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ZORFaXYPFTlE Python 4 Y&V VY REHIRT D2HLVWES 2— 1% T C $£71F C++ TELA
BEERHLTOVET, COEIREY 2L TEHFLVEBEERT 2720 TIERL, HLLWEP, 2O X
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DARVL =T 4 YT RT ADEN (EITHRE) v — FZ2HKR—F L T0IUR, TEREY 2 — DB T A4 7
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SRBICOVWT XA REREEONE T, F7, library-index Tld, Python IZEVEAHIEZ 7261

TWAEFEOA 7Y =7 M B, BXU (flAAA. BXU Python TEPNZD DD ST D) £ 2 —
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EITITHOHY—FN—FT1Y—I

ZDHA EHBHIN—FTZDIE. ZD A=Y 2D CPython D—f ¥ L TR TWB, IERE/ERT 572
DDHEARW Y — L2 TF, Cython, cffi, SWIG, Numba D X 5 %% — K 8—F 4 Y —iLiZ, Python ®
CBIY C++ IRZER T 270D, X DHEEIrO X DEMEINLFEZREL 23,

& BE
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Python Packaging User Guide (&N 1 7V HEER OE A B2 72 2 R 72 Y — % A N—= LTV
BRI TIRRL ETMDIAREIIREY 2 — NV 2MED T EHEE LWV DR & RERENC DWW THE
MLTVET,



https://cython.org/
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https://numba.pydata.org/
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B—RN—T1YV—ILG& L THRZES

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

2.1 C ® C++ I2& 3 Python DI

C7ur7r50HEE) Mo TV 56, Python IZHi 7B MAAAED 2 =L Z2BINT 5 DIEEH THE
TTo ZOHIREY 22—, JRIREY 2 —)L (extension module) %> ¥, Python 2SEHEITZ WD
DZE: FILWHBIAAF TS 27 FPDEE, 2L TERTDO C 477 VB R T a3 -z d 20
UHL. P TEZX51TkD ¥,

PIREY 2 — V%Y KR—+F 5728, Python API (Application Programmer’s Interface) Tid—3#H D BE%K.
~270BLOERERMELTWT, Python 7V &4 LAY AT LDIEL AL DRIEAD 7 7€ A FEEHRA L
TWETF, Python API i, v & "Python.h" A Y7L —FLT C V—RIZWHIAAZT,

WHRES 2= Da v AV HEE, B2 —LORABRPY AT LADOREHERIKFEL 5, FHIIBROET
AL 3,

0 IR

CHEEDA ¥ % —7 x4 213 CPython IKEHD S DTH . AU X BIEEEY 2 —MZEHD Python
FETEEIELEEA, ZLDEHE. CHUEEZEL T 2T TIEH D Python EED - IR 1
R B ZEWEATRET S, 2 2R, dREDPLEVWZIEN C 7477V DB AT 43— V2O
T THEIGHE. ctypes H2WVE ¢fi T4 77V DRFAEZMEIIARNETT, ZNHDEY 2—11F C
aA—ReA X =7z 4 AL, CHEEZBVTI VAL ILT 2 DITEANT Python M D & b @l
%% b o7 Python a— FEELETINET,

2.1.1 HELE

spam (Monty Python 7 7 YOI TFR) L WIHOIIRES 2 — NV EERTZ2Z2ICLT. C 7475V
B system() ICKF 3 Python £ ¥ & —7 = 4 AZAEM LWV E LET, 1 ZOBEIE null THIGX N7

1 ZOBBADA VR —T7 2 —RFTTIHEEEY 2 — )L os IZHD FT — ZOBMEEALDIZ, BEMTEBENZHZRLEZW
MHHTT,


https://cffi.readthedocs.io/
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¥y 72T, BEERLES, ZOBBELIRD XL S51CLT Python 226 UHE S &5
&:L?’:L\X Lij—o

‘>>> import spam

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

¥ 313 spammodule.c ZIEMT 2L TADLHHDFET, (ki LT, spam L WIHIKHTDEY 2 — L ZEK
TEHE. EYa—NVOFEEN A7 C 77 4/% spammodule.c EFERZ L2/ o TWET; spammify
DEISICRTEZEY 2 —VADHEICIE, HIC spammify.c ICHTEET, )

ZDT7 7 ANDEPD 2T TD IS LET:

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

ZHT. Python APT #ID AAET (BER S, £ a— LoRRIET 580, BEHERREENL
£9),

O IR

Python &, YR 7 L& o TIEEN Yy FOERICEET L L5 7) oty P ERET-oTVED
T. Python.h ZW\WFHNODIEHENY XX D BHEITA 71— F BRELDEEA .

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See #:5REZ 21—
LB T D /NS X2 ER for a description of this macro.

Python.h TEZRINTWVE2—FSAHD Y ¥ AL, £THEES Py £721X PY BtV TWE T, 7272
L. HFEANY X7 7 AVHAOERBRE ST, DD, Python WTIREIZMES Z &2/ s e w5
B2 5. "Python.h" I FWL DO DEFHEAN Y X7 7 f )L <stdio.h> . <string.h> . <errno.h> . B X
<stdlib.h> # A Y7L =R LTWVWET, BEDOANY X7 7 A UHT AT 4 2T UE, "Python.h" 236
B malloc() . free() B LU realloc() ZEHEEREL ET,

RKIZT 7 4 MBS 2 NAEE. Python 3 spam.system(string) #FHilid 2 BRICFEOH I 2 Z 22k
% CBETT (OB RMAINCED XSO THE. BTT SO D ET):

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s'", &command))
return NULL;
sts = system(command) ;
return PyLong_FromLong(sts);
(RDR=V1FiL)
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(FiDR— 25 D %)

Z ZTlX. Python 518V 2+ (FlziF, H—dK "1s -1") 206 C BEUCETHIRICZOE EEHL TV
T3, C BEBUIFICZoD518%EHD . EEINC self BXU args LI F T,

self BB, BV 2 — VLNV DOBHMTHIUTES 2 —d, XAV Y RIZBFA TV 27 b VARV AHE
INET,

args 518UE. SIBDA o7z Python R FNVATI 27 bADKRA VY RIZKEDET, XNV ANOZERIL,
FEUH LOBOGIEY 2 MBI 2&518uc b L ¥ 3, 5180 Python £ 7Y =27 +TF — C BT
G EE S T2 ZITIICIE. A7V 27 b2 s C OEIEHERIZRD £8 A, Python APT OB%
PyArg_ParseTuple() Z58 %% F v 7 L. C DfEICEELL £ 3, PyArg_ParseTuple() 7> 71—
RS T, 5IA 7Y 27 PR ZftEhlE ANS C ZBOBEZHHILFT, Zhicon
TEBRTHFLLHHL £T,

PyArg_ParseTuple() (&, ®TOFIEMNEL W ZH o TWT, 7 FLRAEL SN BEBICHT I BEREZ
RELEZWCE GkEn) ZIRLE T, ZOMBBAERIIFEVA I 2ET B () 2RLET, BRED
e, BEGET AN XS 20T, FECH LK (BlicdH 2 X 512) T<ICNULL ZIRFT LS LT
&,

2.1.2 BENGE: TS5—chH

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

to know about them to understand how errors are passed around.
Python API Ti&. A LBOHINEEY M T 27DDEBE VW OPERLTVET,

bordIHVSLNEDIE PyErr_SetString() T3, 5IBUIHIMNA T =2 b C XFFITT, filstA
7Y =7 M3EH. PyExc_ZeroDivisionError O K5 REFRFADA 7P =27 P TF, C XFHNIL T —
DFEKZR L, Python XFHIA 7Y =7 MBI THAO ” (HEME” RIFEINE T,

b5 —OHHRBEE L LT PyErr_SetFromErrno() 3% h ¥£3, ZORMEUI5IEcHIANIZT 22 b, FEE
F 70— VAR errno 2 OMEL FT, b o & SINHANREEIL PyErr_SetObject() T, Z=D20D 47
Yz b BN ENEEZSIBICED $F, AT S A 7Y =7 MZlE Py_INCREF() %5 HElZ
HHEEA.

By P ENTWVWB 2 Y 5 2id, PyErr_Occurred() % {fio TIEBIBINICTHARONE T, Z OBEBUIH
EDHNA TS =7 V2R L E T, BISDFEE L TWRWESIZIE NULL 2IBL 3, @FI. BERORD |
POITT —DBRELZ2EHFITE 213372 D T, PyErr_Occurred() 2MUHITHEIED D FHA,

B g ZIEOCHT £ 25, BIEOBBOMUCH LICKRR L2 e 2T 5 . f BRI 7 —{# (K#KiZ NULL
% -1) ZIRXRERD E¥ A, L L, PyErr_x BB OWT UL Z NN THEL HD FHA - RER
5, g WITRFEFHELTWENETT, RWT f 2FEUCHE L2 - b7 —%2/RIEY BS5ZFUHL

2.1. C*® C++ IC&3 Python DR 7
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Fa—FR GBI 222k ) £330, FMIC PyErr_» X MU LFRA . UFEBICHKEES - 25—
BOHFFELWVERZ, RN 7 —2EE LS T TICHRE L TWE 205 TT, =7 —75 Python 4 > X7
YEDRA 2 L—FIZEET 2 2, BERITHOD Python 22— RiZ—FE1- L, Python 7”n 27 <245E L
TP R IR LHZES & LET,

(BY 2 —2 PyErr_* BAfR & 5 —EMUHL T, DRI — X v =% T2 X 5 kNHH
DET, COXIBRKHTIEZ I TANETT, 2idVwA, —BIRHAIE LCid, ZOEBEMEDMEOHT
WEZRK, e TIUIL T —DFENCE T 2 HMZ RS MRICR DB TE: ZHUTED, FL AL DHRE
Dbk A BRI HRMT 2000 LALERA)

HHEEMTOHE L TOMMDEBIZ K 5Ty b Infbt 21T 51213, PyErr_Clear() ZMNML T
BIAKEEZ B RINICTHE LR TR D E€ A, 7% V&7 XITIE L7272 <, HAEIT (f21ih
DIEEEITo7D, MDEISRD 2D EICREDL T2 L57) =7 —IUEHEFER2ITIHEITDA,
PyErr_Clear ) ZMUH T XIS ICITNETT,

malloc() OFEUCH LRBUZ, EIHIFMC LR TR D 8 A — malloc() (F721X realloc()) ZEFZM
CHLTW3 a— Fid, PyErr_NoMemory () ZM-UH LT, KR EZRIELZ RS IRDERTA, A 7027
RS 52 TORE (121X PyLong_FromLong()) (& PyErr_NoMemory() OFUH L ZHFEETL %
5DT, ZOMHADEERET 2 DIFEE nalloc) ZHIHTa— NI TY,

%7z, PyArg_ParseTuple() &\ 5 HELRHINZIRNT, BHDIREa — F2RFBEEIE 72TV, Unix O
AT L=V ERU L PR L ZBRICE e £2EDOHEZR L, KMLALEIE -1 ZIRLE D,

BB, T —RBURMEZRTERIC, (27— RETEIETIBICAERLTLE> ATV 27 Mzl T
Py_XDECREF() % Py_DECREF() ZM:UH L T) ZAUNHZERERERITo T I W]

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

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

EY 2 — VEBOH AN D ERTEET, TRT X, BEIZT 7 A VOREBIEHN A T2
FNEBOESEITVWET

static PyObject *SpamError; }

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

PyMODINIT_FUNC

PyInit_spam(void)

{
PyObject *m;

m = PyModule_Create (&spammodule) ;
if (m == NULL)
(RDR=V ki)

8 F2E HY—FN—ToV—I L L THERZES
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(FiDR— 25 D %)

return NULL;

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

return m;

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

NULL), described in bltin-exceptions.

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

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

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

as shown below:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts);

2.1. C % C++ I2&3 Python DGR 9
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2.1.3 BlICES

FIEEOBBOBNCRES &, SEEIUTOFETXEHMETEZ 2139 TF:

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).

RDILTIE. PyArg_ParseTuple () TiF7=3F4% T L T Unix B system() ZM-UCH L TWET:

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);

LOBETIE, BHATY =2 PEELET, (25, BHTT S, Python KBLW TR —F LDt 7Y =2
FEOTH!)

il & B MEZ IR S 700 B (void %3R3 BEE) 12hIE 3 % Python DORIEUI None RS AUIR D $H Ao
BIBUC None ZIB ¥ 21213, U T X5 WEHAZEWE T (Z DEHANIX Py_RETURN_NONE ¥ 2 1T
BEXNTVET):

Py_INCREF (Py_None) ;

return Py_None;

Py_None (3572 Pyhton * 7Y =227 FTH % None X325 C TOHHTIT, TNETRTERLLS
WIELAYOaAYTHFRA T " 27— 2EKT S NULL KA VX 2IZEWV, None 1&#liHt72 Python DA 7
yl 7 }\"C\\j_o

2.1.4 EZa—ILOXYV Yy RT—T )L YL

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

and address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

(RDR—=V1HiL)

10 F2E HY—FN—ToV—I L L THERZES
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(FiDR— 25 D %)
{NULL, NULL, O, NULL} /* Sentinel */
8

VAMELZD=DOHDIZ Y MY (METH_VARARGS) IZIHEEL T L&V, ZOIT Y FVIE. C BBDMES I
CHLBWEA YR TVRICBZ 220D 75 7T, W% Z DOfEIE METH_VARARGS 7° METH_VARARGS |
METH_KEYWORDS D% 3 CF; 0 1XIHND PyArg_ParseTuple() DZ{LE A HbN 2 Z L ZEIKL 3,

METH_VARARGS 7213 %2 5454, C BEE. Python L)L TD5 4% PyArg_ParseTuple() 2ZHTXE 3
XINVDIEATEZINS D LIELRIFIUIRD FXA; ZOBEBICOVTOFMIE N CHAL £3,

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

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

Ay BT =T NEEY 2 — VERDOHERDP BRI N TWIRITIUIZR D FEA:

static struct PyModuleDef spammodule = {
PyModuleDef HEAD_INIT,
"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=il /* size of per—interpreter state of the module,
or -1 if the module keeps state in global wariables. */
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 required by the platform, and for C++ declares the function as extern "C".

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

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

2.1. C*® C++ IC&3 Python DR 11
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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, it will be a fatal error. */

Py_Initialize();

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

PyObject *pmodule = PyImport_ImportModule("spam");

if (!pmodule) {
PyErr_Print();
fprintf (stderr, "Error: could not import module 'spam'\n");

}

PyMem_RawFree (program) ;

return 0;

}
0 iR )

12 F2EY—FN—T14 V-G LTHEREZESD
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H—p 7t AN (£7213 fork() D exec() M AL TWRWIREE) 2B 28B4 > 2 7Y &I
BV, sys.modules oLV Y ZRRELZEDH/ina > R4 VEAEY 2 —L% import L7zD T 5
YL RREY 2 — Tk o TR AT 2 282D D 5, HREY 2 — LV OEFIE. WET — X HiE
2L 2BCIE KK K SHDLTRETT,

LD FEREWNREY 2 —AHllX, Python ¥ — ABLHPIZ Modules/xxmodule.c £ WHZHFATTA->TWVWET,
D77 ANMEIT YT L= LTHDHHATEET L, Bl LTHHDET,

O IR

xmodule (¥ spam &7 D, ZERFEMIRA(L (multi-phase initialization (Python 3.5 OHFitRE) Zffio T
WZE§, PyInit_spam % PyModuleDef Z3E L, €Y 2 —/LDAEMIZHZIC import FHERTTWE§, ZE
B LI OV T OFMIE PEP 489 22 LT 23w,

215 a1 I >

MLUWINREY 2 — V2 X 2 K5I EFT. ERLEZODMEH: av o4k, Python AT ALAANDY ¥
7. Do TWVWE T, BlFiAIAA (dynamic loading) Zf#io T2 DR 6, fEEDFIEZA DD AT 45
o TV BHFHAAADBRICL > TEDLZ DS LNEEA; FELIR, HHRES 2 -1 DL FIZHT 2
B (CHBSLY C++ IWROEILEF &) . Windows 1IZ51F % &L FICBFRS 2 E8IMERDOE (Windows £
TO CHELU C++ REZ2—ILODEILE &) 2BRLTIIZE N,

BFZA AL Z o720, BY 2 — A BEF Python £ Y &2 7Y ZDO—HIC L TEEWEAIKIE. A
YRTYVROENFRELZEBELTHEAL F LATWIRS6K %5 TL x5, Unix T, FEERIricZ
DIEEIZE THHMTT: BICAFEDOEY 2 =17 7 4L (Bl 213 spammodule.c) ZEH L7z — AEAY)
D Modules/ 7 4 L7 F VIZE =, Modules/Setup.local ICHZTD 7 7 A AME AT 2 L FDO—17:

spam spammodule.o

ZEMLT, by 7LD FT 4 L2 MY T make 2ETLT, A YR FVXREHELRTEEIITT,
Modules/ ¥ 774 L 27 F U T% make ZEITTE X I, Hid o T 'make Makefile’ 34T L T Makefile
ZPHELVFLTEBPRINUIRS D EXA. (ZOEHE Setup 7 7 A NVEEET 27 KITHETT, )

EV2—ADHIDITATIVEY I SNTVWIRENDZEHE. 7477 VIRET 7 A VITHIETEX
3o BIZIEATD XS ITLE T,

spam spammodule.o -1X11

2.1.6 C 5 Python B ZFUHT

ZHNETIX Python 226D C BBOMUIH LICERZEVWTIARTEE LR, 2ZATIODH: CHH0D
Python BIEOMUIH LB E/HAHTT, £0DbIJ. WHW3 " a— Ny 7" BHBEYR- TEL54F
477 VERERT 2B ZOBEDNERITT, 2 CA VR —Tz—ARa—A Ny ZEFHLTWVWEY
&, FIHEOHEEZ 1243 % Python 22— FTIX. LIELIE Python r 2o ~<ica— ANy ZE#ER IR $

2.1. C % C++ I2&3 Python DGR 13
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ZRERHHET; 2O ERETIE, C TErNZa—A Ny ZEEA S Python TEhrNza—n,8y »
BBETUOHT IO TIREDNHZTLE I, dbHAA. tHOHRIEZOLNET,

FHIR 2 2T, Python 4 ¥ &2 7V ZIIHHEICHIFIFOH LT &, Python PARZ RN 3 72 DIFHEL &~
X—=T7xz—=RAbHHFF, (Python R—FZREDANF 2o T T HECOVWTHHT 208 DId
HHERA - ZOFHEICHIEND 5725, Python Y —2X 23— FD Modules/main.c iZH3, a~v> FF7 A
VAT ay —c DFELEERRTIREW)

Python BAEDIFOH LIZHE TS, 3. COa— RN LTa—ANy Z7E2BHFEL LS T3 Python 7
0277 LM%, S DHET Python DA 72 2 7 M2 EX IR D FRA, TDRDIZ, =Ny D
BB (232 oftho (4 v X —7 =2 —R) ZRMEERQERD FEA. ZOa—n Ny ZEFREEEDIT O H
INzBRIC, 5lEEI NIz Python BABA 70 =7 FADKRA V&2 70— "AVERIC — HDEWE, ¥ Ix
YR - RELET (BBA 7Y =2 b Py_INCREF() $5 &9 XSIERBLTLEXWV, iz,
UTD XS %BBMNED 2—LD—FIZHK->TWBI 2 TL & D:

static PyObject *my_callback = NULL;

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

{
PyObject *result = NULL;
PyObject *temp;
if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
if (!PyCallable_Check(temp)) {
PyErr_SetString(PyExc_TypeError, "parameter must be callable");
return NULL;
}
Py_XINCREF (temp) ; /* Add a reference to new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */
/* Botilerplate to return "None' */
Py_INCREF (Py_None) ;
result = Py_None;
}
return result;
}

This function must be registered with the interpreter using the METH_VARARGS flag; this is described
in section EZa—ILDXAY vy F7—T )L #H{LEI#. The PyArg_ParseTuple() function and its
arguments are documented in section ¥EERET 2 — LR TD /NS X 2 ER.

Py_XINCREF() B XU Py_XDECREF() (&, A 7Y 27 MINT BRIV I 2A V7YXV N/ T YR
YIFFB0D< T, NULL KA Y EABEINTHRBHBETZIHEATT (idvwi, FofnTtid
temp 25 NULL 2722 22 EHH FHA), ZOHDT 7R BRI T Y MZOoWTIE, BBAD Y ME Tt
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AL TWE T,

ZOH%, A=y ZEBEOE TR 5. C B PyObject_CallObject () ZFMFUNHLET, 2D
BRI = 2D 51%: Python B Y Python BAEDGIEV A FH3H D, WIS EED Python 7Y =7
FERTKRA VRBITT, IV A MNIEREZTIVA T 27 bTRIFNIZ ST, ZOREXE5IBOBITK
D %3, Python B 518074 L THOH DR S, NULL 2ZEDX S EEL %3 B—o5 |5 cliE R
H3okrs, HESR (singleton) DX S L% L £3, Py_BuildValue() OFAFHIHIZ, Lo Eid
—fEA LoERa— FA 0 2 AFEND D 256, COBBIEE T2 RLET, UNchlZRL 3

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject() & Python 7Y =2 bADKRA ¥ X %2R L ET: Z4Ud Python B 5 DED
fEIZ72 D %5, PyObject_CallObject () &, 5IEUTH LT ” A Y > ML (reference-count- neutral)”
TY, LOBITIEEIVEZER LTIV AP LTIRELTED. 2D X 713 PyObject_CallObject ()
DI LE%IC Py_DECREF() ¥R TWVWET,

PyObject_CallObject() ZEDEE LT "#H LW A7V =7 b FRIER S NIzA TV =7 + o, BT
DEATI 2 VDBRITV I VAV VR I LESDERLET, EoT. ZOATT =7 e a—N
NERICREFELIZ0DTRWAED, e AZORVECEKEKDS LTS (LA 25 THRREBEEB!)
LD HFETREDEA 7Y 227 % Py_DECREF() LARITNUIRD XA,

LidWwz. REDfE% Py_DECREF() 3 2H1CIL. flAY NULL THRWAF v 7 L TEL ZePHEETT, dL
NULL 72 &, FEOCH L7z Python BABUIHIANZEH L TR T X8 5 TWE T, PyObject_CallObject() %
MO L TWwW2a— FEEKS £7z Python 226N E N TV DO THIUX, SEIZ C a— FRESZHEY
HLTW3 Python 2— R —iERMEZRIQERD FRA, ZRUTED, A VR TYVRERAEY 7 b
L—2%HA LD, HIAELES 27200 Python 2— REMEH LD TEET, FIHOEEIRATEE
72oizh. L7 BRWDi 5, PyErr_Clear() ZFFATHIAZHEL TEH P RIIRD A, HIZIZLITD
EoICLET:

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

Py_DECREF (result) ;

Python 2 — A Ny ZEBEYARASA VX —T7 2 —RARXL7ZV2IZE> T, 58V A%
PyObject_CallObject() ICHARUTNELROELWVWEESHD T, H25 7 —XTiE. a—1 Ny 7K
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AT FILWX IV EHEL TRV A M ZEIRERLRV2D LNLERA, ZOBERDEHELZOIX
Py_BuildValue() ZMERD 5 TT, HlRIE BEOANY ba—-RFE2ELZTE UTFTOXS5ka—F
S 222 BTLED:

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) ZM-UH LOERK, TI7—F v 7 XD HANCEINTVD Z LIERL T X W
i, BEICEZIE., 20— FIEELTED Y £HA: Py_BuildValue() EATVARRIZIBEVE DL
NF, Frv 7 L TBIRETT,

WHEDOFIEE ¥ —v— F55%E ¥ K— 3§25 PyObject_Call() Zffio T, F—7— N5lEEMES BEITEOH
LETHIeHTEET, LOFIXRIUT & S512, Py_BuildValue() 2F-> THREEZIED £35,

PyObject *dict;

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

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

Py_DECREF (result) ;

2.1.7 #ERED 2 — LB TONS XX EH

PyArg_ParseTuple() BAIIML TO LS ICEEEh TV E T

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

518 arg 1% C B 5 Python ICEIN BV R MNP AKX INATI 27 P TRITFNEED FE A,
format BIEUFERSLFES| T, Python/C API V7 7 L Y A< =2 7/)L®D arg-parsing T X T\ % Ek
WKHEDLRRZRD £E A, RD DI, ZhZhOEHD 7 FL AT, FRFHN»HRE 28I - TW»
RFUERD R A

PyArg_ParseTuple() (& Python 255 2 625 BB MBERBITR o TV B 2N Z DX L,
PyArg_ParseTuple() IIMFUOH L ORI I N C ZHD 7 FLADBEMBREZ R OLHANL AL W
CCWRFRLTLEEWY: ZZTHEVWEZIEST Y, a—F 2275y >a320dbLhEEAL, PREDHT
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72H®iREy P XEVICEHEEFLTLEVE T, HE!

MO LHNCRtx 24 7Y =2 7 FADZRIZ TR T B8R M (borrowed reference) IZ4 D £3; 27 H
DATY =27 PDOBRAT Y b 2T 7V XY PLTIRD FHAI

PRCwL oo H LAIZRL £9:

#define PY_SSIZE_ T CLEAN /* Make "s#" use Py_sstze_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 arquments */
/* Python call: f() */

ok = PyArg_ParseTuple(args, "s", &s); /* 4 string */
/* Possible Python call: f('whoops!') */

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

{
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;
(RDR=V ki)
2.1. C % C++ IC&3 Python D3R 17
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(RIDR=I D5 DR E)
= PyArg_ParseTuple(args, "((ii)(ii))(ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
fccc, o), oo, 300)), (10, 10)) */

}
{
Py_complex c;
= PyArg_ParseTuple(args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction(1+23) */
}

2.1.8 HHERED 2 —IILEABDF—T— NI XE

il

PyArg_ParseTupleAndKeywords() 1. LLFD XS ICEEENTVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format 27 X X3 PyArg_ParseTuple() Db D LR U TT, kwdict X7 X XZF -7 — F5lHD
Ao T26FET, Python 7Y XA LAV AT LADSHEZ T AR UTRIFED 5, kwlist 85 X RIEKNRT
AR EHINT 27D DXFHNP 6725, NULL #inE iz Y R M T &85 X X4 format P ORIEHRITNT
LTEIPOHEDIRICIEAEZINE T, HUIT %L PyArg_ParseTupleAndKeywords () IZEZIRL. ZOLAD
BE Y B 2 X LT ZIR L £ 3

0 IR

F—U—R5HEfoTwa5HE. X TNVEIANTFIILUTHEIERA! kwlist MIFEELRWF -7 —F
RIXZPEINTE, TypeError DFEHEFIER I L ET,

DPRiEF—v—F2o/Eey 2a—nHlERLET, ZiUX Geoff Philbrick (philbrick@hks.com) {2 & % 7
ar 7 aflEzd LI L TVET:

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

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

int voltage;
(RDR=V1FiL)
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(RIDR=I D5 DR E)

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 nmecessary since PyCFunction wvalues
* 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 */
I

static struct PyModuleDef keywdargmodule = {
PyModuleDef HEAD_INIT,
"keywdarg",
NULL,
-1,
keywdarg_methods
s

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

2.1. C % C++ I2&3 Python DGR 19
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219 ERDEZHEET S

Py_BuildValue() & PyArg_ParseTuple() DOXHBICMET 2D TT, TOEBIILLTDO XS ICEFRS N
TWVWXET:

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

Py_BuildValue() l&. PyArg_ParseTuple() Dadikd 2 —HEDOHFXHEMICU A EFXBMZEEHKL £5. %
72U (BN NITIERL ANfEbN ) 5IEERA Y &2 TIERL, REOHETRINIIRD £E A
Python 226U SNz C BIBANRIEE L CEYl&k, #7z7t Python A7 =2 F&2IEL %9,

PyArg_ParseTuple() X IiZ—DE S mH D FF: PyArg_ParseTuple() 1IEE—5I4% X ST 5 RED
HHEF (Python DFEV 2 MIWEBINCIZFICZ L e LTREXINEH 5 TT) A5, Py_BuildValue()
R INEAERT S LERD 8 A, Py_BuildValue ) WEEFALFEHIHICERBN B oA EA-T
WAGEITDOAR T IVEELET, FEXCFHNDZER 5, None ZIRLET, Zohh—o20HFEXHNR S,
ZOERBEMIFLARL TORMS0DFTI 2l MIHEDET, A XN 0 1 DX TIVIBIEI0DRS,
FAFHN 2 AFEIMCH W E 3,

MRl rmL &3 (RO LAIZ, GRS 25 Python HZRL %7):

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

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

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

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

2.1.10 BRAI Y ME

CRCH+ DEIREETIEZ, U o<ide—7LOXEY ZEHNCHERLEZDER LD T28E2D
DET, 25 L7EEIE C TlEBE nalloc() % free() TITWE T, C++ TIEAREMNCE U EBkTHEE
F new % delete b I, 2IT. UTDHE#E C DHFEICREL TITVE 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
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address is forgotten but free() is not called for it, the memory it occupies cannot be reused until the
program terminates. This is called a memory leak. On the other hand, if a program calls free() for a
block and then continues to use the block, it creates a conflict with reuse of the block through another
malloc() call. This is called using freed memory. It has the same bad consequences as referencing

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

I BHEXEV Y —27DFEEIZa— FHOEBTRWIIEEE TS, FlZIX, H2B80H2XE) Ty
ZHER L. (MO0 EZIT-o T, BETRy V72T LET, ST, BROZERMEREZZEL T, G
HiWNs 27 A M2EMT2, =7 —&EFZBHL, BBORPTUHEZRT I51CR20D LNALEE A,
COBRFTORTHEEZ L &, HEIAZXT) Ty ZE3FERLERLTVOTY, 2— KA TENX
NGB TEFICZE ST, ZOEIBAEV Y —=IR—HHIAATLES &, RVEKBRHIARWE FIC
BAEBZEVELSDDET: =I5 XSO TIE. 2 TORBITFSIHE L DI L TIEFADDT 2REIGL
MEET. 20— TIEL AL O ERIIEYRORELE LR > TWa 7D, XEV Y =2l
PR B DIF, ROHEEL T 7 a e A0 =2 2R TEBEME D Ho 58 ICRon205 T3,
WoT, ZOMOTI—%F/MNRICLED D k5 a—T 1 ¥ 7HNCEIEZITI T, FEOXEYV Y -2 %
BT 2 Z e EERDOTT,

Python 1% malloc() % free() ZIEWIC I FAT A7z, XEV V=27 DRFIRICNZ, BEHIzXEY
OERZEIET 2 IENNETT, ZODITEIINT-DBBB A Y > ME (reference counting) & MIEN S
FHETT, 2RIV Y MEOFHIIEHTS: 2 TOA T 27 M2WE AV Y EBHY, A7 =7 Mk
BZBEPEIPIMRFEEINOI T Y REAL VI VXY L, A7V 27 M T 25 BMHIRESh5 72
VXY MLET, AV VEABERIIKEST20, ATV 27 PAOREBOSEDPHIFREN-Z2iZkb, 7
Yzl MIBRENE T,

b5 —ODOHBIIEEI I N— 3L 7> a ¥ (automatic garbage collection) EWHENTVWE T, (B 7 >~
MERAR=YaL 7y a VEIBO—D2 LTEITONZ I dHEDT, 22Xl 257DICEET " H
# (automatic)” Zffio TWE T, ) BHEIIR—YaL 7> a YORERFFEIZ. 2=V free() ZHHRM
WERERLATEWZ e ZHD 5, (HEPAEY ORFMAMAEDARE LTIREATVET — 2, 2
722 HETEDDERA, ) C CBIZHEAR-—YaL Iy a yOREIF. BICAMEDSD 2 TR—ya
LI ZPFELRVE NS 28T, 2RUTH L. BHA D ¥ MEIEFRED H 2 FEPITEF T (malloc()
% free() ZFIHTEZ 2DHMHE T — C HEREBZAZHRIEL TVET), WODOHD, ToalttED»H 2
HR=YAL T RN CTHRZLICREZ0D LNERAN, ZRNETE SR T Y METRL o TV LS
I3V DTY,

Python Tld. EMHIILBBA Y ¥ MEDRERIT->TWBE /T, SHOMBREMRET 2 7-01@ 1ERS
HERRHEEEAE (cycle detector) BIREEL TWE T, TERZEMHEHE O BT €. B HECH»2H 5 FHER
SROEREXRIWCETII T TV r—>a Y EBETEZET;, LI Db, BRAV Y MEL TR o7 R—
YavryayEECL o TERSIEEAEDL O TT, RS, (HEZROSA 8D ) HEADS
PR oM T2 WP oBRENS D, TBRAOA 7Y 27 NI&ELAIELRDOBRAIV Y M eRbE
T, WRINRSRAD Y Y MEORETIE, L ABRSMERT 24 7Y = 7 M L Tiic 2 SRk
WE LT, BRSO DA TV 27 VB T2 ATV DEAATEEEA,

TEERSIEBHBEZ D XS BRAR=IF A4 70 (R U7z & 5 RIEERSIEA 7Y = 7 b) B L THEINS
LZENTEET, gc BV 2a—NZD X5 RMHEBHEODEIT (collect O B 2RI 2 & bz, RE
D7HDA Y RT7 2 —AB X UOHMHENEZ ZITRICENCT 2 FES I LTV E T,
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Python ICHIT3EBAT > ME

Python IZI&, ZRAT Y FDA Y7 URXR Y MR T 7 VXY MRS 2 DD~ v, Py_INCREF(x) ¥
Py_DECREF(x) 2% D %3, Py_DECREF() &, ZAH Y ¥ F ¥ RICEFE LB, A7 27 FDXEY
BTV E T, FUM 2728 27012, free() ZEHEMIHLEEA - 20ROV TSI =7 FD
BA 727 b (type object) N LET, ZDDIC (MOBEMDHH FIH), 2TOF 7Y =7 MFH
BOMATI 27 MIRT 2R Y EZB Ao TVET,

XC. EREKRZEMHPE > TWET: WD Py_INCREF(x) % Py_DECREF(x) #ffiZ XX WVDTL & 557
. WL ODOHERIS DX ETAES, 5. £ 7V 22 ME 7 5H (own)” SN2 LiEHD
FHA; LU, 547227 VT EBROFE own a reference lITEE T, A7V =27 VOBIRA
Y ME ZOATY 27 FHABROFEEZ I TV AR ERINTWET, ZROMEHFIL. SR
B2 { 72 5 72BRIZ Py_DECREF () ZM-UH ITHEIZHVE 5, SHROFTEMIZZRE (transfer) TXF 3, i
ZH (owned reference) OWIITIE, T, fRfEFT 5. Py_DECREF() ZFFUHT. L WVWH =DDFENDH D
¥9, MASKRENUELEhS e, A€V %25|ZRILET,

ATV 27 NI 2SI, BH (borrow) AHET T, *? B OMHHE X, Py_DECREF() %A TIE7R
DERA, BHEZ. SROMEEPSEH LM ZEZ TSRERE LRI TR F8 A, FTEELS
BEHGE LB THASREMES & MAREAX TV ZHHALTLE S EMAH 20T, Mkhiclir iz b
FHA, 3

SROMBHAPSROMA LD BENTVEIRIE, a—FRe D 32H00IUEERTSREEEL TBL X
STERLARLSTHEDL L TY — JloEFvwAz il FAZROGEIE. LWHEORPCHEEKTLTS
AEVV=ZOREMEEFET IRV, EWVWHZETT, #Hc, AL D AFLRMAE. T<ELHITRZS
a—RP, HBRICESBOMBHITTHEINTL - RICZDSRBEM S 20 b L w X 5 Rl ik
HBELWNWHZ LTI,

Py_INCREFO) ZWUHiT &, HAZREMASHICEETE EY, ZORERSROMBHITOIREIITTE
L%+ A - Py_INCREFO W3H 722N L. ZROMEENHSRNEETOEEZRLET (0F
D, HLBROFAEE R MHOE#E A ZROBEZBYNTORAZED $EA).

FREHEICE D B 3REY
FTY 27 bAOBBEEBONMETIZEIZ. 7227 FOFTEENSIR HITE XN 0 EDH
WA v & — T 2 — 2RO —E 2 b £5,

ATV PANDZREBETIZE AL DBEEE, SR v HITFHEHESIEL £3, K2, PyLong_FromLong()
R Py_BuildValue() D &I, HLWATY =27 b RERT 2RI THEEEMETFELES, 47
Va7 PWEBRICEHT AT 2 FTRLATH, 20X TV 27 VIR 2T LZROEHEEZIS %
3, flZ1Z. PyLong_FromLong() X X5 F v v > 2L TED, Fvv¥adNEANDOSRERT
ZeHHET,

PyObject_GetAttrString() DX 512, 247 =7 b oRlOATY 27 2T 2 X 5 RBKD
¥, ZRECHICHTAHELZEELE T, THELOHEPPHBLIZC WA LAEEA, LWV DIF LS
b2 L—F DL DI 7o TWB 25 T3 PyTuple_GetItem() . PyList_GetItem() .

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

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

HEMEZ S D 3!
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PyDict_GetItem() . ¥ XU PyDict_GetItemString() IF&T. XN, VR, FLEFEFHEDLILMEHS
ERLET,

PyImport_AddModule() &, FEFHCEA T =7 F2ARLTRIT I D2 b 2rbo T, HHZRE
BUET: THDARERDIE. ARSI A 7Y =7 M 2TAESIRIE sys.modules IRFF SN 205
T3,

ATV 27 bAOSIREROBBUIE TGS, —BIICE,. BEEIMCH LE» o SBEBALES — 5
BERET 208D 5745, BN Py_INCREF() ZFFUOH L THIZ LAZFTEHEICRD 3, 2i3VWX, 2
DOHANIFZ =D DEEZFIS}: PyTuple_SetItem() & PyList_SetItem() 23Hh ¥3, 2o DRI,
INTFIBERICH L TITEEEZTE ST (take over) £F — 722 ZKBLTHTF! (PyDict_SetItem()
Y ZOMENIFTEEEFE-BD $RA — ZhoiZvbid " HEo” BT, )

Python 226 C BB OH N2, C BEUIFECHE LD S5 8~N0ZREMEH L 3, C KO
FEH LENE A 7Y 2 7 FADBIREFIE L TW5 DT, BEHASROAETFIAB AR X 2 OB L %

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

Python 26U E N7z C BBAR S SREFTAESIRTRINIRD T8A — FTEHEEZBEED SO L
N ZRSNET,

Ek

BYRNRTICBNT, —REZCEZ2EASROMEAINE2OEBZT2e2xh D ET, ZOMEIZT
RT, 4 XY ZPIEFRINCIFCHER, £ 2 7V XBBHOFEECSRBEREILETLE IR
BRLTVET,

HoTEINREF—ADSBRAD, ZL TRDEERZDDIIZ, VR MERIIHTIZREMED T3
3%, BVt 7Y 27 Micxtd % Py_DECREF() DT, flzid:

void

bug (PyObject *list)

{
PyObject *item = PyList_GetItem(list, 0);
PyList_SetItem(list, 1, PyLong_ FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */
}

FOBBIZET. 1ist[0] NOZBBEMEH L. XIZ list[1] #fEH 0 TEZ#Z. BRICIXIFICEHALES
BEHALTWET, MHFELRVWISIICRIETRA? THZ I TRRVDTT!

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

with it, thereby invalidating item.

IR DIRE A AU, RIGEE TS, —RICSREEZEHPLPEXEIVDOTY, ELLEET S A— 1
YEMUTFOESIRD £5:

void

no_bug(PyObject *list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_INCREF (item);
PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0);
Py_DECREF (item) ;

}

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

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

ZoHX, EHZEPAL Yy FIBARL TW3 7 — A TT, #EHIX. Python 4 X7V XIEBT 2 HEK
DALY R, Z0—=—NAA Y RTVROy IPF TV 27 MVEMEEREFELTVWE 20, HWISHE
LESZlEdhEHA, 2IZWVWZ, B v 7% Py_BEGIN_ALLOW_THREADS ~ 7 1 C—IFINICARER L 7= D,
Py_END_ALLOW_THREADS THMER LDV TEES, Zhoowruldr7uy 7ok % 1/0 HUH L ORI
WX KEIPN /O BT IT2ETOMIHORL Yy R Taty dZ2FHATES XS5 LET, HLHIT,
TFoEKE Lol H7-REZIESATHET:

void

bug (PyObject *1list)

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

NULL K1 %

—ERe LT, A 7927 bAOBRESIBICE 28I —92 NULL K4 VX2 ET I TFHRLTES
FT.EZSI2ar7 Rk DE (O, HeTa7Ry &5 ZF) 28 TLxd, —A. A7V
FOZREIRT XS REBuE M. BINDOREEZRTHEICDA NULL 2K L £3, 518020 LT NULL
Txb%ﬁb&mﬁmm %ﬁML@L@§HWOKﬁ7/17h%@@%ﬁ«t%%ﬁ?#%f?muﬁk
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o T, NULL DT A MEIA T 27 +O " FBER, THROBMED NULL 1I2/2250d LA WERAS VX &2
oz ERICLEL & 90 malloc() . HlAZEH T 2 RIREMED H % B2 DT T,

~ 21 Py_INCREF() B X f Py_DECREF() & NULL KA Y XDF = v ZBITWEHA — LHL. ZThALD
~27uDZ{tTH % Py_XINCREF() B XU Py_XDECREF() &F = v 7 Z{TWVE T,

REDA 7Y =7 PMUZOWTHRNS 71 (Pytype_Check()) & NULL R4 Y XDF = v 7 Z{TVWEE
Ao EDIBLETH, HARERZHRPHEELTAH IV =27 FORIEFEARZERICIX,. 25 Lz~ o rzkil)
TS T RED D 2 DT, RN NULL RA Y XDF 2w 72T 5 TIRRBRTAMIKoTLESI DT,
BEHNZ <7 212l NULL F = v 7275 Z{LFEHD D 8 A,

Python 205 C BAEZFECH T HREIE. C BBUCEZ NS5[V A (FITVWS & ZAD args) BIRLT
NULL I2%2 6B WE S HAEL TWE T — REIIZ, B IARICR S 5L TuwE s, ™

NULL KA ¥ &% Python Z—=%F LU " kA L” TLES &, BARTI—%5|EEILET,

2.1.11 C++ TOIRES 2 —ILIERR

C++ THDWIREY 2 —WIMEMTEE T, 727 LWL O2HIERH D £3, X4 > F a7 4 (Python £ ¥
RTVZ)IE C Ay g 7 Tay I AIN) Y7 ENTVEDT, 77— OLERPHNA T 27 Mo
VAT RTEMTEE A XA T 0TI L0 C++ a4 FTY Y7 INTVERS ZHUIRET
3H D FH A, Python £ &7V X 6O H SN2 B8 (FHTEY 2 —AAIHHEEIE) 13, extern "C" %
ffoTES LARFNIRD ¥¥ A, /2. Python "Ny X7 7 £ L% extern "C" {...} KANZRLEIIDH
DERA-—- VRNV __cplusplus (D C++ IV RA FIEEBTIDY Y RAEZERLTVET) DER
TNTVB L EIZ extern "C" {...} TOABZLIIC. Ny X T 7 A NNIZTTIZELDNLTNE LS TT,

2.1.12 #EEREZ 2 —J)LIC C API ZigiHt9 3

% { DILRE Y 2 — VIZHUT Python 7 &8 2 2 #i7- e BRI 2 245 27213 T8, FICHRREY 2 —
WD a— FHBROINREY 2 =V THEMZR I DD D T, HIZIX. H2EY 2 -V TRIEFHEDOZNY
ATDEDWEET S " aL s ay (collection)” 77 RAZEELTWELS LNEEA, BxS5EURL
EHERLUEDEEL-DTE 2 C APl 2fH X 72#E4#ED Python YV A MDD X 512, ZoFikkarL s ay
BB MOIEIRE Y 2 — Lo SEBRETE 2 X HICT 2 IE—E C B ER > TORFIUIR D T8 A

—RT3r iRz BICBKE (DB AA static RELWXESEIIR) H0T, #HIEAY X
77 ANEREEL, C AP 2FF X0, B2 ET, ZLTEBEOL A, 2TOIKREY 2 —H
Python 4 & 7Y ZIZHEITHINCY Y7 2N TV EAHBERE I FEELE T, £ ZAEY 2 —hHF
4TS VDFEIE. —DODEY 2 — L TERINTWVWEY Y RAPUDEY 2 — A SRERIRZ LD
DET, AIREOREMEARL =T 4 VI RATAICEDET; HBP AT LI Python 4 Y2 F YR 2T
DILFREY 2 — VHICH—O 7 v — L AT Z2EHE 2 HE LTV E 3 (B2 Windows), HlO Y 27 A€
Va—DY Y IZRHCWDAEND S VRV ERINCIEE T 2 X8R H D £3 (AIX BZ20—FITF). £
72D A7 4 (1F2 A YD Unix) TlE, Eo LIS ZEE LTRELTVWES, 2L T 22 2P UK
AT = VB LTAHTH-TH, MUEHLZVWHEBDOA 7Y 2 =B FEXr— FERTHLRY
ZeEoTHHET!

* 2 HRO” O LR > T 258103, ZOREGER SN EEA — BFEO 2 — RV EZICIEROMOH LKA
AHNEF
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o T, ARMED RS S YRV DAHEICIEM SERZ LTIERLBRWI TR D £3, DF DILRE
TV a—HDORTOY Y FIUL static LEFERERD FEA. HIINIEY 2 — L OFIHLEIE T, Zhud
(EZa—ILDOXY Yy FTF—TIL M EREE T2 X 5 12) MDILREY 2 — L & ORI THATDEZET %
DEMTZ72DTT, £/, HMOWIRES 2 — 257 72 R% ZBIFBINITIERWL > U FRUIHIDOR D
TREERIERD TR A,

Python 13® 2 LREY 2 —D C LRAVDIFR (R4 V&) ZHIDEY 2 — I T 72 8 DRFR 72 iR
Capsule (4 7 tV) ZHMEE L TV E 9, Capsule 13K 4 > & (void*) ZFlfE 3 % Python O 7 —2HTF,
Capsule 1 C API 2N LTOAER LD 772 A LD TEETH, D Python A7V =27+ 2EL &
ICRFELTEE T, bbby, Capsule IZIEREY 2 — VOAFIZEBANICH 2 ZLRICRATEE T, o
JEEREY 2 =T ZDEY 2 —)L% import TE, KIZHLHETZEIR L. &R Capsule NDRA ¥ X2 G
L%,

PEREY 2 — D C APl 2T 27012, Bi&4 R FIET Capsule BMEONE T, KL 1 2047V =
7 MZANZZD, 2TD C API KA > XEH|% Capsule AN Z B TEET, LT, KA VRN
THRERPHIR E Vo 7ok A BAEEX, a— FEBELTVWREI 2 -7 F534 7Y MED 2 — L2 DT
R ZHETHHTEE T,

EOFEREINILTH, Capsule D name ZIELLRET 5 2 LIFEHETT, PyCapsule_New() & name
51% (const charx) ZHXD %§, NULL % name IZJET Z & BFFAIEINTWE T name ZRET DI L%
CHERE L £ 9, EL L ARTEMT &7z Capsule 135 2 BREOFITRL M2 /L T, ARz s
NTWiw Capsule 2 Capsule & XBIT 2BHEN L FEED D 8 A

2. C API Z\BH$ 2729 D Capsule IZIZRDNL— K o =& T BRETT:

modulename.attributename }

PyCapsule_Import() &\ EFIEEEIZ. Capsule DEHIH Z DAL — =L TWVW5B & 22D A, fHHIC
Capsule BHTRBZNTWVWSE CAPI 2R — RT3 2N TEET, ZOEHICEID, C API D1 —%—
M, FESRICIEL W C API 28I L TW3 Capsule #0— R TERZ L 2ELPDDZ N TEE T,

DIROBITIE, BRTENHT2EY 2 — LOEFIIZE A DAL D T, I FELbNIET74 7TV
EEDBICHYR Y Tu—F2FHLET, 2O7 7R —FTiE, 2TD C API K4 & (flFcid—o7
JTIH!) &, Capsule DIEE 725 void RA Y ZDEINIRIFL T, LRES 2 —MITHIET 2Ny &
77 A4ME EY 22— ® import & C API RA Y& Z2BE T2 L5 FHT2~ruzf L s, 754
7YhEYa—ME, CAPI 7 7R T BHRNCID~ 7 0 2R/ TT,

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)

{
(RDR=V ki)
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return system(command) ;

(RIDR=I D5 DR E)

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

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

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

EY 2 —ILDJETEIIH LN DFT

#include <Python.h>

DERIC, UFOZ T2 EBML TS

#define SPAM_MODULE

#include "spammodule.h"

#define X, 7 7 4/ )l spammodule.h 4 ¥ 27— KL TW2DHBA4FTERNHTA2MUMDES 2 —LTH-
T VA7 Y PET 2= A TRENVWIEZANY X T 7 A NVIZHA B dITfibhE T, &ZIC, EZ2—0

DATHHLEIEE C APL DR A ¥ ZECHNZ LS 2 & 5 FRHLATERD $8A:

PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

(RDR=V1FiL)
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(RIDR=I D5 DR E)

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

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

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

return m;

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

PyInit_spam() terminates!

PHL D DKEBTIENY X7 7 4 )L spammodule.h NIZH D, LIRD X SICh->TWET:

#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

#i1fdef 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 */

(RDR=T12HiL)
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(RIDR=I D5 DR E)

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.
x/

static int

import_spam(void)

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

}

#enda f

#ifdef __cplusplus
}
#endtf

#endif /* !defined(Py_SPAMMODULE_H) */

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

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

PyMODINIT_FUNC

PyInit_client(void)

{
PyObject *m;

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

return m;

ZD7 7a—FDOFEERRAIL, spammodule . h 2IRRHMICR D WS ZTY, lFWVWR, KHEKOELR
HBHEBIIAHEIN2DDEFEILEDT, EEHEEXIFNETAET,

2.1. C % C++ I2&3 Python DGR 29




Extending and Embedding Python, J1)—2X 3.12.9

%12, Capsule 13, HEICREFEINTVWEIRA VX2 X EVHERLALZDMR LD T 2RI ER]
Ze b9 —OOKRBEEZIEMEL TV VS Z it TE,aE R D £/ A. #FAlIE Python/C APT V
77 LY AR =27 VD capsules, B k¥ Capsule DFEELD (Python Y — R a— REMYHD 7 7 41
Include/pycapsule.h 3 X f Objects/pycapsule.c ITHRHNTWET,

F3E
2.2 INRDBDESE: Fa—rUTI

Python Tl¥, #AAAD str B list BD L 574 Python 2 — F2 o ETE 28 L WAlE C ILRE
Ja— LOEEDNERTEET, STOWROHDa— FIZH B Z— VIS DTTH., EEAD 3R1ICH
RLTBAREMIPVWIEDLHDET, TOFRF2 XY MEIFOFEEHIIOWTORX LWAMTT,

2.2.1 ERWBEI L

CPython 7 ¥ & A4 L& Python D2TOF 7Y =7 b%, Python D2 TDA 7T =7 bD 7 HER (base
type)” T# 5 PyObject* BUIOZEH ¥ A L %3, PyObject EKRBHIX BBAVVEF &, 7P =7 b
DRI TI 2T N ADKRA VERDAEEREET, ZIWREEENRERINTVETS; AT =7 M,
BlZIE. HEBEDDHZA T 27 bHLMRINTZD, XV v FRMEIND, o Tz 7 MizkoT
BESND Lz 22, 20 (C) BEDA v X=TVX=PoMEN2D0ZHRELET, ZhbHD C 3
xR X Y v K (type method)” &FHIIE T,

ZRBDT, HILWIGROMZER LV E i, LW 7Y 227 P2 ERT U S WDIT T,

ZOFDZ e EHERZEIDBRENTL 525, ITIZ CHEREY 2 —)L custom IZH S Custom &5
ZHTOHLUWAIZERT L. RIBEESEERES 2 —NLE2HITTEBEET:

0 IR
I THM LTV HIE. 8 RO ZER T SRR FEETTETT. ZUIEE AL DHE Tt

7372HDIRDTT, C API Tlid, PyType_FromSpec() B v, b — 7 LICHIE SN /HROT S E
RTEFTD, ZHROVTEIDF 2— Y 7ATERFVERA

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

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
(KDR=V1Z#HiL)
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(FiDR— 25 D %)
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,
I

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

—FEICEIR T 2IC1EB £ o LENZVT TN, FIOEIDIFLoDERTLL RoTWVWEZEVET, 20D
774 NVTIE, 3ODBEREPERINTVET

1. Custom 7TV b BMAIZEZEATVED: ThD CustomObject HEA T, Custom £ Y AKX VR T
LT 1 EZT XV HERIMTDORE T,

2. Custom B D LS IKIRBFES »: ZhD CustomType WHER T, 77 7 KA v 2 DHEF Y
TERLTVET, MEOBRIENERIN- 22, ZOBBEA V224 V2= Z—=DPRIZITE
ESc8
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3. custom EY 2 — L E YIS HHMT 50 ZHD Pylnit_custom BB Y ZhicBEFKT 2
custommodule HIERT T,

FIRMIINTT:

typedef struct {
PyObject _HEAD
} CustomObject;

ZhD Custom 7Y =2 FDHNAETT, PyObject_HEAD X ZNZh DA TP = 7 MEERD LTI H
JH72% DT, PyObject BID ob_base L WHHARID 7 4 — /L REEFRL £F, PyObject T (2 2h
Py_TYPE ¥ 27 BB XU Py_REFCNT v 27 unb7 VA TES) WA TV 27 bADEA YRS A TV b
DPRENENTVET, ZOYI7udHESA T HEBE, MEKDLA 7Y FZ2HR(EL, TNy ZEF
T74—VFZEMTE2L51CT5%DHDTT,

0 R
FoOFITIE PyObject_HEAD ¥ 27 B DRICEIany3H D EHA, donbtIanrzBEiMLEVE
IR EMIF TSIV Thz2BEET2a0 4 7dHD T,

b5 AA, —RINICIZA 7Y = 7 MIIEHERY 72 PyObject_HEAD R4 7 — 7L — FOMICH F— R EHEEFL T
WET; FIZE. 24X Python BHEDTZENEUIEB D ERTT

typedef struct {
PyObject _HEAD
double ob_fval;
} PyFloatObject;

2O0HIEZMA TV 27 FDEHKTT,

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)

.ob_base
.tp_name = "custom.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof(CustomObject),
.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

0 IR

Fi2®H 3 k512 C99 R & A NOFERN ZHELTF %5 T, PyTypeObject DFHIELDINT 4 —1
RETETIiREZD, 74— N FEEETAIHFICKEFH 72D BT WREEFEI20EBEDLET,
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object.h IZH % FFED PyTypeObject DERICII LOERIIHZEID Do EZLD 74—V R BHHE

T TTWRHTETWEWT 4 — L RIECaryf4I12koTERTHDSNZDT,

HNSIMEDIEE & LR WO — R ERIC R o TV E T,

—EIZ1D2FDO7 44—V FERD LT TOWEEL & 5:

RETIR VR D BR

.ob_base = PyVarObject_HEAD_INIT(NULL, O)

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

‘ .tp_name = "custom.Custom",

HELTWRHDOHARITS, ZHIE, A7V bDF 74V FOXFHRFARLT S — XA v —JEHNE

Fo BIZIERDED T

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

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

BOLHID, T 2a—NHEEY 2 - NVIZBI2BOAOHE A% ¥y N TORWEARNIR>TWS Z I
FELTLEZEY, ZOEEIE. Y 2—IUZ custom THUZX Custom DT, BDOLHi% custom.Custom
WRELE L, EEO Ry MIZDA Y R— 12 %2f5 Dld. pydoc Y 2 —/L% pickle EJ a2 —L ¥

B 272 5 7 DICEHERDO T,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

ZAUE, HL W Custom 4 Y A X Y RA%MES & %12 Python ED Y TEIREXEYBEDL SVRDI%E
MB72DDHDTT, tp_itemsize ALY A XDA T =27 bTOAES DRDT, H A4 ADPA[L TR

WAT Y27 PTIE 0 IZFRETT,

O IR

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 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 J A7 7 %2R ELE T,

2.2, ROBODES: Fa—LUTI
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.tp_flags = Py_TPFLAGS_DEFAULT,

IRTOIT7 77 ZOEBEEDTEADENH D ET, ZHUIRIKTD Python 3.3 ETITEREINT
WETRTDRXYANZHAILET, ZNULEDX Y ANBRBRERS, METE277 7D OR 2 2B NHD
S

Z DM D docstring 1& tp_doc ICANE T,

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

AT VPERTES XS1Z, tp_new NV R ZRMT2HENDH D £3, ZHid Python D X
Yy F _new__ () tFAFDODDOTTA, WRNCEGZ20EB3HD $3, 50BETIE. API D
PyType_GenericNew() ¥ LTHRMENZT 74V NOEELZZDEEMH X ET,

‘ .tp_new = PyType_GenericNew,

7 7 ANDIED OETIZE o EBIRART VS DL EVWE T2, Pylnit_custom() O—HD I — FiZZ S
TIERWVWTL & 9

if (PyType_Ready (&CustomType) < 0)

return;

Z AU, NULL 2@k &7z ob_type HED T, WL DD X Y N=%i#lY) 7T 7 )V METHD T,
Custom BZHHAL L £ 5

Py_INCREF (&CustomType) ;

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

IR EEY 2 —ILOFEICEMNMLE S, 253528 T Custom 27 7 ADMEULRH LT Custom 4 ¥ A X
VAPERTE S LSk 5

>>> import custom

>>> mycustom = custom.Custom()

HETFIED OEZEIZE L REITTT; custom.c EWVWOHATDT7 7 A MIZZ ZETDA— FEFEZIAA,

[build-system]
requires = ["setuptools"]

build-backend = "setuptools.build_meta"

(RDR=D 128 )
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(FiDR— 25 D %)

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

pyproject.toml £\ 5 7 7 LT ZNEFHE ZIAA,

from setuptools import Extension, setup

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

ZLTsetup.py EWVI 77 A M ZDEIICEZIAA, ZL T, UTDEHK

‘$ python -m pip install . }

SIVIZANLES, ZHUTED, ¥ 77412 b VUIZ custom.so DERZIN, A VA=V ENET, T
AT, Python %375 LIF T, import custom 33 & Custom A 7Yz FTHNS KSR TWVWAIXT
T,

FARIZOLILLL DY FHA, L7

bHAA, BHED Custom BUIAIHAIWRITITVWET, M T —2ZE-oTwiwnwL, I TEEEA, MK
LTH TS5 RABED L EZTERVDTY,

222 BEROY U TIICT—RXYy FEBINT S

ZOHEDY Y TN TF—R XYy FEBMLTAZEL &5, DWVWTIZ, ZOREPREKS 2 LTHHH
TEAES5WCLET, ZZTEHLWVWEY 2—JL custom? 22K . Zh5OEEEZBIML E5:

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

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

} CustomObject;

static void

Custom_dealloc(CustomObject *self)

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

(RDR—=D1THE )
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static PyObject *

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

{

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

static int

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

{

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

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

return -1;

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

return O;

(FiDR— 25 D %)

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

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

{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last'");
return NULL;
3
return PyUnicode_FromFormat("7S 7S", self->first, self->last);
}

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

static PyTypeObject CustomType = {

.ob_base = PyVarObject_HEAD_INIT(NULL, 0)

.tp_name = "custom2.Custom",

.tp_doc = PyDoc_STR("Custom objects"),

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = 0,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

(RDOR=VIFiL)
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.tp_members = Custom_members,

.tp_methods = Custom_methods,

};

static PyModuleDef custommodule = {
.m_base =PyModuleDef HEAD_INIT,

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

};

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

ETa2—DIDN=TarTlE, WS OJBDEHEEBIRWVWET,

Custom B 2@ CHEEIRIC 3 DD T —XIEIE first « last . BEL number DX 5127 D F L7z, first
& last BIEIZ 7 7 —A PR —2L2 A MR — L% L7z Python XFHT. number JEBEIX C FFETOR
BofETd,

CHRZLEMNS e, AT7Y 7 P OMERIZIRD X H5124D 3

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

(RDR=V 1K)
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} CustomObject;

WERLEHINRET AP TELDOT, 77727 FOEID Y TEMBIEL TR I D EEICRLZBEND D
¥9, RIRR, 77227 FORMAY v FORBETT:

static void

Custom_dealloc(CustomObject *self)

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

Z ORAEUE tp_dealloc X U NIZRAZINE T,

.tp_dealloc = (destructor) Custom_dealloc,

ZDXY v Fik, $3=20 Python BEDOSRB AV > + %227 V7 L% T, Py_XDECREF() (35/1%(2% NULL ®
r—2%ELLHAET (ZHUE. tp_new BBHATERMLAEGAICKEIDZET) . 2OAY v Kl 2FIC
A7V bOH (Py_TYPE(self) THHLET) DX YN tp_free ZMUH L, A7V 27 FDXEV %R
FRLET, #7027 bDOMD CustomType TH 2 EIFROLBRVARICERLTLZEZE WV, RERS, 47
P2 NIV T I ITRADA YRR A LRV ES T,

0 IR

@ destructor NDOIIRHIRBIZHUINE TS, REL 5. Custom_dealloc A% CustomObject * 5
Ber 3 EHELE LR, tp_dealloc BIEDKRA > XX PyObject * 5IEEZIIHS Z LIl ->TW
BHHTT, dLIRMICEZ 2 LR FuE, av 4 SABEERZRETITLES, 2hiE CieBlF
247V =7 MEFORYE—T7 4 XLTT |

77 =AM P—LE TR M= LBRETFINCHIAL L TEE /WD T, tp_new DEEXBMTEILITL
FL&D:

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) ;

(RDOR=212HiK)
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}

return NULL;
}

self->last = PyUnicode_FromString("");

if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;

}

self->number = O;

return (PyObject *) self;

(FiDR— 25 D %)

ZLTIN% tp_new XN LTA YA M=V L ET:

.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.

non-NULL

default values.

In this case, we use the tp_new handler to initialize the first and last attributes to

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.

O IR

tp_new BRI tp_init ZMOH L TEWT ERA. ZHEA V2=V ZHBEGTTITS /DT,

Z D tp_new DFEHIL, tp_alloc Avy PEMUHLTAEY 2EHYTET:

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

AEVEIDHTIEMT 200 LARNWDT, FLIHEDHTIZ tp_alloc OFERD NULL TRWAF v 7 L
BT FH A

O IR

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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0 IR

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

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

N

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "[00i", kwlist,
&first, &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) ;

3

return 0;

ZAUZ tp_init X U NRAZINE T,

.tp_init = (initproc) Custom_init, }

The tp_init slot is exposed in Python as the __init__() method. It is used to initialize an object after
it’s created. Initializers always accept positional and keyword arguments, and they should return either
0 on success or =1 on error
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Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle
module by default doesn’t call __init__() on unpickled instances). It can also be called multiple times.
Anyone can call the __init__() method on our objects. For this reason, we have to be extra careful
when assigning the new attribute values. We might be tempted, for example to assign the first member

like this:

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

self->first = first;

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

threads that accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o ZOBWAT YN 1 IDKREVWCIEETEZ5E

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®?.

CITEA VARV ZAERZRBEL LTRZZXICLEZVDTEN., ZHRKIEWLS DD HERD D 9,
Hot HfHELHFER. AANODEERLEZ BRI TT:

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

ZLT, ZOEHK% tp_members Ay MIANFEL & 5:
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.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the $2IME7R B % EIE T % section below for details.

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

NULL if the attributes are deleted.

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

first and last names.

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

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

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

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

def name(self):

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

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

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

ET, AV y FEERLEZDT, TITAY v FERHOEIZIERT 256 HD £5:

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

"Return the name, combining the first and last name"
(RDOR=VIFil)
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(RIDR=I D5 DR E)
},
{NULL} /* Sentinel */
Ig

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

and assign it to the tp_methods slot:

.tp_methods = Custom_methods,

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

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

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

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

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

D

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

$ python -m pip install .

223 T—HEMECIH<HET S

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

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

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

typedef struct {
PyObject _HEAD
(RDR—=V ki)
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PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void

Custom_dealloc(CustomObject *self)

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

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

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|UUi", kwlist,
&first, &last,

(FiDR— 25 D %)

(RDOR=VIFiL)
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&self->number))

return -1;

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

return O;

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

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

return Py_NewRef (self->first);

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

return O;

static PyObject *

Custom_getlast (CustomObject *self, void *closure)
(RDOR=VIFiL)
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return Py_NewRef (self->last);

static int
Custom_setlast(CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the last attribute");
return -1;
X
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The last attribute value must be a string");
return -1;
3
Py_SETREF (self->last, Py_NewRef (value));

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 */
b

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

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

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

static PyTypeObject CustomType = {
(RDOR=VIFiL)
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.ob_base = PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom3.Custom",

.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,

.tp_getset = Custom_getsetters,

};

static PyModuleDef custommodule = {

.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom3",

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

};

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

functions. Here are the functions for getting and setting the first attribute:
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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;
X
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 T Tld PyGetSetDef MLEADAHZ DL D £7:

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

(RDOR=V1Fil)
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‘}; J

ZLTZH% tp_getset A0y MIEFRLET:

‘.tp_getset = Custom_getsetters, J

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.

oo XUNERDPSIBINSDEMZBRNTBEXL & 5:

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

F/2. 2T tp_init A"V FIBEINZDE LTXFHDOAEZFHFAT 5 L5 ICBIETZ2RLENDHD
£33

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,
&first, &last,
&self->number))

return -1;

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

}

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

(RDR—T12Hi )

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

50 F2E H—FN—To V=L L THERZES




Extending and Embedding Python, J1J—2X 3.12.9

(FiDR— 25 D %)
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.

EC, RIFEDBLEEIE ZO0EY 2 —AWHLBEB L VLB H 2 ED 2 —NVHZEBLEL &
5, ZLT setup.py 7 7 A MZEBNMDEHREZ S DAET,

224 BRAN—DIL O3> R—-+T3

Python 1 fEIRAN—2JOL 04 (GC) HEE b o TEBH., THEBTRERA TV =7 b2, R ZBRAY
VIDPERTRSTHRRATLZIIENTEE T, ZOLSRRAEATY =7 FOSHMATERL TND & EiZ
BIDAET, AU RORIZEZ TS W

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

ZOHITIE. BOEHEISDVAMREDE L, XDV ME HIBRLTH, ZRIIEHTEEAD
SHREEEFEODTETHLS, BRIV Y MIERIZE D FHA, BLWI 2IZ Python IQIXEERA N—
PaLy REEEMCEIDV R NPT ETHE I EMH L, BTEET,

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

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

2.2. ROBOES: Fa—LUTI 51




Extending and Embedding Python, J1)—2X 3.12.9

slots:

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

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

} CustomObject;

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

Py_VISIT(self->first);

Py_VISIT(self->last);

return O;

static int

Custom_clear(CustomObject *self)

{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

}

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) {

(RDR—DIHE<)
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self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self);
return NULL;
¥
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
¥
self->number = O;
}
return (PyObject *) self;

static int

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

{

static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;

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

return -1;

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

return O;

static PyMemberDef Custom_members[] = {

};

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

{NULL} /* Sentinel */

static PyObject *

(FiDR— 25 D %)

(RDOR=VIFiL)
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Custom_getfirst(CustomObject *self, void *closure)

{
return Py_NewRef (self->first);

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

return O;

static PyObject *

Custom_getlast (CustomObject *self, void *closure)

{
return Py_NewRef (self->last);

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

return O;

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

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

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

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

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

};

static PyModuleDef custommodule = {
.m_base = PyModuleDef_ HEAD_INIT,

.m_name = "custom4d",
(RDOR=VIFiL)
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.m_doc = "Example module that creates an extension type.",
.m_size = -1,

};

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

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

static int

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

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

For each subobject that can participate in cycles, we need to call the visit () function, which is passed
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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;
¥
0 iR

The tp_traverse implementation must name its arguments exactly wvisit and arg in order to use
Py_VISITQ).

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

static int

Custom_clear(CustomObject *self)

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

}

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

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

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,

ZNTHT TY, tp_alloc ARy M EXIX tp_free NY FIFErNTVIIL, ZNOEMERIN—Y 0
L7 a iz I 5BETARIVDOTT, FLALOHEREEEIZHERNCIREEE NI N—=Y a V2S5
TL &9,

2.2.5 MOBDY T ISR %1ES

WAF ORI Z AR L7 L WIGRIZ S 52 2 T E 9, MlAAARD SHMKT 2 DRFHCHE TS, &
72 PyTypeObject ZfiFICHHTEZ 2026 T9, ZAUTHAT, PyTypeObject MEAZIGRESY 2 — L
FTHAET2DREHL VT,

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

increases an internal counter:

>>> import sublist

>>> s = sublist.SubList(range(3))
(RDR= ki)
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>>> s.extend(s)
>>> print(len(s))

>>> print(s.increment())

>>> print(s.increment())

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

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state);

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

};

static int

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

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)

.tp_name = "sublist.SubList",
(RDR=T12HiL)
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.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubList0Object),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
IE

static PyModuleDef sublistmodule = {
PyModuleDef_HEAD_INIT,

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

};

PyMODINIT_FUNC
PyInit_sublist(void)

(FiDR— 25 D %)

{
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;
3

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

break down the main differences between them.

typedef struct {
PyListObject list;

(RDR=V 1K)
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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) ;

(RDR=V1FiL)
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(RIDR=I D5 DR E)

return NULL;

return m;

PyType_Read ) ZM.ARFHIC, BOMIEIRD tp_base X vy MIEH SN TWRITNIRD 8 A, BIFED
BIZ KT 2121, tp_alloc AR v b % PyType_GenericNew() TH®D ZQHEIEIH D FHA, - HERD
Tar—a YEBPRESNE T,

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

fix

2.3 IROBEDESR: 2L MEY Y

COHITIRI T I ERELEARREZA TRAYy P, ZROBMAZ2T 20D THLI0ITONT, oL@l
£75,

LURIX PyTypeObject DEFKT T, 7Ny FEIL K TLAHELARNNLDODDX Y NEENTH D 5

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

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

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

PyMappingMethods *tp_as_mapping;

/* More standard operations (here for binary compatibility) */
(ROR— 12k <)
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(RIDR=I D5 DR E)

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

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

(RDOR=VIFiL)
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initproc

PyObject
PyObject
PyObject
PyObject
PyObject

unsigned

vectorcal

unsigned

Py_ssize_

(FiDR— 25 D %)
t tp_dictoffset;
tp_init;

allocfunc tp_alloc;
newfunc tp_new;
freefunc tp_free; /* Low-level free-memory routine */

inquiry tp_is_gc; /* For PyObject_IS_GC */

*tp_bases;

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

*tp_subclasses;

*tp_weaklist;

destructor tp_del;

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

int tp_version_tag;

destructor tp_finalize;

lfunc tp_vectorcall;

/* bitset of which type-watchers care about this type */

char tp_watched;

} PyTypeObject;

J

fe<SAD XY

Y RABHDETHR, THZARITDILT Z2BEIHD A, ERLVADND 226,

ET20EZD35DTLHDINTTLIENFLALTT,
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EMERELET, LErLINSDRX Y AAPHEERFTERIN TV ZIEFIEALE T, twoDlE. Zh
DX Y NOBENBIEFIEEENREEICEZDDENLETT, Z2LDOGEVEIRAMELZDIZ, HPELTS
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const char *tp_name; /* For printing */

CHUIOAHTT T, FIOETHALZ X512, ZhUI 42 RGHTHA, 1ZE ACEZHERNTEDNS B
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‘Py_ssize_t tp

_basicsize, tp_itemsize; /* For allocation */

INEDT7 4= FiE ZOMDATI =7 bPFHLIERESNZ L Z2ICENZTOXEY 2HD YT X
WORE T Y EALZHRLE T, Python IQIZAIZERDMER (XFHNRX I NRERZBIELTLEZEW)
WX AHAHIAADY R— DD 2EEDH D, ZIT tp_itemsize X U NABELNET, ZHBHIZOVTI
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const char *tp_doc;

Z 2ZiE Python 227 V7 MY 7 7 L YR obj.__doc__ % doc string #iRF & FDXXFH| (H25WVIEZD
7 RLR) ZANET,

TR, BOBERKZAY v FITEAET, IZLALDINROMAZDXY v F2RELET,

23.1 77454 X ERXREVRK

destructor tp_dealloc;

BDA AR ADBEA T Y bBEOIZHKRD, Python 4 Y X 7PV XBZNEBELUTCHAHFLELS B L,
COMBDIMINE T, BT REXEV ZZORBPREEL TV, ZALBNI S ETITRERUHEDLD 5
BEE, Thor iAo hET, A 7027 P ZNEKD Z I THRBREINZ2BERH D 5, Z DR
DHNE. UFDES5HBDTT

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);

XV RO L OFEE R DX, WERFD OHIINC N > SVWFEEDT RV T, RERL, MIIHD
BRI Python 4 ¥ 2 7V XN A X v 7 2 tOREBIZEST £ 2IIMEN 2 2222056 Td, 2L T (@EE
DBEED & DEIFTH L) BINDTDITA Ry I DBRERINE L Zld, TTIRBELTVLRHI4025XEY
fRIBERESF 2 b DIEH D - A MBAOBEBDE 2% 5 BEIENMD Python Da—RE2FTLTLES
. ENSIIPIADRELTVEZ e E2RAIT 20D LOFERA, ZUIA V2T ) XPERIEI T —%
FESELWORMNDET, ZhZECIELWHER, ZeTRWEREREITS 28NCLERGS ofift 2
BREFELTBE, MbobZNEIIIRT I TY, Z4UE PyErr_Fetch() B X Uf PyErr_Restore() BA%K
ZES 2L o TAMBEIC R D %3
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static void

my_dealloc(PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;
if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;
/* This saves the current exzception 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);
}
0 IR

A E VR OF TR EIATA 2 Z IV OHHlIRAH D £5, 1 DHIE. ZDRA (tp_traverse
BEU tp_clear ZffioT) ARN—YaL s> ayEHKR—- b LTWVWEEHE, tp_dealloc BN XN
ZETIC, WEEINT 74 FFARSNTLEI AT I 27 PORXYAN—DEDRZ LT, 2 0HIE,
tp_dealloc D TREA 7T =7 MEIFPLERNKREICIHZZ LTS DFDZRAV IV IB0THL W
HZLTT, (LDBNCHE L57) MR A T 27+ APTI OFUH LTIE. tp_dealloc % FHEN
CHL. ZERBDPL7 7y >a2ad5Z IR0 LOAEEA,

Python 3.4 2251, BHR 7 7 4 F 74 XD a— Fid tp_dealloc WEMNT. OO ICHLIEAZN
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232 #7972 xU +RR

Python Tid, #7327 FDXFHIRBEALERT Z2DIC 20D HHHD 3 repr) BEE S Hik
. ostr) BABEMES HSIETT, (print ) BIBUIHIC str (O ZMUHLET, ) 2oV R IEEES
LEMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY FZRBMUHEINIA Y AR Y ZADFHNRBZEMN LT FINA TS = 7 b 2IRTRBEDD
DS, MERPIIULTOLS RS DTT:

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

obj->obj_UnderlyingDatatypePtr->size);

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

tp_name and a uniquely identifying value for the object.

tp_str NV F 7 ¥ str() OBRIX. ED tp_repr NV FJ ¥ repr(O) OBRICHLELES, 2Fb. Zh
¥ Python D2 —F»BF 7927 DA Y AZ Y RZH LT str() ZMHUH Lz 2i2idhEd, 20
BDFELEIX tp_repr NV FI7DOZNEIFFIBTVE T, FoN 2 XFHRRIABPFTHE Z r 2B E
NTVE T, tp_str BIFESNTWARWEE, 2D DIC tp_repr N F IO E T,

DU T3

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

233 EMZEEIS

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

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

Python supports two pairs of attribute handlers; a type that supports attributes only needs to implement
the functions for one pair. The difference is that one pair takes the name of the attribute as a charx,

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

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

V4 V4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

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

generic mechanism that is available.

WML REEZEERTS
FL AL OIS BE RILZES 29T, T 0 X5 BRIESHAMZL WAZOTL & 527 2
7T N ERIE S DT DTT:

1. PyType_Ready () 23 IN7z L &, T TRBEDHFIDR DI oTVWE I &,

2. BUZZRLZEDBRE LD T2 & X2, FlRELERO 7D DM E TR, £ R L7 DRE
L7fEICH L TEARIRIED FITT 20 E BN &,

INHDEMIE. BHEOMES. EIFEINZ XA I VY, FREBNENEZT— 2B OBREZ YLD DT
HEPL Vo2 IZRALHIKNERT DD TRV LITHEREL TV,

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.

T=TNERATETI 27 PHD 3 DODR YN LTEEEINTVET:

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; /* amplementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

(RDR=V1ZHiEL)
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} PyMethodDef;

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

end of the array. The m1_name field of the sentinel must be NULL.

QBEHDT—TNIE, A VYRRV AP EN S F— R L EEMCDO T oN-EEZERT2DIHWE
T, WEDOBD C OFIAMNAZBINYR— XN TEBD., 7272 2HAH LEHICHHAEEAREICDTE
T, TOT—IINTHELNZEEEREIRD XS ICERINTVWET:

typedef struct PyMemberDef {

const char *name;

int type;
int offset;
int flags;

const char *doc;

} PyMemberDef ;

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

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

and get the doc string using its __doc__ attribute.

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

HEDQEICFE LB DERE

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.

DUl ZRL £9, -

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

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

should be set to NULL.

static int
newdatatype_setattr(newdatatypeobject *obj, char *name, PyObject *v)
{

PyErr_Format (PyExc_RuntimeError, "Read-only attribute: 7%s", name);

return -1;

234 T2V DR

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.

ZHEREERA Y XDV A ABPFLFNEFE LW AT 7T — 2oy > FILFEETT:

static PyObject *
newdatatype_richcmp(newdatatypeobject *objl, newdatatypeobject *obj2, int op)
{
(RDR—T1ZHE< )
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PyObject *result;

int c, sizel, size2;

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

newdatatype omitted */

sizel = objl->obj_UnderlyingDatatypePtr->size;

size2 = obj2->obj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case : ¢ = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}

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

return result;

2.3.5 HRMNAZIORIILOYR—F

Python iZW<2d D WA “Taral” ZHKR-FLTVET, ZhoZHEHTIREDS VX2 —T =
A 22DV T abstract TEREI N TWVE T,

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

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

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BECOFTY 27 M EBEPY =7 YA, HBEVEFHEDLIICELES L5 LEVAELIE, ThEhL
C @ PyNumberMethods #&{A, PySequenceMethods #iifi{f, %7213 PyMappingMethods #i&EAD 7 F 1
A ANET, TNHIWHYIREZANTD ANRLTHIDPEVERA, TS Z572Hid Python OFECAR
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V—RXIZH 5 Objects TADIFBEIEMNTEBTL I,

hashfunc tp_hash;

COBEL. LI ZICLERBIE. T—REDA VAR ADNY T aBFERIRTIOICLET, XD
W TE T3

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 Y R Z A TR LTSNS ) & ZICERET, 223D L objl i
ZDA VARV ADPA->TWT, Python 27V 7+ T obji('hello') ZHEIT Lz T 5, tp_call NV
F I MBI NET,

ZOBBIE 3 o5 IR Y T

1. self ZMFOCHLOWNRE R ETF—ZBDA VAR R TT, F28 ZIEFFCH LA obji('hello') D
A, self 1X obj1 I h F9,

2. args FZFUH LOGIEZBMNL TWE X TV TE, 2225582 H912ld PyArg_ParseTuple ()
ZHEVET,

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

saying that keyword arguments are not supported.

DURX tp_call OS5 RFERETT:

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

PyObject *result;
(RDR=V ki)
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const char *argl;
const char *arg?2;

const char *arg3;

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

}

result = PyUnicode_FromFormat (
"Returning -- value: [%4d] argl: [%s] arg2: [%s] arg3: [%sl\a",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3d);

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).

& Bz

Documentation for the weakref module.

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

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

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT(NULL, 0)
/* ... other members omitted for brevity ... */
.tp_flags = Py _TPFLAGS_MANAGED WEAKREF | ...,
I

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

PyObject_ClearWeakRefs()):

static void

Trivial_dealloc(TrivialObject *self)

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

}

2.3.7 EDfLBZ V3

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

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

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

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

if (!PyObject_TypeCheck(some_object, &MyType)) {
PyErr_SetString(PyExc_TypeError, "arg #1 not a mything");
return NULL;
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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 B5L&U C++ HRDEIL R

CPython @ C #L5RI #HAMLEA 2= 7 AR -1+ LAHEE S 4 77 Y (Bl Linux @ .so 77 4 L%
Windows @ .pyd 7 7 4 /L) T3,

AVR=—PTEB XS, H£EHEFA 77 VIEMHF X 2IREET PYTHONPATH EicRINidks3. 7> 4 1%%
EY 2 — VHITHIZ EYIRIRE IS > TORFAUZV T £ Ao setuptools Z{fi> T2 & Zid, HEIW
WIELWT 7 A VEDERINET,

HIHEBIR D S 72 F ¥ ZRDEBH TT:

PyObject *PyInit_modulename (void)

COBBUIER bt I N EY 2 — L, PyModuleDef 4 Y RAX Y AZRLET, sfFLVWI X
initializing-modules ZZM L T 72& W0,

HHTZ ASCII L2MfE o TOWRWEY 2 — VDA, BIf#IE Pylnit_<modulename> @ <modulename> %
EY 2 VA THEEIZ72DDTRIINIER D £8 A, multi-phase-initialization Z{fH->TW\W53 & =ik, €
Va2 — AT ASCIL LA D F IR ET, 205G, ML D41 PyInitU_<modulename> T,
<modulename> {INA 7 V%7 VX —RA 27 TEZHZ T Python @ punycode T>aA—F 4 ¥ 7TV aA—
FLZdDIZD 5, Python TEHL XD K5 RUBIZZR D $7:

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

1LOOHEFA4 75 VICHBOWILEREZ ERT 2T, HBOEY 2 -V ELI AR— T 52 LIEA
BETCTT. LL. 774V ETREI7 7 ANZIHIE LR L2AMIT LS e LARVWDT, BEOEY 2 —
N A YR=PEERZEZEI YRV 7V Y IPBADA Y R=Z =% 508 RHDET, LI ki
PEP 489 @ “Multiple modules in one library” iz SR L TL 22X\,
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2.4.1 setuptools I2&D C LU C++ HIRDEIL K

Python 3.12 DAR#ICIE. distutils 3 & FN TV EH Ao setuptools T C/C++ #Lik%Z L K3 25D
WTHEIZHERNIZIE, https://setuptools.readthedocs.io/en/latest /setuptools.html 2% % setuptools @ K
FaAXAYPEBRLTIEI W,

2.5 Windows £ETD C &V C4++ IRED 2a—ILDEILER

Z DETIZ Windows A1} @ Python EIRE Y 2 — /L% Microsoft Visual C++ Z{# - TIER T % /ikic>
WTHHELITANR, ZDRICHIRES 2 — VDA FRED X5 ITEES 2 D0 IOV TR LWERZBRE
T, ZOFAZ, Python ¥EREY 2 — L 2/EK T % Windows 7R 7~ &, Unix £ Windows DI T
SFESENNRTESLLIRY 7 by =7 DIERICHKD D % Unix 7077 <DIGICE > THMTY,

EV 2 VOEFICIE, ZOETHHALTWSAELID S, distutils 12Xk 7 70 —FTHIREY 2 —L %L
NET2E58DFF, £7. Python % L R LB C a v 84 I0R0ETT; #HIX Microsoft
Visual C++ T3,

0 iR

ZDETIE., Python D= a VEESDPFEILINTA->TVWEEL ZADT 7 4 VZIZODWTHIT E
T TNBHDT7 7 A NFIE XY TRINZAN—Y a VAN ETREEINET; 'X' 1Ef#H>TW3 Python
VY—ZADRA T v ==V a YEF, 'Y' E3AF—N"=TaryHETT, HlZE, Python 2.2.1 Zffio
TV 5, XY IFERICE 22 122D %5,

25.1 B¥sbo77O0—F

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

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

2.5.2 Unix & Windows DIHES

Unix ¥ Windows Tld. 2 — FOETRGHARAAICEL BRI RTXA 22HVTVWET, #Ife— FXh
BEOBEY2a—NEEILRLEI LT BHIC, HODOIYATLADRED XS ICENET 20H > TEBWTL
AN

Unix Tld. £EF TP 27 F (1s0) 7740 T 0TI ahfE5a— K, 2L TFur 7 ANTH S BEEH
RTFT=EBPASTVET, 77408707 AMbEEIND . ZNHDOBBPT XTI 27 741D
aA—FHORTOSIIE, XEVNTHES T —XPEREIN TS, Tr7 7 AHOFEBROGMEET L5
CEEINE T, ZAUIEARNZY V7B HD X5,

Windows Tl&. BV > 274771 (.d11) 7 7 A MRS’ D B (dangling reference) 13 D %
HAo ZORDY, BB T —2\O7 78R3V y 27 v T T—TNENLET, > T DLL a— FD
Ay FATRICRA &0 7a 75 A XEY FOIELWEGFIZET X5 CEBIET 248 IEH D A, ZoRb

76 F2E HY—FN—ToV—I L L THERZES


https://setuptools.readthedocs.io/en/latest/setuptools.html
https://github.com/python/cpython/tree/3.12/PCbuild/winsound.vcxproj

Extending and Embedding Python, J1J—2X 3.12.9

D, a—FWIXFEIZDLL Oy 27 v 7T —7N%EHN, Ly 77y 75— 7))V BIRIZEITRICEBR ORI
F—REETIOBEINET,

Unix 121, M—DF74 75V 774 ABR (La) LEBHD ERA. .a 774 VMIEROA TV =2 7 >
AN (o) BIBRDa— KB A->TWET, HEF TV 2727740 (.s0) BIEKT 2V > 7 WD EFgH
e U Y HIZERGFIORHLZESN T ICEBT BN ET, TOLEVUAEIIATIVNDOF TV
ZEI77ANVEREBLETS; b LIAIFLROP2, VOAEZEDA T2 b7 740202 TODa—FR
ZHUDIAHE T,

Windows Tl Z20FERDIA 77V, #TATIV A VKR= b IATI7UNBHET (EBE5D
1ib EMEHERTVET), #NF A 77V Unix KBS .a 77 A VU TOET; 207 7 £ I,
DEWEC TR AENZ XS5 RA—FBA>TVET, 4 Y R—bF74 77 V& HEAIRE DT
WARETIER L, DLL 2’u— FEINIRFRTREETZ 2 2RHET 27202 EbNE T, VhidA >
A=+ 74772V 60EHREMHE>TLY 77y FT7—TN%REMR L. DLL IZA > TWARWEIIFEZEZ 2
k5K LET, 77V =2 a vy DLL BBV Y 7 3N2 30, A VE=FIA T I UDPEREINE Z D
DET, ZDIFAT7I7VE, 77V —> 2> DLL MDY Y RMREST 2 X 57, FERIER SN 22T
@ DLL T 5 7= Bz b £3,

ZOo0HMNe—-FEY 22—, Bt CEZEKL. floa—-FT7ay s A 21T 22 LET, Unix T
A.a % B.so® C.50 ZENLRTHL XDV U AIRELEVE LEEA ; ZARZETE. 2—Fii=
ERDAEN, B COENENIRETHOAY -2 >TLEVET, Windows Tid, A.d11 ZE LR T
22 A1ib BEALFENTET . BRC DY Y7 A Lib ZELE T, A.1ib KW I — FIZA->TVWER
Ay BIIZA Da—FRIZ7 278 2T 3T 30 FE TRV SRR IERB A > TWBEITTY,

Windows TldA ¥ H— 1+ 74 77V OFHIZ import spam ¥ §2 L 5%2DdDTT; ZDEIEICZ L - T spam
DHENCT7 7 XA TEETH, a—RFOab—%2EIN/ERLZDIELERA, Unix Tl 247500
VY273t LA from spam import * WZBITWET; ZOBETCIHAMICa—Foav—24K L £73,

2.5.3 DLL EH®DXEE

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{E 3 2 &, pythonXY.lib 2V Y HIZE S RAIER D F¥ A, HlZIF=>0 DLL .
spam & ni (spam OHNIZIE C B A-> TR LET) ZEALRT I UTFDa~wy FEEITLES:

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

BIOa~<>Y RT, =D2D7 7 A/L: spam.obj . spam.dll E X spam.lib 2 TZX FJ, Spam.dll IZiZ
(PyArg_ParseTuple() d X 572) Python BIEII &< Ao TWEH AN, pythonXY.lib OB HIFT Python
I—FZEDOFZZLETEET,

ZOH®a< Y RTiE, ni.dll (BXU .obj & .1ib) B TE, D T4 77 Vid spam & Python EfTE
KA ORBERBE LS5 Lo TROTUE LV Ho TVE T,

ETOHNFLNY 27 v T T =TV ERCRHENEDITEDD FHA, MDEY 2 —)L (Python BIK%
BAHAET) o, BEOHANTFARZ S X 5125 5121, void _declspec(dllexport) initspam(void)
2.5. Windows ETOD C LU C++ HERED 2—ILDEIR 77
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X PyObject _declspec(dllexport) *NiGetSpamData(void) ® K& 512, _declspec(dllexport) TH
SERIIRD FEA

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

libraries. Add the correct msvertzz.1ib to the list of libraries.
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KRELGT TV Tr—23>AD PYTHON 5> 321 LDEDHIAH

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

3.1 D7 FVTr—>3>AD Python DIEHAH

HIE TIE. Python 4R T 245k 374205 C BB DI 4 75V % Python IZH D THREZ LIRS 5
FHELZOWTHRE L, MU LS R EZFOAETHFEITTEES: 20UE BOOD C/C++ 77V 7 —
> a2 VIZ Python ZMDIAATHEREZRILT 2, 2WVWIHIDBDTT, HDIAAEITHZLT, 77V Fr—>av
D S DMHEE C % C+4+ DD DIC Python TEETEZ L1 ET, HDHIAAIZZ L ODHRT
FIFHCE%9; 2—¥2 Python TRZ V) Fh2FE 77V r—ya v EEMFAMILITOHNS X5 CT
5, LWVWIDBZED—HITY, Tur 7=, FFEDHKAEZE Python Tk DEIZHF I 2HECHTHEDLD
WWHDIAAZITO LS TEET,

Python D ®»iAAIE Python DIRIRE BTV ETE, ELFALE VI DITEDD FHA, ZDEWVIL,
Python 2R L7Z35EIIE T TV 5 —2a v DXL > Far 5 J3RARY LT Python 4 Y X Y X TH 3
—77. Python ZHAABAZHEIIE, X4 7025 22 Python R LRV — Z2obhiz, 7
TV —2a D5 —EaEHT Python £ X7V XEMIH LT &2 @ Python 22— FZETXHE
35— b LRV, WS LTI,

it 5T, Python ODAAEITIEE., BEDA AL v u a2 LR hE k) 28A, XL V70
75 LR BT UEIR SN . D—DIZ, Python £ ¥ X 7Y XRDEEALRH D 5, 2iahibilt
AR Py_Initialize() ZMUHI IR D £HA, 7> 22 LT, Python fillica~> FZ 4 V51
ZET DB L ZITWET, 20Kk, 77V =23y ThA Y E TSV X2HUHES L5
I E75,

AV RTYREREETICE. BRL20VL 0D HENH D £3: Python XA o 2 XFH %
PyRun_SimpleString() WK 3. stdio 7 7 A VKA Y X T 74 0% (ZHEZT—X v E—YAT
a— FEBINT27D7230bDTT) % PyRun_SimpleFile() ICET., tWVWozBEATT, ThETOR
BCHA L2 BKEDEEZIFOH LT, Python A 7Y =27 FEMELLDFEHLEZDDBTEE T,

o sz
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c-api-index
Python C 4 ¥ X — 7 = —ZADFHMIZ D~ =2 7 AMCEPATVE T, DELBHROKEBEZ
ZIHBI1FITTT,

3.1.1 FKEDEDAH

Python OH®HAADRD HELERIE., @EKES VZ2—T7 2 —2ADFHTY, DL VX —7 2 — i,
TV = a2 hRD T AXHEMNLN Python 227 ) P 2FETTE-2006DTT, HlZiX 2,
—D2DT7 7 AN ETHAL2OEREEER T Z20ICHHTEET,

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

main(int argc, char *argv[])

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

The Py_SetProgramName() function should be called before Py_Initialize() to inform the inter-
preter about paths to Python run-time libraries. Next, the Python interpreter is initialized with
Py_Initialize(), followed by the execution of a hard-coded Python script that prints the date and
time. Afterwards, the Py_FinalizeEx() call shuts the interpreter down, followed by the end of the
program. In a real program, you may want to get the Python script from another source, perhaps a
text-editor routine, a file, or a database. Getting the Python code from a file can better be done by
using the PyRun_SimpleFile() function, which saves you the trouble of allocating memory space and

loading the file contents.
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3.1.2 BRKEDIEREDAADSHEAHT: BE

EKHEEAL VR —T 2 — %, WA Python 23— FE27 7V r—> a UhHEITTEDZLSICLTANET
B, 7SV —>ar Python 23— RO TOTF—ZDPLHIDIE, ZHEADIKEoTHHEDLLVDHBDTT,
F=RZORDED ELWES, XDEKEDS VX —T7 2 —AMFCHLEZRA LR TERD £EA, &b
%< Ca—-FzErRIRLBRVRDDIC, FEMTHTESL LS ITRDET,

Python OYER  HDHAAIX, BEZZEZ, RICEXETH2 WV 2 IEEERERDY FHA, TNET
DETHMBLTERL Iy 7DIFLAYPHEDIAATHDHTEENET, ZhERTDHIZ, Python 225 C
ADIIREITD 2 — FOAEBICIIAE T I2HhEZTAEL & S

1. ¥—&{f% Python %5 C IZZ&HT 3,
2. BEANTAEZH > T CL—F > ORI H L 21T,
3. FEUH L TR N7 — &1 C 225 Python IZE#T 5,

Python ZHDIATLIGEICIE. 4 YR —T 2 — 23— FBTIEERUTDO LS CR D £3:
1. 7—&{E% C 75 Python IZ&¥T 3,
2. Bf1XN72fE% - T Python 4 ¥ X —7 = —Z)L—F ¥ OFEFIECH L 21T,
3. MU LT 677 — & fE Python 226 C IZEHLT 2,

—RLTHD2 X512, T—XREMDRAT v FE, S TT — X 2R T 5 AP ED > 7 DITEHOE TH
WANEZ 72T, ME—oEMZ. 7—2ZHOMIcH 21 —F TF, HRZITIBICE C r—F
VRO L F 35, HHIABDOEIZIE Python V—F Y 2L £7,

ZDETIE, Python 6 C A\, ZLTZOHNL T =R EEWT 2 HEICOVTTHRMLET A, /o, [E
LWSHBOHWART S —DWNHIZOWTTTIHEL TWAHDIRELET, Z05DHIEHIZOVWTIX
AYRTYRDIWER A SED B L ZAMBRVDT, DERIERICOVWTIERLUETIOREZSHETEE T,

3.1.3 MR DIAH

BRANZHIRST 2 70275 L%, Python 227V 7 NADOBEKEETT 220D DTT, BE/KIES X —
7z — R BHEITTEIF M e FRRIC, Python £ Y X 7V XWE7 V5 —2a v e EESPDEHEILER
A (D ROFETRHEDTEE5EEHLET),

Python 227V 7 FATERSIN TV IEBEZETT2-00a—-FRUTO XSk 3

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

int

main(int argc, char *argv[])

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

int i;
(RDOR=V1Fil)
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(FiDR— 25 D %)

if (argc < 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 < argc - 3; ++i) {
pValue = PyLong_FromLong(atoi(argv[i + 3]1));
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: %1ld\n", PyLong_AsLong(pValue));
Py_DECREF (pValue);
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print();
fprintf (stderr,"Call failed\n");
return 1;
(RDOR=VIFiL)
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(RIDR=I D5 DR E)

}
}
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— P& argv[1] Zffi>T Python 271V 7 FZn— R L, argv[2] WITHEE S N7 %ATDO B Z WO
HLUE9, BBOEES B argy BT OMDEICZD T, ZoFursa% AVNLILLTUYY L
(TEFTAIRENRZ call Y FEL £ 5). UFDX 5% Python 22V 7 F2%T35ZLIcLET:

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

return c

FATHRIIUT DL 512725133 TT:

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

COREORRETEH T 21213707 7 AW E I HhRETEETH, 1ZL AL Python 226 C AND T —
REWR LT — DD a— FTF, Python OHIDIAAL ¥ WS EED S d BEHREOEH I RO a—
RO E 257 TT:
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Py_Initialize();

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

After initializing the interpreter, the script is loaded using PyImport_Import(). This routine needs
a Python string as its argument, which is constructed using the PyUnicode_DecodeFSDefault() data

conversion routine.

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

/* pFunc ts a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

De7UR2Y) 7 I HieAAENS L, PyObject_GetAttrString() 2o THELLRIZIETE X T,
HBHIMAZ ) T MHIFEEL, RIS LA T 27 Y RMUCH LATREA 72 =27 P THNUX, 24TV xS
PR THZ e EXITELIZARVWTL YD, 2ITIRTILIEAEBDICHIHDZ I AERIEAF
3. ZD%. Python Iz FOa— FTHESHLEF

pValue = PyObject_CallObject(pFunc, pArgs);

%%,l

REEUH L % IR B%. pValue |& NULL 12722 2>, BABDR DEANDOSRB A o TWE T, HEZFARLZRICIE
SOTIBRZMRL TSN,

3.1.4 B&iA £z Python DILE

ZZETX, HHAAL Python 4 Y X PV RET7 TV — a YAKROBEREIC Y 7 XA T23FERPH D 8
ATUL7, Python API 25 2, HDAARAL VX TV REPIRT Z2TT7 SV r—> a Y RIENDT 2
TREAREICLE T, 2D, 77V =y aryTRHEINTVWEIL—F U 2ffio T, HDIABA X T
REPIRT Z2DTT, LRI OXSCEAE T, ZAELEOEVDITED D FHA, ILHL-T,
77V —2avh Python £ YR TV RERH LI WVWIZLEBE o2 ENTATLEI WV, Z2ORD
D, 77V 5= a7 —F U DEEDT, H720dEED Python JEIREY 2 — L2 EL LD XS
12, Python 268NV —F V7 72 RTESL X522 70— (glue, B]) a—F2FELEEZATLIEZE W,
FIZIZLRD L ST

static int numargs=0;

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

{
(RDOR=V1FiL)
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(RiDR=T 226 DfE X))
if (!PyArg_ParseTuple(args, ":numargs"))
return NULL;

return PyLong_FromLong(numargs) ;

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

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

s

static PyObject*
PyInit_emb(void)
{

return PyModule_Create(&EmbModule) ;

FEoa— 1% main() BROT S ECHALES., £/ UFO=>DOX% Py_Initialize() OO L
DRNCHEAL £7

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())

FREDOT7 TV r—2a TR TH5LEAYy FT7 TSV —2ayND API % Python IZRABT % Z i
AUR- 3528

3.1.5 C++ IC& 3 Python DIEHIAH

C++ v 277 s912d Python ZHOIADET; BEICE S . €50 THDIALLIIME>TWVWS C++
WIEZDOFMHKIFE L E T, —RINCE, X407 a2l o 06% C++ TEE, C++ av 4 7&ff-T 7o
TIL%AVNRAN - VT TEIRENDHZTL &S, Python HIK%Z C++ TV AL L EBTHEED
DERA
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3.1.6 Unix R ATLICHIFRAVNAILE) VD

Python 4 X 7Y 2% 7 TV —>a VIZEDRALDIZar 45 (2 Vh) KWEITREELWI Z 7
AT ORMBE TRV D LOLERA, ZHEFHZ, Python 374 75 VET 2 — LWL TY Y7 &
7= CHIFHER (.so 774 0) L LTHREEINL D2 — RTI0EDNDH 572D TT,

WEIZ A RA N - VDA T ay 57T, pythonX.Y-config A7V S+ BMEZ FF (ZHiE
Python A ¥ A b —)VERIZAER 72 H DT, python3-config A7V 7 M FHHKZ2d LOLEEA)
CDRZ VT MIZA T arBZl B ETH, EHENTERHZOIZIATL £ 5:

o pythonX.Y-config --cflags IFHRDa v A AT a vl LET:

$ /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 > 7T a v ML ET:

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

0 R
BE Python N—3 a YHIZ (2 D DI AT 4D Python ¥ H747-HEHTE L K L7 Python) TOIRL
ZHET B 72012, ETOFID X 512 pythonX. Y-config (it A CHREN L 721Z 5 BEWVWTT,

BLIDOFIETI 2L WA RFIUR (L2 ZHUILTO Unix R 7Ty b7+ —ATEET 2 Z 2 %2R
fE3 2 HDTIERNWTT D, bug reports IZFHITT ), HRIZDIRATLDEAFIv I YV IIZD0TD
F¥ a2 X2 FZFHA. Python D Makefile DAY NRANFA T a Y EFARDZRENH B TL & 5 (Makefile
DL %N %121% sysconfig.get_makefile_filename() ZffoTL 72X W), ZDHA. sysconfig E
P a— WP OBERIARD T, TR X o THRENNIMATZ Ny 4 - Vo o2DF Ty a
K70 s st cE 9, flRIE:

>>> import sysconfig

>>> gsysconfig.get_config_var('LIBS')
'-lpthread -1d1 -lutil'

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

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

executed interactively in the interpreter.

/N

DHLDPEZONET:

e The default Python prompt of the interactive shell when entering the code for an indented
code block, when within a pair of matching left and right delimiters (parentheses, square
brackets, curly braces or triple quotes), or after specifying a decorator.

o HHAAADER Ellipsis

2to3

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

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

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

Tools/scripts/2to3. See 2to3-reference.

abstract base class

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

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

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

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

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

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

7 — 58T
complex(real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o IBSIE: ¥—7U— FEIELIANDFIEL MEFIBUXSIEY X b DETICEL 22 TE, /2 %12
Wit 7z iterable DEFEL LTETIENTEET, MIZIE ROFITIE 3 & 5 XMWAHEAESIE
T

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

FHIRFBIBDOEBIC B THEIT E D —AAVZRICHID I TohE g, D HTZTSHANTON
Tid calls ZBRLTLEE VN, YV Xy Z7RRZBVTEFFERTLDICHL0 M5 Z el
RET, FHBiEhfEIe - VZERICE DL THNET,

RE1% . FAQ D FEEIEEARGIBDENMIMTTH? . PEP 362 2SR L TL W,

asynchronous context manager
(EEHa > 77X A b~ —Y v) __aenter__() & __aexit__() XY v FEEFET S I LT async
with XNOREZEM T 2470227 T, PEP 492 TEAXNLE L7,

asynchronous generator
(FERIY = % L — &) asynchronous generator iterator iR 3B TY . async def TEFEI Nz
N—F VBB TV E A, yield ReHORTRLD £, yield R async for /— 7T
TEZHOMIZERT 2DIMHHINE T,

BEHFIBIEFEHY = 2 L — 2B L 95, XRICK > TE RS zRL—R21TL—% 25T
GEhd 0 £, BREINTERIHS 2 THRWES, FBRLD 7012 R B2 EA L £ 9,

FEFMY = 2 L — XU, async for XX async with X2 THL avait RdDH 222D
D i?o

asynchronous generator iterator
(GERIY = 2L —& 4 7L — &) asynchronous generator B THERENZ LTS 27 M TT,

ZAUX asynchronous iterator T, __anext__() XY v K& THIXN 3 & awaitable 7Y = 7
FEIRLET, 20D awaitable A 7Y =27 MI, KD yield RETIEFAY = 1 L — XEBMDOAREKE
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FATLET.

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the asynchronous generator iterator effectively re-
sumes with another awaitable returned by __anext__(), it picks up where it left off. See PEP
492 and PEP 525.

asynchronous iterable
(GEFIBAA 7 Z 7)) async for XOHPTHHTES2A 7227 M TT, BHD __aiter__() XV v
B2 & asynchronous iterator R ERIFIUIZ D $¥ A, PEP 492 TEAINE L7,

asynchronous iterator
GERAA 7L — &) __aiter__() & __anext__ () XY v FR2EELLATI=2I +T
3, __anext__ (O & awaitable & 7Y =27 bPERIRIFNIERD £8 A, async for 1
StopAsyncIteration 4t Z X T 2 £ T, EFRMAA T L —XD __anext__ () XV v KR
3 awaitable Zf#R L 5, PEP 492 TEAXNZF L/,

(Bt) A 7> =7 MCEEMITHN. Fy FRERIC KX - THATTEESHREINSETT, HlE
Tz b o EN 0 B oTWBEE, ZOEMNE 0.0 TSHREINE T,

F 7Y =7 MZIE, identifiers TEZREIN I T TREBRVWHBTOBELEE5ZX 2 2N TEET, 2k
ZIL setattr() 2V, A7V 27 M ZNEFAILTVWAGEEIITAE T, ZOL3BEMIEF Y
FREARTE 77 ERATET, RODIC getattr() 2o TWEZLENDH D 3,

awaitable
(FFH&PTRE) await N CHAT 2 2 AR Z AT I = 7 M TF, coroutine H __await__() XV v
RBHAEATI 27 FTT, PEP 492 2L TL 72X W,

BDFL EXA
AR Z KR EMIE (Benevolent Dictator For Life) OIS T 3, Python OfE#E. Guido van Rossum @
ZeTY,

binary file
(NAF VT 740 bytes-like 7TV TV b OFARAALBLIOEZRALNTES J7MILF T
Ik TS, "AFVT77AN0DHNE, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 1 L,
sys.stdin.buffer. sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKX Y AT,

Str A7V 2 POBABEINTELZ 77 AN0FTY 27 MTOWTIR, text file BB 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.

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

reference. The Py_NewRef () function can be used to create a new strong reference.
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bytes-like object

bytecode

callable

callback

32

bufferobjects 4R —hLTWT, C SFBOEKT EHilLit Ny 7 7 —ZREAGER LT TV 2 7 b,
bytes, bytearray, array.array . %< O—fk{J7% memoryview # 7Y =7 FBTHICEHD X
T, bytes-like 7Y =7 MI, T—XEHM. A FV T 7 ANANDIRE, Vv FNEREHLULEER
LN F Y F=REFERTZ0S0ARIBECHHT 2 TEET,

ROPDRIETIEINAFT VT —REZLET2RUENDHD ET, ZOREDONFa XY FTIELL 7
HE ZATRER bytes-like £ 7Y =27 b IKERLTOWES, EHARERAY 77 —F 7Y =7 M,
bytearray ¢ bytearray @ memoryview REDEZENF T, T/, MOEOPOBRIETIINELRA
T2 FVHNDOAAL F Y TF—& (7 HAHLEHD bytes-like A 7Y =7 b)) ZRELE T, U
bytes ¥ bytes @ memoryview A 7P =7 MEENE T,

("4 Fa—F) Python ®Y =23 — Rl Python 7023 4®D CPython £ ¥ &% 7)) X DNERFEH
THLIANA Fa—FAeary 3 LENEd, N1 ba—Fi& .pyc 774 MZF vy adh, AL
77 ANADZEHICFEITINZ L ZR LD ERICRDET (Y—RA—=FhrHNf Fa— FAOHED
AVRAVIERENET), 20 " HHEEFEE (intermediate language)” 1&. & & D NA b a— R
IS AR TS 2 RAEYS Y TEET 2 WA %Y, HELRERL LT, N ba—FidER
% Python (R~ > VB THEIfET 2 Z £, Python V) —XMTRETH 2 Z L3RI T0E
Ao

N Pa—FomES—Elddis EV2a—L ZHHET,

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.

(TN y 7) RO B BEEETIIT A DI LTS 2 B

(ZIR) =P —ERA T2 7 " EMERT 27007 T L=+ TT, 7 7AERIEE, 20T 7
ADA YRR A LDBERTHAY v FOEREZEALE T,

class variable

(27 2AER) 77 A RICERSIN, 2T ALNLT (DFD, Z5ADA VY RARX YA ETERLIR) &
FXNZZe2HME LTWAREHTT,

complex number

(BEH) L<HLNTOAEBREZIIRLZH DT, TRTOKIIFERH L EHoM e LTRINET,
RSB (-1 OFHR) CFEBEHIT 20T, —ICBETIE 1 eFEhN, T¥TIE ) e
HIEd, Python I3EFBHITHAAATHIEL, BEDOKILZWM> TVWET, BHEIREIC j 20
THEEFET, HZIX3+1j TF, math Y 2 —VOEEBIREFIH T 21213, cmath 2#FWE T, &
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FROFEHIE» ) BELRBFEOKETS, HDEEZERCZITUL, ZIFHEVRIEHRLTLEST
LWVWTL &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, 8ft) Ny 7 7 DRI C8Bft F£721% Fortran #Bf: THREAIIC, TONy 7 7 EEKE LT
WBEAREET, LuXe Ay 7 711 C L%"’C“Zﬁ D Fortran ##HTF, —XKILOEHITIE. ZDE
REIVLTAEY FCHHES 2 X5 CEES N, BFEXIEa2rOME DI TOIHF TS ET, 2X
TLOD C-H#i Rl TId, XEV 7 F L RAMICEZR 2K 5 BRCIZRR DI A FDRANTED B DITH L.
Fortran @i R CIEEA OB A FORRINCE 2 £ 5,

JL—F>
(AN—F ) AN F Y EF TA—F YDk D RIBIRT T, F 7 F 3T ALK
PHAD. BlORD s ismdh S ET, aL—F L idZ Ok BHMis»r S A5, 2, BT
B5ZEMTEET, IV —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W0,

coroutine function
(aAN—F VB coroutine A7 =7 b EIRTEAKTT, 2/ —F VBEEIT async def X THEE
., await, async for. BXU async with ¥F—TV—F2EFOZ L BHKRET, Zhdid PEP 492
THAZINFE L,

CPython
python.org THEHA ENTWS, Python B2 7 I V7 FiEDIEHERNRFEETT, "CPython” £\ 5
HEEE, Z0F%E% Jython % IronPython &\ o 7 FE%E v XilF 2 RENE 255 FH I
9,

decorator

(FTav—x) HloBEKZIRTEET, @Y, ewrapper M CHIBZEH i L CGHEHAINE T, 7aL—
2 ORI 72 M AHRFNZ. classmethod() ¥ staticmethod() TI,

FAL—RDIREZI VR VAT ah—TF, XD 2 ODOEBERIIERICHEL DT

def f(arg):

f = staticmethod(f)

@staticmethod
def f(arg):

(RDR—DIHE<)
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(FiDR— 25 D %)

FUHEED 2 ZRACBHFELETH, HDEDEDLNEFLA, 7AL—RIZOWTH LI BBER B
FEIZIRER ODRFa XY FE2BRLTIEE N,

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.

FRZVTFEDRAY v FIZBE L TOFEMIZE. descriptors % Descriptor How To Guide 2SR L TL 72
WY,

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
(FFENTIKELD) iterable NORTH 2 WE—HBOERZ MM L T, ZOMRP SR 2FELIR T 3 >3
7 M3 EETT, results = {n: n ** 2 for n in range(10)} &35 &, F—n Zflin *x 2
WS B EEE 2 AR L £ 9, comprehensions 2B L TL X W,

dictionary view
(fFEY 2 —) dict.keys(). dict.values(). dict.items() 2NRTA T =7 b TT, HEHEDIHEHE
DEZE 2 — 2R L $ 9, bbb, HENLEEINLZ b a—RBZhEKMLEF, HELa—
ZERHINCSERIR Y A MCF 3121F 1list (dictview) AL TL 2 XV, dict-views 2L T
7ZE W,

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

place for documentation of the object.

duck-typing %)
2TV MHPELVA VR =T 2= R%FfoTWADERETZDICATI 27 FORE RN
Ry IIVIRARANTT, Kbz, BHUZA T 27 DX Y v RRBEMELFHINZ Db D
LES, (ZEALDESICHRZT, TEAD IS TEIHE, 2RI TEATH2,1) A VR —Tx2—2R
EREDERTZLT. EFRFVPA v ana— R, RVE—7 4 v 7 RREBE2H L CRIER
MEXEET, Xv 7 RXALEY20E type() % isinstance() KX BHIEEBITE T, (2L, Kv
IRAVY Tk MREEV SR THETA2IdTEET, ) Tofb b, MAIMIC hasattr O
ER EAFP 7ur o2 7%2MALET,
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EAFP
MRl Z L 2 X DEFLZF 5 /DA% (easier to ask for forgiveness than permission, ¥— 7 4 — Dk
AN OWETF, Z@ Python TIAL fbhTwda—74 Y F7AXAALTIE, BEFENEF R
WDFIET 2 HDEMREL. ZDRED > TORGEIHINEMIEL £F. ZORTFRIET
=T 4 YT ARXANMITIE, try XB LU except XD TADZDPRE TS, ZDT77=v 7
F. COLIRBHETEILIMMONTWS LBYL AXA L MIBIZSDTT,

expression

(R) AIroEriHiizhsd, —FrFH DML (a piece of syntax) TF, Wz 22, XV 7
Fov, 4 BT 7R, HEFPEEMUCH LAY, HERTROEROEAERELRTT, thoZ<

Sif L EWV, Python TREFHEOETOMMERENK L VI DI TIEHD FHA, while DX 51,
ReLTHERA R X dHDFT, RABATIEIRLIXTT,

extension module
(FEREY 2—1) C R C++ THIPNZEY 2—L T, Python ® C API %F|f L T Python 27
RP1—Y—a—FKePhebLET,

f-string
YU TF DRI W SCFEAN Y T I MR PEestring” 2RI, 2T T 4 —~ v MEAXTFAY
F I OEMEEOEM TS, PEP 498 3B LTLF X\,

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

or streams.

T7ANF T2 MFERCE SHEEIDEI T A0 N1FU—=T71)L. Ny T77&0/= NA
F)=T7A4)l, LT TFALT 7ML TT, A VR =724 AF i0o EY 22—V TEHEINTWL
ET, 77 ANATI 27 b EEIIEERNRAEL open() BIEEMES Z ¥ T,

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.

T77ANY AT ADTYA=T 4 Y7 TR TRTH 128 N PUTRERRZTa—-FEhz Zed
RAEX N TEBRD ER A, 77 AV RTLADIY A =T 4 ¥ 7T IHBRIES NI o 156
%, API B%4?% UnicodeError ZiEM T2 03B D £75,

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
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PyConfig.
See also the locale encoding.

finder
(774 R) A VR=PEINTVDEI 2 —VD loader DERZFITT 24722 bTT,

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

finders for use with sys.path_hooks.
See finders-and-loaders and importlib for much more detail.

floor division
(T D #BTHRE) —FE VB DIE T2 8ANRE. U BTHREEE AT // T3, flzIR 11
/] 40F 227D, TR NSRRI NIEBOEDORAETIX 2.75 AV RoTE 3, (-11) // 4
X -2.75 2 INEWAIC D D GRIFE: ADERARADOADEITI) DT -3 12485 IFERELTK
72ZW, PEP 238 #ZRL T ZX W,

3k
(BE%) PR LENCEZ RS —E oD Z T3, BRICIZ 0 U ko 318 23 2 e hHkRET,
FEDEITRHI T Bz RS2 Z e ik E 5, R5IE. XYV v F. function ZBL T X,

function annotation
(B 7 /77— aYy) DT X—=ZRIRDED annotation TT,

BT 77— ayid, @HIZEEYF oDifbRET: AR ZoOBEZ 2 2D int BD5|
Brelis e fffE ., £7 int MORDEEZFO LHfFE ATV T,

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

return a + b

BT /) 77— a v OXER function O TSI TVWE T,

KEBEDFAD B % variable annotation, PEP 484, #ZML T XV, /2, 7/ 57— a v &F|
32279275 4 A% LT annotations-howto 3 SR L TL 72X W,

future
from __future__ import <feature> ¥\ 3 future X i, 2 ¥ 84 F —IZFKD Python V VU —X
TIEEY R BYPEREEH L CHREDE Y 2a— A1 2a A VT2 X5ERLET, __future__
EY 2—ILTIE, feature DED S 3EZ FF a2 XY MELTWES, TOEI2—L%EAVKR—F L,
ZOERETNT 23 2 2T, FSEELRUICSEISBMENZZDIZWVone, WOF 7 4L MZkbh
(2720378 0720) ZRZ Z e TEE T

>>> import __future__
>>> __future__.division

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

garbage collection
(IR=yavrryay) ZRLBEEDNS 2 DRV EY T 20U TS, Python X, S
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vy b, EERSEEMRE UBET 2ERIN—YalL 7 X 2o ThHR—YaL sy ar2iT0g
To HR=VaAL I RF gc BV 2 %flio THRIFTE X3,

Jrxl—%&
(¥ =1L —2&) generator iterator ZiR TR T T, BE ORI TNE D, yield XEFORT
B D %9, yield R, for ' —FTHHATELD, next() BITHEZ 1 DFOWMOHLADTE
5, HOWM P 24K T 2 DIHHEINET,

BHEEY AV —FBEBZRHRLET. Rk T P RL—RATL—F 2T HELHD X
T BRISNLEE®RPHS L TRVWEGE, AL DI B2 AL 5,

generator iterator

(Yzrx =&AL TVL—25) generator BIETHERZINZ A TV =7 M TT,

Each yield temporarily suspends processing, remembering the execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it

left off (in contrast to functions which start fresh on every invocation).

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

values for an enclosing function:

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

285

generic function
(=3 V vy 7B Rz 2800 LECREZ T 2 B> SRS 2 BT, MO LY
DFEREZHNDEPET 4 ANy FTAITVXLCEDPESNET,

single dispatch, functools.singledispatch() 7L —X, PEP 443 ZZML T 12X W,

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

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

GIL
global interpreter lock B LT IZ&E W,

global interpreter lock
(Za—nnAfrx7FY)xay 7)) CPython 4 ¥ X7V ZPFHALTWS, —EIZ Python @ /N1
FO—F 273 2ALy RIZ—273TH2 2 RAET2HAMATT, ZHUTED (dict &Y
DEBERMAAATEEL) 7Y 27 N EFADFEKET 71 2120 U THRBRIICLRITR 5 DT,
CPython OEENS Y INICRDET, A VX TVXERERY 75528 T, wLF Tty
SYDPELZMHULD AR M eHEHZIC, A X T) XEMBICTALF ALy METE2 X512k
9,
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7272 L. BHED 20D WL O DILERE Y 2 —Uid, iR Y & 23R R Y OFFHE OB WLE
3 5e EIZGIL ZERT 2 KO WCHREFENTVET, E£io. [/O WiHE T 258 GIL 135 IR
ShET,

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

IDLE

(Ny ¥ axR—=X pyc 7 7 AN) ESEERHRIT 272012, WET B Y =R 7 7 4 VOREEHRZIT
RNy Y2 BEHEHT 2L ba—FDF vy v a7 74T, pycinvalidation ZZHE L TK
72E W,

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

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

Ny Y AA[RERF T 27 NAFEDF —REEDA A LTHZE T, HERPELGDT— &S
WEHERTAY ¥ 2 fliZ2FH > TWE 15T,

Python DA 2 2 =X TNVRMHABIALF TS 27 NI IZLAERNY P 2R[RETT, (VR MREHEFED
E97R) 32X ITNRAYTFENY T2 RARETT, (XTI N% frozenset DX S72) 4 I2—&7
N a Y THE BREBNy S aflETHLLEDHNYy Y affETT, 2—YF—ERDZ 7 ADA ¥
ARVATHZEIBRA TS 2V MET 74V P TAY Y adlETT, ZABIEET (HHZRWT)
HEBHERIBIEEMTH D, Ny > 2l idO) L EehE T,

Python OFERAFEREE (Integrated DeveLopment Environment) & U# R E5E (Learning Environ-
ment) TF, idle & Python OFEERLREMICFAMI ATV EARNLEREDO LT 1 2 4 V2TV
REREETT,

KA TSIk (immortal)

Immortal objects are a CPython implementation detail introduced in PEP 683.

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

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

immutable

(A22—270N) BEDEER 2724 T I bTFT A2 —RTNRATI 2l MTIE. Bl X
FH, BEORTIARBREDBHVET, INoDA 7V =7 MIMEEZEZONER A, HOEEZEESE
BHEICIE, FiiBA T 2 7 PV EERLRTNERDERA, A 32 —XT7ARE T NI BEE
DNy S 2 @PRE L 2 2 RN TEEREHZR-LET, HEOF—2ZOHITT,

import path

path based finder 3 import 3 %€ 2 —VEWMET 25 (£7213 path entry) DV X b, import
H, ZOVY R MIEH sys.path D SRFTH, 37 v F—IDFEEFH vy r—2 D __path__
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B BRET,

importing )

importer

5%EY 2—)1®D Python 23— K2FIDEY 2 —LD Python 2— FTHEZX 2 X 51CT 20T,

Ja—ERLTR=FTEF T b, finder & loader DEBLBLTHHBLTI =7 b,

interactive

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

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

interpreted

Python 134 ¥ &2 7V ABADFFETHD., 3> 4 I FFBOMUHAEL FF, (N4 ba—Far
A IDBH BT, ZOXFNIEHRTTH, ) 2ZTOA YR TYXFiELIZ, V—Ra—FD7 74
N, FTEFARERRICL T ETIEI2 e Vo EER LIS, BHEETTEZIL2EKLE
To A VX TV XEROFEIEE., 2284 FIBROFFELD DK/ TNy 7OV A 7 UFH D
DD, TaZ T ADEFIEF—BITBENT T, WEEH S TN,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v bR Y REFHINLFFI, Y 2RI XRTOI VT 4 AR
NEEZ 2D, TRXTOMRLZZY Y — 22 BRBERNCHIS 52, Fil7 = —XICAD 9, 20
72 —RF AR—=J LI F 2B BEFCHLES, TAREIDZI—F—ERDT AT 7 X—%
weakref 23— Ny IWIEPHEINZZBHDET, v v b EU Y7 2 —XHFZEfTEINEa—F
. ZNPMKET BV Y —ADBTTIEREL BV (KL HBHIE T4 77 ) —FY 2 — /L% warning
WTT) 7-DITkkc RBISMCER L ¥ 3,

AVR—TYVENT vy AT ZEREHIZ _ main_ TPV a2 —RETENRTWERAZY T+
DEITHET L2 TS,

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

method that implements sequence semantics.

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

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

FROFNEEBTEA TV 22 FTF, 4 FL—&D __next__() AV v FEEDELUILEHT
(Z 713 AAABE next O ITHET) ¥, HhOHOBEHEE—DOFTHELET, F—EDRBB L,
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R DT StopIteration FIAfEEH L ET, ZORET, A 7L —XA T =7 MIRETEBY, %
LI __next__ () ZfIEMA TS StopIteration ZEHLET, A 7L —XiX, ZDATL—
ATz VAKREIRET __iter__() XY v FEERELZTNUIRLZVDT, 471 —&IiEMoD
iterable ZZM T 2IF L AL DEFATHATEE T, 3o X2 e LAMNIERORIEZITS K57
a—RTT, (List DEOR) av7F+A72 =27 MI. BHEZ iterO) BICA TV =7 MICELL
D for V—TFHNTHS X2, FBREHADA T LR AR LET, ZNEATL—XTITES
E3ae, HiHOA 7L —>a YTHABEADRLA 7L -4 7Y 27 b 2HMITET 20, 22D a
YTFDESTIRoTLELET,

MBI typeiter I2H D T,

CPython RZEODF#: CPython does not consistently apply the requirement that an iterator
define __iter__().

key function

keyword

lambda

LBYL

(F—BE) *—BI%. 2 WAL IE. V- MRIEFLB DD OfEZR SR LATREA 7
Yz 7 b (callable) T3, HlZIE, locale.strxfrm() % F—BIUCEZIE. v 7 —KFDY — b D
BEICDo oY — b F—ZIEL T,

Python ®Z < OV — i3 F —BEZIITRD BZRZOWM SIERS 7L — A2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BBEELZHEFVLO2DHD £9, Bl str.lower() XY v FZ2RXF/NFZXAIL
BWY — b RT5F BB LTS ZeHkET, HBWVIX, lambda r: (r[0], r[2]) ® X
5 7% lambda HH 6 ¥ —PBAZIESL Z LA TE £ 9, F7/. operator.attrgetter(), operator.
itemgetter (), operator.methodcaller() ® 3 DDF—HMa A+ 572 HD % T, F—BK
DIED 75 2 0T ORI Sorting HOW TO 2ZHE L TL 72X W,

argument =S
FlE 2SR T &,

(7 LK) BHDA > T4 VBT, PO iz 2iciHiixns 120 X 2E8AFF, 724
XEEBUE VE 2 0X lambda [parameters]: expression TF,

FZ 21305EDH (look before you leap)) DIFTSE, ZDaA—F 4 Y7 AXANLTIE, FFOHLPBRK
AT D HNC. BARINCHTIRSEM (pre-condition) ¥IEZITWE T, FAFP 77 a—F L 5T, if
X3z S AMDND DHFHEHI TS,

TILF ALy FEXhZRE T, LBYL 7 7 —F13 7 R37 @fE e " R BREOBAIREELS &
EZFTVRIZBEHDET, HlZIE if key in mapping: return mappinglkey]l ¥\ 5 22— Fii,
HEDZ. DAL v ROBRLBDHNC mapping 5 key DR EERLET, ZOMEIEZ, vy
7325 EAFP 7 7/u—F %25 Z L TIRTZ X7,

lexical analyzer

Formal name for the tokenizer; see token.
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list 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
(VAMAEER) =7 YAHFOETH 2 WE—EHOERZUFL T, ZO/R»257%2V X P&k
T, AV T PRGIETT, result = ['{:#04x}'.format(x) for x in range(256) if x % 2
== 0] £32¥.0m5 255 FTOMBE 16 #EHEEREL (0x..) LEXXFI»HK2 Y R PRERL ¥
To if HildA 7> a2 2T, if HiBL WA, range(256) DR TOERSUH SN E T,

loader
An object that loads a module. It must define the exec_module() and create_module () methods

to implement the Loader interface. A loader is typically returned by a finder. See also:
o finders-and-loaders

e importlib.abc.Loader

« PEP 302

mly e e Bt P2/
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

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

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

See also the filesystem encoding and error handler.

magic method
special method @ 721) 72[RZZFET T,

mapping
(R EVY) EROF—HFEE Y R— b LTWVT, collections.abc.Mapping »* collections.
abc.MutableMapping @ MIREEK S 7 X THESI N LAY v F2EELTWwWsary 7+ 4
7Y 227 b TF, Bl 21X dict, collections.defaultdict, collections.OrderedDict,
collections.Counter R ¥ T3,

meta path finder
sys.meta_path ZMK L TE SNz finder. meta path finder & path entry finder £ BfRIZH D F
/AN 117 G

meta path finder 255255 % XY v FIZDWTIE importlib.abc.MetaPathFinder #ZMR L TL 72
é L\O

metaclass
(RRIFR) IV FTADY FATT, VIRAERIEZ. 77 A%, 77 RADFEL, HEIFADY R+ %
EDET, XAZI7RZ, ZN5 3 20%5[e LTRIFED, 79 REE2ETEEEWVWET, ITLAY
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DATY x 27 MEAISIEEX GRIE: X X277 AD) 77 4L b OEERFRMEL TV E T, Python 23FE5
BROFGHAARLDARY FARMERTELZRTT, FLAEDI—F—ICH->T, XX 7 7RI
EORVWDHBDTT, LrL, —HOGETIE. XX 77 RFENITZLH Y MRAGEEZRELET, &
LZRBBYE T 7 2on R0, ALy Re—THRBIMLED, 7927 FOEREBHIL
72h, SUINN U EEETRRY, ZLOBHETHHEINED,

FEANE metaclasses 2SR L TL 72 & W0,

XYy R
(XY v R) 7 IAREROHFTERSINTEL, 2D F7ADA VAR ADEELE L THUH iz
B AYY FBA VAR YAATY =27 bE— B L LTRITMD £F (Z0HE—518ILER self
CIENET), B ¥ RAMSINRO—T 3B LTLIZX W,

method resolution order
Method Resolution Order is the order in which base classes are searched for a member during
lookup. See python_2.3_mro for details of the algorithm used by the Python interpreter since

the 2.3 release.

module
(£ 2—) Python I— FOMMEN YL LTREBATT 227 FTF, £V 2 — LIFEED
Python 7Y =7 v 2 &8LAREMERE 3. €Y 2 —Lid importing DILEIZ X - T Python
WCHAAENE T,

INT— BB LTLEEWN,

module spec £
Pa—nEu—FT30fEbhd 4 R—-rEHEOEHREZLHATZMTT, importlib.
machinery.ModuleSpec DA YA X VA TT,

See also module-specs.

MRO
method resolution order ML T Z&E W,

mutable
(R2—=RTN) 32—RTNEF TV NI, id) ZERZ DI BREEZERETEE T, 12—
A7) BBRLTLIZE W,

”

named tuple
RN E 2T LW HEEE. AT VML TWT, A V7 v 7 A K BRI LEMNZ - T
D7 7 EAHTEZEREOBP T 7 AZSHAINTVET, 208 7 AIMOEHED K> TWnW5a Z
EHHHET,

time.localtime() % os.stat() DR D EZELWV L O DHAALIIHLHIN & X TV TF, i
DL sys.float_info TI:

>>> sys.float_info[1] # indezed access
1024
>>> gys.float_info.max_exp # named field access

(RDOR=V1Fil)
100 18 A & B
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(FiDR— 25 D %)
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

(HRTZEM) BRSNS N2 G TT, ARIZERITFE Y L TEEIAE T, BiZEMiciEt 7Y 2
FD (XYY FO) ANTFIZKRo7b DT TR, RFRS O, KNS D, 2L THAAALD
bOVDHD ET, HHEMEIAHTOWEEENC I LICLoTEY a— MRS K-+ T 5, HIZIFBER
builtins.open ¥ os.open() WFHHTZEM TSN TVET, /. EOEY 2 — O K EELE
LTCWADHRT 2 28I X o CHARTZEMIE AT HlE & R Z SR L £ 3, il 21X, random.seed()
X itertools.islice() ¥&FEL k. ZNZNEY 22—/l random ® itertools TEEINTWVEZ
LD S TY,

namespace package

A package which serves only as a container for subpackages. Namespace packages may have
no physical representation, and specifically are not like a regular package because they have no

__init__.py file.

Namespace packages allow several individually installable packages to have a common parent

package. Otherwise, it is recommended to use a regular package.

For more information, see PEP 420 and reference-namespace-package.

module ZZRLTL W,

nested scope

(AR PSRRI —=T) SMITERS N TV L EHE ST SHKEET T, BRI D2 BRI DB
DR TERIN TV L HE. NOBBISMIOBh oL 2B TEEd, A A PShkRa—7
377 40 P TREBOZRZINTE, ZHRORABTELVOTERELTLESI WV, B—AVER
3 ROBAMDR a—FTERHAEE LET, FIC, e — SVERE/S & 7o — o 4%
MOE%HAEZLE T, nonlocal TIMUDZERIZEZIADE T,

new-style class

object

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.

(A7 z7 b)) REE (BIERMH) L ERINLIRZBVL (XYY R) 2322 TOTF—X, LI
BTD FFHARZAILI SR ODFMOEES S ADZ ¥,
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package
(R T =) ¥ TEY 2= VPLHRNH Ty r =2 8L L DHEKD module DZ T, &
FIfCiE, 8y o —20& __path__ &M 2> Python #7>= 2 + T,

reqular package ¥ namespace package SR L TL EE W,

parameter
(IR51%0) ARMTOEET BEE (R AV YR ) OEBICBOVTHEENZIT 2 E5|8 2T LET, K
SIEIIE S EH D £

o UBXIEF—T—F: (i[E THEIWE F—T—FE|H 2 LTEST N TER5I8EHEELE
T, ZHUEZ 2 ZIELLRD foo ° bar DX H12, F7 40 s DIRFIFOEETT:

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

o NEHH: MBIZL->TOAEGRONZGIBEIHREL T, MEHFHDOTIET BEERDTIEDOV
APMDHTEZENLDHRAIC / #EDDIIETERTEET, HIZIE D posonlyl ¥ posonly?
B EERTIEICRD £7:

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

o F—U—FER ¥—Y-FlLoTOALEAONZFIBEEELET., F—V— FEHDG X%
ERTEBEANE. BIZIELITD kw_onlyl S kw_only2 ® X 512, BABEZEDREIEY R Mz
BN EEMES B E TR x DB T

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

o AERME: (RORGITEIIRT S5 NIAERDOAMES IRUINZ T) EREOEBDMES G Z
LNB I BEELET, OIS RRGIEIL. LUTD args D X 5 REIEALDHIC * 221F %
CETERTEET:

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

o HAERF—TU—F: (MORGIBTHICZT ONLEREDOF—V — FEEICMAT) EEOEED
F—U—FEIEBDBEZ5ND e EBEELET, 20X RE5IEE. LOBID kwargs D X 51
IR DR % BDOIF B TERTEE T,

WA TS a Ve RADGIBDELLBIETE, A7 a vO5lBUciZT 7 + L MEDIEETE
iTO

R51% . FAQ @ FE5 | R5IEDE WX T 2? . inspect.Parameter 7 7 A, function 2
“av, PEP 362 22 LT ZEW,

path entry
path based finder H5 import § 3 €Y 2 — BT import path £D 1 DDIFFFTT,

path entry finder
sys.path_hooks IZH % callable (D% D path entry hook) DR U7z finder T3, 52 B4z path
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entry IWHBEY 2—E BT B HEEH > TVWET,

RAZY ) —=T 7 A Y EDPEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
RLTLZE W,

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

modules on a specific path entry.

path based finder VA
7 # )V kD meta path finder @ 1 D&, €Y 2—LD import path KL T,

path-like object
(path-like F 79 =227 V) 77 A VT AT LNAZRLE T, path-like 72 =7 Mid, RR%EFR
T str A7 27 MR bytes A 7Y 27 b, 721X os.PathLike R a2 HEL ATV =
7 FDENDTT, os.PathLike 7B Fa P R—F+FLTWVWE A 7P 7 M os.fspath() %
MOH$ Z 2T str £721% bytes D7 7 A VI R T LANRICEITE £F, os.fsdecode() &
os.fsencode() IXFNFN str H2WVIX bytes WKRDZDEHAT 2DIEZET, PEP 519 T&

AZNZFE L7,

PEP
Python Enhancement Proposal, PEP 1%, Python 2 I 2 =7 4 I8 L THEMZIRIET 2. H 2V
Python OHFHERER Z DBERLIRIFICOW TR T 23EHLFHTT, PEP &, #EEIZOWTOERR
Ffifteg © 1223 2 e iRl (HER) 2 B2 2NETT,
PEP &, #FiSREDORRBICH DB, 33 2 =7 4 Ik 2HREREDOER . Python 127 X 2 ZEFTHTET
DNED-D DR LM OB 22 I 2EXLTWET, PEP 0FF I I 2 =7 1 NOAE
FEHZEIT5> 2, RNERZNFHMNT LI OBEBELHD £73,
PEP 1 2ZL T T W,

portion
PEP 420 TE&RXNTW5%, namespace package ICET 5. HED 7 7 4 DS (zip 7 7 A4 VKN
ENTWEHEDDHD) 1 D2DT 4 L7 MU IISHE N D,

fiI&E35 % (positional argument) %

I8 2ZML T ZEW,

provisional API
(&7 API) #7465 4 75V 0% BARVEREED S FHHANICERIN S N D DT, 2D X 5754 ¥ X —
72— ANDORKEREE I, BETH2 L INTVIMIIARFINTOERAD, a7HHEEICE-T
WEEARINIR, BAEABLREE (v 2—T7 2 —RADHIRETEENS) PITONAET, Z
DESBREFIZDLRAIITONE DDTIEDH D FHA - 20U API 2HAADENIERAE L T
TERBRRMEABE LI ZICOATOIET,

BE APT IZoWThH, BABHMOLWERZ TRIEFER LARINTHET, MERDHIL
e T RITEMRB IR ZR T RNETT,

Zo7atRAickh, EES A TSVEIMEERZTYA V27— ICEVWHEBELADONE Z 2L,
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Rz CELZi) o E 3. #lllld PEP 411 22 L TS0,

provisional package
provisional API 2B L TLZE W,

Python 3000
Python 3.x VUV —X74 D=y 7% —LT7T, (Python 3 DEWRERDFEK o LEHIESNE
T9, ) "Py3k” x5 dHh T,

Pythonic tt
DEEBTMRNRE Z A TEINIza— FTIER L, Python OFHC RN A T 4 A 2o 12E 2
Jiea— KA, FlziX. Python O—&RA 7 4 4 LTI for XEHoTA T I TNDITNTDER
WKE->TL—TLET, OZLDEEICFZOMEMEAITRND T, Python IZEHRTWRWAFD
DICBHED A Y v 2 =25 0d LILERA:

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

ZAUTH L. Ehwiz Pythonic 72 Ak

for piece in food:

print(piece)

qualified name
(Bffith) £ 2 —lDIZB— ULRA=T N6, ZOEY 2 —LTERINIZ TR, BB XV v R
AD, "R ERT Ry MEELTT, PEP 3155 TERSNTVWET, My FLNLOBEKSZ 5
2 TlE, BHiZEA TV 227 POLHTEFRILTT:

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

pass

>>> C.__qualname__

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

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

EYV 2 AANDOBETEDLND b, TREMB (fully qualified name) EFTXTOHAR Yy F —I % &L
2D ¥y K. HlZIE email .mime.text ZEIRL £ 5

>>> import email.mime.text
>>> email .mime.text. name _

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

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

regular package =
M, __init__.py 7 7 A VEZELT 4 L2 MY LTD packages

namespace package ZBRRLTLIZE W,

slots z
FANTDEST, A YRAX Y ZAEROHEBED SN ULDERLTBE, A VARV AFELYRT 3
2T, ABVZHNLES, ZhUI L EbNE T 7=y 7 TIP, ELLFESIEFHPLIY v F—
BOT, Wk —A, PIZIEAEBVDHEMEL 257 SV r—>a v TA VARV ABRKEIFET
5, LWVokt FRIRE. DOLRVDIBRR T,

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

lookups use arbitrary hashable keys rather than integers.

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

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

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

Operations.

set comprehension
(BB ELEED) iterable NORTH B2 VI —HOEZLZWIH L T, ZOHREIrORIZEFZRTa Y
R W EEFTT, results = {c for c in 'abracadabra' if c not in 'abc'} T 5 &,
{'r', 'd'} 2WVWHIXFHOEHEFEELEMRL 3, comprehensions ZZH L TL 72X W,

single dispatch
generic function O—FETERIETZ—OD5IBOENC X DBEIREINE T,

slice
(RTAR) —fIZ =T V2 O—WEELATI 27 by AT74RF BFEREL [1 THALNE
BoBoicanyzEL ZeTESNET, BIZIL, variable_name[1:3:5] T3, AHFEIMN (FF)
LB slice A7V =27 PEAETHHL TVWE T,

soft deprecated A

soft deprecated API should not be used in new code, but it is safe for already existing code to use

it. The API remains documented and tested, but will not be enhanced further.
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Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit

warnings.
See PEP 387: Soft Deprecation.

special method
(R X Y » F) & 28NREDHIE. BIZIXME % T 272912 Python 7 HIFEIZIF U H 5 X
Vv R, ZOREDAY v RiZ, XV Y FEORHIERZRICT VX —Ra7 208220 TVWET, Kk
XYV v RIZOWTIE specialnames TREFH I N TVWE T,

statement
() XWEAAL—=1F (A=FD” 78y 77" TAARKRERTT, X kX 2xF—v—-FhroEEznd
HODEH L TT, %BEICIT if. while, for 23HH %7,

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

types. See also type hints and the typing module.

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

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

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

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

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

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

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

the sequence of bytes is known as “decoding”.

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

encodings”.

text file
(THXFARAINZ7A4N) str ATV 27 M 2HmAEETES file object TF, LIFLIE. 7F A7 74
JNIEBRZAAL MERAIO T =X A M) — A7 72 AL, TFALIYI—T 1 25 ZHBTY
F5, 7TFAMT7 74 LDFE, sys.stdin, sys.stdout, io.Stringl0 £ Y ARV AR EET ¥ X
FE—F ('r' or 'w') THWAEZ 74 1T,

bytes-like ZT T O b ZRAFETEZ 77404727 MZOVWTE NA1FUT7A)L %
LTSSV,

k—o > A

small unit of source code, generated by the lexical analyzer (also called the tokenizer). Names,
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numbers, strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’s lexical analyzer. The token module contains information

on the various types of tokens.

triple-quoted string
(ZEZ +— MXFH)) 300K L2 +— FEE (") T RRA a7 4 — () THENL LT, @
WD (—H) 74— FXFINIHARTRIT Z 3 XFINTENID D FHAD, EOorOMBTHAT
T, 1O0200E KR Ll A —  MIBEEZ IR —THLICEL N TEF T L, TETE () 2
HORSTHEBITICE D2 8D TELZDT, FF a2 X YT — a T S IR R
T,

type
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
(x4 )7 R) WOPILT, HERIITFICRA LTHERL £,

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

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

pass

CHERDESITEDFHARTSTEET:

Color = tuplelint, int, int]

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

pass

FEEEDFIHD D % typing ¥ PEP 484 2B L TL X\,

type hint
(Bler b)) Z8 7 7 REME BB D5 X=X 2BE D EOWIGF SN BZIEE T 5 annotation TY,

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

They can also aid IDEs with code completion and refactoring.

Ja—NVEKR 77RAEME BERT. a—F LV EBHTRVWIDDE b ¥ M typing.
get_type_hints() THUFTZ %7,

WEEDFAD H % typing & PEP 484 ZZML T 72X\,

universal newlines VA
FRAPRAMY) —2DBRED—DT, UTFOFTARTRITRLEFH L £F: Unix OFTKHHE '\n'.
Windows DFFE '\r\n'. H\» Macintosh OFE '\r'c FHEICOVWTFHL L& PEP 278 ¥

PEP 3116 . 51T bytes.splitlines() S L T2 &\,
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variable annotation
(BBT7 ) T—>ay) ZRDH0NEZ 7 RBEED annotation .

BB B WNE 7 7 ZABMITERZ NI 72 & 21k, KA IMERTT:

class C:

field: 'annotation'

BT T—aidBEE EEY L OdifEbRET: flZIE. ZOZKL int OEEZEHSZ Ik
XA TOVE T

count: int = O

ZRT 7 T — a2 Y ORIZOWTIE annassign HiCHEH L TWE T,

HREDFBHDIH 5 function annotation, PEP 484 , PEP 526 2R LT & W, ¥/ 7/ 7 —
avERHTAERANTSTF 277 4 A2 LT annotations-howto HSHR L T L 72X,

virtual environment
(IRAEEHS) WY D B M 72 FAFBEC S, ZAUCE D Python 2—HF &7 7Y 7 —2 1 VIEIA
UL AT 5 ETEHINTWSMD Python 7 7V 7 — 2 YOBEHNCFH T2 Z 2742 < Python Sy
=Y DA VAN N ETEHEIT) LD TEET,

venv ZZHAL TL 72& W,

virtual machine
(i~ >) ERICY 7 Py 2 72 E D EHS N3 Y ¥ a— &, Python DA< i3, ~A b
a—FarX4 BRI L XM FO—F 2T LES,

Zen of Python
(Python ®1&D) Python #HfELFIHS 2 L TOEZ 725, Python OFETREIE HFH¥E%Z U A MC
L72bD T3, im0 > 7 b T "import this” ¥ $2L DY R MEHDET,
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ABOUT THIS DOCUMENTATION

Python’s documentation is generated from reStructuredText sources using Sphinx, a documentation
y s

generator originally created for Python and now maintained as an independent project.

FFaxXx>beZzoy — L #HoOBRIZ, Python B L FRRIZEEICRI VT4 7TOEHNTT, b LHREN
BEALZWAES, PO L3I FTHUT X WAIZDOWT reporting-bugs R—I % ZE RE W, HTLWLWEKRT VT 4
FIEWOTHENTY! GRIF: HAFEROBEIZOWTIX, GitHub F o Issue Tracker TG Z BEWL
i‘j—o)

EFNAYT ko

e Fred L. Drake, Jr., the creator of the original Python documentation toolset and author of much

of the content;
e Docutils 7B =2 b reStructuredText ¥ Docutils WV —bt v b Z{ERL F L=,

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

B.1 Contributors to the Python documentation

%< DF 4 H Python §7f. Python H¥EZ 4 751U, ZL T Python F¥FaxXr7—yaYIZHBLTL
NTVWEd, V—REMYD Misc/ACKS 12, ZRHEHBML TS NAEAL ZEAHICTEDD FTHV X
7y TLTHH ET,

Python 2 I 2 =7 4 25 OWEHREE EED 7RI NUIZ DR BESL LW R F 2 X v F—va VIZEFENEEA
Tl -®hre>5!
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BRr>1t>2X

C.1 Python DFESE

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWTI,
see https://www.cwi.nl) in the Netherlands as a successor of a language called ABC. Guido remains

Python’s principal author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI,

see https://www.cnri.reston.va.us) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen
PythonLabs team. In October of the same year, the PythonLabs team moved to Digital Creations, which
became Zope Corporation. In 2001, the Python Software Foundation (PSF, see https://www.python.
org/psf/) was formed, a non-profit organization created specifically to own Python-related Intellectual

Property. Zope Corporation was a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org for the Open Source Definition). His-
torically, most, but not all, Python releases have also been GPL-compatible; the table below summarizes

the various releases.

Jy—2 ~R=2 FEE &R GPL-compatible? (1)
0.9.0-1.2 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 ves (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes

2.2 DI 2.1.1 2001-BifE  PSF yes
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0 IR
(1) GPL-compatible doesn’t mean that we’re distributing Python under the GPL. All Python
licenses, unlike the GPL, let you distribute a modified version without making your changes

open source. The GPL-compatible licenses make it possible to combine Python with other

software that is released under the GPL; the others don’t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice
of law clause. According to CNRI, however, Stallman’s lawyer has told CNRI’s lawyer that
1.6.1 is "not incompatible” with the GPL.

Guido DFERD T, TNHDV YV —RZARRICL T EE o0%ZL DRI VT 4 TDHR S ATEH L £,

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

Python software and documentation are licensed under the Python Software Foundation License Version
2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed
under the PSF License Version 2 and the Zero-Clause BSD license.

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

plete list of these licenses.

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

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

software ("Python") 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 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 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 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.
(RDR—=1ZHE <)
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4. PSF is making Python 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 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

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

third party.

8. By copying, installing or otherwise using Python, 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
(RDR=12Hi <)
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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 THEREQF.

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

its terms and conditions.

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

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

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version

prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
(RDR—=V ki)
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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 provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
(RDOR=VIFiL)
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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 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software
incorporated in the Python distribution.

C.3.1 Mersenne Twister

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

verbatim comments from the original code:

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

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

or init_by_array(init_key, key_length).

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

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

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

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

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
(RDR=VIZHiEL)
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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 VY4 vhk

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.
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.

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

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

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

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

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

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo®@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS

SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
(RDOR=V1Fil)
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AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley 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.3.5 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.
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C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
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

(RDR=V1FiL)
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all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 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 TORTIOUS
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.
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C.3.9 Select kqueue

select EY 2 — Ui kqueue £ ¥ R —7 2 — ZIZOVWTDRDEHEEZEATVET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
(RDR=V1FiL)
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all copies or substantial portions of the Software.

</MIT License>

Original location:

https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: //www.netlib.org/fp/dtoa.c. The original file, as retrieved
on March 16, 2009, contains the following copyright and licensing notice:

/sksksk ok ok ok sk ok sk ok ok sk ok sk ke ok sk sk sk e ok sk sk sk sk ok ok sk sk sk ke ok sk sk ok o ok sk sk ok s ok ok sk sk ok sk sk sk sk e ok sk sk sk s sk sk ok ok ok
£ 3

* The author of this software is David M. Gay.

*

*x 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. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

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
o 0 . . .
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Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

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

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

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

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

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

exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modificatioms,
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

(RDOR=V1Fil)
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represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

designated in writing by the copyright owner as "Not a Contribution."

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

subsequently incorporated within the Work.

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

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of

this License, each Contributor hereby grants to You a perpetual,

worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(except as stated in this section) patent license to make, have made,

use, offer to sell, sell, import, and otherwise transfer the Work,

where such license applies only to those patent claims licensable

by such Contributor that are necessarily infringed by their

Contribution(s) alone or by combination of their Contribution(s)

with the Work to which such Contribution(s) was submitted. If You

institute patent litigation against any entity (including a

cross-claim or counterclaim in a lawsuit) alleging that the Work

or a Contribution incorporated within the Work constitutes direct

(RDOR=VIFiL)
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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
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or

for any such Derivative Works as a whole, provided Your use,
(RDOR=VIFiL)
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reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the

origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,

or other liability obligations and/or rights consistent with this
(RDOR=VIFiL)
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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
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ctypes module is built using an included copy of the libffi

sources unless the build is configured —-with-system-1ibffi:
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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.

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.

(RDR= ki)
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(FiDR— 25 D %)
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 THEH L TWa Ny ¥ a7 — 71 DHEE
&, cfuhash 70y =27 F DB DITEOZT LT

Copyright (c) 2005 Don Owens
All 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
"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)
(RDR—DIHi<)
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(FiDR— 25 D %)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec

library unless the build is configured --with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

are met:

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:
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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 IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR
TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
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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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