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C7ur77r0FEZHEZH>TWA7% 5, Python IZH7ZRMHAAAEY 2 =L ZBMT 2DEEZHLDTHET
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2.1.1 BHELE

spam (Monty Python 7 7 D4 TIR) L WIHDIIREY 2 — AV ZERT B2 8CL T, C 7477V
B system() 132 Python 4 ¥ X—7 =4 AZEH L2V E LET, 1 ZORKIE null THRIHINZZF v
XA REIBICE D, BEERLET, ZOBKEMUTOLS5I12L T Python 25 NHE2 X5 L7
WELET,

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

%713 spammodule.c ZERT 2L ZTADHMEDE T, (BHte LT, spam L WO HHTDEY 2 — L Z2AEKT 2
BE. BV 2 NVOERENA-72 C 77 A V% spammodule.c EMERZ L IZH > TWVET; spammify D K 51
RIE2EY 2 - VHADHEITE. B spammify.c X TEXT, )

DT 7 ANDEYD 2TIFULTFOISCLET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

ZAUC. Python APl #BD3ARET (REA S, £V 2— LOMRICHT 230, EEERTEZBNL ET).

AMR: Python 13, AT AL o TRIEHEAY FOERIIHEET L5 7) aby B ERBREIT-oTVWED
T, Python.h ZWVWFhDIFEHEN Y XX D BHHIICA ¥ 71— F BRITHED FEA

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See ¥L5RET 2 — LB
TO/NZ XAZER for a description of this macro.

Python.h TERINTWV L LI—FhSAHD > ¥ FUE, RTHEEE Py £7213 PY BMPTnE 3, 7271,
BHEAN Y X7 7 A VADERIIFRZ T T, fliHOLDH L, Python ATREICMHES 22222 e WnwoHilin s,
"Python.h" IV D DIFEHEAN v X7 7 £ )L: <stdio.h> . <string.h> . <errno.h> . B XU <stdlib.h>
EAYINL—=FRLTVET, BEDANY X T 7 A AP AT 4 LTI, "Python.h" 2B malloc()
free() BLUY realloc() ZEHEERL X7,

RIZT7 7 A BN 2 WA, Python 3 spam.system(string) ZiHMii3 2RI ENE Z 223 C
BT (OB REINCED XS5 I TIE, BRTI D2 D £7):

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

const char *command;
(KD<R=2128i<)

1 ZOBBADA Y Z—T7 21— 2T TIHEHEE Y 2 — )L os KHD T - ZOBBERALZ DI, B CTHEBENZHIZRLEZWVDES
<%
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HIDR— % 5D E)

int sts;

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

return PyLong_FromLong(sts) ;

Z ZTlE. Python 5[V 2+ (FlziX, HB—K "1s -1") 25 C BBICETFIRICZOEFEEML TV E
3, CBIIF T o058 zHb. EHIWIC self BXY args EMINE T,

self BIBUTIE, Y 2 — LUV THIUTED 2 — A, XYy FIRIZA TV 27 b VARV ADEX
nE I,

args 518U, BIBDA 572 Python R VATV =27 bADRAL Y RIZHED FET, RINVADKZERIZ, WHUH
LDBEDFIEY A MzBIT 2 &5 18IS L E 3, 5180& Python 4 7Y =2 T3 - C BETHIEZ M - T
PEITIIE, A7V =27 b2s C OfEICE#HERIER D £2 A, Python API OR% PyArg_ParseTuple()
FE IO EF 2y 7L, C DIEIZENLIL %3, PyArg_ParseTuple() &7 > 7L — M XFF 2> T, 584
TV MOy I AN C EBOREHFILET, ZHAUTOVWTIFERTHELIFHHALES,

PyArg_ParseTuple() i&. 2 TDFIHPBELWEIZFRF>TWT, 7 FLAEL INEERICES I BERERE
L7 EiICH (JFtnm) 2IRLET, ZOMBIBRERSIBV A M 2ETeH () 2RLET, BREOHEG. M
BULE Y 72 f 2 kT 20T, MOHLENE (Flicd 2 £ 512) TSI NULL BT XL TLE W,

2.1.2 BENGE: TS5—HN

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

understand how errors are passed around.
Python API T, BALEDAHINELY b TE2DDBKEVOPERLTVET,

ot b XHWHNZDIE PyErr_SetString() T3, 1IN A T =7 + & C XFHITT, BIsA T
¥ x 7 MIEH. PyExc_ZeroDivisionError O k5 RERFADA 7Y =7 M TF, C LFHNIL T —DJFH
%R L. Python X5 A 7Y = 7 MZEBSHTHS O 7 (FEE” ITREFS XS,

b5 —OHHKMEL L LT PyErr_SetFromErrno () 23® b 3, Z OBEI5IEICHIANIZ T2 b, (MEMEIXS
0 — VR errno D HMEEL £, o & SIHNZRBIEUZ PyErr_SetObject () T. DDA 7Y =7 b,
st e EMEESIEICE D E T, ZNHBEICIEST A 7Y =7 M Py_INCREF() 250 EH H 8 A,

2.1. C % C++ IZ& 3 Python DR 7
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Dy FENTVSE 0L 52, PyErr_Occurred() % ffio TIEMEEMICHANONE T, ZOBEKIIFHAED
BISNA 7Y =27 b RIRLE T, BISBFEEL TOWRWEEIZIE NULL 28 L 9, @HiZ, BEBORD ERr L T
T —=MPREELUrZHFTE 2513372 DT, PyErr_Occurred() ZMUHTHEIIDH D FH A,

RIS g ZEOHT f 25, BIE OO LICKBLZ e 2T 2., f BERIZT I —fE (KK NULL %
-1) ZIRE IR D EFHA, LA L., PyErr_x BAEFHOVWIT L ZIFUHTHRET HD EFHA — RELL, g
FTTRMIHLTWE DS TT, RWT f #MOHLAZa—-FH 7 —%2R3HE BSEFUHLAEI—F 13K
T IR DETH, AR PyErr_* 1 MU LEFEA . DIFTRAMRICHREES - =5 —DRHFHELWEREIL,
BN — 2B LEBES T TICHRE L TWE 25T, 75— Python £ Y XY ZRD XA 2 L—FIT
FET 3 2. BEFITHO Python 2 — FIZ—KHEIE L, Python 70277 <0 aE LB F IR ELHZ
St LET,

(B 22— PyErr_* BIE & 5 —EFEUH LT, XDFEMAT I — X vt —IZMET 2 X5 RHBDH D
¥9, ZOXIBRRATITZESI TRETT, LIFWVZR, —BRLHAIE LTE. ZOBEZME S I 3521
L b TRET S —DBERICHT 2 EMELSBRICZDAETT: ZAICED. 1FL AL OBRIEIEE L 7258
W 55T 25 LNLEHA)

H BT L TOREORBIT X o Tl v I 2 Al $ 51213, PyErr_Clear() ZM-UCH L CTHiISt
REBZIRINCHEL RS TRERD ERA. T7—% A X7V ZFE L/ <, BATT (I o/EE%21T-
7D bR SR oD XIICRHENPIT S L57%) =7 —UHZERITITIHEICD A, PyErr_Clear ()
EMHUOHET EICTRETT,

malloc() DFECN LARRUIE, BEIHIFMZ LR TER D £2A - malloc() (E721F realloc()) T EHEM Y
HLTw3 a— N, PyErr_NoMemory() ZMUH LT, KR ZRIMHEZEIRAELDERA, ATV =27+ %
T 52 TORME (Bl 21X PyLong_FromLong()) & PyErr_NoMemory() DU L ZFEEETLE 5 DT,
Z OHBAIHBER T 2 DIXEE malloc () ZMHUH T a— K23 T,

%7z, PyArg_ParseTuple() &5 EHELAISNZFRNT, BREOIRE 2 — F 2RIV TW, Unix DY X
TLaA—LeEL L, MBI LB C e £23IEOEERR L, KR LEBEIE -1 Z2RLET,

BRI, T —BREEZRTIRC. (27 —DPHRETEIEFTRBIRERLTLESRATV =227 PIIHLT
Py_XDECREF () % Py_DECREF() ZM:UH{LT) ZANBZFEEIITo T EW!

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 2 — VEHOH I RHIS G ERTEE T, ERT 2123, EHIET 7 A VORBHNCHINLRA TV =7 M A
BOESZTVET:

[static PyObject *SpamError;

8 B2E Y—FN—To VIR LTHkRZES
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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) ;
if (m == NULL)
return NULL;

SpamError = PyErr_NewException('"spam.error", NULL, NULL);
Py_XINCREF (SpamError) ;
if (PyModule_AddObject(m, "error", SpamError) < 0) {
Py_XDECREF (SpamError) ;
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() function
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) ;
(RDR=12HE<)

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




Extending and Embedding Python, J1)J—2X 3.12.3

(AiDR=T 025 DFE &)
if (sts < 0) {
PyErr_SetString(SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong(sts) ;
}
2.1.3 BlICRS

FIFEOBEBOBNCRES &, GEBUTOFITXEHRETE 3133 CT:

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).

RDLTIE, PyArg_ParseTuple () T FH% L T Unix PAR system() ZMOHLTWET:

[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) ;

EOBATE, BTV =2 FEELET, (25, BHTT 5, Python KELTRE—7 LOAT Y22 13
DT )

il B RAREZ IR Z 720 (void %R 3BIE) 1S3 % Python OB None iR X 4Ud72 D ¥ A, B
UZ None ZIBZ ¥ 2123, UTO XS mEHAZMENE S (ZOEHAIE Py_RETURN_NONE ¥ 27 RIZHEE I
TVWET):

Py_INCREF (Py_None) ;

return Py_None;

Py_None X372 Pyhton 7Y =2 FTH 2 None IZXf53 2 C TOLETT, INFTRTELLSKIEL
AXDAYFFRARNT 7" L5 ZEIKT 5 NULL KA ¥ X LI1Z#E W, None 13HH7/ Python ®F 72 = 2 b
T,

10 B2E8E Y—FN—To VIR LTHkRZES
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214 E2a2—IDXYy FT—TIL e HIHALREEK

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."},

{NULL, NULL, O, NULL} /* Sentinel */
Irg

VR MERO=DHDIT Y VY (METH_VARARGS) IZIFEE L TLEZE WV, 2O b U, C BIAME S PO LA
WEAVRT) RIBZDZ72DDT7 57 TF, @8% 2 OfEIX METH_VARARGS %» METH_VARARGS | METH_KEYWORDS
DIFTTT; 0 1XIHKXD PyArg_ParseTuple ) OZE{LE A fHbI 23 Z e ZEKL £3,

METH_VARARGS 7213 2 5354, C BBUZ. Python LNV TDF5[#A PyArg_ParseTuple() 23ZHTE 2327
NOERTHEIND DD LHELRITIERD FHA; ZOBEBICOVTORME T THIAL £3,

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

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

AV y BT =TI NEEY 2 —VERDOWERP LSRE N TWIRITIIZR D FEA:

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=il /* stze of per—interpreter state of the module,
or -1 4f the module keeps state in global wvariables. */
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 ]CEC]]].]CEd bgz the p atform. and for C declares the function as extern "C"
2.1. C X% C++ I2&3 Python OHLE 11
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When the Python program imports module spam for the first time, PyInit_spam() is called. (See below
for comments about embedding Python.) It calls PyModule_Create (), which returns a module object, and
inserts built-in function objects into the newly created module based upon the table (an array of PyMethodDef
structures) found in the module definition. PyModule_Create () returns a pointer to the module object that
it creates. It may abort with a fatal error for certain errors, or return NULL if the module could not be
initialized satisfactorily. The init function must return the module object to its caller, so that it then gets

inserted into sys.modules.

When embedding Python, the PyInit_spam() function is not called automatically unless there’s an entry in
the PyImport_Inittab table. To add the module to the initialization table, use PyImport_AppendInittab(),
optionally followed by an import of the module:

int
main(int argc, char *argv[])
{
wchar_t *program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {
fprintf(stderr, "Fatal error: cannot decode argv[0]\n");
exit(1);

/* 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 */
Py_SetProgramName (program) ;

/* Initialize the Python interpreter. Required.
If this step fails, 4t will be a fatal error. */
Py_Initialize();

/* Optionally import the module; alternatively,
tmport can be deferred until the embedded script
imports it. */

PyObject *pmodule = PyImport_ImportModule("spam");

if (!pmodule) {
PyErr_Print();

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

PyMem_RawFree(program) ;
return O;
(RDR=D12Hi <)

12 B2E Y—FN—To VIR LTHkRZES
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(AIDR=I 25 DfE X))

AR BH—o 7ot AN (£7103 fork() BD exec() DM AL TWRWIREE) BF 2B BOA4 &7V &I
BWT, sys.modules 5LV MY ERELLDFHLR AV A NEAEY 2 —/L% import LizhF 2L, L
REY 2 - M X o TRMEZEC L DD T5, IHREY 2 —VOEFIER. WET — X EiE 2 ML S 5 B
WL K SHLITRETT,

X O RENEEY 2 —HliE, Python Y — ABAAYIC Modules/xxmodule.c ¥ WHEZRTTA->TWVWET, ZD
Z7ANET YT — b LTHHAMTERTL, BIThle LTHFmD T,

AEM: xmodule X spam & 22D, ZERFEMHEAL (multi-phase initialization (Python 3.5 OFHERE) % {H - T
WEF, Pylnit_spam A% PyModuleDef ZiR L. €Y 2 —/LOERBIIHRIC import FEEMTTVE T, LRSI
L2V T OFMIE PEP 489 25 L T X\,

215 ORIV 2D

FLWIERES 2 — LB H 22 X512 FET, £ 20FE%: a2 %40k, Python S ZAFAADY > 2,
Do TWE T, BIVFEAIAA (dynamic loading) ZffioTW5 DR 6, fFEDFFMIZE DD AT L03MHoT
WARENGRAIAADIERIC L o TEDL 2D LNEEA; LI, HREY 2 - LDV FIEATEE (C H&
U C++ HEROEILE F) . Windows BT % Ll FICBET 2 BMEROE (Windows ETD C LT
CH++ MREZ2—ILDEILE &) 2BHRLTLIEE W,

B ARAA R oz, Y 2 — LB HEE Python £ Y 2 7V ZO—HIC L TEEWEEICIE. 4 V&
TVRDOEN FREZLBELTHENL F LETNRZR S22 TL & 5, Unix TI&, FHR I 2122 DIEREF
CTHHMTT: PICAEDEY 2 — L7 7 4V (flZIF spammodule.c) Z B L7z Y — RELAYID Modules/
T4 L7 bUICEE, Modules/Setup.local ICHZD 7 7 A VxS %LU T O—17:

{spam spammodule.o

PEBIMLT, by L RXLDT 4 L2 YT make #FETLT, A X TV XEHEIL KT BT TT, Modules/
Y774 L2 P TH make #EITTEETH, Hid o T 'make Makefile’ #EfTL T Makefile ZHEIL KL
TEPRINILELD TR A, (ZOMFEHKIX Setup 7 7 A VEEET 5 7-FICHETT, )

ED 2 ADRDITATIV N T EINTOVIRENDL5E. 7477 VSRET 7 A MHNIETEFT, H
ZIEUATD XS LE T,

2.1. C % C++ IZ& 3 Python DR 13
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[spam spammodule.o -1X11 ]

2.1.6 C 75 Python &MU HT

ZHETIE, Python 26D C BBOMPUIH LICERZBEVWTHARNTEE L, EZATIODH: CH560D
Python FABOMUIH L FEHTS, 2 hbiF, WbWw3 " a—nA Ny 7" B8EIR-+F2X58747
Z VRIS 2 BCIE C OBENENTS, 2 C A Y X—T 2 =P a—ANy ZZ2FAL TV E5E, FF
DOFEREZ R4 % Python 2 — FTWX, LIX U Python v 2o ~ica—i Ny ZEER T 2 080 H D
¥9; 2O 2EETIE, C TEINL TNy ZEED S Python THI Nza -0y ZEKZNHEOH T &
ST ERENDHHTLEI, bBAA, MOARDEZONE T,

PR Z 2T, Python £ &2 7V X FBEICHFIFCH LT %, Python BEZMIH T OFREL > 2 —
7x—=AbHDFF, (Python R—HFZREDANLFZME > THRIETHEZOWTHRT 2205 D1EHD %
HA - ZOFEICHEIEND 5725, Python ¥ —X 32— F® Modules/main.c IZH %, A~ P74 A+ F>a
Vo—c OFHERRTLIEZZ W)

Python BIBOFENH LIEHHE TS, £3. COa—RFIHLTa—ANy 72&5L L5 3% Python 7'm
7'Z ME. S DHET Python OBA 7Y = 7 2 EXRERD EVA, TDLDIT, T =Ny 7 ER
B (27232 oftid 4 > 2 —7 = —R) ZEMEERIERD FH A, TDIT—N Ny ZEFREIBDIT O X 7B
12, 5l EJE XN Python A 79 227 bADKRA VX E 70— VEBIZ — HEWVE, ¥ 2@ RgRn
— RELET (B4 7> =27 % Py_INCREF() 2 &5 K<KFEELTLEZZW), flZIE. UTD XS 2B
MEI 2—ND—FIZK->TVWBEZETL &5

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
if (!PyCallable_Check(temp)) {
PyErr_SetString(PyExc_TypeError, "parameter must be callable");
return NULL;

3

Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

/* Boilerplate to return "None" */
Py_INCREF (Py_None) ;

result = Py_None;

(RDR=D1ZHi L)

14 F2ZFH—FN—FT 1 VY—ILER L TEREED




Extending and Embedding Python, J1)—2X 3.12.3

HIDR— % 5D E)

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in
section EZa—ILDO XY v F7—T )L £ #1HA{LEI%L. The PyArg_ParseTuple() function and its arguments
are documented in section ¥EEREY 2 — LB TD/NZ X2 ERH.

Py_XINCREF() 3 XU Py_XDECREF() &, # 7Y 27 MIWTE2BMMAV Y b2 A VI URX Y N/ FTZYX UL
T30~ 70T, NULL KA ¥ ZBPEINTHRBBETEZHEATT (2idWwi. LRI TIE temp B
NULL IZ72 5 Z2iEH D FEEA), ThoD~rueBRAY Y MIonWTiE, BRATY ME THIHLTVWE T,

ZO%, =Ny ZEBEFOH TR 5, C BI% PyObject_CallObject() ZFFUHIL $3, Z ORI
= 2o05#: Python Bz Python BB DIV A+ 35D, WIFNHEED Python £ 7Y 27 b2 &K
FTRAVEHETT, 5IBVRMNIFEREATINA T 27 bTRINERZRS T, 2OEIE5IHOBITKRD £35,
Python B %5157 L TR § DA 5, NULL DX FLE2EL T, B—05 MTHBZENOET DR S,
HZIE (singleton) DX L% L %5, Py_BuildValue() OFAXXFHIHFIC, Lol %2 3—EM EoHE L
aA— KB A - IFEMD D 256, ZOBBIZZ I LVERLET, UThlZRLET:

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() & Python A 7Y =7 FADKA Y ZZKELEF: Tl Python BAEH» S DR D H
127 D £5, PyObject_CallObject () &, 51¥UCXT LT 7 B AH v > ML (reference-count- neutral)” T3,
LOBITEZ A EERL TSI 22 LTIRELTED. 2D X 7 ILX PyObject_CallObject () DOMEUH
LIE#%IZ Py_DECREF() SN TWVWET,

PyObject_CallObject O WFEDHE LT " H LW A7 =2 b: FHIHERINI2ATI =7 bh BEFO A
Tz POBRAV Y RA VI VAV P LEBDERRLET, [EoT. 2OATTY =2 &I m— ILERIC
RELZVDOTROWPED, 72 2 ZOREDEICHEIENR TS (LA, £ THIUIRBZS!) M LI
ECTRYEATY =2 % Py_DECREFO) L2 D F¥ A,

Yidwz, RO fE% Py_DECREF() T ZHNCIE. A NULL THRWHAF v Z L TBL ZEPEETT, dL
NULL 72 &, PRV U7z Python BEBUIMIA Z X L THR TS 6TV 3, PyObject_CallObject () ZFFLN
HLTWw3a—FAKD £z Python 22 5MUHINTWEOTHIUX, FEIZ C a— FAPAADEFCHLTY
% Python O — RIZZ 5 —iEREERIQUIRD THA, FRITED, A Y EZ TV RERAXy 7 L —2% N
L7zh. BINZET 27:9® Python 23— REMESH LD TEFT, FISOREMIRAIREZ 072D, LK
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BRWDK 6, PyErr_Clear () ZMATHINZHEEL TE2RERD VA, BIZEZUTOESICLET:

if (result == NULL)

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

Python 2 — A Ny JBEBEELEARA VXA -T2 —2ARXLEVRLIZE-> Tk 5BV X%
PyObject_CallObject() WG ARUTNRBBROLLWEEDHDET, H27— A TR, a -1y Z7EEE
HBELLZDERUA YR =T z—R%ZNLT, 5IVAPBEINTVI2D LAEEA, RO -2
T LR TV EBEL TRV A P 2EI AR ZSRV2b LAEEA, ZOHAERDBHLDOIF
Py_BuildValue() 2FERSD A TT, HlZIE. BEOANY ba—FE2ELLZFIUE ITO LS Ra— REff
HZEITRBTLXD:

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) BM-UHLOER, T7—F v 7 XD IENICEINLTVE I EIHERLTLEIWV! £
Joo BEEICE 2R, 203 — RIFERTIEH D £HA: Py_BuildValue() EXEVARRBICBHWVWE0d LT,
Frzv 7 LTBLRNETT,

WE DS F—v— F58E ¥ K- 3§ 5 PyObject_Call() Z{fio T, ¥—v— F5lE%EES BEEFEOH L
HTHIENTEES, LOBIEFEIT & 512, Py_BuildValue() ZfE-> THELZED £3,

PyObject *dict;

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

return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;
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2.1.7 HERED 21— ILEABTDONS X 2 ERH

PyArg_ParseTuple() BRI TO LS ICEE STV E T

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

S8 arg 1& C B 5 Python XN B35V R MBA27X TINATI 27 bTRINERD 8 A
format BIEIFEXSCFHIT, Python/C API V7 7 L Y A< =27 )LD arg-parsing T X TV 2 FIRIHE
DHAERD FRA, B D5IEIE. TN DOERD 7 L AT, HEXEXFEF > 5P F 28T o TwRiF U
7D EE A

PyArg_ParseTuple() ¥ Python il 65 2 5 N5 BB ELRAICR > TV BTN 2 DITH L,
PyArg_ParseTuple() I L ORI C ZHDT FLAXEHREZROPFAXLAR VW &
WHERLTLEEW: ZZTHEWELT 2, a—F 2827793 a2a3250b L0EEAL. PRELDBTELLDR
Ey b2 XEYICEHFEZLTLEVE T, HEWK!

IFOH LAt EN S A 7Y 2 7 PADOBIIZTRT EA 2 (borrowed reference) 127D £9; 2504
Tz OBRAV T 7 UX Y FLTIERD FEA!

DITFIZWL O LAIERL £

#define PY_SSIZE T CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

int ok;

int i, j;
long k, 1;
const char *s;

Py_ssize_t size;

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

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

ok = PyArg ParseTuple(args, "1lls", &k, &1, &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') */

2.1. C % C++ IZ& 3 Python DR 17
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const char *file;
const char *mode = "r'";
int bufsize = 0;
ok = PyArg ParseTuple(args, "s|si", &file, &mode, &bufsize);
/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

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

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple(args, "((ii)(ii))(ii)",
&left, &top, &right, &bottom, &h, &v);
/% A rectangle and a point */
/% Possible Python call:
Fccc, 0), 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+23) */

2.1.8 HERED 2 —ILEABDF—T— KNI XA

PyArg_ParseTupleAndKeywords() &, MU TD IS RXESENTVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format 287 X 213 PyArg_ParseTuple() Db D LR UTT, kwdict X7 X X1ZF -V — REIBDA -7
BT, Python 7 V&4 A AT ADBHE= 8T XX LTRITID £5, kwlist 787 X Z13& 85 X 2 &2 385
T BDDXFHNDP BB, NULL #ImE iz A M TT; K87 X X4 format FORUERICH L TED» B
DIECBEEINE T, BIT % L PyArg_ParseTupleAndKeywords () ZE %R L. ZhLSOHEIIEEYI%
BiIsL 2 X L TR ZIR L %3,

AR: F—U—FEEEF->TWEEHE, XTVEANRTIILTHEZZEA! kwlist NIEELRWF—TU—F
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RTRXARZPEINTH5E. TypeError DEHZEFIZEI L E I,

MTFxF—v—F 2oty 2a—HlZRLE T, Z4UT Geoff Philbrick (philbrick@hks.com) (2 &% 7w
FoflEd LIl LTVETS:

#define PY_SSIZE T CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

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

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot() takes
* three.
*/
{"parrot", (PyCFunction) (void(*)(void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
}

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
_1,
keywdarg_methods

(RDR=212%i<)
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PyMODINIT_FUNC
PyInit_keywdarg(void)
{

return PyModule_Create(&keywdargmodule) ;

HIDR— % 5D E)

2.1.9 ERDEZHEET S

Py_BuildValue() & PyArg_ParseTuple() OMMIZHEST 2D TS, OB TO XS ITEREATY

S

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

Py_BuildValue() (d. PyArg_ParseTuple() Difik3 % —@HDOEXEMITPEXRMN 2L £ 5. 2L
(BB~ DOH T3, ANcflbi ) 5I8IERA ¥ XT3, ZEOMETRIFNIRD £ A, Python »
LI ENT: C BRANRIEE L T#EY s, #i7zZ Python #7922 F2RL %79,

PyArg_ParseTuple() &I¥—2E S mA3H D £3: PyArg_ParseTuple() 13518 %E X TN T 2 0ENH D
%3 (Python O518V X MEAEICIEEIZX L e LTRSS 25 TF) 2, Py_BuildValue() 3% 7
NEAERT 2 LIER D 8 A, Py_BuildValue ) EEFALFHNFICERBML O Zh L EA>TWEHAEIC
DARTNVERERLE T, EAXFINNZEL S, None ZIRLET, Zohrh—o0FRENMNLS, ZOHFRHENM
DR LTV EHSELDF T 27 MRV ET, FAXD 0 1 DR TIVRIEZVDOR S, FALFIIZAL

FEIM TN R,

IRl zRmL £ (LRFFCH LAIZ, GICHEER 25 Python EZRL £7):

Py_BuildValue("")
Py_BuildValue("i", 123)
Py_BuildValue("iii", 123, 456, 789)
Py_BuildValue("s", "hello")
Py_BuildValue("y", "hello")
Py_BuildValue("ss", "hello", "world")
Py_BuildValue("s#", "hello", 4)
Py_BuildValue("y#", "hello", 4)
Py_BuildValue("(O")
Py_BuildValue("(i)", 123)
Py_BuildValue("(ii)", 123, 456)
Py_BuildValue("(i,i)", 123, 456)
Py_BuildValue("[i,i]", 123, 456)
Py_BuildValue("{s:i,s:i}",

"abc", 123, "def", 456)
Py_BuildValue("((ii) (ii)) (ii)",

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

None

123

(123, 456, 789)
'hello’
b'hello’
('hello',
'hell'
b'hell’

O

(123,)
(123, 456)
(123, 456)
[123, 456]

{'abc': 123,

(1, 2),

'def':

3, ),

'world')

456}

(5, 6))

20
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2.1.10 8ROV &

CRCH+ DEO REETIE., a5t —7LOXEBY) RENCHEERLEDBR LD T 2EELHD F
T, T35 ULEEE C TR nalloc() ® free() THHWE T, C++ TREAEMNIZHE UCEKTHEHET new %
delete DMELNE T, 22T, UTOHERIX C DEFAREL 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.

FLBHBZXEV Y =27 DFAE 2 — FHOTETRVIBHER TS, flZE. H2MBH2XEY Ty 7%
U, MS20OFEET->T, BETy 7EMRRTI2 LET, 3T, BROBERMHEEZLZEL T, FHHEICHT
27 ANEEBMT 22, T %ML, BROBRPCURLRT IR0 LNLETA, ZORFPTD
MTDPREZ L E, HEINZXEY 78y ZIEBRLUENRTVOTT, 3 — RBERTENXNGE IR
ZITT, ZOXIRBRAEV VY = 2—HHIVAATLES &, RVEBRHEINRVWEFICRZ P I HDFE
T L5 XBBMOKTIZ. ETOBEBTOHLDIHLTIZFADDTAREG LIEET. 20— TiEL
AE@ER%&%E%@@%%@WW%%%%ofmétm XEY V=2 BHELPICHRZDIE, BVEEIEL T
W7t AR = 2R THEBEMESH - BEIRoNn 2056 TT, foT. ZOMOT T —%H/RIC
DB I a—T 1 ¥ THKIRHEEE R BT T TE@X%UU—?%&%% EDEERDTT,

Python & malloc() % free() ZIEFIC L MAT 2720, XEV V=27 ORGIEIIMA, BREHIZXEVD
R Z LT 28RN E TS, ZDODIGEINTDODBB A w7 > ME (reference counting) & MEAN 3 Fik
TS, ZHRAIY Y MEOFHEIIHHETT: 2 TOF 7Yz MRV U RBHY, A7 =7 MIXT 2500
EIPRFEINZOAIV Y EEA YV AV ML, A7V 27 MIRT2ZRPHEIBREINLT 7 U XML
F9, AVUEBERZ R oD, AT 27 PADRBOBIEMHIFRES NI 8 IZRD A 7Y =7 MR
nEs,

b5 —DODHIKIIHEIA R—a L 7> a ¥ (automatic garbage collection) L MHENTWVWE T, (BEA Y Vb
BEAIR=YaLryavBBo—2r LTEFONEZ2dHSDT, ZOo2XAlT2720ICEE T " HE)
(automatic)” ZfHoTWVWET, ) HEIAR=—YaL 7Y a YORELAKIE. 2—9D free() ZHHRINC X
BATEWZ DD FF, (HERLXEYOAMAAELARE LTERSINTOVET — A, LS
ETEDHDFERA, ) CBIZEHIIR-YaL 7Y aryOR&RE, BCAREDD 2 7 R—YaL 7 ZHRTRE
LENWEWS ZETT, ZRUIR L, ZRAY ¥ MERARED H 2 FENSTE T (nalloc() X free() Z 7l
HATEZ2DH0MHETT — CHEEIIAZRIEL TVET), WOOHD, TARIMEODH 2/ R—yaL 7 &h
CTHRAZEIICREDH LNFEAD, TNETEZRA VY METR > TV LBNIIEZRVWOTT,

Python Tl&. NS A Y7 v MEDFEERIToTWBE—H T, SHROBREZBRHT 2 7-D .12 < FRSER
HitEHE (cycle detector) HIREEL TWE T, TBIRSBMRIBBEO BT T, B, HECr» O 5 TTHRSROLE
BERIZETRI 7 IV r—ayEMBRTEE T, Wi 0, SRV MNERETREfsT-AR—YaL sy a
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VREIICE o THERSRIZFI A2 5 TT, ERZRIE. (MEZRO5EL 8D T) MENDZBBA o747
T PO ENS D, BERADA 7Y =7 M3IFLIFEROBRA Y > eib 3, WS Y

Y MEDRLETE, L AERZEEZBRT 24 7Y = 7 MIIH L THICR LS ZRB L VWE LTH, ERSEAD
EDATI 27 MBI A XAEY BHAHATE I A,

BRI Z D XS BRI R=IH A4 7L (HiR L7 XS RIERSRA 7Y = 7 ) 2R LTEINT % 2
EMTEET, g BV 2 — V2D X5 BB OET (collect O BIR) 24T 2 L HIT, REDLDHOD
4 YR 7 2 — 2B XU % TR T 2 IR L TV E T,

Python ICH338BAY Y ik

Python 213, ZRATV Y FDA Y7 UX Y T2 YRy P 2T 2 D0~ 71, Py_INCREF(x) &
Py_DECREF(x) 2% D £3, Py_DECREF(Q) (&, BRIV Y "L IEE LIS, A 7927 FDOXE VK
LITVWE T, FRMEZH 27D, free() ZEHETUIHLEFEA — ZORDHICA T =7 FOBA T
Y=z b (type object) ZNNLET, ZDDIC (MOHWNSDHD FFH), RTOAF 7V 7 MIHGDORA T
Dz MNIHTBERAL VEBA->TVET,

ST, ¥REKRREEMDE > TWEF: WD Py_INCREF(x) % Py_DECREF(x) ZfZIZXWVODTL x 55?7 ¥
3. W OO DAFEFHADPHHDEETLIEE Y, £3, A7V =227 ME 7 5 (own)” s idHh x¥
Ay LI, 24727 MW T2SBOFTE own a reference 3 TEE T, A7V 27 FOSBRHY Vb
. Z0A TV =2 POBROFEZRZ T TWSEMEERINLTVET, ZROMEER. ZRPILERL Lo
7zB#1Z Py_DECREF() Z MU THEZHWE T, SHOFMEMEIZIRE (transfer) TX F3, FIESM (owned
reference) DMEITIZ, 3. fRFT 5. Py_DECREF() 2T, WS =2DHFENDH Y £3, FiEZRE
MELEh2e, XEVY =725 ZRILET,

ATV 2l Mt 2B B (borrow) AIRET T, " ZBOMEH#H L. Py_DECREF() 2MFATIZRD ¥
BhA, EHEX. SROFEE>SERL-HMEZBL CSBE2HEE LRI TR D TRA, ITEENSIREIE
LB THEAZHEEZMES b, BEISAXEV ZHHALTLE S GEREH 20T, Hxhairhidzh F8A,

ZROMBHANPBROFAE LD BERLTVE . 2— RPN 525503 UHRKTBREREEL TEBL &
FELESTHELIETY — floguvwhzdiud, BHSROSE G, LWHORPTHEZERTLTOXEY
V=2 0fEBREET IRV, WS ZETY, HiZ. FrAX D AR AZ. T dIRZ 53— R,
FEERICWISHOMBHIT THEINTLE > LRCZOSREMS 20 d LRV K S BB HRIRRN D 2 205 Z
T,

Py_INCREF() ZWUHIF . EHZREMESRICEETEZ XS, ZORFEISROMEHITOREBIIZZEL £
A --- Py_INCREFO) 3¥i7-2ESHEZER L. ZROMEEPHIRNERLTOEEZRLET (DFED. #
T BRBROE#E . UHOMEE LAk, SROMELBETNATOARFRD EEA).

2 BE@E ERT A LWI AR T 7 IEHEICIIELL H D FRA: BRERS, BROFMEERIMKAL LTSBOav—%2fF->Tw3H
5T,
B BEBAHT Y I L UERY I DEANZ AR SESVEELRA — BRIV FERBERESNIZXEY LB B0, ZOMHEEH
_ fhoX 7Y MicfbhTw A alaEEAH D )
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FRBEHEICE DD BRAY

F 7Yz bANOBREBBOMNIMCETIHEINZ, A 7Y =7 FOFAERSISRE HICES N 0G0
B A > & — 7 = — 2RO —HR L 72D £9

AT PADOBRERTIZL AL OBKIE. SR 2 HICHTEHEDIEL £3, I, Pylong_FromLong() %
Py_BuildValue() O X512, L WA T =7 F2ART 2B R THAMEZHEHFICELES, A 79 =7
MOEBICIIH B A T 2 7 PTRATH, 20X TV 27 MW T 28 ROMEHEEZHFE T, Hl 2R,
PyLong_FromLong() IZ X< M5 fHZF * v a2 L THEH, Fr v P aIhENDOZREZETIENHY T,

PyObject_GetAttrString() O k52, H2AT7I 27 b2 oRlOATI =7 M Z2HINT 2 X 5 BB £ 7=,
ZRE LD IFAHRERELE T, 2H00HBPPHBELICLWADLAEEA, WS DK fEbh 21—
F DWW DD T2 o TV B D 5 TT: PyTuple_GetItem() | PyList_GetItem() . PyDict_GetItem()
. BXU PyDict_GetItemString() IL T, XL, VR b, FhIFHELSBHSRERL T,

PyImport_AddModule() (&, FEBICWEA 7Y =7 F2ERL TRT I EDH 21X boT, BHSRZEL
¥ CHADARER DI, ER SN A TV 27 MW T 2FESMRIE sys.modules IZRFFENZ 06 TT,

F TV 27 bAOSREROBEBUCIETHE, —BIciE. BRI OCHLFE»SSBEEHLES — e
RET 2B D 5725, BEUAN Py_INCREF() ZWUOH L THIY. LZAMEZICZD £, 3wz, ZoHH|
WIEZoDEELHA}: PyTuple_SetItem() ¥ PyList_SetItem() 23 H 3, ZhoDBIEIL, JExNhz5]
BERITH L TTAEHEZ RS HLD (take over) £F — 728 ZKMLTHTT! (PyDict_SetItem() ¥ ZDffifH
FFEMHELZRSID FRA — ZObi30biE " HEo” BETT, )

Python 205 C BABDSMUH XN 2BiE. C BEWEFEOCH LI S5 BAOSBEEHAL 5, C Mo
HUENEA 7Y = 7 b ADOBREFE LT\ DT, [EHSROATFHRDREE X 2 OEBEBD 2K S %
TTY, TOEIRXLTEASHEEHRGFE L DMICIELZD LIZWSEEICDA, Py_INCREF() %2{f- TATESR
T BRENDHD FT,

Python 7 &MU E 7z C BEDIR T BIMBFTESRTRINILD ¥ A - FTAEMEZEED &0 LEI
NEREINTT,

K

BrmoRicbBwt, —REFCAZ 2EASHROMMPHEZ O EBITIeHhnHD T, ZOMETTAN
T A Y E TV EZERIICIF SN, 4 V2TV ZBPZROAFICSREBEGEIETLE >R EBRL
TWES,

HoTBRNREF—2DIBEHRAHD, ZLTHRHIDEBERLDIDOEZ, VA VERIIHTZ2SREMD TWARICES
3, BfRnwA 7Y 27 MRS % Py_DECREF() DT, #il I

void
bug (PyObject *list)
{
PyObject *item = PyList_GetItem(list, 0);
(KDR=D12HiL)
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HIDR— % 5D E)

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

Lo E T, 1ist[0] "OBHEEMHEBH L., Xz list[1] 2 0 TEX#Z, BRICXXIFILEHLEZR
FHEALTOVEST, AMELZVWESICRZETRHA? THLZESTERVDOTY

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

invalidating item.

MREDJREE D7 U, BRISEE T, —RIVICSRERZERPHIE LI VDO T, ELLEET 2 -V a ik
MToksicizh 9.

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...

ZoHIR, BASESAL Y RICERLTWSE 7 —ATT, @I, Python £ X7V XIZBIFREBDAL v
Rk, Za—oA X7V a2uay 234 7Y =7 MEMEKRERELTWS D, BWIHELES Z2idd b
FHA, 2IEWX, 2 v 7% Py_BEGIN_ALLOW_THREADS ~ 7 1 C—RHVICHEER L 72D, Py_END_ALLOW_THREADS
THESLEDTEES, 2hsoxrrid7uy 7oz % 1/0 MUH LA X L Bhi, 1/0 2558 T3
2ETOMICMORL Yy R Tty Y ZFHATEZ LICLET, L2, UTOBEBUI Lo e M7-ME%
WXHATVWETS:
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void

bug(PyObject *1list)

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

NULL R1 >4

—ERE LT, A7V 27 bADOSRESIRICE 2B13 2 — 2 NULL R4 VX2 EFT L ETFHRLTBLT, #
23552 arRyAITns (I HrTaAZ XY TEIERIT) 2L TLE S, —H A7V =7 b0
HE2R T & 5 RBEBIE— RIS, BINDREEZRTEBEICDA NULL 2B L %5, 580k LT NULL 72 b 2{7h
VL, BBII LR LRI 724 7Y 2 7 OB 5 2 ETH S TT — &4 DBEDS NULL 7
A2 P ETRER, ARRT A MPREITOH, - FEREIEECE Ik D ET,

o T, NULL DT A MIA T 27 b ? FAERF?, $2DHBMED NULL IZK 2505 LAVKRWES VX E2ZITH -
J22 EFICLEL & 5, malloc() o, FlAhEEHS 2 RIEEM D B 2 BE Z DT 3,

~ 7278 Py_INCREF() 3 XU Py_DECREF() X NULL KA Y XDF = v 7 Z{TVELA — LHrL. ThbD~”
o DZLETH S Py_XINCREF() B XL Py_XDECREF() I3F = v 7 ZfTWVE T,

BEDATY 7 PRIZOWTHARSE w21 (Pytype_Check()) 1& NULL A4 ¥ RDF = v 7 #FFVERA —
BEDRLETH, BARBRIZMEPMEL TAH TV 27 PORERENZERCE. 25 Lizw 7 v2hil) THECHS
WEDH 5 DT, AN NULL KA Y RZDF 29 7% T2 TARBTAMIBROTLEIDTY, Briivd~r
2iZid, NULL F = v 7 21T 5 2LBIEH D £8 A,

Python 2056 C BAEZIMFOHTHMEIX. C BEICEZ NS5V A N (BITWS & ZAD args) AR LT NULL
KRLHOEIRIAEL TWET — ERCE, e Ik 3 IS5 RELTwg s, ™

NULL KA > &% Python 2—H L~ "B L” CLES &, RS — %25 %I LET,

* 2 [HRO” O LB Ef-> T0 258103, ZOMHGER SN EEA — BFEO 2 — FIZ@ V2 IEROMUH LMY 4
HhhxEF
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2.1.11 C++ TOHEES 2 —ILIERK

CH+ THRDIREY 2 —VMIMERTEZ T, 2E LWL O»HIRBDH D £F, X4 > Fu2 54 (Python 4 V&
TVE)IFCav g 7 TaAry A AIN) Y7 ENTVWEDT, 70— VERPHNA 7Y 27 v ear R
FOOURTHERTEERA, XA Y77 I C++ VA FTYYI7ENTVERL ZHUIMETIED D
¥ A, Python £ &7V X H6MUOH SN2 BE (FHTEY 2 —AAIIALRIEL) 13, extern "C" 2o TH
SLARTNUIZD X8 A, £/, Python Ny X7 7 f L% extern "C" {...} KANZHBEZIDHD FEHA--- >
YRV __cplusplus (BED C++ a2V A FIEETIOTVRAEZERLTVET) PDERINTVD L X
extern "C" {...} DTONELIIZ. "Nv XTI 7 A VARTTREIPNTVWENSTT,

2.1.12 #E5REZ a2 —JLIC C APl ZiRt9 3

%2 DILFRE Y 2 — LIEHIZ Python 20 & X 2 ¥i7z 72 BRI 2§ 2 721 T35, RICIEREY 2 — LN
DaA— RHPMUMDILIRE D 2 — L THERLR LD T, FlIRIE H2EY 2L TRIEFHEDZNY X bD
E5WCHETS " ar s ay (collection)” 27 5 ZAEHELTVWELD LAERA, BrILY YR MEERLE
DIEEL72DTE 2% C API 2 A 721810 Python V X MDD X 512, ZOHiz%al 7 a VB oiRRE
Ja— L EEEETE S X513 2I2E—#D C e o TwRIFEIR D £8 A,

—RF 3 AUIMEHEZZ b BHICBEE (DB AA static RELWFESETR) FUVT, @Yy X7 7 4
NefEL, CAPI 2FH T LI WG, WA ET, 2L THEEDOL ZA, 2 TOHIREY 2 — % Python 4
YETVRITEITHINCY Y7 ENTVARHAIIE S FKEELE T, LIANET2-AHRHESIATIV D
BEICE, —DODEY A — AL TERINTVAY VRABMMDEY 2 — A SRR e 23H D £5, Akt
DFHEIARL =T 4 YV RATLIIZEDET; DB AT LI Python £ Y2 TV X 2 TOIRREY 2 — LA
WWH—D 7 a— L ARTZEE 2 R L TV E S (H121E Windows), BDT AT AIFZEY 2 =1 DY ¥ 7 FHZEL
DAFN Y Y RAEIRINCIEE T 2R ERH D £3 (AIX BZ20—FITT). 220274 (1FLAYD
Unix) Tld, EoHIEZEREE LTIRBELTVE S, ZL T, AT YR — UL E UTAHT
HoTd, MUHBLEVEBDOA-/2ED 2= Ern— FEINTWARNWI 2o THD 7!

o T, AIMED D & > Y RN DOAHMCIIA SREE L TER ORI IR D T, DEDBREY 2 -1
FOETOY VAT static LEEBRARERD FE A, BISHNIEY 2 —LOFLEIK T, 2 (E¥a—IL
DAYy FT—TILEPHAEEEE TRz k5 12) MOIREY 2 — L O THHEIHERE T 2 D2 Et 2 7-9
T, Fioy MOIRED 2= h 57 7 R% FBlFZRITREABWL > U RMIHOR) FTRMEERIERD %
A,

Python 1 2LREY 2 =D C LRNLVDNEH (KA ¥ &) ZRIOEY 2 —VIHET 72D ORI Capsule
(B Fen) BEREEL TWE T, Capsule lFRA & (voidx) ZFET % Python O 7 —&BITF, Capsule & C
APl ZNLTOARER LD 77X LD TEE T, D Python A 7227 FeRIU LS RIFELTE
3, £ hbi}. Capsule IZEIREY 2 — VOAFZEHANCH 2 LHNTRATEE T, MOIRES 2 -T2 D
EY 2 —/L% import TE, RICHRETZEIGE L. &H%IZ Capsule NORA Y Z2EIFLET,

PEEREY 2 =@ C API 2T 572912, #ARFIET Capsule MO E T, FEE 120+ 7P 27
MZARTZD, £2TD C API OERA ¥ REgH% Capsule AN Z N TEFE T, ZLT, KA VXT3
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RIFREE L Wo oA BIFEIR, a— FRIEHELTVWRAEY 2L 547V P EY 22— DETIZER
LZHETHHMTEET,

EDNERERNIL TS, Capsule @ name ZIELRET 5 Z LIFEHETT, PyCapsule_New() ¥ name 5|
# (const char*) ZHYD £3, NULL % name 2T Z & HFFAIEINTVE T A, name ZFRET 5 Z & i<
HEREL 3, ELARTEMIT S0/ Capsule 3 & 2REOFETRMZ LML RL £ 3, Azl IohTnik
W Capsule Zfid Capsule & XHIF 2HENRAGEED D £HA

R, C API Z28\BH$ 2729 D Capsule IZIZRDNL— K - =L T BRETT:

{modulename.attributename

PyCapsule_Import() & W5 {EF|BEIL. Capsule DEFIB I DAL —MIZ—HLTWVWD & ZIZD A, fliHIC
Capsule ZHTRBEINTWVWS CAPI 20— F3 22BN TEET, ZOEEELD, CAPI D2 —% =23, fif
FIZIELW C API 2L TW3 Capsule 20— R CERZ L 2ENPDDZ N TEET,

T ofITid, %EiZAMT2EY 2 —LDMEFIIZE AL DAMIEND £33, DD 4 77V %
EBBRICHEY R 7 Ta—F 2 FHLE T, ZO7 70 —FTlE, 2T C API £4 ¥ & (flHFTIE—27FTT
1) %, Capsule DfHE &% void KA ¥ XROFINHIFL LT, HRES 2 —/LITHIET 5Ny X7 7 A Ui,
EY 2 —® import & CAPT RA Y RERFTL L5 FRT L2~/ n 2R U LIS, 27547 FEVa—0
& CAPL X772 RAT2HNCI D~ 7 0 ZERET T,

The exporting module is a modification of the spam module from section & 7Z:fl. 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) ;

(KDR=D12HiL)
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return PyLong_FromLong(sts) ;

(AIDR=I 25 DfE X))

EY 2 —NVOKBEICH 2 LT DT

[#include <Python.h>

DERIZ, UTOAT2LTEML TS W

#define SPAM_MODULE

#include "spammodule.h"

#define |, 7 7 4 /L spammodule.h & A > 7 /L— FLTW23DHALHT 2 NHT 2OES 2 -V THoT, 7
FATYEEY 2=V TRBVILEANY R T 7 A VTR Z 2D fEDNE T, RERIC, Y 2 — 1 OFIALE

g C API oA ¥ ZEHNZ LS 5 &5 FRLATERD $EA:

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_AddObject(m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object) ;
Py_DECREF (m) ;
return NULL;

return m;

Note that PySpam_APT is declared static; otherwise the pointer array would disappear when PyInit_spam()

terminates!

5L Y DOKETIENY BT 7 4 )L spammodule.h FIZH D, UTDX SR> TVWET:
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#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System_NUM O

#define PySpam_System_RETURN int

#define PySpam_System_PROTO (const char *command)

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

#ifdef SPAM_MODULE

/* This section is used when compiling spammodule.c */

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

#else

/* This section %is 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;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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

2.1. C % C++ IC& 3 Python DR 29
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function (or rather macro) import_spam() in its initialization function:

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

ZDO7 7a—FDOEERRAIL, spammodule.h DRRHMRIZIRBZ L \WVWD T TT, Tz, SFEBOERNR
WRIIAMEN2DDEFRURDT, FEEHE—ERIFERNETAET,

B1%iZ, Capsule 1X, HHICHREINTWE R, VR EXE VAL DBHRLED T 23BCRICER 2R, 35—
DORREZ IR L T B WS T e M TE2 R D TEA, #illid Python/CAPI YV 77 LY Ax=a7
L@ capsules, B X f Capsule DFEEEERS (Python ¥ — R 2 — FEAAYHD 7 7 £ ) Include/pycapsule.h
B XU Objects/pycapsule.c IHBNHENTWET,

R E
2.2 ILRDBDESE: Fa—rUTIL

Python Tid, MHAAAD str A% list BD K 57 Python 2 — FSBRIETE2H L WS CIEREY 2 —
NOEENERTEET, 2 TOIWRDEID 2 — RIZH 288 — /D DT, EEIRD ZRNICHEFEL THBL
REMPWZ DD ET, ZOFF XY MIZFDFEEFIZOWVWTORE LWAFITT,

2.2.1 ERWHI L

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

or it is multiplied by another object. These C functions are called "type methods”.
FNRDT, FILWIBRORIZER L2V X, fILVWEA 7Y 27 P 2R X X wbIF T,

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

a new type named Custom inside a C extension module custom:
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AER: T THALTWSHIE. 8% RO 2 ERT 2 LM RFERETETT., ZUIFLALDHE T
BB DRDTT, C API TlE, PyType_FromSpec() BRI\, b — 7 LICHBINIROE S EHRTE
FTH., 2OV TEZIDF 2— bU 7ATIEEVER A,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

3

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

g

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

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

Py_INCREF (&CustomType) ;

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

(RDR=212HiL)
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HIDR— % 5D E)

return m;

—BICHERE T 211D £ o L EPZVWTTA, FIOEIDIZLsDER T RoTW0WE I EWVWET, ZD7 7
ANTIE, 3DODEENERINTVET

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

Custom instance.

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

pointers that the interpreter inspects when specific operations are requested.

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

custommodule struct.

FTRMIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

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

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

AW LofITiE PyObject _HEAD ¥ 27 BRI Ian yEZH D EHA, SohbkIanryE2BLARVE
IR EMITLAEZIV: ZhEEETZ2a0 1 7bHDET,

b5 AA, —RINCIEA 7Y = 7 MIFEHER 72 PyObject _HEAD R4 7 — 7L — bOfICd F— X 2 HEHFLTW
9 flzE. Z4Ud Python BEHEDTRZE NI D EFR TS

typedef struct {
Py0Object_HEAD
double ob_fval;
} PyFloatObject;

2O0HIEBIA TS 2 7 FDEETT,

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)

.tp_name = "custom.Custom",

(RD<— ki)
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(AIDR=I 25 DfE X))
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

AR RiEH B K512 C99 R& A4 NOFERA EHHULF %5 T, PyTypeObject DRI LDIENT 4 —L K
FTRTIHARED, 74—V FEEETEFICREME oD ETIKHEEE 202 BEDLET,

object.h IZ&H % FEFED PyTypeObject DEFRIII LOERICHZ2 LD b0 ZLD 74—V K BHDHET,
ZZWRHTETOWRWTZ 4 — LRI Carvf FIZ&oTERTHDLENEDT, BDETRWVRDFRINICIXHE
DIFEE LRV OD— IR EEC R > TV E T,

—EIZ12FD7 44—V FRERD EIFTOEFEL & 5:

[.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

Z DT, b Tl ob_base 74— FOFHHLICHED R A 5 —F L — T,

[.tp_name = "custom.Custom", ]

FHELTVBRHOHHATTT, 2. ATV 27 bDT 7 40 FOLFHIRBRP LT — X v —=J BN E T,
ZIERDED TT:

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

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

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

pickle modules.

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

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

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

O Wall O pE 1O DE
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its base type, you may have problems with multiple inheritance. A Python subclass of your type will have to
list your type first in its __bases__, or else it will not be able to call your type’s __new__() method without
getting an error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize
than its base type does. Most of the time, this will be true anyway, because either your base type will be

object, or else you will be adding data members to your base type, and therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[.tp_flags = Py_TPFLAGS_DEFAULT,

FTRTOHI 7 Z 7 OEREED TBMELNDH D £3, THUIRIKTD Python 3.3 FTIWERIN TN
FTRTDRAIANZHFALET, ZAULEDRA AP RELR S, MET 37770 OR 2 208 BH D £,

Z DD docstring 1& tp_doc ICANFE T,

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

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

provided by the API function PyType_GenericNew().

{.tp_new = PyType_GenericNew, }

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

if (PyType_Ready(&CustomType) < 0)

return;

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

ob_type that we initially set to NULL.

Py_INCREF (&CustomType) ;

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

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

class:

>>> import custom

>>> mycustom = custom.Custom()
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[build-system]
requires = ["setuptools"]

build-backend = "setuptools.build_meta"

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

in a file called pyproject.toml, and

‘from setuptools import Extension, setup

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

ZLT, 2o TDOESRANLET

[$ python -m pip install .

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

be able to import custom and play around with Custom objects.

ZARILTHALLL DY FEA, LR?

bH DA, BED Custom BUIHIHAIZRITITVWET, MdTF—X 2R >sTwiWwl, M TEEHA, MEL

TH IV SRR L XA TERVDTY,

222 BEROYVTNICT—REXY v FZENT S

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

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

#define PY_SSIZE_T_CLEAN
#include <Python.h>

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)
{

Py_XDECREF (self->first);

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

(RDR=D12Hi <)
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HIDR— % 5D E)

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

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

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef(last));
}
return O;
}

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof(CustomObject, first), O,

(KDR=D12Hi)
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(AIDR=I 25 DfE X))

"first name"},

{"last", Py_T_OBJECT_EX, offsetof(CustomObject, last), O,
"last name"},

{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},

{NULL} /* Sentinel */

g

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))

{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;
¥
return PyUnicode_FromFormat("/S 7%S", self->first, self->last);
¥

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,

.tp_members = Custom_members,

.tp_methods = Custom_methods,
i

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,
.m_name = "custom2",

.m_doc = "Example module that creates an extension type.",

(KDR=D12Hi)
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HIDR— % 5D E)

.m_size = -1,

g

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

ZDON=TarTlE, WSObDEEFEEZBIRVET,

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

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

THTLZMS e, ATV 27 FOBEEREIRD 512D £

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

} CustomObject;

WEREHIRET—ENTELOT, A7V =27 POED LB TEMBBCELTREIDHEHEIRZ2BENDD £
T WIKR, A7 =7 SOOI Y v RPRBETT:

static void
Custom_dealloc(CustomObject *self)

{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE(self)->tp_free((PyObject *) self);
}
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Z DRI tp_dealloc X Y NIZRAEINET,

[.tp_dealloc = (destructor) Custom_dealloc,

This method first clears the reference counts of the two Python attributes. Py_XDECREF () correctly handles

the case where its argument is NULL (which might happen here if tp_new failed midway). It then calls the

tp_free member of the object’s type (computed by Py_TYPE(self)) to free the object’s memory. Note that

the object’s type might not be CustomType, because the object may be an instance of a subclass.

AMR: LoD destructor NOIHRIRBEHUIMNE TS, REZ 5, Custom_dealloc A’ CustomObject * 5l
BEr 22 ERLUELED, tp_dealloc BIBID KA ¥ XX PyObject * 5/ EZIIMZ Z 21> TWVWE05
TS, b UARIICEIZHZ LRITIUE, a1 IPEHEERTLTLEY, ZhE. CkBIs4 7Y =22 b

IBADORYE—7 4 RLTT !

77 —=ARMA—LETRAPI—LEELFINHILL TBE/ VDT, tp_new ODEELBEMTEZICLE

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

ZLTZIN% tp_new XN LTA YA 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 many extension

2.2. HROBOES: Fa—LUTI
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types will simply reuse PyType_GenericNew() as done in the first version of the Custom type above. In this

case, we use the tp_new handler to initialize the first and last attributes to non-NULL default values.

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

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

AR tp_new EFHHRIVIC tp_init ZMEUCH L TIEEWITER A, ZHUIA VX =T XBBEBDTTH72HTT,

2D tp_new DFEHEIX, tp_alloc ARy FEMUHLTXEY RE Y TET:

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

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

ATR: 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.

AMR: If you are creating a co-operative tp_new (one that calls a base type’s tp_new or __new__()), you
must not try to determine what method to call using method resolution order at runtime. Always statically
determine what type you are going to call, and call its tp_new directly, or via type->tp_base->tp_new. If
you do not do this, Python subclasses of your type that also inherit from other Python-defined classes may
not work correctly. (Specifically, you may not be able to create instances of such subclasses without getting

a TypeError.)

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

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

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

return -1;

if (first) {
(RDR=212HiL)
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(FHD_—Ih e D %)
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 U NRAZINE T,

{.tp_init = (initproc) Custom_init, ]

The tp_init slot is exposed in Python as the __init__() method. It is used to initialize an object after
it’s created. Initializers always accept positional and keyword arguments, and they should return either 0O

on success or —1 on error.

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

assigning the new attribute values. We might be tempted, for example to assign the first member like this:

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

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

accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o ZOBWATV Y IN 1 IDKREVWCIEETEIHE

o when we know that deallocation of the object™ will neither release the GIL nor cause any calls back

_ M CNBZOF TV 2 7 b IR FHNRER I Y OIA R A TTH D KSR DT B T
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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*?.

IZTREA VARV ZAERERBEL LTRAZ2E5CLAEVOTTR, ZHIZIEWSODbDHFERHDET, o
YREEHEIX. AVADEREREZL BT

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 */

I3

ZLT, ZOEFHE% 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 #4
7Bz EIE T % section below for details.

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

are deleted.

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

and last names.

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

(RDR=D12Hi L)
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(AIDR=I 25 DfE X))

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

The method is implemented as a C function that takes a Custom (or Custom subclass) instance as the
first argument. Methods always take an instance as the first argument. Methods often take positional and
keyword arguments as well, but in this case we don’t take any and don’t need to accept a positional argument

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

def name(self):

return " " % (self.first, self.last)

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

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

ST XYy FRERLEDT, TITAY Yy FERHOIA Z/ERT 2 0E R HD £3:

static PyMethodDef Custom_methods[] = {
"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
Po
{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:

{.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,

setup (ext_modules=[

from setuptools import Extension, setup ’

(RDR=D12Hi <)
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(AIDR=I 25 DfE X))
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—EHEMECFHLHET 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(CustomObject *self)

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

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

(KDR=D12HiL)
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if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = O;
}
return (PyObject *) self;

static int

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
Py_SETREF (self->first, Py_NewRef(first));
¥
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return O;
}

static PyMemberDef Custom_members[] = {

{"number", Py_T_INT, offsetof (CustomObject, number), O,

"custom number"},
{NULL} /* Sentinel */
g

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

return Py_NewRef (self->first);

static int

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

{
if (value == NULL) {

PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");

return -1;

HIDR— % 5D E)

(KDR=D12Hi)
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(AiDR=T 025 DFE &)
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,

"The first attribute value must be a string");

return -1;
¥
Py_SETREF (self->first, Py_NewRef (value));
return O;

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

{
return Py_NewRef (self->last);

static int

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

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

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
I8

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{

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

static PyMethodDef Custom_methods[] = {

(RD=—VIThE)
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(RID~— 25 DFEX)
"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
o
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_members = Custom_members,

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,
g

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

g

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

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

Py_INCREF (self->first);

return self->first;

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

return O;

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

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

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

or if its new value is not a string.

Z T3 PyGetSetDef MHEADESZ DL D %3

static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
ig;
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ZLTZH% tp_getset A0y MIEFRLET:

[.tp_getset = Custom_getsetters, ]

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

closure, so we just pass NULL.

o XUNERDPLSIBINSDEMZFRNTBEXL & 3¢

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

F/2. TIZTIE tp_init AV FIBEINZ DL LTLFINDAEFHAT 2 X IEETZREND D T35

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

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

return -1;

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

}

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

}

return O;

With these changes, we can assure that the first and last members are never NULL so we can remove checks

for NULL values in almost all cases. This means that most of the Py_XDECREF () calls can be converted to

*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

) )
a a a a a a

nto o 0D W an 0
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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.

ET, RIFED LK ST, ZOEY 2 — YA VTHILBR NI H 2 EY 2 — VB ZEELEL & 5, £
LT setup.py 7 7 A MTEMDER TS DR ET,

224 BRAN—D AL O3 =Y R—-+T3

Python \& BIRAN—OLIF (GO) #ie 2b o THED, ZHAEIAERA TV =7 2, e ABWRATV Vb
HEATHESTBHERTLZIENTERY, ZOLIBRRIIA T =227 FOZRBFERLTVWL 2RI D
ZE T, REZRBUTORIZEZTIZE W

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

COBITIE. BTHEZAS DV A MZEDE L, R AZDOVAMZ HIFRL TS, ZHUIEHTHENDZH
ZELERBEODTEITH. ZRAV Y PEERICERD $H A, BLWI IZ Python IQEIERAR—YaL
7 RBBAMNNIZ DV A I BAETH L e 2L, MBRTE%9,

In the second version of the Custom example, we allowed any kind of object to be stored in the first or
last attributes™®. Besides, in the second and third versions, we allowed subclassing Custom, and subclasses

may add arbitrary attributes. For any of those two reasons, Custom objects can participate in cycles:

>>> import custom3

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

>>> n = Derived()

>>> n.some_attribute = n

To allow a Custom instance participating in a reference cycle to be properly detected and collected by the

cyclic GC, our Custom type needs to fill two additional slots and to enable a flag that enables these slots:

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

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;
(KDR=212%i<)

*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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} CustomObject;

static int

HIDR— % 5D E)

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

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

}

static int

Custom_clear (CustomObject *self)

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

}

static void
Custom_dealloc(CustomObject *self)

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

static PyObject *

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

{
CustomObject *self;

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

if (self != NULL) {

self->first = PyUnicode_FromString("");

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

(KDR=D12Hi)
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static int
Custom_init(CustomObject *self, PyObject *args, PyObject *kwds)

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
Py_SETREF (self->first, Py_NewRef(first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return O;
}

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

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

return Py_NewRef (self->first);

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

return O;

(RD<— ki)
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static PyObject *
Custom_getlast (CustomObject *self, void *closure)
{

return Py_NewRef (self->last);

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

return O;

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

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{

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

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"

}’
{NULL} /* Sentinel */
i

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom4.Custom",
(KDR=D12Hi)
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.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
g

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

g

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

static int
Custom_traverse(CustomObject *self, visitproc visit, void *arg)
{
int vret;
if (self->first) {
(KD<R=2124i<)
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vret = visit(self->first, arg);
if (vret != 0)
return vret;
¥
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
¥

return O;

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

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

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

minimize the amount of boilerplate in Custom_traverse:

static int

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

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

}

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

Py_VISIT().

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

static int

Custom_clear(CustomObject *self)

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

o t] s 1] i in ( il if ] . ; le)
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AMR: You could emulate Py_CLEAR() by writing:

PyObject *tmp;

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

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

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

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

reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void
Custom_dealloc(CustomObject *self)

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

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTIET TI, tp_alloc AR Y b E/IX tp_free NY FIBErATVIUL, ZRSEERIR—-—YaL
Ya iR S ESBETNELIVDOTT, 3L AL DIRKIEIZABMNCREMEEINE N—Da v 25T
BN

o\

~
o

Iy

2.2.5 MOEBDYT IS X%1ES

WAF OB 2 AR U728 U WIRRBL 2 EN S 2 S e AT E 5, #ARAARD MRS 2 DIFHCHE TS, LER
PyTypeObject ZfHHICHIATZ 205 TF, ZAUTHLRT, PyTypeObject MR ZIIREY 2 — L THE
THDIFEHELNTT,

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:
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>>> import sublist

>>> s = sublist.SubList(range(3))
>>> s.extend(s)

>>> print(len(s))

>>> print(s.increment())

>>> print(s.increment())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state) ;

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

};

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

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

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

(KDR=D12HiL)
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.tp_methods = SubList_methods,
g

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

I8

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;
Py_INCREF (&SubListType) ;
if (PyModule_AddObject(m, "SubList", (PyObject #*) &SubListType) < 0) {
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;
}
return m;
b

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

down the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

When a Python object is a SubList instance, its PyObject * pointer can be safely cast to both PyListObject
* and SubListObject *:
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static int
SubList_init(SubListObject *self, PyObject *args, PyObject *kwds)

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

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

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The tp_new
handler should not actually create the memory for the object with its tp_alloc, but let the base class handle

it by calling its own tp_new.

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

the module initialization function:

PyMODINIT_FUNC
PyInit_sublist(void)

{
PyObject* m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready(&SubListType) < 0)
return NULL;
m = PyModule_Create(&sublistmodule) ;
if (m == NULL)
return NULL;
Py_INCREF (&SubListType) ;
if (PyModule_AddObject(m, "SubList", (PyObject *) &SubListType) < 0) {
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;
}
return m;
}

PyType_Read () ZM-XFiC, BOMIEARD tp_base A vy MIFED LN TOWRIFIUIRD A, BFOR
AT BBCIE, tp_alloc AB v b % PyType_GenericNew() TH®DZMEIH D FHA, - HERDO7 v
r—a YEBRPRERINET,

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

Custom examples.
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2.3 Defining Extension Types: Assorted Topics

COFTIEXFIFREEARERZA TAY Yy P, ZO6WMAETE2bDTHE20ICOVWT, o ithHL

£73,

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

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

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;
Py_ssize_t tp_vectorcall_offset;
getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

or tp_reserved (Python 3) */

reprfunc tp_repr;

/* Method suttes for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

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

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

/* Assigned meaning in release 2.0 */

/* call function for all accessible objects */

(KDR=212%i<)
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traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// Strong reference on a heap type, borrowed reference on a static type
struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;

} PyTypeObject;

(AIDR=I 5 DREE)

2.3. Defining Extension Types: Assorted Topics

61




Extending and Embedding Python, J1)J—2X 3.12.3

TcKBAD XYy FBEBHD ETHR, THZAKRITODET Z2LEIDHD FEA, ERLELVEND 2746, FET
Z2DEFZDIBEDITLDOITPTILIEDNIELALTT,

FTTIFREINTVETL XD, ZOMERICOVTARICRTVE, kA BNAY F IOV T XD FELWIHR
PREUELET, LOELINSDRX Y ADPHEEERFTERIN TV AIEFRIIBHELEST, 20IDIE, ZOH6DX Y
NOBNBNEFFIZELRZBEIC L 2D DN HTT, ZLOHAEVHBIRAMELRDIE, BEE TR AT
TEENTVEHIZL 5o TET, FILIMERRICEDOETHEELE TS 22T,

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

CHUIBIDOHHTTS, AIOETHAL L X512, THUIL LRIGHTHA, 13 ALEZKENTHEDON S DT
T, ENROT, 2D XS RIFHTRICILDTH S 5 A2 EATL IV

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

INBDT7 4= RiE, ZORDOF T 27 b LMER SN L 2 ENTFTOXEY ZE D LTI LW
D% T v RZA LR LE T, Python QA EROEER (XFHR X IR EERBBHR LTI W) s
LHBIABDY R— DD HEEDH D, Z I T tp_itemsize X U A\DHELIET, T HIZOVWTIEHE TSN
9,

[const char *tp_doc;

Z 2Z& Python A7 V7MY 7 7L >R obj.__doc__ # doc string #iRT & EDLFEH| (HEWVEEDT K
LX) ZANET,

TR, BOFERNIE XY v FIEAZ T, T AYDIBROEN DAY v FEREREL T,

231 77451 XEXREVRK

{destructor tp_dealloc;

DA VAR ADBRA T > b BE¥RIIZHED, Python £ Y X 7Y XBNZREELTCEMHALE RZE, 20
EEBAPMHENE T, TR EXTY Z2ZORMBERL TV, ZHh AN EITTRERUIEDL D 25513,
ZFNBRZIRXANONET, ATV 27 VERERS ZZTHRBMINZDELD D T, ZOBEKDENX, DIT
DEIRBDTT:

static void
newdatatype_dealloc(newdatatypeobject *obj)
{
free(obj->obj_UnderlyingDatatypePtr) ;
Py_TYPE(obj)->tp_free((PyObject *)obj);
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If your type supports garbage collection, the destructor should call PyObject_GC_UnTrack() before clearing

any member fields:

static void

newdatatype_dealloc(newdatatypeobject *obj)

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

X E V)RR TO L DEELZDIZ, NFHGH OBV o XWFEEDIT RN 2T, ek b, BHRH DR
1% Python £ ¥ 2 7V XBAX Y 7 ETTORBICRET & ZIZMEINE Z e NZ2VHS5TT, £ LT GEF DD
HDEFTRL) PIADTDIZRAR y VB ERIND L ZE, TTREEL TV LHHL2 6 X €Y BREECE T
2H5DEHD FRA. BRHDOBBD B 2725 FELEBIMO Python Da—FZETLTLED &, Z0513H
ADPRELTVWEZ e 2BHT20d LhERTA, THEA VX T ZPEBIEI LT -2 REZIELZLIC
DMWY ET, Tz CELWHER, BETHRWIRIEZETT 25U 0PI ZREL TEE, Kbo
b ZNZILICRT 8T, ZHUE PyErr_Fetch() 3 XU PyErr_Restore() BA¥iZ (5 Z ¥ 1T Xk o THIEE
Wb E9:

static void
my_dealloc(PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;
/* This saves the current exception state */
PyErr_Fetch(&err_type, &err_value, &err_traceback);
cbresult = PyObject_CallNoArgs(self->my_callback);
if (cbresult == NULL)
PyErr_WriteUnraisable(self->my_callback) ;
else
Py_DECREF (cbresult) ;
/* This restores the saved exception state */
PyErr_Restore(err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;
}
Py_TYPE(obj)->tp_free((PyObject*)self);
}
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AR AEVRBEIBOPTLEZRIATA S Z 2 IEW L O0HIRA D D $5, 1 DHIE. ZDAIA (tp_traverse
BLUY tp_clear Z{fioT) A=Y alL 7> aryiH¥KR—LTVWBEIEA, tp_dealloc BHLHINZ ET
12, HESINT 7 A FFAREINTLEI AT I 7 bDAUAN=DEDHZZLTT, 2 0HIE. tp_dealloc
OHTIEA TS =7 VI RERRBICHEZTT: 2EDBRIVVIB0THE2 05 22T, (Lol
o2 E57) Bt 7Y =7 b API OO LTI, tp_dealloc ZHEM-UH L. —ERKH,2H2 T v
PaTBHIERBREDPBLNERA.

Python 3.4 225 1%. BHLR 774 F 74 XD a— FiX tp_dealloc KED»F. RbHITH LI EAINL
tp_finalize L WHOBIX Y v &5 Z e SHERIN TV ET,

BE.:

PEP 442 THLWZ 7 4 F 54 XOHHADFHHI N THE T,

232 #T70xU FKRR

Python Tl&, 7Y 27 bOXFHIREAEERTZIDIZ20D°D HHRHD 3 repr() BEEM S Hiky,
str() BBEM S HIETT, (print ) BIBIZHIC str() ZHUOHLE T, ) TOhHDAY FZIEEE S b Al
TZEX9,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY R ZREMFOHENIA Y AR Y ZDXFHIRBIZBM L - XFINA TS =7 P 2IRTREND D %
T FHELHNIUT DL 5B DTT:

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

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

and a uniquely identifying value for the object.

tp_str NV F7 ¥ str() OBRIX. LD tp_repr NV F T ¥ repr() OFEBRICHHBLET, 2FE D, ZhiZ
Python D2 —FBA 7T 27 DA VAR YRR LT str() ZEMOH L 2N ET, ZOBKOE
3 tp_repr NV F 7D ZNEIFFITBTVE T2, Bon 2 LFHRIUIABITO Z L 2 BRI TVE
T, tp_str BEEINTVRWIEAE., 22D DIZ tp_repr NY K7L E T,

PUM i BT 9
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static PyObject *
newdatatype_str(newdatatypeobject *obj)
{
return PyUnicode_FromFormat("Stringified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

233 BitzEEIS

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 char*, while

the other accepts a PyObject*. Each type can use whichever pair makes more sense for the implementation’s

convenience.

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

VB V4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

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

mechanism that is available.

BN GEEZEERT S

FEAY ORI Bl BHEEZ#S 72T, T EDXSRBUENHEMAZ L WA LDTL & 507 Zhb7
TAREFMFIZLSDITHTT:

1. PyType_Ready () 2MEIN/zL &, T TIXBEDAHIB DI oTVWE Z Lk,

2. BUESBLAEDRTE LD T2 212, FRERO7-DDUMMARETHL, £/-BRLEDRELE
EICH L TEARBIEDFEITT 2R0EL RN &,

IS DEME. BEOMES, EIFHEINE XA I VD, TREBNEINET—ZBR Y OBREZY R DTH S
MWV ZZ L ICRAGHKZERTDOTIERVWI L IKEFERLTLEE N,

2.3. Defining Extension Types: Assorted Topics 65




Extending and Embedding Python, J1)J—2X 3.12.3

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

F—INEEA TA T2 D 3 ODX AR LTEEINTOVET:

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 mame */
PyCFunction ml_meth; /* tmplementation 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 m1l_name field of the sentinel must be NULL.

2FBHDT— I NI, A VAR AN G T — R L BN SN B EERT 2DIHEVET, W
{2HD C DFEMBNBENYE—-FEINTBY., 7272 2HAHLERAICHFHAEXTGEICHTEEST, 20
T =N THONZEERIIRD XS 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.
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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.

HEDQHICFHELICRMEDERE

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.

TFehlzrmL£9, :

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

{
if (strcmp(name, "data") == 0)
{
return PyLong_FromLong(obj->data);
}
PyErr_Format (PyExc_AttributeError,
"'%.100s' object has no attribute 'J.400s'",
Py_TYPE(obj)->tp_name, name);
return NULL;
}

The tp_setattr handler is called when the __setattr__() or __delattr__() method of a class instance

would be called. When an attribute should be deleted, the third parameter will be NULL. Here is an example
that simply raises an exception; if this were really all you wanted, the tp_setattr handler should be set to

NULL.

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

return -1;
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23.4 ATV bR

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed. It is analogous to the rich comparison

methods, like __1t__(), and also called by PyObject_RichCompare() and PyObject_RichCompareBool().

This function is called with two Python objects and the operator as arguments, where the operator is one of
Py_EQ, Py_NE, Py_LE, Py_GE, Py_LT or Py_GT. It should compare the two objects with respect to the specified

operator and return Py_True or Py_False if the comparison is successful, Py_NotImplemented to indicate

that comparison is not implemented and the other object’s comparison method should be tried, or NULL if

an exception was set.

ZHERERA Y XDV A ABPFELFNEF LW RS 7T =XM% > FILFEETT:

static PyObject *
newdatatype_richcmp(newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{
PyObject *result;
int c, sizel, size2;
/* code to make sure that both arguments are of type
newdatatype omitted */
sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->obj_UnderlyingDatatypePtr->size;
switch (op) {
case : ¢ = sizel < size2; break;
case : ¢ = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}
result = ¢ 7 Py_True : Py_False;
Py_INCREF (result) ;
return result;
}
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2.3.5 HKRWATOFIILOYR—-F

Python i3W< 2D HIRMNA “Tubal” 29 R-—PLTVET, ZhOEHEATIREDA VR —T 24 R
IZOWTIE abstract THEFH XN TWVWET,

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

may still be unfilled.)

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BHECOF T 27 P EBER Y — T YA, HEVEFHED LIS EI L5 LLVELIR, ghehic C
@ PyNumberMethods #ifi{A, PySequenceMethods &, % /z1% PyMappingMethods HHiE{AD 7 KL A% A
NEF, NS ICHTZEEZANTHIANLEL TH2EVERA, ZhoZ2 #7201k Python ORI Y — A1
%% Objects TADIFLZENTESLTL &9,

{hashfunc tp_hash; }

ZOBEE. BLES LR, F—&MDA VARV ADNAY Y 2 BERIRTEOICLET, RDITH
b/ MG I

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

Py_hash_t is a signed integer type with a platform-varying width. Returning -1 from tp_hash indicates an
error, which is why you should be careful to avoid returning it when hash computation is successful, as seen

above.

{ternaryfunc tp_call; ]
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A VAR YADA 2 TWT, Python 227V 7 FT obji1('hello') ZFET LT 5L, tp_call N K F 0
s,

ZOBX 3o BE L b ET:

1. self BMUHLONRE 2257 —ZBDA Y ZAX Y AT, 728 ZIEFFECH L2 obj1('hello') DEFA.
self 1¥ obj1 12k H £,

2. args BIPFUHLOGIBZRNL TVWE X2 T LTT, ZI2058 2D 31213 PyArg_ParseTuple ()
ZEWET,

3. kwds is a dictionary of keyword arguments that were passed. If this is non-NULL and you support
keyword arguments, use PyArg_ParseTupleAndKeywords () to extract the arguments. If you do not
want to support keyword arguments and this is non-NULL, raise a TypeError with a message saying

that keyword arguments are not supported.

LT tp_call OB RFEETT:

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

{
PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;
if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}
result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [%s] arg2: [/s] arg3: [%s]l\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
}

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter, the
instance for which they are being called, and return a new reference. In the case of an error, they should set
an exception and return NULL. tp_iter corresponds to the Python __iter__() method, while tp_iternext

corresponds to the Python __next__() method.

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

same guidelines apply as for Python classes:
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o For collections (such as lists and tuples) which can support multiple independent iterators, a new

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

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

implement the tp_iternext handler.

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

an exception and return NULL.

2.3.6 5§58 (Weak Reference) DH7R—k

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

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

For an object to be weakly 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(TrivialObject *self)

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

}
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2.3.7 EOMVWBEWS

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

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

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

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

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

BE:

Download CPython source releases.

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

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

https://github.com/python/cpython

24 C 5LV C++ HERDEIL R

CPython @ C #LiRiZ #IHALEEE 2 =7 RK— P LAHAEF 4 75V (B, Linux D .so 7 7 A /L% Windows
D .pyd 77 4L) TI,

To be importable, the shared library must be available on PYTHONPATH, and must be named after the module

name, with an appropriate extension. When using setuptools, the correct filename is generated automatically.
WEHLEB DS 2 F v FRDE BHTI:

PyObject *PyInit_modulename (void)

CoEBIEEE bt I N EY 2 — LD, PyModuleDef 4 YA X Y AEERLET, FLWVI I
initializing-modules ZZf L T 72X W0,

FENT ASCII LME> TWARWEY 2 — VDG, BB PyInit_<modulename> D <modulename> % &
Va2 VA TEEEZ DO TRIFINIR D £4 A, multi-phase-initialization Z{#-> T3 & Xk, €Y 2 —b
HIZ ASCIL A DO X FH MR EF, 205G, ML DA PyInitU_<modulename> T, <modulename>
BENA 7% 7R —Ra7 TEE#Z T Python ® punycode T>aA—F 4 ¥ T ra—RLEdDITRKD
%3, Python TEL XD XS5 AT D £3:
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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

1DOOHEFTA 75 VICEBOWHIULEB 2 ERT LT, BHDEY 2— L2 T AKR—-FF 5 LIFARET
o LHL. 7740 TR 7 7 ANBIHS LR LIRAMIT IS e LRVWD T, BRDES 2—1%2 4 ¥
A= PSEICEB YRV 7V Y IPMBEDA Y R—X =25 BEPHD T, FLWWILd PEP 489 ©
"Multiple modules in one library” HizZHL T ZE 0,

2.4.1 Building C and C+4++ Extensions with setuptools

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

C/C++ extensions with setuptools.

2.5 Windows tT®D C LU C++ HFREZ a—ILDOEI R

Z DETIE Windows [} D Python JARE Y 2 — /L% Microsoft Visual C++ %> TIER T % FiEIT DWW T
fHELICIENR, ZDRITHIREY 2 — VDL FHRED LS ICEET 2 DL IOV THLVWERZENE T, O
BHE. Python {EREY 2 — 2B T % Windows B2 5~ &, Unix & Windows DA TS £L EIL T
X2X5%Y 7 bz 7 OERICEIEDH 2 Unix 70277 <vDOWITICE > TEHTT,

BV 2 LOEFIE, ZOHITHHALTWEAELD B, distutils IC& 27 70 —F TIIRES 2 —LEELF
T25E58DET, £/, Python L F LRI bN C a4 IHMBETT; #H I Microsoft Visual
C++ T3,

AR ZOETIE, Python D= a3 YEESPIFELENTA->TVEILLZAD T 7 A LZIZOWTlILE
T, TNHDT7 7 A VHAIE XY TRENIZ ANV a VAMETREINET; ' X' 3o TW2 Python VUV —2
DAY v ==V a yFE, 'Y EAF—N"=TUa yHETT, HlZIX. Python 2.2.1 ZfioTn27% 5, XY
EEBICIE 22 12k ET,
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25.1 Brsbor7rO—F

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

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

2.5.2 Unix & Windows DtEHES

Unix ¥ Windows Tl. 22— FOFETRFGAAAICEL BRI T EXAL 2V TVWET, BIln—FXnd X
SKHEZ2a—NAEZEALRLID ETARNC. BODIRATFADRED LS ICEHET 20 > TBWTLEEI W,

Unix T, #£EF 727+ (iso) 77400 T I ahffisa— K, 2L TTar o ANTHES KA
F=RZBPA>TVET, Z77AANTRT I LEEGEINZ L, ZhoDBEECeT —XIINT2 774 1Da—F
NOETOBRIX, A TYNTHEC T —ZPMEINTWS, 7027 sHOEBROEHEET X5 KEHI R
F5, ZHUIEARMXY V7 EBIECHIZD T,

Windows Tl BIIV > 27 74759 (.d11) 7 7 A WIS 5 T3 B (dangling reference) 13&H D 4 A,
ZORDOY, BT —EANDT 72 RBNV Y 7T v T T—=TNAENLET, {€->T DLL a— FOGFE, FITH
WHRAERTR T T AXEY EOELWEGZET LS IKBIET 242 3EHD 8A; ZobD, a— FEH
W DLL Oy 77y T T7F—=TNEEN, Ly 77y 77— VARRETRICEBROBERP 7 — X 2T L 512
BlEshET,

Unix 12, M—D54 75977 A BR (L) LB EHA. .a 77 4 UREROA 7Y =2 b7 741
(.0) HRD A= FHRA-TWVWET, £EA T2 b7 7400 (.s0) ZEKT 2V Y 7 UEOBREHIZ, Vo h
FERBT OB FIEBT 2 ABHDET, COLEVYARIATIVNDA TV =2 b7 7 4L
ERELET; b LANTAROD 2, VY ARZDOA T2 b7 7 A Ao Tha— FERDAAKET,

Windows Tld. Z20FERDIA4 757V, BNIAL T3V AL Y R=bIA4TIUDBHDET (¥55H6H .1ib
CIEENTVWET), #7477V Unix B2 .a 77 A VBTV ET; 2O 7 7 A UZiE, BEIGT
THDIAENZ E5RA—FDPA>TVET, 4 VB -1 F74 77 V& ERMITFEE DA T HARIETIER
{.DLL u— RFSINRSTHFETE2 I ZHAET 2720170 HbhEST, VoyAEA Y R—-b 734751
PODBEREMF->TLy 27 v FF—TNEMER L. DLL iIZA> TOWARVWENTE#EZZLS5CLEST, 77V
r—2a R DLL Y Y27 E3N330, A YR—bIATTVDEREINZIERHDET, ZOFA4T 5V
F, 77V =23y DLL NO Y Y RMIFES 2 X 572, FERIEE L322 TD DLL Tffi 5 72 DI EIZ
ZHET,

Zoo#Ha—FEY2—N, Bt C2ERL. floa—Fray s A 26325 L%9, Unix Tid, A.a %
B.so ® C.s0o ZEILRTHLEDYUARKELEDIE LERA ; ZARZIEEZTHARE a—FEIZERDAZ
. BY CorhzhPEFTHDar—%2K->TLEWVWE T, Windows Tid, A.d1l ¥ L FT 3 A.1lib %
ELFENET, B C DY 2IZE A1ib ZELE T, A.1ib IZEa— FiZA-oTWERA; BIIC A Da—
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FIZ7 78R T %5 27DIFTRICHWS NS THRB A > TWERETTT,

Windows Ti&A4 ¥ K—+ 74 77V OFHIX import spam ¥ T2 & 52D TT; ZDEIEIZE - T spam D
HENCT 72 ATEETD, a—FOab—Z2@lc/ER L DIZLEEA, Unix TR, 7477V D) ¥ 7
¥ LA from spam import * I TWVWET; ZOHETIIMEINICa—FOav—24EKL £,

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

Windows T DLL Z{EK3 2 B1E. pythonXY.1lib 2V Y A XER D £ A, HlZIEF=>D DLL | spam
¢ ni (spam OHNIZIE C BIBAA->TWEELET) ZEAFTZIE. UTFTOa~vy FE2EITLET:

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

RYIOaA<Y T, =DOD7 74 )L: spam.obj . spam.dll E KX spam.lib 23T X £ 3, Spam.dll IZiX
(PyArg_ParseTuple() @ X 5 72) Python BIEIIE < Ao TWEE AP, pythonXY.lib DB 2 F T Python
I—FZEDOFZZLIETEET,

ZOH®av Y FTiE, ni.dll (BXU .obj & .1ib) B TE, ZD I 4 77 VIJ spam & Python FITHA+
DREZBIR 2 £ 50 o TROTFUE XV AHI > TVE T,

ETOHANFBNY 77y T T =TV ECRAINZ2DITIEDD E¥A, DOEY 2 —)L (Python Bik%
BAET) o, BEOFMAFRZ 5 L5189 51213, void _declspec(dllexport) initspam(void) %
PyObject _declspec(dllexport) *NiGetSpamData(void) @D & 51Z. _declspec(dllexport) THE ¥4
372D 8 Ao

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

KRBT TV Tr—23>AD PYTHON 52321 LDIEDHIAH

Python 4 ¥ X —7VXDHTAAL 7TV —a>e LTEITEINBEREREIES DT <. CPython % &
DRERT TV —2a VOFIZHEDADHREELWIeAH D FT, ZOHTEZDO LFWEDIAAICED
BN DOWTEBAL F5,

3.1 7SV 75— 3> AD Python DEDHIAH

AIETlX, Python LR T 2 /57E. $7b5E CHD 4 77 V% Python IZFE D THEEZ IEER S % ik
WCOWTHRE LA, RACEIRIEZHDOHFETHEITTEES: 203, BHD C/C++ 7V r—ar
IZ Python ZHDAA THEEZRILT 2. L WVWIBDTT, HDAAEITHIZ LT, 7V r—yaryofishy
DOEREE C R C++ DD DI Python TEETEZ L5122 D ET, HDAARZZL DB THHTE £7;
2 —%H Python TRZ Y P 2EE 77V 75—y ayERENHFAMEITORE LIICTE, EWVWSDRBZ
O—HITT, TrZI<h, FEOHEEE Python T DEICEF LG5 ICHTEED-DICEDAARITS T
EHTEET,

Python O ®HAAIL Python OIREYUTWETH, LA EWVWI DI TED D A, ZDEWIE, Python
EIRLEGECE 7 TV r—2 a4 7u s AEKAR Y LT Python 4 Y& 7V X TH 35—,
Python ZHAAAALGEIIE. X4 > 7125 512k Python 23R LA W - Z2ofb bz, 77V & —
> aryDdH BT Python 4 &2 7V 22N LTH &2 D Python 2— FZETEE3 — b L
N, W5 22 TI,

$€ > T, Python OMDIAAZITIEHE, BEDOA AL a7 a2 -MELARTRIERD Z8A, XL ars
LR SRITIUTIZ SRV 2 D—DIZ, Python £ ¥ X7V XDFHULSH D 5, 2Pk L b B
Py_Initialize() 2FEUHXRIIRD FXA, 7> a2 LT, Python filica~> Fo 4 VEIBEEST =D
WHEBIEFSCH L ZITVWET, 20%. 77V 5 —2a DL IThA VXAV R EZREHES2 X512k %7,

AR TVREMRPIHETIICE. BR2Z20L 020K ENDD £3: Python XA A » 72 XF5 %
PyRun_SimpleString() X F. stdio 77 A VKA VX774 0% (ZRWEZF— X v E—-—IYNTa—
RERFANT 2720720 DHDTT) % PyRun_SimpleFile() KT, W BEATT, ZNETORETHHA
U7 EKEDBEEFECH LT, Python 7Y =27 b EBELEZDFEHLZD B TEE S,
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=

=

c-api-index

Python C £ Y X —7 2 — 2D Z D~ =2 7 MICELRTVE T, BDERIEROKITTIZZITH 3
3T,

3.1.1 RKEDIEDAH

Python O#HAADR D HHELERE, BEKES VX —T7 2 —XDFHTT, TOA VY R—Tx—2F, 77
Vr—2ayeR WD 3 208K Python 227V F 2T 35720050 TT, FlXzud, —oD
77 AN ETHO»OBRIEZER ST 2DICHATE XS,

{

int

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

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

wchar_t #*program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit(1);
}
Py_SetProgramName (program); /* optional but recommended */
Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime(time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
PyMem_RawFree(program) ;

return O;

The Py_SetProgramName () function should be called before Py_Initialize() 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.
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3.1.2 BRKEDIEDAADSHEAHT: BIE

EKHEL VR —T7 2 — 1%, WiHW7 Python a— FE7 ) 5 —2a vhoETTEBZLIICLTINE TN
77V —2art Python 23— FOBTOT—ZDRDIWDIZ, HEADIKE>THHEDLLWVWHDTT, 7—4XD
RO ELEVES, XDEKEDAS VX —T7 2 —ACHLEFHALZL TERDERA, EDEL Ca—
FE2EIQRRLRVDLDIC, IZEMTHTESLXSITRD ET,

Python OyE5E ¢ AKX, @5 ZFEX, FUCEETHZ VS T ICERERIZRD EFHA, ZRETOE
T L TEZ MYy 7DIF L AEDPEDIAATHDTEED EF, ZNERTZHIT, Python 226 C ANDIA
REATS 2— FOEBIIIM 2T E20EZTAEL &5

1. 7—%{&% Python 25 C IZZ&¥T %,
2. BNl % > T CL—F > ORBIEOH L 21TV,
3. MU L TR T— &Ml C 55 Python ICE#T 3,
Python ZHDIATIHEIIE, 41 VR —T7 2 —Xa— FPTHERIIUTO LR £3:
1. 7—&{E% C 75 Python IZ&¥LT %,
2. Z I N7 fd%2 - T Python f ¥ & —7 = —Z)L—F ¥ OBIBIFOH L 2170,
3. U L TR LN T— X1 Python 225 C IZE#ET 5,

—RLTH»2E51. T—XZEHORT v Ad. SEETT —XZET 2 HANED o DIZEDLETHIZA
NEZ 2T T, —OHEERIX, T—2EMOMICH B V—F > TF, HWREZITHIBECE C v—F 2y
HUE32, #DIAADEICIE Python V—F Y ZIECHLE T,

ZDETIX, Python 25 C A\, ZLTZOMANL T —RELEHT L HEICOVTIEHERLET A, F20 EL
WEDEWARLT T —DIWNHIZOVWTITIKHEHRBEL TWE3IDRELET, INS5DHEIEICOVWTIEA >~
RTVZDILFR A SED B 8 ZADBKRVDT, BDERFHRICOVTIILFTIOELZSRTE XTI,

3.1.3 B DHIAH

BANCHIRT 57025 A1, Python 22V 7 F MOBEEETT 57200 DT, BEKES Y X—7 x—
ZICBT B EITHET 76 L IS, Python 4 Y X 7Y RE7 7V r—> a v EEERD L DIZLEHA (B X
DEITRD LD T2 ESEHLET),

Python 227V 7 FATERSN TV LHMZFETT 27003 - FREUTOLICRD 7!

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int
main(int argc, char *argv[])
(KDR=D12HiL)

3.1. D7 FVr— 3> D Python DIEDHAH 79




Extending and Embedding Python, J1)J—2X 3.12.3

HIDR— % 5D E)

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

int i;

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

return 1;

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

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

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

/* pFunc is a new reference */

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

¥

else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print();
fprintf (stderr,"Call failed\n");
return 1;

}

(KDR=D12Hi)
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(AIDR=I 25 DfE X))

}
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— R argv[1] Z{#-> T Python 227V 7 &2 v — KL, argv[2] WICHEE XN OBEECE O H
L¥3, BBOEKI X argy BAIHOMOMEICZD $F, corurIa%k AVNAIILLTUYS L (TE
T2 FATRIREG % call EMUEL & 5). UTD LS5 % Python 227V 7P+ 2FEfTT5 2L ET:

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

return c

FATRERIEILT DX 51242139 TI:

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

COREOHAEREBT2IE TR I APV INKRETEEZTH, FLALYIE Python 205 C ANDF—&XE
e s —REDHDa— FTF, Python DIEDIAA L WS BEH 5 BIRFENT DI T D a— R 54h
FB5E7TT:

Py_Initialize();

pName = PyUnicode_DecodeFSDefault(argv[1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;
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A &2 7Y 20K, A2 VU 7 Mi& PyImport_Import () 2o THAAENFE T, Z DL —F Vi& Python
XFENE G BUCH B E D H D 7 — X2V —F > PyUnicode_FromString() THEEEL %73,

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

/* pFunc s a new reference */
if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

DERURZ YT MDFAAENDS L, PyObject_GetAttrString() o THELAFMZEITTE £3, Al
AT YT MHUHFEL, BUR LA 7Y =7 FHAMCH LATREA 72 = 7 FTHIUR. 20X 7Y =7 3B
THHLEATHELIABRVTLE D, Z2ITTRIZIAIEALBYITIEBD X INERIESLE T, Z Dk,
Python B2 LI T a— FTHUOHELET:

{pValue = PyObject_CallObject (pFunc, pArgs); ]

RS L 2 R 3B, pValue 1X NULL 1272 %%, BABOREDEADSEIA > TVE T, HEFANZZRICES
FTRBREMBL T ZE W,

3.1.4 B2&iA £z Python DILE

T2 ETIE, HHIAA Python £ Y X7V RIE7 TV r— a YAKOKEEIC Y 7€ RT3 FERH D THAT
L7z, Python API Z2ffi5 &, HOABA Y X TVRXEWIRT 2 TT SV r—2a YRIEAD 7 7+ X% 7] [
WLES, 20, 77V —>a VTHREINTWEIL—F U EfioT, HOAARL VX T REIRTZDT
T, BHRILDEISWCERZIEITY, ZRUEIEO VDI TIEH D EEA, SLDHoT, 77V 5= arypy
Python £ Y X7V X ZEE L7220 2B 1o BNTATLZEWN, 2OROY, 7V Fr—>a vy
TN—F > DEE DT, HE0dbEED Python IIREY 2 — L 2EL D X 512, Python 2256F/L—F VIZ7
IR TEDESCT BN — (glue, #l) 2— F2BLLEZTLEEWV, FIZIZUTDOLSICTT:

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,

(KpR=21kil)
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(AIDR=I 25 DfE X))
"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) ;

Foa—F% main() BBOFT S LIHALE S, /2. LUTOZ DD % Py_Initialize() OFEH L O
WICHALET:

numargs = argc;
PyImport_AppendInittab("emb", &PyInit_emb);

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

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

import emb

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

KBEO7 TV r—>a>yTiE, 2O LEXY Yy RT7 AV —>a YHAD API % Python RT3 Z2ickD
RN

3.1.5 C++ IC& D Python DIEHIAH

C++ 7Fu 27 5HIZd Python ZHIDADET; WEICE S &, 5o THDIALIIH > TS C++ L
ZROFMICHREFEL T, —RNICIE, X472 56% C+4 TEE, C++ a2 foTomr 0%
aAVRAN VY IFTERENRDHBTL & 5o Python BIE%E C++ Ty AN LEBILBEEIH D FHA,

3.1. D7 FVr—3>AD Python DIEDHAH 83




Extending and Embedding Python, J1)J—2X 3.12.3

3.1.6 Unix R AT LICHIFRAVNAILE) VD

Python 4 Y2 F VYV X%E7 7V 75— a VIZHOADLDIZay 47 (V) KETREELWI I 7% R
HIDWEEE TRV LNLER A, ZHERIC, Python 254 72 VETa— LTy 73z CH)
fIHRE (.so 774 1) L LTHREINEBDE 0 — FF20ENDH272DTT,

BRIV RAN VY IDF T arilb /29I, pythonX.Y-config A7 VS FMEZ 3 (Z ik
Python 4 ¥ & b —)LEHCAER X7z H DT, python3-config A7V 7+ bR b LOLERA), 2O
A7 VT MR AT a R HDETH, BEENTEMLDIZINATL £ 5:

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

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

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

$ /opt/bin/python3.11-config --1dflags --embed
-L/opt/1lib/python3.11/config-3.11-x86_64-linux-gnu -L/opt/lib -lpython3.11 -lpthread -1d1 -
—lutil -1m

AR R Python N—2 a YHTFE (2 D DIFY AT 4D Python & HR7zHETE L K L7z Python) TOIEHEL
T 57012, L TOFID & 51T pythonX. Y-config (i S A CTEEI L 21Z 5 BRWVWTT,

HLIDFIETI L V2RI (2L ZUIETO Unix WR 77y b7+ —ATEET 2 Z 2 2 RET
% H DTIFRWT T2, bug reports I TT), HRIEDIRATLDEAFIv I Y IZIZDOVTDRFaR
> b EFEA, Python @ Makefile DAY A )Vt 7y a Y RFARZRBENDH S TL & 5 (Makefile DIGFTE N
%1213 sysconfig.get_makefile_filename() % ffio T 7Z& V), ZDHFA. sysconfig £V 2 —ADBEIC
VOBRIZED EFT, TR Ko THREBMNIMA Iz 0T R4V - VY 7DF T a YRE T 07T LT
MHTE £, MR

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

2to3

abstract

S

&

The default Python prompt of the interactive shell. Often seen for code examples which can be

executed interactively in the interpreter.

K
DHDPEZLNET:

e The default Python prompt of the interactive shell when entering the code for an indented code
block, when within a pair of matching left and right delimiters (parentheses, square brackets, curly

braces or triple quotes), or after specifying a decorator.
o FHAAADER Ellipsis

A
tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities

which can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/

scripts/2to3. See 2to3-reference.

base class

(HIRILE S 5 R) fIRILE S 7R3 duck-typing 25 S % S DT, hasattr() REDHIDT 7 =v /T
AR TH - 7 D Iicit 3 (21 magic methods DIFE) ZEIWCA YR =T 2 —REERT B Hik
PHRMEL 3, ABC IR (virtual) ¥ 727 7R ZEALET, THEET FALLHERLERBAD, £
N TH isinstance() % issubclass() WKARHMINFT; abc EV 2 - LD FFaX Y F2ZHLTL
72& W, Python 12id, £ < DilAAA ABC 2SFAIENTVET, ZDOXRIE. (collections.abc E
Ya2—)LT) 7—XME, (numbers €Y 2 — /A T) L (io £ 2—/"T) A+ VU —24, (importlib.abe
EV2—NAT)AVR=F 774 VEARUEB =KX =TT, abc Y 2—NZHHLTHED ABC Z{EKT
XET,

annotation

(77 7=>ay)EB 77 RN DT X—-22RDEICEFHRT 2 7L TT, BEICXD type
hint & LTEHLRLTWET,
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O—HANERDOT7 )7 —a VIFFETRICWE 7 7 XATEEFEADL, ZJu—LZ ., 7o XEH. EEo
77 T—=aYiEENFNEY 2 -, 75 A, BD __annotations__ FFRBMEICHERIN TV T,

HEBEDEBAD B 5 variable annotation, function annotation, PEP 484, PEP 526 #ZH 1L T 12X
W, Fiey T/ 7= arEMHATERNRA NS Z 77 4 X LT annotations-howto HZ LT ZX W,

5|% (argument)
(FE518) BIRCZ PO TS, BAE (F721d AV Y F) ICEFHETY, EE2EEH D $3:

o F—T—F5|E: BRI LOBRIZE I BORNCHENF 22OV D (fl: name=) o, ** IZHilF 7= &F
EoHoEr LTHEIN5E. HlZIE. XD complex() ODMEUFH L TIE, 3 ¥ 5 25F%F—7— F5[#
T3

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 5})

o MUESIE: F—U— FEIEUNDEIEL, MESIBIZEIEY X FOHICEL T TE, T2+ 1ITHIT
7z iterable DBEZRL LTEIT BN TEET, HlZIX ROFITIE 3 & 5 XM AHMAESIETT:

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

HEIBUIBEBOERICBWTHARITED O — L EBHICE Y Y TonE T, b Y TETIHANIOVWTIX
calls BB LT 7EE WV, YV X v 7 RAZBVWTHFIBERT-DICHoWBERNEMHS Z e HKE T,
Ml X A EZ e — A ABBICE Y Y THNET,

R51% . FAQ @ FEFI ARG IEDENIMTTI2? . PEP 362 2B LTS,

asynchronous context manager
GEFRa >y 7F A bv =Y v) __aenter__() & __aexit__() XYV v REEFKT 5 I LT async
with XAOEEZEH T 2479 =2 FTF, PEP 492 THAIRE L,

asynchronous generator
(FEFEAY = L — &) asynchronous generator iterator iR BIEI TS, async def TEFEEI Nz T/l —
F VBABUTI TV R TA, yield R EFOHRTHERD £F, yield U async for L —FTHAHATE S
EOIM P ZEKT 2 DIHHENET,

WEIIEFAY = 2L — ZBBERR L E T2, RiCk-> TR A XL —21TL—&2 237546
BHYET, BRSNLERPH L2 THRWEGE, B wen B e AL £,

JEMIY = 2L — XBEICIE, async for XX async with X7/ZII TR await XdbHB2 I HHD
S

asynchronous generator iterator
CGEFRIIY = 1L —& A4 7L — &) asynchronous generator B THEKENZ AT 27 M TT,
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ZAUX asynchronous iterator T, __anext__() XYV v K& THEN 2 & awaitable 7 72 =7 + %
BLET, 2D awaitable & 7Y =7 MME, XD yield RETIHFAMPY = 3 L —XEROARKEEETL
£7,

% yield TE—RINCUEZ K L. ZOHOFEITIKE (0 — LV EHSPHREF O try XEETD) RillE
LET, EEBAS T RL—FALTL—42 » __anext__ () TIREN7=MD awaitable THEBICHEHB T 2K
1213, ZOHhMEFEIZNE T, PEP 492 B3X U PEP 525 2B LT X W,

asynchronous iterable
(JEMEAA 75 7)V) async for XOHTHHATE 24727 T3, BHHD __aiter__() XV v F»
5 asynchronous iterator iR Z IR FAUIIR D £¥ A, PEP 492 TEAINE L,

asynchronous iterator
CGEFRIIA 71 —%&) __aiter__() & __anext__() XY v RE2EEL AT 27 FTF, __anext__Q)
& awaitable 7 7Y =7 b RIBRERIFIUIRD £ A, async for I& StopAsyncIteration fI5} %% MH
T5FET, ERAAATL—KD __anext__() XYV v FHIRT awaitable Zf#R L £ 3, PEP 492 C#&

AENFE L7,

Bt
(Bl A7y =7 MicBEMfT SN, Py FRERNICL > THATTEESRBINGETT, flxiX, 7
Tz b o DEN 0 ZFo TV L E, ZOEMIZ 0.0 TERINZET,
F 7Y =7 MiZIZ, identifiers TER SN2 TF TR BRVHFIOREEER 5 X2 2P TEET, 2R
setattr() Zffiv, 7027 P ZNEFFAIL TV RHEIITAE T, ZO XS REMHEF Yy FERER
TE7 272X TET., RODIT getattr ) 2o TWMABELDH D 5,

awaitable
(#H%PTEE) await N THEHAT 2 2Bk 2 A 7T =22 M T, coroutine 2> __await__() XYV v FH
H2FTY 2V bTF, PEP 492 2B LTI W,

BDFL Py
R E B MHEE (Benevolent Dictator For Life) OIE T3, Python OfF#E. Guido van Rossum O Z &
T3,

binary file
(N4 F VT 7 AN bytes-like TV LTI b OHARAABIUEZRAANTES J7AILFT
Ik TTe XA FVT7ALDHNE XA FVE—F ("rb', 'wb' or 'rb+') THLNITZT 7 4 L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY XA TY,
str A7V 27 FOFAEEINTEDZ 77 AT TV 27 MZOWTI, text file BB L TLZE 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.
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Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong reference
in-place, except when the object cannot be destroyed before the last usage of the borrowed reference.

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

bytes-like object
bufferobjects ¥R —F L TWT, C SFEOEKT EiLT Ny 77y =2tk A 7227 b,
bytes, bytearray, array.array ®. %< O —#HJ7% memoryview & 7Y =7 P ZTHICHD £7,
bytes-like 72 =2 MI, T—&EHE. NAFV T 7 ANANDRE, Y7y bEREHLEZEERE, A
FUVTF—=REERTE2VSVARBEICHHT 22 e TEXT,

BODPDBRETEINAF VT —REEHTZRENDDE T, ZORMEORF 2 X2 FTIEEL " HAFTE
AREZR bytes-like A 7Y =7 M ICEKRLTWVWE T, ZHEARERANY 7 7 —F 7Y =27 MZId, bytearray
¢ bytearray @ memoryview REDEFENE T, /. HMOBODLDIMETIIAELRA T =7 FPHONXN
AFVF—=% (" HALHLEHOD bytes-like A 7327 1) ZRHRELET, £4ICIE bytes & bytes D
memoryview * 7Y = 7 FEENE T,

bytecode
(N4 b a—F) Python @Y —Z2a— Fi&, Python 7025 L ® CPython 4 ¥ &7V X ONFRHTH
BNA FaA—=FAay A LENET, N ba—Fi& .pyc 7740 CF vy adh, A7 740
PoEHIRKFETINZ L ZWF I EHRICRDET (Y—RA—= K256, Fa— FAOHED 2 ¥ AU
XN FET), 20 " HEEFE (intermediate language)” (&, #&4& D NA b 2 — RIS 2 HEIHEE % E
792 RETSY TEFET 2 VWAE T, HERERELE LT, N1 Fa— FZRZ % Python R~ ~
MICEIfET % Z &%, Python VUV —RAMTHETH 2 Z L IFARINTOERA,

NA ra—Foma—ElX dis EV2—1 IZHHFET,

callable 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.

callback
(=N 7)) FERO D ZRFRTEITENS1DIT5 8 e LTHEI N SR

952
(ZFR) 2=V —ERF TP 27 V2ERT 27DDT7 7L —1+TF, Z7IRERIEH, 2DV TR
DAVARVALORERETERY v ROEREEAE T,

class variable

(79 AZH) 75 A LICERIN, 2FALRLT (DFED, Z77ADA YRR YA ETIERLIZ) BEX
N2 ZexHNE LTWSERTT,
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complex number
(R L<HON TV EEMREZIELLDDOT, IRTOMIEIL e oM LTREINWE T, &
BOIBEERNL (-1 OFHIR) I2FE2HI 0T, —fRICBEETIE 1 t&ErA. LH¥TE j tEHEINE
§o Python 3EFELICHARALTHIEL, BEDKILEZM-oTWET, BHIIREIC j 200 TEEXE
Fo BlZIF 3+1) T9, math €Y 2 — VOEBEKRZFH T 2121d. cmath ZfVWEF, HEBOMHIE
DD EERBAOMAEET T, HEEZECRTE IRIEEEVRIEALTLE>TEWTL £ 9,

context manager
An object which controls the environment seen in a with statement by defining __enter__() and
__exit__() methods. See PEP 343.

context variable
(AYTFRAMER) avTFAMURKFE L CRRZEEZFOER, X H2ERDMEHIE L2 DFEITA
Ly FTEREDVBEZRAL Yy FE—ALZA L —=JIUTVWET, LEALaYTFX MEHTIE, 1 DOET
ALy RIZWLD2p0ay7XF A MEH DG, 2> 7 %A MEROF RIS R IEFRIH X 2 7 O
DIBIFTF, contextvars SR L T XV,

contiguous
(BE#Z, #fE) Ny 7 7 DI C8ft £721% Fortran &t THEHAEIC, 2Dy 7 7138 LTS
LARREET, EaXoinNy 7 71 CEfETH D Fortran HHE T, —JUrOEHITIE. ZDOERIIHT
XY FTEET 2 X5 KEHEI N, BRTFHRLaILBEDHERI TOKIEFCHIEST, 2T C-H#ifi
ZEAITIE. XEY 7 FLRAHICERZ K S BRICIEREBEOBR A FORINIZED 5 DITH L, Fortran #ii7s
BiH T RAI DR A EOBRINCEN = £ 5,

d—F>
(AN=F ) an—=FYFIITN—F DL D —RNEEKTT, F71—F L iTidRD oM DS
AD. ok sl Mmhr bt s, aL—F I3 ZL OkA RMEP B A, 5, BT ZeH
TEXF, a—F VI3 async def X THEETEZET, PEP 492 2SR TSI W,

coroutine function
(an—F VB coroutine 7Y =7 BT TY, a—F VBRI async def X THEEXN,
await, async for, BX U async with ¥—7— FZFOZ R EF, 2 bid PEP 492 TEA
SNF L7,

CPython
python.org TEAF XN TW3, Python 7125 I v 7/ EFEDEMEN L EETY, "CPython” ¥\ 5 HiZE
E. ZD%EEE% Jython % IronPython ¥ \Wo =i SEEEr XA 2 RENE 258 CHHEINE T,

decorator
(Fav—2x) BlOBEEERTEE T, #BH%. ovrapper M CHIBZEH i L CHEAINE T, 7aL—%D
— R M AL, classmethod() ¥ staticmethod() T,

FaAL—RDFREI VR VRS aH—TF, XD 2 ODOEBERIIEHRNICF L DHDTT:
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def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FICHESD 2 2 ZWCDIFEELETH, HEDHDLDAFTEA, T7aL—XICOWTHLIE, BEEE BX
L IZIRERDEFF 2 A FESRBL T,

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

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

FRZYTFEDRXY v FIZBE L TOFEMIZ. descriptors % Descriptor How To Guide ZZ /B L TL 72
é L\O

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
(FrEMNTIERED) iterable NORTH 2 WE—HOERZUIL T, ZOMR» SR 2HEZRT a7
FEZXJTTI, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfH n **x 2 X}
S B EEEE AR L F 3, comprehensions 2SR L TL 72X W0,

dictionary view
(fFE L 2—) dict.keys(). dict.values(). dict.items() 2NRFTA 7V =7 b TF, HHEDHHODH)
MR a—Z2RMHLEST, bbb, HE2LEINIZ a2 -3 2RI L £3, S#EFL 2 — 2ol
IIERR Y A MTT 5121F list(dictview) 2L T ZE W, dict-views 2B LTI 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 )
24727 MPELWA VR =T 2= 2% Fo TV EDPERET Z2DICATY =7 FOME RN R
PIIVIRAZANTT, Rbbic, BiicA 7Y =27 DO XY v RREHEDSIEN D #HEbhzD LE
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T, (7LD EIICAZAT, 7LD LS RBIE. ZARETeATHS,) A v X—T7 2 —RA%H KD
HHTZZ2T. EFRLTHA I Na—RNE KVE—T7 4 v 7 BRELHF L CERREEZM ExEF
T Xy XA 73 type() X isinstance () WK BHEZ BT E T, (2L, Xv &4V 7%
HMREEREI SR THETZIdTEET, ) 2ofb b, WMAZ hasattr () HIER FAFP a3
IVIERFAALED,

EAFP
A% & 2 X DFLEHE D HHES (easier to ask for forgiveness than permission, ¥— 7 4 —DiER])
DUETF, ZTD Python TR bR TWEa—F 14 Y FTAXA VTR, BBEITARNRF —BEIEDFE
TE2HDOLEL. ZDREN > TOGAIHIN /R L T, COMBTFERIEI2a 7417
AZA M, try XB XU except XD EABLIZOPRHETT, Z077=v 273 CDEH>%LF
FETLLfEbhTW2S LBYL AR A NN DTT,

expression

() MHrOELFHHX NS, —F & F DO (a piece of syntax) TF, Wz 2, X&FV 771,
HHn, JBET 72 A HEFPHEBITFOCH LY, 2RI HROEROMAENRTT, MOZOEFHELE
W, Python TIXEFEOETOMKERZIA L VI DI TEHD ¥ A, while DLI I, R LTIHEX
BNX DD FET, KABRTRERLINTT,

extension module
(JEREY 2 =) C % C++ THEDPNZEY 2—1 T, Python ® C API ZF|H L T Python 2 7%
I—HY—a—FeLheHhLET,

f-string
YRR 'F BT WA SIFAN Y T Ik estring” EFEHEN. ZHIE 7 x—~ v NEAXTHI T 5
L DIEHEEOELMTY, PEP 498 3ZMRL TL X,

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

buffers, sockets, pipes, etc.). File objects are also called file-like objects or streams.

T7ANF T2 MZBEBRE 3IEEIDET: FO N1 FU—=T74IL. Ny T 7E0= N1F
=T 7)., ZL T TFAFT 7ML TFe /X —T 24 RF io EV 22— L TEEINTVET,
77 ANTTY 27 AR ZREHER 72 S7TRI open() B RS Z 2T,

file-like object
file object £ [AFETT,

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.

T7ANTATLADLY A—F 4 V7T, TRTH 128 N4 UTFIRIEFICTa— FEN53 Z L HRFE
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ENBRLATEEDFERA. 77 ANV RATFLADIYA—F 4 Y TIRMREEI N h - 725E81F. AP
BEIDY UnicodeError 2322 ehdH b 3,

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

to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read ()

function: see filesystem_encoding and filesystem_errors members of PyConfig.
See also the locale encoding.

finder
(774 Y 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 importsystem and importlib for much more detail.

floor division
(I D& TRRE) —Fm BB D 5T 2 BAIBREL, YD IS CREBE I // T3, BIRIE 11 // 4
F 2112720 ZREIEHFMNCTFEV NUEBOEDORRETIZ 2.75 28 BoTE %3, (-11) // 4% -2.75
Z INEWAIC DS GRITE: BOEBAANDIDZITS) OT -3 184825 IFERALTLEZ W, PEP
238 ZZML TLIZ&E W,

£
(B MM LENCEZ R —HOX D Z e T3, BAEICIZ 0 U LD R5|8 2ET I e PR ET, FEiK
DOEITRHCSIBEFHAT 2 Z e HK T T, R AV v E, function 2B L TL 72X\,

function annotation
(B 7 ) 7—>ay) DT X—=22RDED annotation TF,

By ) 7—yarid, BEEEEY bbbz d: flziX, ZoBEE 2 o0 int Blo5[5
P L HIFE N, £/ int BORDEEFE LTI TVE T,

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

return a + b

BT ) 57— a Y OXEIX function DEI TR Z N TVWET,

WEEDFAD D % variable annotation, PEP 484, B L T2 & W, ¥/, 7/ 7= a vy 2MHT
BRRAMFSZ 25 4 A LT annotations-howto HZH L TL Z&E W,

___ future___
A future statement, from __future__ import <feature>, directs the compiler to compile the
current module using syntax or semantics that will become standard in a future release of Python.

The __future__ module documents the possible values of feature. By importing this module and
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evaluating its variables, you can see when a new feature was first added to the language and when it
will (or did) become the default:

>>> import __future__
>>> __future__.division

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

garbage collection
(FR=—Yarryay) ZhUREEDIS 2L DRV E Y 2K 208 CF, Python &, BAH Y~
k. BRI LT 3B =Y a1 s R0 THA—D AL s Y 3 YEFTOET, HRe
Yalr s gc BV a—EMFoTHETEE T,

JIrlL—%&
(¥ = 2L —2&) generator iterator 23R 3BT, @HDOBBUILI TV E I3, yield REFORTRZ
D%J, yield I, for L—FTHEHATE/D, next() B THEZE 1 D FOWMOH LD TES, {HD
WS EERT 2DHEREINET,

BHEEY AL —XBEREZRLETY, XRICL s TR PxRL—F1TL—4 ZHEIT5ERH D 5,
RS NIERDSH S 2 TlRWEE, LD DI BEE AL £ 9,

generator iterator

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

yield D7 NIZRATFEITIREE (RFTABSARUED try R 2 E) ZaE U T, WHEIE—RHIc
NET, DxRL—FA4T7L—& Hfchs . THLEMNEZIEL 2T (@HOBEBMIETOLNR
BT LWIRRED S BAR S 2 D L RIRHYTS),

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
(¥ =2V v 7BR) Bz BN LR CHEZ2 3 2 BEE D SRS N 2 BT, RO LIFIZE O
EERWDEPIET 4 ANy FT7ATY XLICEDREINET,

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

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

and annotations.

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

global interpreter lock ML TLZE W,

global interpreter lock

(Za—nn4 &7y &ay 7)) CPython 4 Y27V ZHBFALTWS, —EIZ Python @ /N1 FJ—
F Z2FTT22Ly RiE—2R0TH 2 e 2RET 2HEMHATT, ZHUTKD (dict REDEELIMHA
ABR R &) 7Y 27 VETADFEET 71 2k U THREEINICRZ 2127 5 DT, CPython O3NS
SYTNEHRDET, A VRTVREEERY 7T 5T, AF TRy Iy YL 25D 2
AL EBIEHZIT, A VX TV REMEICTLF ALy METEZ X512k D ET,

77Uy BHED 2 VISR W K DD DIERE Y 2 — Ui, iRy & 25t RR C O HEOE W% 3§
5L EFIT GIL ZEFRT 2 X5 IRFFEN TV T, 74, I/0 Wiz 3 23558 GIL 3HICHREINET,

Past efforts to create a "free-threaded” interpreter (one which locks shared data at a much finer
granularity) have not been successful because performance suffered in the common single-processor
case. It is believed that overcoming this performance issue would make the implementation much

more complicated and therefore costlier to maintain.

hash-based pyc

hashable

(Ny T ar—Z pyc 774 N) IELHERHFIT 272012, FIET Y — 27 7 £ L OREEFHRLITIE4
ANy Y afBEFEATEZAL Fa—FDF v v a7 7 4L TT, pyc-invalidation 2SR L TL X0,

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

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

Ny Y aFRERA TV 2 7 PEIHED X —PEED X U N— LTHZ T, HEPEGD T — X HIEEN
BTNy ¥ 2 flie o TWVWAENS T,

Python ®4 I 2 =X IAREHAABFT T =27 NI IFLAEDNY Y 2A]HETT, (VA MRHED X
572) T2 —RITNZAYTFIEINY Y aPAIRET T, (X IR frozenset DX H572) 4 I 2a—&X 77z
TR BRIy Y aWRETH DI L EDAENY Y aARETT, I—Y—ERDI FADA Y ARV AT
BHESRATI =7 VAT T AL P Ty S 2 AT, Zh5ERT (ASERVT) HlsE Rz kS
flichd b, Ny aflld idO) EhHEsIET,

IDLE
Python O#ARFERSE (Integrated DeveLopment Environment) & %2 8355 (Learning Environment)
TF, idle X Python OEEHEMNZEAMICFMI N TWEEANEED LT 4 R 4 VR 7Y RBR T,
immutable

(A 32—&70) MEDEER 1A TV 22 b TF, 4 Ia—KTARA TV =2 Mk, Bl XF
I, BRORTABEDNBHY T, ChEDATY 27 MIARZEZ SR ERA, HOMEESE5HIC
& HiRBATY 22 VEERLRGNERD A, 4 Ja—XTARE TV 22 ME, HED Y > a
DT Y 72 B RN CEEREE 2R LET, HEOF—2ZOfITT,
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import path
path based finder 3 import 3 3 EY 2 —VEBERT 25 (£721F path entry) DY R b, import H,
ZDY A MIEY sys.path DORETH, 37 v r —JDFEEF Y —ID __path__ EBEH»S
HRET,

importing %)
5EY 2—)D Python 2 — FAHIDES 2 —)LD Python 2— FTHZ 2 X512 F 3MNHETT,

importer =
Pa—NERLTe—-FRTEFTI I, finder & loader DEBESLTHHIXTI T b,

interactive
Python has an interactive interpreter which means you can enter statements and expressions at the
interpreter prompt, immediately execute them and see their results. Just launch python with no
arguments (possibly by selecting it from your computer’s main menu). It is a very powerful way to

test out new ideas or inspect modules and packages (remember help(x)).

interpreted
Python 34 > &2 7V XEROFFETH D, a2 84 I F5FEOMMICHE L 5, (N4 ba—Far o
IHHBTDIC, TOXRFNIEHETTD, ) TITOA YEXTYVRGFELIE, Y—Ra—FDT7 74 L%,
FFFTAMEERC L THALFETSEL L Vo BER LIS, BERFTTEILILZ2EKLES, 1 &7
U XEAOEFEZEE., a2 4 FJBRDEBID VR TNy Z7OV A 7 VEHNbOD, TurJn
DEITIF—MUTENT T, WEEH BB TIL I W,

interpreter shutdown
Python £ ¥ Z =7V & —id> % v b XV U REFINLIFIT, Y 20T RTDIZ VT 14 HLRAER
MgEE R D, TRNTOMERLIY Y — R E BRSBTS 2. il 7 2 — XA ET, 2O7x2—X
W AR=OL I E 2EHEIMCHLET, CACED 2P —ERDT A b7 7 X —=% weakref 2 —I1
Ny VPN HENZ BBV ET, ¥ v PRV Y 72— XHIZETENDZ a— Fid, ZOHBKET S
UY =AW FTTIBERELZWV (KL DHBHIEF7 477 1) —FEY 2— /L% warning HETT) 72Dk 4 2
FlIAMCEm L £9,

AVER—FYERT Yy bR YT LEREHIZ  main EYV a2 —AREFTEINTVWSEZAZY FFDHE
I3 T L8 TF,

iterable
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
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iterator

using iterables, it is usually not necessary to call iter () or deal with iterator objects yourself. The
for statement does that automatically for you, creating a temporary unnamed variable to hold the

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

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

previous iteration pass, making it appear like an empty container.
FE 7 I typeiter 2B D T,

CPython EZED:#: CPython does not consistently apply the requirement that an iterator define
__dter__Q).

key function

keyword

lambda

LBYL

(F—BI8) ¥ —BIfL H2VIEREREKE . V= PRIEFLRD 7D DEZ R TIECH LATRES 7 =
2 & (callable) T¥, HIZ1X, locale.strxfrm() Z F—FHICH X, vr —UKFDY — L DIEFIC
Dokt oy —rFxF—%RLET,

Python D% < OV — i3 —HEEEZTWMD BROMNESRS 7V — L2 EHL T, nin(, max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby () FE2H D %75,

F—BBEER HIEEWL 22D D 9, HlZIE str.lower() XV v RERXF/NIXFEEXBILIENWY —
PR F BB LTS Z e HRE T, HB WK, lambda r: (r[0], r[2]) @ X5 7% lambda
Ao F—BBEELZ P TEET, £, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() @ 3 DDF—Ba VA N7 ZNBHDET, F—BBDOIED HFLFEVED
flix Sorting HOW TO SR L TL Z& W,

argument =
I B L TLIZE W,

(Z LK) BMH{HDA 54 VBT, BT CH SN 2IFHiicns 1 20 X 2E8AFET, 744K
BI%% 1F 2 M501% 1lambda [parameters]: expression T,

FZ 23RO (look before you leap) ] DMETE, ZDa—7F 4 Y FAXANVTE, FOH LR ZT
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list

S ENZ. BRINCHETIRSEM: (pre-condition) IEZITWE T, FAFP 770 —F L IRV T. if X3 7L
XA DR T,

“AF ALy FMEINZERETIE, LBYL 77—k " R37 @BfEr 7 R BREOBHAKREL 5| Ei
CTVRIRHDET, HlZIE, if key in mapping: return mappinglkey]l ¥\ 5 a— Rk, HED
B, BDA L v ROERKOHFIC mapping 26 key ZEIDFRS LRMLUE S, ZOMBEE, vy 73 5h
EAFP 7 7/a—F%{i5 Z L TR TZ ¥,

A

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

list comprehension

loader

(VA TMANWURE) =7 Y AHDORTH L WVIF—HOERZUH LT, ZOMRPSRDZ VR MEIRT,
Y RY MRIFIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2 == 0]
532,005 255 FTOMEBUE 16 #EEERET (0x..) L1662V A MEERL T, if Hilk
F T arTY, if HiNHRWEGE, range(256) DL TOEEMUH I N T T,

=
Ya-—N%kn—RFE5F7Y 7 b, load_module() EWVWIHIEKHTDORAY v REERL TVARITIUIRD ¥
FA, B—X—F—INT finder »HIRENE T, Ml PEP 302 %. abstract base class &Z2WTIE
importlib.abc.Loader ZZH L TL7Z&E W,

Oy—ILT>a—-51 >4

magic m

mapping

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

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

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

See also the filesystem encoding and error handler.

ethod
special method D < 721} 7z[AFKEET T

(V) EEOF —HRKZHR—1 L TWVWT, collections.abc.Mapping #* collections.abc.
MutableMapping ® IREIK Y 7 A THEESI N Y v FEFEELTVWEaYT7F4 7Y MTT,
#il 21, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 7% ¥
‘t\\\j—o

meta path finder

sys.meta_path MK L TH SNz finder. meta path finder I& path entry finder L BRIZDH D £
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AR k7 MG

meta path finder 23E3# 5 % XY v FIZDWTIE importlib.abc.MetaPathFinder &M L T /2
W,

metaclass

(RRZFR) VFADYFTATE, 7IRAERITZ, 7RG, 7 7ADEFE L, EEZ7ADY X Z2ED
T, XXIIRF. FNH 3 0GB LTRIWD, 77 A 2E2BEZAVET, ZLAYDAT
Yz MEASFER GRIEXZ 2 5 2AD) 77 41 b DFERREM L TWE T, Python BRHIZDIEH 2
RLDARY FAREBTELZRNTT, IFLALDLI—F =W -> T, XX 7 7RI BEDRNHDT
T, UL, —HOBETIZ, XX 75 AZBNITILA Y MafEeiRMtLET, 2 23EET 2722
ORZER-TZD, ALy Fe—7W%EBMLZD, A7V =27 FOEREBIF LD, V7V EE
3oy, ZLOBHETHHINE T,

FEAE metaclasses 2SR L TL &0,

XYy R
(XY v R) ZIAREKOPTERINLEE, Z2D7FADA VY AEZ Y ADEHEE L THEE ER5E,
AV RIEA VYRRV AA T2 7 b2E— 58 b LTRUIWD £F (ZOF—5BULEE self & HE
NEF), B & RAFINRO—T SR|L TV,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during lookup.

See python_ 2.3 __mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module
(¥ 2—)L) Python 2 — FOMBHEN L LTE B ATI 27 FTT, €Y 2—WIMEED Python
FTP 2 VEEUARIEMERBEE T, Y 2 — I importing DYUERIZ X - T Python IZFHAA TN
3

NYT—2 ZBRLTLIEZZWY,

module spec £
Ya—nEu—RFT5301XHbNs A VR — FEEOERE ZOA4ATZEM TS, inportlib.machinery.
ModuleSpec DA Y A XV AT,

MRO
method resolution order ML TL 7Z& W,

mutable
(32—FTN) 3a—FTNRITV=7 ME 1dO 2EZL I RAEZEETEEY, 1Sa—4%7
L) BBBLTLEE W,

b2

named tuple

HHITE R TN LSRR, RTVEMARLTWT, 4 7y 7 2B BRI LB Z#->TD7
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7R ZBTELERDIUPL Y 5 AEHENTVE T, ZOMP 7 7 RBMOKEDFR>oTwa b d
DEJ,

time.localtime() % os.stat() DRHHEZEL WV O DHAAATNIKZEIT & X TATT, MDA
% sys.float_info TJ:

>>> sys.float_info[1] # indexed 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

(HRITZER) RPN EIN 25T, LRZEMIEFHEE LTEEIAE T, ARERIEATY =
ZhD (XYY FD) ANFIRR-o7d DT TR, RFANRD O, KBRS D, 2L THAAAL
D OVHY ET, AHZEMIAHOEEEZN S L ICL o TEY 2 — MRV R— T2, HlZIXH
¥ builtins.open & os.open() FHEIZEMTRAMENTVWETS, £/, YOEY 2 — DKL EE
LTWB2HHRT 2 28Ik o THARZEMEATHM e RTHEZ R L £, HlRIE. random.seed() %
itertools.islice() &&FEL ., ZRZNEY 2 —)l random X itertools THERIEINTWVWS Z HHH
52T,

namespace package
(BHIZER Sy =) T v r—YDar 7+ LTOAREEEINS PEP 420 TER XN/ package
T, BRIZEEA Y =3P ARE R 2R W BN TE, __init__.py 7 7 A VEFRER WD,
reqular package EI1XFIZ D F 5,

module 2L TL 72E W0,

nested scope
(AR P ENTRa—=T) IMIITERSI N TV L E-EZZRT 2EET T, BIZIE. D 2B HIOEBD
PTERIN TV 225G, NHOBEBEMIOBEBHOZREZZRTEEd, 2 XA PSR a—-F3E7
7 4V b TCREBOSRIZEIDNTE, ZHORAETERVDOTEELTL ZE W, B—hV 2R, r?é
WHID R 2 — FTERZHGAEES LET, RIS, 70— VERZES & 7a— OV EET2ER O fE%
F=L E7, nonlocal THADEBICEZADE 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,
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__getattribute__(), class methods, and static methods.

object
(A7T 2 M) HKEE (BIESRMHE) L ERSINRZED (XYY F) 2302 TOF—%, 4 LLIE. 2T
DFHRAZAINTFZA DFBOEIET 72D Z ¥,

package
(R T =) B TEY 2= ARHRINTH 78y =2 B8L I L DK S module DZ ¥ TF, HMHY
1ZiE. Ry =20 __path__ BHEZ KD Python 7Y =2 T,

reqular package & mamespace package B LT 120,

parameter
(IR5 1) BRI OFEMAET B (2 AV YR ) OFERBICBVWTHEBDRZIT S Z518 2HEELET, K5IK
WIS EEDD £9:

o MEBEFRLEF—T7—F: I THEIVWVE F—T—FE|H e LTET IR TEI5/8EHEELET,
ZAUIT & ZIELLT D foo R bar DX 512, 77 40 N DRGIBOBIEHETS:

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

MEHH: MEICX>TOAEZX N5 EHREL T, MNBHEADT T BFEERDFIHD Y A
FOHTENLDERAI /) 2EDBIETERTEET, HIZIETIED posonlyl ¥ posonly2 \IfiE
HHFEWCRD £5:

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

F—TJ—FER: x—V—-FCEoTOAGIONI5IMEHEELET, F—V— FEHOF L ER
TE25AME, FIZIELITO kw_onlyl = kw_only2 O & 512, BABEZRDWEIEY 2 McED=A]
EEMESIBEIIED « DB TT:

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

AERME: (MOR5IETHICZT S NEBEDOMES IBITMA C) FEOREEDOMES BN E X 5
NEZZeEIBELET, ZDXSREFIEZ. BITD args @ X 5 WRGIBHDRNC * D352 8T
ERTXET:

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

AIZERF—T—F: (fIOREITEBICZ T ONEREDOF -V — FEIRIMAT) EEOFEED *—
V—REEBEZoNE I BEELET, 2D X5 RE5IEE. EOBID kwargs D & 5125184
DR ** ZDF B L TERTEE T,

REIEEA TS a Ve REDGIBDOEL L BIEETE, A 7> a yogl 3T 7+ LV MEBIEETE
£75,

100 18 A & A5



Extending and Embedding Python, J1)—2X 3.12.3

w518 . FAQ @ E5IBEIR5IBDE WA T H2? | inspect.Parameter 7 7 X, function €7 > 2
>, PEP 362 22 L T EEw,

path entry
path based finder 73 import § 2 €Y 2 —)LE2ET import path £ED 1 DDGFITT,

path entry finder
sys.path_hooks IZ® % callable (D% D path entry hook) 23R L7z finder T3 o 52 B8z path entry
WKHBEY 2—NERDIZHEEH>TVET,

NRAZY M) =T 74 Y EPEETZ XY v FIZDOWTIX importlib.abc.PathEntryFinder S/ L
TLREEW,

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

on a specific path entry.

path based finder 5
7 4V b D meta path finder ® 121, Y 2—LD import path ZHRRLE T,

path-like object
(path-like A 7Y =27 b)) 77 A VT AT LSRR LE T, path-like 772 =2 Md, (2% ET str
F 727 b bytes A7V =7 b, F£71E os.PathLike B b EZHE L ATV b
T3, os.PathLike 7B F AN EHR—-FLTWVWEA 7T =7 M os.fspath() ZMUHT I & T str
F7213 bytes D7 7 A NI AT LSRICEHTEE T, os.fsdecode() & os.fsencode() IFZNZh
str 2V bytes IR DZ2DERIET 2D 2 £5, PEP 519 TEAXNE L,

PEP
Python Enhancement Proposal, PEP &, Python 2 2 2 =7 4 X L THEREERMET 2. H3 0k
Python O¥FiFEHEC Z OEBESLEEIC OV TR T 2EIE T, PEP X, HEEIC D\ T DR Hiffi
HIHRR e IRE T 2HEREDFRIL (HGR) ZIER 2 RNE T,
PEP &, #EREDRRERIC» DB, 23 2 =7 1 I L2 MEREDOEM Y Python 127 &N 3 3EHTANT DL
F DD OREMOBMHE 22 2EKLTWE T, PEP OFHICIZa I 2 =7 4 NOBEBETT
Sz, RNBERZYELT 2 0EBNHD 5,
PEP 1 22 LT ZE W,

portion
PEP 420 TEZR I TW3, namespace package ICJET 5, HED 7 7 A AW (zip 7 7 £ VITHEHEI N
TWA5EdH2) 12074 L7 MV Iz D,

&5 |# (positional argument) =

I8 2B T EW,

provisional API
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(BE API) 1B#E 5 £ 7 5V O] ERMEREED SETHIICHRA SN DT, ZOL5% A4 V& —
72— ANOREREEZ, WETH2 L EINTWLHIIPHGFENTOEEADL, a7HFEEIC L - THE
LABRINUL, BAIEEHRET (L VX2 —T7 2 —XDHIRETEEND) DITONIET, ZOL57K
ZHEFILRAIITONLEHDTEDH D FHA - THUX API ZHAATENTIZRE L SO TVWRERER
MERBE L 2IZOATOIET,

BE APLIZOWTH, BTAMEDBWEHIR TRETFER LARINTWET, BERMHAL5E
THRITHEIRBRRREZHR T RETT,

IRt A&, EES A TS VEMErREZ TV V7 —ICEVWHEBTAD NS Z L, KR
PHEICELERITONE T, F#lllE PEP 411 22 L T XV,

provisional package
provisional API ZZRLTLZE W,

Python 3000
Python 3.x YU =X 4 D=y 7 3—LT7TF, (Python 3 BEWIFERDFE > LEHIELNIZFET
T, ) "Py3k” rIgENBZZrdbHH ET,

Pythonic b
BTN REZ A TEINIa— FTIER L, Python OFHI—IVIRA 7 4 F Do 2B 2%
a— KA, BlZE, Python O—f&7% A 7 4 F LT for XEMF->TAT I TNDIRTOERICE -
TL—7L T, tDZ L DFFEIIE I OAMEAZZND T, Python IZHEATWRWAZKD D ICEED

AT R=FFEI D LNFERA:

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

ZAuTH L. Ehwiz Pythonic 72 Akl

for piece in food:

print(piece)

qualified name
(Bffith) €Y 2 =10 —>ULRa—=T0o, ZOEI 2L TERINLT TR BB XY v I
D, " RR” BRT Ky VAR TT, PEP 3155 TERINTVET, by FLNLOBEPY 72T
. BHiEA 7O 27 POKETER U TT:

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

pass

>>> C.__qualname__
YCI

(D=2 12%i<)
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HIDR— % 5D E)

>>> C.D.__qualname__

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

EYV 2 —AANDOBRTHEDLNS &, REEMB (fully qualified name) X T XTORR Y 7 —I %k BT 2K
DRy +EFKEL, HlZiF email .mime.text ZEMKL F 3

>>> import email.mime.text
>>> email .mime.text. _name _

'email.mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it
is deallocated. Some objects are "immortal” and have reference counts that are never modified,
and therefore the objects are never deallocated. Reference counting is generally not visible to
Python code, but it is a key element of the CPython implementation. Programmers can call the

sys.getrefcount () function to return the reference count for a particular object.

regular package 1=
72, __init__.py 77 AVEBLT 4 L7 MY 2 LTD packages,

namespace package FBBLTL EE W,

slots 4
FANTDEFT, A VARV RAEROHEBEDHOPUDERLTEE, A YRRV AGFELHRT L2
T, XEBVEHWLES, I L EON277=v 7 TIM, ELLFSIEAPLINY vy F—KDT,
Fitgr— 2, BIZIERXR BV DIEREE 27 TV 75— a v T VARV ADKREBIFET S, tWolz
LERRE, HDORVDONRZ NTT,

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

immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes
beyond just __getitem__() and __len__(), adding count(), index(), __contains__(), and
__reversed__(). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Opera-

tions.

set comprehension
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(BEANTEED) iterable NOR2TH 2 WIE—HOBERZUHE L T, ZOMREIORIZEELRTa Y
F 2 EXJTTF, results = {c for ¢ in 'abracadabra' if c not in 'abc'} ¥ ¥ 3 ¢, {'r',
'd'} WS XFHNOFFEFE AR L £9 . comprehensions Z 2L TL 72X W0,

single dispatch
generic function D—FETRIEITZ—DOD5IBOENC X DEIRINE T,

slice
(RTAR) =M =T VR D—FEEOLATI 27 b, RT74RE BWEREL [1 THZOLNEBO
BomicanrzEHEL e TEoEd, filZI1X variable_name[1:3:5] T3, AFHIN (FF) id513
slice A 7Y =7 FZWETHALTVWE T,

special method
(FFERX Y v F) B 2BUKE DOBRIE. BIZIIMNE % § % 72912 Python H HHEEICUIHIEhE XY v K,
COREDORXY v Flid, XYy FEDERAIERRZRICT VX =227 2 DB D0TWVWET, Rk Y v RiC
DWW specialnames TR I TVWE T,

statement
(X) XFEAAL =t (a—=FD” 7ay 7)) ITAAIRBERTT, X I »F—T -2 oMEEEN2DH0D
DELLMNTT, HBEICE if. while, for BH D T,

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types.

See also type hints and the typing module.

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

released with Py_DECREF () when the reference is deleted.

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

reference, to avoid leaking one reference.
See also borrowed reference.

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

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

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

the sequence of bytes is known as “decoding”.

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

encodings”.
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text file

(TERALZ7740) str ATV 27 b 2FHAFEEZTED file object TFo LIELWE, 7FA M7 7400
FEBRICAS MEMOT =X AP =277 AL, TFRAMIYO—FT 0 27 ZHPNITVE T,
TERMT 7 A ADHZ, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AKEETFAME—FK
('r' or 'w') THWEZ 7 4L TF,

bytes-like ZT VTV b ZFHAZFBETEZ 77 ANMF TV 27 MZOWTE NA1FUT 70 $Z]|L
TLEEW,

triple-quoted string

type

(ZEZ +— bXFH) 300 L7z +— FalE () 27 ARR br 7 4 — () THENCFY, @BHEOD
(—H&E) 7 4 — P XFHNHRTRITE 2 XFINENEDH D FEAD, Bo»OHMHTEHTT, 1 2oh
2O0DEK LY 4 — B EIAS —THELICEL 2D TEZ T L. 1THETE (\) 2R THE
BATICE DB I ENTELZDT, FFa X5 — a y3F0%E  BIcEIcERN T,

(B Python 7 7Y 227 bOBRIA T2 7 " BEDIIRIDIPERDET, HHWE AT MiE
BERH-TWET, A7Y227 FOBIE __class__  BMUET7 7 ALY, type(obj) THHE LD H
%ij_o

type alias

(B4 V7 R) BopltT, Bzl FIcRALTERL 5,

MY 7R3 B b 2HMLT 20ICEHTY, IR

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

pass

ZHRERDESICE VAR TLTEET:

Color = tuple[int, int, int]

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

pass

HEREDFADIH % typing & PEP 484 ZZHRL T Z& W,

type hint

Bler b)) 28 77 2B B AT A —20BVEOHIF SN TEIEE T S 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.

Ia—rVER, 77 RN, BT, n— AL ZEHTHEVHDDE L » MM typing.get_type_hints()
THRBTEET,
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HEREDFADIH 5 typing & PEP 484 ZZHR L T Z& W,

universal newlines va
FRAPAMY = LDEFGED—DT, LTOITARTEITREEH L £9: Unix DITRHE '\n'. Windows
DOFE '\r\n'. H\ Macintosh DHFE '\r', FFAEICOWTEHLIE, PEP 278 £ PEP 3116, &
51T bytes.splitlines() BZMML T ZE W,

variable annotation
(BT /) T7—=>ay) E-D 5037 7 ABMED annotation .

ZRDH BN 7 ABEICERZ 72 & 23, AT RERETT:

class C:

field: 'annotation'

BT 7T —aVidBEEEEY N OF0ifbES: FlZiE, ZOZEEX int OEEIRS Z 2 2
HFXNTVWET:

[count: int = 0

ER7 ) T— a YOI OWTIE annassign SiCHEH L TWE T,

HREDFBHDI D % function annotation, PEP 484 , PEP 526 ZZMR L T 72X\, ¥/, 7/ 57— =3
VEHATERANSF 2T 4 A2 LT annotations-howto SR L TL 2 &\,

virtual environment
(IRARERES) thaRMICYI D S N2 FATERIRT T, Z4UC & D Python 2—H e 7 7V r—> a VIZE LY
2T L ETEINTWA MO Python 77V 7r—3 a YOEENITFHT 5 Z 274 < Python Xy 7 —Y DA
VA=V EEHEIT) ZENTEELT,

venv 2SI L TL 72X W,
virtual machine

(Ff~>>) BRIV 7 b 2 7K D EFRINa Y ¥ a—&, Python D~ VE N4 ba—F
ayRAIPHA L N FO—F 2FTLET,

Zen of Python
(Python @18 ) Python ZHELAH S 2 LTOEZ 725, Python OKGHHRAIE B2 Y A MLk
HDTY, XMaE7 1> 7 MT 7import this” ¥ 2L DV AL 2HDHET,
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1%

CORFaAXYHMIDOWVT

COFFaxXy M Python D FFa Xy b2FREREHNE L TESLN F¥aXy 7 rtyHd Sphinx
ZHRIFA LT, reStructuredText TERD Y — 2 H4EMRINFE L=,

FFaxXybrZzoy—LHOKEIX, Python BH EFIRICEEICR T VT 4 7OENTT, b LHIVWEEK
L7zwWis, EOX5TRIEXI VIO WT reporting-bugs R—=S 2 ZETE WV, FHILWRT VT 4 7idWo
THEHNTI! GRiF: HARGEROMEICOWTIE, GitHub _E® Issue Tracker THEZ BBV £3,)

LRI EH &

e Fred L. Drake, Jr., AU I F L@ Python FFaX > by =ty FOERET., F¥aXrbrD0Ei%
HEF L

e Docutils 7B =2 b reStructuredText ¥ Docutils vV —1+t v b Z2/ERL F L7,

e Fredrik Lundh @ Alternative Python Reference 71 =2 b & Sphinx X2 D74 77 %15 %
L7z

B.1 Python F¥ a2 XY~ St

%< DFj & Python 78, Python #5475V ZL T Python F¥aXy7—>a ITHBLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBMML TS WAL EHACTEDDETHIRA Ty TL
THH %,

Python a3 2= 4 25 DEHEM L B R FTEZDOEBSL LW FFa Xy F—ya YiddEFAFEBATL
7o - DAL D!
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C
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C.1 Python DFESE
Python & 1990 FFR DD, F 5 ¥ XiZH % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC LN 2 SFEOHRMEEL L TEARINE L, ZOHRELD
A% 2 Python IZEHBAL TWE T2, Guido &5 HTH Python BEE DT> TVET,

1995 £, Guido 3 KEY 7 =Y =7 ML X b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

2000 £ 3 H. Guido ¥ Python ® 2 7 Bi%F — 413 BeOpen.com (2 D . BeOpen PythonLabs 5 — 4 ##EA L
¥ L7z, [A4E 10 A, PythonLabs 9 — 4% Digital Creations (BIf£®D Zope Corporation, https://www.zope.org/
ZH) 1D £ L7z, £ LT 2001 £, Python 1ZBEF 2 HINWMEZRE T % 7= DIEE A Python Software
Foundation (PSF. https://www.python.org/psf/ Z8) #iLb LIFE L7, ZDr F Zope Corporation i
PSF oBRBIZZRD $ L7

Python DV V=R IR TA =TV Y =R (=7 >V —RDEFEKIZ https://opensource.org/ #BLTL 2 &
W) TF, BRINICAT, T —#FERIZEA YD Python VY —21% GPL BUCK>TWET; £V IV —X
KOWTRTRICEEDTHD £5,
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D=2 N—2X ii)i23:3 HEF) GPL E#
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.14+2.0.1 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-Bift PSF yes

AR TGPL B#y w5 RHIX, Python 25 GPL TEAAINTWVWE L WS EKTIEH D £ A, Python ©F
A2y RFET, GPL LBV, ZHELIANA=Y a v 2EMTIBRICEEZ S — T VY — R LB THHhFEVE
‘Ao, GPL B¥iD 74 ADTTIE, GPL TV VY —XINTWAMHDOY 7 bv =7 & Python ZiHAGHE
LNFETH, FNLHNDIA LV ATIEZEITEDY VA

Guido DIERDO T, TNHEDV Y —RZHHEICL T EEoZL DRI VT 4 TDARIAEH L ET,

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

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under

the PSF License Agreement and the Zero-Clause BSD license.

Some software incorporated into Python is under different licenses. The licenses are listed with code falling
under that license. See Licenses and Acknowledgements for Incorporated Software for an incomplete list of

these licenses.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.3

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

3.12.3 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.3 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.12.3 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.3 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python
3.12.3.

4. PSF is making Python 3.12.3 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.12.3 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.3
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.3, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

its terms and conditions.

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

third party.
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8. By copying, installing or otherwise using Python 3.12.3, Licensee agrees

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

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

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

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

its terms and conditions.

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

granted on that web page.

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

bound by the terms and conditions of this License Agreement.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

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

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

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

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

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

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
(KDR=12HE <)
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FDR—TH & D E)
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.3 DOCU-
MENTATION

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,
(D=2 12Hi)
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HIDR— % 5D E)
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from http:
//www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim

comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

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
(KDR=D12HiL)
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A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 Y7wvhk

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
(RDR=D12Hi <)
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WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

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

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

Author: Skip Montanaro

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

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

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

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

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
(RDR=D12Hi <)
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Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
(RDR=D12Hi <)
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ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

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

C.3.9 Select kqueue

select Y 2 — Ui kqueue £ ¥ R —7 2 — ROV TDRDEHEEATVET:

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

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

1. Redistributions of source code must retain the above copyright

(RDR=D12Hi <)
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notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

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

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

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and

from strings, is derived from the file of the same name by David M. Gay, currently available from https:

//web.archive.org/web/20220517033456 /http:/ /www.netlib.org/fp/dtoa.c. The original file, as retrieved on

March 16, 2009, contains the following copyright and licensing notice:

/KoK ok ok ok ok ok koK ok ok ok ok o ok Kok ok ok ok ok o ok koK ok ok ok ok o ok sk ok ok ok ok ok ok kK ok ok ok ok ok ok koK ok ok ok ok kK K

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

The author of this software is David M. Gay.

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

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

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available

by the operating system. Additionally, the Windows and macOS installers for Python may include a copy

of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release,

and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
(KDR=D12HiL)
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the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (507%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

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

and conversions to other media types.

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

(an example is provided in the Appendix below) .

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

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

excluding communication that is conspicuously marked or otherwise

(KDR=D12Hi)
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designated in writing by the copyright owner as "Not a Contribution."

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

subsequently incorporated within the Work.

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

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

meet the following conditions:

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

Derivative Works a copy of this License; and

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

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

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its

(KDR=D12Hi)
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distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least ome
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

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

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditioms.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,

(KDR=D12Hi)
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whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

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

--with-system-expat:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(KD<R=2 1285 <)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi sources

unless the build is configured --with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.15 zlib

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

is too old to be used for the build:

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

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.
(KDR=D12HiL)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

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

appreciated but is not required.

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

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc TEHL TWE Ny ¥ 25— 7 LDFEEIF,
cfuhash 72 =27 bOBDICEDOZ T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

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

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

with the distribution.

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

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
(KD<R=2124i<)
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"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured —-with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

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

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

are met:

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

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

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

specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/
sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users

may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.
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Sun source code is provided with no support and without any obligation on the part of Sun Microsys-

tems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-
WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

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