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ZORFaXYPFTlE Python 4 Y&V VY REHIRT D2HLVWES 2— 1% T C $£71F C++ TELA
BEERHLTOVET, COEIREY 2L TEHFLVEBEERT 2720 TIERL, HLLWEP, 2O X
Vo RZERTHIENTEET, FFaX Y TEIMD7 7V —2> 3 > T Python ZHRRSEFEE LT
T 572012, Python f Y X TV X %E7 FVr—3 a VDAL HECOWT @R LT, REIC. TE
DARVL =T 4 YT RT ADEN (EITHRE) v — FZ2HKR—F L T0IUR, TEREY 2 — DB T A4 7
SVWCE—RFENB LI, EV 2B URLNALY 2T 3HECOVTHERLET,

ZDRFaXy T, #EE Python ICOWTERBIIRAGZRBEHLETVWEIIDLRELTVWET, B
A 5% Python FFED AFNCIE. tutorial-index Z#HiA T < 72 &\, reference-index Z#Hi® X, Python
SRBICOVWT XA REREEONE T, F7, library-index Tld, Python IZEVEAHIEZ 7261

TWAEFEOA 7Y =7 M B, BXU (flAAA. BXU Python TEPNZD DD ST D) £ 2 —
MZDOWTHREH L TVE T,

Python/C API 2D LWEHHIZ. AIO FF 2 X2 M TH B, capi-index ZZEL T ZE W,
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EITITHOHY—FN—FT1Y—I

ZDHA EHBHIN—FTZDIE. ZD A=Y 2D CPython D—f ¥ L TR TWB, IERE/ERT 572
DDHEARW Y — L2 TF, Cython, cffi, SWIG, Numba D X 5 %% — K 8—F 4 Y —iLiZ, Python ®
CBIY C++ IRZER T 270D, X DHEEIrO X DEMEINLFEZREL 23,

2E

Python Packaging User Guide: Binary Extensions

Python Packaging User Guide (&N 1 7V HEER OE A B2 72 2 R 72 Y — % A N—= LTV
BRI TIRRL ETMDIAREIIREY 2 — NV 2MED T EHEE LWV DR & RERENC DWW THE
MLTVET,



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




TWO

B—RN—T1YV—ILG& L THRZES

HA RDZDEHTIEY — F—F 4 V— L OMELIC C BLY C++ WERZER T3 HEZHHAL 3,
CHZHETBHED CHREERT2BTTHOHELWVWS DD, FXZENLDY — L BERT 2 ARTD
HDTI,

2.1 C ® C++ IC& 3 Python DR

C7ur7r0EEXHEH>TWARS, Python IH7ZRMHARAAEY 2 —LEBMT2DIEEHO THH
TTo ZOFREY 22—, PWEREY 2 —)L (extension module) %5 . Python DEHFETZ VD
DI HLVWHABRAAF TV 27 bDFE ZLTETD C 74 77 VHBE S AT 53— IZHT 5T
CHL. BTEBZ LSRR D ET,

JEREY 2 =Y R— T 5729, Python API (Application Programmer’s Interface) Tld—# 0D BI%L,
~7uBLOEHERMELTWT, Python 7Y 24 LAY AT LDIEL ALY DUEAD T 7 2ZFEERA L
TWETF, Python API i, ~v & "Python.h" 24 ¥ 27N —RLT C V—RIZWHIAAET,

JEREY 2 =D a Y RANVTTREZ, EY 2 —VOHERY A7 LADOBETRIKTF L I, FfllldkoFET
ST L £95

AR

CHRDA & —7 2 4 R CPython KEHEDSDTH D, ZIUT X BHIIREY 2 — M iEH D Python
FETRIMNEL ERA. ZLDEE. CIHEEZEL 2L Z2BITTIEH D Python EHD 7= 1M % i
RT3 ZLAMRET T, 72 2L, HREDBLEVIED C 574 77 VOB Y A7 43— L2 EOH
T THEHE. ctypes HE2WVE cffi T4 77 VDHHEMREFTIARNETT, ZNOHDEY 2—1iE C
a—Fe AR =724 AL, CIHEEZBVTI I RL LT 3 DIZEEANT Python M D & h @\WEHE
%% b o7z Python 2 — FEHELETINFET,


https://cffi.readthedocs.io/
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2.1.1 HELH

spam (Monty Python 7 7 YO TFR) L WIHODIGRES 2 — A ZERT 2 2ICLT. C 7475V
BIEL system() 12X 2 Python £ ¥ X —7 = A ZEAER LIV LET, 1 2O null THRIHX AL
¥x 77 XFH G e D, BREELET., COBBELITRO X S5I2L T Python 225 0HE S &5
Ll7znwe LT,

>>> import spam

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

%7913 spammodule.c ZIEMT 2 TADLMDET, (IGHtL LT, spam & WO ARTDEY 2 — L ZERK
TEHE. EYa—VOFEEN A7 C 77 4% spammodule.c EFFRZ LIZ/8 o> TWVWET; spammify
DEISICRTEZEY 2 —NVADEHEITIE, HIC spammify.c ICHTEET, )

ZDT7 7 ANDERAID 2T TDE ST LET:

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

2T, Python APT #BDAAET (BER B, B 2 — Lo MRICHET 5 5%, EEERTEENL
e )

AR

Python (. Y AT AKX o TIEEANY XDOERISHET LI LB T7) Tty B ERET->TWVED
T, Python.h ZWVWTNDIEENY XX D BHNCA 71— F BREBDEFEA

#define PY_SSIZE_T_CLEAN (%, W< D22 ® API T int Df\H DIZ Py_ssize_t 2MFEHILEZNET
H2BZrERTEDIHELNTOE Lz, 24U Python 3.13 IBETIEAE L 2 b F L7225, &AM
DIDITHRFEINTVET, 2O~ 7 eDitlHl arg-parsing-string-and-buffers 12H D 3,

Python.h TERINTVEZI—FLSAHO S VAWK, & CTHEEE Py £721& PY BffvTuwE s, 77
L. FEANY X7 7 A VHNOERBRE T, lifDd L, Python WTIREIZES 2 &i2kxs w5
B2 5. "Python.h" [ FWL DD DEFEHEAN Y X7 7 4 )L <stdio.h> . <string.h> . <errno.h> ., B X
<stdlib.h> A Y7L —FRLTVWET, BREDANY X T 7 A AT AT 4 FIZ7F4UE, "Python.h" AR
B malloc() . free() B LU realloc() ZHEHEWEREL £,

RIZT 7 4 MBS 2 NAEE. Python 3 spam.system(string) ZFHilid 2 BRICFEOH I 2 Z 22k
% CBETT (ZOBBERMAINCED XSO THIE. BTT SO D ET):

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

const char *command;

(RDR—=T12Hi L)

1 ZOBBADA VR —T7 2 —RFTTIHEEEY 2 — )L os IZHD FT — ZOBMEEALDIZ, BMTEENZHZRLEW
METE

6 F2E HY—FN—ToV—ILL L THERZES
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(FiDR— 25 D %)

int sts;

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

return PyLong_FromLong(sts) ;

Z 2T, Python OF1%V R b (BlzF, H—oX "1s -1") 225 C BBICE TR ZO L L TV
¥9, C BEBIR R Zo05|#zHb. EEHIC self BXY args EMIINET,

self FIEUCIE, BV 2 — VLNV DOBBRTHIUIED 2 =0, XAV v RIZIEA 727 b YRRV ADE
ENET,

args 51EUE. 51D A 272 Python RN FA T 27 bADKRA Y RIZHEDET, XS LVANOFERIZ,
MO L OBEOGIE Y R MBI 285 1BICHIG L $3, 51803 Python # 72 =2 F T3 - C BT
SIBEM - T2 ETIIRE. A 7927 8> 5 C OEIREHEEQER D FH4 A, Python APT OB%L
PyArg_ParseTuple() 3518 D& %2 F = v 7 L, C DEHICZE#L £ 3, PyArg_ParseTuple() &7 ¥ L —
FXFEH RS T, 5IA 7Y 27 Py Il ANS C ZBOBEZHHIL$T, ZhiZon
TIERTHLIHHAL £7,

PyArg_ParseTuple() &, ®TOGIEMBELWRZE > TWT, 7 FLRAEL SN EBUCKT I HEEE
RELLEZICE (JiEn) ZIRLEY, ZOBBBAIELRGIBY A M 2EST M (En) ZRLET, BRED
S, BRIEYspN Rt 3 20T LA (BlicdH 2 L 512) I NULL Z2iRF X512l T
{TZE W,

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 T, BALREDFINELY b T E2DDBKEVOPERLTVETD,

HordEHOWLENEDIX PyErr_SetString() T, 5IHEHINA 7Y 22 b C XFHITY, HlsA
7Y =7 MIEE. PyExc_ZeroDivisionError D X D REREADL 7P 27 FTF, C XFHILF—
DFEEZR L. Python XFHA 7Y = 7 MZEBE N THIND 7 (HEE” ITRESNE T,

b 5 —OHFMALRBESE LT PyErr_SetFromErrno() 25 b ¥£3, TS IEIcHINZT 2 D, (TEE
F7 0 — VR errno POMEL F3, b o & SIHNRBEEIL PyErr_SetObject() T, Z=D20D 47
Tz b, I ENEEZTIBICE D $F, ThSBEBICE S A 7Y =7 M2 Py_INCREF() %5 HEd
HYHEEA

By P INTWEDE S hid, PyErr_Occurred() % fifio TIERMHEMICHANSO N FE T, Z OBEIIHA
2.1. C % C++ I2&3 Python DILEER 7
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EOHNA TS 27 P 2R L ET, FIASFREL TOWRWEEEICIE NULL 2R L 29, @EiE. BEHRoRED M
POITT —DBREELZPEHHITE 213372 D T, PyErr_Occurred() 2MUHTHEIED D FHA,

BIEL g ZMPOCHT f 25, RIE OBIROM U LICKR L7z 2 e 23 5 &, f BiRIZ= 7 —ff (K#KiZ NULL
% -1) ZRXRERD EF¥ A, L L, PyErr_x BB OWIT L Z NN THEL HD FHA - RER
5. g MITTRMUHLTWE NS TT, RWT f 2FUCHLEZa—-Fb 7 —%2R3HE BS5ZFUHL
=R GRT 2R 35, FARIC PyErr_x X MU LEFRA . UTAMKICHEET — 25—
BRBFELVWEHEZ, B s — 2K LRSS TIHRELTWE 25T, =5 — Python £ &7
VREDRAA U —FIEET 2 b, BEFEITHO Python 22— RIZ—K51E L, Python 7n 27 5<h45E L
BN FIRHELEZES L LET,

(Y 2—2 PyErr_* B2 & 5 —EMUOH LT, DRI X v - %R M3 2 X 5 KA1 H
DET, ZOXIBRKRATIEZI TARETT, 2iFvix, —MRHEAIE LTE, ZOBBEMED NS
WENZZ K, LD TR T —DFEKNICEET 2 HRZ RO MRICEDABTS: ZHUTED, FE AL OHRME
DIRRA IR HEHP HRBT 200 LILEEA)

H LB L TOMHDRBIC L 5Ty P pIF 2 S 21213, PyErr_Clear () ZFFUNH LT
BISREEZ I RANCIHE LR TR AR D FR A, T7—%2 A4 VX7 ZIZFE LR, BETT (2t
DIEEZTo7D, MBEISRP oD EICHEP T2 L57%) =7 —UHEZZERITIHEITDA,
PyErr_Clear) ZM-UHT X5 ITFRETT,

malloc() DIFRH LRHUR, FITHIAMT LR TIFR D £¥A - malloc() (%7213 realloc()) % EHENT
O L TWw3 a— Fid, PyErr_NoMemory () ZM-UH LT, KMEZRITEZRIRIIRD EFRA, A7V
b E2ARRT 2 2 TORE (213 PyLong_FromLong()) {& PyErr_NoMemory() OM-UHI L ZEFHTL %
5> DT, ZOMAIDBEIRT 2 DIXESE malloc() IS a— FZFTT,

¥ 7. PyArg_ParseTuple() &\ 5 EHERFINZFROT, BEDIRE 2 — FE2RTBEKIZ/ VT, Unix O
AT L=V, MEDPR L ZBRICiEY e E2EEOEEIR L, KR LZGEICE -1 2 RLET,

BB, T —BUREZRIERC, (27 —0RBETIETIBICAERLTLE AT 27 PIIHfLT
Py_XDECREF () % Py_DECREF() ZM-UH L T) ZANEEFEELIToTLZEW!

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.

ED 2 — LEBOH AN D ERTEET, ERIT 2L, EEIET 7 A VOLEHEBNEN AT 2D
FEBOEERITWETS:

[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)

(RDR—=T12Hi <)
8 F2EY—FN—T14 V-G LTHEREZESD
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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 DGR 9
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2.1.3 BlICES

HIFEDOBEBOHNCR 2 v, SEEUTOERTIEHETE 31T TT:

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 () T XFH%Z 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) ;

EoGETE, BEAT7 27 PRIRLE T, (25, BHTY S, Python KEWTiEdk -7 EDF 7Y =2
FroTH!)

il S G728 S 700 (void %3R3 BIE) 1253 % Python DBIEUI None ZiRSAIFRD FH Ao
BIEIC None ZIRSH 21213, U T XS 2BEHAZEWE T (Z DB X Py_RETURN_NONE ¥ 2 BIZHE
EXRTVET):

Py_INCREF (Py_None) ;
return Py_None;

Py_None 355k7% Pyhton 7Y =2 F TH 3 None IZHIiET 2 C TOHRTT, TNETRTERELS
WIELAYDOaYTHF AT 7" T5—" 2EKT % NULL KA ¥ X 2 IXE WV, None 1X#lift72 Python D4 7
SECAS &

2.1.4 EZa—ILDOXYVy RT—T )L YIHEAMLEEE

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."},

(RD<—12Hi <)

10 F2E HY—FN—ToV—I L L THERZES
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(FiDR— 25 D %)
{NULL, NULL, O, NULL} /* Sentinel */
g

VAMEFZD=DHODIZ Y MY (METH_VARARGS) IZIHEEL T L&V, ZOT ¥ FVIE. C BEDMES I
CHLEWEA YR TVRICBEZ DD 757 TT, @ ZDfEIEX METH_VARARGS %» METH_VARARGS |
METH_KEYWORDS DX 3 CF; 0 1XIHIND PyArg_ParseTuple() DZ{bE A HLIN 2 Z v ZEIKL 3,

METH_VARARGS 7213 %2554, C BIEZ. Python L)L TD5 |44 PyArg_ParseTuple() 2ZHTX 3
XTIVDIEATEINS D LIELRIFIUIRD FXA; ZOBEBICOWTOFMIE N 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 =T MFEY 2 - VERDOHEERR 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 DR 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);

12 F2EY—FN—T14 V-G LTHEREZESD
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AR

H—p 7t 2N (£721F fork() D exec() BMAL TWRWIREE) 2B 28B4 > 2 7Y &I
BUWT, sys.modules 26T P Y ZBREL L DFiZiza Y A VIEAEY 2 — /L% import L7zDF 2
L HREY 2 — MWK o TIEMEZETC 2 2 DH D £, HIREY 2 —LOIEEIE. NET — 28
2L T 2BRCE K K SHDTRETT,

X O EENLZEY 2 —AHfllE. Python ¥ —RBEAAYIC Modules/xxmodule.c £ WO AR TA-> TVWET,
D7 7ANET 7L — b LTHBHMTEEZTL, BIZhlE LTHEDE T,

AR

xmodule % spam & %7 D ZERFEMIRAL (multi-phase initialization (Python 3.5 OHitkRE) Zffi-> T
WZE T, PyInit_spam %% PyModuleDef %R L. €Y 2 —/LDERIIHEIC import ATV E T, ZE
FEIHMEIC O W T DRHE PEP 489 22 LT EE W,

215 a1 I >

HLUWIEIREY 2 — V222 X512 ET, L ODME#: a4k, Python ¥ AT LA DY ¥
7. BPE-oTVET, BHAAA (dynamic loading) 2> TW2 D45, EEDOFEMIEETDS AT L0
o TVWAHMFAAADIERICEI > TEDLZ D LNFRA; LG WREY 2—-1LOELRICET 3
B (CHELY C++ RO EILF F) . Windows IZB1F 5 L FIZBFRT 2 B8INMEROE (Windows £
TD CHEFV C++ RED2—ILOEILFR E) 2SR L TLIZE W,

BNt AABEEZ 572D Y 2 =% HER Python 4 ¥ X7V ZO—FIZ L TBEL0WHEIE, A
YETVROEN RFREEZEBELTHEL R LRTIUER SRS TL x5, Unix TIE, EHlERIICZ
DIEEIZE THHMTT: BICAEFDOEY 2 =17 7 4 (Bl Z1E spammodule.c) % B L 7Y — ALY
@ Modules/ 74 L7 + VIZEE, Modules/Setup.local ICHZATD 7 7 4 M EFHIAT 2L FO—1T:

{spam spammodule.o J

EFBMLT, Py 7L RADFT 4 L2 YT make #ETLT, A YR TFVXEHELRTZEZI T,
Modules/ #7574 L 27 b U T% make #EITTEETH, Hid o T 'make Makefile’ #5EfTL T Makefile
FFUL R LTEPRIFIUIES D 8 A, (ZOMEIE Setup 7 7 A VELET 37 ICAETT, )

ED2-—ADHDITA4TI7VEY I INTVEIRENRDLIHE. 74T 7 VDBRET 7 A VIHNIETEX
T BIZIEATDESITLE T,

2.1. C % C++ I2&3 Python DGR 13
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[spam spammodule.o -1X11 }

2.1.6 C »5 Python FAZIFUHT

ZNFE T, Python 226D C BABOMUH LICEREZEVWTARTEFE Lz, 2ZATIDH: C 250D
Python BABODOMFUIHL D E/FHTI, bt WbwWwd " a—iNy 7” BlEYR- T 2X5K7
4770 RERT 2BICEZ OBBEDNER TS, 2 CA VX —Tz—APa—ANy Z7EFHLTWSE
. FFOEE TRt T % Python 22— FTIX, LIELIE Python v 2 I =ica— Ny 72 S
BRERHHET, ZOL ERETIZ, C TErNZa—ANy ZEHA S Python TErNTza—n8y 2
BB ZIT T KO ICT2REDRDHETLE I, bHbAHA. HOHRDEZILNE T,

SEE# A Z 21, Python A4 ¥ &2 7V X3 HEICHIFMEOH LTE, Python BIZEMUIH T2 DFHEAL >~
B—=7x—=RAbHDEF, (Python $—FZRED AN F 2 o THOHTTEICOWTEHHT 208 DI
HHFERA — ZOFEICHIEND 54 5, Python Y — 23— FD Modules/main.c iZHb, a~<v> KA
VAT ay -c DFEEEZRTILEIW)

Python BN UIH LIFFHETI, £3. COa—RINLTa—INy 725 L LS T 5 Python 7
0277 aE, M52DHET Python ORAA 7Y 227 F REIRIERD F¥A, DD, a—AN Ny D
BB (X723 20D A 2 =7 =2 —R) ZEHEERIERD FEA. 2D — Ny ZEFREEDIEN
IhBRic, 5lZE XNz Python A 72 = 7 bADRA VX E 70— VBRI — HE0VE, ¥ Id
YRGB —— RIFLE T (BEcH 7Y =2 % Py_INCREF() $5 &5 K EELTL XV, flziX,
TR ESHREEDEY 2 — LDl TWBEZETL & S:

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 */
/* Botilerplate to return "None" */
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
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arguments are documented in section #i5REY 1 — LB T D /NS X X EFH.

Py_XINCREF() B XU Py_XDECREF() &, A 7Y =2 MIWFTEBRAIV U b EA VT UR YN/ TR
YIFF B0 T, NULL KA VAP EINTHRBBETZIHEATT (idvwi, FofnTtid
temp 25 NULL 2722 22 &HH FHA), ZOHDT 7R BRI Y Y MZOWTIE, BBAD Y E Tl
BALTWET,

ZOH%. A=Ay ZEBEMCH TR RZ &, C %L PyObject_CallObject() ZFEUNHLE T, Z O
BAEICIZ =2 D58 Python By Python BAED5IE YV A b 3H D, WIHBEED Python 7Y =
FERTRA VX TT, 5BV RAMIBIXINATI 27 P TRINVERS T, ZORIEFIHOECK
D %5, Python B 51507 L CHOHE DR S, NULL ZEDX SV EEL %3 B—o5 |5 clEiE R
H3oiks, HERE (singleton) DX F)LEEL 5, Py_BuildValue() OFXCFHIFIC, ¥
—fEH LoERa— FA o AEND D 258, COBBIEE T2 RLET, UINchlZRL 3

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 bADKRA Y X&KL EF: 24U Python B HDED
fEiZ72 D %¥§, PyObject_CallObject () (&, FIHUTH LT ” A w7 >~ FHIIL (reference-count- neutral)”
T3, LOBITIREZ IV ZAERLTIEEY A P LTIRELTE D, 2D X713 PyObject_CallObject ()
DI UE&IC Py_DECREF() XN TWVWET,

PyObject_CallObject) IRV MEX LT "H LW’ A7V =7 b: FHIHMER SN ATV 22 b, BF
DF TPz VDBBITV U VA VI VRA VM LESDERLET, oT, ZOA 7YV zr b2l u—N
NEBZRFELZWDOTROWHAED, R ZZORDVEICHEHKESR TS (LA, 25 THIRBE H))
B LDHETREREA 7Y =27 % Py_DECREF() LARIFIUIRD XA,

Wz, REDfE% Py_DECREF() T 2H1CIX, fHAY NULL THRWAF v 7 L TEL ZeDPEETT, dL
NULL 72 &, FECUCH U7z Python BABUIHIANZEH L TR T X85 TWE T, PyObject_CallObject() %
IEOH L TWwW3 a— FEAED £/ Python 22 6FFFHEN TV 2O THIUE, SEIEX C a— RAESETS
HLTW3 Python 22— RIZT T —EURERR IR D FHA, ZRUTED, A VX TV RIERARY 7 b
L—2%HH LD, BISNELIET 2729D Python 2— FZFECH LD TE %5, FIS 0% R
72oZeb. LK RWVDIRR5, PyErr_Clear ) ZIMFATHINZHEEL TELRERD A, FIZIZUTO
Lo LET:

if (result == NULL)

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

Python 2 = A Ny JEBEZECARA VY EZ =T 2R LEVIPIRE-o T IRV A%
2.1. C % C++ I2&3 Python DGR 15
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PyObject_CallObject() ICHARUTNE RO WVWHEESDHD T, H25 7 —RATiE. a—1 Ny 7K
EHELLDERILA YEZ =72 —XZNL T, 5IBYVRAPBEINTVEI0S LOAEEA, FHIOF—
AT HILWE TV ZHEEL TRV A M 2EI QRO RVrD LA ERA, ZOHGRLEHLDIX
Py_BuildValue() ZMRD S TT, HlIRIE BEOARNY ba—-RFE2ELLZTE UTFTOXS5ka—F
EHES Z2ICRBTLE D:

PyObject *arglist;

arglist = Py_BuildValue("(1)", eventcode);
result = PyObject_CallObject(my_callback, arglist);
Py_DECREF (arglist) ;
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

Py_DECREF (arglist) MM LOERE, =7 —F = v 7 XD HHNCEINTNS ZEIFERELTLZEW!
T BEICE XX, 20a—FIZEETEH D FHA: Py_BuildValue) EXEVARRICBLEWE b L
NF, Frzv I L TBIRETT,

WH DGR ¥ —7— F5$E S R— 3% PyObject_Call() %o T, F—7— F5[5%E kS BEBOEUH
LET2Ze0TEET, LORIZFAL X512, Py_BuildValue() ZfE- THEEZIED £73,

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 #ERED 2 —IILEAETONS XX EH

PyArg ParseTuple() BIIIU T O LS WCEEENTWET:

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

518 arg 13 C BA%2> 5 Python KEENZ5[MV A MR AKX INATI =7 b TRITUIRD XA,
format 51EFFEALFEF| T, Python/C AP1 V7 7 LY A<= a2 7LD arg-parsing TRF XN TV 2 HIL
WKHEDLRARRD FE A, RD D5, ZhZhOZEHD 7 FL AT, FUFHN»HRE 2B o TV
AR D TR A

PyArg_ParseTuple() % Python {255 2 5 N5 BBRLERINCKR > TV B 2HFHNZ DK L,
PyArg_ParseTuple() WM LORIE L C EZHD 7 FLADZEMREZFO2FARL ARV
CERFEELTALZEWV: ZZTHEWRZLETE, a— 227y >ad2hdbLERAL, PREDHT
oDy PEAEVICEEELTLIEVE Y, [HE!
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MEOHUANCREEh 24 70 27 bADSIRIZTART 8H S8 (borrowed reference) I H £3; Zhd
DATI 27 VOSBRIV M 2T 7YX FLTIRD EHAI

RiCWL o0 rH LAIZRL £5:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int ok;

int i, j;

long k, 1;
const char *s;

Py_ssize_t size;

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

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 1S 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 */
/* Posstible Python call:
fccc, 0), 400, 300)), (10, 10)) */

2.1. C*® C++ IC&3 Python DR 17
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{
Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complez, also providing a function name for errors */
/* Posstble Python call: myfunction(1+27) */
}

2.1.8 HEERED 2 —IILEABDF—T— NI XE

PyArg_ParseTupleAndKeywords() (& MU TFD XS ICEESINATVET:

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

arg & format 27 X X3 PyArg_ParseTuple() Db DL[F L TT, kwdict XF X X FF -7 — F5[HD
Ao 7FE T, Python 7Y XA LS AT LADLE=RIA XL UTRIMD £3, kwlist 787 X ZI3ENRF
AR ZWHNT % 72D DFIN D 5725, NULL #iS iz Y X M TF; £8F5 X XA format W ORMEERITN
LTEPOHEDIACIEINE T, KT % & PyArg_ParseTupleAndKeywords () IFEZIRL., 0Lt
a2k L TR EIR L £ T,

AR
F—U—RE[EHE> TVWEHEE. FTVEANTICLTHIERA! kwlist NIIFELRVWF—T—F
RIT XXX NG5G, TypeError DFEMESIER I L E T,

UPREF—U—F 2o 2a—nHlZRLE T, ZHUT Geoff Philbrick (philbrick@hks.com) {2 & 2% 7
a2z 7 afledbicLTVEY:

#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",
(RDR=D12Hi )
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(RIDR=I D5 DR E)
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.
*/
{"parrot", (PyCFunction)(void(*) (void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
};

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
3

PyMODINIT_FUNC
PyInit_keywdarg(void)
{
return PyModule_Create(&keywdargmodule) ;

2.1.9 FEDEZRBET S

Py_BuildValue() (& PyArg_ParseTuple() OXRICIET 2 HDTT, ZOBBIIMLTDO IS ICERS A
TVWETS:

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

Py_BuildValue() l&. PyArg_ParseTuple() Dadikd 2 —HDHFXHBMICU A FXBMZEEHKL £5. %
2L (BEAOHTIERL. ANEbIS) 5[8IEERA Y2 TERL, ZEOETRIFUIRD ¥ A
Python 2 6 E N7z C BEDNRIEE UTHEYIR, #7272 Python 7 7Y =7 F2IBRL 3,

PyArg_ParseTuple() X IiZ—DE S mH D FF: PyArg_ParseTuple() 1XHE—FI8% X ST 5 LED
HHEF (Python DFEV 2 MIWEBINICIZEICZ 7L LTREINEH 5 TF) A5, Py_BuildValue()
R INEERT 2 LERD 8 A, Py_BuildValue ) WEEFALFEHIHFICERBN B o0 Z N EA-T
WARGEITDOAR T VEHEEL T, HEXXFHNDZE/R 5, None ZIRLET, Zohh—D20HFEXHR 5,
ZOERBEMDFLARL TV S0DFTI 2l MIHEDET, A XN 0 1 DX TIVBIEI0DRS,
FAFHN 2 AFEIMCH W E 3
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UM ZRmL £ (LRFFOH LAIZ, GRS 25 Python fHEZRL 7):

Py_BuildValue("") None
Py_BuildValue("i", 123) 123
Py_BuildValue("iii", 123, 456, 789) (123, 456, 789)
Py_BuildValue("s", "hello") 'hello'
Py_BuildValue("y", "hello") b'hello’
Py_BuildValue("ss", "hello", "world") ('hello', 'world')
Py_BuildValue("s#", "hello", 4) 'hell'
Py_BuildValue("y#", "hello", 4) b'hell’
Py_BuildValue("()") O
Py_BuildValue("(i)", 123) (123,)
Py_BuildValue("(ii)", 123, 456) (123, 456)
Py_BuildValue("(i,i)", 123, 456) (123, 456)
Py_BuildValue("[i,i]", 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), G, 6)

2.1.10 BRHI Y ME

CRCH+DEIREFRETIE, Turo7ide—7LOXE ) ZEMNICHEHELEZDBRLEZD T 2EBTLD
DET, 25 LEEIE C TIlEBE nalloc() % free() TITWET, C++ TIEAREMNICE U EkTHE
T new % delete DMFEOLNFE T, 2T, YT C DHEEICREL TITWE T,

Every block of memory allocated with malloc() should eventually be returned to the pool of available
memory by exactly one call to free(). It is important to call free() at the right time. If a block’s
address is forgotten but free() is not called for it, the memory it occupies cannot be reused until the
program terminates. This is called a memory leak. On the other hand, if a program calls free() for a
block and then continues to use the block, it creates a conflict with reuse of the block through another
malloc() call. This is called using freed memory. It has the same bad consequences as referencing

uninitialized data --- core dumps, wrong results, mysterious crashes.

I BHE2XEV Y —2DFEEIZ I — FHOEBTRWIIEREETY, FlRIX, H2B80H2XE) Tuy
ZHERL. Mo205MHZTo T, BEIRy 7 2@RT 28 LET, ST, BEROERIMEREZEE LT, &t
HBizWNsa7AM2EMT2e, =7 —&MF2BHL, BBORPTUEZRT L5 1CR20D LNAEEA,
COBFTORTHEEZ L &, EIAZXE) Ty 73 FEBRLENLTVOTY, 2— KA TENX
NGB RICZESITT, ZOLIRXEVY =22 —HMILAATLES &, BEVHBHIhRZWE i
BRAEBZEVELSDDET: 71X TIZ. 2 TORBIFIH L OICH L TIEADDT 2REIGL
MEEF, 20— TIEL AL ORI ERIIEYROFRELE LR > TWa 7D, XEV Y =25
P BDIE. ROEEEL Tyt 2h) =27 2 2 TEBEMEDHo Ga IR 2505 T3,
WoT, ZOMODTI -k MNRICLEDE X5 a—T 1 ¥ 7HNCEIEZRITI T, FEOXEYV Y -2 %
BT B Z e NEERDOTT,

Python 1% malloc() % free() ZIEWIC I FAT A7z, XEV V-7 DORFIRICNA, BENIzXEY
DOFERAZRIES 2 ISP HETT, TOLDITEINT-ODBBM A ¥ > MiE (reference counting) &I 5
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FHETT, 2RIV Y MEOFHIIMHETY: 2ToX 7Y 27 V@AV Y ERHH, A7V =27 MIHT
BB IPIMRFEENOA T Y REAL Y7 VXY ML, ATV 27 M 2 RPHEIBRES N7 2
VXY PLES, AVYEBERIZKR o6, 7Y 27 PAOREBOZEDIHIFRE NI 22D, 7
Yz MIREIhET,

b —ODHIIIEEI N—Y a1 7> a ¥ (automatic garbage collection) LWMHENTWE T, (BAH 7~
MERHRN—YaL 7y a VEBBO—2 LTEITFoNE b HHDT, 22X ilT 27012 EH X7 H
B (automatic)” HffoTWET, ) HBIARN—YaL 7> a Y OAERFASIE. =P free() FHRM
WEEBRATEWZ DD ET, (HERPXEY OAIAAES R LTEREATVET — 25, Zhid
W2 EETEDHDERA, ) CBIIH;MAIR=—YaL sy a ORAIF. BIZAIMEDOH 2 5 R—2
LI AP LIRNE WS 22 TT, AU L, A Y ¥ MEEHMEDH 2 HEHNTEEF (malloc()
% free() FIHTE 20008 TT — C HRIZNERIEL TVET ), WODOHD, ToREDDH 2
HAR=TAL 7 EZMN C THRZZEICKE20H LNERAD. TNETEZHAY Y FMETR o TS
IR VWDTT,

Python Ti&, EHNRSIA T ¥ MEDEEZIToTWVWE— T, ZROBEIREHE T 2 7-D1@ { TERS
T BEHE (cycle detector) HIBHEL TV E T, TERSRBILEHE OB T, EHE, BECHI»D 5 T1ER
ZROARZRCETIIT IV r—>a v 2BETEET,; LoD, ZRAVY MERTZMHo T TR—
YavrryaryREL o TERSIRIEFHRLE» 5 TT, BRSRIE. (HEZROSE 8D ) HEADS
BRA /AT 27 WP ORENE D, BRADA 7Y 27 MIFZAIEERDOBZRAY Y b eRb E
3, WAL D YV MEDRETIX, = AERSBEEEMT 24 7Y 227 ML Tlice K SiEp i
W LTH, ERSZEAOY DA 7227 MZETAXEY DHEHAHATE ERA,

TEERSEMHBRIEZ D LS R AR=IF A 7L (R L7z & 5 RIGRBBA 72 =7 ) BRH L CTHINT
B5ZENTEET, gc BV 2—NZD XD LBHEHBDEST (collect () BARY) 2T 2 bz, FE
DIHDA VR T x—AB X OBRHENEZ ZTRICENC T 2 ARSI L TV E T,

Python IZ&IF2BBAV Y ME

Python 1Zi&, BRATV Y DA YT VXY MRT 7 VXY M2IUHT 2 D50~ a, Py_INCREF(x) &
Py_DECREF(x) 2% b %3, Py_DECREF() &, AV ¥ F ¥ RICEE LIS, A7V 27 FDXEY
BTV E T, FUMZ2H72E 27012, free() ZEHEMFIHLEEA - 20ROV T =7 FD
BA 727 b (type object) N LET, TDDIC (MOBEMDHH FTH), 2TOF 7Y =7 MFHE
HBORA T 27 MTNT 2R, Y EBAoTVET,

XT, FFRERREMDPE > TOEI: WO Py_INCREF (x) % Py_DECREF(x) XXX WVDTL & 557
. WL ODOHERIS DX BT AEI, T, £ 7V 27 ME 7 5 (own)” SN2 LiEHD
FHA; LU, 54727 MIHTESRBDOFE own a reference lITEFE T, A7V =27 FVOBRA
Y ME ZOATY 27 FHBBROFEEZI TV AARE ERINTWET, ZROMEHFIL. BRI
B4 { 72 o 7zF#IZ Py_DECREF () ZM-UH 3 &EIZH W% 5, ZROFAMEIILRE (transfer) TE X9, i F
ZM (owned reference) OMEEITIX, ¥ T, RFES 5. Py_DECREF() ZFUHIT, WO =DDFELDHD
¥9, MASKREAUELEhS e, XEV Y225 ZRILET,

A7V 27 MItT 328IE. A (borrow) HATEET T, 2 BEOMEHHE X, Py_DECREF() ZMA TIE/R

*2 BEE AT LVWIAXT 7 EHEICEELL DD FRA: BERSL, BROFAEIIKAL LTBROa -2k T
Ln5HTE
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DERA, EHEIR. SROFMEE > SMEH LM 2@ TSRERE LD TRRD $EA. ITEENS
WEHEE LR THEAZREMES . BRFEAXEY ZHHALTLE S EMADH 2 DT, MxHIEIT X7 D
FHA

ZROMBHPZROFA LD BN TV IR, a— B D 525002 UHRRTEREFERL THL X
SHERELALSTHLIETY — HloEWHZ TR BHZROGEIE, LHOBRTHTHEEK T LTS
AXEVY—ZDERZET I LNV, EWVWH ZETT, #Z, MBI D AFRAR. T EedichA?
a—FH, HEEICESROMBHITTHERINTL Lo LRICZOSREZM S5 20 Lviwn X 5 R ki h
HBLWVWI LT,

Py_INCREF() ZWUHI T L. HSREZMASRICEETEZ X3, ZOREEISROMAHITOREICITHE
L EH¥A - Py_INCREFQ) I3H =R ESRE4ENR L. SROMBEENHEIRZLTOEEZRHLET (0F
D, HBROMAEE R, LEOEHE LA ZROMEZBYNITORAIZRD $EA).

FRIBEICE DD B A

F TV 27 bAOBBEEBONMIETIZEIIZ. 7P 27 FOFTEHENSIR L HITTE XN 0G0
WA v & —7 2 — Ao —F e b £9,

F7I 20 PADBREIRTIZL ALY OBKIX, SR L ICFTEHEDE L 3, K. PyLong_FromLong()
X Py_BuildValue() DX 2IZ, HrLWA T =7 bEEKRTI2HEBILTHEMEHEHFICELES, 47
Pzl PWEBRICEHI AT 2 FTRLATH, 20TV 27 VIR T 2 LZROFEHEEZIS %
3. BlZiX, PyLong_FromLong() X X5 X F ¥ v 2L TEBD., Fvv¥aIhfl@NOSREIRT
ZenHHET,

PyObject_GetAttrString() DX 3512, 247 =7 b oRlOA TV 27 2T % X 5 RBEKD
Fh, ZRECHBICHAMZEZELET T, THELDOHEPPHBELIIC VRS LAEEA, EWVHIDIFEL
o2 L—F DL D2t 7o TWB 25 T3 PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . 3 K Tf PyDict_GetItemString() EZ®T. X7, VR b, $LE3HEDLLMEHS
HEZRL £9,

PyImport_AddModule() &, FEFRICEA T =7 AR L TRI I 2D 2 2db bbb 3, HHSRE
BUFT: TADA[RERDIE. ARSI A 7Y =7 M3 2FTASIRIE sys.modules ICRFF SN 205
Y,

ATV 27 PAOZREHIOBBICETISE. —INCE, BEBINETOCH LFE»oSZREEHLET - 2
BERIET ZHENDH 5755, BIEANE Py_INCREF() 2MEUH L THI L7ATERICRD 3, 2l dVWi, Z
DOIHANII =D DEE RIS PyTuple_SetItem() & PyList_SetItem() 3H D ¥F, ZHh o DKL,
INTFIBERICH L THTEEEZ TSI (take over) £F — 722 ZKBLTHTF! (PyDict_SetItem()
EZOMENIFAHEZRSID FEA — 2063 0bIE 7 HEo” BTT, )

Python 226 C BB OH I N2 EICE. C BEUIFFCHE LD S5 8~N0ZREZMEH L 3, C KO
MOHLANEA 7 27 "AOBIRZFAE L TW5 DT, EHSROAEFHRDREE X 12 OB L %

BTETTT, TOLSRLTERASZHREZRFLAZDMISELZD LZWEEIZDA, Py_INCREF() %ffio
THESRICT2REND D ET,

*3 ’%5573‘7/ 1\7b> 1 LXJ:?E)K IDFARBZFHEEF SECVWEFRA — BBATV Y FEKLERI WA EY RICH 2720, ZOH
HEMEZ S D 3!
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Python 26O Hi &7z C BEDIRSZRIZFMAESR TR INIRD $EA - FTEHIEEE»SIFOHL
N ZHESNET,

&K

BRI BWT, ~REECRI2EHSHOMHAIMEZ0EBIITIeAD T, ZOMERT
RT, 4 XY ZPIERINCIETHE N, £ 22 7TV ZBSBROFEEICSRBEZREIRTLESI R
BRLTVET,

HoTBAREF—ZADSBHRAID, L THRDBEERDDIIZ, VR MNERITHTIZZREMED TV BERICE
%3, BBV ATY 27 MTR$ % Py_DECREF() O TF, #ilZI3:

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

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

FOBBIZET. 1ist[0] "OZBEMEH L. XIC list[1] 2 0 TEX#HZ. BRICIXIFILEHALES
BEHALTWES, MMERZVESICRIETR? THZ S TREVDTT!

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
1list[0], and assuming this was the last reference to that object, it would free the memory associated

with it, thereby invalidating item.

IR DRE D0 2pAUE, FRRIGEE TS, —RICSREEZEHPLEX LI VDOTY, IELLEET 2 N— 2
YEMUROESIRD £

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) ;
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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...

ZoHIZ. EHSEX ALYy RICEBRLTWS 7 —ZXTY, @HIX. Python 4 > & 7V XI2BIF 3 HEK
DALy FiE, ZB=—NVA X T YV 20y R4 TV FEMRREZREL TVE7H, AWVIHBE

BIHIZEHYERA, VWA, By 71 Py_BEGIN_ALLOW_THREADS ~ 27 1 T—REICHEER L 72D
Py_END_ALLOW_THREADS THEF LD T&%F, Zhoo~wruidruay 7o 3 1/0 MUH L OJEH
WL BN 1/O PETTE2ETOMMHDRAL Yy KR Taty 3 EFHATEZ X5ICLET, HOLRIC,
DR OB Lofile B-FEE2 XS ATVET:

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

—Eme LT, A 7927 bAOBRESIBICE 28I —92 NULL K4 VX2 ET T TFHRLTES
T EZO5322ar7 R ITRhDE (O, HeTa7Ry &5 ZF) 28 TLiS, —A. A7V
FADOBIRZIR T X 5 LRI, PIADOREZRTHEICDA NULL 2R L £3, 518020 LT NULL
T A MR VERE, BEELREULEZTIR-> A 7Y 27 OB E BT 5T - K4
DREEH NULL 7 R b 21T 213, TUERT X PO REIITbHA, 22— FId X DEHICH Z itk E3,

o> T, NULL DT A MEIATI =27 v " FBER, THROBMED NULL 12225 0d LA WERAL ¥ X &2
oz ERFICLEL & 9, malloc() . BN ZEH T 2 RIEEMED H 2 B Z DT T,

~ 21 Py_INCREF() B X f Py_DECREF() & NULL KA Y XDF = v ZB{TWEHA —— LHL. ZThASD
~ 27 v DZ{tETH % Py_XINCREF() 3 XU Py_XDECREF() 35 = v 7 Z1TVWE T,

REDA 7Y =7 PUZOWTHFHRNSE 71 (Pytype_Check()) & NULL R4 Y XDF = v 7 2{TVWEE
A EDBRLETH, BARBRZEPEELTA TV 27 bOBRIEFEARNZIRICE, 25 Lz~ ety
TS T RED D 2D T, RN NULL RA Y XDF 2w 72T 5 TRBRTAMIKoTLEI DT,
BZHFNZ 7 212l NULL F = v 7275 Z{LFEHD D 8 A,

Python 26 C B HI 313, C BBUCEE N 2518V X (FITWVWo 2 ZAD args) HRLT
NULL ISR VWK SHEIF L TWE T —— EICIE, B AR K5 EL TwEd, ™

NULL KA > &% Python 2—H L)L "B L” CTLES &, FHRLS— %25 %L ET,

* 2 HRO” O LR > T 258103, ZOREGER SN EEA — BFEO 2 — RV EZICIEROMOH LKA
AHNEF

24 F2EY—FN—T14 V-G LTHEREZESD




Extending and Embedding Python, 'J1J—X 3.14.0a0

2.1.11 C++ TOIIRES 2 —ILIERR

C++ THIREY 2 —VHMEKTEF T, LWL ODHIRAD D £F, X4 > 727 4 (Python £ &~
RFVZ)IFE Carv L ITaAry I ALINY Y I7INTVWAEDT, ZE— \VERPHNA T 27 b2 a
VAN IRTHERTEERA, XA YT F L0 C++ a4 FTY 7SN TVWER L ZHIEHET
3H D FH A, Python £ &7V X0 6O H X285 (FHZEY 2 —AAIHHEEIE) 13, extern "C" %
foTEFLRITNUIRD FHA, T2, Python Ny X7 7 4 )L% extern "C" {...} KANZRNEIDH
DEHA-—- VRNV __cplusplus (FIED C++ IV RA FIEEBTIDY YRAEERLTOVET) DER
SINTVDE EFiT extern "C" {...} 2MTONDZ LT AV X T 7 A VNIZTTREPATVELHTY,

2.1.12 #EREZ a2 —JLIC C APl ZiRHtT 3

% DYFREY 2 —VIFHIZ Python 2 & X 2 #1722 RI 2183 2 7200 T, FICIEREY 2 — L
NDa— FHRMOIIREDY 2 — A THERR DD 5, HIAE HEEY 2L TRIEFHSORNY
AMDESCEETS " aL > ay (collection)” 77 RAEHELTWE,d LNERA, BxS5EVURL
EHERLUZDEELZDTE 2 C APl ZH X 72424 D Python YV A MDD X 512, ZOFilzizalr sy ay
ARG MDILREY 2 — D SEHFRETCE 2 X 51T 2 E—#HD C BEER > TORITIUERD £ A,

— RT3 AR BICBEEE (BB A static RELRESETIC) BT, #EEAy X
Ty ANEREL, C AP 2F XL 0ET, KEZET, ZLTHEOLZA, 2 TOIREY 2 —1Ap
Python 4 > & 7Y ZIZHEICHINCY Y7 ZN TV AHBEEI ELHELE T, £ TADEY 2 —LHHF
7477 VDHEINE, —DODEY 2a— L TEBEINTVEY YRAPMDEY 2 — LSRR Z 2 23H
DET, AREOFHMEARL—T 4 VI YRTARZEDET; H5 AT L1E Python £ Y X TV X 2T
DHRIRE Y 2 — VHICH—D 77— Lig A2z HE L T3 (F121X Windows)o AlDY X7 AI3E
Va— DY VIR DAENE S Y RAEHRINCIEET 2LESH D 3 (AIX BZ2O—FITT)., %
RO AT L (1ZE A LD Unix) TR, Eo HIB2ERKE LTRELTVWE S, 2L T, AT VR
AR B —=rVERE LT TH-oTD, MUEHLZVWEBDA - 7EY 2 =R FEFa— FEINTHWARN
ZeEoTHY ET!

o T, ARMED RS > Y RV DAHIEICIEM SIERZ LTIERL RV TR D £3, DF DILRE
P2 HDOETDOY Y RUE static LEFETRIIRD EVA, FIFHNIEY 2 — L OWIHMLEEER T, Zhid
(EZa—ILDOXY Yy FF—TIL M EREE TNz & 512) MDILREY 2 — L & ORI THATDEET %
DEHMT Z72DTT, o MOPIRES 2 =057 7 A% ZIFBIRITRABL > Y FRUploRh )
TREERIERD £2 A

Python 13 2 LIREY 2 — A D C LXADFEHR (KA &) ZHIDED 2 — WIS 72D ORFIR L HERE:
Capsule (4 7 tV) ZHMEEL TV E 9, Capsule 13K 4 > & (void*) ZFlfE 3 % Python O 7 —2MTF,
Capsule 1 C API #NM L TOAER LD 772 A LD TEE T, i Python A 7Y =27 PR &
ICRFELTEE T, by, Capsule IZIEREY 2 — VOAFIZEBAICH 2 ZLRIICRATE T, o
PIREY 2 —MEZDEY 2 — /L% import TE, RICHFZHIF L. &HEIC Capsule NDEA ¥ X ZHUF
LET,

EEREY 2 — 1D C API 2R3 272912, ¥4 HIET Capsule b 35, FEKE 1 2047V =
7 MZANZZD, 2TD C API OFR A4 ¥ XEEH|% Capsule ICANDZ Z e B TEET, ZLT, KA ¥ XITH
T ERFPHIF L Vo 2R A REHIE, a—RERBHELTWAREY 2 - 7534 7Y P ET 2 — L2 DT
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BRI HETTHTEE T,

CDFEZESNIL TS, Capsule D name ZIEL K RET 5 Z LIFHEETY, PyCapsule_New() & name
5% (const charx) ZH(D £7, NULL % name (ZEF Z & bFFAI SN TVE T, name ERET S L%
HMHEREL 3, ELLARTEMIT SNz Capsule 135 2 BEORITRHHEZE2ME2FHH T, HEieirs
NTWiW Capsule Zfid Capsule & XBIF 2HEMWZHEED D T8 A,

Kz, C API ZRBA$ 2729 D Capsule IZIERXDNV— UK - 72 4RITE2 T B RNETT:

[modulename.attributename

PyCapsule_Import () & W5 #FIEE%IZ. Capsule DHFIR Z DN —UIZ—HLTWVW5 & ZIZD A, fEHIC
Capsule FHTRAEXNTWE CAPI 30— R332 R TEET, ZOEHTEID, C API D1 —%—
M, FESRIWCIEL W C API 2L TW5 Capsule 0 — R TEXZ e 2ENPDDE N TEET,

DIToFITE, BRTZRNHT2EY 2 — LOEFIIZE A DEFPHID £3H, I{fEbhd74 75V
ZEBBRCHEY 7 o —F 2 RHELET, 2O7 B —FTlE ®TD C API KA1 & (flhTld—>o7%
JTIH) &, Capsule DL &% void BA Y XOEFNRFL E T REY 2 —MIHIET 2Ny X
77 AME, EY2—1D import £ C API KA VX ZHUS T2 E5FHT A2~/ nZ2RtLEd;, 754
7Y FEYa—E, CAPLICT 7R RTBHNICZ O~ 7 a 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 —ILDITEHICDH B LR DOFT
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DE

‘iz, Lo 728 3BML T ZEw:

#define SPAM_MODULE

#include "spammodule.h"

#define X, 7 7 £ )l spammodule.h 4 ¥ 27— KL TW2DBA4FTERNHTE2MUMDES 2 —LTH-
T VA7 Y PET 2= A TRENVWIEEZANY X T 7 A NVIZHA 2 dIfibhE T, &KIC, EX2—0
DHIHUCREENE C API ORA ¥ ZEHZ AL S 2 K5 FRH LR TIUIRD 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, UTFDE SR -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

(RDOR=V1Fil)
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(RIDR=I D5 DR E)
#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;
(RDOR=V1Fil)
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(FiDR— 25 D %)
/* additional initialization can happen here */

return m;

D7 7a—FDEERRAIL, spammodule.h HIRRHMICTL DL WVWS T TT, LidWR, BEBOEAR
HRERIEAHE N2 DDEFURDT, FEH 2 —ELRIFERNITAHET,

®%1Z, Capsule 13, HEICHREFEEINTWEIRA VX EXEVMRLEZDMBRLZD T 2 BICRICER]
e b —O0KREERRREL TV xS Z it TErRIER D /A, Ml Python/C APT V
77 VLY AR =2 7LD capsules, B XU Capsule DEZEES (Python ¥ — X a— REHRYHD 7 » 41
Include/pycapsule.h 3 XU Objects/pycapsule.c RSN TWVET,

FE3E
2.2 INRDBDESE: Fa—rUTI

Python Tl&, #AAAD str B list D & 54 Python 2 — R o ETE 525 L WEE C kT
Va— LOEEPERTEE T, ETOIROED 2 — RIZH 288 =S DTTH, HFEXHD ZA1H
ELTBAREMPVI LD ET, TORF2 XY MIZOFEHIOWTORELVAMTT,

2.2.1 BFRWLRI

CPython 7 ¥ & A4 & Python D2TOF 7Y =7 b%, Python D2 TDA 7T =7 +D 7 HER (base
type)” T# 5 PyObject* BIDOZE L A L% T, PyObject ERBHIX BRAVVF &, 7P =2 b
DVEFTI L P ANDKRA Y RDBEFRBET, ZIREBEESERINATOVET; A7V 27 M
BIZIX. DE2EUEDRD AT =27 FHPOLMBEINLD, XYy RRFEINLD, oA 72227 MTkoT
BEINTD L 2T, £ (C) DA Y2 =TV X— oM 200 2RELET, Zhoo C B
Bix "B RXY v F (type method)” I F T,

ZRHDT, HLWIRROMZER L 720 Zid, LWL 72 =27 P25l I nwb i Td,

ZODFDZ e EHERZEIDBPRENTL 2505, T2 CHRREY 2 —JL custom 1IZH S Custom &5
ZHTOFHLUWEIZER T L, RIBEELERRED 2 —NE2HITTEEET:

AR

I THALTWSHNZ, 8% RO 2 ERT MR ELETIETT, ThIELALDGHT T
Db DIRDTT, C API Tld. PyType_FromSpec () B ZfH\v, b — 7 LICHE S NILROR S E
ETEFEIH, ZAUTOVWTRIDF 2— PY 7ATREBVERA,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

(RDR=V ki)
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typedef struct {

Py0Object_HEAD

/* Type-spectific fields go here. */
} CustomObject;

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,

1

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

(FiDR— 25 D %)

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

g

PyMODINIT_FUNC
PyInit_custom(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;
}

—EIHHET 2125 ko L EPZWVTTH, FIOEIDIEFL oD0ERLT L LKoTWVE I BVWET, Z0

77 ALTIE, 3ODBERNERINTVET:

1. Custom A7V k BAEEFEATHED: ZHD CustomObject HEIERT, Custom £ Y AKXV AT

1 EZTXEVHERIITORET,

2. Custom B! DX SITIRZ S H: Z4H CustomType HEIAT, 77 7L BEKRA Y 2 DEED
ZEBRLTOVE T, FMEDHRENERI NI 22, ZOBBKRA VX %E2 A4 2 =) Z—DFITITZ

\i\j—o
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3. custom EY 2 — L E YIS HHMT 50 ZHD Pylnit_custom BB Y ZhicBEFKT 2
custommodule HIERT T,

FIRMIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

ZhD Custom 7Y =27 b DHNATT, PyObject_HEAD X ZNZh DA TP = 7 MMEEKRDEIHICH
JH72% DT, PyObject UMD ob_base L WO HRID T 4 —V REEFL £F, PyObject BT (2 eh
Py_TYPE ¥ 27 0B XX Py_REFCNT ¥ 27 uh b7 72 RATER) BA T 27 bADKRA VX BBAHY Vb
DREWENTVWETS, o7 a)pHEIRTHLHEX, MEAOL A 7Y b2#FRILL, 7Ny Z7EA R
TI74—NVREBMTESX51255720DTT,

R
L OFITIX PyObject_HEAD ¥ 7 RD#KICEIan EZdHh A, SonhtkIanryZEMLAVE
IR EMIFITLZEV: ZhEEET2a 1 7dHD T,

b5 DA, —RKINZIEA 7Y = 7 MR 7 PyObject _HEAD KA 57— 7L — b Oficd F— X 2 HEL T
WET: Bl ZE, Zhud Python FEHEDFEI NSO ERTT:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BBEA TS 27 PDERTT,

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 = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

AR

Fi2®H 3 k512 C99 R & A NOFERN ZHELTF %5 T, PyTypeObject DFHZELDIENT 4 —1
RETETIiREZD, 74— N FEEETAEHFICKEFH o2 BT WRXEEFEI20EBEDLET,

object.h IZH 3 FFED PyTypeObject DERICII LOERICHZEID DD o EZLD 74—V R BHHE
Fo CZCRHTETHNARWT 4= FF Cav L F7ICE->TEuTHEHDHLNLDT, BETRWVWIRDIPR
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HNSIMEDIEE & LR WO — R ERIC IR > TV E T,

—EIZ1DOFTDO7 4 — L FE2ED RIFTVWEEL x5

[.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

Z DT, E Tz ob_base 7 4 —L FOPEHLICHED R, 5—F L —+ T,

[.tp_name = "custom.Custom",

EBELTWARAHOALR T, ZHIE. ATV 27 FOF 74V FOXFHRFARL S — X v —JICHNE
T, FIZIERDED TI:

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

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

BOAFD, TV 2a— AL EY 2 - LIZBI2RMOELHIOW A % Ky M TORWIEAFNIIR - TWE Z i
EELTLEIV, ZOHEIE, Y 2 —E custom THUZ Custom DT, BlDHHT% custom.Custom
WERELE L, EEO Ry MIED A4 VR — IR %S5 DI, pydoc EY 2 —/L% pickle EY a—JLk
HARME 2R 5 e DICEE R DT,

.tp_basicsize = sizeof(CustomObject),

.tp_itemsize = 0,

ZAUE, F LW Custom £ Y REX Y RAEVER L &2 Python 2YE| D Y TEARNEXEYREDL S5VWERDLE
H272DDHDTT, tp_itemsize WALV A XDA T =27 b TOAES BDRDT, ¥4 ANAJETH
WATT 27 PTE 0 ITTRETY,

AR

1% Python TH 77 7 Z{LATRRIC L72WGE. ZORINEEDOR Y [ U tp_basicsize ZHoTW 3
. ZEPERD L XICHEPIELZZeRH D T, ZDED Python 3727 5 A%, __bases__ YR b
DOERHNCEP 2 L5 LARTHERD EFEA, TdRVE, T7-DORERLIC, BOD __new__() X
Vy REMUHT I eNTERSRD T, DRICEID tp_basicsize ZZDREHIDHKELLTE
2T, ZOMEZETEZ P TEEST, IZLAYDEHA. X object 2. £ 5 TRIFIUIHE
RATWCT=RADX Y NEZBMLZDDOTL 25056, KEZZORITHEMNT %725 Z OF5EMHIEHL &
nTnEd,

Py_TPFLAGS_DEFAULT 27 A7 7 V%2R ELF T,

[ .tp_flags = Py_TPFLAGS_DEFAULT, ]

IRTOI T 77 ZOEBEEDTEIDENHD ET, ZHUIRIKTD Python 3.3 ETITEREINT
WETRTDRXYANZHAILET, ZNULEDX I ANBRBRER S, MIETE277 7D OR 2 2B NHD
ES
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Z OB D docstring 1 tp_doc ITANE T,

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

ATz W PERTES LSIC, tp_new NV R ZRMBTIHEIHD ¥, ZHiE Python DX
Yy R __new__() YFAFEDOHOTTH, HRNICEZZ2REXHH £3, 505HETIE. API BB ®
PyType_GenericNew() & LTIRMENEZ T 74 L FOFEEEZZDOFEMR F T,

[.tp_new = PyType_GenericNew, }

7 7 ANDED DT E 5 LHIRARLT VDD BNE T, Pylnit_custom() O—HDa— Kixz>
TERWTL & 9

return;

if (PyType_Ready(&CustomType) < 0) }

ZAUE. NULL i@t X7z ob_type D ED T, WL DD X Y N—%ilY)72 7 7 1 METH D T,
Custom 2 HIHL L £ 5,

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

TR EEY 2 — LOFEEICEMNMLES, 2953228 T Custom 27 7 ADFEULH LT Custom £ ¥ A X
VADPMERTE R XSk ¥

>>> import custom

>>> mycustom = custom.Custom()

DIETTED ODIEEIZE L 2 TF; custom.c EWVWIHIZHTD 7 7 A M ZFTDa— FEEZRAA,

[build-system]
requires = ["setuptools"]

build-backend = "setuptools.build_meta"

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

pyproject.toml X\ 5 7 7 A MI I & EZIAA,

from setuptools import Extension, setup }

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

ZL T setup.py EWVI 77 A NMZZDEIRXEZIAA, ZLT. UTFDES

[$ python -m pip install . }
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SIVIZANLET, ZHUTED, ¥ 77412 b VIZ custom.so DERZIN, A VA=V ENET, T
AT, Python %375 LT, import custom 3% & Custom A 7P x 7 FTHNS KSR TWVBIXT

T

ZARITLTN LD FHA, LR?

55 A, BED Custom BIIHIHAIIZRITTVWETS, Mb T —2Z2RoTWRWL, M TEERTA, #HK

LTH TV SRABED L EZTERVDTY,

222 BEROYG Y TNICT—REXY v FZEMT S

ZOEERDY T NIZT—REXY vy REBMLTAZL E 5, DWTIZ, ZOREHRKS 22 LTHHAH

TEA3X5LET, ZZTEHLWVWEY 2—JL custom? 2oL h, ZHoDHEHE

B %9

#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;

(RDR=D 128 )
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}
return (PyObject *) self;

static int

Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)

{
static char x*kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
&first, &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"
(RDOR=VIFiL)
2.2. ROBODES: Fa—LUTI 35




Extending and Embedding Python, 'J1)—2X 3.14.0a0

(FiDR— 25 D %)
}7
{NULL} /* Sentinel */
g

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom2.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,

g

static PyModuleDef custommodule = {
.m_base =PyModuleDef HEAD_INIT,

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

I3

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;

EI2—DIDNA=T arTlE, WOBDEFEEBIRVWET,

Custom & Z D C #EKIZ 3 DD T — X @M first | last « B XK number DK IZ D FE LTz, first
¢ last BHEEEE Y7 7 —A P2 =LY TR b r— L% L7z Python XFHIT. number B C FEETOE
BoETT,

THTLZRS e, ATV =7 P OMERIRD 5127 £
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typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

WEREHIRET—XNTELDT, A7 =27 FOEID I TEMBICEL TE X D HEIRZBEINDD
$9, ER, 7227 FOBHBRXY v RHERETT:

static void
Custom_dealloc(CustomObject *self)

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

Z ORI tp_dealloc X Y NIZRAZINZFE T,

{.tp_dealloc = (destructor) Custom_dealloc, ]

ZDOXYy FiE $3 D20 Python BHEOBHAY > s %22V 7 L %3, Py_XDECREF () 35/£(53 NULL @
r—2ZIELKBAFET (THUE, tp_new DR TRULEGEITRIDZET), TOXY v Flid, DI
A7V bOH (Py_TYPE(self) THRHLET) DX YN tp_free ZMUH L, A7V 27 FDXEV %R
BRLET, #7027 bDOMD CustomType TH 2 EIFROLBRVRICERLTLZEZE WV, RERS, 47
P NIV T I ITRADA YRR A LRV E LT,

R

@ destructor NOHIRHIRBIZHUINE TS, 72E L5, Custom_dealloc A% CustomObject * 5
BrEr b ERLE LR, tp_dealloc FAKID KR A > XX PyObject * 5IEEZIFES Z 21T > TW»
BHHTT, dULIRMICEZ 2 LRFuE, av 4 SABEHEZ2RETZTLES, 2hiE CieBld
247V =7 MEFORYE—T7 4 XLTT |

77 =AM A—LETAPI—LEELFHNHIEL TBE/2WDT, tp_new DFEELEMT STl
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) ;

(RDR=D1ZHiEL)
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return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

(FiDR— 25 D %)

ZLTIN% tp_new XN LTA YA =L LET:

[.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 FE/RMNC tp_init ZMOH L TREWT EFRA. ZHEA VX =TV ZHBEITTITS D TT,

ZOD tp_new DFEHEZ, tp_alloc ARy FEMUHLTXEY RE O YTET:

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

AEVEIDHTIRMT 200 LARNDT, SLIHEDHNIZ tp_alloc OGRS NULL TRWHAF v 7 L

ZFAUTTED TR A

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.
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R

& LI 17 tp_new (BEEX A4 7D tp_new £721F __new__() ZFFATVE D D) ZED 720D 51,
EITRD XY v FRRIEFZ O o TEDRAY v REPUELETHIrZREL LIS 2 LT WHEFEA . &
IR SR 2 BHINICIRD TE E, BEHEZ D tp_new ZMEYH T2, H 2V type->tp_base->tp_new
ERELTIEZIV, 25 LRVE, bREPMERLIZZA T D Python 77 7 X53Mhd Python TRE
BINLTZ FTRABMRLTOREHIC ELEDPRVEESNDHDET, (2hDF. ZDEIRHTIF R
DA Y ARV A% TypeError ZH X FITIESD Z E BAATREICAR D £, )

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,
&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
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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 ZOBMWAY Y I 1 EDREVEIHETEZHE

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®?.

TITEA VARV ZAERZEBEL LTRZZXICLEZVDTER., ZHIRIEWLS DD HERD D 9,
H o IR AEZ. A UANDEELHZBZ LT

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 */
i

ZLT, ZOEHK% tp_members Ay MIANFEL & 5:

[.tp_members = Custom_members, J

Each member definition has a member name, type, offset, access flags and documentation string. See
the ¥8FHVRBEZEIE 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
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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);
}

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.

ST XYy FRERLEDT, TITAY y FERHOA Z/ER T 2 0ERH D £3:

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

I3

(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
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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 .

223 T—AEMECENHIET B

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);

(RD<—J12Hi <)
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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, "|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 */
I8

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

{
return Py_NewRef (self->first);

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

{
(RDOR=VIFiL)
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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)

{
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 */
I8

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,

(RpR=12Hil)
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"Return the name, combining the first and last name"

}’
{NULL} /* Sentinel */
Irg

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,

e

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

g

PyMODINIT_FUNC
PyInit_custom3(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;
}

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)

(RDOR=V1Fil)
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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) ;

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 Tld PyGetSetDef MEADAHZ DL D £7:

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 */
iig;

ZLTIN%® tp_getset Ay MIEHFLET:

[.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.
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o XUNERDPLRBINSDBEMZFRNTBEXL & 5:

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

F/2, ZTIZTE tp_init AV FIBEINZDLE LTXFHDOAEZFAIT 2 LHICBIETI2LENDD
53

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, "|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 LD TOEY 2 — VALK e MIHHEBEIBNIC D 2 €S 2 — A2 EBHLEL &
5, £L T setup.py 7 7 A VIEBMDOEREZS DA ET,

*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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224 BRARN—2IAL I3V R—FT3

Python \& BIRAN—OLI% (GO) HEE 2doTED, THIAEBRA TV 227 b2, LEZXABRAY
VIEMERTRSTHRRTLIENTEET, ZOLSBRAEBATY =7 FOBHATERL TND & Ei
BIDZET, L ZARBUTOHZEZTIZEW:

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

ZOHITIE. BOEEEIKDVAMREDE LR, XDV ME HIBRLTD, ZRIIEHTEEAD
ZREELEFHFEODTETHL S, BRIV Y MIERIZE D FHA, BLWI 2IZ Python IQIXEERA N—
JavLy REFREINE IOV R NPARETHZ e E2RH L, fBRTEE T,

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

or last attributes™.

Besides, in the second and third versions, we allowed subclassing Custom, and
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;

}

(RDR=12Hi L)

*4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary str subclasses and
therefore still create reference cycles
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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)
{
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;
3
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));
(RDOR=VIFiL)
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}
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 */
I8

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_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");
(RDOR=VIFiL)
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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 */
I8

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"
To
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.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,

i

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

g

(RDOR=VIFiL)
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PyMODINIT_FUNC
PyInit_custom4(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;

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

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 0;
}

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);
(RDR=12Hi)
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return O;

R
The tp_traverse implementation must name its arguments exactly wvisit 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 O;

}

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

back into code that reads the attribute again (especially if there is a reference cycle).

AR

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);
(RDR=V ki)
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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, ]

INTIET T, tp_alloc A0 vy bE7iE tp_free N KR I0FE LN TVIUX, ZNORERIRN— 2
L2 2a iz E5BETEINOTT, 132 A COIREREIZ BB I N N—Y a3 V2 fS
TL X9,

2.2.5 OEBDYT IS X%ZES

BAF ORI A L7 L WIRRIZ B S 2 2 e B TE 9, #lAAARD /KT 2 DEFHCHE TS, &
7% PyTypeObject ZfliEICHIHTZ 2056 TF, ZHUTLLRT, PyTypeObject MEARZILKREY 2 —1
MTHEET2DEHLVTT,

In this example we will create a SubList type that inherits from the built-in list 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)

>>> print(len(s))
>>> print(s.increment())

>>> print(s.increment())

#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,

(RDR=VIkiL)
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PyDoc_STR("increment state counter")},
{NULL},
g

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 = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
3

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

.m_name = "sublist",
.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;

(FiDR— 25 D %)

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

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
tp_new handler should not actually create the memory for the object with its tp_alloc, but let the base

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;
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PyType_Read () ZMERFMC. BOMERD tp_base A1y IO LA TVWARTIERD A, BIFD
BI% S 2 B121E, tp_alloc A1 v b % PyType_GenericNew() TH®D ZQHEEIH D FHA, - HERD
Tar—a YEBBHKE RS,

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

FioE

2.3 IRDEDESR: MZLELEY D

O TR EXFREEAREREZA TAV Yy P, FNOWMAETEHDTHENITOVWT, o AL
%9,

BUFid PyTypeObject DEFK TS, 7Ny ZEL R TLAELNRVNLDODDX U ANEIEHNTH D £3:

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

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

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;
/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;
/* More standard operations (here for binary compatibility) */

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

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

/* Flags to define presence of optional/expanded features */
unsigned long tp_flags;
(RDR—=V ki)
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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;

// 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;

(RIDR=I D5 DR E)
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TcKBAD XYy FRHDETH, THEARITDET Z2LEIDHD A, ERLLWHEND 26, H
ET20BZD35DTLHIMNTTLIENILALTT,

FTTRFHEINTVETL 9D, ZOHWERICOVWTARICRETVE, HARAYFFIZOVWTEDFLL
HHRERELET, LLLINLDX U ADPEERTTERIN TV RIERIERLET, tWIDIE. h
DX Y NOBENBIEFIIEENLREEICEZDDELLTT, Z2LDOGEVEIRAMELZDIZ, BPELTS
AUAPTRTEENT VB2 o TET, FLAMERBICEDETHEAEET LT,

{const char *tp_name; /* For printing */ J

CHIBDOLHTTS, MOBETHHAL L L S1T, Thidts RIGHTHA, L AYEBEMBENTHEDNS S
DTT, ZNRDT, ZD X5 RGETRIIILDOTH S 5 HHIZEATL S W

[Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ]

INBEDT7 4= FiE ZOMDATI =7 PFHLIERESNZ L Z2ICENZTOXEY 2HD Y THIF X
WORET Y EALZHRLE T, Python IQIZAIZERDOHER SCFHNRX T NRERZBIRLTLZE W)
W BHAABDY R— D ZEEDH D, Z I T tp_itemsize X U \DMHELNET, ZhdiZoVTX
HrTINET,

[const char *tp_doc; ]

Z 22 Python AZ U7+ 1) 7 7L YR obj.__doc__ &% doc string iR & EDLFH (H2WVWIEZD
7 RLR) ZANET,

TR, BOFEARRZ XY v FIEAZ T, ZLAYDIBROBN DAY v FEREL T,

231 774F 54 XERXEVRK

{destructor tp_dealloc; }

BDA AR ZADBEA T Y bBEOICHKRD, Python 4 Y X 7PV XBZNEBEUTCHAHALEZL kB L,
COBBOBMINE T, T REXEV ZZORBREFREL TV D. 2L FITTRNERUIEDLDH 5
BEE, Tho2 I ZICANLGNE T, A7V 27 PENARD ZZTRIRENZLEDNDH D £5, Z OB
DfE, LR X5 kbDTT

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:
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static void

newdatatype_dealloc(newdatatypeobject *obj)

{
PyObject_GC_UnTrack(obj) ;
Py_CLEAR(obj->other_obj);
Py_TYPE(obj)->tp_free((PyObject *)obj);
}

X EVRBBRCO L DBEER D, WEEFL DHIIMNI V> ZWF2DoF RN e T, BRERL, B
BI%UE Python 4 & 7V XA R v 7 ZTtDRBICE T & ZIZHEIND 2 B2V 6TT, 2L T (@K
DBIED 5 DEIFTH L) BINDTDITZA X vy I HEEREINS & FlE, TTIKREL TV AHIHREXEY
FRIABERZ T2 b DIZH D /A, IO S 272 5 BEAEMD Python Da— FZFETLTLES
. ERLIEBIADRFEELTVE Z ZBHAT 20d LAERA, ZHEA V2T ) ZPERRIEZ LT —%
FESHDZ ZLIZOBBDET, ThEMHCIELWEER, KETRWIRELZFETS 2 RIS ofils 2
RELTBE, Kok bZNEIMICRET 28 TY, Z4Ud PyErr_Fetch() B XU PyErr_Restore() BI%
EHES 2K o THIBEIC R D 5

static void
my_dealloc(PyObject *obj)

{
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

XV RRBABOPTLERIATA S Z 8 I3V OHHIRAH D £5, 1 DHIE. 20D (tp_traverse
BEU tp_clear ZffioT) AR—YaL s> ayzHhR—1tLTWVWEHE, tp_dealloc BN S
ZETIC, HEEINT 74 FFTAXEINTLESI ATV =27 PORAYAN—DHEDHZIETT, 2208,
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tp_dealloc DHTIEA 7Y 27 FEIARERREKCHZ2 22 TT: DEDBEIT Y B0 THZ LW
522 T3, (LoWlich s k5%) EHikATY =2 b API OO L TId. tp_dealloc % FHEM
CHL, ZEREPS 75y aTBII%50d LAEEA,.

Python 3.4 22513, BHMR 7 74 F 74 XDa— R tp_dealloc ITEDT. RODIHLIEAZH
7z tp_finalize X WHTX Y v &M S Z e AHEREINTVE T,
BE

PEP 442 THLWT 7 4 54 XA FHHI A THE T,

232 #7217V FRHE

Python Ti, A 7Y =7 bOXFHIRFEEERT Z2DIC 2 0Dh THHH 3 repr () BEEfH S ik
.ostrQ B S IETT, (print O BIBUIHIC str () ZMUHLET, ) ZRHDNAY RJEELES
bAMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY R 7P UH XN A Y AR VY RADLFHNRBZIEN LI XFEINA 7Y = 7 bR TRHENDH
D¥Ed, ERHAEUTOLSRBDTT:

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() OBfRIE, LD tp_repr NY FF ¥ repr() OBRICHYLES, 2Fh, I
X Python a2 —F»RF 727 vDA VAR LT str() ZMUOH Lz 2N EST, 2O
BOEEZ tp_repr NV FI7DZNEIFFIBTVE T HoHN 2 XFHRINIAMDFHL Z r 2 ER X
NTVET, tp_str PEESNTOVRWEE, 2D DIT tp_repr NY FIMEONET,

IPQNESGE VA G

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

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.

getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

V& I 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

e AL ORI Bl EBHZMES 72T, Tl COXSREMENEMZL WA 2DTL & 507 20
T NEFRMHFBZTLSDTrTT:

1. PyType_Ready () 2SIz &, T TIXBHEDAHEIBDIroTVWE Z L,

2. BEZZHULZDRE LD T2 & E2, FHlLRKBRO 7D QUBBRETR L, £RBHRLEDRE
LB L TEARIRIED FITT 20 E W &,

B DEME. BHEOESR. EAHEINE XA I VY, EREBHEINET— 2R ORERZ YL DT
HEPE Vo7 IZRALHINERT DD TRV 2ITHERLTL XV,

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.

F—INERATF T 27 D 3 DDA AN LTEEIRTOVET:

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

end of the array. The m1_name field of the sentinel must be NULL.

2BFEHDOT —TINE, A VYRR AP EINZ T —R e BEHEFICOT ONEMEEERT20HWE
T, WDOBD C DFERHLRANYR— b EINTED, 72722 %2HAHLERICHHAESAREICH T
T3, TOT—INTHEOLNZEEEREIRD 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.

PFEDRIKHE LI BIEDEE

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 becalled.
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INehlZRL £9, -

static PyObject *
newdatatype_getattr(newdatatypeobject *obj, char *name)

{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong(obj->data) ;
}
PyErr_Format (PyExc_AttributeError,
"'%.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 T2V FOLE

[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.

CHUIHNERRA X DY A4 ADFELFHUIFLWE By 7 — &MY > FAEETY:

static PyObject *
newdatatype_richcmp(newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{
PyObject *result;
(RDR=V ki)
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(FiDR— 25 D %)

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;
case : ¢ = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}

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

return result;

2.3.5 HMEMNAEIORIILDOHR—F

Python l3W<2d D #HRMA “Tubal” 2 R—-—bLTVWET, INSEFEHATINEDS VX —T7 =
A 22 DWW TIE abstract TG ENTVWE 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;

BEWOATY 27 FRBERY =7 YA, HEVEHED LIS LTI L5 LEVWARLIF Thzhe
C O PyNumberMethods f#i&{f, PySequenceMethods fifi{f, F7:1% PyMappingMethods Hi&EAD 7 KL
A ANET, INOITHEYTIREZ AN TH ANRS THLEFVERA, Thb %Mo 706ld Python DA
Y — 2125 % Objects TADIFRIENTEZTL &I,

[hashfunc tp_hash;

OB, LI LRSI TR VAR ADNYy Y aBERIRTEISCLET, RD
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W ERZ BT
N

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;

return result;

}

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; ]

ORI, ZDRDA4 Y AR A TR LTINS L 2N ET, 28 2ED L objl i
FDA VAR AMNA-TWT, Python 27V 7 FT obji('hello') 25T L7z T 5L, tp_call N
R I DI E T,

ZOMMIE 3205 ¥R b £T:

1. self I LOMRE 227 —ZBIDA VAR Y ZATT, 728 ZIFFFCH LA objl('hello') D
B, self 1X objl TRV ET,

2. args I LOFEZBIAL TWE X TS LTT, 2 2Hh 6582 D 31213 PyArg_ParseTuple ()
ZEWET,

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.

IR tp_call OB FEETT:

static PyObject *
newdatatype_call(newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;

}

result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [V%s] arg2: [Vs] arg3: [%s]l\n",
obj->obj_UnderlyingDatatypePtr->size,

(RDOR=V1Fil)
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(FiDR— 25 D %)
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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 5§88 (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).

2E

Documentation for the weakref module.

For an object to be weakly referenceable, 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:
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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)

{
/* 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 FDMHWLWAWNBE

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;

2E

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
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24 C B5&U C++ HRDEIL R

CPython @ C #E3RI1E #HAMEEAE 2 = 7 AR -+ LHEF 4 77V (Fl. Linux D .so 7 7 4 L%
Windows @ .pyd 7 7 A V) T3,

AVR—PTEZ XS, H£HEIA 77 VI3 2 2IREET PYTHONPATH BRI sd, 7> A 4%
EY 2 —IVBIH R, EYIRIER TSR o TORITIUI W F8 Ao setuptools 2> T3 & X, HEIN
WIELWT 7 A VEPERINE T,

LB D > 73 F » ZRD L BHTT:

PyObject *PyInit_modulename (void)

oLtz EY 2 — L, PyModuleDef 4 Y AKX Y A EKRLET, sfLWVWI X
initializing-modules ZZBM L T 72 &\,

FHNZT ASCIL LM TWRWEY 2 — L O5E, BI%# I3 PyInit_<modulename> @ <modulename> %
EY 2 — VA THEEWZ b DTRITNIRD £¥ A, multi-phase-initialization 2> T2 & ZiX, £
T a— NI ASCII PADLFH A FT, ZD5E. MIHHLEKD%H1E PyInitU_<modulename> T,
<modulename> {INA 7 V%7 VX — 227 TEZELZ T Python @ punycode T> 3 —7F 4 ¥ TLYaA—
FL72H D22 D ¥£3, Python THL XD Xk 5 Az 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

12OHFEFA4 77 VITEHBOVIILERZ ERT 2T, HROEY 2 — L E2L7 AKR— T 52 LIEA
HETT, LL. 774V FTE7 7 A VARG LB LI RMT LIS LRVWOT, BROEY 22—
N YR=PERDCEI YRy 7V Y IPMEDA Y R—X—2ESRERDHDET, HLWnwIid
PEP 489 @ “Multiple modules in one library” Bz SR L TL 72X W,

2.4.1 setuptools IC&3 C H&U C++ WROEIL K

Python 3.12 MARFiZid, distutils I3 & FN TV EH Ao setuptools T C/C++ #Eik%Z L K3 25D
WTHEIZHERNIZIE, https://setuptools.readthedocs.io/en/latest /setuptools.html 12% % setuptools D K
FaXy b EBRLTIEE N,
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2.5 Windows £ETD C &V C4++ REZ 2a—ILDEILER

Z DETIX Windows [[F®D Python {E3RE Y 2 — L% Microsoft Visual C++ #{# - TERK S % HiEIcD
WTHIHIZHRN, ZORIHLNREY 2 — LD LIV R ED XS IKHIET 20000 TH LWEHRE RN E
3, ZOFHIE. Python #EIREY 2 — V2 E T %2 Windows Y1275 < ¥, Unix & Windows O T
SFELENRTEZEORY 7 MY = 7 OIEICHIEDH % Unix 7027 7~DW7Ice o THHATY,

EV2—-NOEFICIE, ZOETHALTWSAHELD ., distutils 1I2Xk2 7 70 —F THIREY 2 —L%
NVRFTBE58DET, £/, Python Z L FLERIZfDN C a2 84 SIHRBETT; @HIE Microsoft
Visual C++ T3,

R

ZDETIX, Python D=2 a VEBEPFEBILINTA-TVERL TADT 7 4 VEITOWTHIN E
T, INBHDT 7 ANHIF XY TREINE A=V a VEAMNETRBSINFT; 'X' 3o T3 Python
VY—ZADRAI v ==V a VEE, "Y' ZvAF ==Y aryHETT, #lZE, Python 2.2.1 Zffio
TW372 6, XY IFFERITIE 22 124D £7,

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 setuptools IC& 3 C HEU C++ HLFERDEJL F. 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 D& S

Unix £ Windows TlX, 2 — FOETRRAAAICELL BREIATEZAL AV TVWES, BIe—FXh
2X9MEI2—NELILRLES ETIENC. BODZATLABED LS ICHIET 208> TENTLE
W,

Unix Tl&,. EEF 722 (1so) 77 AT BT I 605 a—R, Z2LTTRrT 7 LANTHS B
RTF—=EBASTVET, 774807 LMMbEEIND . ZNHDOBBPT —XIINT 27 741D
I—FADRTOZRIE. XEVATHBSC T —EAHMEIN TS, 7077 AHOEBOLFZEST LS
WEBINET, ZAUIERINIZY Y7 BIECHD 5,

Windows Ti&. BV > 277477V (.d11l) 7 7 4 VTIN5 F23D 2 (dangling reference) 35 D %
BA, ZORDYD, R T —EANDOT7 72 RENY I 7 v FT—=TN %N LET, o T DLL 2—FD¥;
By EITREKRA Y &R 7077 A XE) EOIELWEFTZIET X5 ITBIET 283D FEA; 20D
D, a—FEHW DLL Oy 27 v F7—=TA%[0, vy 77 v 77— 70 BREEITRNC R O B
T=REETEIOBIEINET,

Unix IZ&, ME—D 74750774 VERK (La) L2HDERA, .a 77 A VEEROA TV 27 7 7
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A (o) IRDA—FDRA-TVWET, HEF TV 227 b7 741 (.s0) BIEHKT 2V > 2 L o B R h
2, VY HRERGFTORAZEAINTIEET 22 e83HDET, ZOLEYVVHEFIATIVADE TV =
I 7ANERRLES,; LT RAO22E. VAR ZDF T2 27740062 TOaA—F
ZHWDIABLET,

Windows TlZ. Z2DBRDIA 75V, BNIATIVEALA VR=PITATIUNBDHDET (56D
J1ib 2MHERTVWE D), T4 77 V1E Unix B3 .a 77 A VRBMTVET; 2D 7 7 4L,
DB CTHDIAEFNE XS5BT —FBA-oTVET, A Y KR=1+F4 77 V& EARINITREE D#BIT
PARETIER L, DLL B — FENRFRTHEET 2 2 e 2R 272D ZHEONE T, VrhidA >
K=+ 7477V 200EHREMFE>TLY 77 v T T —TN%BER L. DLL IZA > TOWARWEGIFEHEZ 2
21 LET, 77V —=>aryR DLL Y Y7 &R0, A VK= IFA4A T VBREREINE DD
DET, TDIA4TI7VE, 77V 75— ar DLL RO Y Y RUKET 2 X5 7%, FERIEEh 22T
@ DLL T 5 7o DBz b £3,

ZooEr—-FEY2—, Bt C2ERL, Hloa—-F7mvyv s A Z2HEF3T22 L EF, Unix Tid,
A,a ZB.so® C.so ZEAFFTRLZDY U ARELELDE LEEBA ; AR ZTE. 2—-TFiE3Z
EERDiAEN, B COENZThAPETHOaY— %2> TLEVWET, Windows TlE, A.d11 #EIL KT
522 Alib BEALFENET, B C OV Y ZIZITA.1ib ZELF T, A.1ib IZWEI—RZA-> TV EH
Ay BIZADaA—RIZ778RT 33 37DICFETRICHVOLNZERPA > TVWBEITTT,

Windows TlEA ¥ R—= 1+ 54 75 ) OMFHIL import spam £ T2 K5 DDTT; ZOEIEIZ K 5 T spam
DHFNTT 7 R ATEETH, a—FOat—2z2FERIFERLAEDIZLERA, Unix TE 7477V D
V> 273 LA from spam import * WZBITWEF; ZORECEHEIICa—-FOav—24ML 7,

2.5.3 DLL ERH®DXERE

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{E 3 2 E¥iE. pythonXY.lib 2V Y HIZE S RAIER D F¥ A, HlZIF=>0 DLL .
spam & ni (spam OHNIZIE C B A-> TR LET) ZEART R UTFDa~wy FEEITLES:

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

BIOa~<>Y RT, =D2D7 7 A)L: spam.obj . spam.dll E X spam.lib A TZXFJ, Spam.dll IZiZ
(PyArg_ParseTuple() d X 57%) Python BIEII &< Ao TV EH AN, pythonXY.1lib DB HIF T Python
I—FZ2EOF2ZLIETEET,

ZOH®Daw Y RTiE ni.dll (BXY .obj & .1ib) B TE, ZDF A4 77 Vid spam & Python EITE
RADOREREEE 5o THRHOTUE X VD> TVET,

ETOFMNFHBNY 77y TT =TV RZRHENZ DI TIEH D £HA, HDEY 2 —)L (Python k%
BAET) o, BEOHATFARZ S X 5125 5121, void _declspec(dllexport) initspam(void)
X PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 512, _declspec(dllexport) TH
SERIIRD FEA
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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.1ib to the list of libraries.
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THREE

KRELGT TV Tr—23>AD PYTHON 5> 321 LDEDHIAH

Python 4 ¥ X — 7V XDHTRA 7 TV r—are LTEITINBLEREZIES DTEL . CPython
EEIORER7 TV r—2 a VOHFIHEDIALHENEF LW eAH D T, ZOHTIEZD LEFVHDHIAA
I2Bb BEEICOWTEHA L 9,

3.1 7 SV 75— 3> AD Python DIEDHIAH

AIETIX, Python ZILERT 2 4L, ThbH C BEED A4 77 V% Python IO THEEZ LIRS %
TR ODWTIRRE Lz, R LS R Z e ZFOAETHEITTEES: 20Ud. BHFD C/C++ 77V 7 —
¥ a VT Python ZHDAA THEEZ LT 2. EWVWHIBDTT, HDHRAARITHI LT, 7V r—>rav
D o2 OMREER C  C++ Db DI Python THEETEZ 2 L5k D ¥7, HDIAAIZZ S OHRT
MATEFT; 2—¥2 Python TRZ VT 2FEEX, 7V 5 —>avy2EFEFAMNATORE E5CT
5, LWVWIDOBZDO—HITT, TurI= FFEDHKREZE Python T DIICHE I Z2GEICHTEHEDLD
WWHIDIAABEITI L B TEE T,

Python D HiAAIL Python DR BTV ETH, 2LELEVWI DI TIED D FHA, ZDEVIE,
Python ZERLZGECE T TV —2a DAL 725 2E kAR LT Python £ Y X 7SV X TH 3
—7% . Python ZfAAAAZHZEITE. X4 7025 22 Python BBEFRLARV — Z2ofbbiz, 7
TV —aryDH KT Python £ Y &X 7V X E2MHEH L TH & 22® Python 2 — F2ETXH
35— PBHLIRWVL, W T,

€ > T, Python OMDAAZEITIHE, BIEDXA 7S a2t LR ITERD ERA, XA > 70
TZ LR S RINUIR SN 2 D—2IZ, Python 4 ¥ X7V 2@ B D T35, 2ichidklL
H B Py_Initialize() 2O I RIERD FHA, A7 a2 LT, Python fllica~> K54 V518
ZETIDICEBTUCH L EITVWE T, 20Kk, 7705 —2a O8I ThbA Y2V XEMUHES L5
12D %7,

AVRTYVREMUEHTICIE. BRZ20VWO2DHIESIH D £F: Python XA A - 72 XFH %
PyRun_SimpleString() X ¥, stdio 77 A VKA Y X T 7 A% (ZHAHEZF7— Ry E—YNT
a— FEBINT22H230HDTT) % PyRun_SimpleFile() WKET., Y WoBEATT, ThETOR
ECHA L EKEQREZM U LT, Python A 7Y =27 bEMELZVHEALEZD S TEE T,
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BE

c-api-index
Python C 4 ¥ 2 —7 2 —ADFHMZZ D~ = 2 7 LICEDPNATVE T, DERIERD KERTEZ
ZIZHBEITI,

3.1.1 FKEDEDAH

Python DOMDAADER D HELIERIE, BEKES VX —T7 2 —2ADFHTT, ZDA VY &Z—7 2 — R,
TV = a RV T ARENLN Python 227 ) P 2FEITTE720DbDTT, FlZIXZid.
—ODT7 7 AN ETHS2ORELER T Z2DICHHATEE I,

#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);
}
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AR
#define PY_SSIZE_T_CLEAN (%, W< O2® API Tl int Df\H DIZ Py_ssize_t DMEHDILEZRNET

HBIERTEDIFEONTOE Lz, Z4UE Python 3.13 DI TIEAE L & D F L, BN
DI=DITHRFEINTVET, 2O~ 7 e Dt arg-parsing-string-and-buffers 125 D 3,

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

EKEEL VX —7 2 =X, W72 Python 2 —FZ27 7V 75— a U bFETTELXSICLTINET
W, 77V —>a>e Python 23— ROMTDT—XDPLHEDIE, HEADIKE-oTHELLVBDTT,
T=RDROWMDELIZWES, KW EKEDS VX —T7 2 —AMBUHLEFHAL RS TERD EFEA, &D
Z< Ca—FeErRAldLotuRoDic, IXIMTHTEL LR ET,

Python DGR & HDIAAIZ, BEZZEZ, FLEETH L VDS T ZERERITLD FH-A, TRET
DETHMLTELIE Y 7DIFLALDHDIABLTHDHTEIED T, ZhZ2RT DI, Python 756 C
ANOIRRZITS 32— FOEBRICEM 2 T 20EZTAEL & I

1. ¥ —X{l% Python 2»5 C IZZ#T 3,
2. B NIAEZ > T CL—F > OREBITOH L 2170,
3. MU L TEoNT —&fE C 225 Python IZZH#T 2,
Python ZHDALIFEICE, 4 VR =7 2 =X — FPTIERIUTO LS ITR D F5:
1. ¥—%{i% C 75 Python IZZH23 %,
2. Bf1Xh7=fE% - T Python f ¥R —7 = —Z)L—F > OFEFIEH L 21T,
3. FEAH L CfE &z 7 — Z{H Python 726 C IZZE#T 3,

—RUTH»2 L3512, T—XEMDRT v 73, SiEMTT —X2AT 2 ANED o 7DICEDOETH
WANEZ 7720 TY, ME—OMERE. 77— X EHOMICH 2L —F > T3, IREZITIEICE C v—F
YEMPUEH U E 5, #HDAADREIZIE Python Vv —F Y ZFEH L E S,

ZDETIE, Python 225 C A, ZLTEFOMWANL T —XELMTZHHECOVTTEMLET A, T2 1E
LWBROFENARZ T —DRWHIZOWTITTIREMRLTWE2 DD IRELET, ZhsDfIEIZONTIE
ARV ROIER A HZEDZ 2 ZABBRVD T, DERERICOVTIILFTIOERSBTE F9,
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3.1.3 FERRIEDIASL

RUIWCHIRT 270272 4%, Python 227V 7 MANOBEEBEEITT27200bDTT, @REKELS VX —
72— AT AEITEIT L FRIC. Python £ Y2 7V X7 AV r—2ay b EESDEDIILER

A (D, ROEITRDEDTHESEELEXT),

Python 227V 7 FATERIN TV IEBEETT200a—- R T X5k 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) ;

(RDOR=V1Fil)
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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— RiF argv[1] 2o T Python X7V 7 % v — KL, argv[2] PICIEEIN=4R1IOBEEZ N
HLUE9, BBOBEEE B argy BT OMOEICZD T, ZoFursr%k AVNAILLTUYY L
(CELFATAREERZ call EUEL x5). LFD X572 Python 27V F M 2ETT22 L LET:

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

return c

FATHRIIUAT DX 512725133 TT:

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

COREOMEEEZFEIT 2127077 AP VI INKRETEEZTH, 1L ALY Python 75 C ADF—
RER LT —R|ED/HDa— K TF, Python OHDIAA L WS Bl 55D FKEWEZELITD a—
F2oUaE 255 TT:
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Py_Initialize();

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

4R F) 2L, 22 Y 7 Mi& PyImport_Import() Zffio TitARAENE T, ZDL—F VX
Python XFHNZ 58I BBEDNH D, 7— X LEHUL—F ~ PyUnicode_FromString() THEL 73,

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

/* pFunc s a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

VDERURZ YT IDFAAENS L, PyObject_GetAttrString() 2o TRERLHEZIIETE T,
HHIDBRAZ ) P IHIIFETEL. RIS LA 7Y = 7 IECH LATEEA 7Y = 27 b THIR, ZOATT =2
FOBIBTH 2L EZXTELIARVWTLE D, 2 TR I LAREALBDICHIED X I AERIEAR
T, ZD%. Python BAEZLITFDa— FTHUIHLET:

[pValue = PyObject_CallObject (pFunc, pArgs); }

REEUH U % R B%. pValue |& NULL 1272 22>, BIBDRE DEANDSRBA > TWE T, EHEZFANLZRICIE
BOTIBREZMRL TLZE N,

3.1.4 1E®HiAFN 7= Python DILIR

ZZETI, HHIAA Python £ Y X TSV RET7 TV r—2 a YRIEOKBEIC T 7 v X T 5FEPH D $H
ATL7z, Python API 2{#5 &, H®DIAALA VR TV REIIRT 2Ty SV r— a VAIEADT 2
TRAERBBICLE S, 2D, 77V r—>aryTREIATVWIL—F V2o T, HDABLA VXTI
REPRTH5DTT, BRI DEISICEAZIETY, TREFLEV VDI TEDD ERA, ELHZ-T,
7V —2a v Python A YE TV RERELEZL VWS ZEED ko ENTATLEZN, ZORD
D, 77V r—=>a B IL—F U O8EEDT, H20bEBED Python JEIREY 2 =2 ELI LD LS
2. Python 268N —F 772 RATESX51CT 27— (glue, M) 2a—F2HELEEZ TSIV,
BIZIEL RO &L SI1CTT:

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=V1FiL)
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(RIDR=I D5 DR E)

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 LICHALE T, £/, RO ODX% Py_Initialize() OM-UHL
DRNCHEAL E3:

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
AI = IS

3.1.5 C++ IC& 3 Python DIEHIAH

C++ 7u 277 LIS Python ZHBDIADET; MAICE D . IR o THDALIIF-TWs C++
IR DFMIHF L ET; —MBRINCE. XA T e rI0% C++ TEE, C++ a4 7 %ffioTT
T LAY RNAN - VI FTRRENDHEZTL &5, Python BE%Z C++ TV A VL RBTHEEZD
DEBA.

3.1. D7 FVITr—3>AD Python DIEDHIAH 79




Extending and Embedding Python, 'J1)—2X 3.14.0a0

3.1.6 Unix R ATLICHIFRAVNAILE) VD

Python 4 Y X 7Y X %77V r—a VIZHDRALDIZar L5 (2 2) KEITREELWT 7
ZRHHTOEREE TRV LLERA, ZHEFHZ, Python 374 72V ET 2= LTY 7 &h
7= C BRI (\so 774 1) ¥ LTHEEINZBD2 O — FT20ERH3720TT,

RBERAVRAN -V I7DF TS a vyl B7-0DIZ, pythonX. Y-config X7 U S 2R £5 (ZHhid
Python 4 ¥ A b — )VERHZAER X N7z d DT, python3d-config A7 U 7S M dFAMKZ S LAEEA),
CDRZ VT MIBEA T avyHELlH Y FIH, EHEMNTERHZOIEIATL £ 5:

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 IFHERDV > /AT a v 2 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

AR
B Python N— a YH7E (2 W b2 X7 4D Python & H7-HHTEIL F L7z Python) TOIRL
WY 57012, ETOFID & 51T pythonX. Y-config (Mt S A TEEI L 721Z 5 BRWVWT T,

HLIDFIETS L WARFIUL (L2 ZHUILTO Unix R T 7y b7 4+ — LA TEET 2 Z & %2R
52 B DTIZRWT T, bug reports (3T ), HRLDIRATLDRAFIv 7 ) 7IZONTD
F¥axX> h%ZFisk, Python @ Makefile DAY A VA T a Y RFARZBENDHZTL & 5 (Makefile
DG 2 X 51213 sysconfig.get_makefile_filename() Zffio T /Z& W), ZDHH. sysconfig E
P 2= AHBUSIOBERI D T, ZAUCTK o THREBMNIMA TN Y RA N - V7 DL T a U
777 AT E R, Bz

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>> -
Fi% (interactive) ¥ = WIZBF 5T 7 4V b® Python 7a > 7 b TF, 4 ¥ X =71 X —TxfEEM
CEfFENZa—-FHITEIL AT T,

X
DHDHREZHNET:

o MEEM (interactive) ¥ = MTBWT, A ¥ F ¥ bESNa—F7ay 7, MGT 2 EHDXYID
XEOR AR, AR BEEIN. =ZFHSHF) oA, Far—x—ofRic, a—-Fz2 AN
BERICFRENS T 7 4L+ D Python 7> 7+ T,

o HHAAADER Ellipsis

abstract base class

(MREES 7 R) fIREIK Y 7 21F duck-typing 25T T 2 d DT, hasattr() REDHDT 7 =v
7 TENBHFTH - 72 W Wb I1cid 2 (1213 magic methods DIFH) JHICA ¥ X —T = — A% ER
THHEZRMEL 3, ABC IXMEAE (virtual) 3727 9 RZEALE T, ZHhEHEZ 7 206/ EKL
FHAD, ZNTD isinstance() X issubclass() IR ENFET; abc T 2 —ILD FF 2 X
YR ESHBLTLZE W, Python 1k, £ OflARAA ABC BRI TVWE T, DRI,
(collections.abc EY 2 —/LTC) 7 — X, (numbers £ 2 —/LTC) . (io EY2—1LT) A b
Y —24, (importlib.abc E¥ 2 —JLT) 4 Y K— b7 74 Y Z/PFB—X—T7F, abc EL 2 —L%
FHLTHE®D ABC Z/ERTZ¥£3,

annotate function A
function that can be called to retrieve the annotations of an object. This function is accessible as
the __annotate__ attribute of functions, classes, and modules. Annotate functions are a subset

of evaluate functions.

annotation
(77 7—=>ay) B 77 2@ BEBDART X —220RDEICEFRT 2 70T, EilickD
type hint £ LTHEONTVET,

Annotations of local variables cannot be accessed at runtime, but annotations of global variables,
class attributes, and functions can be retrieved by calling annotationlib.get_annotations() on

modules, classes, and functions, respectively.
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See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe

this functionality. Also see annotations-howto for best practices on working with annotations.

51# (argument)

(FE518) B ORI, BBEL (7203 XY w F) ICEIET Y, EIBE 2@ D 9

o F—TU—FR5%: BEMECH L OBICEIEBDORNIHEBI T2 oWz b D (fl: name=) R, *x IZHil}
J-EEOHOEE L THEINZGE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —
7 — F5lETs:

complex(real=3, imag=5) }

complex(**{'real': 3, 'imag': 51})

o fIBSIE: ¥— U — FEIEDLIANDFIEL MEFIBUXSIEY X b DETICEL 22 TE, /2 %12
Wit 7z iterable DEFL LTETIENTEET, XX ROFITIE 3 & 5 1 XMAHEAES IE
T9:

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

FH RO E KB THEI E O —AAZRICHID S TohE 3, DL TZTSHANTON
Tk calls ZBRLTLFEEI VN, VX Z7RARBVTEFFERTLDIZHL0 25 Z el
Kxd, dHiS MBI e — A NVERICEHD Y THRE T,

k512 . FAQ @ 5 RGIBDENIATYA2? . PEP 362 2L T 7ZE W,

asynchronous context manager

(EEHa > 7 A b~ —Y v) __aenter__() & __aexit__() XY v FEEFT S I LT async
with XNOREZEM T 247 27 b TF, PEP 492 TEHAIQE L7,

asynchronous generator

(FERIAY = % L — &) asynchronous generator iterator iR 3B TT, async def TEFKI N/
N—F VBB TOE T yield REFFORTERD £3, yield i async for /L— 7T
TEAEOWIEERTZ2DIMFEHINET,

HEFIERIY = 2 L — 2B L 30, WRICK > TE JEREAS R L—2 1T L—4 25T
ISPAN
=

GEhRH D ET. BRENERI S THRWES, FBRLO 7015t 2R B2 EA L £9,

FEFMY = 2 L — X BT, async for XX async with X2 THAL avait RdDH 220D
DET,

asynchronous generator iterator

(GERIY = 2L —& 4 7L — &) asynchronous generator B THEREINE LT 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& TIIEXN 3 & awaitable 7 = 7
FEIRLET, T awaitable 7Y =27 MI, KD yield RETIEFAY = 1 L — X EBOAREKE
FEITLET,

% yield T —IFINCAUEZHRTL. £ DHOEITIRE (v —HNLVERPRETD try X2 B0) %
R LE T, RS T RL =214 TL—42 » __anext__ () TRENMD awaitable TEERICH
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B3 21CiE. 2odhE S RIZNE T, PEP 492 BX U PEP 525 #ZB L TL X W,

asynchronous iterable
(GEFBAA 72 7 V) async for XOHPMTHHATE S A7 27 M TT, BHD __aiter__() XV v
R 5 asynchronous iterator 2R ERFIUIR D E¥ A, PEP 492 TEHAZXIE L7,

asynchronous iterator
GERAA 7L — &) __aiter__() & __anext__ () XY v FRR2EELLATI=2I +T
3, __anext__(O) & awaitable & 7Y =27 bPERIRIFNIERD £8 A, async for 1
StopAsyncIteration 4t Z X 2 £ T, IEMEMHAA 7L —XD __anext__() XV v FIR
3 awaitable Z#ER L 5, PEP 492 TEAINE L/,

Hl
HF

(BM) A7y =7 McBEMIT o, Fy MRERICE - THATTHEEZHINLETT, HlRIX A+
TV b o BEN 0 BFEoTWBEE, ZOREMNZ 0.0 TSHEINE T,

F 7Y =7 MiZid, identifiers TEZRSINZMAI T TR BRVWHAROBLEE5ZX2 2N TEET, 2k
ZIE setattr () BV, A7V "R ZREFAL TV ARGERITAET, 20X RBHEEIF Y
FREARTE 77 ERATES, RODIC getattr) 2o TWEZLENRDH D 3,

awaitable
(fFHERTEE) avait A THAHT 2 Z R E2A TP =2 S TH, coroutine >, __await__() XV v
RBH2AT7I 27 b TT, PEP 492 2SR L T ZX W0,

BDFL %
HIREAEEMHEE (Benevolent Dictator For Life) OB T3, Python OfF#. Guido van Rossum D
T,

binary file
(NAF VT 7 AN) bytes-like T2 LTI b DHARABIUVEZRAANTES J7AILATox
Ik TS, "AFVT77A4N0DHNE, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 1L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY A TY,

Str A7V 27 POGAEENTEL 7 7 ANATI 27 MIZOWTI, text file BBIRLTLZE 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 %R —brLTWT, C SFBOEKT EfHiLit Ny 77 —ZREAGER LT TV = 7 b,
bytes, bytearray, array.array . %< O—fkJ7% memoryview * 7Y =7 M THICEHD X
T, bytes-like 7Y =7 M, T—XEM. A FV T 7 ANAANDIRIE. Vv FEREHLULEER
ENAFVTF=REERTLE20VAVARBIECHHT 2B TEET,
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BOPOBIETREINAF VTR 2ZEETI2LEDPDD EF, ZOREOFFa Xy PTIRXL 75
AEXTEER bytes-like A 7Y =27 M ICERLTVWET, EEARERANY 77 =4 7Y =7 M,
bytearray ¢ bytearray @ memoryview REDEZENE T, F/. OO DBRIETIIARELRA
T2 FNDAAL F VT =& (" HAHLHEHOD bytes-like A 72 =27 ) ZRELET, 2H2iE
bytes ¥ bytes ® memoryview A7V =7 FEENE T,

bytecode

callable

callback

52

("4 ha—F) Python ®Y —RZa— R, Python 702 4® CPython £ ¥ &7 ) X DNEEREL
THENA Fa—FAgar 3 LEfLExd, Nf ba—Fi& .pyc 774 MZF vy aZh, AL
77 AN ZEHIZFITIN 2R EDEHRICRDET (Y—RA—=FhPHNf Fa— FANOHED
AV RAMFEEEINET), 2D " HREEEE (intermediate language)” (&, %4 D N4k a— Rkt
J6T 2EEMEEE FAT T 2 RIEYS Y TEMET 2 VWA ¥ 3, EERERL LT, N ba—Fid#ER
% Python R~ VITHET 2 Z &%, Python VY —XMTHEETH 3 Z e ZHFFxhA TV
A

NA Fa—FOMS—ElZ dis ES2a—L IZHH T,

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

following syntax:

[callable (argumentl, argument2, argumentN)

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

__call__() method is also a callable.

(=N 7)) FERO D B RTEITS NS D5 E LTHE SN 5B

(P IR) A=Y —ERA T =7 " 2MERT 570D T T L—1+TT, 77 RAERIEH, DY F
ADA VAR YA LOBERTZRXY Y FOEREEHET,

class variable

(75 2ZH) 75 A LITERSN, Z7FALRLT (DFD, 753ADA VAR YA ETIERELID) &
HINLZ e ZHNE LTWAEHKTY,

complex number

context

(EEH) L<HONTOEEBRZIIRLZH DT, IRTORIFERH L B LTRINE T,
BEUXBEBRNL (-1 OFHR) CEBEEE I 0T, —RICBFETE i eEFEhN, T¥TE j e H
PIE T, Python 3EEBUTHAAATHIGE L, BEDORIL T > TVWET, BIRIIREIC j 20U
TEXET, Hl21E 3+1j TF, math €V 2 — LOEERREZFHT 51203, cnath 2HVE5, &
FZROFRIE» R D EERBTOKETT, KREHEZETRITIUL, I ZFHEVRIEHLTLEST
WwTL x5,

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) aVTF A MKFL TRRBELZFROLR, ZhUd. H2EBDELE L2 DFAT
ALy FTEED{LIAL Yy FEB—=ANLZA L =B TVWET, LrLary7FAPERTE 12
DEFTAL Y FIZWLKDO0Da Yy TF A MEH VG ar7F 2 PE-D T RIS 2 IEF L 2 2
7 DEDBIFTT, contextvars SR L T Z X,

contiguous
(B2, 8ft) Ny 7 7 DSEEIC CE 5t £721% Fortran 8 THRGAEIIC. 2Dy 7 7 58K LT
W3 EHBREET, TaXmnNy 7 713 C @i TH D Fortran @ TT, —RKITOEF|TIE, ZDE
AN T XY LTHHET 2 X5 REHES N, BRFERLaLOHMEVEI T JEF T E ST, 2X
LD C-HfZEATlE, XEY 7 FLREICERZ K S BRICEBREORZFOBRINCED 5 DITH L,
Fortran ##i /2 ALY TIZRA) DR A FHIRANCEN & £ 7,

Jl—F>
(Aan—=F) ar—Fr@3 I I7N—F LD ~RNZEXTT, 70 —F IT@RD SN
POAD. Blokd s S oHE T, aL—F U ICFZ L OfkL RHISE»H A, 1D, BT
B2IEMTEET, 2L —F X async def XTEETEET, PEP 492 2B L TLZ& W0,

coroutine function
(an—5FYBE) coroutine 7Y =7 b RIRERFTELTT, a1—F VBEIRIL async def W THEIEX
., await. async for. BL U async with ¥F—T—FZ2HOZLHKET, Zhsld PEP 492
THEASNE L%,

CPython
python.org THIAF XN TW3, Python ’r 75 I v 7/ SiEOEMERN L EETT, "CPython” 2\ 5
BZEIX, ZDR™E%E Jython % IronPython ¥\ o 72D EE ¥ XFI$ 2 RENH ZHEICHH SR
S

decorator
(Fav—%) o TR TR T, @, ewrapper WX THBZLIH L L CHEASNES, 7aL—
2 O—f&E 72 FFFZ. classmethod() ¥ staticmethod() T,

FaAL—RDFREFI YRy VRS aH—TF, XD 2 OOEBERIIEHRNCFE L DD TT:

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

@staticmethod
def f(arg):

FCHBERD 2 ZRCBFIELETH. DEDEDLDNERA, 7L —RIZOWTHLIE, BIBER B
FL I7IREE DFFXFa XY bEBRLTLIIZE 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.

FTRIZVTEDAY v FIZB L TOFEMIZE. descriptors % Descriptor How To Guide 2SR 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
(FEENEKRELD) iterable NORTH 2 WE—EHOERZUH L T, ZORRD? 52 SHEZIR S 2 %
7 N EEFTT, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfHn *x 2
XM B EEE R L £ 3, comprehensions 2SR L TL 72X W,

dictionary view
(f¥#H L 2—) dict.keys(). dict.values(). dict.items() 29RT A7V =7 +TT, FHHEDIEH
DERZE 2 —Z2RMELET, bbb, HENLEINL b2 — B ZhERMLET, HEL 21—
ZERAINCTERR Y A MICT 2121E list (dictview) R L TL 22X W, dict-views S L TL
72E W,

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

place for documentation of the object.

duck-typing )
2TV MHPELVA VR =T 2 —R%FoTWADPERETZDICA TV 27 FORE RN
0275 IVIARANTT, b, BCA 7Y 227 FDXY v RRBUEASIRZN D fibhizb
LEF, (7ELDIIICHRAT. 7TEADESZIBITE, ZRRETEATH2,)) A v E—Tx—2X
PRIDEHRTZLT. EFLFHFAvEna—FiE, BVE—T7 4 v 7 REE2HF LIS
MLELXEET, v 7XL Y7 type() % isinstance() ICXBHEXEITE T, (7z72L. Xy
IRAVY TR MREEV SR THETA2ZdTEET, ) 2ofb b, MAIMIC hasattr O
ER FAFP 7uZ2 27 %HMELET,

EAFP
MR Z L 2 X DEFLZF 5 /DA% (easier to ask for forgiveness than permission, ¥—7 4 — Dk
Al OWETF, Z@ Python TIELfEbhTwda—74 Y FTAXAALTIE, BEEENEF R
WDFIET 2 HDEMREL. ZDRED > TWRGEIHINEMIEL £F. ZOBRTFRIETS
=T 4 YT RARANMZIE try XB XU except X7 EADLZDHRETT, ZOT77=v 7
F. COLIRBHETEILIMMONTWS LBYL AXA L MIBIRSDTT,

evaluate function A

function that can be called to evaluate a lazily evaluated attribute of an object, such as the value

of type aliases created with the type statement.
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expression
(R) 2O FHiicn s, —FLFH ORI (a piece of syntax) TF, Sz 2L, AWV 7
Fo, Al BT 2R HETFREBTCH LAY, HZRTROEROBAENRTT, Ho%<
SiErE WV, Python TREEDOETOHMBRERNIA L WVWI DI TIEHD FHA, while D & 512,
RELTRERARW X DD FT, RKABATIERLIXTT,

extension module
(EREY 2—1) C R C++ TEIPNZEY 2—L T, Python ® C API %F|f L T Python 227
PL—HF—a—-—FeLhrHLET,

f-string
YRR F AVEBEICI WA T T Lk Pfostring” EIEHEN. ZHUE 74—~ v MEAXFYY
77V ODEMEHOZFFTT, PEP 498 3B L TL 23\,

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

or streams.

T7ANATY =27 MICRERCE 3 EEDDET: A0 N1 F V=T 710, Ny T 7Shi NA
FUV=T74I. ZLTC TFALT 7ML T, A VX =T 24 RiF io EY a— LV TERINATY
XY, 77ANATY 27 +RAESEHENLTTIRIE open () BABZfES 2 & T,

file-like object
file object E[EF"TT,

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

encode Unicode to the operating system.

T7ANYATLADIYA—T 4 Y7 TE, TRTH 128 N4 PYUTREFIZTa—- I3 e
RAEFXNBLTWEBDERA Z77ANVATLDIY A—F 4 VP TIOABRIEI N - - 5E
1Z. API BH%¢%% UnicodeError 2T 22 23HH £9,

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

used to get the filesystem encoding and error handler.

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

PyConfig.
See also the locale encoding.

finder
(774 YR) A VR=PZNTVEBEY 2—1ND loader DFERZRTT 247227 bTT,

There are two types of finder: meta path finders for use with sys.meta_path, and path entry
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finders for use with sys.path_hooks.
See importsystem and importlib for much more detail.

floor division
(TID B THRE) —FL VBRI D T 2 BAIRE, U THREHEEFIE // T3, flRIX 11
/] 40F 22D TR EINFMNCFE NI OBEDORETIX 2.75 BV IR-oTE T, (-11) // 4
& -2.75 Z INEWAIC D B GRITFE: BOERARADADZITS) DT -3 12745 e IFERELTK
72&W, PEP 238 2L TL 72X\,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the
same interpreter. This is in contrast to the global interpreter lock which allows only one thread

to execute Python bytecode at a time. See PEP 703.

E3E2
(BE%) MM LBNCEZIR S —EHDO XD I T, BRUCIZ 0 LD R 2T Z etk E T,
FEEDEITRH T Bz RS2 2 e ik E 5, R5IE. AV v F. function 2B L T X W,

function annotation
(BT /) 77— a ) DT X —ZREDED annotation TH,

BT 77— avid, @HEEEY R oo d: fIZE ZoOEZ 2 2D int BD5|
Breiis L RFE . £7 int HORDEZFO LHfFE ATV T,

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

return a + b

BT /) 7—3 a v OXEER function O CHRIHINATVWE T,

FERED AN B % variable annotation, PEP 484, ZZMIL T &\, F2. 7/ 57— a V& F
AT B3RA 75275 4 2% LT annotations-howto SR L TL 7Z X\,

future
from __future__ import <feature> ¥\ 3 future X i, 2 > 84 F —IZFKD Python VU —X
THIME L e 2R B2 HH L THREDEY 2 — 12 a Y A LT3 X54ERLET, _ future _
EY 2= VTl feature DD S5 2EHZ FFa XY MUELTVWES, ZOEY2—NL%ZA Y K-1 L,
ZOERETUE T 2 Z & T, FHREEPRANCSEEITEMEINZDIT 0O, WOT 7 4L Mk 230
(273 ofeh) ZHZZENTEET:

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

garbage collection
(IR=yavrryay) ZhUEFEDLNSE Z e DRV AEY ZFENT 208 T3, Python ik, Zf8H
vy b, ERSHEEBE UBES 2R IRy a7 & effio ThHR=—YaL s> aryzifung
Fo ARN=VaL 7Rk gc B 2a—N%Fo THRIETE T,
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Jrxl—%&
(¥ =1L —2&) generator iterator ZiR TR T T, BE ORI TNE D, yield XEFORT
Be D %9, yield N, for —FTHHATELD, next() BITHEZ 1 DFOWMOHLADTE
5, HOWM P 24K T 2 DIHHESNET,

HEIEY 21— XBEBERLE T, RCE->TE DRL—FATL—R ZHI3LEHHD %
T BRISNLEE®RPHS L TRVWGE, LD D2 BiE2 AL 75,

generator iterator

(Y= rb—&A T L —2R&) generator BEITHERENE AT =7 FTT,

yield O NZRFMEITIRE (RIFMABSRUED try XX Z2a8t) 2B L T, WEE—RrcH
WrahEd, DxRL—FATL—2 HHEHSINL . T LAMEZIIGL 3 (BHEOBEBDFT
D7z TITH LWIREED S B4R S 2 D & MR TT),

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

values for an enclosing function:

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

generic function
(=3 V vy 7B Rz 2800 LR CRIEZ T 2 B> SRS N 2 BT, MO LKIICY
DEEEANDDIET 4 ANy FT7ATV LTI DRESNET,

single dispatch, functools.singledispatch() 7L —&, PEP 443 2L T 72X W,

generic type A
type that can be parameterized; typically a container class such as 1ist or dict. Used for type

hints and annotations.

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

GIL
global interpreter lock B LT I1Z&E W,

global interpreter lock
(Fa—=x2A &7y 2y ) CPython £ ¥ X7V XBHFHLTWS, —EIZ Python @ /N1
FO—F 2T T2ALy RE—2KE T THE e ZRET2HMATT, Z4HCkD (dict &Y
DEBERMAAAEEL) 7P 227 M EFADFEKET 71 2120 U THRBRIICERITR 5 DT,
CPython OEENS Y INIRCRDET, A VX TV XERERY 7§58 T, wLF ety ¥=
SUNELBMHILD TR M e FIEHZIT, 4 VR T) REMHICLF ALy FILTE2 X512k D
N

7272 L. BEER 2 0N D WL D DIIEEY 2 —iE, Ffi Ay ¥ 2382 PO EOE WL
33L& GIL 2T 2 X5 KSR TOE T, /2. /O WA T 254 GIL IZHIRER
INET,
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As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration.
After building Python with this option, code must be run with -X gil 0 or after set-
ting the PYTHON_GIL=0 environment variable. This feature enables improved performance for
multi-threaded applications and makes it easier to use multi-core CPUs efficiently. For more
details, see PEP 703.

hash-based pyc
(Ny ¥ axR—=X pyc 7 7 AN) IESERHRIT 27201, WET B Y =R 7 7 4 VOREEHRZIT
RNy Y2 BEHEHT 2L ba—FDF vy v a7 740 T, pycinvalidation ZZHE 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 VAR T 27 MAFHEDF —REEDA A LTHZE T, HEPELGDT— &S
BT Ty ¥ 2 fliZ2FH > TWE 15T,

Python DA 2 2 =X INVRMHABIALF T 27 NI IFLAEDRNY P 2R[RETT, (VR MREHED
E97R) I2a—RITNRAVTFENY T2 RARETT, (XTI N% frozenset DX S72) 4 I2—&7
N a Y THE BREBNy S affTHLLEDHNY Y affETT, 2—YF—ERDI FADA ¥
ARVATHDZEIRATI 27 MEIT 74V M TAY T 2aA[RETT, ZNHIEET (HHZRVWT)
HEBHERIBIFEMTH D, Ny > 2l idO) L EehE T,

IDLE
Python Of&EFFEEREE (Integrated DeveLopment Environment) & U# R E5E (Learning Environ-
ment) TF, idle & Python OFEERLREAMICFEAMI ATV EARNLEREDO LT 1 2 4 2TV
REEETT,

KA T U bk (immortal)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated

while the interpreter is running. For example, True and None are immortal in CPython.

immutable
(A22—2T70N) BEDEER 2724 T I bTFT A 32 —RTNRATI 2l MTIE. Bl X
FH, BEORTIARBREDBHVET, ZNoDA 7Y 27 MIMEZEZONER A, HOEEZERESE
BHEUICIE, FiiBA T 2 7 P EERLRTNERD ERA, A 32 —XT7AREA T NI BIE
DNy ¥ 2 {BEBREE IR 5 KM TEHERKE 2R L ET, HEOXF—NZDHITT,

import path
path based finder 3 import 3% EY 2 —VEWRT 25 (£721& path entry) DV X b, import
i, ZOVY R MIET sys.path D SRFTH, 37 v F—IDFEFH vy r—2D __path__
BE»BBEKE T,

importing )
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importer

5EY 22— D Python a— FAHFDEY 2 —LD Python 2— FTHZ 2 K 512F 3MHTT,

Ja—EBRLTR—=FTELF T b, finder & loader DEBLBLTHHBLTI =7 b,

interactive

Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with
no arguments (possibly by selecting it from your computer’s main menu). It is a very powerful
way to test out new ideas or inspect modules and packages (remember help(x)). For more on

interactive mode, see tut-interac.

interpreted

Python 134 > &2 7V ZEADFETH D, 324 FF5BOMBHEL FF, (N4 ba—Far
AIDBH B2, ZOXKFNIEHRTTH, ) 2ITOA YRV XFiELIZ, V—Ra—FD7 74
N, FTEMTAEFERICL ThLLETIEI L Vo ER LIS, BEETTE2Z22EKLE
T A V2TV RXERDEFEIETE, 2281 FBAOFFEID ST TNy 7OV 4 7 V30D
DD, T 7 ADEFIZ—MITENT T, WEEHN S TLE XN,

interpreter shutdown

iterable

iterator

Python 4 ¥ X =7V X —=3¥ v v b XU VREFINLFIZ, EI 2 -SRI XRTDI VT 14 AV
NG 272 8D, TRTOMERL 72V Y — X2 BRFERNICHKT 2. File 7 = —XWCAD X5, 2O
72 —RF AN—=J AL I% ZHEBEFCHLET, TACED2—F—ERDTAFF 7 X —%
weakref 3=V Ny IBNMLUHINEZeBZHDET, v v PR Y 72— XHFIZFETEINE I —F
. ENDMEET BV Y — AT TIHEEE LR W (KL HBHIEF 4 75V —FEY 2 —)LX warning H
HETT) 7=k A REISMCER L £7,

AVER=TVERPR vy PR T2 ERERIE  main Y a2 —AREfTEINTWSEZRAZ YU T
DFETPET LIzZ2TT,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as 1list, str, and tuple) and some non-sequence types like dict, file objects,

and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

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

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

T—ROMNERBTE2ATI 27 b TF, A 7L =KD __next__() XV v REEVRLMEUHT
(£7213HAAABI next ) 1ITHET) &, MAOFTDOHERZ —DOFTDORLET, 77— R KDL,
Kb DI Stoplteration fINNEEH L E T, FORET, /1 7L —XATV =7 VIRETED, *
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NLEE __next__() ZJEMATSD StopIteration ZZEHLET, 1 7L —XWEX, ZDA 7L —
AATT 7 PEKREIRT __iter__() XY v FEERELRITNUUIRLRVDT, 4 7L =X
iterable ZZM T 2IZL AL DG THHATEE S, EoZ2 D LEFSNIERORKIEZITS X 57
IA—FTF, List D&SR) ar7F4A7 =27 M BHEZ iter(Q BABUCA T Y =7 MITE L
D for W—FHNTHS 7N, FiBAKFEHOA T L —X2ERLET, ZOEATL—XTITED
352, BiEIOA 7L =2 a Y THABADRICA TL—& A7 =7 b BIGR S /2, 22D a
VTFDEIRXHEoTLELET,

FEHI A IBHIE typeiter I2H D 5,

CPython EZE D& #: CPython does not consistently apply the requirement that an iterator
define __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

keyword

lambda

LBYL

list

(F—BE) *—BI%. 2 WAL IE. V- MRIEFLB DD OfEZR SR LATREA 7
Yz 7 b (callable) T3, HlZIE, locale.strxfrm() % F—BIUCEZIE. v 7 —KFDY — b D
BEICDo oY — b F—ZIEL T,

Python ®Z < OV — i3 F —BEZIITRD BZRZOWM SIERS 7L — A2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BBEELZHEFVLO2DHD £9, Bl str.lower() XY v FZ2RXF/NFZXAIL
BWY — b RT5F BB LTS ZeHkET, HBWVIX, lambda r: (r[0], r[2]) ® X
5 7% lambda HH 6 ¥ —PBAZIESL Z LA TE £ 9, F7/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF—HMa A+ 572 HD % T, F—BK
DIED 75 2 0T ORI Sorting HOW TO 2ZHE L TL 72X W,

argument =S
FlE 2SR T &,

(7 LK) BHDA > T4 VBT, PO iz 2iciHiixns 120 X 2E8AFF, 724
XEEBUE VE 2 0X lambda [parameters]: expression TF,

FZ 21305EDH (look before you leap)) DIFTSE, ZDaA—F 4 Y7 AXANLTIE, FFOHLPBRK
AT D HNC. BARINCHTIRSEM (pre-condition) ¥IEZITWE T, FAFP 77 a—F L 5T, if
X3z S AMDND DHFHEHI TS,

TILF ALy FEXhZRE T, LBYL 7 7 —F13 7 R37 @fE e " R BREOBAIREELS &
EZFTVRIZBEHDET, HlZIE if key in mapping: return mappinglkey]l ¥\ 5 22— Fii,
HEDZ. DAL v ROBRLBDHNC mapping 5 key DR EERLET, ZOMEIEZ, vy
7325 EAFP 7 7/u—F %25 Z L TIRTZ X7,

A

built-in Python sequence. Despite its name it is more akin to an array in other languages than to
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a linked list since access to elements is O(1).

list comprehension
(VAMAEER) =7 YAHFORTH 2 WE—HOEZAZUHL T, ZOKR,25722 VX bziK
T, IVRT MRGETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £52&. 025 255 $TOEME 16 EEERE (0x..) LAEXFHN64%25 0 X P 2EMRL £
T if HildA > a3 2T, if HiBL WA, range(256) DR TOEBRIUH SN E T,

loader =
Ja— O —F$3F7Y 7 b, load_module() LWHZEDRXY v FEERL TWiRIFIUIR
DEVA, B—X—=1E— MBI finder 2 HIRINET, #FEME PEP 302 %. abstract base class I1Z
DWTIX importlib.abc.Loader 2SR L TL Z& W,

Asy—LI>aA—Ta4>5
On Unix, it is the encoding of the LC_ CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

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

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

See also the filesystem encoding and error handler.

magic method
special method D < 721} 7= AFKFET T,

mapping
(oYY FEOF—HKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ HIREE Y 7 X THESI A LAY vy FEERELTWIary 7+ 4
7Y 227 bTF, Bl Z1F, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter L& T,

meta path finder
sys.meta_path ZMK L TE SNz finder. meta path finder & path entry finder £ BfRIZDH D F
I, BT,

meta path finder 23525 % X v FIZDWTIE importlib.abc.MetaPathFinder #ZM L T 7
ISR

metaclass

(RRIFGR) VITADI FATT, 7 I7RAERE. V7R, 77 RADFFHEr, BRI SADV A+ E
EDEF, XX FRIF, 205 3 2%518e LTRIED., 77 REER2BEEZAVETS, IZLAY
DA TPz MEFSIEEZ GRIFE: X R 25 20D) 77 4L b OERERREL TV E T, Python AR
BROWFHARLDART FRAEERTEBRTT, FEAEDI—F—IZW-o T, XX 7 7R FELL
BORVWHDTT, LhrL., —HOBETIE, XX 7 FRAIWNTILH Y MRFEERELE T, -2
LZIEEN T 7 20u B o0, ALy Re—7WEBINLED, A 79227 FOEREBHL
Jeb, SUITNNUEREETZRYE, ZLOBETHHAINE T,
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FEANE metaclasses ZSE L TL &0,

XYy R
(XY 9 ¥) 7 I AREKDOPCTERINZE, 207 FADL Y AX Y ZADBEHE LT X735
B AV Y FBA VAR YZAATY 27 bE— B8 L LTRIMD £F (Z0HE—58I3EH self
CIENET), BE ¥ RA SN O—T 3B LTLIZE W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_ 2.3 mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

module
(£¥ 2—)V) Python 2 — FOMBEEM L LTRELHLATI 22 FTF, EV2—-NLVEEED
Python * 7Y =7 b 2 EOEFZEMZRES £3, €Y 2 —d importing DAIRIZ X 5T Python
W AAENE T,

NYT—2 ZBRLTLIEZZW,

module spec £
Ya—nZEZu—FT30MHbhis A4 R — FHEOEREL L LATZEM TS, importlib.
machinery.ModuleSpec DA Y A X Y XA TT,

MRO
method resolution order ZBHL T Z&E W,

mutable
(R2—=RTN) 32—RTNERF TV M, id) ZEZ DI REEZEETEE T, 12—
A7) BBRLTLIZE W,

”

named tuple
FHIN E X2 TN WS HEEIE. RTVZHMELTNT, 4 VT v 7 AN L BRI LB ZE-> T
D7 7 EAHTEZEROBPL T 7 ASHINTVET, 208 7 AIMMOEHED > TWnw5a Z
EHHDET,

time.localtime() % os.stat() DR D% EFLWV L O DHAALIILHIN & X TV TF, i
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
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extra methods that may not be found in hand-written or built-in named tuples.

namespace
(BHI2EH) BRI E N 25T, HRIZEMITHEL L TEEINES, AREMIEA 722
FD (XYY FO) ANFIZRo72b DT TR, AR O, KEHNZSD, 2L THAAALD
bOWVHD T, HETEMIIBRTIOERLZIC ZLICXoTEY 2R K- 195, HIZIXBEK
builtins.open ¥ os.open() FEHIZEM TR NTVWET, E/o. EDEY 2 —UH B EELE
LTW3 RS 2 Z 8 & o THARTZEMEATZME C RTFEZ R L 3, HlZ1E. random.seed ()
X itertools.islice() &FHEL v, ZAFNTEY 22—/l random X itertools THEEINTWVWS Z
EDEH BT,

namespace package
(BEIZEEAYy 7 —=2) TRy r—Y0ary7F e LTOARMEINZ PEP 420 TEHRI I
package TF o, BATZEM Sy 7= 3N RRBI LW 2PN TE, __init__.py 774 V%
Filziz w7z, reqular package ¥ 1ZELH 3,

module ZZHRLTL1ZE W,

nested scope
(AR PSR =T ) IMUTERSN TV LI LRI SAET T, BRI, D 2D DB
DOFTERIN TV S5E. NAOBBISMIlOBBhoZEREZSRTE%d, A XA PShikRa—7
377 4V b TIRZEBDBREZ TN TE, ZRORANITERVDTERLTLZEWV, B—ANZE
F. ROBAMDOR 2 —FTERZHAEELE T, A e — VERZMES & 7a— oL HH1%E
BOE%EFHiAEEZ L L3, nonlocal THMIIOZRICEZIADE 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
(A 7V =2 1) RE (BIERHE) L EBINLIRIBD (XY v F) 232082 TOF—X, LI,
ETD FRAEAILI SR OEMOEEY 5 ADZ &,

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is
compiled, allowing optimization of read and write access to these names. The local namespaces
for functions, generators, coroutines, comprehensions, and generator expressions are optimized in
this fashion. Note: most interpreter optimizations are applied to all scopes, only those relying on

a known set of local and nonlocal variable names are restricted to optimized scopes.

package
(R Fr =) B TET 2 - ARHERNCY 78y F =280 L DHERS module DZ TS, &
FIENIZIE, Sy =D& __path__ B2 HD Python #7227 + T3,

reqular package £ namespace package B L TL 72 &0,

parameter
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(515 A DFET BE (P XV Y F ) OERICBWTEEDIRIT 2 3|18 2HEEL T, K
NI S D D 5

o MBELIFF—T7—F: {IE THIVE F—T—F5|IH 2 LTET I TEI5MEHRBELE
T, THUIE ZIBBIRD foo R bar DL DI, T 7 4~ DIRG I OEETT:

[def func(foo, bar=None): ...

o NEHHA: MBICL->TOALGRLNZGIBEIHEL T, MEHFHDOTIET BEERDTIBDOV
APMDHTEZENLDHRAIC / R EDDIIETERTEET, HIZIE D posonlyl ¥ posonly?
B ESERTIEICRD £7:

[def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—TU—FER: F-U-FZLoTOAEXLNI5IHERELET, ¥—V— FEHD5H %
ERTE2EAME. BIZRZLUTD kw_onlyl R kw_only2 D X 512, BEERDRGIEY X M
BOLAERMEBT I ELIIHRD x OB TT:

[def func(arg, *, kw_onlyl, kw_only2): ... ]

o AZERME: (L5 I TR S NTATEONES [FU 2 T) RO ONES B2 5 2
LB RIBELET. TDX5RIRTIEIZ. ITD args @ X 5 RG BB DRI * 2D2F 5%
ZETERTEET:

{def func(*args, **kwargs): ... J

o FAIERF—T—F: (MORSIBKTRICZY 5NTEDOF— v — RIS Z T) (RO D
F—U—FEEPEIONE I E2IEELET, 0L RIREIBUEX. LOFID kwargs DX 51T
IR DRNC **% ZDIFB I TERTEE T,

REIEEA T2 a Ve RHEDEIBOELLBIETE, A7 a o5l T 7 + L MEDIRETE
£7,

RE1%0 . FAQ @ HE ARG B DENZMITTH? . inspect.Parameter 7 7 A, function 72
Yar, PEP 362 ZBHL TS0,

path entry
path based finder 25 import 3 %€ 2 —VZ2ET import path LD 1 DDFFITT,

path entry finder
sys.path_hooks IZ# % callable (D% D path entry hook) 255R L7z finder TS, 5 Z BTz path
entry WHBEY 2=k BAOF 2 HERH>TWET,

NRALY ) =T 74 VEPEETZ XY v FIZOWTIX importlib.abc.PathEntryFinder %%
LTSN,

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.
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path based finder 7

7 4V b D meta path finder ® 121, T 2—ILD import path ZHRRLE T,

path-like object

(path-like #7227 b)) 77 A NS AT LRA%ZRKLE T, pathlike 7= 7 Md, R %2RK
T str ATV bR bytes 7V =7 b, ¥£713 os.PathLike YR b a L ZHEHEL AT
7 FDENDTT, os.PathLike 7B P AP R—FLTWVWE A 7P =7 M os.fspath() %
MEOH S Z T str 7213 bytes D7 7 A VI R T LANRIEHTE £F, os.fsdecode() &
os.fsencode() X ZNEH str HDWVWIE bytes ICRZDEMRIET 2 DIMHEX T, PEP 519 TE
ASNE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 3 2 =7 4 I8 L TERZIRIET 2. H IV
Python OFERER Z OBERLIRIFICOW TR T 23 LFHFTT, PEP &, #EEIZOVWTOMERR
Bk L 1R R 3 2 REDamill (BER) ZIRR 2 NETT,
PEP &, FREDREICr D%, 2 2 =7 4 I X 2MEREDOEM L Python 127 XN 5 &EHRM
OXENDD DR LA OEHL 722 Z e 2BRILTWE T, PEP OFHFIZZaI 2 =74 NOEE
FEHzIT5> 2. RNERZNFNTLZLOBEBELHD £3,
PEP 1 2ZLTEE W,

portion
PEP 420 TEHR XN TV, namespace package IZBT 2. HED 7 7 4 D (zip 7 7 4 MK
ENTVEHELHD)1D2DT 4 L7 M VIEHERT2 D,

{I&3 % (positional argument) S

I8 ZZML T ZEW,

provisional API

(& API) f2HE S 4 75 ) D% HIRMERAED S BRSNS N DDTT, ZOEI A ¥ & —
T2 —ANDOKEREHE I, BETHZ2LINTVWAMBMHFEINTHEBAL, a7HEECL-T
B A INIUE, AL EE ([ 2 =72 —RDHIRETEENDS) BITONZET, Z
D ESBEFRILRAITONEDDTIED D FHA - 21X API ZHHAALENCIERE STy
T2ERBRMEPBZER L2 ZICOATONET,

BE APT IZOWThH, BABHMOR VAR REFER LARINTHET, MERIHIL
AT R AR R T RETT,

ORI E), EBES A TS VEMEERZ TS Vs — IRV A OB Z kL,
@2 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 27 32— LT3, (Python 3 BEWRRDFEL o LEHI/ESNF
T9, ) "Py3k” x5 ddHh 7,

97


https://peps.python.org/pep-0519/
https://peps.python.org/pep-0001/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0411/

Extending and Embedding Python, 'J1)—2X 3.14.0a0

Pythonic

tt
DEETRINRE Z A TEINTza— FTIER L, Python OFHC IV A T 4 A LI 12E R
Fea— KA, HlziE, Python ®—f&ki7 A 7 4 * LT for XEF-TA T I TILDITNTOERE
WKE-TL—FLET, OZLDEEBICFZOMHMEAITRVD T, Python IZEHRTHZRWAFD
DICBIED DY v X—% 5 d L ERA:

for i in range(len(food)):
print (food[i])

ZAUTH L. Ehwiz Pythonic 72 A1k

for piece in food: }

print (piece)

qualified

name

(Bffith) £ 2 —lDI/B—rULRA=T N5, ZOEY 2 —LTERINII TR, BB XV v R
AD, VR BRT Py NEERILTT, PEP 3155 TEBEINTVET, My FLRLOBEERY 5
ATE. BEiREA 727 FOARTEFEICTY:

>>> class C:
class D:
def meth(self):

pass

>>> C.__qualname__

o
>>> C.D.__qualname__
'C.D'

>>> C.D.meth.__qualname__
'C.D.meth'

EYV 2 AANDOBETEDLND &, TREMB (fully qualified name) ZTXTOHAR Y Fr —I % &L
2D Ry FAREE. HlZIE email. . mime.text ZEHRL F 5

>>> import email.mime.text
>>> email .mime.text. name _

'email.mime.text'

reference

regular p

count

BEAY VL) BE5FTT 27 N T 2EROM, BRAYY M0 ChokL &, Z0OFT
Pl MIWEINET, Kk THH, BRIV Y PHBRL TEHEINRWDICE D Y THMRER
ENBVWATI 27 DD ET, 2RIV Y MIEHF X Python D a— K RIZIZHNAE R AD,
CPython EEOBEERERTT, Iur/i~—i, FEOA T 27 VDSBAT Y RIS T2DI
sys.getrefcount () BBZIFNN S Z L AHIRE T,

ackage =
M7, __init__.py 77 ANVEELT 4 L2 MY ¥ LTD packages

namespace package ZBRRLTLIZE W,
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REPL
"read - eval — print loop” QEHFFET, WEEE! 4 ¥ X =TV X — = LD Jl#,

slots 7
FANTDEFT T, A VARV RAEHEDHEB T HOPUDERLTEE, £ VAKXV AFELHRT 2
ZrT, XABVEHWLET, ZHUIEILELNZT 7=y 7 TTH, IELLFSWKEA LMY vF—
RDT, Wk —Z, PIZEXEYDPIEREL 257 TV 5 —2 a3 VT VARV ARKBITIEET
b, EWVWolklt ZRRE. EDRVDPRR FTT,

sequence
An iterable which supports efficient element access using integer indices via the __getitem__()
special method and defines a __len__() method that returns the length of the sequence.
Some built-in sequence types are list, str, tuple, and bytes. Note that dict also supports
__getitem__() and __len__(), but is considered a mapping rather than a sequence because the

lookups use arbitrary hashable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just __getitem__() and __len__(), adding count(), index() contains__(), and

__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence

Operations.

set comprehension
(BRANTKEL) iterable NORTH 2 WIE—HOERZUH L T, ZOMEI LR I2EERRTa Y
N MREFEEFHTT, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ F 3 ¥,
{'r', 'd'} LW XFHNDOEFFEEHEMRL FF, comprehensions ZHH L TL 72X W,

single dispatch
generic function D—FETHEZ—ODFIBOTI L VBRI E T,

slice
(RTAR) — I =T V2 O—HEALA T 2T by ZAT74 RF, TR [ THEALNE
BoFomicaaryzEL e TELNE T, IR, variable_name[1:3:5] T3, AN ((RF)
LB slice A7V =27 FERNITHAHL 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
(FFHEX Y v F) & 2TBNREDEIE, BIZIEME %L T 272912 Python » SIFEICFENH X5 X
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Yy R, ZOMEDAY v Fld, XYy FRORFERRICT VX —237 2 DBDO0WTWET, Kk
XY v RIZOWTIE specialnames TEHR XN TWE T,

statement

(X) XFEAAL =k (A=FD” 7uyv 7”) CARARBRERTT, XK 2F—V—FroMRIN5
HDODDELBLMTT, BEHFICIE if. while. for B3HH F3,

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect

types. See also type hints and the typing module.

strong reference In

Python’s C API, a strong reference is a reference to an object which is owned by the code holding
the reference. The strong reference is taken by calling Py_INCREF () when the reference is created

and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF() function must be called on the strong reference before exiting the scope of the

strong reference, to avoid leaking one reference.

See also borrowed reference.

text encoding A

text file

string in Python is a sequence of Unicode code points (in range U+0000--U+10FFFF). To store or

transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as "encoding”, and recreating the string from

the sequence of bytes is known as ”decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as "text

encodings”.

(THFRAPI7AN) str ATV 27 Ve@AEFEEXTES file object TT, LIFLIEX, 7FA M7 74
NIEBIAAL MEAIO T =X A Y =27 72 A L, TFALIYO—FT 1 27 ZHBITY
T3, 7¥A L7 74 VDHNZ, sys.stdin, sys.stdout, io.Stringld 4 Y AKXV ARE T T XA
FE—=F ('r' or 'w') THWAT 7 4L T,

bytes-like 7T Tk BHAEETEDZ 77 ANF T2 FiIZOVWTE, NAFUT7AIL 5
LTI,

triple-quoted string

type

(Z&EHZ +— bFH) 300K L2 4 — e B () 7 RA a7 4 — () THENZSCFES, &
WD (—H) 74— PXFINEHARTERITE 2 XFINTGEVED D FEAD, EO00HBTHAT
T 100200V + — MEEBETZ A —FMLICEL 2B TEET L. fTkbcTE (\) &
OB THDEEATICE D22 TEZDT, FFaX T —a Y FHEE RHICRICER]
T,
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(B]) Python 7Y =227 bOBRIZIA TV 27 bBED LI R DDERDET, HOLWEF TV =7 b
BHRIEF > TVWET, A7V 27 FOBIE __class__ BHET7Z 72 A L7720, type(obj) THUEFL

e D HIRE S,

type alias
(B4 v 7R) BRI T, B2l I L TERL £,

B4y 7 23 Ber b 2HEMLT 20ICEHTY. HlZIE:

def remove_gray_shades(
colors: list[tuplel[int, int, int]]) -> list[tuple[int, int, int]]:

pass

CHRRDES I D FHAR TS TEET:

Color = tuplel[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:

pass

FEREDFIHD B % typing ¥ PEP 484 2L TL F X W,

type hint

(Be v b) 28 7 7 REME. DT X =20 B DO E NS R ZIEE T 5 annotation TS,

Type hints are optional and are not enforced by Python but they are useful to static type checkers.

They can also aid IDEs with code completion and refactoring.

ra—NLVEKR 77 AR BBT, vn—-2 L ZEHETHRVHDOOHE M typing.

get_type_hints() THUFTZ %7,
FEEEDFIAD H % typing ¥ PEP 484 2L T FX W,

universal newlines

5

FAMZAMNY) —LDFRED—D2T, UFDITRTEITRLZB#ML 3. Unix DITEBE '"\n'.
Windows DFRE '\r\n', &\ Macintosh OHE '\r', FHEIZOWTFEL X, PEP 278 ¥

PEP 3116 . X5I(C bytes.splitlines() »SMLTL X\,

variable annotation
(BT ) T7—>ay) BRDH0NE7 7 RBED annotation .

ZWDHHNE 7 7 AREICERZM 728 23, AARRERTT:

class C:

field: 'annotation'

BT 7 T—a iF@ER BEEYE ODEONET: fIZE ZOZERIT int DEZHS Z &

XA TVET:

[count: int = 0
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BT ) T— a YOI OWTIE annassign fi TR L TWE T,

KEEEDFBADS S B function annotation, PEP 484 | PEP 526 ML T &\, /-, 7./ 77—
PavERMETERALN ST 27T 4 A LT annotations-howto 3 SR L TL 72X W,

virtual environment
(IRARTEHE) IR D B X M 72 B(TEEEC ¥, SAUCE D Python 2—HF & 7 7V 7 —3 = Y IiEA
LY AT 5 ETEHNTWAMO Python 7 7V 7 —> 2 YOBEENCFH T2 Z 242 < Python Sy
TF—YDA YAV EEREITI I ENTERT,

venv ZZIR L TL 72X W,

virtual machine
(R~ ) BRIV 7Py = 7K DERS N3 V¥ a—&, Python D~ »id, N4 b

A—Far 4 IHBMN L N FO—F 2ETLET,

Zen of Python
(Python ®1&D) Python ZEEfELFIHS 2 LTOEZ Y725, Python OFEHFRRIE E¥%2 VA MZ
L72dDTT, Wi 7m > 7 M T 7import this” ¥ $22 2DV R M EFRDE T,
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8%

CORFaAXYMIOWVT

COFFaXyME Python D FFaX Y 2FELZEHNE L TESLAL FFaxXry ooy oD
Sphinx ZH|fH LT, reStructuredText B DY — 2 5L XNE LT,

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEVOTHEGNTY! GRIE: HAZEROMEIZOWTIX, GitHub £ ® Issue Tracker THiE 2 BE WL
i‘j—o)
EPNIRRT R

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FOIERET, FFaX v D%

CEEXEF L
e Docutils 7B =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

e Fredrik Lundh @ Alternative Python Reference 7R x 7 + 55 Sphinx 32 D74 F7 %218%F
L7z,

B.1 Python RF¥aX> + BEfE

%< DF 4 M Python §if. Python H#Z 4 751U Z LT Python F¥axX>7—a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEANCTIEH D ETHBVY X b
7y 7L THHET,

Python 2 2 2 =7 4 25 DERBE L BRI ZDORBEL LV R Fa X v 7—yayidEFhEEA
Tl -HhHHLS!
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C.1 Python DFESE

Python (& 1990 DA, * F ~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZHd) T Guido van Rossum I & 5T ABC &I N 2 SiEOBMSEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWEF2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido I &KET 7 =Y =7 ML 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 — 4 1% BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FH4E 10 H. PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH) 12D £ L7, Z LT 2001 4. Python IZB3 2 HIKNMELZIRE T 270D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ Z#) 23256 EIFE L7z,
Z D ¥ & Zope Corporation (¥ PSF O¥EI&BIck b E L7,

Python OV V) —R@3ETH -V V- (=72 YV —RDERKRIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERANCAT, T —HZRUIZL A YD Python VY —2R1& GPL H#IZRo TV d; &
VY —REDOVTETRICEEDTHD X,

JJy—2 N—2 ii);=33 ¥R GPL Hi%
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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AR

TGPL Hfft) W5 RHUX, Python 25 GPL TEAZIN TV WS EKTIEH Y £¥ A, Python D F
A RFL2T, GPL 2BV, BELA—Y a VERMTABIEE 2 — 7>V =R 2L ThHh
FWEHA, GPL H DS54 Y ZADRTIX. GPL TY VY —XXINTWAdY 7 b7 =7 ¥ Python
PHAGDELNETH, ZHLADI AV RATREZESITED D £HA,

Guido RO T, TNHDVV—RZARICL T L E 0B DRI VT 4 TDARIATEHL 5,

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 3.14.0a0

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

3.14.0a0 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 3.14.0a0 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 3.14.0a0 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 3.14.0a0 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

3.14.0a0.

4. PSF is making Python 3.14.0a0 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.14.0a0 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.14.0a0
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.14.0a0, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python 3.14.0a0, Licensee agrees

to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF

ADVISED OF THE POSSIBILITY THEREOF.
(RDOR=V1Fil)
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5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be

bound by the terms and conditions of this License Agreement.

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
(RDR—=V ki)
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PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law 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 3.14.0a0
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
(RDR=V ki)
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permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VYT7wvhk

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ~“AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

(RDR=V 1K)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The 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—=V1Hi <)
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ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu 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 Y 2 —E kqueue f Y Z— 7 2 — ROV TDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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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,
(RDOR=V ki)
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and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise

designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a

cross—-claim or counterclaim in a lawsuit) alleging that the Work
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or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You

meet the following conditionms:

(a) You must give any other recipients of the Work or

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.

Notwithstanding the above, nothing herein shall supersede or modify
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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,
(RDOR=V1Fil)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictionms:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.
3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THH L TW3 Ny ¥ aF— 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
(RDOR=V1FiL)
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notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal 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 1K)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 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, ARISING FROM,
0UT 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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