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CHAPTER 1

Python [ i e 11 (APL) fiif5 C Al C++ F2fy R AT ATEZ A2 L F 151 Python f# s . % APLTE C++
HEFERT AL, RN TR LA, B HRFHAR Python/C APL. i ] Python/C APL A7 PN EEARHY PR o 58—~
HURN THEE IS &7 Rk BN B Python MEREARDIAEN C L. X n] B fiei W BT 37 5
55 " ANPRER JERF Python MRS CHBER HI Y15 XA 9 38 5 AR AE— 1B ) Y embedding Python..

GG RIS AR R UL ) T HYE, ATl Sl BB IR G. E TR A — A
JEE AR R B AT A T i A Python A R EA 2, {Hitk A Python [ FE A 44 5
PRI R T B -

VFZ APT BUEAR IR A B & Python sX PR NARREAEIE . BN, KR A Python [ 1Y HIFE 7
WHRERALEE YR, A 2R S BRI H i A Python 2 B e B S TRV X &2 5

1.1 K4k

WARARAR B4 5 ] 45 T CPython ) C UMY, 1R BAUEHRTE PEP 7 HE U H5 2 W AR, XL 45T
W3 ) AT AT R By 254 11 Python A4S . FEAM 5 4R H C ISR =07 I AN, al DU AR X LU AT, Rl
VRUESEAE H 5 1) Python TTRkIX LU .

1.2 8&XH

{1 J1} Python/C API Fr e SR A PReR . IR E SCRT TN AT TR B & B R AU 2 v -

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

X EWEM S AT ARk S0 <stdio.h>, <string.h>, <errno.h>, <limits.h>, <assert.h>
M <stdlib.h> (WERATH).
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HE: g T Python A &5k X — S REAENEEE ARG M Sk SC PRI UL TRRE 3L, R B 0 5 FE A
SSCPEZ A, 1 %A% Python .

Wi 24 Python.h i X PY_SSIZE_T_CLEAN ., #FEAH A5 WA E % R THXANENEZH
Z%.

Python.h 5 SCARYAHB M P m] WA AR (b B & bRk SCURBInE LFRAT) #RAT AT Py 50 _Py. DA _Py
TR A AR Python SCBLN ARG HIFY , AR TRA S E M o S5 24 PRI PR B R

fE): P AR ACGE A L% E LA Py 3 _Py FFKIIMFR. X s BB MR, H & S AR X A ok
Python IRA I RI LA, X LEIRA AT BE S 2 LA BE R 28 2 — TSk i HAh 44 B

The header files are typically installed with Python. On Unix, these are located in the directories prefix/include/
pythonversion/ and exec_prefix/include/pythonversion/, where prefix and exec_prefix
are defined by the corresponding parameters to Python’s configure script and version is '$d.%d' % sys.
version_info[:2]. On Windows, the headers are installed in prefix/include, where prefix is the in-
stallation directory specified to the installer.

To include the headers, place both directories (if different) on your compiler’s search path for includes. Do not place
the parent directories on the search path and then use #include <pythonX.Y/Python.h>; this will break on
multi-platform builds since the platform independent headers under pre fix include the platform specific headers from
exec_prefix.

C+ PN TER, R4 APLESgax (i) C kg X, (K SUPFIE R A D S W] extern "C,
It APLAE C++ 1] I APT RN h PRSI AT AR SR AL B

1.3 FRBE

Python 3k U E LT — S HR %2 . L RS B9 Ry 2 L (Blinpy_ RETURN_NONE) ,

A B g G D 5 AR L 3k LT ORI R e — D B p1) 25

Py UNREACHABLE ()
AT PAERA — A3 VAR AR RS SRR B - a0, 24— switch §/A)H BT n] GERY(EAR
O case T T, MK HHAE default: FAH . BARIEF AL E 1 assert (0)
5 abort () A BT PAHIXA.

TE release BT, 1R A Bl dmitn AL AR, -k 0a & H O AT 2R ACRY 245 . 9101, 7E GCC 1) release
RN, ZZEMH] __builtin_unreachable () 3£,

Py_UNREACHABLE () f—MHERRH—A A&k, (HAIRA A _Py_NO_RETURN WAL 5.

WR ARG AN KT RE R IEH AR, EER RGO AT PARIE, SEAREM %%, flin, TEMRN
AT, B — N RG VR B HURE B, St miranRit S e A .. wRnk
PR A H S, WIDMER Py_FatalError() .

3.7 BB A
Py_ABS (x)

[l 8 5 Y (ET3H( -
3.3 BUHTIA.

Py_MIN (x, y)
RIE % Fy MR IME .

3.3 BT

4 Chapter 1. &4y



The Python/C API, £(F] 3.10.11

Py_MAX (x, y)
R x Ay 24 R AE .
3.3 HUHTIA.

Py_STRINGIFY (x)
B x Feftoky C F45E . Bl Py_STRINGIFY (123) &[] "123",

3.4 BUBTIMA.

Py_MEMBER_SIZE (type, member)
R £5H) (type) member FR/N, PAFITER,
3.6 FUBTIMA.

Py_CHARMASK (c)

ZROAA [-128, 127] B [0, 2551 FE I WA FAF BRI . XA ¢ Sl unsigned char
R,

Py_GETENV (s)
5 getenvi(s) XM, HEWRMAS 4T EE# T -E , WRME Nvu (W RKET

Py_IgnoreEnvironmentFlag ).

Py_UNUSED (arg)
AT RBCE X RS 8, Mm% FEHREE. il int func(int a, int
Py_UNUSED (b)) { return a; } .

3.4 BT

Py_DEPRECATED (version)
FEM A R CEAEAT S 2 FRHT -

Hp:

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

3.8 WU AE: IR T MSVC S F.
PyDoc_STRVAR (name, Str)

QAP A SR FREFR G, 40757 name 9728 . NSARUSCR-4ER— U2 Python, %
.

W PEP 7 ik, fliflPyDoc STRVAR VERSCRIFAFER, PASCREANMISOR 745 5 L # 7 Python (1§
.

Hipl:

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

static PyMethodDef deque_methods[] = {
V2R
{"pop", (PyCFunction)deque_pop, METH_NOARGS, pop_doc},
VIR

}

PyDoc_STR (str)
NEE R TR AR — NSO A AT, B Y SO AT R R I, B AR
W PEP 7 fiik, ] PyDoc STR HgE SRYFAFER , DASCREAFISCRY F4F Ef—i2 K 8 Python B
it -

1.3. FHNE 5
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static PyMethodDef pysglite_row_methods[] = {
{"keys", (PyCFunction)pysqglite_row_keys, METH_NOARGS,
PyDoc_STR("Returns the keys of the row.")},
{NULL, NULL}
bi

1.4 5. RIS ATHE

Most Python/C API functions have one or more arguments as well as a return value of type PyOb ject*. This type is a
pointer to an opaque data type representing an arbitrary Python object. Since all Python object types are treated the same
way by the Python language in most situations (e.g., assignments, scope rules, and argument passing), it is only fitting that
they should be represented by a single C type. Almost all Python objects live on the heap: you never declare an automatic
or static variable of type PyOb ject, only pointer variables of type PyObject* can be declared. The sole exception
are the type objects; since these must never be deallocated, they are typically static Py TypeOb ject objects.

B Python %f% (L% Python B%f) #8G —1 type F1—A> reference count, Xt 12800 & B4
X (BN, SRk e XEEG AL, A types TR ) o XTSRRI AN EAL, #H —A%
KGR G REE BT %A Fln, 24 (HAY) a rfgngxtgid Python 51|} PyList_Check (a) HH.

1.4.1 SIRHH

SUMHEARFEZ, PEYBGTENLING Gl +2) AR eitA 2 AR5 — R X
FERIHLT AT DARBEA NS, B RAA AR (HS) CARE, IRsUR A C B R A i, 21— 45
A5 TR 0, BEHCZAN . AR ERR AR S & BRI G5 TR, WX 2ex R 151
TG AKX B RS VRO N, WA DURVORE X 20 5, RIS (X A — MR R A 1)
H—XRZIEMESI . BRT, BRrSe AREORRA.)

B A EES R ITEG W TR ey INCREF () RGN —AX g 5] A8,
%Py DECREF () /P> — DX M5 A4, %Py _DECREF () AR ESI AT EEENE, RiEH
FXT R PR, BILE F incref 2R 5152 . FRil#s & — S EX R BTG () R B & ansix)
LA AMNGRRE (FINFN %), WA E M REAS T 5T 8 S 7EXT G b i A X 5 i 5 1 T8, T3
TR Zss. sIRHECR &, 2005 BN AR WA E—FEZ2 B0 1 TRAFS T8 (B
sizeof (Py_ssize_t) >= sizeof (void*) ). [, FIHITEGEM E—A R B EE.

BH LB S8 I R I HE ST I RS SIS R 5 T B b, MR RR IR RES, R
SURTHECE M 1, A2 abE R, RGOk 1. B2, SN, ProAs)s5 T
PSS S DHVHR E— R 5 2 LR TR A AR 1 e, 5T AR IR RBTREI. An R gniE 22 /0
A RIS G HART | A7 I 8] 2D ABRA TR AR BRI, WP B S 5 8. — SR g
%%%2 ig’ﬁj?%ﬁtéﬁﬁk Python Fh & 1545 Y I A 4™ A b i i) C eRST IR ML 2 BRAELE A T30 1B 15 A7
PWEEE 2 GUETNER

B, B WG RSN R R AN 5, A —Bnta), A S | . Sl
ATRES M Z BRI RS, B HS L, IR ATREE X a4 . BIERGERE, XNEDL
F I ERVE R BE 2 AL & Python /U —— W4 A — MRS AR Ao i s M Py_DECREF () [HIE| P, Kt
TER G5 b i A EAATAE T AE 1P XU -

— A A R IR A 2 B 4E (ZFRPA PyObject_ , PyNumber_ , PySequence_ B PyMapping_
FFL MR A o X e ERE BRI e TR B X 5 R XL & A AT R AR A R S R
Py DECREF () o Iy =CAR Ay Ba,

6 Chapter 1. &4y
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S AT

Python/C API H ek 8551 T80T Ml i2iiad 31 A P AR ERE . P BUZ BRI, mARX% (4
SEAHAM: EMNERSPILE) o “KRESIHIAER BWEYS RN ER %5 H s FiE A
Py_DECREF. Fig R ARG AL, X BWRE 32145 | TR AU A5 24 R P55 E% 5 | i b 2005 2o 17
Py _DECREF () 8{Py_XDECREF () FixZHEs 51 H --- B kXN TeAEFE R 2 GEF ZFBRA MM T ) .
ARG | BT AU 45 R R DT B, ARTR IS T A #red 5 H . 24 BT BUR SRS, R
M BANZEIH . X T borrowed reference Rt AN TG AR IMEAE o

FASH, 48 7 R A— XGRS I, FAAEPIRTRE : R G0 T — RGN, S0 A 6
Bo 27 B3 R R BRI — RSN, RS BE AR5, MR E A 5HUE.

RAE R GTIG I BAEENGISINEPyList_SetItem () MPyTuple_SetItem(), BEfI&EIH}
SHMBIH (EARRSHIIER TTHSEINE! ) o XL R BRI 2 57 s | 2 B e B a0 @i 4
FRIAFETCH SN H A — AW RG] Bitn, BlEC4 (1, 2, "three") BYURLE R K AT DA IXFERY
(BB RN IRAL B NI & B R RIS w5 ) -

PyObject *t;

3);

t, 0, PyLong_FromLong (1lL));

t, 1, PyLong_FromLong(2L));

t, 2, PyUnicode_FromString("three"));

t = PyTuple_New (
PyTuple_SetItem(
PyTuple_SetItem(
PyTuple_SetItem(

TEXH, PyLong FromLong () iR T —ASHHI5| I BB B Py Tuple SetItem () FrHiit. 44RAH
BRI E 5 | e B, SRR A B B | R B wi i Py INCREF () SRAREL
—A5H

i f# $7 — F, PyTuple_SetItem() R B ILH K% H M & — ) ;s PySequence _setItem()
Flpyobject_setTtem() SxIEAIXFEMA J o4 @A AT AZEI AL, IRV 24 HGHAR 5 O A8 Ry o i
HPyTuple_SetItem(),

EMTHEHA MRS T AEH PyList_New () flPyList_SetItem() K5 .

SR, AR, AR 6 X Se Q@ A e el s R Iy sl A — PPy _Builavalue ()
LA C EDRBIERZHHE IR, di— > & X4 0. B, B> AR Henr DA R 1 #Y
R GeanFtamsian)

PyObject *tuple, *list;

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

il Pyobject_SetItem () GERACHEIRLLAR FIBMEAGI RIS B2 E N WA, BlUNE 4R IEAE 96 5 BY bR
BSE EXFMEN T, M5 AT AT RO TR B IS8 5 | FH T BOAE /R AT PAKE
SUAEGE R (“YRERsEC) . B, XARE—NIE (S E R4S F51) SR e ik
R ENE:

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

Py_ssize_t i, n;

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

(Rt

14. &, %EBF03| Bt 7
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(R —H)

if (!index)
return -1;
if (PyObject_SetItem(target, index, item) < 0) {
Py_DECREF (index) ;
return -1;
}
Py_DECREF (index) ;
}
return 0O;

}

X R RGR EME R TS DU A S ] SRR 1) R BOR B i3 — A5 A S SR ARXZ5 | BT A BGHAE, H
V2R =5 1B R B 2 SRS I R T A A ARG FEVF 2 OLR, R [ 6 G2 e i 1 72
Y, MARFS RIS R R ME—5 | . L, SRR S5 I @ %, pyobject _GetItem()
MpySequence_GetItem(), FfE2RBI—ANFETI T G- BCHZT A %) .

AT T AR S AE TR R A R R [ 51 IR R B R 4 e - TR (B R
RAERBIIXT QYRR T aF R Foa ! L, WRAREEPyList_GetTtem () M—AFIFRRHULH,
RHA LI HFIH - HRURARME ] PySequence_Get Ttem () (EMUFHEZEEMIFMSE) KIFE—1
FIVZARBUARER 26 H ARSI — 0 BT [ R R 51 -

N VAR B A G — AN R BCE T — N B R H RS — AR PyList_GetItem(),
MH— R HPySequence_GetItem(),

long

sum_list (PyObject *list)

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

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

}

return total;

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++) {

(FItgkes)
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(R —H)

item = PySequence_GetItem(sequence, 1i);
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 += wvalue;
}
else {
Py_DECREF (item); /* Discard reference ownership */
}
}

return total;

1.4.2 #&

There are few other data types that play a significant role in the Python/C API; most are simple C types such as int,
long, double and char*. A few structure types are used to describe static tables used to list the functions exported
by a module or the data attributes of a new object type, and another is used to describe the value of a complex number.
These will be discussed together with the functions that use them.

type Py_ssize_t
Part of the Stable ABL. — 1§15 sizeof (Py_ssize_t) == sizeof (size_t) WA NS EEL
B, C99 %A B3 E SUXFEMARVE (size_t &2 —DNIAMF S BECKR) . S PEP 353 T i#i{ .
PY_SSIZE_T_MAX 2Py ssize t B ERIEFAE.

1.5 fl5p

Python /7 S A 5 BALPIURE E T3 ZAL PRAG S D0 RALBER S & A sl e By R, SR e VA
WA, WIS, ERIMITRA TGRS, AR LR E AR s 45 P PRl A [ 991 -

SR, X C AR BRI, SRR A2 BaiUE T . Python/C APL H i BIrA sRECER T VA | 5, I3k
FEAE R B SR S A AR R . ok, YR BB R R, EXRE R, EFEIAER
AT RG], HaR Bl — R . WERBCA I BSOS, XA NULL 5 -1, BAKHET R
BRI 22 . A D KR R ] — R EBRES R, HrP RE R R AR AR R BaA B aNR S i
ﬁ%@i%iﬁﬁ%ﬁﬁ%ﬁi@ﬁ, HHREMPyErr_Occurred () AT RINMARI . X LLBISH G2 B
HAEA S

SHARS RIS N LRI P4 GRS TAE IO N P &/ et ) . — T At
EWAIRGS S — REEERE, SBERAELE. BB PyErr_occurred () W DAREAIRIGE JOIRES: 45
W R AR RFR [ —AME AR TR B R 5 R, FE A B0 R R A NULL., 5 24 sRE0mT DAIR B2
WRE: PyErr_setsString () @EEILK OSENZEEHN) &ESFIRSHEE, MPyErr_Clear ()
A AT B S RS

SEREN S RS = S R AU CE AR AT DAY NULL): S 2820 RIS HE(E, PASCImI 36 Lo ik 2in
R X5 Python H' sys.exc_info () WFRAMIE; K1, ENFFAZ—HERY: Python XI5 {3 Python
try.. except IR RE—5F5, M C 2R FHFIRERIERFERAAE AT C RAETEENZ %
ﬁﬁﬂ‘ FAAEHE 2 HFIA Python Py i RESR Y EFEIAR, IZF NS IR 2 sys.exc_info ()
Par ALI\O
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W ¥E A A Python 1.5 JF4R, M Python (US55 RS B9 Bk iy . AR 22 4 i 07 2 M s AL sys
exc_info (), ‘EFfik[a] Python fUR I /» AR HOARAS . BUAN, X PR I S RS i 77 s SRR & 1
AR PRI AR E 57 3 14 R RS PR AT S AR S RS DA DR B HCR 5 B0 5 R A o R 1 S Ak P
Al — A EEARRIC A R o 1 IEAEAL PR S P A 8 DL %5 il s/ 1 A [ 98] ey e ot e 5
FRR RV AEAEA R RR 2R R Ay K

YER— LA B, — A8 F 55— SR RIOR P73 AT 55 1) R 5N 4 A A 0l L B IR B 55 | & T e, IFAE
SRS ERSEBA TR . BN Y EF A TG A, R E—MHRR R, (BB
TR BEET 5 - I EENE RS, 5 RE IR YR F A EEE R .

AN S AL AT R AT B FHE BT sum_sequence () ABI AT TR . XA TS SR
FNES RN TR ZE P T A AR5 . R AR B R CE R T Le AR PR E . e, A T AR R
Python [WfE%, FATTRAR T %3009 Python AR:

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

I N I N RE SR G C AR :

int

incr_item(PyObject *dict, PyObject *key)

{
/* Objects all initialized to NULL for Py XDECREF */
PyObject *item = NULL, *const_one = NULL, *incremented_item = NULL;
int rv = -1; /* Return value initialized to -1 (failure) */

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

/* Clear the error and use zero: */
PyErr_Clear();
item = PyLong_FromLong (0L) ;
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 */

(Fogkss)
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(R —H)

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

Py_XDECREF (const_one);

Py_XDECREF (incremented_item);

return rv; /* -1 for error, 0 for success */

}

XA FRET CEF P goto WA — Bz B AR WO ! B BT A far f
M PyErr_ExceptionMatches () MlPyErr_Clear () FACPRERER B, VAR ] Py_XDECREF ()
SKACFERTRE R NULL W EASIH (BT ' X5 Py DECREF () 7EIB%] NULL 5| FHSRE£3 jl5t) . T2
1) — e T HORORAE B A5 I E BRI IG NULL A BEARFEIER]: Se(Hh, E R [BME L B9
628 -1 (R H B A B LS HRATIE I G A s i .

1.6 #& A X Python

JUA Python fERESRHUIRA T (RIS T RS H M F ) A FEALOH — I ER L5 R E MWL, WHEEA
B HRE. PR IRZ B e LA TE RS BT IR L 2 5 A R -

BEARNRIRA R R R Py _Tnitialize (). WERECHAIGMT IMEBIRE, FFOI@EARI builtins,
__main__ Ml sys. BIERFHIGABHIE RERTE (sys. path).

Py_Initialize () AEWE” MASEINER" (sys.argv). WIERKEERFEATI Python RS 75 2L AR &
NARAE Py _Tnitialize () 2 )Gi@id )8 PySys_SetArgvEx (argc, argv, updatepath) 3k
BAHIEET.

TERZHAG L (Bl Unix Al Windows, BEARIEMTT LA AN), Py_Initialize () FHARPEXTFRHE
Python ffREES v AT ST 7 & 1 B A3 MR T H R U8 R 42, IF i Python JE ] ZEAH X T Python fi#f
PEATHAT OB e A B LR E . BRilHh, BRFHXTTAE shell iy 418 R ik GMRAE & PATH) FREIHA N
python BRI HATSCAFFTESC H Sk #2348 1ib/pythonX. ¥ I H 5%,

24K Vh, UR Python A] AT ST /usr/local/bin/python, BRHREENT /usr/local/lib/
pythonX.Y. (SZPs b, XMFEBELGEECN “FHR” (78, 2724 T0ETE PATH H14RE) 4k python 1y
FRAT S B ) P AT AT A B B A AL B PYTHONHOME , B{id 1d i & PYTHONPATH FERRMERS 2L
RITE AN H S B 5 A8

MARI Y AR LB SEE APy _Tnitialize () Z 8 Y8 Py_SetProgramName (file) 3ig7riE
RIKIF. W{ER PYTHONHOME {344 < 7 55 L & JF H PYTHONPATH {598 4l A BIARERE 2 2 Bl 75
58 AR R B AR Y AR e H C W Py_GetPath (), Py_GetPrefix (), Py_GetExecPrefix ()
MPy_GetProgramFullPath () SEM (GXEEREIIAE Modules/getpath.c FIEX ).

F I}, BT EXT Python HE4T “ RRATUAAL” . FIAN, N HFEFE AT REAR B 05 8h (BRI Py_Tnitialize () 5§
N AR P XT Python (1)1 JH £ 28 58 T AE EEREAI Python Fif 4 L i) A7 X T DA AR Py_FinalizeEx ()
L. ANA4HT Python 4T EWIIRALIRASE N Py_IsTnitialized () PRECRR BB E. A KX LEHE
WG AREZ GRS .. HHEREPy_FinalizeEx () TABEUITA i Python R T 43 FL I N AT,
B0 F 4 RSB  BE R AT H BT AS SR

7
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1.7 iEifa@

Python R PARfFH7 HE 28 720 2513 LAJE I GHERE SR A JRBCR I BUIME & . XL A S 45 s T KR BT
BB ENTEOARBUE -

A full list of the various types of debugging builds is in the file Misc/SpecialBuilds.txt in the Python source
distribution. Builds are available that support tracing of reference counts, debugging the memory allocator, or low-level
profiling of the main interpreter loop. Only the most frequently used builds will be described in the remainder of this
section.

Wy % L Py_DEBUG 7% K4 i fl RS 155 7= A2 38 &5 r PR Python Y14 128 _Py_DEBUG TE Unix Zi s
AN ——with-pydebug #| . /configure Ay LA, & 0] 2 4EE Python 4 J&AY) _DEBUG
ZKJEH . 24 Py_DEBUG 7£ Unix Jﬁwﬂﬂ}ﬂﬂ% B, Sias eI gzt i

BT SCRAR T UHTHBORI, S IATESMEA, 524 Python Debug Build.

% X Py_TRACE_REFS %Eﬂﬂé‘l}ﬂl_ﬂ,i (B configure --with-trace-refs # M), HBEX T
B, FHEERAPyObject RN NEIINEBORE— MG SR R IEFRRGED ) 6 o RUR) 40l 20k
B TERHE, FEE RS IR FT eI ok . (FE s B ik R E R s A T 2B 2 G R A )

BHAEELZEMEE, HS7 Python JEA L Misc/SpecialBuilds.txt
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Python 1) C 157 APLALE T 1] T IRASEUK PEP 387 . C APL £ BRIE/IMRUAS 1Y) A i A AR 28 (L 3.9 %
3.10 ) , AR 2 BRI IR SRR, R R SR APL. B AP R SEiiER, R
AR L 5 sE S 7 E MR A S T

CPython {1 FH Z 3l Ez 11 (ABL) Al DA/ IMRUASCILRT G (HELARAE i ST -F & 09
# 5 ). Bk, F Python 3.10.0 4 RS n] DALE 3.10.8 54T, [Nk, (EAFRT 3.9.x F1 3.10.x N F243 51
BT

iR RIR RIS 2FAA APL, 4l _Py_InternalState, RIfEZHM T &AM H i o] BEAS 0 E A s 3k A Tk
.

2.1 MAERFZ#EEONREER

Python 3.2 5| AT % & API, Python [f) C API f)—/F4. N 3ZBR AP {4 i T LARE— K P gt 136 1 3
T2 Python JiiAs . 5Z[R APT [ N2 4o T Fiam o

AT SEPIX— gL, Python $24it T —AN 4252 ABI — /N REAE4S Python 3.x A P RFFIRAMEIFT S8 A. FE
ABI A8 THEZ IR APT R ERIATS, (Hib & HABRT 5N, SCRFIHRGSZ R APT FIra i ek 4.
(BRI, AR HTHE T k&, H3ZBR APT FIARE ABL XS T APT i T A VAR IR AEE - B4, Hik A
Python %)
Py LIMITED API

WAEFE Python . h Z e SUXNZ LAESRE LI SZ B AP, F 452 [ APT [ HRAS .

¥t Py _LIMITED_APTI 5 SUNNT WV ARKIY REFT 5 i Ik Python RAPY VERSION HEX WfH. §~
JETC T B g3 B n] A A T AR 2 AT 4R 19 A Python 3 Ak, Al (1 B A M 1B TS A2
I API.

ANEBAHH PY_VERSION_HEX 7%, T @i /MR E A (41 0x030A0000 2/~ Python
3.10) PAEAEfH AR KN Python WA T4 1R R FFRE -

PRIEF DAY Py_LIMITED_APT % XN 3. HAUE S 0x03020000 #H[ (R Python 3.2, 5| A2 API
FIRRAS )
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1t Windows |, I FEE ABLHYY RN MR ] python3.d1l MAEMA L EAPEN python39.d11,

FEHLEF-5 |, Python $fE AL FRHHA abi3 ARERILZE T (P14 mymodule.abi3. so), B
ALREXFERY R B AHRARE ABL fliUH]J7 (BCHATE T R) HEffRxX—L, flan, BT 3.10+ 2R
APT G4 FEAN AT 221 B AIRAR AN Python .

T ABL A I R RCHR 2 /52 Python S S A A eR AP AE , AU N 7S X B ENTR ATEA (i
I C FALPRES A TE 5 O

2.1.1 %R API p91E RS04 RE

32 IR APL ) H bR eV eSS 5 C APT ] I RAEATZR 1Y, (R RES A PERE Ry .

N, BfRpyList_GetItem() ;@v Y, (HH “REEW)” FRAPyList_GET _ITEM() W@ A0 K.
XA R AT B S R SR v AR AR & SR A 91 e S SN Y .

TEARE X Py_LIMITED_API fEHL T, Hudk C API pRECR H 22k AT N BRE B e . ¢ X Py_LIMITED_API
OB N EE, iR T Python FOERIRES M ER E 1, (HAA W] RERRARMEBE

W Py_LIMITED_API & X, W AT AL B ABL R 4mi1FZ R APL Y AT RE . X AEHE T+ H:
TEFIRY. Python fitA [ rERE, (HHRFRR 2. T Py _LIMITED_APT 140 retE— Nl A
LIEY AT B G5 ey E—man, £ RIRE A7) Python RUCAS ) i A& 1 6 .

2.1.2 ZPR APl &R

TR ET Py_LIMITED_APT #7841 T AL 5e & ARIEC AL IR A Z IR AP o fa & ABl. Py_LIMITED_API
O TEX, HE—A APL iSO FEHARE 2, Blaniii s L.

Py_LIMITED_APT AREALBERY— AR M AER AR Python A H IR R0 A k. Bildn, % &
— M NULL AE SRR AL, £ Python 3.9 i1, NULL BULAE S — BT, (HAE Python 3.8 1, 1%
SRR E M, S8 NULL 5 BRSNS Eebd 1T 45 A7 B

A FRE Y E LT Py_LIMITED_APT W REEEEM KT B H A A s, BIEEiT2s2iR APL#)—3i8

I,

WX SR R, FRATE U B SR 1Y Br A Python /NEUA SR IM— AN R, Ifcl 2 = AR Ak
HIFE .

AL @ WA F T APL ) 4 3 SCRY PAKE A H 2 6 B aCUHE I o 32 BR APL B9 — 343, Bl & LT
PESMHmﬁM,&ﬁﬂﬁ%%ﬁ%%m?&ﬁﬁﬁ(ﬁ%%i%#ﬁﬁ%ﬂ%ﬁ%%*)ﬁ%ﬁ
Hk,

WEF EZ R APL I RN R R ERY: 7 Python 3.8 [l Py_LIMITED_API 4gi¥y EEMWEHE XY REELE
Python 3.12 _Fizf7, {HERA—EREN Python 3.12 %, 5, 7EfaE ABL R EMTEN N, #5902
PR API n] RES 15 57 - 0L I .

22 FRHER

ABI U FSE PEA LT Python, sRERGRT FIr il F 2 i . 02 FEFIZR a5 . XA 2 ABL B9 H bRk
i, XEEANYTE LT A CER7. EATEESBURT OS 8B FEAS S o

WRAE s & & LA Python fRASER AR IR Fa € ABI 1) 7 UM g2 65V Python 73 & 5 IITRAT . K
H python.org PAKIFLEE =4 KR Windows 1 macOS A7 AR AT X Fs Bt «
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2.3 ZMR APIFAE

FIHT, 32FR APT AL T X LL T

PyAlter_Check ()

PyArg Parse ()
PyArg_ParseTuple ()

PyArg ParseTupleAndKeywords ()
PyArg UnpackTuple ()
PyArg_VaParse ()

PyArg VaParseTupleAndKeywords ()
PyArg ValidateKeywordArguments ()
PyBaseObject_Type
PyBool_FromLong ()

PyBool_Type
PyByteArraylIter_Type
PyByteArray AsString()
PyByteArray_ Concat ()
PyByteArray FromObject ()
PyByteArray_ FromStringAndSize ()
PyByteArray Resize ()
PyByteArray_Size ()
PyByteArray_Type
PyBytesIter_Type
PyBytes_AsString()
PyBytes_AsStringAndSize ()
PyBytes_Concat ()
PyBytes_ConcatAndDel ()
PyBytes_DecodeEscape ()
PyBytes_FromFormat ()
PyBytes_FromFormatV ()
PyBytes_FromObject ()
PyBytes_FromString()
PyBytes_FromStringAndSize ()
PyBytes_Repr ()

PyBytes_Size ()

PyBytes_Type

23.
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e PyCFunction

* PyCFunctionWithKeywords

e PyCFunction_Call ()

* PyCFunction_GetFlags ()

e PyCFunction_GetFunction ()
e PyCFunction_GetSelf ()

* PyCFunction_New ()

e PyCFunction_NewEx ()

* PyCFunction_Type

* PyCMethod_New ()

* PyCallIlIter New/()

e PyCalllter_Type

e PyCallable_Check ()

* PyCapsule_Destructor

* PyCapsule_ GetContext ()

e PyCapsule_GetDestructor ()
* PyCapsule_GetName ()

e PyCapsule_GetPointer ()

e PyCapsule_Import ()

* PyCapsule_IsValid()

* PyCapsule_New ()

* PyCapsule_ SetContext ()

e PyCapsule_SetDestructor ()
* PyCapsule_SetName ()

e PyCapsule_SetPointer ()

e PyCapsule_Type

* PyClassMethodDescr_Type

* PyCodec_BackslashReplaceErrors ()
* PyCodec_Decode ()

e PyCodec_Decoder ()

* PyCodec_Encode ()

* PyCodec_Encoder ()

* PyCodec_IgnoreErrors ()

e PyCodec_IncrementalDecoder ()
* PyCodec_IncrementalEncoder ()

e PyCodec_KnownEncoding ()
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PyCodec_LookupError ()
PyCodec_NameReplaceErrors ()
PyCodec_Register ()
PyCodec_RegisterError ()
PyCodec_ReplaceErrors ()
PyCodec_StreamReader ()
PyCodec_StreamWriter ()
PyCodec_StrictErrors ()
PyCodec_Unregister ()
PyCodec_XMLCharRefReplaceErrors ()
PyComplex_FromDoubles ()
PyComplex_ImagAsDouble ()
PyComplex_RealAsDouble ()
PyComplex_Type
PyDescr_NewClassMethod ()
PyDescr_NewGetSet ()
PyDescr_NewMember ()
PyDescr_ NewMethod ()
PyDictItems_Type
PyDictIterItem_ Type
PyDictIterKey_Type
PyDictIterValue_Type
PyDictKeys_Type
PyDictProxy_New ()
PyDictProxy_Type
PyDictRevIterItem_ Type
PyDictRevIterKey_Type
PyDictRevIterValue_Type
PyDictValues_Type
PyDict_Clear ()
PyDict_Contains ()
PyDict_Copy ()
PyDict_DelItem()
PyDict_DelItemString()
PyDict_GetItem()

PyDict_GetItemString/()

23.
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PyDict_GetItemWithError ()

PyDict_Items ()
PyDict_Keys ()
PyDict_Merge ()
PyDict_MergeFromSeqZ ()
PyDict_New ()
PyDict_Next ()
PyDict_SetItem()
PyDict_SetItemString()
PyDict_Size()
PyDict_Type
PyDict_Update ()
PyDict_Values ()
PyEllipsis_Type
PyEnum_Type

PyErr_BadArgument ()

PyErr_BadInternalCall ()

PyErr_ CheckSignals ()
PyErr_Clear ()

PyErr_Display ()

PyErr ExceptionMatches ()

PyErr Fetch ()
PyErr Format ()
PyErr_FormatV()

PyErr GetExcInfo()

PyErr._GivenExceptionMatches ()

PyErr_NewException ()

PyErr NewExceptionWithDoc ()

PyErr_NoMemory ()

PyErr_NormalizeException ()

PyErr Occurred()
PyErr_ Print ()
PyErr_ PrintEx()

PyErr_ProgramText ()

PyErr_ResourceWarning ()

PyErr_ Restore()

18
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e PyErr SetExcFromWindowsErr ()
e PyErr_ SetExcFromWindowsErrWithFilename ()
* PyErr SetExcFromWindowsErrWithFilenameObject ()

* PyErr SetExcFromWindowsErrWithFilenameObjects ()

* PyErr SetExcInfo()

* PyErr SetFromErrno ()

e PyErr SetFromErrnoWithFilename ()

* PyErr SetFromErrnoWithFilenameObject ()
* PyErr SetFromErrnoWithFilenameObjects ()
e PyErr SetFromWindowsErr ()

* PyErr SetFromWindowsErrWithFilename ()

* PyErr SetImportError ()

* PyErr SetImportErrorSubclass ()

e PyErr SetInterrupt ()

* PyErr_ SetInterruptEx()

* PyErr SetNone ()
e PyErr SetObject ()

* PyErr SetString()

e PyErr SyntaxLocation ()

e PyErr _SyntaxLocationEx ()

* PyErr WarnEx ()
* PyErr WarnExplicit ()

* PyErr WarnFormat ()

* PyErr WriteUnraisable ()

e PyEval_AcquireLock ()

e PyEval_AcquireThread()

e PyEval_CallFunction ()

e PyEval_CallMethod()

* PyEval_CallObjectWithKeywords ()

* PyEval_EvalCode ()

e PyEval_FEvalCodeEx ()
* PyEval_EvalFrame ()

e PyEval_FEvalFrameEx ()
* PyEval_ GetBuiltins()
* PyEval GetFrame ()

* PyEval_GetFuncDesc ()

23. B[R APIMAE
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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_AssertionkError
PyExc_AttributeError
PyExc_BaseException
PyExc_BlockingIOError
PyExc_BrokenPipeError
PyExc_BufferError
PyExc_BytesWarning
PyExc_ChildProcessError
PyExc_ConnectionAbortedError
PyExc_ConnectionError
PyExc_ConnectionRefusedError
PyExc_ConnectionResetError
PyExc_DeprecationWarning
PyExc_EOFError
PyExc_EncodingWarning
PyExc_EnvironmentError
PyExc_Exception
PyExc_FileExistsError
PyExc_FileNotFoundError
PyExc_FloatingPointError
PyExc_FutureWarning
PyExc_GeneratorExit
PyExc_IOError
PyExc_TImportError
PyExc_ImportWarning

PyExc_IndentationError

20
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PyExc_IndexError
PyExc_InterruptedError
PyExc_IsADirectoryError
PyExc_KeyError
PyExc_KeyboardInterrupt
PyExc_LookupError
PyExc_MemoryError
PyExc_ModuleNotFoundError
PyExc_NameError
PyExc_NotADirectoryError
PyExc_NotImplementedError
PyExc_OSError

PyExc_OverflowError

PyExc_PendingDeprecationWarning

PyExc_PermissionError
PyExc_ProcessLookupError
PyExc_RecursionError
PyExc_ReferencekError
PyExc_ResourceWarning
PyExc_RuntimeError
PyExc_RuntimeWarning
PyExc_StopAsynclteration
PyExc_StoplIteration
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
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* PyExc_UserWarning

* PyExc_ValueError

* PyExc_Warning

* PyExc_WindowsError

* PyExc_ZeroDivisionError
* PyExceptionClass_Name ()
e PyException_GetCause ()

e PyException_GetContext ()
s PyException_GetTraceback ()
* PyException_SetCause ()

e PyException_SetContext ()
e PyException_SetTraceback ()
s PyFile FromFd()

e PyFile GetLine()

e PyFile WriteObject ()

e PyFile WriteString/()

e PyFilter_Type

* PyFloat_AsDouble ()

s PyFloat_FromDouble ()

e PyFloat_FromString ()

* PyFloat_GetInfo/()

* PyFloat_GetMax ()

e PyFloat_GetMin ()

e PyFloat_Type

* PyFrameObject

e PyFrame_GetCode ()

* PyFrame_GetLineNumber ()
* PyFrozenSet_New ()

e PyFrozenSet_Type

* PyGC_Collect ()

e PyGC_Disable ()

* PyGC_Enable ()

* PyGC_IsEnabled()

* PyGILState_Ensure ()

* PyGILState_GetThisThreadState ()

e PyGILState_Release ()
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* PyGILState_STATE

e PyGetSetDef

* PyGetSetDescr_Type

e PyImport_AddModule ()

* PyImport_AddModuleObject ()

¢ PyImport_AppendInittab ()

* PyImport_ExecCodeModule ()

e PyImport_ExecCodeModuleEx ()

* PyImport_ExecCodeModuleObject ()
* PyImport_ExecCodeModuleWithPathnames ()
e PyImport_GetImporter ()

e PyImport_GetMagicNumber ()

* PyImport_GetMagicTag ()

* PyImport_GetModule ()

e PyImport_GetModuleDict ()

e PyImport_Import ()

e PyImport_ImportFrozenModule ()

e PyImport_ImportFrozenModuleObject ()
e PyImport_ImportModule ()

e PyImport_ImportModuleLevel ()

* PyImport_ImportModuleLevelObject ()
e PyImport_ImportModuleNoBlock ()
* PyImport_ReloadModule ()

* PyIndex_Check ()

* PyInterpreterState

e PyInterpreterState_Clear()

* PyInterpreterState_Delete ()

* PyInterpreterState_Get ()

e PyInterpreterState_GetDict ()

e PyInterpreterState_GetID()

e PyInterpreterState_New()

* PyIter Check ()

* PyIter_ Next ()

e PyIter_Send()

e PyListIter_Type

* PyListRevIter_Type
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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
PyLongRangelter_Type
PyLong_AsDouble ()
PyLong_AsLong ()
PyLong_AsLongAndOverflow()
PyLong_AsLongLong ()
PyLong_AsLongLongAndOverflow()
PyLong_AsSize_t ()
PyLong AsSsize_t ()
PyLong_AsUnsignedLong ()

PyLong_AsUnsignedLongLong ()

PyLong_AsUnsignedLongLongMask ()

PyLong_AsUnsignedLongMask ()
PyLong_AsVoidPtr ()
PyLong_FromDouble ()
PyLong_FromLong ()
PyLong_FromLongLong ()
PyLong_FromSize_t ()

PyLong FromSsize_ t ()

PyLong FromString()
PyLong_FromUnsignedLong ()
PyLong_FromUnsignedLongLong ()
PyLong_FromVoidPtr ()

PyLong_GetInfo ()
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PyLong_Type

PyMap_Type

PyMapping_ Check ()
PyMapping_GetItemString()
PyMapping HasKey ()
PyMapping_ HasKeyString ()
PyMapping Items ()
PyMapping_Keys ()
PyMapping_Length ()
PyMapping_ SetItemString ()
PyMapping_Size ()
PyMapping Values ()
PyMem_Calloc ()

PyMem Free()
PyMem_Malloc ()

PyMem_ Realloc ()
PyMemberDef
PyMemberDescr_Type
PyMemoryView_FromMemory ()
PyMemoryView_FromObject ()
PyMemoryView_GetContiguous ()
PyMemoryView_Type
PyMethodDef
PyMethodDescr_Type
PyModuleDef
PyModuleDef_BRase
PyModuleDef Init ()
PyModuleDef_Type
PyModule_ AddFunctions ()
PyModule AddIntConstant ()
PyModule_AddObject ()
PyModule_AddObjectRef ()
PyModule_ AddStringConstant ()
PyModule AddType ()
PyModule_Create2 ()

PyModule_ExecDef ()
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PyModule_ FromDefAndSpecZ2 ()
PyModule_ GetDef ()
PyModule_GetDict ()
PyModule_GetFilename ()
PyModule_GetFilenameObject ()
PyModule_ GetName ()
PyModule_GetNameObject ()
PyModule_GetState()
PyModule_New ()
PyModule_NewObject ()
PyModule_SetDocString()
PyModule_Type

PyNumber_ Absolute ()
PyNumber_Add ()

PyNumber_And ()
PyNumber_AsSsize_t ()
PyNumber_Check ()
PyNumber_Divmod ()
PyNumber_Float ()
PyNumber_FloorDivide ()
PyNumber_ InPlaceAdd()
PyNumber_InPlaceAnd()
PyNumber_InPlaceFloorDivide ()
PyNumber_InPlaceLshift ()
PyNumber_InPlaceMatrixMultiply ()
PyNumber_InPlaceMultiply ()
PyNumber_InPlaceOr ()
PyNumber_InPlacePower ()
PyNumber_InPlaceRemainder ()
PyNumber_InPlaceRshift ()
PyNumber InPlaceSubtract ()
PyNumber_InPlaceTrueDivide ()
PyNumber_InPlaceXor ()
PyNumber_Index ()

PyNumber_ Invert ()

PyNumber_Long ()
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PyNumber_ Lshift ()

PyNumber_MatrixMultiply ()

PyNumber Multiply()
PyNumber_Negative ()
PyNumber_Or ()
PyNumber_Positive()
PyNumber_ Power ()
PyNumber_Remainder ()
PyNumber_Rshift ()
PyNumber_ Subtract ()
PyNumber_ToBase ()
PyNumber_ TrueDivide ()
PyNumber_Xor ()
PyOS_AfterFork ()
PyOS_AfterFork_Child()
PyOS_AfterFork_Parent ()
PyOS_BeforeFork ()
PyOS_CheckStack ()
PyOS_FSPath ()
PyOS_InputHook
PyOS_InterruptOccurred()
PyOS_double_to_string()
PyOS_getsig()
PyOS_mystricmp ()
PyOS_mystrnicmp ()
PyOS_setsig()
PyOS_sighandler_t
PyOS_snprintf ()
PyOS_string to_double ()
PyOS_strtol ()
PyOS_strtoul ()
PyOS_vsnprintf ()
PyObject
PyObject.ob_refcnt
PyObject.ob_type
PyObject_ASCII()
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PyObject_AsCharBuffer ()
PyObject_AsFileDescriptor ()
PyObject_AsReadBuffer()
PyObject_AsWriteBuffer ()
PyObject_Bytes ()
PyObject_Call()
PyObject_CallFunction ()
PyObject_CallFunctionObjArgs ()
PyObject_CallMethod()
PyObject_CallMethodObjArgs ()
PyObject_CallNoArgs ()
PyObject_CallObject ()
PyObject_Calloc()
PyObject_CheckReadBuffer ()
PyObject_ClearWeakRefs ()
PyObject_DelItem/()
PyObject_DelltemString()
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_GetAlIter()
PyObject_GetAttr()
PyObject_GetAttrString()
PyObject_GetItem()
PyObject_GetIter()
PyObject_HasAttr ()

PyObject_HasAttrString/()
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PyObject_Hash ()

PyObject_HashNotImplemented ()

PyObject_Init ()
PyObject_InitVar/()
PyObject_IsInstance()
PyObject_IsSubclass()
PyObject_IsTrue ()
PyObject_Length ()
PyObject_Malloc ()
PyObject_Not ()
PyObject_Realloc ()
PyObject_Repr ()
PyObject_RichCompare ()

PyObject_RichCompareBool ()

PyObject_SelflIter ()

PyObject_SetAttr()

PyObject_SetAttrString/()

PyObject_SetItem()
PyObject_Size()
PyObject_Str()
PyObject_Type ()
PyProperty_Type
PyRangelter_Type
PyRange_Type
PyReversed_Type
PySeqlter_New()
PySeqlter_Type
PySequence_Check ()
PySequence_Concat ()
PySequence_Contains ()
PySequence_Count ()
PySequence_DelItem()
PySequence_DelSlice ()
PySequence_Fast ()
PySequence_GetItem()

PySequence_GetSlice ()
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PySequence_1In ()
PySequence_InPlaceConcat ()
PySequence_InPlaceRepeat ()
PySequence_Index ()
PySequence_Length ()
PySequence_List ()
PySequence_Repeat ()
PySequence_SetItem()
PySequence_SetSlice ()
PySequence_Size ()
PySequence_Tuple ()
PySetIter_Type

PySet_Add ()

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

PySet_Pop ()

PySet_Size()

PySet_Type
PySlice_AdjustIndices ()
PySlice_GetIndices ()
PySlice_GetIndicesEx ()
PySlice_New()

PySlice_Type
PySlice_Unpack ()
PyState_AddModule ()
PyState_FindModule ()
PyState_RemoveModule ()
PyStructSequence_Desc
PyStructSequence_Field
PyStructSequence_GetItem()
PyStructSequence_New ()
PyStructSequence_NewType ()
PyStructSequence_SetItem()

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

PyThreadState_GetID()

PyThreadState_GetInterpreter ()

PyThreadState_New ()
PyThreadState_SetAsyncExc ()
PyThreadState_Swap ()
PyThread_GetInfo ()

PyThread ReInitTLS ()
PyThread_acquire_lock ()
PyThread_acquire_lock_timed()
PyThread_allocate_lock ()
PyThread create_key ()
PyThread_delete_key ()
PyThread_delete_key_value ()
PyThread_exit_thread()

PyThread_free_lock ()
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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_1is_created()
PyThread_tss_set ()
PyTraceBack_Here ()
PyTraceBack_Print ()
PyTraceBack_Type
PyTuplelIter_Type
PyTuple_GetItem()
PyTuple_GetSlice ()
PyTuple_New()
PyTuple_Pack ()

PyTuple SetItem()
PyTuple_Size ()
PyTuple_Type
PyTypeObject
PyType_ClearCache ()
PyType_FromModuleAndSpec ()
PyType_FromSpec ()
PyType_FromSpecWithBases ()
PyType_GenericAlloc()
PyType_GenericNew ()
PyType_GetFlags ()
PyType_GetModule ()
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PyType_GetModuleState ()
PyType_GetSlot ()
PyType_IsSubtype ()
PyType_Modified()

PyType_Ready ()

PyType_Slot

PyType_Spec

PyType_Type
PyUnicodeDecodeError_Create()
PyUnicodeDecodeError_GetEncoding ()
PyUnicodeDecodeError_GetEnd/()
PyUnicodeDecodeError_GetObject ()
PyUnicodeDecodeError_GetReason ()
PyUnicodeDecodeError _GetStart ()
PyUnicodeDecodeError_SetEnd/()
PyUnicodeDecodeError_SetReason ()
PyUnicodeDecodeError_SetStart ()
PyUnicodeEncodeError_GetEncoding ()
PyUnicodeEncodeError_GetEnd/()
PyUnicodeEncodeError_GetObject ()
PyUnicodeEncodeError_GetReason ()
PyUnicodeEncodeError_GetStart ()
PyUnicodeEncodeError_SetEnd()
PyUnicodeEncodeError_SetReason ()
PyUnicodeEncodeError_SetStart ()
PyUnicodelIter_Type
PyUnicodeTranslateError_GetEnd()
PyUnicodeTranslateError_GetObject ()
PyUnicodeTranslateError_GetReason ()
PyUnicodeTranslateError_GetStart ()
PyUnicodeTranslateError_SetEnd()
PyUnicodeTranslateError_SetReason ()
PyUnicodeTranslateError_SetStart ()
PyUnicode_Append ()
PyUnicode_AppendAndDel ()

PyUnicode_AsASCIIString()
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PyUnicode_AsCharmapString ()
PyUnicode_AsDecodedObject ()
PyUnicode_AsDecodedUnicode ()
PyUnicode_AsEncodedObject ()
PyUnicode_AsEncodedString ()
PyUnicode_AsEncodedUnicode ()
PyUnicode_AsLatinlString()
PyUnicode_AsMBCSString/()
PyUnicode_AsRawUnicodeEscapeString ()
PyUnicode_AsUCS4 ()
PyUnicode_AsUCS4Copy ()

PyUnicode_ AsUTF16String ()
PyUnicode_AsUTF32String ()
PyUnicode AsUTF8AndSize ()
PyUnicode_AsUTF8String/()
PyUnicode_AsUnicodeEscapeString ()
PyUnicode_AsWideChar ()
PyUnicode_AsWideCharString()
PyUnicode_BuildEncodingMap ()
PyUnicode_Compare ()
PyUnicode_CompareWithASCIIString ()
PyUnicode_Concat ()
PyUnicode_Contains ()
PyUnicode_Count ()
PyUnicode_Decode ()
PyUnicode_DecodeASCII ()
PyUnicode_DecodeCharmap ()
PyUnicode_DecodeCodePageStateful ()
PyUnicode_DecodeFSDefault ()
PyUnicode_DecodeFSDefaultAndSize ()
PyUnicode_DecodeLatinl ()
PyUnicode_DecodeLocale ()
PyUnicode_DecodeLocaleAndSize ()
PyUnicode_DecodeMBCS ()
PyUnicode_DecodeMBCSStateful ()

PyUnicode_DecodeRawUnicodeEscape ()
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PyUnicode_DecodeUTF16 ()
PyUnicode_DecodeUTF16Stateful ()
PyUnicode_DecodeUTF32 ()
PyUnicode_DecodeUTF32Stateful ()
PyUnicode_DecodeUTF7 ()
PyUnicode_DecodeUTF7Stateful ()
PyUnicode_DecodeUTFS8 ()
PyUnicode_DecodeUTF8Stateful ()
PyUnicode_DecodeUnicodeEscape ()
PyUnicode_EncodeCodePage ()
PyUnicode_EncodeFSDefault ()
PyUnicode_EncodeLocale ()
PyUnicode_FSConverter ()
PyUnicode_FSDecoder ()
PyUnicode_Find()
PyUnicode_FindChar ()
PyUnicode_Format ()
PyUnicode_FromEncodedObject ()
PyUnicode_FromFormat ()
PyUnicode_FromFormatV ()
PyUnicode_ FromObject ()
PyUnicode_FromOrdinal ()
PyUnicode_FromString()
PyUnicode_FromStringAndSize ()
PyUnicode_FromWideChar ()
PyUnicode_GetDefaultEncoding ()
PyUnicode_GetLength ()
PyUnicode_GetSize()
PyUnicode_InternFromString()
PyUnicode_InternImmortal ()
PyUnicode_InternInPlace ()
PyUnicode_IsIdentifier()
PyUnicode_dJoin ()
PyUnicode_Partition ()
PyUnicode_RPartition ()

PyUnicode_RSplit ()
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PyUnicode_ReadChar ()
PyUnicode_Replace()
PyUnicode_Resize ()
PyUnicode_RichCompare ()
PyUnicode_Split ()
PyUnicode_Splitlines ()
PyUnicode_Substring()
PyUnicode_Tailmatch ()
PyUnicode_Translate ()
PyUnicode_Type
PyUnicode_WriteChar ()
PyVarObject
PyVarObject.ob_base
PyVarObject.ob_size
PyWeakReference
PyWeakref_GetObject ()
PyWeakref_NewProxy ()
PyWeakref NewRef ()
PyWrapperDescr_Type
PyWrapper_New ()
PyZip_Type
Py_AddPendingCall ()

Py AtExit ()

Py BEGIN_ALLOW_THREADS
Py BLOCK_THREADS
Py_BuildValue ()

Py _BytesMain ()

Py CompileString/()
Py_DecRef ()
Py_DecodeLocale ()

Py END_ALLOW_THREADS
Py _EncodeLocale ()

Py _EndInterpreter()

Py _EnterRecursiveCall ()
Py Exit ()

Py FatalError ()
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Py_FileSystemDefaultEncodeErrors
Py_FileSystemDefaultEncoding
Py Finalize()

Py FinalizeEx ()

Py _GenericAlias ()

Py _GenericAliasType
Py_GetBuildInfo ()
Py_GetCompiler ()
Py_GetCopyright ()

Py GetExecPrefix()

Py _GetPath()
Py_GetPlatform()

Py GetPrefix()
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_IsNone ()

Py_IsTrue ()

Py LeaveRecursiveCall ()
Py_Main ()
Py_MakePendingCalls ()
Py_NewlInterpreter ()

Py _NewRef ()
Py_ReprEnter()

Py _ReprLeave ()
Py_SetPath()

Py _SetProgramName ()
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Py_SetPythonHome ()

Py_SetRecursionLimit ()

Py _UCS4

Py UNBLOCK_THREADS
Py_UTF8Mode

Py _VaBuildValue ()
Py XNewRef ()
Py_intptr_t

Py _ssize_t
Py_uintptr_t
allocfunc
binaryfunc
descrgetfunc
descrsetfunc
destructor
getattrfunc
getattrofunc
getiterfunc
getter

hashfunc
initproc
inquiry
iternextfunc
lenfunc

newfunc
objobjargproc
objobjproc
reprfunc
richcmpfunc
setattrfunc
setattrofunc
setter
ssizeargfunc
ssizeobjargproc
ssizessizeargfunc

ssizessizeobjargproc
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e symtable

* ternaryfunc
* traverseproc
* unaryfunc

e visitproc
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CHAPTER 3

HEE% API

AR R AR SR VAR AT SCPF i b X 3R 41 Python JACHY, (HEATRA SLVFIRAE R A0y i 755X
SRR TR HL

X 28 bR B P A LA T DA 32 R E B B R R AT S R B S, W B RTSAT 5 A Py_eval_input,
Py_file_input PAJ Py_single_input. XERFSRAIERZENNNES MR B AR .

Note also that several of these functions take F ILE * 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 arge, wchar_t **argv)

Part of the Stable ABL £ X FREARRERR I AT . ik A T Python MFEFIG il AR T . FTRALi arge
Ml argy TE 224 5645 C BT main () BREGIESHIE CREARSE H P E0iE S KigEEgh) . —4 &
BERFIESHG R T RSN (SR T ERFBRIHE R NEANSEIEN) . IR ERES
IEFIRE (BPRT A SE) MEREMERY 0, WRMRER L A& FHE MR E LR 1, SCEWRIE S5
FABER AR Python Ay 4T MR [A] 2.

WHEEIRG AT —MEHALI & PR PR SystemExit, HWERECHALIRE 1, MR Ik,
H3py InspectFlag ibRKHFiNE

int Py_BytesMain (int argc, char **argv)
Part of the Stable ABI since version 3.8. 23T Py _Main () 1B argv B— & F 884 .

3.8 UBTINA.

int PyRun_AnyFile (FILE *fp, const char *filename)
XREX R PyRun_AnyFileExFlags () MFMIEN, FF closeit Bt K O MK flags BEH NULL.
int PyRun_AnyFileFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
KRR R PyRun_AnyFileExFlags () WIEMIIE T, #f closeit ZHLBN 0,

int PyRun_AnyFileEx (FILE *fp, const char *filename, int closeit)
RN R PyRun_AnyFileExFlags () WIREIEE D, Ff flags 4% K NULL,
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int PyRun_AnyFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
WS fp 45 10— A 5 06 B % B A (BB A s A B A S Unix B ) B S0, R
BlPyRun_InteractiveLoop () W{E, HWIREIPyRun_SimpleFile () W45 H . filename £ {4
TN RGR G (sys . get filesystemencoding () Kf#MS. MR filename ) NULL, MpR%2
i "222" VB4 . R closeit HEAH, XS HE PyRun_SimpleFileExFlags () & [H 2w
DEIP

int PyRun_SimpleString (const char *command)
This is a simplified interface to PyRun_SimpleStringFlags () below, leaving the PyCompilerFlags*®
argument set to NULL.

int PyRun_SimpleStringFlags (const char *command, PyCompilerFlags *flags)
T4 flags 248, 76 __main__ B AT Python YRS . QIR __main_ MAFELE, EXRFHEEIE. BT
itz el 0, WG &S WLRIE -1, AERAEAG R, W TCEFRSREEE . AT flags (98 L,
ZH T 3.
THEBARG A T —MEHA & T RAEPR systemExit, MRECRFASRE -1, iR H IR,
HB py InspectFlag it KEFiXE .

int PyRun_SimpleFile (FILE *fp, const char *filename)
XX Nl PyRun_SimpleFileExFlags () WIAALIRIEE D, Y closeit ¥ 0 T flags %5 NULLS,

int PyRun_SimpleFileEx (FILE *fp, const char *filename, int closeit)
XZER R PyRun_SimpleFileExFlags () WRIALIREET, ¥4 flags 14 NULL,

int PyRun_SimpleFileExFlags (FILE *fp, const char *filename, int closeit, PyCompilerFlags *flags)
AT PyRun_SimpleStringFlags (), {H Python JEAHH2M fp BN A 2 — D MNAE T I T4
filename N U4, RS filesystem encoding and error handler SefftS . QNS closeit JyEAR, W SC{4F
FE PyRun_SimpleFileExFlags () R [EIZ HiHE XA .

fiEl: 7E Windows b, fp 124 A EHIBEITHF (B fopen (filename, "rb")), &N, Python AJ
BETCIA IR AL B LE AT 45 AT A AR S

int PyRun_InteractiveOne (FILE *fp, const char *filename)
XIEEI N P PyRun_InteractiveOneFlags () BIfALIRIZE T, KF flags %k NULL,

int PyRun_InteractiveOneF1lags (FILE *fp, const char *filename, PyCompilerFlags * flags)
T4 flags ZHEOEHOF AT R H 52 B A KRIBH S — 4 f 0] . PR S8 sys.pst il
sys.ps2 WHER. filename Y48 [l filesystem encoding and error handler S fHRY .

2 AR PATIHR ] O, AR5 A w WHR A -1, 3035 QSR A A b 52 R [|] 5k H 14 Python
AR Z A ) errcode. h G SO HE RIS . (FEYER errcode.h K4 Python.h Tl
5, AR TN L T s )

int PyRun_InteractiveLoop (FILE *fp, const char *filename)
XRER R PyRun_InteractiveLoopFlags () MIfAfLIREE D, #F flags %k NULL.

int PyRun_InteractiveLoopFlags (FILE *fp, const char *filename, PyCompilerFlags *flags)
SEIOFHTR 53 1% MR ) B 513k EOF. J PH 351 ] sys.pst Al sys.ps2 M
TN filename Y{§i [ filesystem encoding and error handler SEffi% . 2447F EOF Bk [E] 0, BEE 24 5 Mt
R ] — 15

int (*PyOS_InputHook) (void)
Part of the Stable ABL 0] DA#FiZ TSR —NRA) int func (void) MRS, ZERECEAE Python By
FEGHR 7R AT RIRF 25 PR S5 15 P AN sitaan AR o IR IBME S 200 o B 30K A4 1 T 48 A i
RS R AT A B A SR ER 1R Python % Modules/_tkinter.c FAARKE .

char *(*PyOS_ReadlineFunctionPointer) (FILE*, FILE*, const char*)
B AR TS n)— N R BN char *func (FILE *stdin, FILE *stdout, char *prompt) [
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PREL, AN ORI RS N TR — TR AR A R KRB U M ISR 45 5 prompt ASH
NULL st b e, SR Ja MR AR ER A SO — T8 A, RIS R A S . Fli, readline
PR AN BB MR T A0 tab SEANESF DI RE

LER RN PyMem_RawMalloc () B{PyMem_ RawRealloc () SECHIFAFER, BOE AR & 2B 4,
PRA NULL,

3.4 f W s 45 B O hPyMem _RawMalloc () B{PyMem RawRealloc () 43 Et, T A &
EEPyMemiMalloc () ﬁPyMemﬁRealloc () Be.

PyObject *PyRun_String (const char *str, int start, PyObject *globals, PyObject *locals)
Return value: New reference. X241 NI PyRun_StringFlags () HIfRIALIRIED, 4 flags 1% A NULL,

PyObject *PyRun_StringFlags (const char *sr, int start, PyObject *globals, PyObject *locals, PyCompil-
erFlags *flags)
Return value: New reference. £ H1 %4 globals A1 locals 3§72 _FF SCHH AT B str 1) Python JEACAS, IF
T LA flags 16 7€ WG iR IEAT . globals WhJg—A7 M5 locals T DAJRALASEBL T WA PRI R 52 1B
Z: start $87E T WU HHRATIRACRS AR AR AT -

AR ELREACHS A Python XFGIATRYEE R, siE AR5 & T 5% Wik [9] NULL.

PyObject *PyRun_File (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals)
Return value: New reference. %251 % N fiPyRun_FileExFlags () fRIALIRIET, ¥ closeit %5 0 Ff
¥ flags 1K NULLS,

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

closeit)
Return value: New reference. 3% +241 %} FiPyRun_FileExFlags () BRIALIRIED, ¥ flags ¥ 5 NULL.,

PyObject *PyRun_FileFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject *locals,
PyCompilerFlags *flags)
Return value: New reference. X241 % N PyRun_FileExFlags () WIRIALHRIED, ¥ closeit %5 0.

PyObject *PyRun_FileExFlags (FILE *fp, const char *filename, int start, PyObject *globals, PyObject
*locals, int closeit, PyCompilerFlags * flags)
Return value: New reference. 23] T-PyRun_StringFlags (), {H Python JEfCHSEM fp SEHUM A 22—
WNAEF R o filename NS4, B filesystem encoding and error handler S fftg . W15 closeit
HEAE, WSRAEPyRun_FileExFlags () JRIEZ Hig R .

PyObject *Py_CompileString (const char *str, const char *filename, int start)
Return value: New reference. Part of the Stable ABL X 24t} NPy _CompileStringFlags () Wfafk
JRFEET, KF flags A NULL.

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

*flags)

Return value: New reference. X241 %} FHIPy_CompileStringExFlags () WITRALIRIEED, ¥ optimize
W -1,

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

*flags, int optimize)

Return value: New reference. AT 3 9% str 11 ) Python P AUHY, iR gk R XT &, H A AT
Hi start 25 553X AT g ok BR AT B 4 e ) AU 9 HOW 2l Py_eval_input, Py_file_input B
Py_single_input. Hi filename 45 7€ 1) SCIF 44 £ Bl R AL 3 A % R 9F 7T RE Hh I AE 1] 99145 5
SyntaxError IR A . WARAAD ToVA B AT 502125 00 L bR B0RF R [n] NULL,

HERY optimize 558 M IFHAIILALI A H -1 FRkiE S —o PEIIAN M YREAR LR 20 . 2518 0
iflife; __debug_ MEAH). 1 BE MR, __debug_ SAfR(H) 2 2 GO FATH AL IR) .

3.4 BUGHTMA.
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PyObject *Py_CompileStringExFlags (const char *str, const char *filename, int start, PyCompiler-
Flags *flags, int optimize)
Return value: New reference. 5Py _CompileStringObject () ¥, 1H filename 52 VAfilesystem encoding
and error handler fBRS 7T ER .

3.2 BB

PyObject *PyEval_EvalCode (PyObject *co, PyObject *globals, PyObject *locals)
Return value: New reference. Part of the Stable ABIL X241 XfPyEval EvalCodeEx () Wfiifbiiizn, H
P AR R, AR R AL & HAbS B NULL,
PyObject *PyEval_EvalCodeEx (PyObject *co, PyObject *globals, PyObject *locals, PyObject *const *args,
int argcount, PyObject *const *kws, int kwcount, PyObject *const *defs,
int defcount, PyObject *kwdefs, PyObject *closure)
Return value: New reference. Part of the Stable ABL Xt — ANl 3 A0S X SR8, HFHORE S B ER
Wi WINE AR R P, R ERERTR, S8 RETREOMEREE, Rkt &
B BRI - S A R TT Y 3F PR T4 A i
type PyFrameObject
Part of the Limited API (as an opaque struct). JIFTHlAWRIR I C R REHIK . T BT BEZEAEAT
RS Z
PyObject *PyEval_EvalFrame (PyFrameObject *f)
Return value:  New reference. Part of the Stable ABL X} — 4~ $ 7 Wi >R . X =2 4
XfPyEval_EvalFrameEx () WRIALHBEED, M TR N IA M.

PyObject *PyEval_EvalFrameEx (PyFrameObject *f, int throwflag)
Return value: New reference. Part of the Stable ABL X2 Python fERZ T A BN F K L. 54T f
FHCIR RIS XF GORAE AT, R RS AR T BT o BUSMA throwflag T82 BAS W] DAY Z 0
— WA EME, WaSBCLEE— N5 XN TAERZENZE throw () k.

34 A R EORTE LS — IS, AR R A S E 5 s i e
int PyEval_MergeCompilerF1lags (PyCompilerFlags *cf)
PR BB SO BRI AR, HAE DI IR M BAE, SR I [ml B
int Py_eval_input
Python i3k i T RIKAA MR IGAT; WGPy _Compilestring () i,
int Py_file_input
Python 154 F M SO B Rt IR S BGE M e SRR 1R 7755 BLAPy_CompileString () . X
SEAESIFAE KB Python YRR I 2L 94T
int Py_single_input
Python {4 H T HMIE M R IGFT 5 WGPy _CompileString () ffiff]. X2 M T H ARG
{2 DR R
struct PyCompilerFlags
S TR AE O BB B P . XTI (RO L, BAHE R int £lags fEA, TIXFTAR
MR ATHITE DL, EFFE N PyCompilerFlags *flags R A FERXFEIL T, from _ future
import AJPAMEIL flags.
4 pyCompilerFlags *flags A NULL W}, cf_flags ¥# 41/EET 0 KA, WMAE{] from
__future__ import FrRHHIBUFRIWEF .
int cf_flags
i AR
int cf_feature_version
f _feature_version 52 Python [{)/PRARS . BN 485 #1 454k~ PY_MINOR_VERSION,

WFBEIA S B2, 24 BACYTE of _flags % ¥ | PyCF_ONLY_AST JHEFRE A 29 H
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3.8 i EE A I of _feature_version FH{] .

int CO_FUTURE_DIVISION
XAPRENLTE flags HHCE LAMERSERAIZTEAT / Wiy PEP 238 FIrfUER “HFRIA”.
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cHAPTER 4

AT ZAR RN T HE Python R YT AL

void Py_ INCREF (PyObject *0)
A4 o 51 IR

IR B0 g S iborrowed reference R IWEEH Ry strong reference, Py NewRef () EREUA] 4% F S 28T

Hstrong reference,
BEXTRALUA N NULL; QRN BERf 3 B A NULL, 3§ Py_XINCREF ().

void Py_XINCREF (PyObject *0)
SIS 0 5L, XTSPTDAH NULL, (EBCRRIL R Ik R A TR

FHig Py _XNewRef (),

PyObject *Py_NewRef£ (PyObject *0)
Part of the Stable ABI since version 3.10. 535 [0 —/ X 1 strong reference: SEMIXTE o 5| TR
FXF4 0.

RN B XA strong reference W), N 247EX G PR Py DECREF () RAG W ZAT S5 L
14 0 WA NULL; 15 o W PASH NULL W ik fl Py XNewRef () o
S5 AR [E] -

Py_INCREF (ob7j) ;
self->attr = obj;

ATPARS I

self->attr = Py_NewRef (obj);

2Py INCREF (),

3.10 BBUBTIA.

PyObject *Py_XNewRe£ (PyObject *0)
Part of the Stable ABI since version 3.10. 2L} TPy _NewRef (), {BX}% o B] DAk NULL,
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RS 0 Sy NULL, ZpRE - FfiR ] NULL,
3.10 JUHTMA.

void Py_DECREF (PyObject *0)

WX S 0 15 T

WERGHTTEGEEI S, 02 Ak F G G 2R AL A B 4 e s A (X BRI UK S NULL)
I PRI Bl T AER A P TN BR—Astrong reference.

IR R AR NULL; WARARANRERf & B AN NULL, iR Py XDECREF (),

el BEHGR BT S 8T Python ARG H A RIH A (FlURY— " E __del () FiERIRELEI9E
RERCT SR W) o BRI A P ) R A LG, H TR IS RERS B 717 BT 45 Python
SRR, X MBI 8 4 R AR B KU R R AE Py _DECREF () # S8 Fl 2 BB 2440 F
SERPIRAS . BN, A5 MU R T 5 1 AR A5 1 24 K5 i M 5 X5 52 1) 5 | 45 D1 38— AN It e AR
TS B, RGeS S ] Py _DECREF () ,

void Py_XDECREF ( PyObject *0)
WX S o 5T, X ATPAH NULL, EUUIE O R EA = AEAR MO AE A 00 R
Spry_DECREF () #HIA], F2x M H [FIFER) &

void Py_ CLEAR (PyObject *0)
WPRTGE o B IS RTZ AT PASH NULL, FEMIEOL R IR AT AR R s 78 A Ol AR
Spy_DECREF () fHld], KHETHSEHW RN NULL. £%fPy_DECREF () WEEAEH T %
BTG, PR 7% 2 40 O il — NI AR S e 5 | T2 Bk 4h NULL.
o 24 Bl A AE I BT S (B TT BB 2k Dy (X 2 05 | VTR, (R = 2 — N 3.

void Py_IncRef (PyObject *0)

Part of the Stable ABL X% o (5| FiT4L. Py_XINCREF () WIRREURA . B #H T Python fYiZfT
B B A& HRA -

void Py_DecRef (PyObject *0)
Part of the Stable ABL ¥f%t4: o W5 1%L, Py_XDECREF () WREURA . ‘B Al ¥ H T Python [izfT
BB HRA -

PA R BB B 22 AL R AR fR ORE A A% L N P B B _Py_Dealloc(), _Py_ForgetReference (),
_Py_NewReference () ANLFHE Py_RefTotal,
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CHAPTER D

BI5h ez IR

The functions described in this chapter will let you handle and raise Python exceptions. It is important to understand
some of the basics of Python exception handling. It works somewhat like the POSIX errno variable: there is a global
indicator (per thread) of the last error that occurred. Most C API functions don’t clear this on success, but will set it to
indicate the cause of the error on failure. Most C API functions also return an error indicator, usually NULL if they are
supposed to return a pointer, or —1 if they return an integer (exception: the PyArg_* functions return 1 for success and
0 for failure).

HAHIGE, BRATRE = DRI 48 RE AR, SHEROE, MR R . UEREA R RO E,
ﬁ%i{‘éﬁ%‘ﬁﬂ%% NULL (JRAE—Se G EaR b, BN, AR 2al@ NuLL, JRARREA — N E NULL Y
[l -

BB TR A A s BRI R O, i A S BEAF R BRI R e ik
BB, MERTHACBERAEIERR, SEE BRI A SRR (RS SN AE MBS - A
RAMER AL SRR, W RVAZIEFHIAREL . WS T — sk ], IR A —E SR #ME L& T
B, QSRR A SR A BN OEE , KT Python/C APT (i HV B R I Al BEA A BT R, HH il e
PASE R AR 1) 7 R I

M) HHRIRES AR sys.exc_info () WHATEIR. W& MY MAMHRN R (RHIEEERE), )5
FAERP G REEAFH (R C 2 Ik e ) .

5.1 $TEDFO;FHE

void PyErr_Clear ()
Part of the Stable ABL JE R E iR TG "% . WA REHIRIE R, WASHEEH.

void PyErr_PrintEx (int set_sys_last_vars)
Part of the Stable ABL ¥ARiERIWAFTEI R sys. stderr HiEBRASRIE RS . BRI IR E SystemExit,
XS T ASTTEN R #ERE, H<xiRH Python #F2, IR systemExit SEAIHEE ME RS,

FUAAEAT DRIE /N5 DO A7 BRI R, 75 X 2 S B 3R
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W5 ser_sys_last_vars JEZE, N|AFH sys.last_type, sys.last_value fll sys.last_traceback
Ko s BT B S I 2R3, (R el

void PyErr_Print ()
Part of the Stable ABIL. PyErr_PrintEx (1) [JEI4.

void PyErr_WriteUnraisable (PyObject *obyj)
Part of the Stable ABL {24 5] 55 M1 obj 250 sys.unraisablehook () .

YRE TR, (HEREARA AT RESE PR A e, XA KR sys . stderr $THI A EE(E
Bo B, 24 __del () Jrikm kA4S w i XA~ s AL

R EE I ERASSEL obj BATII, SRS ER R AR A i R i B TR S0, AIRTTRE, obj AARASHE
ITEERE S THE

A JH L PR O L TR B — S S

5.2 filth &%

XL PR AT B AR B AT AR B D s e O TR, — e B IR AR u] NULL 5%, DAEIT

return 1A,

void PyErr_SetString (PyObject *type, const char *message)
Part of the Stable ABL X @ BATGARICHRFE NI H—ISEIRERFELRE, Bl HE N IRiE
S+, Pl PyExc_RuntimeError. RAFFESSMERTINITE. F oM SHeMiREE; el
"ut£-8' fREEAY.

void PyErr_SetObject (PyObject *type, PyObject *value)
Part of the Stable ABL MWERBCKMTPyErr_SetString (), HEARVRNERN “E” 18EEE—4
Python X} 4,

PyObject *PyErr_Format (PyObject *exception, const char *format, ...)
Return value: Always NULL. Part of the Stable ABL XA~ E T — MR8~ a8 9F Hag [\ T NULL,
exception ¥, 24 j&—A> Python H i) S5 2. format FIH 5 1T S 28 s AL X ARG B B
5pyUnicode_FromFormat () B EMEIN G XFE. format &—A ASCII gt ¥ F 40 .

PyObject *PyErr_FormatV (PyObject *exception, const char *format, va_list vargs)
Return value: Always NULL. Part of the Stable ABI since version 3.5. MlPyErr_Format () #i[E], {H'E#%
—A>va_list REPSENAZ TR SHEE.

3.5 BUBTIMA.

void PyErr_SetNone (PyObject *type)
Part of the Stable ABIL. X /& PyErr_SetObject (type, Py_None) W5 .

int PyErr_BadArgument ()
Part of the Stable ABL. ;X4 PyErr_SetString (PyExc_TypeError, message) M5, HH mes-

sage 1G] T AR S RO BB B RZ T A .

PyObject *PyErr_NoMemory ()
Return value: Always NULL. Part of the Stable ABL jXJ2& PyErr_SetNone (PyExc_MemoryError) [fi]
5 BRI NULL , DAESNAFFEIRN, WMRDERHF LS return PyErr_NoMemory () ; -

PyObject *PyErr_SetFromErrno (PyObject *type)
Return value: Always NULL. Part of the Stable ABL X Z2AMERER S, 24 C EFREUR P45 IRITRE errno
B, XAHRBSME RS BT S, HE WU EE errno, S5 IR AH I I S 1R
B (M strerror () 3RE), SRJ5EH PyErr_SetObject (type, object). fF Unix I, ¥4 errno
H2 EINTR , HIFPWIR RGN, X AR PyErr Checksignals (), WIRBLE T HiiReE
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TREE U R . R BRBOIGEIR B NULL | R 24 A G0 R AR, B2 RS TE
BRI PABE Y return PyErr_SetFromErrno (type); o

PyObject *PyErr_SetFromErrnoWithFilenameObject (PyObject *type, PyObject * filenameObject)
Return value: Always NULL. Part of the Stable ABL. 280l FPyErr_SetFromErrno () , FINBI T RHEUN
R filenameObject A4 NULL , ERFAEN S = SHULBL type MHE RS 2011, 7E OSError ¢
W, filenameObject 1 K & LR SEHIH) £11lename JEMES

PyObject *PyErr_SetFromErrnoWithFilenameObjects (PyObject *type, PyObject *filenameObject,
PyObject * filenameObject2)
Return  value: Always NULL. Part of the Stable ABI since version 3.7. Bl
FPyErr_ SetFromErrnoWithFilenameObject () , (B2 32 % — /> filename X%} %, fF 24—
ANEZRZ WA filename [ bR 5 R I H i A2 % o

3.4 BUHTMA.

PyObject *PyErr_SetFromErrnoWithFilename (PyObject *type, const char *filename)
Return value: Always NULL. Part of the Stable ABL 28{Ml T PyErr SetFromErrnoWithFilenameObject (),
B4 A C FAFER G H . filename 2 [T filesystem encoding and error handler fERSH

PyObject *PyErr_SetFromWindowsErr (int ierr)
Return value: Always NULL. Part of the Stable ABI on Windows since version 3.7. This is a convenience function
to raise WindowsError. If called with ierr of 0, the error code returned by a call to GetLastError ()
is used instead. It calls the Win32 function FormatMessage () to retrieve the Windows description of error
code given by ierr or GetLastError (), then it constructs a tuple object whose first item is the ierr value
and whose second item is the corresponding error message (gotten from FormatMessage () ), and then calls
PyErr_SetObject (PyExc_WindowsError, object). This function always returns NULL.

W : Windows,

PyObject *PyErr_SetExcFromWindowsErr (PyObject *type, int ierr)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. 2
FPyErr_SetFromWindowsErr () , KiAMASEREEEMh k1) a8,
. Windows,

PyObject *PyErr_SetFromWindowsErrWithFilename (int ierr, const char *filename)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. k0 F
PyErr_SetFromWindowsErrWithFilenameObject () , {H/ & filename & DA C F4F AL

M. filename Z2M ARG (os. fsdecode () ) fiG H R,
. Windows,

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

*filename)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. kMl F
PyErr_SetFromWindowsErrWithFilenameObject () , HiIMSEFEE Tifil &) Fap2ial,

W : Windows,

PyObject *PyErr_SetExcFromWindowsErrWithFilenameObjects (PyObject *type, int ierr, Py-
Object  *filename,  PyObject
*filename?2)
Return value: ~ Always NULL. Part of the Stable ABI on Windows since version 3.7. 21
FPyErr_SetExcFromWindowsErrWithFilenameObject () , {H & ¥ % % — 4 filename X}

%
W : Windows,
3.4 BCHTIA.
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PyObject *PyErr_SetExcFromWindowsErrWithFilename (PyObject *type, int ierr, const char
*filename)
Return value:  Always NULL. Part of the Stable ABI on Windows since version 3.7. i (V)

TPyErrﬁSetFromWindowsErrWi thFilename () , %ﬁﬁf%ﬁ?ﬁ%%%ﬁﬂgﬁﬁﬁﬂo
1% H: Windows,

PyObject *PyErr_SetImportError (PyObject *msg, PyObject *name, PyObject *path)
Return value: Always NULL. Part of the Stable ABI since version 3.7. X2 % ImportError H{HHEHEEL.
msg ¥R T H WIE A7 . name il path , (#FW DA NULL ), $fHRHEZE ImportError Xf
N BJETE name Fl path.

3.3 BUBTINA.

PyObject *PyErr_SetImportErrorSubclass (PyObject *exception, PyObject *msg, PyObject *name, Py-
Object *path)
Return value: Always NULL. Part of the Stable ABI since version 3.6. flPyErr SetImportError () 2
o, XA ERES VAR E—1> ImportError HTIRMAK .

3.6 HUHT A

void PyErr_SyntaxLocationObject (PyObject *filename, int lineno, int col_offset)
BCEY IR SCE, ATAIRFS S . WERM IR F A E syntaxError , MEREBIMYEN,
SEATHTFREINN R 2 SyntaxError.

3.4 JBUETMA.

void PyErr_SyntaxLocationEx (const char *filename, int lineno, int col_offset)
Part of the Stable ABI since version 3.7. Z2{)FPyErr SyntaxLocationObject (), {H filename J2&
H filesystem encoding and error handler fRRSH 75

3.2 HUHTIA.

void PyErr_SyntaxLocation (const char *filename, int lineno)
Part of the Stable ABL 280} T PyErr_SyntaxLocationEx (), {HEWE T col_offset parameter 2,

void PyErr_BadInternalCall ()
Part of the Stable ABIL X /2 PyErr_SetString (PyExc_SystemError, message) HI455E, HH
message R T ARES O R EAE (140, Python/C APT i&%) . & E 2 T A .

53 AHES

LR AT A CAUR A . BT B T i Python B3Rt warnings BB LL s 4. A1 %5 1h)
sys.stderr 3T HI— 285 (H R 08, A TREC 245 RS ON B 5%, TEXAPEOLT, BN
Sy WA TR T E SR L B, AR B A . RICA A R, R IHEN 0 5 SRl A
H L OREUEN -1, (JCVEME 2 SebrdT B T8 (58, BICTERE i il A i A o SR B2 ).
filke 7w, PR E AT IE R BRI (BN, Py _DECREF () FA 5| FFR I —PHHR(E) -

int PyErr_WarnEx (PyObject *category, const char *message, Py_ssize_t stack_level)
Part of the Stable ABL & H— 455 H . S5K category 32— NI (W FTH) 5 NULL ; message
se—> UTF-8 47 . stack_level sg— 45 ARMWIECR R IEH iR AR 0T 24 B IEAE ST
WRISTT R . stack_level 2y 1 W PyEre warnEx () [FeREL, 2 RAEMZ ERYEREL, PAMZEHE.

AR IE PyExc_Warning B T2, PyExc_Warning J& PyExc_Exception [ T-28; BRI\
02 PyExc_RuntimeWarning . FRifE Python B2 5IVE &R, Irg A ILim %

EEA .
A REEERNFER, SO warnings MarSAT 3O —w B30, A T EEH C
API,
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int PyErr_WarnExplicitObject (PyObject *category, PyObject *message, PyObject *filename, int lineno,
PyObject *module, PyObject *registry)
K — Ak B A S R e AT U S B X 2 i T Python B %[ warnings.
warn_explicit () ANERYEEALE; WEHH S THHEN . module il registry ZH A 1 NULL
PAMSEIH 5 SRS il i i BOIARCR -

3.4 UM

int PyErr_WarnExplicit (PyObject *category, const char *message, const char *filename, int lineno,
const char *module, PyObject *registry)
Part of the Stable ABL Z{Y| T-PyErr WarnExplicitObject () At message #1 module & UTF-8 455
HIERFER, T filename J2 Hi filesystem encoding and error handler fRIGY

int PyErr_WarnFormat (PyObject *category, Py_ssize_t stack_level, const char *format, ...)
Part of the Stable ABL 2{l) T-PyErr _WarnEx () WL, (B PyUnicode_FromFormat () A&
WEEHE. . format ;2] ASCIL g i) 4 £

3.2 RGBT
int PyErr_ResourceWarning (PyObject *source, Py_ssize_t stack_level, const char *format, ...)

Part of the Stable ABI since version 3.6. Z5{) FPyErr WarnFormat () B2, 1H category 32
ResourceWarning 3 H'ES¥F source {£45 warnings .WarningMessage () »

3.6 BUHTIA.

5.4 EiFEIRIEREE

PyObject *PyErr_Occurred ()
Return value: Borrowed reference. Part of the Stable ABI. Test whether the error indicator is set. If set,
return the exception fype (the first argument to the last call to one of the PyErr_Set* functions or to
PyErr_Restore ()). If not set, return NULL. You do not own a reference to the return value, so you do
not need to Py_ DECREF () it.

P A 255 A GIL.

E: AR S5 E W RS T IRG W MCh i PyErr ExceptionMatches (), HIFFF
7N o Qtﬁiﬁﬁgjfﬂlﬁﬂﬂﬁﬂ:%ﬁﬁ%iﬁy SHEATRE R LB A RS, BB TR 5
—ATk.

int PyErr_ExceptionMatches (PyObject *exc)
Part of the Stable ABIL. 2/} PyErr_GivenExceptionMatches (PyErr_Occurred(), exc). I
PR 2 HAESE PR B T S I A s AR AR S 5 | A U e A A EvE A D

int PyErr_GivenExceptionMatches (PyObject *given, PyObject *exc)
Part of the Stable ABL R given 59 5 exc 1) 57 S BUAH DT FC 3R 5] AR . UTAR exc & — NIRRT,
M2 given J&— 1 2RIYFLHIR AR IR B FE . WA exe &—AT0dl, MZIcd (PASGEIARFIedl)
HH R BT S R AR I R A T UL

void PyErr_Fetch (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABL R 55 AR R FFHE I = A 5 pIF AL -k . ISROR BB A R ST, IR =
NS FRARBCN NULL. WUERCIE, WK G RIT BARRHS 2 I B A X5 o B a3 %
RA[PAK NULL BRI AN H S

(e Jb o AT 2 B S S ) A B 5 S I PR R IR S A DR R A R AR BT (1, 51
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PyObject *type, *value, *traceback;
PyErr_Fetch(&type, &value, &traceback);

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

PyErr_Restore (type, value, traceback);

void PyErr_Restore (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABL F: T =W QB IRIER AT WRFIRIERAFOIE, B Eapubi. i
=AXRIYHN NULL, FHRIER SR EOE R . A ZAE A NULL RBUHIEE NULL (EE 0] . S A,
YRR HAEEATCHN e RS (3 SOGxBS S BUM I 5 228 ) i 2
HEERM RIS - AR ATE TR ) 22 BT A A AR g 5| T HAE VA ) 2 S5 AR R AN TR0 A X 285 |
Mo (MEARARAIRME — 1, AR i 5 Z A

(E: IR RO B SRS I I PR AR S S R AR R AT AR BT G« WS B PyErs_Feteh () Hefi
17 I B R AR /R AT o

void PyErr_NormalizeException (PyObject **exc, PyObject **val, PyObject **tb)
Part of the Stable ABL JEXFETF UL N, R PyErr_Fetch () FrRBIRER PAZ “IEIEMALRY”, B *exc
s — NIRRT *val gl — R SLH] . FEXFFILT IR ET AR R LB . REE &
R IEMAE), WIABATATAE . SR E R IEMA N T 32 T1HPERE .

WE: IR R A BRI S RS _ traceback_ JEPE. ANSEAHTIE M E W, TR
PAF BfHn A8 - B

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

void PyErr_GetExcInfo (PyObject **ptype, PyObject **pvalue, PyObject **ptraceback)
Part of the Stable ABI since version 3.7. 3tHUREEE, BIM sys.exc_info () FIEFEI. X2 —4
SR H, AW R R R R =R RS N, H R — Tl
NULL. A&BUGERERRIRE.

E): R BOE A ST AT R AL R A . Bl 35 A B AR AR AR S IR A R A
SHRSHIHME. W PyErr_setExcInfo () RWKE SERR RS

3.3 BUBTINA.

void PyErr_SetExcInfo (PyObject *type, PyObject *value, PyObject *traceback)
Part of the Stable ABI since version 3.7. X & RHEEE, BIM sys.exc_info () FIEHI. X2 —4
AR RH, ARG RN TR . RSB S8 . 2ESFHERE, HhrE
“ASHEANNULL, WTH R =ASEH BN, S pyErr_Restore ()

il BERBGEE A SHTE AP R A BT A . BB A A3 A R A T BRI B R A R R
HEARESHIE . W PyErr_GetExcInfo () FiHUREARTS.
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3.3 BUHTMA.

5.5 [E54E

int PyErr_CheckSignals ()
Part of the Stable ABI. 3X/™K %15 Python {E S5 ALFHAZ H .

WSRAET: Python g ™ M LA iR L, ERRARE IR TES, MR, WAEH
IR RS AL Bl . ISR SCRF signal A, AT AR i LA Python 2 %55 (4 {5 5 AL B A A o

RS 2 BT A R RS, AR 0. (HJE, 1SR Python 55 AbBRATARST | & T S, Wik
BAF RIS RATIE FLRECR L BIR (] -1 G AR HRE 5 T BRI A b FE . EATRAE IR AR
HPyErr_CheckSignals () B,

AR R BN AE LAV, BEdE S Python FRERS N, WEAMATAEMERAEH R H 0,

XA SRR AR A O i oK (B Cul-C) BT IRz A TR C AU 1 .

#E): 41X STGINT HYERIA Python {5 S AR AJAl 235 | % KeyboardInterrupt 4.

void PyErr_SetInterrupt ()
Part of the Stable ABL #$& fI — 4~ SIGINT 13
PyErr_SetInterruptEx (SIGINT),

Bk oM % R X FMNT

d

fiE: WHREUR R AE LN . BEWARIGIL 3l C 5 S AL AR .

int PyErr_SetInterruptEx (int signum)
Part of the Stable ABI since version 3.10. {5l — Mg S B ERE . 24 NIKPyErr_CheckSignals () #%
T, R A0S E B 155 90519 Python {55 AL B4 .

SR BT A ATICE AR S AL B, I B2 Python (5 S AR BRGNS AE K AH Ty (F1A024 71 3% T Cul-C
SRR ) e BT AGE TR Y C AR

W LA 2 A5 5 R & i Python SEACFR (RIYA signal . SIG_DFL B signal.SIG_IGN), ‘E¥f<x
U2 signum LEG VIR S 9= TBHIZ o0, KRR -1 AT, WRME 0. FFRFRTAAS
WL RR BT B L -

fE: MREoe RS S L . EWARIGIL I C (55 AL BRI A .

3.10 JBGHTMA.

int PySignal_SetWakeupFd (int fd)
XA THRREEGE T — MGG 5 PR AR P TR UE AR5 905 10 B AR ST A
e fd ARAREZER . BRI [m] AT — X AEAY SCUHIIR AT o
WCEE -1 R XRAIIRIRES . X0 T Python HHfy signal.set_wakeup_£d (), {Hj2
B AT RIS A . fd V24— AR SCHHRIAART . IR0 2 HUN AR
3.5 i #E Windows |, I REIIAE ISR 2R F AL

5.5. {5548 55



The Python/C API, £[F] 3.10.11

5.6 BilsMED

PyObject *PyErr_NewException (const char *name, PyObject *base, PyObject *dict)
Return value: New reference. Part of the Stable ABL X4~ T B RSO H R Bl — N 2. name 2
BN F R4 FR, f& module. classname XX C 47 . base Fil dict ZHGE; M NULL, iX
Rl —MREH Exception X% (FE C ] LAEIT PyExc_Exception 1),
R __module__ JRMERFHRA name SR HIEHy (F)a— M RUFZHD), MALRPBEN )
Wy (a1 REZIE). base ZETHRIGERMESL: B A2 — LIl
M. dict ZHOTHNRIGE R A AR .

PyObject *PyErr_NewExceptionWithDoc (const char *name, const char *doc, PyObject *base, PyOb-

Ject *dict)

Return value: New reference. Part of the Stable ABL. flPyErr NewException () —FE, [T W] DGV HE
BN R—ASORYFAFER - QIR doc JBYEIEZS , B R IAE S 2800 SURY A5 5B
3.2 OB A

5.7 Blspints

PyObject *PyException_GetTraceback (PyObject *ex)
Return value: New reference. Part of the Stable ABL X5 S48 A X BEAY M BTVE I —AN8 5| R B, 7] PAE
il __traceback__ ¥£ Python Hrijj[al. AMAREAT ORI M, D3R ] NULL,

int PyException_SetTraceback (PyObject *ex, PyObject *tb)
Part of the Stable ABL Y55 JEBRI MW BN b . {#i ] “Py_None“JF & E .

PyObject *PyException_GetContext (PyObject *ex)
Return value: New reference. Part of the Stable ABL 5 S A 2 Bemy R 3¢ (FEARTH ex 1yt A2 5| &1
L) VER—EG R, ATPAEE _ context  7E Python trijjii). WIREA LT KEK
W ER3C, AR [E] NULL,

void PyException_SetContext (PyObject *ex, PyObject *ctx)
Part of the Stable ABL X5 F# A SCHRAY_ BN SCRE N cov. (] NULL SRIEEE . A IR cox 2
— RSB AG A . SRS IR o 51T .

PyObject *PyException_GetCause (PyObject *ex)
Return value: New reference. Part of the Stable ABL Y5 R#H B EE (— R s, B2 None,
H raise ... from ... %) fER—H5IHRE], AI7E Python Hifiif _ cause__ Kijji.

void PyException_SetCause (PyObject *ex, PyObject *cause)
Part of the Stable ABL (5 R 4H R BRAY R R BN cause. {#i ] NULL BT . BIA HEHR cause
e LR None ARG . XA A48 1) cause (1951 H .

__suppress_context__ 2RI ERE R HiE N True,
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5.8 Unicode S E &

AR TR B R B C B Unicode 57

PyObject *PyUnicodeDecodeError_Create (const char *encoding, const char *object, Py_ssize_t
length, Py_ssize_t start, Py_ssize_t end, const char
*reason)
Return value: New reference. Part of the Stable ABI. €] —> UnicodeDecodeError XJRH: M encoding,

object, length, start, end | reason %&£ &% . encoding F reason > UTF-8 4 td ) 7455 .

PyObject *PyUnicodeEncodeError_Create (const char *encoding, const Py _UNICODE *object,
Py_ssize_t length, Py_ssize_t start, Py_ssize_t end, const
char *reason)
Return value: New reference. f)7—-~ UnicodeEncodeError ¥R I encoding, object, length, start,

end Fl reason., encoding F reason Fp 2 VA UTF-8 bl (4 E .
3.3 e EA: 3.11

Py_UNICODE H Python3.3 &E#F . 15T E PyObject_CallFunction (PyExc_UnicodeEncodeError,
"sOnns", ...)o,

PyObject *PyUnicodeTranslateError_Create (const Py _UNICODE *object, Py_ssize_t length,
Py_ssize_t start, Py_ssize_t end, const char *reason)
Return value: New reference. £ —-> UnicodeTranslateError N4 I it object, length, start, end Fl1
reason., reason y&—~PA UTF-8 4itd i) F4res .

3.3 RECE: 3.11
Py_UNICODE H Python3.3;EE#F M . ik T £ PyObject _CallFunction (PyExc_UnicodeTranslateError,

"Onns", ...).
PyObject *PyUnicodeDecodeError_GetEncoding (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetEncoding (PyObject *exc)
Return value: New reference. Part of the Stable ABL. 1% [0 45 € 5 W 411 encoding J@ Pk
PyObject *PyUnicodeDecodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetObject (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetObject (PyObject *exc)
Return value: New reference. Part of the Stable ABL 1% [0 45 7 R # X411 object J@
int PyUnicodeDecodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeEncodeError_GetStart (PyObject *exc, Py_ssize_t *start)
int PyUnicodeTranslateError_GetStart (PyObject *exc, Py_ssize_t *start)
Part of the Stable ABIL. FELZE E T MR start JEYEFEHILN *start., start WA NULL. J{ZhBHR
|l 0, KM mE -1,
int PyUnicodeDecodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeEncodeError_SetStart (PyObject *exc, Py_ssize_t start)
int PyUnicodeTranslateError_SetStart (PyObject *exc, Py_ssize_t start)
Part of the Stable ABL *B+45 E S MR start JEVEREN start . WENBHRE 0, KRIGHFRFE -1,
int PyUnicodeDecodeError_GetEnd (PyObject *exc, Py_ssize_t *end)
int PyUnicodeEncodeError_GetEnd (PyObject *exc, Py_ssize_t *end )

int PyUnicodeTranslateError_GetEnd (PyObject *exc, Py_ssize_t *end)
Part of the Stable ABL. $REUA E R EXT R B end JEVEFRF AL *end. end WA N NULL, HINEHR M)
0, RMonfMm -1,

int PyUnicodeDecodeError_SetEnd (PyObject *exc, Py_ssize_t end)
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int PyUnicodeEncodeError_SetEnd (PyObject *exc, Py_ssize_t end)
int PyUnicodeTranslateError_SetEnd (PyObject *exc, Py_ssize_t end)
Part of the Stable ABL K25 € REX R end Jg 1% K end., IR E] 0, FeMitiR
PyObject *PyUnicodeDecodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeEncodeError_GetReason (PyObject *exc)
PyObject *PyUnicodeTranslateError_GetReason (PyObject *exc)
Return value: New reference. Part of the Stable ABI. iR [0] 45 %€ B X2 1Y reason Jg& M
int PyUnicodeDecodeError_SetReason (PyObject *exc, const char *reason)
int PyUnicodeEncodeError_SetReason (PyObject *exc, const char *reason)

int PyUnicodeTranslateError_SetReason (PyObject *exc, const char *reason)
Part of the Stable ABL Y545 1€ T X211 reason JEVEVHN reason, F{EIWFIR[E] 0, ZiHTHR

9 I3

XA PR AR AL T —FhAE C 2 b T2 2 HE A 2, FEZ ORI S R IS i . 243 H R
AN —E & B Python 1Y (J5# < ASNIREHBIAEE) Wt EAEIEN. BN p_call SEH
SV T FE R Ry B A s SRR TR

int Py_EnterRecursiveCall (const char *where)
Part of the Stable ABI since version 3.9. ¥iic—NE A1) C 225 H B8 AT I A o

R X T USE_STACKCHECK, IS PyoS _CheckStack () RMBHAERSG IR B % H
TEXFEN T, BREE A MemoryError JiR[FIEZR(E.

Bt J It PR KSR AG A 2 IR A BR ] . A0S 2 3E, Rk RecursionError ik [—/NESE
fH. FEHMBFRT, NEREZE,

where [ kj—A~ UTF-8 4l FAFER QI " in instance check", ‘BRF5 dyaf R BRI IT 5801
RecursionError 14 EFBHE.

3.9 fRCEE S PR AIAE AR SZ IR APL AT A .
void Py_LeaveRecursiveCall (void)
Part of the Stable ABI since version 3.9. %E W — ~Py_EnterRecursiveCall ()., W 7 4}
XfPy_EnterRecursiveCall () WA~ ey KRR HBEERIT—RIFEH .
3.9 RS IR BORAEAEZ R APT HA] A,
IEHf AT X R g R B SE Bl e p_repr F5 B4R EI’JLE&EE T%TF&Z&]\ tp_repr b FE BB EERT AR DA

B Lkt B ER. DA R I B KA BB 52 S Bl M SEBRAUR A, K PIBRBUR C A reprlib.
recursive_repr () IWENY.

int Py_ReprEnter (PyObject *object)
Part of the Stable ABL. fF tp_repr SEETT L9 A DAKG G 3R

JIESOF TRPZY) GUSL Jﬁtu’ﬁ(ﬁulﬂ~’*£*@& fﬁtrﬁfﬁﬂp_repr*w% ] — A5 K A
W FR R, B, dict XFERHRE] (...} T 1ist XgRRME ...,

Q2R 0 8 3 U R ) DU sk B BSCRE AR Bl — N R B RS DL R t o repr SEHLEE Y 24 3% [5] NULL,
TEHAME ST, BERECEHR R B t o repr SR AT IE# 4kLk .

void Py_ReprLeave (PyObject *object)
Part of the Stable ABL £5HR—A~Py_ReprEnter (). W R BB Py _ReprEnter () WA
P BRI —
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510 HRERE

All standard Python exceptions are available as global variables whose names are PyExc_ followed by the Python ex-
ception name. These have the type PyOb ject*; they are all class objects. For completeness, here are all the variables:

C &% Python &R [FIf#
PyExc_BaseException BaseException T
PyExc_Exception Exception !
PyExc_ArithmeticError ArithmeticError I
PyExc_AssertionError AssertionError
PyExc_AttributeError AttributeError
PyExc_BlockingIOError BlockingIOError
PyExc_BrokenPipeError BrokenPipeError
PyExc_BufferError BufferError

PyExc_ChildProcessError

ChildProcessError

PyExc_ConnectionAbortedEr]

rEéonnectionAbortedError

PyExc_ConnectionError

ConnectionError

PyExc_ConnectionRefusedEr]

rEéonnectionRefusedError

PyExc_ConnectionResetErro

rConnectionResetError

PyExc_EOFError

EOFError

PyExc_FileExistsError

FileExistsError

PyExc_FileNotFoundError

FileNotFoundError

PyExc_FloatingPointError

FloatingPointError

PyExc_GeneratorExit GeneratorExit
PyExc_ImportError ImportError
PyExc_IndentationError IndentationError
PyExc_IndexError IndexError

PyExc_InterruptedError

InterruptedError

PyExc_IsADirectoryError

IsADirectoryError

PyExc_KeyError

KeyError

PyExc_KeyboardInterrupt KeyboardInterrupt
PyExc_LookupError LookupError I
PyExc_MemoryError MemoryError

PyExc_ModuleNotFoundError]

ModuleNotFoundError

PyExc_NameError

NameError

PyExc_NotADirectoryError

NotADirectoryError

PyExc_NotImplementedError]

NotImplementedError

PyExc_OSError

OSError

PyExc_OverflowError OverflowError

PyExc_PermissionError PermissionError

PyExc_ProcessLookupError | ProcessLookupError

PyExc_RecursionError RecursionError

PyExc_ReferenceError ReferenceError

PyExc_RuntimeError RuntimeError

PyExc_StopAsynclteration | StopAsynclIteration

PyExc_StopIteration StopIteration

PyExc_SyntaxError SyntaxError

PyExc_SystemError SystemError

PyExc_SystemExit SystemExit

PyExc_TabError TabError

TougkeE

5.10. IR ERE 59



The Python/C API, £[F] 3.10.11

;E 1 - %I\EJ:—E
C &R Python Z#R g
PyExc_TimeoutError TimeoutError
PyExc_TypeError TypeError
PyExc_UnboundLocalError UnboundLocalError

PyExc_UnicodeDecodeError | UnicodeDecodeError
PyExc_UnicodeEncodeError | UnicodekEncodeError

PyExc_UnicodeError UnicodeError
PyExc_UnicodeTranslateErrpWnicodeTranslateError
PyExc_ValueError ValueError
PyExc_ZeroDivisionError ZeroDivisionError
33 i H yill] A PyExc_BlockingIOError, PyExc_BrokenPipeError,

PyExc_ChildProcessError, PyExc_ConnectionError, PyExc_ConnectionAbortedError,
PyExc_ConnectionRefusedError, PyExc_ConnectionResetError, PyExc_FileExistsError,
PyExc_FileNotFoundError, PyExc_InterruptedError, PyExc_IsADirectoryError,
PyExc_NotADirectoryError, PyExc_PermissionError, PyExc_ProcessLookupError %H
PyExc_TimeoutError j2fF PEP 3151 #5| A,

3.5 UGHTIIA: PyExc_StopAsyncIteration fll PyExc_RecursionError,
36}&%ﬁﬁm&;PyExc_ModuleNotFoundError0

XL RS RVER4 PyExc_OSError:

C &R [Ef
PyExc_EnvironmentError
PyExc_IOError
PyExc_WindowsError

[\S |

3.3 Jif B A X L 0 20 ML) S IR
([

5.11 FREZEHEZRS

All standard Python warning categories are available as global variables whose names are PyExc__followed by the Python
exception name. These have the type PyOb ject*; they are all class objects. For completeness, here are all the variables:

C &R Python Z#R LI
PyExc_Warning Warning 3
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

Uk HA AR R
2 {AE Windows R S5 Myl R 75 5 T FIALFIARR T % MS_WINDOWS , DASEAR I EI .
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32 fRFT A PyExc_ResourceWarning.

fift:

=

3 3R A bR 2
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CHAPTER O

A e e T A T T EAT R, AE R ) C AR 25~ 52 n] [E)PE (portable) . 7E C Hi{di il Python
module (H4H) . PARIHTeR 5 IR C iy (E AR 2 Python RS

6.1 fERAMIH

PyObject *Py0S_FSPath (PyObject *path)
Return value: New reference. Part of the Stable ABI since version 3.6. iR |8 path XE 3 RGP FERTER.. W
RAZX G R — str 3 bytes X4, WERHTIHITECR2M. MRZXTZEIMT os.PathLike $
I, WHREE R str 5 bytes XZFHRE __fspath__ () . FEHMIEFN FRF5] % TypeError
FHi& [A] NULL,

3.6 BUHTIMA.

int Py_FdIsInteractive (FILE *fp, const char *filename)
WIRALFRN filename WFRE VO SCF fp BebfiA il 22 B MER T EL (%) . isatty (fileno (fp))
HEAER S BT X RGO . QR R AR Py_Interactiverlag NEAH, BLEREAE filename fi
B NULL sl HA RS T 74 ' <stdin>' B 222 WHBRFIR P E{H.

void PyOS_BeforeFork ()
Part of the Stable ABI on platforms with fork() since version 3.7. FEHEFES X 22 Bl ffE 55 3 26 PN R S 2R
. ﬂt@%&)ﬁjj:‘lﬁiﬁﬂﬂ fork () BUEATATIEMN Tk U ml AR Y BR B Wi . R T LT
fork () BIARL.

iy Cfork () WHAN Y BAE main” 242 (NT "main” 345 25) W it47 . X5 F PyOS_BeforeFork ()
UL A .

3.7 BUHTMA.

void PyOS_AfterFork_Parent ()
Part of the Stable ABI on platforms with fork() since version 3.7. FEHERE S X 2 )5 B B3 L8 N RS HI RS
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BB Y MAEP ] fork () AR IALIAY vo b 24 RTERR Y R B IR IR, Teie RS se b 2 75 ) o
HEMTENT fork () MRS

W C fork() W M M X4 H fE'main” 2% 42 (i T'main” #% 4% %) o #f7. X T
PyOS_AfterFork_Parent () Eiith2untt.

3.7 BUHTMA.

void PyOS_AfterFork_Child ()

Part of the Stable ABI on platforms with fork() since version 3.7. £ 3ERE4y 27 )5 W8 N SRR RELS IR TSI 2/
o MRELAHEWI T fork () BUARMIZERIR) ToRE 24 Bl AR 1 pR A 2 JGAE TR i A, an SRtk
A L2 H S| Python iR ih. N TEX T fork () MRS

s C fork () W M N %4 H " main” 2% 42 (S Fmain” # 4 %) w3 17, X F
PyOS_AfterFork_Child () JRULtH 2NN,

3.7 JGB A
h=%:

os.register_at_fork () LM A] #EPyOS_BeforeFork (), PyOS_AfterFork Parent ()
MPyos_AfterFork_child () A H & X Python (K%K,

void PyOS_AfterFork ()
Part of the Stable ABI on platforms with fork(). 15382 X2 J5 SR F L6 UERIRS I BR800 R 324k S i
JH Python fFRERS I I bR 0N 4 7E BT AR i A . R E A o] AT SO A B e AR o, )
AT B R R

3.7 IRECET: BB EiPyvos_AfterFork _child () BUft,

int PyOS_CheckStack ()
Part of the Stable ABI on platforms with USE_STACKCHECK since version 3.7. 4 f s it 1% 23 |8 #6/2 iR
W FLfE. X —DAEER R A, EAUEE LT USE_STACKCHECK W[ ] (H Hi7E Windows - {ii /i
Microsoft Visual C++ #1545 ) . USE_STACKCHECK X4 F 8l X RN IZAENR H C A i
IHsE S

PyOS_sighandler_t PyOS_getsig (int i)
Part of the Stable ABI. Return the current signal handler for signal i. This is a thin wrapper around either

sigaction () or signal (). Do not call those functions directly! PyOS_sighandler_t is a typedef
alias for void (*)int.

PyOS_sighandler_t PyOS_setsig (int i, PyOS_sighandler_t /)
Fart of the Stable ABI. Set the signal handler for signal i to be /; return the old signal handler. This is a thin wrapper

around either sigaction () or signal (). Do not call those functions directly! PyOS_sighandler_t is
a typedef alias for void (*) int.

wchar_t *Py_DecodeLocale (const char *arg, size_t *size)
Part of the Stable ABI since version 3.7.

e MORECR B MU B - W pycontig APT DA AT HARAT Python SEAT TRA744 10 Y
PyConfig_SetBytesString () PR

PR 4R AT #E This function must not be called before * Python #4751 4744 v, 2 Bl B DA IF 6
BiE LC_CTYPE {55 Xiuk: i5& Py _Prelnitialize () R,
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1§ 1l filesystem encoding and error handler JefFG—AF 80 . AR IRALFRA)AH A surrogateescape 4517 Ab
PRAHA, DR T RAD A 5 KRR A% 5 U+DC80..U+DCFF Y[l NI EAF: T MR — A>3 7 41 AT Bl i
AR, W55 2] surrogateescape 4 i ACFRAIN A 4 LA 2 RS AT

AR [B]—ANF8 18]35 20 L B9 B 96 AT AL AR R 85, PyMem RawFree () RREHLNAF. A0
size NN NULL, NPRFHERR T null 2451 S8 FAFER S A *size

TE A B A B P A 20 TiE B IR IR 8] NULL. 2R size A NULL, W) *size REAE NAFH IR A
(size_t) -1 SFEMASEIRITIEN (size_t) -2,

filesystem encoding and error handler & B PyConfig Read() ¥ & & I: 2 WPyConfig
Mfilesystem_encoding flfilesystem errors ZER 5.

TSR IRARS A Y KA, AR C PEA R BRI «

i Py_EncodeLocale () BRI FAT S dmld b 735 R

hs%:

PyUnicode_DecodeFSDefaultAndSize () MlPyUnicode_DecodeLocaleAndSize () PR,
3.5 BUHTMA.

3.7 WU A BAEBL R AAE Python UTF-8 #3161 UTF-8 4%,

3.8 R HE S PLAE QS AE Windows F Py LegacyWindowsFSEncodingFlag k25 W I o& $06 i A
UTF-8 Zifid#g =

char *Py_EncodeLocale (const wchar_t *fext, size_t *error_pos)
Part of the Stable ABI since version 3.7. F—A~ i1 5& P45 4 B 4T 58 4 15 A filesystem encoding and error
handler , YNREEIRALPRAIHE A surrogateescape 451 ALFH /A, NHE U+DC80..U+DCFF JE [ PN A 5~
FF ot ds 75 (H 0x80..0xFF,
R — AN G AR T B 8%, i PyMem Free () ERENAE. 4 & AESiiD Ak RS E
AR I NULL,
IR error_pos AN2A NULL, NSt ~error_pos %N (size_t) -1, BURAEA A G AS iR i%
HIFAFNERG 5.
filesystem encoding and error handler & B PyConfig Read() ¥ i # y: 2 WlPyConfig
W filesystem encoding fMlfilesystem errors W F.

Wil Py_Decoderocale () MK AT e MR el i TEFAF AL AR

ey RN BIAE This function must not be called before % Python #4577 #7451 2 Ak & PA(E
ERaHbECE LC_CTYPE {55 Xk : 5% WPy_Prelnitialize () BR%L.

bz

PyUnicode_EncodeFSDefault () MlPyUnicode_EncodeLocale () %
3.5 BUHTMA.

3.7 RS AE: BUAEL PR &AE Python UTF-8 R K76 ] UTF-8 .

3.8 B S FLAE W SR AE Windows Py LegacyWindowsFSEncodingFlag k25 W I o& 065 FH
UTF-8 4rfidbg =,
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6.2 RHEHX
XEERMORH sys BHATIRET] ALE C RS P70 TH R EATEAT T 4 Al s AR sy s Bk
T, ZT IS TENTRAARIRS SR

PyObject *PySys_GetObject (const char *name)

Return value: Borrowed reference. Part of the Stable ABL 1R[] K H sys #ELATX S name ol & MR E AT
FENER] NULL, I HA DU S R,

int PySys_SetObject (const char *name, PyObject *v)
Part of the Stable ABL 4§ sys B H ) name %0 v B4R v S NULL, FERIE NN name F M\ sys fRbk it
PR NIRRT 0, A AAEURINR ] -1,

void PySys_ResetWarnOptions ()

Part of the Stable ABL ¥ sys.warnoptions BEE NZV|FE. WEEAI{EPy_Initialize () ZHIPK
WH .

void PySys_AddWarnOption (const wchar_t *s)
Part of the Stable ABL ¥ s #$/ll%]| sys.warnoptions. MR NAEPy Initialize () Z R
DA 2 e ik g 51 35

void PySys_AddWarnOptionUnicode (PyObject *unicode)
Part of the Stable ABL. *ff unicode ¥5/l13)| sys .warnoptions.,

WE: HuiERECA T AE CPython SE¥LZ AME ], R NEWAEPy Initialize () W warnings
BAFAZHEHAA, BB TR ER iR AR Unicode X4 A REM R -

void PySys_SetPath (const wchar_t *path)
Part of the Stable ABL ¥f sys .path SCHHTE path B EARHBINS RN G, SB0V N FRE
FE R REAR D FRAT (fE Unix 12+, 7€ Windows |2y ;) /- FRRYBRARIS

void PySys_WriteStdout (const char *format, ...)
Part of the Stable ABL X§DA format fiiR i) i FAFER 5 AR sys . stdout. ARG RAEAMTRE, ik
AT (WF30).
Jormar ¥ 24K EL A AL i A ER 1 SO/ IEE 1000 S5 AR - B 1000 #7355, it A7
ST R, X TERE A AN Z BRI 17 %s” A% BT 24l 7% <N>s” SRR,
<N> 2GS <N> 5 HAM A L SCAR R IR R Z FIAR i 1000 52751+ 2R 805
BT %t , B RN AER R AR T B E A TR
WRKEAE TR, sys.stdout 2IEHS, CHEXITHERFHE AR EIER (CJZ40) stdout .

void PySys_WriteStderr (const char *format, ...)
Part of the Stable ABL. 28{MlPySys_WriteStdout (), HBECHE AF| sys.stderr 8 stderr,

void PySys_FormatStdout (const char *format, ...)
Part of the Stable ABIL. Z5bl PySys_WriteStdout() 1) sk 50 & {#i i PyUnicode_FromFormatV () A\
I EIF EA SR H B 2R K.

3.2 BUHTIA.

void PySys_FormatStderr (const char *format, ...)
Part of the Stable ABL. 28{l|PySys_FormatStdout (), {HMCNE AF| sys.stderr By stderr,

3.2 HUGHTIA.

void PySys_AddXOption (const wchar_t *s)
Part of the Stable ABI since version 3.7. ¥ s M N — A —-X LT H LW &£ &I BB M
FlpySys_GetxOptions () iR [ul i 4 Bs I W St. Mok ¥OAT AFEPy_Tnitialize () ZHIBL
e

3.2 UHTIA.
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PyObject *PySys_GetXOptions ()
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 1& [0 241 —-X WAL, 20T
sys._xoptions. AKAEFIRE, FFRE NULL H&E R4,

3.2 BTN

int PySys_Audit (const char *event, const char *format, ...)
Bl R — AR AT G 4 o BN IR ] 20 s A 2R W sz [ HEBAE I A 7 o
AR T TARAT -, WPREE H formar F1 A 2 BORM & — DN H AL AR ITH. B N PASEK,
fEPy_BuildvValue () Wi A& XERF WM. R EKEA R —DIod, R
— AR ITTAH T . (BT N STEFE T, (R TR IR AIE B R B S E O RS
¥, HEEHERESEE M. )
TER # AR Y SR EPy_ssize ¢ R, TiREHE X T PY_SSIZE_T_CLEAN,
sys.audit () 2xPfT5%k H Python FURS Y ek ASAH [F] R4 o
3.8 OB
3.8.2 U BikKPy_ssize t T # #&NTFAF. FEILZHT, 251K — ARG 7 8

int PySys_AddAuditHook (Py_AuditHookFunction hook, void *userData)
AFATTRAS S ook Y MERMCRATH 40 THU22. AEMIN R ol A O ol A . ATt
DAL, ESTFE R & — R I APT USR8 50 TEE T B @ ) P i e e
SRR
userData $8%EF WG N T oREL. T80T eRBOTRE I AN [ BGE A TR A %3R8 . B #4 17] Python
WA APy _Tnitialize () ZHIBCEEMPER . WRAEBITROIIGCZ GHHH, A MH T
TS A A Gl 5 & — M Exception FRALAYES R EF BRI T /E (A R A Sk
HHER)

The hook function is of type int (*)const char *event, PyObject *args, void
*userData, where args is guaranteed to be a PyTupleObject. The hook function is always called
with the GIL held by the Python interpreter that raised the event.

W24 PEP 578 T A XA T TEAIRE . FEB T AR ME b 25 AT SR n) s E0E 50 R
PEe. SN WLARA sR B SO

51 % —A~ HiiT#$ sys. addaudithook, BAMITSH.

3.8 BUBTIA.

6.3 17# (Process) #=#l

void Py_FatalError (const char *message)
Part of the Stable ABL 4T El— A2 fipdi iR H B Adi A . AR PATEMNEEL. R Y 24 (U7 T 5
FHEARZEAL ] Python R EAF I S PR AT BN, SRR B IR . 1E
Unix b, #5iE C FERREL abort () PR MIFFF Bk E—4> core M.

The Py_FatalError () function is replaced with a macro which logs automatically the name of the current
function, unless the Py_L.IMITED_API macro is defined.

3.9 [ SE: H Bl R AL R

void Py_Exit (int status)
Part of the Stable ABIL B 4wl 2. X W Py FinalizeEx () 9% J5 V8 JH AR E C JEE R 2K
exit (status). R Py FinalizeEx () #R5E1R, BHIRSK XA 120,
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3.6 i S A#: ok H B A AL R B RN 2 A 20

int Py_AtExit (void (*func))
Part of the Stable ABL YEMf—A~HPy_FinalizeEx () WM BEHERE. PGB R EGAE AL S
BOHARNREAME . 52 0] AT 32 AN R R AL ST, Py AtExit () FfRE 05 KK
B, ERRRE -1 S avE s R S e . R E RO 2 29—k . BT Python
(A PN B i A AR B R B T 52 B, AL Python APT R4 func P/

6.4 EAIRH

PyObject *PyImport_ImportModule (const char *name)
Return value: New reference. Part of the Stable ABL X /& NH Py Import_ImportModuleEx () HIfai{bIR
21, XF globals F1 locals Z4J15H NULL I-4§ level ¥4 00 24 name ZHE & —A 5% (RIHEE T—4
B TR W, fromlist ZEQAERRHNFE [+ 1 XAEIR MERE R BT 48 o B R T N AQ e A A 1L
THRFE AL SR R = E R . ORI, IXTE name PR FJ2 48 — A0 JE B ERA —
ANFOMYRIVER - fE __all_ AFE PR E N TSN E . ) SR AN IS AR E S
HURTE S AR R 8] NULL F8 — D RH . BS AR ABYOR S BTE sys .modules H1,

BB R X AR A

PyObject *PyImport_ImportModuleNoBlock (const char *name)
Return value: New reference. Part of the Stable ABL 1ZR¥ZE Py Import_ImportModule () H— k5
F4 -
3.3 WIS 15 S AR — AR IR B2 S K. (UM Python 33 2, B A5 K S 4L
DU UM AR B, B AR B R IRA TN B o

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

* fromlist)
Return value: New reference. S A\—"M¥tt . 1525 N Python BRAL _ import_ () FREUSEFEAIAH 4
iR,

AR (B — X I S AR st i R B S T, B TE S AR Uy NULL 38— 7
5 _dimport__ () ML, iKY TR R A O SRR, RAES S T RS
) fromlist .,

FARMAAE A SE RIS, B Py Import_ImportModule () ik,

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

Return value: New reference. Part of the Stable ABI since version 3.7. S A—/ 85 . 56T I pR 20 B {3108 FH
2% N Python pR%L __import_ (), PAARME __import_ () eRELS EHVR I RR%L
IR [PMEZ— X BT 5 AT B e = )2 B R s | EE%E%/\?’EU&EWWU%J NULL &8 — 535
5 _import__ () M, MiHRK A FEIHER FHEE % SRR, BRIES R T RS
) fromlist .
3.3 OB

PyObject *PyImport_ImportModuleLevel (const char *name, PyObject *globals, PyObject *locals, Py-
Object * fromlist, int level)
Return value: New reference. Part of the Stable ABL 25Dl TPy Import_ImportModuleLevelObject (),
HHAFR UTE-8 4“7 4Ff I A J& Unicode X542

3.3 WU S ANFHHEER level Ry tEE .

PyObject *PyImport_Import (PyObject *name)
Return value: New reference. Part of the Stable ABL X 22— M T 45 “SAHTERE WEEER
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I (U5 5E level 2 0, FIRAXTFA) o EARF KB Y802 /AEMET __pbuiltins_ HHY
__import_ () BREL. XEIWRFE R Y AIEAGE T R AL A TR EMTA .

AR B R AR T

PyObject *PyImport_ReloadModule (PyObject *m)
Return value: New reference. Part of the Stable ABL E3— b, k[ —/NMg 1 E S m5g 1, 8%
HAERMIHRE NULL FBR 50 (R P BRI A AR -

PyObject *PyImport_AddModuleObject (PyObject *name)
Return value: Borrowed reference. Part of the Stable ABI since version 3.7. 11 [R5} B, F 324 FR AR BT
%o name ZEIE XA PAH package .module. WIRFFAE modules ML N Gk A F L, WIRARA
), AN PRI HAS A F] modules “F ML, FERIKHTR ] NULL HE— 574 .

fE:  BERECA MBS AR E R AUREHGE RO, R E R — DR R . il
MPyImport_ImportModule () BEHIFANAMEARPARIR, name (1T 5054 PRI A5 LN
R ATFAENA SR

3.3 HUHTIA.

PyObject *PyImport_AddModule (const char *name)
Return value: Borrowed reference. Part of the Stable ABL. Z8{MF Py Import_AddModuleObject (), {HH:
ZF5h UTE-8 Zfith () 747 H2 M N /2 Unicode X4, object.

PyObject *PyImport_ExecCodeModule (const char *name, PyObject *co)
Return value: New reference. Part of the Stable ABL %45 5F — M4 FR (7] §EN package.module
) Fl—> M Pyhon =5 fiFh SCAF BB N B R 4N compile () FREUPACHIXTSE, Indzpide. &
BT ZBEAT R B F G, B R K AR ] NULL iR E— D RE . EXESRIELT
name &M sys.modules FHEEE, BME name FEE APy Import_ExecCodeModule () WEREIET
sys.modules H1. ¥ sys.modules FI{R R ZE W HMHIBHUE G, Hh AR
HINEAGBRBHAT G2 AT —FRE O AL B B UL B2 TR ) RAS.

B _ spec_ Ml __loader_ ISR MARLERTE, KA B i Y. M spec RUINEL2S (4
ROBE) BB __loader_ MiFEHAMIEI TN SourceFileLoader [5LHi.
i) _ file JRMERRECHACID N R co_filename, AIMREN, __cached_ ¥4k E.

QAR E P T AN MR FEEE . 1§ S FPyImport_ReloadModule () T fREZBIHATE Ty
iV

W2 name f& 10— NEACN package .module WY RS, WAL i AR GQELEHITIAR 2
olfEi

BiE& Py Import_ExecCodeModuleEx () MlPyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleEx (const char *name, PyObject *co, const char *pathname)
Return value: New reference. Part of the Stable ABL. 28{L) FPyImport_ExecCodeModule (), {BUIHE
pathname >y NULL M SPEBOABHIRS R __file  JRMEME.
W R PyImport_ExecCodeModuleWithPathnames ().

PyObject *PyImport_ExecCodeModuleObject (PyObject ¥*name, PyObject *co, PyObject *pathname, Py-

Object *cpathname)

Return  value: New reference. Part of the Stable ABI since version 3.7. 2
FPyImport_ExecCodeModuleEx (), {HUNH cpathname A5 NULL W] £ 9 ¥ 5 B He XF £ 19
__cached_ fH. TE=EECH, XRMEHEMIK—1.

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

char *pathname, const char *cpathname)
Return value: New reference. Part of the Stable ABL 23Dl T Py Import_ExecCodeModuleObject (), B

name, pathname H| cpathname “}j UTE-8 4t i) F4F 5 . AR pathname WA NULL WA & 2R
cpathname JEWT H HI & HI{E.

3.2 OB

3.3 i A R IR T AR R NS ] imp . source_from_cache () EITEEKE,

long PyImport_GetMagicNumber ()

Part of the Stable ABL 3 [a] Python “E7 3044 (HI .pye SCIF) BIBEE. BLIEEBUN S4774E T 8 S
TR IAAS AT, e B/ N . i AS R [ -

3.3 MU A E ARl -1

const char *PyImport_GetMagicTag ()
Part of the Stable ABL 41-%f PEP 3147 #% =X [ Python =75 ith S04 44 1% [l i R AR % F 458 . W01
sys.implementation.cache_tag B2 LY 244 FH o AR I ek Ei) SEAS R L

3.2 BUHTMA.

PyObject *PyImport_GetModuleDict ()
Relurn value: Borrowed reference. Part of the Stable ABI. & [8] Fl TS F 20 (B sys .modules).
KB ET R A R 1 A8

PyObject *PyImport_GetModule (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.8. iR [n| 45 E 4 PRI S AR, QRS
AR FANGR ] NULL (HA S BCE AR AR AR MONGR [ NULL HF B8 i

3.7 BOHTIA.

PyObject *PyImport_GetImporter (PyObject *path)
Return value: New reference. Part of the Stable ABL 1% [H] 4} %} —/> sys.path/pkg.__path_ H14H
path IR AN %, Al el sys.path_importer_cache FHLEIRE. IR B MKWk ZE 1,
N2> JJj sys.path_hooks H 2 KE| — gL FEi% path % % HIE 1. ﬁﬂ%{iﬁTﬂﬂE’J%’]?W
[l None; X5 HIE H Jypath based finder Joi 4% path 45 H H B &A%, 4R LA sys.
path_importer_cache. j&[H—Ea AR RATHEIH .

int PyImport_ImportFrozenModuleObject (PyObject *name)
Part of the Stable ABI since version 3.7. JNEXZ PN name W EZREEREEL . T BRE] 1, 4058 R+ F) 5
HOuagml o, GuRAI IR AR ONGR A -1 H R E S R %fﬁﬂ%ﬁ!ﬁé%):wl‘ﬂ%ﬁﬁﬁ/\ﬂ%%ﬁ% g
Fipy Import_Importiodule () . (R A TR R - AR R AR AR A )

3.3 BCHTNA.
B4R _ file JBMRFAFAEBIR FE.
int PyImport_ImportFrozenModule (const char *name)
Part of the Stable ABL. 23Dl FPyImport_ImportFrozenModuleObject (), {HHEZFR K UTF-8 4
45 ER TN )2 Unicode X4 .
struct _frozen

J_E%TXTE@: SRR IR S SRR E X, 5 freeze T E T4 M —3 (5 2%F Python JEUHY
KETHRH ) Tools/freeze/), HEXAFE Include/import . h H13EF):

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

bi
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const struct _frozen *PyImport_FrozenModules
This pointer is initialized to point to an array of _ frozen records, terminated by one whose members are all
NULL or zero. When a frozen module is imported, it is searched in this table. Third-party code could play tricks
with this to provide a dynamically created collection of frozen modules.

int PyImport_AppendInittab (const char *name, PyObject *(¥initfunc)) void
Part of the Stable ABL [0 ¥ 7F ) N BRI TR — PR, XXM PyImport _ExtendInittab () W)
fEpE(AE, ARTCVEY RERMNRI -1 BRI A] 1] 4 PR name g A, T B initfunc VENAE
WS AR PR R . R BY M TEPy Tnitialize () ZHITHM .

struct _inittab
TR N ERIRS R  — A5 B SRR SRS EEA ARG T N BT RS rh A AR 44 B
FIRIR LR B 4 Frde—A ASCI 4wl i 47 o i AT Python HYRRE 7 AT DA 1% 514 74 1) B 4 ok
HpyImport_ExtendInittab () fALSE PASRULEIAMA N B . ZE5HALE Include/import . h
HHE SO

struct _inittab {
const char *name; /* ASCII encoded string */
PyObject* (*initfunc) (void);

bi

int PyImport_ExtendInittab (struct _inittab *newtab)
N EATRFAS N — A . newtab ZLALILVA— L35 A NULL V2N name “FBIH R 2% H 4590 R
REFR AL S (2 S BONAFRE R . BENINR ] 0 B35 AR TT 43 BE /2 8 AR Y R N B R R A] -1 24
KA, R ARSTS IR NTRER . MR B AEPy Tnitialize () ZHIAM.
5 Python LY Z K 41454k, WPy Import AppendInittab () B{PyImport_ExtendInittab ()
WAAE AR Python FIHRALZ FTTE I -

6.5 B marshal I{EX#F

XEEBIRE ALV C AUEAL LS marshal BEHT AR BUAE 2N E AIAL R G Hod oAy L s J0n] IR KF R S
NEFPFHAE, 55— L8 RO n] SR BEBOF IR Xd)s . T 476k marshal X088 ) SCPFAA 25 DA — 0t il 165
19t

BOAHEAEAT RN SR e AR AL T 1 RT3k o

AR SRR R RS SRS 5 0 RO BT S RA, 56 1 WA & 78 SC{4- A1 marshal J2 75146 o L = [E L Y 5
ﬁ%o 55 2 HRAR SR S Al b A% . Py_MARSHAL_VERSION $8H T 451 SCHAHIAE R (Y RTHUE N
2).

void PyMarshal_WriteLongToFile (long value, FILE *file, int version)
Marshal a 1ong integer, value, to file. This will only write the least-significant 32 bits of value; regardless of the
size of the native 1ong type. version indicates the file format.

void PyMarshal_WriteObjectToFile (PyObject *value, FILE *file, int version)
$—A Python X4 value ), marshal ¥ X5 A file. version $$W 0SS I BUAS

PyObject *PyMarshal_WriteObjectToString (PyObject *value, int version)
Return value: New reference. i [8]—3% value 1) marshal F R R FITEREXT S . version FEH] SCFAE
K RA .

PATR BR AV SO A7y marshal #5XHI1E

long PyMarshal_ReadLongFromFile (FILE *file)
Return a C 1long from the data stream in a FILE* opened for reading. Only a 32-bit value can be read in using
this function, regardless of the native size of long.
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RAEGRIT, RRRCEIE 4 R (EOFError) Hfak M -1,

int PyMarshal_ReadShortFromFile (FILE *file)
Return a C short from the data stream in a FILE* opened for reading. Only a 16-bit value can be read in using
this function, regardless of the native size of short.

RAGRRE, FBEE Y57 (EOFError) Hik[] -1,

PyObject *PyMarshal_ReadObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE* opened for reading.
KAFARE, HIREEYSH R (EOFError, ValueError B TypeError) ik [H NULL,

PyObject *PyMarshal_ReadLastObjectFromFile (FILE *file)
Return value: New reference. Return a Python object from the data stream in a FILE * opened for reading. Unlike
PyMarshal_ReadObjectFromFile (), this function assumes that no further objects will be read from the
file, allowing it to aggressively load file data into memory so that the de-serialization can operate from data in
memory rather than reading a byte at a time from the file. Only use these variant if you are certain that you won’t
be reading anything else from the file.

AR, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,

PyObject *PyMarshal_ReadObjectFromString (const char *data, Py_ssize_t len)
Return value: New reference. M AL 5 10] data W) len A~ ) 575 G2 v DX W 19 23088 3 1% [8]— > Python
POE -

KGRI, R EE S R (EOFError, ValueError B TypeError) ik [F] NULL,

6.6 BTSHHMBELE

TERVEIRH TRy FER KR AR, XL Boe 7 1. HERIE BFIFER] L extending-index .

X E OB HE AR W BT = 4>, PyvArg ParseTuple (), PyArg ParseTupleAndKeywords (), DA
FepyArg Parse (), ‘EATERM I 46 XACF 4 B R o6 800 18 9 2 808 0 ok £, 3 28 o 50 08 1 AH
[ TE R AR AL AT R

6.6.1 BEITS#

— AR TR 0 B E X AR IT. — MR U T R IEA 4 Python X4 Bl H &7
PFEE RS SRR R ITPS . B T ARBISN, — ARG S S S 2 B Gl 0 WX 28 pR R Ay
ISR FERCT Rl T, WG5S NI FREAGEMHIT; 65 O W X AR BT
Python XfRHKA; Trii's (| Wi feidng C ALk (I iEde) Je2.,

FHBENEERX

BCHA SR AL VEA R S ISR P 17 SR SRV e SRR IR unicode /67 s 515 S OB
Bl

BRAES AU, Znh KR AR AL .

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

e Formats such as y* and s* fill a Py_buffer structure. This locks the underlying buffer so that the caller can
subsequently use the buffer even inside a Py BEGIN_ALLOW_THREADS block without the risk of mutable data
being resized or destroyed. As a result, you have to call PyBuffer Release () after you have finished pro-
cessing the data (or in any early abort case).
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e The es, es#, et and et # formats allocate the result buffer. You have to call PyMem_Free () after you have
finished processing the data (or in any early abort case).

 Other formats take a st r 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_releasebuf fer 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).

fiE): XFE # #R00Ak (s#. v# %%), % PY_SSIZE_T_CLEAN DIFEALE Python Z 7 X, h.
1E Python 3.9 R A |, W% X T PY_SSIZE_T_CLEAN %, MK ESHMERI NPy ssize t, T
>4 int.

s (str) [const char *] H§—~ Unicode Xt G554 il — M5 ) FAF R Y C #8451 —AMBEHE R — A B EFHER
TR, XTI B I R85 . C FRHR RO AS459R M. Python PR A REML S
HRARTCRARS S W, —> ValueError | % . Unicode XML, 'ut £-8" 4
T C 45 . QR HRI, —> UnicodeError FHH5 K.

i) XA FIR AR Z bytes-like objects, QNRARIEEEZ SR G ML EATFALN C 7455, B
ffiff] os FXARFL G PyUnicode_FSConverter () VEN #1053k,

3.5 B AE: DARYT, 4 Python FAFH3 B E] T i ARY null A% &5 % TypeError .

s* (str sibytes-like object) [Py_buffer] X FKikAWEHZ Unicode X R ZRFITRBNR . ©HHIH
MERBER Py_buffer ZiMMIRIE. XHBERE C FAFER TR & # AR NUL 747, Unicode X 41l
i tutf-8" HIEFALIN C TR

s# (str, read-only byfes-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 'ut £-8"' encod-
ing.

z (str 5{ None) [const char *] 5 s 2{pl, {H Python Xf Q1] il None, FERXFEN T, CF84HiE N
NULL,

z* (str. bytes-like object 3¢ None) [Py_buffer] 5 s* 25, {H Python X}4t5 0] E- None, FEXFPE I
N, Py_buffer £ buf R E N NULL,

z# (str, read-only bytes-like object 8%#; None) [const char *, Py_ssize t] 5 s# 240, {H Python XfZth ]
B4 None, FEXFMEILT, CH5EHE N NULL,

y (MEF{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.

3.5 i AE: DART, 4TS P X Al TR AR null SFA5 5] % TypeError o

y* (bytes-like object) [Py_buffer] s* (75, 52 Unicode %4, N2t B mias i, 352 k]
Bdni i itk

y# (read-only bytes-like object) [const char *, Py_ssize_t] s# HJZFR,, A325% Unicode N5, HiE 77y
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S (bytes) [PyBytesObject *] Requires that the Python object is a byt es object, without attempting any conversion.
Raises TypeError if the object is not a bytes object. The C variable may also be declared as PyObject*.

Y (bytearray) [PyByteArrayObject *] Requires that the Python objectis abytearray object, without attempting
any conversion. Raises TypeError if the objectis notabytearray object. The C variable may also be declared
as PyObject™.

u (str) [const Py_UNICODE *] ¥—~ Python Unicode X} % %44k iliF5 1] — N PAZS 2 111 Unicode 425 X
HIe% . WabhZife A—/~Py_UNICODE FREIASEMHIML, 7468 T — A48 1M C 2 A7#E ) Unicode 2811 X
PFEr . WEYER—ANPy_UNTCODE FEBY ) FAF G BE I T S ik 1 (16 (5 32 i), Python F4FH:
DAASBEAL E i AR null AARS A5 WA, 51K —A> ValueError ¢4,

3.5 i BEAE: DART, 4 Python FAFH3 B E] T i ARY null A% &5 % TypeError .

EAERA 3.3 B AHEBE A, M & 8 BA 3.12 iR, « X2 IHMAEX Py _UNTCODE APL i i #
fPyUnicode_AsWideCharString/().

u# (str) [const Py_UNICODE *, Py_ssize t] u ByZ25=, FEFHA C AR, SB— 4845 M —1 Unicode
BRI, BB ENKE. B null 155,
HAEA 3.3 AR M, #&HBRA 312 PR kR, © X2 IR Py _UNTCODE APL i iE#
ZPyUnicode_AsWideCharString/().

Z (str of None) [const Py_UNICODE *] 5 u 2%}, {H Python X} 4 4 W] §E & None, ¥& X fh15 i
FPy_UNICODE $8%ti% & 5 NULL,
FAEIAS 3.3 AR A, M & HBRA 312 v kR, © X2 IHWRAEPy_UNTCODE APL i iE#
ZPyUnicode_AsWideCharString/().

Z# (str 8§ None) [const Py_UNICODE *, Py_ssize_t] 5 u# Z5b, {H Python XA HE N None, FFiX
FEM R Py_UNICODE #8414 A NULL,
HAEA 3.3 AR, #&HBRA 312 v kR, © X2 IHBRAEPy_UNTCODE APL #§iT#

ZPyUnicode_AsWideCharString/().

U (str) [PyObject *] Requires that the Python object is a Unicode object, without attempting any conversion. Raises
TypeError if the object is not a Unicode object. The C variable may also be declared as PyOb ject*.

wx (W[ %5bytes-like object) [Py_buffer] jxA>3RikHe 2 AT 5L BT 155 A7 DX TR 5. i T A
fefbipy_burfer FiMIRIE. ot AT REFFAEIRA MY null 5235, 24 ZEof DR S i ) 1 38 7 2R
HPyBuffer Release (),

es (str) [const char *encoding, char **buffer] s {7255, ‘B¥ 4551 Unicode FHFEAFHEZMX ., B R
AEFEE A fix NUL “E5 1) 2 g Eicd -

This format requires two arguments. The first is only used as input, and must be a const char* which points
to the name of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding is used. An
exception is raised if the named encoding is not known to Python. The second argument must be a char* *; the
value of the pointer it references will be set to a buffer with the contents of the argument text. The text will be
encoded in the encoding specified by the first argument.

PyArg_ParseTuple () £ He—" R/, 15405 a5 W ECE 5 DX > G ap X Bk E
*guﬁer 5| XA H R NS . & A AR SR Pyen_Free () ZBEE &0 BN %
WX,

et (str,bytes or bytearray) [const char *encoding, char **buffer] il es F[F], & T A EHRLE AN
FRARENG . MR, BREEANSEEHGENFAF IR

es# (str) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] s# 255, "B 52 4w A5 A Uni-
code FARAEATAZMIX . MM es Tk, BAVMEAMNEIEL S NUL F£4F,

It requires three arguments. The first is only used as input, and must be a const char* which points to the name
of an encoding as a NUL-terminated string, or NULL, in which case 'ut £-8"' encoding is used. An exception is
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raised if the named encoding is not known to Python. The second argument must be a char * *; the value of the
pointer it references will be set to a buffer with the contents of the argument text. The text will be encoded in the
encoding specified by the first argument. The third argument must be a pointer to an integer; the referenced integer
will be set to the number of bytes in the output buffer.

A PR

U2 *buffer 1716 NULL $55F, WK ECREM OB el R/ e X, R 2 B0 A Rca i i B st e X, F5t
B *buffer VAT B 2 BLAE Gk . FRINE SASTIR T PyMem_Free () VAERT SRR BLA ek IX .

WA “buffer 417 E NULL $85F (EARCHIZNIX), WryArg ParseTuple () X H AL EAR R ZZ vk
X, H¥F *buffer_length WIFIIRIEMRRE A X KN, BRIG, BRI g2 w2 b X, Ak
To WRZPX ALK, KFikE —1 ValueError,

TEIXPIAGI T+, *buffer_length YR E % i J5 45 A NUL B8 A JEE

et# (str,bytes i bytearray) [const char *encoding, char **buffer, Py_ssize_t *buffer_length] #
es# M, BT ARAERLEAMFGRENE, MR, CHEREASBUE RIS 4R,

e

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] J$—{f Python E##([F5 C #¥ short int.

H (int) [unsigned short int] }§—{§ Python ##§i#(FI, C () unsigned short int, PH[FEFEMERS (AT .
i (int) [int] J{§—{F Python E&#i#(FI C 19 int,

I (int) [unsigned int] }%—1# Python ¥ 8fi#[F)% C ) unsigned int, E[FRRFEMES AR .

1 (int) [long int] #§—1{F Python ###(EFI; C 1Y) long int.,

k (int) [unsigned long] j{%—{i Python ##{##[EF]j C ) unsigned long, WHEIEFEMERE VART .

L (int) [long long] 4§ Python #3i#[F) C i) long long.

K (int) [unsigned long long] ji%— i Python ##{#[EI % C 1) unsigned long long, H[EJiH 2 M4 (745
#,

n (int) [Py_ssize_t] #§—{§ Python B ## [ C Py _ssize t.

c (bytes 8 EJ¥[E] 1 ) bytearray) [char] Convert a Python byte, represented as a bytes or bytearray
object of length 1, to a C char.

3.3 fRH s AFF bytearray Y.
Cc (REJ¥[E] 1/ str) [int] Convert a Python character, represented as a st r object of length 1, toa C int.
£ (float) [float] 44— Python J% B8 (] C #¥:citype:float.,
d (float) [double] j%§—1{f Python %2 ##E )i C f):c:type:double.
D (complex) [Py_complex] 45— Python [Fl#i(EI, C ) Py_complex ik,
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Hivhtt

O (¥ufF) [PyObject *] #f Python XfR (RNIMATALMIEEHN) (FiffE CXIgdRsH. Bk, CRFHEIKC%iE
WSEERA R . WRIGIITEN S . FPiEFREA 2 NULL,

o! (Y1) [typeobject, PyObject *] Store a Python object in a C object pointer. This is similar to O, but takes two
C arguments: the first is the address of a Python type object, the second is the address of the C variable (of
type PyOb ject*) into which the object pointer is stored. If the Python object does not have the required type,
TypeError is raised.

o& (Y1) [converter, anything] Convert a Python object to a C variable through a converter function. This takes two
arguments: the first is a function, the second is the address of a C variable (of arbitrary type), converted to void*.
The converter function in turn is called as follows:

’status = converter (object, address);

where object is the Python object to be converted and address is the void* argument that was passed to the
PyArg_Parse* function. The returned status should be 1 for a successful conversion and 0 if the conversion has
failed. When the conversion fails, the converter function should raise an exception and leave the content of address
unmodified.

4 converter iR |7 Py_CLEANUP_SUPPORTED, MIANRSHMENTHZRN, B 0] RES R Z R %L,
Mg G LSRRI E A L AT N AE . AESE MR, object 280/ NULL; F L, SR
S NULL; G, %SECRN NULL, I, %S5 NULL Y (W R{E) 4 O NULL address {E S
JE BRI A ]

3.1 iR ¥4 A Py_CLEANUP_SUPPORTED,

p (bool) [int] ML AFIELRT N E (—DA/RFIB FH HAFGER AN I B C true/false B . AI5¢
FRFONHE 1, BWE 0, B2 AL Python {H. 2, truth ZRIFUH 2 5T Python Wi il i {H
NEMEE

3.3 BUHTIMA.

(items) (tuple) [matching-items] X502 Python J751], ERYKIEIRE items FiEA TR . C 28
WK items g — D ISLAARENETC. FPEHAIAS X BICH] REA HE

f& i "long” HEH CREBUPAEERL 1 -5 1Y LONG_MAX PR 2l RERY, SR BA IEATIE 24 )T AR I —— 243
W BRI B O BIMELIN, A BB L R NT (SEFn b, C 155 SAETE SCR 1 SRk 5t il S 2 e
He— BRI T RS KAL) .

ReAAC AT ER b A — B A ) AT B R R AR S . IR REH MR EAEIRE 5. BT

| FEHILE Python 5051 35 3] T (1) S4B BT 2y . C A8 B0 I [ W] e S 5038 B i b B 24—
RSB TR ERS, PyArg ParseTuple () RNEEVIHMN Y C A8 & (A 4E) MINEE.

$ PyArg ParseTupleAndKeywords () only: FRHITE Python Z¥{51|F | S HA 2 i il KB S50
MHT, TSR] AR E S ECE A R S, BT EATER A | I EAE S BT .

3.3 BUHTIA.

o AR EICHSIRE AR B I AT BT R A N BRI R P I BB (PyArg_ParseTuple () K
IR “RERE” 5.

i MERITISIRETAARE 05 5P AR SO R A B BUUBOA R BRI . = A MEHER
FERATA R 2 B2 0370 Python X R 52 f5 ka9 5115 AZLEBENTH5 TR

3 253K L8 pR B RIS b 2 A AL 4 H Al s ) A R bk s X U2 L RAT it ACALI(E . A
—SBELL, AN BT ARSI R T TR, XS B TERXFELL T, BTN ARIEAE
TE R AR .
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For the conversion to succeed, the arg object must match the format and the format must be exhausted. On success,
the PyArg_Parse* functions return true, otherwise they return false and raise an appropriate exception. When the
PyArg_Parse* functions fail due to conversion failure in one of the format units, the variables at the addresses corre-
sponding to that and the following format units are left untouched.

API Fzt

int PyArg_ParseTuple (PyObject *args, const char *format, ...)
Part of the Stable ABL T — PRI S4, XX PSS B E NP AN RAE & 3R
[ true; RN [A] false F H.5 | KA W) 54 o

int PyArg_VaParse (PyObject *args, const char *format, va_list vargs)
Part of the Stable ABL. flPyArg ParseTuple () f[E], SRWEHEEZ— va_list 5B S H0M A 2 148
B SHUE.

int PyArg_ParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords[], ...)
Part of the Stable ABL J3 M1 (3B Z40M 5 i 7 2 R0 ) I T 45 JR i AE B A R B S 8. keywords S48
B XRET LTI NULL &8 . 25 FRFonpositional-only parameters, KR A true; & A= &
I, ERFaR ] false I5 1 AMH L) S o

3.6 IR &R U T positional-only parameters W 34

int PyArg_VaParseTupleAndKeywords (PyObject *args, PyObject *kw, const char *format, char
*keywords[], va_list vargs)
Part of the Stable ABIL. fllPyArg ParseTupleAndKeywords () #H[E], BRI EHEZ—A va_list 5[

S A WA B R S UL

int PyArg_ValidateKeywordArguments (PyObject*)
Part of the Stable ABL i ff FH P X BF S WA 2 F AR XP-RBE AP EH
TPyArg ParseTupleAndKeywords () AMEERMER T, EHCEANFHBOXFEIRA .

3.2 HTMA.

int PyArg_Parse (PyObject *args, const char *format, ...)
Part of the Stable ABL pREH T RMTIY “IHEAL" A S FR— X LUK B[ 111 METH_OLDARGS
SAURNTTTIAE N Python 3 WRESIR . SONPHER T U IS B, I HAEAREMRR S P K2
FRMOEY, CAHHTZEN. E0RIMET AT, R AT RER N iX A H R dkei i
il

int PyArg_UnpackTuple (PyObject *args, const char *name, Py_ssize_t min, Py_ssize_t max, ...)

Fart of the Stable ABL. 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 max; 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.

KRR B R B, BUE _weakref HFBIBHUTI R ST | A JEACH -

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

PyObject *object;

PyObject *callback = NULL;

(Rt
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(R —H)

PyObject *result = NULL;

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

}

return result;

}

EAE R PyArg UnpackTuple () SEEZM T PyArg ParseTuple ():

’PyZ—\rg_ParseTuple(args, "O[O:ref", &object, &callback)

6.6.2 QIZETE

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

Return value: New reference. Part of the Stable ABI. Create a new value based on a format string similar to those
accepted by the PyArg_Parse* family of functions and a sequence of values. Returns the value or NULL in the
case of an error; an exception will be raised if NULL is returned.

Py_BuildvValue () HA—HAIE ol HAYERRLFR RSS2 e
Sl Ied . R RS, BRE Nones MR BAG— M HIT, BikIA hgA T
TCHATI AL X5 5 A% 2 A A il AR ) & 3R [l — SR/ 0 30 1 oe4ls

2 FE AT DI EE A S EOE A% 8 R @ Xt ), W s Fios# A8 R IT, ¥ ISR
Wi W E PR S oh KMORFA 2P Py _Buildvalue () QX EEGI . HAiED, W
FARH ARSI malloc () F HRF B NAF S AZ 88 45 Py Buildvalue (), YRIGARDHA T
fEPy_BuildvValue () IREIREAH free () .

A N THA T, G 5 R AR IT; B35S O ARG ZAR U ICRF 2R (] Python X 4387 ;
Tifts [ NI ALY C A8 5 (R ) 1AL,

FREBINZA, HIRAT, B SHE SIER LA h S am (B AR NI, W s#h). &Xn]
PABEAR A (A% s A 7 A7 H LA S A 1 R

s (str o None) [const char *] ffiff] 'utf-8" FiD & 1L C FRFEEHE N Python str X4,
R CFFERIEE N NnULL, WA None.

s# (str o None) [const char *, Py _ssize t] ffiff] 'utf-8"' iGN C F&FE L H K i N
Python str X4, W% C FEAFF48E N NULL, WHCEERF B 2%, IR 1] None,

y (bytes) [const char *] j%ff C AR, Python bytes X4, AR C FAFEHFEEH NULL, WHR
[H] None,

y# (bytes) [const char *, Py_ssize t] iX&Ff C FAFHEE KHK BN —A Python X142, 1% C
FAFRFEEN A NULL, WR[E] None,

z (str B None) [const char *] F1 s #H[H].
z# (str of None) [const char *, Py _ssize t] Fl s# fH[dl.

u (str) [const wchar_t *] Convert a null-terminated wchar_t buffer of Unicode (UTF-16 or UCS-4) data to
a Python Unicode object. If the Unicode buffer pointer is NULL, None is returned.

u# (str) [const wehar_t *, Py _ssize t] Jf Unicode (UTF-16 5 UCS-4) $3E 5% X K HK B ek
Python Unicode X4, #15 Unicode Z4h X540 NULL, N ER9EZ0%, HiR ] None.

U (str 5§ None) [const char *] I s #H[A].
U# (str 5f None) [const char *, Py _ssize_ t] il s# fH[f].
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i (int) [int] j#$—f# C ) int FEIRL Python FEUH1F.

b (int) [char] #%—1f# C ¥y char #[EIA Python B4,

h (int) [short int] }§—f C 1) short int MH[EJA Python H&#yy{t: .

1 (int) [longint] 4 C iy long int EE[FIA Python B EI{f.

B (int) [unsigned char] ¥§—{% C ) unsigned char [E] Python #8414+ .

H (int) [unsigned short int] #§—1f C ) unsigned short int H[EI Python #3i{4:,
I (int) [unsigned int] }}§—{ C [ unsigned int H(FJE{ Python ¥y .

k (int) [unsigned long] J§—1 C [ unsigned long E[EIA Python Eddy{4: .

L (int) [long long] #%—1# C ) long long #(FIEL Python HE# {4

K (int) [unsigned long long] #§—1f C f) unsigned long long H[FJA Python ¥4 {4:.
n (int) [Py_ssize t] ¥l C [Py _ssize t {H[F)i{ Python ¥ #f,

c (BEE 11 bytes) [char] % — 1 C 1 fF— (7 T int #E[E AL Python w2 i [F] — 1)
bytes,

C (REE 1 str) [int] f§—f C P FE—EFICH int BER Python R EF— str.
d (float) [double] j§—1f C ) double J&#[EI/Y, Python 37 Ef#,

£ (£loat) [float] 45— C [ £loat H[EIAY Python 5 B .

D (complex) [Py_complex *] #—1fil C fAjPy_complex &HEHE(E] 5 Python [EJ#.

O (#1F) [PyObject *] Hf Python Xf G L s AAE (L5 AVHER A, &iT4dh 1 81) . REA
FIXT 4 /& NULL $84F, WIMBCE X2 T4 S E0W T8 A LA DOF I E R m g R m. B,
Py BuildValue () ¥R NULL, (HEAS5I K FHE . WRM ARG K72, WiE SystemError,

S (¥1k) [PyObject *] i1 0 #[].

N (¥1F) [PyObject *] 1 0 MH[], SR EIHAMMXTZES AL 24818 S50 £ x50
TR AN X RS

o& (Y1) [converter, anything] Convert anything to a Python object through a converter function. The function
is called with anything (which should be compatible with void*) as its argument and should return a "new”
Python object, or NULL if an error occurred.

(items) (tuple) [matching-items] Ff—> C 7 &7 51|45 i, Python STl HCREFAH R ST R AR .
[items] (list) [matching-items] f—> C 7% )7 5145 i Python 4 R HOREFHH [ Y TT R AR
{items} (dict) [matching-items] K —A~ C 72 &7 5|46 i Python “Fillt. HF—XJIEZEH) C A HXE
H—ICEBA A, B K HIME .
WSRAR AR B R, B SystemError S iR [H] NULL,
PyObject *Py_VaBuildValue (const char *format, va_list vargs)

Return value: New reference. Part of the Stable ABL. #1Py_BuildvValue () f[F], SR EHEZ—1 va_list
REPISEM A2 AR BN S
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6.7 FRE[MREXt

S T o ORI SR - R i A

int PyOS_snprint £ (char *str, size_t size, const char *format, ...)
Part of the Stable ABL RIEM R FLEE formar FUSINSE, A size 7473 soro 2 I Unix F
W snprintf(3),

int PyOS_vsnprint £ (char *str, size_t size, const char *format, va_list va)
Part of the Stable ABL AR¥EAK X FAFER formar FAZ S HB 3R va, Hiib A size NFATE] soro S
Unix A vsnprintf (3).

PyOS_snprintf () MIPyOS_vsnprintf () 133 CHpEREREL snprint £ () Ml vsnprintf () « B
F 2 PRUEAER S I O T B — 2728, AR C AR BOUA AR

The wrappers ensure that str [size—1] isalways ' \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 tothe C99n = snprintf (NULL, O, ...) whichwould
determine the necessary buffer size.

o B (rv) 4535 S0 R ST S g s T
M0 <= rv < size B}, HHFEBREEIIIHRE v NFRHBEAR sr REFERRE strlcv] B
"\NO"' FI),
Y rv >= size i}, MiHFHSEENIFAFTE NEA ov + 1 FEHEP XA RERIIIAT. TELE
TE0LE strisize-11 2 '\0"'.
o Mrv < 0B, " SRAERNFHFNE. "HEWENT strisize-1] 4 '\0", {Hsr FUHAH D REA
FE SR . AR IRA BRI BT R E 5 .
PAR BRI (L5 18 5 A TC K ) 4 H B R e ke

double PyOS_string_to_double (const char *s, char **endptr, PyObject *overflow_exception)
Part of the Stable ABI. Convert a string s to a double, raising a Python exception on failure. The set of accepted
strings corresponds to the set of strings accepted by Python’s f1oat () constructor, except that s must not have
leading or trailing whitespace. The conversion is independent of the current locale.

2k endptr & NULL , FEHEBEANFAH . 5Kk ValueError If Hik[\ -1.0 WHRFERFRAZ IR AL
IR ERY G U ST =W

W endptr AN NULL , RAEL WA AT IR *endptr BB NG 25— R F1F .
WA RF R R I B 07 S A RN 2B, K *endptr W E MBI FRARHI K, 51K
ValueError %%, FFHikE -1.0 .

WA s FoR— D RKMABAFMHE—NMFRBCTE (WrBt, "1e500" fEFZ & FR— N F4F
H) RIGUNHE overflow_exception J& NULL jR[H Py_HUGE_VAL (Hi&ENSMAFS) HHAKELT
s dE . FEHAMIT, overflow_exception Mg —> Python R X4 51k RH RN -1.0
o TEXHAMELL T, WHE *endptr FEFEIREZ G5 — N F14F.

WA R ) K A AT A AT R (Hban— AR R A R) . S 2411 Python 533 1 HLiR [u]
-1.0,

3.1 BUETIA.

char *PyOS_double_to_string (double val, char format_code, int precision, int flags, int *ptype)
Part of the Stable ABI. Convert a double val to a string using supplied format_code, precision, and flags.

B XEBUHRA TR Z —, e, "EY, VEY VFY, TG, TG B Tt X et SR AR LR
0, 'r' MAHEE TARHEREL repr () #53K.

flags A] DA Nl HA{E Py_DTSF_SIGN, Py_DTSF_ADD_DOT_0 8{ Py_DTSF_ALT By H4 &
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* Py_DTSF_SIGN £/n B &R bl AT al M — 52455, B val RS
e Py_DTSF_ADD_DOT_0 F/RAfiffiR [l (i F 45 8p B R AR 2 — 4L

e Py DTSF_ALT FonMW ™ B # AL . A 4I5S M PyoS_snprintf () "#' EXX
4.

R ptype K NULL, W& 38 1 09 {8 5 #% % & Py_DIST_FINITE, Py_DTST_INFINITE B}
Py_DTST_NAN W J—A>, 5IF7R val 2 —NERRET . TTRREF SRR .

1B B — 8 ) AL & 5 0 5 A4 B 1 buffer BTSSR, QISR FEH S WO SN NULL. 8 7 B B
HpyMem Free () RREHGR B F4FE o

3.1 BUHTMA.

int PyOS_stricmp (const char *s/, const char *s2)

TR KNG . ZRBILTS stremp O WA AME, 2B TN,

int PyOS_strnicmp (const char *s/, const char *s2, Py_ssize_t size)

TREAR KNG . ZRBILFS strnemp O BT/ ME, QR ERM TN,

6.8 R

PyObject *PyEval_GetBuiltins (void)
Return value: Borrowed reference. Part of the Stable ABL 1% [B] 24 Fif $847 i 77 PN B BR B0 i, 4028 24 mivk
AMUEFEAT, R [ RFRRAS 0 RS -

PyObject *PyEval_GetLocals (void)
Return value: Borrowed reference. Part of the Stable ABL 1% [B] 24 B #0470l H 53 A s il il SRy 24
BT WO R [E] NULL.

PyObject *PyEval_GetGlobals (void)
Return value: Borrowed reference. Part of the Stable ABL 1% [0] 24 Fif A7 i F 4 JRp A e R 2 L, S SR 24
HIPAT B UR 8] NULL.

PyFrameObject *PyEval_GetFrame (void)
Return value: Borrowed reference. Part of the Stable ABL 3} [0] 24 g R BRI, 4058 B 24 Hi P AT 19 g
IR [5] NULL,

HEi R PyThreadState _GetFrame (),

PyFrameObject *PyFrame_GetBack (PyFrameObject * frame)

R frame 2y~ — AN

25 Rl —Astrong reference, SE AR frame AT AN A NULL,
frame A W][E] NULL,

3.9 BUBTMA.

PyCodeObject *PyFrame_GetCode (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. 3REX frame WJ{CHY .

iR [8]—~~strong reference
frame WJFUR N NULL. 54 (Wi9FCRS) RAEHN NULL.
3.9 BUBTIA.

int PyFrame_GetLineNumber (PyFrameObject * frame)
Part of the Stable ABI since version 3.10. iR |0 frame 4] IETEHATHIFTS

frame ANT][E] NULL,
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const char *PyEval_GetFuncName (PyObject *func)

Part of the Stable ABL Y12 func 2 pR %L, RelSLHxIGe, WHREIERZAFR, 5 NRIE func (ZRILH4 R

const char *PyEval_GetFuncDesc (PyObject * func

Part of the Stable ABL f2#i func FIZEBLR B4 A FAF R . 1R B{E TS ui&%ﬂﬁ&ﬂ’]”()” ” constructor”, ”
instance” fiI” object”. HPyEval_ GetFuncName () WIZ5RERE, F5FKE func HIFHA

6.9 4RSI M SZIFThGE

int PyCodec_Register (PyObject *search_function)

Part of the Stable ABL - F—™ 357t 4 A 5 18 2R R 50
YERRIWER, H2N# encodings U, WIRMARTER, WEHRTEHAN TEREEINRNE (L.

int PyCodec_Unregister (PyObject *search_function)
Part of the Stable ABI since version 3.10. 45—/ R A5 18 & R B R i 25 Hiﬂﬁi%%ﬁ MRS E R R
BRI, WABUEATHRAE. SR 0 0. WG| R — >R IFiR

3.10 BUHTIA.

int PyCodec_KnownEncoding (const char *encoding)

Part of the Stable ABL MRIEFEMIZ & encoding B ImfRIS A 275 CAFAEM R A] 1 8¢ 0. MR RE AT

PyObject *PyCodec_Encode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL 7 T Jg iR a5 E AR Y AP,

object i I F errors AT i X EEIRAC PRI AL R 25 5 encoding YRS e R EL . errors W] PAK NULL ZEn (il
TR g T SCRERIA T e QAR FRA B il W 25| & LookupError,

PyObject *PyCodec_Decode (PyObject *object, const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL 7 F Jg iR 45 B AR AY AP,

object fi J1J iy errors Jt 5 S E DAL BT VAL B 45 3E encoding YRS %K% errors MDA NULL FR il
A A AR S i SCRBRIATT ¥R o BRI B S RIS A5 ) 225 % LookupError.,

6.9.1 Codec &1k API

TE ROV, encoding 75 53 XA AR HEAIN /NG PRI, 33X SR 1 EATL ) 25 H A b A 55 s bk
KANGABUR. WERARIENET g DS, WKFE KeyError HiR [ NULL,

PyObject *PyCodec_Encoder (const char *encoding)
Return value: New reference. Part of the Stable ABL “K#25 E W encoding FREL— "S5 B E .

PyObject *PyCodec_Decoder (const char *encoding)
Return value: New reference. Part of the Stable ABL “K#5 iE W encoding IREL— RS #5 KA.

PyObject *PyCodec_IncrementalEncoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABL %5 E ) encoding 3RIL—1> IncrementalEncoder

R

PyObject *PyCodec_IncrementalDecoder (const char *encoding, const char *errors)
Return value: New reference. Part of the Stable ABIL “h%5 € Y] encoding 3RELl—> IncrementalDecoder

X5

PyObject *PyCodec_StreamReader (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL “HZ5 €W encoding $Bl—~ StreamReader L] K%L

PyObject *PyCodec_StreamWriter (const char *encoding, PyObject *stream, const char *errors)
Return value: New reference. Part of the Stable ABL “j#5 €] encoding 3REl— StreamWriter T.J K%L,
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6.9.2 FF Unicode 4wt IBIEFRYEME API

int PyCodec_RegisterError (const char *name, PyObject *error)
Part of the Stable ABL FE45 € i) name 2 F YENHE IRAL IR B B AL error. 1R R FE— > S Al I 2
18 2 TCIR G 5 10 A5 TTIE RS I 5 Bl 91 H. name 946 %€ M encode/decode bR %0 1 error JE 2}
H 2% G R s AT ]
Z | O KR K & B % — 4 UnicodeEncodeError, UnicodeDecodeError &}
UnicodeTranslateError HYSLHIAEN M2 4, Hp 4 & X T/ 845 807 45 17 91 & H
TIPS MRS G E (32 5 Unicode 13 7 % 1 fESEIUAS B B ) o % 1018 R R0 5 |
KEER R, SO IR BN EG W8T 5 AP AR e, DA — SRR RS AL
BB N AEAT A0 B VKIS St/ i A
SR ] <0, RIS A& [a] -1

PyObject *PyCodec_LookupError (const char *name)

Return value: New reference. Part of the Stable ABL. B3R 7E name 2 MY 4AS RAC PR R R 2. AE Bl
AT AE A NULL, GO0 T K522 [0 B X strict” (945 15 A0 21 0] i R 44

PyObject *PyCodec_StrictErrors (PyObject *exc)
Return value: Always NULL. Part of the Stable ABL 5|k exc /£ R4 -

PyObject *PyCodec_IgnoreErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABI. ZI% unicode 45i%, Bkid4S =iy A .
PyObject *PyCodec_ReplaceErrors (PyObject *exc)

Return value: New reference. Part of the Stable ABL {fiff] ? 58{ U+FFFD ## unicode Jmfi4tiR.

PyObject *PyCodec_XMLCharRefReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI fifi F§ XML 455 | Fi 24 unicode 4 g% %

PyObject *PyCodec_BackslashReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABL i ] Je BIFLHE X AF (\x, \u A1 \U) Zi# unicode 445
o

PyObject *PyCodec_NameReplaceErrors (PyObject *exc)
Return value: New reference. Part of the Stable ABI since version 3.7. ffi[] \N{ . ..} & Y £7#& unicode %
PR .
3.5 HUHTIA.
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CHAPTER /

HhZ 414k 8 (Abstract Objects Layer)

AE Y R B Python YA EAEH, ke HAUE], sCRA B SER 240 (Fianirf e 2L Es i A
Jr A IED) o BN A 24T, A" €3] 8% — {8 Python [E% (exception).

15 B bR SRR TR AR R IERERI G4 1 (Blin—M i pyLise_New () ESCAY st 9944) , i Hh g IEH
[ ¥l [E—22 4 NULL #9918 ..

7.1 HRMY

PyObject *Py_NotImplemented
NotImplemented BB, MFHMCHANRIEBAHIES ERBAAGHITLI.

Py_RETURN_NOTIMPLEMENTED
C BRBUNTPN IR T Py_Not Tmplemented AR EISAE (BRI N NotImplemented (145 | F 14591 1% 7]
Z).

int PyObject_Print (PyObject *o, FILE *fp, int flags)
FERIG 0 GBS fpo WASIHRI -1 o HEFRSEOH T8 FR € i e 5. B i vE— ORI IR I
s& Py _PRINT_RAW; HIIRZHHZE, WHRFHAXZRE str () MAZ repr ().

int PyObject_HasAttr (PyObject *o, PyObject *attr_name)
Part of the Stable ABL 1R o W4 Jg 4 attr_name, Wk 1, W3R [E 0. XAH24F Python FEiA5
hasattr (o, attr_name). HEEEENRT.

HE, FEWA __getattr_ () fil __getattribute_ () HFiERT RN S REOANE] . 25 2RI
i, HHPyobject_GetAttr() .

int PyObject_HasAttrString (PyObject *o, const char *attr_name)
Part of the Stable ABL U o A J&1VE antr_name, Wk 1, FHWRFE 0. XAH2Y4F Python FEiKk=
hasattr (o, attr_name). HEEEERI).

HE, WA _getattr__ () fl _getattribute__ () FEFEIE—IGE PRI SRE, F6#
Pl AP R, W Pyobject_GetAttrString() .
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PyObject *PyObject_GetAttr (PyObject *o, PyObject *attr_name)
Return value: New reference Part of the Stable ABL. MR 4 o FEEHL4L K attr_name ()@ M. Eh& [E] @ 1k
B, ZeIBU3RE] NULL. 3X4H24F Python 3K o.attr_name,

PyObject *PyObject_GetAttrString (PyObject *o, const char *attr_name)
Return value: New reference. Part of the Stable ABL. M¥f 5 o FEEEL—1~%4 N attr_name W Jg M. IIHHR
m @A, RMOUR A NULL. 3XAH24F Python i o.attr_name,

PyObject *PyObject_GenericGetAttr (PyObject *o, PyObject *name)
Return value: New reference. Part of the Stable ABL i JH W @R BUR 0, BTt AR R B
tp_getattro . EYERKF I (uﬂ:XT%E’J MRO 1) ERIEABAT %TXT%EI’J dict__
PR FAE . A descriptorSFﬁ &, BARHATF TR BE M, MRS R M. R

&% AttributeError .

int PyObject_SetAttr (PyObject *o, PyObject *attr_name, PyObject *v)
Fart of the Stable ABL Y§X§5¢ o 11477y attr_name (J@ (BN v o RIS 257 HIFRI 15 B
&\ “0“ . XAH24TF Python i5/7] o.attr_name = v,

st v oA NULL, ZEMES R . AT AER SIS Pyobject_Delattr (), {HHHEEA
A R R

int PyObject_SetAttrString (PyObject *o, const char *attr_name, PyObject *v)
Part of the Stable ABL $X % 0 44K attr_name E’J}% EAEEN v o RG] &K Bazm -1 wIhnt
&\ “0* . XAH24TF Python if/A] o.attr_name = v,

W v o NULL, @M, (B2sec s Ay Sl Pyobject_DelAttrString ().

int PyObject_GenericSetAttr (PyObject *o, PyObject ¥*name, PyObject *value)
Part of the Stable ABL i ] i) @ PEBCEAMER &, M T IMA RN R tp_setattro i, EFER
A (BT XA MRO ) ARBRAR S, WERFE], MR HE A S5 gt b i B s )
PRt AT. B0, ZEERHEN RN __dict_ WhECESMER. AR E 0, ARG %K

AttributeError JfiR[H] -1,

int PyObject_DelAttr (PyObject *o, PyObject *attr_name)

WEEXT % 0 W44 M atr_name W)J@ME . RN -1, XAH24TF Python i5/] del o.attr_name.

int PyObject_DelAttrString (PyObject *o, const char *attr_name)
WG4 0 44K attr_name W) @M. FRIEHHRM] -1, XAH2T Python if4) del o.attr_name.
PyObject *PyObject_GenericGetDict (PyObject *o, void *context)
Return value: New reference. Part of the Stable ABI since version 3.10. __dict___ #§iRAF I HER B —Fp
WIS DI 2R T .

3.3 BUHTMA.

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

Part of the Stable ABI since version 3.7. __dict__ & B KRB —FhdE FsE . X B A gz
it

/\0

3.3 BUHTMA.

PyObject *PyObiject_RichCompare (PyObject *ol, PyObject *02, int opid)
Return value: New reference. Part of the Stable ABI. opid j’ TEERAE [:[ﬁfé ol o2 E’J{E PR Py_LT .

Py_LE . Py_EQ. Py_NE ., Py_GT B Py_GE Z—, RN T “<, <=, ==, =, >5H>=, ‘1‘_
HH24 T Python $ik3{ 01 op o2, HH op EXFW. T opzd HIHRAERT o ﬁJZIjJHT Bl R, 2R TR
NULL,

int PyObject_RichCompareBool (PyObject *ol, PyObject *02, int opid)
Part of the Stable ABI. Fi opid 3§ & I ERE LS ol F1 02 H9fH, W2 Py_LT . Py_LE . Py_EQ.Py_NE
. PY_GTH{Py_GE Z—, AN T <. <=, ==, =, > 8 >=, FRIRN] -1, #4508 H false 1
RE O, ANARE 1. XA YT Python ik ol op o2, HH op XN opid E’J%@M’Fﬁo
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HE): WS ol Fl 02 B[d— N5, Pyobject RichCompareBool () k Py _EQ MR[E 1, K Py_NE N
iR [H 0.,

PyObject *PyObject_Format (PyObject *obj, PyObject * format_spec)
Fart of the Stable ABI. Format obj using format_spec. This is equivalent to the Python expression format (ob7j,
format_spec).

format_spec may be NULL. In this case the call is equivalent to format (ob7j). Returns the formatted string on
success, NULL on failure.

PyObject *PyObject_Repr (PyObject *0)
Return value: New reference. Part of the Stable ABL 1% 2 o INFAFERTEN . IR [ FZ4FE, 2RIt
iR [H] NULL, iXAH24T Python Fik3 repr (o) . HHHNEKEL repr () HH.
3.4 JiH 5 R ECRAE B B — IR, DA ERAS SRR 2 5005 Bl 8

PyObject *PyObject_ASCII (PyObject *0)
Return value: New reference. Part of the Stable ABL. 5 PyObject_Repr () —FE, T1HEIMNE o IFEFETE
X, [BYEPyObject_Repr () RMIAFAFER A \x. \u B \U §% Xk ASCH F4F . 130RHAE l— A1)
T Python 2 1y PyObject _Repr () RIFIHF4FH . HNEKE ascii () FH.

PyObject *PyObiject_Str (PyObject *0)
Return value: New reference. Part of the Stable ABIL 118X} 4 o FIFFFHRIER . WINBHER Bl =478, 2t
&[] NULL. 3XAH4F Python ik str (o). HNEKE str () WM, Bt print () A
Ho

3.4 JiH 5 R EORAE B B — DRI, DA RS 0K 2 5005 Bl S8
PyObject *PyObject_Bytes (PyObject *0)
Return value: New reference. Part of the Stable ABL {15X14 o HFET R . KIMATRFE] NULL, BIIER
Bl —ANFATHXGR . XA 2T o A RBEHUNTY Python ik bytes (o) . 5 bytes (o) AFEHZE, 4
SRS WG 0 ) FAT X GA), 2filt&Z TypeError.
int PyObject_IsSubclass (PyObject *derived, PyObject *cls)
Part of the Stable ABL I3 derived 255 cls ZSAH RSO HIRAZE, WERE] 1, FIERIE 0. A5 4R
M| -1,
SR cls J2 e, WISKT cls BEATIRTRGI . Q0o 2 /0 — AR ] 1, 255850/ 1, BINPRE 0.
IEQN PEP 3119 filridk, WK cls 4iH __subclasscheck__ () ¥k, P A E TRIRES. &
W, AR derived ZA-HEZS AT, AMEETE cls. _mro__ W, IAEWE s H—1T%K.
W HAIMGA ZPANK, J type BURAEIHIH. A0, XRATGELS A __bases__ JEE
(R ER e ) SR X — .
int PyObject_IsInstance (PyObject *inst, PyObject *cls)
Part of the Stable ABL G5 inst /& cls JEBCH-F MBI, MR 1, QA2 MR ] <0, fusf i 45 0
Rl -1 HRE R
W cls 52 e, WX cls FEATBIREI . Q2R 20—l ] 1, 25598050 1, FIRHE 0.
BN PEP 3119 ik, 405 cls 3iH __subclasscheck__ () Ji¥k, RFWHH A E TRPPRS. &
W, ANSR derived 32 cls )12, ML BRI cls B— LM,
S inst WILAGM TS __class_ JRMRESRITEE.
K4 cls EEPIAESS, ASEZREA 4, Wl _ bases_ J@fk (2R cd) 78 5.
Py_hash_t PyObject_Hash (PyObject *0)
Part of the Stable ABL 1T B IR BIXT R M A 0. FMF IR -1, XAH2Y4 T Python #ikZ hash (o) .
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3.2 MU A BIAERYIR M 2K A2 Py hash_t. X R/NGPy_ssize t MIFEMARTSEELL

Py_hash_t PyObject_HashNot Implemented (PyObject *0)
Part of the Stable ABI. Set a TypeError indicating that t ype (o) is not hashable and return —1. This function
receives special treatment when stored in a tp_hash slot, allowing a type to explicitly indicate to the interpreter
that it is not hashable.

int PyObject_IsTrue (PyObject *0)
Part of the Stable ABL {IEXT% o #iA N E true, NWHR[E 1, FHR X AH 4T Python FEik % not
not o. RMNR[A] -

int PyObject_Not (PyObject *0)
Part of the Stable ABL QIEXT% o #iA N2 true, WERME 1, FHERME 0, XA4T Python A5 not
not o. RMKNRM] -

PyObject *PyObject_Type (PyObject *0)
Return value: New reference. Part of the Stable ABI. When o is non-NULL, returns a type object corresponding to
the object type of object 0. On failure, raises SystemError and returns NULL. This is equivalent to the Python
expression t ype (o) . This function increments the reference count of the return value. There’s really no reason to
use this function instead of the Py_ TYPE () function, which returns a pointer of type Py TypeObject*, except
when the incremented reference count is needed.

int PyObject_' TypeCheck (PyObject *o, PyTypeObject *type)
WERXTGR 0 2 type ZEBUBCH T2, MR RS, HMIR[E 0. PAZSHERAAIE NULL.

Py_ssize_t PyObject_Size (PyObject *0)

Py_ssize_t PyObject_Length (PyObject *0)
Part Of the Stable ABL iR [IXf5 0 E’Jk&“o ﬂﬂ%ﬂ B o SCRRF RN, LR A S RE . i
iR ] X2 [A]F Python FiA3 1en (

Py_ssize_t PyObject_LengthHint (PyObject *o, Py_ssize_t defaultvalue)

RIS o ST . 1 eseiiR I SEpa K, ARG M __length_hint_ () #7441, fefiRE
BRME . HAEERFRE] “-1¢, XZE[R] T Python A3 operator.length_hint (o, defaultvalue).

3.4 BT

PyObject *PyObject_GetItem (PyObject *0, PyObject *key)

Return value: New reference. Part 0f the Stable ABL iR [0 %4 key Xt o JGE, BFE SRR ] NULL,
X ZE AT Python FiAR o [key]

int PyObject_SetItem (PyObject *o, PyObject *key, PyObject *v)
Part of the Stable ABL Y XI5 key WL EIME ve KRIGETG 1R S8 H R W -1 BIEHRE] 0. XAHY T
Python 141 o [key] = v. ZERE RAMHCy 1951 HITEL

int PyObject_DelItem (PyObject *o, PyObject *key)
Part of the Stable ABL M X4 o FASIEXT 4 key FUBLST . JRIFIRE] -1, X AH4F Python i&4) del
olkeyl,

PyObject *PyObject_Dir (PyObject *0)
Return value: New reference. Part of the Stable ABL #424F Python FEiA= dir (o), R[E—4 (W[EENZ

BXRBRATAHRIIR, MR EENERE NULL, JERSHCY NULL, (L Python fy dir (), WHR

IEIéﬁ i Tocals (145 JXI WA i SIHOIATAERS, MBI NULL, {Heyars occurred () fFEH

false .,

~—

PyObject *PyObject_GetIter (PyObject *0)
Return value: New reference. Part of the Stable ABL. %[6]F Python 1Az iter (o) . NXTRZHR |
— LR, MR ZNROE R DB, MR EXTR A 5. ﬁﬂ%ﬁ%f ERE, 25k

TypeError , FfiR[H] NULL,

PyObject *PyObject_GetAIter (PyObject *0)
Return value: New reference. Part of the Stable ABI since version 3.10. Z£[a]F Python FE3A5 aiter (o) .
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%—~ AsyncIterable X%, I HHIRW—4 AsyncIterator. BHFIRFAE—HENLE, H
WA SHIE— AsyncIterator, FHREIHH &, MAIZMEAEHEN, 251K TypeError, I
iR [A] NULL,

3.10 OB

7.2 IR:0Yig5E (Call Protocol)
CPython 37 3% Wi ff A [A] U RERY 1 7« tp_call Fi1 vectorcall ([a]HifEny ),

7.21 tp_call B5E

BUE tp_call WEEZ FHRZWTIFING . 3% (slot) Yy #(E:

PyObject *tp_call (PyObject *callable, PyObject *args, PyObject *kwargs); ‘

B N 6 —{ tuple (JTAH) FORMIETIEL M dict £on BT 518, BILUA Python F2:5X7%
M callable (*args, **kwargs). args WA NULL (WREG S8, € —f% tuple), {HAN
RIEBASF51 9, kwargs A]PAE NULL,

B RE B E S8 p_call (H], tp_new fltp_init M HRELGES| L
ffifipyobject_call () s HAheF=| API HIFn—{@EH) {4

7.2.2 Vectorcall i§F

3.9 U A
Vectorcall {5 72 fe 75 PEP 590 51 AR, &2 bR XL SRIA R 1 I e 2

KRB L, NS eI R4 {4 8%, CPython BT 0y v & S 1) { F vectorcall. #ATH, E[EIA 2
TEPERLE . AL, AU =AM B p_call (AR HPyobject_call (). H, —fH3L
% vectorcall FEEB A A Etp_call, BAN, s VMR R & , wIEny 4 AT ERR L ZE 2 A A Y . B2
FERGE M H R EMGE R tp_call ft@EPyvectorcall call (). A5 —FHERE:

el {3238 vectorcall (MBI BAEE LA MFEREFRM cp_call,

R AAEY vectorcall H tp_call 18, 5 MERZ BEAE vectorcall, BT, UNSFAHIFEIY 255 214 5 | 5o [F)E) args
tuple (5|#C4AL) Al kwargs dict (BH#F5 |87 H) , REIEAE vectorcall iEf & 3% .

HET PLEBE HPy TPFLAGS HAVE VECTORCALL EIEEGtp vectorcall offset #EEW4E
e g BB vectorcallfunc [ offset FEAE vectorcall 1€ . B 2— M35 M HAG LR arE 2 BRI FE1E

typedef PyObject *(*vectorcallfunc) (PyObject *callable, PyObject *const *args, size_t nargsf, Py-
Object *kwnames)

* callable 25 HIF MK PI1F: -

* args J&—f# C i E RS (array), A& OES BRI B3 51 M. WeREG S8, S pA
& NULL,

o nargsf QLS 1B i 419 PY_VECTORCALL_ARGUMENTS_OFFSET JEAZ, 45 ¢
nargsf AR EEEROLE S [ B, M Pyvectorcall NARGS ().
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* kwnames J&—fAL 5 WA B S 7 5 [CARERY tuple;  [EGEE], B2 kwargs “FULGE . 5884 S0/
T (str g TEERE), FHEMuESAEER. iREH 755, I8E kwvnames
ATPAM] NULL U

PY_VECTORCALL_ARGUMENTS_OFFSET

UNSRAE vectorcall 1) nargsf 5| BUHEUE 1 IUIEAR , Il FLFRT-IL 3 s Hﬂfﬁﬂﬁ args 1 ffE. EVRAIE,
args FEAITA ARSI T OR2 0) o BRIy b ZHTE M2 B args [ E’Jfﬁ

HitPyObject_VectorcallMethod (), BARTEAEN M ERE T HER args [0] Whok s,

WOl DA DA o AR A Oy X (TR B R AN RO R ) A g, IR (B o o Ty 2 il
PY_VECTORCALL_ARGUMENTS_OFFSET. ji& k&M € 311 bound method ([E1%5773%) 22 JE M Al Igny

PR AR A ROAR A 1) APy GE e X & —(RAE 1 LR self 5130 -

BENE Y — i # /E T vectorcall {4 {4, 5 Bt 4 H A W] B 0 By 1 — kR 6E e o] AP ) pR S
PyObject_Vectorcall () B BEAWERN,

f [E: 7£ CPython 3.8 W1, vectorcall API Al A B pd =X % a2 A 4% BY 38 K [® W 44 B8 2 fit:
_PyObject_Vectorcall, _Py_ TPFLAGS_HAVE_VECTORCALL, _PyObject_VectorcallMethod,
_PyVectorcall_ Function., _PyObject_CallOneArg. _PyObject_CallMethodNoArgs.
_PyObject_CallMethodOneArg, I 4h, PyObject_VectorcallDict i PA

_PyObject_FastCallDict Afifeft, BLEAMITABUER, MEAFEERH A MHIES .

i [E )
A p_call W, % PF 0 FH R L ¥ & [El: CPython ¥ A A mp_call 1y W WY fif

JﬂPy EnterRecursiveCall () %[]Py_LeaveRecur51veCall ()

[E 5 3530 %, 18 A8 B A8 B vectorcall [ I NY = gk N 1Y 5 £E 75 5 16 E 3 i B Py_EnterRecursiveCall F

Py_LeaveRecursiveCall ,

Vectorcall 512 API

Py_ssize_t PyVectorcall_NARGS (size_t nargsf)

i€ — 1l vectorcall nargsf 5%, [n/H5I#AEERER. HAT<FF

(Py_ssize_t) (nargsf & ~PY_VECTORCALL_ARGUMENTS_OFFSET)

SR, MEfEH] PyVectorcall NARGS pRZUDAHEAG A ETLIE T .
3.8 BUBTIA.

vectorcallfunc PyVectorcall_Function (PyObject *op)
R op N33 vectorcall 1 & (PHIEIREIAR S8 sl e BRSO ), kIR NULL., ]I, [l i
TE op "1 vectorcall pRFEAEE. 15 0 RN &5 1 556 A1

BRETEML op B L% vectorcall BFEEIR_ Y, W PABEEAEE PyVectorcall _Function (op)
!= NULL R/ .

3.8 WUHTIA.

PyObject *PyVectorcall_Call (PyObject *callable, PyObject *tuple, PyObject *dict)
WERY callable i) vectorcall func, HAvET| OB #5 | #543EIDA tuple F1 dict 445

Ea—MEMELX, HEWEWHBRAte_call a8 E MR tp_call EI’JEVE A T
Py TPFLAGS _HAVE_VECTORCALL JHAEF] H & A €[ (fall back) i ff tp_call,
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3.8 WUHTIA.

7.2.3 Yoy API

A1 2 {1 o5 =X T ) 2 Y Python 0% 251 o5 =X @ JHC 5 | S0l (BT L 4 21 7 S 9% A 1 P P 5T DA 2
tp_call B vectorcall. [F]'7[E/nl REEVHEIRYIEAT, st — AR TiEa Eekg X st

TEREE TR WSS EER SR AR .

AT callable args kwargs
PyObject_Call () PyObject * | tuple dict/NULL
PyObject_CallNoArgs () PyObject * | --- ---
PyObject_CallOneArqg () PyObject * | — ¥4 ---
PyObject_CallObject () PyObject * | tuple/NULL | ---
PyObject_CallFunction () PyObject * | format ---
PyObject_CallMethod () Pk + char* | format -
PyObject_CallFunctionObjArgs () | PyObject * | W[&5|# -—-
PyObject_CallMethodObjArgs () P + 25 B -GIE -
PyObject_CallMethodNoArgs () Pk + 4 %%
PyObject_CallMethodOneArg () Yt + 2 — @M1 -
PyObject_Vectorcall () PyObject * | vectorcall vectorcall
PyObject_VectorcallDict () PyObject * | vectorcall dict/NULL
PyObject_VectorcallMethod () B8 + 2 vectorcall vectorcall

PyObject *PyObject_Call (PyObject *callable, PyObject *args, PyObject *kwargs)
Return value: New reference. Part of the Stable ABI. WY — 1 B] EIY [ Python {4 callable, B35 H tuple
args FIta i€ 15 |30 =7 i kwargs Fiv 45 7€ 1Y) B 9875 |9

args WhZERE] NULL; WBEAFEG (4, 5 —145 wple. WIRANTFEBEFSIH, A kwargs 7] DA
[ NULL,

B R [l 4 SR w2 OIS | — {1 451 SN ] {8 NULL
B Python 5 callable (*args, **kwargs).

PyObject *PyObject_CallNoArgs (PyObject *callable)
Part of the Stable ABI since version 3.10. W —{f 7] IEnY () Python {4 callable [EVAFI A5 | 8. B2
AN | SO Y Python AT IEIY A {1 A 8 0

B R [ SR ol A RO 5 | % — 1 51 S [ {8 NULL.,
3.9 BUHTMA.

PyObject *PyObject_CallOneArg (PyObject *callable, PyObject *arg)
WY — i BT RY ) Python )4 callable [FI 5 1E 4 — (B 7 %5 | 950 arg I BS54

B e [l (A SR w2 O S | — {1 451 SNE [ ] 8 NULL .
3.9 BCHTINA.

PyObject *PyObject_CallObject (PyObject *callable, PyObject *args)
Return value: New reference. Part of the Stable ABIL. WY —{ w] ENY [ Python ¥4 callable, Ff#5H tuple
args IT#EE IS 8. WERARFRMEATIH, A args W AE) NULL.

RIS IS, BTE e BORES | 55— (8 (5 SNE) =] {8 NULL.
1B 4HE A Python #4.3 callable (*args) .

7.2. 'E0Y{F5E (Call Protocol) 91



The Python/C API, £[F] 3.10.11

PyObject *PyObject_CallFunction (PyObject *callable, const char *format, ...)
Return value: New reference. Part of the Stable ABL. W1 —{f 7] 1Y ] Python #){4: callable, [t 85 & A 5
¥ C5lH. iELk C i Py_Buildvalue () EASHIR T R A IA . AT AR NULL, FR(E
BP9

B [l (4 SR s O RO 5 | — {1 491 SN ] {8 NULL
BEE N Python HE 3 callable (*args) .

HE, WRIKRHMEA pyobject* 518, HlPyObject_CallFunctionObjArgs () s&7—f 5P
FpEEEN

3.4 fCESS: 58 format RFEICHE char * BEK.

PyObject *PyObject_CallMethod (PyObject *obj, const char *name, const char *format, ...)
Return value: New reference. Part of the Stable ABL TN obj #1121 44 [E) name 1¥) method [FIpf 745 it v] 5 114
CHl¥. EL CTl¥iry_Buildvalue () AgFHRAHEIA, ERER A tuple.

#A P PAE] NULL, 7RI SR A5 | 8
JE R LA SR e S RS | 3 — {151 SNE R 8 NULL.
BEE ) Python S obj.name (argl, arg2, ...).

HE, WRIRRMEA Pyobject* 5|8, HlpyObject_CallMethodObjArgs () &7 HRHE
i%%o

3.4 RS name 1 format IWBIEICAE char * T,
PyObject *PyObject_CallFunctionObjArgs (PyObject *callable, ...)
Return value: New reference. Part of the Stable ABL. WEIY—{F 7] 1Y ) Python ¥4 callable, [t #5080 4
) PyObject* 5l#, &85 | #UZ DA EAE NULL {1 . B0 ] 88 1) S HORR AL,
S S S BlE SR O | 58— (5 SNE R {8 NULL .
BEER Python S callable (argl, arg2, ...).

PyObject *PyObject_CallMethodObjArgs (PyObject *obj, PyObject *name, ...)
Return value: New reference. Part of the Stable ABL FEIY Python #){4: obj "1 i{)—1F method, J:Ht method 44
i Hi name 1Y) Python “FER IR 4G 22 « BT MY IRp 6 PR AR AT 88 Pyobject > 5B, 8285 [HU2 PASL
EAE NULL 1518 H 3o w] 810 2 3R

JRCT R [l (AR SR, s SR B 5 | {1 ) AN [ 8 NULLL

PyObject *PyObject_CallMethodNoArgs (PyObject *obj, PyObject *name)
AN HEAEAT S [ SOt Y Python #){4: obj H1 ¥ —1{il method, FH:rf method 44 Hi name H1f%) Python 5-E34))
PHEE -

JST R [ (5 SR, mre e AR | 38— 31 A ) [ e NUILL
3.9 BUHTIA.
PyObject *PyObject_CallMethodOneArgqg (PyObject *obj, PyObject *name, PyObject *arg)
W2 (37 5 | 8 arg HUIENY Python ¥4 obj Wi~ method, 1 method 44 Ky name 111 Python
TS E.
JRCTIRE M A AR, BT SR ICORE 5 3% (5] SN E [l 8 NULL.
3.9 HCHTIA.

PyObject *PyObject_Vectorcall (PyObject *callable, PyObject *const *args, size_t nargsf, PyObject
*kwnames)

I Y — @ W] I Y f%) Python 4 {4 callable. Mt #F5| il vectorcallfunc WA E. U callable
B vectorcall, B € EAZNFNLENAE callable F1 1) vectorcall p{ =,

IR AR, e SR [ — {8 1 SME ] (8 NULL.
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3.9 BUHTMA.

PyObject *PyObject_VectorcallDict (PyObject *callable, PyObject *const *args, size_t nargsf, PyOb-
Ject *kwdict)
Pt A B E vectorcall T g HPEEARHA [F] L ES | OKRIEY callable, {E @ in DAt kwdict ¥ B 3
FHI%. args I A EAIEG [

M TR AE T TR, AR TR RO T S | M EE). R, R U R A TR A —
A ZAEE B 5 [ s . EEA (EEL S [ 301 tple B A BEA .

3.9 BUHTA.

PyObject *PyObject_VectorcallMethod (PyObject *name, PyObject *const *args, size_t nargsf, PyOb-
Ject ¥*kwnames)

i Fi§ vectorcall Y& {5 5K 0 — 1 method. method 144 F% DA Python SEE name HIFGES E. HEFENY
method ({4 (-] args[0], T args FEHGE args[1] B4R EIFRA RIACRIFI )5 | B, D ZHEA FD—fH
EEI 8. nargsf [EIEHG args[0] FEEIW A 51 BN B, 415 args (0] [{E W] REAE i iRp e s HI 225
I PY_VECTORCALL_ARGUMENTS_OFFSET. B#F5|8n] DAMRIEPyObject_Vectorcall () Hf—

PRBLEA

WY R A Py TPFLAGS_METHOD_DESCRIPTOR ¥#lk, 38 M5 DASE R args 1] & AR5 | S ny
unbound method (R %) Witk.

IR IR B JBORE 3%— {1 61 S ] {8 NULL,
3.9 BB

7.2.4 IR API

int PyCallable_Check (PyObject *0)
Part of the Stable ABL HE Y4 o & G E NI o ALY rTErd Py A el 3 1, HAR RS E) R o
T2 BR A Y 2K

7.3 #Fihil

int PyNumber_Check (PyObject *0)
Part of the Stable ABL QIIRXF 4 o FEHELF I, REIE 1, HMEREER. XA RECR 28 H R
3.8 WA QIR o 2 —DRGIEEEI R E 1

PyObject *PyNumber_Add (PyObject *ol, PyObject *02 )
Return value: New reference. Part of the Stable ABL &[0 ol . o2 FHMIMIZESE, W &L, 1% [F] NULL, £
#rF Python Fikz ol + o2,

PyObject *PyNumber_Subtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[0] ol 825 02 BZ5H, WIS, R [E NULL, 284
F Python FZiki ol - o2,

PyObject *PyNumber_Multiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL &[0 ol . o2 AHIEMIZER, WL LM, 1%[F NULL, %
#rF Python k= o1 * o2,

PyObject *PyNumber_MatrixMultiply (PyObject *ol, PyObject >"02)
Return value: New reference. Part of the Stable ABI since version 3.7. 12 [\] ol . 02 MOEFFETVERI LGSR, R
LM, IR NULL. 54T Python FiA® ol @ o2,

3.5 UGBTI
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PyObject *PyNumber_FloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR [8] ol [&DA 02 [0 FEEEMI{E, J<IEAtRE] NULL, X
ST Python ik o1 // o2,

PyObject *PyNumber_TrueDivide (PyObject *ol, PyObject *¥02)
Return value: New reference. Part of the Stable ABL 12 [0] ol DA 02 HIBCAER SR RME, 8% 2% M 1R 1]
NULL. 3% [ )2" I ME” A 37 oA S I e A 7T REA IS 0 3R BT A 524k, i
PRANTT DATEAR A SRR ] — A7 5 E . PR AT Python ik o1 / o2,

PyObject *PyNumber_Remainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR 1] ol [&PA 02 1528|1450, WK, RMH NULL,
ZEHF Python A ol % 02,

PyObject *PyNumber_Divmod (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL. 2% N B K4 divmod () . WIS, R[F] NULL., %
#rF Python #ikz{ divmod (01, 02).

PyObject *PyNumber_Power (PyObject *ol, PyObject *02, PyObject ¥03)
Return value: New reference. Part of the Stable ABI. 12 %] N & KA pow () o ANSRZEIK, &M NULL., 284y
T Python H{j ik pow (01, 02, 03), HHr o3 BA[ER. WIREZW o3, MFHE APy _None fE
HREE (AR A NULL 2 RBERE W) .

PyObject *PyNumber_Negative (PyObject *0)
Return value: New reference. Part of the Stable ABL 1R [W] o B T{H, TR KL, R[] NULL . 24T Python
%:U\jil‘ —0o

PyObject *PyNumber_Positive (PyObject *0)
Return value: New reference. Part of the Stable ABL iR [1] o, UKW, 1R[\] NULL . 24T Python FEih=
+0,

PyObject *PyNumber_Absolute (PyObject *0)
Return value: New reference. Part of the Stable ABL 1% [B] o FIZERHE, WK, 1R[] NULL. Z4)T Python
Fik= abs (o) .

PyObject *PyNumber_Invert (PyObject *0)
Return value: New reference. Part of the Stable ABL. & [\] o B3 B G g, N g, &[] NULL,
2T Python A= ~o.

PyObject *PyNumber_Lshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 12 [\] ol 7285 02 ARG ISR, IR KM, 1z H
NULL, ZfrF Python ik o1 << 02,

PyObject *PyNumber_Rshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL 1&[0] ol 55 %% 02 I HARIGHIEE R, 20, 128 NULL
o ZMT Python £k 01 >> 02,

PyObject *PyNumber_And (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR [0] ol 11 02 “¥v 57 WIZEE, N4k, & [B] NULL
o Z T Python ik o1 & 02,

PyObject *PyNumber_Xox (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR [8] ol Fl1 02 “¥AiFal” MILEER, iRk, 1&E
NULL . Z841F Python ik o1l ~ 02,

PyObject *PyNumber_Ox (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR 1] ol 11 02 “FAvEY” HILER, ey, &M NULL
o SEMh T Python Fih o1 | o2

PyObject *PyNumber_InPlaceAdd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1R[] ol . o2 FINEYLER, W ey, 1&[F] NULL, 24
ol Filf, XM HEHBEMHEMELE L. %S0T Python i54] ol += o2.

94 Chapter 7. 35 ¥11¥E (Abstract Objects Layer)



The Python/C API, £(F] 3.10.11

PyObject *PyNumber_InPlaceSubtract (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 18[\] ol . 02 FHIEMIZE R, WK, JRF] NULL . 24
ol CFil, EMisEEEMHEMEAER. 40T Python 4] o1 = o2,

PyObject *PyNumber_InPlaceMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1R8] ol . o2* #AfeaysE R, o R LMW, 1B&E “NULLC,
% ol THRN, SO MEH AT AEEE . ST Python i 01 *= o2,

PyObject *PyNumber_InPlaceMatrixMultiply (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABI since version 3.7. iR [A] ol . o2 0 R GHILE R, W
RRW, B[] NULL o 24 o] ZF), XA EHEBEMHEHAER. SMT Python iEH] ol @= o2.

3.5 BUHTMA.

PyObject *PyNumber_InPlaceFloorDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1% 8] ol [§PA 02 5 1A FBUEREE R, 0L kLM, 1&H
NULL. 24 ol 240}, XEE B HEHALR. S0T Python i54] ol //= o2,

PyObject *PyNumber_InPlaceTrueDivide (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 1&[\] ol [5:PA 02 B E M & FEITME, B8 2R
Ml NULL. 3R [E 27 S BME” P i 7 s oA B2 J U AT R DAk RS i 3R i 524k
U BR BT DAFE 8 A A B AR B —ANVF S 8 B RAE of LRI S R AT, LB E N T
Python {5/] o1 /= 02,

PyObject *PyNumber_InPlaceRemainder (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL iR 9] ol [&PA 02 153|145, WR L, 1RF] NULL,
ol SCHER, XAEEEBEMEHEMEALTR . S0 T Python i4] ol %= o2,

PyObject *PyNumber_InPlacePower (PyObject *0ol, PyObject *02, PyObject *03)
Return value: New reference. Part of the Stable ABI. 152 |7 N & BR%L pow () o WA, 1R [\ NULL, 24 ol
SCReRT, XMBEEEEMHEMELSR. 2 03 ZPy_None Bf, T Python ififij ol **= o023 #l
EM AR, BREFEE R pow (01, 02, 03) . WIREZNE 03, WFHEE APy _None (f£A NULL
2 SHEARE NI .

PyObject *PyNumber_InPlaceLshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL & [8] ol %% 02 /S HAF)GI4E R, R LN, 1&[H
NULL. 24 ol SZFRi, XAMEF EEME N EMAER . S0 T Python iHh] ol <<= o2.

PyObject *PyNumber_InPlaceRshift (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL 12 [\] ol 555 02 ARG ISE R, IR LM, 12H
NULL. 24 ol SZH¢Hf, XMEE EEMHEHALR. S0T Python i541] o1l >>= o2,

PyObject *PyNumber_InPlaceAnd (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL IR [E] ol F1 02 ” $#{V 5" M4 F, 2GR [A]
NULL. £ ol SCHFRRIE NIRRT RaeiidT. 405 Python ifi4] o1 &= o2,

PyObject *PyNumber_InPlaceXor (PyObject *ol, PyObject ¥02)
Return value: New reference. Part of the Stable ABL F{IH} iR [H] ol Fl 02 ” A REBHI S5, Bt iR [H]
NULL. fE ol SCRFRIHE TRAERF RHMAT. %405 Python i54] o1 "= o2.

PyObject *PyNumber_InPlaceOxr (PyObject *0l, PyObject *02)
Return value: New reference. Part of the Stable ABL IR [A] ol F1 02 ” VB IYZ5EF, SR 1% [A]
NULL. 7£ ol SZHRYmTHE FZIRIER oedhfT. ST Python iBH] ol |= o2,

PyObject *PyNumber_Long (PyObject *0)
Return value: New reference. Part of the Stable ABL NI} R [B] o &3 K H B 5 )G 45 5, 2Rk IRt 3z 1]
NULL. Z:4F Python EiAR, int (o) »

PyObject *PyNumber_Float (PyObject *0)

Return value: New reference. Part of the Stable ABL f{IH} R B o FEH R MM RG4S R, SRR [9]
NULL, ZF Python 33k float (o).
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PyObject *PyNumber__Index (PyObject *0)
Relurn value: New reference. Part of the Stable ABL IR [B] o #40k Python int ZEAU G 45 5R, 2t
iR [A] NULL 5| % TypeError Fi#,

3.10 fROESE: S5RERN int KM, FEZHIBCAT, SR AIREN int 1T 2RRYSLH

PyObject *PyNumber_ToBase (PyObject *n, int base)
Return value: New reference Part of the Stable ABL % [B] B8 n #5300 1% DA base “F) B0 F 4558 J5 45 5.
XA base ZHLWL I 10 8 16 o X THH 2, 8, 516 , RIIHFRFH KI5 IJJHJ:%%M‘T
'Ob', '00"',or " Ox' . ZID% n ANJ2 Python W3R int 28784, wi4ciBd PyNumber Index () 4 Tzfﬁf
e R HCR AL

Py_ssize_t PyNumber_AsSsize_t (PyObject *o, PyObject *exc)
Part of the Stable ABL 1R o ] DARAREE A — A FEEMR 0] o FARSUN Py_ssize t {H. WIHRTAHKIL,
Mgk —A R FrRE -1,

R o W] PARR Sl Python | int (H{H 22 Py _ssize t {HN|£& 5| & OverflowError, N
exc ZEE NS K R E LA %N IndexError 3f OverflowError), I exc 25 NULL,
IS S WG B BLE S TR OB B B BT Oy PY_SSTZE_T_MIN ﬁﬁfﬁﬁﬁéﬁlﬁﬂﬁk%jﬁ

PY SSIZE_ T MAX,

int PyIndex_Check (PyObject *0)
Part of the Stable ABI since version 3.8. &[] 1 #1HR o 2—NRKG|EE (B nb_index {7 I 7t F|
tp_as_number ZiG{K), BUEETEHARTE O FIRE 0. HEREL S BIIT .

4 Fr3miY

int PySequence_Check (PyObject *0)
Part of the Stable ABL fI SR X R L AL T /7 51 P W WGR [ 1, 5 W [ 0. i %‘-Ehjﬁlﬁ—ﬁ
__getitem__ () JrykHY Python IR 1, BAEE I dict [T, Ijﬂ“ I UL TR
E XA SRR AP G Jﬁt@ﬁt,é\%‘z‘ﬁzlﬂﬁnﬁo

Py_ssize_t PySequence_Size (PyObject *0)
Py_ssize_t PySequence_Length (PyObject *0)

Part of the Stable ABL I IR 0] 41 A *o* BN 55k, SRR [A] “-1¢. #H24 T Python HY “len(o)“FEik
=

PyObject *PySequence_Concat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABL J{INEHR[E] o F1 02 PFHE, RIKEHRE NULL, X%
#rF Python ik o1 + o2,

PyObject *PySequence_Repeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABL 1k [B]JF 4%} 5 0 T count IRINEER:, S KA 1R [A] NULL,
XM T Python A 0 * count.

PyObject *PySequence_InPlaceConcat (PyObject *ol, PyObject *02)
Return value: New reference. Part of the Stable ABIL IR A ol F 02 HFE, RIHR ] NULL, ¥E ol
SCREPIIE DL T BRAERS Rk 5E i XS T Python ik o1 += o2,

PyObject *PySequence_InPlaceRepeat (PyObject *o, Py_ssize_t count)
Return value: New reference. Part of the Stable ABI. Return the result of repeating sequence object 3% [7] > 1) i}
R o I count WIILER, RIGIFIR M NULL. 7E o SCRRHIE DL N %S Rk 5Eni. X547 Python
Fikx o *= count,

PyObject *PySequence_Get Item (PyObject *o, Py_ssize_t i)
Return value: New reference. Part of the Stable ABL iR [8] o A5 i SI0EK, RIKEHRE] NULL, XZMT
Python F£iAK o017,
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PyObject *PySequence_GetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2)
Relurn value: New reference. Part of the Stable ABL iR [B] ¢ #3142 o 1) il 3] i2 Y], IR [B] NULL,
XEEHrT Python ik o[11:12] .

int PySequence_SetItem (PyObject *o, Py_ssize_t i, PyObject *v)
Part of the Stable ABL REXF 5 v WRIEZS o 1% i 50K . KM L5 &R H R -1; BIEHRE 0.
XA T Python ifi4i] o [1] = v. ICEREL RAEUEXT v 19511 .

ISR v o NULL, JCERHOMG, (H2 e 93w i Vi PySequence_DelTtem() .

int PySequence_DelItem (PyObject *o, Py_ssize_t i)
Part of the Stable ABL JHERR?TSE 0 Y25 i SI0E . RIMUIRE] -1, XAI4TF Python ifif] del o[il,

int PySequence_SetSlice (PyObject *o, Py_ssize_t il, Py_ssize_t i2, PyObject *v)
Part of the Stable ABL Y5 5% 4 v IRAEZS FF A5 o M il B i2 Y] o IXAH 24T Python i5A] o [11:12]

= V,

int PySequence_DelSlice (PyObject *o0, Py_ssize_t il, Py_ssize_t i2)
Part of the Stable ABL g F 5% 4 o M il 3] i2 fEI . RIGIER ] -1, 364024 F Python 1547 del
ol[il:12],

Py_ssize_t PySequence_Count (PyObject *o, PyObject *value)
Part of the Stable ABL 3&[9] value 7& o WP IR EL, BIRMH15: o [key] == value WHEMEE. &
MR ] -1 3XAH24F Python 335 0. count (value) .

int PySequence_Contains (PyObject *o0, PyObject *value)
Part of the Stable ABL #7E 0 2B value, TN o PHYIE—TET value, WIRME] 1, FHNRE 0, H
AEmE, J&[E] -1, XAH24TF Python Fikz value in o,

Py_ssize_t PySequence_ Index (PyObject *o, PyObject *value)
Part of the Stable ABL iR M| 55—/~ 5| *i*, Hift o[1] == value. H4EH}, 18\ 1. 424 F Python f
“o.index(value)“FiA .

PyObject *PySequence_List (PyObject *0)
Return value: New reference. Part of the Stable ABL & [B|—PFFEX %, HNAESF ﬁﬂjifl_ﬁiﬁgi o}
[, MR [a] NULL. 3R (8] 8 e itk ie— Mt 4. XA 4T Python A 1ist (

PyObject *PySequence_Tuple (PyObject *0)
Return value: New reference. Part of the Stable ABL 1& [B]|—/ Il %, HNA S5 FH) 8 AT B XT4 o #
], SRR A NULL. A02R o Socdl, WRER Bl —ASBri g T, FEHA s O8N RE s 58 2 i N 54 1
— A4l XA T Python £k tuple (o) .

PyObject *PySequence_Fast (PyObject *0, const char *m)
Return value: New reference. Part of the Stable ABL X751 5f A %4 o /E M HAth PySequence_Fast*
PRI AT AR A . QAR AT RN R PSS T %, W5k TypeError IRt m VERIEE
A, R IR [A] NULL.

PySequence_Fast* I Z I AX w4, BHRAEMNSHKE o & — PPyTupledbject
B PyListObject #Eﬁ%mﬁlﬂ o M F B

£ CPython [SEBRAHNYY, WK o CER—MFHIEIR, BEXFgE R

Py_ssize_t PySequence_Fast_GET_SIZE (PyObject *0)
1t o hPySequence Fast () ik H o Ak NULL B &L TR E o K EE. Wa] DUEESTE o i
HPySequence_Size () B NK/, {BEPySequence_Fast_GET _SIZE () BIHETRE NE
AIPMEGE o SHFFREITH .

PyObject *PySequence_Fast_GET_ITEM (PyObject *o, Py_ssize_t i)
Return value: Borrowed reference. 1F o HiPySequence_Fast () 1&B|H o A~ NULL, FH id &5 {EH
WL R M o 5 i 5 ITER.
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PyObject **PySequence_Fast_ITEMS (PyObject *0)
iR 1] PyObject $/EHWIC)Z44 . (&% o HPySequence_Fast () &[] H o A~k NULL.
T YRR, WURS R REER )N, BB 4 v] BE S HHT € 7 items 2. BRI, AHE 790 oy ek iy Bk s
fo BRI A5 4T

PyObject *PySequence_ITEM (PyObject *o0, Py_ssize_t i)
Return value:  New reference. 1R Il o BY 58 i A~ J0 & B 7F 2k W W 38 [ NULL. Ik T X
tPysequence_GetItem() FE, HASKE o LjPySequence Check () BHE NEAH, WA
SRS AT IR RE

7.5 BRGHHIY

Z [ PyObject_GetItem(). PyObject_SetItem() 5PyObject_DelItem().

int PyMapping_Check (PyObject *0)
Part of the Stable ABL HIRXFR LML T WGP s KRRy Wk [E] 1, Wk [E] 0. 3§ R ek b H
A __getitem () Jy¥kRY Python 2RIR[A 1, PRNTEE GO0 T FoVEMHE LT SCRp AL, IEpR
B 2 I T .
Py_ssize_t PyMapping_Size (PyObject *0)
Py_ssize_t PyMapping_Length (PyObject *0)
Part of the Stable ABL JHIIFIRMIXF S o HEERACE , R IR W] -1, 3XAH 24T Python ik3K Len (o) .
PyObject *PyMapping_GetItemString (PyObject *0, const char *key)
Return value: New reference. Part of the Stable ABL & [B] o WX} W T 58 key fJC 2, B E 9 Rk [A]
NULL. 3XAH24F Python FiA™ o[key]. HiEZ I also PyObject_GetItem(),

int PyMapping_SetItemString (PyObject *o, const char *key, PyObject *v)
Part of the Stable ABL TEXF Gt o HKFF A7 Hf key WU BI(E vo KRIGHRIE -1, 3XH 24T Python i)
olkeyl = v, AiiZ W Pyobject_SetTtem (). WA TRIGIXS v 51/ .

int PyMapping_DelItem (PyObject *o, PyObject *key)
MXF G o FRE BRI R key BYMESS. KR MI R 1] -1, X AH 24T Python i 4] del olkeyl. iX

HPyobject_DelItem() BJ—H4% .
int PyMapping_DelItemString (PyObject *o, const char *key)
MRG0 PREBRFAFER key MBI JRIGIRIE] — 1. 3XAH24 T Python 1547 del olkey].

int PyMapping_HasKey (PyObject *o0, PyObject *key)
Part of the Stable ABL HIISRBRIFXS G HAT G key MR [A] 1, NR[A] 0. 3XAH2Y4 T Python ik key in
oo IERRELE 22 BT .
HEREAE WA __getitem () VAW IE) KA SN R & BB . R IBURT R R 4 E L
FPyObject_GetItem().

int PyMapping_HasKeyString (PyObject *o, const char *key)
Part of the Stable ABL IS MLIF X5 HAT 8 key WIAR[A] 1, FWER[E] 00 X124 T Python £k key in
oo MHRELEE S MIHIAT.
HEBETE WA __getitem () VAW IE) KA S R & BB . B R IBORT 1R R 4 E L
HPyMapping_GetItemString ().

PyObject *PyMapping_Keys (PyObject *0)
Return value: New reference. Part of the Stable ABL IR}, 1R BIX}4: o PRI FR . G, 1R [F] NULL,

3.7 WA AEZ WA, PR EGR [ml— 21 e
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PyObject *PyMapping_Values (PyObject *0)
Return value: New reference. Part of the Stable ABL R}, 1R BIX}5 o HI{EIIFFE . G}, 1R [F] NULL,

3.7 MRS AEZ HICA Y, R EGR Bl — o1 e

PyObject *PyMapping_Items (PyObject *0)
Return value: New reference. Part of the Stable ABL I}, RPN o HHMPFE, HPHINFHE—
M EEE I TC . RIY, &R NULL,

3.7 MRS AEZ HICA T, e EGR [m]— 21 oA

7.6 X2

EARAA PR AL

int PyIter_Check (PyObject *0)
Part of the Stable ABI since version 3.8. I J: X 42 Return non-zero if the object o W] DA #% 4¢ & 8 1%
Yhpyrter Next () WHREIHEZAE, HWRE 0. MRECEE 2 MIIHAT.

int PyAIter_Check (PyObject *0)
Part of the Stable ABI since version 3.10. W4 o $2E T AsyncIterator PR NLER EIIEE(E, & NHER
| 0, HERBUEESIINHAT.

3.10 JBGHTMA.

PyObject *PyIter_Next (PyObject *0)
Return value: New reference. Part of the Stable ABL M £ U #% o & Bl N — A {H. XF 4 020 0]
WipyTter_Check () BN HERR (FEIWH A RATIEA) o WREAFRPE, WRE NULL
e FUR S, AR F A% TR, ISR NULL I FLISHE 58

FORIEREGERE — A DEER, C AUDNA%E EARARX

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) ;
3

Py_DECREF (iterator);

if (PyErr_Occurred()) {
/* propagate error */
}
else {
/* continue doing useful work */

}

type PySendResult
T HEKPyrter send () MRS RIIMEEAE.

3.10 JBHTA.
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PySendResult PyIter_Send (PyObject *iter, PyObject *arg, PyObject **presult)
Part of the Stable ABI since version 3.10. ¥ arg {8 %53 1E 28 iter, 1R [H]:

* PYGEN_RETURN, HUREMAZREHTE. REMESE T presult iR [H .

* PYGEN_NEXT, WISREMRZRE BRI, A B E S8 presult iR

* PYGEN_ERROR, HUREMET I RHHI. presult 244 NULL.
3.10 FUFT A

7.7 #4015 F (Buffer Protocol)

7 Python H A il fi] — L850 G o A0 5 R0 IR 2 A7 B AL BFR 28 ok 9D 1. BEIEXT SR N L1 bytes Fl
bytearray AM—2Ul array.array AP R, 5 =T7 W aI RES N THRRAY H AT E SCENTH
SRS, BN T R AL BEAN B AT 45

FIRIX B P i — PR B CRTE S, (B EATEA I AT BEROR R N AF e IX SRR RS [RIRRAE . FEHE L
U, AR EEYIIR G X o q RS .

Python PAZZ # #ri3 IEATE C JZ P AR IEXFERhRE . LU EL 3847 1

o JEAPEFEIEX O, REBPPT AR A KD, ATFATFERNRZZWMRER . %%
O W HEARE B AF Buffer Object Structures —5 1

o TEBE M, A LRI VAT T 3RAE X R ARG 2 B n e st (BIan— A InsmiE2) .

— BRSO bytes Al bytearray LA T IR ATFEMHIRREMIK . 127762 LA
JEks I array.array FATHGTEEADURE A

b KB TTH B I — R ORI weite O Dy ARMIRT A H A — R EFE AT AR S T LA,
HAXN o SR write () TiE A TGER TR ARG A BAR, HABRTL, Wl readinto () TESHN
B EARR . e DX AT G 0T DARESR M AV el A 35 5 iU B8 X Y S 1

KT G X L T 5, A PR 2RI~ B X R -
o EHIEMMSEORIH Pyobject_GetBuffer () %L
s W PyArg ParseTuple () (WHFIFIFHZ —) HALEA y*, wr or s* 44 X KA F—A,

X SR, YA FEHEEG XU PyBuffer Release () . MRMBERI, TTHELSSHL
I, (5 G AR -

7.71 ZhRX L

e DX (B AT B AR N “buffers” ) T IR 5 — XS AJT 45 Python R )5 BEE A . B
AW AFIVEZE B DL R AL B EATS I A AF BRI RE TS, AT AR 5 HURAE A 5% 24 JT 47 Python 27
Blo WAFRTPASE C 9 I — KRR, thon] DA (238 2 B E RGP 2 il T B i st i A e
a3 T DA R AL B AL A A 2 A s

5 Python fFREAR AT HY R ZHEARIAUAE], Znp XA g Pyobject $gfHie i B C 45, X FAFEA]
A PAARF R R AN AL . MFRE N G O Bz BRI, I ARIE—AS R AL R .

AXMMHmEHFFHNRWOEEWY, HSHEZ PR3 24840, BRREPENE, S
RlPyObject_GetBuffer ().

type Py_buffer
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void *buf
T8 1) i v X 7 B ) 2 S g5 A AR I 48 EE . X T DA S5 R 7 IS 2 P PR N A7 B v R AT A 07 B
fian, M7 st rides {HA] fedg ] NAFRIR R
Xt Fcontiguous | ‘SP¥ET B, {EHFE M NIRRTk,

PyObject *ob3j
XA EEEI . RS HEAMHENS, HlPyBuffer Release () HB#MI & E N
NULL. &FBSE AL bRIME C-APT s [al{E .
VE R — PRS0, ST HPyMemoryView FromBuffer () B{PyBuffer FillInfo () fi
I temporary EhIX | LFEEH NULL, lE, S ST AE I £,

Py_ssize_t 1len
product (shape) * itemsize., X THELEEA, X2EMPFHAKE . XIS, 0
RPN E R RNES R RER, WK EREAZKE.
Y4 2% ph X 2 38 o ORIE 3 2 M R 3 SR 3R BUBF, A 15 ) ((char *)buf) [0] up to
((char *)buf) [len-1] B A H . FERZEHE O T, MKW KG HpyBUr_siMPLE
B{ PyBUF_WRITABLE,

int readonly
IR R e R e . W Bt PyBUF _WRITABLE FRiidsiil.

Py_ssize_t itemsize

BANTER IR/ (PAFEHTNEANL) . 5 struct.calesize () Y dE NULL format fEAH .

R A f0 Rl A R 1 G v K W A PyBUF_FORMAT kR, format ¥ N NULL,
fHitemsize {JiRA FIRMAIIE.

W shape fE4E, WIFSEH) product (shape) * itemsize == len {AR1FFE, MIHETA

i) itemsize RGHEMIX,
W shape J& NULL, BWE55KPyBUF_SIMPLE 8,PyBUF_WRITABLE W3R, Wi Z LA
M&itemsize, HRIX itemsize == 1,

const char *format
TE struct FRHFEEE T NUL 475, iR BTN . WX 2 NuLL, W&k < B ™

TEAFZ 79 -
T Bt PyBUF_FORMAT Fgabda .
int ndim

WAFRN N n eI AR R W22 0%, buf FRIMFORREIEANIE « FEXFEI T, shape,
strides flsuboffsets WifiE “NULL ,

% PyBUF_MAX_NDIM R KAEFERBRH 0 64, SRR U RS X PR, 22 28 2% b XA {5
F W %R AL FilEE £ PyBUF_MAX_NDIM ZEfF,
Py_ssize_t *shape

—RENPy_ssize t WEHndim FoREN n GEBAHR NFFIER. WHER, shapel0] *
. * shape[ndim-1] * itemsize WWiZT len,

Shape FE MR B4 I (EBEBR 2 7E shape[n] >= 0., shapel[n] == 0 X —{§EEEEMTE.
L5 B2 W complex arrays

shape A I 35 R ihi 2 e .

Py_ssize_t *strides

— MR NPy _ssize_t BB ndim 45 B BGE R T AR R A BT ER -

Stride A MRECEH TP (E AT DUORATARE S X TR A, AP IREH 0 IR EL, (HR DA Refs Ak
M strides[n] <= 0 BEN. BL(EBIE S Fcomplex arrays .
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strides 4 X ok il 2 B .

Py_ssize_t *suboffsets
— AR ndim B8Py ssize_t W, W suboffsets[n] >= 0, M n 4E4FEGEH)
JeTa4l, suboffset (E e T REFRT | F B BLEGFREH G IN 2 DT WA . suboffset S e, NIZIRA
N fgEERGIH (FEES AR R 3)) .

WA Tt (BIEFHGHE ), W Basitcy NULL (BOAMHE) -

Python Imaging Library (PIL) H{ifi  TiX MR AU E A 2k I Ko 1S [ complex arrays T fg Q]
MIXFE— N T TEE .
suboffsets £ 20 X0 F & Sk v 2 2Ry

void *internal

s X RN . Feann] REg i AR EALUS— AR, H TAEE—MRAE, ARIHAEZ p X
FERIN 45 TR shape., strides Fi1 suboffsets ${4H . JH % #E LT SHEHUZIE.

7.7.2 EHXiEREYSEE

WH, Wit Pyobiect_GetBuffer () [N KL IR, BT HEEMK. BT NS ELE
2%, TR MKESR, Goh XM HE T flags SH056 E HAEE AL FR Foh X LA,

FIiAG Py buffer SR M RAER & L.

S5#EREXHFER

PN FEASY flags 5om, B0 B2 HIEFRIEIET: obj, buf, len, itemsize, ndim.

Riz, #X

PyBUF_WRITABLE
il readonly FE. WREE T, WbRT LA AT EHRZIX, 5ERE R,
FARWE, FRART TR LR H g X, B I AR oL R B

PyBUF_FORMAT
il format FEr . QAERECE, WAAUIERES 7B, HABTEL T, Btk “NULLY,

PyBUF_WRITABLE W PAFI R —4 MG r-ER . T PyBUF_SIMPLE 5 XN 0, WfPAPyBUF_WRITABLE
A PAMEN— AL AR, TR AR A ] B i X,

PyBUF_FORMAT W] AYEB N IR T PyBUF_SIMPLE Z SMAATAIARE . JE#H CAMERIR T "B (AT 5717 H)
fg=e

AKX, HiE FRBE
P AT E R SRR S IR R s OB 51 o YRR, RS S BN I A R .
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LES Bk | 58 | TRBE
PyBUF_INDIRECT = & IES P
PyBUF_STRIDES = 2 NULL
PyBUF_ND e NULL | NULL
PyBUF_SIMPLE NULL | NULL | NULL

ELEMEER

HIPA G AH R C 5 Fortran i 4%, REAEASIRE R . #ASIREE, MZm K00 CHESEH .

LES % | Bl | TRBE | B8
PyBUF_C_CONTIGUOUS 2 | NULL C
PyBUF_F_CONTIGUOUS z | e NULL | F
PyBUF_ANY CONTIGUOUS Z | &2 NULL Ci F
PyBUF_ND = NOLL | NOLL =

BT TR R A L P bR AL A i S O IERIL, b KM T O 4 65 2

v

TETHEP, URFELMERE L HEERFUIMBEPyBurfer IsContiguous () PAEESENE .
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K Bk | HiE | TRBE & [ Jig | format
PyBUF_FULL | e WRFERWE U |0 =
PyBUF_FULL_RO | = WRTERIE [ U [ 150 | 2
PyBUF_RECORDS = NULL U |0 "
PyBUF_RECORDS_RO Z | K NULL U [ 1%o | B
PyBUF_STRIDED | e NULL U 0 NULL
PyBUF_STRIDED_RO == NULL U 1'5{ 0 [ NULL
PyBUF_CONTIG & | NULL | NULL C 0 NULL
PyBUF_CONTIG_RO & | NULL | NULL C | 180 | NULL

7.7.3 S

NumPy-Ri&: FeRF0L0E

NumPy XSS ZiE5H i temsize . ndim . shape fllstrides & X,

WA ndim == 0, buf RN ERMREN KN R itensize bR, X0, shape flstrides #f

K NULL,

R strides g NULL, WIRCHLRFGRED— ARMEr) n 48 CIEF Rl BN, ISR h X
Vi n 4ERA -

ptr = (char *)buf + indices[0] * strides[0] + ... + indices[n-1] * strides[n-1];
item = * ((typeof (item) *)ptr);

W BRI, buf W] PASR ) SRR AAFER A AL ROOL . i R AT DA 2% R SR A G o DX F A R

def verify_structure (memlen, itemsize, ndim, shape, strides, offset):
"""WVerify that the parameters represent a valid array within
the bounds of the allocated memory:
char *mem: start of the physical memory block
memlen: length of the physical memory block
offset: (char *)buf - mem
if offset % itemsize:
return False
if offset < 0 or offset+itemsize > memlen:
return False
if any(v % itemsize for v in strides):
return False

(Rt
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(R —H)

if ndim <= 0:

return ndim == 0 and not shape and not strides
if 0 in shape:

return True

imin = sum(strides[j]* (shape[j]l-1) for j in range (ndim)
if strides[j] <= 0)
imax = sum(strides[j]* (shapel[j]-1) for j in range (ndim)

if strides[j] > 0)

return 0 <= offset+imin and offset+imax+titemsize <= memlen

PIL-R#E: R, SEFFRBE

B 7RI 2 A, PIL KUk AL T DAEL & 5 41, WAZ0 R Bl X 2L 4841 A BB B A 4 E R T — P oe . i
W, I =4k CIES 4] char vI2]1 (2] (3] AIPABRMER 8 2 D484 2 2454 char
(*v[2]) [2][3]. FEFIMBEERY, X MNREAT AR ATEDUL Bk, 818 0] DAL T AFAT AT 7
i char x[21[3] (.

BB, Y n 4ERG TR0 N-D B iy “NULL B KA s BNy, Bk el 454

void *get_item_pointer (int ndim, wvoid *buf, Py_ssize_t *strides,
Py_ssize_t *suboffsets, Py_ssize_t *indices) {

char *pointer = (char*)buf;
int i;
for (i = 0; 1 < ndim; i++) |

pointer += strides[i] * indices[i];
if (suboffsets[i] >=0 ) {
pointer = *((char**)pointer) + suboffsets[i];
}
;

return (void*)pointer;

7.7.4 ZHAXHEXER

int PyObject_CheckBuffer (PyObject *obj)
W2 obj SCFFZEnp IXE I, MGRIE] 1, ANGR[E] 0. 3R [0 1 BAPRIEPyObject _GetBuffer () —EK
o A BRE— P )

int PyObject_GetBuffer (PyObject *exporter, Py_buffer *view, int flags)
] 4y 542 /7 SCIRTE K, %I flags 1878 W N AR IH T view. QIR A5 A2 P A BESR AL MERR 2 2L ) e
X, sLifik PyExc_BufferError, E view—>obj A NULL Hi&k[H -1,

IR, EFE view, Ff view—>obd BENXT exporter HIFIEIH, IHaRE 0. MEEA G KRR 715
SKEE M B — DRG], view—>0b] APAGI X RIMAAE exporter (0145 #f R AF %45 4).
PyObject_GetBuffer () Wi 5PyBuffer Release () [alBtiE M M2, ZE{IF malloc () I
free (). P, WHIERFHREEMIX)G, PyBuffer Release () WMPRIERIRH—IK.

void PyBuffer_Release (Py_buffer *view)
FEZ X view Hi8 )8, view—>obd 5| HTTEL. %REAIIESE M KRR B A BBV A, A& 00m]
RS A AT it -

AR BT R B B RN @i PyObject _GetBuffer () IR, P s,
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Py_ssize_t PyBuffer_SizeFromFormat (const char *format)

R itemsize HERE I format o WIERMEH, SRS IFRE -1,
3.9 BCHTIA.

int PyBuffer_IsContiguous (Py_buffer *view, char order)
R view E X NTER C X% (order 5 'C') B Fortran X4% (order 3k 'F') contiguous 8{ Hif 22 —
(order ;& 'A"), WER[E 1. FHWR[E 0. %A 2T .

void *PyBuffer_GetPointer (Py_buffer *view, Py_ssize_t *indices)
IRELLE 5E view NI indices FR¥8 1) INAEX I8 . indices W38 A —> view—->ndim &5 |EH .

int PyBuffer_FromContiguous (Py_buffer *view, void *buf, Py_ssize_t len, char fort)
M buf B HITESEH len FA5E] view . fort AIPAE 'CT B 'F' Y (T ¢ KA Fortran A&
WE). RIpEFEE 0, 5IRATRE -1,

int PyBuffer_ToContiguous (void *buf, Py_buffer *src, Py_ssize_t len, char order)
M sre B2 il len A58 buf , WUNTESEFATRIIIER . order WPAJE 'C B 'FE A (FRTF ¢ K
# . Fortran RBHIAFHHEFHEE—F). KHEHRE 0, HEHRHRM -1,

U2 len = src->len W R BRI AL o

void PyBuffer FillContiguousStrides (int ndims, Py_ssize_t *shape, Py_ssize_t *strides, int itemsize,
char order)

45 E TR contiguous T ERERE (ANSE order 2l *C ' W2k C WA, ISR order 25 *F ' N4 Fortran JX{
) HRIHFE strides K2, BAITTRBA LG ERNFIEL.

int PyBuffer_FillInfo (Py_buffer *view, PyObject *exporter, void *buf, Py_ssize_t len, int readonly, int
flags)
WS RN XiER, ZFBBRTFEANTF RN len 1) buf , FHARYE readonly BV 54, bug
WA T 554791
B flags ForaE RINKA, ZREUS B0 B flag 35 E MM AIEA view, BIE buf B HE, I3 H. flag
& T PyBUF_WRITABLE Ffiki.

SIS, K view—>obj A exporter BIHT5I M, FFikM 0. 0N, 5]% PyExc_BufferError , Xf
view->o0bj %N NULL, Ffik[E -1,

R B R B A getbufferproc W)—FR4, W exporter W E R T A5, I HbWAER B IH LT
1% flags. TN, exporter Wp/ilE NULL,

7.8 ERX & 41% F (Buffer Protocol)

3.0 iRz E[EA.

XLEpR U Python 2 1 “IHZEnf " AP BZLMER S 7E Python 3 o, MUPMNEAREAAAE, (HIX LR 1))
RN FFLAERSAE 2.x B9AAD . BT AR 22 o sl (AR , (BB EARTEZ P S i 1] R
PRASEXT T SR T YR A i Jo] S04
B, HEFARRE Pyobject _GetBuffer () (MFBLEPyArg ParseTuple () BEURM v* Bl w* 44X
) KRB — DR R I G LR, HAE L T RO ] PyBuf fer Release (),
int PyObject_AsCharBuffer (PyObject *obj, const char **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 1& [n]— AN i) n] FIAEEE T 45 105 A K R BENAFHINERYTEET o obj SIS B
BUF g 0. ENHR I 0, K buffer BA NAFHIIEFFFF buffer_len YR Zemt XA RE . A iz 7]
-1 i E—1 TypeError,

int PyObject_AsReadBuffer (PyObject *obj, const void **buffer, Py_ssize_t *buffer_len)
Part of the Stable ABL 1& 1] — A ] 40 S AR B Y R BENAFHBIE 14T o obj S S BB R] 132 4%

106 Chapter 7. {5 ¥11 B (Abstract Objects Layer)



The Python/C API, £(F] 3.10.11

. BRI 0, K buffer B NFFHBIEFFRF buffer_len Bl Gt IKACBE o Y SHIFaR ] -1 408
—~ TypeError.,

int PyObject_CheckReadBuffer (PyObject *0)
Part of the Stable ABL 415t o SCHRFEABE AT SEG2vhz CUNGR ] 10 AR E] 0. MR EOE 2 2 AT .
T E R R 2 22 R BOF R — 22 o X, ELAE VR 0T I ek 500 (] % AR 1 S i X B i . B3R
FERARAE Y M Pyob ject_GetBuffer ().

int PyObject_AsWriteBuffer (PyObject *obj, void **buffer, Py_ssize_t *buffer_len)

Part of the Stable ABL 3R [A]—A~45 i) 1] 5 P AFHIAE 485 . obj ISR FUBE AT R v 1 o IR [l
0, Ff buffer % H WAFHBIEH-IF buffer_len B IXKJE . HAERHRE] -1 Hi% B4 TypeError,
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BEFRXRE

A I BRI BURR 2 TR 28 Python X 4 388, IR BB SAL A EADEAR B — N s R EM
Python & FH2IE]— X%, (HAHE T B4 BA IEMAERL, WM e a8 88 B, Baxt
SRAERNTH, EHHPyDict_Check (), ARIEAYLEMIZET Python X5 IERIM) “ Kt

e BORARTE TR Y BB S AT AR A AL AR G288, (HRH P42 MR SR E L AN R 2R
A NULL, Feiff& A NULL 0] G858 N 477 ) S8 MR 2R 1) 37 BN 24 1 o

8.1 BRIt

Atk Python ZERUNS A FA—SLBIN 4t 5 None.

8.1.1 AEIWKR

type PyTypeObiject
Part of the Limited API (as an opaque struct). T4 () C 458 TF-HiAR built-in 287
PyTypeObject PyType_Type
Part of the Stable ABL. 1% 28T type %1411 type object, EFE Python 2T type Al RIHIRT % .
int PyType_Check (PyObject *0)
WERXS G 0 & —NRAN G, WFEIRA: AARMESR BN R B GIUNR [ HE R . ErE HEHIT
HRIRIA] O, 1 bR R 2 AT -
int PyType_CheckExact (PyObject *0)
MRS 0 R—DRANG, (HARFAMHERBXT RN 7RBNR EEHERE. TETA HEFIL T AR
0. JHERECR SR AT
unsigned int PyType_ClearCache ()
Part of the Stable ABL {75 WA G A7 IR ] 4 i iR A1 25
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unsigned long PyType_GetFlags (PyTypeObject *type)
Part of the Stable ABI. Return the tp_f1ags member of type. This function is primarily meant for use with
Py_LIMITED_APT; the individual flag bits are guaranteed to be stable across Python releases, but access to
tp_flags itself is not part of the limited APIL

3.2 JRHTIA.
3.4 SR R EIEFIPIAE R unsigned long MAR long.
void PyType_Modified (PyTypeObject *type)

Part of the Stable ABL %R K HFA T IS8 R E AR ZAT R BERRBL AR IR 2 S 1k 5
BT F B S SR -

int PyType_HasFeature (PyTypeObject *o, int feature)
WRIEAUNS G 0 BEE T HEME feature WIRWHETAE . RAVRHE & B4 URHO AR R RN Y

int PyType_IS_GC (PyTypeObject *0)
AR AT G AL FE XS IE RGN 25 11 S 35 I3 [] A 5 MR AR Py TPFLAGS_HAVE_GC,

int PyType_IsSubtype (Py TypeObje t *a, PyTypeObject *b)
Part of the Stable ABL W13 a 32 b 1F-2E 5 5% 8] ELAf

W AR AL R, XEWHE __subclasscheck__ () A&FE b L. 1
HPyobject_IsSubclass () EPFTYH issubclass () IR A .

PyObject *PyType_GenericAlloc (PyTypeObject *type, Py_ssize_t nitems)
Return value: New reference. Part of the Stable ABL 28BN 21 tp_alloc Rl ARG . 58
Python F BRI A7 73 FCHIL 2R 20 e — S8 ) S Bl 5F-F5 BT A N 2S00 3R 6 NULL.

PyObject *PyType_GenericNew (PyTypeObject *type, PyObject *args, PyObject *kwds)
Return value: New reference. Part of the Stable ABIL 2RAISF 214 t p_new FEAL A AL BRAIARN . 358 2523
Wtp_alloc FEAARANHE—NHISEH].

int PyType_Ready (PyTypeObject *type)
Part of the Stable ABL FgZAb—ANIEAUN G X)W AL P JEAUN 52 ER I DASE BUE TR AT IR 1L . BERR
B 75— DR B US IR AR R AL iR [a] 0, SO AR AR IR ] -1 FFRE— D7 .

) AR ARSI T GC M LT R AL 2R B Y AR R R G Py TPFLAGS_HAVE_GC, W
A fﬁJ/‘}\ﬁQ%%fﬂ GC ¥Ms. M, AR KRB bR R 0GPy TPFLAGS HAVE_GC
e B CEEEN o traverse AR SZEE GC #i,

void *PyType_GetSlot (PyTypeObject *type, int slot)
Part of the Stable ABI since version 3.4. 1R PI{FAEAELS EREAL P I BRETEE . W45 R NULL, NFEoRE)
F%AE(L Rl NULL, jﬁﬁzﬁﬁ)ﬂ%/\Tﬂﬁxﬁmﬁ/ o VR FH 5 100 B 5 RS BT A 40 B 3 24 1) pR R
M,

5%/ PyType_Slot.slot & A Y slor ZHUE.
3.4 JUBTIA.
3.10 jESE: PyType GetSlot () BUAERIDAMERZ AR, TEMZ A, EHIRE L2,

PyObject *PyType_GetModule (PyTypeObject *type)
Part of the Stable ABI since version 3.10. R [B]4{#i {l Py Type_ FromModuleAndSpec () BEZEAIN} K& Bk
B 4578 RN BLHRT A

ﬁﬂ%‘(ﬁ%ﬁ?&ﬂ?ﬁ%ﬂﬂ R, W E TypeError Ji& 9] NULL,

RO B W M M T R By o CORT e BB W R E X RO,
PyType GetModule (Py_TYPE (self)) A A < iR [ Fi 81 Y 45 B, Py_TYPE (self) W DA &
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HARER—A F X, M FIGFA—E 270 5 H BRI AR b E XK. #iZFpycMethod T f#
U ARIBOT 7 SUTERI S

3.9 BCHTIA.

void *PyType_GetModuleState (PyTypeObject *type)

Part of the Stable ABI since version 3.10. &[] XEEFN A ERBPHEE T 2RSS X 2—H
IEPyType_GetModule () HIZEHR FIH PyModule GetState () BIHREE T,

QISR FBRRN 4 KRB, WS E TypeError IR [A] NULL,
SR rype A FRBRABHE RS NULL, WERE] NULL HANGRE 5595
3.9 JUHImA.

BB SRR

T BN EE R A T T R AR R
PyObject *PyType_FromModuleAndSpec (PyObject *module, PyType_Spec *spec, PyObject *bases)

Return value: New reference. Part of the Stable ABI since version 3.10. f34% spec (Py_TPFLAGS _HEAPTYPE)
BIEIFIR Al —A>3 L7,

bases ZH W K AR B HZ B LR AR AR oAl . W bases iy NULL, T4
Py_tp_bases &1L, WNFAZAE (L NULL, WIS Py_ip_base ¥V . WA ZAE LR FE A NULL,
AR H object,

module Z R G I RAL B I E IERIRIHL . B2 — R S 80 NULL, #I5RA N NULL,
MZASEH S R BN B 28 B B AE 2 S5l Py Type_GetModule () KR XA RIRBLHA AT
TRYK; BN IEMETE .

WA R LR Py Type_Ready () o
3.9 BUETIMA.
3.10 i SE: BERREBLAE 32— A BRI IRAE N bases B3 NULL {EH tp_doc #fi.

PyObject *PyType_FromSpecWithBases (PyType_Spec *spec, PyObject *bases)

Return value: ~ New reference. Part of the Stable ABI since version 3.3. & 8w
PyType_FromModuleAndSpec (NULL, spec, bases),
3.3 JEHTIA.

PyObject *PyType_FromSpec (PyType_Spec *spec)

Return value: New reference. Part of the Stable ABL 2% {5 Ji® PyType_FromSpecWithBases (spec,
NULL) »

type PyType_Spec

Part of the Stable ABI (including all members). & L — BT HHGER 1

const char *PyType_Spec.name
KA LFR, FRIKE Py TypeObject . tp_name,

int PyType_Spec.basicsize

int PyType_Spec.itemsize
PASE 7 B3R 1 SE B KR, R B Py TypeObject . tp_basicsize FlPyTypeObject.
tp_itemsize,

int PyType_Spec.flags
RS, FIRBEPyTypeObject.tp_flags.,

8.1.
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R R E Py_TPFLAGS_HEAPTYPE JifR, WPyType FromSpecWithBases () & Hah%E
Fod
E.

PyType_Slot *PyType_Spec.slots
PyType_Slot Z5HIARYEA . DARRIRREOL(E {0, NULL} REH.

type PyType_Slot
Part of the Stable ABI (including all members). & X — BRI A RINREM S5, A5 —AFl (3 ID fil—
A
METRE

int PyType_Slot.slot
{7 1D,

1 oy ID B K % 1 B 45 W KPyTypeObject, PyNumberMethods,
PySequenceMethods, PyMappingMethods FlPyAsyncMethods H]F Bt 4 M

—A>Py_HiZR. 2GR, B

e Py_tp_dealloc WEPyITypeObject.tp_dealloc

e Py_nb_add i¥BEPyNumberMethods.nb_add

* Py_sq_length iR EPySequenceMethods.sq_length
THFE AL Py Type_Spec Fll PyType_Slot i E:

e tp dict

* tp_mro

* tp_cache

* tp_subclasses

* tp weaklist

* tp_vectorcall

e tp_weaklistoffset (ZJL.PyMemberDef)

e tp_dictoffset (& JL,PyMemberDef)

e tp_vectorcall_offset (&, PyMemberDef)
TANFBAEZ IR APL N LA Py Type_sSpec #ll PyType_Slot RUtH:

e bf getbuffer

e bf releasebuffer

W Py_tp_bases I Py_tp_base fEHLV-5 PR RESA M. AT R FE, Wk
Jl PyType_FromSpecWithBases () HJ bases Z%4{.

3.9 i His#E: pyBufferprocs HHIMEAIA RERTEAZER AP AP

void *PyType_Slot.pfunc
GAECLBUE . FERZEUIEOLT, X2 — 8w R 55t

Py_tp_doc PASMOFERIIYRA] 2l NULL,
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8.1.2 None ¥4

WYER, None fJPyTypeOb ject A HAEFE Python / C API H/AFF. fT None ZHf, WX EARR (#8
CHfdifl == ) WA T. hTRFEWER, %A PyNone_Check () BRHL.
PyObject *Py_None

Python None X%, FIRBZ(H. XNMMRVATE. EFEEFIIITE—HA BT AR .

Py_RETURN_NONE

IERRALFRR F C BB Py_None iRl (WALZYL, 3N None 595 T EOFRIEIE . )

8.2 B{EMIF

8.2.1 BRI

JI A BRSO S BN K AT R R B 52

TE A, KL% PyLong_As* API #{ & iR [A] (return type) XHHFTE R I, R
HPyErr Occurred () FRHIPAXS .

type PyLongObiject
Part of the Limited API (as an opaque struct). 37~ Python BEI R [ pyobject T-I5H,

PyTypeObject PyLong_Type
Part of the Stable ABIL. X1~PyTypeObject B 8 Python [EEE2EH . 5 Python 155 WY int #H
]

int PyLong_Check (PyObject *p)
WRSHEPyLongObject BiPyLongObject FRAL, NRW True. % ek %— & HEWE PAT T .

int PyLong_CheckExact (PyObject *p)
WRHSHUR T PyLongObject, {ARZEPyLongObject W FRBNIR M E(E. MR RS M
7.

PyObject *PyLong_FromLong (long v)
Return value: New reference. Part of the Stable ABL. | v iR [al— ) PyLongObject X4, Mtz [A]
NULL ,

MFTH S IGE E TR, 5 -5 fl 256 Z MM A BT S . #H e TZ X E
(¥ int i, LB EIAYRE 2N EA X RITE .

PyObject *PyLong_FromUnsignedLong (unsigned long v)
Return value: New reference. Part of the Stable ABI. Return a new PyLongOb ject object from a C unsigned
long, or NULL on failure.

PyObject *PyLong_FromSsize_t (Py_ssize_t v)
Return value: New reference. Part of the Stable ABL. | C Py_ssize t i&k[El—/HiPyLongObject X
2, RIIFR ] NULL .

PyObject *PyLong_FromSize_t (size_t v)
Return value: New reference. Part of the Stable ABIL [ C size_t i&R[H—/NFifiPyLongObject W4, 2%
T OM3R Al NULL o

PyObject *PyLong_FromLongLong (long long v)
Return value: New reference. Part of the Stable ABIL. Return a new PyLongObject object from a C long
long, or NULL on failure.
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PyObject *PyLong_FromUnsignedLongLong (unsigned long long v)

Return value: New reference. Part of the Stable ABI. Return a new PyLongObject object from a C unsigned
long long, or NULL on failure.

PyObject *PyLong_FromDouble (double v)

Return value: New reference. Part of the Stable ABL | v B EGH /3 1R Bl — A4~ i Py LongObject X4,
RO ] NULL .

PyObject *PyLong_FromString (const char *str, char **pend, int base)

Return value: New reference. Part of the Stable ABL R4 str FZAFERAEIR Bl — i Py LongObject , base
fae TR E. R pend N NULL , W AHpend X548 1) sor HFREFH GBI SE —F4F. a0
W base >}y 0, sor R A integers [ 5E LA TRRRE: XATIEF T HERIBN AT ST Sk ValueError .
WIR base NFy 0, WIZHAT 2 Fl 36 28] (£ 2 F136). 2 )5 MECF2Z RIRHTS 250 . R R 2600
2. WERAFERT, Fifil’k valueError,

hz%:

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 PyOb ject_CallMethod ().

PyObject *PyLong_FromUnicodeObject (PyObject *u, int base)

Return value: New reference. FF4FE8 u W11 Unicode 07 51544~ Python 3E850{H .
3.3 BUHTIMA.

PyObject *PyLong_FromVoidPtr (void *p)

Return value: New reference. Part of the Stable ABL. M 1§ %t p ) 7 — 4> Python %% %{. W] DA {ii
A PyLong_AsVoidPtr () &[] HIFEEE

long PyLong_AsLong (PyObject *obj)

Fart of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongOb ject, first
callits __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a 1ong.
HAEFWRE] -1 o M PyErr_Occurred () Fi B4,

3.8 AR QR ARHEN __index_ ().

3.10 JROE B ABRECAFE __int__ () ©

long PyLong_AsLongAndOverflow (PyObject *obj, int *overflow)

Part of the Stable ABI. Return a C 1ong representation of obj. If obj is not an instance of PyLongObject, first
callits __index__ () method (if present) to convert it to a PyLongObject.

W obj I{E KT LONG_MAX 8{/NT LONG_MIN, N&HE *overflow 43 W& M “1“ 8% -1, FfikE 15 &
N, X5 *overflow BN 0. Q0K HAM ST, WSHE AL “overflow BN 0, Ikl -1,

AR -1 o #§PyErr_Occurred () BRI,
3.8 s A QAR AR __index_ ().
3.10 AR ARBAFEMHM _int__ () .

long long PyLong_AsLongLong (PyObject *obj)

Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcall its __index__ () method (if present) to convert it to a PyLongObject.

Raise OverflowError if the value of obj is out of range for a long long.
HAENLRE -1 . WEHPyErr Occurred () $RH EARAE,

3.8 MU AE: WIRAT AR __index_ ().

3.10 OB ABRECA TN __int__ () ©
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long long PyLong_AsLongLongAndOverflow (PyObject *obj, int *overflow)
Part of the Stable ABI. Return a C long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

WA obj FMEKTF LLONG_MAX 3/NF LLONG_MIN, W LR *overflow 2 HEH 1 5k -1, IR
-1, HAE *overflow EH 0o A0SR Ail & HAt 73 ) *overflow ¥4y 0 iR 1] -1,

HAEENLRE -1 . Wl PyErr_Occurred () 4&H B A& AR,
3.2 JRHIA.

3.8 HUEEAE: QR F AN __index_ ().

3.10 MBS ARECATMN _int_ () .

Py_ssize_t PyLong_AsSsize_t (PyObject *pylong)
Part of the Stable ABL iR [5] pylong ] C {EE Py_ssize t JER. pylong Woifii2PyLongObject HISEH.

R pylong EHR L TPy _ssize_t WHEETERE N &5 % OverflowError,
HASAR W] -1 . i PyErr_Occurred () $&H E AR FE,

unsigned long PyLong_AsUnsignedLong (PyObject *pylong)
Fart of the Stable ABI. Return a C unsigned long representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for a unsigned long.
HEERTIR[E] (unsigned long) -1, HHMHPyErr_Occurred () PEHIEAK)E,

size_t PyLong_AsSize_t (PyObject *pylong)
Part of the Stable ABL. iR 8] pylong # C 155 size_t B3, pylong WsiiidPyLongObject WIS,

W pylong WEHMH T size_t MPUETEREINZ5] % OverflowError,
HEERTIR[E (size_t) -1, #EFHPyErr_Occurred () HEHI RN,

unsigned long long PyLong_AsUnsignedLongLong (PyObject *pylong)
Part of the Stable ABI. ReturnaCunsigned long long representation of pylong. pylong must be an instance
of PyLongObject.

Raise OverflowError if the value of pylong is out of range for an unsigned long long.
HEERFR ] (unsigned long long) -1, iHFIHPyErr_Occurred () PES|EAK A,
3.1 fRE 5 BIAE pylong NTN(EHS A OverflowError, A TypeError,

unsigned long PyLong_AsUnsignedLongMask (PyObject *obj)
Fart of the Stable ABI. Return a C unsigned long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long, return the reduction of that value modulo ULONG_MAX
+ 1.

HEERTIR [ (unsigned long) -1, #FHPyErr_Occurred () HEHIEK N,
3.8 A AR T RS __index_ ().
3.10 AR ARBCRNFEM __int__ () .

unsigned long long PyLong_AsUnsignedLongLongMask (PyObject *obyj)
Part of the Stable ABIL Return a C unsigned long long representation of obj. If obj is not an instance of
PyLongObject,firstcallits __index__ () method (if present) to convert it to a PyLongObject.

If the value of obj is out of range for an unsigned long long, return the reduction of that value modulo
ULLONG_MAX + 1.
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HEERHR ] (unsigned long long) -1, HAIHPyErr Occurred () PERER I,
3.8 A UNARTT AR __index_ ().
3.10 fRUH SR ARBUNFER __int__ () .

double PyLong_AsDouble (PyObject *pylong)
Part of the Stable ABIL Return a C double representation of pylong. pylong must be an instance of
PyLongObject.

Raise OverflowError if the value of pylong is out of range for a double.
IR -1.0 , MM PyErr_Occurred () PplE AR I,

void *PyLong_AsVoidPtr (PyObject *pylong)
Part of the Stable ABI. Convert a Python integer pylong to a C void pointer. If pylong cannot be converted, an
OverflowError will be raised. This is only assured to produce a usable void pointer for values created with
PyLong_FromVoidPtr ().

AR I NULL, A PyErr_Occurred () Bl E A .

8.2.2 Boolean (fi#k) ¥k

Python H11#] boolean ;& DAEE S THEENL A E B . HA Py_False fl Py_True Wiffil boolean, PXJH—fny
SEANENER R 2CEASE 17 boolean, {H %1 E4E (macro) 42 1] I«
int PyBool_Check (PyObject *0)
W5 o FAUFIE) PyBool_Type A EE. 1 pR U402 & B4 T
PyObject *Py_False
Python [¥] False ¥{f. WHPHER AT ). #E2 B (reference) FH# b ZHAT 2RI AW (k1 JE
77
PyObject *Py_True

Python [ True #ff. WHIHEIGEM L. 152 MEHE W AA Z R HADY (bR R

Py_RETURN_FALSE
el py_False, [EHEMHINE RS IEEHE.

Py_RETURN_TRUE
R EE py_True, [FHEEMWHINTNS A

PyObject *PyBool_FromLong (long v)
Return value: New reference. Part of the Stable ABL 1% v (B B (ER B #—1# Py_True 8{# Py_False
HORSTE SN

8.2.3 FE& (Floating Point) ¥4

type PyFloatObject
XA C A pyobject B TIAMFK A Python iF s 4.

PyTypeObject PyFloat_Type
Part of the Stable ABL X 2@ T C 2Py Typeobject B Python J# 5 2B 56, £ Python |2
IR float Z[H—PR5.

int PyFloat_Check (PyObject *p)
WREMSHR—APyFloatobject B PyFloatobject B TRANRFI . HEREE 2L
AT -
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int PyFloat_CheckExact (PyObject *p)
MRBHSERE—{PyFloatObject (HARPyFloatObject W TRANR M EAE. RS ES
ST

PyObject *PyFloat_FromString (PyObject *str)
Return value: New reference. Part of the Stable ABIL. 1R{BF&FE sor IEA) @R — 1 PyFloatObject, KIK
FR [A] NUL L,

PyObject *PyFloat_FromDouble (double v)
Return value: New reference. Part of the Stable ABL #R¥E v £ #—A4~PyFloatObject X4, SR [H
NULL,

double PyFloat_AsDouble (PyObject *pyfloat)
Part of the Stable ABI. Return a C double representation of the contents of pyfloat. If pyfloat is not a Python
floating point object but has a ___float__ () method, this method will first be called to convert pyfloat into a
float. If __ _float__ () is not defined then it falls back to __index__ (). This method returns —1 .0 upon
failure, so one should call PyErr_ Occurred () to check for errors.

3.8 M A WP AR __index_ ()

double PyFloat_AS_DOUBLE ( PyObject *pyfloat)
Return a C double representation of the contents of pyfloat, but without error checking.
PyObject *PyFloat_GetInfo (void)
Return value: New reference. Part of the Stable ABL & [n]—A> structseq 3241, H A5 % float kS E . &
MEFRKRAEREE . ERLIMF float .h l— MR
double PyFloat_GetMax ()
Fart of the Stable ABI. Return the maximum representable finite float DBL_MAX as C double.

double PyFloat_GetMin ()
Fart of the Stable ABI. Return the minimum normalized positive float DBL_MIN as C double.

8.2.4 BEHMR

M CAPL %, Python SO G2 th P AR AT » SEBL: — 2 7E Python R 5 il f) Python X5, 55 by
e MUERHIERBAR C Z5M 4. APLERL T LR BRI

TREHH C &atk

Tt SE R AR IR G R A S ROT U IS RIR R s, #R AL “E” TS s el
W T A APL

type Py_complex
X — WY, Python 2 B0 G IE R 43 1) C S . 2873 b B AR HONS 52 14 R B3CHTS T ik S B 4544
AR ABCE R A, BRI E

typedef struct {
double real;
double imag;
} Py_complex;

Py_complex _Py_c_sum (Py_complex left, Py_complex right)
R EIPAEZE A, ] CRABPy complex RN,

Py_complex _Py_c_dif£ (Py_complex left, Py_complex right)
REIPA RN ZE, ] CRABPy complex IR,
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Py_complex _Py_c_neg (Py_complex num)

RIEEL num W ME, H C Py_complex FR.

Py_complex _Py_c_prod (Py_complex left, Py_complex right)
REIPA L FA, B CEKRpy_complex R,
Py_complex _Py_c_quot (Py_complex dividend, Py_complex divisor)
R EIPHANEENTET, H CRAPy complex RN,
MR divisor %z, I EIREIEHKE errno S5 EDOM,
Py_complex _Py_c_pow (Py_complex num, Py_complex exp)
B[] num [ exp R, i CHBpy_complex iR,
W num K 7S H exp N2 IESEEL, XD FHEIRBIZEIEE errno A EDOM,

FREHE Python 3k

type PyComplexObject
XA C2Mpyob ject BT —> Python HHHR .

PyTypeObject PyComplex_Type
Part of the Stable ABL X2 M@ T PyTypeobiect L3 Python & E2E T 5LHl . £F Python ZHE Y
B complex Jg[l— X4,

int PyComplex_Check (PyObject *p)
WRENS LR — A PyComplexObject B{#F PyComplexObject W FRINIREIFE. HHEEEE
2T -

int PyComplex_CheckExact (PyObject *p)
WARERNSHRZ— A PyComplexObject (HARPyComplexObject HTEANIR M E(E . BEREUE
e MINAT .

PyObject *PyComplex_FromCComplex (Py_complex v)
Return value: New reference. ¥Rl C 258iPy_complex H{EHAE —1~#110) Python &2 £ 4 .

PyObject *PyComplex_FromDoubles (double real, double imag)
Return value: New reference.  Part of the Stable ABL R 4 real #1 imag & ] — /> 1y C 2
AlpyComplexObject X4,

double PyComplex_RealAsDouble (PyObject *op)
Fart of the Stable ABI. Return the real part of op as a C double.

double PyComplex_ImagAsDouble (PyObject *op)
Part of the Stable ABI. Return the imaginary part of op as a C double.

Py_complex PyComplex_AsCComplex (PyObject *op)
RS2 H op 1) C FBpy_complex {d.

WA op NjE—A> Python B Hxt 4, (HRHA __complex_ () K, WHERHELHBMEM, &
op ¥4l —> Python B Hxf 4. WA __complex_ () KREXMPRFFELRE _ float_ (), 41
__float__ () REXNPEELEEZE __index__ (). WM, M ERRRE] —1.0 fER5e%k(E.

3.8 MU AE: WA AR __index_ ().
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3 ol

FPAR G — B AEAE T — T e 4595744 Python i35 B AR E R PSR &R

8.3.1 bytes %

LR B E I Pl — P R RS AN T AR T R E S PR I 25K TypeError,

type PyBytesObject
XFPyobject 1§ HRAFKIR—4> Python “FATXIR.

PyTypeObject PyBytes_Type
Part of the Stable ABL Py TypeObject LB FE— Python F=F52:% | 7F Python EHE 5 bytes J&
LGB E

int PyBytes_Check (PyObject *0)
RIS 0 22— bytes MR B bytes AU TRAUFY LI NHR AT B . IR B 2 2 BT .

int PyBytes_CheckExact (PyObject *0)

ARG 0 J2—> bytes X G{HAZ bytes AR 7RI SLHINLR M BT . BLEREUEE 2 T

PyObject *PyBytes_FromString (const char *v)
Return value: New reference. Part of the Stable ABL B UJ B3 [B]—A~DAEAFER v (1) Bl AS AR 7775 53 6]
%, JRMHIRI NULL. TG v R NULL: B HAE.

PyObject *PyBytes_FromStringAndSize (const char *v, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL I B} [0 —/ANPAFEFFER v IR AS S E BK 5K len 1)
FETERG, RN R R NULL. 402R v oy NULL, WARRIIRAL TR R 2

PyObject *PyBytes_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABL #:52—~ C print £ () KA&HY format FFFEaFIm 2%
BINSE, TSR Python ST R X R I K/INTR I S EUE A AL G T 4. W ABRENS
Byl C BB HOh WA formar “FAF B A U AFAHXT . o SRVF(E R AAS N 4

BAFRF | EE Exed

%% n/a W F% T

%c int — TN, RN ClhE A

%d int LB print £ ("%d") !

Su unsigned int ZEfEA print £ ("su") !

$1d long SN print £ ("%$1d") .t

$1lu unsigned long | & printf ("$1u").!

$zd Py_ssize_t | ZE{BA printf ("%zd").!

$zu size_t EEfEN print £ ("Szu") .

$i int SZEMEA printf ("%im) .t

$x int SEfEA print £ ("sx") T

$s const char* PA null 2 1551 C FAFEA..

sp const void* —A C sty SRR R IE . BEASEN T print £ ("sp") HE
SHRAFIE 0x JF3k, AMERGT-H L print £ W24

;E‘Ifiﬂ%'ﬂB‘Jf%iﬁ?f@%%ﬁﬁ*%ﬁ?ﬁ% AR WA R H ISR R, HEFIEZ RIS

PXPTEBUIAE (d, u, 1, Lo, zd, zu, 0, x) MEHUREEI, O B bR AR .

8.3. Il 119



The Python/C API, £[F] 3.10.11

PyObject *PyBytes_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABL. 5 PyBytes FromFormat () 5e4HE, BT EFE
WSHL

PyObject *PyBytes_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABI. & [0 =75 FRnsE L 28 oh K MM AN R *o*,

Py_ssize_t PyBytes_Size (PyObject *0)
Part of the Stable ABL j& [B] 3TN 4 *o* HFEITIIRKE

Py_ssize_t PyBytes_GET_SIZE (PyObject *0)
FWAN PyBytes _Size () {HRAHRA .

char *PyBytes_AsString (PyObject *0)
Part of the Stable ABL iR [RIX} 1 o B N F8 5. %FGEHFE M o IIINTRZE v X, HHp 14 len (o) +
LA B RBERE—NF R AT, NeREAEHMASFA . ZEIEA T E A Ok
Bk, BIERNI{#H PyBytes_FromStringAndSize (NULL, size) fJEHZNER. BAAHRESE
Blo WER o MAANZ—DFAHXR, WeyBytes AsString () ffik[] NULL H5|% TypeError,

char *PyBytes_AS_STRING (PyObject *string)
FIRAR PyBytes_AsString () (HRATFHRALN .

int PyBytes_AsStringAndSize (PyObject *obj, char **buffer, Py_ssize_t *length)
Part of the Stable ABIL. 3 i %y 25 5 buffer 1 length 32 W] DA null "2 1 FF IR obf IINZ .

TR length “hy NULL, FATHRMNERMAE ST MANS FA RGOS, WZRBCHR I -1 5] %

ValueError,

RG] obj WINT Gk, BEMRBEE —NEIMIZE T ORBAE length 2491 ) o B A1l E
R, BIEENI{# ] PyBytes_FromStringAndSize (NULL, size) AEHZXE. B
AP L. AR obj IRANR— D FIEERXSR, WryBytes AsStringAndsSize () ikl -1
H5| kK TypeError.

3.5 WU AE: DART, TR G H BUR AR 2 F A5 & TypeError.,

void PyBytes_Concat (PyObject **bytes, PyObject *newpart)
Part of the Stable ABL ¥E *bytes FEIZEFAITITEEX S, HAWETHRME bytes #) newpart WIINZS; T
FRERARHIL T o X bytes JEAE RS AR E] . AR TCERIEEHN G, X bytes WIHT | TR 2 5
H. *bytes WERF N NULL; FHRFRCEIE 14 1) 579

void PyBytes_ConcatAndDel (PyObject **bytes, PyObject *newpart)

Part of the Stable ABI. 7E *bytes HAIE B B0t 4e, HA W& U INE| bytes 1) newpart BINZE . BLhK
AL newpart BI5 ] AL
int _PyBytes_Resize (PyObject **bytes, Py_ssize_t newsize)

BT RN —FP 073, BIGEHCSY AR R . 7 U TR S AT R 4 IR
A ERTEAAD Y A2 C AN T 20 AR AT ER R 5 | THEOA S — DUl F Ot ek 4
Rt e A—DIAFIBRRIHIEAES lvalue (EATRESBEA), HAZAGEIH RN M2l
WF, *bytes REAFHTUS KNG T ER AT QAR ] 05 *bytes Ik 7T GBS HAR AR F] . Q2R R
SYTCRIG, W) *bytes [ JESFAT ER XS GORF RIS 0T, *bytes K NULL, [A]INHE MemoryError
9‘:":52@ -1,
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8.3.2 FHMAMR

type PyByteArrayObject
XA Pyobject HTHAHKR—> Python TFH5 4R & .

PyTypeObject PyByteArray_Type
Part of the Stable ABL Python bytearray 25 % 3 /R HPyTypeObject W SEHl; X5 Python |2 [ Y
bytearray sl [E X4,

RBRER

int PyByteArray_Check (PyObject *0)
WERXFS 0 /& —A> bytearray X} R B bytearray FEHU [ TS AL A SL 51 W3k Bl LA . I RRERER 22 A
7o

int PyByteArray_CheckExact (PyObject *0)
ASRRAISR 0 J&—> bytearray X G {HAZ bytearray JEAUAY I AUAY S B 3R W] ELAH . L RRHRLER 2 )
T,

Ef= APl BE

PyObject *PyByteArray_FromObject (PyObject *0)
Return value: New reference. Part of the Stable ABL fRAE/FAa]SEIL T 42 iF R 33l FIRT R 0, IR [H— P
AT 5.

PyObject *PyByteArray_FromStringAndSize (const char *string, Py_ssize_t len)
Return value: New reference. Part of the Stable ABL R4 string I HACFE len 18—/~ 3711 bytearray X754 .
2R IG IR 8] NUL L,

PyObject *PyByteArray_Concat (PyObject *a, PyObject *b)
Return value: New reference. Part of the Stable ABL TEFEFIT R a 1 b IR Bl — A 45 R B ) =3y
ER

Py_ssize_t PyByteArray_Size (PyObject *bytearray)
Part of the Stable ABIL. FEAGEr NULL 1541 )5 & 0] bytearray WK />

char *PyByteArray_AsString (PyObject *bytearray)
Part of the Stable ABL JEAG# NULL 841 J5R [R5 bytearray iR [B] N —NFAFE0H . IR Bl ECH B2 4t
AN 27

int PyByteArray_Resize (PyObject *bytearray, Py_ssize_t len)
Part of the Stable ABL - bytearray /7 NFBZE P X R K /INJEIEE A len.,

M

IXBE TR A PE DAL RE , BT IR AT F RS .
char *PyByteArray_AS_STRING (PyObject *bytearray)
C ¥ PyByteArray AsString () WIZEMAS.

Py_ssize_t PyByteArray_ GET_SIZE (PyObject *bytearray)
C B¥PyByteArray Size () BIZEIRA .
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8.3.3 Unicode Y+ H iR 15
Unicode &

FI M python3.3 FR 5Bl Y PEP 393 DAk, Unicode X RAE NERE I 2RI, DABEAEORFR ARG 1 [R]
AL PRSEEEFEF ) Unicode “FAF. X BrA AU AR T 128, 256 5 65536 B F47HY, A —LLARIRIGIL;
W, AT A AUR T 1114112 (X252 %19 Unicode ) .

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:

» “canonical” 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.

#iF): 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 3#Y

These are the basic Unicode object types used for the Unicode implementation in Python:

type Py_UCS4
type Py_UCS2

type Py_UCS1
Fart of the Stable ABIL. These types are typedefs for unsigned integer types wide enough to contain characters of
32 bits, 16 bits and 8 bits, respectively. When dealing with single Unicode characters, use Py UCS4.

3.3 BUBTINA.

type Py_UNICODE
This is a typedef of wchar_t, which is a 16-bit type or 32-bit type depending on the platform.

3.3 Jit 8 4#: In previous versions, this was a 16-bit type or a 32-bit type depending on whether you selected a
“narrow” or “wide” Unicode version of Python at build time.

type PyASCIIObject

type PyCompactUnicodeObject

type PyUnicodeObject
These subtypes of PyObject represent a Python Unicode object. In almost all cases, they shouldn’t be used
directly, since all API functions that deal with Unicode objects take and return PyOb ject pointers.

3.3 OB

PyTypeObject PyUnicode_Type
Fart of the Stable ABI. This instance of PyTypeOb ject represents the Python Unicode type. It is exposed to
Python code as str.

The following APIs are really C macros and can be used to do fast checks and to access internal read-only data of Unicode
objects:
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int PyUnicode_Check (PyObject *0)

Return true if the object o is a Unicode object or an instance of a Unicode subtype. This function always succeeds.
int PyUnicode_CheckExact (PyObject *0)

Return true if the object o is a Unicode object, but not an instance of a subtype. This function always succeeds.
int PyUnicode_READY (PyObject *0)

Ensure the string object o is in the “canonical” representation. This is required before using any of the access

macros described below.

Returns O on success and —1 with an exception set on failure, which in particular happens if memory allocation
fails.

3.3 OB
HAE A 310 2 R H, & 3 WA 312 %, : This API will be removed with

PyUnicode_FromUnicode ().

Py_ssize_t PyUnicode_GET_LENGTH (PyObject *0)
Return the length of the Unicode string, in code points. o has to be a Unicode object in the “canonical” represen-
tation (not checked).

3.3 BUHTIA.

Py_UCSI *PyUnicode_1BYTE_DATA (PyObject *0)

Py_UCS2 *PyUnicode_2BYTE_DATA (PyObject *0)

Py_UCS4 *PyUnicode_4BYTE_DATA (PyObject *0)
Return a pointer to the canonical representation cast to UCS1, UCS2 or UCS4 integer types for direct char-
acter 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.

3.3 BBTIMA.
PyUnicode_WCHAR_KIND
PyUnicode_1BYTE_KIND
PyUnicode_2BYTE_KIND
PyUnicode_4BYTE_KIND
R [H PyUnicode KIND () FE1E .
3.3 RBTIA.
EAERUA 3.10 AN, 56 3 A 3.12 PEBR. : PyUnicode _WCHAR_KIND EL[EI.

unsigned int PyUnicode_KIND (PyObject *0)
Return one of the PyUnicode kind constants (see above) that indicate how many bytes per character this Unicode
object uses to store its data. o has to be a Unicode object in the “canonical” representation (not checked).

3.3 JRHTA.

void *PyUnicode_DATA (PyObject *0)
Return a void pointer to the raw Unicode buffer. o has to be a Unicode object in the “canonical” representation
(not checked).

3.3 HUHTIA.

void PyUnicode_WRITE (int kind, void *data, Py_ssize_t index, Py_UCS4 value)
Write into a canonical representation data (as obtained with PyUnicode_DATA ()). This macro does not do
any sanity checks and is intended for usage in loops. The caller should cache the kind value and data pointer as
obtained from other macro 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.
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3.3 BUHTMA.

Py_UCS4 PyUnicode_READ (int kind, void *data, Py_ssize_t index)
Read a code point from a canonical representation data (as obtained with PyUnicode_DATA ()). No checks or
ready calls are performed.

3.3 BUHTA.

Py_UCS4 PyUnicode_READ_CHAR (PyObject *0, Py_ssize_t index)
Read a character from a Unicode object o, which must be in the ”canonical” representation. This is less efficient
than PyUnicode_READ () if you do multiple consecutive reads.

3.3 BUBTINA.

PyUnicode_MAX_CHAR_VALUE (0)
Return the maximum code point that is suitable for creating another string based on o, which must be in the
”canonical” representation. This is always an approximation but more efficient than iterating over the string.

3.3 BUBTINA.

Py_ssize_t PyUnicode_GET_SIZE (PyObject *0)
Return the size of the deprecated Py_UNICODE representation, in code units (this includes surrogate pairs as 2
units). o has to be a Unicode object (not checked).

HARE AR 3.3 R AHER G, 15 & B AR 3.12 Bk, « IH3L Unicode APL 11— 5, i iE#6 5I il

HPyUnicode GET LENGTH() .

Py_ssize_t PyUnicode_GET_DATA_SIZE (PyObject *0)
Return the size of the deprecated Py_ UNTCODE representation in bytes. o has to be a Unicode object (not checked).

HARE A 3.3 R AHER G, 15 & B A 3.12 Bk, « IH3X Unicode APL [— 5, i iE#6 3I fil

HPyUnicode GET _LENGTH() .

Py_UNICODE *PyUnicode_AS_UNICODE (PyObject *0)

const char *PyUnicode_AS_DATA (PyObject *0)
Return a pointer to a Py UNICODE representation of the object. The returned buffer is always terminated with an
extra null code point. It may also contain embedded null code points, which would cause the string to be truncated
when used in most C functions. The AS_DATA form casts the pointer to const char*. The o argument has to
be a Unicode object (not checked).

3.3 W HE 4#: This macro is now inefficient -- because in many cases the Py_ UNTCODE 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 ().

HAREMRAS 3.3 AN, 5 & B HCA 3.12 R, : IHX Unicode APT 1—iits), i 145 £ (1]

PyUnicode_nBYTE_DATA () %,

int PyUnicode_IsIdentifier (PyObject *0)
Fart of the Stable ABI. Return 1 if the string is a valid identifier according to the language definition, section
identifiers. Return 0 otherwise.

3.9 iR ¥4 The function does not call Py_FatalError () anymore if the string is not ready.
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Unicode =&

Unicode provides many different character properties. The most often needed ones are available through these macros
which are mapped to C functions depending on the Python configuration.

int Py_UNICODE_ISSPACE (Py_UCS4 ch)
FRAE ch @5 =5 F PRI 15 0.
int Py_UNICODE_ISLOWER (Py_UCS4 ch)
MR ch 2R/ NG PRI 1 B0,
int Py_UNICODE_ISUPPER (Py_UCS4 ch)
Return 1 or 0 depending on whether c# is an uppercase character.

int Py_UNICODE_ISTITLE (Py_UCS4 ch)
Return 1 or 0 depending on whether c# is a titlecase character.

int Py_UNICODE_ISLINEBREAK (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is a linebreak character.

int Py_UNICODE_ISDECIMAL (Py UCS4 ch)
Return 1 or 0 depending on whether ch is a decimal character.

int Py_UNICODE_ISDIGIT (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is a digit character.

int Py_UNICODE_ISNUMERIC (Py UCS4 ch)
Return 1 or 0 depending on whether ch is a numeric character.

int Py _UNICODE_ISALPHA (Py_UCS4 ch)
Return 1 or 0 depending on whether c#/ is an alphabetic character.

int Py_UNICODE_ISALNUM (Py_UCS4 ch)
Return 1 or 0 depending on whether ch is an alphanumeric character.

int Py_UNICODE_ISPRINTABLE (Py_UCS4 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.)

These APIs can be used for fast direct character conversions:

Py_UCS4 Py_UNICODE_TOLOWER (Py_ UCS4 ch)
Return the character ¢ converted to lower case.

3.3 Jift#& 2. [ This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOUPPER (Py_UCS4 ch)
Return the character ch converted to upper case.

3.3 jiftf& EL[F ] This function uses simple case mappings.

Py_UCS4 Py_UNICODE_TOTITLE (Py_UCS4 ch)
Return the character ch converted to title case.

3.3 Jii % C.[EJH: This function uses simple case mappings.

int Py_UNICODE_TODECIMAL (Py UCS4 ch)
Return the character ch converted to a decimal positive integer. Return —1 if this is not possible. This macro does
not raise exceptions.
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int Py_UNICODE_TODIGIT (Py_UCS4 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_UCS4 ch)
Return the character ch converted to a double. Return -1 .0 if this is not possible. This macro does not raise
exceptions.

These APIs can be used to work with surrogates:

Py _UNICODE_IS_SURROGATE (ch)
Check if ch is a surrogate (0xD800 <= ch <= 0xDFFF).

Py _UNICODE_IS_HIGH_SURROGATE (ch)
Check if ch is a high surrogate (0xD800 <= ch <= 0xDBFF).

Py _UNICODE_IS_LOW_SURROGATE (ch)
Check if ch is a low surrogate (0xDC0O0 <= ch <= O0xDFFF).

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.

Creating and accessing Unicode strings

To create Unicode objects and access their basic sequence properties, use these APIs:

PyObject *PyUnicode_New (Py_ssize_t size, Py_UCS4 maxchar)
Return value: New reference. Create a new Unicode object. maxchar should be the true maximum code point to
be placed in the string. As an approximation, it can be rounded up to the nearest value in the sequence 127, 255,
65535, 1114111.

This is the recommended way to allocate a new Unicode object. Objects created using this function are not resizable.

3.3 BUHTA.

PyObject *PyUnicode_FromKindAndData (int kind, const void *buffer, Py_ssize_t size)
Return value: New reference. ~Create a new Unicode object with the given kind (possible values are
PyUnicode_1BYTE_KIND etc., as returned by PyUnicode_KIND ()). The buffer must point to an array
of size units of 1, 2 or 4 bytes per character, as given by the kind.

3.3 BUHTIA.

PyObject *PyUnicode_FromStringAndSize (const char *u, Py_ssize_t size)
Return value: New reference. Part of the Stable ABIL Create a Unicode object from the char buffer u. 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 u 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 *u)
Return value: New reference. Part of the Stable ABI. Create a Unicode object from a UTF-8 encoded null-
terminated char buffer u.

PyObject *PyUnicode_FromFormat (const char *format, ...)
Return value: New reference. Part of the Stable ABI Take a C printf () -style format string and a variable
number of arguments, calculate the size of the resulting Python Unicode string and return a string with the values
formatted into it. The variable arguments must be C types and must correspond exactly to the format characters in
the format ASCII-encoded string. The following format characters are allowed:
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%% n/a N F% FAF

% int PR, RN CHlF AL

sd int EXTN printf("gd") T

su unsigned int MmN print £ ("su") .

$1d long ZEMEA print £ ("$1d") .

$1i long ZEfEA print £ ("%1im).]

$1lu unsigned long LSBT print £ ("%1u") .t

$11d long long A print £ ("s11d") T

$11i long long LA print £ ("%111i") .t

$11lu unsigned long long ZLfEA print £ ("$11u").!

$zd Py _ssize_t LB print £ ("%zd").!

$zi Py_ssize_t ZEfEN print £ ("%zi") ]

Szu size_t EEfBHA print £ ("%zu").!

$i int SEfEN print £ ("si") T

$x int ZEfEHN print £ ("%x") !

$s const char* PA null 292 FAFH) C 45504

sp const void* —A CHREFRY TSR RN B BAZN T print £ ("sp")
EE%@%W\%E{E 0x 3k, NMERGT-E L print £ i)
e ft 4.

SA PyObject* ascii () FEHSRE.

U PyObject* — Umcode LTI

SV 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* The result of calling PyObject_Str().

%R PyObject* The result of calling PyObject_Repr ().

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.

#(E): The width formatter unit is number of characters rather than bytes. The precision formatter unit is number
of bytes for "$s" and "$V" (if the PyObject* argument is NULL), and a number of characters for "$A",
"$U", "$S", "$R" and "$V" (if the PyObject* argument is not NULL).

3.2 i H 4 Support for "$11d" and "$11u" added.
3.3 fR s 5 Support for "$11", "$11i" and "$zi" added.
3.4 Jjx ¥4 Support width and precision formatter for "$s™", "$A", "$U", "$V", "$S", "S$R" added.

PyObject *PyUnicode_FromFormatV (const char *format, va_list vargs)
Return value: New reference. Part of the Stable ABI. Identical to PyUnicode_FromFormat () except that it
takes exactly two arguments.

PyObject *PyUnicode_FromEncodedObject (PyObject *obj, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABI. Decode an encoded object obj to a Unicode object.

bytes, bytearray and other byfes-like objects are decoded according to the given encoding and using the error
handling defined by errors. Both can be NULL to have the interface use the default values (see Built-in Codecs for
details).

! For integer specifiers (d, u, 1d, 1i, lu, 11d, 11i, Ilu, zd, zi, zu, i, X): the O-conversion flag has effect even when a precision is given.
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All other objects, including Unicode objects, cause a TypeError to be set.
The API returns NULL if there was an error. The caller is responsible for decref’ing the returned objects.

Py_ssize_t PyUnicode_GetLength (PyObject *unicode)
Fart of the Stable ABI since version 3.7. Return the length of the Unicode object, in code points.

3.3 BUHTMA.

Py_ssize_t PyUnicode_CopyCharacters (PyObject *to, Py_ssize_t to_start, PyObject *from, Py_ssize_t
from_start, Py_ssize_t how_many)
Copy characters from one Unicode object into another. This function performs character conversion when necessary

and falls back to memcpy () if possible. Returns —1 and sets an exception on error, otherwise returns the number
of copied characters.

3.3 BUHTMA.

Py_ssize_t PyUnicode_Fill (PyObject *unicode, Py_ssize_t start, Py_ssize_t length, Py_UCS4 fill_char)
Fill a string with a character: write fill_char into unicode [start:start+length].

Fail if fill_char is bigger than the string maximum character, or if the string has more than 1 reference.

Return the number of written character, or return -1 and raise an exception on error.

3.3 HUHTIA.

int PyUnicode_WriteChar (PyObject *unicode, Py_ssize_t index, Py_UCS4 character)
Fart of the Stable ABI since version 3.7. 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).

3.3 BUHTMA.

Py_UCS4 PyUnicode_ReadChar (PyObject *unicode, Py_ssize_t index)
Part of the Stable ABI since version 3.7. Read a character from a string. This function checks that unicode is a
Unicode object and the index is not out of bounds, in contrast to the macro version PyUnicode READ_CHAR ().

3.3 BUBTINA.

PyObject *PyUnicode_Substring (PyObject *str, Py_ssize_t start, Py_ssize_t end)
Return value: New reference. Part of the Stable ABI since version 3.7. Return a substring of str, from character
index start (included) to character index end (excluded). Negative indices are not supported.

3.3 BUBTINA.

Py_UCS4 *PyUnicode_AsUCS4 (PyObject *u, Py_UCS4 *buffer, Py_ssize_t buflen, int copy_null)
Part of the Stable ABI since version 3.7. Copy the string u 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 u). buffer is returned on success.

3.3 BUHTMA.

Py_UCS4 *PyUnicode_AsUCS4Copy (PyObject *u)
Part of the Stable ABI since version 3.7. Copy the string u into a new UCS4 buffer that is allocated using
PyMem_Malloc (). If this fails, NULL is returned with a MemoryError set. The returned buffer always
has an extra null code point appended.

3.3 BUHTMA.
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Deprecated Py_UNICODE APIs

FIGERAS 3.3 SRAERS N, 158 A HA 3.12 sk,

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)
Return value: New reference. 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 ().

EAEHAR 3.3 AR, A& 3R 3.12 18558 . : 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.

HIEHUAR 3.3 BAHEREM A, #§& HRA 3.12 944, : Part of the old-style Unicode API, please migrate

to using PyUnicode_AsUCS4 (), PyUnicode_AsWideChar (), PyUnicode_ReadChar () or similar
new APIs.

PyObject *PyUnicode_TransformDecimalToASCII (Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Create a Unicode object by replacing all decimal digits in Py_ UNICODE buffer of
the given size by ASCII digits 0--9 according to their decimal value. Return NULL if an exception occurs.

HAEAS 3.3 BAHEREM T, & 34 3.11 F 84, : Part of the old-style Py UNICODE API; please

migrate to using Py_ UNICODE_TODECIMAL ().

Py_UNICODE *PyUnicode_AsUnicodeAndSize (PyObject *unicode, Py_ssize_t *size)
Like PyUnicode_AsUnicode (), but also saves the Py UNICODE () array length (excluding the extra null
terminator) in size. Note that the resulting Py_ UNTCODE* string may contain embedded null code points, which
would cause the string to be truncated when used in most C functions.

3.3 BUBTA.
HIEHAR 3.3 BAHERM A, #§& HRA 3.12 F 4[4, : 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)
Part of the Stable ABI. Return the size of the deprecated Py_ UNICODE representation, in code units (this includes
surrogate pairs as 2 units).

HAE A 3.3 AHERBE BT, % & B RA 3.12 . : IH3X Unicode AP () —i7r, 81245 2 i

HPyUnicode GET _LENGTH() .

PyObject *PyUnicode_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABI. Copy an instance of a Unicode subtype to a new true Unicode
object if necessary. If obj is already a true Unicode object (not a subtype), return the reference with incremented
refcount.
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Objects other than Unicode or its subtypes will cause a TypeError.

Locale Encoding

The current locale encoding can be used to decode text from the operating system.

PyObject *PyUnicode_DecodelLocaleAndSize (const char *str, Py_ssize_t len, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. Decode a string from UTF-8 on Android and
VxWorks, or from the current locale encoding on other platforms. The supported error handlers are "strict"
and "surrogateescape" (PEP 383). The decoder uses "strict" error handler if errors is NULL. st7 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.
wE%:
Py_DecodeLocale () BT,

3.3 BUHTMA.

3.7 W B 58 The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py_DecodeLocale () was used for the surrogateescape, and the current
locale encoding was used for strict.

PyObject *PyUnicode_DecodeLocale (const char *str, const char *errors)
Return  value: New reference. Part of the Stable ABI since version 3.7. Similar to
PyUnicode_DecodeLocaleAndSize (), but compute the string length using strlen ().

3.3 BUBTIA.

PyObject *PyUnicode_EncodeLocale (PyObject *unicode, const char *errors)
Return value: New reference. Part of the Stable ABI since version 3.7. Encode a Unicode object to UTF-8 on
Android and VxWorks, or to the current locale encoding on other platforms. The supported error handlers are
"strict" and "surrogateescape" (PEP 383). The encoder uses "strict" error handler if errors is
NULL. Return a bytes object. unicode cannot contain embedded null characters.

Use PyUnicode_EncodeFSDefault () toencodeastringtoPy_FileSystemDefaultEncoding (the
locale encoding read at Python startup).

This function ignores the Python UTF-8 Mode.
hs%:

Py_EncodeLocale () B3,

3.3 BUHTA.

3.7 R ¥ %#: The function now also uses the current locale encoding for the surrogateescape error handler,
except on Android. Previously, Py_ EncodeLocale () wasused for the surrogateescape, and the current
locale encoding was used for strict.
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XHRGmIDIERX

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 "O&" converter should be used,
passing PyUnicode_FSConverter () asthe conversion function:

int PyUnicode_FSConverter (PyObject *obj, void *result)
Part of the Stable ABI. ParseTuple converter: encode str objects -- obtained directly or through the os.
PathLike interface -- to bytes using PyUnicode_EncodeFSDefault (); bytes objects are output
as-is. result must be a PyBytesObject* which must be released when it is no longer used.

3.1 OB
3.6 R HT B $57— A path-like object .,

To decode file names to str during argument parsing, the "O&" converter should be used, passing
PyUnicode_FSDecoder () as the conversion function:

int PyUnicode_FSDecoder (PyObject *obj, void *result)
Part of the Stable ABI. ParseTuple converter: decode bytes objects -- obtained either directly or indirectly through
the os.PathLike interface -- to str using PyUnicode_DecodeFSDefaultAndSize (); str objects
are output as-is. result must be a PyUnicodeObject* which must be released when it is no longer used.

3.2 BUHTIMA.
3.6 R HT B 57— path-like object .,

PyObject *PyUnicode_DecodeFSDefaultAndSize (const char *s, Py_ssize_t size)
Return value: New reference. Part of the Stable ABI. Decode a string from the filesystem encoding and error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding is initialized at startup from the locale encoding and can-

not be modified later. If you need to decode a string from the current locale encoding, use
PyUnicode_DecodeLocaleAndSize ().
hz%:

Py_DecodeLocale () BT,
3.6 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_DecodeFSDefault (const char *s)
Return value: New reference. Part of the Stable ABIL. Decode a null-terminated string from the filesystem encoding
and error handler.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.
Use PyUnicode_DecodeFSDefaultAndSize () if you know the string length.
3.6 JitH##: Use Py_FileSystemDefaultEncodeErrors error handler.

PyObject *PyUnicode_EncodeFSDefault (PyObject *unicode)
Return  value: New  reference. Part of the Stable ABIL Encode a Unicode object to
Py_FileSystemDefaultEncoding with the Py_FileSystemDefaultEncodeErrors error
handler, and return bytes. Note that the resulting byt es object may contain null bytes.

If Py_FileSystemDefaultEncoding is not set, fall back to the locale encoding.

Py_FileSystemDefaultEncoding isinitialized at startup from the locale encoding and cannot be modified
later. If you need to encode a string to the current locale encoding, use PyUnicode_EncodeLocale ().
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L%
Py_EncodeLocale () =,
3.2 HUHTIA.

3.6 iREE%%: Use Py_FileSystemDefaultEncodeErrors error handler.

wchar_t Support

wchar_t support for platforms which support it:

PyObject *PyUnicode_FromWideChar (const wchar_t *w, Py_ssize_t size)
Return value: New reference. Part of the Stable ABIL Create a Unicode object from the wchar_t buffer w of the
given size. Passing —1 as the size indicates that the function must itself compute the length, using weslen. Return
NULL on failure.

Py_ssize_t PyUnicode_AsWideChar (PyObject *unicode, wchar_t *w, Py_ssize_t size)
Fart of the Stable ABI. Copy the Unicode object contents into the wchar_t buffer w. 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. 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)
Fart of the Stable ABI since version 3.7. Convert the Unicode object to a wide character string. The output string
always ends with a null character. If size is not NULL, write the number of wide characters (excluding the trailing
null termination character) into *size. Note that the resulting wchar_ t string might contain null characters, which
would cause the string to be truncated when used with most C functions. If size is NULL and the wchar_t * string
contains null characters a ValueError is raised.

Returns a buffer allocated by PyMem_Alloc () (use PyMem_Free () to free it) on success. On error, returns
NULL and *size is undefined. Raises a MemoryError if memory allocation is failed.

3.2 BT

3.7 iR B4 Raises a ValueError if size is NULL and the wchar_t * string contains null characters.

Built-in Codecs

Python provides a set of built-in codecs which are written in C for speed. All of these codecs are directly usable via the
following functions.

Many of the following APIs take two arguments encoding and errors, and they have the same semantics as the ones of
the built-in str () string object constructor.

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).

Error handling is set by errors which may also be set to NULL meaning to use the default handling defined for the codec.
Default error handling for all built-in codecs is “strict” (ValueError is raised).

The codecs all use a similar interface. Only deviations from the following generic ones are documented for simplicity.
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Generic Codecs

These are the generic codec APIs:

PyObject *PyUnicode_Decode (const char *s, Py_ssize_t size, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded

string 5. encoding and errors have the same meaning as the parameters of the same name in the str () built-in
function. The codec to be used is looked up using the Python codec registry. Return NULL if an exception was
raised by the codec.

PyObject *PyUnicode_AsEncodedString (PyObject *unicode, const char *encoding, const char

*errors)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object and return the result as Python bytes

object. encoding and errors have the same meaning as the parameters of the same name in the Unicode encode ()
method. 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_Encode (const Py _UNICODE *s, Py_ssize_t size, const char *encoding, const

char *errors)
Return value: New reference. Encode the Py UNTCODE buffer s of the given size and return a Python bytes object.

encoding and errors have the same meaning as the parameters of the same name in the Unicode encode () method.
The codec to be used is looked up using the Python codec registry. Return NULL if an exception was raised by the
codec.

HAEMA 3.3 BAHER M, M€ 8R4 3.11 pfE[E. : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsEncodedString().

UTF-8 4mfi#tioes

PATR & UTF-8 i ¢t APL

PyObject *PyUnicode_DecodeUTF8 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-8
encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF8Stateful (const char *s, Py _ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value:  New reference. Part of the Stable ABIL If consumed is NULL, behave like
PyUnicode_DecodeUTF8 (). If consumed is not NULL, trailing incomplete UTF-8 byte sequences
will not be treated as an error. Those bytes will not be decoded and the number of bytes that have been decoded
will be stored in consumed.

PyObject *PyUnicode_AsUTF8String (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL Encode a Unicode object using UTF-8 and return the result
as Python bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

const char *PyUnicode_AsUTF8AndSize (PyObject *unicode, Py_ssize_t *size)
FPart of the Stable ABI since version 3.10. Return a pointer to the UTF-8 encoding of the Unicode object, and store
the size of the encoded representation (in bytes) in size. The size argument can be NULL; in this case no size will
be stored. The returned buffer always has an extra null byte appended (not included in size), regardless of whether
there are any other null code points.

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.
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3.3 OB A
3.7 )R S48 The return type is now const char * rather of char *.
3.10 iR 584 This function is a part of the limited API.

const char *PyUnicode_AsUTF8 (PyObject *unicode)
As PyUnicode_AsUTF8AndSize (), but does not store the size.

3.3 JRHTINA.
3.7 i ¥ 4% The return type is now const char * rather of char *.

PyObject *PyUnicode_EncodeUTF8 (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer s of the given size using UTF-8 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

B A 33 BAMEMER, &8 R4A 311 . : Part of the old-style Py UNICODE

API; please migrate to using PyUnicode_ AsUTF8String (), PyUnicode AsUTF8AndSize () or
PyUnicode_AsEncodedString().

UTF-32 Codecs

These are the UTF-32 codec APIs:

PyObject *PyUnicode_DecodeUTF32 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABIL. Decode size bytes from a UTF-32 encoded buffer string and
return the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to “strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*byteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first four bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output.

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF32Stateful (const char *s, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
Return value: ~ New reference. Part of the Stable ABIL If consumed is NULL, behave like
PyUnicode_DecodeUTF32 (). If consumed is not NULL, PyUnicode_DecodeUTF32Stateful ()
will not treat trailing incomplete UTF-32 byte sequences (such as a number of bytes not divisible by four) as an
error. Those bytes will not be decoded and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsUTF32String (PyObject *unicode)
Return value: New reference. Part of the Stable ABI. Return a Python byte string using the UTF-32 encoding
in native byte order. The string always starts with a BOM mark. Error handling is "strict”. Return NULL if an
exception was raised by the codec.

PyObject *PyUnicode_EncodeUTF32 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int

byteorder)
Return value: New reference. Return a Python bytes object holding the UTF-32 encoded value of the Unicode data

in 5. Output is written according to the following byte order:
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byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian

If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is not defined, surrogate pairs will be output as a single code point.

Return NULL if an exception was raised by the codec.

HAEHA 3.3 B AHEREM T, K€ B8R4 3.11 F8%. : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode AsUTF32String () or PyUnicode_AsEncodedString ().

UTF-16 Codecs

These are the UTF-16 codec APIs:

PyObject *PyUnicode_DecodeUTF16 (const char *s, Py_ssize_t size, const char *errors, int *byteorder)
Return value: New reference. Part of the Stable ABIL. Decode size bytes from a UTF-16 encoded buffer string and
return the corresponding Unicode object. errors (if non-NULL) defines the error handling. It defaults to “strict”.

If byteorder is non-NULL, the decoder starts decoding using the given byte order:

*pbyteorder == -1: little endian
*byteorder == 0: native order
*byteorder == 1: Dbig endian

If *byteorder is zero, and the first two bytes of the input data are a byte order mark (BOM), the decoder
switches to this byte order and the BOM is not copied into the resulting Unicode string. If *byteorderis -1 or
1, any byte order mark is copied to the output (where it will result in either a \ufeff or a \uf f fe character).

After completion, *byteorder is set to the current byte order at the end of input data.
If byteorder is NULL, the codec starts in native order mode.
Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF1l6Stateful (const char *s, Py_ssize_t size, const char *errors, int
*byteorder, Py_ssize_t *consumed)
Return value:  New reference. Part of the Stable ABIL If consumed is NULL, behave like
PyUnicode_DecodeUTF16 (). If consumed is not NULL, PyUnicode_ DecodeUTF16Stateful ()
will not treat trailing incomplete UTF-16 byte sequences (such as an odd number of bytes or a split surrogate pair)
as an error. Those bytes will not be decoded and the number of bytes that have been decoded will be stored in
consumed.

PyObject *PyUnicode_AsUTF16String (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Return a Python byte string using the UTF-16 encoding
in native byte order. The string always starts with a BOM mark. Error handling is "strict”. Return NULL if an
exception was raised by the codec.

PyObject *PyUnicode_EncodeUTF16 (const Py_UNICODE *s, Py_ssize_t size, const char *errors, int

byteorder)
Return value: New reference. Return a Python bytes object holding the UTF-16 encoded value of the Unicode data

in s. Output is written according to the following byte order:

byteorder == -1: little endian
byteorder == 0: native byte order (writes a BOM mark)
byteorder == 1: Dbig endian
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If byteorder is 0, the output string will always start with the Unicode BOM mark (U+FEFF). In the other two
modes, no BOM mark is prepended.

If Py_UNICODE_WIDE is defined, a single Py UNICODE value may get represented as a surrogate pair. If it is
not defined, each Py_ UNTCODE values is interpreted as a UCS-2 character.

Return NULL if an exception was raised by the codec.

HAEHAS 3.3 BATEREM T, K& 34 3.11 F 54, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode AsUTF16String () or PyUnicode_AsEncodedString().

UTF-7 Codecs

These are the UTF-7 codec APIs:

PyObject *PyUnicode_DecodeUTF7 (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the UTF-7
encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeUTF7Stateful (const char *s, Py_ssize_t size, const char *errors,
Py_ssize_t *consumed)
Return value: ~ New reference. Part of the Stable ABIL If consumed is NULL, behave like
PyUnicode_DecodeUTF7 (). If consumed is not NULL, trailing incomplete UTF-7 base-64 sections
will not be treated as an error. Those bytes will not be decoded and the number of bytes that have been decoded
will be stored in consumed.

PyObject *PyUnicode_EncodeUTF7 (const Py _UNICODE *s, Py_ssize_t size, int base64SetO, int
base64 WhiteSpace, const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using UTF-7 and return a Python

bytes object. Return NULL if an exception was raised by the codec.

If base64SetO is nonzero, "Set O” (punctuation that has no otherwise special meaning) will be encoded in base-64.
If base64 WhiteSpace is nonzero, whitespace will be encoded in base-64. Both are set to zero for the Python “utf-7”
codec.

HAEHAS 3.3 B AHEREM T, K€ B8R4 3.11 F88%. : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode_AsEncodedString().

Unicode-Escape 4gf#i52%

These are the “Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeUnicodeEscape (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the Unicode-
Escape encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI. Encode a Unicode object using Unicode-Escape and return
the result as a bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Unicode-Escape and return
a bytes object. Return NULL if an exception was raised by the codec.

HAAEAS 3.3 B AHEEM T, W€ 34 3.11 825, : Part of the old-style Py_ UNICODE API; please

migrate to using PyUnicode AsUnicodeEscapeString().
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Raw-Unicode-Escape Codecs

These are the "Raw Unicode Escape” codec APIs:

PyObject *PyUnicode_DecodeRawUnicodeEscape (const char *s, Py_ssize_t size, const char

*errors)
Return value: New reference. Part of the Stable ABL Create a Unicode object by decoding size bytes of the Raw-

Unicode-Escape encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsRawUnicodeEscapeString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI. Encode a Unicode object using Raw-Unicode-Escape and
return the result as a bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeRawUnicodeEscape (const Py_UNICODE *s, Py_ssize_t size)
Return value: New reference. Encode the Py UNICODE buffer of the given size using Raw-Unicode-Escape and
return a bytes object. Return NULL if an exception was raised by the codec.

H MR A 33 % A M H, &8 )RA 311 1 B K. : Pat of the old-style
Py _UNICODE API; please migrate to using PyUnicode_AsRawUnicodeEscapeString() or
PyUnicode_AsEncodedString().

Latin-1 Codecs

These are the Latin-1 codec APIs: Latin-1 corresponds to the first 256 Unicode ordinals and only these are accepted by
the codecs during encoding.

PyObject *PyUnicode_DecodeLatinl (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABIL Create a Unicode object by decoding size bytes of the Latin-1
encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsLatinlString (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object using Latin-1 and return the result
as Python bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeLatinl (const Py _UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py UNTCODE buffer of the given size using Latin-1 and return a Python
bytes object. Return NULL if an exception was raised by the codec.

EAEMRA 3.3 BAHEREMH, #5& 8R4 3.11 pE8[E. : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_AsLatinlString () or PyUnicode_AsEncodedString().

ASCII Codecs

These are the ASCII codec APIs. Only 7-bit ASCII data is accepted. All other codes generate errors.

PyObject *PyUnicode_DecodeASCII (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the ASCII
encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_AsASCIIString (PyObject *unicode)
Return value: New reference. Part of the Stable ABIL. Encode a Unicode object using ASCII and return the result
as Python bytes object. Error handling is “strict”. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_EncodeASCII (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_ UNICODE buffer of the given size using ASCII and return a Python
bytes object. Return NULL if an exception was raised by the codec.
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HAEHA 3.3 B AHEREM T, K€ B8R4 3.11 F8%. : Part of the old-style Py_ UNTCODE API; please

migrate to using PyUnicode AsASCIIString () or PyUnicode_AsEncodedString().

Character Map Codecs

This codec is special in that it can be used to implement many different codecs (and this is in fact what was done to
obtain most of the standard codecs included in the encodings package). The codec uses mappings to encode and
decode characters. The mapping objects provided must support the __getitem__ () mapping interface; dictionaries
and sequences work well.

These are the mapping codec APIs:

PyObject *PyUnicode_DecodeCharmap (const char *data, Py_ssize_t size, PyObject *mapping, const

char *errors)
Return value: New reference. Part of the Stable ABI. Create a Unicode object by decoding size bytes of the encoded

string s using the given mapping object. Return NULL if an exception was raised by the codec.

If mapping is NULL, Latin-1 decoding will be applied. Else mapping must map bytes ordinals (integers in the range
from O 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, OXxFFFE or '\
ufffe', are treated as undefined mappings and cause an error.

PyObject *PyUnicode_AsCharmapString (PyObject *unicode, PyObject *mapping)
Return value: New reference. Part of the Stable ABIL Encode a Unicode object using the given mapping object and
return the result as a bytes object. Error handling is "strict”. Return NULL if an exception was raised by the codec.

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.

PyObject *PyUnicode_EncodeCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,
const char *errors)
Return value: New reference. Encode the Py_ UNTCODE buffer of the given size using the given mapping object

and return the result as a bytes object. Return NULL if an exception was raised by the codec.

HAEHAS 3.3 BAHEER T, M€ 8R4 3.11 825, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode AsCharmapString () or PyUnicode_AsEncodedString ().
The following codec API is special in that maps Unicode to Unicode.

PyObject *PyUnicode_Translate (PyObject *str, PyObject *table, const char *errors)
Return value: New reference. Part of the Stable ABI. Translate a string by applying a character mapping table to it
and return the resulting Unicode object. Return NULL if an exception was raised by the codec.

The mapping table must map Unicode ordinal integers to Unicode ordinal integers or None (causing deletion of
the character).

Mapping tables need only provide the __getitem__ () interface; dictionaries and sequences work well. Un-
mapped character ordinals (ones which cause a LookupError) are left untouched and are copied as-is.

errors has the usual meaning for codecs. It may be NULL which indicates to use the default error handling.

PyObject *PyUnicode_TranslateCharmap (const Py_UNICODE *s, Py_ssize_t size, PyObject *mapping,

const char *errors) ) )
Return value: New reference. Translate a Py_ UNICODE buffer of the given size by applying a character mapping

table to it and return the resulting Unicode object. Return NULL when an exception was raised by the codec.

HAEAS 3.3 B AHEREM T, K€ E3A4s 3.11 F1 5245, : Part of the old-style Py UNICODE API; please

migrate to using PyUnicode_Translate (). or generic codec based API
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MBCS codecs for Windows

These are the MBCS codec APIs. They are currently only available on Windows and use the Win32 MBCS converters
to implement the conversions. Note that MBCS (or DBCS) is a class of encodings, not just one. The target encoding is
defined by the user settings on the machine running the codec.

PyObject *PyUnicode_DecodeMBCS (const char *s, Py_ssize_t size, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Create a Unicode object by
decoding size bytes of the MBCS encoded string s. Return NULL if an exception was raised by the codec.

PyObject *PyUnicode_DecodeMBCSStateful (const char *s, Py_ssize_t size, const char *errors,

Py_ssize_t *consumed)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. If consumed is NULL, behave

like PyUnicode_ DecodeMBCS (). If consumed is not NULL, PyUnicode_DecodeMBCSStateful ()
will not decode trailing lead byte and the number of bytes that have been decoded will be stored in consumed.

PyObject *PyUnicode_AsMBCSString (PyObject *unicode)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode a Unicode object using
MBCS and return the result as Python bytes object. Error handling is "strict”. Return NULL if an exception was
raised by the codec.

PyObject *PyUnicode_EncodeCodePage (int code_page, PyObject *unicode, const char *errors)
Return value: New reference. Part of the Stable ABI on Windows since version 3.7. Encode the 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.

3.3 OB

PyObject *PyUnicode_EncodeMBCS (const Py_UNICODE *s, Py_ssize_t size, const char *errors)
Return value: New reference. Encode the Py_UNICODE buffer of the given size using MBCS and return a Python
bytes object. Return NULL if an exception was raised by the codec.

HARA 33 B AHEMST, &8 M4 40 F 8. : Part of the old-style Py UNICODE
API; please migrate to using PyUnicode_AsMBCSString (), PyUnicode_EncodeCodePage () or
PyUnicode_AsEncodedString().

Methods & Slots

HESELER

The following APIs are capable of handling Unicode objects and strings on input (we refer to them as strings in the
descriptions) and return Unicode objects or integers as appropriate.

They all return NULL or —1 if an exception occurs.

PyObject *PyUnicode_Concat (PyObject *left, PyObject *right)
Return value: New reference. Part of the Stable ABI. Concat two strings giving a new Unicode string.

PyObject *PyUnicode_Split (PyObject *s, PyObject *sep, Py_ssize_t maxsplit)
Return value: New reference. Part of the Stable ABI. Split a string giving a list of Unicode strings. If sep is NULL,
splitting will be done at all whitespace substrings. Otherwise, splits occur at the given separator. At most maxsplit
splits will be done. If negative, no limit is set. Separators are not included in the resulting list.

PyObject *PyUnicode_Splitlines (PyObject *s, int keepend)
Return value: New reference. Part of the Stable ABL Split a Unicode string at line breaks, returning a list of Unicode
strings. CRLF is considered to be one line break. If keepend is 0, the line break characters are not included in the
resulting strings.
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PyObject *PyUnicode_Join (PyObject *separator, PyObject *seq)
Return value: New reference. Part of the Stable ABI. Join a sequence of strings using the given separator and return
the resulting Unicode string.

Py_ssize_t PyUnicode_Tailmatch (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int di-

rection)
Part of the Stable ABIL Return 1 if substr matches str [start:end] at the given tail end (direction == —1

means to do a prefix match, direction == 1 a suffix match), O otherwise. Return -1 if an error occurred.

Py_ssize_t PyUnicode_Find (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end, int direction)
Part of the Stable ABI. Return the first position of substr in st r [start : end] using the given direction (direction
== 1 means to do a forward search, direction == —1 a backward search). The return value is the index of the first
match; a value of —1 indicates that no match was found, and —2 indicates that an error occurred and an exception
has been set.

Py_ssize_t PyUnicode_FindChar (PyObject *str, Py_UCS4 ch, Py_ssize_t start, Py_ssize_t end, int direction)
Fart of the Stable ABI since version 3.7. Return the first position of the character chin str [start :end] using
the given direction (direction == 1 means to do a forward search, direction == —1 a backward search). The return
value is the index of the first match; a value of —1 indicates that no match was found, and —2 indicates that an error
occurred and an exception has been set.

3.3 BUHTIA.
3.7 fR s 5 start and end are now adjusted to behave like str[start:end].

Py_ssize_t PyUnicode_Count (PyObject *str, PyObject *substr, Py_ssize_t start, Py_ssize_t end)
Part of the Stable ABI. Return the number of non-overlapping occurrences of substr in str [start:end].
Return -1 if an error occurred.

PyObject *PyUnicode_Replace (PyObject *str, PyObject *substr, PyObject *replstr, Py_ssize_t maxcount)
Return value: New reference. Part of the Stable ABIL Replace at most maxcount occurrences of substr in str with
replstr and return the resulting Unicode object. maxcount == —1 means replace all occurrences.

int PyUnicode_Compare (PyObject *left, PyObject *right)
Part of the Stable ABI. Compare two strings and return —1, 0, 1 for less than, equal, and greater than, respectively.

This function returns —1 upon failure, so one should call PyErr_Occurred () to check for errors.

int PyUnicode_CompareWithASCIIString (PyObject *uni, const char *string)
Fart of the Stable ABL. Compare a Unicode object, uni, with string and return —1, 0, 1 for less than, equal, and
greater than, respectively. It is best to pass only ASCII-encoded strings, but the function interprets the input string
as ISO-8859-1 if it contains non-ASCII characters.

This function does not raise exceptions.

PyObject *PyUnicode_RichCompare (PyObject *left, PyObject *right, int op)
Return value: New reference. Part of the Stable ABIL. X}~ Unicode FF&F 8B AT E LR IR Bl DA TFEZ —:

* NULL in case an exception was raised
e Py_True or Py_False for successful comparisons
e Py_NotImplemented in case the type combination is unknown
Possible values for op are Py_GT, Py_GE, Py_FEQ, Py_NE, Py_LT,and Py_LE.
PyObject *PyUnicode_Format (PyObject * format, PyObject *args)

Return value: New reference. Part of the Stable ABIL Return a new string object from format and args; this is

o)

analogous to format % args.

int PyUnicode_Contains (PyObject *container, PyObject *element)
Fart of the Stable ABI. Check whether element is contained in container and return true or false accordingly.

element has to coerce to a one element Unicode string. —1 is returned if there was an error.
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void PyUnicode_InternInPlace (PyObject **string)
Part of the Stable ABI. Intern the argument *string 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 *string, it
sets *string to it (decrementing the reference count of the old string object and incrementing the reference count
of the interned string object), otherwise it leaves *string alone and interns it (incrementing its reference count).
(Clarification: even though there is a lot of talk about reference counts, think of this function as reference-count-
neutral; you own the object after the call if and only if you owned it before the call.)

PyObject *PyUnicode_InternFromString (const char *v)
Return value: New reference. Part of the Stable ABL. A combination of PyUnicode_ FromString () and
PyUnicode_InternInPlace (), returning either a new Unicode string object that has been interned, or a
new (“owned”) reference to an earlier interned string object with the same value.

8.3.4 jtil (Tuple) ¥it¥

type PyTupleObject
XAPyobject BFRAME—A Python F TN S .

PyTypeObject PyTuple_Type
Part of the Stable ABL Py TypeObject LB FE—" Python JGZHZEA | X5 Python ZH Y tuple &2
FHIFT RIS

int PyTuple_Check (PyObject *p)

WER p J2—A> tuple XA tuple SR -F-SRAUAY S R M B . I RR LR 2 I T -
int PyTuple_CheckExact (PyObject *p)

MR p 2 —> tuple XMfG{EAZ tuple JEAUAY TR A R SLBINR M B . SR LR @ 2 T
PyObject *PyTuple_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL. TR Bl —ANF I JCH N &, KJE N len, JINHR
[[] “NULL*,

PyObject *PyTuple_Pack (Py_ssize_t n, ...)
Return value: New reference. Part of the Stable ABL FZ I3 [l — AN FTHTCEXT &, K/ n, SRt

R [A] NULL, Eéﬂ{ﬁ:ﬁ)}ﬁ‘\{kj\ﬂg[’j Python XF & W) J5% n > C 4. PyTuple_Pack (2, a, b) fl
Py_Buildvalue (" (00)", a, b) fH%E,

Py_ssize_t PyTuple_Size (PyObject *p)
Part of the Stable ABL FREUFE M TCAH XIS H8E, IR FHZICHI RN,
Py_ssize_t PyTuple_GET_SIZE (PyObject *p)
RETEH p WV, ERACHAE NULL F HAg [ — Dol A PFTHRIG A
PyObject *PyTuple_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL 1k [\] p firfg ﬁ TG TP T pos AN 4. UnsR
pos KA EGE HIERE, MR E NULL I E—4 IndexError {4,

PyObject *PyTuple_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. 25{) TPyTuple GetItem (), {HAKEH S,

PyObject *PyTuple_GetSlice (PyObject *p, Py_ssize_| rlow Py_ssize_t high)
Return value: New reference Part of the Stable ABL & [8] p Fr38 10 I JCALm ) 1, 1F low F1 high 2 [7), B(E
TER IR ] NULL, X 4% [A] T Python ik p [low:high] . AZFMIIERKERTI.

int PyTuple_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)

Part of the Stable ABL 1 p 45 [\ JC4LHY pos FEEARANXIR o W51 . JRENHRERIE 05 4R pos #H
&M -1, FPHE— IndexError FH.
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filE: shekgisy “GiC b o 1B, I EIERICA T EAERZ M AIE A H 5 .

void PyTuple_SET_ITEM (PyObject *p, Py_ssize_t pos, PyObject *0)
FFPyTuple_setTtem (), HAMITHIAGE, I HNVIZ R G RETEHHTd.

il XNES “fE” — DX o WEIM, H5PyTuple Setltem() R, B F& EFXMEMPIE
BTG TTH LT pos ALE AT | FH#ERE B -

int _PyTuple_Resize (PyObject **p, Py_ssize_t newsize)
AA T RRETTH R RN newsize K@ TCAIHACEE . PATTL AN A RA TR, BT LA UELEX 4
BT, AW E. WRITTHC EP AR HARER > Bro I, WA ZAE A . Jodiqe
R R g N WEEELERIATCHIFRIE—Fcd, RemaR. MEEbRE 0 . %
PR A BGE *p B9S5RAERF-5 T MR B 2 RIRO AR . R T o SRR, WEIRR)
*p RERCE . RIS, AR “-1%, R *p WESN NULL, H5|% MemoryError m{# SystemError.

8.3.5 SHIFFFIXR

ZHFIINZIEFM T namedtuple () B CXFR, H—AF5, HappaH B LddEIED . ZolE
LSRN, AR E b B E Y A T 81 26 A

PyTypeObject *PyStruct Sequence_NewType (PyStructSequence_Desc *desc)
Return value: New reference. Part of the Stable ABIL. R4 desc 1 HIBAREIE— NS HF 288, N
ik, AIPMEE Py St ruct Sequence_New () G55 R TR 54

void PyStructSequence_InitType (PyTypeObject *type, PyStructSequence_Desc *desc)
M desc SEHIWIIG LS P51 2R B type..

int PyStructSequence_InitType2 (PyTypeObject *type, PyStructSequence_Desc *desc)
5 pyStructSequence_InitType fH[E, (HEIOERE 0, FKIBARE -1 .

3.4 BT

type PyStructSequence_Desc
Part of the Stable ABI (including all members). 3-8 Fg 7 A 45K 5 2B ToAS B

2 C Type B

name const char * LER P AR B R 24 R

doc const char * g 10 B2 MG R SR P AF R B NULL 44T

fields PyStructSequence_Field| ¥ DA NULL &5 B ECH 384T, HFEBELH N
* e

n_in_sequence int Python Il i] WA~ B8 (AR FH1Ec4)

type PyStructSequence_Field
Part of the Stable ABI (including all members). Describes a field of a struct sequence. As a struct se-
quence 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.

@ | CType 2B

name const FOBOW 4 PR B NULL , A EG R a4 F R R, OWE K E
char * HPyStructSequence_UnnamedField PMEE R Gy4 FE

doc | const TS B - B AT R Bl NULL
char *
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const char *const PyStructSequence_UnnamedField
T BRI PR R A 2R
3.9 HEEAE: EARAMEM char * TP,

PyObject *PyStructSequence_New (PyTypeObject *type)

Return value: New reference. ~ Part of the Stable ABL £l # npe 1 3£ 6, % 5E i
HPyStructSequence_NewType () B,

\\%

T fi

PyObject *PyStructSequence_GetItem (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. Part of the Stable ABL iR [8] p Frd& [ 5 75 F, 7T pos ZEHIRT4 .
NG TIN G A

PyObject *PyStructSequence_GET_ITEM (PyObject *p, Py_ssize_t pos)
Return value: Borrowed reference. PyStructSequence_GetTtem () WA,

void PyStructSequence_SetItem (PyObject *p, Py_ssize_t pos, PyObject *0)
Part of the Stable ABL Y4515 % p HZET| pos A FE R E N 0. HPyTuple SET_ITEM() —FE,
BN T 561

fE): XA ERE “HTH THRI o A5

void PyStructSequence_SET_ITEM (PyObject *p, Py_ssize_t *pos, PyObject *0)
PyStructSequence_SetItem() MIZERA.

il X AeRE “BI THRI 0 —ANE I

8.3.6 List (&%) ¥

type PyListObject
XA CEAPyobject BT IAAEK—> Python F| X R .
PyTypeObject PyList_Type
Part of the Stable ABL X 2@ T PyTypeObject B3 Python 5| FEAIAISEH . 7 Python ZHIAIZE
A list 2F—PXR.
int PyList_Check (PyObject *p)
R p @A list R Ge el list JEAUAY TR S NR Ml FAE . BepR BUE @ 2 T .
int PyList_CheckExact (PyObject *p)
R p Jg—A> list XPRAERZ list U F2RAUA L NHR [E B . IR AU 2 2 BT .
PyObject *PyList_New (Py_ssize_t len)

Return value: New reference. Part of the Stable ABL I3 [8] — AN K K len B F%, 22 L) 3k [a]
NULL,

fiE: % len KT FWF, W& B A SR L0 H g R NuLL. FAR AN BE A KL C K
¥ pPysequence_SetItem() WIS APl 5iE ] C lEkPyList_SetItem () AW H & ENE
SERFG DN Python AR A FFiX X4

Py_ssize_t PyList_Size (PyObject *list)
Part of the Stable ABL iR [H] list A FXT R K JE; XETAETFNE I len (1ist) o
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Py_ssize_t PyList_GET_SIZE (PyObject *list)
FRA C EPyList_Size () , WAHHRKN.

PyObject *PyList_GetItem (PyObject *list, Py_ssize_t index)
Return value: Borrowed reference. Part of the Stable ABL 1R [8] list T35 [R5 324 index (i & _FRIX S, (VE
ELHUHARREG A S’ii‘n“N\ﬁ'J%%ﬂi% HEATERG o WA index i 5 (<0 or >=len(list)), JJi [1] NULL
*HE IndexError B,

PyObject *PyList_GET_ITEM (PyObject *list, Py_ssize_t i)
Return value: Borrowed reference. 72 UAI C BRI PyList_GetItem() , F&A IR,

int PyList_SetItem (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL «Hﬁﬂ%%ﬁlﬂ’;é’gljj index TR item., IR [E] 0. IR index #7 H Y5 1 U3 [9]

-1 Hi&E IndexError i,

) pemsiss “fE” — %t iem 151 I B ADXIFI R PP ALE B E A A H 5.

void PyList_SET_ITEM (PyObject *list, Py_ssize_t i, PyObject *0)
AR RN Y A Py List _SetTtem (). JXiEH RN T 890 & th 2 BiisA WA I AL B AT
Feo

Wl Z%ES “E” — %t item 51, (H5PyList_SetItem() NIRRT T & EFIMTMPE
B HIG I A list 1 i A28 ERAEAT S| BBl % .

int PyList_Insert (PyObject *list, Py_ssize_t index, PyObject *item)
Part of the Stable ABL X555 H item 18 A5 3 list Z5|5 index Z HIAALE . WRBIIRFRE] 0 QIERA
IR E] -1 HiEE— . 4T list.insert (index, item),

int PyList_Append (PyObject *list, PyObject *item)
Part of the Stable ABL KX 42 item TS INENFFR list AR o QAR MIPRER A 05 AR M [A] -1 Ff
WE— PR, 24T list.append (item).

PyObject *PyList_GetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high)
Return value: New reference. Part of the Stable ABL & [B]—/N0 338, A5 list 2490 T low Il high Z.17)
AR QRS SR B NULL S . M4 T list [low:highl. ASFEMIIRAKRBIITR
3l

int PyList_SetSlice (PyObject *list, Py_ssize_t low, Py_ssize_t high, PyObject *itemlist)
Part of the Stable ABL - list 24 low 5 high 2 [R|(GY) %N itemlist FNZS . 24T 1ist [low:high]
= itemlist. ifemlist W[ PA%y NULL, FORBAA A AR (WERYIA) o REhERRE 0, SRR
Ml -1, X HORSCREMIN AR i %é‘l

int PyList_Sort (PyObject *list)
Part of the Stable ABL. % list P45 H 3T R Y . SR 0, 2RI o DXEEMT list.

sort ().

int PyList_Reverse (PyObject *list)
Part of the Stable ABL X list W11 5% H #E47 R Hb S 8% o pBhmhaR [E] 0, R IKETR . XEEMTF list.

reverse ().
PyObject *PyList_AsTuple (PyObject *list)

Return value: New reference. Part of the Stable ABL 1& Bl —ANE I CAH X%, HAPaEE list NS ZMT
tuple (list).,
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8.4 FaRUIF
8.4.1 L

type PyDictObject
pPyobject ALAEM K —fH Python FFHLYI{F.
PyTypeObject PyDict_Type
Part of the Stable ABL. PyTypeObject B {5lft3%—{f Python FHLAIHE, B Python g [y dict [FI[F]
—fE it
int PyDict_Check (PyObject *p)
A1 p e %f*i%ﬁiﬂ’]?ﬂ AR BB g a1 true. 1R CRECER €A T80
int PyDict_CheckExact (PyObject *p)
# p P I HEEA S — M F IR ECH], I EHE oue, B1aR U RER LA T L) .
PyObject *PyDict_New ()
Return value: New reference. Part of the Stable ABL & [A]—/N i) 25 7ML, etk [7] NULL.
PyObject *PyDictProxy_New (PyObject *mapping)
Return value: New reference Part of the Stable ABIL. jR[A] types.MappingProxyType %4, HTamilik
THEAT AL . Xl T REE AR (-2 e AR sh A S B

void PyDict_Clear (PyObject *p)
Part of the Stable ABL. ¥ 75 B4 7 8L/ BT AT BB X

int PyDict_Contains (PyObject *p, PyObject *key)
Part of the Stable ABL #i5E key @ SFEF M p o Q2R key VEIE b p YRE—300, DUR[E] 1, 75 00)5% [E]
0. iR -1 FoR 4. X4 [T Python £k key in p.

PyObject *PyDict_Copy (PyObject *p)
Return value: New reference. Part of the Stable ABL 1% [W] 5 p £3&H [R]85 74

int PyDict_SetItem (PyObject *p, PyObject *key, PyObject *val)
Part of the Stable ABL {§i [ key VE -} 5 val 3 AFHL p. key W90 Fhashable; YNRANE, WK %
TypeError. RN 0, KMGHFRE -1, BeRE R 2 M val 511 .

int PyDict_SetItemString (PyObject *p, const char *key, PyObject *val)
FPart of the Stable ABI. Insert val into the dictionary p using key as a key. key should be a const char*. The key
object is created using PyUnicode_FromString (key). Return 0 on success or —1 on failure. This function
does not steal a reference to val.

int PyDict_DelItem (PyObject *p, PyObject *key)
FPart of the Stable ABIL. Remove the entry in dictionary p with key key. key must be hashable; if itisn’t, TypeError
is raised. If key is not in the dictionary, KeyError is raised. Return 0 on success or —1 on failure.

int PyDict_DelItemString (PyObject *p, const char *key)
Part of the Stable ABL #% [R5t p EE??"P% key MM H . WERFHAPEE key, W5k
KeyError., IR M O, ﬁimﬁlﬁ‘f
PyObject *PyDict_GetItem (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. M\ FHL p HIR [B] DA key HEEIXT S . QRS key
AAFAEE A BE— 5 Wk 8] NULL,
WEEEMWE, WA _hash. () Ml _eq (0 H®RTFEMEENSHM L. &

}ﬂpyplct GetTtemWithError () HAFETRRE

3.10 iR A FEANBRRFGIL AT B0 8 A It APT B4 (R 7 s J R T 9 i . IRAE BN P SR iF
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PyObject *PyDict_GetItemWithError (PyObject *p, PyObject *key)
Return value: Borrowed reference. Part of the Stable ABL. PyDict_GetItem() [JZ5fh, BASFEMKRE .
2 55 R AR IR ] NULL JF AR E— 575 AR A AEAE IR [H] NULL #Hﬂiauﬁ#/ﬁ#%o

PyObject *PyDict_GetItemString (PyObject *p, const char *key)
Return value: Borrowed reference. Part of the Stable ABI. This is the same as PyDict_GetItem (), but keyis
specified as a const char*, rather than a PyObject*.

TEEENZ, WA _hash__ () . __eq__ () FIEMAIE—NIGE I ERF R RE A TR A
Wi . S PyDict_GetItemWithError () PEEHRRE .

PyObject *PyDict_SetDefault (PyObject *p, PyObject *key, PyObject *defaultobj)
Return value: Borrowed reference. X} Python 21 dict .setdefault () —FE. IR key I71E, B
RIAEFHL p DO . (E . WAREERFEAE, B FI1A defaultob) *@Tﬁi/\# 8] defaultobj . %A~ ER%L
PUHHE key HOVRSRCc, TAA2 426 R AR AR BT

3.4 BUBTINA.

PyObject *PyDict_Items (PyObject *p)
Return value: New reference. Part of the Stable ABL. &[] —/ &7 ML ip irA B E I [ Py ListObject,

PyObject *PyDict_Keys (PyObject *p)
Return value: New reference. Part of the Stable ABL 1 [A]—/NE &7 ML b BT 4 (keys) [Py ListObject.,

PyObject *PyDict_Values (PyObject *p)
Return value: New reference. Part of the Stable ABL 1% [B] — AN &= 0 i fr A {E (values) [ PyListObject,

Py_ssize_t PyDict_Size (PyObject *p)
Part of the Stable ABL R[] FHL I H %L, SEH X 54 p il Len (p)

int PyDict_Next (PyObject *p, Py_ssize_t *ppos, PyObject **pkey, PyObject **pvalue)
Fart of the Stable ABI. Iterate over all key-value pairs in the dictionary p. The Py_ssize_ t referred to by ppos
must be initialized to O prior to the first call to this function to start the iteration; the function returns true for each
pair in the dictionary, and false once all pairs have been reported. The parameters pkey and pvalue should either
point to PyOb ject* variables that will be filled in with each key and value, respectively, or may be NULL. Any
references returned through them are borrowed. ppos should not be altered during iteration. Its value represents
offsets within the internal dictionary structure, and since the structure is sparse, the offsets are not consecutive.

PRI

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
/* do something interesting with the values... */

}

T p AR PR A A A . AR Yy, SRR R (R A, (BAURT RIS A K
A . Bl

PyObject *key, *value;
Py_ssize_t pos = 0;

while (PyDict_Next (self->dict, &pos, &key, &value)) |
long i = PyLong_AsLong(value);
if (1 == -1 && PyErr_Occurred()) {
return -1;
}
PyObject *o = PylLong_FromLong (i + 1);

(Rt
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(R —H)

if (o == NULL)
return -1;

if (PyDict_SetItem(self->dict, key, o) < 0) {
Py_DECREF (0) ;
return -1;

}

Py_DECREF (0) ;

}

int PyDict_Merge (PyObject *a, PyObject *b, int override)
Part of the Stable ABL XU X4 b BEATIAA, RREE(EX B INE) T8 a. b AT AR — AT, BUfEfiy 52
FgpyMapping Keys () flPyObject_GetItem() XIS, IR override A, WIHIRTE b s3]
FATF SN @ v AR R A B SRR 4, 5 AIRAE a PG A [ B 0 U2 R SR . 24
IR A 0 B M5 | K ik m -1,

int PyDict_Update (PyObject *a, PyObject *b)
Part of the Stable ABL X5 C W) PyDict_Merge(a, b, 1) —FE, HZE{LTF Python H1 11 a.
update (b) , ZHIFEFPyDict_Update () FE5 " ASHB A keys” J&PE A 2 [038 25 B (H
XFHIFFA o 2 IREHR I 0 B 45| A i ik m -1,

int PyDict_MergeFromSeq2 (PyObject *a, PyObject *seq2, int override)
Part of the Stable ABL Xf seq2 " SN BERT S A TF I 7ML a. seq2 AN A EE Ny 2 1 AR SRAELRS
FITCER AT S . SIEAEEE T, 2R override BLE W o SR BEE o 24 IR [A] 0 &
BRI R SEER R -1, SR Python T (IR BIEFRSL)

def PyDict_MergeFromSeq2 (a, seqg2, override):
for key, value in seqg2:
if override or key not in a:
alkey] = value

8.4.2 FEWMR

X —T M NLE T 4% set fl frozenset XTE A IE APL, (R0 R FE T 1) 9 B0 B 5 1 248
LN ZE I (BFEPyobject_CallMethod (), PyObject_RichCompareBool (), PyObject_Hash (),
PyObject_Repr(), PyObject_IsTrue (), PyObject_Print () V\JPyObject_GetIter ()) B
2B F I (B HEPyNumber_And (), PyNumber_Subtract (), PyNumber_Or (), PyNumber_Xor (),
PyNumber_InPlaceAnd(), PyNumber__InPlaceSubtract (), PyNumber_InPlaceOr () PA
N PyNumber_InPlaceXor()).

type PySetObject
XA~Pyobject W RBIME I RIRATF set Fl frozenset XIRMNIREIE. BERUTPyDictobject
(M e T X /NS AR UL R e RN (IR fiit =), iR i SRR RS Aok
BRG] B T AS TN AT (RS R HAEAE ) o BEESFI A T BN M 45 - AT R
RAEEAR o P T TR 2458 2 2 5 A SCRY R APL SR T N T G R G A R A

PyTypeObject PySet_Type
Part of the Stable ABL X 2&—/PyTypeObject S|, FE/n Python set Z5%,
PyTypeObject PyFrozenSet_Type
Part of the Stable ABL X&—~PyTypeObject 5fl, 3/~ Python frozenset Z57,
TNHN ARG A 8 T8 AT & Python XF 4G 8EE . Z5Bih, i SAs) 3k R 5t 3 ] T4 2 T %481 Python
4.
int PySet_Check (PyObject *p)
MR pe—A set WREHE RHTRARYLFINRE EE. MRS BEIHAT.
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int PyFrozenSet_Check (PyObject *p)
MR p &—A frozenset XMREFH 2 H TRAMLOINLR A B HREUS RS REIT

int PyAnySet_Check (PyObject *p)
TR p 2—1 set M. frozenset XREH &H R SLHINGR B, HEEEE 2RI
7.

int PySet_CheckExact (PyObject *p)
MR pR—A set WREARH LA BN E B, MRS BIHAT.

3.10 OB

int PyAnySet_CheckExact (PyObject *p)
MR p @2—1 set B frozenset WREANZHTLRAWLGINERFIEE . RS2 2 BRIhAT

int PyFrozenSet_CheckExact (PyObject *p)
WME p B—4> frozenset WHRELRE ﬁ%?@’:ﬂm%ﬁ IR WA . R AR 2 AT -

PyObject *PySet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL & [0] — AN set, HHALE iterable FiriR [ X4 .
iterable F] PA°A) NULL Fn @ — B S E G . BIRHR B E A, KRILAE IR B NULL. 415 ierable
SEPR PSRRI ERKT G NG| % TypeError, %M &g tE H 145 %ﬁ (c=set (s)).

PyObject *PyFrozenSet_New (PyObject *iterable)
Return value: New reference. Part of the Stable ABL 1& o] — N frozenset, HH4I4 iterable FiiiR 0]
HIX4 . iterable W] DAk NULL FoR @ — SSRGS E G . IR B R SSE S, RIGHTR [F
NULL, R iterable 525 b A @ W IEHXTZ NG| % TypeError,

FHRENZE T set Bl frozenset MSEHBIE 2 H I A SLH .

Py_ssize_t PySet_Size (PyObject *anyset)
Part of the Stable ABL 1&[H] set B} frozenset XRMEKEF. ZT len (anyset) . IR anyset N2
set, frozenset B{H T-RAEWLHINLE| % PyExc_SystemError,

Py_ssize_t PySet_GET_SIZE (PyObject *anyset)
FIAK) PySset_Size (), ANHFHEUAGN .

int PySet_Contains (PyObject *anyset, PyObject *key)
Part of the Stable ABL QISR FR ] 1, WERARLFNR[E 0, GRIEF| RN E -1, AT Python
__contains__ () JJik, JH:LZ@ITAELiJﬁTTﬂA%HE’J%A%%UJII W REE G . TR key AN
ﬂ%?ﬁﬁ%ﬂlﬂ%%l?ﬁ TypeError. HIR anyset g set, frozenset B H TRAM LN 5] %
PyExc_SystemError,

int PySet_Add (PyObject *set, PyObject *key)
Part of the Stable ABL ¥’/ key 5| —4~ set 526, WA H] T frozenset 5| (5PyTuple SetItem()
A2 Ak B T 8 R A B R 4 S S e A TR KA RS 2 BE R E) o TR [
O MR IRE 1, ISR key WATIIE A XN 5] % TypeError. WIREA MK 2B &5 &
MemoryError, UIH set N set B HFRAISLFINL5| & SystemError,

THIRECE 1T set B TRBPSEH], (HAHT frozenset BHTRAAILH.

int PySet_Discard (PyObject *set, PyObject *key)
Part of the Stable ABL WIIRARFIHFRoIRIR A 1, WERAIKE] (JotfE) &E o, AnAuBEI MR E -1,
FARLFAER AR 25| % KeyError. MR key Hy AR IAAT M 25|% Typesrror. A[MF Python
discard () Jik, BERECRS AZIREA T A LS ARG RS . AR set A2 set BUH
TERBP LGN 5] % PyExc_SystemError,

PyObject *PySet_Pop (PyObject *set)

Return value: New reference. Part of the Stable ABL 12 [5] set FUE ST R IE T, FHM ser PREBZNTE .
R ] NULL, QRS AN ST K KeyError. QIR set ANg set B HF-2RAP LB &5 ] K

SystemError,
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int PySet_Clear (Py Ob]ecl *set)
Part of the Stable ABL & 23 Il F ML) fir A5 BE(EXT .

8.5 ENMIfF

8.5.1 FH=R, (Function) ¥%
JEA—Le/0 i Python bR ) it HL IR

type PyFunctionObject

JIT R C S5k 1A

PyTypeObject PyFunction_Type
XR— 1 PyTypeObject SEBFf3FE /R Python BEZEEL., ‘BEfE N types.FunctionType [a] Python £
F AT

int PyFunction_Check (PyObject *0)
WA 0 R— BN G GREUCHPyFunction_ Type) WERIEIE(H. JEZLWIA N NULL., IR 22
JEHRAT <

PyObject *PyFunction_New (Py Ob/'ect *code, PyObject *globals)
Return value: New reference R SRS E code BRI EREC S . globals Whili & —A~F L, 1Z KRBT
DAV )4 Jr 2

MACHE X5 *%ﬁ@ﬁﬂ@ TS FAFER LR __module__ 23 M globals 3L, Z% defaults, annotations
Fl closure ¢4 NULL, W S REA FRAH R A

PyObject *PyFunction_NewWithQualName (PyObject *code, PyObject *globals, PyObject * qualname)
Return value: New reference. 25{llPyFunction_New (), {BiA RVFIREREFOTRH _ _qualname_ &
VE. qualname V2452 unicode %f 42 8f NULL; #3E2 NULL ] _ qualname_  J@Ei A 5H _ name_
JEPEAH R

3.3 HUHTIA.

PyObject *PyFunction_GetCode (PyObject *op)
Return value: Borrowed reference. 0] {8 BELAE 2 A Y {44H B 0% eR 88X 2 op .

PyObject *PyFunction_GetGlobals (PyObject *op)
Return value: Borrowed reference. 5] {81 Eil4x 1} oK S0 = BUAH B9 09 BB B2 opo

PyObject *PyFunction_GetModule (PyObject *op)
Return value: Borrowed reference. [a] EREUN 42 op W) __module__ J& 43R [B]—A>borrowed reference, %{H 7]
U\jﬂ NULL,

WA MBI AR FAFH, (HAT LA Python AU B AL HAdXT 52 .

PyObject *PyFunction_GetDefaults (PyObject *op)
Return value: Borrowed reference. 33 [0 BRI op IS EEAE . XA AR —DSHOc4 L NULL,

int PyFunction_SetDefaults (PyObject *op, PyObject *defaults)
KRB S op W ESEERINE. defaults W75 Py_None s—A~Je4l.

RG] % SystemError SpHIFR[E] -

PyObject *PyFunction_GetClosure (PyObject *op)
Return value: Borrowed reference. 13 |7] 3 B3| BREW 4 op B . XA PASE NULL 8{ cell X504 .

int PyFunction_SetClosure (PyObject *op, PyObject *closure)
PR IR R BN 52 op (AL, closure Wh75ih) Py_None 5§ cell %4 T4 .
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RIS % systemError RHIFRE -1 .

PyObject *PyFunction_GetAnnotations (PyObject *op)
Return value: Borrowed reference. 2|7 BRETA op WIARTE . X ] PAE— 1] AR el NULL,

int PyFunction_SetAnnotations (PyObject *op, PyObject *annotations)
WCE KBNS op BIFRE . annotations WL H—A>F Ml Py_None.

RMETF| % systemError SR E] -1 .

8.5.2 EHlAEMYHE (Instance Method Objects)

IR Py Crunction (AL 44E (wrapper), tigifPyCrunction [FI4 (bind) FPEE) R —REH 52K
TR TR ¥ PyMethod_New (func, NULL, class) [IERY,

PyTypeObject PyInstanceMethod_Type
PyTypeObject WIEHI1L3 Python EHI K EBIEl. BAE /AR (expose) 45 Python FEx.

int PyInstanceMethod_Check (PyObject *0)
W o R —EEG T EW (RHEEryInstanceMethod Type) I true. SHUAEARE NULL,
LBk U 2 AT

PyObject *PyInstanceMethod_New (PyObject *func)
Return value: New reference. [\ —E i EHIH LI, fune [EUE R ATIEMPIC:, TEE 15 A kg
func R EHIFI

PyObject *PyInstanceMethod_Function (PyObject *im)
Return value: Borrowed reference. {3 BH Y2 BB 775 im W sk

PyObject *PyInstanceMethod_GET_FUNCTION (PyObject *im)

Return value: Borrowed reference. FL&E (macro) fRASH) Py InstanceMethod _Function (), ZBg T &%
.

8.5.3 FiEYH (Method Objects)

T EEIE)S; i X (bound function) 4. 7 R4 ErpkEIASE 2] 6 & @ BB EG . REG HE (B
8 (IR k) E AR
PyTypeObject PyMethod_Type
Bl Py Typeobject Bt F Python LA, EAEE types.MethodType 4 BA%S Python Ft.
int PyMethod_Check (PyObject *0)
W o B— kit (BEEPyMethod Type) HIFEE true. Z#AEAE NULL, SR 42 &
IIIAT o
PyObject *PyMethod_New (PyObject *func, PyObject *self)
Return value: New reference. [01{—{EFi (£, func EEWTZTREIY){:, self [Eli% ) vEREEIA Y
B FETERFIEE, func pRX W GHETIY . self W RIEI NULL,
PyObject *PyMethod_Function (PyObject *meth)
Return value: Borrowed reference. [n| {8 B 5 2| J5 V5 meth H R
PyObject *PyMethod_GET_FUNCTION (PyObject *meth)
Return value: Borrowed reference. ELAEMUAN PyMet hod Function (), ZB& T St

PyObject *PyMethod_Sel€£ (PyObject *meth)
Return value: Borrowed reference. 8] {85 2| J5 V5 meth HIE G .
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PyObject *PyMethod_GET_SELF (PyObject *meth)
Return value: Borrowed reference. FLEENUARI PyMet hod _Self (), AR TR igT .

8.5.4 Cell ¥3%

“Cell” XTRM T LI M2 E G AR . W TR AR AR, —A> “Cell” XG0 T A E N5
B 5RO A MR HE SR Jry v AL B A0 35 [ AR ol 22728 B AR A TSRy “Cell” 5. D5 FI%ME
B, FFEE “Cell” L ERYMETTAN 2 FITH T RA L o XFPXT “Cell” XFGE KRB IS | I 55 23 A
HOFA T IR 2 SR Sk S 28, “Cell” RPGAEHAMH T AT RER AT o
type PyCellObject

C S5t cell W1

PyTypeObject PyCell_Type
HHE cell Py HAUE].

int PyCell_Check (ob)
TSR ob &> cell X NR I EAE; ob /AR NULL., BLEREUS 24 MIhIAT.

PyObject *PyCell_New (PyObject *ob)

Return value: New reference. )31 [0 —/ NS (H ob BT cell if4e, JEZS 0PN NULL,
PyObject *PyCell_Get (PyObject *cell)

Return value: New reference. [A]{# cell [EIZH 1) cell.,

PyObject *PyCell_GET (PyObject *cell)
Return value: Borrowed reference. iR 7] cell %42 cell BNZS, {HREAKM cell 27 dE NULL 3 HH—> cell
POE

int PyCell_Set (PyObject *cell, PyObject *value)
it cell X452 cell NZREHN value, TKRFREBATAXT cell X} 52417 NARIGI o value T DAk NULL. cell
DAUAAE NULL; Q1SR E AR SE—A cell X4 MR [E] -1, Q03RS E MR 9] o,

void PyCell_SET (PyObject *cell, PyObject *value)
K cell X4 cell (IHE N value. NLVHFEG | HITEL, H HALIATRM APRIEZ 425 cell o752 HFE NULL
H HA—A cell X4

8.5.5 LHNR

RAGX5 )¢ CPython SLELHRGANTT o 4 MUE— B R IPE B e& b iy T AT AU o

type PyCodeObject
TR RS R AR R C S5k . A Bn] B B

PyTypeObject PyCode_Type
Rg—"APyTypeobject :fil, HFER Python ) code JA,

int PyCode_Check (PyObject *co)
WA co J2—4> code RMRNREIEAE . MHEEUD L MIINIT.

int PyCode_GetNumFree (PyCodeObject *co)
WA co Py H AR R

PyCodeObject *PyCode_New (int argcount, int kwonlyargcount, int nlocals, int stacksize, int flags, PyOb-
Ject *code, PyObject *consts, PyObject *names, PyObject *varnames, PyObject
*freevars, PyObject *cellvars, PyObject *filename, PyObject *name, int firstli-
neno, PyObject *Inotab)

Return value: New reference. 1& [l —Sg i ARAGRT 5 . ARARTEE— DRI GOk B — M,
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i PyCcode_NewEmpty (). W PyCode New () HI% R PAZE EMERY) Python WitAS, [ AT
0 E LA AR

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, PyOb-
Ject *name, int firstlineno, PyObject *Inotab)
Return value: New reference. 25{Ml T PyCode_New (), {BH7H —A %l 7M¥) posonlyargcount” (X FR A

3.8 BUBTIA.

PyCodeObject *PyCode_NewEmpty (const char *filename, const char *funcname, int firstlineno)
Return value: New reference. R [0l A FEE X4 . BRELA FSE —IT 5 S AN S . X T exec () B
eval () AR G2 IEER .

int PyCode_Addr2Line (PyCodeObject *co, int byte_offset)
JEJE7F byte_of fset i FHHLY B AR 2 J5 & LR MRS S 17T B MRAR LB WIAT B, Wk
FPyFrame_GetLineNumber ().

R A — MUEXT P 4TS, TR PEP 626 fi4) APL,

8.6 H{th¥t¥
8.6.1 & (File) Witk

These APIs are a minimal emulation of the Python 2 C API for built-in file objects, which used to rely on the buffered
I/0 (FILE*) support from the C standard library. In Python 3, files and streams use the new io module, which defines
several layers over the low-level unbuffered 1/0 of the operating system. The functions described below are convenience
C wrappers over these new APIs, and meant mostly for internal error reporting in the interpreter; third-party code is
advised to access the io APIs instead.

PyObject *PyFile_FromFd (int fd, const char *name, const char *mode, int buffering, const char
*encoding, const char *errors, const char *newline, int closefd)
Return value: New reference. Part of the Stable ABL 45 2 3T 042 fd 10 U A 51722 —4> Python SC{7:
XT% . B name, encoding, errors 1 newline 1] PAJ NULL F/n{#i I BANE s buffering V] VAN -1 FEon{Hi
FHERINME . name 2 ZWSAUAARE T 10 FAEEA . RIMEFR B NULL, B XSEWE SR, ESH
io.open () PRESCAY.

B di T Python iAA HOMZM)Z, FILHENS OS SRR G 27 A5 b (11
WEHER RN ) -

3.2 i AR ZWE name JBYE .

int PyObject_AsFileDescriptor (PyObject *p)
Fart of the Stable ABI. Return the file descriptor associated with p as an int. If the object is an integer, its value
is returned. If not, the object’s £ileno () method is called if it exists; the method must return an integer, which
is returned as the file descriptor value. Sets an exception and returns —1 on failure.

PyObject *PyFile_GetLine (PyObject *p, int n)
Return value: New reference. Part of the Stable ABL. 2841 p.readline ([n]) , XA HREBMIATE p ik
W—A7. p ATLAR SR B A readline () HEMAEADNS . QR o2 0, WITGIEZATIREED
iy, BEH—AT. QR n KT <0, WIS e ORI n N1 s AT RAR BT —3 5 X
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FRIEOLT, SRS RIENA SR R, MRS FEMFH . Hig, W n /N 0, WIGI K iRk
B—47, 2R BRI R 2, WE5[& EOFError,

int PyFile_SetOpenCodeHook (Py_OpenCodeHookFunction handler)
H3 io.open_code () WIEHATH, FFHIES i fhn a3y k% i .

The handler is a function of type PyObject * (*)PyObject *path, void *userData, where path is
guaranteed to be PyUnicodeObject.

userData 355+ YL T8 T4 T BRECTRE M AR A TR, %85 AN Y 445 1) Python
RIS

BT REAE T LI IHER AR, R GTE B SSAT I T AR, BRIEC e RS
RS EHBAE sys.modules FR[ .
— BB T0B0E, BB IREE R, LR Pyrile SetopenCodeHook () HYYH I HAF KIKL,
WA MRS O 2 intt, RECRRIE -1 B — 7.
BERR BT A Ze A E Py Tnitialize () ZHTTA.
Gk —A~ il ¥ setopencodehook, RFHEMZSEL.
3.8 HUHTIIA.
int PyFile_WriteObject (PyObject *obj, PyObject *p, int flags)

Part of the Stable ABL XI5 obj G AR p o flags ME—SCFHIARAG & Py_PRINT_RAW; WIREE,
B AR str () MAZ repr () o MENETIRME 0, RIGHFIRME -1, RFEEE 4615

int PyFile_WriteString (const char *s, PyObject *p)
Part of the Stable ABL $3 AT s BIRHZEYIF po HIRIRERIE O, T S HRs I -1, [El e il
BIAMIRIE.

8.6.2 Rl ¥R

PyTypeObject PyModule_Type
Part of the Stable ABL X/~ C KBS Py TypeObject kF/~ Python {2 A, ¥F Python £2)7
HiZ LI R 2% 5% 4 “types.ModuleType*.
int PyModule_Check (PyObject *p)
2 p IAHRRIN S, s BY XTSI R B AR . i PR BRI AR [ .
int PyModule_CheckExact (PyObject *p)
Y p ARHERARN G HAN SR PyModule Type B FRBIMNT SR M B E . %R EUKIEA 1R [ME .
PyObject *PyModule_NewObject (PyObject *name)
Return value: New reference. Part of the Stable ABI since version 3.7. iR Bl F %, HJgtE _ name_

N name . FEHPIINEME __name_ , _ doc_ , _ package_ ,and _ loader__ #ie ¥k g 3hiHE
. (rBEEERT __name_ #BFE A “None®) . WHIN 2424k _ file  JEME:.
3.3 BCHTNA.

3AWUES: _ package_ fll_ loader_ ##%([F None,

PyObject *PyModule_New (const char *name)
Return value: New reference. Part of the Stable ABL X Z8{l) T PyModule NewObject (), {HIHZ K
UTF-8 4t 1) 545 1M A & Unicode X4 .

PyObject *PyModule_GetDict (PyObject *module)
Return value: Borrowed reference. Part of the Stable ABIL. & [8] 52 module )14 23[R ) F LT 42 5 x4

ERHO ) __dict_ J@YEFHRE . A1 module A2 — ARG (SOBEHT AT 2REL) , 2T
K SystemError FiR[E] NULL,
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It is recommended extensions use other PyModule_* and PyObject_* functions rather than directly manip-
ulate a module’s __dict__.

PyObject *PyModule_GetNameObject (PyObject *module)
Return value: New reference. Part of the Stable ABI since version 3.7. 32 0] module 1] __name__ {H. 54
AR BEZME, SHENREN DT, MET|k systemError Jfi& | NULL,

3.3 BUHTA.

const char *PyModule_GetName (PyObject *module)
Part of the Stable ABL. Z8{lJ F-PyModule_GetNameObject () {Big[H "ut £-8"' i FK.

void *PyModule_GetState (PyObject *module)
Part of the Stable ABL IR [IBEERIY “RZE”, Wi, RIS M 7ERR G @ I 2B NAF R FaEE, B

# NULL, &lPyModuleDef.m _size,

PyModuleDef *PyModule_GetDef (PyObject *module)
Part of the Stable ABL 3 [1] & [a] R He 61 &2 FIr i ] i Py Modu 1 eDe £ S5y FE4EE, BUE A RBIHOR 2
S HE A SCAEY R ] NULL,

PyObject *PyModule_GetFilenameObject (PyObject *module)
Return value: New reference. Part of the Stable ABL & [Ffifi Hl module 1) ___file_  JEMFrimakng #8093
45 IR RN E L, BEE IR EAZ 4 Unicode F475:, W&5|% systemError iR A NULL;
TEHAWE L0 KF-22 [5]—F 7] Unicode X425 H

3.2 BUHTMA.

const char *PyModule_GetFilename (PyObject *module)
Part of the Stable ABI. Similar to PyModule_GetFilenameObject () but return the filename encoded to
‘utf-8’.

32 A EEIH: PyModule GetFilename () raises UnicodeEncodeError on unencodable filenames,
use PyModule_ GetFilenameObject () instead.

a1t C R

Modules objects are usually created from extension modules (shared libraries which export an initialization function), or
compiled-in modules (where the initialization function is added using Py ITmport_AppendInittab ()). See building
or extending-with-embedding for details.

The initialization function can either pass a module definition instance to PyModule_Create (), and return the re-
sulting module object, or request “multi-phase initialization” by returning the definition struct itself.

type PyModuleDef
Part of the Stable ABI (including all members). The module definition struct, which holds all information needed
to create a module object. There is usually only one statically initialized variable of this type for each module.

PyModuleDef_Base m_base
Always initialize this member to PyModuleDef_ HEAD_INIT.

const char *m_name

B 24 PR o

const char *m_doc
Docstring for the module; usually a docstring variable created with PyDoc_ STRVAR is used.

Py _ssize_tm_size
Module state may be kept in a per-module memory area that can be retrieved with
PyModule_GetState (), rather than in static globals. This makes modules safe for use in multi-
ple sub-interpreters.
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This memory area is allocated based on m_size on module creation, and freed when the module object is
deallocated, after the m_ f ree function has been called, if present.

Setting m_size to —1 means that the module does not support sub-interpreters, because it has global state.

Setting it to a non-negative value means that the module can be re-initialized and specifies the additional
amount of memory it requires for its state. Non-negative m_size is required for multi-phase initialization.

W REER W PEP 3121,

PyMethodDef *m_methods
A pointer to a table of module-level functions, described by PyMethodDef values. Can be NULL if no
functions are present.

PyModuleDef _Slot *m_slots
An array of slot definitions for multi-phase initialization, terminated by a {0, NULL} entry. When using
single-phase initialization, m_slots must be NULL.

3.5 R 4 Prior to version 3.5, this member was always set to NULL, and was defined as:

inquirym_reload

fraverseproc m_traverse
A traversal function to call during GC traversal of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

3.9 hix ¥ 58 No longer called before the module state is allocated.

inquirym_clear
A clear function to call during GC clearing of the module object, or NULL if not needed.

This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More
precisely, this function is not called if m_size is greater than O 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.

3.9 i ¥ 588 No longer called before the module state is allocated.

freefunc m_£free
A function to call during deallocation of the module object, or NULL if not needed.
This function is not called if the module state was requested but is not allocated yet. This is the case imme-
diately after the module is created and before the module is executed (Py_mod_exec function). More

precisely, this function is not called if m size is greater than O and the module state (as returned by
PyModule_GetState ())is NULL.

3.9 i 4% No longer called before the module state is allocated.
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Single-phase initialization

The module initialization function may create and return the module object directly. This is referred to as “single-phase
initialization”, and uses one of the following two module creation functions:

PyObject *PyModule_Create (PyModuleDef *def’)
Return value: New reference. Create a new module object, given the definition in def. This behaves like
PyModule_CreateZ () with module_api_version set to PYTHON_API_VERSTION.

PyObject *PyModule_Create2 (PyModuleDef *def, int module_api_version)
Return value: New reference. Part of the Stable ABI. Create a new module object, given the definition in def,
assuming the API version module_api_version. If that version does not match the version of the running interpreter,
a RuntimeWarning is emitted.

#5(E): Most uses of this function should be using PyModule Create () instead; only use this if you are sure
you need it.

Before it is returned from in the initialization function, the resulting module object is typically populated using functions
like PyModule_AddObjectRef ().

Multi-phase initialization

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 indepen-
dent: 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 ()).

All modules created using multi-phase initialization are expected to support sub-interpreters. Making sure multiple mod-
ules are independent is typically enough to achieve this.

To request multi-phase initialization, the initialization function (PyInit_modulename) returns a PyModuleDe £ instance
with non-empty m_slots. Before it is returned, the PyModuleDef instance must be initialized with the following
function:

PyObject *PyModuleDef_Init (PyModuleDef *def)
Return value: Borrowed reference. Part of the Stable ABI since version 3.5. Ensures a module definition is a properly
initialized Python object that correctly reports its type and reference count.

Returns def cast to PyObject*, or NULL if an error occurred.
3.5 BCHTINA.
The m_slots member of the module definition must point to an array of PyModuleDef_Slot structures:

type PyModuleDef_Slot

int slot
A slot ID, chosen from the available values explained below.
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void *value
Value of the slot, whose meaning depends on the slot ID.

3.5 JRHIA.
The m_slots array must be terminated by a slot with id 0.
The available slot types are:

Py_mod_create
Specifies a function that is called to create the module object itself. The value pointer of this slot must point to a
function of the signature:

PyObject *create_module (PyObject *spec, PyModuleDef *def )

The function receives a ModuleSpec instance, as defined in PEP 451, and the module definition. It should return
a new module object, or set an error and return NULL.

This function should be kept minimal. In particular, it should not call arbitrary Python code, as trying to import
the same module again may result in an infinite loop.

Multiple Py_mod_create slots may not be specified in one module definition.

If Py_mod_create is not specified, the import machinery will create a normal module object using
PyModule_New (). The name is taken from spec, not the definition, to allow extension modules to dynami-
cally adjust to their place in the module hierarchy and be imported under different names through symlinks, all
while sharing a single module definition.

There is no requirement for the returned object to be an instance of PyModule_Type. Any type can be used, as
long as it supports setting and getting import-related attributes. However, only PyModule_Type instances may
be returned if the PyModuleDef has non-NULL m_traverse, m_clear, m_free; non-zero m_size; or
slots other than Py_mod_create.

Py_mod_exec
Specifies a function that is called to execute the module. This is equivalent to executing the code of a Python module:
typically, this function adds classes and constants to the module. The signature of the function is:

int exec_module (PyObject *module)
If multiple Py_mod_exec slots are specified, they are processed in the order they appear in the m_slots array.

See PEP 489 for more details on multi-phase initialization.

Low-level module creation functions

The following functions are called under the hood when using multi-phase initialization. They can be used di-
rectly, for example when creating module objects dynamically. Note that both PyModule_FromDefAndSpec and
PyModule_ExecDef must be called to fully initialize a module.

PyObject *PyModule_FromDefAndSpec (PyModuleDef *def, PyObject *spec)
Return value: New reference. Create a new module object, given the definition in def and the ModuleSpec spec. This
behaves like PyModule FromDefAndSpec?2 () with module_api_version set to PYTHON_API_VERSTION.

3.5 BUHTMA.

PyObject *PyModule_FromDefAndSpec2 (PyModuleDef *def, PyObject *spec, int module_api_version)
Return value: New reference. Part of the Stable ABI since version 3.7. Create a new module object, given the
definition in def and the ModuleSpec spec, assuming the API version module_api_version. If that version does not
match the version of the running interpreter, a Runt imeWarning is emitted.
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#E): Most uses of this function should be using PyModule FromDefAndSpec () instead; only use this if
you are sure you need it.

3.5 BUBTIMA.

int PyModule_ExecDef£ (PyObject *module, PyModuleDef *def’)
Part of the Stable ABI since version 3.7. Process any execution slots (Py_mod_exec) given in def.

3.5 BUHTIMA.

int PyModule_SetDocString (PyObject *module, const char *docstring)
Part of the Stable ABI since version 3.7. Set the docstring for module to docstring. This function is
called automatically when creating a module from PyModuleDef, using either PyModule_Create or
PyModule_FromDefAndSpec.

3.5 BUBTIA.

int PyModule_AddFunctions (PyObject *module, PyMethodDef * functions)
Part of the Stable ABI since version 3.7. Add the functions from the NULL terminated functions array to module.
Refer to the PyMethodDe £ documentation for details on individual entries (due to the lack of a shared module
namespace, module level “functions” implemented in C typically receive the module as their first parameter, making
them similar to instance methods on Python classes). This function is called automatically when creating a module
from PyModuleDef, using either PyModule_Create or PyModule_FromDefAndSpec.

3.5 BUHTIA.

Support functions

The module initialization function (if using single phase initialization) or a function called from a module execution slot
(if using multi-phase initialization), can use the following functions to help initialize the module state:

int PyModule_AddObjectRef (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABI since version 3.10. Add an object to module as name. This is a convenience function which
can be used from the module’s initialization function.

On success, return 0. On error, raise an exception and return —1.
Return NULL if value is NULL. It must be called with an exception raised in this case.
ik~ K

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 (ob7j) ;
return res;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)

(CF ks
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(R —H)

PyObject *obj = PyLong_FromLong(value);

int res = PyModule_AddObjectRef (module, "spam", obj);
Py_XDECREF (ob7j) ;

return res;

Note that Py_ XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.

3.10 JFGHTMA.

int PyModule_AddObject (PyObject *module, const char *name, PyObject *value)
Part of the Stable ABI. Similar to PyModule_AddObjectRef (), but steals a reference to value on success (if
it returns 0).

The new PyModule_AddObjectRef () function is recommended, since it is easy to introduce reference leaks
by misusing the PyModule_ AddObject () function.

#(E):  Unlike other functions that steal references, PyModule_AddObject () only decrements the reference
count of value on success.

This means that its return value must be checked, and calling code must Py_ DECREF () value manually on error.

R

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 (ob7j) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1is not needed here
return O;

The example can also be written without checking explicitly if obj is NULL:

static int
add_spam (PyObject *module, int value)
{
PyObject *obj = PyLong_FromLong(value);
if (PyModule_AddObject (module, "spam", obj) < 0) {
Py_XDECREF (obj) ;
return -1;
}
// PyModule_AddObject () stole a reference to obj:
// Py_DECREF (obj) 1s not needed here
return O;

Note that Py_XDECREF () should be used instead of Py_DECREF () in this case, since obj can be NULL.
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int PyModule_AddIntConstant (PyObject *module, const char *name, long value)
Part of the 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)
Fart of the Stable ABI. Add a string constant to module as name. This convenience function can be used from the
module’s initialization function. The string value must be NULL-terminated. Return —1 on error, O on success.

int PyModule_AddIntMacro (PyObject *module, macro)
Add an int constant to module.  The name and the value are taken from macro.  For example
PyModule_AddIntMacro (module, AF_INET) adds the int constant AF_INET with the value of
AF_INET to module. Return —1 on error, 0 on success.

int PyModule_AddStringMacro (PyObject *module, macro)
Add a string constant to module.
int PyModule_AddType (PyObject *module, PyTypeObject *type)
Fart of the Stable ABI since version 3.10. Add a type object to module. The type object is finalized by calling

internally Py Type_Ready (). The name of the type object is taken from the last component of tp_name after
dot. Return —1 on error, O on success.

3.9 BCHT A

Module lookup

Single-phase initialization creates singleton modules that can be looked up in the context of the current interpreter. This
allows the module object to be retrieved later with only a reference to the module definition.

These functions will not work on modules created using multi-phase initialization, since multiple such modules can be
created from a single definition.

PyObject *PyState_FindModule (PyModuleDef *def’)
Return value: Borrowed reference. Part of the Stable ABI. Returns the module object that was created from def for
the current interpreter. This method requires that the module object has been attached to the interpreter state with
PyState_AddModule () beforehand. In case the corresponding module object is not found or has not been
attached to the interpreter state yet, it returns NULL.

int PyState_AddModule (PyObject *module, PyModuleDef *def)
Part of the Stable ABI since version 3.3. Attaches the module object passed to the function to the interpreter state.
This allows the module object to be accessible via PyState_ FindModule ().

Only effective on modules created using single-phase initialization.

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).

VA s Zi AT GIL
Return 0 on success or -1 on failure.
3.3 OB

int PyState_RemoveModule (PyModuleDef *def )
Fart of the Stable ABI since version 3.3. Removes the module object created from def from the interpreter state.
Return 0 on success or -1 on failure.

T I A5 A1Y GIL
3.3 BB
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8.6.3 [[Jf{2§ (lterator) ¥k

Python $2 AL T WA~ HEAER XS . B RIFHIERE, BMEAE _getitem__ () FEMEREITH.
5 N AT I X R A sentinel {H, 741 B N IR AT XGPS, HFEIR ] sentinel {E 45 A%
s
PyTypeObject PySeqIter_Type
Part of the Stable ABL PySeqTter_New () &[]k A% % G 1) B BUXE SR N B 7 51 26 B N B oK 2K
iter () MEESHOEA.
int PySeqIter_Check (op)
Wk op KRB PySeqTter Type WIRIEIF(E. MHRES R BEIIT.
PyObject *PySeqIter_New (PyObject *seq)
Return value: New reference. Part of the Stable ABL R [A]—/ 5 & #1LFF 51 % 42— (8 B X 8% seq. 247
ST FH#HAES % IndexError I}, XAUEEHR.
PyTypeObject PyCallIter_Type
Part of the Stable ABL HpR%{PyCalllter New() 1 iter () WE RIS EIE IR B 1 B8]
ZARANE .
int PyCallIter_ Check (op)
W op RB R PyCallTter Type WHERMIEAH. HRECEE 2 MIIIIT.

PyObject *PyCallIter_New (PyObject *callable, PyObject *sentinel)
Return value: New reference. Part of the Stable ABL & [B] — /Y5 CRE . SF— D25 callable v] DLZATA
] DATE A Z 8000 1% B0 V8 FH G Python RT R AT Ses FE U U FH AR A 1R B 3B R )R — AT H . 24
callable IR [W2&T sentinel B, E(CBLZ LR,

8.6.4 Descriptor (I#iX2e) ¥k

"Descriptor” iR YL PR 1, B MR ZUEW FY dictionary (L) .

PyTypeObject PyProperty_Type
Part of the Stable ABL. [FJ# descriptor 7 [FIf) L [EM {2

PyObject *PyDescr_NewGetSet (PyTypeObject *type, struct PyGetSetDef *getset)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMember (PyTypeObject *type, struct PyMemberDef *meth)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewMethod (PyTypeObject *type, st ruct PyMethodDef *meth)
Return value: New reference. Part of the Stable ABI.

PyObject *PyDescr_NewWrapper (PyTypeObject *type, st ruct wrapperbase *wrapper, void *wrapped )
Return value: New reference.

PyObject *PyDescr_NewClassMethod (PyTypeObject *type, PyMethodDef *method)
Return value: New reference. Part of the Stable ABI.

int PyDescr_IsData (PyObject *descr)
TR descriptor Y1 descr iR j&— & FHE PEH W AR, B0E QAR B AR 12—y 2 )R 1]
0. descr Wo/B[Fl—1f descriptor #j{4:; [FIAG $inthier.

PyObject *PyWrapper_New (PyObject*, PyObject™*)
Return value: New reference. Part of the Stable ABI.
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8.6.5 YR ¥*

PyTypeObject PySlice_Type
Part of the Stable ABL ¥J] i XTS5 2R B4 . ‘5 Python ETH W slice BAHBEIIXTA.

int PySlice_Check (PyObject *ob)
WA ob j2—> slice XTRNR BB ; ob WA NULL. BLERELE & AT .

PyObject *PyS1lice_New (PyObject *start, PyObject *stop, PyObject *step)
Return value: New reference. Part of the Stable ABL. & [Bl—/ANE B A EEMEFYI R XA . start, stop F1 step T
S P RIAE slice XFGAN N4 FR0 JEHERE . X L84 T I AR AT — SR T DA NULL, FEXFpE o0 T i
i None fERXT N JBHERIE . WS FXT G TG 4B R B NULL,

int PySlice_GetIndices (PyObject *slice, Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t
*step)
Part of the Stable ABL. M\ Y] 7 %42 slice $2HU start, stop £l step &5 |5, FFFH K EM N length. KT length
P85 i 24 A R

BRI O, HASEFR ] -1 HARRE R E (BRAEEATH S A K None HICHERA BT, 18
EFPELL T 2R M -1 I I E A58 ) .

AT REARN AT F R %k

3.2 SR 2 1 slice TE B HE SR A PySliceObject *,

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)
Part of the Stable ABL. PySlice_GetIndices () BIR] JAEAC. MY X4 slice $£ B start, stop Fll step
Kiol'5, PRI length, FRU) R K ELRAFAE slicelength v, T TEEI RS 52 A5
YL —8ury oy XA oy .

IR ] O, IR ] -1 I AN BB

i [E: R BN T AR KN T B R UL R LA X E W R R Py s1ice Unpack ()

MPyslice AdjustIndices () WG, H

if (PySlice_GetIndicesEx(slice, length, &start, é&stop, &step, &slicelength) < 0) |
// return error

}

SR

if (PySlice_Unpack(slice, &start, &stop, é&step) < 0) |
// return error
3
slicelength = PySlice_AdjustIndices (length, &start, &stop, step);

3.2 i SR 2 1l slice TE SIS KA PySliceObject *,

3.6.1 iREE & R Py _LIMITED_API K ik B 8% B & 0x03050400 5 0x03060000 2 [&] 1Y
H (AFEBFR) B 0x03060100 B 8 K] PySlice_GetIndicesEx () &4 LI K — 1l H
PySlice_Unpack () fil PySlice_AdjustIndices () W% . 5K start, stop Fl step S92 HRE .

3.6.1 AT EH: s Py _LIMITED_API #¢E H/NT 0x03050400 B 003060000 5 0x03060100
ZIRIME CREFEAA) W PySlice_GetIndicesEx () N FHIKMREL

int PySlice_Unpack (PyObject *slice, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t *step)
Part of the Stable ABI since version 3.7. M) i %t % H R start, stop A1 step £ il IR EUCH C . &
FERHLR KT PY_SSIZE_T_MAX H{HI/NA PY_SSIZE_T_MAX, FERHE:/NT PY_SSIZE_T_MIN
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K4 start Al stop {HI4 KK PY_SSIZE_T_MIN, H-#ERHIE/NT -PY_SSIZE_T_MAX A step (I K H
-PY_SSIZE_T_MAX.

HAS IR A -1, AR e 0,
3.6.1 JUHT A
Py_ssize_t PySlice_AdjustIndices (Py_ssize_t length, Py_ssize_t *start, Py_ssize_t *stop, Py_ssize_t step)
Part of the Stable ABI since version 3.7. ¥ start/end Y] 5 &5 | SRR ST K JE T EE . 8 H T
WZRTS 2 ASEE Y —B 7 N 75 )
REYIR R . SR 2. A&UE ] Python AUAYS .
3.6.1 JUHT A

8.6.6 Ellipsis Y&

PyObject *Py_Ellipsis
Python i) E11lipsis X4 . A REAHIEMITIE. BOAAGAEATHABRT R —FER 7 EET 4L
‘E5Py_None —FEJET HBIXR .

8.6.7 MemoryView ¥4

—/>memoryview XfR CHHIMLE R 457 F§EH— 1] PABALATHAD X5 — 211 Python X4 .

PyObject *PyMemoryView_FromObject (PyObject *obj)
Return value: New reference. Part of the Stable ABI. M HZMALSE K42 1 19 XF R 41 2 memoryview X4, 1R
obj S H M IX T, W) memoryview Xf SRR AR/ S, BT T RER K e, L Sl
BT

PyObject *PyMemoryView_FromMemory (char *mem, Py_ssize_t size, int flags)
Return value: New reference. Part of the Stable ABI since version 3.7. i mem VMK JZE S vh KA #—A>
memoryview X5 . flags A DA PyBUF_READ 8{# PyBUF_WRITE Z—.

3.3 BUHTMA.

PyObject *PyMemoryView_FromBuffer (Py_buffer *view)
Return value: New reference. BIH— A~ 457 Zevh X254 view 1Y) memoryview XF5e. X1 BN 517 2%
WX, PyMemoryView FromMemory () & LK%,

PyObject *PyMemoryView_GetContiguous (PyObject *obj, int buffertype, char order)
Return value: New reference. Part of the Stable ABL M & ¥ 45 #f X 2 1 By % 5 A1 7 — 4~ memoryview Xif
G contiguous WAEHE (H£°C 5 Fortran order 1), WIS NAEZELLA, W) memoryview X5 45 1] J5 IR I 77
), 42 19 H memoryview $5[7]357 ) bytes X4 .

int PyMemoryView_Check (PyObject *obj)
WR obj j&—1> memoryview X G NR [F B . HEIAARVFEE memoryview (13, HREE RS
AT

Py_buffer *PyMemoryView_GET_BUFFER (PyObject *mview)
i [F] 45 1] memoryview )t G2t X ALA BI A B F545 . mview @52 —1> memoryview LB X ANEA
B RYRAL, AR R, A5 AT T I AR Tt AU o

PyObject *PyMemoryView_GET_BASE (PyObject *mview)
& [ memoryview FF H T Ay 5 ol X R B 4 £, B W R memoryview E 1 K
¥ pyMemoryView FromMemory () BiPyMemoryView FromBuffer () 7 N iR [f] NULL, mview
MAE—A~ memoryview S5
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8.6.8 FEWYH¥

Python 37§ “S551 " fFA—IM R, BAKYL, APIFEESISE 5 UIRIXER. B—Fhie a5
g, S MR AT REHAE I D — N R R B ACRE

int PyWeakref_Check (ob)
W ob 22— A5 SN R MR [ B . R BUE 2 2 AT .

int PyWeakref_CheckRef (ob)
W ob 22— A5 FHXTZ R EAE . R A 2 2 AT

int PyWeakref_CheckProxy (ob)
MR ob 22— ARG GR M FLAE . HERRBUE U 2T -

PyObject *PyWeakref_NewRef (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference object for the object ob. This will
always return a new reference, but is not guaranteed to create a new object; an existing reference object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be
None or NULL. If ob is not a weakly referencable object, or if callback is not callable, None, or NULL, this will
return NULL and raise TypeError.

PyObject *PyWeakref_NewProxy (PyObject *ob, PyObject *callback)
Return value: New reference. Part of the Stable ABI. Return a weak reference proxy object for the object ob. This
will always return a new reference, but is not guaranteed to create a new object; an existing proxy object may be
returned. The second parameter, callback, can be a callable object that receives notification when ob is garbage
collected; it should accept a single parameter, which will be the weak reference object itself. callback may also be
None or NULL. If ob 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)

Return value: Borrowed reference. Part of the Stable ABL 1% [B1555] FIXt4 ref g5 XIS . Wifeis | XY
SRNFIAEAE, WiR[F] Py_None,

i [E: 2% ok BR8] 951 1 X 52 i — Dborrowed reference, X BRIV % 2 TE % X 4
M Py_INCREF (), BRE2 4 AT RS — U 2 B JeiE A i S i e o

PyObject *PyWeakref_GET_OBJECT (PyObject *ref )
Return value: Borrowed reference. 25l PyWeakref GetObject (), {HIEIH— AR EIAEG A %,

void PyObject_ClearWeakRefs (PyObject *object)
Fart of the Stable ABI. This function is called by the tp_deal1oc 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.

8.6.9 Capsule %5

A KA LERT G B 2 (5 i 2 1Y using-capsules..
3.1 BB

type PyCapsule
This subtype of PyObject represents an opaque value, useful for C extension modules who need to pass an
opaque value (as a void* pointer) through Python code to other C code. It is often used to make a C function
pointer defined in one module available to other modules, so the regular import mechanism can be used to access
C APIs defined in dynamically loaded modules.
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type PyCapsule_Destructor
Part of the Stable ABI. Capsule [HTHE28 R 2T, & XAF -

typedef void (*PyCapsule_Destructor) (PyObject *);

Z | PyCapsule New () J3REL PyCapsule_Destructor 1% [FI{E 1 1E X .

int PyCapsule_CheckExact (PyObject *p)
MRSHE— A pPyCapsule MR IEIE{E IR R 2 2 AT

PyObject *PyCapsule_New (void *pointer, const char *name, PyCapsule_Destructor destructor)
Return value: New reference. Part of the Stable ABL G| — 135 T pointer [\)PyCapsule, pointer 2% 1]
PAAR N NULL,

TE R W A — N 8 R ] NULL,

FAFH name ] PAZ NULL B0@&—ME AW C FAFR ISR WRR R NULL, WHEAFER AT L
capsule K& (BRI ARIFTE destructor HRELE )

Q1SR destructor ZHUAN K NULL, DI 24T 9 84 B R By capsule /£ A S BRI A .

TR capsule KEWEARTE N — MRS B, W name V244545 N modulename. attributename.,
XRF AV HABBIRAE ] Py Capsule Tmport () HF AL capsule,

void *PyCapsule_GetPointer (PyObject *capsule, const char *name)
Part of the Stable ABL $EBUFFEAE capsule B[ pointer . FE 2 W15 B —AF 4 1R 8] NULL.

name W& 2 W5 S RAFAE capsule " )44 FRIEF TR LA . ANERARAFAE capsule H179 24 FRh NULL, ML A
M name ﬂi)&\@ﬁj\j NULL. Python £&{#Jf] C ii¥ strcmp () F K capsule 4475 .

PyCapsule_Destructor PyCapsule_GetDestructor (PyObject *capsule)

Part of the Stable ABL & [H| & 4F7E capsule H1 I 4 HIATHIRR o 76 RIS — 4> 579 H1& [7] NULL.

capsule E 5 NULL AHH28 B AVER) . XS5 NULL iz ML A el s il PyCapsule Isvalid/()
B{PyErr Occurred () FjHEE X,

void *PyCapsule_GetContext (PyObject *capsule)
Part of the Stable ABL 1 BYR/FAE capsule FH )24 BT E N 3. FERIMAHE E— R4 & [B] NULL,

capsule EL5 NULL | FCR2EHER . XS5 NULL iR B A 28k s il PyCapsule _Isvalid()
B{PyErr Occurred () FeiHEE X,

const char *PyCapsule_GetName (PyObject *capsule)
Part of the Stable ABL. 1 FYRAFAE capsule F Y B4 FR . TR B — A F 5% 1R [B] NULL,

capsule H 5 NULL ZFR2 & .. X5 NULL iR RIS A L1 X il Pycapsule Isvalid()
B PyErr Occurred () R X,

void *PyCapsule_Import (const char *name, int no_block)
Part of the Stable ABL. \\—MEHIK) capsule JE 17 A G 0] C X RIVFEES . name JE 2214 45 7€ @ P )
THEAFK, H module.attribute P —F. [FIEFE capsule T 1Y name Vo 524 VCEL LA . TN
R no_block “hEAE, WIPATCHH ZERA F AR (] Py Import_ImportModuleNoBlock ()). IS
no_block FRE, WIPAMEGRE S AR (] Py Import_ImportModule ().

IR EF IR [A] capsule B NS 384T, FE MR E— AR 8 R ] NULL,

int PyCapsule_IsValid (PyObject *capsule, const char *name)
Part of the Stable ABL #f i€ capsule &7 2 — A M. A K capsule W 1 A f NULL, 1%
#WPyCapsule CheckExact (), TEHFFM—TA N NULL (94840, H HIHNTL K5 name 1
ZHMILE . (& PyCapsule_GetPointer () [ fEAI AN} capsule 4 FRiEfT t[ﬁ?fﬁ?[ﬁﬁﬁaé{n B.)

WemiGie, WRPyCapsule Isvalid () RFIEAE, WAEfTXT5A#E (PA PyCapsule_Get () Ff3k
FAEAT R ) 1R AR ARAIE 25 B2

8.6. Hib¥k 165



The Python/C API, £[F] 3.10.11

RN RA RO HICRLAE AR FRGR AR, BIaRE 0. e E AR K.

int PyCapsule_SetContext (PyObject *capsule, void *context)
Part of the Stable ABL R capsule PERIF)_E N SCI8EHE N context .

JRIIR ] 00 SRIGCRTIR [l JEBAEH B E— 57

int PyCapsule_SetDestructor (PyObject *capsule, PyCapsule_Destructor destructor)
Part of the Stable ABL - capsule NERIRINTIY# A destructor .

R 00 SRIGIG R [ IR B — R .
int PyCapsule_SetName (PyObject *capsule, const char *name)

Part of the Stable ABL. ¥ capsule PNERHI G FRE R name. WIFA R NULL, & FREGIEAE D0 LL capsule
B W Z B ERAFAE capsule H1[) name ANA NULL, WIARSZRBEE .

IR IE] 0 S Mt i [m] HE AR T B E— A

int PyCapsule_SetPointer (PyObject *capsule, void *pointer)
Part of the Stable ABL - capsule NERI 2S5 F84T5 K pointer . $84FANA] A NULL,
IR IE] 0 S Mt ik [A] HE AT B E— A R

8.6.10 [F&2EM4
PR AT 5 2 Python FH S SEH A AR E AR BRI %T G2 o B TS A k2R AR P A (B I SR BCR DB, TR 2 Bt

I HPyGen_New () B{PyGen_NewWithQualName (),

type PyGenObject
TR C g5t

PyTypeObject PyGen_Type

ESIe R U E DU VAHESITH i S8
int PyGen_Check (PyObject *ob)

U2 ob ;22— generator XFR MR MIEAL; ob AR NULL. BEERELE 22 MEHAT .
int PyGen_CheckExact (PyObject *ob)

WA ob R EE PyGen_ Type WIREBIF(E; ob MAUARA NULL. BLRREURE 22 PN HAT .

PyObject *PyGen_New (PyFrameObject * frame)
Return value: New reference. 3 frame % 5 RG] — A A A 52 . ISR BCSTIUE X frame
5. SEAUR S NULL,

PyObject *PyGen_NewWithQualName (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. F:T frame Xt 2 Q) H R M — A E S ge X4, i _ name_ FlI
__qualname__ &K name Fl qualname. IR 5023 BOE — X frame W51 H . frame ZE0 RN
NULL,

8.6.11 Coroutine (i#12) ¥

3.5 WUHTIA.
Coroutine #) {4/ 2HFLL DA async B8 A 45 1) o8 =X B a5 B 9014

type PyCoroObject
JH A coroutine #){:14) C % .

PyTypeObject PyCoro_Type
8 coroutine 4113} HE A B EW) 1«
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int PyCoro_CheckExact (PyObject *ob)
W ob HEUEZ PyCoro Type RIFEHE(E; ob MEAE NULL. HeR=UAE &9A TR

PyObject *PyCoro_New (PyFrameObject * frame, PyObject *name, PyObject *qualname)
Return value: New reference. 3% frame {4 5 7 57 [F) 0] {8 — 1 7 ) coroutine #2f:, Hdr _ name_ F
__qualname__ #§3%[E) name F qualname. R € BUS—H ¥ frame )2 18 (reference). frame 5|8
WEAEINULL,

8.6.12 L T ELEEMR

fi(E): 3.7.1 JREESS: A Python 3.7.1 1, Fif LR S04 & C AP (A& W WO Pyob ject FREMTITAN

HEPyContext, PyContextVar VAt PyContextToken, ffll:

// in 3.7.0:
PyContext *PyContext_New (void) ;

// in 3.7.1+:
PyObject *PyContext_New (void);

LA R bpo-34762,

3.7 OB A
BHEANG T contextvars 2 C AP,

type PyContext
TR contextvars.Context XA C Z5HK,

type PyContextVar
T3/~ contextvars.ContextVar N2 C Z5H4,

type PyContextToken
TR contextvars. Token X4 A C Z5HK,

PyTypeObject PyContext_Type

ZEoN context ERI BTN 4 .
PyTypeObject PyContextVar_Type

IR context variable ZERI 2R AN

PyTypeObject PyContextToken_Type
2R context variable token 2RI IZEAINT 4

FARG AR
int PyContext_CheckExact (PyObject *0)
MR o WRA Ky pyContext Type WERIMIEAH . o WA NULL. BERREUE ST .

int PyContextVar_CheckExact (PyObject *0)
W2k o (A Py Context Var_ Type WIRBIE{H. o A NULL. BERRELE S MIHAT .

int PyContextToken_CheckExact (PyObject *0)
W o WA Py Context Token Type MIRIAIFEAH, o IbHIAN NULL. ICpRHUE & & BT«

BSOS B R R

PyObject *PyContext_New (void)
Return value: New reference. BIIFE—/NF 2S5 EF SOMS. Q2R A A R Wk (1] NULL.
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PyObject *PyContext_Copy (PyObject *ctx)
Return value: New reference. BTG A cox BRSO Ee 2 D1, a5 & A 48R R 1] NULL.,

PyObject *PyContext_CopyCurrent (void)
Return value: New reference. G| HIZFE I F SCAYHRFE DL, W15 & A 4R 3% 1] NULL,

int PyContext_Enter (PyObject *ctx)
$F eoe WY BIZARI S HT R 3 PR E 0, HigSEhHR R -1,
int PyContext_Exit (PyObject *ctx)
IO BOE o BRSO Z Bl B R SO N ST 420 24 10 1R 3Co kR E o, IR E -1,
TR SRR R A
PyObject *PyContextVar_New (const char *name, PyObject *def)

Return value: New reference. G)|7—/~Hilf) ContextVar X% . EZ name T ARG E M XE . F
% def Sh bR SRR EBOAME, 08 NULL FORTGBOAE . QR A AR, X AR E£x iR 7] NULL,

int PyContextVar_Get (PyObject *var, PyObject *default_value, PyObject **value)
%Eé?ﬁ@i%ﬂ’]ﬁ WEIRAEA SR R R AR AR, AR -1, QARBE KA, LR REIE,
WERRH] BN, value $E2 38 B RIHEE . QAR BN SUE R RA S, value FHEI -
e default_value, YNH-IE “NULL*;
o var FIERAME, WERORZ NULL;
e NULL
B 7Rl NULL, XA~ pRE IR ol — 85 .

PyObject *PyContextVar_Set (PyObject *var, PyObject *value)
Return value: New reference. 1E24Hi_FF SCHE var %K value, 12 [14F5F IS SR ET FEHEX TS, sl 0
KA R NR A NUL L,

int PyContextVar_Reset (PyObject *var, PyObject *token)
5 BRSO E var ARESE BN ETEIRIT] token [Py ContextVar_Set () YN ZAIHPIRES . HERR%L
IR O, AR R ] -1

8.6.13 DateTime ¥4

datetime BIHARME T A& H AN E0 G T8O AR X L8 s B2 1, 06 AULE A 5 Ath v 0 53k S A
datetime.h (HEEMSAH R ETE Python. h 1), H HZ PyDateTime_IMPORT Wi A AL TH H , i
N BRYIIG AL BRE — AR 73 o XD R R mReE C S5 — M7 & PyDateTimeAPT
H, B H TN R .
i UTC B
PyObject *PyDateTime_TimeZone_UTC
iR 8] F7R UTC R IX ], 5 datetime.timezone.utc KFE—% %,
3.7 BOFTIMA.
ARG AL
int PyDate_Check (PyObject *ob)
IR ob °f PyDateTime_DateType ZKAlEy PyDateTime_DateType I TRANR [F ElH. ob
ANREN NULL. IRREE 2 MIHAT
int PyDate_CheckExact (PyObject *ob)
U ob 2y PyDateTime_DateType KHINLR M Ef. ob ANEEHN NULL. BLpRECE &2 BT
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int PyDateTime_Check (PyObject *ob)
IR ob A PyDateTime_DateTimeType Hlnl PyDateTime_DateTimeType [1HAT-2E AN &
BB . ob AEEH NULL. RN ESMIHIT.

int PyDateTime_CheckExact (PyObject *ob)
W2 ob 2y PyDateTime_DateTimeType FAUNMLRI[TEAE. ob NAEH NULL. BLeREUEZE 2 MIIHAT

int PyTime_Check (PyObject *ob)
R ob W2EALE PyDateTime_TimeType B & PyDateTime_TimeType T2 NI M BEfH. ob
WA NULL. R IR 2 AT .

int PyTime_CheckExact (PyObject *ob)
Wk ob 3 PyDateTime_TimeType KAINLR M E(. ob ANEEHN NULL. JpRECE &2 BT

int PyDelta_Check (PyObject *ob)
W ob °5 PyDateTime_DeltaType KAlnl PyDateTime_DeltaType HYIEAST-2E N1k [v] BEAH .
ob INREH NULL. KRR E S MIHTT.

int PyDelta_CheckExact (PyObject *ob)
% ob S PyDateTime_DeltaType KANR A EMH. ob AfER NULL. HEREUSESBIIAT.

int PyTZInfo_Check (PyObject *ob)
N ob BZEAI 2 PyDateTime_TZInfoType (& PyDateTime_TZInfoType KT ZEH Nk 7] B
{H. ob WA NULL. IEREUE RS BIigT.

int PyTZInfo_CheckExact (PyObject *ob)
W5 ob 2y PyDateTime_TZInfoType KMNR B BEAH. ob ARER NULL. IHRELE 2 mMIhigT.

i clfete Siba

PyObject *PyDate_FromDate (int year, int month, int day)
Return value: New reference. 12 [R|35E4E. H. HHJ datetime.date N4,

PyObject *PyDateTime_FromDateAndTime (int year, int month, int day, int hour, int minute, int second, int

usecond)
Return value: New reference. &[] E.AF 45 % year, month, day, hour, minute, second 1 microsecond Jg& {4 [t})

datetime.datetime ¥4,

PyObject *PyDateTime_FromDateAndTimeAndFold (int year, int month, int day, int hour, int minute, int
second, int usecond, int fold)
Return value: New reference. 12 [n| B 1§72 year, month, day, hour, minute, second, microsecond # fold J& {4
M datetime.datetime X4,

3.6 BUHTIA.

PyObject *PyTime_FromTime (int hour, int minute, int second, int usecond)
Return value: New reference. 12 [n| B 15 %€ hour, minute, second and microsecond JE £ datetime.time

PIE

PyObject *PyTime_FromTimeAndFold (int hour, int minute, int second, int usecond, int fold)
Return value: New reference. %[0 .53 7€ hour, minute, second, microsecond #f fold J& ] datetime.

time X4,
3.6 HUHTIA.

PyObject *PyDelta_FromDSU (int days, int seconds, int useconds)
Return value: New reference. 12 UCFREER . HHMIEY datetime.timedelta X4 . KHATIE
AR DAE S A ) R AP BT datetime . timedelta WARAYSCRIFEINMXAIZ 4.

PyObject *PyTimeZone_FromOffset (PyDateTime_DeltaType *offset)
Return value: New reference. 12 []—/~ datetime.timezone X4, ZN % EF DA offset ZEFERIIAR
1724 [ 7 P 22
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3.7 BUHTMA.

PyObject *PyTimeZone_FromOffsetAndName (PyDateTime_DeltaType *offset, PyUnicode *name)
Return value: New reference. R [A]—-> datetime.timezone X4, ZX R EH VA offset ZEFRRW)
EN BT X 4 FR name.

3.7 BUBTIA.

— 26 ok M date X 5 PR BE Y . S B ah i )& PyDateTime_Date 4l HF H 28 (f5l 40
PyDateTime_DateTime) F5Lfl. SEAAIA N NULL, I HIRBURY: A4

int PyDateTime_GET_YEAR (PyDateTime_Date *0)

ARGy, [EIERER

int PyDateTime_GET_MONTH (PyDateTime_Date *0)

M A Gy, EIERE, 4E1 %) 12,

int PyDateTime_GET_DAY (PyDateTime_Date *0)

[l H 3, [EERs, #1531,

— B Sk M datetime X5 FELBUE B 2. SEULHE PyDateTime_DateTime fUIGEHETFRMLH . S5
MR A NULL, I HRBURN S

int PyDateTime_DATE_GET_HOUR (PyDateTime_DateTime *0)
[, [FIEHR S, 4E 0 3] 23,

int PyDateTime_DATE_GET_MINUTE (PyDateTime_DateTime *0)
Mo, [EIERE, 0 % 59.

int PyDateTime_DATE_GET_SECOND (PyDateTime_DateTime *0)
Ry, EIEREH, 780 3] 59,

int PyDateTime_DATE_GET_MICROSECOND (PyDateTime_DateTime *0)
Ry, [FEd, # 0 2] 999999,

int PyDateTime_DATE_GET_FOLD (PyDateTime_DateTime *0)

[l fold, [FJO =i 1 FIEHEU,
3.6 BUHTINA.

PyObject *PyDateTime_DATE_GET_TZINFO (PyDateTime_DateTime *0)
iR 9] tzinfo (F] PA°A None),

3.10 BUBTIA.

— SR time XJ R P RICF BN 7 . SHULE PyDateTime_Time fEILFHRMLH . SELHAN
NULL, FHBERIRSPHG

int PyDateTime_TIME_GET_HOUR (PyDateTime_Time *0)
Il /N, [EIEHE%, 4 0 %) 23,

int PyDateTime_TIME_GET_MINUTE (PyDateTime_Time *0)
Wl 54, (FIIE#E%, 4 0 3] 59,

int PyDateTime_TIME_GET_SECOND (PyDateTime_Time *o)
] R, [ElIE#ES, 1€ 0 ) 59,

int PyDateTime_TIME_GET_MICROSECOND (PyDateTime_Time *0)
Ry, [EIERE S, 7¢O ] 999999.

int PyDateTime_TIME_GET_FOLD (PyDateTime_Time *o)
] {3 fold, [F)0 =it 1 (Y144

3.6 BUBTINA.
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PyObject *PyDateTime_TIME_GET_TZINFO (PyDateTime_Time *0)
1R [9] tzinfo (A] PAH None),
3.10 JEHTIA.
—HEAPEM timedelta X4 BT B . SRR PyDateTime Delta WifHTIRAILH] . SHULIN
AR NULL, F HRBRUR A
int PyDateTime_DELTA_GET_DAYS (PyDateTime_Delta *0)
IR REL, M-999999999 %] 999999999 [ %LEN

3.3 BUBTINA.

int PyDateTime_DELTA_GET_SECONDS (PyDateTime_Delta *0)
REFBEL, A O 3] 86399 FrEL%K

3.3 HUHTIA.

int PyDateTime_DELTA_GET_MICROSECONDS (PyDateTime_Delta *0)
AR GARREL, A O ] 999999 AR

3.3 OB
— BB RSB DB API (1) %2

PyObject *PyDateTime_FromTimestamp (PyObject *args)
Return value: New reference. B8R [l — 45 B TCHS B F datetime.datetime X, EHES
datetime.datetime.fromtimestamp () .

PyObject *PyDate_FromTimestamp (PyObject *args)
Return value: New reference. QIR [0 — 25 E SICH S E M # datetime.date X4, @EHELH
datetime.date.fromtimestamp (),

8.6.14 AELFMMR

PR LA TR BRI N B 2R AL, B BIAFAEP F2E8Y -- GenericAlias Fil Union, W GenericAlias £[q]
C ik,

PyObject *Py_GenericAlias (PyObject *origin, PyObject *args)

Part of the Stable ABI since version 3.9. Create a GenericAlias object. Equivalent to calling the Python
class types.GenericAlias. The origin and args arguments set the GenericAlias’s __origin__ and
__args___attributes respectively. origin should be a Py TypeObject*,andargscanbea PyTupleObject*
or any PyObject*. If args passed is not a tuple, a 1-tuple is automatically constructed and __args___is set
to (args, ). Minimal checking is done for the arguments, so the function will succeed even if origin is not a
type. The GenericAlias’s __parameters__ attribute is constructed lazily from __args__. On failure,
an exception is raised and NULL is returned.

NIRRT

static PyMethodDef my_obj_methods[] = {
// Other methods.

{"__class_getitem__", (PyCFunction)Py_GenericAlias, METH_O|METH_CLASS, "See.
<PEP 585"}

}

hz%:
BARBAI ¥ _ class_getitem () .
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3.9 BUHTMA.

PyTypeObject Py_GenericAliasType
Part of the Stable ABI since version 3.9. [Py _GenericAlias () FTiRIIIXTERAT C 257, £/ T Python
FH) types.GenericAlias ,

3.9 BUHTMA.
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152 R Python 45 LELE

9.1 # Python #ig{t 280

FE—HA T Python W HFEFH, Py _Initialize () PREWAFHEATA HAth Python/C API % Bt
s BN RA AR EN & 5 i E %+,

TERIGAL Python Z i, R PAZ: A sy JH DA eR &K
o FLE L
— PyImport_AppendInittab ()
— PyImport_ExtendInittab ()
— PyInitFrozenExtensions ()
— PyMem SetAllocator()
— PyMem_SetupDebugHooks ()
— PyObject_SetArenaAllocator ()
— Py_SetPath()
— Py_SetProgramName ()
— Py _SetPythonHome ()
— Py_SetStandardStreamEncoding ()
— PySys_AddWarnOption ()
— PySys_AddXOption ()
— PySys_ResetWarnOptions ()

* 5 EBREC
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— Py _IsInitialized()
— PyMem GetAllocator()
— PyObject_GetArenaAllocator ()
— Py_GetBuildInfo()
— Py_GetCompiler()
— Py_GetCopyright ()
— Py GetPlatform()
— Py_GetVersion()
. I/\
— Py_DecodeLocale ()
o WAFM s :
— PyMem_ RawMalloc ()
— PyMem RawRealloc ()
— PyMem RawCalloc ()

— PyMem_RawFree ()

# [E: PAF BB A W% fEPy_Initialize(): Py _EncodeLocale(), Py _GetPath(),
Py GetPrefix (), Py_GetExecPrefix(), Py_GetProgramFullPath (), Py_GetPythonHome (),
Py_GetProgramName () MlPyEval_InitThreads () BiVHHH.

9.2 £REETE

Python A7 7 5445 ] 4 JRyC B PR P RPAE AT B I AL B o X BEARTE BRI fir 4T85

W — NPT AR, AR R & R B IREL. Bl, b &$5Py_BytesWarningFlag i
N1 -bb &¥Py_BytesWarningFlag A 2.

int Py_BytesWarningFlag
Issue a warning when comparing bytes or bytearray with str or bytes with int. Issue an error if greater
or equal to 2.

Hi —o I .
int Py_DebugFlag

FriafEdras il (BREZMH, M T gmigem) .
i —d #¥EIF1 PYTHONDEBUG MIEAS % B .

int Py_DontWriteBytecodeFlag
MR E A AESS, Python ATES ARSI 2B A . pye U
i -B L3l PYTHONDONTWRITEBYTECODE I AF B B o

int Py_FrozenFlag
Suppress error messages when calculating the module search path in Py_GetPath ().

Private flag used by _freeze_importlib and frozenmain programs.
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int Py_HashRandomizationFlag
Set to 1 if the PYTHONHASHSEED environment variable is set to a non-empty string.

If the flag is non-zero, read the PYTHONHASHSEED environment variable to initialize the secret hash seed.

int Py_IgnoreEnvironmentFlag
ZWE T PYTHON* MdAr &, flin, © X ER) PYTHONPATH Al PYTHONHOME ,

H-E M -1 JEE .

int Py_InspectFlag
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.

Set by the —1 option and the PYTHONINSPECT environment variable.
int Py_InteractiveFlag

EB -1 iﬁIﬁﬁﬁo
int Py_IsolatedFlag

Run Python in isolated mode. In isolated mode sys .path contains neither the script’s directory nor the user’s
site-packages directory.

B - PETREE .
3.4 JGH A

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.

Set to 1 if the PYTHONLEGACYWINDOWSFSENCODING environment variable is set to a non-empty string.
LR R PEP 529,
W . Windows,

int Py_LegacyWindowsStdioFlag
If the flag is non-zero, use 10 .FileIO instead of WindowsConsoleIO for sys standard streams.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.
L2 R PEP 528,
1 : Windows,

int Py_NoSiteFlag
B site MPA LT IMAFRET Ui A sys . path BHEE. WI2R site RAEMEH BT AR
LB X LR (ARARA B BTN site.main ().

H —-S PETIREE .

int Py_NoUserSiteDirectory
AEFf F P site-packages H ZUE sys.path.

Set by the —s and - I options, and the PYTHONNOUSERSITE environment variable.

int Py_OptimizeFlag
Set by the —O option and the PYTHONOPTIMI ZE environment variable.

int Py_QuietFlag
BRI E AL H AR WA B IR AR5 L

H —g BRI
3.2 BE A
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int Py_UnbufferedStdioFlag

s stdout FI stderr A ZZ 0 .

Set by the —u option and the PYTHONUNBUFFERED environment variable.

int Py_VerboseFlag

Print a message each time a module is initialized, 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.

Set by the —v option and the PYTHONVERBOSE environment variable.

9.3 Initializing and finalizing the interpreter

void Py_Initialize ()

Fart of the Stable ABI. Initialize the Python interpreter. In an application embedding Python, this should be called
before using any other Python/C API functions; see Before Python Initialization for the few exceptions.

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_SetArgvEx () for that. This is a no-op when called for a second time (without calling
Py_FinalizeEx () first). There is no return value; it is a fatal error if the initialization fails.

Ml 7E Windows I, ¥ 4B A O_TEXT Bk 0_BINARY, SKAKHE W C AT ik
Python fiFil &3 (.

void Py_InitializeEx (int initsigs)

Part of the Stable ABI. This function works like Py_Tnitialize () 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()

Fart of the Stable ABI. Return true (nonzero) when the Python interpreter has been initialized, false (zero) if not.
After Py_FinalizeEx () is called, this returns false until Py_Tnitialize () is called again.

intPy_FinalizeEx ()

Fart of the Stable ABI since version 3.6. Undo all initializations made by Py_Tnitialize () 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 Tnitialize (). Ideally, this frees all memory allocated
by the Python interpreter. This is a no-op when called for a second time (without calling Py Tnitialize ()
again first). Normally the return value is O. If there were errors during finalization (flushing buffered data), -1 is
returned.

This function is provided for a number of reasons. An embedding application might want to restart Python without
having to restart the application itself. An application that has loaded the Python interpreter from a dynamically
loadable library (or DLL) might want to free all memory allocated by Python before unloading the DLL. During
a hunt for memory leaks in an application a developer might want to free all memory allocated by Python before
exiting from the application.

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. Dy-
namically 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_FinalizeEx () more than once.
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Raises an auditing event coython._PySys_ClearAuditHooks with no arguments.

3.6 UHTIIA.

void Py_Finalize ()
Part of the Stable ABI. This is a backwards-compatible version of Py_FinalizeEx () that disregards the return
value.

9.4 Process-wide parameters

int Py_SetStandardStreamEncoding (const char *encoding, const char *errors)
This function should be called before Py Initialize (), if itis called at all. It specifies which encoding and
error handling to use with standard 10, with the same meanings as in str.encode ().

It overrides PYTHONIOENCOD ING values, and allows embedding code to control IO encoding when the environ-
ment variable does not work.

encoding and/or errors may be NULL to use PYTHONIOENCODING and/or default values (depending on other
settings).

Note that sy s . stderr always uses the ”backslashreplace” error handler, regardless of this (or any other) setting.

If Py FinalizeEx () is called, this function will need to be called again in order to affect subsequent calls to
Py_Initialize().

Returns 0 if successful, a nonzero value on error (e.g. calling after the interpreter has already been initialized).

3.4 BUBTIA.

void Py_SetProgramName (const wchar_t *name)

Part of the Stable ABI. This function should be called before Py_Tnitialize () is called for the first time,
if it is called at all. It tells the interpreter the value of the argv [0] argument to the main () function of the
program (converted to wide characters). This is used by Py_GetPath () and some other functions below to
find the Python run-time libraries relative to the interpreter executable. The default value is 'python'. The
argument should point to a zero-terminated wide character string in static storage whose contents will not change
for the duration of the program’s execution. No code in the Python interpreter will change the contents of this
storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar *Py_GetProgramName ()
Part of the Stable ABI. Return the program name set with Py Set ProgramName (), 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 ITnitialize (), otherwise it returns NULL.
3.10 fifit 5 58 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPrefix ()
Fart of the Stable ABI. Return the prefix for installed platform-independent files. This is derived through a number
of complicated rules from the program name set with Py SetProgramName () and some environment vari-
ables; for example, if the program name is ' /usr/local/bin/python’,the prefixis ' /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 Tnitialize (), otherwise it returns NULL.

3.10 it 548 It now returns NULL if called before Py_Tnitialize ().
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wchar_t *Py_GetExecPrefix ()

Part of the Stable ABI. Return the exec-prefix for installed platform-dependent files. This is derived through a
number of complicated rules from the program name set with Py SetProgramName () and some environ-
ment 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 corre-
sponds 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. Itis only useful
on Unix.

Background: The exec-prefix differs from the prefix when platform dependent files (such as executables and shared
libraries) are installed in a different directory tree. In a typical installation, platform dependent files may be installed
inthe /usr/local/plat subtree while platform independent may be installed in /usr/local.

Generally speaking, a platform is a combination of hardware and software families, e.g. Sparc machines running
the Solaris 2.x operating system are considered the same platform, but Intel machines running Solaris 2.x are
another platform, and Intel machines running Linux are yet another platform. Different major revisions of the
same operating system generally also form different platforms. Non-Unix operating systems are a different story;
the installation strategies on those systems are so different that the prefix and exec-prefix are meaningless, and set
to the empty string. Note that compiled Python bytecode files are platform independent (but not independent from
the Python version by which they were compiled!).

System administrators will know how to configure the mount or automount programs to share /usr/local
between platforms while having /usr/local/plat be a different filesystem for each platform.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

3.10 JiR 4 It now returns NULL if called before Py Tnitialize ().

wchar_t *Py_GetProgramFullPath ()

Part of the Stable ABI. Return the full program name of the Python executable; this is computed as a side-effect of
deriving the default module search path from the program name (set by Py SetProgramName () above). The
returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.executable.

This function should not be called before Py Tnitialize (), otherwise it returns NULL.

3.10 Jifit 548 It now returns NULL if called before Py_Tnitialize ().

wchar_t *Py_GetPath ()

Fart of the 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 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 sy s .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.

3.10 Jifit 5 48 It now returns NULL if called before Py_Tnitialize ().

void Py_SetPath (const wchar_t*)

Part of the Stable ABI since version 3.7. 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 ().
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Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
The path argument is copied internally, so the caller may free it after the call completes.
3.8 it B 4 The program full path is now used for sys.executable, instead of the program name.

const char *Py_GetVersion ()
Fart of the Stable ABI. Return the version of this Python interpreter. This is a string that looks something like

"3.0a5+ (py3k:63103M, May 12 2008, 00:53:55) \n[GCC 4.2.3]"

The first word (up to the first space character) is the current Python version; the first characters are the major and
minor version separated by a period. The returned string points into static storage; the caller should not modify its
value. The value is available to Python code as sys.version.

const char *Py_GetPlatform ()
Fart of the Stable ABI. Return the platform identifier for the current platform. On Unix, this is formed from the
“official” name of the operating system, converted to lower case, followed by the major revision number; e.g.,
for Solaris 2.x, which is also known as SunOS 5.x, the value is 'sunos5'. On macOS, itis 'darwin’'. On
Windows, itis 'win'. The returned string points into static storage; the caller should not modify its value. The
value is available to Python code as sys.platform.

const char *Py_GetCopyright ()
Part of the Stable ABI. Return the official copyright string for the current Python version, for example

'"Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam'

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as sys.copyright.

const char *Py_GetCompiler ()
Part of the Stable ABI. Return an indication of the compiler used to build the current Python version, in square
brackets, for example:

"[GCC 2.7.2.2]1"

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as part of the variable sys.version.

const char *Py_GetBuildInfo ()
Part of the Stable ABI. Return information about the sequence number and build date and time of the current
Python interpreter instance, for example

"#67, Aug 1 1997, 22:34:28"

The returned string points into static storage; the caller should not modify its value. The value is available to Python
code as part of the variable sys.version.

void PySys_ SetArgvEx (int argc, wchar_t **argv, int updatepath)
Fart of the Stable ABI. Set sys.argv based on argc and argv. These parameters are similar to those passed to
the program’s main () function with the difference that the first entry should refer to the script file to be executed
rather than the executable hosting the Python interpreter. If there isn’t a script that will be run, the first entry
in argv can be an empty string. If this function fails to initialize sys.argv, a fatal condition is signalled using
Py _FatalError ().

If updatepath is zero, this is all the function does. If updatepath is non-zero, the function also modifies sys.path
according to the following algorithm:

* If the name of an existing script is passed in argv [0], the absolute path of the directory where the script
is located is prepended to sy s .path.
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» Otherwise (that is, if argc is 0 or argv [0] doesn’t point to an existing file name), an empty string is
prepended to sys . path, which is the same as prepending the current working directory (" . ").

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

#§([E): It is recommended that applications embedding the Python interpreter for purposes other than executing a
single script pass 0 as updatepath, and update sy s . path themselves if desired. See CVE-2008-5983.

On versions before 3.1.3, you can achieve the same effect by manually popping the first sy s . path element after
having called PySys_SetArgv (), for example using:

PyRun_SimpleString ("import sys; sys.path.pop(0)\n");

3.1.3 HCHTA.

void PySys_SetArgv (int argc, wchar_t **argv)
Part of the Stable ABI. This function works like PySys_SetArgvEx () with updatepath set to 1 unless the
python interpreter was started with the —T.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.
3.4 iR %4 The updatepath value depends on — 1.

void Py_SetPythonHome (const wchar_t *home)
Fart of the Stable ABI. Set the default "home” directory, that is, the location of the standard Python libraries. See
PYTHONHOME for the meaning of the argument string.

The argument should point to a zero-terminated character string in static storage whose contents will not change for
the duration of the program’s execution. No code in the Python interpreter will change the contents of this storage.

Use Py_DecodeLocale () to decode a bytes string to get a wchar_ * string.

wchar_t *Py_GetPythonHome ()
Part of the 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 Tnitialize (), otherwise it returns NULL.

3.10 fiix 545 It now returns NULL if called before Py_Tnitialize ().

9.5 ZEATHLEMEREEM

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.

Therefore, the rule exists that only the thread that has acquired the GIL may operate on Python objects or call Python/C
API functions. In order to emulate concurrency of execution, the interpreter regularly tries to switch threads (see sys.
setswitchinterval ()). Thelock is also released around potentially blocking I/O operations like reading or writing
a file, so that other Python threads can run in the meantime.

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/O operation
Reacquire the global interpreter lock.
Restore the thread state from the local variable.

This is so common that a pair of macros exists to simplify it:

Py_BEGIN_ALLOW_THREADS
. Do some blocking I/O operation
Py_END_ALLOW_THREADS

The Py BEGIN_ALLOW_THREADS macro opens a new block and declares a hidden local variable; the
Py_END_ALLOW_THREADS macro closes the block.

i AR BT R T T AR A

PyThreadState *_save;

_save = PyEval_SaveThread();
. Do some blocking I/O 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.

f#[E): Calling system 1/0 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.

9.5.2 jE Python G|y i2

When threads are created using the dedicated Python APIs (such as the threading module), a thread state is auto-
matically 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.

The PyGILState Ensure () and PyGILState_Release () functions do all of the above automatically. The
typical idiom for calling into Python from a C thread is:
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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 held by a thread that is defunct after the fork. PyOS_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
allother 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 E API

These are the most commonly used types and functions when writing C extension code, or when embedding the Python
interpreter:

type PyInterpreterState
Part of the Limited API (as an opaque struct). This data structure represents the state shared by a number of
cooperating threads. Threads belonging to the same interpreter share their module administration and a few other
internal items. There are no public members in this structure.

Threads belonging to different interpreters initially share nothing, except process state like available memory, open
file descriptors and such. The global interpreter lock is also shared by all threads, regardless of to which interpreter
they belong.

type PyThreadState
Fart of the Limited API (as an opaque struct). This data structure represents the state of a single thread. The only
public data member is interp (PyInterpreterState*), which points to this thread’s interpreter state.

void PyEval_InitThreads ()
Part of the Stable ABI. Deprecated function which does nothing.
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£ Python 3.6 B Z A, MERESTE GIL AMAAEREIEE .
3.9 iR §E 48 The function now does nothing.
3.7 Wi B 4 This function is now called by Py_Tnitialize (), so you don’t have to call it yourself anymore.

3.2 it § 4 This function cannot be called before Py_Tnitialize () anymore.

FIERAS 3.9 SAER BN, 156 A HCA 3.11 RSk,

int PyEval_ThreadsInitialized()
Fart of the Stable ABI. Returns a non-zero value if PyEval_ InitThreads () has been called. This function
can be called without holding the GIL, and therefore can be used to avoid calls to the locking API when running
single-threaded.

3.7 fix ¥4 The GIL is now initialized by Py_Tnitialize ().

FAREIA 3.9 ARG, A58 A A 3.11 hbkR. .

PyThreadState *PyEval_SaveThread ()
Fart of the 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)
Part of the Stable ABI. Acquire the global interpreter lock (if it has been created) and set the thread state to zstate,
which must not be NULL. If the lock has been created, the current thread must not have acquired it, otherwise
deadlock ensues.

#iF): 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 ()
Part of the 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)
Part of the Stable ABL. Swap the current thread state with the thread state given by the argument zstate, which may
be NULL. The global interpreter lock must be held and is not released.

The following functions use thread-local storage, and are not compatible with sub-interpreters:

PyGILState_STATE PyGILState_Ensure ()
Part of the 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 () callsaslong 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, 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 () mustsave the handle
forits 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.
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#i[E): 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)
Part of the Stable ABI. Release any resources previously acquired. After this call, Python’s state will be the same
as it was prior to the corresponding PyGILState_Ensure () call (but generally this state will be unknown to
the caller, hence the use of the GILState API).

Everycallto PyGILState_Ensure () mustbe matchedbyacallto PyGILState_Release () onthe same
thread.

PyThreadState *PyGILState_GetThisThreadState ()
Fart of the 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 0O 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.

3.4 BTN

The following macros are normally used without a trailing semicolon; look for example usage in the Python source
distribution.

Py_BEGIN_ALLOW_THREADS
Part of the Stable ABIL This macro expands to { PyThreadState *_save; _save =
PyEval_SaveThread () ;. Note that it contains an opening brace; it must be matched with a follow-
ing Py_END_ALLOW_THREADS macro. See above for further discussion of this macro.

Py END_ALLOW_THREADS
Part of the Stable ABL t%3 A PyEval_RestoreThread (_save); }. BEEHNST—IMHEETES
B S 2 Wi Py _BEGIN_ALLOW_THREADS JVCHL. #5205 X PASE—E e 2.

Py_BLOCK_THREADS
Part of the Stable ABI. This macro expands to PyEval_RestoreThread (_save) ;: it is equivalent to
Py_END_ALLOW_THREADS without the closing brace.

Py_UNBLOCK_THREADS
Part of the Stable ABIL This macro expands to _save = PyEval_SaveThread();: it is equivalent to
Py_BEGIN_ALLOW_THREADS without the opening brace and variable declaration.

9.5.5 Low-level API

All of the following functions must be called after Py Tnitialize ().
3.7 RSk Py_Initialize () now initializes the GIL.

PylnterpreterState *PyInterpreterState_New ()
Fart of the 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.

Raises an auditing event cpython.PyInterpreterState_New with no arguments.
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void PyInterpreterState_Clear (PylnterpreterState *interp)
Part of the Stable ABI. Reset all information in an interpreter state object. The global interpreter lock must be held.

Raises an auditing event cpython.PyInterpreterState_Clear with no arguments.

void PyInterpreterState_Delete (PylnterpreterState *interp)
Fart of the 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 Py InterpreterState_Clear ().

PyThreadState *PyThreadState_New ( PylnterpreterState *interp)
Fart of the 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)
Part of the Stable ABI. Reset all information in a thread state object. The global interpreter lock must be held.

3.9 R ¥ 4% This function now calls the PyThreadState.on_delete callback. Previously, that happened
in PyThreadState_Delete ().

void PyThreadState_Delete (PyThreadState *tstate)
Part of the Stable ABI. 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().

PyFrameObject *PyThreadState_GetFrame (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the current frame of the Python thread state zstate.

Return a strong reference. Return NULL if no frame is currently executing.
W R PyEval_GetFrame (),

sstate N[ [E] NULL,

3.9 BOGBHAIA.

uint64_t PyThreadState_GetID (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the unique thread state identifier of the Python thread state zstate.

sstate N[ [E] NULL,
3.9 BUGHTIA.

PylInterpreterState *PyThreadState_GetInterpreter (PyThreadState *tstate)
Part of the Stable ABI since version 3.10. Get the interpreter of the Python thread state zstate.

sstate N[ [E] NULL,
3.9 OB A

PylnterpreterState *PyInterpreterState_Get (void)
Part of the Stable ABI since version 3.9. 3B Hi eSS o

Issue a fatal error if there no current Python thread state or no current interpreter. It cannot return NULL.
I i FA GIL.
3.9 BUHTA.

int64_t PyInterpreterState_GetID (PylnterpreterState *interp)
Fart of the Stable ABI since version 3.7. Return the interpreter’s unique ID. If there was any error in doing so then
-1 is returned and an error is set.
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Y & D2 A GIL.,
3.7 HCHTIA.

PyObject *PyInterpreterState_GetDict (PylnterpreterState *interp)

Fart of the Stable ABI since version 3.8. Return a dictionary in which interpreter-specific data may be stored. If
this function returns NULL then no exception has been raised and the caller should assume no interpreter-specific
dict is available.

This is not a replacement for PyModule GetState (), which extensions should use to store interpreter-specific
state information.

3.8 UBTINA.

typedef PyObject *(*_PyFrameEvalFunction) (PyThreadState *tstate, PyFrameObject *frame, int

throwflag)
Type of a frame evaluation function.

The throwflag parameter is used by the t hrow () method of generators: if non-zero, handle the current exception.

3.9 fRCHE S U R BORAE P $252 —A> tstate T 5 .

_PyFrameEvalFunction _PyInterpreterState_GetEvalFrameFunc (PylnterpreterState *interp)

Get the frame evaluation function.
See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BCHTINA.

void _PyInterpreterState_SetEvalFrameFunc (PylnterpreterState *interp, _PyFrameEvalFunction

eval_frame)
Set the frame evaluation function.

See the PEP 523 ”Adding a frame evaluation API to CPython”.
3.9 BUBTIA.

PyObject *PyThreadState_GetDict ()

Return value: Borrowed reference. Part of the 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)

Part of the Stable ABI. Asynchronously raise an exception in a thread. The id argument is the thread id of the target
thread; exc is the exception object to be raised. This function does not steal any references to exc. To prevent naive
misuse, you must write your own C extension to call this. Must be called with the GIL held. Returns the number
of thread states modified; this is normally one, but will be zero if the thread id isn’t found. If exc is NULL, the
pending exception (if any) for the thread is cleared. This raises no exceptions.

3.7 {4 The type of the id parameter changed from long to unsigned long.

void PyEval_AcquireThread (PyThreadState *tstate)

Fart of the Stable ABI. Acquire the global interpreter lock and set the current thread state to #state, which must not
be NULL. The lock must have been created earlier. If this thread already has the lock, deadlock ensues.

#i[E):  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.

3.8 Jit ¥ &#: 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.
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PyEval_RestoreThread () is a higher-level function which is always available (even when threads have not
been initialized).

void PyEval_ReleaseThread (PyThreadState *tstate)
Fart of the 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 fstate 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 () is a higher-level function which is always available (even when threads have not been
initialized).

void PyEval_AcquireLock ()
Fart of the Stable ABI. Acquire the global interpreter lock. The lock must have been created earlier. If this thread
already has the lock, a deadlock ensues.

32 iR % B H:  This function does not update the current thread state. Please use
PyEval_RestoreThread () or PyEval_AcquireThread () instead.

#§F):  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.

3.8 Jit ¥ &#%: 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 ()
Fart of the Stable ABI. Release the global interpreter lock. The lock must have been created earlier.

3.2 fE 4 E[E)H: This function does not update the current thread state. Please use PyEval_SaveThread ()
or PyEval_ReleaseThread () instead.

9.6 FREREIEH

While in most uses, you will only embed a single Python interpreter, there are cases where you need to create several
independent interpreters in the same process and perhaps even in the same thread. Sub-interpreters allow you to do that.

The “main” interpreter is the first one created when the runtime initializes. It is usually the only Python interpreter in a
process. Unlike sub-interpreters, the main interpreter has unique process-global responsibilities like signal handling. It is
also responsible for execution during runtime initialization and is usually the active interpreter during runtime finalization.
The PyInterpreterState_Main () function returns a pointer to its state.

You can switch between sub-interpreters using the PyThreadState_Swap () function. You can create and destroy
them using the following functions:

PyThreadState *Py_NewInterpreter ()
Fart of the Stable ABIL Create a new sub-interpreter. This is an (almost) totally separate environment for the
execution of Python code. In particular, the new interpreter has separate, independent versions of all imported
modules, including the fundamental modules builtins, main__ and sys. The table of loaded modules
(sys.modules) and the module search path (sys.path) are also separate. The new environment has no
sys.argv variable. It has new standard I/O stream file objects sys . stdin, sys.stdout and sys.stderr
(however these refer to the same underlying file descriptors).

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
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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:

¢ 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.

» For modules using single-phase initialization, e.g. PyModule Create (), the first time a particular exten-
sion 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 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_FinalizeEx () and Py_Initialize ();in that case, the ex-
tension’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)
Fart of the Stable ABI. Destroy the (sub-)interpreter represented by the given thread state. The given thread state
must be the current thread state. See the discussion of thread states below. When the call returns, the current
thread state is NULL. All thread states associated with this interpreter are destroyed. (The global interpreter lock
must be held before calling this function and is still held when it returns.) Py_FinalizeEx () will destroy all
sub-interpreters that haven’t been explicitly destroyed at that point.

9.6.1 HRFIE L

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 maliciously) 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.

Also note that combining this functionality with PyGILState_* APIsis delicate, because these APIs assume a bijection
between Python thread states and OS-level threads, an assumption broken by the presence of sub-interpreters. It is
highly recommended that you don’t switch sub-interpreters between a pair of matching PyGILState_Ensure () and
PyGILState_Release () calls. Furthermore, extensions (such as ctypes) using these APIs to allow calling of
Python code from non-Python created threads will probably be broken when using sub-interpreters.

9.7 Fi@EH

A mechanism is provided to make asynchronous notifications to the main interpreter thread. These notifications take the
form of a function pointer and a void pointer argument.

int Py_AddPendingCall (int (*func)) void*
, void *arg Part of the Stable ABI. Schedule a function to be called from the main interpreter thread. On success,
0 is returned and func is queued for being called in the main thread. On failure, —1 is returned without setting any
exception.
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When successfully queued, func will be eventually called from the main interpreter thread with the argument arg.
It will be called asynchronously with respect to normally running Python code, but with both these conditions met:

* on a bytecode boundary;
¢ 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.

g e: This is a low-level function, only useful for very special cases. There is no guarantee that func will be
called as quick as possible. If the main thread is busy executing a system call, func won’t be called before the
system call returns. This function is generally not suitable for calling Python code from arbitrary C threads.
Instead, use the PyGILState API.

3.9 g §i 4k If this function is called in a subinterpreter, the function func is now scheduled to be called from
the subinterpreter, rather than being called from the main interpreter. Each subinterpreter now has its own list of
scheduled calls.

3.1 BGHTMA.

9.8 S HTFNERER

The Python interpreter provides some low-level support for attaching profiling and execution tracing facilities. These are
used for profiling, debugging, and coverage analysis tools.

This C interface allows the profiling or tracing code to avoid the overhead of calling through Python-level callable objects,
making a direct C function call instead. The essential attributes of the facility have not changed; the interface allows trace
functions to be installed per-thread, and the basic events reported to the trace function are the same as had been reported
to the Python-level trace functions in previous versions.

typedef int (*Py_tracefunc) (PyObject *obj, PyFrameObject *frame, int what, PyObject *arg)
The type of the trace function registered using PyEval_SetProfile () and PyEval_SetTrace (). The
first parameter is the object passed to the registration function as obj, frame is the frame object to which the event
pertains, what is one of the constants PyTrace_CALL, PyTrace_EXCEPTION, PyTrace_LINE,
PyTrace_RETURN, PyTrace_C_CALL, PyTrace_C_EXCEPTION, PyTrace_C_RETURN, or
PyTrace_OPCODE, and arg depends on the value of what:

what B){E arg Ea X

PyTrace_CALL M Epy None.

PyTrace_EXCEPTION sys.exc_info () IR REBEER.

PyTrace_LINE mEpy None.

PyTrace_RETURN BRI E, B0 AR B 5 20 R [B] NULL,
PyTrace_C_CALL TETEYE H B A 42

PyTrace_C_EXCEPTION | iF7EViH BREOTE.

PyTrace_ C_RETURN TETEYE H s A 42

PyTrace_OPCODE B Py_None.
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int PyTrace_CALL
The value of the what parameter to a Pyt racefunc function when a new call to a function or method is being
reported, or a new entry into a generator. Note that the creation of the iterator for a generator function is not
reported as there is no control transfer to the Python bytecode in the corresponding frame.

int PyTrace_EXCEPTION
The value of the what parameter to a Py_ t race func function when an exception has been raised. The callback
function is called with this value for what when after any bytecode is processed after which the exception becomes
set within the frame being executed. The effect of this is that as exception propagation causes the Python stack to
unwind, the callback is called upon return to each frame as the exception propagates. Only trace functions receives
these events; they are not needed by the profiler.

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
The value for the what parameter to Py_ t race func functions when a call is about to return.

int PyTrace_C_CALL
The value for the what parameter to Py_t race func functions when a C function is about to be called.

int PyTrace_C_EXCEPTION
The value for the what parameter to Py_ t race func functions when a C function has raised an exception.

int PyTrace_C_RETURN
The value for the what parameter to Py_ t race func functions when a C function has returned.

int PyTrace_OPCODE
The value for the what parameter to Py_tracefunc functions (but not profiling functions) when a new op-
code 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.

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.

The caller must hold the GIL.
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9.9 ERiAI 283 HF

These functions are only intended to be used by advanced debugging tools.

PylInterpreterState *PyInterpreterState_Head ()
Return the interpreter state object at the head of the list of all such objects.

PylnterpreterState *PyInterpreterState_Main ()
Return the main interpreter state object.

PyInterpreterState *PyInterpreterState_Next (PylnterpreterState *interp)
Return the next interpreter state object after interp from the list of all such objects.

PyThreadState *PyInterpreterState_ThreadHead (PylnterpreterState *interp)
Return the pointer to the first Py ThreadState object in the list of threads associated with the interpreter interp.

PyThreadState *PyThreadState_Next (PyThreadState *tstate)
Return the next thread state object after #state from the list of all such objects belonging to the same
PyInterpreterState object.

9.10 L EFMFHZH

The Python interpreter provides low-level support for thread-local storage (TLS) which wraps the underlying native TLS
implementation to support the Python-level thread local storage API (threading. local). The CPython Clevel APIs
are similar to those offered by pthreads and Windows: use a thread key and functions to associate a void* value per
thread.

The GIL does not need to be held when calling these functions; they supply their own locking.

Note that Python.h does not include the declaration of the TLS APIs, you need to include pythread.h to use
thread-local storage.

#i[E):  None of these API functions handle memory management on behalf of the void* values. You need to allo-
cate and deallocate them yourself. If the void* values happen to be PyOb ject*, these functions don’t do refcount
operations on them either.

9.10.1 Thread Specific Storage (TSS) API

TSS APl s introduced to supersede the use of the existing TLS API within the CPython interpreter. This API uses a new
type Py_tss_t instead of int to represent thread keys.

3.7 B
W%
”A New C-API for Thread-Local Storage in CPython” (PEP 539)

type Py_tss_t
This data structure represents the state of a thread key, the definition of which may depend on the underlying TLS
implementation, and it has an internal field representing the key’s initialization state. There are no public members
in this structure.

When Py_LIMITED_API is not defined, static allocation of this type by Py_tss_NEEDS_TNIT is allowed.
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Py_tss_NEEDS_INIT
This macro expands to the initializer for Py_tss_t variables. Note that this macro won’t be defined with
Py_LIMITED_API.

Dynamic Allocation

Dynamic allocation of the Py_ tss_ t, required in extension modules built with Py_LIMITED_API, where static alloca-
tion of this type is not possible due to its implementation being opaque at build time.

Py_tss_t *PyThread_tss_alloc ()
Part of the Stable ABI since version 3.7. Return a value which is the same state as a value initialized with
Py _tss_NEEDS_INIT,or NULL in the case of dynamic allocation failure.

void PyThread_tss_free (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. Free the given key allocated by Py Thread 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.

#iE): A freed key becomes a dangling pointer. You should reset the key to NULL.

Kk

The parameter key of these functions must not be NULL. Moreover, the behaviors of PyThread tss_set ()
and PyThread_tss_get () are undefined if the given Py tss_t has not been initialized by
PyThread_tss_create().

int PyThread_tss_is_created (Py_1ss_t *key)
Part of the Stable ABI since version 3.7. Return a non-zero value if the given Py_ tss_ t has been initialized by
PyThread tss_create().

int PyThread_tss_create (Py_iss_t *key)
Fart of the Stable ABI since version 3.7. Return a zero value on successful initialization of a TSS key. The behavior
is undefined if the value pointed to by the key argument is not initialized by Pyt ss_NEEDS_TNIT. 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_fss_t *key)
Fart of the Stable ABI since version 3.7. Destroy a TSS key to forget the values associated with the key across all
threads, and change the key’s initialization state to uninitialized. A destroyed key is able to be initialized again by
PyThread_tss_create (). This function can be called repeatedly on the same key -- calling it on an already
destroyed key is a no-op.

int PyThread_tss_set (Py_tss_t *key, void *value)
Fart of the Stable ABI since version 3.7. Return a zero value to indicate successfully associating a void* value
with a TSS key in the current thread. Each thread has a distinct mapping of the key to a void* value.

void *PyThread_tss_get (Py_1ss_t *key)
Fart of the Stable ABI since version 3.7. Return the void* value associated with a TSS key in the current thread.
This returns NULL if no value is associated with the key in the current thread.
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9.10.2 Thread Local Storage (TLS) API

3.7 & C.[EJH: This API is superseded by Thread Specific Storage (TSS) API.

#i[E): 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.

T TSR BRI, R IAEH AU P 6 AR B APL

int PyThread_create_key ()
Part of the Stable ABL

void PyThread_delete_key (int key)
Fart of the Stable ABIL.

int PyThread_set_key_value (int key, void *value)
Part of the Stable ABI.

void *PyThread_get_key_value (int key)
Fart of the Stable ABI.

void PyThread_delete_key_value (int key)
Part of the Stable ABI.

void PyThread_ReInitTLS ()
Part of the Stable ABI.
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Python W] PA f#f Py _TnitializeFromConfig() HlPyConfig %% ¥ & 2k ¥ 1h tk. & 0 DA ff
Py PreInitialize () MIPyPreConfiqg MR IE4

A PRI 5 5

e The Python Configuration can be used to build a customized Python which behaves as the regular Python. For
example, environment variables and command line arguments are used to configure Python.

 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.

Py_RunMain () PECTRIIRSE E Hl) Python F£/7 .
2 Winitialization, Finalization, and Threads.

Wz

PEP 587 "Python ¥ 4G4t &

10.1 EHI

7€ i1 Python F 7 il 52 2 PARR SRz AT

int main(int argc, char **argv)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);
config.isolated = 1;

(Fotgkss)
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(R —H)

/* 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;
3
PyConfig_Clear (&configqg);

return Py_RunMain () ;

exception:

PyConfig_Clear (&configqg);

if (PyStatus_IsExit (status)) {
return status.exitcode;

3

/* Display the error message and exit the process with
non—-zero exit code */

Py_ExitStatusException (status);

10.2 PyWideStringList

type PyWideStringList
i wchar_t* A5 3.

SR length RAERAA, W items WA K NULL F H T A FAF LA H NULL.
Jiik
PyStatus PyWideStringList_Append (PyWideStringList *list, const wchar_t *item)
¥ item ENINE] listo
Python WAZ5T 4 AT 4R A LATE 8] T L BR

PyStatus PyWideStringList_Insert (PyWideStringList *list, Py_ssize_t index, const wchar_t
*item)

Bt item i A\ B list 1) index 1V 8 ..
R index KTET list K E, WIKF item TS NE list
index must be greater than or equal to 0.
Python W25 AT 4 A LASSE ] FHT L PR
Structure fields:

Py_ssize_t length
List K&,
wchar_t **items

SIETIH -
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10.3 PyStatus

type PyStatus
Structure to store an initialization function status: success, error or exit.

For an error, it can store the C function name which created the error.
Structure fields:

int exitcode
Exit code. Argument passed to exit ().

const char *err_msg
0
YH lﬁ%ﬂﬂu%\ °

const char *func
Name of the function which created an error, can be NULL.

Functions to create a status:

PyStatus PyStatus_Ok (void)
I
7[352 °

PyStatus PyStatus_Error (const char *err_msg)
Initialization error with a message.

err_msg AN [E] NULL,

PyStatus PyStatus_NoMemory (void)
Memory allocation failure (out of memory).

PyStatus PyStatus_Exit (int exitcode)
PATE E 1R H AL iR Y Python.

Functions to handle a status:

int PyStatus_Exception (PyStatus status)
Is the status an error or an exit? If true, the exception must be handled; by -calling
Py ExitStatusException () for example.

int PyStatus_IsError (PyStatus status)
GERLER IR ?

int PyStatus_IsExit (PyStatus status)
GERRIRH?

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.

#§E): Internally, Python uses macros which set PyStatus . func, whereas functions to create a status set func to
NULL.

H

PyStatus alloc(void **ptr, size_t size)
{
*ptr = PyMem_RawMalloc (size);
if (*ptr == NULL) {
return PyStatus_NoMemory () ;
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(R —H)

int

}
return PyStatus_Ok();

main (int argc, char **argv)

void *ptr;

PyStatus status = alloc (&ptr, 16);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

PyMem_Free (ptr);

return 0;

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.

Structure fields:

intallocator
Name of the Python memory allocators:

e PYMEM_ALLOCATOR_NOT_SET (0): don’t change memory allocators (use defaults).

¢ PYMEM_ALLOCATOR_DEFAULT (1): default memory allocators.

e PYMEM_ALLOCATOR_DEBUG (2): default memory allocators with debug hooks.

e PYMEM_ALLOCATOR_MALLOC (3): usemalloc () 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_DERUG (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.

AR e,
FE#%: PYMEM_ALLOCATOR_NOT_SET,

int configure_locale
Set the LC_CTYPE locale to the user preferred locale.

If equals to 0, set coerce_c_localeand coerce_c_locale_warn members to 0.

i Flocale encoding .
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Default: 1 in Python config, 0 in isolated config.

int coerce_c_locale
If equals to 2, coerce the C locale.

If equals to 1, read the LC_CTYPE locale to decide if it should be coerced.
&5 Flocale 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
If non-zero, enables the 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

WARARE] 0:
o WpyPreconfig.utf8 _mode #&[F) 0,
o« WipyConfig.filesystem encoding $[E] "mbcs™",
e M PyConfig.filesystem_errors HBE replace”,
Initialized the from PYTHONLEGACYWINDOWSFSENCODING environment variable value.
Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
R 0.

int parse_argv
If non-zero, Py PrelnitializeFromArgs () and Py PrelnitializeFromBytesArgs ()
parse their argv argument the same way the regular Python parses command line arguments: see Com-
mand Line Arguments.

Default: 1 in Python config, 0 in isolated config.

int use_environment
Use environment variables? See PyConfig.use_environment.

Default: 1 in Python config and 0 in isolated config.

int ut £8_mode
If non-zero, enable the Python UTF-8 Mode.

Set by the —X ut £8 command line option and the PYTHONUTF 8 environment variable.

Default: —1 in Python config and 0 in isolated config.
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10.5 Preinitialize Python with PyPreConfig

The preinitialization of Python:

* Set the Python memory allocators (PyPreConfig.allocator)

* Configure the LC_CTYPE locale (locale encoding)

* 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 AAT[[E] NULL,

PyStatus Py_PreInitializeFromBytesArgs (const PyPreConfig *preconfig, int argc, char *const
*argv)
Preinitialize Python from preconfig preconfiguration.

Parse argv command line arguments (bytes strings) if parse_argv of preconfig is non-zero.
preconfig A~T[[E] NULL,

PyStatus Py_PrelInitializeFromArgs (const PyPreConfig *preconfig, int argc, 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 AAT[[E] NULL,

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py_ExitStatusException().

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 ut £8 command line option enables the Python UTF-8 Mode.

PyMem_SetAllocator () can be called after Py PrelInitialize() and before
Py _InitializeFromConfig() to install a custom memory allocator. It can be called before
Py _Prelnitialize () if PyPreConfig.allocatorissetto PYMEM_ALLOCATOR_NOT_SET.

Python memory allocation functions like PyMem_ RawMalloc () must not be used before the Python preinitialization,
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 (&preconfiqg);

preconfig.utf8_mode = 1;

status = Py_PrelInitialize (&preconfiqg);

if (PyStatus_Exception(status)) {
Py_ExitStatusException (status);

}

/* at this point, Python speaks UTF-8 */

(Rt
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(R —H)

Py_Initialize();
/* ... use Python API here ... */
Py_Finalize();

10.6 PyConfig

type PyConfig
Structure containing most parameters to configure Python.

When done, the PyConfig Clear () function must be used to release the configuration memory.
Structure methods:

void PyConfig_InitPythonConfig (PyConfig *config)
Initialize configuration with the Python Configuration.

void PyConfig InitIsolatedConfig (PyConfig *config)
Initialize configuration with the Isolated Configuration.

PyStatus PyConfig_SetString (PyConfig *config, wchar_t *const *config_str, const wchar_t *str)
Copy the wide character string str into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesString (PyConfig *config, wchar_t *const *config_str, const char

*str)
Decode str using Py_DecodeLocale () and set the result into *config_str.

Preinitialize Python if needed.

PyStatus PyConfig_SetArgv (PyConfig *config, int argc, wchar_t *const *argv)
Set command line arguments (a2 rgv member of config) from the argv list of wide character strings.

Preinitialize Python if needed.

PyStatus PyConfig_SetBytesArgv (PyConfig *config, int argc, 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.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Preinitialize Python if needed.

3.10 fiR ¥ 4%: The PyConfig.argv arguments are now only parsed once, PyConfig.parse_argvis
set to 2 after arguments are parsed, and arguments are only parsed if PyConfig.parse_argv equals 1.
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void PyConfig_Clear (PyConfig *config)
Release configuration memory.

Most PyConfig methods preinitialize Python if needed. In that case, the Python preinitialization configuration
(PyPreConfig)inbased onthe PyConfig. If configuration fields which are in common with PyPreConfig
are tuned, they must be set before calling a PyConfig method:

* PyConfig.dev_mode

* PyConfig.isolated

e PyConfig.parse_argv

* PyConfig.use_environment

Moreover, if PyConfig SetArgv () or PyConfig SetBytesArgv () 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 ().

Structure fields:

PyWideStringList axrgv
Command line arguments: sys.argv.

Set parse_argvto 1 to parse argv the same way the regular Python parses Python command line argu-
ments and then to strip Python arguments from argv.

If argv is empty, an empty string is added to ensure that sy s . argv always exists and is never empty.
TERAE: NULL,
See also the orig_argv member.

wchar_t *base_exec_prefix
sys.base_exec_prefix,

JEFR{E: 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.executable if NULL.

TEFRA(H: NULL,

Part of the Python Path Configuration output.

wchar_t *base_prefix
sys.base_prefix,

THFH: NULL,
Part of the Python Path Configuration output.

int buffered_stdio
If equals to O 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.
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THRAE: 1.
int bytes_warning

If equals to 1, issue a warning when comparing bytes or bytearray with str, or comparing bytes
with int.

If equal or greater to 2, raise a BytesWarning exception in these cases.
Incremented by the —lo command line option.
ik 0.

int warn_default_encoding

If non-zero, emit a EncodingWarning warning when io.Text IOWrapper uses its default encoding.
See i0-encoding-warning for details.

ik 0.
3.10 JUET A

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.
* L"default": The check_source’ flag in hash-based pycs determines invalidation.

FEH#: L"default",

Z: i, PEP 552 "Deterministic pycs”.

int configure_c_stdio
If non-zero, configure C standard streams:

¢ On Windows, set the binary mode (O_BINARY) on stdin, stdout and stderr.

* If buffered_stdio equals zero, disable buffering of stdin, stdout and stderr streams.

e If interactive is non-zero, enable stream buffering on stdin and stdout (only stdout on Windows).
Default: 1 in Python config, 0 in isolated config.

int dev_mode
If non-zero, enable the Python Development Mode.

Default: —1 in Python mode, 0 in isolated mode.

int dump_refs

fefik Python 5| /{17
If non-zero, dump all objects which are still alive at exit.
Set to 1 by the PYTHONDUMPREF' S environment variable.

Need a special build of Python with the Py_TRACE_REFS macro defined: see the configure
—-—with-trace-refs option.

FEZ: 0,

wchar_t *exec_prefix
The site-specific directory prefix where the platform-dependent Python files are installed: sys.
exec_prefix.
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JHRR{E: NULL.
Part of the Python Path Configuration output.

wchar_t *executable
The absolute path of the executable binary for the Python interpreter: sys.executable.

THRR{H: NULL.
Part of the Python Path Configuration output.

int faulthandler
Enable faulthandler?

If non-zero, call faulthandler.enable () atstartup.
Setto 1 by -X faulthandler and the PYTHONFAULTHANDLER environment variable.
Default: -1 in Python mode, 0 in isolated mode.

wchar_t *filesystem_encoding
Filesystem encoding: sys.getfilesystemencoding ().

On macOS, Android and VxWorks: use "ut £-8" by default.

On Windows: use "utf-8" by default, or "mbcs" if legacy_windows_fs_encoding of
PyPreConfig is non-zero.

Default encoding on other platforms:
e "utf-8"if PyPreConfig.utf8 mode is non-zero.

e "ascii"if Pythondetectsthatnl_langinfo (CODESET) announces the ASCII encoding, whereas
the mbstowcs () function decodes from a different encoding (usually Latinl).

e "utf-8"ifnl_langinfo (CODESET) returns an empty string.
* Otherwise, use the locale encoding: n1_langinfo (CODESET) result.

At Python startup, the encoding name is normalized to the Python codec name. For example, "ANSI_X3.
4-1968" is replaced with "ascii".

Z N filesystem errors R,

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"
» "surrogatepass" ({3 F UTF-8 4%
Z ) filesystem encoding B .
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.
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Set by the PYTHONHASHSEED environment variable.
Default use_hash_seed value: -1 in Python mode, 0 in isolated mode.

wchar_t *home
Python home directory.

If Py_SetPythonHome () has been called, use its argument if it is not NULL.
Set by the PYTHONHOME environment variable.
TEEL{E: NULL,
Part of the Python Path Configuration input.
int import_time
If non-zero, profile import time.
Set the 1 by the -X importtime optionand the PYTHONPROF ILEIMPORTTIME environment variable.
HE: 0.

int inspect
Enter interactive mode after executing a script or a command.

If greater than O, 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.
@ 0,

int install_signal_handlers
Install Python signal handlers?

Default: 1 in Python mode, O in isolated mode.

int interactive
If greater than 0, enable the interactive mode (REPL).

Incremented by the —i command line option.
FE: 0.

int isolated
If greater than 0, enable isolated mode:

* sys.path contains neither the script’s directory (computed from argv [0] or the current directory)
nor the user’s site-packages directory.

¢ Python REPL doesn’t import readline nor enable default readline configuration on interactive
prompts.

e Set use_environment and user_site_directoryto0.
Default: 0 in Python mode, 1 in isolated mode.
Wi R PyPreConfig.isolated,

int legacy_windows_stdio
If non-zero, use io.FileIOinstead of io.WindowsConsoleIOforsys.stdin, sys.stdout and

sys.stderr.

Set to 1 if the PYTHONLEGACYWINDOWSSTDIO environment variable is set to a non-empty string.

10.6. PyConfig 205



The Python/C API, £[F] 3.10.11

Only available on Windows. #ifdef MS_WINDOWS macro can be used for Windows specific code.
THE: 0.
See also the PEP 528 (Change Windows console encoding to UTF-8).

intmalloc_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.
B 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").

Part of the Python Path Configuration input.

3.9 BUHTA.

wchar_t *pythonpath_env
Module search paths (sys.path) as a string separated by DELIM (os.path.pathsep).

Set by the PYTHONPATH environment variable.

THR{E: NULL,

Part of the Python Path Configuration input.
PyWideStringList module_search_paths

intmodule_search_paths_set
Module search paths: sys.path.

If module_search_paths_set is equal to 0, the function calculating the Python Path Configuration
overrides the 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:

* 0: Peephole optimizer, set __debug___ to True.

¢ 1: Level 0, remove assertions, set ___debug__ to False.

e 2: Level 1, strip docstrings.
Incremented by the —O command line option. Set to the PYTHONOPTIMIZE environment variable value.
B 0.

PyWideStringList orig_argwv
The list of the original command line arguments passed to the Python executable: sys.orig_argv.

If orig _argv listis empty and argv is not a list only containing an empty string, PyConfig_Read ()
copies argv into orig_argv before modifying argv (if parse_argv is non-zero).

See also the argv member and the Py Get ArgcArgv () function.
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Default: empty list.
3.10 FEHT A

int parse_argv
Parse command line arguments?

If equals to 1, parse a rgv the same way the regular Python parses command line arguments, and strip Python
arguments from argv.

The PyConfig Read () function only parses PyConfig.argv arguments once: PyConfig.
parse_argv is set to 2 after arguments are parsed. Since Python arguments are strippped from
PyConfig.argv, parsing arguments twice would parse the application options as Python options.

Default: 1 in Python mode, 0 in isolated mode.

3.10 it BE4#: The PyConfig.argvarguments 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 com-
pilation options).

Incremented by the —d command line option. Set to the PYTHONDEBUG environment variable value.
TR 0.

int pathconfig_warnings
On Unix, if non-zero, calculating the Python Path Configuration can log warnings into stderr. If equals to
0, suppress these warnings.

It has no effect on Windows.
Default: 1 in Python mode, O in isolated mode.
Part of the Python Path Configuration input.

wchar_t *prefix
The site-specific directory prefix where the platform independent Python files are installed: sys.prefix.

THRR{H: NULL.
Part of the Python Path Configuration output.

wchar_t *program_name
Program name used to initialize executable and in early error messages during Python initialization.

e If Py_SetProgramName () has been called, use its argument.
¢ On macOS, use PYTHONEXECUTABLE environment variable if set.

e If the WITH_NEXT_FRAMEWORK macro is defined, use _ PYVENV_LAUNCHER___ environment
variable if set.

e Use argv[0] of argv if available and non-empty.

Otherwise, use L"python" on Windows, or L"python3" on other platforms.
FERE: 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 en-
vironment variable.
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If NULL, sys.pycache_prefixissetto None.
THRR(H: 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 —g command line option.
ik 0.

wchar_t *run_command
Value of the —c command line option.

Used by Py RunMain ().
FHRK{H: NULL.

wchar_t *run_filename
Filename passed on the command line: trailing command line argument without —c or —m.

For example, it is set to script .py by the python3 script.py argcommand.
Used by Py_RunMain ().
FEFE: NULL,

wchar_t *run_module
Value of the —m command line option.

Used by Py_RunMain ().
FHRAE: NULL.

int show_ref_count
Show total reference count at exit?

Setto 1 by -X showrefcount command line option.
Need a debug build of Python (the Py_REF_DEBUG macro must be defined).
T 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.
HBE: 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.
R 0.

wchar_t *stdio_encoding
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wchar_t *stdio_errors
Encoding and encoding errors of sys.stdin, sys.stdout and sys.stderr (but sys.stderr
always uses "backslashreplace" error handler).

If Py_SetStandardStreamEncoding () has been called, use its error and errors arguments if they
are not NULL.

Use the PYTHONIOENCODING environment variable if it is non-empty.
Default encoding:

e "UTF-8"if PyPreConfig.utf8_ mode is non-zero.

¢ Otherwise, use the locale encoding.
Default error handler:

* On Windows: use "surrogateescape".

e "surrogateescape" if PyPreConfig.ut 8 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 () atstartup.

Setby -X tracemalloc=N command line option and by the PYTHONTRACEMALLOC environment vari-
able.

Default: -1 in Python mode, 0 in isolated mode.

int use_environment
Use environment variables?

If equals to zero, ignore the environment variables.
Default: 1 in Python config and 0 in isolated config.

intuser_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.
Set to the PYTHONVERBOSE environment variable value.
L 0.

PyWideStringList warnoptions

Options of the warnings module to build warnings filters, lowest to highest priority: sys.
warnoptions.
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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 pri-
ority).

The —W command line options adds its value to warnopt ions, 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.
TERAE: 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 argu-
ments, and Python arguments are stripped from argv.

The xopt ions options are parsed to set other options: see the —X command line option.

3.9 iR ¥ #%: The show_alloc_count field has been removed.

10.7 Initialization with PyConfig

Function to initialize Python:

PyStatus Py_InitializeFromConfig (const PyConfig *config)
Initialize Python from config configuration.

The caller is responsible to handle exceptions (error or exit) using PyStatus_Exception() and
Py_ExitStatusException().

If PyImport_FrozenModules (), PyImport_AppendInittab () or PyImport_ExtendInittab ()
are used, they must be set or called after Python preinitialization and before the Python initialization. If Python is
initialized multiple times, Py Import_AppendInittab () or PyImport_ExtendInittab () must be called
before each Python initialization.

The current configuration (PyConfig type) is stored in PyInterpreterState.config.

Example setting the program name:

void init_python (void)
{
PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* Set the program name. Implicitly preinitialize Python. */
status = PyConfig_SetString(&config, &config.program_name,
L"/path/to/my_program") ;

(Rt
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(R —H)

if (PyStatus_Exception(status)) {
goto exception;

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) A
goto exception;
3
PyConfig_Clear (&configqg);
return;

exception:

PyConfig_Clear (&configqg);
Py_ExitStatusException (status);

More complete example modifying the default configuration, read the configuration, and then override some parameters:

PyStatus init_python (const char *program_name)

{

PyStatus status;

PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* 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 (&confiqg);

if (PyStatus_Exception(status)) {
goto done;

/* Append our custom search path to sys.path */
status = PyWideStringList_Append (&config.module_search_paths,
L"/path/to/more/modules") ;
if (PyStatus_Exception (status)) {
goto done;

/* Override executable computed by PyConfig_Read() */
status = PyConfig_SetString(&config, &config.executable,
L"/path/to/my_executable");
if (PyStatus_Exception(status)) A
goto done;

status = Py_InitializeFromConfig(&config);
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(R —H)

done:
PyConfig_Clear (&configqg);
return status;

10.8 Isolated Configuration

PyPreConfig_InitIsolatedConfig() and PyConfig_InitIsolatedConfig() functions create a
configuration to isolate Python from the system. For example, to embed Python into an application.

This configuration ignores global configuration variables, environment variables, command line arguments (PyConfig.
argv is not parsed) and user site directory. The C standard streams (ex: stdout) and the LC_CTYPE locale are left
unchanged. Signal handlers are not installed.

Configuration files are still used with this configuration. Set the Python Path Configuration ("output fields”) to ignore these
configuration files and avoid the function computing the default path configuration.

10.9 Python Configuration

PyPreConfig_InitPythonConfig () and PyConfig_InitPythonConfig () functions create a configu-
ration to build a customized Python which behaves as the regular Python.

Environments variables and command line arguments are used to configure Python, whereas global configuration variables
are ignored.

This function enables C locale coercion (PEP 538) and Python UTF-8 Mode (PEP 540) depending on the LC_CTYPE
locale, PYTHONUTF 8 and PYTHONCOERCECLOCALE environment variables.

10.10 Python Path Configuration

PyConf1ig contains multiple fields for the path configuration:
* HRARRLERIA

— PyConfig.home
— PyConfig.platlibdir
— PyConfig.pathconfig_warnings
— PyConfig.program name
— PyConfig.pythonpath_env
— current working directory: to get absolute paths
— PATH environment variable to get the program full path (from PyConfig. program_name)
— _ PYVENV_LAUNCHER_ _ BdIE&A#y

— (Windows only) Application paths in the registry under ”SoftwarePythonPythonCoreX.YPythonPath” of
HKEY_CURRENT_USER and HKEY_LOCAL_MACHINE (where X.Y is the Python version).

* Path configuration output fields:

212 Chapter 10. Python #)i&{tE =S



https://www.python.org/dev/peps/pep-0538
https://www.python.org/dev/peps/pep-0540

The Python/C API, £(F] 3.10.11

— PyConfig.base_exec_prefix

- PyConfig.base_executable

— PyConfig.base_prefix

— PyConfig.exec_prefix

— PyConfig.executable

— PyConfig.module_search_paths_set, PyConfig.module_search_paths
— PyConfig.prefix

If at least one ~output field” is not set, Python calculates the path configuration to fill unset fields.
If module_search_paths_set is equal to 0, module_search_paths is overridden and
module_search_paths_setissetto 1.

It is possible to completely ignore the function calculating the default path configuration by setting explicitly all path
configuration output fields listed above. A string is considered as set even if it is non-empty. module_search_paths
is considered as setif module_search_paths_set issetto 1. In this case, path configuration input fields are ignored
as well.

Set pathconfig _warnings to 0 to suppress warnings when calculating the path configuration (Unix only, Windows
does not log any warning).

If base prefix or base_exec_prefix fields are not set, they inherit their value from prefix and
exec_prefix respectively.

Py _RunMain () and Py_Main () modify sys.path:

e If run_filenameis set and is a directory which containsa __main___.py script, prepend run_filename
to sys.path.

e If isolatedis zero:

— If run_module is set, prepend the current directory to sys.path. Do nothing if the current directory
cannot be read.

— If run_ filename is set, prepend the directory of the filename to sys.path.
— Otherwise, prepend an empty string to sy s .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:
* pyvenv.cfg
* python._pth ({{ Windows)
e pybuilddir.txt ({¥ Unix)

The _ PYVENV_LAUNCHER___ environment variable is used to set PyConfig.base_executable
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10.11 Py_RunMain()

int Py_RunMain (void)
Execute the command (PyConfig. run_command), thescript (PyConfig. run_filename)or the module
(PyConfig.run_module) specified on the command line or in the configuration.

By default and when if —1i option is used, run the REPL.

Finally, finalizes Python and returns an exit status that can be passed to the exit () function.

See Python Configuration for an example of customized Python always running in isolated mode using Py RunMain ().

10.12 Py_GetArgcArgv()

void Py_GetArgcArgv (int *argc, wchar_t ***argv)
Get the original command line arguments, before Python modified them.

See also PyConfig.orig_argv member.

10.13 Multi-Phase Initialization Private Provisional API

This section is a private provisional API introducing multi-phase initialization, the core feature of PEP 432:

» ”Core” initialization phase, “bare minimum Python”:

Builtin types;
Builtin exceptions;
Builtin and frozen modules;

The sys module is only partially initialized (ex: sys.path doesn’t exist yet).

¢ ”"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;

4

FAA iy APT:

e PyConfig._init_main:ifsetto0, 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 import1ib 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(&confiqg);

config._init_main = 0;
/* ... customize 'config' configuration ... */
status = Py_InitializeFromConfig(&confiqg);

PyConfig_Clear (&configqg);
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)) A
Py_ExitStatusException(status);
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PyObject *res;
char *buf = (char *) malloc (BUFSIZ); /* for I/0 */

if (buf == NULL)
return PyErr_NoMemory () ;
...Do some I/O operation involving buf...
res = PyBytes_FromString(buf);
free(buf); /* malloc'ed */
return res;
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In most situations, however, it is recommended to allocate memory from the Python heap specifically because the latter
is under control of the Python memory manager. For example, this is required when the interpreter is extended with new
object types written in C. Another reason for using the Python heap is the desire to inform the Python memory manager
about the memory needs of the extension module. Even when the requested memory is used exclusively for internal,
highly specific purposes, delegating all memory requests to the Python memory manager causes the interpreter to have a
more accurate image of its memory footprint as a whole. Consequently, under certain circumstances, the Python memory
manager may or may not trigger appropriate actions, like garbage collection, memory compaction or other preventive
procedures. Note that by using the C library allocator as shown in the previous example, the allocated memory for the
I/0O buffer escapes completely the Python memory manager.
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default raw memory allocator {fi [JIX SR %E: malloc (). calloc (). realloc () fil free(); HiIFEFTT
HE A malloc (1) (B{ calloc (1, 1))

3.4 FCHTA.

void *PyMem_RawMalloc (size_t n)
Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL if the request fails.

WRFE A RER B — A ER IE NULL 3541, #UG A T PyMem_RawMalloc (1) —4f. {H2 AT
AN PMEAT 7 X 1R 1k
void *PyMem_RawCalloc (size_t nelem, size_t elsize)

Allocates nelem elements each whose size in bytes is elsize and returns a pointer of type void* to the allocated
memory, or NULL if the request fails. The memory is initialized to zeros.
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void *PyMem_Malloc (size_t n)
Part of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.
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void *PyMem_Calloc (size_t nelem, size_t elsize)
Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

KRB FAT A REAR [ — A ERR dE NULL 548, B T PyMem_Calloc (1, 1) —Ff.
3.5 JUB A

void *PyMem_Realloc (void *p, size_t n)
Part of the Stable ABL Xf p 4510 AFFERAR/INIEE R n 7. DUBTIHINAF SO N g/ IMEC TE, o
NAREFAZL,

WA p & NULL , AT PyMem_Malloc (n) ; W n ZF 0, MNFHRANEHIHE, HA
SR, 1M HE NULL $84] .

B dE p & NULL , K W B @ 42 2§ V8 BPyMem Malloc() . PyMem_Realloc ()
B{PyMem Calloc () iR .

WERGFR KNG, PyMem_Realloc () JRIEI NULL , p AT4RJRHG 1 e nl WA RIS A 248 5
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void PyMem_Free (void *p)
Part of the Stable ABL & p 381101 NAEE: . p 22 i PyMem Malloc () . PyMem_Realloc ()
B pyMem_Calloc () FriR[lIf$e%Et. B0, BfE PyMem_Free (p) ZHICAHHSMEL T, K&
X heRAE .
W p J& NULL, A 2B E A 20T

PAR T [ 2R 72 R 7 (R e ik . 38 TYPE "I DAFEAEA] C 231,

TYPE *PyMem_New (TYPE, size_t n)
Same as PyMem_ Malloc (), butallocates (n * sizeof (TYPE)) bytes of memory. Returns a pointer cast
to TYPE*. The memory will not have been initialized in any way.

TYPE *PyMem_Resize (void *p, TYPE, size_t 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.

g A C BB, p SRR WA p IRIA{E, PABEGRAE AL BRI 2k AT

void PyMem_Del (void *p)
MpyMem_ Free () #H[F.

BN, FATIEERME T LA E A T HIA A Python AT I BLas, A L iz i) C APT ek, (Hig i
HE, BAENIHFARELRIER Python MAHY —BERIFRAME, ITEY BB .

e PyMem_MALLOC (size)

* PyMem_NEW (type, size)

¢ PyMem_ REALLOC (ptr, size)

* PyMem_RESIZE (ptr, type, size)
e PyMem_FREE (ptr)

* PyMem_DEL (ptr)

11.5 HR5HHEZE

PAT oK, 178 ANST C AR, JHEE TIREFFRINATA, 7 AT A Python e/ FLAIRERL M AT«

HilE: i 2 U0 2B 25 SRR I I R AR P B BB, TGV RAIE 243 P 84 ) 4
17 DABE L IHL L, Python X 42

RN Zo B 2% i f pymalloc N G5B 2%

Bl TEMX BN, AR 2 R it S 4 (GIL) .

void *PyObject_Malloc (size_tn)
Fart of the Stable ABI. Allocates n bytes and returns a pointer of type void* to the allocated memory, or NULL
if the request fails.

R B T REIE Y Ik NULL JiF, QIR T Pyobject _Malloc (1) —kE. RN
A S DMERT 7 R
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void *PyObject_Calloc (size_t nelem, size_t elsize)
Fart of the Stable ABI since version 3.7. Allocates nelem elements each whose size in bytes is elsize and returns a
pointer of type void* to the allocated memory, or NULL if the request fails. The memory is initialized to zeros.

TR E T AT AR 1]

3.5 BUHTMA.

void *PyObject_Realloc (void *p, size_t n)

Part of the Stable ABL ¥ p 35181 i) WFEE K/ INEEE ) n F35 .

NERRFFAE,

A *p* & “NULL“, NIAH4TF#f PyObject_Malloc (n)

HAZPORENL, AR [EIE NULL 54

A p 72 NULL ,

0B 2 2wl Y HPyobject_Malloc ()

BiPyObject_ Calloc() Bz el iy .

MR LKW, Pyobject_Realloc() 1

void PyObject_Free (void *p)
Part of the Stable ABL FE i p ¥ 10 W N £ B p 6 70

PyObject_Realloc () B{PyObject_Calloc () Bk IE]E{’JTE‘%T
2PN GO, R XA

i p J& NULL, BP A A B E A 23817 .

ZHIEZ

11.6 BNIARIFESHEC2E

—APERRYHE NULL 5851, 3t T PyObject_Calloc (1,

P WSR AT 0, MINAFHR/ N

) —HFEo

PABTIH AAF BRI i e/ IMEL R 1, Herp

B

. PyObject_Realloc ()

R[] NULL , p 55K 5248 1a) SE R N A7 DRI A 35 5

THREE.

12 2 " HPyobject_Malloc ()
')_"J, jﬁ: PyObject_Free (p)

NG TR
BE 2R PyMem_RawMallo¢c PyMem_Malloc | PyOb-
ject_Malloc
AR A "pymalloc" malloc pymalloc pymalloc
Tel i "pymalloc_debug|'malloc + debug pymalloc + de- | pymalloc + de-
bug bug
% 7F pymalloc 1) %7 | "malloc" malloc malloc malloc

JBA

%A pymalloc [ iz
Fay

"malloc_debug"

malloc + debug

malloc + debug

malloc + debug

LR
.« HAFK:

* malloc:

PYTHONMALLOC 35745 & 1H .
K H CHARMERER RS Hicdy, C % malloc ().

* pymalloc: pymalloc I 5 B 2.
o 7+ debug”: i Python M %4 22 64 183X 4 F.

R

PR ) Python F7E

calloc().

realloc ()

M free ().

11.6. BAARESECRE
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1.7 BEXLAFESEE

3.4 BUHTIA.

type PyMemAllocatorEx

TR NP B IS A . REEIR T 57 B

13

A=
[=]
=

void *ctx

ENE A EREAGAEL
T

void* malloc (void *ctx, size_t size)

Sl — AT

void* calloc(void *ctx, size_t nelem, size_t
elsize)

JrBC—HIERAC R O B AFHR

void* realloc(void *ctx, void *ptr, size_t
new_size)

Ir Bl AT B EREEHRN

void free(void *ctx, void *ptr)

REC AT

3.5 it ¥ 4#: The PyMemAllocator structure was renamed to PyMemAllocatorExand anew calloc field

was added.

type PyMemAllocatorDomain
R AR M2 2 . 1A
PYMEM_DOMAIN_RAW
BRI

* PyMem RawMalloc ()

* PyMem RawRealloc ()

* PyMem RawCalloc ()

* PyMem RawFree ()

PYMEM_DOMAIN_MEM
EEN
* PyMem Malloc(),
* PyMem Realloc ()
* PyMem_Calloc ()
* PyMem Free()
PYMEM_DOMAIN_OBJ
EEN
* PyObject_Malloc()
* PyObject_Realloc ()
* PyObject_Calloc ()

e PyObject_Free ()

void PyMem_GetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

ARIBURS A 1 A7 B 2 L o

void PyMem_SetAllocator (PyMemAllocatorDomain domain, PyMemAllocatorEx *allocator)

BB E I AT Bl o
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M ORFBEATHS, 0B AR B — Nl AR NULL 384T
X1 PYMEM_DOMAIN_RAW I, ZAC#s g kfE L) Mot ey, AR & 5 540 .

WAHTR T A R4 T N Z BT ), AR Py Mem _SetupDebugHooks () BRETER
JrBias b EH LR R T

M. pyMem_ SetAllocator () does have the following contract:

e It can be called after Py PreInitialize () and before Py _TInitializeFromConfig() 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.

* If called after Python has finish initializing (after Py TnitializeFromConfig () 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)
BB Python 1 754 52 043838 4 F DAKGIN PN FEEE 5.

11.8 Python A4 BC2RYiA $9F

24 Python YEJR AR AR, PyMem SetupDebugHooks () BREHEPYthon Ta4n45 1 B yE . DAYE Python
WA Bt b B - DA I N AP i

PYTHONMALLOC Ff 5g 4% & W 8% I T 78 DA & 47 B X F 4% 3% 19 Python | 22 %¢ 9 il & 1 (1 -
PYTHONMALLOC=debug).

PyMem_SetupDebugHooks () BRERIHE I THEH T PyMem_SetAllocator () 2ok BT .

X Le PR T R IR AT EHEA AL SR SR B A A M N AP B B N AE T 0xeD
(* *PYMEM_CLEANBYTE) JH7E, B NEHAFT 0xdDd™ " (° " PYMEM_DEADBYTE) 3H7E. PIEHLHEIE
FETFHY 0xFD°° (° PYMEM_FORBIDDENBYTE) Ky “Z%[R45" (Rl X845 R KT Al je Ak R H
Ik R SEE ASCIT A7 HR

BA TG A
o KEXF APL . Flan: KXt pyMem Malloc () HECHINAFHEH Pyobject_Free ().
o R G KRG OCE RN B A (Zh X T i) .
o R G XZIEACEFME A (G X ) .

o K& I 24 V& ] PYMEM_DOMAIN_OBJ (lll: PyObject_Malloc()) Hl PYMEM_DOMAIN_MEM (#I:
PyMem_Malloc ()) Hi5Hias R AN GIL B8R .

FEH A, I T tracemalloc BRI NTF RBEDMBCHIOIE . KA Y tracemalloc IEAEIBER
Python WAFZMBL, FHHNAFHRBGRERT, A & 2ol .

ik S=sizeof (size_t). I 2*S NFITUIMEIEF DB R N FA SR Wi PAFRI R,
Ho p AR 280 malloc 328 {L) realloc B pRELHTIR [BIAGHIAE (p[1:3] FRM * (p+1) ZMIFIEE] * (p+3)
ZEMIEM AR R R RS S A S Python Y1 R @ AR -

pl-2*S:-S] EHIFFLORIYTHE. Xig—A>size_t, FRInF (5 TAEAAFREAE R0 .
p[-S1 APLARHAF (ASCH F4F) :

e 'r' /N PYMEM_DOMAIN_RAW,
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e 'm' F/N PYMEM_DOMAIN_MEM,
e 'o' F/8 PYMEM_DOMAIN_OBJ,
p[-S+1:01 PYMEM_FORBIDDENBYTE (g4, T3k T 205 AFIZEL

pl[0:N1 FrifisRegN7s, H PYMEM_CLEANBYTE fgIAE T, H TP RGN AREIH. 4 H
realloc 2 S pRECK I >R TR B N AFEL, AN E ==& i PYMEM_CLEANBYTE KIf 75, 4
VA free 2 R RREET, X424 2 i PYMEM_DEADBYTE k&5, DA ERENAZHI5] . 24
VA H realloc 22 JE) BRBCR R /N NAFEET, Z248IHF 354 PYMEM_DEADBYTE K37t .

pI[N:N+S] PYMEM_FORBIDDENBYTE [{JE|4%. H Tk RINE AR

pPIN+S:N+2*S] 4% T PYMEM_DEBUG_SERIALNO ZEHF & (BRAME I FRAAE L) o
— AT, AR A malloc 2 285% realloc 2 ZRAY RN H 3 1. KT size_to WHRZ JEHEE]
T OCBEREIRII AR, LRSS T MR F B RAE R UGB T B WS, AR A
PRI E] . obmalloc.c H1 %5 2% pR X bumpserialno() & BLIF 815 2 &A= H ¥ ME—H# 7, B BAFFE
FEARTT AT 5 Hb 5 B RE A BT A

—A~ realloc 2 ZR§ free 22 JEAY bR S Sk AT Wi ) PYMEM_FORBIDDENBYTE “F45 @& 75 52 1. QISR e 14

MR T, WSR2 Wi 1 S AR stderr, I HAR P8 Py_FatalError() 5 1o 575 —Fp 32 B R WA X2 42 7

BEE SRNG5S X i R L VR b B i & AP it QSRR B AR ZS T B0 4, ARTR

A RESFE B B e 7 PYMEM_DEADBYTE (E W BRI A8 /) 8 PYMEM_CLEANBYTE

(EWRE RWUR T PE A D -

3.6 lE S PyMem SetupDebugHooks () PREUILAE M REAE MM A A 4309 Python | T/E. 24k
B, WA T HAES A tracemalloc SRIRIE 20 Bl 77 HLAY [ 9 45 B . 8 T BRI A
PYMEM_DOMAIN_OBJ ] PYMEM_DOMAIN_MEM VE I8 oR Zcuk 8 Fj 4G 2 2 5454 GIL.

3.8 R T & F 9 M L 0xCB (PYMEM_CLEANBYTE)., OxDB (PYMEM_DEADBYTE) Al OxFB
(PYMEM_FORBIDDENBYTE) . #f 0xCD . 0xDD F1 0xFD # At PA{#i F] 5 Windows CRT J§ i malloc ()
H free () HHIFEME.

11.9 pymalloc 4fig2e

Python £ 2}y B4 % 4B fr IR /b 42 (UNTF 46T 512 2735) AL i pymalloc 43 it 2% . & 0 1 [ & K
/IR 256 KiB [ FR A arenas” (1] N AFBLST . X TR T 512 #5040 L, B B 2 pyMem RawMalloc ()

M PyMem_RawRealloc ()

pymalloc J& PYMEM_DOMAIN_MEM (ffl #l: PyMem_ Malloc()) #1 PYMEM_DOMAIN_OBJ (fi #0:
PyObject_Malloc ()) RIS IASBELE

arena 43 L #$ 1 I AT eR 4L
e Windows [ VirtualAlloc () fl VirtualFree() ,
* mmap () fl munmap () , GIERFTH,
* B, malloc () Ml free() .

A Python fil B T ——without-pymalloc ¥EM, WP A U4 Bl #% K5 8% 25 . 0 0l DUAE 32 47 B
PYTHONMALLOC' (ffl#m: * " PYTHONMALLOC=malloc' ) MSEASE LI E .
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11.9.1 H%E X pymalloc Arena 43 it 2§

3.4 WU

type PyObjectArenaAllocator
FEAH R —A> arena 7} BCEFI MK . XANEERIEAE =T B

1 SE

void *ctx YEAS—SBUEAH P E R
void* alloc (void *ctx, size_t size) Ay EE—H size ST X,

void free(void *ctx, void *ptr, size_t size) | BE—3RXig

void PyObject_GetArenaAllocator (PyObjectArenaAllocator *allocator)

AR arena 7) [ty

void PyObject_SetArenaAllocator (PyObjectArenaAllocator *allocator)
T arena 1L

11.10 tracemalloc C API

3.7 BOHTMA.

int PyTraceMalloc_Track (unsigned int domain, uintptr_t ptr, size_t size)

TE tracemalloc BB AR ER—AN T B IAFER
IR 0, HASEHR ] -1 OCEDECNAF R AR S E) . WA T tracemalloc MR [H] -2
WERNAFERE RS, W A IR

int PyTraceMalloc_Untrack (unsigned int domain, uintptr_t ptr)

1E tracemalloc S BUHIRER— DT E N PR NAESARBIR B WA A TAEAT 484
AR tracemalloc g 4% HI AR o] -2, 503 [H] 0.

11.11 36l

PATR R 8 48 58 AN R Bl e S DA 1O Gk Dl aed il 55—~ s KSR A Python 3t L

PyObject *res;

char *buf = (char *) PyMem_Malloc (BUFSIZ); /* for I/0 */
if (buf == NULL)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */

res = PyBytes_FromString (buf);
PyMem_Free (buf); /* allocated with PyMem_ Malloc */
return res;

52 P T ) SR 2 o KR 14 A (] AR

PyObject *res;
char *buf = PyMem_New (char, BUFSIZ); /* for I/0 */

if (buf == NULL)

(Rt
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(R —H)

return PyErr_NoMemory () ;
/* ...Do some I/O operation involving buf... */
res = PyBytes_FromString (buf);
PyMem_Del (buf); /* allocated with PyMem New */
return res;

i%ﬂi%ﬁ PAEPEA R GI, Gei X Bl U s TAH R SR A R BRI . S b, X — g i A7
AR AT APLTR , PAEGERHE G A [ 7 Boae i MBS I R ik AN AU o WP s iR, Hop
—/\%Jﬁﬂﬂjﬂ fatal RO EIRA T TRPEA [ _E3RARAA [ 70 Be s -

char *bufl = PyMem_New (char, BUFSIZ);
char *buf2 = (char *) malloc (BUFSIZ);

char *buf3 = (char *) PyMem_Malloc (BUFSIZ);

PyMem_Del (buf3); /* Wrong —— should be PyMem_Free() */
free (buf2); /* Right —-- allocated via malloc() */
free (bufl); /* Fatal —-- should be PyMem_Del () */

B T B AE AL PR H Python HE Y JF 4G A A7 B i oK 202 b, Python H i X R 2 il id pyObject _New (),
PyObject_NewVar () flPyObject_Del () Fe4r Bl ARERLAY -

X BERFAEAT KANMTLE C HE SIS BUR R R — = P JHi .
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R

AFAIR TR SPGB i i i . BRI

121 7 F B EEMR

PyObject *_PyObject_New (PyTypeObject *type)
Return value: New reference.

PyVarObject *_PyObject_NewVar (PyTypeObject *type, Py_ssize_t size)
Return value: New reference.

PyObject *PyObject_Init (PyObject *op, PyTypeObject *type)
Return value: Borrowed reference. Part of the Stable ABL 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)
Return value: Borrowed reference. Part of the Stable ABL B HIZHEMPyObject_Init () —FE, FHHEH]
AR RN R K BEE B
TYPE *PyObject_New (TYPE, PyTypeObject *type)
Return value: New reference. i [l C 25442551 TYPE 1 Python 25X} % rype 43 Bi—1~31 11 Python X4 .
KA Python XF4ebrsk i I FBOR SRRt XI5 FHHECR —. WAEAELR/NE type Xt
Ltp _basicsize FEIEHIE.

TYPE *PyObject_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
Return value: New reference. i J}] C RS54 25FL TYPE 11 Python 2B 42 type 4B —4~3F1 1) Python
X5 o Python X5 3 SC A & LI F BN BRI IR . B BLI ARSI T B T TYPE 54410 type
MGt _itemsize FEBARMENY size FEE . 0 T LI RcALX A REBAE I i e B O K
;}:B‘zﬁﬁ%%ﬁiﬂ% () o R B B ZH i A BIAH ]9 Y A7 43 B0 b a] ADSZD A7 L IR B, X428 TN
T ECRIRCR

void PyObject_Del (void *op)
Rl Pyobject _New () B PyObject NewVar () SrBCNAFIIN G, X I H HIXT AR type FBUE
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iy tp_dealloc ALPRRRBORIEM o XA e ELLAS op XA 7 BERRAN T AR, PR 73
4 A7 25 8] AN o — A R Python X 42

PyObject _Py_NoneStruct
ARG 2R None —H£# Python X4t ERIPAE ] Py_None Z5H, R ERHRIIZXS R

B4
PyModule_Create () 4yt NAFFIQIEY R

12.2 @AMHER

RERIEEA AR T 5E L Python BUXFRAI . X —Tr ik TiX LRy 45 (RRIE TR J5 5 -

12.2.1 BRI RIEBFOE

Ji 4 1) Python X 52 #RAE X G2 1) N A7 % (9 JF 4 8 70 Jb 2 b Rl 7 Bre X Bl pyobject
mipyVarobject EMNFIRN, XKLL Nl —LE 75 3, X 48 % B R 4% 1] T B Ay oAb Python
TR E o

type PyObject
Part of the Limited APL (Only some members are part of the stable ABIL.) All object types are extensions of this
type. This is a type which contains the information Python needs to treat a pointer to an object as an object. In a
normal “release” build, it contains only the object’s reference count and a pointer to the corresponding type object.
Nothing is actually declared to be a PyOb ject, but every pointer to a Python object can be casttoa PyObject*.
Access to the members must be done by using the macros Py_ REFCNT and Py_ TYPE.

type PyVarObject
Part of the Limited APL (Only some members are part of the stable ABI.) This is an extension of PyObject that
adds the ob_size field. This is only used for objects that have some notion of length. This type does not often
appear in the Python/C API. Access to the members must be done by using the macros Py_ REFCNT, Py_ TYPE,
and Py_STZE.

PyObject_HEAD
This is a macro used when declaring new types which represent objects without a varying length. The PyOb-
ject_HEAD macro expands to:

PyObject ob_base;

See documentation of PyOb ject above.

PyObject_VAR_HEAD
This is a macro used when declaring new types which represent objects with a length that varies from instance to
instance. The PyObject_VAR_HEAD macro expands to:

PyVarObject ob_base;

Z W, L Pyvarobject 3RS .

int Py_Is (const PyObject *x, const PyObject *y)
Part of the Stable ABI since version 3.10. T3k x 25~ y ¥4, 5 Python i) x is vy AH[H.

3.10 JBUHTA.

int Py_IsNone (const PyObject *x)
Part of the Stable ABI since version 3.10. JWik— "X R EFE N None Hiffl, 5 Python H11) x is None #{
]
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3.10 JBGHTA.

int Py_IsTrue (const PyObject *x)

Part of the Stable ABI since version 3.10. JWik— AR EFE N True B, 5 Python 1) x is True #{
/]

3.10 JUBT A

int Py_IsFalse (const PyObject *x)
Part of the Stable ABI since version 3.10. JWiX—XTR2E N False Biff], 5 Python 1) x is False
A

3.10 JEGHTMA.

PyTypeObject *Py_TYPE (const PyObject *0)
ARHL Python XF42 o AL .

iR [l —~~borrowed reference.
Use the Py_SET_TYPE () function to set an object type.

int Py_IS_TYPE (PyObject *o, PyTypeObject *type)
Return non-zero if the object o type is fype. Return zero otherwise. Equivalent to: Py_TYPE (o) == type.

3.9 BUHTMA.

void Py_SET_TYPE (PyObject *o, PyTypeObject *type)
Set the object o type to fype.

3.9 HUHTA.

Py_ssize_t Py_REFCNT (const PyObject *0)
Get the reference count of the Python object o.

3.10 ffit 5 %%: Py REFCNT () is changed to the inline static function. Use Py SET_REFCNT () to set an object
reference count.

void Py_SET_REFCNT (PyObject *o, Py_ssize_t refcnt)
Set the object o reference counter to refcnt.

3.9 BUHTMA.

Py_ssize_t Py_SIZE (const PyVarObject *0)
Get the size of the Python object o.

Use the Py_SET_SIZE () function to set an object size.
void Py_SET_SIZE (PyVarObject *o, Py_ssize_t size)
Set the object o size to size.

3.9 BUHTIA.

PyObject_HEAD_INIT (type)
This is a macro which expands to initialization values for a new PyOb ject type. This macro expands to:

_PyObject_EXTRA_INIT
1/ typel

PyVarObject_HEAD_INIT (fype, 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. ERMHER 229



The Python/C API, £[F 3.10.11

12.2.2 Implementing functions and methods

type PyCFunction
Fart of the Stable ABI. Type of the functions used to implement most Python callables in C. Functions of this type
take two PyOb ject* 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.

The function signature is:

PyObject *PyCFunction (PyObject *self,
PyObject *args);

type PyCFunctionWithKeywords
Part of the Stable ABIL Type of the functions used to implement Python callables in C with signature
METH_VARARGS | METH_KEYWORDS. The function signature is:

PyObject *PyCFunctionWithKeywords (PyObject *self,
PyObject *args,
PyObject *kwargs);

type _PyCFunctionFast
Type of the functions used to implement Python callables in C with signature METH _FASTCALL. The function
signature is:

PyObject *_PyCFunctionFast (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs);

type _PyCFunctionFastWithKeywords
Type of the functions used to implement Python callables in C with signature METH_FASTCALL |
METH_KEYWORDS. The function signature is:

PyObject *_PyCFunctionFastWithKeywords (PyObject *self,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames);

type PyCMethod
Type of the functions used to implement Python callables in C with signature METH_METHOD |
METH_FASTCALL | METH_KEYWORDS. The function signature is:

PyObject *PyCMethod (PyObject *self,
PyTypeObject *defining_class,
PyObject *const *args,
Py_ssize_t nargs,
PyObject *kwnames)

3.9 BUBTINA.

type PyMethodDef
Part of the Stable ABI (including all members). Structure used to describe a method of an extension type. This
structure has four fields:

const char *ml_name
name of the method

PyCFunction m1_meth
pointer to the C implementation
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intml_flags
flags bits indicating how the call should be constructed

const char *ml_doc
points to the contents of the docstring

The m1_meth is a C function pointer. The functions may be of different types, but they always return PyOb ject*.
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 PyObject*, it is common that the method implementation uses the
specific C type of the self object.

The m1_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
This is the typical calling convention, where the methods have the type Py CFunct i on. The function expects two
PyObject* values. The first one is the self object for methods; for module functions, it is the module object.
The second parameter (often called args) is a tuple object representing all arguments. This parameter is typically
processed using PyArg_ParseTuple () or PyArg _UnpackTuple ().

METH_VARARGS | METH_KEYWORDS
Methods with these flags must be of type PyCFunctioniithKeywords. The function expects three parame-
ters: 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 PyOb ject* values indicating the arguments and
the third parameter is the number of arguments (the length of the array).

3.7 WUGHTIA.
3.10 R ¥ 4#: METH_FASTCALL is now part of the stable ABI.

METH_FASTCALL | METH_KEYWORDS
Extension of METH FASTCALL supporting also keyword arguments, with methods of type
_PyCFunctionFastWithKeywords. Keyword arguments are passed the same way as in the vector-
call protocol: there is an additional fourth PyOb ject* 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.

3.7 BUHTMA.

METH_METHOD | METH_FASTCALL | METH_KEYWORDS
Extension of METH_FASTCALL | METH_KEYWORDS supporting the defining class, that is, the class that con-
tains the method in question. The defining class might be a superclass of Py_TYPE (self).

The method needs to be of type PyCMethod, the same as for METH_FASTCALL | METH_KEYWORDS with
defining_class argument added after self.

3.9 JHTNA.

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.

METH_O
Methods with a single object argument can be listed with the METH O flag, instead of invoking
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PyArg_ParseTuple () with a "O" argument. They have the type PyCFunction, with the self parame-
ter, and a PyOb ject* parameter representing the single argument.

These two constants are not used to indicate the calling convention but the binding when use with methods of classes.
These may not be used for functions defined for modules. At most one of these flags may be set for any given method.

METH_CLASS
The method will be passed the type object as the first parameter rather than an instance of the type. This is used
to create class methods, similar to what is created when using the classmethod () built-in function.

METH_STATIC
The method will be passed NULL as the first parameter rather than an instance of the type. This is used to create
static methods, similar to what is created when using the staticmethod () built-in function.

One other constant controls whether a method is loaded in place of another definition with the same method name.

METH_COEXIST
The method will be loaded in place of existing definitions. Without METH_COEXIST, the default is to skip re-
peated 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 corre-
sponding 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.

12.2.3 Accessing attributes of extension types

type PyMemberDef
Part of the Stable ABI (including all members). Structure which describes an attribute of a type which corresponds
to a C struct member. Its fields are:

2] C Type 2B

name const char * | name of the member

type int the type of the member in the C struct

offset | Py_ssize_t the offset in bytes that the member is located on the type’s object struct
flags int flag bits indicating if the field should be read-only or writable

doc const char * | points to the contents of the docstring

type can be one of many T_ macros corresponding to various C types. When the member is accessed in Python,
it will be converted to the equivalent Python type.
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Macro name (O]

T _SHORT short

T_INT int

T _LONG long
T_FLOAT float
T_DOUBLE double
T_STRING const char *
T_OBIJECT 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_OBJECT and T_OBJECT_EX differ in that T_OBJECT returns None if the member is NULL and
T_OBJECT_EX raises an AttributeError. Try to use T_OBJECT_EX over T_OBJECT because
T_OBJECT_EX handles use of the del statement on that attribute more correctly than T_OBJECT.

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 Py Type_FromSpec () orsimilar), PyMemberDe f may contain definitions
for the special members __dictoffset_ , _ weaklistoffset_ and _ vectorcalloffset_ ,
corresponding to tp_dictoffset, tp_weaklistoffset and tp_vectorcall offset in type ob-
jects. 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 */

bi

PyObject *PyMember_GetOne (const char *obj_addr, stxruct PyMemberDef *m)
Get an attribute belonging to the object at address obj_addr. The attribute is described by PyMemberDef m.
Returns NULL on error.

int PyMember_SetOne (char *obj_addr, struct PyMemberDef *m, PyObject *0)
Set an attribute belonging to the object at address obj_addr to object 0. The attribute to set is described by
PyMemberDef m. Returns O if successful and a negative value on failure.

type PyGetSetDef
Part of the Stable ABI (including all members). Structure to define property-like access for a type. See also de-
scription of the Py TypeObject.tp_getset slot.
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] C Type =

LR const char * | attribute name

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 * | optional docstring

closure | void * optional function pointer, providing additional data for getter and setter

The get function takes one PyObject* parameter (the instance) and a function pointer (the associated

closure):

typedef PyObject * (*getter) (PyObject *, woid *);

It should return a new reference on success or NULL with a set exception on failure.

set functions take two PyOb ject* parameters (the instance and the value to be set) and a function pointer (the

associated closure):

typedef int (*setter) (PyObject *, PyObject *, wvoid *);

In case the attribute should be deleted the second parameter is NULL. Should return O on success or —1 with a set

exception on failure.

12.3 HBIR

Perhaps one of the most important structures of the Python object system is the structure that defines a new type: the
PyTypeObject structure. Type objects can be handled using any of the PyObject_* or PyType_* functions, but
do not offer much that’s interesting to most Python applications. These objects are fundamental to how objects behave,
so they are very important to the interpreter itself and to any extension module that implements new types.

GRZEBMERTIMLL, FRADFRA MK X2 KM PR RSB R A TRERIE, K2 C %L
FREE, R EAT B TRBIRER) /N AT RN RNA RIS R T B X BO L IR B RS

BRI A T

BT RIEARE S, k) NIRRT PG TPy Typeobject B SCRUIERIBIT .

12.3.1 BRESE

"tp_ FiEeE”
PyTypeObject #&' Type S VARl 3 B
822
OTm DI
<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__, __getattr__ G
(tp_setattr) setattrfunc __setattr__, _ delattr__ G
tp_as_async PyAsyncMethods * Foirtt (FiER) %

=
=
ﬁ
o
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R1-EEL—H

PyTypeObject #&' Type kAL B =
B8’
QT DI
tp_repr reprfunc _repr__ X X X
tp_as_number PyNumberMethods * Frirtt (FiER) %
tp_as_sequence PySequenceMethods * FiEte (FiEkk) %
tp_as_mapping PyMappingMethods * F it (FiERR) 9
tp_hash hashfunc __hash__ X G
tp_call ternaryfunc __call__ X X
tp_str reprfunc st X X
tp_getattro getattrofunc __getattribute__, __getattr__ X X G
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 €
tp_clear inquiry X QG
tp_richcompare richcmpfunc It ,_le ,_eq_,_ne ,|X (€
_ gt ,_ ge
tp_weaklistoffset Py_ssize_ t X ?
tp_iter getiterfunc iter X
tp_iternext iternextfunc 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 descrgetfunc _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 ?
tp_new newfunc _ new__ X X ?
tp_free freefunc X X ?
tp_is_gc inquiry X X
<tp_bases> PyObject * _ bases__ ~
<tp_mro> PyObject * _ mro__ ~
[tp_cache] PyObject *
[tp_subclasses] PyObject * __subclasses__
[tp_weaklist] PyObject *
(tp_del) destructor
[tp_version_tag] unsigned int
tp_finalize destructor _del__ X
tp_vectorcall vectorcallfunc
1 (): A slot name in parentheses indicates it is (effectively) deprecated.
<>: Names in angle brackets should be initially set to NULL and treated as read-only.
[1: Names in square brackets are for internal use only.
<2R;J .(as a prefix) means the field is required (must be non-NULL).
”Q”: PyBaseObject_Type B HE
"T”: PyType_Type WRIE.
YD BRA T (SR AR >l NULL)
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FhEE (FHikE)

FiEg Type FHR A&
am_awailt unaryfunc __await__
am_aiter unaryfunc __aiter__
am_anext unaryfunc __anext__
am_send sendfunc
nb_add binaryfunc _add___ radd__
nb_inplace_add binaryfunc __dadd__
nb_subtract binaryfunc _sub____rsub__
nb_inplace_subtract binaryfunc __isub__
nb_multiply binaryfunc _ mul____ rmul__
nb_inplace_multiply binaryfunc _imul__
nb_remainder binaryfunc _mod__ __rmod__
nb_inplace_remainder binaryfunc __imod__
nb_divmod binaryfunc __divmod__
__rdivmod___
nb_power ternaryfunc __pow__ _ rpow__
nb_inplace_power ternaryfunc __ipow__
nb_negative unaryfunc __neg
nb_positive unaryfunc __pos__
nb_absolute unaryfunc __abs__
nb_bool inquiry __bool__
nb_invert unaryfunc __invert__
nb_1lshift binaryfunc __Ishift__ _ rlshift
nb_inplace_lshift binaryfunc __ilshift__
nb_rshift binaryfunc _ rshift  _ rrshift_
nb_inplace_rshift binaryfunc __irshift__
nb_and binaryfunc _and__ _ rand__
nb_inplace_and binaryfunc _dand__
nb_xor binaryfunc __XOr__ __ IXor__
nb_inplace_xor binaryfunc __ixor__
nb_or binaryfunc __Oor__ __ror__
nb_inplace_or binaryfunc __dor__
nb_int unaryfunc _int__
nb_reserved void *
nb_float unaryfunc __float__
nb_floor_divide binaryfunc _ floordiv__
nb_inplace_floor_divide binaryfunc __ifloordiv__
nb_true_divide binaryfunc __truediv__

X - PyType_Ready sets this value if it is NULL
~ — PyType_Ready always sets this value (it should be NULL)
? — PyType_Ready may set this value depending on other slots

Also see the inheritance column ("I").
”I”: %ﬁ
X - type slot is inherited via *PyType_Ready* if defined with a *NULL* value

oe

— the slots of the sub-struct are inherited individually
— inherited, but only in combination with other slots; see the slot's description
- it's complicated; see the slot's description

R, A T R R A R A AR Y -

DR
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R2-EEL—H

FiEE Type RN
nb_matrix_multiply binaryfunc __matmul__
__rmatmul__
nb_inplace_matrix_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__
sg_item ssizeargfunc __getitem__
sg_ass_item ssizeobjargproc __setitem___
__delitem___
sq_contains objobjproc __contains__
sq_inplace_concat binaryfunc __dadd__
sqg_inplace_repeat ssizeargfunc __imul__

bf _getbuffer

getbufferproc ()

bf_releasebuffer

releasebufferproc/()

123, EBMR
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FE{L typedef
typedef SH%R A EES:]
allocfunc PyObject *
PyTypeObject *
Py ssize_t
destructor void * void
freefunc void * void
traverseproc int
void *
visitproc
void *
newfunc PyObject *
PyObject *
PyObject *
PyObject *
initproc int
PyObject *
PyObject *
PyObject *
reprfunc PyObject * PyObject *
getattrfunc PyObject *
PyObject *
const char *
setattrfunc int
PyObject *
const char *
PyObject *
getattrofunc PyObject *
PyObject *
PyObject *
setattrofunc int
PyObject *
PyObject *
PyObject *
descrgetfunc PyObject *
PyObject *
PyObject *
PyObject *
38 __ Chapter12. 3{Sstil%s
descrsetfunc nt
PyObject *
PyObject *
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W2 AN T ITHSlot Type typedefs.

12.3.2 PyTypeObject 5 X

PyTypeObject BZ5HE XA PATE Include/object .h iR E|. KT HHESH, AR THPRE X:

typedef struct _typeobject {

PyObject_VAR_HEAD
const char *tp_name; /* For printing,
tp_basicsize, tp_itemsize;

*/

"<module>.<name>"

*/

in format
Py_ssize_t /* 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 suites for standard classes */

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;

ternaryfunc tp_call;

reprfunc tp_str;

getattrofunc tp_getattro;

setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */
PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */
/* Assigned meaning in release 2.0 */

/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

CFoiaks:)

12.3. EFR
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(R —H)

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;
} PyTypeObject;

12.3.3 PyObject #&{i:

*ﬂﬁ%& MY R T Pyvarobject Z5f. ob_size %Exﬁﬁ?zjluﬁﬁi(ﬂﬂ type_new () f#, #@H#T
BRI . R Py Type_Type OUEM) ARkt _itemsize, XFEWRE I:B’J%WJ (RPZRAINFS) &
ﬁ;i%iob_51zeé%Eza

Py _ssize_t PyObject .ob_refcnt
Part of the Stable ABL 3% 22BN 05| 1%L, B PyObject_HEAD_INIT ZEHIHE4L N 1. HHEENf
Firsameay kA R, KMEYSHI R ob_type $ AL R RWMAGIHTEL HXF 2
Aoplivay R R, LB # ELPEAET I .

ok :
FRAURYIR I T B

PyTypeObject *PyObject .ob_type
Fart of the Stable ABL This is the type’s type, in other words its metatype. It is initialized by the argument to the
PyObject_HEAD_INIT macro, and its value should normally be §PyType_Type. However, for dynamically
loadable extension modules that must be usable on Windows (at least), the compiler complains that this is not a valid
initializer. Therefore, the convention is to pass NULL to the PyObject_HEAD_INIT macro and to initialize this
field explicitly at the start of the module’s initialization function, before doing anything else. This is typically done
like this:
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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.

Aok :
P BT R BAK .
PyObject ¥*PyObject ._ob_next

PyObject *PyObject ._ob_prev
These fields are only present when the macro Py_TRACE_REFS is defined (see the configure
--with-trace-refs option).

Their initialization to NULL is taken care of by the PyObject_HEAD_INIT macro. For statically allocated
objects, these fields always remain NULL. For dynamically allocated objects, these two fields are used to link the
object into a doubly linked list of all live objects on the heap.

This could be used for various debugging purposes; currently the only uses are the sys . getobjects () function
and to print the objects that are still alive at the end of a run when the environment variable PYTHONDUMPREF' S
is set.

Aok :
P B SHTRBGK,

12.3.4 PyVarObject {&{iz

Py _ssize_t PyVarObject .ob_size
Part of the Stable ABIL For statically allocated type objects, this should be initialized to zero. For dynamically
allocated type objects, this field has a special internal meaning.

MoK :
TRBURIIR I T B

12.3.5 PyTypeObject #&

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 t p_name
initializer "P.Q.M.T".

For dynamically allocated type objects, this should just be the type name, and the module name explicitly stored in
the type dict as the value for key ' __module_ '.

For statically allocated type objects, the tp_name field should contain a dot. Everything before the last dot is made
accessible as the __module__ attribute, and everything after the last dot is made accessible as the __name___
attribute.
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If no dot is present, the entire tp_name field is made accessible as the __name__ attribute, and the
__module___ attribute is undefined (unless explicitly set in the dictionary, as explained above). This means
your type will be impossible to pickle. Additionally, it will not be listed in module documentations created with
pydoc.

This field must not be NULL. It is the only required field in PyTypeObject () (other than potentially
tp_itemsize).

Aok :
TR T B

Py _ssize_t PyTypeObject .tp_basicsize

Py_ssize_t PyTypeObject .tp_itemsize

These fields allow calculating the size in bytes of instances of the type.

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_ i tems i ze field. For a type with fixed-length instances, all instances
have the same size, given in tp_basicsize.

For a type with variable-length instances, the instances must have an ob_size field, and the instance size is
tp_basicsizeplusNtimes tp_itemsize, where N is the “length” of the object. The value of N is typically
stored in the instance’s ob_size field. There are exceptions: for example, ints use a negative ob_size to
indicate a negative number, and N is abs (ob_size) there. Also, the presence of an ob_size field in the
instance layout doesn’t mean that the instance structure is variable-length (for example, the structure for the list
type has fixed-length instances, yet those instances have a meaningful ob_size field).

The basic size includes the fields in the instance declared by the macro PyObject_HEAD or
PyObject_VAR_HEAD (whichever is used to declare the instance struct) and this in turn includes the
_ob_prev and _ob_next fields if they are present. This means that the only correct way to get an initializer
for the tp_basicsize is to use the sizeof operator on the struct used to declare the instance layout. The
basic size does not include the GC header size.

A note about alignment: if the variable items require a particular alignment, this should be taken care of by
the value of tp_basicsize. Example: suppose a type implements an array of double. tp_itemsize
is sizeof (double). It is the programmer’s responsibility that tp_basicsize is a multiple of
sizeof (double) (assuming this is the alignment requirement for double).

For any type with variable-length instances, this field must not be NULL.
oK :

These fields are inherited separately by subtypes. If the base type has a non-zero tp_ i tems1i ze, it is generally not
safe to set tp_ itemsize to a different non-zero value in a subtype (though this depends on the implementation
of the base type).

destructor PyTypeObject .tp_dealloc

A pointer to the instance destructor function. This function must be defined unless the type guarantees that its
instances will never be deallocated (as is the case for the singletons None and E11ipsis). The function signature
is:

void tp_dealloc (PyObject *self);

The destructor function is called by the Py DECREF () and Py_XDECREEF () macros when the new reference
count is zero. At this point, the instance is still in existence, but there are no references to it. The destructor
function should free all references which the instance owns, free all memory buffers owned by the instance (us-
ing 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 PyOb ject_Del () if the instance was allocated using
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PyObject_New () or PyObject_VarNew (), or PyObject_GC_Del () if the instance was allocated us-
ing 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 decrement the reference
count for its type object 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) ;

4ok :
WP B TR AR
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_VECTORCALLis set. If so, this must be a positive integer
containing the offset in the instance of a vectorcallfunc pointer.

The vectorcallfunc 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 t p_call and make sure its behaviour is
consistent with the vectorcallfunc function. This can be done by setting tp_call to PyVectorcall_ Call ().

e Ttis not recommended for heap types to implement the vectorcall protocol. Whenausersets__call_
in Python code, only #p_call is updated, likely making it inconsistent with the vectorcall function.

3.8 Ju Hi 4 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.

Aok :

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 heap types (including subclasses defined in Python).

getattrfunc PyTypeObject .tp_getattr
An optional pointer to the get-attribute-string function.

This field is deprecated. When it is defined, it should point to a function that acts the same as the tp_getattro
function, but taking a C string instead of a Python string object to give the attribute name.

Aok :
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AyeH: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattro: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

setattrfunc Py TypeObject .tp_setattr
An optional pointer to the function for setting and deleting attributes.

This field is deprecated. When it is defined, it should point to a function that acts the same as the tp_setattro
function, but taking a C string instead of a Python string object to give the attribute name.

Pk :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattro: a subtype inherits both tp_setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

PyAsyncMethods *PyTypeOb ject .tp_as_async
Pointer to an additional structure that contains fields relevant only to objects which implement awaitable and asyn-
chronous iterator protocols at the C-level. See Async Object Structures for details.

3.5 i A : Formerly known as tp_compare and tp_reserved.
Pk :
The tp_as_async field is not inherited, but the contained fields are inherited individually.

reprfunc PyTypeObject .tp_repr
An optional pointer to a function that implements the built-in function repr ().

The signature is the same as for PyOb ject_Repr ():

PyObject *tp_repr (PyObject *self);

The function must return a string or a Unicode object. Ideally, this function should return a string that, when passed
to eval (), given a suitable environment, returns an object with the same value. If this is not feasible, it should
return a string starting with ' <' and ending with ' > "' from which both the type and the value of the object can be
deduced.

B
BB e TR,
i

When this field is not set, a string of the form <%s object at $%p> is returned, where %s is replaced by the
type name, and $p by the object’s memory address.

PyNumberMethods *Py TypeObject .tp_as_number
Pointer to an additional structure that contains fields relevant only to objects which implement the number protocol.
These fields are documented in Number Object Structures.

Pk :
The tp_as_number field is not inherited, but the contained fields are inherited individually.

PySequenceMethods *Py TypeObject .tp_as_sequence
Pointer to an additional structure that contains fields relevant only to objects which implement the sequence protocol.
These fields are documented in Sequence Object Structures.

MoK :

The tp_as_sequence field is not inherited, but the contained fields are inherited individually.
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PyMappingMethods *Py TypeObject .tp_as_mapping
Pointer to an additional structure that contains fields relevant only to objects which implement the mapping protocol.
These fields are documented in Mapping Object Structures.

Aok :
The tp_as_mapping field is not inherited, but the contained fields are inherited individually.

hashfunc PyTypeObject .tp_hash
An optional pointer to a function that implements the built-in function hash ().

The signature is the same as for PyOb ject_Hash ():

Py_hash_t tp_hash (PyObject *);

The value -1 should not be returned as a normal return value; when an error occurs during the computation of the
hash value, the function should set an exception and return —1.

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 PyOb ject_HashNot Implemented ().

This field can be set explicitly to PyObject_HashNot Implemented () to block inheritance of the hash
method from a parent type. This is interpreted as the equivalent of __hash___ = None at the Python level,
causing isinstance (o, collections.Hashable) to correctly return False. Note that the converse
is also true - setting __hash___ = None on a class at the Python level will result in the tp_hash slot being set
to PyObject_HashNotImplemented().

Mok :
Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with tp richcompare: a subtype inherits both of
tp_richcompare and tp_hash, when the subtype’s tp_richcompare and tp_hash are both NULL.

ternaryfunc Py TypeObject .tp_call
An optional pointer to a function that implements calling the object. This should be NULL if the object is not
callable. The signature is the same as for PyOb ject_Call ():

PyObject *tp_call (PyObject *self, PyObject *args, PyObject *kwargs);

Aok :
BT Bt TR BAK

reprfunc Py TypeObject .tp_str
An optional pointer to a function that implements the built-in operation str (). (Note that str is a type now,
and str () calls the constructor for that type. This constructor calls PyObject_Str () to do the actual work,
and PyObject_Str () will call this handler.)

The signature is the same as for PyObject_Str ():

PyObject *tp_str (PyObject *self);

The function must return a string or a Unicode object. It should be a “friendly” string representation of the object,
as this is the representation that will be used, among other things, by the print () function.

Bk
BB T AR
it

When this field is not set, PyOb ject_Repr () is called to return a string representation.
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getattrofunc Py TypeObject .tp_getattro

An optional pointer to the get-attribute function.

The signature is the same as for PyObject_GetAttr ():

PyObject *tp_getattro(PyObject *self, PyObject *attr);

It is usually convenient to set this field to PyOb ject_GenericGetAttr (), which implements the normal way
of looking for object attributes.

Mok :
AeH: tp_getattr, tp_getattro

This field is inherited by subtypes together with tp_getattr: a subtype inherits both tp_getattr and
tp_getattro from its base type when the subtype’s tp_getattrand tp_getattro are both NULL.

i

PyBaseObject_Type uses PyObject_GenericGetAttr ().

setattrofunc Py TypeObject .tp_setattro

An optional pointer to the function for setting and deleting attributes.

The signature is the same as for PyObject_SetAttr ():

int tp_setattro(PyObject *self, PyObject *attr, PyObject *value);

In addition, setting value to NULL to delete an attribute must be supported. It is usually convenient to set this field
to PyObject_GenericSetAttr (), which implements the normal way of setting object attributes.

ok :
Group: tp_setattr, tp_setattro

This field is inherited by subtypes together with tp_setattr: a subtype inherits both tp_ setattr and
tp_setattro from its base type when the subtype’s tp_setattrand tp_setattro are both NULL.

it

PyBaseObject_Type [fifflPyObject_GenericSetAttr ().

PyBufferProcs *PyTypeObject .tp_as_buffer

Pointer to an additional structure that contains fields relevant only to objects which implement the buffer interface.
These fields are documented in Buffer Object Structures.

Mok :

The tp_as_bufrfer field is not inherited, but the contained fields are inherited individually.

unsigned long Py TypeObject .tp_£flags

This field is a bit mask of various flags. Some flags indicate variant semantics for certain situations; others are used
to indicate that certain fields in the type object (or in the extension structures referenced via tp_as_number,
tp_as_sequence, tp_as_mapping, and tp_as_buffer) that were historically not always present are
valid; if such a flag bit is clear, the type fields it guards must not be accessed and must be considered to have a zero
or NULL value instead.

Aok :

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
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tp_traverseand 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.

i
PyBaseObject_Type uses Py_ TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE.
Bit Masks:

The following bit masks are currently defined; these can be ORed together using the | operator to form the value of
the tp_flags field. The macro PyType_HasFeature () takes a type and a flags value, #p and f, and checks
whether tp—>tp_flags & £ isnon-zero.

Py_TPFLAGS_HEAPTYPE
This bit is set when the type object itself is allocated on the heap, for example, types created dynamically
using PyType_FromSpec (). In this case, the ob_type field of its instances is considered a reference
to the type, and the type object is INCREF’ed when a new instance is created, and DECREFed 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 DECREFed).

Pk :
777
Py_TPFLAGS_BASETYPE

This bit is set when the type can be used as the base type of another type. If this bit is clear, the type cannot
be subtyped (similar to a "final” class in Java).

4ok :
777
Py_TPFLAGS_READY
This bit is set when the type object has been fully initialized by Py Type_Ready ().
Aok :
777
Py_TPFLAGS_READYING
This bit is set while Py Type_Ready () is in the process of initializing the type object.
Aok :
777
Py_TPFLAGS_HAVE_GC
This bit is set when the object supports garbage collection. If this bit is set, instances must be created us-
ing PyObject_GC_New () and destroyed using PyObject_GC_Del (). More information in section
1 3¢ % KA F 3 A3 138 =)k. This bit also implies that the GC-related fields tp_traverse and
tp_clear are present in the type object.
ok :
Group: Py_TPFLAGS_HAVE_GC, tp_traverse, tp_clear
The Py_TPFLAGS_HAVE_GCflagbitis inherited together with the t p_t raverse and tp_clear fields,

ie. ifthe Py TPFLAGS_HAVE_ GC flag bitis clear in the subtype and the tp_traverseandtp_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.

Aok :
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777
Py_TPFLAGS_METHOD_DESCRIPTOR
This bit indicates that objects behave like unbound methods.

If this flag is set for t ype (meth), then:

e meth._ _get__ (obj, cls) (*args, **kwds) (with obj not None) must be equivalent to
meth (obj, *args, **kwds).

e meth.__get__ (None, cls) (*args, **kwds) must be equivalent to meth (*args,
**kwds).

This flag enables an optimization for typical method calls like ob7j .meth () : it avoids creating a temporary
”bound method” object for obj .meth.

3.8 OB
Aok :

This flag is never inherited by /eap types. For extension types, it is inherited whenever tp_descr_get is
inherited.

Py_TPFLAGS_LONG_SUBCLASS
Py_TPFLAGS_LIST_SUBCLASS
Py_TPFLAGS_TUPLE_SUBCLASS
Py_TPFLAGS_BYTES_SUBCLASS
Py_TPFLAGS_UNICODE_SUBCLASS
Py_TPFLAGS_DICT_SUBCLASS
Py_TPFLAGS_BASE_EXC_SUBCLASS

Py_TPFLAGS_TYPE_SUBCLASS
These flags are used by functions such as PyLong_Check () to quickly determine if a type is a subclass
of a built-in type; such specific checks are faster than a generic check, like PyObject_IsInstance ().
Custom types that inherit from built-ins should have their tp_f1ags set appropriately, or the code that
interacts with such types will behave differently depending on what kind of check is used.

Py _TPFLAGS_HAVE_FINALIZE
This bit is set when the tp_finalize slotis present in the type structure.

3.4 BUBTIMA.

3.8 4% CL[E): 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.

Aok

This bit is inherited for static subtypes if tp_call is also inherited. Heap types do not inherit
Py_TPFLAGS_HAVE_VECTORCALL.

3.9 BUFTIA.

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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Aok :
This flag is not inherited.
3.10 JRCHTANA-

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_baseis NULL or §PyBaseObject_Typeand tp_new
is NULL.

Aok

This flag is not inherited. However, subclasses will not be instantiable unless they provide a non-NULL
tp_new (which is only possible via the C API).

f#[E): 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 tpp_new only succeed for subclasses.

3.10 JBGHTIA.

Py_TPFLAGS_MAPPING
This bit indicates that instances of the class may match mapping patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Mapping, and unset
when registering collections.abc.Sequence.

#iE): Py TPFLAGS MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

4ok :

This flag is inherited by types that do not already set Py TPFLAGS _SEQUENCE.
hE%:

PEP 634 —#5 (LR ITRL . ALY

3.10 HUHT A

Py_TPFLAGS_SEQUENCE
This bit indicates that instances of the class may match sequence patterns when used as the subject of amat ch
block. It is automatically set when registering or subclassing collections.abc.Sequence, and unset
when registering collections.abc.Mapping.

#iE): Py TPFLAGS MAPPINGand Py TPFLAGS_SEQUENCE are mutually exclusive; it is an error to
enable both flags simultaneously.

Hk

This flag is inherited by types that do not already set Py_ TPFLAGS MAPPING.
W%

PEP 634 — 45t LIt he . AL
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3.10 HCHT A

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.

ok :
This field is not inherited by subtypes.

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, wvoid *arg);

More information about Python’s garbage collection scheme can be found in section 1 xf % 5 7 & 35183735 3
EDIL.

The tp_traverse pointer is used by the garbage collector to detect reference cycles. A typical implementation
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 () fromthe _thread extension
module:

static int
local_traverse (localobject *self, visitproc visit, woid *arg)
{

Py_VISIT (self->args);

Py_VISIT (self-—>kw);

Py_VISIT (self->dict);

return 0;

Note that Py VISIT () is called only on those members that can participate in reference cycles. Although there
is also a self->key member, it can only be NULL or a Python string and therefore cannot be part of a reference
cycle.

On the other hand, even if you know a member can never be part of a cycle, as a debugging aid you may want to
visit it anyway just so the gc module’s get _referents () function will include it.

%% ;. 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 viathe tp_weaklist
slot, the pointer supporting the linked list (what #p_weaklist points to) must not be visited as the instance does
not directly own the weak references to itself (the weakreference list is there to support the weak reference
machinery, but the instance has no strong reference to the elements inside it, as they are allowed to be removed
even if the instance is still alive).

Note that Py VISIT () requires the visit and arg parameters to local_traverse () to have these specific
names; don’t name them just anything.

Instances of heap-allocated types hold a reference to their type. Their traversal function must therefore either visit
Py TYPE (self),or delegate this responsibility by calling t p_t raverse of another heap-allocated type (such
as a heap-allocated superclass). If they do not, the type object may not be garbage-collected.

3.9 W HH 5% Heap-allocated types are expected to visit Py_TYPE (self) in tp_traverse. Inearlier versions
of Python, due to bug 40217, doing this may lead to crashes in subclasses.

Aok :
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Group: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_clear and the Py TPFLAGS_HAVE_GC flag bit: the flag
bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

inquiry PyTypeObject .tp_clear
An optional pointer to a clear function for the garbage collector. This is only used if the Py TPFLAGS HAVE_GC
flag bit is set. The signature is:

int tp_clear (PyObject *);

The tp_clear member function is used to break reference cycles in cyclic garbage detected by the garbage
collector. Taken together, all tp_ c1ear 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.

Implementations of tp_ clear should drop the instance’s references to those of its members that may be Python
objects, and set its pointers to those members to NULL, as in the following example:

static int

local_clear (localobject *self)

{
Py_CLEAR (self->key);
Py_CLEAR(self->args);
Py_CLEAR (self->kw);
Py_CLEAR (self->dict);
return 0;

The Py_CLEAR () macro should be used, because clearing references is delicate: the reference to the contained
object must not be decremented until after the pointer to the contained object is set to NULL. This is because
decrementing the reference count 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 count-
ing 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 ob-
jects 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 t p_dealloc function to invoke
tp_clear.

More information about Python’s garbage collection scheme can be found in section 1 %f % £ 7 & g3 353K
[EP

Mok :
Group: Py TPFLAGS_HAVE_GC,tp_traverse, tp_clear

This field is inherited by subtypes together with tp_traverse and the Py TPFLAGS _HAVE_GC flag bit: the
flag bit, tp_traverse, and tp_clear are all inherited from the base type if they are all zero in the subtype.

richcmpfunc PyTypeObject .tp_richcompare
An optional pointer to the rich comparison function, whose signature is:
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PyObject *tp_richcompare (PyObject *self, PyObject *other, int op);

The first parameter is guaranteed to be an instance of the type that is defined by Py TypeObject.

The function should return the result of the comparison (usually Py_True or Py_False). If the comparison
is undefined, it must return Py_Not Implemented, if another error occurred it must return NULL and set an
exception condition.

The following constants are defined to be used as the third argument for tp_richcompare and for
PyObject_RichCompare ():

Y | WE
Py_LT | <
Py_LE | <=
Py_EQ | ==
Py_NE =
Py_GT | >
Py_GE | >=

T LA e T g S 4 5 i LA pR A

Py_RETURN_RICHCOMPARE (VAL_A, VAL_B, op)
Return Py_True or Py_False from the function, depending on the result of a comparison. VAL_A and
VAL_B must be orderable by C comparison operators (for example, they may be C ints or floats). The third
argument specifies the requested operation, as for PyObject_RichCompare ().

The return value’s reference count is properly incremented.
On error, sets an exception and returns NULL from the function.
3.7 BB

Aok :

Group: tp_hash, tp_richcompare

This field is inherited by subtypes together with t p_hash: asubtype inherits tp_richcompareand tp_hash
when the subtype’s tp_richcompare and tp_hash are both NULL.

it

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

If the instances of this type are weakly referenceable, this field is greater than zero and contains the offset in
the instance structure of the weak reference list head (ignoring the GC header, if present); this offset is used by
PyObject_ClearWeakRefs () and the PyWeakref_* functions. The instance structure needs to include
a field of type PyOb ject* which is initialized to NULL.

Do not confuse this field with tp_weak 11 st; that is the list head for weak references to the type object itself.
Aok :
This field is inherited by subtypes, but see the rules listed below. A subtype may override this offset; this means

that the subtype uses a different weak reference list head than the base type. Since the list head is always found via
tp_weaklistoffset, this should not be a problem.
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When a type defined by a class statement has no __slots__ declaration, and none of its base types 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 ref-
erence list head for instances of the type, and the slot’s offset is stored in the type’s tp_weaklistoffset.

When a type’s ___slots___ declaration does not contain a slot named ___weakref__, the type inherits its
tp_weaklistoffset from its base type.

getiterfunc PyTypeObject .tp_iter
An optional pointer to a function that returns an iterator for the object. Its presence normally signals that the
instances of this type are iterable (although sequences may be iterable without this function).

This function has the same signature as PyOb ject_GetIter ():

PyObject *tp_iter (PyObject *self);

Aok :
BT B 1 2RRAK

iternextfunc Py TypeObject .tp_iternext
An optional pointer to a function that returns the next item in an iterator. The signature is:

PyObject *tp_iternext (PyObject *self);

When the iterator is exhausted, it must return NULL; a StopIteration exception may or may not be set. When
another error occurs, it must return NULL too. Its presence signals that the instances of this type are iterators.

Iterator types should also define the tp_ i t er function, and that function should return the iterator instance itself
(not a new iterator instance).

This function has the same signature as PyIter Next ().
Pk :
1 B s ) G e YA L 9

struct PyMethodDef *PyTypeObject .tp_methods
An optional pointer to a static NULL-terminated array of PyMethodDef structures, declaring regular methods
of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a method
descriptor.

Aok :
This field is not inherited by subtypes (methods are inherited through a different mechanism).

struct PyMemberDef *PyTypeObject .tp_members
An optional pointer to a static NULL-terminated array of PyMemberDef structures, declaring regular data mem-
bers (fields or slots) of instances of this type.

For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a member
descriptor.

MoK :
This field is not inherited by subtypes (members are inherited through a different mechanism).

struct PyGetSetDef *PyTypeObject .tp_getset
An optional pointer to a static NULL-terminated array of PyGet SetDe £ structures, declaring computed attributes
of instances of this type.
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For each entry in the array, an entry is added to the type’s dictionary (see tp_dict below) containing a getset
descriptor.

Aok :

This field is not inherited by subtypes (computed attributes are inherited through a different mechanism).

PyTypeObject *PyTypeObject .tp_base

An optional pointer to a base type from which type properties are inherited. At this level, only single inheritance
is supported; multiple inheritance require dynamically creating a type object by calling the metatype.

#[F):  Slot initialization is subject to the rules of initializing globals. C99 requires the initializers to be “address
constants”. Function designators like Py Type 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 () isnot 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, t p_base should be set in the extension module’s init function.

MoK -
This field is not inherited by subtypes (obviously).

i

This field defaults to §PyBaseObject_Type (which to Python programmers is known as the type object).

PyObject *PyTypeObject .tp_dict

The type’s dictionary is stored here by Py Type_Ready ().

This field should normally be initialized to NULL before PyType_Ready is called; it may also be initialized to
a dictionary containing initial attributes for the type. Once PyType_ Ready () has initialized the type, extra
attributes for the type may be added to this dictionary only if they don’t correspond to overloaded operations (like
__add__()).

Aok :

This field is not inherited by subtypes (though the attributes defined in here are inherited through a different mech-
anism).

Bk
If this field is NULL, Py Type_Ready () will assign a new dictionary to it.

g fe: Tt is not safe to use PyDict_SetItem () on or otherwise modify tp_dict with the dictionary
C-APL

descrgetfunc PyTypeObject .tp_descr_get

An optional pointer to a ”descriptor get” function.

The function signature is:

PyObject * tp_descr_get (PyObject *self, PyObject *obj, PyObject *type);

oK :
BT B e 1 2RRAK
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descrsetfunc PyTypeObject .tp_descr_set
An optional pointer to a function for setting and deleting a descriptor’s value.

The function signature is:

int tp_descr_set (PyObject *self, PyObject *obj, PyObject *value);

The value argument is set to NULL to delete the value.
ok :
BT Bl R AGK

Py _ssize_t PyTypeObject.tp_dictoffset
If the instances of this type have a dictionary containing instance variables, this field is non-zero and con-
tains the offset in the instances of the type of the instance variable dictionary; this offset is used by
PyObject_GenericGetAttr().

Do not confuse this field with tp_ dict; that is the dictionary for attributes of the type object itself.

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 real dictionary offset in an instance can be computed from a negative tp_dictoffset as follows:

dictoffset = tp_basicsize + abs(ob_size) *tp_itemsize + tp_dictoffset
if dictoffset is not aligned on sizeof (void*) :
round up to sizeof (void*)

where tp_basicsize, tp_itemsizeand tp_dictoffset aretaken from the type object, and ob_size
is taken from the instance. The absolute value is taken because ints use the sign of ob_size to store
the sign of the number. (There’s never a need to do this calculation yourself; it is done for you by
_PyObject_GetDictPtr().)

B

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 statementhasno ___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 aslotnamed __dict__tothe ___slots__ declaration does not have the expected effect, it just causes
confusion. Maybe this should be added as a feature just like _weakref  though.)

it
This slot has no default. For static types, if the field is NULL thenno __dict___ gets created for instances.

initproc PyTypeObject .tp_init
An optional pointer to an instance initialization function.
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This function corresponds to the __init__ () method of classes. Like __init__ (), itis possible to create an
instance without calling __init__ (), and it is possible to reinitialize an instance by calling its __init__ ()
method again.

The function signature is:

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 callto __init__ ().

The tp_init function, if not NULL, is called when an instance is created normally by calling its type, after the
type’s tp_new function has returned an instance of the type. If the £ p_new function returns an instance of some
other type that is not a subtype of the original type, no tp_ init function is called; if £ p_new returns an instance
of a subtype of the original type, the subtype’s tp_init is called.

Returns 0 on success, —1 and sets an exception on error.
Aok :

WP B TR AK

Bk

For static types this field does not have a default.

allocfunc PyTypeObject .tp_alloc

An optional pointer to an instance allocation function.

The function signature is:

PyObject *tp_alloc(PyTypeObject *self, Py_ssize_t nitems);

Aok :
This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement).
i

For dynamic subtypes, this field is always setto Py Type_GenericAlloc (),toforce a standard heap allocation
strategy.

For static subtypes, PyBaseObject_Type uses PyType_GenericAlloc (). That is the recommended
value for all statically defined types.

newfunc Py TypeObject .tp_new

An optional pointer to an instance creation function.

The function signature is:

PyObject *tp_new (PyTypeObject *subtype, PyObject *args, PyObject *kwds);

The subtype argument is the type of the object being created; the args and kwds arguments represent positional
and keyword arguments of the call to the type. Note that subtype doesn’t have to equal the type whose tp_new
function is called; it may be a subtype of that type (but not an unrelated type).

The tp_new function should call subtype->tp_alloc (subtype, nitems) to allocate space for the
object, and then do only as much further initialization as is absolutely necessary. Initialization that can safely be
ignored or repeated should be placed in the tp_ init handler. A good rule of thumb is that for immutable types,
all initialization should take place in tp_new, while for mutable types, most initialization should be deferred to
tp_init.

Setthe Py TPFLAGS_DISALLOW_INSTANTIATION flag to disallow creating instances of the type in Python.
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ok :
This field is inherited by subtypes, except it is not inherited by static types whose tp_base is NULL or
&PyBaseObject_Type.

it

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
An optional pointer to an instance deallocation function. Its signature is:

void tp_free(void *self);

An initializer that is compatible with this signature is PyOb ject_Free ().

H :

This field is inherited by static subtypes, but not by dynamic subtypes (subtypes created by a class statement)
Hig:

In dynamic subtypes, this field is set to a deallocator suitable to match PyType_ GenericAlloc () and the
value of the Py TPFLAGS_HAVE_GC ﬂag bit.

For static subtypes, PyBaseObject_Type uses PyObject_Del.

inquiry PyTypeObject .tp_is_gec
An optional pointer to a function called by the garbage collector.

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 t p_ £ 1ags 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);

(The only example of this are types themselves. The metatype, Py Type_ Type, defines this function to distinguish
between statically and dynamically allocated types.)

Aok :

WP B TR AK

Bk

This slot has no default. If this field is NULL, Py_ TPFLAGS_HAVE_ GC is used as the functional equivalent.

PyObject *Py TypeObject .tp_bases
Tuple of base types.

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.

g ;. Multiple inheritance does not work well for statically defined types. If you set tp_bases to a tuple,
Python will not raise an error, but some slots will only be inherited from the first base.
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Pk :
This field is not inherited.

PyObject *Py TypeObject .tp_mro
Tuple containing the expanded set of base types, starting with the type itself and ending with object, in Method
Resolution Order.

This field should be set to NULL and treated as read-only. Python will fill it in when the type is initialized.
ok :
This field is not inherited; it is calculated fresh by Py Type_ Ready ().

PyObject *PyTypeObject .tp_cache
Unused. Internal use only.

ok :
This field is not inherited.

PyObject *PyTypeObject .tp_subclasses
List of weak references to subclasses. Internal use only.

ok :
This field is not inherited.

PyObject *PyTypeObject .tp_weaklist
Weak reference list head, for weak references to this type object. Not inherited. Internal use only.

ok :
This field is not inherited.

destructor Py TypeObject .tp_del
This field is deprecated. Use tp_finalize instead.

unsigned int Py TypeObject .tp_version_tag
Used to index into the method cache. Internal use only.

Pk :
This field is not inherited.

destructor PyTypeObject .tp_finalize
An optional pointer to an instance finalization function. Its signature is:

void tp_finalize (PyObject *self);

If tp_finalizeisset, 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:

static void
local_finalize (PyObject *self)
{

PyObject *error_type, *error_value, *error_traceback;

/* Save the current exception, if any. */

(FItakss)
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PyErr_Fetch (&error_type, &error_value, &error_traceback);
VA

/* Restore the saved exception. */
PyErr_Restore(error_type, error_value, error_traceback);

Also, note that, in a garbage collected Python, tp_dealloc may be called from any Python thread, not just the
thread which created the object (if the object becomes part of a refcount cycle, that cycle might be collected by a
garbage collection on any thread). This is not a problem for Python 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.

Aok :
BT Bt T RBAK
3.4 BUFTIA.

3.8 it ¥ &#: Before version 3.8 it was necessary to set the Py TPFLAGS_HAVE_FINALTZE flags bit in order
for this field to be used. This is no longer required.

Wk
”Safe object finalization” (PEP 442)

vectorcallfunc Py TypeObject .tp_vectorcall
Vectorcall function to use for calls of this type object. In other words, it is used to implement vectorcall for type .
__call_ . Iftp_vectorcall is NULL, the default call implementation using __new__and __init__is
used.

Mok :
This field is never inherited.

3.9 BETIN A (the field exists since 3.8 but it’s only used since 3.9)

12.3.6 Static Types

Traditionally, types defined in C code are static, that is, a static Py TypeObject structure is defined directly in code and
initialized using Py Type_Ready ().

This results in types that are limited relative to types defined in Python:
« Static types are limited to one base, i.e. they cannot use multiple inheritance.

« Static type objects (but not necessarily their instances) are immutable. It is not possible to add or modify the type
object’s attributes from Python.

* Static type objects are shared across sub-interpreters, so they should not include any subinterpreter-specific state.

Also, since PyTypeObject is only part of the Limited API as an opaque struct, any extension modules using static
types must be compiled for a specific Python minor version.
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12.3.7 Heap Types
An alternative to static types is heap-allocated types, or heap types for short, which correspond closely to classes created
by Python’s class statement. Heap types have the Py TPFLAGS_HEAPTYPE flag set.

This is done by filing a PyType Spec structure and calling PyType FromSpec (),
PyType_FromSpecWithBases (),or PyType_ FromModuleAndSpec ().

12.4 Number Object Structures

type PyNumberMethods
This structure holds pointers to the functions which an object uses to implement the number protocol. Each function
is used by the function of similar name documented in the # 5 #13L section.

Here is the structure definition:

typedef struct {

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_add;
nb_subtract;
nb_multiply;
nb_remainder;
nb_divmod;

ternaryfunc nb_power;

unaryfunc nb_negative;
unaryfunc nb_positive;
unaryfunc nb_absolute;

inquiry nb_.

bool;

unaryfunc nb_invert;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_1lshift;
nb_rshift;
nb_and;
nb_xor;
nb_or;

unaryfunc nb_int;
void *nb_reserved;
unaryfunc nb_float;

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_add;
nb_inplace_subtract;
nb_inplace_multiply;
nb_inplace_remainder;

ternaryfunc nb_inplace_power;

binaryfunc
binaryfunc
binaryfunc
binaryfunc
binaryfunc

binaryfunc
binaryfunc
binaryfunc
binaryfunc

nb_inplace_1lshift;
nb_inplace_rshift;
nb_inplace_and;
nb_inplace_xor;
nb_inplace_or;

nb_floor_divide;
nb_true_divide;
nb_inplace_floor_divide;
nb_inplace_true_divide;

unaryfunc nb_index;

binaryfunc

nb_matrix_multiply;

(N gksn)
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binaryfunc nb_inplace_matrix_multiply;
} PyNumberMethods;

#(F): Binary and ternary functions must check the type of all their operands, and implement the necessary
conversions (at least one of the operands is an instance of the defined type). If the operation is not defined for the
given operands, binary and ternary functions must return Py_Not Implemented, if another error occurred they
must return NULL and set an exception.

#i[E): The nb_reserved field should always be NULL. It was previously called nb_1ong, and was renamed
in Python 3.0.1.

binaryfunc PyNumberMethods .nb_add

binaryfunc PyNumberMethods .nb_subtract

binaryfunc PyNumberMet hods.nb_multiply

binaryfunc PyNumberMet hods .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 PyNumberMet hods .nb_and

binaryfunc PyNumberMethods .nb_xor

binaryfunc PyNumberMethods .nb_or

unaryfunc PyNumberMet hods.nb_int

void *PyNumberMethods.nb_reserved

unaryfunc PyNumberMethods.nb_float

binaryfunc PyNumberMethods.nb_inplace_add
binaryfunc PyNumberMethods .nb_inplace_subtract
binaryfunc PyNumberMethods.nb_inplace_multiply
binaryfunc PyNumberMethods.nb_inplace_remainder
ternaryfunc PyNumberMethods.nb_inplace_power
binaryfunc PyNumberMethods .nb_inplace_lshift

binaryfunc PyNumberMethods .nb_inplace_rshift
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binaryfunc PyNumberMethods.nb_inplace_and

binaryfunc PyNumberMethods .nb_inplace_xor

binaryfunc PyNumberMethods.nb_inplace_or

binaryfunc PyNumberMet hods.nb_floor_divide

binaryfunc PyNumberMethods .nb_true_divide

binaryfunc PyNumberMethods .nb_inplace_floor_divide
binaryfunc PyNumberMethods.nb_inplace_true_divide
unaryfunc PyNumberMet hods .nb_index

binaryfunc PyNumberMethods.nb_matrix_multiply

binaryfunc PyNumberMethods.nb_inplace_matrix_multiply

12.5 Mapping Object Structures

type PyMappingMethods
This structure holds pointers to the functions which an object uses to implement the mapping protocol. It has three
members:

lenfunc PyMappingMethods .mp_length
This function is used by PyMapping_Size () and PyObject_Size (), and has the same signature. This slot
may be set to NULL if the object has no defined length.

binaryfunc PyMappingMethods.mp_subscript
This function is used by PyOb ject_GetItem () and PySequence_GetSlice (), and has the same signa-
ture as PyObject_GetItem (). This slot must be filled for the PyMapping Check () function to return 1,
it can be NULL otherwise.

objobjargproc PyMappingMethods.mp_ass_subscript
This function is used by PyObject_SetItem(), PyObject_DelItem(), PyObject_SetSlice ()
and PyObject_DelSlice (). It has the same signature as PyObject_SetItem (), but vcan 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 Sequence Object Structures

type PySequenceMethods
This structure holds pointers to the functions which an object uses to implement the sequence protocol.

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 sgq_itemand the sq_ass_itemslots.

binaryfunc PySequenceMethods.sq_concat
This function is used by PySequence_Concat () and has the same signature. It is also used by the + operator,
after trying the numeric addition via the nb_add slot.

ssizeargfunc PySequenceMethods.sq_repeat
This function is used by PySequence_Repeat () and has the same signature. It is also used by the * operator,
after trying numeric multiplication via the nb_multiply slot.
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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 sg_length slot is filled, it is called and the sequence length is
used to compute a positive index which is passed to sg_item. If sg_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
This function may be used by PySequence_Contains () and has the same signature. This slot may be left to
NULL, in this case PySequence_Contains () simply traverses the sequence until it finds a match.

binaryfunc PySequenceMethods.sq_inplace_concat
This function is used by PySequence_InPlaceConcat () and has the same signature. It should modify its
first operand, and return it. This slot may be left to NULL, in this case PySequence_InPlaceConcat () will
fall back to PySequence_Concat (). It is also used by the augmented assignment +=, after trying numeric
in-place addition via the nb_inplace_add slot.

ssizeargfunc PySequenceMethods.sq_inplace_repeat
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 augmented assignment *=, after trying numeric
in-place multiplication via the nb_inplace_multiply slot.

12.7 Buffer Object Structures

type PyBufferProcs
This structure holds pointers to the functions required by the Buffer protocol. The protocol defines how an exporter
object can expose its internal data to consumer objects.

getbufferproc PyBufferProcs.bf_getbuffer
The signature of this function is:

int (PyObject *exporter, Py_buffer *view, int flags);

Handle a request to exporter to fill in view as specified by flags. Except for point (3), an implementation of this
function MUST take these steps:

(1) Check if the request can be met. If not, raise PyExc_BufferError, set view—>0b7j to NULL and
return —1.

(2) Fill in the requested fields.

(3) Increment an internal counter for the number of exports.
(4) Set view—>o0b7j to exporter and increment view—>0b7j.
(5) Return 0.

If exporter is part of a chain or tree of buffer providers, two main schemes can be used:
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* Re-export: Each member of the tree acts as the exporting object and sets view—>ob7j to a new reference to
itself.

» Redirect: The buffer request is redirected to the root object of the tree. Here, view—>o0bj will be a new
reference to the root object.

The individual fields of view are described in section Buffer structure, the rules how an exporter must react to specific
requests are in section Buffer request types.

All memory pointed to in the Py_buf fer structure belongs to the exporter and must remain valid until there are
no consumers left. format, shape, strides, suboffsetsand internal are read-only for the consumer.

PyBuffer FillInfo () provides an easy way of exposing a simple bytes buffer while dealing correctly with
all request types.

PyObject_GetBuffer () is the interface for the consumer that wraps this function.

releasebufferproc PyBufferProcs.bf_releasebuffer
The signature of this function is:

void (PyObject *exporter, Py_buffer *view);

Handle a request to release the resources of the buffer. If no resources need to be released, PyBufferProcs.

bf releasebuffer may be NULL. Otherwise, a standard implementation of this function will take these
optional steps:

(1) Decrement an internal counter for the number of exports.
(2) If the counter is 0, free all memory associated with view.

The exporter MUST use the internal field to keep track of buffer-specific resources. This field is guaranteed
to remain constant, while a consumer MAY pass a copy of the original buffer as the view argument.

This function MUST NOT decrement view—>obj, since that is done automatically in PyBuffer Release ()
(this scheme is useful for breaking reference cycles).

PyBuffer Release () is the interface for the consumer that wraps this function.

12.8 Async Object Structures

3.5 WO

type PyAsyncMethods
This structure holds pointers to the functions required to implement awaitable and asynchronous iterator objects.

Here is the structure definition:

typedef struct {
unaryfunc am_await;
unaryfunc am_aiter;
unaryfunc am_anext;
sendfunc am_send;

} PyAsyncMethods;

unaryfunc PyAsyncMethods.am_await
The signature of this function is:

PyObject *am_await (PyObject *self);
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The returned object must be an iterator, i.e. PyIter_Check () must return 1 for it.
This slot may be set to NULL if an object is not an awaitable.

unaryfunc PyAsyncMethods.am_aiter
The signature of this function is:

PyObject *am_aiter (PyObject *self);

WAIR [B]—A~asynchronous iterator 3%t . 1§20 __anext__ () TR .
This slot may be set to NULL if an object does not implement asynchronous iteration protocol.

unaryfunc PyAsyncMethods.am_anext
The signature of this function is:

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
The signature of this function is:

PySendResult am_send(PyObject *self, PyObject *arg, PyObject **result);

See PyIter Send () for details. This slot may be set to NULL.

3.10 BUHTIA.

12.9 Slot Type typedefs

typedef PyObject ¥*(*allocfunc) (PyTypeObject *cls, Py_ssize_t nitems)
Part of the Stable ABI The purpose of this function is to separate memory allocation from memory 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 setto 1 and ob_t ype set to the type argument. If the type’s tp_ i temsizeisnon-
zero, the object’s ob__s 1 ze field should be initialized to nitems and the length of the allocated memory block should
be tp_basicsize + nitems*tp_itemsize,rounded up toamultiple of sizeof (void*) ;otherwise,
nitems is not used and the length of the block should be tp_basicsize.

This function should not do any other instance initialization, not even to allocate additional memory; that should be
done by tp_new.

typedef void (*destructor) (PyObject™)
Fart of the Stable ABI.

typedef void (*freefunc) (void*)
SR tp_free,
typedef PyObject *(*newfunc) (PyObject*, PyObject*, PyObject™)
Part of the Stable ABL 5% R.tp_new.
typedef int (*initproc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABIL 5 R.tp_init,
typedef PyObject *(*reprfunc) (PyObject*)
Part of the Stable ABL. 5§ R.tp_repr.

typedef PyObject *(*getattrfunc) (PyObject *self, char *attr)
Fart of the Stable ABI. Return the value of the named attribute for the object.
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typedef int (*setattrfunc) (PyObject *self, char *attr, PyObject *value)
Part of the Stable ABI. Set the value of the named attribute for the object. The value argument is set to NULL to
delete the attribute.

typedef PyObject *(*getattrofunc) (PyObject *self, PyObject *attr)
Fart of the Stable ABI. Return the value of the named attribute for the object.

SR tp_getattro,

typedef int (*setattrofunc) (PyObject *self, PyObject *attr, PyObject *value)
Fart of the Stable ABI. Set the value of the named attribute for the object. The value argument is set to NULL to
delete the attribute.

SR tp_setattro,

typedef PyObject *(*descrget func) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL. 5% H.tp_descr_get.,

typedef int (*descrsetfunc) (PyObject*, PyObject*, PyObject*)
Part of the Stable ABL 5 .t p_descr_set.,

typedef Py_hash_t (*hashfunc) (PyObject*)
Part of the Stable ABL. 5% R.tp_hash,

typedef PyObject *(*richempfunc) (PyObject*, PyObject*, int)
Part of the Stable ABL # i.tp_richcompare,

typedef PyObject *(*getiterfunc) (PyObject*)
Part of the Stable ABL 3§ R.tp_iter,

typedef PyObject *(*iternextfunc) (PyObject*)
Part of the Stable ABIL §5 i, tp_iternext,

typedef Py_ssize_t (*lenfunc) (PyObject*)
Part of the Stable ABI.

typedef int (*getbufferproc) (PyObject*, Py_buffer*, int)
typedef void (*releasebufferproc) (PyObject*, Py_buffer*)

typedef PyObject *(*unaryfunc) (PyObject*)
Part of the Stable ABI.

typedef PyObject *(*binaryfunc) (PyObject*, PyObject*)
Part of the Stable ABI.

typedef PySendResult (*sendfunc) (PyObject*, PyObject*, PyObject**)
5 Ham send,

typedef PyObject *(*ternaryfunc) (PyObject*, PyObject*, PyObject™)
Part of the Stable ABI.

typedef PyObject *(*ssizeargfunc) (PyObject*, Py_ssize_t)
Part of the Stable ABI.

typedef int (*ssizeobjargproc) (PyObject*, Py_ssize_t, PyObject*)
Part of the Stable ABI.

typedef int (*objobjproc) (PyObject*, PyObject*)
Part of the Stable ABI.

typedef int (fobjobjargproc) (PyObject*, PyObject*, PyObject™)
Fart of the Stable ABI.
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12.10 36l

The following are simple examples of Python type definitions. They include common usage you may encounter. Some
demonstrate tricky corner cases. For more examples, practical info, and a tutorial, see defining-new-types and new-types-
topics.

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,

bi

You may also find older code (especially in the CPython code base) with a more verbose initializer:

static PyTypeObject MyObject_Type = {
PyVarObject_ HEAD_INIT (NULL, O)
"mymod.MyObject", /* tp_name */
sizeof (MyObject), /* tp_basicsize */
, /* tp_itemsize */
(destructor)myobj_dealloc, /* tp_dealloc */
0, /* tp_vectorcall_offset */
0, /* tp_getattr */
0, /* tp_setattr */
0, /* tp_as_async */
(reprfunc)myobj_repr, /* tp_repr */
0, /* tp_as_number */
0, /* tp_as_sequence */
0, /* tp_as_mapping */
0, /* tp_hash */
0, /* tp_call */
0, /* tp_str */
0, /* tp_getattro */
0, /* tp_setattro */
0, /* tp_as_buffer */
0, /* tp_flags */
PyDoc_STR("My objects"), /* tp_doc */
/* tp_traverse */
/* tp_clear */
/* tp_richcompare */
/* tp_weaklistoffset */
/* tp_iter */
/* tp_iternext */
/* tp_methods */
/* tp_members */
/* tp_getset */
/* tp_base */

~ N 0~ 0~

~

~ N~ 0~

O O O O O O o o o o
~

~

(FoUakEE)
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(R —H)

/* tp_dict */

/* tp_descr_get */
, /* tp_descr_set */
, /* tp_dictoffset */
, /* tp_init */

, /* tp_alloc */
myobj_new, /* tp_new */

~

~

O O O O O O

bi

A type that supports weakrefs, instance dicts, and hashing:

typedef struct {
PyObject_HEAD
const char *data;
PyObject *inst_dict;
PyObject *weakreflist;
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject),
.tp_doc = PyDoc_STR("My objects"),
.tp_weaklistoffset = offsetof (MyObject, weakreflist),
.tp_dictoffset = offsetof (MyObject, inst_dict),
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = myobj_new,

.tp_traverse = (traverseproc)myobj_traverse,
.tp_clear = (inquiry)myobj_clear,

.tp_alloc = PyType_GenericNew,

.tp_dealloc = (destructor)myobj_dealloc,
.tp_repr = (reprfunc)myobj_repr,

.tp_hash = (hashfunc)myobj_hash,

.tp_richcompare = PyBaseObject_Type.tp_richcompare,
bi

A str subclass that cannot be subclassed and cannot be called to create instances (e.g. uses a separate factory func) using
Py_TPFLAGS_DISALLOW_INSTANTIATION flag:

typedef struct {
PyUnicodeObject raw;
char *extra;

} MyStr;

static PyTypeObject MyStr_Type = {
PyVarObject_HEAD_INIT (NULL, O)
.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,

bi

The simplest static type with fixed-length instances:
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typedef struct {
PyObject_HEAD
} MyObject;

static PyTypeObject MyObject_Type = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "mymod.MyObject",

bi

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, O)

.tp_name = "mymod.MyObject",
.tp_basicsize = sizeof (MyObject) - sizeof (char *),
.tp_itemsize = sizeof (char *),

bi

1211 {EXRIEB THRBEI LR B

Python X HHAG | AU LLIRAG I -5 TG 22 “7888" XM HE, MR A xt gl fe & HE A%
X5 ARAFHEMRITI IR, s AURAER T RE (er s a) gl AL, AR ER
SR PSR [ WAy S

HEAE-NERE, XMW RWip_flags F B W W 8 Py _TPFLAGS_HAVE_GC I $i& fit —
Atp_traverse ACPRRISEEL. WIRZERBWLHIRE AR, BFELMtp _clear .,

Py_TPFLAGS_HAVE_GC
WE T WARE AL AT A AL LSRR . S BRI, T SR LR R IR AR 4R

Z A R IR 3 R B AT A PSR -

1. I PyObject_GC_New () B{PyObject_GC_NewVar () hixEE%t4 /Bl N

2. WAL T A T R A AL ARSI I I F B, B Pyobject _GC_Track() .
[FIRER, AR A L FL

L 7EG BRI 7 BURAGET, WA Pyobject _GC_UnTrack () .

2. WA Pyobject _GC_Del () REHOMRHINE

B WR—ARAEIN T Py_TPFLAGS_HAVE_GC, W /ML /P> —Atp traverse
W R A R B H— A A T2 A

2 ] HlpyType Ready () B #F APL W K S [u B W A B W OE O Bl
WMPyType_FromSpecWithBases () BiPyType_FromSpec () BBt BB Fttp_flags,
tp_traverse filtp_clear FB, MHZAEALZ YR H LI T 13K MR ML 2 Az 726 &
HAFEPy_ TPFLAGS_HAVE_GC JEFRIIIE .
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TYPE *PyObject_GC_New (TYPE, PyTypeObject *type)
EMTPyobject_New() , @M TIRE T Py_TPFLAGS_HAVE_GC FRZMAZIAS .
TYPE *PyObject_GC_NewVar (TYPE, PyTypeObject *type, Py_ssize_t size)
EMTrPyobject_NewVar () , @M TWE T Py_TPFLAGS_HAVE_GC FRZMIAARATR o

TYPE *PyObject_GC_Resize (TYPE, PyVarObject *op, Py_ssize_t newsize)
NPyObject NewVar () FijrBif G BRI HE R /)N a0 [ 8 BE R/ 5 e b G B7E 2K KIS 3R 1] NULL
op WL T A I [EI UL 23 B

void PyObject_GC_Track (PyObject *op)
Part of the Stable ABL fEX§5 op I AZIBIIK AR IR ERA A AR AT G o XEGAEDE [T U3 B R DA 20 DR
AR, B I AT RETEAEATINARTT 4GB T . TEtp_traverse ALBERIN T FEAE WA UG,
R ATEE S G TR R o Sl ARl & N e O VAT RS

int PyObject_IS_GC (PyObject *obj)
TR RS T B s O R [ HE AR, 5 Wk el 0

AR ER R ] O D5 Te vk AR I A 1B B

int PyObject_GC_IsTracked (PyObject *op)
Part of the Stable ABI since version 3.9. TR op M52 SLIL T GC ¥ H. op B wij IE BB I ol e 338 i
R[] 1, 3R E 0.,

X2 F Python BE%X gc.is_tracked() .
3.9 BCHTINA.

int PyObject_GC_IsFinalized (PyObject *op)
Part of the Stable ABI since version 3.9. TR op TR TSI T GC WML H. op B 29 BI% R g £ 45 )
*{,H: Python p ﬁ( gc.is_finalized().,

3.9 BCHT A

void PyObject_GC_Del (void *op)
Part of the Stable ABL B¢ it % 2 W W 17, 1Z X 2 ¥ 1k 1k W hPyobject_GC_New ()
B PyObject_GC_NewVar () 4HEHNAE.

void PyObject_GC_UnTrack (void *op)
Part of the Stable ABL M [a] i B E5 1) 25 g8 % R AR G P RS I op R R 1 R ATE B 5 E R
WM Pyobject_GC_Track () PAXEH N BB R ERXS RAE G . BEAR (cp_dealloc F)HN) V2
TEtp_traverse NI T AEAT - B R A Hil A G T I R 5

3.8 it ##: _PyObject_GC_TRACK () il _PyObject_GC_UNTRACK () ZEMNHE C API F155:,

tp_traverse QIR AN RBR RETE S .

typedef int (*visitproc) (PyObject *object, void *arg)
Part of the Stable ABL f&45tp_traverse ALBRAVTH] BRARIIZRAL . object /@754 P 7g BP0 Iy ) —XF
%, HBEASMY T tp_traverse ALB arg . Python .0l 2417 ek BCSE BLIEER S | I,
WA, ANFFE P AT T R AR

tp_traverse AFEIMIE DDLU IEH:

typedef int (*traverseproc) (PyObject *self, visitproc visit, void *arg)
Part of the Stable ABL JT T 2538 XF G 043k [J R A . B 110 SE B ZI0NT self i B 34D S I A S XS  T wisit
BREL, visit (B2 ﬁ@f@/‘ﬁgﬁﬂ%é’\iﬁﬁﬁ“ i) arg {EL. visit KR AT NULL XRAVEN SHL
TR visit IR FIAERAR, WA R 24 i BT

N T fiifbtp_traverse AbHAY SE B, Python T;E{,\ — /NPy VISIT() Jh. #EMEMEXAZE, B
Wep traverse IEEN K visit Fl arg .
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void Py_VISIT (PyObject *0)
W o N NULL, JUEA visic I pEEL, H S50 Fl arg. Q2R visit IRl —ANERAE, WHR FHZ(E .
R EZ G, tp_traverse AbFFRRFRIEAANT:

static int
my_traverse (Noddy *self, visitproc visit, woid *arqg)
{

Py_VISIT (self->foo0);

Py_VISIT (self->bar);

return O;

}

tp_clear AbFRRRJFWAAUN inquiry FE8L, WRXIZARFAZ N 2A NULL,

typedef int (*inquiry) (PyObject *self)
Part of the Stable ABL ZF 7 A5 RIS o AT X RAT LRI, B A TR R 3™
ETEAGIH . TEERERZ, XSRAER A M G AR A R0 CREEXTS 1 R py_DECREF ()
D7) o AR ISR B SAETEER S | i, OB R A

12.11.1 E§ILIREW SRR A

XA C-APLERME T DAR eR S T8 B3k 3217

Py_ssize_t PyGC_Collect (void)
Fart of the Stable ABIL $W475¢ &b Mk, AnRsmk mss e s G . (R ge.collect () &
TAMHPATE )
3R 5] 2L [ + T3k RO R AT RO S R . AN SR el e Ak 45 B ARSI A T I, )57 BTR
] 0 FERIR MDA K A S iR 2915 45 sys .unraisablehook., MHEKEIALT|IKFH .

int PyGC_Enable (void)
Part of the Stable ABI since version 3.10. &2 % BIes: 25T ge.enable () . IREIZHIARE, 0
AR 1A .

3.10 HCHTIA.

int PyGC_Disable (void)
Part of the Stable ABI since version 3.10. 5 i [Uss: 3BT ge.disable () . IREIZHIHPRE, O
AR 1A .

3.10 OB

int PyGC_IsEnabled (void)
Part of the Stable ABI since version 3.10. ZTi]Bi PSS HERES : 25T go.isenabled () . & [F24H]
FPRAS, 0 AZEHIM 1 MR

3.10 OB

1211, EX R TFFIFTGIR B 271



The Python/C API, £[F 3.10.11

272 Chapter 12. &R scilziF



cHAPTER 13

API #0 ABI iR A &35

CPython i DA R EL 4L (macro) 2 BHHRASE. kR, HERIR2EE (built) B HRIREA, EIA—ER

HEATRE] (run time) Fr(l A A9 HROAS

RS APL I ABL RGP MOy, 35 C AP 41572 12

PY_MAJOR_VERSION
¥E 3.4.1a2 #1 3,

PY_MINOR_VERSION
FE 3.4.1a2 i 4,

PY_MICRO_VERSION
JE3.4.1a2 Iy 1.

PY_RELEASE_LEVEL

TE 3.4.1a2 1) a. 0xA ft3% alpha Jid<. 0xB ft3 beta filids. 0xC [FlEfRA . oxF A [FlHEL

Ho

PY_RELEASE_SERIAL
1E 3.4.1a2 iy 2, FHIEHEKEARA.

PY_VERSION_HEX
Wl 4 S E) 82— 80y Python AR5 .

JI AR AR AT DA AT BRI HL R o — I 32 A oclie v ARG

s | iyt (KisAITaERF (big endian order)) | &% 3.4.1a2 FHIE
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

Kt 3.4.1a2 {3 hexversion 0x030401a2, 3.10.0 {3 hexversion 0x030a00£0,

B $2 3) i) EL AR B 254E Include/patchlevel.h,
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APPENDIX A

>>> HH)3 shell {YTHEL Python #&/R°F 0. 5 RN BETE Bk ds o AL B 7 sXHc AT i AR 191
. MPAFIR:

o e RIS IR . FE— SRR 2 E AT (delimiter, BIANFRSE. JrHfo%. IEHG5REL
=519%) DR, SURTEHRE —MR4EAHES (decorator) 2 4%, Z AFEAGIRE, HESX shell BRI
¢ Python $275°F JC.

o FF# Ellipsis,

2to3 —fHFEHf Python 2.x FEsUAGE(EIE] Python 3.x FEaAGY TR, B2 it SRR A A2 M AR I
BCE R, T SRR 2 R 5 30 BT 5 G P i R F AT T Al 1 2

2to3 7ETT ABEHERR 3URE P A 1ib2to3 B A B4Rt T — MBI A DB, 7E Tools/scripts/
2to3. #E2[F] 2to3-reference.

abstract base class (% 2EekEIE) g HEHEE (XAEE ABC) %EfﬁT TEEFRMR T, VEElduck-
nping (WBFHE) H7e. HABELINEAT, B2 hasattr (), BIFEEMEEAE MM0ER (4
W EEART 73 (magic method) ). ABC [Ef] [/ subclass (%eﬁl) EMERER E 55— class (3
[E]), {H3A[ 9 isinstance () & issubclass () #iil; #H2[E abe BAHHEIN SCF. Python 5 7%
[EzH) ABC, FINERIGHE (F£ collections. abc *%zﬂ) #HF (FF numbers i), H (FF io
FiZH) K import FAGESFIE AL (F£ importlib.abe H4). YRUJPAMEH] abe #4H . H C ) ABC,

annotation ([EJfE) —HELSAML. class JEME. bR ZCAY 22 ik [ml (AR B B RO AEED . FRIEG, & W AR AEE pe
hint (BIEHER) .

TEFEFTIF (runtime), [83ak 58 # 0 (FVRRME LB AF L, (HAtaksst il class @ AN R R ER, & 0 [Eplifk
TEAERAH . class flIpR=AY __annotations_ HpikE e,

#t2(Flvariable annotation. function annotation, PEP 484 Fl PEP 526, 526 ¥h L ah e ER . B
(R 11 B B 8y 725 575 2 (E) annotations-howto .
argument (5[%) PRI R R EFPELIEAS function (B{method) WI{E . 5|8CG WifH:

o P42 7 ¥ (keyword argument): FERRNIEI G DUEREIS (identifier, 4 name=) BHBEMIS|#L,
a2 DA ** #81H dictionary (L) [EN(EREIER S . BT, 3 15 #EZPAT complex () FEIY
) B SR | B
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

* 12 % 5] ¥ (positional argument): ARG T 5 BT 8. A7 E G | BOTHE— 85 | B R AE 1 52
B, M) EE * 2 & iWierable (PJEWCHIIE) PICRBEE. B, 3 S #2LA RIEm b
HALEL T | B

complex (3, 5)
complex (* (3, 5))

S BCEr B i Ay ek s A P I A TS B, BRSO A AR B, WS 2 (] calls Tafii. 7ERE
WEE, ARAE S ST AR RS — 5 | U ARl & i o2 A [ sk 2

syt 2 BlRER I parameer (Z290) WRH . % LEE D5 ERS 8 Min2EE, L& PEP 362,

asynchronous context manager (JE[RIBEEHATAGY) BT AEH] async with PRIACH T RIS
1, B EBEBEF __aenter_ () fl__aexit__ () method (J73:) A¥EHIN. i PEP 492 8| A,

asynchronous generator (AE[|2BEIN:2S) — 1 & 8] Hasynchronous generator iterator (JE[F) 24 25 EILHE)
PR BEHREERG A async def &M B X (coroutine function), HARKZEME T
yield #H N, BEEM—RFIHR asyne for [EIREMIMHE.

B R TR 3 R IR — AR EA gk, (EAER e, Rk R ER YA ZERE
(asynchronous generator iterator), H#—E LM R IENERERE, Ao BOMTHE, DUBIEFE.

—{HIER BB LSRR AL await B, PAM async for fll async with BIARR.

asynchronous generator iterator (JEFIGEIE:ZSENUCES)  —1{W Hasynchronous generator (JEFRIZEIAESE) R
PSR

& B —{@asynchronous iterator (E[EHEUREY), B EVA __anext_ () method FIFNY I, &r[a]{H—{F
AP (awaitable object), WIS ATIERI A E A A R0 48, HEBE N M yield ER
K

B yield SrE{Em Ay, ERtfE0 B ik (A5G s s e iy wy A . BaER ¥
E4A ZEREVAS 1 __anext_ () [EMER A S50 A RO R ERE, & e m kb #4538
1. 2 PEP 492 1 PEP 525,

asynchronous iterable (JE[F]2Bn[[ECITE) — (@ W, BRIDATE async for WA gl . WAERKE
W __aiter_ () method [A{&—{fasynchronous iterator (EFIZEMLEE). i PEP 492 3| A,

asynchronous iterator (JEFRIZBEMRES) — 1 B /E __aiter_ () Hl __anext_ () method [ ¥ 4.
__anext__ WA [EIE—Hawaitable (FTE1E14). async for GRHTAERIAEMERA __anext__ ()
method ft [l E A SR, EHE|'E 5% StopAsyncIteration fil4h, i PEP 492 5| A

attribute (JEPk)  —(H BELEY (R AH BB R, RZ% (K 2 68175 10 26 5 B 38 532X (dotted expression) 1) 4%
Wi B, RV o 5 — B a, RIFZBHRELL 0.0 #i2 .
MR RRE, BT 20— M2 )2 H identifiers T € 3% 2 sk([E)4F (identifier) (1) J88 1245 W] B
(0, BIANET setattr () o BRITHRI G PR 1 ey 0 T 0 40 BB S XA P B, TR R getattr ()
KEIRE

awaitable (WZEfpPpf:) —EVDATE await B X P PE. BRIAR—Hcoroutine (), S/
—{fA __await__ () method [H¥{. FiE2(E PEP 492,

BDFL Benevolent Dictator For Life (#E{"25M## ), X4 Guido van Rossum, Python [ 8lI3& 3% .

binary file (_fElR4SR) —EREEIFERE Abytes-like objects CNLTCHERYIE) Wifile object (REZEWIE) -
THERIR RN TA: AR (rb'. 'wb B 'rb+') BAERIEZE. sys.stdin.buffer,
sys.stdout.buffer, PA i0.BytesIO fl gzip.GzipFile .

iis(Eext file (SCFARZR), B WREERIBEA st YIHIHEED .
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borrowed reference (ffif122) 7 Python fij C API ', AR —HEWIUENZ . EANTBUGEYH
1) 22 BE 5140 (reference count), QISR B EEE], & & E—H k& $51E (dangling pointer), &, —
A )i (garbage collection) RJ DARS [ 354 14 ) e % — Wl strong reference ([EI2B8), i sz E85E,

$borrowed reference WERY Py INCREF () DA E JEEHh (in-place) $#(FI[Elstrong reference 24 2 s I
BRI R BB R AR K A I 2 IR s . Py _NewRer () eREH] I BT — W i sirong

reference.,

bytes-like object (CEAfijc#lHB¥fE) —1H523% % #5152 (Buffer Protocol) H.GE[EIRE 1Y C-contiguous 4% 18 & 14
., BHEIEHTAER bytes, bytearray Ml array.array ¥, PAKEHZHE LK memoryview ¥4,
ﬁfﬁﬁfﬂ%ﬂ@ﬁﬁﬁfﬂ?ﬁi‘&‘ﬁfﬂ:iﬁﬁ?ﬂﬁﬂﬁ@%@@%; io S AL R AR . R R AR SR
socket (4fijHE) #fi%,

AUGER TR R R nT . [ SCrRE s L M REE TR BT A Y ]
S S 1 I ) W36 bytearray, PAMN bytearray i) memoryview, HAhF)EE T2 iG] &
BHE AR Y (THESRSACAHABY D) s By s bytes, LA bytes Yy

memoryview,

bytecode (fiyC4lf§) Python fJFAAHE € 4 s ML JCALAS, &2 Python F£xU7E CPython F 4% Hh Y (B
FRYE . AT G A coye AT, DUESE R TI — A R R REE o (FTAAR
FAE LR TS B8 A s B0 C A ) o EAE [P IS S (intermediate language) | 4% (F) 2 84 T E —{ virmual
machine ([EH5ERRS) I, wZ(EIRE €907 THL AR 47 T AL A 5B (1 M2 15 (machine code). BLH AT,
P TCA RS L2 SEEAE N [H] () Python (IR #S 2 HIEEVERY, W NREFEA [ MUA Y Python 7 [l 4515
JE o
RLTCHLRE 48 25 T LATE dis BLAH A EB] SO 4k 3

callable (W[PERYPE)  — i callable Je F DA IE A Fg 9y £, WP AL IS T BB DA R 5108 Xl A — AL5 1 0 (g

Hargument):

’ callable (argumentl, argument2, ...) ‘

— W function BiHGE A fhymethod H#B 2 callable, — A BAE __call_ () %M class 22 B it 2 {1

callable,
callback (IMIPE)  FE[E)S| Sl (% i —(H I FE 2 (subroutine) PR, @78 A A o i e T B LA 7

class (BEE]) — 8 B A a7 0l H 3 YA . Class 19 & 351 %5 €49 & method 1Y E 3%, 15 £% method
] PATE class [ EL_E i 454

class variable (Fi[E584) —{F7E class s, EEZ HAELE class JEk (BRI ETE class [ EGIH) 9%
B RSB

coercion ([EJRIERY) PS5 K Wi A [F BUENS | S S e Re o, AR EI A F 0 EIE) 55— A A E) Y B X
#[F (implicit conversion) ##f2. BIfH, int (3.15) € rE B EEE L 3, (HYE 3+4.5 1, HH{FET]
HOR AR ZYE] (—f8 int, —{F float), Ifi3E Wifi 5 | A g EIEA R BE 42 A GeAH I, 75 11
W&5% TypeError. WIREMGEREE, BIETE RS HEESAHZ, © MR h i s
IERUE (normalize) [EAHIFIME, 0, T £loat (3)+4.5 MAREHIE 3+4.5.

complex number ([EJ%) —HFMABHEBASMIE, EBITA BEF# & 1m0 23R ([E)
w2z Al o R ESORAL (-1 BPFAR) BBy, BLH AR e R (] 1, R T AR B
%3 3. Python [FI 1 #FIAY S8R, ERMEHWRERFRER: EeRE —MEMN 5 Pim
B, B0 3+15. B math BUAHER T AR M R ER, #FH cnath B4, (80062 —
TR R P BRI RE . WRAREV A 4 BB B M RRoK , ISEI 8T REREE IR AT DA% b 2 E A

context manager (f5BIAFHNZY) — M AT LASEHl with BRAAX I RER WY 4, M E 258 2%
__enter_ () fl__exit__ () method 4EHIN. sH2(F PEP 343,

context variable (F§S88U) {6 G, HOA AT DURRAE b F SCROHH 8 T 47 R . 328 20 0L 0 A 40 I o
171 (Thread-Local Storage), 7E35r, — (827 (AT 45 T AR AT R IO L. ARTIT, BRIV it
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o, AT PR R Er A 2SS, B EE S, RAEEFTAYAER 2T (concurrent
asynchronous task) 47, Sk e iB[E]. 352 contextvars,

contiguous (BHLAH) LR — {7 45 ff [ /2 C-contiguous 5% Fortran contiguous ., HI| ‘& € HE U] 3ok 47 () 5 i 48
B, 254t (zero-dimensional) f{) 451 W42 C & Fortran contiguous, FE—# (one-dimensional) [#%1] F1, 4%
JE H L ZRAE RO AR R T R MR HE S TR G B R A BB AR R HY . 7E 2 4R (multidimensional)
C-contiguous [ 51 7, 5 G0 5 HE A7 31k 1 N 9 1) 4% (R JEUH IR, B4R — (LRSI s Ak e . SR, 7
Fortran contiguous [#41 41, 55—(HZ&R 5|kt

coroutine (I##%) MHFLZEIFEX (subroutine) f—fE W EIRE T . B RAE R0 7 I B Bl A )7 7
— IR IR ROR . AR T ATERFZ AR I B BB A . BN EMBEEIRA asyne def BR
BRABEAE. SIFES(E PEP 492,

coroutine function ([ifEEX) — M Ecorounine (HFE) PIFRIRL. — TR EEA asyne def B
R EsR, [ERAEEr 4 await, async for fl async with B8, LBl PEP 492 5|
Ao

CPython Python F£3E = IWAEHE E/F (canonical implementation), ##EAIFE python.org k. [CPython | i F4#f
FETE BRI, AR WEEE TSRS W EAE, Bl Jython B IronPython.

decorator (:ffigy) M, BEEMES MK, EEEGMHH ewrapper 7, HiEHE—HH KL
H4%#(E] (function transformation), #Efifi#s K FHL&IFZ classmethod () Hl staticmethod (),

Aetfian ik HUE R . DA e U SRR R 3R R SRR -

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

Class WAFAEM A IOMES, (EAEAREEBA T M. BREHiELE%, H2EREFRA class E 5%
IR A

descriptor (HiiR%8) (T{EFET _get__ (). __set__() 5 __delete__() method ¥, #—1H
class J& 2 — AR, BRRRRGEATTE G 7E B AR b . EE, T ab UG, e
(IR A T, &7E a 1Y class FHLP AR A FRE] b i, (HAnSE b 2k ey, AR Al
%% method G TN . SEHEIRER A BEARSE VR AFLAE Python AU RBASE, WEIEME LRI, Ei
IREfUFE R, . method, &4 (property). class method. [FJf% method, DA% ¥} super class (%CKEF)) Hy2
e

B A AR £ method TR L2 &, #52[F) descriptors B A28 FHH5 5

dictionary (‘72Mt) — 1 B W [ 5] (associative array), H Hv (T 2% [ o8 € o W O 2 (B, 88 ] DA AT ]
__hash__ () f1_eq__ () method (9. FE Perl hagifgE4EE] (hash),

dictionary comprehension (‘P& AIERY) MR L, AR HL— R W [EMC A {4 G 43 el 4 oo
%=, [E I oA -— 7[5, results = {n: n ** 2 for n in range (10)} &F4f—
A, BAE T n MR E n ~* 2, 352 comprehensions.

dictionary view (‘FUUEE#!) 7€ dict.keys (). dict.values() f dict.items () [A{EHFY9HEE
Tkl EMRA T Al I H B B, EFORE T SENE, il g s e g .
FEEV s MR B E e ey List (5B31), ZHEEH 1ist (dictview) . FHZ[E dict-views.

docstring ([EIW]<pth)  —fA7E class, pRAEBAH T, (RIS —MER U B 7 H S0 . BERETEE M
TR B 2mg, (D Erpmaas P, [EOAFTE class, pREHAHE _doc_ e, diREw]
FER AT AZEBEY (introspection) SRIEVEE, DA @4 (A [ SCEF AR ARIE AL
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duck-typing (WFMIE]) —MEAXGEHER, ©ALHE S Y ERTEE E a6 A EfERNNT
T B2 i, method ol J& G ¥ A F M L6 . (T AN e A s — (BN 7 im Honue sk
—[Eg¥, WEE—et—EEF. ) FEERN RS 2E, o satifeAasaemE L BEn
(polymorphic substitution) I & () &G M. 15T RUEIE R type () B isinstance () JEFTHI
o (1E'mnﬁ{£%', W5 T AU BT A 48 % 38 K S8 [E] (abstract base class) 51@%3% ) R, Bl ”ﬂ'@-)ﬂ
hasattr () i, BUREAFP BT EME .

EAFP Easier to ask for forgiveness than permission. (F5REA G R HERY ) a5 RAY Python %5 &
G B B R S B M AR, (B 5% B B R P 151 b . 33 R i (B LMk JRes , HL
O RFAEFF 210 try Fll except PR, EEMEFFZHMEET (Fl0 C) # WAILBYL JEM I T %
s

expression (FEFIX) —BO DARGEALERR A REE . EAEEE, —MEE R SCF. 4. B
B R U I SRS AT PR B, T LT AR RE [ 4 — (R f. Pﬁi%%ﬁ—mnn EENGLESEES .3!3
JITA 1Y) Python 55 5 HErE AR 2 iE B . 7N —Lstatement (BARZ) ANEEREH/EEE X, Fla0 while.
HA{H (assignment) 2 BiA, A ZER .

extension module (HEFEE4L) —HPA C 5 C++ & B ARAL, ‘& f ] Python 1Y) C API ZRELAZ . M f I & A%
AASHET T E

f-string (f2Hp) DA £ 50 'F [EIRTERAO R SO B ARE] [ 75 ], B RS R SCAR I 4 55
52 [F) PEP 498,

file object (R¥Wnfl) — {0 {0 H & B 28 (file-oriented) API (1] read () B write () % method)
REEVEIRIE IR E . R Z Yl T i 2R, & REE % o 3 B B mi A 28 ol 2 LA S 2 ) i
TEasla s s (BlumEEs A / . SO REESE MR . socket (i) . &[E (pipe) %F) AYFFHL. A&
W RREI 3848 Z 40t (file-like object) B, % 37 (stream) .

L, A=RREEYO: IR =B A0 5 BRIEm — A AT AR R . BRI 1o B
HRE . B AR EYITRIEEE TR R open () B&xX.

file-like object (KURERYITE) file object (BEZEWIMF) HYFRIFET

filesystem encoding and error handler (F§RRAFMmUSHEE SRR A RN) Python i F it — T8 4 A5 F1 45 55
e, AR AR R SR ATAL, ALK Unicode M3 1ES3E R 5

R 58 2 S S A 0 ZE PR B B LT AR AR U /N 128 (A TCAH . ANARAE R R S am S e vA IR AL L ARE , Al APT
FRFECE 5|3 UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () PRI NEASAE
ARG USSR IEHL R

filesystem encoding and error handler (1 & & %% & % A1 85 5% B8 ¥ 5K =) & 7 Python ) I
i PyConfig Read() B\ KA &EH: #F 2 .fllesystem encoding, DA KPyConfig W)
Erfilesystem _errors,

Witz Fllocale encoding (|RIHHR1E) .
finder (h2%) MWL, ©@EmEIEL import (LA loader (HAL) .

fi¢ Python 3.3 Bi4G, A MR FMEE: TR F 4 2 (meta path finder) € il sys.meta_path,
Mi§44% 78 B S48 25 (path entry finder) €[] sys.path_hooks,
#2[F) PEP 302, PEP 420 fl PEP 451 DA T fi#t o8 2 400 .

floor division (1n] FIRUREBRIL) 1) SEM 14 25 B F Fe ol B O USRS ﬁTEﬁWﬁ*%E’J@ﬁ?E // WJ

wm, EHEX 11 // AREHEERE 2, 8 foat (FRENEL) BERERIER 2.75 K. iR
/7 A IEERE -3, WER -2.75 g FadEaX. #2[F PEP 238,

function (PAX) —HFPRAK, ”’Eﬁﬁlﬁﬂ?ﬂq%‘ﬁl% Leff. B AR M 7] &, ELs]
WO R AR AT . S § 2 Eparamerer (2%) . method (J57%), LAK function FEH.
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function annotation (FXERE) R SHELEEE—WMannotation ([E1F).
oR X E I i i A A 2 (E13E =« N, S (M sk SR &5 2 Wi int 518, [EEA M int [B{E{E:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

bR U EIRE A REAE function ZEHiAG FEANARFE
75 % [Elvariable annotation F1 PEP 484, S A IWIHfE A, MR EBNREEBR L, BE2

annotations-howto,

_ future__ future FiRA=: from _ future_ import <feature>, @I5/Nm=Een(d FATLEYE Python
SR EEA A i B A A B E RS, ARG pl AL, 1M __future_ SHAIFIET feature
(shee) AIRERYE. i import MAAH S HARBORME, ARTTAG S {RB T B8 AT IR oy V3 )
WEEE T, AREMEEEE (REs) mEmEZRH6E:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (hiiltlnlWe) HFCIEHEA PRI AR, MR EA . Python SUATRR ML, 2
2 WA B (reference counting), DA K —f BE [EAG I 1 B 2 BEAG IR (reference cycle) A9 1 %2 1y 3% o] s
(cyclic garbage collector) 2&5¢ i 433 o1 i AT DA A g o A4 36 LA T4 il

generator ([E1/E:2%) & [l generaror iterator (FVEZFEIER) MR, EHEERGE —MEHMEL, H
AERZREAET vield EEN, BEA—RIGME, SLEERTH R for FRE, sUZPAnext () K,
AR R L ) — R
B AT RE AR R —MEAZ R, EAERR s, e R R EA BERE. B—HRE
WRUEARERERE , i F s s mras, DAR g,

generator iterator ([E/EZSIEUREY) M@ figeneraror ([EVERR) eR=CFTENL 1.

M yield ¥R, ERCAMCERITRE (G4 B s U e Py BOA) . EEIA %
EIR 2 BIERE, e kAR S AT (BERaRg R o A Rl 2 e BR AR A bR XA TR ] )
generator expression ([El/EZFERR) —(H e nEESCIRAERRK . BRERMG M IEFENEE R, Zii%
F—H for T4, W REF T EE S, HEAL RSN i 7). ZAamERgEsNE

bR B (E A 2 -

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function ({ZAIpAR)  — 1ty 2 A R UL RN, a% el =X & AR 1) 1) ZR BV BE A ] 3858 iy
SO B R G IR RE 1, 2 P R I B (dispaiteh algorithm) SRE7E

%55 2 (Flsingle dispatch (B—3FF) #3E#EM4H. functools.singledispatch () EffiEsFl PEP
443,

generic type ({ZRIHIE)) —fH GE[E 92 Hfk (parameterized) fynype (HUE) ; @H 22— A HAE, %2
list fll dict. B RA EE = fEE.
HiE2Ez8E%F[E). PEP 483, PEP 484, PEP 585 fll typing 4.

GIL #2[Flglobal interpreter lock (438 2228 81) .

global interpreter lock (2 IRFLFFANH)  CPython FFEAR P MIBEH], A DARECR B3R HOA — AT 4 g
AT Python [fjbytecode (HiTCHAR) » B MR (RHERHSEI A AE), G dict) )G
[EfT/£HL (concurrent access) ¥ f&[r, HEAEHI AT DAfE {1k CPython B EI1E. SH EH (M B Eae, &2
5 ME Z A T4 (multi-threaded) , (AR 2 & 84 451 22 R IR A8 IO MRS RE[EIBR AL — R0 - P AT

(parallelism) ,
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SR, AL AL, M R EME R BRSO, B TRk O AT R A A (E S s 4
(computationally intensive) [fEH::, B DAfER: GIL. B4h, FE#AT VO Ky, GIL 482y fidis:.

B [T ] RS (VA R ARSI BUE SE R Bt ) OS5 R, H
[EFE— ey i — RS G SR, Mk, — R, AediuafBne g, &aEEs
[ERrL, MM S A A

hash-based pyc (EEIZURE pye) — (7 TCALAS (bytecode) B 74, & (ff FH A 1T AS /2 3 B J A il 22 119
BB, AR E AR . 55 2[E pyc-invalidation.

hashable (n[ZEEN) 40 5% — 8 W 14 A — 18 5 B, a%ﬁfﬁiﬁlﬁﬂtlﬂmfﬂz“‘ (B FE—M
__hash__ () method) , Hu[EEH AP EAM LK (BFE—MH _eq_ () method) , HREIE 2
— =T 2 E H:%ﬁ%ﬁtﬁ%ﬂ%%@ﬁ%%#, Eﬁﬂﬁxﬁ%malﬁmﬁ%&ﬁc

AT HEEINE (hashability) (i—{E 4 ¢4 ] 1 dictionary (F°3) RYHER set (SEfr) HMA, HIELELL RS
fEERAE L ETA G 1 A

RZ Wy Python AT ZAEAY(FAE & TN s ATARR R (A0 list 5 dictionary) [EVARE: iAW
S ZAE (B0 wple (JTAL) Al frozenset) , A EMITREHER, EMA S A2 EER.
LR HE class ROEBI, RIS LE 0 G g ITAF’EIEI’J EATE A O IR & A A F Y
(BrAEE Mg C ), mermREERRATE B EMY id(

IDLE Python [ Integrated Development and Learning Environment (¥4 Fﬁ%&ﬁi%@%fﬁ) . idle & —1{ R A
A M LR BRI, B Python MARME ST IRAS — 2 Bt fit .

immutable (Anf8s8fE) —HEAREEEMD. N8P EREET . A wple (Jdl) . B
SERRER Y . ISR — AR (R RO (EL L BB o A7, R ST — R B . & (e 5 2 B s A (B
MHL T, P BB A, BI4n dictionary (7-i) w8

import path (FEAMEE) —MALE (Byk/258 B ) 19503, ARSI B2 A import #4HI; , E&ryipath based
finder (FeRBEARK)GAGET) GBAHMAIE . 7 import IR, BLAIE S FHEF B H sys.path, {H
AT 44 (subpackage) 1M 5, B AIREREKHLEMH __path__ B,

importing (FEA) —fEiEfE. —fEBAL A Python FEAEHT AZ B ILIBAE, B0 — AL T ) Python £&
X AGHE o

importer (FEAZS) —MHREESR LBABALNYE: BB inder (F5%) Wikloader (WALE) P,

interactive (FLEj%) Python f7—{f HB) X FAR , (B FRIR AR AT ATE ELRE & 19478 7 on il A BOA sURE S
X, ZHBTEMEEARI TR . QEEH python, ANFEALMGIE (7T RERE 4RI B
PSR E) . E R NRUNT L SR R G AEEEIR R (RS help(o) .

interpreted (%)) Python 2 M E S, MASHEE T, AE Mo T REa Lebih, HEH (7o
417 (bytecode) zﬁ%%%ﬂ’ﬁ?f a8 2N AR R T DA BGES T, WA TE MR 5 — A THE , 2R
BEATE . Hisih s W s s A E AP / BesER, R e MR =X & s T g .
Wt & Flinteractive (B .

interpreter shutdown (Y;#25BP) & Python EELRBi ZoRBIPARE, BEEA— ﬁlfhﬁﬂ%ﬁ%fx7 TE M B
T T Bl e A A WJﬁM%zﬂﬁﬂ%@Eﬁ%.jﬁzﬂ‘% BAE 2RI IR = & (garbage collector).,
15 AEEDM 5 0 2 B 2 i pR 5K (destructor) 5555 | I A [E] I (weakref callback), .ﬁﬁﬁ R
5. B EA B BEp AT O RE RS el B & G b, REE B B TR TREA T 1ER T (8 A B
T2 bR AR AR Bl R A )

HREG I F2ER, & __main_ BUHBEPOEFTHEIA T AHATIE

iterable (WEfCHIME) —FEAEE— K ol — (8 H b sl B R4, W EMCH 145 B+ 645 Br A 1 17 51 24 (ED
(182 1ist. str fll tuple) FMLLARFHIRIE], B2 dict., #2400, PARARETEFRAYTAT class 1)
ff, HEIR8 class /5 __iter_ () method B2 & {ESequence (JF4) 3EE M) __getitem__ () method,
YR T ER

W ERE TR for EIBFIFFE HAUH E— M FFIRHT5 (zip ()« map () .). HW—fE W E
(DS | MR ME 4 Dt dter O B, & @RI P EE R JLIEDR S 0 A oL
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W4T (one pass) #EH . fTHEUCE G, WHEA—E B iter () B HITEHEIREF. for B
WA HEEREHE LS, Bl MR R g g, e RIE Y A A ZER .
Wi z(Eliterator ([ELRE). sequence (J¥3)]) Figenerator ([EVERS).

iterator ([EICEY) —MHFRERIRADF. EEMPEYEMRLA __next_ () method (I & EIEL
B next () ) EKFRIEERF TS ER . BATA &R, HlE5% stopIteration fil
Gho BERE, SZENCEIEC R R, T3 _ next_ () method fiE—0EnY , &R H ks | 5
StopIteration. [EMCERLA M __iter_ () method, "E€rmEEREIA S, B DA%EHEE
A AR T ENC 4, FLT A A K 22 i A A T BN 35 A . —RIHERR Bl 5N, 2B ZE
#[EIft (multiple iteration passes) FUREX A, — AP (B2 1ist) FERF R EHIES iter O
pRNETE for [EIE P ERE, #eFE MaemnEReg. gABERHSER LS (ZimEft) K,
Hgr e a—m E P A . R W S EU R, ARG R — S A5

7E typeiter 3CHA] DATR E B 2 AT
CPython F{{4NEHi : CPython [FIARIAKAN—Huh i [EURESA S5 __iter_ () ) BMELE.

key function (ZeRsX) 48K HF KX (collation function) J&—{F A]IFNY (callable) FE;, ‘B & [Hl{d—1H
JAHEF (sorting) B E ¥ (ordering) AfE. 4, locale.strxfrm () Hi I AREIAE 8 T i s e HE
BB HE 8

Python i 2 T H., #4552 DAGE sk A H T R o 7 8 A 730 B EdE nin () . max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

H&FE A DA S, — (. BN, str.lower () method F] AYEEIA 4> K /N HEJF 1) 8 bR
Ao B0, — MR BAT A lamoda ER AW, fIA0 lambda r: (r[0], r[2]). FHHb,
operator FEAH $& M4 T = 1/ & o8 = B 722 5 5K 2 (constructor): attrgetter (). itemgetter () F
methodcaller (). BRIFAUIMATE A R0 E 0, w2 EmHET .

keyword argument (B8t =518) #H2Eargument (590

lambda i ¥ —expression (GEFZ) Fr4Lm I —M#E 41 7ER = (inline function), J7A3% R zC I Rk (. 7
57 lambda PR EEYE 2 lambda [parameters]: expression

LBYL Look before you leap. (=M #Z4T.) & 4w A5 A G 7E A TRF I sl A 4R 2 w7, It 0l e e«
B EASELEAFP T2 E e, HERRFOREAH R 1 B HFTE.

e AT, LBYL Jr=UH7E [ =1 F1 T84 Z M5 T #EWEF: (race condition) [ /E
br. BIUNPA FAEZCHE if key in mapping: return mappinglkey]l, UISEH—{EIATEELE HIE
2 IR 2 B, mapping PRSMT kev, FURCEESCTEAE 2. 08 RO AT DA 8 (lock) s
EAFP i 77 AR #(E .

locale encoding ([#J®&uME) 7F Unix b, & & LC_CTYPE [ I 3% & W 4 5. & 7] A | locale.
setlocale (locale.LC_CTYPE, new_locale) KR#E.

7£ Windows |, ‘&2 ANSI Ui E (code page, #ilfll cpl252).
locale.getpreferredencoding (False) H] DA AR HUAS: 4 dak 4 A .

Python {ifi i filesystem encoding and error handler (R§ZR R & SmAENEEREI K, 7 Unicode 1 244 fE A1
P ITCHLAE 244 Ff 2 e A ()

list (:#3510) —fH Python I ysequence (J75)). EEERIL T list, & HF TSRS = iy — {6
51| (array) M AME— (G5 ERS (linked list), PRIEWFHOTER IR VA2 O(1).

list comprehension (A& AIESY) 7 F A HL— 551 FP A 3R el e R, (B R H A4S S DA— 1 List
EMEA RIS e, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
01 EEE 5 list, Hh e o3 255 #EE], Fra s S0z 8 (0x..). 1f FA)28 8
M. WREIEE, H] range (256) HRYHIE TCEAS G R .
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loader (G{AZY) —MHREEERABALYIMG. EUEEFE MAE load_module () ) method (F¥k). #k
NSl H SR finder (FAggs) FH. 2 A 2(E PEP 302, E%Jﬁ/\abstractbavc class (FhZ R EHE(E),
nﬁﬁ. importlib.abc.Loader,

magic method (BEHTJjik) special method (F§3K7T5%) W9—MEAEIE AR 55 -

mapping (¥HW) —HEZWIE, BB RHENAER, HAREE abstract base classes (JIZETHEE])
Mapping B MutableMapping g EH method, #iffI$5 dict. collections.defaultdict.
collections.OrderedDict fll collections.Counter,

meta path finder (GERATS=MHIRS) —MALAILS sys.meta path Ml K finder (4% . TCHACHR
AL E 2 08 B 48 % (path entry finder) FHE{B AN o

BTN TCIR R A A EAE ) method, #52(F] importlib.abc.MetaPathFinder,

metaclass (JCHI[E]) —7FF class [ class. Class & 5B FE €& d 7 —1# class 475, —1{ class dictionary (ZF4L)
PAK il base class (HIRHE]) A%, Metaclass 135517258 518, [EE 3% class. KEZHY
PR R RE e PR Ot R BRI B . Python fOFEl Y BEAE A B REEIZL T H %11 metaclass., 4>
W e R TR L TR, (H2HTF2NE, metaclass 1] DURBLEIR HEMEAMME T . EMEs AR
ORI, BT A et . BE A EST . BERL B (singleton),  DAKFF S HAM AT %

% %] ATE metaclasses 25 i R 5]

method (J5#:) —{BIAE class ABEEIM AT R0, AR method 1EEIH: class BE6 Y1 J& v nemy, A
e S35 B E e 15— argument (51%0) (U653 Hul 5 REE self). wE2E funcion (
) Fnested scope (HRAVERIE) o

method resolution order (J5iEfRBTINAY:) 5 VEARMTIE Y RAEA I E R EFE T, base class (FEHHE])
WA . BN 2.3 iE S, Python B el Fl A YEANET, w52 Python 2.3 iUy 1M
JIE o

module (%) —{FE(T Python 2= AR 4L 4% B4/ (organizational unit) 1. BALA —Hma s, B
AR Python (. HHAHEHE timporting WAL, BLHECA % Python,

2 Epackage (BF).

module spec (FS&HBE) — M2 M, BEEEHREASKAR import 4 B & #ll. B /& importlib.
machinery.ModuleSpec H—1E & .

MRO 5 2[Elmethod resolution order (J7HfEATIETE) -
mutable (WEEHTE)  FTEYIPERT AR E P, (ARSI 10O« 52 Eimmuable (RS9

named tuple (Fff#45 C41) 755 [named tuple (Fff447C4H) ] 2457 tuple ﬂ%ﬁﬂ%ﬂﬁlﬁilﬂz class, HERW]
25| (indexable) JC2 tH AT DA I 44 JB P AAF I . 3 26 BU[EIng class 0] DAELA Hofi 54 .

A 4eE @A [E 2 named tuple, fffH time.localtime () Ml os.stat () [AIEKIE. 55— E T2

sys.float_info:

E
]

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance (sys.float_info, tuple) # kind of tuple

True

75 4% named tuple 2 FIEAIE) (40 1-61). 334, —1# named tuple 5 7] DAFE—fH IE B class & FACENT,

HIE class 2K H tuple, HEFRTIHAMRNAL (named field) RIT] . 5E8 class A AT THn%s, thn]
W\@ﬁﬁ T &R = (factory function) collections.namedtuple () 2KE. . BF AN T —L%8
A1) method, 35 2% method 7] fE 12 7F T2 B¢ (2 %) named tuple 1, EyEIHRTM .

namespace (r#%50) SR FRIHTT . 4 252 DA dictionary (F31) BB . A IR | 2ty K (E
) i 4 2 ﬁﬁE%#FEP (£ method ") AT HUIRAY fiy# 25 ] o s ZSHTRE ph B 1L a4 1858, 2S8R
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WA L. B, Kl builtins.open fil os.open () EFEE T M4 25 MR H . 4 2S5 M
FE £h PR 5 2 2 TR RS AR B A — R pR X, ARSI W] Pk S v Akt . BN, & random. seed ()
B itertools.islice () WL, EEEHENEH random fll itertools MAIEFEE,

namespace package (@23 EAE) 1 PEP 420 package (£14), ‘& HEEVEE 721} (subpackage) [
2. s AT REEA B F R, T B BRE S MR 2 regular package (TEREN),
REeMDEA _init_ .oy SRR
Wit Elmodule (Fif) .

nested scope (HURIEMIK) HEF)2 M 41 E 5 3% (enclosing definition) 55 8 B f7 . S2BIKE], —{HmR =,
WA — kb e s, He@aE2 RN mhr s, S, EERBET, HSiRME
PRI A A 22 0, T ey P R [tk s e e B (B A PR b sl s A [ B, Aty
AEAT Ay 4 23 M T UL 8 A . nonlocal A FH¥AMNEEREEITE A

new-style class (FiRM[E]) — R4, ER2IGBAEIHN class Y1 F G class JAHE . 6531 Python
A, R # class A REfl A Python BCHTH . ZEMTIRE, 1402 __slots__. #ifiA#F (descriptor),
JEVE (property). __getattribute__ (). class method (JHEIJ %) Fil static method ([EIBE:).

object (M) HAMRAE (BHSIE) MyiE R TE (method) WIETER. B RETnew-style class (7
FHAE]) s base class (HJKHE]) .

package (Z£f}) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module with a __path___ attribute.

ek 2 Elregular package (TFFEME) FMnamespace package (64523 MEME).

parameter (2() Tifunciion (FX) = method 7 &H i) —1{ fiy 4% T (named entity), & 5W]5% i\ REE
B2 —Mlargument (5190), SAERLASE T HR 2518, SGH TR R ) 2 B

* positional-or-keyword ({VELEXBHHET): HEHA—(f W] LAZ e 1s 5 sl ARIEIR 48 5 7| Sl o 5 | I
ERS UM EBIHA, BIAILATY foo # bar:

’def func (foo, bar=None): ... ‘

* positional-only (PEBRNOZE): FaW]—E e+ I AL E P fitny s [ #. fERERM S HIIRT U E
—f# /o0, WA PATERZ T OUHI T E S BRI E 2 8, HIANLAR Y posonly! 11 posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o keyword-only ({EBRFAGET): 50— N GELARR S F b il 5 | . fEm=UE sz £t 1
AT 5 B 0 2 B (var-positional parameter) B( @ LAY * S0, kAT DATE AR 7 F61E I
B F28, HIMPAIAY kw_onlyl 1 kw_only2:

’def func(arg, *, kw_onlyl, kw_only2): ... ‘

* var-positional ({EREWEAIE): FEW]—RREDMERF AR B A8 T | B (TEC W 2 Wz
WAL ES | A1) . BB EREHS WA R T E L~ AERW, BIILATH args:

’def func (*args, **kwargs): ... ‘

* var-keyword (ALEEYCRHBAGET) : FEUIW B E R B T 58 (FEC g b2 M2
MBS S AN . BRSUREBTERSEA T E N b~ AGEsny, fildn & sl
kwargs

SYOT MRS | Mo S R B TR A, mT AR SBR[ R S TH LA

%%@ﬁf%%ﬂgargumem (%I%() &l%ﬁ N ﬁﬁﬁﬁ%*ﬂ@%l%ﬁﬂ%iﬁz FEEJ E‘J%\ inspect.Parameter
class, function T i, DA PEP 362,
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path entry (PEFS3EHH) FEimport path (BEAMEEE) ) —E AL E, Mipath based finder (A EEFRIT FARET)
B 27554 B AGF R E import [FHRAH

path entry finder (P&FEIEH =-4i%%) ¥ sys.path_hooks H1f—1f 0] BERY#{: (callable) (7 Bl —{#path
entry hook) [t [R/ER ) —T& finder , & HIE AT PA— B path entry g SiASEH o

B A AR TH B AR L B /E Y method, #52[F] importlib.abec.PathEntryFinder.,

path entry hook (BfSIHHE]) 1£ sys.path_hook 53 df)—{E T WEI {7 (callable), # & HIH 4T 7E
—fAFEE R parh entry WAL, W)@ BIE—{Hpath entry finder (BAEIHHE A0 ) o

path based finder (JERBEISHI=bIZY) THSM TIAL 548 5 (meta path finder) 2 —, "E&FE—@fimport path
SR .

path-like object (BURfSHIME) — M F AR RGBS, BEEEY MR AR — M £ RSN str
5 bytes ¥, dBig—MEE os.PathLike @ MWIF. FEHIFIY os. fspath () R, L
& os.PathLike # E W4 DA EIE] str 8% bytes # R RS IELE; M os.fsdecode () &
os.fsencode () HIZMER] JHRAEMR str & bytes B4R . B PEP 519 5] A,

PEP Python Enhancement Proposal (Python $[F[$£22). PEP 22—kt EIR S, & fEE] Python iRk &
i, BEAA Python 1) —1F#T DI RE B R4 I RE NIRRT MR EE . PEP JRER% ELPE LA RV B2 48T B i DA S e 12
ZUIREMEAE L

PEP [(WAFTEE W, R MREE I T REAHEEE . ALTH o BR A 0 8 G 72 4R, PASLEL A Python
fos st EsR ), S B AY 3 ] . PEP (O i e sie i B D s M S H.
#2([F PEP 1,

portion (345)y) fE¥—HEPH—AIAHE (WA REREAALE—MH zip R ), SR ZRARE— A& = HE M
(namespace package) A T E gL, WE PEP 420 1 E .

positional argument (¥ 5[5 %2 Eargument (5]4#f).

provisional API (%47 API) ‘17 APL 248, (EME ek =0 s M) i & HH 25 (backwards compatibility) £ H
M HERR APL, BESR G, R MR EE TR, B LERea =R E, Hing
O BREE N ERBEE 2, W gEer b B AR ST (LR OESRENm). BEEEERG
I HBE)E —— U APT R AN A 2 Tl AR 25810 B B ARG E o s e, M A ek

B A AT APL, [ N AHZ 8 S L G it () [ e MRE 2] — S B R, 1)
SR AT AR — A I AR AR I AR E T 2R

T2 A A A A o X R RE R 2 R R A i Ak, AT RE S RE B AR = 0 R [ 25 BHUE T R RE A s T B AR o i
2[E] PEP 411 T f# s Z 41

provisional package (¥17E4%) #&Eprovisional API (47 API).

Python 3000 Python 3.x RIMAKIERE (RAARTAIREAY, EREE 3 A Esm R EER AR, ) Bl A%
#[E] [Py3k].

Pythonic (Python Jalksi¥)) —(EAEAE—BofE(AS, EMEM T Python 5 fc s WANIE I, , A2 B H:
i AR ACE AR RESUA . Bln, Python Hr L — MBI A, 20— for BuAX, #
— A BRI A TR TEE . 72 HAsh S DA SRR AR, AR Python FA
A TR (o] — (A B e AU

for i in range(len(food)):
print (food[i])

2T, DA IAR R . 3 A4 Python Jalfs :

for piece in food:
print (piece)
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qualified name (Mg # /%) —fH [ RARE], ERURTE— BT AR ) R A 2 1Y class.
PRIl method 1 [BAAE], W1 PEP 3155 W ESR. S TR R UA class T 7, FRE 24 RS
A REAHA -

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname___
o
>>> C.D._ _gualname_
'C.D'
>>> C.D.meth. qualname_
'C.D.meth'

WG LR, %A R &4 (fully qualified name) JEF T WAL SE MBS TRIRAS , AL BT
LM, Fll email .mime . text:

>>> import email .mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (ZNGHE) ¥ EWIFN2 MO YIS BEHECF RN, eyl
i (deallocated). 2 Mt #{EH7E Python FEsaG h A2, (HEELZECPython FAER —(ABI# TR . sys
Bl E R T getrefcount () BRI, FRFFmat il T LAIRE Y o 2 ] o —fRUR5 E W 1F 1 2 B HI

regular package (IEHUEME) — (B Spackage (B1F), Hlan—ME e _init__.py EEMHIE,
Wt EFlnamespace package (f44 25 MEME) .

_slots__ ¥ class [EJEB— (8 B 45, B e E S B OB M, DAY BR BB dictionary (F-H) |
R FOIER . BEAR BT , (E e BEEE DA R A, o S DR B 4G SR A — {1 O AR Y B
(memory-critical) [ FH R v A7 E K B 1) 2 LR (D,

sequence (JE41) —fHiterable (WEMRHYIM:), B _ getitem__ () special method (45K HE), A
BRI BEHVCEN RGN, EEFRT M _len_ () method ZR[EIEH % FAHEE. —L&
BB [EMSFE 1ist. str. tuple fl bytes. sEEE, IR dict 3 _ getitem_ ()

_len_ (), {HEWHEEB (mapping) i AJ&751, HEHA & X2 6 H T immutable 8, i
A,

% 5L ME(E] (abstract base class) collections.abc. Sequence E 36 7 — {0 58 i & % /) 1T
AEIA _ getitem_ () 1 __len_ (), EWHIT count (). index (). _ _contains__ ()

__reversed__ (). EEHIERNMEIEE, ATPAMH register () #HFEHEIE.

set comprehension (SEALAIER) —HEZENHIE, FAOERE—M T EUCH ¢ b iR eiha o, Ei
BRI GE R PL—1 set [A]f#, results = {c for c in 'abracadabra' if c not in 'abc'}
BV —fFEE set: {'r', 'd'}. #E2[E) comprehensions.

single dispatch (¥.—{PE) generic funciion (FZHIpRR) FHER MR, FEdL, BEMSREL RN H 5]
A,

slice (V)))  — (@Y1, BHlH AT —Bsequence (JFF) WHR—R0 . L —BLYI R W 2 0 N EAT9%
(subscript notation) [ ], 74 HZMEY:, HIEHEEZ B E 9, il variable_name[1:3:5],
TERESE N FF5RmERS, & slice ¥t

special method (¥¥8kJjik) — & Python H BN ) method, 3t 37 U [Fh A7 LB 80,
V. 5 method 1144 R & 1F BEE A4S B A WiH R IEE]. Special method 7F specialnames H1 45 #EAHEIH .

statement (BiBX) BRI —(HEH (svite, — ARG 5 L) hig—i5) . BRAK T LA —Hexpression
GEFERX), SO ARMET (Flanif, while 5 for) MWLM —.
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strong reference ([F]Z218) 7 Python fij C API ', [F12 M2 — MY I, 16T BT R e sz
{2 51T (reference count), 7ET B RHI & EV Dz ¥ 410 2 51

Py NewRef () MizUA] FR B —HEWFEI S . #5, ERBEZ BOE-EZ A, SaE%E
2 bRl Py DECREF () W, DA —H2 M.
AiE[Eborrowed reference ({2 ).

text encoding (SC52#4i#%) Python t 1) =& 2 — il Unicode fif %5 (code point) {14 %51 (& [EF¥E U+0000 --
U+10FFFF Z[H]). A BB ERE T, BUWEGFILE—E A CALTF 51

ﬂ%*ﬁl?%f?ﬁﬂ%&ﬁ:%ﬂ?ﬂ, FRE) T4, WAL IC4H 7 5 88 % - ep U RRE) [R5
(decoding) |,

A ZREARIFI SCTF PSR A (codecs), EMBESLRE [ 0T Mis 1.

text file (SCPRER) —HEEEREBREA str YR file object (FEZRWIME) . B, CFHEEEBR LE
AU TCAL L [ 1) kLA (byte-oriented datastream) [F€r [ B i Hitext encoding (SCFHAE) . CFHHEEM)
Bl DAICFRR (T 5% 'w') BIEAEZE. sys.stdin, sys.stdout PAJ io.StringIOo f}
B,

FitEbinary file (“HEHRIER), B2 —HAEEFEEURIE A 815 7T 4 5 1 (bytes-like object) [IREZY)
4,

triple-quoted string (= 5[55[El ) B = MES 5 ( ) SCEG5E O WEERERM M7 H . MR T ME
1A HEAEEDA B 5| 98 7 B i AN o R, EEERFFZ RN, BMRARE K. MRl AEF
g A 2 R K] (unescaped) YRS | SEANEE S| 5% 1 HB AT 48 H #4577 T (continuation character) it
PN AR AT, B S A s [EIH - 5 R .

type (#[F]) —1 Python ¥R EIEE T & 2HESR MY AW HEG—MmBRE. —mEy ek
EIRTPAH B/ __class__ JBMWARAFE, SPA type (obj) HAEK.

type alias (BEIEF) —EZIEMYFEISER, # 2 E e 4 — W FRET (identifier) HCHNL.
HEFE% #R 2 [ElR 7 (type hint) A H . 0

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

ATUARS BGOERE, SEEA T

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

i 2[E typing Fl PEP 484, f HIIRENIHREIA.

type hint (BEWE/R)  —TFannorarion ([EIRE), EAEE —MEH. — class 8145 — 1 p& 2 ) 2 ik o] (g
f T I 2.
RIEHR R E BB ERY, 1A 29 Python B, (HEMBEIRRAEE M TEMRA M, [EhEl;B) IDE 5
FAE A4 (completion) A EA# (refactoring).
SIS class BMEAIR R ORI ) rRESRR, #r A typing.get_type_hints ()
AT

iH2[E typing Fil PEP 484, 5 LI RERHE

universal newlines (GAI[E)f7300) —MEAMRRE ST (text stream) (173X, € DA BT A AR AR EE—F7
M&ETR . Unix /T7REM '\n'. Windows {E '\r\n"' FIEEH Macintosh % '\r'., #2([F] PEP 278
M PEP 3116, AKX bytes.splitlines () MR,
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variable annotation (52U([EIF%) WG class B iannotation ([EIFE).
[Ef 5 ok, class B PER, MR(E 23PN

class C:
field: 'annotation'

SWEREE R AR L ERR T (ype hint): BN, SEEEBHINERIG int (BE) (A

count: int = 0

S EV R 1 annassign 257 REATAO AL,

st 2[E)function annotation (BRI[EFE) . PEP 484 Fil PEP 526, %4 IWIhfemHiiR. BN EREN RIEE
B, 7k 2[E annotations-howto .

virtual environment ([EJ#8R5E) —{A#/EME#E (cooperatively isolated) 3 THE 5%, fE:E Python ({5 F &
Eﬁﬁﬁﬁﬁ%%%&%%ﬂﬂ?& Python #[EIEM:, A €378 R &t _LaE 7 HoAth Python i A2 24 7(E)
[EJAE T8,

W2 [F venv,

virtual machine ([EEREZS) — 584 Y i E 61 FE NS (computer), Python 4 [F eSS €647t byrecode
(PLTCAHRS) 4 aseas s i A oA

Zen of Python (Python 2[F]) Python st HJ ST EL G H K, HEIZ A B i B ANl s = . by ]
PAE B E B BRI F oM A [import this] ARFLEIE.
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APPENDIX B

BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

it
* Fred L. Drake, Jr., J§ilf Python SC{ T HAEM Al A K —FEB I EIA 1ERS ;
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

C.1 &icio

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
Al , B2 EE—HEREE ABC 355 W& EE . [ Python 1 T #2224 H HA N E L, Guido
TR EAEE .

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

BERA | BR FHh #EE GPL HE % 7
090 1.2 | AEH 1991-1995 | CWI =
132152 |12 1995-1999 | CNRI 2
1.6 1.5.2 2000 CNRI 7,':?
2.0 1.6 2000 BeOpen.com | 15
1.6.1 1.6 2001 CNRI 5
2.1 2.0+1.6.1 | 2001 PSF 5
2.0.1 2.0+1.6.1 | 2001 PSF =
2.1.1 2.1+2.0.1 | 2001 PSF =2
2.1.2 2.1.1 2002 PSF 7=
2.13 2.1.2 2002 PSF 2=
22 PA L 2.1.1 2001 #4- | PSF 7

fiE): GPL HiZEEIRFRIKME1E GPL F#(E] Python. ARf§ GPL, Fif7 1) Python FZHEH! 1] DA A8 [E) 1Bk
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RAGHAS, (HR— s AT 8 S REIB . GPL AHZR (Y BHEMIS Python 7] DA%S A HoAbfE GPL R E£{EfEX
B (HHERRERIATT,

I RFZ HIAMRE T, 7E Guido FEE AT, (7555 LERUA Y B E T RE

C.2 FARFMHLHEMTGXER Python BEFIIERR

Python ¥ AR U B HE R BL IR PSF 424 & 4.

{# Python 3.8.6 Bt [EWISCH PRI, AL MR B FEAT, Rohe TAPHE (dual icensed) 7 PSF 42HEA
#I1VA B Zero-Clause BSD %7 o

PER=2 3 YN Python PR AR W R P RE . I LU e B RE 2 RS RS . B S LR
REMARSERIE B 2 E0a[F 388 a9 3% 4 s 20,

C.2.1 FjA PYTHON 3.10.11 ) PSF iS# &%

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),_
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.11 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSEF 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 3.10.11 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 3.10.11 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 3.10.11 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
3.10.11.

4. PSF is making Python 3.10.11 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 3.10.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.11
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.11, 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.

8. By copying, installing or otherwise using Python 3.10.11, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 #) BEOPEN.COM B &#

BEOPEN PYTHON BHiFIZHES #1568 1 I

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 THEREOEF.

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.

(Rt
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#EHE—1)
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 A PYTHON 1.6.1 & CNRI iR &%#

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

(FItakss)
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(R —H)

law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 & 1.2 gy CWI 1R{EEH

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 Fj® PYTHON 3.10.11 [FIE3C 42X ERY ZERO-CLAUSE BSD #%4#

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.2. ANFRHLIEMMFAMEA Python BSIIER 295




The Python/C API, £[F] 3.10.11

C.3 #usr(F#kRany iR 8 MBI

AT A S R O Y R SR G B, B2 AE Python FEEICAS H P [Ei 55 =ik i .

C.3.1 Mersenne Twister

_random &A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
HREEBEORENXT. AR 2R RS ) 58 5 -

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,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
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)
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C.3.2 Sockets

socket A ] getaddrinfo () fl getnameinfo () KR, B4E WIDE BZ (https://www.wide.ad.jp/)
(B, AT [ ) S e 5 vl i G -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN 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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FEE ¥ socket JRIE

asynchat fll asyncore fAL AL & DA R AERA :

Copyright 1996 by Sam Rushing
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 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.
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
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
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 #{TIEN

trace B W& DA
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 O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode &E=

uu AR AL AR RN -

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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 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 Eixf2 ey

xmlrpc.client M E AT

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll HIgL{l A FHgH:

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 HIAL¥SA kqueue 7N AL LA A :

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 5% 17 Marek Majkowski’ 37 Dan Bernstein [ SipHash24 JEZ VLR EE. BESPAT
TEEHH -

<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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod E dtoa

Python/dtoa.c FEEHRML T C Y dtoa I strtod B, FRA K C (1) 8RS 2 77 25 B 7 5 HARBEE]. %A%
214 B David M. Gay /W [ 441658, 125 BIAE W] DA https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N, Y2009 4E 3 F 16 H g ZR i R IGHE 28605 DA IR HE B 47 F s 1 -

/*********************~k****k*k******~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.

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

* % o

*

(Qi¥iE3)
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*

***************************************************************/

C.3.12 OpenSSL

15 OpenSSL. 5 sk HEAT HeAF 3 Z BT, M hashlib, posix. ssl. crypt WML G FI e S FHALAE.
J£4b, FIE Windows 1 macOS ff) Python %4 Fist i A4 OpenSSL Bzt Wil 4, i bATk to ZE D
OpenSSL #Z Rl

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

L S S S S R S S R S S SN S S SN S S S S S N S e S S

(T IUakss)
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THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I R R T e S S N S N S N N

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:

"This product includes cryptographic software written by

ERE T R S S e T S R S . R S S e e e R S N S N S T I S R N
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Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/

L A T S S S S N S N S S SN S S S N .

C.3.13 expat

BRIEFE B E pyexpat ERMRER —~with-system-expat, %47 & H—MHE S expat JFIGHS ) E]
A

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEE S _ctypes PRI R ER ——with-system-1ibffi, 7 HIFZH% 7 & —ME 2 libf 5 iEH51
B AS 2 7

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. 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.3.15 zlib

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &l
AR

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

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
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C.3.16 cfuhash

tracemalloc {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([FI3LRE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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

GAEfE R _decimal BiglMiik EF) ——with-system-1libmpdec, 75 H#%i4H & Ff—{M(El 2 libmpdec ¥

2R R AR A

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.

(Rt
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THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N B EH

test XA H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uG https://www.
w3.org/TR/xml-c14n2-testcases/ #hgE, H 2R 3-clause BSD 1% FE 5 (E) -

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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EFE
..., 275
2to03,275
>>> 275
__all__ (package variable), 68
__dict__ (module attribute), 153
__doc__ (module attribute), 153
_ file_  (module attribute), 153, 154
_ future__, 280
__import_

Bz & =, 68
_ loader__ (module attribute), 153
__main___

A, 11, 176, 187
__name___ (module attribute), 153, 154
__package___ (module attribute), 153
_ PYVENV_LAUNCHER_ , 202,207
__slots__,286
_frozen (C struct), 70
_inittab (Cstruct), 71
_Py_c_diff (C function), 117
_Py_c_neqg (C function), 117
_Py_c_pow (C function), 118
_Py_c_prod (C function), 118
_Py_c_quot (C function), 118
_Py_c_sum (C function), 117

_Py_InitializeMain (C function), 214

_Py_NoneStruct (Cvar), 228
_PyBytes_Resize (C function), 120
_PyCFunctionFast (Ctype), 230

_PyCFunctionFastWithKeywords (C type), 230

_PyFrameEvalFunction (C type), 186

_PyInterpreterState_GetEvalFrameFunc (C

function), 186

_PyInterpreterState_SetEvalFrameFunc (C

function), 186
_PyObject_New (C function), 227
_PyObject_NewVar (C function), 227
_PyTuple_Resize (C function), 142

_thread

AL, 183

bytearray, 121
bytes, 119

Capsule, 164
complex number, 117
dictionary, 145
file, 152

floating point, 116
frozenset, 147
function, 149
instancemethod, 150
integer, 113

list, 143

long integer, 113
mapping, 145
memoryview, 163
method, 150

module, 153

None, 113

numeric, 113
sequence, 119

set, 147

tuple, 141

type, 6, 109

BREW

__PYVENV_LAUNCHER_ , 202,207
PATH, 11

PYTHON*, 175
PYTHONCOERCECLOCALE, 212
PYTHONDEBUG, 174, 207
PYTHONDONTWRITEBYTECODE, 174, 210
PYTHONDUMPREF'S, 203, 241
PYTHONEXECUTABLE, 207
PYTHONFAULTHANDLER, 204
PYTHONHASHSEED, 175, 205
PYTHONHOME, 11, 175, 180, 205
PYTHONINSPECT, 175, 205
PYTHONIOENCODING, 177,209
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PYTHONLEGACYWINDOWSFSENCODING, 175, HitE, 121
199 bytecode (frt#i#) ,277
PYTHONLEGACYWINDOWSSTDIO, 175,205 bytes
PYTHONMALLOC, 218, 221, 223 [Flz % R, 87
PYTHONMALLOC® (4 SR W, 119
' PYTHONMALLOC=malloc", 224 bytes-like object (ML T BE4H) ,277
PYTHONMALLOCSTATS, 206, 218
PYTHONNOUSERSITE, 175, 209 C
PYTHONOPTIMIZE, 175, 206 callable (T WEodyk) 277
PYTHONPATH, 11, 175, 206 callback (E®) ,277
PYTHONPLATLIBDIR, 206 calloc (), 217
PYTHONPROFILEIMPORTTIME, 205 Capsule
PYTHONP YCACHEPREFIX, 207 Wk, 164
PYTHONTRACEMALLOC, 209 C-contiguous, 103,278
PYTHONUNBUFFERED, 176, 202 class variable (EE##) ,277
PYTHONUTFS, 199, 212 classmethod
PYTHONVERBOSE, 176, 209 Bz g 5, 232
PYTHONWARNINGS, 210 class () ,277
A cleanup functions, 68
close () (in module os), 188
abort (), 67 CO_FUTURE_DIVISION (C var), 45
abs code object, 151
E# @ =, 94 coercion ([El#|#A) ,277
abstract base class (& FEEHE) ,275 compile
allocfunc (C type), 265 Bz ® =, 69
annotation () ,275 complex number
argument (3|%) ,275 M, 117
argv (in module sys), 179 complex number ([El#) ,277
ascii context manager ([FEBEHE) 277
[z % =, 87 context variable (FE¥E#8#) ,277
asynchronous context manager (¥R FEH contiguous, 103
EHEE) L 276 contiguous (ELH) ,278
asynchronous generator iterator (R ¥ copyright (in module sys), 179
El4 BERE) 276 coroutine function (BHEERX) ,278

asynchronous generator (FFFEFEAERE) ,276 coroutine (#H42) ,278
asynchronous iterable (ﬁ?[ﬂ*}"’fﬁ%#) » CPython, 278

276
asynchronous iterator (FREFERZE) ,276 D
attribute (BM%) ,276 decorator (#&fi#) ,278
awaitable (T &#&HHH) 276 descrgetfunc (C type), 266
B descriptor () ,278
descrset func (C type), 266
BDFL, 276 destructor (C type), 265
binary file (Zi## %) ,276 dictionary
binaryfunc (C type), 266 M, 145
borrowed reference (fEHAE) ,277 dictionary comprehension (FHEALEH) ,
buffer interface 278
(see buffer protocol), 100 dictionary view (FHigf) ,278
buffer object dictionary (FF#) ,278
(see buffer protocol), 100 divmod
buffer protocol, 100 [Elz % R, 94
builtins docstring ([EJHF &) ,278
M4, 11, 176, 187 duck-typing (%FAE) ,279
bytearray
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E

EAFP, 279

EOFError (built-in exception), 152
exc_info () (in module sys), 9
executable (in module sys), 178

exit (), 67

expression (EHR) ,279
extension module (EH4EL) , 279

F

f-string (f F#) ,279
file

i, 152
file object (#ZEMH) ,279
file-like object (¥fEZEWH) ,279
filesystem encoding and error handler

(W E RS REMEBEREER) ,279

finder (FH#) ,279
float

[l & ., 95
floating point

HF, 116
floor division ([ FTEE®RE) , 279
Fortran contiguous, 103,278
free (), 217
freefunc (Ctype), 265
freeze utility, 70
frozenset

M, 147

function

i, 149
function annotation (& R[EE) , 280
function (®=R) ,279

G

garbage collection (I EUK) , 280
generator, 280

generator expression, 280

generator expression ([El4&HEER) ,280
generator iterator ([El4 ZEIRE) 280
generator ([E4£ %) ,280

generic function (& FR) , 280
generic type (EAA[F]) ,280
getattrfunc (Ctype), 265

getattrofunc (Ctype), 266

getbufferproc (Ctype), 266

getiterfunc (C type), 266

GIL, 280

global interpreter lock, 180

global interpreter lock (43 HZE#H4),280

F{

hash

E# g =R, 87, 245
hash-based pyc ([FEZE#H pyc) ,281
hashable (T #EH) , 281
hashfunc (C type), 266

IDLE, 281
immutable (RF&4) ,281
import path (EAEKRE) ,281
importer (EANZ) ,281
importing ([/E)\) ,281
incr_item(), 10, 11
initproc (Ctype), 265
inquiry (Ctype), 271
instancemethod

o, 150
int

[z & =X, 95
integer

i, 113
interactive (E#H) ,281
interpreted (}i%ﬁé’]) ,281
interpreter lock, 180
interpreter shutdown (HZEHE) ,281
iterable (FER4H) ,281
iterator ([Eft#) ,282
iternextfunc (C type), 266

K

key function (#£F =) ,282
KeyboardInterrupt (built-in exception), 55
keyword argument (B#2%5|#) ,282

L

lambda, 282
LBYL, 282
len
Bz & R, 88, 96, 98, 143, 146, 148
lenfunc (C type), 266
list
., 143
list comprehension (BF|4AEE) ,282
list (&%) ,282
loader (#FHA#H) ,283
locale encoding (B 4&7) , 282
lock, interpreter, 180
long integer
i, 113

LONG_MAX, 114

magic
method, 283

e ]

313



The Python/C API, £[F] 3.10.11

magic method (EATF ) ,283
main (), 177,179
malloc (), 217
mapping

I, 145
mapping (¥#t) ,283
memoryview

HitE, 163
meta path finder (THELFiHE) 283
metaclass (JC#E[F) , 283
METH_CLASS ([ 4 %), 232
METH_COEXIST ([Fli % %), 232
METH_FASTCALL ([Fl# % ), 231
METH_NOARGS ([F)s& 4 #), 231
METH_O ([l £ $0), 231
METH_STATIC ([ % #), 232
METH_VARARGS ([FliZ % %), 231
method

magic, 283

special, 286

i, 150
method resolution order (ﬁ%ﬁ@*ﬁﬁ[ﬁfi"_) ,283
MethodType (in module types), 149, 150
method (F ) ,283
module

search path, 11, 176, 178

i, 153
module spec (ﬁ%?ﬂ%ﬂ%) ,283
modules (in module sys), 68, 176
ModuleType (in module types), 153
module (}fﬁ/ﬂﬂ) ,283
MRO, 283
mutable ("’Tﬁ%ﬁ:) , 283

N

named tuple (Fﬁ%ﬁl?ﬂ) ,283
namespace package (”ﬁ‘gﬁfﬂﬂgﬁ) ,284
namespace (@%fﬁéﬁﬂ) , 283

nested scope (éﬁﬂkﬁ;}ﬂﬁ’j@) , 284
new-style class (Fr= ) , 284
newfunc (C type), 265

None
M, 113
numeric
W, 113
@)
object
code, 151

object (##) ,284

objobjargproc (C type), 266
objobjproc (C type), 266
OverflowError (built-in exception), 114, 115

P

package variable

_all_ ,68
package (B#) ,284
parameter (%) ,284
PATH, 11
path

module search, 11, 176, 178
path (in module sys), 11, 176, 178

path based finder (EPEEWIZHE) ,285
path entry finder (BIEE ZHE) ,285
path entry hook (B&IEEHE) ,285

path entry (BEIHEE) ,285
path-like object (¥KE4H) ,285
PEP, 285
plat form (in module sys), 179
portion (#4-) , 285
positional argument ({L%3|%) ,285
pow

[ & =, 94, 95
provisional API (¥4T API) ,285
provisional package (¥FAiTEH) ,285
Py_ABS (C macro), 4
Py_AddPendingCall (C function), 188
Py_AddPendingCall (), 188
Py_AtExit (C function), 68
Py_BEGIN_ALLOW_THREADS, 181
Py_BEGIN_ALLOW_THREADS (C macro), 184
Py_BLOCK_THREADS (C macro), 184
Py_buffer (C type), 100
Py_buffer.buf (C member), 100
Py_buffer.format (C member), 101
Py_buffer.internal (C member), 102
Py_buffer.itemsize (C member), 101
Py_buffer.len (Cmember), 101
Py_buffer.ndim (C member), 101
Py_buffer.ob]j (Cmember), 101
Py_buffer.readonly (C member), 101
Py_buffer.shape (C member), 101
Py_buffer.strides (C member), 101
Py_buffer.suboffsets (C member), 102
Py_Buildvalue (C function), 78
Py_BytesMain (C function), 41
Py_BytesWarningFlag (Cvar), 174
Py_CHARMASK (C macro), 5
Py_CLEAR (C function), 48
Py_CompileString (C function), 43
Py_CompileString(), 44
Py_CompileStringExFlags (C function), 43
Py_CompileStringFlags (C function), 43
Py_CompileStringObject (C function), 43
Py_complex (Ctype), 117
Py_DebugFlag (Cvar), 174
Py_DecodeLocale (C function), 64
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Py_DECREF (C function), 48

Py_DecRef (C function), 48

Py_DECREF (), 6

Py_DEPRECATED (C macro), 5
Py_DontWriteBytecodeFlag (Cvar), 174
Py_Ellipsis (Cvar), 163
Py_EncodeLocale (C function), 65
Py_END_ALLOW_THREADS, 181
Py_END_ALLOW_THREADS (C macro), 184
Py_EndInterpreter (C function), 188
Py_EnterRecursiveCall (C function), 58
Py_eval_input (Cvar), 44

Py_Exit (C function), 67

Py_False (Cvar), 116

Py_FatalError (C function), 67
Py_FatalError (), 179
Py_FdIsInteractive (C function), 63
Py_file_input (Cvar), 44
Py_Finalize (C function), 177
Py_FinalizeEx (C function), 176
Py_FinalizeEx (), 67,68, 176, 188
Py_FrozenFlag (Cvar), 174
Py_GenericAlias (C function), 171
Py_GenericAliasType (Cvar), 172
Py_GetArgcArgv (C function), 214
Py_GetBuildInfo (C function), 179
Py_GetCompiler (C function), 179
Py_GetCopyright (C function), 179
Py_GETENV (C macro), 5
Py_GetExecPrefix (C function), 177
Py_GetExecPrefix (), 11

Py_GetPath (C function), 178
Py_GetPath (), 11,177,178
Py_GetPlatform (C function), 179
Py_GetPrefix (C function), 177
Py_GetPrefix (), 11
Py_GetProgramFullPath (C function), 178
Py_GetProgramFullPath (), 11
Py_GetProgramName (C function), 177
Py_GetPythonHome (C function), 180
Py_GetVersion (C function), 179
Py_HashRandomizationFlag (Cvar), 174
Py_IgnoreEnvironmentFlag (Cvar), 175
Py_INCREF (C function), 47

Py_IncRef (C function), 48

Py_INCREF (), 6

Py_Initialize (C function), 176
Py_Initialize (), 11,177,188
Py_InitializeEx (C function), 176
Py_InitializeFromConfig (C function), 210
Py_InspectFlag (Cvar), 175
Py_InteractiveFlag (Cvar), 175
Py_TIs (C function), 228

Py_IS_TYPE (C function), 229

Py_IsFalse (C function), 229

Py_IsInitialized (C function), 176

Py_IsInitialized(), 11

Py_IsNone (C function), 228

Py_IsolatedFlag (Cvar), 175

Py_IsTrue (C function), 229

Py_LeaveRecursiveCall (C function), 58

Py_LegacyWindowsFSEncodingFlag (Cvar), 175

Py_LegacyWindowsStdioFlag (Cvar), 175

Py_LIMITED_API (C macro), 13

Py_Main (C function), 41

PY_MAJOR_VERSION (C macro), 273

Py_MAX (C macro), 5

Py_MEMBER_SIZE (C macro), 5

PY_MICRO_VERSION (C macro), 273

Py_MIN (C macro), 4

PY_MINOR_VERSION (C macro), 273

Py_mod_create (C macro), 157

Py_mod_create.create_module (C function), 157

Py_mod_exec (C macro), 157

Py_mod_exec.exec_module (C function), 157

Py_NewInterpreter (C function), 187

Py_NewRef (C function), 47

Py_None (Cvar), 113

Py_NoSiteFlag (Cvar), 175

Py_NotImplemented (C var), 85

Py_NoUserSiteDirectory (Cvar), 175

Py_OptimizeFlag (Cvar), 175

Py_PreInitialize (C function), 200

Py_PreInitializeFromArgs (C function), 200

Py_PreInitializeFromBytesArgs (C function),
200

Py_PRINT_RAW, 153

Py_QuietFlag (Cvar), 175

Py_REFCNT (C function), 229

PY_RELEASE_LEVEL (C macro), 273

PY_RELEASE_SERIAL (C macro), 273

Py_ReprEnter (C function), 58

Py_ReprLeave (C function), 58

Py_RETURN_FALSE (C macro), 116

Py_RETURN_NONE (C macro), 113

Py_RETURN_NOTIMPLEMENTED (C macro), 85

Py_RETURN_TRUE (C macro), 116

Py_RunMain (C function), 214

Py_SET_REFCNT (C function), 229

Py_SET_SIZE (C function), 229

Py_SET_TYPE (C function), 229

Py_SetPath (C function), 178

Py_SetPath (), 178

Py_SetProgramName (C function), 177

Py_SetProgramName (), 11, 176178

Py_SetPythonHome (C function), 180

Py_SetStandardStreamkEncoding (C function),
177
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Py_single_input (C var), 44
Py_SIZE (C function), 229
Py_ssize_t (Ctype), 9
PY_SSIZE_T_MAX, 115
Py_STRINGIFY (C macro), 5
Py_TPFLAGS_BASE_EXC_SUBCLASS ([F] & 4 #),
248
Py_TPFLAGS_BASETYPE (B % &), 247
Py_TPFLAGS_BYTES_SUBCLASS (i & #), 248
Py_TPFLAGS_DEFAULT ([Fla % %), 247
Py_TPFLAGS_DICT_SUBCLASS ([Elz % #0), 248
Py_TPFLAGS_DISALLOW_INSTANTIATION ([E &
% %), 249
Py_TPFLAGS_HAVE_FINALIZE ([Flz % %), 248
Py_TPFLAGS_HAVE_GC ([Fl£ % ), 247
Py_TPFLAGS_HAVE_VECTORCALL ([Elz % #0), 248
Py_TPFLAGS_HEAPTYPE ([FliZ % &), 247
Py_TPFLAGS_IMMUTABLETYPE ([Fl# % #0), 248
Py_TPFLAGS_LIST_ SUBCLASS ([Fli % ), 248
Py_TPFLAGS_LONG_SUBCLASS ([Flz % ), 248
Py_TPFLAGS_MAPPING ([FlzZ % #0), 249
Py_TPFLAGS_METHOD_DESCRIPTOR ([F] & 4 #),
248
Py_TPFLAGS_READY ([Flz % ), 247
Py_TPFLAGS_READYING ([F)zZ % #), 247
Py_TPFLAGS_SEQUENCE ([Fla % #0), 249
Py_TPFLAGS_TUPLE_SUBCLASS ([Elz & #), 248
Py_TPFLAGS_TYPE_SUBCLASS ([Elz & #), 248
Py_TPFLAGS_UNICODE_SUBCLASS ([Flat % %), 248
Py_tracefunc (Ctype), 189
Py_True (Cvar), 116
Py_tss_NEEDS_INIT (C macro), 191
Py_tss_t (Ctype), 191
Py_TYPE (C function), 229
Py_UCS1 (Ctype), 122
Py_UCS2 (Ctype), 122
Py_UCS4 (C nype), 122
Py_UNBLOCK_THREADS (C macro), 184
Py_UnbufferedStdioFlag (Cvar), 175
Py_UNICODE (C type), 122
Py_UNICODE_IS_HIGH_SURROGATE (C macro), 126
Py_UNICODE_IS_LOW_SURROGATE (C macro), 126
Py_UNICODE_IS_SURROGATE (C macro), 126
Py_UNICODE_ISALNUM (C function), 125
Py_UNICODE_ISALPHA (C function), 125
Py_UNICODE_ISDECIMAL (C function), 125
Py_UNICODE_ISDIGIT (C function), 125
Py_UNICODE_ISLINEBREAK (C function), 125
Py_UNICODE_ISLOWER (C function), 125
Py_UNICODE_ISNUMERIC (C function), 125
Py_UNICODE_ISPRINTABLE (C function), 125
Py_UNICODE_ISSPACE (C function), 125
Py_UNICODE_ISTITLE (C function), 125
Py_UNICODE_ISUPPER (C function), 125

Py_UNICODE_JOIN_SURROGATES (C macro), 126

Py_UNICODE_TODECIMAL (C function), 125

Py_UNICODE_TODIGIT (C function), 125

Py_UNICODE_TOLOWER (C function), 125

Py_UNICODE_TONUMERIC (C function), 126

Py_UNICODE_TOTITLE (C function), 125

Py_UNICODE_TOUPPER (C function), 125

Py_UNREACHABLE (C macro), 4

Py_UNUSED (C macro), 5

Py_VaBuildvalue (C function), 79

PY_VECTORCALL_ARGUMENTS_OFFSET (C macro),
90

Py_VerboseFlag (Cvar), 176

PY_VERSION_HEX (C macro), 273

Py_VISIT (C function), 270

Py_XDECREF (C function), 48

Py_XDECREF (), 11

Py_XINCREF (C function), 47

Py_XNewRef (C function), 47

PyAIter_Check (C function), 99

PyAnySet_Check (C function), 148

PyAnySet_CheckExact (C function), 148

PyArg_Parse (C function), 77

PyArg_ParseTuple (C function), 77

PyArg_ParseTupleAndKeywords (C function), 77

PyArg_UnpackTuple (C function), 77

PyArg_ValidateKeywordArguments
tion), 77

PyArg_VaParse (C function), 77

PyArg_VaParseTupleAndKeywords (C function),
77

PyASCIIObject (Ctype), 122

PyAsyncMethods (C type), 264

PyAsyncMethods.am_aiter (C member), 265

PyAsyncMethods.am_anext (C member), 265

PyAsyncMethods.am_await (C member), 264

PyAsyncMethods.am_send (C member), 265

PyBool_Check (C function), 116

PyBool_FromLong (C function), 116

PyBUF_ANY_CONTIGUOUS (C macro), 103

PyBUF_C_CONTIGUOUS (C macro), 103

PyBUF_CONTIG (C macro), 104

PyBUF_CONTIG_RO (C macro), 104

PyBUF_F_CONTIGUOUS (C macro), 103

PyBUF_FORMAT (C macro), 102

PyBUF_FULL (C macro), 104

PyBUF_FULL_RO (C macro), 104

PyBUF_INDIRECT (C macro), 103

PyBUF_ND (C macro), 103

PyBUF_RECORDS (C macro), 104

PyBUF_RECORDS_RO (C macro), 104

PyBUF_SIMPLE (C macro), 103

PyBUF_STRIDED (C macro), 104

PyBUF_STRIDED_RO (C macro), 104

(C  func-
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PyBUF_STRIDES (C macro), 103
PyBUF_WRITABLE (C macro), 102
PyBuffer_FillContiguousStrides
tion), 106
PyBuffer_FillInfo (C function), 106
PyBuffer_FromContiguous (C function), 106
PyBuffer_GetPointer (C function), 106
PyBuffer_IsContiguous (C function), 106
PyBuffer_Release (C function), 105
PyBuffer_SizeFromFormat (C function), 105
PyBuffer_ToContiguous (C function), 106
PyBufferProcs, 100
PyBufferProcs (Ctype), 263
PyBufferProcs.bf_getbuffer (Cmember), 263
PyBufferProcs.bf_releasebuffer (Cmember),
264
PyByteArray_AS_STRING (C function), 121
PyByteArray_AsString (C function), 121
PyByteArray_Check (C function), 121
PyByteArray_CheckExact (C function), 121
PyByteArray_Concat (C function), 121
PyByteArray_FromObject (C function), 121
PyByteArray_FromStringAndSize (C function),
121
PyByteArray_GET_SIZE (C function), 121
PyByteArray_Resize (C function), 121
PyByteArray_Size (C function), 121
PyByteArray_Type (Cvar), 121
PyByteArrayObject (C type), 121
PyBytes_AS_STRING (C function), 120
PyBytes_AsString (C function), 120
PyBytes_AsStringAndSize (C function), 120
PyBytes_Check (C function), 119
PyBytes_CheckExact (C function), 119
PyBytes_Concat (C function), 120
PyBytes_ConcatAndDel (C function), 120
PyBytes_FromFormat (C function), 119
PyBytes_FromFormatV (C function), 119
PyBytes_FromObject (C function), 120
PyBytes_FromString (C function), 119
PyBytes_FromStringAndSize (C function), 119
PyBytes_GET_SIZE (C function), 120
PyBytes_Size (C function), 120
PyBytes_Type (Cvar), 119
PyBytesObject (Ctype), 119
PyCallable_Check (C function), 93
PyCallIter_Check (C function), 161
PyCallIter_New (C function), 161
PyCallIter_Type (Cvar), 161
PyCapsule (C type), 164
PyCapsule_CheckExact (C function), 165
PyCapsule_Destructor (C type), 164
PyCapsule_GetContext (C function), 165
PyCapsule_GetDestructor (C function), 165

(C  func-

PyCapsule_GetName (C function), 165
PyCapsule_GetPointer (C function), 165
PyCapsule_Import (C function), 165
PyCapsule_IsValid (C function), 165
PyCapsule_New (C function), 165
PyCapsule_SetContext (C function), 166
PyCapsule_SetDestructor (C function), 166
PyCapsule_SetName (C function), 166
PyCapsule_SetPointer (C function), 166
PyCell_Check (C function), 151
PyCell_GET (C function), 151
PyCell_Get (C function), 151
PyCell_New (C function), 151
PyCell_SET (C function), 151
PyCell_Set (C function), 151
PyCell_Type (Cvar), 151
PyCellObject (Ctype), 151
PyCFunction (C type), 230
PyCFunctionWithKeywords (C type), 230
PyCMethod (C type), 230
PyCode_Addr2Line (C function), 152
PyCode_Check (C function), 151
PyCode_GetNumFree (C function), 151
PyCode_New (C function), 151
PyCode_NewEmpty (C function), 152
PyCode_NewWithPosOnlyArgs (C function), 152
PyCode_Type (Cvar), 151
PyCodec_BackslashReplaceErrors
tion), 83
PyCodec_Decode (C function), 82
PyCodec_Decoder (C function), 82
PyCodec_Encode (C function), 82
PyCodec_Encoder (C function), 82
PyCodec_IgnoreErrors (C function), 83
PyCodec_IncrementalDecoder (C function), 82
PyCodec_IncrementalEncoder (C function), 82
PyCodec_KnownEncoding (C function), 82
PyCodec_LookupError (C function), 83
PyCodec_NameReplaceErrors (C function), 83
PyCodec_Register (C function), 82
PyCodec_RegisterError (C function), 83
PyCodec_ReplaceErrors (C function), 83
PyCodec_StreamReader (C function), 82
PyCodec_StreamWriter (C function), 82
PyCodec_StrictErrors (C function), 83
PyCodec_Unregister (C function), 82
PyCodec_XMLCharRefReplaceErrors (C func-
tion), 83
PyCodeObject (Ctype), 151
PyCompactUnicodeObject (C type), 122
PyCompilerFlags (C struct), 44
PyCompilerFlags.cf_feature_version (C
member), 44
PyCompilerFlags.cf_flags (C member), 44

(C  func-
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PyComplex_AsCComplex (C function), 118
PyComplex_Check (C function), 118
PyComplex_CheckExact (C function), 118
PyComplex_FromCComplex (C function), 118
PyComplex_FromDoubles (C function), 118
PyComplex_TImagAsDouble (C function), 118
PyComplex_RealAsDouble (C function), 118
PyComplex_Type (Cvar), 118
PyComplexObject (Ctype), 118
PyConfig (Ctype), 201
PyConfig.argv (C member), 202
PyConfig.base_exec_prefix (C member), 202
PyConfig.base_executable (C member), 202
PyConfig.base_prefix (Cmember), 202
PyConfig.buffered_stdio (Cmember), 202
PyConfig.bytes_warning (C member), 203
PyConfig.check_hash_pycs_mode (C member),
203
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
PyConfig.
204
PyConfig.
PyConfig.
PyConfig.
PyConfig.

configure_c_stdio (C member), 203
dev_mode (C member), 203

dump_refs (C member), 203
exec_prefix (C member), 203
executable (C member), 204
faulthandler (C member), 204
filesystem_encoding (C member),

filesystem_errors (C member), 204
hash_seed (C member), 204
home (C member), 205
import_time (C member), 205
PyConfig.inspect (C member), 205
PyConfig.install_signal_handlers (C mem-
ber), 205
PyConfig.interactive (C member), 205
PyConfig.isolated (C member), 205
PyConfig.legacy_windows_stdio (C member),
205
PyConfig.malloc_stats (C member), 206
PyConfig.module_search_paths (C member),
206
PyConfig.module_search_paths_set (C mem-
ber), 206
PyConfig.optimization_level (Cmember), 206
PyConfig.orig_argv (C member), 206
PyConfig.parse_argv (C member), 207

PyConfig.parser_debug (C member), 207
PyConfig.pathconfig _warnings (C member),
207

PyConfig.platlibdir (C member), 206
PyConfig.prefix (C member), 207
PyConfig.program_name (C member), 207
PyConfig.pycache_prefix (Cmember), 207
PyConfig.PyConfig_Clear (C function), 201

PyConfig.PyConfig_InitIsolatedConfig (C
function), 201
PyConfig.PyConfig_InitPythonConfig (C
Sfunction), 201
PyConfig.PyConfig_Read (C function), 201
PyConfig.PyConfig_SetArgv (C function), 201
PyConfig.PyConfig_SetBytesArgv (C func-
tion), 201
PyConfig.PyConfig_SetBytesString (C func-
tion), 201
PyConfig.PyConfig_SetString (C function),201
PyConfig.PyConfig_SetWideStringList (C
function), 201
PyConfig.pythonpath_env (C member), 206
PyConfig.quiet (C member), 208
PyConfig.run_command (C member), 208
PyConfig.run_filename (C member), 208
PyConfig.run_module (C member), 208
PyConfig.show_ref_count (C member), 208
PyConfig.site_import (C member), 208
PyConfig.skip_source_first_line (C mem-
ber), 208
PyConfig.stdio_encoding (C member), 208
PyConfig.stdio_errors (C member), 208
PyConfig.tracemalloc (C member), 209
PyConfig.use_environment (C member), 209
PyConfig.use_hash_seed (C member), 204
PyConfig.user_site_directory (C member),
209
PyConfig.verbose (C member), 209
PyConfig.warn_default_encoding (Cmember),
203
PyConfig.warnoptions (C member), 209
PyConfig.write_bytecode (C member), 210
PyConfig.xoptions (C member), 210
PyContext (C type), 167
PyContext_CheckExact (C function), 167
PyContext_Copy (C function), 167
PyContext_CopyCurrent (C function), 168
PyContext_Enter (C function), 168
PyContext_Exit (C function), 168
PyContext_New (C function), 167
PyContext_Type (Cvar), 167
PyContextToken (C type), 167
PyContextToken_CheckExact (C function), 167
PyContextToken_Type (Cvar), 167
PyContextVar (Ctype), 167
PyContextVar_CheckExact (C function), 167
PyContextVar_Get (C function), 168
PyContextVar_New (C function), 168
PyContextVar_Reset (C function), 168
PyContextVar_Set (C function), 168
PyContextVar_Type (Cvar), 167
PyCoro_CheckExact (C function), 166
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PyCoro_New (C function), 167
PyCoro_Type (Cvar), 166
PyCoroObject (C type), 166
PyDate_Check (C function), 168
PyDate_CheckExact (C function), 168
PyDate_FromDate (C function), 169
PyDate_FromTimestamp (C function), 171
PyDateTime_Check (C function), 168
PyDateTime_CheckExact (C function), 169
PyDateTime_DATE_GET_FOLD (C function), 170
PyDateTime_DATE_GET_HOUR (C function), 170
PyDateTime_DATE_GET_MICROSECOND (C func-
tion), 170
PyDateTime_DATE_GET_MINUTE (C function), 170
PyDateTime_DATE_GET_SECOND (C function), 170
PyDateTime_DATE_GET_TZINFO (C function), 170
PyDateTime_DELTA_GET_DAYS (C function), 171
PyDateTime_DELTA_GET_MICROSECONDS (&
function), 171
PyDateTime_DELTA_GET_SECONDS (C function),
171
PyDateTime_FromDateAndTime (C function), 169
PyDateTime_FromDateAndTimeAndFold (o
function), 169
PyDateTime_FromTimestamp (C function), 171
PyDateTime_GET_DAY (C function), 170
PyDateTime_GET_MONTH (C function), 170
PyDateTime_GET_YEAR (C function), 170
PyDateTime_TIME_GET_FOLD (C function), 170
PyDateTime_TIME_GET_HOUR (C function), 170
PyDateTime_TIME_GET_MICROSECOND (C func-
tion), 170
PyDateTime_TIME_GET_MINUTE (C function), 170
PyDateTime_TIME_GET_SECOND (C function), 170
PyDateTime_TIME_GET_TZINFO (C function), 170
PyDateTime_TimeZone_UTC (C var), 168
PyDelta_Check (C function), 169
PyDelta_CheckExact (C function), 169
PyDelta_FromDSU (C function), 169
PyDescr_IsData (C function), 161
PyDescr_NewClassMethod (C function), 161
PyDescr_NewGetSet (C function), 161
PyDescr_NewMember (C function), 161
PyDescr_NewMethod (C function), 161
PyDescr_NewWrapper (C function), 161
PyDict_Check (C function), 145
PyDict_CheckExact (C function), 145
PyDict_Clear (C function), 145
PyDict_Contains (C function), 145
PyDict_Copy (C function), 145
PyDict_DelItem (C function), 145
PyDict_DelItemString (C function), 145
PyDict_GetItem (C function), 145
PyDict_GetItemString (C function), 146

PyDict_GetItemWithError (C function), 145
PyDict_TItems (C function), 146
PyDict_Keys (C function), 146
PyDict_Merge (C function), 147
PyDict_MergeFromSeq2 (C function), 147
PyDict_New (C function), 145
PyDict_Next (C function), 146
PyDict_SetDefault (C function), 146
PyDict_SetItem (C function), 145
PyDict_SetItemString (C function), 145
PyDict_Size (C function), 146
PyDict_Type (Cvar), 145
PyDict_Update (C function), 147
PyDict_Values (C function), 146
PyDictObject (Ctype), 145
PyDictProxy_New (C function), 145
PyDoc_STR (C macro), 5
PyDoc_STRVAR (C macro), 5
PyErr_BadArgument (C function), 50
PyErr_BadInternalCall (C function), 52
PyErr_CheckSignals (C function), 55
PyErr_Clear (C function), 49
PyErr_Clear(),9,11
PyErr_ExceptionMatches (C function), 53
PyErr_ExceptionMatches (), 11
PyErr_Fetch (C function), 53
PyErr_Format (C function), 50
PyErr_FormatV (C function), 50
PyErr_GetExcInfo (C function), 54
PyErr_GivenExceptionMatches (C function), 53
PyErr_NewException (C function), 56
PyErr_NewExceptionWithDoc (C function), 56
PyErr_NoMemory (C function), 50
PyErr_NormalizeException (C function), 54
PyErr_Occurred (C function), 53
PyErr_Occurred(),9
PyErr_Print (C function), 50
PyErr_PrintEx (C function), 49
PyErr_ResourceWarning (C function), 53
PyErr_Restore (C function), 54
PyErr_SetExcFromWindowsErr (C function), 51
PyErr_SetExcFromWindowsErrWithFilename
(C function), 51

PyErr_SetExcFromWindowsErrWithFilenameObject

(C function), 51

PyErr_SetExcFromWindowsErrWithFilenameObjects

(C function), 51
PyErr_SetExcInfo (C function), 54
PyErr_SetFromErrno (C function), 50
PyErr_SetFromErrnoWithFilename (C func-
tion), 51
PyErr_SetFromErrnoWithFilenameObject (C
function), 51
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PyErr_SetFromErrnoWithFilenameObjects
(C function), 51
PyErr_SetFromWindowsErr (C function), 51
PyErr_SetFromWindowsErrWithFilename (C
function), 51
PyErr_SetImportError (C function), 52
PyErr_SetImportErrorSubclass (C function),
52
PyErr_SetInterrupt (C function), 55
PyErr_SetInterruptEx (C function), 55
PyErr_SetNone (C function), 50
PyErr_SetObject (C function), 50
PyErr_SetString (C function), 50
PyErr_SetString(),9
PyErr_SyntaxLocation (C function), 52
PyErr_SyntaxLocationEx (C function), 52
PyErr_SyntaxLocationObject (C function), 52
PyErr_WarnEx (C function), 52
PyErr_WarnExplicit (C function), 53
PyErr_WarnExplicitObject (C function), 52
PyErr_WarnFormat (C function), 53
PyErr_WriteUnraisable (C function), 50
PyEval_AcquireLock (C function), 187
PyEval_AcquireThread (C function), 186
PyEval_AcquireThread(), 182
PyEval_EvalCode (C function), 44
PyEval_EvalCodeEx (C function), 44
PyEval_EvalFrame (C function), 44
PyEval_EvalFrameEx (C function), 44
PyEval_GetBuiltins (C function), 81
PyEval_GetFrame (C function), 81
PyEval_GetFuncDesc (C function), 82
PyEval_GetFuncName (C function), 82
PyEval_GetGlobals (C function), 81
PyEval_GetLocals (C function), 81
PyEval_InitThreads (C function), 182
PyEval_InitThreads (), 176
PyEval_MergeCompilerFlags (C function), 44
PyEval_ReleaseLock (C function), 187
PyEval_ReleaseThread (C function), 187
PyEval_ReleaseThread(), 182
PyEval_RestoreThread (C function), 183
PyEval_RestoreThread(), 181, 182
PyEval_SaveThread (C function), 183
PyEval_SaveThread(), 181, 182
PyEval_SetProfile (C function), 190
PyEval_SetTrace (C function), 190
PyEval_ThreadsInitialized (C function), 183
PyExc_ArithmeticError, 59
PyExc_AssertionError, 59
PyExc_AttributeError, 59
PyExc_BaseException, 59
PyExc_BlockingIOError, 59
PyExc_BrokenPipeError, 59

PyExc_BufferError, 59
PyExc_BytesWarning, 60
PyExc_ChildProcessError, 59
PyExc_ConnectionAbortedError, 59
PyExc_ConnectionError, 59
PyExc_ConnectionRefusedError, 59
PyExc_ConnectionResetError, 59
PyExc_DeprecationWarning, 60
PyExc_EnvironmentError, 60
PyExc_EOFError, 59
PyExc_Exception, 59
PyExc_FileExistsError, 59
PyExc_FileNotFoundError, 59
PyExc_FloatingPointError, 59
PyExc_FutureWarning, 60
PyExc_GeneratorExit, 59
PyExc_ImportError, 59
PyExc_ImportWarning, 60
PyExc_IndentationError, 59
PyExc_IndexError, 59
PyExc_InterruptedError, 59
PyExc_IOError, 60
PyExc_IsADirectoryError, 59
PyExc_KeyboardInterrupt, 59
PyExc_KeyError, 59
PyExc_LookupError, 59
PyExc_MemoryError, 59
PyExc_ModuleNotFoundError, 59
PyExc_NameError, 59
PyExc_NotADirectoryError, 59
PyExc_NotImplementedError, 59
PyExc_OSError, 59
PyExc_OverflowError, 59
PyExc_PendingDeprecationWarning, 60
PyExc_PermissionError, 59
PyExc_ProcessLookupError, 59
PyExc_RecursionError, 59
PyExc_ReferenceError, 59
PyExc_ResourceWarning, 60
PyExc_RuntimeError, 59
PyExc_RuntimeWarning, 60
PyExc_StopAsynclteration, 59
PyExc_StopIteration, 59
PyExc_SyntaxError, 59
PyExc_SyntaxWarning, 60
PyExc_SystemError, 59
PyExc_SystemExit, 59
PyExc_TabError, 59
PyExc_TimeoutError, 59
PyExc_TypeError, 59
PyExc_UnboundLocalError, 59
PyExc_UnicodeDecodeError, 59
PyExc_UnicodeEncodeError, 59
PyExc_UnicodeError, 59
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PyExc_UnicodeTranslateError, 59
PyExc_UnicodeWarning, 60
PyExc_UserWarning, 60
PyExc_ValueError, 59

PyExc_Warning, 60
PyExc_WindowsError, 60
PyExc_ZeroDivisionError, 59
PyException_GetCause (C function), 56
PyException_GetContext (C function), 56
PyException_GetTraceback (C function), 56
PyException_SetCause (C function), 56
PyException_SetContext (C function), 56
PyException_SetTraceback (C function), 56
PyFile_FromFd (C function), 152
PyFile_GetLine (C function), 152
PyFile_SetOpenCodeHook (C function), 153
PyFile_WriteObject (C function), 153
PyFile_WriteString (C function), 153
PyFloat_AS_DOUBLE (C function), 117
PyFloat_AsDouble (C function), 117
PyFloat_Check (C function), 116
PyFloat_CheckExact (C function), 116
PyFloat_FromDouble (C function), 117
PyFloat_FromString (C function), 117
PyFloat_GetInfo (C function), 117
PyFloat_GetMax (C function), 117
PyFloat_GetMin (C function), 117
PyFloat_Type (Cvar), 116
PyFloatObject (Ctype), 116
PyFrame_GetBack (C function), 81
PyFrame_GetCode (C function), 81
PyFrame_GetLineNumber (C function), 81
PyFrameObject (Ctype), 44
PyFrozenSet_Check (C function), 147
PyFrozenSet_CheckExact (C function), 148
PyFrozenSet_New (C function), 148
PyFrozenSet_Type (Cvar), 147
PyFunction_Check (C function), 149
PyFunction_GetAnnotations (C function), 150
PyFunction_GetClosure (C function), 149
PyFunction_GetCode (C function), 149
PyFunction_GetDefaults (C function), 149
PyFunction_GetGlobals (C function), 149
PyFunction_GetModule (C function), 149
PyFunction_New (C function), 149
PyFunction_NewWithQualName (C function), 149
PyFunction_SetAnnotations (C function), 150
PyFunction_SetClosure (C function), 149
PyFunction_SetDefaults (C function), 149
PyFunction_Type (C var), 149
PyFunctionObject (C type), 149
PyGC_Collect (C function), 271
PyGC_Disable (C function), 271
PyGC_Enable (C function), 271

PyGC_IsEnabled (C function), 271
PyGen_Check (C function), 166
PyGen_CheckExact (C function), 166
PyGen_New (C function), 166
PyGen_NewWithQualName (C function), 166
PyGen_Type (Cvar), 166
PyGenObject (C type), 166
PyGetSetDef (C type), 233
PyGILState_Check (C function), 184
PyGILState_Ensure (C function), 183
PyGILState_GetThisThreadState (C function),
184
PyGILState_Release (C function), 184
PyImport_AddModule (C function), 69
PyImport_AddModuleObject (C function), 69
PyImport_AppendInittab (C function), 71
PyImport_ExecCodeModule (C function), 69
PyImport_ExecCodeModuleEx (C function), 69
PyImport_ExecCodeModuleObject (C function),
69
PyImport_ExecCodeModuleWithPathnames (C
function), 69
PyImport_ExtendInittab (C function), 71
PyImport_FrozenModules (C var), 70
PyImport_GetImporter (C function), 70
PyImport_GetMagicNumber (C function), 70
PyImport_GetMagicTag (C function), 70
PyImport_GetModule (C function), 70
PyImport_GetModuleDict (C function), 70
PyImport_Import (C function), 68
PyImport_ImportFrozenModule (C function), 70
PyImport_ImportFrozenModuleObject (c
function), 70
PyImport_ImportModule (C function), 68
PyImport_ImportModuleEx (C function), 68
PyImport_ImportModuleLevel (C function), 68
PyImport_ImportModuleLevelObject (C func-
tion), 68
PyImport_ImportModuleNoBlock (C function),
68
PyImport_ReloadModule (C function), 69
PyIndex_Check (C function), 96
PyInstanceMethod_Check (C function), 150
PyInstanceMethod_Function (C function), 150
PyInstanceMethod_GET_FUNCTION (C function),
150
PyInstanceMethod_New (C function), 150
PyInstanceMethod_Type (Cvar), 150
PyInterpreterState (Ctype), 182
PyInterpreterState_Clear (C function), 184
PyInterpreterState_Delete (C function), 185
PyInterpreterState_Get (C function), 185
PyInterpreterState_GetDict (C function), 186
PyInterpreterState_GetID (C function), 185
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PyInterpreterState_Head (C function), 191
PyInterpreterState_Main (C function), 191
PyInterpreterState_New (C function), 184
PyInterpreterState_Next (C function), 191
PyInterpreterState_ThreadHead (C function),
191
PyIter_Check (C function), 99
PyIter_Next (C function), 99
PyIter_Send (C function), 100
PyList_Append (C function), 144
PyList_AsTuple (C function), 144
PyList_Check (C function), 143
PyList_CheckExact (C function), 143
PyList_GET_ITEM (C function), 144
PyList_GET_SIZE (C function), 143
PyList_GetItem (C function), 144
PyList_GetItem(), 8
PyList_GetSlice (C function), 144
PyList_Insert (C function), 144
PyList_New (C function), 143
PyList_Reverse (C function), 144
PyList_SET_ITEM (C function), 144
PyList_SetItem (C function), 144
PyList_SetItem(),7
PyList_SetSlice (C function), 144
PyList_Size (C function), 143
PyList_Sort (C function), 144
PyList_Type (Cvar), 143
PyListObject (Ctype), 143
PyLong_AsDouble (C function), 116
PyLong_AsLong (C function), 114
PyLong_AsLongAndOverflow (C function), 114
PyLong_AsLongLong (C function), 114
PyLong_AsLongLongAndOverflow (C function),
114
PyLong_AsSize_t (C function), 115
PyLong_AsSsize_t (C function), 115
PyLong_AsUnsignedLong (C function), 115
PyLong_AsUnsignedLongLong (C function), 115
PyLong_AsUnsignedLongLongMask (C function),
115
PyLong_AsUnsignedLongMask (C function), 115
PyLong_AsVoidPtr (C function), 116
PyLong_Check (C function), 113
PyLong_CheckExact (C function), 113
PyLong_FromDouble (C function), 114
PyLong_FromLong (C function), 113
PyLong_FromLongLong (C function), 113
PyLong_FromSize_t (C function), 113
PyLong_FromSsize_t (C function), 113
PyLong_FromString (C function), 114
PyLong_FromUnicodeObject (C function), 114
PyLong_FromUnsignedLong (C function), 113
PyLong_FromUnsignedLongLong (C function), 113

PyLong_FromVoidPtr (C function), 114
PyLong_Type (Cvar), 113
PyLongObject (Ctype), 113
PyMapping_Check (C function), 98
PyMapping_DelItem (C function), 98
PyMapping_DelItemString (C function), 98
PyMapping_GetItemString (C function), 98
PyMapping_HasKey (C function), 98
PyMapping_HasKeyString (C function), 98
PyMapping_TItems (C function), 99
PyMapping_Keys (C function), 98
PyMapping_Length (C function), 98
PyMapping_SetItemString (C function), 98
PyMapping_Size (C function), 98
PyMapping_Values (C function), 98
PyMappingMethods (C type), 262
PyMappingMethods.mp_ass_subscript c
member), 262
PyMappingMethods.mp_length (C member), 262
PyMappingMethods.mp_subscript (C member),
262
PyMarshal_ReadLastObjectFromFile (C func-
tion), 72
PyMarshal_ReadLongFromFile (C function), 71
PyMarshal_ReadObjectFromFile (C function),
72
PyMarshal_ReadObjectFromString (C func-
tion), 72
PyMarshal_ReadShortFromFile (C function), 72
PyMarshal_WriteLongToFile (C function), 71
PyMarshal_WriteObjectToFile (C function), 71
PyMarshal_WriteObjectToString (C function),
71
PyMem_Calloc (C function), 219
PyMem_Del (C function), 220
PyMem_Free (C function), 219
PyMem_GetAllocator (C function), 222
PyMem_Malloc (C function), 219
PyMem_New (C function), 220
PyMem_RawCalloc (C function), 218
PyMem_RawFree (C function), 219
PyMem_RawMalloc (C function), 218
PyMem_RawRealloc (C function), 219
PyMem_Realloc (C function), 219
PyMem_Resize (C function), 220
PyMem_SetAllocator (C function), 222
PyMem_SetupDebugHooks (C function), 223
PyMemAllocatorDomain (C type), 222
PyMemAllocatorDomain.PYMEM_DOMAIN_MEM
(C macro), 222
PyMemAllocatorDomain.PYMEM_DOMAIN_OBJ
(C macro), 222
PyMemAllocatorDomain.PYMEM DOMAIN_RAW
(C macro), 222
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PyMemAllocatorEx (C type), 222
PyMember_GetOne (C function), 233
PyMember_SetOne (C function), 233
PyMemberDef (C type), 232
PyMemoryView_Check (C function), 163
PyMemoryView_FromBuffer (C function), 163
PyMemoryView_FromMemory (C function), 163
PyMemoryView_FromObject (C function), 163
PyMemoryView_GET_BASE (C function), 163
PyMemoryView_GET_BUFFER (C function), 163
PyMemoryView_GetContiguous (C function), 163
PyMethod_Check (C function), 150
PyMethod_Function (C function), 150
PyMethod_GET_FUNCTION (C function), 150
PyMethod_GET_SELF (C function), 150
PyMethod_New (C function), 150
PyMethod_Self (C function), 150
PyMethod_Type (Cvar), 150

PyMethodDef (C type), 230

PyMethodDef .ml_doc (C member), 231
PyMethodDef .ml_flags (C member), 231
PyMethodDef .ml_meth (C member), 230
PyMethodDef .ml_name (C member), 230
PyModule_AddFunctions (C function), 158
PyModule_AddIntConstant (C function), 159
PyModule_AddIntMacro (C function), 160
PyModule_AddObject (C function), 159
PyModule_AddObjectRef (C function), 158
PyModule_AddStringConstant (C function), 160
PyModule_AddStringMacro (C function), 160
PyModule_AddType (C function), 160
PyModule_Check (C function), 153
PyModule_CheckExact (C function), 153
PyModule_Create (C function), 156
PyModule_Create? (C function), 156
PyModule_ExecDef (C function), 158
PyModule_FromDefAndSpec (C function), 157
PyModule_FromDefAndSpec?2 (C function), 157
PyModule_GetDef (C function), 154
PyModule_GetDict (C function), 153
PyModule_GetFilename (C function), 154
PyModule_GetFilenameObject (C function), 154
PyModule_GetName (C function), 154
PyModule_GetNameObject (C function), 154
PyModule_GetState (C function), 154
PyModule_New (C function), 153
PyModule_NewObject (C function), 153
PyModule_SetDocString (C function), 158
PyModule_Type (Cvar), 153

PyModuleDef (C type), 154
PyModuleDef_Init (C function), 156
PyModuleDef_Slot (Ctype), 156
PyModuleDef_Slot.slot (C member), 156
PyModuleDef_Slot.value (Cmember), 156

PyModuleDef .m_base (C member), 154
PyModuleDef.m_clear (C member), 155
PyModuleDef .m_doc (C member), 154
PyModuleDef .m_free (C member), 155
PyModuleDef .m_methods (C member), 155
PyModuleDef .m_name (C member), 154
PyModuleDef .m_size (C member), 154
PyModuleDef .m_slots (C member), 155
PyModuleDef.m_slots.m_reload (C member),
155
PyModuleDef .m_traverse (C member), 155
PyNumber_Absolute (C function), 94
PyNumber_Add (C function), 93
PyNumber_And (C function), 94
PyNumber_AsSsize_t (C function), 96
PyNumber_Check (C function), 93
PyNumber_Divmod (C function), 94
PyNumber_Float (C function), 95
PyNumber_FloorDivide (C function), 93
PyNumber_Index (C function), 95
PyNumber_InPlaceAdd (C function), 94
PyNumber_InPlaceAnd (C function), 95
PyNumber_InPlaceFloorDivide (C function), 95
PyNumber_InPlaceLshift (C function), 95
PyNumber_InPlaceMatrixMultiply (C func-
tion), 95
PyNumber_InPlaceMultiply (C function), 95
PyNumber_InPlaceOr (C function), 95
PyNumber_InPlacePower (C function), 95
PyNumber_InPlaceRemainder (C function), 95
PyNumber_InPlaceRshift (C function), 95
PyNumber_InPlaceSubtract (C function), 94
PyNumber_InPlaceTrueDivide (C function), 95
PyNumber_InPlaceXor (C function), 95
PyNumber_Invert (C function), 94
PyNumber_Long (C function), 95
PyNumber_Lshift (C function), 94
PyNumber_MatrixMultiply (C function), 93
PyNumber_Multiply (C function), 93
PyNumber_Negative (C function), 94
PyNumber_Or (C function), 94
PyNumber_Positive (C function), 94
PyNumber_Power (C function), 94
PyNumber_Remainder (C function), 94
PyNumber_Rshift (C function), 94
PyNumber_Subtract (C function), 93
PyNumber_ToBase (C function), 96
PyNumber_TrueDivide (C function), 94
PyNumber_Xor (C function), 94
PyNumberMethods (C type), 260
PyNumberMethods.nb_absolute (Cmember), 261
PyNumberMethods .nb_add (C member), 261
PyNumberMethods.nb_and (C member), 261
PyNumberMethods .nb_bool (C member), 261
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PyNumberMethods
PyNumberMethods
PyNumberMethods
ber), 262
PyNumberMethods
PyNumberMethods

.nb_divmod (C member), 261
.nb_float (C member), 261
.nb_floor_divide (C mem-

.nb_index (C member), 262
.nb_inplace_add (Cmember),

261
PyNumberMethods
261
PyNumberMethods.nb_inplace_floor_divide
(C member), 262
PyNumberMethods.nb_inplace_lshift
member), 261

.nb_inplace_and (Cmember),

(@

PyObject_AsWriteBuffer (C function), 107
PyObject_Bytes (C function), 87
PyObject_Call (C function), 91
PyObject_CallFunction (C function), 91
PyObject_CallFunctionObjArgs (C function),
92
PyObject_CallMethod (C function), 92
PyObject_CallMethodNoArgs (C function), 92
PyObject_CallMethodObjArgs (C function), 92
PyObject_CallMethodOneArqg (C function), 92
PyObject_CallNoArgs (C function), 91
PyObject_CallObject (C function), 91
PyObject_Calloc (C function), 220

PyNumberMethods.nb_inplace_matrix_multipRPyObject_CallOneArg (C function), 91

(C member), 262
PyNumberMethods.nb_inplace_multiply (C
member), 261
PyNumberMethods.nb_inplace_or (C member),
262
PyNumberMethods.nb_inplace_power (C mem-
ber), 261
PyNumberMethods.nb_inplace_remainder (C
member), 261
PyNumberMethods.nb_inplace_rshift
member), 261
PyNumberMethods.nb_inplace_subtract
member), 261
PyNumberMethods.nb_inplace_true_divide
(C member), 262
PyNumberMethods.nb_inplace_xor (Cmember),

(c

(C

262
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods

PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
261
PyNumberMethods
PyNumberMethods
PyNumberMethods
PyNumberMethods
262

PyNumberMethods.

.nb_int (C member), 261
.nb_invert (C member), 261
.nb_1shift (C member), 261
.nb_matrix_multiply
member), 262

.nb_multiply (Cmember), 261
.nb_negative (Cmember), 261
.nb_or (C member), 261
.nb_positive (Cmember), 261
.nb_power (C member), 261
.nb_remainder (C member),

(C

.nb_reserved (Cmember), 261
.nb_rshift (C member), 261

.nb_subtract (C member), 261
.nb_true_divide (Cmember),

nb_xor (C member), 261

PyObject (C type), 228
PyObject_AsCharBuffer (C function), 106
PyObject_ASCII (C function), 87
PyObject_AsFileDescriptor (C function), 152
PyObject_AsReadBuffer (C function), 106

PyObject_CheckBuffer (C function), 105
PyObject_CheckReadBuffer (C function), 107
PyObject_ClearWeakRefs (C function), 164
PyObject_Del (C function), 227
PyObject_DelAttr (C function), 86
PyObject_DelAttrString (C function), 86
PyObject_DelItemn (C function), 88
PyObject_Dir (C function), 88
PyObject_Format (C function), 87
PyObject_Free (C function), 221
PyObject_GC_Del (C function), 270
PyObject_GC_IsFinalized (C function), 270
PyObject_GC_IsTracked (C function), 270
PyObject_GC_New (C function), 269
PyObject_GC_NewVar (C function), 270
PyObject_GC_Resize (C function), 270
PyObject_GC_Track (C function), 270
PyObject_GC_UnTrack (C function), 270
PyObject_GenericGetAttr (C function), 86
PyObject_GenericGetDict (C function), 86
PyObject_GenericSetAttr (C function), 86
PyObject_GenericSetDict (C function), 86
PyObject_GetAIter (C function), 88
PyObject_GetArenaAllocator (C function), 225
PyObject_GetAttr (C function), 85
PyObject_GetAttrString (C function), 86
PyObject_GetBuffer (C function), 105
PyObject_GetItem (C function), 88
PyObject_GetIter (C function), 88
PyObject_HasAttr (C function), 85
PyObject_HasAttrString (C function), 85
PyObject_Hash (C function), 87
PyObject_HashNotImplemented (C function), 88
PyObject_HEAD (C macro), 228
PyObject_HEAD_INIT (C macro), 229
PyObject_Init (C function), 227
PyObject_InitVar (C function), 227
PyObject_IS_GC (C function), 270
PyObject_IsInstance (C function), 87
PyObject_IsSubclass (C function), 87

324

EL]



The Python/C API, £(F] 3.10.11

PyObject_IsTrue (C function), 88
PyObject_Length (C function), 88
PyObject_LengthHint (C function), 88
PyObject_Malloc (C function), 220
PyObject_New (C function), 227
PyObject_NewVar (C function), 227
PyObject_Not (C function), 88
PyObject._ob_next (C member), 241
PyObject._ob_prev (C member), 241
PyObject_Print (C function), 85
PyObject_Realloc (C function), 221
PyObject_Repr (C function), 87
PyObject_RichCompare (C function), 86
PyObject_RichCompareBool (C function), 86
PyObject_SetArenaAllocator (C function), 225
PyObject_SetAttr (C function), 86
PyObject_SetAttrString (C function), 86
PyObject_SetItem (C function), 88
PyObject_Size (C function), 88
PyObject_Str (C function), 87
PyObject_Type (C function), 88
PyObject_TypeCheck (C function), 88
PyObject_VAR_HEAD (C macro), 228
PyObject_Vectorcall (C function), 92
PyObject_VectorcallDict (C function), 93
PyObject_VectorcallMethod (C function), 93
PyObjectArenalAllocator (Ctype), 225
PyObject.ob_refcnt (C member), 240
PyObject.ob_type (C member), 240
PyOS_AfterFork (C function), 64
PyOS_AfterFork_Child (C function), 64
PyOS_AfterFork_Parent (C function), 63
PyOS_BeforeFork (C function), 63
PyOS_CheckStack (C function), 64
PyOS_double_to_string (C function), 80
PyOS_FSPath (C function), 63
PyOS_getsig (C function), 64
PyOS_InputHook (Cvar), 42
PyOS_ReadlineFunctionPointer (Cvar), 42
PyOS_setsig (C function), 64
PyOS_snprintf (C function), 80
PyOS_stricmp (C function), 81
PyOS_string_to_double (C function), 80
PyOS_strnicmp (C function), 81
PyOS_vsnprintf (C function), 80
PyPreConfig (Ctype), 198
PyPreConfig.allocator (C member), 198
PyPreConfig.coerce_c_locale (C member), 199
PyPreConfig.coerce_c_locale_warn (C mem-
ber), 199
PyPreConfig.configure_locale (C member),
198
PyPreConfig.dev_mode (C member), 199
PyPreConfig.isolated (C member), 199

PyPreConfig.legacy_windows_fs_encoding
(C member), 199
PyPreConfig.parse_argv (C member), 199

PyPreConfig.PyPreConfig InitIsolatedConfig

(C function), 198

PyPreConfig.PyPreConfig_InitPythonConfig

(C function), 198
PyPreConfig.use_environment (Cmember), 199
PyPreConfig.utf8_mode (C member), 199
PyProperty_Type (Cvar), 161
PyRun_AnyFile (C function), 41
PyRun_AnyFileEx (C function), 41
PyRun_AnyFileExFlags (C function), 41
PyRun_AnyFileFlags (C function), 41
PyRun_File (C function), 43
PyRun_FileEx (C function), 43
PyRun_FileExFlags (C function), 43
PyRun_FileFlags (C function), 43
PyRun_InteractiveLoop (C function), 42
PyRun_InteractiveLoopFlags (C function), 42
PyRun_InteractiveOne (C function), 42
PyRun_InteractiveOneFlags (C function), 42
PyRun_SimpleFile (C function), 42
PyRun_SimpleFileEx (C function), 42
PyRun_SimpleFileExFlags (C function), 42
PyRun_SimpleString (C function), 42
PyRun_SimpleStringFlags (C function), 42
PyRun_String (C function), 43
PyRun_StringFlags (C function), 43
PySendResult (Ctype), 99
PySeqglter_Check (C function), 161
PySeqlter_New (C function), 161
PySeqlter_Type (Cvar), 161
PySequence_Check (C function), 96
PySequence_Concat (C function), 96
PySequence_Contains (C function), 97
PySequence_Count (C function), 97
PySequence_DelItem (C function), 97
PySequence_DelSlice (C function), 97
PySequence_Fast (C function), 97
PySequence_Fast_GET_ITEM (C function), 97
PySequence_Fast_GET_SIZE (C function), 97
PySequence_Fast_ITEMS (C function), 97
PySequence_GetItem (C function), 96
PySequence_GetItem(), 8
PySequence_GetSlice (C function), 96
PySequence_Index (C function), 97
PySequence_InPlaceConcat (C function), 96
PySequence_InPlaceRepeat (C function), 96
PySequence_ITEM (C function), 98
PySequence_Length (C function), 96
PySequence_List (C function), 97
PySequence_Repeat (C function), 96
PySequence_SetItem (C function), 97
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PySequence_SetSlice (C function), 97
PySequence_Size (C function), 96
PySequence_Tuple (C function), 97
PySequenceMethods (C type), 262
PySequenceMethods.sq _ass_item (C member),
263
PySequenceMethods.
PySequenceMethods.
263
PySequenceMethods.
member), 263
PySequenceMethods.
member), 263
PySequenceMethods.

sq_concat (C member), 262
sq_contains (C member),

sq_inplace_concat (C
sqg_inplace_repeat (C

sq_item (C member), 262

PySequenceMethods.sq length (Cmember), 262

PySequenceMethods.sq_repeat (C member), 262

PySet_Add (C function), 148

PySet_Check (C function), 147

PySet_CheckExact (C function), 148

PySet_Clear (C function), 148

PySet_Contains (C function), 148

PySet_Discard (C function), 148

PySet_GET_SIZE (C function), 148

PySet_New (C function), 148

PySet_Pop (C function), 148

PySet_Size (C function), 148

PySet_Type (Cvar), 147

PySetObject (C type), 147

PySignal_SetWakeupFd (C function), 55

PySlice_AdjustIndices (C function), 163

PySlice_Check (C function), 162

PySlice_GetIndices (C function), 162

PySlice_GetIndicesEx (C function), 162

PySlice_New (C function), 162

PySlice_Type (Cvar), 162

PySlice_Unpack (C function), 162

PyState_AddModule (C function), 160

PyState_FindModule (C function), 160

PyState_RemoveModule (C function), 160

PyStatus (C type), 197

PyStatus.err_msqg (C member), 197

PyStatus.exitcode (C member), 197

PyStatus. func (C member), 197

PyStatus.Py_ExitStatusException (C func-
tion), 197

PyStatus.PyStatus_Error (C function), 197

PyStatus.PyStatus_Exception (C function), 197

PyStatus.PyStatus_Exit (C function), 197

PyStatus.PyStatus_IsError (C function), 197

PyStatus.PyStatus_IsExit (C function), 197

PyStatus.PyStatus_NoMemory (C function), 197

PyStatus.PyStatus_0k (C function), 197

PyStructSequence_Desc (C type), 142

PyStructSequence_Field (Ctype), 142

PyStructSequence_GET_ITEM (C function), 143
PyStructSequence_GetItem (C function), 143
PyStructSequence_InitType (C function), 142
PyStructSequence_InitType?2 (C function), 142
PyStructSequence_New (C function), 143
PyStructSequence_NewType (C function), 142
PyStructSequence_SET_ITEM (C function), 143
PyStructSequence_SetItem (C function), 143
PyStructSequence_UnnamedField (C var), 143
PySys_AddAuditHook (C function), 67
PySys_AddWarnOption (C function), 66
PySys_AddWarnOptionUnicode (C function), 66
PySys_AddXOption (C function), 66
PySys_Audit (C function), 67
PySys_FormatStderr (C function), 66
PySys_FormatStdout (C function), 66
PySys_GetObject (C function), 66
PySys_GetXOptions (C function), 67
PySys_ResetWarnOptions (C function), 66
PySys_SetArgv (C function), 180
PySys_SetArgv (), 176
PySys_SetArgvEx (C function), 179
PySys_SetArgvEx (), 11,176
PySys_SetObject (C function), 66
PySys_SetPath (C function), 66
PySys_WriteStderr (C function), 66
PySys_WriteStdout (C function), 66
Python 3000, 285
Python Enhancement Proposals

PEP 1,285

PEP 7,3,5

PEP 238,45,279

PEP 278,287

PEP 302,279,283

PEP 343,277

PEP 353,9

PEP 362,276,284

PEP 383,130, 131

PEP 387,13

PEP 393,122,129

PEP 411,285

PEP 420,279, 284, 285

PEP 432,214,215

PEP 442,259

PEP 443,280

PEP 451,157,279

PEP 483,280

PEP 484,275,280, 287, 288

PEP 489,157

PEP 492,276,278

PEP 498,279

PEP 519,285

PEP 523,186

PEP 525,276
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PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

526,275, 288
528,175,206
529,131,175
538,212
539, 191
540,212
552,203
578, 67
585, 280
587, 195
590, 89
623,122
634,249
3116, 287
3119, 87
3121, 155
3147,70

PEP 3151, 60

PEP 3155, 286
PYTHON*, 175
PYTHONCOERCECLOCALE, 212
PYTHONDEBUG, 174, 207
PYTHONDONTWRITEBYTECODE, 174, 210
PYTHONDUMPREF'S, 203, 241
PYTHONEXECUTABLE, 207
PYTHONFAULTHANDLER, 204
PYTHONHASHSEED, 175, 205
PYTHONHOME, 11, 175, 180, 205
Pythonic (Python JAM W) , 285
PYTHONINSPECT, 175, 205
PYTHONIOENCODING, 177,209
PYTHONLEGACYWINDOWSFSENCODING, 175, 199
PYTHONLEGACYWINDOWSSTDIO, 175, 205
PYTHONMALLOC, 218, 221, 223

PYTHONMALLOC" (] o :

" "PYTHONMALLOC=malloc", 224
PYTHONMALLOCSTATS, 206, 218
PYTHONNOUSERSITE, 175, 209
PYTHONOPTIMIZE, 175, 206
PYTHONPATH, 11, 175, 206
PYTHONPLATLIBDIR, 206
PYTHONPROFILEIMPORTTIME, 205
PYTHONPYCACHEPREFIX, 207
PYTHONTRACEMALLOC, 209
PYTHONUNBUFFERED, 176, 202
PYTHONUTFES, 199, 212
PYTHONVERBOSE, 176, 209
PYTHONWARNINGS, 210
PyThread_create_key (C function), 193
PyThread_delete_key (C function), 193
PyThread_delete_key_value (C function), 193
PyThread_get_key_value (C function), 193
PyThread_ReInitTLS (C function), 193
PyThread_set_key_value (C function), 193

PyThread_tss_alloc (C function), 192
PyThread_tss_create (C function), 192
PyThread_tss_delete (C function), 192
PyThread_tss_~free (C function), 192
PyThread_tss_get (C function), 192
PyThread_tss_is_created (C function), 192
PyThread_tss_set (C function), 192
PyThreadState, 180
PyThreadState (Ctype), 182
PyThreadState_Clear (C function), 185
PyThreadState_Delete (C function), 185
PyThreadState_DeleteCurrent (C function), 185
PyThreadState_Get (C function), 183
PyThreadState_GetDict (C function), 186
PyThreadState_GetFrame (C function), 185
PyThreadState_GetID (C function), 185
PyThreadState_GetInterpreter (C function),
185
PyThreadState_New (C function), 185
PyThreadState_Next (C function), 191
PyThreadState_SetAsyncExc (C function), 186
PyThreadState_Swap (C function), 183
PyTime_Check (C function), 169
PyTime_CheckExact (C function), 169
PyTime_FromTime (C function), 169
PyTime_FromTimeAndFold (C function), 169
PyTimeZone_FromOffset (C function), 169
PyTimeZone_FromOffsetAndName (C function),
170
PyTrace_C_CALL (Cvar), 190
PyTrace_C_EXCEPTION (C var), 190
PyTrace_C_RETURN (C var), 190
PyTrace_CALL (Cvar), 189
PyTrace_EXCEPTION (C var), 190
PyTrace_LINE (C var), 190
PyTrace_OPCODE (C var), 190
PyTrace_RETURN (C var), 190
PyTraceMalloc_Track (C function), 225
PyTraceMalloc_Untrack (C function), 225
PyTuple_Check (C function), 141
PyTuple_CheckExact (C function), 141
PyTuple_GET_ITEM (C function), 141
PyTuple_GET_SIZE (C function), 141
PyTuple_GetItem (C function), 141
PyTuple_GetSlice (C function), 141
PyTuple_New (C function), 141
PyTuple_Pack (C function), 141
PyTuple_SET_ITEM (C function), 142
PyTuple_SetItem (C function), 141
PyTuple_SetItem(),7
PyTuple_Size (C function), 141
PyTuple_Type (Cvar), 141
PyTupleObject (Ctype), 141
PyType_Check (C function), 109
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PyType_CheckExact (C function), 109
PyType_ClearCache (C function), 109
PyType_FromModuleAndSpec (C function), 111
PyType_FromSpec (C function), 111
PyType_FromSpecWithBases (C function), 111
PyType_GenericAlloc (C function), 110
PyType_GenericNew (C function), 110
PyType_GetFlags (C function), 109
PyType_GetModule (C function), 110
PyType_GetModuleState (C function), 111
PyType_GetSlot (C function), 110
PyType_HasFeature (C function), 110
PyType_IS_GC (C function), 110
PyType_IsSubtype (C function), 110
PyType_Modified (C function), 110
PyType_Ready (C function), 110
PyType_Slot (Ctype), 112
PyType_Slot.PyType_Slot.pfunc (C member),
112
PyType_Slot.PyType_Slot.
112
PyType_Spec (Ctype), 111
PyType_Spec.PyType_Spec.
member), 111
PyType_Spec.PyType_Spec.
111
PyType_Spec.PyType_Spec.
ber), 111
PyType_Spec.PyType_Spec.
111
PyType_Spec.PyType_Spec.
112
PyType_Type (Cvar), 109
PyTypeObject (Ctype), 109

slot (C member),

basicsize (o
flags (C member),
itemsize (C mem-

name (C member),

slots (C member),

PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

PyTypeObject.

PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject
PyTypeObject

.tp_flags (C member), 246
.tp_~free (C member), 257
.tp_getattr (C member), 243
tp_getattro (C member), 245
.tp_getset (C member), 253
.tp_hash (C member), 245
.tp_init (C member), 255
.tp_is_gc (C member), 257
tp_itemsize (C member), 242
.tp_iter (C member), 253
.tp_iternext (C member), 253
.tp_members (C member), 253
.tp_methods (C member), 253
.tp_mro (C member), 258
.tp_name (C member), 241
.tp_new (C member), 256
.tp_repr (C member), 244

PyTypeObject.tp_richcompare (Cmember), 251
PyTypeObject
(C macro), 252
PyTypeObject.tp_setattr (Cmember), 244
PyTypeObject.tp_setattro (C member), 246
PyTypeObject.tp_str (C member), 245
PyTypeObject.tp_subclasses (C member), 258
PyTypeObject.tp_traverse (C member), 250
PyTypeObject.tp_vectorcall (C member), 259
PyTypeObject.tp_vectorcall_offset c
member), 243
PyTypeObject.tp_version_tag (Cmember), 258
PyTypeObject.tp_weaklist (C member), 258
PyTypeObject.tp_weaklistoffset (Cmember),
252
PyTZInfo_Check (C function), 169
PyTZInfo_CheckExact (C function), 169

PyTypeObject.tp_alloc (C member), 256 PyUnicode_1BYTE_DATA (C function), 123
PyTypeObject.tp_as_async (C member), 244 PyUnicode_1BYTE_KIND (C macro), 123
PyTypeObject.tp_as_buffer (C member), 246 PyUnicode_2BYTE_DATA (C function), 123
PyTypeObject.tp_as_mapping (C member), 244  PyUnicode_2BYTE_KIND (C macro), 123
PyTypeObject.tp_as_number (C member), 244 PyUnicode_4BYTE_DATA (C function), 123
PyTypeObject.tp_as_sequence (Cmember),244 PyUnicode_4BYTE_KIND (C macro), 123
PyTypeObject.tp_base (C member), 254 PyUnicode_AS_DATA (C function), 124
PyTypeObject.tp_bases (C member), 257 PyUnicode_AS_UNICODE (C function), 124
PyTypeObject.tp_basicsize (C member), 242 PyUnicode_AsASCIIString (C function), 137
PyTypeObject.tp_cache (C member), 258 PyUnicode_AsCharmapString (C function), 138
PyTypeObject.tp_call (C member), 245 PyUnicode_AsEncodedString (C function), 133
PyTypeObject.tp_clear (C member), 251 PyUnicode_AsLatinlString (C function), 137
PyTypeObject.tp_dealloc (C member), 242 PyUnicode_AsMBCSString (C function), 139
PyTypeObject.tp_del (C member), 258 PyUnicode_AsRawUnicodeEscapeString (C
PyTypeObject.tp_descr_get (C member), 254 function), 137
PyTypeObject.tp_descr_set (C member), 254 PyUnicode_AsUCS4 (C function), 128
PyTypeObject.tp_dict (C member), 254 PyUnicode_AsUCS4Copy (C function), 128
PyTypeObject.tp_dictoffset (Cmember),255 PyUnicode_AsUnicode (C function), 129
PyTypeObject.tp_doc (C member), 250 PyUnicode_AsUnicodeAndSize (C function), 129
PyTypeObject.tp_finalize (C member), 258
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PyUnicode_AsUnicodeEscapeString (C func-
tion), 136
PyUnicode_AsUTF38 (C function), 134
PyUnicode_AsUTF8AndSize (C function), 133
PyUnicode_AsUTF8String (C function), 133
PyUnicode_AsUTF16String (C function), 135
PyUnicode_AsUTF32String (C function), 134
PyUnicode_AsWideChar (C function), 132
PyUnicode_AsWideCharString (C function), 132
PyUnicode_Check (C function), 122
PyUnicode_CheckExact (C function), 123
PyUnicode_Compare (C function), 140
PyUnicode_CompareWithASCIIString (C func-
tion), 140
PyUnicode_Concat (C function), 139
PyUnicode_Contains (C function), 140
PyUnicode_CopyCharacters (C function), 128
PyUnicode_Count (C function), 140
PyUnicode_DATA (C function), 123
PyUnicode_Decode (C function), 133
PyUnicode_DecodeASCII (C function), 137
PyUnicode_DecodeCharmap (C function), 138
PyUnicode_DecodeFSDefault (C function), 131
PyUnicode_DecodeFSDefaultAndSize (C func-
tion), 131
PyUnicode_DecodeLatinl (C function), 137
PyUnicode_DecodelLocale (C function), 130
PyUnicode_DecodeLocaleAndSize (C function),
130
PyUnicode_DecodeMBCS (C function), 139
PyUnicode_DecodeMBCSStateful (C function),
139
PyUnicode_DecodeRawUnicodeEscape (C func-
tion), 137
PyUnicode_DecodeUnicodeEscape (C function),
136
PyUnicode_DecodeUTF7 (C function), 136
PyUnicode_DecodeUTF7Stateful (C function),
136
PyUnicode_DecodeUTF8 (C function), 133
PyUnicode_DecodeUTF8Stateful (C function),
133
PyUnicode_DecodeUTF16 (C function), 135
PyUnicode_DecodeUTF16Stateful (C function),
135
PyUnicode_DecodeUTF32 (C function), 134
PyUnicode_DecodeUTF32Stateful (C function),
134
PyUnicode_Encode (C function), 133
PyUnicode_EncodeASCII (C function), 137
PyUnicode_EncodeCharmap (C function), 138
PyUnicode_EncodeCodePage (C function), 139
PyUnicode_EncodeFSDefault (C function), 131
PyUnicode_EncodeLatinl (C function), 137

PyUnicode_EncodeLocale (C function), 130
PyUnicode_EncodeMBCS (C function), 139
PyUnicode_EncodeRawUnicodeEscape (C func-
tion), 137
PyUnicode_EncodeUnicodeEscape (C function),
136
PyUnicode_EncodeUTF7 (C function), 136
PyUnicode_EncodeUTF8 (C function), 134
PyUnicode_EncodeUTF16 (C function), 135
PyUnicode_EncodeUTF32 (C function), 134
PyUnicode_Fill (C function), 128
PyUnicode_Find (C function), 140
PyUnicode_FindChar (C function), 140
PyUnicode_Format (C function), 140
PyUnicode_FromEncodedObject (C function), 127
PyUnicode_FromFormat (C function), 126
PyUnicode_FromFormatV (C function), 127
PyUnicode_FromKindAndData (C function), 126
PyUnicode_FromObject (C function), 129
PyUnicode_FromString (C function), 126
PyUnicode_FromString(), 145
PyUnicode_FromStringAndSize (C function), 126
PyUnicode_FromUnicode (C function), 129
PyUnicode_FromWideChar (C function), 132
PyUnicode_FSConverter (C function), 131
PyUnicode_FSDecoder (C function), 131
PyUnicode_GET_DATA_SIZE (C function), 124
PyUnicode_GET_LENGTH (C function), 123
PyUnicode_GET_SIZE (C function), 124
PyUnicode_GetLength (C function), 128
PyUnicode_GetSize (C function), 129
PyUnicode_InternFromString (C function), 141
PyUnicode_InternInPlace (C function), 141
PyUnicode_IsIdentifier (C function), 124
PyUnicode_Join (C function), 139
PyUnicode_KIND (C function), 123
PyUnicode_MAX_CHAR_VALUE (C macro), 124
PyUnicode_New (C function), 126
PyUnicode_READ (C function), 124
PyUnicode_READ_CHAR (C function), 124
PyUnicode_ReadChar (C function), 128
PyUnicode_READY (C function), 123
PyUnicode_Replace (C function), 140
PyUnicode_RichCompare (C function), 140
PyUnicode_Split (C function), 139
PyUnicode_Splitlines (C function), 139
PyUnicode_Substring (C function), 128
PyUnicode_Tailmatch (C function), 140
PyUnicode_TransformDecimal ToASCII c
function), 129
PyUnicode_Translate (C function), 138
PyUnicode_TranslateCharmap (C function), 138
PyUnicode_Type (Cvar), 122
PyUnicode_WCHAR_KIND (C macro), 123
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PyUnicode_WRITE (C function), 123
PyUnicode_WriteChar (C function), 128
PyUnicodeDecodeError_Create (C function), 57
PyUnicodeDecodeError_GetEncoding (C func-
tion), 57
PyUnicodeDecodeError_GetEnd (C function), 57

PyUnicodeDecodeError_GetObject (C func-
tion), 57

PyUnicodeDecodeError_GetReason (C func-
tion), 58

PyUnicodeDecodeError_GetStart (C function),
57

PyUnicodeDecodeError_SetEnd (C function), 57

PyUnicodeDecodeError_SetReason (C func-
tion), 58

PyUnicodeDecodeError_SetStart (C function),
57

PyUnicodeEncodeError_Create (C function), 57

PyUnicodeEncodeError_GetEncoding (C func-
tion), 57

PyUnicodeEncodeError_GetEnd (C function), 57

PyUnicodeEncodeError_GetObject (C func-
tion), 57

PyUnicodeEncodeError_GetReason (C func-
tion), 58

PyUnicodeEncodeError_GetStart (C function),
57

PyUnicodeEncodeError_SetEnd (C function), 57

PyUnicodeEncodeError_SetReason (C func-
tion), 58

PyUnicodeEncodeError_SetStart (C function),
57

PyUnicodeObject (C type), 122

PyUnicodeTranslateError_Create (C func-

tion), 57
PyUnicodeTranslateError_GetEnd (C func-

tion), 57
PyUnicodeTranslateError_GetObject c

function), 57
PyUnicodeTranslateError_GetReason (e

function), 58
PyUnicodeTranslateError_GetStart (C func-

tion), 57
PyUnicodeTranslateError_SetEnd (C func-

tion), 57
PyUnicodeTranslateError_SetReason (e

function), 58
PyUnicodeTranslateError_SetStart (C func-

tion), 57
PyVarObject (C type), 228
PyVarObject_HEAD_INIT (C macro), 229
PyVarObject .ob_size (C member), 241
PyVectorcall_Call (C function), 90
PyVectorcall_Function (C function), 90

PyVectorcall_NARGS (C function), 90
PyWeakref_Check (C function), 164
PyWeakref_CheckProxy (C function), 164
PyWeakref_CheckRef (C function), 164
PyWeakref_ GET_OBJECT (C function), 164
PyWeakref_GetObject (C function), 164
PyWeakref_NewProxy (C function), 164
PyWeakref_NewRef (C function), 164
PyWideStringList (C type), 196
PyWideStringList.items (C member), 196
PyWideStringList.length (C member), 196
PyWideStringList.PyWideStringList_Append
(C function), 196
PyWideStringList.PyWideStringList_Insert
(C function), 196
PyWrapper_New (C function), 161

Q

qualified name (fRE4%%) , 286

R

realloc (), 217
reference count (2B #) ,286
regular package (EHEMH) ,286
releasebufferproc (Ctype), 266
repr

Fz g =R, 87,244
reprfunc (Ctype), 265
richcmpfunc (Ctype), 266

S

sdterr

stdin stdout, 177
search

path, module, 11, 176, 178
sendfunc (C type), 266
sequence

. 119
sequence (%) ,286
set

Wi, 147
set comprehension (EA4%AEE) 286
set_all(),8
setattrfunc (Ctype), 265
setattrofunc (C type), 266
setswitchinterval () (in module sys), 180
SIGINT, 55
signal

HH, 55
single dispatch (E—3HE) ,286
SIZE_MAX, 115
slice (1K) ,286
special
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method, 286 divmod, 94
special method (%% i) ,286 float, 95
ssizeargfunc (C type), 266 hash, 87, 245
ssizeobjargproc (C type), 266 int, 95
statement (R ) ,286 len, 88, 96, 98, 143, 146, 148
staticmethod pow, 94, 95

[Flz g =, 232 repr, 87, 244
stderr (in module sys), 187 staticmethod, 232
stdin tuple, 97, 144

stdout sdterr, 177 type, 88
stdin (in module sys), 187 vectorcallfunc (C type), 89
stdout version (in module sys), 179

sdterr, stdin, 177 virtual environment ([EJ##EEF) ,288
stdout (in module sys), 187 virtual machine ([FJ#E# %) |, 288
strerror (), 50 visitproc (C type), 270
string

PyObject_Str (C function), 87 W
strong reference ([EJ& ) ,287 4
sum_list (), 8 __main__, 11,176, 187
sum_sequence (), 9, 10 _thread, 183
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