Extending and Embedding Python
)1)—Z 3.13.0a5

Guido van Rossum and the Python development team

4 B 09, 2024






Bk

B1E HIITHOY—FN—TFToV—I 3
FT2E H—RFRN—TaY—IBRLTHERZES 5
21 CRCH+1C&% Python OIEFR . . . . . . .o o 5
2.2 JRROTUDIETR: Fa—bPUTI . oo e e 29
2.3 Defining Extension Types: Assorted Topics . . . . . . . . . ... . . 56
24 CBITCHHIROEILE Lo 68
2.5 Windows ETD C BLY C++ HRRES 2—ILDEILR . ... .. 69
BIE KRELBT IV —>32AD Python 50241 LDIBEDHIAH 73
3.1 D77V r—a yAD Python DAL . .. ..o 73
T8 A & BFE 81
T BE CORFaXYMIOWVWT 103
B.1 Python FFaX> b HERE . . . . . . o 103
TR CE BRLFM1EVX 105
C.1 Python DFEHE . . . . . 105
C.2  Terms and conditions for accessing or otherwise using Python . . . . .. ... ... ... 106
C.3 Licenses and Acknowledgements for Incorporated Software . . . . ... ... ....... 110
{3#% D & Copyright 127
5| 129

%5 129






Extending and Embedding Python, 'J1J—X 3.13.0a5

CDOFFaxXy T Python £ ¥ X 7Y U RZHRTZ2HLVWES 2— L% T C £/ C++ THLA
EERHLTOVET, COEIREY 2L TEHFLVEBEERT 220 TIERL, HLLEP, 2O X
Vo RZERTHIENTEET, FFa XY TUEIMD7 7V —2> 3 > T Python ZHRRSEFEE LT
T 372012, Python 4 Y X FV Z%E7 FVr—3 a VIEDALHTECOWT SRR L X T, REIC. THE
DARVL—T 4 YT AT LD (ETR) v — FZ2FR— L T0IUR, EREY 2 —ADENICT 4 7
SV —RFENB LI, EV2a—NBAarRXLA LY 2 F3HECOVTHEHLE5,

ZDRFaXy T, #EE Python ICOWTERBNRAGZRHEHLETVWEIIDLRELTVWET, B
A 5% Python FFED AFNCIE. tutorial-index Z#HiA T < 72 &\, reference-index %X, Python
SRBICOVWT I AR EREBONE T, F7, library-index Tld, Python IZ/EVEAHIFEZ 7261

TWAHFEOA 7Y =7 M B BXU (flAAA. BXU Python TEPNZD DD FTD) £ 22—
MZDOWTRH L TVE T,

Python/C API KD LWEHHIZ. AIO FF 2 X2 M TH B, capi-index ZZIRL T ZE W,







ONE

EITITHOHY—FN—FT1Y—

ZDHA EHBHIN—FT DX, ZD A=Y 2D CPython D—f ¥ L TR TWS, IERE/ERT 572
DDHEHARMN Y — L2 TF, Cython, cffi, SWIG, Numba D X 5 %% — Fo8—F 1 DY —iLiZ, Python ®
CBIY C++ HRZER T 270D, kDRI X DEMENLFEZRLEL 5,

BE:

Python Packaging User Guide: Binary Extensions
Python Packaging User Guide (N4 7 VIRIRDIEMAEELIC IR 2 ER Y — LB A N—=L TV B
JTIRZRL, $THRDICREIIREY 2 — A 2/E2 Z DR E LnHh O A LREEIC OV TR L TV
3


https://cython.org/
https://cffi.readthedocs.io
https://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/




TWO

Y—RN—FT0 V=L LTHRZES

HA RDZDETIEY — F—F 4 V— L OMBELIC C BLY C++ WRZER T3 HEZHHAL X3,
CHEZETBEED CHREERTZ2ETTHOHELWVWS XD D, FXZENLDY — L EERT 2 AATD
HDTI,
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2.1.1 HELA

spam (Monty Python 7 7 YOI TFR) L WIHODIIREY 2 — A Z2ERT 2 2ICLT. C 7475V
BIEL system() 12X % Python £ ¥ X —7 = A ZEAER LIV LET, ! ZOBEIE null THRIGX AL
¥ 77 XTI e D, BREELET., COBBELTO X S5ICL T Python 225 0HE S &5
L7znwe LT,

>>> import spam
>>> status = spam.system("ls -1")

% 313 spammodule.c ZIEMT 2L ZAD MO ET, (IEHtL LT, spam WO HARTDEY 2 — L ZERK
TE5E, BV a—NVDOEENA-72 C 7 74 )L% spammodule.c XMERZ I/ > TWET; spammify
DESICRETELZEY 2 —LHDOHEIIE. HIC spammify.c KHTEET, )

D7 7 ANDERAID 2T TDESCLET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

ZHT, Python API ZHUDIAAE T (BELRSH, £ 2 —LVOMHRICET 2HAR. SZEELRZEMNL
£9)o

AERR: Python iF. Y AT AR Ko TIFEEANY XOERICHET X507V Tuy HEREToT0D
DT, Python.h ZW\WIFNDIEENY XX D HHEITA 71— F BRIEBD EFEA
#define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs instead

of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility. See

arg-parsing-string-and-buffers for a description of this macro.

Python.h TERINTVDI L —FnSAHD > ¥R, R THEEEE Py £7213 PY VT u0E s, 72
L. BHEAY X7 7 A VNOERIFREE T, fiHOL®H L, Python ATAHEICMHES Z2ickd e nwo>H
7225, "Python.h" 13\ O DIE#EAN Y X7 7 £ )L <stdio.h> ., <string.h> . <errno.h> ., BL
<stdlib.h> A Y7V —FLTVWET, BEDANY X7 7 A LD AT 4 L2k UL, "Python.h" 258
¥ malloc() | free() BX U realloc() ZEHEETEL £7,

RKIZT 7 4 MBS 5 NAEE. Python 3 spam.system(string) ZFHli§ 2 BRICFEUH I3 Z L2k
% CBTT (ZOBBERMAINCED XS CFECHTIE. BRTT SO D FT):

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

const char *command;

int sts;

(RDR—=T12HiL)

1 ZOBBADA VR —T7 2 —RFTTIEEEY 2 — )L os IZHD ET — ZOBMEEALDIZ, BMTEBENZAZRLEW
MEHTE
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(FiDR— 25 D %)
if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
sts = system(command) ;

return PyLong_FromLong(sts) ;

Z ZTlE. Python 518V 2+ (flziF, H—d "1s -1") 226 C BRUCETHIRICZDE AL TV
¥3, C BRI o058 zHb., EHMNIC self BXY args EMIINET,

self BB, BV 2 — VLUV DOBMTHIUIES 2 —h, XAV Y RIRIBA TV 27 b VARV AHE
SNET,

args 51EUE. 51D A 272 Python R TNA T 27 bADKRA Y RIZHEDET, XS LVANOFERIZ,
O L OBEOGIE Y R MBI 285BI HIG L £, 51803 Python £ 72 =2 M T3 - C BT
I EF > T2 Z2ITIIE. A 79227 256 C OERERERIZRD £8 A, Python API OB
PyArg_ParseTuple() 3518 D& 2 F = v 7 L, C DEICZEHL £ 3, PyArg_ParseTuple() &7 ¥ L —
FFEHRES T, I A 7Y 27 Py Il ANS C ZBOBZHHIL £, ZhiZon
TIFERTHLIHHLET,

PyArg_ParseTuple() &, ®TOGIEMBELWRZE > TWT, 7 FLAEL SN EBUCKT 1 BEEE
RELL ZICE (JFEnr) 2B L %3, ZOBBUIRERGIBVA M 2ETH (En) ZIRLET, BED
Be. BEGETI RN EH T 20T, FECH LANRE (Blicd 2 X 512) F<IT NULL 2R3 L5 T
720,

2.1.2 BENGE: TS5—HN

An important convention throughout the Python interpreter is the following: when a function fails, it
should set an exception condition and return an error value (usually -1 or a NULL pointer). Exception
information is stored in three members of the interpreter’s thread state. These are NULL if there is no
exception. Otherwise they are the C equivalents of the members of the Python tuple returned by sys.
exc_info(). These are the exception type, exception instance, and a traceback object. It is important

to know about them to understand how errors are passed around.
Python API Ti&, A RBOHINEZ LY M T 27DDEBE W OPERLTVET,

bordIHAVSHNSDIX PyErr_SetString() T, 5I1EUIHIANA 7P =7 b C XFHITT, HlstA
7Y =7 MIEE. PyExc_ZeroDivisionError D XD REREADL 7P 27 FTF, C XFHIL T —
DFEA %R L. Python XFF|A 7Y = 7 MIEHMINTHAND ” (MEE” RIFEShET,

b 5 —OHFHALRBESE LT PyErr_SetFromErrno() 25 b ¥3, ZOMEEKII5IEcHNZT 2 D, [TEE
378 —NVEE errno PHMELE T, b oL bIHNRELIX PyErr_SetObject() T, Z2D % 7
Yo b BN ENEEZIIBICE D $F, TASBEBICE S A 7Y =7 M2 Py_INCREF() %5 HEZ
HHEHA

sty P ENTWVWE 2 5 23, PyErr_Occurred() Zffio TIEMEMICHRONE T, Z OBIBIIEL
FEOHNA TS 27 F2RLET, FIASFEEL TORWEEICIE NULL 2R L 29, @HEiE. BEHRoRED #E

2.1. C*® C++ IC&3 Python D3R 7
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PHITT—PRAELT2ZHITE 2133 RD T, PyErr_Occurred() ZMUHTHEIEIDH D A,

BI%L g 2T f 25, BE OB O LIk Lz 2 e 2§ 5 & f BRIZT 7 —f# (KK NULL
R -1) ZRERERD F¥ A, L L, PyErr_x BB OWTALZILTHER HD FEA — RER
5. g BT TRUHLTWEHNSHTT, RWT f2MSHLica—-Fdb I —%2R3HEr BS5ZFUHL
FO—FR GBI 202k £325, FMIC PyErr_* X BUHLFEFRA . UTHEHBICHKEES - 25—
ROFLVERZ, BICT 7 =28l LBEES T TIREL TWE 25T, =7 —75 Python £ &7
VEDRXA U N—TFIZEET % 2, BEETHD Python 2 — RiZ—KRHELIE L. Python 71275 <248E L
TP R IR LHZES & LET,

(EY 2—)Lh PyErr_* B2 5 —EMUOH LT, XOFHlRT 7 — X v -V 2R M3 2 X 5 IR H
DET, ZOEIRBRKRNTIEZITRETT, 23V R, —BIRHEAE LTX. ZOBEBUZMEDFRH S
DB, e FTE LT —DFERICE S 2 HIE RS AERITHR D BT ZHUTE D, 1ZE AL DO#EIE
DR A PSRBT 2000 LILEEA)

HLBEBTOH L TOMHDKRBIT L o Ty b INBI54 2 FHH S 51213, PyErr_Clear () ZFFUNH LT
BIAKEEZBHRIVICTHE LR TR D ER A, 7% VX7 Y XIFE L 72 %<, HEIT (f2:1ih
DIEEEITo7D, MDEISRD oD LI CHREN T2 L57) =7 —IUEEFER2TIHEITDA,
PyErr_Clear ) ZMEUHT XS ICTNETT,

malloc() DOFFUH LERHBUZ, FITHIFMC L Td D $8A - malloc() (F72iE realloc()) & EHEIT
UHLTWwWa a— Fid, PyErr_NoMemory() ZMUHI LT, KMERIMELRIQIRDERA, ATV 2P
FEAERT 22 TOBE (21X PyLong_FromLong()) % PyErr_NoMemory() OMUH L EFFHETL %
5 DT, ZOHAIABIRT 2 DIZER malloc() ZFFUOHIF a— R TT,

¥ 72, PyArg_ParseTuple() &\ 5 EELHIMNEZFRNT, BHOKE 2 — F 2R TELRIEZWT W, Unix O
YAT A= NERU L AR LB £ EOMEEIR L, RRLGEIIE -1 2L ET,

BRI, T —BURMEERTERC, (7 —DRETIETIKHICAERLTLE> AT 27 Mzl T
Py_XDECREF() % Py_DECREF() ZM:UHi L T) ZAUHZERERIToTIEIW!

The choice of which exception to raise is entirely yours. There are predeclared C objects corresponding
to all built-in Python exceptions, such as PyExc_ZeroDivisionError, which you can use directly. Of
course, you should choose exceptions wisely --- don’t use PyExc_TypeError to mean that a file couldn’t
be opened (that should probably be PyExc_0SError). If something’s wrong with the argument list, the
PyArg_ParseTuple() function usually raises PyExc_TypeError. If you have an argument whose value

must be in a particular range or must satisfy other conditions, PyExc_ValueError is appropriate.

B 2 - MEHOWBHSGERTEET. ERT 510, EHET 7 4 LORTHMHIBA T =2
MEMOEEETOET

[static PyObject *SpamError;

and initialize it in your module’s initialization function (PyInit_spam()) with an exception object:

PyMODINIT_FUNC
PyInit_spam(void)
{
(KDR=V1ZHiEL)

8 E2E Y—FN—T14VY—IIGLTHERZES
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(FiDR— 25 D %)
PyObject *m;

m = PyModule_Create(&spammodule) ;
if (m == NULL)
return NULL;

SpamError = PyErr_NewException('"spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
Py_CLEAR(SpamError) ;
Py_DECREF (m) ;
return NULL;

return m;

Note that the Python name for the exception object is spam.error. The PyErr_NewException() func-
tion may create a class with the base class being Exception (unless another class is passed in instead of

NULL), described in bltin-exceptions.

Note also that the SpamError variable retains a reference to the newly created exception class; this is
intentional! Since the exception could be removed from the module by external code, an owned reference
to the class is needed to ensure that it will not be discarded, causing SpamError to become a dangling
pointer. Should it become a dangling pointer, C code which raises the exception could cause a core dump

or other unintended side effects.
We discuss the use of PyMODINIT_FUNC as a function return type later in this sample.

The spam.error exception can be raised in your extension module using a call to PyErr_SetString()

as shown below:

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

if (sts < 0) {
PyErr_SetString(SpamError, "System command failed");
return NULL;

}
return PyLong_FromLong(sts);

2.1. C % C++ I2&3 Python DR 9



Extending and Embedding Python, 'J!J—X 3.13.0a5

2.1.3 BIICES

HIFEDOBEBOBNCR 2 v, SEEUTOERTIEHBETE ST T

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

It returns NULL (the error indicator for functions returning object pointers) if an error is detected in the
argument list, relying on the exception set by PyArg_ParseTuple(). Otherwise the string value of the
argument has been copied to the local variable command. This is a pointer assignment and you are not
supposed to modify the string to which it points (so in Standard C, the variable command should properly

be declared as const char *command).

KDL T, PyArg_ParseTuple () TR XFH % L T Unix PAR system() ZMOCHLTWET:

[sts = system(command) ;

Our spam.system() function must return the value of sts as a Python object. This is done using the

function PyLong_FromLong().

[return PyLong_FromLong(sts) ;

LOGETE, BEA T2 ERLET, (£, BHTT S, Python BTk -7 LA 7o =2
FroTH!)

il &SGR Z R S 700 (void %2R BIE) 1253 % Python DBIEUZ None ZiRSAIFRD FH Ao
BIEIC None ZIREH 21213, U T XS 2EHAAZEWET (Z DEMAIX Py_RETURN_NONE ~ 2 1T
EXRTVET):

Py_INCREF (Py_None) ;
return Py_None;

Py_None 355k7% Pyhton 7Y =2 + TH 3 None IZHIiET 2 C TOHATT, TNETRTERLELS
WIELAYDOaAYTHFA LT 7" T5—" 2EKT % NULL KA ¥ X 2 IXEWV, None (X#li#t72 Python D4 7
U= bTT,

2.1.4 EZa—ILOXV Y RT—T )L AL

I promised to show how spam_system() is called from Python programs. First, we need to list its name

and address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

(RDR=D 128 )

10 E2E Y—FN—T14VY—IIGLTHERZES
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(FiDR— 25 D %)
{NULL, NULL, O, NULL} /* Sentinel */
g

VA MERD=DOHDIT > Y (METH_VARARGS) ICHEREL T K IV, 2O ¥ F VX, C B S T
CHLEWNEA YR TVRICBZ DD 75 7T, @ ZDfEIE METH_VARARGS %* METH_VARARGS |
METH_KEYWORDS DX 3 CF; 0 1XIHIND PyArg_ParseTuple() DZ{bE LI 2 Z ZEIKL 3,

METH_VARARGS 7213 %2554, C BEZ. Python L)L TD5 4% PyArg_ParseTuple() 2ZHTX 3
XTINVDIEATEINS D LIELRIFIUIRD FXA; ZOBEBICOVTOFMIE T CHAL £3,

The METH_KEYWORDS bit may be set in the third field if keyword arguments should be passed to the func-
tion. In this case, the C function should accept a third PyObject * parameter which will be a dictionary

of keywords. Use PyArg_ParseTupleAndKeywords() to parse the arguments to such a function.

AV BT —=TMFEY 2 - VEROHEEER, GBI TWRITNZRD $EA:

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=il /* size of per—interpreter state of the module,
or -1 4f the module keeps state in global wvariables. */
SpamMethods

g

This structure, in turn, must be passed to the interpreter in the module’s initialization function. The
initialization function must be named PyInit_name(), where name is the name of the module, and

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

Note that PyMODINIT_FUNC declares the function as PyObject * return type, declares any special linkage

declarations required by the platform, and for C++ declares the function as extern "C".

When the Python program imports module spam for the first time, PyInit_spam() is called. (See below
for comments about embedding Python.) It calls PyModule_Create (), which returns a module object,
and inserts built-in function objects into the newly created module based upon the table (an array of
PyMethodDef structures) found in the module definition. PyModule_Create() returns a pointer to the
module object that it creates. It may abort with a fatal error for certain errors, or return NULL if the
module could not be initialized satisfactorily. The init function must return the module object to its

caller, so that it then gets inserted into sys.modules.

When embedding Python, the PyInit_spam() function is not called automatically unless there’s

an entry in the PyImport_Inittab table. To add the module to the initialization table, use

2.1. C % C++ IC&3 Python D3R 11
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PyImport_AppendInittab(), optionally followed by an import of the module:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argvl[])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Add a built-in module, before Py_Initialize */

if (PyImport_AppendInittab("spam", PyInit_spam) == -1) {
fprintf(stderr, "Error: could not extend in-built modules table\n");
exit(1);

/* Pass argu[0] to the Python interpreter */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {

goto exception;

/* Initialize the Python tinterpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);

/* Optionally import the module; alternatively,
tmport can be deferred until the embedded script
wmports it. */
PyObject *pmodule = PyImport_ImportModule("spam");
if (!pmodule) {
PyErr_Print();
fprintf(stderr, "Error: could not import module 'spam'\n");

// ... use Python C API here ...

return O;

exception:

PyConfig_Clear (&config);
Py_ExitStatusException(status) ;

AR oo AW (7213 fork() BD exec) 2T AL TWIRWIREE) 1B 2EBHDA > 27V &
IZBWVWT, sys.modules LTV MY RBRELZDHAL A RANFEAES 2 —)L% import L7zD T3

12 E2E Y—FN—T14VY—IIGLTHERZES
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LV IRREY 2 - MK o TRHEZEL 2 2D D 15, IHREY 2 —VOEER. NET — XS24
BT 2B X KKCHDLIRETT,

X DEEMNLEY 2 — X, Python Y — ABLHYIZ Modules/xxmodule.c ¥ WIHHKATTA->TWVWET,
D77 ANMIT VTP LTHHAHATEET L, Bl LTHHDET,

AMR: xmodule Id spam ¥ H72 0| ZERBEHIHAL (multi-phase initialization (Python 3.5 OHEEE) Zffio
TWE T, Pylnit_spam %' PyModuleDef #iK L. €Y 2 — L DAEKIZZIC import FEBITVE T, S
FERIEIMLIC O W T OFAMIE PEP 489 S L TS,

215 ORIV 2D

FUWIBREY 2 — V22 5 X512k 2ET. XL ZO0E¥: av /e, Python X7 AANDY ¥
7. BFEoTOVET, BINHAAA (dynamic loading) 2> TW2 D45, EEOFMIEETD S XA T L0
o TV RHNFHAAADERIC L > TEDLZ b LNFELA; FEL E HREY 2 — LD FIZBT 3
B (CHBSLY C++ WROEILEF &) . Windows IZB1F % L FICBHRS 2 E8IMERDOE (Windows £
TD CHELY C++ BREZ2—ILDEILER &) 2BRLTLIZE W,

B ARA B o2, BY 2 — VB EE Python £ Y &2 7Y ZO—HIC L TEE-WEAIZIE. A
VRTVEDOEN FREZEBELTHEL R LRITIUIRSKL725TL x5, Unix TR, LI IZZ
DIEEIZE THHMTT: BICAFEDEY 2 =17 7 4L (Bl 213 spammodule.c) ZEH L 72V — AFAY)
D Modules/ 7 4 L7 k VIZ{B =, Modules/Setup.local ICHZD 7 7 A L%EFHAT 2 LLTDO—17:

{spam spammodule.o

ZEMLT, Py 7L RLVDT 4 L7 b)Y T make #FEITLT, A YXFVRXREHLILRTZEITY,
Modules/ ¥ 774 L7 F VU T% make ZFEITTE X T2, Hid o T 'make Makefile’ #5217 L T Makefile
ZHELFLTEPRINERLD ER A, (ZDOFEEIL Setup 7 7 A NVEETET 272 NITRBETT, )

BT 2a—ADHDIATI7VEY I INTVEIRENRDLHGE. 7477 VDBRET 7 A VIHNIETEX
T PIZEUTOLSICLET,

[spa.m spammodule.o -1X11

2.1.6 C 15 Python B ZFUHT

ZNFETIX, Python 226D C FABOMUH LICEREZEVWTARNTEFE Lz, EZATIDH: C 256D
Python BABODFUIHL D E7FHTT, bt WbwWwd " a—iNy 7” BlEYR- I T2X54K7
4770 RERT 2BICEZ OBBEDNER TS, 2 CA YR =Tz —APa—ANy Z7EFHLTWSH
&, [FAFEOKE R IRt T % Python 22— FTIX, LIELIE Python v =ica— Ny 725
LZREDRHHET; 2D FERETIE, C TELNza—ANy ZEED S Python THILN/Tza—1 %y ¥
BT XT3 RENHETL LI, DHAA, HOFARIEZIOLNE T,

2.1. C % C++ I2&3 Python DR 13
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PR Z i, Python 4 & 7Y XA HEICHRIFCH LT E, Python BAEZITOH T 20 DFEHEL >~
X—7 2 —=RAbHHFF, (Python $—F2REDANXFZ2M o THECHFTHECOVWTEHHT 208 DId
HHERA — ZOFEICHIEND 5725, Python Y —2X 22— FD Modules/main.c iZH3, a~v> FI A
VATV ay -c DFEEERTIIZEN)

Python BAEOMIH LIXEHHE TS, £3. COa—FIZNLTa—aNy 7 2EHL LS5 2§55 Python 7
0277 LE,. IS DFET Python DA 720 27 M2 EX IR D FVA, ZDRDIT, a—L v D
BB (232 ofthd (4 X —T7 =2 —R) ZREERQERD FEA. 20—y 7 EREEBDIT O H
SIhBRic, 5lZ2EI N7z Python BA 7Y =7 bADRA VX% 70— VERIZ — H250IE ©2h
YRGB —— RIFLE T (B4 7Y =2 % Py_INCREF() 35 &5 K ERELTL XV, R,
UTD &S BEENEY 2 —LD—FIcR->TWEZE2TL & 5:

static PyObject *my_callback = NULL;

static PyObject *
my_set_callback(PyObject *dummy, PyObject *args)

{
PyObject *result = NULL;
PyObject *temp;
if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
if (!PyCallable_Check(temp)) {
PyErr_SetString(PyExc_TypeError, "parameter must be callable");
return NULL;
}
Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Boilerplate to return "Nome" */
Py_INCREF (Py_None) ;
result = Py_None;
}
return result;
}

This function must be registered with the interpreter using the METH_VARARGS flag; this is described
in section EZa—ILDXAY vy F7—TILE#H{LE#. The PyArg_ParseTuple() function and its
arguments are documented in section ¥LERED 2 — LB TD/NZ X 2 ER.

Py_XINCREF() 3B XU Py_XDECREF() (&, # 7Yz MINT BRIV 2 A V7YXV N/ T YR
YIFIB70D% T, NULL KA VAP EINTHEBHRETZZHEATT (idvwi, FofnaTid
temp 23 NULL IZ2 % Z2EH D FEXVA), 26D I7n BRIV Y MZOWTIK, 8BAT Y ME Tt
BHLTVWET,

ZDH%, =Ny ZBEBRMOETRAR 5. C BB PyObject_CallObject () ZFMFUHHL %, 2D
BAEICIZ =D D55 Python By Python BI5GBV A b 3H D, WINBEED Python 7Y =2
FERITRA VEBETT, 5IBVAMIBIZEZTINA T 7 P TRINER ST, ZOEXIE5IEOKITR
D %3, Python BIEZ 518 L THOETDR S, NULL DX L EEL 3, B—o5 |5 clEEE R
3o, BHERE (singleton) DX F L2 L %3, Py_BuildValue() OFRFHIFIT, ¥l x&
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—AU EOERM T — PR Ao AN D 256, COBBUIE IV EZRL LT, UTIAZRLET:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

arglist = Py_BuildValue("(i)", arg);

result = PyObject_CallObject(my_callback, arglist);
Py_DECREF (arglist) ;

PyObject_CallObject() i& Python A 7Y =27 bADRA VX EIRL EF: Z4Ud Python B 5 DR D
272 D £35, PyObject_CallObject() . 5IEUICH LT ” B A » >~ FHIL (reference-count- neutral)”
TY, LORITIEE IV ZAERLTIEY A P LTRELTE D, 2D X 713 PyObject_CallObject ()
DI LE%IC Py_DECREF() XN TWVWET,

PyObject_CallObject ) IFEDVMEE LT "H LW 7V 27 b: FHERINA T =27 b, BifE
DEFTV 27 DBRATVI P 2A VI VAV LESDRRLET, oT. ZOATIzr e ru—N
NEBIRF LT VD TROWDED, e A ZORDVEIRHEKSZTD (LA 25 THARIRBES B!
MU DDHFIETREDEA 7Y =7 % Py_DECREF() LARITIUIRD £ A,

Wz, RD{E% Py_DECREF() § AR, A NULL TRWHAF zv 7 L TEBL ZEHEETT, d
L NULL 75, WP U7z Python BEUIBIANZ IR L TR T EE 5N TV E S, PyObject_CallObject ()
ZIEOH LTV a— FEES £/ Python 226 UHEINTW2OTHIUE, SEIX C a— F2EZEIT
CHLTW3 Python 22— RIZTo —fEREERERIZRD EHA, ZRICED, A VR TYREFRAZ Y 7+
L—2%MA LD, IS ELIES 27200 Python 2— REFCH LD TEET, HlISoEEBAATEE
7oleb. L7 RnwDias, PyErr_Clear () ZFFATHIAZHEAL TEH»RIIRD FEA, HIZIZLTD
KOWLET:

if (result == NULL)

return NULL; /* Pass error back */
...use result...
Py_DECREF (result) ;

Python 2 = A Ny JEBECARA VX =7z —RZLEZVDPIRE-> T 5V R%E
PyObject_CallObject() ICHARUTNELROELWVWEESHD FT, H25 7 —RATiE. a—1 Ny 7K
PHELZOEELA X =7 2—=RENLT, 5V ARDBEINTVWEI2S LILERA, EFlOT —
AT LA TVERBELTHEY R P 2EIRERS RV LLERA, CORERDEIHZOE
Py_BuildValue() ZFERRH HTI, HlXiX, BEOARY ba—FEELEZTUE UTOLS>Ra—F
S 2123 TLES:

PyObject *arglist;

arglist = Py_BuildValue("(1)", eventcode);
result = PyObject_CallObject(my_callback, arglist);
Py_DECREF (arglist) ;
(RDR=V1ZHiL)
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(FiDR— 25 D %)
if (result == NULL)
return NULL; /* Pass error back */

/* Here maybe use the result */
Py_DECREF (result) ;

Py_DECREF (arglist) MU LDER, =7 —F v 7 XD IFNICEINTVE Z LIFERLTLZXW!

Fio, BEICE XX, Z0a—FEITELTIEH D £HA: Py_BuildValue() E ATV ARBIZBEEVWED L
N, FzvZLTELIRETT,

BHOGIHE F—v— F5I¥%E Y K-+ 3% PyObject_Call() &ffi- T, *—7— N5IEEMS BEEIEOH
LETZIeMNTEET, LOHIXAT L5112, Py_BuildValue() Z{F- THEEIED £ 7,

PyObject *dict;

dict = Py_BuildValue("{s:i}", "name", val);
result = PyObject_Call(my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

2.1.7 HiRED 2 —IILEABTD/NS X X EH

PyArg_ParseTuple() BIZUTO LS ICEE SN TV ET:

[int PyArg_ParseTuple (PyObject *arg, const char *format, ...); }

518 arg 1% C BIED 5 Python ICEINZ58 VR MNPR AKX INATI 27 S TRITINEED FE A,
format B1EUEERSLFEF| T, Python/C API V7 7 L Y A~ =2 7/)L®D arg-parsing T X T\ % EHk
WKHEDLRARZRD £E A, RO DG, ZhZhOEHD 7 FL AT, FUFHN»HRE 28I TW
RFHUERD FR A

PyArg_ParseTuple() (& Python 22552 6 WG| BB ELRIITR o TV B 0HNZ DITH L,
PyArg_ParseTuple() MU LOBWE AL C EBD 7 FLABEMREZFEO»FARL ARV
CERFEELTRLZEWV: TITHEWRZILESTE, a—-F275v 22320 LEEAL, PRESHT
72oDREY PEXEVIZEFEEZLTLEVET, [HEKR!

PR LNt 4 7Y 2 7 FADBIIZ T T BA S (borrowed reference) 12720 £3; 285
DTS2 NOBEAYY N EF VA N LTIEED FHA

WL oo grH LAIZRL £3:

#define PY_SSIZE_T_CLEAN
#include <Python.h>
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int ok;

int i, j;

long k, 1;
const char *s;

Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f() */

ok = PyArg_ParseTuple(args, "s", &s); /* A string */
/* Posstible Python call: f('whoops!') */

ok = PyArg_ParseTuple(args, "lls", &k, &1, &s); /* Two longs and a string */
/* Posstible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple(args, "(ii)s#", &i, &j, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* Possible Python call: f((1, 2), 'three') */

const char *file;
const char *mode = "r'";
int bufsize = 0;
ok = PyArg ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

f('spam', 'wb', 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, "((ii)(ii))(ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Posstble Python call:
fccc, 0), 400, 300)), (10, 10)) */

Py_complex c;

ok = PyArg ParseTuple(args, "D:myfunction", &c);

/* a complez, also providing a function name for errors */
/* Posstible Python call: myfunction(1+27) */

2.1. C*® C++ IC&3 Python D3R 17
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2.1.8 HERED 2 —ILEABDF—T— KNS XA

PyArg_ParseTupleAndKeywords() &, MU TD IS RESENTVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist, ...);

arg & format »%7 X &1 PyArg_ParseTuple() Dd DL L TT, kwdict X7 X XEF—7 — 55D
Ao 7B ET, Python 7Y RA LS ATLADLE =TI XAR L UTRITFID £3, kwlist 237 X RFHF
X RS % 72D DX FEN D6 7% %, NULL #I S iz U R b TF; %87 X X4 format HORIEHIN
LTE»SHDIEICIBAEINE T, KUIF % L PyArg_ParseTupleAndKeywords ) IZE%ZR L., TNl D
Lra I Ey s e X L TR IR L %5,

AW F—U—PF5EfoTVREAE. XTVIEIANFIRLTHEZEEA! kwlist MICHFELRWF—T —
RoRT X ZREXNT5E. TypeError OEHZEF ISR I L E T,

UTEF—U—F 2o a—nHlZRLE T, ZHUT Geoff Philbrick (philbrick@hks.com) {2& 2% 7
77 u6flEb L TVET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

static PyObject *
keywdarg_parrot (PyObject *self, PyObject *args, PyObject *keywds)

{
int voltage;
const char *state = "a stiff";
const char *action = "voom";
const char *type = "Norwegian Blue";
static char *kwlist[] = {"voltage", "state", "action", "type", NULL};
if (!PyArg_ParseTupleAndKeywords(args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))
return NULL;
printf("-- This parrot wouldn't %s if you put %i Volts through it.\n",
action, voltage);
printf("-- Lovely plumage, the %s —-- It's %s!\n", type, state);
Py_RETURN_NONE;
}

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot() takes
* three.
*/
(RDX— 12k <)
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I3

PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
};

PyMODINIT_FUNC
PyInit_keywdarg(void)
{

static struct PyModuleDef keywdargmodule

(FiDR— 25 D %)

{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */

=1

return PyModule_Create(&keywdargmodule) ;

219 FEDEZEET S

Py_BuildValue() (& PyArg_ParseTuple() DOXICHET 2 HDTT, ZOBBIIMLTDO XS ICEERS A

TWVWXET:

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

Py_BuildValue() &, PyArg ParseTuple() Dadik§ 2 —HDEXHBAICBFRBAZFEML £5, %
ZU (BBADOHENTIERL, ANCEbND) BIBIZEA YR TR, 2EOETRIUIED A,
Python 2 65U X N7z C AR TEE UTHYIZR, #7274 Python 7 7Y =7 F2IRL T,

PyArg_ParseTuple() kid—Di#E S5 H03%H D £3: PyArg_ParseTuple() XFH—518% X T T 2 HED
HH EF (Python OFIEY X MINFRINCIEHEICX T e LTRIIN S5 5 TT) 23, Py_BuildValue()
BEIVEERT 2 LIER D ¥ A, Py_BuildValue() EEIXNXFH|HFICENBMB o ZFhLEA-T
WEBEIZDAR TV ERHEL £ 5, EXXTFHNDZER S, None ZIRLET, Zohh—D20FEXHNZS,
ZOFABMDELAR L TWBROELDF T 27 MZRDET, YA X0 1 DX T NVIBRERLVDRS,

FROCTFHN 2 ATV 5,

WUTFEhlERLET (EICIEOH LA, HIC5EN% Python %5 L ET):

Py_BuildValue("")

Py_BuildValue("i", 123)
Py_BuildValue("iii", 123, 456, 789)
Py_BuildValue("s", "hello")
Py_BuildValue("y", "hello")
Py_BuildValue("ss", "hello", "world")
Py_BuildValue("s#", "hello", 4)
Py_BuildValue("y#", "hello", 4)

None
123
(123, 456, 789)
'hello'
b'hello’
('hello', 'world')
'hell’
b'hell’
(RDR—T12HE L)

2.1. C % C++ IZ& 3 Python D3R
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(FiDR— 25 D %)

Py_BuildValue("()") )
Py_BuildValue("(i)", 123) (123,)
Py_BuildValue("(ii)", 123, 456) (123, 456)
Py_BuildValue("(i,i)", 123, 456) (123, 456)
Py_BuildValue("[i,il", 123, 456) [123, 456]

Py_BuildValue("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_BuildValue("((ii) (ii)) (ii)",

1, 2, 3, 4, 5, 6) 1, 2>, @3, 4), 5, 6))

2.1.10 BRAV >V &

CRCH+ DEIREETIE., uro<ide—7LOXAEY ZENCHERLEDBER LD T28E0H
DET, 295 LMEEIZ C Tl nalloc() % free() TITWET, C++ TIEHAEWICHE U EK CHEHE
T new X delete Db T F, ZZT. UTOHEHIZ C DEECREL TITVWET,

malloc() MHERT 2 ETDOXEY 70y ZE, REINTIE free() ZHEIC—E/Z IO L CHIHATRE X
EVDTS—NMIRE IR D TR A, £ 2T, BURIIC free() ZIFIHT ZEHAEZEWIRD T, HD X
FEV TRy ZIINLT, free() ZME 2721232000 TZO7 RFLRAEREHILTLES &, Juav
DEALTWAXEVRE 0TI a0 TI2FETHABATERIRZD T, TAUEXEY Y =2 (memory
leak) EMHINTVWET, WS, O I L08H2 XV 70y 71T LT free() ZMATEBERML, %
D7Ry ZREVHITES T2, BlD mallocO) MUHLIZL > TITbTh 70y 7 OfAM L H%Lz
EZUET, ZIUIMBHRFEAXEY O (using freed memory) EMINE T, ZHIFHILEh TV
FRICHTEBMEFABDO L BWVIER — a7 XV 7, #o7B0R, Ra@ihr vy a - 2HERZ
LET,

I BHEXEV Y —27DFEIEa— FHOEBBTRWIIEREETY, FlZIX, H2B80H2XE) Ty
ZHER L. (MO0 EZITo T, BETRy V7 2BRT 5L LET, ST, BROZERMEREZZEL T, §F
HiWF 27 A M2EMT28, =7 —&EFZBHEL, BEBORPTUHEZRT IS5 1CRE20D LAEEA,
COBRPTORTHEEZ L &, EIAZXE) Ty 73 FERLERLTVOTY, 2— FRAEZTENX
NEGEERICESI TS, ZOEIRBRAXEY Y= B—HHIVAATLES &, BEVEBHZIAZVWEEI
BRAEBZEVELSDDET: 712X TIZ. 2 TORBIFIHE L O L TIEFADDT 2REIGL
MEEZF. 20— TIEL AL O ERIIEYROFELE LR > TWa 7D, XEYV Y =225
PR B DI, ROHEEL T 7 a2 ) =27 2R 2 TEBEME D Ho 2GR IRon205 T3,
WoT, ZOMOTI—%F/MNRICLED D L Ra—T 1 ¥ 7HNLEIEZITI T, FEOXEYV Y -2 %
BT 2 Z e DEERDOTT,

Python 1% malloc() % free() ZIEWIC I FAHT A7z, XEV V=7 DRFIRITZ, BREHIzXEY
OEREIET 2HIENNETT, ZODITBIINT-DBBB A Y > ME (reference counting) & FHIEN S
FHETT, 2RIV Y MEOFHIIEHTS: 2 TOA TP 27 M2WE AV Y EBHY, A7 =7 Mk
BZBEPEIPIMRFEEINZOA T Y REA VIV RAXY L, A7V 27 M T 25BMHIRESh5 72
VXY MLET, AV VEABERIIKEST26, 7TV 27 PAOREBEOSEIPHIREN-Z2 ik, 7
Yzl MIBREIE T,

b5 —ODOMBKIXEEI N—Y a1 7> a ¥ (automatic garbage collection) EWHENTVWE T, (B 7 >~
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MEFAR=YaL 7y a VIIBEO—D LTEITONL L dHZDT, Z22XilT57-0ICEE X" H
# (automatic)” Zffio TWE 3, ) HEIZR—YaL 7> a YORERFAIZ. 2=V free() ZIHRHY
WEEBRATEWZ DD EF, (EHERPXEY ORMAAESFERE LTEREATVET — 5, Zhd
M2 HEETEIDHD ERA, ) CBIZHIIR=—YaL sy a YORAE. BIZAREDH 2 T R—T 2
LI APBFELRNE WS ZETT, ZRUIH L, BHA Y ¥ MERFIRED H 2 FENTEE T (malloc()
% free() #FIHTE2DD0HETT — C BHERFZAEZHRIEL TVET), WO HD, +aaftEod 3
HR=IAVLIZEDP CTHEAZEICRE22SLNFERAD, TRETEBRBI D Y METR o TV L LS
IR WDTT,

Python Tld. GRS A Y ¥ MEDEEZIT->TWE /T, ZROMRZ MRS 2 72D GRS
SRR HBEAE (cycle detector) HIRHEL TWE T, BERSRMHLEMO B3 T, BHiK, HHEIr2HD 5 TIHR
ZROAERZTICE T T IV r—2a v 2MRTEXT, w0, BRIV Y MERT 2o R—
vavrryaryFEEE o TREZRIZFHRZ P 5T, BRSRIE. (HESRO5EH &0 T) HEADS
WHANoTA 7T 27 P HROIEREND D, BERADA 7Y =27 M3IKAIFELROBRAY >+ 2Hb %
T AR BIRA YV MEDFETR, L AMRBBERRT 24 7Y = 7 Mian L Tlice < Bk
WELTH, ERSBHANOEDA 7Y =227 BT 2XEY DEAATE LA,

TEIRZEMHBBIEZ D XS R AIR=IH A 70 (RIR L7 XS RERSEA 727 b)) 2B L TEIT
BIENTEET, gc TV 2— 2D &I RMHEBEEDFEST (collect O BARY) BT 2 2 iz, BE
DEDHDA Y RT 2 —AB X O Z ZITRICENICT 2 FESIBEL TV E T,

Python ICHBIT3BBHT Y &

Python IZI&, ZRATV Y FDA Y7 VXY T 7 VXY F2UH T2 DD~ 1, Py_INCREF(x) &
Py_DECREF(x) 2% D ¥£3, Py_DECREF() &, ZIRI U Y F ¥R IZEELLERIC, A7 =7 DX EY
FEIBATVE T, T2 27012, free() ZEHITIH L EEA — Z2O0RODITA TV =7 bD
BA 7227 b (type object) BN LET, DI (MOHWNDHH FTH), 2TOF 7V =7 MEH
BOMA T 27 MTWHTBRA VEBA>TVWET,

X T, FRERREMDPE > TOWET: WD Py_INCREF(x) % Py_DECREF(x) Z{HXIFXVDTL & 557
F3. W OPOMGEHAP OHBD IR TLLEI WV, £3, A7V =227 M3 7 5F (own)” EhdZLiddH D
FEA; LU, 247227 M T 2SBOFTE own a reference 3 TEE T, A7 =227 FOBIRAY
TV ME ZOATY 2 7 EHBROMEEZI TV B ERE ERINTVET, ZROMEE L. SR
B2 72 5 72FRIC Py_DECREF () ZM-UH THEIZHWE T, SOFTEMIZERE (transfer) TEF 3, i
Z M (owned reference) OBERIZIZ, T, R{FF 5. Py_DECREF() ZM-UH T, WS =DODNENDH D
¥9, MMASKREABILEhd e, XEV Y725 SR LET,

7Y 27 MzxtT 258, B (borrow) HAJEET T, 2 SO MEHEX. Py_DECREF() %#IFA TIER
DERA, BEAFEE SROMEEILMEA LB ZEI TZ2RERFLET IR FEA. TEEDIS
WEMELLBTHEASREMES b, BBEAX TV ZHEALTLE S GRS 50T, Mshaiidaidzb
i“ﬂ_ﬁzo *3

2 Bl PEHTE EWIRAX T 7 IEHFICRIELL DY FRA: BRERS, BROMEZRZKRAL LTBROar—%2#F->Twn
2H5TT,

3 BEAYY P L UENE S PR HEE SECVEERA — BRIV FEEBBKENEATY LB 70, Z0MH

'y z MRS I D )

2.1. C*® C++ IC&3 Python D3R 21
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ZROBHPZROFAE LD BN TV IR, a—F e D5 2H50 2 UHRKRTSREREEL THL &
STBLALTHEL I TY — Hlosuwihzdiud, BHZROEE I, W o@pCREEZRT LT
AEVY—2ZDERZBET IRV, WS ZETT, ¥, MEXDHAHRER, T<CEeBITRAS
a— R’ EECESROMEHITTHEINTL - RICZOZREZM 5 20 Lvawn & 5 b i kil
HBLWVWI LT,

Py_INCREF() 2T &, EHSREFNASRICEETEEY, ZOREERSROMGBHITOREBICITHE
L%H#A - Py_INCREFQ) 37T AZREZAEM L. ZROMAEEIEIRNELTORMEZHRLET (0F
D, FiBZROFMEE L. UHOFEH LAk SROBELZEINATORIXRD $HA),

FRABEHEICE DD BRAY

F TV 27 bAOBREEBONMIETIEAIZ, 7Y 27 b OFTEENSIR HITTEX N 0B
A v & — T 2 — 2D —F e 2 b £5,

FT7T 2l PNOBREIRETIZL AL DB, B L b ICFTEHEDTEL £3, K. PyLong_FromLong()
% Py_BuildValue() O K52, HilWwA T =7 b 2ERT 2B 2 THREMEZHTFICHELES, 47
Dzl MOEBRICEHT AT 2 FTRATH, 20X TV 27 PN T 2 LBROFEEEZS F
3, flZ12. PyLong_FromLong() XX ffi5fHExF v v > 2L TED., Frvv¥aINENDOSREIRT
DL FET,

PyObject_GetAttrString() DX S5IZ, 247V =7 v ojloF 7Y =7 M it d 2 X5 RS
i, ZRECDIMEHEZRELE T, 256 0HEPPRPHMBLICS VA LAEEA, EWVIDIF &L
FbNEZN—F DV D02FIFt 2o TWB 25 T3 PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B LU PyDict_GetItemString() & T, XL, VR, ELEHFHEDLISEHS
WZRLET,

PyImport_AddModule() (&, EFRCEATY =7 P 2AML TRT I eHAH2I2Hr0boT, HHZRE
BLUET: TOADAEERDIF, ERENA T =7 NI T 2 S HIE sys.modules ICREFEN 205
‘t\“j—o

F7V 27 bAOBRERHOBEBUCE TIHA. —BIVCE, BEBEREMECHLFELOSRBEERALET - 5
M2 RIET 2N DH 2725, BEIINE Py_INCREF() ZM-UH L THN. LZFEHEICRD £3, LldVi. Z
DOFANIZ =D DEEZHH}: PyTuple_SetItem() ¥ PyList_SetItem() 2H D 3, TN o DKL, B
SNTGIBERITH U THTAEEZ R SHLD (take over) £F — 72 ZKMLTHTT! (PyDict_SetItem()
EZOMHEEFTAEELROIWD E8A — ZhAbE0bIE " H@E0” BT T, )

Python 228 C BB N2 BRICiE. C BRI LD S5IBA~OSEEHL 3, C B
M LENEA 7Y =7 "ADOZRBEFIE LTV DT, EHSROAETEHRDRAE X L2 OB E %
BRTETTT, TOLSRLTUERASHREZREFELLZDMITELZD LZWEEICD A, Py_INCREF() %Zffio
THAESRICT 208D D £3,

Python 26O &7z C BEDIR T ZRIFFMESR TR IIRD $EA - FTEHEIEEE,RSIFOH L
AURaNPa - 3o g S
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K

BORVIRIICBWT, —REZCAZ Z2EASHROFHANMER2V0EBITIAH D T, ZOMEIXT
RT, 4 VXY ZPIERINCIECHE R, 4 22 7TV ZBSBROFEEICSRBEREI R TLEI RN
BRLTVET,

HoTBIRESF—RDIBHRAD, ZLTHRHBEBERDDIZ, VA MERIIHNT 2ZRE2MED T03EICH
%3, BRRWATY 27 MZAF % Py_DECREF() DTS, filZI:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */

FoOBEIZE S, 1ist[0] NOZWEZMEA L. KT 1ist[1] ZfH 0 TEZZ, RRICIZZFILEALLS
WEZHENLTWE S, MBHEERNESICRAETA? THZS5TRRVDTT!

Let’s follow the control flow into PyList_SetItem(). The list owns references to all its items, so when
item 1 is replaced, it has to dispose of the original item 1. Now let’s suppose the original item 1 was an
instance of a user-defined class, and let’s further suppose that the class defined a __del__() method. If

this class instance has a reference count of 1, disposing of it will call its __del__() method.

Since it is written in Python, the __del__() method can execute arbitrary Python code. Could it
perhaps do something to invalidate the reference to item in bug()? You bet! Assuming that the list
passed into bug() is accessible to the __del__() method, it could execute a statement to the effect of del
list[0], and assuming this was the last reference to that object, it would free the memory associated

with it, thereby invalidating item.

FIRE DK A 77 AU, ERIIEE TS, —RICSREEZHPLE XL VDO TY, ELLEET 2 -3
YEUTOLSIRD £

void
no_bug(PyObject *list)
{
PyObject *item = PyList_GetItem(list, 0);

Py_INCREF (item) ;

PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0);

Py_DECREF (item) ;

This is a true story. An older version of Python contained variants of this bug and someone spent a

considerable amount of time in a C debugger to figure out why his __del__() methods would fail...
ZoHER, BHSEA ALY FIZERLTWE 75— 2 TY, @HE. Python £ > & 7V RIZBIT 3 HI

DAL RiX, 70— NN AV ERFNEOv IR I TV 27 b EEEEPEEL TS0, HWIZHE
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LESZWEdHEHA, 2IZWA, By 27X Py_BEGIN_ALLOW_THREADS ~ 7 1 C—RICARBR L 72 D,
Py_END_ALLOW_THREADS THEF LD TE %3, Zhoo~wrunidruy 7o 3 1/0 MUH L OJEH
WEEDPN, 1/O BPETT2ETOMMOAL Yy FATrE v S E2FHATEZ LSICLET, HLDIZ,
DIT o Lol e M2 IEOATHET:

void

bug(PyObject *1list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/0 call...
Py_END_ALLOW_THREADS
PyObject_Print(item, stdout, 0); /* BUG! */

NULL R1 >4

—fERE LT, A7V 27 PAOZRE GBI 2BEIE I — YD NULL RA V2 Z2ET 3 P/HRLTES
TLEZOL TR a7R AR DE (B, HeTAT7R Y TR2EERIT) 2 TLiD. —H ATV
OB EIRT X5 REBIE T, PINOREEEZRIHEICDA NULL iR L £9, 5806 LT NULL
TAMNERTOROCEEE, BRELELERTR- 724370 =27 M EMOBBAL 5 ZEI»OTT — &4
DREEH NULL 7 R b 21T 213, TUERT X KRBT, 22— FI3 X DEHICH Z itk £5,

E->T, NULL OF A NI AT =27 b D 7 BEF”, THbOBMED NULL 1272508 LR WERA VR E5ZIF
ol ERTICLEL £ 5, malloc() . HlAEEL T 2 [HEMED H 2 BN 2 DHIT T,

~ 71 Py_INCREF() 3 & Py_DECREF() & NULL KA Y XDF = v 7 R{TOEHA —— LL, ZOLHD
~27uDZ{tTH % Py_XINCREF() B XL Py_XDECREF() &F = v 7 Z{TVE T,

KBEDA 7Y =7 MUZOWTHFHRNS 71 (Pytype_Check()) & NULL R4 Y XDF = v 7 2{TVWEYE
A —HEDIBLETH, BARERZEZHEELTCAT7Y =7 bOREANZEICIE. 25 Lz~ aZiil)
TS T RED D 2 DT, RN NULL RA Y XDF 2w 72T 5 TIRRBTAMIKoTLEI DT,
BN~ 27 ailiE, NULL F = v 7 2175 Z{LFIEH D 8 A,

Python 205 C Bz ITHEMIE. C BRICEINZ51V AN (HITVWI & ZAD args) BIRLT
NULL iSRS VK SMHIFL TWE T —— EBICIE, B2 AR k5B EL TwE g, ™

NULL KA ¥ &% Python =% LU " #HBL” TLES &, BARTI—%5|EEILET,

* 2 HRO” O U E > T 258103, ZOREGER SN EEA — BFEO 2 — FIZZVEZICIEROMOH LKA
AHNHEF
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2.1.11 C++ TOHEES 2 —ILIERK

C++ THIREY 2 —VHMEKTEF T, LWL ODHIRAD D £F, X4 > 727 4 (Python £ >~
RFVZ)IFE Carv 4 ITary I ALINY Y I7INTVWAEDT, JE— VERPHNA 7Y 27 bea
VAMIIRTHERTEE A, XA V70T I8 C++ AV A FTY 7SN TVWER L ZHIMHET
3H D FH A, Python £ &7V X 6O H XN 285 (FHZEY 2 —AAIHHEEIE) 13, extern "C" %
fFoTES LRI RD XA, F/2, Python Ny X7 7 £ L% extern "C" {...} KANZHEIID
DEHA-—- VKRNV __cplusplus (D C++ IV RA FIEEBTIDY YRAEERLTVET) DER
SINTVDE EFiT extern "C" {... .} 2MTONDZ LI AV X T 7 A VNIZTTREPATVE2HTY,

2.1.12 #EEREZ a2 —JLIC C APl ZiRHtT 3

% DIFREY 2 — VIZHIZ Python 2 S 2 272 2 BRI 2183 2 7200 T, IFICIEREY 2 — L
NDa— FHAMOIIREY 2 — A THERR DD 5, HIZE HEEY 2L TRIEFHSORNY
APDEIWCENET S " aL 7> ay (collection)” 75 AEELELTWEHLS LNEEA, BrHIEUAL
EHERLZDEELZDTE 2 C APl ZM X 72424 D Python VA MDD X 512, ZOFilzizalr s> ay
ARG MDILREY 2 — L SEHFRETCE 2 X5 1ICT 2 —#HD C BEER > TORITIERD £ A,

— RT3 SR BICBE (3B B A static RELRESETIC) BT, #EEAy X
77 ANERMEL, C API ZFE I X WZT, KB ET, ZLTEBDLE A, 2 TOIRREY 2 —H
Python 4 ¥ & 7'V ZIZHEITHINCY ¥ 7 SN TV AHAIRE I LEELE T, L TADBEY 2 —AitH
7477 VDHEINE, —DODEY 2a— L TEBEINTVEY YRAPMDEY 2 — LSRR Z 2 23H
DET, AEOHMEARL—T 4 Y YRTARZEDET; HB AT L1F Python £ X TV X 2T
DIGREY 2 — VAIRBE—O 70— LBl 2 HE L TV Y (BIZE Windows), HlDT X7 A1XE
Ta—DY VIR DAEND S VRV ERINCIEE T 20 ERH D £3 (AIX 23Z20—FITT). £
RO AT L (1ZE A LD Unix) TR, Eo HIBZERKE LTRELTVWE S, 2L T, AT VR
AR B —=rVERE LTAHTH-oTD, MUHLZVWEBDA - 7EY 2 =R FEFa— FEINTHWARN
ZeEoTHY ET!

o T, ARMED RS > Y RNV DAHEICIEM SERZ LTIERL RV 2ICkRD £9, DF DILRE
TV a—HDORTOY Y RIUL static LEFERERD FEA. HIINIEY 2 — L OB T, Zhud
(EZa—IDOXYy FTF—T L EEEREE TNz & 512) MDIEREY 2 — L & ORI THATDEZET %
DEHMT Z72DTT, o MOPIRES 2 =057 7 A% BIFBRITRABWL & Y FRUIRloRh )
TREERERD £2 A

Python 13® 2 fLIREY 2 — A D C LXAVDER (KA &) Z2HIDEY 2 — WIS 72D ORFIR L HEE:
Capsule (4 7tV) ZHMEE LTV E 9, Capsule 13K 4 > & (void*) ZFlfE 3 % Python O 7 —2HTF,
Capsule 1 C API #NM L TOAER LD 772 A LD TEE T, i Python A 7Y =7 PR &
ICRFELTEE T, 2 bbly., Capsule IZIEREY 2 — VOAFIZEMANICH 2 ZLRIICRATE S, o
PEREY 2 =T ZDEY 2 —)L% import TE, KIZHHETZEIR L. &R Capsule NDKRA ¥ X2 HE
LET,

EEREY 2 — D C API 23 272912, ¥4 2L T Capsule b 3, FEKE 1 2047V =
7 MZANZZD, 2TD C API OFR A4 > XEEH|% Capsule ICANDZ Z e B TEET, ZLT, KA ¥ XITH
T ERIFPHIGF L Vo 2R A RIVEHIE, a—RERBMHELTWAREY 22— 7534 7Y P EY 2 — L2 DT
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BRIRZTETTHMTEE T,

CDFEZESNIL TS, Capsule D name ZIEL K RET 5 Z L IFEETY, PyCapsule_New() & name
5% (const char*) ZH(D £7, NULL % name (XTI & bFFAI SN TVE T, name ERET DI L%
CHEREL £ 9, [EL S ARTEMTT &7z Capsule 135 2 BEOFITRMUL L2 E2Rb T, AT S
N TV Capsule Zfid Capsule & XBIF 2HENZHEED D T8 A,

Rz, C API 22B5 2729 D Capsule IZIZRD IV — M- 4T R 2RE T

[modulename.attributename

PyCapsule_Import () & W5 HFIEEEIZ. Capsule DHARIR Z DN —IUIZ—HLTWVW53 & ZIZD A, fEHIC
Capsule FHTRABEXNTWVWE CAPI 30— R332 R TEET, ZOEHICED, C APl D1 —%—
M, FESEIWCIEL W C API 2L TW5 Capsule 0 — R TEXZ e 2ENPDDE N TEET,

LTIt AR T2EY 22— LOEFIIZE ALY QAR D 3, X{fFbhd74 77
FEBBRCHEYIR Y 7 —F2ERBELET, 207 7B —FTlE, 2TD C API KA ¥ & (flhTidz—o7%
JTIH) &, Capsule DL &% void BA Y XDOEFNRFEL E T REY 2 —MIHIET 2Ny X
77 A&, EY2—1D import £ C API KA VX ZHE T2 E5FHT A2~/ nz2RtLET; 754
7Y FEYa—E, CAPL 7 7R RTBHNCZ O~ 7 0 2R3 T,

The exporting module is a modification of the spam module from section fE 7. The function spam.

system() does not call the C library function system() directly, but a function PySpam_System(), which

would of course do something more complicated in reality (such as adding ”spam” to every command).

This function PySpam_System() is also exported to other extension modules.

The function PySpam_System() is a plain C function, declared static like everything else:

static int
PySpam_System(const char *command)
{

return system(command) ;

The function spam_system() is modified in a trivial way:

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = PySpam_System(command) ;

return PyLong_FromLong(sts);

Y 2 —LDITEICDH B LT OfF
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DE

‘iz, LT 7283 BML T ZEWw:

#define SPAM_MODULE

#include "spammodule.h"

#define X, 7 7 4/ )l spammodule.h 4 > 27— KL TW2DBA4FIERNHTA2MUMDES 2 —LTH-
T VA7 Y PET 2= A TRENVWIEZANY X T 7 A VIZHA B dITfibhE T, KRS, EXa—0
DHHFUCREIENE C API ORA ¥ XEHZ AL S 2 X5 FRH LR TUIRD TH/A:

PyMODINIT_FUNC
PyInit_spam(void)

{

PyObject *m;
static void #PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;

m = PyModule_Create(&spammodule) ;
if (m == NULL)
return NULL;

/* Initialize the C API pointer array */
PySpam_API[PySpam_System_NUM] = (void *)PySpam_System;

/* Create a Capsule containing the API pointer array's address */

c_api_object = PyCapsule_New((void *)PySpam_API, "spam._ C_API", NULL);
if (PyModule_Add(m, "_C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

Note that PySpam_API is declared static; otherwise the pointer array would disappear when

PyInit_spam() terminates!

5L Y DOKETIENY BT 7 4 )L spammodule.h NIZH D, UTDESWHR-TVWET:

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus

extern "C" {
#endif

/* Header file for spammodule */

/* C API functions */
#define PySpam_System NUM O

(RDR=V ki)
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(RIDR=I D5 DREE)
#define PySpam_System_RETURN int
#define PySpam_System_PROTO (const char *command)

/* Total number of C API pointers */
#define PySpam_API_pointers 1

#ifdef SPAM_MODULE

/* This section is used when compiling spammodule.c */
static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

#else

/* This section %s used in modules that use spammodule's API */

static void **PySpam_API;

#define PySpam_System \
(*(PySpam_System_RETURN (*)PySpam_System_PROT0) PySpam_API [PySpam_System_ NUM])

/* Return -1 on error, O on success.
* PyCapsule_Import will set an exzception if there's an error.
*/

static int

import_spam(void)

{
PySpam_API = (void #**)PyCapsule_Import("spam._C_API", 0);
return (PySpam_API != NULL) ? 0 : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

All that a client module must do in order to have access to the function PySpam_System() is to call the

function (or rather macro) import_spam() in its initialization function:

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

m = PyModule_Create(&clientmodule) ;
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
(RDR=V ki)
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(FiDR— 25 D %)
/* additional initialization can happen here */

return m;

07 7a—FDEER/RAIZ. spammodule.h AR L LN 2 TT, L3R, FHEBOEAR
HZRERIE A E N2 DD LR URDT, FEH 2 —ERIFERNITAET,

B2, Capsule X, HHKHEFEEINTWVWEIRA Y EZEXETYVMHELZD@BRLZD T 2B ER]
e b ORI LTV xS Z it TErRIER D /A Ml Python/C APT V
77 VLY AR =2 7LD capsules, B XU Capsule DEZES (Python ¥ — X a— FERYHD 7 » 41
Include/pycapsule.h 3 XU Objects/pycapsule.c RSN TWVE T,

irIpe
2.2 INRDBDESE: Fa—rUTI

Python TiX, #lAAAD str B list B D & 54 Python 2 — F2o8ETE 2 L WEE C LRE
Ja— VOEEDNERTEE T, ETOMROED 2 — RiZHE X — VIS DT, HFEZHeD 2 R1IcH
fRL TBLAREMPVI DD ET, TORFaX Y MIZOFEHIDOWTORILVAMTT,

2.2.1 ERWHI L

The CPython runtime sees all Python objects as variables of type PyObject*, which serves as a "base
type” for all Python objects. The PyObject structure itself only contains the object’s reference count
and a pointer to the object’s "type object”. This is where the action is; the type object determines which
(C) functions get called by the interpreter when, for instance, an attribute gets looked up on an object,

a method called, or it is multiplied by another object. These C functions are called "type methods”.
FNRDT, HILWIGROBIZER L2V E 2id, FILVWEA 7Y 27 P 2T X X wbiF T,

This sort of thing can only be explained by example, so here’s a minimal, but complete, module that

defines a new type named Custom inside a C extension module custom:

AR: ZZTHRALTOLAHIE, 8NA RO 2 ERT 2R EREGETT, ZHEL ALY OSH
THH7RdDRDOTT, C API Tld. PyType_FromSpec() ¥\, b — 7 LICHE X Nz HRRDA S E
HTEFETY, ZHUOVTEIDF 2— Y 7ATERVERA,

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

typedef struct {
PyObject_HEAD
/* Type-specific fields go here. */
(RDR=V ki)
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} CustomObject;

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

1

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

e

PyMODINIT_FUNC
PyInit_custom(void)
{
PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;

m = PyModule_Create(&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0)

Py_DECREF (m) ;
return NULL;

return m;

(FiDR— 25 D %)

—EIHET 2125 1o L ENPZVTTH, FIDEBEIDIEFL oD0ERLIT L LKoTW0E I BVWET, Z0

774 NVTIE, 3ODBEREPERINTVET

1. What a Custom object contains: this is the CustomObject struct, which is allocated once for each

Custom instance.

2. How the Custom type behaves: this is the CustomType struct, which defines a set of flags and

function pointers that the interpreter inspects when specific operations are requested.

3. How to initialize the custom module: this is the PyInit_custom function and the associated

custommodule struct.

FTRMIIINTT:
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typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object
struct and defines a field called ob_base of type PyObject, containing a pointer to a type object and
a reference count (these can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The

reason for the macro is to abstract away the layout and to enable additional fields in debug builds.

FRR: EofTiX PyObject HEAD v 27 R DKICEIanviddh EHA, dohhtIanrZBMLA
WEIZREMI TV TheBEET2a0 458 HD 73,

b5 DA, —RINTIEA 7Y = 7 MIHEHEN 72 PyObject _HEAD KA 5 — 7L — bOficd F— X B HEL T
WET; FlZX, 24U Python BEHEDFEINEUSEDER TS

typedef struct {
PyObject_HEAD
double ob_f£fval;
} PyFloatObject;

20HIEZMA TV 27 POEETT,

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

AR LiTH 2 L9512 CI9 R XA NVOIERA EHIHHLF %2 - T, PyTypeObject DRHCEIDLOIENT 1 —
NRETETHREZD, 74—V F2EST2EFICKAEZH D ETREXELDEBEDLET,

object.h IZH 3 FFED PyTypeObject DERICII LOERICHZEID DD o EZLD 74—V R BHHE
T ZTWRHTETWRWVW T 4 =L RE C ary ik T¥uTHdoNEDT, BRETRVWEREDAR
NCIMEDTEE %2 LRV OB—fRINZAEIEIC R > TV E T,

—FEIZ1 O30T 4=V FERD EFTVEFEL x5

[.ob_base = PyVarObject_HEAD_INIT(NULL, 0) ]

ZDfTiE. BTl ob_base 74— FOFHHLICHED KA 5 —F L — T,
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[.tp_name = "custom.Custom",

HELTWRIHDOHARITY, ZHIE, A7V bPDOF 74V FOXFHIRERLT S — XA v —IEHNE
T, FlZIEXRo@EY TF

>>> "" + custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: can only concatenate str (not "custom.Custom") to str

Note that the name is a dotted name that includes both the module name and the name of the type
within the module. The module in this case is custom and the type is Custom, so we set the type name
to custom.Custom. Using the real dotted import path is important to make your type compatible with

the pydoc and pickle modules.

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

This is so that Python knows how much memory to allocate when creating new Custom instances.

tp_itemsize is only used for variable-sized objects and should otherwise be zero.

AMR: If you want your type to be subclassable from Python, and your type has the same tp_basicsize
as its base type, you may have problems with multiple inheritance. A Python subclass of your type will

have to list your type first in its __bases or else it will not be able to call your type’s __new__()

method without getting an error. You can avoid this problem by ensuring that your type has a larger
value for tp_basicsize than its base type does. Most of the time, this will be true anyway, because
either your base type will be object, or else you will be adding data members to your base type, and

therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[.tp_flags = Py_TPFLAGS_DEFAULT,

FTARTOENE 7 7 ZDEBEED TELRERDHD T, THUIRETD Python 3.3 FTIKERINT
WABTRTDRX Y ANZHALET, ZALUEDA U A\RQRER S, NGT 375270 OR 2 35ERH D
%9,

Z DR D docstring & tp_doc IZANET,

{.tp_doc = PyDoc_STR("Custom objects"),

To enable object creation, we have to provide a tp_new handler. This is the equivalent of the Python
method __new__(), but has to be specified explicitly. In this case, we can just use the default imple-

mentation provided by the API function PyType_GenericNew().
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[.tp_new = PyType_GenericNew,

Everything else in the file should be familiar, except for some code in PyInit_custom():

if (PyType_Ready(&CustomType) < 0)

return;

This initializes the Custom type, filling in a number of members to the appropriate default values,

including ob_type that we initially set to NULL.

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;

This adds the type to the module dictionary. This allows us to create Custom instances by calling the

Custom class:

>>> import custom

>>> mycustom = custom.Custom()

That’s it! All that remains is to build it; put the above code in a file called custom.c,

[build-system]
requires = ["setuptools"]
build-backend = "setuptools.build_meta"

[project]
name = '"custom"
version = "1"

in a file called pyproject.toml, and

from setuptools import Extension, setup

setup(ext_modules=[Extension("custom", ["custom.c"])])

ZLT, Yz TOXISICANLET

[$ python -m pip install . J

in a shell should produce a file custom.so in a subdirectory and install it; now fire up Python --- you

should be able to import custom and play around with Custom objects.
FARIZELT NP LI DY ERA. L7

B A A, BIED Custom BIZHIHAICRITITVWET, b T —XEFKFoTWiWL, M TEEHA, #HK
LTH T 75 RABEB L X ZATERVDTY,
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222 BEROYVTIIUCT—REAY Yy RZEMT S

Let’s extend the basic example to add some data and methods. Let’s also make the type usable as a

base class. We’ll create a new module, custom2 that adds these capabilities:

#define PY_SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

{
Py_XDECREF (self->first);
Py_XDECREF (self->last) ;
Py_TYPE(self)->tp_free((PyObject *) self);
}

static PyObject *
Custom_new(PyTypeObject *type, PyObject *args, PyObject xkwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

static int
Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
(RDR—T12HE )
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gfirst, &last,
&self->number))

return -1;

if (first) {
Py_XSETREF (self->first, Py_NewRef(first));
¥
if (last) {
Py_XSETREF (self->last, Py_NewRef(last));
¥

return O;

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof(CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
g

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;
¥
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;
¥

return PyUnicode_FromFormat("%S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
To
{NULL} /* Sentinel */
i

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

(FiDR— 25 D %)

(RDOR=V1FiL)
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.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
g

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,

.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

g

PyMODINIT_FUNC
PyInit_custom2(void)
{
PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;

m = PyModule_Create(&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

IDN=VaryTlik, W ObDEHEEBIRVET,

The Custom type now has three data attributes in its C struct, first, last, and number. The first and last

variables are Python strings containing first and last names. The number attribute is a C integer.

CHTLZDS e, ATV =7 P DMERIRD 51278 £

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

VWEREHIRET XN TELDT, A7 =27 FOEID HTEMBICEL TI X D EHEICRZBENDD
$9, ER, 727 FOREBRY v RHERETT:
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static void
Custom_dealloc(CustomObject *self)

{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE(self)->tp_free((PyObject *) self);
}

Z DRAFUE tp_dealloc X U NIRAXNZE T,

[.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF() correctly
handles the case where its argument is NULL (which might happen here if tp_new failed midway). It
then calls the tp_free member of the object’s type (computed by Py_TYPE(self)) to free the object’s
memory. Note that the object’s type might not be CustomType, because the object may be an instance

of a subclass.

AMR: LD destructor NDOIIRIATIZHIIMNET T, ¥R 5, Custom_dealloc A’ CustomObject *
I8R5 e ERLE LD, tp_dealloc BED KR A > XX PyObject * 5IEEZIFES Z 272> TV
M5 TT, & LHIRINICRIZ 2 L, a v " IRBEERHTLITL LI, ZhE CIBIIS 4
7Y MEADORY E—T 4 ALTT |

77 =AM p—LETA M= LBELFINHIUL L TBE/WDT, tp_new OFEHEZEMT L2 LITL
FL&D:

static PyObject *
Custom_new(PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
}

ZLTZIN% tp_new XN LTA YA =L LET:
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[.tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is
exposed in Python as the __new__() method. It is not required to define a tp_new member, and indeed
many extension types will simply reuse PyType_GenericNew() as done in the first version of the Custom
type above. In this case, we use the tp_new handler to initialize the first and last attributes to

non-NULL default values.

tp_new is passed the type being instantiated (not necessarily CustomType, if a subclass is instantiated)
and any arguments passed when the type was called, and is expected to return the instance created.
tp_new handlers always accept positional and keyword arguments, but they often ignore the arguments,

leaving the argument handling to initializer (a.k.a. tp_init in C or __init__ in Python) methods.

AR tp_new IHIRIIIC tp_init ZMUFH L TEVWIT ERA. ZHUIA VX =TV XBEGTITS 729
T3,

Z D tp_new DFEIEIL, tp_alloc ARy FEMUHLTAEV ZEI DY TET:

[self = (CustomObject *) type->tp_alloc(type, 0);

Since memory allocation may fail, we must check the tp_alloc result against NULL before proceeding.

AR We didn’t fill the tp_alloc slot ourselves. Rather PyType_Ready() fills it for us by inheriting it

from our base class, which is object by default. Most types use the default allocation strategy.

AEMR:  If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new__()),
you must not try to determine what method to call using method resolution order at runtime. Al-
ways statically determine what type you are going to call, and call its tp_new directly, or via
type->tp_base->tp_new. If you do not do this, Python subclasses of your type that also inherit from
other Python-defined classes may not work correctly. (Specifically, you may not be able to create in-

stances of such subclasses without getting a TypeError.)

We also define an initialization function which accepts arguments to provide initial values for our instance:

static int
Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,

(RDR=V ki)
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&self->number))

return -1;

if (first) {
tmp = self->first;
Py_INCREF(first);
self->first = first;
Py_XDECREF (tmp) ;

}

if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;

}

return O;

ZAUZ tp_init X Y NIRAEINE T,

[.tp_init = (initproc) Custom_init,

The tp_init slot is exposed in Python as the __init__() method. It is used to initialize an object after
it’s created. Initializers always accept positional and keyword arguments, and they should return either

0 on success or -1 on error.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle
module by default doesn’t call __init__() on unpickled instances). It can also be called multiple times.
Anyone can call the __init__() method on our objects. For this reason, we have to be extra careful
when assigning the new attribute values. We might be tempted, for example to assign the first member
like this:

if (first) {
Py_XDECREF (self->first);
Py_INCREF(first);
self->first = first;

But this would be risky. Our type doesn’t restrict the type of the first member, so it could be any
kind of object. It could have a destructor that causes code to be executed that tries to access the first
member; or that destructor could release the Global interpreter Lock and let arbitrary code run in other

threads that accesses and modifies our object.

To be paranoid and protect ourselves against this possibility, we almost always reassign members before

decrementing their reference counts. When don’t we have to do this?

o ZOBWMAIY UM 1 EDKREVWLIEETE 255
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o when we know that deallocation of the object™ will neither release the G'/L nor cause any calls

back into our type’s code;

e when decrementing a reference count in a tp_dealloc handler on a type which doesn’t support

cyclic garbage collection®?.

CITEAVRERVZERZRBEL LTRZZX5ICLEVDTEN., ZHRKIEWLS DD HERD D £3,
ot HEHELFEIRZ. AVANODEZREEZAZ Y TT:

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof(CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
3

ZLT, ZOEHK% tp_members Ay MIANEL & 5:

[.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the ¥8FHIRB4EZEE T 5 section below for details.

A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can
be assigned to the Python attributes. We expect the first and last names to be strings, but any Python
objects can be assigned. Further, the attributes can be deleted, setting the C pointers to NULL. Even
though we can make sure the members are initialized to non-NULL values, the members can be set to
NULL if the attributes are deleted.

We define a single method, Custom.name (), that outputs the objects name as the concatenation of the

first and last names.

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;
¥
return PyUnicode_FromFormat("%S %S", self->first, self->last);
}
J
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The method is implemented as a C function that takes a Custom (or Custom subclass) instance as the
first argument. Methods always take an instance as the first argument. Methods often take positional
and keyword arguments as well, but in this case we don’t take any and don’t need to accept a positional

argument tuple or keyword argument dictionary. This method is equivalent to the Python method:

def name(self):
return " " % (self.first, self.last)

Note that we have to check for the possibility that our first and last members are NULL. This is because
they can be deleted, in which case they are set to NULL. It would be better to prevent deletion of these

attributes and to restrict the attribute values to be strings. We’ll see how to do that in the next section.

BT, AV Y FEERLEDT, TITAY Y FERHOEAEZIERT 256EHHD $35:

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
To
{NULL} /* Sentinel */
g

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other
than self)

and assign it to the tp_methods slot:

[.tp_methods = Custom_methods, }

Finally, we’ll make our type usable as a base class for subclassing. We’ve written our methods carefully
so far so that they don’t make any assumptions about the type of the object being created or used, so

all we need to do is to add the Py_TPFLAGS_BASETYPE to our class flag definition:

{.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ]

We rename PyInit_custom() to PyInit_custom2(), update the module name in the PyModuleDef
struct, and update the full class name in the PyTypeObject struct.

Finally, we update our setup.py file to include the new module,

from setuptools import Extension, setup
setup (ext_modules=[
Extension("custom", ["custom.c"]),

Extension("custom2", ["custom2.c"]),

D

and then we re-install so that we can import custom?2:

[$ python -m pip install . J

2.2, HROBOES: Fa—LUTI 41




Extending and Embedding Python, 'J!J—X 3.13.0a5
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In this section, we’ll provide finer control over how the first and last attributes are set in the Custom
example. In the previous version of our module, the instance variables first and last could be set to

non-string values or even deleted. We want to make sure that these attributes always contain strings.

#define PY_SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE(self)->tp_free((PyObject *) self);
}

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

static int
Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

(RDR=12hil)
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if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))

return -1;

if (first) {
Py_SETREF (self->first, Py_NewRef(first));
¥
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return O;

static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof(CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
i

static PyObject *
Custom_getfirst(CustomObject *self, void *closure)
{

return Py_NewRef (self->first);

static int
Custom_setfirst(CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string”);
return -1;
}
Py_SETREF (self->first, Py_NewRef(value));

return O;

static PyObject *

Custom_getlast(CustomObject *self, void *closure)

{
return Py_NewRef (self->last);

static int
Custom_setlast(CustomObject *self, PyObject *value, void *closure)

{
(RDOR=V1FiL)
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if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_SETREF (self->last, Py_NewRef (value));

return O;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
g

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{
return PyUnicode_FromFormat("%S %S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
Po
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

g

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

(FiDR— 25 D %)

(RDOR=V1FiL)
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(FiDR— 25 D %)

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

I3

PyMODINIT_FUNC
PyInit_custom3(void)
{
PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;

m = PyModule_Create (&custommodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef(m, "Custom", (PyObject *) &CustomType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

To provide greater control, over the first and last attributes, we’ll use custom getter and setter

functions. Here are the functions for getting and setting the first attribute:

static PyObject *
Custom_getfirst(CustomObject *self, void *closure)
{

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst(CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;

(RDR=V ki)
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return O;

The getter function is passed a Custom object and a ”closure”, which is a void pointer. In this case, the
closure is ignored. (The closure supports an advanced usage in which definition data is passed to the
getter and setter. This could, for example, be used to allow a single set of getter and setter functions

that decide the attribute to get or set based on data in the closure.)

The setter function is passed the Custom object, the new value, and the closure. The new value may
be NULL, in which case the attribute is being deleted. In our setter, we raise an error if the attribute is

deleted or if its new value is not a string.

Z T T3 PyGetSetDef MEADESZ DL D %3

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
g;

ZLTIN% tp_getset ARy MIEFHFLET:

[.tp_getset = Custom_getsetters,

The last item in a PyGetSetDef structure is the "closure” mentioned above. In this case, we aren’t using

a closure, so we just pass NULL.

o AUNERDPSLBINSOEMZRNTEEXL £ 5:

static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

g

Fio, ZZTE tp_init AV FIBEINDZBDL LTXFHNOAERFTATE LS ICBIETI2HENDD
T3

static int
Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
(RDR=V1ZHiEL)

*3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing
their reference counts, however, we accept instances of string subclasses. Even though deallocating normal strings
won’t call back into our objects, we can’t guarantee that deallocating an instance of a string subclass won’t call back
into our objects
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PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))

return -1;

if (first) {
tmp = self->first;
Py_INCREF(first);
self->first = first;
Py_DECREF (tmp) ;

}

if (last) {
tmp = self->last;
Py_INCREF(last);
self->last = last;
Py_DECREF (tmp) ;

}

return O;

With these changes, we can assure that the first and last members are never NULL so we can remove
checks for NULL values in almost all cases. This means that most of the Py_XDECREF() calls can be
converted to Py_DECREF() calls. The only place we can’t change these calls is in the tp_dealloc

implementation, where there is the possibility that the initialization of these members failed in tp_new.

ST, HIEED L LI TOEY 2 — VALK e IHHEBIBNIC D 2 €Y 2 — A B EEBHLEL &
5, £L T setup.py 7 7 A MIZEBMDOEREZS DA ET,

224 BRAN—DIL O3> R—-+T3

Python 13 FEEAAN—U LR (GO) EE 23> THED. CHRBRERA TV 22 Mo, L ABRAY
YD R TR THRRT B LA TEET, 20X 2RREA TV 227 FOBEIMERL TV L 212
BIDAET, 2L RRBUTOREEZL T LS

>>> 1 = []
>>> 1.append (1)
>>> del 1

ZOFITIE. BOBHEEIXILDYVANEBEDE L, X220V RAME HIBRLTH., ZREZETHEAD
ZREELEFHEODTETHL S, BRIV Y MIERIZE D FHA, ELWI 2IZ Python IQIXEERA N—
DAl REIRENEZ DYV R MNP ABETHE e 2L, MILTZET,

In the second version of the Custom example, we allowed any kind of object to be stored in the first

4

or last attributes™. Besides, in the second and third versions, we allowed subclassing Custom, and
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subclasses may add arbitrary attributes. For any of those two reasons, Custom objects can participate

in cycles:

>>> import custom3

>>> class Derived(custom3.Custom): pass

>>> n = Derived()

>>> n.some_attribute = n

To allow a Custom instance participating in a reference cycle to be properly detected and collected by
the cyclic GC, our Custom type needs to fill two additional slots and to enable a flag that enables these

slots:

#define PY_SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static int

Custom_traverse(CustomObject *self, visitproc visit, void *arg)

{
Py_VISIT(self->first);
Py_VISIT(self->last);
return O;

}

static int

Custom_clear(CustomObject *self)

{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return O;

}

static void
Custom_dealloc(CustomObject *self)

{
PyObject_GC_UnTrack(self);
Custom_clear (self);
Py_TYPE(self)->tp_free((PyObject *) self);
}

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
(RDR=21Z#i< )

therefore still create reference cycles
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CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = O;
}
return (PyObject *) self;

static int
Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))

return -1;

if (first) {
Py_SETREF (self->first, Py_NewRef(first));
¥
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
¥

return O;

static PyMemberDef Custom_members[] = {
{"number", Py_T_INT, offsetof(CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
i

static PyObject *
Custom_getfirst(CustomObject *self, void *closure)

{
return Py_NewRef (self->first);

(FiDR— 25 D %)

(RDOR=V1FiL)
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static int
Custom_setfirst(CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string”);
return -1;
}
Py_XSETREF (self->first, Py_NewRef(value));

return O;

static PyObject *
Custom_getlast (CustomObject *self, void *closure)
{

return Py_NewRef (self->last);

static int
Custom_setlast(CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));

return O;

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
g

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{
return PyUnicode_FromFormat(")S 7%S", self->first, self->last);

(RDOR=V1FiL)
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static PyMethodDef Custom_methods[] = {

(FiDR— 25 D %)

{"name", (PyCFunction) Custom_name, METH_NOARGS,

"Return the name, combining the first and last name"

}’
{NULL} /* Sentinel */
g

static PyTypeObject CustomType = {

.ob_base = PyVarObject_HEAD_INIT(NULL, O0)

.tp_name = "custom4.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_traverse = (traverseproc) Custom_traverse,

.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

ig;

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

g

PyMODINIT_FUNC
PyInit_custom4(void)

if (PyModule_AddObjectRef(m, "Custom", (PyObject *) &CustomType) < 0) {

{
PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;
m = PyModule_Create(&custommodule) ;
if (m == NULL)
return NULL;
Py_DECREF (m) ;
return NULL;
¥
return m;
}

First, the traversal method lets the cyclic GC know about subobjects that could participate in cycles:

2.2. HROBODES: Fa—LUTI
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static int
Custom_traverse(CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret !'= 0)
return vret;
¥
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
¥

return O;

For each subobject that can participate in cycles, we need to call the visit () function, which is passed
to the traversal method. The visit () function takes as arguments the subobject and the extra argument

arg passed to the traversal method. It returns an integer value that must be returned if it is non-zero.

Python provides a Py_VISIT() macro that automates calling visit functions. With Py_VISIT(), we can

minimize the amount of boilerplate in Custom_traverse:

static int
Custom_traverse(CustomObject *self, visitproc visit, void *arg)
{

Py_VISIT(self->first);

Py_VISIT(self->last);

return O;

AMR: The tp_traverse implementation must name its arguments exactly visit and arg in order to use

Py_VISIT().

Second, we need to provide a method for clearing any subobjects that can participate in cycles:

static int
Custom_clear(CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);

return 0;

Notice the use of the Py_CLEAR() macro. It is the recommended and safe way to clear data attributes
of arbitrary types while decrementing their reference counts. If you were to call Py_XDECREF () instead

on the attribute before setting it to NULL, there is a possibility that the attribute’s destructor would call
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back into code that reads the attribute again (especially if there is a reference cycle).

EMR: You could emulate Py_CLEAR() by writing:

PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;

Nevertheless, it is much easier and less error-prone to always use Py_CLEAR() when deleting an attribute.

Don’t try to micro-optimize at the expense of robustness!

The deallocator Custom_dealloc may call arbitrary code when clearing attributes. It means the circular
GC can be triggered inside the function. Since the GC assumes reference count is not zero, we need to
untrack the object from the GC by calling PyObject_GC_UnTrack() before clearing members. Here is

our reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void

Custom_dealloc(CustomObject *self)

{
PyObject_GC_UnTrack(self);
Custom_clear (self);
Py_TYPE(self)->tp_free((PyObject *) self);

Finally, we add the Py_TPFLAGS_HAVE_GC flag to the class flags:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTIET T, tp_alloc Au vy b E7zid tp_free NV FIBHFEINTOWIUE, ZNOEFERIRN— 2
L7 a iR X5BETIIEIVDTT, 1T ALY OILREEEXHEIMNICIREEX N Z N—Y a V215
TL &9,

2.2.5 MOBEDY T IS X%1ES

MO Z AR U2 UWVIRIRBI R E S 2 2 e A TE E T, HARAARRD SR T 2 DIFFHCHB TS, &4
%72 PyTypeObject ZfliHICHIHTE 2505 TF, ZHITLHART, PyTypeObject MEARZILREY 2 — 1
MTHAET 2D L VT,

In this example we will create a SubList type that inherits from the built-in 1ist type. The new type
will be completely compatible with regular lists, but will have an additional increment () method that

increases an internal counter:

>>> import sublist
>>> s = sublist.SubList(range(3))
>>> s.extend(s)
(RDR=12HiL)
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>>> print(len(s))
6
>>> print(s.increment())
1
>>> print(s.increment())
2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (SubListObject #*self, PyObject *unused)
{

self->state++;

return PyLong_FromLong(self->state) ;

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},

ig;

static int
SubList_init(SubListObject *self, PyObject *args, PyObject *kwds)

{
if (PyList_Type.tp_init((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return O;
}

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof(SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
};

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,
.m_name = "sublist",

(RDR=12hil)
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(FiDR— 25 D %)
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

g

PyMODINIT_FUNC
PyInit_sublist(void)
{
PyObject *m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready(&SubListType) < 0)
return NULL;

m = PyModule_Create(&sublistmodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef(m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

As you can see, the source code closely resembles the Custom examples in previous sections. We will

break down the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

The primary difference for derived type objects is that the base type’s object structure must be the first
value. The base type will already include the PyObject_HEAD() at the beginning of its structure.

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both
PyListObject * and SubListObject *:

static int
SubList_init(SubListObject *self, PyObject *args, PyObject *kwds)

{
if (PyList_Type.tp_init((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return O;
}

We see above how to call through to the __init__() method of the base type.

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The
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class handle it by calling its own tp_new.

The PyTypeObject struct supports a tp_base specifying the type’s concrete base class. Due to
cross-platform compiler issues, you can’t fill that field directly with a reference to PyList_Type; it

should be done later in the module initialization function:

PyMODINIT_FUNC
PyInit_sublist(void)
{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready(&SubListType) < 0)
return NULL;

m = PyModule_Create(&sublistmodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef(m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

PyType_Read () ZIERFNC, HOMEARD tp_base A u v MIEDH LA TWRIFIUERD F¥A, BFD
B2 KT 28121, tp_alloc AR v b % PyType_GenericNew() THE®D ZMNEIIH D FHA, - HERD
Tar—a YEBBHEKENET,

After that, calling PyType_Ready() and adding the type object to the module is the same as with the

basic Custom examples.

b 3
2.3 Defining Extension Types: Assorted Topics

O TR X EXERFEEMRERRXA TV v R, ZNOPMAETE2HDTHE0IIONWT, o FAL
3

Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

typedef struct _typeobject {
PyObject_VAR_HEAD
const char *tp_name; /* For printing, in format "<module>.<name>" */

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */
/* Methods to implement standard operations */

destructor tp_dealloc;

(RDR=V ki)
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Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suttes for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;

setattrofunc tp_setattro;

/* Functions to access object as input/output buffer */

PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

(RIDR=I D5 DREE)

(RDOR=V1FiL)
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// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;
PyObject *tp_dict;
descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;
Py_ssize_t tp_dictoffset;
initproc tp_init;
allocfunc tp_alloc;
newfunc tp_new;
freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;
PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

/* Type attribute cache version tag. Added in version 2.6 */

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */

unsigned char tp_watched;

} PyTypeObject;

e TAD XYy FBHDETHR, THEZARIDET 2H8EIDHD FR A, ERLLLVEND I LL, R
ET20ZD35DITLKDILTTLIENILALTT,

FTTRFEINTVETL &I, ZOHWERIZOVWTARICAETVE, HARAY FFIZOVWTEDIFLL
HRERELET, L2LINSDX U ADPHEERPTERIN TV RIERIEHRLET, tWVWHIDIE. h
LDRX Y ANOENBEFITELREEIC L2 5DEPHTT, ZLOBAVWHIEAMELZDEZ, HEX T3
AUAPITRTEENTVEHIZ L 5o TET, FLAMERRICEDE THEEET LT,

[const char *tp_name; /* For printing */ }

CHIRDOLHTTS, MOETHIAL L S1T, Tt L LIGHTHAL, ZLALEEHBENTEDNS S
DTT, ZNRDT, ZD X5 RBGHETRISILDOTH S 5 HHTEEATL LS W

{Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INEDT7 4= FiE ZOBDATI =27 PFHLIERENZ L Z2ICENZTOXEY 2HD Y THIF X
WOHE TV EAL LZHRLET, Python WA ZROMER (XFHIRX TNz 2B LT EE W)
XS BHAIAADY R— DD 2EEDH D, ZIT tp_itemsize X U NABELNET, ZHABHIZOVTIE
HeTINET,
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[const char *tp_doc; }

Z ZI2iE Python 227V 7 hU 77 L ¥R obj.__doc__ 7 doc string 2R3 & EDXFH (H B WVIEZD
7RLR) EARET,

TR, BOERNZAY v FITEAET, IZEALDINROMA DX Y v F2RELFT,

23.1 7714514 X XTEVHRK

[destructor tp_dealloc; J

BDA VAR ZADBIEA T Y b AERIZHRD, Python 4 Y X 7Y XRBZNEBLTHAMALEZS L5 L,
COBBDMINE T, T NEXEV ZZORPREL TV D ., ZALBNI S FETTREBRUEDL D %
BEE. T2 I ZRANLNET, A7V 27 VENBERD Z I THRENZ2DBEDNHDET, ZOBK
DN, UTFTDE5HdDTT

static void
newdatatype_dealloc(newdatatypeobject *obj)
{
free(obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE(obj)->tp_free((PyObject *)obj);

If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack() before

clearing any member fields:

static void
newdatatype_dealloc(newdatatypeobject *obj)
{
PyObject_GC_UnTrack(obj) ;
Py_CLEAR(obj->other_obj);

Py_TYPE(obj)->tp_free((PyObject *)obj);

X E V) RRBEBT O L DEEZOIE, WHEREL OFIINC OV 5 SWFEDOT RNV L TT, RERS, MHRHD
BEEE Python 4 ¥ 2 7Y ADA K v 2 TEOREICRT L 5 IHINS & L 5306 TF, 2 LT (Gl
DEED & DEIFTR ) BINDTDITA Xy I HEEREINL L Zld, TTIRRELTVWAHIHA2EXEY
fRIBERESF 2 b DIZH D A MBAOBEBDE 272 5 EEAEMD Python Da— FE2FITLTLES
. ERLIFBIADNEELTVWE Z e 2RHAT20b LA ERA, ZHEA V2T ) ZPERIEI LI —%
FEZEDZIZOBADET, ThefiCELWHER. RETHRWRERFITT 2 AN o fis 2
RELTBE BbobZhZITITR ST Z 8 TY, Z4U3 PyErr_Fetch() 3 XU PyErr_Restore() B%K
252X o THIREICR D £5:

static void
my_dealloc(PyObject *obj)
(RDR—=D12HiL)
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{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;
/* This saves the current exception state */
PyErr_Fetch(&err_type, &err_value, &err_traceback);
cbresult = PyObject_CallNoArgs(self->my_callback);
if (cbresult == NULL)
PyErr_WriteUnraisable(self->my_callback);
else
Py_DECREF (cbresult) ;
/* This restores the saved exzception state */
PyErr_Restore(err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;
}
Py_TYPE(obj)->tp_free((PyObject*)self);
}

AR AEVMRBBEBOTTERCTZAZ IRV D2 B DD 3, 1 DHIE 208
(tp_traverse BX U tp_clear #{fioT) ARN—YaL 7y aryZHR—-bLTWVWAEEHE, tp_dealloc 3
MOHENBZETIZ, BEENT 74 FIARXRENTLESI T TV PDRAUYAN=DEDHEZZ LTS, 2
DHIE. tp_dealloc DHTIEA TV =27 MIALERKEBICHE L TT: 2EDBRAIVI I 0TH S
LWVWHZrTY, (LOflich s ko57k) Bz ATY 227 b AP OFFUH L TIE, tp_dealloc % FEM
O, ZERBD»L7 7y aT2I2Ilk20H LOAETA,

Python 3.4 2251, MK 7 74 F 74 XD a3 — FiX tp_dealloc IZEHN T, RODICH LS EAINT
tp_finalize EWIOBIX Y v 25 Z e HERINTVET,

BE:

PEP 442 THLWZ 7 4+ 54 XOHHADFHHAI A THE T,
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232 A7V KRR

Python Ti, A 7Y =7 bOXFHIRFEEZERT Z2DIC 20D Y THH 3 repr () BREfH S Hik
.ostrQ) B S IETT, (print O BIBUIHIC str () ZMUHLET, ) ZRHDNY RIEELES
LAMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY R ZWEMPUHENIA Y AR Y ZADLFHNRBEZIEN LI XFINA 7Y = 7 bR TREN D
DET, HERHANEUTOLSRBDTT:

static PyObject *
newdatatype_repr(newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

If no tp_repr handler is specified, the interpreter will supply a representation that uses the type’s

tp_name and a uniquely identifying value for the object.

tp_str N FF ¥ str() ORI, LD tp_repr NY FF ¥ repr() OBRICHLELES, 2Fh, I
X Python D2 — KB A 79027 DA Y RAZAIIMLT str() ZMEH Lz 2ITIhES, Z0B
BODEEIZ tp_repr NV FIDZNEIFFITBTVE T HHN 2 XFHRINIAMDFHL Z r 2 ER X
NTVET, tp_str PFESINTOVRWEE, 2D DIZ tp_repr NY FIMEONET,

VS NESGE A G

static PyObject *
newdatatype_str(newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

233 Bit=zEEITS

For every object which can support attributes, the corresponding type must provide the functions that
control how the attributes are resolved. There needs to be a function which can retrieve attributes (if
any are defined), and another to set attributes (if setting attributes is allowed). Removing an attribute

is a special case, for which the new value passed to the handler is NULL.

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement
the functions for one pair. The difference is that one pair takes the name of the attribute as a charx,
while the other accepts a PyObject*. Each type can use whichever pair makes more sense for the

implementation’s convenience.
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getattrfunc tp_getattr; /% char * version */
setattrfunc tp_setattr;

VB V4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are
generic implementations which can be used to provide the PyObject* version of the attribute management
functions. The actual need for type-specific attribute handlers almost completely disappeared starting
with Python 2.2, though there are many examples which have not been updated to use some of the new

generic mechanism that is available.

BN GEEZEERT S

Fe AL DRNX B BYZES 72T T, TlE COLSRBMENRMAZ L WA ZDTL & 507 Zhd
iz I REFRMHMRI TS DTN TT

1. PyType_Ready ) 233N 7zt ¥, T CREBMOHARTNDR- TS Ik,

2. BEZZH UL DRE LD T2 & &, FlLRHRO 7D QWUBBBETHR L, $RBHLEDRE
L7fEICH L TEARIRIED FEITT 20 E PRV &,

INHDEME. BEOMES. ERFEINZXA I VY., FREBHENZT— 2B DREZ YLD DT
HENE VoI IZRAGHIKERT DD TR VI LITERLTLEE W,

When PyType_Ready () is called, it uses three tables referenced by the type object to create descriptors
which are placed in the dictionary of the type object. Each descriptor controls access to one attribute
of the instance object. Each of the tables is optional; if all three are NULL, instances of the type will
only have attributes that are inherited from their base type, and should leave the tp_getattro and
tp_setattro fields NULL as well, allowing the base type to handle attributes.

TFT—TNEEATH T2 FHD 3DODA AN LTEEENTVWET:

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

If tp_methods is not NULL, it must refer to an array of PyMethodDef structures. Each entry in the table

is an instance of this structure:

typedef struct PyMethodDef {

const char *ml_name; /* method name */
PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char #*ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods

inherited from a base type. One additional entry is needed at the end; it is a sentinel that marks the
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end of the array. The m1_name field of the sentinel must be NULL.

QBEHDT—TNIE, A VYRR VAP EN S F— R e BEEMCDO T oN-EEZERTI2DIHVWE
T, WEDOBD C OFHRINAZBINYR— XN TEBD., 7272 2HAH LEHICH AR EAREICDTE
T, TOT =TI THELNZEEEREIRD XS ICERINTVWET:

typedef struct PyMemberDef {

const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to
extract a value from the instance structure. The type field should contain a type code like Py_T_INT or
Py_T_DOUBLE; the value will be used to determine how to convert Python values to and from C values.
The flags field is used to store flags which control how the attribute can be accessed: you can set it to

Py_READONLY to prevent Python code from setting it.

An interesting advantage of using the tp_members table to build descriptors that are used at runtime is
that any attribute defined this way can have an associated doc string simply by providing the text in
the table. An application can use the introspection API to retrieve the descriptor from the class object,

and get the doc string using its __doc__ attribute.

As with the tp_methods table, a sentinel entry with a m1_name value of NULL is required.

BEDQRICHELILRIEDERE

For simplicity, only the char* version will be demonstrated here; the type of the name parameter is the
only difference between the char* and PyObject* flavors of the interface. This example effectively does
the same thing as the generic example above, but does not use the generic support added in Python 2.2.
It explains how the handler functions are called, so that if you do need to extend their functionality,

you’ll understand what needs to be done.

The tp_getattr handler is called when the object requires an attribute look-up. It is called in the same

situations where the __getattr__() method of a class would be called.

IFehlzrmL£9, -

static PyObject *
newdatatype_getattr(newdatatypeobject *obj, char *name)
{
if (strcmp(name, '"data") == 0)
{
return PyLong_FromLong(obj->data);

PyErr_Format (PyExc_AttributeError,
(RDOR=V ki)
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"'%.100s' object has no attribute 'J.400s'",
Py_TYPE(obj)->tp_name, name);
return NULL;

The tp_setattr handler is called when the __setattr__() or __delattr__() method of a class instance
would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an
example that simply raises an exception; if this were really all you wanted, the tp_setattr handler

should be set to NULL.

static int
newdatatype_setattr(newdatatypeobject *obj, char *name, PyObject *v)
{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);

return -1;

234 72U FOLEE

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to
the rich comparison methods, like __1t__(), and also called by PyObject_RichCompare() and
PyObject_RichCompareBool().

This function is called with two Python objects and the operator as arguments, where the operator is one
of Py_EQ, Py_NE, Py_LE, Py_GE, Py_LT or Py_GT. It should compare the two objects with respect to the
specified operator and return Py_True or Py_False if the comparison is successful, Py_NotImplemented
to indicate that comparison is not implemented and the other object’s comparison method should be

tried, or NULL if an exception was set.

CHRWEARA Y ZDF A APFELTUIFELVE B 7 — 2oy > S FEETS:

static PyObject *
newdatatype_richcmp(newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{

PyObject *result;

int c, sizel, size2;

/* code to make sure that both arguments are of type

newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;

switch (op) {
case : ¢ = sizel < size2; break;

(RDR=V ki)
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case c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
¥

result = ¢ 7 Py_True : Py_False;
Py_INCREF (result);
return result;

2.3.5 WEMAEIORIILOHR—F

Python {3V 2% D H{RME “Tobalr” 2 R—FLTVET, ZOSEFHTIREDA VR —T =
A 212 DW T abstract TSN TWE T,

A number of these abstract interfaces were defined early in the development of the Python implemen-
tation. In particular, the number, mapping, and sequence protocols have been part of Python since
the beginning. Other protocols have been added over time. For protocols which depend on several
handler routines from the type implementation, the older protocols have been defined as optional blocks
of handlers referenced by the type object. For newer protocols there are additional slots in the main
type object, with a flag bit being set to indicate that the slots are present and should be checked by the
interpreter. (The flag bit does not indicate that the slot values are non-NULL. The flag may be set to

indicate the presence of a slot, but a slot may still be unfilled.)

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BEWDATY =27 PRBERS =T VA, HEIVEFHEDL SIS FI LT LVRSIE Zhehic
C O PyNumberMethods &4, PySequenceMethods Hififl, %7213 PyMappingMethods #i&EED 7 F 1
A ANET, THHIWHEYIREZANTH ANRLTHIDPEVERA, TS5 Z57Hid Python OFCAR
Y —RIZH % Objects TAHADIFBI M TEBTL & I,

{hashfunc tp_hash;

COBEE. DL RICLERBIE. T—RRBDA VAR ADNANY Y aF/ERIRTIOIICLET, XD
VI EM T T

static Py_hash_t
newdatatype_hash(newdatatypeobject *obj)
{
Py_hash_t result;
result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = -2;

(RDR—=II12HiEL)
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return result;

(FiDR— 25 D %)

|

Py_hash_t is a signed integer type with a platform-varying width. Returning -1 from tp_hash indicates

an error, which is why you should be careful to avoid returning it when hash computation is successful,

as seen above.

[ternaryfunc tp_call;

OB, ZORIDA Y R Z A TR LT Ol ENS) & ZICERET, 223D L objl i
ZDA VARV ADPA->TWT, Python 27V 7+ T obji('hello') ZFEIT Lz T3, tp_call NV

RS AIHENE T

ZOBEIE 305 b ET

1. self ZMFOCHLOWNRE 22 TF—ZBDA VAR A TT, F28 ZIEFFCH LA obj1('hello') D

AL self X obj1 I D £F,

2. args IZFUCH LOGIEZBMNL TWE X TV TE, 22056582 91213 PyArg_ParseTuple ()

ZHEVET,

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support

keyword arguments, use PyArg_ParseTupleAndKeywords() to extract the arguments. If you do

not want to support keyword arguments and this is non-NULL, raise a TypeError with a message

saying that keyword arguments are not supported.

DUTiX tp_call O RFERETT:

[%s] arg3: [hs]\n",

static PyObject *
newdatatype_call(newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{
PyObject *result;
const char *argil;
const char *arg?2;
const char *arg3;
if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}
result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [Vs] arg2:
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
}
/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;
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These functions provide support for the iterator protocol. Both handlers take exactly one parameter,
the instance for which they are being called, and return a new reference. In the case of an error, they
should set an exception and return NULL. tp_iter corresponds to the Python __iter__() method, while

tp_iternext corresponds to the Python __next__() method.

Any iterable object must implement the tp_iter handler, which must return an iterator object. Here

the same guidelines apply as for Python classes:

« For collections (such as lists and tuples) which can support multiple independent iterators, a new

iterator should be created and returned by each call to tp_iter.

o Objects which can only be iterated over once (usually due to side effects of iteration, such as file
objects) can implement tp_iter by returning a new reference to themselves -- and should also

therefore implement the tp_iternext handler.

Any iterator object should implement both tp_iter and tp_iternext. An iterator’s tp_iter handler
should return a new reference to the iterator. Its tp_iternext handler should return a new reference to
the next object in the iteration, if there is one. If the iteration has reached the end, tp_iternext may
return NULL without setting an exception, or it may set StopIteration in addition to returning NULL;
avoiding the exception can yield slightly better performance. If an actual error occurs, tp_iternext

should always set an exception and return NULL.

2.3.6 5588 (Weak Reference) DH7R—k

One of the goals of Python’s weak reference implementation is to allow any type to participate in the weak

reference mechanism without incurring the overhead on performance-critical objects (such as numbers).
BE:
Documentation for the weakref module.

For an object to be weakly referencable, the extension type must set the Py_TPFLAGS_MANAGED_WEAKREF
bit of the tp_flags field. The legacy tp_weaklistoffset field should be left as zero.

Concretely, here is how the statically declared type object would look:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT(NULL, 0)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
+;

The only further addition is that tp_dealloc needs to clear any weak references (by calling

PyObject_ClearWeakRefs()):

static void
Trivial_dealloc(TrivialObject *self)
{
(RDR—=T12HiL)
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/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE(self)->tp_free((PyObject *) self);

2.3.7 TOMVWBWS

In order to learn how to implement any specific method for your new data type, get the CPython source
code. Go to the Objects directory, then search the C source files for tp_ plus the function you want (for

example, tp_richcompare). You will find examples of the function you want to implement.

When you need to verify that an object is a concrete instance of the type you are implementing, use the

PyObject_TypeCheck () function. A sample of its use might be something like the following;:

if (!PyObject_TypeCheck(some_object, &MyType)) {
PyErr_SetString(PyExc_TypeError, "arg #1 not a mything");
return NULL;

BE:

Download CPython source releases.

https://www.python.org/downloads/source/

The CPython project on GitHub, where the CPython source code is developed.
https://github.com/python/cpython

24 C E5LU C++ ILEROEILF
CPython @ C #LiRI #HAMLEA 2= 7 AR -1+ LA Z 4 77 Y (Bl Linux O .so 77 4 L%
Windows @ .pyd 7 7 4 V) T3,

To be importable, the shared library must be available on PYTHONPATH, and must be named after the
module name, with an appropriate extension. When using setuptools, the correct filename is generated

automatically.
HIHEBIR D > 72 F ¥ ZRD LB H TS

PyObject *PyInit_modulename (void)

ZOBMBUIER It I N EY 2 — LD, PyModuleDef 4 Y XA X VY RAZRLET, sfLVI X
initializing-modules ZZM L T 72& W0,

FHNZ ASCIT Lo TWRWEY 2 — L DFE, BEHIE PyInit_<modulename> O <modulename> %
EY 2 VB TEEIZ DD TRIFNUEE D £8 Ao multi-phase-initialization Z{# > T\ & XX, €
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T a— NI ASCII PADXF A ET, ZO%E. MIHHLEKD%A1E PyInitU_<modulename> T,
<modulename> |INA 7 %7 Y X —RX A7 TEZH#Z T Python ® punycode T> A —7F 4 ¥ 7 TLY A—
FLZBDIZAD £F, Python THL & RO X5 R D 5

def initfunc_name(name):
try:
suffix = b'_' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode('punycode').replace(b'-', b'_")

return b'PyInit' + suffix

1 20HETA 77 VITHEBOVIMLEHR 2 ER T2 T, HHOEY 2a— V2T AR—- T35 Z A
BETS, Lol 774V FTR7 7 A VAL EBEBLARMNIT LIS e LAWDT, HHEDEY 2 —
N YR—PERDCEI YRy 2V Y IPMEDA Y R—X—2ESBENDHD FT, FHLWnIid
PEP 489 @ “Multiple modules in one library” fiz SR L TL 2 & W,

2.4.1 Building C and C++ Extensions with setuptools

Python 3.12 and newer no longer come with distutils. Please refer to the setuptools documentation
at https://setuptools.readthedocs.io/en/latest /setuptools.html to learn more about how build and dis-

tribute C/C++ extensions with setuptools.

2.5 Windows £ETD C &V C++ ILEREZS a—ILDEIL R

Z DETIX Windows [[1F D Python {E3RE Y 2 — /L% Microsoft Visual C++ #{# o TIER T % /%o
WTHHISIER, ZORIHIHREY 2 =L DL FHRED XS ICEET 2002 OV TH L WEREZBRN
3. ZOFHAIZ. Python HFREY 2 — L E/EK T 3 Windows 7R 277~ &, Unix ¥ Windows DT
SFELEAURTESL LIV 7 by =7 OFRICEEKD D 2 Unix 707 7<0RGIce o TEATY,

EY 2 LOEFEIE. COMTHALTVSHELID B, distutils &2 7 7B —F THIREY 2 — L% Y
NEFTBE58DFE T, £/, Python Z L K LB b C 3284 00 ETT; #H & Microsoft
Visual C++ T3,

AR: ZOETIE., Python D= 3 YEEPIFBLEINTA-TWERL ZADT 7 L VZITOWTHIN
FT, INHDT7 7 A NLAE XY TRINEAN-YVa VHFETREINET; 'X' Xf#H->TW3 Python V
V—ZADRAT v == avES, "Y' FvAF—N"—YaryEETT, HlziX, Python 2.2.1 Zffi->TWw
B0, XY WEEBICE 22 122 b 5,
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25.1 Brsbor77O—F

There are two approaches to building extension modules on Windows, just as there are on Unix: use the
setuptools package to control the build process, or do things manually. The setuptools approach works
well for most extensions; documentation on using setuptools to build and package extension modules
is available in Building C' and C++ Eztensions with setuptools. If you find you really need to do things

manually, it may be instructive to study the project file for the winsound standard library module.

2.5.2 Unix & Windows DtEHES

Unix ¥ Windows TlX. 2— FOETRFGHARAAICEL BRI RTX A AHVTVWET, #Ifn— FXh
2X9MEI2—NELEILRLESETIEIC,. HODZATLABED LS ICHIET 20H > TEBNTL R
X\,

Unix Tl&. EEA 722 b (1s0) 77 AT BT I 6035 a—F, 2LTTrT 7 LANTHS BE#H
RTF=EBASTVET, 7748707 I MMEEIND . ZNODOBBP T —XIIHNT 27 741D
I—FADRTOZRIE. XEVATHES T —EPHEINTVWS, 7077 AHOEBROSFZEST L5
WEBINET, ZAUIERTITIZY Y7 BIECHD £5,

Windows Ti&, B > 277477V (.d1l) 7 7 4 MITIER S T3 D B (dangling reference) 35 D ¥
Th, ZORDY, BBRT—EZNOT7 7R3Ny 27 v TT7—=T V% LET, {E->TDLL a—FDH;
Gy EITRCRA Y EZR 7077 40X Y EOIELWEFZET LS IEBET20BEIH D THA; 20D
D, 3= FEHEW DLL Oy 27 v I 7 =A%, vy 77 v 77— 70 BEREETRICERR OB
T=REETIICBEINET,

Unix 1213, =054 750774 VKR (La) LeBHD EHA. .a 77 A VCRBEROA 7Y 22 7 7
AN (o) BIBRDa— KB A->TWET, HEF 7V 27740 (Ls0) BIEKT %V ¥ 7 WD BLFgH
2. VY ABERGFORAEZEBAINTICEET 22 XHDET, ZOLEYVVAHFIATIVADF TV =
II77ANERRLUETS,; b LENFHRO02, VY ARZDF T2 b7 7 A2 THDaA—R
ZHDIABET,

Windows Tld. Z20FERDIA 77V, @A TIV A VR= b IATI7VDNDLET (EBELD
1ib EFEHENTOVET), # T4 77 V1& Unix KBWJ 2 .a 77 A VIUTVET; 2O 7 7 4 i,
DEWEC T IAENZ X5 RA—=FBA>TWET, 4 Y R— T4 77 V& HEAIIRE ORI T
WARETIER L, DLL 2’u— FEINRRTHEETZ I 2RHET 2720 EbNE T, VrhidA >
R=bFA T UDLDEREME-TLY 27y T —=TNEERK L, DLL IZA > TWRVIEAITE#Z 2
2L ET, 77V 5= a R DLL Y Y27 E3N330, A VK= IFA4 T VRERINE Z DD
DET, ZDFAT7I7VE, 77V —2 2> DLL NS Y RVIREST 2 X 57, FERIERE N 32T
® DLL Tffi5 72 BEIc ) £3,

ZOo0HMNu—FEY 22—, Bt CEERL. Hloa—-F7ay 7 A 2T 252 LET, Unix T
Aa%B.soRC.so ZEALRTZLEZDYYAHIZELEDIE LERA ; ZARZEEZ TR a—Fik=
JERDAEN, B COZENENARHITHOAY - 2F>TLEVWE T, Windows Tid, A.d11 ZE LT
52 A lib BEALFENET, BRCOYU Y ZIZIT A1Lib ZELE T, A.1ib IZEa— FRiZA->TVEH
Ay BIUIZA ODa—FRIZ7 7R 3T 3 7DIFETRICAVLNZIERIBA > TWBEITTY,
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Windows T4 ¥ RE—1+ 74 75V OFHIL import spam 2§32 K52 DDTT; ZOEIFIZ L - T spam
DHFNTT 7R ATEETH, a—FOat—2EIFRLAEDIELEEA, Unix TE, 7477V D
VY23t L A from spam import * WZBITWET; ZOMETIHEMICa—Foar—24KL £73,

2.5.3 DLL fERHDERE
Windows Python is built in Microsoft Visual C++; using other compilers may or may not work. The
rest of this section is MSVC++ specific.

Windows T DLL Z{ER T 2 FEid. pythonXY.lib 2V Y AT I RERD ¥ A, HlZIE=>D DLL
spam & ni (spam OHNIZIE C BB A - TWAE LET) ZEALRFT212E UToavy FEFEITLES:

cl /LD /I/python/include spam.c ../libs/pythonXY.1lib
cl /LD /I/python/include ni.c spam.lib ../libs/pythonXY.lib

BHIDaA< Y KT, =DD7 7 4 )L: spam.obj . spam.dll E KL spam.1lib B TEZ FF, Spam.dll Il
(PyArg_ParseTuple() @ X 97%) Python BIfd e < Ao TWEE A, pythonXY.1lib ®FEHIF T Python
I-FZEOF2 LI TEET,

ZOH®aw Y FT, ni.dll (BXY .obj & .1ib) B TE, ZDF A 77 VI spam & Python EIT¥
AP OBERERE LS5 Ro TROTNUIT L WHIHI> TVWET,

ETOFANFHBNY 77y TT =TV RCRHENZ DI TIEH D FHA, DOEY 2 —)L (Python BiE%
EGAET) 2o, BEOHBANTHRZ S X512 5121, void _declspec(dllexport) initspam(void)
% PyObject _declspec(dllexport) #*NiGetSpamData(void) @ X 512, _declspec(dllexport) TH
EERIERD FEA,

Developer Studio will throw in a lot of import libraries that you do not really need, adding about 100K
to your executable. To get rid of them, use the Project Settings dialog, Link tab, to specify ignore default

libraries. Add the correct msvertzz.1lib to the list of libraries.
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THREE

KRELBT TVr—3>AD PYTHON 3241 LDIEDHIAH

Python 4 ¥ X =7V XDHETRA 7 TV r—arv LTEITINBEEREZIES DTE L. CPython
HEODRERT7 TV = a YOHFIEDADHPEE LW DD ET, ZOHITIEZDLFVIEDIAA
B BEIC OWTEHIAL 9,

3.1 7SV 75— 3> AD Python DEDHIAH

AIETIX, Python ZILERT 2 41E, ThbH C BEED A4 77 V% Python IO THEERZ LIRS %
TR DOWTIRRE Lz, R LS R Z e ZFOAETHEITTEES: 20Ud. BHFD C/C++ 77V 7 —
¥ a vIZ Python ZHDAA THEEZ LT 2. EWVWHIBDTT, HHAARITHI LT, 7SV Fr—>ay
DM S DOHEEE C % C++ DD DI Python THETES LS5 D FT, HDIAAIZZ L ODHET
FMATEFT; 2—¥2 Python TRZ VT 2FEE, 7V Fr—>ay2EFEFAMNITORE E5CT
5, LWVWIDOBZDO—HITT, T I=, FFEOHKREZE Python T DIICHE I Z2GEICHTEHEDLD
WWHDIABEITI L B TEET,

Python D ®HiAAIL Python DR BTV ETH, 2LELEVWI DI TIED D XA, ZDEVIE,
Python ZERLZGECE T TV —2a DAL > 725 2EkAY LT Python £ Y X7V X TH 3
—7 . Python ZfAAAAZHZEIE, X4 70T 22 Python BBEFRLARV — Z2ofbbiz, 7
TV —2arDH b —EOBRT Python 4 &2 7Y X EFEH L TH &2 0 Python 2 — FEFETXH
5 B LIRWV, W ZETT,

$E - T, Python OHDAAZEITIHAE, BIEODXA 7Szt LR ITERD ERA, X4 > 70
T LR BRI NIR SN 2 D—2IZ, Python 4 Y X7V 2@t B D T35, 2ichidbkliL
bR Py_Initialize() 2O I RIERD FHA, A7 a2 LT, Python fllica~> K54 V518
ZET DB L EITVWE T, 20K, 7705 —2a O8I ThbA V2TV XEMUHES L5
2D %7,

AR TYVREMUHTICIE. BRZ20VWLO2DHIESH D £F: Python XA A - 7z XFH %
PyRun_SimpleString() X ¥, stdio 77 A VKA Y X T 7 A% (ZREZTF7— Ry E—YNT
a— FEBINT22H23D0HDTT) % PyRun_SimpleFile() WKET., Y WVWoBATT, ThETOR
ECHIA L EKEQREZM U LT, Python A 7Y =27 bEMELZVHEALEZD HTEF T,

BE.:

c-api-index
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Python C 4 Y& — 7 2z —ZDFHMIZZ D~ =2 7 LICEDIPRLTVWE T, DERBROKEBMNEIZ 21
HB1ETTT,

3.1.1 RKEDIEDAH

Python O ®HAADR D EHLER K, BEKES Y Z2—T7 2 —2ADFHTT, 204 VX —7 2 — R,
TV = aryeR YWD T ERNENZ Python 227 ) P 2FEFTT 500D TT, HlziXziud,
—DD7 7 AN ETRISOHELEBT 2DIHHATE ET,

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

int

main(int argc, char *argv([])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;
/* optional but recommended */
status = PyConfig_SetBytesString(&config, &config.program_name, argv([0]);
if (PyStatus_Exception(status)) {
goto exception;
}
status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime(time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
return O;
exception:
PyConfig Clear(&config);
Py_ExitStatusException(status);
}

AMR: #define PY_SSIZE_T_CLEAN was used to indicate that Py_ssize_t should be used in some APIs
instead of int. It is not necessary since Python 3.13, but we keep it here for backward compatibility.

See arg-parsing-string-and-buffers for a description of this macro.

Setting PyConfig.program_name should be called before Py_InitializeFromConfig() to inform the

74 £ 38 RRAERTTVIT—2a>AD Python 5251 LDEDHAH
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interpreter about paths to Python run-time libraries. Next, the Python interpreter is initialized with
Py_Initialize(), followed by the execution of a hard-coded Python script that prints the date and
time. Afterwards, the Py_FinalizeEx() call shuts the interpreter down, followed by the end of the
program. In a real program, you may want to get the Python script from another source, perhaps a
text-editor routine, a file, or a database. Getting the Python code from a file can better be done by
using the PyRun_SimpleFile() function, which saves you the trouble of allocating memory space and

loading the file contents.

3.1.2 BRKEDIEDAADSHAHT: BIE

FKHEL R —T 2 — &, Wi 7% Python 2— K27 7V 7 —2 a b FETTERLIICLTLNET
MW, 7TV —>ar¥ Python 2— FOMTDT—ZDLHEDIE, HEADIKE>THHEOLVHDTT,
T=RDPLDOWMDE L7z, XOEKEDS V2 —7 2 —AMPHLERALZL TERDETA, &b
%< C a—FzErQl3Ro20nwbhic, IZFMTHTES X512 ET,

Python DHLRE HDIAAIZ, BEZZEZ, FUIERTHL VI ZXERERIZLRD FHA, TRET
DETHMLTELIE Y 7DIZEALPHDIABLTHEHTEED £, Zhz2RT DI, Python 256 C
NOFRIRZAT D 2 — FOBEBRTIEIME T E20EZTAHAEL £ 5

1. ¥—X&{f% Python %5 C IZZ&#T 3,

2. B N/AEZME - T C —F > OBIBIE O L 2170,
3. FEUH L TR SN T —&{E C 225 Python IE#T 3,

Python ZHDATLIGEICIE, 4 YR —T 2 — 23— KBTI EERUTO XSk £3:
1. ¥—&fE% C 5 Python ICZ#T 3,
2. B N7l % > T Python 4 ¥ X —7 = — 2 L—F > OBEIECH L 21TV,
3. FEH L8 57z 7 — Z{H Python 55 C IZE#T 5,

—RLTHD2 X518, T—XEMDRAT v FE. FrEMETT — X ZHET 5 APED > DICHEDOE TH
WANEZ 72T, ME—oHERZ. 7 2ZHOMICH 21 —F TF, IRZITIEICE C r—F
VRO L F I, HHIABDOEIZIE Python V—F Y 2L $7,

ZDETIE, Python 2205 C A, ZFLTEFOWANE F—XEZTZHECOVTUIFHEMLET A, /2, [E
LWSHBOHEWART T —DWNHIZOWTTTIHELTWEHDIRELET, ZN5DHIEHICOVWTIX
ARV RO A SEDZ L ZABKRVDT, BDELRERICOVWTIELFIOERZSBTE £,
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3.1.3 FRRIEDIASL

RONCHIRT 2 70 75 L%, Python 227V 7 MNOBEMEFEITTE220DbD T, BEKIES VX —
72— BT AEITEITH L FRIZ, Python £ Y2 7V X7 AV r—2ary b EESDEDIILER

A (D, ROFITRHEDT2E5FEELET),

Python 227V F FNTERIN TV IEBEETT 2003 - FEILTO XSk 3!

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

int

main(int argc, char *argv([])

{
PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;

int i;

if (arge < 3) {
fprintf (stderr,"Usage: call pythonfile funcname [args]\n");

return 1;

Py_Initialize();
pName = PyUnicode_DecodeFSDefault(argv[1]);
/* Error checking of pName left out */

pModule = PyImport_Import(pName) ;
Py_DECREF (pName) ;

if (pModule !'= NULL) {
pFunc = PyObject_GetAttrString(pModule, argv[2]);

/* pFunc is a new reference */

if (pFunc && PyCallable_Check(pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++i) {
pValue = PyLong_FromLong(atoi(argv[i + 3]));
if (!pValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject(pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong(pValue));
Py_DECREF (pValue) ;

(RDR=V ki)
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(FiDR— 25 D %)

¥
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print();
fprintf (stderr,"Call failed\n");
return 1;
}
}
else {
if (PyErr_Occurred())
PyErr_Print();
fprintf(stderr, "Cannot find function \"%s\"\n", argv[2]);
}

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

}

else {
PyErr_Print();
fprintf(stderr, "Failed to load \"/s\"\n", argv[1]);
return 1;

}

if (Py_FinalizeEx() < 0) {
return 120;
}

return O;

ZDa—KRiF argv[1] 2o T Python X7V 7+ % v — KL, argv[2] PICIEE I N7=HA1IOBEEZ N
HLUE9, BBROBEEE B argy BT OMOEICZD T, ZoFursr%k AVNAILLTUYY L
(CELFATAREERZ call EUEL x5). UTDXS57% Python 27V S M 2ETT2ZLCLET:

def multiply(a,b):
print ("Will compute", a, "times", b)
G = ©
for i in range(0, a):
c=c+b

return c

FATHREIUT DL 512725133 TT:

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6

COREOMEEEZFEI T 212707 AP VI INKRETEEZTH, 1ZL ALY Python 25 C ADTF—
RER LT —R]ED/HDa— K TF, Python OHDHIAA L WS Bl 55D FKEWETZEILL T a—
F2BaE 259 TT:
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Extending and Embedding Python, 'J!J—X 3.13.0a5

Py_Initialize();

pName = PyUnicode_DecodeFSDefault(argv[1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;

4R F) ZOHPANE. 22 Y 7 MiE PyImport_Import() Zffio CitARAENE T, ZDL—F VIZ
Python XFHZ 58I BBEDNH D, 7— X EHL—F ~ PyUnicode_FromString() THEL 73,

pFunc = PyObject_GetAttrString(pModule, argv[2]);

/* pFunc s a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

VDU RZ YT IDFAAENS L, PyObject_GetAttrString() Zffo TRELRLHEZINE T ET,
HHIDBRAZ ) P HIFEL, BIR LA 7Y =7 BIECH LAIEEA 7Y = 27 b THIR, 204 TT =2
FOBBTH 2L ERXTELIARVWTL LD, 22 TT/RY I LFEALBDICHIED X I AERIEAR
T, ZD%, Python BAEZLITDa— FTHIHLET:

[pValue = PyObject_CallObject (pFunc, pArgs); }

RAEUH U % R B%. pValue |& NULL 1272 22>, BIBDRE D EADSEB A > TWE T, EHEZFARLZRICIE
BOTIBREZMML TLZE N,

3.1.4 1EHAFN 7z Python DR

ZZETI, HHIAA Python £ Y X TV RET7 TV r— a YRIKOKEEIC T 7 v X T5FEPH D $H
ATL7z, Python API 2{#5 &, H®DIAALA VR TV REIIRT 2Ty SV r— a VARIEADT 2
TRAERBBICLE S, 2D, 77V r—>aryTREIATVWIL—F V2o T, HDABLA VXTI
REPRTH5DTT, BRI DEISICEAZIETY, 2REFLEV VDI TEDD ERA, ELHZ-T,
7V —a v Python A YE TV RERELEZL VWS ZEED ko ENTATLEIN, ZORD
D, 77V r=>a B IN—F U O8EDT, H20bEEBED Python JEIREY 2 =2 EFELI LD LS
12, Python 268NV —F V7 7L RATEBR X512F270— (glue, M) a—FEFELEZTIIEE W,
BIZIZLFDLSI1CTT:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject*
emb_numargs (PyObject *self, PyObject *args)

{
if (!PyArg_ParseTuple(args, ":numargs"))
return NULL;
return PyLong_FromLong(numargs) ;
}

(RDR=V ki)
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static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, O, NULL}
ig;

static PyModuleDef EmbModule = {
PyModuleDef HEAD_INIT, "emb", NULL, -1, EmbMethods,
NULL, NULL, NULL, NULL

I8

static PyObject*
PyInit_emb(void)
{
return PyModule_Create (&EmbModule) ;

Foa—F% main() KO TS LITHALE T, £/, UTOZOoDX% Py_Initialize() OM-UHL
DORNCHEAL £3:

numargs = argc; }

PyImport_AppendInittab("emb", &PyInit_emb);

These two lines initialize the numargs variable, and make the emb.numargs () function accessible to the

embedded Python interpreter. With these extensions, the Python script can do things like

import emb }

print ("Number of arguments", emb.numargs())

EEO7 TV r—>ayTiE. Z5LEXY Yy RT7 U= a YN APL % Python IZRBT 2221
“h T,

3.1.5 C++ IC& 3 Python DIE®HIAH

C++ 7u 277 AHICH Python ZHOIADET; MAICE D &, o THDALIIH-TWwWs C++
IR DFMICHKF L ET; —MRIICIE. XA YTl I0% C++ TEE, C++ av 4 7 &ffioTom
T LAY AN - VI FTERENDHZTL &k 5, Python BiE%Z C++ TV A VL RBTHEZD
DEEA
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3.1.6 Unix R ATLICHIFRAVNAILE) VD

Python 4 ¥ X7V X% 7 7V r—a NIZEHDRALDIZar 45 (8 2) KEITREELWT Z 7
ZRHHTOEREE TRV LLERA, ZHEFHC, Python 374 79 VET 2= LTY 7 &
7= C BIRRR (\so 774 1) ¥ LTHEEINZDBD2O— FT20ERH3720TT,

WEIZa Y R4 - VDA TS ar M5 7-0IT, pythonX.Y-config A7V S+ MEZFF (ZHi
Python £ > & b = VEHCAEK X7z DT, python3-config 227V 7 M b FHHKZ 2D LOLEEA)
CDRZ VT MIEA T aryHELHYFIH, EHRNTERZDOIEZIATL x5:

o pythonX.Y-config --cflags [IHRD A A AT a AL T

$ /opt/bin/python3.11-config --cflags
-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare -DNDEBUG -g -fwrapv -
—03 -Wall

o pythonX.Y-config --ldflags —-—embed IFHEREDV > 7T a v ML ET:

$ /opt/bin/python3.11-config --1dflags --embed
-L/opt/1lib/python3.11/config-3.11-x86_64-linux-gnu -L/opt/lib -lpython3.11 -lpthread -
—1dl -lutil -1m

ER: B Python N—Y a YHFE (2 D DT AT LD Python & H7#7zHETEIL R L7 Python) TD
RELZ #2702, L TOHID X 51T pythonX. Y-config I3Hat S A THEE) L7215 R WTT,

HLIDFIETS T WrRFIUE (LI ZAUILTO Unix WR T 7y b7 43— LA TEET 2 Z & %2R
f3 2 b DTIERWTT D, bug reports I TT), HRIZDIATLDXAFIv I Y IZITDOVTD
F¥axX> F%ZFiA, Python @ Makefile DAY XA )4 T a Y EFARZBENHZTL & 5 (Makefile
DT RN %121% sysconfig.get_makefile_filename() ZffioTLZX W), ZDHA. sysconfig E
Va— AR OBERIED T, T X o THREMFIMRA TN Y A - VI DA T a UK
70 s A TE RS, flZIR:

>>> import sysconfig

>>> sysconfig.get_config_var('LIBS')
'-lpthread -1dl1 -lutil'

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>> 4
VRITIT 4TI BITET 7 AL ED Python 70 YR TT, A YEATVRXRTAVRTIIT 4
TWETENZa—-FHITIIBTEET,

K
DHDPEZLNET:

o« AVERSITF 4TI INZBVT, A YFrrE&Nza—Fray s, WETEEAEDRY ) XFE
O GLIEIR. AFEL, BRI, ZE5 A oW, Tar—&X—okic, a—-FEANTIE
WCRRENST 7 4L bD Python v > 7 T,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK S 7 A1F duck-typing 25T T 5 DT, hasattr() REDHIDT 7 =v
7 TENBHFTH - 72 D Wb I1cii 2 (1213 magic methods DIFH) JHICA ¥ X —7 = — A% ER
TAAEZRMELET, ABC 3MRME (virtual) 727 7 AZEALET, THUIET 7 A0 kKL
FHAD, ZNTD isinstance() X issubclass() ICFRMENET; abc T 2 —ILD FF 2 X
Y FEZRLUTLEE W, Python 121d, < DfflAaids ABC 23RS A TVWE T, ZDHRIE,
(collections.abc EY 2 —/LTC) 7 — X #iiE, (numbers €Y 2 —/LTC) . (io EY2—1LT) A b
U —24, (importlib.abc EY 2 —JLT) 4 Y K— b7 74 Y Z/RPFB—X—T7F, abc EY 2 —/L%
FIHLTHE®D ABC Z1ERTZ¥£3,

annotation
(77 7—=>ay) B 77 2@, DT X—20RVEICHEFRT 2 7L TT, ElickD
type hint & L THELDATVWET,

O—HNVEBDT ) T— a VIZFATRIIE T 78 ATEEHAN, Zu—"AZH, 75 2E@M. B
BO7 /77— aryi3FNFRNEY 2a—)b, 75 A, D __annotations__ FFREIICHIF IR T
WET,

FEBE DAY 2 variable annotation, function annotation, PEP 484, PEP 526 &L T 72
WV, o, T/ T7=2avENHTERA NS 27T 4 AL LT annotations-howto dZH L T <
7EE W,
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5% (argument)
(518 BRI TBIC, B (£ AV R) WETHETT, Bl 2@EsH D 3

o F—TU—R5I%: BEEMECH L OBICEIBDORNCHEB T2 oWz b D (f: name=) S, *x ITHil}
I-EHEOHOEE LTHEX NI flZiE. KD complex() DFEFUH L TIE, 3 & 5 29%—

7 — 5Ty
complex(real=3, imag=5)
complex(**{'real': 3, 'imag': 51})

o MBI F—v— FEIELSOFIEL, MEFIEIIEIEY X P DEFHICEL 2 TE, £z * 1
Welr 7z iterable DBEFRY LTET I e TEET, HlZIX, XROFITIE 3 & 5 dMmAHMES |
T

complex(3, 5)
complex(*(3, 5))

EEIBUIBEBOERICBOWTERITE o — A ZRIcE b B TonE T, EH L TETIHANCOV
T calls 2BBLTLE XV, PV X9 ZRAZBOWTEBBEZRTEDICHOLOIREHS Z a3
RFEF, TN HIe —HAZEICE DY THENET,

RE1% . FAQ @ FHEEIEEARGIEDENMIMTTH? . PEP 362 2SR L TL W,

asynchronous context manager
(EEia > 7% A b~ —Y v) __aenter__() & __aexit__() XY v FEEFT S I LT async
with XNOREZEM T 247922 T, PEP 492 TEAXINLE L7,

asynchronous generator
(FERIAY = % L — &) asynchronous generator iterator iR 3B TF . async def TEFRI N/
N—F VBB T E T2, yield REFFORTERD 3, yield i async for /L— 7T
TEZHOMIZER T 2DIMHHINE T,

BHIZIEAY = 3 L — X BBZHEL I, XRICE > TR ERBS zRL—21TL—% 2875
GEhd D £, BREINTERPHS 2 THRWEE, FBRLO DIt B2 AL £ 9,

FEFIAY = % L — ZBIEUCIE, async for X° async with X THL await RIDHZ I 2D
D i‘—é—.o

asynchronous generator iterator
(GERIY = 2L —& 4 7L — &) asynchronous generator B THERENZ AT 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& THIXN 3 & awaitable 7 = 7
FEIRLET, 20D awaitable A 7Y =27 MI, KD yield RETIEFAY = 1 L — X B OARMEKE
FEITLET,

% yield TIEX—FRNICLEZHIKI L. Z DB OFETIRE (B =W NVEBPLREF O try XZ2ET) &
FEELET, RS T RL—R14TL—42 2 __anext__() TRIN=MD awaitable THRERIZH
B3 2. ZOHEEFEIINE 3, PEP 492 8X U PEP 525 2B LT 230,
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asynchronous iterable
(JEMHAA 77 7)) async for XOHTHATES 4727 b TT, HHED __aiter__() XV v
B2 & asynchronous iterator ZRELRIFIULZ D £¥ A, PEP 492 TEAINE L7,

asynchronous iterator
CGERMIA 7L —%&) __aiter__() & __anext__ () XY v RZREL LA TP 27 bT
9, __anext__ (O & awaitable & 7Y £ 7 b RBEIRIFNIEZD £E A, async for 1
StopAsynclteration 4t Z XM F 2 £ T, FEFAMA 7L —FD __anext__() XYV v FHK
§ awaitable ZfR L £ 3, PEP 492 THAXhE LT,

B
(B A7 =7 McBEEMT O, Py FREARRE > THAITTEESRBEINAETT, flzid
T2z b o DEME 0 BEFRoTWEE, ZOEMHIX 0.0 TBREINE T,

F 7Y 7 MiZid, identifiers TER XN ZMAlIFTREBRVWARTIOBEER2 522 Z P TEET, 128
ZIE setattr() ZfHWV, ATV 2 bR EREFALTVWEIEEITAET. ZOX5REHIERY
FREARATET7 7 RATET, RODIC getattr() 2o TWMBILENH D £73,

awaitable
(F#H%P]EE) avait R CTHAT 2 2Pk EZ2 A 72 =2 M TI . coroutine >, __await__() XV v
FW®HBF 7Y FTF, PEP 492 2B L TL 72XV,

BDFL =

R E B MHEE (Benevolent Dictator For Life) OB& T3, Python OfF#F. Guido van Rossum D
Z&T9,

binary file
(NAF VT 7 A4N) bytes-like TP TV b DHARABIUVEZRAANTES J7MILATox
Ik TTe XAFV 774 0DHNE N4 FVE—=F ('rb', 'wb' or 'rb+') THINZT 7 4L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY A TY,

Str A7V 2 POBAEBEENTELZ 7740 F 7Y =7 MTOWTIE, text file bBRLTLZE W,

borrowed reference In
Python’s C API, a borrowed reference is a reference to an object, where the code using the object
does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,

a garbage collection can remove the last strong reference to the object and so destroy it.

Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong refer-
ence in-place, except when the object cannot be destroyed before the last usage of the borrowed

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

bytes-like object
bufferobjects Z% K — b LTWT, C SFEOEKT EHiRLE Ny 77 —%24MtalgEk At 7o 27 b,
bytes, bytearray, array.array . %< O—#&H7% memoryview 7Y =7 M ZHICH D X
3, bytes-like 77V =2 ME, T—XTEM. NAF VI 7 AANDRE, Vv MeEHLLEERGER
. ANAFVTF=REERTIE20VAVARBECHHAT2 8P TEET,

BOPOBIETREINAF VT —RZ2ZEETL2H0EDRDD T, ZOREDOFFa Xy PTIEEL 75
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HE ZATREIR bytes-like A 727 M IZEKRLTWVWET, ZEAGERANY 77 =47V =7 M3,
bytearray ¢ bytearray @ memoryview REDVZENE T, Fiz. MOBOIDEETIIRLERA
TV VDAL F ) F—& (7 HAHLERO bytes-like £ 7Y =27 b)) ZRELE T, U
bytes & bytes D memoryview A 7P MOEENET,

bytecode

callable

("4 Fa—F) Python ®Y —2a— K& Python 7025 4® CPython £ ¥ &% 7)) X DNEERE
THBINA FPA— ANy RANVEINET, N Fa—Fid .pyc 774V F vy adh, AL
77 AN EHRETEINZ L 2R EDERCRDET (V—RIA—=F2HNL ba—FANOHED
AYRAVIERENET), O " HEFEE (intermediate language)” 1%, & & DA b+ a2 — Rizxf
JE3 BHEMEEE RITT 2 RETSY TEFTA22 VWA ET, BEEAFELE LT, N4 ha— RIZER
% Python {RME~> VRBITHIET 2 Z &%, Python VUV —ABTRETH 3 Z e 3TV E
A

N ba—Foma—EiZ dis EYa2a— L I ET,

A
callable is an object that can be called, possibly with a set of arguments (see argument), with the

following syntax:

[callable (argumentl, argument2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the

__call__Q method is also a callable.

callback

32

(A= 7)) FRDD BIFRTETIN D 7DITHIEE LTRSS B

(75R) A=Y —ERA TV 27 VEERT 570D F7 > FL—FTF, 77 AEHRIIEE, 2075
ADA VAR ALDEEET ARV Y ROEREEAE T,

class variable

(75 2AZH) 77 A LICERSN, Z7FALRLT (DFD, Z753ADA VARV A ETIERELI) &
HXN3ZeZHNE LTWBREKTT,

complex number

(HZH) LN TORERREZIRELZD DT, IRNTORIIER oM LTRINET,
RS RBEEANL (-1 OFHR) CFEHEHT 0T, —ICEETIE i e Ehh, T%TIE j v &
HIEd, Python I3EFELBITHAAATHIEL, BEDOKIL 2> TVWET, BHEREIC j 20
THEEF T, flz1F 3+1j TY, math Y 2 — LV OERBIEFA T 2121E. cmath Z2#HVE T, #
FROMHIE 2 D GBERBFORET T, REEEZEURFIUR IZEMEEVREHLTLE- T
Wwtlzxd,

context manager

An object which controls the environment seen in a with statement by defining __enter__() and
__exit__( methods. See PEP 343.
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context variable
(A THFRAMER) a2V TF A MKFL TRRBELZFOLER, ZHUd. H2EBDELNE L2 DFAT
ALy FTEED{FLIAL Yy FEB—ANLZA L =B TVWET, LrLary7FAPERTE 12
DETAL Y FIZWL DDAy TF A MDD, ar 7 xR PE-D T RIS IR 2 2
7 DEDBIFTT, contextvars SR L T Z X,

contiguous
(B2, 8ft) Ny 7 7 DSEEEIC C-&E#t £721% Fortran 8t THRGEIC. £D Ny 7 7 8K LT
W3 EHBREET, TaXmmNy 7 713 C @i TH D Fortran #fHTT, —KITOEFITIE, ZDE
RIHT XY LTHET 2 X5 REEIN, BRFERLarSMMEVEI TJEF T ET, 2X
LD C-H#fRLEATIE, XEY 7 FLREICERZ K S BRICEBREDOIRZFORBRINCED 5 DITH L,
Fortran ##i /2 ALY TIZRA) DR A FHIRAINCEN & £ 7,

Jl—F>
(Aan—=F) ar—F @I I7N—FrDED ~RNZEXTT, 701 —F IZ@RD SN
POAD. Blokd s MiSroHE T, aL—F U ICFZL ORkL RHIS»H A, 15, BT
B5ZEMWTEET, 2L —F I async def X TEETEET, PEP 492 2B L TLZ& W0,

coroutine function
(An—F VB coroutine 7Y =7 BT TT, ar—F VBIRIZ async def X THEIELX
. await. async for. BL U async with ¥F—TU—FZ2HOZLHKET, Zhsld PEP 492
TEHASNE L%,

CPython
python.org THAMA XN TWS, Python v 7o 3 v I FiEOEMENLEETT, "CPython” 2\ 5
BZEIX, ZDR¥E%E Jython % IronPython ¥\ o 72D EH ¥ XBI$ 2 RENHE ZHEICHH SR
£9,

decorator
(Fav—%) HloEEEIR T T, @, ewrapper WX THBZLH L L CHEASNES, 7aL—
2 DO—f& 72 FFFZ. classmethod() ¥ staticmethod() T,

FaAL—RDFREFI VR VRS aH—TF, XD 2 OOBEBERIIEHRNICFE LD DT

def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FUHERD 2 ZRCBFIELETH. HEDEDNERA, 7L —RIZOWTHLIZ, BIBER B
FL IVIREE DFFa XY bEBRLTIIZE N,

descriptor
Any object which defines the methods __get__(), __set__(), or __delete__(). When a class
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for
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a, but if b is a descriptor, the respective descriptor method gets called. Understanding descriptors
is a key to a deep understanding of Python because they are the basis for many features including

functions, methods, properties, class methods, static methods, and reference to super classes.

FTRZVTEDAY v FIZB L TOFEMNIZE. descriptors % Descriptor How To Guide 2[R L TL 72
XV,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object

with __hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FEENEKED) iterable NORTH 2 WE—EHOERZLH L T, ZORRDN 52 SHEZIR S 2 %
7 W EEFTT, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfHn *x 2
XM BEEEE AR L 3, comprehensions 2SR L TL 72X W,

dictionary view
(F¥#H L 2—) dict.keys(). dict.values(). dict.items() 25RT A7V =7 +TT, HHEDIEH
DEFZE 2 — 2R L ET, bbb, HENLEINL b2 — B ZNERMLET, HEL 21—
ZERAIICTERR Y A MICT 211X list (dictview) R L TL 22X W, dict-views S L TL
7ZEW,

docstring A
string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical

place for documentation of the object.

duck-typing )
2TV MHPELVA VR =T 2 —R&FoTWADERETZDICA TV 27 FORE RV
0275V ARANTT, b, BCA 7Y 227 FDXY v RRBUEASIRZN D fibhizb
LEF, (7ELDXSICRAT, 7TEADESIBITE, FRRETEATHS,)) AV E—Tx—2
PRIDEHRTZ LT, EFLFHFAvENa—FiE. BVE—T7 4 v 7 REE2HF L CERImMES
MLEXEET, v 7XL Y7 type() % isinstance() ICXBHEXEITE T, (7z7ZL. Xy
IRAVY Tk MREEV SR THET2ZdTEET, ) 2ofb b, MAIMIC hasattr ()
ER FAFP 7uZ'2 27 %HMELET,

EAFP
BRI Z L 2 X DEFLZF 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
AN OWETF, Z@ Python TIALfbhTWwda—74 Y FTAXALTIE, BEFENEF R
WDFIET 2 HDEMREL. ZDRED > TWRGEIHINEMIEL £F. ZOBRTTFRIETS
a—F 4 YRR N, try XB L except XD XADHLZDPRETT, ZDT7=v >
F. COLIRBHETEILIMMONTWS LBYL AR AL MIBNZSDTT,

expression

(R) IroEriHiizhsd, —FrFHDORML (a piece of syntax) TF, Wz 22, XV 7
Fob, &Hil BT 7R HETFPEBECHE LAY, HERTAOBEROMAENRTT, ho%<
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Sin L EW, Python TREFHEOETOMBERLRE VI DI TED Y £H A, while DX ST,
KELTMEARN L HHDFF, AABKTIIRLIXTT,

extension module

f-string

(fEBREY 2 —) C % C++ TELNZEY 2 —/L T, Python ® C API #FIfi L T Python 27
Ra—F—a—FeRhEDhLET,

£ R B MRSV STFAN Y T T UE Vostring” 2 RREA. ZAUE 74— v FIEATAIY
T IV OREFEIEDOELI TS, PEP 498 3L TL X\,

file object

An object exposing a file-oriented API (with methods such as read() or write()) to an
underlying resource. Depending on the way it was created, a file object can mediate access to
a real on-disk file or to another type of storage or communication device (for example standard
input/output, in-memory buffers, sockets, pipes, etc.). File objects are also called file-like objects

or streams.

T7ANF T2 MFEBRE 3SEE DT T A0 N1FU—=T71)L. Ny T77E0/= NA
FT)=T7A4)l, LT TFALT 7ML TT, A VR =724 AlF i0o EY 22—V TEHEINTL
ET, 77 ANATI 20 M EIEIIEENL AL open() BIEEMES Z ¥ T,

file-like object

file object ¥ [FAIFETT,

filesystem encoding and error handler

finder

Encoding and error handler used by Python to decode bytes from the operating system and

encode Unicode to the operating system.

T7ANTATLDIYA—T 4 Y TlE, TRTH 128 N4 PUTRERKTa—FEN3 2 ehn
RAFXNBLTWEBDERA F77ANTVATLDIY A—F 4 VP TIUABRIAE SN D - 250G
1. API B2 UnicodeError ZEH T2 03H b 3,

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors() functions can be

used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the
PyConfig_Read() function: see filesystem_encoding and filesystem_errors members of

PyConfig.

See also the locale encoding.

(774 R) AV R=PENTVDEY 2—VD loader DFEREFITTE24A 727 bTT,

Python 3.3 BT 2 D 7 7 £ Y X935 D ¥3, sys.meta_path THHINZ meta path finder
¢ . sys.path_hooks T N3 path entry finder TS,

Iz OWTIZ PEP 302, PEP 420 BX U PEP 451 2B LT X\,
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floor division
(U D & CRRE) —FaWEBRICU D 15 T2 BEERRE, YD TREHEE I // T3, HlRIE 11
/] 40F 227D, TR ENFMNCFE NG BOBEDORAETIX 2.75 AV IR-oTE T, (-11) // 4
& -2.75 Z INEVWAIC A S GRIFE: BOERARADADZITS) DT -3 127425 L IHERELTK
72ZW, PEP 238 2B LT EX W,

3k
(BE%) PEORH LANCEZ RS —E oD Z T3, BRICIZ 0 U LD 318 213 2 e hHkRET,
FEEDOEITRHI T Bz RS2 ek E 5, R5IE. AV v R, function ZBL T E W,

function annotation
(B 7 /77— aYy) DT X—=ZRDED annotation TT,

BT 77— ayid, @R EEYF oDifEbhET: AR ZoOBEZE 2 2D int BD5|
Breiis L s, 7 int MORDEEZFO LRSI ATVE T,

def sum_two_numbers(a: int, b: int) -> int:

return a + b

BT /) 7—3 a v OXER function O TSI TVWE T,

HEBED AN H % variable annotation, PEP 484, #ZML T XV, /2, 7/ 57— a v &F|
HA3T2XRAN 75275 4 2% LT annotations-howto 3SR L TL 72X W,

__ future___
A future statement, from __future__ import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python.
The __future__ module documents the possible values of feature. By importing this module and
evaluating its variables, you can see when a new feature was first added to the language and when
it will (or did) become the default:

>>> import __future__
>>> __future__.division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(IR=yavryay) ZNLIBEEDNS Z L DRV E Y RFRT 20U TY, Python ik, S
vy b, ERSEEBE UBEST 2RI R—YaL 7 & effio ThHR=—YaL s> aryzifung
Fo AN=YalLr7&Fgc B a—NEoTHRIETEE T,

JIxrlb—%
(¥ =2V —2&) generator iterator ZiRFBIT S, @EHDBBIIUTVE T2, yield REHOHRT
B D %9, yield d, for »—FTHAHATELD. next() BITHEEZ 1 DFOWMOH LD TE
5. EHOWM O ZAEKT 2 DIHHE LT,

WIS 22— ZBBERLE I RICL->TR PxRL—FATL—&% 2HT58»7HD %
T BMSNEERPHSNTRWEE, RO B2 AL £,

generator iterator
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(= =&AL TL—=24&) generator B THEREINZ A TV =27 +TT,

yield D7 NAATFEATIREE (RAMTABSARLED try X2 ED) L T, WHEIZ—FIvicH
Miahgs, SxRL—FATL—F PFEHINZ L, T LMEZIT L £5 (B8 OB ET
D7 TITHT LWIREED HBHAR S 2 D & MR T ),

generator expression

An expression that returns an iterator. It looks like a normal expression followed by a for clause
defining a loop variable, range, and an optional if clause. The combined expression generates

values for an enclosing function:

>>> sum(i*i for i in range(10)) # sum of squares 0, 1, 4, ... 81
285

generic function

(Y=AV v 7B BB LR C#E2 5 2 BEBE D SRS M o BT, MU LKIcY
DEEZHNDEPET 4 Ay F7NALTY AL I DRESINE T,

single dispatch, functools.singledispatch() 72 L —&, PEP 443 2L T Z X0,

generic type A

type that can be parameterized; typically a container class such as list or dict. Used for type

hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.

global interpreter lock ZZBIRL TL I2E W,

global interpreter lock

(=2t & FY Ry ) CPython £ XV XBFHLTWS, —EIZ Python @ /N1
FO—F 273220y RE—2FEFTHE I 2HHET2AMATT, ZhICED (dict &Y
DEERMARALEEZETL) A7V 22 N EFADBRKT 7+ 2120 L TRBRMICERITR 5 DT,
CPython OFEENRS VY INIRDET, A VX TVXERERY 75528 T, wAF T aty¥=
UL ZUMHILD TR M e FIEHZIT, 4 VR T REMHHICILF ALy RFILTE 2 X512k D
E

7272 L. BEED 2 W0IEANED WL D DIIRE Y 2 —iE, Efie Ny ¥ 238 R C O E O E WL
3 5e %2 GIL 2T 2 X5 ICREFEINTVET, £z, /O WA F 255 GIL 13 IRk
INET,

BEW? HHRRALF ALy FB” LA v 27V 2 (HSh 2 7 -2 2flirvhETr Yy 75 %)
DRI NE LI, —BIRS 70T aty FDBED AT =<V APENP 572D TR L £
ATULVe ZORT7 4 —< Y AOMEERRRL L5328, FEN X DEMICHR DRI R - 38N
TEHELEZOLNTVET,

hash-based pyc

(N ¥ aR—=R pyc 7 7 A) IESHEHEIT 27012, MIGT 2 Y —R 7 7 4 VO RMKEHRZIT
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BNy Y2l FHT 2N, P2 —-FDF v v 2774 TF, pycinvalidation ZZH L TK
7ZEW,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a

__hash__() method), and can be compared to other objects (it needs an __eq__() method).

Hashable objects which compare equal must have the same hash value.

Ny T aRERA T 27 PRAFFEDOXF —REEDA N L TR ET, FHEPEEDT— &2ME
BHNETA Y > affzfio T2 75T,

Python O A I 2 =X TNV RMHABAALA TSI 27 NI, IEEAEB Y Y 2R[RETT, (VR FHED
E97R) I2a—&RITNRAYTFENY T2 RARETT, (Z IR frozenset DL S72) 4 I2—&7
NiaAYTHE. BRPINY Y aFRETH I L EDANY Y aA[RETT, T—F—FERDI TADA ¥
ARVATHBEESRATI 22 MEFT AL b Ty & 2 AHETT, ZR6EET (HEERNT)
FEBFEFRIEIEEMTH D, Ny > 2afElF idO) L EsNET,

IDLE
Python Ofi&ERFEEREE (Integrated DeveLopment Environment) & UM% & 558 (Learning Environ-
ment) T3, idle & Python OFERNLREMICFEMI ATV ERNLERED LT + 2 4 2TV
REREET T,

immortal If
an object is immortal, its reference count is never modified, and therefore it is never deallocated.
Built-in strings and singletons are immortal objects. For example, True and None singletons are
immmortal.
See PEP 683 — Immortal Objects, Using a Fixed Refcount for more information.

immutable
(A32—2T7N) BEDEEZR /AT T2 b T A2 —XTNRA Ty M, BiE, X
FH, BEXORTIABEDRDHDET, IN6DA TV =7 MIMEZEEZONFH A, FIOEELEIE
BRI, WA TV 2 7 PV ERER LR TNERD ER A, 1 I2—FT7ARIT T =7 NI BEIE
DNy Y 2 @B 2 5 RN TEEREHZR- LT, HEOXF—2Z0HITT,

import path
path based finder »% import 32 €Y 2 — NV E2WET 250 (X713 path entry) @V Ak, import
., 20V R MIEH sys.path DORETH, 70— DEEEE v =D __path__
BYE» S bKET,

importing »
3EY 2—)LD Python 2— FAHIDEY 2 —LD Python 2— FTHZ 2 X 512F 3UHETT,

importer =
Pa—VERLTE—-FRTEFTI I, finder & loader DEESLTHHEIATI T b,

interactive

(RFEERY) Python ITIEHEERI A > X 7V 23D, XA &SV 20Ty FMTANT 5L
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EIPEICEITENTHRERERZ Z e BN TEE T, python 2 HEIHELG I TICEITLTLIEZI W, (2
VE2—RDAA Y A= 2 —p5 Python OMGEN A > 27V X2 EETE 20 LOAFEA, ) At
A Y2V RIE, HLWTAT7Z2HLTARED, EVa— 1oy r—Y0HF2HWTAS
(help(x) #HZTBWTLZIW) OIZIEFICER R Y — LT,

interpreted

Python &4 ¥ &2 7V XKD FFETH D, 24 FFBOMMIMELE T, (N ba—Farxs
A IWHBIDIC. TOXFNIBKRTTD, ) TITOALA YR TYXFFELIZ, Y—Ra—KD7 74
N, ETEMFAREFRICL T ETIEI2 e Vo BER LIS, BHEETTEZIL2EKLE
T A&7V XEROFEZEE. a4 FBROFELD DI/ TNy Z7OH 4 7 EE NS
DD, I LDFATE—TBNT T, WEEHN BSELTLE W,

interpreter shutdown

iterable

iterator

Python £ ¥ &2 =7V X —d> v v P RU VY REFHINLFFZ, BV 2RI XRTOI VT 4 AR
NEHEZ 2 & D, TRXTOMRL 72V Y — A2 BBERNCBS 2. File 7 = —XWCAD X5, 2O
7z —RF AR—=J AL IF 2B BEFCHLES, TAREIDZI—F—ERDTAIF 7 X—%
weakref 23— Ny PR PENZZLDBHDET, v v bRV T2 —XHZETFTENBZa-F
. ENPMRET DV Y — AT TR LRV (KL D205 4751 —EFEY 2 —)L% warning
WTT) 72Dk & REISMCER L 3,

AVR—TVENT vy AU TZEREHIZ _ _main_ TPV a2 —IRETERTWERAZY T+
DETPKT LIZZ LTI,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,
and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it
returns an iterator for the object. This iterator is good for one pass over the set of values. When
using iterables, it is usually not necessary to call iter() or deal with iterator objects yourself.
The for statement does that automatically for you, creating a temporary unnamed variable to

hold the iterator for the duration of the loop. See also iterator, sequence, and generator.

An object representing a stream of data. Repeated calls to the iterator’s __next__() method (or
passing it to the built-in function next ()) return successive items in the stream. When no more
data are available a StopIteration exception is raised instead. At this point, the iterator object
is exhausted and any further calls to its __next__() method just raise StopIteration again.
Iterators are required to have an __iter__() method that returns the iterator object itself so
every iterator is also iterable and may be used in most places where other iterables are accepted.
One notable exception is code which attempts multiple iteration passes. A container object (such
as a list) produces a fresh new iterator each time you pass it to the iter () function or use it in

a for loop. Attempting this with an iterator will just return the same exhausted iterator object
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used in the previous iteration pass, making it appear like an empty container.
2GR typeiter I2H D 5,

CPython RZEODF#: CPython does not consistently apply the requirement that an iterator
define __iter__().

key function

keyword

lambda

LBYL

list

(F—PBIE) *—BI%. H20IFEAEREE . V- PRIEFLERO D OEZ R TIECH LATREAS 7
Yz 7 b (callable) T3, HlZIE, locale.strxfrm() % ¥ —BIUCE X, v F —KFDOY — b D
HEIZDo oY = F—2IRLET,

Python ®Z < OV — Mg F —BEZITIR D ERZoIW SIERS 7L — b2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) ENHH 3,

F—BBEELZHERZTVLO2DHD £9, Bl str.lower() XY v FZ2RF/NFZXAIL
VWY — T X B LTS Ze k%9, H2WIE lambda r: (r[0], r[2]) O X
5 7% lambda X6 ¥ —PBfZES Z e N TE X, $7/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() @ 3 DDF—HMa VA M5 7 XM H D %F, F—BK
DIED J5 e VT DAL Sorting HOW TO 2ZH L TL 72X W,

argument S
518 2B TS0,

(7 LR) BHEDA ¥ T4 VKT, BEAIOHI A 2IiHiixns 1 20 X 28AFF, 74
REABUE VE A H501% lambda [parameters]: expression T,

FZ 213R5EDH (look before you leap)) DMFTT, ZDA—F 4 YT AXANLTIE, FFOHLPBRK
21T 9 NS, BIRENICHTIRSRMF (pre-condition) HIEZITWE T, FAFP 770 —F EXIRIYT, if
X7z SAMEDN S DRI TT,

TILF ALy FEXhRETIE, LBYL 7 70 —FI1& ” R37 @fE e " R BEOBAREELS &
EZFTVRIBHD ET, flZIX. if key in mapping: return mappinglkey]l W5 2 — Fid,
HEDHZ. DAL v ROBERLZBDHINIC mapping 5 key DR EERLET, ZOMEIZ, vy
73 %h EAFP 7 7/u—F %25 Z L TR TZ X7,

A
built-in Python sequence. Despite its name it is more akin to an array in other languages than to

a linked list since access to elements is O(1).

list comprehension

(VATMHNEERL) =7 YAHFORTH 2 VWE—HOHERZUHE LT, ZORENLHK2Z VR &R
T, IVRT MRGETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £55&. 025 255 $TOEME 16 EEEREK (0x..) LAEXFHN64%25 0 X P 2EMRL
T, if HildA 7> = T, if HiBL WA, range(256) DR TOEBRMNUH SN E T,
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loader =
Ja— O —FF3F7Y 7 b, load_module() LWHEZF DX Y v FEERL TWRITFIUIKR
DEVBA, B—X=1E— MBI finder 2 BIRINET, #FME PEP 302 %. abstract base class 1T
DWTIX importlib.abc.Loader ZZM L TL 72X W,

Os—=)lI>ya-5Fa4>7
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").

On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method
special method D < 21 7z[AFFE T

mapping
(v YY) FEOF—HKEZY K- LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ HIREE Y 7 X THESI A LAY vy FEERKLTWIary 7+ 4
7227 b TF, Bl Z1F. dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R & T,

meta path finder
sys.meta_path ZMK L TE SNz finder. meta path finder & path entry finder £ BfRIZH D F
/AN 1117

meta path finder 25525 % X v FIZDWTIE importlib.abc.MetaPathFinder #ZM L T 7
W,

metaclass

(RRIFGR) VITADI FATT, 7T RAERE, V7R, 77 ADFFHEr, BRI ADYV A ME
EDFEF, XX FRIF, 205 3 2%5 |18 LTRIED, 77 REERBEEZAVET, IZLAY
DATY =27 MEMEREE GRIEX X7 7 AD) 77 4L b OFREERELEL T E T, Python 23RE5
BROFGHARLDARY FARMERTEZRTT, FLAEDI—F—ICH->T, XX 7 7RI
BORWHDTT, LrL, —HOBHETIEZ, XZX7IRIEHTIVAHY bRAEZREBELES, &
LZRBBYE T 7 2on rBR oD, ALy Re—THERBIMLED, 7927 FOEREBHL
e, VTN ERFEETLIRY, 2L OGHETHHINE T,

FEANE metaclasses 2SR L TL 72 & W0,

XYy R
(XY v R) 7 I7ARKDOHFTERSINEL, 2D FADA Y AR ADEEE L THUH I8
B AV FEBAVAREYAA T 27 bRBE— I L LTRUIMD £9 (ZOFE—51FUIEHR self
CIENET), B ¥ RA SN O—T 3BT XN,

method resolution order
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(XY v FIERIEFE) BRRANCEIE S 5 AMRER T MBEINBIEFE TS, 2.3 LIED Python 1
R —T N ZXWMEHAT 2703 X LDFMNIZOWTIE The Python 2.3 Method Resolution Order %
ZHLTL7ZE W,

module
(£ 2—) Python O— FOMMEN YL LTEEBLATT 22 FTF, EY 2 — LIFEED
Python 7Y =7 b 2 EOHFZEMZRESL £, €Y 2 —ILd importing DAIRIZ X - T Python
W AAENE T,

NYT—2 Z2BRLTLIEZEWY,

module spec €
Pa—nNEue—-FI30RbNES Y R-MEHEOERET ZLHATZEM T, importlib.
machinery.ModuleSpec DA Y A X Y XA TT,

MRO
method resolution order ML T Z&E W,

mutable
(32—=RTN) I2—RTNRF TV M, id) ZEZ DI REEEETEES, 12—
2TI) B TLIZE W,

”

named tuple
BRI E R TN WS HEEIR. BTV ZHMELTNT, 4 VT v 7 AN S ERIIH LEMNZE-> T
D77 LA TEIMEEDHELY 7 RAICHINTVET, ZORIP Y 7 A IMOMEDFF> T3 Z
EHHHET,

time.localtime() % os.stat() DRV EZEZLWV L O DHAAARNIHFITE X T LT, fill
DL sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace
(HATZEME) BRSNS N 25T TT, ARIZERITFE Y L TEEINE T, LMzt 7Y s
FD (XYY FOD) ANFIZHR-7b DT TR, RFVRS O, KWL b D, 2L THAAALD
bONHD FT, ARIEMIZATOERES S ZLICE > TEY a— RS R—bT 5, Hl2 XL
builtins.open & os.open() WFHHTZEM TSN TVET, /. EOEY 2 —UH K ZHELE
LTWA2HART 2 Z 80k o THRTZERNIIATHME & R HEZ B L E5, B2, random.seed()
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% itertools.islice() £&EL ¥, ZNFNEY 2—)l random X itertools THEXNTWVWSE Z
EDHAS TS,

namespace package
(BRTZER AR =) TR Fr—=I0ary7Fe LTOAEMEINS PEP 420 TERI N
package TF o HHIZEM Sy =3 EN LR L FHFL RN e TE, __init__.py 774 V%
Filzi2 Wiz, regular package ¥ 1ZERLH F3,

module ZZHR L TL 72E W,

nested scope
(AR P ENTR =T ) SMITERIN TV L ERE ST 2HAET T, PRI, D 2 BRI DRI
DR TERINTVWEHE. NHOBBIIMIOBEBHOZ 2 SRTE LT, A A PSR a—
377 4V P TREROBRIETIHTE, ZRORAETERVOTERL TSV, B—AVER
F. ROAMDR a—FTEBEHGAEFE LET, A, 70— "VEHZMES & 7a— L%
BDE%EFiAEZ L L3, nonlocal THMIIOZEICEZIAD E T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,

only new-style classes could use Python’s newer, versatile features like __slots descriptors,

—_ —_—

properties, __getattribute__(), class methods, and static methods.

object
(A7 =7 b)) RE (BERHE) EBINLRLZIED (XYY F) 25208 TOT—%, d LI
RTCD HRAEAINT T X OFMOEES FADZ L,

package
(R T =) B TEI 2= NALHBNZY IRy r =2 &L 2 DK 2 module D& TT, &
FECiE, Sy 7 —21% __path__ BHE%Z D Python £ 7Y =27 + T3,
reqular package £ namespace package S L TL 12X W0,

parameter

(515 AR DFEET B (P XAV Y ) OERICBWTHEDIRIT 2 3|18 2HEELET. K
FIENCIZ S MDD 5

o MBXEIFF—T—F: IB THEIWE F—T7—F3H 2 LTET P TEL5IHERELE
Fo ZHUFZE ZIELLTD foo = bar DX ST, 77 4L b DRFIBOBEIETT:

[def func(foo, bar=None): ...

o NEHA: MBIZL->TDAGRZLNZGIBEIHEL T, MEHHDOTIET BEERDTIHEDV
APMDHTEZENLDRAIC / REDDIIETERTEET, HIZIETED posonlyl ¥ posonly2
EAEEAS TR D £3

[def func(posonlyl, posonly2, /, positional_or_keyword): ... }

o F—U—FER X¥—V-FNZLkoTOAERALNL5REEELES, ¥—V—-FEHDO5IEZ
EFRTELEIME. BT D kw_onlyl ° kw_only2 D X 512, BEERDIRTIEY A M
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BOAERMBET B E7IIHRD *+ DRTT:

[def func(arg, *, kw_onlyl, kw_only2): ...

o AIERME: (MOR5IE TR S NEREDMES BUIMZ T) (EEOEKOAES A5 2
LBNBZZeRIBELET. DX RIRFIEIZ. LITD args @ X 5 ARG IBH DRI * 2D 5
ETERTEET:

[def func(*args, **kwargs): ...

o HAERF—TU—F: (MORGIBTHICZT ONLEREDOF -V — FEEICMAT) EEOHEED
F—U—F5IEBBE5EZ5ND e EBEELET, 2D X5 RE5IEE. LOBD kwargs D X 51
IR IE L DR % BOIF B TERTEE T,

IRBIEEA T2 a v e EDB IO LS HHIEETE, 72 a5 HIZT 7+ LV MEBIEETE
\i\j—o

R51% . FAQ @ FE5|H e REIEDEWIXAI T 2? . inspect.Parameter 7 7 A, function 2
Pav, PEP 362 2L T ZEW,

path entry
path based finder 5 import § 3 €Y 2 —NEHFET import path £D 1 DDIFFFTT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) DR U7z finder TF . 52 b7z path
entry ITHBEY 2 —N%E BT HEEZH>TVWET,

NRALY M) =T 74 Y EMPFEETZ XY v FIZDOWTIE importlib.abc.PathEntryFinder %%
RLTIZE W,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

Ny

path based finder
7 AV D meta path finder ® 1D, €Y 2 =D import path ZHEKL £,

path-like object
(path-like 7 7 =227 b)) 77 ANVT AT LRAERLET, path-like 79 =7 Mid, RRA%ER
T str ATV bR bytes 7V =7 b, ¥£713 os.PathLike R b a L zFHE LA TP
7 FDENDTT, os.PathLike B FaLZHR—FLTWVWEA TS =2 NI os.fspath() %
MEOH ST Z 2T str $721F bytes DT 7 A LT AT LNRAZEHTEE T, os.fsdecode() ¥
os.fsencode() X ZNEH str H B WX bytes IKRDZDEMRIET 20X T, PEP 519 TE
ASNE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 3 2 =7 4 I8 L THERZIRET 2. H IV
Python OHFERER Z OBERLIRIFICOW TR T 2385 LFHTT, PEP &, #ERIZOWTOMERR
Bk L 1R R 3 2 8RE Dl (BER) ZIRR 2 NETT,
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PEP (3. #HSREDIRRICHh D5, a3 2 =7 4 I X B MEIREOEM & Python 1272 X5 i%EHRET
DNLEND-DDF iDL 722 2 2 2EMLTWES, PEP OFHICEaI a7 NOER
FERET >, KNERENENTEZ2LOBEBERHD T3,

PEP 1 22 L TLZE W,

portion
PEP 420 TEF XN TW5, namespace package BT 5. D7 7 A AW (zip 7 7 4 MITHEN
ENTWEHEDDHZ) 12074 L7 MV IISHE N D,

fiIB5 1% (positional argument) S

518 22T EW,

provisional API

(E3E API) #HES 4 75V ORIT HARERAL D SRHEIIICERA SN D DTS, 2D XS54 ¥ X —
T2 —ANDORKEREH X, BETH2 L INTOARHEITAFINTOWERTADL, a7HIEFICL-T
WE Y AU, BRTIEEMRLLEE (L VX —7 =2 —RADHIRETEEN D) HMTOIhAET, Z
DESBEBFZILRAITONS SDTIEH D FHA - AU API ZHAALENICIERE L ShTw»
TERBERMEHPBE L2 2ICOATDONE T,

PE APT IZoWThH, BABHMOLWERZ REFER LARINTHET, MERIHILZ
Ga TR AR IRISR R T RETT,

ORI ED, EBES A TS VIEMEERZ TS Vs — IRV LA SN E Z L,
R EZ TELZH O NE T, 5l PEP 411 2SR LT 7Z& W,

provisional package

provisional API ZZRLTLZE W,

Python 3000

Python 3.x VUV —ZX74 D=y 7 32— LT7T, (Python 3 BEWRRDFER o LEHI/ESNTF
T3, ) "Py3k” kx5 dHh 7,

Pythonic ftt

S C— kB Z T cEINIa— FTIER L. Python OFHZ—&INLA 74 F 2o 72 2
Hea— KA, #HlziE, Python O—fiN7 A 7 4 * LT for XEF-TA T I TILDITRNTOESE
WKE-TL—FLET, DZLDEFEBIIZOHHEAIITRND T, Python IZERTHZRWARD
DICBIED DY > R—=2 5 d L ERA:

for i in range(len(food)):
print (food[il)

ZAuTH L. Ehwiz Pythonic 72 Akl

for piece in food:

print(piece)

qualified name

(Bffith) £ 2 —lDIZB— ULRA=T N0, ZOEY 2 —LTERINII TR, BB XV v R
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AD, VR BRT Py MR T, PEP 3155 TEBEINTVET, My FLRLOBEERY 5
AT, BEiZEA 727 FOLEILREICTT:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

ot
>>> C.D.__qualname__
'C.D!'

>>> C.D.meth.__qualname__
'C.D.meth'

EYV 2 - AANDOBETEDLND &, TRIEMB (fully qualified name) ZFTXTOFAR Yy Fr —I % &L
2D Fy MK, HlZIL email.mime.text ZEKL F 3

>>> import email.mime.text
>>> email .mime.text. name _

'email.mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it
is deallocated. Some objects are immortal and have reference counts that are never modified,
and therefore the objects are never deallocated. Reference counting is generally not visible to
Python code, but it is a key element of the C'Python implementation. Programmers can call the

sys.getrefcount () function to return the reference count for a particular object.

regular package =
M7, __init__.py 77 AVEZELT 4 L2 MY LTD packages

namespace package BB L TL 72 E W0,

slots z
FANTDEFTT, A VARV AEEOHEBEDHOPUDERLTEE, £ VRAXVAFELHRT 2
2T, ABVZHNLES, ZhUI L EbNET7 7=y 7 TIP, ELLFEIEFHPLIY v F—
BROT, Wk —A, BIZIZXEVDHEREL REZ7 TV —>a vy TA VAR Y ANKEICTEET
5, LWVokt FRIRE. FDOLRVDBRR T,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__()
special method and defines a __len__() method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__() and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

—_— ) ——
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__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(R EWNTKED) iterable NORTH 2 WIF—EHOEZZWUH L T, ZOME» SR L2EEEZRTa Y
N MREEHFTT, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ F 3 ¥,
{'r', 'd'} LW XFHNDOEFEEEMRL FF, comprehensions ZH L TL 72X,

single dispatch
generic function D—FETEREIZ—DOO5[BOBRIC L DFRENE T,

slice
(RF4R) —MC Y= VR O—BEGDA TV =2 bo RT4 R, WFED [1 THASNH
BoFoicaarye2EL e TELNE T, IR, variable_name[1:3:5] T3, AN ((R"F)
FLHE slice A7V =7 b EWEHTHHAL TVWE T,

soft deprecated A

soft deprecation can be used when using an API which should no longer be used to write new
code, but it remains safe to continue using it in existing code. The API remains documented and

tested, but will not be developed further (no enhancement).

The main difference between a ”soft” and a (regular) "hard” deprecation is that the soft deprecation

does not imply scheduling the removal of the deprecated API.
Another difference is that a soft deprecation does not issue a warning.
See PEP 387: Soft Deprecation.

special method
Rk X Y v ¥) & 2 BNRE D BIE. BIZEXMEZ 3 % 72912 Python 7 HHEEICIFOHH E 5 X
Yy Fo ZOBEDXY v Fid, XYy FEORHIERRIZT Y X =237 2 003200 TWET, Kk
XYV v FIZOWTIX specialnames TSN TWE T,

statement
L) XWEAA =1+ (A=FD”" 78y ") TAAIRBERTT, X kX 22X —T—-FhroHEand
HODEHLBLMTT, BEFICIE if. while. for 23H D T3,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In
Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the

Py_DECREF() function must be called on the strong reference before exiting the scope of the
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strong reference, to avoid leaking one reference.

See also borrowed reference.

text encoding A

text file

string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To store or

transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as ”encoding”, and recreating the string from

the sequence of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as "text

encodings”.

(TXFAPMNI7AN) st ATI 27 M EHAFEETES file object TS, LIFLIE, 7FA M7 74
JNEEBRZAAL MERAIO T =X A M) =LA77 A L, TFALIYO—T 1 25 ZHBITY
3, 7¥A L7 74 VDHNI. sys.stdin, sys.stdout, io.Stringl0 £ Y AX Y ARE % T F A
FE=F ('r' or 'w') THHWAEZZ 74 L TT,

bytes-like 7T TV b BRAZBETEZ 77 ANVF T 27 MZOWTIER, NAMFUT71IL 35
JRL T &,

triple-quoted string

(ZEHZ +— b)) 300ERE L7227 +— bids (7)) 7R va 7 4 — () THERXFH, @
WD (—H) 74— P XFINTHRTRITE 2 XFINTENEZD D AN, EOrOHHTHAHT
T, 1002008 LY 4 — FLBRZ IR —THMUICES 2B TEFT L. 1T#ECF (\) &
FEDLRLTHEBUATICELDZ N TELZDT, FFa Xy T —a Y iHleE IR ER
T,

type
(F]) Python 7 7Y 27 FOREA T 2 7 M B EDEI RO RRDET, HOHWEA T b
WBEIZR > TWVWET, 79227 FOBENE __class__  BHET7Z 7R L7%D, type(obj) THIHL
72O HRES,

type alias

(B4 V7 R) Bopltc, Bzl IcRALTERL T,

R4y 7R3 Ber b Z2HMLT 2DICHHATTY, HlZI:

def remove_gray_shades(
colors: list([tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

ZHERDEIICEDFHEAPT S TEEZI:

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass
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HEREDFADIH 5 typing & PEP 484 2ZHR L TL1Z& W,

type hint
(e > V) 28, 2 5 RRME BIED <5 A — X0 D ORI S N2 EET 5 annotation TF,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

sa—NLVER 77 AEME BEBT, -2 ZEHTHRVWBIODOE L Y M typing.
get_type_hints() THRTZ %73,

FEEEDFIHD H % typing ¥ PEP 484 2L T 7FX W,

universal newlines 7
FAFAMY) —LDBFIED—DT, UTOFTRTEITREEML £ 5 Unix OIFTRHE "\n'\
Windows OHFIE '\r\n'. &\ Macintosh OFE '\r's FIAEICOVWTFHFLIE PEP 278 &
PEP 3116 . X5I(C bytes.splitlines() »SML TL X\,

variable annotation
(BT ) T7—>ay) BHEDHE0NE7 7 RBEED annotation .

ZRDHHNE 7 7 AREICERZH 728 23, AARPRERTT:

class C: J

field: 'annotation'

BT 7 T7—ra iF@EZ EEYE ODEONET: fIZE ZOZEKIT int DEZIS Z &

PRI TVWET:
[count: int = 0 ]

ZRT 7 T— a2 ORI OWTIE annassign HiCEH L TWE T,

KEEDFBADIH 5 function annotation, PEP 484 , PEP 526 #ZMR LT Z& W, ¥/, 7/ T7—
avERHTAERANTSTS 77 4 A2 LT annotations-howto H SR L TL 2w,

virtual environment
(IRARSEE) WYl D B S M 7= 92T BT ¥, ZAUC KD Python 2—H & 77U 7 —3 3 VA
U AT 5 ETEHINTWSMO Python 7 7V 7 —> a2 YOBEENCTFH T2 Z 2742 < Python Sy
T—IDA VAN EEREIT) ZENTEET,

venv ZZHAL TLZ& W,

virtual machine
(e v) ERICY 7 P Y 2 7K D ERESNZa Y ¥ a—&, Python O~ Yk, A4+
a—FayL SBRHALE NM FO—F 2EZFTLET,

Zen of Python
(Python @1&D) Python #HfE LFIHS 2 L TOEZ 7%, Python OFETREIE FH¥%Z VA MZ
L7bDTY, Mahiv > 7 T 7import this” €32 ZDYRAMEHDET,
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CORFaAXYMIDOWVT

COFFaXyME Python D FFaX v 2FEZEHNE L TESLNAL FXFaxXy ooy oD
Sphinx Z#H|fH LT, reStructuredText B DY — 2 54EMRXNE LT,

FFaxXx>bezoy - #HoOBREIX, Python B L FRRICTEEICRI YT 4 7TOEHNTT, b LHKREN
B LWL, YO LI TRIEEWVHNIZDOWT reporting-bugs R—I 2 ZEFE W, HTILWLWKRT VT 4
FTIFVOTHEGTY! GRIE: HAZEROMEIZOWTIE, GitHub £ ® Issue Tracker THiE 2 BE WL
i‘j—o)
EPNIRRT R

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FrOIERET, FFaXr D%

CEEEF L
e Docutils 7B Y =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

e Fredrik Lundh @ Alternative Python Reference 7022 =7 b 225 Sphinx 32 D74 T 7215 %
L7,

B.1 Python RF¥aX> b+ BEtE

%< DF 4P Python §if. Python #5475V, ZLT Python F¥aX>7—>a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEARNTTIEH D 30V X b
7y 7L THHET,

Python 2 2 2=7 4 25 DIEHRBE L BRI ZDORBEL LV R Fa X v 7—rayidEFhEEA
Tl -HhHHLS!
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C.1 Python DFESE

Python (& 1990 D4, * F >~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZH) T Guido van Rossum I & 5T ABC &IHIN 2 SiEOBMSEEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWE F2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido 1 &KEY 7 =Y =7M 1L X + > i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ Zi) T Python OBFEICHED D, W D2hrDNN=Jar%2 VY —-RALE
L7z

2000 F 3 H. Guido & Python @ 2 7B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FE 10 H, PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH) 12D £ L7, Z LT 2001 4. Python 2B 2 HINMEZIRE T 270D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ ZH) 23256 B L7z,
Z D ¥ & Zope Corporation (¥ PSF O¥EBI&BIck b E L7,

Python OV VY —R@3ETH -V V- (=72 YV —RXDEFKIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERINICAT, T —HZRIZL A LD Python VY —2R1& GPL A#IZRo TV T; %
VY —ZARDVTUIFTRICKEDTHD £,

JJy—2 N—2 )23 il GPL Hix
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DIRE 2.1.1 2001-3ifE PSF yes
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FMR: TGPL Aty 25 ERBIX, Python 78 GPL TEHHAZNTWBE 2 WHEKTIEH D £ A, Python
D4y RAFLT, GPL 2BV, ZELEANA—Y a VERMATARICEEL2F—F Y —RI2LRLTH
PEVWERA, GPL HE:F DS A4 Y ZADF T, GPL TY VU —X2ZNTWABflidY 7 hY =7 & Python %
MHAeEbELNETY, ZNLHD T4 LV ATIEZSTIEDD A,

Guido RO T, TNHDVV—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed

under the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code
falling under that license. See Licenses and Acknowledgements for Incorporated Software for an incom-

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.13.0a5

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.13.0ab software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.13.0ab alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.0ab alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.13.0a5 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python

3.13.0a5.

4. PSF is making Python 3.13.0ab available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.13.0ab5 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.0ab

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0a5, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any relationship

of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

. By copying, installing or otherwise using Python 3.13.0a5, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

. BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(RDR=V ki)
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(FiDR— 25 D %)
5. This License Agreement will automatically terminate upon a material breach of
its terms and conditioms.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
(RDR—=V ki)
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5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.13.0a5
DOCUMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the

verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
(RDOR=V ki)
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permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VYT7wvhk

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

(RDR=V ki)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR

(RDR=V ki)
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ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
(RDR=12Hi)
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both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select EY 2 —E kqueue £ Y Z— 7 2 — ROV TDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~~AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(RDR—T12HE )
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK K
*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*
*
*
*
* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

(RDR=V ki)
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or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ssl use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a
copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0

release, and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but

not limited to compiled object code, generated documentation,
(RDR=V ki)
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and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a

cross—-claim or counterclaim in a lawsuit) alleging that the Work

(RDOR=V1FiL)

118 1% C & B 1€



Extending and Embedding Python, 'J1J—X 3.13.0a5

(FiDR— 25 D %)
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditionms:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.

Notwithstanding the above, nothing herein shall supersede or modify
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
““Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "°“AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
(RDR=V ki)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictionms:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.
3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THH L TW3 Ny ¥ a5 — 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOEF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
(RDR=V ki)
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notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured --with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR=V ki)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 mimalloc

MIT License
Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the "Software”), to deal in the Software without restriction, including without
limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the
Software, and to permit persons to whom the Software is furnished to do so, subject to the following

conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial

portions 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, ARIS-
ING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following 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.3.21 Global Unbounded Sequences (GUS)

The file Python/qgsbr.c is adapted from FreeBSD’s ”Global Unbounded Sequences” safe memory recla-

mation scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeffQ@FreeBSD.org>

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 unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ~“AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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