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AL TVET, ZOXIRET 2= A TR LVEBZERT 2720 TERL. HILWES, ZoXYy b2
ERTDIENTEET, FFaXy bTRMO7 7Y 7 — 2 > T Python ZIESiEE L THAS 272912,
Python 4 ¥ XY X% 7 7V r— a NITHEDADHEZOVWTHEHLET, KR, TEBOIRL—T 4 >~
7Y AT WD (FATH) B— FEFR— P LTOVRE, HREY 2 —ADBICS A4 75V icu—FEh 5 &
ST, BV a—A%aV AN LY VI T BFRICOWTHI L £5
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EITITHOHY—RKN—FT1Y—

ZDHA EBHIN—FTZDIE. TDN—Y 3 >D CPython D—i e L TR TWS, IERE(ER T 27200
HARMW Y — L7120 TF, Cython, cffi, SWIG, Numba D X 578 — K 8—F 4 OV —)Li, Python @ C B &
O CH+ R ZEK T 27200, KO EEr DX DS AFEZREL £9,

BE:

Python Packaging User Guide: Binary Extensions
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B2, FTHDICREIIRESY 2 -V 2E2 Z e PEF LV ORRA RBEHEICOVWTHEM L TWVE T,
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Y—RN—T1 V=G L THRZES

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
LEd,

FR: CHBRDA > & —7 =4 A% CPython IKEBEDSDTH D, ZHUT K BILREY 2 —FiEH D Python
FEETRIIELEHA. ZLOEA. CIEEZEL 2 2BHT TEL D Python D 7= DI 2 HHET 5
ZEWEFAEET T, e RE, BDREVDLEVWIEN C F4 77 VDB AT a—V2RUHT e THS
%G, ctypes 503 cfi 74 77V DHHEZMRETANETT, THHDEY2—MF Ca—Re AV Z—T =
A AL, CHEREZENTa Y A LT 2 DITEHRT Python M D X b & WEBHEEL b -7 Python 23— K%
ErETINET,
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2.1.1 FHELE

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, )

ZDT 7 ANDEYD 2T TDI ST LET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

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

AMR: Python 13, AT AL TRIEHEAY FOERIIHEE T2 L5277 aby BEREIToTVWED
T, Python.h ZWFhDIFEHEN Y XX D BHHIICA ¥ 71— F BRITHED FEA

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See ¥:5RE Y 2 — LB
TO/NZ XAZER for a description of this macro.

Python.h TERIN TV L L—F»SAHD > ¥ FUE, RTHEEE Py £7213 PY BMPT0nE 3, 7271,
BHEAN Y X7 7 A VADERIIFRZ X T, i ODH L. Python WTEHEIIHES 2222 0w Hlin s,
"Python.h" IFW K D DIFEHEAN Y X7 7 £ )L: <stdio.h> | <string.h> . <errno.h> . B XU <stdlib.h>
EAYINL—=FRLTVET, BEDANY X T 7 A AP AT L LTI, "Python.h" 2B malloc() .
free() BLU realloc() ZEHERL X7,

RIZT 7 A BT 2 NAEE. Python 3\ spam.system(string) ZiHii3 2 RICFEHENE Z 225 C
BT S (OB REINCED XS5 I TIE, BRTI DD £7):

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

const char *command;
(KD<R=212%i<)

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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(FIDR=I 5 DfEE)

int sts;

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

return PyLong_FromLong(sts) ;

Z 2Tl Python O5[#Y) 2+ (flziX, B—oK "1s -1") 25 C BBICHETFIRICZOEFEEML TV E
3, CBIIF o058 zHb. EHIIC self BXY args EMINE T,

self BIBITIE, Y 2 — VLUV THIITEY 2 — A, XYy FRIZA TV 27 M VARV ADBEX
nE I,

args 518UE. BIEDA o7 Python R FNATI 27 bADREA Y RIZKED T, RIAVNOFERIL, O
LDBEDFIE A MZBIT 2 &5 18IS L E 3, 5180d Python 4 7Y =2 T3 - C BETHIEZ M - T
PEITIICE, A7V =7 b2s C OEICEHERIER D £2 A, Python API OR% PyArg_ParseTuple()
F5 IO EF v 7L, C DIEIZENLIL ¥ 3, PyArg_ParseTuple() &7 > 7L — M XFF 2> T, 584
TV MOy I AN C EBOMEHFLET, ZHAUTOWTIIERTHLIHHALES,

PyArg_ParseTuple() &, 2 TO5|IHMELWHEZEE-TWT, 7 FLREL INLRERICES I BEZRZRF
L7c EiICH (JFtnm) 2IBRLE9d, ZOMBMIBRERSIBV A M 2ET M () 2RLET, BREOHEG. M
BB 72 f 2 kT 20T, MEHLENE (Flicd 2 £ 512) TSI NULL BT LI LT E &0,

2.1.2 JBREGE: TS5—fi5

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

understand how errors are passed around.
Python API T, BALEDHINELY b T E2DDBKEVOPERLTVET,

ot b XHWSHNZDIE PyErr_SetString() T3, IEEHINA T =2 & C XFHITS, BIsA T
¥z 7 MIEH. PyExc_ZeroDivisionError O kK S RERFADA 7Y =7 P TF, C XFHNEL T —DJFH
%R L. Python X5 A 7Y = 7 A THS O 7 (FEE” ITREFS XS,

b5 —OHHLRMEE L LT PyErr_SetFromErrno () 23® b 3, Z OBEI5IEICHIAIZ T2 b, (NEMEIXS
0 — LEH errno MO L EF, b o & HIANLRBIEIE PyErr_SetObject() T, —DoDA 7Y =7 b,
st e EMEESIEICE D E T, TNHBEICIEST A 7Y =7 M Py_INCREF() 250 EH H 8 A

2.1. C % C++ IZ& 3 Python DGR 7
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Ay B ENTVSE 2L 52X, PyErr_Occurred() % ffio TIEMEEMICHANONE T, Z OBEKIIRED
BISNA 7Y =227 PRIBLET, BISHFEEL TOARWEEITIE NULL 2R L9, @l BEBORYE»rS T
T —DFREL 7 EHFITE 21372 DT, PyErr_Occurred ) ZFFUHITHEEIH D FH A,

RIS g ZEUHT f 25, AIEOBBOMOH LICKBLZ e 2T 2, f BRIZT 7 —fE (KK NULL %
-1) ZIRERIEXR D EFHA, LA L., PyErr_x BAEEHOWIT L ZIFUHTHET HD EFHEA — RELL, g
FTTRMIHLTWE DS TT, RWT f #MOHLZa—-FH 7 —%2R3HE BSEFUHLAEI—F 13K
T IR DETH, [FARRIC PyErr_* 1 MU LEFEA . DIFRARRICHREE T - =5 —DRHFHELWERIL,
BONCT T —2MRE LEBES T TIHRE L TWE 25T, 75— Python £ Y XY ZRD XA 2 L—FIT
FET 3 2. BHEFITHO Python 2 — FIZ—KEIE L, Python 70277 < aE LI F o2 ELHZ
St LE7,

(EY 2= PyErr_* Bz d 5 —ENUOH LT, XDFMARLS X v =Y %2R MT 2 X 5 RIRWHDH D
F9, COXSBRATEZI TRETT, LIFVA, —RINRERIE LT, S OBIBOR M b IO H 3R B
2L LB TRET S —DBERICHT 2 EMELSBRICZDAETT: ZAICED. 1FL AL OBRIEIEE L 7258
W 5 5HF 25 LNLEHRA)

H 5T L TOUEORBIT X o Tl v I 2 Al $ 51213, PyErr_Clear() ZM-UCH L CTHiISt
REBZIRINCHE L RS TR ERA. T7 %A X7V ZIE L <, BATT (I o/EE%21T-
7D bR SR oD XIICHENPIT S L57) =7 —UHEZERIIITIHEICDA, PyErr_Clear ()
EMHUHET EICTRETT,

malloc() DFECN LARRUIE, HIHIFMZ LR TER D £2A - malloc() (E721F realloc()) T EHEMY
H L Tws a— Fi&, PyErr_NoMemory() ZMUH L T, KHEZRITEZRIQAIRD FHA, 7027 %
T 52 TORE (Bl 21X PyLong_FromLong()) & PyErr_NoMemory() DU L ZFEEETLE S5 DT,
Z OHBAIHBER T 2 DIXEE malloc () ZMHUH T a— K2 T,

%7z, PyArg_ParseTuple() &5 EHELAISNZFRNT, BREDIRE 2 — F 2RIV TW, Unix DY X
TLa—LeET L, MBI LB Ca £2FIEOERR L, KR LEBEIE -1 Z2RLET,

REBIC, 7 —FREZETEC (27 —BRETL2ETRBMCERLTLE2 AT =227 MITHLT
Py_XDECREF () % Py_DECREF() ZM:UH{LT) ZANBZTEEIITo T EW!

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

or must satisfy other conditions, PyExc_ValueError is appropriate.

EY 2 VEHOH I RHISN S ERTEE T, ERT 2103, EHRIET 7 A VORBHRINCHN LA 7Y =7 M A
BOESZTVET:

[static PyObject *SpamError;

8 B2E Y—FN—To VIR LTHRZES
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and initialize it in your module’s initialization function (PyInit_spam()) with an exception object:

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

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

return m;

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

described in bltin-exceptions.

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

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

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

shown below:

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;
sts = system(command) ;
(RDR=12HE<)

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

}

return PyLong_FromLong(sts) ;
}
2.1.3 BlICRES

FIEFEOBEBOBNCRES &, 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 () TFXFH % L T Unix PAR system() ZMOHLTWET:

[sts = system(command) ;

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

function PyLong_FromLong().

[return PyLong_FromLong(sts) ;

EOBATE, BTV =2 FRBLET, (25, BHTT 5, Python KELTRE—7 DA TV 22 13
DT )

il B RAREZIR Z 72 0EEL (void %R 3BIE) WS d % Python OB None iR X 4Ud72 D ¥ A, B
UZ None ZIBE ¥ 21213, U TN XS5 7EHAZMEWE S (ZOEHAIE Py_RETURN_NONE ¥ 27 RIZHEE I
TVWET):

Py_INCREF (Py_None) ;

return Py_None;

Py_None X372 Pyhton 7Y =2 N TH 2 None X532 C TOLETT, INFTRTELLSKIEL
AXDAYFFRARNT 7" 5" ZEIKT 5 NULL KA ¥ X LI1Z#E W, None 13HiH7 Python ®F 72 = 2 b
T3,

10 F2E H—RFN—To V=GB LTHEREZED
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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:

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

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

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

/* Pass argu[0] to the Python interpreter */
Py_SetProgramName (program) ;

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

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

PyObject *pmodule = PyImport_ImportModule("spam");

if (!pmodule) {
PyErr_Print();

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

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

12 FE2EY—FN—Ta V-G LTHEREZED
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(FIDR=I 5 DfEE)

AR BH—oFat AN (£72103 fork() D exec() DM AL TWRWIREE) BIF 2B BOA4 &7V &I
BWT, sys.modules 5LV MY ERELLDFLRA VA NEAEY 2 —/L% import Lizh T2, Ik
REY 2— M X o TRMEZEC L ZeHHD T5, IHREY 2 — VO, WET — X EiEZ ML S 5 B
WL K SHLITRETT,

SO RENEEY 2 —1HliE, Python Y — ABAAYIC Modules/xxmodule.c ¥ WHEZRTTA->TWVWET, ZD
T77ANMET YT — P LTHHAMTERTL, BTl LTHFmD T,

AMR:  xmodule I spam & 2z D, ZEFEVIHAME (multi-phase initialization (Python 3.5 OFFERE) 2o T
WEF, Pylnit_spam %% PyModuleDef ZiR L. €Y 2 —/LOERBIIHRIC import FEMEATTVE T, ZEFEIIH
LIZDOWTOFEMIE PEP 489 2L TL 22X,

215 ORIV 2D

FLUWIERES 2 — L2 # 22 L5102 ET, ¥ O0fE%E: a2 41, Python S ZAFAADY > 2,
Do TWE T, BIFAIAA (dynamic loading) 2o TW5 D76, fFEDFFMIZE DD AT L03MHo T
WA AABDIERIC L o TED LD LOEEA; FH LA HHREY 2 - LD NI 2% (CH&
U C++ RO EILE ) %, Windows 2B % B RICBET 2 BMMEROE (Windows ETD C LT
C++ HEREZa—ILDEILF &) ZBRL T X0,

B ARAA R I oz, Y 2 — LB HEE Python £ Y 2 7V ZO—HIC L TEEWEEICIE. 4 V&
TVRDEN FREZLBELTHEL FLERTNRERS% S TL x5, Unix TI&, FHR I 2122 DIEREF
CTHHMTT: HICAEDEY 2 -7 7 4V (flZIF spammodule.c) % B L7z Y — RELAYID Modules/
T4 L7 bUICEZE, Modules/Setup.local ICHZD 7 7 A VAT 2L N O—1T:

{spam spammodule.o

PEBIMLT, by L RXLDT 4 L2 YT make #FETLT, A VX TVXEHEIL KT BT TT, Modules/
Y774 L2 P TH make #EITTEETH, Hid o T 'make Makefile’ #EFTL T Makefile ZHEIL KL
TEPRIFINUIRS D FRA, (ZDIEHEIX Setup 7 7 A VEEE T 57-0ITHETT, )

BT 2= ADRDITATIV VT EINTVIRENDL5E. 7477 VSRET 7 A MHNIETEFT, f
ZIIUATFD XS5 L%,

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

2.1.6 C 75 Python BBSEFUHT

ZHETIE, Python 2260 C BEOMIH LICERZBVWTHERTEE L, EZIATIOH: CH50D
Python BBOMUHL S E/EGHTT, bt WbWwd " a— Ny 7" BEIR-bT2X548547
7V RIS 2 BCIE C OBENERNTT, 2 C A Y X—T 2 =P a—ANy ZZ2FAL TV 255, FF
DOREREZ 1R T % Python 2 — FTWX, LIX U Python v 2o ~ica—il "y ZEER T 2 08N H D
F9; 2o EFEETE C TEINLa—ANy ZEED S Python THINa— %y 7 BBEFOHT X
T EMENHLTLE S, bbAA. MMOHBRDEZONE T,

FEER Z 212, Python 4 ¥ &2 7Y ZIIHHEICHIFIFEOH LTE, Python BEZMFIH T DFEREL > 2 —
7x—=2AbHDFF, (Python R—HFZREDANLFZME > THRIETHEZOWTHRT 2205 D1EHD %
BA - ZOFEICHEIEND 5725, Python Y —X 32— F®D Modules/main.c IZH %, A~ P74 A+ F>a
Vo—c OFHERRETLIEZZ W)

Python BABOFERHE LIEFETT, 3. COa—FIWLTa—ANy Z72EHL XS5 T3 Python 7’1
7' ME. IS DFET Python OBA 7Y = 7 P2 EXRERD EVA, TDLDIT, T—Ny 7 ER
B (F72i32oftid 4 > 2 —T7 = —R) ZEMEERIER D FH A, TDIT—N Ny ZEFREIBDIT O X 7B
12, 5l EJE XNz Python A 79 227 bADKRA VX E 70— VEBIZ — H BV, ¥ 2@ REgRn
— RELET (B4 7Y =7 % Py_INCREFQ) 2 &5 K<HFEELTLEZW), flZIE. LUFD & 5 2B
MED 2—ND—FIZK->TVWBZETL x5

static PyObject *my_callback = NULL;

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

PyObject *result = NULL;

PyObject *temp;

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

3

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

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

result = Py_None;

(RDR=D12Hi L)
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(FIDR=I 5 DfEE)

return result;

This function must be registered with the interpreter using the METH_VARARGS flag; this is described in
section EZa—ILD XY v FF7—7)L L #EALEEEL. The PyArg_ParseTuple() function and its arguments
are documented in section ¥LEREY 2 — LB TD/NZ X 2 ERH.

Py_XINCREF() 3 XU Py_XDECREF() &, # 7Y 27 MIWT 2SIV Y b2 A Y I URX Y N/ FTZYX 2T
T272DD~ 70T, NULL KA ¥V ZBPEINTHRBBETEZHATT (2idWi. EoRIATIE temp B
NULL IZ7%2 5 Z2iEH D FEA), ThoD~rueBRA Yy MZonWTiE, BRATY ME THIHLTVWE T,

ZO%, =Ny ZEBEFOHTRDR 5, C BI% PyObject_CallObject() ZFFUOHIL $3, Z ORI
=205 Python B Python BB DI Y A 35D, WIFNHEED Python £ 7Y 27 b 2R
FTRAVEHTT, 51V AVNIERXZXINVA T 27 v TRINREZR ST, ZoRX 5 BB £5,
Python B %5157 L TR T D4R 6, NULL DX FLE2ELET; B—05 MTHBZENROET DR 5,
B (singleton) DX L% L %5, Py_BuildValue() OFAXXFHIHFIC, Lol %2 3—EM EoHE L
A= RPA S IFEMD D 256, ZOBBIZZ TV ERLET, INhlZRLET:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject() & Python A 7Y =7 FADKA Y ZZ2K L £F: T4l Python BAEH» S DR D E
127 h £3, PyObject_CallObject () &, 5IEUCX LT 7 ZMH v > ML (reference-count- neutral)” T3,
LOBITEZ A EERL TR 22 LTIREELTED. 2D X FILX PyObject_CallObject () DMEUH
LIE#IZ Py_DECREF() SN TWVWET,

PyObject_CallObject ) WFEDMEE LT "H LW A7 =7 b: FRIHERESNIA TSI =7 bh BEHFOF
T2 POBRAV I RA VI VAV P LEBDERRLET, [EoT. 2OATTY =2 bErm— ULERIC
RELZVDOTROWPED, 72 2 ZOREDEICHEIENR TS (LA £ THIUIRBZS!) M LI
ECTRYEATY =2 % Py_DECREFO) LTI D F¥ A,

Y3z, R E% Py_DECREF() ¥ 2HIZIZ, A5 NULL TRWAF v 27 LTEL ZEMEETT, $ L NULL
25, FEOH L7z Python BABUIBISN ZIEH L TR T XE 5N TWE T, PyObject_CallObject () ZFELNHIL
TWw3a— FEKD £/ Python 225X TWEDTHIUL, S C a— RPEZEZHUEHLTWS
Python 2 — RIZT I —ERERZRERIXRD FHA, ZRUCEID. A VX TV REAZy 7 P L—REHTIL
D, BISENIRS 2720 D Python 2— FEFFOHLED TEF T, HIADOBERBRAEERZ 572D, LRV
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D745, PyErr_Clear () ZMATHIAZHEEL TE PRI FHA, FIZIZLLTFD XS LET:

if (result == NULL)

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

Python 2 — A Ny ZJBEBEELEARALA VY EZ -T2 -2 LEVILICE> Tk 5BV 2%
PyObject_CallObject() XS5 ARUTNIBBRLLWEEDHDET, H27— AT, a -1y Z7EEE
HBELLEDERUA YR =7 2—R%ZNLT, 5l VAPBEINATVI2D LAEEA, RO —2
T LRIV EBEL TRV A P 2EI QAR ROV 2b LAEEA, ZOHAERDBHLOIF
Py_BuildValue() 2FERSD A TT, HlZIE. BEOANY ba—FE2ELLZTIUE ITFO LS Ra— REfHf
HZEIITRBTLXD:

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) BMUHLOER, T7—F =z v 7 XD IENICEI N TV I EICHERLTLEIWV! £
Joo BEEICE ZE. 203 — RIZERTIEH D £HA: Py_BuildValue() EXEVARRBICBHWVWE0d LT,
Frzv 7 LTBLRNETT,

WE DS F—v— F58E ¥ K- F % PyObject_Call() Zffio T, F—v— F5l%EE> BEEFEOH L
BN TEET, LOBIEFEIT & S512, Py_BuildValue() ZfE-o THELZED £3,

PyObject *dict;

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

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

PyArg_ParseTuple() BAEUIIM TO LS ICEE STV E T

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

518 arg 1& C B 5 Python XN B35 YR MBA27X TINATI 7 bTRINERD 8 A
format BIEFFEXSLFEHIT, Python/C API V7 7 LY A< =27 )LD arg-parsing T X T W2 FIRIHE
DHAERD FRA, B DFIEIE. TN DOERD 7 L AT, EXEXFEF > 5P F 28T o TwRiF U
7D EE A

PyArg_ParseTuple() ¥ Python fll2» 65 2 5N 5| BB ELRABICR > TV BTN 2 DITH L,
PyArg_ParseTuple() IMUH L ORI I C ZHDT FLAXEHREZROPFAXLAR VW &
WHERLTLEEWV: ZZTHEWEZLT 2, a—F 28277932 3250b L0EEAL. PRADBTELLDR
By b2 XEYVICEHFEZLTLEVE S, HEK!

IFOH LA EN S A 7Y 2 7 PADOBIIZTRT EA 2 (borrowed reference) 127D %9, T 5DA
Tz OBRAV I T 7 URX Y FLTIERD FEA!

DIRIZWL O LAIE R L £5:

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

int ok;

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

Py_ssize_t size;

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

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

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

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

2.1. C % C++ IC& 3 Python DGR 17



Extending and Embedding Python, J1J—X 3.11.11

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction(1+23) */

2.1.8 HERED 2 —ILEABDF—T— KNS XA

PyArg_ParseTupleAndKeywords() &, MU TFD IS RKESENTVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format 787 X X3 PyArg_ParseTuple() Db D LR UTT, kwdict X7 X XZF -V — RE|IBDA -7
T, Python 7 V&4 A AT ADBHE= 8T XX LTRITID £5, kwlist 787 X Z13& 85 X 2 &2 3#5]
T B7DDLFHNDP BB, NULL #IHE Nz ) A M TT; K87 X XA format FORUERICH L TED» B
DIECBEXNE T, BIT % L PyArg_ParseTupleAndKeywords () ZE %R L. ZhLSNOHEIIE#EYI%
BIsL 2 X L TR ZIR L 3

AR: F—U—FEEEF->TWEHE, XTVEIANRTIILTHEZZEA! kwlist NIEELRWF—TU—F
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NRTRXARPEINT5E. TypeError DEHZEFIZRLI L F I,

MFReFxF—v—F2lio7Ey2a—HlZ/RLE T, Z4UT Geoff Philbrick (philbrick@hks.com) (2 &% 7w
FZoBlEb LIl LTVETS:

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

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

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

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

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

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

return PyModule_Create(&keywdargmodule) ;

HIDR— % 5D E)

2.1.9 FEDEZRBET S

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

£7:

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

Py_BuildValue() (d. PyArg_ParseTuple() Dl 3 % —@HDOEXEMITPAEXRM 2L £5. 2L
(BB~ TIdR . ANcfbi ) 518K A ¥ XT3, ZEOMETRIFNIRD £ A, Python »
LI ENT: C BRANRIEE U T#EY %, Hi7zZ Python #7922 F2RL %9,

PyArg_ParseTuple() &I¥—2E S mAH D £3: PyArg_ParseTuple() IZH 5182 X TN T 2 0ENH D
%3 (Python OF#Y X MIWNEINIIHEIC X L e LTREEN 255 TF) 2, Py_BuildValue() & &7
NS 2 L3R D £¥ A, Py_BuildValue ) EEAFHNFICERBAN —OhZhL EA o TV EHEIC
DARTINVERRLE T, FEXFH)NZER S, None ZIRLET, Zohbh—o00FERENLS, ZOEREN
MR LTV EHOELDA T 27 MRV ET, FAXDB 0 1 DX TIVIBRIEZVDR S, FEAFI%

FEIM TN R,

DRl ZRmL £ (LRFFCH LAIZ, GiICHEEN 25 Python EZRL £7):

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

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

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

None

123

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

O

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

{'abc': 123,

(1, 2),

'def':

3, ),

'world')

456}

(5, 6))

20
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2.1.10 BRAU >V ~E

CRCH+ DE5EHETIZ, Turs<iie—7LOXE) ZECHEELEZDBRLED T3BEELHD £
T, 29 L72E¥E C TEBE# malloc() R free() TTWE T, C++ TEAEMICHE UEBK THE T new %
delete BMfEOLNFE T, 2T, UTD#EMIE C DFABEL TITVWE T,

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

FLBHBEXEV Y =27 DFEAE 2 — FHOEE TR VBRI TS, flZE. H2MBH2XEY Ty 7%
U, MS205HEET->T, BETy 7EMRRTI2 LET, 3T, BROBERMEHEEZLZEL T, FHHEICHT
27 ANEEBMT 22, T7 %L, BROBRPCUELTRT IR0 LNLETA, ZORFPTD
MTDPREZ L E, HEINZXEY 78y ZIEERLENRTVOTT, 23— KRB TENXNGE IR
ZOTT, ZODEIBRAEV VY = 2—HHIVAATLES &, RVEBRHEINRVWEFICRZ P I HDFE
T L5 XBBMOKTIZ. ETOBEBTUOHLDOIHLTIZADDTAREG LIEET,. 20— TiEL
AE@ER%&%E%@@%%@&“?%%%ofmétm XEY V=2 BELPICHRZDIE, BVEEIEL T
W 7ate AR =R THEBEMESH BRI on 2056 TT, itoT. ZOMOTI —%H/NRIC
DB I a—T 1 ¥ THKIRHEEE R BT T TE@X%UU—?%&%% EDEERDTT,

Python & malloc() % free() ZIEFIC L MAT 2720, XEV V=27 ORGILIIMA, BREHIZXEVD
R ZBIES 2 BB ETT, ZORDIBINI2ONBIA 7 >~ ME (reference counting) ¥ FHEH % Fik
TS, ZHRAIY Y MEOFHEIIHHETT: 2TOF 7Yz MIWEAV U RBHY, A7 =7 MIHT 2500
EIPRFEEINZOAID Y EREA Y VRAY ML, 7V 27 MERT2ZRPEIBREINLT7UX ML
F9, AVUEBERZ R oD, AT 27 PADRBOSBIMHIFRES N Z 8 IZRD, A 7Y =7 MR
nE3,

b5 —DODHIKIZHEIA R—a L 7> a ¥ (automatic garbage collection) L MENTWVWE T, (BRAY Vb
BEAIR=YaLryaVBEo—2r LTEIFONZ2dHSDT, ZOo2XAlT2720ICEHT " HE)
(automatic)” ZfHoTWVWET, ) HEIAR=—YaL 7y a YORELAKIE. 2—9D free() ZIHRINC XX
BATEWZ DD FF, (HESLXEYOAMAAELARE LTFERSINTOVET — A, L2 H
ETEDHVFEEA, ) CRBIZ2HHIR=—YaLryaryORAEZ BRAREDD 2 hR—TaL 7 ZHBEE
LEWNWEWS ZETT, ZRUIR L. ZRAY ¥ MERARED H 2 FENSTE T (nalloc() X free() Z 7l
FATE20M0METT —— CHEERZINEZHFRIAELTVET), WOOHD, THREDOH 2 N—2aL 7 xh
CTHERZEICHREIZPOLNERAD, ENETIESHEI Y Y FMETR > TW L BATIERVWD T,

Python TiZ. EHMNAESIRA Y Y MEDEEEIT-oTWE—H T, SROMBREME T 2 =012 < TEERS M
HItEHE (cycle detector) HREEL TWE T, TERSIBMRIBBE OB T T, B, HECr» O 5 TTHRSROLE
BERIZETR 7 IV r—ayEMBRTEE T, Wi 0, AV Y MNERETREfsT-AR—YaL sy a
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VREIICE o TERSRIBF A2 5 TY, ERZRIZ. (HEZROLEL 2 T) HENDOBEB A o747
T PO ENS D, BERADA 7Y =7 M3IFLIFEROBRA Y > M eib 3, WS Y

Y MEDRLETE, L AERZEEZVRT 24 7Y = 7 NI L THICR LS ZRB Ve LT, ERSEAD
EDATI 27 MBI A XAEYBHAHTE I A,

BRI Z D XS BRI R=IH A 7L (HiR L7 K S RIEIRSRA 7Y = 7 ) 2RI LTHEINT % 2
EMTEET, g BV 2— V20X BBHEHEOET (collect O BIR) 2T 2 L BT, REDLDHOD
4 Y RT 2= 2B XN ZITRICEINCT 2 AR LTV E T,

Python IZHIT2BBAV Y ME

Python 213, ZRAT Y FDA Y7 VXY T2 YRy F2UHT 2 D0~ 71, Py_INCREF(x) &
Py_DECREF(x) 23% D 3, Py_DECREF(Q) (&, BRIV Y "L ZEELEBRIC, #7927 FDXE VK
BITVWE T, FMEZF 27D, free() ZEHETIHLEFEA — ZORDHICATI =7 FOBA T
Y=z b (type object) ZNMNLET, ZDDIC (OHNSDHD £FH), RTOLF 7V 7 MIHGOHA T
Dz MNIHTERL VEBA->TVET,

ST, FREERLEEMDPE > TWEF: WD Py_INCREF(x) % Py_DECREF(x) ZHZIZLVDTL x 507 ¥
3. W O DHGEHAPHHRDEETLIZE Y, £3, A7V =227 ME 7 5 (own)” Nz iddHh x¥
Ay LI, 24727 MW T 2SBOFTE own a reference 3 TEE T, A7V 27 FOBELY Vb
B Z0A TV =7 POBROFEZRZ T TWSEMEERINTVET, ZROMEEIR. ZRPILERL Lo
7zF#1Z Py_DECREF() Z MU ITHENZHWE T, SHROFMEMIZIRE (transfer) TX F3, FIESM (owned
reference) DMEITIZ, 3. fRFT 5. Py_DECREF() ZIFUH T, WS =2DHEND Y £3, FiEZHE
MELEh2e, XEV) =725 ZRILET,

ATV 2l Mt 2B B (borrow) AIRET T, " ZIBOMEH#H L. Py_DECREF() 2MATIZRD ¥
BhA, EAEX. SROFEE>SERL-HMEZEL CSBE2HEE LT T3R D TRA, FTEENSIRE EE
LB THEAZHEEZMHES b, BEISAXEV ZFHLTLE S GEREH 20T, xhiir iz F8A,

ZIROMEHANZROMA LD SENTVWE R, a—F2RED 52550 WHRIKRTSREHERL TH X5
FRLELSTHEDZETY — flosuwizdiud, BHZROSEIIE. L O@RPClBZRTLTOXEY
V=2 DfEie BT I RN, WS T, M, AL DB AMLRIE, TEebICRAZa— P
EERCIZHROMEAITTTHRERS N TLE > LRICZDEBREML S b LR W X S RMIbmIkAH 5 L5 2
ETY,

Py_INCREF() ZWUHIF . EHZREMESIRICEETE XS, ZORFEIZROMEHITOREBIIZHZEL £
A --- Py_INCREFO) 3¥i7-2ESHEZER L. ZROMEEDPHIRNELTOEEZRLET (OFED. #
TSR OEE L. UHOMEE LAk, SROMELETNATOARERD EEA).

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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FRABHEICE Dh B RAY

F 7Yz bANOBREBBROMNIMCETIHEICR, A 7Y = P OFAERSSIRE HITES N 0G0
B A > & — 7 = — 2R D—HR L 72 D £9,

FT7I2 7 PADOBRERTIZEALOBKIE. SR 2 DICHEHDIEL £3, I, PyLlong_FromLong() %
Py_BuildValue() O &5, L WA T =7 F2ART 2B R THAMEZHEHFICELES, 70272
MOEBICIIH B A T 2 7 PTRATH, 20X TV 27 MTHT 28R SROMEHEEZBRE T, HlZE,
PyLong_FromLong() IZ X< M5 fHZF » v 22 LTEBH, Fr v P aIhLENDZREZETIELRHY T,

PyObject_GetAttrString() D k52, H2ATI 27 b2 oRlOATI =7 M 2N T 2 X 5 BB £ 7=,
ZRE LD IFTAHRERELE T, 2H00HBPPHBELICLWADLAEEA, EWVS DI Kb 21—
F DWW OB T2 o TV B D5 TT: PyTuple_GetItem() | PyList_GetItem() . PyDict_GetItem()
. BXU PyDict_GetItemString() IL T, X7, VR b, FIFHELSBEHSRERL T,

PyImport_AddModule() (&, FEBWEA 7Y =27 F2ERL TRT I EDH 21T rhrboT, BHZRZEL
¥ CHADARER DI, ER SN A T 27 MW T 2FESIRIE sys.modules IZRFFENZ 06 TT,

F TV 27 bAOSREROBEBUCETHE, —BINciE. BEBRNIMUCHLFE»SSBEEHLET — SlE
RET 28D D 5725, BAEUANE Py_INCREF() ZWFUH L THN. LZZFTEZ IR D £3, tidvwi. ZoOFH|
WKIZZ o DEELHA}: PyTuple_SetItem() ¥ PyList_SetItem() 23 H 3, ZhoDBIEUL, JExNhiz5]
BERITH L THTAHEZ RS HLD (take over) £F — 728 ZKMLTHTT! (PyDict_SetItem() ¥ ZDffifH
BATEHEEZRSID XA — B 0DIX 7 HED” B TT, )

Python 205 C BB XN 2BRCiE. C BEWEFEOCH LI S5 BADOSBEEHL £ 5, C Moy
HUENEA 7Y = 7 FADOBREFTE LT\ DT, [ERSROAFHR R X 2 O BEBD U 2K § %
TTY, ZOXIRXLTEASHEHRGFE L DMICIELZD LIZWSEEICDA, Py_INCREF() %{f- TATESR
2T BRENRDHD FT,

Python 722 6O &7 C BBANETBIIIATASRTRINILD $HA — FTAMEZEED Sl LA
NEREINTT,

&K

BhmoicbBwt, —REFCAZ 2EASHROMMPHEZ O EBITIehnHD T, ZOMEFTAN
T A V&7V ZERINICIF O SN, 4 Y 2TV ZBZROAFICSREBEGESIETLE >R EBRL
TWETS,

HoTBRNREF—2DIBEHRHD, ZLTHRHIDEBBERDIDOEZ, VA VERIIHTZ2SREMGD TV ARICKES
3, BfRnwA 7Y 27 MRS % Py_DECREF() DT, #il XX

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

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

FoBEBIEE T, 1ist[0] "NOBHEEMHEBH L., Xz 1list[1] 2 0 TEX#Z, BRI XIFILEHLEZR
FHEALTOVEST, MMELZVWESICRZETR? THLES TERVDTT!

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.

MRE DR KD 7 AU, BTIEE T, —RAINICSRERZEBIE LI VD T, ELLEET 2 -V a ik
MToksicizh 9.

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

Py_INCREF (item) ;

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

Py_DECREF (item) ;

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

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

ZoHIR, BASEPAL Y RCHERLTWSE 7 —RATT, @I, Python £ ¥ X7V XIZBIFR2EBDAL v
Rk, Za—o A 27V auay 234 7Y =7 MEMEERERELTWSRD, AWIHELES Z2idd b
FHA, LIXWVWA, By 71X Py_BEGIN_ALLOW_THREADS ~ 2 1 C—RICf#ER L7z D . Py_END_ALLOW_THREADS
THESLEDTEES, 2hsoxrrid7ay 7oz 3 1/0 MUH LoEFIC X L Ehi, 1/0 2558173
2ETOMICMORL Yy R Tty Y ZFHATEZL5ICLET, L2, UTFOBEBUI Lo e L7-ME%
WXHATVWETS:
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void

bug(PyObject *1list)

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

NULL R1 >4

R LT, A7V 27 bADOSRESIEICE 2B13 2 — 2 NULL KA VX2 EFTETFHRLTBLT, #
2352 arRyATns (I HrTaAZ XY TEIERIT) 2L TLE S, —H A7V=2 b0
JE2R T & 5 RBEBIE RIS, BINDREEZRTBEICDA NULL 2B L %5, 580k LT NULL 72 b 2{7h
ROHEEE, BBIELE LRI 724 7Y 2 7 OB 5 ZETH S TT — &4 DB NULL 7
A2 P ETRER, ARRT A MPRETOH, 2 - FE IV ERFECE ik b ET,

o T, NULL DT A MIA TP 27 bD ” FAEPRF, $2DBMED NULL IZK 2500 LAVKRWES ¥ X E2ZITH -
22 EICLEL & 5, malloc() o, FlAEEHS 2 RIEEMD B 2 BE Z DT 3,

~ 7278 Py_INCREF() 3 XU Py_DECREF() X NULL KA Y XDF = v 7 Z{TVELA — LI L. Thbo~x”
o DZLETH S Py_XINCREF() B KX Py_XDECREF() ¥F = v 7 TV E T,

BEDATY 7 PRIZOWTHHARNSE Y71 (Pytype_Check()) & NULL KA ¥ RDF = v 7 #FFVEHA —
BEDIRLETH, BARBRIMEPMEL TA TV 27 PORERENZERCE. 25 Liz= 7 v 2kl THECHS
WEDH 5 DT, AN NULL KA Y RZDF 2w 7% T2 TNRBTAMIBROTLEIDTY, Briird~r
2iZid, NULL F = v 7 21T 5 ZLBIEH D £8 A,

Python 206 C BAEZIMFOHTHMEX. C BEICEZ NS5V AN (BITVWS & ZAD args) AR LT NULL
KRLHOEIRIAEL TWET — ERCE, e Ik 3 IS5 REELTwgE s, ™

NULL KA > &% Python 2—H# L~ "B L” CTLES &, FARLS— %25 %L ET,

* 2 [HRO” O LB Ef-> TO 255810, ZORHGER SN EEA — BFEO 2 — FIZ@ V2 RIEROMUH LMY 4
HhhxEF
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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_AddObject(m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object) ;
Py_DECREF (m) ;
return NULL;

return m;

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

terminates!

5L Y DKETIENY 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++ IC& 3 Python DiER 29




Extending and Embedding Python, J1J—X 3.11.11

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,
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ZDOFOZFHERZESDBRNTL 290056, MURIC CHREY 2 —JL custom IZH % Custom & W\ i
DFHLWHERERTZ, B/NRENSEERE 2 — L EDITTBEET:

AR: T THALTWRHIE. 8% RO 2 ERT 2 EHNRFERETETT., ZUIFLALDHE T
B72HDILDTT, C API T, PyType_FromSpec () Bz, b —7 LICEE SN /IROM S EFR T
EFIM. ZHRZDVTREIDF 2— b U ZATIEFRVER A,

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.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 = {
PyModuleDef HEAD_INIT,

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

I8

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

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

Py_INCREF (&CustomType) ;
if (PyModule_AddObject(m, "Custom", (PyObject *) &CustomType) < 0) {
Py_DECREF (&CustomType) ;
(KDR=D12HiL)
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(FIDR=I 5 DfEE)

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,

FR: EofITIX PyObject_HEAD ¥ 7 n#KICtIan iEZdHh A, SohhtIanryEBlLink
IR EMITTLEIW: ChEEET2a0 14 786HD %75,

bHBAA. —RINCIEA 7Y 2 7 MR PyObject_HEAD KA 7 — 7L — hOMIZH F—XEHEFHEL TV
F9; flziE. Z4ud Python BEHEDTZE/ NGO ER TS

typedef struct {
PyObject_HEAD
double ob_f£fval;
} PyFloatObject;

2O0HIIMA TV 27 PDOEETT,
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static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.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 RIZH B X512 C99 R XA VDRt ERMIHHET 25 T, PyTypeObject OFRHIBHILDIENT 1 — L F
FTLTHARED, 74—V FE2EETIEFIKREME o720 BT ICEFEI202BEDLET,

object.h IZH B EED PyTypeObject DERICII LOERICHZ2EID DD o2 ELD 74— F BHHET,
CTWHTETWARWIZ 4 — L RZCaryf ko TEuTHD N3 DT, RETHRWVEDBHRIICIHE
DIEEZE LRV OP— R REEICR > TVWE T,

—EIZ12FD7 44—V RERD EIFTOVWEFEL & 5:

[PyVarObject_HEAD_INIT(NULL, 0)

Z DR, BTNz ob_base 7 4 —L ROFHALICHED KL 5—F1L— + T,

{.tp_name = "custom.Custom",

FHELTOVRHOHHTTT, 2. ATV 27 bDT 7 40 FOLFHIRBRRP LT — X v =B E T, i
ZIERD@ED TF:

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

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

BOBHETD, TV 2a—LHHEEY 2 —NIZBT HMOHEOW T % By P TORWEHRNCZ > TWD Z LI
BELTLEEW, ZOHEIX, Y 22— custom THRUX Custom DT, BDHH% custom.Custom IZF
ELFE L7 EEDOF Y MIZDA VR—= %R ZES DIE. pydoc EY 2 —/L% pickle EY 2 —/L & A
R B DICEERDTT,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

ZAU, H LW Custom 4 Y AKX U A%ES & #1Z Python DYE| D HTEREXEUNEDL 5WVWERDO1EHS
72DDHDTT, tp_itemsize FAIEV A XDA T 27 b TOAFESI DB DRDT, ¥4 AWAIETHRVWAT
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7 FTEOICITRETT,

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

list your type first in its __bases__, or else it will not be able to call your type’s __new__ () method without

pa—
getting an error. You can avoid this problem by ensuring that your type has a larger value for tp_basicsize
than its base type does. Most of the time, this will be true anyway, because either your base type will be

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

Py_TPFLAGS_DEFAULT I27 Z A7 7 V%2R ELE T,

[.tp_flags = Py_TPFLAGS_DEFAULT, ]

IRTOBIT ST ZDERZED TBABLEDNDHD £F, ZHUIKRMKTD Python 3.3 ETICERINTWVS
FTRTDRAUYANZHAILET, TNULD RV ANDBRER S, WIET 27570 OR 2L 2 0EBHD £5,

ZDHID docstring 1% tp_doc ICANE T,

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

FTP 2 VPERTES XS, tpnew "NV RIZRETIHEZH D £9, T4k Python D X
Vv F _new_ () AZFEDDHDOTTH HRNIZEZZ2XERHD T, S0HAETIE. API B D

PyType_GenericNew() ¥ L TIRMEINZ T 74V M DEEL ZDEEM X E T,

[.tp_new = PyType_GenericNew, }

77 ALDED DFFEE o HIEARLT VDD BWE T2, Pylnit_custom() O—HD 3 — FidZ 5 Tl
BWTL &

if (PyType_Ready(&CustomType) < 0)

return;

ZAUZ, NULL WZ#IH{b X7z ob_type HEH T, WL DD X Y N—%ii#Y)72 7 7 4L MATHED T, Custom
el £,

Py_INCREF (&CustomType) ;

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

CHRBIEZEY 2 — LOFEICEMLEST, 293228 T Custom 7 7 ZADMRH LT Custom £ VAR VR
PMER =2 k5127 h T3
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>>> import custom

>>> mycustom = custom.Custom()

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

from distutils.core import setup, Extension
setup (name="custom", version="1.0",

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

Z LT setup.py EWVWI 77 A NMICZDEIICEZAA, ZL T, UTD LS

[$ python setup.py build

at a shell should produce a file custom.so in a subdirectory; move to that directory and fire up Python ---

you should be able to import custom and play around with Custom objects.
ZFARICLT NP LD EVA. £R7

b5 AA. BED Custom BIZHHAAIRITITVWET, M7 —XEHRoTWwirWnwlL, M TEXFEFA, MEL
THIT IR BEZ XX TERVDTT,

AM:  While this documentation showcases the standard distutils module for building C extensions,
it is recommended in real-world use cases to use the newer and better-maintained setuptools library.
Documentation on how to do this is out of scope for this document and can be found in the Python

Packaging User’s Guide.

222 BEROYVTIICT—REAY Yy RZEMT S

ZOHADY Y INZTF =R XYy FEBIMLTAEL &9, DVWTIZ, TORERES S 2 LTHHHETE
B2E51CLFET, TZTEHLWEY 2—)L custom2 22K D, ZhoofgerBML £9:

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

#include "structmember.h"

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

} CustomObject;

(RDR=D12Hi L)
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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);
}

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, *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) {

HIDR— % 5D E)

(KDR=D12Hi)
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tmp = self->last;
Py_INCREF (last);
self->last = last;
Py _XDECREF (tmp) ;
}

return O;

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

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

{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;
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 */
I8

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

.tp_new = Custom_new,

(KDR=D12Hi)
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.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,

.tp_methods = Custom_methods,
g

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

I8

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

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

Py_INCREF (&CustomType) ;

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

return m;

ED2—IlDIDNAN=YarTlE, WS ObDEHEEBIRWVWET,

We’ve added an extra include:

[#include <structmember.h> ]

This include provides declarations that we use to handle attributes, as described a bit later.

Custom BUlx 2D CHLGERIC 3 oD F—X @M first | last . BEX O number b DL 512D E L7z, first &
last B 7 7 — A b A —28 7RA b2 — L% L 7z Python XFFIT, number BIEIZ C SiETOEHEDHE
T3,

TS e, ATV 27 FOWERIRD X512 £
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typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

WEREHIRET—XPTELDOT, A7Y27 ORI LY TEMBTEE LTI LD EEICRZDENDD £
T KR, A 7Y 27 FDEHRRY v RHBRBETT:

static void
Custom_dealloc(CustomObject *self)

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

Z DBIBUL tp_dealloc X Y NIZRAZINZFE T,

[.tp_dealloc = (destructor) Custom_dealloc, }

ZDOXYy FiE £3 =20 Python BHEOZMAY > + %22V 7 L %9, Py_XDECREF() (35 [4(%° NULL ® 7 —
AZIELLRAET (T tp_new DA TRMULZZGEICKEIDZET), TOX Yy Fid, 2F ATV =
27 b DRI (Py_TYPE(self) THHLET) DX VN tp_free EMFUHL, #7227 bOXEVY RFKL E T,
A7 =7 +OHD CustonType TH B LIFMO R VRRFREL TLEZE WV, BRERS, ATV =7 NIV T2
TADA VARV ADS LU WDRH T,

AMR: LoD destructor NOIRIIRBIEHUIMNE TS, REZ S, Custom_dealloc A’ CustomObject * 5l
Brr 2 ERLE LR, tp_dealloc BAFD R A ¥ X% PyObject * 5IEEZITE S Z IR > TWVWE 05
T3, & LBARANCARIZH 2 LRI, a8 SRBHEHTLTLE I, ZHUE, ClkBFs4A 7Y =2 b
BHDOKRY E—7 4 ALTT !

77 —=AMR—LETRA PR —LEZELFINHIUE L TBE/2WD T, tp_new OEELBMTZ2 I ICLE
Lx9o:

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("");

(RDR=212Hi L)
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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;

(FIDR=I 5 DfEE)

ZUTIA% tpnew A AL LTA YR F—ALET:

{.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 XF/RANIZ tp_init ZMUIH L TEWF ERA. RIS VX =TV XRDPESZTITI72DTT,

ZOD tp_new DFEHEIZ, tp_alloc ARy FEMUHLTXEY RE O YTET:

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

AXEVEID B TIIRKT 2008 LARWDT, FKICHEDHNC tp_alloc DAERAL NULL THRWAF = v 7 LR

72D FH A,

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

our base class, which is object by default. Most types use the default allocation strategy.
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AR b UIBINR tp_new (FIEX A 7D tp_new £721& __new__() ZFFATVE3D) ZIED 20 DR HIE,
FEITRED XY v FIERIEF Z 0o TEDXY v REMUZTrZREL LS LTIE WIFEFEA . BITHEUH
FTRIZFHANCRD TBE, EEZD tp_new ZMUH T, H2WVIE type->tp_base->tp_new ZHREH LTI
TV, ZTHLRVE, BRIEIERLZZA TD Python 727 5 ZAHMdD Python TEFR SN2 5 2 b K
LTWAGEIRELEDPRVGEERDH D ET, (DD, ZOEIRY T I FIRADA VAKXV A% TypeError
ZHEFIHMEL ZEBAATREICIR D $9, )

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;

ZAUX tp_init X U NIKRAIHE 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.
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Anyone can call the __init__() method on our objects. For this reason, we have to be extra careful when

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

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

self->first = first;

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

accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o ZOZBWAVI IR 1 LDREVEHETEZ LG

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

into our type’s code;

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

garbage collection*?.

IZTREA VARV ZAERERMEL LTRAZ2E5CLAEVOTTR, ZHIZIEWSODbDHFERHDET, o
LR AEL. A VANDEREEZB LT

static PyMemberDef Custom_members[] = {

{"first", T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},

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

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

{NULL} /* Sentinel */

I8

ZL T, ZOEF% tp_members ARy MIANFEL £ 5:

[.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See the #&
MR EM%ZEIET 5 section below for details.

L ZHRBZOATY 2 7 b BXFINRER R DHARA TTH 2 LSBT D ITIBE T,

*2
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A disadvantage of this approach is that it doesn’t provide a way to restrict the types of objects that can be
assigned to the Python attributes. We expect the first and last names to be strings, but any Python objects
can be assigned. Further, the attributes can be deleted, setting the C pointers to NULL. Even though we can
make sure the members are initialized to non-NULL values, the members can be set to NULL if the attributes

are deleted.

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

and last names.

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

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

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

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

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

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.

XT, AVYFEERELEZDT, ZITAYy FEBEHOEY ZENT 208 NH D 3

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

(note that we used the METH_NOARGS flag to indicate that the method is expecting no arguments other than
self)
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and assign it to the tp_methods slot:

[.tp_methods = Custom_methods,

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),

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

D

223 T—AEMZECENLHIET 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 "structmember.h"

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

} CustomObject;

static void

Custom_dealloc(CustomObject *self)

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

(RDR=212Hi L)
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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)

HIDR— % 5D E)

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return O;
(KDR=D12Hi)
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static PyMemberDef Custom_members[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
g;

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;

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

{
Py_INCREF (self->last) ;
return self->last;

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

{
PyObject *tmp;
if (value == NULL) {
(RDR=12HiK)
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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;
}
tmp = self->last;
Py_INCREF (value);
self->last = value;
Py_DECREF (tmp) ;

return 0;

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

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

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

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

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

.tp_members = Custom_members,

(KDR=D12Hi)
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.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
g

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

Irg

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

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

Py_INCREF (&CustomType) ;

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

return m;

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) {
(RDR=D12Hi L)
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PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;

return 0;

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

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

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

or if its new value is not a string.

Z ZTld PyGetSetDef MEADEFZ DL D £73:

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 */

I3

ZLTIN% tp_getset ATy MIERLET:

[.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, AUNERDPLEIINSDBEEERWVTEBEZZL £ 5:

static PyMemberDef Custom_members[] = {
{"number", T_INT, offsetof (CustomObject, number), O,
"custom number"},
(KDR=D12Hi<)
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{NULL} /* Sentinel */
g

7o, 22T tp_init AV R IHEINZ DL LTXFHIDAZFFAIT 5 X5 ICBIET 2481 H D 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,
&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, BIEEHLELSE, ZOEY 2 —LAHHERIRE MLBIBNICH 2 £ 2 — A2 EBLEL x5, 2
LT setup.py 7 7 A MTBIMDEREZ S DR FET,

*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

) )
ara a a a a a
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224 BIRANR—2AL I3 Y R—+T3

Python & BIRAN—IIALIH (GC) KEE 2d o TED, THEIAELRA TV =7 b, ReZAZRAV U+
BEOTHRSTHHATLIENTEEY, ZOLSBRRRBE AT =227 OSBRI TVWLH L ZITEID
ZFT, RERZBUTOHIZEZTLZE W

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

ZOBITIE, HOEBZIKDVRAMEED E L, ZEAZDOY R MR HIFRLTSH, ZHUIESTHENOSR
ZELERLEOOTEIT 06, ZRAV Y PEEOIREBZAD $H A, BLWI 22 Python ICERAR—YaL
7 RBHAANTE Z DV R MHAETH 2 Z e 2B L, BRTE %9,

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

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

>>> import custom3

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

>>> n = Derived()

>>> n.some_attribute = n

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

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

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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);
(KD<R=212%i<)

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

static int

Custom_clear(CustomObject *self)

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

}

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

HIDR— % 5D E)

(KDR=D12Hi)
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FDR—TH & DFEE)
gfirst, &last,

&self->number))

return -1;

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

}

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

}

return O;

static PyMemberDef Custom_members[] = {
{"number", T_INT, offsetof(CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
8

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)
{
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_INCREF (value) ;
Py_CLEAR(self->first);

self->first = value;

(KDR=D12Hi)
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return O;

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

{
Py_INCREF (self->last);
return 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_INCREF (value) ;
Py_CLEAR(self->last);
self->last = value;

return O;

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

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

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

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

(FIDR=I 5 DfEE)

(KDR=D12Hi)
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(FIDR=I 5 DfEE)
g

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

3

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

I3

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

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

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

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

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

minimize the amount of boilerplate in Custom_traverse:

static int

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

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

}

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

Py_VISIT().

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

static int
Custom_clear (CustomObject *self)

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

}
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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).

AFR: You could emulate Py_CLEAR() by writing:

PyObject *tmp;

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

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

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

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

reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void

Custom_dealloc(CustomObject *self)

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

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

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, ]

ZNTS5ET T, tp_alloc AR v b EIX tp_free NY FIBErATOVIUE., ZRLEZERIR—-—YaL
72a iR SESBETEIVDOTT, 1ZLAYOINRERIZEBMICRMEEINZ N—Pa v 25T
L&,
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2.2.5 MOBOY T ISR EES

WEAF DR 2 kK U728 UL WVIRRIL 2 EN S 2 S e AT E F 5, #HARAARD LIRS 2 DFHCHE TS, BER
PyTypeObject ZfliHICHIHTZ 2025 TF, ZAUTLLRT, PyTypeObject MEKRZILRE Y 2 — VI THE
THDIFHEHELNTT,

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))

6

>>> print(s.increment())

>>> print(s.increment())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state) ;

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

g

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;
(KDR=12ki <)
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return O;

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)

.tp_name = "sublist.SubList",

.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,

(FIDR=I 5 DfEE)

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
I8

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

g

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

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

return NULL;

Py_INCREF (&SubListType) ;

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

Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

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

down the main differences between them.
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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;

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

Py_INCREF (&SubListType) ;
if (PyModule_AddObject(m, "SubList", (PyObject #*) &SubListType) < 0) {
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;
(KDR=D12Hi<)
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(FIDR=I 5 DfEE)

return m;

PyType_Read() % FEXRFNIC, BOMEKRD tp_base A vy MIMH LA TVWRIFNERD THA, BFOR
AT BFRI21E, tp_alloc AR v b % PyType_GenericNew() THD ZNEIIH D FH A, - HEAD 7 1
r—a YRR E I E T,

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

Custom examples.

Wi
2.3 IROEDESR: 2L FEY S

O TR FIFREEAELRZA TAY Yy P, ZRAoBMIETE2HDTHEPITOWVWT, o itlHL
%9,

BUFi& PyTypeObject DEFE TS, 7 Nv ZEALF TLAELAR VWL DOLDX Y NEIEHNTHD £3:

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

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

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

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

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

hashfunc tp_hash;
(KDR=D12HiL)
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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/exzpanded features */

unsigned long tp_flags;

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

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

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS GC */

PyObject *tp_bases;

(FIDR=I 5 DfEE)

(RDR=212HiL)
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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;
} PyTypeObject;

TcKBAD XYy FBEHD TR, TOZARITODET Z2XHEIDHD FEA, ERLELVEND 2746, FLT
B2DIFZDIBEDILDITPRTTLIELBIFLALTT,

FTTIRFHEINTVETL &P, ZOMERICOVTARICRETWE, A AY F IOV TEDFE#LWIER
ERMHLET, L2rLINLDX UADPERFCTERIN TV BIEFIEALET, 205Dk, ZhbD Xy
NOBNZNEFIEHRRIZEHEIC LD DOLEDSTT, ZLOBEVHIRAMBHELDIEZ, BEETIEX BTN
TEENTVBEHIZE L o TET, HILAMEZRHICAEDE THEELE T2 22T,

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

RO HTTY, FIOETHALZ L5112, UL ZIGHETHA, T AYEZHERNTHELNS DT
T, TNRDT, ZO LI BIGHTHRITIL.DOTH A S AHIEIEATL FEI W

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

INHEDT7 4 =Rk, TOHEDOFTI 27 PP ULIMEREINZ L ZWENZITOXAEY EEDYThIZ LV
DT v XA LR LE T, Python IQIFRIZRDOER (XFHNRX IR EZBBRLTILZEI W) 203
BHAABDYR— b BHELEEDHD, 2T tp_itemsize X U A\DPHLNE T, THBHIZOVTIEHE TIN
%9,

[const char *tp_doc; J

Z ZiZi& Python XZ U7 bU 7 7L ¥R obj.__doc__ A doc string 2R3 & ZDXFSH| (HBWVIEZEDT K
LR) ZANET,

TR, BOBEARLAY v FIZHEAET, [ FL AL DIROBIAZDORXY v F2REEL £T,
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2.3.1 7714514 XEVEK

[destructor tp_dealloc;

BDA VAR ADBRA Y > b ¥ RIZHRYD, Python £ YR 7Y XBNZREELTCEMHALE REE, 2D
BBDITENE T, T REXEY ZZORIPMERFL T, ZRLBNC D ETTNEBRUED D 2 5513,
ENSEZZIICANLONE T, A7V PENANRD Z I THRREINZ2DERDD 35, ZoMKoHNIE, LI
DESIBRDBDTT:

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);

XE Y R TO  DEELZDIZ, MFED OBV o XWFEEDIT RN 2T, Rk b, BRH DR
1% Python 4 ¥ 2 7V XBAX Y Z7ETTORBICRET & ZIZMHEINE ZeNZ2VDHHTT, £ LT (GEF DD
LDERTRL) BINDIDITA Ry 7 PEERIND L Zid, TTREEL TV LH580 5 X E V) BRI 25T
5H5DEHD FRA. BIIHDOBEBD B 2725 FELEBIMO Python Da—FZETLTLED &, 205130
ADBFEELTVWDR I ERAT 20 LNFERA, THUIA VXSV XPERIBF L7 -2 REZIEL LI
DM ET, THZEHCIELWHIKIR, KETRVWERELFETT 2NCLHEGE OB ERELTEE, Kbo
b ZNZITTICRST T8 TF, ZHUd PyErr_Fetch() 3B XU PyErr_Restore() B Zfli5 Z 12 X o THIRE
D £

static void

my_dealloc(PyObject *obj)

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

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

(RDA—J12hE L)
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/* This saves the current exception state */

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

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

/* This restores the saved exception state */

PyErr_Restore(err_type, err_value, err_traceback);

Py_DECREF (self->my_callback) ;
}
Py_TYPE(obj)->tp_free((PyObject*)self);

R XEBVRREBEBOFTREITZZ Z 2 IEWLO»HIRYE DD 5, 1 oHIZ. ZDEIA (tp_traverse
BEK tp_clear ZffioT) AR—YaLr¥aryzHdR—1tLTVWBEHA, tp_dealloc BFFHENZ LT
I, HESINT 7 A FIFIAREINTLEI AT I 7 FDAUYN=DENHZZTT, 2 0HIE. tp_dealloc
DHFTREA TV =227 VEIPLERRECHZ LT DEDBRAIV B 0THEE VWS 2T, (Lo
WCH2E5R) BHRATI 27 M API O LTI, tp_dealloc ZHEMUIH L, ZHEREBH»1rH7 T v
aFBHIITREZNPBLNEEA,

Python 3.4 22513, BHR 7 7 4 F 54 XD a— KX tp_dealloc IED T, b Y IKHLIBAZINL
tp_finalize X WIHBIX Y v P25 Z e PRI TVET,

BE:

PEP 442 THLWZ 7 4 F 74 XDHADFHI A TVE T,

232 #7972z +KRE

Python TlX, A7V 27 FOXXFHIRBEEERTZ2DIC 200D HRHH 5 repr) BEEM S HikL,
str() BAEZEMES AETT, (print() BIEUIHIZ str() ZMFHLET, ) 26 DAY R3S 5 AN
TE%¥9,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY FZREMPRIHENIA VARV ZADXFHINRBAZIEN L 2 XFHNA T 27 N2 BRTBENRDHD ¥
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To fHELHNZLLTD L 5B DT

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() OBfRIE. LD tp_repr NV KT repr() OBRICHY L E T, 2FbH. 2k
Python D2 —RK»BF 7927 bDA Y RAX AW LT str() ZFFCH L7z 2ICEINE T, ZOBBOE
13 tp_repr NV FIDZNEIFFITB TV E T2, Bon 2 LFHNRBUIABIHO Z L 2 BRI A TVE
T, tp_str BEESINTVWRWIEAE, 22D DIZ tp_repr NY R I HELNE T,

IVENESL A Qe

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

233 Bit=zEEIT S

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

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

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

convenience.

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

VA 74

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

If accessing attributes of an object is always a simple operation (this will be explained shortly), there are
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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.

BTN GEEZEERT S

AL ORNZ Bl BHEEZM 5720 T, TR EDOXSREENEMZL WA 2DTL & 527 ZHhi
FTREZFMHIZLSDTHTT:

1. PyType_Ready () 2MEIN- L &, T TIXBEDAHEIBDIroTVWE Z L,

2. BUZZRLZDBRELLD T2 212, FAlZEERO D DUBBRE TR, $RBRLEDRELE
S LT EARBIEDFITT 2REN RN L,

IS DEME. BHOMESR, EIFEEINDI XA I VT, EREEHENET— IR OBREZY IO TH S
MEWVS T2 Z LICRAGHINZRT DD TR VI LIIEELTL 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—INERATF T2 D 3 DDA AN LTEEIRTOVET:

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

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

an instance of this structure:

typedef struct PyMethodDef {

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

const char *ml_doc; /* docstring */

} PyMethodDef;

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

2EHDT— TN, A VAR ARSI N T — X L EENISO T o B2 ER T 2DIEVE T, W»
{2HD C DFMIBANRIR—rENTED, 77 R ZeHmAHLEHICHHAEZARBICHTEET, 20
2.3. HROEDES: HZBLEEY S 67




Extending and Embedding Python, J1J—X 3.11.11

TN THODNLWERIIRD XS ICERINTVET:

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

For each entry in the table, a descriptor will be constructed and added to the type which will be able to
extract a value from the instance structure. The type field should contain one of the type codes defined in
the structmember.h header; 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.

The following flag constants are defined in structmember.h; they may be combined using bitwise-OR.

Constant Meaning

READONLY Never writable.
PY_AUDIT_READ Emit an object.__getattr__ audit events before reading.

N—3 3 ¥ 3.10 TZHE: RESTRICTED, READ_RESTRICTED and WRITE_RESTRICTED are deprecated. How-
ever, READ_RESTRICTED is an alias for PY_AUDIT_READ, so fields that specify either RESTRICTED or
READ_RESTRICTED will also raise an audit event.

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.

HEDQBRICH LI BIEDEE

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

what needs to be done.

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

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

DRhlzmlL 3%, -
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static PyObject *
newdatatype_getattr(newdatatypeobject *obj, char *name)

{
if (strcmp(name, '"data") == 0)
{
return PyLong_FromLong(obj->data);
}
PyErr_Format (PyExc_AttributeError,
"'%.50s' object has no attribute '%.400s'",
tp->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;

23.4 ATV FOER

{richcmpfunc tp_richcompare; }

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

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

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

an exception was set.

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

static PyObject *
newdatatype_richcmp(PyObject *objl, PyObject *obj2, int op)
{
(KDR=D12HiL)
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(FIDR=I 5 DfEE)
PyObject *result;

int c, sizel, size2;

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

newdatatype omitted */

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

switch (op) {

case c = sizel < size2; break;
case c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;
}

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

return result;

2.3.5 HRMNAZORIILDOYR—F

Python ZW< 23D HWMRMA “r bal” Y R-—FLTVET, INOEFHTIRNEDAS VR —T 24 R
IZDOWTIE abstract TSN 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;

BEVOFTY 27 FEBIESL S =T YA, HEZVEHEDLIICSLEEI XX LELVELIE. Zhzhil C
@ PyNumberMethods #ifi{A, PySequenceMethods Hi&{K. ¥ /zi% PyMappingMethods HHEAD 7 KL 2% A
NEF, INOICHEYREEZ ANTDANLL THDLEVERTA, ZH5%2Ho70iE Python DAY — &I

- =

)
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[hashfunc tp_hash;

ZOBEZ. BLES 2Lk slE. F—XEBDOA VARV ZADNAY S 2 FZERIRTEOICLET, RDOITH
fli7efilc 3

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

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

above.

[ternaryfunc tp_call;

OB, ZORIDA VAKX AN T LTINS & 2IHENET, 22 21EH L objl ITZD
4 VARV AP A->TWT, Python 227V 7 FT objl('hello') #FEIT LT3, tp_call N> K I
N ET,

ZOBE 3o BE b ET:

1. self IWMUHLORMNREHREF—ZBDA VARV ATT, 728 ZIZMUH LA obj1('hello') DIFA.
self 1X obj1 Ik D F3,

2. args 3IPUCHLDFIBEZEMLTVWE X FSLTT, 2265 8%ZHD H3I2id PyArg_ParseTuple()
ZENE T,

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.

DIRIX tp_call OffiBREHETT:

static PyObject *
newdatatype_call(newdatatypeobject *self, PyObject *args, PyObject *kwds)
{

PyObject *result;

const char *argl;

const char *arg?2;

(KDR=D12Hi<)
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(FIDR=I 5 DfEE)

const char *arg3;

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

}

result = PyUnicode_FromFormat (
"Returning -- value: [}d] argl: [}s] arg2: [%s] arg3: [%s]\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).
BE:

Documentation for the weakref module.

For an object to be weakly referencable, the extension type must do two things:

1. Include a PyObject* field in the C object structure dedicated to the weak reference mechanism. The

object’s constructor should leave it NULL (which is automatic when using the default tp_alloc).

2. Set the tp_weaklistoffset type member to the offset of the aforementioned field in the C object

structure, so that the interpreter knows how to access and modify that field.

Concretely, here is how a trivial object structure would be augmented with the required field:

typedef struct {

PyObject_HEAD

PyObject *weakreflist; /* List of weak references */
} TrivialObject;

And the corresponding member in the statically declared type object:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT(NULL, 0)
/% ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
};

The only further addition is that tp_dealloc needs to clear any weak references (by calling
PyObject_ClearWeakRefs()) if the field is non-NULL:

static void
Trivial_dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
if (self->weakreflist != NULL)
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE(self)->tp_free((PyObject *) self);
}
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2.3.7 FOMHWLA NS

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

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

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

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

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

BE:

Download CPython source releases.

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

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

https://github.com/python/cpython

24 C 5LV C++ HERDEIL K

CPython @ C #iikiZ #IHALREEE 2 =7 RK— P LHAZ 4 75V (B, Linux D .so 7 7 A /L5 Windows
D .pyd 77 4L) TI,

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

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

PyObject *PyInit_modulename (void)

OBt I N EY 2 — LD, PyModuleDef 4 YA X Y AEERLET, LWV I XX
initializing-modules ZZf L T 72X W0,

FENT ASCII L2ME> TWARWEY 2 — VDG, BB PyInit_<modulename> D <modulename> % &
P a— VA TEEMEZ D DOTRIFINIR D £4 A, multi-phase-initialization Z{#-> T3 & Xk, €Y 2 —b
B ASCIL A DO X F MR EF, 205G, ML DA PyInitU_<modulename> T, <modulename>
BENA 7% 7R —Ra7 TEEHZ T Python ® punycode T>aA—F 4 ¥ CLra—RKLEdDITRKD
%3, Python TEL XD X5 UMD £35:
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def initfunc_name (name) :
try:
suffix = b'_' + name.encode('ascii')
except UnicodeEncodeError:
suffix = b'U_' + name.encode('punycode').replace(b'-', b'_")

return b'PyInit' + suffix

120HET4 77V ICEBOMIILERE EHR T2 22T, BROEY 2 -2 T AKR—+F 5 ZLIXAIRET
o LAl 7740 TR 7 7 ANKBIIHSLEBARLIRAMIT LS L LEVWO T, HBRDEY 2—1%2 4 ¥
A= PSEZRES YRV v 7 ) Y IPMEDA Y R—X =25 RBENDHD £F, sFLWI tid PEP 489
”Multiple modules in one library” Bix S L TL 72X W0,

2.4.1 Building C and C++ Extensions with distutils
Extension modules can be built using distutils, which is included in Python. Since distutils also supports
creation of binary packages, users don’t necessarily need a compiler and distutils to install the extension.

A distutils package contains a driver script, setup.py. This is a plain Python file, which, in the most simple

case, could look like this:

from distutils.core import setup, Extension

modulel = Extension('demo',

sources = ['demo.c'])
setup (name = 'PackageName',
version = '1.0"',
description = 'This is a demo package',

ext_modules = [modulel])

With this setup.py, and a file demo. c, running

python setup.py build

will compile demo.c, and produce an extension module named demo in the build directory. Depending on
the system, the module file will end up in a subdirectory build/1ib.system, and may have a name like

demo.so or demo.pyd.

In the setup.py, all execution is performed by calling the setup function. This takes a variable number
of keyword arguments, of which the example above uses only a subset. Specifically, the example specifies
meta-information to build packages, and it specifies the contents of the package. Normally, a package will
contain additional modules, like Python source modules, documentation, subpackages, etc. Please refer
to the distutils documentation in distutils-index to learn more about the features of distutils; this section

explains building extension modules only.

24, C LY CH++ IRDEIL K 75
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It is common to pre-compute arguments to setup(), to better structure the driver script. In the example
above, the ext_modules argument to setup() is a list of extension modules, each of which is an instance of
the Extension. In the example, the instance defines an extension named demo which is build by compiling

a single source file, demo. c.

In many cases, building an extension is more complex, since additional preprocessor defines and libraries

may be needed. This is demonstrated in the example below.

from distutils.core import setup, Extension

modulel = Extension('demo',
define_macros = [('MAJOR_VERSION', '1'),
('MINOR_VERSION', '0')],
include_dirs = ['/usr/local/include'],
libraries = ['tcl83'],
library_dirs = ['/usr/local/lib'],

sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0',
description = 'This is a demo package',
author = 'Martin v. Loewis',
author_email = 'martin@v.loewis.de',
url = 'https://docs.python.org/extending/building',
long_description = '''

This is really just a demo package.

(N}
>

ext_modules = [modulel])

In this example, setup () is called with additional meta-information, which is recommended when distribution
packages have to be built. For the extension itself, it specifies preprocessor defines, include directories, library
directories, and libraries. Depending on the compiler, distutils passes this information in different ways to

the compiler. For example, on Unix, this may result in the compilation commands

gcc -DNDEBUG -g -03 -Wall -Wstrict-prototypes —-fPIC -DMAJOR_VERSION=1 -DMINOR_VERSION=0 -I/usr/
—local/include -I/usr/local/include/python2.2 -c demo.c -o build/temp.linux-i686-2.2/demo.o

gcc -shared build/temp.linux-i686-2.2/demo.o -L/usr/local/lib -1tcl83 -o build/lib.linux-i686-2.2/

—demo.so

These lines are for demonstration purposes only; distutils users should trust that distutils gets the invocations

right.
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2.4.2 Distributing your extension modules

When an extension has been successfully built, there are three ways to use it.

End-users will typically want to install the module, they do so by running

[python setup.py install ]

Module maintainers should produce source packages; to do so, they run

{python setup.py sdist ]

In some cases, additional files need to be included in a source distribution; this is done through a MANIFEST. in

file; see manifest for details.

If the source distribution has been built successfully, maintainers can also create binary distributions. De-

pending on the platform, one of the following commands can be used to do so.

python setup.py bdist_rpm
python setup.py bdist_dumb

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

Z DETIZ Windows A1} D Python JEIREY 2 — L% Microsoft Visual C++ #ff - TERT 3 FIEICDOWT
fHHIRN, ZORIHVREY 2 — VDLV PR ED XS ICEHET 2 DI OVWTHLWEREZANE S, 0
B, Python #EIREY 2 — V%2 EK T % Windows 702 J <&, Unix & Windows DG TH £ ELRT
X2X5%Y 7 b7 OEBICEIEDH % Unix 70277 <DRTICE > TEHTT,

BV 2 LOFFIE. ZOETHIALTWEAHELD B, distutils ITX 37 70 —F THIREY 2 —LZELF
T5E58DFET, 7z, Python LR LBz C avo8q IRRBETT; @& Microsoft Visual
C++ T

AR ZOETIE, Python ON= a YEFEBIFELINTA->TVELL ZAD T 7 A LZIZOWTHINE
o INOHDT 7 AN XY TRENDI ANV a VATETREINET; ' X' 3o TWwW3 Python VU —2X
DA v == a VEB, 'Y E~vAF—N—Va yBFEETT, HlZiE, Python 2.2.1 - TW\Wa7% 5, XY
FEBIIE 22 1Tk D £9,
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25.1 Brsbor7rO—F

There are two approaches to building extension modules on Windows, just as there are on Unix: use the
distutils package to control the build process, or do things manually. The distutils approach works well for
most extensions; documentation on using distutils to build and package extension modules is available in
distutils-index. If you find you really need to do things manually, it may be instructive to study the project

file for the winsound standard library module.

2.5.2 Unix & Windows DIHES

Unix ¥ Windows Tl. 22— FOFETRFGAAAICEL BRI RTEXAL 2V TVWET, BIln—FEns Xk
SKHEZ2a—NAEEALRLID LTARNC. BODIRATFADRED XS ICEHET 20 H > TBWTLEE W,

Unix T, #£EAF 727+ (iso) 77400 T I ahffi5a— K, 2L TTar o ANTHES A
T=EABA>TVET, 77 AT 0TI MFEEEIND L, ZNLOBBP T —XINT 2774 1Da—F
NOETOBMIZ, XEYNTHEES T —ZDBEEINTWS, 7025 AFOEBOEHEZET LS ICEHSh
9, ZAUIEEARINCIZY Y2 BEICHTD T,

Windows Tl BIIV > 27 7475V (.d11) 7 7 A MZiES5 I3 h B (dangling reference) 13&H D 4 A,
ZORDLY ., BT —2ANDT7 72 REFNV Y 7T v T T =TV ENLET, > T DLL a— FOGE, FEiTl
WKCARA Y EZB T I L XEY EOIELWEEZHET LS IBIET2HEEIH D FHA; Z20oROD. a— FIIHE
W DLL Oy 27 v 7T =A%, Ly 77 v 77 —7 )V ARIGFATRICEBOBEES 7T — 2 2T 51
BEXNET,

Unix IZi&, —DF4 75V 774 MR (La) L2HDELA, .a 77 A NVKBEROA TS =27 b7 7400
(.0) RO a—FBA->TVWE T, HEA TSI =27 b7 740 (.s0) BIERT 2V > 7 WBOBREFIC, VA
WERGATORELRBANTFIEBT 22 0HDET, ZOLEV Y AIEIATIVNDOET T =227 b7 7401
ERZELET; LI THROD2L, VY AREDA T2 b 77 Ao R2TOa— FERDAALT,

Windows Tld, Z20ERDIFA TV, HHNIATIVEEAVRE=LI7A4T77V2HHET (Y556 .1ib
CIEENTVET), #7477V Unix I8BIF 2 .a 77 A VBTV ET; 2O 7 7 A UZiE, BEIGT
THDIAENZ E5RA—FDPA>TVET, 4 VE -1 T4 77 V& ERINITREE DA T ARIE TR
{.DLL u— FEINRSTHFETE I 2T 2720120 HbhES, VoyAEA Y R—-b73 4751
PODEREM->TLy 27y FF—TNEMERL. DLL IZA> TOWAVWHNTEZ#EZZLS5CLEST, 77V
r—2aYR DLL Y Y Z7E3N330, A YR—bIATTVDPEREINZIERHDET, ZOFA4T 5V
F, 77V =23y DLL NO Y Y RUVRIFES 2 £ 572, FERIEE L5242 TOD DLL Tffi 5 72 DI EIZ
AII- S IS

ZooEe—-RFREY 22—, Bt CEZEKL. Bloa—F7ay s A ZHET2 LES, Unix TlE A.a &
B.so ® C.s0o ZEILRTHLEDYUARKELZDIE LERA ; ZARZIEEZTHARE. a—FEZERDAZ
. Br CoEhZhDPETHDaY—%2K->TLEWVWE T, Windows Tid, A.d1l ¥ L FT 3L A.1lib %
ELFENET, B C DY 2IE A1ib ZELE T, A.1ib IZEa— FiZA-oTWERA; BIIC A Da—
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FIZ7 78R %5 27DIZFTRICHWVS NS HERB A > TWBERETTT,

Windows Ti&4 ¥ K—+ 74 77V OfFHIX import spam ¥ T2 & 52D TT; ZDEIEIZE - T spam D
HENCT7 72 RATEETH, a—Foa—2@ iR LDIEL A, Unix TE 74750 Y o
¥ LA from spam import * I TWET; ZOHETIIMEINIZa—FOav—24EKL 75,

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

Windows T DLL Z{EF % B1E. pythonXY.1lib 2V Y A XER D £/ A, HlZIEF=>D DLL | spam
¢ ni (spam OHIZIE C BBAA->TWEELET) ZEAFT21E UFOoavy F2ETLET

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

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

ZOH®av Y FTiE, ni.dll (BXUY .obj & .1ib) B TE, ZD I 4 77 VJ spam & Python FITHA+
DRELZBEE L5 o TROFIUE IV DHI > TVWE T,

ETOFANFBNY 77y T T =TV ECRAZINZ2DITIEDD F¥A, lOEY 2 —)L (Python BiEk%
BAET) o, BFDOFAITHRR 2 K513 %512id. void _declspec(dllexport) initspam(void) %
PyObject _declspec(dllexport) *NiGetSpamData(void) ® & 512, _declspec(dllexport) THE ¥4
72D EE 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.1ib to the list of libraries.
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THREE

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,

81



Extending and Embedding Python, J1J—X 3.11.11

=

=

c-api-index

Python C 4 Y X —7 2 — 2D Z D~ =2 7 MICELRTVE T, BDERIEROKITIIZZICH 3
Z3 T,

3.1.1 RKEDIEDAH

Python OlHAADR D fHELERIL, BEKES VX —T7 2 —XDFHTT, TOA >V R—Tx—F, 77
Vr—2aryeR bW 32068 K W Python 227V FM2FETT57200bDTT, FlZXzHuE, —oD
77 AN LT OBRIEZER ST 2DICHATE XS,

{

int

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

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

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

return O;

The Py_SetProgramName () function should be called before Py_Initialize() to inform the interpreter

about paths to Python run-time libraries. Next, the Python interpreter is initialized with Py_Initialize(),

followed by the execution of a hard-coded Python script that prints the date and time. Afterwards, the

Py_FinalizeEx() call shuts the interpreter down, followed by the end of the program. In a real program,

you may want to get the Python script from another source, perhaps a text-editor routine, a file, or a

database. Getting the Python code from a file can better be done by using the PyRun_SimpleFile()

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

EKHEL VR —T7 2 — 2%, WiH B Python a— FE7 ) 5 —2avhoETTEBZLIICLTINE TN
77V —¥a >t Python 23— FOBTOT—ZDRLDIWDIZ, HEADIKE>THHEDLLWVWHDTT, 7—4D
RO ELEVWES, KDEKEDA Y EZ—T7 2 —AFFCHLEFHALZL TERD ERA, EDEL C a—
FEEIQRRLRVDLDIC, IZEMTHTESLXLSITRD ET,

Python OyE5R L AKX, @5 Z2EX, FUCEETHZ L0 I ICERERRIZARD EFHA, TRETOE
T L TCEZ MY 7DIF L AEDPEDIAATHDTEED EF, ZNERTHIT, Python 225 C ANDIA
REITD a— FRERICEMAEZT20EZITAHAZL L.

1. ¥—&f{li% Python 78 C IZZHT 3,
2. BNl % > T CL—F > ORBIEOH L Z1TW,
3. MU L THE o7 — &Ml C 55 Python ICE#T 3,
Python ZHDIATIHEIIE, 4 VX =7 2 —Xa— FPTHERIUTO LR E3:
1. 7—&{E% C 75 Python IZ&¥1T %,
2. Z I 7@ %o T Python f ¥ X —7 = —Z)b—F ¥ OBIBIFOH L 2170,
3. U L TR LN T— X1 Python 225 C IZE#ET 5,

—HLTH»2 51, T—XZEHORT v Ad. SHEETT —XZET 2 HANED o DIZEDLETHIZA
NEZ 2T T, H—OHEERIX, T—2ZEMOMICH B V—F > TF, HREZITIBECE C v—F 2y
HUZ32, #DIAADEICIE Python v —F Y ZIEOCHLE T,

ZDETIE, Python 226 C A\, ZLTZDHANE TFT—XEEMT 2 HHECOOVTI#FRLETA, /2. IEL
WEIRDFEWTRL T — DIV HIZOWT T TIREALTVWEDDEHRELE T, TN5DHIEITOVWTIEA &~
RTYRDOILIREMEED B & ZANRNDT, BELIFHRICOVTIEMEIOEEZ SR TEE T,

3.1.3 MR DIAH

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

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

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

int
main(int argc, char *argv[])
(KDR=D128i )
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HIDR— % 5D E)

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

int i;

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

return 1;

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

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

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

/* pFunc is a new reference */

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

¥

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

}

(KDR=D12Hi)
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(FIDR=I 5 DfEE)

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

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

¥

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

}

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

}

return O;

ZDa— R argv[1] 2> T Python 27V 7 2w — KL, argv[2] WICHEE I N7=£1OBEECE O H
LE7, BBOBEGIRZ argy BV OMOEICZD $3, ZoFursa%z AVNAILLTUYY L (TE
T2 FATRIREG % call EMUEL & 5). UFD LS5 % Python 227V 7P+ 2FEfT3T5 2L ET:

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

return c

FATHRIUT DL 512725133 TT:

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

COREOHAER LB T 2IIE TR T APV EINKRETEEZTH, FLALYIE Python 226 C ANDF—&XE
e s —REDHDa— FTY, Python DHEDIAA L WS BEH 5 BIRFENET I RO 2 — R 5 4h
FB5E7TT:

Py_Initialize();

pName = PyUnicode_DecodeFSDefault(argv[1]);
/* Error checking of pName left out */
pModule = PyImport_Import (pName) ;
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A4 27 Z2OHEAL%E,. A2 VU 7 Mi& PyImport_Import () Z{Ho THAAENFE T, Z DL —F Vi& Python
XFENE GBI B EDH D 7 — X2V —F > PyUnicode_FromString() THEEL %737,

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

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

}
Py_XDECREF (pFunc) ;

VDERURZ YT IDFAAENDS L, PyObject_GetAttrString() o THELAFZEIETE £ 3, Al
AT YT MHUHFEL, BUS LA 72 =7 FHAMCH LATREA 72 = 7 FTHAUR. 20X 7Y =7 2B
THHLEZTHELIABRVTLED, 22 TTRIIAXEALBYIIEBD X INERIELE T, 2Dk,
Python %= TN a— RTHIHLET:

{pValue = PyObject_CallObject (pFunc, pArgs); ]

BRI 2 R 3B, pValue 1X NULL 1272 %70, BABOREDEADSEIA > TVE T, HEFANZZRIICES
FTRBREMBL T2 E W,

3.1.4 B&iA £z Python DILE

Z ZETlE, HDHIAA Python £ YRSV RET7 TV r—2 a VRIKOMEEIC 7 72 RT3 FERH D FRAT
L7z, Python API Z2ffi5 &, HOABA VX TV RXEWIRT 22 TT SV r—2a YRIEAD 7 7 & X% 7] 5
WLES, 20, 77V —>a VTHREINTWEIL—F U fioT, HOAARAL VX TV REIRTZDT
T, BHRILDEISWCERZIEITY, ZRUEIE VWD TIEH D EEA, SLDHToT, 77V 5= arypy
Python £ Y X7V X ZEE L7220 2B 1o BNTATLZEWN, 2OROY, 7V r—>a vy
TN—F > DEF DT, HzpdEED Python HIREY 2 — L2 EL D X 512, Python 225K L—F VT
JRATEDZLIICTE70— (glue, M) a—F2E L EZTIREI WV, FIZIEZUTDOXSI1CTTS:

static int numargs=0;

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

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

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

(KpR=21FiL)
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(FIDR=I 5 DfEE)
"Return the number of arguments received by the process."},
{NULL, NULL, O, NULL}
};

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

};

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

Foa—F% main() BBOFT S LIHALE S, £/, LUFO DD % Py_Initialize() OFELH 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>yTiE, 25XV Yy TPV —>a YHAD APL % Python RT3 222k
RN

3.1.5 C++ I2& 3 Python DI2HIAH

C++ 7Fu 27 1HIZd Python ZHIDIADET; WEICE S &, 5o THDIALLIIH > TS C++ ML
ZOFHMCHIEL T3, —RIICIZ. X470 506% C++ TEE, C++ av 4 % HoTTuro6%
aAVRAN VYT FTERENDHBTL & 5o Python BIK%E C++ Ty AN LEBILBEEIH D FH A,
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3.1.6 Unix R ATLICHIFRAVNAILE) VD

Python 4 ¥ X SV X% 77V r—2a VIZHDRADLDIZay 47 (VD) KETAREELWI I 7% R
HIDWREE TRV LLER A, ZHERIZ, Python 2594 77 VEYa— LTy 73z CH)
MHRE (.so 774 1) L LTHREINEBDE 0 — FF20ENH272DTT,

WERAVRAN VY I DF T a il 529, pythonX.Y-config A7 VS FMEZ 3 (Z ik
Python 4 ¥ & b —)LEHCAER X7z H DT, python3-config A7V 7+ bR LOLERA), 2O
A7V FMEFA TS arNE HY I, BEENCARRZDOEZINATL & 5:

o pythonX.Y-config --cflags [IHRD I A AT a v 2HhL T

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

o pythonX.Y-config --ldflags —-—embed IFHEREDV > /AT a v 2 ML ET:

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

AR B Python N—Y a YH7FE (2 D DI X7 LD Python & HR7HETE L K L7 Python) TOIREL
ZHET 572012, L TOFID & 51T pythonX. Y-config (i S A CTEEIL 721Z 5 BRWVWTT,

HLIDFIETI L V2RI (S22 ZHUIETO Unix R T Iy b7+ —ATEET 2 Z 2 2RET
% H DTIFRWT T2, bug reports I TT), HRILDIRATLDEAFIv I Y IZIZDOVTDRFaR
> b EFEA, Python @ Makefile DAY A )Vt 7y a Y RIARZBENDH S TL & 5 (Makefile DIGFTEFHN
%1213 sysconfig.get_makefile_filename() % ffio T 7Z& V), ZDHFA. sysconfig EY 2 —ADBEIC
VOBERIRD T, TR Ko THREBMNIMA Iz RAL - VY 7DF T a YREE T 07T LI
MHTEEd, HIRI:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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2to3

abstract

oS

&

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

executed interactively in the interpreter.

x
DHDPEZLNET:

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

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

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

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

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

scripts/2to3. See 2to3-reference.

base class

(HIRIE S 5 R) fIRILE S 7 213 duck-typing 25 S 5 S DT, hasattr() REDHIDT 7 =v /T
EABIFTH o 72 D WD IciR 5 (Bl 21X magic methods DHE) HEIKA ¥ X —7 = —RAZERT 5 /%
2L £, ABC 3R (virtual) 727 A ZEALET, ZHUIHT AL LMEL FEAD. £
N TH isinstance() % issubclass() WKARMINFT; abc EV 2 —NLDFFaX Y F2ZHLTL
72EW, Python i12id, £ DflAIAA ABC RIS TVE T, ZONRIE, (collections.abe E
Ya—)LT) 7 —XME, (numbers €Y 2 — /A T) L, (io £ 2—/T) A+ VU —4, (importlib.abe
EV2—NNT)AVR=F 774 VEARUEB =KX =TT, abc EY 22—V ZHHLTHED ABC Z{EKT
ERES

annotation

(77 T7=>ay)EBB 77 RAEMNE. DT X—=22RDEICEFRT 2 7L TT, BEICXD type
hint & LTEHLNLTWET,
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O—ANERDOT7 ) 7—a VIFFETRICWE 7 7 XATEFEFEAL, ZJu—LZ 8., 7o 2@H. EEo
77 T—=aYiFENFNEY 2 -, 75 R, BD __annotations__ FFRBMEICHER I TV T,

HERED AN B 5 variable annotation, function annotation, PEP 484, PEP 526 #ZH 1L T 12X
W, Fiey T/ 7= arEMHATERNRA NS Z 77 4 X LT annotations-howto HZ LT 72X W,

5|%% (argument)
(F25180) BIRCZ PO TS, BAE (F721d AV Y F) ICETHETY, EE 28D D $3

o F—TU—F5|E: BT LOBRIZE I BORNCHENF DWW D (fl: name=) R0, ** IZHilF 7= &F
EoHDEr LTHEIN5E. HlZIE. XD complex() ODMEURH L TIE, 3 & 5 25%F—7— F5[#
T3

complex(real=3, imag=5)

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

o MUESIE: F—U— F5IELND5IEL, MESIBIZEIEY X FOHIZEL T TE, T2+ 1ITHIT
7z iterable DBEZRL LTET IR TEET, HlZIX ROFITIE 3 & 5 1dMAHMAES I TT:

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

FEIBUIBEBOEBRICBWTHARITEDO o — AL EBRICE D Y ToNE T, b Y TETIHANIOVWTIX
calls 2B LT 7EE WV, YV Xy 7 RAZBVWTEHFIBERT-DICHoWENEMHS Z e HKE T,
Ml X A EZ e — A ABEICE Y Y THENET,

&51% . FAQ @ FEFIERGIEDENIATTT2? . PEP 362 2B L TS,

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

asynchronous generator
(FEEEAY = 3 L — &) asynchronous generator iterator iR BIEL T, async def TEFEEI Nz T/l —
F VBABUTI TV R TA, yield REFOMR TR D £, yield :id async for L —FTHAHTE S
EOIM P ZERT 2 DIHHENET,

WEIIEFAY = 2L — ZBBER L E T2, RiCk> TR A XL —21TL—&2 2837556
DHYET, BRSNLERPHS 2 THRWEGE, RO Een B e AL $5,

JEMIY = 2L — X BEICIE, async for XX async with X2 TR await RdbHBZ I HHD
S

asynchronous generator iterator
CGEFRIIY = 1 L —& A4 7L — &) asynchronous generator B THEKENZ AT 27 FTT,

920 18 A & FB5E


https://peps.python.org/pep-0484/
https://peps.python.org/pep-0526/
https://peps.python.org/pep-0362/
https://peps.python.org/pep-0492/
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ZAUX asynchronous iterator T, __anext__() XYV v K& THEN 2 & awaitable & 72 =7 + %
BLET, 2D awaitable & 7Y =7 MME, KD yield RETIHFAMPY = 3 L —XEKOAREEEITL
£7,

% yield TE—RANCUHEZ K L. ZOHOFEITIKE (0 —H LV EHSPHREF O try XEETD) RillE
LET, EEEBAS T RL—FALTL—42 » __anext__ () TIREN7=MD awaitable THEBRICEHB T 2K
1213, ZOHhMEFSEIZNE T, PEP 492 BX U PEP 525 28R L T X W,

asynchronous iterable
(JEMEAA 75 7V) async for XOHTHHATE 24727 T3, BHHD __aiter__() XV v K
5 asynchronous iterator iR EIRFIUIIR D F¥ A, PEP 492 TEAINZ L,

asynchronous iterator
CGEFRIIA 71 —%&) __aiter__() & __anext__() XY v RE2EELA T2/ FTF, __anext__Q)
& awaitable 7 7Y =7 bR ERFIUIRD £ A, async for | StopAsyncIteration flFt %% MH
TH5FET, EAAATL—KD __anext__() AV v FHIRT awaitable Zf#k L £ 3, PEP 492 C#&

AENF L7,

Bt
(Bl A7y =7 MicBEMST SN, Py FRERNICL > THATTEESRBINGETT, iz, +7
Tz b o DEN 0 ZFo TV L E, ZOEMIE 0.0 TEREINET,
F 7Y =7 MiZIZ, identifiers TER SN2 T TR BRVWHFTOREEERE X2 2P TEET, 2R
setattr() Z{H\WV, A7 =27 bBZNEFATLTVEIHEEIITAET. 20X 2EMEE Ry FRER
T 7 72X TEF., RODIZ getattr ) 2o TWMAIBELDH D 5,

awaitable
(fFH%PTEE) await N THEHT 2 2R E2 A 7T =227 M T, coroutine 2>, __await__() XV v FH
H2FTY 2V bTF, PEP 492 2L T I W,

BDFL Py
R =G MHEE (Benevolent Dictator For Life) OB TF, Python OfF#. Guido van Rossum O Z
T3,

binary file
(N4 F VT 7 AN bytes-like TV LTI b OHAAABIUEZRAANTES J7AILFT
Ik TTe XA FVT7ALDHNE NALFVE—F ("rb', 'wb' or 'rb+') THLNITZT 7 4 L,
sys.stdin.buffer. sys.stdout.buffer. io.BytesIO *® gzip.GzipFile. DA Y A XY XA TY,
str A7V FOFAEEIDVTEDZ 77 AN0F TV 27 MZOWTI, text file BB L TLZE W,

borrowed reference In

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

garbage collection can remove the last strong reference to the object and so destroy it.
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Calling Py_INCREF() on the borrowed reference is recommended to convert it to a strong reference
in-place, except when the object cannot be destroyed before the last usage of the borrowed reference.

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

bytes-like object
bufferobjects ¥ R—F L TWT, C SFEOEKT EfiLlc Ny 77y =2kt 7o 27 b,
bytes, bytearray, array.array ®. %< O 7% memoryview * 7Y =7 P ZHICE D £7,
bytes-like 72 =2 M, T—&EHE. NAFV T 7 A ANDRE, Y7y bEREHLEZEERE, A
FUVTF—=REERTE2VSVARBEICHHT 22 e TEXT,

BODPDBRIETEINAF VT —REEHTZRENDDE T, ZORMEORF 2 XY FTIEEL " HAFE
AREZR bytes-like A 7Y =7 P ICEKRLTOVWE T, ZHEARERANY 7 7 —F 7Y =27 MZId, bytearray
¢ bytearray @ memoryview REDEFENE T, £/, OB ODLDIMETIIAELRA T =7 PO
AFVTF—=% (" HAHLEHOD bytes-like A7z 1) ZRHELET, £4UCIE bytes & bytes D
memoryview * 7Y = 7 FEENE T,

bytecode
(>S4 b a—F) Python @Y —Z2a— Fi&, Python 78025 L® CPython 4 ¥ &7V X ONEFRHTH
BNA Fa—=FAay A LENET, N ba—Fi& .pyc 7740 CF vy adh, L7740
DEHIRFETINZ L ZWF I EHRICRDET (Y—RA—= K256, Fa— FAOHED 2 > 81U
XN FET), 20 " HEEFE (intermediate language)” (&, #&4& D NA b 2 — RIS % BEHEE %
792 RETSY TEFET 2 VWAE T, HERERELE LT, N1 Fa— FZRZ % Python <>~
MICHEIfET % Z &%, Python VUV —RAMTHETH 2 Z LTI NTOERA,

NA ra—Foma—Eld dis EV2—1 ZHHFET,

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)) FRODZRFRTEITENS 12D 8 e LTEI NS

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

class variable

(79 AZH) 75 A LICERSIH, 7FALRLT (DFED, Z77ADA YRRV A ETIERLIZ) BEX
N2 ZrZHNE LTWAERTT,
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complex number
(BHRE) L<HON TV EEMREZIRELLDDOT, IRTOIEG e oM LTREINWE T, B
BOIRBEERNL (-1 OFHIR) I2FE2HI 70T, —fRIBEETIE 1 tErN. LH¥TE j tEHEINE
§o Python 3EZEHICHAAALTHIEL, BEDKLEZM > TVWET, EHIIREIC j 200 TEEZE
§, flZ1E 3+1j T, math €Y 2 — VOBERLIRZ AT 21213, cmath ZfVF 3, HEBOMEMIZ
DD BERBAOMAEET T, HEEZECRTI IZIFEEVRIEALTLE>TEWTL £ 9,

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

context variable A
variable which can have different values depending on its context. This is similar to Thread-Local
Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for

context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous
(B, i) Ny 7 7 DEEIC C-E8E F721& Fortran B8t TH 25512, 2Oy 7 71 38ELTVS
LARBREET, ¥uRimny 7 71 C @i TH D Fortran @i TS, —RILOBEHITIE. ZDOERIIHT
XEY ETEE S 2 X5 KEREBES M. RFEXEarLME DA TWIEFR TR : 3, 2XTo C-HEi
REFITIE. XEV T R L RJEICEREZ K 2 BIIRBR DR A FORYNTZED 5 DIZXT L, Fortran #i57R
B CRRA DR A FOBRANCE E £ 5

d—F>
(AN=F V) an—=FYFIITN—F DL D —RPLFKTT, F71—F ViTidRD oMk s 5
AD. ok sl Mmhr bt Ed, aL—F I3 ZL OkA RHEP B A, Hi5, BT ZeH
TEXJ, aL—F VI3 async def X THEETEZET, PEP 492 2SR TSI,

coroutine function
(aN—F VBB coroutine A7V =7 N ERTETT, aL—F YERIL async def X THEEIN,
await, async for, BX U async with ¥—7— FZFOZ MR ET, 2 bHid PEP 492 TEA
SNE L7

CPython
python.org TEMAF XN TW3, Python ’n 2o 3 vV SiEOEMENFEEETT, "CPython” ¥\ 5 HiGE
E. ZD%EE% Jython % IronPython ¥ \Wo 7=l SEEEr XA 2 RENE G CHHINE T,

decorator
(FTav—%) HloBEEZ RIS T, @, Curapper M THMZH iy L GEHENES, 7aL—20D
—RH 72 M HBNZ. classmethod() ¥ staticmethod() T3,

FTaAL—RDFREI VR VRS aH—TF, XD 2 OOEBERIIEHRICFE L DD TT:
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def f(arg):
f = staticmethod(f)

@staticmethod
def f(arg):

FICHESD 2 2 ZWCDIFEELETH, DEDHDLDATEA, T7aL—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.

FRAZYTFEDRXY v FIZBE L TOEMIZ. descriptors % Descriptor How To Guide ZZ /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
(FFENTEEG) iterable NORTH 2 WIE—HOERZUIHE L T, ZORRPORIFELZRT a7
FEZXSTI, results = {n: n ** 2 for n in range(10)} ¥ T3 ¥, F—n ZfH n **x 2 1T}
S BEEEE AR L E 3, comprehensions 2SR L TL 72X W0,

dictionary view
(fFE L 2—) dict.keys(). dict.values(). dict.items() 2T A7V =7 b TF, HHEDHHODH)
MR 2—%2RELET, bbb, HEILEINI 2 — 32N KL ET, HEFEY 2 —Zlilny
IRV A MIZT 5121 1ist (dictview) ZEH LT3V, dict-views ZZLTL 2S00,

docstring
A string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc__ attribute of the
enclosing class, function or module. Since it is available via introspection, it is the canonical place for

documentation of the object.

duck-typing )
24727 MPRELWA VR =T 2 —R%Fo TV EDERET Z2DICATY =7 FOME RN R
PIIVIRARANTT, Rbbic, BificA 7Y =227 b XY v RREESMEh ) #HbhzD LE
94 {18 A = B
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T (TEADISKTHRAT, 7LD LS ZBIFIE, ZRUET LV TH S, ) 4 v EZ—T7 =2 —X%HID
HHTZ2Z2T. EFRTHA I NZa—RE RKVE—T7 4 v 7 BRRELHF L CERREEZM ExEZF
T Xv XA type() % isinstance () WK BHEZ BT E T, (2L, Xv &4V T %
HREEI X THETSIEDTEET, ) Zofb D, HBKIC hasattr () HESL FAFP Ju 23
IVIEMBELES,

EAFP
ERA[2 e 2 X DFLEHE D HHNES (easier to ask for forgiveness than permission, ¥— 7 4 —DiEH])
DUETF, ZTD Python TR LN TWEa—F 14 Y FTAXANVTE, BEIIARNZF —REIEDFE
TE2HDLEL. ZDRED - TOIGA BN MR L T, COMBTFERIEI2a—-7T417
ARA M, try XB L except XD ZADZDPREUTS, ZDO77=v 2k CDOLIKE
BTELfEONTWS LBYL AX AN MBS DT,

expression

() MHrOELFHIX NS, —F & FH DO (a piece of syntax) TF, Wz 2, X&FV 771,
#un, BT 72X, HEFPEBFOH LAY, H2RTROERDOEAENRTT, MoZ{DEFHEL

. Python TIZEFBOLTOEMBERIA LWV I DI TIEHY FHA, wvhile DL 1T, KL L’Céiﬁx_
BN DD ET, KADBKTIRRLIXTT,

extension module
(EBREY 2—) C % C++ TEHEDPNEY 2 =T, Python @ C API ZF|H LT Python a7 %
dI—HY—a—FeLheHhLET,

f-string
YRR 'F PRI WA SIFAN Y T Ik festring” 2N, ZHIE 7 x—~ v NEAXFHIY T 5
L DIEHEEOELMTY, PEP 498 3B L TL XV,

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

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

T7ANF T2 MZRBEBE 3IEBEDDET: FO NAMFU—=T714IL. Ny T 7E0/- N1F
=T 7A4)b, ZLTCTHFAFT7A4IL TF A VE =T 24 AX io BV 2— LV TERINTVET,
77 ANTTY 27 N RAEZREHEN 7R SR open() B EMES Z 2T,

file-like object
file object £ [AFETT,

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

Unicode to the operating system.

T7ANTATLADLY A—F 4 V7Tl TRTH 128 N4 FUARIEFICTa— FEN53 Z L HBRFE
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XNELLTWEEDERA F77ANTATLADIY A—F 4 Y7 TINDBRIAE I N Do T-5E1%. API
BH%AY UnicodeError 232 2 20b D £,

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

to get the filesystem encoding and error handler.

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

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

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

Since Python 3.3, 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 PEP 302, PEP 420 and PEP 451 for much more detail.

floor division
(I D& TRRE) —Fm BB D #5T 2 BAIBREL, YIDIECREBE I // T3, BIRIE 11 // 4
F 2112720 RPN EV NSO EDORRETIE 2.75 28 BoTE %3, (-11) // 413 -2.75
INSWAIC D3 ((RiE: BOERRKADIDEITS) DT -3 1245 ZLICFERLTLEE WL, PEP
238 ZZML TLIZ&E W,

£33
(B MM LENCEZ R —HO XD Z ¥ T3, BAEICIZ 0 U LD RE|E 2ET I e PR ET, FEIK
DFEITRICEIBE T 2 Z e B HRE T, [R5 AV v R, function 2B L TL7ZE W,

function annotation
(B 7 ) 7—>ay) DT X—Z2RDED annotation TF,

By ) 7—Yarid, BEEEEYE bbbz d: flziX, ZoBE 2 20 int Bo5[5
P XN, £/ int BORDEEFE L HAGIhA TV T,

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

return a + b

BT ) 57— a Y OXEIX function DEI T XN TVWET,

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

___ future___
from __future__ import <feature> ¥\ 5 future X &, I ¥ %4 T —IfFKRD Python VU — 2
T L B AR EREFH L CTRAEDEY 2 — A2 a2y I LT 2 L5 R LET, __future__ E
¥ 2=V TId. feature DED S 2MHZ FF 2 XY MULTVWET, ZOET2—LZAVYR—FL. ZOD
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ZR TS 2 Z ¥ T, FREIRYNCEFEITGEME NZDIT VD000, WOTF 7 4L MZR2D (R4
Roleh) BRZZeNTEET:

>>> import __future__
>>> __future__.division

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

garbage collection
(FR=—Yarryay) ZhUREDIS 2L DRV E Y RRKT 208 CF, Python &, BiAH Y~
k. BRI USSR — Va1 s ARl o THAR—DaL s Y a YEFTOET, HRe
Yalr s gc BV a—EMHoTHETEE T,

JIrlL—%&
(¥ = 2L —2&) generator iterator 23R 3BT, @HOBBUILI TV E I3, yield REFORTRZ
DEJ, yield U, for L—FTHEHATE/D, next() B THEZE 1 > FOWMOH LD TES, {HD
WS ZEAERT 2 DIHEHEINET,

BEEY AL —XBEREZRLETY, XRICL s TR PxRL—F1TL—4 ZHEITHERH D 5,
RS NIERDH S TlRWEE, LD DI 2R HEE AL £ 9,

generator iterator

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

yield D7 MIZRATFEITIREE (RFTABSAR WD try R 2 ET) R U T, WHEIE—Rc
NET, DxRL—FA4T7L—& M d . L EMVEZIGL T (@FOBEBIETOLTR
T L WIRTE D S B46 S % D & RIRAIT ),

generator expression
An expression that returns an iterator. It looks like a normal expression followed by a for clause

defining a loop variable, range, and an optional if clause. The combined expression generates values

for an enclosing function:

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

generic function
(¥=2V v 7BR) Bz BN LR CHEZ 3 2 BEE D SRS N2 BT, RO LIFIZE D%
EEHWDEPET 4 ANy FT7ATY XLIICEDRESINET,

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

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

and annotations.

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

global interpreter lock ML TLEE W,

global interpreter lock

(Za—xnA4 &7y &ay 7)) CPython 4 Y27V ZHBFHALTWS, —EIZ Python @ /N1 FJ—
F 2FTT22Ly RiE—2R0TH 2 e 2RIET 2HMATT, ZHUTKD (dict REDEELIMHA
ABR R EL) 7Y 27 VETFADFERET 71 2k U THREERINICRZ 2124 %5 DT, CPython M)
SYTNEHRDET, A VRTVREEERY 7T 58T, wAF TRy der L 25D 2
2L eBIEHZIT, A VX TV REMBHEICTLF ALy METEZ X5k D ET,

772Uy BHED 2 WISV K DD DIERE Y 2 — Ui, iy & 23R C O HEOE W% 3§
5L EFIT GIL ZEFRS 2 X5 IRFFEN TV T, 74, 1I/0 Wiz 3 23558 GIL 3HICHREINE T,

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

more complicated and therefore costlier to maintain.

hash-based pyc

hashable

(Ny T arR—Z pyc 774 N) IESHERHFIT 272012, FIET Y — 27 7 £ L OREEFHRZITIE4
ANy Y afBEFEHATE2ANL P —FDF v v a7 74 TT, pyc-invalidation 2SR L TL X0,

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

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

Ny Y aFRERA TV 27 PEIHEDF —PHEED A U N— LTHZ T, HEPEGDO T — X HBIEIEN
EBCoNy ¥ aflie o TWVWAENS T,

Python ®4 I 2 =X INAREHAAFT T =7 ME IFL ANy Y 2R[RETT, (VA MRHED X
572) T2 —RITNRAYTFIEINY Y aPA[RET T, (X IR frozenset DX S72) 4 I a—&X 77z
TR EEBNY VAW RTH DI L EDAENY Y aARETT, —Y—ERDI FADA Y ARV AT
BHYSRATI =7 VAT T AL P Ty S 2 ATHECT, Zh5IEET (ASERVT) MRz ES
flichd b, Ny aflld idO) EhEshET,

IDLE
Python O#ARFEERSE (Integrated DeveLopment Environment) & %2835 (Learning Environment)
TF, idle X Python OEEHERZEAMICFMI N TV EEREANEEEDO LT 4 R 4 VR 7Y RBR T,
immutable

(A 32—&70) MEDMER 1A TV 22 b TF, 4 Ia—KTARF TV =2 ik, Bl XF
B, BRURTAREDRBD T, ChoDF 7= 7 MRMERZZ N TR A, HOMEEE 5B
& HRBATY 22 VEERLRGNERD A, 4 32— X TARE TV 22 ME, HED Y > a
EDRATE Y 72 5 IR CEHEREE 2R LET, HEOF—2ZOHITT,
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import path
path based finder 3 import 3 3 %EY 2 —VEBRT 25 (£721F path entry) DY R b, import H,
ZDY A MIEY sys.path DORETH, 37 v r =Y DHEEEF Y —ID __path__ EBEH»S
HRET,

importing »
5EY 2—)LD Python 2 — FAHIDEY 2 —LD Python 2— FTHZ 2 X 512F 3MHETT,

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

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

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

interpreted
Python 34 > & 7V XEROFFETH D, a2 %4 I F5EBOMMICHE L T, (N4 ba—Far Ao
TWH D7D, ZOXFNIEBHRTTD, ) 2ITOA YR TYVRFFELIEX, Y—RAa—RFKDT7 74 L%,
FFFTABEERC L THhSETSE L L Vo BER LIS, BERFTTEIL I Z2EKRLES, 1 &7
VRERDEFETER. 2V 4 FTERDFEID IR TNy 7DV A4 VIRV DD, FarJ L
DEITIF—MUTENT T, WEEH DS TIL I W,

interpreter shutdown
Python £ Y Z =7V & —i3¥ % v bRV UV REFINLIFIT, Y 20T RTDI Y T 14 HLRAER
MiEZR D, TNTOMRLZY Y — R 2 BFERNCHIS 2. FilZa7 = —XRXADET, 2O7=2—X
W AR=2OL 2 ZEEEFCHLES, 2RI D2 —ERDT A b T 7 X —=% weakref 2 —)1
Ny VPEPHENZ BBV ET, ¥ v bRV Y 72— XHIZETENDZ a— Fid, ZOBKET S
VY —ZANFTTIBRELZRWV (KL DHBHEF7 477 1) —FEY 2— /L% warning HETT) 72Dk 4 2
FISMCEm L £9,

AVER—FYERT Yy bR YT 5EREHIZ  main EYV a2 —AREFTEINTVWSEZAZY FFDHE
I3 T L2 8 TF,

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

implements sequence semantics.

Tterables can be used in a for loop and in many other places where a sequence is needed (zip(),
map(), ...). When an iterable object is passed as an argument to the built-in function iter (), it

returns an iterator for the object. This iterator is good for one pass over the set of values. When
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iterator

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

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

T—ROMNERHTEATI2 I b TT ATV =KD __next__() XYy FEEVRLUECHT (£
73 AA BB next ) 1T ) &, MNDOHOERZ —DOFTORLE T, 7—22%<k5t, fbD
IZ StopIteration BIfEEH L ET, ZORRT, A 7L =24 7Y =27 MIRETED., £hlFFX
__next__() ZfIEMATS Stoplteration ZEHLET, A1 7L —RIZ, ZDATL—KREF TP =7
FEEEIRT __iter__ () XV v FEEELRINERSZVDT, 4 7L —RIEMOD iterable 25§
BIEL AL DHFITHATEE S, 3o 2D e LAWNIBEROREZITS £57%22—F T3, (list D&
S7%) arvTFA 7Y ME, BE% iterO B A T Y =7 MZELD for A—TFHNTHS 7200
2. FRBREHOA 7L —XZ2ERLET, ZhZ2A 7L —XTITBHd2L, #ilOf 7L —2ay
THABADRCA 7L —&2A 7Y 27 b BfUCGRT 720, HOaAYTFDEIIWTR->TLELET,

BRI typeiter I2H D 5,

CPython EZD:##: CPython does not consistently apply the requirement that an iterator define
__iter__Q).

key function

keyword

lambda

LBYL

(F—BIE) ¥ —BIEL H2VIEREREEL . V= MRIEFLKD 7D DIEZ R TIF-H LATRES 7Y =
2 & (callable) T3, HlZ1F. locale.strxfrm() % F—BAEUCH X, v r —UKFDY — M DIEHEIC
Dot ok —+Fx—%RLET,

Python ®Z L DY — i 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—BMEERL HEITNL DD D FF, HIZIE str.lover() XV v FERXF/NCFEXAILZWY —
FEITOF—BE LTS Z e SHIRE T, HB WK lambda r: (r[0], r[2]) ® Xk 57 lambda
Ao F—HBEELZ N TEET, £/, operator.attrgetter(), operator.itemgetter(),
operator.methodcaller() ® 3 D2DFXF—FKI VA MF 720D D ET, F—FBDIEL T EHNTD
flix Sorting HOW TO ZZHRL TL 7Z& W,

argument £
518 2B TLZE W,

(T LK) EHDA VT4 VKT, B OCHEI W 2ICiHixs 120 X #8AFT, 74K
BA% % {E 5 X1k lambda [parameters]: expression TTJ,

FZ 21305 DL (look before you leap) )] DUETT, ZDA—T 4 YT AXANTIE, MU LoHEKREIT
S HMNC, BIRAINCHITESM (pre-condition) HIEZITWE T, EAFP 770 —F L MIMT, if X237 <
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list

S AMEDN D DRI TS,

< F ALy MEENZERE T, LBYL 77 —F13 " R27 @y 7 RY BREOHSIRELZS| =i
ZFTVURIBHH ET, BlZIE. if key in mapping: return mappinglkey] W5 a— KX, HIED
%, BlDAL v FOERDEINC mapping 205 key ZEDRL EEBMLE T, ZOMEIZ. vy 25250
EAFP 7 e —F %25 Z L THIRTZ %7,

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 MAEKEL) =7 Y AHORTH 2 VIE—EOERZ UM LT, ZORRN S22V A F2IRT,
AR NRTTHETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2 == 0]
L35k, 055 255 FTOMEE 16 KR (0x..) LAEXXFAN» 6725V A F2AERL £, if Hild
F T avTT, if HiBRWIEBA, range(256) DETOEEIMHINE T,

An object that loads a module. It must define a method named load_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

Oy—=IT>aA—F14 >4

magic m

mapping

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

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

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

See also the filesystem encoding and error handler.

ethod
special method D < 721} 7z[AFEET T,

(o BV EREOF —HKZIR—1 L TWVWT, collections.abc.Mapping #* collections.abc.
MutableMapping ® fMIRILEKS 7 X THREINLZAY v FEEEL TWEaYT7F47I =27 bTT
Bl 21X, dict, collections.defaultdict, collections.OrderedDict, collections.Counter 7% ¥
<7,

meta path finder

sys.meta_path ZMEK L TH SNz finder. meta path finder I& path entry finder L BERIEDH D FF
RN 7/l G IS
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meta path finder 23E2F 2 X Y v FIZDWTIE importlib.abc.MetaPathFinder #Z B L T /2
SIS

metaclass

(RRTFGR) IV FTADY FATT, 7 ITRAERIF. 77 A%, 7 I7RAOFEL, BEZ 72DV X M 2ED
F5, XAXIIRF. FNS 3 OG5 B LTRITMD, 77X 2E2BEZAVET, ZLAYDET
Yl MEREEX GRIE: XA X7 5 AD) 77 40 b OEEERML THET, Python 2RI DIE A R
READARY FARNEBMTELZRTT, IFLALDI—F WMo T, XET7 FRIBRLMBEDZNHDT
T L2 L. —HOBETIZ, XX 7 RAFBNTILI Y MrFERRELE T, 2 2ZEEE7 7122
OuZEMoD, ALy Re—=IWEBMLED, 77927 POEREBIFLZD, V7LV EE
Eyakhr, ZLOBMETHHEINETS,

FEHIE metaclasses ZZ R L TL 72 & W,

XYy R
(XY F) 7 I AKEKDOPTERINEE, 202 T7ADA VAR Y ZADEIEL LTHERH S R5E,
AV REA VAR YAA TS 27 v eE— 518 L LTRITID £5 (ZOHE—5I8ITEE self WX
NET), B & FAINRAO—T SWMLTLZEW,

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

interpreter since the 2.3 release.

module
(¥ 2—)V) Python a— FOMBEN E LTREEHLATI =7 F T, €Y 2—WIMEED Python
FTI 20 FEEOCAREMERBLE T, TY 2 —ILiX importing DIFRIZ K - T Python IZFHAA T
i\j—o

NVT—2 BB TLTEE N,

module spec £
Va—Zu—FF501Xbhd 4 YR NEEDERE FLAFIZEHE TS, importlib.machinery.
ModuleSpec DA Y A X Y XA TY,

MRO
method resolution order S L TL 7Z& W,

mutable
(32—&TN) 32a—RITNRERATI =7 M, id) ZEZAD I RAERZEETEE S, 1Sa2—47
L) BB TLEZ W,

7

named tuple
ZHIMNZ XTI WS HEEIL, AT LERHEALTWT, 4Ty Z AL BRI LEERZ{HoTo7
LA TEZLEEDOHDPLI I RIIGHEINTVET, Z2OHPT 7 A3MMOKED R - TWwWbd I b d
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Dij‘o

time.localtime() % os.stat() DRV EZ ELW L DA DIMAAALIIAHFIN & X T VTF, ol
% sys.float_info TT:

>>> 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
(BHTZERE) ZROMMHWEN IG5 TT, HRiZEMIIFHEL LTEESAET, ARTERCEATY =
ZED (XYY FD) ARNFIRIZo7b DT TR, BFINZRD O, KBRS D, 2L THAAAL
DLONWHDET, BETEMIILFOEELHC I LICEL>TEY 2 -2V K- +T 5, HIZIXH
¥ builtins.open ¥ os.open() WFHHTEMTXAENTVET, /o EDEY 2 — DB EEE
LTWADBHRT 2 Z i ko CTHETZEMIZATHE e R HEZ B L E 5, FlRIE. random.seed() *®
itertools.islice() &L ¥, ZAFNEY 2 —)l random R itertools THEXNTWS Z & HHH
LM TT,

namespace package
(BHTZEE ARy =) TR r—=YDar7Fre LTOAEMREIN S PEP 420 TEZR XL/ package
TY, HRIZEM Ry 7 =D 3N AR LR W e TE, __init__.py 7 7 A VEFRWD,
reqular package IZFIRD F5,

module 2L TL 72X W,

nested scope
(AR PSR a—=7) IMIITERZI N TV I ER 2SRRI SEET T, BRI D28 B 0B
FTERIN TV 225G, NHOBEBIIMIOBEEHOZERZSHTEET, A XA SR a—-TE7
7 4V P TREBOZRIZI N TE, ZRORARZTERVOTHERLTLLE WV, B— A VERIE, &b
WRIO R a2 —FTERETAZEE LE T, AR, 70— VEREMS & 71— VA RTZE R Ol % Fid
FZ L E7J, nonlocal THMIDLEBICEZADE 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.
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object
(A7 M) RE (BHEPHE) ERINLRZFD (XYY R) 23208 TOTF—%, dLLIE 2T
DFHAZAINI ZZX DRBOEE S FADZ &,

package
(R T =) ¥ TED 2 —ARHRINCH Ty r =% BL e DK S module DZ 2 TF, M
WZiE. v =% __path__ BHE%Z KD Python 7Y =27 b T,

reqular package £ namespace package B L TL 72 &\,

parameter
(R51%) #Ei QKT B (2 AV Y F ) OERCBWTHESRT 5 R3|18 2fELF3. K91
35 EED D £

o MEBEFREREF—T—F: B THEIWE F—T—F5|H L LTEIT N TEI5BZHEELET,
ZAUITz e ZIBBLRD foo R bar DX 51T, T 7 40 b DRGIBOEEHTS:

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

o MEHEM: MBEIXL-TOAERALNZ5IBMEIEELES, MEFHOLIEIL BEERDTIHD Y X
FOHTZENLDERAIZ / ZEDDI I TERTEF T, BIZIETEED posonlyl & posonly2 1EfiE
HRHBIBICHRD 5

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

o F—TU—FEHR: ¥—V—-FIoTDAGZOLNZ5|8EHRELET. F—UV— FEHO5 I EER
TE3EANE. FIZIELIRD kw_onlyl % kw_only2 @ & 512, BEERDIRGIE Y X Miz&DHI=A]
ZRENMBES B EZZHD « D% TT:

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

AIZRMUE: (o5 TSR SN IAEROMET A T) EROEARDOMES A5 2 5
NBZZeEI/ELET, ZDXSREFIEZ. BURD args @ & 5 IRGIEBEDENC * D352 2T
ERTELET:

{def func(*args, **kwargs): ... ]

o FAIERF—T—F: (f1OFEFIE TR ONZEEDOF -V — FEIEIMAT) TEOEED *—
U—REIEBBEZONB I EEELET, 2D X5 REFIEE. EDBID kwargs D & 5125 184
DHENZ ** ZDOIF B I TERTEET,

WREIBIEA TS a Y e HDGIBOEDL HHIEETE, 7> a YO58UTET 7 4V MEBIEETZ
£7,

REIE . FAQ @ FE5IE ARG DE NI TFTH? | inspect.Parameter 7 7 X, function €27 ¥ =
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¥, PEP 362 2L TL X,

path entry
path based finder 23 import 32 EY 2 —VZ2¥T import path LD 1 DDFFTTT,

path entry finder
sys.path_hooks IZ® % callable (D% D path entry hook) 23R U7z finder TS o 52 b7z path entry
WKHZEY 2—LERDTZHEEH > TVET,

NRRAIY M) =T 74 VEDPFEETZ XY v RIZDOWTIX importlib.abc.PathEntryFinder &M L
TLEE W,

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

on a specific path entry.

path based finder 7
7 4V D meta path finder @ 1DW&, €Y 22— D import path ZHREL F T,

path-like object
(path-like A 72227 b) 77 A NVS AT AN ZRKLE T, path-like A 7P =7 M, N2 Z2ET str
F7P 27 bR bytes £ 7Y 27 b, £721X os.PathLike YR AL ERELA TV 227 POy
T3, os.PathLike 7B FaLZHR—-FLTWVEA 7T =7 M os.fspath() ZMUHT Z & T str
%7213 bytes D7 7 A NT AT LSRICEHTE F 9, os.fsdecode() ¥ os.fsencode() EZhZh
str 2V bytes ICRDDEMRAET 2DIMH X ET, PEP 519 TEHAIhFE Lz

PEP
Python Enhancement Proposal, PEP &, Python 2 3 2 =7 4 i L TIHRZRET 2. H2 0k
Python OFHERES Z OBERLERFEICOW TR T 2 LETT, PEP &, #EEIC DWW T OB Hiff
IR 1R E T 2 HRE DL (BER) 21X 2 RNETT,
PEP &, FEREDRBICH D5, 23 2 =7 4 I X 2MEIREOEM L Python 1278 X 2 3EE MM DL
FD7dDR LMOEHEL 22 22BN LTWET, PEP 0FEIIZaI 2 =7 1 NOGEEEET
52, RMEARZXFENTZ2ZLOBEHVH D 3,
PEP 1 22 LT ZE W,

portion
PEP 420 TEFRK I TW5, namespace package BT 5, HED 7 7 A D (zip 7 7 £ VTR I 1L
TWAHEHH2) 1 D207 4 L7 PV IS NS D,

{IE5 |18 (positional argument) ES

I8 2ZL T ZE W,

provisional API

(EE API) BHES 4 775 ) D)7 HARMERGED S FHHERNCERINE N7z DTT, 2D X570 A X —
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72— ANOKRELRETZ, WETHZ L INTLIMEHRFIATOEEAD, a7HREEIC K> TRE
AREINIR, BAHIEABREE (L VX —T7 2 —RADHIRETEENS) PITOIZIET, ZOX5%
ZBIFORAITOLNEBDTIEDHD FHA - ZHUE API ZHAATLENTIIRE L SO TWRERERKR
MpBRE Lz BICOA TR ET,

BE APLIZOWTH, BT HMEDLRWET X TR FB) tARINTOET, MER LI5S
THRIT IR BIRRE LR T RETT,

Zo7at Ak, BES A TISVEIMEL R T V- IEVWHEETAD SN Z L, FHML
PREZTELLER T ONE T, 3HlE PEP 411 2B LT X W,

provisional package
provisional API ZZIRLTL X W,

Python 3000
Python 3.x VU =254 D=y 73 —LTTF, (Python 3 2B WIFERDFER » HEIELN-FET
T, ) "Py3k” kS hd b HbhET,

Pythonic fth
SRET R RE X TEPNZa— F T3 <, Python OFHC IR A 7 4 F 2o 2B ZHR
a— Fh, #lZiE. Python O—f&H7% A 5 4 F L TIE for XEH-TA T I ITNDINRTOERICE -
TA—7LET, D2 DEFEIXZOMAMEAFRWD T, Python IZBEHRTWARW D D ICEED

AT R=HES 0 LLERA:

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

ZAUIH L. ZThW Pythonic A ER:

for piece in food: ’

print(piece)

qualified name
(BHith) €Y 2 =D — NV RA—=T N6, ZDEI 2 —VTERSINLZ TA BB XYV v FA
D, 7 RR? BRT Ky MR TT, PEP 3155 TERINTVET, My TLNLOBKPY 7R T
X, BHi%EA 7Y 22 bOARTEFELTT:

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

pass

>>> C.__qualname__
ICI

>>> C.D.__qualname__

(KDR=12HE<)
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(FIDR=I 5 DfEE)

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

EYV 2 —AANDOBRTHEDLNS &, REEMB (fully qualified name) X T XTORRY 7=V B2
DFy b&FEEL. FlIZIE email .mime.text ZEWKRL F 3

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

'email.mime.text'

reference count
The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. Programmers can call the sys.getrefcount () function to return the

reference count for a particular object.

regular package =
FiZ2, __init__.py 77 AVEEBLT 4 L7 MU 2 LTD packages,

namespace package B L TLIZE W,

slots 4
FANTDEZT, A VARV ARBUOHEBEDH LN LDERLTEE, A VARV AFELHRTA L
T, XEVEHHNLET. 2 & fFbhs727=9v 27 TTH, ELLFHORKIEAL M) v F—RDT,
Fater — 2, BIZIZXR BV DHEREE 27 TV 75— a vV TA VARV ADPKREIZFET S, 2oz
LEERRE, FDRVDHERNZ FTT,

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
(EENTEKED) iterable NORTH 2 WE—HOERZ UL T, ZORRPORIEEZRTa Ly T
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F 7 E X TF, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ ¥ 3¢, {'r',
'd'} WS XFHNOFEEAEK L 3, comprehensions ZZHRL T L 72 E W0,

single dispatch
generic function O—FETHEIEI—2DFIHOTRUC L VFERXNE T,

slice
(RFZAR) —RIT =T VR D—WEELATI 2 by AT4RIE, BRFEREL [1 THRXONLEKD
BoficaaryzEL e TELNE T, flRIX. variable_name[1:3:5] T3, AfHMN (RF) L5
slice 7Y =7 FENETHIHL TWE T,

special method
(R X Y v F) & 2 BNRE O#ME. BIZXINE % F % 72912 Python 22 HIFEICIFIHE N Z XY v K,
COMEDORY v Flid, XV y FEORFIEREZRICT VX =227 2 O8O0 TWET, Rk Y v FiC
DWTIX specialnames TR XN TWE T,

statement
(X) XFEAAL =t (a—=FD” 70y 77) ITAAIRRBERTT, Xd X 2F—T—-FroElEN2DHOD
DELBHPTT, %EIIT if, while, for B FT,

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

See also type hints and the typing module.

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

released with Py_DECREF () when the reference is deleted.

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

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

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

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

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

the sequence of bytes is known as ”decoding”.

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

encodings”.

text file
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(THEFARNZ7AN) st ATV 27 bVe@AFEEZTES file object TS, LIFLIEX. 7F X b7 7401
EEBICAL MEFOT =X A M) =27 72 AL, TFRAMIYO—T1 27 ZHAPBNTVET,
THFRA L7 74 LDHIX, sys.stdin, sys.stdout, io.Stringld f Y AKX VAR EETFAME—-F
('r' or 'w') THWEZ 74 L TY,

bytes-like 7T TV b BRAEETELZ 77 ANFTI27 MiIZOWTIE, N1FUT71)L 3SIRL
TLEE W,

triple-quoted string

type

(ZHEZ 4 — bXFH)) 3 00EkE L2 +— bids (") 27 RA v 7 4 — () THENICFY, BEO
(—H) 7 4 — P XFFNHARTRIT E 2 XFINEVEDH D FEAD., BOrOMHTHHATS, 12
2 ODMHELF Y 4 — FER TR — FIULICEL S LA TEET L. FTHESCE (\) bk THH
BUATICE D2 e MTELZDT, FFaXyr—ya e E L RHTRHCER T,

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

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

type alias

(B4 V7 R) Bojlfc, BzEFIcRA L TERL $9

M4y 7R3 Ber b 2HMLT 2DICHEHTTY, HlZI:

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

pass

ZHERDEICEDFHEAPT L TEEZT:

Color = tuplel[int, int, int]

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

pass

HEEEDFIHD D % typing & PEP 484 2SR L T 22X\,

type hint

(Be >y b)) 2B 77 REM. BBD 5 X —2RBRVEOIRFE N B ZIEE T % annotation T,

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

They can also aid IDEs with code completion and refactoring.

Ja—rOVER, 75 AEE, BT, n— A EBTRVWHDDH L ¥ M typing.get_type_hints()
TR TEET,

FSHREDFHIAD B % typing ¥ PEP 484 2L TL 72X W,
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universal newlines

FZ AN — ADRERED—DT, LTFDOFTRTERITRL 3

>
L F 3 Unix DITARHEE '\n'. Windows
DOFE '\r\n'. H\ Macintosh DIE '\r', FIHEICOWTFHL LIE, PEP 278 ¥ PEP 3116 , X

=8
)

5IZ bytes.splitlines() dZBMML T IZE W,

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

ZRDH 07 7 ARMEICERZH 722 23, AARTRERTT:

class C:

field: 'annotation'

BT 57— ayid@EZEe R o01IEbhET: flZE ZOEHI int DEEPIRBZ 2 H
BENTVET:

[count: int = 0

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

HEEDFHIADID 5 function annotation, PEP 484 , PEP 526 ZZML T Z& W, £/, 7/ 7—Y =3
VEMATERANST 2T 4 A2 LT annotations-howto HSIRL TL 72X W,
virtual environment

gzl

(IRAEBRER) thaRi i) b B X 7 S4478R

BTY, ZHUCkD Python 2—He 7 FU r—> a VIFRL S
27 5 ETEHNTWAMD Python 7 7V 7 —2 a Y OEENC TS 2 Z 27 < Python Sy 7 —2 DA
VARV EERERITO LD TEERTD,

venv ZZIR L TL ZX W,

virtual machine

(RfE=> V) BRIZY 7 b 2 7K DEREEIN/Za ¥ a—&, Python DIRFEE= S ViEk, N4 ba—F
avRAIBHII LI N1 FO—F 2ETLET,

Zen of Python

(Python ®O1&D ) Python ZHfRLAHT 2 LTOEZ 5, Python OFREHRAIE T¥Z VA ML
bDTT, XWah7 v > 7 T 7import this” ¥ F22ZDVRAMEFHDET,
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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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Jy—x ~KR=2 FEF ¥R GPL Hi#
09.0-1.2 n/a 1991-1995 CWI yes
1.3-152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.14+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DI 2.1.1 2001-Bift PSF yes

AR TGPL B#y w5 HRHIX, Python 25 GPL TEAAIN TS L WS EKTIEH D £ A, Python ®F
At 23T, GPL LW, BHLAN—Y a Y 2RMT2BICEEZ A — 70V — R LR TH i g
HAo, GPL BE¥iDZ7 4 ADTFTIE, GPL TV VY —XZINTWAMHDOY 7 b v =7 & Python ZHAGHE
LENETH, TALHNDIA LY ATREZSTEDD THA,

Guido DIERDOTFR, TNHEDV Y —RZHHEICL T BEEoZL DRI VT 4 TDAREI AR L ET,

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

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

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

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

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

these licenses.

114 18 C & BEr 1€



Extending and Embedding Python, J1J—X 3.11.11

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.11

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

3.11.11 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 3.11.11 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.11.11 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 3.11.11 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
3.11.11.

4. PSF is making Python 3.11.11 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 3.11.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.11
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.11, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

its terms and conditions.

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

third party.
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8. By copying, installing or otherwise using Python 3.11.11, 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 3.11.11 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)
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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 module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/

~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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

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

or init_by_array(init_key, key_length).

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

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
(KDR—12HE<)
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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 asynchat and 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 module 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, ssl, crypt use the OpenSSL library for added performance if made available

by the operating system. Additionally, the Windows and macOS installers for Python may include a copy

of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release,

and later releases derived from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,

and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
(KDR=D12HiL)
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the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (507%) or more of the

outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificationms,
including but not limited to software source code, documentation

source, and configuration files.

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

and conversions to other media types.

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

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but

excluding communication that is conspicuously marked or otherwise

(KDR=D12Hi)
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designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and

subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

meet the following conditions:

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

Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

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

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its

(KDR=D12Hi)
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distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least ome
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modificatiomns, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditioms.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,

(KDR=D12Hi)
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whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

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

--with-system-expat:

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

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

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(KD<R=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 extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi:

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 module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-cl4n2-testcases/ and is distributed under the 3-clause BSD

license:

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

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

are met:

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

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

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

specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/
sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users

may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.
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Sun source code is provided with no support and without any obligation on the part of Sun Microsys-

tems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-
WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

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

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