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B—RN—T1YV—ILG& L THRZES

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

2.1 C ® C++ IC& 3 Python DR

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

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

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

AR

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

spam (Monty Python 7 7 Y DI TFR) LWSHOIIREY 2 — A ZERT 2 2L T, C 7477V
BIEL system() 12X 2 Python £ ¥ X —7 = A ZEAER LIV LET, 1 2O null THRIHX AL
¥x 77 XFH G e D, BREELET., COBBELITRO X S5I2L T Python 225 0HE S &5
Ll7znwe LT,

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

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

ZDT 7 ANDEYD 2T TDI ST LET:

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

AR

Python (. AT AWK o TIEEANY XDOERISHET LI L5877V ety B EREZT->TVWED
T, Python.h ZWVWTNDIEENY XX D BHNTA 71— F BREBDEFEA

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See 3R EZ 12—
JLESEITD /NS X2 R for a description of this macro.

Python.h TEHRINTWVE2—FSAHD Y ¥ AL, £ THEES Py £721X PY BtV TWE T, 7272
L. BN X7 7 A NVHADOERIIREE T, DD L, Python ATAHFICHES Z2icikd e WHHE
B2 6. "Python.h" I3V D0 DIFHEAN Y X7 7 L. <stdio.h> . <string.h>. <errno.h>. BXL
<stdlib.h> A4 Y ZIL—RLTWET, BEDANY X T 7 A VBT AT A EIZRITUE, "Python.h" 5B
B malloc() | free() BLU realloc() ZHEEERL ET,

RIZT 7 4 MBS 2 NEE,. Python 3 spam.system(string) #FHilid 2 BRI XN 2 Z v ik
% CBBTYT (ZOBBERKINCED XS IKMTHTIE. BRTT SO ET):

static PyObject *
spam_system(PyObject *self, PyObject *args)
{
const char *command;
int sts;
(RDR—=T12HiL)

1 ZOBBADA VR —T7 2 —RFTTIHEEES 2 — )L os IZHD FT — ZOBMEEALDIZ, BMTEBENZAZRLEW
METE

6 F2E H—FN—To V=L L THERZES
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(FiDR— 25 D %)

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

return PyLong_FromLong(sts) ;

Z ZTlE. Python 5%V 2 b (iR, BH—0DxK "1s -1") » 5 C BERCETIBICZOE FEBL TV
¥9, C BRI o058 zHb. EEHINC self BXY args EMIINET,

self BIBUCIZ, BEY 2 — L LNV OBEBTHIEEY 2 —h, XV FIJIEATI 27 b A VAR ADE
INET,

args 51EUE. BIBD A 272 Python A FNA TP 27 bADKRA Y RIZRDET, RINVANDOZEEEIX,
O L OBEOGIE Y R MBI 285 BITHIG L £ 3, 51803 Python # 72 =2 F T3 - C BT
SR> T2 ETIRIE. A7V =227 25 C OEIEHRERERD £¥ A, Python API OB
PyArg_ParseTuple() 3518 D& 2 F = v 7 L, C DEHICE#L £ 3, PyArg_ParseTuple() &7 ¥ 7L —
FFEH RS T, I A 7Y 27 Py Sl ANS C ZBOBEZHHILFT, ZhiZon
TIFETHLIHHLET,

PyArg_ParseTuple() &, & TOGIEMBELWRZE > TWT, 7 FLRAEL SN EBUCKT 1 HEEE
RELLEZICHE (JiEn) ZIRLEY, ZOBBBPELRGIBY R M 2ESTEMH (En) ZRLET, BRED
A, BERREY) e Rt 3 20T LA (BlicdH 2 L 512) F<I NULL Z2BF X512l 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 API T, B4 LREDFINELY b T EDDBKEVOPERLTVET,

bordIHVSHNSDIE PyErr_SetString() T, 5l1EUIHIANA 7P =7 & C XFHITT, HlstA
7Y =7 MIEE. PyExc_ZeroDivisionError D X D REFREADL 7P 27 FTF, C XFHILF—
DFEA%ZR L. Python XFF|A 7Y = 7 MIEHMINTHAND ” (MEME” RIFEHET,

b 5 —OHFHLRBESE LT PyErr_SetFromErrno() 25% b ¥3, OIS IEcHNZT 2 D, (TEE
370 — VAR errno P OMEL F3, b o & SINHNRBEEIL PyErr_SetObject() T, Z=D20D 47
Tz b BINNENEEZTIBICED $F, TASBEBICE S A 7Y =7 MZIE Py_INCREF() %5 HEd
HYHEEA

By P EINTWE D E S »id, PyErr_Occurred() % ffio TIEMHEMICHANO N E T, Z OBEEIIH

2.1. C*® C++ IC&3 Python DR 7
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EOHNA TS 27 P 2R L ET, FIASFREL TOWRWEEEICIE NULL 2R L 29, @EiE. BEHRoRED M
POITT —DBREELZPEHHITE 213372 D T, PyErr_Occurred() 2MUHTHEIED D FHA,

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

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

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

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

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

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

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

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

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

[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)

(RDR—=T12Hi <)
8 F2EY—FN—T14 V-G LTHEREZESD
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(FiDR— 25 D %)

PyObject *m;

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

SpamError = PyErr_NewException('"spam.error", NULL, NULL);
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 DGR 9
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2.1.3 BlICES

HIFEDOBEBOHNCR 2 v, SEEUTOERTIEHETE 31T TT:

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

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

be declared as const char *command).

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

[sts = system(command) ;

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

function PyLong_FromLong().

[return PyLong_FromLong(sts) ;

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

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

Py_INCREF (Py_None) ;
return Py_None;

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

2.1.4 EZa—ILDOXYVy RT—T )L YIHEAMLEEE

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

and address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

(RD<—12Hi <)

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

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

METH_VARARGS 7213 %2554, C BIEZ. Python L)L TD5 |44 PyArg_ParseTuple() 2ZHTX 3
XTIVDIEATEINS D LIELRIFIUIRD FXA; ZOBEBICOWTOFMIE N CHAL £3,

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

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

AV BT =T MFEY 2 - VERDOHEERR GBI TWRITNZRD $EA:

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

g

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

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

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

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

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

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

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

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

int

main(int argc, char *argv[])

{
wchar_t *program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {
fprintf(stderr, "Fatal error: cannot decode argv[0]\n");
exit(1);
}
/* Add a built-in module, before Py_Initialize */
if (PyImport_AppendInittab("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit(1);
}
/* Pass argu[0] to the Python interpreter */
Py_SetProgramName (program) ;
/* Initialize the Python interpreter. Required.
If this step fails, 4t will be a fatal error. */
Py_Initialize();
/* Optionally import the module; alternatively,
tmport can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule("spam") ;
if (!pmodule) {
PyErr_Print();
fprintf (stderr, "Error: could not import module 'spam'\n");
}
PyMem_RawFree(program) ;
return O;
}
N
AR

H—o 7t AN (%7213 fork() RD exec() M AL TWIRWIREE) 2B 28 BD A > &7V 2
BWT, sys.modules 22HTY MU ERERELLDH/ RV A VEAEY 2 =% import L7zD T3
L HRREY 2 - M Ko TIEMEZE L2 2 H D F3F, HREY 2 —LVOIEFIE. N7 — & HE
LT 2BRICIZ X KSHDIRETT,

LD EEMNLREY 2 —AfllX, Python Y — ABHYIC Modules/xxmodule.c £ WHZKFATTA->TWVWET,
CO77ANMET YL — P LTHRAHTEET L, Bichle LTHHDF T,

12 F2EY—FN—T14 V-G LTHEREZESD
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AR

xmodule ¥ spam & %7 D, ZERFEVIHAL (multi-phase initialization (Python 3.5 OHiFkRE) % ffi- T
WZE T, PyInit_spam %' PyModuleDef 3B L, €Y 2 —/LDAERKIZHZIC import FENTTVE T, ZE
FEFIHILIC DWW T ORI PEP 489 22 L T 3,

215 AN s

HLUWIEBREY 2 — L2223 X 51X 2 F T, £ ODE#: av, Ly, Python A7 LD ¥
7. DEoTVWET, BIlNFiAAA (dynamic loading) 2> TW2 DR 56, fEEDFHMIZADT DS AT L5
o TV AT AAADBERICE > TEDLZ D LNLERA; LR, HREY 2 LDV RIZEHT 2
B (CHBELY C++ ILWEROEILF FE) 2, Windows 1IZE1F % L RICBFRT 2 E8IMERDE (Windows £
TD CHEFV C++ HREZ2a—ILOEILR TE) 2SR L TIZE W,

BINFAIAAREFZ ooz, BV 2 — L EERKF Python £ X 7Y ZD—ERIC L TBELWEE I, A
YETVRDOENNRECZEBELTHEL N LRTFEROK KRS TL x5, Unix Tid, ##EAIICZ
DIEFEZE THHMTT: BICAEDEY 2 =17 7 4L (Bl 21X spammodule.c) ZER L7z — ARAY)
@ Modules/ 74 L7 + VIZEZ, Modules/Setup.local ICHTD 7 7 A L EFHIAT 2 L FO—1T:

[spa.m spammodule.o

EBAMLT, Py 7L RADT 4 L2 F VYT make 2FEITLT, A YR TVXEFHEILRNTEEITT,
Modules/ ¥ 774 L7 F VU T%H make ZFEITTEF T2, Hid o T 'make Makefile’ #5217 L T Makefile
EPHELVFLTBLRINUIRS D FXA. (ZOEHE Setup 7 7 A NVEEET 372 KIHETT, )

BT 2a—ADHDIA4TI7VEY I INTVWEIRENRDLLGE. 7477 VBRET 7 A VITHNIETEX
T PIZEUATDOLSICLET,

{spam spammodule.o -1X11 J

2.1.6 C 15 Python ¥ ZFUHT

ZNFETIX, Python 226D C ABOMUH LICEREZEVWTARTEFE Lz, EZATIDH: C 250D
Python BABOFESH L E/EHTT, EhblF, WbWw3 " a— Ny 7” BEEI R T2 L5K7
4750 BT 2BRICIE Z OREREDMERI TS, 2 C A VX —T 2= a— Ny ZEFHALTWEH
&, FFEOHEEZ 1T 2 Python 2— FTIE, LIXLIE Python R 27 I <i2a—nNy 7 EEEE IS
BRENRDHD ET; COL XEETIE, C TELNa— ANy ZEKH S Python TELNTT -1y 2
BEMUCHT XTI RENHETL LD, DHAA, HOFARDBEZIOLNE T,

SEE# IR Z 21, Python 4 ¥ &2 7V X 3fHHEICHIFMEOH LT Z. Python BZMUIH T 0 0FHEAL >~
R—7z—2bHH ETF, (Python —HFEZREDATILEE M > THEEHTHEICOWTHRT 2205 DI
HHFERA — ZOFHEIHIEND 5746, Python Y —2X 23— FD Modules/main.c iZH3, a~<v¥ K74
VAT ay -c DFEERATIIZEW)

2.1. C % C++ I2&3 Python DGR 13
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Python B O IH LIFFHHETT, £3. COa—RINLTa—nNy 725 L L5 &35 Python 7
02 Z LE, S DHET Python OFA 70 27 F2EXRIERD THA, TDHIZ, a—in Ny
BB (320D A4 v E—T7 2 —R) RREHEERIERD FH A, 2O —Ny ZERBEBDIECH
IhBRic, 5lZ2E XNz Python A 72 =7 bADRA VX% 70— VBRI — H250VIE, 2
HYIRIGINC —— RIFLE T (BfA 7Y =2 % Py_INCREF() §5 &5 K EELTL XV, iz,
RO X5 BB EY 2 — L D—F 2> TVWB I TL X I

static PyObject *my_callback = NULL;

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

{
PyObject *result = NULL;
PyObject *temp;
if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
if (!PyCallable_Check(temp)) {
PyErr_SetString(PyExc_TypeError, "parameter must be callable");
return NULL;
}
Py_XINCREF (temp) ; /% Add a reference to mew 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—ILDXAYV v F7F—T)L¥HLE%. The PyArg_ParseTuple() function and its
arguments are documented in section #L5RE S 2 — LB TD/NS XA X2 ER.

Py_XINCREF() B XU Py_XDECREF() &, 7Y =7 MIWFTEBRAIV I b2 A VT UR YN/ TR
YEFB0D%a T, NULL KA VAP EINTHRBBETZIHEATT (idvwi, FofnTtid
temp 25 NULL 12722 22 &HH FHA), ZOHDT 7R BRI Y Y MZOoWTIEK, BBAD Y ME Tt
AL TWET,

ZO%, =Ny ZEBER O TRAIR 5. C BI% PyObject_CallObject () ZFFUNMHL %, 2D
BEUCIE =2 D51%4: Python B Y Python BAEDFIE Y A 235D, WINBHIERED Python A 7Y =2
FPERTRA VEBETT, 5BV AMIBZEZTINA T2 7 2 TRINERS T, ZOEXE5EOBITR
D %5, Python BIZ 51807 L THOHE DR S, NULL DX L EEL %3, B—o5 |5 clEE R
3o, BHER (singleton) DX V%2 L %3, Py_BuildValue() OFRFHIFIT, Y X7
—AU FoERM T — FA o AN D 258, ZOBBLIL TV 2R LET, URIchlZRL 3!

int arg;
PyObject *arglist;
PyObject *result;
(RDR=V1ZHiEL)
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(FiDR— 25 D %)
arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject() i& Python A 7Y =27 bADRA VX EIRL EF: Z4Ud Python B 5 DR D
fEZ72 D %3, PyObject_CallObject () &, 5IEUTH LT ” ZMH v > ML (reference-count- neutral)”
TY, LOBITIEEIVZAER LTIV R P LTRELTE D, 2D X 713 PyObject_CallObject ()
DIENH LE&IC Py_DECREF() XN TWVWET,

PyObject_CallObject) IFEDMEHE LT "H LW 7T 27 b+ FHHER I WA TY =27 b, BifE
DFTP 27 b DBRATV I VAV VRA VI LESDERLET, EoT. ZOATT =7 e ra—N
NEBIRFE LT VD TROWOED, e A ZORDVEIHEKAZTD (LA 25 THIRBES B!
MU DFIETREDEA 7Y =7 % Py_DECREF() LARITIUIRD E¥A,

YWz, RDfE% Py_DECREF() 3 2H1CIX, fHAY NULL THWAF v 7 LTEBL ZeHEETT, dL
NULL 72 &, FEOUCH U7z Python BABUIHIAN ZEH L TR T XE 5 TWE T, PyObject_CallObject () %
M LTWwW5 a— FERS £72 Python 25N EIA TV D THIUE, FEIE C a—- RBESZEYS
HLTW3 Python 2— RIZ 7 —iREZRIQERD FRA, ZRUTED, A VR TVRIERAZY 7 b
L—2%&MA LD, HINELIES 27200 Python 2— REMFCH LD TEE T, HIN0EEBALATEE
oleb. L7 RWnwDias, PyErr_Clear () ZFFATHIANZHEAL TEHPRIIRD FEA, HIZIZLLTD
£OWLET:

if (result == NULL)

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

Python a2 — A Ny ZEBEYARSA VX -T2 —RARXL7ZV2IZE> T, 58V X%
PyObject_CallObject() ICHARUTNELROLWVWEHEESHD T, H25 7 —RXTiE. a—1 Ny 7K
PHEELLZDERIUA YEZ =T 2—XAZN LT, 5IBVAINBEINTVEI2D LOLEVTA, E0D7—
AT, FILORXTAZHEEL TR X P 2EIRERLRV2S LLERA, ZO5ERD LD
Py_BuildValue() ZFERSLDHTT, HlZiE, BHOA Ry Pa—FEELZTNUL. UTOLS5%a—F
S 2B TLES:

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) ;
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Py_DECREF (arglist) AMUHLOER, =7 —F v 7 XD IFICEINTVS Z 2 ITFERELTLZXW!
Fiz, EICEZIE, 20— FEELETIED D £ A: Py_BuildValue() EAEVARRIZBELEVWED L
NI, FzvZLTEBLRETT,

WEOFE F—7— FEIE%ESR—+F 3 PyObject_Call() &ffi-T, ¥—vV— F5lH%EMHS BEEIECH
LETH5ZeHMNTEET, LOBIZFET LS12, Py_BuildValue() ZfF-> THELZIED £3,

PyObject *dict;

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

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

2.1.7 HRED 21— LR TDINS X 2 ERH

PyArg_ParseTuple() BAEIIML TO LS ICEE STV ET:

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

51 arg & C BIED 5 Python ICEXN 25V R NP AKX TAATI 27 FTRINUIRD 8 A
format 51EFEAIFEF|T, Python/C API V7 » LY A<= a2 7LD arg-parsing TR XN TV 3 HIL
KDL D FE A, RD D58, ZhZhOZEHD 7 FL AT, FUFIND» SR E 2HIT2 o> TW
ZAFAUITRD T A

PyArg_ParseTuple() (& Python #2565 2 672 5| AR ERENTL o TV B iR 25 DITH L,
PyArg ParseTuple() XM UH L OFICE I C ERO 7 FLADPENMBREZFEOP#HNL LW
CEWRHERELTEIV: ZITHEVWEZILETE, a—F»R 77y > a3 LhkEAL. PR<EDBT
7oy PEXAEVICEEZLTLEVE S, [HEZ!

P LANCREEE N A 7Y = 7 FADBIRIZTRT EA S (borrowed reference) 12720 $3; Zh b
DATI 27 bOBRAT Y 2T 7 UX Y FLTERD A

MR2W o0 LAIZRL 3

#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;

(RDR=12HE <)
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(RIDR=I D5 DR E)
ok = PyArg_ParseTuple(args, ""); /* No arguments */
/* Python call: f() */

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

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

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1. C % C++ I2&3 Python DILEER 17
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2.1.8 HERED 2 —ILEABDF—T— KNI XA

PyArg_ParseTupleAndKeywords() &, MU FD IS RKESENTVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format %7 X &% PyArg_ParseTuple() O b DE[E U TI, kwdict %7 X XiIF—v — F5|8D
Ao 7FET, Python 7Y XA LS AT LDLE = NRI XX UTRITMD £3, kwlist 787 X ZIFEF
A R &S 2 72D DX FHN 06745, NULL #IS iz Y A P TT; %87 X X1 format HORFEHIH
LTE»POHDIRICIEAEZINE T, 1T %L PyArg_ParseTupleAndKeywords () IZEZIRL. Z0LAD
a3y s pst 2k i LT IR L £9,

AR

F—U— R efoTwa5HE. X TNVEIANTFIILTHEIERA! kwlist MIFEELRWF—T —F
RIXZPEI NG, TypeError DFEHEFIER I L E T,

MFRiEF—v—F2fio/Ed 2 —nPlERLET, ZHUd Geoff Philbrick (philbrick@hks.com) 12 & % 7
nr7 aflEd L TVET:

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

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

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

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function %is necessary since PyCFunction wvalues
* only take two PyObject* parameters, and keywdarg_parrot() takes
* three.

(RDOR=V1Fil)
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(FiDR— 25 D %)
*/
{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
ig;

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
_1’
keywdarg_methods
1

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

219 FEDEZEET S

Py_BuildValue() (& PyArg_ParseTuple() OXMUIET 2D TT, ZOBEBIILFO XS ICERI N
TWVWXET:

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

Py_BuildValue() (. PyArg_ParseTuple() Dfi#k 3 % —@EHOERBAMIIUAFARMZETRML 5, %
FU (BEADHATIERL . ANCHDIS) BEIEAEA ¥ X TIRR <. REOETRFIUIRD £ A,
Python 2 65U X N7z C BRI EE U THYIZR, #7272 Python 7 7Y =7 F2IRL T,

PyArg_ParseTuple() kid—Di#E S5 H23%H D £3: PyArg_ParseTuple() XH—518% X T 2 HED
HH FF (Python OFIEY 2 MIMEENICIEHEICZ e LTREZIN S5 5TF) 25, Py_BuildValue()
BFEEIAVEERT S LIER D ¥ A, Py_BuildValue() EEXXFHIFICENBML o ZRDLEA-T
WEHBBEICDAR T VEHEL £3, EXCFHNHZE7 6, None ZiRLE T, Tohh—D20HNXHMLS,
ZOENXNBMADIEARL TV BRMOE2DATI 27 PRV ET, A X0 1 DX IR ELVDR S,
FHFHN 2 ASFIN TV F T

FIBERLES (RO LH%E, HICHSENS Python %2R L £ 3):

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'

(RD<—12Hi <)
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(FiDR— 25 D %)

Py_BuildValue("y#", "hello", 4) b'hell’
Py_BuildValue(" (") O
Py_BuildValue("(i)", 123) (123,)
Py_BuildValue("(ii)", 123, 456) (123, 456)
Py_BuildValue("(i,i)", 123, 456) (123, 456)
Py_BuildValue("[i,i]", 123, 456) [123, 456]

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

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

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

2.1.10 BRAV ¥ A

CRXCH+DIIREETIE., TS5~ E3—7LOXFY ZHCHELZDRRLED T2EERD
DET, 25 LMEEIZ C TR nalloc() % free() TITWET, C++ TIEIAEICHE U EK® CHEHE
T new X delete Db T d, ZZT. UTOHEHIZ C DEEREL TITVWET,

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 BEZAEV V=2 OFKIZa— FHOMHETRWVLEEKTT, flZiX. D2B80H2XE) Tuy s
ZHER L. (MO0 EZITo T, BETRy V2T 5L LET, ST, BROZERMERZZEL T,
BN 27 A 2BEMT 2, =7 &ML, BEBORPTUHEZREST X512 50b LAEEA,
COBHTORTHHEZZ %, HEINLZXAEY T8y ZEBRLENRLTVDOTT, 2— AR TEMX
NEGECERICESI T, ZOEIRAXEYV Y= P—HHEIVAATLES &, BEVEBHZIAZRVWEEI
BREZZEDELSDDET: T X ZHBOKTIE. RTORBBIEUH LD L TZADDLThREIEGL
MEEZT. ZO—HTIEL AL ORI ERIIEYRORELELZR > TV a7, XEV Y —=I2HL
PR ZDIE, ROHEEL T 7 a e A =2 2l TEBEME D Fo 2GHICRon 2056 TT,
WoT, ZOMOTI—%F/MNRICLEDZ X KRa—T 1 ¥ 7HNCHIE T T, REOXEYV Y -2 %
BT 2 Z e EERDOTT,

Python & malloc() % free() ZIFFICLLFHT 2720, XEV V=27 DIEITMAZ, BRENIXEY
DOEREIET 2 HIERNBE TS, ZODITBEIINTDOBBBA Y > ME (reference counting) & MIEN S
FHETT, 2RIV Y MEOFHIIEHTS: 2 TOA T2 M2E AV Y EBHY, A7V =7 Mk
BZBEPEIPIMRFEEINZOHI T REAL V7V L, 7V 27 M T 25BMBHIRESh 572
VXY MLET, AV YEAPERIIEST26, ATV 27 PAOREBOSEDPHIREN-Z2 ik, +7
Tl MR ENET,

b —ODOHIIIEEIA N— a1 7> a ¥ (automatic garbage collection) EWHENTWE T, (B 7 >~
MERATR=YaL 7y a VEIBO—D2 LTHEITONE I dH2DT, Z22XilF57-DICEKL " H
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g (automatic)” ZfHoTVWET, ) HEIAR—YaL 7> a YORERFAIK, =¥ free() ZHIRM
WERRATEWZ DD FF, (FHERPXEV OAMAAES R LTEREATOVET — 2, Zhd
W2HETIHDERA, ) CBISHEIR=—YaLryaryORAEF BIZAEOH 2 H5R—ya
L7 ZPFAELRVE NS 28T, 2RUTH L. BHA D ¥ MEIEARED H 2 FEZEPTE F T (malloc()
% free() *FHTE Z2DMHMHETT — CIEEFZINEZRIELTVET ), WOOHD, THARMEDDH 2
HR=TALZENB CTHRAZLICRE2ND LNAEEAN, ZRNETEZRAI T Y METR o TV LML
RN DTT,

Python Tl&. MBI Y Y ¥ FEDFEEIT->TWVWBE—) T, BROFEREZMHT 272012 L ERS
HARHIBERE (cycle detector) HIRHEL TV E 3, ERZRMILEEO BT, B BHEIC»»H 5 TIER
ZROER TR ETIZT IV r—>a v EBETEET;, LVWH0b, BRIV Y MNELRTEMHo TR —
vavrryaryFEECY o TRESRIIFEAED 5 TT, ERSRIE. (HHESROGEEDT) HEADS
W AoTeA T 27 VPO ERENSE D, RERANDOA 7Y 27 MIFAELRDBRIV Y M 2B
F, MRS A Y MEOEETIE, R ABBRSHEERT 2479 227 Mo L Tc £ Rk
WELTH, BRSENOYDLF 7Y 227 NIBET2XE) bEAMATE ZHA,

TEERSIEMHBHEEZD XS R AIR=IF A 70 (MR L7 &5 RERSBA 7O 27 b)) 2HH L TEIT
BZIENTEET, gc TV 2—ILZD XD RIMHHEHEDFIT (collect O BAK) ZIBMET 2 2 2 bz, BE
DHDA VR T7 2 —AB X OHENZ ZITRICENC T 2 FEES I LTV E T,

Python ICHITZBRAT Y &

Python 1Zi&, ZAD Y MDA VI VXY MR T 7 VXY 2T 525D~ v, Py_INCREF(x) &
Py_DECREF(x) 2% b %3, Py_DECREF() &, ZBA V¥ F ¥ RICEHEL R, £ 727 FDAEY
FRIRDITVE T, FELRT/-B 272D, free() PEHEMRIHLERA — Z20RbHICATI 27 +OD
Bl 7Y =7 b (type object) ENLET, DI (fIOHMWD DD FTH), 2 TOL 7Y MIZH
BORA T2 MTHFTERA Y ERBA>TVET,

XC, FRERRREMMPE > TWET: WD Py_INCREF(x) % Py_DECREF(x) 2 X IFXVDTL & 5»7?
E3. W OPDORGEHAD SBEDEIETLZE WV, £F, A7V 27 ME 7 5F (own)” EhdZ2i3HH
FEA; LU, H5A4AT7T 27 MINT 2BOFTE own a reference I3 TEET, A 72227 FOBEAY
Y ME, FOXTI =27 bBROMEEZITI TWAEHE ERINTVWE T, SROFTEEX. SR N
P75 725 72812 Py_DECREF () MU THREIZHNFE §T, ZROAEMHIZEE (transfer) TEE 3, TA
Z8 (owned reference) OPERITIE, S, fRfFF 5. Py_DECREF() ZFMFUHT. L WVWH =DDHFENDH D
¥9, TASKREIELEhS e, XEV Y -2 25[ZEILET,

A7V 27 MIHT 2SR, EBH (borrow) AHETT, 2 O M X, Py_DECREF() ZFEA TIE7
DEVA, BRAFE SROMEE»LMEH LM ZBEI TSRERELET IR XA, FTEEIS
BEHGE LB CTHASREMES b, BREAXTY ZHHALTLE S BMAH 20T, Mkhiciraidz b
FHA, 3

ZROMEHAPZROME LD EN TV I RIE. I —FHED 52550 NIRRT EZHEEL THL &

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

*3 ’%5573‘7/ 1\7b> 1 LXJ:?E)K IDFARBZFHEEF SECVWEFRA — BBATV Y FEKLERI WA EY RICH 2720, ZOH

HEMEZ S D 3!
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SHERLZLTHDILTTY - oz diud, BHSROBEICE, WHORTCEBEZKTLTD
AEVV =DM EET IRV, EWVWH LT, #iZ. AL D FAALAE. T<ELHITHRS
a— R, EBFICEZROMEHITTHEINTLE o LRICZOZREZMES 2 LR K S bR H
HBLWNWHZ LTI,

Py_INCREF() ZIMUH T . [EHSREZFAESRICEETEZ (Y, ZOREFSROMGBHITOREICITHE
L %+¥A - Py_INCREF() 37222 LN L. SHROMAEEPHI RNERTOEMEZHRLET (OF
D, FlnsROmAE . DEIOMEHE LRk, ZROBELEYNATHODRIIRD FEA).

FRBEICE DD BRA

F 7Y 27 bADSRBEBEBONAMETIEEICE. 7Y 227 FOFFEESSIR HICE XN E 0G0
WA v &— T 2 — 2O —E b F5,

F7I 27 PADBRERTIZE AL DOBKIL, SRy L ICFTEHEDE L 3, K2, PyLong_FromLong ()
X Py_BuildValue() DX 2IZ, HILWA TV =7 bEEKTI2HEBILTHEHEHEFICELES, 47
Pzl MOEBRICEHI AT 2 FPTRATH, 20X TV 27 PR 2B ROFEHEEZS %
3, BlZiE. PyLong_FromLong() X X5 X F ¥ v 2L TEBD., Fvv¥aIhfBNOSREIRT
ZeDHHET,

PyObject_GetAttrString() DX SIZ, 2477 v HhoHlOF TP 27 MMM T 2 X5 RBEHD
. ZRE DA ZRELE T, 256 DHEPRPHMBLICS VA LATEA, EWVWIDIF LS
fibniZL—F DN OS> TWB 25T PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . 3B XU PyDict_GetItemString() Z®&T. Z 7N, VR b, kLB HEIrLMEHS
HERLET,

PyImport_AddModule() &, FEFHCEA TP =27 F2ARLTRI I D2 b 2rbo T, HHZRE
BUET: SRR DIE. ARSI A 7Y =7 M3 2FTAESIRIE sys.modules IRFF SN 205
T3,

ATV 27 bAOSIREROBBUIE TGS, —BRIICE,. BEEIMCH LE» S SBEBALES - 5
BERET 208D 5746, BN Py_INCREF() ZFFUH L THRZ LZFTEHEICRD 3, 2i3VWX., 2
DOHANIFZ =D DEERFIS}: PyTuple_SetItem() & PyList_SetItem() 23HH £3, 246 DREUL. ¥
INTFIBERICH L TITEEEZTESED (take over) £F — 722 ZKBLTHTF! (PyDict_SetItem()
Y ZOMENIFTEEETE-ID $RA — ZhoiFvbid " HHEo” BT, )

Python 226 C BB OH TN 2B, C BEUIFECHE LD S5 8~N0ZREZEH L 3, C RO
FECH LENE A 7Y 2 7 FADBIREFTE L TW5 DT, BEHASROAETIAB AR X 2 OB L %

BTETTT, ZOLIWCLTHASKRERELLZDMITHE LD LEWEEIZDA, Py_INCREF() 2fifio
THESRICT2R0ELD D FT,

Python 26U E N7z C BBAR S SREFTESIRTRINIRD T8 A — FTEHEZBEED SO L
N ZRESNET,
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&K

BORVIRIICBWT, —REZCAZ Z2EASHEOFHAIMERZV0EBITIAH D T, ZOMEIXT
RT, 4 XY ZPIERINCIECHE R, 4 22 7V ZBSROFEEICSREREI R TLEI RN L
BRLTVET,

HoTBARZETF—ADSEHRAID, ZL THRHBEERDDIZ, VR MEZITHTZ22BEZE D TV BRICE
%3, BRBRVATY 27 MZRE % Py_DECREF() DT, fil2IX:

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

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

FoOBEITE S, 1ist[0] NOBEZMEA L. KT 1ist[1] %l 0 TEZZ, RRICIZIZILEALLS
MEHALTWE T, MBMELZVWIICRAETA? THZ S TRRNDTT!

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

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

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

with it, thereby invalidating item.

FIRE DK D7 AU, ERIIEHE TS, —RCSREEZHPE XL VD TY, ELLEET 2 -1
YEMFDO SR D £

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

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

considerable amount of time in a C debugger to figure out why his __del__() methods would fail...
ZoHEZ, BHSEA ALY FIZEBRLTWE 75— 2 TY, @, Python £ > & 7V RiZBIF 3 HK

DAL RiX, 70— N AV EXRFNEOvIPRF TV 27 b EEEERPEEL TS0, HWIZHE
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LESZrEdHEHA, 2iZWA, By 27X Py_BEGIN_ALLOW_THREADS ~ 7 1 C—RHIICAEBR L 72 D,
Py_END_ALLOW_THREADS TH#EF LD T& %3, Zhoo~vruidruay 7o 3 1/0 MUH L OJEH
WEEDPN, 1/O BPRETT2ETOMMORAL Yy FATrE v S E2FHTEZ LSICLET, HLDI,
IR oBEE Lo e W2 IEOATHET:

void

bug(PyObject *1list)

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

NULL R1 >4

—fERE LT, A7V 27 PAOZRE GBI 2BEIE - NULL R4 Y2 Z2ET 3 PHLTES
TLEZOL TR a7 R AWRDE (B HeTATZR Y TR2E|ERIT) 2 TLiD. —H ATV
FOZIZIRT X5 REBIE R, PINOREEZRTHEICDA NULL iR L £9, 5806 LT NULL
TAMNERTORVEEE, BRELELERIR- 7470 =27 M EMOBBAL 5 ZEI»OTT — &4
DRAFH NULL 7 R b 21T 2103, TUERT A KRBT, 2 — FIZ X DEHICH Z ik ET,

E->T, NULL DT A MNEA T2 b D 7 BER, THbOBMED NULL 1272508 LK WERS, VR E5ZIF
ol E72TICLEL £ 5, malloc() . HlAEEL T 2 [HEME D H 2 BB 2 DHIT T,

~ 71 Py_INCREF() 3 & Py_DECREF() & NULL KA Y XDF = v Z7R{TOERA — LL, ZOLHD
~ 27 DZ{tTH % Py_XINCREF() 3 XU Py_XDECREF() 35 = v 7 Z1TVWE T,

REDA 7Y =7 PUZOWTHRNS 71 (Pytype_Check()) & NULL FA Y XDF = v 7 2{TVEYE
A —HEDIBLETH, BARERZEZHEELTCAT7Y =27 bORETANZEICIE., 25 Lz~ aZiil)
TS T RED D 2 DT, RN NULL RA Y XDF 2w 72T 5 TIRERBRTAMIK>TLEI DT,
BRI~ 27 0iid, NULL F = v 7 2175 Z{LFIEH D 8 A,

Python 205 C BAEZMEHIHMEIE. C BBUCEZ NS5[V A (BITHVWI & ZAD args) BIRLT
NULL ISR S6RVWESHIFL TWE T —— EBRICIE, B AR k5B EL TwE g, ™

NULL R4 > &% Python Z—=%F LU " kAR L” TLES &, BAURTI—%5|ZEILET,

* 2 HRO” O LR > T 258103, ZOREGER SN EEA — BFEO 2 — RV EZICIEROMOH LKA
AHNEF
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2.1.11 C++ TOIIRES 2 —ILIERR

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

2.1.12 #EREZ a2 —JLIC C APl ZiRHtT 3

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

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

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

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

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

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

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

[modulename.attributename

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

DIToFITE, BRTZRNHT2EY 2 — LOEFIIZE A DEFPHID £3H, I{fEbhd74 75V
ZEBBRCHEY 7 o —F 2 RHELET, 2O7 B —FTlE ®TD C API KA1 & (flhTld—>o7%
JTIH) &, Capsule DL &% void BA Y XOEFNRFL E T REY 2 —MIHIET 2Ny X
77 AME, EY2—1D import £ C API KA VX ZHUS T2 E5FHT A2~/ nZ2RtLEd;, 754
7Y FEYa—E, CAPLICT 7R RTBHNICZ O~ 7 a 2R3 T,

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

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

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

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

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

static int
PySpam_System(const char *command)
{

return system(command) ;

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

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

const char *command;

int sts;

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

sts = PySpam_System(command) ;

return PyLong_FromLong(sts);

Y 2 —ILDITEHICDH B LR DOFT

26

F2E HY—FN—ToV—ILL L THERZES




Extending and Embedding Python, J1J—2X 3.12.6

[#include <Python.h>

DERIC, UFOZAT2RA3BML T S

#define SPAM_MODULE

#include "spammodule.h"

#define X, 7 7 £ )l spammodule.h 4 ¥ 27— KL TW2DBA4FTERNHTE2MUMDES 2 —LTH-
T 7947V PEY2—ATRRBEVWIEEZNY XTI 7 A NVTHZ 57DIfEDNE T, KR, EVa—1

DATHULEIEE C APL DR A ¥ ZXEHNZ LS 2 & 5 FRLATERD $8A:

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

c_api_object = PyCapsule_New((void *)PySpam_API, "spam._ C_API", NULL);

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

return m;

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

PyInit_spam() terminates!

5L D DKEBTIENY X7 7 4 )L spammodule.h NIZH D, LURD XS ICh->TWET:

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

#endif

/* Header file for spammodule */

/* C API functions */

(RDR=V1FiL)
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(RIDR=I D5 DR E)
#define PySpam_System NUM O
#define PySpam_System_RETURN int
#define PySpam_System_PROTO (const char *command)

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

#ifdef SPAM_MODULE

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

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

#else

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

static void **PySpam_API;

#define PySpam System \
(* (PySpam_System_RETURN (*)PySpam_System_PROTO) PySpam_API [PySpam_System_NUM])

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

static int

import_spam(void)

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

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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

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

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

m = PyModule_Create(&clientmodule) ;
if (m == NULL)
return NULL;
if (import_spam() < 0)
(RDOR=V1Fil)

28 F2E HY—FN—ToV—I L L THERZES




Extending and Embedding Python, J1J—2X 3.12.6

(RIDR=I D5 DR E)
return NULL;
/* additional initialization can happen here */

return m;

07 7a—FDERERRAIZ. spammodule.h AR L LN T TT, LldVi., FHEBOEAR
HRERIEAHENE2 DD LR URDT, FEH 2 —ELRIFERNITAHET,

®%I1Z, Capsule 13, HEICHREFEEINTWEIRA VX EXEVMRLEZDMBBRL D T 2 BRI EF]
e I —O0BEELRMALTVEI WS Z iz TE2RIEXRD ¥ A, Filld Python/C API Y
77 L YAR= 27D capsules, B XU Capsule DEZEES (Python ¥ — X a— RERYHDO 7 » 41
Include/pycapsule.h 3 XU Objects/pycapsule.c RSN TWVE T,

F3E
2.2 INRDBIDESE: Fa—rUTI

Python Tl&, #lAAAD str B list D & 54 Python 2 — F 2o ETE 52 L WEI%E C HHRE
Va—LOEENERTEET, RTOIROMD 2 — FIEDH 382 =S OTFH, HFEHD ZA1H
RLTBARZMPVWZIELDDET, ZORFFa XY MIZDFHEEIZOWTORLE LWAMTT,

2.2.1 BRWLRI L

CPython 7 ¥ %4 L% Python OR2TOA 7Y =2 +%&, Python OE&£TOF 7Y =7 b 7 FER (base
type)” T# 5 PyObject* BUIDZEH L A7 L% F, PyObject EKRBHIX BRAVVE &, 722 b
DA TI 2 N ANDERAVRDOAEFLEE T, ZZWREBEMENPERINTVET; AT 27 M,
Bz, BEBEBELD S AT 27 bPORKRINLD, XYy REEINED, o4 7Y =27 bMizkoT
BfEENzD LIz Ziz, Y0 (C) FBA Y2 =TV X =2 oMENZ200ERELET, 26D C M
g " &IXY v R (type method)” &I E T,

ZRBOT, HLWVIBROMZER L2V &, LW 7Y =7 P 2ERTAE L WDIT T,

ZDFDZ FHERZEIDBRENTL 25056, T2 CHRREY 2 —JL custom IZH S Custom &\
ZHTOFLUWEIZER T L, RIBEELERRED 2 —NLE2HITTEBEET:

AR

ZZTRALTWAHNZ, B8R IROAZ ER T MR EEHIE T, ZRXELAYOHBE Tt
77 DIRDTT, CAPI Tld. PyType_FromSpec() BIfZ v, b — 7 LICHE S NILROR S E
BETEEITN, ZHIZOVWTREIDF 2— MY Z7ATERTVERA,

#define PY_SSIZE_T_CLEAN
#include <Python.h>
(RDR=V ki)
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(FiDR— 25 D %)

typedef struct {

PyObject_HEAD

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

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

};

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

g

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

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

Py_INCREF (&CustomType) ;

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

return m;

—EIHET 2125 ko L ENZVTTH, FIOEIDIEZL oDERLCT L BKoTW0ER I BVWET, Z0
77 ANLTX, 3ODBERPERINTVET:

1. Custom ATV b BMEEATVSD: ZhD CustomObject WHEAT, Custom 4 Y AKXV R T
L2 1 [EZF XV ERIITONE T,

2. Custom B DX SITIRZ %S D Z4LH CustomType HEIAT, 77 7L BAAKRA v 2 DEED
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ZERLTVWET, FEQRIENERINL 2T, ZOBBRA V224 02 —7) X—0RIT T
£,

3. custom EY 2 — xS HMMT 50 ZHD Pylnit_custom BB E ZhicBEFKT 2
custommodule HIERT T,

FIRMIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

2D Custom 7Y =2 b DHNATT, PyObject_HEAD X ZNZh DA 7Y = 7 MMEEKRDEIHICH
JH72% DT, PyObject UMD ob_base L WHHRID T 4 —V REEFRL 3, PyObject BT (e h
Py_TYPE ¥ 27 0B X Py_REFCNT ¥ 27057 7HRATER) BA T 27 bADKRA VX BBAHT > b
DRSS NTVWETS, o7 a)pHEIRTHLHEE, MEAOL A 7Y b2iig(LL, 7Ny ZJEA R
T74— )V RZEMTESZL51CF5%HDTT,

R
L DHITIX PyObject_HEAD ¥ 27 R DRIELIanViZHH LA, SonbtIanrEEMLAEVE
IITREMIFTLIEIV: ThEeBET2a 01 75HD ¥,

b5 DA, —RKINZIEA 7Y = 7 MIFEHER 72 PyObject _HEAD KA 5 — 7L — b Oficd F— X B HEL T
WET: Bl ZE, Z4uE Python #EHEDFEI NSO ERTT:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BIHA TS 27 PDERTT,

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

AR

Fi2®H 3 k512 C99 R & A NOFERN ZHEALTF %5 T, PyTypeObject DFHZELDIENT 4 —1
RETETIiREZD, 74— N FEEETAIHFICKEFH o2 BT WRIEEFRI20EBEDLET,
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object.h IZH % EFED PyTypelObject DERICII LDERICHE LD ZLD 74—V F BHDEFE
Fo ZTRKHTETVWARAVWT 4 =L NIECary {7 &-oTEaTHOLNZDT, BHETRHRVRDIPR
ANIIMEDFEE Z LRV OB — IR EIEIC R o TV E T

—EIZ1D2FDO7 44—V FERD LT TOWEEL & 5:

[.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

ZDfFE. ETHNLz ob_base 7 4 —L ROFHHLICHED RS 5 —F 1L — b TT,

{.tp_name = "custom.Custom", J

FELTWRHDAFTY, ZHUI ATz POTF 740 FONFINRBARLT I — X v —JICHNF
3, PIZIEFRDED TT:

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

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

ROAFIH, Y a—NAEEY 2 - VBT 2HROAFIDM T2 By b TORWELENCZ>TWD Z I
EELTLEIV, ZOHEIE. Y 2 —X custom THUL Custom DT, BlDHH[% custom.Custom
WRELE L, EEO Ry MIZDA Y R— 2% H S DId, pydoc EY 2 —L% pickle EV 2 —L ¥
W78 2 -0 ICEBRDOTY,

.tp_basicsize = sizeof(CustomObject),

.tp_itemsize = 0,

ZHUE. H LW Custom 4 Y A XV A%MES L =22 Python DSE[D Y TEREXEYBEDL SWVRDIE
H272DDHDTT, tp_itemsize ALY A DA T =27 b TOAES BDRDT, ¥4 XANAJETH
WATY 27 P T 0 ITTRETT,

AR

A% Python TH 727 7 Z{LATRRIC L 720G B, ZORINEEDOR L [ U tp_basicsize ZH o T3
. ZERRO L ZIENET A BHD ET, £OHOD Python 727 7 A&, __bases__ YA}
DEANTDL B2 LW LRFNUERD EFXA, Tdbhve, TI7-DRERLIC, BOD __new__() X
Yy REMUHT I N TERLED £F, DRIEID tp_basicsize # ZDHEEMI D HRELLTE
Q2T ZOMEZEETZ BN TEET, 1ZLALDHE. BlX object 2. %5 THRIFIUIRE
RATRZT=ZHADRA Y NEZBIMLTZSDTL & 5056, REZIDIIHEMT 5729 2 OF&MIEH2 &
nTVET,

Py_TPFLAGS_DEFAULT I27 7 A7 7 V%2 RELE T,

[ .tp_flags = Py_TPFLAGS_DEFAULT, ]

IRTOHE 77T ZDEBEED TELLELPDD FT, ZHUIRIKTD Python 3.3 FTIKERINT
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WERTRTDRAYANZFAILET, TNULDRX ADRRERS, MIET 275270 OR 2L 20ENDHD
9,

Z DD docstring 1& tp_doc ICANFE T,

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

IO 2 PBERTESL LS, tp_new NV FIRRMETIMNEND D £3, ZHIE Python D X
Yy K _new__() LHAFEDHDTTH, HRMNICEZ20EIDHD £F, 505ETIE. APT D
PyType_GenericNew() & LTIRMENEZ T 7 4L FOFEEEZZDOFEM R F T,

[.tp_new = PyType_GenericNew, ]

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

if (PyType_Ready(&CustomType) < 0) }

return;

Z AU, NULL i@k X7z ob_type D ED T, WL DD X Y N—%ilY]72 T 7 41 METH D T,
Custom 2 HIHIL L £ 5,

Py_INCREF (&CustomType) ;

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

TR EEY 2 — LOFEEICEMNMLE S, 29322 T Custom 27 7 ADFEULH LT Custom £ ¥ A X
YABMERTE S L5 12k £

>>> import custom

>>> mycustom = custom.Custom()

DIETTD DIEEIZE L F2TF; custom.c EWIHIZHTD 7 7 A M ZFTDa— FEEZRAA,

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

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

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

from setuptools import Extension, setup

setup(ext_modules=[Extension("custom", ["custom.c"])])
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ZL T setup.py EWVI 77 A NMZZDEIEZIAA, ZLT. UTD &S5

[$ python -m pip install .

SIVIZANLES, ZAUTED, ¥ 774127 b VIZ custom.so DERZIN, A VA P—LENET, T
AT, Python %37% EIFT. import custom 35 & Custom 4 7Yz FTHiR2 LR oTVWBITT
T3,

ZARICLTNLLL DD FEA, LR?

bH5A, BED Custom BUIAIHAIWRITTVWET, M T —2ZE-oTwiRWnwL, D TEEFA, K
LTH TV RABEL L EXTERVDTY,

222 BEROY YV TNICT—REXY v FZENT S

ZOERDY T NICT =R XYy REBMLTAEL : 5, DWTIZ, ZOREHKI S22 LTHHH
TX23E312LFET, ZZTEFHLVEY 22— custom2 #2<L b, ZhoDERERBINLFET:

#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) {

(RD<—12Hi <)
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Py_DECREF (self) ;
return NULL;
}
self->number = O;
}
return (PyObject *) self;

static int

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

{
static char xkwlist[] = {"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));
T
if (last) {
Py_XSETREF (self->last, Py_NewRef(last));
T
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 */
8

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

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

(RDOR=VIFiL)
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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 = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_members = Custom_members,
.tp_methods = Custom_methods,
g

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,

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

g

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

EIV2—DIDNRN—=TarTlE, WS OJBDEHEEBIRWVWE T,

Custom Bid Z D CHEIRIC 3 DD F— KB first . last « BX Y number b DX 5127 D % L7z, first
E last @YX 7 7 —A P2 =2 T A b2 —L%MM L7 Python XFHI T, number EBHIZ C FiETOE
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HofEts,

THTLZMS e, ATV 27 FOBEREIRD XS24 £

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

} CustomObject;

WEREHINRNET AN TELDT, 77927 FOEID L TEMBITEEL TR I D EEIZRIZBELDH D
$9, KRR, 7T 27 FOERRXY v RHERETT:

static void
Custom_dealloc(CustomObject *self)

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

Z DRAEUE tp_dealloc X U NIRAXNE T,

[.tp_dealloc = (destructor) Custom_dealloc, ]

ZDXYy RiE £3 20 Python BEOSHA Y > + %227V 7 L %3, Py_XDECREF () %5453 NULL @
F—2ZIELLBAFET (ZHUE, tp_new PEPTRBLLGEITRIDZET), TOXY v Fid DFIZ
A 7Y 22 bOH (Py_TYPE(self) THHLET) DX N tp_free MU L, A7V 27 FDXEV %
FMLEST, #7227 FDBID CustomType TH 2 EIER SR VAIICHFER LTIV, RERS, +7
Sz VNIV T I FTRDA VAR AL LR WHA LTI,

AR

L@ destructor NOWIRIYLIZHUIMNE TS, 72¥72 5, Custom_dealloc A% CustomObject * 5l
Brr s ERLE LD, tp_dealloc FABDAR A > Xk PyObject * 5IEEZITENS Z 2> TV
205 TF, b UHRINCAEZIZ LRITUL, a4 IBEEZHTZTL x5, Zhud. C Bl
2AT7Y 227 MEAIDRYE—7 4 XLTT !

T 7 —A IR =L ETAMI—LBELFINHIL L TEE /WD T, tp_new DEIERBIMTEZ2ITL
FL&OD:

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

CustomObject *self;

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

if (self != NULL) {

(RDR=V1FiL)
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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;

ZUTIHE tp_new AV AL LTA YR =L LT

{.tp_new = Custom_new,

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

non-NULL default values.

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

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

AR

tp_new IXIRAVNIZ tp_init ZIFOH L TIEEWIERA. ZHEA X —=FVXDBETTITS D TT,

Z D tp_new DHEZEIL, tp_alloc ARy FEMUHLTAEYZEIDYTET:

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

AEVEIDHTIEMT 200 LARNWDT, FEICHEDHTIZ tp_alloc OFERD NULL TRWHAF v 7 L
BT FH A

AR
We didn’t fill the tp_alloc slot ourselves. Rather PyType_Ready () fills it for us by inheriting it from
our base class, which is object by default. Most types use the default allocation strategy.
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R

& LI 17 tp_new (BEEX A4 7D tp_new £721F __new__() ZFFATVE D D) ZED 720D 51,
EITRD XY v FRRIEFZ O o TEDRAY v REPUELETHIrZREL LIS 2 LT WHEFEA . &
IR SR 2 BHINICIRD TE E, BEHEZ D tp_new ZMEYH T2, H 2V type->tp_base->tp_new
ERELTIEZIV, 23 LEVe, dREPMERLIZA T D Python %727 5 20D Python TE
BINLTZ FTRABMRLTOREHIC ELEDPRVEESNDHDET, (2hDF. ZDEIRHTIF R
DA Y ARV A% TypeError ZH X FITIESD Z E BAATREICAR D £, )

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

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,
&self->number))
return -1;

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

}

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

}

return O;

ZAUZ tp_init X Y NIRAEINE T,

[.tp_init = (initproc) Custom_init,

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

0 on success or -1 on error.

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

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

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

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

threads that accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o ZOBMWAY Y I 1 EDREVEIHETEZHE

o when we know that deallocation of the object™! will neither release the G'/L nor cause any calls

back into our type’s code;

e when decrementing a reference count in a tp_dealloc handler on a type which doesn’t support
cyclic garbage collection®?.

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

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

ZLT, ZOEHK% tp_members Ay MIANFEL & 5:

[.tp_members = Custom_members, J

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

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

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

first and last names.

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

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

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

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

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

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

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

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

I3

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

and assign it to the tp_methods slot:

[.tp_methods = Custom_methods,

Finally, we’ll make our type usable as a base class for subclassing. We’ve written our methods carefully

so far so that they don’t make any assumptions about the type of the object being created or used, so
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all we need to do is to add the Py_TPFLAGS_BASETYPE to our class flag definition:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

We rename PyInit_custom() to PyInit_custom2(), update the module name in the PyModuleDef

struct, and update the full class name in the PyTypeObject struct.

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

from setuptools import Extension, setup
setup(ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

D

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

[$ python -m pip install .

223 T—AEMECENHIET B

In this section, we’ll provide finer control over how the first and last attributes are set in the Custom

example. In the previous version of our module, the instance variables first and last could be set to

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

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

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

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

CustomObject *self;

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

(RD<—J12Hi <)
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if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
¥
return (PyObject *) self;

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

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

return -1;

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

return O;

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

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

{
return Py_NewRef (self->first);

static int

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

{

(FiDR— 25 D %)

(RDOR=VIFiL)
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if (value == NULL) {

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

return -1;
}
if (!PyUnicode_Check(value)) {

PyErr_SetString(PyExc_TypeError,

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

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

return O;

static PyObject *

Custom_getlast (CustomObject *self, void *closure)

{
return Py_NewRef (self->last);

static int

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

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

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

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

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,

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

}’
{NULL} /* Sentinel */
Irg

static PyTypeObject CustomType = {

.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

.tp_name = "custom3.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

e

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

g

PyMODINIT_FUNC
PyInit_custom3(void)

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

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

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

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

static PyObject *

Custom_getfirst(CustomObject *self, void *closure)

(RDOR=V1Fil)
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Py_INCREF (self->first);

return self->first;

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

return O;

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

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

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

deleted or if its new value is not a string.

Z T Tld PyGetSetDef MEADAHZ DL D £7:

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

ZLTIN%® tp_getset Ay MIEHFLET:

[.tp_getset = Custom_getsetters,

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

a closure, so we just pass NULL.
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o XUNERDPLRBINSDBEMZFRNTBEXL & 5:

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

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

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

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

return -1;

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

}

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

}

return O;

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

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

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

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

into our objects
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224 BRARN—2IAL I3V R—FT3

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

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

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

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

or last attributes™.

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

in cycles:

>>> import custom3

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

>>> n = Derived()

>>> n.some_attribute = n

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

slots:

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

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

} CustomObject;

static int

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

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

}

(RDR=12Hi L)

*4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary str subclasses and
therefore still create reference cycles
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static int

Custom_clear(CustomObject *self)

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

}

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

return -1;
if (first) {
Py_SETREF (self->first, Py_NewRef(first));
(RDOR=VIFiL)
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}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}

return O;

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

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

return Py_NewRef (self->first);

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

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

return Py_NewRef (self->last);

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

"The last attribute value must be a string");
(RDOR=VIFiL)
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return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return O;

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

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

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

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

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

i

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

g

(RDOR=VIFiL)
2.2, HROBEDESR: Fa—FUTIL 51




Extending and Embedding Python, J1)J—2X 3.12.6

(FiDR— 25 D %)
PyMODINIT_FUNC
PyInit_custom4(void)
{
PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

static int

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

{
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
¥
if (self->last) {
vret = visit(self->last, arg);
if (vret != 0)
return vret;
¥
return 0;
}

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

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

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

minimize the amount of boilerplate in Custom_traverse:

static int
Custom_traverse(CustomObject *self, visitproc visit, void *arg)
{
Py_VISIT(self->first);
Py_VISIT(self->last);
(RDR=12Hi)
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return O;

R
The tp_traverse implementation must name its arguments exactly wvisit and arg in order to use

Py_VISIT().

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

static int

Custom_clear (CustomObject *self)

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

}

Notice the use of the Py_CLEAR() macro. It is the recommended and safe way to clear data attributes
of arbitrary types while decrementing their reference counts. If you were to call Py_XDECREF () instead
on the attribute before setting it to NULL, there is a possibility that the attribute’s destructor would call

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

AR

You could emulate Py_CLEAR() by writing:

PyObject *tmp;

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

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

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

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

our reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void
Custom_dealloc(CustomObject *self)
{
PyObject_GC_UnTrack(self);
Custom_clear (self);
Py_TYPE(self)->tp_free((PyObject *) self);
(RDR=V ki)
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U J

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

{.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, ]

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

2.2.5 OEBDYT IS X%ZES

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

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

increases an internal counter:

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

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

>>> print(s.increment())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state) ;

static PyMethodDef SubList_methods[] = {
{"increment", (PyCFunction) SubList_increment, METH_NOARGS,

(RDR=VIkiL)
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PyDoc_STR("increment state counter")},
{NULL},
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 = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
3

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

g

PyMODINIT_FUNC
PyInit_sublist(void)

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

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

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

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

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

class handle it by calling its own tp_new.

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

should be done later in the module initialization function:

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

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

Py_INCREF (&SubListType) ;

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

(RDR=V1FiL)
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return m;

PyType_Read() ZFERFNC, MOEARD tp_base 2Au vy MIMEDH LA TWRITIERD FEA, BFED
Al RS 2 B1C1E, tp_alloc A1 v b % PyType_GenericNew() TH®D ZQNEIIH D XA, - HEAD
Tary—a YEROBHRSNE T,

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

FiE

2.3 IROBEDESR: HSHEEY S

O TR EXEREEARELREZA TAV Yy P, ZNOWMAETEHDTHENITOVWT, o FHL
%9,

BUFi& PyTypeObject DEFE TS, 7N ZEALF TLAELAR NN DORDX U NEEHENTHD £3:

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

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

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

(RDOR=V1FiL)
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/* Functions to access object as input/output buffer */

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

// 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;

(RDOR=VIFiL)
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destructor tp_finalize;

vectorcallfunc tp_vectorcall;

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

} PyTypeObject;

TeBAD XYy FRHD ETH, THEARITDETZ2HEIDD FEA, ERLLWEDRD 226, E
ET20R3ZD55DITKDITRTTLIENEILALTT,

FTTRFEEINATVETL 9D, ZOMERKIZOVWTARICAETVE, HARAYFSIZOWTEDEELWL
EMERELET, LErLINSDX U ADPHERPTERIN TV RIEFIEALE T, t0wWo0F, Zh
SEDRXYNOBENBEFRIZERHREEICLZDDEDLLTT, ZLOGAEVHIRAMELRDIZ, HDEX T3
AUNABTRTEENTVEHZ L o TET, HLLAMELRICEDE TEEZEET S22 TT,

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

CHUIOAHTT T, FIOETHA L K512, ZhUIf L2 RIGHTHENA, 1ZLACEZHERNTEDNS D
DTY, ENRDT, ZDO X5 RIGHTRICILDOTH 2 S AR 2EATLZEW!

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

IHoD7 4 =N RiE COHMDFTY 27 bHHIL BRSNS L EITENLTDOXEY ZH|D L THIX X
WDh% T VR4 LIZHRLEF . Python ICEAIZEROMIER (XFHIRX IR 2BIREL TS W)
WA 2HAABDT R— b HHEZEEDH D, T T tp_itemsize X Y N\MEDIET, TN HIZOVTIE
HrTENET,

[const char *tp_doc;

Z 2iZiE Python 227V 7 MY 7 7L YR obj.__doc__ % doc string %K 3 & TDXFF (B2 WVWIEZD
7 RLR) B ANET,

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

2.3.1 7714514 X XEVEK

{destructor tp_dealloc;

BDA VAR ZADBIEH T > b BRI D, Python £ Y X FYV RBZNEBELTHAMHALEZL L3 L,
COBBPHINE T, BRI NEXEYZZORMMRFELTWD., ZHLINI D FETTRNERIIELNDH 5
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static void

newdatatype_dealloc(newdatatypeobject *obj)
(RDR=VIZHiEL)
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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);
}

XV RMBEATC O L OBEE R DX, WERFD OHIINC N > SVWFEEDIT RV T, RERL, MHHD
BRI Python 4 ¥ 2 7V XN X v 7 2 OREBIZE T £ 2IZMEN 2 2222 0H56Td, 2L T (@E
DBEED & DEIFTH L) BINDTDITA R Yy I DBRERINE L ZlE, TTIRRBELTVLIHI425XEY
fRIEARBE T2 b DIEH D ¥ Ao M DOBEEDE 2722 S BIfELHEMD Python Da— KE2FETLTLE S
. ERLIEFBIANEELTVE Z e 2RAT20b LAERA, ZHEA V2T ) ZPERRIEZ LT —%
FESEZIWCORMNDET, ZhZECIELWHER, ZReTRWREREITS 28NLEGS Ofist 2
BREFELTBE, MbobZNEIIIIRT I TY, Z4UE PyErr_Fetch() B X Uf PyErr_Restore() BA%K
S LIk o THREICR D £

static void

my_dealloc(PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */

PyErr_Fetch(&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallNoArgs(self->my_callback);
if (cbresult == NULL)
PyErr_WriteUnraisable(self->my_callback) ;
else
Py_DECREF (cbresult) ;

/* This restores the saved exception state */

PyErr_Restore(err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;

(RDOR=V1Fil)
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Py_TYPE(obj)->tp_free((PyObject*)self);

R

XV RBBABOPTERIATA S Z 8 I3V OHHIR2H D £5, 1 DHIE. 20D (tp_traverse
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reprfunc tp_repr;

reprfunc tp_str;

tp_repr N F I RIFUHEINTZA Y AR Y ZADFHNRBERN L XTI A 7Y 27 b 2R TRER D
DET, EZHIEIULRDOESRBDTT:

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 F7 ¥ str() OBRIE. ED tp_repr "Y' FT ¥ repr(O) OBERIHLELET, 2Fbh. ZTh
i Python D2 —=FH»RF 727 +DA VAR RN LT str() ZMHOH Lz 2T ET, 2O
BOFEER tp_repr NV FIDZNEIEFIZLTVETH, Boh s XFANRFIAEIHL Z L 2 BER
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static PyObject *
newdatatype_str(newdatatypeobject *obj)
{
return PyUnicode_FromFormat("Stringified_newdatatype{{size:’d}}",
obj->obj_UnderlyingDatatypePtr->size);

233 EH=zEEIS

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

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

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

implementation’s convenience.

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

VA 74

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 GEMZEERT S

e AL ORI Bl ENZMES 72T, TR COXSREMENEMZL WA 5DTL & 507 ZHdd
T NEFRMHMITLL DTN TT:

1. PyType_Ready () 23MEIN- L &, T TIBHEDOHARIBDIroTWE Z L,

2. BMZZRLAEDBRE LD T2 & X2, FlRALERO 7D DM E TR, £ R UL DRE
L7AEIC LT EABRBIES RITT 2 REDTR NI &,
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62 F2E HY—FN—ToV—I L L THERZES



Extending and Embedding Python, J1J—2X 3.12.6

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

F—INEEA TA T2 D 3 ODX AR LTEEINTOVET:

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

is an instance of this structure:

typedef struct PyMethodDef {

const char *ml_name; /* method mname */
PyCFunction ml_meth; /* tmplementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods
inherited from a base type. One additional entry is needed at the end; it is a sentinel that marks the

end of the array. The m1_name field of the sentinel must be NULL.
2HEHOT—TNE 4 Y RAZ Y AR EN S T —Z L EEMNICDO T b BE2ERT 2 0ITfivg

T WDOBD C DFHBHBENTR—FINTBD, 77X emAH LERHICHFHAEXOREICH TE
FT, TOT—IINTHELNZEEERIEIRD 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.
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As with the tp_methods table, a sentinel entry with a m1_name value of NULL is required.

HEDQBRICHELILBIEDERE

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.

INehlZ Rl £9, -

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

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

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

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

return -1;
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23.4 7TV OB

[richcmpfunc tp_richcompare;

The tp_richcompare handler is called when comparisons are needed.

It is analogous to

the rich comparison methods, like __1t__(), and also called by PyObject_RichCompare() and

PyObject_RichCompareBool().

This function is called with two Python objects and the operator as arguments, where the operator is one

of Py_EQ, Py_NE, Py_LE, Py_GE, Py_LT or Py_GT. It should compare the two objects with respect to the

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

to indicate that comparison is not implemented and the other object’s comparison method should be

tried, or NULL if an exception was set.

CHUIHNERRA B2 DY A4 ADFELFHUIFLWE By 7 — 2oy > FAEETY:

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 c = sizel < size2; break;
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;
T

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

return result;

23. HEROEBDER: MELIEY S
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2.3.56 HIRMAETORIILDOYR—

Python iZW< 23D HRMA ‘Yo bal” 2HR-—PLT0ET, ThSEHHATIREDS VX —T =
A4 212DV T abstract TR INTWE 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;

BEWOF TV 27 PBIERY =7 YA HBEVIEHED LI ICSDEI LR LEVELIEF, Zhzhi
C @ PyNumberMethods &K, PySequenceMethods #iifi{K, %7213 PyMappingMethods #i&EKD 7 F 1
A ANET, TNHIWHEYREZANTD ANRLTHIDPEVERA, TS Z 5 7Hid Python OECAR
YV —RIZH % Objects TAHADIFBI M TEBTL & Do

{hashfunc tp_hash;

COBEE. LI ICLERBIE. T—RBDA VAR ADNANY Y aFZERIRTIOIICLET, XD
=R b e

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

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

as seen above.

{ternaryfunc tp_call;

OB, ZORDA Y R Z A TRIEE LTSNS & ZICENRET, 22 2EH L objl i
ZDA VARV ADPA-TWT, Python 271V 7 +T obji('hello') ZHEIT Lz T3, tp_call N>
PRI NE T,
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ZOMIE 3005 ¥R b £T:

1. self I LOXMRE 227 —ZBIDA VAR Y ZATT, 728 ZIFFFCH LA objl('hello') D
AL self X obj1 i h £3,

2. args 3T LOFHEZBIAL TWE X LT, 2 I2Hh 658D 131213 PyArg_ParseTuple ()
ZEVET,

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

saying that keyword arguments are not supported.

IR tp_call OB FEETT:

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

{
PyObject *result;
const char *argl;
const char *arg?2;
const char *arg3;
if (!PyArg_ParseTuple(args, "sss:call", &argl, &arg2, &arg3)) {
return NULL;
}
result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [%s] arg2: [Vs] arg3: [%s]l\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;
}

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

tp_iternext corresponds to the Python __next__() method.

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

the same guidelines apply as for Python classes:

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

should always set an exception and return NULL.

2.3.6 5§88 (Weak Reference) DH7R—k

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

reference mechanism without incurring the overhead on performance-critical objects (such as numbers).

2E

Documentation for the weakref module.

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

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

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

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

static void
Trivial_dealloc(TrivialObject *self)

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

}
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2.3.7 FOMHWLA NS

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;

B2E

Download CPython source releases.

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

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

24 C 5LV C++ HERDEIL R

CPython @ C #L5RI #HAMLEA 2 =7 A R—+ LAHEAEZ 4 77 Y (Bl Linux D .so 7 7 4 L%
Windows @ .pyd 7 7 4 V) T3,

AVKR=PTEBREXDIC, HEITA 7T VI X 2IREET PYTHONPATH LicRiFhiEn s, 774 V4%
EBY 2 VAIRKIZ, BEYIRIEE ISR o TORITIUIR VI £ A, setuptools Zffio T3 & 21, HEIN
WCIELWT 7 A AVBDPERSINE T,

PIHLBI D> 72 F ¥ ZRD e BH TT:

PyObject *PyInit_modulename (void)

COBBEER Yt I N/ EY 2 — L H», PyModuleDef f Y A XV AZEKLET, sf LW I kX
initializing-modules S L TL 72& W,

FHNT ASCIT Lo TWIRWEY 2 — A D5E, BRI PyInit_<modulename> O <modulename> %
EYV 2 LB TEEMZ SO TRITINUIR D £¥ A, multi-phase-initialization Zffio T3 ¥ 2%, £
T a— AT ASCII BADXFH A LT, ZO%E. MIHHLREK D% A1E PyInitU_<modulename> T,
<modulename> {INA 7 V%7 VX —RA 27 TEZHELZ T Python @ punycode T> A —F 4 ¥ TLYaA—
FL7ZbDIZKD ¥£F, Python TEL XD X 52MHIc D £3:

def initfunc_name(name):
try:
(RDOR=V1Fil)
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(RIDR=I D5 DR E)
suffix = b'_' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode('punycode').replace(b'-', b'_")

return b'PyInit' + suffix

120OHEEF 4 77 VIEROUIHLBIEE ER T2 22T, BROEY 2 -2 AR-1F 52 LA
BETT, UL, F7 40 FTRT 7 A LBIHIE L 2B L AR &5 2 LEVOT, HMOEY 2—
NeEAYR=PEERZRZEIYRY v 7V IHPHEADA Y R=—X =% 50BN’ HDFET, FLWVWI X
PEP 489 @ “Multiple modules in one library” HiZ B L TL 72X W,

2.4.1 setuptools I2&3 C LU C++ IRODEILR

Python 3.12 MARFiZid, distutils I 3&FN TV EH Ao setuptools T C/C++ #ERk%Z L K3 25D
WTHIZZERNITIE, hitps://setuptools.readthedocs.io/en/latest /setuptools.html 123 % setuptools ® K
FaXy b EBRLTIEI N,

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

Z DETIE Windows A3 @ Python 53RE Y 2 — /L% Microsoft Visual C++ % {# o TER ST 2 HiEiCD
DTN, ZOBIHIREY 2 — LD UL FBED XS CEHET 20000 THLLWEREZIBNE
T, ZOFMAZ. Python HEREY 2 — V2 /EK T % Windows B2 7= &, Unix £ Windows O W T
SECEAVRTEDZLSRY 7 MY =7 DFFUCEIEA D 5 Unix 7R7 7D > THHTY,

EY 2 LOEFEIE. ZOMTHAL TV HELID B, distutils 1L 37 7B —F THIREY 2 — L% Y
NRETBE58DET, £z, Python ZEL R LI flbNIz C a4 IHBRBETT; @HIE Microsoft
Visual C++ T3,

AR

ZDETIE, Python D= a YEEPIFEBILEINTA-oTVERL ZADT 7 4 VZIZOWTliLE
T, THBHDT7 7 A NHIF XY TREINZIAN—Va VEAMNETREXIATT,; 'X 3o T3 Python
V) —ADAY ¥ ==Y arFH, "Y' EF3AF "= arFSTT, HlzIX, Python 2.2.1 Zffio
TV 456, XY IFEBITE 22 122D %7,
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25.1 Brsbor7rO—F

There are two approaches to building extension modules on Windows, just as there are on Unix: use the
setuptools package to control the build process, or do things manually. The setuptools approach works
well for most extensions; documentation on using setuptools to build and package extension modules
is available in setuptools I2&d C HEXTV C++ ILERDEJL F. If you find you really need to do things

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

2.5.2 Unix & Windows DIHES

Unix ¥ Windows Tld. 2 — FOETRFTHARAAICEL BRI RFX A4 AHVTVWET, #Ifn— FXh
2X9MEIV2—NELEILRLES ETIEIC. BHODIZATLABED LS ICHIET 20> TENTL R
XV,

Unix Tl&. EEA 722 b (1s0) 77 AT BT 6035 a—F, 2LTTrT 7 LANTH S B4
RT=ZBASTVET, 77 AABT0T I LHEEENL L. TNHOKPLT —X T 277410
- FADERTOZRIE. XEVATHESL T —EMHEINTVWS, 7077 AHOEBEOLFZEST L5
WEBINET, ZAUIERINIZY Y7 BIECHD 5,

Windows Ti&, BIfIY > 277477V (.d11l) 7 7 4 MITIER S F23D B (dangling reference) 35 D %
Th, ZORDY, BBRT—EZNDT7 7R3Ny 27 v TT7—=T V% LET, {E->TDLL a—FDH;
B, EFRHICERA V2B T a7 A XE) FOELWERZIET X5 ITBET 2 HEIHD A, 20K
D, 3= FEHEZ DLL Oy 27 v F7—=TA%M0, vy 77 v 77— 70 BEREETRICERR OB
T REETIICBEINET,

Unix 1Zi3, =054 750774 VKR (La) LeBHDEHA. .a 77 AVRBEROA 7Y 22 7 7
AN (o) BIBRDa—FBA->TWET, HEF TV 2727740 (Ls0) BIEKT %V > 7 LI D BLFgH
2. VY ARERGFTORHZEBAITICEBT 22 XHDET, ZOLEVVAHFIATIVADF TV =
IE77ANERRLUETS; dLIENFRRO02, VY ARZDFTI 27 b7 740062 THDaA—F
ZHDIABET,

Windows Tld. Z2DFERDIFA 77V, @I ATIV A VR= b IATI7UDNDBLET (EELD
J1ib MR TVET), #NT A 7701 Unix 8B 3 .a 77 A MU TOET; 207 7 4 i,
DENGC T IAEN S XS5 KRA—FPA>TWET, 4 Y KR—bF4 77 V&, HAMIIRE DA T
MARIETIER S, DLL 0 — FENLRETHET 2 Z e Z2RAET 2701272 EbIET, Vo hidA >
A=+ 7477V 00FHREMHE>TLY 77y T 7 —TN%RER L. DLL IZA > TWARWEGIFZEZ %
2L ET, 77V 5= a v DLL Y Y7 E3N330, A VK= IFA4A T UVRERINDE Z DD
DET, ZDIFAT7I7VE, 77V —2 2> DLL MDY Y RVREST 2 X5 7, FERIERE N 22T
® DLL Tffi5 72 BEIC Y £3,

Zo0Ea—-RFEY2a—, Bt C KL, Hloa—-F7vy s A Z2HEH3T252 L %3, Unix Tid,
Aa%B.soR C.so ZELAFRTZLEZDYVAHIZELEDIE LERA ; ZARZEEZ TR a—Fik=
ERDAEN, B COZENENARHEITHOAY - 2> TLEVWE T, Windows Tid, A.d11 ZE LT
52 A lib BEALFENET, BRCOYU Y ZIZIT A1Lib ZELE T, A.1ib IZEa— FRiZA->TVEH
Ay BUIZA ODa—FRIZ7 72 RT 3T 3 7DIFETRICAVLNZIBERPA > TWBEITTE,
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Windows T4 ¥ R—=1+ 74 75V OMFHIL import spam ¥ §2 K52 DDTT; ZOEIFIZ L - T spam
DHFNTT 7R ATEETH, a— FOat—2ERIFRLAEDIZLERA, Unix TR, 7477V D
V> 23t L A from spam import * WZBITWET; ZOMETIHEMICa—Foar—24KL £7,

2.5.3 DLL ERH®DXEKE

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{ERF 2 FEid. pythonXY.lib 2V Y AT I RER D F¥ A, HlZIE=>D DLL .
spam & ni (spam OHNIZIE C B A TWAE LET) ZEALFT212E UTFoavy FEFEITLES:

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

BHDaA< Y KT, =DD7 7 A )l: spam.obj . spam.dll KL spam.1lib B TEZ FF, Spam.dll Il
(PyArg_ParseTuple() @ X 97%) Python BIfid e < Ao TWEE A, pythonXY.1lib ®FEHIF T Python
I-FZEOF2ZLIETEET,

ZOH®aw Y FT, ni.dll (BXY .obj & .1ib) B TE, ZDF A 77 V& spam & Python EIT¥
AP ORBEREE LS Lo TRODTNUET LW HI> TVWET,

ETOFANFBNY 77 v TT =TV ECRHENZ DI TIEDH D EHA, DOEY 2 —)L (Python A%
EGARET) o, BEOHANTHRZ S X512F 5121, void _declspec(dllexport) initspam(void)
% PyObject _declspec(dllexport) *NiGetSpamData(void) @ X 512, _declspec(dllexport) TH
EERIRD 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.

72 F2EY—FN—T14 V-G LTHEREZESD



THREE

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

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

3.1 7 SV 75— 3> AD Python DIEDHIAH

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

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

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

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

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

3.1.1 FKEDEDAH

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

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

{
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.
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3.1.2 BRKEDIEREDAADSHEAHT: BE

EKHEL VX —T 2 — 2%, Wi 7% Python a— K27 7V —>a UhoRITTEZXISICLTANET
M, 7SV —>ar Python 23— RO TOTFT—ZDPLHEDIE, ZHEADIKEoTHHEDLDLVDHDTT,
F—RZOPOWY ELIWES, KDEKEDS VX —T7 2 —AFFCHLZRHA LR TERD EEA, &b
%< C a—FzErQRRs20WRbhic, IZIFMTHTES X512k ET,

Python DLk #DIAAIL, BEZZEZ, FAICEETH 2 VS e IKERERARRD FRA, TRET
DETHMLTELIE Y 7DIZLALDPHDIABLTHEHTEIED T, ZhZ2RT DI, Python 256 C
ANDYEIRZATD 2 — PRI 2 T 20EZXTAEL £ 9:

1. 7 —%{&% Python » & C IZZ&¥T %,
2. BNl % > T CL—F > ORBIEOH L Z1TW,
3. MU L TR o7 — &Ml C 55 Python ICE#T 3,
Python Z#HDALT A, 4 YR —T7 2 —2a— FPT5EERIMU RO L5125
1. 7—&{E% C 75 Python IZ&¥1T %,
2. ZZ I N7 d%2 o T Python f ¥ X —7 = —Z)b—F ¥ OBIBIFOH L 2170,
3. U L TR LN T— X1 Python 225 C IZE#ET 5,

—RL T3 &5, 7—XEBOAT v E, SBETT —X2HET 2 HANED-12DICEHOETH
WANBZ 727200 T, —DEESIE, 7T —2ZMORIcH 2L —F T, JLRZITOIBICE C v—F
VEFEUCHLU T2, HHAADIRIZIE Python v —F Y E2FECHL £,

ZDETIX, Python 26 C A\, ZLTEZDOHANE T =X 2L T2HFECOVTTHEMLETA, T2 IE
LWBBOFWTRLS — DV HIZOWTT TIKHBELTWA3HDIRELET, s ofllfEiconTix
ARV ROIR A HEDZ L ZABKBVD T, DERERICOVWTIILFIOZEEZ BB TE 9,

3.1.3 IR DIAH

BONCHIRT 27075 Ak, Python 227V 7 MNOBKEERITT 200D TT, BEKES VX —
7 =2 — AIHET REITEIT M L FEREIC, Python £ Y X PV RE7 TV r—yay rEHERD O LER
A (D ROFETTRHEDTEEIILEHELET),

Python 227V 7 FNTERSN TV EFETT 2200 a— FEULTFDO X512 D %79

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

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

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

(RDOR=V1Fil)
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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=VIFiL)
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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 A2 V7 b%a— KL, argv[2] PICHEE X 17501 OBEEZ O
HU T, BROBEGIEX argy BAT MDD $3, 2oFmrI7n% AVNAILLTU>YY L
(TELFATAREERZ call EMUEL x5). UFDXS57% Python 227V F M 2ETTHZ 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

FEITERIEIUTD X522 23139 TT:

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

COREORRETEHRT 213707 7 00 I IHhRETEETH, 1ZL AL Python 226 C AND T —
REHR LT —EDHDa— FTT, Python DEDHIAA Y WS BEH 55 b BKREOEE LD a—
R BhhE 2855 T:

Py_Initialize();

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

A4 2TV 2oFE, A2V 7 ME Pylmport_Import() Zffio THAAENE T, ZDIL—F Vi
Python XFH%E5IBICHZBENH D, 77— RXEHUL—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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QORI YT IDEAAENS L, PyObject_GetAttrString() Zfi- TRERLHZEIE T £,
HHEIBRZ Y FIHIFEL, WG LA 7Y 27 PARUH LATREA 7Y = 7 FTHIUE, 20X TP =7
PR THZ2EZTELIABRVTL LS, 22TTRT I AIEAEB DD X T AEEIES £
3, Z0#%. Python Az TOa— FTHOHL T

{pValue = PyObject_CallObject (pFunc, pArgs);

BRI 2 B3 BX, pValue & NULL 1272 %2>, BIRDRERD EANDSRMBA o THE T, HEZHANLRKRIIE

BT IBRZMML TS0,

3.1.4 B&iA £z Python DILE

ZZETIX, HHAAL Python 4 Y X PV RET7 TV — a VAEROEEEIC T 72T 2FERBH D 8
ATUL7, Python API 2ffi5 &, HDABLA VXSV REPIRT B2 TT7 SV =2 a VRIENDT7 2
TRAEAREICLE T, 2D, 77V =y aryTREINTVWEIL-F U 2ffio T, HDAABA VX TY
REPWIRTE2DTT, BHERZEDISIWCERZIETH, ZRIEEIEVDITIEH Y FHA, S LHL-T,
77V —2arh Python £ YR TV RERH LI WVWIZLEBE 2o 2 ENTATLEI W, ZORD
D, 77V 5= a P70 —F U DEEDHT, H7220dEED Python JLIREY 2 — L2 EL LD XS
12, Python 2268V —F V7 7L RTESLXS1TFT 270 — (glue, H]) a—F2FELEERZTLIIZE W,

PIZFUTDLSI1TTT:

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) ;
}
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Lo a—F% main() BABKOITCLIHALES, £72. UTDOZOD% Py_Initialize() OMEUHL
DHENZHAL 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—2avTiE, Z5LEXY Yy RT7 7V —2 a3 YN API % Python IZRBT 2 Z 21
ZHET,

3.1.5 C++ IC& 3 Python DIE&HIAH

C++ v 277 s912d Python ZHOIADET; BEICE S . €5 THDIALIIIE>TWVWS C++
WIEZDFMHKIFEL T, —RINCE, X407 a2l o06% C++ TEE, C++ av 4 7&ff-T 7o
ToLTavnRAN - VI FTEREDRHBTL & 5, Python BEZ C++ T2 A L L EBITHEIED
hEH A,

3.1.6 Unix R ATLICHIFRAVNALILE) VD

Python 4 > X7V 2% 7 7V —3 a Y iHDALEDIZAY AL 5 (£ V2 H) KETREELWT 52
BRITORBETAVSD LhEEA. JAUIKEC, Python 5194 75 VEY 2 —MIHLTY ¥ 2 &h
72 C BIHEAR (.so 774 1) ¥ LTHEEINEDDEO— FT2REND 50T,

B AV RAN - VI DF T aviEHASTDIC, pythonX.Y-config A7V T+ MEZX EF (24U
Python £ ¥ & b = )VRHCAER X 72 H DT, python3-config A7V 7 b HAHKZ 2D LALEEA),
CDORZ VT MIBA T aryHEl b FIH, EENTERZOIZIATL x5:

o pythonX.Y-config --cflags 3RO a s A AT a 2L ET:

$ /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 FHEEDY 7 F 7> a V2 H AL ET:

$ /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
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=N
B Python N—2 a YH1F (2 D DI AT 4D Python & H7R7=HH TEIL F L7 Python) TOIEHEL
WY 27012, ETOFID & 51T pythonX. Y-config (it S A TEEI L 721Z5 RV TT,

HLIDFIETS L WARFIIUL (L2 ZHUILTO Unix W77y b7 4+ — LA TEET 2 Z & %2R
FE3 28 DTIZRNT T A, bug reports IZEMTT), DRLDIATLDEXAFIv 7Y ZIZDOVTD
F¥axX> F%ZiiA, Python @ Makefile DAY A VA T a Y RFANRDZBENDHZTL & 5 (Makefile
DG 2R 51213 sysconfig.get_makefile_filename() Zffio TL/Z& W), ZDHH. sysconfig E
P a— AU OBERI D T, ZAUCK o THREBMMIMA TNV RAN - V7 DL T a U
e 7a 7 AR TE £, HlRE:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

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

executed interactively in the interpreter.

/N

DHLDPEZONET:

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) HIREE Y 7 21 duck-typing Zf5EF 5 S DT, hasattr() REDHDT 7 =
I TEMNBHFTH o 72 D Wb izii 2 (1213 magic methods DEHE) HEICA Y X —7 2 — A% ER
THHEZRMEL £, ABC 1K (virtual) 727 S RZEALE T, ZHIFE T 7206/ kK L
FHAN, ZNTH isinstance() X issubclass() IKFRMINFET; abc EP a2 —1D KF 2 X
Y FEZLUTLEZE W, Python 123, £ OflAIAA ABC RRIME A TWE T, ORI,
(collections.abc EY 2 —)LT) 7— X HMi&E, (numbers €3 2 —/LT) #. (io €Y 2—/LT) X}
U —2A, (importlib.abc EY¥ a2 —T) A Y K- 774 Y E/FET—K—T7F, abc EZ 2 —)L%
FIHLTHBED ABC Z/ERTZ %7,

annotation
(77 7—=2ay) BB 77 R BEDNRTX—-22RDEIEGFRT 2 7L TT, BlickD
type hint £ L THEDONTWET,

O—ANEBDOT ) F— a VIZETRICE 7 72 ATEZIEAN, 20— AEH, 75 ek B
Bo7/7—yayidtEhzhEe®da—, 75 R, BD __annotations__ RFFEMICHREFEINT
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WEY,

FEBRE DRBADI D 2 variable annotation, function annotation, PEP 484, PEP 526 &L T 72
WV, . 7/ T7=2avEMATEIRANTTS 77 4 A LT annotations-howto S L TK
7EE W,

5|% (argument)
(F25180) BIRCZ PO TRRIC, BAE (F/1d AV Y F) ICETHETY, ERE2EEH D $3

o F—TU— 5% BEEMECH L OBICEIBORNIHEB T2 D02 b D (fl: name=) R, *x ITHil}
J2EEOHFDEE L THEINZEE. FlZE. KD complex() OMUIHLTIX, 3 & 5 % —
7 — F5lETs:

complex(real=3, imag=5)

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

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

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

FH BB OE KIS B THEIT E O —AAZRICEHID S TohE 3, DL T2TSHANTOV
T calls ZBRLTLEZI WV, VX y 7 ARZBWTEGHERT-DICH 50225 Z el
Kxd, sHfiS MBI e — A NVERICEH D Y THRE T,

k5% . FAQ @ 5 REGIBDE AT A? . PEP 362 22 L T 7ZE W,

asynchronous context manager
(GEEa Y7 A b~ =Y 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 3, yield REFORTRLD $9, yield id async for /L— S TfEH
TELHDOM R ZARLT 2 DIHHEINET,

BHIZIEAY = 3 L — X BEBEHE L E3H, XRICE > TR IERBS RL—21TL—% 285
GEhRH D £, BREINTERI S THRWES, FIBRLD DIt BiEE2 AL £ 9,

IEFEAY = 2 L — X BT, async for XX async with X2 TR await RdDH 2 2D
DEJ,

asynchronous generator iterator
(FEFEAY = 2L —& 4 7L —2&) asynchronous generator BBTERENE A 7P 27 FTT,

ZAUX asynchronous iterator T, __anext__() XY v K& TN 3 & awaitable 7 = 7
FEIRLET, T awaitable 7Y =27 MI, KD yield RETIEFIAY = 1 L — X EBOARNEKE
FITLET,
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% yield TIF—HFINCUEZHNI L. ZDHBOFITRE (v — IV ERPREFTD try X2 ET) %
TRLET, RS T RL =R TFL—4 » __anext__ () TRINMLD awaitable TEERICH
B3 2 RIS, ZOFRIERTINEIZNE T, PEP 492 BX U PEP 525 #Z8L TLZ X0,

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

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

(81) A 7Y =7 MCEEMITHN. Fy FRERIC > THATTEESHEINLETT, HlE
Tz b o BEMN 0 BRFoTWB 2 E, ZOEMNE 0.0 TSHREINE T,

F 7Y =7 MZiE, identifiers TEZREINZMA T TREBRVWHITOBLEE5EZX 2 2N TEET, 2k
ZIE setattr ) BV, AT "R ZAEFA LTV AGEEIATAET, ZOX5BHEIF Y
FRERXTE 7 72 TES, Kb DI getattr) 2#H-> THZDERDH D £7,

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

_await__ () XV v

BDFL b3
AR = EMEHE (Benevolent Dictator For Life) D& T3, Python OfF#E, Guido van Rossum D
b G

-
—

binary file
(XA F VT 7 AN) bytes-like ZTP LTI b DHARAABIIEZRAANTES J71ILATox
Ik TS, "M FVUVT77AN0DHNZ, 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 FPDOBABEZINTEL 7 7 AN F T I 27 MIOWTIR, text file bBIRLTLZE W,

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

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

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

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

bytes-like object
bufferobjects ZH+R—bFLTWT, C FFEEOEKRT ERLE Ny 7 7 —2RYAERA 7D 27 b,
bytes, bytearray, array.array . %< O—fkJ7% memoryview # 7Y =7 M THICEHD X
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F, bytes-like A 7Y =7 MI, T—XEHM. A FV T 7 ANAANDRE. Vv NERHLULEER
. AL FUVF—REBERTZVWAWALREEEICHHAT 2 A TEET,

BOPOBIETREINAF VT —R2LEETI2LEDPDD ET, ZOREOFFa Xy PTIREL 75
AHE ZAJAEIR bytes-like A 7Y =27 M IKEKRLTOVWES, ZHEARER Ay 77 —F 7T =27 M
bytearray ¢ bytearray @ memoryview REDEZENE T, F/. MO DBRIETIIALE LA
T2 VDAL F YT =& (7 HAHLEHD bytes-like A 72 =7 b)) ZRHELET, U
bytes ¥ bytes ® memoryview A7V =7 M EENE T,

bytecode

callable

callback

32

("4 ha—F) Python ®Y —RZa— R, Python 702 4® CPython £ ¥ &7 ) X DNEEREL
THIZNA FA—FANE Ay R LENET, N ba—Fi& .pyc 774 MCF vy adi, FAL
77 AN ZEHIZFITINZ 2R EDEHRICRDET (Y—RA—=FhPHNf Fa— FANOHED
AV RAOVFEEINET), 20 7 HEEEE (intermediate language)” (&, & & D N4 b a— Rt
JoF ZHEMEEEFEITT 2 (REEYY Y TEMET 2 WA KT, HERERL LT, N1 ba— FIERR
% Python fRfE~ > Y RITENIMET 2 Z 2=, Python VY — XA TLETH 3 Z 2 3HFIhT\WE
A

NA Pa—FOMES—EiZ dis ES2a—L ZHDHET,

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.

(T—rsy 2) FRO B IR THITE N B DI L LTI S5 B

(ZIFR) A=Y —ERA T2 7 VEMERT 27007 T L=+ TT, 77 AERIEE, 2DF T
ADA VARV A LOBERT 2RV v ROEREEAET,

class variable

(275 2AZH) 75 A LICERSN, Z7FALRLT (DFD, 753ADA VAR YA ETIERELIZ) &
HIN2Z e ZHNE LTWAEHKTY,

complex number

(BERH) L<HLNTOREBREILRLEDDT, TNTORIIER EHoOME LTRINET,
RS RBEEANT (-1 OFEHR) ICEBEHIT 2D DT, —RICBETIZ 1 eErA, T¥TIEj &
I E T, Python I3EFBICHAAATHIEL, BREOEKGLEZM > TWE T, BHIEKREC j 20
TEEFET, XX 3+1j TF, math Y 2 —VOEREBREFAH T 21213, cmath 2#HVWE T, &
FROMEH I D SEREFOREET T, HEMHZET 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 TFRAPER) av T F A MIMKFEL TRRDMELZFOLER, UL H2ERD[ENS L2 DFAT
ALy RTELZDEFEZAL Yy FRE—ALVA L —=YRBTVET, L2Lary7FIAMEKTIE. 12
DFETAL Y FIZWLK DDA Y TFAMBH DG, 2y 7 F R ERD RS2 IEFE B 2 2
7 DEDBIFTI, contextvars ZSM L TL X W,

contiguous
(B, 8f) Ny 7 7 DI C8Bft $£721% Fortran #Bf: THREAIIC, TONy 7 7 EEKE LT
WBEAREET, LuXRe Ny 7 71k C #HiThHD Fortran #iE T3, —RLOESITIX, ZDHE
RN TREY LTHET 2 L5 CREIN, RFEPLRrOHE DI T EF T E S, 2X
TLOD C-H#i Rl TId, XEV 7 F L RAMICERZ K 5 BRIIRER DI A FHRANTLED 5 DITH L,
Fortran @i R CIIEA OB A FORRINCE 2 F 5,

JL—=F>
(A=) ar—F 37N —F DL RNZIEXTT, 71 —F I RD SRR
PHAD. Blokd s S, o HE T, aL—F L ICFZ L OfkL RHIEPH A, 1B, 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. BLY async with ¥F—TV—F2FOZ PR ET, Zh il PEP 492
TEAINE L,

CPython
python.org THIAF XN TWA, Python R 7 F 3 ¥ 7 SiEOEERNLEETT, "CPython” W5
HEEIX, ZDFEE® Jython % IronPython ¥\ o =Ml ¥ XFI§ 2 HEHE LS ICHH I
S

decorator
(Fav—=x) HloBEK IR TS T, @E, ewrapper M CHIBEH L L CGHEHAINE T, 7aL—
2 DO—RH 72 M ARFNZ. classmethod() ¥ staticmethod() TI,

TAL—RONIRET YRy 7 A2 aH—TF, RD 2 OOBBERIFRMICFATL DT

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

@staticmethod
def f(arg):

FICHERD 7 7 ACDFEELETH, HENFONEFRA, TaAL—XITOWTFHLL X BEBRER B
B 75 RERDORFaX U F2BRLTLIEZI 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.

FRZ7YFEDRY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide &ML 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
(FFEMNTIKRED) iterable NORTH 2 WE—HBOERZMMH L T, ZORRP 52 2FELIR ST 3 > %
7 N3EEZH 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 TL 72X W,

dictionary view
(fFE L 2 —) dict.keys(). dict.values(), dict.items() 2HRTA TP =7 b TT, FEHDIHHE
DERE 2 — 2L FT, TbbE, HEILEINLI L a— 322 KML $7, &L 2—
ZIRHIFNICSER Y 2 M 311E list (dictview) ZHHA L TL 72XV, dict-views 2ZE L 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 )
23727 IPELWVWA YR =T 2= 2o TWEPERETIDICA TV =7 FORMERZNT
077 IVIRARANLTT, bbbz, Bt 7Y =227 b XY v RRBEEDMENZ D Hbhizh
LET, (FELDEIIKAZT, 7EADEIRKEITIE, FHUIT L THB,)) A VYR —Tx—2R
FRIIDEHTZ T, EFELFTHA v Ehza—RiE RVE—T7 4 v 7 BREERFF L CHRIMEE
MLXEET, Xy 7 XLV 7E type() X isinstance() WKL AHEZBITE T, (2L, XV
IRAVY 7% HREEV SR THETA2IdTEET, ) 2ofb b, MAMIC hasattr O
Ee BAFP 7u27 oI v 7% FHALET,

EAFP
MERA % L 2 X DEFL%ZF 5 DA (easier to ask for forgiveness than permission, ~—7 4 — Dk
AN DIETF, Z® Python TIAL b TWwda—74 Y FRAXAL LTI, BEFTENRF—E
WDTEET 2D EREL. ZDRED > TORGE N ERHIEL £ T, ZOMBRTFRIFI3
=T 4 YT RARA MR, try XB XL except XD TADHZDOPRHTS, 2077 =v 7
. CDEIREHETILLMMORTNS LBYL ZAX AN EXRINIZ S DT,
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expression
(R) 2O FHiicn s, —FLFH ORI (a piece of syntax) TF, Sz 2L, AWV 7
Fo, Al BT 2R HETFREBTCH LAY, HZRTROEROBAENRTT, Ho%<
SiErE WV, Python TREEDOETOHMBRERNIA L WVWI DI TIEHD FHA, while D & 512,
RELTRERARW X DD FT, RKABATIERLIXTT,

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

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

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

or streams.

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

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

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

encode Unicode to the operating system.

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

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

used to get the filesystem encoding and error handler.

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

PyConfig.
See also the locale encoding.

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

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

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

5k
(BEE) MM LANCEZIR S —EHDO XD Z & T, BRUCIZ 0 LD R 25 Z e HikE g,
FEEDEITRH T Bz RS2 Z e R E 5, R5IE. AV v F. function ZBML TLZE W,

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

BT 7 7—>avid, @HEZEEYF oo d: fIZE. ZoEE 2 2D int BD5|
Bz e fifrs i, £7 int BoRDEZFHO L fFchTux s,

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

return a + b

BT /) 7—3 a OXEE function O TR INATVWE T,

WREDFAD D % variable annotation, PEP 484, #ZM LT 7Z& W, ¥/, 7/ 7= a v &F|
A3 2R 75277 4 A& LT annotations-howto S L TL 12X W,

future
from __future__ import <feature> ¥\ future X &, 2> % 7 —IZFRD Python V1) —2
THEHE L R AR EEREFH L THREDES 2 — A2 a4 LT3 X545 RLEF, _ future
EY 22—V T, feature DD I ZEE RFF a2 XY MELTVWET, ZOEIT2—A%EAf VKR-FL,
T OERETMET 2 Z 2T, FEEDSRINCSHEISEMENZDE0DO2R, WOF T 4L MR 550
(FFeld e o7h) #HAH L ATEET

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

garbage collection
(AR=yarryay) ThBEEONSE 2 DRV EY 2T 20 T3, Python X, &%
vy b, ERSHEEBE UBES 2R IRy aL 7o ThHR=—YaL s> aryz2ifug
Fo AN=VaL 7 &Egc B a—NEHoTHRIETEE T,

JIxrlb—%&
(¥ =H L —2&) generator iterator ZiRTBITT, @H OB TNE T, yield REHFOHT
B D ¥T, yield R, for b—FTHATERD, next() BIMTMEE 1 >FOMD LAY TE
5, EHOWM O ZERT 2 DITHEHENET,
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BHEEY AV —FBEBZHRLET. Rk T P RL—R1TL—F 2T HEVHD X
T BRISNLEE®RSHS L TRVWEGE, FHBRLO DI BEE2 AL 5,

generator iterator
(YzxV—=&ATL—25) generator B THEKRZINZ A T =7 M T,

yield O NZRATEITIRE (RIFMABSARUED try X 2at) 2@l T, W —RaicH
WrahExd, DxRL—FATL—% HEHINL . T LMVEZIIGL 3 (@ OB FT
D7z TITH LWIREED S B4R 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 7B Rz 280 LECREEZ T 2 B> SR XN 28T, MO LKIICY
DEEEZHANDEPET 4 ANy FT7AITVXLCEDPIESINET,

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

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

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

GIL
global interpreter lock 2B L T IZ&E W,

global interpreter lock
(ZFa—=2A & FY &y ) CPython £ ¥ X7V XBFHLTWS, —EIZ Python @ /N1
FO—F 2ET32ALy RIZ—27F0TH2 2 RAETH2HMHATT, ZUTKD (dict &Y
DEELMAAAREZEL) 7Y 27 N EFADFEKET 71 2120 U THRBRIICERITHKR 5 DT,
CPython OFEENS Y VIRV ET, A VX TVEL2KERY 7T BT, ?AF7aty ¥~
UL BMIULD TR T R EHRIT, 4 Y X TV XEMBICTLF ALy FETES L51272D
3

27 BEHED 2 VIO WL D DIRRE Y 2 — i, BNy & 2582 Y OFH O E WL
32 EICGIL ZERT 2 X KIS TOET, /2. 1/0 W %E 3 254 GIL &# IR
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¥anr—Zpyc 77 A) IESWERHEIT 27012, MIGT DY —RT7 7 4 VOB EFRLIT
BNy Y2 fli2EHT 2L Fa—-FDF vy v a7 741 T, pycinvalidation ZZHE L TK
72EW,

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

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

Ny AR A T 27 PEHEDF —REEDA AN L TR ST, HEPEEGD T — X MG
BEHNETA Y > afizfl>Tn2256TT,

Python D4 I 2 — X ZTARMAABA TV 227 ME AZL ALY ¥ 20[RETH, (VA FREED
EO5R) I2—&TNRAVTFENY T2 FARET T, (X T NAR frozenset DEIR) £ I2—%&7
NRaAYTHE BRPINY Y aFRETH L L EDANY Y aA[RETT, I—F—FRDI TADA ¥
ARVATHDBEIRATI 27 METFT 74V M TAY Y al[ETT, TAHIEET (HHEZRVT)
PEBSEEFIIEFMTH D, Ny > afliF idO) LhFen T,

IDLE
Python Ofit&EHFEEREE (Integrated DeveLopment Environment) & U E 558 (Learning Environ-
ment) T3, idle & Python OEHERNREAMICFEMI N T2 EANLEEDO LT 1 X L 2TV
BT,

KA 72U b (immortal)
Immortal objects are a CPython implementation detail introduced in PEP 683.

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

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

immutable
(A I2—27N) BEDEZRFR07F T2 P T A 3 2a—XTNRATY =2 MTIE, BUE, X
FH, BEORIARBREDBHDET, TOAo6DA T 27 MIMEZEZOLNER A, FOEZEREEE
BB, Wil eA TV 27 PR LRI D FRA, A I2a—XT7ARA T =7 M, BEE
DAy ¥ 2 @R 72 NN TEHBEREEZRZLET, HEDOF—2Z0HITT,

import path
path based finder 3 import %€ 2 — VMR T 25 (X721 path entry) DV X T, import
. ZOVU R MIET sys.path DSRETH, 37 v F—IDFEFHE Y 7 —I D __path__
JEHED S bR E T,

importing H
%5%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X5 T20UHETT,

importer €
Ja— BB LTe—-FTE4 T b, finder & loader DEBLBLTHHBFTI 27 b,

interactive

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

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

interpreted

Python 134 > &2 7V AR DFETH D, a2 4 I F5BOMBHEL FF, (N4 ba—Far
AIBBH B2, ZOXKFNIEHTTH, ) 2ITOA YRV REFiELIZ, V—Ra—FD7 74
W FTEAEHERICL T LETIRI L Vo 2B ER LIC, BEETTE2I2EKLE
T A V2TV RXERDEEIETE,. 2281 FBAOFFEID ST TNy 7OV 4 7 V30D
DD, F0Z5ADFITIEF—MITEBENTT, WEH BBWLTL XV,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —=d> % v P XY U Z2EFEINZRIZ, £ 2 — R IXRTDI VYT 1 HL7L
NEHIEZ 2 8D, TRTOMERL 7Y Y — X2 BRFERNCHKT 2. File 7 = —XWCAD %5, 2O
7z —RF ARN—=J AL 74 ZHEBEFIHLET, TAREDZ—F—ERDTAFF 7 X —%
weakref 23— Ny INIEPHINEZeDBHDET, v v bRV Y 72— XHFIZETEINEa—F
. ENPMEET BV Y — AP T TR LR (KL< HBHIE T A 75V —EY 2 — /L% warning 1
HTT) 2o hi& 2 fIAMCER L 3,

AVER=—TVERRT 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.

T—ROMNERITEA T2 b TT AT7L—FD __next__ () XYy FZEDRLUMEIHT
(£7213HAAABIE next () 1ITHET) &, MOWOTDERZ —DFTDORLET, 70 Ks L,
Kb DI Stoplteration fINNEEH L E T, FORET, /1 7L —XATV =27 VIRETEY, *
NLEE __next__() ZJEMATSD StopIteration ZZEHLET, /1 7L —XEX, ZDA 7L —
AATP 7 PEKREIRT __iter__() XY v FEERELRITNUIRLRVDT, 4 7L —XiEfho
iterable ZZM T 2IZL AL DG THHATEE S, 352D LEFINIERORKIEZITS X 57
IA—FTY, List D&LSR) avy7FA7Y =27 M HEZ iter) BRICA 7Y =7 MIZE L
D for W—7NTHS N, FiBKFEHOA T L —XE2ERLET, T2 TL—XTITED
55k, HEDA 7L —2a Y THERFEADRILA 7L -4 7Y 27 b ZHEMISR T 720, ZEDa
VTFTDESITHHoTLELET,
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2B typeiter I2H D 5,

CPython R#ZE D& #: CPython does not consistently apply the requirement that an iterator
define __iter__Q).

key function

keyword

lambda

LBYL

list

(F—BI%) *—BIEL H2VIIRERBEXIZ. V- FPRIEFLE D7D OEZ RSO LR 7
Yz 2 b (callable) T3, HlZIX. locale.strxfrm() % ¥ —BIEUCEZIE. v —URFDOY — b D
BEIZDo oY= F—2RLET,

Python %< OV — g F —BEZITIR D EZOW SIES 7L — S b2 EH L £ 3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) F23H D £79,

F—BBEZELHEITOL22HD £, FlZE str.lover() XV v R&2RKFPMXFZXHIL
BNY — AT F B LTS SR KT, H2 0. lambda r: (r[0], r[2]) &
572 lambda 26 F —PBIREIEL Z LN TE £9, £/, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DDF—FAMa YA NI 7 2235 D £F, F—HIKK
DIED 2 NG DAL Sorting HOW TO ZZEL TL &0,

argument E S
518 BT IZE W,

(7 LR) HDA VT4 VBT, OO Ihz 2 ICiHiixhs 120 X 2E5AFT, 724
R & E B MC1X lambda [parameters]: expression T3,

FZ 230D (look before you leap)) DMETY, ZDa—7 1 Y7 AXANTIE, FFUHLPHER
2179 HNC. BURANCHITRSMT: (pre-condition) HIEZITWE T, FAFP 770 —F L XMRAYT, if
X037z K S AMDN S OHFEHITT,

< F ALy MEESHBRE T, LBYL 7 7u—F13 7 B27 @ft e 7 R @ROHSIREL 5| =
BZFTVRIBHD EF, FlZIX. if key in mapping: return mappinglkey] &\5 a— Fid,
HEDE. DAL v RPELRDHIIC mapping 7°5 key FEDERLS EEMLE T, ZOMEIX, vy
2355 EAFP 7 7u—F %25 Z & THIRTZ £,

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 PAUER) =7 YAHORTH 2 WE—HOEZZUHE LT, ZOMR,1H25V X b 2K
3. AT MRAFHETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £F5L. 025 255 FTOMEBE 16 EHGRGE (0x..) LAXFHN64%25 0 X P2ERL £
§o if fildA 7> 3 T, if HIBRWHA, range(256) DR TOERMIUHINE T,

x
Ja—Eu—FR3TE4T7Y 27 b, load_module() EWIHIKHDAY v REERL TOWARIFIUI R
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DERA, B—X—=I3—BRINC finder 2> HRSINE T, ML PEP 302 %, abstract base class I
DWTIX importlib.abc.Loader L TL 72X\,

Os—=)LI>yaA-5Fa 9
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 @ 721F 7z[FFEEET T,

mapping
(R EVY) EROF—HFE LY R— P LTWVT, collections.abc.Mapping #* collections.
abc.MutableMapping @ MIREEK S 7 X THESI N LAY v F2EELTWwWs ary 7+ 4
7Y 227 b TF, Bl Z1F dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R & T3,

meta path finder
sys.meta_path ZMKR L TH LNz finder. meta path finder 1& path entry finder L EARIZH D F
/AN 117 G

meta path finder 2552255 % XY v FIZDWTIE importlib.abc.MetaPathFinder #ZMR L T 72
é L\O

metaclass

(RRTFR) IV FTADY FATT, VIRAERIEZ. 77 A%, 77 ADFEL, HEIFADY R+ %
ED T, XX I RE, 206 3 0%5[8e LTI, 77 RA2EREEZAVET, LAY
DATY 227 MEAISIEEX GRIE: X X277 AD) F7 4L b OEERFRMEL TV E T, Python 23FRE5
BROFIHARLDARY T AR TELZRTT, FLAEDI—F—ICH->T, XX 77 RF2L4
EORVWHBDTT, LrL., —HOGHETIE. AX7IFRIWBHITTLH Y Mo EzRELET, &
LZRBEET 7k 2ou R, ALy Fe—7HERBINLED, 7927 FOERZBHL
e, YUV EFERETLIRY, 2L OGHETHHINE T,

FEANE metaclasses ZSHE L TL & W0,

XYy R
(XY v R) 7 IAREROHFTERSINEE, 2D F7ADA VAR ADEELE L THUH i
BAYY FBA VAR YZAA T 27 b 2B — 58 L LTRUMD 7 (ZDHE—51EUIEH self
CIFENET), B & RRAFENERO—-T 3SR TIEZ W,

method resolution order

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

the 2.3 release.

module
(¥ 2 —)V) Python 2 — FOMBHENMN E L TR LA TI 27 FTF, EYV2—-NEBEED
Python 73 =7 + 2 &L A EMERBL 3, Y 2 —Lid importing DILEIZ & - T Python
WA ENE T,

NVT—2 BB TLTEE N,

module spec £
a—ku—F35301fFbhi AR EEOERE SO HAIZEM TS, importlib.
machinery.ModuleSpec DA Y A XV AT,

MRO
method resolution order ZBML T EFEW,

mutable
(32—FTN) I2a—RTNRBITIcr ME, 1idQ) 2ERX D RAEEXETETEE T, 12—
A7) BBIBLTLIZE W,

”

named tuple
ZHITE RS L WS HEEE. R TABRRELTWT, 4V Fy Z AN BRI LB 2T
D7 7R TEREEOER Y S RISHEINTVWET, ZORP Y 5 IMOMRED > TW\Wa &
LHEHHET,

time.localtime() % os.stat() DR DEZZL WL D DHAAARIILHINTE X I ALTT, il
DFNE 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
(FATZEM) ZBONE N 25T, ARZEMITEEL L TEEINE T, M3t 7Y 7
FD (XYY FOD) ANFIZRo7d DRI TR, RFZD O, KBRS D, 2 L THAAAD
SOMVHD ET, HETEMIIBRIOERLZIC X TEY 2R K- 155, HIZIXBEK
builtins.open ¥ os.open() WFEHIZEMTRAMNENTVWET, F/o. EDEY 2 —UH B EELE
LTWBHHRT % 2 eI & o THATZEMIE TGN & R 2348 L9, HlZE. random.seed()
X itertools.islice() ¢FHEL v, ZAFNEY 2 —)l random X itertools THEINTWVWS Z
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EDHLNTY,

namespace package
(BRTZER S =) TRy r—=Y0ary7re LTOAREMEEIN S PEP 420 TERZI L
package TTo HBIZER Sy =3B RRBA LR W e 23 TE, __init__.py 7 74 V%
Fil=72 Wiz, regqular package 138D F73,

module 2SR L TL7ZE W,

nested scope
(AR PSR- HMITERIN TV ER 2 SIRT 2AET T, BIRIE. D 2B O REEL
DR TERI N TV 255G, NHIOBEBIZSMIOBEB T OEKR 2S5 RTE%d, A A SR a—T
377 4L b TEEROZRIZINTE, ZHORAETERVOTERL TLZE WV, B =LA
F ROBAMDR 2 —FTEREFHABFEELE T, FARIC, 70—V ERZ/ES & 7a— L HET2E
MDE%FiAEZ L E T, nonlocal THMIIOZEICEZIAD 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
(F 7Tz 2 b) RIE (BIERME) L ERSNARS BN (XY F) #b02TOF— %, L <A
BTD FAZAINT FR ODFMOEIES 72D L,

package
(R T =) FTEY 2= VPLHRIH Ty r =2 B8L L OHEKD module DZ & TT, &
FIRCIE, Sy =21 __path__ BHZ#FD Python A 7Y =227 + T3,
reqular package ¥ namespace package S LUTL ZE W,

parameter

(R51%#) AT ORIET B (2 AV Y F ) DERCBWTHBART 5 R3|18H 2HHEL £, K
SR 5 D D L9

o MBERIFF—T—F: (B THIVWE F—T—F5|H b LTET I TE5MEEBELF
o TS ZIBLIRD foo R bar DL DI, T 7 4V hDIRGIEOEEHTT:

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

o (EHH: MELL->TOAGZONSGBEHEL F5., MEFEHOTIEZ BEBERDT DY
APOHTENLDHRAL / R EDEZILTERTEET, HIZIENRD posonlyl ¥ posonly?
BAEHEHTBUCED $3:

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

o F¥F—U—FRHEH ¥F—V—-RNIIoTODAEZOLNBFHERELET, ¥—V—FEHD5IH%
EETZ NI, BIZIELLTID kw_onlyl ° kw_only2 ® X 512, BEEBERDRTIEY A T
EOAERMES B EZIZHD « DR TT:
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[def func(arg, *, kw_onlyl, kw_only2): ... }

o TIERNME: (ORFIE TSR SNTEDMES BUIZ T) (EEOEKOAES 1 BH 5 2
LNBZeRIEELET, ZDXS2RFIEZ. LITD args D & 5 WRGIBHA DRI * DT 5
Y TEERETEEI:

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

o AIZERF—T—F: (f1ORGIBTRICZY SNERDOF -V — FEIBUTMZ T) EEOEED
F—U— R BNE5X5NB2 2 2BEBELET, 20 L5 iks1EE. LOBID kwargs D & 512
R DRNC #*% DT B TERTEET,

REIEUEZA TS a v e HBEDEIBDOEL HBIEETE, A7 aro3flcidT 7+ MEDIEETE
9,

w518 . FAQ @ FE5 | R5IBDENIXAITT 2?7 . inspect.Parameter 7 7 A, function 2
Ya¥, PEP 362 2L TEE W,

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

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) D3R U7z finder T3 o 52 b7z path
entry IWHBEY 2 =2 BT B HEEZH>TVWET,

RAZY ) —=T 7 A Y EDPEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
RLTZE 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 b D meta path finder ® 121, T 2—ILD import path ZHRRLE T,

path-like object
(path-like 72227 b)) 77 A NS AT LNRAZRLE T, path-like & 7 =7 bid, 2% R
T str 727 MR bytes A 7Y 27 b, 720X os.PathLike R MW EZHEL ATV =
7 FDENDTT, os.PathLike 7B F AP R—FLTWVWE A 7P =7 M os.fspath() %
MOH$ Z 2T str 7213 bytes D7 7 A VI R T LANRICEHTE £F, os.fsdecode() &
os.fsencode() X ZNEH str H B WL bytes IKRZDEMRIETSDIMHX EF, PEP 519 TE
AENFE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 3 2 =7 4 I8 L THEMZIRIET 2. H IV
Python OHERER Z OBERLIRIFIZOW TR T 23EHLFHTT, PEP &, #EEIZOWTOERR
Fffteg © 122 3 2 e el (HER) 218X 2 NETT,
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PEP (3. #HHSEEDIRRICh D5, a3 2 =7 4 I X B MEIREOEM & Python 1272 X5 i&aHRET
DNLEND-DDE O 722 2 2 2EMLTWES, PEP OFHEICEaI a7 NOER
FERETS >, KMERENENTZ2OBEBERHD T,

PEP 1 22 L TLZE W,

portion
PEP 420 TEF XN TW5, namespace package IZJBT 5. D7 7 4 VB (zip 7 7 4 VK&
ENTWEHEDDHS) 12074 L7 MV IISHE N D,

fiIB5 ¥ (positional argument) S

I8 22 LT E W,

provisional API
(B API) 13485 4 7 5V O] BAREREED: SFHHANCERINE N D DT, 2D X 5754 ¥ X —
Tz —ANDREREHII, HETHD L INTVLIEIIARFINTOERAD, a7HFEEICL-T
B A INIUR, BAERILRETE ([ 2 =7 2 —ADHIBRETEHEENDS) PITONZET, Z
DEIBREFRFLRAITONZSDTIEDH D FHA - U API ZHAADENCIERE L 2T
T2ERZRMEPBERE L2 2ICOBATONET,

BE APT IZoWTH, BABHMDL VAR REFER LAREINTHET, MERIHILZ
AT R AR IRISR R T RETT,

ZOTREAZED, EBES A TS VIEMEERZ TS Vs — IRV LAD OB Z L,
FRREEZ TELZH O NE T, 5l PEP 411 2SR LT 7Z& W,

provisional package
provisional API ZZRLTLEE W,

Python 3000
Python 3.x VUV —ZX74 D=y 7 32— LT3, (Python 3 BEWRRDFER o LEHI/ESNTF
T3, ) "Py3k” x5 dHh %7,

Pythonic it

BT —RNRE Z A TErNIza— FTIER L, Python OFHZ—RINZA T 4 A 2o 72E 2

FHea— KA, #HlziE, Python ®—f7e A4 7 4 F LT for XEMF-TA T I TILDITRNTOESE

WKE-TL—=FLET, OZLDFEBICIZOMHMEAIZRVD T, Python IZEILTWZRWARD
DICBIED DY > R—=2 5 d L ERA:

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

ZAUTH L. Ehwiz Pythonic 72 A1k

for piece in food:

print(piece)

qualified name
(Bffith) £ 2 —lDIZB— ULRA=T 00, ZOEY 2 —LTERINILI TR, BB XV v R
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AD, VR BRT Py NEERILTT, PEP 3155 TEBEINTVET, My FLRLOBEERY 5
2T, BEiZIEA 727 FOLEILREICTT:

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

pass

>>> C.__qualname__

ot
>>> C.D.__qualname__
'C.D!'

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

EYV 2 AADOBEBTEDLND b, TRIEMB (fully qualified name) EFTXTOHAR Yy Fr—I % &L
2D Ry FAREE. HlZIX email. . mime.text ZEHRL F 5

>>> 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.

M, __init__.py 7 7 ANVEELT 4 L2 MY ¥ LTD packages

namespace package BB L TL 72 E W0,

__slots___ 4

FANTDEFT T, A VARV AEEOHEBEDHONPUDERLTEE, £ VRAXVAFELHRT 2
2T, AEVZHNLES, 2T L EbNE T 7=y 7 TIP, ELLFESEFHPLIY v F—
BROT, Wk —A, BIZIZXEYDHERELREZ 7 TV —>a vy TA VAR Y ANKEICTHET
5, LWVokt FRIRE. FDLLRVDBRR 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 hashable keys rather than integers.

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

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

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

Operations.

set comprehension
(R EWNTKELD) iterable NORTH 2 WIF—EHOERZWUH L T, ZOME» SR IEEEZIRTa Y
R MREFEEHFTT, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ T 3 ¥,
{'r', 'd'} LW XFHNDOEFEEFEMRL FF, comprehensions ZHH L TL 72X,

single dispatch
generic function D—FETEREIZ—DO5[BOBIC L DFRENE T,

slice
(RFGAR) =R =T VR O—EEELA T2 by AT74RIF BRERL [ THEZOLNE
BoFoicaary2EL e TELNE T, BHlZIX. variable_name[1:3:5] T3, AN ((RZF)
B slice A7V =7 b EWEHTHHL TV E T,

special method
Rk A Y v ) & 2 BNRE OBIE. B XA Z F % 72912 Python 7 HHEEICIFUH 5 X
Yy Fo ZOEEDXY v Fid, XYy FEORHIERKRZRIIT VX =237 2 0083200 TWET, Kk
XY v FIZDWTIX specialnames T XN TWE T,

statement
(X) XFEAAL =k (Aa=FD” 7u v 7”) CARARBRERTT, XXX 2F—V—FroMIIN5
HDDEHLNTT, %BHEITIE if. while. for BHH 3,

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

types. See also type hints and the typing module.

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

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

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

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

text encoding A
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
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text file

encodings”.

(THFRANI7A4N) str AT 27 VeFiAEZXTES file object TT, LIFLIEX, 7FA M7 74
FEBIZAL MEAIOF =X A ) =27 72 AL, TFRAMIYO=F 1 25 ZHBITV
£33, 7T¥A M7 74 LDHE, sys.stdin, sys.stdout, io.Stringl0 f Y AX VAR EE T F X
FE—=F ('r' or 'w') THWAT 74 LT,

bytes-like 7T Tk BHAEETEDZ T 7ANFT T2 FiIZOVWTE, NA1FUT7AIL 5
LTS W,

triple-quoted string

(ZEHZ 4+ — bXFH) 3008 L1227 +— Fids (7)) 27 KA b7 4 — () THENCFEY], @
WD (—H) 74— PXFINHRTERITE 2 XFINGEVED D FEAD, EOr0HHBTHAT
T 1O 200HKE LY +— FilBEI RS —FHLICELS B TEET L, ki (\) &
OB THDEEATICE D E 2D TEZDT, FFaX T — a YT EE S RHCRRICHER]
T3

type
(#]) Python 7 7Y =27 FOREA TV 2 7 MDD ISR DI RDET, HOLWEAFTI T b
WHZR>TWET, 27927 FOBIX __class__ JEMET7 72X L7z, type(obj) THUEFL
D kLT,
type alias
(B4 V7 R) Bojlfc, Bz IcRA L TERL £9
MY 7R3 BEeY b 2HMLT 20ICEHTT, HlZE:
def remove_gray_shades(
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass
CHUFRD LI EDFHART S TEEXT:
Color = tuplel[int, int, int]
def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
WEEDFADIH % typing £ PEP 484 ZZML T2\,
type hint

(Ble b)) 28 7 7 ZAEME BRBD R X =22 B EOHIGF SN TUEIEE T 5 annotation TT,

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

They can also aid IDEs with code completion and refactoring.

IR —NLVEH 7R EWE BET m—AFEHTREVWIODOE L ¥ X typing.
get_type_hints() THETZ %73,
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HEREDFADIH %5 typing & PEP 484 ZZH L TLZ& W,

>

universal newlines
FAPAMY - LDBRIED—DOT, UFOTARTEITREEML £ 5 Unix OITRHE \n'\
Windows OHIE '\r\n'. H\ Macintosh OFE '\r's FIFAEICOVWTFHFLIZ PEP 278 &
PEP 3116 ., X5IZ bytes.splitlines() 3L T X W,

variable annotation
(BT /) T7—=>ay) E-DH 25037 7 ZABMED annotation .

ZRD B NF 7 7 AREICERZ N 72 & 21, RAHTRERTT:

class C:
field: 'annotation'

BT T—aidBEEZEER 0D ET: FlXIE. ZOZEE int DEEZIRS Z &

zPIfF I TVET:

[count: int = 0

ER7 ) T— a YOI OWTIE annassign SiCHEH L TWE T,
FEHDIH B function annotation, PEP 484 , PEP 526 #ZMR LT & W, /2, 7./ 7—

HERED
TarvEHMEATARINST 75 4+ A LT annotations-howto S L TL X W,

virtual environment
(IARTEES) WA YT D Bl X N7 FATEECF. ZAUCE D Python 2—H &7 71U & —3 = VIZIF
CY AT L ETEWTWSMO Python 7 7V 7 — a YOBEENCTHT 5 Z 272 < Python Xy

T—=IDA VANV EEFEITIZENTEET,

venv 2SR L TL 72X W,
virtual machine
(R~ V) BRIV 7 bV 2 7AW ERINTZa VB2 —&, Python ORI~ Vi, A b
a—RarvsAL oML N FO—FK 2ETLET,

Zen of Python
(Python ®1&D) Python #HfELFIH T2 LTOEZ 725, Python OFETREIE EF¥E% VA MC
L72bDTT, Mi7re > 7 MT 7import this” €358 ZDVRXMEHDET,
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CORFaAXYMIOWVT

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

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

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

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

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

B.1 Python RF¥aX> + BEfE

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

Python 2 2 2 =7 4 25 DERBE L BRI ZDORBEL LV R Fa X v 7—yayidEFhEEA
Tl -HhHHLS!
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BRr>1t>2X

C.1 Python DFESE

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

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

2000 F 3 H. Guido & Python @ 2 7B¥F — 4 1% BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FH4E 10 H. PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH) 12D £ L7, Z LT 2001 4. Python IZB3 2 HIKNMELZIRE T 270D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ Z#) 23256 EIFE L7z,
Z D ¥ & Zope Corporation (¥ PSF O¥EI&BIck b E L7,

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

JJy—2 N—2 ii);=33 ¥R GPL Hi%
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DIRE 2.1.1 2001-3ifE PSF yes
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AR

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

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

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

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

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

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

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

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.6

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

3.12.6 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 3.12.6 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 3.12.6 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 3.12.6 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

3.12.6.

4. PSF is making Python 3.12.6 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.12.6 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.6
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.6, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

its terms and conditions.

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

third party.

8. By copying, installing or otherwise using Python 3.12.6, Licensee agrees

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

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

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

ADVISED OF THE POSSIBILITY THEREOF.
(RDOR=V1Fil)
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(FiDR— 25 D %)

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

its terms and conditions.

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

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

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

associated documentation.

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

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

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

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

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

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

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.6 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
(RDR=V ki)
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permission.

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

Any feedback is very welcome.

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

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

C32 VYT7wvhk

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

(RDR=V 1K)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR

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

C.3.5 Execution tracing

The trace module contains the following notice:

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

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

Author: Skip Montanaro

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

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

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

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

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

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

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

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

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

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

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

(RDR—T12HE L)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK K
*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

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

(RDR=V ki)
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or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

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

C.3.12 OpenSSL

The modules hashlib, posix, 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,
(RDOR=V ki)
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and conversions to other media types.

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

(an example is provided in the Appendix below) .

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

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

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

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

subsequently incorporated within the Work.

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

Work and such Derivative Works in Source or Object form.

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

cross—-claim or counterclaim in a lawsuit) alleging that the Work

(RDOR=VIFiL)
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or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

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

meet the following conditionms:

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

Derivative Works a copy of this License; and

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

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

the Derivative Works; and

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

as modifying the License.

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

the conditions stated in this License.

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

Notwithstanding the above, nothing herein shall supersede or modify
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

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

--with-system-expat:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
(RDOR=V1Fil)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

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

system is too old to be used for the build:

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

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

arising from the use of this software.

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

freely, subject to the following restrictionms:

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

appreciated but is not required.

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

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

Jean-loup Gailly Mark Adler

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

C.3.16 cfuhash

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

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

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

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

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

with the distribution.

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

from this software without specific prior written permission.

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

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured --with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR=V 1K)
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

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

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

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

are met:

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

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

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

specific prior written permission.

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