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2.1.1 HELA

spam (Monty Python 7 7 YOI TFR) L WIHODIIREY 2 — A Z2ERT 2 2ICLT. C 7475V
BIEL system() 12X % Python £ ¥ X —7 = A ZEAER LIV LET, ! ZOBEIE null THRIGX AL
¥ 77 XTI e D, BREELET., COBBELTO X S5ICL T Python 225 0HE S &5
L7znwe LT,

>>> import spam

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

%7913 spammodule.c ZIEMT 2 TADLMDET, (IGHtL LT, spam WO HARTDEY 2 — L ZERK
TEHE. EYa—NVOFEEN A7 C 774 /% spammodule.c EFFRZ LIZ/ - TWVWET; spammify
DEISICRTEZEY 2 —NVADEHEITIE, HIC spammify.c ICHTEET, )

ZDT 7 ANDEPD 2T TFDOISICLET:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

T, Python API ZHUDIAAE T (BELSH, £ 2 —LVOHRICET 2HAR. SR RZEINL
£9)o

AMR: Python &, AT AR K> TUIEEANY XOERICHE TS I58 7V Tuty B ERET-oTVS
DT, Python.h ZWTNDIFENY XX D BEHICA V71— F BRIFEDEHA

Python.h %# A > Z/)L— R¥ BH{IC, #IC PY_SSIZE_T_CLEAN 2EHKT 2 Z L BRI NE T, Zo~vrn
DIFFICOVWTIE IBRES a—ILEBTONT AZER 2L TLZE W,

Python.h TERIN TV —F 5[OS v AU, & THEEE Py £721& PY v TuwE s, 727
L. BHENY X7 > A VANDERIIRE LT, DD L, Python NTEEICHES Zrickd W5 H
B2 5. "Python.h" [ FWL D DEHEAN Y X7 7 4 )L <stdio.h> . <string.h> . <errno.h> . B X
<stdlib.h> 24 Y7L —FLTWVWET, BREDANY X7 7 A LD AT A FIZZFAUE. "Python.h" 230
¥ malloc() | free() BX U realloc() ZEHEERL £,

RIZT 7 4 MBS 2 NAEE,. Python 3 spam.system(string) #FHfi3 2 BRICFFUCH I 2 Z 2 iz
% C BT (ZOBBERMINCED XS O THE. BTTSOILD ET):

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

const char *command;

int sts;

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

ROR—STEER)

1 ZOBBADA VR —T7 2 —RFTTIHEEEY 2 — )L os IZHD FT — ZOBMEEALDIZ, BMTEBENRZAHZRLEW
MEHTE
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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 BAEICEITSIBICZOEEAHL T
9, C BEBIR T Zo5[#zHb, HEMNIC self BXY args EMIINFE T,

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

args 518UE. SIBDA o7z Python R T NATI 27 bADKRA Y RITKEDET, XNV ANOZERIL,
O L OBROGIHEY A MBI 2 &5 18ITHIG L £ 3, 518U Python 7Y =2 F T3 — C BT
I TMADEITIRIE. A7V 25 C OERETERIERD £8 A, Python APT OBE%
PyArg_ParseTuple() 5|8 0M%EF v 7 L. C OEICEH L £3, PyArg_ParseTuple() &7 ¥ 7L —
P RS T, I T Y 27 PR I lE ANS C ZBOBEHFIL £, ZhiZon
TRETHLIHHAL X,

PyArg_ParseTuple() &, ®TOFIEMNELWREZHF o TWT, 7 FLRAEL SN SEBICHET I BERE
RELEZWCE kEn) ZIRLE T, ZOMMBAERSIFVA I 2ET LB () 2RLET, BRED
e, BEGET AN XS 20T, ECH LK (BlicdH 2 X 512) $<CICNULL ZIRT L5 LT
L&,

2.1.2 |RE/NGE: T5—cHN

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, #H4RBOFIMNEZEy M T 27DDEBEZ W DPERLTVET,

bord I HWHNZDIX PyErr_SetString() T3, 5IBEHINA T =2 + & C XFHITT, FlskA
7Y =7 M3EH. PyExc_ZeroDivisionError D X H RERIFADA 7T =7 FTF, C XFHNIL T —
DK ZR L. Python SXFHIF 7Y = 7 MZE#I L THSL O » HEE” TREFESNLE T,

b5 —OHFHARKRBEBE LT PyErr_SetFromErrno() 23 b £3, ZOMKII5IEIcHINZT 2 . (TEHE
378 = NVZER errno D HMERLET, b oL bPHREIEII PyErr_SetObject() T, Z=20DA 7
=2 b, BN ENEEZTIBICE D $F, TASBEBICE S A 7Y =27 MZIE Py_INCREF() %5 £Ed
HHEEA

By P ENTWE D E S hid. PyErr_Occurred() % ffio TIERHEMICHANONE T, Z OBEEIIIHA
ORI A TS = 7 V2R LU ET, BISDFEE L TOWRWEEIZIE NULL 2R L £3, @HEIE. BERORED (|
PHITT—DPRAELLZHIITE 2133 7K2D T, PyErr_Occurred() ZMUHTHEIEID D A,

2.1. C*® C++ IC&3 Python D3R 7
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BIEL g PO T f 23, BIEOBBOMUH LK L2 e 2Bl 5 2. f BRIZT 7 —{f (KHKIX NULL
® -1) ZIRZRAIRD FHA, Lo L. PyErr_x B OWIT ML 2P TLEE HD EFEA — 8RR
5, g BT TRMFHLTWE2LLTT, XRWT f 2O LZa— b o —%2R"3fHz BS5ZHUHL
Tea— R WGRFT 2R D 35, FARRIC PyErr_x X MU LEFRA . UTHAKICHEET — 27—
BRHAFLWVERIZ, R —2HE LRSI TICHEL TWE05TT, =7 —7% Python 4 X7
VEDRA =T IZEET 3 2, BEEITHD Python 2 — FiZ—FFE 1L, Python 7Rr 27 I <248E L
BN FIRELHES E LET,

(EY 2 —N% PyErr_x B2 3 5 —EIFCH LT, LDFEMRT T —X v —I %245 2 X 5 KN H
DET, COXIBRWTIEZSI TARETT, LidVAR, —RIVEHAIE LT, ZOREEBEME ST
REIF7ZL, e T IS — DRI 2 HMZ RS MBRICHED BB TT: THUTELD, 1FE AL DORRLE
Dbk A IZER SR T 200 b LIVEEA)

HHEETOE L TOMHDEBIZ L 5Ty b INfs 21T 51213, PyErr_Clear() ZMEN LT
BISMREEZ BIRAINCIHE LR TR D F B A, TI7—2A4A VX7V XIFE LKL, BElT (2l
DIEEZRToTD, MBEISRD oD LI CRENTZ L57%) =7 —UHEZER2TIHEITDA,
PyErr_Clear ) ZM-UHT X5 ITTRETT,

malloc() DOFFH LARHUZE, HIZHIFMT L2 < TId7e D 2 A - malloc() (£7id realloc()) & ELMT
O L TWwW2 a— Fid, PyErr_NoMemory () ZM-UH LT, KMERITEZRIRIIRD EFEA, A7V =S
2T 22 TORE (fl 213 PyLong_FromLong()) {& PyErr_NoMemory() OM-UHI L ZFEETL %
S5OT, ZOHAIDERT 2 DIFERE nalloc) ZMEFHTa— FZITITI,

¥ 7. PyArg_ParseTuple() & W5 EHERFINZEROT, BHDIRE 2 — F2RTBEKIZ/ VT, Unix ©
AT A=V, MEDY L ZBICiEY e 2EOEEIR L, KRLZEEICE -1 2 RLET,

BRI, T —BUREZRIERC. (27— RETLIETRBICAERLTLE AT Y27 PITHLT
Py_XDECREF () % Py_DECREF() ZFFUH L T) AN ETEEELITo T EW!

OB RS 2 OERIZ, 2 —FIZRERICWIERSNE T, PyExc_ZeroDivisionError D L 512, &2TD
HAAAD Python FISMZIIMIGT 2EEHEAD C A7V =7 v 23d b, BHEAATEES, 3b5A.
SOBEPUIE L ATHORIIRD FRA — 77 ANDRIT RPN o722 £ 2R T DIT PyExc_TypeError Zfio 7
DIFLARWTLZIW (ZOHEEEZ S PyExc_I0Error DFICTNETL & 5), 518V R McRIED
H B5E121E, PyArg_ParseTuple() 172\ T\ PyExc_TypeError ¥ L £3, 51 DOMEDRE O HiFH
ZHEZTWD, £z TR EEMEZ T X72h - 7 5E121E, PyExc_ValueError 2HYI T,

EY 2 NVEROHBHINGERTE LT, ERT 21, @HZT 7 A VOLBEMTTHNL A 7S 27
FMEBOESEITVET:

static PyObject *SpamError;

ZLT, Y2 — L OPUHLEE (PyInit_spanO) OHT, fISE 7Yz 2 b - THEILL $5

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

ROR—DIHER)

8 E2E Y—FN—T14VY—IIGLTHERZES
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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 RXATOHIHNA T =2 b DHHTNIX spam.error 1274225 Z 2 ICHEEL TL 2 W0,
PyErr_NewException() BE%X. bltin-exceptions TR STV 3 Exception 7 7 AR EIE T T AT
Fiohs 2 2 A ERTE 3 (NULL ORb D it 7 7 2% L7 5E35ITF),

SpamError Z#d. ¥ iTERENBINT 7 ZANDOZREHFIT 2 Z L IHTEREL TSV ZHIFER
MRARE TS A a— RPFNA T 27 b EEY a—ADORETE 272D, Y 2 —A05H2IHE
MLUTBIN 2 5 A EZ 727D, SpamError 23856 TAD K4 > & (dangling pointer) 2725 TL EbR
WEIIZT BB, ZF7RARMNTRBBEME L TE» X% D FH¥A, b L SpamError BR5 FA DR
AYRITIESTLES ., Ca— RPN EHL LS e LA 2Ia7 Xy 7REM L ARVWEIER 5| Sk
ITIehndbhET,

ZofhcH B, B ORD ERIC PyMODINIT_FUNC Zf# 5 HiKICOW TR Tilan L £ 3,

PyErr_SetString() ZXD X 5T &, JLREY 2 — L THI spam.error ZEH 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 DR 9
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2.1.3 BIICES

HIFEDOBEBOBNCR 2 v, SEEUTOERTIEHBETE ST T

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

T DFEITIE. PyArg_ParseTuple() 23ty FF3HIAMI Ko T, IV A ML DIT T AT
ZWZNULL (A7 227 bADKRA YR Z2BRT XA TOBBICBIT 27 —BRHE) ZIRLET, =7 TR
R 518 LTE AL XTHEIZ e — A VAR command ICAE—3NTVWET, ZOHREIERA > &K
ATHD, RA VEZPHELTWEFINH L TEESTON S L 3ESNTVERA (Eo T, FHEC T
¥, Z¥ command !X const char* command ¥ L CEHUNIEFRBAUIRD FHEA)

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

sts = system(command) ;

spam.system() & sts % Python A 7Y =7 & L TREAIZR D A, ZHUTIE. Pylong_FromLong ()
AR S g

return PyLong_FromLong(sts) ;

EOBETE, BEA 7Y 27 P RBELET, (25, BETT S, Python CBWTide—7 LA 7Y =2
FroTH!)

il &SGR Z R S 700 (void %2R BIE) 1253 % Python DBIEUZ None ZiRSAIFRD FH Ao
BIEIC None ZIREH 21213, UTO XS 2BEHAZMEWE T (Z DB X Py_RETURN_NONE < 2 BIZHE
EXRTVET):

Py_INCREF (Py_None) ;
return Py_None;

Py_None 355k7% Pyhton 7Y =2 + TH 3 None IZHIiET 2 C TOHATT, TNETRTERLELS
WIELAYDOaAYTHFA LT 7" T5—" 2EKT % NULL KA ¥ X 2 IXEWV, None (X#li#t72 Python D4 7
U= bTT,

2.1.4 EZa—ILOXV Y RT—T )L AL

XTC. BN L7z X 512, spam_system() % Python 702 J 405 ¥ 5o THUHTH%E I SR
L3, £33, BBHALE T FLRZ 7 XY v FF—7)1 (method table)” IZH|2EF 2 HEHXH D %3

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

ROR=STEER)

10 E2E Y—FN—T14VY—IIGLTHERZES
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(FiDR— 25 D %)

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

VAMEFZD=DHODIT > MY (METH_VARARGS) WCIEE LT Z IV, T ¥ V& C BBDMES I
UHLIRKEA V2TV RICRZ 720D 7 57 TF, #E ZDfEIE METH_VARARGS 5> METH_VARARGS |
METH_KEYWORDS D3 CF; 0 1X[HR D PyArg_ParseTuple() DZE{LIEA b5 Z ¥ ZEIKL 75,

METH_VARARGS 7213 21 5354, C B#E. Python L)L TO5 A5 PyArg_ParseTuple() MM TE %
XTNOFATHEINS D LBELRITIUIRD $EA; ZOBBICOWTORFMIZ T THIL £3,

BIBUICH — 7 — FEIBMNEINZ 22 hoTWE DR B, =7 14—/ FIZ METH_KEYWORDS t v
Mty PTEES, ZOHA. C BIZE =5/8C PyObject * XM T 2 k528X D %
HAe ZOATY =7 ME F—V—FolBOBHECZD T, 25 LABBTIRZBERT 21213,
PyArg_ParseTupleAndKeywords() Zffio T 7Z2& W,

AV RT—=TMIEY 2 —VERDOWERERD 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, ZOMERIE. T 2 —VOUIEHEEBNTA > 2 7Y 2RI R D 8 A, O LEEBIEE
P a—VOARFTE name £ L7z ZIZ Pylnit_name() EWHERITRINIRS T, EV 2 -1 77401
NTERINTVWEHDDHH, HE—DIE static BRTRITNIRD FEA:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create(&spammodule) ;

PyMODINIT_FUNC ZB#DR D % PyObject * IZR 2 XSIWES L. 77 v b7 3 — L2 HITHHEY
s, FEDV v 27EE (linkage declaration) ZEFRT 2 Z 2. EHIZ C++ DHGEIIIEEZ extern
"CMIZEHE TS I EICHER LTSV,

Python 702 J A% T spam £ 2 —/L% import §% ¥ X2, PyInit_spam() 2MEEHhE T, (LT
2% % Python NOMDAAIIET 23Xy FE2BRLTLEEIN, ) ZI0OET 2 —AATTV 2T 2K
3 PyModule_Create() DIt EY 2 — LV ERICH ST — 7/ (PyMethodDef HEARDELS) 12ENT
MiictEshizey 2 -, MAAABEME 7Y =7 M3 A I E T, PyModule_Create () IXfER L 72
EV 2 NF TV INNDERA VY REZRLET, HEIZT—ICLoTEFEKRTT220db LNELRAL, E
Va2 — VAR S AL T & 2 o 75 81TI1E NULL 2850 d LA EE A, init BIEBIZEY 2 -1 A7
Pzl bPEBEHLITIGR L, 204 sys.modules ICFHAZINS X2 LARIFIUIRD £HA,

2.1. C*® C++ IC&3 Python D3R 11
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Python N &®IiAte ¥ %2, PyImport_Inittab 7 — 7/UVICEIEL TWT® Pylnit_spam() BAEUZBHENNY
WIEMEEN R A, WL T — 7 WCEY 2 — A %BI1F %1213, PyImport_AppendInittab() %Z{f-oT<
WV, FORICEH TS a Y TEY 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 B0 Fav AW (£7213 fork() D exec) 2T A L TWIRWIREE) 1B 2BEDA 27V &
IZHBWT, sys.modules HIY MY ZFREALZ D2 a v R4 VEAEY 2—L% import LD T2
L HRREY 2 — M Ko TEMEZAEL 2 Ze23H D 5, HREY 2 —LDIEER. WHT— 2 #iE2 )
MET 2B L KKHDITRETT,

LD EEWNKREY 2 —AFlX, Python Y — ABLHPIZ Modules/xxmodule.c £ WHHFHTTA->TWVWET,
CO77ANMET YL — P LTHRAHTEET L, Bihle LTHHDF T,

12 E2E Y—FN—T14VY—IIGLTHERZES
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AM: xmodule (X spam & B2 D ZERFEFIHAIL (multi-phase initialization (Python 3.5 O#t&RE) Zfli-
TWE 3, PyInit_spam % PyModuleDef ZiR L., €Y 2 — L OEIIHEIC import BTV E T, B
BEOIHMEIC O W T DRHE PEP 489 22 L T ZE W,

215 a1 I >

HLUWIEIREY 2 — V2 X2 X512 ET, L ODE#: a4 )Lk, Python ¥ AT L DY ¥
7. BPE-oTVET, BHAAA (dynamic loading) 2> TW2 D46, EEDOFIEET DS AT L0
o TVAENFTARAADIERICL > TEDLZ 2D LNFRA; F LG HRES 2—1LDENRIZHET
B (CHBLY C++ WEROEILF FE) . Windows 128 % L FICBFRT 2 8MEROE (Windows £
TD CHEFV C++ BRED2—ILOEILF E) 2SR LTLIIZE W,

BTt ARAA R o7z, Y 2 — L EHERF Python £ Y &2 7)Y ZO—FIC L TEE-WEAICIE. 4
YETVERDOEN RFREEZEBELTHEL R LRTUER SR RS TL x5, Unix TIE, EHlHRI Iz
DIEEZE THHMTT: BICAEDEY 2 -7 7 4L (Bl 21X spammodule.c) #ER L2V — AR
@ Modules/ 74 L7 + VIZEE, Modules/Setup.local ICHZATD 7 7 4 M EFIAT 2L TO—1T:

spam spammodule.o

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

ED2-—ADHDITA4 TV I INTVEIRENRDLIHE. 74T 7 VDBRET 7 A VIHNIETEX
T BIZIEATDESITLE T,

spam spammodule.o -1X11

2.1.6 C »*5 Python B FUH T

ZNETIX, Python 2260 C BABOMSIH LICEREZEVWTHERNTEE L, EZATIODH: C 2560
Python BABOIUH LB EEHATTS, bbb, WbWws ? a—il Ny 7” BEIR-— P TI2L547
477V RERT 2B ZOREDNERI TS, 2 C A VR —=—Tz—APBa—A Ny Z2FHLTWVWEY
&, FEOHEEER IR T 2 Python 2 — FTIX, LIXZLIE Python m 27 I =iz a—iloNy 72t 5
ZRERH D ET; ZDLEFRETIE, C TEhrNT-a—nA Ny 2D S Python TEhh/za—iy 7
BBETUOHT IO TI2HEDNHZTLE I, bBAHA. HHOHRIEZOLNET,

SE# 7R Z 12, Python £ ¥ &2 7Y ZFHFICHIGIECH LT %, Python B ZIEUSH 520 0FHEAL >~
R—T7z—=RAbHHFF, (Python R—F2REDANF 2> THECHTHIEICOVWTEHHT 5208 DId
HHFERA - ZOFFICHEERD 575, Python Y — 23— FD Modules/main.c iIZH3, a~<vr KA
VAT ay -c DEEERTIRLEW)

Python B DFENH LR TS, 3. COa—RFIIHLTa—aNy 752EFL LS £ 55 Python 7

2.1. C % C++ I2&3 Python DR 13
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0 27'o ald, M50 HET Python ORA 7Y 227 F 2EIRIERD FHA, DD, a—AN Ny
BB (-3 2otho A v 2 —T7 =2 —R) ZREERERD FEA. 20—y ZEREEBDIT O T
SNBIZ, BlEE XN Python B 70 =227 FADEAL VX E2 70— NAUERIZ - HEWVE, £I2h
YRGB - SRIFLES (B 7Y =2 + % Py_INCREF() 3% &5 KK ERELTL XV, fFlziZ,
LTFDES ZBEBPEY 2—LD—HIlh->TWEZETL & S:

static PyObject #*my_callback = NULL;

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

{
PyObject *result = NULL;
PyObject *temp;
if (PyArg_ParseTuple(args, "O:set_callback", &temp)) {
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 ORBAEUE METH_VARARGS 7 9 7% TA v X 7V RiZEFERITR D £H8 A; METH_VARARGS 7 7 Z'Z
DWVTE, EVa—ILOXY v BETF—T )L CHEALE%L THHH L TWE 3, PyArg_ParseTuple() Bi¥ir Z
DEIFNZOWTIE, RES 2 — LB TONT AZER it LTV EJ,

Py_XINCREF() 3B XU Py_XDECREF() (&, # 7Yz 2 MIWT BRIV 2 A Y7 URX YN/ T YR
YT B20D~ 7T, NULL KA VAP EINTHREHEETEZIEATT (2idvwz, Lofntid
temp 23 NULL 12722 22 EH D FEA), ZOHDOX IR BRIV Y MZOWTIE, BRAV Y ME Tt
BHLTVWET,

ZDK%, a—nNy ZEBEOE TRz 5. C BB PyObject_CallObject () ZFFHIL %, 2D
BEICIEZoD5%: Python BI¥(Y Python BIEDEIEY A b 3H D, WINBEED Python 7 = 7
FERITKRA VEBTT, IV A MIBEICEXTINA T 27 bTRIINEZE ST, ZORIII5IBOEITK
D £¥, Python BISZ 518072 L CHEUH T DR S, NULL 22D X FAZ2EL %5, H—05 5 ClE Y
HEDks, BHER (singleton) DX 7V 2E L %5, Py_BuildValue() OFRCFHIHIC, ¥ ufdxizid
—AU LoERM T — PN LASEND D 256, COBBUIE TV 2R LET, UTIhlZRL 3

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 £F: 24U Python BB 5 DR D
272D £5, PyObject_CallObject () &, 5IEUTX LT 7 A v > bHiL (reference-count- neutral)”
TS, LOBITRETNZAERL TRV AP e LTRELTED, 2D X 7 )1d PyObject_CallObject ()
DI UE&IC Py_DECREF() IR TWVWE T,

PyObject_CallObject ) IFEDELE LT "HL W F 7Y =7 b FHIERINA T =27 b, BIFE
DATI2 7 bDBBAT Y beA Y7 URXRY ML DRBRLET, oT. ZOFT7V =7 b 2r7m—nN
NVEBZRIFELEVDTRWAE D, 22 2 ZORDEICEEDSZ TS (LA, 25 THIUIRBE )
B LDOHETRY A 7Y 227 % Py_DECREF() LRIFIUIRD XA,

YidWi, RYfE% Py_DECREF() T 3HNZIX. fEA NULL THWAF v 7 LTEL ZEDPEETT, b
L NULL %5, MEOUH U7z Python BEEUIFIAN ZXH L T T EE 5 TWE S, PyObject_CallObject()
UL TWS a— FEAMKS £72 Python 2 5MUHIATW2OTHIUL, FEIZ C a— RBEDEZ W
CHLTW3 Python 2 — RIZT T —fERERRERIERD A, ZRUCED, A VR TVRERAZ Y 7 b
L—2%WMALED., FINENUET 37250 Python 2— FEZIFEH LD TE %9, FIADOEH A ATHE
Eofeh. L7l RWwDigs, PyErr_Clear () ZIFATHIAZEEREL TE QXKD A, FIZIZMUTO
EOILET:

if (result == NULL)

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

Python 2 — A Ny JEHBEZ LY ARA VXA =T 2 =R L0V TIW 518V X%
PyObject_CallObject() ICHARUTNELROLWVWEHESDHD FT, H25 7 —RATiE. a—1 Ny 7K
ZIRELEDLFAULA Y EZ =72 —ZAZNALT, 5BV R PSEINTVENS LOLEREA, TRlDT—
AT LR TV ZRRELTHEY A P 2EI QIR0 LLERA, ZO5ERDEHLDI
Py_BuildValue() ZMERD S TT, HlRIE BEROANY ba—-RE2ELLZTE UTOXS5Ra—F
S Z 2B TL & D:

PyObject *arglist;

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

Pv DECR arol i L AeN D IE1%
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Fio, BEICEZIE, Z0a—FEITELTIEH D £HA: Py_BuildValue() E ATV ARRIZBEVWED L
hf\ ‘;‘IV7LVCB<&%VGTO

WHOGIHE F—v— F5I¥%E Y K-+ 3% PyObject_Call() &ffio T, *—7— N5IEEMS BEIEOH
LETZZeMNTEET, LOHIXAT L5112, Py_BuildValue() Z{F- THEEIED £ 7,

PyObject *dict;

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

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

2.1.7 IiRED 2 —IILEAETD/INS X X EH

PyArg_ParseTuple() BIEUTO LS ICEE SN TWVWET:

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

5188 arg & C BA%AH 5 Python ICEINZ5IV R NP AKX IAATI 27 P TRIFNUIRD 8 A
format 51EUEERSCFF| T, Python/C API V7 7 LY A< =27)L®D arg-parsing Tt X T\ % ik
WKHEDLRRZRD £E A RD DI, ZhZhOEHD 7 FL AT, FRFHND» SR E 28I - TW
RFHUERD FR A

PyArg_ParseTuple() (& Python 22552 6 A5 BB ELRIBIZR o TV B 0HN2 DITH L,
PyArg_ParseTuple() IFMFUOH L ORI I N C ZHD 7 F L ADBEMBREZ RO LR L AL W0
CEWRERLTESV: ZITHEVWEZLETE, a—F»R2 7y 2230 LA EEAL. 2B T
b0y PR XEVIZEHEELTLEVE T, HEIZ!

MECH LENCIR I N2 4 7Y = 7 hADBRIZ TN T B S8 (borrowed reference) I D £3; 205
DTS2 NOBIEAYY N EF VA N LTIEED FHA

HTIW Or0rHE LAZRL %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 E2E Y—FN—T14VY—IIGLTHERZES
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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 HRED 2 —ILEABRDF—T— KNI XA

PyArg_ParseTupleAndKeywords() (& MU TD XS WCEEINTVET:

int PyArg_ParseTupleAndKeywords(PyObject *arg, PyObject *kwdict,

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

arg & format 27 X X3 PyArg_ParseTuple() Db D LML TT, kwdict XT X X FF—U— F5|HD
Ao Tzf#FE T, Python 7Y XA LS RAT ADBHE=Z T AR UTRIFED £5, kwlist 85 X RIEKNRT
X R B HAT 2 72 DX FHN 675, NULL $igX -1 2 F T3 Eo%F XXX format FHORIERIZ N
2.1. C*® C++ IC&3 Python D3R 17
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LTEDPLEDIHICBEXNE T, BT %L PyArg_ParseTupleAndKeywords() FEZIRL. £hlSD
LE YN e X L TR ZIE L %5,

AR: F—U—FEEHoT0IHA. T VEANTIRLTERFEA! kwlist NIIFIEL RV —7 —
RoRT X ZREXNT35E. TypeError OFEHZEF ISR I L E T,

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

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

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

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

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

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

RDOR=I 1% L)
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PyMODINIT_FUNC
PyInit_keywdarg(void)
{
return PyModule_Create (&keywdargmodule) ;

2.1.9 EEDEZEET S

Py_BuildValue() (& PyArg_ParseTuple() DOXICIET 2 HDTT, ZOBBIIMLTO XS ICEERSh
TWVWXET:

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

Py_BuildValue() &, PyArg ParseTuple() Dadik§ 2 —HDEXHBAICBFRXHBAZFEML £5. %
72U (BN ATIERL, ATEbN D) 5IEIZKRA ¥ 2 T3, REZDOETRINERD £8A,
Python 2 5N &7z C BEGRIME Y U TH#EY)%, #7274 Python 7Y =27 FERLE T,

PyArg_ParseTuple() &IZ—DE 5 HHiH D £9: PyArg ParseTuple () 13 —58% X T NITF 2 8
HHFT (Python D5V A MIWEINICIZFICZ 7L e LTREINS 55 TT) A5, Py_BuildValue()
WERINEAERT 2 LERD 2 A, Py_BuildValue () EEACFHIHFIcHEXF B —onZhl EA-T
WABGEICDAR TIVERREL £3, HFX LTINS, None ZIRLET, Fonh—o0FEAHR S,
ZOFEABMDETAR L THBMEHLDA T 27 MTRDET, YA XD 0% 1 DX T IVIBZI VDR S,
FHFHN 2 AN TV F T

WTFEhlERLET (EICIEOH LB, HICfSEn% 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 >V FE

CRCH+DEIOIREFETIE, 0l I7~vRB b —TLDOXE) ZHINCHERLZVERLZD T3EEHLD
DET, T L7MEEE C TEREE nalloc() ® free() TITWE T, C++ TRERAEMWICH U E® CHEHE
T new % delete DMEONE T, ZIZ T, UTO#HEIX C OELEICREL TITVWE T,

malloc() MHERT 2R TDOXEY 70y ZE, REINTIE free() ZHEIC—E/Z IO L CTHIHATRE X
EBVDOTS—NMCRE IR D FH A, £ 2T, BURIIC free() ZIPIHT ZEHAEZEWIRD T, HD X
FV TRy ZIINLT, free() 2R 2721230000 TZO7 RFLRAREHILTLES &, Juavy
DEALTWEXEVRZ IO I AR TS 2FTHAMATERI R ET, THEXEY Y =2 (memory
leak) EMHINTVWET, WS, O I L08H2 XV 708y Z7IZNLT free() ZMATBERM L, %
D7By 7 RENHITES T2, HlD mallocO) MUHLIZL > TITbIh 70y 7 A L E%Ez
EZUET, ZHUIMRHRFEAXEY O (using freed memory) EMINE T, ZHIFHILIhL TV
T=RIZHTEBMEFRDO X ROVHER — a7 &7 BokBW AR v a — 2IIERD
LET,

I BHE2XEV Y —27DFEEIZa— FHOEBBTRVWIIEE TS, FlRIX. H2B80HZ2XE) Ty
ZHER L. (MO0 EZITo T, BETRy V2T 5L LET, ST, BROZERMEREZZEL T, §F
HiWsa7AM2EMT28, =7 —&EF2HHEL, BEBORPTUHEZRT IS5 1CR20D LNAEEA,
COBFTORTHEEZ L &, EIAZXT) Ty 73 FERLENLTVOTY, 2— FHAZTENX
NEGEERICESI TS, ZOEIBRRAEY Y= B—HHIVAATLES &, BEVEBHZIAZVWEEIZ
BRAEBZEVELSDDET: 71X TIZ. 2 TORBIFIHE L O L TIEFADDT 2REIGL
MEET. 20— TIEL AL O ERIIEYROFELE LR > TWa 7D, XEV Y =25
PR B DIF, BROHEEL T 7 a e A0 =2 2R FTEBEMED Ho GEIRon 205 TT,
WoT, ZOMOTI —%F/MNRICLEDE L5 a—7T 1 ¥ 7HNLHIEZIT T, FEOXEYV Y -2 %
BT 2 Z e DEERDOTT,

Python 1% malloc() % free() ZIEWIC I FAT A7z, XEV V=7 DRFIRICNZ, BENIZXEY
OEREIET 2IERNETT, ZODITBIINT-DBBB A Y > ME (reference counting) & MHIEN S
FHETT, 2RIV Y MEOFHEIIEHTS: 2 TOA 727 M2WE AV Y EBHY, A7 =7 Mk
LBPEIPIREFEINT DT EEAL I VRA VML, ATV 27 NI 2B HIREN T
VXY PLET, AV YEABPERIIKE S0, ATV 27 PAORBOSEIHIREIN-Z2 ik, 7
Yzl MIBRENE T,

b5 —ODOMBIXEEI I N— a1 7> a ¥ (automatic garbage collection) EWHENTVWE T, (B 7 >~
MERAIR=—YaL 7y a VBBO—2 LTEITFoNL b HHDT, Z22XKHlT 27012 %H X " H
g (automatic)” ZfF-oTVWET, ) HEIAR—YaL 7> a YORERFIEIX, 22—V free() ZHIRIN
WRIERSTEWZEIZHD FT, (FERAEY OAMAAEDL AR LTFREIATVET — 25, Zhid
722 HETEDDERA, ) CTBIIHEAR-—YaL 7Y ayORAIFZ. BICAMEDD 2 TR—ya
LI ZPFIELRVE NS 28T, 2RUTH L. BHA D ¥ MEIEARED H 2 FEEPITE % T (malloc()
% free() ZFIHTE 2 D0FMHETT — C HFHEEIINEZRIEL TVET ), WODHD, THRREDDH 2
HR=YAL T RN CTHRZLICREPD LNEEAN, ZNETEZRA T Y METRL o TV LS
W3RN D T,

Python Tld. BRI ARSRA Y ¥ MEDEEZIToTWE—/T. SROMIRZ ML T 2 7-D12@  15IRS
SRR HBEAE (cycle detector) BIEMEL TWE T, BERSRMHEEMO BT, B, FERIC,2D 5 TIEER
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ZROEREZXICE T T IV r—2a v ERRETEXT; tWwH Db, BRIV Y MERT 2o R—
vavrryaryEEL o TREZRIIBERZ» S5 TY, BREZRIE. (FESRO5E &0 T) HEADS
WRA oA 7T =27 b oIEMENE 7D, BRANOA 7Y =27 MI{ELAIFELRDZRA YV F2Fib %
3, WA RBIRA Y MEDEETIX, L AERSBEVRT 24 7Y = 7 M LTz 2 SRz
WELTH, BRSBNOEDA 7Y 227 MBS 2 XEV SHEANHATE XA

TEIRSIEMEEEIEZ O XS BAR=IUF A4 70 (Hil L7 & 5 RIERZRA 7Y = 7 b) 2R L TEIS
B2ZENTEET, gc EY 2=V ZD LD RIBMEFEEDFIT (collect O BAEY) ZiRMtT 2 ¥ iz, RE
DIDDA YR T 2 — 2B X OCMHHREZ RITRAICHEINC T 2 7KDL TV T,

Python ICHITEBRAT Y &

Python 121, ZAD Y MDA VI VX MR T 7V XY M2 52 =>5D~ 7 v, Py_INCREF(x) &
Py_DECREF(x) 2% b %3, Py_DECREF() &, ZRA Y ¥ F ¥ RICEHEL BRI, £ 727 FDXEY
BTV E T, FMMEZ R T 27012, free() ZEETIHLEFEA — ZORDHICA TS =7 +O
Bl 7Y =7 b (type object) ENLET, D202 (fIOEHWND DD FTH), 2TOL 7Y MIZH
BORF T2 7 MINTE2RA Y EBA-oTVET,

X T, FRERREMDPE > TWE T VWD Py_INCREF(x) % Py_DECREF(x) 2 X IFXVDTL & 557
E5. W ODPDORGEHAI SBEDEIETLZE N, £F, A7V 27 ME 7 A (own)” EhdZ2i3dHH
FEA; LL. 54727 MINT2BROFE own a reference lITEET, A7V 27 FOBIRA
Ty ME FOA T2 bHBBROFEERZ T TV AR ERINTVWET, SROMEE L. ZREIL
F72 { J2 o 72BIC Py_DECREF () 2FFUHTHEIZHNE T, SHOFTEMHEIZZEE (transfer) TE X5, FTF
Z8 (owned reference) OERITIE, S, fRfFF 5. Py_DECREF() ZFFUHIT. L WVWH =DDFENDH D
¥9, MMESREZABLEhS e, XEV Y- %25 ZRILET,

A7V 27 MHT 2SI, EBH (borrow) AEETT, *? O M X, Py_DECREF() ZFEA TIX7%
DEVA, BRAFE SROMAEE>LMEA LM ZBEI TSRERELET IR XA, FIEEIS
BEHEE LB CTHEASREMES b, BREAXT Y ZHALTLE S BMAH 20T, Mkhicliiraidz b
FHA, 3

ZROMEHAPZROME LD ENR TV L RIE. a—FHED S 6%6@6%@@%T£53%F§ELT$§< &
STBLALTHELIETY — Hlosunwimzdiud, BHAZROEE I, W o@p TR ZRTLT?
XEVY =27 DEMREET Z LRV, WS e TY, #ic, Fﬁﬁi DBIAPMZRIE, TLEEDHICAZS
a— FH, EECESROMBHITTHEINTL Lo LRICZOZREZM S5 20 Lvaw & 5 b ki
HBLWVWI LT,

Py_INCREF() 2M-UHid &, (EHSREZMESRICEETCEZ XS, ZORFEREISROMBHITOREICIIHE
L¥¥A - Py_INCREFO) 3Hi7-fAZRBEER L. ZROMEENHIRNERETOEMEZRLET (OF
D, HZROMEE R LEOREH LAk ZROBEZBYNTORAIERD $EA).

2 BEE AT LWIRAXT 7 EHEICEELL B D FRA: BERS, BROFEEIIKAL LTBROa¥— 2T
205 TT,

*3 ’%5573‘7/ 1\7b> 1 LXJ:?E)K IDFARBZFHEF SECVWEFRA — BBATV Y FEBBERI NI AEY RICH 2720, ZOH

HEMED S D 3!
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FRABEHEICE DDH B RAY

F 7Y 27 FADBREEBRONMCETIEAEICE. A7V 227 FOFEESSIRLICEINZ 0 E1HE
WA v & — T 2 — 20— e 2 b F3,

AT PANOBRERTIZEACOEIL, SR 2 HICFTEHEDIEL £3, K2, PyLlong_FromLong()
% Py_BuildValue() D &S5, HlLlWwAT7 =2 b 24T 2B THAMEZHEFICELE S, 47
Pzl IDEBCEH I RA T TR TH, TOF TV =27 VI T 2 RSROFEHEEZEF
3, PlZiE, PyLong_FromLong() 3 X5 fEHZF * v a2 LTED, Fvv>¥adhENOSHREZIES
ZeDHHET,

PyObject_GetAttrString() D X512, 247 =27 b 2oRlOoA T 27 M 2T 2 X 5 RBIKD
. R DIMAEHZRELE T, 2556 0HEPPRPHBLICS VA LAEHEA, EWVIDIF &L
Hbh L —F DN OhHHIE 25> TWBH 5T PyTuple_GetItem() . PyList_GetItem() .
PyDict_GetItem() . B XU PyDict_GetItemString() Z®T. X 7N, VA b, FLEHEILEAS
HERLET,

PyImport_AddModule() (&, EFCE ATV =27 P 2AEML TRT I eHAH2I2dr0rboT, HHZRE
BLUET: TODAIEERDE. ARENA 7Y =7 NI T 22T sys.modules ICREFEN 205
T3,

FT7Y 27 bAOBRBENOBEEBICHE THE, RV, BEEREMEOCHLFE»OSRBEEHALES — 5
W2 RES 2B D 5726, BIFMINZ Py_INCREF() ZM-UNH LTHN LA EICRD £3, L3R, Z
DIANIZ =D D EE LIS} PyTuple_SetItem() ¥ PyList_SetItem() 23H D %3, T o OREUI. ¥
INTFIBERICH L TITEEETES>ID (take over) £F — 722 ZKBLTHTI! (PyDict_SetItem()
¥ ZOMEIIFTEHEER S FLA — ZAHEWHIE 7 HED” BHTT, )

Python 228 C BEDIEH N3 BRI2iE. C BRI LD S5IBAOSEEH L £3, C B
FECHLENE A 7Y 2 7 FADSIREFTE L TW 3 DT, ERASROAETFHRARIE X 2 OB ILE %
BTETTT, ZOLIRXLTHASBRERELLZDMICE LD LEWEEIZDA, Py_INCREF() %ffio
THTESRICT 2 RELH D £3,

Python 2260 &7z C BEDIRSSRIFFESRTRINIRD $EA - FTEHEEE,RSIFOHL
N ZHRESNET,

K

BORVIRIICBWT, —REZCAZ Z2EASHEOFHANMER20EBITIAH D T, ZOMEIXT
RT, 4 VXY ZPIERINCIECH &R, £ 22 7TV ZBBROFEEICSBREREI R TLEI RN
R L TWET,

HoTEIREF—ZADSBERAD, ZLTRDEERZDDIIZ. VR MERIIHT ISR EMED T3k
3%, RVt 7Y =7 Micxtd % Py_DECREF() DT, flxid:

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

RDOR=I 1% L)
22 B2EHY—FN—FTa4 V-G LTHLEZES




Extending and Embedding Python, U J—X 3.10.13
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PyList_SetItem(list, 1, PyLong_FromLong(OL));
PyObject_Print(item, stdout, 0); /* BUG! */

LoOBEITE S, 1ist[0] NOBWEMEA L. KT list[1] %l 0 TEEIZ, RRICIZIZILHEALLS
MEHADLTWE T, [MBMELZVWIICRIETA? THZ S TRRVNDTT!

PyList_SetItem() OMUHOMNZEHL TAHAFL &5, VA MIRTOHERIINLTEREZMAEL TV
DT, BFE 1 2EZMZ 2L, DATOER 1 ZMELET, 22T UHOEE 1 D1V ERI 7 ADA
VARVATHY, EBWRXIDIFTAN __del__ () AV v REERELTVWARLRELELE D, ZDZ TR
AVRARYADBBAT Y IR 1 Zo/BGE. VAP SREBETZ 2. A VAXVRAD __del__() X
Yy RPMEOHENE T,

7 2 A% Python THPNTWADT, __del__ O IHMEED Python 23— FEFITTEE T, 2D __del__0O
23 bug() B2 item WAL RNIERIEEZLTVWEZDTL x9557 ZO#D! bug) IKFE LY X A
_del__ O XYy FhoifETCE3 3%k, del 1ist[0] OREEF OISR EERITTETCLIVE
T B L ZOHMET 1ist[0] T 2RZOSBEBMEINTLES &, 1ist [0] IZBEN T 5T X
E VB SR item ZERMEICKR->TLEVE T,

FIREDIRE A 72U, RRIGEE TS, ~RICSREZZHEHPLPEIXLIVDOTY, ELLEET S A—Y 1
YEUTOESIRD £

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, YRIDA—Y 3 > D Python 1213, ZDANZO—FENBATWT, __del__()
XY EBESI LT ELEDPRVDLEFANREZDICC TNy HCTHERREZESLIZADPVE L.

ZoHIX, EASEP ALy FIBARL TW3E 7 — A TT, #HIX. Python 4 ¥ X7V XIZB 3 HEK
DALY RiE, Z0—NAA YR TVRAy IPF TV 27 VEMEEREFELTVE 2D, HWIHE
LASZW@3EdHHELHA, 2I1ZWZA, B v 27X Py_BEGIN_ALLOW_THREADS ~ 2 0 C—RIICERR L 72D
Py_END_ALLOW_THREADS THES LD TEET, ZhoD~vrnid7uy 70 % 1/0 FUH L O EH
WELSEPN 1/O PETTE2ETOMMDRAL v FRTaty HEFHTEZ L5 LET, BHL2IZ,
DT oB#E Lol e M-MEZIE 5 ATHES:

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

RDOR=I 1% L)
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Py_BEGIN_ALLOW_THREADS

...some blocking I/0 call...
Py_END_ALLOW_THREADS

PyObject_Print(item, stdout, 0); /* BUG! */

NULL K1 >4

—EmE LT, A7V 27 bADOSHEZ I 2EIE -V NULL R4 22 EFT I FHELTES
T EZOL TR a7 R ARE (I HeTA7 Ry TRE|ERIT) 2 TLED, —H ATV
MOBIZIRT & 5 REARII M. AINDORELZRIHEICDA NULL IR L E3, 58X LT NULL
TANETORVERZ, BEE LR LERIN 724 7Y =27 2 OBEBA L EEIT LS5 TT — &4
DOBFA NULL 7 A b 21T 2E, TERT A PP REIZTOHA, 2— R XD EHICH Z itk £5,

5T, NULL DT A MNEIA TSI =22 D 7 BAER", TROBED NULL 122503 LA WKRAL ¥ R EZT
o/ ERTICLEL & 5, malloc() . BAVEEE T 2 A[REMED & 2 BB 2 DFITF,

<21 Py_INCREF() B XU Py_DECREF() & NULL KA Y XDF = v ZB{TVWELA - LHL. ZTHASHD
~ 27 uDZ{tKTH% Py_XINCREF() 3 XU Py_XDECREF() 35 = v 7 21TV E T,

FEDF 7Y 227 MIZOWTHFHNSE <21 (Pytype_Check()) & NULL EA Y RDF = v 7 E2{TVEL
A — REDIBUETH, MRALRELRZBZHELTAH T 27 POBRIEFARBZERICIEZ, 25 Lz~ vkl
T TREDSH 2D T, lHNC NULL RA Y RDF =2 v 72T 5 NERTAMIK-oTLEIDTT,
BIZHFNZ <7 22lE, NULL F = v 7275 Z{LBIEHD D 28 A,

Python 725 C BIEZFEUCHI SRR, C BIECEX N 2518V A (BITVWS 22T AD args) HBRLT
NULL I BB WK SR L TV T — ERE, B VIR 3 X5 Rl TwgEd, ™

NULL R4 ¥ &% Python Z—HF LU " RBL” TLES &, AR — %25 5RILET,

2.1.11 C++ TOILERES 2 —ILIERK

C++ THDWIREY 2 —WIIMEMTEE T, 7272 LWL O2HIRBH D £3, X4 > F a7 4 (Python £ ¥
RTVZ)IE Cayv kg 7 Tay I AIN) Y7 ENTVEDT, Za— OLERPHNA T 27 Mo a
VANV RTEMTEE Ao XA TOT T LD C++ AV A T TY V7 INTVE D ZAUIHET
3HH FHE A, Python £ > 27V X HIFNHH X2 BB (FHTESY 2 — A AIHHERIE) &, extern "C" %
FoTES LARFNIRD ¥¥A, £/, Python Ny X7 7 £ L% extern "C" {...} KANZHLEITD
DERA-—- VRNV __cplusplus (FID C++ IV RA FIEEBTIDY Y RAEZERLTVET) DER
ENTWB L EIZ extern "C" {...} MTHLNBE LI, AV X T 7 A NN TTIZEIATVWE LT,

* 2 HRO” O U E > T 258103, ZOREGER SN EEA — BFEO 2 — FIZZVEZICIEROMOH LKA
AHNHEF
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2.1.12 #5EREZ a—J)LIC C APl ZiRt9 3

% K DIRIRE Y 2 —/WIHUZ Python » & 2 2 Hi7- R BRI 2 25 2 7210 T8, RRTHEREY 2 — b
WD a— FHBMROINREY 2 -V THEMZRZERH D T, HIZIX. H2EY 2 -V TRIEFHZEDOZNY
ALDESWCEET S " aL s ay (collection)” 77 RAZEELTWEhS LNEEA, BxS5EURL
BEBLEDRIELZDTE S C API {2 724240 Python V A MDD X512, ZOHilkal rzyay
HMOIIRE Y 2 — ) S EHRFTESL L 5I1CF 213 —ED C B ER > TR IR b 8 A,

—RT2r ZEHEHEZR I BICBEE (5B AHA static RELIWFEFTEITI) FT, #EYUIRAY X
77 ANEREEL, C API Z2F NI X0, B2 ET, ZLTEBDOL A, 2TOIKREY 2 —H
Python 4 & 7Y ZIZHEITHNICY Y 72N TV AHEREIEEELE T, £ ZAEY 2 —HHF
SA4TSVDFEIIE. —DODEY 21— L TERINTWVWEY Y RAPUDEY 2 — A SRARIRZ LD
D EF, AIREOFEIIEARL =T 4 YIS RATACEDET; HZP AT L& Python 4 Y 2T ) e 2T
DIGREY 2 —VHICH—O 7 a — o LiaZHiZ2ERZ HE L TV E T (121 Windows), HlDY 27 A13E
Ja—DV Y IRCIDAENSE Y VRV EHRNCIEET 2L0ESH D 3 (AIX BZ2O—FITT). F
72Dy A7 4 (1F2 A YD Unix) TlE, o IS 2 E I LTRELTVWES, 2L T 2222 UK
AR B — > VERE LTAHETH->TD, MUHLZVEABRDA 7Y 2 =R FERFr— FIRTWian
ZeEoTHHETF!

Mo T, AMRMED D S > Y RADOAEIIITSREEZ L TIER SRV 2 ICh D ¥, D% W ILRE
Ja—HDETDOY VKRUX static LESERIEXRD FHA, HBMNIED 2 — 1V OWHEHEEBEIET, Zhik
(EZa—ILDOXAY Y FT—=7IL LS TRz & 5 12) MDILREY 2 — L & ORI THEIDEZET 2
DRI Z72DTT, i, MOWIRES 2 — 057 7 R% FlFZIRITTIEAEVL >V RUIFIDORDH
TREATRERD £H A

Python 13® 24E5kEY 2 — D C LNV DER (KA ¥ &) ZHIDEY 2 — VIS 72 ORFIR L
Capsule (4 7)) ZHE#HL TV E T, Capsule 3R A ¥ & (void*) i3 % Python & 7 —&XHTF,
Capsule 1 C API 2N LTOAER LD 7 7R LD TEZTH, M Python 7Y =7 beFEIL &
IWCZIELTEET, &b, Capsule IZEREY 2 — LV OZATZEBNICH 2 LATCRATE T, fho
PIREY 2 —MWEIZDEY 2 — /L% import TE, KICHFTZHIG L. &%IZ Capsule ND R A ¥ & ZHUF
L%,

PEREY 2 — LD C APl Z T 27912, B4 %AHET Capsule DMEONE T, FBEKE 1 2047V«
7 MZANZ=D, £2TD C API DK A ¥ ZEeH|% Capsule ICANSE ZENTEET, LT, KA &t
FTARRERPIR L Vo 7ok A RIEER, a—FEZEBELTVWEES 2125347V MET 2 —L DT
R HETHHTEET,

CDFERENIL TS, Capsule D name ZIEL K RET 5 Z L IFEETY, PyCapsule_New() & name
518 (const charx) ZHXD 7§, NULL % name (ZJET 2 & BFFAIEINTVE A, name ZRET DI L%
HMHERLFET, ELLARTZMY SN Capsule 13H 2 BEOERITRAULZEHEZERED T, AEIEHT S
N TV Capsule 2 Capsule ¥ XB T 2HENZAFIEEIDD THA,

Kz, C API 2Bi3 2729 Capsule IZIZRDNV—IZHE - 72 HHFTRNIT B RETT:

modulename.attributename

PyCapsule_Import() &5 fEF|EEIX. Capsule DHAFIHB Z DL —MIZ—HLTWVWS & ZIZDA, B
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Capsule BHTRHZNTVWS CAPI 2R —FFT A2 N TEET, ZOEHITLD, C API D2 —¥—
M, FEFEICIELW C API 2L TW3 Capsule 20— R CERZ L 2ELDZ N TEET,

T ofltix, #AFieRAT 2EY 2 —LOEFIZE AYOARIE» D £330, KL{fFbhd541477Y
PEBBICHEYR Y T —F 2 FHLET, 2O7 7R —FTiE, &2TO C API 4 v & (flfFcid—o7%
T &, Capsule DL 725 void KA Y ZDEINMRIFL T, HLREY 2 —MITHEFT 2Ny X
T 7 AME,. BT 2—D import ¥ C API RA VX 2HE T2 k5 FllT s~ ru2iftLE9; 754
7Y FEYa—UE, CAPI X7 Z7EATIRRICI D7 a2 R TT,

iR 2HOEY 2 — ik, BGEAE HiD spam €Y 2 =V EBIEL/D DTT, B spam. system ()
X C 9477 VK system() ZEHEMUIH X F., PySpam_System() 2N L ET, ZOMBEbEA
A EBIZIE (BTOa~< Y FIZ "spam” 2172 0ok 5R) EDIAAA-UEEITVWEST, ZOH
¥ PySpam_System() ¥ %7z, MIOIEFREY 2 — I NI E T,

BI%( PySpam_System() (&, LD R TORR L FFRIC static TES Shi@E D C TS

static int
PySpam_System(const char *command)
{

return system(command) ;

spam_system() ITIFMB IR SRWEEN I N TVETS:

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 —)ILDSTEICDH B LT OFT

#include <Python.h>

DERIC, UTOAT2R43EML TS

#define SPAM_MODULE

#include "spammodule.h"

#define IX. 7 7 A /L spammodule.h 24 > 7L — FLTW3DABL4HTZ AT 2HDES 2 — L TH -
T VATV RMEY 2=V TRBRVILEANY X T 7 A NVICHZBT1-DIEbNET, KEIZ, EYa2—L
DHILBIRNZE C API DR A ¥ XEHZHHUET 2 K 5 FRLRFUIZRD $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 E EEENTWVAS ZLIZFERE LT XV, £5 LRIFAUL, PyInit_spam() 23#&
TLR2ERZRA VR LAEHEBLTLEVWE T

5L D DOKETIENY BT 7 4 )L spammodule.h IZH D, UTDXS5ICHR-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 1% L)
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(RIDR=I D5 DREE)

#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) */

PySpam_Systen() ~D7 7t ZFREBHEDIZZ 547> FED 2 IH LEFIUEE 5BV ¥ 1%,
HIHHEREEUAN T D import_spam() PARL (£7ld~2rn) O LTY:

PyMODINIT_FUNC
PyInit_client(void)
{

PyObject *m;

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

return m;

D7 7u—FDOEERREIL. spammodule.h DIRRHMICL DL WVWH T TT, LidWVWR, BEBOEAR
WA AFINE DD LELRDT, HXHE—ERLIENLXTAET,

%2, Capsule 1. HEHIHEEINTVEI R, VX EXETVMBMHELEZYBERLZD T 3 BICRNCER
. I —OEERIRELTVE 2 WnS Z g TR D FHA, FMlE Python/C APT Y
77 VLY AR= 27D capsules, 3 XU Capsule DELEES (Python Y —Xa— REERYH D7 7 41
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Include/pycapsule.h I XU Objects/pycapsule.c RSN TWVET,

E
2.2 INRDBDESE: Fa—rUTI

Python Tl&, #AAAD str B list D & 54 Python 2 — R o#ETE 525 L WEIE C RRE
Ja—LOEENEBETEET, 2TOIHBEORD a— FIZH 238 — IS DT, EXIR0 BRNICH
RLTBIREMOVWIEDLHDET, TOFRF2 XY MEIZFDFEEIIOWTORX LWAMTT,

2.2.1 EXRNGRI L

The CPython runtime sees all Python objects as variables of type PyObject*, which serves as a "base
type” for all Python objects. The PyObject structure itself only contains the object’s reference count
and a pointer to the object’s "type object”. This is where the action is; the type object determines which
(C) functions get called by the interpreter when, for instance, an attribute gets looked up on an object,

a method called, or it is multiplied by another object. These C functions are called "type methods”.
ZRBDT, MILWIRROBZER LW i, HILWEA 7Y 227 P2 TR LD T,

ZOFOZFHERZIESIHRENTL 25056, DITIC CHEEREY 2 —)b custom 125 % Custom W5
ZHIOHLUWEIZERT S, IR ERESREERES 2 -1 E2DHITTEBEET:

AR ZZTHAL TV AHIE. BNA RO 2 ERT 2 EHNRELEAETT, TAEE AL OHH
THoRbDIEDTT, CAPI Tid. PyType_FromSpec() BEEZ v, b — 7 RICEE I NILROTL S E
FETEFEID, ZHIZOVTEZIDF 2 — MY 7L TRERIFVER A,

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

/* Type-spectific 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,

ROR—D1H <)
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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;

—EICHEIR T 2I21EB £ o LENZ VTN, FIOEIDIFLoDERTLL Ko TR I EVWET, 2D
77 A4NLTlE, 3ODBERPERINTVET:

1. Custom 7TV b BMAIZEZATWVED: ThD' CustomObject HEA T, Custom £ Y AKX VR T
LT 1 EZF X EVHERIMTDORE T,

2. Custom B XD X S5 ICIRZHES > THD CustomType WHERT, 77 7 BERA Y X DEE D %
EELTOVET, HEDRENERSINIE 21T, ZOBKRA V&2 4 2TV ABPRIATEE T,

3. custom EY 2 — &S U T 50 ZHD Pylnit_custom A E ZhicBEKRT 3
custommodule FHEATT,

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

reason for the macro is to abstract away the layout and to enable additional fields in debug builds.
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FR: Lol PyObject_HEAD v 27 un kit Ianyiddh itA, SonbhkIanryEEMLA
WESIZREMITLIZEI WV ZhEEETZ2a0 158 HD T,

b5 DA, —KINZIEA 7Y = 7 MIKEHER 7 PyObject _HEAD R4 53— 7L — b Oficd F— X B HEL T
WET: Bl ZE, Z4uE Python FEHEDZEI/ NSO ERTT:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

2O0BIEA T 27 PDERTT,

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

AR RI2H 2 K512 C99 R X A NDFeRA ZHHUELF % 5 T, PyTypeObject OFHIBILOMENT 4 —
NRETETHARZD, 74—V FEESTAHFICKEH 72D BT ICHEEL20ZBEDLET,

object.h IZH 3D PyTypelbject DEFKICIZ LDERICH LD Do ZLD 74—V K BHHZE
FTo ZIRHMTETVWARNWTZ 4 =L RIZ Cav [ ko TEuRTEDLNE DT, BETRWVE DR
NIIMEDFEE % LR WO — IV RAFIEIC IR > TV E T,

—EIZ1 2T O7 4 — A FERD EFT0EEL & 5:

PyVarObject_HEAD_INIT(NULL, 0)

Z DTk, kBTl 7z ob_base 74— ROWHHLICHED KR A 5 —F L — M T,

.tp_name = "custom.Custom",

EBELTVWAROALRITY, ZHE. A7V 27 FDOF 7 4L FOXFHRBARLS — X v —JI2HNE
T, FlZIERD@ED TI:

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

TypeError: can only concatenate str (not "custom.Custom") to str
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ROAFIH, Y 2a—NALEY 2 - VBT 2ROAFIDOMTZ By D TORWELANCZ>TWD Z 2T
EELTLEXN, Z0HEIE. Y 2 —3 custom THZ Custom 2D T, BDEH[% custom.Custom
WERELE L, EEO Ry MIED A4 YR— I %R %25 DX, pydoc EY 2 —/L% pickle EY a—JL L
W R 2 20 ICEBERDOTY,

.tp_basicsize = sizeof(CustomObject),

.tp_itemsize = O,

tp_basicsize (I, #HT LW Custom 4 Y AKXV A %ZAE2S & & Python 23HID HTEZREXAEYBLEDL HW
BROPEHIZ7-DDHDTT, tp_itemsize IFAIEY A XDA T 27 P TOAMED DRDT, + 4 XH
AAETROWA TV =227 PTIE 0 ITTRETT,

AR DRIDEA % Python TH 77 7 XELATRBIC L2 WHE. 20X A THEEX A FLFLU
tp_basicsize b o T2 L ZHEMPKD L ZICHEIELZ e 2HDET, £DXA S % Python O
T IR LI E, ZD __bases__ VA MNIWEDBRIZDXA THBRINCL 2L LRFERD 4
Ao IBRBVEIT—DRERLICHRIEDRATD __new__() XYy REMUHT I TERIADZE
T, ZORMEEREEET 2I12E, DRICHRIZDXA TD tp_basicsize TZDREXA TIHDHRELLT
BLZETT, B AYDEE, BR12DXA 71X object 0. I TRIFIUTHEX A ST —XHDRX >
NEBMULZDDTLEI DS, Lo TREZIEORICHEMT 5720 ZOEMEH LI TVET,

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

.tp_flags = Py_TPFLAGS_DEFAULT,

IRTOI T F 7 ZOEBEEDTEIRDENHD ET, ZHUIRIKTD Python 3.3 ETIZEERINT
WETRTDRAYANZHFAILET, TALED X U ANRQBER S, SBT3 7527D OR 2L 2B 8H D
£7,

Z O D docstring 1 tp_doc ITANZE T,

.tp_doc = PyDoc_STR("Custom objects"),

AT 27 FHERTES XS, tp_new NV FI 2T 2 0ENDHD £9, ZHE Python D X
Yv K _new__O) tFAFEDODDOTITH, HRNICEZZ2MBENHD £, S0HETIE. API B# D
PyType_GenericNew() & LTIRMEENE T 74V M2 ZDEEHER 9,

.tp_new = PyType_GenericNew,

77 ANVDED DEBNEE o LHIRARLT VD DZ L BVWE D, Pylnit_custom() O—Hda— Rz >
TR WTL & 9

if (PyType_Ready(&CustomType) < 0)

return;

Z AU, NULL (@A &7z ob_type HED T, WL DD X Y N=%i#Y) 7T 7 )V METHD T,
Custom B2 WL L £ 3,
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Py_INCREF (&CustomType) ;

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

AR ED 2 — LOFFEIEMLE S, 253222 T Custom 7 7 ADMERH LT Custom { ¥ A &R
VAPMERTE B XSk £

>>> import custom

>>> mycustom = custom.Custom()

YETT! O DEEIIE L FIZT T, custom.c EOVWSHFDT7 7 AN ZETDa—FE2FZIAAL,
RONBEEFFD setup.py THELFI:

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

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

ZLT, Yz TOXIIWCANLET

$ python setup.py build

T2 custom.so 77 ANNDBY T T4 LI PVIRAERSINET, £D7T 4127 FVIZBEIL T, Python %
HEELET - ZHT import custom LT, Custom A 72 =7 b THERZE X512 ->TVWBIETTT,

ZARZLTN LB FEA. IR?

B AA, HED Custom BUIHAIHARKRITITVWE T, AT —XZFHEoTwiwnwL, A TEEHA, MK
LTH TV IRARED I L X ZTERVDTT,

AR CoXETRE, FHED distutils €Y 2 — L E2fioT CHRZEALFLTWE A, HEDL—2
=T, EDFLL, BEFEINTWS setuptools 74 77 VEFHATEZ I 2HRELES, ZhEkfT
SHEEXENMTE 2D RFa XY O#HIFSNTT DT, Python Packaging User’'s Guide S8 L
TLREZ W,

222 BEROYVIIICT—REXY v FZEMT S

ZOERDY I NIZT—REXY vy REBMLTAZL E 5, DWTIZ, ZOREHRKS S22 LTHHAH
TEXB3E951CLET, ZZTIEHLWEY 2—J)L custom2 22K h, T DOEREZBIML £ 3

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h”

(RDR=T1Z%i <)
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typedef struct {

PyObject_HEAD
PyObject *first; /* first name */
PyObject #*last; /* last name */

int number;

} CustomObject;

static void
Custom_dealloc(CustomObject *self)

{

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

static PyObject *

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

{

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

static int

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

{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords(args, kwds, "|00i", kwlist,
gfirst, &last,
&self->number))
return -1;
if (first) {
tmp = self->first;
Py_INCREF (first);
RDOR=I 1% L)
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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 = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

.tp_new = Custom_new,

RDOR=I 1% L)
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.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;

IDN=TaryTlik, W ObDEEEBIRVET,

BT include ZBML 73

#include <structmember.h>

FTILHLTINTETH, 2D include KIEEBHZIED 12DDEEHA>TVET,

Custom #iE Zd CHERIC 3 DD T —XEM first « last . BXL number ZHDX 51272 D ¥ Lz, first
¢ last BHEEX Y7 7 — A M2 =248 7R b r— L% L7z Python XFHIT. number BMEIZ C FEETO®
BofETT,

CHUTLZHS e, ATV =7 F DMEREZRD X H51278D $9

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

RDOR=I 1% L)
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PyObject #*last; /* last name */
int number;

} CustomObject;

WEREHINRET AP TELDOT, 77927 FOEID B TEMBIEL TR I D EEICRLZLEND D
9, KR, ATV DRIARAY v RORETT:

static void
Custom_dealloc(CustomObject *self)

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

Z OBEUE tp_dealloc X U NIZRAZINFE T,

.tp_dealloc = (destructor) Custom_dealloc,

ZOXY v FliE, £3 =20 Python JEHOZMA V> %22 V7 LET, Py_XDECREF() 1351%(5% NULL
Dy —AFELLHAET ( 2. tp_new PEFTERBLIZGEICEIDZET), ZDX Yy FiE, OF
AT 27 bOB (Py_TYPE(self) THHLET) DX N tp_free ZMUHL, A7V =27 FDXEY
EHBRLES, A 7Y =7 bDEID CustonType TH 2 LIRS L WAICHERE LT X W, BERS, 4
T2 NIV T I ITADA VAR AP LUK OWHILSTT,

AR LD destructor NOHIRZZHUINETT, ¥R S, Custom_dealloc 75 CustomObject *
SIEEL 5 EFELE LD, tp_dealloc BID R A » XX PyObject * 5|8 ZZIFIS Z 222> T
05 TT, b UHRINCEENZ LR TUE, av L I8 EEHRTATLEI, Uk, CitBF54
7Yz MERIDERYE—T 4 AL T !

T 7 —A MR —LETAMI—LEELTFINHIL L TEE/2WD T, tp_new DEIERBIMT S Z2ITL
FL&OD:

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) {

(RDR=I1Z%i<)
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Py_DECREF (self) ;
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

ZLTIH% tp_new XN LTA YA =L ET:

.tp_new = Custom_new,

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

ER:  tp_new IFH/RIVIC tp_init ZMUHL TEWI ERA. ZHEA VX —=TVXDPENTITS 129
T,

Z D tp_new DHEIEIL, tp_alloc ARy FEMUHLTAE YV ZEI DY TET:

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

Since memory allocation may fail, we must check the tp_alloc result against NULL before proceeding.

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

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

AR b UM tp_new (FEEX A 7D tp_new £721F __new__ () ZEMATVEHD) BIED 20D
HIE. ETRDX Y v RIRRIEFZ D000 TEDXY v REFFUIZTLEZREL LS L LTE WIFEA
DN T RIZEFHINCRD TB E, BEHEZD tp_new XMUH T, 5 WIiE type->tp_base->tp_new
EREHLTAZZ WV, 25 LRVWE, BRIEMERLEZ A4 7D Python 4727 7 25D Python TER
SN FABPELTVEIHAZS FLFDPRVEENDHDET, (LDDF. 20X Y 777204
Y AR R% TypeError ZHIZ FIT/ES Z E I AATREIZIR D £5, )
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We also define an initialization function which accepts arguments to provide initial values for our instance:

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

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

ZHUE tp_init X U ANRAZINIE T,

.tp_init = (initproc) Custom_init,

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

0 on success or -1 on error.

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

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

self->first = first;

But this would be risky. Our type doesn’t restrict the type of the first member, so it could be any
kind of object. It could have a destructor that causes code to be executed that tries to access the first

member; or that destructor could release the Global interpreter Lock and let arbitrary code run in other
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threads that accesses and modifies our object.

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

decrementing their reference counts. When don’t we have to do this?
o ZOBWAY VPN 1 XDREVEHEETEZHE

o when we know that deallocation of the object™' will neither release the GIL nor cause any calls

back into our type’s code;

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

cyclic garbage collection™?.

CITEA VARV AERZREBEL LTRZZ3XICLEZVDTER., ZHIRIEWLS DD HERD D 9,
Hor SEELFIEZ. AVANDEREE525Z LTI

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

ZL T, ZOEFK% tp_members ARy MIANEL & 5:

.tp_members = Custom_members,

Each member definition has a member name, type, offset, access flags and documentation string. See
the AR EMZEIET % 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.

Z ZTlE Custom.name() YMEINZ A Y v FEERLEFL D, ZNET77—A+F—4 first 572+
F— 24 last ZHEE LTI EZDOF 727 FOARTIE LTRLE T,

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED(ignored))
{
if (self->first == NULL) {
PyErr_SetString(PyExc_AttributeError, "first");
return NULL;

(KDR=I1ZHi)
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}

if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;

}

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

ZODXY v FiE C B LTHEEXN., Custom (H SV Custom DV T T R) DA VARV A%E 5]
BMeLTRZIEeDET, AV Y FIZDORIZZDA VARV AZRAIDFIEE L TR e 52 FIUIRD F4
Ao LIXUIRNES I E F =V — F5I8bZT e D 35, SEIFRICDHBELRNDOT, FEEFIBDOXTLb
F—U—FEHOFEIWMORNVILICLET, ZDOXY v i Python DLLTDX Y v R it

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

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

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

XT, AVYFEERELEZDT, ZITAY Y FEBEBHOEY ZEN T 20ERNH 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:

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

D

223 TARERZECEH<HETS

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

self->number = 0;

(RDR=I1ZFiEL)
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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)
{
PyObject *tmp;
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");

return -1;

RDOR=I 1% L)
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if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value);
self->first = value;
Py_DECREF (tmp) ;

return O;

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

Py_INCREF (self->last);

return self->last;

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

return O;

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

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

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

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

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,

}s

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

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

Py_INCREF (&CustomType) ;

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

return m;
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first BM L last BHEZ LD ZE0LHIHIT 27201201, DRARL XA RO getter BIE Y setter BAEE fif
WET, T first BHED SEZEUS T 2 BI% (getter) & Z DEMICEZI®HNT 2 BI%L (setter) T3

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 MEADESZ DL D £73:

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

ZLTIM% tp_getset Ay MIEFRLET:
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.tp_getset = Custom_getsetters,

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

a closure, so we just pass NULL.

o XUNERDPLRBINSDEMZFRNVTBEXL & 5:

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

F/2. ZTZTE tp_init AV FIBEINZDE LTXFHDOAEZFAT 2 LHICBIETIZLENDD
S

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

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

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

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

*3 We now know that the first and last members are strings, so perhaps we could be less careful about decrementing
their reference counts, however, we accept instances of string subclasses. Even though deallocating normal strings
won’t call back into our objects, we can’t guarantee that deallocating an instance of a string subclass won’t call back
into our objects
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>>> 1 = []
>>> 1.append (1)
>>> del 1

ZOHITIE. BOEEEISDVAYEREDE LR, 2EXZDOVRAME HIBRLTD, ZRIIEHTEEAD
ZREEEFHLODTETHLS, BRIV Y MIERIZE D FHA, BLWI 2IZ Python IZIXEERA N—
JavLy REFRENE IOV RN BPARETHZ e 2HH L, BRTEE I,

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

or last attributes™.

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

in cycles:

>>> import custom3

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

>>> n = Derived()

>>> n.some_attribute = n

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

slots:

#define PY_SSIZE_T_CLEAN
#include <Python.h>

#include "structmember.h”

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

} CustomObject;

static int

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

(KDR=I1ZHi<)

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

}

static int

Custom_clear (CustomObject *self)

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

}

static void
Custom_dealloc(CustomObject *self)

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

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

RDOR=I 1% L)
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&self->number))

return -1;

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

}

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

}

return O;

static PyMemberDef Custom_members[] = {

{"number", T_INT, offsetof (CustomObject, number),

"custom number"},
{NULL} /* Sentinel */
};

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

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

static int

0,

Custom_setfirst(CustomObject *self, PyObject *value, void *closure)

{
if (value == NULL) {

PyErr_SetString(PyExc_TypeError, "Cannot delete the first attribute");

return -1;

}
if (!PyUnicode_Check(value)) {
PyErr_SetString(PyExc_TypeError,

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

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

return O;

static PyObject *

Custom_getlast (CustomObject *self, void *closure)

RDOR=I 1% L)
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Py_INCREF(self->last);
return self->last;

static int

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

{

if (value == NULL) {

}

PyErr_SetString(PyExc_TypeError, "Cannot delete the last attribute");

return -1;

if (!PyUnicode_Check(value)) {

}

PyErr_SetString(PyExc_TypeError,
"The last attribute value must be a string");

return -1;

Py_INCREF (value) ;
Py_CLEAR(self->last);

self->last = value;

return O;

static PyGetSetDef Custom_getsetters[] = {

}s

{"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,

"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,

RDOR=I 1% L)
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.tp_new = Custom_new,

.tp_init = (initproc) Custom_init,

.tp_dealloc = (destructor) Custom_dealloc,

.tp_traverse = (traverseproc) Custom_traverse,

.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

};

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:

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);

(RDOR=I1ZFE )
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if (vret !'= 0)
return vret;

}

return O;

EERLEZZRICEENI DD LA WERNEA 7Y 27 M LT, traversal XY v RIZEXNT visit ()
BRI E T, visit ) BABUINERA 7Y = 7 b 2. traversal X YV v RIZIESINBIIDOFIE arg %518
LT %Y, ZOBBIIZDEPIFADLEITEEI NS BHDERZIEL X3,

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 O;

}

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

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

AMR: You could emulate Py_CLEAR() by writing:

PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;
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Nevertheless, it is much easier and less error-prone to always use Py_CLEAR() when deleting an attribute.

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

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

our reimplemented deallocator using PyObject_GC_UnTrack() and Custom_clear:

static void
Custom_dealloc(CustomObject *self)

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

®&IZ, Py_TPFLAGS_HAVE _GC 75 7% 7 5 AR D 7 7 7 WTMAET:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

ZNTHT TY, tp_alloc ARy M EXIX tp_free NY K IZFErNTVIUL, ZNOEMERIN—Y 0
L7 a iz X 5BETRIVDOTT, 3L A LOIEREEEIZEEIRNCIEEE NI N—Y a v 25
TL &9,
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72 PyTypeObject ZfiFICHHTZ 2026 T9, ZAUTHAT, PyTypeObject MG A ZIGRESY 2 —
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ROFITE, A A 2D list BlZRK L 7= SubList BEZERLTWE T, HLWEIEED Y X My
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>>> import sublist
>>> s = sublist.SubList(range(3))
>>> s.extend(s)

>>> print(len(s))

>>> print(s.increment())

>>> print(s.increment())

#define PY_SSIZE_T_CLEAN
#include <Python.h>

typedef struct {

(RoR=1ki L)
54 FB2E Y—FN—TFT14 V=G LTHREZED




Extending and Embedding Python, U J—X 3.10.13

(FiDR— 25 D %)

PyListObject list;
int state;
} SubListObject;

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

self->state++;

return PyLong_FromLong(self->state) ;

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

};

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

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

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT(NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof(SubListObject),
.tp_itemsize = 0,
.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.",
.m_size = -1,

};

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

RDOR=I 1% L)
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m = PyModule_Create(&sublistmodule);
if (m == NULL)
return NULL;

Py_INCREF (4SubListType) ;

if (PyModule_AddObject(m, "SubList", (PyObject *) &SubListType) < 0) {
Py_DECREF (4SubListType) ;
Py_DECREF (m) ;
return NULL;

return m;

HThbrs X512, V—RAa— RIZETOHD Custom DR IEFICLTVWE T, ES5HnE2FNZFZhZE HATW
XFET,

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

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

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

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

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

This pattern is important when writing a type with custom tp_new and tp_dealloc members. The
tp_new handler should not actually create the memory for the object with its tp_alloc, but let the base

class handle it by calling its own tp_new.

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

should be done later in the module initialization function:
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PyMODINIT_FUNC
PyInit_sublist(void)

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

PyType_Read () ZMERHMNC. BOMEARD tp_base A1y MIMD LA TVWRITIIRD A, BIFD
B2 KT 2H121E. tp_alloc AR v b % PyType_GenericNew() THE®D ZMNEIIH D FHA, - HERD
7ar—a YEBSHREREINET,

Z D&, PyType_Ready () BEIEEFER, XA TH TV 27 b EEY 2 —L~NBIIT % DI, FEARMNZ Custom
DB FET T,

i:1pE 3
2.3 Defining Extension Types: Assorted Topics
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Here is the definition of PyTypeObject, with some fields only used in debug builds omitted:

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

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

destructor tp_dealloc;
Py_ssize_t tp_vectorcall_offset;
getattrfunc tp_getattr;

setattrfunc tp_setattr;

(RDR=I12%i<)
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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 */

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

traverseproc tp_traverse;

/* delete references to contained objects */

inquiry tp_clear;

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

richcmpfunc tp_richcompare;

/* weak reference enabler */

Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;

iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */

struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

(RDR=I1%i L)

58

B2E H—RN—To V=G LTHEREZED




Extending and Embedding Python, U J—X 3.10.13

(FiDR— 25 D %)

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

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

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

PyObject *tp_subclasses;

PyObject *tp_weaklist;

destructor tp_del;

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

unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

} PyTypeObject;

TeBAD XYy RHRHDETH, THEZARITDETZ2HEEIDD FEA, ERLLWEDND 426, E
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const char *tp_name; /* For printing */
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Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */

INHDT7 4 =N RiE, ZOBOF T =27 FBFULLAMERENZ L ZICENLZITDORAEY ZE D BT &
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const char *tp_doc;
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destructor tp_dealloc;

DA VAR ZADOBRA Y Y 3R D, Python A YR TV AR ZFNEBLTHAHALELS RS,
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static void
newdatatype_dealloc(newdatatypeobject *obj)
{
free(obj->obj_UnderlyingDatatypePtr);
Py_TYPE(obj)->tp_free((PyObject *)obj);

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

clearing any member fields:

static void

newdatatype_dealloc(newdatatypeobject *obj)

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

X BV BREAKTO e DEELDOIZ, WEFELOHSMNC VW > ZWFEEDT RV ETE, RE¥kS. B
BRI Python 4 ¥ 2 7V XM AKX v 7 2 tOREBIZET £ 2ITHIEN 2 2222 0H56Td, 2L T (@EHE
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BRFELTBE, BbobZNEIIIIRT I8 TY, Z4UE PyErr_Fetch() B X Uf PyErr_Restore () BA%K
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static void

my_dealloc(PyObject *obj)

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

if (self->my_callback != NULL) {

PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */

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

RDOR=I 1% L)
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cbresult = PyObject_CallNoArgs(self->my_callback);
if (cbresult == NULL)
PyErr_WriteUnraisable(self->my_callback);
else
Py_DECREF (cbresult) ;

/* This restores the saved exzception state */

PyErr_Restore(err_type, err_value, err_traceback);

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

AR XTUVBBRBEROPTER2IITZAZZ2IRIEWVWO2HIBRAHD 3, 1 oHIE, 208y
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Y. ostr(Q BEEES HIETT, (print O BIEUIHIC str() 2FUHLE T, ) ThoDAY FIEE55
LAMTEFT,

reprfunc tp_repr;

reprfunc tp_str;

tp_repr N FZRMIHENTA Y 2R XY RO TFHIRBIZAEI L 72T A 7Y = 7 b 2 BT RED D
DEY, MHELFIILTDL 572D TT:

static PyObject *
newdatatype_repr(newdatatypeobject * obj)

{
return PyUnicode_FromFormat("Repr-ified_newdatatype{{size:%d}}",

(RDR=T1Z%i <)
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obj->obj_UnderlyingDatatypePtr->size);

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

tp_name and a uniquely identifying value for the object.

tp_str NV FF ¥ str() OBRIX. LD tp_repr NV KT ¥ repr) OBRICHLLE T, 2Fh, Zh
X Python D2 — KB F 7027 vDA YRR AWML T str() ZMEH Lz 2I2IhEST, Z0B
BOEEEX tp_repr NV FI7DEFNEIFFE L TVWETH, BoN 2 XFHRBFIIABEDITL Z 2 2 EK X
NTVE T, tp_str BIESNTVRWEE, 2D DIT tp_repr N FIMflibhE T,

PR NESGE A G

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

233 Btz EHEIS

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

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

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

implementation’s convenience.

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

VA 4

getattrofunc tp_getattro; /* PyObject * wversion */

setattrofunc tp_setattro;

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

generic mechanism that is available.
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BTN GEMZEERT S

LAY O BHL BIEEES T, T3 L0 XS BBESHEMZ L VWAZOTL X 557 208
7T RERINE T DTDTT

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

2. BHEESHBLIEDERELED T2 =12, FMARESFRDOZDDMHENNKRETHR L, SR LEZDERE
L72fEIZN LT ARBEDFITT A2LEDR VW &,

IhHD&EMfE. BHEOMER. EHAHEINEZ XA I VY, FRIBNENET—ZROBREZ YLD T
BHEPE VoI ITRALHINERT DO 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—TNMEIRATAT 27 PHD 3 DDA YN LTEFEEINTVET:

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.

2BFEHDOT —TNIE, A VYRR AP ENZ T —R e BEHEFICO T ONEEEERT20HVWE
T, WDOBD C DFENRANYR— b EINTED, 72722 %2HAHLERICHHAESAEICH T
T3, TOT—IINTHELNIEEEREIRD 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 pMER S, 24 Y AX > ZOMER» SR L 5 58
WKRLTZERLBMENE T, type X ¥ NX structmember.h Ny FTERINLHDa—-REV LD
BATVAIRENDD ET, ZOfEIX Python IZBIF2HE C ICBI2HEEZEDEIIIEMLD S 0EED
2HDTT, flags AV NI ZOBUEDRED X517 7 RINE D EHHT 27 7 7% ENT 2 Db
9,

UTFD 75 Z7HERIE structmember .h TERINTED., ThHEEY FZ2D OR 2Hl- THAEGDHE
sRETD,

T =173
READONLY MEXHCEE T X7\,

PY_AUDIT_READ | Emit an object.__getattr__ audit events before reading.

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

tp_members Z{f o7 0L DDHHEWAAER. FEITRIMEDONE TAZ Y FXZFRLTBE, BT —7
AT HFAPZEVWTEL ZLIREoT. ZOHKTERSI N TN TOEMIC doc string Z BEMN T &
N2E5CFT22TT, 77V —>ay3IDf vy ruaxrsyayf APl 2ffioC, 79247V =
TIPS TFRAZYTREROHE L, 2D __doc__ B %M - T doc string #Hoh %3,

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

BEDRICHELIERIEDEE

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

you’ll understand what needs to be done.

tp_getattr NV F 7@ AT =27 PHABUANOSREERT 2L ZRXMEINET, ZHUE. 207 7 RD
__getattr__() XV v KRMENZTH A SRH L [ UK T THROHEIIET,

MTrehlzrmL %5, :

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'",

(RDR=J12Fi <)
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tp->tp_name, name);
return NULL;

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

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

return -1;

234 ATV DR

richcmpfunc tp_richcompare;

tp_richcompare /N> F IR TR X7z & WM OHINE T, __1t__ O D &S 7% HRRHER X
Vv R AIZEEEILTE D, PyObject_RichCompare() & PyObject_RichCompareBool() % & dFEUH X H
S

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.

CHEWERARA XD A ABFELTIUIFLVE ARy 7 —2RUDY > FLFEETT:

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;

RDOR=I 1% L)
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case : ¢ = sizel == size2; break;
case : ¢ = sizel != size2; break;
case : ¢ = sizel > size2; break;
case : ¢ = sizel >= size2; break;
}

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

return result;

2.3.5 HRMNBETORIILOYR—-F

Python iZW<2d D HMKMWE “Tutranr” ZHR—rLTVET, Tho2FEHTIREDS VR —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;

BENDATY =27 PBERS =T VA, HEIVEFHEDL SIS FS LT LViRSIE. Zhehic
C @ PyNumberMethods f#i&ifk, PySequenceMethods f#i&fk, *7:!% PyMappingMethods MiEifAdD 7 N L
A ANET, TUHIWHEYIREZANTH ANRLTHIDPEVERA, 2525 72Hid Python OECAR
YV —RIZH % Objects TAHADIFEIEMNTEBTL & I,

hashfunc tp_hash;

oI, DL I LELRSIE. FRABDA VARV ADNAY T aB/ERIRTIIICLET, XD
W HMAHTS

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;

RDOR=I 1% L)
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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;

OB, ZDRDA4 Y AZ LAY TR LTSNS EZIENET, 2 2D L objl i
FDA VARV ABA-TWT, Python 227V 7 FT objl('hello') FEITLzr T 5L, tp_call N
PRI NE T,

ZOBEE 3 oD5 L b ET:

1. self WMPOHLONRLRZ T —2BDA Y RAX YR TT, 728 ZIEHTH LA obji1('hello') D
AL self X objl Ik £,

2. args I LOFIEZBIAL TWE XTI VTT, 2 I2Hh o582 D 31213 PyArg_ParseTuple ()
ZNE g,

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.

KITIX tp_call Offi55EETT:

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

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

tp_iternext corresponds to the Python __next__() method.

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

the same guidelines apply as for Python classes:

« 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 5588 (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 {

Py0Object_HEAD

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

And the corresponding member in the statically declared type object:
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static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT(NULL, 0)
/* ... other members omitted for brevity ... */
.tp_weaklistoffset = offsetof(TrivialObject, weakreflist),
};

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

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

static void
Trivial_dealloc(TrivialObject *self)

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

2.3.7 TOMMVWBWS

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;

2E:
Download CPython source releases. https://www.python.org/downloads/source/

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

python/cpython
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24 C 5LV C++ MIRDEIL R

CPython @ C #L5RI1Z #HALBE 2= 7 R K—-bLAEEEF AL 75 Y (fl Linux ® .so 774 L%
Windows @ .pyd 7 7 4 JL) T3,

AVR=—PTEBZ XD, HEFA 7FVI3MEX 2IREET PYTHONPATH LTI s 3. 77 AL 8%
EY 2 —NVRIHIZA. BYRIEER ISR o TORITUEWIT ER A, distutils 2> TW\W3 & =ik, BFWIC
ELWT7 7 A VEADPERINET,

WIHHLREIR D > 72 F v ZRD e B H T
PyObject *PyInit_modulename (void)

ZORMBUIER bt I N EY 2 — LD, PyModuleDef 4 Y A X VY RAERLET, sfLWVWI X
initializing-modules ZZM L T 72& W0,

FHNZ ASCIL LMo TWRWEY 2 — L D5E, BEHIE PyInit_<modulename> O <modulename> %
EY 2 VA TEEIZ DD TRIFNUEE D £8 Ao multi-phase-initialization Z{f-> T\ & XX, £
P2 — VAT ASCII AD X FEH 2 E T, ZDEAE. #IHLBEBO4ARIX PyInitU_<modulename> T,
<modulename> lINA 7 V%7 VX —RA a7 TEZHZ T Python @ punycode T>aA—75 4 ¥ 7 CTL>a—
FL7ZdDIZHD £F, Python TEL 2RO X 5 RIUHICH 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

120EEF 4 77 VIEROUIMLBIBE ER T2 22T, BROEY 2 -2 AR—-1F 52 LA
BECT3. L2L. 774V PTRI7 7 ANBRHIELZBABL2AMITIES L LARVDT, BRDEY 2—
NEA VKR=PEEBIRZE VRV v 7V IPMEDA Y R—2 =25 BERDHDET, LI X
PEP 489 @ “Multiple modules in one library” Hix SR L TLZE W,

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

PERE Y 2 — & Python IZ&EN 2 distutils Zo> TE/L FTEE T, distutils 3N F VU0 7=
DIER DI RK—FPLTVWBEDT, 2—HDPIRREI 2 —NLEA VAP TEEC, BT LBy L I7%
distutils BB WS DT TEDH Y £V A,

distutils X—=2D 8w & —I12i%, BEIR 7V 7+ (driver script) £ 72 % setup.py A > TWE T,
setup.py 3EE®D Python 07747 7 4 LT, IFLAYDHEEUTDO LS RARITIR>TVET:

from distutils.core import setup, Extension

modulel = Extension('demo',

sources = ['demo.c'])

RDOR=I 1% L)

70 E2E Y—FN—T14VY—IIGLTHERZES


https://www.python.org/dev/peps/pep-0489

Extending and Embedding Python, U J—X 3.10.13

(FiDR— 25 D %)

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

ext_modules = [modulel])

ZD setup.py £ 774/ demo.c DB X, LTFToavr R

python setup.py build

FEITTBHE, demo.c AV AL LT, demo & WHHKATDILREY 2 —)L% build 74 L7 P UAIZ
ERLET, AT AIRE>TEEY 2 —)L7 7 £ LF build/1lib.system 75 4 L 2 b VIZER XA,
demo.so X demo.pyd W o ZLHFNIRDE I H D T,

setup.py NTIE. 2= Y FOFETIZTANT setup FBZFSH L TITVETS, ZOBEBIIFIZERED X —v—
FEIEERD $3, LOFITIEZO—HMEH->TVWRITEFEA, do L BRIV &, ZofloFT
EFERy =V ENRTEDDRXXERE, v F—YDOAREIH/ELTVWET, @F. v =i
Python Y —RXEJ 2 — LR RFa XV b, TR0 F—IFL Vo LFIDEI 2—LH A D FT, distutils
DEEEICBE S 2 2R, distutils-index ICE2NT WS distutils D FF 2 X2 F 2B LTLE XV, 20
TRIBREY 2 — L DEIL FIZOWTDOAHHAL T,

BRENZ 70 7 DR ZE KD K 3572012, setup() NDFIEERTID > TAHELTBL IRk HD ¥k
T, EOBITIE, setup() @D ext_modules FIRES 2 — LDV X T, VR FDFKADEZRKIL Extension
PIGADA VAR Y RIZK o TWET, LOFITIE, demo L WS HDIRIREY 2 — L ZEHRL TWT, H—
DY —=AT7 74 demo.c AV RALLTELRTEXIERLTVET,

ZL DEA, WRES 2 —NLDOEL FIZd o b EHECRDE T, 2W0IDX, Y oy P ERPLIA T
Y DBIFEENDEL R ZeBHE06TT, BIZEUTDT 7> 4 A ZDERFTT,

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.

[N
B

ext_modules = [modulel])
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ZORITIE. X X ERIEMZNIAREET setup () DIFRHEINTVETH, By 7 —I 2 MET 512
HizoTE, AXEREMTITBL eI E T, HREY 2 —VEKIZOWTO X ZEHIZIZ. 7Y
TREYYER, A VIV—KRT77A4NMDT4 LI M), FA4T7VDT 4L Y, FA4 757V 0ol
ENRDHD FTF, distutils 1ZZDERE A JIWIGCTELR LD A THELET, HlZiX Unix Tk, E
DEREFUATDOES5marfla<sy Ficks»db LA%EEA

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

Zhooavwy R4 VFEBEBNTEINZD D TT,; distutils 2 —¥& distutils 2NIEL a~v> F%
EITTHEHLTIEE N,

2.4.2 #LRED 21— ILDEEH

JRRES 2a—NEZSF UL RTERLSL, Z@YOHEWLEHD £7,

IV R2A—HFREFEES 2— LB VA=A LIS EEZET;, 2RI, REETLET

python setup.py install

EV 2RV TFREY ARy F =T RERLE T, TR REFEITLET

python setup.py sdist

BEC Lo TRy —ABAYICBIMD 7 7 AV EEDZHBENRH D £3; Z4UTIE MANIFEST.in 7 7 A L%
N E T FEL <X manifest 2B L TLZX W,

V—2a— NG %E S ELERETELS, XU TFHEALFVERGYBERTEET, S5y b7 +—241C
IGLT, UToa<wy FowTFarz#nEs,

python setup.py bdist_rpm
python setup.py bdist_dumb

2.5 Windows tT®D C &V C++ #IERET 2 —ILDEILF

Z DETIX Windows [[iF ®D Python {53RE Y 2 — L% Microsoft Visual C++ #{# o TIERK S % ik
WTHHIZER, ZORIHIIREY 2 — L DL FHRED XS ICEET 2 DI OV TH LWEREZBENE
I, ZOFHIK, Python #HREY 2 — L ZEKT % Windows 7127 Z < ¥, Unix & Windows O 5T
SELENRTELLSRY 7MY =7 DIEICEIRD D 5 Unix 70277 <DL > TEMATT,

EY 2 - NVOEFIZIE, ZOETHHALTWAAELD S, distutils 1227 70 —FTHIREY 2 -1 %L
NETBE58DFE T, F72, Python & L K LI b C a2 84 I 0R0ETT; #H & Microsoft
Visual C++ T3,
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AR ZOETIE, Python D= a YEERPFELEINTA-TVELLTADT 7 4 VATV Tilh
F5, ThHDT7 7 A NKIE XY TREINDIZA—V a VEFETREINE S, 'X' 3o T2 Python V
VeADRAT v ==V ary&ES, "Y' IFvAF—n"=YaryFETT, HlZiX, Python 2.2.1 Z{fio>TW
275, XY IFEBRICIE 22 122D 75,

25.1 Brsbor77O0—F

Windows TOYILREY 2 —L DL K2, Unix EE L & 512, distutils Ny 7 —I%F o572 FIE
¥oHEr FHOBHO 7 e —Fhnbbh T, distutils ICL27 TR —FIHNEL ALY DILREY 2 — L
THFELWVWEE T, distutils 2F o 7EREY 2 — LD EIL F oy & — DRI DWW T, distutils-index
WKWHDET, IO EZARYCFHTITOLRINERORVE Do LGE, BES A TIVET 2 —-1D
winsound D7 BT =27 b7 7 A APEFITER»D LOLER A,

2.5.2 Unix & Windows DI8&S

Unix ¥ Windows TlX., 2 — FOETRGHAAAICELL BRI ATEL LEANTVWES, B — F&Xh
L5E9RFEV2a—NEEALRLEIETEHIC. BODOIRATLABED LD IEMET 2 0H > TEBWTL
XV,

Unix Ti&, HEA TV 27+ (Lso) 77 AT BT I a0MESa— K, Z2LTTur I ANTHES B
RTF=EBASTVET, 77AABT0T I LMEEEIND . ZNODOBBP T -T2 7 741D
a— FHOETOSMIE. XEYVATHES T —XDBHRBESNTNVS, 077 AHOEBEOLHEHET X5
WAEBEINE T, JAUIEARMICRY Y 7 FICH7D %5,

Windows Ti&, BINY > 275477V (.d11) 7 7 4 MIZIERS I3 D B (dangling reference) 3H H %
HAo TOROD, BT —XAND7 7R EINY 77 v TT—=TNENLET, i>TDLL 2— FDH
Ay ETRCRA &8 7n 75 AXEY EOELWEFZIET X5 CBIET 2068 EIH D $HA; 20D
D, 2= FR¥ICDLL Oy 277 v FT—=FV%EN, vy 77 v 77— 7V BEREETRICERDOBER
T=XEETEOBEZNET,

Unix 1213, M—DF4 75107 7 4 VER (La) LEDHD EHA. .a 77 A VCEEROA 7Y =27 7
AN (.0) HRDIA—FBAoTVET, HEA TV 27 b7 740 (Ls0) BIEKNT 2V > 7 L O BRgH
W2 VY ARERGIONHLENTFICEBT 2 2B ET, ZOLEY U AEIIATIVADA T =
ZE 77 ANERRLET,; b LAl FARO22 8, VO AREDA T2 b7 7 A APHETDA—F
ZEDIABLE T,

Windows Tld. Z2DBXDIA 75V, BISA TSIV A VR=PIFATF5VURDHDET (56D
1ib EFRHENRTOVET), T4 77 V1& Unix KBWJ 2% .a 77 A LVIUTVET; 2O 7 7 4 I,
DEZIGECTHIDIAENS X5 A= FHA>TVET, 4 VK= FF74 77V ERNIIFE DI F
PARETIEZR L, DLL B’ — FENLFRRTHEET 2 2 e 2R 272D HEONE T, VrhidA >
R=+I74 77V 60EHREMHoTLY 77y F7—TN%RER L. DLL IZA > TWRWEGIITFZ 2 %
o1 LES, 77V —=>aryR DLL Y Y7 ENE30, A YKR=1FA4ATI5VBREREINE DD
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DET, TOIA TV, 77V 5 —2 a3 DLL AOY Y RVICHRIET % & 5 7%, MRIERE N 242 T
@ DLL Tffi5 7=dIic BT b £5,

ZOo0HMe—FEY 22—, Bt CEERL. loa—-F7ay 7 A 2HEFT 252 LET, Unix Tl
Aa®B.soRC.so ZELARTZLEZDYIVAHIZELEDIE LERA ; ZARZEEZTHIR. a—Fik=
ERDAEN, B COENENIPETHOAY - 2K >TLEVET, Windows Tld, A.d11 ZEL KT
52 A lib BEALFENET, BRCOYU Y ZIZIT A1ib ZELE T, A.1ib IZWFa— FRiZA->TVEH
Ay BUIZA Oa—FRIZ7 72 RAT 3T 3 7DIFETRCAVLNZIBERIPA > TWBEITTE,

Windows TldA ¥ R—1+ 74 75V OMFEHIX import spam ¥ §2 L5 dDTT; ZOE(FIZEL - T spam
DHFNCT 7L ATEETH, a—FOav—%2EN/ERLAZDIELEEA, Unix TE. 47500
VY273 LA from spam import * IZMTWVWET; ZORETIIEIICa—-FOa v —24Em L £3,

2.5.3 DLL fERDERE
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{E3 2 B¥iE, pythonXY.lib 2V Y HIZEXRIEZR D E¥ A, HIZIF=>dD DLL .
spam & ni (spam OHNIZIE C BEDIA > TWAE LET) ZEA RT3 UToavy FEFEITLES:

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

BRHIDaA~w Y KT, =DD7 7 A )L: spam.obj . spam.dll B L spam.1ib I TE F 3, Spam.dll Il
(PyArg_ParseTuple() @ & 57%) Python B3 < Ao TWEEAM, pythonXY.1lib ®FH5F T Python
A—RFNZ2HEDIFEZEIETEET,

ZOH®Dav Y RTiE, ni.dll (BXY .obj & .1ib) B TE, ZDFA4 77 Vid spam & Python EfTE
KA ORBERBRE 5o TRAOTFIUE I VD H> TWE T,

BTCOHMNTFDNY 7T v TT—=TN RICREHEINZDITEDH D TEA, HDEY 22— (Python HiE%Z
BAET) o, BIEOEAITHRZ 2 X 51T 5121, void _declspec(dllexport) initspam(void)
X PyObject _declspec(dllexport) *NiGetSpamData(void) ® X 51Z. _declspec(dllexport) THE
EERQRZRD I8 AL

Developer Studio {ZRMED B KEDA Y K—+ 74775V % DLL IZZE-5AA T, ETEAOY 4 X%
100K 8 KESLTLEVWE S, FARIA 77V 2BVWH LTI Tay=2 boTax7 1) &
A7aTEER TV h) ZTIBELT, A VR— b4 TSVUDER ZEELET, 20K, @Yk
msvertxx.1lib 74 7 VDY X MIBIMLTLZE W,

74 E2E Y—FN—T14VY—IIGLTHERZES




THREE

KRELBT TVr—3>AD PYTHON 3241 LDIEDHIAH

Python 4 ¥ X =7V XDHETRA 7 TV r—arv LTEITINBEEREZIES DTE L. CPython
HEODRERT7 TV = a YOHFIEDADHPEE LW DD ET, ZOHITIEZDLFVIEDIAA
B BEIC OWTEHIAL 9,

3.1 7SV 75— 3> AD Python DEDHIAH

AIETIX, Python ZILERT 2 41E, ThbH C BEED A4 77 V% Python IO THEERZ LIRS %
TR DOWTIRRE Lz, R LS R Z e ZFOAETHEITTEES: 20Ud. BHFD C/C++ 77V 7 —
¥ a vIZ Python ZHDAA THEEZ LT 2. EWVWHIBDTT, HHAARITHI LT, 7SV Fr—>ay
DM S DOHEEE C % C++ DD DI Python THETES LS5 D FT, HDIAAIZZ L ODHET
FMATEFT; 2—¥2 Python TRZ VT 2FEE, 7V Fr—>ay2EFEFAMNITORE E5CT
5, LWVWIDOBZDO—HITT, T I=, FFEOHKREZE Python T DIICHE I Z2GEICHTEHEDLD
WWHDIABEITI L B TEET,

Python D ®HiAAIL Python DR BTV ETH, 2LELEVWI DI TIED D XA, ZDEVIE,
Python ZERLZGECE T TV —2a DAL > 725 2EkAY LT Python £ Y X7V X TH 3
—7 . Python ZfAAAAZHZEIE, X4 70T 22 Python BBEFRLARV — Z2ofbbiz, 7
TV —2arDH b —EOBRT Python 4 &2 7Y X EFEH L TH &2 0 Python 2 — FEFETXH
5 B LIRWV, W ZETT,

$E - T, Python OHDAAZEITIHAE, BIEODXA 7Szt LR ITERD ERA, X4 > 70
T LR BRI NIR SN 2 D—2IZ, Python 4 Y X7V 2@t B D T35, 2ichidbkliL
bR Py_Initialize() 2O I RIERD FHA, A7 a2 LT, Python fllica~> K54 V518
ZET DB L EITVWE T, 20K, 7705 —2a O8I ThbA V2TV XEMUHES L5
2D %7,

AR TYVREMUHTICIE. BRZ20VWLO2DHIESH D £F: Python XA A - 7z XFH %
PyRun_SimpleString() X ¥, stdio 77 A VKA Y X T 7 A% (ZREZTF7— Ry E—YNT
a— FEBINT22H23D0HDTT) % PyRun_SimpleFile() WKET., Y WVWoBATT, ThETOR
ECHIA L EKEQREZM U LT, Python A 7Y =27 bEMELZVHEALEZD HTEF T,

BE.:

75
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c-api-index Python C f ¥ & —7 2 —RDFHMII DY = 2 7 UICEDLPNTHE T, DERIBRDO A T1Z
ZZRHBIET T,

3.1.1 RKEDIEDAH

Python O ®HAADR D EHLER K, BEKES Y Z2—T7 2 —2ADFHTT, 204 VX —7 2 — R,
TV = aryeR YWD T ERNENZ Python 227 ) P 2FEFTT 500D TT, HlziXziud,
—DD7 7 AN ETRISOHELEBT 2DIHHATE ET,

#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() DRNCFFNETHREDSDH D £F, ZHUTEI DA Y EZ TV RICT
VERALTATITIVNDNRRERZD ZEBHRET, Hi\ T, Python 4 > X 7Y X% Py_Initialize()
THIHHE L, W T — Fa— KX Python 227V 7 b THN e RBEOH NI EFEITLET., 2Dk
Py_FinalizeEx() OMUMH L TA Y X T VXEKT L, 707 20K TIREE T, EEOT0 S F LT
¥, Python 227V 7+ MDY —R, BZLLTFA LT 4 XL—F T 74, T—RRX—=ZADLE
DHLZWEEZ20d LAEE A, Python 2—F%Z2 7 7 £ 250D Hi312ld. PyRun_SimpleFile() B4
BEE5D00XVTL &5, ZOMBMIIXEY ZHRLT. 774 VONAEZR— FT53FRHEzENTIA
N
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3.1.2 BRKEDIEDAADSHEAHT: BIE

EKHEL VX —T 2 — 2%, Wi W% Python a— F&27 7V —>a UhbRITTEZXISICLTANET
B, 7SV —>ar Python 23— RO TOTF—ZDPLHE DI, ZHEADIKEoTHEDLDLVDHDTT,
TR ELIWES, KDEKEDS VX —T7 2 —AMFCHLZRH LR TERD EEA, &b
%< C a—FzErQRRsZVWRbDIZ, IZIFMTHTES X512k ET,

Python DLk #DIAAIZ, BEZZEZ, FRICEETH 2 VS e IKERERARRD FRA, THET
DETHMLTELIE Y 7DIFLALDPHDIABLTHEHTREED T, ZhZ2RT DI, Python 256 C
ANDYIRZATD 2 — FORBRIIIME2 T 20EZXTAEL £ 9:

1. 7—%{&% Python 25 C IZZ&¥T %,
2. BEANTAEZH T C—F > OBBITEH L2170,
3. FFUH L TR LN T —4{H C 205 Python IKE#T 5,
Python Z#HDIALT A, 4 YR —T7 2 —2a— FPT5EERIMUTFO LSk £5:
1. 7—&{E% C 75 Python IZ&¥LT %,
2. Bf1Xh7zfE%fE-> T Python 4 ¥R —7 = — 2 )L—F ¥ OFEFIECH L 2T,
3. U L TR LN T— X1 Python 225 C IZE#ET 5,

—RLUTAD2 X518, T—REMDRAT v Fx, ST T — X ZHRET 25 APED > DICHEDE TH
WANEZ 72T TY, ME—oMERIZ. 7 XEOMIZH L —F 2 TF, IRZITIEREICIE C L—F
VEEUHU F52, EHAADBIZIE Python v —F Y Z2FFEUCHL ET,

ZDETIX, Python 226 C A, ZLTEZDOHANE T =X EEMTZ2HFECOVTTEMLETA, T2 1E
LWBBOFWERLS —DRWHIZOWTTTIKHBELTWA3HDEIRELET, s ofllfEiconTtix
ARV ROIRC A HEDZ L ZABKBVD T, DERERICOVTIILFIOZERZSBTE 9,

3.1.3 #RIEDHIAH

BONCHIRS 2702 F sid, Python 2270V 7 NOBBEFEITT 200D TS, MEKES > 22—
7 = —RIZBT 2EITEIF LB L FBRIZ, Python £ Y X7V RXIE7 7SV r—>a vy e EHPLDEDIELEE
A (D, ROEITRDEDTHES5EHLET),

Python 227 V7 bATEBRBIN TV EIEBEZETT 27003 — FIITO XSk 3

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int

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

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

int i;

RDOR=I 1% L)
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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 1% L)
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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— KL, argv[2] MICHEE S N7-4H1OBEEZ O
HU T, BROBEGIBU argy BLAIFOMDfEIcR D £3, 2oyvr 0% AVNAIILLTUYY L
(CTELFATAREERE call EMUEL x5). UTDXS57% Python 227V S M 2EfTT5 2L LET:

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

return c

FATHRIUT DX 512725133 TT:

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

COREDOKAEZET 212137077 AR VEINARETEELTH, FLALIE Python 726 C ANDF—
REBP L F —EDT2HD T — FTF, Python QDAL L WS Bl & D FBRIEOE I T O 2 —
P oinE 287 T

Py_Initialize();

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

A4 & F) ZOEPANE. 22 Y 7 Mi& PyImport_Import () Zffio CitARAENET, ZDL—F VX
Python XFH % 5I¥ICH 3 B ERH D, 7 — XLl —F > PyUnicode_FromString() THEEEL 7,

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

/* pFunc is a new reference */

if (pFunc && PyCallable_Check(pFunc)) {

}
Py_XDECREF (pFunc) ;
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QU RZ YT IDEAAENS L, PyObject_GetAttrString() Zfi- TRERLHZIE T £,
HHEIBRZ Y T IHIFEL, WG LA 7Y 27 PRARUH LATREA 7Y = 7 FTHIUE, 20X TP =7
MBI THZ2EZATELIABRVWTL LD, 22TTRT I AIEAEBDIHIEDO R T AEEIES £
3, Z0#%. Python Az TOa— FTHOHL T

pValue = PyObject_CallObject(pFunc, pArgs);

EHEU

BRI 2 3B, pValue & NULL 1272 %2>, BIRDRERD EANDSRMBA o TWE T, HEZHANLRKRIIE
BRFTRBREMMBL TLZE W,

3.1.4 B&iA £z Python DILE

ZZETIX, HHAAL Python 4 Y X PV RET7 TV — a VAROEEEIC T 72T 2FEREH D =8
ATUL 7, Python API 2ffi5 &, HDABLA VX FVREPIRT B8 TT7 SV =2 a YRIEND T 2
TRAEAREICLE T, 2D, 77V =y aryTREINTVWEIL-F V2o T, HDAABA VX TY
REPIRTD2DTT, BRI DEISIKEZFTH, 2hEFXVCVDLITEHD FRA, SLHoT,
77V —2arh Python £ YR TV RERH LI WVWI I EBE 2o 2 ENTATLEIWN, ZORD
D, 77V 75— ayhB( Y IL—F U DEED T, H7rbEED Python EHRES 2 — 1 E2FELS LD LS
12, Python 268NV —F V27 72 RATESL L S1TFT 2370 — (glue, B) a—F2FHEL EZTLIIZE W,
BIZIZLLFD &L S1CTT:

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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Loa—1F% main() BABROICLIHALES, £72. UTOZOD % Py_Initialize() OFEUHL
DENZHEAL X3

numargs = argc;

PyImport_AppendInittab("emb", &PyInit_emb);

I B ZDODITIE numargs ZEE WAL L. HeiAA Python 4 ¥ & 7V X5 5 emb.numargs () BEEIC 7
TJEXATEDEIICLET, INOLDIIREY 2 — VEKEMS . Python 227V 7 AT LS5k
BTEFET,

import emb

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

EREDT TV r—2ayTlE, 25 LEXY Y FT7 7V —a YA APIL % Python AT 2 2 212
AI = IS

3.1.5 C++ Ik 3 Python DIEHIAH

C++ v 7 2912 d Python ZHODIADET; BEICE S 2. 5o THDIALIIIE->TWVWS C++
IR DFMHRTF L ET; —BRINICIE, XA YTl I0% C++ TEE, C++ av 4 7 %ffioTom
TIN%AVNRAN - VYT TEIREDRDHBTL & 5, Python BE%Z C+4+ TA Y AN LEBITLEEITD
D EH A

3.1.6 Unix R AT LICEIFEANAILE) VD

Python 4 ¥ X7V X %77V r—a VIZEDALDIZay 45 (LY Uh) KETXREELWI Z 7
PRESTORMETRVWAD LULERA, ZHEEHIZ, Python B354 75V ET 2 — LI LTY 27 3h
7z CEIHEIR (.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 A ¥ & b —VRRCAR X /2H DT, python3-config 227V 7 b bFIHHKZ b LI EEA),
CORZ VT MIA T arnEl b EIH, EENCERZOIZIATL & 5:

o pythonX.Y-config --cflags 3RO a >y i 47> a2 LET:

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

o pythonX.Y-config --ldflags --embed IFHERDV > 7T a v 2HAL £3:

$ /opt/bin/python3.11-config --1ldflags --embed
-L/opt/lib/python3.11/config-3.11-x86_64-1linux-gnu -L/opt/lib -lpython3.11 -lpthread -
—1dl -lutil -1m
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ER: L Python N—Y a YH(F (2 DD AT 4D Python & H7#7zHETEIL R L7 Python) TD
RELZ BT 272912, L TORID & 512 pythonX. Y-config 13X S A TEEI L /21Z5 BRWVWTT,

HLIDFIETS T WARFIUL (L2 ZHUILTO Unix W T 7y b7 4+ —LATEET 2 Z & %2R
32 HDTIZRWT T, bug reports (T ), HRLDIATLDRAFIv 7)Y 7IZONTD
F¥axX> h%ZFiA, Python @ Makefile DAY XA NF T a Y RFARZBENDHZTL & 5 (Makefile
DGFTZ TN %121 sysconfig.get_makefile_filename() ZfH-TL/Z& W), ZDHE. sysconfig E
P a— DU OBRIR D 5, ZAUC X o THRENNIMATZ VI >y AN - V70X T a v
& 7a 77 ACHETE T, Bl

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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>>>

2to3

RAsE&E

ARSI IT 4TI INIBITBT 7 4L bD Python 70> 7 TF, A VR TVRTA VRS
T4 TWEFENSZ - FHTISHTEET,

RDHDDVEZHLNF T

o AVERIIT4TIINRXBVT, A VT rENa—FTry 2, WMET3EEDXY D XF
o LRI, AFEIL, BRI, =HS A/ oW, Tar—& -k, a—-FZ2ANT 3
WRRENST 7 4L bD Python v > 7 T,

o HHAABDER Ellipsis

Python 2.x ® 23— F% Python 3.x O — FIZEHT 2V —LTF, Y—RaA— FZ@EHLTEOM
WiAR%Z K[\l (traverse) 35 Z & THRHITE 3. IEABMEO RIS 2L £3,

2t03 13fFEHEZ 4 75V D 1ib2to3 L LTHATE X T, BEDY - L LTHZI LR 7V T I A
Tools/scripts/2to3 & L THRMEEE N TV X F, 2to3-reference ZZMML T I\,

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

DHDT 7 =y 7 TR PNRBIFTH o7 D Wi 5 (Bl 21 magic methods DHE) HEITA ¥ & —
7 r—ARERTDHERERML FF. ABC I3 (virtual) 727 7 RA2BALET, THUIEY
TAMOLMHERLFERAD, ZNTH isinstance() X issubclass() ICFEMINET; abc TV 2 —
ADEFa2XY ESBLTLZEW, Python 121, £ DflAAA ABC BEIEATVWET, Z
DIRIF. (collections.abc €Y 2 —/LT) 7— XHiE, (numbers £ 2 —/LT) K, (io EY 2 —
JVT) APV —24, (importlib.abc €Y 2 —T) A Y KR—F 774 VXN B —X—T7, abc &
Ta—NZHHLTHED ABC Z21ETE %7,

annotation (7 /7 —>a ) ZR. 77 RN BBOD RS X —ZPREDECHERT 2 7T, HEEIC

D type hint &€ LTHEDODRATVWET,

O—ANVEBDOT ) 7= a VIFFTRIE T 7 ATEERAN, Zu— LB 77 AEME. B
Bo7/)7—ayidEhzhE®d a—L, 75 R, BBOD __annotations__ FFEMICHREFENT
L\ij—o

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this func-

tionality. Also see annotations-howto for best practices on working with annotations.
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51¥ (argument) (FE518) BIECZMECHI RIS, BIE (413 XV Y R) CEIHETI, EgIBIiZ 2 #E
HHFEI:

o F—TU—R5I%: BEEMECH L OBICEIBDORNCHEB T2 oWz b D (f: name=) S, *x ITHil}
I-EHEOHOEE LTHEX NI flZiE. KD complex() DFEFUH L TIE, 3 & 5 29%—
v — FglEcs:

complex(real=3, imag=5)

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

o MBI F—v— FEIELSOFIEL, MEFIEIIEIEY X P DEFHICEL 2 TE, o+ 12
Felr 7z iterable DBEFRY LTET Z e TEET, HlZIX, XROFITIE 3 & 5 dMmAHMES K
T

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

BB OERICBOWTERITEon— A ZRIcE b B TonE T, EH L TETIHANIOV
T calls 2BBL TV, PV X9 ZRAZBOWTEBBEZRTEDICHOLWIREHS Z a3
RFEF, TN fHIe —HAZHICE DY TONET,

RE1% . FAQ @ FEEIEEARGIEDENMIMTTH? . PEP 362 2SR L TL W,

asynchronous context manager (JEFfAa > 7F X b= —I %) __aenter__() & __aexit__() XV v
FZEHKT S LT async with XNOREZEHT 24727 M T3, PEP 492 TEAIIE
L7z

asynchronous generator (JEFEHHY = L — &) asynchronous generator iterator %3R3 BIE T3, async
def TEFEI NN —F VEBUZETOE T yield REFOHRTERD £3, yield Rid async
for L— 7 THMATE 2D P Z2ERT 2 DICHA TN E T,

EEFIERIAY = 2 L — 2R L 30, WRICK - Tid IEREAS T RL—2 1 TL—%& 25T
BEBRHH T, BERENLEERIHAL»TRVWGEE, FABLO /- DICERBFER AL 73,

FEFEAY = 2 L — ZBIEITIE, async for XX async with X2 TR await RdHBZZ 2D
h%d,

asynchronous generator iterator (JEFHAY = 1L —& 1 7L — &) asynchronous generator BHITHER Eh
53727 T,

ZHE. __anext__ () XYV v FEM o THUPEH XNz ZIZ awaitable A 72 =7 F ZiIBT asyn-
chronous iterator T3, Z O awaitable A7 =27 NI, RD yield NE TOIEFIAY = 1L — 2B
BOREZFEITLE T,

yield 12 27202, ZDNMBETOETIRE (0 — I VBB FIRED try X) WHIZ—REIE X h
¥, __anext () TRENMHD awaitable 12Xk > T RIS TR L —F2 1T L —42 PERICH
Maxhi-rx, B LEERTZIELE T, PEP 492 BXU PEP 525 2R LT 72X,

asynchronous iterable (JEFIAA 7 F 7)) async for XOHTHATE 247227 T3, HHD
__aiter__() XY v 25 asynchronous iterator iR RIFUIZ D A, PEP 492 TEAX
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NEx L7z

asynchronous iterator (JEFIMHA 7L — &) __aiter__() & __anext__() XY v FERELLATY
=7 N T3, __anext__ & awaitable 7 7Y = 7 b BRI RITNIERD £¥ A, async for &
StopAsyncIteration B4 Z XM F 2 £ T, FFFAMIA 7L — XD __anext__() XY v FRT
awaitable Z kL £3, PEP 492 TEHAINF L7z,

B A value associated with an object which is usually referenced by name using dotted expressions.

For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers,
for example using setattr (), if the object allows it. Such an attribute will not be accessible using

a dotted expression, and would instead need to be retrieved with getattr().

awaitable (f#F%REE) await X THHT 2 PR 2 AT 27 VTF o coroutine 2. __await__() X
Vo R0HEF T2 FTT, PEP 492 2B L T E W,

BDFL ZARIR M EMEE (Benevolent Dictator For Life) D& T3, Python OfE#. Guido van Rossum
DZ LTI,

binary file (N4 F VU7 7 AN) bytes-like ZTP TV b OHRAAABLIOEZAANTES T7AILAT
JIVb TE, N FV T 7 ANDENE N4 FVE—F ('rb', 'wb' or 'rb+') TN T 74
)b, sys.stdin.buffer . sys.stdout.buffer . io.BytesIO X° gzip.GzipFile. DA Y A X VX
‘/Gj—o

Str ATV 2 POBABEINTELZ 77 AN0FTY 27 MTOWTIR, text file BB TLZE W,

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

and so destroy it.

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

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

bytes-like object bufferobjects ZH%HK—+ L TWT, C FFBEDEIKT #¥Hi L7z contiguous Ny 7 7 — %12
HEATRER A 7Y = 7 b, bytes, bytearray, array.array . %< O—#17% memoryview A 7Y =
Z M ZHCE D £F, bytes-like £ 7Y =7 ME, T —XEM. N4 FV T 7 A ANDRTE, VY
Ty PERHULZEERE, XM FUVTF—XZ2ERTIVAVARBECHAT S Z N TEET,

BODPDIEETCEINAFV T —R2EBSTHHERDHDET, ZOREOFFa X PTIEXL 7 H
AEETRER bytes-like A 7V 227 M WWERLTVWET, ZEEARERANNY 77— 7V =7 M
bytearray ¢ bytearray @ memoryview REDEZENE T, F/o. OO OBRIETIIARELA
TV FADNRAF YT =& (? HiAst LERAD bytes-like £ 7Y =2 ) 2ELET, Ui
bytes ¥ bytes D memoryview A 7Y =V MOEZENE T,

bytecode (/X4 k2—F) Python ® Y —Z2— Fid, Python 7125 4D CPython A4 ¥ &% 7V X OWNER
RBTHENA Pa—FALary i LEnEd, N Pa—FiE .pyc 774 MZF ¥ v a2 3h,
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L7 7 ANDPEHIZETESNZ L X2 EIDEREIRDET (Y—RA—F2HNf ba—FANOF
Eoary 4 VidEh#shEd), 20 ” PEEEE (intermediate language)” 1&. &4 D4 fa—F
WSS 2 MEE 2 RITS 5 REYS Y TEES 2t WA E T, BEERIFEEL LT, N ba—Fi
%72 % Python fREE~> VM THEIES 2 Z 2=, Python VUV —RMTLEETH 3 Z 23 HA TV
F¥A.

NA ba—Foma—Eld dis EY2—1 ZHHET,

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

the following syntax:

callable(argumentl, argument2, ...)

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

__call__() method is also a callable.
callback (=N 7)) RO D BRERTHEITES NS 72DI5 8 LTHESI N 2B

ISR (VFR) 2—F—ERA TV VEERT 27007 FL— FCF, 77 RERIEE, 202
FADA VARV ALDEERETEXY v FOEREEAE T,

class variable (27 7 ZZH) 7 7 R LITERS N, 77 ALNRLT (DD, 7 F7ADA Y AR YA ETIR%A
LIZ) ZHEINZZZHNE LTWBRERTT,

coercion (BUs#H]) M URID 2 5I8E S HEORFITON S, 2D A V22 Y 2D OBRIADIEERD
EHTT, FlRIE, int (3.15) IIFE/MNEAE B 3 ITEH L £ 3, LA L 3+4.5 TiE, &518UZ
BUHERIL D (— OB — D3 TFEV N INE % 3 2 AN A U BN AT 2 217 4UE TypeError
FIADBET S E T, BB Rr o725, TRTOFHK, 72 ZEEREITH->TH, HIZ 3+4.5
Tld# < £float(3)+4.5 WS k52, Fu T I=—2HCRICES L RITFIUD T ER A,

complex number (HZFRE) X<HLNTVEEBREIIRL =D DT, IRXRTORIIFEE L oML LT
RINF T, BEUIEEEN (-1 OFAR) WE Kz ILd 0T, —RCBEETIE 1 eFdrh. T¥
TiE j eFEINE T, Python FEZEBITHAAATHIGL, BEORILEZI > TWET, BEHIIKRE
2§ EOFTEEE T, HlZIE 3+1j TY, math Y 2 — L OEIBFRREFH T %121E, cmath Z{#
WET, BRBOBHIE»RD BELRBYOMIETT, DESEZECRTIUR, (EIFHEWR ERL
TLE->TEWTL &9,

context manager (27 FRA P32 —I %) __enter__() & __exit__() AV v FEERT S I LT with
WHNOERREEREMTE2A 7927 FTF, PEP 343 2L TL 72X W,

context variable (2> 7F A MER) a2V 7 F A MIKEFEL TRZSEZFHOLER, TR H2ERDEDL
FADFATAL y RFTREBEDEZRAL Yy FE—FLZA ML=V RBTVET, LrArLaryTFR MER
T, 1 DDFETAL Yy RIZWLO2p0a Y7 XA MBH DR, 3 ¥ 7F A MEROERHRIZIY] 72
FEFB R R 7 DL DEH TS, contextvars ZZRL TLZE W,

contiguous  (BE#%. i) N v 7 7 DHEIC C-&8#t £ 7213 Fortran &t TH25EIT. ZD Ny 7 7 135#
MLTW2eAREET, XLy 7 71E C #ifiTH D Fortran @i TF, —RILOBLHITIE,
ZOHEFLRZLFTAEY ETEEST 2 X5 CHESI N, RFHELRrHBFE VA TWIEFP TS %
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o ZXRILD C-HEHREAIITIE. XEY 7 FLRIECERZ K ZBICIIREBEORIFVRINED %
DX L. Fortran #5728 TIIBRH OIS A FH|RAINCEN Z £ 57,

AN—=F> (AV—F) al—FVEFHITN—F D XD —BIEERTT, $7L—F  iidkd shiz
A2 HAD, BlORDsNMEISHHET, aL—F VICIFZ L OABMA» S NS, 2. B
322D TEET, 2—F VI3 async def XTEETZET, PEP 492 2L T Z& W,

coroutine function (2 —F YBIEK) coroutine A 7Y = 7 b IR TEETT, a/—F VBIBUT async def
NTHEIEXN, await, async for. LU async with F—V—RFZEOZ e HkRET, Zhbid
PEP 492 TEAXIIFE Lz,

CPython python.org THEAR XL TWA, Python Y0 2F I V7 SFEOEHERN 2 5EECF, "CPython” &
WO HEEIE, ZDFEE% Jython % IronPython ¥ W o 723 ¥ XIS 2 HEHHE 2 55 1CHH X
NEI,

decorator (7 2L —&) BIOBEZEIR ST, @H. eurapper X TRBZEIR L TEHSNE T, 72
L — X DO— &2 FFNL. classmethod() ¥ staticmethod() TT,

TaAL—ROIRET Y Ry 7 A2 aH—TF, XD 2 OOEBERIFRIICFAL DT

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

@staticmethod
def f(arg):

FICHEZD 7 7 ACDFEHELETH, HENFONERA, TaAL—XITOWTFHLL X BERER B
TR IR EZE DFFa XY FE2BRBLTLEIW,

descriptor (FRAZ VT X)) XYV v K __get__(), __set__QO, HBWE __delete__() ZERLTWVWEAT
P bTT, BB TABUNPT AV TR THZ =, BERRKICK - T, FEIh TV 3RIR
e I E T, BHE. get,set,delete D7=DIT a.b EEL L, a DI FRAFENTE IV 2
PO ERRBRLETD, b BT RZY TR THIUIZNZNDTRAZ YT ERXY v RHAFTHENET,
FTR2 ) T ROMERIE, Python 2R EE T2 ETHERDET, 2W0WIDE TARAZ Y TR ZD,
B XYV v B, a7 4, Z7ZAXY v Pl HIXY v P, ZL TR FRADZRE V- 7%
 DHEBEDRAE72H 5T T,

FRZVTEDAY v FIZBE L TOFMIZE. descriptors % Descriptor How To Guide 2SR L TL 72
W,

dictionary (%) EE D X — ZEICXISAHY 2 HABES T3, __hash__() XY v F& __eq _() XYY
ERELMEEDOA TV 27 F2F—ITTEE T, Perl Tld vy > a (hash) eI TVWET,

dictionary comprehension  (FFEFHMNCLIKGL) iterable NORTH 2 WIE—HOERZIUH L T, ZOHR2» 5
REFHELRTaAV AT MREFEXSTT, results = {n: n ** 2 for n in range(10)} 2T 3
. F—n ZfHn wx 2 IIMTT BEFE L LKL EF, comprehensions ZZ L TL 72X W,

dictionary view (ff#HE 2 —) dict.keys(). dict.values(). dict.items() 2RTA 7Y =2 b T, &F
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HOHHOENRY 2 — 2L ET, Thbb, BEILEEFINI a2 - ZThERML 3, &
EFEL 2 —BEHIANCERR Y A M 2121F list(dictview) ZHH L TL 72X W, dict-views &5
HLTLEEW,

docstring 77 R, B, EYV 2 - NORYIORTH 2 XFHNV TI71LTT, ZDAA — b DETRIIIE
MENE T, ar L & THAlEN, 20772, B £Y2—1D __doc__ BMELT
REFEEINET, AV bRrARI a2y TES GRE: BEE L TSRTE%) OT, 7Yz DR
Fa Xy b aERENRIGITY,

duck-typing 24 7I 27 PHRELWVA VR =T 2 —RA%Fo TV EPERETL2DICA TV =7 F ORI
ZRBEWTIO TSI IVIRRANTT, bz, BicA 7Y =27 PDXY vy FREENFIENT
b7z LET, (7LD ESICRIT, 7eADESRFIHE, ZRUIT A TH S,1) A~
=7z —RERIDEHTZT, LRI TFTHFA ENa—RE RVE=—T 4 v 7 RRE L
LTEBEErM EIEET, Xv 7 XAL Y7 type() X isinstance() WX X 2 HE LT F I,
(272U, B o224y 0% HMRERI SR TMHMETAIDHTEET, ) 2ofb b, WA
hasattr() HIER FAFP a2 53 7%2FHAL £,

EAFP T[G8R]%2 2 2 X DFF L %G5S /IDA S (easier to ask for forgiveness than permission, ~—7 4 —®
EHD ) OBETF, 2O Python TIAL bl TW3a—7 4 Y Z7AXALTIE, WHEITEMRF—%
BUDNFETIDDEREL. ZOREIE> TOEGEHNZRHIEL 25, ZOBETTFELET
53—F 4 YTRARAMIE, try XB LV except XD SADZDPRHHTT, ZDT77=v 7
3. COESREETLILIMFbATNWSE LBYL AR AL XN SDTY,

expression (R) [AHDEEFHAEN L. —F ¥ F D DR (a piece of syntax) TI, Wz 5. ALid
V7 Iv, 4l BET 7R EEFPEBIFCHLRE, HE2RETROEREOHEAERTT, o
Z < DFFELEV, Python TEEFEOLTOMEERIA L VWI DI TIEHD FHA, wvhile DLS
Wy RELTREAZNY X DD F5, RADBKTIIRIXTY,

extension module (#EIREY 2 —1) C 2 C++ THEINLEY 2 —L T, Python ® C API ZFHL T
Python a7®a1—#—a—-FeRhehLET,

f-string 'f' % 'F' DEFEIWXTFAHN) 7T UL f-string” EFRER, ZHUE T 4 —< v MEATF
V770 ORMEEOLITT, PEP 498 BB L TL 230,

file object (77 ANF T =22 b)) THDY Y —AAD 7 7 4 VEEH API (read() % write() XYV v K
ZFODD) EREALTWE AT 2V M TT, 77403 TV =7 NI fERENFEITL - T,
EBEDFT 4 R EDT7 7 40P, ZOMDEAL TDRA ML —IRBETANA R (2R, M,
AVREYRNY T 7, VTv b RSAT, F)ANOT7 I LREHENTEET, 774047227 M
file-like objects R streams & HMIENF T,

T7ANF TS 27 MCBEBICE 3IEEIDET: L0 NAFUV—=T7A)L. Nv 7 7»Ehi= NA
FU=T7A4), ZLTTFALT77A4IL T, A VX—=T7 24 A& io EY 2 — L TERINLTWV
9, 77ANK T =0 b EAELIERENL X open () BAEEES Z 2T,

file-like object file object ¥ [AFE T,

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

the operating system and encode Unicode to the operating system.
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finder

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file

system encoding fails to provide this guarantee, API functions can raise UnicodeError.

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

used to get the filesystem encoding and error handler.

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

PyConfig.
See also the locale encoding.
(774 Y R) A YR=PEINTVBEI 2—1LD loader DFERERITTEA T 22 b T,

Python 3.3 UETIX 2D 7 7 £ VY XH3H D %3, sys.meta_path THHI NS meta path finder
¢. sys.path_hooks T XN 3 path entry finder T3,

Sz OV T PEP 302, PEP 420 BX U PEP 451 2B LT X W,

floor division (YJD4&CTRRE) — &L WEEBICY)I D #5 T 2 BEAIRRE, YD CREBERE I // T, flz

R

.11 /7 41132112, 2R EINFMCEEV NI A ROEDRETIX 2.75 VB> TEE T, (-11)
// 413 -2.75 Z INEWVWAIZ Wb 2 (R ADERAANDIDEITS) DT -3 127425 ZLITHEEL
TL7ZE W, PEP 238 2L TL X0,

(BEEY) MPOMHE LANCEZIR S —HDO XD Z T, BRI 0 U Ed E3|18 2T Z e HkE 3,
FEDRITRHI S B2 RS2 Z e ik E 5, R5IEL XYV v R, function ZBL T X,

function annotation (BI#(7 /7 —3 a ) BIBD 8T X — X IR DED annotation TF,

BT 77— avid, @HIREEY R oo d: fIZE ZoEE 2 2D int BD5|
¥oemis eiffsh, 7 int BoRDEEFOLHIfshT0E T,

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

return a + b

BT /7 —3 a »OXEE function O CHRIHINATVWE T,

See wariable annotation and PEP 484, which describe this functionality. Also see

annotations-howto for best practices on working with annotations.

_ 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)
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garbage collection (HAR—yalL 7y ar) ThPREEDNS Z L DRV EY 2RS5BT, Python
d BREAY e, ERSREBE LB T BRI R—YaL s X 2o ThHR—yaLrryay
ZITVWETS, IR=—Yalr7Xd gc BV a— Ve fioTHRETEET,

PIXRL—R (YA —R) generator iterator ZiRFEITT, BHEOBBIIMTNE T, yield X%
FORTRLD 9, yield i, for V=7 THEMTELD, next () B THEZ 1 >FDOMWD L
7D TE3, HOWMPZAERT 2 DIEHSINE T,

HEIEY 21— XBEBERLE T RCE->TE DxRL—FATL—F ZHEI3HEHHD %
T BRISNLEBERDPHS L TRWEGE, LD DI 2 BEE2 AL 5,

generator iterator (¥ = 3L —X A 7L —2X) generator BABTERINDE ATV =7 FTT,

yield D7 NAATFEATIREE (RMTABSARLED try X2 ED) L T, QWHIZ—FIcH
Miahgs, SzRL—FA4TL—F PFEHINZ 2, T LAEZIT L £ 5 (B OB ET
D7 TITHT LWIREED S BHAR S 2 D & MR TF),

generator expression (Y z L —&K) A 7L -2 %2RIKXTT, FHOKNIC, V—TE-EERT S for
fi, #WiPH, 2 L CAHISATEER if HisooWnWTWwa K5I Ed, &5 LTRSS R sMilo
BRI TEEZ AR L £ 3

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

generic function (Y =3V v ZBE) Bz 2800 LA UHEL 5 2 BEHEE» SRS N 2 T3, Y
HURHC EOEEZHNE 2T 4 Ry F 7LV R LS EDRESNET,

single dispatch. functools.singledispatch() Fa L —&, PEP 443 2SR L T X\,

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

for type hints and annotations.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the typing module.
GIL  global interpreter lock ZZHLTL 12X W,

global interpreter lock (Z'm =LA & T Y Xay ) CPython £ ¥ X7V EZHBFHALTWE, —EIZ
Python ® N4 FOd—F 2FETTB3AL Yy RIZ—2FFTH3 I 2Hild 3 HHATY, ZhACX
D (dict REDEELRMARALMEEZL) A 7Y =7 bETADFEKR T 7 2120 U TR Z S
1272 %5 DT, CPython OFEENS Y TNICKDET, A VX TVXRMEER Yy 7F 58T, YLF
Taty 2 LT WU TR PG EHMRIC, A X T XeHRICTLF ALy FULTE
5E212D %7,

However, some extension modules, either standard or third-party, are designed so as to release the
GIL when doing computationally intensive tasks such as compression or hashing. Also, the GIL

is always released when doing I/O.

B T HERTAF ALy FIE Lied Y27V & (NS 7 — 22 Ml WHETE » 25 3)
BEISESNE LIS, —MN7RS Y 7T 0y FOBEDAT +—< ¥ AN EH o 7= DTHII L
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ATL, TON7 43— Y ADMBZRRL L5 32, FEENX DML DR 2 2 b3
THLEZLNTVET,

hash-based pyc (v ¥ aX—2Z pyc 7 7 A V) IELHEZHHIT 272012, WIET2Y —R 7 7 4 VDA
BEHFRLTRE Ay Y al@2 T2 4 bPa—FDFr v a7 7 AL TT,

hashable (/v > 20JRE) Ny a®gg kA 7Pz 7 b, ERABSEDS RV Ay > 2 iR i
(__hash__() XY v FPRE), O+ 7227 b A TES (__eq__ () XY v FBRE) 7
P FTT, ARy S af[fEA 7Y 27 MEBTFE Uy & 2 lE2FOREND D £7,

Ny Y ARRERA TV 27 PAHEDF —REEGDA AN LTHRE T, HEPEADT — X HE
ENETA Y ¥ affZzflioTn2 25T,

Python DA I 2 =X TNV RMAABALA TSI 27 NI IFEAEDBANY Y 2R[RETT, (VR MHED
£97) I2a—FTNRAVTFIENY T aPARET T, (XTI NR frozenset DEIR) £ Ia—&7
NigayTHiE, BREPINY Y aAETHIL ZDANY Y 2A[fETT, T—VF—ERDI T ADA ¥
ARVATBBEIRATS 22 MEF T A b Ty ¥ afHETT, ZRBHELET (HEERNT)
HEBHEFRIEIEEMMTH D, Ny > 2flF idO) L ELNET,

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and

interpreter environment which ships with the standard distribution of Python.

immutable (£ I 2= 7)) EEDMEERio7A T2 b TT, A J2a—RTNRATV =7 MTiF,
i, XFH, BEEXRTAREDRDHDET, IOHDA 7V MIMEEZEZONFERA, FlDOEZE
RBEEBBE, A7 =227 P2ERLRTAERD ERA A 32— TARIFT TV
E EED AN Y & 2 @R 72 2 IR CEHEREHZRLET, HEDOXF—BZ0HITT,

import path path based finder 7% import § %€ 2 — LV EMERT 25 (L7214 path entry) DV R b,
import 1, ZDV R MIEH sys.path 2HREFTH, ¥ 7y r —TYOHFRIB Ay =P D
__path__ BHE»SHRKET,

importing »2%EY 2—/)L® Python 2— FAFDEY 2 —/LD Python a— FTEZX % L5125 3 0HE
T3,

importer EY a2 —LEELTR—FTEEFT7I 27 b, finder & loader DEHBL LTS HEETI 27 b,

interactive  (0fE&[Y) Python ICTEMEEIIA 2 TV A D, XRREA 2TV E2DTay T MIANT
5 L HIHEICFEITINTHEREZ RS Z e T&E 9, python LB 5IELEZFITEITLTILE W,
(AYE2—RDA4 YR =2 —hb Python DHFENA > X7 ) XEEBTE 256 LHEEA, )
MEENA > 2TV RE, FILWT AT 7 2R L TARLD, BV 20w =Y OHZINWTAS
(help(x) ZHZTBWVWTLEXW) OIIIEHIERZY —LTT,

interpreted Python 134 > 2 7V XKD FFETH D, 2> 4 FFFHEOMBMMEL ET, (N4 Fa—F
AR TDHBTDIT. ZOXFEEKRTTD, ) TITOA Y& FYXFiELIE, Y—RAa—FD
77 ANE, FTFETARERCLTOOFITIE 2 L Vo R LIC, BEHFETTES 2 2EK
LET, A Y27V ZEROEFETETE. a1 FBROFFELD bR Ty 7O A 7
WHDOD, TRTTADFITE—ITENT T, WEEN dSRL T XN,

interpreter shutdown Python 4 ¥ 2 =7V X =3 v v bRV UV ZEFINLFIT, T 2= FTRTOD
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VT 4 INVBNEREEZ IR D, TRTOMMBR LY Y — R BRECHKT 2. Kl 7 = — X
ADET, ZO7x2—RF AN=VAL I8 2@ BEFIHL T, ZAIREIDZI—F—ERDT X
F o7 & —% weakref A— NNy IRMPUIHENZZEDBHDET, v v PR Y7 2 —AHITHE
fTaNba—Rik, ZODREFETZV Y =X T TIBRELRW (XL H2HE74 77V —FET 2 —
X warning BT T) 72D A REISNCER L £ 5,

AVER—=TVERRT vy PR T2 ERERIE  main B a—AREfTEINTWSEZZAZ U T
DFEATHET LIz T,

iterable (KIEAJREA 7Y 27 b) BRE—HEIC 1 23 DORE 247V 227 VT3, KEAREA TV =2
F OB, (1ist, str, tuple LW o7) B TOY =7 Y RABR dict R T7AINA T Ik
WV 2RO DIES —F VAT BB WIE Sequence BRI EEE L2 __iter__ () XYV v Fd
__getitem__ () XY v REFOEBEDITADA VARV ADEENE T,

RAEAIHEA 72 = 7 P& for —THARZOMZL DY =7 2 (RE: 22 TOY—7 YR LI,
S Y ZRTIEI K R DF LN S FEK) AR Y 72 2RI (zip(), map(), ...) CRIAITE £, K
BAfEA 72 = 7 + ZHAABBE iter O DI LTETE, A7V =7 PIRNT 24 TL—&%
BLET, 204 7L —RE—HOME 5| S FTHICHERT T, @ IRKIEAREY 7Y = 7 bR f SR
123, iter ) ZMATEDA TL =X AT 27 V2 HGTHIET 20 EEZH D £H A, for XTI Z
DFIEE BEIINATV, R R EROZEZER L TL—FZ2E L TWARHA 7L — X 2R L %
T ATL—2 =TV VxxL—F 3ZRLTIEZ W,

iterator (A 7L —R) T—XOWNERHATE2A T2 b T A T7L—XD __next__() XV v K&
DIRURFOH S (£ 7213 AA BB next O ICHET) &, MADOHDOEEZ —DOTORLET, 77—
A7 K725, b DIT StopIteration A ZEH L E3, ZORKT, /A 7LV —&XA 7Tz
MIRETED, ZHLIEE __next__ () Z{JEMFATD Stoplteration ZXEHLFF, 1 71—
RiZ, ZDA TV =247V =27 FAKERT __iter__() XV v FEEELRIFNUIRLRVDT,
47U —RIIMD iterable #ZH T 21T AL DEFATHHATEE S, 3o F D LEFIMIERD
KI#1TS &57%a—FTF, (list DLIR) av7FA 7Y =27 ME, HE% iter) BEucA 7
7 MIHELRED for L—=TFATHS L. FBREHOA 7L —X2Z24HERLET, ZhzA
TL—=RTITES 35, HIEIOA TL—ya Y THEHBADRILA T L —&24F 7Y =7 b REIC
BRI 7D, ZOAYTFDEITB>TLELET,

2GR typeiter I2H D 5,

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

key function (F—BIf) ¥ —BIfk. H2WIERERKLIE. ¥V — MRIEFHED 7D DOEZ R TR LA]
REA 7Y = 7 b (callable) T3, BIZRIX. locale.strxfrm() % ¥ —RBAFUCH 21X, v — L KFD
V—FOEEIDo 07— b X —%RLET,

Python ®Z < OV —MdF —BHEZZIIMD BEZOWM SIER 7V — A2 EH L £ 3, min(), max(),
sorted(), list.sort(), heapq.merge(), heapq.nsmallest(), heapq.nlargest(), itertools.
groupby ) FE2H D £7,

X —ABEES HIEZNL 29D 3, HlZXIE str.lowver() XY v RERXF/PNXFEEXANL %
WY — b RIS F—BERE L TES 2K ET, HB WL, lambda r: (r[0], r[2]) D XS
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7% lambda 26 ¥ —BIBE21E2 Z e B TE%£F, F7. operator EY 2 —/Lid attrgetter(),
itemgetter (), methodcaller() ¥\ 95 3 DOF - a v A M5 7 X2l TV E T, F—BIK
DIED e NG DAIE Sorting HOW TO ZHEL TL &\,

keyword argument 25| 2SI LTI I W,

lambda (Z 4 %) %O 4 >4 YT, BEDNHRH S 2ICFHENs 120 X 2EFAFET,
7 L X EEZHE 1lambda [parameters] : expression T3,

LBYL [Z2EBIEDH (look before you leap)) DTS, TDa—7 4 ¥ ZZAXANLTIE, O LPKR
RK2AT SN, BIRINCHETRSEM (pre-condition) HIEZITWE T, FAFP 770 —F & 0@HYT, if
X037z S AMDN S ORI TS,

WA F ALy MEENEREE T, LBYL 77 —F1k 7 A%7 #fEr 7 RR” #@EOHSIREE 5| &
BZFTUVRIBHDET, BHlZIX. if key in mapping: return mappinglkey] & \5 a— Fid,
HIEDK. DAL v ROBERBRDHIIC mapping 75 key FEDERL EEMLET, ZOMEIX, vy
2355 EAFP 7 7 —F %25 Z & THIRTZ £7,

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

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding(False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and

bytes filenames.

list (Y AF) Python O#AABLD =TV TF, VAPEWSHATTETHA, V27 YR FTERZL,
D FFETE S B (array) RO S DT, HEADT7 7RI O(1) TI,

list comprehension (VA FANERKEL) =7 Y AHDOLTH 5 WE—HOERZIUHEL T, ZOME» 15
YVAMERT, av7 FRFIETT, result = ['{:#04x}'.format(x) for x in range(256)
if x % 2==0] £TBHL. 0,5 255 TTOMME 16 MR (0x.) LETFH»E%5Y 2 b
FERLUET, if @ild4 7> 2 0 TF, if HiNRWEGE, range(256) D2 TOEREMUEINE T,

loader EYa—NL%B— K334 7Y =27 b, load_module() EWIHIHZHTDAY v REEREL TWARIIN
B FHA, B—X=1E—RIVC finder HIREINE T, #Hllld PEP 302 %. abstract base class
IZ2WTIX importlib.abc.Loader #ZM L T 12X W,

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

mapping (R vy BV ) {EEDO X —HFRKEZ VK- F L TWVWT, Mapping 5 MutableMapping @ fHHREJE Y
TR TIEINZXY vy FEEELTVWEaYyTFA7Y27 T3, HlZIE, dict, collections.
defaultdict, collections.OrderedDict, collections.Counter 72 ¥ T3,

meta path finder sys.meta_path MR L TE SN finder. meta path finder I path entry finder & B
RiEHH ET2. FIWT,

meta path finder 235255 % XV v FIZDOWTIE importlib.abc.MetaPathFinder 2SR L T %
ISR
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metaclass (XX VT R) VFGRADY FTATT, 7 I7RAERIFZ. 7 I7AR%, 7 I7RADFHEL, BEKI 72DV
AMEEDE T, AR ITRIE. ZA6 3 0%5[Ee LTRITMD., 77 RA2E2HEZEVE T, 1F
CAYDF TV 27 MEASHEEX (REXZZ520D) 77 40 b OFEEEZREML TWE T, Python
DRI DIEH AR LDAR T FAZEFMTELHTT, IZLALDLI—F—ITWMoT. X&ET7 7 RIF
EBEDZNSDTY, LirL, —HOBHETIE, XX 7 FRZBITIZVLH Y P RGEZREEL %
T RERBBET 7 RADR IR S/2D ALy RE—=TWEBMLZD, A7Y =2 bOERE
BIFLZD, YN RFEET LR ZLOGETHHEAET,

FEMIIE metaclasses 2SR L TL 2 & W,

AV R (XY ) ZIARKMEOPTERSNEE, 207 F7RADL v REZADEEL LTHUH R
T E. XYY FEA VARV RAA T 27 b 2f— 518 L LTRIITMD £F (Z0H—5BULEHE
self LMINET), B & RRALETNERXO—T 3BRL T X W,

method resolution order (X Y v FRIRIAFF) HREBEHICHIK Y 7 AR ER MBI N HFTT, 2.3
LEED Python 4 > 2 =7V ZBER T2 703V X LDFMICOWTIX The Python 2.3 Method
Resolution Order ZZEL TL 72X W,

module (& 2—/l) Python 2 — FOMEHAME LTIERH AT 27 FTT, TV 2—LIFEED
Python A 7Y =7 b2 EOHAIEMERD £ T, Y 22— importing DUIEIZ X - T Python 12
HARFENET,

INVT—2 BRI TLIEE N,

module spec EP 22— LEBR—FFT23DIMHbN 3 A ¥ FR— EEHEDERE ZLHAIZEMTT, importlib.
machinery.ModuleSpec DA Y A X Y A TT,

MRO  method resolution order SR LT X\,

mutable (3 2—X7)) I2—XTARA TV ME, id) ZEXD I BREEEETEET, 1
Sa2—-427)) BBELTLEE W,

named tuple 7 HHEIfTE X TL7 L WS HEEE. Z TNV EMALTNT, 4 7y 7 AWM EHRITH LEN
ZHEoTO7 7 8RB TEZERDOHEPS 7 ACHENTVWE T, ZORIP Y J IIMOHKRE S -
TWBZedHhET,

time.localtime() % os.stat() DRDEZEZLWVL O DMAAARIIAHIN E X I TT, i
DX sys.float_info TI:

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

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

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

True

(LEDBID & 512) W D04 & X T NZIHAAARII L o TWE T, ZOMICd A& X T
X, BEDZ 7 AEKRT tuple ZMAL., IO 7 4 — L FEERLTERNTEZT, 2DX5k7
ZAFFEHTE VLD, collections.namedtuple() 77 7 M VB TIE LD TE %3, BRED
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TiEE. FEITEWLAHIN & X PR AABD B & X AT X Y v FZBHIT
RIS

namespace (H%ATZEM) 2RI NZHITT, BRTEMEEEFEHE LTEESNE T, BRI
T bD (XYY FD) ANFIIR oD TR, BRSO, RENZ D, 2L T
HARABDDDHBH D 5T, HETEMELETOHEEZC Lo TEY a2 F—1+F
%, Bl Z13BI%L builtins.open & os.open() FHHIZEMTXAlENTVWE T, o EDET 2 —
NP FELE L TOE0HRT 2 28I & o THETEBIE TN RS2 XL £ 9, HlRIE
random.seed() ¥ itertools.islice() ¥EL . TNZNEY 2—/l random X itertools T
FEINTWE ZEDHALNTT,

namespace package (HH(ZEH Ry ;=) TR Fr—YDarrre LToOAEMENSZ PEP 420 T
BRI NIz package TTo HRITZEM Ay =D EWENRRFELFELZ RN P TE, __init__.py
7 7 A NERTZI W2, reqular package 13RI D 5,

module SR L TLFEW,

nested scope (F A PEN/2Z2a—7) AMITERIN TV I EHE SR T IHEET T, 21X, H2BHD
AOBEDOFTERINTWEEHE, NUOBEIZIMIOBEEFHOERESIBTEET, 2R M Ehik
2aA—=FRZT 74NV P TREBOBRZI N TE, ZHORARZTELVOTERELTLEE WV, B—
ANVERIE. RAARIOR a—FTEREHRAFZLET, FAkRIC, 70— U EES & 7a—n
NAETER DOEZFAE XL E T, nonlocal THHOZERICEZIADE T,

new-style class (MTAZXANZ T R) STREETDIZ IRAATY =7 MEON TV AT O W]
TF, DHEID Python D N—=2 a YTl iREXANVT FRADAD __slots__ . TARAZ U T X,

__getattribute__ () . ZI7AXY v K, ZLTHINAY v FED Python OHFr LW, ZikiatkeE
FHTEE L

object (A7 Y= b) KB (BIESCMHE) LERINLREIEEN (XY v F) 222 TOT—%, b LI
LTD HRAEAINITFZ OFMOEES FADZ L,

package A Python module which can contain submodules or recursively, subpackages. Technically, a

package is a Python module with a __path__ attribute.
reqular package ¥ namespace package S L TL X W,

parameter ({5 1%) HAMTDOFEART B (2 AV Y F ) OERICBOTHEENZIT 2 Z518 245EL %
T R S S D 5

o MEBEXEIFF—T—F: IB THEIWE F—T7—F3H 2 LTHET I TEL5IHERELE
Fo ZHUFZE ZIELLTD foo = bar DX ST, 77 4L b DRFIBOMEIETT:

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

o NEBEHHA: MBIZL->TDAGZLNZIGIBEIHREL T, NEHEHDOTIET BEERDT KDV
APMDHTZENLDHRAIC / REDDIIETERTEET, HIZIETED posonlyl ¥ posonly2
EAEEAS IR D £3
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def func(posonlyl, posonly2, /, positional_or_keyword): ...

o F—U—FER ¥F—V-FNZLkoTOAERALNL5REEELES, ¥—V—FEHDTIEZ
ERTELEME. BIZELTD kw_onlyl ° kw_only2 D X 512, BEERDIRGIEY A M
GO ERMBET I E 723D + DRTT:

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

o BAERME: (RORGIETEICRT SNAERDOMES IR A T) EEOEBOMES G 2
LNB I EEELET. ZDEIRIRGIEE. LT D args D & 5 IRGIEA DN * 221 %
CETERTEET:

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

o FAIERF—T—F: (MORSIBKTRICZY 5NEEDOF—v— FEIBUSMZ T) (EEOEED
F—U—FEBBE5EZOND I REELE T, 2D XS RE5FIEE. LOBID kwargs DX 51
IR DR **% BDIF B TERTEE T,

REIEEA T a Ve RHEDEIBOELLBIETE, A7 a o577 + L MEDIRETE
S

RE1% . FAQ @ FE5IH K5I DE NI T H? . inspect.Parameter 7 7 A, function 2
Yar, PEP 362 ZBHL TS0,

path entry path based finder %3 import § 2 €Y 2 —)VZ2ET import path LD 1 DDEFITT,

path entry finder sys.path_hooks 2% % callable (D% D path entry hook) 23R L7z finder T3, 5 %
SNTz path entry WHBEY 2 —NE BT 2 HEEZH > TVWET,

NRALY M) =T 74 Y EPFEETZ XY v FIZDOWTIE importlib.abc.PathEntryFinder %%
L TZE W,

path entry hook sys.path_hook V 2 MZ& % callable T, $HEI N7z path entry CHBEI 2 —NL%ER
DU B HFEZRF - TWBIEEIZ path entry finder 2B L E T,

path based finder 77 /L kD meta path finder ® 1 2%, EY 22— D import path ZHREBEL £5,

path-like object (path-like # 7Y =2 ) 77 AV AT LNRRA%ERLE T, path-like ¥ 7Y =27 Mk, <
A%RT str ATV 27 bR bytes 7P 22 b, %703 os.PathLike B M a L 2FEE LA T
Pl bDENDTT, os.PathLike B ha L ZHK—-—FLTWVWELFTT =7 MI os.fspath()
EREOHSTZ LT str £721% bytes D7 7 A LT AT L RACEETE LT, os.fsdecode() &
os.fsencode() IZZNFN str HZWVII bytes ICRDDERAT 2DIHEZEF, PEP 519 T&
ASNE L7,

PEP Python Enhancement Proposal, PEP (%, Python 2 3 2 =7 4 IZR L THERZIRMET 2. H2 W0
Python OHHERER Z DIBERLIRIFICOW TN T 23ETLEHTT, PEP &, HEBIZOWTOERR
Ffirfak L 1R R 3 2 e Dl (FEw) ZIRR 2 NETT,

PEP &, FEREDQRRBICOH 5, 23 2 =7 4 IZ X2 MEREDOEME Python 1272 125 8T
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DXENDTD DI LM O 25 e ZHEK L TWE S, PEP 0FZHICEII2=7 41 NDEE
ERz1Ts 2. RNBERZENLT LI LDEBNDD 17,

PEP 1 22 LT ZE W,

portion PEP 420 TEF XT3, namespace package IZJB8T 5. HED 7 7 A D (zip 7 7 4 MK
HENTVWEHEAELHZ) 1 D2DF 4 L7 bV IZKEHI N2 D,

{IB518 (positional argument) 5% S L TLE X0,

provisional APl (EE API) S 4 75V 0% BIREREED HEHEIICFRA SN DTS, 2D XD
BAYE—=T 2= ANORERLEIZ, WETHD SN TOVHHIIHIFS A TOERAD, I 7
HICL o TRHEe AR IR, BITIEEIRLEE ([ X2 -7 2 —ADHIRETEEN ) M Thh
ZET, COXIBEFILRLAIITONLEDDOTIEDD FHA — T4t API ZHAALENIXRE
EENTWIERBRRMEIPBE L 2ICOATHONE T,

BE APT 12OV TH, BABHMOLRWERZ THREFR LARINTHETS, MERHPIL .
e T RITERB IR ZR T RNETT,

o7tk b, BHES A TSVREEL 2374 Y —ICEVWHB LA 6L el
RREB X TELLZHIT SN FE T, FHillk PEP 411 2B LT 723 W,

provisional package provisional API SR LT EE W,

Python 3000 Python 3.x VU =254 D=y 7 3*—ALTT, (Python 3 PREWIERDFE - 72EHIZ/ES
NSETT, ) "Py3k” XN ZZdHDHET,

Pythonic D FFET—NLE 2 7 TELNIza— FTIEA <. Python OFHC—INR A 74 4 2120E-
72EBEZHRa— R, B2, Python O—&NEA 74 4 L TlE for XEMH->TAT I TNLDFTRT
DBEFBIWIZE->TL—TLET, DZL DFFEIEX Z DM AIZZ VDT, Python IZENLTWARWA
BRODICHED A Y v =25 0d LOLERA:

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

ZAUTH L. Ehwiz Pythonic 72 Akl

for piece in food:

print (piece)

qualified name (Bffi%) € 2 — 1D 7B — LR A=T N6, ZOEY 2 — L TERINL T TR, B
XYy FAD, 7 SRR Z2RT Py FEELTT, PEP 3155 TEBEINTWVET, My LD
B o ATIE, BHigEA 727 bOKRTIEFRLTT:

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

pass

>>> C.__qualname__

(KDR=I1Z%i<)
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(FiDR— 25 D %)

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

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

EV 2 NAAOBHTHONS . TEEMB (fully qualified name) IZTXRTOF NS r—I &L
2RO Ky FAKREE, HlZ1F email.mime.text ZEKL F 3

>>> import email.mime.text
>>> email.mime.text._ _name__

'email.mime.text'

reference count (BIRAV Y M) 2473 =227 NI T 2SO, ZRAT Y IR 01K E 2D
F 7Vl MIWEEINE T, S Y Y MIEFEIX Python ®a— F B3 EEAD, CPython
FEQDEBERBEHRTT, sys TV a—ME, Tl I~v—0MIEBEOA 727 bVOBBAY Y M E2HIS
72® D getrefcount () BIEZIRHEL TV F,

regular package &M%, __init__.py 77 A VEELT 4 L 27 U 2 LTD packages

namespace package B L TLIZE W,

__slots._ Z7FRANTOEFT, A YAXVABEDHEBEDH LN UDERL TEE, 4 Y RAX VY AFEEY
Hfr3 22T, XEVRHWLES, ZhEXfEbN27 7=y 7T, ELLIESEAPL b
Uy F—72DT, s —A, FIZIEAEVIEREL 227 TV 5 —2a >y T VARV ADKE
WKFEST 5, LVol b BFRRE, FDRVOBRZTT,

sequence (¥ —7 Y R) BEA VT I AT K BMBNRERT 7R % __getitem__() FlkA Y v Nl
CTHR—IL, BEEEIRT __len__ () XV v REEFRL iterable T, HARAAS —F7 > RN
¥, list, str, tuple, bytes REVH D £, dict I& __getitem__ (O & __len__() dH¥KR—-F+L
FIH, MROBRCEE TR MEED immutable ¥ —%2H 5728, > —Fr Y ATEHELITYEY
7' (mapping) £ ARENTVEDTHEELTLEE 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—FTEHEIZ—2>DFIBDAENC L HBEIREANE T,

slice (RF7AR) R =T VR O—HEELATI 2T b ATA4REZ, BFEREL [1 TH2LNHE
BoFoicaaryzEL e TELNE T, IR, variable_name[1:3:5] T3, AN ((RF)
B slice A7V =7 b EWETHHAL TV E T,
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special method (FiFkX Y v V) & 2BNTRIE O#FME, Bl IR 2§ 5 7291Z Python 72 RGBT X
NBEXYy ¥, ZOEEDXY v Fidk, XYy FHORIIERRIZT VX =237 2 DHRDONTVE
o FFREA YV v RIZDOWTIX specialnames TSN TWE T,

statement () SXIZAA —F (2—FD” 70y 27) CRAIRAEETT, X X »F—7— KoK
NEZBDODELLMTT, BEICIZ if. while. for 23D D £,

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

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

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

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

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

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

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

the sequence of bytes is known as ”decoding”.

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

encodings”.

text file (7FALT774L) str ATV 27 b EHAFZTES file object TT, LIFLIE. 7F A7 7
AVEFERIIAAL MEFRO T — XA MY =27 272 AL, THFAMIY =T« 27 2HIMICAT
WETS, 7¥FA M7 74 VDX, sys.stdin, sys.stdout, io.Stringl0 4 Y AX VAR E T ¥
ARME=F ("' or 'w') THWREZT7 7 4L TT,

bytes-like 7T T b BRABETEBZ 77 ANVF T 27 MZOWTIE, NAMFUT 71l 35
JRL T,

triple-quoted string (=& 2 # — FXFH) 3 0D#EH L /27 +— biEE (V) 2T RA b T 4 — () THE
NI LFH, BEED (—E) 74— P XFINCHARTREATE 2 XFINEVIEH D TEAD., O
OHHTHHATT, 1002008 L77 +— BRI AT —THLICHEL P TEETL, AT
M (\) 2HELRL TOEBITICE LD 22D TEZDT, FFaXri—ya ryIFEEL
RRCREICERI T,

type () Python #7927 bORUIA T 2 7 I BEDEIBRDDDERODET, HHLWE AT 7 b
WBEIZF->TVWET, A7V 27 ORI __class__ BHET7 72 AL%ZD, type(obj) THIFL /-
hHkED,

type alias (B A V7 R) BORIAT, BE2#ATFITRALTERL £3,

MY 7R3 B b Z2HEMET 20ICEHTY, HlZI:
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def remove_gray_shades(
colors: list([tuple[int, int, int]]) -> list[tuplelint, int, int]]:

pass

CHERDESITEDFHAR TS TEET:

Color = tuplelint, int, int]

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

pass

FEREDFID D % typing ¥ PEP 484 2B L T 230,

type hint (B> b)) Z8 77 2EMHE. ORI X —-X0RDEOMRFENZTZIEET 5 annotation
T,

Al ¥ MIMETIEZ  Python TEHHITIEZH h TRADN. BRI Y —LIc o TEHTH D,
IDE ®a— Ffiise2 V7 7 27 &) U 7OFFTICkD 5,

Ja—NVEKR 77RAEME BET. a—F LV ZEBHTRVWIDDE ¥ M typing.
get_type_hints() THUSTZ %7,

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

universal newlines 7¥ X MA MY —LDRED—DT, LITOINRTEITREZML FI: Unix DITR
HE '\n'. Windows OHE '\r\n'. FH\ Macintosh DIE '\r', FHEICOVWTEHL X, PEP
278 ¥ PEP 3116 . X 5IZ bytes.splitlines() B L T2 X\,

variable annotation (Z¥(7 /7 — a2 >) ZHbH20IE7 7 REED annotation o

ZWDHHNE 7 7 ARMEICHERZH 728 23, AARDRERTT:

class C:

field: 'annotation'

77— a id@EETEEYE 0D ET: FlZIX. ZOZEEL int DEXZIS Z &
PRI TVE T

count: int = 0

BT 77— a ¥ ORI DWW T annassign ST L TWE T,

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see

annotations-howto for best practices on working with annotations.

virtual environment  ({RAEERER) HAANICYI D BES M FEITRE TS, 242X D Python 2—% & 7 7Y
r—aYFRICLY AT L ETEHNTWA MO Python 7 7V 7r— a Y OXEENCTHT 5 Z 272 L
Python /$v 5 —Y DA YA F—A L EHEITS 2 L HTEZT,

venv 2SR L TL Z& W,
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virtual machine (A~ Y) ZR/IZY 7 PV 27X DERS N2 ¥ a— &, Python DR~ >~
F. AL ba—=Fary LI L N1 RO—F 2FEITLET,

Zen of Python (Python ®1&D) Python ZHE LA T 2 L TOEZ X723, Python OFGFHFEAIL H¥E%
YAMILEDBDTY, fiE7n > 7 b T "import this” ¥ $2L DV R M EHDET,
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CORFaAXYMIDOWVT

COFFaXyME Python D FFaX v 2FEZEHNE L TESLNAL FXFaxXy ooy oD
Sphinx Z#H|fH LT, reStructuredText B DY — 2 54EMRXNE LT,

FFaxXx>bezoy - #HoOBREIX, Python B L FRRICTEEICRI YT 4 7TOEHNTT, b LHKREN
B LWL, YO LI TRIEEWVHNIZDOWT reporting-bugs R—I 2 ZEFE W, HTILWLWKRT VT 4
TIXVWOTHEI T GRIEF: HAZEROMEICOWTIX, GitHub E® Issue Tracker THEZ BEWL
i‘j—o)
2RI %
e Fred L. Drake, Jr., £V L ® Python FFa XY Y —ilty FrOIERET, FFaXr D%
CzEXELL

e the Docutils project for creating reStructuredText and the Docutils suite;

e Fredrik Lundh @ Alternative Python Reference 7022 =7 b 225 Sphinx 32 D74 T 7215 %
L7,

B.1 Python RF¥aX> b+ BEtE

%< DF 4P Python §if. Python #5475V, ZLT Python F¥aX>7—>a YIZHBLTL
NTVET, V—REMYD Misc/ACKS 12, ZRHEBML TSN AL ZEARNTTIEH D 30V X b
7y 7L THHET,

Python 2 2 2=7 4 25 DIEHRBE L BRI ZDORBEL LV R Fa X v 7—rayidEFhEEA
Tl -HhHHLS!
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C.1 Python DFESE

Python (& 1990 D4, * F >~ X2 H % Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
ZH) T Guido van Rossum I & 5T ABC &IHIN 2 SiEOBMSEEL L TEALINE L, Z0HEE
L DAN4AD Python ICEBAL TWE F2, Guido 1345 H T Python B{EE DI > TVWET,

1995 4, Guido 1 &KEY 7 =Y =7M 1L X + > i2dH % Corporation for National Reserch Initiatives (CNRI,
https://www.cnri.reston.va.us/ ZH) T Python OBFIHE DD, W 2HrDNN=YarE VIV —-RALEZE
L7z

2000 F 3 H. Guido & Python @ 2 7B¥F — 41 BeOpen.com 2 D, BeOpen PythonLabs ¥ —
LEFER LU E L7z, FE 10 H, PythonLabs ¥ — 41 Digital Creations (i ® Zope Corporation,
https://www.zope.org/ ZH8) 12D ¥ L7z, 2 LT 2001 4E, Python B3 25N ELIRE T 272D
FEEFIFHRE Python Software Foundation (PSF. https://www.python.org/psf/ ZH) 23256 B L7z,
Z D ¥ % Zope Corporation 1 PSF OFBEBICkD £ L7,

Python OV VY —R@3ETH -V V- (=72 YV —RXDEFKIZ https://opensource.org/ ZZHRL T
EEWV) TH, BERINICAT, T —HZRIZL A LD Python VY —2R1& GPL A#IZRo TV T; %
VY —ZARDVTUIFTRICKEDTHD £,

Jy—2 | R—=2 FEEE FEF) GPL Hif:
0.9.0-1.2 | n/a 1991-1995 | CWI yes
1.3-15.2 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 DU 2.1.1 2001-Bif£ | PSF yes
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FMR: TGPL Aty 25 ERBIX, Python 78 GPL TEHHAZNTWBE 2 WHEKTIEH D £ A, Python
D4y RAFLT, GPL 2BV, ZELEANA—Y a VERMATARICEEL2F—F Y —RI2LRLTH
PEVWERA, GPL HE:F DS A4 Y ZADF T, GPL TY VU —X2ZNTWABflidY 7 hY =7 & Python %
MHAeEbELNETY, ZNLHD T4 LV ATIEZSTIEDD A,

Guido RO T, TNHDVV—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 3.10.13

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

3.10.13 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 3.10.13 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 3.10.13 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 3.10.13 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

3.10.13.

4. PSF is making Python 3.10.13 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 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, 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 3.10.13, 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 1% L)
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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=STRER)
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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 3.10.13 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 1% L)
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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, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

without specific prior written permission.

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

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

(RDOR=I1ZFE )
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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 <)

112 1% C & B 1€



Extending and Embedding Python, U J—X 3.10.13

(FiDR— 25 D %)

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

(RDOR=1ZFE <)
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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 f Y Z— 7 2 — AZOWTDROEHNEEATOVET:

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 https:
//web.archive.org/web/20220517033456 /http://www.netlib.org/fp/dtoa.c. The original file, as retrieved

on March 16, 2009, contains the following copyright and licensing notice:

[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

ROR=STEER)
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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

ok ok K K 3 ok oK oK K 3 oK oK oK K o ok ok oK K o ok ok oK K 3 ok ok K K ok ok K K oK ok oK K K K ok ok Kk ok ok Kk ok ok Kk sk ok ok ok k ok /

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

RDOR=I 1% L)
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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

RDOR=I 1% L)
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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,
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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 FDHDICESEET:

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=I1ZFE )
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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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C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its

author.
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