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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 5 C++ 3" & Python

WRAREH C, WIHTE) Python P BRI AR T B, PR PFEASEE A Python BLIEMAEE, nIPAIE LT extension
modules FSEH: SEEUHI N BEXT S8 8 C I FERER RS A

N TSR, Python APT (W JHARIF Aefidi 1) 5 LT —RINKE. ZAAHE, FILATI Python jZ4 7 £
L RER %o Python ) APT W] PASEIEAE—A> C JCHFHFIH "Python. b SKICPERAM .

PR 4 S 07 R S AR H AR GEBL R R SN2

il C ¥ JEHL LR CPython, 7 EASHILIAAEJLA Python KB B TAE, 7ERZEIGILT, MiZlERS C
PR, SRR ARNE. 250001, WRARAN O T C FESCRGRM , IRV %% B ctypes BibkE
offi 2, MAZHOHE C AU, X AR AVFIRY Python Ui 1 C AU, 1l HLAIRSAEIEE AT . AR
GERIMCT

211 =N EBBBF

EFRATENE — AN R spam (Monty Python #3 22 i B3k I L)) H HARZLQIHERT LY. C PRI system ()
¥y Python 2 1 o iXABREHZ— DA null 45 A FATH S HOFR [l — B8 FATAE T ASE Python DA
Iy R A LR

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

VXA BRI B 1 RTERRIERER os BT, X LRy BT LRI 61
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B E#—A spammodule.c 3CfF. (4 L, AR —AHERM spam, WX SEHER C M
spammodule. c; QX MEHZ FAER K, AN spammi £y, WX MK SO T PAE MY spammify . c.)

SCPE R IHRI A T2 -

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

XA Python APL (BISRAREX, ARATATEIX HLAS AL H AR HUBAUE BRI .

Wikt T Python Wb 28 LSRRI R LIRS OB RAS A X, A M 0 e E A
Sz H, AR LR Python . h,

HEFE 2 J2FE Python . h BiE X PY_SSTIZE_T_CLEAN ., AHILIU B Fi4ad A5 3k TIREAN R H 2 NE

JTAAE Python . h HgE LA O] LA 80 A Py 80 PY BIZH, CUFEFRIE S, SO SUROTIRLE R b . 5
FNEFME, T HAE Python fERES th ) 2 M, "Python.h" B & T —2FRHESL UM <stdio.h>,
<string.h>, <errno.h> fll <stdlib.h>, WHRFEILSCHAERI BRSG EATEE, EXRSHEZESEY R
Fmalloc (), free() Ml realloc (),

NN C EREEN YRR, M1 spam. system (string) WEMURIELE, GRAIMESERITEN):

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);

}

ANEEMESESIRNIE CENPIT, B "1s —1m) FI2fLHE C MBINSHE. C RBE AW
SR, WHA TR self Fl args .

XIFLRGL KK, self ZHERIIBS R ; XTI IE MR [ % G501

args Z4 e 17—~ Python ] tuple XFRAYFEEE, KW S S8, &4 wple XY — MRS XS
Wb 4= ¥ 2 Python X4 — ZAEFATHY C pR B GE BTl 75 2 SeKF H A4y C fE. Python APT H ) bR %Y
PyArg_ParseTuple () SAASHRMIFRIFAN C(H. E M B AT A Bl E T Z ST K
FAARPERAR AR C AE R2RAL. A5 KF RS S LR .

PyArg_ParseTuple () TEFTA SHCHA IEHHZE AL H AL SER 4% WU BCEE AL s ek g Mkl B, R 1 (3

), HAEGATUSEET R (). RSO TH, BabssE S a, (508 & £0] DAFEfFR [
NULL (H5t 2 611 B L)
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21.2 XFHERHFE

HA~ Python fFRESR R GEA — MU IR A B 2R B - 21— DR EUSFT RNy, BN S BE R R
R — AR (GEH Y -1 B NULL #5851 ) . (5 BARAERS ARSI = BUR . ARBA S
WENTRES NULL. FEHAAE 0T B2 sys.exc_info () [l Python JLAM Y C X &
1A 2R i SEBURI AT G o PR E AT TR T BRARGE 1 A gl (2 b it AR HE B

Python APT H1 5 SC T — 8 s Ok 8 B SR f

B & Bt 2 PyErr_SetString (). H SR 2
PyExc_ZeroDivisionError XFETIE L4, C

FRERRT AT N R RIRAE

TG AR REUE PyErr_SetFromErrno () , (% PRENE, REHAEEAEERE R errno
. Fll B R BGEA /& PyErr_SetObject () , WEWNSE, 45T HEN R B RAFEME
F PY_INCREF () e s 2 H Al ph £ S HO 5 | HH4L

PRAIPAE L PyEre_Occurred () fEAIEMBEIARINE L AR B IE T 74 . XRRR Y H RN SR, 5
HARAR A MR [B] NULL. AR % AT 2 PyErr_Occurred () RER KB Pd &4 14
e, OARRZREMR [BHE A k.

BB TN D — R R g WS IS S A 1, f B2 A Calk e RME BN NULL B -1). B
REPHFA PyEre_* AL - XK L0 g WL 1. f BT & B S R 24 1R o] —MF R IR €
aiR R, [RE AR PyEre_*, MKILISHE — SRR A N © 28 i Se il 2 e i s et 17 —
HIXA R E A Python MFRERRAY LIRS, B &b Ik M HTHAATHY Python ARS8 i i Python F2/¥ b3 it
SE ) 57 AL PR

(FEHCLERE DL BB SERERS i W L PyEre_» pRBORS BN DO B, IF BAEX SO
7 A DAOKAR . (EUZ 4 IR, X RALERY, H RS ECH R RME R ZR: KBSl T
LS GSITEN ey

TR i — AR GO eR RO BT BB S, R AR P AUE LR ] PyErr_Clear () RICHLR IR
C AU B2 i) PyErr_Clear () HYME—FEOLR AR EANERF R E AR g R A 5e 2 b A CoRALBEE
(ATRE RSl , B BB hAS ) -

B L) malloc () &SR —D 5%, malloc () (8 realloc () ) MY ELE:E F 3% 2 498
PyErr_NoMemory () iR 45 RIER . A XG0 @ R (Fli PyLong_FromLong () ) E&XAM T,
Fr A AR AU T EIEVH A malloc () WIIHHL.

WEERER R, BRT PyArg_ParseTuple () SFEERYHISL, 1R[] B HOIR A Y R KICHE AR J2 1k ] 11 {5
TRFIRIIE, MPA -1 Fon KM, AnfH] Unix REE0 M —FE.

s MARR B AR PSR A B B B B IR GEA AR T B R X R AT Py_XDECREF () B}
Py_DECREF () JHH)!

PeFE G K WEA 58 56 2 WU TR I 3 47 . BT A5 Python P ¥ S5 & R A X W 19 1 7 B C Xf 4, #ildn
PyExc_ZeroDivisionError, RAJPAELEMEH EAMT. HA&, WM YHHMEFERE - FEMH
PyExc_TypeError RFE/R LA TLIEFTIF (RTREMN % PyExc_OSError HWEE) . GRS H£A 1)
i, PyArg_ParseTuple () BREUHAH 25| K PyExc_TypeError. WERARA R — NS EINELATER E L
@Wﬁﬂ‘ﬁﬁﬁ;ﬁ\:ﬁﬂ%ﬁ:, )”Uﬁﬁ{éﬂﬂ PyExc_ValueError,

VR AT AS VR R A ME— A S o J5 SR SCPR T A I — S R AR,

SR C . RENR - KER
TP AR SR R, s el — A Python ¥

static PyObject *SpamError;

HAER IR AR RR AL (Py Init_spam () HFFA7 X GO Kl TR 1k

PyMODINIT_FUNC
PyInit_spam(void)
{

(Rt

21. (R C & C++ ¥ & Python 7
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PyObject *m;

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

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

return m;

}

HHEEIZ R E X LM Python & FR°N spam.error, PyErr_NewException () AUV PAE] & E 2k
Exception {2 (BIFEA T B— KM AZ NULL), 10 bltin-exceptions H1 FFHid i)

T SpamError AR T— AW QIEM T HEEMNGIH XE2AEAZE! BT E RS sMRA
MBI, RITHREA — ZER5 I H AR R EA SR L5, MITFE SpamError BUN—M 5
Z¥E . WRREHE RO ESIRE, W5 K% E 1 C A ] A8 2 5 80% 08 il sl AL T 2 S8 By 52
M,

AFEGIRY JG #1118 PyMODINIT_FUNC /E A BRAGR [ B ) HI .

AEY R E ] PyErr_SetString () 3|k spam.error 5%, WFFIRN:

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 PylLong_FromLong (sts);

2.1.3 O HF
I B FTE 0T, AR % 1R T A A

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

WERAE S H) R b A I B 55 0%, B RFIR ] NULL (R 3R 171500 5 48 51 19 o6 0y B iR 48 7)), i ek
PyArg_ParseTuple () BWEMFH . fEHAN I TSEM TR EXPEE N F R R command, X2

8 Chapter 2. FERE=HTANRYE
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—MEFIR(EH HARAR AR SCE B 1 i 747 H (HBAEpRfE C o, A command B 24 97 IR iAo

const char *command),
B UNIX RG0R AL system () , LB SECZHIA M PyArg_ParseTuple () BUHHY:

’sts = system (command) ; ‘

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

’return PyLong_FromLong (sts); ‘

FEXAEOLT , SR — RO R , (XG5 AAE Python HERLEH) .

WRARAE — ARG A28 C L (BRI void MYRREL) , WX ¥ Python PR [H] None., 4R
DA X AN S L (‘B 2ilid Py _RETURN_NONE ZZ3KSEELN)

Py_INCREF (Py_None) ;
return Py_None;

Py_None &k Python X} 4 None Xt C K. B2 —A~EIEM Python X4 i A& NULL $5%F, K
T, EEERZH T PR EWE “HR7.
2.1.4 ERFERDDIGERE

PR B K Z R A A Python 277 HH ] spam_system () . 145G, WATFELE “HER” PIIHE
Y44 FR AL :

static PyMethodDef SpamMethods[] = {

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

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

HEFE=ASH (METH_VARARGS ) , XMrifgE @A C MBI 6. W 3E(HFf METH_VARARGS
METH_VARARGS | METH_KEYWORDS ., {H 0 fUZFffif]l PyArg_ParseTuple () HIEIHZ&E.

TR BBl /) METH_VARARGS , BR #f & % fF Python f% 3k tple # X i) 2 %, H & & 1)
PyArg_ParseTuple () #F7M#T.

A B 2O O B S BOAL 4 ik R RO AT DAFE BB A F Bo P 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 A KL

XA H R E LR H

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

"spam", /* name of module */
spam_doc, /* module documentation, may be NULL */
-1, /* size of per-interpreter state of the module,

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

bi

21. (R C & C++ ¥ & Python 9
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XSG R TR WAL R PR B A TR RS « WILR LR BT A %420 Py Init_name () , HH" name
SRR, BRI E L ME—F static & H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModule_Create (&spammodule) ;

}

TR PyMODINIT_FUNC KRR N PyObject * REIZEAL, FH T P& BT8RN LM RR R BER 1],
HERT = C++ Kk E Bl extern "cC,

24 Python P27 H K A spam B, PyInit_spam () RPN . (F Kix A Python MRS LT 3. )
EXFH M PyModule Create (), LR M— MG, FETEBRIE X h#RBMHR (—1
PyMethodDef Z5H (KAL) F5 A B R EO S48 A ZIB QYR . PyModule_Create () 1&[F—/M4F
o) B B AR SR 5T . BN RES AR E AR E S R L, BCEAERLSRICTA BRI SR A 1 [1]
NULL. W40 eR B R R GaR [ 45 A I, DAERFHAE AR sys .modules 1.

2k A Python i, [RIfE PyImport_Inittab F#HHLKH, HMASHIWA PyInit_spam() K. %
PRI IMB PR FE T, E A PyImport_AppendInittab (), AJ3EFER G T AR

int
main (int argc, char *argvl([])
{
wchar_t *program = Py_DecodelLocale(argv[0], NULL);

if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1);

}

/* Add a built-in module, before Py_Initialize */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

}

/* Pass argv/[0] to the Python interpreter */
Py_SetProgramName (program) ;

/* Initialize the Python interpreter. Required.
If this step fails, it will be a fatal error. */
Py_Initialize();

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

PyMem_RawFree (program) ;
return O;

10 Chapter 2. RERE=FTHREEYT R
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Frik: M sys.modules MlERSEHA ST A T RFBERE]— IR HLIG 2 AMERES: (BB fork () T
exec () ) RFE— LY R FF R § RS AT DAERT IR 0 N R R A A I 4 HH e i

B2 TR A SE R B S FE Python PR ALY Modules/xxmodule . c /1, ﬁ%i{#ﬂ%m¢4k%ﬁ
M, B#E2%>] . AR modulator.py A & 7EURAS & AT B Windows Z2gérr, FRALT —MEHLAY GUI, Hk
PN TR LS BRBCRIRT G, I HOT RAAE BUEE A AR . IAS7E Tools/modulator/ H3gk. #57 README DA
TiRH.

ik AMERAIN spam T, xxmodule T % Y4 1L (Python3.5 JFHA5] A), PyInit_spam &k
[1]—/~ PyModuleDef 254 {4, SX 501 @3 FRHUE] S ANLE . 40575% PEP 489 LB Bl iRk .

2.1.5 YmiFfnsEEE

TEARREM AR FI B R ZHT, TR ZEMO A - i Python RERGIFMEERE . WEARAREEH BN
B, XHEORTIRMEH N EBAERENSSMEBNLE; 2GR ESHmIFY B ET (Md C/C++ ¥k
=5), PAKAE Windows FERIFEZMEIMEE. (£ Windows L #13 C fo C++ I J& ZT) .

WEARARAE A SR, SR EERIHUR AMERIVE N Python fERERSAY—E0 4, SEL AU L B E, I #
T RRERS . B2 TE Unix AR, HERZHARM U ( spammodule . c B BOCEMEE 4IRS & 1T
W Modules/ HEF, Wil—478] Modules/Setup.local IR VRE) S04

spam spammodule.o

IRJETETIZ H 5%I51T make SRECHIEAFREG: . IRWATLATE Modules/ T HRfii ] make, {HUZRULZSEH
H Makefile UfF, SAJ5izfTmake Makefile’ fir%. (VREFRIEEL Setup U B, )

R BT BB B, X LE AT AS I AR B SR L, 28 S0

spam spammodule.o —-1X11

2.1.6 7£ C hiff Python F#§

eIk, Folll—FHEE R AL Python VR C KL, HSIER ML, #IZH C i Python
B BAERTRBRECT LA . WA C B D R, 9 2 BE8 SEBLA JL

SEIZHAL, Python MRRERHE BT (EIIARY, I 2hRE Python BRETHRAL TARIERE L1 . GXEBLR FEPEA DT
Python FAEHHEAH AT T2, WA HITTIAZ% Python/pythonmain. ¢ Y —c A, )
1) Python BB ML, 576 Python FLFF 545 Python SEOW 4. WAXHLEEA BB (LM ) S350,
A BT, 4R B T Python BN S HSEEL, R (Py_TNCREF ()) FHng AL,
MGR AR R 4 5 R 2T, TR SR AR SR

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)) |

QNEE9)

21. (R C & C++ ¥ & Python 11
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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;

}

I BR B i ] METH_VARARGS JEFRVE MBI fRERELS ORFFEAL M 7 ik & Fo 144 10 & 3 — A5 PR b .
PyArg_ParseTuple () PRECSHSEUR SO WAR I e 400y 24k —

Py_XINCREF () £l Py_XDECREF () X ANZ2 Al 88/ /b — A% G5 T4, B 24074 NULL $84F )
AT ERAIE 2 4 ((HIE R AE XA R SCH temp 6 AN H NULL), LM (5 EIES % 7| At d

b5, 48 A MR, KA C %k PyObject_CallObject () . ZERECAWNSE, EMNHET
§%F, 51T Python X142 Rl Python pR%L, MHSHFFE. 7’%@']%%)4@ B—ATedN g, HKER
SRR . RS HGIE ] Python pR%L, ML A NULL s{—25 04 ; %ﬁﬂ?~/\’%§&ﬂﬂﬂ”” & A
yz\qﬂ_éﬁﬂ Py_Buildvalue () &7EHAE X FERFBRMEET X EHES M Z A8 2 Mg AR R

Jeel. filan:

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* Time to call the callback */

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

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

PyObject_CallObject () iJZ [l Python Xf 4 3% 4, & 1 2 Python E %{ 09 & [H {H.
PyObject_CallObject () & — X H S %’Iﬂﬁfrfﬂliﬁﬁé” EI’JIZIQ%Z WJ?EP:}‘)?E’JEQE@JLH%?%
¥y F#, H HAE PyObject_CallObject () ZJG 3LEI#if] T Py_DECREF ()

PyObject_CallObject () MIRBMELIE “H” B ZAZ D@L BABUANS, HEMT
—‘;'\]Iﬂ?fﬁﬂl JF)§ PARRAEAR *ETE HRAE AR R, IRFREXXMARE Py_DECREF (), RIS f3xf B Y
g fIF"J‘17] XU/\

HETEMX M H, REZEN— SRR F{EA & NULL. W21, Python pRELSZ 5 K 5H
R H PyObject_CallObject ( EI’JCFEE%xETPython R E Y bf”é‘uEIh_IEP/\%ﬂH&léi
ML Python ] FH 2, M@ﬁﬁﬁ%’%ﬁ‘éﬂfﬂﬁﬁlﬁﬂnm s E LR 5 Python UG REAL L T8 . QSR T
WERNSAGAT, WY M4 HH pyErr_Clear () KiERFH. Bilan:

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

KET AR [ R ek 5, AR 2R 25313 PyObject_CallObject () o FERLUFIL T SHIIR
se i Python FEfF S (b, il £ 1 AL 2 IR R BN R o AR ] AR L X B . 55 S — LRI AR
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FRTE AP TR ISR SRR T2 Py_BuildValue () BRAUMIE wple. 280607, JREE
{3 — A A S AT DA G A0S

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);

VEX Py_DECREF (arglist) FRfEALSAHIA, FEAFREEZ Bl BALEEE —LE MR,
Py_BuildValue () WREQMH NN 5.

ARV R BT IA TR B, A XS HOAA PyObject_Call () , RELIFFESHM CHTESE. A
anan B, FAIMEH Py_Buildvalue () SRHESF M.

PyObject *dict;

dict = Py_Buildvalue("{s:1}", "name", wval);
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) ;

21.7 BT REHHISH

PRE PyArg_ParseTuple () WEIHINT:

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

A arg IR — P ICHRX R, A Python f£64y C sEUNSHINK . format ZARLUI 2 — G TAT
i, 1K1 Z% Python C/APL it i1 arg-parsing. FRSHCES AL RAVHLL, FEA GRS FAFHRXT I .

& PyArg_ParseTuple () ARl ihif 24 Python 2R, AJCIARENIE B i C ASHbhE, R
XHEME T, WHRSKTENAFRILS AR, /.

VEREEAT P A2 42060 Python X431 FIE 48 e s RIS 19 T4
R

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

int ok;

int i, 3;

long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple (args, ""); /* No arguments */
/* Python call: f() */
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ok = PyArg_ParseTuple (args, "s", &s); /* A string */
/* Possible Python call: f('whoops!') */

ok = PyArg_ParseTuple (args, "11s", &k, &1, &s); /* Two longs and a string */
/* Possible Python call: f(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3J, &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:
£(((, 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+27) */
}

2.1.8 {Y REHHXEFSH

% PyArg_ParseTupleAndKeywords () mHEHANTF:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char *kwlist[], ...);

arg Y format 625 PyArg_ParseTuple () HRETEXN—F. kwdict TEZ Eﬁijj%#/\f’%ﬁ/\}\Pythonl_

TTEF I KB 8, kwlist T2 22 A NULL R FEARIR, EYHERT ﬁ/%a @ﬁ%’\ﬁﬁﬁ’i 5%
Q format WIZEBUAE EAHVCEL . WERPATH), PyArg_ParseTupleAndKeywords () £XiR[FIEAE, 750K
[FBRAEH 51 A — A3 24 1) S8

ik WERTCAAE M BTSSR TCEAERL, ATE kwlist FH T B82S TypeError F#,

W BTl B SR I TR, 1135 2 Geoff Philbrick (philbrick @hks.com):
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#define PY_SSIZE_T _CLEAN /* Make "s#" use Py_ssize_t rather than int. */
#include <Python.h>

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

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type = "Norwegian Blue";

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

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

printf ("-- This parrot wouldn't %s if you put %i Volts through it.\n",
action, voltage);
printf ("-- Lovely plumage, the %s —-— It's %s!\n", type, state);

Py_RETURN_NONE;

static PyMethodDef keywdarg_methods[] = {
/* The cast of the function is 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) ;
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21.9 WiEEEE

XANRES PyArg_ParseTuple () RAAMRL, AEIUIT:

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

R — KA, 5 PyArg_ParseTuple () M, [FUEZSELnAie s As i 5 51 G A28 s 8L
AR ) . AR 9] —> Python X RIE &1k 8] C ek & ] 45 Python fUH5.

—A~5 PyArg_ParseTuple () MIARFEE, JETH AT HERE ZHE KR B —A~T04] (Python 4 BLR L EEAE N
TR TCA), A T A% 45 oAt Python BREPASEL. Py_BuildvValue () JFARERAEBITH, HEZT
1 MEX ARSI, AR FEAF S 2 MR ] None , — DS B H2R F1Z S EW X 5 .
R SRR A BN 0 o, s — A e T, FEEAFAR R LS.

Bl CZeM2RA, A2 Python {HE52):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_Buildvalue ("y#", "hello", 4) b'hell'
Py_Buildvalue(" () ") ()
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}",

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

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

2.1.10 SRt

TE C/IC++ BT, BT R TT8h A/ Bo A RSO heap 24 NAE. 75 C B, it % malloc () fil free ()
K. FE C++ HLZHAE new fil delete SRSCHUFFAYTIRE

4~ malloc () HMECNAEEL, RZAHEER free () BEIFI T H MR Z . WM free () ML
PEREE, WERANFRIET free O WS SEATAIE, X ATAAERRF AR AP ICEEOR AN - X
P AR o AR (] — A7 free () TG, 3 5h—IMEE-FRVI, MR A malloc ) &1
RRNFF B XM 57454t R TR ROIIAICHIEAE, core dump, HFERESH, FHRLAYATISE .

AR EE A K AR A — S8 TR AN DR AU R A LIl FEan— DR T INAFRAS, T 283108, RIS REIL
AT, BUAE— SO0 R AR 15 2l T RS T SR I A I A B2 0, ARSI B R BGR ] 1 IR

SACAEIR BRI A, Feabe s s g A . XA TR, — BEIA, R AR IR E DA 2]
R AR SRR, T BRI SO AR EOR I REA AT, B ARG (AR KU A st S8 D it s
BRBN A AR L, AR A, e AURS LT SR R/ M 2 B iR

Python jfiid malloc () Al free () W& KA NAFDECARERL, [FFRSS 200 NTF eI E F 6. it
WA 51 R T dc. R LRI BRI S — TR, TR RIS I 0 R G | SR
K, M5 HTTECH 0 I, FoRMRELBAFAERE LT, MEt ] AMER T .

Fi— IR A FH e, CHING T BB PR MR Bl B okng , TR L™ 52l A PAR D Pi#).
Bl b7 3% S O 502 PSR E IR free () o (5 —MEAURSCEE S N/, SATMX I
AXE). SRR C, B RS ARRY B SR g, 51 B R AR AR S (R % malloc () M
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free () MAUEF R, XMZ CARMEHERAD. WIFVEH —Ra MBI A SR mRs, (BAE
HIRATA G T TR T A

Python (i IEGERYT VT RS BL, WOt TORBRIEINGS . DA S R AGER . X (501 Jo s 1H0 Ea% kA
BRI TORERS T, X5 VBB — 53 . SRR 4 (TREEE) M5 T4, FrPA
DEEA P AR XTS5 TG A 2 0. SR A5 T ECE TR R e T 5 DR FR P BIXT R, BB WA ER
PG URBIXEER, RGBS TRERASMY S T .

GBI I 4 BEDS AT SR (ISR ER I BE IR EA ] g BABERML T — Pz d izt il 47977 3K (collect () B
B0, PARZANBCE S RIS T I A A 25 X D B -

Python shiy5| Hit4k

AW % Py_INCREF (x) fll Py_DECREF (x) , & AbH5| it . Py_DECREF () th&7ES | H 43|
KOO S . N T RIG, HASHERM free () , M2l %00 223 2R RFAH. T
XAH A ECHA), AR R B SN R A B S A TR .

BRI AEKIE: ] Py_INCREF (x) fil Py_DECREF (x) ? ATHEHIA—EMtE. ®aAN #HE”
— X5, RATPA RE —AFIR B — A5, —XRNEAECE SCAIAE S NECE. 5IRMIEE
HTATVHH Py_DECREF () , 7E5|HAHHRER . 51 HIHAE X R A EH. A =gkt B3an51
M k. F76%. V8 Py_DECREF () . &icdb & MIA M5 HSSENTER .

WATPA A5 A2 — AR5 . 5] AN %R Py_DECREF () o {5 H#& AR e A X
YA FAS B IR . AR &AL B S a M A S A G, NiZseaitn’ .

AR T 5 AL AR AR e T LB AR AR EACRD AT, BB U, o i AR IO 1H0 A7 e 1 X
W i Rl U — SR ER IR R AU _ B ] FTRESAEIA H AL B S R

T AZE A S, P8 Py_INCREF () o XAXPUIC LA WIAE RS . X0=— 0
WG, HETRENIAETT CHlridia & waits 4 B5U0, SR aiia E k) .

HHEHN

MR RG B — BNy, SRR 3% A% A8 E P K R B2 B a5

KEZBEEGR B — AR W51 H, LS5 BMA XK. B, iAol #@ugmmE, f
PyLong_FromLong () Al Py_Buildvalue () , &f&#byif X RARHICE . EE X5 ARREIE#HT,
ATIER P ASRAR X R BT 5 | o — A58 /& PyLong_FromLong () 43 T —ANRATEMZAE, I AT DAIR[E
BRI HHE -

WZhH— DX ERIT 2R, B Esg] H X FR, FlU PpyObject_GetAttrString() . X
B AEIEN, — A K G R 2B S8 PyTuple_GetItem() , PyList_GetItem() ,
PyDict_GetItem() , PyDict_GetItemString () #SERFIMICH . FF. FHEAEHKE]H.

PREL PyImport_AddModule () &M AEIEIH, WHMA T BES R BIAIE IS XA 6 A — 4
HHIG| MR RFMEIE sys .modules B,

MRAGEE—XIZ G R 5 — AR E), Gl RS B IR TR AR, A Py_INCREF () 3k
AWML A E . XA EZEFISL: PyTuple_SetItem() fll PyList_SetItem() . X4k
B BB XA, WMaad! (4 PpyDict_SetItem() NHFRALEZEHEER, Hif]
= IEFER).

24—/~ C RHE Python W I, ST RS EAE NG . WHFEPAXRTUT, BroAfE w5
A fi S S AT DAGRAIE S e B0 0] I S 05 1 5 | R Sl e e g, i A g a5 D, i i
JH Py_INCREF () ,

2ARE G A ARSI AL RAES| R
PRASUIIHEE A VB, SIS S AT AEC R TR, HA AT BRI S BT«
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Python [ A C eREGR [ YRS R5 | I AR 0A 195 | -4 X RPN s B % i 4508 3

fERSEY K
AOBAEOT, NG IEERICE, (HAI RSB, Xl H e ROV R, Rl RE e E
FURIAE A EX AT

T 5E T B A RS DU M Py_DECREF () B|—IoRXR, WX MXRIGUH A H— 1512070
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! */
}

AR e tEH— 500 1ist (0], SRJEE 1ist (1) MMH O, BIGITEMERMIGIN. BRAELEZ
e, HAIRE.

TEIRATER B R HEA PyList_setItem () . FIRIAX LA LEMWEIH, FIYSKHE 1 ##RE, &

WEFIRIGAHE 1. MAERMREEGBSE 12— Pw CEWSEE], P Raie LT —1

_del__ () H¥. R ZELEONGIHTECH 1, BAEFERRFEHE _del_ () Fik.

T B2 M Python @51, It __del_ () JriEnl PAPATAERL Python fCA%. B &5 W PAME bug () HiX}

item PG FHAELIR? MR AT DA REL A bug () IFIERTTARE __del () HiEVIA, BRI AIT—4

E/ﬂifjﬁl de; list [0] PIRCR, BEX@XHZAEnEa—kGIH, BMars 2R NAE, A
item K3f,

ORI , AARANE T BRI, SRS T IR S TR IER AR e A SR A -

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

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

R ELWEE . —MRIBRAS T Python 18 288 MBI AR IE S, A AAE C i R P IEs: T
RETR], A SRR __del () JES KM

XA AT 28— Rbs OS5 FH B 5 | 0 R AR AS Fb . 8%, Python fRRESS HL 224N AR ok it A 1 1%
7%, WHNAEAERBEE Python A4 450 . (HA A ] % Py_BEGIN_ALLOW_THREADS Il B B
AN, BEHTAREU A Py _END_ALLOW_THREADS . iX il # FISS/EFH ZE VO W H A1, (i f5H M 268 n] DAYE S5
5 VO AR AL BRES . AR, WTF RS IR Z BN —FRAY A :

void

bug (PyObject *1list)

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

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

NULL {84t

T, ARG N SE R BORAr BARME 4 EAT] NULL 485, I H SRR R % i (B
PAJG B DR ) o JRIBD0 G5 | T 4 R 45GH 35 AR A 2R T S 4R [B] NULL, Al NULL 24501
Ji PRI T 6 bR R R DR E AT T T M R G A 45 FUA PR S - AR e BT AS I NULL, R 2 S EORE )
TUAAG I T AR IZ AT E G212

B RMEAROUE “PK” BRI NULL, BIFERRE] — AT HEh NULL i945EE, BIAIKHE malloc () B
—ANATRES | A5 R KU %

Py_INCREF () fl Py_DECREF () &% ALK NULL $84F — H2, B2 Fh Py_XINCREF () HI
Py_XDECREF () WA .

TR ER R I 7 (Pytype_Check () ALl NULL $54F — [k, A KA 2 IELER X
BELANMAL— DX R R UM R I 2 —, XA BOTARIIMNL . AFEAENA NULL A S (A

C bR B ] fﬂfﬁﬂ%ﬁiﬂ%éﬁ C MBI SR FmBIHy args) #4404 NULL - SEkr EESRIEH 2
H—AIed”

LA BERS NULL 4541 “JtEE” 43 Python Jij R i 1™ E Y4 Ix -

21.11 7£ C++ hREY R

AT PATE C+ g B JEAsE, FURATSEIRE] . 402 A7 (Python fRERS) J2 BT C Ziidea R 136 A1 1%
), &R ST R A SR AR BE R o AR C+ iR R I AU R XA WA R824 Python
SRR BRI GRS LR B BRI I L B B S HA N extern "C" . TIETAE extern "C" {...} HEH
Python SKSCPENIAE IR AL, PEAIIRE L THFS __cplusplus M ZG2X AR T (FrA B C++
Gl 2 XA

2.1.12 253 RIERIZ 4L C API

R RIS BE 73BT Y eR BRI S L Python (], (EAT I RSt HL A4 AU TS AR PT ARSCHA ™ RS B ik )
BN, — R AT PASE I — A collection” F AL A 2 BOA T Y. 42 Python 1 RKA, H4 C
AP AAVFY A HOR QM AES 5132, XA HHIR G IR DUA — i C e BUN T4 At R E G

TR ERR G R HFHERME R CCR NN static), $RAUGMHLICME, AKX CAPLAYSCR ., SEpx
FAEPTA RIS J i S £ Python ARE RIS (U2 W] AR TARMY . URIBRAIE e gl fiemy, — M
B A5 E SO — AR RT DL . AT UL A0 (R T4 E R S8, —LL R GEHY Python M REAR (1] 42 Ry
Az ) (10 Windows), A SEMAEFERIN B — DI C FARFS IR (— M2 AIX), stk
AN TR SHEm (A Unix Z851). BTS2 4 Rml WA, VR EEE BB nT B v A 2K

RS B RENS A5 Al WL MU T R . X RE Y R B T A5 #R % h static, BRT
PRI IR R, At S 5 HA Y AR 1 i 44 ph 58 (FEBE AL 7 5 A A s 1L A FRihig) o X
BT WL 5L IR L HAl 5 7 AORPEH A AL ER 517

Python $ifit T — R B HLE R A — 7 AL o) o5 — P LR (23 C 25 Bl (3541): Capsule, —
/> Capsule g2 — M7l T35 (void*) i Python #5382 . Capsule Kl H C APLRBIEAM, H

4 BAREE IR RS TR 205 i, XS EAR AL, R IKIAE TR EZ IR T
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EANTR MRAEATH A Python X —HEglfeid . Feinldty, BT AR S 3 R b fiy 44 25 0] H ) — D4 A5
Hopthy FEBTHLRE I DA A AMEEER , SREGX A ARG RZH{E, #RJ5 A Capsule FRARHURE

Capsule 1] DA ZF07 2t C APL 4597 fdsise . R ek B A B © 1Y Capsule, s T C APT 4l A
FEREAE— B L, B b A A 45 Capsule. fEAEFIERIGE AT A 280520, & Framiibi (i .

TERARVEFEMIATr ik, NARE) Capsule 48 € 15 24194 FRARMREZ . B PyCapsule_New () $52—> name
J£Z (const char*); AVFREA—A NULLAERNAFR, HILNTRIMERIRNEE LK. IEHHIAr 21K Capsule
PPE T —E s T R B AT SRE X A S A 44 1) Capsule

WAL, Capsule I T2 C APL, HA 7 VAR 40 H ALY :

modulename.attributename

A% PyCapsule_Import () Al PAEH AT Capsule #2451 C API, {UAE Capsule [{)44 7 VCHC T
XAMT AR C APT R8T v B MR B IE R C APLL

MBI TR T AR T H AL 2 R R A A AL BT 3K, SO0 TR T B RO R A IR .
BRI CAPLISH (TEX NP AG—A!) R —A> void FREHEE, EXRFC—A Capsule F{H.
SRR W IR Sk SR T — AN 75 R A B ABLERAIZRIUH: C APL 4T % b A 35 e C APL
Z AT XA BT

SRR — A 2096 T TR spam BIRAGIE M. BT spam. system () HAEIETHA C AL
system (), M2 — 1 EE Pyspam_System (), XA EREAEPLSL i 24 SR Sl —BE B 47 R s (Fb
RS FUIN “sapm”) . ZPREL PySpam_System () &S A HMMY L,

PR PySpam_System () J&— 4 C pi%k, B HARE—FEF=I A static:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

PRI spam_system () B4R B

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);

}

FEBHITSK . FE AT )G

#include <Python.h>

B ST

#define SPAM_MODULE
#include "spammodule.h"

#define AT H AL U FREALS A FHELL, MARE ki, 2, BRI LE 1L R Eun i 5t
WG4k C AP F84 184
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PyMODINIT_FUNC

PyInit_spam(void)

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

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

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

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

c_api_object = PyCapsule_New ((void *)PySpam_API, "spam._ C_API", NULL);
if (PyModule_AddObject(m, "_C_API", c_api_object) < 0) {
Py_XDECREF (c_api_object);
Py_DECREF (m) ;
return NULL;
3
return m;
3
TYER PySpam_API #HHN static; HFEE A STE PyInit_spam () AE5HTHK!

St spammodule . h BR—He TAE, HEZUT Frn:

#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

#ifdef 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 \

Ch

e

S

n

23]
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(£ 50

(* (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) ? 0 : -1;

}

#endif

#ifdef __cplusplus
I3
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

P AR SRR RS T M) PR AL Py Spam_System () BT AU S w2 A A0 46 Ao R X0b R R B (S B

JE9%) import_spam():

PyMODINIT_FUNC
PyInit_client (void)
{

PyObject *m;

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

}

RXATTIAM LB SR, S0P spammodule . h id FAR. MR, WHEEELF IR L, BEAGEHZALIL,
PR AR G 242 —IR

5 T PR 42 Capsule #2243t THISMOTIEE, M TAEME7E Capsule B4 I A ICRIREIL . 7 5%
Python/C API Z:2% F 1357 capsules i1 Capsule (528 (£F Python % & 47401% Include/pycapsule.h
fl Objects/pycapsule.c),

&t
22 HENT RER: HiE

Python FL¥F 45 C 4" JEAIHE i PAM Python fURS H BRAL AR R AL, SXARMRINER) str Ml 1ist KA, Py
AP RSB RER — B, (HRAERTIHAZ A, R 2 T — Loy . X SRR A N4
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2.2.1 Ei

CPython iz T2/ ir4G Python X4 # A PyObject * ZRAIRAS R, X2 T4 Python X411 “HAfiZiaAl”,
PyObject ZEM{RA L RS G reference count FNFRIMATZEY “FEBIXIL” Wfa5t. X2afETE X H
Fro TN} e R AR SR FH R L (O) i, BIin, fEXt4 Edk—AEE, MH— i, SE55—
AN GA TS . XL C BN B

BrEA, BRARAEEEE SO R, T2 QR R 42

AP FE HREE B R AERE, R — A/ IMESERE R, EFE C PR custom HE LT —A14H
Custom fHTZEH:

i X HJRIRE TR E X static YRR BIRME S k. T PAE G R & . C AP Wn] DA AEH#E I
SRR RERAL, i PyType_FromSpec () BREL, HAEARATTEITE.

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

typedef struct {

PyObject_HEAD

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

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

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

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

Py_INCREF (&CustomType) ;

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

(N IUERED)
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}

return m;

}

XA RAEZ PR, X2 RN TR E— et b XA SO T =
1. —/> Custom MRESHAR: X CustomObject Z5tfk, B2 A Custom SEFIIEE—IK .

2 Custon AMIGITY: LI Custonype 4ifAIE. X T HIIHEREGTH R EAGIE
BRARR IR 2

3. WA FIEE4k custom it X2 PyInit_custom FRE IV I custommodule Z5H{A .,
GERRSE— 2

typedef struct {
PyObject_HEAD
} CustomObject;

XA HE XSRS FIINE . PyObject HEAD J& il il TR RF X R 45 1R 2 w8 L—A>
%M ob_base ] PyObject KA FEL, Ho &2 | TR Fa 5T GXME AT A2 51
i1 % Py_TYPE Ml Py_REFCNT KX 43 o i Z2 1B by A2 R R 42 ok HAE 34 13 i o s A S
FB.

ik JEREAEZ PyObject _HEAD [ A /5. BANSIN- T2 FEUG R R H i

MR, MRERTHE PyObject HEAD fEEERAL, A BN AN, 407R 7 LT FnifEr) Python i mii:

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

B AL F B R B 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

Friks HEREGEAIANE CO9 WA HITIIARTL, LABEGAN LR A ) PyTypeObject FB, HAMREZRIFATREX
Y, Rt RT DA ST B ST o

£ object . h FSLPRiE XY PyTypeObject BA N EE SCEZM 7B, BRI TEBAH CHIFRNE
SRIFE, EFEIMOE A RAMIEEENT, BRIMRhSETFHREEA].

FAEdki—mn, BR—17FE:
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’.ob_base = PyVarObject_HEAD_INIT (NULL, O) ‘

XA d AR, AR EFREI) ob_base FBL:

’.tp_name = "custom.Custom", ‘

FMIPZERA R R BAEFRATHI A RAY BN SCAR TR I AR L D B, Bl

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

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

RS A RS AR, B R SRR AR 9B B . B AYBLELUE custom T2
Bje custom, HILFRATHEBMAFRIN custom. Custom. M EIEMH &SI S AR T H/RI S
5 pydoc Ml pickle MHREFFAHA MR EE.

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

IXFERELL Python HIGE 246 # 1 Custom SLHIRIFREAHL L D NATE. tp_itemsize [T W AR K/ X
SMAE A 0L AR M

ks WORARAY BEARAY BN AE Python P 1384k, I HAR Y S BRI AY B 38 A H A A [ Y
tp_basicsize, MAMAIREL B R 2 HARK M. IRAGEALP Python ) FRMMIEH _ bases
HRER ) 2R TS e i TR, 5 IAE TR AR 2R __new_ () JyiEITRFS A . ARAT DA IR AR AR I 28 Y
HA W HER R R tp_basicsize [RBEGX AT TERZHONME, XHERRATVARY, HME AR
FHMIE object , FAMRFE NIRRT BRI, TN

FATEIETEVR N Py_TPFLAGS_DEFAULT,

.tp_flags = Py_TPFLAGS_DEFAULT,

JITA JEBER R AR E N TR IR T B B o 0 R T 22 Z0FE Python 3.3 22 B U4 B 5. AISRAR
TEEZRL, ARR R ZO Y R AR T OR G254

AT tp_doc KRARME— SR FAFER.

’.tp_doc = PyDoc_STR("Custom objects"), ‘

SR X G, ATLAEME 4 tp_new ALBEAJH. XAEHrT Python J57A __new__ (), {HLAAE
FEE . EXFEIL T, AT AR APL R4 PyType_GenericNew () Bt silsisl.

’.tp_new = PyType_GenericNew, ‘

BT PyInit_custom() FPRYFLLEAAELASL, SOPErb i HA N 2 BEZ AR 75 2 B

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

XFFRIIRAL Custom A, Sy— L8N IFEE MY BONE, SR RNTIEVILHI B4 NULL # ob_type.

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

(Rt
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Py_DECREF (m) ;
return NULL;
}

BORHES RIS B B T b . XAEFRATHEREE L A Custom FERAIE Custom SLHI:

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

HURXEED R TARRR IR E s K LB custom. ¢ (ISCHFH,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

% pyproject.toml B3CEHT, I H

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

TE45 N setup.py WISCHH; SRIGHIA

$ python -m pip install .

1E shell H1 W% & 7E T H % T =4 — 30 custom. so %% E; AL S5 Python --- /KL 24 REWS I AT
import custom =il Custom %4,

RXFFAME, R ?
MR, MUHTH EE SCRBARE IO, ERA RS, AU . ER RGN TR,

2.2.2 EEARGIRMBIEFT E

LEFA T AN — LE R AN 7 R X N ARG o IR FHHE I AT DA B . FRATRF I —
AFLER custom2 AUSHIXLET)fE:

#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);

(Qi¥iE3)
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Py_XDECREF (self->last);
Py_TYPE (self) >tp_free ((PyObject *) self);
i
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;
t
self->number = 0;
;
return (PyObject *) self;
3
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|[00i", kwlist,
sfirst, &last,
&self->number))
return -1;
if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
3
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
3
return O;
}
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
static PyObject *
Qi)
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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"
b
{NULL} /* Sentinel */
bi
static PyTypeObject CustomType = {
.ob_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,
.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;
}
Qi)
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return m;

BB R A5 2 A B

IAE Custom AW C G5tk b =A@, first. last Fl number . J first 1 last 2% B2 65 44 7
G Python EAFH . number J@ 22— C 4.

X SR SR PR 73t B

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

} CustomObject;

&jﬂf)ﬂ” ERATALIRTREAE L, FANTLAE /N ORI P R A ORI 2/, JATREA — R

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->1last);
Py_TYPE (self) ->tp_free ((PyObject *) self);
}

ERPIR(EL tp_dealloc MG

.tp_dealloc = (destructor) Custom_dealloc,

W4 e 25 W1 Python JRMEAYE | FITT4L. Py_XDECREF () AJPAIERALFESHCH NULL (S (X AT RE
1E tp_new HIRRINIT K A) . G TR XS 2E0 tp_free i (GBid Py_TYPE (self) T1HSE])
KBERT R NAE . RS EBN DA CustomType, XL ATREZE— T RASLH .

it EEFEER G destructor B AFRNTE L T Custom_dealloc #52— CustomObject *
ZH, H tp_dealloc REHREWINEZ—> PyObject * Z4l. WIRANXFHA, Jﬁ Fan R R s, X
ﬁ%(jln EFEﬁr]XT%%Hj§Qu$ !

FAA B — DRR 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("");

(Rt
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if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
3
return (PyObject *) self;
}

HAE to_new G PR E:

.tp_new = Custom_new,

tp_new WFATIH T BT (MARWILGR) ZEBXNS . EAE Python FHLERFE N _ new_ () Fik. BEA
W2 E L tp_new 51, Sbr EIFZ YRR M PyType_GenericNew (), g L Custom
R — DA ARE . AEBOL T, AT tp_new ALBAIHIRAF £irst M last J@IERILATL
JAE NULL BRI

tp_new FHEEZPLBILAIET (RZER) CustomType, HRGELGULITZ—DTIK) PARIEZLEBPA
M ABEATSE, IR R FrEI RSBl to_new ALPRAINGE R HEZ O EM KT SE, HENA
R AMGIE SR, MRS EUE B R 45041 (R C Y tp_init B Python ") __init_ &%) Jrik
KT

#i: tp_new AN RAMIEH tp_init, FNBRERSBITHAE.

tp_new LI tp_alloc MAIRIMHEAAT:

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

HT AT BT BB RN, AT AAEGREERATZ HiR 2 tp_alloc FPRHHIAHAN NULL.

ik FABA BT tr_alloc Mifi. MMk PyType Ready () il AT EI AR AT ATIH L
B, HAERIAH object . KHR AR M BRINAY 70 BC S -

i WORAEAE - MME to_new (BEXTAMEIHN tp_new B __new__ (), AR FAefEiz
A7 I S8 1 O VR AT L SR 1 S R T R 50 o A S L S R S T R 2R, I B Y
tp_new, HUZil type->tp_base->tp_new. ARIRAXFEM, VRAYEILAYAEELEK H HE i Python
€ X ZEIY Python TR AT RETCVRIE M TAE. (RRMBUE, /RATRETC VLRI AR R TR LM 2 251 K&

TypeError, )

FATIEE LT — MRS HR N TN S BRI IR (W) 4 1 B A

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

(R Itgkss)
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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;

}

WA tp_init M.

.tp_init = (initproc) Custom_init,

tp_init A(ZAE Python EEN _ init () Jrik. ERHRAERIEXRIGR HAETRIIRE . Wi fas
SR EM R TSI BT STEEN R ] 0 TR AR E -1,
AT tp_new JLBAIAN, tp_init ARUE—ESGARM GBI, EBATEILT pickle BIRAN SRR

BHYSEGI RN __init_ (). BRATREHZ RN B AT DAERNTSR BN __init__ O J7
e B, FAVEN B IECH E I A% S NG BIAMRIXARSY £irst BOUKIH:

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

}

HRX RS A G . FATHIRIBA RG] first AR, HICE R DUREMFERIXR . B0l LAt
A= PITEAXTT M £irst AR RN S ZTiS T RE SR 2 B A AF 25 4 IR R A
FEHAD AL AFsf TRV RS IRATHIA R

N T RFREFI A TR R XA T BN, FADLT- B8 ZAE A B 5 T i E AT 4
ISP AGE AT T DAAN A6 PRI AR ?

o MFATIFIIES AT 1 ke
o LIRAVHEXT SR WEAR R GIL WA G BT S FATT A ZE T AR 1 [ 5 1 o
© B b—A> tp_dealloc ACIAINE NN SCRFGF SR I 2T 51 TR i .
AT REAERF AT L PIAL R R FE AR o AU 0] DA X — e ey B 2 A SUS b i E S

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), 0,

(FItakss)

VYA R R TR, AR ST R R SR A
P HEATR B EATH L tp_dealloc MBI AGX—BUH], FOMFA 2R SRR .
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"custom number"},
{NULL} /* Sentinel */
bi

T i E )] tp_members fli{

.tp_members = Custom_members,

BRI SRR A4 FR . R, Wil . Vi EARFI SCRY AT ER o TS R R T2 20 3 b 72 NIk
THRPERE . section below for details.

PR BS 2 2 B A SRR 1 TR (A 25 Python JEPERIXT S IS B Ing . FRATHA first 71 last ()44 FR
TR, AEEAT PABURAE AT B Python XF4. BEAN, X SEf@ b vl DAREMIER , F1-FF C F541X 0 NULL,
RPAEFRAT AT PAGRIIEIE 22 5 e Wl tb A E NULL R, A SR 28 J& Ml A i 26 al 53 A7 T 91584 NULL.

FNTE ST —DEPAYITIE, Custom.name (), ‘ERFAFGA PRk o first Rl last FYHFEE .

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("$S %S", self->first, self->last);

}

ZITIRAR SE BB R E—M%52 Custom (2:class:/Custom 1) 1-38) SLHIENF—ASHN C B, Tk
EZAEPWENT DS TR EE N2 A BN TSR, (AP PRI R EZAL M S HEAT
HHEZ M ESHOCH SR PSR ZIT M T AT Python 753k

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

ERRATYARGA first Fl last FGZE ATREN NULL. SCRPEN BT AR, M el
%ﬁi&i:] NULLo SESFHBIR R B L Bk 2 Ja R R R PR A (B BR ) R A ef o FRATTRFAE T — 49 T e i 2
X

PUHERATE 252 S T I7 vk, FANTEEQNE— Tk A

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

(HHERIRANEH T METH_NOARGS ARSI HINZ I A E 422 BR self PAAMAATATZ4L)
HRF S tp_methods fH/{i:

.tp_methods = Custom_methods,
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i, BAVRFREFA TR BT FEIRAE T2 B2 . AT O R B RRATH T DAEE AT A 2 B e Bt
DU X G 2EAL, P AT 55 2K L2 Py_TPFLAGS_BASETYPE SN E|FA TSR L h:

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,

AT PyInit_custom () B N PyInit_custom2 (), ¥ PyModuleDef S5#K Pl R, 7
H i PyTypeObiject Z5HAK 528K 4

e, FATHEH setup. py SCHARMITHTAIHIR,

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

1)

RIGFATE e 2E A RERS import custom?2:

’$ python -m pip install .

2.2.3 REX T HIBREME EARE

FEATH, FATPREXS Custom /m Bl first fl last JEMEMR EIEFT RIS . EFAT] E—BUARR B
H, SEBIACE first A last AIDARBCBCONAETFAFEREE 2 P0MER. FN1A B R LB In A U & 77

#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;

} CustomObiject;

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("");

(Rt
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if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
3
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,
sfirst, &last,
&self->number))
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0O;
3
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);
s
static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
3
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;
i
Q)
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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;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0O;

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 = {
.ob_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,

(Rt
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.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)
return NULL;

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

Py_DECREF (m) ;
return NULL;

return m;

AT PE T first Al last J@ME, FRATRAEH B 2 RGBS B A AL DAR k2 TR ORI %
H first JEYERIREC

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

Py_INCREF (self->first);

return self->first;

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *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) ;

(Qi¥iE3)
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return 0O;

}

PR R B% 2> Custom MPRA—A “P”, R A, e, (e
SCRPIFE SCER AR B 28 PRI BB AR A S ST v . B, AT RARSO SR e v — 2L AR HOAS ALt R RS S
P B0 H A S e e S IR BB ) R )

BCEAFRBEZ A Custom MR FHEMM . BRI REN NULL, FEX Ao @ tERr g b . 7234
ABLEAS T, ARE I B S MR A2 P AR I 25 | K — iR

AN —A PyGet SetDef L5 A%

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

HHE tp_getset flf M E:

.tp_getset = Custom_getsetters,

1E PyGetSetDef iR /G —Ti2 DImREIR “PIE”. FEARGIR, RATAHEHRME, FHEmHE
f£ A\ NULL,

FA TR T ok 28 Jm M i 1 5 L

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

bi

FATEFENRF tp_init AIARTEHN L AVFfe AT AR

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) |

(R Tgksh)

3 BUAEFRATVHGE first il last i GURPRFRFR , PRI VFRRAT AT DA B WS DR TECR ANV D, R, BB B2 A5 T2
IS BRI T4 AN R FATI AT, FA AN BEORAIERE R — A5 R T2 SEBAR 2FAT TS SNAT T
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tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0O;

}

WX R, IRATREE AR first fl last M R—E AN NULL DAERATREAE LT Fr A & L T A5k NULL
{EAGA . X R MRFE KHR4r Py_XDECREF () A FH#R AT PAR 45 A Py_DECREF () PH . FRATABE T Bl 2L
FME—37 & 2AE tp_dealloc LA, HBHLXELRL BRI AL A W RELE tp_new HIZRIK.

FATEE A4 T BRI R BRI AR AL R B P R AR, RN T Z BB —#¢, AL setup.
py SCHFAIN T — BN E o

2.2.4 ZHHEMGIREI

Python HA5 — 1] DASR IR AR FER5 ZEAYXT R IW IA IR 32 38 =Dl 25 (GO) BIME BTG IHEOE A A . X i i
DAL RIAEERG N KA. B, BeA:

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

EXANEIF, JTACET —MESHA G R LIRITMRE R mHeE, ERARER Ak 3 AR B
S BT RTEORRMENE. a2, Python FFEFRIR IS5 4 & %451 252 T0 i B o ¢
.

1E Custom RBIEE “ANRAT, BATAVHMEREEBNSRAEGET] first B Llast B, 1o, E58
MIEEZAAT . FATTE R T2k custom, H H PR AGIE R EME. X AN R A o g —A~,
Custom XJZHR ] AT AJEER :

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

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

AW —DIMAGIHTERRY Custom LHIFEHIER GC IERAR AL, FATH Custom RAUFHFEIHFTEH A
OIS L5 I — AN HER R 5 JHK LEA

#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;

} CustomObiject;

static int

(QA)

ST, BRI R R B AR LB, PR R AT DME AR st TIP3 RERE RS | AR
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Custom_traverse (CustomObject *self, visitproc visit, wvoid *arqg)
{

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 0;

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

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
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;

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

if (first) {

(Rt
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Py_SETREF (self->first, Py_NewRef (first));
}
if (last) |
Py_SETREF (self->last, 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);
3
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_XSETREF (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, wvoid *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;
3
Py_XSETREF (self->last, Py_NewRef (value));
return 0O;
Q)
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static PyGetSetDef Custom_getsetters[] = {
{"first", (getter) Custom_getfirst, (setter) Custom_setfirst,
"first name", NULL},
{"last", (getter) Custom_getlast, (setter) Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

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"
by
{NULL} /* Sentinel */

bi

static PyTypeObject CustomType = {
.ob_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)

(Rt
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return NULL;

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

3

return m;

}

W5, WAL GC HUIERES S MIRIAN F X 4R

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{
int vret;
if (self->first) {
vret = visit (self->first, arg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
3
return 0;

}

XHFEEA ] DUIAIEIRR A5, AR B visit O AL, EoEdbAmpi k. visit () WK
%&ﬁ??@ GO 2 i D5 IR BN SR arg (O HZA BRIl —ANTEH N AEZE A5 R ] i F4 4

Python #&t 7 — />0 5 #f B visit L) Py_VISIT() Z%. i Py_vISIT(), A1 A&/
Custom_traverse HEE T/ERE:

static int
Custom_traverse (CustomObject *self, visitproc visit, wvoid *arq)
{

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

%1k tp_traverse SEPLMUE H B EERM v 4 N visit £l arg DAEE Py_VISIT ().

B, BT ERM A ITIE AR AL AT ] PAS AR TR AR

static int
Custom_clear (CustomObject *self)
{
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;
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R Py_CLEAR () ZRIBH . BEE BT LR W8 @ i s | By e B2 /05 K.
W AR BV FAERS @ LA NULL 2 [BIFE )@ R Py_XDECREF () , W@ rIHTH 254 vl BE < R R
BEBGZ @ RS CE A & DR AR S | B RIS «

i ARV LAEE PR BRI Py_CLEAR ()

PyObject *tmp;

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

TES AT, AEH I B RN G 25 ] Nevertheless, it is much easier and less error-prone to always use Py_ CLEAR ()
Fe H AT BR AN ) AR I . 1 RN B DA A B MR !

Bl Custom_dealloc Al RESTEIHIRE MR TH AL A . XEWREIGIR GC 1] DATE & EL A -9k fih % o
T GC BT NI ECA N E, FNIFFEE LI Pyobject _GC_UnTrack () il GC {5 k18 BAH KA
%, FHE2FA1#H PyObject_GC_UnTrack () ll Custom_clear BH LIRS

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

e, AR Py_TPFLAGS_HAVE_GC AR IS SR

.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py TPFLAGS_HAVE_GC,

AL T WERBNHE T AE XN tp_alloc B tp_free SEBATHN, WIFATFH ZE A IEIR LR 0]
WBORBHE . KZH R (1 B SR Sl A

225 FoRMLH MDA
QUEIRA: B A R AR A T RERY . BB MG R N E R IAIR RO 3 ] AT (3 11 & e
3 221 PyTypeObject . FEA [ RIHLZ [AIL X Py TypeObject ZEHA U2 I XER) -

TEARBI P FA TR A — 4K 5 N E 1ist B8R subList KA, XA ARG 2 AT MY %, HF
P —AEMNY increment () F¥EM T B3 YRR A (E :

>>> 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>

(F ks
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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
static int
SubList_init (SubListObject *self, PyObject *args, PyObject *kwds)
{
if (PyList_Type.tp_init ((PyObject *) self, args, kwds) < 0)
return -1;
self->state = 0;
return O;
}
static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, 0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,
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;
Qi)
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Py_INCREF (&SubListType) ;

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

3

return m;

}

IR L, A S Z B L Y custom R BIAER ANl FATRE— B E N2 18] 322X .

typedef struct {
PyListObject list;
int state;

} SubListObject;

URAE AN R 828 AR T BB BB R R Z SR — A EEAR O MR I L g T
PyObject_HEAD () .

24—~ Python X 4242 SubList WSLHINT, B PyObject * FgEHT] AR AR fil 4y PyListObject
* ] 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;

}

FATn] ATE_ BT BN ALRF R A 2 B __init () Tk

EXABEATER T HA HE X tp_new Ml tp_dealloc M AMFKBMMRE L. tp_new APLANTAN A
tp_alloc MXIREERABNA, THEibEREETAN A CH tp_new RAIE.

PyTypeObject ¥ /i tp_base @ KMAY LR R, o T8 & 4 ¥ 48 8, AR Jo 3k 6 1 X
PyList_Type H5| R EHIAFIR T B BN RS TERIRAI 06 0 o b 52 1

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

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

Py_INCREF (&SubListType) ;

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

(FIUEREE)
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return NULL;

return m;

TV PyType_Ready () ZHi, EREMEBMCAIHT tp_base i, MINIMIALEBIRER, E
ANEFER tp_alloc fl{IETE N PyType_GenericNew () -- 3 H FE A HE BB B S 4h K

A2 )5 W PyType_Ready () HRFEBUXF RS BIRIE b (1 A2 5 FEARY custom m B2 —FE .

23 ELY BRER: EFXEE

AET H AR AR AR ] PASE B 288 Ty vk R LT R A 47 -
X2 CHAM pyTypeObject YL, & T I UHT HIAHER 7B

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

/* Methods to implement standard operations */

destructor tp_dealloc;

Py_ssize_t tp_vectorcall_ offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

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

reprfunc tp_repr;

/* Method suites for standard classes */

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;

PyMappingMethods *tp_as_mapping;

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

(Rt
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/* call function for all accessible objects */
traverseproc tp_traverse;

/* delete references to contained objects */
inquiry tp_clear;

/* Assigned meaning in release 2.1 */
/* rich comparisons */
richcmpfunc tp_richcompare;

/* weak reference enabler */
Py_ssize_t tp_weaklistoffset;

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* Attribute descriptor and subclassing stuff */
struct PyMethodDef *tp_methods;

struct PyMemberDef *tp_members;

struct PyGetSetDef *tp_getset;

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

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

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;

XEA AR Z 7k AHRAERIRL, WRREE 2R, i AR LRI IiA.
IEARAE R —FE, BATIEE—S— PPN AR AL T . DO KR I SRS 7 B e, B
PABRATAS AR AN TAESS M PR B SO D Sl we AR A 5 38— M R B T Banfl 1, ARk
ARE B AR B 2L

const char *tp_name; /* For printing */
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R4 T - E—RRBER, SHIERZHTT, LR N TISWH . Sl —Mrs 7, X
TIWRANR)

’Py_ssize_t tp_basicsize, tp_itemsize; /* For allocation */ ‘

g

XL BEE R IE A TR A X A JEBL I Hr X G 2 B 2 D A . Python Sy RIS K I (T 5
PR, JTdl) AEENESRF, X2 tp_itemsize FRUAFTEMIEH . X RIG AR

’const char *tp_doc; ‘

RXHLURAT A —Be P e (B ERYHUIL) , 24RAETE Python JIZRT| I} obj . __doc_ Wik WX B SOk
ik
BAERAN IR — T EEALRTTIE - REBY IBURF LB Tk

2.3.1 KEFAERR

destructor tp_dealloc;

LA BI G | T R4 %I H. Python MR R 2L MU I, RFIR T BE R &R WRARAYR AN Y
TR T ARV 5, ARPT DA BT B . W RA B SR X BRI . AT 2 e R B n 1) -

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

ARSI SRR A, TUATTAA R I 24 7 T B AT B 52 7 Be 2 HT A 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);

}

— A E BRI R L EK R R R H HCE A S . X AR B2 AR A 2 W R I i
A, SRR RBE (MIEERFRE), AESGEMINERTRIEE S — 2 F MR s . WEEREs
AT R 2 FEEF MG N E Python LIRS S R B E . X P Re T EURREA IR SRR . IEH
Ry, AT EAERT, RS, REERSEREWE . HrAiEs PyErr_Fetch ()
M PyErr_Restore () HRERZIL:

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 */

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

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

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

ik REBFERLAR R AT a2 PATHBRAE R A R, w5E, QR AR 28 B9 52 R 3 3% [l i (ffi
tp_traverse fl/s{ tp_clear), XRAYF G AFEVHH tp_dealloc HFgiE Aol &4, Hak, 1E
tp_dealloc 1, RETEGFET ARG BREIHTHESETE ., LA ERRT S50 APLAGTE A (a0
TR I AR e PRI tp_dealloc, FEOUEREHBOR &4 .

M Python 3.4 FFify, HEFAARTAE tp_dealloc A ML MRIS, MMM tp_finalize KA,
UL

=

PEP 442 ffRE T B A G %

23.2 HRBR

F£ Python #ft, AWy A 0] DA S RN SCARZIR: repr () AN str () ML, (print () BB EILM
M str () o ) X EEALBRAR A i vl Y .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALPFEF VIR — DN FREEXG, HA e SRl e — M Rme) 1

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

WERBEAHEE to_repr ALHAIN, MREARIF SO — D RIA) tp_name BIFIRIE AL R A ME—15

PUE.

tp_str ALBATHIR T str () U0 Lk to_repr ALBAAART T repr O —#F; WELEUL, ERTEY
Python fCRBTEARAYRT G LBI EJAI st O WHIAMN. EMEIS tp_repr lEERFEAIML, (HHELR
TAPHRBARERR . WRARIE to_str, WA tp_repr HAMARMAE.

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

23.3 EHER

XETFEEA I SCRPR RO XT G, AU R SR A I T il SR RO S s 8. 5 20— B I 3R
JEYERI KA (ANAE ST AT IE) %A 7 — RSt E w e (AR AR E ) . BiREtER—
FRRIRIG O, TEDUHE DL T AL 45 A AR R NULL.

Python SZRFMIXHEMEAL BRI — >S5 RS R B TR B B — R s . W I 22 A E T — X
32 char* fEENEMEATR, 55— Pyobject * o ARSI RT DA (X T 52 BUAY AR i
A = SCIR—Xt

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

S K/

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

AR T ) — A A JE Ak B2 A B AT (IXREAE T SCHEATARRE) | DAY — 232 1 5 B ml Bl o £ it
PyObject* A B LR, A Python 2.2 JFUER TSI 4 J i) Jo AL BRATA ) S P i 2 LT B 58 4
IR, RAEIEAFAEAE VFZ M AR B A T ez AL 315

RBRMER

REHY RIBEH WipgEr:, e, i@l “fim” e? HFREWE NI &0
L. 4] PyType_Ready () W}, WAHUHIEJEIERI AR,
2. RTREAFRICHRICR B R O R S, WA TR (AR IERAE .

TR, WAFARKHE PR . B3 A ) AR & e i 6 2Kt i AT AT BR A6«

M PyType_Ready () B JIME, B &6 H B G5 A = A0 0 8 B3k B 3 BN Gy 7 i v
Wdescriptor . A AE RN SEHINS R —DIEIERITT I . SRR IR R =R EHY NULL,
WU B SE B A I E TR B RE AR OR B I, I HiB I 24 ik tp_getattro fll tp_setattro ¥
Beffi o NULL, PAFRIA i SRR A P L R 1

FW R object:: ZERU Y = A B

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

W tp_methods &K NULL, M A4iF51H—H PyMethodDe £ 45 IR MK KA . FPgdA~ 4 H#p
SR LE R R ) — A~ S5

typedef struct PyMethodDef {

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

(FIakss)
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const char *ml_doc; /* docstring */
} PyMethodDef;

I 24 R i R T T BER) A T IR E L— A2 H 5 IWEERIL ORI IR T/ E SR H o IR EAEAR R
— MBS H Bl MRCEE AR A H o %R A H 9 m1_name FBUAAUN NULL,

B AR SCEE ARG SR P B A JE . AR C RN 23508, FF Him X nr Ak
RS . £ mamAmpsE SO

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

YHF RPN EH, B E— A descriptor FEGINE| ST i HLAEAS M LB L5 R (R PR EUE. type FB&
WAL — AN RIS N Py_T_INT 8% Py_T_DOUBLE; %{EEF I T-#ff 2 Wil 4 Python {E#%544 C (B 2 -
flags FEJH T ARAAEE S E M E W9 15 R bR - AR W] AR HA5% 4 Py_READONLY AR 11 Python ftA%i%
BHE.

i/ tp_members FRAE H FBITHAHIARLR LA — G BT S ZATA LK R 205 ) J@ AR R A
e AR 25 A 2R PRI SO SR BN IR SCRY AT R o SRR v] DA 5 4 APT M 2EXT 5 3K
kg, HMEHHE _ doc_ JEMRIRBUCRY 745 .

5 tp_methods F—FE, FEZH—AMH N NULL ) m1_name W= H.

RBETREMENER

AT R DL, X B H R char* A name ITESAYEALE char* Ml PyObject * KUk O 2 [A] ) ME—[X
Ble XARBIL R AT 5 Az s GIARE A FAY , (HI%A [ FE Python 2.2 Hy&i iz F X+ B
BT AL R ECE QTR I G, PR AR AR SE TR Y R E AT TIRE , RS B B A AT A2 75 BT .
tp_getattr A ARHSTEXN R HEFTEEE RN . EHAHMNS G5 1K1 _getattr__ ()
T VE B B39 A A T

Bilan:

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

}

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

ﬂ:’lﬁ]ﬂﬂ%@?%% __setattr__ () E,E __delattr_ () ﬁ%ﬁ#%ﬂﬁﬂ% tp_setattr JUDIE/EH‘WO %%%ﬂﬂﬂ
Br— @ PERE, SH=ATES R NULL. N — D E RS | & S o1 an R i Se 2 R AR ZE )
tp_setattr AFRAIHER 24955 NULL,
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static int

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

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

2.3.4 HRELE

’richcmpfunc tp_richcompare;

tp_richcompare AR STETR EHAT WA . BRMT &R FE, il _1c__ (), Hap
PyObject_RichCompare () #ll PyObject_RichCompareBool () .

I BR B R F RS A% A1 Python X R FiE BAFE S8, Hrha® 458 Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT { Py_GT Z—. ‘BN 24l 48 & 101z F A7 K LR W WS A R VR i T iR [F] Py_True 5%
Py_False, QIR HEERERBL P B 2l HABXT 52 U4 i iR 0] Py_Not Implemented, B{E IR
WE T 5 W | NULL,

NHGE ARG, REIESEIAIR RS A RIS A A S Y

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 e} 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;
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2.3.5 R LTH

Python SCHRFZFf b 2 PS5 AR AR AT X 2545 11T 19 & 1182 D LTS 7E abstract W7

X LEHNR B R Z AT A Python SLHUIT A i LI SCHY . Fpsili, By, BRI SON—TF RS 48
s Python (ALY o MBSO SR AT o T RO LE o |5 2824 S ) b BEAT R (IR (14 PR SOR U
BEIH PR PR s SR S R IS | 4 A BRAT AR B T e e o BB ) MO EAE F2 2R RS G s A7 3 5
RIRE L, A — D PR LR 18 A% (T I 24 R e ol & . (BERIERR O AN & 18 WIS L AR
NULL #1500, AT PABE BT ARG ] — MECLA A, (B AR LA AT BEPR R AR SRR - )

PyNumberMethods *tp_as_number;
PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

WRAR A BRI X R AT B — N ECF . P sk X 5, AR E o BICE — AL T C 28
PyNumberMethods, PySequenceMethods B PyMappingMethods, BIZE MR ML, /RS 7 35618 24
PMEIE AKX SEEE K . /RTT PAFE Python JEACHS AT Objects H SEHREIX LEXT 545 H 1 AR B

hashfunc tp_hash;

AERARHE SR O LR, B LY 2 S VR B ST A S B ol — AN A B R T — A ] B A 7R 1

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 @—MEEEPRT AR ERARFTBEEA. M tp_hash &M -1 FoR AT R, X
e AT 2R 24 R AN A s SRR [ e, A R

ternaryfunc tp_call;

BERR B AE “PR N ARAOBR IS BLSCBIBaR T, 250k UL, 2R obJ 1 RARBIERZEALA S BN Python
AEET objl (*hello'), WIFFAEWM tp_call AbPLAIN,

W Z =25
1. self J2AE R HPREERRBISLG] . WERTHH A& obil ("hello’), W self hj objl.
2. args R ETHSEE TA. VR AEH PyArg_ParseTuple () RIS

3. kwds B E AN X BT SHA BN F M., WHRE AN NULL HAR S 7S50, )0
PyArg_ParseTupleAndKeywords () R32EHSE. WSRO LR XM S50 B M IE NULL {H,
N£:5] % TypeError I — MR S TS EH S

RN PER tp_call SEHE:

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

PyObject *result;

const char *argl;

const char *arg2;

const char *arg3;

(Rt
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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 bR AR L T X B AR PP S R . XN BRI L2 — N e S, BIE T8 TR A s r 6 A Y 5
B, FFaRE—AFGI . MEERRN, BNV KE 5% IFRE NULL, tp_iter X} Python
__iter_ () F¥, WM tp_iternext XN T Python __next__ () F¥k.
{EAfiterable X ERN LI tp_iter ACPRAIAR, TZACEEAIRELAAR [ —A iterator X142, "R &5 Python 28
JT Y P[] 4 S S -
o XFRPASCHFZ AT ERER L2 T4 (W5 FAed), W BYEERITA tp_iter BFAIEI R 1
— AL AR
o HEBRER RIS G E R T EREBENMAT R, FlanscfExt4) nlplsst R E—4~F5m H
SIS AR tp_iter - H H NILIA NV 4L tp_iternext ALFRAIHA.
{EArfiterator XTGHERN. 24 [ B EHL tp_iter fil tp_iternext. — PRI tp_iter ZLIAINRNY 243 [
— M RZIEREIFEI . B tp_iternext AFRAINN 241 [0l — 38 [ EACEAER) R — X 20085
M, REA TR0, RERCEERE, W tp_iternext AJPARE NULL AR EFHE, 5
HW W DAFEIR ] NULL (i 5:ml I 4745 StopIteration; by ] DAFEAE EAFAOTERE . QSR %4 T 5K
PregsiiR, M tp_iternext VY402 E— > H R NULL.

2.3.6 555|HXZHF

One of the goals of Python 555 | i S2 B H AR — 2 VT 28 2 555 AT A S M EERE X 4
(Blangs) Lr=AgisnTes.

Z YL

weakref BIHLRSCRY,

SHF AT AR ES S | B4, P RRALIR S tp_flags FEHY Py_TPFLAGS_MANAGED_WEAKREF i, |H
) tp_weaklistoffset FEWV YR AHE.

Fpstii, PATH U2 FS R I i 2B R IR T

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

ME—FESM M TR to_dealloc & ENERRALMS T GHL AN PyObject_ClearWeakRefs () ):
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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);

23.7 EZEW
N T T AR A AR B e S S AT A R T vk, BRI CPyrhon J5ACRS . HEA Objects Hig, #RJTEC
PSR to_ IN_EARAEZA A (BIAN, tp_richcompare). VRFFHRBIIRAEZE S e KA H T

AR TR BEIGUE— X G 8 A N ARSE IR AL ) BAR SE B, 15 PyObject_TypeCheck () BRE. B
— N RERBITR:

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

¥

B
F#& CPython JR{CHSRRAS .  https://www.python.org/downloads/source/
GitHub |-J% CPython JE{CHL) CPython JiiH .  https:/github.com/python/cpython

24 HEC/IC++ TR

—~ CPython ] C §" 2 — L (Bl 40— Linux _EfY . so , 5 Windows ) .pyd), H&FH—
?ﬁ&“ﬁt SEE

HNT SN, FEENIE PYTHONPATH HiBl, HAM 4 AL PR 44, IE A Y R4 . 24
J setuptools I}, < Bzl s IERAK) 44 .

WAL R B RN R
PyObject *PyInit_modulename (void)
ZERBOR B R B Gk AR, Bi—> PyModuleDef SEffl. 15 initializing-modules T 141 -

XTFANA ASCIH i ptie 42, BREULATE PyInit_<modulename> , Y} <modulename> il AL
B4 F-o 248 H] multi-phase-initialization s}, FRiFf F 4 ASCIL g5 5 AR B 44 o 16 B A7) 4 AL bR B0 44 - 02
PyInitU_<modulename> , [fii <modulename> §5%% ] Python ] punycode 4, EFSFEEW N TR,
1£ 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
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A LATE— DB RL S I 2 MR, il il LB AR AL T AT ZAT S el i S AR,
DA R I AR T SO BB S B #R 7 —A B 2oy § 88k BT, AE PEP 489 [ E 241
RE

2.4.1 {#f setuptools #3J3£ C 1 C++ ¥ @

Python 3.12 J ¥ # B AN A AL distutils, 1522 https://setuptools.readthedocs.io/en/latest/setuptools.html |-
) setuptools SURYHEE ZHb T A A ful 5 F setuptools KA EEFN 4 & C/C++ 37 .

2.5 7 Windows t#33& C 1 C++ ¥ |@

X—E A BEANZE T WAl F} Microsoft Visual C++ £)]# Python [ Windows §" @i, SR HIEME X H TAE
MUEL A RN S5 B o X Sy B BPRHR] i A T Windows #2512 ) #478 Python ¥ J@ A I Unix F2f7 24>
AT AE B AE Unix 1 Windows ¥ RE h i @ (34

SRS distutils J7 SORM D ReAER, WA AT Bl i 75 0. ARUPREFREM C gtk
¥4 % Python; 3 %5~ Microsoft Visual C++.

R X T 2R T gD Python A (13U o X BESC4 DA IR XY IRAS Sk 3RS
S, X KR ARETE A Python AR ARSI YRR AT BN, WUERARET A 2
Python 2.2.1, XY ¥k 22,

2.5.1 ZFEE=i5EA

57E Unix bF—#, 7£ Windows A § Bt A WA =0 i setuptools tREHIM @ LTFE, 5
F T HAE. setuptools i GE T REHMPY JE; i setuptools WEFIFT ALY ALY SCRY WL 1L A
setuptools #13E C F= C++ ¥ e o WIRARE PR BN 75 BT sh#4E, IBAWFR—T winsound ARifE PEAR B R 1 H
AT fES A #5 8. standard library module.

2.5.2 Unix #1 Windows Z gl =%

Unix I Windows X T AU A AT T 58 AR FEfReil i@ nlsh S iz i, %
o TR BT R Ge R e AR .

e Unix 1, — AL (Cso) SUPFR @& i e P R O AURS , B SRR e o nl Bk 21 Y ol i P
AR o 24 SCFREA T B ey, R SO AR rhoisk 28 o BRI i ) 4 705 | TR 2 B H 1 R e v ek 4L
AL N A P B Y S PR B XHEAS b — R A

£ Windows 1, —ANBIASHERE ((d11) SO BECAEHER T o il — AR AT TR R Rl R 1Y
Vile Az T DLL AU A TEIZfTIN I T ol Misot, RSB LM 1 DLL ik, H Hiriz
AT AR S PUEEARS )45 E 1Y R BN -

& Unix o, REAE—RRPESCHR (La), BERERAZ XGRS (o) U . TERIEIL X G T (. so) 1Y
HEREIY B, BRI RE S A B E A ALE R MR R AN B SR AR A A EA R G S rp A 4R
B WRIRE T, BRSSOk B IR GO A UG

1 Windows 1, FAAEmif R, SRSERT AR (T RAHE . 1ib). FEEXMT Unix i .a XM &
A ETEL N AR RS . AR EAUT T a8 RE 0 PR € AR R A2 AR, I B 7E DLL
OIS BT R o AR S AT Ok S AR 15 B A R R DA (8 1 R B 4872 DLL A Al
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Ffo 24— AN HAEFF S DLL BEksms, nIRES B mM— D ARE, BT SN T M HAE P8 DLL HoRA iy
AT X SEFF5 1) DLL.

MBS ARIEAE SR I BN B B FI C, BT 5 5 —AMUigE A, 7E Unix |, R REHF AL a o4
EEAREN B.so Ml C.so; RS FPECEHAEMIR, XFE B A C R 5HA BN H CHIRIA . ¥£ Windows
b, GiPE AL ALL FFF R AL 1ib. 4] B S5 AL Lib fRAAEHESR T T B A C. AL Lib IFAE S &
RS HAEaT Ul TUiH A i REREE.

£ Windows |, AR SRR M import spam; BiLARATLAVTIF] spam P& FR, (HHF R 208
—/ANBEIAR . FF Unix |, f5EEH—METEBRE from spam import *; Baf|@—A BEI4.

2.5.3 DLL #Y=chrfEM
Windows Python J27F Microsoft Visual C++ Fi A4 5 {8 ] At 2 ies vl fE S Ll BEAS TAE. ARy E A
T e FE MSVC+H+ .

24 7£ Windows 17 DLL i}, {RUA06F pythonXY. 1ib R4GHEHAT. 24P DLL, spam Al ni ({1
spam AR EI) C KD, VRIS AT iy

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

A T =AM spam. obd, spam.dll fil spam.lib. Spam.dll A& Python %L (4
41 PyArg_ParseTuple ()), {HEMIT pythonXyY. 1ib ] PAHITA WA R3] Fr 75 i Python A,

%;ﬁzﬁé\@ﬂ@? ni.dll (MAK .ob3 Ml . 1ib), ‘BAEEWTM spam DA Python R AT L3R H BT

AR B AR R WERARAR B A e (£435 Python) #\EEH BRI 4R AT,
RIS | _declspec (dllexport), FLUIEE void _declspec (dllexport) initspam(void) H{
PyObject _declspec (dllexport) *NiGetSpamData (void) H—FE,

Developer Studio UM IMR ZARFH A EIEFREIIFAE, A AR AT S0P/ MEIZ) 100K, ZEBEAT,
TR P I A8 A R (R R R TR BB BRI . FFIERIR) msvertxx. Lib IRINE]ESFH .
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CHAPTER 3

A E KRN HAZ R CPython iZ1THY

A, AZEANEAE Python fEREAS A LN AR THIY RE, 1M 24 S5 CPython iz fTHHR A B B
W ARF o AT T B SE U VR T Sy — 2240

3.1 EHENAERFEA Python

BILFEHE 7 W% Python #E4TH &, WatE W H C sEUEY i Python FTNEE. St K@ vl AR : FF
Python g A Bl C/C++ . R/ FH 5 HIGE. XA AT PALER HFEF ] Python R SE B AELETfE A2
HCH C++ . HiESAMRZ: ansavr M A Python 55 —SUIAS  DAGHEE il B AR 7 i R 75K . it
LT EE ] Python Zi Bk N2 5, B4 KNG H O WREX 4T .

Python (iR AZRBITP R, (EAEEME. ANFEZAFET, §7 5 Python WL T 1 EREF558 2 Python
iRty , it A Python B A2 FF M AE-S Python 584 J0 96— 1M & B R P 1) 5 2838 4B /K <1 il Python
RS RIB T2 Python Y,

I, #EHm A Python, stERf(tH O BT . W EMA I 2 —itEwihik Python fi#fiss. £/0
HEHREL Py_Initialize (). A7 LERT A TH A v [a) Python /£ M A4T2 480, 2 5 Bl W AR P 1)
AR AnT 3 I8 R ARRERS T

VA RS B XA 57 JUAP: W] 1] PyRun_SimpleString () & A—AMU% Python B4 4AFE, Wnlm
PyRun_SimpleFile () & A— stdio SCHAEE IS4 (UFEHIR(E BB AER ) . B 7T AR
FH BT A28 1) IS 2 B SR A 1 I (5 H] Python X4 .

S U

c-api-index A SCIEANANZT Python iy C 421 . X HUA RELEMFE L.
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3.1.1 BEXE#RA

I TR BT Python i ATE 2 R AEH R 209 0. %385 1) H AR R T—B Python JIAS, T JGHRE 51
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([])
{
wchar_t *program = Py_DecodelLocale (argv[0], NULL);

if (program == NULL) {
fprintf (stderr, "Fatal error: cannot decode argv[0]\n");
exit (1) ;

}

Py_SetProgramName (program) ; /* optional but recommended */

Py_Initialize();
PyRun_SimpleString("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");

if (Py_FinalizeEx() < 0) {

exit (120);
}
PyMem_RawFree (program) ;
return 0;

}

TEPy_Initialize () ZHl, WiZ4ciHf Py_SetProgramName () K%L, PAEAAFEREETE4 Python i54T
PEREEFE. #Rk, Py_Initialize () ¥)4Afk Python fifREss, SAJEHATIESRSAY Python A, FTETH
HIWFIETE . 2 )5, VM Py_FinalizeEx () KMIMERER, BITER. FEESERET Y, ATRETRZEM AR
J5ARHL Python JIAS , s iF e M ICAR i an A . SO, siE A EdE. FIA PyRun_SimpleFile () bR
O] DATE S M SCA: g B Python RS, BT 48 2540 T AT 25 TR RN 28 S04 P 28 R JRR 0T

3.1.2 SEHBBRRERANBIBRS: Hk
7o A% H RE A, IR 7 FR AT AL A Python (RS, {H 28 /Sl ml SR A XA IBRIGTRY o Q1 5 2 A e i, B
ARG . TP A BUL AT IhaE, U520 C U,

WATERE, RUGTEERI, {04 Python AIEA Python ST FAR ML, ATILEE it 6 #0k 2 B R 4
B3 B TR, YA FM Python 5 C 3 R IENRAL T -4

1. Python py%daftit oy C #53L,

2. AR EEEE AT CREF IR AR I

3. KR AR ] St A C 46 Python 445X
fix A Python Hif, 422 11 A5 25 XA :

1. C Hdlaf4sly Python 4%,

2. ARG EAEATRT Python 2 1) sk £

3. KU IR 1] Kt A Python B4k C 65X
Al SR BAR L B A TN IUT, DA B TE T A R 1) ME— A DX R AE PR R SR e e TR
MBI RECRE . FEPATY R, WH—A C R, MHRATHR AR 124> Python B%L.
A SCRATHE ARG A Python 3463 C 2, 2 MR 5 ANERE 3638 BEAS IE AR 6 1 5 | T A FL e i
T X SeHh )y S RS Y R IAA XA, 3 S5 Wi B E Y ARG BT A5 B
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3.1.3 REHErA

SR H AR 2 AT Python JIA RS eR K. LR )2 UCHE UIBRE, Python f#RESRH A S B 5 Y
MR BEATACE, (R — 4R A i — A1) o

BisAT Python A b U R &L, LS ANTE :

#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]);
/* Error checking of pName left out */

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

if (pModule != NULL) {
pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc 1s a new reference */

if (pFunc && PyCallable_Check (pFunc)) |
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++1i) A
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != 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;

(R
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I3
t
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
3
else {
PyErr_Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
3
if (Py_FinalizeEx () < 0) {
return 120;
3

return 0;

}

AR SER A argv (1] n#k Python A, FEA argv (2] f8EMRRE. REBRESHCE argv 4
IR A . AR50 a4 R (MAL KR & ] AT FFRAE call) |, I B $A7—> Python 7,
Bl :

def multiply(a,b):

print ("Will compute", a, "times", b)
c =20
for i in range (0, a):
c=c¢c+b
return c
RIGEERIVZE

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

SRR, AR B PR, (EORHER (U2 I T+ Python I C Z [a) i) Bicdlife e, DA S AR i
Bt A Python A HRER 7 LT 4 -

Py_Initialize();

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

WAt R 2 5, W PyImport_Import () MEMIA. WEEKSEE 24 Python 47, — A
PyUnicode_FromString () B sk B0 # 1 F4FE

pFunc = PyObject_GetAttrString(pModule, argv[2]);
/* pFunc is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JHIA—Bm#se s, #iesH PyObject_GetAttrString () EREMEAFR. WRAAAAE, I HRFEZ
AP S, BRI o R R, SRIE R AR AT, M R SR AU el . ARG AT iR
J Python R4 :

’pValue = PyObject_CallObject (pFunc, pArgs);

LK FORIIN, pvalue T2 N NULL, B2 SN eRBOR MHER)TI T  556 PR 58 ERE0Z5 1 .

3.1.4 3f#x A Python ThEEEITH &

FIHAA L, AR Python RS BETT I IV AL P AR LY T BE . Python APL 4" R AR RRAS KL T
RX—nio WlEUt, MM RO R BRHRA BRI T . RARVTER A L e, (BB oM
ko BRI AL MR T /S5 T Python fi#Réd: . LN AR FHIEE—H Y, REE—HEKAY
ik Python {Jj [ iX £ TAEF, W45 L@ Python 4 JEREfF—H. filln:

static int numargs=0;

/* Return the number of arguments of the application command line */
static PyObject*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PyLong_FromLong (numargs) ;

}

static PyMethodDef EmbMethods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0, NULL}

bi

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 () KA HIHEA LRI HAEHMH Py_Initialize () ZHITHAPA T H&IER]:

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

It

XTI HIARIE T numargs 48 &, i A Python R AT AT ] emb . numargs () pREL. #idix
PR, Python JHIAT DATAATPA T #R4E

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

TEESCHI N R, XA IRRHE Y B APL 25547 Python (1] .
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3.1.5 7£ C++ thigr A\ Python

BT PAKE Python ik AF C++ R s Il SCB7 0RO T Cr+ BRI — B C++
%5 ERE, FEA Cr+ GRS R A IFMBEREAL T . AT EM C++ HEH%F Python AL

3.1.6 7E3 Unix RGpomiFFnskis
N T Python MRS AN AR Y, $RENIE 6 19 9 13 S AL 40 i e (RIEERRED) TR 3, Fenl2 ok
Python A FERHLE DA C BaSY i (. so 3CiF) mfENseilif.

N T REI TR A A MBS S, WAT pythonX. Y-config A, ‘BE/27E 7% Python I (th
A REFFIE python3-config A ). ZHAFILNSE, KA TN SHLEEAN:

e pythonX.Y-config —-cflags ¥4 HENHRIFSE.

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

e pythonX.Y-config —--1dflags —-embed $-45 HAF P I 20 1 AR

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

ik N TSR 2 Python 24 AT IR AL (FRARAE R G LA A C oA 2 |]) , 2
pythonX.Y-config f§EAXT AL, N LB FTA .

WER IR ZARMER ORBEARIEX T Unix 784K GADEEH bug 45 ), SR FIRRE X TIE
FERERYSCRY, K EE Python i Makefile (Jfl sysconfig.get_makefile_filename () F|F{EALE)
FIGIFESE . X sysconfig Bia @A A TR, v AgGE T IRNFEHAE BN EE. Ln:

>>> import sysconfig

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

>>> sysconfig.get_config_var ('LINKFORSHARED'")
'-Xlinker -export-dynamic'
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RIEXTHRR

>>> 7 H A L ERIA R Python #8/R4F . RS BoR T B8 DA By e MR A T AR A0S 2 il o
. BAEPUFE X
o RH A L i ARPIRACRS T B BRIARY Python $8/R4F, (046 b aSHe, Bixtiy sz i
(5. s, ek =E55), Safe M G.
* Ellipsis NEHFE.
2to3 it Python 2.x fURS#44 Ky Python 3.x AL T H., I AEHTIRED , 8 Dy fATAT, AbER s X 2 Boke il 1) 1)
NGRS AR
2t03 A AEAREE Y, B4l 1ib2to3; $2HE T A0 & Tools/scripts/2to3. N 2to3-

reference ,

abstract base class -- 4 3ER G LB ABC, @Xfduck-typing [AFNTE, BEFEML T —Fp i SCHE: 0 0087
X, M2 FHAMS G E hasattr () BT AMEE MR (FlHantEH BAR ). ABCHIA
TR, XTI R 5 HABE, HAMWIRERE isinstance () Al issubclass () FRAR; #
UL abe fHSCRY . Python H 4% WE R ABC HTSLIEH454 (7F collections. abe #idkHr) |
BFE (FF numbers fEE ) L W (FF io Bitkh) . SAEREAMELS (FF importlib.abce bk
H) o ARA] DA abe Bk A H ) ABC.

annotation -- byl KECR| AR, KEME. REBOES SR MHEMIRE, e lEh £ 20207 SR .

JRrR A R AR AR B A T AN TG, (B4 A . B MR R B b & 2 A O . 8RR ALY
__annotations__ k@M.

Z: W variable annotation, function annotation, PEP 484 F1 PEP 526 , %} I B e A /T4 . 751 2 I, annotations-
howto T A {57 A ) B A S e o

argument -- S5 7LV BREUHE L function  (B{method ) WHEH. S50 RWiFh:

o XA A TERRBOR I PRI A PR AT (B0 name=) SEEAE N A S ERTTEATA ** 197 S
PEAE A . 28BI5K0E, 3 F1 5 FELA R X} complex () WY A FE T 2 7S5

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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s EEAH ART RKBETFSHSEC MESHEI TSRO ERTT S AR/ S AR a4
* [iterable P TERGAEN . 28BIKIE, 3 A1 5 FELA TR g TS 4

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

SR PR L s B X B Rl AR i A7 RIS DL calls —47 . MRAETEL, ATk n]
HRFTR—ASHG AT BE IR R Y Y SR AL o

F3Z Wparameter RIEFRFH , & WIAEH S 5ES X5 PEP 362,

asynchronous context manager -- 5325 |- F S PIEY AR E I E X _ aenter_ () Ml __aexit_ ()
JrERXT asyne with @A) P RFREEIATEE S, B PEP 492 5] A,

asynchronous generator -- 532522 K% 1% BB Masynchronous generator iterator IR, B 5 async def
& SRR R BARAAERL, ARFRZAATET B vield REX A —FRIIWTE async for fEHH{H
.
WARTE T T8 A0 A ian i, EERLRE IR AT AR 24 77 £ R B R R E . WRFEE-ERL
HARE S, TR A FR AR Lo
— AR SR BT GRS await FiAX B H asyne for VAN async with {E4].

asynchronous generator iterator -- 525 2 R85 5028 asynchronous generator FRELFT B EE IR 4 .
WIS & T asynchronous iterator, Y4 __anext__ () FEW B Bl — AR GOR AT 740
A TN AR PR A SR AR LB R —A> vield Rkl
5 yield SRR, 204N ArEIEEING (R E RORTHERED try i740). 543 2
AR EER B _anext_ () FriREIFHAB TSR RAMIKER, ESNEI A EREIIT. S
UL PEP 492 1 PEP 525,

asynchronous iterable -- 5B n[IRfUM R — A1 PAFE async for iEA) X . o40# 8B R
__aiter_ () F¥ERE—A asynchronous iterator, {1 PEP 492 5| A,

asynchronous iterator -- F3B7% 08 — N L W T __aiter_ () Ml __anext_ () FH ¥ W X £,
__anext__ () IR [El—Aawaitable X%, async for &b B EMR RN __anext_ ()

VEFTIR B AT SRR B H 5 | & —A> stopAsyncIteration 5 4. H PEP 492 5| A,

attribute -- JEYE SCHCE|—NXSRMME, EHE S-S LB LA TG . 280k UL, WRXTS o A M
a WA PAH o.a K5I HE .

WUERX R AV, PR E h identifiers (1) JEH7 1R 24 BRI AE—AS XG0 J@ PRt 2 AT DAY, 9 2 e A
setattr (). XFEMYJEMRFICEMH A5 RIAACRTIN, MU AtE getattr () RIREL.
awaitable -- [25FEX R —AWIHE await FkAP SR . WA R coroutine 72 HA __await () JF
EHR . 20 PEP 492,
BDFL  “Z B~ ZAh#E” (9sC4i% , B Guido van Rossum, Python fEi&# .

binary file -- 3 HISCHE file object REWS RS F 9 23t %o —iEHISCHRI B FOFEA T HERIEEL (Trb, Twb!
or "rb+") FTHM A, sys.stdin.buffer, sys.stdout.buffer DA io.BytesIO Ml gzip.
GzipFile BYSEMI.

535 Wiext file T fRAEWSTES str MRS
borrowed reference -- fff A 51}] 7 Python [¥) C API H, & 15| 248 —F 51, (A AU I A
FEAZG I H o WR A G b S0 Tk &8 AR s 18T B, 3 [ ol DARS it S i o g —

A~strong reference Fe4HRE o

WEAFZTEborrowed reference TR Py_INCREF () PAKFH R HbEEH Fysirong reference, [AER 4% X S T0HE
AT HAESG— IR Z B8 . Py_NewRef () BREURT AR RABIE— AN strong reference.
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bytes-like object -- ‘P i3 % % FF bufferobjects 7 H.GE T i C-contiguous Zup X% . X WHEFIA bytes.
bytearray fll array.array ¥4, PARVFLZE# memoryview 5. AN R0 #E L fp il
BAEEAE PR XSG RS PR RSO A SGE T B R AR

FLCR AR E 0] 2R TR . XM RAE SR PR AR TR R ARG R
Bl 744 bytearray PAJ bytearray () memoryview. Hh/EER — I B BORA7 T A AT AL %t
G KRR RS T 4 bytes ALK bytes XRH memoryview,

bytecode -- ‘¢ {ifith Python JFUHS 24 g1t R 7565, R CPython fifRegs 3R/ Python )7 i ER AL .
IR S EZAFAE cpyc SCHFH, SRS IR IAT IRl — SO s BE TR (PT DA G 25 REVRAS B8 2 135 R
AIRG) o XA FENE ST B TIERIE F AT A TH N AILER D (K virtual machine 7 L. ¥R /NIF Python
B LR P A—EE A, mA—ERELEA Python iliAs 345 .

FATIFE A Y] PATE dis BEHLR) SR R A .

callable -- nf P JHRFSR PIE AT Seat 2 ol AT IR 2 B0 5, I T ReRft Ay — 4S80 (B Wargumenr), {#i

FHPA R iy

callable (argumentl, argument2, argumentN)

function, LAY JERmethod 55, FRIET AN S KT __call__ () FEMZRAYSLGIH)ET T
iRSE

callback -- [ —ERSEW L AL DATE AR 59 AN 2095 08 F 7 T B R R AL
dass -- & FRAEFH FE OGRS LS WA B S A THRAE ) e o
class variable -- J328 iy 7ESrhE WA, I HAUBRAZERZ G BB e (A& ZE S 3L FP & 2l .

complex number -- 525 3Pl KBRS R, HA A BCFEBER R A SR R A . REAR
SRR, (1 B AR) RYSUAER, BHAERCAT SN 1, TR SN J. Python NE T XA
By scfe, RN TREARic 20 g —A 5 52, BN 3+15. WPRFEZ math BEHRPAXTG AxT
WARBURA, WEA cmath, ERMER DB REARE . WSRIRBOER AL, ZIEE
LA A AL [ L

context manager -- | F SCAFAIEY 7F with A p i, e L __enter () Al _exit_ () FERE
HIFFELRS X R . S UL PEP 343,

context variable -- |- F 30 & — Rl o 8 ) _E R SCRT ARAR A E AR B . X B TIEL R JRihAT
PN PATEBE T ARG AR EE. A, WFETF3CBERR, —MUTERET RS a 2
A ETFSC, WE TR SO R R BRI R AT S AR B TIEER . Bl contextvars,

contiguous -- ¥ — N AR E C i 425 Fortran 3% S S BON N TESLY) . FE4EZ o2 C Fl Fortran %
SRH . AE—YERUALT, BT 4k H T NAE R A AR HES , R BRI RS Iy . £
A C-IESEUH D, M3 NAF L HEY B B 5 — AR5 V51 5% B B B ek . {HU27E Fortran JEZE4AH
HuE S — RS etk

coroutine -- PpfE tHEER THIFERTE — L. FHIRE N AFERE— S EATAE S — B H . PRI AT DAYEVF
ZAFR S EHEA L IBHAKE . B asyne def iBAREI. S0 PEP 492,

coroutine function -- PpRERREYL 1R [B]—~coroutine SR RE . TMERBT T asyne def iIBASEE X, IF
T REfLEr await, async for fll async with F#5, XEEM2d PEP 492 5] AHY.

CPython Python #if21E S HYFLIL LI, FF python.org %, “CPython” —ia] F T-7F 0% B I 1 s B 5 HoAth
SEFBI 4N Tython B, IronPython A X 51l

decorator -- 3 IR E N I — P RE R AL, WE ST ewrapper IEETEACRITRBUE . R ATERT
T35 classmethod () fl staticmethod () .

MR R —FEIRNE, DA R0 SR S ESse 4
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def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

FRERR SR T8, (B F R A . A SRR N 1T 2 0 eR B0 SR 2858 SIS0

descriptor - §iih2y TATENL T _get_ (), _set_ () o __delete_ () HIEMXE. H—REMHE
HEIRERES, BRI ET S B A R . EEE T, a.b ARE. B E SR
— DB ST a MRFHAPERATN b FIXTE, BAR b — R, WS XTI b 2%
. BRARE AR SO &2 2 IR PR Python (1) 5688, RN 4L EEERE ELAE, 0GR %K.
Tk B R, BRSO EA O 5] T A .

A RAWIBER IR EZAE R, 7S 17 descriptors B A4S 6 H79 «

dictionary -- ‘y it — /N EBCEAL, Hod gL B A ER ML G B A . B9 (. BERTDAREMEA __hash_ () f
_eq_ () HEWIXS., 1E Perl i = W #5 A hash,

dictionary comprehension -- 2 Jitffi G 5K bR AN G ) I SR 3 JC R T AR Il 5 SR B — R
BE:, results = {n: n ** 2 for n in range (10) } ¥R H#E n B n ** 2 kR
FIH R 7 . 2 I, comprehensions

dictionary view -- ‘FHLHLE M dict.keys (), dict.values () fil dict.items () IR [EHITRBEIRNF
HWALE . AR T FRAH D ESHE, XEWE Y FHRAR, RSN A ZRE
MR R R o ELE R 813, IR 1ist (dictview) . I dict-views.

docstring -- SCRY FRFHY 028, BB 2 NS — AR U B P AT R P I . EAEAUH AT &
B, (Hu R R B A R ERIRAY __doc__ @M. mTEr TN,
PRI I X R A TR A O

duck-typing -- 18 7R8I F5—FhgRfR XA, EIFAMRKEERXTZ AR e 2B A EMmED, meH
BRSO EsUErE (CRAERGN T, nEREGN T, IBasEmen ) hTumiEE
FUAERrE 288, it RIS v i e 2 S RORIR T R ME . 19 T2 BLE 0 ] type () B
isinstance () #pill. ((HEHERERG BRI PAME 40 28 % VENRb 7S, ) AL R A hasattr ()
K 2 EAFP 4hf .

EAFP RJFIHCRVF AR S BYSESCHS  ixXFh Python 8 HACRS 2 5 WU 2 (B0E I ws (1 B SR MEATAE |
FHAEBE FRIHIH PS8 o X PRI PR XA IR @ Kz ] oy Ml except 1A, THAIN Y
W& FrigLBYL W%, HILT C &2 HAiE = .

expression -- Fih A W DK FAMEMTEE BIC. BAihyl, — DRk FE RO TR, 45K,
JEEDTI . EEATER RO LA, ENTREAMSR B —ME. SUZHAES AR, ARG ES
tPEEE IR IBAFAEA BRI ERB S Wsiatement , Bl while. WR{ERREE T AERRA.

extension module -- §JEREI DL C 5 C++ Zi 51, {8 ] Python [¥) C API >k 515 F %0 A K A P A E
T3 H.,

f-string -- f- 24 7 £ 5P AU TR IEE E AN AR B AR S AR R A
W5, 0 PEP 498,

file object -- SCPEXTGR XML ) S04 APT A 2SR S (A A read () B write () XFEHIH
¥5) o MRPEHAE AN, OO S0 DG BEXT B SRR SC0F, WP HA R B, sl Xl iR &
T (BIARHER A . AR X, B, FiE%% ). USRIl & 250 4.
SEBR IR =R B SRS TG =2t ) S, SR = ) SO DA UM BT I E 3
TE Lo i, BB SR Z IR 22 H open () BREL

file-like object -- LR G file object W R] Xid].
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filesystem encoding and error handler -- SCfF e 4ufh k% X SRR M Python [k M #1E R GE gL 71
RN B E R S4B Unicode (1) Z i 205 B R AL BRAIA .

A ZR B YR A AS A TR BE N A K AR 128 PATN B R . 2R S R G g i =S o k4R
AL ARGE, W API pRE ] E4 5| & UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () FREAIHE S AREL
ARG i s =5 A R AL BRI .

filesystem encoding and error handler ‘245 Python JE3E 1 PyConfig_Read () HRECERER: HEH
PyConfig H{] filesystem_encoding fil filesystem_errors i Hi.

HiE 2 Wlocale encoding,
finder -- A REY —Fh ARG T AR loader XI5

M Python 3.3 JEAEAE AR BU I A $k 48 Lk 12 & 45 % BLH sys.meta_path i, PAKpath entry
finders fit & sys.path_hooks ffiff].

LTS 0 PEP 302, PEP 420 | PEP 451,

floor division -- [ F VBRI 7] 1 45 A B ST BB B A Bk . 1al NI BRE B BT 2 /7 o BN,
Fiks X 11 /7 A WITEERE 2, M S Z MR F SN EIERERR 2.75 . FE (-11) //
4 2R -3 RPAXSE -2.75 @ TRy AREI45 8. Il PEP 238

function -- pA% W] DA H FH 2R 0] EAME ) — 411 A) . 38 0] DA HAE A BA B A -4 I7E R BUAR ST
B . % Wparameter, method F1 function 537,

function annotation -- FRECkRTE B4R BB 2 80K [MHE ) annotation
PRECFR YR T 4% 7« BInPA R BRI 2 A int ZEOFHURR [ —A> int {H:

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

PREPR TR IR YRR L function —7

Z: Wvariable annotation 1 PEP 484, H.A iR T I EhfE. 51525 annotations-howto DA T &5 F A1 11 B
FESC .

_ future__ future 157, from __ future__ import <feature> FH/RgwiFas{di F¥H1E K F Y Python &1
WA R AR U B TEE RS SOR g Y B . future_ BEHLSCRYICSE TR AR feature BUE . @
AR AR B R, ARTT AR B IR R M T i O A BHZE S A E R (EE)
TEATE A BRI

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

garbage collection -- K I REHOAFE9E 8 F 0 A7 23 1A B 3 fE . Python 238 1 5 | F T HECRT— AN REAS ARG
FFTREAGEIRG | G IR BL IR [Pl USce Ae A T B3 RIS o PTDAGE g AR e 4 il sr 3% el

generator -- ZEREY IR [8]—Ngenerator iterator [ PREL. EAEERMBG L EEE, AHEDSAETHAE yield £
B PATE =2 — R A BLLE for- PGl Bl 2l 1T next () BREGE L.

W RTEAE AR R, (B EESL T TR 2T AR B R RE . WRTEE BB E L, W
FHAFRPARE G L.
generator iterator -- 2l R ESERES generator BB AT .

BA> yield 2R, ICEYUHIMEITRES (HF AL BRI vy 154]) . 4% £ R
B RBIKEZIS, B NEIFALERSIAT (X593 U AR AET T 46 451 B A ZE AR K ) o
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generator expression -- /LR AR X R P —PMEAANRE KX EEERMRE S E RS LG EEXLT
—AMERAE R JEREIN for A, PAR—DWER) if T4, PAREARBNS WINZ R —F
HIMA:

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

generic function -- JZ 8RR %L AN ] 1) 2B SE M R 4R 1) 21 eREROIT LB R B . 8 P B 2 P R R ARV
A s WA P RSS2 B
Y52 Wsingle dispatch RiEFESH . functools.singledispatch () HEigeA K& PEP 443,

generic type -- {Z%! W[ ZEbLiype; EHH 1ist Bl dict XFRW AavR. MTE2RF Fizit.
WL SN, Z R4 2%, PEP 483, PEP 484, PEP 585 fil typing Hibk,

GIL Z: W global interpreter lock

global interpreter lock -- 4 JRfRRERS B CPython fRRELR TR ) —FPALE], B OR IR —mF 2 A — AT
AT Python byrecode. WHLTIE T B EXTZABAL ((04E dict SFEENEIAL) £XIF A 4
4:fajf 7 CPython SE¥lL. Z3RE MR RESS DI ES M REds 2 RS T 68, AU @44 THE2 4t
PRES BRFHATIE.
g, HELEARUME R EUEE = PRI R SR I T A TR A T AR 2 A AT 55 0 4 B A R GIL
AN, FEPAT VO FfEmI B2 2R GIL.
A (ARG IR BB e S 8 )« B e RIS IR RIS T, TRA X 24k
TE 30 B A PG O0 T RO RE . A T Rk PP B 15 R HE R B e IR AR AR T A 2, AT X DA 4
.

hash-based pyc -- 36 T-W5 A ¥ pyc {58 FH TR 5 SCA: ) e A (LT A 5 J 0 w5 ik [ SR ff G A8k 2 T A7
. 2, pyc-invalidation,

hashable -- WW5 Ay — > X G0 MG i (8 Q0 R AE LA A A I N B R B, SRRl oA (BEREARR
__hash__ () F¥E) , AR HMNRH#ITHE (EFRERA _eqa__ () H¥) o WA R
I BAG R R Ve A (U S5 SR A 2 A ]
A PRI AT R BB VE R F I B AR A AT, PRA 3k BB 45 F) A N A T e A (B
KZ 4 Python WK RN T AR N E X R A Z TG WARZERS (Blang) Re ) FATIGA; Anf4s
4y (BlanocZiA frozenset) (4 BEATTHICER Y K AT MEA B A @ AT IE A i) F P SCR P SE % 42 Bk
IR ENFEREN—EA R (BRIEESHCREK), BENHBAENAERZETENN
id()o

IDLE Python [t & 524> 355 . idle 42 Python FRifE A A TR R 1) 3 AR i A RE RS 2R 5%

immutable -- AW S HAEEEAXTR . N[N REFERTE . FAARMITH. XFERX R A BER
AF o WSRDAAFE— R RIE, TAATQIBSHIIX % . EATHETR 28 B A E R R B EEAEH
BANAE Rt i

import path -- S AW HEZNMUE (35250 ) ABMHNIE, SPREpah based finder JIRAEKFA
HAr. T AR, MWAIESFREFERE sys.path, [EXRBARERATEERH FHRAW __path_
JEtE.

importing -- A — M Python MU AEE K 75— M iy Python 5 BT H A A

importer -- A%y AL MBBIAIN S AR RS T finder XJ& T loader

interactive -- 28 f. Python i 7 — A2 B AR, BIR AT DATEARR S A5 I i AR R RaA X, SrEI R

T ER AR . ARAHSEEZ python fivd (] IAEARAGTTSEHLIT 6 3 B P A 2 B2
) o AEMH AR BUG I R R AN LA I X A S B GHC3 6T help (x) ).
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interpreted -- figBE %Y Python —@FMBREALE T, 52X @4miFAE S, SIRWIE X5 i T 1 4
AR BIAFAE I AT TR o SRR PRSP T DA s A T AN A6 S X B v AT SO a7 R
BT R B B R A AT AR UR Y, R HAR P RIS TR R . & Winteractive.

interpreter shutdown -- fEREZTCPH B ZR I, Python MERESRFIEA —MNEIRIZ T TR BOFE 2 BT
HOEECTE, AT R XN A5 . BRI A DI g . X bk A P e i
a2 555 U R A AU HAT o 78K PRI BERAT R AU T RE B B A R s, PR LB MR ) B U
EAFARC (F L0 7A R sl L 45 ) -

FRREAR 5 2R I ERE A __main_ BUBREHTIE T IA E 58 AT -

iterable -- W[ &R} 4 BEASTE iR [0 HLA BT AT 4 PR RS R B 038 BT A R 258 (Bl 1ist, st I
tuple) AR FLEEAE R F AN dict, THAf & PARATMIE LT __iter_ () KRS T sequence
B __getitem () HFYERHEE EAIRR .

AERXTZ T AT for TRFRA VP Z HAN T Z— NP A (zip () map () ...)o B—AA[ZEA
WENERSEAE BN ERE iter () B, ELREZSRIERL . XFEARREH TAMEE AR —
Y I o A P ol RO R, (R AT ER A iter () i B O AABLERIN S, for iBHSN
PR SALBEAREEHAE B8 — NI P A iy 22 728 B R AEIE IR R PR A E AR . S Witerator . sequence
PA M generator,

iterator - BARUZF JRFIR —EHBLIRRMIXT S . ERIMMIBAAH _next__ O ik (B HEHNE
PR next () FFBAR IR A 4 BEA B AT RN 5% stopTteration FH. FXmfX
BN RHREIRTCFET, BREPNH __next_ () IFEHR ARG K stopIteration FH . &
HRADARA __iter () JIEAPRBRERZENSA S H L, HIGAE L E 2 i IE AR, g
T HA AR GBI TG — M RERBISNSIE L L RER VA, A
X (Bl List) EARERITHALA iter O MEEURTE for JEFF P EMERS A —DHTiik
Hgse WERAERETE I RS B A d 0 20 mIHE 2 1 1 AU AR R Y [F] — R AU xT 5, A
BRI — R
HZAE R AR typeiter,
CPython SZBUANi: CPython JALE— W AN E L __iter () HYEEKR.

key function -- S % Rl FREEFH R B, 2 BEAZ AR 0] ] T-HR 7 sRHEOL A MERY W X4 . BN, Locale.
strxfrm () A FTAB—AF Arfe e DI HE T 298 I HE 74
Python W 1 2 T A #F fu v ) B8 ek HIOR # il oo R 9 HEAL 40 4107 K. Kb 4 min (O, max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapqg.nlargest () PA K
itertools.groupby ().

f 2P LT AR — R A BN, str.lower () JriERI AHAEZEE K/ NG HEP IS R . 5
F, MR TEE lambda FihACEAIEBIAN lambda r: (r[0], r[2]). M4, operator.
attrgetter (), operator.itemgetter () fl operator.methodcaller () 2RI =11

in. HEA HEP T R ARELA E A ek B s
keyword argument -- 3ot B8 S Wargument .
lambda (> B lexpression #5 J0) BE 45 NI ER AR, RBASTEM BT RAE . 68 lambda pRELY )R

lambda [parameters]: expression

LBYL “SEAFEBR" M9ECHS . XM USR5 WU S AEDE T8 ] e 4k 2 i B A A i fe 45 1F . it
WAKEEAFP J5 MG B L, HAF SR KR 1 154,

T2 LR, LBYL i a8 “&A” M “BR” 2 A4 &M ad MB. Bian, PARURS if
key in mapping: return mappinglkey] W REH THEM & #RIEZ 5 HAWLREM mapping 1% KR
T key T A o KA ) R AT S Sk i B 5 11 EAFP 5 R A

locale encoding -- i &5 X4 k% X 7£ Unix [, B 2@ LC_CTYPE i & X i 4 i 4% X & 0] DA &
locale.setlocale (locale.LC_CTYPE, new_locale) ¥iXHE.

£ Windows |+, B & ANSIARALTT (W: "cpl252"),
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{E Android ] VxWorks |, Python ffi fj "ut £-8" {ENiE = Kiggmidtg = .
locale.getencoding () BJ#E I EREGE S KIEgmiotg .
5152 7l filesystem encoding and error handler ,

list -- 5| Python &K —Fhsequence. HIRA NFNF, HERMT HAE T HROBA M ABERSEL, HoAY
VIFICER I ]S ZRE N O(1).

list comprehension -- SiIZeHfl'F X AL 3 — > 77 1) b Y BT A 8l 43 T8 5K 1 IR ] 45 51 81 R ) — Fh K T k.
result = ['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] ¥ —10
B 255 JE B AN B+ N BE R BEON B AR R (0x.) MBI Ho 1f AR RTEERY, AR A g )
range (256) PRI ITLRA WAL

loader -- MIELZS (I MBBIIIN G . ELHUE X4 Lload_module () WA, INEERE T h—"finder
R, S0 PEP 302, X}Tabstract base class B2 I, importlib.abc.Loader,

magic method -- JEEAR Jj ik special method W)AEIEZ[F] XiA]

mapping -- WLt —Ffh LI Z @A R H LI T collections.abe.Mapping B collections.abc.
MutableMapping 14 H KT HLE HERN BRI L. WX LHFFAHE dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JLPRFETEREY sys.meta_path W ZRITIR B finder. JCEARE LS S path entry finders
AFHE FBABFH A AH A o

H& A importlib.abc.MetaPathFinder T fRICEAEE R as T L) HYE

metaclass -- jLJ& — M TRIERMAE. FKE LEERY . BPWMERY|R, TTRATEZ LIR=A245
FRUEA RS . RIS DN R B A AE s 5 A AR N ERIASEEE . Python B4R 52 ATE TR AR
BHEXITE. K FOKIEATREXA T A, B TRE B, Jee nT ek sm A e e r ik 7y
Z. ENCHA TICREEDIN H & ARt IR R a8 SLHagl, AR ZAE5 .
27152 L metaclasses.

method -- Jj ik TEFENTE LA QR AIZ IR LR — BRI , TR SR B S AR
HEE—Aargument GRS 4N self). Sl function Mnested scope.

method resolution order - J5 U BT 7 JAMENT IO b 2 1A PR 38 4 MRS BT HOSE RN . i
P& Python 2.3 J7yAMRHTINTY T A H 2.3 BUE Python BT #% BT FIAH S BIE M LN .

module -- il X5 E Python AR —FA SR . A B ML An 44 25 10), Al A& 41 & Python Xt
. BEALE L importing AN #F) Python .
5 Wpackage.

module spec -- BEJBKE — 4> Ay &4 25 ), Hod & M TS iy M & = A G B. 2 importlib.
machinery.ModuleSpec [SLH.

MRO = Lmethod resolution order ,

mutable -- WAEXF G FIASN AT DATER id () PRFRREETEL P BCEHBE. 535S Wimmutable

named tuple -- HH CH Rif “HATH” W ALK 5 ocdl, FF HIEPMI RS DuRieREH AR E
PERT R RAUEE . SRR SR A BRI BESH AT HABARRE: -
FUNEXRHETHACH, HBFF time.localtime () fl os.stat () BIREUE. J5— 012

sys.float_info:

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

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

(N DUERED)
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(£ 50

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

e HL A T R P BB (BT BT ). BhAh , B T nl A R UM tuple QR IT E X
AIRFER T AOREE . XFEMEFI AT L5, S T) %k collections . namedtuple ()
Bl e MO IR TN — 2 T4 5 s P BB A4 ToH A Ao i

namespace -- iy {430 G SHEAEBE BRI, A S EA R SRMNER, B8P inE
i =S IEﬂ (TEFEZ ) o finsa a3 [aE B 1E 2% vh 8RS R b . B, Bi%{ builtins.open '?
os.open () AT H H 4 25 RR KA. A4 2 (R 2o B DR I A5E e S AR R 50k 35 B B
ﬂiﬁ‘@ﬂljfﬁi‘)ﬁﬁ 4N, random.seed () Bf itertools.islice ( Lﬁ‘ﬁ{i%ﬁﬁTﬁﬁb@ﬁﬂg
H random 5 itertools L4 BISZEL .

namespace package -- @y %3 [0] @0 PEP 420 fr5 | AR — R I T WRY A s ipackage, fix44 =3 [ n] PATE
HIEMFRY /\T"JiﬁT Hregular package AN, PNEAIEA __init_.py XfF.

F [ % Wmodule,

nested scope -- IREEM 75— ERING A RRGE S . B0, FE5 —REz & LT eAs|
BB AR & . TR IRENEAEERIA RS | A SO R TR SR A B S S 02 R T e N )21
iﬂ;ﬁa KL, ERARNESWERT2RMA 0. 8 nonlocal FEEF N ALIFE AINZEHR

new-style class -- FiAJe XT H il © 9T A IS R 2L W IHFRIE 6 581K Python iiiAR U #7at
HBENL [ ] Python I 38 RIEERME, BN __slots_ . ST, #fE)EME. __getattribute_ ().
B ERES L,

object -- X R ALATHAMRES (BPEE) PARTE XATH (k) %M. object 2 ATA[new-style class 1)
Al ﬁﬁ%

package -- 4 —Ff ] & PR B #4055 1LY Python module. MR LU, t2HA __path_ &
PERY) Python A5k .

%2 Wregular package Flnamespace package.

parameter - J55 funcrion (877%) & XRG4 350K, THEE BRIT A Avarqument (S{ERELER;
BT, ZA%%). AHRES:

« positional-or-keyword: [LFHKHET, HEE AT DMEN 12 F 54 He AHLIT DR 2 58 5 53 f
A5, KRBANGRSRA, G RE foo A bar:

’def func (foo, bar=None): ... ‘

* positional-only: {XFROIE, @ —A RBEEL A E L ARS . RAEE S i e ek E0E X
MIESIR P EN 2GS —A / FARES, BIATRI R posonlyl Hl posonly?:

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

o keyword-only: {{[RIHET, F5&E A HABMH A AL AR SE. R 4 FIE S 0]l 7 s AL
E L HTE S R & AN AL BB S 8B EZ AN AN B TE S 2 i—A * K X, BT
TR kw_onlyl 1 kw_only2:

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

* var-positional: ]S E, H5E W] ASRME 1 — MEBECR R LB S B BT (FEITEHAE 2
CERZNESHZIG). ZFES Il S AR * E X, Bl FTE args:

’def func (*args, **kwargs): ... ‘
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o var-keyword: WA CHET P A DRIME B EGR I AT SE (MEINHE AL TE S C 8232 1) X i
FSHZIG). EMIES RS S AP ** K L, a0 1w kwargs.
TS ] DAR NG E PR AIL eS8, AT DA HE L AT e 2 84 s BN
W& Wargument RIEFEKH . SEEESH XA WL HS, inspect.Parameter 25, function —
45 AR PEP 362.
path entry - A2 A 11 import path W —ANERPUALE:, SBipath based finder F KA FREE T AIBLIL
path entry finder -- J%12 A N2 T —R[ R X %4 sys.path_hooks (Ripath entry hook) & [8] i) finder
WA G B I path entry R g ARHE .
155/ importlib.abc.PathEntryFinder DA T RESARA A s IrsC Bl &1 i

path entry hook -- J§F8 A V891 — Rl AT, FERNIE QR] & AR 5E path entry TR I 1 00T REAS (T
H sys.path_hook #|FEiRk [Bl—- path entry finder .

path based finder -- JE T PRAEM ARG BOAW—FhLib 2 £ 4555 WFE—"Nimport path WA R

path-like object -- B FERR G NFE— DU RGEBAIR G . AR IG A LR — D FR IR str 83
bytes X%, A PA— LI T os.PathLike MHMIIE . —A3ZHF os.PathLike MY AN S
@ os. fspath () BREFEHN str 8L bytes KRB RSB os. fsdecode () Fl
os.fsencode () WHHIFRIR A str 8 bytes RBMLER . LIS 2 PEP 519 5| A1,

PEP “Python #{3#21" MHELHE . —4> PEP i — it SCRd, Fkin) Python th XKARME(E H, sifid
—> Python 3 K Hodb FE sl FRa8s . PEP R 2432 OS5 A RS A0 B 3 S M 4 D B3 P
PEP [ 1 R4 th SR BB RR . WSO AE DR R R 0 A S 15 DA BRI a5 Python [ TSR 4R 5
ORI LT . PEP MIMEE A TUETEA K NERE S 3R, R [ B I A SR .
%1 PEP 1.

portion -- #5y AR — i &4 SR A H SR SO (WRTREAFRCT —A> zip SCPFN) , FLAGE UL
PEP 420,

positional argument -- i & S5 2 Wargument .

provisional API -- #5¢ API 5 API 2484 A7 B HERTEARUE PE 1 1) IS 3R A M ARIEZ AN Y. Al i i 0 . B
SRR TEHE A TA RN, (HHBH RO €, BT BETER O K E 1 e A G Ol
FHATHE AT (B2 UIERERIZED) o WAE SO SBER T - [UE APLBE A Z #i
KT JEF 1)) EE B E B A A I A AT BE X AR
R @ X APT R UL, [0 5 AR B Sl BRI 287 — ] R R B A B
SR RBAE AR B —Fh ) IS A e 7 5
PP AP AR AR TE FERF SR WTHBE AN TR0 M KRBT A B . RS L PEP 411,

provisional package -- 8194 5 Wl provisional API ,

Python 3000 Python 3.x A fFEIINEHR (X4 FAEMRAS 3 19 KRB TG BTt Tl 7)o« A
?ﬁéﬁ%j’\] “Py3k”o

Pythonic i~ i BrfURS B4 05 1 Python 5 55 s i I B WU AN B, AN @ (8 1 HCA o = i A
AR A S BACRS . BN, Python (i I XAR R (] £or THAIIBERA ) — kAU R i Ty oC
o WZHAE T A AR, AR Python I A I 2 W6 — MRS

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

TiTFH 7 ) 5 5 355 57 Pythonic )7 YA S X FEAY:

for piece in food:
print (piece)
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qualified name -- RUE #Fr —UARUS M BRI PR, R ABCHRAY 42 R A IR b SCROFENS 2K B
ROk BT, AHE I PEP 3155, X T Z A RECRIZE, FREA RS XR A FR—E

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname_
] C ]
>>> C.D.__qgualname___
'C.D!
>>> C.D.meth. qualname_
'C.D.meth'’

295 T 5 B, % TR T & AR BN B PSS IR R B A, Hrp S A AL
, Bl email .mime.text:

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

reference count -- SIHIVHE XRE5IHRE. SRRT R TEEE S Z0, EMSpR. ALxge K
A" WHFI AT RUKE A 2 g, XA GOR A 2 BORET . 51RO Python AURS A BE5E %
TR, A ERCPython SEI—A~ 480K, PR LA sys.getrefcount () HRECEIR
ESSPOE QiEINiERaE i @

regular package -- ¥ AL G R package, HIINAEH— __init_ .py XHMH 3.
Y52 Wnamespace package.

_slots__ —FEGYEA N ERAY AT B, 38 1 951 5 7 B S 1) JR 1k S 0 R I RS R S 01 BOR 548 . BRI R
TARGAT, HARZNEFAIHARD), S RRBAEDBAEOUT RN, BN R,
HH A S RSB

sequence -- JE5l —Fhiterable, ESFREE __getitem () REFATT VR BERG I TR R TR T,
FHRELT —PREFHRKERN __len_ () Jrik. WERFFIREA list, str, tuple fll bytes.

R dict BWHH _ getitem () M __len (), HEPINBFHE AT, H e

SRS AT 7 0 immutable B8 AREEER

collections.abc.Sequence IR HLE XL T MW FEEWE O, BFE __getitem () Fl
len_ () ZAPXIRMTY count (), index (), __contains__ () Ml _reversed__ (). SLHM

PR D BT DA register () SERAHIEM .

set comprehension -- A4S A AbHE— A AE RS R IrE s TR R B ES R S 1 — P B R B Y.
results = {c for c in 'abracadabra' if c not in 'abc'} BAERFHFERES {'r',
'd'}. Z: I comprehensions.,

single dispatch -- Y53k —Fhgeneric function 73JRIL, HELHEET SR ZERRERN .
slice -- Yy 3l 7 LA T HfsE sequence I—F MR o YT 2l (0 FARFRCoRBIER), 76 [1 a4

JIANPAR S IR ECT, il variable name [1:3:5]. F46%5 (Fhr) ARicfENEBEEN slice Xf
%

special method -- F§5% )7k —FPH Python FR=XiH A ik, FRATEAS B TR & BRI anAH 4845 . X
TR 2 BRIV B RAER AU RIZk o Frik T YA SRS 2 I specialnames .

statement -- {54y HAERFE (—AMUES “H) BARRANL. — BRI DAE —expression BEANHAT
KHFLER, FN if, while 5% for.
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strong reference -- 55|/l 7£ Python /) C API i, 5%5| H 218 MHFa 51 AR Iria XTS5 H . £
S| B Py _INCREF () SRIRHGES | FH i ZEM B 5 | Al @) Py _DECREF () KRBT .

Py_NewRef () PRECATHH TR XTRARG . 8E, UOFER B3R 585 | 1R RS 7%
5| _FHH py_DECREF () pR%L, PAEEGS| AR .

Yt Rborrowed reference,

text encoding -- LA ISR, £ Python ', — P F {2 — 5 Unicode 15 5 (F8 B 2H U+0000--
U+10FFFF). N TAHEESUEH — DTS, BRI —B .

R AFRFRIF IV — D FIPFIGAR N G, 0TI 5 T B 8 P AT PR N
ARFAFE RSO FFIE Fifdds, BN ARG

text file -- SCAR S —FPEENS LS st WG file object . 3G SCA SO S B A2 17 1) 4N THT 1] 5749 1R e
It BB Bext encoding . SCASCAFR B FAIFEASCABEA ("o 5L 'w') FTHAISCME. sys.stdin,
sys.stdout PAM io.StringIO HYSLH,

HESFbinary file T fRREMGIERE F 5 3T 2 BISUHERTSE

triple-quoted string -- 515 F4Fl HREA = NELXGS (7)) HFEHRLS ) BT, BT
FESEREM A5 SIRERN AR A AR, B2 ZMALL. ENAFIRE TN SR
SR SRS [SAIG S, I BT ARSI AT Joqs (AT, TE S SCRY 7 AF Ep IR i 4 1

type -- QM KA E—A> Python X RJE TAH AR X QERAA —FhRAL. ZHEXRAYEAL, ATpA
VWIHER __class__ @M, 8021l type (obj) HIKHL

type alias -- JORUHF, — N FAUN[E SGA, B FURIEIRAURIE A5 E PR RAT
RARN L B R R 22 A, B

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

AT DARCREBR i Al

Color = tuple[int, int, int]

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

Z: W, typing Fl PEP 484, FH g xf s e 40 ik
type hint -- RMIHHR annotarion N7A5 8. ZEJEME. BRENIE S B0R ME S E TR 283,

RIUTEMFE T RIIEST, Python AZORIEML, (HHAIXERI T THEMM , FHu] ¥ IDE SeBAR
[BE LGN

SRR RIEMAR B R T A typing. get_type_hints () RjF, {HJRHRAE RN
AR

Z W typing Fl PEP 484, H g X] I RE AR o

universal newlines -- AT —F RSO T, RA T IrE 588 R B TS5 AR Unix 1947445
HRAE '\n'. Windows [ZJ%E "'\r\n' PASIHM Macintosh [ Z5E '\r'., = PEP 278 fil PEP 3116
fl bytes.splitlines () W £ HELH.

variable annotation -- bR WASE BB W annotation.,
TERREAS SR B AR T, E PT e R
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class C:
field: 'annotation'

AR EAREE T AE R 2 2 A BINDA T AR B2 int RAUM(E:

count: int = 0

A REFRE TR YA PEZE 8RS I annassign —7 .
Z: W function annotation, PEP 484 F1 PEP 526, H.H iR T It YIRE. 7312 annotations-howto DA T fifif
PR B S B

virtual environment -- JELIABE —FCR VMR B RYIZATIREE , Fei/F Python JiJ P ARy 7 22 56 Al
TH2k Python 43 % AR 2 THEN— R4 2 FTHIHEAL Python i HTRFFHTTH .
FZ: 0, venv,

virtual machine - UL — £ 56 4 5 P 5 LA FF 5L, Python g SSUHLAT ST 5747 T8 46 % 52 A A
i) bytecode.

Zen of Python - Python 2l 511 Python #1501 572 . #B)F5AR 5 6 IR ifE 7. T ELI Y
FTER BRI P A" import this”s
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APPENDIX B

i A

XA R Sphinx M reStructuredText JAE BT, Sphinx f&—~% AL FE Python SCEY I 4 5 1Y SCRY A A28 -

AR BIC TR IF S, AT AR5 2 587, IR Python 7 o WIS S A th BEk, 3 i
reporting-bugs T ARAIIT 25 . Fell Bl UL i |

SRV
* Fred L. Drake, Jr., J5iffy Python SR T HAEZ G55, ARZ SRZ A1
o T4 reStructuredText Fl Docutils 241 Docutils Wi H ;
* Fredrik Lundh [/ Alternative Python Reference i | , Sphinx M H{5-3| T i £ {F i AE V.

B.1 Python T8y Rk

F 2%} Python 57, Python FRifEFERT Python SURYA TTHAIY A, B Python JEAAD 4 K ) Misc/ACKS {44
T ER A TR

477 Python +LE i AT, Python 45 T WG H: (649 TR WHAHAAT!
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7 B FiF AT

C.1 zR#pImE

Python H fif 22§ FI T AR 9224 (CWI, I https://www.cwinl/ ) f#) Guido van Rossum - 1990 4E Y,
W, fER—TT0M ABC [iEF AU . R4 Python 345 T2 5k B HAB AW 5THk, Guido {52 H &
BEH .

1995 4E, Guido 7 #2 Je WNHY E Z A 5T 22 &) (CNRI, I, https://www.cnri.reston.va.us/ ) #4247 Python
ERTTAE, IR A T 2 AU

2000 4£ 71 H, Guido FI Python #.00FF & 41 BA %4 %] BeOpen.com £ 7 T BeOpen PythonLabs [\ . [F4E1 H ,
PythonLabs [#] pA %% %] Digital Creations (¥} Zope /2 ]; W, https://www.zope.org/), 2001 4, Python #{4- 4>
2% (PSF, I https://www.python.org/psf/) 7., iXJ&—A~% AHA Python AH I RIH AU A @ i S FIZHZE
Zope AT IIAE /2 Python 3R { B G eI 51 o

JI A7 ) Python FAERZITRR) (A KIFURHYE L2 https://opensource.org/ ) o P I, #iKZ % Python Jii
AJe GPLARA ) TREL T RANOL .

XfhRA | RE F EE GPL#%?
09.0% 1.2 | n/a 1991-1995 | CWI =
13215212 1995-1999 | CNRI 7=
1.6 1.52 2000 CNRI &
2.0 1.6 2000 BeOpen.com | {5
1.6.1 1.6 2001 CNRI %
2.1 2.0+1.6.1 | 2001 PSF o
2.0.1 2.0+1.6.1 | 2001 PSF P
2.1.1 2.1+2.0.1 | 2001 PSF 2=
2.1.2 2.1.1 2002 PSF =
2.13 2.1.2 2002 PSF 2=
22 GEE | 201 2001 %% | PSF =

#ril: GPL ARA I A RRE Python 75 GPL N % Afi. 5 GPL K[, Fify Python ¥ n IEAR AR v 7 A B BIUG
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A, T JC T TR T A Sk . GPL AR A T IE (15 Python R PAS HVETE GPL R & AT HIAF45 & B ;
HHERFAHENATT .

PR ZAE Guido $55 F TAERSMNTEIEE , MG LE 2 A8 vl fE .

C.2 FRERE LAH B E A Python Bk FOF ¢

Python 541 SCRYS A 34 v] 35 B PSF 34 5T #0936

M Python 3.8.6 JF4f, SCRE A AYZASBI . AEHE- AU A TR R TR & PSF VR ] PRSURI SR 45 2 BSD +F T HXE
VAT

HLe 4] & 7E Python H A EPERE TR A A4 0] o X BeF 0] & 5N 40 2 B — [R5 H . A X seifa]
HIAN SRR F3 S DI Fe S 04 57T 5 o8 3t

C.2.1 FHF PYTHON 3.12.0rc3 #Y PSF o] HpiY

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

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

3.12.0rc3 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 3.12.0rc3 alone or in any derivative

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

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All._
—~Rights

Reserved" are retained in Python 3.12.0rc3 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 3.12.0rc3 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
3.12.0rc3.

4. PSF is making Python 3.12.0rc3 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY REPRESENTATION.

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

—THE
USE OF PYTHON 3.12.0rc3 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.0rc3

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.0rc3, 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 3.12.0rc3, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 FF PYTHON 2.0 #f BEOPEN.COM #F o] {ipil

BEOPEN PYTHON FFi 4 a] pS 5 1 i

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,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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

(Rt
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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 g5 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
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

(Fotakss)
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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 E 1.2 g CWI iF o] Hpi¥

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.0rc3 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

CFItakss)
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OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 Wi ol S5
A A2 Python BATHR AR A5 = I Bl ERO VE AT RIBOHITIL, Gl B A 52 8 LR IR K

C.3.1 Mersenne Twister

YE°8 random Bit N EM _random C §" B 4% K T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html "R ARG PAT 2 J5ha AR ) 58 B 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,
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)
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C3.2 EEx

socket ffiffl T getaddrinfo () #il getnameinfo () WIDE I H AYAS [] Y5 S A https:/www.wide.ad. jp/

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

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

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 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 fl 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
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.
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C.3.4 Cookie &1

http.cookies Bl &PLFFEH:

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 HITERR

trace HHALE AT A

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

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 5 UUdecode F#h

uu AL DA AR

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

C.3.7 XML i T ERAH

xmlrpc.client fEHVELEPARAR:

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

(Rt
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test.test_epoll BHAISPATULHH:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BT kqueue [ AL AR FEIH:

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

(Rt
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {443 & Marek Majkowski’ X} Dan Bernstein [ SipHash24 B VEF 2P A& A R EEHA:

<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/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c HEHE T C p%k dtoa Fl strtod, T C XURGEEEUEFI A A7 R Z [ 64, BEIRA: A H
David M. Gay 48 51044 4. B BiiZ SO AT FE https://web.archive.org/web/20220517033456/http://www.netlib.

org/fp/dtoa.c P, 7E 2009 4 3 J] 16 HAZZ 249 I hh ST HA 5 DA USRI Rl A= B

/****************************************************************

*

* The author of this software is David M. Gay.
*

*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN 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.

*************~k***********~k***********~k*************************/
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C.3.12 OpenSSL

RPN E R GRS, M hashlib, posix, ssl, crypt it {#i[f] OpenSSL i3RI E 4 EE . 4, Python
i) Windows Fl macOS 22527 n] e <>t 55 OpenSSL R4S, T PAFRATTHLAE b E245 —15 OpenSSL 1 nJHIE
R4S, X}F OpenSSL 3.0 il H G £:A7AE AT, 908 Apache ¥ R[HIE 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.

"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

(FTgksn)
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or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
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

(Rt
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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
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.

(Rt
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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 ¥ JE2 1 Ir &1 expat JRRIAREER, BRIERCE 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
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 1 AL 4% 7 libfi J5 A% B A 20y, BRAEM B CE 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
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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 EAREIRY 20ib AR IH M Sk TR, W 5 zlib PG 8 DR 2 1ib 3 &:

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

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

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

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

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {# KM F R SE I ET 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:
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* 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.

C.3.17 libmpdec

fER decimal fiR F)Z) _decimal C ¥ &2 f 145 T libmpdec FFEI AR, FRIEERIHCE 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. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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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/ R 3 53 BSD ¥ R]IE & 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,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 audioop

audioop BEHLE] SoX T H Y g771.c SCIF AU Ay S il:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

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

jleel@smylex.uucp

Warranty and Copyright Policy

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

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
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66
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BDFL, 66

binary file —- 3t #| U, 66
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bytecode -- F¥#, 67
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C
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class variable —- X% &, 67
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context manager —— FTNXEHEE 67
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coroutine -- PAE, 67

coroutine function -- MAEE L, 67
CPython, 67

D

decorator —— EE, 67
descriptor —- #R &, 68
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68

dictionary view -- FHAME, 68
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E

EAFP, 68
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F
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file object —- X%, 68
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G
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generator —— 4 K&, 69

generator —-- 4 &, 69

generator expression —- 4 K BRKAKRA, 69

generator expression —-- A4 KBRAERA, 70

generator iterator —- 4 %R E, 69
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generic type -- Z#&, 70
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70

Fi
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interpreted —-- #EAR, 71
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K
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L
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namespace -- 4 %A, 73
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P
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PEP, 74

Philbrick, Geoff, 14
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PyArg_ParseTuple (), 13
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4
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