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H— K N—F 1 Y=L LCHEEES

HARDZDHTIEY — R =T 4 V=L OFBELIC C B C++ IEREEN T 2 HEZHALE ST, oh
WFEDEHD CINREERT 28T ITDOHEL VWS LD, FRXZEALDY — L EERT 2 ARTDOHDTT,

2.1 C X C++ IC& 3 Python DR

C7ur77r0FEZHFEZM>TVWE7% 5, Python IZHARHARAAEY 2 =L ZBMT 2DEEXHLDTHET
T ZOHFREY 2 -, HEBREY 2 —)L (extension module) #{ES ¥, Python RNEETA RN _DDZ ¥:
MLWHAAAA 7Y =227 PORE, ZLTE2TD C 7477 VHBES AT a3 — LT 2OHL, 23T
X5XK51TDET,

JEIREY 2 — %Y KR— hF 5729, Python API (Application Programmer’s Interface) Tlx—H DB, ~
7B LOERERMELTWT, Python VXA A AT LDIFL ALY DHIEAD 7 7 A FEERHEL T E
9, Python APT &, ~v & "Python.h" ZA 27— FLT C Y—RIZWHIAHLZET,

IRES 2 —1Da Y XA IVFEEZ, TP 2a—VOHBRPI AT LADREFIFEIEKFL T3, iEMIBROETHHA
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2.1.1 HELH

spam (Monty Python 7 7 > DY TFR) L VWIS HDILREY 2 — AV E2ERTSZICLT. CF477VH
B system() T3 2 Python 4 ¥ X—7 24 AZERLI2VE LET, 1 ZORKIE null THRIHINZZF v
S XA REIBICE D, BEERLET, ZOBKELTO X512 L T Python 25 HE2 5L
WELET,

>>> import spam

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

%713 spammodule.c ZERT 2L TADBMEDE T, (BHtL LT, spam E WO HHTDEY 2 —VZ2AEKT 2
BE. B2 NVOERENA-72 C 77 A V% spammodule.c EMERZ L IZH > TWVET; spammify D KL 51
RIEZEY 2 - VHADHEITE, B spammify.c IZHTEXT, )

ZDT7 7 ANDERAID 2T TDE ST LET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

ZAUC. Python API #BDARET (REA S, £V 2— LOMRICHT 33, SEERTEZBMNL ET).

AR

Python (&, AT AW Ko TIIFEEANY XDERICHETZ L5277V Fay BHERLZT>TVWBEDT,
Python.h ZW\WFHOFHEANY XKD HH{ICA 71— F ERIEED EFEA

#define PY_SSIZE_T_CLEAN X, W< 22® API Tik int DD DIC Py_ssize_t BfEDLNEZRETH S
e ERTIEDIMEONTOE Lz, ZHUE Python 3.13 I TIE A E 2 2 b F L2, B ABEMEDZHIC
HRXhTVET, Zo~7roiilHlid arg-parsing-string-and-buffers 1I2H H F3,

Python.h TERINTWVWEL—F»LAHO > ¥ FLE, 2 TEEE Py £721 PY BP0 TWE T, 72721,
BHEAN Y X7 7 A VNDERIIBREZ E T, fHOZLDH L. Python NTIAEICMHES 222 WO HED L,
"Python.h" ZW L D DEHEAN Y X7 7 £ )b: <stdio.h> | <string.h> . <errmo.h> ., B L <stdlib.h>
BAYINL—=RLTVWET, BREDANY X7 7 A AT AT A 2R FAUE "Python.h" 23R malloc()
free() BLU realloc() ZEHERL LT,

RIZT 7 A BT 2 NAEE,. Python 3\ spam.system(string) ZFHii3 2 ICFEHENE Z 2125 C
BT (ZOBBZREANCED XS XU T2, BT Sb2D $9):

1 ZOBBADA Y Z—T7 21— 2FTTIHEHEE Y 2 — )L os KHD T - ZOBBERAL DI, B CEENZHIZRLEZWVDES
<%

6 F2E H—RFN—To V=GB LTHEREZED
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static PyObject *
spam_system(PyObject *self, PyObject *args)

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

Z ZTlE. Python OF[HV 2+ (flziX, B—oK "1s -1") 25 C BBICETHIRICZOFEEML TV E
3, C BRIIF I =205 ERib. HEIIC self BEY args EFHINF T,

self BIBITIE, Y 2 — VLUV DOBEBTHIUTED 2 — A, XYy FIRIZA TV b VARV ADEX
nE I,

args 518U, BIEDA 572 Python R FNATI 27 bADEA Y RITKED T, RIAVNOFKERIL, HOH
LOBEDGIEY A MBI 2551 8UIIEL £3, 5180 Python 4 7Y =2 b T3 — C BEETH I BUZ M- T
HPEITICE ATV 27 bh 6 C OEICEHERIZZD ¥ A, Python API OB§% PyArg_ParseTuple()
F5 IO EF 2y 7L, C DIEIZENLIL ¥ F, PyArg_ParseTuple() &7 > 7L — M XFF2fE- T, 584
TV oMYy I ANSE C EBOREHFILET, ZAUTOVWTIFERTHLIHHALES,

PyArg_ParseTuple() X, 2 TO5|IHMELWHEZEE>TWT, 7 FLRAEL INLBEERICES I BEZRZRT
L7z ZWCH (JiEnr) ZRL %3, ZOMBUIRNERSIBY XM 2ET M () 2IRLET, BEOSLE. B
BB 72 f 2 kT 20T, MCHLENE (Flicd 2 £ 512) TSI NULL 2R T E I LT &N,

2.1.2 BENGE: T5—chs

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

understand how errors are passed around.
Python API Ti&, A LBOFINE LY M T 27DDEBE VW OPERLTVET,

ot b XHWSHNZDIE PyErr_SetString() T3, IEEHINA T =7 + & C XFHITE, BIshA T
¥ x 7 MIEH. PyExc_ZeroDivisionError O kK S RERFADA 7S =7 FTF, C XFHNIL T —DJFHE
%R L. Python X5 A 7Y = 7 MIZEB S THS O 7 (FEE” ITREFS XS,

b5 —OHHRMEL L LT PyErr_SetFromErrno () 23® b 3, Z OBEI5IEICHIANIZ T2 b, (MEMEIXS

2.1. C % C++ IC& 3 Python DGR 7
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0 — VA H errno MO L EF, o b HIANLRBIEIE PyErr_SetObject() T, —DoDA 7Y =7 b,
sk e EMEESIEICE D E T, ZNHBEICIEST A 7Y =7 M Py_INCREF() 250 EH H 8 A

ISy FENTWVB 2L 52, PyErr_Occurred() % ffio TIEMHEEMICHANONE T, Z OBEKIIHAED
BIsSA 7Y 27 P RIBLET, ISR EL TORWEEICE NULL 2R L £, @HEE. BERORD E» L
T —=DREELrZHFTE 2513372D T, PyErr_Occurred() ZMUHTHEIIDH D £ A,

BIEL g ZIFOHT £ 25, AiEOBBOMOCHLICKR Lz e 2RtHT 2 2, f BiRiZT 5 —fE (KX NULL %
-1) ZIRX R D EFHA, LA L, PyErr_x BEEHOWIT L ZIFUHTHET HDEFHA — RELRL, g
FTTRMIHLTWE DS TT, RWT f #MOHLAZa—-FH 7 —%2R3HE BSEFUHLAEI—F 13K
FTZ IR D ETH, AR PyErr_* 1 MU LEFEA . DIFRARRICHREE S - =5 —DRLFHELWVERIE.
BT —2MRE LBEES T TIBRE L TWE02 5T, 75— Python £ Y XY ZRD XA 2 L—FIT
FET 5 . BEEITHO Python 2 — FIE—FFIE L, Python 70275 <o48E LBIs N> RS 28R LITZ
St LET,

(82— PyErr_* BIE & 5 —EFEUH LT, XDFEMAT I — X vt —I 2T 2 X5 RRHBDH D
9, ZOXIBRATIEZESI ITARETT, LidviR, —MILRFAIE UTid, 2 OBREEME S O H 35620
2. LB TIETS —OERICHT 2 HHE RS RICR D BB TT: CAUICE D, 18 A Y DBRIEIHE & 725
W 6 %HT 25 LNLEHEA)

HHBBTFCH L TOUHOKBIZ X > Ty b TS 2 B S 51213, PyErr_Clear () ZFFONH L THISE
REBZIRINCHEL RS TRERDERA. T7 =% A X7V ZFE L < BRETT (I o/EE%21T-
7D bR SR oD XIICHENPIT S L57%) =7 —UHEZERIIITIHEICD A, PyErr_Clear ()
EMUHET EOICTRETT,

malloc() DFEUH LREUK, FEIZHIAMT L Tidi b £ A —— malloc() (F721F realloc()) ZEBEMS
HLTw3 a— RN, PyErr_NoMemory() ZMUHI LT, KR ZRIMEZRESRAELRDERA, A7V =27+ %
T 522 TORME (Bl 21X PyLong_FromLong()) & PyErr_NoMemory() OFFUH L ZHEEETLE 5 DT,
C OFRAIABIRT 2 DIZEE malloc) ZIFUHT a— FREZIFTT,

%7z, PyArg_ParseTuple() &\ EHERFINZERNT, BEORE 2 — F 2R T REII-VWT W, Unix D> R
TLa—LeET L, MBI LB a £2IEEOERR L, KR LEBEIE -1 Z2RLET,

REBIC, 7 —FREZETEC (27 —PRETL2ETIRBMZERLTLE2 AT =227 MITHLT
Py_XDECREF() %° Py_DECREF() ZM:UHIL T) ZAUHZERER T o TSI W]

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

or must satisfy other conditions, PyExc_ValueError is appropriate.

EY a2 — LEBOH LN DERTEET, EF T, BEIEET 7 A VORETTICEHNR A T2 7 VE
BOESEITVET:

8 B2E Y—FN—To VIR LTHRZES
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[static PyObject *SpamError;

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

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

SpamError = PyErr_NewException("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
Py_CLEAR(SpamError) ;
Py_DECREF (m) ;
return NULL;

return m;

Note that the Python name for the exception object is spam.error. The PyErr_NewException() function
may create a class with the base class being Exception (unless another class is passed in instead of NULL),

described in bltin-exceptions.

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

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

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

shown below:

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

const char *command;

int sts;

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

(RDR=D12Hi L)

2.1. C % C++ IC& 3 Python DGR 9
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(FIDR=I 5 DfEE)
sts = system(command) ;
if (sts < 0) {
PyErr_SetString(SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong(sts) ;
}
2.1.3 BlICRES

FIEEOBBOBNIRES &, FEBUTOFITXEHETE 3133 CT:

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

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

be declared as const char *command).

KDL T, PyArg_ParseTuple () THAXFH % L T Unix PAR system() ZMOHLTWET:

[sts = system(command) ;

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

function PyLong_FromLong().

[return PyLong_FromLong(sts) ;

LOBATIE, BEA TV L RELET. (25, BMTT S, Python KBLTRL—7LOF 727 M i
DT )

i B HAREZIR X720 (void %R 3BIE) 1S3 % Python OB None iR X I D ¥ A, B
#Z None ZIRXH 2121k, LT X5 RIEHAZHWE T (ZOEHANIX Py_RETURN_NONE ~ 7 BIZEEXIN
TWVWET):

Py_INCREF (Py_None) ;

return Py_None;

Py_None X372 Pyhton 7Y =2 hTH 2 None X532 C TOLRTT, INFTRTELZLSKIEL
AEYDAYTHFRARMNT " L7—" ZEKT 5 NULL KA > X LI13EW, None \I#iFt7 Python DA 7> =2 b
T3,

10 BTL2E Y—FN—TFTo V=B LTHLREZES
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214 E2a2—IDXYy FT—TIL e HIHA{LREEK

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

address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,
"Execute a shell command."},

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

VR MERO=DHDIT Y VY (METH_VARARGS) IZIFEE L TLEZE WV, ZOT Y b U, C BIAHME S PO LA
WEAVRT) RIBZDZ72DDT7 57 TF, 8% 2 OfEIX METH_VARARGS %» METH_VARARGS | METH_KEYWORDS
DIFTTT; 0 1XIHKXD PyArg_ParseTuple ) OZE{LEfHbI 2 Z ZEKL £3,

METH_VARARGS 7213 2 5354, C BBUZ. Python LNV TD5[#A PyArg_ParseTuple() 23ZHTE 2327
NOBEATHEIND D LHELRITIUIRD FRA; ZOBBIZOWTOFMIE N CTHIAL £3,

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

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

Ay BT =T NVEEY 2 —VEROWERP LSHEI N TWIRITIEZR D FEA:

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

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

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

declarations ]CEC]]].]CEd bgz the p atform. and for C declares the function as extern "C"
2.1. C X% C++ I2&3 Python OHLE 11
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When the Python program imports module spam for the first time, PyInit_spam() is called. (See below
for comments about embedding Python.) It calls PyModule_Create (), which returns a module object, and
inserts built-in function objects into the newly created module based upon the table (an array of PyMethodDef
structures) found in the module definition. PyModule_Create () returns a pointer to the module object that
it creates. It may abort with a fatal error for certain errors, or return NULL if the module could not be
initialized satisfactorily. The init function must return the module object to its caller, so that it then gets

inserted into sys.modules.

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

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config) ;

/* Add a built-in module, before Py_Initialize */

if (PyImport_AppendInittab("spam", PyInit_spam) == -1) {
fprintf(stderr, "Error: could not extend in-built modules table\n");
exit(1);

/* Pass argu[0] to the Python interpreter */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {

goto exception;

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

/* Optionally import the module; alternatively,
tmport can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule("spam");
if (!pmodule) {
(RDR=D12Hi L)

12 FE2EY—FN—Ta V-G LTHEREZED
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(FIDR=I 5 DfEE)
PyErr_Print();
fprintf (stderr, "Error: could not import module 'spam'\n");

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

PyConfig_Clear (&config);
Py_ExitStatusException(status);

AR

H—p7mt AN (£71& fork() D exec() DM AL TWIRWIREE) ITBIT 2EHDA &2 7)Y 2BV
T. sys.modules 2O LY MY RRELLDFLR I VA VEAEY 2 —/L% import L7zD 33 &, Lk
EV a2 M E o TRMEZAET 2 eHD £9, RES 2 — LV OIEER. WERT — 2 MEZ LS 2
BRI L KKCHDIRETT,

LD EENZEY 2 — &, Python Y — ABLAPIZ Modules/xxmodule.c L WO HETTA->TWVWET, ZD
T77ANMET L — P LTHBHAHTEETT L, Hehle LTHEd %7,

AR

xmodule ¥ spam ¥ #2742 0. ZEEFEWIHAME (multi-phase initialization (Python 3.5 OFHEEE) %> T\ &
$, PyInit_spam %' PyModuleDef B L., €Y 2 — L OAERIZHEIC import BTV E T, ZEFEWIY
LIZOWTORHE PEP 489 22 L T ZE W,

215 aAYNRTILEeI >

FLWIBREY 2 — L2 M2 2 X512 FET, EXEZODMEHE: av 84k, Python Y RAT7LADY > 7,
Do TVET, BINFAIAA (dynamic loading) Z -T2 DR 5, {EEDFHFMIIBNTDS AT 40> T
WAEIHFGAABDIERIC L o TEDL LD LNERA; FHLAE IHRED 2-LOEL NI IE (CH&
U C++ RO EJLE ) . Windows 1281 5 Ll RICBERT 2BIMEHRDOE (Windows ETD C LT
Crt BES2—LOLILE E) 2BBLTLEEW,

NG AIAAEMHZ ooz, Y 2 — L EHEKF Python £ X 7Y ZO—HIC L TBELZWEEIKIE, 4 VX
TVRDOEN FREEZLELTHEL FLRTNIRS2 LD TL x5, Unix TIE, FHERI LI DFERR
CTHHMTS: BICAEDEY 2 -7 7 4L (fl 213 spammodule.c) % B L7z Y — ALY D Modules/

2.1. C % C++ IZ& 3 Python DiER 13
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T4 L7 M VIZIEE, Modules/Setup.local ICHZD 7 7 A W a#AT 2L FD—1T:

[spam spammodule.o

ZEMLT, Py TNV DT 4 L2 FUTmake ZETLT, A YE TV EXEHLLFT 5713 TF, Modules/
Y754 L7 FUTH make ZEITTEFETH. Hid o T 'make Makefile’ #2217 L T Makefile ZHEIJ/LFL
TEPRIFNUIRS D FRA, (ZOIEHEIX Setup 7 7 A VEEET 5720 HETT, )

BT 2a—ADRDITATIV VI EINTOVWIRBENDL5E. 7477 VSRET 7 A VHIETEFT, f
ZIEATFTD XS LE T,

[spa.m spammodule.o -1X11

2.1.6 C 15 Python BA¥EFUHT

N ETIE Python 226D C O I LICERZBNTAERTEELE, £ IA5TIOM: C 2560
Python BAOUHL D EEHTT, &b, WHW2E " a—ANy 7” eSS R-1+32 L5854 7
F V)RR T 2BICIE 2 OBEEDNERI TS, 2 C A YR =T 2 —ZARa— ANy Z7E2FHALTVEHE, [A%
DOEREXTEAEF % Python 2 — FTIX, LIZLIE Python 70277 <iZa—i Ny ZEEHEZIRIET 208N H D
9 oL FFEETE C THEIrNLT—ANY ZEED S Python THNI 2 — %y ZBIKZIFOH T X
ST EIREPDHBTLED, bBAHA. MOARDEZONE T,

R Z 2T, Python 4 ¥ &2 7V ZIIHHICHIFEOH LT %, Python BMEZFUIH T DIFREL > 2 —
7x—=2A%HDFF, (Python R—HFZREDANLFZ2ME > THRIETHIEZOWTHRT 225D 1EHD %
VA - COHBICHEEND 2725, Python Y — 23— F®D Modules/main.c ZH 3, a~vr Fo734 0+ T =
Y o—c DFEEZRTLILZZIW)

Python BABOFENH LIXHHETT, 3. COa— R L Ta—iNy Z72EFEL XS5 T3 Python 7R
77 5E, MSPDOFET Python OBEA 70 2 7 P 2EIRQERD FHA, ZDDHIT, a—LNy 7&K
B (272013204 > 2 —7 = —R) RIBEERIER D FR A, ZDa—N Ny ZEREBDIFENH X 75
12, BlEE XN Python BIA 79 2 7 P ADKRA » Z % 7O —NVERBIC - HBWE, ¥ 2@
— RFELET (B4 7Y =2 bR Py_INCREFQO) 32 &5 XSIEELTLEEIW), fl2iE, MR XS B
HEI2—ND—FRCH>TNWBEILTL L S:

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
(RD<R=2128i<)
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(FIDR=I 5 DfEE)
if (!PyCallable_Check(temp)) {
PyErr_SetString(PyExc_TypeError, "parameter must be callable");
return NULL;

}

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

/* Botilerplate to return "None" */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in
section EZa—ILDXAY v FF7—7)L L #IHA{LEI%L. The PyArg_ParseTuple() function and its arguments
are documented in section #LFRED 2 —ILEITD /NS X 2 ERH.

Py_XINCREF() B XU Py_XDECREF() X, A7V 7 MIWTEBRAV Y MEA VI URY N/ FTIZ YR b
T 572DV BT, NULL R4 Y EXPEINTHEERRETEZIHATT (213vwz, LOWRNATIE temp 23
NULL I27%22 Z2EHD FHEA), ThoDvrueBRAT Y MZoWTE, BRATY ME THIHL TV E T,

Z D%, A=y ZEBEECH SRR 5. C BI%L PyObject_CallObject() ZM-UH L £F, Z DR
IIE =205 Python BI%y Python BIED5IE VY XA v 3B D, WIFNHEED Python 7Y =7 b & FE
TRAVEETT, VA MIBREXTIVA T 27 P TRINVEIRS T, TORIFTIHOBITHED £,
Python B Z 582 L TMUH T DR S, NULL 22ZZDR S 2ELET; B—05 [Tl EFIHTDR 5,
B (singleton) DX IV %E L ¥ F, Py_BuildValue() OFEXFFIHIC, ¥ uflFziz—FEU ELoER(L
A= RPA o 7HFEMH D 256, ZOBBIEXZ IV ERLET, INchlzRL£3:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject() & Python A 7Y =27 hADKA ¥ ZERLET: 24Uk Python BEH»S5DRED E
1272 D 3§, PyObject_CallObject () &, 51EUTH LT 7 ZMH v > ML (reference-count- neutral)” T3,
LOBITIEEZ IV EAER LTIV R e LTHRIEELTE D, 2D X 7 LI PyObject_CallObject () OMEUH
LE%IC Py_DECREF() TV T,
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PyObject_CallObject ) IFEDMEE LT "H LW A7V =7 b: FiliclElEhizA 7o =7 F o, BEHFDOA
Tz bOBRAV Y P RA VI VXY P LEEBDEIRLET, EoT. ZOXTY =l bEra—rULEHKIC
RELZVDTROWPED, 7o 2 ZOREDHEICHEIENR TS (LA, £ THIUIRBZS!) M LI
ETRDEA 7Y 22 b % Py_DECREF() LTI D ¥ A,

Yi¥Wx., R E% Py_DECREF() ¥ 2H(ICIZ. A NULL TRWAF v 7 LTEL ZEMEETT, $ L NULL
25, FEOH L7z Python BABUIBIAN ZIEH L TR T XE 5N TWE T, PyObject_CallObject () ZFEUIHIL
TWw3a— KFEKD £/ Python 225N EATWEDTHIUL, FEIE C a— FPEZEHUEHLTWS
Python 22— RIZT I —ERERZRERIXRD FHA, ZRCEID. A VX TV REAZ Yy 7 P L—RZHTIL
D, BISENIRS 27280 D Python 2— FEFUHLZED TEF T, HIADOBERBRAEEL 572D, LRV
D726, PyErr_Clear () ZMATHINZHEL TEPRIERD EHA, FIZIXLITOLSICLETS:

if (result == NULL)

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

Python 2 — Ny JEHBEECARALA VX =7 2 —ARXLEVRICEs T, 518V A%
PyObject_CallObject() WKH5ARTNIBRLLWEED DD ET, H27—ATRE. a—1 Ny Z7EHE
BELEOLYFAULA YR =T z—R%2N LT, 5IBVANIEINTVEILDLNERA, DT —2X
T LA TLEBELTHRV AN 2EIQARERLRV2S LNLERA, COBEGRLEHRLRDIX
Py_BuildValue() ZFERRH T TT, FlIZIE, BEOARY ba—FEELZINE. UTOoXS5kha—FEfd
SZ&IRKRABTLED:

PyObject *arglist;

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

Py_DECREF (arglist) BMUHLDER, T7—F =z v 7 XD IFIICELNLTVE I EICHERLTLEIWV! &
7o BB EZIE. Z0a—FIRSELTEH D FHA: Py_BuildValue() BXEVARRBREBWVWE b LT,
Fzyv 7 LTELIRETT,

WHE DG ¥—v— F5[8Z ¥ K- 7§ 5 PyObject_Call() %o T, F—v— F5lE%EMES BEBIFOH L
EFRIe8TEET, EOFIYRIT & 512, Py_BuildValue() 21F-> THEEIED 755

PyObject *dict;

dict = Py_BuildValue("{s:i}", "name", val);
result = PyObject_Call(my_callback, NULL, dict);
(KDR=D12Hi<)
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(FIDR=I 5 DfEE)
Py_DECREF (dict);
if (result == NULL)
return NULL; /* Pass error back */
/* Here maybe use the result */
Py_DECREF (result) ;

2.1.7 #ERED 2 —IILEAETONS XX EH

PyArg_ParseTuple() BAZUIIM TO LS ICEFEh TV E T

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

518 arg 13 C BIEH 5 Python ICEINZ5[YV R MNP AR TINATI 27 P TRIFNEXRD £HA,
format 5180FFACFEYIT, Python/C API V7 7 LY A% =2 7LD arg-parsing T X T\ 2 FRIHE
HRFRD FR A, RY D5IEUL. ZhZhOEHD 7 FL AT, FRLTFEF SR E 28022 o ThRiFiu
%D EH¥ A

PyArg_ParseTuple() ¥ Python 25 5 X 5 W 5P MHERZEIZKR > TWB2HFNBZ DIt L,
PyArg_ParseTuple() IO L ORI I C ZRDT FLAXEMREEZROPFAXRLNAR VW
WHERLTLEZW: ZZTHEVWELT 2, =377 > a320b L0EEAL. PR DTELLDR
By bEXEVICEEELTLEVES, HEKK

FEOH LRSS A 7Y = 7 PADOZIIZTRT EA 2 (borrowed reference) 127D £, 2504
Tz YOBRAV Y T 7 UA Y PLTIERD EEA!

MWL oo LA ZRL 3

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int ok;

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

Py_ssize_t size;

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

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

ok = PyArg_ParseTuple(args, "(ii)s#", &i, &j, &s, &size);
/* A pair of ints and a string, whose size is also returned */
/* 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:
FCCC0, 0), (400, 300)), (10, 10)) */

Py_complex c;

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

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

2.1.8 HHERED 2 —IILEABDF—T— NI XE

PyArg_ParseTupleAndKeywords() (& MU TFD XS CEEINTVET

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

arg ¥ format 287 X X% PyArg_ParseTuple() Db D LR UTT, kwdict %7 X XZF—V — RBIBDA -7
FET, Python 7Y &4 AV AT ADOE =TI XA XL LTI £3, kwlist %7 X ZI3ERT X 2255
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T 20D TFHNH S5, NULL #IiE U R b TY; K87 X 241 format FORMEHRICH L TEL»HH
DIEICBESINE T, KT %L PyArg_ParseTupleAndKeywords () IZE %R L. FhLSNOEGEEIIE#EY %
Blst 2R L ThRERL 5,

AR

F—U— R EFoTWVWEIGEE. FTNVBANFICLTHEIERA! kwlist NIZEELBROVWF —T — R85
X RBE I NG E. TypeError DEHEF|ER I L E T,

MFReFxF—v—F2ioEy2a—HlZ/RLE T, Z4UT Geoff Philbrick (philbrick@hks.com) (2 &% 7w
FZoBlEb LI LTVETS:

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

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

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

static PyMethodDef keywdarg_methods[] = {

/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot() takes
* three.
*/

{"parrot", (PyCFunction) (void(*)(void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},

{NULL, NULL, O, NULL} /* sentinel */

(RDR=D12Hi <)
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FDR—TH & DFEE)

static struct PyModuleDef keywdargmodule = {

PyModuleDef HEAD_INIT,

"keywdarg",

NULL,

=il ,

keywdarg_methods
};

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

2.1.9 EEDEZHEET S

Py_BuildValue() ! PyArg_ParseTuple() OMMIZMET 2D TT, OB TO XS ITEREATY
3

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

Py_BuildValue() (&, PyArg_ParseTuple() DBk 3 % —@HDOEXBMICPZEXBMN 2L £5. 2L
(BB~ ITIER . ANfibis) 518UIRAL ¥ 2 TR, ZREDETRITNUIRD £¥ A, Python »
LIF XN C BENRSE e UCEYIR. #i727% Python A 7Y =27 F2iRL 73,

PyArg_ParseTuple() &I3—2iE 5 mAH D £9: PyArg_ParseTuple() IZH 518 % X T NIZT 2 5ENDH D
%7 (Python DF# Y R MIWEBINIIZHIC R 7L e LTREEN 2505 TF) 25, Py_BuildValue() && 7
NS 2 L3R D ¥ A, Py_BuildValue ) EEAFHNIFICERBAS O Zh L EA - TWEHEIC
DAHARTNVERBELET, FRXLFHND2ER S, None IBLET, Tonh—o20HEXEMNL S, 2oFXHAL
DR LTV AMISLDA T 27 MRV ET, FAXD 0 1 DX TIVIRIEVDOR S, FEAFHIZAL
TPV E 3,

UM ZRL £ (LRFFOH LAIZ, GRS 25 Python fHZRL £7):

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

(RD<— ki)
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HIDR— % 5D E)

Py_BuildValue("(ii)", 123, 456) (123, 456)
Py_BuildValue("(i,i)", 123, 456) (123, 456)
Py_BuildValue("[i,i]", 123, 456) [123, 456]

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

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

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

2.1.10 BRAV Y NE

CRCH+ DEOIREETIE. Turos<iie—7LOX ) 2R LEDBER LD T 2EELHD F
T, T35 L7EEE C TR nalloc() ® free() THHWVWE T, C++ TREAERNIZFE CEMRTHEHET new X
delete MfEDLNE T, 22T, UTDHEHIX C DLEBICBELTITVWET,

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.

IS HBAEVY—2ZDFEFIFZa— FHOEETR WVILBRE T, 213, H2MEDH2ATY Tuay 7%k
RLU., MO EEIT-oC, BEIny 72@HT22 LET, T, MROERAMREZLE L T, FHEICNT
27 ANEEBMTZE, =7 —4MEHHE L, BBROBRTTUEERET L5188 200 LOLERA, ZOBRPTOD
MRTPEZZ & BRINZXAE) 78y ZEMBHLENRTVDOTT, 2 — PR TEMEINLGEICIERIC
Z5TT, ZOEIBRREV ) =P —HHIAATLES b, BOBRIEINBROVEZIARZ e ELSHDF
T LK AEBOKRTIE. 2 TOBRBTECHLDIH L TIFADDLTAREG LIRSS, 20— TiEL
A Y DRI BRI Y B O EZF o Tna D, XEV Y —2BHLRICR 2D, BEVWEEMELT
Wiz Zab AN — 7 BRI TEBEMED#oRBACRONZ 5T, EoT. ZOMDT I —%R/IRI
LrDB L5874 VIZHKPHIEE R T T, FEOXEY ) =27 %2 T2 I HEELRDTT,

Python & malloc() X free() ZIEHICIKMAT 270, XEV V-7 OMILITMZ, BREHIAEV D
R Z LT 2 8IEANE TS, ZDODIGBEINTDODB A w7 > ME (reference counting) & WX 3 Fik
T3, BRIV Y MEOFHIIEHETY: 2 TOAT7 V27 M3 AV Y EApHY, A 7Y 7 Mt 22HH
EIDIRESINOAT U REA VI VRA YL, AT P27 MIWT2ZRPHIRENLET VX RL
F9, AVVEBERZ R oD, AT 27 PADRBOSBIMHIRES N Z 8 IZRD ATV =7 MR
nEd,

b5 —DODHIKIZIHEIA R—a L 7> a ¥ (automatic garbage collection) LMHENTWVWE T, (BRA Y Vb
BEIR=YaLryavBBo—2r LTEIFONEZ2d3HSDT, ZOo2XAlT2720ICEE T " HE
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(automatic)” o> TWE T, ) HEIARN=Y 3L 7Y a YORKERFAIZ. 2= free() ZHIRINIC XIE
BLTEWZEIZHD FF, (FESRXEYOAMAMAEDA SR LTEREINATVET — 25 TR LF
ETEDHVERA, ) CRBIZ2HIR=—YaLryaryORAEF, BRAREDD 2 hR—TaL 7 ZHBEE
LENWEWS ZETT, ZRUIR L. ZRAY Y MERAIRED H 2 FENSTEET (nalloc() X free() Z 7l
HTE2DHHHETT — C BRI ZAZRIELTVET), WODHD, TREOH 2 HR—aL 7 &H
CTMHRZESITREDPHLNERAD, ZNETE BT Y METR > T L BMTIER VDTS,

Python Tl&, EHMNESEA Y v MEDFEERZIToTWE— T, SHROMERERH T 2 7-D12@ GRS IR
HIEHE (cycle detector) HIREEL TV, TERZIEMILEMEDO B 19T, B MERC» 205 FTHERSROE
RESWCETI T TV r—2a VEBRETEET; Wi Db, BRIV Y MELGEfoR—YaL sy a
VHEIBICL o TIRIRZRIEFH R 5T, RS, (HMEZROBELEDT) HAENOSRBE A7t 7
P MR ENS D, HRANDA 7P 27 M3KA2IEELRDOSRAY >V M eRb 3, HEINLRSEY Y

Y MEDORETIE, R AERSBEEKT 24 7Y 27 MR L THICRL BELRVE LT, ERSEAD
COATV2 7 MBI B XEVBHEMATEZEA,

BRI Z D XS BRI R=IH A 7L (HiR L7 XS RIERSRA 7Y = 7 ) 2RI LTHEINT 5
EMTEET, g BV 2a— V2D X5 BBHEHEOET (collect O BIR) 2T 2 L HIT, REDLDHD
4 Y R7 2= 2B XML ZITRICEINCT 2 R R LTV E T,

Python IZHIT2BBAV Y ME

Python 213, ZRATV Y FDA Y7 VXY T2 YRy F2UHT 2 D0~ 71, Py_INCREF(x) &
Py_DECREF(x) 2% ) £3, Py_DECREF() X, BRIV > "L RICEELZRIC, A7V 227 DX EVRK
BITVET, FHMMEER/T-E 27010, free() ZEETUIHLERA — Z2O0RDHICA T 27 PORIA T
Y=z b (type object) ZNMLET, ZDDIC (MOHNSDHD £FH), RTOAF 7V 7 MIHGDORA T
Dz M TEIRAL VEBA->TVET,

ST, FREKRREEMDIE > TWEF: WD Py_INCREF(x) % Py_DECREF(x) ZfHZIZXVODTL 52?7 ¥
T, WL ODPOHERA» SHEDXETLEEI WV, ¥F. A7z 27 M3 7" A (own)” SN2 EHH EE
Ay L, 24727 MW T 2SBOFTE own a reference 3 TEE T, A7V 27 VOSBRI U b
3. Z0A TV =2 POBROFEZRZ T TWSEMEERINTVET, ZROMEER. ZRPILERL Lo
7zB#1Z Py_DECREF() Z MU ITHENZHWE T, SHROFTEMEIZRIE (transfer) TEX E3, FIESM (owned
reference) DMEITIZ, 3. R{FT 5. Py_DECREF() ZIFUH T, WS =2DHFENH Y £3, S E
MELEh2e, XEV) =725 ZRILET,

ATV 27 Mt 2B B (borrow) AIRET T, " SIBOMEH#H L. Py_DECREF() 2MATIZRD ¥
BhA, BEHEX. SROFEE>SERL-HMEZEL CSBE2HEE LT TER D TRA, ITEEVSIRE EE
LB THEAZHEEZMHES b, BHRISAXEV ZFHLTLE S GREH 20T, Hxhiirhidzh F8A,

2 BEE ERT A LW AR T 7 IEHEICIIELL H D) FRA: BRERS, BROFEERKAL LTSBOav—%2fF->Tw3H
5T,
B BEAT Y I L UUERY S DEANZ AR SECVEELRA — BRIV Y FERLERESNIZXEY LB B0, ZOMHEEH
_ fhoX 7V MicfbhTw AR D )
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ZIROERANPZROMA LD SENTVEHRIE, a—F2RED 52550 UWHRKTSREZREEL T XD
FELBLLTHED L TY — HloEwhzahd, BHZROEE I, WHORTCREEZKRTLTHXAEY
V=2 DfEie BT I epRWn, WS T TY, W, AL DB AMLRIE, TKEEBICRAZa— P
ERERCEIBROMEHTTHES N TL o RIZOZRE/ S 2 LIV W& S BRI H 5 L5
£T9,

Py_INCREF() 2FMFUHT . HEASHEMESRICEETEE T, ZOREISRBOMBHITOREBICIZFEL
HA - Py_INCREFQ) 3H7=MEAESRELEN L. SROMEENIHIREZLTOBELEZHRLET (0FD., #
T RBBOFEE X, UHOMEE LAk, SROBELETNTOAERZD FEA).

FRABEHEICE DD BRAY

ATY 27 PANDOZREBEBONIMNE TSI A 7Y 27 P OEHENSRE HITTE SN D D EIDIIEIC
A > 2 —7 x =MD —E e D 5,

A7 2 PANOBREIRTIZE AL OBEIZ. SR DICHTAEEDIEL £3, K2, PyLong_FromLong() %
Py_BuildValue() ® k512, FHILWA T =7 bR T 2BBIIETHAEEEZHEFIELES, A7V 27
MBI H A T 2 7 PTRATH, 20X TV 27 MIHT 28R SROMEHEEZEE T, HlZE,
PyLong_FromLong() 3 XK fES5fHZF v v a L TED, FrvPa I EANDSREERTIENHD £7,

PyObject_GetAttrString() DX SIZ, H23A TV =7 b oA TP =7 bR T 2 X5 REKD F7-.
ZIE L DIEHEZZELET T, 2H0DHERPPHBELIZCVAD LAEEA, EWVWIDIFLIEbNh L —
F 2DV DI T2 o TWB D 5 TT: PyTuple_GetItem() | PyList_GetItem() . PyDict_GetItem()
. BXU PyDict_GetItemString() 3T, X, VA b, FhFFHFELSEASKREZEL T,

PyImport_AddModule() &, FEBWEA 7Y 27 P 2ERL TRIT I EDH 21 hhrboT. BHZREZEL
¥9: ZADARERDIF. ERESNA TV 27 MW T 2FiESRIE sys.modules IZRFFENZ 026 TT,

F 7Y 27 bAOSIREROBEECETHE, BRI BEEEEMECHLE» O SBEBHLES - S8E
RFET20EDD 5726, BBMNX Py_INCREF() ZMOH L THV LAMBEHEICZD £3, idvwA, ZoKH|
WIE = o DHEERHIS}: PyTuple_SetItem() & PyList_SetItem() A3d D ¥3, ZhoffuL, EXhis
BERIIH U THTEHEL R -HLD (take over) 3 — 722 ZKMLTHTI! (PyDict_SetItem() & ZDfffH
WBATEZRSMID R A — B VDIRX 7 HED” B TT, )

Python 225 C BEDMUOH SN 2B2E. C BRI LD S5 A0SR EEHL £3, C By
HLANIA 7Y =2 7 PADSREFRA LT3 OT, fEHASROEFIRARIEE N2 OB U %R $ %
TTT, ZOXIICLTHEASRERFELZOMICIE LD LI2WEAICDA, Py_INCREF() %2ffi- THTAESH
KT 20ENHH FT,

Python 226U Eh 7 C BBARTSBRIIAMAESHRTRIUILD FEA — FTAEHIZBEE D SO H LRI
NEREINTT,
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&K

BO L oRRICBNWT, —AEFICAZ 2MEHSROMANMEZ 0SB T IehnHD T, ZOMBEIXTA
T A &2 7) ZPIFPRANCIE O XN, A &2 7Y XBBROFTAECSREMESETLE SRR BE/RL
TV,

HoTBINETF—2D5bHEHMD., ZLTHROIEERDDIZ., VA MERIINT ISR EMED T0 LI
3, B WA 7Y 27 MIIR$ % Py_DECREF() DA TF, fil 21X

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

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

FoBEIIE S, 1ist[0] NOZMEMH L. X 1ist[1] %l 0 TEXMZ, RERICSZIXCHAL SR
ZHALTOEY, ABMELRNESICRZETA? THZ I TREARVDTT!

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

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

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

invalidating item.

FIRE DK D AU, BREEET Y, —RCSREEZHEPEEX L VD TS, ELLEET -2 a Vi
RO X512 %9

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

ZoHIZ. BASEPAL Y RICEKRLTWSE 7 —RATT, @I, Python £ ¥ X7V XIZBIFREBDAL v
Fid, 70—~ A X7V E&ay 73479 =27 NEMEEREFREL TWE 2D, AWCHELES Zikd b
FHA, LIXWVWA, By ZiE Py_BEGIN_ALLOW_THREADS ~ 2 1 C—RICf#ER L7z D, Py_END_ALLOW_THREADS
THESLEDTEES, 2hboxrrid7uay 7oz % 1/0 MUH LoEFIC X L Ehi, 1/0 2558173
2FTCOMICMDRAL Yy R 7aty B Z2RHTEZ L5ICLET, Ho2IZ, UTOREBUE Eofl e pl7-[HE%
EH5ATVET:

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 K1 >4

—ERE LT, A7V 27 MAOSIREZF It 2BBIE -9 NULL KA Y 2 2ETLETFHLTES T, #
Z5232ar7 XKL (. D TaAar7RyTx2F|IERIT) ZeTLkD, —H, ATV 27 bADB
HE2R S &5 BRI, BINOREERZRTBEICDOA NULL 2R L £, 51800 LT NULL 7 X + 21Th
ZVWEHNE, BB LI LRI o724 72 = 7 2 MOBIBAN L5 ZETH S5 TT - &4 OBIEA NULL 7
A M ETZE. TIRAR T A PHRRIATOA, a— Fid X D E#IcE 2 eickbh $£9,

EoT NULL DT A MEIATI 27 +D 7" FER", $HROBMED NULL I 2303 LAWK A VX E2ZITE -
722 EFFICLEL & 9, malloc() . BIAZE X T 2 AIREM: D H 2 BHED Z D TF,

<21 Py_INCREF() & Py_DECREF() X NULL KA Y RDF = v 7 E{TVERA — LL, ThHDvZ
o DZ{LETH % Py_XINCREF() B XU Py_XDECREF() ¥F = v 7 TV T,

FEDF 7Y =27 MRIZOWTHIRZ <271 (Pytype_Check()) & NULL KA Y RZDF = v 7 BITOEHA —
MDBRUETH, BARERLIMEZHELTAH 7Y 27 PORETNZIRICIE. 25 Lk~ ruzid Tt H S
BB B DT, HRNC NULL RA Y RDF 2w 7% THNRBTAMIBROTLESIDTT, MEifivg <
iZiE, NULL F = v 7 2175 Z{LIBIEH D TH A

Python 226 C BAECZ PO S HREIZ. C BIBUCIEE N 2518V A b (BITWVWS & 2 AD args) AL T NULL
KRLBWESRIEL TWE T — HETE, BT I VIR 2 IS5 RELTwES,

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

* 2 [HRO” O LB Ef-> T0 258103, ZoRHGER SN EEA — BFEO 2 — FIZ@ V2 RIEROMUH LMY 4
HhhxF
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2.1.11 C++ TOIRES 2—ILIERR

CH+ THRDIREY 2 —VMIMERTEZ T, 2E LWL O»HIREDH D £F, X4 > Fu2 54 (Python 4 V&
TV CarRL T Tary I AER) Y I7ENTVEDT, V= UVERSPHNA 727 b2a v R
FOORTERTEERA, XA XTI C++ TV A FTYYI7ENTVERL ZHAUIMETIED D
¥ A, Python 4 &7V X H6MOH SN2 BE (FHTEY 2 —AAIALRIEL) 13, extern "C" 2o TH
SFLARITNUIZD X8 A, £/, Python Ny X7 7 f L% extern "C" {...} KANZBEIDHD FEHA--- >
YL __cplusplus (FRIED CH++ AV R4 FRERTIDYVRLEERLTVET) PERINTVDS L EIC
extern "C" {...} 2MfTONB XIIT. "Nv X7 7 AL TTREIATVWEIDHTT,

2.1.12 #EREZ a2 —JLIC C APl ZiRHtT 3

%2 { DILERE Y 2 — LIEHIZ Python 20 & X 2 ¥i7z 72 BRI 2 1§ 2 721 T8, RIIEREY 2 — LN
Da— RHPMUDILIRE D 2 — L THERL DD T, FlRIE HZEY 2L TRIEFHEDZNY X D
E5WCHETS " ar 2z a Y (collection)” 27 5 ZAEHELTVWELD LAERA, BrILY YR MRERLE
DIEEL72DTE 2% C API 2{H A2 7-fE%0D Python V X MDD X 512, Tz al 7 a VB oiiRE
Ja— L EEEETE S X513 51I2E—#D C e o TwRIFIR D £8 A,

—RF 3 AUIMEZZ b BICBEE (DB AA static RELWFESETR) BV, #@HYIRAY X7 7 4
NefEL, CAPI 2FH T X WART, IWEAET, 2L THEEDOL 24, 2 TOHIKREY 2 — % Python 4
YETYRITEITHINCY Y7 EINTVARHAIIES FKEELE T, LIANET2-ABHEST A TIV 0D
AR, —DODEV A — L TERINTVAEY VYRADBMMDED 2 — A SRR e 23H D £5, Akt
DFEIARL =T 4 YV RATLIZEDET; DB AT LI Python £ Y X TV X 2 TOIRREY 2 — LA
WWH—D 7 a— L AHTZEE 2 HE L TV E S (Fl21E Windows)o BDT AT AIFEY 2 —1D VY ¥ 7 FHZEL
DIAFN DY Y RAEIRINCIEE T 2B ERH D 53 (AIX BZ20—FITT). 22D 274 (1FLAYD
Unix) Tld, Eo Mg ZEREE LTIRBELTVE S, ZL T AT YR — LR E L TAHT
HoTdh, MUHLEVEBDA-T2EY 2 —nErn— FINTWRERNWI 2o THD 7!

o T, AIMED KD & ¥ Y RN DRI SREE L TER ORI IR D T, DEDREY 2 -1
FOETDOY VAT static LEEBRARRD $E A, BIIHNIEY 2 —LOFHHLEIK T, 2 (E¥a—IL
DAYy BT7—T )L LS TRz & 512) OILREY 2 — L & ORI THARIDERE T 2 DE T 3729
T, Fioy MOIRED 2= h 57 7 R% FBlFZRITREABVL > U RUIHOR) FTRMEERIERD %
A,

Python 13 2LREY 2 =L D C LRV DNEH (R4 > &%) ZRIOEY 2 —VIHET - D ORI Capsule
(B Fen) BEREEL T0E T, Capsule lFRA & (voidx) ZFMET % Python O 7 —&BITF, Capsule & C
APl ZNLTOARER LD 77X LD TEE T, D Python A 7227 FeRU LS RIFELTE
5, £ hbi}. Capsule IZEIREY 2 — VOAFZEMANCH 2 LHNTKRATEE T, MOILRES 2 -T2 D
EY 2 —/L% import TE, RICHRETZEIE L. &#%IZ Capsule NORA Y Z2EELET,

JEEREY 2 =D C API ZRNBT 5729012, #ARFIET Capsule WMEONE T, SFEE 120X 7Y 27
MZARTZD, £2TD C API OERA ¥ REgH|% Capsule IANDE Z N TEE T, ZLT, KA VXT3
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RIFREUE L Wo oA BIFEIR, a— FRIEELTVWARAEY 2L 547V FEY 2 —LE DETIZER
LZHETHHMTEET,

EDNERERNI LTS, Capsule @ name ZIELRET 5 Z LIFHEHETT, PyCapsule_New() ¥ name 5|
${ (const char*) ZHYD £3, NULL % name 2T Z & HFFAIEINTVE T A, name ZFET 5 Z & i<
HERL 3, ELSARTEMIT SN7 Capsule 3 & 2REOFETRMUZLMLRL £ 3, Azl IohTnik
W Capsule Zfid Capsule & XAIF 2HEWNRAGEED D £HA

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

{modulename.attributename

PyCapsule_Import() & W5 {EF|BEIL. Capsule DEFIB I DAL —MIZ—HLTWVWD & ZIZD A, fliHIC
Capsule ZEHTRBHEINTWVWS CAPI 20— F3 22BN TEET, ZOEELD, CAPI 2 —% =23, fif
FIZIELW C API ZFILTW3 Capsule 20— R CERZ L 2ELDDZ N TEET,

ROFITIX, ARIZRET2ES 2a—LDOIEFIIEL AYDEARMIHEND FITH, K{fEbhd574 77 V%
EBBRCHEY R 7 7a—F 2 EELE T, 2077 —F Tl £2TD C API R4 & (fihTlE—o273TT
21) %, Capsule DfEE %% void R4 ¥ XOEINREL T, IHRED 2 — LIS 2Ny X7 7 A i3,
EY2—A®D import ¥ CAPI KA VX ZHUG T2 X5 FRH T2~/ urxiZiLES;, 7947V FEYV 2L
. CAPLIZ7 7 AT BHICZ D~V 7 0 ZMERZT 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) ;

(KDR=D12HiL)
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return PyLong_FromLong(sts) ;

(FIDR=I 5 DfEE)

EY 2 —VOSEHIZH 5 LIT D17

[#include <Python.h>

DERIZ, UFOAT2L3EML TS W

#define SPAM_MODULE

#include "spammodule.h"

#define |, 7 7 4 /L spammodule.h %A > 7 /L— FLTW3DHALHT 2 NHT 2HOES 2 -V THo>T, 7
FATYEFEY 2=V TRBVWILEANY R T 7 AKX 2 TDIfEDNE T, RERIC, Y 22— OFIALE

iz C API oA ¥ ZEHNZMHHES 5 &5 FRLATERD $EA:

PyMODINIT_FUNC
PyInit_spam(void)

{
PyObject *m;
static void *PySpam_API[PySpam_API_pointers];
PyObject *c_api_object;
m = PyModule_Create(&spammodule) ;
if (m == NULL)
return NULL;
/* Initialize the C API pointer array */
PySpam_API [PySpam_System_NUM] = (void *)PySpam_System;
/* Create a Capsule containing the API pointer array's address */
c_api_object = PyCapsule_New((void *)PySpam_API, "spam. C_API", NULL);
if (PyModule_Add(m, "_C_API", c_api_object) < 0) {
Py_DECREF (m) ;
return NULL;
}
return m;
}

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

terminates!

5L D DKETIEANY BT 7 4 )L spammodule.h IZH D, UTFDXS5ITHR->TVWET:
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#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System_NUM O

#define PySpam_System_RETURN int

#define PySpam_System_PROTO (const char *command)

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

#ifdef SPAM_MODULE

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

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

#else

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

static void **PySpam_API;

#define PySpam_System \
(* (PySpam_System_RETURN (*)PySpam_System_PROTO) PySpam_API[PySpam_System_ NUM])

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

static int

import_spam(void)

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

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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

2.1. C % C++ I2&3 Python DR
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function (or rather macro) import_spam() in its initialization function:

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

D7 7u—FDEERRAIZ. spammodule.h RREMICIRZ L WS T8 TT, idWVWR., FEBOEARRZ
WRIERAMEIN2BDERLARDT, FEEHZ—ERIFERNITTAE T,

B1%i1Z, Capsule 1X, HHICHRBEINTWE R, VR EXE VAL DBHRLED T 23BCRICER 2R, 35—
DORREZ IR L T B WS T e M TE2RIEZ D TEA, #illlid Python/CAPI YV 77 LY A =27
L@ capsules, B X f Capsule DFEEEERS (Python ¥ — R 2 — FEAAYWH D 7 7 £ ) Include/pycapsule.h
B LU Objects/pycapsule.c IZBRNSENTVWET,

BE
2.2 INRDEDESE: Fa—rUTI

Python TliZ, MAAAD str Bl list BID K 57 Python 3 — R S#ECTE2HLWEE CIHREY 2 —
NOEENERTEET, 2TOIWRDEID 2 — RIZH 288 — /D DTTH, EEIHD ZRNCHEMFEL THBL
REMPWZ DD ET, ZOFF XY MIZFDFEEIZOVWTORE LWAFITT,

2.2.1 EXWNBIL

CPython 7 ¥ & A4 L% Python OE2TDA 7Y =2 b%, Python DETOA TV =27 bD 7 HJER (base
type)” T# % PyObject* BIOEr Rz L £F, PyObject MilifkE B BEAUVE 2, ATV b7
AT N ADRA VY RDAEFLET, I ZIWQEEMENERINTVET,; A7V =7 M, BIZIE
HBEUEDV DDA T 27 PROMRINLD, XYy RBRINTZD, oA TP 27 Mok o THRIEINAD
L7z 22, ¥ (C) BBA v 2 =TV 2= oEN2D02RELET, 206D CBKIE "X Y v R
(type method)” EMHINE T,

ZHNRDT, FILWIRBROTEZER LIV 2k, HTILWEA 7Y 27 P RERTHRIE LI WHDIT TS,

30 F2E H—RFN—ToV—ILELTHEREZES




Extending and Embedding Python, 'J1J—X 3.13.0rc2

ZDOFOZFHERZESDBRNTL 290056, MURIC CHREY 2 —JL custom IZH % Custom & W\ i
DFHLWHIERERTZ, BNRENSEERES 2 — L EDHIFTTEBEET

AR

Z ZTHRMA LTV A AL, 5% RO E R ER T A MR EEHIETT, ZUIFL ALY DBE TR
HDRDTY, CAPI T3, PyType_FromSpec () BAEZH W, b —7 RICHE SN IROMH ERTE X
T, ROV TIEIDF 2— MY ZALTETVER A,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

};

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

i

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

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

if (PyModule_AddObjectRef(m, "Custom", (PyObject *) &CustomType) < 0) {
(KD<R=12Hi<)
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HIDR— % 5D E)

Py_DECREF (m) ;
return NULL;

return m;

—EICHERE T 21213 D £ o L BPZVWTT, HIOEIDIFL-DERTL KoTWE I EVWET, ZD7 >
ANTIE, 3ODEENERERINTVET:

1. Custom F 7TV b MAZEZEATVSD: ZhD CustomObject HIEA T, Custom f VAR VR L
12 1 A2 XV HERPITDOIRE T,

2. Custom B XD XS ITIRBZHE S 20 ZHD CustomType WK T, 77 7 L BIERA Y X DEF H &E
HLTOVET, FEORENPERINIZL 212, ZOBBERA V& 2LV R—T ) R—DPRIITEZ T,

3. custom EY 2 — L& Y5 G T 20 Z0H Pylnit_custom B ZHICBEfR T % custommodule
WIEIR TS,

FTRINE AT

typedef struct {
PyObject_HEAD
} CustomObject;

Zh Custom + 7Y 227 PDNAETT, PyObject_HEAD X ZFNZNDA TP = 7 MEEIRD TR ER S D
T. PyObject D ob_base L WHHHID 7 4 —L FEEFRL T, PyObject BT (224 Py_TYPE ¥ 7
OB XU Py_REFCNT v 7067 7R RATES) BA T2 7 bADKRAL YR EBRAY v PSS h TV E
T, ZOZuBHEINTORHEEIE, MERoL 4 7Y MRl 7Ny JELV R T 14—V REEIMNT
X5X951XF572DTT,

AR
L ofFITIX PyObject _HEAD v 27 a0 DfRiCtkIan iddh A, SonrbhkIanrEBEMLAENE I
K[EMF TV TheBEET2a0 4 7DD E T,

bBAHA. —RINIEA TP 27 MR PyObject _HEAD R4 7 — 7L — bOMIZH T —XEHEFHELTY
F9; flzE. Z4ud Python BEEDTZE/ NI DER TS

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;
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2O0BBEA T 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 X512 C99 R & A4 Lofamrft FgIHLT %2 - T, PyTypeObject DFHCEILOMENT + —L F %
TRTURZD, 74—V FEEETIEFICREFE 7D BT ICHEELL2D0EBED L ET,

object.h IZH B EED PyTypelbject DERICII LOERICHZED B> ZLLD 74— K BHHET,
CZRHETETVWREWT 4 — L RE C ary Lk oTPuTildonid DT, HETHRVIEDBHRINZIEE
DIEEZE LRV DOB— RN ERIC K > TWE TS,

—EIZ1 29T D074 — A FERD EFT0OEFEL & 5:

[.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

ZDITIE. LTz ob_base 7 14— ROFHEHLICHEDRA 59— T L — T,

[.tp_name = "custom.Custom",

EELTWAHOARITT, ZHE A7V 27 DT 7 4L FOXFHNRBEARLLZ S — X vt —JHRE T, fi
ZIERDED TT:

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

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

BMOAHID, B 2a—AHBLEY 2 —NIZBT2HOAHTOW % Ky P TORWEARNICKR > TWS Z il
BLTLEEXW, ZOHEEE. Y 2—Z custom THUZ Custom 72D T, D L% custom.Custom 7%
FELELT EBOFy MIEDA Y R— b RREMS DX, pydoc EY 2 — L% pickle EY 22— & Hifufk
BHEZDICEELRDTT,

.tp_basicsize = sizeof(CustomObject),

.tp_itemsize = 0,
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ZHE, HLW Custom £ Y AR Y A%VED L EIZ Python BEID Y TEAREXTYDREDL 50RO EH S
72DDHDTF, tp_itemsize WA LY A XDAT I =27 FTOAMEI bDRDT, ¥4 XDHETRNA T
Pz FPTIE0IRINETT,

AR

3% Python TH 77 7 Z{LATREIC L72WIGE. ZOWRIPEEDA L [F U tp_basicsize b o TW5 &,
ZEMPAD Y ZICHEPELZZBDD ET, ZDOHED Python 727 7 &, __bases__ UV A+ D&A
WA B £ L iude D 8A, SdRVE, =7 —DFELRLIC, D __nev__ (O XY v FZEIF
OCHT B TERLIRD ET, DCEID tp_basicsize FFDHEER I HHRKELLTBLILT, &
DOEZEET 2 N TEE T, FLALDHE. BId object . £ TRUIIIEEX A S5 -4 H
DRAYNZBIMLZDDTL 5056, REXIFDRQITEMT 2720 Z0&MIEMLZI N TVETS,

Py_TPFLAGS_DEFAULT IZ27 9 A7 9 7 RHELE T,

[.tp_flags = Py_TPFLAGS_DEFAULT,

ITRTCOHNE 7 7 ZDEHEED TELIDLEDRDHD FF, ZHEHRIKTD Python 3.3 FTRERINTWS
FTRTDANEHFAILET, ZNUEDX O ANPRER S, MET 27770 OR 2 208 R’HH 7,

Z O D docstring 1 tp_doc ITANZE T,

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

AT PPERTES XDIT, tpnew NY FI 2T 2HELH D £, ZHlX Python D X
Yy ¥ _new__() tAFDLDOTIT WRNICEZZ2BEBHD $3. 5055 T APT B
PyType_GenericNew() ¥ L TIRMENZ T 74V M DEELZ ZDEEMH X E T,

{.tp_new = PyType_GenericNew,

77 ANDED DEFIEE - HIRAPLT VD DIZ L EWVE T2, Pylnit_custom() O—H D a— FidZ 5 Tl
BWTL&D:

if (PyType_Ready(&CustomType) < 0)

return;

ZAUZ, NULL WZ#IH{b X7z ob_type HEH T, WL DD X Y N—%# Y727 7 4L MATHED T, Custom
et L £9,

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (m) ;
return NULL;
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IR TS 2a— L OFEEICEBMLEST, 253228 T Custom 7 7 ADMULH LT Custom 4 Y A X VA
DPIERTE 2 X512 D T3

>>> import custom

>>> mycustom = custom.Custom()

METFIERD DEZEIZE L R TT; custom.c EWVWOHATDT7 7 A VI ZETDaA— FEFEZIAA,

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

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

pyproject.toml W5 7 » £ LT I N E XAA,

from setuptools import Extension, setup

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

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

[$ python -m pip install . ]

I NMZANLET, ZHZED, 774 L2 b VIC custom.so BERIN, {1 VA M—LZhET, ZThT,
Python %#3.% EIF T, import custom 32 & Custom A 7Y =2 bTilERS X522 >TWVWBIETTT,

ZARITLTNLLL DY FHA, LR?

bH DA, BIED Custom BUIHIHAIIZRITITVWET, MdTF—XE2R>sTwiwl, M TEEHA, #MKL
TH IV SRR L XA TERVDTY,

222 BEROY U TNICT—REXY v RZEMNT S

ZOERDY TN T—REXY vy FEBIMLTAEL &5, DWTIZ, TOMEREK S SR LTHFHATE
B2E51CLFET, CZTEHLWEY 2—)L custom2 22K b, ZhoDfgExBML £9:

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

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

(RDR=D12Hi L)
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PyObject *last; /* last name */
int number;
} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

return -1;

if (first) {
Py_XSETREF (self->first, Py_NewRef (first));

HIDR— % 5D E)

(KDR=D12Hi)
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if (last) {
Py_XSETREF (self->last, Py_NewRef(last));
}

return O;

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

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

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

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

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 = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

(KDR=D12Hi)
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.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,

Irg

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

EI2—IlDIDNA—TaryTlE, WOBDEFEEBIRVWET,

Custom ik 2 C HEIKIC 3 DD T — XM first . last . BE number Zd DX SR D FE LTz, first &
last BHIEX 7 7 — A 32— 2 5 2 b2 — L% L 72 Python XFHIT, number B C SFETOERDH
T,

CHRELENS e, A7V =2 P OMERIZRD X HI12%D 3

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

} CustomObject;

WEREHIRET—EZNTELOT, A7V =27 POED Y TERBCELTREIDEEICRZ2BENDHD
T BmIKR, A7 =7 FOIRRXY v RBRBETT:
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static void

Custom_dealloc(CustomObject *self)

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

Z DBAEUE tp_dealloc X U NIRAXNE T,

[.tp_dealloc = (destructor) Custom_dealloc,

ZOXY v R, 3200 Python BEOZBR AV > %227V 7 L% F, Py_XDECREF() 1540 NULL O —
2ZELLWAFT (ZHUZ, tp_new EFTRMLZIGACEINZET) o TOXY v R, 2FRXA TV =
7 b D& (Py_TYPE(self) THILET) DX VN tp_free ZMFOH L, 7V 27 bDXEY ZHIKRLF T,
A7V FDOHD CustomType TH 2 LIFROLBRVRICEREL T ZE W, BERL, A7V NIV TS
TFADA VAR Y ADH LNEWER LT,

AR

@ destructor NORHLRIIZHIINE TS, 72E L5, Custom_dealloc A% CustomObject * 51¥%
B EERLE LD, tp_dealloc FABIDAKRA ¥ XX PyObject * 5IEEZIIED Z IR > TWVWE 5T
T b UBARINCRIZS:Z L2 FuR, av {90 EEZRTSETLL I, 2. ClIBIZ ATV
MERORY E—7 4 AATT |

77 —=AMR—LETRAPR—LEZELFINAIUL L TBE/WD T, tp_new DEEZBEMT 2 IZLE
L&o:

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

(KDR=D12HiL)
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self->number = O;
}
return (PyObject *) self;

ZLTZIN% tp_new XN LTA YA M=V LET:

[ .tp_new = Custom_new,

The tp_new handler is responsible for creating (as opposed to initializing) objects of the type. It is exposed in
Python as the __new__() method. It is not required to define a tp_new member, and indeed many extension
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 XHIRINZ tp_init ZMUH L TIEWIFERA. ZHEA VX —TVXDBELTITS 72D TT,

Z D tp_new DHEZEL, tp_alloc ARy FEMUHLTAEVZEI DY TET:

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

AEVEIDYTIIERRT 2506 LOARVWDT, FEIHEDHNIC tp_alloc DFERD NULL TRWHF = v 7 LR
IR 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.

AR

b LI /1H7% tp_new (FREX A 7D tp_new ¥£721% __new__() ZFFATVEHD) ZED VDR HIX, 5
ITRD XY v FIERIEFZ D025 TEDRXY v REMULETHAZREL LS LTE WHEEA . HITHD
SR FANCIROTE X, EHEZD tp_new ZIFIHI T, H 203 type->tp_base->tp_new ZHEH L
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TREEW, 2oLV E, DREBIER LR A 7D Python 372 7 AMd Python TEFEIN=T T
ZAHA L TVBRHEICS ELEDPRVGEELRDH D ET, (DD, ZDEIRYTIIFIADA VARV A%
TypeError #MX FIC/ED Z E BAATREICR 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;

ZHUF tp_init X U ANICRASRE 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 like this:
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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 ZOBWAV VPN 1 ADREVEHEETEZHE

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

into our type’s code;

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

garbage collection®?.

IITREA VARV RAERERBEL LTRZZ2E5CLAEVOTTR, ZHIKIEWSObDFERHDET, o
YOHEELAEIR. XAUANDEREFEZ DI T

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

ZL T, ZOEFK% tp_members ARy MIANEL & 5:

{.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the #&
MEEEHZEIE T S section below for details.

A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can be
assigned to the Python attributes. We expect the first and last names to be strings, but any Python objects

L ZHRZOA TV 2 7 b BXFINRER R DHARA TTH 2 LSBT D IBE T,

*2
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can be assigned. Further, the attributes can be deleted, setting the C pointers to NULL. Even though we can
make sure the members are initialized to non-NULL values, the members can be set to NULL if the attributes

are deleted.

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

and last names.

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

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

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

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

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

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 FRERLEODT, TITAY vy NERHOESN ZERT 2 0ENDH D $3:

static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
1%
{NULL} /* Sentinel */
1

(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:
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[.tp_methods = Custom_methods,

Finally, we’ll make our type usable as a base class for subclassing. We’ve written our methods carefully so
far so that they don’t make any assumptions about the type of the object being created or used, so all we
need to do is to add the Py_TPFLAGS_BASETYPE to our class flag definition:

{.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

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

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

1D)

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

[$ python -m pip install . ]

223 T—AEMECENHIET S

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

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

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

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)
{

Py_XDECREF (self->first);

(RDR=D12Hi L)
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Py_XDECREF (self->last);
Py_TYPE(self)->tp_free((PyObject *) self);

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

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

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

HIDR— % 5D E)

(KDR=D12Hi)
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"custom number"},
{NULL} /* Sentinel */
g

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

return Py_NewRef (self->first);

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

(KDR=D12Hi)
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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 */
8

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_members = Custom_members,

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
g

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

g

PyMODINIT_FUNC
PyInit_custom3(void)
{
(KDR=D12Hi)
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PyObject *m;
if (PyType_Ready(&CustomType) < 0)
return NULL;

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

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

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

Py_INCREF (self->first);

return self->first;

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

return O;

The getter function is passed a Custom object and a ”closure”, which is a void pointer. In this case, the
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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 ZTlX PyGetSetDef MG ADEIFIZ DL D £

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

ZLTIN% tp_getset ARy MIEFRLET:

[.tp_getset = Custom_getsetters,

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

closure, so we just pass NULL.

T, AUNERDPLEIINSDBEEERWTEBEZZL £ 5

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

g

F7o. 22T tp_init AV R IHEINZ DL LTXFHNOAEFHAIT 2 X5 ICEBIET 2LEIHD 5

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,

(RDR—JITHE <)

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

) )
a a a a a a
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&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, BEEBLELIE, ZOEY 2 —NFHHLRER e MIUHLBIRINICH 2 EY 2 — VB EZEBELEL £ 5. £
LT setup.py 7 7 A MTENMDER TS DR ET,

2.2.4 ERAR—IOAL IV aveYR—+T3

Python \& BIRAN—2OLI% (GO) Hie 2b o THD, ZAEIAERA TV =7 v 2, e ABWRATV b
HEATHESTBHERTLZIENTERY, ZOLIBRRIEBZA TV =227 FOZRBFERLTVWL 2RI D
ZF T, REZBUTNOHIZEZ T ZE W

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

ZOFITIX, BAHBEESAS DV A MNEEDE L, 22X ZOVAME HIFRLTDH, ZHUIETHEANDSH
ZERRELEOOFETLL, BRIV Y MIERIZIEIRD FHA, ELWI 2IZ Python IIFERAR—Ya L
7 ZIRAENE Z DV A YDA ETH S e ML, MRTEE 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

__*4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary str subclasses and therefore
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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 0;

}

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);
}

(KDR=12Hi<)
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static PyObject *
Custom_new(PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = O;
}
return (PyObject *) self;

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

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

return -1;

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

return O;

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

HIDR— % 5D E)
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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");
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},

(KDR=D12Hi)
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{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
Irg

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"
2
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 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,

};

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

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

g

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

HIDR— % 5D E)
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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 O;
}

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

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

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

minimize the amount of boilerplate in Custom_traverse:

static int

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

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

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

Py_VISITQ).

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);
}
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Finally, we add the Py_TPFLAGS_HAVE_GC flag to the class flags:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTRT TT, tp_alloc A0 vy b FEL tp_free NY FIpFELPA TV, ZhALEFERIR-—VaL
72 aviEIABEOBETNIZIVDTT, 1ZLALDILREEEZEIMNCIEREINEZAN—Ya v 2[FS5 T
Lx9,

2.2.5 MOBDOY T ISR %ZES

MO Z AR U728 UWIRRB 2B S 2 2 e 3T E 9, MlAAAR D SRR T 2 DIFFHCHE TS, HER
PyTypeObject ZfliHICHIHTZ 2025 TT, ZAUTLLRT, PyTypeObject MEKRZILRE Y 2 — VI THE
T20I3EHLWTT,

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

an internal counter:

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

>>> 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=D12Hi L)
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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;

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

(RD<— ik
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return m;

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

down the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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

static int

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

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

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

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;

(RDR=2 1)
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m = PyModule_Create(&sublistmodule) ;
if (m == NULL)
return NULL;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

PyType_Read ) % MERNFNIC, BOMIERD tp_base ARy MIMH LN TVWRIFNEIRD $HA, BFOR
KT BHR2IE, tp_alloc A8 v b % PyType_GenericNew() THIOZREIH D LA, - HER D7 1
r—a YDA EI N E T,

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

fix

2.3 IROBEDESR: 2L MEY Y

CORMTRSEITARFEEARLREA TV vy N, ZO6RMETLE2HDTH 20220 T, o il
£,

LUFIX PyTypeObject DEETT o TNy ZEILE TLAHELALNVNLDODDX Y ANEENTHD 5

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

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

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

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

(KDR=D12HiL)
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PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

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

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/% Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* 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;

(RDR=212HiL)
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Py_ssize_t tp_dictoffset;
initproc tp_init;
allocfunc tp_alloc;
newfunc tp_new;
freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;
PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

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

unsigned int tp_version_tag;

destructor tp_finalize;

vectorcallfunc tp_vectorcall;

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

} PyTypeObject;

TcKBAD XYy FEBHDETHR, THZAKITODET Z2HEIDHD FHEA, ERLELVEDND 2746, FET
Z2DEFZDIBEDITLDOITPTILIEDBIELALTT,

FTTIFEINTVWETL &5, ZOMERICOVTARICARTVE, BRABAY FZ IOV T XD FELWIER
FRELET, LOLINSDX UADPHEERTTERIN TV AIERIERLET, 2WVIDIE, ZhosDX >
NOBNBEFITELNIEEIC L 2D DL HTT, 2L OHEEVEIZAMELZDIZ, BEL T B IANTA
TEENTVRHlIE L > TET, HLLIMEZBICEDE THEEELE TSI TT,

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

CHUIBIDOLHTTS, AIOETHAL L X S12. ThItL ZRIGHTHA, 13 ALEZKENTHEDN S DT
T, ENROT, 2D XS RIFHTRICDTH S S A2 EATLEZI V!

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

INBEDT7 4 =L RiE, ZORDF T =27 b LMER SN L 2 ENTFTOXEV ZE D Y ThAI LW
D% T v EZA DR LE T, Python IZIFRIEROEER (XFHNR X IR EZBBR LTI IEZI W) s
LHBIABDY R— DD HEEDH D, Z 2T tp_itemsize X U A\DMELIET, T HIZOVWTIEHE TSI
9,

[const char *tp_doc;
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Z 2WZi& Python A7V 7Y 7 7L YR obj.__doc__ » doc string %R & EDLFEH| (HB0NEEDT K
L) Z ALK T,

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

2.3.1 7714514 X XEVERK

[destructor tp_dealloc;

BDA VAR ADBRA DV M 3ERIZKED, Python £ Y X PV ABZREBLTEHAMALE RS2, 20
BRI NE T, BRTARNEXEYZ2ZOWPFRFELTWD, ZhBNI S FITTNERIUEN D 25513,
FhorZZICANGNET, A7 =27 P ZhEKD Z 2 THRBREINZ2DEXH D £, ZOBEBOHNE, DITF
DESRHBDTT:

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

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

any member fields:

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

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

X EV RRBABT O L DEER DI, MIFEED OHIINI V- SVWFEERZDOII RN LT, RERS, BHFHOME
1 Python 4 ¥ X 7 ) ZMRAK » 2 R TEOREICET £ 2 IHIN S 2 L A2k 5 TF, 2 LT (GO
SOEIFETH L) BINDZDICA R v I PEERIND & Zld, TTIRREL TV 261540 5 X &V fRMBEIECE 5T
2HD3HDEVA, BRAOEEIEB R SEEIEMD Python Da—F2FETLTLES &, £h b3l
ADBFRELTVD BT 20d LMLEYA, THUIA VX TV XPERMBI VLT -2 REZIEL LI
ORMPYET, INECELWHER, BETRWIRELFTT NS OFIS 2 RFELTEE, Kbo
ToENZILICRT 28 TY, Zhid PyErr_Fetch() 3B XU PyErr_Restore() BAE(ZfE S Z ¥ 12 X o THJRE
Wb E3:
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static void
my_dealloc(PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;
/* This saves the current exception state */
PyErr_Fetch(&err_type, &err_value, &err_traceback);
cbresult = PyObject_CallNoArgs(self->my_callback) ;
if (cbresult == NULL)
PyErr_WriteUnraisable(self->my_callback);
else
Py_DECREF (cbresult) ;
/* This restores the saved exzception state */
PyErr_Restore(err_type, err_value, err_traceback);
Py_DECREF (self->my_callback) ;
}
Py_TYPE(obj)->tp_free((PyObject*)self);
}
AR

A E Y EREBOHPTREIITAS Z LI WL O FIRAH D £5, 1 DHIZ ZDAID (tp_traverse B &
U tp_clear ZffioT) AR—YaL sy aryzHhR—1LTWEHE, tp_dealloc BIFUHE N5 X TIC,
HEINT 74 FTARXRINTLEI LTIV =27 bDXUN=—BEHHFEZ 2 TT, 2 DHIE, tp_dealloc
OHTEA TV 227 NEFLERIREICHZ L TT: DFDBWHY Y I 0THZL VWS TY, (LD
Phcd s & 57) WM A7 =27 b APT OO LTI, tp_dealloc ZHEMFOH L. —HEKD 52
TvTadAIelhEnS LNEEA.

Python 3.4 22513, BHR 7 74 F 54 XDa— FiX tp_dealloc WCEDT. b IHLIEAINL
tp_finalize X WHBIX Y v RS Z e BHERIATVE T,
B
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2.3.2 A7V KRR

Python Tlk, #7327 FDOXFHIRFEEERTZ2DIT 20D D FH D F3: reprO BEE S ke,
str() BIZEME S AIETT, (print() BARUIHIZ str () 2O LET, ) ThHDAY FZIEEE 5 H A
TEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY RZEMUIHEINTIA VARV ADOXFHIRBEEN LI XFINL 7V = 7 VR RTDBEDNDH D £
T, FERHILTO LS5 RbDTT:

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

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

and a uniquely identifying value for the object.

tp_str NV FZ7 ¥ str() OBfRIFZ. LD tp_repr NV KT repr() OBRICHY L ET, 2D, Zhik
Python D2 — KR4 7V 27 bDA Y RAX AL T str() ZFFCH L2 2IXENE T, ZOBBOE
3 tp_repr NV F 7D ZNEIFFITB TV E T, Bon 2 WFHRBUIABIHO Z L 2EKIATVE
T tp_str BMEEINTVRWIEE, b DI tp_repr NY R I 23HbNFE T,

IPQNESGE VA G

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

233 Bit=zEEITS

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

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

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

convenience.

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

V& I V4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

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

mechanism that is available.

BN GETEZEERY S

I AL ORI Bl BHEEZM 5720 T3, TR EDOXS REENEMZL WA Z2DTL & 507 Zhhz
FTREFHIZLS DT TT:

1. PyType_Ready () 23iIN7z L &, T TRBEDHFIDR DI oTVWE I &,

2. BUERZSIRLAEDRELD T 5 L 212, FlRARO D OB HBETRL, $RBRLEDREL
S LT EARBIEDFITT 2RENRN L,

IS DM, BHOMESR, EIFEINDZ XA I VT, FREEHEINTET—XBREOBREZYRIDTH S
MEVSTZZ L IZRAGTHKZERTDOTIERVWI LICERELTL XN,

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

F—ITNEEATH T 27 FHD 3 DDA AN L TESENTVWET:

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:
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typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

One entry should be defined for each method provided by the type; no entries are needed for methods
inherited from a base type. One additional entry is needed at the end; it is a sentinel that marks the end of
the array. The m1_name field of the sentinel must be NULL.

2EHDT— TN, A VAR AN SN L T — X L EEISOT o B2 ER T 2DIMEVNE T, W
K2HD C DFMHINBRERNRTR—-FENTED, 77 R 2HmALLEHICLHAEZARRICHTEET, 20
TN THEODNLWERIIRD XS ITERINTVET:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

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

Py_READONLY to prevent Python code from setting it.

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

doc string using its __doc__ attribute.

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

PREDRIKHE LI EBIEDEE

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.

e p_geta nandie alled W
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situations where the __getattr__() method of a class would be called.

UMz Rl 5, -

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 '7.400s'",
Py_TYPE(obj)->tp_name, name) ;
return NULL;
}

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

NULL.

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

return -1;

234 T2V DR

[richcmpfunc tp_richcompare; J

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 X2 DY A4 ADFELFUIFLWE By 7 — &MY > FARETY:
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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 : ¢ = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}

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

return result;

2.3.5 HMEMNAEIORIILDOHR—F

Python 13\ <20 HRMAE “Fu bal” Z2HR-1PLTVET, INOEHHTIREDS VX -T2 4 R
IZOWTIE abstract TSI XN TVWE T,

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

PyNumberMethods  *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BHEVWOATI 2 7 P RERY T VA, HBEIVEHBO LIS ES KO LwRLIE, ehiehuz C
@ PyNumberMethods #iE{K, PySequenceMethods #i&E (K, F7-1% PyMappingMethods HHEKD 7 F1L X% A
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NFEF, INHITHEYZEZANTDANRLS THDPEVERA, THH%ZHio7AE Python OB Y — R

&% Objects TADIFLIEMNTESLTL & 9,

[hashfunc tp_hash;

ZOMIE. BLES 222z bE, T—&HMDOA YRR ZADNAYy P aFZERRT IO LET, ROFH

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

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

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

above.

[ternaryfunc tp_call;

ORI, ZORIDA AKX AN TEKE LTINS & 2XHENET, 22 21EH L objl IZZD
A VAR Y ADBA 5 TWT, Python A7 Y 7T objl('hello') ZEIT L7z FT 5L, tp_call N¥ K I

BhEd,

ZOBE 3o BEE b ET:

1. self BMUHLONRE 227 —ZBDA Y ZAX Y AT, 728 ZIEFECH L2 obji('hello') DFA.

self 1X obj1 12k D £,

2. args 3IPUCHLDFIBEZEMALTVWE X FSLTT, 2265 8%ZHD H3I2id PyArg_ParseTuple()

ZHEVET,

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

that keyword arguments are not supported.

LI tp_call OffiB FEETT:

static PyObject *

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

{

(RDR=12Hi L)
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(FIDR=I 5 DfEE)
PyObject *result;
const char *argil;
const char *arg2;

const char *arg3;

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

}

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

return result;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

corresponds to the Python __next__() method.

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

same guidelines apply as for Python classes:

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

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

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

implement the tp_iternext handler.

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

an exception and return NULL.
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2.3.6 3588 (Weak Reference) DHHK— 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, O0)
/* ... other members omitted for brevity ... */
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,
5

The only further addition is that tp_dealloc mneeds to clear any weak references (by calling

PyObject_ClearWeakRefs()):

static void
Trivial_dealloc(TrivialObject *self)

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

}

2.3.7 FDMHWLAWNAE

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");
(KDR=212ki <)
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(FIDR=I 5 DfEE)
return NULL;

2E

Download CPython source releases.

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

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

24 C 5LV C++ HBRDEIL R

CPython @ C #i5Rkid #IHALEI 2 =7 A R—F LEHEZ 4 75V (B Linux ® .so 7 7 A /L% Windows
D .pyd 7 7A4N) TT,

AVR=—FTEBZ LSS, H£HEFAL 77 VI3HX ZIREET PYTHONPATH EicRITHIERS T, 774 L 4%E
P2 —VZITHT A, BEYIRIEIRTICH o T ARITF IR WIT £/ A, setuptools o TW\W3 & &id, HEIFNIZIEL
W7 7 A VEPERINFE T,

WIHULBIR D > 74 F ¥ ZRD B HTT:

PyObject *PyInit_modulename (void)

oMYt ENEY 2 — L, PyModuleDef £ Y ARV AEBRLET, sfLWVWI &I
initializing-modules #ZM L TL 72& W,

FHNC ASCII Lo TOARWEY 2 =L OHE. BE#IE PyInit_<modulename> O <modulename> % E
Ja— VHTEEEZ 2D TRITIUIA D £48 A, multi-phase-initialization Z{#-> T2 ¥ &, TV 2—JL
P ASCIL AN O FH MR 3, ZoHa. FIHHLREEO4H1E PyInitU_<modulename> T, <modulename>
ENA 707X —Ra7 CTEZHZ T Python @ punycode > a—7 4 ¥ TTYa—RKRL7ZbDITKD
%73, Python TEL XD X 5 RAUHEIZR D £5:

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

return b'PyInit' + suffix

120™ES A4 75 VICEROVINLEKEZEHE TS 2T, HROEY 2 -2 L7 AE— T2 LIIAJRET
T, LU, T74L TR 7ANKAEIHIELEB L2 RMAT XIS LARVWDT, BROE S 2a—LE A >
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A= PSRBT YRy 2 Y Y IPHEDA Y R—Z =25 0ENH D T, FFLVI d PEP 489 O
"Multiple modules in one library” iz S L TLEE W0,

2.4.1 setuptools IC&3 C LU C++ HLEDOEIL KR

Python 3.12 BAREIZIZ, distutils 3B EN TV EE Ao setuptools T C/C++ $hik%E L N 3§ 55K OWTHE
12T, https: //setuptools.readthedocs.io/en /latest /setuptools.html 123 % setuptools D F¥F a2 X ¥ b
ESILTIZE W,

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

Z DETIE Windows A1} D Python JEIREY 2 — L% Microsoft Visual C++ - TENK T 2 51EICDOWT
HHIZIANR, ZORIHIREY 2 —LOEL KB ED LI WCEET 200DV TH LWEREZERNE T, O
BHIX, Python #EIREY 2 — L2 EK T % Windows 7B 275 ~< ¥, Unix £ Windows DT TS EL LA RT
X515V 7 b7 DERICELIEND 2 Unix 7RI <DNFICE > THEHTT,

EY 2 VOEEICE. ZOETHIALTWASIELD &, distutils ICX %7 70 —F TIRES 2 —LZ EL R
T2E58DFET, 72, Python 2L KLz DNZ C a4 IPRBETT; @H X Microsoft Visual
C++ T3,

AR

ZDETIE, Python D=2 a YEBEPRFELINTA>TVELL EADT 7 A LZITOWTHNE T,
INHEDT 7 A NVKIEE XY TREINEZAN—Y a YEMNETREAINET; 'X' 13#> T2 Python VU —2
DAI % ==V aryFE, 'Y EAF—N=Ia  FESTT, flZE. Python 2.2.1 2o T35,
XY IFEBICIE 22 kD 5,

251 Brsbor77O—F

There are two approaches to building extension modules on Windows, just as there are on Unix: use the
setuptools package to control the build process, or do things manually. The setuptools approach works
well for most extensions; documentation on using setuptools to build and package extension modules is
available in setuptools IC& 3 C BLT C++ ILEROEJL K. 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.
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2.5.2 Unix & Windows DIB&S

Unix ¥ Windows T, 22— FOFETRFHAAAICEL BREIRGEAL LAV TVWET, BIln—FXh3 X
HSRETa—BELRLES LT BRI, HTDZRATLANED IS ICEET 208 > TBWTLEE W,

Unix Tid. #EA 7P =27+ (so) 77 AR TR T I a5 a— R, ZLTTar 7 ANTHES BB
T=EPAOTVET, 77 AT 0TT LFEEEIND . ZNLDBEBPT XTI 774 0Da—R
NOETOBMIIZ, XEYNTEES T —ZDEEBEINTWS, 7025 AFOEBOEHMEZIET LS ICEESA
9, ZAUIEARINKY Y BECDHID FT,

Windows Tl BIIV > 2 7477V (.d11l) 7 7 A MZIER 5 T2 D B8 (dangling reference) 1&® D 4 A,
ZOROY, BT —EZANDT7 7 RNy 7T v T T =TV ENLET, 1E>T DLL a— FOHE, FEITk
WARAVER TR T LRXREY EOIELWEGFIZET X5 KBIET 208 EHD $¥A; Zofbh, a—-FEE
W DLL DLy 27 v T 7=TNA%f0, vy 27y 77— 7 VARBETRICEREROBMES 7 -2 287 £ 51
BEIhET,

Unix IZ&, ME—DF 4 77V 774NN (La) L2HDFHEA. .a 77 A NVZRBEBOA TS =7 b7 7401
(.0) HRDA—=FDBA-TVWET, HHEA TV 27 b7 740 (Ls0) BIEKNT 2V ¥ 7O EREHIC, VU
FEBRGFTONALZEN FICEBST 2 285D ET, ZOLZXVVHEIATIVADET T2 b7 7400
EMRLET; b LMAFLRO»2 ., VO AEEDA T2 b7 74062 TOaA— FEWMDIAAE T,

Windows Tl&. Z20HRXDIF7A4 77V, BNFIA T3V AR F4T75VUDHHET (EB6H .1ib
EIEHENTOVET), #T74 7701 Unix IZBF2 .a 774 VICUTOVET,; 2O 7 7 4 MiE, HEITBT
THDAENZ E5RA—FDBA>TVET, 4 VE—-F T4 77V ERINTREE DA TR IETIER
{.DLL 2’0 — RXINILMRETHEET R I 2HAET 22013 EORET, VOHEAVR—-—bF4 75
PODBEREM>TLY 727 v FT—TNEMER L. DLL IZA> TORVEITE#EZ 2 L5 LET, 77V
r—=2aryRDLL BV Y7 E3NEZEI WV, A VKR=— b IFAT7UDBERINEZZELHNET, ZDFAL4T7FV
F. 77V =2 a >y DLL N Y Y RVITHKIFT 5 £ 5%, FERIERZ N2 2TO DLL T 5 72 DI BB
AI = IS

ZO0Ee—REYa—l, B CE2ERL, floa—FT7ry s A2HETZL L ET, Unix TE A.a %
B.so® C.s0 BV RTRLZDV Y AICELEDIE LERA ; ZARIEETHE. a— FIEZTERDIAZ
. Br CoEAEALHSHDaY—2H->TLEWVWE T, Windows Tid. A.d1l ZE¥LFT 3L A.1lib %
ELFENET, BRCOVYZIZE A 1ib ZHELE T, A.1ib IZIFa—FEA-oTVEEA; HIZ A 0a—
RIZ7 72 AT 3T 57DIETRICHOONZERPIA>TWBEITTT,

Windows Ti&4 ¥ FR—+ 74 77V OFHIX import spam ¥ T2 & 542bDTT; ZDEIEIZE - T spam D
HENCT7 72 ATEFETH, a—Foa—2@ ilfFRLZDIEL A, Unix TlE 74750y o
133U A from spam import * IZTWVWET; ZOHETIIMEINICa—FOav—24EKL 75,
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2.5.3 DLL {ERDERE
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 € DLL %Z{EK3 2 F&i3. pythonXY.1lib Z VU U I EAERD €A, HIZIE=DD DLL | spam
¢ ni (spam OHNZIE C BABAA-oT0WEELET) ZEALFT2I2E. UTFDoavxy FEFEITLET:

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

BPIDA< Y RT, =Z=DD7 7 A)L: spam.obj . spam.dll B XU spam.lib BT Z ¥ 3, Spam.dll 12k
(PyArg_ParseTuple() @ & 57%) Python BIII &< Ao TWEEAD, pythonXY.1lib DB %21F T Python
A—FZ2HEOF5 I3 TEET,

ZOH®a<w Y FTE. ni.dll (BXU .obj & .1ib) B TE, ZDF A4 77 VI spam & Python FfHAH
DRELREZ 5 R o TROFUE X WD Rl o TnE T,

ETOMAFENY 27y TT =TV ECRHENZDITEDHD £RA, DEY 2 —)1 (Python Bik%
BAET) o, BEDHATFIRZ 2 X513 %51id. void _declspec(dllexport) initspam(void) %
PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 912, _declspec(dllexport) THEEH
E72D FE A

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

libraries. Add the correct msvertzz.1lib to the list of libraries.
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KRBELGT TV Tr—23>AD PYTHON 52321 LDIEDHIAH

Python 4 ¥ R —7VXDHTAAL 7 F VI —a>re LTEITEINBEREREIES DT <. CPython % &
DRERT TV —2a OFIHEDADHREEZLWIeAH D T, ZOHTEZDO LFWEDIAAICED
BT DOWTEBAL F5,

3.1 D7 SV 75— 3> AD Python DIEDHIAH

AIETlX, Python LIRS 2 /57E. $7b5E CHD 7 A4 77 V% Python IZFE D THEEZ IEIR S % ik
WOWTHRE L7, RCEIRIEZHDOFETHEITTEES: 20U, BHD C/C++ 7V r—ar
IZ Python ZHDIAA THEEZIILT 2. L WVWIBDTT, HDAAEITHIZ LT, 7V r—yaryofishy
DREE C R C++ DD DI Python TEETE2 L5122 D ET, HDAARZZL DB THHTE £7;
2 —%H Python TRZ VY P 2EE 77V 5 —2ayEENHFAMEITORE LIICTE, EWVWSDRBZ
O—HITT, TrZI7<h, FHEOHIEE Python T DBEICEF 2G5 ICHTEED-DIEDAARITS T
EHTEET,

Python O ®HAAIL Python OIIRE YT VWETH, LA EWVWI DI TED D A, ZDEWIE, Python
EIRLEGECE 7 TV r—2arDX 4707 AR LT Python 4 Y& 7V XTH 23—,
Python ZHAAAATZEEICIEX. XA > 7025 5121& Python DR LRV - Zofbbhic, 77V 7 —
> arDdH BT Python 4 &2 7V 22X LTH &2 D Python 2— FZ2ETEE3 — b L
N, VW5 22 TI,

€ > T, Python OMDAAZITIEHE, BEOAAL a5 a2 -MELARTREIRD ZHA, XL Tar>
LR SRITIUIIZ SR NI 2 D—DIZ, Python £ Y X7V XDFHHLSH D 5, 2Pk L b B
Py_Initialize() 2FEUHXRIIRD FXA, 7> a2 LT, Python fillica~> K54 VElBEEST =D
WHEBIESH L ZITVWET, 20%. 77V 5 —2a D IThA VXAV R EZRIHE2 X512k %7,

A VRTVREMRPIHETICE. BR2Z20L 020K ENDD £3: Python XA A » 72 XF5 %
PyRun_SimpleString() X F. stdio 77 A VKA VX 774 0% (ZRWEZF—RXvE—YHNTa—
REFANT 27207210 DHDTT) % PyRun_SimpleFile() KT, W BEATT, ZNETORETHHA
U7 EKEDIREEFECH LT, Python 7Y =27 b EBELEZDFEHLZD B TEE S,
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BE
c-api-index
Python C 4 ¥ X —7 = — ZDFEMIZZ D~ =2 7 LICEDPNTWE T, DERIBROKE T I
H31ET T,

3.1.1 FKEDEDAH

Python OHDIAADE G fHLIERIE. @EKES VX —T7 2 —2DFHTT, TOAL VX —Tz2—R&, 77
Vr—2a e hBD 3 30EPR W Python 227 ) 7P M 2FEFTT 220050 TT, flzidzhix, —oD
7 7 AN ETRS L DREZFERT 2 DICFHTE LT,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);
/* optional but recommended */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {
goto exception;
}
status = Py_InitializeFromConfig(&config) ;
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear(&config);
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime(time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}
return O;
exception:
PyConfig_Clear (&config);
Py_ExitStatusException(status);
}
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AR
#tdefine PY_SSIZE_T_CLEAN iX, W< 25 ®D API Tl int Db DT Py_ssize_t DMHEHLNEZREZTH 2

I ERTIDIMHEONTVWE Lz, 24U Python 3.13 IBETIXRE & D £ L7z, BAAEIMED DI
MRXhTwES, 2o~ 27 DA arg-parsing-string-and-buffers 125 b £3,

Setting PyConfig.program_name should be called before Py_InitializeFromConfig() to inform the in-
terpreter about paths to Python run-time libraries. Next, the Python interpreter is initialized with
Py_Initialize(), followed by the execution of a hard-coded Python script that prints the date and time.
Afterwards, the Py_FinalizeEx () call shuts the interpreter down, followed by the end of the program. In a
real program, you may want to get the Python script from another source, perhaps a text-editor routine, a
file, or a database. Getting the Python code from a file can better be done by using the PyRun_SimpleFile ()

function, which saves you the trouble of allocating memory space and loading the file contents.

3.1.2 BRKEDEDAHDSHEAHT: BIE

EKHEL VR —T7 2 — 2%, WA B Python 2 — FE7 ) 5 —2a v oETTELZLIICLTINE TN
77V —3a vt Python 23— FOBTOT—ZDRLDMWDIZ, HEADIKE-THHEDLLWVWHDTT, 7—4XD
ROEDELIEVWES, KDEKEDS Y EZ—T 2 —RAPFHLEFBALLRL TEED EEA, EDZEL Ca—
FE2ELRQRXZRSLBRNMDDIZ, ZEMTHTEL LS ITRDET,

Python DR ¥ DAL, BEZZEZ, FCEETHZ 20 2 HERELRERD EFHA, INEFTOE
THMLTEL Iy Z7OEFLALPHEDAATHIDTEEN T, ZHERTHDHIC, Python 225 C ANDHE
REATS 2— FOFEBIIIM 2T E20EZTAEL &5

1. ¥—&fl% Python & C Ic£H#5 2,
2. BEINTAEEMH 5T CL—F ¥ ORBITUH L 2170,
3. UL TR S N7 — &1 C 205 Python WKE#T 5,
Python Z#HDIALHEIE, 4 YR —T7 2 — 23— FPT5EERIMU RO LSk 5
1. 7—X{l% C 25 Python IZZ&¥3 2,
2. Z I 7 f@%2 - T Python f ¥ X —7 = —Z)b—F ¥ ORISR L 2170,
3. U L TR LN T — X {H Python 225 C IZE#T 5,

—RLTo»2 X518, T—XZEHORT v Ad. SHEETT —XZET 2 AN ED o DIZEDLETHIZA
NEZX T T, ME—OHEERIEK. 7T —XEHOMICH 2 V—F > TF, HLIREZITIEICE C v—F V2N
HUE32, #EDIAADEICIE Python v —F Y ZIECH L E T,

ZODFETIE, Python 7256 C A\, ZLTZEDOMNE F—X2ZMT 2RI OVTUTHEM L EE A £, [EL
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WHHOHEWHRLZ T — DRV HICOWT T TIRHEBELTWEDDEIRELE T, IS5 DHIEICOVWTIEA ~
2T XRDIERE M SEDH B ¥ ZADBRVD T, DERIERICOVTIILATIOEEZSHETE T,

3.1.3 MR DIAH

BANCHIRT 57025 L&, Python 221 7 F NOMBEETT 27200 DTT, BEKES Y &—7 x—
22T B EITHT 7B L MBS, Python 4 > X 7V X7 7V r—> a> LEERD EDIELERA (B K
DHITRDEDT B EILEHELET),

Python 227V 7 FATERIN TV IEBEETT 2003 —-FELTO X5k ¥3:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

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

int i;

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

return 1;

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

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

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

/* pFunc is a new reference */

if (pFunc && PyCallable_Check(pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (1 = 0; i < argc - 3; ++i) {
pValue = PyLong_FromLong(atoi(argv[i + 3]));
if (!pValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");

return 1;

(KDR=D12HiL)
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(FIDR=I 5 DfEE)

/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);

}

pValue = PyObject_CallObject(pFunc, pArgs);

Py_DECREF (pArgs) ;

if (pValue != NULL) {
printf("Result of call: %1d\n", PyLong_AsLong(pValue));
Py_DECREF (pValue) ;

}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print();
fprintf (stderr,"Call failed\n");
return 1;
}
}
else {
if (PyErr_Occurred())
PyErr_Print();
fprintf(stderr, "Cannot find function \"%s\"\n", argv[2]);
}

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

}

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

}

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

}

return O;

ZDa— KR argv[1] #{#->T Python 227V Fr%nu— KL, argv[2] MICIEE SN/ ZH10EEEECH
LE5, BRBOBEI IR argy Bl¥TotiofEiczab £3, Zoryurs4%2 AVNAILLTU>S L (T

72FEATAIREE R % call Y MU EL £ 9). UTFD K57 Python RZ7 Y F v 2ETTHZ LI LET:

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

return c
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FAAERIELA T D X 5125133 T3:

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

COREOBIEEREAT 21T 7 AP NEINKRETEZIN, L AYIE Python 225 C ANDTF— &
PR d —EDZDHDa— FTF, Python DHEDIAA L WS B S D EBRFEOETIZLI RO a — R ohh
F 50T

Py_Initialize();

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

427V ZOGEALE‘E. A2V 7 MiE PyImport_Import() %2{H- THAAENE T, D)L —F Vid Python
XFINEFIBICIZ BB H D, 7 —XEHUL—F >~ PyUnicode_FromString() THEEL £

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

/* pFunc s a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

VDERURZ YT MDFAAENDS L, PyObject_GetAttrString() Zffio THELRAFZEIETE 3, Al
DAZ YT MHUHFEL, BUS LA 7Y =7 FHAMECH LATREA 7Y = 7 FTHAUE. TOF T =7 3B
THEIEEATELIZARVWT L LS, 2 TR 7 A3EAEBY IO X INERICHESLA LT, ZDK,
Python B#ZUTNDa— RTHOIHL 3

[pValue = PyObject_CallObject (pFunc, pArgs);

REEHVILFE % B2 B%, pValue |& NULL 127220, BABORE D EADBEMBA > TWE T, HEFARLZIITEH
FTRSREMRBL T IV,

3.1.4 B&iAFh7z Python DYLFE

ZZETIE, HHIAA Python £ Y 2TV RE T TV — a VAROBEEEIC 7 72 XT3 FERH D EBAT
L7zo Python API 2ffi5 | HDAHLA VXSV REZHIRT D28 TP SV —> a YRIEAND 7 7 & A% TATHE
WKLES, 2D, 77V —>a VTIREINTWEIL—F U 2fio T, HOAARAL VX TV REIERTZDT
T, BRI LDEISWCBRZIEITY, 2RIV EVDITED D EFHA, SLDHIoT, 77V 5= ard
Python £ Y X 7V X ZEE L7220V 225 1o BNTATLZE WV, 2OROY, 77V Fr—>a vy
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TN—FVDEED T, B2 EED Python ILIRED 2 — L2 FEHL HD X 512, Python 5K NL—F VU7
JRATEDLLIITTEI0— (glue, Bl) a—FZ2ELEZTIRLE WV, FIZIEZUTDOXS5I1CTT:

static int numargs=0;

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

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

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

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

};

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

Foa—F% main() BBOFT S LIHALE T, /2. LUFO DD % Py_Initialize() DFEH L O
WAL £3:

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

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

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

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

KBEO7 TV r—>a>TiE, 2O LEXY Yy RT7 TV —>a YHAD APL % Python RT3 222k
RN
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3.1.5 C++ IC& 3 Python DIE&HIAH

CH++ 7275 LHICH Python ZHDIAD F T BIEBICE S L. ¥ 5o THDAL»IEF > T\ C++ U
ROFMICHIRTFEL T, —RINICIE, XA 72 50% C+4 TEE, C++ av {9 foTomr 0%
aAVRAN VYT FTERENDHSTL & 5o Python HIKZE C++ TV AN LERBILBEEIH D FHA,

3.1.6 Unix R ATLICHIFRAVNAILE) VD

Python 4 Y 27V X% 77V r—a NZHDALTDIZa 45 (L) Uh) RETRIELWI S 7%2R
HIDRBETRWAS LAEHEA, JHUIRHS, Python 2554 79 VEY 2 — LR LTY 7 Xhiz CH
MR (so 774 L) L LTHESNEZDDZU— RT20ENDH 2 -HTT,

RERAVRAN VY I DF T a vkl 529, pythonX.Y-config A7 VS b MEZ 3 (Z ik
Python £ >R b —VERHCA K 172D DT, python3-config A7 V7 M FFAHRZ 2 LAFHEA), 2O
A7 VT MR F T arHZLHY I, BERINTEAZDOIZINATL & 5:

o pythonX.Y-config --cflags [IHERD I A AT a v 2HAL T

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

o pythonX.Y-config --ldflags --embed 3HEEEDV > AT a v 2L %T:

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

AR
B Python N—Y a YHfE (2 D DI X7 2D Python & HR7ZHEH TN K L7 Python) TOERL%E
B 272912, ETOHID X 51 pythonX. Y-config (FHf A TREIL/21Z 5 BRVWTT,

HLIDFIETI L WV2RINUR (2L IHUIETO Unix R T 7y b7+ —ATEIET 2 2 8 2HET
%HDTIERNTI D, bug reports [FEMTT), DRILZDIATLADRAFIv IV ZIZOVTDRF R
¥ M EFHA, Python @ Makefile DAY AT a YEFARNZBDENHZTL & 5 (Makefile DIFATZ TN
%121 sysconfig.get_makefile_filename() %#ffio T 72X V), ZDFA. sysconfig EY 2 —HBHEIC
VOBERIRD T, TAUC Ko THREBMMI MR 20T YA L - YV DA T a ViR E TR 7T LIS
MHTExd, HlRIE:

>>> import sysconfig

>>> sysconfig.get_config_var('LIBS')
(KDR=D12Hi<)
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(FIDR=I 5 DfEE)
'-lpthread -1dl1 -lutil'
>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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T8

>>> -
s (interactive) ¥ = WZBII 2T 7 44 D Python 70 Y7 b TF, 4 V& —7) X—THFEINCE
fTehzda—FrHlciAshEd,

x
DHDPEZLNET:

o MEEM (interactive) ¥ = MIBWT, A YTy hEhka—F7ay 7, ST 2 E6DOXY) D XF
DO AT, AR, BARIL =H5IHMF) oWl Tar—x—0Ric, a—-F2ANTHFCE
RENDT 7 4L bD Python 7u > 7 hTF,

o HHAAADER Ellipsis

abstract base class

(MREIES F R) MREIES 7 R1% duck-typing 2553 5B DT, hasattr() REDHDT 7 =v 7T
GBI TH - 72 D WIDIciR %2 (Bl 21 magic methods DFE) JFHICA ¥ R —T7 = —AZERT 5 /L
RARMELE T, ABC 1T (virtual) 72 5 2B EALET, SIUZEY T 20 LMK L FRAD, 2
N T isinstance() X issubclass() BRI NE T, abc TV 2 — LD RFa XV 2SR TL
72E W, Python 123, < DfflAAA ABC RIS TVE T, ZOMRIE, (collections.abe E
Y2 —)LT) 7—&HE. (numbers €Y 22—/ T) #. (io €Y 22—/ T) A MY —24, (importlib.abc
EVa2—NLT) AV R=F 774 VXKV =K =TT, abc €Y 2a—L2FHLTHED ABC Z/EKT
R

annotation
(77 T7=vay) ZH. 77 REME. BD T X —2PRDEICEFRS 2 7L TT, BHENZXD type
hint & LTEDHRTNE T,

O—ANVNEBDT ) T—a YIEETRHIE T 72 A TEERAN, Zu—rOLEH, 75 28, o
77 T—=aYiENFENET 2 -, 7T R, BIBOD __annotations__ FFREMHICHER IR TV E T,

HERED AN B B variable annotation, function annotation, PEP 484, PEP 526 #ZH 1L T 12X
W, Fie, 7/ 7= arEMHATERNRA NS F 77 4 X LT annotations-howto LT Z&E W,
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5% (argument)
(518 BRI, B (£ XAV R) KETHETT, BBk 2@EdH D 3

o F—TU—FEIE: BBITFUOH L OB IEORNENTF OV d D (fl: name=) 0. ** IZHE 72 FF
EoHoEr LTEIN5IE. HlZIE. XD complex() OMEUNH L TIE, 3 & 5 25%F—7— F5[#
T9:

complex(real=3, imag=5)

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

o {IESIE: F—v— R5IELMDOFIE. MBS IBUIEIEY A P OEFICEL e TE, iz * IH
7z iterable DBEZREL LTEIT BN TEET, HlZIX. ROFITIE 3 & 5 1dMAHMAESIETT:

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

EFIBIIEBOERICBOTHRIN EO - AZBHICE Y Y TonE T, b Y TEITIHANIOWTIX
calls B LT EE WV, YV Xy 7 RAZBVWTHFIBERT-DICHoWBEREMHS Z e HKE T,
Ml X NS fEE e — A A EBICEI D Y THNE T,

®315 . FAQ @ E518 K5 IEDEBNIAITTH? . PEP 362 2L TL7ZE W,

asynchronous context manager
GEFRMa>y7F A bv =Y v) __aenter__() & __aexit__() XYV v R&EEFKT 5 I LT async
with XHNOREEZEMT 547V 227 +TF, PEP 492 TEAINE L,

asynchronous generator
(FEEIAY = L — &) asynchronous generator ilterator %R BT T, async def TEFRI Nzl —
F VBABUTI TV R IA, yield REFFOMR TR D £, yield i async for L —FTHAHTE S
EOW 2 ENRT 2 DIEHENE T,

WEIIEFY = 2L — ZBBERLE T2, RICk> TR RS XL —21TL—2 237556
BHY ET, BRSNLERPHS 2 THRWEGE, RO een e fAL $75,

FERHIY = 2 L — XEEICIE, async for XX async with X2 THL await RdHBZZ DD
S

asynchronous generator iterator
CGERIMIY = 1 L —& A4 7L — &) asynchronous generator B THERENZ AT 27 M TT,

Z U asynchronous iterator T, __anext__() XYV v N&EHoTHIN S & awaitable X 7Y =7 + %
BLET, 2D awaitable A 7Y =7 M, KD yield NFTIEMRYY = 2 L — XEBROARKZZITL
N

% yield TIE—HRICUIEFHT L, ZDBOFITRE (=2 A EBHEREFO try XEED) ZilE
LEd, IEAEAS TR L =214 TL—2 B __anext__ () TREN-MD awaitable TEERICHE T 2 K
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12k, ZOHMEFSEIENE T, PEP 492 BX U PEP 525 #&B L T XV,

asynchronous iterable
(JEEIAA 75 7)) async for XOFTHEHTES A7V 27 FTF, HHED __aiter__() XV v Kd»
5 asynchronous iterator 2R ERFAUIR D E¥ A, PEP 492 TEHAZIhE L7,

asynchronous iterator
(JEMEAA 7L —&) __aiter__() & __anext__() XV v FEFEHELLI T2V T, __anext__()
W awaitable 7Y = 7 b ERIREIRFIULIZ D £ A, async for II StopAsyncIteration flfb 2 ik
THET, EFAHA 7L —2D __anext__() XV v K25HRT awaitable ZfRR L £ 3, PEP 492 T&

ASNFE L7,

B
(B1E) 7Y =7 MicBEMIT SN, Fy PREKXICX o THATCEESRINLETT, flIE +7
Szl b o DEE a BFoTWREE, ZOREMII 0.0 TEREINET,
F 7Y 27 M, identifiers TER SN2 F TR ARVWEHHTOBEEE G2 2B TEET, 22X
setattr() 2V, A7 27 M ZNEFATLTOVAGEIITAET, 20X REMHIZF Yy PRER
TWR77E2RATET, bDIC getattr() 2o THAXLELH D T3,

awaitable
(FFHATRE) await RCTHHT 2 Z e BHREZA TP 27 M T, coroutine >, __await__() XV v KHS
HHAT7Y 27 FTT, PEP 492 2L T ES W0,

BDFL %
ARG MEE (Benevolent Dictator For Life) O#ET3, Python OfEH. Guido van Rossum D Z
T,

binary file
(NAF VT 7 AN) bytes-like ZT LTI b OiRARABLIUEZAALDTEDS J7MILF TP
Ik T, XAFVT7 74 LDFNE N4 FVE—-F ('rb', 'wb' or 'rb+') THLNT 7 1,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY A TY,
Str A7 2V FVOMAEBEENTEL 7 7 A NA T I =20 MZOWTIL, text file BBIRLTL 72X 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 reference
in-place, except when the object cannot be destroyed before the last usage of the borrowed reference.

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

bytes-like object
bufferobjects %K —F L TWT, C FFEOEKT EfiL Ny 7 7y —2RHAGELRA 727 b,
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bytes, bytearray, array.array ®. %< O —#&7% memoryview & 7Y =7 P ZTHICHD £7,
bytes-like 7Y =27 ME, T—XEHME. A F VT 7 A ANDIERIFE. Y7y PERHLUIZEERE, N4
FUVTF—REERTL2VDVWABLBEICHHT 2 2 e TEXT,

BODPOBRIETEINAF VT —XZ2EET T I2HEDDHDET, ZOREOFF 2 XV T XL " AT
A[REZL bytes-like £ 7= 7 M KEK”RLTWET, ZHARERNY 77 —F 7T =7 ML, bytearray
¥ bytearray @ memoryview REDVEZFENET, T/, HOBROLDIMETIIAELRA T =27 PHOAN
AFVTF—& (" HAHLEHD bytes-like A 7227 +7) ZRELET, £4HICIE bytes & bytes D
memoryview A 7Y 7 " EENE T,

bytecode
(N4 Fa—TF) Python @Y —2a— Fi& Python 7125 LD CPython 4 > &7V ZDNHEHTH
BNA FA—=RAar A LENET, N1 Fa—Fid .pyc 7740 Frvadh, AL774L
PEHIZETENZ L 2R EDERICRDET (Y—R2—= 064 F a2 —= FAOHED I VA LF
XN ET), 2D 7 HEFEE (intermediate language)” 1, %4 D N4+ a2 — RICHIGS 2 HikGE % 5
792 RET>Y TIET 2 WA ET, HERERLY LT, NA Fa— Fld#R7%2% Python i< >
MICEIfET % Z 2%, Python VUV —AMTEETH S Z L IIHIHFINTOERA,

NA Pa—FoOMmES—EiZ dis ES2a—L ZHDHET,

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

following syntax:

[callable (argumentl, argument2, argumentN)

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

__call__() method is also a callable.

callback
(=N 7)) RO D BB TEITIND T-DITHIE L LT X2

IS5
(ZFR) =P —FRA T =27 PRMET 27007 7L —+bTT, V7 I7RAERIEH, TDV TR
DA VARV ALDOBERTBEAY Y ROEREEAET,

class variable
(79 2ZH) 75 A LITERIN, 7 ALRLT (DFD, 77 ADA VARV ALETIERLIR) BEX
N2ZeZHMNE LTWAEHTT,

complex number
(BHRE) L<HON TV R FHRZIIRLED DT, IRTORMIELL e EHoMe LTRENE T, &
BIIBBEAN (-1 OFHFR) WEHZzEHIT 20T, —RIBFETIE 1 e FErh, TH¥TE j eFrnE
§ o Python 3ZHEEHICTHAAATHIEL, BEDOKLEZM > TVWET, BHIIIREIC j 2O TEEZE
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To BIZIE 3+1j T, math £ 2 — VOERBIRZFMT 512Id. cmath ZfVWE 3, ERBOHEMHIZ
D72 D BEIR R OKAET T, BEMEZ TR AUR, IZIFHEWR R L TLE>TLIWVWTL & 9,

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

context variable
(A TFRAMER) a VT FRAMIKFLTRREZROER, Zhid. DE2ERDEDE L2 DFEITA
Ly RTERHBIZRALYy FE=AILAPL—=IJIZHTVET, L2Lary73 X MEHTIE, 1 D057
ALy FIZWL2HhDay 7 XA MAH DG, a7 %R MEROF L@ R IEFRE & 2 7 O
DBPFTT, contextvars ZZIRL TLZE W,

contiguous
(B, Ei5E) Ny 7 7 BRI C&8fft £721% Fortran #B%: THRHEI1C. ZONy 7 713G LTVW5
LAHARBREET, LuXe Ay 7 713 C#ftTH D Fortran HH T, —RTOESITIE, ZOEFIEILT
AEY FTEET 2 X5 REBEZN. BRFEXELEPHBEVEI T IEF T E T, 2RTD C-H#ifE
ZEAITIE. XEY 7 FLRAAICERZZ K2 BRICIERBEOBR A FORINIZED 5 DIZH U, Fortran #ii/z
BlA TRV DR A T RINCENZ X5,

JIL—F>
(AN=F ) an—=FYEIITN—F DL D —RNBEATT, 71 —F VidRD oM H» 6
AD. ok s MtEhr ot E s, aL—F L IE 2L OkA BME» B A, 115, T2 ZeH
TE%J, a—F VI async def XTHIETEET, PEP 492 2ZHL TS,

coroutine function
(FN—F VB coroutine A 7Y =7 PRI TS, ar—F VBRI async def X THEIE
await, async for. B XU async with ¥—V—FZ2HFOZePHEKF T, Thsid PEP 492 “C’?,)\
IhE Lz,

CPython
python.org THIF XN TWA, Python v 2T 2 ¥ 7/ SFEDEMERN R EEETT, "CPython” ¥\ 5 HEE
F. 2R Jython % IronPython &\ o 7Sy KAIF 2 HENF 25 WA ENE T,

decorator
(7Favr—x) JloEE R T T, B, ewrapper WX CHIBZER R L CGEHINE T, 7aL—XD
— AR AL, classmethod() ¥ staticmethod() T,

FaAL—RDGREFI VR VRS aH—TF, XD 2 OOBEBERIIEHRICHE L DD TT:

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

@staticmethod
(KDR=21ki<)
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(AIDR=T 025 DFE X))
def f(arg):

FICHESD 2 2 ZWCDIFEELETH, HEOHDLDAFTEA, TaL—XIZOWTHLIE, BEEE BX
L IZIRERDEFF 2 A FESRBL T,

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

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

FRZYTFEDRXY v FIZBE L TOFEMIZ. descriptors % Descriptor How To Guide Z& B L TL 72
éL\O

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FrENTIERGD) iterable NORTH 2 WE—HOERZUI L T, ZOMRE» SR 2TEZRT a7
FEZXFTI, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfH n *x 2 1Txf
S B EEEE AR L F 3, comprehensions 2SR L TL 72X W0,

dictionary view
(fFE L 2—) dict.keys(). dict.values(). dict.items() 2NRFTA 7V =7 b TF, HHEDHHODH)
MR 2—%2RELET, bbb, HEILEINIZ 232N KL ET, HEY 2 —Zlilny
IRV A MIZT 5121 1ist (dictview) ZH LTSV, dict-views ZZLTLZS 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 bPELWA VR =T 2 —R%Fo TV EDERET Z2DICATY =7 FOME RN R
PIIVIRARANTT, Rbhic, BificA 7Y =227 XY vy RRBEESMEN ) #Ebhz) LE
T, (ZELDESICARAT, 7LD LS RIBIFIE. ZARETeATHS.,1) A VX =T —RA%H KD
EHfTEZ2 T, EFLIFHFA I a—RE, RVE—T7 4 v 7 BREZH L CERREEZM L F
T X7 XAV type() % isinstance () W XA HIELR BT E T, (XL, Fv X4V I %
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HREEITA THIET2IdTEET, ) 200D, MANIC hasattr O HIES FAFP 7nrZ
IVUEMALET,

EAFP
MERAIZ L 2 X DEF L% 5 /DY % (easier to ask for forgiveness than permission, ~— 7 4 —®%EHI)
DIETT, D Python TIAL LN TWE a—7 1 Y7 RXXA)NTIE, BEFENR X —CBMUEDFE
TE2HDLREL. ZDRED TR TORGAEHINEHIRL T, COMBTFERIE I 227417
AR A M, try XB XU except XD EADLZOPRETT, ZD77=v 27k CDEIREF
BT b TWS LBYL AR A NN DTT,

expression

() MrOfELFHtiEh 2, —F & F DO (a piece of syntax) T, Wz 22, X2 WEV 71,
Al BT 7 A, HAFCEBTCHLZY, HZ2ERITRXOEROBAEATT, MOZ{OFiELE
W, Python TRREFEDOETOEMREZESN L VI DT TEDHD XA, wvhile DL 2, R LT
VWX bbhxd, AABATIEIRINXTT,

extension module
(FEREY 2—1) C % C++ THEDPNLZEY 2—L T, Python ® C API #F|fH L T Python 2 7%
a—F—a—FeehrbhLET,

f-string
fUS 'R DSEEEICAT W SES ) T 5 U Pstring” Y FRERN, ZHUE T+ —~ v MEAXXTIN T 5
I DEFEEOLMTY, PEP 498 3SR L TL X,

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

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

T77ANF TV 27 PCBERICE 3 EEDD 5 A0 NAFU—=T7A1)b. Nv 770k N1F
=774, ZLT TFRALT7AI T, A VX =724 A& io TV 2 — L TERINTVET,
T7ANTTY 27 b BEBIRENZ TR open () BXZEMS 22T,

file-like object
file object L [AFETF,

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

Unicode to the operating system.

T 7 ANTATLADIYA—F 4 Y TlE, TRTH 128 N FUATRRIEEICTa— FEN3 Z L RF
XN TELEDERA, 77 AN AT LDIYA—F 4 VI TINDBRIEXI N - 8EE1E. API
B UnicodeError T2 3H b 9,
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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
(774YR) A VR=PERTWVBEEY 2—1ND loader DFERZRITTH4A7Y =27 bTT,

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

See importsystem and importlib for much more detail.

floor division
(I D& TRE) —Fm VBB D 5T 2 BABRE, UIDIECREBE I // T3, HlRIE 11 // 4
F 211272 D ZREIEHRFMNSTFEV NS OEDRRETIZ 2.75 28 BoTE %3, (-11) // 4% -2.75
ZINEWHIC A2 GRIEFE: BADERANDADEITI) DT -3 18K 2 I REFERLTL XV, PEP
238 ZZML T L&V,

free threading A
threading model where multiple threads can run Python bytecode simultaneously within the same
interpreter. This is in contrast to the global interpreter lock which allows only one thread to execute
Python bytecode at a time. See PEP 703.

£
(B MR LENCEZ R —HOXD Z e TF, BAEIIZ 0 MU LD 5|8 2ET e PR ET, FEIR
DOETRHIZSIBEFHAT 2 Z e HK T T, R AV v E, function 2L TL 72X W,

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

B/ 7—>arid, BRI EEYE OoDIEDbRES: fIZIX. ZOBKE 2 2D int HD51E
ZHD ISR, £ int OBV EZFO LIRS TVET,

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

return a + b

B 7 /) 57— a »OXEX function DEI TSI N TVWET,

WBRED RN D % variable annotation, PEP 484, ZZML T Z& W, ¥k, 7/ 7= a vy 2fHT
BZNRRMNTT 7T 4 22 LT annotations-howto SR L TL 72X,

__future___

from __future__ import <feature> &5 future X 1. 2> 84 7 =KD Python U V —2X
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TIEEY RIS EREZHH L THEDE 2 — L2 a2 M VT 5 X5 L ET, __future__ E
P a—)L T, feature D DI 3HE RFa XY MUELTVWET, ZOEI2—1%EAL Y E—IL, D
TR TS 5 2 & T, FEREDRANCEFITEM I N DR N0OHhR, WOTF 7 4L MIiRsH ($7213
Koth) #HRBZENTEET:

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

garbage collection
(FR=vavLryay) ThEREEDNS 2 X OBV AEY 2ERT 2 0WHTF, Python &, BIRA Y~
Mol TERSHREMIE LB T 2IERARN—YaL 7 & effio THR=—YaL 7> a Y E{TVET, HR—
YarrRiF ge BV a— o THETEET,

JIxl—4&
(¥ =3 L —2&) generator iterator 2R TRT S, BHEDOBEBITEITWE T, yield REFORTER
D%, yield ik, for L—FTHHATELD, next() B THEZ 1 OFOWMOELADTES, HD
WrEERT2DOMHINET,

HEIIY 2 A V=X ELE T2, WRCE-sTE Pz RL—FATL—F ZIETHEVH D £75,
B ENERDH S 2 TRWEE, LD DI 2R BEE AL £ 9,

generator iterator

(A b—&A T L —2R&) generator BITHERESNE AT =7 FTT,

yield D= NTJRFTEITIREE (RFTARCARLED try X722 &) Zafi L T, LHIE Rk &
NET, DxRL—FATL—& Hfchs . FHLEMNEZIGL T (@ OMEBNIETOLTR
W LWIRRED S BAR S 2 D L MR TS),

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
(Y= v 7R Bz 2800 LA CHEL $ 2 BEHE SRS N 2 BET S, MU LIFICY D%
EEHWEPIET 4 ANy FT7ATV XLICEDRESNET,

single dispatch, functools.singledispatch() FalL —&, PEP 443 2ZL T X,

generic type A

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

and annotations.

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

global interpreter lock ZBHRL T EE W,

global interpreter lock

(Fa—xn4 &7y &0y 7)) CPython 4 ¥ 27V ZHBMEALTWS, —EIZ Python @ /N4 FJ—
R 29755 ALy Rid—D272FTHE e 2 RHET 2 AT, 24Tk D (dict REDEELRIEA
MBI EL) A7V 27 PETADFEIRT 72 AR U THEEINCZ 21272 5 DT, CPython OFEHH
SYTNEHRDET AVRTVEERER Y 7T BT, vAF Ty = LT BUHIko 2
AR EBIEWIZIC, A VRTV REMBHRIZSALF ALy METE S X511k T,

7eFE Uy BED 2 WIISHBO W DD DIERE Y 2 —UiE, iy > 25t HR E O EOE WL %2 3
%L X2 GIL Z2BRT 2 L5 ICREI SN TWE T, F74. [/O Uz 32556 GIL 3EICEREh s,

As of Python 3.13, the GIL can be disabled using the --disable-gil build configuration. After
building Python with this option, code must be run with -X gil 0 or after setting the PYTHON_GIL=0
environment variable. This feature enables improved performance for multi-threaded applications and

makes it easier to use multi-core CPUs efficiently. For more details, see PEP 703.

hash-based pyc

hashable

IDLE

(YT aR—=R pyc 7 7 AN) IEMHERHIIT 272912, XT3 Y =R 7 7 4 VO BEHRFLTIE R
ANy Y afBEFEHTEZANL Fa—FDFr v a7 74V TF, pyc-invalidation 2SR L TL 72X W,

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

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

Ny Y aRfERF TV 2 7 PEIRHEDF —PEAEDRA U AN— LTHZ T, FEERESD T — X HEIEN
TAY Y af@Z2fEo T30 56T,

Python 4 I 2 =& 7 ARMHABAARF TS 227 ME FEAEDBNY P 2R[RETT, (VA MRHED X
972) Ta—RINIZAYTFENY Y aRAJRET T, (X TN frozenset DX 7)) 4 I a—&XT)Niza
YTFE EEBNy T ATRETHI L EDHNY Y aFRETT, I—F—ERDI FADA Y ARV AT
HBEOIBFTI =7 MEIT 7 AN P THAY T adfETT, ZR6EET (HHZRNT) HEBRRIZIES
ficdhh. »ny¥afEid id) XhEoIhET,

Python OfiAFFEEREE (Integrated DeveLopment Environment) & #5355 (Learning Environment)
T¥, idle X Python OEERZEAICFRIMIN TV EREANBEEO LT 4 R 4 V27 RBRTT,

KA 72U b (immortal)

Immortal objects are a CPython implementation detail introduced in PEP 683.
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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) EHEDEZFi0/F T2 FTT A I2—=RTNRATI =7 ME. BUE. XF
., BEROERZRTIAREDDHDET, INHDA TV 27 MIMEEZEZ ONE R A, HOEELEIE 2T
. FeBRA T2 P RERLRTNERD ERA A 32— X TNRBRI TV NI BEDNY T a2
ESREE 2 2 RN TEELRKEZR-LET, HEDOXF—2Z0HITT,

import path
path based finder % import 3 2E€Y 2 — VMB35 (£721F path entry) DY R b, import H1,
2DV R MIEH sys.path 2ORETH, 7w F—YDGEEIFE Y ¥ —2D __path__ EBHED»S
HRKET,

importing »
35%EY 2—1® Python 23— RPFIDEY 2 —LD Python a— FTHEZX 2 X 5T 20T,

importer £
Pa—VERLTR—-FRTELE TP b, finder ¥ loader DEBLBLTHHEA T =7 b,

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

mode, see tut-interac.

interpreted
Python 134 ¥ 2 7V XEADEFETH D, a4 FZFEOMMIMEL 3, (N1 ba—Fard
IHBHBIDIC, TORFNIERTT D, ) TITOA YR TYVRGFELIE, Y—Ra—FDT7 74 L%,
FIFTARERIC L T FITSIE I L Vo BMER LIC, EHEFITTEL I 2EKRLET, f V&7
V2RO EEIEE., a4 FJERDFEID I/ TNy Z7OH A 7 UIFENS DD, FarJ A
DEITIF—MUITENT T, WEEH BB TIL I W,

interpreter shutdown
Python £ Y& =7V & —3¥ % v b XV U REFFEINLIFIZ, BV 2 — 0T RTDIZ VT 4 HLRHAER
MEZZE D, TRTOMRLZY Y — R Z2BRBERNCHIT 2. Filia7 = —XICAD £3, 207 =—X
W AR=2OL 02 ZEBEFCHLES, 2RI D2V —EZEDT A b T 7 X —= weakref 2 —)1
Ny VPENHENZZEDDHDET, ¥ r v PRV Y 72— XHZETENZ a— Fid, ZOHBMKET 2
VY —2ZARTTIEREL R W (XL BH2HEF74 75V —EFEY 22— warning BHETT) ZDIchk4 7%z
IFANNT=N TR S

AVER—FVEBY Yy PR T3 ERMHIZ _ main BV a2 —ARFETIRTWERAZ Y FFDOE
I3 T L2 TF,
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iterable

iterator

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

implements sequence semantics.

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

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

T—RORNERHTEATI 27 TT, A7 —XD __next__() XYy FEEVRLESHT (£
T3 AABBIE next ) ITHET) &, NOHDEREZ —DOFTORLET, 7204 kse. b
IZ StopIteration BIfZ XM L £ 3, ZORKT, A 7L —XA72 =227 PEIRETED., ZHhLIER
__next__() Z{EMATD Stoplteration #IEH L ET, A 7L —XF, ZDATL—XATI =2
FEKRZRS __iter__() XV v FEEZELRIFAIERSRVDT, 4 7L =X iterable 323
2 FL ALDEGMTHHTER S, 3o&E D & LAMSIERDOREZITS X543 —FTT, (list D&
S)avTFATI s ME, BEE iter) BBICA T Y =7 M LTZD for —THNTHS 7208
W2, FBAKFEHOA T L= 2ERLET, TOEATL—XTITES LT 5L, miElOofTL—2a >
THEABADELA TV —2A TP PR HMICRT /20, ZEDaAYTFDEIICKR>TLELET,

F 7 BRI typeiter I2H D T,

CPython RZEDFM: CPython does not consistently apply the requirement that an iterator de-
fine __iter__(). And also please note that the free-threading CPython does not guarantee the

thread-safety of iterator operations.

key function

(F—BI%) B HoVIZHERHK L. V- MRIEFLBRDO 7D DEZ RSO LAJREr 7Y =
2 & (callable) T3, HlZ1E. locale.strxfrm() % F—BIEUCHZIX. v r —UKFDOY — M DIEHEIC
Dotolzy—FF—%RLET,

Python ®Z L DY — Vi F —BHEZII WY BROU S IES 7L —TbEEEL 3, nin(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE23H D £7,

F—RBREELHEINWL 22D D £9, HlZIE str.lower() XV v RERXF/PMLFZRXANL RN —
FEITOSF—BE LTS Z e SHIRE T, HBD WA lambda r: (r[0], r[2]) @ X5 7% lambda
Ao F—HBEEL Z N TEET, £/, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() ® 3 DDFXF—KI VA I 70D ET, F—BBDIED T EHNTD
ik Sorting HOW TO ZZHEL TL F X0,
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keyword argument S

lambda

LBYL

list

518 2B T ZE W,

(ZL%) JBHBDA T4 VEBT, BEPESEEIN 2IiHMiiznsg 120 X 25AFET, 74K
BE%UE FE 5% lambda [parameters]: expression TTJ,

FZ 235D (look before you leap) | OIETE, ZDaA—F 4 YT AXA VTR, FUH LSRR ZT
RN, BRANCHTTESRM (pre-condition) HIEEITWE T, FAFP 7 7R —F 2 IR T, if X»7<
X AL 2 DRI T,

<UL FALy MEEINZERE TR, LBYL 770 —F13 7 K27 #ifE e 7 R @REOBSIREL5| i
ZFTVRIHBHDET, HlZE, if key in mapping: return mappinglkey]l ¥ W5 a— Rk, HED
%, DAL vy RBERDHENS mapping 25 key ZEDR KR L ET, ZOMEIK, vy 7350
EAFP 7 70 —F %25 2 L TRIRTZ X7,

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 PAEKRRL) =7 Y AHFORTH L2 WVIE—EROERZU LT, ZOFR1H22 Y R FEIRT,
2 YR FRFETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2 == 0]
E32k. 055 255 2 TOMEME 16 KL (0x..) LAEXFIN06725 Y A M2AERL £, if Hild
F T arTY, if HinHmWEE, range(256) DL TOEEIPUH I N E T,

£
Pa—NER—FTELFTI b, load_module() EWVWIHIHZHDAY v REERL TVWARIFIUIRD ¥
HhA, B—=X=1E—MWHNC finder D HRENE T, FMZ PEP 302 %, abstract base class iIZDWTIX
importlib.abc.Loader ZZML T W,

Oy—I)ILT>aA—5F1 >4

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

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "utf-8" as the locale encoding.
locale.getencoding() can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method

special method D < 7213 7=[AFKFETI,
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mapping
(oY) EEDOF—HRKEZY K- P LTWVT, collections.abc.Mapping % collections.abc.
MutableMapping ® fRHLIEKS 7 X THREINLAY v FEFEELTWEaAYTF 47927 bTT,
il 21X, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 72 ¥
Y,

meta path finder
sys.meta_path ZM L TH SN finder. meta path finder 1& path entry finder L BfRIZH D 3

H. AT T,
meta path finder 2325 % XY v FIZDWTIE importlib.abc.MetaPathFinder & L T /2
2\,

metaclass

(RETFGR) VFADYFTATT, 7 AERIT, 7 I7R%G, 7 7ADFFH L, EEZ7RADY R 2ED
FT, XAXIIRF, FNH 3 0RFIHBE LTRITWMD, 77 RAE2BEZAVET, ZLAYDET
Yz MEAEEE GRIE: XX 757 2D) 77 40 b OEEZRFEMEL TV E T, Python 2RHlZZRDIEH R
RLDRARY FAREMTELZRNTT, FEALDLI—F—IZHW-> T, XX FRIELBEDRNHDT
T, LHL, ~HOBEHTIE. ARXZFAFMNTILE Y b RFERRELET, 22 2I3EEY 7122
ORZER-T2D, ALy Fe—7WEBMLZD, A7 =27 FOEREBIF LD, V7V EE
3y ZLOBHETHHAINE T,

FEANE metaclasses 2SR L TL 72 & W0,

XYy R
(XY v R) ZIARKROPTERSINZBH, TDIITADA VAR ADEEL LTS X NGA.
XV REA VARV RAA TV 27 PEE— I L LTRUIMD £3 (ZOFE—5IBILEHR self IE
NET), B & RA SN BMLTLZE W,

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

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

module
(E¥ 2—)V) Python a— FOMBMEN L L TR B AT7Y =27 FTT, EY 2 —WIMEED Python
F T2 VEEOARIERMERD T, BY 2 —IUiE importing DLIRIZ X - T Python IZHAAFEN
£,

NVTr—2 BRI TLIEE W,

module spec £
Ya—nEu—RFT5301bns A R— FEEDERE GOAATZEM TS, importlib.machinery.
ModuleSpec DA Y A XV AT,

MRO
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method resolution order ZZHL T Z&E W,

mutable
(32—FRTN) 32a—RTANBRATIx7 ME, id) 2EZ B R fEREETEE S, 1Sa2a—4%7
L) BB TLIZE W,

named tuple 7

ZRIFZEZ TV 205 HEER, ZF LR HELTWT, 4 U Fy Z XM BRI LEEZfioTD7
TERABTEZEEDHR Y S AIGHEIRTVET, Z0OHP Y 5 AMMOKE > TWwWa 2 dd
DET,

time.localtime() ® os.stat() DR HEEZET WL O DHAAABIIAHIT &R T TS, oAl
¥ sys.float_info TF:

>>> 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

(TZ2EM) ZRPBMEN 25 TT, ARMEMEHEL LTEESIAE T, AHTEMEIICEA 7Y =
ZED (XYY FD) ANFIRIR-o7d DT TR, RFANRD O, RENRS D, 2L THAAAL
DHDOHD FT, HATEMIIHATOEREEHSC I LIRE>TEY 2 — VR K- T 5, HIZIEH
# builtins.open & os.open() BHHIZEMTXAHEINTVWE T, £/l EDEY 2 — DB ZEE
LTWBH0HRT 2 28Ik o THARTZEBIE TG e RFEZ SR L £ 9, #2113, random.seed() %
itertools.islice() &&FEL ., ZRZFNEY 2 —/l random X itertools THERIEINTWVWS Z HHH
LT,

namespace package
(BHIZER Sy =) T v r—YDary7Fre LToOAREEENS PEP 420 TERI N/ package
TF, HETZEMEAY F =3 WEBARREAZ R 220V 2 TE, __init__.py 7 7 A VERR WD,
reqular package ¥ 1XRZ D FI,

module ZBHRRLTLZE W,

nested scope

(AR PENTRa—-T)IMITERS N TV L ER-EZZ T 2KEET T, BRI &2 BRI OB D
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FTERIN TV G, NOBESMIlOBEEFH o ZH xS TEE T, r A IR a-TiET
7V M TREBOSREIDNTE, ZHRORARETELRVDOTEREL T EIV, v —A AT, &b
WHID 2 a2 — 7 TEREHRAEE LE T, RIS, 78— UEREHES & 7a—  OLERTZER OEZ Fis
E£XLF9, nonlocal THMIIOZERICEZIADE 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
(A7T 7 b)) KE (BHESRMHE) e EREINTRIBV (XYY R) 23202 TOT7—%, LLIE 2T
DFRAZAILG SR DREMDILES 2 2D L,

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

package
(R T =) B TEY 2 - APHRHICTF IRy =280 DK D module DZ T, B
1ZiE, Sy =% __path__ BME%Z D Python £ 72 =2 T,
reqular package ¥ namespace package SR LUTL & W,

parameter

(518 AR OFART B (P AV Y F ) DERICBWTHEBDRT 2 Z3|8 2HEL 3, KRG
WX 5 DD £

o UBFEEF—T—F: U THIWIE F—T—F3 M e LTET N TEI5EHEL T,
ZAUI ZIELLRD foo R bar DX S51Z, 77 40 M DREIFOBEETT:

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

o NEBEHEM: MEBICX-TOAGALNZGFIBMEEELET, MESHOFIEIX BMEERDTIHD Y X
FOHFTENLDERAIL / 2EDDLIETERTEE T, HIZIETEED posonlyl ¥ posonly2 17
BHASEUCRD 25

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

o F—U—FREAH: F—U—-—FRZIoTOAEILNZFHERRELET, F—V—FHEADSIBEERE
TE235AME. FIZIELITO kw_onlyl = kw_only2 D X 512, BABERDEEIEY A McED=A]
EREMESIBEIIED « DB TT:
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[def func(arg, *, kw_onlyl, kw_only2): ...

o AIERME: (MR IE TR 5N TREOMES B ) EEOEMOMES I BHE X 5
NBZZeEH/ELET, ZOXSREFIEZ. BURD args @ & 5 IRGIEE DRI * #2132 T
ERTEZT:

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

o AIERF—T—F: (fhOIRBIEBTHICZI SNLEREDOF— T — FEBITZ T) RO D *—
T—FEIEBPEZ 6N ZRIEELET. 20 K3 RKEIEE. EOBID kwargs D & 5125 18%
DR *%x ZDIF5 L TERTEET,

REBIBUE A 7> a vy e MEDSIEDOELLBIEETE, 7> a D58 T 7+ MEDIEETE
9,

RE1%0 . FAQ @ FEFIE L RFIEDEWZIMTTH? . inspect.Parameter 7 7 X, function 2 ¥ 2
. PEP 362 22 L T EEWw,

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

path entry finder
sys.path_hooks IZ#® % callable (D% D path entry hook) 23R L7z finder T3 o 52 S8z path entry
WKHBEY 2a—NE/ O 27 EEM>TVET,

NRALY M) =T 74 Y EPEET 2 XY v FIZOWTIX importlib.abc.PathEntryFinder %S L
TLREEW,

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

on a specific path entry.

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

path-like object
(path-like A 7Y =27 b)) 77 A VT AT L8R %EKLE T, path-like 72 =2 ME, (X% ET str
F T2 b bytes A7V =7 b, F£71F os.PathLike B b ZHEL ATV b
T3, os.PathLike 7B Fa N ZHR—-FLTWVWEA 7T =7 Mid os.fspath() ZMUHT Z & T str
F7213 bytes D7 7 A NI AT LSRICEHTEE T, os.fsdecode() & os.fsencode() IFZNZh
str 2V bytes IR DZ2DERIET 2012 £5, PEP 519 TEAXhE L,

PEP
Python Enhancement Proposal, PEP 1. Python 2 I 2 =7 4 I L TIHEHRZRMET 2. D0k
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Python OHHEAER Z DEELIREIC OV TR T 2RI XEH TS, PEP & HAEIZ O W T DRl Hdh
ARk L 1R R 5 o HEEE Dl (BilGR) 2122 2 RETT,

PEP &, FEREDRRBICH D5, 22 =7 1 IC L 2MEREOEME Python 1272 XN 2 KA DL
Fo7d0m LAOEKEL 722 2t 2BRLTWES, PEP 0FZITIZT I 2 =7 4 NOBEVRETT
S5, RMERZNENLTZ2ZDEBIHD X7,

PEP 1 22 LT ZE W,

portion
PEP 420 TEFZINLTW 5, namespace package BT 5. HED 7 7 £ LD (zip 7 7 A MK S 1
TWVWAHEDHZ) 1 2DT 4 L7 VIS D,

fI&3 % (positional argument) =

I8 ZZML T ZEW,

provisional API

(EE API) BHES 4 775 ) D)7 HARMERAL D & FHERNICERIN SN2 DTT, ZDE I A X —
72— ANORELREERZ, WETH2 L EINTWLHIIGFENATOEEADL, a7HFEEICL > THE
LARINNUE, BAIEETLREE (L VX2 -7 2 —XDHIRETEEND) DITONIET, ZOLH#K
ZHEEFILRAIITONLESDTED D FHA - THUT API ZHAATENTIZRE L S TVRERER
MEBBE L ZIZOATONET,

BE APLIZOWTH, BTAMEDBZWEHIR THRETFER) LARINTWET, BERMHAL5E
THRITHIRBRRREZR ST RETT,

Zo7atRcEh, EES A TS VEBMErREZTVA V7 —ICEVHEBCAD NS Z L, KX
PRI CELERITONE T, F#lllE PEP 411 22 L TL XV,

provisional package

provisional API ZZRLTLZE W,

Python 3000

Pythonic

Python 3.x VU =X 4 D=y 7 3—LTTF, (Python 3 2B WVIFRDFER - EHIELNFET
F. ) "Py3k” LAENB L B ET,

1t

SHRTRMNEEZ T TEINza— FTIER L, Python OFHC—NR A 74 A DI T2E X 5%

a— KA, BlzZiE, Python O—f&7A 7 4 F LT for XEfFoTAT I TNDIRTOERICE -

TA—7LET, HDZ L DFEIEZDMLHHAZRZ VDT, Python IZEATHARWAXH D ICEED
A R=FId LAEEA:

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

ZAUTH L. Ehwiz Pythonic 72 A iE:
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for piece in food:

print(piece)

qualified name
(Bffith) €Y 2 —1 DB —rULRA—=T 0o, ZOEI 2L TERINLT TR BB XYV v I
D, "R BRT Fy MR TT, PEP 3155 TERINTVET, by TLNLOEHPI 7R T
. BHiIEA T =27 POEETERUCTT:

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

pass

>>> C.__qualname__

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

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 —AADOBRTHDLNS &, REEMB (fully qualified name) X T XTORRY =%k BT 2K
DRy bR, HIZIT email .mime.text ZEKL T3

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

'email.mime.text'

reference count
BRIV HBATI 7 PN TEIBROB, 2RIV I 0 RoE Z2DFTI 27 b
WHEEINE T, kit THH, ZEHITV Y PR LUTEEINRWDICEH D Y THMBREI L 7
Pz rbHHET, BEI YV MIEFEIE Python ®a— F EIQEENFEEAN, CPython FEEDEE
RERTT, Turoy~v—F TEOA T 27 bOSBBAIY Y FEHS 72D sys.getrefcount () B4
B3 2 e HRE S,

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

namespace package FZBLTL EE W,

REPL
"read — eval — print loop” DFEFFET, WEEE [ ¥ X —TV X —> 2 L DfI,

___slots___ 4
FANTDES T, A VARV ABHOHEBE D SN LDERLTBE, A Y AXVAiFERHRT 2
T, XEBEVEZHHLET, TR I ELRE T 7=y 27 TFH, ELLFICEPLIY v F—4HDT,
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Ml — 2, BIZIEAFUDFEIERE L 27 V5 —>a Y TA VARV ADRKBICHEET 3. tW\Wol-
YERRE. FHLRVDOBRZNTT,

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__Q), but is considered a mapping rather than a sequence because the lookups use arbitrary

immutable keys rather than integers.

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

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

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

tions.

set comprehension
(BEANTER) iterable NORTH 2 WE—HOEBZUIL T, ZOMRPOLI2EERZRTa L RT
M2 EXJT T, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ 3 &, {'r',
'd'} WO XFHNOEFEERER L F T, comprehensions SR L TL F&X W,

single dispatch
generic function O—FETHEIEI—2DF ORI L D FERXNE T,

slice
(RFZAR) —RIT =T VR D—WEELATI 27 by AT4RIE, BRFEREL [1 THRONLEKD
BoMicaaryrHL e TEbET, B2, variable_name[1:3:5] T3, AFHIMN (KF) LBk
slice A7 Y= 27 FENETHALTVET,

soft deprecated A

soft deprecation can be used when using an API which should no longer be used to write new code,
but it remains safe to continue using it in existing code. The API remains documented and tested,

but will not be developed further (no enhancement).

The main difference between a ”soft” and a (regular) "hard” deprecation is that the soft deprecation

does not imply scheduling the removal of the deprecated API.
Another difference is that a soft deprecation does not issue a warning.
See PEP 387: Soft Deprecation.

special method
(FRRX Y v ¥) B 2 BUTRE DRIE. BIZIZMNE % § 272912 Python » HHFERRIC-UCH I E XY v F,
COMEDORAY v Flid, XV y FEDRAIERRICT VX =227 2 D000 TWVET, Rk Y v FiC
DWTIX specialnames TR XN TWE T,
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statement

(X) XFEAAL = (a—=FD” 70y 77) KAAIRBERTT, XF X 2F—T—-FroEKENEZDHD
DB LN TT, BEICIE if. while, for 23HH T3,

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

text file

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

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

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

the sequence of bytes is known as ”decoding”.

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

encodings”.

(THEFARNIZ7AN) st ATV 27 V@A FEEZTES file object TS, LIILIEX, 7FX b7 7401
EEBICAL MEROT =X A MY =LA77 AL, TFRAMIYO-T0 27 ZHAPBNTVET,
THFALT7 74 LDHIE, sys.stdin, sys.stdout, io.Stringl0 f Y AKX VAR EETFAME—F
('r'or 'w') THWZTZ 74 L TF,

bytes-like ZT TV b ZHAZETEZ 77 ANMF T2 MZOVWTE NAMFUT 70 $B]L
TLEEW,

triple-quoted string

type

(ZEZ +— bXFH) 3 00HifE L7z +— Fad5 () 27 RRA br 7 4 — () THENFY, @BHD
(—H) 74— P XFINHRTEBATE 2 LFINGENIDH D FEAN, ZOHrOHHTHMATT, 1205
20D L7207 # — B EZ TR —FMLICEL A TEE T L. 17K (\) 2R THHE
BATICE D2 2N TELZDT, FFaXyr—aryXFEiesE S RICRHICERT 3,

(A1) Python A 7> =27 bOREF TS 27 bHREDXS BB D0ERDET, H6WEFTT =7 M
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BMefioTWET, 7= bOBINX __class__ BET7 27 A LD, type(obj) THUR LD H
kET,

type alias
(B4 v 7R) BoRI T, B2l FIAAA L TERL 35,

M4y 723 Ber b 2HMLT2DICHHTY, flZIE:

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

CHERDESITEDFHART S TEET:

Color = tuplelint, int, int]

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

pass

FEEEDFTHD H % typing ¥ PEP 484 2B L T F X\,

type hint
(Ble > b)) 28 7 7A@ BT A —2R0B DEOIIGFE N ZHEE T 5 annotation TF,

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

They can also aid IDEs with code completion and refactoring.

ra—rOVER. 77 A, BT, -V ZEE TRV DDAk ¥ M typing.get_type_hints()
THISTZ %7,

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

universal newlines a
FRAMRA MY = LDERGED—DT, LFOITRTEITREFHL £3: Unix DITRHE '\n'. Windows
DOREE '\r\n', HW Macintosh OFE "\r'c FHERICOWTEEL <& PEP 278 ¥ PEP 3116, &
512 bytes.splitlines() HZML T Z W,

variable annotation
(BT /7 T7—=>ay) B-DH 52037 7 2D annotation .

ZRDH2H0E 7 7 ARMEICHERZ I 722 i3, RARDTRERTT:

class C:

field: 'annotation'

BT ) T—ya id@EEBEEY N oo Ed: flZiE. ZOZEEIT int OEEES 2 2
FEINTVWET:
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[count: int = 0 ]

BT ) T— a YOI DWW T annassign i CTHH L TWE T,

FEBEDFIADI D 2 function annotation, PEP 484 , PEP 526 2SR L T ZX W, £z, 7/ 7 —> =
VEMATENRANS T 27 4 X2 LT annotations-howto HSIRL TL 72X W0,

virtual environment
(IRARBRER) iU D BES N2 FATERIR TS, Z4AUC & D Python 2—H e 7 7V r—> a VIFFE LY
27 5 ETEHNTWBMID Python 7 7V 7 —2 a Y OEENC TS 2 Z 27 < Python Sy 7 —Y DA
VARV EERERITO LD TEERTD,

venv ZZIR L TL ZX W,
virtual machine

(R~ V) ERICY 7 by 2 7ICE D EFREINZa Y ¥ 2 — &, Python DM~ ik, N4 ba—F
avRAIBHII LI N1 FO—F 2ETLET,

Zen of Python
(Python ®O1& D) Python ZHfRLAHT 2 LTOEZ 45, Python OFREHRAIE T¥Z2 Y A ML
bDTT, XWah7 v > 7 M T 7import this” ¥ T2 ZDVRAMEFHDET,
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T8

CORFaAXYHMIDOWVWT

ZORFa2XY A, Python O FFa Xy b2EFELZENE LTELNT FXaxy b7 atyH D Sphinx
ZHRIFA LT, reStructuredText FERD Y — 2 H4EMINFE L=,

FFaxXybrZzoy— 1oL, Python BH EFIRICEEICR T VT 4 7OENTT, b LHRIVEEK
L7zwWis, YOX5TREXI VIO WT reporting-bugs R—=S 2 ZETE WV, HILWRT VT 4 7idWo
THEHNTI! GRiF: HARREROMEIZOWTIE, GitHub E® Issue Tracker THEZBBEWL £3,)

EFNAYT L

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

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

e Fredrik Lundh @ Alternative Python Reference 1Y =2 b & Sphinx X2 D74 77 %18 %
L7z

B.1 Python R¥ a2 X2 BikE

%< DFj & Python 38, Python #5475V, ZL T Python F¥aXy7—>a ITHEHLTINT
WET, V—REHYWD Misc/ACKS 12, ZNHEBML TS AL EHAHCTEDDETHIR N Ty 7L
THH %7,

Python a3 2= 4 25 DEHIBM L B R FTEZDOEBL LW FFa Xy F—ya YiddETFNFELATL
o - DAL D!
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&R
C
BEL>14t>2X
C.1 Python DFESE
Python & 1990 FFR DD, F 5 ¥ XiZH 5 Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/

ZM) T Guido van Rossum 12 &> T ABC L MHIN 2 SFEO®RMSEL L TEARINE L, Z0HRELD
A% 7D Python IZEHBAL TWE T2, Guido X5 HTH Python BEE DI > TVET,

1995 4, Guido 3 KEY 7 =Y =7 ML R b »iZH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnrireston.va.us/ ZH) T Python ORFEICHEDL D, W D2PDNN=Y a2V V- LE L7,

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

Python DV VY —REIR2TAH =TV Y =R (=72 YV —RDEFEKIZ https://opensource.org/ #BIRLTLIZE
W) TF, BHRIICAT, T —#FERIZEA YD Python VY —X1% GPL BUCKR>TWET; £V IV —X
KOWTE FRICEEDTHD £5,
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Dy—2 ~R-=2 FEEF 1R GPL Ei#
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.14+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DI 2.1.1 2001-Bift PSF yes

AR

FGPL Hify W5 REX, Python 28 GPL TEAMAZXNTWVWSE WS EKTIEH D £¥ A, Python D7 A
Y REFLT, GPL bV, FELIANA-Y a v 2T 3BICEELF - T VY =R LARLSTHDREY
FHA, GPL B O 74 Y ZADFTIX, GPL TV V) —XRZhTVWAMDY 7 b v =7 2 Python Z#AHE
bELNETH, ZhLHNDIA LV ATEZSTEDHD £HA,

Guido RO T, TNHDV V—RAZARICL T K E 0B DRI VT 4 TDABRIATEHL £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 incomplete list of

these licenses.

114 18 C & BEr 1€



Extending and Embedding Python, 'J1J—X 3.13.0rc2

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.13.0rc2

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

3.13.0rc2 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 3.13.0rc2 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All Rights
Reserved" are retained in Python 3.13.0rc2 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 3.13.0rc2 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
3.13.0rc2.

4. PSF is making Python 3.13.0rc2 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.13.0rc2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.0rc2
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0rc2, 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.

C.2. Terms and conditions for accessing or otherwise using Python
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8. By copying, installing or otherwise using Python 3.13.0rc2, Licensee agrees

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

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

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

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

its terms and conditions.

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

granted on that web page.

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

bound by the terms and conditions of this License Agreement.
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C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

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

its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisioms.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
(KDR=12HE <)
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under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

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

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.13.0rc2 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,
(KDR=D128i)

118 18 C & BEr 1€



Extending and Embedding Python, 'J1J—X 3.13.0rc2

HIDR— % 5D E)
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software

incorporated in the Python distribution.

C.3.1 Mersenne Twister

The _random C extension underlying the random module includes code based on a download from http:
//www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim

comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)

or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
A1l rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
(KDR=D12HiL)
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A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 Y7wvhk

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

The test.support.asynchat and test.support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
(RDR=212Hi <)
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WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

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

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

Author: Skip Montanaro

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

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

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

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

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
(RDR=212Hi L)
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Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
(RDR=D12Hi L)
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ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

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

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

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

C.3.9 Select kqueue

select Y 2 — L kqueue £ ¥ R —7 2 — ROV TDRDEHEEATVET:

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

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

1. Redistributions of source code must retain the above copyright

(RDR=212Hi L)
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notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

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

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

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

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24 algo-

rithm. It contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and

from strings, is derived from the file of the same name by David M. Gay, currently available from https:

//web.archive.org/web/20220517033456 /http:/ /www.netlib.org/fp/dtoa.c. The original file, as retrieved on

March 16, 2009, contains the following copyright and licensing notice:

/KoK ok ok ok ok ok koK ok ok ok ok o ok Kok ok ok ok ok o ok koK ok ok ok ok o ok sk ok ok ok ok ok ok kK ok ok ok ok ok ok koK ok ok ok ok kK K

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

The author of this software is David M. Gay.

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

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

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

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

C.3.12 OpenSSL

The modules hashlib, posix and ssl use the OpenSSL library for added performance if made available by

the operating system. Additionally, the Windows and macOS installers for Python may include a copy of

the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and

later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
(KDR=D12HiL)
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the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (507%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

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

and conversions to other media types.

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

(an example is provided in the Appendix below) .

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

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

excluding communication that is conspicuously marked or otherwise

(KDR=D12Hi)
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designated in writing by the copyright owner as "Not a Contribution."

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

subsequently incorporated within the Work.

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

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

meet the following conditions:

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

Derivative Works a copy of this License; and

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

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

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its

(KDR=D12Hi)
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distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least ome
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

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

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditioms.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,

(KDR=D12Hi)
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whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

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

--with-system-expat:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(KD<R=2128i<)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi sources

unless the build is configured --with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

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

C.3.15 zlib

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

is too old to be used for the build:

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

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.
(KDR=D12HiL)
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Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

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

appreciated but is not required.

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

misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc TEHL TW2E Ny ¥ 25— 7L DFEEIF,

cfuhash 7oy 27 FOHDICHIETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

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

are met:

* Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

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

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

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

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured —-with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

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

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

are met:

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

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

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

specific prior written permission.

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

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditionms:
(KDR=D12Hi<)
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The above copyright notice and this permission notice shall be included in all

copies or substantial portions of the Software.

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

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s ”"Global Unbounded Sequences” safe memory reclamation

scheme in subr smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeffQ@FreeBSD.org>

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

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