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2.1.1 HELA

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

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

%7913 spammodule.c ZIEMT 2 TADLMDET, (IGHtL LT, spam WO HARTDEY 2 — L ZERK
TEHE. EYa—NVOFEEN A7 C 774 /% spammodule.c EFFRZ LIZ/ - TWVWET; spammify
DEISICRTEZEY 2 —NVADEHEITIE, HIC spammify.c ICHTEET, )

ZDT 7 ANDEPD 2T TFDOISICLET:

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

T, Python API ZHUDIAAE T (BELSH, £ 2 —LOHRICET 2HAPR. SR RZEINL
£9)o

AMR: Python &, AT AR Ko TUIEEANY XOERICHE T2 I58 7V Tuty B ERET-oTVS
DT, Python.h ZWITNDIFENY XX D BAEHICA 71— F BRIFEDEHA

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See #LEREZ 2 —JL
B TD/NT X2 ER for a description of this macro.

Python.h TERIN TV —F 5[OS v AU, & THEEE Py £721% PY MtV TuwE s, 727
L. BHENY X7 > A VANDERIIRE LT, DD L, Python NTEEICHES Zrickd 2w H
B2 5. "Python.h" [ FWL D DEHEAN Y X7 7 A )L <stdio.h> . <string.h> . <errno.h> . B X
<stdlib.h> 24 Y7L —FLTWVWET, BEDNY X7 7 A LD AT A FIZZFUE. "Python.h" 2B
¥ malloc() | free() BX U realloc() ZEHEERL £

RIZT 7 4 MBS 2 NAEE,. Python 3 spam.system(string) #FHfi3 2 BRICIFUCH I3 Z 2 iz
% CBETT (ZOBBERMINCED XS O THE. BTTSOILD ET):

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
(RDR=D1ZHiEL)

1 ZOBBADA VR —T7 2 —RFTTIEEEY 2 — )L os IZHD ET — ZOBMEEALDIZ, BMTEBENZHZRLEW
MEHTE

6 FE2E Y—FN—T14VY—IGLTHERZES
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(FiDR— 25 D %)
return NULL;
sts = system(command) ;

return PyLong_FromLong(sts) ;

Z ZTl&. Python 518V 2+ (flziF, H—d "1s -1") 226 C BRUCETHIRICZ DL AL TV
9, CBBIIHIC o5 Z2FRb, HEINS self BXY args LFHINE T,

self BIBUCIZ, BV 2 — L LNV OBEBTHNIEEY 2 —h, XV FIJEA TSI 27 b A VAR ADE
INET,

args 5180E. SIBDA 272 Python R TNFA TS 27 bADKRA Y RIZHEDET, XTIV NDOFEZRIZ,
O L OBEOGIEY R MBI 285BI HIG L £, 51803 Python £ 72 =2 F T3 - C BT
S AR > TR2ZEITHIICE, A7 b5 C OEICEHEERIERD $¥ A, Python API OB
PyArg_ParseTuple() 3518 D& %2 F = v 7 L, C DEICZE#L £ 3, PyArg_ParseTuple() &7 ¥ 7L —
P RES T, 5IEA T 27 Py ZfiE il ANS C ZBOBZHHIL £, ZhiZon
TR THLIHHALE T,

PyArg_ParseTuple() &, ®TOFIENEL VR ZHF > TWT, 7 FLRAEL SN EHICET I BESEE
RELLEZICH (JiEn) ZIRLEY, ZOBBBAPIELRGIBY R M 2ET M (Er) ZRLET, BRED
A, BRREY)spN 2Rt 32 0T B LA (BlicdH 2 L 512) F<IC NULL ZiRF X512 T
{TZEW,

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 APT Ti&, A LRBOFINEZ LY M T 27DDEBE W OPERLTVET,

bordIHVSHNSDIX PyErr_SetString() T, 5l1EUIHIANA 7P =7 b C XFHITY, HlstA
7Y =7 MIEE. PyExc_ZeroDivisionError D XD REREADL 7P 27 FTF, C XFHILT—
DFER%ZR L. Python XFH|A 7Y = 7 MIEHMINTHAND ” (FEE” RIFEShE T,

b5 —OHFMALRBEEE LT PyErr_SetFromErrno() 25 b ¥, TS IEcHINZT 2 D, [TEHE
F 70— VAR errno 2 OMEL F3, b o & SINHANRBEEIL PyErr_SetObject() T, 20D 47
T b IS eEERZTBICE D 3, TASBBICHE T A 7Y 27 MITIE Py_INCREF() Z2{H 5 %%
HHEEA

sty P ENTWVWE 2 5 23, PyErr_Occurred() Zffio TIEMEMICHRONE T, Z OBIBIIEL
FEDHINA TS = 7 v BB L E T, BISDFE L TWRWESIZIE NULL 2IBL 3, B@FEI. BERORED |
POHITT—PRAELT2ZHEITE 2133 KRD T, PyErr_Occurred() ZMUHTHEIEH D FEA,

2.1. C*® C++ IC&3 Python D3R 7
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BIEL g PO T f 23, BIEOBBOMUH LK L2 e 2Bl 5 2. f BRIZT 7 —{f (KHKIX NULL
% -1) ZIRXRERD EF¥ A, L L. PyErr_x BB OWT L Z NN THEL HD FHA - RER
5, g BT TRMFHLTWE2LLTT, XRWT f 2O LZa— b o —%2R"3fHz BS5ZHUHL
Tea— R WGRFT 2R D 35, FARRIC PyErr_x X MU LEFRA . UTHAKICHEET — 27—
BRBFELVWEHEZ, BRI — 2R LRSS TIHELTWE 25T, =5 —» Python £ &7
VEDRA =T IZEET 3 2, BEEITHD Python 2 — FiZ—FFE 1L, Python 7Rr 27 I <248E L
BN FIRELHES E LET,

(EY 2 —N% PyErr_x B2 3 5 —EIFCH LT, LDFEMRT T —X v —I %245 2 X 5 KN H
DET, COXIBRWTIEZSI TARETT, LidVAR, —RIVEHAIE LT, ZOREEBEME ST
REIF7ZL, e T IS — DRI 2 HMZ RS MBRICHED BB TT: THUTELD, 1FE AL DORRLE
Dbk A IZER SR T 200 b LIVEEA)

HHEETOE L TOMHDEBIZ L 5Ty b INfs 21T 51213, PyErr_Clear() ZMEN LT
BISMREEZ BIRAINCIHE LR TR D F B A, TI7—2A4A VX7V XIFE LKL, BElT (2l
DIEEZRToTD, MBEISRD oD LI CRENTZ L57%) =7 —UHEZER2TIHEITDA,
PyErr_Clear ) ZM-UHT X5 ITTRETT,

malloc() DOFFH LARHUZE, HIZHIFMT L2 < TId7e D 2 A - malloc() (£7id realloc()) & ELMT
O L TWwW2 a— Fid, PyErr_NoMemory () ZM-UH LT, KMERITEZRIRIIRD EFEA, A7V =S
2T 22 TORE (fl 213 PyLong_FromLong()) {& PyErr_NoMemory() OM-UHI L ZFEETL %
S5OT, ZOHAIDERT 2 DIFERE nalloc) ZMEFHTa— FZITITI,

¥ 7. PyArg_ParseTuple() & W5 EHERFINZEROT, BHDIRE 2 — F2RTBEKIZ/ VT, Unix ©
AT A=V, MEDY L ZBICiEY e 2EOEEIR L, KRLZEEICE -1 2 RLET,

BRI, T —BUREZRIERC. (27— RETLIETRBICAERLTLE AT Y27 PITHLT
Py_XDECREF () % Py_DECREF() ZFFUH L T) AN ETEEELITo 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 NVEROHBHINGERTE LT, ERT 21, @HZT 7 A VOLBEMTTHNL A 7S 27
FMEBOESEITVET:

static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

(RDR=D 128 )

8 E2E Y—FN—T1VY—IIGLTHERZES




Extending and Embedding Python, J1J—2X 3.12.3

(FiDR— 25 D %)
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() func-
tion may create a class with the base class being Exception (unless another class is passed in instead of

NULL), described in bltin-exceptions.

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

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

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

as shown below:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts) ;

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

HIFEDOBEBOBNCR 2 v, SEEUTOERTIEHBETE ST T

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

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

be declared as const char *command).

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

[sts = system(command) ;

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

function PyLong_FromLong().

[return PyLong_FromLong(sts) ;

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

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

Py_INCREF (Py_None) ;
return Py_None;

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

2.1.4 EZa—ILOXV Y RT—T )L AL

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

and address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

(RDR=D 128 )

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

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

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

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

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

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

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

g

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

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

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

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

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

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

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

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

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 tinterpreter. Required.
If this step fails, it 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;
}

AR H—oFav AW (£7213 fork() D exec) 2T AL TWIRWIREE) 1B 2EBBDA 27V %
IZHBWT, sys.modules HIY MY ZFREALLD#iRa Y R4 VIEAEY 2 —L% import LD T2
ELHBREY a - M Ko TREZAEL 2 28D D 5, IWREY 2 —LOEEIZ. NET— &Gz W)
MET 23 L KKHDITRETT,

X D EAWNREY 2 = HflE. Python ¥ — RELAAYIIZ Modules/xxmodule.c WS AR TA> TVWET,
D7 7ANMET YT L —he LTHAMTERTL, BIAlE LTHHDE T,
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FERTHI{LIC O W T OEEHIE PEP 489 2L TL &\,

215 aAYNAILeI>o

MLUWINREY 2 — V2 EX 2 L5152 F T, ELZODEHE: av 4k, Python Y AT ALAANDY ¥
7. BE-oTVET, BIVZGAAA (dynamic loading) Z{H->TW2 D746, (EEOFHMIEET DS AT 408
o TV 2HNFHARALDBERICE o TEDL LI DD LAEEA; LR IHREY 2 -1 DLV FIZHT 2
B (CHBSLY C++ WROEILEF &) . Windows IZB1F % €L FICBFRS 2 E8IMERDOE (Windows £
TD CHEFV C++ BRED2—ILOEILR E) 2B L TLIZE W,

R AAA MR 8D 072 D Y 2 — &2 HI Python 4 ¥ X 7Y XD—HRICL THELWEE I, A
VERTVRDOENFRELZZHLTHELFLATIIRBRLRETL & 9, Unix T, FEH#ERIITZ
DIEEIZE THHMTT: BICAFEDOEY 2 =17 7 4L (Bl 21X spammodule.c) ZEH L7z — AEAY)
D Modules/ 7 4 L7 F VIZE =, Modules/Setup.local ICHZTD 7 7 A AEEtHT 2 LT DO—17:

[spam spammodule.o

ZEBMLT, Py 7L RLDT 4 L2 MY T make 2FEHITLT, A YR TVEXEHLELVRTEEITT,
Modules/ #7757 4 L7 b UT%H make #FEITTEF T, Hid o T 'make Makefile’ 25T L T Makefile
ZHELVFLTEIPRINEROD ER A, (ZOFE#EIL Setup 7 7 A NVEEET 272 NITBETT, )

ETa—ADBBIDITA TSIV Y I ERNTOVERERDEGE. 94T 7 VHRET 7 A NVHNIETEF
T, FIZBU T LS ICLET,

[spa.m spammodule.o -1X11 ]

2.1.6 C »*5 Python BIfiE U H

ZNETI, Python 2260 C BABOMUIH LICEREZEVWTHERNTEE L, EZATIODH: C 2560
Python BIOMIH L D E-HHTT, &bt WbWwd " a—ANy 7” BEEYR-1+F5L54%7
477V RERT 2BCIE Z OREREDERI TS, 5 CA VR =Tz —APBa—A Ny Z2FHALTWEY
&, FFEOHAEE RS2 Python 72— FTIE, LIXLIE Python 7R 27 I <ica— Ly 7RIS
BZRERHH FT; DL EFFEETIE, C TELNZa— Ny ZHED S Python TErNZa—L Ry 7
B EZOCHT KO ICT2REDRHETLE I, bHbAHA. HOHBRDEZILNET,

FE R Z 2T, Python 4 ¥ & 7V XM HEICHFEFECH LT %, Python BBZ NI T -0 DELEL >~
R—T7x—AbHDETF, (Python X—F2REDANF 2> THEHTHIRICOVWTEHHT 5208 DId
HYFEHA - ZOFFEICHEKDSD 345, Python Y — 23— F®D Modules/main.c XH3, a~v>¥ K74
VAT ay -c DEREERTIRLEIW)

Python B OM-UH LIFBHETT, £33, COa—RINLTa—Ny Z7E2EFL LS T3 Python 7
0 27'o aE, M50 HET Python ORA 7Y 2 27 F 2EXRIERD FHA, DD, Ta—AN Ny
BB (£33 20D A4 V& —T7 2 —R) RRHEERIERD EE A, 2D —Ny JERRBIEDIECH
ShBz, 5lEE XNz Python A 70 227 hADRAL VX E 70— NVERIZ - HEWVE, £2h

2.1. C % C++ I2&3 Python DR 13
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HYIRIGINC —— RIFLE T (B%H 7Y =2 + % Py_INCREF() $5 &5 K IERELTL XV, iR,
TS REABPEY 2 —1D—FIZH>TWVWBEZETL & 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 nmew 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;
}
return result;
}

This function must be registered with the interpreter using the METH_VARARGS flag; this is described
in section EZa—ILDXAY vy F7F—T )L HHLEI%. The PyArg_ParseTuple() function and its
arguments are documented in section #55RES 2 — LB TD/N S X 2 ER.

Py_XINCREF() 3 X Py_XDECREF() ¥, A7V =7 MW TEBMBAV U b 2L VI UX YN /T7 VU X
YT B20D~ T, NULL KA Y EABPEINTHREHEETEZIEATT (2idvwi, Lofntid
temp A3 NULL IR 2 22 WEHDERA), ThEDY 7RSI T Y MZOoWTE, 2BAT Y ME T
BFLTWET,

ZDH, A=Ay ZEBZEWOCH TR RS, C B PyObject_CallObject() ZFMNHL X3, 2O
BEUICIZ =2 D51%: Python B e Python BIEDGIEV A bH3H D, WINHEED Python 7 7Y =2
FERTHRA VEHTT, 5V A MIFICEXTINATY 27 P TRINER ST, ZORIEF5 BRIk
D %3, Python BI¥% 51802 L CMUHT DR S, NULL 222D X 7V EELET; H—05 | $CR—EBE O
W3 oms, HERE (singleton) DX SN2 L £3, Py_BuildValue() OFRFHIHIC, TrfEHE
—fEA EoERa— A 0 2 AHEND D 256, ZOBBIEA T2 RLET, UM ehlZRL 3

int arg;

PyObject *arglist;
PyObject *result;
arg = 123;

/* Time to call the callback */
arglist = Py_BuildValue("(i)", arg);

(RDR=D 128 )
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(FiDR— 25 D %)
result = PyObject_CallObject(my_callback, arglist);
Py_DECREF (arglist) ;

PyObject_CallObject() & Python # 7Y =2 b ADKA ¥ X %2R L ET: Z4UE Python B 5 DED
fEIZ72 D %5, PyObject_CallObject () &, 5IEUTH LT ” A Y > ML (reference-count- neutral)”
T3, LORITEXINVEZERLTHBY R P LTIREELTED, ZO& 71 PyObject_CallObject ()
DI LE%IC Py_DECREF() ¥R TWVWET,

PyObject_CallObject() ZEDEE LT "#H LW A7V =7 b FRIER I NIzA TV =7 + o, BT
DEFTI I VDBRITV I AV VRA I LESDERLET, EoT. ZOATT =7 e a—N
NVEBCBRELEZVOTROAED, 2 2 ZORVECEEALRL TS (BLA, 25 THIUIBRBE D))
ML DHFIETREDEA 7Y 227 % Py_DECREF() LARITNUIRD FX¥A,

Li3Wwz, B % Py_DECREF() F AHNZIX. {EDS NULL THWHIF =z 7 LTEL ZEPEETT, d
L NULL 756, FEOCH L7z Python BEEUIBIAN ZEH L TR T S 5N TWE S, PyObject_CallObject ()
EIECHLTWS a— FEAED 72 Python 25MUIHIATWEDOTHIUL, FEIE C a— KPEDEI
CHLTW2 Python 22— RIZT T —fEURERZRIRIERD FHA, ZRUCED, A VR TVRERZ v 7 b
L—2%H LD, HIANELES 27200 Python 2— REMEH LD TEEF, FISOEELAATEE
7Zo7eb. L7 BWnwDiz s, PyErr_Clear () ZMFATHIAZEEL TE»RIIRD /A, HIZIZLTOD
koI LET:

if (result == NULL)

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

Python 2 — A Ny JEBELYARALA VD RZR—T7 22— 2R LEVWRLIT &> TiE. 518V R+ %
PyObject_CallObject() WCHEARITNELRLLWEEDHDET, H5 7 —ATIE, a—Ny 7Y
ZHELLDERULA YEZ =72 —XZNL T, 5IBVRAPBESINTVE0S LOAFEA, FHIOF—
AT, FILOXTLEHEL TR A P EEI QRS RVrS LhERA, ZO5ERD EIHZOE
Py_BuildValue() ZMERD 5 TT, HIRIE. BEROANY ba—-RE2ELLZTE UTOXS5KRa—F
S Z2ICRBTLE D:

PyObject *arglist;

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

Py_DECREF (arglist) MM LDERE, 7 —F = v 7 XD HHNCEINTNS ZEIZFERELTLEZEW!
i, BEICE R, Z0a—FIITETIEH D FHA: Py_BuildValue() I XEVARRIZBEVWE D L
N, Fzv 7 L TEBLIRETT,
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WHEOFIEE ¥ —v— F5$%E ¥ K— 3§ % PyObject_Call() Zfio T, ¥—7— F5lEEMES BT H
LETZZeMNTEET, LOHIXFAT L5112, Py_BuildValue() Z{F- THEEIED £ 7,

PyObject *dict;

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

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

2.1.7 HiRED 2 —IILEAETD/INS X 2 EH

plll

PyArg_ParseTuple() BIZUTO LS ICEE SN TWVWET:

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

518 arg 1% C BIED» 5 Python ICEIN B8V R MNB AKX INATI 27 P TRITFNEED FE A,
format 5IEEERSCFES| T, Python/C API V7 7 L Y A< =27 )LD arg-parsing Tfii X T\ % EHik
WKHEDLRRZRD £E A, RD DI, ZRZhOEHD 7 FL AT, FRFH»HRE 28I ->TW
RFHUER D R A

PyArg_ParseTuple() (& Python 22652 6 A5 BB ELRIIZR o TV B 0HN2 DITH L,
PyArg_ParseTuple() IIMFUOH L OBRICE I N C ZBD 7 FLADBEMBREZ RO LA L AL W0
CEWRERLTESIV: ZITHEVWELTE, a—F»R2 79y a320bLAREAL. AL HT
7H®iREy PR XEVIZEHEELTLEVE T, HEZ!

PR LNt B 4 7Y 2 7 FADBIIE TN T BA S (borrowed reference) 12720 £3; 285
DATY 2 NDBRAYY L EF 7Y XY b LTIERD AN

BIFIZWL OO LFIERL T

#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() */

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

16 E2E Y—FN—T1VY—IGLTHERZES
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ok = PyArg ParseTuple(args, "lls", &k, &1, &s); /* Two longs and a string */
/* Posstible Python call: f(1, 2, 'three') */

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 HEREZ 21— ILEBDF—T—F/INF XX

PyArg_ParseTupleAndKeywords() (& MU TOD XS CEEINTVET

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format »$7 X &% PyArg_ParseTuple() b D[R U TF, kwdict R X X3 F—v — F5|HD
Ao 7HE T, Python 7Y XA LS AT LADLE =TI AR UTRIMD £F, kwlist 787 X ZI3ENRT
A REHANT 272DDXFH 575, NULL #i SNz X b TT; %87 X X4 format ROEUEHRITT
LTEPOHEDIRCBEZINE T, Y13 %L PyArg_ParseTupleAndKeywords() IFEHZIR L., ZhlHD
SE T EY e I e X L TR IR L %5,
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Extending and Embedding Python, J1)J—2X 3.12.3

AR F—TU PR TWREE, RIVEARTFIRLUTHIEEA! kwlist MICIFEL RV — 7 —
P8 X X E N6, TypeError OXHZ5IZE I L XS,

UTEF—T—F2flioE2a—nHlZRLE T, T4 Geoff Philbrick (philbrick@hks.com) 12 & 2% 7
B LfEd L TVET:

#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, "il|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 */
1

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

PyMODINIT_FUNC
PyInit_keywdarg(void)
(RDR=V ki)
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(FiDR— 25 D %)

return PyModule_Create(&keywdargmodule) ;

2.1.9 FEDEZEET S

Py_BuildValue() & PyArg_ParseTuple() OXMUICNIET2HDTT, ZOBBIIUTO XS ITERI N
TWES:

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

Py_BuildValue() l&. PyArg_ParseTuple() Dadikd 2 —HEDOHFXHMICU A FXHEMZEEHKL £5. %
72U (A0 ITEZRL, AcfEbins) 518ERA &2 TR REDETRIFINIZRD FH A
Python 226U S N7z C BIBANRIEE LTy, #7z7k Python 77> =2 P 2IEL %9,

PyArg_ParseTuple() X IiZ—DE S mH D FF: PyArg_ParseTuple() 1IHE—FI5% X T ITT 5 RED
HHEF (Python D5V 2 MIWEBINCIZFICX L LTREINEH 5 TF) A5, Py_BuildValue()
FERTNRERT 2 L3R D £8 A, Py_BuildValue () GEFEACFINHICERBMAL Z o2zl EA-T
WAGEITDOAR T VEHELET, EXCFHNDZE/R S, None ZIRLET, Zohh—D20HFEXHR 5,
ZOERBMDIFLARL TOBMS0DFTI 2l MIHEDVET, A XN 0 1 DX TIVIBIEI0DRS,
FHTFHN 2 ASFINTH V£ T

UTPehlzrmL 3 (LR LAIZ, GRS 25 Python [HZRL £7):

Py_BuildValue("") None
Py_BuildValue("i", 123) 123
Py_BuildValue("iii", 123, 456, 789) (123, 456, 789)
Py_BuildValue("s", "hello") 'hello'
Py_BuildValue("y", "hello") b'hello’
Py_BuildValue("ss", "hello", "world") ('hello', 'world')
Py_BuildValue("s#", "hello", 4) 'hell'
Py_BuildValue("y#", "hello", 4) b'hell’
Py_BuildValue("()") 0
Py_BuildValue("(i)", 123) (123,)
Py_BuildValue("(ii)", 123, 456) (123, 456)
Py_BuildValue("(i,i)", 123, 456) (123, 456)
Py_BuildValue("[i,il", 123, 456) [123, 456]

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

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

1, 2, 3, 4, 5, 6) (1, 2), (3, 4, (5, 86)
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2.1.10 BRAV >V FE

CRCH+DEIOIREFETIE, 0l I7~vRB b —TLDOXE) ZHINCHERLZVERLZD T3EEHLD
DET, T L7MEEE C TEREE nalloc() ® free() TITWE T, C++ TRERAEMWICH U E® CHEHE
T new % delete DMEONE T, ZIZ T, UTO#HEIX C OELEICREL TITVWE T,

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

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

I BEZRAEV V=2 OKIZa— FHOETETRWVLEEKTT, flZiX. D2B80H2XE) Tuy s
ZHERL. (o205 RZIToT, BETRy 72BNT 28 LET, ST BAROERMERZEE LT, &
BN 27 A 2EMT 2, =7 &ML, BEBORTPTUHEZREST X512 50b LAEEA,
COBHTOMRTHHEZZ . E, HEINLZXEY T8y ZEBRLENLTVDOTT, 2— FHAERTEMX
NEGETERICESI T, ZOEIRAXEYV Y= P—HHIVAATLES &, BEVLEBHZIAZRVWEFI
BREZZEDELSDDET: T K ZHBOKTIE. RTORBEIETH LD L TZADD T hREIE L
MEZF. ZO—HTIEL AL O ERIIHEYROFRELELZR > TV a7, XEV Y —=I2HL
PR ZDIF, ROHEEL TWie 7 a e A =27 2l 2 TEBEME D #H- 2GHICRon 205 TT,
WoT, ZOEMOTI —%F/MNRICLEDZ X5 a—7T 1 ¥ 7HICHIE T T, REOXEYV Y -2 %
BT B Z e DEERDOTT,

Python & malloc() % free() #IEFHIC L FIHT 272D, XEV V=27 DFfILICIMZ, BRIz XEY
DERZEIET 2 EIENNBETT, ZODITBIINT-DOBBB A v > ME (reference counting) & MEN S
FETT, 2RIV Y MEOFHIIEHTS: 2 TOA TV 27 M2E AV Y EBHY, A7V =7 Mk
LZHREBEIPIMRFEINTZODT Y REAL T VRA VML, ATV =27 M T2BELHIREIN TS
VXY MLET, AV YEPERIIEST26, ATV 27 PAOREBOSEDPHIFREN-Z2 1Tk, +7
V= PIMBRENET,

b —ODOHIBIIEEIY N—Y a1 7> a ¥ (automatic garbage collection) EFHENTVWE T, (B 7~
MERATR=YalL 7y a VEIBO—D2 LTHEITONE I dHLDT, Z22XilT57-DICE KL " H
#) (automatic)” ZH->TWE T, ) HEIAN—YaL 7> a YORERFLIE. =D free() ZHRM
WERRATEWZEIZHD FF, (FHERPXEY ORMAAMESFRE LTEREATVET — 5, Zhd
7= 2FETEDDE¥A, ) C KBIZHHIR—YaL sy a yOREZ, BRAWMEDOD 2 HTR—ya
LI ZDPEIELRVEWNDS 28T, 2RUTH L. BHA D ¥ MEIEARED H 2 FEITEE T (malloc()
% free() ZFHATEZ2DHHETT — C BHEE ZAEHRIEL TVET), WODHD, TR D 5
HR=T AL T RN CTHEREZ LR LAERAN, ZNETE BRIV Y METP > T LS
IZIERVWoTT,

Python Tld. BMNZZRA Y ¥ MEDEEZITo TS —/4T. ZROMRZ ML T 272D  158RS
SRS (cycle detector) HIRMEL TWE T, BERSRMHLERO B3 T, B, FEIr2D 5 TIER
ZROAERZXICE T T IV r—2a v 2BRTEXT, w0, BRIV Y MERT 2o R—
vavrryaryFEECE o TREZRIFHRZ L5 TY, BRSRIE, (MESRO5EHEDT) HEANDS
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WP ANoTA 7T 27 b ROIERENE D, ERADA 7Y =227 M3KAELROBRAY >+ 2Hb %
T R BIRA Y O MEDFEETR, L AMERBEEZERT 24 7Y =7 Mo L Tllice Bk
WE LTS, ERZEANOEDAF 7Y 27 MZE T2 XY EANHTEEE A,

TEERSIEBHBEEZ D XS BRAR=IF 4 7V (R U7z & 5 RIEERSIRA 7Y = 7 b) B L CTEINS
BIENTEET, gc BV 2— 2D XKD RO FEIT (collect O BARN) ZIBMET 2 2 iz, FE
DHDA Y RT7 2 —AB X UOMHENEZ ZITRICENC T 2 HES I LTV E T,

Python ICHIT3BBAT Y &

Python 12i%. ZA VY bDA Y7V XV MRT 7YX Y MV2UHT 52 - D0D~< 27 v, Py_INCREF(x) &
Py_DECREF(x) »'® D %3, Py_DECREFQ) (. ZHA Y Y’ IZEFEL LRI, A7V =27 DX EY
BTV E T, FHEZR-E 27D, free() ZEHETIELEFEA — ZO0RDHTATI =7 +OD
BA 7Y =7 b (type object) ZNLET, DD (OENDDD ETH), £ TOF 7Y =27 MIZH
BORF T2 MINTE2RA Y EBA-oTVET,

XT, FRERZEMME > TWVWET: WD Py_INCREF(x) % Py_DECREF(x) XXX VDTL & 557
2T, W oDOMFERIS LMD X BT LIV, FF, 7922 ME? if (own)” I3 LEHD
FEA; LU, 547V MIRNT2ZRDOE own a reference 3 TEEX T, A 7927 FOBRA
Ty ME FOA T 2 PBROMAEZII TV AR ERZINTVWET, ZROMEFE . SRIN
7% 72 o 7B Py_DECREF () ZM-UH 3 1REIZHW %5, ZROFTAMEIZLE (transfer) TE %3, T
ZM (owned reference) OMEIIX, T, R7ES 5. Py_DECREF() ZFEUHIF, WO =DDHENDH D
¥9, TAESREAB L shd e, XEV)—2%5|ZRILET,

F7Y 27 MIT 22HIE, B (borrow) HATRET T, 2 ZHOMAE L. Py_DECREF() ZMA T/
DEEA, HHER ZROFEE»OMEH LM ZEZ TSR2 R LET TERD $¥ A, TEEDLS
BERELLBRTHEASEEMES &, MBEAA TV RZHHALTLE S BMH 20T, gy aidzb
FHA, I

SROEAPZROMAE LD BENTVERIE, a—FHeDh S 6%%@%%@@%T%EE%F$LT:B< X
STHELBLSTHELZIETT — jloEnazdiud, HHSROBEICE. WHORTCEBEZRKTLTD
X%UU—?@E@%ET;Z#&V\tmvptfﬁo@k\%ﬁib§$ﬂ&ﬁ@\p<ik%kﬁxé
a— kP, HRICESHOMBHAITTHEINTLE->RICZOBRBEM S b L v X 5 R4k s
HBEWVWHZETT,

Py_INCREF() M F &, EHSREMASIRICEETE £ T, ZOBREXSROMGRHTOREBICITTE
L% ¥ A --- Py_INCREFO) W@3#H7FEZREZER L. ZROFFEEIHINZLTOERZRLES (OF
D. #iiLBROMEE . DATOEH L Fk. SROBEEZEYNITORIIRD $8A),.

2 BEE AT LWIRAXT 7 EHEICEELL B D FRA: BERS, BROFEEIIKAL LTBROa¥— 2T
205 TT,

*3 ’%5573‘7/ 1\7b> 1 LXJ:?E)K IDFARBZFHEF SECVWEFRA — BBATV Y FEBBERI NI AEY RICH 2720, ZOH

HEMED S D 3!
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FRABEHEICE DDH B RAY

F 7Y 27 FADBREEBRONMCETIEAEICE. A7V 227 FOFEESSIRLICEINZ 0 E1HE
WA v & — T 2 — 20— e 2 b F3,

AT PANOBRERTIZEACOEIL, SR 2 HICFTEHEDIEL £3, K2, PyLlong_FromLong()
% Py_BuildValue() D &S5, HlLlWwAT7 =2 b 24T 2B THAMEZHEFICELE S, 47
Pzl IDEBCEH I RA T TR TH, TOF TV =27 VI T 2 RSROFEHEEZEF
3, PlZiE, PyLong_FromLong() 3 X5 fEHZF * v a2 LTED, Fvv>¥adhENOSHREZIES
ZeDHHET,

PyObject_GetAttrString() DX S5IZ, H2F 7TV =7 v ojloF 7Y =7 M2l s 2 K5 B
. R DIMAEHZRELE T, 2556 0HEPPRPHBLICS VA LAEHEA, EWVIDIF &L
Hbh L —F DN OhHHIE 25> TWBH 5T PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B XU PyDict_GetItemString() Z®T. X 7N, VA b, FLEHEILEAS
HERLET,

PyImport_AddModule() (&, EFCE ATV =27 P 2AEML TRT I eHAH2I2dr0rboT, HHZRE
BLUET: TODAIEERDE. ARENA 7Y =7 NI T 22T sys.modules ICREFEN 205
T3,

FT7Y 27 bAOBRBENOBEEBICHE THE, RV, BEEREMEOCHLFE»OSRBEEHALES — 5
W2 RES 2B D 5726, BIFMINZ Py_INCREF() ZM-UNH LTHN LA EICRD £3, L3R, Z
DIANIZ =D D EE LIS} PyTuple_SetItem() ¥ PyList_SetItem() 23H D %3, T o OREUI. ¥
INTFIBERICH L TITEEETES>ID (take over) £F — 722 ZKBLTHTI! (PyDict_SetItem()
¥ ZOMEIIFTEHEER S FLA — ZAHEWHIE 7 HED” BHTT, )

Python 228 C BEDIEH N3 BRI2iE. C BRI LD S5IBAOSEEH L £3, C B
FECHLENE A 7Y 2 7 FADSIREFTE L TW 3 DT, ERASROAETFHRARIE X 2 OB ILE %
BTETTT, ZOLIRXLTHASBRERELLZDMICE LD LEWEEIZDA, Py_INCREF() %ffio
THTESRICT 2 RELH D £3,

Python 2260 &7z C BEDIRSSRIFFESRTRINIRD $EA - FTEHEEE,RSIFOHL
N ZHRESNET,

K

A NRIICBWT, —REZICAX 2EHSHROFHAIMEZO0EB I ZeB’H D T, ZOMEIT
RT, 4 YR TYZPBIEFRINCFERHEEN, £ VR TY) ZBRBEOFEEICSHEEBEGEIETCLESI RN,
R L CTWET,

HoTBIRESF—RXDIBERYD, ZLTRHEBERDDIZ, VA MERIIHNT Z2ZRE2MED TV EEICHE
%3, BB WA 7Y 27 MTK$ % Py_DECREF() DT, #il2I3:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
(RDR=V ki)
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PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */

FoBEIZES. 1ist[0] NOSHEEZMEBHL. X2 1list[1] Z{H 0 TEX#Z, REBRICIZIFLCEHALES
BEHALTVWES, MMELZVESICRZETR? THZ S TR EVDTT!

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

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

Since it is written in Python, the __del__() method can execute arbitrary Python code. Could it
perhaps do something to invalidate the reference to item in bug()? You bet! Assuming that the list
passed into bug () is accessible to the __del__() method, it could execute a statement to the effect of del
1list[0], and assuming this was the last reference to that object, it would free the memory associated

with it, thereby invalidating item.

IR DRE A AU, FRIGEE TS, —RICSREEZEHPLPEXEIVDTY, IELLEET 2 A— =
YEUTOESIRD £

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...

ZoOHEK, FEHZEAZAL Y FIZBEBRLTWE 7 — 2 TY, @i, Python 4 ¥ & 7V XITBIF 3K
DALY RiE, Z0—=—NNA YR T)VEZOy IBRF TP 27 FEMEEREREL TS D, HWIHE
BIHIZLEHYERA, EIFWVWA, By 71 Py_BEGIN_ALLOW_THREADS ~ 27 0 T—REICHEER L 72D
Py_END_ALLOW_THREADS TR LD TE T, ZhobD~vrnid7uy 7O I % 1/0 FEUH L o ERH
WKL BN 1/O PETTE2ETOMMHDRAL Yy KR Taty 3 EFHTEZ X5ICLET, LRI,
DU 0B Lol e W82 5 ATHES:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
(RDR=V ki)
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(FiDR— 25 D %)

...some blocking I/0 call...
Py_END_ALLOW_THREADS
PyObject_Print(item, stdout, 0); /* BUG! */

NULL R1>%

—ERe LT, A 7927 bAOBRESIBICE 28I —92 NULL K4 Y X2 ET I TFHRLTES
T EZOI22ar7 R IThDE (O, HeTa7Ry =258 ZT) 28 TLxS, — A A7V
FOZREIRT XS REBuE . BINDOREERTHEICDA NULL 2K L £3, 518020 LT NULL
T A MR VERE, BEELELEZTIR -4 7Y 27 M RO E BT, 5T - K4
DRAELAHY NULL 7 R b 21T 213, TUERT A PP REIITDbA, 2 — FId X DEHICH Z itk E5,

o T, NULL DT A MEIATI 27 +O " FBER, THROBMED NULL 1I2/2250d LA WERAS X &2
oz ERFICLEL & 9, malloc() . BN ZEH T 2RIEEMED H 2 B Z DFIT T,

~ 21 Py_INCREF() B X f Py_DECREF() & NULL KA Y XDF = v ZBITVWEHA —— LHL. ZThALD
~27uDZ{tTéH 5 Py_XINCREF() B XU Py_XDECREF() &F = v 7 Z{TVE T,

REDA 7Y =7 PUZOWTHRNSE 71 (Pytype_Check()) & NULL A Y ZDF = v 7 Z{TVWEHE
A EDBRLETH, HARBRZEZPHEELTATY 27 bOBREFEANZIRICE, 25 Lz~ aiehiily
TS REDDH 2D T, RN NULL RA Y RXDF 2w 72T 5 TRBTAMIKoTLEIDTT,
BIZHANZ <7 22, NULL F = v 7275 Z{LFEHD D 8 A,

Python 205 C Bz OHI 3HMIZ. C BRCEE N 2518V A (FITVWI 2 ZAD args) HRLT
NULL IR 5R VWK SMHIF L TWE T — EBICIE, B IR K5 EL TwEd, ™

NULL KA &% Python 2—H# L~ "B L” TLES &, FARLS— %25 LET,

2.1.11 CH++ TOILKRES 2 —ILIERK

C++ THIREY 2 —VIMMEKTEF T, LWL ODHIRAEDH D £F, X4 > 725 4 (Python £ >~
ZFYZ)FCar 47 Tary A LENY Y 7ERTVWEIDT, FR—NVERRHNA 7Y =7 b2 a
VAL RTHERTEERA, XA T 0T T L0 CHt a2 R4 FTY Y7 E3NTWERL ZHIERHET
3% D FH A, Python £ X 7Y X0 SR XN B8 (FR2EY 2 — A WIHALEEE) 1%, extern "C" %
FoTEFLRITNUIRD FH A, Tz, Python Ny X7 7 4 )L% extern "C" {...} KANZRNE XD
DEHA--—- VKRNV __cplusplus (BIED C++ T4 JIEBRTIDI VAL EZERLTVET) DER
ENTVDE X extern "C" {... .} 2MTONDZ LI AV X T 7 A VNITTTREPATVELHTY,

* 2 HRO” O U E > T 258103, ZOREGER SN EEA — BFEO 2 — FIZZVEZICIEROMOH LKA
AHNHEF
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2.1.12 #5EREZ a—J)LIC C APl ZiRt9 3

% K DIRIRE Y 2 —/WIHUZ Python » & 2 2 Hi7- R BRI 2 25 2 7210 T8, RRTHEREY 2 — b
WD a— FHBMROINREY 2 -V THEMZRZERH D T, HIZIX. H2EY 2 -V TRIEFHZEDOZNY
ALDESWCEET S " aL s ay (collection)” 77 RAZEELTWEhS LNEEA, BxS5EURL
BEBLEDRIELZDTE S C API {2 724240 Python V A MDD X512, ZOHilkal rzyay
HMOIIRE Y 2 — ) S EHRFTESL L 5I1CF 213 —ED C B ER > TR IR b 8 A,

—RT2r ZEHEHEZR I BICBEE (5B AHA static RELIWFEFTEITI) FT, #EYUIRAY X
77 ANEREEL, C API Z2F NI X0, B2 ET, ZLTEBDOL A, 2TOIKREY 2 —H
Python 4 & 7Y ZIZHEITHNICY Y 72N TV AHEREIEEELE T, £ ZAEY 2 —HHF
SA4TSVDFEIIE. —DODEY 21— L TERINTWVWEY Y RAPUDEY 2 — A SRARIRZ LD
D EF, AIREOFEIIEARL =T 4 YIS RATACEDET; HZP AT L& Python 4 Y 2T ) e 2T
DIGREY 2 —VHICH—O 7 a — o LiaZHiZ2ERZ HE L TV E T (121 Windows), HlDY 27 A13E
Ja—DV Y IRCIDAENSE Y VRV EHRNCIEET 2L0ESH D 3 (AIX BZ2O—FITT). F
72Dy A7 4 (1F2 A YD Unix) TlE, o IS 2 E I LTRELTVWES, 2L T 2222 UK
AR B — > VERE LTAHETH->TD, MUHLZVEABRDA 7Y 2 =R FERFr— FIRTWian
ZeEoTHHETF!

Mo T, AMRMED D S > Y RADOAEIIITSREEZ L TIER SRV 2 ICh D ¥, D% W ILRE
Ja—HDETDOY VKRUX static LESERIEXRD FHA, HBMNIED 2 — 1V OWHEHEEBEIET, Zhik
(EZa—ILDOXAY Y FT—=7IL LS TRz & 5 12) MDILREY 2 — L & ORI THEIDEZET 2
DRI Z72DTT, i, MOWIRES 2 — 057 7 R% FlFZIRITTIEAEVL >V RUIFIDORDH
TREATRERD £H A

Python 13® 24E5kEY 2 — D C LNV DER (KA ¥ &) ZHIDEY 2 — VIS 72 ORFIR L
Capsule (4 7)) ZHE#HL TV E T, Capsule 3R A ¥ & (void*) i3 % Python & 7 —&XHTF,
Capsule 1 C API 2N LTOAER LD 7 7R LD TEZTH, M Python 7Y =7 beFEIL &
IWCZIELTEET, &b, Capsule IZEREY 2 — LV OZATZEBNICH 2 LATCRATE T, fho
PIREY 2 —MWEIZDEY 2 — /L% import TE, KICHFTZHIG L. &%IZ Capsule ND R A ¥ & ZHUF
L%,

PEREY 2 — LD C APl Z T 27912, B4 %AHET Capsule DMEONE T, FBEKE 1 2047V«
7 MZANZ=D, £2TD C API DK A ¥ ZEeH|% Capsule ICANSE ZENTEET, LT, KA &t
FTARRERPIR L Vo 7ok A RIEER, a—FEZEBELTVWEES 2125347V MET 2 —L DT
R HETHHTEET,

CDFERENIL TS, Capsule D name ZIEL K RET 5 Z L IFEETY, PyCapsule_New() & name
518 (const charx) ZHXD 7§, NULL % name (ZJET 2 & dFFAIEINTVE A, name ZRET DI L%
HMHERLFET, ELLARTZMY SN Capsule 13H 2 BEOERITRAULZEHEZERED T, AEIEHT S
N TV Capsule 2 Capsule ¥ XB T 2HENZAFIEEIDD THA,

Kz, C API 2Bi3 2729 Capsule IZIZRDNV—IZHE - 72 HHFTRNIT B RETT:

{modulename .attributename

PyCapsule_Import() &5 fEF|EEIX. Capsule DHAFIHB Z DL —MIZ—HLTWVWS & ZIZDA, B
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Capsule BHTRHZNTVWS CAPI 2R —FFT A2 N TEET, ZOEHITLD, C API D2 —¥—
M, FEFEICIELW C API 2L TW3 Capsule 20— R CERZ L 2ELDZ N TEET,

T ofltix, #AFieRAT 2EY 2 —LOEFIZE AYOARIE» D £330, KL{fFbhd541477Y
PEBBICHYIR 7 TR —F 2 EELET, 207 7u0—FTld 2TD C APl R4 & (fIFTIE—o7
T &, Capsule DL 725 void KA Y ZDEINMRIFL T, HLREY 2 —MITHEFT 2Ny X
T 7 AME,. BT 2—D import ¥ C API RA VX 2HE T2 k5 FllT s~ ru2iftLE9; 754
7Y FEYa—UE, CAPI X7 Z7EATIRRICI D7 a2 R TT,

The exporting module is a modification of the spam module from section & 7. The function spam.
system() does not call the C library function system() directly, but a function PySpam_System(), which
would of course do something more complicated in reality (such as adding ”spam” to every command).

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

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

static int
PySpam_System(const char *command)
{

return system(command) ;

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

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

{
const char *command;
int sts;
if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
sts = PySpam_System(command) ;
return PyLong_FromLong(sts) ;
}

EY 2 —)ILDSTEICDH B LT OFT

{#include <Python.h>

DERIC, UTOAT2R43EML TS

#define SPAM_MODULE

#include "spammodule.h"

#define IX. 7 7 A /L spammodule.h 24 > 7L — FLTW3DABL4HTZ AT 2HDES 2 — L TH -
T VATV RMEY 2=V TRBRVILEANY X T 7 A NVICHZBT1-DIEbNET, KEIZ, EYa2—L
DHILBIRNZE C API DR A ¥ XEHZHHUET 2 K 5 FRLRFUIZRD $EA:
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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;

/* Inittalize 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_API is declared static; otherwise the pointer array would disappear when

PyInit_spam() terminates!

5L D DOKETIENY BT 7 4 )L spammodule.h IZH D, UTDXS5ICHR-TVWET:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System_NUM O

#define PySpam_System_RETURN int

#define PySpam_System_PROTO (const char *command)

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

#1fdef SPAM_MODULE

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

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;
(RDR=V ki)
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(RIDR=I D5 DREE)

#else

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

static void **PySpam_API;

#define PySpam_System \
(* (PySpam_System_RETURN (*)PySpam_System_PROT0O) 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) ? O : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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

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

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

ZO77a—FOEELRRAL, spammodule.h 2R HMICHR L L WVWI T TT, 2wz, SFEBOEAR
HRHBRIIAHEN2 DD EFRIURDT, FEXH 2 —ERLTIFENETAET,

%I, Capsule 1. HEICHEGFINTOVEIRA VX EXEVMELZDBIKL 2D § 2 BRI E A
e b —O0KREERRREL TV S Z i TErRIER D £/ A, M Python/C APT V
77 VL YAR= 27D capsules, B XU Capsule DEZEES (Python ¥ — X a— FERYHDO 7 » 4L
Include/pycapsule.h B Objects/pycapsule.c Wil hCnE g,
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RhiE
2.2 INRDBIDESE: Fa—rUTI

Python Tl¥, #AAAD str B list D & 54 Python 2 — F 2o ETE 525 L WE%E C HLRE
Va— VOEEDRERTEE T, ETOMROMDa— FiZH 28 — IS DT, EXIAD ZRMTICH
RLTBIREMOPVWIEDHDET, TORF2 XY MIZDFEEIIOWTORE LWAMTT,

2.2.1 EXRMRI 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”.
ZHROT, HLWIRROMZER LW ., FIiLWRA 7Y =7 F2ERTUE I WDITTT,

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

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

AR ZZTHAL TV AHIE. BNA RO 2 ERT 2 EHNRFELEAETT, TARIEL AL OHHE
TT5737%bDRDTY, CAPI Tld, PyType_FromSpec () BIEZ v, b — 7 HICHIE S N/IEROM b E
BTEZTH, ZHRDVTEIDF 2— b 7ATERVEE 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",

(RDR—=VIHiL)
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(FiDR— 25 D %)
.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;

return m;

—EICBIET 2D 1o LEMNPZVTTH, FIOEIDIZL sDERTL LKoTWEZEVWET, 20D
77 ANTIX, 3ODBEREPERINTVET

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

Custom instance.

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

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

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

custommodule struct.

FIRMIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

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

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

FRR: EofilTiX PyObject HEAD v 27 RDKICEIanviddh EHA, SohhtIanrZBMLA
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WIS RZREMITI TSIV ZhzeBET5a2 34 78HD T,

bHAA. —RINCIEA 7Y = 7 MIFEHERY 72 PyObject_HEAD KA 7 — 7L — FOMICH F— R EHRFFL T
WET; Bl Z1E,. AU Python FEHEDFE NIGS D EFR T

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BIAEATY 27 PDERTT,

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,

AR Ri2H B X512 CI9 R XA NDIERN ZHIHHLT 25 T, PyTypeObject DFHZRLOMENT 4 —
NEETRTHRTD, 74—V FE2ESTIEFICKEF oD ETIHEEL 202 BEDLET,

object.h IZH 3 FFED PyTypelbject DEFRICIZ LOERICHZ2EDDD o ZD 74—V K BHHF
T, TTRKHTETVWAREWT 4 — L RE C arv 4 7 l&koTH¥uTHDLNZDT, HETHRWVWE DR
FNCIMEDFRE R LR WOR— IR IERIC R o TV E T,

—EIZ12FD7 44—V RERD EIFTOWEFEL & 5:

[.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

ZDifiE. LTz ob_base 74— FOFHHLICHED R A 5 —FL— T,

{.tp_name = "custom.Custom",

HELTCWBRHOARITTT, ZHE. A7V 27 DT 74V POXFHIRERL S — X vt —JICHNE
T FIZIEKRDED T

>>> "" + 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

2.2, HROBODESR: Fa—LUTI 31
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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 = 0,

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.

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

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

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

therefore increasing its size.

We set the class flags to Py_TPFLAGS_DEFAULT.

[.tp_flags = Py_TPFLAGS_DEFAULT,

IRTOI T 77 ZOEBEEDTEARDENH D ET, ZHUIRIKTD Python 3.3 ETITEREINT
WETRTDRXYANZHAILET, ZNULEDX Y ANABRBRERS, METE277 7D OR 2 20BN HD
S

Z DD docstring 1% tp_doc ITANZE 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 imple-

mentation 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) ;
(RDR=V ki)
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(RIDR=I D5 DREE)
Py_DECREF (m) ;
return NULL;

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

Custom class:

>>> import custom

>>> mycustom = custom.Custom()

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

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

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

in a file called pyproject.toml, and

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

ZLT, Yz TOXIICANLET

[$ 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.
FARIZLT NP LI DY ERA. L7

B2 A, BIED Custom BIZHHAIZRITITVWET, b T —XZRKHoTWwWiWL, M TEEHA, #HK
LTH T I I7REMERZE X ZXTERVDTT,

222 BEROYVTIIUCT—REAY Yy RZEINT S

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

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

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

typedef struct {
(KDR=V 1K)
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PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

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

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|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));

(FiDR— 25 D %)

(RDOR=V1FiL)
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(FiDR— 25 D %)
}

return O;

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof(CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof(CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof(CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
I8

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

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

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

I8

static PyModuleDef custommodule = {
.m_base =PyModuleDef HEAD_INIT,
(RDOR=V1FiL)
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.m_name = "custom2",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

I3

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

IDON=VaryTid, W ObDEEEXBIRVET,

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 =7 FOBEREIRD X512 £

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

} CustomObject;

WERLEHIRET AP TELDOT, 77927 FOEID B TEMBITEL TR I D EEICRIZLEND D
9, R, A TP FDRIRAY v RORETT:

static void
Custom_dealloc(CustomObject *self)

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

Z DB tp_dealloc X Y NIRAEINET,
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[.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.

AER: LD destructor NOBRZBZERUINE TS, 72¥ 725, Custom_dealloc A3 CustomObject *
SIEL 5 EFRLE LD, tp_dealloc BAD R A » Xl PyObject * 5|8 ZZ TS Z 21272 >TW
ZM5TT, & UIHRINCEIZE R LTI, av 4 908 EE2H T2 TLES, ZHUE. ClkeBIF %4
7Y MEAIDRY E—T 4 ALTT !

77 —AMR—LETAMI—LEELTFINCHIAL L TE E720WD T, tp_new DEIELBMT S Z2ITL
FL&S:

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;
3
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;
}

ZLTZIN% tp_new XN LTA YR 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 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.
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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.

ER:  tp_new EXHHRIIZ tp_init ZMUIH L TREWIT EFRA, ZHEA VX —TVXPESTITS 729
T,

Z D tp_new DFEHIL, tp_alloc Ay PEMUHLTXAEY 2EHYTET:

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

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

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

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

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

stances of such subclasses without getting a TypeError.)

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

N
static int

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

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

return -1;

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

(RDR—=V ki)
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if (last) {
tmp = self->last;
Py_INCREF (last) ;
self->last = last;
Py _XDECREF (tmp) ;

}

return O;

ZAUX tp_init X U NIRAIHE T,

[.tp_init = (initproc) Custom_init, ]

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

0 on success or —1 on error.

Uunlike 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 ZOZBWAV IR 1 LDREFVEHETZ LG

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

back into our type’s code;

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

cyclic garbage collection™?.

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

*2

e relied on tn n the tp_de oC nandle n thn xampile, beca e 0 pe doesn
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CITEA VARV ZAERZRBMEL LTRIAZX5ICLEVDTTN, TRV DD HERD D £5,
H o IR AEIFZ. A UANDERELEHZB LT

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

ZLT, ZOEHK% tp_members Ay MIANEL &k 5:

[.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the TRV B 4% BEIET 5 section below for details.

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

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

first and last names.

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

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

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

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

BT, AV Y FEERLEDT, TITRAY Y FERHOEANEZIERT 206EHHD $35:

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

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

and assign it to the tp_methods slot:

[.tp_methods = Custom_methods,

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

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

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

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

D

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

[$ python -m pip install . }
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In this section, we’ll provide finer control over how the first and last attributes are set in the Custom
example. In the previous version of our module, the instance variables first and last could be set to

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

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

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

return -1;

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

return O;

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

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

return Py_NewRef (self->first);

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

return O;

static PyObject *

Custom_getlast (CustomObject *self, void *closure)

{
return Py_NewRef (self->last);

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

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

return O;

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

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

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

I3

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

g

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

(FiDR— 25 D %)

(RDOR=V1FiL)
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.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

I3

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

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

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

Py_INCREF (self->first);

return self->first;

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

(RDR=V ki)
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return O;

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

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

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

deleted or if its new value is not a string.

Z T T3 PyGetSetDef MEADESZ DL D %3

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

ZLTIN% tp_getset ARy MIEFHFLET:

[.tp_getset = Custom_getsetters,

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

a closure, so we just pass NULL.

o AUNERDPSLBINSOEMZRNTEEXL £ 5:

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

g

Fio, ZZTE tp_init AV FIBEINDZBDL LTXFHNOAERFTATE LS ICBIETI2HENDD
T3

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

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

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

return -1;

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

}

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

}

return O;

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

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

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

224 BRAN—DIL O3> R—-+T3

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

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

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

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

4

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

in cycles:

>>> import custom3

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

>>> n = Derived()

>>> n.some_attribute = n

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

slots:

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

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

} CustomObject;

static int

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

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

}

static int

Custom_clear(CustomObject *self)

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

}

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

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

return -1;

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

return O;

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

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

{
return Py_NewRef (self->first);

(FiDR— 25 D %)

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

return O;

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

return Py_NewRef (self->last);

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

return O;

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

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

(RDOR=V1FiL)
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(FiDR— 25 D %)

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

};

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

return O;

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

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

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

minimize the amount of boilerplate in Custom_traverse:

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

Py_VISIT(self->first);

Py_VISIT(self->last);

return O;

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

Py_VISIT().

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

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

return 0;

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

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

EMR: You could emulate Py_CLEAR() by writing:

PyObject *tmp;

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

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

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

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

our reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void

Custom_dealloc(CustomObject *self)

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

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

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

2.2.5 MOBEDY T IS X%1ES

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

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

increases an internal counter:

>>> import sublist
>>> s = sublist.SubList(range(3))
>>> s.extend(s)
(RDR=12HiL)
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(FiDR— 25 D %)
>>> print(len(s))
6
>>> print(s.increment())
1
>>> print(s.increment())
2

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state) ;

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

ig;

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

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

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

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

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

g

PyMODINIT_FUNC
PyInit_sublist(void)

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

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

break down the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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

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

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

We see above how to call through to the __init__() method of the base type.
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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 () ZIERFNC, HOMEARD tp_base A u vy MIMEDH LA TWRIFIERD F¥A, BFD
AR RS 2BR2121E. tp_alloc A1 v b % PyType_GenericNew() TH®D ZRPEEIH D TH A, - FEAD
Tar—a YEBGHEINET,

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

basic Custom examples.

fhE
2.3 Defining Extension Types: Assorted Topics

COHITIRI T I ERELEARREA TRAY y P, ZROBMAZ2T 20D THE0ITONT, o kil
£7,

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>" */
(KDR=VIZHiEL)
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(RIDR=I D5 DREE)

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method sutites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

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

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

(RDOR=V1FiL)

2.3. Defining Extension Types: Assorted Topics 57




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

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

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

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

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

} PyTypeObject;

(RIDR=I D5 DREE)

TeBAD XYy RRHD ETH, THEARITDETZ2HEEIDD FEA, ERLLWEDND 26, E
ET203ZD55DITK DTN TTLIENILALTT,

FTTIRFEINTVETL LI, ZOHWBERIZOVWTARICAETVE, HARAY FZIZOVWTEDIFLL
EMERELET, LErLINSDX U ADPHEERPTERINTVRIEFIEALE T, 20Wo0F, Zh
DX UNOBENBIEFIXERNRBEICLZDDEL5TT, ZLDGAVWHIEAMHELDIX, DEE TS
AUNAPTRTEENTVWEH 2L o TET, HLLAMELZBICEDE TEEZEET 2 TT,

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

CHUIOAHTT T, FIOETHHAL X512, Zhdf s RGHTHA, 1ZE AEZENTHEDNS D

DTT, FNRDT, ZD LI RIGHTHRIIILDTH A S LHTEEATL ZI V!

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

INH6DT7 4 =R, ZOHDOF T 27 PPFH LR EN 2 228 NZTo XY ZE D YT X
WOD % T Y RA LR LUE T, Python IQIZFZEEDOER (LFHNRX IAREZEBLTLIIZEW)
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WX AHABIAADY R— DD 2EEDH D, ZIT tp_itemsize X U NANELNET, ZHBHIZOVTIE
HrTINET,

[const char *tp_doc; ]

Z 22 Python 27 U7+ 1) 7 7L YR obj.__doc__ &% doc string iR & EDLFH| (H2WVWIEZED
7 RLR) ZANE T,

TR, BOERNZAY v FITEAET, IZLALDINROMAZDX Y v F2RELFT,

23.1 7714514 X XTI

[destructor tp_dealloc; ]

MDA YRR ADBRA T ¥ PHREERIZKRD, Python £ Y27V &2z 2B L TEHAMA L RS L.
COBEBHEINE T, MHTREXATY Z2ZORPRFEFL TV D, ZALUNI D RITITRERUIEDD 2
LEE TNo2 I ZIANLGNRET, A7V =7 P ZHAEKD Z I THRRSNZRBENDD $3, Z OB
DhNE, UTDX572HDTY:

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

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

clearing any member fields:

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

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

X RMEERC Oy DEER DX, WERFD OFIIHNI N > WFEDT RV T, RERL, RIHD
BRUE Python £ ¥ 2 7V ZHBA X 72 tOREBICET & ZICFIEN 2 2222 0Hh5HTT, 2 LT (EE
DEAED 5 DETTHR L) FINDT2DITA Ky 7 PBERIND L Zd, TTREELTVLHH42HXEY
FRIRBEEESF 2 D DD D TR A, BHADOBEEDE 2% SEEINBM® Python Da— FEETLTLES
. ENLERPNNEELTVWE I E2BAIT 200 LOLERA, ZUIA V2T ZAPPRILIZT—%
RESIEZZIZORBDFET, ZhzliCIELWHER, ZETROVIRERZFTS 20N UERS 5 ofilst 2
RIFLTBE, BboXkbZNEIRIIRT Z 2 TF, ZHUE PyErr_Fetch() B X Uf PyErr_Restore() B
2SIk o CHREICR D 25
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static void
my_dealloc(PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;
/* This saves the current exception state */
PyErr_Fetch(&err_type, &err_value, &err_traceback);
cbresult = PyObject_CallNoArgs(self->my_callback) ;
if (cbresult == NULL)
PyErr_WriteUnraisable(self->my_callback);
else
Py_DECREF (cbresult) ;
/* This restores the saved exzception state */
PyErr_Restore(err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;
}
Py_TYPE(obj)->tp_free((PyObject*)self);
}
AR XEVMHRBEBMOPTRE2ITZAZ 22KV O2FIRA DD £33, 1 DHIZ. ZDRH

(tp_traverse BX U tp_clear ZffioT) ARN—=YalL 7> ayeH¥hR—bFLTWVWSEHAE. tp_dealloc B3
MOHENLETIC, HEREINT 7 A F 74 XSNTLESI ATV 27 FDXUAN=DHDHELI LT, 2
DHIZ. tp_dealloc DFTEA TV =7 MIALERIREIZHZ 2 TT: DEDBWATV A0 TH S
EWVWH e TT, (LDfilich 2 k57k) B A 7Y =27 b API OO LTIE, tp_dealloc % FENT

CHL, ZEREDPL7 7y aT2I2Ilk20H LOETA,

Python 3.4 &%, BMR 7 74 F 74 XD a— N tp_dealloc IZiED»T. b DIZH L EASI N

tp_finalize EWHMIX YV vy REMES Z e AHERINATHE T,

BE.:

PEP 442 THLWI 7 4 F 74 XDOEHADHHI A TWE S,
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232 A7V KRR

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

reprfunc tp_repr;

reprfunc tp_str;

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

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

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

tp_name and a uniquely identifying value for the object.

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

VS NESGE A G

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

233 Bit=zEEITS

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

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

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

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

VB V4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

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

generic mechanism that is available.

BN GEEZEERT S

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

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

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

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

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

TFT—TNEEATH T2 FHD 3DODA AN LTEEENTVWET:

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

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

is an instance of this structure:

typedef struct PyMethodDef {

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

const char #*ml_doc; /* docstring */

} PyMethodDef;

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

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

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

typedef struct PyMemberDef {

const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

Py_READONLY to prevent Python code from setting it.

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

and get the doc string using its __doc__ attribute.

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

BEDQRICHELILRIEDERE

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

you’ll understand what needs to be done.

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

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

IFehlzrmL£9, -

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

PyErr_Format (PyExc_AttributeError,
(RDOR=V ki)
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(FiDR— 25 D %)
"'%.100s' object has no attribute 'J.400s'",
Py_TYPE(obj)->tp_name, name);
return NULL;

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

should be set to NULL.

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

return -1;

234 72U FOLEE

[richcmpfunc tp_richcompare;

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

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

tried, or NULL if an exception was set.

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

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

PyObject *result;

int c, sizel, size2;

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

newdatatype omitted */

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

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

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

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

2.3.5 WEMAEIORIILOHR—F

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

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

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

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

{hashfunc tp_hash;

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

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

(RDR—=II12HiEL)

2.3. Defining Extension Types: Assorted Topics 65




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

return result;

(FiDR— 25 D %)

|

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

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

as seen above.

[ternaryfunc tp_call;

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

RS AIHENE T

ZOBEIE 305 b ET

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

AL self X obj1 I D £F,

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

ZHEVET,

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

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

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

saying that keyword arguments are not supported.

DUTiX tp_call O RFERETT:

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

static PyObject *
newdatatype_call(newdatatypeobject *obj, PyObject *args, PyObject *kwds)
{
PyObject *result;
const char *argil;
const char *arg?2;
const char *arg3;
if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}
result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [Vs] arg2:
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
}
/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

66
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These functions provide support for the iterator protocol. Both handlers take exactly one parameter,
the instance for which they are being called, and return a new reference. In the case of an error, they
should set an exception and return NULL. tp_iter corresponds to the Python __iter__() method, while

tp_iternext corresponds to the Python __next__() method.

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

the same guidelines apply as for Python classes:

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

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

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

therefore implement the tp_iternext handler.

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

should always set an exception and return NULL.

2.3.6 5588 (Weak Reference) DH7R—k

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

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

For an object to be weakly 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)
{
(RDR—=T12HiL)
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/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE(self)->tp_free((PyObject *) self);

2.3.7 TOMVWBWS

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

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

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

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

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

BE:

Download CPython source releases.

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

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

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

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

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

PyObject *PyInit_modulename (void)

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

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

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

return b'PyInit' + suffix

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

2.4.1 Building C and C++ Extensions with setuptools

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

tribute C/C++ extensions with setuptools.

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

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

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

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

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

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

2.5.2 Unix & Windows DtEHES

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

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

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

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

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

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

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

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

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

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

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

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

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

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

KRELBT TVr—3>AD PYTHON 3241 LDIEDHIAH

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

3.1 7SV 75— 3> AD Python DEDHIAH

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

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

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

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

BE.:

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

3.1.1 RKEDIEDAH

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

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

int

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

{
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 inter-
preter 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.

74 £ 38 RRERTTVIT—2a>AD Python 5251 LDEDHAH
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3.1.2 BRKEDIEDAADSHEAHT: BIE

EKHEL VX —T 2 — 2%, Wi W% Python a— F&27 7V —>a UhbRITTEZXISICLTANET
B, 7SV —>ar Python 23— RO TOTF—ZDPLHE DI, ZHEADIKEoTHEDLDLVDHDTT,
TR ELIWES, KDEKEDS VX —T7 2 —AMFCHLZRH LR TERD EEA, &b
%< C a—FzErQRRsZVWRbDIZ, IZIFMTHTES X512k ET,

Python DLk #DIAAIZ, BEZZEZ, FRICEETH 2 VS e IKERERARRD FRA, THET
DETHMLTELIE Y 7DIFLALDPHDIABLTHEHTREED T, ZhZ2RT DI, Python 256 C
ANDYIRZATD 2 — FORBRIIIME2 T 20EZXTAEL £ 9:

1. 7—%{&% Python 25 C IZZ&¥T %,
2. BEANTAEZH T C—F > OBBITEH L2170,
3. FFUH L TR LN T —4{H C 205 Python IKE#T 5,
Python Z#HDIALT A, 4 YR —T7 2 —2a— FPT5EERIMUTFO LSk £5:
1. 7—&{E% C 75 Python IZ&¥LT %,
2. Bf1Xh7zfE%fE-> T Python 4 ¥R —7 = — 2 )L—F ¥ OFEFIECH L 2T,
3. U L TR LN T— X1 Python 225 C IZE#ET 5,

—RLUTAD2 X518, T—REMDRAT v Fx, ST T — X ZHRET 25 APED > DICHEDE TH
WANEZ 72T TY, ME—oMERIZ. 7 XEOMIZH L —F 2 TF, IRZITIEREICIE C L—F
VEEUHU F52, EHAADBIZIE Python v —F Y Z2FFEUCHL ET,

ZDETIX, Python 226 C A, ZLTEZDOHANE T =X EEMTZ2HFECOVTTEMLETA, T2 1E
LWBBOFWERLS —DRWHIZOWTTTIKHBELTWA3HDEIRELET, s ofllfEiconTtix
ARV ROIRC A HEDZ L ZABKBVD T, DERERICOVTIILFIOZERZSBTE 9,

3.1.3 #RIEDHIAH

BONCHIRS 2702 F sid, Python 2270V 7 NOBBEFEITT 200D TS, MEKES > 22—
7 = —RIZBT 2EITEIF LB L FBRIZ, Python £ Y X7V RXIE7 7SV r—>a vy e EHPLDEDIELEE
A (D, ROEITRDEDTHES5EHLET),

Python 227 V7 bATEBRBIN TV EIEBEZETT 27003 — FIITO XSk 3

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

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

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

(RDR=V ki)
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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;
}
}
else {
if (PyErr_Occurred())
PyErr_Print();
fprintf(stderr, "Cannot find function \"%s\"\n", argv[2]);
}

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

(FiDR— 25 D %)

(RDOR=V1FiL)
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(FiDR— 25 D %)

}

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

}

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

}

return O;

ZDa— Fif argv[1] Zffio T Python A7 V7 b%a— KL, argv[2] PICHEE X 17501 OBEEZ O
HU T, BROBEGIEX argy BAIF MDD $3, 2oFmrIn% AVNAILLTU>YY L
(TELFATAREIER % call EMUZEL x5). UTDXS57% Python 227V F b 2EfTT52 LI LET:

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

return c

FEITRERIEIUTO XS IC22133 T

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

COREORRETEHRT 213707 7 050 EIHhRETEETH, 1FL AL Python 2265 C AND T —
REHR LT —EDDDa— FTT, Python DEDHIAA Y WS BEH 55 S BEKRFEOEE I TDa—
R OE 287 T3

Py_Initialize();

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

ARV 2o E., A2V 7 ME Pylmport_Import() Zfio THAAENE T, ZDIL—F Vi
Python XFHESIBICHZBENH D, 77— XEHUL—F > PyUnicode_FromString() THZEL £7,

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

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

}
Py_XDECREF (pFunc) ;
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QU RZ YT IDEAAENS L, PyObject_GetAttrString() Zfi- TRERLHZIE T £,
HHEIBRZ Y T IHIFEL, WG LA 7Y 27 PRARUH LATREA 7Y = 7 FTHIUE, 20X TP =7
MBI THZ2EZATELIABRVWTL LD, 22TTRT I AIEAEBDIHIEDO R T AEEIES £
3, Z0#%. Python Az TOa— FTHOHL T

{pValue = PyObject_CallObject (pFunc, pArgs);

BRI 2 3B, pValue & NULL 1272 %2>, BIRDRERD EANDSRMBA o THE T, HEZHANLRKRIIE

BT IBRZMML TS0,

3.1.4 B2&iA £z Python DILE

ZZETIX, HHiAA Python 4 Y X PV RET7 TV — a VAKROEEEIC T 72T 2FERBH D 8
ATUL7z, Python API 2ffi5 &, HDABA VXSV REPIRT B8 TT7 SV =2 a YRIEND 7 2
TRAEAREICLE T, 2D, 77V =y aryTREINTVEIL—F V2o T, HDIABA VX TY
REPIRTD2DTT, BRI DESIKEZFTH, 2AEFXVCVDLITEDLD FRA, ILHZoT,
77V —2arh Python £ YR TV RERH LI WVWIZLEL 2o 2 ENTATLEIWN, ZORD
D, 77V 5= avhB Y IN—F U DEED T, 70 bEED Python EHREY 2 — 1 2EFELS LD LS
12, Python 268NV —F V27 72 RATEBLXSITFT 2370 — (glue, B) a—F2FHEL EZTLIIZE W,

PIZFUTDLSITTT:

static int numargs=0;

static PyObject*

{NULL, NULL, O, NULL}
g

static PyModuleDef EmbModule =

NULL, NULL, NULL, NULL
i

static PyObject*
PyInit_emb(void)

/* Return the number of arguments of the application command line */

emb_numargs (PyObject *self, PyObject *args)

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

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,

"Return the number of arguments received by the process."},

PyModuleDef HEAD_INIT, "emb", NULL, -1, EmbMethods,

{
return PyModule_Create (&EmbModule) ;
}
78 B3 E KRERT TV r—3 A0 Python 50421 LDEOHIAH
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Loa—1F% main() BABROICLIHALES, £72. UTOZOD % Py_Initialize() OFEUHL
DENZHEAL X3

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())

EBEO7 TV r—2ayTiE, Z5LEXY Yy RT7 7V —2 a3 YND API % Python IZRBT 2 Z 21
BHED,

3.1.5 C++ IC& D Python DIEHIAH

C++ v 277 s912d Python ZHOIADET; BEICE S . €5 THDIALIIIME>TWVWS C++
WIEZDFMCHKIEL 3, —fRINICIE, XA > a 2o 06% C++ TEE, C++ av 4 7&ff-oT 7o
TILHEAVRAN VT TEIRERDDTL & 5, Python BiE%E C++ Ta vy AL LB ITHEIXH
hEH A,

3.1.6 Unix R ATLICHIFRAVNALILE) VY

Python 4 > X7V 2% 7 7V r—3 a Y iHDALEDIZAY AL 5 (L) 2 H) KETREELWT 52
B RETORMETAVSDS LhEEA. JAUKEC, Python 5154 75 VEY 2 —MIHLTY ¥ 2 3h
72 C BINHEAR (.so 77 41) ¥ LTEEINEDDEO— RT3 REND 50T,

B AV RAN - VDI TS a v kMBI DIC, pythonX.Y-config A7V S+ MEZX EF (24U
Python 4 ¥ & b = VRHCAEK X 72 H DT, python3-config A7V 7 b HAHKZ 2D LALEEA),
CORZ VT MIBA T avyHELH Y FIH, EHENTERZDOIZZATL x5:

o pythonX.Y-config --cflags 3D A AT a ML £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 --1ldflags --embed IOV 7 F 7> a V2 HHLET:

$ /opt/bin/python3.11-config --1ldflags --embed

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

ER: EE Python N—Y a YHAF (£ DD AT LD Python & H727zHETE L F L7 Python) TD
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RELZ #2702, L TOHID X 51T pythonX. Y-config IZHaxt S A THEE) L7215 RWTT,

HLIDFIETS T WArRFIUE (L2 ZAUILETO Unix WR T 7y b7 43— LA TEET 2 Z & %2R
3 2 b DTIERWTT D, bug reports [FEHNTT), HRIZDIATLDRAFIv I YUY IZITONTD
F¥ a2 X2 ZHA, Python D Makefile DAV RANF T a Y 2PRZNENHZTL & 5 (Makefile
DT RN %121% sysconfig.get_makefile_filename() ZffioTLZX W), ZDHA. sysconfig E
Va2 WHRITIOERIED 5, TR X o THREMTIMATZ NI Y 4L - VY 7DA Ty a R
70 s 7 AICHBETE RS, flZR:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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RAsE&E

>>>

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

executed interactively in the interpreter.

R

DHLDPEZOLNET:

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 HHAAADER Ellipsis

2to3

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.

abstract base class

(HIREE S 5 R) fREIES 7 R1F duck-typing 2523 % b DT, hasattr() REDHIDOT 7=y
I TERBHFTH o 72 b iR 2 (H1 21X magic methods DFHR) JFEHICA VX —7 = —REER
THHEZRMEL £, ABC IZRME (virtual) 77 S X2 B ALET, ZHEFE T 7206/ kKL
FHAN, ZNTH isinstance() X issubclass() ICFRMEINFET; abc EP 2 —1D KF 2 X
YEEZHLUTLEE W, Python 1213, £ < DilAIAA ABC RS A TVE T, ZORMRII,
(collections.abc EY 2 —/LT) 7— X HMi&E, (numbers €3 2—/LT) #. (io EY 2—/LT) R}
U —2A, (importlib.abc E¥ a2 —T) f Y KR— 774 Y EA/FET—-K—T7F, abc EZ 2 —)L%
FIHLTHBED ABC Z{ERTZ %7,

annotation
(77 T7=>av) B 77 RBENE, BB AT X—-220B Y EICBERT 2 7L TF, EElickD
type hint £ L THDONTWET,

O—ANEBDT )7 — a VIZETRICE T 72 ATEZEAN, 20— AEH, 75 ek B
Bo7/7—ayidEhzhEe®da—, 75 R, BD __annotations__ FFEMICHREFEINT
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WEJ,

FEBEDRBADI D % variable annotation, function annotation, PEP 484, PEP 526 &ML T 72
WV, B, 7/ T7=2avEMATEIRANTTS 77 4 A LT annotations-howto S L TK
72E W,

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

o F—TU—FR5IE: BEEMEOH L OBICEIBORNCHEB T2 oWz b D (f: name=) R, *x ITHil}
J2EEOHDOMEE L THEINZGE. FlZE. KD complex() DMUIHLTIX, 3 & 5 % —
7 — F5lETs:

complex(real=3, imag=5)

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

o fIBSIE: ¥—vU— FEIEDLANDFIHL MEFIBUXSIEY A b DETICEL 22 TE, /2 %12
WelY 7z iterable DEFEL LTET I N TEET, XX ROFITIE 3 & 5 XMW AHEAESIE
T9:

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

FH BB DOE KT B THEI E O — A AZRBICEHID G TohE 3, DL TZTSHANTON
T calls ZBRLTLEZI WV, VX 7 RARZBWTEGHERT-DIZH 50225 Z el
Kxd, dHfiS MBI e — A NVERICEHD B ToHRE T,

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

asynchronous context manager
(EEHa > 7 A b~ = v) __aenter__() & __aexit__() XYV v FEEFRT S I LT async
with XNORBEZEM T 247922 b T, PEP 492 TEAXINE L7,

asynchronous generator
(FEFHY = 1 L — &) asynchronous generator iterator %R 3BT T, async def TERI Nz
N—F VEBUZI TV R 23, yield REFORTRLD $9, yield Rid async for /L— STl
TELHEDOWM R ZAERT 2 DIHHEINET,

WEIGIEFRIY = 2 L — X BZIE L 2905, WIRICK o Tid IEEIS z RL—21TL—%& 257
GEhRH Y £, BREINTERI S THRWEG, FIBRLD 7Dt 2R B2 EA L £ 9,

IEFRAY = 2 L — ZEAEICIX, async for XX async with X/ZI TR await RdDH 2 ddH
DE¥ET,

asynchronous generator iterator
(FEFEAY = 1L —& 14 7L —2&) asynchronous generator BTERENE A7 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& TIN5 & awaitable 7 = 7
FEIRLES, T awaitable 7Y =27 MI, KD yield RETIEFAY = 1 L — X BB OARMAEKE
FITLET,
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% yield TIZ—HFINICUEZHRT L. ZDBOFETRE (v — IV ERPREFTD try X2 ET) %
TRLET, RS T RL =R TFL—4 » __anext__ () TRIN/MD awaitable TEERICH
B3 2 HEICIE. ZOFRIERTINEIZNE T, PEP 492 BX U PEP 525 28 L T X0,

asynchronous iterable
(GEFIBAA 7 Z 7 V) async for XOHTHHATES2A 72227 M TT, BHD __aiter__() XV v
R 5 asynchronous iterator R ERFIUIR D E¥ A, PEP 492 TEAZXIE L7,

asynchronous iterator
GEFRA 7L — %) __aiter__() & __anext__ () XY v 2 EELLATI2r }+T
3, __anext__ (O & awaitable & 7Y £ 7 bPERIRIFNIERD £8 A, async for 1
StopAsyncIteration 4t 2 X F 2 £ T, IEMFMA 7L —XD __anext__() XV v KR
J awaitable 2R L 3, PEP 492 TEAXNZF L/,

B
(Bt) A 7> =7 MCEEMITHN. Fy FRERIC I > THATTEESHREINSETT, X
Tz b o EMN 0 B oTWBEE, ZOEMNE 0.0 TSHREINE T,

F 7Y =7 MiZiE, identifiers TEZREINZMAN T TREBRVWHITOBELEE5ZX 2 2N TEET, 2k
ZIL setattr() 2V, A7V 27 M ZENEFAIL TV AEEIITAE T, ZOL3BEMIEF Y
FREARTE 77 ERATET, RODIC getattr() 2o TWEZLENDH D £3,

awaitable
(FPHEPTRE) await ATHAHT 2 Z MK Z A TP =2 M TH, coroutine .
FDH2A4A72 22 b T, PEP 492 2B L TL1Z& W,

_await__ () XV v

BDFL %
AR =R EMEHE (Benevolent Dictator For Life) D& T3, Python OfF#E, Guido van Rossum D
b G

-
—

binary file
(XA FV T 7 AN) bytes-like ZTP LTI b DHARABIIEZRAANTES J71ILATox
Ik TS, "M FVT77AN0DENZ, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 £ L,
sys.stdin.buffer, sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKX Y AT,

Str A7V 20 POBABFZINTEL 7 7 ANF T I 27 MIOWTIR, text file bBIRLTL I W,

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

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

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

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

bytes-like object
bufferobjects ZH+R—bFLTWT, C FFEEOREKRT &L Ny 7 7 —2RYARERA 7D 27 b,
bytes, bytearray, array.array . %< O—#M 7% memoryview A 7Y =7 b ZHICH D &
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3, bytes-like A 7Y =7 M, T—&FEME. NAFV T 7 ANANORIE, Vv P EEHLULEER
LN FVTF—REBERTZVAVARBECHHAT B TEX T,

BOPOBIETREINAF VT —R2LEETI2LEDPDD E T, ZOREOFFa Xy PTIRXL 75
AHE ZAJAEZR bytes-like A 7Y =27 M IKEMLTOVWES, ZHEARER ANy 77 —F 7T =7 M
bytearray ¢ bytearray @ memoryview REDEZENE T, F/. MDD DBRIETIIAE LA
T2 VDAL F YT =& (7 HAHLEHD bytes-like A 72 =7 b)) ZRHELET, U
bytes ¥ bytes ® memoryview A7V =7 FEENE T,

bytecode

callable

callback

32

("4 ha—F) Python ®Y —2Za— R, Python 702 4® CPython £ ¥ &7 ) X DNEEEREL
THIZNA FA—FANE Ay R LENET, N ba—Fi& .pyc 774 MICF vy adi, FAL
77 AN ZEHICFEITINZ 2R EADEHRICRDET (Y—RA=FhPH N, Fa— FAOHED
AV ARAVFEEEINET), 20 7 HEEEE (intermediate language)” (&, & & D84 ka2 — Rt
J6T 2GR LR ST 2 RIEYS Y TEMET 2 VWA ¥ 3, HEERERL LT, N ba—FiERER
% Python (RAE~ VI THIET 2 Z &%, Python VYV — AW TRETH 3 Z e ZHFxATVWE
A

NA FI—FOME—ElZ dis ES2a—L IZHYH T,

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

following syntax:

[callable (argumentl, argument2, argumentN)

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

__call__() method is also a callable.

(=N 7)) RERO D B RTEITS NS DIEIHEE LTHE S 5B

(ZIR) 2=F—ERA T2 7 VEMERT 27007 FL—1+TT, 7 7AERIEE, 2DF T
ADA VARV A LOBERTERAY v ROEREZAET,

class variable

(75 2ZH) 75 A LITERSIN, Z5ALNLT (DFD, 75ADA VAR YA LETRERRELIR) &
HENH I ZHNE LTWRREHTY,

complex number

(BERE) L<HLNTVREBREILRLEDDT, TNTORIIER oM LTRINE T,
RS EEEANL (-1 DOFEHR) CEBEHIT 2D 0T, —RICBETIZ 1 eErA, T¥TIE ) v E
I E T, Python IZEZBICHAAATHIEL, BREOKGLEZIM > TVWET, BHIIKREC j 20
TEEFET, XX 3+1j TF, math Y 2 —VOBEREBEEFAH T 21213, cmath 2FWE T, &
FROMEHED D SEREBFOREET T, HEMZET TR, SIEFEVREHLTLEST
WTL x5,
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context manager
An object which controls the environment seen in a with statement by defining __enter__() and
__exit__() methods. See PEP 343.

context variable
(A TFRAMER) a v T F A MKEL TERRZHEZFOER, ZhUd. H2EBDMEHIE L DFET
ALy RTELZDFZAL Yy FRE=—ALVA L —=YRBTVET, L2rLay7FIAMEKTIE, 12
DFETAL Y FIZWLK DDA Y TFA MDD, 2>y 7 F R MERD RIS 72 IE B 2 2
7 DEDBIFTI, contextvars ZSML T X W,

contiguous
(B, E#ft) Ny 7 7 DRI C-8B#t F£721% Fortran B THIEAIC, £ONy 7 7 EEKE LT
WBEAREET, EuXRT Ay 7 71k C #HiiThHD Fortran #iEi T3, —RLOESITIX, ZDHE
TN TREY LTHET 2 L5 CREIN, REPLRrOHE DI T IEF T E S, 2X
TLOD C-Hi Rl TId, XEV 7 F L RAMICEZRZ K 5 BRIIRER DI A FHRANTLED B DITH L,
Fortran @i R CIEBA OB FRRINCE Z £ 5,

JL—=F>
(Aan—F) ar—F @3 ¥ 7N —FrDED RNZIEXTT, 71 —F LI RD SRS
PHAD. Blokd s mr s HE T, aL—F L ICFZL OfkL RHIEPH A, 3, HIT
B2IEMTEET, TN —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W,

coroutine function
(aN—F VB coroutine A 7Y =7 b RIRTEAKTT, 21— VBRI async def X THEX
., await. async for. BXU async with ¥F—7—F2FOZ PR ET, Zh ok PEP 492
TEAINE L,

CPython
python.org THIAF ENTWA, Python R 7 J 3 ¥ 7 FiEOIEMENLEETT, "CPython” W5
HGEIX, ZD%EE% Jython % IronPython &\ o Dy XIS 2 BN E 2 5EICHIH IR
9,

decorator
(FTav—x) oK ZIRTEBT, @, ewrapper M CRIKZEH i L CGHEHAINE T, 7aL—
2 DO—RW 2 M HRFNZ. classmethod() ¥ staticmethod() TI,

FTaAL—RDOXEE S VR VAT a2l —TF, RD 2 OOBBERIIERIVICFA TS DT :

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

@staticmethod
def f(arg):

FICHERD 7 7 A FEELETH, HENFONERA, TaAL—XIOWTFHLL X, BEBRER B
B 75 RERBORFaX U F2BRBLTLIEZI N,
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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.

FRZYFEDRY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide 2R L TL 72
W,

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
(FFEMNTIKED) iterable NORTH 2 WE—HBOERZMH L T, ZORRP 52 2FELIR ST 3 %
7 MN3EEZS TS, results = {n: n ** 2 for n in range(10)} £ T3¢, F—n Zflin *x 2
XM B EFE R AR L 3, comprehensions 2SR L TLZ X0,

dictionary view
(fFE L 2 —) dict.keys(). dict.values(), dict.items() 2NRTA TP =7 b TT, FEHDIHH
DEMRE 2 — 2L FT, T2bbE, HEILEINLI L a— 322 KMl $7, &L 2—
ZIRHINICSER Y 2 MIZT 3I11E list(dictview) ZHHA L TL 2 &V, dict-views 2L TL
7EE 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 »
ATz IDBELVA YR =T 2= AR oTWVWEDPERETL2DICE T =7 bOBE R nT
077 IV IRARANTT, bbbz, Bt 7Y =227 b XY v RREEDIENZ D #Hbhizh
LEST, (ZELDEIIKARZT, 7EADEIRKEITE, FHUIT L TH5B,)) A VYR —Tx—2R
FRIEDEHTZ2 T, EFELFTHA v Ehza—RiE RVE—7 4 v 7 BREERFF L CFRIMEE
MLXEET, Xy 727XV 7E type() X isinstance() WKL AHEZMITE T, (2L, XV
IRAVY 7% HMREEV SR THETA2IHTEET, ) 2ofb b, HAMIC hasattr O
Ee BAFP 7a27 oI v 7% FHALET,

EAFP
MR % ¥ 2 X DEFL%ZF 5 DA (easier to ask for forgiveness than permission, ~— 7 4 — D%
AN DIETF, Z® Python TIALffbhTWwWda—74 Y F7RAXA LT, BEFIENLRF—E
WDFEET 2D EREL. ZDRED > TORGEHINE/HIEL T, ZOMRTFRIFI3
=T 4 YT RARA MR, try XB XL except XD TADHZOPRHTS, 2077 =v 7
Z. CDEIREHETILLMMORTNS LBYL ZAX AN EXBNZS DT,
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expression

(R) > FHiicns, —FLFH ORI (a piece of syntax) TF, Sz 22, AWV 7
Fov, Al BT 2R HETREBITCH LAY, HZRTROEROEAERTT, D%

SRR LEWV, Python TR EFEOETOMBERLA L VWIS DITEHD FH A, while DX I I,
RELTRERARVY X DD FT, RABATIERLIXTT,

extension module

f-string

(PEREY 2—1) C R C++ THEINZEY 2—)L T, Python ® C API %F|f L T Python 27
RaL—F—a—-FeRhEDHLET,

£ B ARSIV XCFEN Y 7 TR Vestring” 2 FEEAL. ZAUE 74—~ v MIEATAIY
F IV DFEFEEDOZITT, PEP 498 3L TL X\,

file object

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

or streams.

T7ANA T =27 MCRERE 3 EEDDET: A0 N1 F V=T 710, Ny 77 Shi NA
FUV=T74l. ZLTC TFALT 7ML T, A VX =724 RiF io EY a— L TERINATV
F5, 77 ANAT Y 22+ RAE BN TTIEIE open O BIRZES Z ¥ T,

file-like object

file object E[EF"TT,

filesystem encoding and error handler

finder

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

encode Unicode to the operating system.

T7ANYATLADIYA—T 4 Y7 TE, TRTH 128 N4 PYUTRIEFIZTa—-FEIh3 e
REAFXNBLTWEBDERA Z77ANVATLDIY A—F 4 VP TIOADRIE I N D - -5E
1Z. API BH%¢%% UnicodeError ZEH T2 2235 H £9,

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

used to get the filesystem encoding and error handler.

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

PyConfig.

See also the locale encoding.

(774YR) A VR=PZNTWVBEY 2—ND loader DFRZRTT 24722 bTT,

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

floor division
(TID B THRE) —FE VBRI D ST 2 BARE, U TREHEEFIE // T3, flRIX 11
/] 40F 22D, ZRE EINFMNCTFENIGBOBEDORETIX 2.75 BV R-oTE T, (-11) // 4
d -2.75 Z INEWAIC D B GRITF: BOERRADADZITS) DT -3 12785 L IFERELTK
7280, PEP 238 22 L TL 72X\,

5E4
(B8R MM LANCEZIR S —EHDO XD Z T, BRICIZ 0 M ED R 2T Z etk E T,
FEEDOEITRHIC T e RS2 Z e 3k E 5, R51E. AV v F. function 2B L TLZE W,

function annotation
(BB 7 ) 7—>ay) DT X —=ZBRVED annotation TF,

BT 77— avid, @HEEEYF oo d: fIZE ZoEE 2 2D int BD5|
Boelits e ifF S, £ int OB D EERO L HiffshTnE T,

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

return a + b

B /7 —3 a OXEE function O CHRIHINATVWE T,

WREDFAD D % variable annotation, PEP 484, #ZM LT Z& W, ¥/, 7/ 7= a v &F|
HTARX M5 275 4 A LT annotations-howto S L TL X W,

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

it will (or did) become the default:

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

garbage collection
(IR=varryay) IhBEEONE 2 DRV EY) 2T 208 T3, Python X, &%
vy b, ERZEEZRH LBET 2ERARN-—VaL 7 X2 ffioTHAR—YaLryarzffungk
Fo AIN=VaL 7 &Fgc B a—NEHoTHIETEE T,

JIxrlb—%&
(¥ =L —2&) generator iterator ZiRTEIR TS, @H OB TNE T, yield REeHFOHT
B0 ET, yield Rid. for b— FTHATERD, next() B THEE 1 >FOWMD LAY TE
5, EOWM I ZERT 2 DIHEHENET,
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BHEEY AL —FBEBZRHRLET. Rk T P RL—R1TL—F 2T HEVHD X
T, BRISNLEBE®RDSHS L TRVWEGE, LD DI BEE2 AL 5,

generator iterator
(YzHxV =&AL TVL—2X) generator BIETHERZINZ A T =7 M T,

yield O NZRATEITIRE (RIFMABSARUED try X 2a8t) 2@l T, WHIE—FRricH
MahExd, DxRL—FATL—% HEHINL . TMLMVEZIE L X3 (BEHEOBEBDFT
D7z TITHT LWIREED S BAR S 2 @ & MR T ),

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

values for an enclosing function:

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

generic function
(=3 V vy 7R R8N0 LR CREEZ T 28> SR XN 28T, MO LKIICY
DEEEANDEPIET 4 ANy FT7AITVXLIEDPESINET,

single dispatch, functools.singledispatch() 7L —x, PEP 443 ZZML T Z&X W,

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

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

GIL
global interpreter lock BB L TLIZ&E W,

global interpreter lock
(ZFa—=2Ay&2FY Ry ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F3TH2 2 RAET2HMEATT, ZUTKD (dict &Y
DEERMAAAAEEL) A7V 27 VETFADMEKET 7€ 2120 L THHERINICZ 21T 5 DT,
CPython OFEENS Y IRV ET, A VR TVEX2EKRERY 7 FTEIL T, ?RAF7aty ¥~
UL BMIUCD TR T EEIEHRICT, 4 VX TV XREMBICTLF ALy FETES L51272D
3

727U, D 5 VAN DON L O DIIRE Y 2 — i, Efie Ny ¥ 23t H R Y ORI EOBE WL
32 EICGIL 2RI 2 X KIS T0ET, T/ 1/0 W% 3 254 GIL & ISR
ENET,

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.
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hash-based pyc
(Ny¥ar—Zpyc 77 A) IESWERHEIT 27012, MIGT DY —RT7 7 4 L ORMKEFRLIT
BNy Y2 liZ2EHT 2N, Fa—FDFxF vy v a7 740 TT, pycinvalidation ZZE L TK
72EW,

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

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

Ny AR ATI 27 PEHEDF —REEDOA AN L TR E 5, HECEEGDT — X MG
BHNETA Y > afizfli>oTn225TY,

Python D4 I 2 — X ZTARMAABA TV 227 ME AFL ALY ¥ 20[RETH, (VA FREED
EOR) 2= TNRAVTFENY T2 FARET T, (X TR frozenset DEIR) £ I2—&7
NRaAYTHIE BRPINY T abRETH L EDANY Y aA[RETT, I—F—FERDI TADA ¥
ARVATHDEIBRATI 27 METFT 74V M TAY Y al[ETT, TOAHEET (HHEZRVT)
PSS FIIIEFMTH D, Ny > afliF idO) EhEsnE T,

IDLE
Python Ofi&EFEEREE (Integrated DeveLopment Environment) & U7# 8558 (Learning Environ-
ment) TF, idle i Python OFHENLREAICFMI N TV EEARNLBREO LT 4 X 4 V&R TY
REREET T,

immutable
(A32—2T7N) BEDEER->TA T2 bTF A 32 —RTNRATI 2l M, BiE., X
FH, BERORXRTAREDRHYET, ThoDF 7Y 27 MIMEREZONER A, HlOEEESE
BRI, FlBA T2 7 P ERER L RTNERD ERA, A I2—FT7ARIT T 7 NI BEIE
DAy ¥ a @R 72 2 RN CTEHERFE 2R LT, HEOXF—BZ0HITT,

import path
path based finder % import %€ 2 —VEMRT 25 (X721 path entry) DV X T, import
. ZOVU R MIEE sys.path D ORETH, 37 v F—IDFEFHE Y 7 —ID __path__
BN S R ET,

importing »
%5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X 5T 2UHETT,

importer E
Ja—VERLTR-FTEE TP b, finder ¥ loader DEBLLTHHEA T =7 b,

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

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

interpreted
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Python &4 ¥ 2 7V ZEKOFFETH D, 24 FEEOMUMNE L E T, (N4 Fa—Farx
A IWBHDBIDIC. ZOXFNIBHKTT D, ) TITOA YR TYXFiELIZ, Y—Ra—KD7 74
N, EFEFURERRICLTrOFETIRI L Vo R LIC, BEFETTEIIL2EKRLE

To A VR TV EEROZEILBER. a4 SERDEFEI D BERE TNy ZOF AL 7 MEH NS
DD, TuZS5LADEFIZ—RIGENTT, WEEH BB LTL X0,

£)

|

interpreter shutdown

iterable

iterator

Python 4 ¥ & =7V X —i3¥ ¥ v b XY Y ZEFHEINLIT, BT 2 — AR ITXRTDI Y T 1 HILIA
NESHEZ 2 8D, TRTOMERL 7Y Y — A2 BRFERNICHKS 2. File 7 = —XWZAD X5, 2O
7= AR=JOALIF 2HEBEMFCHLEST, CTARKEDZI—F—ERDT AT 7 X—%
weakref 2 — Ny IBNIEPHINEZBHDET, v v bRV Y 72— XFIZETEINEa—F
. ENPMEETZ Y Y — AP TTIHEREL RN (KL< H2HIE T4 75V —FY 2 — /L% warning 1
HTT) 72k & 2 fIAMCER L £ 3,

AVER—TVERT vy PR T2 ERERIE  main B a—AREfTEINTWSEZAZ YU T
DFEATHET LIz 2T,

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.

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

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

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 BRI typeiter I2H D T,

CPython E#DF#l: CPython does not consistently apply the requirement that an iterator
define __iter__Q).
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key function

keyword

lambda

LBYL

list

(F—BI%) * B H2VIIREREEIE. YV — MRIEFLED 7D OEZ RS LATREL 7
¥ =2 b (callable) T3, HlZIZ, locale.strxfrm() & F—BIRICHZIE. v —UKFDY — b D
BRICDo oY —FF—ZIELET,

Python DZ < OV — M3 F —BHEZ IR D EZOW SIER 7V — A2 EH L £ 3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £7,

F—BREEZ HIEEVL 2D H D £3, Bl str.lower() XY v KERIFENLFERXHIL
WY — b5 X B LTS Ze k%, H»2WIE lambda r: (r[0], r[2]) O &
572 lambda X225 ¥ —BIEZES Z L D TE %3, £/, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DOF—FIa > A 57 2p3H H £9, F—BIK
DIED 75 e 0T DAl Sorting HOW TO 2ZH L TL 72X W,

argument =
B B L TLIZE W,

(Z X)) H{LDA 54 VBT, BB OH S hize 2iICiHiicns 1 20 X 284F7, 74
XEABUE VE 5 #501% lambda [parameters]: expression T7F,

FZ2130R5EDH (look before you leap)) DIFTE, ZDaA—7F 1 Y7 AXANVLTIE, FFOHLPBRRK
2175 N, BIURINCHTRSM (pre-condition) HIEZITWE T, FAFP 770 —F L MEYT, if
X372 S AMDND DO TS,

<ILF ALy FMEEhZ2BE T, LBYL 7 7u—F13 7 B37 @fE e " R @BREOBAREELS &
BZTVRIDBHD EF, HlZE, if key in mapping: return mappinglkey] ¥ 5 22— FiZ,
HEDE, DR L v RHBERDEIC mapping 705 key ZEDR KM L T, ZOMEEZ, v
73 %h EAFP 7 7/u—F %5 Z L TIRTE £73,

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

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

list comprehension

loader

(VA MANEER) =7 Y 2AFDETH VR —HMOERZUHEL T, ZORR,26K2 V) R P2k
T, AV T PRAFETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2
== 0] £35¥.0H5 255 FTOMBE 16 #EHEREL (0x..) LEXXFI»HL2 YA MRERL %
To if HildA 7> a2 2T, if @i WA, range(256) DR TOERPUH TN E T,

£
Ja— kU —FFTB3F 7TV b, load_module() EWHEHEIDRXY v FEERE L TWARITFUIX
DEVFA, B—X—I3—MINC finder 2> HIRXNET, FMlld PEP 302 %, absiract base class I
DWTIE importlib.abc.Loader ZZML T2 & W,

Oy—IT>a—51 >4
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On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

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

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

See also the filesystem encoding and error handler.

magic method
special method D < 721} 7z [AFKEET T,

mapping
(oY) FREOF—HKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ HREIE I 7 X THREINLAY v FEFEELTWEary7F 4
7Yz FT9, Bl 11X, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter 72 ¥ T3,

meta path finder
sys.meta_path ZMK L TE SNz finder. meta path finder & path entry finder & BRIZH D F
/1117 M G

meta path finder 255255 % XV v FIZDOWTIX importlib.abc.MetaPathFinder 2SR L T %
ISAAN

metaclass

(RRTFGR) VTADT FATT, VIRAERIEZF, 77 RA%, 77ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RE, #ho 30%51 8 LTRIIMD, 27 AREZEMLEZEVET, IZLAY
DATY =27 MEMAFEE GRIEX X7 FAD) 77 4L b OFERELRIREEL TV E T, Python 23RE5
BOWFHAARZLDART FRAEERTEBRTT, FEAEDI—F—IZWo T, X X7 7R FELL
BEORWHDTT, L2L. —EDBETIE, XX 7 7RFBEHTTLA Y " RAEEZRELES, &
YZRBENT 7k 20ou Bl ok, ALy RE—7WEBMLED, £ 70227 FOAREBIL
Tebh, SN o RRETRRY, ZLoBETHAINE T,

FEANE metaclasses ZSR L TL & W,

XYy E
(XY v R) 75 ZAMBOFCERINLER, 2027 F72ADA VAR Y ADEME LTHOH X85
B AV Y FBA VAR YZAATY 27 P E— 58 L LTRUIMD £F (Z0HE—58IIEH self
CIENET), BE ¥ RA SN O—T 3BHLTLIEZE W,

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

the 2.3 release.

module

(£ 2—l) Python 2— FOMBEM Y LTEEL ATV 22 b TF, TV 2 —LIEEED
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Python * 7Y =7 b 2 EOHFEMEZRD £ 3, €Y 2 —LId importing OUEIZ X - T Python
N SUSES 0=

NYT—=2 ZBRLTLIEZZWN,

module spec £
Ja—nA%E2ue—FT30fHbNEM Y R-MEHEOERE S HATZEM T T, importlib.
machinery.ModuleSpec D14 Y A X Y A TT,

MRO
method resolution order ML TL 72 & W,

mutable
(32—RTN) 32— TARBRFTVx7 ME, id) 2ER B R HEEETEE T, 1Sa—
27)) BBELTLEE W,

»

named tuple
ZHITE XS L WS HEER. R TABRRELTWT, 4V Fy Z AN BRI LB 2T
D7 7R TEAEREOERL Y S RIEHINTVWET, ZORPr 5 IMlOMEED > TWVWa &
EHHHET,

time.localtime() % os.stat() DRV EZZLWV L O DHARAABNIHAFIT E X TLTT, il
D% sys.float_info TI:

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

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

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

True

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

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

namespace

(F%ATZEM) BRSNS N 25T, ARIZEMITEFHEr L TEEINE T, LiZEEIEA 7Y 22
FD (XYY FD) AT o7b DT TR, RFIVRS O, KENZ D, 2L THAAALD
SONRDHH FT, AREMITATMOERE S ZLICE > TEY 2 — RS R— T 5, HlZIXBEE
builtins.open & os.open() IFHATEMTXAMEINTVET, Fioo EDEY 2 —UHBE R FE
LTWR2RT 2 Z8IiC ko THATZERNIIATHilE & R EZ B L 3, B2, random.seed()
X itertools.islice() ¢HEL v, ZAFNEY 2 —)l random X itertools THEEINTWVWS Z
LD S TF,

namespace package
(BHRIZER ARy =) TR r—=YDary 7+ LToOAREMEINS PEP 420 TERI N
package TF o HBIZEM Sy =D W3 WENRRA LR RN e TE, __init__.py 7 74 V%
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Rz loni=, reqular package ¥ 1ZED F3,
module ZBHLTLIZE W,

nested scope
(AR P ENTeRa=T) SMITERIN TV I EK 2 SIS 2AET T, BRI D 2B O RE%L
DOHFTERI N TV EHE. NHOBBIISMIDOBEB Oz RTE%x T, A A PSR a—T
377 4V b TRERDBREZTNTE, ZHORANRTERVDOTERLTLEZS W, B— VAR
F ROR[DR a—FTERZHAEE L XS, AR, 70— OVEREM-S & 7o — ILHETZE
RIDOEZRFAEE L ET, nonlocal TIHMIDERICEZIADF T,

new-style class
Old name for the flavor of classes now used for all class objects. In earlier Python versions,

only new-style classes could use Python’s newer, versatile features like __slots descriptors,

—_)

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

object
(A7 =7 b)) RE (BEDHE) LERINLRLZFE N (XYY F) 228 TDT—%, b LI
RTD HRAEAINTTZ OFMOILES 72D L,

package
(R T =) ¥ TEY 2= VLHRWICH T v r =280 L OHEKS module DZ & TT, &
FIRCIX, Sy o —2% __path__ @M% $D Python # 7Y =2 T,
reqular package £ mnamespace package B L TL 72X W,

parameter

(R51#) %I ORMET B (2 AV Y F ) OERCBWTHEART 2 R318 2HHEL %, K
SR 5 D D £

o MWEBEFRLIFF—T—F: {UE THLIWIE F—T—F5|H L LTET L TEL5/EEELE
o TS ZIBLLTD foo R bar DL DI, T 7 4V ~DIRGIEOEETS:

{def func(foo, bar=None): ... J

MESH: fEICX-oTOAGZONI5IMEEEL 3, MEBFTHOL T BEERDFIBDOV
AMDHTEZENSLDHRAI / ZEDBEI L TERTEET, BIZIXZTILD posonlyl ¥ posonly2
A EEAT IR £3:

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

o F—U—FER: F—U-FRIoTOAGEZLNZ5HEIRRELET, F—V—FEHDFIEE
ERTE 25X, BIZIELLTD kw_onlyl R kw_only2 @ X 512, BBERDIRGIEY A M
B ERMESIBEITHD x B TT:

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

o HERME: (RORGIATEICRT S5NIAERDOMESIRUINZ T) EEOEBDMES G Z
LRBIEBEELET, ZDXSRRGIEIL. HUTD args D X5 RGIEAH DRI * 201F 2

95



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

Y TERTEET:

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

o AIERF—7—F: (MOR5IFTHCRZI SNERDO X — vV — F5IEICMA ) EEOEKD
F—U—F5BRE5Z5N2 I REELET, 2D X5 RE5IEE. LOBID kwargs DX 512
B DRNC %% D35 Z L TERTEE T,

REIEEA 7> a Y e HDGIBOEDL HBIEETE, A 7> a yOglIET 7 4V MEBDIEETZ
£73,

RE31% . FAQ D E5 B2 K5I EDEWIZMTFT2? . inspect.Parameter 7 7 A, function 2
va¥, PEP 362 2R L T Z& W,

path entry
path based finder 73 import § 2 €Y 2 —)VE2IET import path LD 1 DDEFITT,

path entry finder
sys.path_hooks IZ®H % callable (D% D path entry hook) 23R L7z finder TS, 5 Z BTz path
entry IWHBEI 2—NE BT B HEEH>TVWET,

NRAZY P =T 74 Y EPRETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
ML TLZE W,

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

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €S 2 =D import path ZREL F 3,

path-like object
(path-like # 7> =27 }) 77 ANV AT LNRRAZRL T, path-like 72 =7 ME, RRX%Z2RK
T str A7 Y27 MR bytes A 7Y = b, 713 os.PathLike YR P AN ZRHE LA TV =
Z bDENDTT, os.PathLike B baAZH R—FLTWVWELF 7Y =7 M os.fspath() %
MUOHST 2T str £7213F bytes D7 7 A VT AT ARRICEBTEE 9, os.fsdecode() &
os.fsencode() IXFNFN str H2WVII bytes KRDZDEHRAT Z2DIMEZ LT, PEP 519 THE
ASNFE L7,

PEP
Python Enhancement Proposal, PEP &, Python 2 I 2 =7 4 18 L THERZERET 2. H 2V
Python OHHERER Z DIBERIRFIC OV TN T 23ETLHTT, PEP &, HABICOWTOER
Bk L 1B 3 2 BRE Dl (Biam) ZBZ 2 RNE T,

PEP &, #EREDIREIC»H 5, 23 2 =7 1 I X SMEREDHEME Python 1272 S 2GRN
DXENDTD DR LM OMKEE 22 2t ZBEKLTWE S, PEP 0FZHICEII2 =T+ NDEE
Bl zEiT5 2. RNEREXELT 2L DEBERDD £75,

PEP 1 Z2ZRL T W,
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portion
PEP 420 TEF XN TV, namespace package BT 5. D7 7 A AW (zip 7 7 4 MITHERN
TNTVWEHEDDHZ) 1 D2DT 4 L7 MV ITHNE b D,

@B 1% (positional argument) =

I8 ZZML T ZE W,

provisional API
(HE API) 5 4 75 ) O%JT BFEREED S FHHINCRA I NI DTS, TDLIBRAL VX —
T —ANDOKEREHE I, ETHALINTVAMBPHIRTOELAN., a7HFEECI-T
ME Y AU, BAIEERREE (L X —7 2 —ADHIRETEEN D) PMTbIZET, Z
D ESBEFRRZOLRAITONEDDTIED D FHA - ZHUX API ZHHAALENCIEREZ  ShTw
T2ERBRMMPBE L2 ZICOBATONET,

PE APT IZoWThH, BABHMDR VAR RETFER LARINTHET, MERIHIL .
Ga TR AR RS RETT,

ZOTaEAZED, EBES A TS VEMEERZ T Vs —CEVWHEELTAD SN E Z L,
RRZHEX CGERER SN FE T, 3l PEP 411 23R LT EE W,

provisional package
provisional API ZZRL T EE W,

Python 3000
Python 3.x VUV —X74 D=y 73— LT7T, (Python 3 23EWRERDEER - HIESNE
T9, ) "Py3k” g h 52 ddHh 7,

Pythonic ftt

S TR RE 2 THEIrNIza— F TR, Python DRHT—BINRA 74 F 2o 7B 2

Fea— KRk, #HlziX. Python O—fik A4 7 4 F LTk for XEH>TA T 77NV DITRNRTOER

WRKE-oTL—=7LET, DZDFEBIIFZOMHMEAITRVD T, Python IZEATWZRWAZAD
DICBIED Y v R—%fE5 b LOLEEA:

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

ZAUTH L. Ehwiz Pythonic 72 41K

for piece in food:

print(piece)

qualified name
(EBffith) €Y 2 =N DI B—NVRAA=TD06, ZOEI 2—LVTERINLZ TR, B XY v F
AD, " RRT BRT Ky ARG TS, PEP 3155 TERINTVET, by TLLOBEKR Y Z
AT, BHi%EA T POARTIEEL TS

>>> class C:

class D:

(RDR—IhE<)
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(FiDR— 25 D %)
def meth(self):

pass

>>> C.__qualname__

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

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 AANOBRTHDLINZ &, T2EMB (fully qualified name) IZTXRTOERY =% B
2RO Ry AR, HlZ1T email.mime.text ZEMKL F 3

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

'email .mime.text'

reference count

regular package =

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

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

72, __init__.py 77 AVEBLT 4 L7 MU LTD packages,

namespace package SR L TLIZE W,

__slots___ 4

FANTDES T, A VARV ARUEOHEBEDONUDERLTEE, £ VARV AFELHRT 2
Zr T, XBVEHWLET, ChUIEILELNZT 7=y 7 TTH, IELLFSWEAPLIY v F—
RDT, Wk —Z, PIZEXA Y DIERE L 257 TV r—2 a3 VT VARV ARKBITHEIET
5, LWVok ZRRE HLRVDIERZ T,

sequence

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

lookups use arbitrary immutable keys rather than integers.

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

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

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

Operations.
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set comprehension
(BEBNTLKRED) iterable NORTH 2 WIE—EOERZWUH L T, ZOMREI LR 2EEERTa Y
XU MRFEEXFHTT, results = {c for c in 'abracadabra' if c not in 'abc'} &3 % ¥,
{'r', 'd'} 2WOXFHOEEEEMRL FF, comprehensions ZZIR L TL 72X\,

single dispatch
generic function D—FETHEZI—DOD5| BRIz L DERINE T,

slice
(RAFAR) —fiC =T VR OD—FEELA TV 27 by RAT4REF, BFEREL [1 THRLNHE
BoBoMican y2HEL Z e TELNE T, HlZIE, variable_name[1:3:5] T3, AN (RF)
LB slice A7V =7 PEAETHHAL TVWE T,

special method
Rk X Y v ) & 2 BN2REOBIE. BIZXMNMEZ $ % 72912 Python 7 6B U S 5 X
Vo R, ZOMBEORY v Fld. XYy FEDOBRFMEREZICT VX =237 2 DBDWTWET, Kk
XY v RIZDOWTIX specialnames TR XN TVWE T,

statement
(2) XEAA— b (3—FD” 70y 27) KRAIRKREZETT, XE X hF—v— Frofkahs
HDODEE LA TT, %BFEICIE if. while, for 23HH %7,

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”.

text file
(TXFAPMT7A4N) str ATV 27 M EFAZFEETED file object TFo LIXLIE. 7FA M7 74
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MEFEBIIAAL MERIDO T =X APV =217 78R L, THEFALIY -7 7 ZHBITWV
¥9, 7FA M7 7 A LDFIZ, sys.stdin, sys.stdout, io.Stringl0 £ Y AR VAR E R T F A
FE—F ('r' or 'w') THWEZ7 7 4L TT,

bytes-like ZT T RFHAEBEETEDZ 77 ANA T2 MiZOVWTWIE, NAFUT7AIL 5
L TLIZE W,

triple-quoted string

type

(ZEHZ +— bXFH) 30Dk L2 4 — bid B (7) 7 HRRA a7 4 — () THERLCTFH, &
WD (—H) 74— FXFINIHARTRIT & 3 XFINTENIDH D FHAD, EOorOMETHHT
T 1002008 LY +— Ml BEIRF —FHULICEL 2P TEE T L, T#CFE (\) %2
HORL TOHEBATICE DB 2D TEZDT, FFaX VT — 3 VFHEE S RHICRRICER]
T,

(B Python #7227 VORI A T 27 " BED LS R D0ZRODET, HHWE2FTI =7 b
WBHZRS>TVWET, A7 227 FOBIE __class__ BWHT7 272X L&D, type(obj) THIEL
7= kS,

type alias

(B4 V7 R) Bopl#T, Bzl IcRALTERLE S,

M4y 723 Ber b 2HMLT2DICHHTY, flZIE:

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

pass

CHEBRDESITEDFHAR TS TEET:

Color = tuplelint, int, int]

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

pass

FEEEDFIHD ® % typing ¥ PEP 484 2L T F X\,

type hint

universal newlines VA

(Be v b) ZH. 7 7A@ BED R I X =20 B EOMFE N LRI ZIEE T 5 annotation TE,

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.

Ja—NVEKR 77REME BET. a—-—F LV EBHTRVWIDDE ¥ M typing.
get_type_hints() THUSTZ %7,

FEEEDFIIHD D % typing ¥ PEP 484 2SR L TL 22X\,

FZPFMZ M) —2LDBIRED—DT, LTOITARTEITRLIAHZ L £9: Unix OITHEHEE '\n'.
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Windows OHE '\r\n'. H\ Macintosh OHE '\r'. FHEIZOWTFHEL L 1Z. PEP 278 ¥
PEP 3116 ., X5IZ bytes.splitlines() WL TLZ &\,

variable annotation
(EBT /7 T7—=>ay) ZRH 0G0 7 ZAEED annotation .

BB B WNE 7 7 ZABMHICERZ NI 72 & 21k, KA IMEETT:

class C:

field: 'annotation'

BT /7 T7—a @B BEEY L odifibiET: flZIE. ZOEEII int DEZIRSLZ
PRI TVET:

[count: int = 0

BT ) T— a ¥ DOREUIOWTIE annassign BiCHEH LTV T,

KEEEDFBADS D B function annotation, PEP 484 | PEP 526 ML T &\, /-, 7./ 77—
YaYENHTERANTF 77 1+ AL LT annotations-howto SR L TLZE W,

virtual environment
(IRARBEES) WA Y D X h 7 FHFIEECF, ZAUCE D Python 2—F &7 7Y 7 —2 2 VIZA
U AT 5 ETEHNTWAMO Python 7 7V 7 — 2 YOBEENCFH T2 Z 242 < Python Sy
T—YDA VAN EEHET) ZENTEET,

venv 2SR L TL XV,

virtual machine
(R~ v) E2ITY 7+ Y 2 7IC K DER SN 3 Y ¥ 2 —&, Python O~ > & <4 k
a—RKav AL SHEHALE N RO—F 2EGFLET,

Zen of Python
(Python ®1&D) Python ZEfELFIHS 2 L TOEZ L5, Python OFEHFERRIE EH¥%2 VA MZ
L72bDTY, Wak7 v > 7 FT "import this” ¥ T2 ZDVRAMEHRDET,
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CORFaAXYMIDOWVT

COFFaXyME Python D FFaX v 2FEZEHNE L TESLNAL FXFaxXy ooy oD
Sphinx Z#H|fH LT, reStructuredText B DY — 2 54EMRXNE LT,

FFaxXx>bezoy - #HoOBREIX, Python B L FRRICTEEICRI YT 4 7TOEHNTT, b LHKREN
B LWL, YO LI TRIEEWVHNIZDOWT reporting-bugs R—I 2 ZEFE W, HTILWLWKRT VT 4
FTIFVOTHEGTY! GRIE: HAZEROMEIZOWTIE, GitHub £ ® Issue Tracker THiE 2 BE WL
i‘j—o)
EPNIRRT R

e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FrOIERET, FFaXr D%

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

e Fredrik Lundh @ Alternative Python Reference 7022 =7 b 225 Sphinx 32 D74 T 7215 %
L7,

B.1 Python RF¥aX> b+ BEtE

%< DF 4P Python §if. Python #5475V, ZLT Python F¥aX>7—>a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEARNTTIEH D 30V X b
7y 7L THHET,

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

Python (& 1990 D4, * F >~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZH) T Guido van Rossum I & 5T ABC &IHIN 2 SiEOBMSEEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWE F2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido 1 &KEY 7 =Y =7M 1L X + > i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ Zi) T Python OBFEICHED D, W D2hrDNN=Jar%2 VY —-RALE
L7z

2000 F 3 H. Guido & Python @ 2 7B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FE 10 H, PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH) 12D £ L7, Z LT 2001 4. Python 2B 2 HINMEZIRE T 270D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ ZH) 23256 B L7z,
Z D ¥ & Zope Corporation (¥ PSF O¥EBI&BIck b E L7,

Python OV VY —R@3ETH -V V- (=72 YV —RXDEFKIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERINICAT, T —HZRIZL A LD Python VY —2R1& GPL A#IZRo TV T; %
VY —ZARDVTUIFTRICKEDTHD £,

JJy—2 N—2 )23 il GPL Hix
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DIRE 2.1.1 2001-3ifE PSF yes
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FMR: TGPL Aty 25 ERBIX, Python 78 GPL TEHHAZNTWBE 2 WHEKTIEH D £ A, Python
D4y RAFLT, GPL 2BV, ZELEANA—Y a VERMATARICEEL2F—F Y —RI2LRLTH
PEVWERA, GPL HE:F DS A4 Y ZADF T, GPL TY VU —X2ZNTWABflidY 7 hY =7 & Python %
MHAeEbELNETY, ZNLHD T4 LV ATIEZSTIEDD A,

Guido RO T, TNHDVV—RZARICL T L E 0B DRI VT 4 TDARIATEHL F75,

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

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

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

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

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

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.3

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
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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.

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.

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

its terms and conditions.

Nothing in this License Agreement shall be deemed to create any relationship

of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any

third party.

. By copying, installing or otherwise using Python 3.12.3, 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

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

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

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

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

. BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(RDR=V ki)
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(FiDR— 25 D %)
5. This License Agreement will automatically terminate upon a material breach of
its terms and conditioms.

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

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

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

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

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
(RDR—=V ki)
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5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.3 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

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

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the

verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

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

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote

products derived from this software without specific prior written
(RDOR=V ki)
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permission.

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

Any feedback is very welcome.

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

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

C32 VYT7wvhk

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

(RDR=V ki)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR

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

C.3.5 Execution tracing

The trace module contains the following notice:

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

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

Author: Skip Montanaro

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

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

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

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

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
(RDR=12Hi)
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both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

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

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

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

C.3.9 Select kqueue

select EY 2 —E kqueue £ Y Z— 7 2 — ROV TDROEHNEEATOET:

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

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

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

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

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

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

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

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(RDR—T12HE )
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK K
*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

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

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

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

C.3.12 OpenSSL

The modules hashlib, posix, 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

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but

not limited to compiled object code, generated documentation,
(RDR=V ki)
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and conversions to other media types.

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

(an example is provided in the Appendix below) .

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

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

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

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

subsequently incorporated within the Work.

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

Work and such Derivative Works in Source or Object form.

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

cross—-claim or counterclaim in a lawsuit) alleging that the Work

(RDOR=V1FiL)
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or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

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

meet the following conditionms:

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

Derivative Works a copy of this License; and

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

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

the Derivative Works; and

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

as modifying the License.

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

the conditions stated in this License.

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

Notwithstanding the above, nothing herein shall supersede or modify
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

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

--with-system-expat:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "°“AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
(RDR=V ki)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

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

system is too old to be used for the build:

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

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

arising from the use of this software.

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

freely, subject to the following restrictionms:

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

appreciated but is not required.

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

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

Jean-loup Gailly Mark Adler

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

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THH L TW3 Ny ¥ a5 — 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOEF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

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

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

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

with the distribution.

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

from this software without specific prior written permission.

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

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured --with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

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

C.3.18 W3C C14N test suite

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

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

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

are met:

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

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

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

specific prior written permission.

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

The audioop module uses the code base in g771.c file of the SoX project.

projects/sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

https://sourceforge.net/

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 IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR

TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, 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

(RDR—IhE<)
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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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COPYRIGHT

Python and this documentation is:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.

Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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