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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++ I2& 3 Python DI

C7ur7r50HEE) Mo TV 56, Python IZHi 7B MAAAED 2 =L Z2BINT 5 DIEEH THE
TTo ZOHIREY 22—, JRIREY 2 —)L (extension module) %> ¥, Python 2SEHEITZ WD
DZE: FILWHBIAAF TS 27 FPDEE, 2L TERTDO C 477 VB R T a3 -z d 20
UHL. P TEZX51TkD ¥,

PIREY 2 — V%Y KR—+F 5728, Python API (Application Programmer’s Interface) Tid—3#H D BE%K.
~270BLOERERMELTWT, Python 7V &4 LAY AT LDIEL AL DRIEAD 7 7€ A FEEHRA L
TWETF, Python API i, v & "Python.h" A Y7L —FLT C V—RIZWHIAAZT,

WHRES 2= Da v AV HEE, B2 —LORABRPY AT LADOREHERIKFEL 5, FHIIBROET
AL 3,

0 IR

CHEEDA ¥ % —7 x4 213 CPython IKEHD S DTH . AU X BIEEEY 2 —MZEHD Python
FETEEIELEEA, ZLDEHE. CHUEEZEL T 2T TIEH D Python EED - IR 1
R B ZEWEATRET S, 2 2R, dREDPLEVWZIEN C 7477V DB AT 43— V2O
T THEIGHE. ctypes H2WVE ¢fi T4 77V DRFAEZMEIIARNETT, ZNHDEY 2—11F C
aA—ReA X =7z 4 AL, CHEEZBVTI VAL ILT 2 DITEANT Python M D & b @l
%% b o7 Python a— FEELETINET,

2.1.1 HELE

spam (Monty Python 7 7 YOI TFR) L WIHOIIRES 2 — NV EERTZ2Z2ICLT. C 7475V
B system() ICKF 3 Python £ ¥ & —7 = 4 AZAEM LWV E LET, 1 ZOBEIE null THIGX N7

1 ZOBBADA VR —T7 2 —RFTTIHEEEY 2 — )L os IZHD FT — ZOBMEEALDIZ, BEMTEBENZHZRLEZW
MHHTT,
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¥y 72T, BEERLES, ZOBBELIRD XL S51CLT Python 226 UHE S &5
&:L?’:L\X Lij—o

>>> import spam

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

%7913 spammodule.c ZEMT 2 TADLHMDET, (IHtL LT, spam & WS ARTDEY 2 — L ZERK
FTEHE, BV 2a—NVDEEN A7 C 7 74 )L% spammodule.c EMERZ 212> TWVWET; spammify
DEISICRTEZEY 2 —NVADEHEITIE, HIC spammify.c ICHTEET, )

ZDT7 7 ANDERAID 2T TDE ST LET:

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

AT, Python API ZlXDIAAE T (RWERSH, Y 2 — L OHRICET 2HHPR. ZEELRZEML
£9)o

O IR

Python X, Y AT LI &> TIEENY XOERICHET L E5R%7) ety HERET-o-TVED
T. Python.h ZW\WIHDIEHEANY X XD BHENTA 71— F EREEDFEFEA

#define PY_SSIZE_T_CLEAN iX, W< D2®D API TiX int Db D IT Py_ssize_t DMEDLNZNET
H2BZERTEDIMHONATVE Lz, ZHUZ Python 3.13 IR TIRAE L 2 h £ L7245, %75 Ak
DlDITHFR XN TVET, 2O~ 27 vl arg-parsing-string-and-buffers 2% D 3,

Python.h TERIN TV —F SO ¥ AU, & THEEE Py £721% PY v TuwE s, 727
L. BNy X7 7 ANVHNOERIIREET, fiHD-D L, Python ATHEEIZHS 22225 2055
H2 5, "Python.h" WL D0 DIFHEAN Y X7 7 £ )L <stdio.h> . <string.h> . <errno.h> . BXU
<stdlib.h> 24 Y7L —FLTVWET, BREDANY X7 7 A DT AT 4 FIZ/F4UE, "Python.h" H3FH
¥ malloc() . free() BX U realloc() ZEHEETEL £,

RIZT 7 4 MBI 2N, Python 3 spam.system(string) #FHili3 2 BICMUH NS Z v ick
% CBECT (ZOBBEREINCED XS O THE. BTTSOILD FT):

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
sts = system(command) ;
(RpR=1Hil)
6 F2E HY—FN—ToV—I L L THERZES
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(FiDR— 25 D %)

return PyLong FromLong(sts);

Z ZTlE. Python 518V 2+ (flziF, H—dx "1s -1") 205 C BRUCETHIRICZDOE AL TV
9, CBBIHIC o5 Z2Fb. HEINS self BXY args EFHINE T,

self 5T, BV 2= LUV DOBBTHIUIED 2 =AW, XV v RIZIEA T 27 M YRRV ADE
ShEd,

args 51EE. 51D A o7 Python RN FA TS 27 bADKRA Y RIZHEDET, X TLNOFEZRIZ,
MO L OBEOGIEY R MBI 28518 HIG L £, 51803 Python 72 =2 F T3 - C BT
SIEE > TM2EITSICE. A 7027 b5 C OEIEEERIXR D ¥ A, Python APTI OB
PyArg_ParseTuple() 3518 D& 2 F = v 7 L, C DEICE#L £ 3§, PyArg_ParseTuple() 7> L —
FFEHRE ST, I A 7Y 27 Py EfiE il ANS C ZBOBZHHILFT, ZhiZow
TR THLIHHLET,

PyArg_ParseTuple() &, R TOGIEMBELWHZE > TWT, 7 FLARAEL SN EBUCRT I BEEE
RELLEZICH (JEEn) ZIRLET, ZOBBBAPELRGIBY R M 2EST M (En) ZRLET, BRED
Ba. BEIIEY LR BIN 2R T 20T, MO LA (FlicdH2 X 512) I NULL 283 X512l T
{F2EW,

2.1.2 BENGE: T5—HN

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

to know about them to understand how errors are passed around.
Python API Ti&, #AxLBOFNZE Yy T 270D EZ N OPERLTVET,

ot d I HVWLNZDIX PyErr_SetString() T3, 5IEIIHINA TP 22 b C XFHITT, HIFHA
7Y =7 M3@EE., PyExc_ZeroDivisionError D X5 REFREADA 7V 27 +TF, C XFIILF—
DFER%ZR L, Python XFHA T = 7 MIEMXNTHIND ” [FEE” RFEINE T,

b5 —OFHZEE Y LT PyErr_SetFromErrno() 23H D £3, ZOREEKIIsIBUcH T2 b, NEE
37\ — NVER errno HHMEEL 5, o & SPHMZBIEIE PyErr_SetObject() T, DDA 7
Yz b B EEERSIEICE D ET, ZASBBUCES A 7Y 27 MITIE Py_INCREF() %Z2{# 5 HEI
HYFEEA,

FlAEA Y P IR TWVWE 1Y S D&, PyErr_Occurred() % o TIEBINICHANONE T, Z OBEIIIA
FEOFISNA TP =7 FRIRLET, FISDFEL TORWEEICIE NULL 2R L £3, BHIE. BEEORD#
POLT—PRAELLZHFITE 21E3TRDT, PyErr_Occurred() ZMUHTHEIID D FH A,

BEEK g 2R f 25, AT OBKOMOH LIkl e 232 2. f BIRIZT 5 —{E (CRIKIE NULL
R -1) ZIRERERD EEA, L L, PyErr_x BEHOWT W Z2MIHITHELT HDXEA - LER

2.1. C*® C++ IC&3 Python DR 7
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5, g BT TRMIHLTWELLTT, XRNT f 2O LEZa— N —%2R"3fHEZ BS5ZMHUHL
fed—FRIGRT 22D 325, AR PyErr_x X MUBLERA . UTRAKCHEE ST — =5—0
ROFLVERIZ, Ry — 28 LBEBS T TIREL TWE 2 5TT, 77— Python £ X7
VEDXA N —FIZEET 2, BERTHFD Python a2 — FiZ—R{EIE L. Python 71275 <H8E L
TBISNANY RSB LEZS ELET,

(EY 2 —AD PyErr_x B2 3 5 —EIFCH LT, LDFFRT I — X v —I %245 2 X 5 RN H
DEF, TOLSBIRNTIEZS ITRETT, LB VA, —RLHAIE LTIE, ZoBBEMEDFOHT
REIFZL e T I LT — DRI 2 HME RS MERICHE DB TT: THUTLD, 1ZE ALY DR
Dbk A RN HRMT 200 LK EA)

H LB L TOMHDRBIC L 5Ty M IO BI5 2 S 21213, PyErr_Clear () ZFFUNHI LT
BISREE Z I RANCTHE LR TR A D FH A, T —%4 X 7) XITFTE L 72 < 72 BHETT (A2t
DIEEZIToTD, MDBEZSRPoLDPDIICHENTZ L57R) =7 —IUHEZTER2ITIHEITDA,
PyErr_Clear() MU T L5 ICTANETT,

malloc() DFERH LRBUR, FITHIAT LR TIFR D £¥A - malloc() (%7213 realloc()) % EHNME
O L TWw3 a2 — Rid, PyErr_NoMemory () ZM-UH LT, KMERITEZRIRIIRD ELA, A7V
M AT 52 TOBE (Hl 21X PyLong_FromLong()) & PyErr_NoMemory() OM-UH L ZHEFETL %
5 DT, ZOHAIHBEFRT 2 DIFERE nalloc() ZMHUHITa— FEZITT,

¥ 7z, PyArg_ParseTuple() &\ 5 EELRFINZIRVT, BHOIRE 2 — F 2R3 REEIE /2T, Unix @
AT LaA—ILEET L, MERY L ZBRICiEY e F2EIEOEEIR L, KRLZGEICE -1 2 RLET,

BB, T —BUREZRIERC, (7 —0RBETI2ETIBICAERLTLE AT 27 PITfLT
Py_XDECREF () % Py_DECREF() ZM-UH L T) ZANE R FEEIToTL 20!

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.

EY a2 — VEEOHLEHANGERETEE T, ERT DL, @FHET 7 A VOEEEITHN A T 20
FMEBOESEITVWET:

static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

m = PyModule_Create (&spammodule) ;
(RDR=V ki)

8 F2E HY—FN—ToV—I L L THERZES
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(FiDR— 25 D %)
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

FIEEOBBOBNCRES &, SEEIUTOFETXEHMETEZ 2139 TF:

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).

RDILTIE. PyArg_ParseTuple () TiF7=3F4% T L T Unix B system() ZM-UCH L TWET:

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);

LOBETIE, BHATY =2 PEELET, (25, BHTT S, Python KBLW TR —F LDt 7Y =2
FEOTH!)

il & B MEZ IR S 700 B (void %3R3 BEE) 12hIE 3 % Python DORIEUI None RS AUIR D $H Ao
BIBUC None ZIB ¥ 21213, U T X5 WEHAZEWE T (Z DEHANIX Py_RETURN_NONE ¥ 2 1T
BEXNTVET):

Py_INCREF (Py_None) ;

return Py_None;

Py_None (3572 Pyhton * 7Y =227 FTH % None X325 C TOHHTIT, TNETRTERLLS
WIELAYOaAYTHFRA T " 27— 2EKT S NULL KA VX 2IZEWV, None 1&#liHt72 Python DA 7
yl 7 }\"C\\j_o

2.1.4 EZa—ILOXYV Yy RT—T )L YL

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

and address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

(RDR—=V1HiL)

10 F2E HY—FN—ToV—I L L THERZES
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(FiDR— 25 D %)
{NULL, NULL, O, NULL} /* Sentinel */
8

VAMELZD=DOHDIZ Y MY (METH_VARARGS) IZIHEEL T L&V, ZOIT Y FVIE. C BBDMES I
CHLBWEA YR TVRICBZ 220D 75 7T, W% Z DOfEIE METH_VARARGS 7° METH_VARARGS |
METH_KEYWORDS D% 3 CF; 0 1XIHND PyArg_ParseTuple() DZ{LE A HbN 2 Z L ZEIKL 3,

METH_VARARGS 7213 %2 5454, C BEE. Python L)L TD5 4% PyArg_ParseTuple() 2ZHTXE 3
XINVDIEATEZINS D LIELRIFIUIRD FXA; ZOBEBICOVTOFMIE 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.

Ay BT =T NEEY 2 — VERDOHERDP BRI N TWIRITIUIZR D FEA:

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 if the module keeps state in global wariables. */
SpamMethods
};

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.

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

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

int

main(int argc, char xargvl[])

{
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 interpreter. Required.
If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
3
PyConfig_Clear (&config) ;

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
wmports tt. */

PyObject *pmodule = PyImport_ImportModule("spam");

if (!pmodule) {
PyErr_Print();

fprintf (stderr, "Error: could not import module 'spam'\n");

(RDR—DIHE<)

12 F2EY—FN—T14 V-G LTHEREZESD
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(FiDR— 25 D %)

// ... use Python C API here ...
return 0;
exception:

PyConfig_Clear (&config);
Py_ExitStatusException(status);

0 IR
H—pFat 2N (£7213 fork() D exec() DMALTWRWIREE) 2B 28B4 > 2 7Y X
BV, sys.modules RHLY + Y ZRRELLDHima > R4 VEFAEY 22—V % import L7zD T 2%

ELHRREY 2 - M Ko TIEMEZETC 2 2D H D £, HIREY 2 —LOIEEIE. NET — 28
ZHEET 2BICIZ X K SHDIRETT,

X DEEMEEY 2 —AHfliZ, Python YV — ABLHYIC Modules/xxmodule.c ¥ WO ZATTA> TWVWE T,
D7 7ANET Y7L — b LTHBHMTEETTL, FIZhlE LTHEDE T,

0 R
xmodule % spam & %7 D, ZERFEMIRAL (multi-phase initialization (Python 3.5 OHitkRE) Zffi-> T

WZE T, PyInit_spam %% PyModuleDef ZiR L. €Y 2 —/LDAERIIHEIC import ATV E T, ZE
FERIHMEIC O W T DRHE PEP 489 22 LT EE W,

215 aAYNAILeI>o

MLUWIRREY 2 — A 222 X512 T, ELEODMF#: a4k, Python AT LA DY ¥
7. DPEoTVWET, BIlNFiAAA (dynamic loading) 2> TW2 D45, fEEDHMIZADTD S AT L5
o TV AENTHAAADERICE > TEDLZ D LNERA; FHLIE, HBREY 2—NLDOENRIZHET 2
B (CHBSLY C++ IBROEILEF FE) . Windows 1IZH1F % L FICBFRS 2 E8IMERDOE (Windows £
T CBEY Or+ BEES2—LOEILE B) 2BILTIEE D,

BFHAAAE MR 07D EY 2 — L EHE Python 4 ¥ 2 7)) ZO—EIC L TEELWEEITI, A
VETVRDOENLFRELZEZHLTHELFLATIIRSRLIRSTL & 5, Unix T, FEH#ERILITZ
DIEEIZE THHMTT: BICAFDOEY 2 =17 7 4L (Bl 21X spammodule.c) ZEH L 72V — AEAY)
D Modules/ 7 4 L7 F VIZE %, Modules/Setup.local ICHZTD 7 7 A L ZitAT 2 L FDO—17:

spam spammodule.o

EFBMLT, Py 7L RXADFT 4 L2 VYT make #FETLT, A YR FVXEHELRTZEI T,
Modules/ #7574 L 27 b UT% make #EITTEFETH, Hid o T 'make Makefile’ 5T L T Makefile

2.1. C % C++ I2&3 Python DGR 13
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ZHELFLTELRTNERL D FEA. (ZOFERIR Setup 7 7 A VEREET 57 NTBETT, )

EV2-ADRDIATIVEV T EINTWEIRENRDLIHE. T4 TT7VIRET 7 A MIHIFETEZE
T BIZIEATD XS ITLE T,

spam spammodule.o -1X11

2.1.6 C 75 Python BISEIFUHT

ZHETIE, Python 226D C BBOMUOH LICERZEVWTARTEE L, EIATIDH: CHH0D
Python BABOMUH LB EFEHATTS, bbb, WbWws ” a—il Ny 7” BEEIR-— b T2L54L7
477V RERT 2BCIEZOEREDNERI TS, 2 CA VR —Tz—APBa—A Ny Z7EFHLTWEY
&, FEOHEEZ M T2 Python 27— FTWE. LIXLIE Python 7R 27 I <ica— Ly ZEE#EE IS
ZREHRH D ET; 2D EFRETIE, C TEhNT-a—nA Ny 2D S Python TEhhiza—iy 7
BEBEMOHT LT IRELHZTL LI, bBDA. HOARIEZONE T,

FE R Z 2T, Python A4 ¥ & 7V X BCHIFFEOH LT %, Python BAE M 3720 DIELEL ¥
R—T7z—=RAbHHFF, (Python R—F2REDANFZ2 Mo THECHTHTIEIZOVWTEHHT 50D DId
HHFERA - ZOFRICHEERD 5745, Python Y — 23— FD Modules/main.c iIZH3, a~<v>r KA
VAT ay -c DEEERTILEW)

Python B OFEOH LIZEHE TS, 3. COa—RFIIHLTa—ANy 7%2EHFL LS £ 55 Python 7
0277 nd, M 6O ET Python DA 7Y 27 b 2EZXRIEERDERTA, TDRDIT, TI—IANy
BB (-3 2oftho (4 v X —T7 =2 —R) ZREERIERD FEA. ZOa—nNy ZEREEBDI O
SN, 5lEEX N Python BAA 79 2 7 FADERA VR E 7O —NVERIZ — HDEWE, ¥In
HYIRGANC — RFELET (BBA 7Y =2 b Py_INCREF() T5 &9 K<IERELTL XV, filzi3,
UTRD XS BBEBMBEY 2= LDO—EHICKR>oTWVWS I ETL & 9:

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'" */
(RDOR=V1Fil)
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(AiDR—I 25 D %)
Py_INCREF (Py_None) ;
result = Py_None;
}

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described
in section EZa—ILDXAYV v F7—TILE#H{LEZ. The PyArg ParseTuple() function and its
arguments are documented in section #E3RE S 2 —JLEIETD/NT X X2 ERH.

Py_XINCREF() 3 XU Py_XDECREF() &, A 7Y =2 MIXT 2SIV M2 Y7 UX Y N/ T7 U X
YEFI B0 u T, NULL KA VAP FEINTHRBHRETZZHEATT (idvwi, FofnaTid
temp 5 NULL I35 Z2EHH FHA), INHDOT IR BRI T Y MZOWTIE, BBAD Y bE Tt
HLTWET,

ZD%, a—nNy ZBBEMOE TR 5. C BB PyObject_CallObject ) ZFFMHL %, 2D
BIEICIE o D5 1% Python BA%Y Python BID5IB VX +H3H D, WIFNBIEED Python 7Y =2
FERTRA VX TT, 5BV RAMIBIIXINA TS 27 P TRINUER ST, ZORIE5IHOECKR
D %¥, Python BISZ 518072 L TREUH T DR S, NULL 22D &R I %2EL %5, H—05 5Tz Y
3o, BHER (singleton) DX L%z L %3, Py_BuildValue() OFRFHIFIT, ¥l XX
—fEA LoENMCa— PO Ao AFEND D 2558, ZOBBIEE Iz Rl $3, INhlZRL 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 bADRA Y X%ZIRL EF: Z4Ud Python B 5 DED
fEIZ72 D 3, PyObject_CallObject ) &, 5IEUTH LT 7 M A ¥ > ML (reference-count- neutral)”
TS, LOBITRETNZAERLTHY AP e LTRELTED, 2D X 7 )Ld PyObject_CallObject ()
DI LE&IC Py_DECREF() IR TWVWE T,

PyObject_CallObject) FRENMEE LT "H LW 7V 27 b: FHERINATY =27 b, BifE
DATI 27 bOBRATV U I E2AL VI VRXAY P LEDDERLET, EoT, ZOATV 7 bEra—N
NEFUSE LV OTRUDRED, 2L ZZORDEICHEKENS TS (La, 25 ThHhUIRBEH))
B LDOHETRERYEA 7Y 227 % Py_DECREF() LRIFIUIRD XA,

YiZWwi, RD{E% Py_DECREF() 3 ZHNIX. fEA NULL THWAF =2 v 7 LTBL I EHFEETT, dL
NULL % 5. FEOVH L7z Python BIEUHINN B L TR T XE 5N TWE 9, PyObject_CallObject () %
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S LTWwW5 a— FEERS £72 Python 26N EATWEDTHIUE, FEIE C a—- RBESZIES
HLTW3 Python 2— RIZTZ 7 —iRMEZRIQERD EFRA, ZRUTEID, A VX TYVRIERZY 7 b
L—2% LD, SRS 27200 Python 2— REMEH LD TE LT, FINOERBLATEE
oleb. L7 RWnwDiss, PyErr_Clear () ZFFATHIAZHAL THEHPRIIRD FEA, HIZIZLLTD
£IITLET:

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

Py_DECREF (result) ;

Python 2 = A Ny JEBEECARALA VXA =72 —RZLEVPIZE-> T 5V R+ %
PyObject_CallObject() WCHEARITNERLLVWEHED DD ET, H2 7 —ATE, T— Ny 7K
ZHELZOEFLA YEZ =7 2= EN LT, 5IVARBEINTVEILS LILERA, EXFIOT —
2T LRIV ERBERL TR R b 2EIRERSRVI2D LI EREA, ZOHARDEHELDIZ
Py_BuildValue() 2FERPDHHTY, Hl2iE, BEHDOARY ba—FEELLZTNUL. LT LS5%a—F
S ZICRBTLED:

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) MUK LDER, T7—F v 7 XD BHICEINATVSE Z L IHERLTLEEI W
Fio. BEICE AR, 20a—FiEELTEH D A Py_BuildValue() IZXEVARRICBHEVE 0L
N3, Fzv 7 L TEBIRETT,

WHEOBIEE ¥ — v — K% ¥ KR— +F 5% PyObject_Call() %~ T, ¥—v— FEIEEMS BEBIECH
LET5ZeMNTEET, LOBIZFET L S12, Py_BuildValue() ZfE- THELZIED £3,

PyObject *dict;

dict = Py_BuildValue("{s:i}", "name", wval);
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) ;

16 F2E H—FN—To V=L L THERZES



Extending and Embedding Python, 'J1J—X 3.14.0a7

2.1.7 HRED 21— LB TDINS X 2 ERH

PyArg_ParseTuple() BAEUILL FO LS ICEF TN TVET

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

518 arg 1% C BIED> &5 Python ICEINZ5[V R MR AKX INATI 27 P TRITFNERD FE A,
format 5I¥UFEXSLFES T, Python/C API V7 7 L Y A~ =2 7)L®D arg-parsing Tfan X T\ % Fk
CIEDRIZZD TR A D D5, ZhZhOEHDT FL AT, HFRIXTFHNHSRE LR oTW
RUIFAUIR D R A

PyArg_ParseTuple() (& Python 2 65 X 6725 AR ERENTL o TV S IR S5 DITH L,
PyArg_ParseTuple() IIMFUH L OBRICE XNz C ZHD 7 L ADBEMBRMEZ RO 2N L L0
CCRERLTLEEV: SITHEVWRLETE, a—F2B2 v ad3hbLiEtAl, AREDT
7oy FEXAEVIZEHEXILTCLEVES, HEZ!

O LANCREEE N 4 7Y = 7 PADBIIZTRT BA 2] (borrowed reference) 127D $9; Zh b
DATYz7 VDOBRAT Y b 2T 7V XY PLTIRD FHAI

BIRIZWL OO LAFIE RL 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() */

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

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

ok = PyArg ParseTuple(args, "(ii)s#", &i, &j, &s, &size);
/* A pair of ints and a string, whose size is also returned */

/* Possible Python call: f((1, 2), 'three') */

(RDR—Ih<)
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(RIDR=I D5 DR E)

const char *file;
const char *mode = '"r'";
int bufsize = O;
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 */
/* Possible Python call:
fcc, o), 400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction(1+27) */
}

2.1.8 HIEREYV 2 —LEHDF—T—RNF XL

PyArg_ParseTupleAndKeywords() (& U TFD XS5 CEESINATVET:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,

const char *format, char * const *kwlist, ...);

arg ¥ format »$7 X &% PyArg_ParseTuple() b D[R U T, kwdict %7 X X3 F—v — F5|HD
Ao 7HFE T, Python 7Y XA LS AT LADLE = RIA X UTRIMD £F, kwlist 787 X ZI3ENRT
X REHANT 272DDXFH 0575, NULL #i SNz R b TT; %87 X X41E format ROEUERITHT
LTEPOHEDIACBEZINE T, BIIT %L PyArg_ParseTupleAndKeywords() IFHZR L., ZhlHD
SE G EY N e X L TR IR L %5,

O IR 1
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F—U—FR5[EHE> TVWEHEE. FTVEANTICLTHIERA! kwlist NIIFELRWF—T—F
RIT XX NG5G, TypeError DFEHESIER I L E T,

UREF—U—F2ffioEa—nHlZRLE T, ZHUd Geoff Philbrick (philbrick@hks.com) 12X 2% 7
nr77 5Bl d el LTVET:

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

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

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

static PyMethodDef keywdarg methods[] = {
/* The cast of the function is necessary stince 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 = {
(RDR=D1Hi )
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(FiDR— 25 D %)
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
};

PyMODINIT_FUNC

PyInit_keywdarg(void)

{
return PyModule_Create(&keywdargmodule) ;

2.1.9 EEDEZRBET S

Py_BuildValue() (& PyArg_ParseTuple() OXUCMET 2D TT, ZOBEBIILTO XS CERI N
TWVWE g

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

Py_BuildValue() (. PyArg_ParseTuple() Difik ¥ % —EHDOEXBEAIIUAFAHEMZFML 5, %
2L (BEAOHTIERL. ANEbIS) 5[8IERAL Y2 TIERL, ZEOETRIFIUIRD ¥ A,
Python 2 6 E N7z C BRI UTHEYIR, #7272 Python 7 7Y =27 F2IBRLET,

PyArg_ParseTuple() & IiZ—DE S mAH D FF: PyArg_ParseTuple() 1IH—5I8% X I T 2 ED
HHFET (Python DTV R MIWEANITEIC X L LTREXINS5 5 TF) A5, Py_BuildValue()
FRTNRERT 2 L3R D £ A, Py_BuildValue () EHFACFEINHFICHERBMAL Z o2zl EA-T
WAEEIZDARX TIVEREL F3, BEAXTINNZERL S, None ZIRLET, o0 bh—o0FERENL S,
ZOFEABADFTAR L TOBMASH1DE TS 27 PMIRDET, ¥4 XD 0% 1 DX TIVIBI VDS,
FHFHN 2 AR TV £ T

RIBlERLES (RO LE%E, HICHSREAS Python HERL £9):

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") O
Py_BuildValue("(i)", 123) (123,)

(RDR—=12Hi )

20 F2E HY—FN—ToV—I L L THERZES




Extending and Embedding Python, 'J1J—X 3.14.0a7

(FiDR— 25 D %)

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), 5, 6))

2.1.10 BRAV Y ~E

CRCH+DEIREETIE., Tnro<vide—7LOXEY ZFINCHERLEZDBRLED T28E0H
DET, 295 LMEEIE C Tl nalloc() % free() TITWET, CH++ TIEIAEMICHE U EW® CHEHE
T new % delete DMFEOLNFE T, 2T, UTOHIX C DHEEICBREL 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 —2DFEIZa— FHOEBTRWIIEETT, FlRIX, H2B80H2XE) Ty
ZHER L. (MO0 EZIT-o T, BETRy V2T 5 LET, ST, BROZERMEREZZEL T, G
HiWs a7 A M2EMT28, =7 —&EF2BHL, BBORPTUHEZRT IS5 1CR20D LNAEEA,
COBRFPTORTHEEZ L &, EIAZXE) Ty 73 FERLENLTVOTY, 2— FRAZTENX
NGB CEFICZE ST, TOEIBAEV YV —=IR—HHIAATLES &, RVEKBRHIARWE FIC
BRAEBZEVELSDDET: 71X TIZ. 2 TORBIFIHE L O L TIEFADDT2REIGL
MEEZF. 20— TIEL AL O ERIIHEYROFELE LR > TWa7D, XEYV Y =2l
PR B DIF, ROHEEL T 7 a2 =7 2l 2 TEBEME D Ho GaIRon 205 TT,
WoT, ZOMOTI—%F/MNRICLED D L Ra—T 1 ¥ 7HNCEIEZITI T, FEOXEYV Y -2 %
BT 2 Z e DEERDOTT,

Python 1% malloc() % free() ZIEWIC I FAT A7z, XEV V-7 DRFIRICNZ, BENIzXEY
OERZEIET 2 HIENNETT, ZODITBIINT-DBBB A Y > ME (reference counting) & MHIEN 5
FHETT, 2RIV Y MEOFHIIEHTS: 2TOA T 27 M2E AV Y EBHY, A7 =7 Mk
BZBEPE IPIMRFEEINZOI T REA VIV RA Y L, A7V 27 M T 25BMHIREh5 72
VXY MLET, AV EAPERIZKEST20, TV 27 PAOREBEOSEIPHIREN-Z2 ik, 7
Yzl MIBRENE T,

b5 —ODOMBIXEEI A N—Y a1 7> a ¥ (automatic garbage collection) EWHENTVWE T, (BEAH 7 >~
MERAIR=—YaL 7y a VBBO—2 LTEITFoNE b HHDT, Z22XKHlT27D0I28H X 7 H
g (automatic)” 2o TVWET, ) HEIARN—YaL 7> a YORELRFEIK, 22—V free() ZHIRM
WERRATEWZ 2D D F9, (FHERPXEY ORMAAELFRE LTEREATOVET — 5, Zhid
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M 2HETEDHDERA, ) C XBIZHMIR=YaL 7y a YORAIZ. BIZAIREDH 5 T R— 2
LI APFELZNE WS ZETT, ZRUTR L, BIRA Y ¥ MERFIRED H 5 FENTE LT (malloc()
% free() ZAHTEZ2DHHHRETT — CHHEEZZINAZRIELTVET), WOoOHD, TOARMEDD 2
HR=TAL T RN CTHREZLEICRE0D LNEREAN, ZNETEZRA T Y METR o TV LS
W3RN D T,

Python Tid, BHNRSBRA Y ¥ MEDFEEZIToTWE—AT. ZROMBREBH T 272D 1ERS
SRR HBEAE (cycle detector) BIEMEL TWE T, BRSO B3 T, EIK, HEIr2D 5 TIEER
ZROERZXICE T T IV r—2a v ERRTEXT, tWwH 0, BRIV Y MERET 2o A R—
vavrryaryFEEL o TREZRIZHRZ 2S5 TY, BRSRIE,. (HESRO5E &0 T) HEANDS
WP ANoZA 7T 27 b ROIERENE D, BRADA 7Y =227 M3IKAIFELROBRA Y >+ 2Hb %
T AR BIRA Y > MEDFETR, L AMRBHEZERT 24 7Y =7 Mo L THllice Bk
WELTYH, BRSEBNOEDA 7Y =27 MTET2XEV SHEAHATEIEA

TEERSIRBHBEIEZ D XS BRAR=IH A4 70 (R U7 & 5 RIEERSIA 7Y = 7 b) M L THEIS
5ZENTEET, gc BV 2 —NZD X5 MO EIT (collect O B T 2 & bz, RE
DHDA VR T7 2 —AB X UOHMHENE L ZITRICENC T 2 FES I LTV E T,

Python IZHIT3EBADV Y ME

Python 1Zi&, BRATV Y DA YT VXY MRT 7V XY M2IUHT 2 DD~ va, Py_INCREF(x) &
Py_DECREF(x) 2% b %3, Py_DECREF() &, AV ¥ F ¥ RICEE LIS, A7 27 FDXEY
FEIBATVE T, FMMZ2H72E 27012, free() ZEHEMFIHLEEA - Z2O0RDODICATI =7 FD
BA 727 b (type object) BN LET, ZDDIC (MOBEWDHH FTH), 2TOF 7Y =7 MdHE
ORI T 27 MTNTE2RA Y EBA-oTVET,

XC, EFRERZEMAE > TWET: WD Py_INCREF(x) X Py_DECREF(x) ZffZIXXWVODTL & 557
E5. W OPORGEHAPLBEDEIRTLLE N, £F, A7V 27 ME 7 5F (own)” EhdZeiddHH
FHA; LU, 24727 MIHTE2SRBOFE own a reference lITEFE T, A7V =27 FVOBIRA
VY MNE FOF TV W BBROFTAEEZI TVAERE ERINTVET, ZROFEEIX. SRIH
H72 { J2 o 72BIC Py_DECREF () 2MFUHTHEIZHNE T, SHOFTEMHIIEE (transfer) TE X5, FTF
Z M (owned reference) ORFIZIX, . RFET 5. Py_DECREF() ZMFUHT. WO =DDFENDHD
9, TESHREAELEh2 e, XEVY—2%5|ERILET,

A7z MItT 3 28IE, B (borrow) HATEETT, 2 BHOMEHHE X, Py_DECREF() %MA TIE/R
DEVA, BRAFE SROMEE>LMEA LM ZBEI TSREAFLET TUIRD £¥A, FTEEIS
MEHBEE LB THEAZREMS b, MREARATY ZMEHLTLE S G H 2 DT, MehcEk T4z b
FHA

ZROMBHPIZHROFA LD BN TV IR, a—F B D 525505 UHRRTSREZFEREL THL &
SHEELAELSTHLIETY — HloEWHEThd, BHZROGEICE. LHORFTHEEEKT LTS
AEV V=2 DEREET I ARV, WS e TY, #ic, XD AR, TKEBICRZS
a— R, EEECRSBROMEHITTHEESNTL Lo RICZDBRZM 5 20 d Lvaw & 5 i kil

*2 SRR AT LWIRAXT 7 EHEICEELL B D ERA: BERS, BROFEEIIKAL LTBROav— 2T
205 TT,

*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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HBLWNWH LT,

Py_INCREF() ZM-UHF L. [EHSREZMESRICEECTEZET, ZOREEISHROMBHITOREIITHE
L E¥A - Py_INCREFQ) I3#H =R ESREZ4EK L. ZROMEENEIRZLTOEELZRLET (0F
D. FiiBROMEE . DETOEH LRk, SROBEEZEYNITORIZRD $8A).

FREMEICE D B REI
F 7Y 27 FADBREERONMCETIEE I, A7V 227 FOFEESSIR HICEINZ 0G0
A v &2 — T 2 — 2D —F e b £5,

FT7T 2l PNOBREIETIZL ALY ORI, B L b ICFEHEDTEL £3, K. PyLong_FromLong()
% Py_BuildValue() D &S5, HlLlWwAT7 Y =2 b 2ART 2BBI R THAMZHEFICELE S, 47
P MEBICEF TR T2 7 FTRATH, 20X TV 27 NI T EFIRBROMEHELE %
3, BlZIE. PyLlong_FromLong() L5 F v v a2l TED, Fvv¥aINfBENDBREIRT
ZeDHHET,

PyObject_GetAttrString() D X512, H25A 7V =7 v »oloF 7Y =2 bt § 2 X5 2B D
i, SR DIMAEHZRELET, 26 0HEPPRPHMBLICS VIS LAEHEA, EWVIDIF LS
bz —F DN DHhHHIIE > TWDH 5T PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B XU PyDict_GetItemString() Z®& T, X 7N, VA b, ELEHEILERS
RERLET,

PyImport_AddModule() (&, EFCEATY =7 F2AML TRT I eHAH2I2br0rboT, HHZRE
BLUET: TOADAEERDIZ, ERENA T =7 MITHT 2 ZHIE sys.modules ICREFEN 205
T,

A7V 27 bAOZRBENOBEEBICE THE, R, BEEREMPOCHLFE»OSRBEEHLES — 5
W2 RES 2R0EDD 5726, BIFMNE Py_INCREF() ZM-OH L THN LFTEEICRD £3, L3R, Z
DHANIZ =D DEE LIS} PyTuple_SetItem() ¥ PyList_SetItem() 3% D %3, T o OREEUI. T8
SNTGIBERITH U THTAEEZ R 0D (take over) £F —— 72 ZKRMLTHTT! (PyDict_SetItem()
L ZOMHEEFTAEMEE RO D E8A — ZhAbiE0DIE " HED” BTT, )

Python 228 C BB X2 B2iE, C BRI LMD S5IBAOSBEEH L £3, C BB
PECH LENE A 7Y 2 27 FADSIEFTE L TW 2 DT, HEASBOAEFHRARIE X 2 OB ILE %
BTETTY, COLSRLTUERAZHREZREFELLZDMIZELZD LEWEEICD A, Py_INCREF() %Zffio
THTESRICT 2 DELH D £3,

Python 2260 &7z C BEDIRSZRIFFMESRTRINIRD $EA - FTEHEIEEERSIFOHL
N ZHESNET,

&k

B WIKRIICBWT, —REZCRZ 2EHAZROMHEIMEY 0 EBZIT b ET, ZOMEIXT
RT, 4 VXY ZPIERINCECHE N, 4 22 7Y ZBSBROFEEICSREREI R TLEI R
BRLTVET,

HoTBIRES—RXDIBHEMD, ZLTHRBEBELRSDIF, VA MNERIIHT 2SRE2MED TV 2EICHE
%3, BRBRWA 7Y 27 MRS % Py_DECREF() DTS, filZI:
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void

bug (PyObject *list)

{
PyObject *item = PyList_GetItem(list, 0);
PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */
}

OB E S, 1ist[0] NOBWEMEA L. KT 1ist[1] %l 0 TEEZ, RRICIZIFILHEALLS
MEHAOLTWE T, MBMELZVWISICRIETTRA? THZ S TRRVDTT!

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 DK A 7 AU, BRI TS, —RIICSREEZHPLE XL VDTS, ELLEET 2 -1
YEMRDO LS D £

void

no_bug(PyObject *1list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_INCREF (item);
PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0);
Py_DECREF (item) ;

}

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

considerable amount of time in a C debugger to figure out why his __del__() methods would fail...

ZoHE, [BEHSHEIRL Yy FIZBBRLTWE 75 —RATT, #EIX, Python £ X7V RIiZBIT3EK
DALY R, Z0—=—NVA YR TVEZOy IRF TS 27 MEMEEREREL TS D, HWIHE
BIZLEHYERA, EIFWVWA, By 71 Py_BEGIN_ALLOW_THREADS ~ 27 0 T—REICHEFR L 72D
Py_END_ALLOW_THREADS TR LD TEEd, Zhobn~vrnid7uy 7O I % 1/0 FEUH L o ERH
WL BN 1/O DPETT2ETOMMHDRAL Yy KR Taty 3 EFHATEZ X5ICLET, HLRIC,
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MToREE EOFl L 7-REEIESATVETS:

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 R 2%

—MEmE LT, A7 27 bAOSHEZ IR 28X —¥D NULL R4 Y22 EFT I FHELTES
FTEEOI TR ar XSRS (B e Tar7Ry7&25|&ERIT) 22 TLe o —H A7V
OB ZIRET & 5 LRIz, AINDOREZTRTHEICDA NULL ZIR L £3, 58X LT NULL
T A M EfFhRVERE, BEELRLERZTIR /24 7Y 27 s 2 OB ZET L LT — K4
DORFA NULL 7 R b 21T 23, UERT A PP REBIZTOHA, 23— FIZ XD EHICH Z itk F5,

EoT, NULL DT A MEA T2 v 7 BAEFE, $ROBMED NULL 12722508 LAWK, VR EZY
WMo/ ERTICLEL & 5, malloc() . BAVEEE T 2 A[REMED & 2 BIED 2 DFITF,

~ 7 " Py_INCREF() B & Uf Py_DECREF() X NULL KA Y XDF =z v V7 EITVERA — L2L. ZhHD
~27uDZ{tTH S Py_XINCREF() B KLU Py_XDECREF() XF = v 7 B2{TVE T,

FEDF 7Y 227 MIZOWTHFHNSE <2 v (Pytype_Check()) & NULL FA Y RDF = v 7 E2{TVER
A FBDIBLETH, HARELRZMPHELTE IO =27 FOREHNBEICIX, 25 Lz~ uikil)
TIUCHTREDLD 2D T, BN NULL RA Y RZDF =2 v 7% T3 AERTAMNIKR>TLEIDTT,
Bl 2~27aiid, NULL F = v 7 21T 5 Z{LFIEH D 8 A,

Python 205 C BIEZ FECHI3#EIE. C BIEBUCIE XN 25|18V X (FITWVWS 2 2AD args) HBRLT
NULL IR B6BVWESIMHEEL TOVE T — FEBITE, BIRZ AR R 2 K5 HEELThE S, ™

NULL ;K4 > &% Python Z—H LU " RHBL” TLED &, BAIRTI—%25 | ERILET,

2.1.11 C++ TOIKRED 2 —IL1ERK

CH+ THIREY 2 —VHMEKTEF T, LWL ODHIRAE DD £F, X4 > 725 4 (Python £ >~
XRTVE)IFC Ay 7 TaAy I ALEINY Y7 ENTVEDT, 7= UVERRHNA 7Y 27 b2 a
VARNGIRTHERTEER A XAV TBTTLD CH+ AV A4 FTY V7 ENTWERS ZHUIRET
3% D FHA, Python £ X 7Y X SN 5 BE (FR2EY 2 — VWAL X, extern "C" %
HoTEFLRITNIZD £ A, £/, Python Ny X7 7 4 )L% extern "C" {...} KANZRLNEIXD
DEEA--- ¥ VHIL __cplusplus (BED C++ TV A4 JIIRTIDI VAL ZERLTVET) DER
SNTWVDE FZ extern "C" {...} AMTONE XS ANv X7 7 A LT TIREPNTVEHSTT,

* 2 HRO” O LR > T 25813, ZOREGER SN EEA — BFEO 2 — FITRVERZICIEROMOH LKA
AHNET
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2.1.12 #5EREZ a—J)LIC C APl ZiRt9 3

% { DIRREY 2 —I/WIHUT Python 22 & 2 287 2 BIRS M 2 #2463 2 7200 T A, RHCHRREY 2 — L
WD I — FHPMDILREY 2 — L THERR LD T, HIRIE. H2EY 22— L TREFHESOLRWY
ATDEDWEETS " a7 ay (collection)” 77 RAZFELELTWEhS LNERA, BxSEURL
EAEBLIZDEIELZDTE S C API 22 /254D Python V A MDD X512, ZOFikar sy ay
BB MOIEIRE Y 2 — L2 SEERETE 2 X5 ICT 2 I1E—E C BEER > TORFIUIRD 8 A

—HI2r ZREfHEALZ Y BICBEEE (3B AA static RELRESETII) FVT, #@lkAy &
77 ANEREEL, CAPI Z2HFFE L0, B2 ET, ZLTEBEOL A, 2TOIKREY 2 —H
Python 4 ¥ & 7V ZIZHITHINCY Y 7 EN TV ERHEIE I EKEELE T, L IAMEY a—A»Hf
FA4 77 VDHHEINE, —DODEY 2 — L TERINTVE Y YRABPMUDEY 22— 5 RAHR Z e HH
DET, ARMEOHEMIZARL =T 4 YT ATHIZEDET; BB RAT41E Python £ Y& FY Ry 2T
DIGREY 2 —VHICHE—O 70— OLig B2 2 HE L TV E 3 (B1Z21E Windows), HlDY X7 A1XE
Ta—DY Y IZRCIDAENS Y YRV EHRINICIEE T 2 0ENH D £F (AIX BZ20—fITT), %
7D A7 4 (IFE AL D Unix) T, Eo MBS 2RI LTIRELTVWES, 2L T AT UK
AWM= rOVERE LTAHTH T, MUHLIZWEBOA 72 EY 2 — AN EFe— FIhT0iRn
ZelFoTHhHET!

o T, AIED RS Y RV DOAEMEIZIZMORELZ L TERLBRNI IR D EF, D¥ DHRE
Va2 HDRETOY Y FIUL static LEFERAFXRD FEA, HIFHIEY 2 — L ORI T, Zhid
(EZ2—=IDXAYy ET—T L EHIEAEREE TibN/2 & 512) hDIEIRE Y 2 — L & ORI THATHEZET %
DT 572DTT, Tl MOIWIRES 2 =257 7 R% BIFBIRITEABL > Y FRUIHIORD 5
TREAERIERD FE A,

Python (& 3R ES 2 =D C LRLVDER (R4 ¥ &) ZRHIDOEY 2 —VITHE T 72 D DR I #ifs:
Capsule (4 7tV) 4L TV E 3, Capsule 3K > & (void*) %FlfE3 % Python O 7 —XMTF,
Capsule 1 C API ZN L TOAER LD 772 A LD TEFE T2, D Python A 7Y =7 bR &
SWCZIELTEET, & hbiF. Capsule IZEREY 2 — NV OLRITZEBNICH 2 LANCRATE T, fhio
PIREY 2 —MFZDEY 2 — /L% import TE, KICHHTZHIGF L. &#%IZ Capsule ND R A ¥ X ZHUG
LET,

PEREY 22— ®D C APl 2T 27012, kA R FIET Capsule LN E T, KL 1 2047V =
7 MZANZZD, 2TD C API R4 ¥ XEEFH|% Capsule AN Z e B TEFT, LT, KA V&R
T AREPIIFE Vo Tk A ZEEIE, a— FEZRELTVWEEY 2L I3 7Y P EYV2—LEDMT
R D HETHMTEE T,

CDNEREINIL TS, Capsule D name ZIEL{RET 5 Z LIFHEETY, PyCapsule_New() (& name
51% (const char*) ZHXD 5, NULL % name IZET Z L FFAI SN TVE I name ZRET LIt %
ECHERL £ 9, IELKARIZAMT S5z Capsule 13® 2 REOFETRAIZ2MEZFD £ 5, ATz
N TV Capsule Zfhd Capsule & XBIF 2HEWNZGEIED D 8 A,

512, C API Z28\BA3 272D Capsule IZIZRD L —IZHE - 7= 4R 21T 2 RETT:

modulename.attributename

PyCapsule_Import () &5 EFIEEEIZ. Capsule DHARIR Z DN —UIZ—HLTWVW5 & ZIZD A, fEHIC
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Capsule HTRHZNTVWS CAPI 2R —FFT AN TEET, ZOEHITLD, C API D2 —¥—
M, FEFRICIELW C API 2L TW3 Capsule 20— R CERZ L 2ELDZ N TEET,

UTofltix, ARiERAT 2EY 2 —LDOEFIZE AYOARIE» D £330, KL{Fbhd741477Y
PUEBBNCHYIR 7 T —F 2 EELET, 20770 —FTlE, 2TD C APl R4 & (fIFTIE—>o7
T &, Capsule DIEE 725 void KA Y ZDEINMRFL T, HHREY 2 —MITHBFT 2Ny X
T 7 AME. EY 2 —D import ¥ C API RA VX Z2HE T2 k5 Flils s~ LE9; 754
7Y FEYa2a—UE, CAPI 7 Z7EATIRRICI DY a BRI TT,

The exporting module is a modification of the spam module from section &8 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) ;
}

EY 2 —I)LDEIRIZH BT DIT

#include <Python.h>

DERIZ, UFOAT243BML TS W

#define SPAM_MODULE

#include "spammodule.h"

#define X, 7 7 4/l spammodule.h A ¥ 7L — KL TV 2 DHBA4FIZ NHT2HDES 2 —LTHo
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T VA7V PET 2= LTREBVIEEAY R T7 7 A NVZEHZ D=0 flbhEd, &R, Y 2—0
DOUIHMEEIENE C API ORA ¥ XEHN ML T2 &S5 FEHLRTNIRD 8 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!

D5 D DOKEBDNENY X7 7 4 )L spammodule.h FUZH D, LLFD X512 oTWET:

#ifndef Py SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#enda f

/* Header file for spammodule */

/* C API functions */
#define PySpam_System_NUM O
#define PySpam_System_RETURN int
(RDR=V ki)
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(RIDR=I D5 DR E)

#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_PROTO) PySpam_API [PySpam_System_NUM])

/* Return -1 on error, O on success.
* PyCapsule_Import will set an exception 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;

}

#endtf

#ifdef __cplusplus
}
#enda f

#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)
(RDR=V 1K)
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(FiDR— 25 D %)

PyObject *m;

m = PyModule_Create(&clientmodule) ;
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */

return m;

ZO77u—FOEERRAIL, spammodule . h DIRRHRICR D L WVWI ZTT, iFWVWR, KEKOELR
HIRHERIEAEIN 2 DD LFRILRDT, HFEXH 2 —ERLIFANITAET,

%2, Capsule . HERXREINTWVWIEIRL VX EXE VMR LD @BERLZD T 2 BICRNICER
. b —DODREETIRMEL TR S Z it TEH»RIER D 8 A, X Python/C APT V
77 LY AR =27 VD capsules, B X' Capsule DFEEE Y (Python VY — R a— REGYWHD 7 7 41
Include/pycapsule.h 3 X f Objects/pycapsule.c ITHRNHNTWE T,

i1 pE 3
2.2 HIRDEDESR: Fa—FUTIL
Python Tld, fAARAAD str B% list D L 57 Python 2 — F2oETCE2H L VER%E C #RE

Ta—LOEENEBETEET, 2TOIHBEOMD a— FIZH 238 — IS DT, EXIR0 BRNICH
FRLTBAREHPVWILDDHDET, COFFa XY MIZFOFEEIZOWTORE LVWAMTT,

2.2.1 BRWGI L

CPython 7 ¥ &Z A4 L& Python O£TOL 7Y =7 b%, Python DE2TOA T =7 bD 7 HJER (base
type)” T35 PyObject* BIOZEH L A L %7, PyObject MERBHIX BEAVVEF &, A7 =7 b
DOPHRFTI LT b ANDKRA VY RDABERHET, TIWRKEBESERINTVET; A7V 27 M
BIZIE. DEEBEDRDHZ AT 27 PROMERINLD, XV y RRRINLD, OA TV =2 F MzkoT
BEINID Lz ZiC, 0 (C) DG4 Y RZ—=T )V X=20MEN200%2ELET, Zhoo C B
Bux "B X Y v F (type method)” & MENE T,

ZHNRDT, FILWIRBROMR AR ER L2V 2k, HTILWERA 7Y 27 P RERTHRIE LI WDIT TS,

ZOFOZFHERZIESIHRENTL 29056, DITIZ CHEEEY 2 —)b custom I2H % Custom &5
ZHIOFH LW EERT S, R MRBRPOLFELREI 22— EDHITTEEET:

0 IR
TR LTV BB, MR IUROBZERT 2 CHNREESETT. ZUIEE AL DHHTT
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3B DIEDTT, C API Tid, PyType_FromSpec() B ffiv, b — 7 LICHlE SN/ HROT S E
FTEFID, ZHIZOVWTEZDF 2 — MY 7L TRV ER A,

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

typedef struct {

PyObject _HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)

.ob_base
.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,

};

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

};

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

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

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;
(RDOR=V1FiL)
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(FiDR— 25 D %)

return m;

—EIHET 2125 1o L EPZVTTH, FIOBEIDIEFL oD0ERLIT L BKoTW0E I BVWET, Z0
774 NTIX, 3ODBEREPERINTVET

1. Custom 7T U b DR EZATVSH: ZhD CustomObject MHEAT, Custom £ Y A XY AT
L2 1 [EZT X' VERIITONE T,

2. Custom B D XS ITIRZ S H: T4H CustomType HEIAT, 77 7L BAKA V2 DEED
ZERLTOVET, FEDREPERSINI L ZIZ, ZOBBORA V&% A4 v X2 —T ) Z—pFRIITZ
ij—o

3. custom EY 2 — v E S HMMT 50 ZHD Pylnit_custom BB L ZhCBEFKT 2
custommodule HIERT T,

FIRMIINTT:

typedef struct {
PyObject _HEAD
} CustomObject;

Zap Custom 7Y =2 FDHNAETT, PyObject _HEAD ZZNZNDA T = 7 bEEKRD LTI
JH72% DT, PyObject BID ob_base L WIHHARID T 4 — /L REEFEL 3, PyObject i (22 h
Py_TYPE ¥ 7 BB XU Py_REFCNT ¥ 27 b7 72 RATES) BF 7V bADEA YRS A T >+
RSN TVWET, 2o 7apHEIRTH X, MEKOL A 7Y b2#igikL, 7Ny e R
TI74— NV FZEBINTEZL518F5%DTT,

0 iR
L DHITIX PyObject_HEAD ¥ 27 0 DRI I anyiddh LA, SobtIanryEEMLAEVE
IR EMI T ZhEEET2a 1 7bHD T,

bHAA. —RINICIEA 7Y = 7 MIFEHERY 72 PyObject_HEAD KA 7 — 7L — FOMICH F— R EHFFL T
WET; flZE. 24U Python BEHEDFE/NMNIUEBOERTT:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BBEATY 27 PDERTT,
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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,

O IR

FizH 3 K512 CI9 R & A NDIERM ZHALT %2 - T, PyTypeObject DFRHICBALDIENT 1 — L
FETETIANED, 74—V RZEESTIEFIIKREE 7D ETIHELI2D0EBED L ET,

object.h IZH 35D PyTypelbject DERICIZ LOERICH LD DD oL ZD 74—V K BHDF
Fo STWKHTETWREWT 4 —LRIE C av L 7I&>TERTEDLNZDT, RETRZWVERDIAR
ANCIXEDTEE L LR WO — AR EEIC IR o TV E T,

—FIC1D2FDO7 44—V FEWD EIFTVWEEL & 5:

.ob_base = PyVarObject_HEAD_INIT(NULL, O0)

ZDiTiE. BTz ob_base 74— FOMBHLICHED R A 5 —FL— T,

‘.tp_name = "custom.Custom",

EBELTVWAHOARITY, ZHhIE. A7V 27 FOF 74V FOXFHRBARL S — X v —JI2HNE
T BIZIERD\ED TS

>>> "' + 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 ki
EELTLEIV, ZOHEIE, Y 2 —E custom THUZ Custom DT, BlDHHT% custom.Custom
WERELE L, EEO Ry MIED A4 VR — IR %5 DI, pydoc EY 2 —/L% pickle EY a—JLk
HAME 2R 5 e DICEE R DT,

.tp_basicsize = sizeof(CustomObject),

.tp_itemsize = 0,

ZHuE, FrLw Custom £ YRRV REES & EIZ Python MDY TEARNEXEYDREDLS5VWERDLE
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MB7=DDHDTT, tp_itemsize WZAIEY A XDA T 27 bTOAES DRDT, H A ADA[L TR
WATY 27 T 0 ITTRETY,

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

have to list your type first in its __bases__, or else it will not be able to call your type’s __new__Q)

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

therefore increasing its size.

Py_TPFLAGS_DEFAULT IZ27 9 R 7 9 7 RHELE T,

.tp_flags = Py_TPFLAGS_DEFAULT,

IRTOHI T 77 ZOEBEEDTEIRENHD ET, ZHUIRIKTD Python 3.3 ETIZEREINT
WEBTRTDAYANZHFAILET, TALEDX U ANRQBER S, SBT3 7527D OR 22 2B BH D
£7,

Z O D docstring 1 tp_doc ITANZE T,

.tp_doc = PyDoc_STR("Custom objects"),

IO 2 PPERTESL LS, tp_new NV FIRRMETIMNEND D £3, ZHIE Python D X
Yy R _new__() tHAFEDHDTTH, HRMNICEZ20EIDHD £F, 505G T APT D
PyType_GenericNew() & L TRMHEINZT 74V +DEEZZDEEMZ T T,

.tp_new = PyType_GenericNew,

77 ANVDED DEFIEE - HIRARLT VD D2 BWE A, Pylnit_custom() O—HDa—Fixz >
TWEZWTL & 5

if (PyType_Ready(&CustomType) < 0)

return;

AU, NULL i@t X7z ob_type HED T, WL DD XY N—%iY)% T 7 L METHD T,
Custom B2 HIHAL L ¥ 3

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;
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IR EY 2 —LOFEWCEMNMLE S, 253528 T Custom 27 7 ADMEULRH LT Custom 4 ¥ A X
VABMERTE S LSk 5

>>> import custom

>>> mycustom = custom.Custom()

PILETTIHD OEFEIZE L R TT; custom.c EWVWIHEHTD T 7 A NI ZFTHa— FEEXAAL,

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

build-backend = "setuptools.build_meta"

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

pyproject.toml £\ 5 7 7 L LI Z N FE XIAA,

from setuptools import Extension, setup

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

Z LT setup.py EWVWI 77 A UIZDEIICEZAAL, ZLT, RO LS

‘$ python -m pip install .

S IVIZATILE T, ZHUTED, ¥ 77412 b VUIZ custom.so DERZIN, A VA —LEhFET, Z
AT, Python %325 BT, import custom 3% & Custom A 7Y 2 FTilEiR2 KHIZRoTWBITT
‘f‘\‘j—o

FARIZODI NS EHA. Q7

B AA, WED Custom BUIHEIHAKRITITVWE T, AT —XZFHEsTWiRWwWL, A TEEHA, MK
LTH TV RABED I X ZXTERVDTT,

222 BEROY U TIICT—RXYy FZBINT 3

COEADY Y TN T =R XYy FEBMLTAZL X5, DWTIZ, ZORERES I 2 LTHHH
TE2E512LFET, ZZTEHFLWVWEY 2—)L custom2 2K b, ThoDEEZBIML 3

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

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */

(RDOR=V1Fil)

2.2. ROBODES: Fa—LUTI 35




Extending and Embedding Python, 'J1)—X 3.14.0a7

PyObject *last; /* last name */
int number;

} CustomObject;

static void

Custom_dealloc(PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first) ;
Py_XDECREF (self->last);
Py_TYPE(self)->tp_free(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 = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
¥
self->number = 0;
}
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject xkwds)

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "[00i", kwlist,

(FiDR— 25 D %)

(RDOR=VIFiL)
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&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 0;

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

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy) )

{
CustomObject #*self = (CustomObject *) op;
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", Custom_name, METH_NOARGS,

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

P
(RDOR=VIFiL)
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{NULL} /* Sentinel */
8

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)

.ob_base
.tp_name = "custom2.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

.tp_init = Custom_init,

.tp_dealloc Custom_dealloc,

.tp_members = Custom_members,

.tp_methods = Custom_methods,
s

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,

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

};

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;
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EIVa2a—DIDNRN=TarTlE, W OJBDEHEEBIRVWET,

Custom I Z 0 C #ERIZ 3 oD T — X B first | last « B XK number b DX IIZR D E LTz, first
E last BYHIZ 7 7 — A P2 —2Y F A b= L% L 72 Python XFHI T, number I C FFETOE
BofETd,

TS e, ATV 27 FDWERIIRD X 5127 D £

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

int number;

} CustomObject;

WEREHINRNET AP TELDT, 77927 FOEID Y TEMBICEL TR I DEEIIRIZBENDH D
F9, KRR, 7T 27 FORRY v RHERETT:

static void

Custom_dealloc(PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last) ;
Py_TYPE(self)->tp_free(self);

}

Z OBEUE tp_dealloc X U NIZRAZINE T,

.tp_dealloc = Custom_dealloc,

ZDXYy RiE. £3 20 Python BEOSIA Y > F %227V 7 L %3, Py_XDECREF () 1&5/£(5% NULL @
F—AZIELLTHAET (T tp_new PWBRFTRBLEGEITRIDZET) . TOXY vy Flid, OFIC
* 7Y 22 bOH (Py_TYPE(self) THHLET) DX tp_free ZMUHL, A7V 27 FDXEV %
M LEST. #7222 FDBID CustomType TH B L IER OB VAIICHFERE LTIV, RERS, +7
Pz VIV TITADA VARV AN LUKRWD ST,

0 IR

The explicit cast to CustomObject * above is needed because we defined Custom_dealloc to take
a PyObject * argument, as the tp_dealloc function pointer expects to receive a PyObject * argu-
ment. By assigning to the the tp_dealloc slot of a type, we declare that it can only be called with
instances of our CustomObject class, so the cast to (CustomObject *) issafe. This is object-oriented

polymorphism, in C!

In existing code, or in previous versions of this tutorial, you might see similar functions take a pointer
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to the subtype object structure (CustomObject*) directly, like this:

Custom_dealloc(CustomObject *self)

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

.tp_dealloc = (destructor) Custom_dealloc,

This does the same thing on all architectures that CPython supports, but according to the C standard,

it invokes undefined behavior.

77 —=ARMP—LETAMI—LEZELFINHILL TEE/20WDT, tp_new DEELBINTZZLICL
FL&D:

static PyObject *
Custom_new(PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
¥
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
¥
self->number = 0;
3
return (PyObject *) self;
}

ZLTZIN% tp_new XN LTA YA M=V 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
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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.

0 IR

tp_new FE/RANC tp_init ZMOH L TREWT EERA. ZHEA VX =TV EZHBEITTITS D TT,

Z D tp_new DFEHEIX, tp_alloc ARy FEMUHLTXEY REHOYTET:

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

XEVED Y TERET 258 LAKRVDT, FRIEDHTNC tp_alloc DFERAT NULL TRWHAF = v 7 L
ZFAUTTED TR A

0 R
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.

0 IR

& LI 1i7% tp_new (BEX A4 7D tp_new £721F __new__() ZFFATVWS D D) 2ED 720D 5IF,
EITRDAY v FIRRIEFZ D20 TED XY v FEMYREITHrZHREL LS L LTE WIEEA . &
WSR2 BINCIRD TE X, BEHEZ D tp_new ZMEH T2, H 2V type->tp_base->tp_new
ERELTLEI W, 23 LR0Vwe, REMERLZZA TD Python %727 7 253D Python TE
RINLIZ IRABPEL TV IHEITS LI RVGEDRDD T, (L DD, ZOE5BH 775X
DA VARV A% TypeError ZHIE FIC/ESD Z E BIAATREIZIR D £5, )

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

N

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

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

(RDR—=V ki)
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if (!PyArg_ParseTupleAndKeywords(args, kwds, "[00i", kwlist,
&first, &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 = Custom_init,

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

0 on success or -1 on error.

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

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

self->first = first;

But this would be risky. Our type doesn’t restrict the type of the first member, so it could be any

kind of object. It could have a destructor that causes code to be executed that tries to access the first
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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« ZOBWAV VI 1 XDREVEHEETEZHE

o when we know that deallocation of the object*!' will neither detach the thread state 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™?.

CITEA VARV AERZREBEL LTRZZ3XICLEVDTER., ZHIRIEWLS DD HERD D 9,
Hor SEELFIEZ. AVANDEREE525Z LTI

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 */
};

ZL T, ZOEHR% tp_members A0y MIANEL & 5:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the #8FHY2 B ZEIET S section below for details.

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

NULL if the attributes are deleted.

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

first and last names.

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy))

{
(RD<—12Hi <)

L ZAEZDOATY 227 b BFFIRFERIR L DREARRA T TH B K5 RRICED I £ T,

*2

e relied on tn n the tp_de o) nandile n thn xampile, beca e 0 pe doesn
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CustomObject #*self = (CustomObject *) op;
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 7%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.

IT, AV Y FEERLLDT, TITRAY Y FERHORAEZIERT 2 0EMRHD £3:

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

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

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

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

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

a4 F2EY—FN—T14 V-G LTHEREZES



Extending and Embedding Python, 'J1J—X 3.14.0a7

.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 custom2:

$ python -m pip install . ]

223 T—AEMECENHIET S

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(PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE(self)->tp_free(self);

}

static PyObject *
(RDOR=V1FiL)
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Custom_new(PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
¥
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
3
self->number = 0;
3
return (PyObject *) self;

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

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

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

return -1;

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

return 0;

static PyMemberDef Custom_members[] = {

(FiDR— 25 D %)

(RDOR=VIFiL)
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{"number", Py_T_INT, offsetof(CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
};

static PyObject *
Custom_getfirst(PyObject *op, void *closure)
{
CustomObject #*self = (CustomObject *) op;
return Py_NewRef (self->first);

static int
Custom_setfirst(PyObject *op, PyObject *value, void *closure)
{
CustomObject #*self = (CustomObject *) op;
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;
by
Py_SETREF (self->first, Py_NewRef (value));

return 0;

static PyObject *

Custom_getlast (PyObject *op, void *closure)

{
CustomObject #*self = (CustomObject *) op;
return Py_NewRef (self->last);

static int

Custom_setlast(PyObject *op, PyObject *value, void *closure)

{
CustomObject *self = (CustomObject *) op;
if (value == NULL) {

PyErr_SetString(PyExc_TypeError, "Cannot delete the last attribute");
(RDOR=VIFiL)
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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", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
Tg

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy) )
{

CustomObject #*self = (CustomObject *) op;

return PyUnicode_FromFormat("%S 7%S", self->first, self->last);

static PyMethodDef Custom_methods[] = {
{"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
¥,
{NULL} /* Sentinel */
3

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 = Custom_init,

(RDOR=VIFiL)
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.tp_dealloc = Custom_dealloc,

.tp_members = Custom_members,

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,
};

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

};

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

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

static PyObject *
Custom_getfirst(PyObject *op, void *closure)

{
CustomObject *self = (CustomObject *) op;
Py_INCREF (self->first);
return self->first;

}

(RDR=V1Hi <)
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static int
Custom_setfirst(PyObject *op, PyObject *value, void *closure)
{
CustomObject *self = (CustomObject *) op;
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 0;

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 ZTld PyGetSetDef MEADEFZ DL D £3:

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

ZLTIN%® tp_getset ARy MIEFLET:
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.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.

Fho AUNERDPSBINSOEMZRNTEEXL £ 5:

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

F/2. TIZTE tp_init AV FIBEINZDDE LTXFHDOAZFHFT 5 L5 ICBIETZRLENDD
SR

static int

Custom_init(PyObject *op, PyObject *args, PyObject *kwds)

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
&first, &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) ;

}

(RDR=V1ZHiEL)

*3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing
their reference counts, however, we accept instances of string subclasses. Even though deallocating normal strings
won’t call back into our objects, we can’t guarantee that deallocating an instance of a string subclass won’t call back
into our objects
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return 0;

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.

T, RBIEFEEDBLIZEIIE. ZOEY 2 — YL IHALBEBANCH 2 ES 2 — VB EEHLEL &
5, ZLT setup.py 7 7 A VICEMDOERZSDIET,

2.2.4 BERAN—Y LIS aVEDR—+T3

Python & BERAN—JOLI4E (GO) HEE b oTED, ZHIRERLI TV 27 Ve, R ZAZHBIY
VIEPELO TR THDRERTIILDTEERT, ZOIIRRIEZA 7T =7 FOSHEMEERL TV L ZIZ
EIDZFET, R ARUTOAIZEZ TS W

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

ZoHITIE. BOHBEIXLDIYVANBEDE L, 22X IDOVRAME HIFRLTH., ZREHDTHEAD
BMEELEEEOSFET00, BRIT Y MIEOIKIEIRD FXA, ELWI 21T Python IZI3EERY R —
Jal 7 REIREMNIZ IOV A NP AETHE I e L, RTEET,

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

%4

or last attributes Besides, in the second and third versions, we allowed subclassing Custom, and
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>
(RDR=D12Hi )

*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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#include <stddef.h> /* for offsetof() */

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

} CustomObject;

static int

Custom_traverse(PyObject *op, visitproc visit, void *arg)

{
CustomObject #*self = (CustomObject *) op;
Py_VISIT(self->first);
Py_VISIT(self->last);
return O;

}

static int

Custom_clear (PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return O;

}

static void

Custom_dealloc(PyObject *op)

{
PyObject_GC_UnTrack(op) ;
(void)Custom_clear (op) ;
Py_TYPE(op) —>tp_free(op) ;
}

static PyObject *
Custom_new(PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

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

if (self != NULL) {

self->first = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
(RDOR=VIFiL)
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if (self->first == NULL) {
Py_DECREF (self);
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = O;
}
return (PyObject *) self;

static int

Custom_init(PyObject *op, PyObject *args, PyObject *kwds)

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
&first, &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 */
};

static PyObject *
(RDOR=VIFiL)
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Custom_getfirst(PyObject *op, void *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

static int
Custom_setfirst(PyObject *op, PyObject *value, void *closure)
{
CustomObject *self = (CustomObject *) op;
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 (PyObject *op, void *closure)

{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->last);

static int
Custom_setlast (PyObject *op, PyObject *value, void *closure)
{
CustomObject *self = (CustomObject *) op;
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;
(RDOR=VIFiL)
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}
Py_XSETREF (self->last, Py_NewRef (value));

return O;

static PyGetSetDef Custom_getsetters[] = {
{"first", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
Ip

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy))
{

CustomObject *self = (CustomObject *) op;

return PyUnicode_FromFormat ("7S 7S", self->first, self->last);

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)

.ob_base
.tp_name = "custom4.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

(FiDR— 25 D %)

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

.tp_new = Custom_new,

.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_traverse = Custom_traverse,
.tp_clear = Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

(RDOR=VIFiL)
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};

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

};

PyMODINIT_FUNC
PyInit_custom4(void)
{
PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;

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

(FiDR— 25 D %)

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(PyObject *op, visitproc visit, void *arg)
{
CustomObject *self = (CustomObject *) op;
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {

vret = visit(self->last, arg);

(RDR=V1Hi <)
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if (vret != 0)
return vret;

3

return O;

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

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

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

minimize the amount of boilerplate in Custom_traverse:

static int
Custom_traverse(PyObject *op, visitproc visit, void *arg)
{
CustomObject *self = (CustomObject *) op;
Py_VISIT(self->first);
Py_VISIT(self->last);
return O;
}
0 IR

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 (PyObject *op)

{
CustomObject #*self = (CustomObject *) op;
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).

58 F2E HY—FN—To V=L L THERZES



Extending and Embedding Python, 'J1J—X 3.14.0a7

O IR

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(PyObject *op)

{
PyObject_GC_UnTrack(op) ;
(void)Custom_clear (op);
Py_TYPE (op) —>tp_free(op);
}

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,

ZNTHT TY, tp_alloc ARy M EXIX tp_free NY FIFErNTVIIL, ZNOEMERIN—Y 0
L7 a iz I 5BETARIVDOTT, FLALOHEREEEIZHERNCIREEE NI N—=Y a V2S5
TL &9,

2.2.5 MOBDY T ISR %1ES

WAF ORI Z AR L7 L WIGRIZ S 52 2 T E 9, MlAAARD SHMKT 2 DRFHCHE TS, &
72 PyTypeObject ZfiFICHHTEZ 2026 T9, ZAUTHAT, PyTypeObject MEAZIGRESY 2 — L
FTHAET2DREHL VT,

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

increases an internal counter:

>>> import sublist

>>> s = sublist.SubList(range(3))
(RDR= ki)
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>>> 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 (PyObject *op, PyObject *Py_UNUSED (dummy))

{
SubListObject *self = (SubListObject *) op;
self->state++;
return PyLong_FromLong(self->state);

}

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

+;

static int

SubList_init (PyObject *op, PyObject *args, PyObject *kwds)

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

static PyTypeObject SubListType = {
(RDR=J12Hi< )
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PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubList0Object),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = SubList_init,
.tp_methods = SubList_methods,
};

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

};

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)

Py_DECREF (m) ;
return NULL;

return m;

(FiDR— 25 D %)

<0 {

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

break down the main differences between them.

typedef struct {
PyListObject list;

(RDR=V 1K)
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int state;

} SubListObject;

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

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

static int

SubList_init(PyObject *op, PyObject *args, PyObject *kwds)

{
SubListObject *self = (SubListObject *) op;
if (PyList_Type.tp_init(op, 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;

(RDOR=V1Fil)
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return m;

PyType_Read () ZIERFNC, HOMEARD tp_base A u vy MIEDH LA TVWRIFIERD F¥A, BFD
B2 kK3 2 BR1213. tp_alloc AR v k% PyType_GenericNew() THEH®DZMNEIIH D VA, - HEHD
Tar—a yEEPHRRISIE T,

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

RiSE

2.3 RDEDESR: MZLELEY D

O TR EXERFEENRELRRXA TAV Yy P, ZNONMAETEHDTHENITOVWT, o FHL
9,

PUFiX PyTypeObject DEFKT T, 7Ny ZEALF TLMELNHRVNLDODDX Y NFENTHD 5

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 sutites for standard classes */
PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

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

(RD<—12Hi <)
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hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */
/* call function for all accesstible 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 */
PyMethodDef *tp_methods;

PyMemberDef *tp_members;

PyGetSetDef *tp_getset;

(RIDR=I D5 DR E)

// Strong reference on a heap type, borrowed reference on a static type

PyTypeObject *tp_base;
PyObject *tp_dict;
descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

(RDOR=VIFiL)
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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; /* no longer used */

void *tp_subclasses; /* for static builtin types this is an index */
PyObject *tp_weaklist; /* not used for static butltin types */
destructor tp_del;

/* Type attribute cache verston tag. Added in version 2.6.
* If zero, the cache ts inwvalid and must be initialized.
*/

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

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

unsigned char tp_watched;

/* Number of tp_verston_tag values used.
* Set to _Py_ATTR_CACHE_UNUSED +f the attribute cache is
* disabled for this type (e.g. due to custom MRO entries).
* Otherwise, limited to MAX_VERSIONS_PER_CLASS (defined elsewhere).
*/
uintl6_t tp_versions_used;

} PyTypeObject;

TeTAD XYy FHDETR, THZARIDET 2DHIDHD FEA. ERLELVENDZLL, H

EIT203ID35DITKDIRTTLIENELEALTT,

FTTWRTFHEINTVWATL I, ZOBERICOVWTARICRTOVE, HABAY RFIIZOWTEDIELWL
TERZRHELET, L2LINSDX UADHERPTERINTVBIERIZERLET, 20 DX, Zh
BDXUYNOENBNERIXBELHREEIC LD DDELLTT, ZLOGEVWHIRARGELZOZ, DELX T3

RAUNAPTRTEENTVEHlE L > TET, MILEZRCELETHEEELE TSI LT,

const char *tp_name; /* For printing */
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Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INBEDT7 4= FiE ZOMDATI =7 b LIRS NZ L Z2ICENZTOXEY Z2HD YT X
VWORE T Y EALIHRLE T, Python IQIZAIZERDOHEER (SCFHNRX TN ERZBIFLTLZE W)
W2 BHAABDY R— BB ZEEDHD, Z 2T tp_itemsize X U A \DMHELNE T, ZhdiZOoVTIX
HrTINET,

const char *tp_doc;

Z 22 Python RZ U7+ 7 7L YR obj.__doc__ A% doc string ZiR3 & EDXFH (H2ZWVWIEZED
7 FLVR) ZANET,

TR, BOERKZA Y v FIEAE T, I ZLALDIEORNZ DAY v FEEELET,

23.1 7714514 X XTEVIRK

destructor tp_dealloc;

BDA VAR ADBEA T > b ERIZHR D, Python £ Y X PV R ZNEBELTHAMMELEZ LB L.
COBBOBMHINE T, MRITREXEV ZZORBREFRELTVRD ZRLBNCD FITTRNERUIEDL D 5
BEZ. Thor Ao hET, 7027 VZNEKRD ZZTRRINZ2BERH D T, Z OB
DFNE, UFD &S5k DTY

static void

newdatatype_dealloc(PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
free(self->obj_UnderlyingDatatypePtr);
Py_TYPE(self)->tp_free(self);

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

clearing any member fields:

static void

newdatatype_dealloc(PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
PyObject_GC_UnTrack(op) ;
Py_CLEAR(self->other_obj);
Py_TYPE(self)->tp_free(self);

}

SEESE EET VAR HAS y A} o1y /ANl NI < VA R 0
66 F22ZFH—FN—FT14YV—=IELTIEREZIES




Extending and Embedding Python, 'J1J—X 3.14.0a7

BIRX Python £ > X7V XBRA Ky 72 tDIRBICR T & FIEEN L ZeBZ20r6TY, 2L T (BH
DBIRD 5 DEIF TR L) BINDTDITZA Xy I HEEREINS & FlE, TTIRREL TV AHIHREXEY
FRIABERZ T2 b DIZH D /A, OB S 272 5 BEAEMD Python Da— FZFTLTLES
. ENLIEFINNFEELTVE Z ZBAT 20d LAERA, ZHEA V2T ) ZPRRIEZ LT —%
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RELTBE, #bobZhEILICRET 22 TY, 24U PyErr_Fetch() B XU PyErr_Restore() BI%
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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 ezception 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 exception state */
PyErr_Restore(err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;

}

Py_TYPE(self)->tp_free(self);

}
0 IR
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Python 3.4 225k, MR 7 7 4 F 74 XD — Nid tp_dealloc WENT., RODITHLIBEAZN
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HAMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr N FZEMFOHENTA Y AR Y ZDXFHNIRBZBN L 1XFINA TS =7 b ZIRTREDD
DEF, MHELBIIUATDL 572D TT:

static PyObject *
newdatatype_repr(PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Repr-ified_newdatatype{{size:%d}}",
self->obj_UnderlyingDatatypePtr->size) ;
b

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 NV FF ¥ str() ORI, LD tp_repr NV K7 ¥ repr) OBRICHYLE T, 2Fh, Zh
X Python Da—RF»3A 7027 vDA Y RAZ Y RIZMLT str() ZECH L7z 2I2IhES, Z0B
BDELZ tp_repr NV FTDZNEIFFITYUTOE T2, 1§51 5 XFHIRIVI AN FHiL 2 & 2 BRI
NTVE T, tp_str BIESNTWRWEE, 2D DIC tp_repr N F I E T,

IPQNESGE VA NG

static PyObject *
newdatatype_str (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;

return PyUnicode_FromFormat ("Stringified_newdatatype{{size:%d}}",

(KDR=V1ZHiEL)
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(FiDR— 25 D %)

self->obj_UnderlyingDatatypePtr->size);

233 EHZzEEIS

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 * verstion */
setattrfunc tp_setattr;

V4 R 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 GETZEERY S
IFL AL ORI B BIERHES 720 TF, Tl YO X5 RBHAEHIZ L VA ZOTL X 547 Zhs
7 TR ERIFF T DT DTS

1. PyType_Ready ) 23FEidN 7zt &, T CRENDAHTN DR > TVWD Tk,

2. BUAEBBLEDERTC LD T2 212, FlRERO-DDUMARETHRL, £ LEZDERE
L72fHIC U T ARBEDFETIT 2RER RN &,

B D&M, BHOMESR. EAFHEINEZEZA I VY, FREBNENET — 2R OREZ YL S DT
BHEPE VoI IR ALHINERT DD TRV LITHERLTL XN,

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.

T—INBEATATI2 7 D 3 ODRA AN L TEEEINTVE T
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struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

is an instance of this structure:

typedef struct PyMethodDef {

const char *ml_name; /* method name */
PyCFunction ml_meth; /* amplementation 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.

2HEEHDT —TNIE, A VYRRV AFIEREINE T —R e BEMCO T N EEEERT 20 0WE
T WDOBD C DFHEHZENIYR—-FXINTED., 72722 2HAHLEHICOHAEXTREICH T
9, ZOT— 7N THELNZEERIIRD LS ICERINTVET:

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.
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HEDQEICFHE LB DOER

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

you’ll understand what needs to be done.

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

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

UMl ZRL 5, -

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

PyErr_Format (PyExc_AttributeError,
"1%.100s' object has no attribute '%.400s'",
Py_TYPE(self)->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 (PyObject *op, 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 ().
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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.

ZHENEERA Y XDV A APFELFNEF LW RS 7T =XM% > FILFEETT:

static PyObject *
newdatatype_richcmp(PyObject *1lhs, PyObject *rhs, int op)

{
newdatatypeobject *objl = (newdatatypeobject *) 1hs;
newdatatypeobject *obj2 = (newdatatypeobject *) rhs;
PyObject *result;
int c, sizel, size2;
/* code to make sure that both arguments are of type
newdatatype omitted */
sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;
switch (op) {
case : ¢ = sizel < size2; break;
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;
return Py_NewRef (result);
}

2.3.5 HMEWETORIILDOYR—-H

Python iZW< 2D HMFEWEH “Tuaral” Z2HKR—-FLTVET, ZhoZHHTIHEDS VX2 —T =
A 22DV T abstract TEREI N TWVE 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
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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;

BENDATY =27 PBERS =T VA, HEIVEFHEDLIICISFS XLV Zhehic
C O PyNumberMethods &K, PySequenceMethods #iifi{K, %7213 PyMappingMethods #i&EAD 7 F 1
A ANET, THHIWHEYIREZANTH ANRSTHIDPEVERA, 2525 7Hid Python OECAR
YV —RIZH % Objects TAHADIFBI M TEBTL & Do

hashfunc tp_hash; }

ZOBEX, BLEESI I LERBIE. TR VARV ADNY Y aBERERTIIICLET, XD
=R e

static Py_hash_t
newdatatype_hash(PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
Py_hash_t result;
result = self->some_size + 32767 * self->some_number;
if (result == -1) {
result = -2;
3

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; }

OB, ZORIDA Y AR AH TR LTHOHIENS ) L ZICFENET, 2 23D L objl IZ
ZDA VAR VAP A TWT, Python 271V 7 T obji('hello') ZHEITL/zE T 5L, tp_call N
R I DN E T,

ZOBE 3005 BE b ET:

1. self I LOMRE 227 —RBDA VAR Y ZATT, 728 ZIFFFCH LA objl('hello') D
AL self X obj1 il h 3,

2. args EMPUCH L DFIEZBNL TV X TNVTT, 222658 %ZH D H$12iX PyArg_ParseTuple ()
ZENE T,
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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 OffiBREHETT:

static PyObject *
newdatatype_call(PyObject *op, PyObject *args, PyObject *kwds)

{
newdatatypeobject *self = (newdatatypeobject *) op;
PyObject *result;
const char *argl;
const char *arg?2;
const char *arg3;
if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}
result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [%s] arg2: [%s] arg3: [%sl\n",
self->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3d);
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
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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 3588 (Weak Reference) DY HK— 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:

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(PyObject *op)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs (op) ;
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE(op) ->tp_free(op) ;

b

2.3.7 zDftLBE V3

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

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

& BE

Download CPython source releases.

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

The CPython project on GitHub, where the CPython source code is developed.

https://github.com/python/cpython

24 C 5LV C++ HERDEIL R

CPython @ C #iiRi1k #HALEE 2 =7 AR - LHEI A4 75U (Fl. Linux @ .so 7 74 L%
Windows @ .pyd 7 7 4 JL) TT,

AVR-PTEZ X1, H£HEIA 77 VI3 X2 2IREET PYTHONPATH B sd, 7> A %%
EY 2 —VHIHiIZ, BYRIERT IR o TWRITIUIWIT £/ A, setuptools - TW\W2 & 21X, HEIN
WIWIELWT 7 A VEBDPERINE T,

LB D > 73 F » ZRD B H TT:

PyObject *PyInit_modulename (void)

OB O bt XNz EY 2 — L, PyModuleDef 4 Y ARV AEBRLET, sf LW XX
initializing-modules SR L TL 72X W,

FHNZ ASCII Lo TWIRWEY 2 — A D5E, BIEHIE PyInit_<modulename> O <modulename> %
EYV a2 LHTEEMWZ SO TRITINUIR D £H¥ A, multi-phase-initialization Zffio T3 ¥ 2%, £
T a— NI ASCII BADXLF A ET, ZO%E. MIHHLREKD%H1E PyInitU_<modulename> T,
<modulename> |INA 7 V%7 Y X —RX A7 TEZHZ T Python ® punycode T> A —7F 4 ¥ 7 TLY aA—
FL7ZbDIZk D £F, Python TEL XD X 5720z h F£3:

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

120G 4 75V ICEBOVIMLEE 2 EH T2 22T, HBOES 22— VBT 7 AR— 133 Z 2 FA]
HETT, LDl T74LFTCRZ 7 ANZBHIGLEZEBRLARMIT IS LERVWDT, HEOEY 2 —
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N A VR=FEEZIZEI YRy 7V Y IPMEDOA YRR -2 F 508 BHD 3, LI kid
PEP 489 @ “Multiple modules in one library” iz SR L TL ZE W0,

2.4.1 setuptools IC&3 C HLU C++ WRDEIL R

Python 3.12 MARFi2id, distutils I 3&EN TV EH Ao setuptools T C/C++ #ER%Z L K3 2 5EICD
WTEIZERNITIE, https://setuptools.readthedocs.io/en/latest /setuptools.html 2% % setuptools D F
FaxXybeBRLTIES WY,

2.5 Windows ET®D C &V C++ #ERET 2 —ILOEILF

Z DFETIZ Windows [A]13 D Python JERE Y 2 — 1% Microsoft Visual C++ % f#i o TIERT % S5iEICD
WTHHICHRN, ZORICHIREY 2 —LDOEL KB ED XS KEIET 2 D00V Tt LWEREZANRE
3. ZOFHAAE, Python HIREY 2 —VZMEK T % Windows B2 F< ¥, Unix & Windows DX T
FSELENRTELLIRY 7 MY =27 OEBUCHEIED D % Unix 70275 <DWTI2e o THATT,

EY 2 LOEFEIE. COMTHAL TV HELID B, distutils & 37 7B —F THIREY 2 — L% L
VEFTBE58DE T, £/ Python % LU F LB b C 3 84 038 TF; ilH 13 Microsoft
Visual C++ T3,

0 IR

ZDETIE, Python D=2 a YEEPFEILINTA-oTVERL EADT 7 4 VZIZDOWTiLE
T, TNHDT7 7 A NEIE XY TREINZ A=V a VA ETRHEINET; 'X' 1EfH> T3 Python
V) —RADAY ¥ —N=YarFH, 'Y' FvAF—N=YarFS5TT, HlZIX. Python 2.2.1 Zffio
TW3726, XY I3FERITIE 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& 2 C H&V C++ ILEDEJL 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 DOtHES

Unix ¥ Windows Tl&. 2— FOETKEHARAAICEL BRI XA LAZHVTVWET, #IFn— FXh
BEOBEY2a—NEEILRLEI LT RHNIC. HODIRATLADRED XS WCENET 20H > TBWTL
XV,

Unix Tld. EEF T2 b (1s0) 7740 TR T I L0353 —F, 2L T7arJ 2NTHS B4
RT=ZBA>TVET, 77 AADTT I LMEEENL L. TNLOKPLT —XIINT 277410
a— FADETOZRIE. XA EVATHER T —EAREINTWS, 7077 AROEBROSGFZEST L5
WEABINE T, TAUIEARINIZY Y 7 8ECHD 9,
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Windows Ti&, BV > 277477V (.d11l) 7 7 4 MIIER 5’23 D B (dangling reference) 35 D ¥
HAo ZORDY, BB T —2\O7 72 RENVy 77 v TT—TNENLET, t>TDLL a— FDi
Ay ETRICKRA v 2 7a 77 4 XF) EOELWEGMZIET X5 ICBIET 2HEEIH D FEA; ZoRb
D, 3= F@HIZTDLL Oy 77 v 7 T—=TN%2HN vy 77y 77— 7 VAKIFEITRICEROBEKS
TRERTIOIBEINET,

Unix 1243, M0 54 750 77 AATBR (.a) LEBD FHA, .a 77 A MIEROF 7V 22 17 7
A (o) MIKDA— KBA->TOWET, H£EF 7T 22 F 7741 (.s0) BIERT 2 Y > 2 MBI BB i
120 U YA EEREFTORH RN TIOLET 2 2L AB D ET, COLEYVHEIA TIVHOA TV x
I 77 ANERRLET, b LBANTHROSZ L, VY ARZDAT S22 b7 7 AADHRTDI— F
EIDRAAET,

Windows T, Z2DERD A7 7V, #NFIALA T3V A VR4 T77VUDBHHET (EBHD
1ib EFRHENTOVET ), FZ74 77 V& Unix KBW 2 .a 77 A LBTVET; 207 7 4 MZid,
DENIIEC T IAENZ XD RA-FHA->TVET, 4 K=+ F74 77 Vik ERNIIFE DT
PARETIEZ <, DLL ’u— FENLFRERTREET 2 2 2RIET 272D HEONE T, VrhidA v
A=+ 7477V 00FHREMHE->TLY 77 v T 7= N%BER L. DLL IZA > TOWARWEGIIFEEZ %
EIICLET, 77V —=2a R DLL Y Y27 3N33W, A YKR=bIFATSVDBERSINDE Z DD
DET, ZDTA 7TV, 77V —> 2>y DLL DY Y FRIVIRFEST 5 L5, FERIER SN 22T
@ DLL T 5 7= DI BT D £3,

ZOo0HMu—FEY2—, Bt CEZEKL, floa—-F7ay 7 A 21322 LET, Unix Tl
Aa#B.soX C.s0 ZEILRTRLEDY UAHIELLEDIZ LEEBA ; ZARZE2THIE, a—REZ
ERDAEN, B COZENENARHTHOAY 2> TLEVWET, Windows Tid, A.d11 ZEL T
22 A1lib BEALFENFET . BRC DY Y27 A.1Lib ZELET, A.1ib KWEa— FIZA-oTVWER
Ay BIZ A Da—RIZ7 72 RT 2T 572DICETRICHVONAERPA > TWBEETTT,

Windows TldA ¥ R—1+ 74 77V OFEHIX import spam ¥ 2 L5 bDTT; ZDEIEIZEL - T spam
DHFNCT 7B ATEETH, a—FOab—2N/ERLEZDIELEEA, Unix TE. 47700
V> 23T LA from spam import * IZBITWE S, ZORETCEHENICa— FOav—24mML £7,

Py_NO_LINK_LIB

Turn off the implicit, #pragma-based linkage with the Python library, performed inside CPython
header files.

Added in version 3.14.

2.5.3 DLL EH®DXEE

Windows Python is built in Microsoft Visual C++; using other compilers may or may not work. The

rest of this section is MSVC++ specific.
When creating DLLs in Windows, you can use the CPython library in two ways:

1. By default, inclusion of PC/pyconfig.h directly or via Python.h triggers an implicit,
configure-aware link with the library. The header file chooses pythonXY_d.lib for Debug,
pythonXY.1lib for Release, and pythonX.1ib for Release with the Limited API enabled.
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To build two DLLs, spam and ni (which uses C functions found in spam), you could use these

commands:

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

The first command created three files: spam.obj, spam.dll and spam.lib. Spam.dll does not
contain any Python functions (such as PyArg_ParseTuple()), but it does know how to find the
Python code thanks to the implicitly linked pythonXY.1lib.

ZOHDa<w Y FTE, ni.dll (BXU .obj & .1ib) DITE. ZDF A 7 F Vid spam & Python
FOTWAFOBELREEE L 5P o TAOTUI I WMo TV E T,

2. Manually by defining Py_NO LINK_LIB macro before including Python.h. You must pass
pythonXY.1ib to the linker.

To build two DLLs, spam and ni (which uses C functions found in spam), you could use these

commands:

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

wPlDa~<> T, =D2D7 7 A)l: spam.obj . spam.dll B X spam.lib B TZ %7, Spam.dll
12i% (PyArg_ParseTuple() ® & 572) Python BI&I &< Ao TWEE AL pythonXY.lib D ED
T Python 2— FZ RO 2 I ETEET,

ZOHOa<w Y FTE ni.dll (BXU .obj & .1ib) 2’ TE, 2D F A 77 Vid spam & Python
FITAP ORELBZ 52 o TROFUT I WHH o TVE T,

ETOFMNFHBNY 77y TT =TV RZRHENZDITIEHD FEA, HDEY 2 —)1 (Python BiE%
BAHRET) o, BEOHEATFARZ S X 5125 5121d. void _declspec(dllexport) initspam(void)
X PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 512, _declspec(dllexport) TH
SERIIRD FEA

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

libraries. Add the correct msvertzz.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 D7 FVTr—>3>AD Python DIEHAH

HIE TIE. Python 4R T 245k 374205 C BB DI 4 75V % Python IZH D THREZ LIRS 5
FHELZOWTHRE L, MU LS R EZFOAETHFEITTEES: 20UE BOOD C/C++ 77V 7 —
> a2 VIZ Python ZMDIAATHEREZRILT 2, 2WVWIHIDBDTT, HDIAAEITHZLT, 77V Fr—>av
D S DMHEE C % C+4+ DD DIC Python TEETEZ L1 ET, HDHIAAIZZ L ODHRT
FIFHCE%9; 2—¥2 Python TRZ V) Fh2FE 77V r—ya v EEMFAMILITOHNS X5 CT
5, LWVWIDBZED—HITY, Tur 7=, FFEDHKAEZE Python Tk DEIZHF I 2HECHTHEDLD
WWHDIAAZITO LS TEET,

Python D ®»iAAIE Python DIRIRE BTV ETE, ELFALE VI DITEDD FHA, ZDEWVIL,
Python 2R L7Z35EIIE T TV 5 —2a v DXL > Far 5 J3RARY LT Python 4 Y X Y X TH 3
—77. Python ZHAABAZHEIIE, X4 7025 22 Python R LRV — Z2obhiz, 7
TV —2a D5 —EaEHT Python £ X7V XEMIH LT &2 @ Python 22— FZETXHE
35— b LRV, WS LTI,

it 5T, Python ODAAEITIEE., BEDA AL v u a2 LR hE k) 28A, XL V70
75 LR BT UEIR SN . D—DIZ, Python £ ¥ X 7Y XRDEEALRH D 5, 2iahibilt
AR Py_Initialize() ZMUHI IR D £HA, 7> 22 LT, Python fillica~> FZ 4 V51
ZET DB L ZITWET, 20Kk, 77V =23y ThA Y E TSV X2HUHES L5
I E75,

AV RTYREREETICE. BRL20VL 0D HENH D £3: Python XA o 2 XFH %
PyRun_SimpleString() WK 3. stdio 7 7 A VKA Y X T 74 0% (ZHEZT—X v E—YAT
a— FEBINT27D7230bDTT) % PyRun_SimpleFile() ICET., tWVWozBEATT, ThETOR
BCHA L2 BKEDEEZIFOH LT, Python A 7Y =27 FEMELLDFEHLEZDDBTEE T,

o sz
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c-api-index

Python C 4 ¥ X — 7 = —ZADFHMIZ D~ =2 7 AMCEPATVE T, DELBHROKEBEZ
ZIHBI1FITTT,

3.1.1 FKEDEDAH

Python OH®HAADRD HELERIE., @EKES VZ2—T7 2 —2ADFHTY, DL VX —7 2 — i,
TV = a2 hRD T AXHEMNLN Python 227 ) P 2FETTE-2006DTT, HlZiX 2,
—D2DT7 7 AN ETHAL2OEREEER T Z20ICHHTEET,

#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);
X

return O;

exception:
PyConfig_Clear (&config) ;
Py_ExitStatusException(status);

J

82

%3 E KFERT7 TV —2 a3 >A®D Python 5241 LDIEDHIAH



Extending and Embedding Python, 'J1J—X 3.14.0a7

0 iR
#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 BEKEDIEHAADSBAHT: HBE

EKHEL VX —T 2 — 2%, Wi 7% Python a— F27 7V —>a UMb RITTEZXISICLTANET
M, 7SV —>ar Python 23— RO TOTF—ZDPLHEDIE, ZHEADIKEoTHHEDLDLVWDHDTT,
TRV ELIWES, XDEKEDS VX —T7 2 —AMFCHLZRHA LR TERD £EA, &b
%< C a—FzErQRReo20nbhic, IZFMTHTES X512k ET,

Python DILREHEHIAAIL, BEZZEX, RICEXETHE2 0 2 ICEEERERD ERA, ZhET
DETHMLTELZ MYy 7DIZLAEDPEDIAATIDTIED 5, ZHERTZDIZ, Python 25 C
ADIIEEITD a— FOAEBIIIAE2 T E2HhEZTAEL & O

1. ¥—&fl% Python & C Ic£H#15 2,
2. BEINTAEEMH 5T CL—F ¥ ORBITUH L 2170,
3. UL TR S N7 — &1 C 205 Python WKE#T 5,
Python Z#HDALE A, 4 YR —T7 2 — 23— FPT5EERIMU RO L5125
1. 7—X{li% C 25 Python IZ&¥T 2,
2. Z I 7 d%2 - T Python f ¥ & —7 = —Z)b—F ¥ ORISR L 2170,
3. M L Cf§ Bz 7 — Z{H Python 726 C IZZ#T 3,

—RL T2 &2, T—XEBDORT v E, BB TT — X RET 3 HAPED->1=-DICEHLETH
WANEZ 0T, E—OMHERIE. T XEBROBICHZL—F 2T, HBRETIBRICIE CL—F
CEMBCHLUETH, EOAADEIZIE Python v—F Y ZIEUCH L E T,

ZDETIX, Python 225 C A\, ZLTEDOMWANEL F—XEEWTZHECOVWTIE#ERLEFA, /2. IE
LWBBOHENAREZ T —DIRWHIZOWTITITIRERLTWE DD IRELET, ZhsDflEIONVTIE
AVET)RDOIREASEDLZ 2 ZADBRVDT, DELEBRICOVTIRLFIOER2 SR TE 3,
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3.1.3 FERRIEDIASL

BONHIRT 27275 sk, Python 221U 7 MANOBEKERITT 200D TY, @EKES VX —
72— 2T BEITHE T 6 L FEEC, Python 4 > X PV RIZ7 AV r—>a v L EHPD DR LER
A (B ROETRDHEDTEEILHLETD),

Python 227V 7 M ATERSN TV LB ZFEITT 27200 a— NI RO X 512D £73:

#define PY_SSIZE_ T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

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

int 1i;

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

return 1;

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

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

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

/% pFunc s 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 + 31));
if (!pValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");

return 1;

(RDR—DIHE<)
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(FiDR— 25 D %)
/* 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) ;

}
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— FRiF argv[1] 2o T Python X7V 7 &2 w— R L, argv[2] MICHEE X N7z 4E10BEEZ MO
HLUET, BBOBKE L argy ECFHF MO £33, 2oyurs4% AVNAILLTU>Y L
(TEFETARERE call EMUFEL & 5), UMD X S5% Python A7V 7 b 2FETTEZLICLETS:

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

return c

(FiDR— 25 D %)

FATHRIUT DL 512725133 TT:

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

COREORRETERT 213707 7 00 E P RETEETH, 1ZL AL Python 226 C AND T —
REWR LT —HE DD D a— FTF, Python OHIDIAA ¥ WS EE D S d BREOEH I Roa—

B o hE 55T

Py_Initialize();

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

After initializing the interpreter, the script is loaded using PyImport_Import(). This routine needs

a Python string as its argument, which is constructed using the PyUnicode_DecodeFSDefault() data

conversion routine.

/* pFunc is a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

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

Qe7URZY) 7 IR AAENS L, PyObject_GetAttrString() 2o THELRAREBETEE T,
BEIDBR 7 ) T IYHRFEL, RIS L7A 720 27 PO LAJREA 7Y =7 b THIUE, 204 TI =7
FABEBTHEEEZTELLZRVWTL LD, 22 TF0T 7 AIEAEB DI DX PRI EAE

3o ZD#%. Python BAEELI RO a— FTREUCHL 3

pValue = PyObject_CallObject(pFunc, pArgs);

BAEUH L %2 IR BX. pValue (& NULL 12722 2>, BABDR DEANDOSHB A o TWE T, HZHAXNLRICIZ

BT ISRERBLTLIZE W,
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3.1.4 B&iA£h7z Python DYLFE

ZZETIE, DAL Python 4 Y X TV RET7 TV —2 a VAKROKBEIC 7 72 R TE2FEERPH Y 8
ATLUL7z Python API 25 &, HOIABLA VAT VX EIRTZ2 8 TT TV r—ya v ARIEANDT 2
TRAEARICLE T, 2D, 77V —yaryTREINTVWEIL—F V2o T, HDAAAL VX TY
REPIRT 2D TT, BHLRILDEIIEZETN, ZRUIEV VDI TIEDHD A, T LH-T,
77V —ard Python £ YEZFVXERB LI WS 22 2L 1o 2 ENTATLEIL, 20D
D, 77V 5= a P Y I —F U DEEHT, H720dEED Python JLIREY 2 — L2 EL LD XS
12, Python 2268V —F V7 7L RTESLX51TFT 270 — (glue, B) a—F2FELEZTIIZE W,
BIZIEUATD X 51T

static int numargs=0;

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

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

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

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

};

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

LDa—F% main(Q) BABOFT S LICHALE T, £72. UFOZODX% Py_Initialize() OMEUHL
DHNHFAL £

numargs = argc;

PyImport_AppendInittab("emb", &PyInit_emb) ;
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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())

EEDT TV r—2ayTlE, 25 LEAY Y RT7 7Y —2 2 YA APL % Python AT 2 & ki
BDhET,

3.1.5 C++ Ic&k 3 Python DE®HAH

CH++ v 25 AHIZH Python ZHDADET; HEICE D &, ¥5°o THDIALIIfE> TS C++
WPRZROFNREL 3, —ANCIE, XA > T a5 6% C++ TEE, C++ ar 4 5%fFioTFn
TILZAYNAN - VT ERENDHEZTL k5, Python BIE%Z C++ TV AV LRBTHEIZD
D EH A

3.1.6 Unix R ATLICHIFRAVNALILE) VY

Python 4 ¥ &7V & %7 7V r—a YIZHORALDIZay 45 (LU VH) KEITREELWT F T
FRAETOREH TRV D LA EHA, ZHUERHC, Python 894 79 VU EY 2 — M RLTY ¥ 73 n
7= C BIHEAR ((so 774 0) L LTHRESNEZDBDER— R T 20END 572D TT,

RBERAVRAN - Y2 IDA TS ayilB7-9IZ, pythonX. Y-config X7 U S M 2MEZ £5 (Zhid
Python 4 ¥R b = VRHCAR X 72 H DT, python3-config A7V 7 b HAHKZ 2D LALEEA),
CDOAZYV T MIRBA TS arDELHY I, EENTHHZDOZIATL £ 5:

o pythonX.Y-config --cflags [IHRD I A AT a v 2Hh LT

$ /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 IOV 7T a v AL £3:

$ /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 -1dl1 -lutil -1m

0 IR
HE Python N— a YHAF (2 W DI X7 4D Python & H47zHH T/ K L7 Python) TOEEL
T 57012, ETOFID & 51T pythonX. Y-config (it S A TEEI L 21Z5 RV T,

HLIDFIETS L WARFIUL (L2 ZUILTO Unix R T 7y b7 4+ — LA TEET 2 Z & %2R
3 2D TIERWTT D, bug reports [ FEITT), HRIZDIATLDRAFIv I YV IZIZDONTD
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F¥axX > F%&FiA, Python @ Makefile DAY A A T a Y EFARZBENDHZTL & 5 (Makefile
D& R %121% sysconfig.get_makefile_filename() Zffio T X&), DA, sysconfig E
P a— VDU ORI D 5, JHC Lo THRELMNIMA LIy AN - VY 7DAT > a H
7w 77 AT E X, BRI

>>> import sysconfig

>>> sysconfig.get_config_var('LIBS')
'-lpthread -1d1 -lutil'

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'

3.1. OT7 75— 3> AD Python DIE&DHIAH
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8%

>>> -
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)
(518 BRI, B (£ AV R) KETHETT, EEuc 2@EH D 3

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': 5})

o fIBSI: ¥—v— F5lELU D58, METIBIITIEY 2+ OFFICHELS Z A TE, $h* 12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX ROBITIX 3 & 5 M FHAES
T3

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

FEIBUIBBOFRICBWTHRIN EDOn — AV ERICHID B Toh £, HDHTE2TSHANCOW
Tid calls ZBRLTLEE VN, VX ZRARBOVTEFFERTLDIZHL0 IS5 Z el
kRET, FHBiEhfHIe - VZERICE DL THNET,

RE1% . FAQ @ FHEEIEEARGIBDENMIMTTH? . PEP 362 2SR L TLEEW,

asynchronous context manager
(JEEa > 7 X A b~ —Y v) __aenter__() & __aexit__() XY v FEEFT S I LT async
with XNORBEZEM T 247922 TF, PEP 492 TEAXNLE L7,

asynchronous generator
(FERIY = % L — &) asynchronous generator iterator iR 3B TF . async def TEFEI Nz
N—F VEBIZBI TV E A, yield ReHDORTRLD £, yield i async for /— 7T
TEZHEOMIZERT 2DIMHHINE T,

EFIBIEFEH Y = 2 L — 2B L 35, XRICK > T RS zRL—R21TL—&% 25T
GEhd 3, BRENTERPH S THRWEE, BRLD 7012 R B2 AL £ 9,

FEFMY = 2 L — X BB, async for XX async with X2 THL avait RdDH 220D
D ij‘o

asynchronous generator iterator
GERIY = 2L —& A4 7L — &) asynchronous generator B THEREN2 LTS 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& THIXN 3 & awaitable 7Y = 7
FERIRLE T, 2D awaitable 7 7Y =27 NI, KD yield RETIEFAMAY = x L —XEKOARK %
FEITLET,

Each yield temporarily suspends processing, remembering the execution state (including local

92 fi8% A &= FI3E
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variables and pending try-statements). When the asynchronous generator iterator effectively re-
sumes with another awaitable returned by __anext__(), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable

(GEFIBAA 7 Z 7)) async for XOHPHTHHTES2A 72227 M TT, BHD __aiter__() XV v
R 5 asynchronous iterator R ERFIUIR D E¥ A, PEP 492 TEAZXIhE L,

asynchronous iterator

GEFR A 7L — &) __aiter__() & __anext__ () XY v 2 EELLATI2r }+T
3, __anext__ (O & awaitable & 7Y £ 7 bPERIRIFNIERD £E A, async for I
StopAsyncIteration 4t 2 X F 2 £ T, IEMEMA 7L —2D __anext__() XV v FHIKR
3 awaitable ZfER L 5, PEP 492 TEAXNZE L/,

attached thread state A

thread state that is active for the current OS thread.

When a thread state is attached, the OS thread has access to the full Python C API and can safely

invoke the bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached
thread state will result in a fatal error or undefined behavior. A thread state can be attached and
detached explicitly by the user through the C API, or implicitly by the runtime, including during
blocking C calls and by the bytecode interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL
for the current interpreter, so only one OS thread can have an attached thread state at a given
moment. In free-threaded builds of Python, threads can concurrently hold an attached thread

state, allowing for true parallelism of the bytecode interpreter.

B
(Bt) A7y =7 McBEEM TN, Fy FRERC X - THATTEESZREINSETT, X
Tz b o DEMY 0 EFRoTWEEE, ZOREMIX 0.0 TERINET,
F 7Y =7 2L, identifiers TEZRIN LA T TREBRVWHITOELEEZX 2 2N TEET, 2k
ZIE setattr () Zffiv, A7V 27 PAENEFFAIL TV AHEIITAE T, ZOLIRBEHIEF Y
FRERXTE 7 722 TES, Kb DI getattr () 2#H > TWHEZDERDH D F5,
awaitable
(FFH&FTRE) await N CHAT 2 Z PR Z AT = 7 M TF, coroutine D __await__() XV v
KRHBEA T2V b TT, PEP 492 2SR L T X W,
BDFL b3
R EALH ML (Benevolent Dictator For Life) OB T3, Python OfF#H. Guido van Rossum d
t 3—0
binary file

(NAF VT 74N bytes-like 7T TI b OiFRARABLIOEZRAALNTES J7MILF T
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Ik TS, "AFVT77A4N0DHNZ, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 1L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKXV AT,

Str ATV 2 FORMAEFEENTEZ 77 A NF TV 27 MTOWTI, text file BBRLU TS 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 EHiL Ny 7 7 —ZREAGER LT TV 27 b,
bytes, bytearray, array.array . %< O—f&k{J7% memoryview # 7Y =27 B THICEHD X
T, bytes-like 7Y =7 MI, T—XEHM. A FV T 7 ANANDRE, Vv FNEREHLULEER
ENAFVTF=REERTLE20VAVAREBIECHHT 2B TEET,

BODPDBRIETEINA F VT —RELBETZ2RENDD ET, ZOBEOF X2 XY PTIREL 7
HEZTRER bytes-like £ 7Y =227 b7 WEKRLTWES, EHEAFEERNY 77— 7Y =27 T,
bytearray ¢ bytearray @ memoryview REDPEZENF T, T/, OO OBRIETIINELRA
TV VDAL F Y TF—& (7 HAHLEHOD bytes-like A 7Y =27 b)) ZRELE T, U
bytes ¥ bytes @ memoryview A 7P =7 MEENE T,

bytecode

callable

callback

("4 Fa—F) Python ®Y =23 — Rl Python 70235 4®D CPython £ ¥ &% 7 ) X DNERFEH
THEIAN, Fa—FAeary3fLENFd, Nf ba—Fi& .pyc 774 MZF vy adh, AL
77 AN ZEHICFEITINZ L 2R LD ERICRDET (Y—RA—=FhH N, Fa— FAOHED
AVRAVIERENET), 2D " HHEEFEE (intermediate language)” 1&. & & D NA b3 — R
JI5T AHEMEEE FATT 2 RV Y TEfET 2 0WAE 3, EEAERL LT, N Fa—FiEER
% Python (R~ VB THEIfET 2 Z £, Python V) —RMTRETH 2 Z L3P/ T0E
Ao

N bPa—FomE—Elddis EVa—L ZHHET,

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

following syntax:

callable(argumentl, argument2, argumentN)

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

__call__() method is also a callable.

(TN y 7) RO B BIEETIIT A DI L LT 2 B
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32

(ZIR) A=Y —ERA T =7 " 2MERT 270D T T L — 1+ TY, 77 RAERIIEMH, DY F
ADA VARV A LDOBER T HRAY v ROEREZAET,

class variable

(75 2AZH) 75 A LICERESN, Z7FALRLT (DFD, 753ADA VARV A ETERELIZ) &
BFXN2Ze2HME LTWAREHTT,

closure variable A

complex

context

free variable referenced from a nested scope that is defined in an outer scope rather than being

resolved at runtime from the globals or builtin namespaces. May be explicitly defined with the

nonlocal keyword to allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but

only x is a closure variable:

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)

return inner

Due to the codeobject.co_freevars attribute (which, despite its name, only includes the names
of closure variables rather than listing all referenced free variables), the more general free variable

term is sometimes used even when the intended meaning is to refer specifically to closure variables.

number

(BEH) L<HONTOEEBREZIIRLZ2 DT, IRTORIFEH e oM LTRINF T,
IR (-1 OFHR) CEBEHT D 0T, —ICEETIE i e Erh, T¥T1E j v &
HIEF, Python I3EFELBITHAAATHIEL, BEDKILZM > TVWET, BHEREIC j 20
TEZFT, XX 3+1j TT, math Y 2 — VOEIBERREFH T 2121, cmath ZHEVET, &
FHOMHE 2 D BELBFOKRETT, REMEZEUCRTIUR, IJFMEVRIBHLTLEST
FWwTlL ko,

This term has different meanings depending on where and how it is used. Some common

meanings:
e The temporary state or environment established by a context manager via a with statement.

e The collection of keyvalue bindings associated with a particular contextvars.Context object

and accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

A7 MEEZONIIL
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The __enter__() and __exit__() methods called by the with statement. See PEP 343.

context manager

in a with statement. See PEP 343.

context variable A
variable whose value depends on which context is the current contexrt. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between

concurrent asynchronous tasks.

contiguous
(BE#Z. i) Ny 7 7 DSEEIC C-8ft £ 7213 Fortran Bt TH2HEIT. ZDNy 7 7 138k LT
W3 EARBREET, ¥rRXITNy 7 71% C @i TdH D Fortran #fETT, —RKITOESITIE, ZDH
RIEFIMBTAEY LTHHET 2 X5 CHEI N, BRFEXIELE2OHEDHIATOHF TS E T, 2X
TLD C-HERLEAITIE, XEVY T FLRNACER 2K 2 BITIZRBE DI A FHBRANTLED 5 DITH L,
Fortran #i#i & FLA TLERAI DI A FORANCH = £ 5,

JL—F>
(anN—F) ar—F @3 I IN—F DI D —fRNLIFKXTT, 71 —F VITIERD SN MR
PHAD, BlokD SN MErHMET, aL—FLFZL s Miar O A5, tha, BT
B2IEMTEET, IV —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W0,

coroutine function
(Aan—F YR coroutine 7Y =7 bR TETT, a1—F YEIL async def L THIELX
4., await. async for, BX U async with ¥F—V—FEROZ e PHKE T, Zh 5 PEP 492
TEAZNE L,

CPython
python.org TR I N TWS, Python 7u 7o 3 v I FiEOEMERNLRELETT, "CPython” £\ 5
HZEIX, ZDFEER Jython % IronPython &\ o =Ml ¥ XHIF 2 HEH B FEICHHIH
£9,

current context
The context (contextvars.Context object) that is currently used by ContextVar objects to
access (get or set) the values of context variables. Each thread has its own current context.
Frameworks for executing asynchronous tasks (see asyncio) associate each task with a context

which becomes the current context whenever the task starts or resumes execution.

decorator
(7Tav—=x) oK EIR TR T, @, cwrapper M CRIBA i L CHEHHINE S, 7aL—
&2 D— A7 A HABIZ. classmethod() ¥ staticmethod() TI,

FaAL—RDFREFI VR VRS aH—TF, XD 2 OOBEBERIIEHRNCHE L DD TT:

def f(arg):

f = staticmethod(f)
(RDOR=V1Fil)
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(FiDR— 25 D %)

@staticmethod
def f(arg):

FUHERD 2 ZRACBFELETH, HDEDEDLDNELA, 7L —RIZOWTHL IE, BIBGER B
FOIVIRERE ODRF 2 X P EBRLUTIEZ W,

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

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

FRZYFEDXY v FIZB L TOFEMIX, descriptors % Descriptor How To Guide & LT 72
20,

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
(FFENTIKELD) iterable NORTH 2 WIE—HOERZ UL T, ZOMRP SR 2FFELIR T I > %
7 MgEXFTT, results = {n: n ** 2 for n in range(10)} £ 35&, F¥—n ZfH n ** 2
RS 2EFE R AR L 5, comprehensions 2SR L TL 72X W,

dictionary view
(fF#H L 2—) dict.keys(). dict.values(). dict.items() 25RTA 7P =7 +TT, FHEHEDIEH
DEWRE 2 — 2B LT, T2bE, HEPLEINL a2 -3z 2L £7, HEL 2 —
ZREINC TR ) A T 2121E list (dictview) ZHH LT ZE W, dict-views 2SI L T
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 —REFoTWEPERETZDICA TV 27 FORE RN
R7TIVIRAXANTT, bz, BHICA TS 27 DX Y v RRBEULSFRIN Dbz D
LET, (ZELDESICARAT, 7TEAD IS TBIFIE, ZAUITEATHS,1) A VR —Tx2—2
EFRIFDEMRTZLT. EFL T A v a3nza— Rk, RVE—7 4 v 7 RREEZHF L TRIER
MELXEET, v 7XL Y7 type() % isinstance () ICXBHERBITE T, (7z75L. Xy
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IRAVCY IR MREREVSA THETHILdTEET, ) 2oRb b, HANNC hasattr O H
ER FAFP 7uZ’o 2 v 7 %HMELET,

EAFP
MR Z L 2 X DEFLZFE 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
Hl)) OB&TS, Z® Python TR b TWEa—7T 4 YT AXA LTI, #EFTENLZF—RE
PWDFIET 2 HDEMRE L. ZDRED > TORGEIHINEMIEL £F. ZOBRTFRIET
=T 4 YT AXANMITIE, try XB LU except XD TADHZDPRE TS, ZDT77=v 7
. COXIRBEBTILIMEDLONTWS LBYL AZXA LML DT,

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.

expression

(R) 2oL iHiiznsd, —FrFHOMYL (a piece of syntax) TF, Sz 2, AV 7
Fv, 4l BT 7R, HEFPEBMEOH LAY, EERERITROBEROBAERTT, o<
DEFFBLEV, Python TIISEOE2TOMBRERLIR L VI DI TIEHD FHA, while DX S 1IC,
AR LTIERRN X dHDEFT, RADBRXTIERIXTT,

extension module
(JEBREY 2—) C % C++ TELNZEY 2 —L T, Python ® C API #FIf LT Python 27
PL—HF—a—-—FeLhrHLET,

f-string
£ R BRI WX FES] ) 75U Mfostring” EFEEA. ZHUE 74—~y MEAXTHIY
7 7V OREMFEOLMTT, PEP 498 3SR L TL 2 &0,

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

or streams.

T7ANF T2 MREBZE 3SEEIDE T L0 NA1FU—=T71)L, Ny T77&hl= NA
FU=T7A, ZLTTHFALT77A4IL T, A VX—T7 24 A& io EY 2 — L TERINLTWV
E5, 77ANVATY =0 b RAESEHERIRTEE open() BB S 2T,

file-like object
file object ¥ [HF"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.

T AN AT ADIY A—F 4 VI TlE, TRTH 128 N FYURIREFICTa—FIhdZen
FREEXNBLTERDERA 77 AN AT LADIYA—F 4 Y TINADRI I N2 25E
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1%, API B2 UnicodeError ZEH T2 b %3,

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

used to get the filesystem encoding and error handler.

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

PyConfig.
See also the locale encoding.

finder
(77 4V R) A YR=PEINTVBEI 2—1LD loader DFERERITTEA TV 227 b T,

There are two types of finder: meta path finders for use with sys.meta_path, and path entry

finders for use with sys.path_hooks.
See finders-and-loaders and importlib for much more detail.

floor division
(I D B THRE) —FLWEBECYI DT 2 BAIBRE, YD BTREHEE T // T3, flRIX 11
/] 40F 227D ZRE ENFMCFE NI OBEDORETIX 2.75 BV R-oTE T, (-11) // 4
F -2.75 Z INEWVWAHIC D2 FRE: BORBRADOIDEITS) DT -3 127485 Z L IHERELTK
72& W, PEP 238 ZZHEL T &\,

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.

free variable
Formally, as defined in the language execution model, a free variable is any variable used in a
namespace which is not a local variable in that namespace. See closure variable for an example.
Pragmatically, due to the name of the codeobject.co_freevars attribute, the term is also

sometimes used as a synonym for closure variable.

E3E5
(BEE) PPN LANCEZIR S —EHDO XD Z T, BRI 0 U Ed 35|18 2T Z e HkE 3,
FEDRITRHI 5 B2 RS2 Z e iR E 5, R5IEL. XYV v B, function 2B L T X W,

function annotation
(B% T/ 7—=>ay) B DT XA —=XRIBDED annotation TS,

Bt 7—>ayid @HIR EEY F oditfbhEd: IR 2o 2 2D int BD5|
Beiis e WifFE . £ int MORD EEFO L HiffSh T g,

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

return a + b

BT /) 7—3 a v OXER function OFI TG INTVWE T,
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WEEDFHAD H % variable annotation, PEP 484, ZZML T &\, £/, 7/ 7—> a3 V& Fl
HA53_X+7525 4+ A% LT annotations-howto 3SR L TL 72 & W,

future
from __future__ import <feature> ¥\ future X (&, 2 >4 7 —IZFRD Python V1) —2
THE R I2EXPEREZFHA L THEDE Y 2 -2 a {35 X5 ERLET, __future__
EY 2—ILTIE, feature DD S B3EE FFa2X Y MELTWES, ZOEI2—L%EA VKR—-1F L,
ZOEBETHET 5 Z & T, FRREDRANC T FEICEMINZDIXVDO0R, WO T 7 4L MRS
(FFld e o7h) #HA LA TEET

>>> import __future__
>>>  future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection
(IR=yavryay) ZhLBEEDNS Z L DRV EY RERT 20U TY, Python ik, S
vy b, ERSEEBE UBET 2RI R—YalL 7 & zffioThHR—YalL s> aryzifung
To AR=TVaL 7R gc B a—N%2Fo TRIETE T,

Jrxl—4
(¥ =1L —2&) generator iterator ZiR TR T T, BE ORI TNE TV, yield XEFORT
R D £5, yield id, for L —FTHHTERLD, next() B THZ 1 DFOWMODHLAEDTE
5, HOWM P 24K T 2 DI ET,

BHEEY AL —FBEBZRLET. Rk T P RL—R1TL—F 2T HELHD X
T BRISNLEBE®RPHS L TRWEGE, HBLO DI BEE2 L 5,

generator iterator

(YA —=&ATVL—2&) generator BAEITHERZINZ A TP =7 FTT,

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it

left off (in contrast to functions which start fresh on every invocation).

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

values for an enclosing function:

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

285

generic function
(=3 V vy 7B Bz 2800 LR CRIEZ T 2 B> SRS N 2 BT, MO LY
DFEEZHNDEPET 4 ANy FT7AITVXLCEDPIESNET,

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

global interpreter lock
(Fa—=rA ¥R FY Ry ) CPython £ X7V XBFHALTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—2F3THE 2 RAET2HMATT, ZHUTED (dict & ¥
ODEERMAAAEZL) A7 27 FETADFEE 7 7 & 2120 L TIEBRINICZ R 5 DT,
CPython OEENRS Y INICRDET, A VR TVRXEERKERY V7 TEZ2T, wLF kv~
SUMPEL ZUMHINLD AR M EFIEHZI, 4 VR T ) REHHRICSILF ALy FLTE2 X512k D
%7,

7272 L. BEED 2 VIO WL ODDIEIEE Y 2 — UL, Efie Ny ¥ 238 Yo EpE VLIS
35L& GIL 2T 2 X5 CEFFSATOWET, /2, [/O QW% F 254 GIL 13 IR
INET,

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.

In prior versions of Python’s C API, a function might declare that it requires the GIL to be held

in order to use it. This refers to having an attached thread state.

hash-based pyc
(N ¥ arR—=R pyc 7 7 A) IENWEHFIT 27012, MIET Y —R7 7 4 VORKEFRLT
BNy Y22 EHT 2, ba—FDF vy v a7 7410 T, pycinvalidation ZZHE L TK
72EW,

hashable
An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__() method), and can be compared to other objects (it needs an __eq__() method).

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

Ny YaRARRATI 27 PEHEDF —REREDA AN L TR % T, HECEEGDT — X ik
EAEETA Y & 2 fBEZ > T 2E 05T,

Python O A I 2 =X TV RMAABABLA TSI 27 NI IZEAEBAY Y2 A[RETT, (VR FHED
E97) I2a—RITNKRAYTFENY T2 AARETT, (ZINR frozenset DL I7R) 4 I2—&7
NRaAYTHE BRINY Y aFRETH L L EDANY Y aA[RETT, I—F—ERDI T ADA ¥
ARVATHDZEIRATI 27 MEF 74V M TAY Y ald[ETT, TAHEET (HEHEZRVT)
HEFERIGIEFMTH D, Ny > 21X id) XDELNET,
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IDLE
Python Ofi&EHFEEREE (Integrated DeveLopment Environment) & U7# 85358 (Learning Environ-
ment) TF, idle & Python OFEERLZEAMICFEMI N TV EANLEREDO LT 1 2 A 2T Y

KA T T 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.

Immortal objects can be identified via sys._is_immortal(), or via PyUnstable_IsImmortal()
in the C APL

immutable
(A32—2T7N) BEDEER->TAT I 27 bTT A2 —RTNRA T 7 MTIE, BiE, X
FH, BERORXRTAREDRHYET, ThoD4 7Yz MIMEREZONER A, HlOEELESE
BHITIE, FiBA T2 7 P ERERLRTNERD ERA, A I 2—FT7ARI T NI BEIE
DNy 2 A PR E L B NN TEEREHZR-LET, HEOF—DZOHITT,

import path
path based finder % import %€ 2 —VEMBRT 25 (X721& path entry) DV X T, import
i, ZOVU R MIEE sys.path DORETH, 37 v F—IDFEFHE Yy 7 —ID __path__
BHED S bR ET,

importing H
%5%EY 2—1® Python 2 — RPBFIDEY 2 —LD Python a— FTHEZX 2 X 5T 2UHETT,

importer €
Va—NERLTO—FRTB3F T2 b, finder ¥ loader DEBL LTI HEA T2 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 XKD FFETHD., 3> 4 FFFBOMBUHAEL FF, (N4 ba—Far
A IWH2B7-DIT. ZOXFNIEHR T2, ) TITOA Y2 TYXFiELIFE, Y—RIa—FD7 7 A
N, FTEFAREFRICL T ETIEI e Vo BER LIS, BHEETTEZIL2EKLE
To A VX TV XEROFEIEE., a4 FBRAOFFELD DK/ TNy 7OV A 7 UFFH D
DD, TaZILDFFATE B NT T, WEEHN DS T W,

interpreter shutdown
Python £ Y& =7V X —d> v v bR Y REFHINLFFI, Y 2RI XRTOI VT 4 AR
WEIEZ 728D, TRTOMRLIZY Y — 22 BRERICHKT 5. k7 2 —XICAD 9, 20
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iterable

iterator

72— AN—J AL I% 2HEBEMFTHLET, TAREID2—F—ERDTAFF7 7K —%
weakref I— Ny IDBPPHINZZEDRDHDET, v v PXU YTz —AFUCETENLa—-F
. ZNPMKET BV Y — AR T TIMEREL BV (KL DB BHIE T4 75 ) —FY 2 — /L% warning
WTT) 7-DITkkc RBISMCER L ¥ 3,

AVR—TYVENT vy AT T ZEREHIZ _ main_ TPV a2 —IRETENTWERAZY T+
DEITHET LI TS,

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

method that implements sequence semantics.

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

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

FT—RXDOMNERHTE2A T2 P T, A 7L —KD __next__ () XV vy FEEDIRLIFUCHT
(E723HHAABRIE next ) I2ET) &, MOOFTOEREZ —DOFTORLE T, TR Rd L,
R DT StopIteration FIAfEEH L ET, ZORET, A 7L —&XA TP =27 MIRETEBY, %
L __next__ () RMIEFFA TS Stoplteration #EHLET, 41 7L —XiX, ZDATL—
ATz FEAKREIRT __iter__() XY v FEEELRITNUIRLZRVDT, 4 7L —&IiEMhoD
iterable ZZH T 2L AL DHATHATEE T, BoZ D & LAHSNIEROKEZITS L 574
a—FTF, (List D&IR) av7F437Y =27 M. HE%Z iter) BICA TV =7 MITEL
D for V—TFATHS 2N, FieBREADA T L —XE2ERLET, Zhx 471 —XTITES
532, BiEOA TL— a YTHERABADRIUA 7L —&XA TP =7 P EBEMIGRT 20, ZEDa
YTFDESTHoTLELETS,

2GR typeiter I2H D 5,

CPython RZEODF#: 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

(F—BI%) *—BIEL H2VIIRERMEEIE. V- MRIEFHED 7D OfEZ RSO LATREL 7
¥ =2 b (callable) TY, HIZIZ, locale.strxfrm() Z ¥ —PBRUICHZIE, v —UKEFDY — b D
BEIZDo oY =+ F—%RLET,

Python D% < @Y — it —HAHEZ IO EROW NIER 7L — b2 E R L F9, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () E2H D 75,
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keyword

lambda

LBYL

F—BBEEZ HEETOL OB D £F, Bl str.lower() XY v FERXF/NLFERXHAIL
BNY — AT F B LTS SR KT, 20, lambda r: (r[0], r[2]) &
572 lambda 26 F —PBIREIEL Z LN TE %9, £/, operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDX -V A M5 7 &M HD EF, ¥ B
DIED e NG DRIE Sorting HOW TO ZSEL TL &0,

argument S
518 2B T IZE W,

(7 LR) HDA VT4 VBT, AU Ihz 2 ICiHiixns 120 X 2E5AFT, 724
R Z1E B lambda [parameters]: expression T3,

FZ2130REDH (look before you leap)) DIEFTT, ZDaA—7 1 Y7 AXANVTIE, FFOHLPBRR
21T 5N, BIRINCHTTRSM (pre-condition) HIEZITWE S, FAFP 77 a—F  XfBEYT, if
X7z SAMDON S DO TS,

< F ALy MEESHRE T, LBYL 77 —F13 7 B27 @ft e " RN @REOHSIREL G &
BZFTVRIBHD EF, BlZIX. if key in mapping: return mappinglkey] &\5 a— Fid,
HEDE. DAL v RPELRDHIIC mapping 7»5 key FEDRLS EEMLE T, ZOMEIX, vy
2355 EAFP 7 7 —F %25 Z & THIRTZ £7,

lexical analyzer

list

Formal name for the tokenizer; see token.

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

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

list comprehension

loader

(VAMAEER) >—Fr Y AHDETH L2 WIE—EORBLLH LT, ZOMR,1 54225 Y X P 2R
L aAYRT FRAETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
0] ¥ 2k, 0025 255 FTOMEE 16 EHEL (0x..) LAEXXFINH»B7225 ) R M 2ERL F
§o if fildA > a3 T, if HiINRWHA, range(256) DR TOERMIUH N E T,

o

An object that loads a module. It must define the exec_module() and create_module () methods

to implement the Loader interface. A loader is typically returned by a finder. See also:
¢ finders-and-loaders
e importlib.abc.Loader

« PEP 302

Oy—=JIT>aA—F14 >4

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).
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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=FIFHIET T,

mapping
(oY) FEOF—HKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ MR HEEK I 7 X THEINLXAY v FEEELTVWEary 7+ F
7Y 27 FTF, il 21E, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R ¥ T3,

meta path finder
sys.meta_path BB L TH SNz finder. meta path finder i path entry finder £ BRIZH D F
o AT,

meta path finder 255255 % XY v FIZDOWTIE importlib.abc.MetaPathFinder # &R L T 7
ISR

metaclass

(RRTFGR) VTADT FATT, VIRERIEZF, 77 RA%, 7 7ADFHEL, HEIFADYV R+ %
EDET, XXI7I7RE, #ho 30%51 8 LTRUIMD, 727 RA2EZEMLZEVET, IZLAY
DATY =7 MEAISIEE GRIE: X X277 AD) 77 4L b OERERFRMHEL TVWE T, Python 23KE5
BROFHARLDART FARMEMTELZRTT, FLAEDI—F —IZHoT, XX 757 RI2L4
BEORWHDTT, LrL. —HDBETIE, XX 7 7 RFEHTTVLA Y "V RAEZRELES, =
YZRBEMT 7 20on B oD, ALy RE—7WEBMLED, £ 70227 FOAEREBIL
Tebh, SN o RRETRRY, ZLOBETHAINE T,

FEMIIE metaclasses 2SR L TL & W,

XYy R
(XY R) ZIAKRKDHTERINIEE, 207 F7ADA VARV ADREELE LTI N5
B AV Y PBA VARV ZAATY =27 PE— 58 L LTRIMD £F (Z0HE—58IIEH self
CIENET), BE ¥ RA SN O—T dBHLTLIEZE 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
(8¥ 2—)V) Python 2 — FOMBENE LTRELHLATI =2 FTF, EV2—-NLVEEED
Python * 7Y = 7 b 2 EOEFZEMZRS £ 3, €Y 2 —Id importing DIFRIZ X 5T Python
W AAENE T,
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NYT—=2 ZBRLTLIEZZWY,

module spec £
Ya—rEu—F330fbhi Ay R—- FHEOEHRE ZLHATZEMTT, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

See also module-specs.

MRO
method resolution order ML T ZE W,

mutable
(32—RTN) 32—RTNRF TV M, id) ZEZ LI R EEZELETEET, 12—
2TI) BBRRLTLIZZ W,

named tuple ?

ZRITZE X I L WS HEBIR, R TAEBRELTWT, 4 2 F v 7 AN EREIIH Lo T
D77 LA TEBZEEDOAR Y S AITBHINTVWET, Z0RIR Y S5 3o o TWa 2
EHHHET,

time.localtime() % os.stat() DRDEZEL WV O DHAAARIILHIMNE X I LTT, fib
DL sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple
can be created from a regular class definition that inherits from tuple and that defines named
fields. Such a class can be written by hand, or it can be created by inheriting typing.NamedTuple,
or with the factory function collections.namedtuple(). The latter techniques also add some

extra methods that may not be found in hand-written or built-in named tuples.

namespace

(HHi2EM) 2RI N 25T, HaTZEEEFHEL L TERINE T, BTZEICEA 7Y =2
FD (XYY FO) ANFIZHRo7b DT TR, RFRS O, KENZ D, 2L THAAALD
OB FT, LRIERIEERIOHEREEZS I TEY 2 — RS R— T3, il XK
builtins.open ¥ os.open() WFHHTZEM TSN TWET, /. YOEY 2 —UH K ZELE
LTWA2IART 2 Z 80k o THAMZERIZATZE L RTEEZE L E T, flXiE. random.seed()
X itertools.islice() & &, ZNZFNEY 22—/l random R itertools THEIN TS Z
LS TE,

namespace package

A package which serves only as a container for subpackages. Namespace packages may have
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no physical representation, and specifically are not like a regular package because they have no

__init__.py file.

Namespace packages allow several individually installable packages to have a common parent

package. Otherwise, it is recommended to use a regular package.
For more information, see PEP 420 and reference-namespace-package.
module ZZIUTLIZE W,

nested scope
(AR PSR a=F)HSMITERIN TV LK 2SI T 2AET T, BRI D 2B ORI
DOHFTERSI N TV EHE. NHIOBBIZSMIOBIBt oKz S RTE% T, A A PSR a—T
377 4V P TREROSIRIEZI B TE, ZRORAFTERVOTERL T EE WV, B - VEHK
F. ROAMDR a—FTCEBEGAEE LET, A, 70— "VEHZMES &7 — L%
RIDOEEFEAEE L ET, nonlocal TIHMUDERICEZIAD T T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like

_slots descriptors,

- —_)

properties, __getattribute__(), class methods, and static methods.

object
(A7 =7 b)) RE (BERHE) LEBRINLRLZEFE N (XYY F) 2528 TOT—%, b LI
ETD FAEZAINT TR DFBOEK T 72D ¥,

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 T =) ¥ TEY 2= VPLHRH TRy r =2 8L L OHEKS module DZ T, &
FICIE, Sy =2 __path__ BHZEFFD Python A 7Y =27 + T3,

reqular package € mamespace package B LT 720,

parameter
(K5 1%) AR OFEART R (2 XAV Y F ) OERICBVWTHEBDRZT 2 518 2HEE L E3, K
BN S DD 3

o MBELIFF—T—F: (B THIVWE F—T—F5|H b LTET LD TEL5MEEELF
o T2 ZIEBLRD foo % bar DL DI, T 7 40 hDIRGIEOBEEHTT:

def func(foo, bar=None):

o MEHM: NEICL-oTDAEZXLNL5IZREL 3. MEEHDFIEIL BBERDT KDY
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APDHTEZENLDRAIC / REDDLIETERTEET, HIZIETRED posonlyl ¥ posonly?
EAEEAS IR D £3

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

o ¥F—U—FREH: ¥F—V-RNIIoTOAEZONBFIHERELET, ¥F—V—FEHDOFIH%
ERTE L5, BIZIELLTD kw_onlyl R kw_only2 @ X 512, BBIERDIRGIEY X M
B ERMESIBEZIEFHD x DB TT:

def func(arg, *, kw_onlyl, kw_only2):

o AIERME: (OR5IE TR S NTREDMES BUIMZ T) (EEOEKOAES 15 2
BB RIEELET. OIS RIRGIEIZ. LITD args @ X 5 1RG BB DRI * 2D 5
ETERTEET:

def func(*args, **kwargs):

o AIERF—7—F: (MOR5IHETHCRI SNLMERDO X —V — F5IEICMAT) EEOFEKD
F—U—F5BBE5Z5N2 e RIEELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRNC %% D35 Z L TERTEE T,

RBIEUEA 7> a vy e NEDSIBOEEHHIEETE, 72 a vO5IICIZFT 74+ MEBIEETE
%9,

RE1% . FAQ @ E5 82 RG B DEWIZIMTFT? . inspect.Parameter 7 7 A, function 2
Ya¥, PEP 362 #ZRL T ZX W,

path entry
path based finder 73 import § 2 €Y 2 —)VE2EET import path LD 1 DDEFITT,

path entry finder
sys.path_hooks IZ®H % callable (D% D path entry hook) 23R L7z finder TS, 5 Z BTz path
entry WHBEI 2 —NERBOIFEHEEH>TVWET,

NRALY M) =T 74 YRWFEEFT S XY v FIZDOWTIE importlib.abc.PathEntryFinder %%
LTI,

path entry hook A
callable on the sys.path_hooks list which returns a path entry finder if it knows how to find

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €Y 2—D import path ZFREL F 3,

path-like object
(path-like #7227 b)) 77 A NS AT LRRAZRLF T, pathlike 72 =7 Mid, RRX%2RK
T str A7V 27 bR bytes 7Y =7 b, ¥£713 os.PathLike R ba A ZFELE LA TV =
ZbDENDTT, os.Pathlike YR Fa %P K= L TWVWELF TP =r M os.fspath() %
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MOH$Z 2T str £721% bytes D7 7 A VT R T LA NRICEWTE £F, os.fsdecode() &
os.fsencode() IZFNFN str H2WVII bytes WKRDZDEHRAT Z2DIMEZ LT, PEP 519 THE

ASNE Lz,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 I 2 =7 4 128 L THEMERIET 2. H 2V
Python OHFHAER 2 DBIERFRIFICOW TR T 2K XEHFTT, PEP &, HEEICDOWTOMER
BirAR L 1R R T 2 HEE Damill (FlEw) 2152 2 RE T,
PEP &, FHEREDRREICHh D5, 33 2 =7 1 I X 2 MEIGEDOEM L Python 1272 X415 B%ETH TR
DLEND7=DDR MO 22 Z e ZERILTVWE T, PEP OFHICEII 22T 1 NOAE
Rz 75 2. RMERZXENLTSZLO0BEBNDHD 7,
PEP 1 Z2ZRLTLEE W,

portion
PEP 420 TE&RZ N TW5, namespace package ICET 5, D7 7 4 DS (zip 7 7 4 VKN
SNTWVWEHEDDHD)1DDT 4 L7 PV KGNSS D,

fiI&35 % (positional argument) %

518 2B TIZE W,

provisional API
(B APL) BEHES £ 75 ) 0% 5 FHHEARAE A & RN IR SN b DTF, ZDESRA ¥R —
72— ANDORKEREH I, BETHZ L INTOEMIIHHFEINTOEEAL, a7HREECE->T
WY ARINIUR, BAFEIREE ([ 2 =7 2 —RDHIFRETEEND) DMTONARAET, Z
DI RBREFIIDLRAIITONE DDTIEDH D FHA - 20U API 2HAADENCIERE L 2T
TERBRRMHPBE L2 2ICOATHOIET,

E APL 12O\ TH, RATABMEDOBRWEE R TRRFE cARIATVET, MERIHHLZ
Ga T R HIRB IR ZR T RNETT,

o7k, BHES A TSVREBEL R 7T A Y s—ICEVWHB LA 6L Z L,
FREEB X TELLZHIT SN FE T, FHllk PEP 411 23 LT 723 W,

provisional package
provisional API 2B L TLZ&E W,

Python 3000
Python 3.x YV =254 D=y 73 —,LT73, (Python 3 2SRWRRDFE - HEI/ESNSHE
T3, ) "Py3k” tgEhzZdHDHET,

Pythonic i
DEEBT—RNRE Z A TEINIza— FTIER L, Python OFHC—RINZA 7 4 A 2o 72E 2
7R a— R, B2 Python O—fk7%4 74 F LT for XEME-oTA T 77 NDTNTOEZR
WKE->TL—TLET, OZLDEFEIFZOMEMEAITRND T, Python IZERTVRWAFD
DICBHED A Y v 2 =25 0d LILERA:
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for i in range(len(food)):

print (food[i])

ZAUTH L. Ehwik Pythonic & AiE:

for piece in food:

print(piece)

qualified name
(Bffith) €Y 2 —Dra— LR A—=T b, ZOEY 22—V TERSNLEZ 7R, B XYV v ¥
AD, "R ERT Ry MEKRFLTY, PEP 3155 TERSINTVWET, by TLNLOBEKR Y F
2 TlE, BHi%EA T 227 bOAFIEFRILTT:

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

pass

>>> C.__qualname__

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

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

BV 2 AADOBRBTHEDLNS 2, TREE (fully qualified name) IZTXTORASy r =IO % &
2RO Ry 43K, HlZIE email .mime.text ZEBKRL 3

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

'email .mime.text'

reference count
BRIV H2F TV VI TE2SHROB ZRAVV DB 0K E 20X T
Pl MIEINET, kit THH., SRAV Y FRL TEEINR VD IZE D Y THMER
EhBRWATV 227 bbb ET, BRI Y MEIEHEIZ Python @ a— F R3O FEAD,
CPython FEDOEERERTT, uro~v—d EEOX T =7 bOBBAID Y MR 572912
sys.getrefcount () BABZIFUNH 3 2 IR E 3,

regular package =
M7, __init__.py 77 A VEELT 4 L7 MY 2 LTD packages,

namespace package EZBBLTL EE W,

REPL
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"read — eval - print loop” DFBHFFE T, WFEE 1 ¥ X -7V X - = L Djl%,

slots 7
FANTODEET, A VARV ABUDOHEBEDH LN UDERLTEBE, 4 VAR AFELHIRT 2
ZrT, AEVZEHHLET, ZUIELHELNET 7=y 7 TITH, ELLFEIREFHALIY v F—
BROT, Mk —A, BIZIZXEYDWERELRE7 TV —>a Y TA VAR Y AR KEICTHFLET
b, LWVolk ERRE, FDRVDIRZ MTT,

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

lookups use arbitrary 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
(BEEWNTLKRELD) iterable NORTH 2 WIE—EHOERZWUH L T, ZOMREI LR 2EERRTa Y
R+ EE)TT, results = {c for c in 'abracadabra' if c not in 'abc'} T B &,
{'r', 'd'} LWISXFHOFEEELER L FF, comprehensions 2SR L TL 72X W,

single dispatch
generic function O—FETHEEI—2DFIHOAUC L D FERENE T,

slice
(RFZAR) =T =T 2R =gt 7Yz by AT74RIE REREL [1 THEZONHE
BooMican ry2EL Z e TEbNE T, HlZIE, variable_name[1:3:5] T3, AN (RF)
B slice A7 Y =7 b ENETHAHL TV E T,

soft deprecated A

soft deprecated API should not be used in new code, but it is safe for already existing code to use

it. The API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit

warnings.
See PEP 387: Soft Deprecation.

special method
(FHEX Y v F) & 2BNREDEME. BIZIXME % 3 272912 Python » SIFEICIE I X5 X
Yy R, ZOEDXY v FliE, XYy FADBRWEBRRIZT Y X—R3a7 2 DDV TWE T, Kk
XY v RIZDOWTIE specialnames TSR XN TVWE T,

statement
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(0 XWEAAL=1b (A=FD”" 78y 77" TAARKRERTT, X kX 2xF—v—-FhroEEand
HDODEHLBMTT, BFICIE if. while. for 23HH £3,

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”.

(THXFARAINZ74N) str ATV 27 M 2HmAEETES file object TF, LIFLIE. 7F A7 74
JEFEBRICAA MEFO T =X A M) =LA77 AL, TFRAMIYO—T 1 27 ZHBHIATO
F5, 7TFAMT7 7 A LDFE, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AR EET F
FE—F ('r' or 'w') THWAEZ 741 T,

bytes-like Z T TV b BHAZEETELZ 77403 TV 27 MZOVWTIE, NA1FUT 71 35
LTSRS W,

thread state

The information used by the CPython runtime to run in an OS thread. For example, this includes

the current exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states

available. At most, one of them may be aftached at once.

An attached thread state is required to call most of Python’s C API, unless a function explicitly

documents otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread
states, including multiple for the same OS thread. Thread states from multiple interpreters may

be bound to the same thread, but only one can be attached in that thread at any given moment.
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See Thread State and the Global Interpreter Lock for more information.

k=2 > A
small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names,

numbers, strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’s lexical analyzer. The token module contains information

on the various types of tokens.

triple-quoted string
(ZHEZ = MFH) 30D L2 +— FELF (7)) 27 ARRA PR T 4 — () THENXFH, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAD, EOoroMBITHAHT
T 1202008 L7l 4+ — bIEBEEXT IR —TMLICEL N TEET L, TiCE () &
HORL THOHEEITICE DB 2D TELZDT, FFaXrT—a Y FHEE RICRICER]
T,

type
The type of a Python object determines what kind of object it is; every object has a type. An

object’s type is accessible as its __class__ attribute or can be retrieved with type(obj).

type alias
(B4 ) 7R) BORIZT, BE2#RlFIcRALTERL £3,

By 723 Ber b 2HMET20ICEHTY. IR

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

pass

CHRRDES I D FHAR TS TEET:

Color = tuplelint, int, int]

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

pass

PEREDFAAD ® % typing ¥ PEP 484 2L TL 2 & W,

type hint
(Bler b)) 28 7 7 RAEME BRBD AR5 X =22 B EOHIF SN TEIEE T 5 annotation TT,

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—NLVEK 77 RAEE BEBT e—-2 L ZEH TRV IODOE L Y X typing.
get_type_hints() THURTZ %73,

FEEEDFTIHD H % typing ¥ PEP 484 2L T F X\,
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universal newlines a
FRAPRAMY — 2L DERED—DOT, UROITRTEITRLEHL T3 Unix OITRBRE '\n'.
Windows OFE '\r\n'. #\ Macintosh OFE '\r'c FIHEICZOWTHLLIE PEP 278 &
PEP 3116 , X 51T bytes.splitlines() SR L T W,

variable annotation
(EBT /) T—=>ay) ZRD 5030 7 @D annotation .

ZRDH 07 7 RARMEICERZH 722 23, AARDRERTT:

class C:

field: 'annotation'

ER7 77— aYid@EIEBEEY L bbb ES: HlxiE. 2O int DEEZERZ L
PHIEEI N CVWET:

count: int = O

7 ) T— a YOI DWW T annassign fiCHH L TWE T,

KEEDRBHDIH 5 function annotation, PEP 484 , PEP 526 #ZMR LT Z& W, ¥/, 7/ 7 —
PavERHATAEINR LSS 25 4 A LT annotations-howto SR L TL 72& W,

virtual environment
(IRARERED) WY b B S = FATEET S, CAUCED Python 2—H ¥ 77U 7 —3 a VI3
U AT L ETEINTWSMD Python 7 7V 7 — a2 YOBEENCFH T2 Z 2742 < Python Sy
T—YDA VAN EEREIT) ZENTEET,

venv ZZHAL TLZE W,

virtual machine
(e v) ERICY 7 MY 2 7ICK D ERESN Y ¥ a—&, Python O~ »id, A4 b
a—Fay4SBRHALE N1 FO—F 2EZTLET,

Zen of Python
(Python @1&D) Python ZHfELFIHS 2 L TOEZ 725, Python OFEIRAEIE H¥% VA MZ
L7zdDT3, MiEZm > 7 T 7import this” 2322 ZDVRMEHDFET,
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ABOUT THIS DOCUMENTATION

Python’s documentation is generated from reStructuredText sources using Sphinx, a documentation
y s

generator originally created for Python and now maintained as an independent project.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and author of much

of the content;
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 Contributors to the Python documentation
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C.1 Python DFESE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWTI,
see https://www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI,

see https://www.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations, which
became Zope Corporation. In 2001, the Python Software Foundation (PSF, see https://www.python.
org/psf/) was formed, a non-profit organization created specifically to own Python-related Intellectual

Property. Zope Corporation was a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 ~R=2 FEE &R GPL-compatible? (1)
0.9.0-1.2 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 ves (2)
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 DI 2.1.1 2001-BifE  PSF yes
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(1) GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python
licenses, unlike the GPL, let you distribute a modified version without making your changes

open source. The GPL-compatible licenses make it possible to combine Python with other

software that is released under the GPL; the others don’t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice
of law clause. According to CNRI, however, Stallman’s lawyer has told CNRI’s lawyer that
1.6.1 is "not incompatible” with the GPL.

Guido DFERD T, TNHDV YV —RZARRICL T EE o0%ZL DRI VT 4 TDHR S ATEH L £,

C.2 Terms and conditions for accessing or otherwise using Python

Python software and documentation are licensed under the Python Software Foundation License Version
2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed
under the PSF License Version 2 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 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

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

software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.
(RDR—=1ZHE <)
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4. PSF is making Python available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, 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 conditiomns.

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, 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
(RDR=12Hi <)
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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 THEREQF.

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,
(RDR—=V ki)
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Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to

include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

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

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law 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
(RDOR=VIFiL)
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or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMEN-
TATION

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.
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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

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
(RDR=VIZHiEL)
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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 VY4 vhk

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.
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.3 Asynchronous socket services

The 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
(RDOR=V1Fil)
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AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 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.
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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
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

(RDR=V1FiL)
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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. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 Select kqueue

select EY 2 — Ui kqueue £ ¥ R —7 2 — ZIZOVWTDRDEHEEZEATVET:

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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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
(RDR=V1FiL)
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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:

/sksksk ok ok ok sk ok sk ok ok sk ok sk ke ok sk sk sk e ok sk sk sk sk ok ok sk sk sk ke ok sk sk ok o ok sk sk ok s ok ok sk sk ok sk sk sk sk e ok sk sk sk s sk sk ok ok ok
£ 3

* The author of this software is David M. Gay.

*

*x Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy
* or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 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.

*

***************************************************************/

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
] 1] ] lerived f | he Apache Li 5 lies:
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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 modificatioms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,

and conversions to other media types.

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

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the

editorial revisions, annotations, elaborations, or other modifications

(RDOR=V1Fil)
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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

or a Contribution incorporated within the Work constitutes direct

(RDOR=VIFiL)
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or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

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

meet the following conditions:

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

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices

stating that You changed the files; and

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

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
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,
(RDOR=VIFiL)
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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
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
(RDOR=VIFiL)
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License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
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:
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Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

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

system is too old to be used for the build:

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

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

arising from the use of this software.

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

freely, subject to the following restrictions:

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

appreciated but is not required.

(RDR= ki)
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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 THEH L TWa Ny ¥ a7 — 71 DHEE
&, cfuhash 70y =27 F DB DITEOZT LT

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

with the distribution.

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

from this software without specific prior written permission.

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

SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR—DIHi<)
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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.3.17 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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 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:
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Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

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

are met:

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

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

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

specific prior written permission.

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

C.3.19 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
(RDR= ki)
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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.3.20 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.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. 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:
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Copyright (c) 2019,2020 Jeffrey Roberson <jeff@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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