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ZORFaXYPFTlE Python 4 Y&V VY REHIRT D2HLVWES 2— 1% T C $£71F C++ TELA
BEERHLTOVET, COEIREY 2L TEHFLVEBEERT 2720 TIERL, HLLWEP, 2O X
Vo RZERTHIENTEET, FFaX Y TEIMD7 7V —2> 3 > T Python ZHRRSEFEE LT
T 572012, Python f Y X TV X %E7 FVr—3 a VDAL HECOWT @R LT, REIC. TE
DARVL =T 4 YT RT ADEN (EITHRE) v — FZ2HKR—F L T0IUR, TEREY 2 — DB T A4 7
SVWCE—RFENB LI, EV 2B URLNALY 2T 3HECOVTHERLET,

ZDRFaXy T, #EE Python ICOWTERBIIRAGZRBEHLETVWEIIDLRELTVWET, B
A 5% Python FFED AFNCIE. tutorial-index Z#HiA T < 72 &\, reference-index Z#Hi® X, Python
SRBICOVWT XA REREEONE T, F7, library-index Tld, Python IZEVEAHIEZ 7261

TWAEFEOA 7Y =7 M B, BXU (flAAA. BXU Python TEPNZD DD ST D) £ 2 —
MZDOWTHREH L TVE T,

Python/C API 2D LWEHHIZ. AIO FF 2 X2 M TH B, capi-index ZZEL T ZE W,







ONE

EITITHOHY—FN—FT1Y—I

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

BE:

Python Packaging User Guide: Binary Extensions Python Packaging User Guide (&34 F V) #EER DAEA A
B BRI Y — L2 AN—= L TWA T TR, ETHRDICREIIREY 2 — V22 Z e
LELVHRDORA LRI OWTHEGR L TV E T,


http://cython.org/
https://cffi.readthedocs.io
http://www.swig.org
https://numba.pydata.org/
https://packaging.python.org/guides/packaging-binary-extensions/




TWO

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/

Extending and Embedding Python, J1)—X 3.9.21

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 —LOMRICHET 5 5%, EEERREENL
e )

ARR: Python &, AT AR Ko TUIEEANY XOERICHE TS E58 7V Tuty B ERET-o TS
DT, Python.h ZWVWTNDIFENY XX D BAEHICA 71— F BRIFEDEHA

Python.h %A > Z/)L— R¥ BH{IC, #IC PY_SSIZE_T_CLEAN 2EHKT 2 Z e BRI NE T, Zo~vrn
DFFICOVTIE IRRES a—ILEBTONZ AZER 2L TLEE W,

Python.h TERINTWVWA I —FL 5[OS v AU, & THEEE Py £721 PY v TuwEd, 727
L. BHENY X7 > A VANDERIKREE T, fH DD, Python NTHEEIZHES Z itk 20w H
B2 5. "Python.h" lFWL D DFEHEAN Y X7 7 4 )L <stdio.h> . <string.h> . <errno.h>. B X
<stdlib.h> 24 Y7L —FLTWVWET, BEDANY X7 7 A LD AT A IR U, "Python.h" 230
B malloc() . free() BX U realloc() *EHEERL FT,

RIZT 7 4 MTBIE 2 NAEE,. Python 3 spam.system(string) %FHiid 2 B I3 Z v ik
% CBETT (OB RMAINCED XS O THE. BTTSCOID ET):

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

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))

ROR=STER)

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

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

return NULL;
sts = system(command);

return PyLong_FromLong(sts);

Z ZTlE, Python @518V A b (flziX, H—D "1s -1") 226 C BAERICEITSIBICZOEEEHL T
£9, CEBIHIC o058 ERb. HEINC self BXY args LFHINE T,

self BIBUCIZ. BV 2 — L LNV OBBTHIEEI 2 —h, XV Y FIJIEATI 27 b A VAR ADE
EhET,

args 518UE. FIBDA o7z Python R T NATI 27 bADKRA Y RITKEDET, X TNVANOZERIL,
O L OBROFIHEY A MBI 2 &5 18T HIG L £ 3, 518U Python 7Y =22 F T3 — C BT
SIBEE > TM2EITSIICE. A 7027 b5 C OEIEIERIER D FH8 A, Python APT @B
PyArg_ParseTuple() 5|8 0M%EF v 7 L. C OEIZEH L £3, PyArg_ParseTuple() &7 ¥ 7L —
PR ST, I T Y 27 P I EE ANS C ZBOBEHHILFT, ZhiZon
TEBRTHFLLHHL £T,

PyArg_ParseTuple() &, 2 TOFIEMNELWHEZHF o TWT, 7 FLRAEL SN SEBICET I BERE
RELEZWCE kEn) ZIRLE T, ZOBMBAERSIFV A M 2T LB () 2RLET, BRED
e, BEGETI AN XS 20T, FECH LK (BlicdH 2 X 512) T<CICNULL ZIRFT L5 LT
L&V,

2.1.2 BRE/NGE: T5—HN

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

to know about them to understand how errors are passed around.
Python API TiX, H4RBOFIMNZLy N T 27DDEBEZ W DPERLTVET,

bord I HWHNZDIX PyErr_SetString() T3, 5IBEHINA T =2 + ¥ C XXFHITT, FlskA
7Y =7 MIEH. PyExc_ZeroDivisionError O K H RERFADA 7T =2 FTF, C XFHNIL T —
DK ZR L. Python XFHF 7Y = 7 MBI THSLO ” MEE” TREFESNLE T,

b5 —OHFHRBEBE LT PyErr_SetFromErrno() 23 b £3, ZOMEII5IEIcHINZT 2 D, (TEE
378 = NVEE errno D HMERLET, b o & b PHNRBEEII PyErr_SetObject() T, Z20DA 7
Y= b BISNENBEEZIIBICED $F, ThSBEBICE S A 7Y =27 MZIE Py_INCREF() %5 HEd
HHEEA

By P ENTWE D E S hid. PyErr_Occurred() % ffio TIERHEINICHANRN SN E T, Z OBEEIIHA
EORIINA TS = 7 VR LU ET, BISDFEE L TOWRWEAIZIE NULL 2R L £35, @EIE. BEROERED (|
PHITT—DPRAELLZHIITE 2133 72D T, PyErr_Occurred() ZMUHTHEIETD D A,

2.1. C*® C++ IC&3 Python DR 7
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BEIEL g POV T f 25, BIE OBBOMCH LICKRR L2 Z e 2l T 2 2. f BiRIZT 5 —f# (KX NULL
$ -1) BREIRERD FHA, Lo L, PyErr_x() BEHOWTh»ZRRHTHEE HD EFRA — ¥
"o, g BT TRMHECHELTWERSTT, KT f 2MUHLZa— o —%2R3HE BS5ERFUHL
fcd— R R 222 £925, [FRIC PyErr_* () 13 MUHLEFEA . UFAEBRCHEE ST — 25—
DR BFLWVERIZ, Rt 7 — 2B LEEEDS T TICRE L TWE 25 TY, =7 —2 Python 4 ¥ &
FVERDRAA U N—FIZEGET 2 &, BAEEITHO Python a2 — Rid—Fs1E L, Python 7125 < »3EE
LB R RBELEZS L LET,

(£Y 22— PyErr_*() BIZ D 5 —ENUFHL T, EDFEHRTI —X v —I%RM4T 2 X 5 RWH
HDET, ZOLIBRKHTEZS ITARNETT, idvi, —BIRHAAE LT, PyErr_x() Z[EH IR
HFBEIZRL, 2 TIEZS —DFERICBET 2HEMEZRIMRICRDNBETT: ZHAIZED, FAED
BEDP R A RIEHD» S KRBT 20b LNFERA)

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!

OB RS 2 OERIE, 2 —FIZRERICWERSNE T, PyExc_ZeroDivisionError ® L 512, &TD
HAAAD Python FISMZIIMIET 2EFHEAD C A7V 27 v 23d b, BEHEAATEES, 3b5A.
SLOBEPUIE ATHORIIRD FRA — 77 ANDRIT RPN o722 £ 2R T DI PyExc_TypeError Zfio 7
DIFLARWTLZIW (ZOHEEEZ S PyExc_I0Error DFICTRNETL & 5), 518V R McRIED
H B5E121E, PyArg_ParseTuple() 172\ T\ PyExc_TypeError ¥ L £3, 51 DOMEDRIE O HiFH
ZHEZTWID, DMz TR ESEMEZ T XI2h - 7 5E121E. PyExc_ValueError 2HYI T3,

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

static PyObject *SpamError;

ZL T, Y 2L OYIHEBEE (PyInit_spam()) OHT, BINF T2 =7 b2 {E-> THHIEL £

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

ROR=STRR)

8 F2E HY—FN—ToV—I L 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;

Python L RATOHIHNA TP =2 b DHTHINIX spam.error 12725 Z 2 ICHEEL TL 2 W0,
PyErr_NewException() BE%XX. bltin-exceptions TR ST\ 3 Exception 7 7 AR EIE T 7 AT
Fiohs 2 2 A HERTE 3 (NULL ORb D icftho 7 7 2% L7 5EE3RITF),

SpamError Z#d. #7iTEREINBINT 7 ZANDZREHFIT 2 Z L IHTEREL TSV ZHIFER
BRAERE TS A a— RPFNA T 27 b EEY a— AP ORETE 272D, Y 2 —A05H2IHE
MLUTBIAN 2 5 A EZ 727D, SpamError 23856 RAYD K4 > & (dangling pointer) iIZ272 5 TL £
WEIIZTB72DIC, ZI7RARNTZBBEME L TE» X% D FH¥A, b L SpamError BR5 R DK
AYRITIZESTLES ., Ca— RPN EEHL LS e LA 2Ia7 Xy 7RER L ARVWEER Z 5| Sk
TTIehndbhET,

ZofhcH B, BEEOR D ERIC PyMODINIT_FUNC Zf# 5 HiKICOW TR Tlam L £,

PyErr_SetString() ZXD X 5T &, JLREY 2 — L THIS spam.error ZiEH T2 Z LA TE
£

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;

Z DFEITIA. PyArg_ParseTuple() 3ty FF3HIAMI Ko T, IV A MIASHLD LT AT
ZWZNULL (A 7Y 227 bADKRA YR Z2BRT XA TOBBICBII 27 —BRHE) ZIRLES, =7 TR
R 518 LTEALXFIEIZ e — A VR EE command ICAE—3NTVWET, ZOHREIERA > &K
ATHD, RA VEZPHEL TV S XFINH L TEESTON S L 3HESNTOUERA (o T, FHEC T
¥, Z¥ command !X const char* command ¥ L CHUNZEFRBAUIRD FEA)

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

sts = system(command) ;

spam.system() & sts % Python A 7Y =7 + & L TREAITR D 8 A, ZHUZIE. Pylong_FromLong ()
L AR S

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

XTC. BN L7z X 512, spam_system() % Python 7027 J 405 ¥ 5o THUHTH%E I SR
L3, £33, BBHA LT FLRZ 7 XY v FF—7)1 (method table)” IZH|2EF 2 MEBH D 3

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

ROR=STRER)

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

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

VAMEFZD=DOHODT Y Y (METH_VARARGS) ICIHEEL T E W, ZOT Y FVIE C BEBMES I
UH LR EA V2TV RICRZ 720D 7 57 TT, #E ZDfEIE METH_VARARGS %> METH_VARARGS |
METH_KEYWORDS D3 CF; 0 1XIHR D PyArg_ParseTuple() DZE{LIEA b5 Z ¥ ZEIKL 75,

METH_VARARGS 7213 21 5354, C B#E. Python L)L TOD5 A5 PyArg_ParseTuple() MM TE %
XTNOFATHEINZ DL BELRITIUIRD $EA; ZOBBICOWTORFMIE T THIAL £3,

BEBICF -V — F5 B EINZ IR >TWVWEDRE, =7 1 —/L KIZ METH_KEYWORDS b v
Mty bTEES, ZOHAE. C BAEIIE =542 PyObject * XM I 2 k5 ¥R IERD %
Fhe TOXTV 7 ME, ¥—V—FElBOHEHFCRDET, 5 LBEBTIEEZMRNT 2123,
PyArg_ParseTupleAndKeywords() Zffio T 72& W,

XV RT—=TMIEY 2 —VERDOWERD SSBINTWARITIUIR D FHA:

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

RIS, ZOMERIEZ, T 2 —VOWEHEEBNTA > 2 7Y ZicEX QIR D 8 A, O LEEBEE
P a—VOARFTE name £ L7z ZIZ Pylnit_name() X WHOERITRINI RS T, TV 2 -1 T 7400
NTEREINTVWEHDDHH, HE—DIE static BRTRITNIRD FEA:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

PyMODINIT FUNC B DR D fi% PyObject * 12755 ESICHE L. FIv b7+ — ABICHEY
s, FEDV v 2755 (linkage declaration) ZEFRT 25 Z 2. EHIZ C++ DGEIIIEEZ extern
"CMIZHE TS I L ITHER LT EE W,

Python 702 J A% T spam £ 2 —/L% import §% ¥ X2, PyInit_spam() DI F T, (U
2% % Python NOHEDAARIEHT2aX Y bEBRLTLIEZI N, ) ZIDLEYa— ATV 7 MriR
3 PyModule_Create() I, EY 2 — LV ERICH ST — 7L (PyMethodDef HEKDELS) 12ENT
WiicEshizey 2 -, MAAABEME 7Y =7 M3 A I E T, PyModule_Create () IXfER L 72
EV 2 NF TV INDRA VY RZRLET, HEIZT—ICTLoTEEKRT T 220 LNELEAL, E
Va2 — A MEELHUE T E R o 125 AIIE NULL 282008 LA ER A, init BRIZEY 22— A7
Pz FEMUHLITIGRL, 215 sys.modules ICHAZINS XS LRTNUERD FEA,

2.1. C*® C++ IC&3 Python DR 11
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Python N &®IiAtr & %2, PyImport_Inittab 7 — 7/LIZFEE L TWT® PyInit_spam() BAEIIBEINY
WIEMEEN R A, #IHET — 7 WCEY 2 =V %BI1F %1213, PyImport_AppendInittab() %Z{foT<
PEWV, ZORICA T a yTEY 2—/L% import LET:

int

main(int argc, char *argv[])

{

wchar_t *program = Py_DecodeLocale(argv[0], NULL);
if (program == NULL) {

fprintf(stderr, "Fatal error: cannot decode argv[0]\n");

exit(1);

}
/* Add a built-in module, before Py_Initialize */
if (PyImport_AppendInittab("spam", PyInit_spam) == -1) {

fprintf(stderr, "Error: could not extend in-built modules table\n");

exit(1);
}
/* Pass argu[0] to the Python interpreter */
Py_SetProgramName (program) ;
/* Initialize the Python interpreter. Required.

If this step fails, it will be a fatal error. */
Py_Initialize();
/* Optionally import the module; alternatively,

tmport can be deferred until the embedded script

imports tt. */
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) 2B 28D A 2TV &
IZHBWT, sys.modules HIY MY ZFREALZED#2a v R4 VEAEY 2 —L% import LD T3
EHRREY 2 — M Ko TEMEZAEL 2 223D D 5, HREY 2 —LDIEER. NHT — X2 Y)
WMET 2B L KKCHDTRETT,

LD EEMNLREY 2 —AfllX, Python Y — ABHYIC Modules/xxmodule.c £ WHHZHFATTA->TWVWET,
D7 7ANET YL — b LTHRAHTEET L, Bihle LTHHDF T,

12 F2EY—FN—T14 V-G LTHEREZESD
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AR: xmodule & spam & 27D, ZERFEYIEAME (multi-phase initialization (Python 3.5 OHHAE) Zfdi-
TWE T, PyInit_spam 2% PyModuleDef #i8 L. £ 2 — L OARIZHEKIC import FESTTWE T, ZE
BEOIHMEIC O W T DR PEP 489 22 L T & W,

215 a1 I >

HLUWIEREY 2 — V2 fX 2 X512 ET, L ODME#: a4k, Python ¥ AT L DY ¥
7. BPER-oTVET, BHAAA (dynamic loading) 2> TW2 D46, EEDOFMIEETDS AT L0
ffio TV BRHMFHAAADIERIC L > TEDLZ 2D LNFERA; FFLIE IHREY 2 — 1O RICBET 2
B (CHBLY C++ WEROEILF &) . Windows (281 % L FIcBFRT 2 8MEROE (Windows £
TD CHEFV C++ BRED2—ILOEIL R E) 2SR L TLZE W,

R AAAEFZ R o7, BY 2 — L E2HER Python £ > 2 7)) 2D—#IC L TEBEXWEEIZIE, 4
YERTYRDENFRERZEELTHEAL FLARTNWIR SR LZETL x5, Unix T, EERILiCZ
DIEEIZE THHMTT: BICEFDOEY 2 -7 7 4 (Bl 21X spammodule.c) % BB L 7Y — ALY
@ Modules/ 74 L7 + VIZEE, Modules/Setup.local ICHZATD 7 7 4 M EFHIAT 2L FO—1T:

spam spammodule.o

EFBMLT, Py 7L RAVDFT 4 L2 YT make #ETLT, A YR FVXEHEALRTZEZITY,
Modules/ #7574 L 27 b U T% make #EITTEETH, Hid o T 'make Makefile’ #5EfTL T Makefile
ZHEELFLTBPRINEROD EE A, (ZDOFF¥EIL Setup 7 7 ANVEZEET 27 KITHETT, )

EI2-ADHDITA4TI7VEY I INTVEIRENRDLIHE. 74T 7 VDBRET 7 A VIHNIETEX
T BIZIEATDESITLE T,

spam spammodule.o -1X11

2.1.6 C »*5 Python B UH

ZNETIX, Python 226D C ABOMUIH LICERZEVWTHENTEE Lz, EZATIODH: C 2560
Python BABOIMUH LB EEHTTS, bbb, WbwWwd ? a—i Ny 7” BEEIR-— b TI2L547
477V RERT 2BCIEZOBREDNERI TS, 2 C A VR =T z—APBa—A Ny Z2FHLTWVWEE
&, FEOHEEER IRt T2 Python 2 — FTIX, LIXZLIE Python m27 I =iz a—iloNy ZE 2 {5
ZRERH D ET; ZDLEFRETIE, C TEhrNT-a—n Ny 2D S Python TEhh/lza—iy 7
BBETUOHT IO TIRNEDNHZTLE I, bbAHA. HHOHRIEZLNET,

SE# 72 Z 212, Python A ¥ &2 7)) Z3EHBICHIFEECH LT %, Python B ZNUIH T/ 0BEHEAL >~
R—T7z—=RAbHHFF, (Python $—FEREDANF 2> THECHTHIEICOWTEHHT 50D DId
HHFERA - ZOFFICHEERD 5745, Python Y — 23— FD Modules/main.c iIZH3, a~<vr KA
VAT ay -c DEEERTIRLEW)

Python BB DFEOH LIZEH TS, 3. COa—RFIHLTa—aNy 752EHFL LS £ 5% Python 7

2.1. C % C++ I2&3 Python DGR 13
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0 27'o ald, M50 HET Python ORA 7Y 227 F 2EIRIERD FEA, DD, a—ANy
BB (23 2otho (4 v X —T7 =2 —R) ZREERERD FEA. ZOa—nNy ZEREEBDIT O T
XNBIZ, BlEE XN Python B 70 =227 FADEAL VX E 70— NAVERIZ - HEWVE, £I2h
YRGB - SRIFLE T (B%A 7Y =7 + % Py_INCREF() 35 &5 K ERELTL XV, iz,
T ESRBABPEY 2 —1D—FIZHR>TWVWBEZ 2 TL & I:

static PyObject #*my_callback = NULL;

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

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

Z OBAEE METH_VARARGS 7 9 %o TA X 7V RiZEFERITHR D £ A; METH_VARARGS 7 7 Z'Z
DVWTIE, EZVa—ILDOXAYy FF—T )L {IHALEI%L TR L TW¥ 3, PyArg_ParseTuple() B¥r %
DOV TIE, IERED 2 — LB TONT AZER i L TVWE T,

Py_XINCREF() 3 XU Py_XDECREF() &, A 73 =2 P TB2ZBMAT Y 2 7 UA YN/ T7 U X
Y5700 aT, NULL KA Y EAHPEINTHLRCHRETEZHATT (30w i, Lotk
temp 5 NULL 12722 Z2EH D FHA), INHDT IR BRI T Y MZOWTIE, BBADV Y ME Tt
BHLTVWET,

ZOH%. A=Ay BRI TRk 65, C B PyObject_CallObject() ZMUHLET, 2O
B = o D51%: Python BI¥(Y Python BIEDEIEY A b 3H D, WIFNBEED Python 7 = 7
FERTHRA VEBTT, 5BV A MIEICX T VAT 27 b TRITIUIR ST, ZORIEFIHOBICK
D £F, Python BISZ 518072 L CHEUOH T DR S, NULL 220X FA%2EL %5, H—05 5Tl E Y
HEDks, BHESR (singleton) DX 7V 2EL %5, Py_BuildValue() OFRCFHIHIC, ¥ ufdxzid
—fEA EDERa— RBA - AFEND D 256, ZOBBIEA T LVERLET, INCHlZRLET:

int arg;
PyObject *arglist;
PyObject *result;

(RDR=I12%i<)
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(FiDR— 25 D %)

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject() {& Python A7 =2 FADKRA Y X %2R L £3F: 24U Python B 5 DR D
fEi272 D 5, PyObject_CallObject () &, 51EUTX LT ” A v > bHiL (reference-count- neutral)”
TS, LOBITRETNZAER LTIV A e LTRELTED, 2D X7 )Ld PyObject_CallObject ()
DI UE&IC Py_DECREF() ENTWVWE T,

PyObject_CallObject ) IFEDEE LT "HLW F 7Y =7 b FHIERINA T =27 b, BIHE
DATI 2 bOBRATV Y 2L VI URXY P LEDDERLET, EoT, ZOATV 7 bEra—n
NVEBZRIFELEVDTRWAE D, 22 2 ZORDEICEEDSZ TS (LA, 25 THIUIRBE )
A LDOHETREREA 7Y 227 b% Py_DECREF() LRIFIUIRD XA,

YiZWwi, RYfE% Py_DECREF() T 3HNZIX. EA NULL THWAF v 7 LTEL ZEPEETT, b
L NULL %% &, MEOUH U7z Python BEEUIFIAN 23X L T T EE 5N TWE S, PyObject_CallObject()
UL TWS a— FAKS £72 Python 2 5MUEHIATWZ2OTHIUL, FEIZ C a— FBPEDE W
CHLTW3 Python 2 — RIZT T —fERERRERIERD A, ZRUCED, A VR TVRXRERAZ Y 7 b
L—2%WMALED., FINELET 27250 Python 2— FEZIFEH LD TE X9, FIADOEH A ATHE
oleh, L7l RWwDizs, PyErr_Clear () ZFFATHIAZIEEREL TE QIR D FEA. FIZIZTOD
EORLET:

if (result == NULL)

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

Python 2 — A Ny JEHBEZLYARA VXA =T 2 =R LE0VHILIT XTI 518V X%
PyObject_CallObject() ICHARUTNELROLWVWEHEESHD T, H5 7 —RATiE. a—1 Ny 7K
ZIRELEDLREULA Y EZ =72 —RAZNALT, 5BV R PSEINTVEINS LOLEREA, TRHlDT—
AT HILWE TV ZHRELTHEY A P 2EI QIR0 LLERA, ZO5ERDEHLZDIX
Py_BuildValue() ZMERD 5 TT, HlRIE BEOANY ba—-RFE2ELZTE UTFTOXS5ka—F
S 222 BTLED:

PyObject *arglist;

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

Pv DECR arol i DI 7 K DIE1E
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Fio, BEICEZIE, Z0a—FEITELTIEH D £HA: Py_BuildValue() EAXEVARRIZBEVWED L
hf\ ‘;‘IV7LVCB<&%VGTO

WHEOGIHE F—v— F5I¥%E ¥ K-+ 3% PyObject_Call() &ffio T, *—7— N5IEEMS BEEIEOH
LETZZeMNTEET, LOHIXFAT 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 —IILEETD/INS X X BH

PyArg_ParseTuple() BIZULTO LS ICEE SN TWVWET:

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

5188 arg & C BAEAH 5 Python IKEINB5I MV R VB AKX IAATI 27 P TRIFNUIRD 8 A
format 5IEUEERSLFEF| T, Python/C API V7 7 LY A< =2 7)L®D arg-parsing T X T\ % EHik
WKHEDLRRZRD FE A, RD DI, ZRZhOEHD 7 FL AT, FRFHN»HRE 28I TW
RFHUERD FR A

PyArg_ParseTuple() & Python 22652 6 WG| BB ELRIBIZR o TV B 0N 2 DITH L,
PyArg_ParseTuple() IFMFUOH L ORI I C ZHD 7 FLADBEMBREZFROLHAR L AL W
CEWRERLTESIV: T THEVWELETE, a—F»R2 7y > a3 LA EEAL. 2B T
760y PR XEVICEHEELTLEVE T, HEIZ!

MRS LENCIR XN 2 4 7Y = 7 hADOBRRIZ TN T B S (borrowed reference) I D £3; 205
DTS2 NOBIAYY N EF VA N LTIEE D FHA

HTRIW o0 rH LAZ RL %3

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

int ok;

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

Py_ssize_t size;

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

16 F2E HY—FN—ToV—I L L THERZES
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ok = PyArg_ParseTuple(args, "s", &s); /* A string */
/* Posstible Python call: f('whoops!') */

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

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

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

f('spam')

f('spam', 'w')

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

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

Py_complex c;

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

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

2.1.8 HERED 2 —ILEBDF—T— NS XE

PyArg_ParseTupleAndKeywords() (& MU TFD XS CEESINATVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg & format 27 X X3 PyArg_ParseTuple() Db DL [F L TT, kwdict X7 X X FF—U — F5|8D
Ao TzfFET, Python 7Y XA LY RAT AP BHE =T AR UTRIFED £5, kwlist 85 X RIEKNRT
X R BHAT 2 72 DX FHN 675, NULL $igX -1 2 F T3 Eo%F XXX format HORIERIZ N
2.1. C % C++ I2&3 Python DILEER 17
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LTEDPLEDIHICBEXNE T, BT %L PyArg_ParseTupleAndKeywords() FEZIRL. £hlSD
LE G EY N e X L TR IR L %5,

AR: F—U—-FEEHoTVIHA. FTVEIANTFIRLTERFEA! kwlist NIIFEL RV F—7 —
RoRT X ZREXNT35E. TypeError OFEHZEF ISR I L E T,

UREF—U—F 2o 2a—nPBlZRL % T, T Geoff Philbrick (philbrick@hks.com) 12X 2% 7
B LHED 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, "ilsss", kwlist,
&voltage, &state, &action, &type))
return NULL;
printf("-- This parrot wouldn't %s if you put %i Volts through it.\n",
action, voltage);
printf("-- Lovely plumage, the %s -- It's %s!\n", type, state);
Py_RETURN_NONE;
}

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

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

RDOR=I ki)
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(FiDR— 25 D %)

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

219 FEDEZEET S

Py_BuildValue() (& PyArg_ParseTuple() DOXHBICMET 2D TT, ZOEBIILLTDO XS ICEHRS N
TWVWXET:

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

Py_BuildValue() &, PyArg ParseTuple() Dadikd 2 —~HDOEXHBAICBFRXBAZEML £5. %
72U (BB ATIERL, ATbnd) 518IEKA ¥ 2 TR, REZDETRITINERD £8 A,
Python 2 5N &7z C BEGRIME Y U TH#Y)%, #7274 Python #7227 FERLE T,

PyArg_ParseTuple() &IZ—DE S HHiH D £9: PyArg ParseTuple () 3 —58% X TN F 2 8D
H D FF (Python OFIEY 2 MIMEENICIEXHEICZ e LTREZIN S5 5TT) 25, Py_BuildValue()
ERINEERT 2 LIERD ¥ A, Py_BuildValue () IEZHFAZFFFICHRBML o Zh D EA-T
WABGEICDAR TV ERREL £F, HFX TIN5, None ZIRLET, Fonh—o0FAHR S,
ZOFEABADTAR L THBMEH1DA T 27 MIRDET, YA XD 0% 1 DX T IVIBZI VDR S,
FHFHN 2 AN TV E T,

WTREhZERLET (EICIEOH UBIE, HICHSE% Python %5 L ET):

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

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

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

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

malloc() MHERT 2 RTDOXEY 70wy ZE, REANTIE free() ZHEIC—E/Z IO L CTHIFHATRE X
EBVDOTS MRS AIRD TR A, £ 2T, BWURIIC free() ZIFIHT ZEHAHEZEWIRD T, HD X
FV TR ZIINLT, free() ZME 2721230006 TZOT7 FLRAEZEHILTLES &, Juavy 2y
DEALTWEXEVRZ T I AR T T2 ETHAMATERIRDET, THEXEY Y =7 (memory
leak) EMHINTVWET, WS, a7 I L08H2 XV 70y 71N LT free() ZMATBERML, %
D7Ry ZRENHITES T2, D mallocO) MU LIZL > TITbIh s 70y 7 OfAM L H%Ez
EZUET, ZHUIMBHRFEAXEY O (using freed memory) EMINE T, ZHIFHILE TV
T=RIZHTEBMEFRD X RVHER — a7 &7 BokZl AR vy a — 2yIERT
LET,

I BHE2XEV Y —2DFEEIE I — FHOEBTRWIIEE TS, FlRIX. H2B80H2XE) Ty
ZHER L. (MO0 EZIT-o T, BETRy V7 Z2BRT 5 LET, ST, BROERMEREZZEL T, §F
HBizWsa7AM2EMT2e, =7 —&EF2BHL, BBORPTUHEZRT IS5 1CR20D LNAEEA,
COBRFTORTHEEZ L &, EIAZXE) Ty 73 FERLENLTVOTY, 2— KB TENX
NGB FICZE ST, TOEIBAEV Y —=IR—HHIAATLES &, RVEKRHIARWE FIC
BRAEBZEVELSDDET: 71X TIZ. 2 TORBIFCH L O L TIEFADDT 2REIGL
MEEZT. 20— TIEL AL O ERIIHEYROFELE LR > TWa 7D, XEV Y =22l
PR DD, ROHEEL T 7 a2 =2 2l 2 TEBEME D Ho GHIRon205 T3,
WoT, ZOMOTI—%E/MNRICLED D L Ra—T 1 ¥ 7HNCEIEZRIT T, FREOXEYV Y -2 %
BT 2 Z e EERDOTT,

Python 1% malloc() % free() ZIEWIC I FAHT A7z, XEV V=7 DRFIRICNZ, BENIzXEY
OERZEIET 2HIENNETT, ZODISBIINT-DOBBB A Y > ME (reference counting) & MHIENS
FHETT, 2RIV Y MEOFHIIEHTS: 2TOA T 27 MIE AV Y EBHY, A7 =7 Mk
LBPE IPIREFEINT DT EREAL VAV ML, ATV 27 NI 2B HIREN T
VXY PLET, AV VEABPERIIKEST20, ATV 27 PAOREBEOSEDHIREN-Z2 ik, 7
Yzl MIBREIE T,

b5 —ODOHBIXEEI A N—Y a1 7> a ¥ (automatic garbage collection) EWHENTVWE T, (BEAH 7 >~
MERAIR=—YaL 7y a VBBO—2 LTEITFoNL b HHDT, Z22XKHlT 27012 %H X 7 H
g (automatic)” 2o TVWET, ) HEIARN—YaL 7> a YORELRFEIK, 22—V free() ZHIRM
WEEBRATEWZ DD F9, (FHERPXEY ORMAAELARE LTEREATVET — 5, Zhid
722 HETEDDERA, ) CTBIZHEAR-—YaL 7y ayORAIF. BICAMEDD 2 HTR—ya
LI ZPFAELRVE NS 28T, 2RUTH L. BHA D ¥ MEIEARED H 2 FEPTE T (malloc()
% free() ZFIHTE 2 D0FMHETT — C MBI INEZRIEL TVET ), WODHD, THRREDDH 2
HR=YAL T RN CTHERZLICREZPD LAEREAN, ZNETEZRAI T Y METR o TV LS
W3RN D T,

Python Tld. BMHIARZRA Y ¥ MEDOEEZITo TS —/T. SROMIRZ ML T 2 7-D12@ < 158RS
SRS (cycle detector) BIEMEL TWE T, BRSO B3 T, B, HEIr2HD 5 TR
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ZROEREZXICE T T IV —2a v ERRETEXT, tWwH Db, BRIV Y MERT 2o R—
vavrryaryEREL o TREZRIIHRZ» S5 TY, BRSRIE,. (HESRO5E &0 T) HEANDS
WBANoTeA T =27 bhoBlENs D, BRADA 7Y =227 PIELIEFL0DBRA Y > M eHib &
T WRIKRBIRA Y > MEDFEE TR, L AMERBHEZENT 24 7Y =7 Mo LTlice Bk
WELTH, BRSBBNOEDA 7Y =227 MITET2XEV SHEAHATEIEA

RSB IERZEEER L TV 22 I 2 RMIEINT 2 2 TEET, gc B 2 —ld, ETRIC
AR 2 TN T 2REA ¥ X — T = — AT TR, Bl ZELE 2 FE (collect O BIE) BIRALL
£5, BRZBBILHEEIA > a y0arR -2 ML RRENET; 774V FTREENTOVETH,
(Mac OS X #&%) Unix 77 v b7 + — LD configure A2 U 7 F T -—without-cycle-gc # 7> a ¥
25 T T, BV RRICHENLS 2 2 e TE XY, BRSRRINEGD 2O ETENMLINGE, ge &
FIHTERLSZRD 9,

Python ICHIT3BBA TV &

Python 12, ZATV Y FDA Y7 VXY MR TF 7YXV FRUH T2 DD~ 1, Py_INCREF(x) &
Py_DECREF(x) »'® D %3, Py_DECREFQ) (. ZHA Y Y’ IZEFEL LRI, A7V FDOXEY
B ATVE T, UM 272827012, free() ZEHZMTIHLEEA — 20ROV T =27 b D
BA 727 b (type object) BN LET, ZDDIC (MOHMDHH ETH), 2TOF 7V =7 MIFHE
BOMA T 27 MTWHT R4V RBA>TVET,

XT, FRERZEMMPE > TWVWET: WD Py_INCREF(x) % Py_DECREF(x) XX WVDTL & 557
F5. WL OPOHEFHA» HHDERTLEE WV, £¥F. A7V 27 ME 7 HE (own)” ENdZ&iEHD
FEA; LU, 54727 MINTZ2SROFE own a reference lITEET, A7V 27 FNOBIRA
VY MNE FOF TV 2 M WBROMAEZI TV AR ERINTVET, ZROMEEIX. SRS
B2 { 72 5 72FRIC Py_DECREF () ZM-UH THEEZHWE T, SROFTEMHIZERE (transfer) TE ¥ 3, Fif
ZH8 (owned reference) OWIITIE, S, fRfFF 5. Py_DECREF() ZWMFUHT. L WVWH =DDHFEND D
¥9, MASKREABLEhS e, XEV Y- %25 ZRILET,

A7V 27 MIT 328IE, B (borrow) HATRET T, 2 SHOMAE L. Py_DECREF() ZMA TIE/K
DEEA, HHER. ZROMEE»OMEH LM ZEZ TSR2ZREF LET TERD $¥ A, TEEDLS
BERELBTHERASEEMES &, MBEAA TV RZHHALTLE S BMSH 20T, fhiciiraidzb
FHA I

ZROMBHPZROA LD BN TV IR, a—F B D 525502 UHRRTEREFERL THL X
SHERELALSTHLIETY — HloEWHZ2 TR BHZROGEICE, LHOBRHPTHEEK T LTS
AXEVY—ZDERZETIENRV, EWVWH ZETT, #Z, XD AFRAR. Z<EedichA2
a— FH, HEECESHROMBHITTHERINTL -2 LRICZOZREZM S5 20 Lvwn X 5 R ki
HBHLWVWI LT,

Py_INCREF() ZM-UHiF &, [EHSREZMESRICEECTEZ LT, ZOREEISROMBHITOREIITHE
L%+¥A - Py_INCREFQ) 3722z LN L. ZHROFMAEPHI RNERTOEMEZRLET (OF

2 BlAE PEBHTE L WIXAX T 7 EHFICRIELL DY TRA: BRERS, BROMEZERKRAL LTSHOar—%2#F->Twn
505 TT,

B BEHT Y I 1L UENESDFEARBHEL SFELVWERRA — BRIV FEEKBBREINEZXEY FICH B0, ZOMH
hs z HEMEDS D 3!
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D, HLBROFAEE R MHOEH LA SROBEZBUNTOAIZED $EA).

FRBHEICE DDH B RAY

F 7 27 FADBREBEBRONMETIEE I, A7V 227 FOFEESSR HICEINZ 0G0
WA v & — T 2 — 2D —F e 2 b F3,

AT PANOBRERTIZEACOBEIE, SR 2 HICFHTEHEDIEL £3, K2, PyLlong_FromLong()
% Py_BuildValue() D &S5, HlLlWwAT7 Y =2 b 24T 2BBI R THAMEZHEFICELE S, 47
Pzl MPEBCEH I RA T TR TH, ZOF TV =27 VI T 2 RSROFEHEEZEF
3, BlZ1X, PyLong_FromLong() 3 X5 fEZF* v a2 LTED, Fvrv>¥aIhfENOSZHREZIRT
ZeDHHET,

PyObject_GetAttrString() DX S5IZ, H2F 7TV =7 v ojloF 7Y =7 M2t d 2 X5 LB
i, ZRECDIMAEHZZELE T, 2Hb560HEPPRPHMBLICS VA LAEHEA, EWVIDIF &L
bzl —F DN DhHHIIE > TWDH 5T PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B XU PyDict_GetItemString() 2T, X 7N, VA b, FLEHEILERS
RERLET,

PyImport_AddModule() (. EFFCEATY =7 F2ABL TRT I eHAH2I2Hr0rboT, HHZRE
BLUET: TODAIEERDE, ERENA T =7 IS 22T sys.modules ICREFEN 205
T,

FT7Y 27 hAOBRBENOBEBICE TIHE, R, BEEREMPOCHLFE»OSBEEHLES — 5
WERES 2RED D 5726, BIFMINZ Py_INCREF() ZM-ONH L THN LTEZEICRD £3, L3R, Z
DIHANZIZ =D D EE LIS} PyTuple_SetItem() ¥ PyList_SetItem() 3% D %3, T o OREEUI. ¥
INTFIBERICH L THITEEEZTRS>TD (take over) £F — 722 ZKBLTHTY! (PyDict_SetItem()
L ZOMHEEFTEMEL RO D £8A —— ZhAbid0bIE " E@E0” BTT, )

Python 228 C BB E N2 B2iE. C BRI LMD SEIBAOSBEEH L £3, C B
FECH LENE A 7Y 2 27 FADSIEFTE L TW3 DT, EASROAEGFHRARIE X 2 OB ILE %
BTETTT, ZOLIRLTHHASBRERELLZDMICHE LD LEWEEIZDA, Py_INCREF() %2ffio
THTESRICT 2RELH D F3,

Python 22 6O &7z C BEDIR S SRIFFMAESR TR INIRD $EA - FTEHEIEEE,ASIFOH L
N ZHRESNET,

&K

BOmOIRMICBWT, —REZEICEZ 2MEHSHOFMHASPMEZ0EBI T8 3, ZOMERT
RT, 4 YRTYZXPIEFRINCFERHEN, £ VX T ) ZPSHOFMEZEICSHREREITTLEIRRE
BRLTVET,

HoTBIRESF—XDIBERYD, ZLTROEERDDIZ, VA MERIIHT ISR E2MHED TV AEICHE
%%, BBV ATY 27 MTRF % Py_DECREF() O TF, #ilZI3:

22 F2EY—FN—T14 V-G LTHEREZESD
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void
bug(PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

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

FoBEEIZES. 1ist[0] NOBHEZMEBHL. X2 1list[1] Z{H 0 TEX#Z, BRICIZIFLEHALES
BEHALTVWES, MMELZVESICRIETR? THZ S TEEVWDTT!

PyList_SetItem() ODMEDHNEZEBH L TAEL x5, VA MIETOERIIHLTEREFAAELTWVS
DT, BR 1 ZEEZMZz 2, UEOER 1 2HELET, 22T, LHIOEE 1 P2 -V ERI 7 ADA
VARVATHY, EHLWXIDITAN __del__ ) AV FEERELTVWAIEIRELELE D, ZDFZ TR
A VARYADBRRAD Y MR 1 ZolGE. VAN SREBET L. A VAKX VAD __del__() X
Vo ROECHINE T,

7 2 21 Python TEPNTWBEDT, __del__ O 1IMEED Python a— FZETTEE T, 2D __del__0)
2 bug) BT S item WKL ARERIEELTWVWADTL 2507 ZOHED! bug) WELZY A A
_del__ O XYy FDLEBETE22 T 5L, del list[0] OFREFH OISR EEITTETCLEIVE
T, DL IZOHEET 1ist[0] KT 2RZOSROBMESINTLE S &, 1ist [0] IZBENT BTV X
F VIR, RN item IZERREICHR>TLEVET,

FIRE DK D 7 AU, BRIIEE TS, —RCSREEZEHPLPEX L VDTS, ELLEET 2 - 1
YD XS D £

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

Py_INCREF(item);

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

Py_DECREF (item) ;

CHIEEBICH o 7255 T T, LRIDAN—Y 3 D Python 1IZi1&. ZDOANZDO—FEBEATWT, __del__Q)
AV v ERES LT ELIDRVDDLEFANRD DI C 7Ny HTHLERRZES LA WE L ...

“oHIZ. EHSEA ALYy RICEBRLTWAE 7 —Z2TY, BHIZ. Python 4 > & 7V XIZBIF 5 EEK
DALY R, Z0—NNA YR TVROy IPFTY 27 MVEMEEREFEL TS D, HWIHBE
LESZWEHHEHA, 2iZWA, By 7% Py_BEGIN_ALLOW_THREADS ~ 27 1 C—RAICARBR L 72 D,
Py_END_ALLOW_THREADS THE{G LD TEEd, IhbD~wruidyny 7o % 1/0 MO L o &M
WX CEPN /O PRETIT2FETOMICHORL Yy BB TatyHZ2FHATES X5 LET, HLHIT,
DR oS Lol e 7 EE I HATVWET:
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void

bug(PyObject *1list)

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

NULL R1 >4

—ERe LT, A 7927 bAOBRESIBICE 28I —92 NULL K4 VX2 ET I TFHRLTES
T EZO5I22ar7 R AWThDE (O, HeTa7RyI&25|&2RZIT) 28 TLid, — A A7V
FOZREIRT XS REBuE M. BINDOREELRTHAEICDA NULL 2K L £3, 518020 LT NULL
T A MR VERE, BEELELEZTIR-> 724 7Y 27 OB EEITH» 5T — K4
DREELH NULL 7 R b 21T 213, TUERT X PO REIITbOA, 22— FI3 X DEHICH Z itk £3,

o> T, NULL DT A MEIATI =27 v " FBER, THROBMED NULL 12225 0d LA WERAS X &2
oz ERFICLEL & 9, malloc() . BN ZEH T 2RIEEMED H 2 B Z DT T,

~ 21 Py_INCREF() B X Py_DECREF() & NULL KA Y XDF = v ZBITWEHA — LHL. ZThALD
~27nDZ{tTéH 5 Py_XINCREF() B XU Py_XDECREF() &F = v 7 Z{TVE T,

REDA 7Y =7 PUZOWTHFHRNSE 71 (Pytype_Check()) & NULL R4 Y XDF = v 7 2{TVWEE
A REDBRLETH, HARBRZEZPHEELTA TV 27 bOBREFEARNZRICE, 25 Lz~ ey
TS T RED D 2 DT, RN NULL RA Y RXDF 2w 72T 5 RRBTAMIKoTLEI DT,
BZFNZ <7 212l NULL F = v 7275 Z{LFEHD D 8 A,

Python 26 C B OCHI 313, C BIBUCEE N 2518V X (FITWVWS 2 Z2AD args) HRLT
NULL ISR 5RVWESHIF L TWE T —— EBICIE, B IR K5 EL TwEd, ™

NULL A &% Python 2—HF L~ "B L” CLES &, FARTLS— %252 LET,

2.1.11 C4++ TOMWERES 2 —ILIERR

C++ THIREY 2 —VIHMEKTEE T, LWL ODHIRAEDH D £F, X4 > 727 4 (Python £ >~
XFYZ)FECarv L7 Tar A LENY Y I7ERTVWEDT, ZR—NVERRHNA 7Y =7 b2 a
VAL RTHERTEERA, XA T0T T L0 CHt a2 R4 FTY Y7 ENTWELL ZHIERHET
3% D FH A, Python £ X 7Y X0 SR XN 58 (FR2EY 2 — A WIHALEEE) 1X. extern "C" %
FoTEFLRITNUIRD FHA, T2, Python Ny X7 74 1% extern "C" {...} KANZRDEIH
DERA--- ¥R __cplusplus (FiidD C++ IV A FIEFETIDI Y ARLEZERLTVET) BER
ENTVDE X extern "C" {.. .} 2MTONDZ LI AV X T 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 (7 7)) 2L TV E 9§, Capsule 3K A1 ¥ & (void *) ZFllEF % Python 07 —&HTF,
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
51% (const char *) ZH(D %3, NULL % name (ZJET Z & DFFAI SN TVETH, name ZRET S &
PHOHERLET, ELLARTZMNIT SN Capsule 135 2BEOERITRAUZEH 2D 3, AT
STV Capsule 2> Capsule ¥ [XFIF 2 HEMN 2 GEEIHD XA

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

modulename.attributename

PyCapsule_Import() &5 fEF|EEIX. Capsule DHAFIHB Z DL —MIZ—HLTWVW5S & ZIZDA, HiHIC
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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
PEDBICHEYR Y T —F 2 FHLET, 2O7 7R —FTiE, &2TD C API £4 v & (flfFcid—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,

AT N T 2HOEY 2 — i, BGEAE HiD spam €Y 2 =V EBIELD DTT, B spam. system ()
X C 9477V system() ZEHEMUIH X F., PySpam_System() ZFIH L ET, ZOBEEbEA
A EBIZIE (BTOa~< > FZ "spam” 2132 2 W0Wo7zk5R) KDIAAA-UEEITVWES, ZOH
¥ PySpam_System() ¥ %7z, MIOIEFREY 2 — I NI E T,

BI% PySpam_System() (&, LD R TOREE L FFRIC static TES ShidEd C TS

static int
PySpam_System(const char *command)
{

return system(command) ;

spam_system() ITIZMB IR SRWEEL I N TWETS:

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;

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

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

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

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

return m;

PySpam_API 7% static L HEEENTWVAS ZLIZHERE LT XV, £5 LRIFAUX, PyInit_spam() B3#&
TLREERKRKL YR T7 LA EHEBLTLEVE T

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

#ifdef SPAM_MODULE

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

static PySpam_System_RETURN PySpam_System PySpam_System_PROTO;

RDOR=I ki)
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(RIDR=I D5 DR E)

#else

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

static void **PySpam_API;

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

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

static int

import_spam(void)

{
PySpam_API = (void #**)PyCapsule_Import("spam._C_API", 0);
return (PySpam_API != NULL) 7 0 : -1;

}

#endif

#ifdef __cplusplus
}
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

PySpan_Systen() ~D 7 7t ZFREBHEDIZZ 54T Y FEY 2B LEFIUEE 5BV ¥ I%,
HIWHEREEN T D import_spam() PARL (£7ld~2 ) O LT

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

D7 7a—FDOEERREIL, spammodule.h DIRRHMICL DL WVWH T TT, LidWVWR, BEBOEAR
MR AFINE DD LELRDT, HEE2HE—ERLIENRXTAET,

&%z, Capsule &, HERXMREFEINTWVWEIRAL VX EXE VMR LD @BERLZD T 2 BICRHCER
2. I —OEERRELTVE 2 WnS Z g TR D FEA, FHME Python/C APT Y
77 LY AR= 27D capsules, 3B XU Capsule DELEES (Python Y — X a— REERYH D7 7 41
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Include/pycapsule.h 3 XU Objects/pycapsule.c IZHRSNTWVE T,

FE3E
2.2 INRDBDESE: Fa—rUTI

Python Tl&, #AIAAD str B list D & 54 Python 2 — F 2o ETE 525 L WEIE C LRE
Ta—LOEEPEBETEET, 2 TOIHBEOMD a— FIZH 238 — IS DT, EXIR0 BRNICH
RLTBLIREMOVWIEDLHDET, TOFRF2 XY MEIZDFEEIIOWTORX LWAMTT,

2.2.1 BRWLRI

CPython 7 ¥ &4 A& Python DETDA 7Y =2 % PyObject* MDZER L His L 3, PyObject* &
Python & TOA 7Y =7 b® 7 BEJER (base type)” &> TWE T, PyObject MGk H BT BEAHY
Yh e, AT D P HEFATI 2 b (type object)” NDEA Y EXDAEFREL ET, T JITIXENENE
BINTVET; A7V 27 M BIRIE. D2BBEDND 24727 P OBRRINIZD, XYV v RO
b, oF 7Yl MkoTRIEENIZD Lz 212, D (C) B4 > 2 7)) X oiEh 3
DOERELET. 6D C BRI " X4 7 XY v F (type method)” ¥ TN T,

ZRHDT, HLWIRROMZER L 720 Zid, LW 7Y =227 P2l I nwbiF T,

ZDFDZ e FHERZEIDBRENTL 2505, T2 CHRREY 2 —JL custom IZH S Custom &5
ZHTOFHLUWEIZER T L, RIBEELFERBRED 2 —NLE2HITTEBEET:

AR: T THAL TV AHIE. BRI RO B 2 ER T 2 EMNRFERETETT, T AL DB
THakdDiDTT, CAPI Tld, PyType_FromSpec() B ZE i\, b — 7 LICHlE S W IEROE G 5E
FTEEITH, ZHUTOVWTEIDF 2— PY 7L TEBVEEA,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

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

I

ROR—STHER)
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(FiDR— 25 D %)

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

—EIHET 2125 1o L ERZWVTTH, FIOBEIDIEFL oD0ERLIT L BKoTW0ER I BVWET, Z0
774 NTIE, 3ODBEREPERINTVET

1. Custom 77T I b DR EATVSH: ZhD CustomObject MHEAT, Custom £ YA XV AT
L2 1 [EZT X' VERIITONE T,

2. Custom B ¥ D Xk S5 I1TIRDHES B TN CustomType HEERT, 77 7L BIERA Y XDEEH %
EELTOVET, FHEDRENERSINIE ZIT, ZOBBKRA V&2 4 2TV EBRIATEE T,

3. custom Y 22— Z ESHMILT B Z4Hp Pylnit_custom BAELE ZNICHEFKT 3
custommodule FEER T,

FTRMIIINTT:

typedef struct {
PyObject_HEAD
} CustomObject;

This is what a Custom object will contain. PyObject_HEAD is mandatory at the start of each object
struct and defines a field called ob_base of type PyObject, containing a pointer to a type object and

a reference count (these can be accessed using the macros Py_TYPE and Py_REFCNT respectively). The
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reason for the macro is to abstract away the layout and to enable additional fields in debug builds.

MR LofITI PyObject HEAD ¥ 270 DHKICtIany3H D A, S-onhtIanrz2EMNLA
WESIZREMITLZZI W ZhEEET2a0 178 HD F5,

b5 DA, —RINZIEA 7Y = 7 MIHEHER) 72 PyObject _HEAD KA 5 — 7L — bOMicd F— X 2L T
WET; Iz 24U Python BEHEDFEY NGB OER T

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

2O0HIEMA TV 27 POEETT,

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,

AR Ri2H 2 X512 CI9 R XA NDIERIT ZHHHLT %2 5 T, PyTypeObject DFHIEILOIENT 4 —
NEETETHNRED, 74—V F2EEIREFICRZE D ETICHEEELL2D2BEDLET,

object.h IZH % EFED PyTypelObject DERICII LDERICHEED DD o2 ZLD 74—V E BHDEFE
T STRHTETVWARVWZ 4 =L RIEC ayf FiI2LoTERTEDLNZ DT, LETRWVIRED AR
ANCIHMEDTEEZ LR WO N — IR IERIC R > TV E S,

—IZ1D9FDO7 44—V FERD LT TOEEL & 5:

PyVarObject_HEAD_INIT(NULL, 0)

ZDfTiE. LTz ob_base 74— FOFHHLICHED R A 5 —F L — T,

.tp_name = "custom.Custom",

EELTVWAHOALRITY, 2RI A7V 27 FDF 74 FOXFHRFARLS — X v —JICHNF
T, FlzEko@Eh TF

>>> " + custom.Custom()

Traceback (most recent call last):

(RDR=I1%i )
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(FiDR— 25 D %)

File "<stdin>", line 1, in <module>

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

BRI, TV 2a—NHEEY 2 —VIZBI2BOAROW % Ry M TORWEARNCKR>TWA Z I
EELTLEIV, ZOHEIE., Y 2 —E custom THUZ Custom DT, BlDLHT% custom.Custom
WRELE L, EEDORy MIEDA ¥ R— bR %S DI, pydoc EY 2 —)L% pickle £ 2—JL¥
HAME 2R 5 e DICEE R DT,

.tp_basicsize = sizeof(CustomObject),

.tp_itemsize = 0,

tp_basicsize l&. HT LW Custom 1 Y AKXV RX%{ES & % Python VE|D Y TEREXEUNEDL HWV
BODEHZ7DDHDTT, tp_itemsize FAIEV A XDF TV 27 P TOAES HDHRD T, H A X
AIETRWATY 27 TR 0 IZTRNETT,

AR DRI-OXA T Python TH 727 7 RMLATREIC L2 WIHA, £D XA THEERX A T FHL
tp_basicsize b o T2 L ZEMPKD L ZICHEIELZ e HDET, £DXA T% Python O
T IR LI E, ZD __bases__ VA MIWEDRIZDXA THERANTK 2 X5 LRTFIUIRD 4
o BDBRVELT—DRERLIZDRIZDRATD __new__() XYy FERUHTZIZTERI LD E
T, ZOREZMET 2121, D2RIZHRIZDX AL TD tp_basicsize T ZDEEX A TIHDBRKELLT
BLZETT, FLALDEHE. HRI2DXA T1E object 2. Z 5 TRIFNIEREL AL FIZTF—XHDX >~
NEBIMLZSDTL LI DD, Lo TREXEDRICHEMNT 5720 2 05&FIEmZENTVETS,

Py_TPFLAGS_DEFAULT 27 A7 5 7% ELF T,

.tp_flags = Py_TPFLAGS_DEFAULT,

FTARTOENE 7 7 ZDEBEED TELRDELPDHD ET, ZTHUIRIKTD Python 3.3 FTIERINT
WAERTRTDRXUNEHFALET, ZNLUED A VAR ER S, FSIET 275770 OR 2L 208D HD
5,

Z DD docstring 1 tp_doc ITANE T,

.tp_doc = PyDoc_STR("Custom objects"),

FTIO 27 VPERTES LSIC, tp_new NV R ZRMTIHEIHD ¥, 24X Python DX
Yy F __new__() YFAFEDOHOTTH, HRNICEZZ2REX DY £3., 505HETIE. API BE®
PyType_GenericNew() & LTIRMEND T 74V M2 Z DX EMEX T,

.tp_new = PyType_GenericNew,

7 7 ANDED DT E 5 LHIRARLT VDD BNWE T, Pylnit_custom() O—HDa— Kix£>
TERWTL & 95
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if (PyType_Ready(&CustomType) < 0)

return;

Z I, NULL (ICHIH L X7z ob_type dEH T, WL DD X Y N=%ii¥]is7 7 + L METHEHD T,
Custom BZHIHAL L £ 5

Py_INCREF (&CustomType) ;

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

TR EEY 2 —ILOFEICEMNMLES, 253528 T Custom 27 7 ADMEULRH LT Custom 4 ¥ A X
VAPMERTE S LSk £

>>> import custom

>>> mycustom = custom.Custom()

HETT! D DFEEIXE L RETTT; custom.c EVWIHZFD T 7 A NI ZETDaA— FEHFZIAAL,
ROWEEFFD setup.py THEL ET:

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

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

ZLT, Yz TR ANLET

$ python setup.py build

F5% custom.so 77 ANNDBY T T4 L7 PVIRERSINET, DT 412 MUIZKEEIL T, Python %
EE L EF - 2N T import custom LT, Custom A 7Y =7 b T#HERZ E3ICKR->TVWBIETTT,

ZARICOTNLL DD A, LR?

B 5 A, BED Custom BIZHIHAIZRITITVWET, b T —XZFoTWwWiWL, M TEEHA, #HK
LTH T I IABER LI XTERVDTT,

AR CoXETE., FHED distutils TV a2 —E2HoT CHHREEEAL R LTWETH, BHEDLZ—2
=Tk, IOHLL, BRFEINTWVS setuptools 74 77V ERFHAT A I e 2#HRELET, ZhEifT
SHEEXENMTZ2I2EZDFF a2 XY bOHMHNTT DT, Python Packaging User’s Guide ZZH L
TLEEW,
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2.2.2 BEROY U TNICT—REXY v FZEMT S

COERDY VI NIZT—REXAY y REBMLTAZL E S, DWTIZ, ZOMEHRKS 22 LTHHH
TE2X51CLET, ZZ2TEHFLVES 2—)L custom2 22 ., ZhoEEERBIML £9:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

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

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

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

if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,

ROR—STHER)
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&first, &last,
&self->number))

return -1;

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

}

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

}

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 */
};

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

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

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

static PyTypeObject CustomType = {

RDOR=I ki)
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PyVarObject_HEAD_INIT(NULL, O)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof(CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

ION=VaryTiE, W ObDEEEBIRVET,

IR include ZEBML 9

#include <structmember.h>

FTILHLTINTTHE, 2D include KIEEHZIES 12DDESHA>TVWET,

Custom ZiZ D CHEIRIC 3 DD F —X B first . last . BX L number 2d DX 5127 D F L7z, first
¢ last BHEX Y7 7 — A P2 =LY 7R b r—L%HEM L7z Python XFHIT. number JEMEIZ C FEETO®E
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HofEts,

THTLZMS e, ATV 27 FOBEREIRD XS24 £

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

} CustomObject;

WEREHIRET XN TELDT, A7 =27 FOEIDHTEMBICEL TE XD EEICRZBENDD
$9, ER, 727 FOREHBRXY v RHERETT:

static void
Custom_dealloc(CustomObject *self)

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

Z ORI tp_dealloc X Y NIZRAZINZFE T,

.tp_dealloc = (destructor) Custom_dealloc,

DAY v FiZ, £320 Python BEOSWRA Y > %227V 7 LEF, Py_XDECREF() 35|85 NULL
Dy —A%RELFRZET ( 2L, tp_new DEHTRMULIZGAICEIDZET ) TOX Yy FliE, OF
AT 27 bOB (Py_TYPE(self) THHLET) DX N tp_free ZMUHL, A7V =27 PODXEY
EHBRLES, £ 7Y 7 bDEID CustonType TH 2 LIRS LR WVAICHERE L T X W, BERS, 4
T2 NIV T I ITADA VAR AP LB WAL TT,

AR L0 destructor NOHIRIARTIZEHUINETT, 728725, Custom_dealloc A% CustomObject *
SEe L 2 L ERLE LA, tp_dealloc FIBID AR A ¥ XX PyObject * 5lEEZ TS ZickoTW
205 TT, b UHRINCEENZ LR TUE, av L I8 EEHTATLEI, Uk, CikBF54
7Y MEAIDRY E—T7 4 AT |

T7—A IR =L 2T AT —LEELFINCHIL L TEE /20D T, tp_new DEIELBMT S Z2ITL
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) {

RDOR=I ki)
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Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = O;
¥
return (PyObject *) self;

ZLTZIN% tp_new XN LTA YA M=V LET:

.tp_new = Custom_new,

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

non-NULL default values.

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

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

AR tp_new BRIV tp_init ZMFH L TEWVWIT ERA. ZHUIA VX =TV XDBSTTITS 729
T3,

Z D tp_new DFEHIZ, tp_alloc Avy PEMUHLTXEY REHYTET:

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

XEVEIDHTEERMT 20 LARNDT, SLIHEDHNIC tp_alloc DFERD NULL THRWAF = v 7 L
BRI D FHA,

AEMR: 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 UL tp_new (AKX A 7D tp_new £721& __new__() ZMFATVSHD) ZED VDR
51X, ETRORX Y v RBRIEFZ Do TEDX Y v REMPETHLrZREL IS L LTI WHEEA
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DANTFENH TR ZFHANCTRD TB X, BEZD tp_new ZMUHTH, H 5 WX type->tp_base->tp_new
EREHLTAEZ VL, 25 LR0VWe, dRIEMMERLEZ A4 7D Python 3727 7 AHMld Python TER
SN FTABMAL TVEHEIC) KPR VHEVRHD ET, (DD, ZDES5RY T 7 2ADA
VARV A% TypeError &M EFI2/ES T L ARATREICIAD 5, )

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 ANICRASRE T,

.tp_init = (initproc) Custom_init,

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

0 on success or -1 on error.

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

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

RDOR=I ki)
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Py_INCREF (first);

self->first = first;

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

threads that accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o ZOZBMAVI N1 XDREVEHETEZHLE

« 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®?.

CITEAVAZRVZAERZBHL LTRZZ2E5CLEZVOTTR, ZHRIKIEWL DD HERH D £3,
Hor HEFHELFER. A NODEBEFEZBI L TT:

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 */
};

ZLT, ZOEHKR%Z tp_members Ay MIANEL &k 5:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the TRV B4 % BEIET % 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.
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Z ZTlX Custom.name() EMEINAZAY v FEERELFL D, ZNWE 77 —AF 3 —4 first 7R+
;\T\“—L\ 1ast %EI\%L7E&?§U%%@%7&‘I7 ]\@%ﬁﬁt Lfﬁbi\j—o

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

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

ZOXYy Fid C B e LTEEIN, Custom (H2WE Custom DH TV T R) DA VAR Y A%RH 5|
ML TZIEDET, XV FIZDRARZDA Y ARV AZRAIOF e LTRZI 62 ITFIUIRD 24
Ao LIFUIRNESIEE ¥— vV — FEIEBZIT e D 35, SEIIRICHLEZRNOT, EEFBDX T LD
FoU—FEBOHFHEDIWMLRLVILIKLET, ZOXY v FiZ Python OLIRD XY v F 2 EfliT3:

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

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

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

ST XYy FRERLEDT, TITAY y FERHOA Z/ERT 2 L0ERH D £3:

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

(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:
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.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

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

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

from distutils.core import setup, Extension
setup (name="custom", version="1.0",
ext_modules=[
Extension("custom", ["custom.c"]),
Extension("custom2", ["custom2.c"]),

D

223 T—EEMEZECEHNHIETS

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 *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;

(KDR=I1Z%iEL)
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}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = O;
}
return (PyObject *) self;

static int

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|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 0;
}

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

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

{
Py_INCREF (self->first);

return self->first;

static int

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

return O;

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

Py_INCREF (self->last);

return self->last;

static int
Custom_setlast(CustomObject *self, PyObject *value, void *closure)
{
PyObject *tmp;
if (value == NULL) {
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},

RDOR=I ki)
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{NULL} /* Sentinel */
};

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"
},
{NULL} /#* Sentinel */
};

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

};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

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

RDOR=I ki)
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Py_DECREF (&CustomType) ;
Py_DECREF (m) ;
return NULL;

return m;

first B Y last BHEE LD ZE0LKHIHIT 27201201, DRAXL XA FD getter BIE Y setter BAEUE i
WET, UM first BMED SEZEIS T 2 B (getter) & T OBEMICMEZ &I 2 B (setter) T

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 MEADEFZ DL D £3:
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static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
};

ZLTIN%® tp_getset ARy MIEHFLET:

.tp_getset = Custom_getsetters,

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

a closure, so we just pass NULL.

T/, AUNERDPLEFINSDBEEERWTEBEZEL £ 5:

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

F/2. ZIZ T tp_init A"V FIBEINZBDE LTXFHNDAZFHTA T2 LI ITEETI2HLENDD
ESCES

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);

(KDR=I1Z%iE<)

*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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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.

T, RBIFEDLIZEIIE. ZOEY 2 — LR 1L ACH 2 ES 2 — VB EEFELEL &
9. ZLT setup.py 7 7 A VICBIMDERE S DX FET,

2.2.4 BBAR—SIALISIVEFR—LT3

Python (Z:term: JEERA R — a1 7 & (GC) #hE<garbage collection> ‘% d > TE D, ZIUIFERA T
VI e, ReZABRAVIDPEATRITHREATIZLDNTEES, ZOLIRKREATI =2 b
DZRMPMBRL TR XTI ZET, L ZFUTOREEZTIEE W

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

ZOHITIE. BOEHEEIKDVANREDE L, 2EXZDOVRME HIBRLTH, ZRUIIEHTEEAD
SREEEFLODTETHS, BRIV Y MIERIZE D FHA, BLWI 2IZ Python IQIXEERA N—
PalLy REEEMNEIDV R INBITETHE I 2R 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:

*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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#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h"

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

} CustomObject;

static int

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

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

RDOR=I ki)
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}
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,
&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 */
};

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)) {

RDOR=I ki)
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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)
{

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 */
};

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,

RDOR=I ki)
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"Return the name, combining the first and last name"
}’
{NULL} /* Sentinel */
};

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,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

};

static PyModuleDef custommodule = {
PyModuleDef HEAD_INIT,

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

};

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

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

Py_INCREF (&CustomType) ;

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

return m;

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

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

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

EERLEZZRICEENDI DD LOABRWERNETA 7Y 27 M LT, traversal XY v FIZEX N visit ()
B Z PN E 3, visit () BABUINERA 72 =2 b . traversal XY v RIZEXNBEMOGE arg 2515
LT hET, ZOBRIZDENPIFEDEGEIGRINZBHOERZRL £5,

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_VISITQ).

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

static int

Custom_clear(CustomObject *self)

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

}

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

ERR:  You could emulate Py_CLEAR() by writing:

PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py _XDECREF (tmp) ;

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

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

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

our reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void

Custom_dealloc(CustomObject *self)

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

®#%IZ, Py_TPFLAGS_HAVE_GC 79 7% 7 5 AERD 7 7 7 WMAET:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTHT T, tp_alloc ARy MK tp_free NY R I8FErNLTVIE, ZNOZERAR—2 2
L272a itflizzd X5BIETIUIIVDTT, 13 AL DINRKRIZBBIICR S N—Y a v 25
TL &2,

2.2.5 MOBDOY T ISR ZES

BEFORI R AR L7 H L WVIERI 2 E S 2 2 e B TE 3, MlAAARD SHES 2 DRI TS, &
%7% PyTypeObject ZfliHICHIHTEZ 2056 TF, ZAUTLERT, PyTypeObject MEAZILREY 2 — 1
MTHEET2DEEHLWTT,

ROFITE, A 2D list BZRK L 7= SubList BEZ2ER L TWE T, HLWEIEED Y X My
SERICHIBER D D T3, BIMTHED S 7 > ZEHEPT increment() XYV v REFRK > TV

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

>>> print(len(s))

(RoR=1kiL)
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6
>>> print(s.increment())
1
>>> print(s.increment())
2

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state);

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

}

static int

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

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
};

static PyModuleDef sublistmodule = {
PyModuleDef HEAD_INIT,
.m_name = "sublist",

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

RDOR=I ki)
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.m_size = -1,

}s

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;
X
return m;
}

RTb»d k512, V—RAa— FEHIDH D Custom DIFLIFFHITUTVWET, EH5Hrrzhzhz R Tw
RIS

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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

static int
SubList_init(SubListObject *self, PyObject *args, PyObject *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
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tp_new handler should not actually create the memory for the object with its tp_alloc, but let the base

class handle it by calling its own tp_new.

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

should be done later in the module initialization function:

PyMODINIT_FUNC
PyInit_sublist(void)

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

PyType_Read ) ZM-.XFHIC, BOMEIERD tp_base 2y MIEDH SN TWRITNIRD 8 A. BFD
BI% KT 2 B121E. tp_alloc AR v b % PyType_GenericNew() TH®D ZMHEEIHH FHA, - HERD
Tar—a YEEBMKENE T,

Z DI, PyType_Ready () BEEEIE, XA ATV =27 b EEY 2 — BT 2 D, EARKZ Custom
DOFlEFTTT,

FEE

2.3 ILRDBDESR: HSZIL L EY D

O TR EXFREEAREREZA TAV Yy P, ZFNOWMAETEHDTHENITOVWT, o FHL
%9,

BIRid PyTypeObject DEFE TS, 7Ny LI FTLIELDNLRV WL DONDX Y NIFENTH 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 */

(RDR=I12%i<)
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/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

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

setattrofunc tp_setattro;

/* 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 */

/* call function for all accessible objects */

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

/* 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;

RDOR=I ki)
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struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

struct _typeobject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* Low-level free-memory routine */
inquiry tp_is_gc; /* For PyObject_IS_GC */
PyObject *tp_bases;

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

unsigned int tp_version_tag;
destructor tp_finalize;

} PyTypeObject;

TeKBAD XYy FRHDETH, THEARITDETZ2HEEIDD FEA, ERLLWEDRD 226, E
ET203ID35DITKDILTTLIENILALTT,

FTTRFEEINATVETL 9D, ZOMERKIZOVWTARICAETVE, HARAYFSIZOWTEDEELWL
EMERELET, LErLINSDX U ADPHERPTERIN TV RIEFIEALE T, 20Wo0F, Zh
LDRX Y ANOENBEFIIELMREEICE 2 D225 TT, ZLOBAVHIEAMELRDEZ, HEX T3
AUNAPTRTEENTVEH 2L o TET, HLLIMELRICEDE THEEZEET S TT,

const char *tp_name; /* For printing */

CHUIOAHTT T, FIOETHA L K512, ZhUIfARIGHTHEA, 1ZEACEZHERNTEDNS B
DTY, ZNRDT, ZD X5 BRGHTRICILDOTH 2 S A2 EA T ZEW!

Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INHDT7 4= RiE, ZOBOF T =27 FBFHLAMER SN L ZICENLEITDRAEY ZEI D Y ThT K
WDh% T VR4 LIZHRLET, Python ICEAIZEROMIER (CFHIRX IV L T EE W)
T BHARABDYR— DR EEDHD, Z I T tp_itemsize X U A\DMHELNF T, ZhdiZOoVTIX
HrTEINET,

const char *tp_doc;

Z 2iZiE Python 227V 7 MY 7 7L YR obj.__doc__ % doc string K3 & DT (B2 WVWIEZD
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231 774 FSA4XEXE)RIK

destructor tp_dealloc;

BDA VAR ZADOBRA Y Y bR YD, Python 4 YR FVXBZFNEBLTEHABLELS RS,
CORBDOMINE T, BT RNEXEV ZZORPREL TV D ., ZALBNI S ETTRERUEDL D %
LBEd, thox AL ET, 77927 PZNAKD ZZTHREINI2BEN DD £F, DB
DHNZ. UFDES5H2BDTT

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

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

clearing any member fields:

static void

newdatatype_dealloc(newdatatypeobject *obj)

{
PyObject_GC_UnTrack(obj);
Py_CLEAR(obj->other_obj);
Py_TYPE(obj)->tp_free((PyObject *)obj);
}

XV R TO e DEELRDIZ, WEEL DAV > ZWFEEDT RV ETE, RERS. BHAHD
BIE Python 4 &7V XA Ry 7 ZTtDRBBICE T & ZIZMHEINS 2 e BZ0Wn6TT, 2L T (@
DRI & DEIFTZR L) BISD7DITA Ry I PBEERIND L Zld, TTREEL TV EHIALHXEY
FRMBIRZ T2 D DD D T A, BEHDOBEED B 22 SEEHINEMD Python D3 — FZETLTLES
L ENLBBINDBRAELTVE I Z2BAT 205 LOLEEA. ZHEA VX T ) ZRIREIE LTI —%
FESELIICORMND ET, ZhZECIELWHER, ZeTRWEREREITS 2 ILEGS Dfift 2
RELTBE, BbokbZNZMITET 28 TF, Z4UE PyErr_Fetch() B & Uf PyErr_Restore() B
HS Ik oTHBEICAZ D £5:

static void

my_dealloc(PyObject *obj)

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

(RDR=I1%i <)
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if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */

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

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

/* This restores the saved exception state */

PyErr_Restore(err_type, err_value, err_traceback);

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

AR XTVMBBBEBOFTRERR2IITZAZ IRV O2HIRSHD £3, 1 DHIEE. ZORHN
(tp_traverse B XU tp_clear #ffioT) IRN—YalL s> ary®2HH— L TWBHE, tp_dealloc A3
MOHEXNZETIZ, BEEINT7AFIARXENTLESI A T2 bDAXUAN=DENHESLZLTE, 2
DHIZ. tp_dealloc D TREA TV =7 MIALKERREIIHZ I TT: DEDSWATV VA0 TH S
YWI e TY, (Eofilicdhz Lo5k) EHikA TP 22 % APl OO LTIX, tp_dealloc % HEN
CHL. ZERRDPL 77y aT5I8I0k50H LOAERA,

Python 3.4 25 1&, MR 7 74 F 574 XD a3 — X tp_dealloc ICEDT. b DIZHLIEASINL
tp_finalize L WHMIX Y v F2S Z e AHERIA TV T,

BE.

PEP 442 THLW7 7 4 54 XOEHABFHHI N THE T,

232 ATV KRB

Python TlX, A7V =7 FOXFHIREEZERTZ2DIT 200D DD T3 repr() BEZEM S 751k
.ostr(Q) BIERRES FIETT, (print() BIEIIEIC str() 2L ET, ) THHDANAY FFIEEL S
bAMTEET,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr NY FZREMUHINTA Y AR Y ZADLFHNRBZEN LI XLFHNA TS =2 7 P 2IRTRBEDSD
DET, HHEZFIIATDOLS LD TT:
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static PyObject *
newdatatype_repr(newdatatypeobject * obj)
{
return PyUnicode_FromFormat("Repr-ified_newdatatype{{size:%d}}",
obj->obj_UnderlyingDatatypePtr->size);

tp_repr NY FIBEEINTVARITIUI. A X TVXIEIZDOED tp_name L ZDA TP =7 bO—ER
WEZ B BN TCFAIRAZER L 5,

tp_str NV F I str() ORI, LD tp_repr N FJ & repr() OBMRITHYLEF, 2D, Th
& Python D2 —=FRF 7927 DA Y AZ Y RZH LT str() ZHUH Lz 22idhEd, 20
BODEEZ tp_repr NV FI7DZNEIFFIBTOE T, BHN 2 XFHRINIAEIHL Z r 2 ER X
NTVET, tp_str PIESNTOVWIRWEGE, 2D DIZ tp_repr NV FIMEDONET,

IVSNESGE A O

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 13 2 DOEIEAY K5 OMEF K-+ LTWET, BHEEOMIE S 5 —HEEET 22T X
(. ZRSDBENE—H OMMSEMOLHIE chars ¥ LTZIIZ DI LTS 5 — S OMIZEEDLHI%
PyObject ¥ LTRIIMS. L5 bDTT, ZRZRORIIZDEEI L - THEN XV EHZ ET,

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

VA 4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

FTV 27 bOBYEANDT 72 AN DRI (T H L THFT 2) B RIERZ T2 513, PyObject* %{# -
TEMEZEHT 28 LT, #BFH (generic) RFEHEZMR 3, FEDRITRHL L ZEIHENY K Z DM
TEiE Python 2.2 2 HIF L AETERIZHRSLZDE LK, LU, ZLONEER, ZOFHLIfFR2 L5
730 TR X B =X L %2ES KO BEH SN TRWEEA,
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RN GEMZERT S

LAY O BHL BIERES 2T, TR, L0 XS BBESHEMZ L VWAZOTL X 557 ZA8
7T RERIE T DTDTT

1. PyType_Ready () DIz &, T TIEBHEDOAHIB DI oTVE Z Lk,

2. BHEESHBULIEDRELIZD T2 =12, FMARESFROZZDDMHENNKRETHR L, SR DERE
L7fEIZN U T ARBIEDFEITT 2REDR RN &,

IhoD&EMtE. BHEOMESR. EHAHEINEZ XA I VY, FRIBNENET— 2R 0BREZYLBDT
BHBEPE Vo ITRALHINERT DD TRV LITHERL TL XV,

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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CDTF—TNDELY FVIIH LT TAIUTE pMEREH, 24 v AX 2 ZOMER» SR L 5 58
WKRLTZERLBMENE T, type X ¥ NX structmember.h Ny FTERINLHDa—-RFEU LD
BATVIRENDD ET, ZOfEIX Python IZBIF2HE C ICBI2HEEZEDIIIEMLD S 0EED
2HDTT, flags AV NI ZOBEBUEDRED X ST 7 RINE 0 EHIHT 27 7 7% ENT 2 Dicfiibi
9,

URD 75 Z7HERIE structmember .h TERINTED., THHEEY FZ2D OR 2Hl-> THASDHE
sRED,

EH =173
READONLY HENMCEE T E W,

READ_RESTRICTED | #lfRE— K (restricted mode) TSR T E 40,
WRITE_RESTRICTED | #llfRE— K (restricted mode) TIZZEHE TE L\,
RESTRICTED HilfRE— K (restricted mode) TIISIRH A H S TERRW,

tp_members Zffio 720 DOEHWHAEIX, ETRIHEONE T A7V X ZERLTBE, HicT—7
NHEZTFRAPEZEVTEL Z2IRE-T, ZOHETERSINZTRTOREMIZ doc string % BI#AT 5
N2E5CF22TT, 77V —>ary3Infvyituaxrsya vyl APl 2ffioT, 79247V
TIPS TFTRAZYTREROE L, 20D __doc__ BM%M - T doc string 18 o6h %3,

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

BEDQRICHELILBIEDERE

FRERHEMICT 2720, 22T chark Bffio/onN—Ya v DAERLE T, name N7 XA —XDAEIZ A ¥ X —
7 x4 R2¥2 LT charx %2{f 5% PyObject* 25 1DEVWL2HD FHA, ZOFITIX, LOKFRIIZH]
LHEL Z 2 2RI D 525, Python 2.2 TEME NN AZHOY K- 2 LTI ET, Z
NEANY FI7OBBABED LI LTINS D Z2HIHL 3, TMT. b XA ZDKREZHERS 2 08D
HBHLE, LS TUIVVRDRETL x5,

tp_getattr NV P73 A 7Y =27 FHABUANDSREZERT 2 & 22T ET, ThUE. 207 72D
__getattr__ () AV v RBPMEINZTHAS5KRN A UK T THRIHINE T,

INehlzrmL £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);

(RDOR=I1ZFE )
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return NULL;

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

should be set to NULL.

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

return -1;

234 T2V FOLE

richcmpfunc tp_richcompare;

tp_richcompare Y F Z I TR Xz & ZWMOHINE T, __1t__ O D &S 7% IR X
Yy R IZEEEILTE D, PyObject_RichCompare() & PyObject_RichCompareBool() % & dFEUH X
i\?—o

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.

CHRWEARA Y ZDH A APFELITFIUIFELVE By 7—2RMDY > FLFHEETS:

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;

RDOR=I ki)
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case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}

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

return result;

2.3.5 HMEMNAEIORIILDOHR—F

Python iZW< 2D HMFEWH “Fuaral” ZHKR-—FLTVET, ThoZ2EHTIHEDS VX —T =
A 22DV T abstract TEREI N TWVE T,

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

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

PyNumberMethods  *tp_as_number;
PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

BEWOATY 27 FRBIERY =7 YA, HEZVEHED LIS 2EI L5 LEVWAELIF Thzhue
C @ PyNumberMethods ##i&{A, PySequenceMethods &K, F7:|& PyMappingMethods #iE{AD 7 N L
A ANET, INOITHETREZANTH ANRS THLEFVERA, I b %Mo 7fFld Python DA
Y —RAIZH % Objects TAHDIFEIENTESLTL & I,

hashfunc tp_hash;

COBEE. LI ICLERBIE. T—RBDA VAR ADNY T aBERRTIOIICLET, XD
=R G O

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;

ORI, ZDRDA Y AR AD TR LTINS L 2N ET, 728 2EDH L objl i
ZDAYVARYARBASTWT, Python 227V 7 MT objl('hello') 2FITLzrFT 5L, tp_call NV
B IHIHENE T,

ZOBX 3o BE L b ET:

1. self I LOXMRE 227 —ZBDA VAR Y ZATT, 728 ZIFFFCH LA objl('hello') D
AL self 1X objl IZk D F5,

2. args 3T LOFEZBIAL TWE X LTS, 2 2Hh 6582 D 131213 PyArg_ParseTuple ()
ZEVET,

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

saying that keyword arguments are not supported.

IR tp_call OB FEETT:

static PyObject *
newdatatype_call(newdatatypeobject *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]l\n",
obj->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

These functions provide support for the iterator protocol. Both handlers take exactly one parameter,
the instance for which they are being called, and return a new reference. In the case of an error, they

should set an exception and return NULL. tp_iter corresponds to the Python __iter__() method, while
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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§88 (Weak Reference) DH7R—k

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

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

(RDOR=I1Fi )
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.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
};

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

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

static void
Trivial_dealloc(TrivialObject *self)

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

2.3.7 EOLBZ V3

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

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

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

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

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

BE:
Download CPython source releases. https://www.python.org/downloads/source/

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

24 C B5L&U C++ HFRDEIL R

CPython @ C #:5RI #HAMLEA 2= 7 AR -1+ LHEE S 4 77 Y (Bl Linux @ .so 77 4 L%
Windows @ .pyd 7 7 4 L) T3,

AVR—PTEDZ XD, HE A 7 F VI3 X 2IREET PYTHONPATH LicRiITAER ST, 77 A V4%
EY 2 —VBIHIA. BYRIER ISR > TORITIUEWIT E R A, distutils 2> TW\W2 & =X, B
ELWZ 7 A VEADPERINE T,
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WEULEIB D S 72 F v FRDE BHTT:
PyObject* PyInit_modulename (void)

Z DRI EAE Y 2 — LD, PyModuleDef 4 ¥ A X Y A%IK L E T, 7 LW Z & X initializing-modules
EHRLTLEZZW,

FHNZ ASCIL LM TWRWEY 2 — L O5E, BI%# X PyInit_<modulename> O <modulename> %
EY 2 — LB/ TEEMZ 2D TRIFNIAE D £42 A, multi-phase-initialization Zff-> T3 & X, £
T a— NI ASCII BADLFH A £T, ZD5E. MIHHLEKD%H1E PyInitU_<modulename> T,
<modulename> {INA 7 V%7 VX — A2 7 TEZHLZ T Python @ punycode T> A —7F 4 ¥ TLYaA—
FL72H D22 D ¥£3, Python THL XD K5 Az D £5:

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

return b'PyInit' + suffix

1O0HES 475V ITEROUIHLBERZ ER T2 2T, BBDOEY 2 — 2T ZR— 1§25 LA
HETT, L2L. 774V FTE7 7 A VARG LB LI AMT IS5 LRVWOT, BROEY 22—
NEA YR=PERDRCEI YRy 2V Y IPMEDA Y R—X—2ESRERDHDET, HLWnwIid
PEP 489 @ “Multiple modules in one library” Bz SR L TL 72X W,

2.4.1 distutils IC&3 C &Y C++ HEREZa—ILDEILER

JEIRE Y 2 —LiE Python &N 3 distutils 2> TV R TEFF, distutils 13NN F Uy 7=
DIEMB IR =P LTVWEDT, Z—FPILIRES 2 — %A VAP =L T B, BT LDy (45%
distutils BZHEE WS DT TIEH Y £ A,

distutils X—=Z2D %y 7 =212, BEHR 27V 7 & (driver script) £72% setup.py Ao TWE T,
setup.py XHED Python 7025 L7 7 A LT, FLALYDEEUTRD XS AR > TVWETS:

from distutils.core import setup, Extension

modulel = Extension('demo',

sources = ['demo.c'])

setup (name = 'PackageName',
version = '1.0"',
description = 'This is a demo package',

ext_modules = [modulel])

ZD setup.py £ 7 74/ demo.c BHBrE, LITFDavr R

python setup.py build

%%?‘Tj—% t\ demo.c %:y}f/f }I/L"C\ demo tL\i%ﬁﬁ@*ﬁgﬁ%yl_}b% build 7—‘\/{ 1/7 ]\ U Ij\j]b:
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ERLET, YRATLICES>TEEY 22— 7 7 £ LE build/1lib.system 77 4 L7 b VITERI N,
demo.so X demo.pyd WV o KNI RE Z e H D FT,

setup.py AITIE. 2> FOFEITIZTART setup BIZEMFIH L TITVWE S, ZOBBIIAIZED ¥ —7 —
FEIEERD £F, LOHITEZO—HEF->TVWRRTEEZTEA, o L EERICNS &, ZoflodT
BNy r =YLV RT 270D XXERE, Ny F—YONEZRELTWE T, @, Sy r—Jid
Python YV —=RXEJ 2= AR RFa XV b, 3TN r—IF LWV o 0TI 2 —LH A D FET, distutils
DREBEICE T 2 35X, distutils-index IZE»NT WS distutils D FF 2 XY F 2B L TLE XV, ZOH
TRIFREY 2 =L DEL FIZOWTDAHHAL 3,

BEEHR 270 7 O ZE KD X 527012, setup) NDFIHZERHTH o TEHALTHBL ZeBELIHD F
To LOBITIE, setup() D ext_modules IXFHRES 2 — LDV A FT, VR DKL DERIX Extension
7 IADA VAR Y Ao TWET, LOBITIE, demo W FHDILREY 2 — L2 ERL TWT, Hi—
DY —=A7 74 demo.c ®AY A LLTELRTEIIERLTVET,

ZL DA, BTV 2a— DL FIEb o 2 MR ET, 2WVWIDIE. 7Y by ERRLIA T
Y DBHFEENDEICRBZEBHEINSTT, FIZIZLUTD 7 7 A ADBEDEFITT,

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])

ZOFITIE. X ZIEHROEM X NIIREET setup ) DL INTWE T, By r—I %k HBET 310
HizoTE, XA XEHREMTTBL eI E T, IREY 2 —LAKIZOWTO X ZIEHRIZIZ. 7Y
Tty B ER AVIL—FRT7ANDT4 LI M) FATIVDT4 LI MY, T4 TV Vs TdE
EDH D F T, distutils 1ZZDEHRE 2284 ZIBECTER 2D HTEIEL 3, iz Unix Tk
DBREFUTDOE>ar it ra<wy Rickz»d LOLEEA

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
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IhsDavxy P4 YZEHEHMWTELNZ D DT, distutils D2 —HIX distutils XIELL a~< > F%E
FITTHEEHLTIEI WY,

2.4.2 fiFREY 12— L DE

PRES 2—NZSFK UL RTERLS, Z@YOFWAHD £7,

IV R2—HREEES 2 — LB VA=A LIS EZXET; 2. REETLET

python setup.py install

EV 2RV TFREY =Ry F =V BERLET; ZAUSE, REEITLET

python setup.py sdist

BERICE>TEY —ABHEYNEBIMD 7 7 A V2 EDZRERH H ¥, 24T MANIFEST.in 7 7 A L%
9 3L <13 manifest 2B L T X W,

V—2a— FEAfi % 5 FHEBETEH, XU T FREAL FVEMAYBIERTEE T, 779 P74+ —4I1C
IHUT, UTFoavwry Fownwinhrzini g,

python setup.py bdist_wininst
python setup.py bdist_rpm
python setup.py bdist_dumb

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

Z DETIX Windows [[1F D Python {E3RE Y 2 — L% Microsoft Visual C++ #{# - TERK S % AL
WTHICIHRAN, ZORICIEREY 2 — LD LIV ERED XS KEET 2000V TH LLWEREARNZ
3. ZOFAZ. Python ¥REY 2 — L 2/EK T % Windows 7R 7~ &, Unix £ Windows D5 T
IELENRTELLSIRY 7 MY = 7OEBICEIED D 2 Unix 70277 <DONFICe > THHTT,

EY 2 LOEFIE, ZOMTHALTVSHELID B, distutils &2 7 7R —F TIIREY 2 — 1% Y
NRETBE581DFET, £z, Python ZE L R LRI fEbN C a2 84 IHRMBETT; @HIE Microsoft
Visual C++ T,

AR ZOETIE. Python D= a VEEPFHELINTA>TVEL TAD T 7 4 VATV Tlh
F9. INHDT7 7 A NKIEF XY TRINZANA—Y a VAN ETREINET; 'X' > T3 Python U
V—ZADRAT % == a VFE, 'Y Zv A F ==Y a3 yESTT, flZiE, Python 2.2.1 Zff->Twn
275, XY WFEBICIE 22 12k D 5,
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Extending and Embedding Python, J1)—2X 3.9.21

25.1 Brsbor7rO—F

Windows TOILREY 2 —ADEIL FIZE, Unix EFEL & 512, distutils Sy F—I 2oL FIE
(ol FEO EmYOT7 I —FnH D FT, distutils ICXE7 70 —FIRNEIL AL DIEES 2 — 1
TIHOFEFLWVWEET: distutils Bl FIHIRES 2 — LD EIL R Xy 7 —I(KIZDOWTIX, distutils-index
WCHHET, TN EARYRIFETITORINIZR R VWb oGE, BEFATIVET 21D
winsound @70 27 b7 7 A ABEFIZHERDPD LALER A

2.5.2 Unix & Windows DIHES

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

Unix Tl&. EEA 722 b (1s0) 77 AT BT 6035 a—F, 2LTTrT 7 LANTH S B4
RTF=EBASTVET, 7748707 F MMEEIND . ZNODOBBP T —XIINT 27 741D
- FADERTOZRIE. XEVATHESL T —EMHEINTVWS, 7077 AHOEBEOLFZEST L5
WEBINET, ZAUIERINIZY Y7 BIECHD 5,

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

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

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

Zo0Ea—-RFEY2a—, Bt C KL, Hloa—-F7vy s A Z2HEH3T252 L %3, Unix Tid,
A.a % B.so® C.50 ZEILRTZL XDV AIRELLEVE LEEA ; ZARZETIE. 2—FiEZ
ERDAEN, B COZENENARHEITHOAY - 2> TLEVWE T, Windows Tid, A.d11 ZE LT
52 A lib BEALFENET, BRCOYU Y ZIZIT A1Lib ZELE T, A.1ib IZEa— FRiZA->TVEH
Ay BUIZA ODa—FRIZ7 72 RT 3T 3 7DIFETRICAVLNZIBERPA > TWBEITTE,

2.5. Windows ET®D C 5LV C++ HFREZa—ILDEIFR 73
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Windows T4 ¥ R—=1+ 74 75V OMFHIL import spam ¥ §2 K52 DDTT; ZOEIFIZ L - T spam
DHFNTT 7R ATEETH, a— FOat—2ERIFRLAEDIZLERA, Unix TR, 7477V D
V> 23t L A from spam import * WZBITWET; ZOMETIHEMICa—Foar—24KL £7,

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

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

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

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

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

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

Developer Studio 3 AEDB R RKEDA Y R—=1+F4 75 V% DLL IZ%5AA T, ETEROY A4 X%
100K 3 KELLTLEWVWET, THEIATIVEZBOVHLZTNUE, Ty o ux7 4 X
A7RTRER YV h) ZTBEILT AVYR— ST SUDER 2IEELE T, 20%, WYX
msvertxx.1lib 254 75 VDV X MEMLTL 72X W,
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THREE

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

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

3.1 7 SV 75— 3> AD Python DIEDHIAH

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

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

€ > T, Python OMDAAZEITIHE, BIEDXA 7S a2t LR ITERD ERA, XA > 70
TZ LR S RINUIR SN 2 D—2IZ, Python 4 ¥ X7V 2@ B D T35, 2ichidklL
H B Py_Initialize() 2O I RIERD FHA, A7 a2 LT, Python fllica~> K54 V518
EPETTOICHEBMTUCHLEITWE S, 20%, 77V 75— a DX I ThA YRV XEMUHES &5
122D %79,

AR FYREMRUOETICIE. BR20WL22DHERD D £3: Python XA - =X FH %
PyRun_SimpleString() X ¥, stdio 77 A VKA Y X T 7 A% (ZHAHEZF7— Ry E—YNT
a— FEBINT22H230HDTT) % PyRun_SimpleFile() WKET., Y WoBEATT, ThETOR
BECHIAL 2 EKEDRIEZIFCH LT, Python A7V =27 F2MEELDFHLEZD B TEET,

BE:

75
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c-api-index Python C f ¥ & —7 2 —RDFHMII D = 2 7 UICEDLPNTHE T, DERIFRDOKE X
ZZRHBIET T,

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;
}

Py_SetProgramName() & Py_Initialize() DRENFENNTHREDSDH D £F, ZHUTEI DA Y EZ TV RICT
VEALTATITIVNDNRRERZD ZEBHERET, Hil T, Python 4 > X 7Y X% Py_Initialize()
THIHHE L, W T — Fa— KX Python 227V 7 b THN e RBOHE NI EFEITLET, DKk
Py_FinalizeEx() OMUHLTA Y X TV REKTL, 707008 TICHZEET, EEOTv s 5 4T
¥, Python A7V 7+ 2MDY —R, BZLLTFRA LT 4 XL—F T 74, T—RRX—ZAD5E
DHLZWEEZ20d LAEE A, Python 2—F%Z2 7 7 £ 250D 13 12ld. PyRun_SimpleFile() B4
BEES5008XVTL &5, ZORMBMIIXEY ZHRLT. 774 VONEZR— FT53FRHEzENTIA
N
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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=I ki)
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(FiDR— 25 D %)

if (argec < 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 i1s a new reference */

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

RDOR=I ki)
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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— R argvl1] Zffio T Python A7 V7 b a— R L, argv[2] MICHEE S 7501 OBEEZ
HUET, BBOERE B argy B OMOEICZD T, Z0oFur 0% AVNLILLTUYS L
(CELFATAREERE call MU FEL x5). URD X574 Python 227V 7 2ETTEZ2ICLET:

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

return c

FATHRIEZUT DX 512725133 TT:

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

COBEOMIETZER T3 700 7 A0 VWEEIMrRETEETY, 3L AT Python 226 C AND T —
RER L —R/ED=HDa— R TF, Python OHDIAA YL WS BlsEh 5K D FKIEWE I RO a—
R 504 E 28T

Py_Initialize();

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

A4 & F) ZOHPANLE. 22 Y 7 MiE PyImport_Import() Zffio TitARAENE T, ZDL—F VX
Python XFHIZ518UCH 3 B ERH D, 7 — XLl —F > PyUnicode_FromString() THEEL %7,

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

/* pFunc is a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;

3.1. D7 FVITr—3>AD Python DIEDHIAH 79
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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);

%é\

REEUH L % IR B%. pValue & NULL 12722 2>, BABDR DEANDOSRB A o TWE T, HEZFALZRICIE
SOTIBRZMRL TLZE W,

3.1.4 B&iA £z Python DILFE

ZZETIX, HHIAA Python 4 Y X PV RET7 TV — a VAEROEEEIC T 72T 2FERBH D 8
ATUL7, Python API 2ffi5 &, HDALA VX FVREPIRT B2 TT7 SV =2 a YRIENDT7 2
TRAEAREICLE T, 2D, 77V =y aryTREINTVWEIL-F U2 fio T, HDIABA VX TY
REPWIRTE2DTT, BHRZEDISWCERZIETH, ZRIEFEIEVDITIEH D FHA, S LHL-T,
77V —arh Python £ YR TV RERH LI WVWIZLEL 2o 2 ENTATLEIWN, 2ORD
D, 77V 5= a7 —F U DEEDHT, H7220dEED Python JLIREY 2 — L2 EL LD XS
12, Python 2268V —F V7 7L RTESLXS1TFT 270 — (glue, B]) a—F2FELERZTLIIZE W,
BIZIZLL D &L 51T

static int numargs=0;

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

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

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

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

};

static PyObject*
PyInit_emb(void)
{
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);

I 5 ZDDITIE numargs ZEE ML L., AL Python £ ¥ & 7V X5 5 emb.numargs () BEEIC 7
JEXATELLSICLET, ThODIREY 2 —VEEZM S £, Python 227U X MIMUTD LI ¥
BTEFET,

import emb

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

EEO7 TV r—>ayTlE. 23 LEXAY Yy RT7 U= a YN APL % Python IZRB$2 221
7hET,

3.1.5 C++ Ik 3 Python DI2HAH

C++ v 7 2912 d Python ZEHDIADET; MEICE S . 5o THEHDIALIIIE->TWVWS C++
MEERDFEMCKFEL 23 — MBI, A4 > 7nr70% C++ TEE, C+H+ av 4 7% # - TR
TISL%AYNRAN - V7T IREDRDHBTL & 5, Python BA%Z C+4+ TRV ANV LEBITHEEITD
DEEA,

3.1.6 Unix R XATLICEIFRAVNTIILE) VD

Python 4 ¥ XSV X %7 7V r—a VIZEDALDIZay 45 (LY 2h) KETXREELWI Z 7
PRHESTORMETRVWAD LULERA, ZHEEIZ, Python B354 75V ET 2 — LI LTY ¥ 7 3h
72 CEIHHEIR (.so 774 V) L LTHEEINLDDEZR— FTI2REND L5720 TT,

WBERAVRAN - VI DF TS a vyl d7-9IZ, pythonX. Y-config A7 UV 2R FF (Zhid
Python £ ¥ & b —VRRCAR /2 H DT, python3-config 227V 7 b bFIHHKZ b LI EEA),
CORZ YT MUIA T arnPEl b EITH, EHENCERZOIZIATL & 5:

o pythonX.Y-config --cflags 3D a >y i AT a 2L ET:

$ /opt/bin/python3.4-config --cflags
-I/opt/include/python3.4m -I/opt/include/python3.4m -DNDEBUG -g -fwrapv -03 -Wall -
—Wstrict-prototypes

o pythonX.Y-config --ldflags {IHRED VY 7+ T a v 2L £5:

$ /opt/bin/python3.4-config --1ldflags
-L/opt/lib/python3.4/config-3.4m -lpthread -1d1 -lutil -1m -lpython3.4m -Xlinker -export-

—dynamic

3.1. #OT7FUr—3 A0 Python DEDHAH 81
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ER: L Python N—Y a YH(F (2 D DT AT LD Python & H7#7zHETEIL R L7 Python) TD
RELZ BT 272912, L TORID & 512 pythonX. Y-config 13X S A TEBI L /21Z5 BRWVWTT,

HLIZDFIETS L WARFIUL (L2 ZHUILTO Unix R T 7y b7 4+ — LA TEET 2 Z & %2R
52 H D TIZRWT T, bug reports (3T ), HRLDIRATLDRAFIv 7)Y 7IZONTD
F¥axX> F%Fisk, Python @ Makefile DAY A VA T a Y RFANRZBENDHZTL & 5 (Makefile
DGFTZFN %121 sysconfig.get_makefile_filename() ZfH-TL/Z& W), ZDHE. sysconfig E
Y a— BRI OBERI D £, UK o THREBMTIMATZ NIV RA N - VY I DA T2 a U
& 7a 77 A TE R, Bl

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

2to3

mE

ARSI IT AT INIBITBT 7 4L hD Python 70> 7 TF, A VR TVRTA VRS
T4 TWEFENE - FHTISHTEET,

RDHDDVEZHLNF T

o AVERIIT4TIINRZBVT, A VT rENa—FTry 2, MET3EEDXY ) XF
DO GLFEIR. AFEIN. BAEIN. =HE5HFF) oW, 7aLr—x—o%ic, a—Fx AT 5
WCHRRENDT 7 4L bD Python 7m> 7 hT,

o HHAABLDER Ellipsis

Python 2.x ® 23— F% Python 3.x O — FIEHT 2V —LTF, Y—RaA—FZ@EMLTEOM
AR %ZKE (traverse) 35 Z & THRHITE 3. IEABMEO RIS ZUEL £3,

2t03 13fFEHES 4 75V D 1ib2to3 L LTHHTE X T, BEEDY - L LTHZI LR 7V T I A
Tools/scripts/2to3 & L THRMEEE N TV X F, 2to3-reference ZZML T I\,

abstract base class (IREE Y 7 R) MRRIE S T R duck-lyping 2T T % D DT, hasattr() ¥

DHDT 7 =y 7 TR MBI TH o7 D WIPIZii s (Bl 21 magic methods DHE) HEITA ¥ & —
7 r—ARERTIHERRML FF, ABC I3RAE (virtual) 727 7 R2BA LT, THIIEY
TAMOLMHERLFERAD, ZNTH isinstance() X issubclass() ICFMEINET; abc TV 2 —
ADEFa2XY bESBLTLZEW, Python 121k, £ DflAAA ABC BEIEATVWET, Z
DIRIZ. (collections.abc €Y 2 —/LT) 77— XM, (numbers £ 2 —/LT) K, (io €Y 2—
JVT) APV —24, (importlib.abc E¥ 2—LT) A Y K=+ 774 Y XN —X—T7, abc &
Ta—NZHNHLTHED ABC Z21ENTE %7,

annotation (7 ./ 7—>a ) &R 77 AN BBOD RS X —2PREECHERT 2 7T, HEEIC

D type hint & LTHEDOATVWET,

O—ANEBDT ) F— a VIZETRICE T 72 ATEZEAN, 70— AEH, 75 gk, B
Bo7/7—ayidEhfhE®ET 2a—L, 75 R, BD __annotations__ FFEMICHREFENT
L\ij—o

MEEDFIAD B 2 variable annotation, function annotation, PEP 484, PEP 526 &ML T 72
W,

argument (E5[E) BEEFECHITERIC, B (23 XV Y R) IKESETT, ElBX 28EH D £
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o F—TU—R5E: BEMEOH L OBICEIBORNCHBI T2 oWz b D (f: name=) R, *x IZHil}
IEHEOHOEE LTHEXNTIE, flZIE. KD complex() DFEFFHI L TIE, 3 & 5 9% —
7 — F5lETs:

complex(real=3, imag=5)

complex(**{'real': 3, 'imag': 53})

o fIBSI: ¥—v— F5lELUA D5 H, METIBIITIEY XA+ OFFITHES ZeHBTE, $h* 12
WelF 7z iterable DBERL LTETZENTEET, HlZIEX. ROBITIX 3 & 5 3 FHAES
T3

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

FH IR OEBIC B THEIT E D —AAZRICHID HTohE g, DL TZTSHANTOV
Tid calls ZBRLTLTEE VN, VX ZRARBOVTEFFERTLDICHLW I M5 Z el
KRET, FHBENfHIe - VERICE DL THNET,

515 . FAQ @ SE518ERE I DENIAITTH? . PEP 362 25 L T FXW,

asynchronous context manager (JEFfAa > 7F X b= —T %) __aenter__() & __aexit__() XV v
FZEFKT S LT async with XNOREZEHT 247227 T3, PEP 492 TEHEAIIE
L7z

asynchronous generator (JEEHAY = 1 L — &) asynchronous generator iterator %38 3BT T, async
def TEFEI NN —F VEBUZEITOE T2 yield REFOHRTHERD £3, yield Rid async
for M—7THHATE 2MHDOW I ZENRT 2 DIMHEHEINE T,

BEFIERY = 2 L — 2B L £ 30, WRICK > Tid IEREAS T RL—2 1T L—%& 257
AN
=

BEPH D T, BERENLEERIHL»TRVWEGE, AR LD/ DICBEREFERFR L £,

JEFEHAY = 2 L — X EAEICIE. async for XX async with X7} THL avait RdH 22D
DET,

asynchronous generator iterator (JEFHAY = 1L —& 1 7L — &) asynchronous generator BHEITHER Eh
5% 7Yz FTT,

ZHE, __anext__ () XYV v FEM o THUIH XNz ZIZ awaitable A 72 =7 F ZiIBT asyn-
chronous iterator TF, Z® awaitable 7Y = 7 M, XD yield AEF TOIFFEIAY = 2L — X
BORKZFEITLE T,

yield 12 272002, ZDNMBETOEITIRE (0 — I VAR FRIRED try X) WHIZ—REIEXh
F9, __anext () TRENMhD awaitable 12Xk > T EREAIC TR L —F2 1T L —42 PERICH
MXxhi-rx, B LEERTZIELE T, PEP 492 BXU PEP 525 2B LT 77X,

asynchronous iterable (JEFRI# A 7 5 7)) async for XORTHHATEZ2 47227 + T3, HHOD
__aiter__() XY v F:5 asynchronous iterator iR X213 D ¥ A, PEP 492 THEA X
NE L7z,
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asynchronous iterator (JEFAA 7L — &) __aiter__() & __anext__ () XY v REEELLATY
=27 T, __anext__ & awaitable ¥ 7Y =7 2RI RITNIXR D £¥ A, async for &
StopAsyncIteration 4t 2 EH T2 £ T, JFEPA 7L —&D __anext__() XV v FHRT
awaitable Zf#R L £3, PEP 492 TEAINIF L,

attribute  (B1E) A 7Y =7 McBEMITI S, Py PRERIC k> THATTSREINLETT, FlRIE +
T2 b o BEMN 0 BREoTWBEE, ZOEMNZ 0.0 TSHREINE T,

awaitable (fFF¥RIEE) await N CTHEHT 2 P2 AT 27 FTF o coroutine 2>, __await__() X
VY RRDHEZFTT =2 P TT, PEP 492 22 T ZE W,

BDFL AL XK EMEE (Benevolent Dictator For Life) D& T3, Python OfE#, Guido van Rossum
DI LTI,

binary file (VN4 FV 7 7 A) bytes-like 7T TV b DiRARAABIUHEZRAANTES T7A1ILAT
IV TE, N FV T 7 ANDENE. N4 FVE—F ('rb', 'wb' or 'rb+') TH»NZT 74
)b, sys.stdin.buffer . sys.stdout.buffer . io.BytesIO X gzip.GzipFile. DA Y A X VX
‘t\\\j—o

Str ATV 2V POBABEINTELZ 77 A0FTY 27 MTOWTIR, text file BB TLZE W,

bytes-like object bufferobjects %R — h LTV T, C SiEDOEKT HHi L 72 contiguous Ny 7 7 — %2
HEATREIR 4 7Y = 7 b, bytes, bytearray, array.array . % { O—fKN7 memoryview + 7Y =
7 bBZTHTZD FF, bytes-like 7T =7 MiE, T—XREHE. NAFV T 7 A NANDRE, VY
T FeRBLERERE, NMFVTF—X2ERT D20V AREECHHT LI enTEET,

BODPDRETREINAF VT —R2ZEETIHBEN DD ET, ZOREOFFa X FTIEXL 7 H
HEZWRER bytes-like £ 7Y =227 b WEKRLTWES, LHEAGEERNY 77— 7Y =27 T,
bytearray ¢ bytearray @ memoryview REDEENF T, F/z. MDD OBRIETIIANELA
TV VDAL FYF—& (7 HAHLEHD bytes-like A 7Y =27 b)) ZRELE T, U
bytes ¥ bytes D memoryview A 7Y =7 OB ENE T,

bytecode (/X4 + 22— F) Python ®Y —2Za— Kid, Python v 25 4® CPython 4 > & 7V X DNHER
HHTHHEZNA FPa—FAary fLENET, N FPI—=FiE .pyc 774 F ¥ v aEh,
HL7 7 ANPERICETEINS EZE LD EHECRDET (Y—RA— 25N L ba— FADH
Eoary 4 ek ET), 20 7 PREEE (intermediate language)” 1&, &4 DN pa—F
WHGT 2HMEE 2 EITS 2 (REYD Y TEFT 2 VWA E S, HERTEEL LT, N Fa—Fi&
H72% Python (R~ VEITHIEST 2 Z 2=, Python V) —ZAMTLEETH S Z L3 hTn
EH A

N4 ra—-Foma—HEiE dis EY 20 ZHH FT,
callback (=N 7)) FEROD ZRERTEITINS D5 B LTHESh 5B

class (7 7R) 2—HF—ERA TV =7 M elflT27DDT7 Y T —FTT, 77 AERIEE, ZD2
FADA VARV A LDOBERTHRY v FOEHREZZAE T,

class variable (7 7 AZH) 7 7 A LITERIH, 7 F7ALNLT (DFED, 7 FADA Y AKX YA ETIER
LIZ) BHINZZ e ZHNE LTWAEKTT,
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coercion (BUsEH) WU D 2 5| Z S HEORPITONS, HEHD AL Y RAZ Y ZAD R DEINDIEERD
EHTT, FlZIE, int (3.15) ITFEVMNEAEZ I 3 ICEH L £ 3, LA L 3+4.5 TiE, #5180
BRI D (—DOI3BH. —DOZE/NEGRE). A% § 2 A02[F CANC AT 2723 MU TypeError
BIADITT o N FE T, BBk R o726, TRTOFIEIZ. 728 A HERATH - TdH, HIZ 3+4.5
T3 < float(3)+4.5 W5 K512, Tl o~<—FUCAICIEFRIL LR FUTN T EE A,

complex number (HFEE) L<HMOENTVWLEBERZILRL 72D DT, IRTOBIEL L EHoFE LT
REINF T, BEUIEEENL (-1 OFHR) KEBZHITI LD OT, —fRICEETIZ 1 eFErN. T
Tl j eFrNET, Python BEZEBUTHAAATHIG L, BEDOXRILEZM->TVWET, EHRIIRE
2§ BOFTEELT, HlZIE 3+1) TY, math Y 2 — LOERBIREFIH T 5121, cmath Zff
WET, ERMOMEHIE LD SERBYOBET T, SEMZEURITIUR, I XIEHEVR EHL
TLE>T&LWTL x5,

context manager (27 FA bM< pr—T %) __enter__() & __exit__() XYy FEEXT LI LT uwith

XHNOERGEZEH T 547922 T3, PEP 343 22 LTS,

context variable (Y7 F A MER) a2V 7 F A MIKEFEL TRZSMEZFFOLER, TR H2ERDEDL
BARADETAL Yy RTEEDEZAL Yy FE—HLZA L —JRETVET, LhrLaryT*2 MEH
T, 1 DOFETAL Y RIQWK 29D a Y7 F A MEHDE, a v 7 F R EHOERHRIIMFNZ
JEFIAZ R 7 DR DBITT, contextvars ML TL X W,

contiguous (B, i) Nv 7 7 DHEIC C-&8#t L7213 Fortran &t TH 25812, 2Dy 7 7 135#
L TWREAREET, LRty 7 7id C @i TH D Fortran HEiiTF, —RILOHBHITIE,
%@%?ﬂi%ﬁ”x TV ECHET 2 O REBIN. REPLaLLHE DI TV IEF T E

ZRIED C-H#fEREFITIZ. XEY 7 FLRAERERZ K2 BICIIRBOBRI FORRIICED %
0)0\_5@ L. Fortran @it 2 B8 CTIRBRAI DR A FORAINCEN & 5,

coroutine (IN—F V) AN—F LB Y ITN—FrDED RNZIEXTT, ¥ 71—F 23RO LN
MR BAD, HORD sNIMEAIHHET, aL—F VITIFZL DA BRMA» DAL, i, H
S5 ZeNTEET, T—F VIiF async def X THETEZXF, PEP 492 2ZHL T EZZ W,

coroutine function (2 —F YBE) coroutine A 7Y = 7 b EIRTEBTT, ar—F U BEIE async def
X THEEZXN, await. async for, BX U async with ¥F—V—FE2ROZLHHEKET, Zhbid
PEP 492 TEAZNE L/,

CPython python.org TEAF XN TW3, Python 025 3 v 7V SiEDIEHERN 2 FEE TS, "CPython” ¥
WO EEEIE, ZDFEEE% Jython % IronPython ¥ W o 7= FEEE ¥ XHI3 2 HEHHE 2 551K X
nxd,

decorator (7 2L —&) BIOBEZER ST, @%. eurapper X THBEIRL L CEHS XS, 72
L — X DO— &2 FIFHFNL. classmethod() ¥ staticmethod() TT,

FAL—RDIREFI VR Y VAT aH—TF, XD 2 OOBEBERIIERICHEL DT

def f(arg):

f = staticmethod(f)

ROR=STEER)
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(FiDR— 25 D %)

@staticmethod
def f(arg):

FUHEERD 2 ZRACBFELETH, HDEDEDLNELA, 7L —RIZOWTHLIE, BBER B
TP IVIRER ODRFa XY FEBRLTLIEE N,

descriptor (FRAZ VT X)) XV v K __get__(), __set__QO, H2E __delete__() ZERZLTWVWEAT
PP MTT, BBV IRBEUNTRIV TR THS 2, BHERRICL > T, HEIh TV BRI
EENPEC XN E T, EBH. get,set,delete D/zdDIT a.b L EL L, a DI ITRAFHENTAH IV =S
b EMBLETH, 0 BT RIZYTFRTHNEZNEZND TR YRRy RBREFHEINE T,
TRV XD, Python ZIRHE T2 FTHE LD ET, 2 WVWIDIE, 7RIV TSR ZH,
B XYy B, Taxs a4, Z77AXYy B, BlIXY v P, ZLTRA=RZ 7 20ZR Vo %
 DERED IR0 6T,

FRZYTEDXY v FICB L TOFEMIX. descriptors % Descriptor How To Guide & LT 72
W,

dictionary (&£&E) (EED ¥ — ZEIHST T 2 #HAHES T3, __hash__ () XY v K& __eq O XY K
ERELMEEDOA 7Y 27 b 2F —ITTEE T, Perl T3y ¥ a2 (hash) eI TVWET,

dictionary comprehension (FF&NEKGL) iterable NORTH 2 WE—HOBERZUH L T, ZORED» S
RBHHERZIRT A NI MREZXHTY, results = {n: n ** 2 for n in range(10)} T 3
. F—n ZfHn wx 2 IXIMTT BEFELZEMR L FF, comprehensions ZSH L TL 72X W,

dictionary view (##&H Y 2—) dict.keys(). dict.values(). dict.items() PR FT AT =7 F T,
HHEOHHOB R 2 — 2Rt L EF, Thbb, HEMIELEIND L a—3Zh2 ML %75,
FFEL 2 — 2N TERR Y A MICT 512E list(dictview) ZH LT E W, dict-views %
S TLZEW,

docstring 27 7 A, B, €Y 2a—NODOEHORTHZXFHNV T I3V T, ZDRAAL — b DOETRITITIE
HENFTH, arv A J2XoTHENh, 20752, B, £EP2—D __doc__ B LT
REINET, /Y bRART Y a Y TE2 GRIEFE: BELLTBRTE2) OT, A7V =27 DK
Fa Xy b aEEENRIGTT,

duck-typing H24 7V 27 bDBELWVWA VR =T 2 —REFFS>TVELERET DA TV =7 PR
ZRBWIOTIIVIRRANTT, bz, BicA 7Y 27 PO XY vy FREMENMEITNT
DEOLNZDLET, (TEADEIRCRZT, 7LD XS CENE. ZHUIT AL THB.1) [ ¥
R—T7 2 —RAEMREIDEHRT LT, EFRITFTHF A vana—FE KVE—7 1 v 7 REZFHF
LTERMEEMEXEET, v 7 XA Y 7E type() X isinstance() WX AHIEL T F T,
(oL, B o224 7% MREREI SR THMETAIDTEET, ) 2ofbb, HMAKIZ
hasattr() ¥ EX® FAFP 7uZ77 I 7%FALET,

EAFP T[E8R]Z ¥ 2 X DEFFL %355 /IDA % (easier to ask for forgiveness than permission, ¥—7 4 —®
ZEHD) OB T3, Zd Python TIK b TWVWEa—F 4 Y ZRAXA LT, BHIFEMZF—%
BT 2D EREL. ZDRED > TORGE N EHIEL £ T, ZOMBRTFRLFY
53—=F 4 YT RARXA MR, try LB LV except XKWL TADZDPFHETIT, ZD77=v7>
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3. COXIREFFH/TELMEDNTVWSE LBYL AZ AL ENMRKLSDTY,

expression (R) A DELFHEX NS, —F & £ H DX (a piece of syntax) TF, Wz 5, it
V7o, AL BT 27X, HETPEETCHLRY, 2RI RNOEROEARENTT, o
Z < DFFELEV, Python TIEFFEOLTOHMBERIN L VI DLIITIEH D £HA, while DK
W RELTRERBRW X $HD FF, RABKTIERIXTT,

extension module (#EIREY 2 —1) C R C++ TEIPNEY 2 —T, Python ® C API ZFHL T
Python a7®a—#—a—-FeRhehLET,

f-string 'f' X 'F' DB WIEXXFHN) T I 0E fstring” 2RI, ZHUE T 4 — 7 v MEAFS
V7 7L OFMEEOZMTT, PEP 498 3 S L T EE W,

file object (77 ANF T =22 b)) TUDY Y —AAD 7 7 4 V6] API (read() % write() XYV v K
ZRODD) ZREALTWEATI 27 M TT, 77403 TV 27 NI fERE N FEITL 5T,
FEBOT 4 R LD T 740, ZOMDEA TORA ML —=IREET AL R (FIZIX, BEEAHT,
AVREIRNY T 7, VT v b, XALT F)ANOT7 7 CREHENTEET, 77404 TV 227 M
file-like objects X streams & HMENF T,

T7ANE T2 MBEBRICE3IEEODEST: O NAFV—=T 714, Ny 7 7&hiz N\A
FU=T7A4), ZLTTFALT77A4IL T, /1 VX—=T7 24 A& io EY 2 — L TERINLTWV
¥9, 77 ANFT TVl 2R BHENR T AL open() B EMS Z 2 TT,

file-like object file object ¥ [FAFET T,
finder (774 VX)) A YER=PEINTVWBEI 2—1D loader DEREFRITTE2A TS 27 F T,

Python 3.3 IETIE 2 D 7 7 4 X3 D $9, sys.meta_path TR I NS meta path finder
¢. sys.path_hooks THEH XN 3 path entry finder TT,

I OWTIZ PEP 302, PEP 420 B8X U PEP 451 2B L T X W,

floor division (Y] D5 THRE) —FLWEBICYI D 5T 2 BEENIRE, YIDIECTHREEE T // T, Hlx
F11 /7 413 218D 2RISR NS BOBEORETIX 2.756 A iBoT&E %3, (-11)
/] 4% -2.75 & INEWAIC A 5 (FRIE: AOBRANOIDEIT) DT -3 127485 LITHERL
TL7ZEW, PEP 238 2L TLZX W,

function (BEI%Q) MEOCH LANCMEZ R T —HOX D Z v TF, BT 0L LD K5 |8 2ET ek
T, EEDEITRICS I EFH T2 Z PR E T, |58 AV v E. function 2SI L TL X0,

function annotation (B¥(7 ./ 77— a ) BBD 85 X —&ZLIEDED annotation T,

BT 77— ayid, @HIZEEYF odifEbhEd: fIZIE ZoOBEZ 2 2D int BD5|
Brelis L ffFE ., £7 int MORDEZFO LHfFE ATV T,

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

return a + b

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

HEEEDRBAN B % variable annotation £ PEP 484 ZSH L TL 2 & W,
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_ future___ A future statement, from __future__ import <feature>, directsthe compiler to compile
the current module using syntax or semantics that will become standard in a future release of
Python. The __future__ module documents the possible values of feature. By importing this
module and evaluating its variables, you can see when a new feature was first added to the

language and when it will (or did) become the default:

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

garbage collection (HR—YavL 7y ay) ZALEHFELNSE Z DRVAEY ZIRRT 2 T3, Python
F. ZRAT b, ERSEERE LB T 2ERIR—YaL s X effio ThHR—YaLryay
EIIVWET, IR—YaL 7R ge BV a— L EHo TRIETE X T,

generator (¥ =L — &) generator iterator ZiR BRI TS, WHEOBEBUZEITVE 2, yield &HFD
MTHRRED FF, yield Rid. for V= THHATE/ZD, next() B THELZ 1 23 OWMOHLAED
TE%, HOWOZAEMT 20IHHEINET,

WIS 22 L —XBBEZRLE I RCL->TRE PxRL—FAMTL—% 2HTHEHHD %
T BMSNEERPBHS N TRWEE, LD D12 h B2 AL £,

generator iterator (¥ =z AL —& A 7L —2X&) generator BIITHERINE AT =7 M TE,

yield O NZRFMEITIRE (RIFMABSRUED try XX Z2at) ZaE L T, WEIE—RrcH
WrahExd, DxRL—F4TL—2 pHEHSNL . FMLMEZIIGL 3 (BEHEOBEBDFET
D7z TITH LWIREED S B4R S 2 @ & MR T ),

generator expression (¥ =t L —&ZK) 4 7L —ZZ2RITATYT, HEBEORXIT, V—TEHEERT S for
i, @i, Z L CHIBATRER if Hi5000WTWwa K5ICRAE T, 25 LTl R, SMilo
BRI TIEER AR L £ 3

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

generic function (¥ =%V v Z7BIE) R 2800 LR Ci#EZ 3 2 BEE > o S 2 BET S, Y
HURHZEOREZH NI MIET 4 Ay F 7LV X LICEDPESNET,

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

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

for type hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.
GIL  global interpreter lock B L TL 12w,

global interpreter lock (7B — N\L A ¥ &XFY &y ) CPython £ ¥ X7V ZBHAHLTWS, —FIZ
Python ® N FOd—F 27323y RIZ—2FB I TH 2 2 HET 2 HATY, Zhick
D (dict REDBEHELMAAATEEL) 7V 27 METADFAKEY 7 & 22K L THEERICZ S
1272 % DT, CPython OFEEDRS Y TNIRDET, A VX TV 2ekeay 7§52 T, vLF

89


https://www.python.org/dev/peps/pep-0443
https://www.python.org/dev/peps/pep-0483
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0585

Extending and Embedding Python, J1)—X 3.9.21

Taty s UL ZAF LD aR P eEE#ZIC, £ VYR T) ZEHBEICILF ALy METE
55912k ET,

727U, D 2 VIO WL O DIIREY 2 — i, TNy ¥ 23t H R Y ORI EOBEWLHE
35 L EICGIL ZERT 2 KO CREFENTVET, F£io. [/O WiHE T 258 GIL 135 IRk
ENET,

WEIW ? HHARSLVF ALy RIL” LA v 27V 2 (HEh 2 7 =2 EfirVhETrY 75 3)
MEARINE LD, —KARS v I7A7aty FDGEDRT 3 —< Y ADRER 7O TR L T4
ATLe ZONRT7 4 —< Y ADMERFRRL XS 2328, EEN X DEMICR DRI X -2
THEEZLNTVET,

hash-based pyc (v 2 X—=X pyc 7 7 A4 V) IEYEZHFNT 272012, WIET2Y —R7 7 4 VDR
BEHRATIE RNy Y 2 l2FHT 24 Fa—FDFXFyv> a7 741 TT,

hashable (/v ¥ 2 f[RE) Ny adBE RA TV =7 b, EFBEHPZEDS RNy Y a2 D
(_hash__ () RV v FABE), O+ 792 b L HENTES (__eq () XY v FANRE) 47
P77 bTY, FERANY ¥ aFREA 7Y 2 7 MIBTR U Ny & 2 HE2FHOBENDH D 7,

Ny T aRRERA T 27 MIHFEDF —REEDA N LTHZET, HEPLREDT — XiE
BHNETA Y > affzfi>oTn 2756 TT,

Python O A I 2 =X TNV RMHABABLA TSI 27 NI, IEEAEBAY Y aA[RETT, (VR FHED
E97) I2a—RITNRAYTFENY T2 RARETT, (X TN% frozenset DX S7R) 4 I2—&7
NRaArTHIE, BENINY S 2FHETHLEEDHNY Y 2HHETT, TP —FRDI FADA ¥~
ARVATBBEESRATI 22 MEFT AL b Ty & 2 fAHETT, ZR6ELET (HEERNT)
HEBFERIEIEEMTH D, Ny > 2afElF idO) LhELNET,

IDLE Python OFABHIFERSE (Integrated DeveLopment Environment) T3, IDLE & Python OfHER
BEEAICARS TV S EARRZERED =7 1 2 4 V&2 TV XBREITY,

immutable (£ I 2= 7NV) BEDHEZF07A T 27 b TT, A I2a—RTNRFTI =7 MZiE. &
i, XFH. BIRURIAVRERHDET, ZNO6DF TV MIEEEZONERA, FlOfEEE
REERBTE, FeA 727 PE2ERLRTNAERD ERA, A1 32— TARIFT TV
F BEEDN Y > 2 HDAE T2 IRPLCHE R REZ R L ET. HEDOXF—DZHITT,

import path path based finder 7% import § 2 EY 2 — LV EMRRT 251 (L7213 path entry) DV R b,
import . 2DV R MIEHE sys.path 2ERETH, IRy F—YOHEEIB Ay F =T D
__path__ BEH»SHHKE T,

importing »2%EY 2—1® Python 2— FHBBIOEY 2 —1D Python a— FTHZ 2% &k 5123 3 0HE
T3,

importer EY 2 —VEELTR—-FTE2A4T7I =27 b, finder & loader DE¥HELTHHEA4AT7I = b,

interactive (X1EERY) Python WIEMEENA > 2 TV &b D, XX xe 4 V&2 TV XD Tay 7 MTANT
% LB FEITINTHERE R 2 Z e 23 TE £ 9, python b5 HEGEXFTICHEITL T LIV,
(AVE2—=RDRAA Y X =2 =75 Python DXNEENA Y X TV X EEHTE20d LNEEA, )
MEERA > 2T 2E, FHLOWTATT7R2RALTALD, ED 22y F—IOHFEBNTHS
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(help(x) ZHZTBVWTLZIWV) DIZIEHICER LY — LT,

interpreted Python &4 & 7V ZEADFFETH D, a> 4 SEEOMIMNEL T, (N Pa—F
AVNRATRDH57DIT, TOXFNIEKRTTH, ) TTTOA & FYXEELIE. Y —RAa—FD
7 ANE, FTERATEHERCL T OFITIEZ L o R LIc, EHEEITTE2 2 2EK
LET, 4 Y27V XEROFELER,. a4 FHROZEL D K/ TNy 7094 7 Vi3HE
WHDD, 07T ADEFTEI—MITEBNT T, WEEHN dBMLTL XN,

interpreter shutdown Python 4 ¥ 2 =7V X =3 v v bRV U ZEFE SN, £ 2 =L TRTOD
2V T 4 ANVBHNEREZZED, TRTOMRLEY Y — R ZBREEINCHKIT 2. ik 7 = — X2
ADET, 207 x2—RF AN=VAL 7L 2@ BEFIHL T, ZAIRED2—F—ERDT X
b o7 & —% weakref A — ANy IRPUHEINZZEDBHDET, v v PRV Y7 2 —AHITHE
TENZa— R, ZOBMEKIETZ VY AR T TIERE LRV (X B 2RI 77V —EY a—
LR warning #HETT) 72Dk & RAPMCER L £73,

AVR—TVERBY vy AU T3 FEREHIZ __main__ TP 2 —IRETERTWERAIZY T+
DEITHET L2 2T,

iterable (KEATREA 7Y =227 b) BRE—FIC 1 DOF2OBREZF 7V 227 b TT, KEAEEL 7TV =2
F OBz, (list, str, tuple LW o) B TOY =7 Y XM dict T 7AINF TV Ik
YWo O DIES — 7 AR BB WIE Sequence BRFRERE L2 __iter__ () XV v Fd
__getitem__ () XV v REFOITEDI FIADA VAR ANREGEENE T,

RAEFIREA 7Y = 27 P& for —THNRZDOMZL DS —F Y2 BRI} 2 TOY—F7 YR LI,
S5 Y 2T K 72 DF LN S ) AR Y 2 2K (zip O, map(), ...) CHIATE £, K
BEAlREA 7Y = 7 P ZAHAABBIE iter ) DI LTHET L, ATV =7 PIHT 24T L —%%
BLET, 2OA 7L —XE—HOMEE5] 2 TEIERN T, BHEIIRKIEMREA 7Y =7 25 R
WIE, iter() ZMEARDA T L =X ATV =27 M2 HATHET 2LEEH D $H A, for XTIEZ
OEMEZ BEINTITO, R EL DL ER L T —T2E L TWa A 7L — X 2R R L %
T ATL—2 =TV DxrL—F ZRLTLIIEZ W,

iterator (A 7L —&) T—XOWMNERITEA T2 bTT, ATV —XD __next__() XV v K&
DIRUMFOH S (£ 7213 AA BRI next ) ICET) &, O OHTOEEEZ —DOFTORLET, 77—
KM% 7B . D DIT StopIteration FISf 2R LT, ZORRT, A 7L —XA TV =2
MIRETEBD., 2 L&E __next__() Z{IEFATD Stoplteration ZXMHLET, 1 71—
2, ZFDATVL—=2ATV 7 PAKREZIRT __iter__() XV v FEEELRITINIRSLRVDT,
A 7L =MD iterable X T 2I1ZL AL DHITHHATEE S, $- 2 b & LAFABNIBERD
REZITH &57%a—FTF, (List DLIR) avy7FA 7Y =27 ME, BHZ iter ) BfUCA T
Pl MZELED for =T HNTMS 2T, FiiBAREHOA TL—224EMLET, ZhzA
FL—=RTIIB T3, MDA TL—>a Y THEAEADFR LA 7L —RF 7Y 227 F MU
BI72D, BOAYTFDEIKR->TLELETD,

FEHI A2 IBEIE typeiter I2H D 5,

key function (F—BA%) ¥ —BI%L &2 WVWIERERKLIZ. V— M RPIEFPHEDO 7D D% R TIFOH LA
EA 7Y = 7 b (callable) T3, il 21X, locale.strxfrm() % F—FEICH X, v fr —KEFED
V—FrDOEFIZDo o7y — b X —FRLET,
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Python ®Z < DY — M3 F —BHEZITRD ZRZOW SIER 7L — A2 EH L £3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £3,

F—BEED FIEII WL 25D 3, HlZIX str.lover() XV v FERFINXFEEXFIL &
WY — b7 F BB LTS S ek E T, HHWIE lambda r: (r[0], r[2]) © X5
7% lambda 26 ¥ —BIBEZE2 Z e B TE £F, F7/. operator EY 2 —/lid attrgetter(),
itemgetter (), methodcaller() ¥\ 95 3 DDF -V A S 7 X ZRRHL TV E T, F—BK
DIED J5 W DFIE Sorting HOW TO S L TL 72X,

keyword argument E5|H B L T X W,

lambda (7 &%) H D4 > 5 4 VBT, BEDIFCH S 21z 1 20 X 2E8AHFT,
7 LAXBBAEEBHCIE lambda [parameters] : expression T,

LBYL [Z2EHBIEDH (look before you leap)) DMETT, TDa—7F 4 ¥ 7 ZAXANLTIE, FFOH LK
RKeAT O AN, BHRINCHTHESM (pre-condition) HIEZITWE T, FAFP 7 7a—F L MIRHYT, if
X7z TAMDON S DRI T T,

<A FALy MUESNRRETIE, LBYL 7778 —513 ” A %7 @ity 7 RE” @REOBSIREL 5| =
BZIFTVRIBHD T, BlZIE, if key in mapping: return mappinglkey] &\5 a— Fid,
HEDE, HlDR L v RHBERDENC mapping 705 key ZEDR ML T, ZOMEEZ, vy
2355 EAFP 7 /u—F %25 Z L THIRTZ X7,

list (U2 }) Python DHBRABD S—F Y2 TF, VR FEWSHHITTA, Vo7 YR R TEEL,
D FFETE S B (array) RO S DT, HEEADT7 71X O(1) TI,

list comprehension (VA FANERKE) =7 Y AHDOLTH 5 WIE—HOERZIUHL T, ZOME1 51225
YA MERT, av7 FNRFIETT, result = ['{:#04x}'.format(x) for x in range(256)
if x % 2==0] 35,055 255 FTOMBE 16 #EHEEL (0x..) LAEXFINH%25 Y R b
FERLET, if @34 7> 2 0 TY, if HiHRWIEGE, range(256) D2 TOEREMUHEINE T,

loader TV a2— %R —RFT347Y 22 b, load_module() EWVWIZRTDAY v FEEHRLTWARITN
R ERA, B—X=3—MIC finder D> HIRENFE T, ik PEP 302 %. abstract base class
IZ2WTIX importlib.abc.Loader #ZM L T 12X W,

magic method special method @ < 721} 7=FIFKiET T,

mapping (¥ v ¥¥ 7)) (EEOF —HFERKEZ P K- L TWT, Mapping %> MutableMapping @ fMGIEEK >
TR TIHEEINIZAY Yy FEEELTWEaryT7F4 727 b TF, HlZIR. dict, collections.
defaultdict, collections.OrderedDict, collections.Counter 72 ¥ T3,

meta path finder sys.meta_path #ME L TIF 5N 7% finder. meta path finder I path entry finder & B
RIEHD FFTH. AT,

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

metaclass (X RV T R) ZTADT TRATT, 77 AEREZ. 77 2%, 77 A0kHEL, BEZ 72DV
APEEDE T, XX TRIE ENS 3 0%5[Ee LTRIMD ., 77225 HIEZEVE T, X
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CAYDATY 27 MEMEFEE GRIE: X X7 F7RAD) 77 4L s OEREERLEL TWE T, Python
DPRENBDIEH AR LDAR Y FRAEEHTEDRTT, I FLAEDI—F —IZW-> T, XX 7 7 RiE
EARBEDZNHDTT, LrL, —HOBHETIE, X X7 7 RFMITZ LAY P RFEZRMEL £
T R ZRBEMT 7RO R o72D, ALy Fe—7WHEBINLED, A7V 27 N DERE
BEFLID, YN by RFEETIRY, ZLOGHETAHHINE T,

AL metaclasses B L TLIZE W0,

method (XY v F) 7 7 AKEKOFTERSNLEE, 207 72D A2 2D@EEE LTHOHEA
72HE. XYYy REA VARV AF T 27 b 2E— 58 L LTI 25 (Z0HE—5183@%E
self LMINET), B & XA LENEZXO—T 3BREL T X W,

method resolution order (XY v RERIERF) BERHPICEIK Y 7 AWM EREMBINZIEFETT, 2.3

LD Python £ ¥ 2 =7V ZBEHT 2 713 ) X LDFMICOWTIE The Python 2.3 Method
Resolution Order ZZH L TL Z& W,

module (&Y 2—/l) Python 2 — FOMBEHME LTELHLA TP 27 FTT, EY 2 —LIFHEED
Python 7Y =7 s 2 ELAMZEMERE £3, Y 22— importing DILIEIZ X - T Python 12
AN FENET,

NYT—2 Z2BRLTLIEZEWY,

module spec EY a2 —LEku— RFT5DIffb b4 »R— MEEOERE &OHAHTZEMTT, importlib.
machinery.ModuleSpec DA Y A XY AT,

MRO  method resolution order ZZHRL T 7FE W,

mutable (3 2—X 7)) 32 —RTABRATV 7 ME id) 2ZEZR 2 BEEELETEET, 1
Sa2—47)) BBRLTLEEI W,

named tuple 7 HAEITEX TA” 2 WS FHFEIE. X TVEMERLTOWT, 4 V7 v 7 A BRI LEME
PHESTD7 72 RBTELZHEEDOER I FRAWICHENTVET, 2082 7 X IMOKRED £ o
TWbZebHhET,

time.localtime() X os.stat() DRV EZZLWV L 2D DHAAALBIIAFIN Z X LT, fh
DN sys.float_info TI:

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

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

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

True

(EDBID & 512) WL DD DEFITE X P AAARINI R o TV E T, 2O AN Z X T
X, BEDZ 5 AEKRT tuple ZMA L., AHIO7 4 — L FEERLTERTEEZ T, 2DE5k7
7 AFFETEHE WD, collections.namedtuple() 7727 MUK TIER LD TEET, HBED
FHEE. FETEOLAEIMN & & TR AIABDGHIT & X T AE NS IR X Y v R Z2B00T
=FT,

93


https://www.python.org/download/releases/2.3/mro/
https://www.python.org/download/releases/2.3/mro/

Extending and Embedding Python, J1)—X 3.9.21

namespace (%ATZEM) 2RI N LB TT, HRTEMEEEHHE LTEESINE T, AR
T bD (XYY FD) ANFIIR oD TR, FAWNZRS D, REWZbD, 2L T
HARABDDDHBH D 55, HETEMELETOEEZHC Lo TEY a2 R—1F
%, Bl Z13BI%L builtins.open & os.open() FHHIZEMTXAlEATVWE T, /o EDET 2 —
NP FELEL TVE0HRT 2 2 812K o THETEBIE M R 2 XL £9, HlRIE.
random.seed() ¥ itertools.islice() ¥EL &, TNZNEY 2—/l random X itertools T
FLEINTVWE ZEDHALNTT,

namespace package (HH(ZEH Ry ;=) TR Fr—YDarrre LToOAEMENSZ PEP 420 T
EFESNTz package TFo BRTZEM v o — D3N BREHE R 220 LA TE, __init__.py
7 7 A NVERRWTZD, reqular package EI1XERD F T,

module SR L TLEE W,

nested scope (R A PIN/RXa—T) IMUTERIN TV I ERESIT 2HEET T, BlRIE H5BED
HOBBOHFTERIN TV E5HE, NHIOBEEIZMIOBEBHOEBESHTEE T, 2R MINIT
Aa—=TE 77 4V b TREBDOBREIHTE, ZHORARTELRVDTERLTLEE WV, B—
ANVERE, BROABDOR a— T TEREHABEELE T, KIS, 70— oV Z-REES & 27a—n
VAR DEZ HiAE X LE T, nonlocal THMIDERICE ZIADE T,

new-style class (IR XA NI FR) S TRRETDI FAF TV =7 ML TV 3T O W]
T3, YETD Python O NX—=2 a ¥ Tld, FiREZA VT FRADAD __slots__ . TAZ VY T X,
__getattribute__() . 77 AXY v F, ZLTHMNAY v FED Python OFr LWV, LR EKEEL
FHATEFE L.

object (A7 Yz b) K (BHERMHE) L ERINIIRITN (XYY R) 2bO2TOT—X, b LK
ETO HAZAINI TR ODFEMOEKS FADZ L,

package (Sv 7 —) BT EY 2 —ARHRINIY 7y r =T 2 BFL L OHKD module DZ ETT,
HEHMENCIE, Sy =23 __path__ @M% KD Python 7Y =2 MTT,

reqular package ¥ namespace package ZZHL TL EE W,

parameter ({R51%) HAMTDOHEART BEL (2 AV Y F ) OERCBOTHEENZIT 2 Z518 245EL X
T R S S D 3

o MEBEXEIFF—T—F: IB THEIWE F—T7—F5H 2 LTET I TEL5I8ERELE
Fo ZHUFZE ZIELIRD foo = bar DX S, 77 4L b DRFIBOBEETT:

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

o NEHA: MBIZL->TDAGRZLNZGIBEIHREL T, MEBHFHDOTIET BEERDTIEDOV
APMDHTEZENLDHRAIC / REDDIIETERTEET, HIZIETNRED posonlyl ¥ posonly2
EAEEAS IR D £3

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

o F—U—FER ¥—V-FNZLkoTOAEZALNLFREEELES, ¥—V—FEHDOTI¥Z
EFRTELEIME. BIZELITD kw_onlyl ° kw_only2 D X 512, BEBERDIRGIEY A M
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GO ERMESIBREIIHED « LT

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

o AIERNME: (fOR5IE TR SNEREDMES BUIMZ T) (EEOEKOAES 85 2
LBNBZZeRIEELET. OIS RIRFIEIZ. LITD args @ X 5 RG BB DRI * 2D 5
ETERTEET:

def func(xargs, **kwargs): ...

o HAERF—TI—F: (MORGIBTHICZT ONLEREDF—V — FHEICMAT) EEOHEED
F—U—FEIEBBEZOND e REELET, 2D X5 RE5IEE. LOBD kwargs D X 51
IR B DRI **% BDOIF B TERTEE T,

WA TS a Ve RADFIBDELLBIETE, A7 a YO5lBIciET 7 + L MEDFEETE
\i\j—o

w518 . FAQ @ FE5[E K5I DE WX T 2? . inspect.Parameter 7 7 A, function 2
¥av, PEP 362 2ZRL T ZE W,

path entry path based finder 7% import 2 €Y 2 — V&S import path LD 1 DDEHFITT,

path entry finder sys.path_hooks IZ® % callable (D% D path entry hook) DR L7z finder T3, G %
SNTz path entry WXHBEY 2 —NE BT 2 HEEH > TVWET,

NRAZY P =T 7 A Y EDPEETZ XY v FIZOWTIE importlib.abc.PathEntryFinder %%
RLTLZE W,

path entry hook sys.path_hook U R MiZ®H 3 callable T, $5E X7z path entry CHDBEY 2 —L %R
DT B HEEH - TWBIGAIZ path entry finder ZIR L F 3,

path based finder 77 # L+ @D meta path finder ® 1 2%, €Y 22—V D import path ZHREL T,

path-like object (path-like 77 = 27 }) 7 7 A VT AT LR ERLE T, path-like £ 7Y = 7 ME, <
A%RT str A7V =7 MR bytes A7V =7 b, £713 os.PathLike B Fa v eHEEL 4T
V7 bDENHTT, os.PathLike 7O FaLEZH R —FLTWVWEA 7T 27 i os.fspath()
FIEUH T Z 2T str £7213F bytes D7 7 A VT AT LRRAREWTEE T, os.fsdecode() ¥
os.fsencode() I ZNEH str H B WL bytes ICRDZDEMRIET2DIMHEX T, PEP 519 TE
ASNE L7z,

PEP Python Enhancement Proposal, PEP (%, Python 2 I 2 =5 4 I L THEREZMET 2. HD W
Python DOHFERER Z DBRERIREEIC OV TR T 2 RFXHETY, PEP 1F. BEEICOWTOMERR
Feirak L 1R R 3 2 e Damill (BiEw) ZIRR 2 NETT,

PEP &, #HEREDIREIC»H 5, 23 2 =7 1 I X SMEREDHEME Python 1274 SN 28k HMT
DNENDTD DR LMoL 2 22BN L TWE T, PEP OFHICBII2=27 1 NOERE
Bl EIT5 2. RNMEREXELT 2L DEBERDD £7,

PEP 1 Z2ZRLTLEZEW,
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portion PEP 420 TEFK X4 T\ %, namespace package IZBS 5. BED 7 7 4 VD (zip 7 7 4 WITHE

MENTVWEEHEDLDH D) 1DODT 4 L7 P VITKEHII N D,

positional argument ({Z&E5|#) 5|8 2L TS W,

provisional APl (B5E API) {45 1 75 VU D7 HHERGED & FHE ISR SNz d DT, 2D XS

BAVR—=T 2= ANORKELZBRZ, WETHDINTVIMIEHHFINTOEEAN, I 7HFE
BICL o TREE BRI, BIGIEEMRBEE ([ &2 -7 2 —ADHIRETEEND) MMThh
2% T, TOXIBREHILRATONLEDTED D FHA - ZHUZ API ZHAATENTIZR%
EENTOWEERLEREAZERZ L ZICOoATOIE T,

TE APT IZoWThH, BABHMORVWER R RETFE LARINTHET, MERIHIL L
GETORIT AR BIRREZRTRNETT,

Zo7atRICE), BHES A TS VERBEE R T VLS —ICREVWHBTAD N Z i<,
FMREEB X TELLZHIT SN FE T, 55l PEP 411 2B L T 72X,

provisional package provisional APl BB LT ZX W,

Python 3000 Python 3.x VU =74 YD=v 7 3—ALTT, (Python 3 2R WIFERDFES - FEHIZES

NFEEETT, ) "Py3k” LIRENZZL 8 HD £,

Pythonic D FFET—MMNLE 2 T TELNIza— RT3 <, Python OFHC—INR A 7 4 4 212>

72ZZHea— R, BlZIE, Python O—H7RA 74 4 LT for XEfioTATI7TLDIANT
DHERICE->TL—TLET, DZ L DFFEIIEZDMEHAZZ VDT, Python WIERTWRWA
FERODIKEED Y VX2 —%fE5 b LA EEA:

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

ZAUTH L. EFhwik Pythonic &K

for piece in food:

print(piece)

qualified name ([Bffi%) €Y 2 — LD /B — VLR A=T 05, ZOEY 2 -V TERINLZ T A, B

XYy FAD, 7 (R 2RKT Py MK TY, PEP 3155 TERSNTVWE T, by IO
B 7 ATIE. BHitEA 7Y =27 ORI R LTS

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

pass

>>> C.__qualname__

VC'

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

>>> C.D.meth.__qualname__
'C.D.meth’
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BV 2 NAADOBRBTHEDLNS &, TREMH (fully qualified name) IZTXTOBASy Fr =IO % &
2RO Ry 443K, HlZIL email .mime.text ZEBKRL 3

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

'email.mime.text'

reference count (BAV Vb)) H2F 7T 27 MITHT2ZROK, BRIV IB0RBR s E, ZD
F7T =7 MIWEINE T, BRI Y Y MIEF X Python @ 2— R EIQIZEHNFRAD., CPython
REQEERBERTT, sys TV a2 — I, Tl o~v—0IEOA T2 7 VOSBRIV Y M EHS
72® D getrefcount () BIEIZIRALL TV F,

regular package &M%, __init__.py 77 A LEELT 4 L Z Y 2 LTD packages
namespace package FZHLTL X0,

_slots. ZFANTODEET, 4 YVAXVABEDHEBEDH LN UDERLTEE, 4 VAKXV AFEEY
HBR5 52T, XEBVEENLET, 2T X fFbNET7 7=y 7T, ELLEIEFPL b
Uy F—72DT, MRr—A, FIZIZAEVIEREL 227 TV 5 —2a >y TA VARV ADKRE
WHIET 2. LWVokt TRIRE. HHOLRVDBRZ FTT,

sequence (=7 Y R) BEA VT AKX BMBNLERT 70 R % __getitem__() kX Y v F & @
CTHR—-PL, BEZXZEIRT __len__() XV v FEEFLK iterable TT, fHARAALS —F » ZFZ
%, list, str, tuple, bytes REDH D X7, dict i __getitem__ (O & __len__() dHKR—-FL
FIH, MR TR AEED immutable ¥ —%2{H 5728, =7 Y ATIEHRLITYEY
27" (mapping) £ AR INTVEDTERELTLIZI W,

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().

set comprehension A compact way to process all or part of the elements in an iterable and return a set
with the results. results = {c for ¢ in 'abracadabra' if c not in 'abc'} generates the

set of strings {'r', 'd'}. See comprehensions.
single dispatch  generic function D—FTHEEII—2D5 O X DB E T,

sice (RIZAR) —RIC =TV O—FE2ZFLA TVl b, AT4RIF. BFEREL [] THERALNLHE
BoFoicaarzEL e TELNE T, BHIRIX. variable_name[1:3:5] T3, AHHIM ((RTF)
FLEE slice A7V 27 FEWNETHIHL TWVWETS,

special method (RffRX Y v V) & 2 BNHREE DRME, Bl ZIEMNFE % 5 2 72912 Python 7 GBI &
NEXYy ¥, ZOEEDXY v Nk, XYy FHORIIERRIZT VX =237 2 DHRDOVTVE
o FFREAX YV v RIZDOWTIX specialnames TSN TWE T,

statement (30) XUFAA —F (A—=FD” 70y Z7) ITARAIRBERTT, I X 2F—U— F2 oMK
NbDDEBLLNTT, FKHFH X if, while, for BHDH £,
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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 (7FATLT7740) str A7V 27 M eRHiAEZXTEDS file object T, LIELIE, 7FA L7 7
ANVFREBIAL MEAID T — XA M) =778 AL, THRAMIY =T »J 2 AT
WET, 7¥FA M7 74 LDRIX, sys.stdin, sys.stdout, io.Stringl0 f Y AX YRR EE T F
AFE—=F ('r'or 'w') THWZT 7 4L TT,

bytes-like 7T TV b BRAZBETEBZ 77 ANVA T2 MZOWTIE, N1 FUT 71l 35
LT EW,

triple-quoted string (=H 727 #» — FXFH) 3 DOEKE LY +— PEls (V) AT RA bR T 4 — () TH %
NXFH, BHED (—E) 74— PXFINHRTRETE 2 XFINTE VD D TRAD, Eoh
OHMHTHHATT, 120,200kt L7r +— FlBEIRr —THULICES LD TEETL, 17
Wiz E (\) ZHEDORL THOEBITICERLDE N TELZDT, FFaXyi—yaryXeilzE#El
IR RIS R T

type () Python #7927 bORUIA T 2 7 I BEDEIBRDDDERODET, HHWEA T 7 b
WBEEF->TWET, A7Y 27 POBIX __class__  BHET7 72 AL%D, type(obj) THUFL /=
hHkES,

type alias (B A V7 R) BRI T, BZHATFITRALTERL £3,

B4y 7R3 Ber b BT 20ICHHTY, #lZ:

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

pass

CHERDES I DFHAR T TEET:

Color = tuplelint, int, int]

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

pass

FEHREDFIHD B % typing ¥ PEP 484 2L TL 72X W,

type hint (e b) B 7 7 2@, BD T X —20R D EOMGFEI N EZIEET 2 annotation
<7,

B v MIKATIZR K Python TRFRHITIED D THAD, AN Y —1iC s THHTH D,
IDE ®a— R V) 77 272 Y 7 OFFITHRD £5,
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Ja—NVEKR 7I7REME BERT. oa—-F LV EH TRV DDA ¥ X typing.
get_type_hints() THUFTZ%J,

HEREDFADIH %5 typing & PEP 484 ZZMRL T2 & W,

universal newlines 7¥ 2+ A b V) —ADERIED—DT, UTDIRTEITRELIBIHL 3 Unix DITH
HE '"\n'. Windows OE '\r\n'. H\» Macintosh DHE '\r's FIHEIZOWTEHL L 1Z. PEP
278 ¥ PEP 3116, X5IZ bytes.splitlines() ML T X\,

variable annotation (Z¥(7 /7= ay) BB 2 0IE 7 7 AEED annotation .

ZRDH 207 7 ARMEICHERZH 728 i3, AARTRERTY:

class C:

field: 'annotation'

BT T7—aidBEETEER O-DEbhET: FlXIE. ZOZIE int DEEXIRS Z &
PHIEINCTVWET:

count: int = 0

BT 77— a YOI OWTIX annassign SiCHEH L TWE T,
Z DBEEEIC O WTHRIL L TW 3 function annotation, PEP 484, PEP 526 ZZM L TL 2 &\,

virtual environment  ({RAERSER) WHFARNICYI D BES M FEITRE TS, Z4UT LD Python 2—% & 77
r—aFRICY AT L ETEHOTWA MO Python 7 Y 7 — a Y OEENCTHT 2 2 27l
Python v 7 —Y DA YA M — L EHETI LR TEET,

venv ZZIR L TL ZX W,

virtual machine (RE~<> V) BRIV 7 MV 7RIV ERE N2> ¥ 2 —%, Python DR~ ~
F N ba—Fay L SBPHALE N bO—F 2T LET,

Zen of Python (Python @1&D) Python ZHfELAMHT 2 L TOEZ X723, Python OFGFFEAIL HE%
Y2 MZL7DDTT, MG v > 7 b T 7import this” ¥ 322 ZDVRMEmRDE T,
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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 B Y =2 b. reStructuredText ¥ docutils V—1t v b ZEMRL E L=,

e Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good

ideas.

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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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/ ZH8) 1Y ¥ L7z, Z LT 2001 4, Python B3 25N ELIRE T 272D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ Z#) 23256 EIFE L7z,
Z D ¥ % Zope Corporation 1 PSF OFB&BICkED £ 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 —ZARDVTUIFRICKEDTHD £,

D=2 R—2 )23 HEF) GPL Hi%
09.0-1.2 | n/a 1991-1995 | CWI yes
1.3-1.52 | 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 2.04+1.6.1 | 2001 PSF no
2.0.1 2.04+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DI 2.1.1 2001-BifE | PSF yes
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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 3.9.21

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

3.9.21 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 3.9.21 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 3.9.21 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 3.9.21 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

3.9.21.

4. PSF is making Python 3.9.21 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 3.9.21 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.21

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.21, 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 3.9.21, 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.

RDOR=I ki)
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5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

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

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

bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

ROR=—STER)
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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 provisioms.
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 3.9.21 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

RDOR=I 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 VYT7vyhk

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

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

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

(RDOR=1ZFE )
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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

(RDOR=1ZFE )
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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
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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 conditioms:

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. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test_epoll EY 2 —LIIRDEHEZEATHET:

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 £ Y Z— 7 2 — A OWTDROEHNEEATOET:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
A1l rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS ~“AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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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
http://www.netlib.org/fp/. The original file, as retrieved on March 16, 2009, contains the following

copyright and licensing notice:

[k ok sk ok Kok ook ok oK ok oK ok oK ok oK ok o oK oK ok oK oK K ok o oK o K ok o oK oK ok o oK o K ok K oK oK ok o oK oK ok oK o oK ok oK

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
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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.

L R S R R
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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:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL

please contact openssl-core@openssl.org.

OpenSSL License

* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.
* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions

* are met:

* 1. Redistributions of source code must retain the above copyright

* notice, this list of conditions and the following disclaimer.

* 2. Redistributions in binary form must reproduce the above copyright

* notice, this list of conditions and the following disclaimer in
* the documentation and/or other materials provided with the
* distribution.

* 3. All advertising materials mentioning features or use of this

* software must display the following acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

* 4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
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* endorse or promote products derived from this software without
* prior written permission. For written permission, please contact
* openssl-core@openssl.org.

* 5. Products derived from this software may not be called "OpenSSL"
* nor may "OpenSSL" appear in their names without prior written

* permission of the OpenSSL Project.

* 6. Redistributions of any form whatsoever must retain the following
* acknowledgment:

* "This product includes software developed by the OpenSSL Project
* for use in the OpenSSL Toolkit (http://www.openssl.org/)"

* THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT ~“AS IS'' AND ANY

* EXPRESSED 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 OpenSSL PROJECT OR

* ITS 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.

* This product includes cryptographic software written by Eric Young
* (eay@cryptsoft.com). This product includes software written by Tim

* Hudson (tjh@cryptsoft.com).

*/

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

* All rights reserved.

* This package is an SSL implementation written
* by Eric Young (eay@cryptsoft.com).

* The implementation was written so as to conform with Netscapes SSL.

* This library is free for commercial and non-commercial use as long as

* the following conditions are aheared to. The following conditions

* apply to all code found in this distribution, be it the RC4, RSA,

* lhash, DES, etc., code; not just the SSL code. The SSL documentation

* included with this distribution is covered by the same copyright terms

* except that the holder is Tim Hudson (tjh@cryptsoft.com).

* Copyright remains Eric Young's, and as such any Copyright notices in
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* the code are not to be removed.

* If this package is used in a product, Eric Young should be given attribution
* as the author of the parts of the library used.

* This can be in the form of a textual message at program startup or

* in documentation (online or textual) provided with the package.

* 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 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. All advertising materials mentioning features or use of this software

* must display the following acknowledgement:

* "This product includes cryptographic software written by

* Eric Young (eay@cryptsoft.com)"

* The word 'cryptographic' can be left out if the rouines from the library
* being used are not cryptographic related :-).

* 4. If you include any Windows specific code (or a derivative thereof) from
* the apps directory (application code) you must include an acknowledgement:

* "This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

* THIS SOFTWARE IS PROVIDED BY ERIC YOUNG ~~AS IS'' AND

* ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE

* IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
* ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE

* FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
* DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

* OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

* HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
* LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/
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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=I ki)
118 I8 C E BERES1t>V 2R




Extending and Embedding Python, J1)—2X 3.9.21

(FiDR— 25 D %)

WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
0UT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

The z1ib extension is built using an included copy of the zlib sources if the zlib version found on the

system is too old to be used for the build:

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it

freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be

appreciated but is not required.

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 T L TW2 /Ny ¥ a7 — 7L DEE
&, cfuhash 7B 27 P Db DICESEET:

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
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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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

(RDOR=1ZFE )
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HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
0UT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N test suite

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from
the W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause
BSD license:

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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COPYRIGHT

Python and this documentation is:

Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.

Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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