Reset all information in a thread state object. The global interpreter lock
must be held.

N—3 a ¥ 3.9 TAHE: This function now calls the PyThreadState.on_delete callback. Previously,
that happened in PyThreadState_Delete().

void PyThreadState_Delete ( PyThreadState *tstate)

RICEB L E9: 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)

RICBLZEY: Stable ABI (IN—=23 > 3.10 &D ). Get the current frame of the Python thread state
tstate.

Return a strong reference. Return NULL if no frame is currently executing.
See also PyEval_GetFrame().

tstate must not be NULL.

N—a v 3.9 Tl

uint64_t PyThreadState_GetID(PyThreadState *tstate)

RICBLZET: 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 r 3.9 TEM.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)

RICBLET: Stable ABI (IN—23> 3.10 & D). Get the interpreter of the Python thread state

tstate.
tstate must not be NULL.
N—a v 3.9 TEM.

void PyThreadState_EnterTracing(PyThreadState *tstate)

Suspend tracing and profiling in the Python thread state tstate.
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Resume them using the PyThreadState_LeaveTracing () function.
N—a ¥ 3.11 TEN.

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—Ya ¥ 3.11 TEM.

PylnterpreterState *PyInterpreterState_Get (void)

RICBLFT: Stable ABI (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— 3> 3.9 TEM.

int64_t PyInterpreterState_GetID(PylnterpreterState *interp)
RICBLET: Stable ABI (IN—=23> 3.7&D). A 2TV 20—FEx% ID ZRL 3, QWHPIf
I —DEEH, -1 BRI, =7—ty PShET,
The caller must hold the GIL.

N— a ¥ 3.7 TENM.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)
RICELZET: Stable ABL (IN—=23>2 3.8&D). A VXRTVXERDT =22 REL TV ERHETIRL

5, ZOBED NULL 2R LHEE. 22 TTsNIEHERTES 3. O LANZA 2 7Y %
EHOHEFINATERNEEZLRTNEZRD $EA,

Z DOBEEIE PyModule_GetState() ZBEEIZ 2 b D TIXR L, IREY 2 — 24 ¥ & 7V XEHDIK
THIREMNT 2DIESNEHDTT,

iy

A

7

N— ar 3.8 TEM.

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— g 3.9 TZH: The function now takes a tstate parameter.
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N—Ya ¥ 311 THZEE: The frame parameter changed from PyFrameObject* to

_PyInterpreterFramex*.

_ PyFrameFEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”"Adding a frame evaluation API to CPython”.

N—ar 3.9 TEM.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _ PyFrameFEvalFunction

eval frame)

Set the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.

N—a v 3.9 TEM.

PyObject *PyThreadState_GetDict ()

Rbhfl: EABKE, XICBL X9 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)

RICBL £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 ezc is NULL, the pending exception (if any) for the

thread is cleared. This raises no exceptions.

N—=Ya v 3.7 TEH: id 5I8DHD long 75 unsigned long NEHEINF L7z,

void PyEval_AcquireThread (PyThreadState *tstate)

RICBL £9: Stable ABI. 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.

AMR: Calling this function from a thread when the runtime is finalizing will terminate the thread, even
if the thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()

to check if the interpreter is in process of being finalized before calling this function to avoid unwanted

9.5.
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termination.

N—Y a3 vy 38 THZ H: Updated to be consistent with PyEval_RestoreThread(),
Py_END_ALLOW_THREADS(), and PyGILState_Ensure(), and terminate the current thread if called

while the interpreter is finalizing.

PyEval_RestoreThread() I3WVWDTH (AL v FAFIHLI Wi WE ETY) FIHATRERE L ~LE]
ey,

void PyEval_ReleaseThread ( PyThreadState *tstate)

RICEL £ 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() & X D@L VKRB THEIC (AL y R2FHIbEhTuinwe &Th) FIFITE
9,

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—Y a ¥ 3.2 TIHLE: This function does not update the current thread state. Please use

PyEval_RestoreThread() or PyEval_AcquireThread() instead.

AFR: Calling this function from a thread when the runtime is finalizing will terminate the thread, even
if the thread was not created by Python. You can use _Py_IsFinalizing() or sys.is_finalizing()
to check if the interpreter is in process of being finalized before calling this function to avoid unwanted

termination.

N—Y a3 v 38 TZH: 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()

RICEBL ZEY: Stable ABI. Release the global interpreter lock. The lock must have been created

earlier.

N—= a3 ¥ 3.2 TIEHSLE: This function does not update the current thread state. Please use

PyEval_SaveThread() or PyEval_ReleaseThread() instead.
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9.6 Y7127 2YR—-Fk

Fr AL OBEREDIAL Python 4 Y &2 7V XiZ 1 DT TTH, W O0rDBEARFA—~Tak AR, H2»
FER—ZA Ly RNT, BEOMIN LA V2T XN T 2RBEPDD ET, ZNZAREIIT 2008074 v &
TV RTT,

TRXAY AVRTYREE, TV RA LDIIMEEIT o T ¥ FITRANHER S NI A VR TV XD T, H
TAVERTYREEN, XA VA VETYRIESTFANY RY O TDES 7R, Tae ALBTHE—LREBEND
DET, XA VAV RTYRIZET Y Z A LOPIHLHONIEFEIT L WS BEHED H D, BEIET VXA DK T
HHIZEIWT WSS VXA LA THHD FF, PylnterpreterState_Main() BB, XA V4 V2T ZDIKEE
ANDKRA Y RERLET,

BTARTY REYINDEZD PyThreadState Swap () BT TEE T, ROBBEME>TH I Y2 TY &
DYER L HIBRDTR £ 3

PyThreadState *Py_NewInterpreter ()

RICBLEY: Stable ABL #HrLW# 74 &7V X (sub-interpreter) ZEML 3., 74 %7
Z e, (IEIEEL2I) i aElX iz Python 2 — FOETERIE T, Fc, it 74027y
K3, import ENZEY 2 — AR TRODVTHEBON=Y a y2Hb, ZHAICRBERELRZIEY 2—
JU builtins, __main__ BXU sys bEENET, B— FBEADEI 2 — 05K 32T—7 I (sys.
modules) BXUIEY 2 —UHHK $R (sys.path) bF 74 VX TV XBZHMEDO D DI D 5, Fiicix
BTA R TV REEICIE sys.argy BEDBDH D FXA, Ty VT4 VR XEHT-REHET/O X b
) — L sys.stdin, sys.stdout, sys.stderr ZFHET (ZIXVZ, TNOHDRA MY —LEFREICH S
T 77 AR TZSHRLTHET),

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 mod-
ule object is created and initialized for each interpreter. Only C-level static and global variables

are shared between these module objects.

o For modules using single-phase initialization, e.g. PyModule_Create(), the first time a particular
extension is imported, it is initialized normally, and a (shallow) copy of its module’s dictionary
is squirreled away. When the same extension is imported by another (sub-)interpreter, a new

module is initialized and filled with the contents of this copy; the extension’s init function is not
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called. Objects in the module’s dictionary thus end up shared across (sub-)interpreters, which

might cause unwanted behavior (see Bugs and caveats below).

Note that this is different from what happens when an extension is imported after the interpreter
has been completely re-initialized by calling Py_FinalizeEz() and Py_Initialize(); in that
case, the extension’s initmodule function is called again. As with multi-phase initialization, this

means that only C-level static and global variables are shared between these modules.

void Py_EndInterpreter (PyThreadState *tstate)

RICE L E 7 Stable ABI. Destroy the (sub-)interpreter represented by the given thread state. The
given thread state must be the current thread state. See the discussion of thread states below. When
the call returns, the current thread state is NULL. All thread states associated with this interpreter are
destroyed. (The global interpreter lock 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.

9.6.1 NJEAEEIH

Because sub-interpreters (and the main interpreter) are part of the same process, the insulation between them
isn’t perfect --- for example, using low-level file operations like os.close() they can (accidentally or mali-
ciously) affect each other’s open files. Because of the way extensions are shared between (sub-)interpreters,
some extensions may not work properly; this is especially likely when using single-phase initialization or
(static) global variables. It is possible to insert objects created in one sub-interpreter into a namespace of

another (sub-)interpreter; this should be avoided if possible.

Special care should be taken to avoid sharing user-defined functions, methods, instances or classes between
sub-interpreters, since import operations executed by such objects may affect the wrong (sub-)interpreter’s
dictionary of loaded modules. It is equally important to avoid sharing objects from which the above are

reachable.

P74 & FY X% PyGILState_* API Y HHAGHLEZDPHEL VI LICHERLTLAEIWL, ZHHD API
& Python ® 2L v FIKEEY OS LARARL Y R 1IX 1T THIGLTWS Z 2 ZRHIRICLTWT, 74 V&7
Y XDPIFIET B & ZDRHEDS N 05 T3, WIS % PyGILState Ensure() ¥ PyGILState_Release() @
MUHLORT7ZOBTIE, ¥ 74 X TV XOYIDBEZ 2TV e EMIHRLE T, X512, (ctypes D X
57) 2B D API 2 - T Python DA TIESN/Z AL v R 5 Python 2— FEFEITLTVWAIIREY 2 —
MIFTA 2T X5 BN LAREDR D D £ 3,
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9.7 FEEIHREN

AVRTYERDRXAL ALy FIIEREBHIZIT S 2Dt X2 TV A AT, s O@mANIBEER
A & void KA VX WS BREERELD £ 3,

int Py_AddPendingCall (int (*func)(void*), void *arg)

RICBLET: Stable ABL. f Y2 FVRXDXA ALy R oBBAFOHEINZ FTERHAZ T, B
T2L 058D, func ZAAL ALy ROMUHLF 2 —ZiEDonEd, KTz, szt y v
‘j\:L: _1 ﬁi\igb\ij_o

WRICF 2 —KFEDOND L. funciE WODNEIBT A VX TV XDRAL VALY K25, arg Z518E L
TRt XN E T, 2o, @B OFETHD Python 22— I L CIERICRECH IR T, X
DM F DEMCER LI FIPUH S ET:

o bytecode HEF EITW2 & &,
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.

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.

BE: Zhud. IEE RIS EICOAEI D, KLV RBEBIT T, func DSATREZARIR D B S FEUTH
TNBREENEIDH D FR- A, XA VALY RBEY AT LA—VEFETT 3D LWIEEIE. func 13
AT LA=NHPR-TL ZETHIHINLRVWTL & 5, ZOBBE—BINCIE. 8D C ALy R
5 Python a— FE2MEFHTORKIE MEIFEFLA . ZNORDDIC. PyGILState API ZfER LT
{7ZE W,

N—a ¥ 3.1 TEM.

N—Ya ¥ 3.9 TEHE: If this function is called in a subinterpreter, the function func is now sched-
uled to be called from the subinterpreter, rather than being called from the main interpreter. Each

subinterpreter now has its own list of scheduled calls.

9.7.
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9.8 7O7 7ML kL —X (profiling and tracing)

Python A4 ¥ &7V &, 707 7 A )L: 7747 (profile) RFEITD F L —R: B (trace) &\ o 7t¥REZHAAL
TeDIBKED T R— 2R L TVET, ZOFR—-1ME. Tu7 7417 Ny 7 BEHHEIPHIH (coverage
analysis) Y — 72 ¥IZfibh 3,

ZDOCAYE—=T7z—RZF, 777 4% b —R{EERIZ, Python LAULORERH LATREA 7Y = 7 b3
MO ENE Z itk dF— "~y 2@k}, B C BEBITOCHLATASX5CLTVWETS, a7 4L
FL— ZREDOAREMNRFFEREZE Do TVERA; A VX —T7 2 —ATE ML —RABHERAL Yy RT2IZA VR
F=LTE, b —ABBUCHE XN B HA A X2 b (basic event) IZLLRTO = 2 Y 12EWT Python L~UL
DL =AM TREINTVAEDBDLEFRILTT,

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 ob-
ject to which the event pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION,
PyTrace_LINE, PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what D& arg DEK

PyTrace_CALL HIZ Py_None

PyTrace_EXCEPTION  sys.exc_info() DRI HISMEHR T,

PyTrace_LINE HIZ Py_None

PyTrace_RETURN FEOH LENSR X5 FEDED. ISk & - TR Rk 2355 1& NULL
T3,

PyTrace_C_CALL MOS8 A 7Y =2 b,

PyTrace_C_EXCEPTION WU XN AT =2 b,
PyTrace_C_RETURN PPN B8 7> = 2 b,
PyTrace_OPCODE HIZ Py_Nome

int PyTrace_CALL
BB X Yy BT ESNTD, P2 r L=y P DB A -7 Z e 2 MET 5
D, Py_tracefunc @ what DETT, 4 7L =&Y =2 L —XEKOERIX, WIET2 7L —20H
@ Python /N4 k a2 — RIZHIHIDOZEFE (control transfer) 25 Z HR W2 DHE IR VO THEREL TL
TEEW,

int PyTrace_EXCEPTION

BN DIE X NFBED Py_tracefunc D what DIETT, FEETINTVWE 7L — L THIADEY F &
N, AISPDONSL P a— RPWEI NI, what IZZDEDEY b IRTARRETa — Ny 7 DI
CHEXNET, ZORE, FINDIEEIC X > T Python BOH LR X v 22RO T3, £ 71—
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LIRS Zeiza— Ny JEEAMEHENE T, PRI NSO RV N R
WHET; 70774 730D ARY FEREE LEE A

int PyTrace_LINE
The value passed as the what parameter to a Py_tracefunc function (but not a profiling function)
when a line-number event is being reported. It may be disabled for a frame by setting £ _trace_lines
to 0 on that frame.

int PyTrace_RETURN

MOV LANR B & X2 Py_tracefunc BAEIC what 518 L THESTHETT,

int PyTrace_C_CALL
C B FEOH ST IE RIS Py_tracefunc BAEID what 518y L THESETT,

int PyTrace_C_EXCEPTION

C BEOHINZEH LTz 2 21T Py_tracefunc BAED what 518 L THEIETT,

int PyTrace_C_RETURN

CBIf» HR% & 21T Py_tracefunc B D what 518 L THEITHETS,

int PyTrace_0OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new
opcode is about to be executed. This event is not emitted by default: it must be explicitly requested
by setting f_trace_opcodes to I on the frame.

void PyEval_SetProfile(Py tracefunc func, PyObject *obj)

Set the profiler function to func. The obj parameter is passed to the function as its first parameter, and
may be any Python object, or NULL. If the profile function needs to maintain state, using a different
value for obj for each thread provides a convenient and thread-safe place to store it. The profile function

is called for all monitored events except PyTrace_ LINE PyTrace_OPCODE and PyTrace_EXCEPTION.
sys.setprofile() BIHSMML 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() BIHBIML T2 &,

The caller must hold the GIL.
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9.9 SE%GT/\vHHYR—b (advanced debugger support)

T OBBUIIEERT Ny 7Y =V TOFHD D20 DTT,

PylnterpreterState *PyInterpreterState_Head ()
AVRTVEREA TS 27 b o8B VALD5L, HHCHLDDEELET,

PylnterpreterState *PyInterpreterState_Main()

XA VA VERT)ZDORELF TP 27 P EIBLE T,

PylnterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
AVRTYRIKEF T2 7 b2 VR NDIB, interp DRIZHZDDERLFT,

PyThreadState *PyInterpreterState_ThreadHead ( PylnterpreterState *interp)
AV RTV X interp ICHEMIFOLNTVWEIRAL Yy RRH6RZVRAMD S B, EHICH S PyThreadState
FT7I 2 b RIRLETD,

PyThreadState *PyThreadState_Next (PyThreadState *tstate)

tstate ¥ B U PyInterpreterState A 7Y =7 MIJBLTWAE ALy RKIRKEEA T =27 bD S5, tstate
DRIZHZHDEIRLET,

9.10 ALy FO—HILRL—PDHR—F

Python 4 ¥ & 7V &, AL v Fa—}#/L X b L —3 (thread-local storage, TLS) DKL~V R — k%12
LTV T, 2474 7D TLS EEEZNERIZT v 7 LT Python LRXVDALy Fa—#L R L — API
(threading.local) ##HK—F LTWVWE T, CPython ® C L X)L API i& pthreads ¥ Windows TH X b
% TLS CAFRTE: ALy FF—L AL v FZT LI void* {HZ BRI 2B Z W F 5,

The GIL does not need to be held when calling these functions; they supply their own locking.

Python.h |& TLS API ®EE % include 3. ALy FR—ANL R P L —T%# 51213 pythread.h % include
FTERENDH B ITERLTLIEE W,

FAR: 20 API BEUI YD void*x EORDDIZXEVEMEITS ZIELERA, X TV OHEERL ERIXE
AICITOREDH D FF, voidx {HD /= F /2 F PyObject* 2o 72551, API BARIZZN 2N DEDOSE A ©
¥ M OBEIITVERA,
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9.10.1 XL v FEE X kL — (Thread Specific Storage, TSS) API

TSS API &, CPython 41 ¥ & 7V XIZEENTWVWABEFED TLS APl X EEMZ 572 DICEAINE L, Z
D APLIZ. ALy FF—DRHUT int DD D IZH LW Py tss_t ZHEVET,

N— 2 ¥ 3.7 TE.
BE:
"CPython DALy FR—ALRA ML —=ID7DDH LW C API” (PEP 539)

type Py_tss_t

ZOT—AMEERIEZRA Ly FEF—DREBERFLTVE T, ZOMERDOERIT, RED TLS EEITKF
L. ¥—O@LINEZ KRBT 27 4+ — L F2RBE T, ZOMIEAITIENE (public) DX ¥ NiEH
DEEA.

Py LIMITED API EFRINTHRWE XX, ZOEID Py_tss_ NEEDS INIT IZ X 2 EHII X E Y fiff
MTEET,
Py_tss_NEEDS_INIT

ZO~vrulk Py tss_t ZROWMMLTFICEAZINE T, 2o~ nik Py LIMITED API B®%& %=
WERINZHE A

BRI X TV R

BN Py_tss_t DXEVHERIE Py LIMITED API TENLN RENTIRREY 2 — L TREICRD T,
DRENL I FRHCAERL /2012, 20RO X T ) BARIXAAIEET T,
Py tss t *PyThread_tss_alloc()

RICBLET: Stable ABI (IN\—23 > 3.7 &D ). Return a value which is the same state as a value
initialized with Py_tss_NEEDS_INIT, or NULL in the case of dynamic allocation failure.

void PyThread_tss_free(Py tss t *key)

WICBLZEXY: Stable ABI (IN—2 3> 37 &D).  Free 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.
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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 mnot been initialized by
PyThread_tss_create().

int PyThread_tss_is_created(Py_tss (¢ *key)

RICBELFJ: Stable ABI (/A\—23 Y 8.7 &D ). Return a non-zero value if the given Py_tss_t has
been initialized by PyThread_tss_create().

int PyThread_tss_create(Py tss [ *key)

RICBLZET: Stable ABI (IN\—23> 8.7 &P ). Return a zero value on successful initialization of
a TSS key. The behavior is undefined if the value pointed to by the key argument is not initialized
by Py_tss_NEEDS_INIT. This function can be called repeatedly on the same key -- calling it on an

already initialized key is a no-op and immediately returns success.

void PyThread_tss_delete(Py tss ( *key)

RICBELZFT: Stable ABI (IN—23> 3.7 &£D ). Destroy a TSS key to forget the values associated
with the key across all threads, and change the key’s initialization state to uninitialized. A destroyed
key is able to be initialized again by PyThread_tss_create (). This function can be called repeatedly

on the same key -- calling it on an already destroyed key is a no-op.

int PyThread_tss_set (Py_fss t *key, void *value)

RICBLZFY: Stable ABL (IN—23> 3.7 &D ). Return a zero value to indicate successfully associ-
ating a void* value with a TSS key in the current thread. Each thread has a distinct mapping of the

key to a voidx* value.

void *PyThread_tss_get (Py (ss t *key)

RICBLET: Stable ABI (IN\—=23> 3.7 &D ). Return the void# value associated with a TSS key

in the current thread. This returns NULL if no value is associated with the key in the current thread.

9.10.2 XL v KA—AIILZX 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, ZDONN—Ta D APIIEEHO 2 — FTHHITAREZTIED D ¥ A
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int PyThread_create_key ()
RICBLZE: Stable ABIL.

void PyThread_delete_key (int key)
RICEBLE7: Stable ABI.

int PyThread_set_key_value (int key, void *value)

RICBL X Stable ABIL.

void *PyThread_get_key_value (int key)
RICELZE T Stable ABI.

void PyThread_delete_key_value (int key)
RICEBL T Stable ABI.

void PyThread_ReInitTLS()

TICBLZE T Stable ABIL.
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TEN

PYTHON #JHA{L=&7E

N—Yar 3.8 TEM.

Python i& Py_InitializeFromConfig() ¥ PyConfig RigiRk% o THIHAL TE £ 3, Py_Prelnitialize()
¢ PyPreConfig MHEIRIZ & o THENCHIILTE %3,

REIE DDA D D £5:

o Python Configuration (&, #H O Python ¥R UCIRZEF VW2 T2 H AKX~ 4 XEN7z Python ZHET 2
FeDIHHINE T, HlZiE, BRIRERSa~ Y K74 V5808 Python #%ET 2 7-DIfHINET,

e The Isolated Configuration can be used to embed Python into an application. It isolates Python from
the system. For example, environment variables are ignored, the LC_ CTYPE locale is left unchanged

and no signal handler is registered.
The Py_RunMain () function can be used to write a customized Python program.
Initialization, Finalization, and Threads HZIRL TL X W,
BE:

PEP 587 "Python @I E”

10.1 =R

Example of customized Python always running in isolated mode:

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;
config.isolated = 1;
(KD<R=212%i<)
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/* Decode command line arguments.

Implicitly preinitialize Python (in isolated mode).
status = PyConfig_SetBytesArgv(&config, argc, argv);
if (PyStatus_Exception(status)) {

goto exception;

status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {

goto exception;
}
PyConfig_Clear(&config);

return Py_RunMain();

exception:

PyConfig_Clear(&config);
if (PyStatus_IsExit(status)) {
return status.exitcode;

}

/* Display the error message and exzit the process with

non-zero exit code */

Py_ExitStatusException(status);

*/

(FIDR=I 5 DfEE)

10.

2 PyWideStringlList

type PyWideStringList

wchar_t* XFHID Y R b,

length H3IEX 1 DAL, items 1ZIE NULL 222§ X TOXFHNIIE NULL THRIFUIR D TH A,

XYV v R

PyStatus PyWideStringList_Append ( Py WideStringList *list, const wchar_t *item)

item % list \BIML £3,

Python must be preinitialized to call this function.

PyStatus PyWideStringLlist_Insert (PyWideStringList *list, Py ssize t index, const wchar t

*item)

item % list O index DPIEIWCFHAL E T,

index B3 list DRI LEDFE., item % list DEREBIZEBML 5,
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index must be greater than or equal to 0.
Python must be preinitialized to call this function.
IR 7 £ — L I

Py ssize_t length
VA PDRE,

wchar t **items

U2 hDEE,

10.3 PyStatus

type PyStatus
PIHEBIR D R 7 — 2 2 (. =5 —. #&7T) 28T 2 MERT T,

o —FRClE, =524 L7 CEEOLHIZNTE T,
gk 7 4 — L B

int exitcode
BTa—F, exit() O LTHEINET,
const char *err_msg
I —Xyt—,
const char *func
T —REMLIZBEBOHETT, NULL 122D XA £,
AT —RARERT 2 B
PyStatus PyStatus_0k (void)
o
PyStatus PyStatus_Error (const char *err_ msg)
Ryt—IylZ I —2HILL 5,
err_msg must not be NULL.

PyStatus PyStatus_NoMemory (void)
AEVED L TORK (XEVRE),

10.3. PyStatus
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PyStatus PyStatus_Exit (int exitcode)

BELRKTa— FTPython 2T L 9,

AT — R A% D B

int PyStatus_Exception(PyStatus status)

Is the status an error or an exit?

If true, the exception must be handled; by -calling

Py_EzitStatusEzception() for example.

int PyStatus_IsError (PyStatus status)

Is the result an error?

int PyStatus_IsExit (PyStatus status)

Is the result an exit?

void Py_ExitStatusException(PyStatus status)

Call exit(exitcode) if status is an exit. Print the error message and exit with a non-zero exit

code if status is an error. Must only be called if PyStatus_Exception(status) is non-zero.

AR

func to NULL.

Internally, Python uses macros which set PyStatus.func, whereas functions to create a status set

IV N> A=E A PN G X

PyStatus alloc(void **ptr, size_t size)

{

*ptr = PyMem_RawMalloc(size);
if (*#ptr == NULL) {

}

return PyStatus_NoMemory() ;

return PyStatus_0k();

int main(int argc, char **argv)

{
void *ptr;
PyStatus status = alloc(&ptr, 16);
if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
¥
PyMem_Free (ptr) ;
return O;
}
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10.4 PyPreConfig

type PyPreConfig

Structure used to preinitialize Python.
Function to initialize a preconfiguration:

void PyPreConfig_InitPythonConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Python Configuration.

void PyPreConfig_InitIsolatedConfig(PyPreConfig *preconfig)

Initialize the preconfiguration with Isolated Configuration.
HEEIR 7 4 — L K

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.
o PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.
o PYMEM_ALLOCATOR_MALLOC (3): use malloc() of the C library.
e PYMEM_ALLOCATOR_MALLOC_DEBUG (4): force usage of malloc() with debug hooks.
e PYMEM_ALLOCATOR_PYMALLOC (5): Python pymalloc memory allocator.

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 O, set coerce_c_locale and coerce_c_locale_warn members to 0.
See the locale encoding.

Default: 1 in Python config, 0 in isolated config.
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int coerce_c_locale

If equals to 2, coerce the C locale.

If equals to 1, read the LC__CTYPE locale to decide if it should be coerced.
See the locale encoding.

Default: -1 in Python config, 0 in isolated config.

int coerce_c_locale_warn

If non-zero, emit a warning if the C locale is coerced.
Default: -1 in Python config, 0 in isolated config.

int dev_mode

Python Development Mode: see PyConfig.dev_mode.
Default: -1 in Python mode, 0 in isolated mode.

int isolated

Isolated mode: see PyConfig.isolated.
Default: 0 in Python mode, 1 in isolated mode.

int legacy_windows_fs_encoding

If non-zero:
e Set PyPreConfig.utf8 mode to 0,
e Set PyConfig. filesystem_encoding to "mbcs",
e Set PyConfig. filesystem_errors to "replace".
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
Default: 0.

int parse_argv

If non-zero, Py_PreInitializeFromArgs () and Py_PrelInitializeFromBytesArgs () parse their
argv argument the same way the regular Python parses command line arguments: see Command

Line Arguments.

Default: 1 in Python config, 0 in isolated config.
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int use_environment

Use environment variables? See PyConfig.use_environment.
Default: 1 in Python config and 0 in isolated config.

int ut£8_mode

If non-zero, enable the Python UTF-8 Mode.
Set to 0 or 1 by the -X utf8 command line option and the PYTHONUTF8 environment variable.
Also set to 1 if the LC_CTYPE locale is C or POSIX.

Default: -1 in Python config and 0 in isolated config.

10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:

o Set the Python memory allocators (PyPreConfig.allocator)

o Configure the LC_CTYPE locale (locale encoding)

o Set the Python UTF-8 Mode (PyPreConfig.utf8 mode)
The current preconfiguration (PyPreConfig type) is stored in _PyRuntime.preconfig.
Functions to preinitialize Python:

PyStatus Py_PreInitialize (const PyPreConfig *preconfig)

Preinitialize Python from preconfig preconfiguration.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int arge, char *const *argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig must not be NULL.

PyStatus Py_PreInitializeFromArgs (const PyPreConfig *preconfig, int arge, wchar_t *const *argv)

Preinitialize Python from preconfig preconfiguration.
Parse argv command line arguments (wide strings) if parse_argv of preconfig is non-zero.

preconfig must not be NULL.
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The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusException().

For Python Configuration (PyPreConfig_InitPythonConfig()), if Python is initialized with command line
arguments, the command line arguments must also be passed to preinitialize Python, since they have an
effect on the pre-configuration like encodings. For example, the -X utf8 command line option enables the
Python UTF-8 Mode.

PyMem_SetAllocator() can be called after Py_PreInitialize() and before Py_InitializeFromConfig()
to install a custom memory allocator. It can be called before Py_PreInitialize() if PyPreConfig.

allocator is set to PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_ RawMalloc () must not be used before the Python preini-
tialization, whereas calling directly malloc() and free() is always safe. Py DecodeLocale () must not be

called before the Python preinitialization.

Example using the preinitialization to enable the Python UTF-8 Mode:

PyStatus status;
PyPreConfig preconfig;
PyPreConfig_InitPythonConfig(&preconfig);

preconfig.utf8_mode = 1;

status = Py_Prelnitialize(&preconfig);

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);

/* at this point, Python speaks UTF-8 */

Py_Initialize();

/* ... use Python API here ... */
Py_Finalize();

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)
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Initialize configuration with the Python Configuration.

void PyConfig_InitIsolatedConfig(PyConfig *config)

Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString(PyConfig *config, wchar t *const *config str, const wchar t *str)

Copy the wide character string str into *config_str.
Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char

*str)

Decode str using Py_DecodeLocale() and set the result into *config_str.
Preinitialize Python if needed.
PyStatus PyConfig_SetArgv (PyConfig *config, int arge, wchar_t *const *argv)
Set command line arguments (argv member of config) from the argv list of wide character strings.
Preinitialize Python if needed.
PyStatus PyConfig_SetBytesArgv (PyConfig *config, int arge, char *const *argv)

Set command line arguments (argv member of config) from the argv list of bytes strings. Decode

bytes using Py_DecodeLocale().
Preinitialize Python if needed.

PyStatus PyConfig_SetWideStringList (PyConfig *config, PyWideStringList *list, Py ssize t

length, wchar_t **items)

Set the list of wide strings list to length and items.
Preinitialize Python if needed.
PyStatus PyConfig_Read (PyConfig *config)
Read all Python configuration.
Fields which are already initialized are left unchanged.

Fields for path configuration are no longer calculated or modified when calling this function, as of
Python 3.11.

The PyConfig Read() function only parses PyConfig.argu arguments once: PyConfig.
parse_argu is set to 2 after arguments are parsed. Since Python arguments are strippped from

PyConfig.argu, parsing arguments twice would parse the application options as Python options.

Preinitialize_Python if needed.
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N— a ¥ 3.10 TEHE: The PyConfig.argv arguments are now only parsed once, PyConfig.
parse_argv is set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.

parse_argv equals 1.

N—Y a ¥ 3.11 TEHE: PyConfig Read() no longer calculates all paths, and so fields listed
under Python Path Configuration may no longer be updated until Py_InitializeFromConfig()

is called.

void PyConfig_Clear (PyConfig *config)

Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization
configuration (PyPreConfig) in based on the PyConfig. If configuration fields which are in common

with PyPreConfig are tuned, they must be set before calling a PyConfig method:
e PyConfig.dev_mode
e PyConfig.isolated
e PyConfig.parse_argv
e PyConfig.use_environment

Moreover, if PyConfig_SetArgu () or PyConfig_SetBytesArgu () is used, this method must be called
before other methods, since the preinitialization configuration depends on command line arguments

(if parse_argv is non-zero).

The caller of these methods is responsible to handle exceptions (error or exit) using

PyStatus_Exception() and Py_ExitStatusException().
&R 7 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 argv.

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:
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e If argu[0] is equal to L"-m" (python -m module), prepend the current working directory.

o If running a script (python script.py), prepend the script’s directory. If it’s a symbolic link,

resolve symbolic links.

o Otherwise (python -c code and python), prepend an empty string, which means the current

working directory.
Set to 1 by the -P command line option and the PYTHONSAFEPATH environment variable.
Default: 0 in Python config, 1 in isolated config.
N— a v 3.11 TEM.

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.

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.
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int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes

with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the -b command line option.

Default: 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.TextI0Wrapper uses its default encoding.

See io-encoding-warning for details.
Default: 0.
N—a ¥ 3.10 TEM.

int code_debug_ranges

If equals to 0, disables the inclusion of the end line and column mappings in code objects. Also

disables traceback printing carets to specific error locations.

Set to 0 by the PYTHONNODEBUGRANGES environment variable and by the -X no_debug_ranges

command line option.
Default: 1.
N— a v 3.11 TEM.

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.
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o If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

o If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on
Windows).

Default: 1 in Python config, 0 in isolated config.

int dev_mode

If non-zero, enable the Python Development Mode.
Set to 1 by the -X dev option and the PYTHONDEVMODE environment variable.
Default: -1 in Python mode, 0 in isolated mode.

int dump_refs

Dump Python references?
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREFS environment variable.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure

--with-trace-refs option.
Default: 0.

wchar_t *exec_prefix

The site-specific directory prefix where the platform-dependent Python files are installed: sys.

exec_prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar t *executable

The absolute path of the executable binary for the Python interpreter: sys.executable.
Default: NULL.
Part of the Python Path Configuration output.

int faulthandler

Enable faulthandler?
If non-zero, call faulthandler.enable() at startup.
Set to 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.

Default: -1 in Python mode, 0 in isolated mode.
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wchar_t *filesystem_encoding

Filesystem encoding: sys.getfilesystemencoding().
On macOS, Android and VxWorks: use "utf-8" by default.

On Windows: wuse "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of

PyPreConfig is non-zero.
Default encoding on other platforms:
e "utf-8" if PyPreConfig.utf8 mode is non-zero.

e "ascii" if Python detects that nl_langinfo(CODESET) announces the ASCII encoding,

whereas the mbstowcs () function decodes from a different encoding (usually Latinl).
e "utf-8" if nl1_langinfo(CODESET) returns an empty string.
e Otherwise, use the locale encoding: nl_langinfo(CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example,

"ANSI_X3.4-1968" is replaced with "ascii".
See also the filesystem_errors member.

wchar t *filesystem_errors

Filesystem error handler: sys.getfilesystemencodeerrors().

On Windows: use "surrogatepass" by default, or "replace" if legacy_windows_fs_encoding

of PyPreConfig is non-zero.
On other platforms: use "surrogateescape" by default.
Supported error handlers:
e "strict"
e '"surrogateescape"
e "surrogatepass" (only supported with the UTF-8 encoding)
See also the filesystem_encoding member.
unsigned long hash_seed
int use_hash_seed
Randomized hash function seed.
If use_hash_seed is zero, a seed is chosen randomly at Python startup, and hash_seed is ignored.

Set by the PYTHONHASHSEED environment variable.
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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.

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.
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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 interac-

tive 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.FileIO instead of io._WindowsConsoleIO for sys.stdin, sys.stdout and

sys.stderr.

PYTHONLEGACYWINDOWSSTDIO BRIEARD 2 TR WFINCEE I NG EIC, 1 KHEINFE T,
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
Default: 0.

See also the PEP 528 (Change Windows console encoding to UTF-8).

int malloc_stats

If non-zero, dump statistics on Python pymalloc memory allocator at exit.
Set to 1 by the PYTHONMALLOCSTATS environment variable.
The option is ignored if Python is configured using the --without-pymalloc option.

Default: 0.

wchar_t *platlibdir

Platform library directory name: sys.platlibdir.
Set by the PYTHONPLATLIBDIR environment variable.

Default: value of the PLATLIBDIR macro which is set by the configure --with-platlibdir
option (default: "1ib", or "DLLs" on Windows).

Part of the Python Path Configuration input.
N— ar 3.9 TEM.

N— a3 ¥ 3.11 TEZH: 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.
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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:
o 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_argw list is empty and argw is not a list only containing an empty string, PyConfig_Read ()

copies argv into orig_argu before modifying argv (if parse_argv is non-zero).
See also the argv member and the Py_GetArgcArgv () function.
Default: empty list.

N—a ¥ 3.10 TE.
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int parse_argv

Parse command line arguments?

If equals to 1, parse argv the same way the regular Python parses command line arguments, and

strip Python arguments from argv.

The PyConfig Read() function only parses PyConfig.argu arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from

PyConfig.argu, parsing arguments twice would parse the application options as Python options.
Default: 1 in Python mode, 0 in isolated mode.

N—Y a3 ¥ 310 TEH¥: The PyConfig.argv arguments are now only parsed if PyConfig.

parse_argv equals to 1.

int parser_debug

Parser debug mode. If greater than 0, turn on parser debugging output (for expert only, depending

on compilation options).
Incremented by the -d command line option. Set to the PYTHONDEBUG environment variable value.
Default: 0.

int pathconfig_warnings

If non-zero, calculation of path configuration is allowed to log warnings into stderr. If equals to

0, suppress these warnings.

Default: 1 in Python mode, 0 in isolated mode.

Part of the Python Path Configuration input.

N— a ¥ 3.11 TEH: Now also applies on Windows.

wchar _t *prefix

The site-specific directory prefix where the platform independent Python files are installed: sys.

prefix.
Default: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name

Program name used to initialize ezecutable and in early error messages during Python initial-

ization.
o If Py_SetProgramName () has been called, use its argument.

e On macOS, use PYTHONEXECUTABLE environment variable if set.
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o If the WITH_NEXT_FRAMEWORK macro is defined, use __PYVENV_LAUNCHER__ environment vari-
able if set.

e Use argv[0] of argv if available and non-empty.

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 envi-

ronment 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.

wchar t *run_module

Value of the -m command line option.
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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 al-

ways 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:
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e "UTF-8" if PyPreConfig.utf8 mode is non-zero.
e Otherwise, use the locale encoding.

Default error handler:
e On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.utf8 mode is non-zero, or if the LC__CTYPE locale is
"C” or "POSIX”".

e "strict" otherwise.

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 O, print a message each time a module is imported, showing the

place (filename or built-in module) from which it is loaded.

If greater 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.
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Set to the PYTHONVERBOSE environment variable value.
Default: 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.

warnoptions.

The warnings module adds sys.warnoptions in the reverse order: the last PyConfig.
warnoptions item becomes the first item of warnings.filters which is checked first (highest

priority).
The -W command line options adds its value to warnoptions, it can be used multiple times.

The PYTHONWARNINGS environment variable can also be used to add warning options. Multiple

options can be specified, separated by commas (,).
Default: empty list.

int write_bytecode

If equal to 0, Python won’t try to write .pyc files on the import of source modules.

Set to 0 by the -B command line option and the PYTHONDONTWRITEBYTECODE environment variable.
sys.dont_write_bytecode is initialized to the inverted value of write_bytecode.

Default: 1.

PyWideStringList xoptions

Values of the -X command line options: sys._xoptions.
Default: empty list.

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—Ta > 3.9 TEH: The show_alloc_count field has been removed.
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10.7 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig(const PyConfig *config)

Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Ezception() and

Py_EzitStatusException().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_EztendInittab () are used, they
must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, PyImport_AppendInittab () or PyImport_EztendInittab () must be called before

each Python initialization.
The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

void init_python(void)

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;
/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;
if (PyStatus_Exception(status)) {
goto exception;
}
status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);
return;
exception:
PyConfig_Clear(&config);
Py_ExitStatusException(status);
}

More complete example modifying the default configuration, read the configuration, and then override some

parameters. Note that since 3.11, many parameters are not calculated until initialization, and so values can-
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by initialization:

PyStatus init_python(const char *program_name)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Set the program name before reading the configuration

(decode byte string from the locale encoding).

Implicitly preinitialize Python. */
status = PyConfig_SetBytesString(&config, &config.program_name,
program_name) ;
if (PyStatus_Exception(status)) {

goto done;

/* Read all configuration at once */
status = PyConfig_Read(&config) ;
if (PyStatus_Exception(status)) {

goto done;

/* Spectify 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 = PyWideStringlList_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 ezecutable 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);

(KDR=D12HiL)
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(FIDR=I 5 DfEE)
done:
PyConfig_Clear (&config);

return status;

10.8 Isolated Configuration
PyPreConfig_InitIsolatedConfig() and PyConfig_InitIsolatedConfig() functions create a configura-
tion to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments
(PyConfig.argu is not parsed) and user site directory. The C standard streams (ex: stdout) and the
LC_CTYPE locale are left unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration to determine paths that are unspecified. Ensure

PyConfig.home is specified to avoid computing the default path configuration.

10.9 Python Configuration
PyPreConfig_InitPythonConfig() and PyConfig_InitPythonConfig() functions create a configuration
to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global config-

uration variables are ignored.

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on
the LC__CTYPE locale, PYTHONUTF8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

PyConfig contains multiple fields for the path configuration:
e Path configuration inputs:

— PyConfig.home

PyConfig.platlibdir

PyConfig.pathconfig_warnings

PyConfig.program_name
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— PyConfig.pythonpath_env

— current working directory: to get absolute paths

— PATH environment variable to get the program full path (from PyConfig.program_name)
— __PYVENV_LAUNCHER__ environment variable

— (Windows only) Application paths in the registry under ”SoftwarePythonPythonCoreX.YPython-
Path” of HKEY CURRENT_ USER and HKEY_ LOCAL_MACHINE (where X.Y is the Python

version).
e Path configuration output fields:

— PyConfig.base_exec_prefizc

PyConfig.base_ezxecutable

PyConfig.base_prefiz

PyConfig.exec_prefiz
— PyConfig.executable

— PyConfig.module_search_paths_set, PyConfig.module_search_paths

PyConfig.prefiz

If at least one “output field” is not set, Python calculates the path configuration to fill un-
set fields. If module_search_paths_set is equal to 0, module_search_paths is overridden and

module_search_paths_set is set to 1.

It is possible to completely ignore the function calculating the default path configuration by setting ex-
plicitly all path configuration output fields listed above. A string is considered as set even if it is
non-empty. module_search_paths is considered as set if module_search_paths_set is set to 1. In this

case, module_search_paths will be used without modification.

Set pathconfig_warnings to O to suppress warnings when calculating the path configuration (Unix only,

Windows does not log any warning).

If base_prefiz or base_ezec_prefiz fields are not set, they inherit their value from prefiz and

ezec_prefiz respectively.
Py_RunMain () and Py_Main () modify sys.path:

o If run_filename is set and is a directory which contains a __main__.py script, prepend run_filename

to sys.path.

o If isolated is zero:
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— If run_module is set, prepend the current directory to sys.path. Do nothing if the current

directory cannot be read.
— If run_filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sys.path.

If site_import is non-zero, sys.path can be modified by the site module. If user_site_directory
is non-zero and the user’s site-package directory exists, the site module appends the user’s site-package

directory to sys.path.
The following configuration files are used by the path configuration:
e pyvenv.cfg
e ._pth file (ex: python._pth)
o pybuilddir.txt (Unix only)
If a . _pth file is present:
e Set isolated to 1.
e Set use_environment to 0.
e Set site_import to 0.
e Set safe_path to 1.

The __PYVENV_LAUNCHER__ environment variable is used to set PyConfig.base_executable

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().
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10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)

Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.

10.13 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:
e 7Core” initialization phase, "bare minimum Python”:
— Builtin types;
— Builtin exceptions;
— Builtin and frozen modules;
— The sys module is only partially initialized (ex: sys.path doesn’t exist yet).
e "Main” initialization phase, Python is fully initialized:
— Install and configure importlib;
— Apply the Path Configuration;
— Install signal handlers;
— Finish sys module initialization (ex: create sys.stdout and sys.path);
— Enable optional features like faulthandler and tracemalloc;
— Import the site module;
— etc.
Private provisional API:

e PyConfig._init_main: if set 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.
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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 ... */
status = _Py_InitializeMain();

if (PyStatus_Exception(status)) {
Py_ExitStatusException(status);
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fRT2Z2TF, Python 7Y =7 bR INE Ny 7 7 2 ANS 720D — FHEMD X TV HERIE, &
ZUZJE U T, Python XEV A=%D ZD RF 2 XY FATHIZELTWS Python/C API BIEHEZ L TIT
WX,

X)) EHEORRBEE R 2720, JHREY 2 —VOEEIZRL T Python 779227 % C 94 77 VMR REL
TW3 B malloc() | calloc() . realloc() BLU free() THEIEL XS LTWERDFHA, 25 LM
Baedse, COXEVIREEBE Python XEV 32— v L OB TREEMUHLAREHELET, C DXEY
FIERIEE Python X BV X =Y ¥ 3B L2713 Y XL THREINTWT, B2 —T28ET 2720,
O L ORI REREZHEET, i3z, EHlOHNOZD6,. C 7477V 0XE Y #IEEE%E
HoTHRBIIXEVEMRLEZDBRLDTEE T, flZIX. IR Z0D &5 &FITF:
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PyObject *res;
char xbuf = (char *) malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
...Do some I/0 operation involving buf...
res = PyBytes_FromString(buf) ;
free(buf); /* malloc'ed */

return res;

ZOHITIE, TI/O Ny 77 ICRTBZAEVERIE C 5477V DXEYHEEKEF>TVE T, Python X €
V32—V vy —IXREDEE LTGRENS bytes A 7Y =27 b RTHRT 2R RBETT,

LIEWVWZ I ALY ORITIE, X EY OEIEX Python ¥ — FICHEE LTS 58D 5, 28745, Python
bt — 7% Python X BV AP vy DEEFRIHE205TT, HlZiE. A &7V &% C TErNLHAT
Y7 MUITHIRT 211, b= TOXEVEENHBETT, Python b =72 fio/ Bk nd 5—o0H
HE LT, IBRES 2a— AR EE LTWE XEVIZOWT Python X EV<3—3 %12 [ERERM LTIFLL
YWS B FET, L ANERAE Y HBNEI DO IEE ISR L 22 RIS UTHHBIC WSR3 B0
FrlLTd, ETOXEVIREERE Python A EV X2 —I v ICEFETIE, A VXY RIZ XD IE#ZAE
VZy Y)Y ORRMREEETE ST, ZOMR. FEDOKRN T, Python XEV XA —I ¥ BAHAR—Y
ALTTarvReRXEYDaAUAT M, ZOMAS 2O FREEL Voo, BWYIREINEEZ NV A TEZZhD
DET, LEOBITRLEESIICC 5475 VDXEYEEEKEMES 2, 1/0 Ny 7 7 HICHMHELEZXAEVIZ
Python XV v =Y ¥ DEED SERICHNS Z B ITHEBEL T EE W,

BE:
BRI PYTHONMALLOC %2 M LT Python 2’32 X)) 70 s —X2§lHlT 22 e B TE XTI,

FREZZS KN PYTHONMALLOCSTATS ZFH LT, #i=A 7T 27 b7V —F AR EIN /KL, v v XY U
2 pymalloc XEV 7O7—42 OFMEHEREZRRTEF I,

11.2 Allocator Domains

All allocating functions belong to one of three different "domains” (see also PyMemAllocatorDomain). These
domains represent different allocation strategies and are optimized for different purposes. The specific
details on how every domain allocates memory or what internal functions each domain calls is considered an
implementation detail, but for debugging purposes a simplified table can be found at here. There is no hard
requirement to use the memory returned by the allocation functions belonging to a given domain for only
the purposes hinted by that domain (although this is the recommended practice). For example, one could
use the memory returned by PyMem RawMalloc () for allocating Python objects or the memory returned by

PyObject_Malloc() for allocating memory for buffers.

The three allocation domains are:
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e Raw domain: intended for allocating memory for general-purpose memory buffers where the allocation
must go to the system allocator or where the allocator can operate without the GIL. The memory is

requested directly to the system.

e "Mem” domain: intended for allocating memory for Python buffers and general-purpose memory
buffers where the allocation must be performed with the GIL held. The memory is taken from the

Python private heap.

e Object domain: intended for allocating memory belonging to Python objects. The memory is taken

from the Python private heap.

When freeing memory previously allocated by the allocating functions belonging to a given domain,the
matching specific deallocating functions must be used. For example, PyMem_Free() must be used to free

memory allocated using PyMem Malloc().

11.3 EXEVAVH2—T1—2R

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(1l, 1)) when requesting zero bytes.
N—=Y a3 v 3.4 TEM.

void *PyMem_RawMalloc (size_t n)
n A4 FEEDYT, ZOXEY BT voidx BDEAL VX EIRLEF, ERNKM LS NULL 23K
LET,

04 FZERT 2L, PyMem_RawMalloc(1) AMEEN/z AU & 512, AJRER 5 NULL THW\WL=—
IhEAVERERLET, BEINAEXEY —IZIZWHDR 208 ITbRER A

void *PyMem_RawCalloc(size_t nelem, size_t elsize)

BEED elsize N4 P DEFE nelem DX EY —%MHERL, FOXE) —%2$EF voidx BlDKA4 V&
PIRLET, 707 — MIERLZEEEZ NULL 2R LT, BREIAEZXEY —MEEIY ook n
3

BRHHDBEROY A XHT0 N4 FOESRICH L TId, AIEEZR & PyMem_RawCalloc(1l, 1) 2SFEINzD &
U310, 2=—27% NULL TRWAL Y X E2KELET,

N—a v 3.5 Tl

void *PyMem_RawRealloc (void *p, size t n)

p BHETRXEYV TR Y 7% n AL PRYBAXLET, VI A XEH LT A XDNEWTETONE
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BEHINEE A,

p »% NULL OIGERUH Lid PyMem_RawMalloc(n) L5FiTd, £ 5 TR n AERIZFELWEE, X
BV Ty 2V A RZNETHRREINERTA, BRENFRA ¥ XIFIE NULL T,

p A NULL THRWER D, p &EZ2h &KbY AFiD PyMem RawMalloc(), PyMem_RawRealloc(),
PyMem_RawCalloc() OFFFHILIC X DIREARIFIUIR D FEA,

BRDKE L 7235 E PyMem_RawRealloc() 1& NULL ZiB L. p XATOXEY T U 72 X THEMBRARAL V&
DEETT,

void PyMem_RawFree (void *p)

11.4

IYNY)

p BT XEY 70uy 7 2MRLET, p ELEIMCH U7 PyMem RawMalloc (), PyMem_RawRealloc (),
PyMem_RawCalloc() DR LIAETRITIIUIRD £8 A, ZOALANDOEER PyMen_RawFree (p) ZWME-UCHY
L7172 o 72856, REZOEEICRD 5,

p 3 NULL OBEMS LER A

XEVA 2R =T -2

BIRGEEAFIH L C Python £ — IR LTXE Y 2R L2 DB L 72D iR 5. Th o DB ANSI

CHEEINE > TETMEEINRTOVE T, 0 N4 FEERLZBOFEICOVWTHIERL TVET

The default memory allocator uses the pymalloc memory allocator.

=4,
El=K

The GIL must be held when using these functions.

N—

a2y 3.6 CTEE: F741LbD70T7r—XMNT AT 5D nalloc() 5 pymalloc 127D F L7z,

void *PyMem_Malloc(size t n)

RICBULZET: Stable ABL n NA F2E|DYT, ZOXEY BT void*x BORA VX BRLF T, H
RHPKM U 785E NULL 2R L F 5,

0 N4 PRERT 22, PyMem_Malloc(l) 2SN/ Z AU &5, AJREAR S NULL TRV =—7
BARAVRERLET, HERINIZAEY —KIEVR 2P ITDOREE A,

void *PyMem_Calloc(size t nelem, size t elsize)

RICBLZETY: Stable ABL (IN—=23> 3.7 &D ). BEEMN elsize N4 b DEZFE nelem {7 DA EY —
ZHERL. ZORXEY —ZHHT voidx HOKRA Y XEERLET, 7rir— MR L7HER NULL 23R
LE9, RSN XEY - e coiifbahs g,

BEEBDBEZDOY A X0 34 b OERITH L TIE, AIRE/R & PyMem_Calloc(1l, 1) AMHIN=DEFL
X512, 2=—2% NULL TRWERSL VY XERLET,
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N—Ya ¥ 3.5 TEM.

void *PyMem_Realloc (void *p, size_t n)
MICBLET: Stable ABL p BT XEYV 70w 2% n NAL MTUHA AL ET, HOFAXEH LWL
PARXDNEVWHFETONFRIEHEINEH A,

p »% NULL OBEFFOH LI PyMem_Malloc(n) 5FliTd, 25T, n BERIZFLWEE, XEV
TRy 73V A ZENETPHBREINER A, RENTZRA > XIFIE NULL T,

p B3 NULL TZRWER D, p ZZN K DETD PyMem Malloc (), PyMem_Realloc() %7213 PyMem_Calloc()
DIFNHE LI X DIRENRITIRD $8 A

BRDKM L 72355 PyMem_Realloc() W& NULL ZiB L. p ERIDOXEV U 72 X TEMERRL VXD ZF
£T9,

void PyMem_Free (void *p)

RICBELZET: Stable ABL p 3 XV 70 v 72U ET, p ZLETECH U7z PyMem Malloc ().
PyMem_Realloc () %7zl& PyMem_Calloc() DR LMETRHRINELD $HA, TRUNDOEE
PyMem_Free(p) ZFEUN L7 o 756, REROBEICR D £7,

p 3 NULL OBEMS LER A
DIRIcB I 2 8RO~ 7 0 ZAEEREO - DIREX N T02 5D TT, TYPE ZEED C 0BIZRL T,

PyMem_New(TYPE, n)

Same as PyMem_Malloc (), but allocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer

cast to TYPE*. The memory will not have been initialized in any way.

PyMem_Resize(p, TYPE, n)

Same as PyMem_Realloc (), but the memory block is resized to (n * sizeof (TYPE)) bytes. Returns
a pointer cast to TYPE*. On return, p will be a pointer to the new memory area, or NULL in the event

of failure.

ZhE C 7V ety d=raTd, p IFEICHRASINET, =7 -WHIFIZXEY 285 O%ZET 3
WZiE p DILOEZRFEL TLZE W,

void PyMem_Del (void *p)

PyMem_Free() &[RILTT,

EECA T, C API B#% /5% Z 2 7 Python X V#EBEBxERTOH T oo To~vr7uty b
PRI TVET, 2L, oD~ vl Python N—2 3 YEITOANAL F U BEHERETT, 2hwx
WWHRREY 2 — L TIHHBEI N TV A DTHEREL TL X W,

o PyMem_MALLOC(size)

e PyMem_NEW(type, size)
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e PyMem_REALLOC(ptr, size)

PyMem_RESIZE(ptr, type, size)
o PyMem_FREE(ptr)

e PyMem_DEL(ptr)

11.5 #7> o 7O —%

LT OBBEEDFIH LT Python B — 1 LTXEY RRER LD LD HERE S, Zh s /%X ANSI
C IR > TETFTMEEINTVE T, 0 N4 F2ERLZBOEFIEICOWTHERLTVWET:

JERR:  There is no guarantee that the memory returned by these allocators can be successfully cast to a
Python object when intercepting the allocating functions in this domain by the methods described in the

Customize Memory Allocators section.

The default object allocator uses the pymalloc memory allocator.

E&: The GIL must be held when using these functions.

void *PyObject_Malloc(size_t n)

RICBLZET: Stable ABL. n N4 FRED YT, ZOXEY ZIET void*s BORAL VA 2R LET, B
RO L 7235E NULL 2R L £9,

0 N4 FZZEKT % L. PyObject_Malloc(1) MMEIN/z T[T X 512, AlAE/R S NULL THRW\WIL=—
IHRAL U RERLET, BREINEXEY =TIV R SUHHLBIThRER A,

void *Py0Object_Calloc(size t nelem, size_t elsize)
RICBLET: Stable ABI (IN—=23> 3.7 &0 ). BEED elsize XA b DEZE nelem HTDAEY —
ZHEMRL. ZOXEY —257 voidx MORA VX ZIRLF T, 7057 — MIKKLZEE NULL %K
L¥ET, MRINALAEY) —dEEI e Tt an 3,

R EROY A XH0 N4 P OERITH L TId. AIREZR & PyObject_Calloc(1l, 1) 2SFEINzD L
FU&52, 2=—27 NULL TRWKRA Y X 2R L ET,

N—ar 3.5 TEM.

void *Py0Object_Realloc(void *p, size_t n)

RICBELF T : Stable ABL p 8T XAEY 70w 2% n N4 MUV HFAXLET, LA XLH LWL
PAZDNECHFETONBRIEFEINEE A,
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p 23 NULL OGN LId PyObject_Malloc(n) &5fHliTF, 5T n BERIZHFELVWEHE, X

BV IRy 7R3V A XEINEITHEREINEL A, BSNTRA ¥ ZIEIE NULL T,

p B NULL TRWER D, p EZH X DHEID PyObject_Malloc(), PyObject_Realloc() ¥ 7zl

PyObject_Calloc() OFFHLIZ K DRI NRITFUIRD £HEA,

FRMEM L 72358 PyObject_Realloc() 1& NULL 3B L. p RIDXEV Y 72 X THEMERA V&

DEXTY,

void PyObject_Free (void *p)
Stable ABL. p Y83 XV 70 v 7 2MBBRLET, p WURIMUIHL %

RICBLET:

PyObject_Malloc(). PyObject_Realloc(). ¥ 7:z1% PyObject_Calloc() DiR L 7:{ETRIFNIXAk
DERA, TNLNDEHES PyObject_Free(p) ZWMUHI LR - 5BE. REROHEICRD £3,

p 53 NULL OFEMS LER A,

11.6 Default Memory Allocators

Default memory allocators:

Configuration %Ei PyMem_ Raw- PyMem_Malloc ~ PyObject_ Mal-
Malloc loc
JY—XEILF "pymalloc" malloc pymalloc pymalloc
TNy IR "pymalloc_debug malloc + debug pymalloc + de- pymalloc + de-
bug bug
pymalloc #EL DY Y —2 ¥ "malloc" malloc malloc malloc

IV F
pymalloc &L DTNy 7'
LR

"malloc_debug"

malloc + debug

malloc + debug

malloc + debug

AAA:

o Name: value for PYTHONMALLOC environment variable.

e malloc: system allocators from the standard C library, C functions: malloc(), calloc(), realloc()

and free().

e pymalloc: pymalloc memory allocator.

e "4 debug”: with debug hooks on the Python memory allocators.

e "Debug build”: Python build in debug mode.

11.6. Default Memory Allocators
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11.7 XEV 707 —R2%ZHRXAEIA1XTS

N—a v 3.4 Tl

type PyMemAllocatorEx

Structure used to describe a memory block allocator. The structure has the following fields:

Z4—ILF =K

void *ctx FslBr Ll TEINhIZ2—Far7Fx
A b

void* malloc(void *ctx, size_t size) XEV7uy 2 xEDHETET

void* calloc(void *ctx, size_ t nelem, size t 0 THHIbENzXEY) Ty 7 %EH HY

elsize) TES

void* realloc(void *ctx, void *ptr, size_t XEYU TRy ZREDYBTEIZNYT A XL

new_size) E3ra

void free(void *ctx, void *ptr) AEY T I RN B

N—Y a ¥ 3.5 TEH: The PyMemAllocator structure was renamed to PyMemAllocatorEz and a new

calloc field was added.

type PyMemAllocatorDomain
T =R VAL VREET HODFNIERTT, X4 i3
PYMEM_DOMAIN_RAW
ESh@
e PyMem_RawMalloc()
e PyMem_RawRealloc()
e PyMem_RawCalloc()
e PyMem_RawFree()
PYMEM_DOMAIN_MEM
L
o PyMem_Malloc(),
e PyMem_Realloc()
e PyMem_Calloc()

e PyMem Free()
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PYMEM_DOMAIN OBJ
RE%K:

e PyObject_Malloc()
e PyObject_Realloc()
e PyObject_Calloc()
o PyObject_Free()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BEINEEFXAYOXEY Juyr7yar—X BB LET,

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)
HEINLFXALVYDXEY TRy /7R —RERELET,

MLunwrar—&3 081 P2ERINZE T2 =— 272 NULL TRWARA Y X 2RI RFE7RD %
A,

For the PYMEM_DOMAIN_RAW domain, the allocator must be thread-safe: the GIL is not held when the

allocator is called.

MLwrar =237y 7T\ (121D 7 valr — X 2O S 720 B8 PyMem_SetupDebugHooks ()
BBZTOH LT, filLnwoar—20 RNy 77y 72 BERELRITIUIRD £8 A

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.
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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 byte
0xDD (PYMEM_DEADBYTE). Memory blocks are surrounded by "forbidden bytes” filled with the byte OxFD
(PYMEM_FORBIDDENBYTE). Strings of these bytes are unlikely to be valid addresses, floats, or ASCII strings.

TR T = v 7

e Detect API violations. For example, detect if PyObject_Free() is called on a memory block allocated
by PyMem_Malloc().

o Detect write before the start of the buffer (buffer underflow).
o Detect write after the end of the buffer (buffer overflow).

o Check that the GIL is held when allocator functions of PYMEM DOMAIN_OBJ (ex: PyObject_Malloc())
and PYMEM_DOMAIN_MEM (ex: PyMem_Malloc()) domains are called.

On error, the debug hooks use the tracemalloc module to get the traceback where a memory block was
allocated. The traceback is only displayed if tracemalloc is tracing Python memory allocations and the

memory block was traced.

Let S = sizeof (size_t). 2*S bytes are added at each end of each block of N bytes requested. The memory
layout is like so, where p represents the address returned by a malloc-like or realloc-like function (p[i:j]
means the slice of bytes from *(p+1i) 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):

o 'r' for PYMEM_DOMAIN_ RAW.
e 'm' for PYMEM_DOMAIN_ MEM.

e 'o' for PYMEM_DOMAIN_OBJ.
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pl-S+1:0]
Copies of PYMEM__FORBIDDENBYTE. Used to catch under- writes and reads.

pl0:N]
The requested memory, filled with copies of PYMEM__CLEANBYTE, used to catch reference to
uninitialized memory. When a realloc-like function is called requesting a larger memory block, the
new excess bytes are also filled with PYMEM__CLEANBYTE. When a free-like function is called,
these are overwritten with PYMEM__DEADBYTE, to catch reference to freed memory. When a
realloc- like function is called requesting a smaller memory block, the excess old bytes are also filled
with PYMEM__DEADBYTE.

p[N:N+8S]
Copies of PYMEM_FORBIDDENBYTE. Used to catch over- writes and reads.

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—= a v 3.6 TEHE: The PyMem_SetupDebugHooks () function now also works on Python compiled in
release mode. On error, the debug hooks now use tracemalloc to get the traceback where a memory block
was allocated. The debug hooks now also check if the GIL is held when functions of PYMEM DOMAIN OBJ and
PYMEM_DOMAIN_ MEM domains are called.

N—3 a2 38 TZHE: Byte patterns 0xCB (PYMEM_CLEANBYTE), OxDB (PYMEM_DEADBYTE) and OxFB
(PYMEM_FORBIDDENBYTE) have been replaced with 0xCD, 0xDD and OxFD to use the same values than Windows
CRT debug malloc() and free().
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11.9 pymalloc 7O —%

Python has a pymalloc allocator optimized for small objects (smaller or equal to 512 bytes) with a short
lifetime. It uses memory mappings called "arenas” with a fixed size of either 256 KiB on 32-bit platforms
or 1 MiB on 64-bit platforms. It falls back to PyMem_RawMalloc () and PyMem_RawRealloc () for allocations
larger than 512 bytes.

pymalloc is the defaull allocator of the PYMEM_DOMAIN MEM (ex: PyMem_Malloc()) and PYMEM_DOMAIN_OBJ
(ex: PyObject_Malloc()) domains.

7V —Frur—xE ROBEBEHNET:
e VirtualAlloc() and VirtualFree() on Windows,
e mmap() and munmap () if available,
o ZFNLADIGEIE malloc() ¥ free(),

This allocator is disabled if Python is configured with the --without-pymalloc option. It can also be
disabled at runtime using the PYTHONMALLOC environment variable (ex: PYTHONMALLOC=malloc).

11.9.1 pymalloc 7V —7+707—2DHAXEIA1X

N— a v 3.4 Tl

type PyObjectArenaAllocator
7V —=F7ur—R%wd T 57D OMERTT, 3007 4 — L FEFHLXT:

T14—ILR U
void *ctx Bl L TEENZ2—Fary7F2
void* alloc(void *ctx, size_t size) size X4 bDT7V—FE2E DY TET

void free(void *ctx, void *ptr, size_t size) 7V —F %ML ET

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)
TV—FT7usr—XeHEL £,

void PyObject_SetArenaAllocator (PyObject ArenaAllocator *allocator)

TV—FT7Rr—RERELET,
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11.10 tracemalloc C API

N—a ¥ 3.7 Tl

int PyTraceMalloc_Track(unsigned int domain, uintptr_t ptr, size_t size)

Track an allocated memory block in the tracemalloc module.

Return 0 on success, return -1 on error (failed to allocate memory to store the trace). Return -2 if

tracemalloc is disabled.
If memory block is already tracked, update the existing trace.

int PyTraceMalloc_Untrack(unsigned int domain, uintptr_t ptr)

Untrack an allocated memory block in the tracemalloc module. Do nothing if the block was not

tracked.

Return -2 if tracemalloc is disabled, otherwise return O.

11.11 fERAH

RONRA BB v F &2 T, #8E HioflE Python b =12 1/O Ny 77 B XE VRT3 X5 IcE SR
ATbDERNTRLET:

PyObject *res;
char *buf = (char *) PyMem_Malloc(BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf) ;
PyMem_Free(buf); /* allocated with PyMem_Malloc */

return res;

FLa— 2RO tEy P TENZBOEZUNMIRL %

PyObject *res;
char *buf = PyMem_New(char, BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory() ;
/* ...Do some I/0 operation involving buf... */
res = PyBytes_FromString(buf) ;
PyMem_Del (buf); /* allocated with PyMem New */

return res;
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FOZoDBITIE. Ny 7 72 EIFEICEB Ly MIBT 2BMTHREL TVWE ZEIFEREL TR W, FR
HBEREY T 7T ZHEE. B2 XV RERBZREAST 2EMERS 32012, ALXEY API
77 IV EfoTTI ZEWBETT, LTDa—-FRIEBZODZI—=0BHDH, ZDH5HD—DIZERLL -7
ZIRIET 2B X £ ) R EZEMN L TW2 0T B&BH (Fatal) ¥ 5 NL5F %2 LTVET,

char *bufil 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 ().

ZTHRSDBEEICOVWTIE, REBED C 23 L WA 7Y 27 MlOEFRLELEICHET 20RO THAL £ 3,
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F7o 0 FREYR— (OBJECT IMPLEMENTATION SUPPORT)

COFETE, HiLwA7o =27 bORZERT 2FBRCHEON LK. B BXO~x 7m0 TaHALE T,

121 #T72x 0 b2be—TFEICXEVRERT S

PyObject *_Py0Object_New (PyTypeObject *type)
RBOE: :ILLWEE,

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py ssize t size)
RDME: #iL W,

PyObject *Py0bject_Init (PyObject *op, PyTypeObject *type)
RBbhE: EABR, RICBL X7 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 *PyObject_InitVar (PyVarObject *op, PyTypeObject *type, Py _ ssize_t size)
ROl BRA8E, RICBLET: Stable ABIL. PyObject_Init() OETOMBEITV, AIEY A X4 7
P x7 FOGEIFRIERBMICL £5,

PyObject_New(TYPE, typeobj)
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 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 TYPFE and the Python type object typeobj
(PyTypeObject*). Fields not defined by the Python object header are not initialized. The allo-
cated memory allows for the TYPE structure plus size (Py_ssize_t) fields of the size given by the
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tp_itemsize field of typeobj. This is useful for implementing objects like tuples, which are 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 normally
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 2251 None ICRZX 247227 b TF, ZOEADT 7L RIEZ, ZDF T 27 bADKAL V&R
EEHiS 2 Py_None 7 v &fEbizFiudz b £¥A,

BE:

PyModule_Create() TN
REY 2—LD7 07— b AR,

12.2 £BDA T U MEER (common object structure)

Python TiZ, A7V =2 VIR ERT S ETEREZL OMERBIFEONE T, ZOHITIX=>DEK L Z0F|H
JTRIZOWTHAL £,

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

RICBLET: Limited APL. (WS DDDAYN—DHHBRE ABI TT, ) &2TOA7Y =27 MIIZD
BIZPIRLIZDDTT, ZOBIE, H2F TV 27 2T KA X %A TP =27 2 LT Python 5
S DIHBERIEBRPA > TVET, BHED ” VY =27 L RTIE, ZOMEKIEZATY 27 bOSIE
AV REFTI 7 MTWHIET 2RA TV 27 PEIDB Ao TOVET, ERICIE PyObject THZZ L
WBESINTOVEEAD, 2TOD Python 7V 7 FADRA ¥ XL PyObjects NF ¥ A MTEE T,
XN T7 72 RAF B2 Py_REFCNT <270k Py TYPE <7 0Z#bRiFIUILD EXA,

type PyVarObject

RICBLEFT: Limited APL. (WK DHDDAYN—DAHMNEE ABI TY. ) This is an extension of
PyObject that adds the ob_size field. This is only used for objects that have some notion of length.
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This type does not often appear in the Python/C API. Access to the members must be done by using
the macros Py_REFCNT, Py_TYPE, and Py_SIZE.
PyObject_HEAD

AERRIZFHLZRVA TS 27 P 2RBATIHLVWAELES T2 215~ T3, PyOb-
ject. HEAD <7 RIZXD LS ICEMEINFT:

[PyObj ect ob_base;

FicH B Pyobject DR F 2 XY FEBELTLZE W,

PyObject_VAR_HEAD

AVARVAZ LB A REEEFOA TV 7 b ERETZHLWEEZES T2 2>~ n T3,
PyObject_ VAR, HEAD <=7 13 XD X S ICB SN E 3!

[PyVarObj ect ob_base;

FRiZ®H B PyVvarOvject D RF 2 X FE2BILTIZE W,
int Py_Is(PyObject *x, PyObject *y)
RICBLZFY: Stable ABI (/N\—23 > 3.10 &D ). Test if the z object is the y object, the same as x
is y in Python.
N—a ¥ 3.10 TEM.
int Py_IsNone (PyObject *x)

RICBLET: Stable ABI (IN—23> 8.10 &D ). Test if an object is the None singleton, the same as

x is Nomne in Python.
N— a ¥ 3.10 TEM.

int Py_IsTrue (PyObject *x)

RICELFT: Stable ABI (IN—23> 8.10 &D ). Test if an object is the True singleton, the same as

x is True in Python.
N— a3 > 3.10 TEM.

int Py_IsFalse(PyObject *x)

RICBELFT: Stable ABI (IN—23 > 3.10 &P ). Test if an object is the False singleton, the same

as x is False in Python.
N— a3 ¥ 3.10 TEH.

PyTypeObject *Py_TYPE(PyObject *0)

Get the type of the Python object o.
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Return a borrowed reference.
Use the Py_SET TYPE() function to set an object type.

N—Ya ¥ 3.11 TEHE: Py TYPE() is changed to an inline static function. The parameter type is no

longer const Py0Object*.

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—ar 3.9 TEM.

void Py_SET_TYPE(PyObject *o, PyTypeObject *type)

Set the object o type to type.
N—a v 3.9 TEM.

Py ssize t Py_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— a3 ¥ 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 ¥ 3.9 TEM.

Py_ssize_t Py_SIZE(PyVarObject *o0)

Get the size of the Python object o.
Use the Py_SET SIZE() function to set an object size.

N—Ya ¥ 3.11 TEHE: Py SIZE() is changed to an inline static function. The parameter type is no

longer const PyVarObjectx.

void Py_SET_SIZE(PyVarObject *o, Py ssize i size)

Set the object o size to size.
N— a v 3.9 TEM.

PyObject_HEAD_INIT (type)
H LW Pyobject B0 DWUIMEICEMT 2~270T3, ZOY2Z70ERD LS ICEMIhET,
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_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,

12.2.2 Implementing functions and methods

type PyCFunction

RICEL £79: 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 3RDEBHTY

PyObject *PyCFunction(PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords

RICEBL £ 9 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 KEYWOQORDS. The function signature is:
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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 *comnst *args,
Py_ssize_t nargs,

PyObject *kwnames)

N—a v 3.9 Tl

type PyMethodDef
RICBLET: Stable ABL (TRTDOXAYN—%ZZEL). SREDX Y v FERiLHT 2 BICHW 2 MGk T
T, ZOMERICIZ 4 DD T 4 — L FBHD FT:
const char *ml_name

Name of the method.
PyCFunction m1_meth

Pointer to the C implementation.
int m1_flags

Flags bits indicating how the call should be constructed.
const char *ml_doc

Points to the contents of the docstring.

The mi_meth is a C function pointer. The functions may be of different types, but they always return
PyObject*. If the function is not of the PyCFunction, the compiler will require a cast in the method
table. Even though PyCFunction defines the first parameter as Py0bject#*, it is common that the method
implementation uses the specific C type of the self object.

The ml_flags field is a bitfield which can include the following flags. The individual flags indicate either a

calling convention or a binding convention.

There are these calling conventions:

METH_VARARGS

S CHURV N H I A BECR HX T3
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BRLUET, BAIDFIEIIXY Y FD self A7 =27 b TT; Y 2a—VEABOEGE., ZHEEY 22—
AT P TT, BLOART XK (KL args EMHENET) 13X, BTOIBERRTL2XTILA TP =
7 N TF, T ARIZEE, PyArg_ParseTuple() X PyArg_UnpackTuple() TUHINFT,

METH_KEYWORDS

Can only be used in certain combinations with other flags: METH VARARGS | METH KEY-
WORDS, METH FASTCALL | METH KEYWORDS and METH METHOD | METH FAST-
CALL | METH KEYWORDS.

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctionWithKeywords. The function expects
three parameters: self, args, kwargs where kwargs is a dictionary of all the keyword arguments or
possibly NULL if there are no keyword arguments. The parameters are typically processed using

PyArg_ParseTupleAndKeywords ().

METH_FASTCALL

Fast calling convention supporting only positional arguments. The methods have the type
_PyCFunctionFast. The first parameter is self, the second parameter is a C array of PyObject*
values indicating the arguments and the third parameter is the number of arguments (the length of

the array).
N— a ¥ 3.7 TEM.
N— a ¥ 3.10 TEH: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the wvec-
torcall protocol: there is an additional fourth PyObject* parameter which is a tuple representing the
names of the keyword arguments (which are guaranteed to be strings) or possibly NULL if there are
no keywords. The values of the keyword arguments are stored in the args array, after the positional

arguments.
N—= a3 ¥ 3.7 THE.

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).
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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 Tl

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 pa-

rameter, and a Py0bject* parameter representing the single argument.

RoOZo0@EX, MOHLBENERTHDOTIERL, Z27ADXYy Fe LTHEIYBOREARERTDHDT
T, BV 2NV LU TERINZBERTHOWTERD A, XYy FIHL TR, RKT—2 D752
ty PTEEHA,

METH_CLASS

Ay FORMIDFIIE, MDA VAR Y ATREBE ATV =7 b3 EhET, CD7 7 7FHHAA
AHBIEY classmethod () Zfio THEMT 2D LRI 5 AXY W K (class method) 2 £ T % 7= DI fEiD
nEI,

METH_STATIC

XYy FORAIDOFIBICIE B4 22y 2Tid%< NUILL BEIIAET, 2077 7%
staticmethod() Zfio THMT 2D LF U WXV v R (static method) ZERT 27D 1ffbh
9,

B —DODERIE. HEXY Y FEFEADHDRAY v NERLBEEMZ 2050 2HIHIL $3,

METH_COEXIST

The method will be loaded in place of existing definitions. Without METH COFEXIST, 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.
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PyObject *PyCMethod_New (PyMethodDef *ml, PyObject *self, PyObject *module, PyTypeObject *cls)
RDME: HiLWLWBR, RICBLFT: Stable ABI (IN—23> 3.9 &D ). Turn ml into a Python callable

object. The caller must ensure that ml outlives the callable. Typically, ml is defined as a static

variable.

The self parameter will be passed as the self argument to the C function in ml->ml_meth when

invoked. self can be NULL.

The callable object’s __module__ attribute can be set from the given module argument. module should
be a Python string, which will be used as name of the module the function is defined in. If unavailable,

it can be set to None or NULL.
BE:
function.__module__

The cls parameter will be passed as the defining class argument to the C function. Must be set if

METH_METHOD is set on m1->ml_flags.
N—a > 3.9 TEM.

PyObject *PyCFunction_NewEx (PyMethodDef *ml, PyObject *self, PyObject *module)
RBOE: HiLWBHE, RICEBL X7 Stable ABI. Equivalent to PyCMethod_New(ml, self, module,
NULL).

PyObject *PyCFunction_New(PyMethodDef *ml, PyObject *self)

BROfE: HLLBE, RICBLZFY: Stable ABl (IN—2 3> 34 &bD).  Equivalent to
PyCMethod_New(ml, self, NULL, NULL).

12.2.3 Accessing attributes of extension types

type PyMemberDef
RICBLET: Stable ABI (TRTDXAY/N—%FYE ). 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

12.2. HBDOFA TP 1Y MMEER (common object structure) 333



The Python/C API, U —2X 3.11.14

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.

RI0O0% C 0B

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 Nome 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 type
implies READONLY. T_STRING data is interpreted as UTF-8. Only T_OBJECT and T_OBJECT_EX members
can be deleted. (They are set to NULL).

Heap allocated types (created using PyType_FromSpec () or similar), PyMemberDef may contain defi-
nitions 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 */
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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 0 if successful and a negative value on failure.

type PyGetSetDef
RICBLET: Stable ABL (TRTDAYN—ZBL). HOTuRT 4 DEIRBRT IV AERERT L0
DWHEIR TS, PyTypeObject.tp_getset ARy FDFHADSZIL TL 72X W0,

Field C Type Meaning

name const char EMHH
*

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 FEDRKF 2 X F—a ryXFF|
*

clo- void * optional user data pointer, providing additional data for getter and setter

sure

The get function takes one PyOb ject* parameter (the instance) and a user data pointer (the associated

closure):

[typedef PyObject *(*getter) (PyObject *, void *);

BRI F 721 R NULL IS DES IR EEFHLVWSEBRERLE T,

set functions take two PyObject* parameters (the instance and the value to be set) and a user data

pointer (the associated closure):

[typedef int (xsetter) (PyObject *, PyObject *, void *); }

BHEZHIERT 2581, 2 BHD RS A —XIZ NULL 28 LE 3, M L7Z5E1F 0 2. RBELZEER
-1 #2FH e LTRLET,
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12.3 Type Objects

AR ANDRZERT ZMER: PyTypeObject MiERIZ. Z 5 Python A 7Y =27 A7 LOHTH
SEERMERD 1 D TL x5, BA TP 27 I PyObject_* RS PyType_* ROBEBTRZ FTH, 1ZL A
0D Python 77V 5 =2 a itk > T, SLTHHADD 2WREZIRMLEVA, AT 27 NIATY =
IIBEDEICIRES D RRDZERTIT NSO, 4 V27V XARSCH R L ERT 2IIREY 2 — LTI

IEHICHEHERFETT,

Bl 7Yz MIEEDR (standard type) ICHARZ & i D KERMEERTT, ATV 27 MIZ L DHE
PHREELTED., ZDIEL ALY C BEEADRAL V2T, ZRZNOBEIZZ DTRIDOEEED /NI WE T 2 FEEE L
TWET, ZOHiTIE. WA T2 FOK T 4 =L FIZOWTEMZHALEST, &7 14— R, #EEENT

HBS 2 IEEICHH STV E T,

IRDZA4 v 27077 Ly 2 MAT, ERF HiTlk PyTypeObject DEK Y ffiuv)T % —H CHET = 2§l % &

%Tb\ij_o

1231 24y o2UT77L >R

tp RO b+

PyTypeObject RO kP- 337 *1  #Y TR Y v R /H%EN InfopP: 338: *2
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___ X X X
tp_as_number PyNumberMethods * sub-slots %
tp_as_sequence PySequenceMethods * sub-slots %
tp_as_mapping PyMappingMethods * sub-slots %
tp_hash hashfunc __hash X G
tp_call ternaryfunc __call X X
tp_str reprfunc __str X X
RDAR— <
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R 1-RIOR—IH5DHEE

PyTypeObject AQw kP 337 *1 &l BEHRXY Y R ASHREN InfoP: 338, *2
CTTDI
tp_getattro 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 inquUiTY X G
tp_richcompare richemp func N le | eq , X G
___ne gt , ge
tp_weaklistoffset Py_ssize_t X ?
tp_iter getiterfunc _ iter X
tp_tternext tternext 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__ XX7?7?
tp_free freefunc XX7?7
tp_is_gc InQUITY 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
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sub-slots
Slot B BWHAY w R
am_await unaryfunc __await__
am_aiter unaryfunc __aiter
am_anext unary func ~_anext
am_send sendfunc
nb_add binaryfunc __add__
~radd
nb_inplace_add binaryfunc _dadd
nb_subtract binaryfunc ~__sub_
__rsub___
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _ mul_
~rmul
nb_inplace_multiply binaryfunc _imul
nb_remainder binaryfunc __mod___
~_rmod_
nb_inplace_remainder binaryfunc ___imod____
nb_divmod binaryfunc ~_divmod____
__rdivimod____
nb_power ternaryfunc __pow____
__Tpow___
nb_inplace_power ternaryfunc ___ipow___
nb—regative unaryfunc ___neg_
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
nb_p&”ﬁ D4HEs in square brackets are for internal use only.¥na7Yfunc —_Ppos___
n?g %?BMQE@ a prefix) means the field is required (must bmaq;yy%é ~_abs
1b_baRgy. set on PyBaseObject_Type InquiTy __bool
nb_irflertset on PyType Type unary func ___invert
nb Z;g%¥tddhuh(HShniS$ﬁtONULm binarufunc Ishift rl-

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_ inp Lo HReHEINCE ¢ binaryfunc irshift
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
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R 2-AIOR—IHS5DHEE

Slot i) XY W R
nb_and binaryfunc _and
~_rand
nb_inplace_and binaryfunc __dand____
nb_zor binaryfunc __ Xor
_ IxXor____
nb_inplace_zor binaryfunc _ixor_
nb_or binaryfunc _or___
nb_inplace_or binaryfunc ___dor___
nb_int unaryfunc ~_int_
nb_reserved void *
nb_float unary func ~_ float
nb_floor_divide binaryfunc _ floordiv____
nb_tinplace_floor_divide binaryfunc _ifloordiv___
nb_true_divide binaryfunc _ truediv__
nb_inplace_true_divide binaryfunc ___itruediv___
nb_index unaryfunc _index
nb_matriz_multiply binaryfunc _ matmul
___rmatmul
nb_inplace_matriz_multiply binaryfunc __imatmul
mp_length lenfunc __len
mp_subscript binaryfunc _ getitem
mp_ass_subscript objobjargproc ___ setitem |
_ delitem_
sq_length lenfunc __len
sq_concat binaryfunc ~add___
sq_repeat ssizeargfunc _ mul___
sq_item ssizeargfunc _getitem_
sq_ass_ttem ssizeobjargproc ___setitem
~ delitem
sq_contains objobjproc ____contains
sq_inplace_concat binaryfunc _ dadd___
sq_inplace_repeat ssizeargfunc __imul__
bf_getbuffer getbufferproc()

bf_releasebuffer

releasebufferproc()
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A0y FDERE (typedef)

EHRE (typedef) 5| 8B ' D (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 *
oot ¥
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See Slot Type typedefs below for more detail.

12.3.2 PyTypeObject &

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;
(RD<R=212%i<)
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/* delete references to contained objects */

inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/% rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

(FIDR=I 5 DfEE)
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12.3.3 PyObject XO0v ~

The type object structure extends the PyVar0Object structure. The ob_size field is used for dynamic types

(created by type_new(), usually called from a class statement). Note that PyType_Type (the metatype)

initializes tp_itemsize, which means that its instances (i.e. type objects) must have the ob_size field.

Py_ssize_t PyObject.ob_refcnt

RICEB L £9: Stable ABI. This is the type object’s reference count, initialized to 1 by the
PyObject_HEAD_INIT macro. Note that for statically allocated type objects, the type’s instances (ob-
jects whose ob_ type points back to the type) do not count as references. But for dynamically allocated

type objects, the instances do count as references.
i

YT RATEZDT 4 =L EFEHELEEA,

PyTypeObject *PyOb ject.ob_type

RICBLET: Stable ABL BIERDE, FIOFWH%ET 2L XXX AT TT, PyObject _HEAD_INIT <
ZuaTHbEh, @HEIL &PyType_Type IR D £3, LA L. (A%< rd) Windows THIFHTZ 28
e — RAJRERIEERE Y 2 — LTl a > A JREIRPLTE R e 223 £3, £Z T, %5
DL & LT, PyObject_HEAD_INIT (Zi& NULL ZJE L THIHAL L TB &, MOBEERITHORNICEY 2 —L
OYHLBERCHRINCZ D7 4 — LV FEPHLT 2 22 IR > TVE T, ZOHMEELTO X 5 127w
x7:

[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.
MR

P TRATEIDT 4 — L REHEKLET,

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()
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function and to print the objects that are still alive at the end of a run when the environment variable

PYTHONDUMPREFS is set.
R

These fields are not inherited by subtypes.

12.3.4 PyVarObject XOv b~

Py ssize t PyVarObject.ob_size

RICBLZET: Stable ABL BEHICAEVBRINTWRE A TSIk OFBE. 2O 74— Fid¥o
WKL ENE T, BNICXEBVERINTVWREA TSI OBE. 074 — L FENHFEHI A
LR ERE RS 9,

k.

P TRALAZZDT 4 — NV FEHELEHEA,

12.3.5 PyTypeObject XO0v ~

Each slot has a section describing inheritance. If PyType_Ready () may set a value when the field is set to
NULL then there will also be a ”"Default” section. (Note that many fields set on PyBaseObject_Type and
PyType_Type effectively act as defaults.)

const char *PyTypeObject.tp_name

Pointer to a NUL-terminated string containing the name of the type. For types that are accessible as
module globals, the string should be the full module name, followed by a dot, followed by the type
name; for built-in types, it should be just the type name. If the module is a submodule of a package,
the full package name is part of the full module name. For example, a type named T defined in module

M in subpackage Q in package P should have the tp_name initializer "P.Q.M.T".

FHICAEUHRINZBEA TSI OFE. 207 4 — A REHEICROLRENCRD, Y 2 —14%41F
BOFFENTHF — '__module__' IIXF2MEYL L THRIICERFINE 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 documen-

tations created with pydoc.
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This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially

tp_itemsize).
i
YITRATRIIDT 4 =N FEfEAL EH A,

Py_ssize_t PyTypeObject.tp_basicsize
Py ssize t PyTypeObject.tp_itemsize
INBDT 4 =V RE A YRR RADNL P YA XEFHETESZL51CLET,

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 in-

stances, 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_titemsize, where N is the "length” of the object. The value
of N is typically stored in the instance’s ob_size field. There are exceptions: for example, ints use
a negative ob_size to indicate a negative number, and N is abs (ob_size) there. Also, the presence
of an ob_size field in the instance layout doesn’t mean that the instance structure is variable-length
(for example, the structure for the list type has fixed-length instances, yet those instances have a

meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an ini-
tializer for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance

layout. The basic size does not include the GC header size.

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 mul-

tiple 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
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that its instances will never be deallocated (as is the case for the singletons None and E1lipsis). 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 ref-
erence count is zero. At this point, the instance is still in existence, but there are no references to
it. The destructor function should free all references which the instance owns, free all memory buffers
owned by the instance (using the freeing function corresponding to the allocation function used to
allocate the buffer), and call the type’s tp_free function. If the type is not subtypable (doesn’t
have the Py_TPFLAGS_BASETYPE flag bit set), it is permissible to call the object deallocator directly
instead of via tp_free. The object deallocator should be the one used to allocate the instance; this is
normally PyObject_Del () if the instance was allocated using PyObject_New or PyObject_NewVar, or
PyObject_GC_Del () if the instance was allocated using PyObject_GC_New or PyObject_GC_ NewVar.

If the type supports garbage collection (has the Py_TPFLAGS HAVE_GC flag bit set), the destructor
should call PyObject_GC UnTrack() before clearing any member fields.

static void foo_dealloc(foo_object *self) {
PyObject_GC_UnTrack(self);
Py_CLEAR(self->ref);
Py_TYPE(self)->tp_free((PyObject *)self);

Finally, if the type is heap allocated (Py_TPFLAGS_HEAPTYPE), the deallocator should release the owned
reference to its type object (via Py_DECREF()) after calling the type deallocator. In order to avoid

dangling pointers, the recommended way to achieve this is:

static void foo_dealloc(foo_object *self) {
PyTypeObject *tp = Py_TYPE(self);
// free references and buffers here
tp->tp_free(self);
Py_DECREF (tp) ;

:”E‘:
P TERALFZZDT7 4 — NV FEHEALF 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.
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The wectorcallfunc pointer may be NULL, in which case the instance behaves as if

Py_TPFLAGS_HAVE_VECTORCALL was not set: calling the instance falls back to tp_call.

Any class that sets Py_TPFLAGS_HAVE_VECTORCALL must also set tp_call and make sure its be-
haviour is consistent with the wectorcallfunc function. This can be done by setting ¢p call to

PyVectorcall_Call().

E&: It is not recommended for mutable heap types to implement the vectorcall protocol. When

a user sets __call__ in Python code, only tp call is updated, likely making it inconsistent with

the vectorcall function.

N— a ¥ 3.8 TZH: 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.
; UE(:

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 7T a DKL Y XT, get-attribute-string 2175 BEEEL £ 7.

D7 4=V FEIFHERETT, ZOT7 44—V REERT DL X, tp_getattro BEEFIL X 5 TEEL.
JEBEAE Python XFH 7Y = 7 b TIER L C XFHITHRET 2 £ 5 R ERT LSRR
BHEEA

i
Group: tp_getattr, tp_getattro

ZD7 4= RiE tp_getattro HITH T XA FITHRINET: TRDE, ¥ T7XA TD tp_getattr
B XU tp_getattro M NULL DIFA., ¥ 7 XA FIIHEX A T8 tp_getattr & tp_getattro
ZME SMAL FT,

setattrfunc PyTypeObject.tp_setattr

F T arDRA VET, BIEORE CHIFRZIT OB ZRL 5,

ZDT7 4=V RIFIEHERTT, ZDO7 4 =V REZERT DL XL, tp_setattro BEBEFIL L5 ICEIfEL.
JEERIE Python XFF 4 79 227 FTIER C XFHITHRET 2 &5 REKEET L LT
BOEEA,

R
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Group: tp_setattr, tp_setattro

ZDT 4 =)V RIZ tp_setattro LHIZH T XA IR INET: TROE, Y7 XA TD tp_setattr
BIU tp_setattro BT NULL DHE, 7 XL FIEHEX A T o tp_setattr ¥ tp_setattro
T DRR L £9,

PyAsyncMethods *PyTypeObject.tp_as_async

BMOKEREZIETRA X TT, ZoOMERIE. C LT awaitable 7’8 b 2Lk asynchronous
iterator 70 R ANBREKTIA T 27 PRFIEAKRT L7 4 =V FE2RBET, FLWLWI X async
FTI TV MEER 2ZRLTLIZE W,

N—a ¥ 3.5 TEN: YA tp_compare X tp_reserved ¥ L THIGNTWVWE L7,
i
tp_as_async 7 4 =)V RIFMRSNFERAD, ZTHICEENS 7 4 —L FHBEFICHEA XN E T,

reprfunc PyTypeObject.tp_repr
F7TarDRAL VET, HMAABBEE repr) 2EELTWAHEREL T,

The signature is the same as for PyObject_Repr():

[PyObject *tp_repr (PyObject *self); ]

Z OB FH G 7Y = 7 b Unicode 7Y =7 M RIREZIFHUIRD 82 A. BHAERKICIEZ. DR
BB TXFHNE, BYRIRET eval O WELREES, RIUEEZRSF 7O 27 Mk b X 572 XFF
TRIFNERD TR A, FARERGEICIZE. A7 27 FORL{ELSEH LEHNED A o7 '<' 2545
FoT '>' THROLIXXFHNERI LTI D FH8 A

.

BTRALTEZDT7 4 =V RERELET,

FI7FILE

TDT 4 =L EDBRESINTORWIEES, <%s object at %p> DERE & 2 XFHIMRINE T, %s &
BOAFN, %p A T2 PDRXEY 7 FLRIZEERZONE T,

PyNumberMethods *PyTypeObject.tp_as_number
BiE7m b aleRELBMOMEREZIETRA V2T, ZheD7 41— RiZowTiE HiEF T
DU MEER THHIATHWE T,

ik
tp_as_number 7 4 —I)V FIZMERSINFEVAD, TZOEFENE 7 14 =)L RBMEGNHAR I N E T,
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PySequenceMethods *PyTypeObject.tp_as_sequence

=y A7u b alreRELLBMOMEREZIET RS VX TS, ThA6D7 4 — L FIZOVWTIE &—
TUAFX TV MEER THHSA TV T,

i
tp_as_sequence 7 4 — )V FIZMR SN ELAN, THTEEND 7 14— FHEFNICHE I E T,

PyMappingMethods *PyTypeObject.tp_as_mapping

<~y by r7u balEEELENMOBEREE TR, VXA TS, TOASHDT7 4 =L RIZOWTIE T
TH TV MEERE THHINTVWE T,

i
tp_as_mapping 7 4 =)V FIFMEAINEBTAD, ZHUTEEND 74—V ROEGNCHER SN E T,

hashfunc PyTypeObject.tp_hash
T arDRA Y RT, MAHAHBE hash ) Z2FEELTWIRKEIELET.

The signature is the same as for PyObject_Hash():

[Py_hash_t tp_hash(PyObject *);

BERICIE -1 ZRDEICLTERD $¥A; Ny Y alOEPICZ I —2E U GE, BBIEEsNE
£y FLT -1 2 BZREED FEA,

When this field is not set (and tp_richcompare is not set), an attempt to take the hash of the object
raises TypeError. This is the same as setting it to PyObject_HashNotImplemented().

Z D7 4=V RIXBHRIJIZ PyObject_HashNotImplemented () WZEXET 5 Z & T, il type O DAY
YaXYy ROMEETOY 7T eNTEET, Z4UE Python L XL TD __hash__ = None &[5
ICER XA, isinstance(o, collections.Hashable) MIEL K False i RT X5k h T, Wb F
FARETH 5 Z 2 IER L TL XV - Python L \)L'C __hash__ = None ##& &3 % Z ¥ T tp_hash
A\ vy M PyObject_HashNotImplemented () WRRESINE T,

k-

Group: tp_hash, tp_richcompare

ZD7 4 =)V RIX tp_richcompare EHIZH T R4 FITHEAINET: Thbb, ¥ 7247
D tp_richcompare B KU tp_hash BWM T & H NULL O L E, 7 X4 TEERERX A T o
tp_richcompare ¥ tp_hash EW L bYEL T,

ternaryfunc PyTypeObject.tp_call

AT aVDRAVRT, A7 =27 FOMUHLZELELTWIEBZRLEST, A 7Y =2 PO
LAJRE TR WIS EICIE NULL I LR AUR R D /A, ¥ 732 F v PyObject_Call() ERILTT,
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[PyObject *tp_call(PyObject *self, PyObject *args, PyObject *kwargs); ]

.
Y ITXAL FEZDT 4 — L FBRELE T,

reprfunc PyTypeObject.tp_str

AT arDRL V2T, MAABLDOHEE str() ZEEL TV IHMEIHLET, (str 2ED—DIT% 5
Fele®, str() W str DAVA I XENFOET I EICFERLTLLEN, ZOaY R T 7 RIFERE
DU EFTS LT PyObject_Str() ZMUH L., X 5HIT PyObject_Str() IOV K ZEMHUHT Z
LD ET, )

The signature is the same as for PyObject_Str():

[PyObject *tp_str(PyObject *self);

ZOBENIXFHN A 7P =7 b H Unicode 7P =7 P ERIZITFNERD FHA, TRUIA TP b
Z " b3 < (friendly)” BIALZZXFHNTRIFAUIZRD FR A, EWVWIDIE. ZOXFHNZE hbiY
print ) BTH OIS Z 2 IR BREZHHTT,

by S
Y ITRATEZDT 4 =L R EHELET,
FI7#ILE

ZDT 4=V ERREZNTORWIEE, XFINERBAZRTDIZIE PyObject_Repr() DMEFHIE
£9,

getattrofunc PyTypeObject.tp_getattro
F T arDRA Y RT, get-attribute ZEEL TWBEEERL 3,

The signature is the same as for PyObject_GetAttr():

[PyObject *tp_getattro(PyObject *self, PyObject *attr);

WHOBEMBREFEL TWD Pylbject_GenericGetdttr() I D7 4 =V RIZRELTEL &72W0WT
WG EIXERNT S,

.
Group: tp_getattr, tp_getattro

ZDT7 4=V RIX tp_getattr EHIZH T XL SR INET: ThbE, 724 7D tp_getattr
BIY tp_getattro BHIZ NULL DIFE, 724 FRBEEX A TS tp_getattr & tp_getattro
ZMiTE HMAL 5,
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TI7#ILE
PyBaseObject_Type uses PyObject_GenericGetAttr().

setattrofunc PyTypeObject.tp_setattro
AT arDRA RT, BIEORE LHIFRZIT S Bz L 5,

The signature is the same as for PyObject_SetAttr():

[int tp_setattro(PyObject *self, PyObject *attr, PyObject *value); J

E 51T, value IZ NULL Z48E L TBIEZHIFRTZ 2 L 51ICLATHARRD $2A, BHROA 7Y =2 ME
HREZFELREL TWDB Pylbject_GenericSetAttr() I D7 4 =L FIZRELTEL 20 TWVWOEHE
B ERTE,

i
Group: tp_setattr, tp_setattro
D7 4=V FiE tp_setattr LIITH T XA FITHARSINET: Thbb, ¥ 7X 47D tp_setattr

BEU tp_setattro BT NULL DIFE, T XA FIIHER A TH S tp_setattr ¥ tp_setattro
T bR L 9,

T7#ILbE
PyBaseObject_Type uses PyObject_GenericSetAttr().

PyBufferProcs *PyTypeObject.tp_as_buffer
Ny T 74V B=T 2= RAEFELTVEA TV 27 MCOABET S, —#D 7 4 —V FEP AT
BOMEBEREIETRA VX TT, MEBEERNDOZE 7 4 =V RE Ny T 7F T2 MBER (buffer object
structure) THIAL £7,

i
tp_as_buffer 74—V FARIFMARINERTADL, ZHUTEEND 7 4 — L FIFEFNHR SN E T,

unsigned long PyTypeObject.tp_flags
CD74—=NVFREART ZT7HBREZEY PRAIZTT, W OHhD7 7 7F, FEDKRRITBWT
ZAINR Y T4 JADBEHASINE I Z2RLETS;, 2007773, A7 =7 (HHWVWIE
tp_as_number . tp_as_sequence . tp_as_mapping « B X tp_as_buffer WS L TV 2 ILIRERE
WER) ORED 74—V FDS55, BEPSHTEETT o LFEL TVADITTERVS DIEMITR -
TVWB I EZRTEDIMEONET; 7577y 27 Y 7EZNTORR, 753 7BPRELTVWE 7 4 —L
FIZIE7 72 A LR WO DI, ZOfEIZE e NULL 18750 TW2 L AR I RIFUIRD £/ A,

k.
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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.

T7#ILE
PyBaseObject_Type uses Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

URBITF2y bR 7B BHEERINTVWE DTS, 7770 | HETFCHmHEMZE-> T tp_flags
74—V FOMEZERTE £F, PyType_HasFeature() =27 i3 75 7, tp BLLX f 2L D,
tp->tp_flags & f DIEE R L S PIRHRE T,

Py_TPFLAGS_HEAPTYPE

This bit is set when the type object itself is allocated on the heap, for example, types created dy-
namically using PyType_FromSpec (). In this case, the ob_type field of its instances is considered
a reference to the type, and the type object is INCREF’ed when a new instance is created, and
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).

k.
77

Py_TPFLAGS_BASETYPE

RERIOMROEER A4 T LTHZ 25810y PEABE Y PTT, ZOEY 237U 7R5IE
DD 7 2 A FIERTELEA (Java 1IZBI1F S "final” 7 5 A7 7 7 A% D £7),

Y

.
777
Py_TPFLAGS_READY
B 7Y 27 M) PyType_Ready () THRAEIPILZNZ2 Lty hENEE Y FTT,
.
777
Py_TPFLAGS_READYING

PyType_Ready () WX 28A 7Y =7 + oL FIcy PEhdEy T,
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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 EIRBEAN—IOL V> 3% HR—F9 3. This bit also implies that the GC-related

fields tp_traverse and tp_clear are present in the type object.
.
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

The Py TPFLAGS_HAVE_GC flag bit is inherited together with the tp_traverse and tp_clear
fields, i.e. if the Py_TPFLAGS HAVE_GC flag bit is clear in the subtype and the tp_traverse and
tp_clear fields in the subtype exist and have NULL values.

Py_TPFLAGS_DEFAULT

This is a bitmask of all the bits that pertain to the existence of certain fields in
the type object and its extension structures. Currently, it includes the following bits:

Py_TPFLAGS_HAVE_STACKLESS_EXTENSION.
n‘ g(:

777

Py_TPFLAGS_METHOD_DESCRIPTOR

This bit indicates that objects behave like unbound methods.
If this flag is set for type (meth), then:

e meth.__get__(obj, cls)(*args, **kwds) (with obj not None) must be equivalent to
meth(obj, *args, **xkwds).

e meth.__get__(None, cls) (xargs, **kwds) must be equivalent to meth(*xargs, **kwds).

This flag enables an optimization for typical method calls like obj.meth(): it avoids creating a

temporary “bound method” object for obj.meth.
N— a v 3.8 TEM.
R

This flag is never inherited by types without the Py TPFLAGS IMMUTABLETYPE flag set. For ex-

tension types, it is inherited whenever ¢p_descr_get is inherited.
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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

INBHD T 5 7E PyLong_Check () D & 5 BRI, B e B 2MARALIDT 77 5 ApE 5 0%
FZRIHMT 20O NET; COFHDF = v 71X PyObject_IsInstance() @ X 5 2PHMNR
Fry 7 XD bEETT, HAAABEZHAL MEORITIE tp_flags ZHEYNIRETNET, Z
SLARVEZDORDEDZ - FTIE. CARF =y ZOFEMEONZE DI X > TR EFHWH R -
TLES5TL&I,

Py_TPFLAGS_HAVE_FINALIZE
BIRGEIRIZ tp_finalize ARy MPFELTWVWAH E XIZEy hENBE Y T,
N— a v 3.4 TE.

N— a Yy 3.8 TIEHLE: This flag isn’t necessary anymore, as the interpreter assumes the

tp_finalize slot is always present in the type structure.

Py_TPFLAGS_HAVE_VECTORCALL

This bit is set when the class implements the vectorcall protocol. See tp_vectorcall_offset for

details.
g

This bit is inherited for types with the Py TPFLAGS IMMUTABLETYPE flag set, if tp_call is also

inherited.
N—a v 3.9 TEM.

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.

-
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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).

AFR:  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 Tl

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.

o

This flag is inherited by types that do not already set Py_TPFLAGS SEQUENCE.
BE:

PEP 634 — #EH X — >~ v 5 ffk

N— a ¥ 3.10 TEM.

Py_TPFLAGS_SEQUENCE

This bit indicates that instances of the class may match sequence patterns when used as the
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subject of a match block. It is automatically set when registering or subclassing collections.

abc.Sequence, and unset when registering collections.abc.Mapping.

AMR: Py_TPFLAGS_MAPPING and Py_TPFLAGS_SEQUENCE are mutually exclusive; it is an error to

enable both flags simultaneously.

.

This flag is inherited by types that do not already set Py_TPFLAGS_MAPPING.
BE:

PEP 634 — #EH 2 — >~ v 7 fhk

N— a ¥ 3.10 TEM.

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.
ek
PTRALAIZDT7 4 =L FEHME 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); }

Python DHRX—YaL 7> a Y OHEHAIZOVWTOFME, BREBAR—JOL I3 vz R—FT
3IHHET,

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical imple-
mentation of a tp_traverse function simply calls Py_VISIT() on each of the instance’s members that
are Python objects that the instance owns. For example, this is function local_traverse() from the

_thread extension module:

static int
local_traverse(localobject *self, visitproc visit, void *arg)
{

Py _VISIT(self->args);

Py_VISIT(self->kw);

Py_VISIT(self->dict);

(RDR=D12Hi L)
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(FIDR=I 5 DfEE)

return 0O;

Py VISIT() DERZBBICRZ2BNDODH 2 X ANZEIRIHEINTVWEZEICEHLTLEE W,
self->key X YN HH FTH, FIUX NULL 5 Python XFHHR DT, FRBEBO—HICK2Z2idd
DEE A

= RAYADERSBO—TH D ERVEH>TVWTH, 7Ny ZHITKE L /2WEEDRH 2506 L
NLVDT, gc EY 2—/LD get_referents() BIFUIEIRSIRTLR DGRV U NGRLET,

E&: When implementing tp_traverse, only the members that the instance owns (by having

strong references to them) must be visited. For instance, if an object supports weak references via
the tp_weaklist slot, the pointer supporting the linked list (what tp_ weaklist points to) must not
be visited as the instance does not directly own the weak references to itself (the weakreference
list is there to support the weak reference machinery, but the instance has no strong reference to

the elements inside it, as they are allowed to be removed even if the instance is still alive).

Note that Py_VISIT() requires the wvisit and arg parameters to local_traverse() to have these

specific names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must there-
fore either visit Py_TYPE(self), or delegate this responsibility by calling tp_traverse of another
heap-allocated type (such as a heap-allocated superclass). If they do not, the type object may not be
garbage-collected.

N— a3 v 3.9 TEHE: Heap-allocated types are expected to visit Py_TYPE(self) in tp_traverse. In

earlier versions of Python, due to bug 40217, doing this may lead to crashes in subclasses.
ll‘ 7?’(:
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear

This field is inherited by subtypes together with ¢p_clear and the Py_TPFLAGS_HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the

subtype.

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 *);
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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 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.

ROBNZH B L DT, tp_clear DFEEEE, £ VAKXV AP S Python A 72 =7 bEEEDONLSE X A
DBBEHN L. FREDXUANDRA Y RIZNULL Bty P IRETT:

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 tp_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 DA R—=YalL 7> a Y OMHHAARICOVWTOFMIZ, BREBARN—2OL I a e R—-FF
3ICHhET,

nn .
il .

Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear
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This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS_HAVE_GC flag bit:
the flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in

the subtype.

richecmpfunc PyTypeObject.tp_richcompare
AT arDRA Y RT, RREBEBZIELET. @73 F 2 ZRDOED T

[PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by PyTypeObject.

Z MBI, HBMERZIRERITANETY, (H@#IE Py_True »* Py_False TT, ) LLIRAREEDOHEII.
Py_NotImplemented %. ZNLAND T T —2FAE L GEITIIHIIMRELZ £ » M LT NULL ZIREXRiTh
) FH8 A

tp_richcompare B &N PyObject_RichCompare () FADE =580 5 7D DEF L L TUILITFHE

HIhTnET:

E# e 3N

<
Py_LT

<=
Py_LE
Py_EQ

! -
Py_NE

>
Py_GT

>=
Py_GE

FRSRHEEREEL (rich comparison functions) ZfHHICFART 270D~ 7 apERSNTVET:

Py_RETURN_RICHCOMPARE(VAL A, VAL B, op)

HEEg U 7245 RSB U C Py_True 72 Py False ZIRLF3., VAL A ¥ VAL B i3 C o HEgEHE
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Ko TIEFPMIATRE TR TR D ERA FIZIX N oE C ORI FEI/NIE IR 5T
Lx9). =HHDFIEITIE PyObject_RichCompare() L FRIMRICERINHELIEEL 3,

The returned value is a new strong reference.
T 7 —HCIFPINZRBE L T, BB S NULL TY X—Y L&,
N— a3 ¥ 3.7 TEM.

ek

Group: tp_hash, tp_richcompare

D74 =N FE tp_hash EHIZH TR A FITHESINET: bbb, ¥ 7 X1 7D tp_richcompare
BXU tp_hash SHEFEH NULL D& E, 7 X4 FIIRIEX A T2 5 tp_richcompare ¥ tp_hash %
Mg bMAL T,

F7#IE

PyBaseObject_Type provides a tp_richcompare implementation, which may be inherited. However,
if only tp_hash is defined, not even the inherited function is used and instances of the type will not

be able to participate in any comparisons.

Py ssize t PyTypeObject.tp_weaklistoffset

BDA VAR Y ZADFBBATRELE A, O 74— A Ri3E¥r I s RERBUTRD, 4 ¥ AR v ZREER
WKBI2HZRY R POXEERTA 7Ly PBADET (GC ANy XHHZHBEITIIEAL £9); Zot
7% v MHIE PyObject_ClearieakRefs() B XU PyWeakref _* BAAFIAL £, 4 >R & ¥ AiE
KIZIE, NULL W@t X7z PyObjectx BID 7 4 —L R A > TOWRIFIUIR D TH A,

ZDT7 4=V EK% tp weaklist EIREILEVEIICLTL XN, ZHEEIA 7Y 27 F HEANDIHSR
BB RNDEHTT,

k.

D74 =N FEY TR FITHEREINT T, LFOHRIZFHATLEZEI WV, 3724 FE 20+ 71y
MEZA—NTA RTEZEBHHET; MoT, HT7XA T TIEHBHSWY X b DEHENREX A T2 I3 R
RBGEENRDD ET, VR FDIEHEIIFEIZ tp_weaklistoffset THMBRETHRDT, TDI LIZMEIC
32 5720WE3TT,

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.
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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

F7TavDERT, FOF T2 D A TL—F BRTEBADRAL VX T, TOENPFET S Z
i, BEZORDA VAR YA AT L— R THEZERmLTVWET (AL, =7 Y RIEZ
D2 THA 7L — FAJRETT ),

OB PyObject_GetIter() LRI 73 F ¥ 2fioTVE !

[PyObject *tp_iter (PyObject *self); ]

R
Y ITRAFEZDT 4 =L R EHELET,

iternextfunc PyTypeObject.tp_iternext

FTavDRLVRT, A1T7L—F— OROBREBTEMERRLE T, 732 F ¥ ERO@EH T

[PyObject *tp_iternext (PyObject *self); J

ATV —ROEENP KRB, TOBBIL NULL 2R X R F4UEi D £8 A, StopIteration BIFMIER
EFLTHLRLSTHERVWTT, ZOMDT T —MRELZL TD, NULL ZRERZITNERD ERA, 20D
T4 =NV ERBHDL, TOBDA VARV ANALATL—RTHE5IERLET,

A 7L —=2BTIE, tp_iter BB ERINTORITIIR ST, ZOBKIE (ki T L -4V AX
YATEHL) A TL—& A4 VARV ZRAKEES AR £H A,

ZOBBDT 72T ¥ & Pylter Next() XFEIU T,
k-
Y ITRA T EZDT7 4 =L REHALFET,

struct PyMethodDef *PyTypeObject.tp_methods

AT ayDRAYRT, ZORDIEH (regular) DX Y v FEEF L TW5% PyMethodDef RiEAD &7
%, NULL C&im S N7z fiais 2f L £ 7,

BADEERI LT, XYy FTRZ YT RDAo7, BERPBOEE (FLD tp_dict ) [TBMS
nEd,

R

TR AEZDT 4 =V REMELEVA (XY v RIZIMEDO X =X L THREI N TVET),
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struct PyMemberDef *PyTypeObject.tp_members

A7 arDRA Y RT, BOIEH (regular) DF =X XN (74— FBXUORBY M) ZEFL TV
% PyMemberDef RE&ERAD B72 %, NULL TG S N7 FRINZBIA 2 HE L £ 5,

MANDBERZ LT, XRUNTRZ VT RDA - RERPUOEEE (Tl tp_dict ZR) 1TBMES N
£75,

o
YT RAFEZDT7 4 =V REMRL LA (X ANFFHED X A =X L THREINTOET),

struct PyGetSetDef *PyTypeObject.tp_getset
FTFarDRAVET, A Y AX Y ZDOHENEN (computed attribute) ZEF L TW% PyGetSetDef
MR D 572 5 NULL TR S #2468 L £ 97

BEF DB EZR Z L1, getter/setter TRAZ VT XD A o7, BEIOEE (LD tp_dict ZH) 1B
mEhxd,

ik
BT RALFIZDT7 4 =N REMAL FEA (BHBEMHEEAMED X A =X A THREASIHTHET),

PyTypeObject *PyTypeObject.tp_base
AT avDRA YT, BT 5 T uRT 4 ZRKT RIKXA TZIELET, 2OT7 41— FOLAR
TR, K (single inheritance) 72239 K — F STV T; ZEMHKIEIX X X4 TONTH LICK
DENRAA T 2 7 Y OEREHEL LET,

FAFR:  Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to
be ”address constants”. Function designators like PyType_GenericNew(), with implicit conversion to

a pointer, are valid C99 address constants.

However, the unary ’&’ operator applied to a non-static variable like PyBaseObject_Type is not
required to produce an address constant. Compilers may support this (gcc does), MSVC does not.

Both compilers are strictly standard conforming in this particular behavior.

Consequently, tp_base should be set in the extension module’s init function.

ik
(Y72DRITTD) BT XA TEZDT 4 =L REMEL ERA,
TI7AILE

D74 =NV FDOF 7+ MEIE (Python v 275 <13 object Bl¥ L THI o T\ 3)
&PyBaseObject_Type 1274 D %9,
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PyObject *PyTypeObject.tp_dict

ROFE PyType_Ready() XX »>TID7 4 — L RIZINDLNET,

This field should normally be initialized to NULL before PyType_Ready is called; it may also be ini-
tialized to a dictionary containing initial attributes for the type. Once PyType_Ready () has initialized
the type, extra attributes for the type may be added to this dictionary only if they don’t correspond

to overloaded operations (like __add__Q)).
A

PTRATEZDT7 4 =V EEHELERTA (. ZOHBFEATERSINTVAEMEIIERDZ AN =XLT
MRS LET),

F7A4ILE

If this field is NULL, PyType_Ready () will assign a new dictionary to it.

&:  tp_dict 1T PyDict_SetItem() Zffio7=b, &#H C-API THET2DEILLTEHD %
Ao

& R

descrgetfunc PyTypeObject.tp_descr_get
F T avDRAVRT, TRV TRD get BZIEL 3,

D> 72 F 2 13RO BHTT

[PyObject * tp_descr_get(PyObject *self, PyObject *obj, PyObject *type); }

.
P TERALFAZZDT7 4 — NV FEHELFT,

descrsetfunc PyTypeObject.tp_descr_set
AT avDRAVERT, TARAZY T ROMEOHRE L HIFREIT O BABEIEL 7,

B DS 72 F 23RO BHTT

[int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

fEZBIERS 2121E. value 51802 NULL Z2REL T,
ik

YBITRXAL FWEZDT 4 — LR BRELE T,
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Py ssize t PyTypeObject.tp_dictoffset

DA VAR YR VAR ABEBD N - TFEEFEDNH 256, ZD 74— FIIELaDfEiczb, Bo
A VARV AT = ZRERICBT 24 VARV AZBEHENDL 7y FHADET; ZoA Ty MER
PyObject_GenericGetAttr() DMEVE T,

ZDT7 4=V E% tp dict EIBAILBVWEIICLTLEEY; ZHREA T 27 NABDOREHEDRE
T,

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 memory
for the dictionary, so it is may be more efficient to call PyObject_GetAttr() when accessing an

attribute on the object.
.72 8

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.

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.)
TIAILE

This slot has no default. For static types, if the field is NULL then no __dict__ gets created for

instances.

wmnitproc PyTypeObject.tp_init
F 7T avDRALVRT, 4 VAR AOWILBERRE R L £ 5
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This function corresponds to the __init__() method of classes. Like __init__(), it is possible to
create an instance without calling __init__(), and it is possible to reinitialize an instance by calling

its __init__() method again.

B D> 732 F 23RO BHTT

[int tp_init(PyObject *self, PyObject *args, PyObject *kwds);

The self argument is the instance to be initialized; the args and kwds arguments represent positional

and keyword arguments of the call to __init__Q.

tp_init BAED 7 4 —L FH3 NULL TRWHE, @FEOMENOHTHIEDA v AR Y ZAERUITHB N T,
D tp_new BAEDA VARV ARIRLUILRICFUHEINE T, tp_new HDILOMDY T2 4 FThRWHID
BERTIHBE, tp_init ZRLFPCHENEEA; tp_new BITTCDBDY T XA TDA VARV A %IRRT
By BT RATD tp_init BIEUHINET,

DL Ziid 0 &2, 7RI ELy FLT -1 ZIRLE T,
.72 8

PITRATEZDT7 4 =V FERELET,

T4

For static types this field does not have a default.

allocfunc PyTypeObject.tp_alloc
AT aYDRAYRT, A YRR ZADAEVHERBIEZIRL £,

BT 72 F v 3 ROEBHTT

[PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

k.

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class

statement).
Tk

For dynamic subtypes, this field is always set to PyType_GenericAlloc(), to force a standard heap

allocation strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc(). That is the recommended
value for all statically defined types.

newfunc PyTypeObject.tp_new
T avDEAVRT, 4 VAR RERBEREEL $T,
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B DY 72 F v 3 ROEBHTT

[PyObject *tp_new(PyTypeObject *subtype, PyObject *args, PyObject *kwds);

subtype SIBUIERT 24 7P 27 bDOBITT; args BL kwds 5180%,. HEFFUHT  EOMNES B
FUF—T - F5I8TT, subtype 1 tp_new B ZMUOH T L ZIZHE SRR UTH 2BEIRNI LI
FEELTLEIY; 2080 (HEGRTERV) B 72470z dbdHh £5,

tp_new BAEUZ subtype->tp_alloc(subtype, nitems) ZFENHLTA T Y =7 DX E Y MHIEHZ LR
L. #IEHETHEZRE Y S B2 T 21TV E T, EBLADEDIELED LTHEEDRWHIELL
X tp_dnit N FINIEEE LRFIUERD TR A, ZVEVWOELZE LTE, 2B RRERACII
{LIZ2T tp_new TITW, —F, ZHEABELETIXIL AL DHUHHLE tp_init WKEITRETT,

Set the Py TPFLAGS_DISALLOW_INSTANTIATION flag to disallow creating instances of the type in
Python.

by

YTRATIZZDT 4 =V REHMHALET, fil4he LT, tp_base % NULL %> &PyBaseObject_Type IZ
2o T2 FRHRE TIFHAL £H A

T4k

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
FTaYDRAYRT, A VARV ADRX T BB EELE T, 7 4F v L FO@ED TY:

[void tp_free(void *self);

An initializer that is compatible with this signature is PyObject_Free().
ik

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class

statement,)
T7#Ib

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 ().
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inquiry PyTypeObject.tp_is_gc
AT ayDRAYRT, AR=—YavrzxpofrtlahsBEzRL £7,

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 &5 REOBNE, BA TV =7 FAKTT, AXEA T PyType_Type 13, B X E 1 HEfRDEHT
» B R BT 272D ZOBBEERLTVET, )

.

YITRATRIIDT 4 =V RERAL £,

TI7HIb

This slot has no default. If this field is NULL, Py_TPFLAGS_HAVE_GC is used as the functional equivalent.

PyObject *PyTypeObject.tp_bases
BEM» 5252 TV TT,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is

initialized.

For dynamically created classes, the Py_tp_bases slot can be used instead of the bases argument of

PyType_FromSpecWithBases (). The argument form is preferred.

Z&: 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.

-
ZDT 4= RIFEREI TR A,

PyObject *PyTypeObject.tp_mro
BIEZ A THEZEMLEEED Ao TVE XTI LTT, £EITZYTIHAKDLSIE T XD, object THK
DO ET, XYy FIRFENEF (Method Resolution Order) 12> Tl ATWE T,

This field should be set to NULL and treated as read-only. Python will fill it in when the type is

initialized.
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i
ZDT7 4=V IR INERA; 74— FOEIX PyType_Ready () THEFIHEINET,

PyObject *PyTypeObject.tp_cache
KEHDZ 4 =L FTT, NETOAFHINET,

-
ZDT 4 = RiFHRIN TR A,

PyObject *PyTypeObject.tp_subclasses

List of weak references to subclasses. Internal use only.
o
D7 4= FIFER ST A

PyObject *PyTypeObject.tp_weaklist
COMATY 27 MNINT 2555 H» 6K 5 VR M DRFATT,

MR
ZDT7 4= FiIFMERINEE A,

destructor PyTypeObject.tp_del
DT 4=V RIFEIEXNE LT, tp_finalize ZROVICFIHL T X W,

unsigned int PyTypeObject.tp_version_tag

XYV FFroviandDAryTy 72 LTlEbEd, WEHHZTDRD0BEB TS,
by
ZDT7 4 =L FIFMERIRERA,

destructor PyTypeObject.tp_finalize

An optional pointer to an instance finalization function. Its signature is:

[void tp_finalize(PyObject *self);

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 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:
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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);
/* .. */
/* Restore the saved ezception. */
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 API calls,
since the thread on which tp_ dealloc is called will own the Global Interpreter Lock (GIL). However, if
the object being destroyed in turn destroys objects from some other C or C++ library, care should be
taken to ensure that destroying those objects on the thread which called tp_ dealloc will not violate

any assumptions of the library.

i
PITRATEIDT7 4 =V RERELET,
N—a v 3.4 Tl

N—Y a v 3.8 THEH: Before version 3.8 it was necessary to set the Py_TPFLAGS_HAVE_FINALIZE
flags bit in order for this field to be used. This is no longer required.

BE:
"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__Q is used.
k-
DT 4= FFRL THRRINEEA,

N=Tar 39 TEM: (ZO74 =N FE38MPLFMELTVE T, 39LFETL2AHATEEEA)
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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 BEF T =0 MMEER

type PyNumberMethods

COMERBRIER 70 b a2 RET 2 DICHDON BB D KA Y X2 RELTWE T, DT Z
NN BEEL T O ROV (number protocol) THREFHZ N TV 2B AFTOBEB SFH I E T,

DU ERDEFR TS

typedef struct {

binaryfunc nb_add;
binaryfunc nb_subtract;
binaryfunc nb_multiply;
binaryfunc nb_remainder;
binaryfunc nb_divmod;
ternaryfunc nb_power;
unaryfunc nb_negative;
unaryfunc nb_positive;

unaryfunc nb_absolute;

(RDR=212HiL)
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inquiry nb_bool;
unaryfunc nb_invert;
binaryfunc nb_lshift;
binaryfunc nb_rshift;
binaryfunc nb_and;
binaryfunc nb_xor;
binaryfunc nb_or;
unaryfunc nb_int;
void *nb_reserved;

unaryfunc nb_float;

binaryfunc nb_inplace_add;
binaryfunc nb_inplace_subtract;
binaryfunc nb_inplace_multiply;
binaryfunc nb_inplace_remainder;
ternaryfunc nb_inplace_power;
binaryfunc nb_inplace_lshift;
binaryfunc nb_inplace_rshift;
binaryfunc nb_inplace_and;
binaryfunc nb_inplace_xor;

binaryfunc nb_inplace_or;

binaryfunc nb_floor_divide;
binaryfunc nb_true_divide;
binaryfunc nb_inplace_floor_divide;

binaryfunc nb_inplace_true_divide;
unaryfunc nb_index;
binaryfunc nb_matrix_multiply;

binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

HIDR— % 5D E)

AR CHBEEE ZHBRIE, TRTOART Y RO EZF 2 v 7 LRITHER ST, RERES: FEE
LARFAERD A (T RLELEDBARTVYFO—DEERLTVIHDAL Y AXYATY). bLEX
LA RT Y FITH U TIREDER S LR T AU, IHBIS L =THRBS%E Py _NotImplemented %K &

IR SH T O F =AM 5 7EE. NULL 2R L THls %2

BROE L2 U D $ 8] A,

AM: 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
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binaryfunc PyNumberMethods.nb_subtract
binaryfunc PyNumberMethods.nb_multiply
binaryfunc PyNumberMethods.nb_remainder
binaryfunc PyNumberMethods.nb_divmod
ternaryfunc PyNumberMethods.nb_power
unaryfunc PyNumberMethods.nb_negative
unaryfunc PyNumberMethods.nb_positive
unaryfunc PyNumberMethods.nb_absolute
inquiry PyNumberMethods.nb_bool

unaryfunc PyNumberMethods.nb_invert
binaryfunc PyNumberMethods.nb_lshift
binaryfunc PyNumberMethods.nb_rshift
binaryfunc PyNumberMethods.nb_and
binaryfunc PyNumberMethods.nb_xor
binaryfunc PyNumberMethods.nb_or

unaryfunc PyNumberMethods.nb_int

void *PyNumberMethods.nb_reserved
unaryfunc PyNumberMethods.nb_float
binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods.nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply

binaryfunc PyNumberMethods.nb_inplace_remainder

12.4. BfEZ4TD 1o MEERK
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ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods.nb_inplace_lshift
binaryfunc PyNumberMethods.nb_inplace_rshift
binaryfunc PyNumberMethods.nb_inplace_and
binaryfunc PyNumberMethods.nb_inplace_xor
binaryfunc PyNumberMethods.nb_inplace_or
binaryfunc PyNumberMethods.nb_floor_divide
binaryfunc PyNumberMethods.nb_true_divide
binaryfunc PyNumberMethods.nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMethods.nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 Iv7A T2 0 MEER

type PyMappingMethods

ZofERIZ~ Yy TR0 b arBRETZ-DIHEONZEBEEANDORAL X ERELTVWET, LITD
S3ODAUNEFoTWET:

lenfunc PyMappingMethods.mp_length

Z DAIE PyMapping_Size() R° PyObject_Size() P HRMAIN, ZASHLHEUSI 72 F ¥ 2HioT
WET, A7V PBERSNLERSZRLLVEEIR. TOR0y MINULL KRESNDS Ze2dH D
£,

binaryfunc PyMappingMethods.mp_subscript
Z DOBBUZ PyObject_GetItem() B LU PySequence_GetSlice() 7 HF|H X, PyObject_GetItem()
CRILS 72 F v 2FoTVWET, TORT Yy ME PyMapping Check() 53 1 iR T T2DITIIMET, 2
5 TRIFAUL NULL D5ENH D £3,
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objobjargproc PyMappingMethods.mp_ass_subscript

This function is used by PyObject_SetItem(), PyObject_DelItem(), PySequence_SetSlice() and
PySequence_DelSlice(). It has the same signature as PyObject_SetItem(), but v can also be set to
NULL to delete an item. If this slot is NULL, the object does not support item assignment and deletion.

12.6 >—7 Y RF T U MMEER

type PySequenceMethods
COREREY =7 AR T A b AV e RET DI lb 2 BIBEAD R A Y XL TV E T,

lenfunc PySequenceMethods.sq_length

This function is used by PySequence_Size() and PyObject_Size(), and has the same signature. It

is also used for handling negative indices via the sq_item and the sq_ass_iten slots.

binaryfunc PySequenceMethods.sq_concat

Z DRARUZ PySequence_Concat() THIHEH, ML 74 F v Zfio TR T, k. + HEFTDH,
nb_add 20y MI X BBUEMFZA L BRI SN E T,

ssizeargfunc PySequenceMethods.sq_repeat

Z OBEIE PySequence_Repeat () THIHZ N, ML 7 A F ¥ Z2HoTWET, k. * HAETH,
nb_multiply ARy MIX2BEREZAL =D 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 DRARIE PySequence_Contains () 22 HFHIN. AL 72 F rZ2HoTWwEd, Z0RAB Y M
NULL D8535 D, Z Dif PySequence_Contains() I Y I NICv v F 3547227 b2 RO
FTY—r o 2%KEIL %3,
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binaryfunc PySequenceMethods.sq_inplace_concat

This function is used by PySequence_InPlaceConcat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceConcat () will fall back to PySequence_Concat (). It is also used by the aug-

mented assignment +=, after trying numeric in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat

This function is used by PySequence_InPlaceRepeat() and has the same signature. It
should modify its first operand, and return it. This slot may be left to NULL, in this case
PySequence_InPlaceRepeat () will fall back to PySequence_Repeat (). It is also used by the aug-
mented assignment *=, after trying numeric in-place multiplication via the nb_inplace_multiply

slot.

12.7 Ny T 7Z T2 TV MEER (buffer object structure)

type PyBufferProcs

Z OB buffer 7O R DPERT ZBEEFFADORA Y EZEHERHELTCVES, 200 ok, =
FJAR=R =TI =7 WL T, ZONERT =2 %2> > a—<AT7 7 VZETLEZERL
9,

getbufferproc PyBuf ferProcs.bf_getbuffer

COBEDY 73 F ¥ ZUL T D@D T

[int (PyObject *exporter, Py_buffer *view, int flags); ]

flags THRE I N2 HIET view ZHEDTUIZLWVWE WD exporter (T HEREZMWHLET, X7 v 7 (3)
ZEROT, ZOBROEETEILLTORT v T2ITbRIFUIRD $EA:

(1) Check if the request can be met. If not, raise BufferError, set view->obj to NULL and return
-1.

(2) TRXNF7 4 — L EEHDFT,

(3) T2 2K — b LR T AT XL Y2 VXY P LET,

(4) view->obj T exporter ZaE L. view->obj 24 ¥ 27 UX Y FLE T,

(5) 0 BELET,

exporter 3Ny 7 7 TONL ZDF = 4 YV Y —D—HTHIUX, 2200 FBELRAFAPHEHTEET:

e HIJRAR=F: V) —DREENTIIAR-IEINEA T2 b2 LTRAFHF V., BEANDOH LW
SIR% view->obj Nty FLET,
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e URAL I+ Ny 7BRKBYYV—DL— AT PIVXALZ PENET, T T
view->obj L — ATV 2T bAOHF LWBRICKED £3,

view DEFD 7 4 — N Flid Ny 7 71EER OHITHHESATED, =27 AR — FHPRFEDERITH L &
SHB LIRTFIUIL BT Hh ORI, Ny T 7ERDEZAT OHICH D £,

Py_buffer MEROFPLBBL TV EETOREVEIIZAR-—XIIJBL, avya—<hnikik?
EFTHM TR TIERD £ A, format . shape . strides . suboffsets. internal ¥ ¥ > a2 —=<
o EaAt LEHTT,

PyBuffer FillInfo() ¥, &2 TOV I T RAMXA TEIELLTLS BT, Bl A b 77 2 RBT 5
R BRI L 9,

PyObject_GetBuffer(D &, TOBBEI v F52arya—<MA}DA VX =7 2 —ATT,

releasebufferproc PyBufferProcs.bf_releasebuffer

COBBEDY 73 F % ZUL T D@D T

[void (PyObject *exporter, Py_buffer *view);

Ny 77DV Y —2ZRMRT2EREZUHEL LT, BLART2BHOH 2V Y - ADBRVEE,
PyBufferProcs.bf_releasebuffer & NULL L THBVEE A, £ TRVEHAIZ, ZOBEKD
B2 RRIE, U OEE O FIE (optional step) ZITWE T

(1) =27 ZAR—= b LEEBERRT 2N 22T 27X FLET,
(2) AT &2 0 DHEE. view ZEEMNIT LML TOXEY ZEHRLET,

IVAR—RIF, Ny Z77BEEDV Y —REBEMR LG 272012 internal 7 4 —)b FEFbIFUIRR
DEBA, ZTD7 44—V KiF, ar>a—<view 51 LTHIZFILONy 77Dab—%2ELTWV
BZTHA5M. EHLoBRWI EBEIFINTVET,

ZOBIBUZ. view—>obj BT 27 U XY P LTRWIERA. RERSZNUT PyBuffer_ Release() TH
BHNCITDON 2056 TT (ZOHRIISHROERZH S DITHEHTT),

PyBuffer_ Release() . ZOMEES v 7322y a—<AIIDA Y R—T7 2 —ATT,

12.8 async 77> ¥ MEEK

N— g v 3.5 TEM.

type PyAsyncMethods
Z OREEIRIE awaitable 7Y =27 ™ & asynchronous iterator & 7Y = 7 b BFIET 2 DITHE IR BIEL
NDHRA Y RERFELTVET,
DU SR DI CF
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typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await

OO A F Y T FDMED T

{PyObject *am_await (PyObject *self);

BENDE2A 7927 3 AT7L—2 TRINERDERA, 2FD DA T7T =27 P IALT
PyIter Check() 2% 1 ZiRERITAUIRD X A,

F 7Y =7 bW awaitable TRWIEE, TOABy b NULL IKEREL E T,

unaryfunc PyAsyncMethods.am_aiter

COBBDY 73 F ¥ ZUL T D@ T

{PyObject +*am_aiter (PyObject *self);

Must return an asynchronous iterator object. See __anext__() for details.
A7V 27 PRGN D 7 a b alkFEEL TORWEE, ZOAry b NULL IKREL 7,

unaryfunc PyAsyncMethods.am_anext

ZOBBOS A F P IZLIFOED 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
COBBD> 74 F v ZLLFO@ED T

{PySendResult am_send(PyObject *self, PyObject *arg, PyObject *xresult);

See PyIter_Send() for details. This slot may be set to NULL.

N— a3 ¥ 3.10 TEH.
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12.9 Slot Type typedefs

typedef PyObject *(*allocfunc)(PyTypeObject *cls, Py _ssize__t nitems)

RICE L £ 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 argu-
ment. 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.

COBBTIEMO VAR D A4 Y AR Y ZHIHE BT o TR D FH A, BMOXEVEDYTITSH{ToT
B FHEA, ZO XS R tp_new TITHONEINETT,

typedef void (*destructor)(PyObject™)
RICBLFT: Stable ABL.

typedef void (*freefunc)(void*)
tp_free ZBIRL TSIV,

typedef PyObject *(*newfunc)(PyObject*, PyObject*, PyObject™)
RICBLZET: Stable ABL tp_new 2B L TLZE W,

typedef int (*initproc)(PyObject™, PyObject*, PyObject™)
RICELZE: Stable ABL tp_init 2L T X W,

typedef PyObject *(*reprfunc)(PyObject™)
RICBELZET: Stable ABL tp_repr ZZIRL T X W,

typedef PyObject *(*getattrfunc)(PyObject *self, char *attr)
RICBELET: Stable ABL. #7227 FORHEDEEZRLET,

typedef int (*setattrfunc)(PyObject *self, char *attr, PyObject *value)
RICBLET: Stable ABL. A7 =7 FORBMIMHEZHREL 7, BEZHIBRT 21213, value (%) 518
IZ NULL ZREL %7,

typedef PyObject *(*getattrofunc)(PyObject *self, PyObject *attr)
RICBELET: Stable ABL. #7227 FOEHEDEEZRLET,

tp_getattro ZHZHL T 7ZE W,

typedef int (*setattrofunc)(PyObject *self, PyObject *attr, PyObject *value)
RICBLEFT: Stable ABL. 7Y =7 FORMIMEZHE L $7, BHEZHIBRS 21213, value (%) 515
IZ NULL #3%F LE T,
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tp_setattro ZBML T E W,

typedef PyObject *(*descrgetfunc)(PyObject*, PyObject*, PyObject*)
RICBLZE T Stable ABI. tp_descr_get ZBHL T X\,

typedef int (*descrsetfunc)(PyObject®, PyObject®, PyObject™)
RICEL X9 Stable ABI. tp_descr_set ZBHL T X,

typedef Py hash_t (*hashfunc)(PyObject™)
RICBLZFT: Stable ABL. tp_hash 2B LT X0,

typedef PyObject *(*richempfunc)(PyObject*, PyObject®, int)
RICEBL £ 9 Stable ABL. tp_richcompare ZSIRL TL 72X W,

typedef PyObject *(*getiterfunc)(PyObject*)
RICBLUET: Stable ABL. tp_iter BMRLTLZ X0,

typedef PyObject *(*iternextfunc)(PyObject™)
RICBL X9 Stable ABI. tp_iternezt B L TLZE W,

typedef Py ssize t (*Lenfunc)(PyObject™)
RICBLET: Stable ABI.

typedef int (*getbufferproc)(PyObject*, Py _buffer*, int)
typedef void (*releasebufferproc)(PyObject®, Py _ buffer*)
typedef PyObject *(*unaryfunc)(PyObject™)

RICBLFT: Stable ABIL.

typedef PyObject *(*binaryfunc)(PyObject*, PyObject™®)
RICBLZE 9 Stable ABI.

typedef PySendResult (*sendfunc)(PyObject™, PyObject®, PyObject™*)
am_send ZHBRLTLZE W,

typedef PyObject *(*ternaryfunc)(PyObject*, PyObject®, PyObject™)

RICEBLFT: Stable ABIL.

typedef PyObject *(*ssizeargfunc)(PyObject®, Py _ssize t)
RICBLFT: Stable ABIL.

typedef int (*ssizeobjargproc)(PyObject*, Py _ssize t, PyObject*)
RICBLZE 9 Stable ABI.
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typedef int (*objobjproc)(PyObject™, PyObject*)
RICELZE T Stable ABI.

typedef int (*objobjargproc)(PyObject*, PyObject*, PyObject*)
RICEBLE7: Stable ABI.

12.10 fERAH

T 2Tl Python OMERDEHHELHIZ WL O0FETF £, o OFNIIZH 72705818 5 5 @ 72 F B 2
BATVWE T, WSO2DFITIE MY vy F—Ra—F—Fr —RAZHELTVET, £DZ L OHREEILIER,

Fa— MU TADPRKERS, defining-new-types % new-types-topics ZZH L T X\,

A basic static type:

typedef struct {
PyObject_HEAD
const char *data;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_new = myobj_new,
.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

};

IO AERYtFERA VT wa— % (82 CPython @2 — FR—=XHT) A3 2 223550 Ltk

FA:

static PyTypeObject MyObject_Type = {
PyVarObject _HEAD_INIT(NULL, 0)

"mymod.MyObject", /* tp_name */

sizeof (MyObject), /* tp_basicsize */
0, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */

0, /* tp_vectorcall_offset */
0, /* tp_getattr */

0, /* tp_setattr */

0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */

0, /* tp_as_number */
0, /* tp_as_sequence */

(D=2 12%i<)

12.10. fERA)
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S
*

tp_as_mapping */
tp_hash */
tp_call */
tp_str */
tp_getattro */
tp_setattro */
tp_as_buffer */
tp_flags */
PyDoc_STR("My objects"), /* tp_doc */

tp_traverse */

NN N\
A

S
*

O O O ©O O © O ©
NS S
x* % *

NN
* %

tp_clear */

N
*

tp_richcompare */
tp_weaklistoffset */
tp_iter */

NN
x % %

tp_iternext */
tp_methods */

tp_members */

N
*

S
*

tp_getset */
tp_base */
tp_dict */
tp_descr_get */

NN N Y
* % % %

tp_descr_set */
tp_dictoffset */
tp_init */
tp_alloc */

S
*

O O O O O O O O O O O O O O O O
NS S
* *

S
*

myobj_new, /* tp_new */
ig;

(FIDR=I 5 DfEE)

\

SRR, VARV AFHE, Ny v a®YKR— T4

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} 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_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,

(RDR=212#i <)
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(FIDR=I 5 DfEE)

.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,

.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
};

A str subclass that cannot be subclassed and cannot be called to create instances (e.g.

factory func) using Py_TPFLAGS_DISALLOW_ INSTANTIATION flag:

uses a separate

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "mymod.MyStr",
.tp_basicsize = sizeof (MyStr),
.tp_base = NULL, // set to &PyUnicode_Type in module init
.tp_doc = PyDoc_STR("my custom str"),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_DISALLOW_INSTANTIATION,
.tp_repr = (reprfunc)myobj_repr,
};

The simplest static type with fixed-length instances:

typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "mymod.MyObject",

};

The simplest static type with variable-length instances:

typedef struct {
PyObject_VAR_HEAD
const char *datall];
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT(NULL, 0)

(KDR=212HE <)

12.10. fERA)
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(FIDR=I 5 DfEE)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof(char *),
.tp_itemsize = sizeof(char x),

i

12.11 BREBAR—2OL I3V R—+T3

Python DMERSIBZ ELIN—V Ot aL 7y a vy Ed K-+ 321 oA 77 viexfsd 7 ay
TF (MDA T2 MEMMD Y TFIEARET) &R ATI 27 MKV R- FORETT, o
ATV 27 MIWNTEZRELELRVA T 27 b, (BUERLXXTFAD L S572) 7 b &% (atomic type) ~D
BIPF T ETIET 2 L5 RATIE, IR—YaLrya VITBLTRIIZA L Wo a3 R— F 24T 2 0 F1Z
HYHFEHEA

To create a container type, the tp_flags field of the type object must include the Py_TPFLAGS HAVE_GC and

provide an implementation of the tp_traverse handler. If instances of the type are mutable, a tp_clear

implementation must also be provided.

>

Py_TPFLAGS_HAVE_GC z
D757 7%y FLEHMOA T 27 NI, ZOEICHENRANGES L2 uEh $8A. BED-

B, ZO75 7%ty bLEBOF T v 2ayTF AT P ETET,
avFFROar A5 7 ZFLFOZOOHANCESE LRTIUIRD 28 A:
1. The memory for the object must be allocated using PyObject_GC_New or PyObject_GC_NewVar.

2 fbpa T IFANDBRBPALZLDLAB VT 4 -V PR THHLEIALSL T

EZ Y

PyObject_GC_Track() ZFFOH E2FIUILD £E A,
FERIC, A7 =2 FOXEVBHBIESLITD —SOHRANGEE LRI D $EA:

1. fioary7FE2BRLTVWE 7 4 =V REEH{LT 201, PyObject_GC_ UnTrack() ZFEUHI X 2T
372D F8 Ao

2. A7V 27 FDRXEVIX PyObject_GC Del () TR LTI THA,

g

& If a type adds the Py TPFLAGS_HAVE_ GC, then it must implement at least a

tp_traverse handler or explicitly use one from its subclass or subclasses.

When calling PyType_Ready() or some of the APIs that indirectly call it like
PyType_FromSpecWithBases () or PyType_FromSpec() the interpreter will automatically popu-
late the tp_flags, tp_traverse and tp_clear fields if the type inherits from a class that imple-
ments the garbage collector protocol and the child class does not include the Py_TPFLAGS HAVE_GC
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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 PyVar0bject* and must not be tracked by the collector yet. newsize must be of
type Py_ssize_t.

void PyObject_GC_Track(PyObject *op)

RICBELET: Stable ABL. A7 Y xz2 b op &2, AL 7RI TEINE A 7Y =7 bOEGFITEN
LET, a7 HMHE 0rEFHETERVOT, BIFEATVWSEIEA 7Y 27 MIIELWIRETWL
BRI D FR A, tp_traverse DR LR ZETD T 4 =L FAWIELWIRREBIZR > TIIZ, 720 T
WEay 2+ 77 2OREMET, 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 (/NA—23 > 8.9 &£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().

N—ar 3.9 TEM.
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void PyObject_GC_Del (void *op)

RICE L £9: Stable ABI. Releases memory allocated to an object using PyObject_GC_New or
PyObject_GC_NewVar.

void PyObject_GC_UnTrack (void *op)

RICBELET: Stable ABL. A7V z2 b op 2, AL 7RI TEMEINSE A TP =7 FOEED HER
ELET, ZOF TV 27 M LT PyObject_GC_Track() ZHEMFCHLT, BHXNE ATV 22
FORBICET I HAEETT, tp_traverse NY FITDMRLIRZ 7 4 =V FEDBIEL K RWIKERIZZ 5
BilC. 7787 =& (tp_dealloc N FZ) 34TV 27 ML T, ZOMBENRIHETIRETT,

N—=Y 3 3.8 TZHE: The _PyObject_GC_TRACK() and _PyObject_GC_UNTRACK() macros have been re-
moved from the public C APL

tp_traverse NY R IIZZ DD T X —XEZITWMD £73:

typedef int (*visitproc)(PyObject *object, void *arg)
RICBLET: Stable ABL tp_traverse N¥ FZIZEEI N2 LY & —BI# (visitor function) DRITT,
ZOBBE. BRI B2 AT 2 M object £ LT, tp_traverse N¥ KT D 3 58 % arg & LTI
CH L E T, Python @a 73w 2200y X -z ffio T, 23 RoLBERSREMINT 2 (A
ZRELXT; 2—FHEHDLDIIL Y X —FEZHEILEPE T 22 3RV TL x5,

tp_traverse NY K ZIFROMEFf o TWRITFIUIR D THA:

typedef int (*traverseproc)(PyObject *self, visitproc visit, void *arg)
RICBLET: Stable ABL. aY7FA 7Y =27 FO7DHD 7 =P LB (traversal function) T,
FETIE, self TEFEA->TVWEEATY =27 M LT visit BERCHIZITUIRD EEA, 20
LE, visit NDRFRARFAVTFIZASTWEEF T2 b, ZONY RIIZEEINT arg DIET
§ o wvisit B NULL A 7Y = 7 P25 BUCE LTI L TIdR D 8 A, visit DIEE R DEZIE TS
G T7-REL. RVEZZOEFRET I LARTNUIRD $EA,

tp_traverse ™Y ¥ I ZERICEL J2012, Py VISITO ~Z7udigixhTtnEd, Zo~xruzffiszHic
i, tp_traverse DEIEBBDGIEIL. —XFHEDT visit & arg TRITUIRD FEA:
void Py_VISIT(PyObject *o)

If 0 is not NULL, call the wisit 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->foo0);

Py_VISIT(self->bar);

return O;
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tp_clear NY F I3 dnquiry BITH 20, A7V =7 FHAZE (immutable) %A NULL THRIFAUERD
A

typedef int (*inquiry)(PyObject *self)

RICBLET: Stable ABL fERZRZER L T2 e BIXLESHPLMEL £5. ZERARRA 7
Yz MIERSREEEENT 2 2R L TRVDT, ZOBBEERT IHNEIZDHD A, TDAR
Vo FROHLERTHA 7Y 27 MVEANLTETRINVILSZRVOTERL T2 W (BRI
U T Py_DECREF() ZWMERIZIFITLIENWTLZE W), AR—YaLrxiF, 7Y =7 F BERZRZE
JRLUTWR ZeZRHLABICZOXY v FEHUHL £T,

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)

RICE L £79: Stable ABI. Perform a full garbage collection, if the garbage collector is enabled. (Note
that gc.collect () runs it unconditionally.)

Returns the number of collected + unreachable objects which cannot be collected. If the garbage

collector is disabled or already collecting, returns 0 immediately. Errors during garbage collection are

passed to sys.unraisablehook. This function does not raise exceptions.

int PyGC_Enable (void)

RICELFY: Stable ABI (/N—2 3> 810 &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)

RICBLEY: Stable ABI (J/A\—23 > 3.10 &b ). Disable the garbage collector: similar to gc.
disable(). Returns the previous state, 0 for disabled and 1 for enabled.

N—a ¥ 3.10 TEM.
int PyGC_IsEnabled (void)

RICBLZET: Stable ABI (/A—23> 8.10 &D ). Query the state of the garbage collector: similar to
gc.isenabled(). Returns the current state, 0 for disabled and 1 for enabled.

N—ar 3.10 TEM.
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APl £ ABl O/)N\—>3=>4

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—=2 a vEld API & ABI OZEMICOWTIE C API ORZEM 2SR L TLZE W,

PY_MAJOR_VERSION

3.4.1a2 ® 3,

PY_MINOR_VERSION

3.4.1a2 D 4,

PY_MICRO_VERSION

3.4.1a2 D 1,

PY_RELEASE_LEVEL
3.4.1a2 D a, 777 TIE 0xA, R—XTIX 0xB. VU —REHTIE 0xC . FMRTIE 0xF 274D
9,

PY_RELEASE_SERIAL
3.4.1a2 D 2, BV V—ATE0IXRDET,

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:



The Python/C API, U —2X 3.11.14

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

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

RICBLET: Stable ABI (N—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 TEN.

All the given macros are defined in Include/patchlevel.h.
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T8

>>>

2to3

abstract

oS

&

The default Python prompt of the interactive shell. Often seen for code examples which can be

executed interactively in the interpreter.

x
DHDPEZLNET:

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

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.

base class

(HIRIE S 5 R) fIRILE S 7 213 duck-typing 25 S 5 S DT, hasattr() REDHIDT 7 =v /T
EABIFTH o 72 D WD IciR 5 (Bl 21X magic methods DHE) HEIKA ¥ X —7 = —RAZERT 5 /%
2L £, ABC 3R (virtual) 727 A ZEALET, ZHUIHT AL LMEL FEAD. £
N TH isinstance() % issubclass() WKARMINFT; abc EV 2 —NLDFFaX Y F2ZHLTL
72EW, Python i12id, £ DflAIAA ABC RIS TVE T, ZONRIE, (collections.abe E
Ya—)LT) 7 —XME, (numbers €Y 2 — /A T) L, (io £ 2—/T) A+ VU —4, (importlib.abe
EV2—NNT)AVR=F 774 VEARUEB =KX =TT, abc EY 22—V ZHHLTHED ABC Z{EKT
ERES

annotation

(77 T7=>ay)EBB 77 RAEMNE. DT X—=22RDEICEFRT 2 7L TT, BEICXD type
hint & LTEHLNLTWET,
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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, classes, and

functions, respectively.

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this function-

ality. Also see annotations-howto for best practices on working with annotations.

5|% (argument)
(FE51%) BIREPEOH SBRIC, BI%L (7213 AV w R) ICESTETT, Eslucd 2@EsH b 3

o F—TJ—FE|E: BRI L OBICE ORI TF2 20z d @ (fl: name=) Ko, ** 1ZHil) 7= &
EoHofEr LTEINZS1BL FlZIRX. RD complex() DMEUFH LTI, 3 & 5 23F—7— F5|#
T3

complex(real=3, imag=5)

complex (**{'real': 3, 'imag': 53})

o MUBESIE: F—vU— FEIELMNDOFIEL MESIBIIFIEY X FOHEHICEL 2P TE, 72+ IZHKIT
7z iterable DERY LTET IR TEZ T, HlZIE. ROHITIE 3 & 5 &M AHMES I TT:

complex (3, 5)
complex(*(3, 5))

FEFBUIBBOEKIC BN THEIM EOon— A AZBICE D G Tonkd, D HT2IT 5 HANTOWTIE
calls ZBMLTKLE WV, YRy ZARBWTHGIBERTLDIZHoWHHEES T e KT T,
Ml X N7 fEIE e — ANV ZERCHID FTohE T,

k5% . FAQ @ 5 REGIBDE AT A? . PEP 362 22 L T 7ZE W,

asynchronous context manager
GERa >y 7% A bv =Y %) __aenter__() & __aexit__() XV v KEEFT 5 I & T async
with XNORBEZEM T 247922 b T, PEP 492 TEAXINE L7,

asynchronous generator
(FEMEAY = 1 L — &) asynchronous generator iterator %R 3BT S, async def TEFI Nz )L —
F VBBITITOE T, yield REFFOH TR D £3, yield iF async for L —7THATE S
EOWM N ZAERT 2 DIEHENE T,

HEIIEFEY = 2L — 2R L E 30, RICK-o TR RS XL —21TL—& 2355
BHY EY, BHNENLERPHAL P TRWEES, RO DI e 2 B2 EH L £5,

FEFRAY = A+ L — X BT, async for XX async with X2 TR await RdH2ZehHD
ESca

asynchronous generator iterator
(FEFEAY = 1L —& 14 7L —2&) asynchronous generator BTHERENE A 7P 27 M TT,
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ZAUX asynchronous iterator T, __anext__() XYV v K& THEN 2 & awaitable & 72 =7 + %
BLET, 2D awaitable & 7Y =7 MME, KD yield RETIHFAMPY = 3 L —XEKOAREEEITL
£7,

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
(JEEAA 75 7)V) async for XOHFTHHATE S A7 27 M TF, HHD __aiter__() XV v Kd»
% asynchronous iterator 2R XX D FH A, PEP 492 TEAXNE L,

asynchronous iterator
(GERIA 71 —4&) __aiter__() & __anext__() XY v FEEELLA T2/ FTF, __anext__Q)
i awaitable 7 7Y =7 P RIBEIRFNIIRD £ A, async for 1 StopAsyncIteration ffilf % X H
T5ET, EAPIA 7L —&D __anext__() XY v FART awaitable Zf#RL £3, PEP 492 TH

ASNE L7,

Bk
(B1) 7Y =7 McBEMIT SN, Fy PREKCK o THATCEESZRINSETT, flZIE +7
Pz b o DEN 0 ZFoTWBS L E, ZOEMNIE 0.a TEREINET,
A7V =7 MIZIA, identifiers TER SN 2T CRARVARTIDEEZ 522 2 e TEEd, L 2iF
setattr() 2V, A7V 27 I ZENEHFULTOVEHEIITAET, 20L& REMIZ Ny FREK
TR 77ERATET, RO DIC getattr() 2> THMAZRLERHD 5,

awaitable
(FEREPTRE) await N CTHEHT 2 e BHKZ A7 22 M TF, coroutine 2>, __await__() XYV v KA
HHATY 27 T, PEP 492 2B LTS W,

BDFL %
AR X GMEE (Benevolent Dictator For Life) ®I& T3, Python OfF#. Guido van Rossum D Z
Z‘—(\\j—o

binary file
(N4 F VT 7 AN bytes-like ZT LTI b OfiAAABIUEZRAANTES J7MILFTT
Ik T, "AFVT7 74 0DFNE NAFVE-F ('rb', 'wb' or 'rb+') THDLNT 7 14 L,
sys.stdin.buffer, sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AX Y A TT,
Str A7V 2V FPOMABENTEL 7 7 ANATT =27 MITOWTIA, text file BZMLTLZE 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
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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 reference
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

w277 7083 (buffer Protocol) % R—=b+LTWT, C SiBOEKT &L Ny 7 7 — & iEfa]
AE7 4 7Y = 7 b, bytes, bytearray, array.array . %< O—fHJ72 memoryview * 7 =7 k23
ZHUTH D T, bytes-like A 7Y =7 NI T—REH, XA FVU T 7 AANORE, Vv FRIEH
LR ERE, N F VT =R Z2BERT 2V WARBECHHT 2 e N TEET,

BODPDRMETEINAF VT —R2EET 2MEDRHD ET, ZORMEDOFF 2 X PTIREL "HAEE
A[RE7L bytes-like A 7= 27 M ICTEK/RLTWERT, ZHAAEKRNY 77 —F 7T =7 ML, bytearray
¥ bytearray D memoryview REDVZENE T, T/, MMOEODLDIMETIIAELRA T =27 PO
AFVTF—% (" HAHLEHAD bytes-like A 7227 +7) ZRELET, £4HICIE bytes & bytes D
memoryview 7Y =7 FBEENE T,

bytecode

callable

callback

932

(N4 a3 —1F) Python ®Y —2a— Fi&, Python 7125 24® CPython £ > & 7)Y X DAFRKETH
ENAL PA—FAEaYRANEINET, N Pa—FE .pyc 77 A NVIF vy adh, A7 740
NEHIZETSND L 2RI DEHEITHED T (Y —R2—Fr524 ba— FAOHEDa > 84 LZ
XN ET), 20 " HESEE (intermediate language)” (&, & & D NA b 2 — RIS 2 HEIHEE %
192 RET>Y TEMET WA E T, HERERL LT, N1 ba— FNiE#RZ% Python i~ >~
ICEMES 5 Z &%, Python VU —RAMTHETH 2 Z 3T TVEE A,

NA P2 —FOMS—ElZ dis ES2a—NL IZHYH T,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

[callable (argumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__() method is also a callable.

(T—rsy 2) FERO B IR THEIT SN 5 DI L LTI S B

(PIR) =P —FRA TV =27 b2MET 57007 7L —FTT, V7 I7RAERIEH, 2DV TR
DA VARV A LOBEETEXY Yy FOEREEAET,

class variable
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(77 AZER) 77 A RITERSHN, V7 F7ALARLT (DFED, Z7IRADA VAR YA ETIFRLIR) BHX
NBZZZHMWE LTWAERTT,

complex number
(BHREE) I<HON TV RFEMREZIELLDDOT, IRTOMIEI e oM LTREINWE T, B
BUIBBEN (-1 OFHGR) WEHz#HIT 20T, —RIBFETIE 1 e FE2rh, TH¥TR j eFrNE
$ . Python ZEBLHUTHARAATHIEL, BEDRKILZM > TVWET, BEIIREIC j 2O THEEX
Fo BlZIF 3+1) T3, math €Y 2 — VOEELRZFM T 21213, cmath ZVWE T, HEBOMHIE
PR BERBFORETT, PEEZECZTIR, IZEHEVRIEHLTLE>TEWTL £ 5,

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, EiE) Ny 7 7 BEEIC O £721% Fortran 8 THRHEIC. 2Oy 7 73 L TW3
YAREET, ¥aXkimnAy 7713 C EETH D Fortran EHH T3, —XICOEFITIX, FOERINT
XY FTEET 2 X5 KHEI N, BRTFHRLEILBEDHEI TOKIEFCHEES, 2T C-H#ifi
ZEHITIE, XEV 7 FLRIEICEZEZ K2 BRICEREDRZFORMINCED 2 DIZ0f L, Fortran @iz
BEA TR DR A FHRMNCEN X 3,

J—F>
(FIN=FY) an—FYFIITNV—F DL D RPLFKTT, F71—F L iTidRD oMM DS
AD ok Sh i mr s E T, aL—F I3 Z oA RME»r S A5, b, ET IR
TEXJ, aL—F VI3 async def X THEETEZET, PEP 492 2SR TS,

coroutine function
(a—F VBB coroutine A7V =7 N ERTBTT, aL—F YT async def X THEEXN,
await, async for, BX U async with ¥—7— FZFOZ R ET, 2 bHid PEP 492 TEA
INF L=

CPython
python.org TEMAF XN TW3, Python 0 2'o 3 v/ SiEOEMENFEETT, "CPython” ¥\ 5 HiGE
E. ZD%EE% Jython X IronPython ¥ \Wo 723 XHIT 2 RENE 25 CMHEINE T,

decorator
(FTav—%) HloEEZRTBIET, B, Curapper M THMZEH iy L GEHENES, 7aL—20D
— A2 A FAFIE. classmethod() ¥ staticmethod() T,
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FaAL—RDGREFI VR VRS aH—TF, XD 2 OOEBERIIEHRICF LD DT

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FUHEA 7 7 RCHFELE T, DEDEDRAETEA, TAL—XIZOWTEEL I, BEUER B X
L I7IRERDRFaXY bEBRLTIIZE N,

descriptor
Any object which defines the methods __get__(), __set__(), or __delete__(). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors
is a key to a deep understanding of Python because they are the basis for many features including

functions, methods, properties, class methods, static methods, and reference to super classes.

FRZYTFEDRXY v FIZBE L TOFEMIZ. descriptors % Descriptor How To Guide & L TL 72
2\,

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
(FrENTIERED) iterable NORTH 2 WE—HOEZZUI L T, ZOMREP SR 2THELZRT a7
FREFEZXFTI, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfH n *x 2 X}
S B EEEE AR L F 3, comprehensions 2SR L TL 72X W0,

dictionary view
(fFE L 2—) dict.keys(). dict.values(). dict.items() T A 7Y =7 b TT, FHEDHHOH)
MR 2 -2 LET, Thbb, BFEPIEFEINLZ L2 - ENEKML £3, FHE 2 — 2l
WIERZY A MIZT 51213 list (dictview) ZEA LTIV, dict-views ZZH L T2 E 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 b
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2TV MBELWA YR =T 2 — 2o TOVEANERETIDICA TV 227 ORE R
TIIVIRARANTT, Kbz, BcA T =227 bOX Yy FRBERFZRZD bz LE
T, (ZELDEIICARZT, 7LD LS RBFIE ZARETeATHS.1) AV X—=T7 2 —RA%H KD
EHTZ2Z2T, EFRLSFHA v Ehiza— R RUVE—T7 4 v 7 BRBE2H L TCERREEZM X ZF
T Xy 7 XAV 7 type() % isinstance() W XA HIELBMITIE T, (XL, K74V I %
HREEI X THET L2 HTEET, ) 2ofb b, WAKNZ hasattr () HIESR FAFP a3
IVIRAALED,

EAFP
MRl Z L 2 X DEF L% 5 /DA% (easier to ask for forgiveness than permission, ~—7 4 —®%EHI)
DIETT, D Python TIEL LN TWE a—7 1 Y7 RXA)NTIE, BEEENR X —CBRUEDFE
THHDLIEL. ZDEDBR > TOIGHE BN ZHIEL T, COMRTFRIEFTa—-—7T1>2
AZAMZIE, try XB XU except XD EADDIZDOPRETT, Z077=v 27k CDEH>%LF
BT b TWS LBYL ARXA VXN DTT,

expression

() MHrDEL XN, —F L F DD (a piece of syntax) TF, Wz 2, X&FV 771,
2l JBET 7 X, HEFRPEBITOH LY, HZRTROEROEAENRTT, MOZLDFHELE
W, Python TIXEFEDOETOMREZESRN L VI DT TEDHD TH A, wvhile DL I, R LT
TN X DD ET, KABRTREBRLINTT,

extension module
(FEIREY 2—1) C % C++ THINZEY 22— T, Python ® C API ZF|fH LT Python a2 7%
dI—HY—a—FePheHLET,

f-string
£ F DEEEIC W CFAN Y T 5 Lk Ystring” ¥ FRER., ZHUE T4 —< v MEAXFEV TS
L DFEHEEDOLMTY, PEP 498 3SR 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.

T3 AN T 27 PIQEEBEIEEIVET: Lo NA1F V=T 71)L. Ny 7 7EN= N1F
=T 74, ZLTTFALT7AI TF /X =724 RF io EY 2a— L TEEINTVET,
T 7 ANF T 27 b BAEDEEHER L TT1EE open () BEUE[ES Z 2 TF,

file-like object
file object ¥ [RF"TT,

filesystem encoding and error handler

Encoding and error handler used by Python to decode bytes from the operating system and encode
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Unicode to the operating system.

T7ANTATLADLIYA—F 4 V7 TE, TRNTH 128 N4 PUATREFICTa— &3 Z & REE
ENBRATEEDFERA. 77ANTVRATFLADIYA—F 4 Y TIABMRIEI NG D - 125E81F. AP
BEI$0DY UnicodeError 2322 ehdH b 3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be used

to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read ()

function: see filesystem_encoding and filesystem_errors members of PyConfig.
See also the locale encoding.

finder
(77 4V R) A YR=PEINTVBEY 2 =D loader DFERERITTE2A TV 227 b T,

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and
path entry finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division
(I D& TRRE) —Fm VBB D 5T 2 BAIBREL, UIDIECREBE I // T3, HlRIE 11 // 4
F 211272 D. R EIEHRFMNSTFEV NS OEDRRETIZ 2.75 28 BoTE %3, (-11) // 4% -2.75
ZINEWAIC o3 (RiE: ADERAANDOADEIT) OT -3 1245 ZLICERLTLZE W, PEP
238 ZZML T L&V,

£33
(B PR LN EZ R —EHDO XD Z e TY, BBICIZ 0N Lo E5|18H 2T Z e aikEd, EiE
DFEITRICEIBEEHT 2 Z e HRE T, [R5 AV v R, function 2SR L TLZE W,

function annotation
(BB 7 /) 7—=>ay) DT X —=ZRVED annotation TF,

By, 7—yarid, BEREEYE bbbz d: flziE, 20X 2 20 int Blo55
P e HIFE N, £/ int BORDEEE L HGIhATVE T,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a v OXER function O TR INATVWE T,

WERED RN D % variable annotation, PEP 484, 2B LT & W, ¥, 7/ 7= a Y 2FHT
ZRANTFT 27T 4 A% LT annotations-howto 3SR L TL 72X W,

__ future___
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TIEEY RIS EREZHH L THEDE 2 — L2 a2 M VT 5 X5 L ET, __future__ E
P a—)L T, feature D DI 3HE RFa XY MUELTVWET, ZOEI2—1%EAL Y E—IL, D
TR TS 5 2 & T, FEREDRANCEFITEM I N DR N0OHhR, WOTF 7 4L MIiRsH ($7213
Koth) #HRBZENTEET:

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(FR=vavLryay) ThEREEDNS 2 X OBV AEY 2ERT 2 0WHTF, Python &, BIRA Y~
Mol TERSHREMIE LB T 2IERARN—YaL 7 & effio THR=—YaL 7> a Y E{TVET, HR—
YarrRiF ge BV a— o THETEET,

JIxl—4&
(¥ =3 L —2&) generator iterator 2R TRT S, BHEDOBEBITEITWE T, yield REFORTER
D%, yield ik, for L—FTHHATELD, next() B THEZ 1 OFOWMOELADTES, HD
WrEERT2DOMHINET,

HEIIY 2 A V=X ELE T2, WRCE-sTE Pz RL—FATL—F ZIETHEVH D £75,
B ENERDH S 2 TRWEE, LD DI 2R BEE AL £ 9,

generator iterator

(A b—&A T L —2R&) generator BITHERESNE AT =7 FTT,

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
(Y= v 7R Bz 2800 LA CHEL $ 2 BEHE SRS N 2 BET S, MU LIFICY D%
EEHWEPIET 4 ANy FT7ATV XLICEDRESNET,

single dispatch, functools.singledispatch() FalL —&, PEP 443 2ZL T X,

generic type A

type that can be parameterized; typically a container class such as list or dict. Used for type hints
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GIL

and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

global interpreter lock ZBHRL T EE W,

global interpreter lock

(Fa—xn4 &7y &0y 7)) CPython 4 ¥ 27V ZHBMEALTWS, —EIZ Python @ /N4 FJ—
R 29755 ALy Rid—D272FTHE e 2 RHET 2 AT, 24Tk D (dict REDEELRIEA
MBI EL) A7V 27 PETADFEIRT 72 AR U THEEINCZ 21272 5 DT, CPython OFEHH
SYTNEHRDET AVRTVEERER Y 7T BT, vAF Ty = LT BUHIko 2
AR EBIEWIZIC, A VRTV REMBHRIZSALF ALy METE S X511k T,

7eFE Uy BED 2 WIISHBO W DD DIERE Y 2 —UiE, iy > 25t HR E O EOE WL %2 3
%L X2 GIL Z2BRT 2 L5 ICREI SN TWE T, F74. [/O Uz 32556 GIL 3EICEREh s,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.

hash-based pyc

hashable

(YT aR—=R pyc 7 7 AN) IEMHERHIIT 272912, XT3 Y =R 7 7 4 VO BEHRFLTIE R
ANy Y afBEFEHTEZANL Fa—FDFr v a7 74V TF, pyc-invalidation 2SR L TL 72X W,

An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

Ny Y aRfERF TV 2 7 PEIRHEDF —PEAEDRA U AN— LTHZ T, FEERESD T — X HEIEN
TAY Y af@Z2fEo T30 56T,

Python 4 I 2 =& 7 ARMHABAARF TS 227 ME FEAEDBNY P 2R[RETT, (VA MRHED X
972) Ta—RINIZAYTFENY Y aRAJRET T, (X TN frozenset DX 7)) 4 I a—&XT)Niza
YTFE EEBNy T ATRETHI L EDHNY Y aFRETT, I—F—ERDI FADA Y ARV AT
HBEOIBFTI =7 MEIT 7 AN P THAY T adfETT, ZR6EET (HHZRNT) HEBRRIZIES
ficdhh. »ny¥afEid id) XhEoIhET,

IDLE
Python OfiAFFEEREE (Integrated DeveLopment Environment) & #5355 (Learning Environment)
T¥, idle X Python OEERZEAICFRIMIN TV EREANBEEO LT 4 R 4 V27 RBRTT,
immutable

(4 32—&7N) FEDEER-7A TV =2 bTF, A Ta—KTARATY =2 M2E, B, XF
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. BROERTINVRZEBDHDET, ThoDA 7Y 27 MIMEEZZEZLNEE A, HOMEZLIEESE SFIC
3 H7eeA 7027 PR LZTIUIRD R A 4 32 —XTNRATI 27 MR EEDN Y 2
D L 72 2NN CTHELREEZRZLE T, HEDOF—2ZOHITT,

import path

path based finder % import 3 2E€Y 2 — VMB35 (7213 path entry) DY R b, import H,
ZDVY A MIEE sys.path BORETH, 37 v r—YDFHFEIE Ay 7 —ID __path__ BHEH»S
HHKET,

importing 5]

importer

3%EY 2—1® Python 2 — RPFIDEY 2 —LD Python a— FTEZX 2 X 5T 208 T,

Ja—EERLTR—=FFTELTIT b, finder & loader DEBLSLTHHBETI =27 b,

interactive

Python has an interactive interpreter which means you can enter statements and expressions at the
interpreter prompt, immediately execute them and see their results. Just launch python with no
arguments (possibly by selecting it from your computer’s main menu). It is a very powerful way to

test out new ideas or inspect modules and packages (remember help(x)).

interpreted

Python 34 ¥ & 7V XERXDOFFETH D, a2 84 FFFEOMMICMHE L T, (N4 ba—Far o
IHDBIDIC, ZORFNIEIRTTD, ) TITOA YR TYRFELIE, Y—Ra—FDT7 74 L%,
FIFTARERIC L T FITSE D L Vo BMER LIS, EEFITTEL I 2ERLET, /&7
VRERDOEFETEH., 2V 4 FERDBFEID IR TNy 7OV A4 7 UIF VDD, TarJ L
DETIF—MITENT T, WEEH BB L TSI W,

interpreter shutdown

iterable

Python £ ¥ Z—=7 VX =3 % v bRV VREFINLRIC, D 2 —ARTRTOT VT 4 HLRNHE
MEZRED, TNTOMMRLZY Y — A EBEREINCHKT 2, Bl 72— AL ET, 2O7=2—X
W AR=OL 2 2EBOFCHLES, 2RIV Z—F—EREDT A b T 7 X—% weakref 2 —)1
Ny IPERHENZ ZEDDHDET, P2 v PRV Y72 —XHZETENZ - FiE, ZOBMKET 2
VY — AP FTTIRHEBEEL RV (XK D201NEF74 75V —EY 2—/% warning BB TT) DTk 4%
BIAMCER L £7,

AVER—FVERY Yy PR T3 EREHIZ _ _main_ BV a2 —ARFEFTEINRTWERAZY FFOHE
I T L2 Td,

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.
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iterator

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter(), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself. The
for statement does that automatically for you, creating a temporary unnamed variable to hold the

iterator for the duration of the loop. See also iterator, sequence, and generator.

T—=RDOPMNERBTEATI 27 b TF, A7 —&D __next__() XYy FEEDRLFFHT (¥
T3 AA BB next O ITHET) . MNOHOERE —DOFTORLET, 7—227%<Kkdt, bbb
12 StopIteration fISf X L EF, ZORERT, /171 —XF 7Y =27 MIRETED, ZhlEI
__next__() Z{JEMATD Stoplteration ZIEHLET, A 7L —XWE, ZDATVL—RF TPV
MEMKEIRT __diter__ () XY v FEFEELRITNEZZSBRVDT, 4 7L —RIIMD iterable #5ZH 3
BIFEALDHGFITHHATES S, 3oFD & LAHISNBERORERZTTS £K5%a—FT3, (list D &
572) AT FATI =7 MI. BHZ%Z iterO) BIICA T Y =7 MIZIEL D for A—TFNTHES 200
W2, e BREAOA 7L —XZ2ERLEST, ZhZ2A 7L —XTITBS 32k, #iHOf 7L —2a >
THABADRILA TL—&2A TV =7 PRBICGET 720, EDavTFDE5RoTLELETD,

S22 IBEIE typeiter I2H D 5,

CPython EZDF#: CPython does not consistently apply the requirement that an iterator define

__diter__Q).

key function

keyword

lambda

(F—BIg) ¥ B HH5VIIRERKE I, V- M RIHFHRDO D DEZ RSN LATREL 7Y =
2 b (callable) T3, HIZIX, locale.strxfrm() % ¥ —BIRICHZI1E, 0o — L IKFDY — + OEEIC
Do oY —rF—%IKLET,

Python D% DY — Vi3 F—BEHEZIIRY BEROWSIES 7L —7bEEEL 3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () FENHH T,

F—BBEER HIEEIWL 2B D 3, HlZIE str.lower() XV v RERXF/NIXFEEZXBILIRWY —
FEATS F—BRE LTS S RE S, H5WIE, lambda r: (r[0], r[2]) @ X 57 lambda
Ao X —BREEL 2P TEET, £/, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() ® 3 DOF -V A NI 7 2B D 5, F—FHOIED HLHEVHTD
1% Sorting HOW TO S L TL 2 &\,

argument £
I B L TLIZE W,

(7 LK) WHDA T4 VEET, BB I 2z 1 20 X 28AFT, 74K
RE%OR 7F 2 /#5013 1ambda [parameters]: expression T35,
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LBYL

list

FZ 21300 (look before you leap) | DIETT, ZDIA—F 4 Y T AXA VTR, M LMK ZIT
S ENC. BRANICHTEESRM (pre-condition) HIEZITWE T, FAFP 7 7a—F L MERIIT, if Xh 7K
S AMDOND DHIFHENTT,

<“AF ALy FMEINZERETIE, LBYL 7 70— 7 27 @BfEr 7 R BREOHAIREL 5| 2k
CTVRIMRHDET, HlZE, if key in mapping: return mappinglkey] ¥\ 5 a— Rk, HED
%, oLy FOREROENC mapping 75 key ZEIDER KL ET, ZOREIX, mny 7350
EAFP 770 —F %5 Z ¥ TR TE £,

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 MABKE) =7 AP0 THZ2VIE—EOERZUM LT, ZORMENPSLZ Y A FZIRT,
VXY MRIFIETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2 == 0]
L3552, 005 255 ETOMEBUE 16 R (0x..) LAEXFINH» 682V A M 2ERL E5, if Hild
F 7Y arTY, if HiNHRWGEE, range(256) DR TOERNMMH XN 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—I)ILT>ad—Fa1 >4

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

mapping

special method @ 721) 7z[FFEFET T,

(oY) EEDOF—HREZY K- P LTWVT, collections.abc.Mapping % collections.abc.
MutableMapping @ RHIEKS 7 X THREINLAY v FEFEELTWEaAY T+ 7927 bTT,
#il 21X, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 72 ¥
T,

meta path finder
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sys.meta_path ZME L TIHF & N7z finder. meta path finder & path entry finder ¥ BfRIZH D FF
. BT d,

meta path finder 23E2F 2 X Y v FIZDWTIE importlib.abc.MetaPathFinder # S L T /2
SIS

metaclass

(RRTFGR) IV FTADY FATT, 7 ITRAERIF. 77 A%, 7 I7RAOFEL, BEZ 72DV X M 2ED
T3, XAXIIRF. FNSH 3 OGP LTRIIMD, 77X 2E2BEZAVET, ZLAYDET
Yz MEAEEE GRIE: XZ 27 7 AD) 77 40 P OREZRFML TV E T, Python ARHl7ZDIE A R
READARY FARNEBMTELZRTT, IFLALDLI—F —IZHWMo T, XX T FRAIBRLMBEDZNHDT
T, LL. —HOBEITIE, XX 7 7 RIBAITTVLA Y MRAGEZRBELEST, 2 2B 7R
Our%ERolzh, ALy Fe—TWEBMLAED, A7 =7 bOEREBH LD, VIV EH
Eyarkhr, ZLOBETHHINETS,

FEMIIE metaclasses ZZHE L TL 2 &0,

XYy R
(XY v R) ZIARROPTERINLE, TD7F72ADA VAR ZADENEE L THUH IR HA,
AV REA VARV AAT I 27 b EE— G 2 LTRITID £F (ZOF—5BULEH self & FZ
NET), B & FAINAO—T SWLTLZEW,

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
(£Y2—/l) Python 2 — FOMBHENE LT A TV 27 FTT, Y 2 —MIHEED Python
FTI 20 FEEOCAREMERBL E T, TY 2 —ILX importing DIIRIZ K - T Python IZHAA T
i\j—o
NYT—=2 ZBRLTLIZZW,

module spec £

Va—%Zu—FF501Xfbhd 4 YR NEEDERE ZLAFIZEHE TS, importlib.machinery.
ModuleSpec DA Y AR Y AT,

MRO
method resolution order ZBML T EFEW,

mutable
(22—FTN) 3a—FINRITV27 ME 1dO 2EZD I RAEEZEETEEY, 1Sa—4%7
L) BBRLTL XN,

named tuple
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ZHUTE X SN WS HEL. A TAEREALTWT, 4V F v Z AP BRI LEERZH->TD 7
2B TEZLEEDORRT S AN EINTVET, ZOHP 7 I 23MMMOKEDF--TWE s d
Dij_o

time.localtime() % os.stat() DD HEEFLWV L DL DHAAARIIAFIT E X TNV TT, o]
% sys.float_info TF:

>>> 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
(BHT2EE) ZROMMHEN G TY, HEiEMIEHEL LTEEShET, ARTEMIEATY =
ZEFD (XY v FD) ANFIRIZobDEF TR, BANZRD O, KBRS D, 2L THAAAL
DLOHRDHD FT, ANMEMEIATOEREEZS I LICX>TEY 2 —AME2HR—bF 5, HlZIXHE
# builtins.open ¥ os.open() FHHTZEMTXAIENTVWE T, /o EDEY 2 — DB EEE
LTWADBHRT 2 Z 2 ic ko CTHETZEMIIATHME e R HEZ B LU E 5, HlZ2I1E. random.seed()
itertools.islice() ¥&EL ¥, ZAPFNEY 2 —/L random % itertools TEEXNTWS Z LHHH
5, TT,

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 no

__init__.py file.
module ZZHRLTL & W,

nested scope
(AR PSR a—7) IMIITEREI N TV LI ERZ ST SMEET T, BRI D 2BEBD BB D
PTERIN TV S5E. NHOBEBIZNMIOBEBTOZK 2SR TEET, A X PSR a—-Ti3F
7 4V b TREBOBIRIZINTE, ZHORAETERVOTHERELTLAZE WV, B—m VA, &d
WHID R 2 — FTEBEZGAEE LET, RIS, 70— VERZES & 7a— o OVEHT2ER- O fEZ A
EFZL %7, nonlocal THMUOZEBUCEZIADE T,

new-style class

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
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new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,

__getattribute__(), class methods, and static methods.

object
(A7 M) IRE (BHERHE) LERINLIRZFD (XYY R) 23208 TOT—%, dLLIE 2T
DHAZAINT Z A OFRMMDEEIKS FADZ L,

package
(R T =) ¥ TED 2 —ARHRINCH Ty r =% BL e DK S module DZ 2 TF, EMH
1ZiE. v =% __path__ JBHE%Z KD Python 7Y =27 b T,
reqular package £ namespace package %S L TL 72X\,

parameter

(51 AR OFEART BEL (P AV Y F ) DERICBWTHEBDRT 2 Z5|8 2HEL £, RG1%
WIS DD 9

o MEBEFREEF—T—F: B THEIWE F—T—F5|H L LTEIT N TEI58EHEELET,
ZAUIT 8 ZIZBURD foo R bar DX 51T, T 7 40 b ORGIBOEEHTS:

[def func(foo, bar=None): ...

MEEH: MEICL>TOAGEZILNZ5|BEHELES, MEBEBHEAD EIT BEERDOG DV R
POHTEZENLDHRAIZ / ZEDDI I TERTEFET, BIZIETEED posonlyl & posonly2 1EAiE
HRHBIBICHRD 5

[def func(posonlyl, posonly2, /, positional_or_keyword): ...

F—TU—RER: F—UV—-FREoTOAEZLNIFIHMERELET, ¥F—V— FEHOFHEEHE
TEBEANE. HIZIELIRD kw_onlyl % kw_only2 @ & 512, BERDIRGIE Y X Miz&DH=A]
ZRMBESIBEZEZHD x D% TT:

[def func(arg, *, kw_onlyl, kw_only2): ... }

BAERME: (hD 5 TR SNIAERBOMES IR Z T) EEOER DM ES A5 Z 5
N eZiHELET, TOXSBIRGIEE. LURD args D& S ITRGEADRNC x 22035 28T
ERTEET:

{def func(*args, **kwargs): ... ]

AERF—7—F: (o FE5IETBCZ I SN TEDF— Y — FEIBUCIA T) (EEDOHAD ¥ —
U— NEBBEZoNB e BEELE T, DX REIEE. EOBID kwargs D & 5125154
DR %% ZDF 2 L TERTEET,

WREIBEA TS a Y ebHDGIBOEDL HHIFETE, 7> a YO5l8UTiET 7+ L MEBIEETZ
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S

REI1E . FAQ @ FE5IHERFIEDEWIZMTTH? . inspect.Parameter 7 7 X, function £ > =
v, PEP 362 2B LTLZ& W,

path entry
path based finder 73 import § % €Y 2 —VEET import path £D 1 DDEGFITT,

path entry finder
sys.path_hooks IZ® % callable (D% D path entry hook) 23R U7z finder TS, 52 &7z path entry
KHBEY 2—LERDIZHEEH>TVET,

NRALY M) =T 74 Y EPEEFT S XY v FIZOWTIE importlib.abc.PathEntryFinder Z S L
TLREEW,

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.

Ny

path based finder
7 # )V D meta path finder @ 1 D&, €Y 22— D import path ZHREL F T,

path-like object
(path-like A 7Y =227 b) 77 A NVS AT AN ZRKLE T, path-like A 7P =7 Md, X% ET str
F 7Tz b bytes A7V =7 b, £720% os.PathLike 70 F AV ERHELLA T =7 b
T3, os.PathLike 7B Fa N EZHR—-FLTWVEAF 7T =7 M os.fspath() ZMUHT Z & T str
F7213 bytes D7 7 A NI AT LRRICEHTE F 9, os.fsdecode() ¥ os.fsencode() FZHZh
str BV bytes ICRDDEMRAET 2DIMHZ ET, PEP 519 TEAIhZE Lz,

PEP
Python Enhancement Proposal, PEP &, Python 2 3 2 =7 4 i L TIHEREZRET 2. H2 0k
Python DOFFERER Z DBEERERRIC OV TR T 2% XE TS, PEP &, #HEIC OV T DR
IR 1R E T 2 RE DL (FER) Z1EZ A2 RNETT,
PEP &, #FEREDRBICH D5, 2 2 =7 4 I X 2MEIREOEM L Python 127 X 2 3EEHAM DL
EoldD/m LN OB 22 Z e ZERKILTWE T, PEP OFHIKIZa I 2 =7 1 NOAEBET
5. RMEREZXENLTZ2ZLOEBNDD 73,
PEP 1 ZZHL T ZE W,

portion
PEP 420 TEZ I TW5, namespace package BT 5, HED 7 7 A VD (zip 7 7 4 VTR I L
TWAHEHH2)1D2D7 4 L7 PV IS D,

fIE5 |8 (positional argument) E

518 2ZRL T ZEW,
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provisional API
(EE API) R¥ES 4 7 5V &) BHVEREED SETERICHRA SN DT, ZOLXI% A4 V& —
72— ANDRELZEZ, WETH L L EINTVHHIIIF I TOREAD, a7HFEEICL > TLE
LABREINAUR, BAFIEAIRETE (L V2 —T7 2 —XDHIRETEEND) DMTONIET, ZOKI7R
EHIZDRATONEDDTEH D FXA - 20T API HAALINCIZRE L SN TWZERRER
M BE Lz ZICDoATHONET,

BE APT IZOWTd, BAHMEDLRWERZ TR FE) cAhIT0ET, BMERHAL 55
THRIT IR BIRRE R T RETT,

DT AIE), BES L TSVEIMEE R THAL Vs —IZEVWHBEUAD NS Z el KL
PEZTELLERTONE T, 3l PEP 411 2R L T X W,

provisional package
provisional API ZZHRLTLIEE W,

Python 3000
Python 3.x VU =254 D=y 73 —LTTF, (Python 3 2B WVIFRDFER » HEIELNZFET
T, ) Py3k” XN BZZrdbHH FT,

Pythonic ftt
DEETBRMNREZ T TEIPNI-a— F T34 L, Python ODRHIZ RN A T 4 F LI 7=2EZ TR
a— R, BlZ13, Python O—f% A 7 4 F AT for XEF->TA T ITNDITRTOERIZE-
TA—7LET, HoZ L DFTHEIZZDOEHAZR WO T, Python IZEATHARWAEH D ICEED
AU R=HI b LOLERA:

for i in range(len(food)):
print (food[il)

ZAuTH L. EFhwik Pythonic &K

for piece in food:

print(piece)

qualified name
(BHi%) T 2—1DZa—NLRaA=Thb, TOEY 2a—LTERINZT TR, BB XV v FA
D, "R BRT Py MR TT, PEP 3155 TERINTVET, My FLRNLOEEPLS 7 X T
&, BHiGEA 7Y 27 POARTEFEUTT:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

(KDR=21ZHEL)
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(FIDR=I 5 DfEE)

o
>>> C.D.__qualname__

'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 —AANDOBRTHDLNS &, REEMB (fully qualified name) X T XTORR Y =V B 2K
DRy +EREL, HlZIF 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 AVEELT 4 L7 MY 2 LTD packages,

namespace package BZHL TL 72X W,

slots 7
FANTDEET, A VARV RABHOHEBEDHOPUDERLTEE, A YAXVAFHHELHRT L2 L
T, XEVEHHNLET. 2 & Fbhs77=9v 27 TTH, ELLFTORIEAL M) v F—7RDT,
Fitsr — A, BIZIEX BV DFEIEREE 27 TV 75— a Y TA VARV APKBITFET 5. tW\olz
LEERRE, HDRVDHERZNTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__() special
method and defines a __len__() method that returns the length of the sequence. Some built-in
sequence types are list, str, tuple, and bytes. Note that dict also supports __getitem__() and
__len__Q), 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 Opera-

tions.

set comprehension
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(BEANTEED) iterable NOR2TH 2 WIE—HOBERZUHE L T, ZOMRI LR I2EELRTaY Y
2 EXJTTF, results = {c for ¢ in 'abracadabra' if c not in 'abc'} ¥ ¥ 3¢, {'r',
'd'} WS XFHNOFFEFE AR L £9 . comprehensions Z 2L TL 72X W0,

single dispatch
generic function D—FETHERIEITZ—OD5IBOENC X DEIREINE T,

slice
(RTAR) =M =T V2 D—FEEOLATI 27 by RT74RF BWERL [1 THZOLNEBO
BomicanrzEL e TEoNE T, filZI1X variable_name[1:3:5] T3, AFHIN (FF) id51&
slice A 7Y =7 FZWETHHALTVE T,

special method
(FFERX Y v F) B 2BNKE DOBRIE. BIZIIMNE % § % 72912 Python H HIEEICEUIHIEhE XY v 1,
COREDORXY v Flid, XV y FEDERAIERRZRICT VX =227 2 O8O0 TWET, Rk Y v RiC
DWW specialnames T I TVWE T,

statement
(30) XWEAAL =+ (Z—=FRD” 70y ) ICRAIRIBERTT, XE X 2F—V—FrolRENsdD
DELLMNTT, HBEICE if. while, for BH D FT,

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”.
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text file

(TXAMT7740) str A7 27 bGAEZTES file object T, LIFLIE. 7FA P77 40
FHEBIIAAL MEAIDT — XA MY —AIRTZ7EAL, TFALIYOA—T 1 27 ZHBATVET,
TERMT 7 A ADHX, sys.stdin, sys.stdout, io.Stringl0 £ YA XV ARKEETFAME—FK
('r' or 'w') THWEZ 7 4L TF,

bytes-like 7T TV bk ZHAZBETEL 77 ANMF TV =27 MZOVWTWE, NI FUT 70 $BIRL
TLEE W,

triple-quoted string

type

(ZEZ +— b)) 300 L7z +— FaLE () 27 ARR br 7 4 — () THENSCFY, @HEOD
(—HE) 7 4 — P XFINTHARTRITE 2 XFINENEDH D FEAD, RO OHBHTEHTT, 1 2h
2O0DHEK LY 4 — B EIAS —THELICEL 2D TEZ T L. [THCE (\) 2R THE
PATICELED B I ENTELZDT, FFa X5 — a y3FH%E  BIcHIcER T,

The type of a Python object determines what kind of object it is; every object has a type. An object’s

type is accessible as its __class__ attribute or can be retrieved with type (obj).

type alias

(B4 V7 R) Bopl#T, Bzl IcRALTERLE S,

M4y 7R3 Ber b 2HMLT2DICHHTY, flZI:

def remove_gray_shades(
colors: list([tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

CHEBRDESITEDFHART S TEET:

Color = tuplelint, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEEEDFTIHD ® % typing ¥ PEP 484 2L T F X\,

type hint

(Ble >y b)) 28 7 7A@ BT X —2R0B DEOHIGF SN B Z4EE T 5 annotation TF,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

Ja—NVER, 77 AR BT, - AL ZETRVWHDDAEIL v M typing.get_type_hints()
THURTE %9,

FEEEDFIIHD D % typing ¥ PEP 484 2SR L T 2 X\,
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universal newlines

FZ AN — ADRERED—DT, LTFDOFTRTERITRL 3

>
L F 3 Unix DITARHEE '\n'. Windows
DOFE '\r\n'. H\ Macintosh DIE '\r', FIHEICOWTFHL LIE, PEP 278 ¥ PEP 3116 , X

=8
)

5IZ bytes.splitlines() dZBMML T IZE W,

variable annotation
(EBT /) T—=>ay) ZRD 5030 7 @D annotation .

ZRDH 07 7 ARMEICERZH 722 23, AARTRERTT:

class C:

field: 'annotation'

BT 57— ayid@EZEe R o01IEbhET: flZE ZOEHI int DEEPIRBZ 2 H
BENTVET:

[count: int = 0

BT ) T— a YOI DWW T annassign i CHH L TWE T,

HEEDFHIADID 5 function annotation, PEP 484 , PEP 526 ZZML T Z& W, £/, 7/ 7—Y =3
VEMATERANST 2T 4 A2 LT annotations-howto HSIRL TL 72X W,
virtual environment

gzl

(IRAEBRER) thaRi i) b B X 7 S4478R

BTY, ZHUCkD Python 2—He 7 FU r—> a VIFRL S
27 5 ETEHNTWAMD Python 7 7V 7 —2 a Y OEENC TS 2 Z 27 < Python Sy 7 —2 DA
VARV EERERITO LD TEERTD,

venv ZZIR L TL ZX W,

virtual machine

(RfE=> V) BRIZY 7 b 2 7K DEREEIN/Za ¥ a—&, Python DIRFEE= S ViEk, N4 ba—F
avRAIBHII LI N1 FO—F 2ETLET,

Zen of Python

(Python ®O1&D ) Python ZHfRLAHT 2 LTOEZ 5, Python OFREHRAIE T¥Z VA ML
bDTT, XWah7 v > 7 T 7import this” ¥ F22ZDVRAMEFHDET,
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ABOUT THESE DOCUMENTS

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically

written for the Python documentation.

FFaxXybrZzoy— 1oL, Python BH EFIRICEEICR T VT 4 7OENTT, b LHRIVEEK
L7zwWis, YOX5TREXI VIO WT reporting-bugs R—=S 2 ZETE WV, HILWRT VT 4 7idWo
THEHNTI! GRiF: HARREROMEIZOWTIE, GitHub E® Issue Tracker THEZBBEWL £3,)

EFNAYT L

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of

the content;
e Docutils 7B =2 Mi&, reStructuredText ¥ Docutils ¥V —Lt v b ZER L F L7,

e Fredrik Lundh @ Alternative Python Reference 1Y =2 b & Sphinx X2 D74 77 %18 %
L7z

B.1 Contributors to the Python Documentation

%< DFj & Python 38, Python #5475V, ZL T Python F¥aXy7—>a ITHEHLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBML TS AL EHAHCTEDDETHIR N Ty 7L
THH %7,

Python 23 2 =7 4 26 OEHRRE L EEA LR TAEZORBO LW R F 2 X Y MIEFHERATLE -
Dk 5!
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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). Histor-
ically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes the

various releases.
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Jy—z2 R=2 )23 MER GPL compatible?
09.0-12 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
22 DB 2.1.1 2001-37E  PSF ves

AMR: 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 DIERDOTFR, TNHEDV Y —RZHHEICL T BEEoZL DRI VT 4 TDAREI AR L ET,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under

the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code falling
under that license. See Licenses and Acknowledgements for Incorporated Software for an incomplete list of

these licenses.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

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
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.

5. 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.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

C.2. Terms and conditions for accessing or otherwise using Python 417
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8. 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

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
(KDR=12HE <)
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under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 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,
(KDR=D128i)
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INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/

~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
(KDR—12HE<)
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 Y7wvhk

The socket module uses the functions, getaddrinfo(), and getnameinfo(), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.3 Asynchronous socket services

The 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
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
(RDR=212Hi <)
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WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
(RDR=212Hi L)
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Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
(RDR=D12Hi L)
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ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 — L kqueue £ ¥ R —7 2 — ROV TDRDEHEEATVET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the above copyright
(RDR=212Hi L)
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notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and

from strings, is derived from the file of the same name by David M. Gay, currently available from https:

//web.archive.org/web/20220517033456 /http:/ /www.netlib.org/fp/dtoa.c. The original file, as retrieved on

March 16, 2009, contains the following copyright and licensing notice:

/KoK ok ok ok ok ok koK ok ok ok ok o ok Kok ok ok ok ok o ok koK ok ok ok ok o ok sk ok ok ok ok ok ok kK ok ok ok ok ok ok koK ok ok ok ok kK K

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, 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
(KDR=D12HiL)
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the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (507%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,

and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but

excluding communication that is conspicuously marked or otherwise

(KDR=D12Hi)
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designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditions:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its

(KDR=D12Hi)
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distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least ome
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modificatiomns, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditioms.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,

(KDR=D12Hi)
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whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(KD<R=2128i<)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes 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,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the system

is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.
(KDR=D12HiL)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc TEHL TW2E Ny ¥ 25— 7L DFEEIF,

cfuhash 7oy 27 FOHDICHIETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.
* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

(RD<— k<)

434 18 C & BEr 1€




The Python/C API, U —2X 3.11.14

HIDR— % 5D E)
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/
sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users

may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.
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Sun source code is provided with no support and without any obligation on the part of Sun Microsys-

tems, 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
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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Py_UNREACHABLE (C macro), 7

Py_UNUSED (C macro), 7

Py

Py_VaBuildValue (C function), 109
PY_VECTORCALL_ARGUMENTS_OFFSET (C
macro), 124
Py_VerboseFlag (C var), 252
Py_Version (C var), 390
PY_VERSION_HEX (C macro), 389
Py_VISIT (C function), 386
Py_XDECREF (C function), 15, 62
Py_XINCREF (C function), 61
Py_XNewRef (C function), 62
PyAIter_Check (C function), 138
PyAnySet_Check (C function), 207
PyAnySet_CheckExact (C function), 207
PyArg_Parse (C function), 105
PyArg_ParseTuple (C function), 105
PyArg_ParseTupleAndKeywords (C
Sunction), 105
PyArg_UnpackTuple (C function), 105
PyArg_ValidateKeywordArguments (C
Sfunction), 105
PyArg_VaParse (C function), 105
PyArg_VaParseTupleAndKeywords (C
function), 105
PyASCIIObject (C type), 172
PyAsyncMethods (C type), 377
PyAsyncMethods.am_aiter (C member),
378
PyAsyncMethods.am_anext (C member),
378
PyAsyncMethods.am_await (C member),
378
PyAsyncMethods.am_send (C member),
378
PyBool_Check (C function), 162
PyBool_FromLong (C function), 162
PyBool_Type (C var), 162
PyBUF_ANY_CONTIGUOUS (C macro), 145
PyBUF_C_CONTIGUOUS (C macro), 145
PyBUF_CONTIG (C macro), 146
PyBUF_CONTIG_RO (C macro), 146
PyBUF_F_CONTIGUOUS (C macro), 145
PyBUF_FORMAT (C macro), 144
PyBUF_FULL (C macro), 146
PyBUF_FULL_RO (C macro), 146
PyBUF_INDIRECT (C macro), 144
PyBUF_MAX_NDIM (C macro), 143
PyBUF_ND (C macro), 144
PyBUF_READ (C macro), 231
PyBUF_RECORDS (C macro), 146
PyBUF_RECORDS_RO (C macro), 146
PyBUF_SIMPLE (C macro), 144
PyBUF_STRIDED (C macro), 146
PyBUF_STRIDED_RO (C macro), 146
PyBUF_STRIDES (C macro), 144
PyBUF_WRITABLE (C macro), 144
PyBUF_WRITE (C macro), 231
PyBuffer_FillContiguousStrides (C
Sfunction), 149
PyBuffer_FillInfo (C function), 149
PyBuffer_FromContiguous (C function),
149
PyBuffer_GetPointer (C function), 149
PyBuffer_IsContiguous (C function), 148
PyBuffer_Release (C function), 148
PyBuffer_SizeFromFormat (C function),
148
PyBuffer_ToContiguous (C function), 149
PyBufferProcs (C type), 140, 376

PyBufferProcs.bf_getbuffer (C
member), 376
PyBufferProcs.bf_releasebuffer (C’
member), 377
PyByteArray_AS_STRING (C function), 171
PyByteArray_AsString (C function), 171
PyByteArray_Check (C function), 170
PyByteArray_CheckExact (C function),
170
PyByteArray_Concat (C function), 171
PyByteArray_FromObject (C function),
171
PyByteArray_FromStringAndSize (C
function), 171
PyByteArray_GET_SIZE (C function), 171
PyByteArray_Resize (C function), 171
PyByteArray_Size (C function), 171
PyByteArray_Type (C var), 170
PyByteArrayObject (C type), 170
PyBytes_AS_STRING (C function), 169
PyBytes_AsString (C function), 169
PyBytes_AsStringAndSize (C function),
169
PyBytes_Check (C function), 167
PyBytes_CheckExact (C function), 167
PyBytes_Concat (C function), 169
PyBytes_ConcatAndDel (C function), 170
PyBytes_FromFormat (C function), 168
PyBytes_FromFormatV (C function), 169
PyBytes_FromObject (C function), 169
PyBytes_FromString (C function), 168
PyBytes_FromStringAndSize (C
function), 168
PyBytes_GET_SIZE (C function), 169
PyBytes_Size (C function), 169
PyBytes_Type (C var), 167
PyBytesObject (C type), 167
PyCallable_Check (C function), 129
PyCallIter_Check (C function), 227
PyCallIter_New (C function), 227
PyCallIter_Type (C var), 227
PyCapsule (C type), 233
PyCapsule_CheckExact (C function), 233
PyCapsule_Destructor (C type), 233
PyCapsule_GetContext (C function), 234
PyCapsule_GetDestructor (C function),
234
PyCapsule_GetName (C function), 234
PyCapsule_GetPointer (C function), 234
PyCapsule_Import (C function), 234
PyCapsule_IsValid (C function), 235
PyCapsule_New (C function), 234
PyCapsule_SetContext (C function), 235
PyCapsule_SetDestructor (C function),
235
PyCapsule_SetName (C function), 235
PyCapsule_SetPointer (C function), 235
PyCell_Check (C function), 212
PyCell_GET (C function), 212
PyCell_Get (C function), 212
PyCell_New (C function), 212
PyCell_SET (C function), 212
PyCell_Set (C function), 212
PyCell_Type (C var), 212
PyCellObject (C type), 212
PyCFunction (C type), 329
PyCFunction_New (C function), 333
PyCFunction_NewEx (C function), 333
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PyCFunctionWithKeywords (C type), 329
PyCMethod (C' type), 330
PyCMethod_New (C function), 332
PyCode_Addr2Line (C function), 214
PyCode_Addr2Location (C function), 214
PyCode_Check (C function), 213
PyCode_GetCellvars (C function), 214
PyCode_GetCode (C function), 214
PyCode_GetFreevars (C function), 214
PyCode_GetNumFree (C function), 213
PyCode_GetVarnames (C function), 214
PyCode_New (C function), 213
PyCode_NewEmpty (C function), 213
PyCode_NewWithPosOnlyArgs (C
Sunction), 213
PyCode_Type (C var), 213
PyCodec_BackslashReplaceErrors (C
function), 116
PyCodec_Decode (C function), 114
PyCodec_Decoder (C function), 114
PyCodec_Encode (C function), 114
PyCodec_Encoder (C function), 114
PyCodec_IgnoreErrors (C function), 115
PyCodec_IncrementalDecoder (C
function), 115
PyCodec_IncrementalEncoder (C
function), 114
PyCodec_KnownEncoding (C' function), 114
PyCodec_LookupError (C function), 115
PyCodec_NameReplaceErrors (C
function), 116
PyCodec_Register (C function), 114
PyCodec_RegisterError (C function), 115
PyCodec_ReplaceErrors (C function), 115
PyCodec_StreamReader (C function), 115
PyCodec_StreamWriter (C function), 115
PyCodec_StrictErrors (C function), 115
PyCodec_Unregister (C function), 114
PyCodec_XMLCharRefReplaceErrors (C
function), 116
PyCodeObject (C type), 213
PyCompactUnicodeObject (C type), 172
PyCompilerFlags (C struct), 60
PyCompilerFlags.cf_feature_version (C
member), 60
PyCompilerFlags.cf_flags (C member),
60
PyComplex_AsCComplex (C function), 167
PyComplex_Check (C function), 166
PyComplex_CheckExact (C' function), 166
PyComplex_FromCComplex (C function),
166
PyComplex_FromDoubles (C function), 166
PyComplex_ImagAsDouble (C function),
167
PyComplex_RealAsDouble (C' function),
167
PyComplex_Type (C var), 166
PyComplexObject (C type), 166
PyConfig (C type), 288
PyConfig_Clear (C function), 290
PyConfig_InitIsolatedConfig (C
function), 289
PyConfig_InitPythonConfig (C'
function), 288
PyConfig Read (C function), 289
PyConfig_SetArgv (C function), 289
PyConfig_SetBytesArgv (C function), 289

PyConfig_SetBytesString (C function),
289
PyConfig_SetString (C function), 289
PyConfig_SetWideStringlist (C
Sfunction), 289
PyConfig.argv (C member), 290
PyConfig.base_exec_prefix (C member),
291
PyConfig.base_executable (C member),
291
PyConfig.base_prefix (C member), 291
PyConfig.buffered_stdio (C member),
291
PyConfig.bytes_warning (C member),
291
PyConfig.check_hash_pycs_mode (C
member), 292
PyConfig.code_debug_ranges (C
member), 292
PyConfig.configure_c_stdio (C
member), 292
PyConfig.dev_mode (C member), 293
PyConfig.dump_refs (C member), 293
PyConfig.exec_prefix (C member), 293
PyConfig.executable (C member), 293
PyConfig.faulthandler (C member), 293
PyConfig.filesystem_encoding (C'
member), 293
PyConfig.filesystem_errors (C
member), 294
PyConfig.hash_seed (C member), 294
PyConfig.home (C member), 295
PyConfig.import_time (C member), 295
PyConfig.inspect (C member), 295
PyConfig.install_signal_handlers (C
member), 295
PyConfig.interactive (C member), 295
PyConfig.isolated (C member), 295
PyConfig.legacy_windows_stdio (C
member), 296
PyConfig.malloc_stats (C member), 296
PyConfig.module_search_paths (C'
member), 297
PyConfig.module_search_paths_set (C
member), 297
PyConfig.optimization_level (C
member), 297
PyConfig.orig_argv (C member), 297
PyConfig.parse_argv (C member), 297
PyConfig.parser_debug (C member), 298
PyConfig.pathconfig_warnings (C'
member), 298
PyConfig.platlibdir (C member), 296
PyConfig.prefix (C member), 298
PyConfig.program_name (C member), 298
PyConfig.pycache_prefix (C member),
299
PyConfig.pythonpath_env (C member),
296
PyConfig.quiet (C member), 299
PyConfig.run_command (C member), 299
PyConfig.run_filename (C member), 299
PyConfig.run_module (C member), 299
PyConfig.safe_path (C member), 290
PyConfig.show_ref_count (C member),
300
PyConfig.site_import (C member), 300

PyConfig.skip_source_first_line (C
member), 300
PyConfig.stdio_encoding (C member),
300
PyConfig.stdio_errors (C member), 300
PyConfig.tracemalloc (C member), 301
PyConfig.use_environment (C member),
301
PyConfig.use_hash_seed (C member),
294
PyConfig.user_site_directory (C
member), 301
PyConfig.verbose (C member), 301
PyConfig.warn_default_encoding (C
member), 292
PyConfig.warnoptions (C member), 302
PyConfig.write_bytecode (C member),
302
PyConfig.xoptions (C member), 302
PyContext (C type), 239
PyContext_CheckExact (C function), 239
PyContext_Copy (C function), 240
PyContext_CopyCurrent (C function), 240
PyContext_Enter (C function), 240
PyContext_Exit (C function), 240
PyContext_New (C function), 240
PyContext_Type (C var), 239
PyContextToken (C type), 239
PyContextToken_CheckExact (C
function), 240
PyContextToken_Type (C var), 239
PyContextVar (C type), 239
PyContextVar_CheckExact (C function),
239
PyContextVar_Get (C function), 240
PyContextVar_New (C function), 240
PyContextVar_Reset (C function), 241
PyContextVar_Set (C function), 241
PyContextVar_Type (C var), 239
PyCoro_CheckExact (C function), 238
PyCoro_New (C function), 238
PyCoro_Type (C var), 238
PyCoroObject (C type), 238
PyDate_Check (C function), 242
PyDate_CheckExact (C function), 242
PyDate_FromDate (C function), 243
PyDate_FromTimestamp (C function), 246
PyDateTime_Check (C function), 242
PyDateTime_CheckExact (C function), 242
PyDateTime_Date (C type), 241
PyDateTime_DATE_GET_FOLD (C function),
244
PyDateTime_DATE_GET_HOUR (C function),
244
PyDateTime_DATE_GET_MICROSECOND (C
function), 244
PyDateTime_DATE_GET_MINUTE (C'
function), 244
PyDateTime_DATE_GET_SECOND (C'
function), 244
PyDateTime_DATE_GET_TZINFO (C
function), 245
PyDateTime_DateTime (C type), 241
PyDateTime_DateTimeType (C var), 241
PyDateTime_DateType (C var), 241
PyDateTime_Delta (C type), 241
PyDateTime_DELTA_GET_DAYS (C
function), 245
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PyDateTime_DELTA_GET_MICROSECONDS (C
function), 246
PyDateTime_DELTA_GET_SECONDS (C
function), 245
PyDateTime_DeltaType (C var), 242
PyDateTime_FromDateAndTime (C
function), 243
PyDateTime_FromDateAndTimeAndFold (C’
function), 243
PyDateTime_FromTimestamp (C function),
246
PyDateTime_GET_DAY (C function), 244
PyDateTime_GET_MONTH (C function), 244
PyDateTime_GET_YEAR (C function), 244
PyDateTime_Time (C type), 241
PyDateTime_TIME_GET_FOLD (C function),
245
PyDateTime_TIME_GET_HOUR (C function),
245
PyDateTime_TIME_GET_MICROSECOND (C'
function), 245
PyDateTime_TIME_GET_MINUTE (C
function), 245
PyDateTime_TIME_GET_SECOND (C
function), 245
PyDateTime_TIME_GET_TZINFO (C
function), 245
PyDateTime_TimeType (C var), 241
PyDateTime_TimeZone_UTC (C var), 242
PyDateTime_TZInfoType (C var), 242
PyDelta_Check (C function), 242
PyDelta_CheckExact (C function), 243
PyDelta_FromDSU (C function), 243
PyDescr_IsData (C function), 228
PyDescr_NewClassMethod (C' function),
228
PyDescr_NewGetSet (C function), 228
PyDescr_NewMember (C function), 228
PyDescr_NewMethod (C function), 228
PyDescr_NewWrapper (C function), 228
PyDict_Check (C function), 202
PyDict_CheckExact (C function), 202
PyDict_Clear (C function), 203
PyDict_Contains (C function), 203
PyDict_Copy (C function), 203
PyDict_DelItem (C function), 203
PyDict_DelItemString (C function), 203
PyDict_GetItem (C function), 203
PyDict_GetItemString (C function), 204
PyDict_GetItemWithError (C function),
204
PyDict_Items (C function), 204
PyDict_Keys (C function), 204
PyDict_Merge (C function), 205
PyDict_MergeFromSeq2 (C function), 206
PyDict_New (C function), 203
PyDict_Next (C function), 205
PyDict_SetDefault (C function), 204
PyDict_SetItem (C function), 203
PyDict_SetItemString (C function), 203
PyDict_Size (C function), 205
PyDict_Type (C var), 202
PyDict_Update (C function), 206
PyDict_Values (C function), 204
PyDictObject (C type), 202
PyDictProxy_New (C function), 203
PyDoc_STR (C macro), 8
PyDoc_STRVAR (C macro), 7

PyErr_BadArgument (C function), 67
PyErr_BadInternalCall (C function), 70
PyErr_CheckSignals (C function), 74
PyErr_Clear (C function), 13, 15, 66
PyErr_ExceptionMatches (C function),
15, 71
PyErr_Fetch (C function), 72
PyErr_Format (C function), 67
PyErr_FormatV (C function), 67
PyErr_GetExcInfo (C function), 73
PyErr_GetHandledException (C'
Sfunction), 73
PyErr_GivenExceptionMatches (C
Sfunction), 71
PyErr_NewException (C function), 76
PyErr_NewExceptionWithDoc (C
Sfunction), 76
PyErr_NoMemory (C function), 67
PyErr_NormalizeException (C function),
72
PyErr_Occurred (C function), 13, 71
PyErr_Print (C function), 66
PyErr_PrintEx (C function), 66
PyErr_ResourceWarning (C function), 71
PyErr_Restore (C function), 72
PyErr_SetExcFromWindowsErr (C
function), 68
PyErr_SetExcFromWindowsErrWithFilename
(C function), 69

PyErr_SetExcFromWindowsErrWithFilenameO

(C function), 68

PyErr_SetExcFromWindowsErrWithFilenameO

(C function), 69
PyErr_SetExcInfo (C function), 74
PyErr_SetFromErrno (C function), 67
PyErr_SetFromErrnoWithFilename (C

Sfunction), 68
PyErr_SetFromErrnoWithFilenameObject

(C function), 67
PyErr_SetFromErrnoWithFilenameObjects

(C function), 68
PyErr_SetFromWindowsErr (C function),

68
PyErr_SetFromWindowsErrWithFilename

(C function), 68
PyErr_SetHandledException (C

function), 73
PyErr_SetImportError (C function), 69
PyErr_SetImportErrorSubclass (C

Sfunction), 69
PyErr_SetInterrupt (C function), 75
PyErr_SetInterruptEx (C function), 75
PyErr_SetNone (C function), 67
PyErr_SetObject (C function), 66
PyErr_SetString (C function), 13, 66
PyErr_SyntaxLocation (C function), 70
PyErr_SyntaxLocationEx (C function), 69
PyErr_SyntaxLocationObject (C'

function), 69
PyErr_WarnEx (C function), 70
PyErr_WarnExplicit (C function), 71
PyErr_WarnExplicitObject (C function),

70
PyErr_WarnFormat (C function), 71
PyErr_WriteUnraisable (C function), 66
PyEval_AcquireLock (C function), 270
PyEval_AcquireThread (C function), 269
PyEval_AcquireThread(), 263

PyEval_EvalCode (C function), 59
PyEval_EvalCodeEx (C function), 59
PyEval_EvalFrame (C function), 59
PyEval_EvalFrameEx (C function), 59
PyEval_GetBuiltins (C function), 113
PyEval_GetFrame (C function), 113
PyEval_GetFuncDesc (C function), 113
PyEval_GetFuncName (C function), 113
PyEval_GetGlobals (C function), 113
PyEval_GetLocals (C function), 113
PyEval_InitThreads (C function), 263
PyEval_InitThreads(), 253
PyEval_MergeCompilerFlags (C
function), 60
PyEval_ReleaseLock (C function), 270
PyEval_ReleaseThread (C function), 270
PyEval_ReleaseThread(), 263
PyEval_RestoreThread (C function), 261,
264
PyEval_RestoreThread(), 263
PyEval_SaveThread (C function), 261, 264
PyEval_SaveThread(), 263
PyEval_SetProfile (C function), 275
PyEval_SetTrace (C function), 275
PyEval_ThreadsInitialized (C
function), 263
PyExc_ArithmeticError (C wvar), 79
PyExc_AssertionError (C var), 79
PyExc_AttributeError (C var), 79

P %cy%xc_BaseException (C wvar), 79

PyExc_BlockingIOError (C wvar), 79

pJ $yﬁcc_BrokenPipeError (C wvar), 79

PyExc_BufferError (C var), 79
PyExc_BytesWarning (C var), 82
PyExc_ChildProcessError (C wvar), 79
PyExc_ConnectionAbortedError (C var),
79
PyExc_ConnectionError (C wvar), 79
PyExc_ConnectionRefusedError (C var),
79
PyExc_ConnectionResetError (C var), 79
PyExc_DeprecationWarning (C var), 82
PyExc_EnvironmentError (C var), 81
PyExc_EOFError (C var), 79
PyExc_Exception (C var), 79
PyExc_FileExistsError (C wvar), 79
PyExc_FileNotFoundError (C var), 79
PyExc_FloatingPointError (C var), 79
PyExc_FutureWarning (C var), 82
PyExc_GeneratorExit (C var), 79
PyExc_ImportError (C var), 79
PyExc_ImportWarning (C var), 82
PyExc_IndentationError (C var), 79
PyExc_IndexError (C var), 79
PyExc_InterruptedError (C var), 79
PyExc_IOError (C var), 81
PyExc_IsADirectoryError (C wvar), 79
PyExc_KeyboardInterrupt (C var), 79
PyExc_KeyError (C wvar), 79
PyExc_LookupError (C var), 79
PyExc_MemoryError (C var), 79
PyExc_ModuleNotFoundError (C var), 79
PyExc_NameError (C wvar), 79
PyExc_NotADirectoryError (C var), 79
PyExc_NotImplementedError (C wvar), 79
PyExc_0SError (C wvar), 79
PyExc_0OverflowError (C var), 79
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PyExc_PendingDeprecationWarning (C
var), 82
PyExc_PermissionError (C var), 79
PyExc_ProcessLookupError (C var), 79
PyExc_RecursionError (C var), 79
PyExc_ReferenceError (C var), 79
PyExc_ResourceWarning (C var), 82
PyExc_RuntimeError (C var), 79
PyExc_RuntimeWarning (C var), 82
PyExc_StopAsyncIteration (C var), 79
PyExc_StopIteration (C wvar), 79
PyExc_SyntaxError (C var), 79
PyExc_SyntaxWarning (C var), 82
PyExc_SystemError (C var), 79
PyExc_SystemExit (C var), 79
PyExc_TabError (C var), 79
PyExc_TimeoutError (C var), 79
PyExc_TypeError (C wvar), 79
PyExc_UnboundLocalError (C var), 79
PyExc_UnicodeDecodeError (C var), 79
PyExc_UnicodeEncodeError (C var), 79
PyExc_UnicodeError (C var), 79
PyExc_UnicodeTranslateError (C var),
79
PyExc_UnicodeWarning (C var), 82
PyExc_UserWarning (C var), 82
PyExc_ValueError (C wvar), 79
PyExc_Warning (C var), 82
PyExc_WindowsError (C var), 81
PyExc_ZeroDivisionError (C war), 79
PyException_GetCause (C function), 76
PyException_GetContext (C function), 76
PyException_GetTraceback (C function),
76
PyException_SetCause (C function), 77
PyException_SetContext (C function), 76
PyException_SetTraceback (C function),
76
PyFile_FromFd (C function), 215
PyFile_GetLine (C function), 215
PyFile_SetOpenCodeHook (C' function),
216
PyFile_WriteObject (C function), 216
PyFile_WriteString (C function), 216
PyFloat_AS_DOUBLE (C function), 163
PyFloat_AsDouble (C function), 163
PyFloat_Check (C function), 162
PyFloat_CheckExact (C function), 163
PyFloat_FromDouble (C function), 163
PyFloat_FromString (C function), 163
PyFloat_GetInfo (C function), 163
PyFloat_GetMax (C function), 163
PyFloat_GetMin (C function), 163
PyFloat_Pack2 (C function), 164
PyFloat_Pack4 (C function), 164
PyFloat_Pack8 (C function), 164
PyFloat_Type (C var), 162
PyFloat_Unpack2 (C function), 165
PyFloat_Unpack4 (C function), 165
PyFloat_Unpack8 (C function), 165
PyFloatObject (C type), 162
PyFrame_Check (C function), 236
PyFrame_GetBack (C function), 236
PyFrame_GetBuiltins (C function), 236
PyFrame_GetCode (C function), 236
PyFrame_GetGenerator (C function), 236
PyFrame_GetGlobals (C function), 237
PyFrame_GetLasti (C function), 237

PyFrame_GetLineNumber (C function), 237
PyFrame_GetLocals (C function), 237
PyFrame_Type (C var), 236
PyFrameObject (C type), 236
PyFrozenSet_Check (C function), 207
PyFrozenSet_CheckExact (C function),
207
PyFrozenSet_New (C function), 207
PyFrozenSet_Type (C var), 206
PyFunction_Check (C function), 209
PyFunction_GetAnnotations (C'
Sfunction), 210
PyFunction_GetClosure (C function), 210
PyFunction_GetCode (C function), 209
PyFunction_GetDefaults (C function),
209
PyFunction_GetGlobals (C function), 209
PyFunction_GetModule (C function), 209
PyFunction_New (C function), 209
PyFunction_NewWithQualName (C'
Sunction), 209
PyFunction_SetAnnotations (C
function), 210
PyFunction_SetClosure (C function), 210
PyFunction_SetDefaults (C function),
210
PyFunction_Type (C var), 209
PyFunctionObject (C type), 209
PyGC_Collect (C function), 387
PyGC_Disable (C function), 387
PyGC_Enable (C function), 387
PyGC_IsEnabled (C function), 387
PyGen_Check (C function), 237
PyGen_CheckExact (C function), 238
PyGen_New (C function), 238
PyGen_NewWithQualName (C function), 238
PyGen_Type (C var), 237
PyGenObject (C type), 237
PyGetSetDef (C type), 335
PyGILState_Check (C function), 265
PyGILState_Ensure (C function), 264
PyGILState_GetThisThreadState (C
Sfunction), 265
PyGILState_Release (C function), 265
PyHash_FuncDef (C type), 112
PyHash_FuncDef.hash_bits (C member),
112
PyHash_FuncDef .name (C member), 112
PyHash_FuncDef .seed_bits (C member),
112
PyHash_GetFuncDef (C function), 113
PyImport_AddModule (C function), 92
PyImport_AddModuleObject (C function),
92
PyImport_AppendInittab (C function), 95
PyImport_ExecCodeModule (C function),
92
PyImport_ExecCodeModuleEx (C'
Sfunction), 93
PyImport_ExecCodeModuleObject (C
Sfunction), 93
PyImport_ExecCodeModuleWithPathnames
(C function), 93
PyImport_ExtendInittab (C function), 95
PyImport_FrozenModules (C var), 95
PyImport_GetImporter (C function), 94
PyImport_GetMagicNumber (C function),
93

PyImport_GetMagicTag (C function), 93
PyImport_GetModule (C function), 94
PyImport_GetModuleDict (C function), 94
PyImport_Import (C function), 91
PyImport_ImportFrozenModule (C'
function), 94
PyImport_ImportFrozenModuleObject (C
function), 94
PyImport_ImportModule (C function), 91
PyImport_ImportModuleEx (C function),
91
PyImport_ImportModuleLevel (C'
function), 91
PyImport_ImportModuleLevelObject (C'
function), 91
PyImport_ImportModuleNoBlock (C'
function), 91
PyImport_ReloadModule (C function), 92
PyIndex_Check (C function), 134
PyInstanceMethod_Check (C function),
210
PyInstanceMethod_Function (C
function), 211
PyInstanceMethod _GET_FUNCTION (C’
function), 211
PyInstanceMethod_New (C function), 210
PyInstanceMethod_Type (C var), 210
PyInterpreterState (C type), 263
PyInterpreterState_Clear (C function),
266
PyInterpreterState_Delete (C
function), 266
PyInterpreterState_Get (C function),
268
PyInterpreterState_GetDict (C
function), 268
PyInterpreterState_GetID (C function),
268
PyInterpreterState_Head (C function),
276
PyInterpreterState_Main (C function),
276
PyInterpreterState_New (C function),
266
PyInterpreterState_Next (C function),
276
PyInterpreterState_ThreadHead (C
function), 276
PyIter_Check (C function), 138
PyIter_Next (C function), 139
PyIter_Send (C function), 139
PyList_Append (C function), 202
PyList_AsTuple (C function), 202
PyList_Check (C function), 200
PyList_CheckExact (C function), 200
PyList_GET_ITEM (C function), 201
PyList_GET_SIZE (C function), 201
PyList_GetItem (C function), 11, 201
PyList_GetSlice (C function), 202
PyList_Insert (C function), 201
PyList_New (C function), 200
PyList_Reverse (C function), 202
PyList_SET_ITEM (C function), 201
PyList_SetItem (C function), 10, 201
PyList_SetSlice (C function), 202
PyList_Size (C function), 201
PyList_Sort (C function), 202
PyList_Type (C war), 200
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PyListObject (C type), 200
PyLong_AsDouble (C function), 161
PyLong_AsLong (C function), 159
PyLong_AsLongAndOverflow (C function),
159
PyLong_AsLongLong (C function), 159
PyLong_AsLongLongAndOverflow (C
function), 159
PyLong_AsSize_t (C function), 160
PyLong_AsSsize_t (C function), 160
PyLong_AsUnsignedLong (C function), 160
PyLong_AsUnsignedLongLong (C
function), 160
PyLong_AsUnsignedLongLongMask (C'
function), 161
PyLong_AsUnsignedLongMask (C
function), 161
PyLong_AsVoidPtr (C function), 161
PyLong_Check (C function), 157
PyLong_CheckExact (C function), 157
PyLong_FromDouble (C function), 158
PyLong_FromLong (C' function), 157
PyLong_FromLongLong (C function), 158
PyLong_FromSize_t (C function), 158
PyLong_FromSsize_t (C function), 158
PyLong_FromString (C function), 158
PyLong_FromUnicodeObject (C function),
158
PyLong_FromUnsignedLong (C function),
158
PyLong_FromUnsignedLongLong (C
function), 158
PyLong_FromVoidPtr (C function), 158
PyLong_Type (C var), 157
PyLongObject (C type), 157
PyMapping_Check (C function), 137
PyMapping_DelItem (C function), 137
PyMapping_DelltemString (C function),
137
PyMapping_GetItemString (C function),
137
PyMapping_HasKey (C function), 138
PyMapping_HasKeyString (C function),
138
PyMapping_Items (C function), 138
PyMapping_Keys (C function), 138
PyMapping_Length (C function), 137
PyMapping_SetItemString (C function),
137
PyMapping_Size (C function), 137
PyMapping_Values (C function), 138
PyMappingMethods (C type), 374
PyMappingMethods.mp_ass_subscript (C'
member), 374
PyMappingMethods.mp_length (C
member), 374
PyMappingMethods.mp_subscript (C
member), 374
PyMarshal_ReadLastObjectFromFile (C
function), 97
PyMarshal_ReadLongFromFile (C
function), 96
PyMarshal_ReadObjectFromFile (C'
function), 96
PyMarshal_ReadObjectFromString (C
function), 97
PyMarshal_ReadShortFromFile (C
function), 96

PyMarshal_WriteLongToFile (C'
Sfunction), 96
PyMarshal_WriteObjectToFile (C
Sfunction), 96
PyMarshal_WriteObjectToString (C
function), 96
PyMem_Calloc (C function), 314
PyMem_Del (C function), 315
PYMEM_DOMAIN_MEM (C macro), 318
PYMEM_DOMAIN_OBJ (C macro), 318
PYMEM_DOMAIN_RAW (C macro), 318
PyMem_Free (C function), 315
PyMem_GetAllocator (C function), 319
PyMem_Malloc (C function), 314
PyMem_New (C macro), 315
PyMem_RawCalloc (C function), 313
PyMem_RawFree (C function), 314
PyMem_RawMalloc (C function), 313
PyMem_RawRealloc (C function), 313
PyMem_Realloc (C function), 315
PyMem_Resize (C macro), 315
PyMem_SetAllocator (C function), 319
PyMem_SetupDebugHooks (C' function), 319
PyMemAllocatorDomain (C type), 318
PyMemAllocatorEx (C type), 318
PyMember_GetOne (C' function), 334
PyMember_SetOne (C function), 335
PyMemberDef (C type), 333
PyMemoryView_Check (C function), 231
PyMemoryView_FromBuffer (C function),
231
PyMemoryView_FromMemory (C function),
231
PyMemoryView_FromObject (C function),
231
PyMemoryView_GET_BASE (C function), 232
PyMemoryView_GET_BUFFER (C function),
232
PyMemoryView_GetContiguous (C
Sfunction), 231
PyMethod_Check (C function), 211
PyMethod_Function (C function), 211
PyMethod_GET_FUNCTION (C function), 211
PyMethod_GET_SELF (C function), 211
PyMethod_New (C function), 211
PyMethod_Self (C function), 211
PyMethod_Type (C var), 211
PyMethodDef (C type), 330
PyMethodDef .m1_doc (C member), 330
PyMethodDef .m1_flags (C member), 330
PyMethodDef .m1_meth (C member), 330
PyMethodDef .m1_name (C' member), 330
PyMODINIT_FUNC (C macro), 5
PyModule_AddFunctions (C function), 223
PyModule_AddIntConstant (C function),
225
PyModule_AddIntMacro (C macro), 226
PyModule_AddObject (C function), 224
PyModule_AddObjectRef (C function), 224
PyModule_AddStringConstant (C
function), 226
PyModule_AddStringMacro (C macro), 226
PyModule_AddType (C function), 226
PyModule_Check (C function), 217
PyModule_CheckExact (C function), 217
PyModule_Create (C function), 220
PyModule_Create2 (C function), 220
PyModule_ExecDef (C function), 223

PyModule_FromDefAndSpec (C function),
222
PyModule_FromDefAndSpec2 (C function),
223
PyModule_GetDef (C' function), 218
PyModule_GetDict (C function), 217
PyModule_GetFilename (C function), 218
PyModule_GetFilenameObject (C
function), 218
PyModule_GetName (C function), 217
PyModule_GetNameObject (C function),
217
PyModule_GetState (C' function), 218
PyModule_New (C function), 217
PyModule_NewObject (C function), 217
PyModule_SetDocString (C function), 223
PyModule_Type (C var), 217
PyModuleDef (C type), 218
PyModuleDef_Init (C function), 221
PyModuleDef_Slot (C type), 221
PyModuleDef_Slot.slot (C member), 221
PyModuleDef_Slot.value (C member),
221
PyModuleDef.m_base (C member), 218
PyModuleDef .m_clear (C member), 219
PyModuleDef.m_doc (C member), 219
PyModuleDef .m_free (C member), 220
PyModuleDef .m_methods (C member), 219
PyModuleDef .m_name (C member), 218
PyModuleDef .m_size (C' member), 219
PyModuleDef.m_slots (C member), 219
PyModuleDef.m_slots.m_reload (C
member), 219
PyModuleDef .m_traverse (C member),
219
PyNumber_Absolute (C function), 131
PyNumber_Add (C function), 130
PyNumber_And (C function), 131
PyNumber_AsSsize_t (C function), 134
PyNumber_Check (C' function), 130
PyNumber_Divmod (C function), 130
PyNumber_Float (C function), 133
PyNumber_FloorDivide (C function), 130
PyNumber_Index (C function), 133
PyNumber_InPlaceAdd (C function), 132
PyNumber_InPlaceAnd (C function), 133
PyNumber_InPlaceFloorDivide (C
function), 132
PyNumber_InPlaceLshift (C function),
133
PyNumber_InPlaceMatrixMultiply (C
function), 132
PyNumber_InPlaceMultiply (C function),
132
PyNumber_InPlaceOr (C function), 133
PyNumber_InPlacePower (C function), 132
PyNumber_InPlaceRemainder (C
function), 132
PyNumber_InPlaceRshift (C function),
133
PyNumber_InPlaceSubtract (C function),
132
PyNumber_InPlaceTrueDivide (C
function), 132
PyNumber_InPlaceXor (C function), 133
PyNumber_Invert (C function), 131
PyNumber_Long (C' function), 133
PyNumber_Lshift (C function), 131
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PyNumber_MatrixMultiply (C function),
130
PyNumber_Multiply (C function), 130
PyNumber_Negative (C function), 131
PyNumber_0Or (C function), 131
PyNumber_Positive (C function), 131
PyNumber_Power (C function), 131
PyNumber_Remainder (C function), 130
PyNumber_Rshift (C function), 131
PyNumber_Subtract (C function), 130
PyNumber_ToBase (C' function), 134
PyNumber_TrueDivide (C function), 130
PyNumber_Xor (C function), 131
PyNumberMethods (C type), 371
PyNumberMethods.nb_absolute (C
member), 373
PyNumberMethods.nb_add (C member),
372
PyNumberMethods.nb_and (C' member),
373
PyNumberMethods.nb_bool (C member),
373
PyNumberMethods.nb_divmod (C member),
373
PyNumberMethods.nb_float (C member),
373
PyNumberMethods.nb_floor_divide (C
member), 374
PyNumberMethods.nb_index (C member),
374
PyNumberMethods.nb_inplace_add ( C
member), 373
PyNumberMethods.nb_inplace_and ( C
member), 374
PyNumberMethods.nb_inplace_floor_divide
(C member), 374
PyNumberMethods.nb_inplace_lshift (C
member), 374
PyNumberMethods.nb_inplace_matrix_multi
(C member), 374
PyNumberMethods.nb_inplace_multiply
(C member), 373
PyNumberMethods.nb_inplace_or (C
member), 374
PyNumberMethods.nb_inplace_power (C
member), 373
PyNumberMethods.nb_inplace_remainder
(C member), 373
PyNumberMethods.nb_inplace_rshift (C
member), 374
PyNumberMethods.nb_inplace_subtract
(C member), 373
PyNumberMethods.nb_inplace_true_divide
(C member), 374
PyNumberMethods.nb_inplace_xor ( C
member), 374
PyNumberMethods.nb_int (C' member),
373
PyNumberMethods.nb_invert (C member),
373
PyNumberMethods.nb_lshift (C member),
373
PyNumberMethods.nb_matrix_multiply (C
member), 374
PyNumberMethods.nb_multiply (C'
member), 373
PyNumberMethods.nb_negative (C'
member), 373

PyNumberMethods.nb_or (C member), 373
PyNumberMethods.nb_positive (C
member), 373
PyNumberMethods.nb_power (C member),
373
PyNumberMethods.nb_remainder ( C
member), 373
PyNumberMethods.nb_reserved (C
member), 373
PyNumberMethods.nb_rshift (C member),
373
PyNumberMethods.nb_subtract (C
member), 372
PyNumberMethods.nb_true_divide (C
member), 374
PyNumberMethods.nb_xor (C member),
373
PyObject (C type), 326
PyObject_AsCharBuffer (C function), 150
PyObject_ASCII (C function), 120
PyObject_AsFileDescriptor (C
Sfunction), 215
PyObject_AsReadBuffer (C function), 150
PyObject_AsWriteBuffer (C function),
150
PyObject_Bytes (C function), 120
PyObject_Call (C function), 126
PyObject_CallFunction (C function), 127
PyObject_CallFunctionObjArgs (C
Sfunction), 128
PyObject_CallMethod (C function), 127
PyObject_CallMethodNoArgs (C
Sfunction), 128
PyObject_CallMethodObjArgs (C'
Sfunction), 128
PyObject_CallMethodOneArg (C
Sfunction), 128
PyObject_CallNoArgs (C function), 127
plPyObject_CallObject (C function), 127
PyObject_Calloc (C function), 316
PyObject_CallOneArg (C function), 127
PyObject_CheckBuffer (C function), 148
PyObject_CheckReadBuffer (C function),
150
PyObject_ClearWeakRefs (C function),
233
PyObject_CopyData (C function), 149
PyObject_Del (C function), 326
PyObject_DelAttr (C function), 119
PyObject_DelAttrString (C function),
119
PyObject_DelItem (C function), 122
PyObject_Dir (C function), 123
PyObject_Format (C function), 120
PyObject_Free (C function), 317
PyObject_GC_Del (C function), 385
PyObject_GC_IsFinalized (C function),
385
PyObject_GC_IsTracked (C function), 385
PyObject_GC_New (C macro), 385
PyObject_GC_NewVar (C macro), 385
PyObject_GC_Resize (C macro), 385
PyObject_GC_Track (C function), 385
PyObject_GC_UnTrack (C function), 386
PyObject_GenericGetAttr (C function),
118
PyObject_GenericGetDict (C function),
119

PyObject_GenericSetAttr (C function),
119
PyObject_GenericSetDict (C function),
119
PyObject_GetAIter (C function), 123
PyObject_GetArenaAllocator (C'
function), 322
PyObject_GetAttr (C function), 118
PyObject_GetAttrString (C function),
118
PyObject_GetBuffer (C function), 148
PyObject_GetItem (C function), 122
PyObject_GetIter (C function), 123
PyObject_HasAttr (C function), 117
PyObject_HasAttrString (C function),
118
PyObject_Hash (C function), 121
PyObject_HashNotImplemented (C'
function), 121
PyObject_HEAD (C macro), 327
PyObject _HEAD_INIT (C macro), 328
PyObject_Init (C function), 325
PyObject_InitVar (C function), 325
PyObject_IS_GC (C function), 385
PyObject_IsInstance (C function), 121
PyObject_IsSubclass (C function), 121
PyObject_IsTrue (C function), 122
PyObject_Length (C function), 122
PyObject_LengthHint (C function), 122
PyObject_Malloc (C function), 316
PyObject_New (C macro), 325
PyObject_NewVar (C macro), 325
PyObject_Not (C function), 122
PyObject._ob_next (C member), 344
PyObject._ob_prev (C member), 344
PyObject_Print (C function), 117
PyObject_Realloc (C function), 316
PyObject_Repr (C function), 120
PyObject_RichCompare (C function), 119
PyObject_RichCompareBool (C function),
120
PyObject_SetArenaAllocator (C
function), 322
PyObject_SetAttr (C function), 118
PyObject_SetAttrString (C function),
118
PyObject_SetItem (C function), 122
PyObject_Size (C function), 122
PyObject_Str (C function), 120
PyObject_Type (C function), 122
PyObject_TypeCheck (C function), 122
PyObject_VAR_HEAD (C macro), 327
PyObject_Vectorcall (C function), 128
PyObject_VectorcallDict (C function),
129
PyObject_VectorcallMethod (C
function), 129
PyObjectArenaAllocator (C type), 322
PyObject.ob_refcnt (C member), 344
PyObject.ob_type (C member), 344
Py0S_AfterFork (C function), 84
Py0S_AfterFork_Child (C function), 84
Py0S_AfterFork_Parent (C function), 84
Py0S_BeforeFork (C function), 83
Py0S_CheckStack (C function), 84
Py0S_double_to_string (C function), 111
Py0S_FSPath (C function), 83
Py0S_getsig (C function), 85
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Py0S_InputHook (C var), 57
Py0S_ReadlineFunctionPointer (C wvar),
57
Py0S_setsig (C function), 85
Py0S_sighandler_t (C type), 85
Py0S_snprintf (C function), 110
Py0S_stricmp (C function), 112
Py0S_string_to_double (C function), 111
Py0S_strnicmp (C function), 112
Py0S_strtol (C function), 111
Py0S_strtoul (C function), 110
Py0S_vsnprintf (C function), 110
PyPreConfig (C type), 285
PyPreConfig_InitIsolatedConfig (C
function), 285
PyPreConfig_InitPythonConfig (C'
function), 285
PyPreConfig.allocator (C member), 285
PyPreConfig.coerce_c_locale (C
member), 285
PyPreConfig.coerce_c_locale_warn (C
member), 286
PyPreConfig.configure_locale (C
member), 285
PyPreConfig.dev_mode (C member), 286
PyPreConfig.isolated (C member), 286
PyPreConfig.legacy_windows_fs_encoding
(C member), 286
PyPreConfig.parse_argv (C member),
286
PyPreConfig.use_environment (C
member), 286
PyPreConfig.utf8_mode (C member), 287
PyProperty_Type (C var), 228
PyRun_AnyFile (C function), 55
PyRun_AnyFileEx (C function), 56
PyRun_AnyFileExFlags (C function), 56
PyRun_AnyFileFlags (C function), 56
PyRun_File (C function), 58
PyRun_FileEx (C function), 58
PyRun_FileExFlags (C function), 58
PyRun_FileFlags (C function), 58
PyRun_InteractiveLoop (C function), 57
PyRun_InteractiveLoopFlags (C
function), 57
PyRun_InteractiveOne (C function), 57
PyRun_InteractiveOneFlags (C
function), 57
PyRun_SimpleFile (C function), 56
PyRun_SimpleFileEx (C function), 56
PyRun_SimpleFileExFlags (C function),
56
PyRun_SimpleString (C function), 56
PyRun_SimpleStringFlags (C function),
56
PyRun_String (C function), 58
PyRun_StringFlags (C function), 58
PySendResult (C type), 139
PySeqIter_Check (C function), 227
PySeqlter_New (C function), 227
PySeqIter_Type (C var), 227
PySequence_Check (C function), 134
PySequence_Concat (C function), 134
PySequence_Contains (C function), 136
PySequence_Count (C function), 135
PySequence_DelItem (C function), 135
PySequence_DelSlice (C function), 135
PySequence_Fast (C function), 136

PySequence_Fast_GET_ITEM (C function),
136
PySequence_Fast_GET_SIZE (C function),
136
PySequence_Fast_ITEMS (C function), 136
PySequence_GetItem (C function), 11, 135
PySequence_GetSlice (C function), 135
PySequence_Index (C function), 136
PySequence_InPlaceConcat (C function),
135
PySequence_InPlaceRepeat (C function),
135
PySequence_ITEM (C function), 137
PySequence_Length (C function), 134
PySequence_List (C function), 136
PySequence_Repeat (C function), 134
PySequence_SetItem (C function), 135
PySequence_SetSlice (C function), 135
PySequence_Size (C function), 134
PySequence_Tuple (C function), 136
PySequenceMethods (C' type), 375
PySequenceMethods.sq_ass_item (C
member), 375
PySequenceMethods.sq_concat (C
member), 375
PySequenceMethods.sq_contains (C
member), 375
PySequenceMethods.sq_inplace_concat
(C member), 375
PySequenceMethods.sq_inplace_repeat
(C member), 376
PySequenceMethods.sq_item (C member),
375
PySequenceMethods.sq_length (C
member), 375
PySequenceMethods.sq_repeat (C
member), 375
PySet_Add (C function), 208
PySet_Check (C function), 207
PySet_CheckExact (C function), 207
PySet_Clear (C function), 208
PySet_Contains (C function), 208
PySet_Discard (C function), 208
PySet_GET_SIZE (C function), 208
PySet_New (C function), 207
PySet_Pop (C function), 208
PySet_Size (C function), 207
PySet_Type (C var), 206
PySetObject (C type), 206
PySignal_SetWakeupFd (C function), 75
PySlice_AdjustIndices (C function), 230
PySlice_Check (C function), 229
PySlice_GetIndices (C function), 229
PySlice_GetIndicesEx (C function), 229
PySlice_New (C function), 229
PySlice_Type (C var), 229
PySlice_Unpack (C function), 230
PyState_AddModule (C function), 226
PyState_FindModule (C function), 226
PyState_RemoveModule (C function), 227
PyStatus (C type), 283
PyStatus_Error (C function), 283
PyStatus_Exception (C function), 284
PyStatus_Exit (C function), 283
PyStatus_IsError (C function), 284
PyStatus_IsExit (C function), 284
PyStatus_NoMemory (C function), 283
PyStatus_0k (C function), 283

PyStatus.err_msg (C member), 283
PyStatus.exitcode (C member), 283
PyStatus.func (C member), 283
PyStructSequence_Desc (C type), 199
PyStructSequence_Desc.doc (C member),
199
PyStructSequence_Desc.fields (C
member), 199
PyStructSequence_Desc.n_in_sequence
(C member), 199
PyStructSequence_Desc.name (C
member), 199
PyStructSequence_Field (C type), 199
PyStructSequence_Field.doc (C
member), 199
PyStructSequence_Field.name (C'
member), 199
PyStructSequence_GET_ITEM (C
function), 200
PyStructSequence_GetItem (C function),
199
PyStructSequence_InitType (C
function), 198
PyStructSequence_InitType2 (C
function), 199
PyStructSequence_New (C function), 199
PyStructSequence_NewType (C function),
198
PyStructSequence_SET_ITEM (C
function), 200
PyStructSequence_SetItem (C function),
200
PyStructSequence_UnnamedField (C var),
199
PySys_AddAuditHook (C function), 89
PySys_AddWarnOption (C function), 87
PySys_AddWarnOptionUnicode (C'
function), 87
PySys_AddX0Option (C function), 88
PySys_Audit (C function), 89
PySys_FormatStderr (C function), 88
PySys_FormatStdout (C function), 838
PySys_GetObject (C function), 87
PySys_GetXOptions (C function), 838
PySys_ResetWarnOptions (C function), 87
PySys_SetArgv (C function), 253, 259
PySys_SetArgvEx (C function), 253, 258
PySys_SetObject (C function), 87
PySys_SetPath (C function), 87
PySys_WriteStderr (C function), 88
PySys_WriteStdout (C function), 88
Python 3000, 408
Python Enhancement Proposals
PEP 1, 407
PEP 7, 3,7, 8
PEP 238, 60, 398
PEP 278, 412
PEP 302, 398, 403
PEP 343, 395
PEP 353, 13
PEP 362, 392, 407
PEP 383, 183, 184
PEP 387, 19
PEP 393, 171, 182
PEP 411, 408
PEP 420, 398, 405, 407
PEP 432, 308, 309
PEP 442, 370
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PEP 443, 399
PEP 451, 222, 398
PEP 456, 113
PEP 483, 400
PEP 484, 392, 398, 400, 411, 412
PEP 489, 222
PEP 492, 392, 393, 395
PEP 498, 397
PEP 519, 407
PEP 523, 269
PEP 525, 393
PEP 526, 392, 412
PEP 528, 252, 296
PEP 529, 184, 252
PEP 538, 305
PEP 539, 277
PEP 540, 305
PEP 552, 292
PEP 578, 89
PEP 585, 400
PEP 587, 281
PEP 590, 124
PEP 623, 172
PEP 634, 356, 357
PEP 3116, 412
PEP 3119, 121
PEP 3121, 219
PEP 3147, 94
PEP 3151, 81
PEP 3155, 408
PYTHONCOERCECLOCALE, 305
PYTHONDEBUG, 251, 298
PYTHONDEVMODE, 293
PYTHONDONTWRITEBYTECODE, 251, 302
PYTHONDUMPREFS, 293, 345
PYTHONEXECUTABLE, 298
PYTHONFAULTHANDLER, 293
PYTHONHASHSEED, 251, 294
PYTHONHOME, 16, 251, 260, 295
Pythonic, 408
PYTHONINSPECT, 251, 295
PYTHONIOENCODING, 254, 300
PYTHONLEGACYWINDOWSFSENCODING, 252
286
PYTHONLEGACYWINDOWSSTDIO, 252, 296
PYTHONMALLOC, 312, 317, 320, 322
PYTHONMALLOCSTATS, 296, 312
PYTHONNODEBUGRANGES, 292
PYTHONNOUSERSITE, 252, 301
PYTHONOPTIMIZE, 252, 297
PYTHONPATH, 16, 251, 297
PYTHONPLATLIBDIR, 296
PYTHONPROFILEIMPORTTIME, 295
PYTHONPYCACHEPREFIX, 299
PYTHONSAFEPATH, 291
PYTHONTRACEMALLQOC, 301
PYTHONUNBUFFERED, 252, 291
PYTHONUTF8, 287, 305
PYTHONVERBOSE, 253, 302
PYTHONWARNINGS, 302
PyThread_create_key (C function), 278
PyThread_delete_key (C function), 279
PyThread_delete_key_value (C
function), 279
PyThread_get_key_value (C function),
279
PyThread_ReInitTLS (C function), 279

PyThread_set_key_value (C function),
279
PyThread_tss_alloc (C function), 277
PyThread_tss_create (C function), 278
PyThread_tss_delete (C function), 278
PyThread_tss_free (C function), 277
PyThread_tss_get (C function), 278
PyThread_tss_is_created (C function),
278
PyThread_tss_set (C function), 278
PyThreadState (C type), 260, 263
PyThreadState_Clear (C function), 266
PyThreadState_Delete (C function), 267
PyThreadState_DeleteCurrent (C
function), 267
PyThreadState_EnterTracing (C'
Sfunction), 267
PyThreadState_Get (C function), 264
PyThreadState_GetDict (C function), 269
PyThreadState_GetFrame (C function),
267
PyThreadState_GetID (C function), 267
PyThreadState_GetInterpreter (C
Sfunction), 267
PyThreadState_LeaveTracing (C
Sfunction), 268
PyThreadState_New (C function), 266
PyThreadState_Next (C function), 276
PyThreadState_SetAsyncExc (C
Sfunction), 269
PyThreadState_Swap (C function), 264
PyThreadState.interp (C member), 263
PyTime_Check (C function), 242
PyTime_CheckExact (C function), 242
PyTime_FromTime (C function), 243
PyTime_FromTimeAndFold (C function),
243
PyTimeZone_FromOffset (C function), 244
PyTimeZone_FromOffsetAndName (C
Sfunction), 244
PyTrace_C_CALL (C var), 275
PyTrace_C_EXCEPTION (C wvar), 275
PyTrace_C_RETURN (C var), 275
PyTrace_CALL (C var), 274
PyTrace_EXCEPTION (C var), 274
PyTrace_LINE (C var), 275
PyTrace_OPCODE (C var), 275
PyTrace_RETURN (C wvar), 275
PyTraceMalloc_Track (C function), 323
PyTraceMalloc_Untrack (C function), 323
PyTuple_Check (C function), 197
PyTuple_CheckExact (C function), 197
PyTuple_GET_ITEM (C function), 197
PyTuple_GET_SIZE (C function), 197
PyTuple_GetItem (C function), 197
PyTuple_GetSlice (C function), 197
PyTuple_New (C function), 197
PyTuple_Pack (C function), 197
PyTuple_SET_ITEM (C function), 198
PyTuple_SetItem (C function), 10, 198
PyTuple_Size (C function), 197
PyTuple_Type (C var), 197
PyTupleObject (C type), 197
PyType_Check (C function), 151
PyType_CheckExact (C function), 152
PyType_ClearCache (C function), 152
PyType_FromModuleAndSpec (C function),
154

PyType_FromSpec (C function), 155
PyType_FromSpecWithBases (C function),
155
PyType_GenericAlloc (C function), 152
PyType_GenericNew (C function), 152
PyType_GetFlags (C function), 152
PyType_GetModule (C function), 153
PyType_GetModuleByDef (C function), 154
PyType_GetModuleState (C function), 154
PyType_GetName (C' function), 153
PyType_GetQualName (C function), 153
PyType_GetSlot (C function), 153
PyType_HasFeature (C function), 152
PyType_IS_GC (C function), 152
PyType_IsSubtype (C function), 152
PyType_Modified (C function), 152
PyType_Ready (C function), 153
PyType_Slot (C type), 155
PyType_Slot.PyType_Slot.pfunc (C
member), 156
PyType_Slot.PyType_Slot.slot (C
member), 155
PyType_Spec (C type), 155
PyType_Spec.PyType_Spec.basicsize (C
member), 155
PyType_Spec.PyType_Spec.flags (C
member), 155
PyType_Spec.PyType_Spec.itemsize (C
member), 155
PyType_Spec.PyType_Spec.name (C
member), 155
PyType_Spec.PyType_Spec.slots (C
member), 155
PyType_Type (C var), 151
PyTypeObject (C type), 151
PyTypeObject.tp_alloc (C member), 366
PyTypeObject.tp_as_async (C member),
349
PyTypeObject.tp_as_buffer (C member),
352
PyTypeObject.tp_as_mapping (C
member), 350
PyTypeObject.tp_as_number (C member),
349
PyTypeObject.tp_as_sequence (C'
member), 349
PyTypeObject.tp_base (C member), 363
PyTypeObject.tp_bases (C member), 368
PyTypeObject.tp_basicsize (C member),
346
PyTypeObject.tp_cache (C member), 369
PyTypeObject.tp_call (C member), 350
PyTypeObject.tp_clear (C member), 358
PyTypeObject.tp_dealloc (C member),
346
PyTypeObject.tp_del (C member), 369
PyTypeObject.tp_descr_get (C member),
364
PyTypeObject.tp_descr_set (C member),
364
PyTypeObject.tp_dict (C member), 363
PyTypeObject.tp_dictoffset (C
member), 364
PyTypeObject.tp_doc (C member), 357
PyTypeObject.tp_finalize (C member),
369
PyTypeObject.tp_flags (C member), 352
PyTypeObject.tp_free (C member), 367
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PyTypeObject.tp_getattr (C' member),
348
PyTypeObject.tp_getattro (C member),
351
PyTypeObject.tp_getset (C member),
363
PyTypeObject.tp_hash (C member), 350
PyTypeObject.tp_init (C member), 365
PyTypeObject.tp_is_gc (C member), 367
PyTypeObject.tp_itemsize (C member),
346
PyTypeObject.tp_iter (C member), 362
PyTypeObject.tp_iternext (C member),
362
PyTypeObject.tp_members (C member),
362
PyTypeObject.tp_methods (C member),
362
PyTypeObject.tp_mro (C member), 368
PyTypeObject.tp_name (C member), 345
PyTypeObject.tp_new (C member), 366
PyTypeObject.tp_repr (C member), 349
PyTypeObject.tp_richcompare (C'
member), 360
PyTypeObject.tp_setattr (C member),
348
PyTypeObject.tp_setattro (C member),
352
PyTypeObject.tp_str (C member), 351
PyTypeObject.tp_subclasses (C
member), 369
PyTypeObject.tp_traverse (C member),
357
PyTypeObject.tp_vectorcall (C
member), 370
PyTypeObject.tp_vectorcall_offset (C
member), 347
PyTypeObject.tp_version_tag (C
member), 369
PyTypeObject.tp_weaklist (C member),
369
PyTypeObject.tp_weaklistoffset (C
member), 361
PyTZInfo_Check (C function), 243
PyTZInfo_CheckExact (C function), 243
PyUnicode_1BYTE_DATA (C function), 173
PyUnicode_1BYTE_KIND (C macro), 174
PyUnicode_2BYTE_DATA (C function), 173
PyUnicode_2BYTE_KIND (C macro), 174
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