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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")

VAN BRI B 1 ATERRIERER os BT, X BN L 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 .

#51E: BT Python W RES: 8 L —SUREAEHELE R 40 b SpmaAm it Sk SO B B A% 5 S, DR AR A & AR T pm g
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 (),

R C RELENY A, ] spam. system (string) BRI, GFRATRE BRI

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 PyLong_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

#A Python RS REAH — NN iR BG4 — D REGE T RIGES, BN Y4 E— N RE &I
REl—AHERME (EHN -1 8 NULL $54F) . B8 A BRFEMRR SRS =AW b . WiRH 75
W EATH{ES NULL. ZEHARIE M N EN]E sys.exc_info () Frik [l Python JLHM M AN C XY . B
1A i R SR SE BRI T 5 . BRAR T AT T B A S W 9l A5 26 1 B B

Python APT 5 LT — 26 pR BRI B 2o 1

B # 0 Wt & PyErr_Setstring (). H Z ¥k
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 ) -

R KM malloc () P8 HSAFE N — 545, malloc () (8 realloc () ) AY ELIE VR H & 2008 H
PyErr_NoMemory () HRiRFIEE KR . Fra X5 a0 8 K%L (Bl PyLong_FromLong () ) E&XAM T,
Fr A AR AU T BV malloc () AL,

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‘ﬁﬁﬁﬁ(ﬂ%{*, )”Uﬁﬁ{éﬂﬂ PyExc_ValueError,

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

FEMEMC FHH. RENR -RER
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)
{
ST

21. (R C & C++ ¥ & Python 7
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(% L350
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;

}

W 2 1Z 5 5 XL W) Python 44 ff N spam.error, PyErr_NewException () pREUTR] DAG) & E N
Exception M2 (BRIEMEA T 55— A2KIMAZ NULL), 41 bltin-exceptions H FrffiR ) .

A spamError AFRRE T — AW O FEIRMEI R XE2AEAZK! BT FE RSP INRR
A, IR B — R AR EA S ES, M FE SpamError &
ZHEE . WRRE IR S IRE, MBI K ZFE N C AT RE 2 S 8050 8% i s AL TN 2 21 Bty 52
i) .

AFEGIFS G HF1HE PyMODINIT_FUNC 154 s EIGR B 28284 i vk

Y AU PyErr_SetString () RF|K spam.error FH, WIHHIR:

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

const char *command;

int sts;

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

sts = system(command) ;

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

}

return PyLong_FromLong(sts);

2.1.3 EFFIF
EE R S (VAP S W TR

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

WRAE S B R PRI B 4515, BR8] NULL (GZ{H 2R 06 5 48 41 17 o8 B 85 1R 48 R) , X s+
PyArg_ParseTuple () BWEMFH . EHME N T SEEFAHE S DL 2| 534 & command, X &

8 Chapter 2. FERE=HTANRYE




Extending and Embedding Python, & {74 3.12.2

—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) ; J

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) ; ]

TEXFEOLE , SR — RS R, (X ARGLAAE Python MR HY) .

WRARAE — ARG A28 C L (BRI void MYRREL) , WX ¥ Python PR [H] None., 4R
WA X RS v (‘B J2ilid Py_RETURN_NONE 7236 SCFH) )

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, 0O, 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.

SR M fi ] METH_VARARGS , BR (& % i Python f& % wple #% X 2 %, H R A MEN
PyArg_ParseTuple () #F7M#T.

0 SR N 240 O B S B 5 % R BN AT DAFE BB = F B P i B METH_KEYWORDS b 4 . 7E
WAE LR, C MR Y8232 55 =4 PyObject * B Z, ER A —THXBFHRYFMH, FH
PyArg_ParseTupleAndKeywords () F¥-SEfEAT A KL

XA VR o SRS o

static struct PyModuleDef spammodule = {
PyModuleDef_ HEAD_INIT,

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

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

bi

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

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

}

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

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

}

/* Pass 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_TImportModule ("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

22 TR B S B9 ) 101 A 7E Python JEAS ) Modules/xxmodule.c Hi, XSSO DUHAEIRAG MR
A, BiEeE>d . A modulator.py £ S YEYEAS A 4Tk Windows 223 b, ML T — AN B GUI, Jok
PR RSB R BRI 5, FF HAT A B RN . I ASYE Tools/modulator/ H 5k, #i7 README DA
TRE

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

FEVRBEME AR BT S Y R Z 0, VRIETE MR [ Python RGO AmIFMEER:. WIRAVRMEH shZm
B, P T AR R E RGBSR 25 BiE S iy B S (i COC++ &
FEAT), PAKAE Windows [ 4RidTR B MEIIME S (£ Windows Bz CFo C++ J & FAT)

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#§
4Rk, FAl—EIEHEE S STk Python Y C %, HSLRGIRIMRA R, #2H C i H Python pF
Blo XAE IR ECT I HA o WR—AS C O I, 82 E LB A AL H .

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)) {

21. (R C & C++ ¥ & Python 11
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(% L350
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;

}

M eR BU i ] METH_VARARGS JEAR M B ARRESS : XRFAEAL 7 ik & Ao inds 10 3 2 — 7 PR A
PyArg_ParseTuple () PREUSLIHSER SCRY WAZ I e dnh o4 —.

Py_XINCREF () il Py_XDECREF () X A7 Al BE I/ — A 45| T4, 9F H 24077 NULL $84F
AT IR 24 ((HE HE R FEX A R SCH temp 6450 NULL), B2 M5 BiES% 7] A it 40 3145,

oIS, 428 A IR A, R C %k PyObject_CallObject (). ZREAWNZSEL, EN#EET

REl, FRM{EE Python X§4:: Rl Python pi%k, KHESHF|FR., SEINFRLM B E—DIcdHS, HKER
SRR . AT SEO I Python pREL, WML A NULL si—/%57cdl; Bk — S E0HHE, WEA
—AHITH. Py_Buildvalue () &FEHAE XTI E X EES N EABZ A% XA B ] —A~
Juel. fBian:

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 () iR [ Python Xf % $§ 4, X t Z Python pF %t 09 & [ {H.
PyObject_CallObject () & —MXHESH” 5 H It L X k. Hl TR ocda @i T3
A%, HHHAE pyObject_CallObject () Z G BIf#ifl T Py_DECREF () .

PyObject_CallObject () MIREMHME “B" M: TR AHEINS: BAREANS, [HMNT
SR FrOAR RS R A e 2 A b, AR ZEXh & MEL T Py_DECREF (), HPREAR LT Y
WA (RS R

ERAERIX A i, AR EER— SRR AR {EA S NULL, W2 AYIE, Python TSI & S
W JHH PyObject_CallObject () [ CAUIEE7E Python A i ), B M 24 37 R o] — N ik 45
HIH: Python W I35, PATEARREZRAEFT ENAR I{5 B, S 1LVE A J7 Python A REALBIZ R . WX Tk
RN GATE, WY 248 f pyErr_Clear () KiEMRFH. Bl

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

WS T ELAR A R R Y, RIS ER DS HF £ F| PyObject_CallObject () » FEREEN T4
s2 i Python A2 AR E , 4 L AL 3 [nl R B 42 o X PR AT AR BOAS TE EAE 38 . 9 h— LB ER
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FRTE AP TR ISR SRR T2 Py_BuildValue () BRAUMIE wple. 280607, JREE
i — A I AT DA AR AR

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) ;

H: % Py_DECREF (arglist) FrfEALSSZRIA], fERFRARAZ AT, YREEEE SRR,
Py_Buildvalue () ﬁIﬁE%EEWﬁTE##O

AR R IR 2R, MR P S A0R M PyObject_Call () , FREFFESHA KBTS f
g BBl ?iaﬂﬂiﬁﬁ Py_Buildvalue () RHIETF L,

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

¥ PyArg_ParseTuple () HYFHEBIANR:

{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
o AT 5% Python C/API F-fi} 1] arg-parsing. FRSHCES AL RAYHIIE, FAE 5 AT ER XTI o

LR PyArg_ParseTuple () sxfiu il fthf 211 Python ZHRAL, AJCIAK ML L A C ASHbhE, 2R
LS T, %Tﬁﬂﬁ*%m’ﬁ/\?@ NIE

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, 7J;

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

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

const char *file;

const char *mode = "r";
int bufsize = 0;
ok = PyArg_ParseTuple (args, "s|si", &file, &mode, &bufsize);

/* A string, and optionally another string and an integer */
/* Possible Python calls:

f('spam')

f('spam', 'w')

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

}
{
int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple (args, " ((ii) (ii)) (1ii)",
&left, &top, &right, &bottom, &h, &v);
/* A rectangle and a point */
/* Possible Python call:
£(((0, 0), (400, 300)), (10, 10)) */
}
{
Py_complex c;
ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/* a complex, also providing a function name for errors */
/* Possible Python call: myfunction (1+23) */
}

2.1.8 B RAHHXBFSH

¥ PyArg_ParseTupleAndKeywords () FHEAHIF:

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

arg 5 format %5 PyArg_ParseTuple () HREPTE XBI—E. kwdict TEZ 215 E =125 Python 12
T K d i, kwlist TE 202 DA NULL 45 RN IR 88, BEMARIRRES; ZMNAERA 5k
H format B)ZERUE EAHICEL . AR ATHLY, PyArg_ParseTupleAndKeywords () £XiRMIE(E, 750k
[FBRAEH 51— 24 ) S8

ik B MRTCAAEM ] KB PSRN TR LR, ATE kwlist R R TS FE TypeError 7.

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_BuildvValue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue ("y", "hello") b'hello'
Py_BuildvValue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell'
Py_BuildvValue ("y#", "hello", 4) b'hell'
Py_Buildvalue (" ()") ()
Py_Buildvalue (" (i)", 123) (123,)
Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,1i)", 123, 456) (123, 4506)
Py_Buildvalue("[i,1]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

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

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

2.1.10 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! */
s

AR S tE I — 500 1ist (0], SRUEE List (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 *1list)
{
PyObject *item = PyList_GetItem(list, O0);

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

KR AEEREF . — R IFRAE) Python B £ & b M BIRYAELTER, A ATE CIEF s T
KEWE, AFEHE M) __del_ () HESKW - -

XA ) R A A R A S L AR A Rl . B HS, Python fERERE L 2 AR TCIEVE AT 7 1 %
7%, NEANE R E Python #AX 445 10] . (HA] DA ] %% Py_BEGIN_ALLOW_THREADS Il b B
XA, EHTAREEH Py_END_ALLOW_THREADS . IXill # [ S87E fHZE VO W A1, (A5 HAB L AR n] DAYESE
5 VO AR AL BRES . AR, WTF RS IR Z BN —FRAY A :

void
bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, O0);
Py_BEGIN_ALLOW_THREADS
(ZF50)
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(# E30)
...some blocking I/O call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL {8%t

W, SN RG N SR KB A AR EAT] NULL 4851, I H YRR S0 (B
PGB DR ) o 3R D055 | T4 R 50H 3 TR A A T S I A& 0] NULL. A NULL S48
A PRI 33K B8 b 28 3 S B AT T A 0 R A 2 LA R K - AR A BRI NULL, 2 R EORER
TUAKSI I A6 AR IZ A T 1%

AR R AE “YR3K” BRI NULL, BPFERRICE]— AT HE A NULL f9484F, Bk H malloc () i@
— AN RES | & S 1 eR BT BB

Py_INCREF () fll Py_DECREF () & ZEA XMl NULL #54 — (A2, EfTHZAF Py_XINCREF () Fl
Py_XDECREF () A&,

TS E X RIE % (Pytype_Check () Al NULL $54 — [FEHL, A KRB S L X
LET R DR A UAA AR —, A MOTRATIN. AFFAETA NULL A28 14

C %A ?L%'J%ﬁiﬂ*’?éﬁ‘ C MBS HINE ARBIFh args) A &8 NULL - s EESARIEHEZ
H—A e

EATI RS NULL 4541 “WtEE” 43 Python JI R &2 A" EAYHE IR -

2111 £ C++ PR EY RE

FEUTDME Cob A AL, PURAIR. AR JRR (Python ARFERD FLULT C S 3R AL
10, sk B AP HIRE R RE LT . UL Coe A6 RO BEBE OB A A PO B2k Python
AR G AL BLSA I LB B0 IS4 extern "CY ., TTRAE extern "C" (...} BEF
Python Sk ATE, FWMAE L THS _colusplus MELRRAFIINT (FAH Crv
SRS HRE G ).

2.1.12 84 RIEREHE C API

MY BB 7874 R BRI S Python (], (HAT I EALH HL A A RSB T ABCHAA Y TR ASLER i)
B, —A9 AR AT PASE B — 2 A "collection” & L A2 B A Y1) . Wi e Python 41|32, iy C
APL SUVFY AT IR QM ZAES 9135, XA HHYAR G AT DA — i C e U T4 At ™ RAS e B3 6

TR R AFEEEGRE Cof Al static), Feftia A3 scrf, PAK C APTISCR . Sibx
EAERTA Y LA 2 S 2 2] Python BRI R I2 W] DAIE T TARAY. ARIH ASL S gl iy, — ML
B AT E SO — AMBLBAN AT UL . AT UL AR OB T4 E R G, — L RGN Python fEREAR (1] 42 Ry iy
#23[8) (F4n Windows), A SEMFEFERE I 52— IR E R AL IR (— 617 ALX), s ftn] it
AN RIS (40 Unix Z251), REERATS e 4 Ryl WA, ARES)E A pAs i n] 68 i R N2

SR B RENS AT A WL MUE T R . X RE Y R LR T A SR I Al static , BRT
BEHRRIIRLeR R, SRk 5 HAL Y AR 1 i 44 b 58 (FEBE Ak 7 ik R A s A A FRhig) o X RIIR
BT IR oL R H A 7 SO A R T ) .

Python ${#t 1 — ARl AL R A — 7 A ) o5 — PR ER (3 C JZ 05 B (3541): Capsule. —
/> Capsule g & — Ml T84 (void*) #Y Python #5267, Capsule HfEiH C APLRBIZEAMT, H

4 MR IR RS TR 295 i, XS IEAR T, R RIAAEE TR IR
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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*); FAVFRIEA—A NULL MR A FK, (HERATIAMERARIE E 4 PR IERfHbA44 ) 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

]

R %L PyCapsule_Import () AILAJTEAGE AL Capsule $2444) C API, {{fE Capsule [) 445 VERCHT
AT Rk C APT I PR AL T v BE i MR 30 A IE A C AP

NG FEE R T — R R TR A 45 R B B A BT 5K, SO0 ) PR AR OR B2 A Y
BEERIa CAPLIRE (FEXAMEFEEA—N) 7R void #5EHEUE, BRHCH—A> Capsule [{H .
SRS B 1 Sk SO T 72 H RS B AR IR C APL 3841 & Ptk L5 54119 C API

Z AR XA E

T BEHUZ X — A 1 a4 ) T FIN Y spam BURGE N . AL spam. system () HORE M C K%L

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 Pylong_FromLong (sts) ;

}

FEBHITSK . FE AT )G

[#include <Python.h>

53 ST

#define SPAM _MODULE
#include "spammodule.h"

#define T AL AR EMES FHAOBI, MARE PR, K2, BRI LR B 75T

WG4k C AP F84 184

20
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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;
I3
return m;
I3
T PySpam_APT M statics fHIFEEHEZHATE PyInit_spam () AE5HHK!

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 \

&)
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(B LE10)
(* (PySpam_System RETURN (*)PySpam_System_ PROTO) PySpam_API [PySpam_System NUM] )

/* Return -1 on error, 0 on success.
* PyCapsule_Import will set an exception if there's an error.
*/

static int

import_spam(void)

{

PySpam_API = (void **)PyCapsule_Import ("spam._C_API", 0);
return (PySpam_ API != NULL) 2 0 : -1;

}

#endif

#ifdef __cplusplus
I3
#endif

#endif /* !defined(Py_SPAMMODULE_H) */

B AR SRS UT M) PR AL Py Spam_System () BT AU S i@ e A0 4 A ek Kb R e & (9B B

27) 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;

}

BOROT MR, SO spanmodule h AT EA. M08, MEEGH IS, HASHRMN,
BR324 ] K.

5 T BRI S Capsule $2 L THISMATIGE, FTAEMTE Capsule BLATFEH I A ECRIREL. 5%
Python/C API Z:2% T} 13T capsules 1 Capsule (5EH (£F Python JEA% & 4741 Include/pycapsule.h
Fll Objects/pycapsule.c),

&t
22 HENT REE: HiE

Python fL¥F 45 C 4" JEAHE X n] PAM Python {URS HHALAHIR I, sXARRNERY str Ml 1ist KA. Py
A RIS — L, HERECTIHAZ A, BFHE T L4y X0y SO XX A A4
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2.2.1 Eii

CPython ja47 I 4 T4 Python XFR#RULA PyObject * KAAYAL R, X2 A Python XFRKY) “HERHIEA”,
PyObject ZEM AL A& R Wreference count FIFFRIXTGRIY “RAXTR" ast. X2EETEXTH
Pro JEAUNS G E PR AR LR TR AL (C) R Bh, BN, (xR EAR—AmbE, WH—Irk, 55—
ARIGANRE . XL C RBBRE N “RRTTIR”.

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:

ik X HRIRP R E X static ¥ REBIPIL G . WA G R g C AP tn] DAE SCHEHE 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;

&)
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return m;

KRR Zp F, X2k TR E—FReE b XA SofE LT =R
1. —4~Custom MREEHIARETG: X2 CustomObject MK, B4 R4~ Custom SLF 4 HE—¥K.

2. Custom 9’%’2".;5’34?7@ X CustomType S, B ST — AR R ECE RS E N I R
BARRER I TR A

3. W EEfk custom@%ﬁ% X2 PyInit_custom BRET R HNT WV custommodule G54,
L2

typedef struct {
PyObject_HEAD
} CustomObject;

KR A~ HE XSRS TN . PyObject HEAD J& il il TR AR X R G5 (R 2 w8 L —A~
%M ob_base [fj PyObject RBFEL, HPEE MR mBBIXTE MG HTHEF84E (XBE T A3
i H % Py_TYPE Hl Py_REFCNT RIX4) o i FH 220 B b A2 R R 42 SR A 114 126 i b wh F F B o
FEB.

i HEAET PyObject _HEAD | 5. BN 5L SE G F RN B8

IR, XFGE THE PyObject HEAD fEEEAN, A EINEIE; Blan, @0F & LT FrifEfY Python 17 4K

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

FALR BRI E L

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 ERM A E CO9 KAKIIRIAG L, PAREG S BT A HY) PyTypeObject T, HHRZZIRATFE X
DR, R AT DA G 56 T B ST o

1E object . h HISLPRE XY PyTypeObject BA WM EESCEZH T B, AN TERaM C HMixdRNE
RIATE, EHIMEA A A EENT, BRARRh L el

TV IE—H 0, BR—DFE
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[.ob_base = PyVarObject_HEAD_INIT (NULL, O) ]

XA d AR, AR EFREI) ob_base FBL:

[.tp_name = "custom.Custom", ]

AT PR R BAEFRA TR R BN SCA R AL AL BRI R, Biln:

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

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

R AR S 2R, E R R FRAR L i 2R 2 . A PR custom T2
Hijg custom, HIMFKATRRMLFRB N custom. Custom. i f ELIERIHT 5 5 1) S A BN T E/R A 22
5 pydoc fll pickle Wil R SR EEN .

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

XFERELE Python JIE 4 A # B Y Custom SLHIMTE L D AAF. tp_itemsize {UHT AIAER/NIRS
GMAE AT B0 AR 2% o

ik WORARAY BARAY I A W] AE Python P 1384k, I HAR A SR BRI AY B 3K AL H A A [ Y
tp_basicsize, IAIRFRESIBE ZHPIR AL, (RAYSEAUAY Python HHAY T RALAAEH _ bases__
HRFR R R T8 e e mi TR, 5 AE VR RO 2R _ new_ () JyiERPRFS AS . IRAT DA SR AR 28 8
HA W HER MR KN tp_basicsize [ERBEGX M. FERZRIE, XHEZATVAR), HZE AW
FRRZ object, BANRFEANIRIEIEANINEA BT, AR N

AT ERR N Py_TPFLAGS_DEFAULT,

[.tp_flags = Py_TPFLAGS_DEFAULT, J

P A 2R BT R A E AT AR T AR IR o 1% RS T 220 Python 3.3 Z i E R FBIM R . A2RAR
TEEZWGL, ARF R 2O B R AR E T OR G255

HATH tp_doc FREURM— SR AT H.

[.tp_doc = PyDoc_STR("Custom objects"), J
BIFAIXZ A, FATLAFRHE 1 tp_new ALBRAI . XEET Python {5 __new__ (), (HAHUR Y

e . TERXPMEDL T, FRATAAGE API % PyType_GenericNew () FrifbiBRilscal.

[.tp_new = PyType_GenericNew, ]

BT PyInit_custom() HFHEELACAELASE, SOPFErb i HAth P 2 BT 75 2 B A

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

XA Custom KA, Jy—Le i SUEEE MBI, EFERATIERILGI B4 NULL #Y ob_type.

Py_INCREF (&CustomType) ; |

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

&)
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Py_DECREF (m) ;
return NULL;
}

RCRHERIS I B B b . AEFRAT T AR Custom ZERAI# Custom SLH1:

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

MR BN TARR AR E s RS IAL N custom. c BISLIFH,

[build-system]

requires = ["setuptools"]

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

name = "custom"

version = "1"

#°K pyproject.toml B3CFH, IFH

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

14N setup.py HISCHFH; SRIRHIA

[$ python -m pip install .

TE shell W ZTE T HR B 74— 30 custom. so 424 E; BAE)T 3 Python - 4R 24 BEGE H AT
import custom HZiR{#if Custom X4,

RXFHFAHE, Rfuh?
BN, HETH A E SRR DR . B R, AT . BRI TRAL

2.2.2 EEXRRBIRMBIEIFTG E

LEFRATTAE A TS — SRR A ok SRR AN ARG o IR AT R RSB DA B . FRATT A
AP custom2 SETRIX LT BE
#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);

(& F )
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Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free ((PyObject *) self);
}
static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{
CustomObject *self;
self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {
self->first = PyUnicode_FromString("");
if (self->first == NULL) {
Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
s
self->number = 0;
I3
return (PyObject *) self;
}
static int
Custom_init (CustomObject *self, PyObject *args, PyObject *kwds)
{
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "[00i", kwlist,
&first, &last,
&self->number))
return -1;
if (first) |
Py_XSETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom_members|[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
bi
static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
(N30
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if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

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

}

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

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

static PyTypeObject CustomType = {
.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)

Py_DECREF (m) ;
return NULL;

return m;

(% L30)

< 0) {

&)
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(% L350

L

RBH A5 2 A B

BUAE Custom KA C LA =N EHRIEYE, first. last Ml number . Fow first Rl last 28 5245 43 Al
YEECI) Python P45 H3 o number J& 12—~ C AL

X R BRSPSt B

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

} CustomObject;

Ejﬂﬂﬂ” ERATALIRTREAG L, FANTLAE /ORI R A AR 2/, JATREA — R

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

ERPIR(EL tp_dealloc MG

[.tp_dealloc = (destructor) Custom_dealloc,

W4 ek 25 Wi Python JRMEAYE | FITT4L. Py_XDECREF () WJPAIERALFESHCH NULL (S (X AT HE
1E tp_new HURFIMAT KA ) . Bl BB X RETN tp_free i{H (M Py_TYPE (self) i1HE1GE])
KRBT INAE . THHEREX S LB DA CustomType, KX RATREZE— T RAY LA .

it PEFEER G destructor B AFKNTE L T Custom_dealloc #52— CustomObject *
ﬁ“‘@l B tp_dealloc REHRETUHEZ—1 PyObject * 4. WIRANXFEM, Fikdsfi LliE s, X
(ORFE= R TIEIPOE S UEA N

A B Rk — DR — DA IRARIIR A = TR, BRIFA AL T—A tp_new LI

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);

(BT )
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return NULL;
}

self->number = 0;
I3
return (PyObject *) self;
}

JHFE tp_new MO LA E:

[.tp_new = Custom_new,

tp_new ALIAIR T ST RIEE (A RWIMAIL) ZEAUNXTS . EXE Python i ##E _ new__ () Jiik. EA
W2 E L tp_new {5, SPr BIFZ YRR M PyType_GenericNew (), g L Custom
RN — DA BFIRE . AEOLT, AT tp_new ALBARIRAF £irst Ml last J@IERILATL
AE NULL A ERIAH.

tp_new FHEEZHLBILAIER (RZERN CustomType, HRGELHHLITZ—TIK) PARAEZLEPA
MR AREATSE, FEHUHR R Frel RSB, tp_new ALPLAINGE RS2 O EA T S4, HENA
R AMGE SR, RSB R 450041 (R C iy tp_init B Python ") __init_ eR%k) Jrik
KT

#: tp_new AN RAMIEHH tp_init, FANBREHRSBITHAE.

tp_new LI tp_alloc WAL/ HEAAT:

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

HT AT EE T RES RN, AT AAEGREERATZ HiRE tp_alloc FURHHIAHAA NULL,

ik FATBA BT tp_alloc Mifi. Mg PyType Ready () i MFRATHIEIAPR A FATIH L
B, HAERIAH object . AR AR i BRINA 70 BO SN -

i WORAEAE—ME to_new (EXTAMEIMN tp_new B __new__ (), AR FAefEiz
A I S8 1 O VR AT L SR 1 S R T B 50 o I S L S R S T R 2R, I B T B
tp_new, BUZ type->tp_base->tp_new. WRVRAXFEML, IRAIFEALAYIEAELEK F HE i Python
€ LI ZE1Y Python TR AT RETCVRIE M TAE. (RAMBUE, /RFTRETC VLRI AR R TR LM 2 251 K&

TypeError, )

FATIESE LT — MR SHR N TN 5 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, "|00Oi", kwlist,
&first, &last,
&self->number))
return -1;

(ZF50)
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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 fE{.

[.tp_init = (initproc) Custom_init,

tp_init AL Python EFEN _ init () Jrik. ERHRAERIEXRIGR TR E . Wi fas
St AN K TSR, BN SAE SR [ 0 7t AF IR [E] -1,

AT tp_new SLPAIAN, tp_init APRIE—ESBIRM GBI, EBATEILT pickle BIRANSTERME
BYSEGIERM __init_ (). BRATREHEZ RN B AT DAERATNR BN __init_ O J7
e I, FAVEN B IECH E I A% S NG BIAMRIXARSY £irst BUOUKIH:

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

}

HRX RS A G . FATIRIBA RG] first WARRE, HIE R DUREMFIERINR . B0l LAY
A= PITEAATT A £irst AR RIS SEZTiad T e R 2 B A AF 25 4 IR R A
FEHAN LR AFsf T ARV RS RTINS R

N T ORFREEIERRA TR XA T BV, A DL B 2 A B 5 | TR i E AT 4
ISP AGE AT T AN A6 PRI AR ?

o YFATIFIES AT 1 ke
o LIRAVHEXT SR WEAR LR GIL WA G BT TS FATT A ST AR Fr [ 5 1 o
© 24— tp_dealloc ARBAA AN SCREIEIF SR M2 AL 5 | THEC B
AT REAERFFA T LB R FE AR . AU 0] DA — e ey B 2 i SUSb e 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,
"custom number"},
{NULL} /* Sentinel */

bi

"I AVRITE A SR TR, A4 R S A BN DA B
P AEATRBIPEATHE tp_dealloc ALEAMTHAGX—HUH], FONFA T ZHUR SRR .
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R i EF] tp_members f#{ H:

[.tp_members = Custom_members,

J

BB SV LA R AL st . VSRR AN SCRE AT R o ST R IR 2 2R 15 52 /IR
THRENRS . section below for details.

BT BB S 2 B B SRR AT IR 45 Python JEYERXT G ik . FATHUY first il last )44 Fx
HFAFER, (LB AR LTS Python X5, BLAL, X LEJm ikt nf ARMER, H4F C 4548 NULL.
BPBEFAT RS AGRUEIX £ B B3 BRI A A ol NULL fE, A0 Rk L J A e X 22 i B3 47 T 45 NULL

FMTE ST —DHPAY I L, Custom.name (), BERFAFGA FRE A first 71 last FYHFEE .

static PyObject *
Custom_name (CustomObject *self, PyObject *Py_UNUSED (ignored))
{
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
I3
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
I3

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

}

BITEARYSEBUE A2 — %52 Custom (8:class:/Custom [111-38) SEHINERH— SR C kil TrikEae
TR AEPWENT DS TR RN A BN R TSR, (AP RN TR EZAL M S HEAT
RIRZAAESHOCH SR T SR RITIRE M T PAT Python J5ik:

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

FEERNTLAHGA first Al last MEEE TREN NULL. X ZE TN AN, o Feils
BB NULL ST R A2 7 R 2 SR T PO (EL BRI A o JRATPRAAE T — 35 1 AR A2

X

Wy ©

BAEFRATE 2o S 77k, FRAFE 2RIk SO AL

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

bi

(HHERIANMH T METH_NOARGS AR FGHIZ AN &4 32 B self PAAMOATATZ%))
HREHMRZ tp_methods F{:

[.tp_methods = Custom_methods,

]

W5, AR BT VR IR A T S . FoA PR O g B oA 10 7 1 DA B AT TS £ ot 735 A1
B el i X528, BT AT 75 B @K Py_TPFLAGS_BASETYPE ¥ BN R ATTAY SRR & X Hp:

[.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
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FA1¥F PyInit_custom() B4 N PyInit_custom2 (), ¥ PyModuleDef £ K HFIMERZFR, IF
BB PyTypeObject Z5HRTIHERESY .

e, FATEH setup. py SCHFARBITHTAIRIR,

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

1)

RJGHATE 2 VA RENS import custom?2:

[$ python -m pip install

2.2.3 REN T LR R M E EAR AR

TEAA o, AT custom /Rl £irst fl last JBHEAR BT ER 030 . RN E—Ap s
W, SEfASE first Fll last A AR N AETFAFER(EE 20 5k . FRATA EE A PR 28 J@ P R 2 S A R

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

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

} CustomObject;

static void
Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free ((PyObject *) self);
I3

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;

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

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

bi

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

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

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

bi

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = (initproc) Custom_init,
.tp_dealloc = (destructor) Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static PyModuleDef custommodule = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "custom3",

.m_doc = "Example module that creates an extension type.",
(B0
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(B LE10)
.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 *) &CustomTIype) < 0) {
Py_DECREF (m) ;
return NULL;

}

return m;

}

N T AR first Al last JEME, AR A& LR BEIRE B E SR E PATF 2 T BRI i
B first JRIERTREL
static PyObject *

Custom_getfirst (CustomObject *self, wvoid *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) ;
return O;

}

BB R B2 — > Custom XMPRA—A “P”, R DERE. AR, e, (e
SRR E SR A% 1 25 DRI RIS B R TR . BN, X AT AR R e vF— IR A B s B AR A
P b B Bt s S BB Y TR )

BEAR B Z LA Custom MR FHEMM . FrETREN NULL, FEX ol T B R gk . 72307
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MBCERR T, WA B PERM R B AR A R F AR M &5 A — iR
AR — PyGetSetDef L5 R I%L:

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 A M E:

{.tp_getset = Custom_getsetters,

]

1k PyGetSetDef LMK iR /o— U2 EHfe R “HIA”. FEABIF, JATBAEMMAE, FHIEEIA

f£ A\ NULL,
FATIERLER 13X L JE@ A0 il 51 s S

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

bi

FATEFLNRF to_init ABAIRTE RN L A VFfe AT AFE

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,
&first, &last,
&self->number) )
return -1;

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

}

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

}

return O;

}

WX TR, IRATREE AR first Fl last M R—E AN NULL AERATREAE LT Fra 15 L F Rk NULL
{HR A . XEWRE KT Py_XDECREF () Y H#A A AR E%5#0h Py_DECREF () ##IH . FRATASHE T oo £E1

3 BUAEFRATVANGE first il last i GURDRFARFER , RILRVFRA AT DA B WS DR TTECR A NVD, R, RN IE B2 A T2

S BRI A AN R FATH AT, FA T A BEARAIERE R — A5 ER T2 SE B AT TS SAT T
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MR ME—37 2 AE tp_dealloc SEHHT, HRHLX B 5 ORI AR LA FTBETE tp_new HRI,

FATEE A4 T BRI G R BRI AR AL R B P R A, RN T Z BBy —#F, AL setup.
py SCHAIN T — BN E o

2.2.4 ZHHEMLIREI

Python HA5 — 1] DAAR IR FERF ZEAOXT R IA IR 32 38 =Dl 25 (GO) BIE BTG IO A AE . XA i
SAEXSRIAEERT N K. B, A

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

EXAGIF, AR T NS A SWHR. LROTMBREEHE, BRI EA— kB HASN
UM ER5IATHEOFRBE AT . SEZRE, Python (K EFRSIR A ARt & K BLI% S 2 T0 R B35 O ¢
e .

¥ Custom /RFIIEE AN A, FRATAVHERZRAN S A7163] first B last @, WAL, S
R =AA T, AT A F24k Custon, I HFEWURIMEREM:. B TXBANEFE PR —A4,
Custom Xf A A PAIATEER :

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

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

BRI MNIAS|FEERT Custom SEHIEERTETR GC IERAR AL, FRATHY Custom RAFEEIE WA
AN AR A7 - 18— A AR A St X A {3

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

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

} CustomObject;

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0O;

}

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

&)

I, BRI R R G AR L), PR R AT DME AR RS ste TR RERE T | I ARER
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return 0O;

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;

I3
return (PyObject *) self;

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

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

return -1;

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

return 0;

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

bi

(% L30)

&)
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(% L30)

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

{

return Py_NewRef (self->first);

static int
Custom_setfirst (CustomObject *self, PyObject *value, wvoid *closure)
{
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0;

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_XSETREF (self->last, Py_NewRef (value));
return 0;

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);
SR
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(% 50

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

bi

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

bi

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

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

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

Py_DECREF (m) ;
return NULL;

return m;

B, WAL GC HUERES S MR T X5

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

{
&)
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(#z E70)
int vret;
if (self->first) {
vret = visit (self->first, arqg);
if (vret != 0)
return vret;
}
if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)
return vret;
}
return 0;

}

SR AT DAINAGEER A A4, TRATERTFEIA visit O BRI, Bomiidmh k. visit () WL
EZAGT MR sk P RSN B arg A HSRL. Bk lal— T HOA AR FE A0 o] ey 4 25
{H.

Python 2 fit 7 — 7] 5 2 4 1 visit B ALY Py_VISIT () Z. A Py _vIsIT (), FATH PAFR/IME
Custom_traverse MR T/ERE:

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

Py_VISIT (self->first);

Py_VISIT (self->last);

return 0;

#51E: tp_traverse SEPMIUE HBHEM A4 N visit £ arg DAMEEH Py_VISIT (),

B, BN EAR A IT IR AR AL AT ] PAS AR TR

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

}

THTER Py_CLEAR () RN . B EBRAL BRI R B B M el D 5 | T By 7 4 Ho2e 4z i 75 5K
UNSRAR B AR B 1 NULL Z ()@ 4 BRI Py_XDECREF (), WISM:MATAEA 1] GE 2 [ FHR
BEPOR B R AU (i 31 = RS | R 3E) -

s ARAT DA PA N SR Py_CLEAR () :

PyObject *tmp;

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

Tewetn ], AEMN R JE A G 2448 B Nevertheless, it is much easier and less error-prone to always use Py_CLEAR ()
HR 2 R B H SR G iR AR o TN EEE i DAL A A B i M AR !
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BEjiles Custom_dealloc Al RESHETHIRIEMERT T AL B A . X EWREIGER GC v] ATE R £ A FR9% il %
HF GC BT TR AR, FAIFFEEL I PyObject _GC_UnTrack () ik GC % 1FIBEAH KX
%, FHEFKANEH Pyobject_GC_UnTrack () fll Custom_clear EHLIMEIBIES:

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

)i, A1 Py_TPFLAGS_HAVE_GC JEEFRUSINE] bR -

[.tpiflags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

REEMEAZ T WRFAMNHE T HEXN tp_alloc o tp_free APAIN, WIFATF ZE IR LI 8]
PORBHE . KZ B RO B SR i

225 FRALHMAER
BIEIRAE H A KA H R BLR A AT RER . A5 W02 M E R TR, R4 i ml Ay (b &
T PyTypeObject . FEA[FY B AL 25X L Py TypeObject M4 ME FIXEM .

TEABI TN — R 5 A E 1ist A subList KA, XAHERL s AT A%, (B4
WH BN increment () J5iA M T3 N E TR AU :

>>> import sublist

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

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {
PyListObject list;
int state;

} SubListObject;

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

self->state++;

return PylLong_FromLong(self->state);

}

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

&)
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bi

static int
SubList_init (SubListObject *self,
{

PyObject *args,

if (PyList_Type.tp_init ((PyObject *) self,
return -1;
self->state = 0;

return 0;

args,

static PyTypeObject SubListType = {
PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py TPFLAGS_DEFAULT |
.tp_init = (initproc) SubList_init,
.tp_methods = SubList_methods,

bi

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

kwds)

(% L350

PyObject *kwds)

< 0)

Py_TPFLAGS_BASETYPE,

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

.m_size = -1,

bi

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

&PyList_Type;
< 0)

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

m =
if

Py_INCREF (&SubListType) ;

if (PyModule_AddObject (m, "SubList",
Py_DECREF (&SubListType) ;
Py_DECREF (m) ;
return NULL;

(PyObject *)

return m;

&SubListType) < 0) {

IR L, A S Z B LAY Y custom anBIAER AR FATRE o HrE N2 1] 32 2 X5 .

typedef struct {
PyListObject list;
int state;

} SubListObject;

44
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TRA AU G 225 RAE T H LR R RS A DU 5 —ME . BB O R A IR L 4E T
PyObject_HEAD (),

% —~Python X422 subList HYSEBI, B R PyObject * fi4l il AR =it il #6454 PyListObject
* 1 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 0;

}

AT DAFE_L 1 7 B AnfarRE A A s B A dndt () H¥ES

XA AEG S HA HE X tp_new fll tp_dealloc B AMRARBREE ., tp_new AHAREAR N HA
tp_alloc WXL LR BCNTE, M2TEREISESHM HCW tp_new KA E.

PyTypeObject ¥ #Ffl tp_base f8 @R B LR K, BT T 6 HIF48 18, R I M H Xt
PyList_Type 5| R BIEE L TB BN 24 B IS ERTHR) 4f 4k bR K0t 5 Al

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

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

Py_INCREF (&SubListType) ;

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

}

return m;

}

TEPIH PyType_Ready () ZHl, KEEMAUMNCRITE tp_base fifii. LEAIMIALBIRER, E
ATTENF tp_alloc MIHFEN PyType_GenericNew () -- 5 [ HRAUAY 7L B BCRF SRR o

TEAIRZ 5, P PyType_Ready () HR2RAURAS MBI b i id A2 5 EAY Custom /R B2 —FERY.

22. BEXLT REE: #HE 45




Extending and Embedding Python, & {74 3.12.2

23 BELY RER: EFXEH

AEY AR RIS MR AT ASE I ST vk S T RERY R R 4
X2 C XM pyTypeObject HYE XL, &g 7T HIHE T B

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 */
/* 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;
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newfunc tp_new;

vectorcallfunc

} PyTypeObject;

(% 50

/* Iterators */
getiterfunc tp_
iternextfunc tp_iternext;

iter;

/* 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;

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;

tp_vectorcall;

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

XHEA RZ A H

FEANERAL, WERREGE 268, i A F 2L BRIk

IEARRE R —F, BATIEE—S— PN G R B . PO R D SR B siE , Bt

PABRATTA SARYE E N IAESS

R BLE ORI I . B ER AL E — DS RR NP B H T, R

AHRIE W ARE IR

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

)

*gmz% FmRER, SMBHERZHT, PR TSR H . Sl A,

GIRAR) .

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

J

XL B IRIEATINAE QI A SR HT R 75 LA B2 DN AF . Python Oy 1 RIS K FERYZEH (RITF -

frER, Jud) AR

SR, X2 tp_itemsize FRUFERI R . XIS R

[const char *tp_doc;

X LR PATCE — B
il
BAERARF T EA

Fre (R ERHEE), 44RAETE Python ARG Ji] obj . __doc_ IR [ELXBLICR T

REITIE - KRB RRBARF LI I35
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2.3.1 KLEFMAERER

[destructor tp_dealloc; J

YA RSB 5 VRO Z - H. Python MR A ZL MU E IS, REUR ) BERR AR, ISRARAY A Y
AR A T A 2R, AR DM B X B e W RAS By T X HUREI . DATT e e R R n 1) -

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

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

static void
newdatatype_dealloc (newdatatypeobject *obj)
{

PyObject_GC_UnTrack (obj) ;

Py_CLEAR (obj—>other_obj);

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

}

— BRI R AL BRI R R B TICE AN S X AR B2 AR S ol R Re 2 0 v
M, MR ERBE (MAEIEEIRED, ANSFAEATINERI RS B B — D5 MR e . IR as i
AT AR S B AME N Python AU ARG 2 i R W E . X P RE S BURRERS Y iR A 1R . IR
Typoritie, TEEMANZERRIEET, RERIRTE, RIFTEHZERUGIKIL . F VAl PyErr_Fetch ()
Ml PyErr_Restore () PRECESZH:

static void

my_dealloc (PyObject *obj)

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

if (self->my_callback != NULL) {
PyObject *err_type, *err_value, *err_traceback;

/* This saves the current exception state */
PyErr_Fetch (&err_type, &err_value, &err_traceback);

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

PyErr_WriteUnraisable (self->my_callback);
else

Py_DECREF (cbresult) ;

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

Py_DECREF (self->my_callback);

I3
Py_TYPE (obj)—>tp_free ((PyObject*)self);
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Frik:s  ARBEAERE WA o BT L A AT I B R A BRI B o, A SRR A 38 2 S B 3 Jul i (A
tp_traverse /B tp_clear), XFRAYHRN NG W] AE I to_dealloc IR 2 B A L, Hk, 1
tp_dealloc !, JREGMGFAATARERE: BEREIHITEETE. LAXHEHEBIER gk APT R (N
R B ) AR AT BE SR tp_dealloc, SREUNEREMOF KA H .

M Python 3.4 JFif, XA AEAE tp_dealloc A ZRYALEMRIY, T2 M tp_finalize A,
S
PEP 442 ffifE T A4 4.

23.2 HRBR

7 Python #t, A W7 A 0] DALE SO R SCAR SR repr () AN str () B (print () EESEILM
M str (). ) XLEAFRAR PR 2 TR o

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALHRRRF MZIR Il —NFAFER SR, Hh &R eSO ERRIE. i — M E Rl 1

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

WREHIEE to_repr AP, MRREZSRHZHE—AMEH KN tp_name BYFERIE A DA G ME—Fr
_i}:lﬁo

tp_str AN T str () S BRI tp_repr AABAIAAXTT repr () —FE WELEN, ESTEY
Python FCHIBFEARIAINT G0 AL B st O WA . EREHS tp_repr BRECEF AL, [HHEER
FAPER R A RN . RKIEE te_str, WA to_repr HEAMENAE .

MR AR B

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

23.3 EHER

XA SR B PR BRI X 5, M IR B R U TR @ RO N R . FEA — PR R
JEMER R (WRE TR MEN) BEA 75— R s EEm . (R EEE) . BREEE —
PRGSO, AEDCIE LT BAL A AL PR AR B NULL,

Python SZRFMXHEIEAL BN — NS85 R B R SEB A T B B — R s 8. W I 22 A E T
3% char* 1?591%"@%% s T —XFNHESZ PyObject * o AgRhIEZUHE AT DATESR 0T SE B (8 AR
A RSBt
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getattrfunc tp_getattr; /* char * version */
setattrfunc tp_setattr;

/% 500 %Y

getattrofunc tp_getattro; /* PyObject * version */

setattrofunc tp_setattro;

ARG ) — AR A SR AR B2 A B A (IRXREAE R SCHEATARRE) | A — 2832 J S5 B mT B o 42 43
PyObject* AR B AL, M Python 2.2 JFIAXS T2 % J& i @ AL AR Y LBl 2 LF E 56 4
R, RAIRATAEREVEZ WM AR B 0 R i) T ez AL 317

ZBERENER

RELZY RIBE Wispmtt, A4, RAFAILEMARRT “fijs” Ue? HFRZ e T LA
1. 4] PyType_Ready () I, WAUHITEE MR 25K
2. AN BRI AL BRIC R SR M R B P R, AR EARYE (R BURAE

TR, WONFAR R IR B V5 1) SO 56 et i A7k =Xt A AT B A«

24 pyType_Ready () #UEAIRT, ‘&2 s 2230605 05 | B9 =4 200 0 i B0 3 2R A0 S ) 7 i o
) descriptor . IR SRS FRT LB S 00— A BT ) . BEAFRESZ THERY; AR = AR 42HRh NULL,
WRZ AL SR S A N EA TR R AR i JE I Bl 241k tp_getattro fil tp_setattro
BRHFA NULL, RASCVF R B AE S B A FIX 28 JR

FHAE N object:: AP = AFB

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

4 tp_methods AA NULL, WI'ELJiHg]—1H PyMethodDe £ Z5HIRL MAEEH . R A FBER
FELLEF R — 52

typedef struct PyMethodDef {

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

const char *ml_
} PyMethodDef;

doc; /* docstring */

I 24 R iR T TS SR AN T AR E L — A2 H 5 WEESRIURR I T IR TE T E A H o 18T BAEAR R
— BN BRI A E R A H - ISR A H ) m1_name “F BN NULL,

5 AR R SCE R SO R AR A SR . AR C 2RAUY 2B SR, I BT b
Hgrsiins . RAPRaiigoE SO

typedef struct PyMemberDef {
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

STFAPEA & E , B — D descriptor FEER MBI 2T o (i HAE G5 M SE B S5 R TP R EUE . type TR
WAL & —ANRAUACL A Py_T_INT 8§ Py_T_DOUBLE; %{H¥F M T-Hfi & infil ¥ Python {H#44#e N C HB 2 .
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flags FEJH T ARAFEEH 8 P E AT 9 15 R A EERR « AR v AR HA5% 4 Py_READONLY AR [l Python A%k
BHE.
f#i [ tp_members FRAE H FBITHHIARLR LA — A BT SR ATA LK R 20 ) @ AR AT A

{7 B o A R I SCAR R B B A IR SR AT HR . R AR T ABE A 4 APT MR L3R
ey, HOMI __doc_ BIEARFIOR FHFH .

5 tp_methods F—FE, FEZH—AMH N NULL ff m1_name WL H.

RBETREMEMERE

jﬂT[Eﬁﬁf@Jm X B R char* g4 ; name JEZH)ZEALE char* fll PyObject* WA 2 [A]AGME—X
o XATRBISERR FA T 5 Rz s BIAR RN RS, (E3E I AE Python 2.2 H3 iz i S2f5. Ef#
%&%Tmfiﬁi‘ﬂﬁiﬁlﬁ:ﬁﬂﬁ%ﬁiﬂﬂ%ﬂ@ R A SRR S TR B eI EE, IRt & A A 2 7 B .

tp_getattr A ARHSTEXN R HEHTEEE RN . BN S G5 1K1 _getattr__ ()
B B3 SR

B

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

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

return NULL;

}

%ﬁ])ﬂ%@?%% __setattr__ () E,E __delattr_ () ﬁ%ﬁ%ﬂgjm tp_setattr JU:IE/EM‘WO %%Eﬂﬂﬂ
Fr— @ PERE, SB=ATES R NULL. N — D E RS | & S o1 an X i Se 2 R AR 2y, )
tp_setattr AFRAIHER 24955 NULL,

static int

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

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

2.3.4 MR

[richcmpfunc tp_richcompare;

tp_richcompare AN STET R ZHEAT WA . BRAT & HEE, flin_1c__ (), a9
PyObject_RichCompare () #ll PyObject_RichCompareBool () .

PR ESCHE VR L B R5 £5 A AN Python X Rz BAFE NS E, HiizB 45k py_EQ, Py_NE, Py_LE, Py_GE,
Py LT 5 Py_GT Z—. ‘BN Y40 352 W2 BAF K L A X R AR LR B E D iR 8] Py_True 3§
Py_False, QIS5 HEERVERMSL B B Sl HADXS G Ui i iR [F] Py_Not Implemented, S{E IR
BEE T 558 WER B NULL,
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R AR BISEEE, RSN IR YRR BRI S A A Y

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

{
PyObject *result;
int ¢, sizel, size2;

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

sizel = objl->obj_UnderlyingDatatypePtr->size;
size2 = obj2->o0bj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case : ¢ = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;

I3

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

return result;

2.3.5 R LZHF

Python SZRFZFf b 2 A0 AR BRI X 2545 11T 19 & 1182 1 LTS 7E abstract W&

X LEHNR B AR Z AT ZAE Python SEHUIT A i LI SCHY . e, By, BRI S SON—TF iR E 48
s Python (AL Y o HABSOUSR SR AT o T RO LE o 5 282 S i) b BEAT A (IR (14 PR SOR U
BRI MBI E LR R P | R AL BRAAR Y RT3 ER o X3 BEHT 4 P SOR BEAE 2 28 B0 G2 rh ik A A
AIRE AL, A — D PR LR 1 WA %A (L I 24 th R e ol . (BERIERR O AN & 1 WS G2 AR
NULL #1500, AT PABE BRG] — ME CLA A, (B AS LA AT REPR R AR SRR - )

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

W AR A BB AR R0 M B —AEE . P s X 5, I AAREE 243 B E — ALl T C A
PyNumberMethods, PySequenceMethods 8{ PyMappingMethods, HYZEM AR AL . AR 55 48 24
FELIE A GX e85/ (A . AR AT PATE Python JEAAS & RIY) Objects H R B LEXT 5% B (AR H .

{hashfunc tp_hash; ]

ARARVEFE S UL R A, U Y 2 A AR R S 2 ) S AR ] — S A BB T T — R R A s

static Py_hash_t
newdatatype_hash (newdatatypeobject *obj)
{

Py_hash_t result;

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

&)
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return result;

}

(% L350

Py_hash_t @MU ERRT BAFGRA RS BECER. M tp_hash &1 -1 FORKAE THIR, Xl
A 2RI 24 R ARG A S R e, A LT ISR B AR R .

[ternaryfunc tp_call;

MR B AE P RAEIEZE LSBT, 2860500, T obi 1 AR EHE AL 5L B M Python
AT objl('hello"), MFFEEFA tp_call AHIAINRE,

IR B2 =28

1. self J2AE R HPRBIERBSLH] . WERTHH R obil ("hello') , W self hj objl.
2. args REETHSEE TA. VR AEH PyArg_ParseTuple () RIS

3. kwds &l & AR KB T SR R M. R BOR O NULL HAR SRR KB S 8, T
PyArg_ParseTupleAndKeywords () RFEMSEL. WERVRAESH; Kt 7S 400 E Nk NULL fH,
M5 % TypeError HHfH—MERA T KBTS HINTHEL

RN PER) tp_call SEHL:

{

static PyObject *
newdatatype_call (newdatatypeobject *obj,

PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

if (!PyArg_ParseTuple(args, "sss:call", &argl,
return NULL;

}

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

return result;

PyObject *args,

PyObject *kwds)

sarg2, &arg3)) {

[5s]

arg3:

[$s]\n",

/* Iterators */
getiterfunc tp_iter;
iternextfunc tp_iternext;

X 28 R AR AL T X R AR SRR XA AL AR R 2 — AN S, RIVE AR s T A ) Sk
B, HIRE—DNFEEI . YRR, BATVRE —DRHE R E] NULL, tp_iter % T Python
__iter_ () H¥, T tp_iternext XM F Python __next__ () H¥k,
{EAufiterable JtERM LI tp_iter ZAMFRATHG, ZALFRATRGL IR [0 —A iterator 314 . Ffis&5 Python 2
JIt 1 g ] — A4 -

o MFFRPASCRRZ AR A 2 A (g Foedl) , W M 7ER R tp_iter WHEIEF R[]

— S AR

o HEewE MR — it s (G T EAREAEN M, FlanscHExd5) ofPAE R B — 8 m E
BHE R tp_iter - I H WA 24528 tp_iternext ALFLAJHA.
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A iterator ¥t 5 24 BFS2P0 tp_iter fl tp_iternext., —PiECSEAY tp_iter AMFHAINE N 243K 1]
— A FEIZIERERAHE I H . B tp_iternext AAFLAMRL 241K B — A8 FEAEAER N — A0 200551
B, WREA TR, WREREFEARRE, W tp_iternext AIPARIE NULL i AR EFH#, 5
F AT PATEIR [B] NULL [ ERH I 498 StopIteration; by il AP BATATEGE . QSR %4 T8¢
PregfEix, W tp_iternext W4 R EBEE — N R M NULL.

2.3.6 55| HXH

One of the goals of Python 5575 | FSEBLAY H ARz — @& AL VHEE R AL S 5 555 AL A 2 A A RER X 4
(Blngey) Er= R rey.

Z W

weakref BIHLSCRY,

YT RIARE S5 A&, § RRBI R E to_flags FEH) Py_TPFLAGS_MANAGED_WEAKREF fii. [H
) tp_weaklistoffset FEWV YR AHE.

FLisi, PATR A2 SR I B S R AR T

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, 0)
/* ... other members omitted for brevity ... */
.tp_flags = Py TPFLAGS_MANAGED_WEAKREF | ...,
bi

ME—HIESM M TERE to_dealloc i EEIRAEMS T GHLIAM PyObject_ClearWeakRefs () ):

static void

Trivial_dealloc(TrivialObject *self)

{
/* Clear weakrefs first before calling any destructors */
PyObject_ClearWeakRefs ((PyObject *) self);
/* ... remainder of destruction code omitted for brevity ... */
Py_TYPE (self) >tp_free ((PyObject *) self);

2.3.7 EZEW
N T2 WA AR B 2R B S BT R 2 vk, 3 RELCPython YRS . JEA Objects H3%, R5HE C
WS to_ I EARTEEIRY SR %L (BN, tp_richcompare). RIFHENRARZSCIL KA1

MARTG AU — DX SR IR SE BRI BRI B, 3561 PyObject _TypeCheck () M. ERY
— MR BITT:

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

}

W
T #& CPython J{CRS A .

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

GitHub |-JF% CPython J5{CidI1) CPython Ji[H .
https://github.com/python/cpython
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24 WEC/IC++ TR

—~ CPython 1] C ¥ @2 — ML= (BIhn—4> Linux /% .so , 33 Windows 1 .pyd), H&e&FH—4
?JJ&“ 1 3 3,

AT A, HEFELG/E PYTHONPATH W5, HUAAUE B A FRan 4, I A By s . 44
J setuptools [}, <= H zh A B IEM SO 4

b AT SGONE L N T R
PyObject *PyInit_modulename (void)
PRBOR B 2B G Ak i e, Bi—> PyModuleDef 5Cffl. 5% initializing-modules T fif# 141 -

Xﬂ‘?{lﬁ ASCII S pyFish %, BREUU AR PyInit_<modulename> , ¥ <modulename> i it
H 25 248 F| multi-phase-initialization 5}, FoiF(f il 3E ASCII 4 5 B 4 . DL E A 46 1k bR 55010 22 7 2
PyInitU_<modulename> , |fij <modulename> T Python Y punycode 4t , ETFSFREHW N FRIL.
1r Python Hi:

def initfunc_name (name) :

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

return b'PyInit' + suffix

A AME—A SR L R 2, Gl & LD TS A AT 55 SRS B E S AR
DA R I AR T SO BB Sk B #R 7 —A B 2o § Ak FY, AE PEP 489 [ HE 241
RE

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

Python 3.12 J ¥ # B AN A FELE distutils, 15222 https://setuptools.readthedocs.io/en/latest/setuptools.html |-
) setuptools SURYNKHE ZHb T A Afu] 57 A setuptools KA EEFN 4 & C/C++ 37 &

2.5 7£ Windows E#J3 C 0 C++ ¥ &

S N Till]ﬁ@‘iﬂ% Microsoft Visual C++ 4|7 Python [¥] Windows 4 et X5 PR HEA 5 H TAE
PR TRH T 55 B . X LEU BT B3 F T Windows A8 7 512 > #7 Python 4§ JE A Kz Unix F2)7 5i2¢: 2]
AfA[ A= BFE Unix %ﬂ Windows IR T A

S distutils J7 SORM D ReAH, WA AT Il i 7y 0. RUPREFREM C gtk
¥4 % Python; 3 5~ Microsoft Visual C++.

i XER T 2R T SRS Python A (W SUIF 4 o X BESC44 DA IR XY IRAS Sk 3RS A
S, X KR ARETE A Python AR ARSI YRR AT BN, WERARET A 2
Python 2.2.1, XY ¥k 22,

24. ¥E C/IC++ T'RR 55
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2.5.1 iE=\i5EA

57 Unix b—#f, 7£ Windows A& R B A PA 20 i setuptools MR HIM @R, B
F T A, setuptools GE T REHPY JE; ] setuptools WEFIFT ALY ALY SCHY WL 1L A
setuptools #13E C = C++ F e o WRARE IR BN 75 BT shAE, IBAWFR—T winsound ARifE PEAR B 1 H
ARl EE SR A H; B . standard library module.

2.5.2 Unix #1 Windows Z [l =%

Unix I Windows X} TAUR AT E ) T 5 AR T FEReil g nlsh Sk i 2 fy, %
58 TR T AR Ge R el AR -

£ Unix H1, — ISR (L so) SO S th R PR B A AURS AL S E A e v T 04k 31 1) o 4% A
A o 24 SCFRA T BRIy, O SO AR rhosk 28 o BoRT i 1) 4705 | R 2 RO H 1 R e v ek 4L
FIRCHEAE AT P T E R S BRI b — D HEE R

£ Windows H1, —AEIESHERE (. A1) XA BRG] . e id il — D AR AT e B i iy
Vil EAEEA TR DLL ARSI T o A, RISE LM T DLL &k, 7 HAeizs
FrI AR R S PUE LA 1705 5 1Y R BRI -

& Unix o, RAEAE—FRPESCHR (La), BRERAZDXGIT (o) WU . (ERIEIL X G (. so) 1Y
HEIRIY B, HERAR ] RE S A I E AN ALE R MR RAT AL B S SRR A A EA X G S A 4R
B WRE T, SR S AR HN GO A RS

i Windows i, {EAEPTRIERAL, WSHERGANE (A ARRE . 1ib). ISAEZSIAT Unix 19 .2 Sff: &
0 G SR T LR T, P ATEEA L (U T L GEBE B R0 B b R (0, JF ELIE DLL
O 30T RE ol REREERE T (TR £ 5 A REN) (5 KL A2 4 DL i 6274 DLL 10
. MRS DLL BEERENS, o1 RES AR — P AN, RN T RS DLL Aok
AT KSR DL,

TR IEAE SR PP S INEAE B Al C, EATR I8 — UG Ao FE Unix b, 1R RRKF AL a B4
HEEAMEN B.so Ml C.sos IR FECEMEAMK, XA B A C X3l A ENTHCHREIAS . 7E Windows
., AL dLL G AL Lib, /R 2 S0 AL Lib RGREERAR T BAI Co AL Lib ARG RL; &
RSB TN T A BRI F S

7E Windows I+, i S AR SB 2 import spam; BiLARW DAV spam FRgHHR, HIF A48
—ANEMEIA . fE Unix b, #23]—PNEFHBZE from spam import *: B —ASEMEIA,

2.5.3 DLL g4=chr{EH
Windows Python f&7F Microsoft Visual C++ Hi# 7 ; £ il HAgm it gs vl BE S Wl BEA & TAE. AR H AR
43 kPt MSVCH+ 1.

7E Windows 7 DLL I}, {RUAZFF pythonXY . Lib fR4a8EHds. Z4i%Pi4> DLL, spam Al ni (&)
spam AR C RED, VRIS LA T S

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

AT =430 spam.obi, spam.dll il spam.lib. Spam.dll A& {E{A] Python R4 (7l
W PyArg_ParseTuple (), {HEM pythonXY. 1ib A AKIE AT+ 2] Fri# Y Python ALY

AR T ni.dll (PAS cobd Fl . 1ib), BHIEELIA spam PA K Python ] AT S R 3 T 75 Y
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RNREANIRHEAFR ST B AR L WERARA AT H A e (235 Python) #\EEF BRI 45 AT,
RINE | _declspec (dllexport), FLUNYE void _declspec (dllexport) initspam(void) B{
PyObject _declspec(dllexport) *NiGetSpamData (void) Hi—Ff,

Developer Studio TR Z AR AR IEFEMR A, a2 AR ] AT S0P/ IME I Z) 100K 2B,
T PR 00 38 TS AE P A R TR BvE BRINE . FFIERAY msvertxx. Lib IRINE S FF .

2.5. 7£ Windows t#JE2 C f01 C++ '@ 57
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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

HIJLESHE T A%} Python HEATY R, w2 tfal ] C eR &A™ i€ Python HYZIAE. Sl Rtig nlPARY: Ff
Python fix AFl| C/C++ MR i R 5 O fiE. XA A AT ALY AR Y A Python SRECBIMELLTIfE, A2
M C B Cr+ . MBS AMRE: HAARVFH i Python %5 — LU, DA RE il b AR P AL 7oK e ARt
LETRE ] Python i HE KR I NE ), IEATF RN ACMEEX AT

Python IR AR T, HAGE M. ANFEZAATET, §7& Python R LT 1 #2715 9% 2 Python
fifRESs, TR Python B EFEF R G5 Python 584 Jo ¢ — T4 W I FE 7 1 S L8R 43 15 /K < I JT] Python
fifREAR KB T— 28 Python fURD

B, #24k A Python, FREHRMEH M ERT . W FEFTEMUN G Z — 2P 451k Python fi#fEds . 2/0
YA R Py_Tnitialize () o A LERERYIE ] AT 1A] Python 1% e 4TS24 Z G I A R FPiY
AR Any s 758 R

P R XA &) LRP . TT] PyRun_SimpleString () & A—/U% Python HA]FAFHE, AT
PyRun_simpleFile () f& A—A> stdio SCEHEEHAI—D 304 (EERHRE R PR BRBER) . &mT AR
JHFIITE 748 3 4 TR 2 48 R AR 3 I ) Python X 42 .

S U

c-api-index

AR T Python ) C 21 . 3% BAT K ELERIE .
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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 0O;

}

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,

WAZER, RAEEARR, (A& Python FIii A Python [t #EAH AL, FHIJLE e 1k 2 43 ik 4%
Ao T RILX— 5L, AREiRAE— T A Python 2| C i AU B IR T4

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 is a new reference */

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) |
pValue = Pylong_FromLong (atoi (argv[i + 31));
if (!pvalue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* pValue reference stolen here: */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue)) ;
Py_DECREF (pValue) ;
}
else {
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr,"Call failed\n");
return 1;
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(% L350

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

}

ERAESEA argv (1] HEK Python A, M argv (2] SEEM KA. REMERSHOE argv £
PR, AR 60 SRR (AR R AR T HATRFFRAE call) | I I 'E4hdT—1> Python JHIZA,
Bilan:

def multiply(a,b):
print ("Will compute", a, "times", b)

c =0
for i in range (0, a):
c=c¢c +Db

return c

R EE RN %

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

SUEHRHINREN =, AR BB, (HOGR U2 T Python I C Z [E] A Rcadse, DAL AR
BiiR. A Python WA R M BETT 46 -

Py_Initialize();

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

WIEL RS 2 5, WA PyImport_Import () MZRMAA. HRE SR &1 Python 475, — /N H
PyUnicode_FromString () B4 sk B H A FAFE

pFunc = PyObject_GetAttrString (pModule, argv[2]);
/* pFunc 1is 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, 0O, 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 () REZ HIHEA LRI, HAEHMH Py_Initialize () ZHITHAPA T H&IER]:

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

%

XTI HIARIE T numargs 48 &, i A Python R AT AT ] emb . numargs () pREL. #idix
P JE, Python JHIAT ASFTPA T #24E

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 h TR Z A Python A ARG IR AL (FERIETE RS LU B CgmitiiAz ) , @A
pythonX.Y-config f§EA NS, W LBIFNR.

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)
MImFESE XH} sysconfig e @A AR TH, g IRRGEAAE R EE. tha:

>>> import sysconfig

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

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

>>>

A AL b ERIARY Python $#/R4F . LS IR T RELASCE Ty AR AR BLIATRORE B AU IS 2 1

CAHUTEL:
o AL i ARRRACH AT ERIARY Python $27R4F, BL46: ZiERgMCRSE, HOGH - BEAF 2
(H#ES. s, iFsk=E5S), e PRz )E.
e Ellipsis NE¥RE.
2to3
&2 Python 2.x fUHSHE4 4 Python 3.x ARG T H., WAt EATIEND , 358 Py AT, AR 2 22 B0k i 21 1
ANFHEZR )L

2t03 WEFENMEE S, B 1ib2to3; AL TSI A 5 Tools/scripts/2to3, L 2to3-
reference

abstract base class -- i 3R
MG EL IR ABC, X duck-typing I#b 7, BHEME T —FhE G O Ry =, M2 T AR5
W hasattr () B TFRMBCE bR (FIanfEH BEA ). ABCHIATREIITFIE, XMEIE
oK H HAZE, HAMIHEYE isinstance () Fl issubclass () FriAAl; 0L abe B SCR . Python
B2 N EN ABC HI TS dEE5# (7F collections. abe i) . $(F (7F numbers
). P (FF 1o fedr) . S AERSAMER (FF importlib.abe i), fRATAMH abe fRk
KAEH O ABC,

annotation -- biif
KERBIHEAN 5. KEME. REUES SOR BMEMIAREE , B2 Ve 5 20 2/ SR
SR AR R AR I AT AN T U ), (HA AR SRIE MR BRI AR 2 o MO . 2N R i
__annotations__ EEkEMET.

Z: W variable annotation, function annotation, PEP 484 F1 PEP 526 , %} W B e A T4 . 7515 2 I, annotations-
howto | i (5 AR A e A S R

argument -- 5
TEVE T BRI AE 25 function  (8{method ) WH. S50 RWifh:
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o KT A TEREOR A RN A AR RS (BIA0 name=) SCEAE N STERTIA A <+ Y5
ME A 28BIKE, 3 A1 5 FELATRXT complex () MR HIJET K724

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

s AL E g ART RETSHNSI ESHTH T SR ENIT L AR G A A A
* Wyiterable LB TCRGAL A . 2B, 3 A1 5 FELA A g T8 S 4

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

SRR A RO o I 1 SR A B AT SR (BN 22 0, calls —¥5 . ARHEIEYE, T3k a0Epn]
HRFIR—ADBHG BRI E SR X 1 SRR AL 5

HZ Wparameter KiEFRZFH, FIWLFEF S E5HSH X AL PEP 362,

asynchronous context manager -- 5335 |- F 35BS
PR Sl E X __aenter_ () fl__aexit_ () FERX async with iFA) PR T il .
Hi PEP 492 5| A,

asynchronous generator -- 535 42 ik 3%
IR BB K asynchronous generator iterator YR, BE5 ] async def & X HMERBAEMLL, RNFEZ
WHETEES yield Rk DAL —RFIATE async for JHHHEHHIME.
WARTEE #2875 A A bR AL, (BAERLOE AL R AT RE 298 7 A R B % RS, IRFEIEELL
FLRE SC, 0 AR DA
— RN ET RS await £k E#E async for PAK async with 154,

asynchronous generator iterator -- S35 1 & 75 2%
asynchronous generator RELHT BN 4 .

SERFS R F asynchronous irerator, Y4l __anext__ () 7 I 2R AT S 4 RN 54
A A R R BUA BB R A yield Rk
B~ yield 2GR, ISR ACEHATIRGS (R RMAE RN ay 15A)). 4% 754
AR E R B __anext_ () FRREIHAW T SR RAUIKE R, BN BEH AU ESEMTT. S
Il PEP 492 F1 PEP 525,

asynchronous iterable -- 525 ] 3Gk 4

—ANA[PAYE asyne for BRI MG . OAESER __aiter_ () FEERE—Aasynchronous
iterator, H PEP 492 5| A,

asynchronous iterator -- 525 k{053
— AT _aiter_ () Ml __anext_ () FYEMINIS., __anext_ () IR [E—A~awaitable
X5, async for XAHFHEMAIRN __anext () JyEIrR BB W] SE AR5 BB 5] A
StopAsynclteration B . d PEP 492 5| A,

attribute -- &
KERB|— XTI, WSS RB ARG H . 280 UL, WERXTS o HAEM: a WA
M o.a K5HE.
WX G AV, R N identifiers (1) AEARTH 24 FR A AE— X G0 Ja@ Mo A& T DAY, il dn fifi
setattr (). XHEMEMHRFICEM T S-S FB 0k, @Al getattr () KIKEL

awaitable -- n[ 245X} 4
—ANEE await RIKRPUA KRG, 7T U corouine SR RAT __await () FEHXR. B
PEP 492,

BDFL
CRBATZEMFET WIS, B Guido van Rossum, Python fEi % .
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binary file -- - JEHISC Ak
Jile object RERSEEE 5145 .. R SCPRRYH) TR BERIBIR ( xb e, rwb? ok " rbe ) FTIFO
ff. sys.stdin.buffer. sys.stdout.buffer PAN io.BytesIO fl gzip.GzipFile MJSEH.

A5 Wiext file T fRRESTES str RGISCIFRTSR .

borrowed reference -- i A 5| H
1 Python [t C APT v, 55| HRZIE—FMXREIH, SRR IZG I H . X5 8%
PN B A B — A B TR e B, SR RS T ARS BR AT G 1 B 5 — S strong reference SRR E

HetELEborrowed reference LA Py_INCREF () DAY b4 Ay strong reference, BRAEZ 4iZXZ To ik
TEEAG MR G — R Z it 5% . Py_NewRef () MECH] AR RAE—AHiistrong reference.

bytes-like object -- =i HIR%} 4
I 5 bufferobjects - H.fE S H} C-contiguous Zip X% . XI5 A bytes, bytearray fl array.
array X%, PANFZEHE nemoryview X5 . FATRIXN R ATE L P bR AR E R A X b4
VERLAE AR . PRAF R 3R SO DA Sl i B e 7 i % o

LSRR TR BN AR B IR . X RAE SR R S TSR A AR 4
Bl FfuFE bytearray PAM bytearray [ memoryview, HAWMHAEZIR Z#HI B AT AW AE %)
%O HEFENENE"); XM RGF1E bytes DA bytes X4 memoryview,

bytecode -- ‘7= ifty
Python JEACHS 29438 =765, Bl CPython f#RERS HH /R Python F2J7 1) NS . ATl &84T
TE .pyc SO, SRERSE IR T IR — SCPRR R R (AT DAGe 205 TR B3 4 13 0 505 ) o X R
HIENE S s TEARSE F AT R A TA AL SRS i virtual machine 2 1., 3573 5 N [H] Python ML)~
AR —EEH, WA—ERETEAR Python fiiA F 3% .
FATIS RSP FR W DATE dis By SO AR R

callable -- W] {& I %} 4
A G2 T AT RE X 4, T RERT Y — 2S5 (B Wargument), i DAF i

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

function , BRIy JEF method &5, BT VAN G KT _call () JIERIZEHEBIHR)ET Al
JiROE

callback -- [n] i)
—MERSE AL A A DATE AR B9 A 209808 FH ) 1B R R 4

class -- %
RG] P NS R . 28 SCH 3 W% 2R 0 SE B HEF T8 E IR 5 ¥ 0 o
class variable -- 345 H

TR E AR R, I BAURAESE RS BB (AR AEZE ) L B FHE D -

complex number -- £3 %}
XA SRR G R, Hoh A SRR R R R — N SR — AN R AL R B (-1
FOAR) SRR, MEARCE TSN 1, TR E 5. Python N E T XA SCRE, RA TR
FAMC G BERTE A 3 A, Bl 3+15 . WRTRE math BRI PIXT ST A B AS 3
cmath, REWMH AR EFEEFRRE . WERRESEE A BT, ZEENEILTEASH T

i) R

context manager -- |- N LS PIZS
1E with AT E X __enter_ () Fl _exit__ () FERIEHIFERRSHIN S . 20 PEP 343,

context variable -- |- F 348 1t
—MRIEE TR R SO AR A AN FEEN A . SRR RHRAE P AT & BT AR
HARRMWAS R, Ak, ST ETF OBk, —MUTERET RS EZA LTI, WA E
1) FERE R I R RS AR i TiEER . 20l contextvars.,
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contiguous -- Y:4%
—NEMNR S C i 425k Fortran & B 90N 2 L0 . B2 C Fl Fortran S . 7E—4E
B, A 2B SAHE NP IS HHES ], SRS IGRB RS 0y . fE24E C-IE8L 5
o, U A HBEEHES IS B e — A& 5 U5 A 5% B R B e . (E27E Fortran 12250 2H )2 56—
e-Cli -3

coroutine -- L
PR T HIRE I — BB, FRIRE T DAYE R — 'EJ&A?F%E% SR PMREN AT DAEIFZ AN [R] ) 55
FREA L BERWKE . EAfEE asyne def iBAPRSEEL. £ 1L PEP 492,

coroutine function -- P %k
&8l —~coroutine W AR IMERETEL asyne def 50K E X, HJfEflE await, async
for fil async with XK. XLREEEH PEP 492 5| AR,

CPython
Python ZRFR1E T RIMTE LI, 7F python.org & ffi. "CPython™ — i I F1E B fRE b 52 -5 HAth SEER
5141 Jython BY, IronPython #H X 1] .

decorator -- 3%y
R UE R 7 — A R R L, BT @urapper BT ARSI TRRECS . e AmAN ) LG EE

classmethod () fll staticmethod ().

PMAREAR FUE RN, DU A eRB0E ST S ESe 45 A

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

@staticmethod
def f (arg):

FAEROR SR T8, (Ul F R A . A BRI TR TT 2 0 eR B0 SOM 2858 SR SORY

descriptor -- {{fiiA %3
EAEXLT __get_ (), _set__ () B __delete_ () FEMXNE. B—NKEH AR, B
HIRFRGS AT S TE R PEE IR Bl A . S IHOUT , A a.b RIRHL. BB — @ PER & 7E
a KW FHAERLATN b RS, BUR b2 RS, WX ARSIk . BRI AL
FIAE SR 2 B Python (1) 08, RN @ VT 2 B BRr PR AL, HFEREL. k. FHEEE.
Kk BT EARBIEN G 5%
ARG T EREZAE L, S0 descriptors B, FiiA a8 A5 H

dictionary -- i

— AN RIREH, P W AE R SEER BIAH S A ST DURAEI RS __hash_ () fl _eq__ () HI&
%4, 7E Perl HH#5A hash,

dictionary comprehension -- “pliL{fi: 3,
W FR— A EAS S W T A BB e R R E G R ) — M BB Y. results = {n: n **
2 for n in range (10) } FFAEM—THE n FE n ** 2 FIIREH EK S2 ML . 2 L comprehensions.,

dictionary view -- = HILF |
M dict.keys (), dict.values () fll dict.items () REIMXIREFRAFHIME . EIHRHETF
HWAAH A SIE, X EWRE YIRS, R A R A . B B P 5 T A ol EOE
RFZE, W{EH list (dictview) . S, dict-views,

docstring -- SCRY 4 H
VERZE . REER 2 NS — N Fk U I AR R e . ETE R T 9 2w, (Hoxwt
AR RO BT EZS . BRI __doc__ J@MEd. T EWHTRIENE, FIEEICTE
() SCRY R
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duck-typing -- - &7
FE— P gAE WA, B AREEA R AT ROk i 2 R R B A IEMny 2 0, 2 B8 s i 5y
waEtE (“BRRGN T, WERERGN S, I e ") b RIEE: R e A, Wit
RAF A AT e s 2 SR ORI T R iG . 1872 BL A type () B isinstance () i,
(ARG A DU 48 58 % VE MR TE. ) TS R hasattr () K2 EAFP it

EAFP
CSRIFEW RIS S MY .« iXFh Python & AR 40 5 XS 2 e B 5 I B B A AE , I
TERE SR AR o o XN T P WS i U@ K iEIZ ) try Fl except 1841 T HARX A )
FEFTHLBYL W%, # UL T C 43 2 HAEF .

expression -- ik,
AR FEAME R A OT. AT, — N RBA R BB o KO MFHE. A5, BTN, 2
B R B IC R, ENsAE SR E—ME. 52 HMuEEARE, e iE s e®
Ko MAEEAR BRIV ER B W statement, Bl while. TRIEHE)E THEMMAERIA.

extension module -- § JEEibh
PA C 8¢ C++ a5, i Python ) C APT 3k 51 F %0 A K P ARS#EF T52 L.

f-string -- f-2fFH
WA P WS R TR EEE R AR AR REN A S, S0
PEP 498 .

file object -- SCIEX %
AN A TFIR ) SO APL (7 read () B write () Z5¥:) VAR TERERNS . HRIEHA )T
SN, SCRT G AT DA P B SR se R H 2R B R A sl AR s D ) (1 AnAm v s A/
H. WAEZMIX., BT, BE%). SUHXREPFRN R 28 A
SR b A =R R SO G B G = ) SR, ek = b ) SO DASGSUAR SO, BRSO e Y
TE Lo b, BB TR R HTE 2 UE M open () BREL

file-like object -- SCPEXIR} 4
file object W [a] iA] .

filesystem encoding and error handler -- ;&S gD s X 5 AL PR A A
Python 3k M ¥R ZR G5 715 5 A ) 45/ E R Ge 9wt Unicode 1Y 4 A% =0 5 A AL BE A4 -

S R G g A A 2 A RAIE BE B RS K BEAE 128 AR WY FTE 75t . AR SO R G dm A X R
ML ARAIE, W) API BREL R fE< 5| &K UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PREATHYE SR AREL
R G g S R A IR A o
filesystem encoding and error handler 24 Python JE B34 PyConfig_Read () HRECRAECERY: ESH
PyConfig [if) filesystem_encoding fll filesystem_errors ZE{Hl.
F 2 Wlocale encoding

finder -- # R 2%
— PR E T A loader [PIX 5 .
M Python 3.3 JEAFAEW R R B A F 4 Tk 12 48 % LG sys.meta_path [, PAKpath entry
finders fitfy sys.path_hooks ffiff].
BT % I, PEP 302, PEP 420 | PEP 451,

floor division -- [n] U7k
) A B R R B B R . BRI AR /o B, Fik 11 /7 4 it
AR 2, S iR AU EIERR R R 2,75 o JER (-11) // 4 23R -3 R
-2.75 @ FEHABRIEER. W PEP 238 .
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function -- PF%%
AT DA A R B B — 2B R . B 0] A HAR ABAS S 2 220 AR BRI TR A . )

TLparameter, method F function 257,

function annotation -- FRECkRI:
REF X} pREOE 2 8GR [MIE B annoration

PRATRE R T 200w - BINRA R BN Z S int SHOFHUMR Bl —A> int {H:

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

PR ETE R B 8 I function —7

Z: W variable annotation F1 PEP 484, Hp3iiA T HIIEE. 512 5 annotations-howto DA T B FH A1 5
FESZ .

__future__
future $54], from __ future_  import <feature> F&/NIRiFas il FB-7E K 3 ) Python & 75l
BRI AR UE B EE RIS SR GRS piii . future_ BEHSCRYICSE TR HENY feature BUE . @it SA
ﬁ?gﬁ%gﬁﬁ?&iﬂ?ﬁ, ARAT AT BB T R AR BB B OMA BN E S R AR ER (BE) FEf
Bt R BRI

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

garbage collection -- Ly % [A] 1k
FERCA RO B N A28 () 1 A . Python J@3d et 5 | VHERI— S BERSAS I AN TREIE 2R 5 | I Y A R
T S R ARAT BRI o FTPAGE ] oo AR 28 fhl i el i 2% o

generator -- H: 7%
R [Bl—Agenerator iterator WIpREL . ERLARMBE-EREL, AW GTET HAE yield Rk A 4E
—FRIMEALE for- IR BRI next () BREGE—FKHEL.
AR A AR R AL, (HAERELE L AT RE R HE £ m BA R E . WRFEIHERBBARE L, w6l
I AEFRDARE G55 S o

generator iterator -- Zf 2% 0%
generat()}’ E{%ﬁ%@u@ﬂ@%f%o

B~ yield SUGRIEFAIE, O/ EHAPRES (BRI RREERY ty 1HA) . 4% £ R

RHREWEN, EXMNEFFACELLEIAT (X580 HERATF U6 13858 s 5 IR ) .
generator expression -- /[ )% 25 4 k R,

RSB R IR BEERARG @RI EHG E LT — MEF R, EER for 14,

PARG— AL 1 f 4. AR R GRIBN SN INZ REE - R YIME:

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

generic function -- {2 % 1%k
SRS [A] B 2 28 S B ] B A 1 22 A PRI 2 B PR . U] FH k2 Pl ) SR SR it o I3 050 FH IR A 5
Mo

Wi Wsingle dispatch RKiEFR4S<H . functools.singledispatch () HEMizePA & PEP 443,

generic type -- {2 %1
2Rk R Ipe; BH N 1ist B dict A AR HT X237 FUzAf.

WL SN, T B4 4% . PEP 483, PEP 484, PEP 585 fil typing fibe,
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GIL
2 W.global interpreter lock .

global interpreter lock -- 4 )} fif e 23 4
CPython R B R N —Fp AL, BHROR R 2) U — N AT Python byrecode. WHLE T
BCEN G (045 dict SFEENEEM) HXIH RV Z2F L T CPython L8, 48N
FEAS N B IRERS 22 AR Ty B, AU W W T 7E 2 A3 ERYIFATIE.

ANad, KRB E B =07 R I R BT AR AT TSR AR AT 55 0 s 4 s A R GIL
BEAh, FEIAT VO #RAE B2 SR GIL.

QI (PASERSAIAL B BIE Je 28y )« B AR MPRERR I S5 I MR IRAGISD,  RR ik 4
TEA0 FAE AR DU T HOTERE o J5 (5 e AR R B8 170 R A - B S AR A A %, AT B A DA 4
Al

hash-based pyc -- 5 T-W#5 11 pyc
(A X SO W i LT T S 0 R S A AP - R EA7 SR %L pye-invalidation,
hashable -- W57
ARG TE A G AR BUE AR (EHEA __hash__ O J73k), I AR
ii&tﬁtmﬁ*(g%ﬁﬁ _eq O k) RRHERRH Tes ARG, TN G ELAT IR A
LERA AL

TG A PSR SRRSO SR AR B A B, PR DAk S B 2 A P B0 s A fE

KZ% Python H R AT AE N EXT QA2 AT WA v i) AR (Blng) Reliy ) #A R A s ARl
iy (BIATCA frozenset) (M ENIHI TR RIS A A R AT A Y @ SRS BN R 3
WA AR ENTERER—2E A ME (B2 S A HR) . e Er BT e
id ().

IDLE
Python YR IT A H2£ ) #18. idle J2 Python FRifl A AT PR HT ) B A i e MU REAR IR B o

immutable -- s[5 %} 4
HAREEMIXN S . NN R OFENT . PAFRFICH . RN RA BRI A . QiR — A~
ANFEIE, WABEIEBTIX S . BT 25 B S A (R i E mEAEM , Bl b g

import path -- S A #815
HEME (341258 ) HBNFR, SR path based finder FiRERFABIR. AR, It
PSR HERE sys.path, EXRHBAEBEHEATRER B FHREM __path__ J&ME.

importing -- §: A
AL ) Python (RS E A 55— MBLH (1) Python AR B T i) i 72«

importer -- 5 A 2%
BRI MBAIRARI R WS RBEE T finder & T loader .

interactive -- 28 I,
Python 77— P B AMERERR , RIVR AT ATEMERESS 3R AP e A B A AT 23k X, SERIHTH A A
B, HEANSHHE D) python @y (WA RATEVRE TN 46 3 B g Bt B 22 B0 ) o ZE 8T
MUE SR IR AT HORN AL i X RO & BRI help (x) ).

interpreted -- iR
Python —@fFREAGE S, 52X RmIFANET , BAWE Bl T A M gisas W AEAE T 2
B . X R E TESCOE ] A AT I A S b B v AT SO st T RRENE F i A
Mg iR A0E S BRI LR, (BR HRFAAEITS R . S Winteractive,

interpreter shutdown -- iR REES X ]
WPESR KA, Python fERERSIF#E A — MRS TR BOT B R A A BU st IR, Bl anas i
Fh RN EREE 55 . B SZ WA R e 2. Xl P e T 250555 | 13 g A P
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7o TER B BT R A TS AT BE B B4 A, BB R SR AR TR AL (6 WL 1A 1R
B AL ) .

FRREAR S SR I R A __main_ BEHREHRIE T IA C 58 AT -

iterable -- W[ k%
—FREAS AN IR B B 4. ATERS RG] TR T PSR (W 1ist, str Al tuple
8) PAREEEAEFE S ZRAN dict, ST 2 ARATMIE LT __iter_ () HESSEH T sequence 18 X
1 __getitem_ () VAR HE LERRE.

LRI Z TP T for THPASKISF 2 HAB TR Z— P H T (zip O, map (), ..)e H—A0[EEA
WGNENSEEL N ERE iter O B, BE&RPNZSAERE . XAE RS T HEE AR
— R DT o FEM RIS, REFE AT EMN iter () 808 B OABERINSR . for B2
H 3 AR B EE B, AN 0 R i 44 A8 5 FDORAEDEER A R PR A R o S Witerator, sequence

Figenerator,

iterator -- JE1CEY

PR FER— R EIR AN . BRI _ next_ () F¥E @G HAEE N E R next ()
FFBA R R 2438 A Bl v S5 & StopIteration S, F X Ak AR 28 X S
FEIE T EFER, eI _ next_ () FERSHIRE| A Stoplteration, IR AL
_dter () FEEACRRENZERZN S A Y, FILERSLEWRE A ERN S, I H T HAb T
ERX LB A KIS — D DEFRGIINE AR S L2 R EE P BI85 % (il
list) FEREFRIGHAA iter () BREEURTE for MHEA A IR S 728 — TR A0S . QSRTE L
T 00T AR A 5 AR I 2238 IR 2 Bk A AR Pl R R ] — s e &2, AR R 2 —1
DR

W25 B £ R typeiter,
CPython B4 Yi: CPython A4 — R IR E L __iter () MZEK.

key function -- 3 pR %}
PR A R B R A, AR aR B T HE R s HE R E R AT XS . N, locale.strxfrm() A
T — AR AR DR 20 1 HE P
Python WG i 2 T. HL#F o1 M 8 s Ok B W oo R HEAL 5 H 7 0. A48 min (), max (),

sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () PL A
itertools.groupby ().

2 Fh ] LA AR, BN, str.lower () HYER DAHAEZRE K/ NG HEF ) B R AL, B
%, BRI ET lambda FEAFCEAEFUN lambda r: (r[0], r[2]). 4P, operator.
attrgetter (), operator.itemgetter () fl operator.methodcaller () 24K E ) =11

e AR HEFHET R EA {1 6 e 0 7 1«

keyword argument -- et 55
Z: Wargument,

lambda
> B fltexpression K5 B B 24 N IR R AL, FR N TEVH I BH R oRAE. B lambda bR %51 4] %5 K
lambda [parameters]: expression

LBYL

OEERIGHRER” TS o XU S S AR SAEEA TR s 2 AT R A A TR AR SR
WS EAFP Jy MG O HL, HRR U KR 1 £ 154

EZAREME T, LBYL 7 FE “B&F” M “BEER” 2R A Esag )S . g, DAY if
key in mapping: return mappinglkey] W BB THEM & #AEZ G HAWLAEM mapping A%k
T key T HYBE o A LR AT E 0B 6 ] EAFP 5 ORI

locale encoding -- {5 75 X ISR 2,
£ Unix |, B4 LC_CTYPE & & KM 4td . BRI DAl g locale.setlocale (locale.
LC_CTYPE, new_locale) FiXH.
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& Windows |, 'B42& ANSI fCASTT (U: "cpl252"),
J£ Android 1 VxWorks ., Python ffiff] "ut £-8" /EMiE S Kidgmidsg=.
locale.getencoding () BI#E SEIRBUE S K gmigtg .

5% 2 [Fl filesystem encoding and error handler

list -- 1|3k
—Ffi Python N & sequence., IR RHNFR, BETRMTIHMET PrgedmaeaER:, HoATicRm
IFE S IR O(1).

list comprehension -- 51| 5
S — AT H i BT B JC R IR M 45 RS R — M BB B . result = ['{:404x}".
format (x) for x in range(256) if x % 2 == 0] ¥AEm—4> 0 F| 255 JLF NH 7S 3EHE
;E%xjg?ﬁ% (0x..) HFIZ. o i FAPRATIEN, QRGN range (256) HHIIH TR
Qb

loader -- I#E 2%
FTIMBRIIRT G . BAE XA N Load_module () BT ¥E. MBS E T H—Afinder 181 . 1%
Z: 0L PEP 302, X}Fabstract base class ]2, importlib.abc.Loader.,

magic method -- JEAR J5 ik
special method W3EIE 2[R .

mapping -- W5}
— fh TR E B E KR T LI T collections.abc.Mapping B collections.abc.
MutableMapping MR ALK M E T IEMR NS, R F T3 dict, collections.

defaultdict, collections.OrderedDict PAM collections.Counter,

meta path finder -- JCIR IR $R2%
sys.meta_path W RFEREIY finder. PRI RET Spath entry finders FFHE RIRABH A o

{EAFE importlib.abc.MetaPathFinder [ GRS LM 3.

metaclass -- R
—PHT RIS, KE LEELEH. BFRMERIN R, STRATTEZ LR =S HOF 0 EM Y
FIZE . GBI I )X R i ARG S A 2 PR At — BRI SEEL . Python FRREI 2 AbFE T 1T AGEE H & Xt
B KERAH PAGEATT EIXA T H, (HY53EE B, Jodsnl i iten Kim it e 2. BN
TR EMETA H & SRt IR a . LG, DA HAIF TS .

T £ 13152 I, metaclasses.

method -- J5 i
FEFE TR LR WRAE I SL 0 — N BRI, R S RS X G4 S H s —
Aargument GBI A4 N self). £ function Finested scope.

method resolution order -- J5 iL fiR b i)y
7SI I R AE A 4R R D3 B P R A L S i WSS S5 0y« AR Python 2.3 JyyE Mty 1
H 2.3 i Python A48 T FHAH S VA TS -

module -- Fib
X552 Python UG —Fh2H LA . AR A ST v 44 25 18], P 5{F 3K Python X4 . Bidln]
W@ iLimporting BAERENZEF] Python H1 .,
5 Wpackage.

module spec -- i LR
—Afrg A, H s H T MM X S AFE . & importlib.machinery.ModuleSpec
[ SEA3

MRO

2 Wmethod resolution order .
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mutable -- A[ZE%} 4
AIARXT R AT ATE RS id () BRFFEE GO e U . 53355 Wimmutable.

named tuple -- H. #5041
ARif “BATCH” W] HTAEM YR 8 cdH, H HIH AR RS | ST AR 24 PR @ Mk 7 1) iy 28 8 sk
Ao XREM BB RIA V] P HABRRE

AU ERRET A4 T4, 35 tine. localtime () fl os.stat () KERFIE. %A 6T

sys.float_info:

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

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

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

True

e HL A ST R P BB (BTG T ). thAh , B T nl il F R e U tuple QR IT E X
AIRFER T AR XTI AT TS, siE M ) %k collections . namedtuple ()
Bl Ja—Fhor Rk s n—28 Lo 5 al Py B 44 TCH P IS i

namespace -- iy # %3 [A]
s as IE—'JZET?W SR, A SEE R, ERANER, EEXMNRPHREMA SN (EHE
ZW) . g aS L By 1k 2 vh Rk SRR L. BN, Hi%l builtins.open 5 os.open() A]
A P44 25 (B R X A3 fiv 44 25 (]340 38 o HH A IR RS0 52 AR A o 50k 3 Bl B = ] s 1 A T 4
k., BT, random.seed() B itertools.islice () XPEHEIAM XK ZEH random 5
itertools BiHe/rBISZERRY o

namespace package -- iy %23 [i] {0,
PEP 420 f5 | AR—F X TR 2t tipackage,, fin 44 25 (A AL T AR Se A Rm Yy, HAlidJr =X
Yregular package N6, N ENIEA __init_ .py 3.

FHAIZ Wmodule ,

nested scope -- {ik £ 5%
A SGER NG A EEE S . BN, 765 —REiz e W R DAS | AT & A & . iR
m%ﬂfﬂﬂiﬁkgjiv)\ D5 | A R ATRAE o L. Rl As i SRS IR T i N E R . 20, &)
ARG WER T4 Rt 4 2500, #id nonlocal KRBT RFEH ASNZVERE.

new-style class -- JiAR
X HEIE BN T A X R MR IEFRE. ER A Python A Hr, /\ﬁié}?f% Bz (i
Python i RIEFK, W __slots__ . #fiikds. FFHEEME. __getattribute (). EHEMF

object -- %%

%ﬁﬁﬁﬁtu URPESME) PARTIUE AT R (T7ik) % . object AT Mnew-style class [ fz Tz 4
%

package -- {1
— Pl AT A AR e sl I M 42 19 Python module, MR B3, A __path__ @MW
Python &b,

%2 W regular package Flnamespace package.

parameter -- JE 5
Sunction (B(J7¥5) & P4 SR, EAE BT AREZ I — Nargument  (S{TERELEREHLT, 24
%), AHMES:

* positional-or-keyword: BB KT, F5&— DA AENIZ E A2 2 AR DME R £ 42 AR
ABSES . BORERAIES KA, FINTRERY foo A bar:
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[def func (foo, bar=None): ... ]

* positional-only: {L{FRAIE, & —H BB L ARNS . (WRAETE 2wl i1 ek BUE X
ISR EMNZ IR E A/ FARES, IR posonlyl I posonly2:

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

o keyword-only: {{FRKHET:, F5& A~ HABHE LT RBEFAE AN SE. AR FIE S 0] 7 iR
E X IESH) R b & AT AL E TS ST L2 N AN B IE S Z Ji— * ke S, Bl
TATHY kw_onlyl F1 kw_only2:

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

 var-positional: WIASRLE, 447 0T DA — LR HCR O AL E SR B A (MR 2
BRI ESHL R XML S LS 4 FREINE * e 3, BT FEH args

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

* var-keyword: FAZRBEF, HEE A DASRBUE AR S T S A (BT MBS O #2054
TEHZIE). RMESAEEIIETESAPRATMEA ~* K@ L, BIA LR kwargs.

TS AT VALFI N E PTEAN e 2R, ] AS LT e S Hidit s BROAMEL -

W2 Wargument RIEFZKH . GRS X BT E)E ILE S, inspect .Parameter 2%, function —
DL PEP 362.

path entry -- J%12 A Il
import path WH)—AFRMAIE, SPpath based finder I RAIKEE T ARIBIR

path entry finder -- ¥ A LI T3 2%
F—R] AL sys.path_hooks (RBipath entry hook) 12 [Bl {1 finder, HWAhSt R GEM L path entry F
TERIARE
5% importlib.abc.PathEntryFinder DA T f#IKIEA DB IRAF I SLIA AT

path entry hook -- J&1E A 0541
— MRS, EAERGE AR E path entry TP LU T RERSMET sys . path_hooks %
ek [l—A path entry finder .

path based finder -- J& B4 121 AE #k 25
BRANR)—FPTgs 2 & 4R %, WHE—ANimport path AR

path-like object -- PEIER N4
RFE— DRGNS . IR A — N Fn RN str 5 bytes X4, v P —
ANSEILT os.PathLike MM BINTS . — % £f os.PathLike M A% 2 Al 378 H os . fspath ()
PREGE R str i bytes RN XM R G HAE; os.fsdecode () Ml os. fsencode () A4l
RIS str 3 bytes RABIRLER . X4 2 PEP 519 5] AKY.

PEP
“Python 43R WY LLHE . —4> PEP gi@ — it 3k, JokIa Python #H XEEHEFD, Biifiid
—A Python [T HGRH: S BB ERSS . PEP I 2 AR 1 1) B AR RIS T T4 SURF A JE B
PEP WA A4t = SOR R . WA DO RR A 1R B Bt PA S R Z5TII. Python (T HR S5 5
SR E AL . PEP M/EE A THTAEAL XA IR, LR A B I ARIC A SORY
%10, PEP 1,

portion -- ¥4y
F I —A~ i 44 25 (AL BN H SR SCAF S (AT REFEICT— zip SCIF) , HAk g UL PEP 420,
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positional argument -- {3/ ¥ 23 %
Z: Wargument,

provisional API -- £ API
B APL 25 0A EHERTEARE R ) S 3R A E IR UEZ A . g 11 o BRI R4 1l A 2 7
AERUCE, BRBEHPNCHE E, 3R O L& i e A W B E LN 3T 10 5 RN SR R B
W (R EFERBRRZEE ) o WA EMOPAN SRR HAT - U APT 8 IN A Z 1l & 25 &3 1) = L v
R P A I A 7T BE 22X AR
RIS @ X APT R UL, 05 AR B S il B eI 287 — 1Al A R B oA B
PRI Ve e Ry TR EY E:h g N

X APAE B AR SR VPR E PR RSN IBT IR E , A 2 T MR KPR T SRIG BT IN . 115 L PEP 411,

provisional package -- #7 ¢ 1
Z: W provisional API,

Python 3000
Python 3.x RZATHEAMMERR (X4 FHERUA 3 i RIS B IC IR IR T I T) . A a4 5
y\j (prsk”o

Pythonic

FE— S — B U SR G 1 Python 15 7 50 B MMM, TIAS 2 (8 P FG b 57 v e 1 R
ARG . i, Python (% IR 2 for iBAIEIA MM P — N EAT R P T A TR
VF2 HAWTE 5 B0 XRS5, DA S Python B AT I S8 6 — ey s

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

L

T FE I Y B 1575 B Pythonic (77 34k X FERY:

for piece in food:
print (piece)

-

qualified name -- [ 5 % B
— PSS BRI AR, s ME 4 R VR S B s e SR RN BRI VA) “BEAR
FHICE L, PEP 3155, X T fcim 2R BRI, BREAFR SR 45—

>>> class C:
class D:
def meth (self):
pass
>>> C.__ _qualname_
ICI
>>> C.D.__gualname_
'C.D'
>>> C.D.meth._qualname___
'C.D.meth'

.

295 T 5 B, 7 TROE & AR BRI PSS o TR R B A, Hrh S A AL
A, Bl email .mime.text:

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

reference count -- 5| |- %k
MG HE S4XT 2005 TR A ERS, EMSiRem. FLxige kA s HITEoK
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TEARPAEE, IR PO GOK AR R 51 THE0s Python AU U6 2 A AT UL, HE
JCPython SZBU)— AN X MICR . R BT AT sys . getrefcount () BRSIRIZ R E X 411951
T

regular package -- f; L0
&g 8 package, BIMAEH A __init_ .py SR H %

%2l namespace package.

slots__
—FhEAESE TR AR, A TS R B S S R S X S T R IR S R AT N A BRI A TG AR
AT, BB RGAH ARG, B AR DEAE N RA, GIaFE AR Y AR, HF B
Wl & RS
sequence -- J3-41]

—Phiterable, ©ZFFE __getitem () FER VAR AR HITRAMICE VI, g X
T REPIHKEER __len__ () 75{2 WEH@V?U%’@@% list, str, tuple fil bytes &, ¥
EEMR dict WIF _ getitem () Ml __len (), (HEBIHZEABSTIETS, HAE LRI
Bimmutable ST A B RECRE R ICE,

collectlons abc.Sequence %%%%%XTQ/]\EEF%E@ED, BAE __getitem__ () M

_len_ () ZA4b, BEINT count (), index (), _ _contains__ () fl __reversed_ (). SEF
ﬁt?ﬁ%i‘ilﬁﬂ’]?’@ﬁi‘fl%ﬁﬂq reglster ) RN . EIRECE Sl 7 R E SR, 155
5] 38 PR

set comprehension -- 441 A
AL PR — AP IR AT B T A s TR IR B 45 R E G — R BB Y. results = {c for
c in 'abracadabra' if c not in 'abc'} ¥ERFEEES {'r', 'd'}. Sl comprehen-
sions,

single dispatch -- ¥R
—Fhgeneric function PRI, HEIEET BN HHIETINEFER .

slice -- Y )i
W DAL S T REE sequence W) —FRAM IS . YIRS 6 T RARICR BRI, £ 11 e ILARA
B 0RrET, Bl variable_name[1:3:5). FHi5 (FHR) FRctEHEIA slice X4,

special method -- %555 J5 ik
— il Python Ba=Xi I 73k, FRXSHEAS KRB T4 B E B AnAR N 4545 . X R yE R A PRI
FORBUF R FRIR 709 S0k 2 WL specialnames .

statement -- jE4i)
BRI B (— A “H) BN, — 25 TEA) R DASE—Pexpression S{UHEANHTAG KBTI S5H4)
Blin if., while BY for,

static type checker -- FARTUKS A5 5%
L Python AUHSH AT /04, AR Bl NPF FERNIMNB TR . AiES L 227 A typing
e,

strong reference -- 5 5 | Hi
{E Python [ C APL 1, 3573 IR H 547 31 FRE AT R4 TS 03 P 6 Q831 3 1
Py_INCREF () RARIGERT | MAEMERS AN Tt Py _DECREF () SRBEIE .

Py_NewRef ( @é&ﬁ%ﬁ)ﬂﬂ:@JLJ\ﬁ%Eﬁﬁélﬂﬂ W, AHEIR B ARG | /R A
S5 A _EVE A Py_DECREF PR, DARESRE | F v o

Jit & fborrowed reference,

text encoding -- LA S A
1 Python Ht, —ANFELFER 22— Unicode fURS 5 (FEEI A U+0000--U+L10FFFF ). K T FAAE & i —A>
AR, BRI — Ry
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R NP F I — PRI i, A F T8 B QAT R a7
A BRI R SCAFIE b, BRGSO FR A

text file -- LA
—FhEENE EE st XFGR W file object s 3 H— > SCASCAE L bR & 1 ) —ATH ) 275 B Ecds i oF A shik
Hrext encoding o SCASCAFIBIFAIEASCARI ("o 5 'w' ) FTHFHI . sys . stdin, sys. stdout
DA% io.StringIO AYSLH,

HiESFbinary file T TRREW RS F 5 2 7 BYSCARISR .

triple-quoted string -- = 5| 'S P45 it
HRAWEAESNE S (7) SCEEES () WFERR . BRI S R -5 SR T
A 2R, H2AEZFALL. BETAFREFRF RN E R A L RE 1 SHXG 5, HH
A DA R AT JC 75 (44T, TR S SCRY A R IR 4

type -- 3%
KA YeiE —4> Python MR JETAH 2R BAXREAA —FRAL. LB RAEA, W PAYIFE
) __class__ J@Pk, BOZiEL type (obj) HIKHL

type alias -- JR%4 3}

—NRA[E ], B AU R R B R 45 R AR RAT -

R WE R 2 f R 2 2 At Bl

def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

AT DARCRERR Al

Color = tuple[int, int, int]

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

.

Z W, typing Fl PEP 484 HAxf I Ih eI 4R o

type hint -- 287835 /iR
annotation K5t JEVE. RENIE S B0R MHE TS E BRI ZEEL.
FPAVPRIR 2 AT R T A& Python 5 I HK ,, (HEANIRE4A X246 & 5 WAL . EM1iLsEME) IDE
SEIAAD A A
SRR FIRMERIEBIN BT AR typing. get_type_hints () K, (HJRHA R
AHATPA
Z: L typing fl PEP 484, H g X} DI REIGTHELNREA

universal newlines -- i ] #i47
RRHECR IR A5 TP K BRBG TR R  Unin A0FF45949%E " \n' . Windows
Z1% "\r\n"' PAKIHNR Macintosh [ %E '\r' . Z 0, PEP 278 f1 PEP 3116 fil bytes.splitlines ()
TREZ AU .

variable annotation -- 28 & brii:

ot AR w B 2K @ Pk i annotation
TERREAS o IS SRR, T ] ek HLR A :

class C:
field: 'annotation'
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AR EARAEE T RO R AR 0 BINDA AR B2 int JRAURO(E:

[count: int = 0

A R YA PEAN R I annassign —77 .
Z: I, function annotation, PEP 484 F1 PEP 526, H. 3§ T IINEE. 551527 annotations-howto DA T fiffi
FAFR R B AR 5 i

virtual environment -- J{ {1 25135
R A M BR BHGIE TSRS, LEF Python J PRI AL 28 FTIE Python 4% (IR 2 T
LB [F— R G _Fast T HAh Python N FHARFITT A4 .

HZL venv,

virtual machine -- JE L
— B AR E LT, Python HEAUIML AT HAA T A58 S it I 2R i) byrecode .
Zen of Python -- Python 2 #fi

FI|H5 Python BT IEIN S5¥72, A B TR S M NXFES . AFHRIANATAER B SRR A
By N”import this”,
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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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apPENDIX C

5 FFATIE

C.1 ZHHFrIm s

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 .

b &i) 7 Y = Fh FrEE GPL & ?

09.0% 1.2 n/a 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI o
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF ys
2.1.3 2.1.2 2002 PSF =
22 FHE 211 2001 &4 PSF B2
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#ik: GPL #6409 140k #% Python 76 GPL F %A, 15 GPL AKlil, Fif Python Vil HEHK FoF (4 % 16 80U
HOSSAS, T T TFURPF I S5 . GPL 3V THIE G5 Python 1T DL FUEEAE GPL R A %k P4 £ W
IS RV TN AAT o

SRS ARZAE Guido 155~ TARRSNESGIEE , (X A7 O T BE .

C.2 FRERs{ LAE M5 &M Python By F0F ¢

Python A SCRS ) 1 V7 W] 3BT PSF 4 T #7330

M Python 3.8.6 JF 4, SCR{HFAYRG] . BRAEHE AR AR R A2 PSF VF AT PSRN 5 25 2 BSD 4T HYME
VAT

K850 6575 Python th I BPHET R RO VT, ST & AR T 2 TR IS — B0t 5 sy
BRSBTS B T4 0 7T 5 8 i,

C.2.1 HF PYTHON 3.12.2 4 PSF o] fipill

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

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

3.12.2 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 3.12.2 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 3.12.2 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 3.12.2 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
3.12.2.

4. PSF is making Python 3.12.2 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 3.12.2 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 3.12.2

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.2, 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 3.12.2, 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 THEREOEF.

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

&)
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(% L350
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 F§F PYTHON 1.6.1 ) CNRI o] i

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 THEREOEF.

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

&)
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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 FF PYTHON 0.9.0 E 1.2 5 CWI ¥ a]tpiX

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 3.12.2 DOCUMEN-
TATION

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

C.3 WrRER Ry o] S8
AT Python B ATHUCTAG A=y B b VAT RIBCAITT R, AT AR A 23 FLRIHE .

C.3.1 Mersenne Twister

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

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN 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 & E2=EAH

xmlrpc.client fEHEE DA HEH:

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. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

&)
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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 B PATULHH:

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 Wit 3T kqueue 45 LA AR A HA:

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY

&)
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c 36 { Marek Majkowski’ %} Dan Bernstein [ SipHash24 Sk SEH . B85 AR E:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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

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

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c XML T C pREL dtoa Al strtod, FT C AU ERUE R FAFE 2 MR E4, BIREHH
David M. Gay 45 1[4 SC:.  H EiiZ 00l FE https://web.archive.org/web/20220517033456/http://www.netlib.

org/fp/dtoa.c i, F£ 2009 4 3 16 HAGZRE M4 546365 DA BUBURI VR T

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

The author of this software is David M. Gay.

E O

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

E I

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

E

*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

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

include a readable copy of the attribution notices contained
SR
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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.

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.

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.

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.

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.

Accepting Warranty or Additional Liability. While redistributing
SR
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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 @M U351 expat JFRIAA 21, BRIEALE 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

] ctypes BLIRTZH) _ctypes C ¥ J@ 2 G451 libfi JEAY &I A =AY, BRAF BN E T

—-with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

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

&)
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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
SR AR GE FARFNRY zlib JRASKIHT FovE M A, WAL E 21ib PR Y75 DR 2110 9%
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 {§i [ MG F S SE LA T cfuhash 31 H :
Copyright (c) 2005 Don Owens
All rights reserved.
This code is released under the BSD license:
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
* Redistributions of source code must retain the above copyright
GETH)
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notice, this list of conditions and the following disclaimer.

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

(% L350

C.3.17 libmpdec

fEA decimal B TF)ZA _decimal C ¥ (i AL45 1 libmpdec J72 (Y I A M H ), BRAEA I C 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.

C.3. WrRERHayiF o] 518t
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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 LS ] T SoX i H Y g771.c SCAH IR AS . hitps:/sourceforge.net/projects/sox/files/sox/12.17.7/
sox-12.17.7 tar.gz

BEPEACHD 2 Sun Microsystems, Inc. [ fit - il JC R MBS o 7 AT DASE DL el A2 St P AR i
TNt

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

PR Sun JEACHS AP B AR 32 H: 9 H. Sun Microsystems, Inc. 3545 U4 MpBh A A . HEGS . &
PR

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

AEAEATF Sun Microsystems, Ine. 357X FE it A BRI 56 S CMUASIRAG | il 0 R 20
B, HIAE Sun O R AT AR LR E

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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C.3.20 asyncio

asyncio BURAHLEEINK H uvloop 0.16, E2ET MIT ¥ UL AFTHY:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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

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

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

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

Python 51X {3 SCAY -

JRALBTA © 2001-2023 Python Hffhk4r 2. OR B AT AR

AT A © 2000 BeOpen.com., B FIr A AUA] o

AL © 1995-2000 Corporation for National Research Initiatives., {585 BTG AU .
WAL © 1991-1995 Stichting Mathematisch Centrum., {483 BTG AU

XSGV RTERVF AT 5L, W3 05 & A T iz,
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