Extending and Embedding Python
AITHRZA 3.13.0rc2

Guido van Rossum and the Python development team

LA 19, 2024

Python Software Foundation
Email: docs@python.org






Contents

1 Hetd s —=Ji TR 3
2 AN =05 eI e 5
21 R CELCH P EPython . . . . . . e 5
211 — AT . 6

212 XTFEEREFISEE . o 7

213 BEIGIT . . 9

2.1.4 FEHOFVEFEMWIGALEREL . . . . o o 9

215 GERIFEFIEEEE . . . 11

2.1.6  7ECHEM Python BEEL . . . . . o 12

217 REPREBREUNSEL . . . e 14

218  BYIRHEEERTESE . . 15

2.1.9  MIFEAEEIE . . . . 16
2110 BIFFFEL . . . 17
2111 FECH TREP R . . 20
2112 BPIEAHERAE CAPL . . . . 20

22 HENY AL HEE . . 23
220 BT . 23

222  EAIRFIGINEIERTITE . 27

223 PSTTEGRBEIERERSNIESR . . o 34

224  TIERERRBIIZEIA . . oL oL 39

225 FHALEMZERL © L 44

23 ENYIEAEA: AT 46
2301 BEEFINTEREI . - o o o o 49

232 MTBIETR 50

233 JBEAETE 51

234 TBILEE . 53

235 HGPRIEEE 53

23.6 BB 55

237 HZENL . 56

24 MR CICH TR o 56
2.4.1  ffijf] setuptools #E C FIC++ P RE . . . . . . 57

2.5 FEWindows FHZECFI C++ P . . o . o e 57
251 SERESCIERH . . 57

2.5.2  Unix fl Windows Z[EJIIZE5E .« . o o o o o 57

253  DLL BRI . o o o e e 58




3 AESRI IRk A CPython a1yt 59

31 FEHENHETFHA Python . . . .. e 59
311 EFERBHRA o e 60
312 EUEEBEWIABINS: ARIA .. 61
313 HAMHRA o 61
3.1.4  SHBA Python THREHEATHRE . . . . o 63
315 FECHHHRA Python . . . . . . . e 64
3..6  FEFE Unix BREEHIFMBEE . . . . . 64
A AR 67
B SCRfBEW] 83
B.1  Python SCESIUTTERE . . . o . o o e 83
C Py iyl ik 85
C.l BRI 85
C.2  FREUEGAHA 7= A Python BUACERFIZAME o o o 86
C2.1 AT PYTHON 3.13.0rc2 [ PSEVFTIHMY « o o o o o e e e e e e 86
C.2.2 AT PYTHON 2.0 ) BEOPEN.COM ¥Rt . . . . . . ..o oo oo 87
C23 JHF PYTHON 1.6.1 B CNRIFRTPIMSL . . o o e 88
C24 fFPYTHONO09.0 & 12 CWI RPN . . . o o o . 89
C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.13.0rc2 DOCUMENTA-
TION . . . e e e e e 90
C3  WSRHAFHIFRI ST . o e 90
C.3.1  Mersenne TWIStET . . . . . . . v i v it e e e e e e e e e e e e e e e e e e e e 90
C3.2  BIETF e 91
C33 BEEEFMS . . . 91
C3.4 Cookie F5HH . . . . 92
C3.5  PUTIBEE . o e 92
C.3.6 UUencode 5 UUdecode BREL . . . . . v v i i i e e e s e 93
C3.7 XMLIERFEREA . . . o e 94
C.3.8  test_epoll . . . . . L e e e e e 94
C3.9 Selectkqueue . . . . . . .. 95
C.3.10 SipHash24 . . . . . . . 95
C3.11 strtod FI Atoa . . . . . o o e e e e 96
C3.12 OpenSSL . . . . . . e 96
C3I3 expat. . . . . . ot 99
C3.14 Lbfhi . . . e e 100
C3.15 zlib . . . e e 100
C.3.16 cfuhash . . . . . . . . e e e 101
C3.17 Hbmpdec . . . . . o e e e e e e e 102
C.3.18 W3CCUNMEREM .« . o o e 102
C.3.19 mimalloc . . . . . . . . e e e 103
C3.20 aSYNCIO .+« v v v v e e e e e e e 103
C.3.21 Global Unbounded Sequences (GUS) . . . . . . . . . . . . it 104
D RN 105
#ul 107




Extending and Embedding Python, & {ThR4x 3.13.0rc2

ASCRHA T C 3 C++ G B R A HT AR Y B Python f#EREAR I TN RE. X LEBEHUA AR PARE
SCBTE ek %L, ] PAsE SCBT IR I RT3k SO fIA T anfarff Python AR SR A E 75—
REFh, AR G S . 5, BROR TR aEey ity AMEEI AshSH (ZEztrims)
HENERES T, WSR2 B R G SR IR 3

ARSI AREL AT 5% Python FEEANAIH . A Xi%1EF FAEIER N4, 52 tutorial-index , reference-index
A T EIERAIES E Lo library-index 5 BAA RUXT S 2R, BRI (PYE A Python 275 ) K SCHY,
fVES HA T 2N HTER

KT H#&AS Python/C APIL FTEGIAN 2, 55 RS IY) c-api-index .

Contents 1



Extending and Embedding Python, & {ThRZ 3.13.0rc2

2 Contents



CHAPTER 1

HEHFHNE=ATH

AIEE NG TR L CPython HUANH — o S fitr B g EA T.H . 26 =77 T.H 4N Cython, cffi, SWIG
A Numba it 15 iy Bl 5 A 1477 0K O Python @17 C Al C++ §7J&.

S0

Python Packaging User Guide: Binary Extensions
“Python Packaging User Guide ” AUz 7L R AL b H4 REIERW T H TR, e T h4
T e LA A R o



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

Extending and Embedding Python, & {ThRZ 3.13.0rc2

4 Chapter 1. ##HEME=FTH



CHAPTER 2

MERE=ATIEREIZY R

AN B X — AR AR TR 2 =07 THATIIR RO T8 C Ml C ++ 9. B FRA T XL TR,
AR BAREIE A T C 3Rk

2.1 {#f C g C++ 3" & Python

WRARE R C, WIHTRY Python P BEEHRAMRFE ., LR PIAFAEER Python B, W LA extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

TSR, Python APT (W HRRFAmAidi 1) 5 LT —RINKE. ZAAHE, FLATI Python jZ4 7 £
LR TR F A% . Python [ APT W] DAEETE—A C¥ESCIFH5I A "Python. " KICIFRAM .

PR 4 S 07 B S AR H A R GEBE R R HE T SN2

ik

C " J&# O Fidi CPython, ¥ A ICIATEH Mh Python SEH ETAE. AERZHAFHLT, Miksis C ¥
FE, RORFFRIRSAENE. 220017, WRREH BN T C ESAGEM, IRMIXF B ctypes filk
o cffi fE, MARHACE C B, XEEER VRS Python fUfgRE 0 C AU, MHARAEMEL. A
AT RN T
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211 = MEBEBF

EFATE MBI spam (Monty Python 3 22 i B4k 1K) EL4)...) H HARZLRI R C BRI system ()
¥y Python % 1 o iX R A2 — 4~ LA null Z5RAYFAFH SHOF IR [l — 4% F A4 820] PAZE Python A11A
AR 75 A e R

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

BB —1 spammodule.c XfF. (4 E, W —ABIHN spam, WIXF R SEHE R C ST
spammodule. c; JIRX ML FAEE K, Ll spammi £y, WX SO PLE MY spammify . c,)

A TR A

#define PY_SSIZE_T CLEAN
#include <Python.h>

X2 Python APT (URAREEX, AR AT LATEIX LGS IR i H ARAUSAL G B HERR) o

ik

T Python AJ §E< i X —SURETEHE L R G0 g ma bRtk SO R AL s 2 S, PR TR B S AR AT A i =k ¢
2w, ¥R LRIE S Python. h,

#define PY_SSIZE_T_CLEAN #f K 35H] Py_ssize_t W 4HEF L API % int [Hif]l. BM

Python 3.13 ;EE AL, (HILANRE EM T M FARA . 2 arg-parsing-string-and-buffers K% ZE Y
Ik -

B 7E Python . h HsgE LRSI ] ILRYFF S8R HAT Py B PY BIZR, EAEARESL SCIR i CRYARLERRAb . 5 &
FUEAM M, kT HAE Python RS P ), "Python.h" AL T —SARMEL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>. QURGHRK TR ARG EAAE, BRSEERK
Frmalloc(), free() f realloc().

TNHEAIN C pREEN YRR, 2] spam. system (string) WFEMURIEE, GRATRESERITEN):

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

const char *command;

int sts;

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

sts = system(command) ;

return PylLong_FromLong (sts);

}

A HBRRS BRI GEMPIT, B "1 -17) BB &SRS C EIMSH. C REEEAA
B, A TIE self P args .

SPRLGE AR, self ZAEIBIARTS AT 7 S k5 520

args ZHULHGIH— Python fy tuple XF G IS5, I 28, A4 tple TN — MRS XS
Bt A#512 Python X4 —— BAEF AR C 08 8RBT S b B 6400 C (L. Python API H i §
PyArg_ParseTuple () £KASERAEHIESN C (. © (T BT e 0 7 SRS 3R DA B
RS ) C ASTRA . AR R B

AR D B RAEARERER os BT, 3k BV — AR BRI EL R T
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PyArg_ParseTuple () {EIE SEEA EH28Y HAHL 80823 #5005 HCHE A4 3 100 ke iy sk BL R, 3R [ B
B, HIEEANTCRASH R IR (), FEEE0 B, iSRS, AR B 5T LB AR ]
NULL (H5t 2 617 B L)

2.1.2 XFHRHFE

#/~ Python fFRERR RALAH — DU R RTiA M EEMG . Y— D REus T R, BN YRS 35 R
R AR GEF N -1 30 NULL $84F) . o5 BRI R ARSI = A R . QSR
WIEATME N NULL, FEHABE I B/ sys.exc_info () friR[EIf#) Python JTTAH ALK C XM Y. B
T AR RE A, SR sL B BT 5 o BRAR AT PRARET 12 AT 9 A% 33 1 FE 35 EE 2L

Python APT H1 g SC 7 — 48 s 0K 15 BHX S0AR &

&% W B & PyErr_SetString (). H Z 2
PyExc_ZeroDivisionError XFEMTIE X X%, C
FREEXT AT ST BRI

BH—1E A EEZ PyErr_SetFromErrno () , {UIEZ—NRENER, REMROSIELE R &® errno
. ORI EREUE £ PyEre_SetObject () , WAPINERL, A BUNFRRAEMBRMIA. (AL
M Py_INCREF () HfNA% i85 H b s O S HO R 05 | T4

YRATPAE I PyErr_Occurred () FEAGE MBIARI I OL M RE M ICE TR0 . XRFR ERY B, o
AR A SR 8] NULL. AR % AR 2R PyErr_Occurred () KR KB g A4 T 4
e, PUAIRBOZBEM IR MHE A ok

YRR f W5 — e B g WSR2 A T, f 2 SR MERME GER N NULL 8 -1). B
AR RA PyEre_* pRA-— XRRC LY g VAL T f AU RS B8 2408 [0 — RS BORARR €
AR, [IRE R PyEre_*, MKLIEHE — SRR AR SN © 28 i S el B e Ry s et 17 —
HIXAEERE A Python fFRREEAY LIRS, B4 b 1LY HTHATHY Python fURSF 22kt th Python F2)¥ 53 i fit
SE I SR AL B -

(FEH LU DL T BB SRRl i R L PyEre_» sBORSG BN IS DN B, FF B 0L T
72 1] AR o (EZ 3% IR — B, SR A BN, AT RESECH REFREE R K KBHRESHT
RGN )

REUCEL 20 b — 1> R W) bR B I BB B S, SRR AR AGE S PyErr_Clear () BaCHLBEIE B .
C RGN 4T PyErr_Clear () MIME—IE LIS IR G AR R L A R e R A e et 3 Ok ab e
(TRl s, SUR A HAY) .

R RMH malloc () HHBHHEG N —AFH5. malloc () (8 realloc () ) By B H U FH & L 211H H
PyErr_NoMemory () iR IREHER . Ira XSO 2R (Fl40 PyLong_FromLong () ) E&XAM T,
FrPAIX AR AU FE A malloc () WIIHHL.

WHERERE, BT PyArg_ParseTuple () FEERFISL, 2R [FEEHCIR DAY & HGHE 5 #S 2 1R 1] 1IE(H 5K
FORFTRILT, MPA -1 FRKM, nlF] Unix REHH-—F.

JE, SRR Bl — AN RS R A I B B IR GE IR E £ A @ WX R AT Py_XDECREF () &
Py_DECREF () #iH)!

TEFET] MBS ¢ o8 A U T AR 3 8. i G Python [N & 53 R A 6F I /Y 15 75 B C X4, 31l
PyExc_ZeroDivisionError, fRW PAE M A BN, M, RN Y MEREFE - AEHH
PyExc_TypeError JXE/R LI TLIEFTH (ATREMN % PyExc_OSError W) o QRS HFF£A 1
A, PyArg_ParseTuple () HEUHE 2G| K PyExc_TypeError. QIRARA B — DS HAELATERFE L
@Wﬁ%‘fﬁﬁﬂ/ﬁ\:{m%1¢, Mﬁﬁﬁﬂ% PyExc_ValueError,

PRALAT DA AR AR SC— N ME— R B 7 b . 5 SR SCPF R A P — N Sx e &, e

5 CFRFh. RHA L —BRY
FAFEHWI SRR, R o — > Python

[static PyObject *SpamError;

21. {#EH C g C++ J'J& Python 7
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HAEBHBI R ALK (PyInit_spam () FFFAF R F X GO HA TR 1

PyMODINIT_FUNC
PyInit_spam(void)
{

PyObject *m;

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

SpamError = PyErr NewException ("spam.error", NULL, NULL);
if (PyModule_AddObjectRef (m, "error", SpamError) < 0) {
Py_CLEAR (SpamError) ;
Py_DECREF (m) ;
return NULL;
}

return m;

}

= 1Z 5 5 XL ) Python 44 ffh spam.error., PyErr_NewException () pREUTA] PAG) & E N
Exception 2 (BRIEMG AT 55— i A& NULL), 40l bltin-exceptions HFTHliiA 19 .

TR spamError ZAERE T — X QIR RG] e A ENZH! BT Ea RPN RA
PSR P I, PR IR B — 5 I AR R E A S BE ST, I FE SpamError Mo —1 %
AR WRRE R AR SR, WEI %R ER C U] fE & S B O i sUHAR T 2 SN B 52
] o

AFEGIRE 51118 PyMODINIT_FUNC 24 B AR M AU HIIA

NAEY A PR ] PyErr_setsString () HK5|K spam.error A, MR

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);

8 Chapter 2. FERSE=HTANRI R
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2.1.3 EFHIF
[ EVHTIR AT, AR AR A

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

WRAESBY R PR B 4515, BRI NULL (GZ{H & 1R b4 5 45 5 0 o6 Fn 85 iR 48 n), X e 1
PyArg_ParseTuple () WEIFHE . TEHAMEL N SEFAFBRE 2P DL 2R A command., X2
— D FEERAE I HARAS A% AE BB BT 48 a0 #4558 (R LAEARIE C 1, A8 & command B 248 iE A 7= B
const char *command),

T—ANEA ] UNIX 2GR system () , HZiBAMKISEZEN AN PyArg_ParseTuple () HUH:

[sts = system (command) ; J

FATH spam.system () M AL A1 LA Python XF & 1 B X ik [0 sts By fH. X 2 i i i 1 R %L
PyLong_FromLong () SEH.

[return PyLong_FromLong (sts) ; ]

FEXAEOLT , SR — RS R , (X RGSAE Python e HL A H) .

AR — AR HSE0) C s (BRI void L) , MIXSLY Y Python eIk [H] None. 4R
W XS (F it Py _RETURN_NONE %2R S2HH)

Py_INCREF (Py_None) ;
return Py_None;

Py_None &k Python X}4 None FiXf [ C 4 FK. B2 —A~EIEM Python X4 i A& NULL $5%, a3k
T, EEERZE LT PR EWE “HR7.
2.1.4 ERFERDDIGERE

PRI B KRR A A Python 27 HH ] spam_system () . 145G, WATFELE “HER” PIIHE
Y44 FR AL :

static PyMethodDef SpamMethods[] = {

{"system", spam_system, METH_VARARGS,
"Execute a shell command."},

{NULL, NULL, 0O, NULL} /* Sentinel */
bi

HEFE=ASH (METH_VARARGS ) , XMRiEfgE @A C A B 6Il. F3¥E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

TR BBl ) METH_VARARGS , BR £{ £ %% F Python f% 3k tple # X 1) 2 #, H & & 1)
PyArg_ParseTuple () #Ef7M#MT.

AR B 2O O B S BUAL 4 ik R RO T DAFE BB S A F B i B METH_KEYWORDS M 4F 7. 1E
WAE LR, C MR Y8232 55 =4 PyObject * B Z, ER A —THXBFHRYFMH, FH
PyArg_ParseTupleAndKeywords () F¥-SEfEAT N KL

XA IR AL ITRIE LR BT -

21. {#EH C g C++ J'J& Python 9
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static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
=i, /* size of per-interpreter state of the module,

or —1 if the module keeps state in global variables. */
SpamMethods
bi

XA EEF AL TAHERLIR W A A R RO T A i 2 AR - WA PR KA 6y %04 Py Init_name (), Ht name
SEBIRII AR, HF BRI b E L ME—FE static % H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

VPR PYMODINTT_FUNC #FM¥ENIY Pyobiect * T, P T V-4 FTEsR 60 FE(THEFR HEHeS ],
AT = C++ R EGE BN extern "C",

24 Python F&J7 1 IR F A spam BiEE), PyInit_spam () RRgIH. (F Kk A Python RS LR 3C. )
‘BRI PyModule_Create (), %EA(S R — PRI} G, TR E P RAIME (—4
PyMethodDef ZERIHLL) 1 N B RBOT R IBA BB . PyModule_Create () iR [A[—4 4§
)8 TR BT G 185, BT RES SRR P B R AR 1k, s AR TE Y B AR AL SR (]
NULL. ¥R eR AR SR [l A 2R 2, MBS HE A S sys .modules Hi,

Yiix A Python i}, [RiE PyImport_Inittab ZHHLKH, BMALHIWEA PyInit_spam() L. %
PRI BRI iG b F T, W PyImport_AppendInittab (), A[3ESERH G T AR

#define PY SSIZE_T CLEAN
#include <Python.h>

int

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

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&confiqg);

/* 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 argv[0] to the Python interpreter */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

/* Initialize the Python interpreter. Required.

If this step fails, it will be a fatal error. */
status = Py_InitializeFromConfig (&config);
if (PyStatus_Exception (status)) {

goto exception;

&)

10 Chapter 2. RERB=FTAEIEY R
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(% L350

}
PyConfig_Clear (&configqg);

/* Optionally import the module; alternatively,
import can be deferred until the embedded script
imports it. */
PyObject *pmodule = PyImport_ImportModule ("span");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

}
// ... use Python C API here ...
return 0;

exception:

PyConfig_Clear (&confiqg);
Py_ExitStatusException (status);

ik

ZM sys.modules IR SLARE A B 4 RIS — b L 2R ds (BT £ork () T
exec () ) RFE— LY AR BRI R AT ATERI IR (0 B R S A I 4 HH 2

L TR I SE i) 5] 1[5 1F Python YRS A f LAY Modules/xxmodule.c W, 0] PARE A ER
TR B 22 I A0

ik

AMGFATH spam Bl T, xxmodule il T % M #1451 (Python3.5 FF45| A\), PyInit_spam iR [H]
—A~ PyModuleDef Z5#41k, SR )50 EAHE S AMLE . 41752% PEP 489 ()£ M Btoliaib.

2.1.5 fmiZfnsEks

TEARRECE RIS MY e Z A, VRIETEEAMPIE S flH Python RGEALIFMBER: . U RARGE I BhZE N
B, X T AR AR R GRS SIS A5 R S5 i R Y (103 C/C++ 7
AT), PAKTE Windows B4R EHBIMEE (& Windows EA3E C fo C++ I & 1)

WERARAEE R SN, B8 BB UR AER1EN Python fERERR A —IR 4, BLUAME ML E KE, &
B RRERY . B ETE Unix BARFTE, HFFEHEARI) LM ( spammodule . ¢ S fl) HCTEfR T 48 JRAS &1 T
) Modules/ HZEF, #M—47%] Modules/Setup.local JEHEMIRAY 4

[spam spammodule.o ]

SRGAETIZ H 51T make SRHEHABHRREG: . JRILWT PATE Modules/ T H R make, {HUZRUAZSEH
## Makefile (fF, SAJ5izfrmake Makefile’ fiy%. (VREFIIEE Setup SUPFRRTE ZOXFEHRAT )

WRARA TR SR BERE, XLE N AT DS IR E SRR, 2855

21. {#EH C g C++ J'J& Python 11
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[spam spammodule.o —-1X11

2.1.6 7£ C hifl [ Python %}

245 1L, FAT—EACE R T ik Python 1] C eR%l, HSLRGdRARA N, W2 C iR Python pg
o XAERAR P ICHA . WA CHE O RIA, BB I A [P -

SEIsfE, Python fREAR 2 LR (1A, H-45451E Python sECHR I TARMER: 11 . GXELAUA PR AT
Python FAFH AR AR T2, WIERA 4HR A PAZ% Python/pythonmain. ¢ F1fY —c Ay A7, )

i il Python pREAR I H, 15 5E Python A7 244 1% Python sRECN G . WIRFRHIEA %L (BH A% 1) SRSLHL.
SRR E 42 R B ARAT Python pR BN RINIREE, ISERA] (Py_INCREF () RIEINGIHITAL,
BN R RMEAARER . BT, AR KB R B 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 new callback */
Py_XDECREF (my_callback); /* Dispose of previous callback */
my_callback = temp; /* Remember new callback */

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

}

return result;

}

e B ] METH_VARARGS FEARHEMN B MRRESS : XRFFEAL e 7 ik 2 Ao ds 10 3 2 — T PRI IR
PyArg_ParseTuple () BREUHSEIW SR WAL B i 53 0) 54k —5 .

Py_XINCREF () £l Py_XDECREF () X A~Z2 AT 88/ /b — A S5 4L, I H 2474 NULL $84F i)
AT BRAIEZE 4 ((EIE R AEX A R SCH temp ¥$45°8 NULL), 2 A5 BES % 7] A iH4e Z7,

BEJS, 4R IR A, ARFF I C %k PyObject _CallObject ()« ZRECAP NS4, ENHET
T6%F, $8MAER Python X4 : Rl Python pi4l, MHBHF|FR. SEINRULH DR —AToHIS, HKER
SRR . BT S E IR A Python sR4l, WM& A NULL s{—A25cdl; Ea— NS E, WG A
*/I\ﬁgﬁiﬂo Py_Buildvalue () &fEHMERN PR —XF B35 NI ZA 1 2 % A0 B i [o]—A~
JCd. flan:

int arg;

PyObject *arglist;
PyObject *result;
arg = 123;

/* Time to call the callback */

&)

12 Chapter 2. RERB=FTAEIEY R
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(#z E70)
arglist = Py_Buildvalue (" (i)", arg);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

PyObject_CallObject () & [l Python X} % 4§ £, iX . /& Python & % /) & A {H.
PyObject_CallObject () J&— X H S 5] it X M. Gl FPHmcHe @ T2
B FE, HHAE PyObject_CallObject () Z )G BMEiH T Py_DECREF () .

Pyonect_callopject (| IERILIE 3" 02 BAJL AHFSG: HARCIIR, (1
iy E?W\E%EIHMETE%%%@T%J%WE* i BT AMEGER Py_DECREF (), EDHEHRT I
LENCTTINEN o

HRAERX AMZ AT, REEN— 2R AR {EAZE NULL, W552RIE, Python RIS IEIF5] K 5
USR] PyObject_CallObject () i C fUfS24E Python H A ETH i), bré[lignl_[ﬂg/\%&bfcﬂéﬂ:
I Python P, PATEMERERRH TTEDE%IEI@MQ K BEELE AT Python fURS EALBIZ e o AKX
REISAGARL, W SEd M PyEre_Clear () RIEERFH . BN

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

HHT AR AR, ARIEZAR M — S| F] PyObject_CallObject () o TEFLEEIL T SHBIH
s H1 Python R f it , ﬁﬁ%lﬂﬁ%ﬂ@ﬂ@ﬁﬁ% R AT AN RS Ef(ﬁ%ﬂ?ﬁ 73 Ih—LEI
FRTE— AR GRS BRIl Py_Buildvalue () pREUMIE wple. 280617, JREE
it — A FEACRD I AT A ﬁDTﬁﬁ%:

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) ;

V£ Py_DECREF (arglist) FrfEAC S BIAH, HEEIRKEEZ Bl SR A EHERE SR,
Py_BuildValue () FJRESMEIE NN L FSE.

REH R A R TR 2R, MR FSHOMM PyObject_Call () , FJFEFFHESHM B TS A
angn i, AR Py_Buildvalue () A=,

PyObject *dict;

dict = Py_Buildvalue("{s:1i}", "name", val);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict);
if (result == NULL)

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

K3 PyArg_ParseTuple () MYFEBIAITR:

[int PyArg ParseTuple (PyObject *arg, const char *format, ...); ]

SR arg R —PICHRXR . A Python £i#45 C AN SHBI K. format BRI ZE— X TAF
Hr, 1HIAIHZ% Python C/APL i 1Y arg-parsing. FRSHUES AL RATHLIL, FE S AT .

HEH PyArg_ParseTuple () A5 2R Python 2R, ATkl &4 fhiy C A2 &sbhk, 2R
XM, WTRESAENAFPRILE AR, /M.

TERAEAT R 2 B 0k Python X552 #5 Rk a95 115 AEEBENTHG !
— L BT

#define PY SSIZE_T_ CLEAN
#include <Python.h>

int ok;
int 1, J;
long k, 1;

const char *s;
Py_ssize_t size;

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

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

ok = PyArg_ParseTuple (args, "1l1ls", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

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

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

f('spam')

f('spam', 'w')

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

int left, top, right, bottom, h, v;

ok = PyArg_ParseTuple (args, " ((ii) (ii)) (ii)",
&left, &top, &right, &bottom, &h, &v);

/* A rectangle and a point */

/* Possible Python call:

(B30
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(% L350
£(((0, 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 LY RAMHXBEFSHN

K% PyArg_ParseTupleAndKeywords () FEHIAIF:

int PyArg ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist, ...);

arg 5 format %5 PyArg_ParseTuple () HMEJTE LI —. kwdict TEZ2AE N5 =125\ Python iz
T IR KA o il . kwlist TS 02 DA NULL 85 R IR, EHARIRIRES:; ZNELERH 5k
H formar WZEAUE DARVEEL . QRIATHZ, PyArg ParseTupleAndKeywords () iR EAH, #50i%
[FRAE 51 KA 24 ) 7

ik
IREMCAAE ] R TSRO ICRARL, A kwlist FI R TSHS FE TypeError 7H .

TR B2 T SR B TR, 352 Geoff Philbrick (philbrick @hks.com):

#define PY_ SSIZE_T CLEAN
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

static char *kwlist[] = {"voltage", "state", "action", "type", NULL};

if (!PyArg_ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))
return NULL;

printf ("-- This parrot wouldn't %$s if you put %i Volts through it.\n",
action, voltage);

printf ("-- Lovely plumage, the %s —— It's %s!\n", type, state);

Py_RETURN_NONE;

EEF )
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(# E30)
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, 0, NULL} /* sentinel */
bi

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

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

21.9 WiEEEE

XA EELE PyArg_ParseTuple () AL, FEBHUIF:

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

B AT, 5 pyArg_ParseTuple () MlF], {HE2SH0002 FAS Bk FEE G A A R EL,
AR ). 2R [ —A> Python Xf 438 & T3k 2] C BRECH H 45 Python 1414,

—5 PyArg_ParseTuple () WIANESE, JETH] AETR 2R ZK R B — 04l (Python S HLIR WAL ZFEN
TR AR I, Hean T %8 25 HoAth Python pREPAZ %L . Py_Buildvalue () AR EAEMITA, LT
1 AR & A oo, a0 SRS A7 R 2SR 9] None |, — SN B 3R FHA S EU X 4 .
WNSRERER AR S — MR 0 e, BB S — N IeE e, FEAES X FEAE N B

By M2, A2 Python {HE54):

Py_BuildvValue ("") None
Py_Buildvalue ("i", 123) 123
Py_BuildvValue ("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_BuildvValue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]

Py_Buildvalue ("{s:i,s:i}",
(BEF00)
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(% 50
"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_BuildValue (" ((ii) (ii)) (ii)",
1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

2.1.10 SR

1 CIC++ BT, B A Tiah A& BUA DO heap 24 PNAE. #E C B, il %t malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSZHUFAFAITIRE

B malloc () rBCH A B AH Y M@ i 15 4 — K0 free () BRI R R 2) 0] A7 81
free () WIHLARR EZ ., WER—PNHHIEPOSS I A A EIIT free O M, EFr B NIAAERFZ
L5 W TCIR B R O o AR W AR, S — 7T, AR A — BB T free () SRIGAD
RELA RN, EXF Sl malloc O WX ENAF RIS 7= A vh 28 . SOMAR N A &
By N o BRI R RS 5 I RVIR A —ARREEE — BOOFehE . SHRATR . ROMIBIESE.

WA EEAE A R AR TE— L5 AN DL ACRD A Bl A — DR BOR TS T INAFLAS , T 2858, SREREL
WAFBR . BIAE— S0k R R 8 25T RS XS A A B 2, AR P AR R ] 7 AR

SACAEIR AR, Febe s B g A . XA ARt —HSIA, Gl AR IR E ARG 21
B DGE R AR B, T BRAR IR ST AR BRI AU N AT, B AT (U R I A7 s Bl 3t
PREUN A SRR . L, AL EERE G A, AU AT 2 SHms o dre/ MU ISR B 2

Python jiijf malloc () fl free () W EREN NI TR, [FIAETGEEER NAA IR A BT FE 5. fhikds
MRS 7R . HSR IR B R XA & — VTR, TR 5 X R 5 | A 3 el
R, Y5 HTHECH 0 B, FORXMROCERAFAERNE LT, MEMATLAMER T .

H— AL 8 FHBEIREDk. ARG UTTBR R MR SR moms, TR X A B30 HPAX 2 M)
I S BR mIC 2 PR TR ISR free O o Ci—MMEARBCEHRESNAER A, KX IF
AXE). BEGEN C, WA RS AR Y E SRR w151 IO R AR AR S (R % malloc () M
free () BRFUEW Y, Xthig CARMERREY . WIFAEHE — R M I AR B SiBIR gy, EAEL
HIBAT S 5 TR T A,

Python i JALGERT | TR L, ALt TORERIEINES, JHDAGINS | HIPERR . X (A5 I Jo /5 1H 0 B ol )
BRI TSN, 5| TP — D5 . SR NG (TREEES) M5 T4, FPA
DEER PR XE SR T RCE A2 0. SRS | T RCE BTCIR mIOeF5 DHARFR Xt 5, S5 Wi ER
BrslHBIASR, WA BCA TR ASNRS T 1.

GBI I # BETS A I B3R (ISR PR BE IR E AT o g AR AL T — Mz d iz il #3977 3K (collect () B
B0, PARZAECE R DRI T AR A i D RE -

Python thg5| Bt #

B W% Py_INCREF (x) fll Py_DECREF (x) , £xAb¥5| HITH4ng4, . Py _DECREF () &S] T3
5O BPREHON S . AT Ry, HALSHBERA free () , MA@ £8 2 2 W REGSEEHH. AT
XANH A @A), B R RSN SRR S TR .

BORBY A EUKIE Il Py_INCREF (x) fil Py_DECREF (x) ? ATHEHIA LML E. WA N 347
— ARG, ARATA A —A SR B A%, AR s e SO S RS BIHIE &
HTALWH Py_DECREF () , TE5IHAFTRER . 5IHHA LR T A EE. A =FIpiE R E3Ha 15|
M ik, f7fk. M Py_DECREF () . micdb&E— AN HESSFENFIHR.

WATA A2 — 5 . 55 AN 1% Py_DECREF () o ff & LR RERA X S8
YA FAS IR . AR F AL B S5 A 5 A G, N iZse 4k’ .

PRE R —ABI I RAEAIESI: IH G IRAES L.
RAETHTEED N | A, SRR S W AEC SRR AR, I T RERH AR ST A
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AR T 51 AL AR AR R T OB AR AR EACRD YT, BB UL, o i AR TC 5 1H0 A S A X
Wro 5 MRS — SRR LA (U _ B T RESTEI A H AL B S R R .

M PTAZE A G I, B P8 Py_INCREF () . EXAXEHIE LA NI E RS . X8
MIETI, HETRENIEETUE Cridia & waite 4t 50, SR alia Z 90k .

HEAN

B MRG LI — BN, SRR O %R E P KR M2 B S5

KEZFRBGR B — DX LWEIH, HEEGHMAE XA B, a2 2awi, 6l
PyLong_FromLong () fl Py_Buildvalue () , &f&#IA X RALWE . IHEEXNEAZEHIERT,
PRATER AT ATRAS X S B85 | . — 5862 PyLong_FromLong () ZE9 T —NRATEM LT, I PAR M
EV AT H B35 .

W7 — PR RREF LR, WL Eg X R, flil PyObject_GetAttrString() . iX
BN G, — LA KE A B B2 Bl 4B PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () ZRERMMICH. FFE. FHE(EHE]H.

PR%L Py Import_AddModule () W£REUEMMEIH, WA TR EAIERX S XA R h— 4
BHH5] XS RAAETE sys .modules B,

YRGB —XTRE B 7 — AR B, T R B AE A . R R, Wi Py_INCREF () 3k
AR ST A . XA A EZERFISM: PyTuple_SetItem() fl PyList_SetItem() . X4t
PREIE Z AL RIMGI KR, WS KRIN! 13 pyDict_SetItem () RHEFEASEZTIHXER, fif]
= IEET).

B—A~ C pREHE Python WIHIES, S REH H RS EE S . FAEWAENSEN5IH, FreAME Hr5]
FAE i R AT AR S sRBGR 0] . R 405 05 | 75 BAE s 8, i AE eI Aa s 1, it
J Py_INCREF () .

Python ] A C eREGR [R5 | ISLs 204 5 | 1418 & RPN s R e 45 TR 3«

e B K
AOBER T, ARG HAERRICE, HAR SRR, Xl R R R, FF TR TR
TG E AL EX AT

R R INE R LR N Py_DECREF () B|l—ATERMR, MHXMWREGIH2 N B —131RKIT
o BB

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

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

ii’l‘}%%ﬂlﬁﬁ'ﬁ%ﬂ%*ﬁ‘%[ﬂ% list[0] , A8 1ist (1] NfH 0, RIFITEHMEMMTIN. BHEEILER
I, (HAIRE.

A TIRFEIEHIAIEA PyList_setItem (). SURIPANHITAZHIGIN, FILZHE 1 g0, €
WAREFFEIAH Lo AERAVRBURIG S H 1R — A e RIS, Ht— P Ri%IesE L7 —4
_del__ () Jik. WERRFEEHINGITECH 1, IAZFFERRFRTE __del () ik
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T B2 M Python @51y, It __del () JriEnl PAPATAERE Python fAA%. B 275 W PAME bug () HiX}

item PG FHAELIE? 4R AT DA REL A bug () IFIERTTABE __del () HiEVIA, BRI AIT—4

E/ﬂifjﬁl del 1list[0] MIRCR, BEXEXZMNEERIG—IKGIH, MRS 2 MH X NAE, MM
item K3,

MRPTT R, MARAIE T BRI, ATy 1 WIS G TR IR RUAS A R AR T -

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
}

o ELMEE . —MRIBRAS T Python 18 225 MBI AR L IE S, A ALE C I IR P IEs: T
RAEEISE, AFFHE A2 __del (O AR

KA ) R 55 R O R A S B R AR Rl . G H, Python SRS B AN RFETC I HE AN T I 8%
7%, WNAEAERBEE Python A4 450 . (HA A % Py_BEGIN_ALLOW_THREADS Il B Bl
XA, BEHTAREU A Py _END_ALLOW_THREADS . iXifi# FIZSAEFH 2E VO W H A1, fif5H M 268 n] DAYESS
5 VO AR AL BRES . AR, WTF RS IR Z BN —FRAY A :

void

bug (PyObject *1list)

{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL 5%t

W, BRGNS HI RPN BARM 4 B A NULL 4881, I H S ARSI e 0 (BE
DAJG B CREA]) o A D025 H Y o 008 7 R BRI A A T S it Ak 0] NULL. G NULL 2400
B PRI E 1 2 bR R 28 3 L A TR A X G A 2 LA bR 8 — SR R B AG T NULL, 4 & SO
TUARAGIN 11 68 A B A TR 08
FAPRMEAZUE “JESL” FAR I NULL, BPFERRICE] — AT RESS NULL i3EE, Bk E malloc () B2
—ANRTRET | A W BRI 5%
Py_INCREF () fl Py_DECREF () %% A &4l NULL 54 — (A2, BT84 Py_XINCREF ()
Py_XDECREF () JU &l
AT ER G R B % (Pytype_Check () A&l NULL 4551 - [RFEHL, AR SIESH X
SRR — AN G R LA R BB Y —, SR &4 BOTRIINL. AAFAEAA NULL A AL i
C pR AL L 2 RIE 1y C AU ZHBIR AR BIh args) #8200y NULL - Sibs BB S RIEILE 2
H—Aoedlt
LA ERF NULL 4551 “itEE” 25 Python il P2 A" EAYH iR

A IR SR 20, S RE RS, R I TR IR
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21.11 £ C++ bR EY R

AT DATE C+ P S JAs, FURATSEIRE] . 4028 A7 (Python fRERS) J2 BT C Ziidfi R A 196 A1 HE%
1, 4R SR S SRl A BB o AR Ct i e R BER AL IO XA A BR &2 B Python
AR BV GRS LR B I UL B B S HA N extern "C" . TIETAE extern "C" {...} HuH
Python SKSCPRNIAE IR AL, PEAIIRE L THFS __cplusplus MEZGEX AR T (A B C++
G 2 E XA

2.1.12 45 RIERIZ 4 C API

LY AR BE T 3H7 Y eR BRI S L Python ([, (EA N4 freASibi HL A4 AU TR T ARSCHAA g JreASE e il )
BN, — 9 R AT PASE I —A> A collection” LR 2 A WUT Y. 15 2 Python S| RKHL, 4 C
APL AAVFY AR QM ZAES 5132, XAHHYAR G I DAA — e C e BU T4 At ™ RS B G0

IR RAMR G AFEEERE Cof sl static), FRIHE ARSI, AR CAPTISCH . SLbx
AR I RS J i S R B Python ARESRINS (L2 W] AR TARMY . RIS DAIE e glefiemy, — M
B A5 E SO — AN AT UL . AT UL R O T3 E R S8, — L8 R GE1Y Python fREAR 011l 42 R iy
2 25[8) (B4 Windows), A 2EMIFEGERE IR 2™ I E AL S IR (61 72 AIX), siEdefin] it
AN TR SHEm (A Unix Z851). BIERAFS-R4 Rl WA, R AR nT B i A 2

RS B RENS AT Al WL EMUE T R . X RE Y R B T A5 #R Y Il static , BRT
BRI AR R, Sl S 5 HA Y AR 1 i 44 b o8 (FEBGE Ak 7 & R A s AL A FRhig) o X R
BT NI oL IR AL HA 5 7 AOR PUH A AR 517

Python $2{#t 1 — ARl AL R A — 97 A ) o5 — P sk i C JZZ0R015 B (J64T): Capsule. —
/> Capsule 2@ — M7 fiff 7% (void*) [ Python %(#i2574 . Capsule H g H: C API R AUEAJ,
BT CABALATH A Python X 52— ARt s F5HiIL, EMT0T ABIRIELS P REAELER Ay 4 25 [A] Y — D4 5K -
oAby FEATHLRE AT DA A AMEEER, SREUX A ARG RZ{EL, SA)5 A Capsule HRERERFRE

Capsule W[ DA Z A5 X3 il C APL 434 Jtibk . 48T LA H 1 Capsule, 83 T C APLIREAT LA
FERETE— R L, B TR A A 45 Capsule, PRI HHR AT A ZF05 X, BE& s e il

TERARVEFEMIATr ik, FARH) Capsule 45 € 15 M4 4 FRAMRE 2. B PyCapsule_New () $52—> name
2 (const char*); LRGN NULL MR A FK, (HIRATIRAMERAARIE E 4 AR IERir 44 1) Capsule
Pefit T RTINS e At BOA AT T SRR B PAR i #4 1 Capsule.,

WAL, Capsule T2 88 C APL, HoA 7 W% fif 4+ MLV -

[modulename.attributename ]

fEF| K% PyCapsule_Import () AJPAHEAYZR AGE T Capsule $2{1L) C API, {XAE Capsule {44 FVCRCHT .
XAT AR C APT H FHAI T BE R B e MR B IE B ) C APLL

N BT T AR T H K2 4 T R A A AL BT 3, SO TR T B RO R A IR .
BRI CAPLISH (FEX MBI —A!) (7R —A> void FREHEAL, EXFHh—1 Capsule {H.
SRR L Sk SCPFSR AL T — AN AR A B R ABIRAIZREUH C AP 54 % P umiisk R 2AEVi ) C API
Z AR XA EI

SR HR XA 1 20y ) F FRA Y spam B AGE . BRE spam. system () HAEZEIHH C JEEE
system(), MEHH K PySpam_System (), X EREEPLSE T YR L& it (Hean
RS U “sapm”) . ZPREL PySpam_System () &S HAY R,

PRE PySpam_System () z&—4l C B4, BHALRE—FEFIN static:
static int

PySpam_System (const char *command)

{

(& F )
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(B LE10)
return system(command) ;
I3
PREL spam_system () EFEUTR R BM:
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 PylLong_FromLong(sts);
}
ERIIFk, LEIITR:
[#include <Python.h> J

A ST

#define SPAM MODULE
#include "spammodule.h"

#define HT &AL UFFREAS L FHEEL, MARE FImbibh, &4, BHRILHL R EUL I 75T
WItEAL C API 3841 %41
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_Add(m, " _C_API", c_api_object) < 0) {

Py_DECREF (m) ;
return NULL;

return m;

T PySpam_API gl N static; FHMFEEEAESTE PyInit_spam () AEENE %!
St spammodule . h BR—He TAE, BHEFUT Frn:
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#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* Header file for spammodule */

/* C API functions */

#define PySpam_System NUM 0

#define PySpam_System RETURN int

#define PySpam_System PROTO (const char *command)

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

#1ifdef SPAM MODULE
/* This section is used when compiling spammodule.c */

static PySpam_System RETURN PySpam_System PySpam_System PROTO;

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

static void **PySpam_ API;

#define PySpam_System \
(* (PySpam_System RETURN (*)PySpam_System PROTO) PySpam API[PySpam_ System NUM])

/* Return -1 on error, 0 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) 2 0 : -1;

}

#endif

#ifdef __ _cplusplus
I
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

B AR R GRS 1 1) B4 Py Spam_System () FIF MUY 4% w2 7E How dn Ak R £ b o FH eR R (S Fs b

) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

m = PyModule_Create (&clientmodule) ;
(BEF )
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(# E30)
if (m == NULL)
return NULL;
if (import_spam() < 0)
return NULL;
/* additional initialization can happen here */
return m;

}

AR BRI A, CfF spammodule . h il FARI%. MK, XHEEAEG R RE, BAGEH R,
It AR B2 2] — 1K

a2 Capsule $2(E THSMYIIRE, H TAFEMEFE Capsule BLPFEEH I NAED BLFARERL. 41175 %
Python/C API 2% F-JJ} 127 capsules F1 Capsule BYSEFH (£F Python JEf% K474l Include/pycapsule.h
il Objects/pycapsule.c).

&t
22 AENYT REE: #HiE

Python ¥4 5 C 4" EAHUE Cn] PAM Python fURD H BEANAYEI R, SXARMRINER) str Ml List KA, Jf
AP R AR RL G — M, (BRI IR, R 2 T Lean Y . X0y SRR XA N4

2.2.1 Eill

CPython A TIF 2 KF T4 Python XFREFH N PyObject * FEMfYAE R, UZIrA Python X5 “HEAfiZEAL”,
PyObject M IRA G A& Xt R i reference count FIHGIMXFRIN “RBI G 5. XREFEH A
P FEIURSRPLE MRS SR JIIRLE (O) eR AL, BN, FEXTSR B — ANk, WH-—AIrk, &S5 —
ARIRATSE . X L C KA “RRIIR .

FIrPA, ASRARAR B SO I, T EBIEF AN R

AP FE H R B R R, T /IMESERE IR, BAE C PR custom HE L TN
Custom AHTIEHY:

ik

X BERIRI 2 X static T JERBIEG ). W LAE GRS . C APL W] DASE CFEHE B4
YRR, [ pyType FromSpec () ¥, EATEARAITHERIE.

#define PY SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

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

static PyTypeObject CustomType = {
.ob_base = PyVarObject_ HEAD_ INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),

&)
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(#z E70)
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,
bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,

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

bi

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

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

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

I3

return m;

X RE T PR, X2k TEEL*%@EXT%J: XA S 5E LT = AR
1. —A Custom %5 EI’JZ'FE X/ CustomObject 5K, B4 A% Custom LB 4K

2. Custom ﬁi‘ﬂﬁﬁﬁ X2 CustomType Z5HIK, BE LT —4UBERRAI R ZE ST LR TE IR R
BARUR I AR

3. W wI a4k customﬂ;’%ﬁ% X4 PyInit_custom BREL L HNTN Y custommodule 5M{K
LR —H2

typedef struct {
PyObject_HEAD
} CustomObject;

A HE ST SR AEEHNE . PyObject HEAD J2uit il BRHCHE RN R 45 M 1 2 w8 —A
%M ob_base i) PyObject B FEL, HP&— 28BS A5 R FaEr (XRE T A% 51
i H % Py_TYPE Ml Py_REFCNT KX 4) o i FH 722 BE b 2 KA Rl 4 0 SR A 1144 126 i Hh Fs F B
FE

ik
VERTETL PyObject _HEAD J{& B 5. BAMNNING5 & SEG RS H 5

MR, XGRER THE PyObject HEAD fE#REAL, ABIMIE: BIan, WFE T hniEf Python i x4k
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typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL IR R 1 E S

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

ik

FEFEGE AN _E C99 WAk HIRItRtL, DAEGS BT A Y PyTypeObject FB, HAMREZZIRATHEE KL
(0, ROREAR AT RASRE SR ST B SUBU -

1 object . h H5LfrsE L) PyTypeObject BA AN EE SCEZ M FB. BRI TFB &M C HikdeE
RIS, WHEPIMGEREABAHIEE TN, BRAMFHETHEEN].

FAEdbik R, BR—ITFE:

[.obibase = PyVarObject_HEAD_INIT (NULL, O)

X AT s H R, ARG tE 4 B3R 3] ob_base FB:

[.tpiname = "custom.Custom",

AT PR o R BAEFRA TR R BN SCAZ R A LA B R, Biln:

>>> "" 4+ custom.Custom()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

R AR A S SRR, E R RS FRARE L i 2R R . A PR custom T2
HijE custom, HIWFKATHRMZFRB N custom. Custom. i fl ELIEIHT 55 1) S A BT T E/R G 22
5 pydoc fll pickle WiHF A R EEN .

.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,

X FERELE Python JIE YA AY Custom SLHIMTHE ML D IAF. tp_itemsize {UHT AIAER/NHIRS
GMAEHAE B TR R 2% o

ik

WERARAY BARAY KRB A] 7 Python il 264k, I HARBIRBMERERB A AMFEIK tp_basicsize,
2RI RESIB ] 2 AR, RAYZEALRY) Python i FARUAAHER _ bases_ HIFIRAYIEAI R
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AT, HNAERFEBEVREZRBE _ new_ () HIERPRFS A . URTTDAE AR AR SR HLAG H R
B KM tp_basicsize {Eﬂéﬁﬁaﬁﬁ\ltﬂ%ﬁ fﬁ%éﬂlﬁﬂﬁ%, XA T DAY, BB ARR R
object, FAMREFMVRAYFLRB MBI 5L, AR/,

AT ER N Py_TPFLAGS_DEFAULT,

[.tpiflags = Py_TPFLAGS_DEFAULT, ]

P S BN 2 E AT T BERR L ML bk o 12036 SIS T 207 Python 3.3 2 B UK 2 OMUEL - AR
B BT, AR A Y, E’Jﬁi?l‘rl_ OR =5,

FATA tp_doc RARME— SR FAFHR.

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

%F‘%XT%@'JL FANTLAFEBE—A> tp_new LhBHEE . XAFT Python 5k __new_ (), {HAZ i AHbAG
SE o TERXFPREOLT, FATATAGE ] APIZ?& PyType_GenericNew () Fr{@ftiBRIASEEL.

[.tp_new = PyType_GenericNew, ]

BT PyInit_custom() FPRYFLLEABELASL, SOPErb i HA Y 2 BZ AR 75 2 B

if (PyType_Ready (&CustomType) < 0)
return;

FFRIHRIE Custom A, Sy— S8 IRFEIE BN, EIHRRATIEVILHI B4 NULL # ob_type.

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
Py DECREF (m) ;
return NULL;

}

ROFHERBN BB b . ARFRATHEREE S Custom FSRBIH Custom SLH1:

>>> import custom
>>> mycustom = custom.Custom /()

HURXHED R TARRRAIFE s K LB custom. ¢ (SCHFH,

[build-system]

requires = ["setuptools"]

build-backend = "setuptools.build_meta"
[project]

name = "custom"

version = "1"

%K pyproject.toml BCEHT, I H

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

TE44 0 setup . py WSCHEAS SRIGHIA

[$ python -m pip install . J
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AE shell W % & FEF H SR T 74— 30 custom. so 4% E s IAEJH 5 Python - R 24 GBS AT
import custom FH2iA{#iJf] Custom X4,

RXFFAHE, Ffuh?
IR, ARTHY EE SRR IO . ERCA RN, WAL BR R AR TR

2.2.2 EEARGIRMBIEFT E

LR AR SR R B AR O, LRI B T A (B Rl
AN custom2 SEERINIX LETfE -

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);

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;

22. BHEMT REE: #iE 27




Extending and Embedding Python, & {ThRZ 3.13.0rc2

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
&first, &last,
&self->number))
return -1;

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

return 0O;

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */

bi

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"
}I
{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

(% L30)

&)
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(B LE10)
.tp_methods = Custom_methods,
bi

static PyModuleDef custommodule = {
.m_base =PyModuleDef_ HEAD_INIT,

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

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

IR 5 22 AT

PFE custom AW C MK RH ZANEHEEM:, first. last I number. b first Fl last 7% 85208 4 M
W FR Y Python “EAFH o number J@&: 2 —4> C AL

X R R A5 AR PR It B

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

} CustomObject;

R BAE R AT TG B TR T B, AT /N O A FEXT S ) A BRI RE i . 270, AT B — A REIC
N

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

EWIRIES tp_dealloc Jfibi:

[.tpfdealloc = (destructor) Custom_dealloc,
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W4 e 251 Python JRMEAYE | FTT4L. Py_XDECREF () FJPAIERALFESHCH NULL (S (X AT RE
1 tp_new TURKME LA . BEJGERHRXT SN tp_free it (il Py_TYPE (self) 11E55])
RREHOT RN EERX R LRI DA Z CustomType, F XL ATEEE A>T 2RAYLH]

ik

P ETEE HI RS destructor 2R AFRMNIE X T Custom_dealloc 57— CustomObject * &
%, 15 tp_dealloc EEFREFUMEEZ — 1> PyObject * S48l WIRANIXFML, ik itk hiEd. X
& CIEE PRI Z 5!

FAA B — DR — DA S AR, TR T —4 to_new SCBL:

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;
I3
return (PyObject *) self;

}

IAE tp_new WA HLHE:

[.tpinew = Custom_new, ]

tp_new AFIZRTTAIE (MIARHIIAL) HRBWXTS, BFE Python i RFE N _ new_ () HiE. EAN
TREE X tp_new B G, Lhr BFZY RER SR AHE M PyType_GenericNew (), ¥if% LI Custom
AU — N RA T TRE . FEBEOLT , BATHE tp_new WFEERKF £first Ml Last JBHERILHIL N
3E NULL [ ERIAME

tp_new SFEZPLHULHIREL (RZERN CustomType, WERPLLBILI R —N 1) PARAEIZIBBIH
R AT SE, HIOR R TR 6. tp_new ALPRZRRURHEZ A EM X BT SE, HEN S
RBMGX SR, MRS EUE IR A9 8R1e (B C Wil tp_init B Python i) __init_ pR&L) Jrikk
W7,

ik
tp_new AN to_init, FAMRESRSBITRAE.

tp_new LB tp_alloc HAR I HC AT

[self = (CustomObject *) type->tp_alloc(type, 0); ]
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I F AR TTRE I, RATATE RS AT2 K to_alloc SEBIAIEAR J NULL.

ik

HATBA BATHTE tp_alloc #fi. ififEH PyType Ready () i NIRNTHIERAPFERBEHATHAE,

HAERIAH object o KA RIUARZ(H BRIAA 2 BL S -

ik

IR R # —MMERX tp_new (BEXWMELRK tp_new B __new__ (), IPAMR RATEIBTT
I Sl 5 5 Y AT P A e R Y B9 T 95 - A S S U A AR R I A 28 2, IR R
1) tp_new, B Ziil type->tp base->tp new, WIRAIRAEXFEM, VRIGEELAFEFELER 5 HEH
Python 7 S FZE1Y Python F-ZEaT GETCIAIE# TAE. (RAMUL, 1R0TRETCIAQEAR R T2 LBl & &

5% TypeError, )

FATIEE LT — M RZ SN TN L BT UERT IR (E W) 47 1 B

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&first, &last,
&self->number))
return -1;

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

}

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

}

return 0;

}

TS tp_init fH{7.

[.tp_init = (initproc) Custom_init,

tp_init f{;7E Python 755N
A EM KT SE EAIN STE IR F] 0 WiAE A B R ] -1,

init_ () Tk ERUNRIEQIER GG XTI . Wi s

AT tp_new fFEES, tp_init AMRUE—EXWIH B, FEBINFEL T pickle BHUNSAERMFE
LI LV __init_ O). ERLATREMZ U AR AE R AFERAN G EPH __init () Jik.

P, FATHE N R PEORT (E R AR S NG o BRI RS £irst B RE:
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if (first) {
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;

}

XA G . FATHRBEA R first BARKRA, HILE A DUREMFRAXTR . Enl Al
A—MPITERAV first WARRMBERITAS; BRI i iR 2 & Arf 5 4l b E Ay
TEHADLAE AFs TRV RS IR AT R

N T PRI A T X AT RENE, FATLT- B2 B A 7 15 TR Al ENTEOIR . (4
I AT T T DA A6 PRI A ?

o BIRATHBRIES ATHEOCT 1Ak
o MFRAVHEXT SR WEAR SRR GIL WAL G B TR FATT A ST AR [ 5 1 B %
o 2 —> tp_dealloc AbRRER AN SCHFIRFFAIR M 2R AR 5 | T e
AT RESARRFFA ML B A R R N . A JLAR T 2T AR X — o e ) B 7 2 i SO i

static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), 0,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

IBE A S tp_members Fl{7 H:

[.tp_members = Custom_members,

BRI SRR A PR KA, Wil Vi EARFI SCRY AT ER o TS R R T2 20 2 b 22 NTTOk
THAPER . section below for details.

BET7 Ak 2 — R BB SR AR T (E 25 Python JEPERYR RN IpE . FATHUY first A1 last ()4 55
HFAEE, ARENT AT DARIBE ) 2 Python %52, BAh, X SCJg b nl AR ER , JF4F C #8454 NULL,
BT AT PAPRUEX 2L B A BT AR A AR NULL {H, A0SR L8 P M ik L8 Bl 53 7 T 8 NULL.

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

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

(BF )

VYA HIE I R TR, AR T s O R B At
2 AHEATRBIPERATFHE tp_dealloc AFRAFH X —HLE], FIRFATNHBUAR SRR B
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(B LE10)
‘ return PyUnicode_FromFormat ("$S %S", self->first, self->last);

}

ITIEVARSEBE A — A% 52 Custom (2:class:/Custom (1138 SLHIVENH— SR C kidl. Trike
T ATBUENE NS TRERRRZ A EN R TS, BRI PRITR AT M S AT
TEZ M ESHOCHSR B TSR ST EEM T AT Python J7ik:

def name (self):

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

EERRATDARGA first Fl last B GUZE ATREN NULL. RPN BT AR, AEME N Ei1s
Bl NULL. SR ML e By 1E MR L8 SR P R IR PR (R BR A A P s o FATPRAE T — 10 T AR AN ]

X
PUAERATC 2858 S T I7vk, ANTE QI — Tk A

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

bi

(HERIRAEH T METH_NOARGS JHARMRFT L A NE 2B self PAAMNAAEATZ4k)
X HIRZE tp_methods fEAV:

[.tpfmethods = Custom_methods, ]

BT, APRHEFAN TR B AT AEIRAE TR0 . AT O HIRATH T R ABEEA A 2Bl e 9
DU X AL, P AT A5 2 B2 FF Py_TPFLAGS_BASETYPE SSIIE|FA TSR L h:

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE, ]

FA1¥ PyInit_custom() EAMZ N PyInit_custom2 (), ¥ PyModuleDef 5K R Z FR, I
W PyTypeObiject L5 T2 4 .

i, FATHEH setup.py SCAREFEHIBIL,

from setuptools import Extension, setup
setup (ext_modules=|[
Extension("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1

RIGFATE B Le2E DAERENS import custom?2:
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[$ python -m pip install . ]

2.2.3 REXTHIBRE M EAR

TEATH, FATRXS Custom 7w Bl £irst Ml last JEMEABCE AT ERSANAYIEH] . LEFA] E— AR
Hr, SEBIASR first M last ATAREBCONARTFAFEREE 2 P0MER . N 1A B fRX LB PE IR A W &7

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);

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;

I3
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
&first, &last,
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(#z_E70)
&self->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_SETREF (self->1last, Py_NewRef (last));
}
return 0O;
I3
static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), 0,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_getfirst (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->first);
I3
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (self->first, Py_NewRef (value));
return O;
}
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
}
static int
Custom_setlast (CustomObject *self, PyObject *value, void *closure)
{
if (value == NULL) {
PyErr_SetString(PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
(N30
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}
Py_SETREF (self->last, Py_NewRef (value));

return 0;
s
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 */
bi

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"
}I
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE,
.tp_new = Custom_new,

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

.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi
static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

(% L30)
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(#z E70)
return NULL;

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

}

return m;

}

N TIPS first M last JEfE, FRATRFEEN A& SCREREES A 2R 8. DA b T SO
B first BRI

static PyObject *
Custom_getfirst (CustomObject *self, wvoid *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 0;

}

PR AR — A~ Custom MRM—A> “MIE”, JFER— 2w, AT, %M. (M
SCRRIFE SCER AR 3 28 SRR FI B AR A S UM vk BN, AT DARSO R e vr— 2 AR B A Bl R RSO S
P v B Bt v SO BB Y TR ) o

BCEAFRBAE Z A Custom MR FHEMM . SFHERREN NULL, FEX AP oL T B PERr g bR . 7234
ABLEAR T, SRR I B s AR A P AR I 25 | R — iR

AN —A PyGet SetDef L5 IARIELH:

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 */
bi

HAE tp_getset A M E:
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[.tp_getset = Custom_getsetters,

1E PyGetSetDef ZE R G —i & LIH$EE0 “Ha” . FEAGIT, RANAMHAC, HERIITHE
£ A\ NULL.,

AT T I L8 Ja P ) B DA

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

bi

FATEFENRF tp_init ABEEHN LAV A TR

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,
&sfirst, &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;

}

WX R, FRATREE AR first Fl last M RA—EAR N NULL DAERATRELE LT Fra 15 L TR K NULL
fERE . X FEME KIS Py_XDECREF () & FH#F AT AR 408 Py_DECREF () PH . FRATA BB Bl 41
JHHIME—3 & 27E tp_dealloc SEPAR, ARE XL B WAL A W RETE tp_new F1ZRIK,

FATEE A4, T BTG R BRI IR AL R B P R AR, R BN T Z BB U —#¢, FATILR setup.
py SCPFASINT — BN E Lo

3 BUAEFRATVANGE first il last B BYAR S AR, PRI VFRRATT AT OGBS B AR5 DR HECR KNG, R, AN TIE P32 FAF R T2
Sl BIVRORE I 7 AT A AN X FATHO ST 1, FA T BEPRIERE I — 57 ER T A SE PR XA TR R AT 1 -
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2.2.4 ZHHEWLIREIW

Python HA— Al AR RS TR B A0 G2 (0 16 535 30 =k 3 (GC) BMEBRATRYS I EOE R N E . X g
SAERRPAEIG I 24 Bin, B8

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

XA, A& T NMEEH A JWHR. YRR, SRR EE R H A S
%&FFJ o BMGIHTHEOFARE AE . SEERE, Python IEIIR IR I 4 R B8 22 T0 R B3k o1 R
e

1E Custom /RIS A RAH, BATARVHEREBIN L AA#E] first 3K Last JEMEH. Ioh, HEHE
S =A A, FRATIE A 728446 Custom, H HFZ0ARIMEREYE. B FX B4 5 A A AT —A4,
Custom Xf AL AIATEER :

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

>>> n = Derived()
>>> n.some_attribute = n

LAW—PMAG IR Custom SEBIRERAEP GC IEMAIIFIILE, FATHY Cust om FAUFHE R FEHA>
BN AL 0 — SRR A J ) I LAl £ -

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

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

} CustomObject;

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return 0;

}

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0O;

}

static wvoid
Custom_dealloc (CustomObject *self)
{
(ZF 50

ST, BN E R B AR L], PR R AT DME AR st TP I RERE T | AR
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PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) ->tp_free ((PyObject *) self);

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

CustomObject *self;

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

if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {

Py_DECREF (self);
return NULL;

}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->number = 0;

I3
return (PyObject *) self;

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

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[UUi", kwlist,
&first, &last,
&self->number))
return -1;

if (first) |
Py_SETREF (self->first, Py_NewRef (first));
I3
if (last) |
Py_SETREF (self->last, Py_NewRef (last));
I3

return 0;

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

bi

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

{
return Py_NewRef (self->first);

(% L30)
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static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
I3
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
I3
Py_XSETREF (self->first, Py_NewRef (value));
return 0;
I3
static PyObject *
Custom_getlast (CustomObject *self, wvoid *closure)
{
return Py_NewRef (self->last);
I3
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;
I3
Py_XSETREF (self->last, Py_NewRef (value));
return 0O;
I3
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 */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
return PyUnicode_FromFormat ("$S %S", self->first, self->last);
I3
static PyMethodDef Custom_methods[] = {
{"name", (PyCFunction) Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
} r
(N30

22. BEXLT REE: #HE M



Extending and Embedding Python, & {ThRZ 3.13.0rc2

(B L)
{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_INIT (NULL, O0)
.tp_name = "customé4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py _TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_traverse = (traverseproc) Custom_traverse,
.tp_clear = (inquiry) Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom4d",
.m_doc = "Example module that creates an extension type.",
.m_size = -1,

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

B, WAL GC HUARES S MR T X5

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;

&)
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if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;

}

return O;

}

XFFEEA R AIIADGIRA TR G, AT B visit ( uiﬁl EXWLBABN IR, visit () KL
%xﬁ?ﬁ%%ﬂ% L T ﬁﬁéﬁ%ﬁﬁl\%ﬁargﬁjﬂ,\/a& AR ] ANEH AE R EL TR [n] (14 R A

Python & fit 7 — 7] 5 2l ] visit lELHY Py_VISIT () %K. A Py VISIT(), FATH PAFK/IME
Custom_traverse HHER T/ERE:

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

Py _VISIT (self->first);

Py _VISIT (self->last);

return O;

ik
tp_traverse SEPMIK S BMER v 24 o~ visit 1 arg DMEME ] Py_VISIT ().

B, BT ER P TR RGBT AS G ERAY X 5%

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR (self->first);
Py_CLEAR(self->1last);
return O;

}

THTER Py_CLEAR () R . B G BRAL BRI B Bt B M el D 5 | T B 7 Y B2 4z i 75 5K
UNSRAR B AR SR 1 NULL Z ()@ 4 B Py_XDECREF (), WISM:MHTAEA 1] GE 2 [ FHR
BEPOR B R AU (i 31 = RS | PR 3E) -

%
YR PAIE A PA N B ¥R R AR Py_CLEAR () :

PyObject *tmp;

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

TeVe AT, A s T e sk ﬁﬁ‘éﬁfﬁ Jfl Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
R T s H AR R AR . E A B AR A R s U MR !

FElgAs Custom_dealloc AIRERAETF IR BIER A ML R A . XEWE NG GC al DATE 5 0N B9 fi 42 .
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i1 GC AU S | HT A AE, BATFE @A pyobject _GC_UnTrack () Hik GC 5 (k38 ERAH K AXF
%, FHEFKNEH Pyobject_GC_UnTrack () fll Custom_clear B LIMATBIES:

static void
Custom_dealloc (CustomObject *self)
{
PyObject_GC_UnTrack (self);
Custom_clear (self);
Py_TYPE (self) >tp_free ((PyObject *) self);
}

Ja, AR Py_TPFLAGS_HAVE_GC AR INE| AR

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC, }

REEZEAZ T WRILMNHE T HEXW tp_alloc B tp_free AbPEAS, WIFATH ZATXIEERELIR B4k
KRBT . KBE A A SRR A

225 FRMLHMAE

AEIRA: B EIA BB B R B A TREN . I 2 MBEE R N BB K, R ] DA (3 b (5 &
TR L) PyTypeObject . FEAMY B2 [B] L X4 Py TypeObject L5 NIE AMER .

HEARGIR AT #— R H N E 1ist 2B subList B8, XAHRBLR 2 AT MAIFR, (5
WH—HIMY increment () JyiE M T BB N RV R AU :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

}

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

bi

(T30
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(% L350

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

static PyTypeObject SubListType = {
PyVarObject_ HEAD_INIT (NULL, O)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),

.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT Py _TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,

.tp_methods = SubList_methods,
bi

static PyModuleDef sublistmodule = {
PyModuleDef_ HEAD_INIT,

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

bi

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;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) |

Py_DECREF (m) ;
return NULL;

return m;

IR L, A S Z B LAY Y custom nBIAER AR BATRE o HrE N2 18] 32 2 X5 .

typedef struct {
PyListObject list;
int state;

} SubListObject;

TRAE AN G F 22 e T H BB R A R AR 8 — M. B A O BAr AR I L a4E T
PyObject_HEAD (),
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24—/~ Python X142 2 SubList HSEFINT, BHY PyObject * $541 0] AW 224 Hhim fil454 Jy PyListObject
* Ml 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 0O;

}

FATAT AL LB B AR A B R dinit () ks

XA AE S HA B E X tp_new fll tp_dealloc W A RBKBRE L, tp_new AFEIA N N HA
tp_alloc BIXTE LR BCNAE, M Eibdsmd 8 H O tp_new KA E.

PyTypeObject ¥ #F [l tp_base f8 @ XMW LR K, BT T 6 HIFa 18, R0 H X
PyList_Type 5| R BEEEFTIZ TR BN 2140 5 AE A i1k s Bob e i

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;

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

3

return m;

}

1EVA I PyType_Ready () ZHl, KAGMAULHC LI tp_base i, LIATNBARBRAER, E
AFEN tp_alloc MfIHFEA PyType_GenericNew () - K H AR 1 B s ECRF UK .

TEARZ 5, VM PyType_Ready () FHH5RAGF RIS BRI 1) A2 5 AR Custom /B2 —FERY .

23 ELY BRER: EFXER

AFEAT H b B i — A AR T ASE B 2R By v S I RERY T AN 4
X2 C A pyTypeObject E XL, AT HT AR FE:
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 */
(ST )
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destructor tp_dealloc;

Py_ssize_t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* formerly known as tp_compare
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;
descrgetfunc tp_descr_get;

(Python 2)

(% 50

&)
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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;

/* bitset of which type-watchers care about this type */
unsigned char tp_watched;
} PyTypeObject;

(% 50

XHA RS IR HEAZRIL, WRAREE AR, @5 AT E I,

IEARAE R —F, BATIEE—S— PN 2SR B . PO R I SR m 7 B siee , Bt
PABRATTA ARG E N LS R B S I @ ER AR e — MR 2 F B el T, RIa%

AR{E B AR B2

[const char *tp_name; /* Jf T4 H */

1

RHMAT - E-ERBEN, SHIERZHTT, JLTEWEE N TISWH . Sl Mra 7, X

TUWRARD).

[Py_ssize_t tp_basicsize, tp_itemsize; /* FH T 48 */

)

XA BULRIE A T A X A JEB B R T B e D N Fr . Python Sy 7RISR EERgZEH (R 5

PR, oodl) HLeNESRF, X2 tp_itemsize FRIFAEMIRH . XSRS AR

[const char *tp_doc;

)

R HLURAT AR —BeP e (BB ERYHE) , 24RA8TE Python JHIAT| /i obj.__doc__

ik
BAERANTIRT — T EEALRT A - REBY RISBURF LB T3k

I LB SR
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2.3.1 KLEFMAERER

[destructor tp_dealloc; J

YA SCBIA S VRO > Z - H. Python f R A ZL MBI, RFUR ) BERR & ISRARAY I N
AR A T A 2R, AR DM B X B e W RAS By T X HUREI . DATT e e R R n 1) -

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

ARSI SRR A, ARG I 24 7 T BT B 52 7 Be 2 BT i PyObject _GC_UnTrack ():

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj—>other_obj);

Py_TYPE (obj) —>tp_free ((PyObject *)obj);
I3

— BRI R AL BRI R R B TICE AN S X AR B2 AR S ol R Re 2 0 v
M, MR ERBE (MAEIEERED, ANSFAEATINERI RS B B — D5 MR e . ISR as
AT AR S B MG ) Python AU A A A i R AR E . X P AE S BURRERS Y iR A 1R . IR
yporitie, TEEMANEERRIEET, RERIRTE, RIFTEHZERUGIKIL . F VAl PyErr_Fetch ()
Ml PyErr_Restore () PRECESZH:

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);

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

/* This restores the saved exception state */
PyErr_Restore(err_type, err_value, err_traceback);

Py_DECREF (self->my_callback);

I3
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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ik

VRAELERERLAS PR AL R EPATI R A IR BT, WRARAER SRRk [ (B tp_traverse
/8 tp_clear), XZIEII WA T AER M tp_dealloc MPHEZEALE, HIRK, ¥ tp_dealloc
H, ARG TARERES : BRGIHTTEEETE . AL ARBIREXT 58 APL YR (40 LT 7 6l
i) e ARl G AR tp_dealloc, FEOWERHBOT &4 At

M Python 3.4 JFif, HEFEATAE tp_dealloc R ARMIALNIG, TR tp_finalize HKAT;

S0
PEP 442 iR T A&

23.2 WEERT

F£ Python Hft, A WAy A 0] DA SO R SCAR DR repr () BREH str () ML (print () MBS EZ
H str () o ) X LERTRAR PR 2 T Y «

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHARR WAZIR ]l — N FAFER SR, &R eSO, T — R sl 1

static PyObject *
newdatatype_repr (newdatatypeobject *obj)
{
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
obj—>obj_UnderlyingDatatypePtr->size);
}

?ﬁﬂ%?ﬁﬁ?‘éi tp_repr ALPREE, MPRESRRFREOE— R tp_name HYFRIRTEA DA SO R A ME—FR iR

tp_str ALFEEXT str () B EIARY tp_repr ALBEZEXT repr O —#F; W2, B47EY Python
PSAEARART S RSB BRI str () BPRERM . ERSEBLS to_repr sACIERAIML, (HHEPRFATHZ
PENRAERR . WRRIGE tp_str, MM tp_repr AAPLERAE.

MR R BT

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

XTI SCRP RO XT G, AU R SR A I TP il SR RO S e . F 20— B I 3
JEYER R AL (ANAE ST AT IE) B2 5 — RSt w e (R AR EE) . BiREER—
FHRFIRTE DL, FEBUIGOU T B 45 b BRER BT {E ) NULL,

Python SHFWIATPEALING  —ANSC R IR LSRR A B S XS OB T2 BIE T x4
Z char* (ERIRMEA TR, 115 XHEZ Pyobiect *. AR RORIAS AT DAZEER B M T2 S0 B FIPE K 6
7R

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

/% oaa *f

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR U7 ) — X R JE AR B2 T A B A (IXREAE R SCHEATARRE) | DAY — 23z 1 S B mT Bl of £ it
PyObject* A JEMAT LR . A Python 2.2 JF AR} T2 % Ja i) Ja AL BRER (14 52 b 5 2 L E 58 41N
K, RUEIRATAER VIS W AR IR B Ao ity ml e AL e 315«

RBRMER

REHY RIBEH Wi gEt:, e, i@l “fim” 2 HFRZWE N0
L. 4] PyType Ready () W}, WAZUHIEJETERIAFR.
2. ANREHFIRAEHR OB R B A REORE , WA TEAMRIEE R

TR, WAIFARKHE VR . R0 A ) B AR & e i 776 2Rt AT AT BR 46

X4 PyType_Ready () $ N, B 28R R B | A =2k 4 8 B0CE 2 A0 G i1 5 i
fdescriptor . FEAfHIAGHE T LB RAG— A IBYERITT . BEAFAE AR IR =A% NULL,
WU B SE B A N E TR RZE AR ROR I B I, I HaB IV 241k tp_getattro fll tp_setattro ¥
Beffs oy NULL, PASRIA SRR A P L R 1

FWHIAA object:: FEAU I =47 BL:

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

IR £p_methods A% NULL, WEMAI— I PyMethodDe £ Z5HIRAL AR, A4 H A
R — A5

typedef struct PyMethodDef ({

const char *ml_name; /* method name */

PyCFunction ml_meth; /* implementation function */
int ml_flags; /* flags */

const char *ml_doc; /* docstring */

} PyMethodDef;

124 RIS T SRR E N H s BB ROR B IETE i SR H . IR EAEAR N
— BN Bl MR AR H o IR A H 9 m1_name P BTN NULL,

B AR SCEEE ARG SR B JE . M Isn C RN 23508, FF Him oy Xl Ak
Ry . R g SOh:
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typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

SFRPEANEH, B E—ANdescriptor TR INE 27 b i HLAE IS M SE B L5 (R R UE . type TR
WAL —NEAARG U Py_T INT B{ Py_T_DOUBLE; Z{HXFJHTH & WK Python (N CHE R Z .
flags FBH T ORA 8 2 Z A9l o5 A A AR - AR T DAKS 458 Py_READONLY PABK 11 Python X%
BHE.

i tp_members FKAE M TZTHAIFE IR EE A — A BRI OE SR DA FP Oy X S S &R T A
AT B 3 7 R PR L SO SN B AN IR SCRY E AR ER o — NI R BT DA 2 APT A RN S 3K
RS IEHEHE _ doc_ BMRIBOUR T4 .

5 tp_methods £—FE, FEH—ME N NULL ) m1_name W§IE44H.

RBEREMELERE

AT R DL, X BLHE/R char* R4 name JTEZAYEALIE char* Ml PyObject * XUk 1 2 [A] i) ME—[X
Blo XSRS bR AT Az s GIAE S , (B3 6 FE Python 2.2 H¥& iz i k. B
BT AL B R B IR R, BRI A SR AR SE TR Y R E IR EEE, RSB 4 2w B
tp_getattr A STEXN R FHFEMTEEA RIS ERIEHNSEE 12K _getattr__ ()
T YRR R FH (3 A A ]

4 :

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

PyErr_Format (PyExc_AttributeError,
"'%.100s' object has no attribute '%.400s'",
Py_TYPE (obj) —>tp_name, name);
return NULL;
}

ML __setattr_ () Bk __delattr_ () HIEBS SV tp_setattr AbPRLS. 475 LMk
—ANEMR, FEAESH N NULL, FE — AR RS R S E BT R e SR AR Y,
tp_setattr AFEERY S 9 H NULL,

static int

newdatatype_setattr (newdatatypeobject *obj, char *name, PyObject *v)

{
PyErr_Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;
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2.3.4 MRLLE

[richcmpfunc tp_richcompare; J

tp_richcompare AbFIZF AT EMHAT IR BIA . BRUT FIHWEFE, Gl __1t__ (), H28
PyObject_RichCompare () #ll PyObject_RichCompareBool () .

I BR B E FH RS A% A1 Python X R i BAFE M S48, KB 458 Py_EQ, Py_NE, Py_LE, Py_GE,
Py LT { Py_GT Z—. ‘BN 24l 48 & 11z F A7 K LR W XS A R VR i T R [F] Py_True 5%
Py_False, QI3 HEERNERM L P I 2l HAOXT 52 U i iR 0] Py_Not Implemented, B{E IR
WE T 5 WA [F] NULL,

NHGE RO, BRI IAIR YRR ST AR/ IMHSE A A S

static PyObject *
newdatatype_richcmp (newdatatypeobject *objl, newdatatypeobject *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->o0bj_UnderlyingDatatypePtr->size;
switch (op) {

case : ¢ = sizel < size2; break;

case c = sizel <= size2; break;

case : ¢ = sizel == size2; break;

case c = sizel != size2; break;

case c = sizel > size2; break;

case c = sizel >= size2; break;

}

result = ¢ ? Py_True : Py_False;

Py_INCREF (result) ;
return result;

2.3.5 R LZHF

Python SZRFZFf b 2 S0 ; B ARG X 2645 11 19 € 118 1 JERATS 7E abstract Fh & F .

XL R AR ZH 27 Python SEHUIF A HAHBE S . R, 87, WA MO —FF it e
252 Python [W2H BUER Sy o AWMU G A o X TS L8k B 2B S AL BRAR B FR (9 PSR it
BIHB M E ARG s | R AL PR A T et o 0P TREHT B PSR BEAE T2 BN 4 i A A M Al
Br, HAWA — D IRBEAL RS WA ZAE (L W 24 R R 2. (MUIERR A A 45 IR AL E NULL
MG OL, AT A BRI R KA I — B AL A, (HIAGL AT RE ORI R IE A PIRAS )

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

RN A BARBI X R BT R — D EF . PSS 4, I AR EE o BICE — A SE il T C 28
PyNumberMethods, PySequenceMethods B PyMappingMethods, 25 AR HbE . VR 370618 24
FEIE A L5 R4 . AR 7] AZE Python JEATE A AU Objects H sk 4R ik LEXT 54 B 1 LR B
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[hashfunc tp_hash;

RARVEFE SR UL R, B R 2 A AR A R SR 2R ) S AR [l — IS A KB T T e — R ER A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)

{
Py_hash_t result;

result = obj->some_size + 32767 * obj->some_number;
if (result == -1)
result = —-2;

return result;

}

Py_hash_t & AMESEEBOLT HARF-EIA RS E2EE . M tp_hash & -1 FR L4 THIR, Xk

e AT 2 AR 24 R AN A i R IR [ e, A R R

[ternaryfunc tp_call;

BERR B AE “PRN” ARABE RSB AR AT, 250RUE, 2R ob3j 1 RARMIAHEEA SL M Python

ARAET objl ("hello'), MPKFAEIAH tp_call ALHEE.

IR g Z =24
1. self JZAERVE A H AR EEEZEZBISLB] . W HH 2 obil (*hello'), WM self y objl,
2. args RUTTAMSHWICH. RATAA] PyArg_ParseTuple () RIS,

3. kwds B HEAN XEFSHABWFH, MR AN NULL HAR S X725, 0w i
PyArg_ParseTupleAndKeywords () RIRSE. WIRARAE LR B S50 B SV 3E NULL {4,

M5 % TypeError HHfAF— A3 KT SR
NHE— MR PR tp_call SCH:

static PyObject *
newdatatype_call (newdatatypeobject *obj, 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: [%s] arg3: [%s]\n",
obj—>obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);

return result;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

T2 pR R A T X AP SR . XA B AR Rz — B S, BB ATR0E A i g 52691, iR
B —ANEE I YA RS, AN RE A3 R B NULL. tp_iter Xf T Python __iter_ ()
i, M tp_iternext XPWT Python __next__ () h¥E.
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EAiterable XFREQUALI to_iter AEFRES, ZALBRERAAUR | —Aiterator XF4R . N5 Python e
FR ] —A - 0

o XFTRLASCRRZ AR AR 2 0dE (g RAoCd ), MR M AER R A tp_iter WAL
—ANB A -

o HEEREER RIS GEEZ M TERBEN A2, BlanscrExg) AR Bl — g1 H
SHEG IR tp_iter — FF HOBIIERY 2450 tp_iternext ALFHAS.

fEAufiterator XFRERN M FBF L tp_iter il tp_iternext. —PEMHERAY tp_iter ALIAR Y MR 0] —
MG ZIE RS FTI H . BH tp_iternext ZEBRERN 2R [m]— N5 ) B AR T — N R HE 1
WA T XL ME. WRERERAKRE, W tp_iternext WRURM] NULL A RERE, di&dh
Al PATEIR 9] NULL Rt b 2R /MEE StopIteration; wEG R AT AP A B HIMERE . ANSR A& 2R TS8R
B, W tp_iternext W4 R2BE— A3 R[] NULL,

2.3.6 555| A3

One of the goals of Python 5575 | FSCBLAY H ARz — & AAVHE BRI S 5 555 IALHI A A H AR X4
(Blnges) b BB T4

S,
weakref BIHRLYSCRY,

TR B8 FRA S, §REELUAIRE tp_flags FB) Py TPFLAGS_MANAGED WEAKREF M4,
IHR K tp_weaklistoffset FENW BFENE.

FLpsti, PATH U2 SR I i 2SR R AR T

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O0)
/* ... other members omitted for brevity ... */
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME—XRRIMPTE 2 tp_dealloc FFEEMRATLMES5] H B H Pyobject_ClearWeakRefs ()):

static void

Trivial_dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ( (PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self)->tp_free ((PyObject *) self);
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23.7 ESEI
N ST U AR R B SE AR AR Ty vk, i ARICPython P3RS . BEA Objects Hik, SAJFTEC
PSR ER o I BRI A (BN, tp_richcompare). RFFREIIRAEZ LB R BB T

MR BRI DX R R AR I B BARSL By, 75 (1] PyObject_TypeCheck () B%. EIY
— M HERBINT:

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

S UL
"F#&k CPython JR{RAS A

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

GitHub [-J]-%& CPython J5{Ci%(¥) CPython i H .
https://github.com/python/cpython

24 ¥ C/IC++ ¥ &

—/~ CPython [t} C §" B2 — 4L =% (B U—4> Linux /) .so , 53 Windows [/ .pyd), H&FH—4
Z‘JHI“ LA

AT A, EFEAE PYTHONPATH A, HOAi5 AR A FRan 4%, A B P B4 . 2468
H setuptools i, 2 B Bl2E BUIERHTY) SCFE4 .

b AT SGONEL E I R
PyObject *PyInit_modulename (void)
PREGR B s iR A o BOAR ) Bi—> PyModuleDef 52l 15#F initializing-modules | i 1E

Xﬂ‘?ﬂ?ﬁ ASCII 4giS i 42 . RE 2 PyInit_<modulename> , $f <modulename> i Mtk
M4 5. 248 ffl multi-phase-initialization 5}, i f 3E ASCIT g 5 fBLH 2 . BLEH] 46 16 R 5L 1) 44 5 42
PyInitU_<modulename> , [ <modulename> F55E [ Python ] punycode 43, EFSEEW N TR,
7r Python Hi:

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

A ME—ASh S Rt 2, il & LSRR TS AT 75 BT S BER ol ) E AR
PR AR I AR TSR B RO 2 B . B 7 — A ZaY S Ak BT, {E PEP 489 [ AR 240
RE
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2.4.1 {§ setuptools #33& C 0 C++ ¥ &

Python 3.12 J B AN A F-ELS distutils, {52 % https://setuptools.readthedocs.io/en/latest/setuptools.html |
] setuptools SCAYREEZHL T f# anfn[fii ] setuptools He 4 EFI4> & C/IC++ P&

2.5 £ Windows F#33 C 1 C++ ¥ &

X—EE AT ELA 5 T anar{d A Microsoft Visual C++ £l 72 Python [1 Windows §" Efill, SR HRMA L H T 4E
ML S5 B o X Seyi B RHA] I A T Windows #2512 > #4 78 Python $7J& A I Unix F2J¥ 124>
QAT AE BCEE Unix F1 Windows 35 B8 RS B8 22 il & 12k

SRR distutils J7 XORM A AL, MG AT B 77 =0, ARG FEMEA C kit
¥z Python; 3 %5 A Microsoft Visual C++.

ik

X—FR K T2 I E 4 Python BUAS HSCIF4 o IXEESUIEA PAR RN XY IUIRAS SRR FESL
Berb, X R AR BT Python K Af B FARAS I 'Y RENUIRAS S B0, A RAR R 8 Y2
Python 2.2.1, XY ¥ 22,

2.5.1 iEzi5EA

57 Unix b—#, 75 Windows Y et i A iy X : /1] setuptools fRFERIM @I, B
FHAaTNEAE. setuptools Ty = idi H T REZHP fk: il setuptools MFEFITT LY ALY SR, L 1% 7
setuptools 14 3% C Fo C++ I o QERARE MR ER TR LT Sh4E, IBAMFSE— T winsound ARl FEATHR 13 H
T RESR A FH ). standard library module.

2.5.2 Unix #1 Windows Zaf9Z %

Unix F1 Windows X[ TS HE 7R T 58 A R 7ERe i @l sh &S mam i s my, %
T T IRARBT AR Ge 2 ander T AR .

£ Unix /1, — IR (- so) SO ERF i AP oR BT A ACRD , AL S 7EAR e Hh il B4R 21 ) o 404 A
A o 24 SCPFRE AT B APy, O SO AR Ao 28 R BRI i ) 4 v | AR & B i 1 AR e o pR AL
AL A7 P I E R S PR B XA b — R

£ Windows 1, —EIESEEEIE (. d1l) SR A BHERIG I . i@l — 2R R I T R B i 1
Vil. HUAEz T DLL A TEIZ TN T ol A, RIS E LM 17 DLL pi&k, 7f HAeiz
AT e 2 BB VAR 1 5 7 ) ek SRS

e Unix W, AFEE—RESCHE (L), BERAZ X (o) Biis. FEa)E X3 (Lso) 1Y
HERE B, By ] AR S R ILE AN RIE R AR IR R AP HLE S SRR REAE A R B R SO AR
B WPRIE T, SRR S AR H O SO A R

£ Windows 1, TPAEPIRIERR, ERSHEMSAE @ B4 . 1ib). HEERLIT Unix 1 .a XF; B
AL E N TR A . S AR B AOUR TiE a8 RE R PR € AR A2 AR, I HAE DLL
PO BT RT f AREERR S AT TR B S AR W fF B A R AR (8 ) R B 5 /E DLL Hr i if
ffo B— AN IRE B DLL Bt , nRe A2 A PR, ERF 20N T AR 8 DLL ARk i
AT IxX 264551 DLL.,

TERBARIEAE A IE PSS B B A1 C, BTN S35 — MU E A, 7E Unix b, IR RREXF AL a 24
AR EN B. so Fl C.so; M FECEMAIEMIR, XA B A CHaalia el A SHEl 4. 7 Windows
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L g AL ALY RIS AL Lib, /R 2S5 AL Lib (RAHERAS AT B AN C. AL 1ib FAUFAM; E
RS RAEs TIRBONTU A AR fE R

#£ Windows b, ]S AR iR M import spam; EiLARAT LAV spam H44 FR, HIFA LA
U4 . FE Unix b, 8EZR - NERBZ from spam import *; ERBE - RMAIA.

2.5.3 DLL gYy3chrfEMA
Windows Python /27£ Microsoft Visual C++ Hig i ; i I HAB G IFA8 v RE T RE AR 2 TAE . AT AR
A AN MSVCH+ 11

24 f£ Windows H ! DLL i, RUA0KF pythonXxy. 1ib R4 HERAR . B4 1M1 DLL, spam Fll ni (&)
spam AR ENK C BB, ARM GG LA iy

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

AU E T =430 spam. obi, spam.dll fl spam.lib. Spam.dll A& (L4 Python % (7l
W PyArg ParseTuple ()), {HEM pythonXY. lib Al PAKIE AN 2] BT 7T HY Python (L.

AT ni . A1l (DA L ob] Al . 1ib), BAIEMATA spam PAK Python R AT SCHEH 4K 2 Fr g i)
I:Z—lﬁo

ANREANIR AR T B AR F . WERARAR B AL (£135 Python) #\EEH BR M 4R AT,
RIS I _declspec (dllexport), FLUIEE void _declspec(dllexport) initspam(void) Bf
PyObject _declspec(dllexport) *NiGetSpamData (void) H—Ff,

Developer Studio IR Z VRH A EIEFTEIFALE, A4 AR ] ST 30RO/ MEIZ) 100K, ZHRBEAT,
TE (P I 38 o A H R R R T R 0 BB BRI o FFIERIR) msvertxx. Lib IRINE]ESFH .
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CHAPTER 3

A E KRN FEF RN CPython Z1THY

A, AZEANEAE Python fREAS A LNV AR THIY RE, 124 S5 CPython iz fTHHR A B B 1Y
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHENAERFEA Python

HIJLESHE T A% Python HEATY R, il afal ] C eR &A™ i€ Python HYZIAE. SLad Rtignl AR : 5
Python fir AFl| C/C++ N REFP i R 5 O fig. X AR A AT ALY AR Y Python SRECHIMELLTNAE, i A2
M CH Cr+ . MBAMRE:; HANAVFH i Python %5 — LB, DAGEE il b AR P WAL 7oK e ARt
LELfE ] Python i Hil R I N A ), IEATF RN A CMEEX AT

Python fiR AZRAT 9, HASELME. AFZAFET, 7 Python B[ R 7 ) 2P 39% /& Python
fRERS, T A Python B f¥) F-F2 7 M BE5 Python ¢4 J6 X — 1M A2 W, F A P 11 S 25358 7B /K 8 /i Python
RS R IB T2 Python UL .

P, #7254 A Python, REZHRMLE M AR . AR B S < — 2 v 4R 1L Python fi#REd: . /0
PR Py_Initialize (). A LERTEEAYIH ] A] ) Python f2id a2 8. 25 RI] YRR /¥ 1
AT Anf 3t 75 8 P AR 17

PR RS T A B JLAE: Wl PyRun_SimpleString () f& A—/~ Python iR FAFH:, tn )
PyRun_SimpleFile () f& A—A>stdio SCPFHEEFI—30fF4 (UERRIE B HEFIRBEN ) . 7] LA
JH R 725 3 (4R Z R A SR A3 - 1) Python XF4R .

S0

c-api-index

AICEM AT Python B C 1. X BUA RELEIIFEE.

59



Extending and Embedding Python, & {ThRZ 3.13.0rc2

3.1.1 BEXE#RA
IR TR BT Python i ATE 2 R AR H R 204 0. %38 1) H AR R T—B Python A, T G751
MR B . EAnPAR AR T A R R RAS S AT — Se 4 A

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

int

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

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

/X WTFTRTHEMERELER +/
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception (status)) {

goto exception;

}

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig_Clear (&config);

PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}

return 0O;

exception:
PyConfig_Clear (&confiqg);
Py_ExitStatusException (status);

ik

#define PY_SSIZE_T_CLEAN #f K358 Py_ssize_t W M4AEF L API 8 int [Hif]. BM
Python 3.13 ;B A FRRE, HRMAHEEH T NIE . 1§24 arg-parsing-string-and-buffers FRHLZ 7 1)
iR .

X HE PyConfig.program_name W 4¥F Py_InitializeFromConfig () Z Bi#kiH  DAE &5 50 i BE %

Python 21 TH FE ) 42, 2Tk, Python Rl Py_Initialize () KHILHIL, SRIEIATHIESRAD )

Python JHIAFT B H IAIEI A . #EILZ )5, Py_FinalizeEx () P XM, FHEISS AT . FEESE

FIFEF T, VR RE TR M A YEZREL Python AT, sk i@ M SCA G AFHIRE . SCHBCE B FE 5555 . (A

E/R%lf“skjﬁmpleFile () PRELAT AT S A SCARFREL Python AGHI5 ,  0RF RARAE 2543 T P9 AT 25 ) LI 48 S0 44
ZEHFRA -
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3.1.2 SEHB/BERERANBIBRS: Hlk
7o A% H RE A, IR 7 H AT AL AT Python AURS , {H 28 /Sl ml SR A XA BRGS0 T 2 AT B, B
ARG AT . JLT AT ASEBUL T IhEE, U520 C .

PR, R EEAR, {17 Python Alik A Python FyS M2l B LTS iHE i R 2 B KR
AR ATV AL, AYRE—F M Python 2| C i JEAUHENRM T (14

1. X Python %54l C #% X,
2. FEREEEE AT CRRF IR EOR A
3. REUR R [ B A C #5404 Python 452K
ftx A Python B}, 2 FTAURS ik AR :
1. 5 C sttty Python %3,
2. ARG B TR Python 42 1% BRI T
3. RFIA AR AT B A Python B4y C A%

AL R B B P PR T — R IBUT DA B 1 5 B At o ME— Y DX R AE I OB e 2 Tl
R BRBOR R FEPRATY RIS, PR —A4> C eR%k, T RATHR ARSI AT A 24> Python b4

ATV ATREEHR A Python $e#u 8 C 5, RZARA. SIAMEEGE AT @%E@%@Fﬁ U I BRES R
H X S Ty S AR AR YRR BOA XA, TE S % A Y ARSI R 145 B

3.1.3 RERA

SRR H A2 #1047 Python }Ifﬂzl-‘t!jﬂ’]%/l\l%%ﬁo SR 2 UCH IRRE, Python f#RESSH A 2 ELIE 5 W
MREFFBATACE, (HF— 4RI — A -

P47 Python JIAS g LI pREL, AR ANTTR

#define PY_ SSIZE_T CLEAN
#include <Python.h>

int

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

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

if (argc < 3) {
fprintf (stderr, "Usage: call pythonfile funcname [args]\n");
return 1;

}

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1l]);
/* W %k pName #y %% f ol */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc Z—/#E A */
(B )
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if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; i < argc - 3; ++i) {
pValue = PyLong_FromLong (atoi (argv([i + 3]));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;

}
/r X BMBTY pvalue 3| Fl: */
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 \"%$s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%$s\"\n", argv[l]);
return 1;
}
if (Py_FinalizeEx () < 0) {
return 120;
}

return O;

LR RASSEFI A argv (1] JnZE Python B4, FEH argv(2] $8EMMEE. REESEUE argv £141
A . N5 T 44 AT (MLALRHR A SATREF AR AE call) |, I & AT Python B 7,
4n:

def multiply(a,b):

print ("Will compute", a, "times", b)

c =20
for i in range (0, a):
c=c¢c +b

return c
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RIGER I %2

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

SRR BRI, AR BRI IR, (EOHR (U2 11T Python I C Z [a) i) Bicdfe e, DA A i
%, #iA Python HIAT#RER T ML TT 46 -

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv([1]);
/* W& & pName W4 &K N */

pModule = PyImport_Import (pName) ;

WAL RS 2 J5, WA PyImport Import () MIEEIAR. BLeKEn) 2407 21> Python FAFH, —H]
PyUnicode_FromString () BlHi sk B ) 74755 o

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc & —A~# 5 A */

if (pFunc && PyCallable_ Check (pFunc)) {

}
Py_XDECREF (pFunc) ;

JHIA—Em#kse s, #ies M PyObject_GetAttrString () EREEAFR. WRAAAAE, I HRFEZ
Al S, BRI o R R, SRS R AR AT, BRI SR e . SRS AT R
JH Python R % :

[pValue = PyObject_CallObject (pFunc, pArgs);

MR FORIEIS, pvalue B4 N NULL, 2SN eRB0R MHE RG] 956 PR 58 ERE0Z5 1 ] .

3.1.4 3fix A Python ThEERITH &

FIHAA L, AR Python RS REVT I I AL P AR B D fE . Python APL Il 4" R AFRRRAS SCBL T
X—nle WYL, AR S PLH el B i AR RS UEA T I . AR E R A LR ., (WSO ARl
ke RSN RACR W AT IE3) T Python g . MHEN HARFF A —H Ty, RIEE—LRKA
ik Python {j[MliX $8 T2, AR S 5@ ) Python 4" AR F—HE. filn:

static int numargs=0;

/C BENRABRFH#LCOWSHERE ~/
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, 0, NULL}

bi

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

bi

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

TEmain () BREZ HITEA LIRS HAEJHH Py_Initialize () ZHITHADPL N BSKIER]:

numargs = argc;
PyImport_AppendInittab ("emb", &PyInit_emb);

XPIATIIS R AL T numargs 254, H- i A Python f#REAR LA 1 emb . numargs () pREL. HidiX L
P, Python JHIASH] DAPRAT DA T #:4E

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

TERSCHI N R b, XA R T APL Z55 47 Python (1]

3.1.5 £ C++ thigg A\ Python

AT PAKF Python iR A C++ REfFH 255 BabIHINE, SCHU AP T C++ REERISCBANTT; — G C++
%5 TR, FEH Cr+ G RO MEEEAE T . AT 2N C++ HH%1F Python AL

3.1.6 FE3¢ Unix RFhymiFFoskss
YR Python MRS AN ARLFT SR 2 IR0 19 9 16 S B 4 g 1248 (FIBERED FHARZ 3, Rl @2
Python A FERHE A C BhaSY Je (.so 3CHF) mEasetil.

N TR R AR AR A S L, WTIAT pythonX. Y-config WA, BE2AEZHE Python A (H
A REAFAE python3-config {IA). MMAGILNSE, HALATIANS RS EEAN:

e pythonX.Y-config --cflags ¥4 HEVNRESE.

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

pythonX.Y-config --1dflags --embed W45 AL B R

$ /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 -1dl1 -lutil -1m

.

ik
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KT L2 A Python R RA G| KIREL (PR RERRLRERATE CMFRAZE) , BAH
pythonX.vy-config f8EL N4, 0 ERlfrA.

MR EAR T EARMEA CRRBAIIEXT T Unix 28°F-E#ARG UGDEEH bug 45 ) , sifR R RS X T
FERERYSCRY, 5 #r Python fY Makefile (Jfl sysconfig.get_makefile_filename () F|F{ENLE)
FgiFSE . XB} sysconfig b @AE A TR, ST IRINGEHGHE —EWEEME. thn:

>>> import sysconfig

>>> sysconfig.get_config var ('LIBS"')
'-lpthread -1dl -lutil'

>>> sysconfig.get_config var ('LINKFORSHARED')
'-Xlinker -export-dynamic'
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RIEXTHRR

>>>
interactive shell 1 ERIN) Python $2/R4F. A2 /R T RE AR B S AEMRRESS LA T I AR 191 AR 2 il
AR

o interactive shell Wi ARSI ERIARY Python $2/R4F, Feik AR G 4a it A ad e, 2o o4
WAr (S IS, ol =E155%) 2N, S0 e M2 )5 .
e« Ellipsis NEFH.
abstract base class -- fili & 3

MG EL PR ABC, & X duck-typing kb7, BHEME T —FhE G Oy =, M2 R AT i
W hasattr () B TRIMBCE R (Gl H BRI ). ABCHIAT BRI, XFMIfdE
Mok 5 HAZE, HAMIEEYE isinstance () fll issubclass () FHARl; 0L abe B CEY . Python
B2 N ER ABC HI T2 38dE45H (F collections.abe ) . B (FF numbers bk
). P (FF 1o Bedr) . S AERGSAMERS (FF importlib.abe ). fRATAMEH abe FRbk
KA H O ABC,

annotation -- f#7i
KERBNFAE G, KB, REBUESBORIERIPRS, WZENER &2 2 R .
JRERAS B EAE ST TS AN AT, HA RS, SEE MR AR T 2 4 B OE . SR R i
__annotations__ k@M.
Z: W variable annotation, function annotation, PEP 484 1 PEP 526 , %} I BN GE A /T4 - 57 2 I annotations-
howto [ A AR Y R AR SE B

argument -- S5
TEVE ) BB A% 45 funcrion (Bimethod ) W{E. SH0 s
o RHEF A TEREOR A PRI A FRIRAT (P10 name=) SRR SFERTIRATA ** A7t B
HIEAE A . 256038, 3 F1 5 FEPAR X complex () WIHA 8T #7250

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s A AEC ART RETSESH. ESEOTH T SEN R IR A L83 e A
* [iterable L TCRGAE N . 28BIIE, 3 A1 5 FELA TR g TS 4

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

SR PR L sRBUA X B Rl AR e A RIS I calls —Y . MRAETETE, ATk n]
HRFTR—ASHG A E B E IR R Y Y SR AL o

7% Wparameter REFZLH , H W SHGESHIX AL PEP 362,

asynchronous context manager -- 535 | N 3p8 7S
PR Sl X __aenter_ () Fl_aexit_ () F{ERX async with if4) PR E T .
1 PEP 492 5| A,

asynchronous generator -- 525 1 ik 7%
1R [B{E ~asynchronous generator iterator I EREL. 'BE-S5 ] async def F X HPMERBARALL, ANFE2Z
WAET BT vield kX A=A —RSIWHE asyne for TEEHHEH BIME.
WARTE T 28 A0 A e ki, EEREE NIRRT 7 £ R B R R E. WRFEIEERE
BARE X, W AR AL .

AR AT RE L await RikRE#H asyne for L async with i,

asynchronous generator iterator -- 5335 2 ik 2% %G 3%
asynchronous generator pRELIT R IRTS o

WG IR Fasynchronous irerator, MM __anext () 7k & AN FERT GOk AT S5
A B A B B B R A yield Fikat.

FAS yield IGHFE L, DAL BRI PR (HHE R SRR ry 50)) . 4i% 5 &
AR B __anext_ () IR HAD T SRR RARIRE RS, E2NEFOCESSIIT. S
L, PEP 492 1 PEP 525,

asynchronous iterable -- 5325 n] ZE{CRF %

—AA]PATE async for Al HIN S, SRR EN __aiter () FyEREl—asynchronous
iterator, F§ PEP 492 5| A,

asynchronous iterator -- 5325 %5028
— ST aiter () Ml __anext_ () FEEMXNZ. _ anext_ () IR B —awaitable
¥4, async for &AbHR A LALLM _ anext () Jy IR AR TS AN B B B & —A
StopAsyncIteration F% . B PEP 492 5] A,
attribute -- &1
KRB —ADXTR M, B S SRR AR . 250G, WERXTS o G JEME a W] PA
H o.a k51 HE.
WERXT G AV, REAR W E R identifiers (1) JEAR TR 44 FR A AE— X500 J@ o 42 T AR, il 4n it A
setattr (). FXFERYJEIERFTCIEME AT RXZORTI, Meu i getattr () RIRE.
awaitable -- WZEFENF 4
—AA[AE await FIRX P H TS, TSR coroutine B2 BAH __await_ () HFEHNE. S W
PEP 492,
BDFL
CR BT ZEMBRE WP SC4EE, Bl Guido van Rossum, Python )65 % .
binary file -- —JEHISCAk:
file object BEMBIEEE F 7 A0t %o —BEHISCHRI Bl HE DA HIES (e, "wbt B rb+ ") FTHFRI T
4, sys.stdin.buffer., sys.stdout.buffer P\ io.BytesIO Ml gzip.GzipFile BYSLEMHI,

7S Wiext file T fREENSTES str MR SLIFRIGE
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borrowed reference -- {5 A 5| Hl
1 Python f¥] C APL o1, f5HGIHE M5 M, BHZMZ AR IFEARAIZG I R 58
FHER N B oA il — S G 5. BN, B3R IS AT DAREBR AT 1) B J— 1 strong reference SRR E .

HEFFAEborrowed reference TR} Py _INCREF () DU SIS Hystrong reference, [RAERMIZXRITIE
TG IR G — R Z it 5% . Py_NewRef () MEUH] AR RANE—AF i) strong reference.

bytes-like object -- ‘i %%} 4
3 5 bufferobjects H- H.AE T} C-contiguous B X% . XI5 A bytes., bytearray fl array.
array X%, PARFZ I memoryview X5 . 7RG AL L Fh —dE IR E R A s X sk
VERLHE AR . PRATE R 3R SO DA i i e ik %

HELE R VR TR BN AR TR . XX RAE SR T R CNEEE AT A AR
Bl ¥414G bytearray PAJ bytearray i memoryview. HABEAEER —FEHIE A HCT A T 22X
%O HERFERINER"); XRG4 bytes DA bytes X4 memoryview,

bytecode -- ‘7= 515
Python JEAHE 24 dmi5 771, Bl CPython fi s 137K Python F2JF I RS . Fr ik & 247
TE cpyc CHFH, SOREEE R AT IRl — SO BE e (RT A KRS B g i M iy ) o XA
HEIE S 12 TAEARE F AT R AT A AL RS i virtual machine 2 1., 35735 R[] Python ML)~
AR —EEH , WA—ERETEARH] Python fiUA [ 3% .

FATDHEAFFE T DATE dis B SRy s A .

callable -- W] {& FI %} 4
AL G2 T AT E X 4, T RERTHY — S8 (B Wargumenr), i DAF

[callable(argumentl, argument?2, argumentN) ]

function, BRI JEF method %5, BT AVAMX G KT __call () JIARIZEHSEBIHR)ET T
JIROE

callback -- [9] i}

—MERS BRI PATE AR B9 A 209808 FH ) 1B RE R 4
class -- &

RGN P SO SR ABR . 28 8 SCE R S X% R SL B T ER O e o
class variable -- 2375 i

TR E AR, I HLAURAEZERZ S BB B A Z2AE2ER L0 R IE 0 -

complex number -- £ %}
X SRR G R, Hrh A B IR R S — S — A R A RO BEURAL (-1 19
PR BYSEREEL, BETERCE TR i, LRSS 5. Python B TR RUN SR, R LA
FRMCTTEG BRI —A 3 JES, BN 3+15. WERTEE math BILRNXT GRS BORAS , w5
cmath, SEWEE R IR EEAECATRE . WARARBGER A B2, ZIENRILTPARF AT

) R

context manager -- |- F SC55 PSS
TE with {54l X enter () Fl__exit__ () FERERIFERRSHXS. S0 PEP 343,

context variable -- |- F 325 1t
—MRIEE T E R LR SO AR A AN FEE A . R TAELR RHRAE P AT LB AR
HARRMWARME. Ak, T ETFCEERE, —MUTERET RS2 LT, M E TR
1) F BRI R S5 A i TiE R . 20l contextvars.,

contiguous -- YE&%
—NEMNAE C E 45 Forran & B i\ R B2k . B4EgEnh /g C Al Fortran JEZER) . 754k
B, Brf 4 H O AHE WA P AR S HES ), SR EIFIRIB ISR )T . 72 4k C-E85H
f%é‘;ﬁ? Ié\iﬁf@ijkﬂ@ﬂ i B e — N5 V) 45 H s B fepit . {2 7E Fortran JESE0ALH U2 FH 26—

SR RR.
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coroutine -- e
PR T BRI — . FRIRE A DAYERE— S A e S — R o PVRE DA DAFEVF 2 AN [R] 1) 5
FitA L BEARE . BT asyne def i5A)3REM. S0 PEP 492,

coroutine function -- {IpFE R %k
iR [l — coroutine ST R KL . PMERE T asyne def B4R E X, LS await, async
for fil async with XA, XLRpMEEH PEP 492 5] A,

CPython
Python ZRAE 15 RUMTELE, FE python.org A& . “"CPython” — i) F T £ DAL P RE 0 S -5 HoAth SEER
5141 Jython By, IronPython #H X 41| .

decorator -- gy
R EME N 75— R B R AL, Sl @wrapper AT AORIAT B e . St 3 L1511 6035

classmethod () fll staticmethod ().

PMAREAR USRI, DU A eR S SR S R Se 45 i

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

FAEROBR SR N T8, (Rl E R A . A AR TR PT 2 0 eR B0 SOM 2858 SR SOR

descriptor -- {{fiiA %3
EAEXLT __get_ (), __set_ () B __delete_ () FEMXNE. B—NKEH AR, B
HIRFIR IS EAT S TE R PEE IR Bl A . SR IHOLT, A a.b RIRHL. W EBMBR— @ PERT & 7E
a KW FHAPERLATN b RS, BAUR b2 RS, WX ARSIk . PR ALS
FIAE 2 B2 B Python 1) 0B, RN @ VF 2 HERr MR AL, HFEREL k. FHEEE.
Rk BT EA BB G] S5

A KB ERITIEME 25, WHZ I descriptors B fHA R 159

dictionary -- it
— AR, H P AR S B A B (R . B ARAEMI A __hash_ () Ml _eq () ik
MI%F4 . 7F Perl H1#5 4 hash,

dictionary comprehension -- “y2HiLHi: 53,
A PR —N AT IE A R A ) A SO TE R IR I G R ) — PP R B H . results = {n: n **
2 for n in range (10) } BFEM—THEn Bl n ** 2 FIBRSHY AL . 220 comprehensions .

dictionary view -- = HILF ]
M dict.keys (), dict.values () fil dict.items () RFEXTRIR N FHMAE, BAERMAETF
WAL HB—SHE, XERE Y FIBUER, PR A I . BRSO I i i 4 oy FLIE
HB%, AI{# 1ist (dictview) . &I dict-views,

docstring -- SCFf P AFH
TERZE . R 2 NI EE— AR U B P AR R P . EAEURE BTN 20 2m, Haw
GiiFar R B ATTES . BRI __doc_ JEtEd. mT e TAUENE, IR 5
(9 SR PR LT (o

duck-typing -- 51387
fa—Fh AR XA, B A HEE A PO G R AR i 2 B IE R B 1, T2 B R ) S0 )y
EEME (CRERGN T, RN T, IEAE @RS 1) BRI O AR e A, it
R RS rLE A s 2 B RORIE T R . WA H type () 8 isinstance () .
(HZE R TR AT DA 48 508 % AR TS, ) TAEAESR M hasattr () KU EAFP 4k
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EAFP
CSRIEW GRS S IS4 . iXFh Python & AR 4R 5 XUE 2 e i 35 B B @ MAe e, I
TERE AR AR o o XA Pl WS B RF U@ Kz ) try Fl except if41] . T HARX ) I
FEFTHLBYL W%, #ULT C 43 2 HAEF .

expression -- ik,
AR HEAME R A OT . AT, — N RIBAR RIB T K0T, 4. BN, 2
B RER LR, ENRLE SRR —AME. SF2HMESAE, HEIrgEswaaeE
Ko MAEEA BRIV ER B W statement, Bl while. TRIEHE)E THEMIMAER L.

extension module -- § JiE ik
PA C 8 C++ 4 B5HIMEL, ] Python ) C APL K 51EF %O LA PRI T30 B,

f-string -- f-2f5H
WA B B EAT R RS AN AR B R R I EN E S . S0
PEP 498,

file object -- SL1EX %
XFAMATFII SO APL (A read () B write () %57%) PAMERTFERIERXS . LA
IARIE, SCHARTG T DA BN B SR S0 . AR B A7 sl AR B A 1 U i) (90 an s v s A/
. NHEZMIX., BT, BlES%). USSR EEIRN R 280 R,
SR b A =R R SO G B G = ) SR, ek = ) SO DASSCAR SO, BRSO e Y
TE io i, I SCHRT R X2 open () BR%K.

file-like object -- SCF20 4
file object W [R] LA,

filesystem encoding and error handler -- SC %k RS 4% X SR L PESS
Python JHI R M EAE R GEMRAS 7717 BR A ] 24 R 58 2 i Unicode 1Y 4 20 SRR AL BRAS -

ARG G A A A PRIE R R RS K BEAE 128 AN W IrA = o R SO R G dm i X e vE 1R
ML AR, W) API BREL AT 45| &K UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PREATHYE SR AREL
R G R S A IRAL S

filesystem encoding and error handler JZXF Python JE 3|4 PyConfig_Read () HRECKRAECERY: iESH
PyConfig [if) filesystem_encoding fil filesystem_errors ZH.

FHiE S Wlocale encoding .

finder -- 2%
— e EE R T AR loader BIXT4

FEAEMIRRRBUM A 4R AN Lok 12 &£4% %5 B sys.meta_path i, PAKSEI1Z25 A &£3%8% BLA sys.
path_hooks ffif§.

142 5] importsystem 1 importlib DA T R 2407,

floor division -- [n] U7k
] A B R B B R . B BREE AR /o B, Rk 11 7/ 4 @it
HEERE 2, MS 2R S EIERERE 2.75 o {E (-11) // 4 23R4 -3 Fh 2
-2.75 @ FEHABRIREER. W PEP 238 .

free threading -- |9 h 2%
— PR AR TR [ — R B A 2 AN &R ] PAE EFHZ AT Python 515 . 5 ILAHXT Y J&global
interpreter lock , FE[R—Z] K ARG — D LIEFT Python =515, £ PEP 703,

function -- PR
AL RA I 2R ] EAME A — 2B o 3R RTRA AR ABA B2 A S FEAE R R BT R . 5

W parameter, method Fl function Z£77 ,
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function annotation -- PRZkRT:
RRER X pREOE 2 8GR [BUE i annotation

PREFREE R T 2047 BIANRA R R BTE Z 4> int ZHOTHUR Bl —A> int {H:

def sum_two_numbers(a: int, b: int) —-> int:
return a + b

PR AR TE I AR DL function —5

Z: Wvariable annotation F1 PEP 484, H.A iR T ThEE. 51 Z: 5 annotations-howto DA T &5 F A1 11 B
FESE .

_ future__
future {£47, from __future_  import <feature> F§/RJiiSEEH 1 KEAE K Sk AY Python & i il
BCRARHE P EE RS SOR 24 A . future_ BIRSCRYICSK T AT RERY feature BUH . it T A
ﬁ?ﬁi&gﬁhﬁ HORAE, VRATAE BRI AT B i O AR Z B AR TR (8iE) AEfi
il Y’

>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- 3 J% A
PO THRLE A N AF S [ A A . Python i 5| AT VBRI — A RESS G N AN T BB ER 5 | 1 A A A sz
IR g o AT SR RS o RT DA g o AR il 3 [l Wit -

generator -- 7} i g3
R [Bl—A~generator iterator (A FREL. ERE KRG HMREL, [ﬁl,ﬁﬁ?,ﬁ\@/ﬁ: yield FikA DAL
?ﬁﬂﬁﬁ\m for-fEFR i FH sl )2l 1 next () HREZE—3RHL

TR AR A, (B UL T AT e AR B R E . WERTEE RN S S, il
Jﬂéﬁ%&ﬁéﬁj‘ix

generator iterator -- 72 K 25 %12
generator PRELIT RIS o
!r/l\ yield IEHf RS0, 10 LRI EHAPRA (GG RE A RN ty 15A]) o 4% £ &
RHRBWIRS, ER2NEFOLEARLEIAT (X 58U BB AR 558 R B2 IR ) .«

generator expression -- 2} i 7% 3k R,
R[5 —A~iterator Wexpression. "B ARG EFRIAA WG E LT —MEFER . JEHEIY for 14,
PARG—ATTIERY 1 Fh). DA ARBN SN INZ R BUE L — R YIME:

>>> sum(i*i for i in range (10)) # F K514 0, 1, 4, ... 81 z Au
285

generic function -- JZ %I R %}
SRS [ () 2 23 S BAH R4 E 1 2 A R B0 LB eR . R P s 2 el 8 3 B30V R 112 fT P IR A 5
M.

Y2 Wsingle dispatch R1EFES<H . functools.singledispatch () Hfigs A & PEP 443,

generic type -- {Z %!
WS pe; A 1ist B dict XFERY a8 28. M T R 2427 FlEft,

WL S, Z R4 . PEP 483, PEP 484, PEP 585 fll typing Hibkt.

GIL
2 Iglobal interpreter lock .

72 Appendix A. RiEXEBR


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

Extending and Embedding Python, & {ThR4x 3.13.0rc2

global interpreter lock -- 4> J5 i FEES 9
CPython ffRERs B R ) — BBl BB PRIE— B 20 3G — N RARAE AT Python byrecode. AL E i
WEXT G (GG dict SFEZNERA) X3 i b2 & ffi16 T CPython SEH . 45 %Al
e MBS RES 2 RARBA T (8, HACH WA T e 2 A g Ry AT .

NG, FESEHRUE R B =07 R R B ROT  PE ATVT S R 2T 55 1 S 4 W A IRPRE i GIL
BEAh, FESAT VO FefEmth 2 SR8 GIL.

1E Python 3.13 "1, GIL A[PAffi | ——disable-gil giiFRl & kA . FE M A %I 451 Python 2 J5
RAGAZIPIAF -X gil 0 ZEEAERE PYTHON_GIL=0 HIEAA R JGialT. AR 2 LN L
¥ ia YRR T L AR il 24 CPU WoA%E S . W2 41T S 4 PEP 703,

hash-based pyc -- 3£ T-W5 %11 pyc
A58 FH T I 08 SC A B s L T A i J 46 e B 1) SHe i o8 A RO - RS G2 A7 4. 2 L pyc-invalidation

hashable -- W[5 7y
—AXG AR B AT HAE AT N R E A E (BEFFEA __hash_ () H¥E), FHATRARH AT
ZRATHIR (E%@%ﬁ _eq__ () FIE) WREERRN T A X GE. RIMG A X SR b A B AH ] (R WA A (i e
BRI .

]IV CERERT G REAS T SR A A G B, TR Ry B 2 ) A P AL

RZE Python HI R AIAE N EEXT G rT e v i) s AIARAs (Blang) ey i) #A A Ay s Rards
s (BIATCA frozenset) {4 EATAICR IS Ny Al Wa Ay IR A2 PTG A0 . 7 SCIEE LBl x R 3R
NG ENTELRE R —E A AFE (B2 S HOE) . ENmma L s T e
id ().

IDLE
Python (YZ AT K 557 2T A5 idle i Python A B AT AT 1 LA SR AR MR RE e 1 858

immortal -- 7k /%%
KA Z e PEP 683 H15] A1) CPython SEELATY .

WX R JE TR R, WEWreference count FKIEAXYUEH, T ETEMRE SRS ITIIRIKIZA 29
BGH M BC. B, True A1 None 7£ CPython HH#lJET /K AXF R .

immutable -- A~ [ ZE %} 42
HA B EEANS . A RAATERT . PR MITH . XX SN ERAE . MR iE—
ANFEEE, WABEER XS . EAEREE BN A R E EEZER, B b i

import path -- § A J54%
HEMIE (B35 25 0 ) HBNSIR, KBTI path based finder IR EHFABIR. TEFAR, I
FIEPLMEARE sys.path, HIWRBAEBHETRER B FHRM __path_ @Y.

importing -- S A
A ) Python AU RE A 75— MEH ) Python AUAS T 6 A 7 .

importer -- 5 A 7%
B MBS WS RBRE T finder XJ& T-loader .

interactive -- 33 I,
Python 7 — A HAMERERS , X ME VR ATEMRRESS PE R A 5 i AT RN 23k, S RISV 2
FBHER., HEANFSH00)5E3) python iy (WA AFERIGTT ML 3 32 BR o g B . 3 50 ) o 7
DU AR B B AR A R B 2 3R 8 (G0 help (x) BRED) . B XL EAXWIER, S0
tut-interac,

interpreted -- fiR R
Python — @ FRREAUE T, SR RmIFALET, BAWE X AH T g R W A7Em 2
H ] X EME VRSO LB s AT AN A B @ v AT SO AT R ALE S EE A
Fb G R B AR R T AR (R HAR P A A TS 8 . S Winteractive,,
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interpreter shutdown -- fiEREES A
WP TR KR, Python fRREZRIFH#E A — MRS T TR B B BT A C A RO, o WA 4%
FhOCERNTREE I . B SZ WA R e . Xk P E XTI a5 | 1R g RS P
1To FERMB BHATIAIES T RE B B S R, BRI IR A AR (8 W 6l14 1%
R a2 AL 5 ) -

fRREAR T 2P RN main_ BB TS AT A S8 AT -

iterable -- W] LR} 4
—FPEEIS B IR m N R IR RS . TRE R R B TR A AR AL (4 1ist, str Ml tuple
&) DARCHEEAR P A AN dict, ST 7 PARARMIE LT __iter () J¥EESEHL T sequence 15 3
) __getitem__ () MY HE LEMITE .

AIERTR AN T for MEFRVA LI Z HANTZ— A FFI 5 (zip O, map (), ..)o H—A A
MEANERBHALH I ERE iter () I, ERPHZXTRIMIENL - Lﬁl%ﬁ%&ﬁiﬁﬁ?%ﬂﬁ%/*ﬂ’]
— U I o e T IE AR S 4L%Trﬁ%ﬂﬂ% iter () B HOAHRNARNG. for B A
H B ARAL AR L A, A8 — MmN AR iy 24 42 Eﬂﬂéf{fﬁﬂ W RAFE N . 2 iterator, sequence

Flgenerator,

iterator -- 3EC%%
R TR —TEREEm A% . EREEHERIN __next_ () H¥E (SFHAL L N B REL next ()
FFZA IR 8] é‘l?ﬁﬁ%ﬂﬁﬂﬂ%ﬁmﬁé’lﬁ StopIteration {#. H|XHFERLXF S
Eﬁ%ﬂzﬁ%‘lﬁaﬁﬂ, GRLEP I H _ next_ () AR SMHIRGIK StopTteration, A& ULMAH

__iter ﬁ%)ﬂﬂél_@ﬁﬁﬁﬁﬂgiﬁﬁ (R 2% AR A 00 5 2 T AR S, ml k- HoAth ]

951&%%@)%!3’]7(1[5%%“ — B FH BN IR 2 2R ERE VT IRE RIS . x4 (F4n
list) FEARERHRGHAE A iter () BREEGETE for TEMR TR IE S 724 — ARk A . WRTE L
TR 2 A 2 ﬁ[E]TZ RIS R PR A —E 2 4, T EERMRGE—1
e
W25 E £ typeiter,
CPython S:BI4I i: CPython (%A M GIHEATIERARE X __iter_ () MZEK., BEFTEMNE A HLE
CPython JNRIEE AR BRAE I LR LA

key function -- 2t pR %}
PR R PR A, SR RENS AR ] B T HER s HECL R R RIS, BN, locale.strxfrm() A
T — AR B DR 24 2 1 HE P
Python 45 V1 2 T HH# i A B ROk B H oo R HEM 5 =X, KPP EH nin (), max (),

sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PA K
itertools.groupby ().

A2 A ARk gk B, str.lower () ﬁ?ﬁﬂ%ﬂ??ﬁ@ﬂlﬁjﬁd\gﬁf?é@%@ﬁo 114
H, R AE L lambda FAACRAIEGIAN lambda r: (r[0], r[2]). MAP, operator.
attrgetter (), operator.itemgetter () Fl operator.methodcaller ) R =

e AR 1T R A 1] 6 e ) 7

keyword argument -- e gt =55
Z: Wargument

lambda
i —> B phexpression A5 G BE 24 WK R AL, RIBA ALV IHOR(E. 1% lambda b8 £ 1) 4 ¥5
lambda [parameters]: expression

LBYL

A JBRER I SO X RGNS KUk AR TR A s A U A TR A . K
WG EAFP Iy sAG BOA H, R R KRB 15 154,

EZ LR, LBYL Tl 3E “E&F” M “BRER” Z A A &5 MBS . g, DAY if
key in mapping: return mappinglkey] W] fEHI THEM ARNEZ I HAMLREI mapping %[
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T key TS o S AT S 0 B ) EAFP J7 SRR

list -- 313k
—Ffi Python P Esequence, BIRZ MAHNER, (HEHRMITF HALE S R g dmIEse R, HATiRITcEr
BRI 24 R O(1) .

list comprehension -- 51| S8
AbFR—AN 3 5 v ) R SRR A T IR M S5 RS R — A BB H . result = ['{:#04x}'.
format (x) for x in range(256) if x % 2 == 0] ¥Em—4> 0 F| 255 JLE N+ 7S 3EHE
%%ﬁrﬁ?fv’f% (Ox.) B9, Hrh i€ FARTTIER), QIAEIN range (256) HHIHTH TCRHERLH
AbH

loader -- I#2%
MBI G . BOE X 4N Load_module () B MBS E T H—A>finder 12 1] . 4%
Z: 1L PEP 302, X}Fabstract base class A]Z: I, importlib.abc.Loader,

locale encoding -- 15 5 X 445 =
£ Unix |, 'BEf& LC_CTYPE &= X iEtg . BEn[ LAt locale.setlocale (locale.
LC_CTYPE, new locale) Ri%E.

1 Windows |+, &2 ANSI RS T (4: "cpl1252™M),

J£ Android i1 VxWorks |, Python ffiff] "ut £-8" {FHiEE RIHHmiLtg .
locale.getencoding () W MRIRUE T KB .

518 2 [Fl filesystem encoding and error handler

magic method -- AR J5 1k
special method W3EIEZ[F] .

mapping -- 5}
— T E B E R LN T collections.abc.Mapping B{ collections.abc.
MutableMapping G B LKL E AN AN . R RG] T4 dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCERFEEE TR 7%
sys.meta_path [ RIMR I finder. TUEEE KRR Spath entry finders 1748 KA HAFH A o

A A importlib.abc.MetaPathFinder T fBEIGHEARTTRas AF LB T ¥E

metaclass -- JGR
—MHT AR, FowE LA EL . BFERAELDER. oRATTHEZ LR =ASHOF 0 @4
B2, KA T R X R B R AR TR 5 AR S PR A — N ERIASEEE . Python 4% 51 2 Ab7EF 1T PAGIZEE H & Xt
Peo KA H PRI AT B A TH, (FYFTFEB BN, sonl R4 Kim it @i r £, eig
BEHTCS B HAE . IR et RE R, SCElngl, PARHAMIFZES .
L5 S I metaclasses.

method -- J5 i
TEZE TR E LR R A WERAE R M LB — AN @ MRV, R 2 RIS % e A Ry LB —
Aargument GBI 4N self). £ function FMnested scope.

method resolution order -- Jj @t
T BT IWUT A A R A P R B INY . 752 [ python_2.3_mro T 2.3 & 1i fUE Python
il R T (o A T

module -- Fil
X552 Python fUAS ) —Fh2HZUAT . AR A ST v 44 25 18], PTAS 5 {E 3K Python X4, Bidln]
W@ Limporting BAERE 75 E] Python H

5 Wpackage.
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module spec -- Bl HLES
— g, s AT A X R AFE . & importlib.machinery.ModuleSpec
S

MRO
2= Wmethod resolution order
mutable -- B 2%} %
AT DATERL 1d () PRAp [ E G 00 T U A . 5316 S Wimmutable
named tuple -- H %504
ARif <RI WA TALM 4K 5 ocdl, H HILH RS | TR AR 44 Fr @ Mk U7 1) 1) 28 AL 5
Fo EFER BB W] REAT A HLARREE
HUeHNERBETHACH, M1 time. localtime () fl os.stat () FREMEH. 5 —A0lF2

sys.float_info:

>>> sys.float_info[1] # ‘& Bl 5 |4
1024

>>> sys.float_info.max_exp # s TR
1024

>>> isinstance (sys.float_info, tuple) # BT L4
True

HrAZGTHRZNERE (L EEmsF) » soh, HZedHiRn @il 2L E XM tuple 4k
I AR E AW B fOok A . XAEMETT AT TS, SiE W PAES 4K typing.
NamedTuple, B # i T.J BR¥ collections.namedtuple () &, F—MFXBLEHEMN—
LUF T 45 5 5 N B B4 ST IS A I vk

namespace -- iy % %3 [A]
A BRI BT . A SRE . SRANER, 82 inEmaasm (s
ZW) .t SRR LB Ik 45 b o8 ok ORI Lk . AN, %K builtins.open 5 os.open() ]
A B a4 A3 TR R DX A3 i 44 25 T 34038 ok R iff R A B S I A e B30 5 Bl 8 v mT s R ] 4
P, BN, random.seed() B itertools.islice () XAEYEIH T X LR EE N random 5
itertools BEH/r BISZERAY o

namespace package -- iy %23 [A]{u
PEP 420 J73] A f—Fh(URE 1 T- @02 B ipackage, v 25 60T AR SC UMY, FEA T2t
Hregular package RIF], BFAEATRA __init__.py .

S A] 2 Womodule

nested scope -- iR E1EH I
TE—AE SGEE NG HASBIIRE 1. BN, 7575 —REiz e LR BT A | Al A & . HER
HREAE HERA B0 5 A RO TR TR R S B AR IR T I EE . 2RI, &)
A5 RS WIVE T4 Rfn 4 258) . 1#1d nonlocal X ARG E ASNEVE .

new-style class -- J AR
XHBIE N T A R WIERE. R 5 A Python A, HAaH X KaE0% 6 H
Python HiiyE RiGFK, U1 __slots_ . fiidds. FHEEME. __getattribute (). KL EMEH
SHEE,

object -- Xf %
R EARGS UBYESIE) PARTE AT H (Orik) m%dE. object Hi i@ T new-style class 1) 5 T0JZ %
R4,

optimized scope -- CLILAL I g
2 AR DY i PRI G 12k 2 78 20 IS H AR Ry 28 B A4 AR TR, 3 ARV RTX B84 R B2 5 R4 T 04k
FEXTRREL. A ids . VMR, HESEUMA iE AR Rl ar 4 S R XA T E R . R K
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P REAR UL ALRE I T B VR I, R AR T C R SR A IR R AL 4 PR AR B A A & )
IR 2O fE k.

package -- {J,
—Fh ] A AR B B N M S Y Python module, MR ik, BE2EFHF _ path_ JEEWN
Python A5l

%2 W regular package Flnamespace package.

parameter -- JE 3
function (B ) &SR SEME, B EREBTAEZ I — A argument  (BHEREAER T, 24>
%%). HLMEE:

« positional-or-keyword: (LB XEHT , HE—ATTAMER L 5 54 6 AGATDMER 5 525 5 4 f
A5 ERINARE SR, TR foo F1 bar

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

« positional-only: {{FRAIE, & — RO EE ARS . (WRAEITE S w1 ek BUE X
WIESHNEHENZ IR E A/ FARES, BIAITRE) posonlyl Fil posonly2:

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

o keyword-only: {URFEHEY, F8E—HEEEL XEAEANSE. (R XA FIE S ]l 2 7E R AL
& XS P& AT RN B S ETEL NN B S Z 1 * KE XL, BT
T 1) kw_onlyl F1 kw_only2:

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

« var-positional: 7SI, H5E W] PABRME 1 —MERECR A AL B S B FS) (FEITEHAE 2
CERZNNESHZIE). RIS AR S AR * KE XL, BIFE args:

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

o var-keyword: TFIAE KR, HEE A VAR BUE R AR BT A (FEITE MBS C #3220 4
TFEHZIG). BMESAEEIETESAPRATMEA ** K@ L, BIA LR kwargs.

T2 0] DAF] I E AT SAL, AT AN RELE W] e 2 80 i BOAE .
W2 Wargument RIEFRZLH . SEEESHX BT EE ILE S, inspect .Parameter 25, function —
S % PEP 362.

path entry -- J A 1
import path WH—NHPALE, SPipath based finder FIR AR NHIREH.

path entry finder -- ¥41% A LI TR 2%
E—r] AR R sys.path_hooks (Bipath entry hook) 3R Al finder, WFWX 5 Reid 1t path entry
SE DA .
5% importlib.abc.PathEntryFinder DA T f#EKIEA DB IRA I SLI IS T

path entry hook -- P& A T
— AR XIS, B AESNIE WA B R A S path entry FP ARSI L R BB {F ] sys.path_hooks 4|
iR [Bl—Apath entry finder .

path based finder -- 3£ T B2 A Hk 55
BN —Fh U312 £ 3% %E , FIHE—ANimport path FH AL

path-like object -- JE1EJR%} 5
KRB RG ISR G . BRI R AU — D FRIRIEEN str 83 bytes M5, A PLE—
ANSEHLT os.PathLike XS . — 3 HF os . PathLike XTI R ATE W os . £spath ()
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BRBE ol str B bytes BRI U RAEHAL; os. fsdecode () fil os. fsencode () A #45l
JH AR str 8 bytes BABIWEER . x4 2t PEP 519 5] A1

PEP
“Python 45 LI BYHE LS . —A> PEP g/ — it SR, HISK1a Python 4 IXERAL(E B, sidfiig
—™ Python [ #RE S HE BE al 3R55 . PEP I 24 RS (10 B AR B AT SRR 1 R U A
PEP WA AE R S B e . WA ORI R, a2 TR RS 5t DA S A A 25N Python 3% TR 90 'S
SCRA AL . PEP fMEE A SATAEAL IR N FREE ST 3R, I KA ) 2t L e A SR .

%11, PEP 1.

portion -- {54y
FA RS — 1 44 25 () B A B H SR SO A (WATREAERCT —A> zip SUFW), Bk E XL PEP 420,

positional argument -- {3/ & 23 %
2 Wargument ,

provisional API -- £]%¢ API
B2 APT 259 T HEBRAEAR T E 1 ) JE A A RAIE 2 AN Y I iz 11 . AR IR N A&
HERAS, HHBEEAMONE E, ST BETER O I & B 1 8 A U B T O T 3517 ) JE AN AR A 1 o
M (EEAFERERIZEE ) o WSO S FEREIET - (E APT I A B K 2% &3 i 7™ 5 AL At v
BRI & B A ] B 2 XA -

ISR A2 E APLRUE, (a5 AARA Rt S PN I a Moy 587 — AR 1R AR DA )6
SRR R B — Fh ) S A R R T R

X APAE B AR FRVFRE PERFEE AT IE , A 2T M K IPE BT BRIG T IR . 31§ L PEP 411,

provisional package -- #] % {0
2 W provisional API ,

Python 3000
Python 3.x R RIIBERR (XA FAEMA 3 B R MTRIEIE TR e B 7)o A R4S
yg cch3k770

Pythonic

Fo— Kk —BoRAS E % 250G T Python 55 58 B KU FIEE A, A0 AS i 5 ) LA 55 v T e
SRS PACRD . G, Python [E: F RS 2 ] for {EAIEHR M i —AS T X S P i T T,
VP22 HAME A XA 250, TR AR ZAGE Python 19 A B & B0 F — MU T8RS

-
for i in range(len(food)):

print (food[i])

11T R B2 14 B fi] 37 B Pythonic B 4 /2 AR

for piece in food:
print (piece)

qualified name -- [} @2 8%
—APARS BRI A FR, s MBEHR 4 JE VIR B i v SO RN SE . R R BT
FHKE UL PEP 3155, X T o 2R R ELANZE , FRE ARG MRAFR—EC

-

>>> class C:
class D:
def meth (self):
pass
>>> C._ _qualname_
ICV

(£ F )
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(#z E70)
>>> C.D._ gqualname_
'C.D'
>>> C.D.meth._ gqualname_
'C.D.meth'

MW T HI HBRES, %ERE & AR B R A DS S R A i A, i B TR AL
A, il email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count -- 5|14k
TR XGRS X205 i 8% A BEE, st R, FEikmimmortal X4 H.
KA WAE T I, RIGX PP S KA R 51206 Python ARS SR UiiE & 2 A
ALY, AHE A& CPython SEE—AS R EICER . BT AU A sys.getrefcount () BREICKR A4
EXRTZ RS AL

regular package -- ‘¥ {9
B5: B package, Bl EH —A __init__ .py XXM H .

%2 Jnamespace package.

REPL
“EERL-SR{E-FTETEFA” read-eval-print loop [I4ES , interactive fERERS shell [R5 — 4.

__slots__
—PWEFES TR R, 38 A TS P R S S X S RS B S R AT A . A R IR
AT, BB ARG, B AR DEIE N RA, GIAFE AR Y AR, HF B
ST XN

sequence -- J75 51|
—Phiterable, ©ZFFE __getitem () FEER VAR BRI HITEAMICE VI, I X
T REPIKER __len__ () k. WEMFIIZHEEA list, str, tuple fll bytes 5. H¥E
BEEMR dict BEFF __getitem () Ml __len_ (), {HEHIAIAMBGHAETS, HAEHHE
Bimmutable FE A RHEECR R ICE .

collections.abc.Sequence IR H LK EN T —TEFEEWE D, BIE __getitem_ () FI
_len_ () ZA4b, BEIT count (), index (), _ _contains__ () fl _ _reversed_ (). SEF
WY R ORI DV register () RN . FIRECE 268 H 79 B E L S, 155
5] 38 PR

set comprehension -- £ &S5
A PR —AF RS W A B T R IR FI SR AR MR BEH YR, results = {c for
c in 'abracadabra' if c not in 'abc'} ¥ENRFFELES {'r', 'd'}. S0 comprehen-
sions.,
single dispatch -- YR
—generic function 7RG, HELIEE T HASHII B ER
slice -- Y] )y
W RALE TR sequence —F X4 . U)ol i R ARbmic k618, 78 11 T4 LA
B 5 WEcE, il variable name[1:3:51. F#E%5 (FhR) ARCAENTBEH slice X4,
/S|
25 AN S B P T 2 5 R AR (B T B AR AT AR PR AIE 22 4 1) APT Bsf 5k T AR FH 505 AR
AR APTATISRAR BAFESCR o e, (R FRLRST R (SE5RIIHE) -

e (RERL) CRET IR ERZEAE T A SBEIAL APT IR
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Ti— N ERMRRFEHAS K &L
Z: i, PEP 387: Soft Deprecation.

special method -- $§ 5% J5 #:
—F i Python BRI R v, KRR FEAS LRI TR & BB I N 4545 . X Fh O EE R 24 RN 1 2
HERBUR IR . FFIR T 1) SCRY S W, specialnames .

statement -- &4y
EAERFE (AU “He) RN . —ZRiE )] DA expression SN ST IS5
Bin if. while 85 for,

static type checker -- i A KIS iy 2%
TEHL Python I BEAT 404, DAREHR MBI QB BRI AME LR . 555 L 2427 PAK typing
Bk,

strong reference -- 315 | J1]
1E Python ) C APL 1, 55| @48 A HEA 5 1 R ACHS Ir A IR R 51 o Fe Qs ] a8 94 1
Py INCREF () MARIGRG | ML RS N #Eid Py _DECREF () RFENE.

Py_NewRef () PREXATHE A TOIE — g a0ams | . @, SR B FA RS | B9 1E I 7 %
w5 _EVE A Py DECREF () PR%K, Mﬁ’é’aé‘lﬂ%mnﬁﬁ

152 R borrowed reference,

text encoding -- SCASGIA%
£ Python 1, —A4FHR g —H Unicode fUR% 1 (FEFE Y U+0000--U+10FFFF ), Ny T FFA# &4 —1
AR, EREYT I —BR T
P DNFRER I — N FEA IR s, AT RS R SR AR AR RS
HEFPAFNSCARF I Fifdas, BTSN ARG,

text file -- SCA Lk
—FhBBIE S str XF 4L file object I8 HE— A SCAS SO SE B A 17 0] — 1 T ) 217 1 B0 o o B sl b
Hrext encoding o SCASCAFIBIFAFEASCARE (e 5K "w' ) FTFFHI . sys . stdin, sys. stdout
PAM io.StringIO HYSLH.
Fi S Fbinary file | fEREB LS A Z PSR SR

triple-quoted string -- — 5| 'S4 H?
HRESW SAESENES (7) 83 %515 () WFAH. eNEg LS5y BN 5 5t
A AR, HEAEZMEL. BENATFHREZLRENOERLH X Bs [ SFNE5, HH
A PABS AT IO TR M AT, e S SCRY A HR BRI 4

type -- 2374
KB YeE—A> Python X[ R JE TAHAMIE; B MXERAEA—MEE, TRHTEXZWEE, TARE
M) __class__ JaM, B2iET type obj ) KAREL

type alias -- J3713j] $4
—ARA R S, B SR R AR A 28 R AR IR
RGN 2 m A A2 faffk 22 2 o2 A% . filn:

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

] DA e ] s
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Color = tuple[int, int, int]

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

Z 0, typing £l PEP 484, H g% ib I RERY RGN A .

type hint -- 238135
annotation A& RJEME. BRERYIE S BHR BIME 5 & TUHR 2,
FETUHL IR R AT T A Python (5% 3k, (HENIN# A5 X 246 S %5 WA RLL. EN1ERE ) IDE
SCPA I R A .

SRR JIR IR B KB AT AGE A typing. get_type_hints () KU, {HJRHAL
AHPA

Z: L typing Fl PEP 484 H Ao L) BE A IELNHEA .

universal newlines -- i J]I #if 1
— RSO T, R RIS AR A AT R bR Unix IAT45RZ0E " \n' . Windows [
255 "\r\n' PAMIHNR Macintosh 25 "\r', Z i, PEP 278 1 PEP 3116 fil bytes.splitlines ()
TR 2 RV .

variable annotation -- 7% & bR
ARl 2K @ M annotation.,

TERREAS RSB IERT, af n] e o HLN

{class C

field: 'annotation'

AR EARHEE F RO R A 0 BINDA R AR B2 int JRARO(E:

[count: int = 0

A R TRYA I TELN R I annassign —7 .
Z: I, function annotation, PEP 484 1 PEP 526, Hr iR T HYJGE. 318215 annotations-howto DA T i fiff
FIARE ) A 52 B

virtual environment -- ) IA5E

R A S BR BSAIZF T REE, ALY Python JH P RIEL VLA A 4348 HIFHR Python 3 %2 602 F
PLBI— R4 LTI Python 1 FIRLIFAITT N

HZM venv,

virtual machine -- JE#J#L
e AT A LR T AL Python HE SUBLATIT S TR BE RS BT AL AR bytecode.
Zen of Python -- Python 2 fift

H|t Python it RN 542, GHITHM S EHXMES . &FHEANAETEL AR
By Nimport this”,
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APPENDIX B

i A

XY Z H Sphinx A reStructured Text J§AE B, Sphinx j&— % AL H Python SURY T 2 5 1) SCRY AR GRS -

SR BT P R, WAET G2 %1, TR Python A% 5. ML AR B ARt BER, 52
reporting-bugs | A2 5. FeA KA YCD By ¥ |

RN it -
o Fred L. Drake, Jr., J5i4f Python SR T HAEZ Q5% , ARE 2 M
o JHF4# reStructuredText Al Docutils ZA44:f#] Docutils T H ;
« Fredrik Lundh [#}] Alternative Python Reference 31 H , >}y Sphinx $2L/F 210 5T

B.1 Python JC#ipYaikE

ATRZ X Python i575 , Python AifE %Al Python SCRA GTRREY A, Bl Python JATHS 7 A f) Misc/ACKS SC41
T TRk

AT Python #:[X it AFITTHR, Python A4 T Ak €0 SOk ——5HEH A4 !
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appeNDIX G

5 FFATIE

C.1 ZHHFrIm s

Python H fij 22§ FT AR 9222 (CWI, I, https://www.cwinl/ ) ) Guido van Rossum - 1990 4E A,
W, fER—TT0M ABC B S AU . R4 Python A4 T2 2k B HA A TT#k, Guido {52 H &
BEH.

1995 4E, Guido 7£#52 Je WAN B E Z A 5T 22 7 (CNRI, 0, https://www.cnri.reston.va.us/ ) #k&EAth7E Python
AR, HAEABEAAT TR Z A UA

2000 471 H , Guido FI Python #%.00FF & |41 BA#4 %] BeOpen.com {247 T BeOpen PythonLabs [P\ . [F4E1 H ,
PythonLabs [#] A %% | Digital Creations (¥{ >}y Zope 2215 U, https://www.zope.org/), 2001 4, Python {44
2% (PSF, I, https://www.python.org/pst/) J57, iXi&—A~% A4 Python AH 5 HIH =R A @ i FIH 2 .
Zope AT IIAE /2 Python 3Ry EL G S e B 51«

JTA 1) Python FASHS IR (A IR & X2 7 https://opensource.org/ ). Pisi I, #iKZ%L Python it
AJE GPL AN FRELE T RAMAEN .

RMRA  RE F1n FEE GPL 3% 7

09.0 % 1.2 n/a 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI =
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 2001 PSF w
2.0.1 2.0+1.6.1 2001 PSF =
2.1.1 2.1+2.0.1 2001 PSF =
2.12 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF 2
22 R 2.1.1 2001 4 PSF B
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GPL eI AR Python ¥ GPL "N %Afi. 5 GPL R[], By Python ¥F[HIEAS RiF 7 A B BUS IR
A, MICH IR E S . GPL ARA R VR AL Python T A5 HVETE GPL R RA Y45 A ;
(HHERPFAENATT .

JEPIARZAE Guido $55 F TAEMISNIEIEE , SFHX LA o T e -

C.2 FRER={ LIE 5 {E A Python ByZRFRFOZF M

Python A1 SCRYH 8 F VT YL T PSF 34 T Hh,

M Python 3.8.6 JF U, SCRPRYZRGI. BRAEHE SAIHAR AR R HIAY 2 PSF VFR] PSRN 2 25 2 BSD 4 +T HYME
VAT

HBe £ Python FKH T RG], JXEEVFAT 2 A VAT 2 F RIS RS . A 55 ipa]
R 5 BB 378 5 D 3 45 0 74 5T 5 o8 i

C.2.1 FiF PYTHON 3.13.0rc2 £ PSF ¥ a] il

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.13.0rc2 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 3.13.0rc2 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's notice.
—of

copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All._
—~Rights

Reserved" are retained in Python 3.13.0rc2 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 3.13.0rc2 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
3.13.0rc2.

4. PSF is making Python 3.13.0rc2 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE

USE OF PYTHON 3.13.0rc2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.0rc2

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.L
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0rc2, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.13.0rc2, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 i BEOPEN.COM #F &l

BEOPEN PYTHON ¥4 7] #8565 1 AT

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,

(ZF 50
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MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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.

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 FF PYTHON 1.6.1 §) CNRI ¥F o] il

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.

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."

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.

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.

CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
T
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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 THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 HF PYTHON 0.9.0 F 1.2 ) CWI #F o] HipiY

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 3.13.0rc2 DOCU-
MENTATION

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 Wk ol S5
AT 42 Python RTINS = Iy PRI VAT RUBORTTIF A, A R A s 4 LR I K

C.3.1 Mersenne Twister

fE°F random Bt N Z M _random C ¥ &40 4% K T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html RS AT & A RS Y 52 B e R

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,

&)
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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)

C3.2 EfEx

socket ffiffl T getaddrinfo () #l getnameinfo () WIDE I H i [6] Y5 S04 H: hitps://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. IN 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
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C33 RLEEFRS

test.support.asynchat f test.support.asyncore FHAS LRI, -

Copyright 1996 by Sam Rushing
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

&)
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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 &1

http.cookies Filhal& DA RS H:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
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
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 HTIEER

trace BHAE AT

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 O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

&)
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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 5 UUdecode X #}

uu e RS AR L 35 AR 7

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

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 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
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C.3.7 XML 22 =iAH

xmlrpc.client BHEE DA R ER:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test.test_epoll Bt & AT ULH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.9 Select kqueue

select fHKT kqueue B M AL 5 AR AEHA:

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

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

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

C.3.10 SipHash24

Python/pyhash.c 3441 { Marek Majkowski’ X} Dan Bernstein 1] SipHash24 S35 RS2 . &85 DA R I:

<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/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod #0 dtoa

Python/dtoa.c CIHEAL T C B4 dtoa Fl strtod, T C XUKE BEBUEFIF4F 5 Z M 640, EIRA: A B
David M. Gay 95 5 19[4 SCf4F . H BIZ SCERTHE hitps://web.archive.org/web/20220517033456/http://www.netlib.
org/fp/dtoa.c T[], 7E 2009 4 3 H 16 HAZZRENWJFE LG SCFELE AR BSR4 ] B

/****************************************************************

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E I

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

E

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

MR EE RS A X0 hashlib, posix il ss1 £{#Jf] OpenSSL FERHE T ERE. It4h, Python f{) Windows
Fl macOS 2 FE)T 7 fig 2t 46 OpenSSL FE[Y RN A, A AFRAT T AE L f24E—17 OpenSSL 1 A UERYEII A . X
OpenSSL 3.0 &KfillR, MIEJGEMTANA, Y3 Apache License v2:

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

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.
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"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

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

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

(an example is provided in the Appendix below) .

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

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

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

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

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

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
(N30
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institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

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

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

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

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

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and

may provide additional or different license terms and conditions

for use, reproduction, or distribution of Your modifications, or

for any such Derivative Works as a whole, provided Your use,

reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade

(B0
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names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

pyexpat ¥ @2 ] I tufE 1) expat JFRIASRI R, FRAEFLE T ——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
GETH)
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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

YEh ctypes BT R _ctypes C ¥ 2 AL 4% 7 libfi P50 6% & A A Y, BRARM BB EL T
——with-system-1ibffi:

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. 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.3.15 zlib

R ARG EAREIY 20ib AR IH M CyR N THE, W 55 zlib JACR 8 DR 2 1ib 37 &:

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

&)
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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
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C.3.16 cfuhash

tracemalloc {§i M F i SE L EL T cfuhash T H :

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
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.3.17 libmpdec

Y54 decimal B FER) _decimal C ¥ (i 1145 T libmpdec PR EIAMER, B @R E T

——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

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

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

C.3.18 W3C C14N i EH

test ALY CI4N 2.0 i 4E (Lib/test/xmltestdata/cl14n-20/) $2HUH W3C W% https://www.w3.
org/TR/xml-c14n2-testcases/ FHARYE 3 £53i BSD ¥ 1] E K& 17

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All 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,
&)
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SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT 0] E:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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.3.20 asyncio

asyncio BURAHLETIFKH uvloop 0.16, E2ET MIT ¥l Uk & ATHY:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

A Python/gsbr. c i subr_smr.c 4t FreeBSD fi#)”Global Unbounded Sequences” %4> NAZE R T & . %

SO R EST 2 253K BSD T IES K1

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 ""AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR 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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RRILER B

Python 53X {7 304 :

JRALETA © 2001-2024 Python Hff Bk 2. OR B AT AR

AT A © 2000 BeOpen.com., & B FIr A AUH] o

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .

XSGV RTERVF AT 5L, W3 05 & A T iz,
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JEFH
..., 67

)

>>> 67
_ future_ ,72
__slots_ ,79
FE R

method —-- ¥, 80
HEEE

PYTHON_GIL, 73
PYTHONPATH, 56

HFHH,T9
BEA
method —— F i, 75

A

abstract base class ——- A%, 67

annotation —-- AFi, 67

argument -- ¥, 67

asynchronous context manager —- 3 ¥
TXEHEE, 68

asynchronous generator -- 354 &%, 68

asynchronous generator iterator —- &
¥ i AR A, 68

asynchronous iterable -- R % 7 % X & £,

68
asynchronous iterator —— ®3¥ %L, 68
attribute -- B, 68
awaitable -- W &4Ex £, 68
B
BDFL, 68
binary file —— Z3t#| U, 68
borrowed reference -- f8A\E| A, 69
bytecode —- F ¥, 69
bytes—like object —— FHFAXL, 69
C
C &%, 69

callable —— THiAAXZ£, 69

callback —- [E, 69

class —— 2,69

class variable -—- X4 &,69

complex number —— £ ¥, 69

context manager —-- T X%, 69

context variable -- FTXZEE, 69

contiguous -- # 4, 69

coroutine -— H4E,70

coroutine function -- MAEE %, 70

CPython, 70

D

decorator —-- % 70

descriptor —- R, 70

dictionary -- FH#,70

dictionary comprehension —-— 5?3 J}%\L Eid fa’i ﬁ,
70

dictionary view -- FHMHE, 70

docstring —- XHIFEHE, 70
duck-typing -- WFEA, 70

E

EAFP, 71

expression -- RHKR, 71
extension module -- ¥ E#H, 71
F

f-string —— f-F4®,71

file object -- XfX4£,71

file-like object -- XH&R £, 71

filesystem encoding and error handler
-~ XHRAGHEDBAGHERLER, 71

finder —-- H#H %, 71

floor division —-- [ FEZERKRE, 71

Fortran # %, 69

free threading —- H W%, 71
function -- E#, 71
function annotation -- EEArE, 72
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G module --— ##k,75

garbage collection —- 3% [E Ik, 72 module spec -- HRH, 76
generator —— 4 48,72 MRO, 76

generator —- 4 &k #,72 mutable -- FEXZ,76

generator expression —-- 4 KEFXRHKRA, T2 N
generator expression —-- 4 KEFXRKRA, T2

generator iterator —— 4 pk#Eik R, 72 named tuple -- E % T4, 76
generic function —— X A& F¥, 72 namespace —- 4% %[, 76
generic type -- R M,72 namespace package -- @ % %X [64, 76
GIL, 72 nested scope —-— #kEEHH, 76
global interpreter lock -- 4 BB %44, new-style class —— H A%, 76

73 O
H object —-- X%
hash-based pyc —- ®ETFW%HHWH pyc,73 B 2, 49
hashable -- #%%,73 x4, 49

object —— X£,76
I optimized scope —-- Eﬁtf{ﬁ/ﬂﬂf}ﬂﬁ,76

IDLE, 73 P
immortal -- KAEXZ,73
immutable —— A HEXZ,73 package -- 4,77
import path ——- BAEKR&,73 parameter ——- %, 77
importer ——- & A\ 4,73 path based finder -- R THANERKAE, 77
importing —— B A,73 path entry -— B#&AH,77
interactive —— X %,73 path entry finder -- BHRANBDEHKE, 77
interpreted —-- @EA,73 path entry hook -- BH&ENH4HTF,77
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