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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 ®
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BE:

Python Packaging User Guide: Binary Extensions
Python Packaging User Guide (34 F U HE5R DIEMANEBLIZ 72 2RI — A2 HN—= LTV BT
JTIRZRL, STHDICREIIREY 2 — A 2/E2 ZEDBEE LnHh O A LEEIC OV TG L TV
3


https://cython.org/
https://cffi.readthedocs.io
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B—RN—T1YV—ILG& L THRZES

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

2.1 C ® C++ IC& 3 Python DR

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

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

JRREY 2 =D a ¥ A NVTTIRIE, Y 2 —VOMHBPLY AT L DREHFEIHKFL LT, FHlIZROTET
ST L £95

AR CHRDA & —7 =4 RF CPython KEEFDODDTHDH, T KBIIREY 2 —LIEZEHLD
Python EZETIIEIEL ¥ A, 2L DHE. CHILREZE L Z 2 2l TIEH, D Python EED - DICHHENE
EHEMRT 2 Z L EAHETY, e X dREDPLEVIEN C 734 757D 2T L a— L e
HETZrTHB5E. ctypes H2WE cfi 74 77V OFAZRETTRETT, ZHHDEY 2 —1iF C
a—FRe A X =724 AL, CHIREREEVTI YA LT EDIZEANRT Python EEMD X b BV
%% o7z Python a— FEEIETINE T,



https://cffi.readthedocs.io/
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2.1.1 HELH

spam (Monty Python 7 7 YO TFR) L WIHODIGRES 2 — A ZERT 2 2ICLT. C 7475V
BIEL system() 12X 2 Python £ ¥ X —7 = A ZEAER LIV LET, 1 2O null THRIHX AL
¥x 77 XFH G e D, BREELET., COBBELITRO X S5I2L T Python 225 0HE S &5
Ll7znwe LT,

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

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

ZDT7 7 ANDERAID 2T TDE ST LET:

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

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

ARR: Python &, AT AR Ko TUIEEANY XOERICHE TR I58 7V Taty B ERET-oTVS
DT, Python.h ZWVWITNDIFENY XX D BAEHICA 71— F BRIFEDEHA

It is recommended to always define PY_SSIZE_T_CLEAN before including Python.h. See L3R EY 21—l
BT D /NS A2 ER for a description of this macro.

Python.h TERINTWVWA I —F 5[OS v AU, & THEEE Py £721 PY MtV TuwEd, 727
L. BNy X7 7> A VADERIKREE T, fH DD L, Python NTHEEIZHES 2tk 20w H
B2 5. "Python.h" [ FWL DD DEHEAN Y X7 7 4 )L <stdio.h> . <string.h> . <errno.h>. B X
<stdlib.h> 24 Y7L —FLTWVWET, BEDNY X7 7 A LD AT A FIZZFAUE "Python.h" 230
B malloc() . free() BX U realloc() *EHEERL FT,

RIZT 7 4 MTBIE 2NAEE,. Python 3 spam.system(string) %FHiid 2 BICFFUCH I3 Z v ik
% CBETT (ZOBBERMAINCED XS O THE. BTTSCOILD ET):

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

const char *command;

int sts;

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

1 ZOBBADA VR —T7 2 —RFTTIHEEEY 2 — )L os IZHD FT — ZOBMEEALDIZ, BMTEENZHZRLEW
METE

6 F2E HY—FN—ToV—ILL L THERZES
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(FiDR— 25 D %)
return NULL;
sts = system(command) ;

return PyLong_FromLong(sts) ;

Z ZTlE. Python o518V 2+ (flziF, H—dK "1s -1") 206 C BRUCETEIBICZO L AL TV
%9, CBBUIHIC o5 ZEFb. HEINS self BXY args LFHINF T,

self BIENTIZ, Y 2a— LUV DOBBTHIUIES 2 -, XV FIRIZA TV 27 b4 VARV ADE
INET,

args 518E. 51D A 272 Python BTN FA T 27 bADKRA Y RIZHEDET, X TLNDOFEZRIZ,
O L OBEOGIE Y R MBI 285 BICHIG L $3, 51803 Python # 72 =2 F T3 - C BET
SIEME > TM2EITSICE. A7 27 b5 C OEIEEERIXR D 8 A, Python APT OB
PyArg_ParseTuple() 3518 D& %2 F = v 7 L, C DEICZEHL £ 3, PyArg_ParseTuple() &7 ¥ 7L —
FFEH RS T, 51 A 7Y 27 Py ZfiE il ANS C ZBOBZHHIL$T, ZhiZow
TR THLIHHALET,

PyArg_ParseTuple() &, ®TOFIENEL W ZHF > TWT, 7 FLRAEL SN EHICET I BESEE
RELZEZICH (JiEn) ZIRLEY, ZOBBBAPELRGIBY R M 2ET M (Er) ZRLET, BRED
e, BRREY)spIN 2Rt 3 20T LA (BlicdH 2 L 512) F<IC NULL Z2iRF X512 T
{TZEW,

2.1.2 BREGE: TS5—fis

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

to know about them to understand how errors are passed around.
Python APT Ti&, A LRBOFINEZ LY M T 27DDEBE W OPERLTVET,

bordIHVSHNSDIX PyErr_SetString() T, 5l1EUIHIANA 7P =7 b C XFHITT, HstA
7Y =7 MIEE. PyExc_ZeroDivisionError D XD REREADL 7P 27 FTF, C XFHIL T —
DFER%ZR L. Python XFF|A 7Y = 7 MIEHMINTHAND ” (MEME” RIFShE T,

b 5 —OHFMLBESE LT PyErr_SetFromErrno() 25 b ¥3, TS IEcHINZT 2 D, (TEE
E7 8 — NVER errno HRERL ET, b o & SPHLRBEEII PyErr_SetObject() T. =204 7
Yo b BN ENEEZTIBICED $F, TASBEBICE S A 7Y =7 M2 Py_INCREF() %5 HElZ
HHEHA

sty P ENTWE 2 5 23, PyErr_Occurred() Zffio TIEMEAICHNRONE T, Z OBIBIIEL
EDHINA TS =7 v BB L ET, BISNDFEEL TWRWESIZIE NULL 21BL 3, @FEIE. BERORED E
POHITT—PRAE L2 ZHEITE 2133 RD T, PyErr_Occurred() ZMUHTHEIEDH D FEA,

2.1. C*® C++ IC&3 Python DR 7
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BIEL g 2PN T f 25, RTE OBIROM U LICKRIR L7z 2 e 2§ 5 &, f BiRIZ= 7 —ff (K#KiZ NULL
% -1) ZIRXRERD E¥ A, L L. PyErr_x BB OWT L Z NN THEL HD FHA - RER
5. g WMTTRMUHLTWE NS TT, RWT f 2FFUCHLZa—-Fb 7 —%2RTHE BS5ZFUHL
Ea—FR WGRTZeickh £525, FAMIC PyErr_* X MU L ERA - UTHABRICHREES - =5 -0
BOFLVEREIZ, BN — 2R L BER T TICHRE L TWE 25 TY, =5 —7 Python 4 X7
VEDRAL = IZEET 3 2, BEREITHD Python 2 — FiZ—FFE 1L, Python 7Rr 27 I <248E L
72BN R o2 LHES & LET,

(EY 2 —A% PyErr_x B2 3 5 —EIFCH LT, LDFEMRT T —X v —I %245 2 X 5 KN H
DET, COXIBRWMTIEZS TARETT, LidVAR, —RALHAIE LT, ZOREEME SO
REIF7ZL e TE LT — DRI 2 HMZ RS MRICHE DB TT: THUTED, 1FE AL DORRSE
DRk & IZBE SR T 2000 LIVEEA)

HHEETOHE L TOMMDEBIZ L 5Ty b INfS 21T 51213, PyErr_Clear() ZMNH LT
BISMREEZ B RANCIHE LR TR D FEA, TI7—2A4A VX7V XFE LKL, BT (2l
DIEEZITo7 D, MBEISRDPoLDPDIICHENTZ L57R) =7 U EZZERITIHEITDA,
PyErr_Clear ) ZM-UHT X 5ITFTRETT,

malloc() DOFFNH LARHUE, HITHIFMT L2 < Tid7e D ¥ A - malloc() (£7id realloc()) ZELMT
O LTWwW2 a2 — Fid, PyErr_NoMemory () ZM-UH LT, KMEZRITEZRIRIIRD EFEA, A7V =S
2T 22 TORE (213 PyLong_FromLong()) {& PyErr_NoMemory() OM-UHI L ZFFHTL %
S5OT, ZOHADERT 2 DIFER nalloc) T a— FZITITI,

¥ 7. PyArg_ParseTuple() &\ EHERFIMNZEROT, BEDIRE 2 — F2RTBEKIZ/ VT, Unix ©
AT L=V, MEDPY L ZBRICiEY e 2EOEEIR L, KRLZGEICE -1 2 RLET,

BRI, T —BREZRIRC. (7 —0RBETIETIBICAERLTLE AT 27 PITHLT
Py_XDECREF () % Py_DECREF() ZFFUH L T) AN ETEELITo T EW!

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

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

ED 2 —ILEBOH AN ERTEET, ERT 2L, EEIET 7 A VOEHEBNEN AT 2
FMEBOBESEITVWET:

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;

(RD<—12Hi <)

8 F2E HY—FN—ToV—ILL L THERZES
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(FiDR— 25 D %)
m = PyModule_Create(&spammodule) ;
if (m == NULL)
return NULL;

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

return m;

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

NULL), described in bltin-exceptions.

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

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

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

as shown below:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts) ;

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

HIFEDOBEBOHNCR 2 v, SEEUTOERTIEHETE 31T TT:

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

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

be declared as const char *command).

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

[sts = system(command) ;

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

function PyLong_FromLong().

[return PyLong_FromLong(sts) ;

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

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

Py_INCREF (Py_None) ;
return Py_None;

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

2.1.4 EZa—ILDOXYVy RT—T )L YIHEAMLEEE

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

and address in a "method table”:

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

(RD<—12Hi <)

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

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

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

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

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

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

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

g

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

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

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

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

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

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

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

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

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

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

int

main(int argc, char *argv[])

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

AR H—oFatAN (%7203 fork() D exec) 2T A L TWRWIREE) I2BIF 28D A 2TV &
IZHBWT, sys.modules HIY MY ZFRALLD#i/2a r R4 VIEAEY 2 —L% import LD T2
ELHRREY 2 — M Ko TREMEZAEL 2 Ze23H D 5, HREY 2 —LOIEER. WHT— X #iE2 )
HMET 2B L KKHDIRETT,

XD EENREY 2 —AHfIE. Python ¥ —RELAPIZ Modules/xxmodule.c £ WO AR TA->TVWET,
D7 7ANMET YT L —he LTHAMTERTL, Bl LTHHDE T,
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FERTHI{LIC O W T OEEIE PEP 489 2L T &\,

215 aAYNAILeI>o

MLUWINREY 2 — V2 X2 K512 F T, ERLZODEH: av 4k, Python AT LAANDY ¥
7. Do TWE T, BIlNFiAIAA (dynamic loading) Zfio T2 DR 6, fEEDFIEZAD DS AT 45
o TV BHFHAAADBRICL > TEDLZ DS LNEEA; FELIR, HHRES 2 — 1D FIZHT 2
B (CHBSLY C++ IROEILF &) . Windows IZE1F % L FICBFRS 2 E8IMERDOE (Windows £
TO CHELU C++ BREZ2—ILDEILE &) 2BRLTIIZE W,

BFZARAA B o720, BY 2 — VB EF Python £ Y &2 7V ZO—HIC L TEEWEAIKIE. A
YERTYVROENFREZEBELTHEAL F LARTWERS6K %5 TL x5, Unix T, FEERILiCZ
DIERIZE THHEMTY: HICAFDOEY 2 -7 7 4L (HlZ13 spammodule.c) % B L7z — AEARY)
D Modules/ 7 4 L7 F VIZE =, Modules/Setup.local ICHZTD 7 7 A AME AT 2 L FDO—17:

[spam spammodule.o

ZEBMLT, Py 7L RLDT 4L 27 MY T make 2FEITLT, A YXTVEXEHLELVRTEEITT,
Modules/ #7757 4 L2 b U T%H make #FEITTEF T, Hid o T 'make Makefile’ 25T L T Makefile
ZHELVFLTEIPRINEROD ER A, (ZOFE#EIL Setup 7 7 A NVEEET 27 NITRBETT, )

ETa—ADBBIDTA TSIV Y IERNTOVERERDEGE. AT 7 VHRET 7 A NVKHNIETEF
T, FIZIBU T LS 1L %S,

[spa.m spammodule.o -1X11 ]

2.1.6 C 15 Python ¥R UHT

IHNETIE. Python 726D C BEBOMIH LICEMZENWTARTEE L, £ ZATIOH: CHr5HD
Python BIOMIHL D EHAHTT, &bt WbWwd " a—ANy 7” BEEYR-1+F5L54%7
475V RERT 2BICIE Z OREREDERI TS, 5 CA VR =Tz —APBa—A Ny Z2FHLTWEY
&, FFEOHAEE RS2 Python 72— FTIE, LIXLIE Python 7R 27 I <ica— Ly 7RIS
BRERHH FT; DL FFEETIE, C TELNZa— Ny ZHED S Python TEbNza— Ry 7
B EFOCHT LIS T2REDRHETLE I, bHbAHA. HMOHRDEZIOLNET,

IR 2 21T, Python 4 ¥ & 7V ZIIHHEICHIFIFOH LT &, Python BAZ U3 72D DIFEHEL &~
R—T7x—AbHDETF, (Python X—F2REDANF 2> THEHTHIKICOVWTEHHT 5208 DI
HYFEHA - ZOFEICHEKEDSD 325, Python Y — 23— F®D Modules/main.c XH3, a~v¥ K74
VAT ay -c DEREERTIRLEIW)

Python BABDOMEOH LIXEHE TS, £3. COa—FRIZRNLTa—ANy 72 EHHEL LS 255 Python 7
0 27'o aE, M50 HET Python ORA 7Y 2 27 F 2EIRIERD FHA, DD, a—AN Ny
BB (£33 20D A4 V& —T7 2 —R) RREHERIERD EE A, 2O —Ny ZERRBIEDIECH
ShBz, 5lEE XNz Python A 720 227 hADRAL VX E 70— NAVERIZ - HEWVE, £2h

2.1. C % C++ I2&3 Python DGR 13
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TYIRIGINC —— RIFLE T (B%cH 7Y =7 % Py_INCREF() 35 &5 K ERELTL XV, flzxiX,
TN ESREABDPEY 2 —VD—FZH>TWVWBEZETL & 5:

static PyObject *my_callback = NULL;

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

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

This function must be registered with the interpreter using the METH_VARARGS flag; this is described
in section EZa—ILDXAY vy F7F—T)L¥HLE%. The PyArg_ParseTuple() function and its
arguments are documented in section #E5RE S 2 —ILEIETD /NS X 2 ER.

Py_XINCREF() 3 X Py_XDECREF() ¥, A7V =27 MW TEBMBATY U ML V7YXV N /T7 VU X
YT B0 D~ 7T, NULL KA Y EABEINTHREHEETEZIEATT (2idvwi, LofnTtid
temp B3 NULL IR 2 22 WEHDERA), ThHDYZBr BRI T Y MZOoWTE, 2BAT Y ME TH
BFLTWET,

ZDH, A=Ay ZEBREWOHTRD?RZ S5, C B PyObject_CallObject() ZFMFNLE 3, 2O
BRI =2 D51%: Python B e Python BIEDEGIEV A bH3H D, WINHEED Python 7 7Y =2
FERTHRA VEHTT, 5V A MIFICEXTINATY 27 P TRINEIR ST, ZORIEF5 BRIk
D %3, Python BI¥% 51802 L CMUHT DR S, NULL 22D X 7V EELET; H—05 | $CREBE O
3o, BHERE (singleton) DX S L% L %3, Py_BuildValue() OFRFHIFIC, TufEHiE
—fEA EoERa— FA o 2 AHEND D 256, ZOBBIEA T2 RLET, INCHlZRL£3:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */
arglist = Py_BuildValue("(i)", arg);
(RDR—T12HE L)
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(FiDR— 25 D %)
result = PyObject_CallObject(my_callback, arglist);
Py_DECREF (arglist) ;

PyObject_CallObject() & Python # 7Y =2 bADKA ¥ X %2R L ET: Z4E Python B 5 DED
fEIZ72 D %5, PyObject_CallObject () &, 5IEUTH LT ”? A Y > ML (reference-count- neutral)”
T9, LORITIEEIVEZER LTIV A P LTRELTE D, 2D X 713 PyObject_CallObject ()
DI LE%IC Py_DECREF() ¥R TWVWET,

PyObject_CallObject() IZEDEE LT "#H LW A7V =7 b FRIERN S NIzA TV =7 + o, BT
DATI=2 VDB AV Y b2 A VI VRXR VI LEDDERLET, oT, ZOATI=/ b2/ B —N
NVEBCBRELZWOTROAED, 22 ZORVECHEEALL TS (BLA, 25 THIUIBRBE D))
LD HFETREDEA 7Y 227 % Py_DECREF() LARITNIRD XA,

YWz, RDfE% Py_DECREF() 3 ZR1CIX, fHAY NULL THWAF =z v 7 LTEBL IEDHEHETT, dL
NULL 72 &, FEOH L7z Python BABUIHIAN ZEH L TR T XE 5 TWE T, PyObject_CallObject () %
MO L TWwW2a— FEES £72 Python 226 E ATV DO THIUX, SEIZ C a— FRESZEY
HLTW3 Python 2— FIZZ 7 —iERMELZRIQERDFRA, ZRUTED, A VR TYVRERAEY 7 b+
L—=2%HA LD, SRS 27200 Python 2— KEMEH LD TEE T, FISOEEIAATEE
7Zoizh. L7 BRWDi 5, PyErr_Clear() ZFFATHIAZIEEL TEIRIIRD A, HIZIZLTD
koI LET:

if (result == NULL)

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

Python 2 — 1 Ny JEBELYARALA Y RZR—T7 22— 2R LEVWRLIZ &> TiE. 518V R+ %
PyObject_CallObject() WCHEARITNELRLLWEEDHDET, H5 7 —ATIE, a—Ny 7K
ZHELLDERLA YEZ =72 —XZNLT, 5IVRAPBEINTVEI02S LOAEEA, FHIOF—
AT, FILOXTLEHEL TR A P EEIRQERSRV2S LA ERA, ZO5ERD BRI
Py_BuildValue() ZMERD 5 TT, HlIRIE. BEROANY ba—-FRE2ELLZTE UTFTOXS5Kka—F
S Z2ICRBTLE D:

PyObject *arglist;

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

Py_DECREF (arglist) MM LDERE, 7 —F = v 7 XD HHNCEINTNS ZEIZFEREL T ZEW!
i, BEICERIE, Z0a—FRITETIEH D FHA: Py_BuildValue() I XEVARRIZBEVWE D L
N, Fzv 7 L TEBIRETT,
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WHEDOFIEE ¥ —v— F5$E ¥ K— 3§25 PyObject_Call() ZfioT. ¥—7— F5lEEtES BEITE O H
LETZIeMNTEET, LOHIXAT L5112, Py_BuildValue() Z{F- THEEIED £ 7,

PyObject *dict;

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

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

2.1.7 fiRED 2 — LB TD/INS X X BH

plll

PyArg_ParseTuple() BIUEZUTO LS ICEE SN TWVWET:

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

518 arg 1% C BIED» 5 Python ICEIN B8V R MNP AKX INATI 27 S TRITFNEED FE A,
format BIEUEERSLFES| T, Python/C API V7 7 L Y A~ =2 7)L®D arg-parsing T X T\ % Ek
WKHEDLRREZRD £E A, RD DI, ZhZhOEHD 7 FL AT, HFRFHND»HRE 28I - TW
RFHUER D R A

PyArg_ParseTuple() & Python 22652 6 WG| BB ELRIICR o TV B 0HN2 DITH L,
PyArg_ParseTuple() IMFUOH L ORI I C ZHD 7 FLABEMBREZ R OLHFAR L AL W0
CEWRERLTESWV: ZITHEVWELETE, a -2 7922320 LAREAL. AL HT
72H®iREy PR XEVIZEHEELTLEVE T, HE!

PR LNt 4 7Y 2 7 FADSIIE TN T BA S (borrowed reference) 12720 £3; 285
DATV 2 NDBRAYY L EFZ Y XY b LTERD AN

BIRIZWL OO LFIE R L 5

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

int ok;

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

Py_ssize_t size;

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

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

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 HHERED 2 —IILEABDF—T— NI XA

PyArg_ParseTupleAndKeywords() (& MU TFD XS CEEINTVET

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg ¥ format »$7 X &% PyArg_ParseTuple() b D[R U TF, kwdict R X X3 F—v — F5|HD
Ao 7HE T, Python 7Y XA LS AT LADLE=RIA X UTRIMD £F, kwlist 787 X ZI3ENRT
A REHANT 272DDXFH 575, NULL #i SNz R b TT; &8F7 X X4 format ROEUEHRITT
LThEPOHEDIACIBEZINE T, BYIT %L PyArg_ParseTupleAndKeywords() IFHEZIR L., ZhHND
SE T EY N e X L TR IR L %5,
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AR F—U—FolBEfoTWIHA. X7 VEBANFICL TR EEA! kwlist WITFELRWF— 7 —
FoXF X 2 E NI 5E. TypeError OEMZGEE I LE T,

UREF—U—F2flioEa—HlZRL % T, T4 Geoff Philbrick (philbrick@hks.com) 12X 2% 7
B LfEd L TVET:

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

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

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

static PyMethodDef keywdarg _methods[] = {
/* The cast of the function is necessary since PyCFunction values
* only take two PyObject* parameters, and keywdarg_parrot() takes
* three.
*/
{"parrot", (PyCFunction)(void(*) (void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,
"Print a lovely skit to standard output."},
{NULL, NULL, O, NULL} /* sentinel */
1

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

PyMODINIT_FUNC
PyInit_keywdarg(void)
(RDOR=V1Fil)
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(FiDR— 25 D %)

return PyModule_Create(&keywdargmodule) ;

2.1.9 EEDEZHEET S

Py_BuildValue() & PyArg_ParseTuple () OXMUCNIET 2D DTT, ZOBBIIUTDO XS ITERI N
TWES:

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

Py_BuildValue() l&. PyArg_ParseTuple() Dadikd 2 —HEOHFXHMICU A FXEMZEHKL £5. %
72U (BN NITIERL ANfEbh ) 5IEERA Y &2 TIERL, REOHETRITINIIRD £E A
Python 226N N7z C BIBANRIEE LTy, #7z7t Python A7 =27 P &2IEL %9,

PyArg_ParseTuple() X IiZ—DE S mH D FF: PyArg_ParseTuple() 1XHE—FI% X ST 3 RED
HHEF (Python D5V 2 MIWEBINCIZFICX L LTREINEH 5 TF) A5, Py_BuildValue()
WERINEAERT 2 LERD 8 A, Py_BuildValue ) WEEFALFEHIHFICERBNMB o0 Z AL EA-T
WAGEITDAR TV EEELET, EXXFHNDZER S, None ZIRLET, Zohh—D20HFEXHR 5,
ZOERBEMIFLARL TV S0DFTI 27 MIHEDET, A XN 0 1 DX TIVBIEI0DRS,
FAFHN 2 AFEIMCH VW E 3

Ml Rl 5 (RO LAIZ, AICHEEN 25 Python EZRL %7):

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

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

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

1, 2, 3, 4, 5, 6) (1, 2), (3, 4, (5, 86)
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2.1.10 BRAV Y ~E

CRCH+DEIOIREFETIE, 70773 —TLDOXE) ZHINCHERLZVERLZD T3EEHLD
DET, T35 LEEEEZ C TEBEHE nalloc() R free() TITWE T, CH++ TREAENICH U ENK CHEA
T new % delete DMFEONE T, ZIZ T, UTOHEMIX C OELEICREL TITVWE T,

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

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

I HBXEV Y -2 DFKIZa— FHROE@ETRWILHEREIRTY, fIZE. 28808 HXE) Ty S
ZHERL. MohDRIRZT-T, BETny Z72BRTH2 LET, T, BBOERMHREZLEL T, &l
BT 27 A M2BMT 28, 7 —FfFE2MEL. BROBHTTUHEZRT L5220 LAEEA,
CORPTORTHRE S L E, HREINALXEY 70y 73R LENPRLTVOTY, a— FBRTEME
NEHETERICZES T, ZOLSRXEVY =2 —HHIWAATLES &, RVEBRH SRV E I
BBIENELS DBV ET: 7L HBOR TR, ETORBITOHLOIIH L TIEFADD T »REIGL
PERET, 2O TIEL AL OERKZERERIHAROERLE 2> TWE D, XEV Y —27HH5
M2 BDE. ROWHEEL TWA T o2 ) -2 282 TEBEZMEDL - 755 IRoNn 50 5TF,
HoT, OO —2ER/NMRICEED S X 5Ra—T 1 Y IHHPHIEZRIT T, TROXEVY -2 %
BT 2 2 EDEERDTT,

Python & malloc() % free() #IFHIC L FIHT 272D, XEV V=27 DFfILICMZ, BRIz XEY
DOEREIET 2 BIENNETT, ZODIGBEIIXNDOBBB A v > ME (reference counting) & FHIEN S
FHETT, 2RIV Y MEOFHIIEH TS 2TOA TV 27 NM2EA AV Y EBHY, A7V =7 Mk
LHBBBEIPIMRFEINT DT EZEAL T VRA VML, ATV =27 NI T 2BELHIREIN TS
VXY MLET, AV YEPERIIEST26, ATV 27 PAOREBOSHEPHIFREN-Z2 ik, +7
Tl MR ENET,

b —ODOMIIIEEI Y N— a1 7> a ¥ (automatic garbage collection) EFHENTVWE T, (B 7 >~
MERAR=YaL 7y a VBIBO—D2 LTEIFONEIdHEDT. 2o KHlF 5701 " H
H (automatic)” ZHoTWET, ) HEIAN—YaL 7> a2 VORERFLZ. 2—FD free() ZHIRMN
WEEBRATEWZEIZHD FF, (FHERPXEY ORMAAESARE LTEREATVET — 5, Zhid
M2 EETEIDHDERA, ) C XBIZHMIR=—YaL sy a YORAIZ. BIZAREDH 2 T R— 2
LI ZPEELRVEWNDS 28T, 2RUTH L. BHA D ¥ MEIEARED H 2 FEPITEE T (malloc()
% free() ZFHTEZ 2DDHMHETT — C HEREZAZHRIEL TVET), WOOHD, ToaltED»H 2
HR=T AL T RN CTHEREZ LR LAERAN, ZNETEZRI VY METP > TV LS
IR D T,

Python Tld. BMHIZSRA Y ¥ MEDEEZIToTWE—/T. SHROMRZ ML T 2 7-D12@  1§8RS
SRS (cycle detector) HIRMEL TWE T, BERSRMRHLERO B3 T, B, FEIr2D 5 TIER
ZROAERZXICE T T IV r—2a v 2MRTEXT, w0, BRIV Y MERT 2o/ R—
vavrryaryFEEE o TREZRIZFHRZ» 5T, BRSRIE, (HESRO5ES &0 T) HEANDS
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WP ANoZA 7T 27 b ROIERENE D, ERADA 7Y =227 M3IKAIFELROBRA Y >+ 2Hb %
T R BIRA Y & MEDFEETR, L AMWRBEEZENT 24 7Y =7 Mo L Tllice Bk
WE LTS, ERZEANOEDAF 7Y 27 MZE T2 XY BEANHATEEE A,

TEERSIEBHBEEZ D XS BRAR=IH A4 70 (R U7z & 5 RIGERSIEA 7Y = 7 b) B L THEINS
5ZENTEET, gc BV 2a—NZD X5 RMHEBHEOET (collect O B 2RI 2 & bz, RE
DHDA VR T7 2 —AB X UHMHENEZ ZITRICENC T 2 FES I LTV E T,

Python ICHIT3BRBAT Y &

Python 12i. ZHATV Y bDA Y7V XV MRTIZUXY MeUHT 52 -D0D~< 27 v, Py_INCREF(x) &
Py_DECREF(x) »'® D %3, Py_DECREFQ) (. ZHA Y Y I RIZEFEL LRI, A7V =27 FDOXEY
BTV E T, FEZR-8 27D, free() ZEHETIELEFEA — Z20RDHCATI =7 +OD
BA 7Y =7 b (type object) ZNLET, DD (OEWND DD £TH), £ TOF 7Y =27 MIZH
BOMF T2 MINTE2RA Y EBA-oTVET,

XT, FRERZEMME > TWVWET: WD Py_INCREF(x) % Py_DECREF(x) XXXV ODTL & 557
2T, W oDOMFERIS LMD X BT RSV, FF, 7922 ME? dif (own)” I3 LEHD
FEA; LU, 2547927 MR 2ZRDOE own a reference 3 TEEX T, A7V =7 FOBRA
Uy ME FDOATI 2 bHBBROFEEZIT TV A/ ERINTVWET, SROMEE L. SHEID
7% 72 o 7B#IT Py_DECREF () ZM-UH F1REIZHW X5, ZROFTAMEIZZLE (transfer) TE %3, i
ZM (owned reference) OMEIIX, T, R7ES 5. Py_DECREF() ZFEUHIF, WO =DDHENDH D
¥9, TAESHREA Lshd e, XEV)—2%5|ZRILET,

F7Y 27 MIT 22HIE, B (borrow) HATRET T, 2 ZHOMAE L. Py_DECREF() ZMA T/
DEEA, HHER ZROFEE»OMEH LM ZEZ TSR2RF LET TERD $¥ A, ITEEDLS
BERELEBRTHERASEEMES &, MBEAATYRHHALTLE S BMH 20T, fhicEiraidzb
FHA I

ZROMEHAPZROME LD ER TV RIE. a—FHED S 6%%@%%@@%fﬁﬁﬁ%fﬁbfﬁ< &
STEBLALTHEDZETY — JloEWwizdiud, BHSROGE IR, LHO@RPClEERTLTY
XEVY =2 DEMREET IRV, WS T TY, #iZ, Fﬁﬁi DBIAMZRIE, TLEEDHITRZS
a— FH, REEICESHROMBHITTHERINTL oL RICZOZBREZM 5 20 Lvwn X 5 b ki
HBLWVWI LT,

Py_INCREF() M F &, GHSREMASRICEETE £ T, ZOBREXSROMGHTOREBICITTE
L% ¥ A --- Py_INCREFO) @3#HFAEZREZER L. ZROFFEEIHINZLTOERZRLES (OF
D. #iLBROMEE . LATOEH L Fk. SROBEEZEYNITORIZRD $8A),.

*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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FRBEHEICE DDH B RAY

F 7 2 PADBREBEBRONMCETIEAICE. A7V 227 FOFFEESSIR HICEINZ 0 G000
WA v & —T 2 — 2D —F e 2 b F3,

AT PANOZRERTIZEACOEIL. SR 2 HICFEHEDIEL £3, K12, PyLlong_FromLong()
% Py_BuildValue() D &S5, HLWA 7Y =7 b 2ART 2BBI R THAMEZHEFICELE S, 47
Pzl MDPEBCEH IR AT TR TH, ZOF TV =27 VI T2H - RSROFEHEEZEF
3, PlZ1X, PyLong_FromLong() 3 X5 fEHZF * v a2 LTED., Fvv>adhfE@NOSREZIET
ZeDHHET,

PyObject_GetAttrString() DX S5IZ, H2F 7TV =7 v ojloF 7Y =7 M2l s 2 &5 LB
. R DIMAEHZRELE T, 2HbH60HEPRPHMBLICS VA LAEHEA, EWVIDIF KL
bz L—F DN O R>TWVWE S TT: PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B XU PyDict_GetItemString() 2T, X 7N, VA b, FLEHEILERS
REZRLET,

PyImport_AddModule() (. EFCEATY =27 F2AML TRT I eHAH2I2dr0rboT, HHZRE
BLUET: TODAIEERDE, AR ENA 7Y =7 MIHT 22T sys.modules WCREFEN 205
T3,

ATVl bAOBIREFOBBUCIETIHE, —BICE. BEEINIESHE LFE» o SBEBHLET - 5
W2 RE ST 2REDD 5726, BIFMINZ Py_INCREF() ZM-OUNH LTHN LA EICRD £3, L3R, Z
OHEANIFZ > D EE LIS} PyTuple_SetItem() & PyList_SetItem() 23H H F3, T o DOBEEUK. #
INTFIBERICH L TITEEEZ TR STD (take over) £F — 722 ZKBLTHTY! (PyDict_SetItem()
¥ ZOMEIIFTEHEER S FLA — ZABHEWHIE 7 HED” BTT, )

Python 225 C BB N2 B2iE, C BRI LD SEIBAOSBEEH L3, C BB
FECH LENE A 7Y 2 7 FADSIREFTE LT3 DT, EASBOAEFHRARIE X 2 OB ILE %
BTETTT, ZOLIRLTHASBRERELLZDMICE LD LEWEEIZDA, Py_INCREF() %ffio
THTESRICT 2 DELH D £3,

Python 2260 &7z C BEDIRSSRIFFMAESIR TR INIRD FEA - AR, SIFOHL
N ZHRESNET,

K

B IRIcB W T, —REECRI 2EHASEOFNEIEEZ 0 EBIIT el 3, ZOMERT
RT, 4 YR TVYZPBPIEFRINIFERHEEN, £ VR T ZBRBEOFEEICSHEEBEGEIETCLESI RN,
B L CTWET,

HoTBIRESF—RXDIBERYD, ZLTROEERDDIZ, VA MERIIHT Z2ZRE2MHED TV EEICHE
%3, BBV ATY 27 MIK$ % Py_DECREF() DT, #il2I3:

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
(RDOR=V1Fil)
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PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */

FoBEEIZE S, 1ist[0] NOBHEEZMEBHL. X2 1list[1] ZfH 0 TEX#Z, BRICIZIFLCEHLES
BEHALTVWES, MMELZVESICRZETR? THZ S TR LEVWDTT!

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

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

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

with it, thereby invalidating item.

FIREDRE 02U, RIGEE TS, R SREZZHPLPEX LI VDOTY, IELLEET 2 - a
YEUFOESIRD £5:

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

Py_INCREF (item);

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

Py_DECREF (item) ;

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

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

“oOHEZ, FBHZEAZAL Y FIZBEBRLTWE 75— TY, @I, Python 4 Y& 7V XITBIF 3K
DALY R, Z0=—NVA YR T)VEZOy IRFTY 7 MEMEEREREL TS D, HWIHE
BIZEHHERA, EIFWVWA, By 71 Py_BEGIN_ALLOW_THREADS ~ 27 B CT—REICHEER L 72D
Py_END_ALLOW_THREADS THER LD TE T, Zhobd~vrnid7uy 7O I % 1/0 FEUH L o ERH
WL BN 1/O DPETTE2ETOMMHDRAL Yy RRTaty 3 EFHTEZ X5ICLET, LRI,
IR oBEE Lol e M- EIESATHE T

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
(RDR=V1FiL)
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(FiDR— 25 D %)

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

NULL R1>%

—ERe LT, A 7927 A0SR ESIBICE 28I —2 NULL K4 VX2 ET I TFHRLTES
T EZO5322ar7 XA IThDE (O, HeTar7Ry7Iz25|&8RZF) 28 TLxS, — A A7V
FOZREIRT XS REBLE . BINDOREEZRTHAEICDA NULL 2K L £3, 518120 LT NULL
T A MR VERZ, BB LRLIEZTIR -4 7Y 27 M ROBBA L E BT, 5T - K4
DREELAHY NULL 7 R b 21T 213, TUERT X PO REIITbH, 22— Fid X DEHICH Z Itk T,

o T, NULL DT A MEIATI =27 +O " FBAER, THROBMED NULL 1I2/2250d LA WERAL X221
oz ERFICLEL & 9, malloc() . BN ZEH T 2RIEEMED H 2 B Z DHITT,

~ 21 Py_INCREF() B Xf Py_DECREF() & NULL KA Y XDF = v ZB{TWEHA —— LHL. ZThALD
~27uDZ{tTH 5 Py_XINCREF() 3B XU Py_XDECREF() &F = v 7 Z{TVE T,

REDA 7Y =7 PUZOWTHRNSE 71 (Pytype_Check()) & NULL A Y XDF = v 7 Z{TVWEHE
A EDBRLETH, BARBRZEZPEELTA TV 27 bOBREFEARNZIRICE, 25 L~ eihiily
TS T RED D 2 DT, RN NULL RA Y XDF 2w 72T 5 TRBTAMIKoTLEI DT,
BIZHFNZ <7 212, NULL F = v 7275 Z{LFEHD D 8 A,

Python 26 C BIEZ MO HI 313, C BIBUCEE NS5 8V X (FITWVWS 2 ZAD args) HRLT
NULL ISR VWK SMHIF L TWE T —— EBICIE, B AR K5 EL TwEd, ™

NULL KA &% Python 2—HF LU "B L” CTLES &, FARLS— %25 %L ET,

2.1.11 C4++ TOMWERES 2 —JLIERR

C++ THIREY 2 —VIHMEKTEZ T, LWL ORI DD £F, X4 > 725 4 (Python 4 >~
XFYZ)FECarv 47 Tar A LENY Y 7ERTVWEDT, FR—NVERRHNA 7Y =7 b2 a
VAP RTHERTEERA, XA T 0T TL0 CHt a2 R4 FTY Y7 E3NTWERL ZHIERHET
3% D FH A, Python £ X 7Y 20 S XN 58 (FR2EY 2 — A wIHALEEE) 1%, extern "C" %
ffoTEFLRITNUERD $H A, T2, Python Ny X7 74 1% extern "C" {...} KANZRDE XD
DERA--- VR __cplusplus (i C++ IV A FIEFETIDI VAL EZERLTVWET) BER
ENTVDE EiT extern "C" {.. .} DMTONDZ LI AV XTI 7 A VNITTTREPATVELHTY,

* 2 HRO” O LR > T 258103, ZOREGER SN EEA — BFEO 2 — RV EZICIEROMOH LKA
AHNEF
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2.1.12 #5EREZ a—J)LIC C APl ZiRt9 3

% K DIEIRE Y 2 —/WIHUZ Python » & 2 27 R BRI 2 425 2 7210 T8, RHTHEREY 2 — b
WD a— FHBMROINREY 2 -V THEMZZ DD D T, HIZIX. H2EY 2 -V TRIEFHZEDOZNY
ATDEDWEET S " aL s> ay (collection)” 77 RAZEELTWEHhS LNEEA, BxS5EURL
BEBLEDRIELZDTES C API 22 7242%# 0D Python V A MDD X512, ZOHil-kal rsay
HMOIIRE Y 2 — N S EERFTESL L 5ICFT 213 —ED C B ER > TR udeh 8 A,

—RT2r ZEHEHEZR Iz BICBEE (DB AA static RELWFEFTETIZ) FT, #UIRAY X
77 ANEREEL, C AP 2FFE LW, B2 ET, ZLTEBEOL A, 2TOIKREY 2 —H
Python 4 & 7Y ZIZHEITHINCY Y7 2N TV AHEREIFEELE T, £ ZAEY 2 —HHF
SA4TSVDEFEIIE. —DODEY 21— L TERINTWVWEY Y RAPMUDEY 2 — A SRARIRZ LD
D E5, AIREOFEIEARL =T 4 VI RATLCEDET; 2 AT L& Python 4 Y 2T ) 22T
DIGREY 2 —VHICHE—O 7 a — Vg ZHiZ2ERZ HE L TV E T (121 Windows), HlDY X7 A13E
Ta—AD) Y IZRICRDAENG Y YRV EIRIICEE T 2 X ENHD 2T (AIX 3Z20—fITF). %
72Dy A7 4 (1F2 A YD Unix) TlE, &o LHIEZEIE LTRELTVWES, 2L T 2222 UK
AR B — > VERY LTAETH->TD, MUHLZVEBDA 7Y 2 =R FEFn— FIRTWian
ZeEoTHHETF!

Po T, AMEDRDL S > YRV DAREICIEMOIEZ L TIERLRNI EIZRD 9, DF DILRE
Va2 HDETDOY VKUK static LESERIEXRD FHA. HBMNIEDY 2 — L OWHHEEBEIE T, Zhik
(EZa—ILDOXAY Y FT—=7IL LR TRz & 5 12) MDILREY 2 — L & ORI THHIDEET 2
DRI Z72DTT, i, MOWIRED 2 =057 7 R% TBlFZIRITTIEAEVL >V RUIFIDORDH
TREATERD £H A

Python 13® 24L5REY 2 — D C LNAVDER (KA ¥ &) ZHIDEY 2 — VIS 72 ORFIR L HHE:
Capsule (4 7)) ZHEHL TV E T, Capsule 3R A ¥ & (void*) Z i3 % Python & 7 —&XHTT,
Capsule 1 C APl 2N LTOAER LD 7 7R LD TEZTH, M Python 7Y x7 be[FEIU &
IWCZIELTEET, &b, Capsule IZEREY 2 — LV OEZATZEBNICH 2 LANCRATE T, fho
PREY 2 —MEZDEY 2 — /L% import TE, KICHFTZHIE L. &%IC Capsule "D R A ¥ & ZHUG
LE5,

PEREY 2 =10 C API ZRBAF 27912, #4RFIET Capsule MEONE T, &K E 1 2047V =
7 MZANZ=D, £2TD C API KA ¥ ZEeH|% Capsule ICANSE ZENTEET, LT, KA &t
FTARRERPIIR L Vo 7ok A RIEHER, a—FEREHELTVWEES 2125347V MET 2 —L DT
R HETHHTEE T,

CDFERENIL TS, Capsule D name ZIEL K RET 5 Z L IFHEETY, PyCapsule_New() & name
518 (const charx) ZHXD £§, NULL % name \ZJET 2 & BFFAIEINTVE A, name ZRET DI L%
HHERLET, ELLARTZMIY SN Capsule 13D 2EEOERITRAULZEHEZ2EED T, AR T S
N TV Capsule 2 Capsule ¥ XBIT 2 HERNZGFEEIDD THA,

K1z, C API 2Bi3 2729 Capsule IZIZRDNV—IZHE - 72 BT RNIT B2 RETT:

{modulename .attributename

PyCapsule_Import() &\ 5fEF|EEIX. Capsule DHAFIHB Z DL —MIZ—HLTWVW5S & ZIZDA, B
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Capsule HTRHZNTVWS CAPI 2R —FFT AN TEET, ZOEHITLD, C API D2 —¥—
M, FEFRICIELW C API 2L TW3 Capsule 20— R CERZ L 2ELDZ N TEET,

UTofltix, ARiERAT 2EY 2 —LDOEFIZE AYOARIE» D £330, KL{Fbhd741477Y
PUEBBNCHYIR 7 T —F 2 EELET, 20770 —FTlE, 2TD C APl R4 & (fIFTIE—>o7
T &, Capsule DIEE 725 void KA Y ZDEINMRFL T, HHREY 2 —MITHBFT 2Ny X
T 7 AME. EY 2 —D import ¥ C API RA VX Z2HE T2 k5 Flils s~ LE9; 754
7Y FEYa2a—UE, CAPI 7 Z7EATIRRICI DY a BRI TT,

The exporting module is a modification of the spam module from section &8 7. The function spam.
system() does not call the C library function system() directly, but a function PySpam_System(), which
would of course do something more complicated in reality (such as adding ”spam” to every command).

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

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

static int
PySpam_System(const char *command)
{

return system(command) ;

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

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

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

EY 2 —)LDSTEICDH B LLRDOFT

{#include <Python.h>

DERIC, UFOZAT2R3EML TS

#define SPAM_MODULE

#include "spammodule.h"

#define IX. 7 7 A /L spammodule.h 24 > 7L — FLTW3DDBL4HTZ AT 2HMDES 2 —NLTH -
T VATV REY 2=V TRBVILEANY X T 7 A NVICHZBT-DIEbNET, REIZ, EYa2—L
DHIHLBIRNZE C API DR A ¥ XEHZHHUET 2 K5 FRRLAZFUIZRD $EA:
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PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

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

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

return m;

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

PyInit_spam() terminates!

5L D DOKETIENY BT 7 4 )L spammodule.h IZH D, UTFDXS5IHR-TVWET:

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

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System_NUM O

#define PySpam_System_RETURN int

#define PySpam_System_PROTO (const char *command)

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

#1fdef SPAM_MODULE

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

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;
(RDOR=V1Fil)

2.1. C*® C++ IC&3 Python DR 27




Extending and Embedding Python, JJ—X 3.11.10

(RIDR=I D5 DR E)

#else

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

static void **PySpam_API;

#define PySpam_System \
(* (PySpam_System_RETURN (*)PySpam_System_PROT0O) PySpam_API[PySpam_System_NUM])

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

static int

import_spam(void)

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

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

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

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

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

077 a—FDFEEZ/RAIZ. spammodule.h AR L LN 2 TT, LldWVi, FHEBOEAR
HRERIE A E N DD LR URDT, FE2H 2 —ERIFERNITAHET,

Rf%IZ, Capsule X, HHICREINTWERA VX EXETVHEMRLZDRRLTD T 2 BRI E R
e b —O0KREERIREL TV xS Z it TErRIER D /A, M Python/C APT V
77 VL YAR= 27D capsules, B XU Capsule DEZEES (Python ¥ — X a— RERYHDO 7 » 41
Include/pycapsule.h # X} Objects/pycapsule.c KRR SR TWET,
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FE3E
2.2 INRDBDESE: Fa—rUTI

Python Tl&, #lAIAAD str B list D & 54 Python 2 — F 2o ETE 525 L WE%E C fHRE
Va— VOEEDRERTEE T, ETOIMROMDa— FiZH 28— IS DT, EXIAD ZRNICH
RLTBIREMOPVWIEDRHDET, TORF2 XY MEIZDOFEEIIOWTORE LWAMTT,

2.2.1 BRWGRI

CPython 7 ¥ & A4 x1& Python D2TOF 7Y =7 b%, Python D2 TDA 7T =7 +D 7 HER (base
type)” T# 5 PyObject* BIDZEH L A7 L% T, PyObject EKRBHIX BRAVVE &, 7P =2 b
DVEFTI LT P ANDKRA Y RDBEFRBE T, ZIREBEESERIATOVET; A7V 27 M
BIZIX. DE2EUEDRD DA TS =27 FPOLMBEINLD, XYy RREEINLD, oA 7227 MTkoT
BEINTD L 2T, £ (C) DA Y2 =TV X— oM 20020 ELET, Zhoo C B
Bix "B RXY v F (type method)” I F T,

ZRHDT, HILWIRROMZER L 720 Zid, LW 7Y =27 P25l I nwb i T3,

ZODFDZ e FHERZEIDBRENTL 25056, T2 CHRREY 2 —JL custom IZH S Custom &\ 5
ZHTOFLUWEIZER T L, RIBEELFERRED 2 —NE2HITTEBEET:

AR: ZZTHALTWAHNE. BRA RO B 2 ER T 2RI FERETETT, ZRE L AL DB
THakdDiDTT, C API Tld, PyType_FromSpec() B %E v, b — 7 LICHlE SN IROE G 5E
FTEFITH, OV TEIDF 2— PY 7ATEBVEEA,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

1

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,
(KDR=V1ZHiEL)
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(FiDR— 25 D %)

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

I3

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;

—EIHHRET 2125 Lo L EPZVWTTH, BIOEIDEFE oD0ERT L BoT0E I BVWET, 20D
77 ANTIX, 3ODBEZEPERINTVET

1. Custom A7V kb MR EATWSD: THH CustomObject MHEIA T, Custom £ Y AKXV AT
AT 1 [E72T X' VERBITDORE T,

2. Custom B XD LS IWIRAHFES B0 ZD CustomType WEEIRT, 77 7 BARARA  XDEED
PEBLTOVET, FEDRENERZINI 22, ZOBBKRA VX% A4 V2= Z—2RICTZ
£9,

3. custom EY 2 — L&Y ST B0 ZhD Pylnit_custom BHEK Y ZHICBKRT 3
custommodule MEER T,

FIRMIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

i Custom 7Y =27 FDHNAETT, PyObject _HEAD ZZNZNDA T =7 MEEKRD LTI
JH72% DT, PyObject BID ob_base L WHHARID 7 4 — /L REEFEL 3, PyObject T (2L th
Py_TYPE ¥ 7 BB XU Py_REFCNT ¥ 27 a7 72 RATES) BF 7V 27 bADEA YRS A TV b
PEHEINTVET, ZOVZ7apdfEIATVWAHEAR, #BERoL 477 b2fiRblL, 7Ny LR
TI74— NV FRZEBINTEZ L5554 TT,
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FRR: EofITIX PyObject HEAD v 270D Ianviddh FHA, dohhtIanrzBMLA

WEDIZRZNT TV TheEhET5a0458HD £7,

b5 DA, —RKINZIEA 7Y = 7 MIFEHER 7 PyObject _HEAD KA 5 — 7L — b Oficd F— X B HEL T

WET; BRI, 24U Python BEHEDTFEI NGB DEFR TS

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BIHA T 27 PDERTT,

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

AR LeH B X518 C99 A XA NOFRT EHELT %2 > T, PyTypeObject DFHCEILOIENT 4 —

NMFETERTIHRED, 74—V F2ESTIEFICKE@ oD ETICHEEL 202 BEDLET,

object.h IZH 35D PyTypelbject DEFKICIZ LDERICHZ2ED Do ZLD 74—V F BHHZE
FTo ZIWRHMTETVWARNWTZ 4 —LRIZ Carv [ ko TEuTEDLNE DT, BDETRWVE DR

HNIMEDFEE & LR VORI ARSI > TV E T,

—EIZ1 DT O7 4 — A FERD EFT0EFEL & 5:

[PyVarObject_HEAD_INIT(NULL, 0)

Z DTk, kBTl 7z ob_base 74— FOWHHLICHED KR A 7 —F L — T,

[.tp_name = "custom.Custom",

EBELTVWAROALRITT, ZHhiE. A7V 27 FOF 74V FOXFHRBARL S — X v —JI2HNE

To PIZIERDED T

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

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

2.2, ROEBODES: Fa—LUTI
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ROAFIH, Y a—NALEEY 2 - VBT 2ROAFDOMTZ By b TORWELANCTZ>TWS Z 2T
EELTLEXN, Z0HEIE. Y 2 — 3 custom THE Custom 2D T, BDEH[% custom.Custom
WRELE L, EEO Ry MIZDA Y R— 1 2% f5 DId, pydoc £ 2 —)L% pickle EV 2 —L ¥
W78 2 20 ICEBERDOTY,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

ZHUZ, F LW Custom 4 Y RAZX Y A®ES L %212 Python AE| DY TEIREXEYNEDL HWVWEROLE
HZ70DHDTT, tp_itemsize IFAIEV A XADF TP =27 bTOAMI bDRDT, ¥4 XHALE TR
WATT 27 PTIE0WRITRETT,

AR: A% Python TH 77 7 XMUAIRRIZ L2 WHE. ZORPEEDOM L F L tp_basicsize ZdH o TW
v, ZEHBAKDOL ZICHEPELZZeBHDET, Z20HD Python 727 5 X%, __bases__ VA b
DEANIHN L 2 X2 LRTNELRD EFEA, DRV, TF7—DRERLIC, D __new__() XV v
FEMOHTZ A TERLRD T, DRICED tp_basicsize ZFDHEEII D HRELLTELZL
T, COMEZMEETEIENTEET, IZLAYDEHEAE. T object . £ TRIFNUIEESX 4 T
T=BHADA Y NZBMLEZSDTL 526, REZREZORICHEMNT 5270 2 D&M A TVET,

Py_TPFLAGS_DEFAULT IZZ 9 R 7 7 VR ELE T,

[.tp_flags = Py_TPFLAGS_DEFAULT,

FTARTOENE 7 7 ZDEBEED TELRDERDHD T, THUIRETSD Python 3.3 FTIKERINT
WABTRTDRX Y ANZRHALE T, ZALUEDA U A\RQRER S, NG T 375270 OR 2 35ENH D
%9,

Z DR D docstring (& tp_doc IZANET,

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

AT VPERTES XS1Z, tp_new NV RS ZRMT20ENDH D £3, ZHhid Python D X
Yy ¥ _new () tAFDDDOTTA, WRNCEGEZ20EBHD $3, 50BETIE. API B
PyType_GenericNew() ¥ LTHRMENZT 74V NOEELZZDEEMH X E T,

[ .tp_new = PyType_GenericNew,

7 7 ANDIED OFTEE o LHIRARLT VS DLW E TH Pylnit_custom() O—#Da— FiZZ 5
TERVWTL & 95

if (PyType_Ready(&CustomType) < 0)

return;

Z AU, NULL i@t X7z ob_type HED T, WL DD X Y N=%iY)% T 7 )V METHD T,
Custom BZHIHAL L £ 3
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Py_INCREF (&CustomType) ;

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

T EED 2 — LOFEIEMLE S, 25325 Z 2 T Custom 7 7 ADMELRH LT Custom { ¥ A &R
VADPMERTE B XSk £

>>> import custom

>>> mycustom = custom.Custom()

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

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

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

ZLT setup.py EWVWI 77 AN IDEIICEZAAL, ZLT, LFD LI

[$ python setup.py build

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

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

55 A, BED Custom BIIHHAIIZRITTVWETS, MbT—2Z2RoTWRWL, M TEEEA, #HK
LTI I IABER I L EXTERVDTT,

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

Packaging User’s Guide.

222 BEROYVTIICT—REAXY Yy RZENMT S

ZOHADY Y INZTFT =R AV v FEBMLTAZEL &5, DWVWTIZ, ZOREPRIKS 2 LTHHH
TEXB3L5W2LES, ZZTEHHLWVEY 2—JL custom2 22 ., TNSHDOEEERBIML 7

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

(RDR=D1ZHiEL )
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typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

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

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

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

return -1;

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

(FiDR— 25 D %)

(RDOR=VIFiL)
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Py_XDECREF (tmp) ;

}

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

}

return O;

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

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

{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;
¥
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;
¥
return PyUnicode_FromFormat("%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"
1
{NULL} /* Sentinel */
1

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
Irg

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

I8

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

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

Py_INCREF (&CustomType) ;

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

return m;

ED2—IlDIDNAN=Y arTlE, WS ObDEHEEBIRWVWET,

We’ve added an extra include:

[#include <structmember.h>

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

Custom id 20D CHEEKIZ 3 0D T —XJEMW first | last . BEL number b DX SR D E L, first
& last BHEEX 7 7 —A P2 =LY TR b3 —LEMEM L7z Python XFHIT, number JEMIZ C FEETOH
BOETT,

CHRELENS e, A7V 22 P OMERIZRD XS24 D 3

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
(RDOR=VIFil)
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int number;
} CustomObject;

WEREHIRET—XNTELDT, A7 =27 FOEID I TEMPICEHEL TE X D HEIZRZ2BEI DD
$9, ER, 7227 FORHXY v RHERETT:

static void
Custom_dealloc(CustomObject *self)

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

Z DRAEUE tp_dealloc X U NIRAXNE T,

[.tp_dealloc = (destructor) Custom_dealloc, ]

ZOXY v Fid, £300 Python BEDOSBEB A > v %227V 7 L% F, Py_XDECREF() X514 NULL O
r—AZIELLRAET (S tp_new PBFTRBLIEGEICKEIDZET) . TOXY vy Rk, OFIC
A 7Y 27 bD (Py_TYPE(self) THHLET) DX YN tp_free ZMUH L, A7V 27 FDXEV %R
B L %5, 72 F OB CustonType TH2 LIZBORVARTEEL T AW, BERE, +7
P2 NIV T I TRADA YRR A LRV E LTI,

AMR: LD destructor NDOIIRIZBIZHUIMNE TS, ¥R 5, Custom_dealloc A CustomObject *
Fl8UE e 2 eERLE LD, tp_dealloc BED KR A > Xid PyObject * 5IEEZIFELS Z 217> TV
M5 TT, b LHIRINCEIZ 2 Liadud, a v " IWEE2HTLTLx Y. I CIBIIS A
7Y MEADRY E—7 4 AT |

77 =AM P—LE TR M= LBZETFINCHIAL L TEE /WD T, tp_new DEHELBMTEILITL
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) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;

(KDR=V1ZHiEL)

2.2. ROBODES: Fa—LUTI 37




Extending and Embedding Python, JJ—X 3.11.10

(RIDR=I D5 DR E)
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

ZLTZIN% tp_new XN LTA YA M=V LET:

[ .tp_new = Custom_new,

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

non-NULL default values.

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

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

FERR: tp_new FXBI/RINIZ tp_init ZMUH L TEWVWT ERA. ZHEA VEZ =TV RXRPETTITO 7128
T,

ZD tp_new DFEHEEIX, tp_alloc ARy MEMUHLTXEY REHOYTET:

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

AEVEHIDHTIIERKET 205 LARVOT, EITHEDHIZ tp_alloc DFERD NULL TRWAF = v 7 L
ZFAUTRD TR A

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

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

AR B LI tp_new (FEEX A 7D tp_new £7:21F __new__() ZMATWVE D D) BIED WD
B, FITRDOX Y v RIBRIEFZ O o TEDX Y v REFUETLEREL LS L LTIE WIEEA
WO HTREZHINCRDTEE, BEZOD tp_new MU T, H 25 \\IE type->tp_base->tp_new
ERAHALTIZE WV, Z25LRVE, DRIEMEBRLIZZA 7D Python %727 7 A5 Python TER
TN FABWERL TV IHEIRI ELFIHDPRVEEDRDHDET, (2VDI ZOXIBRY T 753204
VAR A% TypeError % EFIT/ES Z L BAATREICR D 3, )
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We also define an initialization function which accepts arguments to provide initial values for our instance:

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;
}
if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_XDECREF (tmp) ;
¥
return O;
}

ZHUE tp_init X U ANRAZINE T,

[.tp_init = (initproc) Custom_init,

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

0 on success or -1 on error.

Unlike the tp_new handler, there is no guarantee that tp_init is called at all (for example, the pickle
module by default doesn’t call __init__() on unpickled instances). It can also be called multiple times.
Anyone can call the __init__() method on our objects. For this reason, we have to be extra careful
when assigning the new attribute values. We might be tempted, for example to assign the first member
like this:

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
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threads that accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o« ZOBWAV VI 1 XDREVEHEETEZHE

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 AERZREBEL LTRZZ3XICLEVDTER., ZHIRIEWLS DD HERD D 9,
Hor SEELFIEZ. AVANDEREE525Z LTI

static PyMemberDef Custom_members[] = {

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

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

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

{NULL} /* Sentinel */

g

ZL T, ZOEFK% tp_members ARy MIANEL & 5:

{.tp_members = Custom_members, J

Each member definition has a member name, type, offset, access flags and documentation string. See
the $AFTREMZEIET % 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;

(RD<—12H <)
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}
if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;
}

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

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

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

def name(self):

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

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

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

ET, XYy FEZERLEDT, TITAY Yy FERHOEAN Z/ERT 2L E DD £3:

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

I3

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

and assign it to the tp_methods slot:

[.tp_methods = Custom_methods, ]

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

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, J

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

Finally, we update our setup.py file to build the new module:
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from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

D

223 T—EEMEE CEHNLHIETS

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

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

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject xkwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;
(RDR=D 128 )
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}
return (PyObject *) self;

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

{
static char x*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;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;
}
return O;
}

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

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

{
Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst(CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");

return -1;

(RDOR=VIFiL)
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if (!PyUnicode_Check(value)) {

PyErr_SetString(PyExc_TypeError,

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

return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;

return O;

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

Py_INCREF (self->last) ;

return self->last;

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

return O;

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

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

(RpR=12Hil)
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static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
To
{NULL} /* Sentinel */
};

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

g

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

g

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

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

Py_INCREF (&CustomType) ;

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

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

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

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

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

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

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

deleted or if its new value is not a string.

Z ZTld PyGetSetDef MEADAEFZ DL D £3:

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

ZLTZH% tp_getset A0y MIEFRLET:
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[.tp_getset = Custom_getsetters, }

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

a closure, so we just pass NULL.

o XUNERDPLRBINSDBEMZFRNVTBEXL & 3¢

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

F/2. ZTZTE tp_init AV FIBEINZDE LTXFHDOAEZFHFT 2 LHICBIETI2LENDD
S

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

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

return -1;

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

}

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

}

return O;

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

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

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

into our objects
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EC, RIFEDBLAEEIR. ZO0EY 2 —AWHLBEBE VLMD 2 EY 2 -V HZEBLEL &
5o ZLT setup.py 7 7 A VICEBMOERELS DX ET,

2.2.4 EBAN—SOL IS 3V EYR—FT3

Python 13 BEAR—I L4 (GO) e %5 >THY. CHERERA TS =7 Mo, L 2BHENY
CABEETRTHOHERT LI EACTEET, ZOE3BRINEA TV 22 FOBEHSEEL TV L 212
BDAET, 2L R FOREEZ T E S

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

ZOHITIE. BOEEEISDYVAMYREDE L, X ZDOVRAME HIBRLTH, ZRIIEHTEEAD
ZREELEFHLODTETHLS, BRIV Y MIERIZE D FHA, BLWI 2IZ Python IZIXEERA N—
JavLy REFRENE IOV RN PARETHE e 2RH L, BRTEE T,

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

or last attributes™.

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

in cycles:

>>> import custom3

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

>>> n = Derived()

>>> n.some_attribute = n

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

slots:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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

} CustomObject;

static int
Custom_traverse(CustomObject *self, visitproc visit, void *arg)
(RDR=D12Hi )

*4 Also, even with our attributes restricted to strings instances, the user could pass arbitrary str subclasses and
therefore still create reference cycles
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{
Py _VISIT(self->first);
Py_VISIT(self->last);
return O;

}

static int

Custom_clear(CustomObject *self)

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

}

static void

Custom_dealloc(CustomObject *self)

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

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

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

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

return -1;

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

}

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

}

return O;

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

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

Py_INCREF (self->first);

return self->first;

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

return O;

static PyObject *

Custom_getlast (CustomObject *self, void *closure)

(RDOR=VIFiL)
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Py_INCREF (self->last);

return self->last;

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

return O;

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

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

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

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

static PyTypeObject CustomType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

(RDOR=VIFiL)
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.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,
8

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

g

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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);
(RDR=12Hi)
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if (vret != 0)
return vret;
}

return O;

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

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

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

minimize the amount of boilerplate in Custom_traverse:

static int

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

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

}

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

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

static int

Custom_clear (CustomObject *self)

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

JERR:  You could emulate Py_CLEAR() by writing:

PyObject *tmp;

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

INT5ET T, tp_alloc ARy hF/2id tp_free NV KR IBEIN TV, ZNOEFERIRN—Y 2
L7 yayifizd K5BIETIEIVDOTT, 1T AL OIESEETAEIMICIREI N2 N=Y 3 Y &21ffi5
TL &9,

2.2.5 MOBOY T ISR ZES

BEAFORI AR L7 H L WVIERIZ S 2 2 e B TE 9, MlAAARID SHES 2 DRI TS, &
%i7% PyTypeObject ZfliHICHIHTEZ 2056 TF, ZHUTLER T, PyTypeObject MG ZILREY 2 — 1
BTHETZ2DEHL VT,

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

increases an internal counter:

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

>>> print(len(s))

>>> print(s.increment())

>>> print(s.increment())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

(RpR=12Hil)
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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},

i

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, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
8

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,

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

g

PyMODINIT_FUNC

PyInit_sublist(void)

{
PyObject *m;
SubListType.tp_base = &PyList_Type;
if (PyType_Ready(&SubListType) < 0)

(RDOR=VIFiL)
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return NULL;

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

Py_INCREF (&SubListType) ;

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

return m;

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

break down the main differences between them.

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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

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

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

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

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:
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PyMODINIT_FUNC
PyInit_sublist(void)

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

PyType_Read () ZMERHNZ. BOMERD tp_base A1y MEMHD LA TVWRITIIRD A, BIFD
B2 AT B2, tp_alloc AR v b % PyType_GenericNew() THE®D ZMNEIIH D FHA, - HERD
7uar—a YEBSHRREINET,

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

basic Custom examples.

Wiz
2.3 RDEDESR: MBS LEY Y

COMITIRI T I ERELEARREZA TAYy P, ZROBMAZ2T 20D THI0ICONT, oL@l
£7,

BUFiX PyTypeObject DEFKT T, 7Ny ZELF TLIMELNLRONLDORDX 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;

(RDR—=V1Hi <)

2.3. HROBEDESR: HEHLEY Y 57



Extending and Embedding Python, JJ—X 3.11.10

(RIDR=I D5 DR E)
PyAsyncMethods *tp_as_async; /* formerly known as tp_compare (Python 2)
or tp_reserved (Python 3) */

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

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;
/* More standard operations (here for binary compatibility) */

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

setattrofunc tp_setattro;

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

PyBufferProcs *tp_as_buffer;

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

const char *tp_doc; /* Documentation string */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* 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;

(RDOR=VIFiL)

58

F2E HY—FN—ToV—I L L THERZES




Extending and Embedding Python, 'J1J—2X 3.11.10

(FiDR— 25 D %)
descrgetfunc tp_descr_get;
descrsetfunc tp_descr_set;
Py_ssize_t tp_dictoffset;
initproc tp_init;
allocfunc tp_alloc;
newfunc tp_new;
freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;
PyObject *tp_mro; /* method resolution order */
PyObject *tp_cache;
PyObject *tp_subclasses;
PyObject *tp_weaklist;
destructor tp_del;

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

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

TcKBAD XYy FRHDETH, THEARITDET 2LEIDHD A, ERLLWHEND 06, H
ET20EZD35DTLDINTTLIENFLALTT,

FTTRFHEINATVETL 9D, ZOHWERICOVWTARICRETVE, HARAYFIFIZOWTEDIFELL
HHRERELET, LLLINLDX U APEERTTERIN TV AIERIERLET, tWIDIE. h
DX YNOBENBIEFIEELENLREEICEZDDELLTT, Z2LDGEVEIRAMELZDIZ, HPELTS
AUAPTRTEENTVEHIZE o TET, FHLAMERBICEDETHEEET LT,

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

CHIBDOLHTTS, MOBETHHAL L S1T, Tt s RIGHTHAL, L AYEBEMBENTHEDNS S
DTT, ZNRDT, ZD X5 RGETRISILDOTH S 5 HHIZEATL LS W

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

INBEDT7 4= FiE ZOMDATI =7 bPFHLIERESNZ L Z2ICENZTOXEY Z2HD Y THI X
WVWORE T Y EALZHRLE T, Python IQIZAIZERDOHER (SCFHNRX T NRERZBIRLTLEZEW)
W2 BHAABDY R— MDD ZEEDHD, Z 2T tp_itemsize X U A \DMELNET, ZhdiZoVTX
HrTINET,

[const char *tp_doc;

Z 22 Python A7 U7+ 1) 7 7L ¥R obj.__doc__ &% doc string iR & EDLFH| (H2WVWIEZD
7 RLR) ZANET,

TR, BOFARR XY v FIEAZ T, ZLAYDIBROEN DAY v FEREL T,
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[destructor tp_dealloc;

DA VAR ADOBRAY Y LRI YD, Python 4 YR TV XBZFNEBLTHAHALELS S,
COBBDBMEINE T, BT REXEY Z2ZOMBRFELTVWAD 2RO FITTRERUHELD 5
BEZ. tho2ZZItAhehET, A7V 27 bZ2hEKRD Z I THREINZDERDD £3, Z OB
DHNZ. 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);

X fRMBAEC O L DEELR DI, WHRFD DHIIHNI N > SVWFEZDIT RV TS, RERL. KA
BRI Python 4 ¥ 2 7V XM A X v 7 2 tOREBIZET & 2ITMEEN 2 2222 0Hh56TT, 2L T (@HE
DBEED & DEIFTH L) BINDTDICA R Yy I DB ERINE L ZlE, TTIREELTVLHI425XEY
FRMBIEZ T2 D DD D FEA. BRADOBEEDE 2 SEEIEMD Python Da— FZETLTLED
. ERLIFBIANEELTVE Z e 2RHAT20b LAERA, ZHEA V2T ) ZPERIEZ LT %
FESEZIWORMNDET, ZhZECIELVWAER, ZReTRWREREITS 28NLERGS ofist 2
BRIFELTBE, MbobZNEIIIRT I TY, Z4UE PyErr_Fetch() B X Uf PyErr_Restore() BA%K
2S5 I Ko THREICR D 9

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 ezception state */

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

(RDOR=V1FiL)
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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);

AR XTVUMBRBAROFTERIITASZZ2RIEWL OB BH Y 3, 1 2DHIZ, 208
(tp_traverse BX U tp_clear ZffioT) A=Y alL 7> ayeHR—bLTWVWBIHA. tp_dealloc A3
MUHEINLETIZ, BEENT 7 A FIFIARXINTLEI ATV FPDRAUYN=DFED{ZZETT, 2
DHIE. tp_dealloc DFTIEA TV =7 MIFLERKEIZHZZ L TH: DX DAV I 0TH2
EWVWSZeTY, (Lofilicd s K57%) WMk A 7Y =2 % API OO LTI, tp_dealloc % FEN
CHL. ZERBDPO7 7y >a35Z R0 LAEEA,

Python 3.4 5 id, BHR T 74 F 74 XD a2 — Fid tp_dealloc IED T, b IH LI EAZTI
tp_finalize X WHBIX Y v P25 Z e PRI TVET,

BE:

PEP 442 THLWZ 7 4 F 54 XOMHHADGHHAI A TVE T,
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Python Tlk, #7Y =7 FOXFFIREEZERT 2D 200D FHBH D F5: repr) BEEM S 5k
. str) BABEMES HFIETT, (print ) BIBUIHIC str (O ZMUHLET, ) 2ROV R IEEES
LAMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY FZRBMUHEINIA Y AR Y ZADFHNRBZEN LT FINA TS =7 P 2IRTRBEDD
&g, MERPIIUTOLSRSDTT:

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

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

tp_name and a uniquely identifying value for the object.

tp_str N FZ ¥ str() ORI, LD tp_repr "Y' FF & repr() OBFRICHYLET, 2%h. I
& Python Da—=RFB3F 7927 DA Y AZ Y RZH LT str() ZHUH Lz 2I2dhEd, 20
BDFEEX tp_repr NV FI7DZNEIEFFIBTVE T, BFo5IN 2 XFFRFIAMPFL Z 2 2 ERX
NTVET, tp_str PIEESNTOVWIRWEGE, 2D DIZ tp_repr NV FIMEDONET,

IVSNESHE A e

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

233 EHZzEEIS

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

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

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

implementation’s convenience.

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

VN 74

getattrofunc tp_getattro; /* PyObject * wversion */
setattrofunc tp_setattro;

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

generic mechanism that is available.
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L7fEIZN U T ARBIEDFEITT 2REDR RN &,
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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=TINERATE T2 PHHD 3 DDA YN L TEEINTVET:

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

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

is an instance of this structure:

typedef struct PyMethodDef {

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

const char *ml_doc; /% docstring */

} PyMethodDef;

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

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

2HFEHDT —TNIE, A VYRR AP EINZ T —R e BEHEFICO T ONEEEERT20HVWE
T, WDOBD C DFEHRANYR— b EINTED, 72722 %2HAHLEHICHHAEZEXAREICH TE
T3, TOT—IINTHEOLNZEEEREIRD XS ICERINTVWET:

typedef struct PyMemberDef {

const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;
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For each entry in the table, a descriptor will be constructed and added to the type which will be able to
extract a value from the instance structure. The type field should contain one of the type codes defined
in the structmember.h header; the value will be used to determine how to convert Python values to and

from C values. The flags field is used to store flags which control how the attribute can be accessed.

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

Constant Meaning

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

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

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

and get the doc string using its __doc__ attribute.

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

REDRICHELILBEDERE

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.

DUNchlZRL £9, -

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

PyErr_Format (PyExc_AttributeError,
"'%.50s' object has no attribute '}.400s'",
tp->tp_name, name);
(RDR—D12HE L)
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(FiDR— 25 D %)
return NULL;

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

should be set to NULL.

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

return -1;

234 ATV FOLLER

[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.

CHRNERA Y ZDF A APFELTIUIFELVE BT — 2oy > 7L FETS:

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

PyObject *result;

int c, sizel, size2;

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

newdatatype omitted */

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

switch (op) {

case : ¢ = sizel < size2; break;
case : ¢ = sizel <= size2; break;
case : ¢ = sizel == size2; break;

(RDR=V1FiL)
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(FiDR— 25 D %)

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 HIRMAETORIILDOYR—+

Python iZW\W< 23D WMRMA “Tu bal” ZHR—-PLTVET, ThOEFHTINEDS VX —T =
A4 212DV T abstract TR INTWE T,

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

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

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BENDATY =27 PBERS =T VA, HEIVEFHEDL SIS ES XLV SIE. Zhehic
C O PyNumberMethods #&{A, PySequenceMethods #iifi{K, %7213 PyMappingMethods #i&EAD 7 F 1
A ANF T, INBHICHEYREZ ANTHANLRSTHILFTVERA, Thb %Mo 7flld Python DR
YV —RIZH % Objects TAHADIFBI LM TEBLTL & Ho

[hashfunc tp_hash;

COBEL. DL ICLERBIE. T—RBDA VAR ADANY Y aB/ERIRTIOICLET, XD
=R b G

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;
}
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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;

COBEIE. ZDRDA Y AR AD TR LTINS L 2N ET, 728 2ED L objl i
ZDA VARV ARBASTWT, Python 227V 7 MT objl('hello') 2FITLzrFT 5L, tp_call NV

FZ

DI E T,

ZOBX 30D BE L b ET:

1. self PP LOXMRE 227 —ZBDA VAR Y ZATT, 728 ZIFFFCH LA objl('hello') D

AL self 1X objl Tk D F5,

2. args I LOFEZBIAL TWE X TV TT, 2 2Hh 6582 D 131213 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.

IR tp_call OB FEETT:

{

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

PyObject *result;
const char *argl;
const char *arg2;

const char *arg3;

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

¥

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

return result;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter,

the instance for which they are being called, and return a new reference. In the case of an error, they

should set an exception and return NULL. tp_iter corresponds to the Python __iter__() method, while

2.3.
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tp_iternext corresponds to the Python __next__() method.

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

the same guidelines apply as for Python classes:

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

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

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

therefore implement the tp_iternext handler.

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

should always set an exception and return NULL.

2.3.6 5§58 (Weak Reference) DH7R—k

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

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

Documentation for the weakref module.

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

1. Include a PyObject* field in the C object structure dedicated to the weak reference mecha-
nism. The object’s constructor should leave it NULL (which is automatic when using the default

tp_alloc).

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

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

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

typedef struct {

PyObject_HEAD

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

And the corresponding member in the statically declared type object:

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT(NULL, 0)
/* ... other members omitted for brevity ... */
(KDR=V1ZHiEL)
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(RIDR=I D5 DR E)
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
g

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

PyObject_ClearWeakRefs()) if the field is non-NULL:

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

2.3.7 FDOMHWLA NS

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

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

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

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

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

BE:

Download CPython source releases.

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

The CPython project on GitHub, where the CPython source code is developed.
https://github.com/python/cpython
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24 C B5&U C++ HRDEIL R

CPython @ C #E3RI1E #HAMEEAE 2 = 7 AR -+ LHEF 4 77V (Fl. Linux D .so 7 7 4 L%
Windows @ .pyd 7 7 4 JL) T3,

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

automatically.
WIHHLREIE D > 72 F v ZRD B H T

PyObject *PyInit_modulename (void)

CoMBLIER It I N EY 2 — LD, PyModuleDef 4 Y A X Y A EKRLET, sfLVI X
initializing-modules ZZM L T 72& W0,

FENT ASCIL LM TWIRWEY 2 — L O5E, BI#I3 PyInit_<modulename> @ <modulename> %
EY 2 — VA TEEMZ 2D TRIFIIAED $£42 A, multi-phase-initialization Zfio> TW3 & XX, £
V2= ASCIL PADF R ET, Z0%E. HIHHLREE D41 PyInitU_<modulename> T,
<modulename> {INA 7 V%7 VX —RA 27 TEZHZ T Python @ punycode T> A —F 4 ¥ TLYaA—
FL7ZdDIZHD £F, Python TEL 2RO X5 RUHICk D 3

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

1L OOHEF A4 77 VICHBOWILEREZ ERT 5T, HBOEY 2 -V ELI AR— T2 LIEA
BETCTT. LU, 774V MTEI7 7 ANZBIHIE LR L2AMIT LS e LARVWDOT, HEOEY 2 —
N A YR—PSEDZIBI YRV 7V IHHEDA Y R— X =25 BEIHD T, FLVI LI
PEP 489 @ ”Multiple modules in one library” Hix SR L TL 72X W0,

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

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

simple case, could look like this:

from distutils.core import setup, Extension

modulel = Extension('demo',

sources = ['demo.c'])

setup (name = 'PackageName',
(RDR=V1FiL)
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(RIDR=I D5 DR E)
version = '1.0',
description = 'This is a demo package',

ext_modules = [modulel])

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

[python setup.py build

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

like demo . so or demo.pyd.

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

section explains building extension modules only.

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

compiling a single source file, demo. c.

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

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

from distutils.core import setup, Extension

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

sources = ['demo.c'])

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

This is really just a demo package.

(]
>

ext_modules = [modulel])

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

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

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

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

—2.2/demo.so

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

invocations right.

2.4.2 Distributing your extension modules

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

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

[python setup.py install

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

[python setup.py sdist

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

MANIFEST. in file; see manifest for details.

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

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

python setup.py bdist_rpm
python setup.py bdist_dumb

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

Z DFETIZ Windows [f]13 D Python JEiRE Y 2 — 1% Microsoft Visual C++ % f#i o TIER T % SIEICD
WTHHIZIER, ZORIHIIREY 2 =L DL FHRED XS ICHET 20OV TH LWERZBRN
I, ZOFHIK, Python #HREY 2 — L ZEKT % Windows 7 r 27 Z < ¥, Unix £ Windows O J5T
SFELEAURTESLLIRY 7 by =7 OERICEEKD D 2 Unix 707 7<0WG5ice o TEATY,

EY 2 LOFEEIE. ZOMTHIMLTVEHIELD B, distutils 1L 27 /B —F THRES 2 — 1 %2
NEFTBE58DFET, F72. Python & L K LI b C 2> 84 I 0R0ETT; #H X Microsoft
Visual C++ T3,

AR ZOFETIE. Python ON=2 3 YHFEEDPFEMXINTASTVEILXADT 7 A NAZDOWTHIN
72 F22ZFH—FN—FT14VY—IELTIEREZIES
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F9. INHDT7 7 A NKEF XY TRINZIANA-Y a VAN ETREINET; 'X' 3> T3 Python U
Ve ZADRAT % == a VFE, 'Y ZvAF ==Y a3 yESTT, flZiE, Python 2.2.1 Zff->Twn»
275, XY FEBICIE 22 12k D 5,

25.1 BYrsbor77O0—F

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

study the project file for the winsound standard library module.

2.5.2 Unix & Windows DI8&S

Unix & Windows TlX, 2 — FOFETRRAAAICEL BREIRTEZAL 22HOTWET, BIe—FXh
LZXI9BEIY2a—NEEILRLES ETBHIC. HODZ AT LANED XS IZHIET 2 0H > TEBNTL S
W,

Unix T&, EEA 7Y =22+ (1so) 77 AT R s I apffisa—F, 2L THar 7 2T S BB
RTF—=EZPAsTVET, 774D I LAHEEEIND L, ZOHDOBBPT—RXITNT 27 741D
a2— FADETOZRIE. X EVATHBR T —EHAREIN TS, 7077 2sHOEBROSGFZEST LS
WEBEINE T, ZHRERINCIZY Y7 BE2HD 5,

Windows Ti&, BV > 27477V (.dl1l) 7 7 A MITIERS I3 D B (dangling reference) 35 D %
th, ZORDY, R T—EZ\DT7 7L RBVy 27 v TT7—T V% LET, {€-TDLL a—FD¥;
Ay ETRICRA 208 7n 77 4 X ) EOELWEGZET X5 IBET 2HEIHD FEA; ZoRb
D, a—=FREEZ DLL Oy 27 v T 7 =TN%f0N vy 27 v 77— 70 BIREEITRIC KRR O B
T=RERTEOBIEEINET,

Unix IC1E, H—D5 475977 AR (.a) LaHD EXA. .a 77 A MCEBEROA TV 22+ 77
A (L0) HIRDI— KB A-oTVWET, HEATI 27 b7 740 (.s0) BIEKT 2V ¥ 7B O BREH
2. U U HEIERGFTO AN TFICEBT2 22 8HDET, ZOLEVVHEIATIVHADOL TV =
IPT7 7 ANVERRLET; b LARAITFAROM2E, VY HEZOA TV b7 7 4 bR TOa—k
ZHDIAAE T,

Windows TlZ. Z2DBRDIA 75V, BNIATIVEALA VR ITATIUNBDHDET (56D
J1ib 2MHERTVWE D), T4 77 V1E Unix B3 .a 77 A VRBMTVET; 2D 7 7 4L,
DENZIGC T IAEN S X5 A= FHA->TVET, 4 VK= bMF74 77V EARMNIIIRE O
PAETIER L, DLL ’u— FENTRFRTHRET 2 2 e 2R 272D IZHEONE T, VrhidA >
R=1+I74 77V 60EHREMHEoTLY 77y T 7 =T N %ER L. DLL IZA > TWARWEGIIFZEZ %
21 LET, 77V —=>aryR DLL Y Y7 &30, A VK= IFA4A T VBRERINE DD
DET, TDIA4TI7VE, 77V —2ary DLL RO Y Y RUKET 3 &5 7%, FRRIEREh 22T
® DLL Tffi 5 72 EICR D £5,
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Zoo#e—-RFEY2a—ib, Bt CEEKL, Hloa—-F7vy s A 2HEH322 L %3, Unix Tid,
A,a #B.so® C.s0o ZEAFRTRLEZDY U AIFELLDIE LEEBA ; ZARIEEZTHUL. - FiZZ
EWDAEN, B COZNERPETHO A —%2F>TLEVWET, Windows TlE, A.d11 LR T
52 A lib BEALFENET, BRCOYU Y ZIZIT A1Lib ZELE T, A.1ib IZEa— FRiZA->TVEH
Ay BIIZA Da—FRIZ7 72 RT 3T 3 7DIETRCAVLNZIFRIPIA > TWBEEITTE,

Windows TldA ¥ R—1+ 74 77V OMFEHIX import spam ¥ §2 L5 DDTT; ZOE(FIZEL - T spam
DHFNCT 7L ATELETH, a—FOab—2N/ERLAZDIELEHA, Unix TiE, 47500
VY273 LA from spam import * IZMUTWET; ZORETIIEICa—-FOav—24EmM L £3,

2.5.3 DLL EFAHDXEE

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 B¥iE, pythonXY.lib 2V Y HIZEXRIER D £ A, HIZIEF=>dD DLL .
spam & ni (spam OHNIZIE C BEDIA->TW2E LET) ZEAL RT3 UTFoavy FEFEITLES:

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

BHIoa~<>Y FT, =DD7 74 /L: spam.obj . spam.dll B XU spam.lib 2 TE FJ, Spam.dll IZiZ
(PyArg_ParseTuple() ® X 5 72) Python BiEIE < A>TV ERAD. pythonXY.1lib DB HIFT Python
A—-FZEDOFZZLIITEET,

ZOH®Dav Y RTiE, ni.dll (BX .obj & .1ib) B TE, ZDFA4 77 Vid spam & Python EfTE
KA ORBERBEE 5o TROTFIUE I VD H> T0E T,

ETOHANTFDNY 7T v TT—=TN RICREHEINZ2DITED D A, HDEY 22— (Python BIE%Z
EAET) 2o, BEOHBATHRZ S X512 F 5121, void _declspec(dllexport) initspam(void)
X° PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 512, _declspec(dllexport) THE
EERREZRD A

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

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

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

3.1 7 SV 75— 3> AD Python DIEDHIAH

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

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

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

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

BE:

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

3.1.1 RKEDIEDAH

Python O ®HAADR D EHLERIK, BEKES Y Z2—T7 2 —2ADFHTT, 204 VX —7 2 — R,
TV = ary R YWD T ERNENZ Python 227 ) P 2FEFTT27-00bDTT, HlziXziud,
—DD7 7 AN ETRISOHELEBT 2DIHHATEET,

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

int

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

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

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

loading the file contents.
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3.1.2 BRKEDIEREDAADSHEAHT: BE

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

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

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

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

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

3.1.3 IR DIAH

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

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

#define PY_SSIZE_T_ CLEAN
#include <Python.h>

int

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

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

(RDOR=V1Fil)
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if (arge < 3) {
fprintf (stderr,"Usage: call pythonfile funcname [args]\n");

return 1;

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

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

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

/* pFunc is a new reference */

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

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

Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;

(FiDR— 25 D %)

(RDOR=VIFiL)
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(FiDR— 25 D %)

}

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

}

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

}

return O;

ZDa— Fif argv[1] Zffio T Python A2 V7 b%a— KL, argv[2] PICHEE X 17501 OBEEZ O
HU T, BROBEGIEX argy BAT MDD $3, 2oFmrI7n% AVNAILLTU>YY L
(TELFATAREERZ call EMUEL x5). UFDXS57% Python 227V F M 2ETTHZ LI LET:

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

return c

FEITERIEIUTD X522 23139 TT:

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

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

Py_Initialize();

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

A4 2TV 2oFE, A2V 7 ME Pylmport_Import() Zffio THAAENE T, ZDIL—F Vi
Python XFH%E5IBICHZBENH D, 77— RXEHUL—F > PyUnicode_FromString() THZEL £7,

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

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

}
Py_XDECREF (pFunc) ;
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QORI YT IDEAAENS L, PyObject_GetAttrString() Zfi- TRERLHZEIE T £,
HHEIBRZ Y FIHIFEL, WG LA 7Y 27 PARUH LATREA 7Y = 7 FTHIUE, 20X TP =7
PR THZ2EZTELIABRVTL LS, 22TTRT I AIEAEB DD X T AEEIES £
3, Z0#%. Python Az TOa— FTHOHL T

{pValue = PyObject_CallObject (pFunc, pArgs);

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

BT IBRZMML TS0,

3.1.4 B&iA £z Python DILE

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

PIZFUTDLSI1TTT:

static int numargs=0;

static PyObject*

{NULL, NULL, O, NULL}
g

static PyModuleDef EmbModule =

NULL, NULL, NULL, NULL
i

static PyObject*
PyInit_emb(void)

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

emb_numargs (PyObject *self, PyObject *args)

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

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

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

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

{
return PyModule_Create (&EmbModule) ;
}
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Lo a—F% main() BABKOITCLIHALES, £72. UTDOZOD% Py_Initialize() OMEUHL
DHENZHAL X3

numargs = argc;

PyImport_AppendInittab("emb", &PyInit_emb);

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

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

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

EBEO7 TV r—2avTiE, Z5LEXY Yy RT7 7V —2 a3 YN API % Python IZRBT 2 Z 21
ZHET,

3.1.5 C++ IC& 3 Python DIE&HIAH

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

3.1.6 Unix R ATLICHIFRAVNALILE) VD

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

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

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

$ /opt/bin/python3.11-config --cflags

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

o pythonX.Y-config --1ldflags --embed FHEEDY 7 F 7> a V2 H AL ET:

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

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

AR BE Python N—Y a YHfE (L D DI RT 4D Python & HRTHETE L F L7 Python) TD

3.1. #OT7FUr—3 A0 Python DEDHAH 81
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RELZ #2702, L TOHID X 51T pythonX. Y-config IFHalt S A THEE) L7215 R WTT,

HLIZDFIETS T WArRFIUE (L2 ZHUILTO Unix R T 7y b7 43— LA TEET 2 Z & %2R
f3 2 b DTIXRWTT DN, bug reports [FHNTT), HRIZDIATLDRAFIv I YUY IZITONTD
F¥ a2 X2 ZHA, Python D Makefile DAV NRANF T a Y 2RRZNENHZTL & 5 (Makefile
DT Z N 5121% sysconfig.get_makefile_filename() ZffioTLZX W), ZDHA. sysconfig E
Va2 WHRITIOERITED 5, TR X o THREMTIMATZ NIy 4L - Vo 7Dt Ty a R
70 r 7 AR TE RS, flZIR:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'

82 %3 E KRELRT TV 75— 3 AD Python 5241 LOEDHAH



8%

>>>

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

executed interactively in the interpreter.

/N

DHLDPEZONET:

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

o HHAAADER Ellipsis

2to3

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

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

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

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

abstract base class

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

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

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

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

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

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

complex(real=3, imag=5)

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

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

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

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

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

asynchronous context manager
(GEEa Y7 A b~ =Y v) __aenter__() & __aexit__() XYV v FEEFRT S I LT async
with XNORBEZEM T 247922 b T, PEP 492 TEAXINE L7,

asynchronous generator
(FEFHY = 1 L — &) asynchronous generator iterator %R 3BT T, async def TERI Nz
N—F VEBUZI TV R 3, yield REFORTRLD $9, yield id async for /L— S TfEH
TELHDOM R ZARLT 2 DIHHEINET,

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

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

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

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

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

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

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

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

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

_await__ () XV v

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

-
—

binary file
(XA F VT 7 AN) bytes-like ZTP LTI b DHARAABIIEZRAANTES J71ILATox
Ik TS, "M FVUVT77AN0DHNZ, N4 FVE=F ('rb', 'wb' or 'rb+') THINIZT 7 £ L,
sys.stdin.buffer, sys.stdout.buffer, io.BytesIO % gzip.GzipFile. DA Y AKX Y AT,

Str A7V 20 FPDOBABEZINTEL 7 7 AN F T I 27 MIOWTIR, text file bBIRLTLZE W,

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

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

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

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

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

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

bytecode

callable

callback

32

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

NA Pa—FOMES—EiZ dis ES2a—L ZHDHET,

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

following syntax:

[callable (argumentl, argument2, argumentN)

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

__call__() method is also a callable.

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

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

class variable

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

complex number

(BERH) L<HLNTOREBREILRLEDDT, TNTORIIER EHoOME LTRINET,
RS RBEEANT (-1 OFEHR) ICEBEHIT 2D DT, —RICBETIZ 1 eErA, T¥TIEj &
I E T, Python I3EFBICHAAATHIEL, BREOEKGLEZM > TWE T, BHIEKREC j 20
TEEFET, XX 3+1j TF, math Y 2 —VOEREBREFAH T 21213, cmath 2#HVWE T, &
FROMEH I D SEREFOREET T, HEMHZET TR, SIEFEVREHLTLEST
WTL x5,
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context manager
An object which controls the environment seen in a with statement by defining __enter__() and
__exit__() methods. See PEP 343.

context variable
(A TFRAPER) av T F A MIMKFEL TRRDMELZFOLER, UL H2ERD[ENS L2 DFAT
ALy RTELZDEFEZAL Yy FRE—ALVA L —=YRBTVET, L2Lary7FIAMEKTIE. 12
DFETAL Y FIZWLK DDA Y TFAMBH DG, 2y 7 F R ERD RS2 IEFE B 2 2
7 DEDBIFTI, contextvars ZSM L TL X W,

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

JL—=F>
(A=) ar—F 37N —F DL RNZIEXTT, 71 —F I RD SRR
PHAD. Blokd s S, o HE T, aL—F L ICFZ L OfkL RHIEPH A, 1B, HIT
B2IEMTEET, TN —F I3 async def XTEETEFT, PEP 492 2ZHL T ZE W,

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

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

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

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

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

@staticmethod
def f(arg):

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

Any object which defines the methods __get__() set__(), or __delete__(). When a class

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

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

FRZ7YFEDRY v FIZB L TOFEMIZ. descriptors % Descriptor How To Guide &ML TL 72
W,

dictionary
An associative array, where arbitrary keys are mapped to values. The keys can be any object

with __hash__() and __eq__() methods. Called a hash in Perl.

dictionary comprehension
(FFEMNTIKRED) iterable NORTH 2 WE—HBOERZMMH L T, ZORRP 52 2FELIR ST 3 > %
7 N3EEZH TS, results = {n: n ** 2 for n in range(10)} £ T3¢, F—n Zflin *x 2
XM B EFE R AR L 3, comprehensions 2SR L TL 72X W,

dictionary view
(fFE L 2 —) dict.keys(). dict.values(), dict.items() 2HRTA TP =7 b TT, FEHDIHHE
DERE 2 — 2L FT, TbbE, HEILEINLI L a— 322 KML $7, &L 2—
ZIRHIFNICSER Y 2 M 311E list (dictview) ZHHA L TL 72XV, dict-views 2ZE L TL
7EE W,

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

place for documentation of the object.

duck-typing )
23727 IPELWVWA YR =T 2= 2o TWEPERETIDICA TV =7 FORMERZNT
077 IVIRARANLTT, bbbz, Bt 7Y =227 b XY v RRBEEDMENZ D Hbhizh
LET, (FELDEIIKAZT, 7EADEIRKEITIE, FHUIT L THB,)) A VYR —Tx—2R
FRIIDEHTZ T, EFELFTHA v Ehza—RiE RVE—T7 4 v 7 BREERFF L CHRIMEE
MLXEET, Xy 7 XLV 7E type() X isinstance() WKL AHEZBITE T, (2L, XV
IRAVY 7% HREEV SR THETA2IdTEET, ) 2ofb b, MAMIC hasattr O
Ee BAFP 7u27 oI v 7% FHALET,

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

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

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

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

or streams.

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

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

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

encode Unicode to the operating system.

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

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

used to get the filesystem encoding and error handler.

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

PyConfig.
See also the locale encoding.

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

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path,
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and path entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

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

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

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

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

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

return a + b

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

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

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

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

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

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

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

yield O NZRATEITIRE (RIFMABSARUED try X 2at) 2@l T, W —RaicH
WrahExd, DxRL—FATL—% HEHINL . T LMVEZIIGL 3 (@ OB FT
D7z TITH LWIREED S B4R S 2 @ & MR T ),

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

values for an enclosing function:

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

generic function
(=3 V vy 7B Rz 280 LECREEZ T 2 B> SR XN 28T, MO LKIICY
DEEEZHANDEPET 4 ANy FT7AITVXLCEDPIESINET,

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

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

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

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

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

27 BEHED 2 VIO WL D DIRRE Y 2 — i, BNy & 2582 Y OFH O E WL
32 EICGIL ZERT 2 X KIS TOET, /2. 1/0 W %E 3 254 GIL &# IR
ENET,

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

more complicated and therefore costlier to maintain.
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hash-based pyc
(Ny¥anr—Zpyc 77 A) IESWERHEIT 27012, MIGT DY —RT7 7 4 VOB EFRLIT
BNy Y2 fli2EHT 2L Fa—-FDF vy v a7 741 T, pycinvalidation ZZHE L TK
72EW,

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

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

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

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

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

immutable
(A32—2T7N) BEDEER->TA T2 bTF A 32 —RTNRA T 7 MTIE, BiE. X
FH, BERORXRTAREDRHYET, ThoDF 727 MIMEREZONER A, HlOEEESE
BHIIE, FiBA T2 7 PV ERER L RTNERD ERA, A I 2—FT7ARIT T 7 NI BEIE
DAY Y 2 @R 72 2 RN CTEHERFE 2R LT, HEOXF—BZOHITT,

import path
path based finder 3 import %€ 2 —VEMBRT 25T (X721& path entry) DV X T, import
. ZOVU R MIEE sys.path D ORETH, 37 v F—IDFEFHE Y 7 —ID __path__
JEHED S R ET,

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

importer €
Ja—VERLTR—-FTEE TV b, finder ¥ loader DEBLLTHHEA T =7 b,

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

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

interpreted

92 fi8% A &= FI3E
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Python 134 ¥ & 7V XERDOEFETH D, a2 84 FEFHEOMMMEL 5, (N4 ba—Fars
AIDBBH B2, ZOXKFNIEBHETTH, ) TITOA YRV REFiELIZ, V—Ra—FD7 74
N, FFEAUEFERICL T LETIE I L Vo BER LIS, BEETTEL2Z22EKLE
T A VX TVRXERDFEIETE. 2281 FBAOFFEID ST TNy 7OV 4 7 V30D
DD, F0Z 5 ADFITIEF—MITEBENTT, WEH BBWL T IV,

interpreter shutdown

iterable

iterator

Python £ Y& =7V X —d> v v P XU VY REFEINLFHI, EY 2T XRXTOI VT 4 AR
NEREZ 2 8D, TRTOMRLIY Y — R BFEINCHEKT 2. FilR 7 2 —XICAD &5, 20
7= AR=J ALV F 2HEBEMFCHLEST, CTARREDZI—F—ERDT AT 7 X —%
weakref 2 — LNy IBIEUHEINZZeBHDET, v v FEU Y7 2 —XHIZEfTENEa—F
F ENPMEETZ VY — AP TTIHERE LR (KL< DB 2RI T A 75V —FY 2 — /L% warning 1
HTT) 2ok & 2 fIAMCER L £ 3,

AVER—TVERRT vy PR T2 ERERIE  main | BV a2 —AREfTEINTWSEZAZ U T
DFEATHET LIz 2T,

An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as list, str, and tuple) and some non-sequence types like dict, file objects,

and objects of any classes you define with an __iter__() method or with a __getitem__()

method that implements sequence semantics.

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

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

T=ROMNERBTEATI2 I P T, ATV =KD __next__() XV v FEHEDRLFFEUHT
(£7213HAAABIE next ) 1ITHET) &, MWOFTDERZ —DFTDORLET, 7—X»0 KDL,
Kb DIZ StopIteration fISNZEH L E T, FORET, /1 TL—XATV =27 VIRETEY, *
NLEE __next__() ZAJEMATD StopIteration ZEH L ET, /1 7L —XiEX, 2471 —
EAT7Y =27 PARZIET __iter__O) XYy F2EELLTNUILSLVDT, 4 7L —XEMoD
iterable ZZM T 21Z L AL OHFITHHTE R T, 3o & D & LABINZEROREZITS 5%
A—=FTF, List D&kS5R) ary7FA7Y =27 ME BEZ iter(Q BABUCA T Y =7 MITE L L
D for V=TS T, B REHDA TL -2 2ERLET, ThiedA 7L —XTITES
E55e, HiEDA TV —2a Y THERFEADRICA 7L -4 7Y 27 b ZHMISRS 720, ZEDa
VTFTDESITHHoTLELET,

FE 7 BRI typeiter I2H D T,

CPython I D& #: CPython does not consistently apply the requirement that an iterator
define __iter__(Q).
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key function

keyword

lambda

LBYL

list

(F—BI%) *—BI%L H2VIIREREEIE. YV — PRIEFLED 7D OEZ RSO LATREL 7
¥ =7 b (callable) T9, B2, locale.strxfrm() & F—BRICHZIE. v —UKFDY — b D
BEICDo oY —FF—ZIELET,

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

F—BEEZ HIEEVL 2D H D £3, Bl str.lower() XY v RERFE/NLFERXHIL
WY — 75X B LTS ZepikEd, »5WE lambda r: (r[0], r[2]) O X
5 7% lambda HH 6 ¥ —PBABZIES Z LA TE %9, K7, operator.attrgetter(), operator.
itemgetter(), operator.methodcaller() @ 3 DOF—Fa > A 57 23Hh £3, F—BIK
DIED 77 2 0T OfE Sorting HOW TO S L TL 72X W,

argument =
518 2SI L TLEE W,

(Z %) H{LDA V54 VBT, BBDUOHShize 2iICiHiicns 1 20 I 284F7, 74
X EEBUE E B #1E lambda [parameters]: expression T3,

FZ21305EDH (look before you leap)) DMFTE, ZDaA—7F 1 Y7 AXANVLTIE, FFOHLPBRRK
2475 RN, BRINCHTIRZAMF (pre-condition) HIEZ1TWE F, EAFP 770 —F L 0l T, if
MWK X AMDIN DS DA T T,

<ILF ALy FMEEhZBRE T, LBYL 7 7 —F13 7 37 @fE e " Ry @BREOBAREELS &
BZTVRIBDHD ET, HlZIX, if key in mapping: return mappinglkeyl ¥\ 5 22— FiZ,
HEDE, HlDRL v RHBERDEIC mapping 705 key ZFEDR ML T, ZOMEEZ, v
73 2%h EAFP 7 7a—F %5 Z L THIRTZ £73,

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

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

list comprehension

loader

(VA MANEER) =7 Y 2AFDETH VR —HMOERZUEL T, ZORR,26L2 V) R P2k
T, AV T PRAFETT, result = ['{:#04x}' .format(x) for x in range(256) if x % 2
== 0] £35¥.0H5 255 FTOMBE 16 EHEERL (0x..) LEXXFI»HL2 YA MRERL %
To if HildA T a2 T, if @i WEA, range(256) DR TOERPUH SN E T,

£
Ja— kU —FFT3F 7TV b, load_module() EWHEFEDRXY v FEERE L TWiRITFUIX
DERA, B—X—=1Z—BRINC finder 2> SRENFE T, FMllE PEP 302 %, abstract base class I
DWTIE importlib.abc.Loader ZZML TL 2 &E W,

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

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

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

See also the filesystem encoding and error handler.

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

mapping
(YY) FREOF—HEKEZ Y R—F L TWT, collections.abc.Mapping #* collections.
abc.MutableMapping @ HRHEIE I 7 X THEINLAY v FEFEELTWEary7F 4
7Yz FT9, Bl 11X, dict, collections.defaultdict, collections.OrderedDict,
collections.Counter % ¥ T3,

meta path finder
sys.meta_path ZMEK L TE SNz finder. meta path finder & path entry finder & BRIZH D F
o AT,

meta path finder 255255 % XV v FIZDOWTIX importlib.abc.MetaPathFinder 2SR L T 7
ISAAN

metaclass

(RRTFGR) VTADI FATT, VIRAERIEF, 7I7RA%, 77ADFHEL, HEIFADYV R+ %
EDET, XX 7 I7RE, £ 30%51 8 LTRIIMD, 27 AREZ2EMLEZEVET, IZLAY
DATY =7 MEAIGEE GRIE: X X7 7 AD) 77 4L b OERERFRMEL TV E T, Python 23KE5
BROWFHAARZLDART FRAEERTEBRTT, FEAEDI—F—IZWo T, X X7 F7RIELL
BEORWHDTT, L2L. —EDBETIE, XX 7 7RFBEHTZVLA Y " RAEZRELES,
YZEBET 7200 2 BN o720, ALy Re—ZWERBMLED, A7V 22 OEREBIL
Tebh, SN URRETRRY, ZLoBETHAINE T,

FEANE metaclasses ZZR L TL &0,

XYy R
(XY R) ZIAKRKDHTERINIEE, 207 F7ADA VAR ADREELE L TR EN5
B AV Y PBA VAR YZAATY 27 bE— 58 L LTRIMD £F (Z0HE—58IIEH self
CIENET ), BE ¥ RA SN —T 3B LTLIEZE W,

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

Python interpreter since the 2.3 release.

module

(£ 2—l) Python 2— FOMBEM Y LTEEL ATV 22 b TF, BV 2 —LIEEED
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Python * 7Y =7 b 2 EOHFEBMEZRD £ 3, €Y 2 —LId importing OUEIZ X - T Python
N7 SUSES 0=

NYT—=2 ZBRLTLIEZZWY,

module spec £
Ya—rzu—-Fis30iffbhsr AR THEEOEREZOHATEM TS, importlib.
machinery.ModuleSpec D14 Y AKX Y A TT,

MRO
method resolution order ML TL 72 & W,

mutable
(32—FTN) 32— TARBF TV 7 ME, id) 2ER B R HEEETEE T, 1Sa—
2T7)) BBELTLEE W,

»

named tuple
ZHITE RS L WS HEEE. R TABRELTWT, 4V Fy Z AN BEREIIH LB 2T
D7 7R TELAEREOIPL Y S RIEHEINTVWET, ZOHPr 5 IMOMEED > TW\Wa &
EHHHET,

time.localtime() % os.stat() DRV EZZLWV L O DIHAAARNIHAFIfT E X LT, fill
D% sys.float_info TI:

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

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

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

True

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

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

namespace

(FATZEM) BB E N 25T, ARIZEEITEFHEr L TEEINE T, LiZEMIcEA 7Y 22
FD (XYY FD) ANFICHEo7b DT TR, RFRS O, KENZ D, 2L THAAALD
SONRHH FT, AREMIZATOERE S ZLICE > TEY 2 — RS R— T3, HlZIZBEE
builtins.open & os.open() IFHHATEMTXAMEINTVET, Flo. EDOEY 2 —HEE R FE
LTWR2IRT 2 Z 8 ic ko THAMZEMIZATZE L RTEZ T L E3, flZIE. random.seed()
X itertools.islice() ¢FE L v, ZAFNEY 2 —)l random X itertools THEEINTWVWS Z
LD S TF,

namespace package
(BHIZER ARy =) TRy r—=YDary 7+ LToOAERMEINS PEP 420 TERI N
package TF o HBIZEM Sy =3B R RA LR RN e TE, __init__.py 7 74 V%
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Rz lni=9, reqular package 2 1ZED £3,
module ZBIRUTLIZE 0,

nested scope
(AR PSR T=T) SMUTERSN TV E LR SRS SAET T, BRI, D 2 BEEDRIDBEI%
DHRTERINTWLHE. NOBEBIIMIOBEBT OZE 2SR TEET, A A PSR a—7
377 4V b TRERDBRIEZTINTE, ZHORANRTERVDOTERLTLEZS W, B— VAR
F ROWRDR a—FTERZHAEE L XS, RIS, 70— VEREMES & 7o — ILHETZE
RIDOEZRFIAEE L ET, nonlocal THMIUDERICEZIADF T,

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

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

—_)

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

object
(A7 =7 b)) RE (BESLHE) LERINLRLZFE N (XYY F) 228 TDT—%, b LI
ETD FAEZAINI FR OFRMOEKS 72D L,

package
(R Fr =) FTEY 2= VPLHRFNH TRy r =280 L OHEKS module DZ & TT, &
FIRICIZ, Sy o —2% __path__ @M% D Python # 7Y =2 T,
reqular package £ mnamespace package B L TL 72 &0,

parameter

(R51%) AT ORIET B (2 XV Y F ) OERCBWTHEART 2 R318H 2HHEL %7, K
FlENCIZ S MEED D 5

o MWEFRLIFF—T—F: {UE THLIWIE F—T—F5|IH L LTET L TEL5EEELE
o T ZIBLIRD foo R bar DL I, T 7+~ DIRGIEOEETS:

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

MESH: fEICX-oTOAGZONIEIMEEEL 3, MEBHFHOL T BEERDFIBOV
AMDHTEZENSLDHRAI / ZEDDEI L TERTEET, BIZIXTELD posonlyl ¥ posonly2
A EHEHT IR D £3:

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

o F—U—FER: F—U-FRIoTOAGEZLNZ5HEIRELET, F—V—FEHDFIEE
EFRTE L5, BIZIELLRD kw_onlyl ° kw_only2 @ X 512, BBUERDIRGIEY X M2
B ERMES B EZIETHD x B TT:

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

o AERME: (hORGIATEICRT SNAERDOMES IR Z T) EEOEBOMES G Z
LNB I BEELE T, OIS RRGIEIZ. LUTD args D X 5 ZRGIEAH DRI * 201F 5
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Y TERTEET:

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

o AIERF—7—F: (fOR5IBTHCRZI SNLERD X —V — F5IEICMA ) EEOEKD
F—U—F5BBE5Z5N2 e REELET, 2D X5 RE5IEE. LOBID kwargs DX 51
BB DRI ** 2235 Z e TERTEE T,

REIEIEA 7> a Ve HDGIBOEDL HBIEETE, 47> a yOglIET 7 4V MEBDIEETZ
£75,

RE1% . FAQ @ E5 8 KG B DEWIZMTFT? . inspect.Parameter 7 7 A, function 2
va¥, PEP 362 #ZRL T ZX W,

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

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

NRAZY P =T 74 YEPRETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
LTS W,

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

modules on a specific path entry.

path based finder VA
7 4V D meta path finder @ 1 2%, €Y 2—IvD import path ZREL F 3,

path-like object
(path-like #7227 b)) 77 A NS AT LRRA%ZRKLF T, pathlike 72 =7 Mid, %2R
T str A7 Y27 MR bytes A 7Y = b, 713 os.PathLike YR P AN ZRHE LA TV =
ZbDENDTT, os.Pathlike YR Fa %P K- L TWVWELF TP =7 M os.fspath() %
MUOHST 2T str £7213F bytes D7 7 A VT AT ARRICEBTEE9, os.fsdecode() &
os.fsencode() IZFNFN str H2WVII bytes KRDZDEHRAT 2DIMEZ LT, PEP 519 T&E
ASNFE L7,

PEP
Python Enhancement Proposal, PEP &, Python 2 I 2 =7 4 18 L THERZREET 2. H 2V
Python OHFHERER Z DBERLIRIFICOW TN T 23ELFHT T, PEP &, HEEICOWTOER
Btk L 1R85 3 2 RE Dl (Biam) ZBZ 2 NE T,

PEP &, #EREDIREIC»H 5, 23 2 =7 1 I X ZMEREDHEME Python 1272 SN 28GR
DXENDTD DR LM OMIKE 22t ZBKLTWE S, PEP OFZHICEII 2 =T+ NDEE
Bl ziT5 2. RNEREXELT 2 DEBERDD £5,

PEP 1 Z2ZRL T ZEW,
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portion
PEP 420 TEF XN TV, namespace package IZJBT 5. D7 7 4 VH (zip 7 7 4 VK&
TNTVEHEDDHZ) 1 D2DT 4 L7 MV ITHNE b D,

{IE5|# (positional argument) =

I8 ZZML T EW,

provisional API
(E7E API) Y5 4 75V 0% HIREREED O FHHENCERAA SN D DTS, 20X 5% 4 v X —
T —ANDOKEREHEZ, ETHALINTVAMBPFIRTOERAN., a7HEECE-T
ME Y AU, BAIEERREE (L X —7 2 —ADHIRETEEN D) MTbIZET, Z
D ESBEFRRIFOLRAITONEDDTIED D FHA - ZHUX API ZHHAALENCIEREZ  STw»
J2ERKBRMMPBRE L2 Z2ICOBATONET,

PE APT IZOWThH, BAAHM DR WER R REFER LARINTHET, MERHIL L
Ga TR AR R T RETT,

o7tk EES A TSVEIMEr R TFYEAL VLT —ICRVWEH LA NS Z L,
FRRZEX CELER SN FE T, 5l PEP 411 2R LT EEW,

provisional package
provisional API Z#ZRLTLEE W,

Python 3000
Python 3.x VUV —ZX74 D=y 73— LT3, (Python 3 BEWRRDFER o LHIESNT-F
T3, ) "Py3k” x5 ddHh x7,

Pythonic fth

ST MR E 2 THErNIza— F TR, Python DRHT IR A 74 2o & 2

Fea— KRk, #HlziX. Python O— kA4 7 4 F LTk for XEH>TA T 7 7NLDITRNRTOER

WRKE-oTL—=7LET, DZLDFFEBICIZOMHMEAITRND T, Python IZEHRTWZRWARAD
DICBIED A Y > R—2 5 0d L ERA:

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

ZAUTH L. Ehwiz Pythonic 72 41K

for piece in food:

print(piece)

qualified name
(Bffith) £ 2 —lDIZB— ULRA=T 00, ZOEY 2 —LTERINIT TR, BB XV v R
AD, "R ERT Ry FEELTT, PEP 3155 TERSNTVWET, My FLNLOBEKSZ 5
AT, BEiZREA T2 FOARTEFEILTT:

>>> class C:

class D:

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

pass

>>> C.__qualname__

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

>>> C.D.meth.__qualname__
'C.D.meth’

BV 2 AANOBRTHDLNZ 2, TREM® (fully qualified name) IZTXRTOE Y =% BT
2RO Ky AR, HlZ1T email.mime.text ZEMKL F 3

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

'email .mime.text'

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

the reference count for a particular object.

regular package =
M, __init__.py 7 7 ANVEELT 4 L7 MY 2 LTD packages,

namespace package BZHLTL 72X,

slots 4
FANTODEET, A YAXVABUOHEBEDH LN UDERLTEBE, 4 VARV AFELHIRT 2
ZrT, ABVZEHNLES, 2T L HELNET 7=y 7 TIH, ELLFESIRKEFHPLIY v F—
BROT, Mk —A, BIZIZXEYDHERELRE7 TV —2a Y TA VAR Y ANKEICTHET
5, LWVokt FRIRE. FDLLRVDIBRZ FTT,

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

lookups use arbitrary immutable keys rather than integers.

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

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

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

Operations.

set comprehension
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(BEAMNTIEKED) iterable NOLTH 2 WVWIE—HOBERZMUHE L T, ZORErOLRIZEETRTa Y
XY M EEZ T, results = {c for c in 'abracadabra' if c not in 'abc'} ¥ 33 &,
{'r', 'd'} WS XFHNOFELAEM L £F, comprehensions ZZHE L TL 72X W0,

single dispatch
generic function D—FETRIEITZ—DOD5IBOENT X DFEIRINE T,

slice
(R4 R) I =T VR D—FWEELATI 22 b, RA54 A, TFEER [ Tz ohE
BoFoicaareEL e TELNE T, BHlZIX, variable_name[1:3:5] T3, AN ((R"F)
SEE slice A 7Y =27 b ENERTHHL TVWE T,

special method
(RHEX Y » F) & 28N2REO#HE. BIZIXMEZ T 272912 Python 7 SBFEICIF O H S5 X
Yy Fo TOBEDXY v Fid, XYy FEORHIERRIZT VX =237 2 008200 TWET, Kk
XV v FIZOWTIX specialnames TSN TWE T,

statement
(X) XEAA =k (A= RFD” 70y 27 TRARKEHETT, X R rF—v—Froflshs
HDODEH LT, %BEICIE 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
(THFRAPI7A4N) str AT 27 VeF@iAEEXTES file object TT, LIFLIEX, 7FA M7 74
JFEBITAAL MEAIOF—ZZA M) — A7 78R L, TEAMIYO—FT 4 >4 ZHHNITV
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3, 7¥A L7 74 VDA, sys.stdin, sys.stdout, io.Stringl0 4 Y AKX Y AR EE T ¥ A
FE—F (Ir| or 'W') THHWZ7 74 LT,

bytes-like 7T TV b BRAZEETEBZ 77 ANVF T2 MZOWTIE, NAMFUT 71l 35
JRL T,

triple-quoted string
(ZHEZ7 4+ — MXF) 300fE Lz 2 +—Piads () 27 KA a7 4 — () THENL T, @
WD (—H) 74— FXFINIARTRIT Z 3 XFINTENID D FHAN, ZOorOMBITHAT
T 1002008 L7l 4+ — bMIBEELT IR —TMLICEL N TEET L, TiCE () &
HHORLS THEBITICE D2 28D TELZDT, FFa Xy T — a rXFH% S RHCRICEF]

T,
type
(B Python 2 7Y 27 VORI A T 2 7 WD LS RBDODERDET, HHWELF TV b
WHEZR > TWET, 77927 FOBIX __class__ EMET7 72X L7, type(obj) THUSFL
7D HRE T,
type alias
(B4 v 7R) BRI T, B2l I L TERL £3,
By 723 Ber bk 2HEMLT 2DICHEHATTY, HIZE:
def remove_gray_shades(
colors: list([tuplel[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
CHRBRDESITEDFHART S TEXT:
Color = tuplel[int, int, int]
def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
BEEEDFIHD D % typing & PEP 484 2SR L TL X0,
type hint
(Bler b)) 28 7 7 ZEME BRBD RS X =22 B EOHIGF SN TUZIEE T 5 annotation TT,
Type hints are optional and are not enforced by Python but they are useful to static type checkers.
They can also aid IDEs with code completion and refactoring.
Ja—NVEH 7I7REMN BT e—-FI A ZHTRVIODE L Y I typing.
get_type_hints() THUFTZ %7,
FSEEDFHIHD B % typing ¥ PEP 484 2L TL F X\,
universal newlines va

FRAMRAMY —ADBERFED—2T, LUFOFTARTEZITREIRIML £9: Unix OFTRHE "\n'.
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Windows OE '\r\n'. H\> Macintosh OHE '\r'. FHEIZOWTFHEL L 1Z. PEP 278 ¥
PEP 3116 ., X5IZ bytes.splitlines() WL TLZ &\,

variable annotation
(EBT 7 T7—=>ay) ZRD50IE7 7 AEED annotation .

BB B NZ 7 7 ZABMICERZ NI 72 & 21k, KA IMEETT:

class C:

field: 'annotation'

BT 7 T7—a @B BEEY L odifibiET: flZIE. ZOEEII int DEZESLZ
XA TVET:

[count: int = 0

BT ) T— a ¥ OREIIOWTIE annassign BT LTV T,

KEEEDFBADS D B function annotation, PEP 484 | PEP 526 ML T &\, /-, 7/ 77—
YaYENHETERNANTF 77 4+ AL LT annotations-howto SR L TL 72X W,

virtual environment
(IRAEBEES) WA Y D X h 72 FHFIEECF, ZAUCE D Python 2—F &7 7Y 7 —3 2 VI
UL AT 5 ETEHHNTWAMO Python 7 7V 7 —> 2 YOBEENCFH T2 Z 242 < Python Sy
T—YDA VANV EEHET) ZENTEET,

venv ZZHAL TL 2 & W,

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

Zen of Python
(Python ®1&D) Python ZEEfELFIHS 2 LTOEZ Y725, Python OFEHRRIE EH¥%2 U A MZ
L72bDTY, Wair v > 7 FT "import this” ¥ T2 ZDVRAMEHDET,
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CORFaAXYMIOWVT

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

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

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

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

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

B.1 Python RF¥aX> + BEfE

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

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

C.1 Python DFESE

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

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

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

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

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

2.2 DIRE 2.1.1 2001-3ifE PSF yes
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FMR: TGPL Ay 25 ERBIE, Python 78 GPL TEHHAZNTWR 2 WHEKTIEH D ¥ A, Python
DIA4 LY RAFET, GPL 2iEW, BELEANA—Y a VERMATIBICEREL2 A -T2V — 21T LT
PEVERA, GPL HE:E DS A4 v ZADRTIE, GPL TY VU —XEZNTWBflidY 7 hY =7 & Python %
MHAeEbLELNETY, ZNLHD T4 LV ATIEZSTIEDD A,

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

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

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

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

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

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

plete list of these licenses.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.10

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

3.11.10 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.11.10 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.11.10 alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.11.10 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python

3.11.10.

4. PSF is making Python 3.11.10 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.11.10 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.10

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.10, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

its terms and conditions.

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

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

third party.

. By copying, installing or otherwise using Python 3.11.10, Licensee agrees

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

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

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

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

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

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

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

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

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

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditioms.

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
(RDR—=V ki)
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5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

its terms and conditions.

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

party.

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

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.10 DOC-
UMENTATION

Permission to use, copy, modify, and/or distribute this software for any

purpose with or without fee is hereby granted.

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

C.3 Licenses and Acknowledgements for Incorporated Software

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

incorporated in the Python distribution.

C.3.1 Mersenne Twister

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

code:

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

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

or init_by_array(init_key, key_length).

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

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

are met:

1. Redistributions of source code must retain the above copyright

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

documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote

products derived from this software without specific prior written
(RDR=V ki)
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permission.

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

Any feedback is very welcome.

http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C32 VYT7wvhk

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

(RDR=V 1K)
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SUCH DAMAGE.

C.3.3 Asynchronous socket services

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

A1l Rights Reserved

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

permission.

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

C.3.4 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy 0'Malley <timo@alum.mit.edu>

A1l Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy 0'Malley not be used in advertising or publicity
pertaining to distribution of the software without specific, written

prior permission.

Timothy 0'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy 0'Malley BE LIABLE FOR

(RDR—=V1Hi <)
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ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 Execution tracing

The trace module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko 0'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.

Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to

distribution of the software without specific, written prior permission.

C.3.6 UUencode and UUdecode functions

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.
A1l Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
(RDR=12Hi)
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both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.

LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO

THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE

FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

- Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,

and will comply with the following terms and conditions:

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

prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOQUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select Y 2 —E kqueue f Y Z— 7 2 — ROV TDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

The file Python/pyhash.c contains Marek Majkowski’ implementation of Dan Bernstein’s SipHash24

algorithm. It contains the following note:

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod & dtoa

The file Python/dtoa.c, which supplies C functions dtoa and strtod for conversion of C doubles to and
from strings, is derived from the file of the same name by David M. Gay, currently available from https:
//web.archive.org/web/20220517033456 /http: / /www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

/3K 3Kk ok ok ok ok ok ok ok K o ok ok ok K ok ok ok K ok ok ok K K ok ok oK K K 3 ok ok K K 3 oK oK K K ok ok ok K ok ok ok K ok ok ok K ok ok oK K
*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*
*
*
*
* Permission to use, copy, modify, and distribute this software for any
* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

(RDR=V ki)
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or modification of this software and in all copies of the supporting

documentation for such software.

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

E I S S L I

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made
available by the operating system. Additionally, the Windows and macOS installers for Python may
include a copy of the OpenSSL libraries, so we include a copy of the OpenSSL license here. For the
OpenSSL 3.0 release, and later releases derived from that, the Apache License v2 applies:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

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

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

"Licensor" shall mean the copyright owner or entity authorized by

the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the

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

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

exercising permissions granted by this License.

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

source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but

not limited to compiled object code, generated documentation,
(RDOR=V ki)
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and conversions to other media types.

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

(an example is provided in the Appendix below) .

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

the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

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

designated in writing by the copyright owner as "Not a Contribution."

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

subsequently incorporated within the Work.

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

Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a

cross—-claim or counterclaim in a lawsuit) alleging that the Work

(RDOR=VIFiL)
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or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

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

meet the following conditionms:

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

Derivative Works a copy of this License; and

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

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

the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed

as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.

Notwithstanding the above, nothing herein shall supersede or modify

(RDOR=VIFiL)
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the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor

has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason

of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured

--with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured

--with-system-1libffi

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
““Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be included

in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT

HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
(RDOR=V1Fil)
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WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictionms:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be

misrepresented as being the original software.
3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler

jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

The implementation of the hash table used by the tracemalloc THH L TW3 Ny ¥ aF— 7L DELE
%, cfuhash 7Ry =7 bDBHDICHDOETF T

Copyright (c) 2005 Don Owens
A1l rights reserved.

This code is released under the BSD license:

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

* Redistributions of source code must retain the above copyright
(RDOR=V1FiL)
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notice, this list of conditions and the following disclaimer.

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

with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

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

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured

--with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

1. Redistributions of source code must retain the above copyright

notice, this list of conditions and the following disclaimer.

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

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
(RDR=V 1K)

C.3. Licenses and Acknowledgements for Incorporated Software 125




Extending and Embedding Python, JJ—X 3.11.10

(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.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
A1l Rights Reserved.

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

are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without

specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project.

projects/sox/files/sox/12.17.7 /sox-12.17.7 tar.gz

https://sourceforge.net/

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use.

Users may copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND IN-
CLUDING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR

TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun

Microsystems, Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFT-

WARE OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special,

indirect and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT

license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

the following conditions:

The above copyright notice and this permission notice shall be

included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION

(RDR—IHi<)
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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